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Abstract: Italian ryegrass (Lolium multiflorum) is a grass species within the Lolium genus of the Poaceae family. In recent years, annual 

ryegrass has shown excellent adaptability to the climatic and soil conditions of Türkiye. It serves as a good alternative forage source to 

bridge the forage deficit and is widely used as a low-growing native turf mixture in local landscaping. Abiotic stress factors are among 

the primary elements that hinder plant growth and development. Temperature and salinity significantly affect seed germination and 

development. This study aimed to investigate the germination and growth parameters of three different Italian ryegrass varieties 

(İlkadım, Kocayaşar, Zeybek) under different salt concentrations (Sodium chloride-NaCl) and temperatures. Three different salt doses 

(control, 5 EC, and 10 EC) and three different temperatures (15 °C, 20 °C, and 30 °C) were used in the study. Germination percentage, 

shoot and root lengths, fresh and dry weights of shoots, and ion leakage parameters were examined. The results showed that the 

highest germination rate, shoot and root lengths, and fresh and dry weights in all varieties were recorded at 20 °C with 0 EC and 20 °C 

with 5 EC salt treatments, while the lowest were observed at 15 °C with 10 EC salt treatments. The lowest ion leakage was determined 

in the control treatment at 15 °C, while the highest ion leakage was observed in the 10 EC treatment at 30 °C. Increasing temperature 

positively influenced growth parameters. It was determined that salt stress could be tolerated up to a certain level at higher 

temperatures. This study on different Italian ryegrass varieties highlights the importance of developing ryegrass varieties resistant to 

temperature and salt stress, which are significant issues in sustainable agriculture. 
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1. Introduction 
Abiotic stress is a significant issue that greatly restricts 

agricultural production globally (Kopecka et al., 2023). 

One of the abiotic stress factors, salinity, is considered 

one of the most critical environmental stresses that 

significantly reduce yield and quality in crop production 

worldwide (Doruk Kahraman and Topal, 2023). More 

than 800 million hectares of land globally are affected by 

salinity, constituting over 6% of the world's total land 

area, and this proportion is increasing due to natural and 

anthropogenic activities (Munns and Tester, 2008; 

Hasanuzzaman and Fujita, 2022). Salt stress causes 

physiological, biochemical, and metabolic changes in 

plants, leading to a decrease in crop production. The 

main components of salt stress in plants are osmotic 

stress, ionic stress, and secondary stress, namely the 

excessive accumulation of reactive oxygen species (ROS) 

(Morton et al., 2019; Li et al., 2022). 

The germination characteristics of seeds at different 

temperatures can vary significantly depending on the 

plant species and environmental conditions (Okumuş et 

al., 2023). Different temperature levels can have 

noticeable effects on germination rate, percentage, and 

post-germination seedling development (Kaya et al., 

2006; Okumuş et al., 2024). Temperature stress 

significantly reduces the seed germination percentage, 

germination time, and seedling vigor in many plants 

(Lamichaney et al., 2021). High temperatures lead to cell 

dehydration, causing cell size reduction and ultimately 

leading to decreased growth (Arun-Chinnappa et al., 

2017). 

Italian ryegrass (Lolium multiflorum Lam.) is a plant 

species within the genus Lolium of the Poaceae family, 

belonging to the order Poales (Lale and Kökten, 2020). In 

recent years, annual ryegrass has shown excellent 

adaptability to the climate and soil conditions in Türkiye 

and is expected to be a good alternative forage source to 

address the forage deficit (Özkan et al., 2022). According 

to the Turkish Statistical Institute (TÜİK) statistics, in 

2022, the sown area was 539,944 decares, and green 

fodder production was 2,122,105 tons (TÜİK, 2023). The 

climates it best adapts to are cool and humid. It can easily 
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be grown in areas with an annual rainfall of over 400 mm 

(Açıkgöz, 2021). The optimum air temperature for the 

most productive growth is between 18-24 °C (Pişkin, 

2007). 

