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Abstract

Ryegrass (Lolium sp.) species are widely utilized in turfgrass areas
worldwide due to their rapid establishment, aesthetic appeal, and
adaptability to various environmental conditions. Salt stress is a
significant environmental factor that adversely affects the growth and
development of turfgrass species; this situation particularly threatens the
health and performance of turfgrasses during the germination phase.
The objective of the study was to evaluate the germination and early
growth parameters of four different ryegrass species (annual ryegrass
“Lolium multiflorum” cv. Axcella, diploid perennial ryegrass “Lolium
perenne” cv. Sun, tetraploid perennial ryegrass “Lolium perenne” cv.
Tetragreen, and intermediate ryegrass “Lolium hybridum” cv. TransAm)
under different salinity stress levels (0, 2.5, 5.0, 7.5, 10.0, 12.5 g L™
sodium chloride-NacCl). In the study, germination rate (%), shoot and root
length (cm), shoot and root fresh weight (mg), vigor index, salt tolerance
index (%), and thousand-seed weight (g) parameters were determined.
According to the results, salinity stress levels had significant effects on
all treatments. The selected ryegrass species demonstrated better growth
under a salinity stress level of 2.5 g L™ than the control. However, as the
salt concentration increased, significant declines were observed in both
germination and early growth, starting at 7.5 g L'*. Among the species,
annual ryegrass cv. Axcella exhibited better performance under salinity
stress. Additionally, the correlation coefficient results indicated a positive
and significant correlation among all parameters, except for those
involving the thousand-seed weight.
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1. Introduction

Salinity stress has become a significant
issue in turfgrass management, as in many
other fields (Huang et al., 2014). Improper
agricultural or landscape irrigation practices,
particularly in arid and semi-arid regions with
poor natural drainage conditions, can lead to
salinity problems (Kara et al., 2005). In efforts
to conserve freshwater resources, recycled,
waste, or reclaimed non-potable water may
become an important irrigation source for
turfgrass in these regions (Marcum, 2006).
Salinity is expressed in decisiemens (dS m™).
Soil salinity exceeding 4 dS m™ causes plants
to suffer damage, and at salinity levels above
15 dS m?, only a few turfgrass species can
thrive (Karaguzel, 2007). Salts present in the
germination medium increase the osmotic
pressure of the environment, preventing seeds
from absorbing water or negatively affecting
germination due to the toxic effects of ions
such as Na* and CI" (Essa, 2002).

Species of the genus ryegrass (Lolium sp.),
in addition to being the most widely used cool-
season (Cz) turfgrasses globally, are
commonly employed for overseeding warm-
season (C4) turfgrasses, especially in
Mediterranean and similar climates, to
mitigate winter discoloration (Christians,
2011). The ryegrass genus includes perennial
ryegrass (Lolium perenne L.), annual ryegrass
(Lolium multiflorum Lam.), and their hybrid,
intermediate ryegrass (Lolium hybridum), all
of which can be used in turfgrass areas. Of
these species, perennial ryegrass is commonly
utilized in modern turf systems due to its
superior quality (Turgeon, 2005). Perennial
ryegrass (Lolium perenne L.), with its diploid
chromosome structure (2n=2x=14), is widely
used in applications ranging from home lawns
to sports fields due to its characteristics, such
as rapid establishment, high wear tolerance,
the ability to withstand low mowing heights,
and medium-fine leaf texture (Cereti et al.,
2010). Through breeding programs, tetraploid
perennial ryegrass varieties (Lolium perenne
L., 2n=4x=28) have been developed and
introduced to the market, featuring superior
germination and vigor compared to diploid

varieties. These tetraploid varieties also
possess  excellent colour and quality
parameters and the ability to provide a uniform
spring transition, especially in overseeding
applications for warm-season turfgrasses
(Richardson et al., 2007; Summerford et al.,
2009).

