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Abstract: The present study was carried out using Dinger and Olas safflower varieties at 5 different salt
(NaCl) concentrations (0, 50, 100, 150, and 200 mM) for 14 days. The germination percentages of the
cultivars under salt conditions as well as the activities of antioxidant enzymes (SOD, CAT, POD and APX)
and biochemical changes (protein and MDA) in the seedlings were determined. The germination
percentage decreased with increased salt concentrations, and the greatest decrease in germination
percentage was observed at a 200 mM salt concentration by 34% in both cultivars. The activity of
superoxide dismutase (SOD) increased at low salt concentrations, but decreased after 100 and 150 mM salt
concentrations, respectively. Catalase (CAT) and ascorbate peroxidase (APX) activities, as well as
malondialdehyde (MDA) and hydrogen peroxide (H202) contents, increased with increasing salt
concentrations at Dinger and Olas, but total soluble protein content decreased with increasing salt
concentration. Peroxidase (POD) activity was not significantly affected by salt stress in safflower.
Germination percentage showed negative correlations with CAT, MDA and H;O; levels, and showed a
positive correlation with soluble protein content under salt stress in safflower. The present results may be
useful to identify mechanisms of salt tolerance involving antioxidant enzyme activities and biochemical
changes in safflower seedlings.
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Farkh Tuzluluk Seviyelerinde Aspir’de (Carthamus tinctorius L.) Cimlenme,
Antioksidan Enzim Aktiviteleri ve Biyokimyasal Bilesenlerin Degisimi

Oz: Mevcut calisma Dinger ve Olas aspir cesitleri kullanilarak 5 farkli tuz (NaCl) konsantrasyonunda (0,
50, 100, 150 ve 200 mM) 14 giin boyunca yapilmistir. Cesitlerin tuzluluk sartlar1 altinda ¢imlenme oranlari
ve fideciklerdeki antioksidan enzim aktiviteleri (SOD, CAT, POD ve APX) ve biyokimyasal degisiklikler
(protein and MDA) belirlenmistir. Tuz konsantrasyonu arttik¢a ¢imlenme orani azalmig ve her iki gesit igin
¢imlenme oranindaki en yiiksek disiis %34 ile 200 mM tuz konsantrasyonunda gézlenmistir. Stiperoksit
dismutaz (SOD) aktivitesi diisiik tuz konsantrasyonlarinda artmis fakat Dinger ¢esidinde 100 mM ve Olas
¢esidinde 150 mM tuz konsantrasyonlarinda SOD aktivitesinin azaldigi goézlenmistir. Dinger ve Olas
cesitlerinde katalaz (CAT) ve askorbat peroksidaz (APX) aktivitesi, malondialdehit (MDA) ve hidrojen
peroksit (H202) miktarlarinin tuz konsantrasyonlarina bagl olarak arttigi fakat toplam ¢6ziinebilir protein
iceriginin ise azaldig1 belirlenmistir. Peroksidaz (POD) aktivitesi aspirde tuz stresine bagl olarak énemli
bir degisim gostermemistir. Aspirde tuz stresi sonucu ¢imlenme yiizdesindeki azalma CAT, MDA ve H.0;
ile negatif, ¢oziinlir protein miktar1 ile pozitif korelasyon gostermistir. SOD aktivitesindeki degisim ise
POD, CAT, MDA ve H20; ile pozitif korelasyonlari gdstermistir. Mevcut sonuglar, aspirin tuzluluk
toleransii regiile etmek i¢in fideciklerdeki antioksidan enzim aktiviteleri ve biyokimyasal igeriklerdeki
degisimler hakkinda yararli olacaktir.
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1. Introduction

Safflower (Carthamus tinctorius L.) belongs to the Asteraceae family and it is cultivated
worldwide for its oil and flowers, which are used in food, cosmetics and paint industries.
Due to Its tolerance to drought and salinity, it is suitable for cultivation in semi-arid and
saline soils where other oliferous plants cannot be grown economically. Salinity is an
important abiotic stress factor, and plays an important role in limiting the production of
various crop species [1]. More than 20% of the world's agricultural land and 33% of
irrigated land are affected by salinity [2], and salinity could affect about 50% of arable land
by 2050 [3].

