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ABSTRACT

Perennial ryegrass (Lolium perenne L.) is one of most dominant perennial grasses in temperate climate.
Temperature is a key factor influencing plant development, and under most climate change scenarios, it will be
increasingly important to cultivate L. perenne varieties adapted to new temperature regimes. Understanding the
variability in plant responses to temperature and nutritional inputs is therefore essential for breeding
improvement. This study examined the effects of spring nitrogen nutrition, sowing rate, and inter-row spacing
on the seed yield of the diploid perennial ryegrass variety ‘Naki’ over a three-year period in the central region
of the Republic of Serbia. Seed yield in second year is significantly higher (648.9 kg ha™*) than yield obtained in
the third year of research. Sowing rate, application of nitrogen fertilizers and inter-row spacing had significant
influence on the yield of perennial ryegrass. The year had the significant influence on the production. The third
year of research was the most unfavorable for seed yield (208.4 kg ha™). Across all three years, the highest seed
yield was accomplished by sowing in distance on 50 cm in row, with consumption of 9 kg ha™ of seed in sowing
and by application of 90 kg ha™ of nitrogen. Analysis of variance indicates that there are very significant
differences between the sowing rate and the amount of nitrogen, F,=5.176 in second year and F,,=14.507 in
third year of research. Breeders should use this revealed diversity to develop future perennial ryegrass
cultivars better adapted to evolving climatic conditions.
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INTRODUCTION soils very well; while the maximum
production is realized at pH 5.5-7.5

he Perennial ryegrass (Lolium perenne

L.) belongs the group of the perennial
grasses, high quality and a wide area of
distribution and represents one of the most
dominant grass species for turfs in in
moderate climatic conditions (Bolaric et al.,
2005; Baskin and Baskin, 2014). Perennial
ryegrass has little or no juvenility and can be
vernalized in the seed (Heineck et al., 2020).
It is adapted to areas with a cold and humid
climate, where between 457-635 mm of rain
is recorded annually (Thorogood, 2003). The
best results are achieved on fertile and well-
drained soils. It tolerates acidic and alkaline
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(Hannaway et al., 1999; Anon, 2008).

Thanks to its characteristics: easy
establishment, long growing season and the
achievement of a stable yield of high-quality
seeds, the economic importance of perennial
ryegrass in lawns is justified. Perennial
ryegrass is important in ruminant nutrition in
temperate climates; also is part of natural and
sown pastures (Stosi¢, 2005; Zhang et al.,
2013; Zejak et al., 2022) and natural seeded
meadows (Lazarevic et al., 2001). In addition
to seed production, perennial ryegrass is used
as hay and silage by cutting (Dini¢ et al.,
2003; Stosi¢, 2005; Georgieva et al., 2025).
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Can be used for special horticultural purposes
(Jovanovi¢ et al., 2012), as well as in the
fight against erosion, for soil stabilization; as
well as in mixes with other grasses and
legumes (Sokolovi¢ et al., 2007). Due to high
seed production and effective dispersal
capacity, perennial ryegrass has the ability to
rapidly colonize new areas where conditions
are favorable (Wang et al., 2023).

The largest producers of perennial
ryegrass seeds (according to data from 2020)
are: Denmark (76,883.2 t); The Netherlands
(15,332 t) and Germany (7,041 t); while the
lowest yield was recorded in the Czech
Republic (592 t) (Delran et al., 2009). In the
Republic of Serbia, breeders are guided by
the needs of the market for the production of
genotypes with a high, stable yield and
excellent dry mass quality, as well as
improved drought resistance (Sokolovi¢ et
al., 2012).

The seed yield of perennial ryegrass
depends on the interaction of row spacing
and seed quantity (Kelner, 1975; Brown,
1979; Schoberlein, 1980). Longer sowing
spacing combined with higher amounts of
nitrogen fertilizers and greater spacing affect
later seed vyield (Koeritz et al., 2015;
Todorovic¢ et al., 2020).

The height of perennial ryegrass seed yield
reacts positivelly on application of mineral
fertilizers (Stevens et al., 1989; Sokolovi¢ et
al., 2012; Gatari¢ et al., 2014), especialy on
the time and the way of application of the
nitrogen fertilizers (Cookson et al., 2000).
According this authors, multiple application
(fall, winter and spring) causes increasing of
the biomass (=40%) in comparison with
single application of nitrogen fertilizers in
fall (=18%). Therefore, combining of winter
and spring fertilization has singificant
influence of seed yield increasing. Probing of
diferent ammounts of nitrogen in spring
fertilization in combination with different
levels of seed rates and inter-sow spacing can
give the results which may influence by

increasing the area under this forage crops.
Also, perennial ryegrass silage has the best
total nutritional value (166 g kg™ dry matter
of crude protein and 39.1 g kg™ dry matter of
crude fat; and the lowest content of dry
matter (321 g kg™ dry matter) compared to
the composition of pure and mixed silage)
(Merkeviciatée Lauksmé et al., 2022). The
aim of our research was to determine the
influence of the application of nitrogen
fertilizers, the sowing rate and the inter- row
spacing on the yield of the diploid variety of
perennial ryegrass Naki during a three-year
study.

MATERIAL AND METHODS

Experimental design

The experimental trial was set up with the
diploid variety of perennial ryegrass, Naki
(Lolium perenne L. cv. Naki) according to
the randomized block system in four
replicates on elementary plots of 10 m? in a
three-year period in the Darosava locality
(Progoreoci village), Arandelovac municipality
(Central Serbia). In the experiment, the
impact of three factors was monitored, which
were combined in 64 different treatments
(AxBxC). Observed factors had 4 levels
each: A - Inter-row spacing: 12.5; 25; 37.5
and 50 cm; B - sowing rate: 9; 16; 23 and 30
kg ha™; C - ammount of nitrogen fertiliter: 0;
30; 60 and 90 kg ha®. Sowing was done
manually, by sowing seeds in long strips 5 m
(Figures 1la and 1b). In spring, protective
agents were used in the fight against
broadleaf weeds (Mustang - active substance
Florasulam 6.25 g I'* + 2.4- D-2-EHE 300 g I,
in formulation SE- suspoemulsions), as well
as manual hoeing of the crop. Two-phase
harvesting was done manually. After that,
the plant material was dried under natural
conditions, as well as the separation of
the seeds from the rest of the plant mass
(Figures 1b and 1c).
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Figure 1. Experimental fiels (a.), Spring hoeing and nitrogen fertilization (b.), Harvest of Perennial ryegrass L. (c.),
Separating seeds from straw (d.)

