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ABSTRACT 

Perennial ryegrass (Lolium perenne L.) is one of the most important forage grasses in temperate regions due 

to its high productivity, nutritive value and adaptability. The present study aimed to evaluate the 

morphological variability and yield-related traits of 15 Lolium perenne genotypes (breeding lines, varieties and 

local populations) in order to identify valuable parental material for breeding programs. The experiment was 

conducted during 2023-2025 at the Research and Development Institute for Grasslands Brașov, Romania, 

under field conditions, using 540 individual plants. A set of morphological and agronomic traits was recorded, 

including plant height, number of vegetative and generative tillers, flag leaf dimensions, spike length, seed 

weight and resistance to rust. Data were processed using correlation analysis and principal component analysis 

(PCA). Results showed a high level of phenotypic variability among genotypes for all studied traits. Plant height 

ranged from 48.1 to 85.7 cm, while the number of generative tillers varied between 260.7 and 516.3, indicating 

important differences in yield potential. High productivity was observed in genotypes such as Barnhem and 

Barsprinter, which exhibited superior generative tillering capacity. Troian showed the highest seed weight (0.14 

g), suggesting improved grain quality potential, while Summit was characterized by reduced plant height, 

indicating suitability for lodging resistance breeding. Correlation analysis revealed a significant positive 

association between vegetative and generative tillers (r = 0.63), and moderate relationships between generative 

tillers and flag leaf traits. PCA indicated that the first two principal components explained 74.86% of the total 

variance, with tillering capacity, flag leaf morphology and earliness representing the main sources of variation. 

The study highlights substantial genetic diversity within the evaluated germplasm and confirms the importance 

of tillering ability and leaf traits in yield formation. The identified genotypes represent valuable genetic 

resources for breeding Lolium perenne varieties with improved productivity and adaptability under changing 

environmental conditions.  

 

Keywords: correlations, germplasm, genotypes, morphological and physiological characteristics. 

List of Abbreviations: h - Plant height (cm), veget.t - Number of vegetative tillers per plant, gener.t - Number of 

generative tillers per plant, h leaf - Flag leaf length (cm), w. leaf - Flag leaf width (mm), earling/earing - Heading 

date/inflorescence emergence, PC - Principal Component, PC1, PC2, PC3 - First, second, and third principal 

components, PCA - Principal Component Analysis, Dev. - Deviation from long-term average, IV-IX - Vegetation 

period (April-September), I-XII - Annual period (January-December), cm - Centimeters, mm - Millimeters, g - Grams, 

t/ha - Tons per hectare, °C - Degrees Celsius. 

 
INTRODUCTION 

 

erennial ryegrass (Lolium perenne L.) is 

one of the earliest cultivated forage 

grasses, the most widespread perennial grass 

species in the temperate zone, and one of the 

most valuable species for pastures due to its 

high resistance to animal trampling and rapid 

regeneration after grazing (Frame et al., 

1998; Humphreys et al., 2010). 

The species is characterized by a rapid 

establishment and growth rate and is widely 

used in intensive mixtures with white clover 

(Trifolium repens) or fescue (Festuca spp.), 

as well as in complex mixtures with other 

perennial grasses and legumes for pastures, 

hayfields, and silage production. Under 

favorable environmental conditions, these 

mixtures can be grazed 4-6 times per year 

(Moga and Schitea, 2000; Hopkins and 

Wilkins, 2006). Perennial ryegrass is also 

frequently used for overseeding degraded 

natural grasslands, contributing to soil 

improvement through its well-developed root 

system, which enhances soil structure and 

fertility (Whitehead, 2000). 

In addition, Lolium perenne is a key 

component of most lawn seed mixtures due 

to its rapid establishment, persistence, and 

aesthetic qualities (Turgeon, 2011). 

