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 Abstract  
 

Soil salinity is a very important abiotic stress condition that affects plant growth and crop 

yield. Photosynthetic activity, fresh weight, total protein amount decrease due to salinity 

condition. Brassinosteroids (BR) are a new group of hormones in the steroidal structure which 

is involved in the plant hormone group. BRs play an important role in various physiological 

processes. BR shave a curative effect on the plants exposed to environmental stress. In this 

study, the effect on seedling development was examined by spraying 24-epibrassinolide 

(eBL), the active form of brassinosteroids, on the seedlings exposed to salt stress. For this 

purpose, seedlings are divided into three groups such as Hoagland, Hoagland+NaCl, 

Hoagland+NaCl+eBL. As a result of preliminary experiments, 150 mM NaCl as the salt 

concentration reducing seedling growth and 10-9 M eBL which promotes growth by reducing 

this inhibition were determined as the appropriate concentration. This study; biochemical 

analysis of spinach seedlings exposed to salt stress and applied to eBL showed the curative 

effect of eBL on salt toxicity. 
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1. Introduction 

Scientists strongly indicate that the world will be 

affected by the agricultural drought which may arise as 

a result of the effects of global warming. Based on both 

global warming and poor use of farmland, serious 

problems such as drought and salination come to 

existence.  

 

Both in growing conditions and in natural 

environments, plants often are faced with stress. 

Plants, as a whole or some parts of them, are resistant 

to stress. Stress factors which limit the growth and 

development of the plant and even cause the death of 

plant are divided into two as biotic and abiotic. Biotic 

stress factors consist of pathogens including viruses, 

bacteria and fungi, insects, and herbivores [1-3]. 

Abiotic stress factors are drought, temperature, 

salinity, lack of nutrients, heavy metals and the 

radiation [4-6]. As a consequence of the salt stress; 

growth and development of the plants are inhibited 

depending on the osmotic and ion stress [7]. Although 

the root system is directly exposed to salt, leaf growth 

is more sensitive to salt stress than root growth [8]. 

 

Tolerance mechanisms developed by the plants to be 

able to fight with salt stress contain the synthesis of 

compounds that are compatible, change in the 

photosynthetic road and in the membrane structure, the 

increase in the activity of the antioxidant enzymes, and 

the induction of plant hormones [7]. 

 

Salinity shows its primary effect on plants by creating 

osmotic and ion stress. The significant secondary 

effects that NaCl causes are as follows: The synthesis 

of reactive oxygen species (ROT) which damage the 

DNA, protein, chlorophyll, and the function of the 

membrane; inhibition of photosynthesis; metabolic 

toxicity; inhibition of K+ intake and cell death [9]. 

 

It is possible to make a variety of applications in order 

to stimulate the growth and development of plant under 

stress conditions. One of these conditions is the 

application of plant hormone. Brassinosteroid which is 

considered as resistance providers to the plants against 

different abiotic stress factors induces growth as well 

as various development processes such as seed 

germination, rhizogenesis, flowering, senescence, 

abscission, and ripening [10]. 

 

Spinach is a vegetable which is rich in vitamin and 

mineral and important for human health. 
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2. Materials and Methods 

2.1. Plant material; applications of salt (nacl) and 

24- epibrassinolide (24-ebl) 

 

In this research, Spinacia oleracea L. cv. Matador was 

used widely grown in Turkey as plant material and eBL 

(Sigma- E1641) is provided from Sigma-Aldrich. eBL 

was used after being dissolved in absolute ethanol. 

Seedlings grown in plant growth chamber, in which 

there is a 15-hour photoperiod under a light intensity 

of 6000 lux at 15 ± 2 °C, were watered on alternate 

days with 400-500 ml distilled water for the first 7 

days. Growing seedlings were irrigated on alternate 

days from 8th day to 15th day (including 15th day) 

with Hoagland Nutrient Solution. 

 

On the 16th day, seedlings are divided into three 

groups to investigate whether 10-9 M eBL solution 

which is applied by spraying to all of the plant (except 

the root) has an ameliorative effect against salt stress. 