Grass plays a significant role in human life by adding 

elegance to the environment and forming the basis of 

many recreational sports. They constitute a large part of 

both residential and commercial landscapes. One native 

landscaping option is the use of native grass mixtures, 

which provide a turf appearance with low-growing 

native grasses (Pooya et al., 2013). Native plants are 

resilient as they are adapted to local conditions (Butler et 

al., 2012). Because native plants require less 

maintenance, they offer excellent options for large 

commercial landscapes and residential gardens. 

Turfgrass breeders are in search of varieties that can 

grow satisfactorily across a wide range of climates, soil, 

and environmental conditions (Pessarakli and Kopec, 

2008). These grasses are excellent candidates for 

producing dwarf and turf-type varieties and are also used 

as turfgrass in arid and semi-arid regions worldwide to 

develop more attractive and low-maintenance varieties. 

Due to these reasons, there is increasing interest in 

selecting and producing native grass varieties that 

exhibit many other beneficial characteristics (Bormann 

et al., 2001). Because of their different growth patterns, a 

mixture of two or more grass varieties can complement 

each other to provide both functional and aesthetic 

improvements in turf-grassquality. 

Therefore, it is crucial to conduct sustainable agriculture-

focused studies that adapt to global climate change. 

Plants' responses to salt and temperature stress vary 

among species and even among varieties, and adaptation 

to stress conditions needs to be evaluated on a species-

specific basis. This study aims to determine the 

responses of some annual grass varieties to salt stress at 

different temperatures and to examine germination and 

some seedling development characteristics during the 

germination period under increasing NaCl 

concentrations. 

 

2. Materials and Methods 
This study investigated the temperature and salinity 

tolerances of three different Italian ryegrass varieties. 

The experiment was designed with three factors and 

established according to the split-split plot design in a 

randomized complete block design. The varieties used as 

plant material in the study were İlkadım, Kocayaşar, and 

Zeybek. İlkadım and Kocayaşar varieties were registered 

by the Black Sea Agricultural Research Institute, and 

Zeybek variety was registered by the Aegean Agricultural 

Research Institute. 

In the study, NaCl (Merck, Germany) was used to induce 

salt stress. The salt levels were set to control, 5 EC, and 

10 EC. The study was conducted under controlled 

conditions at temperatures of 15 °C, 20 °C, and 30 °C. The 

seeds used in the study were sterilized with 10% sodium 

hypochlorite for 5 minutes and then rinsed three times 

with distilled water. The seeds were placed in groups of 

25 between three filter papers, and the edges were 

sealed with zip lock bags to prevent moisture loss. Seven 

milliliters of solution were added to each filter paper. 

Seeds were considered germinated when the root length 

reached ≥2 mm, and germinated seeds were counted for 

14 days. At the end of the 14-day period, the germination 

percentage (Number of germinated seeds/25 x 100) was 

calculated. Additionally, shoot and root length, fresh 

weight, dry weight, and ion leakage data were examined 

on 10 randomly selected seedlings. 

Ion leakage was measured according to the method 

described by Aydın (2018). Fresh shoots (0.5 g) were 

washed with distilled water and incubated in 10 ml of 

distilled water at room temperature for 24 hours, after 

which the solution's EC was measured (O.D1). The 

samples were then autoclaved at 121 °C for 20 minutes, 

cooled, and the EC was measured again (O.D2). Ion 

leakage in leaf tissues was calculated using the following 

formula Equation 1; 
 

% Ion leakage = (O.D1 / O.D2) x 100 (1) 
 

2.1. Statistical Analysis 

The research was established in a factorial design with 

four replications in randomized plots. The data obtained 

from the research were analyzed using the "JMP 13.2.0" 

software according to the factorial design in randomized 

plots. Treatment means were compared using the 

Tukey's Multiple Comparison Test (Snedecor and 

Cochran, 1967). 

 

3. Results and Discussion 
3.1. Germination Percentage 

In this study, the germination percentages of three Italian 

ryegrass varieties at different salt doses and 

temperatures were determined. In terms of germination 

percentage, variety, salt dose, variety x salt dose, and 

variety x temperature were found to be statistically 

significant (P<0.001), while the interaction of variety x 

temperature x salt dose was found to be insignificant. 

According to the results, the germination percentage 

ranged from 87.33% to 44.00% for the İlkadım variety, 

from 82.66% to 40.66% for the Kocayaşar variety, and 

from 92.00% to 51.33% for the Zeybek variety (Table 1). 