P 



636                                                                                                                                                           Number 43/2026 

ROMANIAN AGRICULTURAL RESEARCH 

 

The species has a high production 

potential, reaching 8-12 t/ha of dry matter, 

and a high nutritional value, characterized by 

a crude protein content of 14-17%, high 

levels of soluble carbohydrates, and relatively 

low crude fiber content (24-28%), resulting 

in high palatability and intake by livestock 

(Wilkins and Humphreys, 2003; Marușca, 

2016; Mocanu et al., 2021). Yield 

performance in Lolium perenne is strongly 

influenced by agronomic factors such as 

sowing rate and nitrogen fertilization 

(Jovanović Todorović et al., 2026). These 

characteristics contribute significantly to 

improved animal production. Recent studies 

also show that early root development traits 

play an important role in biomass 

accumulation and yield stability, representing 

key targets in breeding programs 

(Malinowska et al., 2025). 

Perennial ryegrass is included in numerous 

breeding programs worldwide, with new 

varieties being registered annually. Current 

breeding objectives focus on increasing 

productivity and quality, as well as improving 

resistance to diseases (especially rust) and 

tolerance to drought, which increasingly 

affect plant persistence under current climate 

change conditions (Humphreys et al., 2010; 

Sampoux et al., 2011).  

Modern genomic approaches, including 

genomic prediction and genotype-by-

environment interaction analyses, are 

increasingly used to improve selection 

efficiency for complex traits such as dry 

matter yield (Zhu et al., 2025). 

In the context of accelerating climate 

change and increasing demands for high-

quality forage, breeding of Lolium perenne 

has become a priority in modern agronomic 

research (Varga et al., 1998). The 

development of new varieties with improved 

tolerance to biotic and abiotic stresses, high 

productivity, and enhanced nutritional value 

represents a strategic direction for ensuring 

the sustainability of grassland systems 

(Sampoux et al., 2011; Ergon et al., 2018). 

Previous studies have highlighted the 

considerable genetic variability of Lolium 

perenne populations and their importance for 

breeding programs (Mut et al., 2017).  

Genetic variability has been extensively 

explored through quantitative trait loci (QTL) 

analysis and comparative genomics, enabling 

the identification of genomic regions 

associated with fertility, metabolite 

composition, and agronomic traits 

(Armstead, et al., 2008; Cogan et al., 2013) 

Advances in genome assembly and 

candidate gene identification, including genes 

controlling self-compatibility, further support 

the development of improved breeding 

strategies (Chen et al., 2024). 

The success of breeding programs depends 

largely on the availability of valuable genetic 

resources and the diversity of germplasm. 

The evaluation of germplasm collections 

through field observations, measurements, 

and physiological determinations enables the 

identification of valuable parental forms for 

the development of new varieties adapted to 

changing environmental conditions 

(Annicchiarico et al., 2015). Studies on 

natural populations and germplasm 

collections have also confirmed significant 

phenotypic variability useful for selection 

(Jităreanu et al., 2014), while traits such as 

seed retention are increasingly considered 

important for breeding efficiency and seed 

production (Sampoux et al., 2024). 

According to the Official Catalogue of 

Varieties and Hybrids in Romania, only two 

varieties of Lolium perenne developed at our 

institute are currently registered (Mara - 1989 

and Brevis - 2025), highlighting the need to 

intensify breeding efforts in this important 

species. Therefore, 15 local and foreign 

genotypes, including varieties, local 

populations, and candidate varieties under 

registration, were studied in order to identify 

valuable parental forms for the creation of 

new varieties with improved persistence. 

  

MATERIAL AND METHODS 

 

The experiment was conducted in a field 

trial of the Research and Development 

Institute for Grasslands - Brașov, during the 

years 2023-2025. The plant material used in 

this experiment was represented by 15 

accessions - breeding lines and varieties, with 

a total of 540 individual plants. 
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The plants were obtained by sowing in 

March 2023, in the greenhouse, in rows in 

trays, followed by individual transplanting 

into small plastic pots. When the seedlings 

were sufficiently well developed, with 

vigorous shoots and a well-developed root 

system, they were transplanted into the field, 

as individual plants, at equal distances of 50 

cm, 10 plants per row and 36 rows/per block. 

Regarding la vegetation period, 2025 was the 

third year, in this way we chose the plants 

with perennial potential.  

During the vegetation period of 2025  

year, the following observations and 

determinations have been made heading   

date (inflorescence emergence), growth habit 

(before inflorescences emergence), number of 

vegetative tillers, scale 1-5, number of 

generative tillers, plant heigh, the distance in 

cm from the plant base to the of panicle after 

an thesis, resistance to rust (% of healthy 

plants) (Tod et al., 2025a). 