Soil characteristics

Chemical characteristics of the soil:
Agrochemical analysis of the soil before
setting up the experiment (Table 1) shows
that the soil had a medium acidic reaction
[pH (u KCI) - 6.1]; it was poorly provided

with humus (2.7%); good provided with
nitrogen (0.2%), while the content is CaCOs3
was low - 0.83%; very poor in phosphorus,
P,Os - 1.6 mg kg™ and moderately supplied
with potassium, K,O - 14.7 mg kg™

Table 1. Chemical composition of the soil before the establishment of the experimental trial Lolium perenne

Parameter
Depth, pH Humus, Total N, CaCo;, P,Os K,0
cm in KCI % % % mg/100 g mg/100 g
0-30 6.10 2.7 0.2 0.83 1.6 14.7

Statistical analysis

The experimental data were analyzed with
descriptive and analytical statistics using the
statistics module Statistics 12. All significance
assessments were made based on the ANOVA
test at the 0.5% and 0.1% significance levels.

Meteorological conditions

The experiment was set up near
Arandelovac (Republic of Serbia). Weather
conditions are shown in Figures 1-3. The
average monthly temperatures do not deviate

significantly from the multi-year average for
the observed period. An exception was
observed in third season, when the measured
temperature was 2-4 degrees lower during
May. The average sum of monthly
precipitation in the observed period was
lower than the multi-year average, and in
third season, twice the average sum of
precipitation was recorded, which had a
significant positive impact on the average
yield of perennial ryegrass seeds obtaied
(Figures 2-4).
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Figure 2. Temperatures (°C) and precipitation (mm) in Arandjelovac, Serbia, in first season

120 60
110
100 50
90
80 > 40
70
60 30
50 o
40 e 20
30 =
20 — 10
10 )
o \o 0
IX X XI | XII
emem==mm | 11.7(495]1232| 85 |816(585(51 |86.1]1176/496(74.1| O
o= °C |199| 13 |94 (14 (27 | 39 6 |133| 18 |20.1|225]| 24

Figure 3. Temperatures (°C) and precipitation (mm) in Arandjelovac, Serbia, in second season
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Figure 4. Temperatures (°C) and precipitation (mm) in Arandjelovac, Serbia, in third season

Seed vyield is a production trait and was
processed using the statistical method of
three-factor analysis of variance using the
SPSS statistical package. The obtained
results serve as a recommendation for the
future improvement of perennial ryegrass
seed production.

RESULTS AND DISCUSSION

The results of the research indicate that the
obtained average values of seed yield in the

first year of the research varied from
344.3+10.4 kg ha™ to 576.3+12.7 kg ha™
depending on the influence of all three
examined factors. By sowing perennial
ryegrass seeds at a greater inter-row distance,
the yield of the obtained seeds also increased.
By sowing seeds at a distance of 12.5 cm, an
average seed vyield of 443.2+63.4 kg ha,
while at the maximum inter-row spacing (50
cm) an average seed yield 485.2+62.8 kg ha™.

The seeding rate had a significant
statistical effect on the values of the seed
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yield of perennial ryegrass. In the
experimental plots where it was 9 kg ha™ of
seed, the vield of 471.0462.7 kg ha™ is
achieved, while the average seed vyield of
455.0+63.8 kg ha™ was obtained by sowing
30.0 kg ha™ of seed.

Supplementation with nitrogen fertilizers
in the first year of the experiment had a

statistically significant effect on the seed
yield of perennial ryegrass. By using the
largest amount of fertilizer (90 kg ha™), the
highest yield has been achieved (541.3+27.6
kg ha™), while it is in the control variant, on
the plots without fertilization (0 kg ha™), the
amount of seed obtained was statistically
significantly smaller (377.0+23.2 kg ha).

Table 2. Analysis of variance of treatments on seed yield of perennial ryegrass in the first year tested

Parameter SS- Sum of square MS - Middle of square F test Signif.
Corrected Model 1001508.859b 15896.966 85.379 0.000
Intercept 54647208.141 54647208.141 293498.111 0.000
Inter-row distance - IRD 61726.297 20575.432 110.506 0.000**
Sowing density - SD 11969.203 3989.734 21.428 0.000**
Quantity of nitrogen-N 916010.703 305336.901 1639.897 0.000**
IRDx SD 1966.359 218.484 1.173 0.314™
IRD xN 4286.609 476.290 2.558 0.008™
SDxN 487.203 54.134 0.291 0.977™
IRDxSDxN 5062.484 187.499 1.007 0.461"™
Error 35749.000 186.193
Total 55684466.000

Based on the analysis of variance in the
first year of testing, it can be concluded that
there are very significant differences between
the tested treatments of fertilization and
English ryegrass seed. The interaction
between the examined factors (IRDxSD;
IRDxN; SDxN; IRDxSDxN) had no
significant effect on the seed vyield of
perennial ryegrass (Table 2).

Average seed vyields in the second year
varied from 426.0+0.74 kg ha™ to 714.0+16.3
kg ha (Table 3).

