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ABSTRACT. In this study, it was aimed to determine whether Draba verna L. 

(=Erophila verna (L.) Chevall. subsp. verna (L.) DC.), which is a relative of model 

organism Arabidopsis thaliana (L.) Heynh. and distributing around saline areas, is a 

halophyte or not and to research the salinity tolerance during germination period. D. 

verna seeds were germinated at distilled water and different NaCl concentrations (100, 

200, 300, 400, 500, 600, 700, 800, 900, 1000 mM) at 8ºC/16ºC 12/12 h photoperiodism 

(light intensity 12000 lux ±%10) for 20 days. The NaCl concentrations and the 

germination percentages were as follows distilled water 100%, 100 mM NaCl 83%, 

200 mM NaCl 2%, 300 mM NaCl 1% and no germination over 300 mM NaCl. Un-

germinated seeds were taken into recovery and show 87.3% mean germination, and the 

ones still ungerminated were tested for viability. Increase in salinity, cause decrease in 

germination rate which means that D. verna is not resistant to salinity but salinity has 

important pressure on germination. The tolerance of D. verna seeds to salinity, 

although it has a wide distribution area at saline areas, is result of decrease in soil 

salinity during germination period. It can be concluded that D. verna is not a halophyte 

it is a salt avoider. 

1. INTRODUCTION 

Plants have adaptations that enable them to survive in very variable and extreme 

ecosystems ranging from habitats with wide distribution and favourable living 

conditions such as temperate forests, steppes, meadows to tundras, and deserts 

and saline areas. Plants are categorized in different ways, and when it is based 

on soil salinity they are seperated in two main groups; halophytes that tolerate 

salinity and glycophytes that avoid salinity [1]. Seeds of halophytic and 

glycophytic plants exhibit a response to salt stress similar to each other, and their 

germination process is delayed under salt stress conditions [2,3]. 

Halophytes possess distinctive adaptation mechanisms that enable them to 

germinate, thrive, and accomplish their life cycles in high-salinity environments, 

where majority of plants fail to survive [4, 5]. Despite such adaptations, they 

display superior germination abilities under unsaline or less saline conditions [6-

9]. However, an increase in salinity levels leads to a decline in the germination 

rate and ratio and/or retards germination [10-17, 18-21]. 
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The majority of halophyte seeds that fail to germinate due to salinity are able to 

germinate after salt is removed from the environment and when stress conditions 

are reduced [22], reflecting the physiological response of plants under high stress 

[23]. Under field conditions, seed germination of halophytes occurs after rain or 

floods, which provide moisture to the soil and cause salt to leach into the lower 

layers of the soil. The germination stage of most species occurs during this period 

[24]. 

Seed germination in saline conditions typically occurs in the spring or during 

seasons with excessive rainfall when the soil salt levels decrease [23]. Salinity 

has a drought-like effect on plants, known as ‘physiological drought’. It obstructs 

the plants' osmotic activities and hinders root water and mineral uptake from the 

soil. While annual plants are more vulnerable to salt, perennial plants are more 

adaptable to saline conditions [25]. 

Brassicaceae/Cruciferae, commonly known as the mustard family, is a widely 

distributed monophyletic group consisting of 338 genera and 3709 species. 

Among them, Arabidopsis thaliana (L.) Heynh. is the most well-known species 

and serves as a model organism for flowering plants [26]. 

Draba verna L. is an annual, small, and delicate plant belonging to the 

Brassicaeae/Cruciferae family. It grows along roadsides, in swamps and fields, 

as well as in forest clearings where the vegetation cover is not dense. Typically, 

this taxon colonizes these areas following light or moderate disturbances. Thus, 

throughout the growing season from autumn to early spring, the plant faces 

minimal competition from larger plants and benefits from ample access to 

sunlight throughout its life cycle [27]. This widely distributed species was first 

described from Europe. In Türkiye, it can be found in various regions including 

Edirne, Istanbul, Çankırı, Sinop, Samsun, Trabzon, Artvin, Izmir, Ankara, 

Niğde, Muğla, Muş, Mardin, Konya, and Gaziantep [28, 29]. D. verna is a plant 

with multiple seeds, each ranging from 0.3-0.5 mm in size.  

D. verna was chosen for this study due to its relation to A. thaliana, a model 

organism for seed plants that grows in saline environments. The aim was to 

ascertain whether the D. verna is a halophyte or salt-averse taxon. 