The differences in germination percentages among the 

varieties were statistically significant. The highest 

germination percentage for all three varieties was 

observed at 20 °C, while the lowest was at 15 °C. A 

decline in germination percentages was observed in the 

varieties with increasing salt doses. The results indicate 

that high temperature and salt levels delay the 

germination period. It is suggested that excessive salt 

ions, aided by temperature, may limit water uptake by 

the germinating seeds. As is well known, seed water 

uptake depends on the osmotic potential of the seed and 

its surrounding environment, and one of the reasons 

salinity adversely affects germination is osmotic stress 

(Doğan and Budaklı Çarpıcı, 2016).  
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Table 1. Germination rate (%), shoot and root length (cm), fresh and dry weights (mg), and ion leakage (%) of Italian 

ryegrass at different temperature and salt concentrations 
 

°C Salt Doses Germination Rate Ion Leakage 

İlkadım Kocayaşar Zeybek İlkadım Kocayaşar Zeybek 

 

15 

Cont. 59.33±1.50hij 70.66±1.50 71.33±1.50fg 26.03±0.85n 29.63±0.85mn 32.33±0.85klm 

5 EC 52.00±1.50ijk 60.00±1.50hi 64.00±1.50gh 34.27±0.85klm 39.47±0.85ij 41.80±0.85hi 

10 EC 44.00±1.50kl 40.66±1.50l 51.33±1.50jk 48.07±0.85c-f 48.37±0.85b-f 50.37±0.85a-e 

 

20 

Cont. 87.33±1.50bc 82.66±1.50cd 99.33±1.50a 31.73±0.85lm 32.17±0.85lm 32.10±0.85lm 

5 EC 83.33±1.50cd 70.66±1.50fg 92.00±1.50ab 42.70±0.85ghi 44.40±0.85fgh 44.40±0.85fgh 

10 EC 72.66±1.50ef 60.66±1.50h 81.33±1.50cd 51.90±0.85a-d 51.37±0.85a-e 51.36±0.85a-e 

 

30 

Cont. 80.66±1.50cde 72.00±1.50fg 86.66±1.50bcd 34.17±0.85klm 35.50±0.85jkl 36.83±0.85jk 

5 EC 71.33±1.50fg 56.00±1.50hij 78.66±1.50def 42.23±0.85ghi 47.07±0.85efg 47.93±0.85c-f 

10 EC 58.66±1.50hij 42.66±1.50l 70.66±1.50fg 52.80±0.85ab 52.37±0.85abc 53.46±0.85a 

Mean Significant TxC** CxS ** TxCxS NS TxC** CxS * TxCxS NS 

°C Salt Doses Root Length Fresh Weight 

  İlkadım Kocayaşar Zeybek İlkadım Kocayaşar Zeybek 

 

15 

Cont. 3.33±0.16ef 2.10±0.16hi 2.56±0.16 e-h 50.06±1.29ijk 50.43±1.29ijk 60.33±1.29fgh 

5 EC 2.26±0.16gh 1.36±0.16ij 2.13±0.16hi 42.73±1.29l 43.63±1.29kl 57.13±1.29ghi 

10 EC 1.13±0.16j 0.90±0.16j 1.26±0.16ij 31.40±1.29n 29.27±1.29n 50.33±1.29ijk 

 

20 

Cont. 3.13±0.16efg 5.50±0.16b 5.73±0.16b 73.10±1.29bc 66.43±1.29c-f 82.97±1.29a 

5 EC 3.23±0.16ef 5.23±0.16b 4.23±0.16cd 64.60±1.29def 52.70±1.29ij 78.43±1.29ab 

10 EC 2.50±0.16fgh 3.40±0.16de 2.53±0.16e-h 51.33±1.29ij 44.17±1.29kl 61.30±1.29efg 

 

30 

Cont. 4.86±0.16bc 5.57±0.16b 6.93±0.16a 64.60±1.29def 62.53±1.29efg 70.17±1.29cd 

5 EC 2.86±0.16 e-h 3.37±0.16ef 5.30±0.16b 45.60±1.29jkl 53.93±1.29hi 68.30±1.29cde 

10 EC 2.50±0.16fgh 3.33±0.16ef 2.60±0.16 e-h 39.87±1.29lm 34.73±1.29mn 52.90±1.29i 

Mean Significant TxC** CxS ** TxCxS ** TxC** CxS ** TxCxS ** 

 

