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Abstract: Salinity, which is a significant abiotic stress factor, is among the most important factors 
that limit product quality and yield. In this study investigated phenological and physiological 
changes that occurred in three different safflower varieties that were exposed to KCl stress at 
concentrations of 0, 50, 100 and 150 mM. It was found that, based on increasing salt 

concentrations, the most significant decrease was in all phenological parameters at the 
concentrations of 100 and 150 mM KCl. The SOD and CAT activities showed a significant 
increase at high salt concentrations in the Balcı and Dinçer varieties. The APX and GR activities 
showed a parallelism in all safflower varieties, and they showed a significant increase based on 
increased concentration at the applications of 100 and 150 mM KCl. Among the three safflower 
varieties, the most resistant variety to salt application was Dinçer, while the most sensitive one 
was Remzibey. The Balcı variety was closer to the Dinçer variety in terms of its tolerance against 
salt stress. 
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Tuz Stresinin (Potasyum Klorür) Aspir (Carthamus tinctorius L.) Çeşitlerinin Ekolojik ve 

Fizyolojik Özelliklerine Etkisi 
 

 

 

 

 
 

 

Öz:  Önemli bir abiyotik stres faktörü olan tuzluluk, bitkilerde ürün kalitesini ve verimini ciddi 
şekilde sınırlandırmaktadır. Bu çalışmada, 0, 50, 100 ve 150 mM KCl uygulanan üç farklı aspir 
çeşidinde meydana gelen fenolojik ve fizyolojik değişiklikler incelenmiştir. Artan tuz 
konsantrasyonlarına bağlı olarak en önemli azalmanın tüm fenolojik parametrelerde 100 ve 150 
mM KCl konsantrasyonlarında olduğu belirlenmiştir. Balcı ve Dinçer çeşidinde yüksek tuz 
konsantrasyonlarında SOD ve CAT aktiviteleri önemli bir artış göstermiştir. APX ve GR 
aktiviteleri tüm aspir çeşitlerinde paralellik göstermiş, 100 ve 150 mM KCl uygulamasında 

önemli bir artış göstermiştir. Üç Aspir çeşidi karşılşatırıldığında tuz stresine en dayanıklı çeşidin 
Dinçer, en hassas çeşidin Remzibey olduğu; Balcı çeşidinin ise tuz stresine tolerans bakımından 
Dinçer çeşidine daha yakın olduğu tespit edilmiştir. 
 
Anahtar kelimeler: Antioksidan enzimler, aspir, bitki gelişimi, fenolojik parametreler, tuz stresi. 
 

 

INTRODUCTION 

 

Safflower, which is an important industrial plant, 

has an important potential in bringing barren and poor 

areas into production (Danicic et al., 2016). Safflower is 

one of the alternative products to be evaluated in dry and 

irrigated farming areas due to its better adaptation to arid 

regions, tolerance to high and low temperatures and salt 

stress, and high competition against weeds (Danicic et al., 

2016; El-Shourbagy et al., 2017; Gengmao et al., 2015).  

Soil salinity is an important abiotic stress factor 

that causes a decrease in agricultural production and is 

effective in the distribution of wild species. The salt 

tolerances of plant species and even varieties belonging to 

the same species show great variation (Elouaer and 

Hannachi, 2012). High amounts of salt negatively affect 
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seed germination, plant morphology, early development 

stages and later stages of growth (Acosta-Motos et al., 

2017). Salinity reduces the amount of water in the seed by 

first removing the osmotic potential, and in the second 

stage, it causes a change in enzyme activity along with 

toxicity (Elouaer and Hannachi, 2012). It prevents plant 

development by affecting cell division and growth. It 

causes a decrease in mitotic activity and cell division rate 

in the root and stem in plants (Fahad et al., 2015). In the 

early development stage of the embryo, it directly affects 

the structural organization or synthesis of proteins. 

Besides, high KCl concentrations affect water and ion 

transport, disrupting plant nutrient status, ionic balance and 

physiological processes (Golldack et al., 2014). The 

growth and development of the plant is significantly 

affected, the growth slows down, and this process results 

in plant death (Elouaer and Hannachi, 2012).  

