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Abstract: In this study, the effects of different types and concentrations of 

salts on local Siverek rice plant (Oryza sativa L.) grown in vitro were 

investigated in terms of mineral elements (K, Ca, P, Mg, Na, Fe, Cu, Zn, 

Mn, Mo, Co), proline, and total protein content. Sterilized seeds were 

planted in hormone-free and salt-free MS medium. After one week, the 

seedlings were subjected to different concentrations of NaCl, CaCl2, and 

MgCl2 salts (0, 30 mM, 90 mM) in order to evaluate the effect of salinity 

on plant growth and development. In response to salt stress, a decrease in 

nutrient elements was observed for all three types of salt compared to the 

control group, which can be attributed to disruptions in ion balance. 

Changes in element levels generally showed varying levels of increase or 

decrease depending on both the type and concentration of the salt and these 

changes were statistically significant. The increase in proline level was 

found to be directly proportional to the changes in the amounts of Ca, Mg, 

K, and Na elements. Both total protein and proline content showed the 

lowest values for all salt concentrations with CaCl2, while the highest 

values were obtained with NaCl. In conclusion, the changes in the level of 

mineral elements, total protein, and proline content levels, which decrease 

or increase in different ratios, depending on the type and concentration 

rising of the salt, are associated with the varying tolerance of the plant to 

different types of salts. 

1. INTRODUCTION 

Soil salinity is one of the environmental stresses worldwide adversely affecting plant growth 

and productivity. Approximately one billion hectares of land are affected by salt stress globally 

(Fageria et al., 2012), and this number is increasing every year. The significant impact of high 

salinity on crop growth and development is of great concern, as it can affect agricultural 

productivity on more than 20% of the global cultivated land (Botella et al., 2005; Fahad et al., 

2019; Dramalis et al., 2021).  
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Nutrient depletion, disruption of soil aggregates, and impairment of plant growth and 

development are among the main effects of soil salinization (Kordrostami et al., 2017). Salinity 

impedes plant growth through three main principles; namely, 1) water deficiency (water stress), 

2) ion toxicity, and 3) intracellular fluid due to imbalances in ion transport disruption of the 

mineral balance (Marschner, 1995; Akyol et al., 2020). Osmotic stress results from reduced 

water availability due to salt stress, which leads to impaired nutrient transport efficiency, 

including macro elements such as nitrogen (N), phosphorus (P), potassium (K), and calcium 

(Ca). This, in turn, leads to nutrient deficiency and ion toxicity (Razzaq et al., 2020). Salinity 

exerts diverse stresses on crops, leading to imbalances in nutrient uptake, toxic ion 

accumulation, and exposure to oxidative and osmotic stress (Wang et al., 2012; Singh et al., 

2018). When ions expand in the soil, plants are exposed to salt stress. These ions accumulate at 

higher levels, leading to a decrease in essential ions within the plants. Consequently, this 

disrupts the relationship between the plant and water by inducing conditions resembling 

drought, causing osmotic stress. This stress factor is accountable for the reduction in stomatal 

conductance and the activities of photosynthetic enzymes, ultimately triggering the generation 

of reactive oxygen species (ROS) in plants (Hasanuzzman et al, 2021). ROS have the potential 

to harm cellular components such as cell membranes, proteins, lipids, and genetic materials 

(DNA and RNA). Additionally, they may trigger programmed cell death (Kumar et al, 2020). 

While the primary response mechanism to osmotic degradation is recognized, the exact 

molecules involved and their specific roles are yet to be fully elucidated. The cytosolic Ca++ 

level increases in response to osmotic imbalance by unknown sensors, which is sensed by SOS2 

SOS3 (salt overly sensitive) protein complex. SOS2-SOS3 complex activates the SOS1 protein 

by phosphorylate. SOS1 functions as a Na+/H+ antiporter protein located in the cell membrane, 

facilitating the expulsion of Na ions from the cell. SOS2 can also regulate the activity of NHX1 

(Na/H antiporter) and V-ATPase (vacuoler type ATPase) antiport independently of SOS3. It 

can be regulated by SCaBP (SOS liked Ca++ bindings protein), which targets the tonoplast. 

Salinity can lead to an increase in ABA (abscisic acid) accumulation, which is activated by 

ABI1 and ABI2, negatively affecting the SOS system and NHX1 (Shanker, 2011).  