Salinity is an important problem that limits plant growth and reduces yields. Sodium
chloride (NaCl) is among salts that cause salinity, and salinization caused by sodium
chloride accounts for most of the affected land by salinity [4]. Salt stress reduces efficiency
of the electron transport system and various detoxification reactions, and increases
photorespiration and oxidation in mitochondria and chloroplasts [5]. In addition, high Na*
concentration in tissues leads to disruption of ion homeostasis, membrane damage, and
reduction of metabolic activity, which further reduces plant growth and yield [6]. Salinity
causes water deficit stress due to high solute concentrations in soil and disruption of K*/Na*
and Na*/Cl™ balance in plant tissues [7]. Water stress caused by salinity produces reactive
oxygen species (ROS), such as singlet oxygen (O>), hydroxyl (OH") and superoxide (O2 ")
radicals and hydrogen peroxide (H20.), resulting in oxidative stress in cells [8].

Plants have both non-enzymatic and enzymatic antioxidant defense mechanisms for
detoxification of ROS, such as superoxide dismutase (SOD; EC 1.15.1.1), peroxidase (POD;
EC 1.11.1.7), catalase (CAT; EC 1.11.1.6) and ascorbate peroxidase (APX; EC 1.11.1.11).
Many studies revealed that these antioxidant enzymes have important roles in the defense
mechanisms of various plants under salt stress [9, 10]. Free radicals adversely affect the
function and structure of organelles and macromolecules by inducing lipid peroxidation in
cells [11]. CAT, APX and SOD maintain stable levels of hydroxyl and superoxide radicals
in cells. CAT and SOD work together because the product of the reaction catalyzed by SOD
is the substrate (H202) of CAT [12]. One of the most commonly used assays to determine
oxidative damage is the measurement of malondialdehyde (MDA), the product of lipid
peroxidation, an indicator of stress-induced damage at the cellular level [13]. Hydrogen
peroxide could act as an intracellular signal molecule by passing through cell membranes
[14]. However, metal ions produced under stress conditions react with H20-, leading to the
formation of hydroxyl molecules and oxidative damage in the cell. Detoxification of H.O>
occurs through CAT and APX, and SOD scavenges superoxide radicals and prevents the
formation of hydroxyl radicals [4].

Germination, seedling development, flowering, and seed maturation are sensitive
developmental stages that are critically affected by stress conditions in plants. Therefore, the
aim of the present study was to investigate seed germination, the antioxidant enzyme
activities and biochemical changes in seedlings of safflower under different salt
concentrations.

2. Material and Method
2.1 Seed material and stress treatments

Safflower cultivars, Dinger and Olas, were used as plant materials. Surface sterilization of
the seeds was performed by soaking the seeds in sodium hypochlorite solution (1%) for 10
min. Then all seeds were rinsed with distilled water and dried overnight at room
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temperature. Seeds for each treatment were sown in 15 cm wide Petri dishes covered with
two layers of Whatman No. 1 filter paper moistened with 15 ml solution. Five different
concentrations (0, 50, 100, 150, and 200 mM) of sodium chloride solutions were used to
assess the germination percentage of the seeds. Seeds were incubated at 25+1 °C for 14 days
in a germination cabinet [15]. Each petri dish contained 50 seeds, and each treatment
contained four replications. After 14 days, the germination percentage was calculated using
the following formula [16].

Germination percentage = (N,/ Ny)x 100 1)

N,: the number of germinated seeds, N¢: the total number of seeds

Seedling samples were frozen in liquid nitrogen and stored at -80 °C until biochemical and
antioxidant enzyme analysis.

2.2 Biochemical analyses and enzyme assays

For the extraction of SOD, POD, and MDA, samples (5 g) were homogenized in 12.5 mL of
100 mM ice-cold sodium phosphate (pH 6.4) containing 0.5 g of polyvinylpolypyrrolidone.
For CAT extraction, 12.5 mL of 50 mM ice-cold sodium phosphate (pH 7.0) containing 0.5
g of polyvinylpolypyrrolidone was used, and for APX extraction, 12.5 mL of 50 mM
potassium phosphate buffer (pH 7.3) containing 1 mM EDTA and 2 mM DTT was used.
The homogenate was centrifuged at 27.000 x g for 50 min at 4 °C, and the supernatants were
used to measure enzyme activity. The protein content of the extracts was determined
following Bradford method [17].

