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Abstract 
 

Salinity is an unfavorable environmental factor for plants that affects their growth and fertility. Rice, the second 

most produced grain in the world after wheat, is relatively sensitive to salt stress. To assess the response of the 

Hashemi rice genotype and its advanced mutant line under stress, root samples were used for biochemical 

analysis. In this study, an advanced mutant line of Hashemi rice (tolerant to salinity stress) resulting from 

irradiation with gamma rays and its wild line (variety Hashmi - sensitive to salt stress) were exposed to salt stress 

in chopped plots. The experiment was conducted using a completely randomized block design with three 

replications, utilizing a hydroponic solution. The main factor in the experimental design was salinity treatment 

(0, 100, and 150 mM sodium chloride) and sampling time, with two levels. The sub-factor included genotypes. 

The results showed that while the amount of H2O2 increased significantly in both genotypes when exposed to 

NaCl, it was higher in the wild genotype. The activity of antioxidant enzymes was significantly increased in the 

advanced mutant line. Additionally, gene expression increased at different concentrations of salinity stress, with 

higher values observed in the rice mutant line compared to its wild line. Overall, these findings are valuable for 

identifying and introducing genes specifically involved in salt stress tolerance in rice roots during the seedling 

stage for use in breeding programs. 
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Introduction 

Rice (Oryza sativa) is a valuable crop that serves as the 

staple food for nearly half of the world's population. 

However, abiotic stresses such as salinity and drought, 

also known as osmotic stress, can significantly reduce 

its yield (Hasanuzzaman et al., 2019). Biotic and abiotic 

stresses are key factors that limit the growth and yield of 

rice, with projections indicating that by 2050, over 50% 

of the world's agricultural land will be affected by 

drought and salinity stress (Chauhan et al., 2017). 

Drought and salinity are the primary abiotic stresses that 

rice plants encounter from germination to harvest (Bhat 

et al., 2020). Salinity poses a serious threat to crops, 

underscoring the need to identify tolerant genetic 

resources and effective strategies (Beyzavi et al., 2021). 

Despite the identification of various rice varieties with 

differing levels of salinity tolerance, rice remains one of 

the most sensitive grains to this stress (Chen et al., 

2021). Rice is classified as a sensitive plant to salinity 

stress during both vegetative and reproductive growth 

stages (Zhang et al., 2019). According to literature, in 

electrical conductivities (EC) higher than 3, for each 

increase of one unit of salinity, 12% of rice yield is 

reduced. In EC equal to 6, a 50% decrease in yield has 

been reported (Chen et al., 2021). Rice cultivation holds 

special significance in Iran, but the increasing salinity of 

agricultural soils has posed challenges to its production 

(Nabiollahi et al., 2017). Developing cultivars that are 

tolerant to salinity stress is a crucial aspect of breeding 

programs (Kordrostami et al., 2017). 
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The plant defense system can be evaluated at three 

levels: Morphological, biochemical, and molecular. 

Among the molecular and biochemical factors involved 

in this defense system are various transcription factors, 

receptors, and antioxidant enzymes (Upadhyay et al., 

2019). Additionally, salinity-induced oxidative stress 

leads to the production of significant levels of reactive 

oxygen species (ROS), which cause lipid peroxidation 

and interfere with membrane stability under stressful 

conditions (Chunthaburee et al., 2016). The free radical 

removal system is one of the mechanisms involved in 

tolerance to all kinds of stresses. The production speed, 

production rate, stability, and performance power of 

enzymatic and non-enzymatic antioxidants are among 

the most important parameters effective in maintaining 

cellular homeostasis in various organisms, especially 

plants (Riyazuddin et al., 2020). Lipoxygenase (LOX), 

belonging to the family of non-heme iron dioxygenases, has 

been identified in many living organisms, including plants, 

animals, fungi, and bacteria (Banthiya, 2017). This enzyme 

has the ability to oxidize unsaturated fatty acids such as 

linolenic acid and linoleic acid, producing hydroxy 

unsaturated fatty acids with its catalytic reaction (Wennman et 

al., 2016). It also converts other hydroperoxides to water and 

corresponding alcohols using reduced thioredoxin or other 

reducing equivalents as electron donors (Bela et al., 2015). 