Rice (Oryza sativa L.) is one of the most important food sources, and there are still countries 

that cover a considerable part of their energy requirements from this plant or its derivatives. 

Salinity stress affects rice in several ways, causing changes in the physiological and 

morphological structures of cells, as well as affecting the synthesis of certain biochemicals 

(Kumar et al., 2012; Liu et al., 2010; Nam et al., 2012; Pani et al., 2012; Rajendran et al., 2009; 

Wang et al., 2013; Orcan et al., 2017; Mondal et al., 2018). Saline soils lead to ion imbalances, 

which negatively affect both the growth and yield of rice plants and their nutrient content, thus 

affecting the overall quality of the crop (Rao et al., 2013).  

The studies on salt stress in rice generally focus on the effects of NaCl, and there is a lack 

of research on the effects of CaCl2 and MgCl2 salts. In addition, there are no studies on the 

content of mineral elements in local Karacadağ rice (Siverek population) under the influence 

of NaCl and various salts. Therefore, the aim of this study was to investigate the effects of 

different salt types (NaCl, CaCl2, and MgCl2) and concentrations (0, 30, 90 mM) on the content 

of important micro- and macro-mineral nutrients such as potassium (K), calcium (Ca), 

phosphorus (P), magnesium (Mg), sodium (Na), iron (Fe), copper (Cu), zinc (Zn), manganese 

(Mn), molybdenum (Mo), and cobalt (Co), as well as on the total protein and proline amounts 

in the local Karacadağ rice (Siverek population) under salt stress. 
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2. MATERIAL and METHODS 

2.1. Seed Sterilization 

The Karacadağ rice variety, which was obtained from local growers near Diyarbakır, Türkiye, 

served as the plant material in this study. Prior to the experiments, the rice seeds underwent a 

30-second soak in 70% ethanol, followed by optimal surface sterilization through a 60-minute 

soak in 5% NaOCl. 

2.2. In vitro Conditions 

MS medium was prepared with MS main solution, MS-1, MS-2, complex chelator, vitamin 

mixture, and B1 vitamin containing thiamine. The nutrient media were formulated by 

combining 30 g of sucrose and 5,458 g of agar with 1liter of distilled water. The medium was 

adjusted to pH 5,7 by using acid and base. The prepared medium was autoclaved at 1210C and 

1 atm pressure for 25 minutes. The final solution was transferred to a Magenda GA-7 

(purchased from Merck KGaA, Darmstadt, Germany) culture vessel in portions of 

approximately 50-60 mL. 

2.3. Plant Growth 

The sterilized seeds were planted in magendas containing hormone-free and salt-free MS 

medium to germinate. After 1 week of germination, in order to evaluate the effect of salinity 

stress on plant growth and development, the seedlings were transferred to a culture vessel 

containing separately NaCl, CaCl2 and MgCl2 salts at different concentrations (control, 30 mM, 

90 mM). Rice seedlings were grown in salt-free medium for 3 weeks as a control and under salt 

stress conditions. At the end of the 3-week growth period, the green part and the roots of the in 

vitro grown plants were harvested. 

2.4. Determination of Mineral Element Contents 

Harvested and dried samples were weighed. To determine elemental contents, weighed samples 

were digested in 7mL nitric acid (65% HNO3) and 1mL hydrochloric acid (37% HCl) using a 

microwave digester. Digested samples were adjusted to 15mL by adding extra pure water. The 

samples were then analyzed using inductively coupled plasma optical emission spectrometry 

(ICP-OES) to quantify the elements. 

2.5. Determination of Proline Content 

In accordance with the technique outlined by Bates et al. (1975), proline determination was 

conducted. The samples were subjected to protein precipitation by sulphosalicylic acid 

treatment, followed by centrifugation, and the supernatant was then transferred to a fresh tube. 

After reacting the supernatant with glacial acetic acid and ninhydrin reagent, the reaction was 

stopped by cooling the tubes on ice. The proline products were subsequently extracted with 

toluene by vortex mixing, and the absorbance of the toluene phase was recorded at 518 nm. 

Proline concentrations were computed using a set of proline standards (0, 0.05, 0.10, 0.15, 0.20, 

0.25, 0.30 mM). 