The SOD enzyme activity was assayed according to Constantine and Stanley [18] with slight
modifications. The reaction mixture contained 3 mL of 50 mM sodium phosphate buffer (pH
7.8), 13 mM methionine, 75 uM nitroblue tetrazolium (NBT), 10 uM EDTA, 2 uM
riboflavin and 0.1 mL of the enzyme extract. Glass tubes containing the mixture were
illuminated with light (60 pmol/m?/s) for 10 min and absorbance was then determined at 560
nm. Identical solutions, which were not illuminated served as blanks. One unit of SOD
activity was defined as the level of enzyme activity that caused a 50% decrease in SOD-
inhibitable NBT reduction. The SOD enzyme activity was expressed as U mg™ protein.

The POD activity was performed following the method of Jiang et al. [19]. The reaction
mixture contained 0.5 mL of the enzyme extract, 2 mL of buffered substrate (100 mM
sodium phosphate, pH 6.4 and 8 mM guaiacol). The reaction was initiated with the addition
of 1 mL of H202 (24 mM). The increasing absorbance was recorded at 460 nm for 120 s.
The specific activity was expressed as U mg™ protein.

The CAT enzyme activity was determined according to the method of Beers and Sizer [20].
The CAT reaction mixture contained 0.5 mL of enzyme extract, 2 mL of 50 mM sodium
phosphate buffer (pH 7.0), and 0.5 mL of 40 mM H2O,. The reaction was initiated with the
addition of H-0,. Decreasing absorbance for H2O2 (€240= 43.6 mM™ cm™) was recorded at
240 nm for 120 s. One unit of CAT was defined as H>O> decomposition per minute. The
CAT specific activity was expressed as U mg protein.

The APX enzyme activity was assayed by the procedure of Nakano and Asada [21]. The
reaction mixture contained 900 uL of 0.05 M Na-phosphate buffer (pH 7.0), 1.2 mM H20,
0.1 mM EDTA-Naz, 0.5 mM ascorbate and 0.1 mL of the enzyme extract. The reaction was
initiated with the addition of H2O». The decreasing absorbance was recorded at 470 nm for
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180 s. The specific activity was expressed as U mg™ protein. One unit of APX was defined
as the level of enzyme activity causing a change of 0.01 in absorbance per minute. The APX
specific activity was expressed as U mg™ protein.

MDA analysis was performed as described by Jiang et al. [19]. Two mL of 0.5%
thiobarbituric acid (TBA) in 15% trichloroacetic acid (TCA) was added to 1 mL of the
solution. The mixture was incubated at 95 °C for 20 min and centrifuged at 12.000 x g for
10 min. The absorbance at 532 nm was measured and subtracted from the absorbance at 600
nm. The amount of MDA was calculated using an extinction coefficient of 155 mM cm™,

H>0> content was determined according to the method of Velikova et al. [22]. Samples (100
mg) were homogenized in 5 mL of 0.1% TCA and centrifuged at 15.000 x g for 15 min at 4
°C. The reaction mixture contained 0.5 mL of 10 mM phosphate buffer (pH 7.0), 1 mL
potassium iodide (1 M) and 0.5 mL of the extract. The reaction mixtures were incubated in
the dark for 1 h, and absorbance was measured at 390 nm. The H>O> content was expressed
as umol g .

Protein extraction was carried out as described in Tongug et al. [23]. The total soluble
protein content was determined according to the method of Lowry et al. [24]. The reaction
mixture contained 0.9 mL of 7 mM potassium-sodium tartrate, 0.81 M sodium carbonate,
0.5 N sodium hydroxide and 1 mL of the extract. The reaction mixtures were incubated in a
water bath at 50 °C for 10 min. Then, 0.1 mL of the solution containing 70 mM potassium-
sodium tartrate, 40 mM copper sulfate and 3 mL Folin-Ciocalteu reagent was mixed with the
reaction mixture and incubated in a water bath at 50 °C for 10 min. After cooling,
absorbance of the samples was determined at 650 nm and bovine serum albumin (BSA) was
used to obtain the standard curve.