Table 1. Germination rate (%), shoot and root length (cm), fresh and dry weights (mg), and ion leakage (%) of Italian 

ryegrass at different temperature and salt concentrations (continue) 
 

°C Salt Doses 
Shoot Length 

İlkadım Kocayaşar Zeybek 

 

15 

Cont. 4.03±0.18f-i 3.50±0.18hij 4.87±0.18ef 

5 EC 3.60±0.18hij 3.26±0.18ij 4.37±0.18e-g 

10 EC 2.26±0.18kl 1.90±0.18l 2.83±0.18jkl 

 

20 

Cont. 5.30±0.18de 6.37±0.18bc 6.77±0.18bc 

5 EC 4.83±0.18ef 5.27±0.18de 5.13±0.18de 

10 EC 4.40±0.18e-h 3.50±0.18hij 3.63±0.18g-j 

 

30 

Cont. 5.23±0.18de 7.20±0.18ab 8.00±0.18a 

5 EC 4.60±0.18efg 5.97±0.18cd 4.80±0.18ef 

10 EC 2.98±0.18jk 2.83±0.18jkl 2.87±0.18jkl 

Mean Significant TxC** CxS ** TxCxS ** 

°C Salt Doses Dry Weight 

  İlkadım Kocayaşar Zeybek 

 

15 

Cont. 5.26±0.18h-k 5.43±0.18g-j 6.03±0.18fgh 

5 EC 4.33±0.18kl 4.53±0.18jkl 5.43±0.18g-j 

10 EC 3.93±0.18l 2.50±0.18m 5.23±0.18 h-k 

 

20 

Cont. 8.30±0.18ab 7.17±0.18cde 8.87±0.18a 

5 EC 6.73±0.18def 5.60±0.18ghi 8.07±0.18abc 

10 EC 5.46±0.18g-j 5.10±0.18h-k 6.37±0.18efg 

 

30 

Cont. 6.93±0.18def 6.73±0.18 7.73±0.18bcd 

5 EC 4.97±0.18ijk 6.07±0.18fgh 7.30±0.18b-e 

10 EC 3.70±0.18l 3.70±0.18l 5.63±0.18ghi 

Mean Significant TxC** CxS ** TxCxS ** 

 

Previous studies have also indicated a direct relationship 

between the inhibitory effect of salt ions on seed 

germination and the hindrance of embryo growth with 

increasing temperature. 

In similar studies, Soysal et al. (2021) reported that salt 

stress predominantly had a reducing effect on 

germination in their experiment with an annual ryegrass 

variety. Kuşvuran et al. (2015) reported that 150 and 200 

mM NaCl adversely affected germination in their study 

with Lolium perenne. Another study reported that 

tetraploid Italian ryegrass (GT) had higher germination 

percentage and germination energy under different 
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salinity levels and temperatures compared to diploid 

Italian ryegrass, and the most suitable temperature for 

seed germination was determined to be 25°C (Özkan et 

al. 2022). In a related study, the optimal germination 

percentage and germination energy were determined to 

be at 25°C, indicating that grass species prefer relatively 

higher temperatures for seed germination (Lin et al., 

2018). 

3.2. Ion Leakage 

In terms of ion leakage, variety and variety x temperature 

were found to be significant at the 0.01 level, while 

variety x salt dose was significant at the 0.5 level, and the 

interaction of variety x temperature x salt dose was 

found to be insignificant. 

As seen in Table 1, ion leakage ranged from 52.80% to 

26.03% for the İlkadım variety, from 52.37% to 29.63% 

for the Kocayaşar variety, and from 53.46% to 32.33% 

for the Zeybek variety. An increase in ion leakage was 

observed with increasing salt doses and temperatures. 

The high osmotic effect, ion toxicity, oxidative stress, and 

nutrient deficiencies in these areas adversely affect plant 

growth (Naeem et al., 2020; Okumuş and Dalda-Şekerci, 

2024). High salt concentrations lead to membrane 

breakdown, increasing ion leakage (Kalisz et al., 2023). 