The morphological and phonological 

characters were scored by visual inspection 

or measurements. The recorded data were 

statistically processed in the Statistica 7 

software package. 

The meteorological conditions in the years 

2024-2025 (Table 1) indicate a warmer period 

compared to the multiannual average. 

Considering the recorded temperatures, in both 

years the values exceeded the multiannual 

average, with 3.6°C in 2024 and with 1.7°C in 

2025. From the point of view of precipitation, 

the year 2024 recorded a total deficit of            

-22.6 mm and of -43.2 mm in the vegetation 

period compared to the multiannual average. 

In 2025 the temperature exceeded with 1.7°C 

compared to the multiannual average and 

during the vegetation period with 2°C. 

However the precipitation was more abundant 

with 120.7 mm in the vegetation period. All 

these meteorological conditions led to optimal 

plant growth and development. 
 

Table 1. Meteorological conditions from Brașov stationary 2024-2025 

 

Years 
Annual average 

I - XII 
Dev. 

Vegetation period 

IV - IX 
Dev. 

Temperature (°C) 

2024 11.4 +3.6 17.6 +3.4 

2025 9.5 +1.7 16.0 +2.0 

Average 59 years 7.8 0 14.2 0 

Precipitation (mm) 

2024 730.6 -22.6 485.9 -43.2 

2025 821.8 68.8 649.8 120.7 

Average 59 years 753.2 0 529.1 0 

 

RESULTS AND DISCUSSION 

 

The evaluated germplasms exhibited 

substantial variability across all analysed 

morphological and yield-related traits, 

reflecting a broad genetic diversity suitable 

for both agronomic evaluation and breeding 

purposes (Table 2). Such variability is 

essential for the identification of superior 

genotypes and for the selection of 

complementary parental lines (Tod et al., 

2024; Tod et al., 2025b). 

Plant height varied widely among 

germplasms, ranging from 48.1 cm in 

Summit to 85.7 cm in Timis 81. Tall 

genotypes such as Timis 81, Troian, and 

Brevis are generally associated with 

increased biomass production; however, 

excessive height may increase susceptibility 

to lodging under high-input or unfavourable 

weather conditions. In contrast, Summit and 

Barnhem, which displayed shorter stature, 

may offer improved lodging resistance and 

are therefore valuable for breeding programs 

targeting reduced plant height without 

compromising productivity. 

The number of vegetative tillers showed 

pronounced genotypic differences, with 

values ranging from 0 to 33.3 tillers per 

plant. High vegetative tillers, observed in 11 

BR 1804, Barnhem, and Summit, indicates 

strong early vigour and adaptability. 

Nevertheless, high vegetative tilling did not 

always translate into a higher number of 
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fertile tillers, confirming that the conversion 

efficiency from vegetative to generative 

tillers is genotype-dependent. 

The number of generative tillers, a major 

determinant of yield, ranged from 260.7 to 

516.3. Barsprinter, Barnhem, and Algol 

recorded the highest values, highlighting their 

superior reproductive efficiency and yield 

potential. Conversely, Timis 81, despite its 

tall stature, showed the lowest number of 

generative tillers, suggesting a less 

favourable partitioning of assimilates towards 

reproductive organs. 

Flag leaf size is closely associated with 

photosynthetic contribution during grain 

filling. In the present study, flag leaf length 

ranged from 14.6 cm to 24.1 cm, while leaf 

width varied between 3.7 mm and 7.0 mm. 

Germplasms such as P1 2016, P2 2016, and 

Barnhem exhibited larger flag leaves, which 

may enhance assimilate supply to developing 

spikes. In contrast, 11 BR 1804 and Zekol, 

with narrower leaves, may possess improved 

tolerance to water stress due to reduced 

transpiration surface. 

Spike length, varied from 20.3 cm to 27.8 

cm. Longer spikes were observed in ICDP 

Brașov, Troian, and 11 BR 1804, which may 

contribute to a higher number of spikelets 

and grains per spike. Seed weight showed 

considerable variation, with Troian exhibiting 

a markedly higher value (0.14 g) compared to 

all other germplasms. This suggests a 

compensatory mechanism whereby lower 

tiller numbers are offset by heavier grains, a 

desirable trait for grain quality improvement.  