Average seed yields were statistically
significantly dependent on the influence of all
three investigated factors. Sowing in wide

rows of perennial ryegrass seeds (50 cm)
resulted in the highest yield of seeds -
648.9+41.9 kg ha’. With close seeding
(12.5 cm), a significantly lower seed yield
was achieved - 461.7#25.7 kg ha'l (a
decrease of 29%). At the lowest sowing rate
(9 kg hal), the average seed vyield was
572.1+80.4 kg ha™, while at the maximum
sowing rate (30 kg ha), the lowest seed yield
was achieved - 551.0+75.8 kg ha™. In the
control variant (variants without nitrogen
fertilization), the seed yield of perennial
ryegrass was 522.3+66.6 kg ha®, while the
highest seed yield was obtained with 90 kg
ha™ of N fertilizer (606.3+78.8 kg ha™).

Table 3. Analysis of variance of treatments on seed yield of perennial ryegrass in the second year tested

Parameter SS - Sum of square MS - Middle of square F test Signif.
Corrected Model 1512094.734b 24001.504 122.436 0.000
Intercept 80584284.766 80584284.766 411073.307 0.000
Inter-row distance - IRD 1228438.266 409479.422 2088.820 0.000**
Sowing density - SD 24151.297 8050.432 41.067 0.000**
Quantity of nitrogen - N 244447.922 81482.641 415.656 0.000**
IRDx SD 1929.797 214.422 1.094 0.369™
IRD xN 9132.047 1014.672 5.176 0.000**
SDxN 378.391 42.043 0.214 0.992"™
IRDxSDxN 3617.016 133.964 0.683 0.879™
Error 37638.500 196.034
Total 82134018.000
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Based on the analysis of variance in the
second year of the trial, row spacing, seeding
rate and nitrogen amount had a very
significant effect on the yield of perennial
ryegrass seeds. The interaction between the
investigated factors (IRDxN) had a very
significant effect on yield (Fekp=5.176),
p=0.005. Other second-level interactions and
third-level interactions did not show
statistical significance for the observed
parameter (Table 3).

The average seed yield in the third year of
the study varied from 117.3 +25.7 kg ha™ to
391.0 +8.6 kg ha™ and showed dependence
on the influence of all three tested factors. As
the row spacing increased, the average seed
yield also increased. Seed yield in narrow-
row sowing (12.5 cm) was 208.4 + 48.5 kg
ha*, while in wide-row sowing (50 cm) it
was 343.7 + 31.7 kg ha™. With the sowing
rate, the opposite trend was recorded in
relation to the row spacing. The largest
amount of seeds was obtained by sowing the
minimum amount of seeds (9 kg ha?) -
293.9+54.9 kg ha', while the smallest
amount of seeds obtained by sowing the
maximum amount of seeds (30 kg ha™),
267.8+64.9 kg ha™. In the variants without
fertilization, the lowest seed vyield was
achieved - 245.2+66.2 kg ha™, while the
highest yield was achieved in plots with the
most intensive fertilization - 315.2+49.0 kg ha™.

Based on the analysis of variance in the
third year of testing, it can be concluded that

the inter-row distance, the seeding rate and
the amount of nitrogen had a very significant
impact on the vyield of perennial ryegrass
seeds. The interaction of the investigated
factors (IRDxN) had a significant effect on
the seed vyield of perennial ryegrass
(Fekp=14.507), p=0.005. Other second-level
interactions and third-level interactions did
not show statistical significance on the
observed parameter (Table 4).

The average values of the seed yield in the
three-year period record the dependence on
all three observed factors. The second year
tested had the most favorable conditions for
the production of perennial seed, while the
third year tested was the least favorable for
production.

The third year had poor weather conditions,
heavy rainfall during the sowing period,
followed by a sudden rise in temperature,
which led to increased seed shedding. In the
three-year period, the highest average seed
yield was recorded in sowing with the largest
row spacing (50 cm), when in the second
tested year the yield was 648.9 kg ha™*, while
the lowest seed yield at the same row spacing
was recorded in the third year tested (208.4
kg ha™). When sowing 30 kg ha™, the lowest
seed yield was achieved in all three years of
the experiment. The lowest yield was achieved
in third season and amounted to 267.8 kg ha™
(30 kg ha™). The highest average seed yields
were achieved by sowing the least amount of
seed (9 kg ha™) in all three years.

Table 4. Analysis of variance of treatments on seed yield of perennial ryegrass in third year tested

Parameter SS - Sum of square MS - Middle of square F test Signif.
Corrected Model 926792.000b 14710.984 69.798 0.000
Intercept 20025625.000 20025625.000 95013.715 0.000
Inter-row distance - IRD 673609.812 224536.604 1065.338 0.000**
Sowing density - SD 35123.531 11707.844 55.549 0.000**
Quantity of nitrogen - N 177180.625 59060.208 280.217 0.000**
IRDx SD 4433.781 492.642 2.337 0.016™
IRD xN 27518.563 3057.618 14.507 0.000**
SDxN 2765.344 307.260 1.458 0.166™
IRDxSDxN 6160.344 228.161 1.083 0.364"™
Error 40467.000 210.766
Total 20992884.000

Comparing all three years, the highest
average Yyield was recorded in third year and
was 572.1 kg ha™ of perennial ryegrass seeds.