Salinity causes oxidative stress through the 

increased formation of reactive oxygen species (ROS) like 

other abiotic stresses (Singh et al., 2015; Sourour et al., 

2014). Excessive accumulation of ROS is highly cytotoxic 

due to their reactivity with various basic cellular 

components (Sharma et al., 2012; Sourour et al., 2014). 

High ROS concentrations adversely affect intracellular 

ionic homeostasis, activation of proteases and 

endonucleases, cell membrane integrity, protein synthesis, 

enzyme activities and photosynthesis efficiency (Gengmao 

et al., 2015; Golldack et al., 2014; Hussain and Al-Dakheel, 

2018). This collective effect can lead to cell death (Kumari 

et al., 2015). Therefore, plants activate enzymatic and non-

enzymatic antioxidant systems to prevent excessive ROS 

accumulation. The most common enzymatic antioxidant 

systems are superoxide dismutase (SOD), catalase (CAT) 

and ascorbate peroxidase (APX). These enzymes work in 

different parts of the cell and catalyse various reactions 

when cells are exposed to stress (Çulha Erdal & Çakirlar, 

2014; El-Shourbagy et al., 2017; Golldack et al., 2014). 

SOD converts free oxygen radicals produced by xanthine 

oxidase into oxygen and hydrogen peroxide. SOD is 

recognized as a crucial intracellular antioxidant defence 

against free radicals (Stephenie et al., 2020). Catalase, an 

enzymatic antioxidant, plays a critical role in preventing 

cellular damage by efficiently reducing hydrogen peroxide 

(H2O2) to water and oxygen (Sharma et al., 2012). 

Ascorbate peroxidase is a central component of the AsA-

GSH cycle, and it plays a crucial role in controlling 

intracellular ROS levels. APX uses two AsA molecules to 

reduce H2O2 to water and two monodehydroascorbate 

(MDHA) molecules (Sharma & Dubey, 2016). Glutathione 

reductase (GR), an enzyme linked to NAD(P)H, catalyses 

the reduction of GSSG to GSH, thereby maintaining a high 

cellular reduced/oxidized glutathione (GSH/GSSG) ratio. 

(Couto et al., 2016). 

The purpose of this study is to i) evaluate the 

effect of salt (KCl) stress on three varieties of safflower 

plants at the germination and seedling stages, ii) identify 

salinity-tolerant safflower varieties and iii) determine some 

phenological and physiological characteristics of safflower 

varieties with different salt concentrations. 

 

MATERIALS AND METHODS 

 

Phenological Parameters:  This study used three 

different Safflower (Carthamus tinctorius L.) varieties as 

Balcı, Dinçer and Remzibey. The seeds to be used in the 

experiments were randomly selected. The selected seeds 

were sterilized by keeping them in 10% sodium 

hypochlorite (NaOCl) for five minutes (Jabeen & Ahmad, 

2012). To conduct the germination experiments, a control 

group containing distilled water and groups containing 50, 

100 and 150 mM KCl were prepared. The experiments 

were carried out with three replications. The seeds that 

were sown were kept in a 16-hour light/8-hour night 

photoperiod at 25°C and 60% humidity in a climatized 

room for 21 days. At the end of the 21 days, for the 

germinated individuals, the germination rate, root and 

shoot lengths, root and shoot fresh-dry weights, root and 

shoot biomasses and seed vigour indices were determined 

(Figure 1).   

 

 
Figure 1. Plant samples a) Control groups, b) 150 mM KCl 
applied groups. 

 

The total protein concentration and 

determination of antioxidant enzyme activities: The total 

protein contents in the leaf samples were determined using 

the Bradford (1976) method. To determine the total protein 

contents, 20 µl of the enzyme solution was put onto 780 µl 

dH2O. 200 µl of 5 X Bradford solutions was added to this 

mixture. The mixture was kept in the dark and at room 

temperature for 5 minutes before the absorbance values 

were measured in triplicates in the spectrophotometer at the 

wavelength of 595 nm. SOD activity was 

spectrophotometrically determined based on the method 

depending on photoreduction of Nitro blue tetrazolium 

(NBT) (Beyer & Fridovich, 1987). CAT activity in the leaf 

samples was determined according to the method reported 

by Tepe and Aydemir (2011), GR activity was determined 

according to the method reported by Rao et al. (1996), 

while APX activity was determined by using the method of 

Cervilla et al. (2007). 
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Statistical analysis and evaluation of results: 
Experimental results with control groups and safflower 

cultivars exposed to three different concentrations of KCl 

(50, 100 and 150 mM) were statistically evaluated by using 

Tukey tests and one-way ANOVA (SPSS 21.0).  