Glutathione peroxidase )GPX( is found both inside the cell 

(cytosol, vacuole) and in the cell wall and outside the cell. It is 

a key enzyme in removing hydrogen peroxide radicals 

(Roychoudhury, 2014). In addition to hydrogen peroxide, this 

enzyme also acts to break down lipid peroxides into their 

corresponding alcohols, which are mainly located in the 

mitochondria and sometimes in the cytosol (Ighodaro et al., 

2017). In Arabidopsis thaliana, eight members of the GPX 

gene family were identified through extensive research, with 

some highly regulated under salt stress (Milla et al., 2003). 

Further investigations of biochemical and genetic mechanisms 

related to salinity tolerance are crucial for addressing this 

global problem (Zeeshan et al., 2020). Considering these 

complications, using isogenic or mutant lines with the same 

genetic background but showing different tolerance to salinity 

can be a suitable method to improve salinity tolerance in 

plants (Kiani et al., 2017). The development of salt-resistant 

cultivars may be the most effective approach for rice 

cultivation in salt-damaged lands (Tahjib al-Araf et al., 2017). 

In this study, the difference between the mutant line and the 

wild in terms of traits related to salt stress tolerance was 

investigated. The evaluation of LOX and GPX genes, as well 

as some biochemical traits under salt stress, was also 

conducted. This was done in order to identify the resistant 

bases of the plant using these enzymes and genes. 

 

Materials and methods 

Cultivation and sampling: In this study, rice seeds of the 

Hashemi genotype were used as the sensitive wild, along with 

advanced mutant lines (7th generation) obtained from the 

Rasht-Kishor Rice Research Institute in 2023. The 

mutant line was created through gamma irradiation from 

a Cobalt 60 source and has been identified as a tolerant 

line to salt stress in field evaluations with 8 decisiemens 

salinity. The research was conducted using a split-plot 

based on a randomized complete blocks design with 

three replications through a hydroponic solution. The 

seeds were treated with a 10% calcium hypochlorite 

solution for cleaning, then placed in a dark incubator at 

23°C for six days to germinate. The germinated seeds 

were then transferred to Yoshida culture medium 

(Yoshida et al., 1976). The nutrient solution was 

changed every three days, and the acidity was adjusted 

to 5.7 with sodium hydroxide (NaOH) solution. After 

six days of growth in the normal culture medium, salt 

stress was applied by adding 100 and 150 mM NaCl for 

an additional six days. Samples were taken at three and 

six days after the salt stress application from both 

normal and saline environments, specifically from the 

root tissue, and immediately frozen in liquid nitrogen at 

-196°C for biochemical trait measurements. 

Measurement of enzymes and biochemical traits: 
The activity of the LOX enzyme was measured using 

the method of Minguez-Mosquera, (1993), In this 

method, the reaction mixture contained 25 μL of 100 

mM linoleic acid as the substrate, 2.775 mL of 100 mM 

acetic acid buffer (pH = 5.5), and 200 μL of enzyme 

extract. The reaction was carried out for 1 minute at 

30°C. Subsequently, the absorbance of the reaction was 

measured at 234 nm. 

While the amount of GPX was measured following 

the method of Griffith (1980). To measure the amount 

of glutathione peroxidase, first, 0.5 g of plant leaves 

were ground completely in a porcelain mortar 

containing 2 ml of 2% metaphosphoric acid. The 

resulting homogeneous solution was transferred to a 

centrifuge tube and centrifuged at 10,000 g for 10 

minutes at 4°C in a refrigerated centrifuge. Then, 100 

μL of the supernatant solution was added to a test tube 

containing 700 μL of NADPH, 100 μL of dithiobis, and 

100 μL of distilled water. After 3-4 minutes, 10 μL of 

glutathione was added, and the absorbance was read at 

412 nm. 

Malondialdehyde, an indicator of lipid peroxidation, 

was measured based on the method of Heath and Packer 

(1968). To measure the concentration of sodium and 

potassium, plant samples were dried in an oven for 48 

hours at 72°C, powdered, and then processed. The 

powdered tissue was mixed with 100 mg of 500 mM 

nitric acid and left at room temperature for 24 hours 

before being extracted at 85°C for two hours. The 

solution was then filtered, and sodium and potassium 

ions were measured using the film photometer method 

(Williams and Twain, 1960). 