The first group: Control group grown in Hoagland 

nutrient solution; the second group: The experimental 

group grown in Hoagland nutrient solution (salty 

Hoagland) containing 150 mM NaCl; the third group: 

It is the experimental group grown in salty Hoagland 

nutrient solution and applied eBL. 

 

Whereas eBL is applied by spraying to all the parts of 

the seedlings in the 3. group, other groups are sprayed 

only with distilled water. 

 

2.2. Measurement of fresh weight, determination of 

the difference 

 

The fresh stem weights of the plants were measured on 

the 15th day. Afterwards, hormone application was 

made during 30 days to the plants transferred into the 

water culture. At the end of the 45th day, the fresh 

weights were measured again, and the differences were 

calculated. 

 

2.3. Determination of total chlorophyll amount 

 

After 45 days seedlings were harvested, their stems 

were extracted with 90% acetone and centrifuged at 

3000 g at +4 °C for 10 minutes after waiting in the dark 

at +4 °C for 24 hours. The absorbance was measured 

at wavelengths of 630 nm, 645 nm, and 665 nm using 

spectrophotometer. Total chlorophyll content was 

determined in μg/g fresh weight [11]. 

 

 

 

2.4. Determination of total soluble protein amounts 

 

Samples were homogenized in pairs with 0.05 M 

sodium phosphate buffer (pH 7.8) containing 2% (w/v) 

polyvinylpolypyrrolidone (PVPP) and 1 mM EDTA in 

cold press by using liquid nitrogen. The protein 

concentration of the supernatant was determined by a 

Bradford protein assay [12]. Bovine Serum Albumin 

(BSA) was used as a standard. The protein 

concentrations were determined in μg protein /g fresh 

weight. 

 

2.5. Determination of proxidase (POD) enzyme 

activity 

 

The peroxidase activity was determined as described 

by previously to determine the peroxidase activity, the 

method of the Birecka et al. [13] was used. The 

absorbance was measured at the wavelength of 470 

nm. Using microplate spectrophotometer BioTek 

Epoch2. Enzyme activity was determined in ΔA/g. 

fresh weight.x min. 

 

2.6. Determination of superoxide dismutase (SOD) 

enzyme activity 

 

Superoxide dismutase activity was determined as 

described by Beauchamp and Fridovich [14]. The 

activity is defined by measuring the ability of SOD to 

inhibit the reduction of nitro blue tetrazolium (NBT) 

photochemically. Reaction mixture contains 50 mM 

phosphate buffer (pH 7.8), 33 μM NBT, 10 mM L-

methionine, 0.66 mM EDTA-Na2, 0.0033 mM 

riboflavin. After the supernatant was diluted and the 

mixture left for 20 minutes under 300 μmol m-2s-1 

light intensity, the absorbance of the reaction mixture 

was measured at 560 nm. The amount of protein (mg) 

to inhibit reducing with light 50% was defined as an 

enzyme unit for SOD and accordingly SOD activities 

of stem samples were determined. 

 

2.7. Measurement of membrane permeability 

changes  
 

Before being dried, 45-day seedlings were washed 

with tap water and distilled water, respectively. 

Samples were placed into distilled water in pairs as 0.1 

g sample/10 ml distilled water. First, the samples stood 

at 40 °C for 30 minutes and their EC (Electrical 

Conductivity) was measured in conductivity 

measuring device (C1). Then, they stood in the water 

bath at 100 °C for 10 minutes before measuring EC 

again (C2). The obtained values were expressed in 

terms of mS/cm by being put into the formula below 

[15]. (MSI: Membrane Stability Index). 
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MSI: [1-(C1/C2)] x100 

 

2.8. Statistical analysis 

 

Analyzing data obtained using One-Way Analysis of 

Variance (One–way ANOVA) in Statistical Package 

for Social Sciences (SPSS for Windows 10.0) program, 

the differences between the averages were found as 

P<0.05 with the Duncan Multiple Comparison Test. 

