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Abstract 

Salsola crassa is a halophytic plant species from the Amaranthaceae family. In this study we aimed to find out 

the effect of temperature, light, salinity, and age of seeds on germination ability of S. crassa. Seeds of the species 

were collected in 2013 and 2014, and seed wings which are known as perianth segments, were removed before 

the experiments. Both seeds from different years were germinated under the same conditions. Two temperature 

regimes at 5°C/16°C and 8°C/20°C were used under dark and daily photoperiodism at 12 h intervals for 

determination of the effects of temperature. Seeds were germinated under different NaCl concentrations. Seeds 

that did not germinate under saline conditions were taken into recovery and the viability of the seeds that did not 

germinate after recovery were tested with the Triphenyl Tetrazolium Chloride (TTC) test. As a result, 

photoperiodism positively influenced the germination rate (p<0.05) of seeds from both years. Even though an 

increase in salinity decreased the germination rate it can be said that S. crassa is an euhalophyte whose seeds can 

even germinate at 1800 mM NaCl. Although the age of seeds is an important parameter for seed germinability, 

there was not any statistically significant difference between the seed viability and final germination rates for the 

S. crassa seeds from 2013 and 2014. 
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Farklı Yıllara Ait Salsola crassa (Amaranthaceae) Tohumlarının 

Çimlenmesi Üzerine Sıcaklık, Işık ve Tuzluluğun Etkileri 

 

Özet 

Salsola crassa, Amaranthaceae familyasından halofit bir bitkidir. Çalışmanın amacı; farklı yıllara ait S. crassa 

tohumlarının çimlenmesi üzerine sıcaklık, ışık, tuzluluk ve tohum yaşının etkilerinin belirlenmesidir. Bu 

çalışmada kullanılan tohumlar, 2013 ve 2014 yıllarında toplanmıştır ve deneysel çalışmalara başlanmadan önce 

periant segmentleri uzaklaştırılmıştır. Farklı yıllarda toplanmış olan bütün tohumlar aynı koşullar altında 

çimlendirilmiştir. Sıcaklık denemeleri için (12s/12s) 5°C/16°C ve 8°C/20°C olmak üzere iki farklı sıcaklık 

kullanılmıştır. Tohumlar farklı NaCl konsantrasyonlarında çimlendirilmiş ve çimlenmeyen tohumlar 

iyileştirilmeye alınmıştır. İyileştirme sonucunda çimlenmeyen tohumların canlılıkları TTC testi ile belirlenmiştir. 

Sonuç olarak; fotoperiyodizm uygulamasının daimi karanlıkla karşılaştırıldığında tohum çimlenmesi üzerinde 

olumlu etki yarattığı gözlenmiştir (p<0.05). Artan tuz konsantrasyonunun her iki yıla ait tohumların 

çimlenmesini kademeli olarak baskıladığı belirlenmiş olsa da S. crassa türünün 1800 mM NaCl çözeltisinde bile 

çimlenme özelliğine sahip olması, türün öhalofit olduğunu göstermektedir. Tohum yaşının tohum çimlenmesinde 

önemli bir parametre olduğunun bilinmesine karşın, S. crassa tohumlarında yapılan çalışmadaki bir yıllık farkın 
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tohum canlılığı ve son çimlenme yüzdeleri bakımından istatistiksel olarak önemli bir fark yaratmadığı 

bulunmuştur. 

Anahtar kelimeler: Amaranthaceae, çimlenme, halofit, Salsola crassa, tuzluluk  

 

INTRODUCTION 

Halophytes receive more attention every day because of their ability to survive under saline 

conditions and because of an increase in soil salinity in agricultural areas. Soil salinity 

becomes a major problem, especially in arid and semi-arid areas and is mainly caused by high 

evaporation, deficiencies of precipitation as a result of human related global climate change 

and wrong irrigation procedures (Greenway & Munns 1980), which increase the importance 

of halophytes and understanding of their biology and results in many studies, especially about 

their germination ecology (Mariko et al. 1992; Khan et al. 2002; Parsons 2012; Estrelles et al. 

2015; Rasheed et al. 2019).   