 

RESULTS 

 

In the study, the results of three different KCl 

concentrations were compared with the control group of all 

three safflower cultivars. Experimental groups with 

statistically significant differences at the p˂0.05 level were 

determined. Considering the germination rate of the 

safflower varieties used in the study, it was seen that this 

rate decreased based on increased KCl concentrations 

(p˂0.05). When the varieties were compared, it was 

determined that the highest germination rate at the 100 mM 

and 150 mM salt concentrations was in the Dinçer variety 

(respectively 90%±4, 86%±3), while the lowest one was in 

the Balcı variety (respectively 88%±3, 82%±2) (Figure 2).  

 

 
Figure 2. Seed germination rates for Safflower varieties 

(%)(*p<0.05). 

 

In the comparison of the seed vigour index, the 

lowest seed vigour index was at the concentration of 150 

mM KCl in Dinçer (75.8), while the highest was at 50 mM 

KCl in Remzibey (92). Among the varieties, the highest 

seed vigour index (92) was in Remzibey, while the lowest 

(75.8) was in Dinçer (Figure 3). 

 

 
Figure 3. Seed vigor indices for Safflower varieties. 

 

Based on increased salt concentrations, the root 

lengths of all varieties were shortened significantly 

(p˂0.05). The Remzibey variety was the most affected by 

the KCl salt application, and it had the shortest root length 

at the 150 mM concentration (0.98±0.07 cm) (Figure 4). 

The shoot lengths of all cultivars decreased significantly, 

depending on the increasing salt concentrations (p˂0.05). 

The Dinçer variety was the most affected by the KCl salt 

application, and it had the shortest shoot length at the 150 

mM concentration (0.87±0.04 cm) (Figure 4). In all three 

safflower varieties, the reduction in the root and shoot 

lengths that occurred in the application of 100 mM and 150 

mM KCl in comparison to the control group was found to 

be statistically significant (p˂0.05) (Figure 4). It was 

determined that the root and shoot fresh-dry weight was 

negatively affected by the increased KCl concentration and 

decreased significantly (p˂0.05). The decreases in the 

Balcı variety at the 100 and 150 mM salt applications in the 

root fresh weights (0.13±0.004 and 0.07±0.001 g), in the 

Dinçer variety at the 50, 100 and 150 mM salt applications 

in the root fresh and dry weights (respectively 0.23±0.004-

0.04±0.001 g, 0.18±0.003-0.03±0.005 g, 0.05±0.002-

0.01±0.003 g) and in the Remzibey variety at the 50 mM 

salt application in the root fresh weight (0.12±0.005 g) and 

at 100 and 150 mM in the root fresh and dry weight 

(respectively 0.05±0.004-0.02±0.001 g, 0.03±0.004-

0.01±0.004 g) were found to be statistically significant 

(p˂0.05) (Figure 5). The shoot fresh weight in the Balcı 

variety at 100 and 150 mM (0.67±0.01 and 0.52±0.03 g), 

the shoot fresh weight in the Dinçer variety at 50, 100 and 

150 mM (1.47±0.04, 1.24±0.01 and 0.61±0.04 g) and the 

shoot fresh weight in the Remzibey variety at 100 and 150 

mM (0.65±0.01 and 0.43±0.02 g) were significantly lower 

than those of the controls (p˂0.05) (Figure 6). 

 

 

Figure 4. Root and shoot lengths for Safflower varieties (cm) 

(*p<0.05). 

 

When the root and shoot biomasses of the control 

groups of the varieties were compared, the highest root 

(626.1±5.75 g ha-1) and shoot (3521.7±42.26 g ha-1) 

biomass was in the Dinçer variety, while the lowest root 

(321.7±5.50 g ha-1) and shoot (2739.1±47.08 g ha-1) 

biomass was in the Remzibey variety. The reduction in the 
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root and shoot biomass in the Balcı and Remzibey varieties 

at 100 and 150 mM (respectively 195.7±8.41, 132.8±6.41 

g ha-1 and 126.8±4.87, 99.4±3.66 g ha-1) and the reduction 

in the Dinçer variety in the root (respectively 300.3±7.51, 

250.4±3.50 and 93.4±8.83 g ha-1) and shoot biomass 

(2465.2±6.41, 2817.3±34.55 and 1408.7±26.48 g ha-1) in 

all KCl concentrations were found to be statistically 

significant (p˂0.05) (Figure 7). 