Spring nitrogen fertilization had a significant
effect on the seed yield of perennial ryegrass.
In all three years, an increase in seed vyield
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was recorded with an increase in the amount
of nitrogen: 541.3 kg ha, 606.3 kg ha™ and
315.2 kg ha™ seeds (at 90 kg ha™ nitrogen).
The lowest seed yield of perennial ryegrass

(245.2 kg ha™) was achieved in the third year
in the control variant, without nitrogen
application, 0 kg ha™ (Figure 5).
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Figure 5. The influence of row spacing, seeding rate and amount of nitrogen on seed yield in the three-year period

Seed vyield is a parameter for evaluating
the success of seed production, from the
aspect of quality and quantity, which directly
depends on shoot height, spike length,
number of spikelets and fertile flowers per
plant. The mentioned parameters indicate the
potential, and the seed yield is the utilization
of the potential (Busso et al.,, 1989; Da
Silveira Pontes et al., 2015; Fu et al., 2024).
The seed yield is significantly influenced by
the genotype, the age of the crop, applied
agricultural techniques, the presence of plant
disease agents in the soil and plant material,
as well as the ability to absorb nutrients
(Wang et al., 2006; Xu et al., 2010; Popovi¢
etal., 2013, 2022; Blair et at., 2014; Huang et
al., 2014; Nosalewicz et al., 2018; Hilker and
Schmiilling; 2019; Laki¢ et al., 2022; Tan et
al., 2022; Bouton, 2023; Dimtirijevi¢ et al.,
2024; Ding et al., 2024; Ma et al., 2024).

The first year of the study had poor
weather conditions which limited the
production of perennial ryegrass. In the
months of the initial growth of the plant,
rainy weather was recorded, then there were
months with average temperatures above the
long-term average, which contributed to the
rapid ripening and shedding of seeds. Seed
shedding is prevented by accelerated
harvesting. The maximum inter-row distance
and the amount of nitrogen had a significant
effect on the seed yield (Cattani, 2007), while
the sowing rate had the opposite effect (the

highest seed yield was achieved with the
smallest amount of seeds).

In the second year of research, the full
fertility potential of perennial ryegrass was
realized. Weather conditions were satisfactory,
with regularly distributed rainy periods. Seed
filling and ripening took place in dry June
conditions, and seed harvesting was
completed in the first half of July and there
was no seed shedding. As in the first year,
inter-row spacing and top dressing had a
significant impact on seed yield, with the
same dynamics: with increasing parameter
values, seed yield values increased. This can
be explained by increased competition and
the need for nitrogen (Koeritz et al., 2015).
Sowing rate had the opposite effect on seed
yield, the highest values of seed yield were
achieved with the smallest amount of seed.

The third year of research had bad weather
conditions. The highest coefficient of variation
was recorded (21.98%). The same trend of
the influence of vegetation environment
factors on seed yield was confirmed - the
highest values of the inter-row distance factor
and the amount of nitrogen resulted in the
highest number of harvested seeds. The
minimum amount of seeds in sowing
determined the best yield.

The potential yield of grass seeds is
determined by the number of reproductive
shoots per unit area, the number of spikelets
per inflorescence and the number of flowers
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per spikelet (Elgersma, 1990). Seed yield also
depends on the proportion of flowers that
produce seeds and the weight of individual seeds
(Busso and Richards, 1995; Simi¢ and Vuckovic,
2006; Xu et al., 2009; ESCAA, 2020).

Row spacing affected seed yield only in the
diploid cultivar 'Alegro’, where 48 cm row
spacing reduced seed yield compared to 12
and 24 cm row spacing (Delran et al., 2009).

In the process of plant breeding, in
addition to yield as the most important
feature, other features are always monitored
(Heineck et al., 2020; Todorovi¢ et al., 2020;
Huber et al., 2021; Javaid et al., 2022).

Knowing the interdependence of studied
traits, that is, how and to what extent one trait
affects another, enables easier determination
of criteria and predicts the course of breeding.
By selecting a certain trait in the desired
direction, there will be changes in the value
of some other traits in size and direction
proportional to the strength of the correlation
coefficients between the given traits.

It is anticipated that local yearly
precipitation and temperature patterns would
be impacted by climate change in Europe. It
is starting to pose a serious risk to both
cultivated and natural grasslands. According
to recent research, local environmental
changes will occur more quickly than natural
grass populations can respond (Keep et al.,
2020). Additionally, it might have an impact
on the existing panel of commercial cultivars'
performances. Therefore, developing new
cultivars that are suited to the climate of the
future is one of the major issues facing forage
breeders. Therefore, it may be crucial to take
advantage of the genetic variety present in
natural populations (Blanco-Pastor et al.,
2019; Keep et al., 2020).

One of the key elements influencing plant
development, including seed germination and
plant growth, is temperature. Therefore, in
the majority of climate change scenarios,
developing perennial ryegrass cultivars
adapted to new temperature ranges may be
required. However, an explanation of the
intraspecific heterogeneity of temperature
responses is necessary prior to any breeding
efforts in this area (Ghaleb et al.,, 2021,
2024).

Early indicators for choosing potential
material include seed germination (Ahmed,
2015; Ghaleb et al.,, 2021) and early
heterotrophic growth (Escobar-Gutiérrez et
al., 1998a, 1998b; Ahmed et al., 2019).

Numerous studies have documented
interspecific differences in how each species
reacts to temperature during germination. The
relationship  between temperature and
germination in forage grasses has actually
been the subject of several research (Baskin
and Baskin, 2014). A few of them (Larsen
and Bibby, 2005; Anjum et al., 2011; Lin et
al., 2018) present comparisons between L.
perenne and other species. Surprisingly, yet,
little is known about the inherent
intraspecific  diversity of  temperature
responses, if any, during L. perenne
germination and early growth. In fact, as far
as we are aware, there are just two published
(Larsen and Bibby, 2005; Shen et al., 2008).

A major global concern, global climate
change has far-reaching effects, particularly in
agriculture (Gong et al., 2020; Leisner, 2020).

In the context of crop production, rising
temperatures not only make drought issues
worse but also make heat waves more
frequent and intense (Mittler, 2006; Gornall
etal., 2010).

Depending on the crop  type,
developmental stage, and the type, severity,
and duration of the stress, these stresses may
cause agricultural production losses of as
much as 60% (Farooq et al., 2009; Praba et
al., 2009; Jedmowski et al., 2015).

The degree of damage caused by
drought is frequently unanticipated and
depends on variables including rainfall
patterns, soil water retention capacity
and evapotranspiration-induced water loss
(Huang et al., 2024).