Perennial ryegrass is moderately tolerant to
salinity and can tolerate soil electrical
conductivity (EC) ranging from 4 to 8 dS m™*
(Harivandi et al., 1992). Annual and hybrid
ryegrass species are more salt-sensitive,
tolerating soil EC between 3 and 5 dS m™
(Marcum, 2006). Nizam (2011) reported that
in perennial ryegrass, germination decreased
by 79.3% at 24 dS m™* compared to the control,
and both root and shoot fresh and dry weights
significantly decreased above 8 dS m™. Studies
by Kusvuran et al. (2015) and Tatar et al.
(2018), which examined the effects of different
salt concentrations on the germination and
seedling development of perennial ryegrass
varieties, found that as salt concentrations
increased, germination rate, shoot length, root
length, shoot fresh weight, root fresh weight,
and salt tolerance index decreased. Many
researchers investigating the effects of salinity
on turfgrass germination have expressed that
increasing salt concentrations negatively affect
germination and seedling growth (Qian et al.,
2007; Dai et al., 2009).

Although numerous studies exist on the
salinity tolerance range of diploid varieties of
perennial ryegrass, research on the salinity
tolerance of seeds from tetraploid perennial
ryegrass and other ryegrass species, which
have become increasingly popular in turfgrass
areas in recent years, is limited. This study
aims to determine the salinity tolerance of
some widely used worldwide ryegrass species
during germination and the early growth stage.

2. Materials and Methods

This study was conducted in 2021 at the
Seed Laboratory of Department of Field Crops,
Faculty of Agriculture, Ege University, to
determine the effects of different salinity stress
levels on the germination and early growth
parameters of selected ryegrass (Lolium sp.)
species. Four different ryegrass species
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(annual ryegrass “Lolium multiflorum” cv.
Axcella, diploid perennial ryegrass “Lolium
perenne” cv. Sun, tetraploid perennial ryegrass
“Lolium perenne” cv. Tetragreen, and
intermediate ryegrass “Lolium perenne X
Lolium multiflorum - Lolium hybridum” cv.
TransAm) were used as plant material in the
experiment.

The experimental design was a randomized
plot design with four replications. The
solutions with six different salinity levels (0,
2.5,5.0,7.5,10.0, 12.5 g L") for salinity stress
were adjusted using sodium chloride (NaCl).
Distilled water was used as the control
solution.

Firstly, thousand-seed weights of selected
ryegrass species were calculated based on the
weight of four subsamples of 100 seeds (ISTA,
2018). Then, seeds were initially treated with a
1.0% solution of sodium hypochlorite (NaClO)
for 5 min for surface sterilization. Residual
chlorine was eliminated by thorough washing
of seeds with distilled water.

For the germination tests, 96 glass petri
dishes with a diameter of 15 cm were used.
Fifty seeds were placed on double-layered

Whatman’s No.1 filter papers inside the petri
dishes. Ten milliliters of solution containing
different doses of salt (NaCl) were added to
each petri dish (Delatorre-Herrera and Pinto,
2009), and the papers were replaced every two
days to prevent the accumulation of salts
(Rehman et al., 1997). To prevent evaporation,
petri dishes were put into locked transparent
plastic bags (Kaya et al., 2005). Salt tolerance
tests during the germination period were
conducted in a growth chamber with a fixed
temperature of 20+£1°C under dark conditions
for 10 days (ISTA, 2018).

Daily observations were conducted for the
evaluated parameters, and seeds were
considered germinated once root lengths
exceeded 2 mm (ISTA, 2018). The germinated
seeds were counted and converted to
percentages. Shoot/root lengths and shoot/root
fresh weights were measured on ten seedlings
at the end of the 10th day. Root and shoot
lengths of the selected seedlings were
measured using a millimeter ruler. The vigor
index (Hu et al., 2005) and salt tolerance index
(Budakli Carpici et al., 2009) were calculated
using the specified formulas:

Vigor Index = [Germination percentage x (root length + shoot length)]

Salt Tolerance Index = (Total fresh weight at Sx / Total fresh weight at So) x 100
Sx: Salt concentration, So: Control

All data were statistically analyzed using
analysis of variance (ANOVA) in the
Statistical Analysis System (SAS Institute,
2012). Differences with a probability of 0.05
or less were considered significant. If ANOVA
identified significant differences between
treatment means, the least significant
difference (LSD) test was conducted to
distinguish them (Johnson and Bhattacharyya,
2019). Additionally, Pearson’s correlation
analysis was applied following Crawford
(2006) to examine the relationships between
parameters under salinity stress.