 

 

3. Results 

3.1. Shoot fresh weight 

 

As it is understood from Figure 1 and Figure 2, the 

development of seedlings exposed to salt stress was 

decelerated significantly and their fresh weights were 

decreased at a rate of 60%. When compared with the 

eBL unimplemented group, the fresh weights of 

seedlings exposed to 10-9 M eBL were increased at a 

rate of 35%. 

 

 
Figure 1. Shoot development of spinach seedlings which 

were grown in Hoagland solution with and without salt and 

applied with 10-9 M eBL for 30 days. 

 

 
 
Figure 2. Increase of fresh weight of spinach seedlings 

which were grown in Hoagland solution with and without 

salt and applied with 10-9 M eBL for 30 days (P<0.05). 

 

3.2. Total chlorophyll content 

 

The total chlorophyll content of the seedlings used in 

this study was specified to determine their 

photosynthetic activities. Seedlings which were grown 

in Hoagland+NaCl solution and whose development 

was affected due to toxic effects were harvested on the 

45th day and total chlorophyll content of all groups 

was identified (Figure 3). 

 
Figure 3. Total chlorophyll content of spinach seedlings 

which were grown in Hoagland solution with and without 

salt and applied with  10-9 M eBL for 30 days (P<0.05). 

 

As seen in Figure 3, when Hoagland solutions 

containing NaCl and non- containing NaCl were 

compared with each other, chlorophyll amount of those 

NaCl containing  

 

Hoagland solution declined 3 times. This phenomenon 

reveals that 150 mM NaCl application causes stress in 

spinach seedlings. Comparing total chlorophyll 

amount of Hoagland+NaCl plant group with total 

chlorophyll amount of Hoagland + NaCl + 10-9 M eBL 

plant group, an increase at a rate of 74% was detected 

in the seedlings with eBL applied. This result shows 

that eBL stimulates photosynthesis by increasing 

chlorophyll amount of and thus, salt stress affects toxic 

effect in a remedial way.  

 

3.3. Total protein amount 

 

Since it is known that total soluble proteins disintegrate 

in plants subjected to the salt stress, total protein 

amounts of the 45-day seedlings were measured and it 

was noticed that there is a significant difference 

(P<0.05) between the groups (Table 1). 
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Table 1. Total protein amounts of spinach seedlings which were grown in Hoagland solution with and without salt and 

applied with  10-9 M eBL for 30 days (P<0.05). 

 
Table 2. SOD activity of spinach seedlings which were grown in Hoagland solution with and without salt and applied with 

10-9 M eBL for 30 days (P<0.05).   

 

When seedlings grown in NaCl containing and non-

containing Hoagland solutions were compared, it is 

defined that total protein amounts of the ones in 

Hoagland solution with NaCl decrease at least 3 times. 

This phenomenon revealed that 150 mM NaCl 

application inhibits growth in spinach seedlings. In 

contrast, Hoagland+NaCl+10-9 M eBL application 

increased the total protein amount at a rate of 43%. 

These findings align with literature in which it is 

expressed that eBL application during salt stress causes 

synthesis of new proteins [16]. 

 

3.4. Antioxidant enzyme activities 

 

It is identified that there occur major changes in 

peroxidase (POD) activities of various seedlings 

exposed to salt stress [16, 17]. POD activity in 

seedlings exposed to salt stress was determined in 45-

day spinach seedlings.  The changes in peroxidase 

activity were shown in Figure 4. 

 

 
Figure 4. Peroxidase activity of spinach seedlings which 

were grown in Hoagland solution with and without salt and 

applied with 10-9 M eBL for 30 days (P<0.05). 

 

 

From Figure 4 it can be seen that the POD activity of 

the seedlings grown in NaCl containing Hoagland 

solution increased approximately 5 times more than 

control (Hoagland). This phenomenon revealed that 

150 mM NaCl application enhances enzyme activity 

due to the stress in spinach seedlings. Comparing POD 

activity of Hoagland+NaCl plant group with POD 

activity of Hoagland+NaCl+10-9 M eBL plant group, 

an increase of 1.7 times was detected in the eBL 

applied seedlings. This situation aligns with literature 

in which it is mentioned the remedial effect of the eBL 

application during the salt stress [16, 17]. 