Heat stress causes a number of physiological,
biochemical, and morphological alterations
that significantly impact plant growth and
development (Wahid et al., 2007; Pucciariello
et al., 2012; Ahmed, 2015; Zhao et al., 2021)
resulting in wilting and delayed growth
(Kotak et al., 2007; Wahid et al., 2007; Ozga
et al., 2017; Schauberger et al., 2017; Liu et
al., 2019; Zhao et al., 2021). Low vyields are
often the result of heat stress's detrimental
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effects (Ozga et al., 2017; Schauberger et al.,
2017; Linetal., 2018).

CONCLUSIONS

The results of this three-year study clearly
demonstrate that seed vyield of perennial
ryegrass (Lolium perenne L.) is strongly and
consistently affected by inter-row spacing,
seeding rate, and nitrogen fertilization, as
well as by annual climatic conditions. Across
all years, wider row spacing resulted in
higher seed yields, indicating that reduced
intra-specific competition and improved
resource availability per plant play a key role
in  maximizing reproductive  potential.
Similarly, lower seeding rates consistently
produced higher vyields, confirming that
excessive plant density negatively affects
seed formation and retention. Nitrogen
fertilization had a significant and positive
effect on seed yield in all years of the study.
Increasing nitrogen rates enhanced yield, with
the highest values obtained at 90 kg ha™,
highlighting the importance of adequate
nitrogen supply for reproductive shoot
development and seed filling. However, the
magnitude of nitrogen response varied among
years, reflecting strong interactions between
nutrient availability and weather conditions.

Climatic variability has been identified as
a significant factor affecting seed production.
The second year of the research presented
ideal conditions, enabling the full realization
of the yield potential of perennial ryegrass. In
contrast, the adverse weather conditions in
the third year-marked by excessive rainfall
during sowing and elevated temperatures
during seed maturation-resulted in increased
seed shedding, and a notable decline in
yields. These observations highlight the
vulnerability —of seed production to
environmental stress, especially in the
context of changing climate conditions.

ACKNOWLEDGEMENTS
Investigations necessary for this paper are

part of the Projects grant number 451-03-136/
2025-03/200009, 451-03-136/2025-03/200032,

451-03-137/2025-03/200116 and 451-03-136/
2025-03/200003; financed by the Ministry of
Science Technological Development and
Innovation of the Republic of Serbia and
bilateral project Republic of Serbia and
Republic of Croatia, 2025-2026: Alternative
and fodder plants as a source of protein and
functional food; and Bulgarian Project (2024-
2027): “Intercropping in maize growing for
sustainable agriculture”.

REFERENCES

Ahmed, L.Q., 2015. Analyse de la Variabilité Inter- et
Intra-spécifique de Cing espéces Prairiales en
Réponse a la Température Pendant la Germination
et la phase hétérotrophe initiale. France:
University-Poitiers, 257.

Ahmed, L.Q., Durand, J.L., Escobar-Gutérrez, A.J.,
2019. Genetic diversity of alfalfa (Medicago
sativa) in response to temperature during
germination. Seed Sci. Technol., 47: 351-356.

Anjum, S.A., Wang, L.C., Farooq, M., Hussain, M.,
Xue, L.L, Zou, C.M. 2011. Brassinolide
application improves the drought tolerance in
maize  through  modulation of enzymatic
antioxidants and leaf gas exchange. J. Agron.
Crop Sci., 197: 177-185.

Anon, 2008. The biology of Lolium multiflorum Lam.
(Italian ryegrass), Lolium perenne L. (perennial
ryegrass) and Lolium arundinaceum (Schreb.)
Darbysh (tall fescue). Ed. DoP Industries,
Australian Government: State of Victoria, 82.

Baskin, C.C., and Baskin, J.M., 2014. Seed Ecology,
Biogeography and Evolution of Dormancy and
Germination. United States: Cademic Press.

Blair, J., Nippert, J., Briggs, J., 2014. Grassland Ecology.
In: Monson, R. (eds.), Ecology and the Environment.
New York, NY, Springer, 4(8): 389-423.

Blanco-Pastor, J.L., Mane, S., Barre, P., Roschanski,
AM., Willner, E., Dehmer, K.J., Hegarty, M.,
Muylle, H., Ruttink, T., Roldan-Ruiz, 1.,
Ledauphin, T., Escobar-Gutiérrez, A., Sampoux,
J.-P., 2019. Pleistocene climate changes, and not
agricultural spread, accounts for range expansion
and admixture in the dominant grassland species
Lolium perenne L. J. Biogeogr., 46: 1451-1465.

Bolaric, S., Barth, S., Melchinger, A.E., Posselt, U.K,,
2005. Genetic diversity in European perennial ryegrass
cultivars investigated with RAPD markers. Plant
Breeding, Blackwell Verlag, Berlin, 124: 161-166.

Bouton, J.H., 2023. Forage breeding and cultivar
development: a 50-year perspective. Grassland
Research, 2: 97-105.

Brown, K.R., 1979. Recent grass seed production
studies in Canterbury. Herbage Seed Production:
12-14.



190

Number 43/2026

ROMANIAN AGRICULTURAL RESEARCH

Busso, C.A., Mueller, R.J., Richards, J.H., 1989.
Effects of drought and defoliation on bud viability
in two caespitose grasses. Annals of Botany, 63:
477-485.

Busso, C.A., and Richards, J.H., 1995. Drought and
clipping effects on tiller demography and growth
of two tussock grasses in Utah. Journal of Arid
Environments, 29: 239-251.

Cattani, D.J., 2007. Perennial Ryegrass Seed Production.
Agriculture, Food and Rural Initiatives Crops
Knowledge Centre, Carman MB, Canada: 1-6.