3. Results and Discussion
3.1. Thousand-seed weight

Following ISTA (2018) guidelines, the
thousand-seed count was conducted in four
replicates for each ryegrass species, and the
thousand-seed  weight was calculated
accordingly (Figure 1). Among the four
ryegrass species examined, the highest average
thousand-seed weight was recorded in
intermediate ryegrass cv. TransAm seeds at
3.20 g, while the lowest was found in diploid
perennial ryegrass cv. Sun seeds at 1.78 g.
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Figure 1. Thousand-seed weight values of selected ryegrass species

3.2. Germination rate

It was determined that germination rates
differed according to species and salt doses,
and these differences also had significant
effects on the interaction (Table 1). Therefore,
when interaction values are examined, it is
noted that germination rates range between
36.00 and 98.50%. The highest germination
rate was obtained from tetraploid perennial
ryegrass cv. Tetragreen seeds at the control
dose. Conversely, the lowest germination rates
were recorded at 12.5 g L dose, with 36.00
and 36.50% for tetraploid perennial ryegrass
cv. Tetragreen and intermediate ryegrass cv.
TransAm seeds, respectively. Regarding the
species examined, the highest average
germination rate was 83.00% for tetraploid
perennial ryegrass cv. Tetragreen and 81.17%
for diploid perennial ryegrass cv. Sun seeds,
while the lowest average value was 75.00% for
intermediate ryegrass cv. TransAm. The
significance of salt doses suggested a
decreasing trend in germination rates as the
dose increases. The highest average
germination rate was observed in the control

treatment (96.75%), while the lowest was
found at the 12.5 g L* salt dose (40.38%)).

Germination is one of the most critical
stages of a plant’s life cycle, and plants are
susceptible to salt stress during this period
(Salisbury and Ross, 1992). Typically, the
highest germination rates occur in salt-free
conditions, with increasing salt concentration
negatively affecting germination and seedling
development (Shiade and Boelt, 2020;
Tenikecier and Ates, 2022; Faraj et al., 2023).
This result is thought to be due to the toxic
effect of increased salt ions and the adverse
impact of osmotic pressure on seed water
uptake (Liu et al, 2023). Numerous
researchers have reported that responses to salt
concentrations vary significantly among plant
species and varieties, with an overall decrease
in germination rates as salt concentration
increases (Kokten et al., 2010; Karakoy et al.,
2012; Zhang et al., 2012; Kusvuran et al.,
2014a; Kusvuran et al., 2014b; Demiroglu
Topcu et al., 2016; Borawska-Jarmulowicz et
al., 2017; Ceritoglu et al., 2020; Tod et al.,
2021; Ozkan et al., 2022; Yesil et al., 2022).
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Table 1. Effect of salinity stress on germination and early growth parameters of selected ryegrass species