 
Table 2. Morphological and physiological characteristics of the genotypes 

 

Germoplasm 
Height h 

(cm) 

No vegetative 

tillers 

No. generative 

tillers 

Height standard 

leaf (cm) 

Standard leaf 

width (mm) 

Spike 

length (cm) 

Seed weight 

(g) 

P1 2016 67.1 16.0 376.3 23.1 6.3 - - 

P2 2016 73.9 10.0 424.7 24.1 7.0 - - 

Algol 63.3 24.0 432.0 21.0 6.0 - - 

Barsprinter 70.7 13.0 516.3 17.1 4.7 25.3 0.07 

Olaf 69.8 0.0 319.3 16.2 4.0 22.3 0.06 

Barnhem 61.4 33.0 493.3 20.9 6.7 - - 

Summit 48.1 28.3 335.0 18.3 4.7 - - 

Mara 79.6 0.0 387.0 17.2 5.3 25.6 0.08 

ICDP Brasov 73.8 7.7 286.3 14.8 5.0 27.8 0.05 

Troian 85.3 10.0 319.3 15.4 4.7 27.1 0.14 

Timis 81 85.7 9.7 260.7 16.3 4.0 20.3 0.06 

Option 74.1 17.0 386.7 20.5 4.3 25.3 0.06 

11 BR 1804 66.9 33.3 389.0 16.7 3.7 26.3 0.03 

Zekol 65.0 10.0 275.0 14.6 3.7 21.8 0.08 

Brevis 82.1 13.7 330.3 16.3 5.0 20.8 0.07 

 

Overall, Barsprinter and Barnhem 

combined high numbers of generative tillers 

with favorable vegetative traits, making them 

strong candidates for high-yielding cultivars. 

Troian distinguished itself through superior 

seed weight, indicating potential use in 

breeding programs targeting grain size and 

quality. Summit, with its reduced plant 

height, represents a valuable source of 

lodging resistance.  

The contrasting trait combinations 

observed among the evaluated germplasms 

underline their potential utility as parental 

material in breeding strategies aimed at 

combining yield stability, plant architecture, 

and grain quality. 

Correlation analysis revealed several 

biologically relevant relationships among the 

evaluated traits (Table X). Plant height 

showed a moderate positive correlation with 

flag leaf width (r = 0.62) and a weak negative 

correlation with the number of vegetative 

tillers (r = -0.29), whereas its association with 

generative tillers and spike length was 

negligible (r ≤ |0.17|). 

A strong positive correlation was observed 

between the number of vegetative and 

generative tillers (r = 0.63), highlighting the 
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importance of early tilling capacity for 

reproductive success. Generative tillers were 

moderately correlated with both flag leaf 

length (r = 0.45) and width (r = 0.39), 

confirming the key role of the flag leaf in 

assimilate supply. Flag leaf length exhibited a 

moderate positive correlation with spike 

length (r = 0.55), whereas flag leaf width was 

weakly and negatively associated with this 

trait (r = -0.19) (Table 3). 

 
Table 3. Correlation matrix 

 

Variable h veget.t gener.t h leaf w. leaf earing 

h 1.00 -0.29 0.04 0.09 0.62 -0.17 

veget.t  1.00 0.63 0.43 0.14 0.02 

gener.t   1.00 0.45 0.39 0.05 

h leaf    1.00 0.37 0.55 

w. leaf     1.00 -0.19 

earing      1.00 

 

The results indicate that tilling capacity 

and flag leaf morphology and the earing date 

contribute more substantially to yield-related 

traits than plant height, supporting the 

feasibility of selecting for reduced plant 

stature without compromising reproductive 

performance (Figure 1). 

 

 
 

Figure 1. Positive correlation between wight leaf and h plant, and hearing date and h leaf 

 

Principal component analysis (PCA) was 

conducted to reduce data dimensionality and 

to identify the main factors contributing to 

the observed phenotypic variation. The 

eigenvalues and the proportion of variance 

explained by each principal component are 

presented in Table 4. 