2.3 Statistical analysis

The germination experiments were performed with 4 replications and biochemical and
enzyme analyses were performed with three replicates. Results were subjected to analysis of
variance (ANOVA) using IBM SPSS Statistics 22.0 software (SPSS Inc., Chicago, IL,
USA). Duncan’s multiple range test (p < 0.05) was used to discriminate the differences
between the means. To show the relationship between the parameters, Pearson’s linear
correlation analysis (heat map correlation) was calculated using OriginPro software (version
2021, OriginLab, Northampton, MA). All values were expressed as mean + standard
deviation (SD).

3. Results and Discussion

The germination percentages of Dinger and Olas decreased with increasing salt
concentration. At a concentration of 200 mM NaCl, the germination percentage of both
cultivars decreased by 34% compared with the control (Fig. 1A). At 100 and 150 mM NacCl
concentrations, the germination percentage in Dinger decreased to 78% and 76%,
respectively, although reduction in germination percentage between the treatments was not
significant. However, the reduction in germination percentage for the same treatments for
Olas was 79% and 71%, respectively, and was significant between the treatments.
Germination is one of the first and most critical events in the life cycle of plants and it is
very sensitive to environmental conditions [25]. Salinity is one of the most important
environmental factors adversely affecting germination, seedling growth and plant
development in crops. The germination of 10 safflower cultivars at 5 different NaCl
concentrations (0, 60, 120, 180 and 240 mM) decreased with increasing salt concentration,
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and with the greatest decrease in germination at 180 and 240 mM salt concentrations [16]. It
was also reported that increased salt concentrations decreased germination of safflower and
sunflower [26, 27]. Salinity inhibits germination by interfering with water uptake, metabolic
activity, protein structure and function, resulting in ion toxicity and oxidative stress in plants
[28, 29].

Antioxidant molecules and enzymes are involved in the detoxification of ROS produced in
cells under stress conditions by catalyzing the degradation and recycling of ROS [6]. Due to
the type of stress applied, the timing and duration of application, age of the plants, intensity
of stress conditions, type of tissue sampled, and genotypic differences between the used,
different results could be obtained for antioxidant enzyme levels in plants under stress
conditions. Therefore, it is difficult to provide definitive evidence and modeling to explain
how antioxidant enzyme activities change during stress within and between plant species. In
the present study, activities of four antioxidant enzymes that are part of the detoxification
mechanism in plants under different salt conditions were investigated. SOD activity in
Dinger increased and reached its highest level up to 100 mM salt concentration (15.65 U mg
! protein). SOD activity in Dinger decreased at 150 and 200 mM salt concentrations (Fig.
1B). SOD activity reached the highest level at 150 mM (10.76 U mg™* protein), and
decreased at 200 mM salt concentrations (9.70 U mg™ protein). Similar to our observation,
Erdal and Cakirlar [4] reported that the activity of SOD initially increased at low salt
concentrations, but decreased at higher salt concentrations in safflower. From the published
reports, it may be concluded that salt stress inhibits SOD activity at high concentrations,
leading to accumulation of ROS.

POD is involved in cell wall biosynthesis, lignification, suberization, ethylene biosynthesis,
and protects cells from the effects of H>O. by catalyzing H20. to water [30, 31]. The salt
treatments increased POD activity in Dinger compared to control and the highest activity
was observed at 100 mM salt treatment (Fig. 1C), but the differences between the other salt
treatments for POD activity were not significant to each other. In Olas, similar to Dinger,
there was a significant increase only at 150 mM salt concentration. POD activity was the
same between control and 50 mM treatment. Jabeen and Ahmad [26] reported that POD
activity increased with increasing salt concentration in sunflower compared to control, while
the POD activity increased in safflower up to a salinity level of 8.6 dS m™ and remained
unchanged at higher concentrations.

CAT activity increased significantly with increasing salt concentrations in both cultivars
(Fig. 1D). The highest CAT activity (144.98 U mg™ protein) was observed at 200 mM salt
concentration in Olas, whereas the highest CAT activity (128.85 U mg™ protein) was
observed at 100 mM salt concentration in Dinger. However, CAT activity was not
significantly different at 100 and 150 mM salt concentration, and the lowest CAT activity
was observed in control treatments of both cultivars in the study. Similar to our results,
Jabeen and Ahmad [26] reported that CAT activity increased with increasing salt
concentration in safflower and sunflower compared to control, and Alasvandyari and
Mahdavi [32] found that CAT activity increased in safflower under 50, 100 and 150 mM salt
concantrations compared to control. Salt stress increases ROS in plants and triggers
oxidative damage in membranes [33]. Enzymes, such as CAT are part of the detoxification
mechanism to remove and reduce free radicals, thus maintaining homeostasis between ROS
production and reduction to limit their effects within cells [34].