2.6. Determination of Total Protein Content 

For protein extraction, leaves were treated with an extraction buffer comprising 0.01 M Tris-

HCl, 10% glycerol, 5% PVP, and 1% Triton X 100 at pH 6.8. Subsequently, the total protein 

content of the extracts was quantified according to the Bradford method (Bradford, 1976). 

2.7. Statistical Analysis 

Triplicate experiments were conducted for all measurements, and the data were reported as 

mean ± standard deviation (SD). Statistical analysis was carried out using SPSS 20.0 for 

Windows (SPSS Inc., Chicago, USA), with the significance of differences tested using one-

way analysis of variance (ANOVA) and Duncan test. 
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3. RESULTS 

3.1. Mineral Element Contents 

Under saline conditions, the reduction in the osmotic potential of the soil solution leads to a 

reduction in the water potential and thus a reduction in water uptake by plants. It is known that 

this situation is caused by direct toxic effects of Na and similar cations present in the 

environment and by the reduced uptake of K, Ca and N, leading to disturbances in the ionic 

balance (İnal et al., 1995; Yakıt & Tuna, 2006). The changes in mineral contents in the Siverek 

rice population exposed to NaCl, CaCl2, and MgCl2 salts at concentrations of 0, 30, and 90 mM 

are shown in Table 1. High Na levels in the soil solution can reduce the uptake and mobility of 

K by inhibiting its transport to the growth zone, leading to a decrease in growth quality of both 

vegetative and reproductive organs (Dionisio & Tobita, 2000). Ghoulam et al. (2002) on sugar 

beet, Lacerda et al. (2002) on sorghum and Essa (2002) on soybean reported an increase in Na 

content in leaves and roots due to increased Na concentration, while the content of cations such 

as Ca and K decreased under NaCl salt stress. In our study, the Siverek rice treated with NaCl 

at all concentrations showed a decrease in the elements Ca, K and Mg. In varieties of Medicago 

sativa (alfaalfa), an increase in the concentration of NaCl led to a decrease in the contents of 

Ca and Mg. (Bhattarai et al., 2022). A decrease in Ca content was observed in rice varieties 

with varying levels of salt tolerance in response to salt stress, while the change in K content in 

the leaves of the treated plants was not statistically significant (Thu et al., 2017). Mokabel et 

al. (2022) reported that using the microbiome to alleviate the effects of salt stress in Solanum 

melongena (eggplant) resulted in a significant reduction in Ca and K levels compared to the 

control group. In addition, they observed a decrease in Mg content in plants treated with 200 

mM NaCl, but this decrease was not statistically significant. These studies emphasize the 

importance of understanding how individual plant species respond to salt stress and mineral 

nutrient content. Bernstein et al. (2017) reported that 30 mM NaCl stress in basil (Ocimum 

basilicum) slowed plant growth, decreased Ca and K concentrations, and increased Na 

concentration. Similarly, in lentil (Lens esculenta Moench) treated with different chlorine salts 

(CaCl2, MgCl2, and NaCl), increasing concentrations led to a decrease in germination rate, N, 

Ca, Mg, and K content, while increasing Na content (Karaman & Kaya, 2015). Çalışkan et al. 

(2017) subjected basil (Ocimum basilicum L.) to salt stress using different concentrations of 

NaCl, CaCl2 and MgCl2 (between 1 and 8 ds/m). The lowest root weight was obtained at the 

highest concentration for each salt type, and the highest root and leaf weight were observed in 

the control group. The importance of salt stress levels for basil plant development was 

emphasized by the researchers. In our study, there was a decrease in the amounts of K and Mg 

elements under CaCl2 salt stress and a decrease in Ca and K elements under MgCl2 stress 

compared to the control group. The decrease in element quantities under both types of salt stress 

can be attributed to a disturbance of the ionic balance. 