 
Table 4. Eigenvalues of correlation matrix, and related statistics 

 

PC Eigenvalue % Total variance Cumulative eigenvalue Cumulative % 

1 3.200384 53.33973 3.200384 53.3397 

2 1.291140 21.51900 4.491524 74.8587 

3 0.662968 11.04947 5.154492 85.9082 

4 0.406171 6.76952 5.560664 92.6777 

5 0.314424 5.24040 5.875087 97.9181 

6 0.124913 2.08188 6.000000 100.0000 
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The first principal component (PC1) 

exhibited an eigenvalue of 3.20 and 

explained 53.34% of the total variance. This 

component represents the dominant source of 

variation and is mainly associated with traits 

related to tilling capacity and flag leaf 

development, which were previously shown 

to be strongly intercorrelated. 

The second principal component (PC2) 

had an eigenvalue of 1.29 and accounted for 

21.52% of the total variance. Together, PC1 

and PC2 explained 74.86% of the cumulative 

variance, indicating that the majority of 

phenotypic variation among germplasms can be 

effectively summarized in a two-dimensional 

PCA space. PC2 appears to be related primarily 

to plant architecture traits, particularly plant 

height and spike-related characteristics, 

which showed weaker correlations with the 

variables dominating PC1. 

According to the Kaiser criterion 

(eigenvalue > 1), only the first two principal 

components were retained for interpretation, 

as they capture the most meaningful variation 

in the dataset. This supports the use of a PCA 

biplot for visualizing the relationships among 

traits and the relative positioning of 

germplasms (Figure 2). 

 

 
 

Figure 2. Eigenvalue graph 

 

The PCA results corroborate the findings 

of the correlation analysis, emphasizing that 

traits related to tillering efficiency and flag 

leaf morphology contribute most strongly    

to phenotypic differentiation among 

germplasms. The relatively minor 

contribution of plant height to the principal 

components suggests that selection for 

reduced stature can be achieved without 

adversely affecting key yield components. 

From a breeding perspective, germplasms 

positioned positively along PC1 are expected 

to exhibit superior yield potential due to 

favorable combinations of generative tillers 

and leaf traits, whereas those differentiated 

along PC2 may represent contrasting plant 

architecture types. This multivariate approach 

facilitates the identification of 

complementary parental lines and supports 

the strategic combination of desirable traits in 

breeding programs. 

Principal component loadings indicated 

that PC1 (53.34% of variance) was mainly 

driven by flag leaf height (-0.87), earliness   

(-0.78), and both vegetative and generative 

tillers (-0.66 to -0.73), representing a 

productivity-related axis. PC2 (21.52%) was 

associated primarily with plant height (0.65) 

and flag leaf width (0.58), reflecting plant 

architectural variation. PC3 (11.05%) was 

influenced by generative tillers (0.58) and 

earliness (-0.50), capturing secondary 

reproductive and phenological differences 

among germplasms (Table 5). 
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Table 5. Factor-variable correlations, based on correlations 

 

Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

h 0.5986 0.6452 0.0018 0.4599 -0.1174 -0.0113 

veget.t -0.6567 -0.5876 0.1999 0.2545 -0.3445 0.0094 

gener.t -0.7297 0.1929 0.5764 0.1262 0.2856 -0.0251 

h leaf -0.8665 0.3680 -0.1944 -0.0065 -0.0291 0.2739 

w. leaf -0.7161 0.5824 0.0164 -0.2350 -0.2495 -0.1741 

earling -0.7841 -0.1335 -0.5026 0.2423 0.1932 -0.1368 

 

The PCA loadings confirm that tillering 

capacity, flag leaf morphology, and earliness 

are the main drivers of phenotypic 

differentiation among the evaluated 

germplasms. The limited and contrasting 

contribution of plant height across 

components supports the hypothesis that 

reduced stature can be selected without 

negatively affecting yield-related traits 

(Figure 3). 

 

 
1 - P1 2016, 2 - P2 2016, 3 - Algol, 4 - Barsprinter, 5 - Olaf, 6 - Barnhem, 7 - Summit, 8 - Mara, 9 - ICDP Brasov, 

10 - Troian, 11 - Timis 81, 12 - Option, 13 - 11 BR 1804, 14 - Zekol, 15 – Brevis. 