Gene expression study: RNA extraction was 

performed using P-Biosol extraction buffer from 

Bioflex (Tokyo, Japan) (Fig. 1). The quality of the 

extracted RNA was assessed through electrophoresis on 

a 1.5% agarose gel. Subsequently, cDNA synthesis was 

carried out using the method proposed by the 

Fermentase Company, and the synthesized cDNA was 

tested with actin housekeeping gene primers using PCR. 
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Figure 1. RNA extracted from rice roots of both wild and mutant genotypes under saline conditions 

 
Table 1. Specifications of the primers used 

Initiator name Primer sequence 

The length of 

the reaction 

product 

Melting 

temperature 

(Cº) 

Accession 

number at 

NCBI 

Actin, FOR 5′-TCCCGAGTATTGTTGGTCGT-3′ 
176 

58 
AF111812 

Actin, REV 5′-TCCATGTCATCCCAGTTGCT-3′ 58 

FOR LOX 5′-GGTGTTCTGCGAGGTGATGA-3′ 
180 

60 
X16099 

REV LOX 5′-AGGGTGGTGCTTCAGCTTGT-3′ 60 

FOR OsGPX1 5′-AAGCGGAAAAGACGTGAACC-3′ 
180 

59 
AY100689 

REV OsGPX1 5′-TCCTGCCCTCCAAACTGATT-3 59 

 

The expression pattern of LOX and GPX genes was 

evaluated using the iQ5 device from Bio-Rad and the 

Cyber Biopars kit (Gorgan University of Agricultural 

Sciences and Natural Resources) for real-time 

evaluation. The housekeeping gene actin was used for 

data normalization. Primers were designed based on 

information from the NCBI website and Primer 3 

software, with sequence lengths between 132 and 187 

bp and melting point temperatures between 51.4 and 

60°C. Data analysis was conducted using REST 

software (Table 1). 

Data analysis: The data obtained from biochemical 

traits was analyzed using SAS statistical software. The 

comparison of average data was conducted using the 

LSD test method, and graphs were created using Excel 

software. 

The relative expression of the studied genes was 

calculated using the following formula (Pfaffle et al., 

2002). 

 
In this equation, the ratio of the expression level of a 

target gene is calculated based on the PCR for the target 

and reference genes and the difference (Δ) of the 

crossing point (CP) of an unknown sample versus the 

control (CP control-sample Δ). Evaluation of gene 

expression was done by Excel and REST software. In 

this experiment, the samples were measured with 

respect to a housekeeping gene, which here was Actin 

and had the same expression in all stages of plant 

growth and under all conditions. At the end of the 

reaction and after receiving the charts, the information 

was transferred to REST software, and data analysis 

was done. 

 

Results and discussion 

The analysis of variance for elements measured in roots 

at the seedling stage showed that the three-way effects 

of genotype × time × stress were not significant for 

sodium concentration but were significant for other 

traits (Table 2). 

The results of analysis of variance also showed that 

the triple effect of genotype × time × stress was not 

significant in the case of malondialdehyde (MDA), but 

it was significant for LOX and GPX enzymes at the 

level of 1% and for hydrogen peroxide at the level of 

5%. (Table 3). 

Sodium and potassium and their ratio: The 

concentration of sodium ions in the roots of wild and 

mutant rice seedlings increased after exposure to salt 

stress, with a significantly lower increase observed in 

the mutant genotype compared to the wild (Fig. 2). 

Conversely, the amount of potassium ions in the roots 

decreased during salinity stress in both genotypes (Fig. 

3). Additionally, the ratio of sodium to potassium in 

wild and mutant genotypes increased in the initial 

sampling under 100 μM treatment and then decreased as 

stress concentration increased. In the second sampling, 

under both 100 and 150 mM treatments, the sodium to 

potassium ratio increased in both genotypes, with no 

significant difference observed between the levels  

(Fig. 4). 