APX converts H>O> to water and oxygen. APX activity in both safflower cultivars increased
at all salt concentrations compared to control (Fig. 1E). At a concentration of 200 mM NacCl,
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APX activity in Dinger and Olas increased 5- and 6.5-fold, respectively, compared with the
control. It was reported that APX activity increased in sesame [35], canola [10], and
safflower [4, 36] under saline conditions, as was also observed in the present study.

It is well known that an increase in ROS causes lipid peroxidation, which leads to oxidative
damage [37-39]. Lipid peroxidation is the main cause of membrane damage and ion leakage,
and is distinguished by increased MDA levels, as they are the products of oxidation of
polyunsaturated fatty acids [40, 41]. In the present study, MDA levels increased 3.4- and
2.5-fold with higher salt concentrations in Dinger and Olas, respectively, at 200 mM salt
concentration (Fig 1F). MDA content was reported to increase in alfalfa [42], safflower [4,
36], tomato [43] and chickpea [44] under salinity. MDA accumulation depends on the
activities of CAT and APX, which in turn reduces membrane damage by detoxifying ROS
and H2O: in cells [26].
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Figure 1. Figures showing effects of 5 different salt concentrations on (A) germination percentage; (B)
superoxide dismutase (SOD); (C) peroxidase (POD); (D) catalase (CAT); (E) ascorbate peroxidase (APX); (F)
malondialdehyde (MDA); (G) hydrogen peroxide (H20,); and (H) total soluble protein for the safflower
cultivars. Values represent the means + SE from three replicates. Different letters indicate significant
differences between treatments at 0.05 level.

The most commonly found reactive oxygen species are superoxide and hydroxyl radicals,

H20, and singlet oxygen [38, 39]. Metabolic processes in plant cells consume oxygen,
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which is converted to ROS as a byproduct, and ROS is removed by the antioxidant defence
system [45]. Salt stress causes excessive ROS production by disrupting the balance between
accumulation and detoxification of ROS in plants. The H2O2 content, associated with the
ROS accumulation, increased with increasing salt concentration (Fig. 1G). The highest H2O»
content was observed at 200 mM salt concentration for Dinger (3.17 umol g) and Olas
(3.36 umol g?). Shaki et al. [36] also reported that the H,O2 content in safflower increased
with increasing salinity compared to the control.

The accumulation of organic compounds in the cytoplasm plays an important role in osmotic
regulation of plants by reducing water potential and alleviating stress damage. Total soluble
protein content in Dinger and Olas decreased with increasing salinity compared to controls
(Fig. 1H). The total soluble protein content of Dinger and Olas decreased by 65% and 44%,
respectively, at 200 mM salt concentration compared with the control. Salinity decreases
amino acid production, denatures enzymes involved in protein synthesis, decreases protein
synthesis and protein content in plants [46]. Jabeen and Ahmad [26] reported that the protein
content of safflower and sunflower decreased by 46% and 42%, respectively, with
increasing salt concentration compared to the control. Shaki et al. [47] showed that at 100
and 200 mM salt concentration, the soluble protein content decreased as a function of
increased salt concentration in safflower.

The result of Pearson’s linear correlation analysis for germination percentage, biochemical
analyses, and antioxidant enzyme activities were given in Fig. 2. Of the 28 coefficients, 13
were significant. Of the 13 coefficients, 8 were positively correlated and 5 were negatively
correlated. Germination percentage was negatively correlated with CAT (-0.83), MDA (-
0.95), and H20> (-0.92) and positively correlated with total soluble protein (0.86). SOD had
positive correlations with POD, CAT, MDA, and H20..