 

Figure 3. Projection of variables and species in the plane of the factorial axes of the two principal components 

 

The variable contributions confirmed the 

PCA interpretation (Figure 4) PC1 was 

mainly driven by flag leaf height (23.46%), 

earliness (19.21%), and generative tillers 

(16.64%), representing a productivity axis. 

PC2 was dominated by plant height 

(32.24%), flag leaf width (26.27%), and 

vegetative tillers (26.74%), reflecting plant 

architecture. 
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Figure 4. Contribution of variables within CP1 and CP2 

 

The contributions of individual 

germplasms to the first two principal 

components (PC1 and PC2) revealed that 

Barnhem (26.64%), P2 2016 (10.06%), and 

Troian (9.71%) were the major drivers of 

PC1, reflecting productivity and reproductive 

traits. PC2 was dominated by Summit 

(28.31%), P2 2016 (22.65%), and 11 BR 

1804 (18.74%), indicating variation in plant 

architecture. Low contributors, such as 

Barsprinter and Algol, had minimal 

influence, highlighting intermediate 

phenotypes. These results allow the 

identification of key genotypes for breeding 

and germplasm selection (Figure 5).  

 

 
1 - P1 2016, 2 - P2 2016, 3 - Algol, 4 - Barsprinter, 5 - Olaf, 6 - Barnhem, 7 - Summit, 

8 - Mara, 9 - ICDP Brasov, 10 - Troian, 11 - Timis 81, 12 - Option, 13 - 11 BR 1804, 

14 - Zekol, 15 – Brevis. 

 

Figure 5. Contribution of varieties within CP 1 and CP2  
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CONCLUSIONS 

 

The analysis of morphological and yield-

related traits revealed substantial variability 

among the evaluated germplasms, particularly 

in plant height, tillering capacity, flag leaf 

dimensions, and earliness. This genetic diversity 

provides a strong basis for the selection and 

improvement of Lolium perenne genotypes. 

Correlation analysis demonstrated that 

both vegetative and generative tiller numbers 

are positively associated with flag leaf size, 

highlighting the key role of leaf development 

in determining yield potential. In contrast, 

plant height showed a limited relationship 

with yield-related traits, indicating that 

reduced plant stature can be selected without 

negatively affecting productivity. Principal 

component analysis identified tillering 

capacity, flag leaf length, and earliness as the 

main factors driving phenotypic variation 

(PC1), while plant height contributed 

primarily to structural differentiation among 

genotypes (PC2). These results emphasize the 

importance of reproductive efficiency and 

leaf morphology in breeding strategies. 

Among the evaluated germplasms, 

Barnhem, P2 2016, and Troian were the main 

contributors to PC1, reflecting superior 

productivity traits, whereas Summit, P2 

2016, and 11 BR 1804 were associated with 

PC2, indicating variation in plant 

architecture. These genotypes represent 

valuable parental material for breeding 

programs aimed at combining high yield 

potential with desirable plant structure. 

Overall, the results suggest that effective 

selection strategies should prioritize tillering 

capacity, flag leaf development, and 

earliness, while plant height can be 

independently optimized. The combination of 

genotypes with contrasting positions along 

the principal components offers a practical 

approach for developing new varieties with 

improved performance and adaptability under 

changing environmental conditions. 

 

ACKNOWLEDGEMENTS 

 

This research paper was carried out with 

the support of Research and Development 

Institute for Grassland - Brașov and financed 

by Ministry of Agriculture and Rural 

Development from Project ADER 15.1.1 

“Research on obtaining new forage plant 

varieties in perennial grass species: Festuca 

arundinacea, Festuca pratensis, Festuca 

rubra, Dactylis glomerata, Lolium perenne, 

Phleum pratense, Bromus inermis and 

perennial legumes for grasslands: Trifolium 

repens, Lotus corniculatus, Onobrychis 

viciifolia, adapted to climate change to 

improve animal feed and create new 

possibilities of ecological reconstruction by 

greening degraded lands”. 