 

 

Figure 5. Root fresh and dry weights for Safflower varieties (g) 

(*p<0.05). 

 

 
Figure 6. Shoot fresh and dry weights for Safflower varieties (g) 
(*p<0.05). 

 

The SOD activity showed a significant increase at 

100 and 150 mM KCl in the Balcı variety based on the 

increasing salt concentrations (p˂0.05). As opposed to the 

Balcı variety, the Dinçer variety showed a decrease in SOD 

activity based on the increasing salt concentrations. The 

reduction in the Dinçer variety at 100 mM and 150 mM 

was statistically significant (p˂0.05). The most significant 

increase in SOD in the Remzibey variety was determined 

at 150 mM (Figure 8a). In the Balcı variety, the CAT 

activity showed a decrease in comparison to the control as 

the salt concentration increased, and the reductions at 50 

mM and 100 mM were statistically significant (p˂0.05) 

(Figure 8b). In the Dinçer variety, there was a remarkable 

decrease in the CAT activity as the KCl concentration 

increased (p˂0.05). While there was a significant decrease 

at 50 mM in the Remzibey variety in comparison to the 

control, a statistically significant increase was found at 100 

mM and 150 mM KCl (p˂0.05) (Figure 8b).  

 

 
Figure 7. Root and shoot biomasses for Safflower varieties 
(g/ha) (*p<0.05). 

 

In the comparison of the safflower varieties, it was 

determined that the APX and GR activities increased based 

on the increasing KCl concentrations (Figure 9a, 9b). The 

increase in the APX activity was significant at 100 and 150 

mM in the Balcı variety and at all concentrations in the 

Dinçer variety. In the Remzibey variety, a significant 

increase was detected only at 150 mM KCl (p˂0.05) 

(Figure 9a). In terms of the GR activity, the increases at 

100 and 150 mM in the Balcı and Dinçer varieties and at 

150 mM in the Remzibey variety were significant (p˂0.05) 

(Figure 9b). 

 

 
Figure 8. a) SOD and b) CAT activities for Safflower varieties (*p<0.05). 
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Figure 9. a) APX and b) GR activities for Safflower varieties (*p<0.05). 

 

 

DISCUSSION AND CONCLUSIONS 

 

Potassium chloride is the most widely used 

potassium source for agricultural crops, and Cl- is 

considered an essential micronutrient for optimum growth 

(Zaman et al., 2012).  However, KCl, which causes 

salinity, creates an osmotic potential outside the seed. This 

situation either inhibits water absorption or leads K and Cl 

to create a toxic effect. Thus, it causes a negative effect on 

seed germination. Salt tolerance in safflower is related to 

the ability to limit the uptake and transport of ions from the 

roots to the shoots. Safflower is a moderately salinity-

tolerant species, but it has been reported to be sensitive to 

salinity at the germination stage (Elouaer and Hannachi, 

2012). It has been reported that salinity-affecting 

germination causes insufficient imbibition, ion toxicity, 

inhibition of metabolic activity, imbalance in growth 

regulators or induction of oxidative stress and prevents 

germination of seeds (Ahanger et al., 2017; Liang et al., 

2018). In our study, it was determined that the germination 

rate decreased based on the increase in the salt 

concentration in the Balcı, Dinçer and Remzibey varieties. 

In particular, a statistically significant decrease was 

detected in all three safflower varieties at 100 and 150 mM 

KCl (p˂0.05). There are many studies in the literature 

about the effects of salt stress on the germination rate. 

Similar to our study, Chen et al. (2021) reported that 150 

mM KCl and NaCl application reduced the seed 

germination rate in their study with sorghum (Chen et al., 

2021). In the study conducted by Karimi et al. (2011), 0, 

50, 100, 150 and 200 mM NaCl was applied on five 

different safflower genotypes, and a short-term toxicity 

experiment was performed. It was reported that the 

percentage of germination decreased due to the increase in 

concentration at all salt concentrations except the control 

(Karimi et al., 2011). In a study conducted with six 

safflower genotypes, five different NaCl concentrations 

were applied (0, -0.3, -0.5, -1 and -1.5 MPa), where the 

lowest germination rate was determined at -1.5 MPa 

(Khodadad, 2011).  