 

2. MATERIALS AND METHODS 

2.1. Study Area 

Draba verna seeds were collected from Bolluk Lake in Konya-Cihanbeyli (N 

38º 32ˈ 59.8 ̎-E 32º 55ˈ 33.6 ̎) in May of 2014 (Figure 1). Bolluk Lake, located 

west of Tuz Lake, contains high levels of sodium sulphate, making it a saline 

water body. The lake is encompassed by infertile hills and steppe lands. Surface 

currents and a sulfurous water spring in the north provide the lake’s main sources 

of water. 
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Figure 1. General view of Bolluk Lake 

 

 

2.2. Collection of Seeds and Germination Trials 

Draba verna seeds (Figure 2 and Figure 3) were kept at +4ºC until they were 

examined. The dimensions of the seeds were evaluated by BAB stereo binocular 

microscope and BAB image processing and analysis system (Bs200Pro). Mean 

weight of seeds were measured. Randomly selected one hundred seeds were 

randomly grouped in 500 to weighed using a precision balance for 5 times. Then 

the average weight of a D. verna seed was measured as 3.0×10-⁵±0.0008 g. 

To prevent fungal infection, the seeds underwent treatment with a 0.1% sodium 

hypochlorite solution for 3 minutes. Subsequently, they underwent three rounds 

of washing with sterile distilled water to ensure no contamination was present. 

Then four replicates of 25 seeds were placed in petri dishes on two layers of 

Whatman No.1 filter paper dampened with 4 ml of distilled water. The petri 

dishes were sealed with parafilm and then incubated at daily temperatures of 

6/18°C, 8/20°C and 10/22°C in light (12-hour daily photoperiod) and continuous 

darkness (petri dishes were kept in black bags) for 20 days. Germination was 

monitored every two days for the light trial and at the end of the trial for the dark 

treatment. The temperatures recorded represent the mean maximum and 

minimum daily temperatures of the distribution area during the germination 

period in March and April. Germination is regarded as the emergence of radicle. 

The rate of germination in light was calculated using the modified Timson index 

of germination rate [12]. 
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Figure 2. Draba verna (Photograph by Dr. İsa Başköse) 

 

 

Figure 3. Draba verna seeds 

Twenty-five seeds with 4 replicates were incubated at optimum light and 

temperatures for 20 days at the following NaCl concentrations: distilled water, 

100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 mM NaCl solutions. Seeds 
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that failed to germinate during the salinity trials were washed using distilled 

water and then were incubated at optimum temperature for another 20 days with 

4 ml of distilled water. The viability of the non-germinated seeds was determined 

with the TTC (Triphenyl Tetrazolium Chloride) test [13]. 

The germination index was calculated using the formula ΣG/t, where G is the 

percentage of seed germination at 2-day intervals and t is the total germination 

time. The maximum value obtained with this equation is 50 and indicates a high 

germination velocity [30]. 

Recovery percentage was calculated with the formula: [(a−b) / (c−b)] x 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 [31]. The last germination was 

calculated with the formula: (a / c) x 100 [13]. Seed viability was calculated with 

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

pink in the TTC solution [13]. 

Ungerminated seeds were treated with a 1% tetrazolium solution for 24 hours at 

30°C. The viability of the seeds was then observed under a binocular microscope 

[32, 33]. Red staining of the seed was considered a positive indicator of viability 

as it has activity at the cellular level. In contrast, TTC does not react with non-

viable seeds and therefore they do not stain [34]. 

Decreasing germination percentage (DGP) gives information about salinity 

tolerance and calculated by using the following formula:  

DGP = [(Germination percentage at distilled water – Germination percentage at 

salinity) / (Germination percentage at distilled water)] x 100 [35]. 

 

2.3. Statistical Analysis 

All the data were arcsin transformed and then evaluated by SPSS (IBM SPSS 

Statistics Version 25) with One Way ANOVA for the comparison of the 

influence of trials. T test was used for importance control (p< 0.05). 

 

2.4 Bioclimatic Analysis of the Distribution Area of the Taxon 

In order to determine the climatic characteristics of Bolluk Lake, which is the 

research region, the meteorological data of Cihanbeyli district, which is the 

closest station to the region, were used. 

Precipitation and temperature data for Cihanbeyli were obtained from the 

General Directorate of Meteorology, Ministry of Forestry and Water Affairs. 

Bioclimatic interpretations were made according to Emberger (1955) [36, 37]. 