* p<=0.05 ** p<=0.01 *** p<=0.001
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Figure 2. Relationships and correlations obtained for safflower under different salt stress by Heat map using
the mean values. (GP, Germination percentage; SOD, Superoxide dismutase; POD, Peroxidase; CAT, Catalase;
APX, Ascorbate peroxidase; MDA, Malondialdehyde; H,O,, Hydrogen peroxide; TSP, Total soluble protein)

4. Conclusion and Comment
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Development of new salt-resistant crop varieties depends on elucidating the underlying
genetic and physiological mechanisms of resistance. To understand these mechanisms, it is
necessary to screen diverse germplasm sources to characterize their resistance levels and to
study the underlying mechanisms. In the present study, the germination capacity of
safflower cultivars was greatly reduced at 150 and 200 mM salt concentrations. In addition,
plants accumulated increased amounts of H.O, and MDA, byproducts of lipid peroxidation,
under salt stress. SOD, CAT and APX activities showed a close relationship with salt stress
in the study, but POD activity did not show any significant correlation to other parameters.
Germination capacity was positively correlated with protein content and negatively
correlated with H2O2, MDA and CAT. The present study will enhance our understanding of
salinity tolerance mechanisms in safflower during germination and seedling development
stages.

Author Statement

Sercan ONDER: Investigation, Original Draft Writing, Review and Editing
Ebru DAY AN: Investigation.

Yasar KARAKURT: Supervision.

Muhammet TONGUC: Original Draft Writing, Review and Editing.

Acknowledgment

Sercan Onder was financially supported by the Council of Higher Education under YOK 100/2000 fellowship
program for graduate students. Present research did not receive any grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Conflict of Interest

As the authors of this study, we declare that we do not have any conflict of interest statement.

Ethics Committee Approval and Informed Consent

As the authors of this study, we declare that we do not have any ethics committee approval and/or informed
consent statement.

References

[1] E. A. Weiss, Qil Seed Crops. Oxford: Blackwell Science, 2000, pp. 384.

[2] P. Shrivastava and R. Kumar, “Soil salinity: A serious environmental issue and plant growth promoting
bacteria as one of the tools for its alleviation,” Saudi J Biol Sci, 22 (2), 123-131, 2015.

[3] A. Jamil, S. Riaz, M. Ashraf and M. R. Foolad, “Gene expression profiling of plants under salt
stress,” Crit Rev Plant Sci, 30 (5), 435-458, 2011.

[4] S. C. Erdal and H. Cakirlar, “Impact of salt stress on photosystem Il efficiency and antioxidant enzyme
activities of safflower (Carthamus tinctorius L.) cultivars,” Turk J Biol, 38 (4), 549-560, 2014.

[5] G. Miller, N. Suzuki, S. Ciftci-Yilmaz and R. Mittler, “Reactive oxygen species homeostasis and
signalling during drought and salinity stresses,” Plant Cell Environ, 33, 453-467, 2010.

[6] M. Kavas, O. E. Akca, U. C. Akcay, B. Peksel, S. Eroglu, H. A. Oktem and M. Yucel, “Antioxidant
responses of peanut (Arachis hypogaea L.) seedlings to prolonged salt-induced stress,” Arch Biol Sci, 67
(4), 1303-1312, 2015.

[71 M. P. Apse and E. Blumwald, “Engineering salt tolerance in plants,” Curr Opin Biotechnol, 13, 146-150,
2002.

[8] A. K. Parida and A. B. Das, “Salt tolerance and salinity effects on plants: a review,” Ecotox Environ Safe,
60, 324-349, (2005).

[91 M. Melchiorre, G. E. Quero, R. Parola, R. Racca, V. S. Trippi and R. Lascano, “Physiological
characterization of four model Lotus diploid genotypes: L. japonicus (MG20 and Gifu), L. filicaulis, and L.
burttii under salt stress,” Plant Sci, 177, 618-628, 2009.

[10] M. Heidari, “Nucleic acid metabolism, proline concentration and antioxidants enzyme activity in canola
(Brassica nupus L.) under salinity stress,” Agr Sci China, 9 (4), 504-511, 2010.

[11] D. A. Priestley, Seed Aging. Ithaca: Cornell University Press, 1986, pp. 304.

[121P. Irato and G. Santovito, “Enzymatic and non-enzymatic molecules with antioxidant
function,” Antioxidants, 10 (4), 579, 2021.

192



[13] V. Shulaev and D. J. “Oliver, metabolic and proteomic markers for oxidative stress. new tools for reactive
oxygen species research,” Plant Physiol, 141 (2), 367-372, 2006.