 

REFERENCES 

 
Annicchiarico, P., Barrett, B., Brummer, E.C., Julier, 

B., Marshall, A.H., 2015. Achievements and 

challenges in improving temperate perennial 

forage legumes. Critical Reviews in Plant Sciences, 

34(1-3): 327-380. 

Armstead, I.P., Turner, L.B., Marshall, A.H., 

Humphreys, M.O., King, I.P., Thorogood, D., 

2008. Identifying genetic components controlling 

fertility in the outcrossing grass species perennial 

ryegrass (Lolium perenne) by quantitative trait 

loci analysis and comparative genetics. New 

Phytologist, 178(3): 559-571. 

https://doi.org/10.1111/j.14698137.2008.02380.x 

Chen, Y., Kölliker, R., Mascher, M., Copetti, D., 

Himmelbach, A., Stein, N., Studer, B., 2024. An 

improved chromosome-level genome assembly of 

perennial ryegrass (Lolium perenne L.). GigaByte, 

PMID: 38496214, PMCID: PMC10940895. 

doi: 10.46471/gigabyte.112 

Cogan, N.O., Smith, K.F., Yamada, T., Francki, M.G., 

Vecchies, A.C., Jones, E.S., Spangenberg, G.C., 

Forster, J.W., 2013. Quantitative trait locus (QTL) 

meta-analysis and comparative genomics for 

candidate gene prediction in perennial ryegrass 

(Lolium perenne L.). BMC Genetics, 13, 101. 

https://doi.org/10.1186/1471-2156-13-101 

Ergon, Å., Meland, M., Skjelvåg, A.O., 2018. Climate 

change effects on grassland production in Europe. 

Grass and Forage Science, 73(2): 363-379. 

Frame, J., Charlton, J.F.L., Laidlaw, A.S., 1998. 

Temperate forage grasses. CAB International. 

Hopkins, A., and Wilkins, R.J., 2006. Temperate 

grassland: key developments in the last century 

and future perspectives. Journal of Agricultural 

Science, 144(6): 503-523. 

Humphreys, M.W., Feuerstein, U., Vandewalle, M., 

Baert, J., 2010. Ryegrasses. In: Boller, B., Posselt, 

U.K., Veronesi, F. (eds.), Fodder crops and 

amenity grasses. Springer. 

Jităreanu, G., Săulescu, N.N., Vînătoru, C., 2014. 

Evaluation and characterization of perennial 

https://doi.org/10.1111/j.14698137.2008.02380.x
https://doi.org/10.1186/1471-2156-13-101


644                                                                                                                                                           Number 43/2026 

ROMANIAN AGRICULTURAL RESEARCH 

 

ryegrass (Lolium perenne L.) genotypes collected 

from natural flora. Annals of NARDI Fundulea, 

82: 31-39. 

https://www.incda-fundulea.ro/rar/nr34/rar34.1.pdf  

Jovanović, T.M., Popović, V.M., Kosev, V.I., Rajičić, 

V., Vasileva, V., Golijan Pantović, J., Đurić, N., 

2026. Lolium perenne L. production as influenced 

by row spacing, sowing rate, and nitrogen 

fertilization. Romanian Agricultural Research, 43: 

183-192. 

https://doi.org/10.59665/rar4317 

Malinowska, M., Kristensen, P.S., Nielsen, B., Fè, D., 

Ruud, A.K., Lenk, I., Greve, M., Asp, T., 2025. 

The value of early root development traits in 

breeding programs for biomass yield in perennial 

ryegrass (Lolium perenne L.). Theoretical and 

Applied Genetics, 138(3): 489-502. 

https://doi.org/10.1007/s00122-024-04797-5 

Marușca, T., 2016. Praticultura pe înțelesul tuturor. 

Tipografia Coprint: 98-99. 

Mocanu, V., Dragomir, N., Blaj, V.A., Ene, T.A., Tod, 

M.A., Mocanu, V., 2021. Pajiștile României, 

Resurse, strategii, de îmbunătățire și valorificare. 

Editura Universităţii Transilvania din Braşov, 

Braşov: 129-133. 

Moga, I., and Schitea, M., 2000. Cultura plantelor 

furajere pentru sămânță. Editura Ceres, Bucureşti. 