Due to the competition between Na and especially cationic elements such as K and Ca, the 

balance of Na+/K+ and Na+/Ca++is quickly disturbed. This situation leads to K and/or Ca 

deficiency, which hinders osmoregulation and enzyme activation and has a negative effect on 

plant metabolism. Studies have found a positive correlation between the amount of K and Ca 

in leaves and the increase in plant resistance under saline conditions, as well as a direct 

relationship between high K+/Na+ and Ca++/Na+ ratios and salt tolerance (Vicente et al., 2004; 

Martinez-Atienza et al., 2007; Deinlein et al., 2014). In our study, the highest K+/Na+ ratio was 

observed in the treatment with CaCl2, MgCl2 and NaCl, respectively, at low salt concentrations 

compared to the control. At high salt concentrations, the group treated with MgCl2 exhibited 

the highest K+/Na+ ratio. Therefore, it can be concluded from our study that Ca and Mg 

containing salt solutions, although not as strong as NaCl, still had some negative effects on the 

macro-element content in rice. 
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Table 1. Mineral content of elements in Siverek rice exposed to different salt types and concentrations (µg/g)* 

Mineral 

Element 
Control 

0 mM 

NaCl CaCl2 MgCl2 

30 mM 90 mM 30 mM 90 mM 30 mM 90 mM 

Ca 831.64 ± 16.99c 472.84 ± 9.40f 509.49 ± 10.2e 2928.65 ± 59b 5687.50± 113.68a 194.93± 3.90g 647.48± 13.01d 

K 3529.06 ± 63.52a 1678.15 ± 30.2f 2324.59 ± 41.84b 1793.84 ± 32.27d 1134.37± 20.41g 1691.71± 30.43e 2011.57± 36.21c 

Mg 54.42 ± 2.16e 18.99 ± 0.74g 44.89 ± 1.79f 131.28 ± 5.24c 60.48± 2.48d 441.20± 17.64b 575.65 ± 22.92a 

Na 143.27 ± 3.57c 195.55 ± 4.87b 670.11 ± 16.74a 89.35 ± 2.22f 110.96± 2.75d 103.52± 2.57e 147.82± 3.67c 

P 489.32 ± 22.98b 319.80 ± 14.95g 553.88 ± 26.12a 340.97 ± 15.98f 433.97± 20.35c 375.46± 17.62e 389.51± 18.28d 

Fe 96.91 ± 3.84c 80.04 ± 3.28d 112.61 ± 4.44b 24.07 ± 0.96g 57.38± 2.28f 67.79 ± 2.68e 139.95± 5.56a 

Zn 27.85 ± 0.13b 29.34 ± 0.14a 24.32 ± 0.12c 21.58 ± 0.01d 27.04± 0.13b 27.24± 0.13b 23.89± 0.11c 

Co 0.293 ± 0.01e 0.296 ± 0.01e 0.31 ± 0.02d 0.44 ± 0.02c 0.51± 0.02a 0.30± 0.01d 0.46± 0.02b 

Cu 8.48 ± 0.12g 10.21 ± 0.14e 19.34 ± 0.20a 9.36 ± 0.12f 13.12± 0.15c 12.67± 0.13d 15.25± 0.18b 

Mn 4.36 ± 0.13g 36.77 ± 1.28a 9.04 ± 0.30f 16.67 ± 0.57d 11.59± 0.42e 30.52± 1.06b 17.20± 0.60c 

Mo 3.74 ± 0.18a 1.43 ± 0.07e 0.99 ± 0.04g 1.38 ± 0.06f 1.59± 0.07d 2.24± 0.11b 1.79± 0.08c 

Note: Different letters (a-g) in each line indicate significant differences by ANOVA and Duncan’s test compared to the control group.  
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Manganese (Mn) acts primarily as a cofactor in important metabolic processes related to 

photosynthesis, lipid biosynthesis, and oxidative stress in plants. When Mn is deficient, plant 

growth and yield decrease, and sensitivity to various stress factors such as pathogens, salinity, 

and frost damage increases (Socha & Guerinot, 2014; Sevilmiş et al., 2020). On the other hand, 

Mn ions have been found to play a role in ageing-related processes, regulation of protein 

synthesis and chlorophyll synthesis, although these aspects have not been extensively studied 

(Leidi et al., 1991). During transport, Mn competes with other cations as many carriers are used 

to transport the different cations. This competition can have a negative effect on Mn uptake 