Cookson, W.R., Rowarth, J.S., Cameron, K.C., 2000.
The fate of autumn, late winter and spring-applied
nitrogen fertilizer in a perennial ryegrass (Lolium
perenne L.) seed crop on a silt loam soil in
Canterbury, New Zealand. Agriculture, Ecosystems
and Environment, 84(1): 67-77.

Da Silveira Pontes, L., Maire, V., Schellberg, J.,
Louault, F., 2015. Grass strategies and grassland
community responses to environmental drivers: a
review. Agronomy for Sustainable Development,
35: 1297-1318.

Delran, L.C., Gislum, R., Boelt, B., 2009. Cultivar and
row distance interactions in perennial ryegrass.
Acta Agriculturae Scandinavica, Section B - Soil &
Plant Science, 59(4): 335-341.

Dimitrijevi¢, S., Mili¢, M., Bunti¢, A., Dimitrijevi¢-
Brankovi¢, S., Filipovi¢, V., Popovi¢, V., Salamon,
., 2024. Spent coffee grounds, plant growth
promoting bacteria, and medicinal plant waste:
The biofertilizing effect of high-value compost.
Sustainability, 16(4), 1632.

Ding, Y., Niu, K., Liu, T., Zhang, X., Gao, Y., Rossi,
S., Yang, Huang, Z.B., Zhuang L., 2004.
Transcriptional reprogramming of genes related to
bud dormancy, outgrowth, and hormones for tiller
development due to drought preconditioning in
Lolium perenne. Grass Research, 2024, 4.

Dini¢, B., Lazarevi¢, D., Ignjatovi¢, S., Dordjevié, N.,
2003. The influence of development phase and dry
matter level on quality and nutritive value of
orchard grass silage. Proceeding of 11"
International Symposium Forage Conservation,
Nitra, Slovak Republic: 130-131.

Elgersma, A., 1990. Seed yield related to crop
development and to yield components in nine
cultivars of perennial ryegrass (Lolium perenne
L.). Euphytica, 5: 59-68.

ESCAA, 2020. Seed production in EU - 2024.
European Seed Certification Agencies Association,
http://www.escaa.org/index/action/page/id/7/title/se
ed-production-in-eu---2020.

Escobar-Gutiérrez, A.J., Daudet, F.A., Gaudillére, J.-P.,
Maillard, P., Frossard, J.S., 1998a. Modelling of
allocation and balance of carbon in walnut
(Juglans regia L.) seedlings during heterotrophy-
autotrophy transition. J. Theoret. Biol., 194: 29-47.

Escobar-Gutiérrez, A.J., Daudet, F.A., Gaudillere, J.-P.,
Maillard, P., Frossard, J.S., 1998b. A mechanistic and
dynamic model of carbon allocation in walnut (Juglans
regia L.) seedlings. Acta Hortic., 544: 209-217.

Farooq, M., Wahid, A., Kobayashi, N., Fujita, D.,
Basra, S.M.A., 2009. Plant drought stress: effects,
mechanisms and management. Agron. Sustain.
Dev., 29: 185-212.

Fu, X., Zhao, W., Wang, Z., Yuan, F., Liu, Y., Liu,
M., Fu, C., 2024. The progress of genetic
improvement of forage grasses through transgenic
approaches. Grass Research, 4: e027.

Gatari¢, D., Drini¢, M., Radi¢, V., Kralj, A., 2014.
Production on arable land and nutritional value of
fodder plants. East Sarajevo, 296.

Georgieva, N.A., Kosev, V.l., Genov, N., Popovic,
M.B., Radojevi¢, V., Popovi¢, V.M., 2025.
Economicproduction and comparative evaluation
of broad bean accessions under organic cultivation.
Agriculture and Forestry, Podgorica, 71(4): 57-77.
https://doi:10.17707/AgricultForest.71.4.04

Ghaleb, W., Barre, P., Teulat, B., Ahmed, L., Escobar-
Gutiérrez, A.J., 2021. Divergent selection for seed
ability to germinate at extreme temperatures in
perennial ryegrass (Lolium perenne L.). Front.
Plant Sci., 12: 794488.

Ghaleb, W., Ahmed, L., Escobar-Gutiérrez, A.J.,
Julier, B., 2024. The history of domestication and
selection of lucerne: a new perspective from the
genetic diversity for seed germination in response
to temperature and scarification. Front. Plant Sci.,
11: 578121.

Gong, Z.Z., Xiong, L.M., Shi, H.Z., Yang, S.H., Zhu,
J.K., 2020. Plant abiotic stress response and
nutrient use efficiency. Sci. China Life Sci., 63:
635-674.

Gornall, J., Betts, R., Burke, E., Clark, R., Camp, J.,
Willett, K., 2010. Implications of climate change
for agricultural productivity in the early twenty-
first century. Philos. T. R. Soc. B., 365: 2973-29809.

Hannaway, D., Fransen, S.C., Cropper, J., Teel, M.,
Chaney, M., Griggs, T., Lane, W., 1999. Perennial
ryegrass. Oregon State University, USA.

Heineck, G.C., Ehlke, N.J., Altendorf, K.R., Denison,
R.F., Jungers, J.M., Lamb, E.G., Watkins, E.,
2020. Relationships and influence of vyield
components on spaced-plant and sward seed yield
in perennial ryegrass. Grass and Forage Science,
75(4): 424-437.

Huang, H.Y., Wang, X.T., Li, J.Q., Gao, Y., Yang,
Y.T., Wang, R., 2024. Trends and directions in
oats research under drought and salt stresses: a
bibliometric analysis (1993-2023). Plan. Theory,
13: 1902.

Huang, L., Yan, H., Jiang, X., Yin, G., Zhang, X,
2014. ldentification of candidate reference genes
in perennial ryegrass for quantitative RT-PCR
under various abiotic stress conditions. PL0S
ONE, 9, 93724,

Huber, J., Westermeier, P., Mohler, V., Willner, E.,
Hartmann, S., 2021. Genetic analysis of drought
stress tolerance in perennial ryegrass (Lolium
perenne L.). Proceedings of the 2021 Meeting of
the Fodder Crops and Amenity Grasses Section of
EUCARPIA: 63-66.