3.3. Shoot and Root Lengths 

The analysis revealed that the effects of variety, salt dose, 

variety x salt dose, variety x temperature, and variety x 

salt dose x temperature interactions on shoot and root 

lengths were statistically significant at the 1% level. 

According to Table 1, shoot lengths varied between 2.26 

cm and 5.30 cm for the İlkadım variety, 1.90 cm and 7.20 

cm for the Kocayaşar variety, and 2.83 cm and 8.00 cm 

for the Zeybek variety, with the highest shoot length 

observed at 30°C. For root length, the İlkadım variety 

ranged from 1.13 cm to 4.86 cm, the Kocayaşar variety 

from 0.90 cm to 5.57 cm, and the Zeybek variety from 

1.26 cm to 6.93 cm, with the highest root length observed 

in the Zeybek variety at 30°C. Increasing salt doses 

negatively affected both shoot and root lengths, whereas 

higher temperatures had a positive impact on these 

parameters. Successful plant growth under stress 

conditions largely depends on effective shoot and root 

development. Following successful seed germination, a 

robust seedling stage is crucial, and identifying the 

optimal temperatures for different species under stress 

conditions is essential. Osmotic and ionic effects are 

considered the dominant factors that inhibit seed 

germination responses under salt stress (Debez et al., 

2004). The detrimental effects of salinity generally 

decrease at optimal temperatures (Khan et al., 2002). 

Studies have reported that interactive effects of salinity 

and temperature linearly reduce root and shoot lengths 

in Lolium species (Marcum and Pessarakli, 2013; Guo et 

al., 2020). Another study highlighted that shoot length is 

more severely affected than root length under stress 

conditions, and tetraploid Italian ryegrass exhibited 

better average root and shoot lengths compared to 

diploid varieties at varying temperature and salinity 

levels (Özkan et al. 2022). 

3.4. Shoot Fresh and Dry Weights 

In terms of shoot fresh and dry weights, variety, salt 

dose, variety x salt dose, variety x temperature, and 

variety x salt dose x temperature interaction were found 

to be significant at the 0.01 level. 

As seen in Table 1, shoot fresh weight ranged from 31.40 

mg to 64.60 mg for the İlkadım variety, from 29.27 mg to 

66.43 mg for the Kocayaşar variety, and from 50.33 mg to 

78.43 mg for the Zeybek variety. The highest shoot fresh 

weight was observed in the Zeybek variety at 20 °C. For 

shoot dry weight, the İlkadım variety ranged from 3.70 

mg to 6.93 mg, the Kocayaşar variety from 2.50 mg to 

7.17 mg, and the Zeybek variety from 5.23 mg to 8.87 mg 

(Table 1). The highest shoot dry weight was also 

observed in the Zeybek variety at 20 °C. Like shoot fresh 

and dry weights, stress effects were tolerable with the 

provision of optimal temperature. Increasing 

temperatures and salinity levels reduced the fresh weight 

in all varieties. The findings are consistent with previous 

studies. Özkan et al. (2022) noted that increasing 

temperatures and salinity levels decreased fresh weight, 

and that tetraploid varieties had higher fresh weights 

compared to diploid varieties. Other similar studies have 

reported that increasing salinity negatively affects both 

fresh and dry weights. Zabihi-e-Mahmoodabad et al. 

(2011) reported a decrease in both shoot and root fresh 

and dry weights with increasing salinity, and this feature 

was noted as a key indicator of salinity tolerance. 

Additionally, Hussein et al. (2007) found a negative 

relationship between vegetative growth parameters and 

increasing salinity. 

Osmotic and ionic effects are generally accepted as the 

dominant factors hindering seed germination behavior 

under salt stress (Debez et al., 2004). Various studies 

have shown that germination responses are significantly 

affected by salinity and temperature. Salt stress includes 

osmotic and ionic stresses, leading to suppressed growth. 