salinity — Species : :
Levels Annual D_|p|0|d Tetraploid perennial Intermediate
(gL ryegrass perennial ryegrass ryegrass ryegrass Mean
cv. Axcella cv. Sun cv. Tetragreen cv. TransAm
Germination Rate (%)
0.0 96.00 ab 96.50 ab 98.50 a 96.00 ab 96.75 a
25 88.50 cd 95.00 ab 96.50 ab 94.00 ab 93.50b
5.0 87.00d 92.50 be 95.00 ab 85.00 de 89.88 ¢
7.5 86.50d 88.00 cd 93.50b 81.00 ef 87.25d
10.0 65.00 h 72.50¢g 78.50 f 57.50 i 68.38 ¢
125 46.50 ) 4250] 36.00 k 36.50 k 40.38 f
Mean 78.25b 81.17a 83.00a 75.00 ¢ 79.35
C.V.=4.04% LSD (0.05)  S:1.84** L:2.26**  SxL:4.51**
Shoot Lenght (cm)
0.0 10.46 bc 7.41gh 9.98 cd 9.23de 9.27a
25 11.48a 7.40 gh 10.85ab 8.51 ef 9.56 a
5.0 10.49 be 7.35gh 9.40d 7.44 gh 8.67b
7.5 9.24 de 5.89i 8.10 fg 5.37ij 7.15¢
10.0 6.81h 3.98 ki 4.69 jk 3.601 4.77d
125 4.84j 2.18m 201lm 1.93m 274 ¢
Mean 8.89a 5.70c 750 b 6.01c 7.03
C.V.=8.56% LSD (0.05)  S:0.35** L: 0.42** SxL:0.85**
Root Length (cm)
0.0 7.95a 4.35f-h 7.56 a 5.64 b-d 6.38a
25 7.55a 459 e-h 6.11b 5.01d-g 582b
5.0 7.50 a 454 e-h 5.99 bc 4.25¢-i 557b
7.5 5.40 b-e 3.90 hi 5.16 c-f 3.41i 447c
10.0 4.83d-g 2.39j 3.83 hi 1.96 j-I 3.25d
125 2.09 jk 1.25kl 1.94 j-1 1.181 161e
Mean 5.89a 3.50¢c 5.10b 3.58¢c 452
C.V.=13.63% LSD (0.05)  S:0.35** L:0.43** SxL:0.87**
Shoot Fresh Weight (mg)
0.0 9.67¢ 7.00e 10.75b 9.24c 9.17b
25 12.12a 8.02d 12.24a 6.90e 9.82a
5.0 10.86 b 6.84e 11.21b 591f 8.71c
7.5 8.39d 5.47 fg 7.88d 5.33fg 6.77d
10.0 592 f 4.23h 4.46h 450h 4.78¢
125 5209 3.13i 1.27k 2.00j 290 f
Mean 8.69a 5.78¢ 797b 5.65 ¢ 7.03
C.V.=6.34% LSD (0.05)  S:0.26** L:0.31** SxL:0.63**
Root Fresh Weight (mg)
0.0 1.66 a 0.82 fg 1.59 ab 1.26¢ 1.33a
25 1.60 ab 0.99 d-f 1.42 bhe 1.06 d 1.27a
5.0 1.54 ab 0.95 d-f 1.28¢ 0.92d-g 1.17b
7.5 1.01de 0.76 g 1.04d 0.76 g 0.89¢c
10.0 0.89d-g 0.55h 0.84e-g 0.40 hi 0.67d
12.5 0.56 h 0.33i 0.49 hi 0.31i 0.42e
Mean 121a 0.73¢ 111b 0.79¢ 0.96
C.V.=13.97% LSD (0.05)  S:0.08** L: 0.09** SxL:0.19**
Vigor Index
0.0 1769.3 a 1134.7 hi 1727.2 ab 1426.2 € 1514.3a
25 1683.3 a-c 1139.6 g-i 1636.7 bc 12710 f 14326 b
5.0 1565.5 cd 1101.2 ij 1460.5 de 993.7 1280.2¢c
7.5 1263.5 fg 862.6 k 1239.1 f-h 710.11 1018.8d
10.0 755.0 ki 460.5m 668.2 | 320.5n 551.0e
125 322.7n 145.0 0 142.00 11350 180.8 f
Mean 1226.5a 807.3¢c 11456 b 805.8 ¢ 996.3
C.V.=8.86% LSD (0.05)  S:50.7** L:62.1** Sx L:124.2**
Salt Tolerance Index (%)
0.0 100.00 ¢ 100.00 ¢ 100.00 ¢ 100.00 ¢ 100.00 b
25 121.35a 115.26 ab 110.71b 75.85 ef 105.79 a
5.0 109.47 b 99.65¢ 101.21c 65.07 g 93.85¢
7.5 83.00d 79.72 de 72.28 f 58.01 h 73.26d
10.0 60.13 gh 61.15 gh 42.95] 46.65 ij 5272 ¢
125 50.98 i 44.25ij 14.27 1 22.03 k 32.88f
Mean 87.49a 83.34 b 73.57¢c 61.27d 76.42
C.V.=6.53% LSD (0.05)  S:2.87** L:3.51** Sx L:7.03**

ns: non-significant, S: species, L: salinity level, *: significant at 0.05 level, **: significant at 0.01 level
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3.3. Shoot length

An analysis of the effects of different
salinity levels on shoot length in selected
ryegrass  species revealed statistically
significant differences (Table 1). The highest
shoot length (11.48 cm) was observed in the
2.5 g L treatment with annual ryegrass cv.
Axcella seeds, while the lowest (1.93 cm)
occurred in the 10.0 g L treatment with
intermediate ryegrass cv. TransAm seeds.
Shoot lengths decreased as salinity increased.
During germination, shoot length is a critical
indicator of seedling vigor and overall plant
health. Environmental stresses such as salinity
can significantly reduce shoot elongation,
directly affecting plant establishment and
growth  (Salisbury and Ross, 1992).
Researchers have frequently highlighted the
negative impact of salt stress on shoot
development in plants (Borawska-
Jarmulowicz et al., 2017; Demiroglu Topcu
and Ozkan, 2020; Ertekin, 2021; Javaid et al.,
2022; Tang et al., 2022). Additionally, salinity
is generally reported to affect aboveground
plant parts more severely than belowground
parts (Pawlowicz et al., 2018).