Halophytes have special adaptations for germination at high osmotic pressure because 

of high salinity and complete their life cycles under saline conditions where other plants 

cannot germinate and survive (Gul et al. 2013; Estrelles et al. 2015). However, studies on 

their germination reveal that they show better germination at slightly saline or non-saline 

conditions (Ungar 1978; Huiskes et al. 1985; Khan & Ungar 1997; Baskin CC & Baskin JM 

1998; Khan & Gul 1998; Khan et al. 2004; Sekmen et al. 2004; Wang et al. 2008). Even 

though salinity can decrease germination percentage, inhibit, or retard germination, when the 

soil salinity decreases after seasonal precipitation these seeds can recover and germinate 

(Woodell 1985; Ungar 1995; Khan et al. 2002; Wei et al. 2008).  

Salsola crassa M.Bieb. is an annual species from the Amaranthaceae family distributed 

over saline areas (Figure 1). The genus Salsola L. has species that are adapted to saline and 

semi-saline areas, and their seeds have wings or perianth remnants that inhibit or retard the 

germination process physically or chemically (Aiazzi & Arguello 1992; Wei et al. 2008; 

Wang et al. 2013). Takeno & Yamaguchi (1991) stated that seed wings of S. komarovii Iljin 

contained ABA a germination inhibitor.  

It was stated that many Salsola species have salinity tolerance at the germination stage 

of their life cycles: S. kali L. (Woodell 1985), S. baryosma (Schult.) Dandy (Mohammad & 

Sen 1990), S. villosa Schult (Assaeed 2001), S. iberica Sennen & Pau (Khan et al. 2002), S. 

imbricata Forssk. (El-Keblawy et al. 2007; Mehrun-Nisa 2007), S. affinis C.A.Mey. ex 

Schrenk (Wei et al. 2008), S. vermiculata L. (Guma et al. 2010), S. ferganica Drobow (Wang 

et al. 2013), S. grandis Freitag, Vural & N.Adıgüzel (Cınar et al. 2016). 

Seed age is also an important parameter for germination percentages and rates. 

Although many studies indicated that aging generally decreased the germination rates and 

percentages (Rees & Long 1993; Tielbörger & Valleriani 2005; Rojas-Aréchiga & Vázquez-

Yanes 2000; Flores et al. 2005), some of them mentioned that in some species seed 

germination tended to increase with age (Mandujano et al. 1997; 2005; Bowers 2000;  Shimomura 

et al. 2000; Rojas-Aréchiga et al. 2001; De la Barrera & Nobel 2003; Flores et al. 2005). In 

some cases, one-year old seeds did not differ from fresh ones for germination behavior 

(Ruedas et al. 2000). 
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The authors aimed to determine the germination characteristics of Salsola crassa under 

different light, temperature, and salinity conditions and to find out whether waiting before 

experiments at laboratory conditions caused any change in germination ability. 

 

MATERIAL AND METHOD 

Seeds of Salsola crassa were collected from Bolluk Lake (Cihanbeyli/Konya) in 2013 and 

2014 and kept at +4°C until the germination experiments were started in 2015. Also, seed 

wings were removed to avoid an inhibitory effect (Figure 2).  

To prevent fungal infection, the seeds were treated with 0.1% sodium hypochlorite 

solution for 3 minutes and then washed three times with sterile distilled water. Then 4 

replicates of 25 seeds for each year were placed in petri dishes on two layers of Whatman 

No.1 filter paper moistened with 4 ml distilled water. The petri dishes were sealed with 

parafilm and then they were incubated at daily (12/12 h) temperatures of 5/16°C and 8/20°C 

in light (12 h daily photoperiod) and in continuous dark (petri dishes were kept in black bags) 

for 14 days. Germination was checked every 2 days for the light trial and was checked at the 

end of the trial for the dark trial germination. These temperatures are the mean max and min 

daily temperatures of the distribution area during the germination period (April and May). 

The emergence of radicle was considered as germination. The rate of germination in light was 

calculated by using the modified Timson index of germination velocity (Khan & Ungar 

1997).  

 

 
Figure 1. Habitus (a) and winged fruits (b) of Salsola crassa. 

  

 
Figure 2. Salsola crassa seeds. 
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Twenty-five seeds with 4 replicates from each year were incubated at optimum light and 

temperatures for 14 days at the following NaCl concentrations: distilled water, 100, 200, 300, 

400, 500, 600, 800, 1000, 1200, 1400, 1600 and 1800 mM NaCl solutions. Seeds that failed to 

germinate during the salinity trials were washed using distilled water and then were incubated 

at optimum temperature for another 14 days with 4 ml of distilled water. The viability of the 

non-germinated seeds was determined with the TTC test (Baskin CC & Baskin JM 1998). 