191

Marijana Jovanovi¢ Todorovic et al.: Lolium perenne L. Production Effect on Row Spacing,
Sowing Rate, and Nitrogen Fertilization

Hilker, M., and Schmulling, T., 2019. Stress priming,
memory, and signalling in plants. Plant, Cell &
Environment, 42: 753-761.

Javaid, M.M., Mahmood, A., Alshaya, D.S.,
AlKahtani, M.D.F., Waheed, H., Wasaya, A.,
Khan, S.A., Nagve, M., Haider, I., Shahid, M.A,,
Nadeem, M.A., Azmat, S., Khan, B.A., Balal,
R.M., Attia, K.A., Fiaz, S., 2022. Influence of
environmental factors on seed germination and
seedling characteristics of perennial ryegrass
(Lolium perenne L.). Sci. Rep., 12(1): 9522.

Jedmowski, C., Ashoub, A., Momtaz, O., Briiggemann,
W., 2015. Impact of drought, heat, and
theircombination on chlorophyll fluorescence
and vyield ofwild barley (Hordeum spontaneum).
J. Bot.: 1-9.

Jovanovi¢, M., Arsié, S., Potrebi¢, V., 2012. Possibilities
for exploiting the potential of sown-artificial lawns.
Collection of Scientific Papers of the Journal of
PKB Agroeconomics, 18(1-2): 129-135. [In Serbian]

Keep, T., Sampoux, J.P., Blanco-Pastor, J.L., Dehmer,
K.J., Hegarty, M.J., Ledauphin, T., Litrico, I.,
Muylle, H., Roldan-Ruiz, I., Roschanski, A.M.,
Ruttink, T., Surault, F., Willner, E., Barre, P., 2020.
High-throughput  genome-wide genotyping to
optimize the use of natural genetic resources in the
grassland species perennial ryegrass (Lolium perenne
L.). Genes Genomes Genet., 10(9): 3347-3364.

Kellner, E., 1975. Techniques of perennial grass seed
production. Revista de Cresterea Animalelor,
25(1): 20-24.

Koeritz, E.J., Watkins, E., Ehlke, N.J., 2015. Seeding
rate, row spacing, and nitrogen rate effects on
perennial ryegrass seed production. Crop Science,
55(5): 2319-2333.

Kotak, S., Larkindale, J., Lee, U., Vierling, E., Scharf,
K.D., 2007. Complexity of the heat stress response
in plants. Curr. Opin. Plant Biol., 10: 310-316.

Laki¢, Z., Popovi¢, V., Cosi¢, M., Anti¢, M., 2022.
Genotypes variation of Medicago sativa (L.) seed
yield components in acid soil under conditions of
cross - fertilization. Genetika, 54(1): 1-14.

Larsen, S.U., and Bibby, B.M., 2005. Differences in
thermal time requirement for germination of three
turfgrass species. Crop Sci., 45: 2030-2037.

Lazarevi¢, D., Stosi¢, M., Dini¢, B., 2001.
Productivity of sown grassland in different
utilization systems. Archive for Agricultural
Sciences, 63, 220: 251-259.

Leisner, C.P., 2020. Review: climate change impacts
on food security- focus on perennial cropping
systems and nutritional value. Plant Sci., 293:
110412.

Lin, J., Hua, X., Peng, X., Dong, B., Yan, X., 2018.
Germination responses of ryegrass (annual vs.
perennial) seed to the interactive effects of
temperature and salt-alkali stress. Front. Plant
Sci., 9: 1458.

Liu, J., Xu, L.X.,, Wang, Y.B., Han, L.B., 2019.
Ethephon treatment reduced mondo grass

(Ophiopogon japonicus) gas exchange rate and
gene expression of Rbcs. Eur. J. Hortic. Sci., 84:
106-112.

Ma, C., Chen, J., Wang, Y., Jia, F., Li, Y., Sun, Y., Hu,
Q., 2024. The evaluation of herbicide tolerance on
Lolium multiflorum. Grass Research, 4: e028.

Merkevic¢iuté  Lauksmé, S., Ceseviciene, A.,
Mankevic¢iené, J., Venslovas Eimantas, A., 2022.
Peculiarities of chemical composition of main
types of silage prepared from grasses, legumes,
and small grain crop mixtures. Zemdirbyste., 109:
179-184.

Mittler, R., 2006. Abiotic stress, the field environment
and stress combination. Trends Plant Sci., 11: 15-19.

Nosalewicz, A., Siecinska, J.,, Kondracka, K.,
Nosalewicz, M., 2018. The functioning of Festuca
arundinacea and Lolium perenne under drought is
improved to a different extend by the previous
exposure to water deficit. Environmental and
Experimental Botany, 156: 271-278.

Ozga, J.A., Kaur, H., Savada, R.P., Reinecke, D.M.,
2017. Hormonal regulation of reproductive growth
under normal and heat-stress conditions in legume
and other model crop species. J. Exp. Bot., 68: 464.
Filipovi¢, V., Gantner, V., Laki¢, 7., Bozovié, D.,
2022. Economically significant production of
Secale cereale L. as functional food. Agriculture
and Forestry, 68(3): 133-145.

Popovi¢, V., Malesevi¢, M., Miladinovi, J., Mari¢, V.,
Zivanovi¢, L., 2013. Effect of agroecological
factors on variations in yield, protein and oil
contents in soybean grain. Romanian Agricultural
Research, 30: 241-247.

Praba, M.L., Cairns, J.E., Babu, R.C., Lafitte, H.R.,
2009. Identification of physiological traits underlying
cultivar differences in drought tolerance in rice and
wheat. J. Agron. Crop Sci., 195: 30-46.