[14] P. Ahmad, S. Jamsheed, A. Hameed, S. Rasool, I. Sharma, M. Azooz and M. Hasanuzzaman, Drought
Stress Induced Oxidative Damage and Antioxidants in Plants. New York: Academic Press, 2014, ch. 11.

[15] ISTA, International rules for seed testing edition. Bassersdorf: Switzerland, 2019.

[16] M. Tongug, S. Onder and M. Mutlucan, “Determination of germination parameters of safflower
(Carthamus tinctorius L.) cultivars under salt stress,” SDU Fen Bil Enst Der, 25 (2), 155-161, 2021.

[17]1 M. M. Bradford, “A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding,” Anal Biochem, 72 (1-2), 248-254, 1976.

[18] N. G. Constantine and K. R. Stanley, “Superoxide dismutases,” Plant Physiol, 59, 315-318, 1977.

[19]1 A. L. Jiang, S. P. Tian and Y. Xu, “Effects of controlled atmospheres with high-O, or high CO;
concentrations on postharvest physiology and storability of ‘‘Napoleon’ sweet cherry,” J Integr Plant
Biol 44, 925-930, 2002.

[20] R. F. Beers and I. W. Sizer, “A spectrophotometric method for measuring the breakdown of hydrogen
peroxide by catalase,” Biol Chem, 195 (1), 133-140, 1952.

[21] Y. Nakano and K. Asada, “Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach
chloroplasts,” Plant Cell Physiol, 22, 867-880, 1981.

[22] V. Velikova, I. Yordanov and A. Edreva, “Oxidative stress and some antioxidant systems in acid rain-
treated bean plants: Protective role of exogenous polyamines,” Plant Sci, 151, 59-66, 2000.

[23] F. Tongug, M. Tongug and S. Onder, “Changes in protein and sugar contents during the germination
period of Turkish red pine (Pinus brutia Ten.),” ArtGRID, 2, 23-29, 2020.

[24] O. H. Lowry, N. J. Rosebrough, A. L. Farr and R. J. Randall, “Protein measurement with the Folin phenol
reagent,” J Biol Chem, 193, 265-275, 1951.

[25] C. Chang, B. Wang, L. Shi, Y. Li, L. Duo and W. Zhang, “Alleviation of salt stress-induced inhibition of
seed germination in cucumber (Cucumis sativus L.) by ethylene and glutamate,” J Plant Physiol, 167, 152-
1156, 2010.

[26] N. Jabeen and R. Ahmad, “The activity of antioxidant enzymes in response to salt stress in safflower
(Carthamus tinctorius L.) and sunflower (Helianthus annuus L.) seedlings raised from seed treated with
chitosan,” J Sci Food Agric, 93 (7), 1699-1705, 2013.

[271 M. D. Kaya, G. Akdogan, E. G. Kulan, H. Daghan and A. Sari, “Salinity tolerance classification of
sunflower (Helianthus annuus L.) and safflower (Carthamus tinctorius L.) by cluster and principal
component analysis,” Appl Ecol Environ Res, 17 (2), 3849-3857, 2019.

[28] N. B. Amor, K. B. Hamed, A. Debez, C. Grignon and C. Abdelly, “Physiological and antioxidant
responses of the perennial halophyte Crithmum maritimum to salinity,” Plant Sci, 168, 889-899, 2005.

[29] N. A. Khan, R. Nazar and N. A. Anjum, “Growth, photosynthesis and antioxidant metabolism in mustard
(Brassica juncea L.) cultivars differing in ATP-sulfurylase activity under salinity stress,” Sci Hortic, 122
(3), 455-460, 2009.

[30] C. Sudhakar, A. Lakshmi, S. Giridarakumar, “Changes in the antioxidant enzyme efficacy in two high
yielding genotypes of mulberry (Morus alba L.) under NaCl salinity,” Plant Sci, 161, 3, 613-619, 2001.

[31] S. Radi¢, M. Radi¢-Stojkovi¢ and B. Pevalek-Kozlina, “Influence of NaCl and mannitol on peroxidase
activity and lipid peroxidation in Centaurea ragusina L. roots and shoots,” J Plant Physiol, 163, 12, 1284-
1292, 2006.