The germination index was calculated with the formula: ΣG/t where G is the seed 

germination percentage at 2-day intervals and t is the total germination period. The max value 

obtained with this equation is 50 and indicates a high germination velocity (Khan & Ungar 

1984). 

Recovery percentage was calculated with the formula: [(a−b) / (c−b)]  100 here a: total 

number of germinated seeds tested (all the seeds germinated in NaCl treatment and 

germinated after recovery); b: number of seeds germinated under saline conditions; c: total 

number of seeds tested (Gul & Weber 1999). The last germination was calculated with the 

formula: (a / c)  100 (Baskin CC & Baskin JM, 1998). Seed viability was calculated with the 

formula: [(a + d) / c]  100. Here d is the number of embryos that were stained pink in the 

TTC solution (Baskin CC & Baskin JM 1998).  

Ungerminated seeds were treated with a 1% tetrazolium solution for 24 hours at 30°C. 

Afterwards, the seeds’ viability was observed under a binocular microscope (Grabe 1970; 

Williams 2001). Red staining of the seed was considered a positive indicator of viability as it 

indirectly detected the respiratory activity at the cellular level. Contrarily, TTC does not react 

with non-viable seeds and as a result, they do not stain (França-Neto & Krzyzanowski 2019). 

 Decreasing germination percentage (DGP) was calculated according to Zhang et al. 

2015; DGP= [(germination % at distilled water-germination % at salinity) / germination % at 

distilled water]  100. 

All data were arcsin transformed and then analyzed with the SPSS 25.0 and the 

Analysis of Variance (ANOVA) was used for the determination of influences of the trials. 

Significance controls were made with the T test (p<0.05). The paired sample t test (SPSS 

25.0) was used for the comparison of germination characteristics of the seeds from different 

years. 

 

RESULTS AND DISCUSSION 

Germination percentage of 2013 and 2014 seeds at 5ºC/16ºC and 12h/12h photoperiodism 

were found to be 64% and 97%, respectively, and for the dark trial 55% for 2013 and 89% for 

2014. The germination percentage was 85% for 2013 and 100% for 2014 for the 8ºC/20ºC and 

12h/12h photoperiodism, and for darkness 60% for 2013 and 95% for 2014.  

As in all plants, distribution and germination ability of halophytes are mainly 

determined by temperature and water availability (Baskin CC & Baskin JM 1998). According 

to the germination studies on the Salsola species, different species of Salsola have their own 

germination temperatures (El-Keblawy et al. 2007; Wei et al. 2008; Guma et al. 2010). Terzi 

et al. (2017) used 6 fixed temperatures (10°C, 15°C, 20°C, 25°C, 30°C and 35°C) in their 

work on S. crassa, and found out that the highest germination occurs at 20°C and 25°C, and 

there was an obvious decrease at 10°C, 15°C and 35°C. In this study, two temperature 
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regimes were used, which were determined according to the mean day and night temperatures 

of the germination season of the distribution areas. For 2013 seeds, there was a statistically 

significant difference for the temperature regimes (F=8.342, p<0.05) but for 2014 there was 

no statistically significant difference (F=1.000, p>0.05) (One Way ANOVA, SPSS 25.0). 

According to these results, it can be concluded that prolonged storage period narrows the 

germination preference temperature range of S. crassa seeds. For the seeds of both years, the 

8°C/20°C and 12h photoperiodism resulted in higher germination. For both the temperature 

regimes, the better results were observed at 12h photoperiodism other than complete darkness, 

due to this result and for the control of germination experiments, the 8°C/20°C and 12h 

photoperiodism were used for the determination of the influence of salinity on germination.  

All the results about effects of salinity on germination, recovery ratios, viability test 

results, decreasing germination percentage values have been given in Table 1 for 2013 and in 

Table 2 for 2014. Comparisons of germination percentages for 2013 and 2014 have been 

given in Figure 3. 

 

Table 1. Germination response of 2013 seeds to different NaCl concentrations.  