Ombrothermic diagrams of the study area were constructed according to Gaussen 

(1955) [38]. 
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2.5 Soil Analysis of the Distribution Area of the Taxon 

Soil samples of 1-2 kg were taken from appropriate root depths (rhizosphere) in 

the Konya-Cihanbeyli Bolluk Lake area where D. verna is distributed. All the 

soil analyses were accomplished at the ‘General Directorate of Agricultural 

Research Central Soil, Fertilizer, and Water Resources Research Institute 

(Ankara)’. 

3. RESULTS AND DISCUSSION 

3.1. Germination Features 

Temperature, salinity and alkalinity are some of the factors that affect the initial 

and maybe the most important life cycle stage of plants; germination [18,20]. 

The response of seeds to salinity, whether salinity cause death of seeds or prevent 

germination, depends on species. Halophyte plants, like glycophyte plants, show 

the highest germination rate in distilled water, but the percentage of germination 

decreases for both halophytes and glycophytes as the salt concentration 

increases, but halophyte seeds have higher salt resistance compared to 

glycophytes [2, 3, 6-17, 39]. 

D. verna is a widespread taxon and its range includes the vicinity of saline lakes. 

Being related to Arabidopsis thaliana, which is the model organism of seed 

plants, and its presence in saline areas makes it a suitable candidate for the study 

of salt resistance mechanisms at molecular level. The restricted distribution of 

this plant to saline areas requires further investigation into whether it is a 

halophyte or an ecotype suited to halophytic areas. Halophytes refer to plants 

that can germinate in NaCl solutions of 200 mM concentration and beyond [13, 

20]. 

Based on the temperature experiments conducted, the germination percentages 

were observed to be 100% at 6 ºC/18ºC, 92% at 8ºC/20ºC and 95% at 10ºC/22ºC. 

Considering these germination percentages, it was determined that the most 

suitable temperature conditions for the germination of D. verna seeds are 

6ºC/18ºC (12/12 h photoperiodism) (Figure 4). The impact of varying salt 

concentrations (distilled water, 100, 200, 300, 400, 500, 500, 600, 700, 800, 900, 

1000 mM NaCl) on the sprouting of D. verna seeds was evaluated by subjecting 

them to 12/12 h photoperiod and 6ºC/18ºC temperature conditions. All the 

germination results, germination percentages, germination rates, last 

germination percentages, viability percentages after TTC test DGP ratios at 

changing salinities were given at Table 1. 
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Figure 4. Seed germination percentages of Draba verna taxon at different 

temperatures 

 

Table 1. Germination results of D. verna 

 
Germination 

(%) 

Germination 

rate 

Recovery 

(%) 

Last 

germination 

(%) 

Viability 

(%) 
DGP 

Darkness  

(Distilled water) 
100 - 

- 
- - - 

Photoperiodism 

(Distilled water) 
100a 34.85 - 100 100 - 

100 mM NaCl 83b 23.95 47.06 91 94 16.16 

200 mM NaCl 2c 0.45 93.88 94 95 97.98 

300 mM NaCl 1c 0.1 97.97 98 98 98.99 

400 mM NaCl 0c 0 97 97 97 100 

500 mM NaCl 0c 0 89 89 89 100 

600 mM NaCl 0c 0 95 95 95 100 

700 mM NaCl 0c 0 89 89 89 100 

800 mM NaCl 0c 0 93 93 93 100 

900 mM NaCl 0c 0 84 84 84 100 

1000 mM NaCl 0c 0 87 87 87 100 

 

D. verna showed the highest germination in distilled water like other taxa (Table 

1). However, even in D. verna, which boasted a 100% germination rate in 

distilled water, the percentage of germinating seeds rapidly declined with 

increasing salt concentrations. At concentrations of 400 mM NaCl and beyond, 

no seeds germinated. 

After conducting the improvement experiments, it was found that D. verna seeds 

exhibited an average germination rate of 87.3%. The results demonstrate that 

these seeds are capable of successful germination even after exposure to salt 

stress. The seeds germinate when environmental conditions improve, 

particularly when the salt level reduces. 

80 85 90 95 100 105

6ºC/ 18ºC

8ºC/20ºC

10ºC/22ºC

Germination Percentage
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Seed germination percentages at different 
temperatures
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(Distilled water)

Darkness
(Distilled water)
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The average percentage of viability of mature seeds of D. verna individuals was 

92.36%. Such a high percentage of viability of the seeds and high germination 

percentages in the result of the recovery experiment after exposure to salt 

indicate that the low germination in salinity trials is due to the increased salt 

concentration. 

Zhang et al. (2015) established the concept of ‘Decreasing Germination 

Percentage (DGP)’ and examined the germination patterns of 12 halophytes. 