Pucciariello, C., Banti, V., Perata, P., 2012. ROS
signaling as common element in low oxygen and
heat stresses. Plant Physiol. Bioch., 59: 3-10.

Schauberger, B., Archontoulis, S., Arneth, A.,
Balkovic, J., Ciais, P., Deryng, D., 2017.
Consistent negative response of US crops to high
temperatures in observations and crop models.
Nat. Commun., 8: 13931.

Schoberlein, W., 1980. Studies on sowing methods for
perennial grasses for seed production. Universitat
Halle, Wittenberg, S-23: 416-428.

Shen, J.B., Xu, L.Y., Jin, X.Q., Chen, J.H., Lu, H.F.,
2008. Effect of temperature regime on
germinations of seed of perennial ryegrass (Lolium
perenne). Grass Forage Sci., 63: 249-256.

Simi¢, A., and Vuckovi¢, S., 2006. Possibilities of
Italian flax seed production in Northwestern
Serbia. Collection of Scientific Papers PKB
Agroeconomics, 2(1-2): 133-139.

Sokolovi¢, D., Lugi¢, Z., Radovi¢, J., Tomié, Z.,
Babi¢, S., Vuckovi¢, M., 2007. Agronomic
properties of the new English rye variety


https://kobson.nb.rs/nauka_u_srbiji.132.html?autor=Popovic%20Vera%20M
https://kobson.nb.rs/nauka_u_srbiji.132.html?autor=Popovic%20Vera%20M
https://kobson.nb.rs/nauka_u_srbiji.132.html?autor=Miladinovic%20Jegor%20A
https://kobson.nb.rs/nauka_u_srbiji.132.html?autor=Maric%20Vladimir
https://kobson.nb.rs/nauka_u_srbiji.132.html?autor=Maric%20Vladimir
https://kobson.nb.rs/nauka_u_srbiji.132.html?autor=Zivanovic%20Ljubisa%20R

192

Number 43/2026

ROMANIAN AGRICULTURAL RESEARCH

Krusevacki 11 (k-11). Institute of Field and
Vegetable Crops, 44(1): 169-176.

Sokolovi¢, D., Babi¢, S., Radovi¢, J., Milenkovi¢, J.,
Lugi¢, Z., Andelkovi¢, S., Vasié, T., 2012. Genetic
variations of root characteristics and deep root
production in perennial ryegrass cultivars
contrasting in field persistency. Breeding
Strategies for Sustainable Forage and Turf Grass
Improvement, Springer., Ch. 36: 275-280.

Stevens, R.J., Gracey, H.l., Kilpatrick, D.J., Camlin,
M.S., O'Neill, D.G., McLaughlan, W., 1989. Effect
of date of application and form of nitrogen on
herbage production in spring. The Journal of
Agricultural Science, 112: 329-337.

Stosi¢, M., 2005. Country Pasture/Forage Resource
Profiles: Serbia and Montenegro.
www.fao.org/ag/AGP/AGPC/doc/ounprof/serbiam
ontenegro/serbiamont.htm.

Tan, W., Chen, J., Cai, H., 2022, Recent progress in
biology of genus Lolium. Chinese Bulletin of
Botany, 57: 802-813.

Thorogood, D., 2003. Perennial ryegrass (Lolium perenne
L.). Turfgrass Biology Genetics and Breeding: 75-105.

Todorovi¢, M.J., Popovi¢, V., Vuckovié, S., Jankovic,
S., Mihailovi¢, A., Ignjatov, M., Strugar, V.,
Loncarevi¢, V., 2020. Impact of row spacing and
seed rate on the production characteristics of the
perennial ryegrass (Lolium perenne L.) and their
valorisation. Notulae Botanicae Horti Agrobotanici
Cluj-Napoca, 48(3): 1495-1503.

Wahid, A., Gelani, S., Ashraf, M., Foolad, M.R.,
2007. Heat tolerance in plants: an overview.
Environ. Exp. Bot., 61: 199-223.

Wang, Q., Li, J., Wang, W., Zhou, Q., 2023. Effects of
different salt stress on seed germination of four
forage species. Gansu Animal Husbandry and
Veterinary, 53(3): 142-148.

Wang, Z2.Y., Bell, J., Cheng, X., Ge, Y., Han, K.J.,
Ma, X., Wright, E., Xi, Y., Xiao, X., Zhang, J.-Y.,
Hopkins, A., Bouton, J., 2006. Biotechnological
improvement of forage crops. In: Xu, Z., Li, J.,
Xue, Y., Yang, W. (eds.), Biotechnology and
Sustainable Agriculture and Beyond. Springer,
Dordrecht: 333-338.

Xu, Z., Zhou, G., Shimizu, H., 2009. Are plant growth
and photosynthesis limited by pre-drought
following rewatering in grass? Journal of
Experimental Botany, 60: 3737-3749.

Xu, Z., Zhou, G., Shimizu, H., 2010. Plant responses
to drought and rewatering. Plant Signaling &
Behavior, 5: 649-654.

Zejak, D., Popovi¢, V., Spalevi¢, V., Popovi¢, D.,
Radojevi¢, V., Sezai, Ercisli Glisi¢, 1., 2022. State
and Economical Benefit of Organic Production:
Fields Crops and Fruits in the World and
Montenegro. Notulae Botanicae Horti Agrobotanici
Cluj-Napoca, 50, 3.

Zhang, H., McGill, C.R., Irving, L.J., Kemp, P.D,,
Zhou, D., 2013. A modified thermal time model to
predict germination rate of ryegrass and tall fescue
at constant temperature. Crop Sci., 53: 240-249.

Zhao, Y.L., Du, HW., Wang, Y.K., Wang, H.L.,
Yang, S.Y. Li, CH. 2021. The calcium-
dependent protein kinase ZmCDPK?7 functions in
heat-stress tolerance in maize. J. Integr. Plant
Biol., 63: 510-527.