(Schimansky, 1981; Kacar & Katkat, 2010). Scagel et al. (2017) studied the growth and 

development of basil plants under stress induced by CaCl2 and NaCl. The researchers reported 

that while Mn uptake is increased by NaCl treatment, it is reduced by CaCl2 treatment. In their 

study Bhattarai et al. (2022) applied NaCl salt stress to different varieties of Medicago sativa 

plants and found an increase in Mn content in all tested cultivars with increasing NaCl 

concentration. In the present study, an increase was observed in Mn content in all salt types and 

concentrations applied compared to the control group, but this increase varied according to salt 

type and concentration. In the control group, the Mn content was measured at 4.36 µg/g, while 

in the 30 mM salt treatments it was 36.77 µg/g for NaCl, 30.52 µg/g for MgCl2 and 16.67 µg/g 

for CaCl2. For the 90 mM salt treatments, it was found to be 17.20 µg/g for MgCl2, 11.59 µg/g 

for CaCl2 and 9.04 µg/g for NaCl. 

The importance of molybdenum (Mo) arises from its presence in the structure of nitrogenase 

and reductase enzymes and the role of the nitrogenase enzyme in the vital activity of 

microorganisms that fix elemental N from the atmosphere and convert it to N in the soil. 

Considering this role of Mo, a study was conducted to determine the contribution of Mo 

fertilization to the N content of chickpea plants using different doses of Mo (0, 0.05, 0.10, 0.15, 

and 0.20 ppm). Considering the total N gain, the highest value was reached at 0.15 ppm Mo, 

and the further the dose deviated from this value, the lower the N gain became. Mo deficiency 

had a negative effect on root formation, resulting in underdeveloped green parts of the plant, 

and consequently low N gain from the soil (Vural & Müftüoğlu, 2012). In our study, Mo content 

was found to be lower in all treatments than in the control, with the highest decrease in NaCl 

and the lowest in MgCl2. 

In a study by Zhang et al. (2022), the content of certain elements was measured in different 

rice varieties exposed to different NaCl concentrations as salt stress. The P content increased 

with increasing salt concentration, although this increase was statistically different depending 

on the rice variety. Similarly, stress studies conducted on different plants have also recorded 

varying levels of increase and decrease in P content depending on the species and concentration 

(Bhattarai et al., 2022; Mokabel et al., 2022). In our study, as the salt concentration of NaCl 

and CaCl2 increased, the P content increased and was found to be higher than the control at 90 

mM NaCl concentration. However, for MgCl2, there was a varying increase or decrease in P 

content depending on the concentration, and overall, there was a decrease compared with the 

control at all concentrations. The P content in all treatments was statistically different. 

Furthermore, Malkoç and Aydın (2003) reported that an increase in salt dose generally 

resulted in a decrease in the content of N, P, K, Ca, Mg, Fe, Mn, Zn, and Cu depending on the 

variety of maize (Zea mays L.) and bean plants. Zeiner et al. (2022) applied 200 mmol/L NaCl 

to different varieties of brassica plants grown in a hydroponic system. The researchers reported 

a decrease in Fe content in the white cabbage variety compared to the control, while there was 

no change in the Kale and Chinese cabbage varieties. In our study, the Fe content increased 

with the rising concentration in all three types of salts, and it was higher than the control at 90 

mM MgCl2. 
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The Cu content was higher than the control in all salt treatments, with a more pronounced 

increase observed in NaCl and MgCl2 compared to CaCl2. In terms of Zn, the highest increase 

was observed at 30 mM NaCl compared to the control (27.858 µg/g). For Co, particularly in 

MgCl2, the Co content increased with an increase in concentration and it was higher than in the 

control. In the present study, these elements showed varying degrees of increase and decrease 

depending on the concentration and type of salts. 

3.2. Proline Content 

Under stressful conditions, plants synthesize and accumulate organic substances like proline 

within the cell, which plays a significant role in maintaining membrane integrity and osmotic 

balance (Tuna & Eroğlu, 2017). Proline amino acid not only contributes to osmotic regulation 

but also plays a role in adjusting cytosolic pH, preserving the integrity of cellular structures and 

proteins and activating enzymatic processes under stress conditions (Büyük et al., 2012). 

Therefore, in the present study, the proline content of the samples was examined in comparison 

with the control in response to different concentrations and types of salt stress (Figure 1). 

Figure 1. Effect of different salinity stress on proline content (mM/g).  

Vertical bars indicate ± SE. Letters indicate significant differences compared with control group. 