 

There occur significant changes in superoxide 

dismutase (SOD) activities of the various plants 

exposed to salt stress [16]. The SOD activities of 45-

day spinach seedlings were also identified (Table 2). 

 

Compared to the seedlings which were not exposed to 

salt stress, in seedlings exposed to salt stress the SOD 

activity showed only 10% increase. However, this ratio 

increased at a rate of 56% for the spinach seedlings 

grown in solutions containing NaCl+eBL compared to 

eBL unimplemented seedlings. When cross-checked 

with current literature data, this result indicates that 

eBL shows a stress relieving effect [18]. 

 

3.5. Membrane stability index 

 

In order to investigate the changes in membrane 

permeability, the values obtained from measuring 

leaked molten substance amount of spinach seedlings 

to the incubation environment and defined in terms of 

membrane stability index (MSI) were given in Table 3.  

 

 

 

 

 

      Treated Seedlings                                           Total Protein Amount, µg Protein/g.F.W. 

 Hoagland                                                                        0.0109±0.00097 

Hoagland+NaCl                                                             0.0034±0.00016 

Hoagland+NaCl+10-9 M eBL                                         0.0060±0.00011 

     Treated Seedlings                                  Superoxide Dismutase (SOD) Activity, % 

 Hoagland                                                           170.4332±0.3468 

Hoagland+NaCl                                                188.0439±2.6872 

Hoagland+NaCl+10-9 M eBL                           430.3297±5.4647 
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Table 3. Change of the membrane permeability of spinach seedlings which were grown in Hoagland solution with and 

without salt and applied with 10-9 M eBL for 30 days (P<0.05). 

 

As can be seen in Table 3, the conductivity of the 

seedlings grown in Hoagland+NaCl solution was 17% 

higher than the seedlings grown in Hoagland solution.  

 

Hoagland+NaCl+10-9M eBL solution decreased 6.11% 

compared with the ones grown in Hoagland+NaCl 

solution. The highest leaked substance amount 

resulting from permeability change occurred in the 

plants in salt stress condition. Applying eBL to these 

seedlings partially decreased the leaked substance 

amount and had a remedial effect on the impact of salt 

stress which disrupts the membrane integrity.   

 

The aim of this study is to investigate the impact of 

eBL on the plant's resistance which was grown in salty 

lands because of the increased drought as a result of 

global warming and unconscious irrigation. 

 

4. Discussion 

The aim of this study was to investigate whether there 

is any remedial effect of eBL application on the 

development of spinach seedlings which are exposed 

to toxic effects of salt (NaCl) stress and have an 

important place in the food chain. Hence, 

epibrassinolide (eBL) was applied by spraying to 

spinach seedlings grown in Hoagland solution 

containing salt (NaCl) and the development of the 

seedlings was observed. The obtained data showed that 

the development of seedlings exposed to 150 mM NaCl 

(salt) stress decelerated and their fresh weights 

decreased by 60%. 10-9 M eBL application to 

seedlings that cannot develop under toxic effect due to 

the salt stress, caused their fresh weight to increase at 

a rate of 35%. This result showed that 10-9 M eBL 

application had a remedial effect on the seedling whose 

development decelerated under stress (Figure 2 and 

made the fresh weight of stems increase. With the 

increase of salt amount in the medium, the Na+/K+ 

balance and the osmotic balance shifted, the usable 

water content became less due to the decreasing 

osmotic potential, development rate and 

photosynthesis rate decelerated [19]. 

 

In this study, it was determined that chlorophyll 

content in seedlings exposed to the salt stress generated 

a decrease up to 3-times than control. Increasing Na+ 

causes degradation of D1 protein which is located in 

the reaction center of PSII. It is reported that the real 

target of NaCl in thylakoid membrane is PSII [20]. 

Applying eBL to the seedlings whose chlorophyll 

contents decreased when they were exposed to the salt 

stress, increased the chlorophyll content at a rate of 

74%. In fact, there is study expressing that the 

chlorophyll content increases in seedlings to which 

brassinosteroid is applied [21]. 