3.4. Root length

Root lengths varied depending on both
species and salinity levels, with these
differences also significantly impacting the
interaction (Table 1). An examination of the
interaction values reveals that shoot lengths
ranged from 1.18 to 7.95 cm. The longest root
length (7.95 cm) was recorded in the control
treatment with seeds from annual ryegrass cv.
Axcella. Conversely, the shortest root length
(1.18 cm) was observed in the 125 g L*
treatment with seeds from intermediate
ryegrass cv. TransAm. Root development is a
crucial factor in salt tolerance, with optimal
root growth occurring when there is no salt
stress during germination. High levels of Na*
ions increase osmotic pressure in favor of soil
water and induce ion toxicity, preventing the
seed from absorbing water. This condition
hinders plant growth and development (Nizam,
2011). The responses of plant species to salt
concentrations differ considerably, and a
reduction in root length with increasing salt

concentrations has been reported by many
researchers (Muscolo et al., 2003; Nizam,
2011; Kusvuran et al., 2015; Borawska-
Jarmulowicz et al., 2017; Xie et al., 2021;
Yesil et al., 2022). Reductions in root
development due to salt stress are known to
result from decreased water uptake by the plant
(Liu et al. 2023). In light of this information,
root length emerges as a key parameter that can
be used to select salt-tolerant genotypes (Khan
et al., 2003).

3.5. Shoot fresh weight

Data revealed that different salinity levels
had statistically significant effects on the shoot
fresh weights of ryegrass species (Table 1). In
the study, the highest shoot fresh weight was
recorded for tetraploid perennial ryegrass cv.
Tetragreen and annual ryegrass cv. Axcella
seeds, with 12.24 mg and 12.12 mg at the 2.5
g L salt dose, respectively. The lowest shoot
fresh weight was recorded for tetraploid
perennial ryegrass cv. Tetragreen seeds, with
1.27 mg at the 12.5 g L salt dose. A serious
decrease in shoot fresh weight was observed
across the different ryegrass species as salt
concentration increased. The shoot fresh
weight value of 9.82 mg obtained at the 2.5 g
L1 salt dose decreased to 2.90 mg at the 12.5 g
L dose. Salinity is known not only to exert
osmotic stress on plants but also to cause
damage due to the toxic effects of ions. In
many plant species, significant growth
retardation is observed as ion concentrations,
particularly Na* and CI', increase under saline
conditions. Additionally, NaCl reduces the rate
of photosynthesis and increases the rate of
respiration, resulting in a decline in net
photosynthesis and subsequently hindering
plant growth (Salisbury and Ross, 1992).
Demiroglu Topcu et al. (2016) reported that
high salt concentrations increase the osmotic
pressure in the environment, thereby reducing
water absorption and leading to a decrease in
fresh weight. Similar studies with grass species
have demonstrated a reduction in shoot fresh
weight with increasing salt concentrations
(Tatar et al., 2018; Yilmaz and Kisakurek,
2018; Turk and Alagoz, 2020; Tod et al., 2021,
Ertekin, 2021; Ozkan et al., 2022).
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Furthermore, it is reported that significant
differences exist between varieties in terms of
shoot fresh weight, and that salt-tolerant
varieties selected based on shoot development
should be cultivated in areas facing salinity
problems (Liu et al., 2023).