The harmful effects continue as decreased plant survival 

or yield reduction. Conversely, one study indicated that 

there was no significant difference in germination 

percentage of Italian ryegrass between four different 

temperatures, and temperature alone was not a limiting 

factor in the absence of salinity if soil moisture was 

present (Lin et al., 2018). Özkan et al (2022) stated that 

the optimal temperature for seed germination of Italian 

ryegrass is between 20-30 °C. 

The correlation graph evaluating the interaction of 

variety, salt, and temperature applications on the 

germination parameters of Italian ryegrass seeds 

supports the findings (Figure 1). Although germination 

rates vary by variety, the germination parameters are 

positively affected under conditions where low salt and 

high-temperature applications are combined. 

Additionally, the effect of three different salt doses 

(control, 5, and 10 EC) and three different temperatures 

(15, 20, and 30 °C) on germination parameters is 

supported by PCA analyses. According to the calculated 
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PCA analysis, the graphs explain 86% of the applications 

(Component 1 73.5%; Component 2 12.9%). When the 

obtained findings are examined, it is observed that there 

is a linear relationship between temperature and the 

germination of Italian ryegrass seeds. As the temperature 

increases, the tendency to form roots and shoots also 

increases (Figure 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Scatterplot matrix and correlation of the germination parameters of Italian ryegrass with different salt and 

temperature treatments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Principal Component Analysis (PCA) between germination parameters of Italian ryegrass with different salt 

and temperature treatments. 

 

When looking at the ion leakage graph, it is seen that salt 

applications are positioned in the opposite direction to 

germination parameters. As the salt application in the 

environment increases, ion leakage also increases 

(Figure 2). The PCA graph evaluating the interaction of 

variety, salt, and temperature applications on the 

germination parameters of Italian ryegrass seeds also 

supports the findings obtained. Although germination 

rates vary by variety, the germination parameters are 

positively affected under conditions where low salt and 

high-temperature applications are combined. Under 

high-temperature conditions, similar results to the 

control were obtained when low salt doses were applied. 

 

4. Conclusion 
Salinity and high temperatures are significant abiotic 

stress factors that negatively impact plant growth and 
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productivity, thereby limiting agricultural production. 

This study investigated the effects of different salt and 

temperature treatments on the germination parameters 

of Italian ryegrass seeds. The results indicated that 

salinity significantly inhibited the germination of Italian 

ryegrass seeds. As the salt concentration increased, a 

notable decrease in germination rate was observed. 

Increased salt stress also led to higher ion leakage, 

accompanied by ion toxicity. This is believed to obstruct 

water uptake in seeds, limiting germination as the 

environmental salt concentration rises. Similar results 

were obtained across the three varieties used in the 

study. Additionally, it was observed that the damage 

caused by salt stress decreased with increasing 

temperature. This study serves as a foundational 

investigation, and the grass species used here can be 

applied both as animal feed and for landscaping 

purposes. In the context of sustainable agriculture, 

responsible production and consumption, and addressing 

global climate issues, this research is valuable for 

breeding varieties that are resistant to salinity and 

temperature stress. 

 

Author Contributions 

The percentage of the author(s) contributions is 

presented below. All authors reviewed and approved the 

final version of the manuscript. 
 

 O.O. A.D.Ş. S.U. 

C 70 15 15 

D 50 50  

S  30 70 

DCP 60 30 10 

DAI 60 30 10 

L 30 40 30 

W 30 40 30 

CR 20 60 20 

SR 20 60 20 

PM 15 15 70 

FA 10 10 80 

C=Concept, D= design, S= supervision, DCP= data collection 

and/or processing, DAI= data analysis and/or interpretation, L= 

literature search, W= writing, CR= critical review, SR= 

submission and revision, PM= project management, FA= funding 

acquisition. 

 

Conflict of Interest 

The authors declared that there is no conflict of interest. 

 

Ethical Consideration 

Ethics committee approval was not required for this 

study because of there was no study on animals or 

humans. The authors confirm that the ethical policies of 

the journal, as noted on the journal's author guidelines 

page, have been adhered to. 

 

References 
Açıkgöz E. 2021. Yem Bitkileri (Cilt 1). Tarım ve Orman 

Bakanlığı Bitkisel Üretim Müdürlüğü Yayınları, Ankara, 

Türkiye, pp: 58. 