 

One of the structural decompositions that stress factor 

created indirectly is the degenerative events affecting 

protein amount. From being exposed to the abiotic 

stress on, plants produce proteins without tryptophan 

starting the expression the genes related to stress in 

order to deal with this factor [22]. In this study, 

statistically significant differences were determined in 

total protein amounts of spinach seedlings exposed to 

salt stress compared to the control. A 3-times decrease 

was identified in the total protein amounts of seedlings 

exposed to the salt stress than the ones grown in 

Hoagland solution (Figure 4, 5). This situation explains 

the cause of the deceleration in the growth of the 

seedlings exposed to the salt stress. On the other hand, 

eBL application to these seedlings developed in stress 

condition provided an increase of 43% in the protein 

content of these seedlings. In addition, the activities of 

antioxidant systems were decreased under the 

influence of environmental stress factors (salinity, 

drought, high or low temperature, UV, ozone, etc.) and 

these conditions cause ROS to accumulate by inducing 

its synthesis [23]. In this study, when the differences 

between the POD activities of spinach seedlings grown 

in Hoagland and Hoagland+150 mM NaCl were 

statistically examined, significant differences between 

the groups were identified (P<0.05). 5 times increase 

was identified in POD activities of the seedlings 

exposed to the salt stress (Figure 4). In fact, in many 

plants such as Ceratophyllum demersum L., Brassica 

juncea L. Czern. (mustard), Triticum aestivum L. 

(wheat), Vigna mungo L. (black gram) and Phaseolus 

vulgaris L. (beans) an increase in POD enzyme activity 

and gene expression were observed under stress 

conditions and these increases were associated with 

stress defense [24, 25]. On the other hand, applying 

eBL to these seedlings developed under stress 

           Treated Seedlings                                             Membrane Permeability, mS/cm 

 Hoagland                                                                  170.4332±0.3468 

Hoagland+NaCl                                                       188.0439±2.6872 

Hoagland+NaCl+10-9 M eBL                                   430.3297±5.4647 
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conditions caused approximately 1.7 times decrease in 

POD activity. This result shows that eBL reduces the 

negative effect of the stress.  The increase in POD 

activity is found to be greater than the decrease in the 

chlorophyll and protein contents. 

 

In a study conducted with Zea mays (corn) seedlings 

grown under the salt stress, it is expressed that 28-

homoBL shows a remedial effect on salinity stress 

increasing the activity of superoxide dismutase (SOD), 

one of the antioxidant enzymes, and decreasing the 

lipid peroxidation [18]. Indeed, what’s more, in this 

study eBL application showed a remedial effect of 

stress by decreasing the POD activity and increasing 

the SOD activity 65%, and thus, it indicated 

similarities with the findings of Arora et al. [18]. On 

the other hand, they stated that there is no difference in 

SOD activity of cucumber plant under the salt stress 

condition [26]. Whereas the relationship of CAT and 

SOD enzymes with salinity tolerance in wheat and 

increase of SOD activity with salt [27] were 

highlighted, in another study conducted with hordeum 

it was stated that there is no relationship between 

antioxidant enzyme and salt tolerance [28]. 

 

ROS that arise from oxidative stress caused by the salt 

stress led to changes also in membrane permeability 

[29]. In this study, it was seen that salt stress caused 

damage in the membrane of spinach stem cells. An 

increase of 17% in electrical conductivity is a sign of 

the fact that plants are under stress and a sign of loss of 

vitality (Table 3). In many conducted types of research, 

plants were subjected to the salt stress and thus, 

membrane permeability was disrupted [30, 31]. In this 

study, the eBL application to the stems of spinach 

seedlings exposed to the salt stress caused a 6% 

decrease in membrane permeability of these seedlings. 

So that it was identified that the ionic imbalance in 

seedlings due to the salinity was tolerated by the plant 

by means of eBL. The results we have obtained are 

parallel to the findings of Çoban [32] and Çoban and 

Baydar [33] showing the decrease of membrane 

permeability with the eBL application. Thus, being 

adversely affected by the stress of the plant which is 

inhibited. The disruption of the membrane structure 

was interpreted as the impairment of the ion gradient 

and the partial failure of the ATP-H+ pump to function. 