3.6. Root fresh weight

The effects of different salinity levels on the
root fresh weights of ryegrass species were
statistically significant (Table 1). The highest
root fresh weight (1.66 mg) was observed in
annual ryegrass cv. Axcella seeds in the
control treatment, whereas the lowest values
were recorded for intermediate ryegrass cv.
TransAm and diploid perennial ryegrass cv.
Sun seeds, with 0.31 and 0.33 mg at the 12.5 g
L dose, respectively. Similar to shoot fresh
weight, root fresh weight decreased as salt
concentration increased. The highest average
root fresh weight (1.33 mg) was obtained from
the control, while the lowest (0.42 mg) was
observed at the 12.5 g L salt dose. Among the
species, annual ryegrass cv. Axcella had the
highest average root fresh weight at 1.21 mg,
while the lowest average values were recorded
for diploid perennial ryegrass cv. Sun (0.73
mg) and intermediate ryegrass cv. TransAm
(0.79 mg). It is known that salinity in growth
environments impacts root fresh weight, as salt
stress limits water uptake, leading to reduced
fresh weight (Salisbury and Ross, 1992;
Munns, 2002). Previous studies have noted
that perennial ryegrass varieties respond
differently to salt concentrations, though root
fresh weight decreases across all varieties as
salt levels rise (Nizam, 2011; Kusvuran et al.,
2015; Tatar et al, 2018; Yilmaz and
Kisakurek, 2018; Tod et al., 2021; Javaid et al.,
2022; Tenikecier and Ates, 2022). Our
findings confirmed that increasing salinity
levels significantly reduced root fresh weights
in the selected ryegrass species.

3.7. Vigor index

The effects of different salinity levels on the
vigor index of selected ryegrass species
revealed statistically significant differences
(Table 1). The highest vigor index value of
1769.3 was obtained from annual ryegrass cv.
Axcella seeds in the control treatment. A

substantial decrease in vigor index was
observed with increasing salt doses, with the
lowest values recorded for intermediate
ryegrass cv. TransAm, tetraploid perennial
ryegrass cv. Tetragreen, and diploid perennial
ryegrass cv. Sun, yielding indices of 113.5,
142.0, and 145.0, respectively. Significant
reductions in vigor index values were noted as
salinity level increased. The highest average
vigor index value was recorded in the control
application at 1514.3, while the lowest average
value occurred at the 12.5 g L salt dose, at
180.8. Among the ryegrass species, the highest
average vigor index value was found in annual
ryegrass cv. Axcella seeds at 1226.5, whereas
the lowest average values were recorded in
intermediate ryegrass cv. TransAm (805.8) and
diploid perennial ryegrass cv. Sun (807.3).
Tatar et al. (2018) reported a decrease in the
vigor index with increasing salt concentration
on perennial ryegrass, with the lowest vigor
index observed at the highest salt
concentration. Ozturk et al. (2018) applied salt
stress to tall fescue seeds pretreated with
polyethylene glycol and observed the highest
vigor index in the control group. Similarly,
Shiade and Boelt (2020) and Yesil et al. (2022)
noted in their studies that salinity stress
negatively affected the vigor index. Our study
aligns with these findings, confirming that
increasing salinity level leads to declines in
vigor index values.

3.8. Salt tolerance index

Statistical analysis results regarding the salt
tolerance  index indicated  significant
differences at the 0.05 level among ryegrass
species, salinity level, and their interaction
(Table 1). Although the salt tolerance index
tended to decrease after a 2.5 g L salt dose,
the varying responses of the examined ryegrass
species to salinity levels contributed to the
significance of the interaction. The study
showed that the salt tolerance index ranged
from 75.85 to 121.35% under the 2.5 g L salt
dose, while it varied from 14.27 to 50.98%
under the 12.5 g L salt dose, indicating that
the response of ryegrass species to salinity can
be quite different. The highest salt tolerance
index of 121.35% was recorded for seeds of
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annual ryegrass cv. Axcella at the 2.5 g L salt
dose, whereas the lowest value of 14.27% was
obtained from tetraploid perennial ryegrass cv.
Tetragreen at the 12.5 g L salt dose. The study
revealed a significant decrease in salt tolerance
index values with increasing salinity levels,
with the highest average value of 105.79%
recorded at the 2.5 g L™ salt dose, while the
lowest average value was 32.88% at the 12.5 ¢
L salt dose. Among ryegrass species, the
highest average salt tolerance index value was
found to be 87.49% in seeds of annual ryegrass
cv. Axcella, while the lowest average value of
61.27% was recorded in seeds of intermediate
ryegrass cv. TransAm.