The study conducted by Özden et al. (2011) reported an increase in proline levels in grape 

(Vitis vinifera) plants exposed to salt stress. Similarly, in our study, when compared to the 

control group, the proline content showed a consistent increase with the rising concentration of 

each salt type. 

The study by Özcan et al. (2000) also reported an increase in proline and Na concentrations, 

while K content decreased in plants under salt stress. Abdelhamid et al. (2013) reported that 

proline treatment through foliar spraying increased P and K concentrations while decreasing 

Na concentration under salt stress to bean (Phaseolus vulgaris L.) plants. Suleiman et al. (2023) 

studied native desert plant species under saline conditions and found that proline accumulation 

increased with increasing salinity level. In our study, the lowest proline level was obtained from 

the 30 mM CaCl2 treatment, while the highest values were obtained from the 90 mM NaCl 

treatment, when compared to the control group. Considering the literature and our study, it can 

be concluded that the decrease in proline levels is directly related to changes in Ca, Mg, Na, 

and K element levels, which vary depending on the type of salts used. This could be evidence 

that the plant has developed a tolerance or self-protective mechanism against stress. 

3.3. Total Protein Content 

Secondary effects of salinity include impaired protein functionality and reduced chlorophyll 

content due to limited photosynthesis (Zhu, 2001; Elhindi et al., 2017; Kaya & İnan, 2017). 

Data on the total protein content of extracts from the Siverek rice population exposed to three 

types of salts (NaCl, CaCl2, and MgCl2) at different concentrations (30 and 90 mM) compared 

to the control (0 mM) are presented in Figure 2. 
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Figure 2. Effect of different salinity stress on total protein content (mg/g). 

Vertical bars indicate ± SE. Letters indicate significant differences compared with control group. 

Rajakumar (2013) investigated the effect of salinity (NaCl) on seed germination and some 

biochemical cursors of rice (Oryza sativa L.) under in vitro conditions. Higher NaCl 

concentrations resulted in increased proline accumulation and reduced total protein content in 

the study and it was found that NaCl had a negative effect on seed germination and total 

biomass. In our study increasing salt concentration resulted in rising proline content and 

reducing total protein content when compared with the control group. Among all treatments, 

the lowest decrease in total protein content was observed in CaCl2 treatment, while the highest 

was observed in NaCl treatments. Demir and Kocaçalışkan (2001) found that soluble protein 

content decreased in salt-sensitive bean (Phaseolus vulgaris L.), and Karaman and Kaya (2015) 

reported a similar decrease in lentil under NaCl treatment, which is consistent with our findings. 

4. DISCUSSION and CONCLUSION 

In the present study, the mineral element contents, total protein, and proline levels were 

investigated for the first time in the Siverek rice population under different types/concentrations 

of salt. It is concluded that the reason for changes in cations may be relevant with their 

concentration and competition with each other. A decrease in Ca, Mg, and K levels during NaCl 

treatment or a decrease in Na, Mg, and K levels during CaCl2 treatment may suggest evidence 

for it. 

The changes in mineral elements involved in biochemical and enzymatic activities are 

remarkable. Mn plays a crucial role as a micronutrient in supporting the growth and 

development of plants. The subcellular Mn amount to maintain Mn-dependent metabolic 

processes such as ROS scavenging, and photosynthesis is mediated by a multitude of transport 

proteins from diverse gene families (Alejandro et al., 2020). Mn level increased in all 

treatments, but total protein content decreased in the current study. This change in manganese 

may be linked to other metabolic events related to the stress response other than protein content. 

Cu acts as a cofactor in proteins engaged in electron transfer reactions and serves as a vital 

micronutrient for plant growth (Burkhead et al., 2009). It can be concluded that similar changes 

in both Cu and Mn levels may considerably affect the generation of ROS due to their role in 

the electron transport system.  

Salt stress studies focusing on NaCl have usually led to insufficient information on other 

chloride compounds, sulphates, nitrates, etc. and to confusion of information. Therefore, 

understanding the effects of different types of salts on plants and the complex responses of 

plants to these effects remains an area of interest. Further studies on salt stress, supported by 

molecular investigations, could identify genes that are activated in response to stress caused by 

different types of salts. Therefore, this study is essential for understanding the stress caused by 
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NaCl and other chloride compounds in rice and may shed light on the complex responses of 

plants to different types of salts. 
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