Thus, the production of ATP required for 

photosynthesis and respiratory events gradually 

decreases, and in the long-term stress condition, the 

process results in cellular death. There is finding 

supporting these results [34]. A negative correlation is 

present between the decreasing chlorophyll and protein 

contents as a result of the increased membrane 

permeability in spinach plant stems under stress 

condition.  

 

In conclusion, then, salt stress may create 

morphological, physiological and biochemical damage 

and adversely affect the efficiency of the product. This 

study, carried out in salt stress conditions of salt stress, 

reveals that the plant increases its resistance to the 

stress condition and has a remedial effect by increasing 

chlorophyll and protein content, decreasing the 

peroxidase activity, and providing membrane integrity. 

Even plants to have their molecular defense 

mechanisms to reduce or inhibit the adverse effects, 

while stress adversely affects plant growth and 

development, it causes the plant organs to die. Hence, 

it is crucial that mechanisms associated with stress 

must be found out and stress-tolerant species and 

variants must be developed. 

 

5. Conclusion 
 

In order to minimize the negative effects of global 

warming, scientists have been working hard in recent 

years. In this study, spinach seedlings, which is one of 

the most consumed foodstuffs, was exposed to salt 

stress.  

 

The newly discovered plant hormone (epibrassinolide) 

was applied to these seedlings that growth in NaCl 

Hoagland solution. The concentration of 10-9 M eBL 

was found to be the alleviating effect in this study.  

 

As a result of these applications, morphological 

differences were observed; peroxidase and superoxide 

dismutase enzyme activities alongside total 

chlorophyll, total protein amount, and changes in 

membrane permeability were identified as stress 

parameters in all parts of the plant at the 45th day 

which is the day that the salt application shows its 

effect. The results were supported by biochemical 

analyzes. 

 

At the end of this study, the effect of spinach seedlings 

exposed to salt stress and treated with 10-9 M eBL on 

salt toxicity was shown. This information is very 

important in the field of agriculture. 

 

References 

[1] Mahajan S. and Tuteja N., Cold, Salinity and 

Drought Stresses: An Overview, Arch. 

Biochem. Biophys., 444 (2005) 139—158. 

[2] Diaz, I., Plant Defense Genes Against Biotic 

Stresses, International Jour. Mol. Scie., 

19(2446) (2018) 1-5. 



 

137 

 

Seven, Sağlam / Cumhuriyet Sci. J., 41(1) (2020) 131-138 
 

[3] Madani B., Mirshekari A.,  Imahori Y., 

Physiological Response to Stress, Postharvest 

Physiology and Biochemistry of Fruits and 

Vegetables. Wood Head Publishing, Chapter 19 

(2019) 405-423. 

[4] Shao H.B., Chu L.Y., Jaleel C.A.,Zhao C.X., 

Water-deficit Stress-induced Anatomical 

Changes in Higher Plants, C. R. Biol., 331 

(2008)215—225. 

[5] Kul R., Esringü A., Dadasoglu E., Sahin Ü., 

Turan M., Örs S., Ekinci M., Agar G. and 

Yıldırım, E., Melatonin: Role in Increasing 

Plant Tolerance in Abiotic Stress Conditions. 

Abiotic and Biotic Stress in Plants, (2019) 1-19 

DOI: 

http://dx.doi.org/10.5772/intechopen.82590. 

[6] Sharma A., Shahzad B., Rehman A., Bhardwaj 

R., Landi M. and Zheng B., Response of 

Phenylpropanoid Pathway and the Role of 

Polyphenols in Plants under Abiotic Stress. 

Molecules 24(2452) (2019) 1-22. 

[7] Parida A.K. and Das A.B., Salt Tolerance and 

Salinity Effects on Plants: AReview, Ecotoxicol. 

Environ. Saf., 60 (2005) 324—349. 

[8] Munns R. and Tester M., Mechanisms of 

Salinity Tolerance, Annu. Rev. Plant Biol., 59 

(2008) 651—681. 