Their study concluded that the highest reduced germination percentage meant 

the lowest salt tolerance. The results of this study have supported the idea that 

salt tolerance decreases with increasing salinity levels (Table 1). 

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 [13]. 

The color change observed in Figure 5 was an indicator of the viability. 

According to Moore’s (1972), Delouche’s (1976), and Grabe’s (1976) 

classification, seeds are considered viable if their embryos are entirely light pink 

or bright red without any milky white or yellowish staining at the end of the 

radicle [40-42].  

 

Figure 5. Viable seed (left-completely satined red) and un-viable seed (right-not 

stained red) after TTC test 
 

As outlined in Parretio-de Guzman et al. (2011) study, the distinctions between 

viable and non-viable seeds post-TTC treatment were categorised in the 

following manner: The seeds were deemed viable if the entire embryo was 

stained or if there were minimal unstained regions in the plumule. Conversely, 

seeds were considered non-viable if more than the tip of the radicle was 

unstained, more than half of the radicle was unstained, the entire radicle and the 

junction of the plumule and radicle axis were unstained, the entire radicle and 

more than half of the plumule were unstained, the radicle and more than half of 

the plumule were unstained and greenish in colour, or the entire embryo was 

unstained [43, 44]. 
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3.2. Bioclimatic Features 

 

Bioclimatic analysis of the study area was performed according to Emberger 

method (Table 2). Ombrothermic diagrams of the study areas were created 

according to Gaussen method (Figure 6) [38]. The dry periods determined in the 

ombrothermic diagram start with May in Cihanbeyli and continue until the 

beginning of October. 

 

Table 2. Bioclimatic analysis of the study area 

 

Stations 

 

 

Parameters 

 

 

Cihanbeyli (Konya) 

 

P (mm) 326.5 

M (°C) 30.7 

m (°C) -4.9 

Q 32.04 

PE (mm) 40.1 

S 1.31 

Rainfall regime Sp.W.F.Su. 

 (Eastern Mediterranean Type 2) 

Bioclimatic 

layers 

Semi-arid, very cold in winter, 

Mediterranean climate 

P: Mean total annual rainfall (mm), M: Mean maximum. temperature of the warmest 

month (°C), m: Mean mininum temperature of the coldest month (°C), Q: Rainfall-

temperature coefficient, PE: Summer rainfal total (mm), S: Drought index, Sp: Spring, 

W: Winter, F: Fall, Su: Summer [36]. 

 
 

 

 
Figure 6. Cihanbeyli Ombrothermic Diagram 
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3.3. Soil Features 

 

The salinity tolerance of certain species determines their habitat types and range 

[45]. Germination is typically the most vulnerable stage of a plant’s life cycle as 

it defines the conditions that the plant must face in the soil [46].  

The results of the analyses of the soil samples taken from the area of distribution 

of the target taxon in Bolluk Lake are presented in Table 3. The salt concentration 

in the soil is determined by the electrical conductivity of the saturated solution. 

The electrical conductivity of a solution is proportional to the salinity of the soil. 

Accordingly, the EC (electrical conductivity) is below the lower limit of 4 dS/m 

during the germination period in the distribution area. This value can be 

interpreted as non-saline or slightly saline soil [47]. In addition, when the total 

salt content of the soil is examined, it can be said that the soil is very low in salt.  

 

Table 3. Analysis of soil samples from the research area 

Soil 

samples 
Texture 

Electrical 

conductivity 

(dS/m) 

Salt  

(%) 

I CL (Clay loam) 1.439 0.062 

II CL (Clay loam) 1.482 0.064 

 

4. CONCLUSIONS 

As a result, a statistically significant difference was determined between distilled 

water and 100 mM NaCl (p<0.05). The same situation was observed between 

200 mM NaCl and higher salt concentrations (p<0.05). A value between 100-

200 mM NaCl can be considered as the threshold value for D. verna seeds. D. 

verna, an ephemeral taxon like Holosteum umbellatum L., avoids salt by 

germinating during the period of decreasing salt concentration, when the salt in 

the soil is washed away by snowmelt and spring rains, and by completing its 

development before the dry summer months when salt concentration increases. 

Seed germination at low salinity also coincides with climatic conditions. The 

germination period coincides with the period when the salt is washed out of the 

soil as a result of snowfall and rain, and the plant completes its development bear 

and shed seeds before the start of the summer season when the salt rises again. 

In this case, the taxon D. verna is not halophyte, but it can complete its life cycle 

in saline areas with an ecological adaptation that allows it to avoid salt, so it can 

be classified as salt averse taxon. 
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