Arun-Chinnappa KS, Ranawake L, Seneweera S. 2017. Impacts 

and management of temperature and water stress in crop 

plants. Abiotic Stress Manag Resil Agri, 2017: 221-233. 

Aydın A. 2018. Farklı Kabak (Cucurbita maxima x C. Moschata 

ve Lagenaria sceraria) Genotiplerinin Yüksek pH Koşullarına 

Karşı Toleransı ve Kavuna Anaçlık Potansiyellerinin 

Belirlenmesi. MSc Thesis, Erciyes University, Institute of 

Science, Kayseri, Türkiye, pp: 77. 

Bormann FH, Balmori D, Geballe GT, Geballe GT. 2001. 

Redesigning the American lawn: a search for environmental 

harmony. Yale University Press, New Haven, US. 

Butler C, Butler E, Orians CM. 2012. Native plant enthusiasm 

reaches new heights: Perceptions, evidence, and the future of 

green roofs. Urban for Urban Green, 11(1): 1-10. 

Debez A, Ben Hamed K, Grignon C, Abdelly C. 2004. Salinity 

effects on germination, growth, and seed production of the 

halophyte Cakile maritima. Plant Soil, 262(1): 179-189. 

Doğan R, Budaklı-Çarpıcı E. 2016. Farklı tuz 

konsantrasyonlarının bazı tritikale hatlarının çimlenmesi 

üzerine etkileri. Kahramanmaras Sutcu Imam Univ Tar Doga 

Derg, 19(2): 130-135. 

Doruk Kahraman N, Topal A. 2024. Tuz stresine maruz kalan 

makarnalık buğday çeşitlerinde tohum çimlenmesinin 

fizyolojik göstergelerindeki farklılıklar. Mustafa Kemal Üniv 

Tar Bil Derg, 29(1): 148-157.  

Guo T, Tian C, Chen C, Duan Z, Zhu Q, Sun LZ. 2020. Growth and 

carbohydrate dynamic of perennial ryegrass seedlings during 

PEG-simulated drought and subsequent recovery. Plant 

Physiol Biochem, 154: 85-93. 

Hasanuzzaman M, Fujita M. 2022. Plant oxidative stress: 

Biology, physiology and mitigation. Plants, 11(9): 1185. 

Hussein MM, Balbaa LK, Gaballah MS. 2007. Salicylic acid and 

salinity effects on growth of maize plants. Res J Agric Biol Sci, 

3(4): 321-328. 

Kalisz A, Kornaś A, Skoczowski A, Oliwa J, Jurkow R, Gil J, 

Caruso G. 2023. Leaf chlorophyll fluorescence and reflectance 

of oakleaf lettuce exposed to metal and metal (oid) oxide 

nanoparticles. BMC Plant Biol, 23(1): 329. 

Kaya MD, Okatan V, Başçetinçelik A, Kolsarıcı Ö. 2006. 

Determination of seed germination properties of some plant 

species in response to temperature. J Agron, 5(3): 492-495. 

Khan MA, Gul B, Weber DJ. 2002. Seed germination in relation 

to salinity and temperature in Sarcobatus vermiculatus. Biol 

Plant, 45: 133-135. 

Kopecká R, Kameniarová M, Černý M, Brzobohatý B, Novák J. 

2023. Abiotic stress in crop production. Int J Mol Sci, 24(7): 

6603. 

Kuşvuran A, Nazlı RI, Kuşvuran Ş. 2015. The effects of salinity 

on seed germination in perennial ryegrass (Lolium perenne 

L.) varieties. Turk Tar Doga Bilim Derg, 2(1): 78-84. 

Lale V, Kökten K. 2020. Bingöl şartlarında bazı italyan çimi 

(Lolium multiflorum L.) çeşitlerinin ot verimi ve kalitesinin 

belirlenmesi. Türk Doğa Fen Derg, Ekim TDFD Özel Sayısı: 

46-50.  

Lamichaney A, Parihar AK, Hazra KK, Dixit GP, Katiyar PK, Singh 

D, Singh NP. 2021. Untangling the influence of heat stress on 

crop phenology, seed set, seed weight, and germination in 

field pea (Pisum sativum L.). Front Plant Sci, 12: 635868. 