Mut, H., Basaran, U., Dogrusoz, M., Gulumser, E., 

Ayan, I., 2017. Evaluation and characterization of 

perennial ryegrass (Lolium perenne L.) genotypes 

collected from natural flora. Romanian Agricultural 

Research, 34: 3-7. 

Sampoux, J.P., Baudouin, P., Bayle, B., Béguier, V., 

Bourdon, P., Chosson, J.F., Noël, D., 2011. 

Breeding perennial grasses for forage usage: an 

experimental assessment of trait changes over 

time. Euphytica, 177: 25-41. 

Sampoux, J.P., Barre, P., Studer, B., 2024. Genetic 

variation for seed retention in accessions and 

populations of Lolium perenne. Crop Science, 

64(3): 912-925. 

https://doi.org/10.1002/csc2.20837 

Tod, M., Bălan, M., Andreoiu, A., Zevedei, P., 2024. 

Evaluarea unor noi surse de germoplasmă la unele 

specii de graminee perene de pajiști în vederea 

includerii în programul de ameliorare. The 

International Scientific Conference „Genetics, 

Physiology and Plant Breeding”, Chişinău: 430-437. 

https://doi.org/10.53040/gppb8.2024.75 

Tod, M., Bălan, M., Nițu, S., Zevedei, P., 2025a. 

Evaluation of Tall Fescue (Festuca arundinacea) 

Genetic Resources for Breeding Activity. 

Agriculture for Life International Conference 

București, Scientific Papers, Series A, Agronomy, 

LXVIII(1): 655-660. 

https://agronomyjournal.usamv.ro/index.php/30-

articles/articles-2025-issue-1/2001-evaluation-of-

tall-fescue-festuca-arundinacea-genetic-resources-

for-breeding-activity 

Tod, M., Bălan, M., Țiței, V., Guțu, A., 2025b. 

Evaluation of meadow fescue (Festuca pratensis 

Huds.) germplasm for breeding purposes. 

Romanian Journal of Grassland and Forage Crops, 

31: 77-84.  

Turgeon, A.J., 2011. Turfgrass management. Prentice 

Hall. 

Varga, P., Moisuc, A., Savatti, M., Schitea, M., Olaru, 

C., Dragomir, N., Savatti Jr, M., 1998. 

Ameliorarea plantelor furajere și producerea 

semințelor. Ed. Lumina: 206-282. 

Whitehead, D.C., 2000. Nutrient elements in 

grassland: soil-plant-animal relationships. CAB 

International. 

Wilkins, R.J., and Humphreys, M.O., 2003. Progress 

in breeding perennial forage grasses for temperate 

agriculture. Journal of Agricultural Science, 

140(2): 129-150. 

Zhu, J., Giri, K., Lin, Z., Cogan, N.O., Jacobs, J.L., 

Smith, K.F., 2025. Estimation of ryegrass (Lolium) 

dry matter yield using genomic prediction 

considering genotype by environment interaction 

across south-eastern Australia. Front. Plant Sci., 

16: 1579376. 

doi: \10.3389/fpls.2025.1579376 

 

https://www.incda-fundulea.ro/rar/nr34/rar34.1.pdf
https://doi.org/10.1007/s00122-024-04797-5
https://doi.org/10.1002/csc2.20837
https://doi.org/10.53040/gppb8.2024.75
https://agronomyjournal.usamv.ro/index.php/30-articles/articles-2025-issue-1/2001-evaluation-of-tall-fescue-festuca-arundinacea-genetic-resources-for-breeding-activity
https://agronomyjournal.usamv.ro/index.php/30-articles/articles-2025-issue-1/2001-evaluation-of-tall-fescue-festuca-arundinacea-genetic-resources-for-breeding-activity
https://agronomyjournal.usamv.ro/index.php/30-articles/articles-2025-issue-1/2001-evaluation-of-tall-fescue-festuca-arundinacea-genetic-resources-for-breeding-activity
https://agronomyjournal.usamv.ro/index.php/30-articles/articles-2025-issue-1/2001-evaluation-of-tall-fescue-festuca-arundinacea-genetic-resources-for-breeding-activity