Salsola crassa Germination 

percentage 

Germination 

rate 

Recovery 

percentage 

Last germination 

(%) 

Viability 

(%) 

DGP 

Distilled water 85a 29.57 - 85 85 - 

100 mM NaCl 55b 16.36 80 91 97 35.29 

200 mM NaCl 48b 14.5 69.23 84 93 43.53 

300 mM NaCl 49b 14.71 76.47 88 95 42.35 

400 mM NaCl 47b 14 81.13 90 97 44.70 

500 mM NaCl 37b 9.93 69.84 81 91 56.47 

600 mM NaCl 43b 12.07 77.19 87 94 49.41 

800 mM NaCl 33bc 10.28 85.07 90 97 61.14 

1000 mM NaCl 32bc 9.5 76.47 84 92 62.35 

1200 mM NaCl 19cd 4.57 83.95 87 88 77.64 

1400 mM NaCl 17cd 4.57 61.44 68 76 80 

1600 mM NaCl 10d 2.35 56.66 61 83 88 

1800 mM NaCl 7d 1.57 52.68 56 66 91.76 

 

Table 2. Germination response of 2014 seeds to different NaCl concentrations.  

Salsola crassa Germination 

percentage 

Germination 

rate 

Recovery 

percentage 

Last germination 

(%) 

Viability 

(%) 

DGP 

Distilled water 100a 39.50 - 100 100 - 

100 mM NaCl 94b 30.78 33.33 96 96 6 

200 mM NaCl 94b 31.14 50 97 98 6 

300 mM NaCl 75c 28.21 84 96 96 25 

400 mM NaCl 69cd 25.93 67.74 90 90 31 

500 mM NaCl 60cd 20.78 70 88 88 40 

600 mM NaCl 55d 17.21 77.78 90 90 45 

800 mM NaCl 41e 13.93 54.24 73 75 59 

1000 mM NaCl 31e 10.21 55.07 69 71 69 

1200 mM NaCl 8f 2.78 60.87 64 67 92 

1400 mM NaCl 7f 2.5 52.68 56 60 93 

1600 mM NaCl 8f 1.64 63.04 58 59 92 

1800 mM NaCl 5f 1.64 61.05 63 68 95 
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Figure 3. Comparison of the results of germination percentages at different salt 

concentrations for 2013 and 2014 seeds. 

 

Halophytes, like glycophytes, germinate better in non-saline conditions (Seneca 1969; 

Onnis & Bellettato 1972; Breen et al. 1977; Dietert & Shontz 1978; Ungar 1978; Huiskes et 

al. 1985; Khan & Ungar 1997; Baskin CC & Baskin JM 1998; Khan & Gul 1998; Khan et al. 

2004; Sekmen et al. 2004; Wang et al. 2008; Terzi et al. 2017). For both the seeds from 

different years, better germination percentages were observed in distilled water and an 

increase in salinity decreased the germination percentages (Figure 3, Tables 1 and 2). 

Salinity tolerance of some species both defines their habitat types and distribution 

(Soriano et al. 2014). Germination is generally the most fragile period of a plants’ life cycle 

and defines the soil conditions confronted by the plant (Ungar 1982). Factors like salinity, 

temperature and photoperiodism and their interactions influenced the timing and place of 

germination (Rasheed et al. 2019).  

According to the results of Yıldıztugay et al. (2014) the seedling phase of the 

euhalophyte Salsola crassa can tolerate high salinity levels, even at 1500 mM NaCl. Also, the 

results of Terzi et al. (2017) showed that this species can germinate at 800 mM NaCl. 

Although the germination percentage decreased as the salinity concentration increased, S. 

crassa seeds were successful in our trials in germinating even at the concentration of 1800 

mM NaCl.  

There was a statistically significant difference between the responses of the 2013 seeds 

to changing NaCl concentrations (F=10.147, p<0.05), which is also true for the 2014 seeds 

(F=102.867, p<0.05) (Duncan post-hoc, SPSS 25.0).  

Germination percentages and rates decreased with increasing NaCl concentrations for 

both years (Tables 1 and 2). Even though they both showed a decrease, it was not statistically 

significant and showed the same pattern up to 1000 mM NaCl. At this point the 2014 seeds 

showed a higher decrease in germination percentage (Table 3). There is a negative correlation 

between increasing salinity and both the last germination percentage and seed viability. The 
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2014 seeds had a higher ratio of non-viable seeds, and this could be caused by the waiting 

period before the start of experiments. Seed viability also showed a decrease at higher 

salinities, but interestingly the 2013 older seeds showed a higher viability ratio than 2014 

seeds. This can be caused by the Reactive Oxygen Species (ROS), Abscisic Acid (ABA) or 

Gibberellic Acid (GA) content of the seeds (Gomes & Garcia 2013, Atia et al. 2009, Yuan et 

al. 2011). In conclusion, there should be more detailed studies focused on the physiology of 

the older seeds.  