[9] Hong C.Y., Chao Y.Y., Yang M.Y., Cho S.C. 

and Kao C.H., Na+ but not Cl- or Osmotic Stress 

is Involved in NaCl Induced Expression of 

Glutathione Reductase in Roots of Rice 

Seedlings, J. Plant Physiol., 166 (2009) 1598—

1606. 

[10] Çıngıl-Barış Ç. and Sağlam-Çağ S., The Effects 

of Brassinosteroids on Sequential Leaf 

Senescence Occurring in Glycine max L, 

International Journal of Bio-technology and 

Research 6 (2016) 7—16. 

[11] Parsons T.R. and Strickland J.D.H., Discussion 

of Spectrophotometric Determination of Marine 

Pigments, with Revised Equations for Ascerting 

Chlorophylls and Carotenoids, J. Mar. Res., 21 

(1963) 115—163. 

[12] Bradford R., A Rapid and Sensitive Method for 

the Quantification of Microgram Quantities of 

Protein Utilizing the Principle of Protein Dye-

binding, Anal. Biochem., 72 (1976) 248—254. 

[13] Birecka H., Briber K.A. and Catalfamo J.L., 

Comparative Studies on Tobacco Pith and Sweet 

Potato Root Isoperoxidases in Relation to 

Injury, Indoleacetic Acid, and Ethylene Effects, 

Plant Physiol., 52 (1973) 43—49. 

[14] Beauchamp C. and Fridovich I., Superoxide 

Dismutase: Improved Assays and an Assay 

Applicable to Acrylamide Gels, Anal Biochem., 

44 (1971) 276—287. 

[15] Sairam R.K., Effects of Homobrassinolide 

Application on Plant Metabolism and Grain 

Yield under Irrigated and Moisture-stress 

Conditions of Two Wheat Varieties, Plant 

Growth Regulation, 14 (1994) 173—181. 

[16] Khalid A. and Aftab F., Effect of Exogenous 

Application of 24-epibrassinolide on Growth, 

Protein Contents and Antioxidant Enzyme 

Activities of in vitro-grown Solanum tuberosum 

L. under Salt Stress, In Vitro Cell. Dev. Biol., 

Plant, 52 (2016) 81—91. 

[17] Nouman W., Basra S.M.A., Yasmeen A., Gull 

T., Hussain S.B., Zubair M. and Gull R., Seed 

Priming Improves the Emergence Potential, 

Growth and Antioxidant System of Moringa 

oleifera under Saline Conditions, Plant Growth 

Regul., 73 (2014) 267—278. 

[18] Arora N., Bhardwaj R., Sharma P. and Arora 

H.K., Effects of 28-homobrassinolide on 

Growth, Lipid Peroxidation and Antioxidative 

Enzyme Activities in Seedlings of Zea mays L. 

under Salinity Stress, Acta Physiol. Plantarum, 

30 (2008) 833—839. 

[19] Tester M. and Davenport R., Na+ Tolerance and 

Na+ Transport in Higher Plants, Ann. Bot., 91 

(2003) 503—527. 

[20] Ferroni L., Baldisserotto C., Pantaleoni I., Billi 

P., Fasulo M.P. and Pancaldi S., High Salinity 

Alters Chloroplast Morpho-physiology in a 

Freshwater Kirchneriella Species 

(Selenastraceae) from Ethiopian Lake Awasa, 

Am. J. Bot., 94 (2007) 1972—1983.  

[21] Gökdoğan E.Y. and Bürün B., 24-epibrassinolid 

Ön Uygulaması Yapılmış Domates 

(Lycopersicon esculentum Mill.) Tohumlarının 

NaCl Stresi Koşullarında Çimlenmesi ve Fide 

Gelişimi, Afyon Kocatepe Üniversitesi Fen ve 

Mühendislik Bilimleri Dergisi, 15 (2015) 18—

27. 

[22] Holmberg N. and Bulow L., Improving Stress 

Tolerance in Plants by Gene Transfer, Trends 

Plant Sci., 3 (1998) 61—66. 