In our study, the seed vigour index, which is 

another parameter related to germination, was compared 

among different varieties. In all three varieties, it was 

determined that the seed vigour index decreased at high salt 

concentrations, and the lowest seed vigour index was at the 

concentration of 150 mM KCl. Numerous studies in the 

literature have shown that salt stress significantly reduces 

seed vigour in many species, inhibiting germination and 

early seedling growth (Chen et al., 2021; Elouaer and 

Hannachi, 2012; Isik & Leblebici, 2016; Zaman et al., 

2012). 

Salt stress imposed during this period prevents 

plant growth by affecting cell division and elongation. It 

causes a decrease in mitotic activity and cell division rate 

in the root and stem. It inhibits the growth of the primary 

root system as a result of suppressing the cell cycle. 

Moreover, root hairs exposed to high salt concentrations 

become damaged and lose their activity (Sulus & 

Leblebici, 2020). In our study, Dinçer and Remzibey 

varieties were the most affected in the high KCl 

application. The decrease in the root and shoot length at 

100 and 150 mM KCl in all three safflower varieties was 

found to be statistically significant in comparison to the 

control group (p˂0.05). Similarly, it was determined that 

the root-shoot wet and dry weights decreased as a result of 

being negatively affected by the increasing KCl 

concentrations. As in other parameters, both root and stem 

biomass decreased based on the increasing KCl 

concentrations. The decrease in the root and shoot biomass 

of the three varieties at 100 and 150 mM KCl was found to 

be statistically significant (p˂0.05). There are many studies 

in the literature on salt stress and phenological parameters. 

However, in many of these studies, NaCl has been used as 

a stress factor, and studies using KCl have been very rare. 

The results of studies in the literature have supported the 

data we obtained. In their study with sorghum, Chen et al. 

(2021) reported that 150 mM KCl application significantly 

reduced root length, shoot length, root fresh weight, shoot 

fresh weight, root dry weight and shoot dry weight by salt 

stress (Chen et al., 2021). In another study, 5 NaCl 
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concentrations of 0, -0.3, -0.5, -1 and -1.5 MPa were 

applied on six different safflower varieties. It was stated 

that root-shoot length and the root/shoot length ratio 

decreased significantly at -1.5 MPa (Khodadad, 2011). 

Five different safflower genotypes were used in the study 

of Karimi et al. (2011). 0, 50, 100 and 200 mM NaCl was 

applied on plant samples. It was reported that application 

of 100 and 200 mM KCl significantly reduced root-shoot 

length and root-shoot wet and dry weights (Karimi et al., 

2011). In the study of Gengmao et al. (2015), 0, 50, 100 

and 150 mM NaCl was applied on safflower seedlings for 

30 days. The authors reported that the plant height, root 

length and plant dry weight of the samples were not 

affected at salt concentrations below 100 mM (Gengmao et 

al., 2015). Javed et al. (2014) used six safflower varieties 

in their study. They observed that salt stress significantly 

reduced the fresh and dry weights of the plant samples. 

They found that plant height and root length decreased 

depending on the increasing NaCl concentration (Javed et 

al., 2014). Studies with safflower have stated that root and 

stem biomass decreased at high salt concentrations, similar 

to the results of our study (Gengmao et al., 2015; Hussain 

& Al-Dakheel, 2018; Siddiqi et al., 2011; Zao et al., 2021).  

Plants counteract stresses caused by changing 

ecological conditions by increasing their ROS production. 

Changes in ROS levels are controlled by the efficient work 

of antioxidant enzymes. Inadequate functioning of the 

antioxidant system leads to cellular degradation, 

occurrence of abnormalities in the metabolism, and 

ultimately, ROS-induced oxidative stress (Acosta-Motos et 

al., 2017; Ahanger et al., 2017; Golldack et al., 2014). In 

our study, depending on the increasing salt concentrations, 

the SOD activity increased in the Balcı and Remzibey 

varieties, but it decreased in the Dinçer variety. While the 

CAT activity decreased in the Balcı and Dinçer varieties, it 

increased in the Remzibey variety. The APX and GR 

activity increased in all varieties depending on the 

increasing salt concentrations. In particular, the increases 

at 100 and 150 mM KCl in the SOD, APX and GR 

activities and changes at all concentrations in the CAT 

activity were found to be statistically significant (p˂0.05). 