[32] F. Alasvandyari and B. Mahdavi, “Effect of glycinebetaine on growth and antioxidant enzymes of
safflower under salinity stress condition,” Agric For, 63 (3), 85-95, 2017.

[33] S. M. S. Jalali-e-Emam, B. Alizadeh, M. Zaefizadeh, R. A. Zakarya and M. Khayatnezhad, “Superoxide
dismutase (SOD) activity in NaCl stress in salt-sensitive and salt-tolerance genotypes of Colza (Brassica
napus L.),” Middle East J Sci Res, 7, 7-11, 2011.

[34] B. Joseph and D. Jini, “Development of salt stress-tolerant plants by gene manipulation of antioxidant
enzymes,” Asian J Agric Res, 5,17-27, 2011.

[35] H. Koca, M. Bor, F. Ozdemir and G. Tiirkan, “The effect of salt stress on lipid peroxidation, antioxidative
enzymes and proline content of sesame cultivars,” Environ Exp Bot, 60, 344-351, 2007.

[36] F. Shaki, H. Ebrahimzadeh Maboud and V. Niknam, “Central role of salicylic acid in resistance of
safflower (Carthamus tinctorius L.) against salinity,” J Plant Interact, 12 (1), 414-420, 2017.

[371 M. H. Lee, E. J. Cho, S. G. Wi, H. Bae, J. E. Kim, J. Y. Cho, S. Lee, J. H. Kim and B. Y. Chung,
“Divergences in morphological changes and antioxidant responses in salt-tolerant and salt-sensitive rice
seedlings after salt stress,” Plant Physiol Biochem, 70, 325-335, 2013.

[38] X. Puyang, M. An, L. Han and X. Zhang, “Protective effect of spermidine on salt stress induced oxidative
damage in two Kentucky bluegrass (Poa pratensis L.) cultivars,” Ecotoxicol Environ Saf, 117, 96-106,
2015.

[39] K. Chakraborty, S. K. Bishi, N. Goswami, A. L. Singh and P. V. Zala, “Differential fine-regulation of
enzyme driven ROS detoxification network imparts salt tolerance in contrasting peanut genotypes,”
Environ Exp Bot, 128, 79-90, 2016.

193



[40]1 S. S. Gill and N. Tuteja, “Reactive oxygen species and antioxidant machinery in abiotic stress tolerance in
crop plants,” Plant Physiol Biochem, 48, 909-930, 2010.

[41] P. Sharma, A. B. Jha, R. S. Dubey and M. Pessarakli, “Reactive oxygen species, oxidative damage, and
antioxidative defense mechanism in plants under stressful conditions,” J Bot, 2012, 1-26, 2012.

[42] X. -S. Wang and J. -G. Han, “Changes of proline content, activity and active isoform of antioxidative
enzymes in two alfalfa cultivars under salt stress,” Agr Sci China, 8 (4), 431-440, 20009.

[43] Y. He, Z. Zhu, J. Yang, X. Ni and B. Zhu, “Grafting increases the salt tolerance of tomato by improvement
of photosynthesis and enhancement of antioxidant enzymes activity,” Environ Exp Bot, 66, 270-278, 2009.

[44] F. Eyidogan and M. T. Oz, “Effect of salinity on antioxidant responses of chickpea seedlings,” Acta
Physiol Plant, 29, 485-493, 2007.

[45] B. Khunpon, C. U. Suriyan, B. Faiyue, J. Uthaibutra and K. Saengnil, “Regulation on antioxidant defense
system in rice seedlings (Oryza sativa L. ssp. indica cv.‘Pathumthani 1) under salt stress by paclobutrazol
foliar application,” Not Bot Horti Agrobot Cluj Napoca, 47 (2), 368-377, 2019.

[46] H. Hassanpour, R. A. Khavari-Nejad, V. Niknam, F. Najafi and K. Razavi, “Penconazole induced changes
in photosynthesis, ion acquisition and protein profile of Mentha pulegium L. under drought
stress,” Physiol Mol Biol Plants, 19 (4), 489-498, 2013.

[47]1 F. Shaki, H. E. Maboud and V. Niknam, “Growth enhancement and salt tolerance of Safflower
(Carthamus tinctorius L.), by salicylic acid,” Curr Plant Biol, 13, 16-22, 2018.

194