The decrease in potassium concentration in the 

tissue may be attributed to the competition between 

sodium and potassium on the cell membrane, hindering 

the transport of these ions in the xylem and the release 

of potassium outside the root (Khan and Panda, 2008). 

Various plant species have shown an increase in  

sodium ion accumulation, a decrease in potassium ion 
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Table 2. Variance analysis of the concentration of sodium and potassium elements and the ratio of sodium to potassium in the 

roots of the wild and mutant rice genotypes under stress conditions  

Sources of variation df 

Root 

Sodium / 

Potassium 
Potassium Sodium 

Block 2 0.001 19.53 7/03 

Stress 1 4.81** 3900.34** 1019.84** 

Time 1 0.11** 1327.59** 555.84** 

Time × stress 1 0.04** 776.34** 2.34ns 

Error 1 6 0.0003 7.78 1.61 

Genotype 1 0.061** 3139.59** 433.5** 

Genotype × Stress 1 0.044** 615.09** 294** 

Genotype   × Time 1 0.006** 348.84** 18.37ns 

Genotyp   × Time   × Stress 1 0.003* 207.09** 9.37ns 

Error 2 8 0.001 21.75 25.5 

n.s, * and **: non-significance, significance at 5% and 1% levels respectively 

 
Table 3. Variance analysis of the traits studied in the root of the wild and mutant rice genotypes under salt stress conditions 

Sources of variation df 

Root 

Glutathione 

peroxidase 
Lipooxygenase Malondialdehyde 

Hydrogen 

peroxide 

Block 2 0.57 0.45 0.015 0.0002 

Stress 1 **60.96 **196.65 **771.23 **1.80 

Time 1 n.s0.11 **1.65 **50.02 **0.039 

Time × Stress  1 **17.59 **0.37 **7.09 **0.005 

Error 1 6 0.33 0.31 0.44 0.0003 

Genotype 1 **68.85 **139.68 *233.43 **0.058 

 Genotype× Stress  1 **49.16 **47.04 **16.08 **0.002 

 Genotype ×Time  1 **107.73 **19.44 *1.14 ns0.0002 

Genotyp  ×Time  ×Stress 1 **56.27 **4.59 ns0.075 *0.009 

Error 2 8 0.17 0/07 0.19 0.0006 

n.s, * and **: non-significance, significance at 5% and 1% levels respectively 

 

 
Figure 2. Sodium concentration in roots of wild and mutant rice genotypes under salinity stress conditions 

 

absorption, and an imbalance of these ions during salt 

stress. It can be suggested that the higher concentration 

of potassium ions and the elevated potassium to sodium 

ratio in the mutant leaf exposed to salt stress may be an 

adaptive response to maintain high potassium levels in 

stomatal cells during salt stress (Fallah, 2015). 

Plants accumulate various compatible solutes in the 

cytoplasm to enhance their hyperosmotic balance and 

protect cells from water stress caused by salinity. This 

process helps maintain the osmotic potential of Na+ and 

Cl- in the vacuole (Islam et al., 2016). Improved salt 

tolerance in rice is closely related to maintaining a low 

Na:K ratio, which is achieved through mechanisms such 

as salt removal, salt dilution, leaf-to-leaf division, salt 

reabsorption, and Na+ partitioning (Omisun et al., 

2018). During salinity stress, Na+ and K+ ions compete 

for entry into plant cells. When potassium absorption 

surpasses that of sodium ions, the plant exhibits greater 

resistance to salinity stress, resulting in reduced sodium 

toxicity (Chen et al., 2015). Fallah (2015) demonstrated 
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Figure 3. Potassium concentration in roots of wild and mutant rice genotypes under salt stress conditions 

 

 
Figure 4. Sodium ions to potassium concentration in roots of wild and mutant rice genotypes under salinity stress conditions 

 

that under salinity stress, sodium tends to accumulate in 

the roots rather than transferring to the leaves in rice 

seedlings. Tolerant cultivars show more effective 

strategies for coping with salt stress. 

Hydrogen peroxide and lipid peroxidation: Salt 

stress resulted in this study; salt stress was applied, 

resulting in an increase in the amount of hydrogen 

peroxide. The mean comparison results indicated that 

during the first and second samplings, the levels of 

H2O2 and MDA in the wild genotype under normal and 

stress conditions were higher than those in the mutant 

genotype (Figs. 5 and 6). 