[23] Breusegem F.V., Vranová E., Dat. J.F. and Inz 

D., The Role of Active Oxygen Species in Plant 

Signal Transduction, Plant Sci., 161 (2001) 

405—414.  

[24] Mobin M. and Khan N.A., Photosynthetic 

Activity, Pigment Composition and Anti-

oxidative Response of Two Mustard (Brassica 

juncea) Cultivars Differing in Photosynthetic 

Capacity Subjected to Cadmium Stress, J. Plant 

Physiol., 164 (2007) 601—610. 

https://www.sciencedirect.com/science/article/pii/B9780128132784000208#!
https://www.sciencedirect.com/science/article/pii/B9780128132784000208#!
https://www.sciencedirect.com/science/article/pii/B9780128132784000208#!
https://www.sciencedirect.com/science/book/9780128132784
https://www.sciencedirect.com/science/book/9780128132784
https://www.sciencedirect.com/science/book/9780128132784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shao%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=18280987
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chu%20LY%5BAuthor%5D&cauthor=true&cauthor_uid=18280987
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jaleel%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=18280987
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20CX%5BAuthor%5D&cauthor=true&cauthor_uid=18280987
http://dx.doi.org/10.5772/intechopen.82590


 

138 

 

Seven, Sağlam / Cumhuriyet Sci. J., 41(1) (2020) 131-138 
 

[25] Singh S., Khan N.A., Nazar R. and Anjum N.A., 

Photosynthetic Traits and Activities of 

Antioxidant Enzymes in Black Gram (Vigna 

mungo L. Hepper) under Cadmium Stress, 

American Journal of Plant Physiology, 3 (2008) 

25—32. 

[26] Lechno S., Zamski E. and Tel-Or E., Salt Stress-

induced Responses in Cucumber Plants, J. Plant 

Physiol., 150 (1997) 206—211. 

[27] Mandhania S., Madan S. and Sawhney V., 

Antioxidant Defense Mechanism under Salt 

Stress in Wheat Seedlings, Biol. Plant., 50 

(2006) 227—231. 

[28] Maksimović J.D., Zhang J., Zeng F., Živanović 

B.D., Shabala L., Zhou M. and Shabala S., 

Linking Oxidative and Salinity Stress Tolerance 

in Barley: can Root Antioxidant Enzyme 

Activity be used as a Measure of Stress 

Tolerance?, Plant Soil, 365 (2013) 141—155. 

[29] Sharma P., Jha A.B., Dubey R.S. and Pesserakl, 

M., Reactive oxygen species, oxidative damage 

and antioxidative defense mechanism in plants 

under stressful conditions, Jour. of Bot., 26 

(2012) 1-26. 

[30] Fu M.Y., Li C. and Ma F.W., Physiological 

Responses and Tolerance to NaCl Stress 

Indifferent Biotypes of Malus prunifolia, 

Euphytica, 189 (2013) 1011—09. 

[31] Akçay D. and Eşitken A., MM106 Anacına ve 

Üzerine Aşılı Golden Delicious Elma Çeşidine 

Tuz Stresinin Etkileri, Selçuk Tarım Bilim. 

Derg., 3 (2016) 228—232. 

[32] Çoban Ö., Brassinosteroid Uygulamalarının Tuz 

Stresi Altındaki Nanede (Mentha piperita 

L.)Bazı Fiziksel ve Biyokimyasal Özellikler ile 

Sekonder Metabolit Birikimi Üzerine Etkileri, 

Yüksek Lisans Tezi, Isparta: Süleyman Demirel 

Üniversitesi, 2014. 

[33] Çoban Ö., and Baydar N.G., Brassinosteroid 

Effects on Some Physical and Biochemical 

Properties and Secondary Metabolite 

Accumulation in Peppermint (Mentha piperita 

L.) under Salt Stress, Ind. Crops Prod., 86 

(2016) 251—258. 

[34] Liu D., Jiang W., Wang W., Zhao F. and Lu C., 

Effects of Lead on Root Growth, Cell Division 

and Nucleolus of Allium cepa, Environ. Pollut., 

86 (1994) 1—4. 

 

 