The ability of plants to maintain growth and
development in environments with elevated
salt levels is defined as salt tolerance (Liu et
al., 2023). Under saline conditions, plants
typically accumulate Na™ and CI" ions in their
roots, stems, and leaves. This ion accumulation
in various plant organs can impede growth and
significantly impact salt tolerance (Salisbury
and Ross, 1992; Munns, 2002). Researchers
have indicated that the salt tolerance index
decreases with increasing salinity levels
(Kusvuran et al., 2015; Tatar et al., 2018; Turk
and Alagoz, 2020; Xie et al., 2021; Tod et al.,

GR A -0.07

SLA 0.04

RL- 0.04

SFW+ 0.02

RFW - 0.08

VI{ 0.03

STIA -0.28

TSW GR SL

0.88 | 1.00

2021; Tenikecier and Ates, 2022). In our study,
a marked decrease in salt tolerance index
values was observed with rising salinity levels.
However, the negative impact of increasing
salinity on annual ryegrass cv. Axcella and
diploid perennial ryegrass cv. Sun seeds were
significantly less pronounced compared to
other species.

3.9. Correlation analysis

The correlation coefficient of the studied
parameters was analyzed by Pearson’s
correlation. The Pearson correlation matrix
illustrates the relationships between various
measured  parameters, with  correlation
coefficients ranging from -1.00 to 1.00. A
positive correlation is shown in red, while a
negative correlation is shown in blue, with
darker colors indicating stronger correlations.
The correlation among the studied parameters
is presented in Figure 2. Thousand-seed weight
showed weak correlations with most other
parameters, including a negative relationship
with salt tolerance index (-0.28) and
germination rate (-0.07), and near-zero
correlations with shoot length (0.04), root
length (0.04), shoot fresh weight (0.02), root
fresh weight (0.08), and vigor index (0.03),
indicating little or no linear relationships.

1.00

0.50

- 0.00

- -0.50
0.92

-1.00

RL SFW RFW VI STl

Figure 2. The correlation coefficient of the studied parameters
TSW: thousand-seed weight, GR: germination rate, SL: shoot length, RL: root length, SFW: shoot fresh weight, RFW: root
fresh weight, VI: vigor index, STI: salt tolerance index
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In contrast, germination rate exhibited
strong positive correlations with growth
parameters such as shoot length (0.82), root
length (0.76), shoot fresh weight (0.77), root
fresh weight (0.73), vigor index (0.88), and salt
tolerance index (0.84), suggesting that higher
germination rates were associated with
increased growth performance. Similarly,
shoot length, root length, shoot fresh weight,
and root fresh weight were highly correlated
with one another, indicating that these growth
parameters tended to increase together.
Notably, the salt tolerance index showed
strong positive correlations with growth
variables but a negative relationship with
thousand-seed weight, suggesting that larger
seed weights might not have been beneficial
under salinity stress conditions.

4. Conclusions

In every city, particularly in turf areas,
which are fundamental to landscape design, the
plant materials must be resistant to
environmental factors in the respective
ecology to ensure the sustainability and
economic viability of the established facilities.
It is known that the responses of plant species
to stress conditions vary significantly. To
successfully cultivate suitable plants under
specific conditions, it is essential to understand
these responses and adjust the environment to
meet the plants' needs.

In this study, the adaptation of some
ryegrass species, commonly used in turf areas,
to saline conditions was tested under
laboratory conditions. The results indicated
that the salt concentrations applied to the
selected ryegrass species had significant
effects on the studied parameters. Moreover,
the correlation coefficient results revealed a
positive, significant correlation among all
combinations, except for those involving the
thousand-seed weight. The selected ryegrass
species examined exhibited better growth at a
salinity stress level of 2.5 g L ™! compared to the

control. However, with increasing salt
concentration, significant declines were
observed in both germination and early

growth, starting at 7.5 g L. According to the
findings, annual ryegrass cv. Axcella was

performed better under salinity stress.
Nevertheless, considering that around 200
parameters can be used to evaluate the effects
of salt stress, more parameters should be
examined for more accurate conclusions.
Expanding the study to include additional
species and varieties, as well as testing them
under field conditions, would vyield more
reliable results and provide valuable guidance
for selecting species and varieties suitable for
specific ecological conditions.
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