In a study, 5 different NaCl solutions at concentrations of 

0.06 mol L-1, 0.12 mol L-1, 0.18 mol L-1, 0.24 mol L-1 and 

0.30 mol L-1 were applied to two safflower varieties (TSF1 

and SM). It was reported that SOD, CAT and APX activity 

increased in parallel with an increase in the NaCl 

concentrations. Additionally, it has been determined that 

the increase in the enzyme activities in the tolerant variety 

TSF1 was higher than that in the sensitive variety SM (Tian 

et al., 2019). Gengmao et al. (2015) applied 0, 50, 100 and 

150 mM NaCl on safflower plants along 30 days. They 

reported that SOD and CAT activities increased 

significantly at all NaCl concentrations in comparison to 

the control. The authors stated that plant samples are 

resistant to medium-dose NaCl application (Gengmao et 

al., 2015). It was determined that SOD, CAT and POD 

activities were increased in safflower treated with 150 

mmol L-1 NaCl (Siddiqi et al., 2011). 

In a study which used the Arak, Isfahan, Horasan, 

C111, AC-Stirling and Saffire varieties of safflower, 5 

different NaCl concentrations of 0, 50, 100, 150 and 200 

mM were applied on the varieties. It was reported that SOD 

and APX activities differed between the genotypes. It was 

determined that the SOD and APX activity of the Isfahan 

variety increased at 200 mM, and the superior genotype 

was Isfahan (Golkar & Taghizadeh, 2018). In a study 

conducted with the Dinçer, Yenice and Remzibey varieties, 

it was stated that SOD activity increased significantly in 

Dinçer and Remzibey at 75 mM NaCl and higher salt 

concentrations. In the high-dose salt application, while the 

APX and GR activity of the Dinçer variety increased, the 

APX activities of the other varieties decreased. The lowest 

SOD, APX and GR activity was determined in the 

Remzibey variety (Çulha Erdal & Çakirlar, 2014). In the 

study by Karimi et al. (2011), five different NaCl 

concentrations (0, 50, 100, 150 and 200 mM) were applied 

on eight safflower varieties. It was reported that CAT 

activity decreased in most varieties grown under salt stress, 

and there were significant differences in the responses of 

the safflower varieties to salt stress (Karimi et al., 2011). 

In another study in which the Kairouan and Tazarka 

safflower varieties were used, 0 and 50 mM NaCl 

concentrations were applied on these varieties. It was 

reported that SOD, CAT and POD activity increased in 

Tazarka, and POD activity increased in Kairouan (Karray-

Bouraoui et al., 2011). These examples in the literature 

have revealed that enzyme activities may differ in different 

varieties of the same species in their processes of coping 

with stress. In our study, in parallel with the literature, 

differences in SOD and CAT activities between varieties 

were determined.   

As a result, the first visible effects of salt stress, 

which is naturally present in the soil or caused by the 

secondary effect of global warming, appear on 

morphological parameters. In this study, it was determined 

that the germination rate, seed vigour index, root-shoot 

length, root-shoot wet and dry weight and root-shoot 

biomass decreased depending on the increasing KCl 

concentrations in three different safflower varieties (Balcı, 

Dinçer and Remzibey). The change in the activities of 

antioxidant enzymes that are involved in the scavenging of 

ROS caused by osmotic stress is one of the most important 

factors for the plant to cope with stress. In our study, it was 

determined that the SOD, CAT, APX and GR activities 

increased in high salinity in all three safflower varieties. 

However, it was determined that there was a difference 
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between the Balcı and Dinçer varieties in terms of their 

SOD and CAT activities. Thus, it was demonstrated that 

different varieties of the same species may have different 

responses to stress. Considering the phenological and 

physiological results, it was determined that, among the 

three safflower varieties, the most resistant variety against 

the salt application was Dinçer, while the most sensitive 

one was Remzibey. The Balcı variety was closer to the 

Dinçer variety in terms of its tolerance against salt stress. 

In safflower cultivation in salty soils, the Dinçer variety 

may be recommended first, and the Balcı variety may be 

recommended as the second.  
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