Li Z, Zhu L, Zhao F, Li J, Zhang X, Kong X, Wu H, Zhang Z. 2022. 

Plant salinity stress response and nano-enabled plant salt 

tolerance. Front Plant Sci, 13: 843994. 

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 



Black Sea Journal of Agriculture 

BSJ Agri / Onur OKUMUŞ et al.                                                           569 
 

Plant Sci, 9: 1458. 

Marcum KB, Pessarakli M. 2013. Relative salinity tolerance of 

35 Lolium spp. cultivars for urban landscape and forage use. 

Develop Soil Salin Assess Reclamat, 2013: 397-403.okumus 

Morton MJ, Awlia M, Al‐Tamimi N, Saade S, Pailles Y, Negrão S, 

Tester M. 2019. Salt stress under the scalpel–dissecting the 

genetics of salt tolerance. The Plant J, 97(1): 148-163. 

Munns R, Tester M. 2008. Mechanisms of salinity tolerance. 

Annu Rev Plant Biol, 59(1): 651-681. 

Naeem M, Iqbal M, Shakeel A, Ul-Allah S, Hussain M, Rehman A, 

Ashraf M. 2020. Genetic basis of ion exclusion in salinity 

stressed wheat: Implications in improving crop yield. Plant 

Growth Regul, 92: 479-496. 

Okumuş O, Dalda-Şekerci A. 2024. Effects of different salt stress 

and temperature applications on germination in mung bean 

(Vigna radiata (L.) R. Wilczek) genotypes. BSJ Agri, 7(3): 310-

316. 

Okumuş O, Doruk Kahraman N, Oğuz MÇ, Yıldız M. 2023. 

Magnetic field treatment in barley: Improved salt tolerance in 

early stages of development. Selcuk J Agric Food Sci, 37(3): 

556-569. 

Okumuş O, Say A, Eren B, Demirel F, Uzun S, Yaman M, Aydın A. 

2024. Using Machine Learning Algorithms to Investigate the 

Impact of Temperature Treatment and Salt Stress on Four 

Forage Peas (Pisum sativum var. arvense L.). Horticulturae, 

10(6): 656. 

Özkan U, Benlioğlu B, Telci Kahramanoğullari C. 2022. A 

Comparison of Germination Responses on Italian Ryegrass 

(diploid vs tetraploid) Seeds to Interactive Effects of Salinity 

and Temperature.  Pol J Environ Stud, 31(5): 4229-4237. 

Pessarakli M, Kopec DM. 2008. Comparing growth responses of 

selected cool-season turfgrasses under salinity and drought 

stresses.  

Pişkin M. 2007. İtalyan çiminde (Lolium multiflorum Lam.) 

farklı tohum miktarlarının verim ve bazı verim unsurları 

üzerine etkileri üzerine araştırmalar. MSc Thesis, Selcuk 

University, Institute of Science, Konya, Türkiye, pp: 54. 

Pooya ES, Tehranifar A, Shoor M, Selahvarzi Y, Ansari H. 2013. 

The use of native turf mixtures to approach sustainable lawn 

in urban landscapes. Urban for Urban Green, 12(4): 532-536. 

Snedecor GWWG. 1967. Cochran, Statistical Methods, the Iowa 

State University Press, Iowa, US. 

Soysal ŞÖA, Demirkol G, Aşçı ÖÖ, Arıcı KY, Acar Z, Yılmaz N. 

2021. Tuz stresinin tek yıllık çim (Lolium multiflorum L.)’de 

çimlenme ve fide gelişim özelliklerine etkisi. Türk Turk Tar 

Doga Bil Derg, 8(2): 301-307.  

TUİK. 2023. Yem bitkileri üretimi. Türkiye İstatistik Kurumu. 

URL= 

https://data.tuik.gov.tr/Kategori/GetKategori?p=tarim-

111&dil=1 (accessed date: December 22, 2023). 

Zabihi-e-Mahmoodabad R, Jamaati-e-Somarin S, Khayatnezhad 

M, Gholamin R. 2011. The study of effect salinity stress on 

germination and seedling growth in five different genotypes 

of wheat. Adv Environ Biol, 5(1): 177-179. 

 