Zhang et al. (2015) formulated the decreasing germination percentage and investigated 

the germination behavior of 12 halophytes and concluded that the highest decreasing 

germination percentage means the lowest salt tolerance. The findings of this study also 

confirmed that decreasing salt tolerance with increasing salinity, even though with high 

decreasing germination percentages, there are still some seeds that can tolerate 1800 mM 

NaCl (Tables 1 and 2, Figure 4), so Salsola crassa is an euhalophyte species.  
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Figure 4. Comparison of the results of germination rate, recovery %, last 

germination %, viability % and DGP at different salt concentrations for 

2013 and 2014. 
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There is a statistically significant difference between the germination percentages, 

germination rates and recovery rates values of the seeds for 2013 and 2014 (p<0.05) (Table 

3). But there is no statistically significant difference for the last germination percentages and 

seed viability ratio (p>0.05) (Paired sample t test, SPSS 25.0) (Table 3), which means that the 

age of seeds was not effective on these parameters. 

 

Table 3. Comparison of germination characteristics of S. crassa seeds from 2013 and 2014.  

 Years Number of 

samples 

Mean  Std 

Deviation 

Sd t value P value 

Germination 

percentage 

2013 13 37.08 21.26 12 -2.54 0.026 

2014 13 49.77 35.74 

Germination 

rate 

2013 13 11.05 7.45 12 -3.38 0.005 

2014 13 17.40 13.08 

Recovery 

percentage 

2013 13 66.93 22.57 12 2.31 0.039 

2014 13 56.14 21.20 

Last 

Germination 

2013 13 80.92 11.59 12 0.27 0.789 

2014 13 80.00 16.43 

Seed viability 2013 13 88.77 9.28 12 2.16 0.051 

2014 13 81.38 15.10 

 

Seeds stayed non-germinated at the end of the salinity trials first taken into recovery and 

if they did not germinate, then the viability test was conducted. The color change observed in 

Figure 5 was an indicator of the viability (Baskin CC & Baskin JM 1998). According to the 

classification used by Moore (1972), Delouche (1976) and Grabe (1976); if embryos became 

entirely light pink or bright red colored, and there was an absence of milky white/yellowish 

staining at the end of the radicle, then they were considered as viable seed, on the other hand, 

if embryos were fully colored with crimson red/red-intense or milky white/yellowish and 

discolored or red-intense radicle end, then they were considered as non-viable seeds (Melo et 

al. 2020). 

 

 
Figure 5. Viable seed (left) and Nonviable seed (right) after the TTC test. 
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As stated in the study by De Guzman et al. (2011), the differences between viable and 

non-viable seeds after the TTC treatment were classified as follows: the seeds were 

considered as germinable if the embryo completely stained or there were minor unstained 

areas in the plumule, and were considered as non-germinable if more than the extreme tip of 

radicle was unstained, more than half the radicle was unstained, the whole radicle unstained 

plus juncture of the plumule and radicle axis, the whole radicle and half the plumule 

unstained, radicle and more than half the plumule unstained and greenish in color or the 

embryo was completely unstained. 

As a result, it can be concluded that Salsola crassa is a euhalophyte with seeds that 

showed better germination under photoperiodism of 12 hours rather than complete dark 

applications and even though germination rates decreased as other halophytes with increasing 

salinity, the seeds could even germinate at 1800 mM NaCl. According to the values given in 

Tables 1 and 2, seed age is an especially important parameter and even being 1-year older 

results in loss of viability and lack of survival ability.  

As a result of this study, it can be concluded that even 2 years of storage influenced the 

seed viability and decreased the viability about 20%. But to find out the influence of storage 

period and age of seeds on germination, seeds with different and longer storage periods 

should be used and in this detailed study, the ROS, ABA, and GA concentrations of seeds 

should also be determined. Also, the salinity tolerance of seeds has changed with the storage 

period, but the mechanism or the reasons for this change cannot be explained by the 

experimental trials conducted. 
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