Oxidative stress caused by salinity leads to the 

production of a significant level of ROS in rice, which 

causes lipid peroxidation and interferes with membrane 

stability under stressful conditions (Chunthaburee et al., 

2016), and Lin et al. (2016) demonstrated the impact of 

salinity on H2O2 production. The level of lipid 

peroxidation is correlated with the accumulation of 

MDA. This study showed the highest amount of MDA 

in response to salinity stress, indicating the highest level 

of lipid peroxidation occurred six days after exposure to 

salinity stress in the rice roots of the wild genotype 

compared to the mutant (Figs. 5 and 6). These findings 

suggest that the damage caused by ROS on the plasma 

membrane was more pronounced in the wild genotype. 

Mutant genotypes exhibited lower levels of MDA in 

shoots and roots compared to their wild type 

counterparts. The results indicate that mutants possess a 

greater ability to withstand salt stress-induced damage 

to the cell membrane than wild genotypes. Chutipaijit et 

al. (2009) found that rice seedlings with lower levels of 

MDA displayed increased tolerance to salt stress. In 

other reports, plants suffering from salt stress, such as 

barley (Kiani et al., 2017) and wheat (Nouri et al., 

2015), have shown that the level of malondialdehyde 

can be used as an oxidative stress marker. The results 

show that salt stress leads to an increase in the 

accumulation of toxic compounds such as hydrogen 

peroxide in rice plants, which leads to the induction of 

oxidative stress and damage to biological 

macromolecules, including membrane lipids. The 

increase in malondialdehyde levels also confirms this 

(Ghorbani et al., 2019). Increased accumulation of 

hydrogen peroxide damaging biological membranes 

under salinity stress was also reported by Ghorbani et 

al. (2018) and Xu et al. (2022). Therefore, one of the 

main reasons for the reduction in growth and 

development of plants under salt stress is the induction 

of oxidative stress and damage to the plant's vital 
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Figure 5. Hydrogen peroxide concentration in roots of wild and mutant rice genotypes under salt stress conditions 
 

 
Figure 6. Malondialdehyde concentration in roots of wild and mutant rice genotypes under salt stress conditions 

 

processes. Salinity stress destroys ionic homeostasis by 

increasing sodium accumulation and decreasing 

potassium accumulation, creating ionic toxicity in 

plants, which inhibits their growth and development 

(Ghorbani et al., 2023). Chen et al. (2020) reported that 

salinity prevents the growth of flax plants by increasing 

sodium accumulation and decreasing potassium 

absorption. Our results showed that salt stress increased 

sodium accumulation in roots and leaves. While 

decreasing potassium accumulation in roots and leaves. 

This caused a decrease in the potassium to sodium ratio 

in roots and leaves, which is consistent with the results 

obtained by Liu et al. (2022) and Jini and Joseph 

(2017). Considering the induction of oxidative stress 

and the increase in MDA levels in plants under salt 

stress, the disruption of potassium to sodium 

homeostasis can be partly caused by the induction of 

oxidative stress and damage to the structure and 

function of plasma membranes. 

Antioxidant enzymes: The results of the mean 

comparison showed a significant increase in the amount 

of LOX enzyme in the studied mutant compared to its 

wild type after being affected by stress. The mutant 

variety exhibited the highest amount of enzyme under 

stress, reaching 150 ml in both sampling stages. The 

free radical removal system is a mechanism involved in 

tolerance to various stresses. The production speed, rate, 

stability, and performance power of enzymatic and non-

enzymatic antioxidants are crucial approaches in 

maintaining cellular homeostasis in different organisms, 

particularly plants (Riyazuddin et al., 2020). 

Additionally, it was observed that stressful conditions 

significantly increase the activity of LOX, an important 

lipid-related enzyme in plant cells (Lim et al., 2015). 

In this study, the levels of oxidative stress, lipid 

peroxidation, H2O2, and LOX activity increased under 

salt stress. The rise in lipid peroxidation and H2O2 levels 

during salt stress is attributed to the increased 

production of ROS, which the plant is able to eliminate 

through defense mechanisms, indicating that the mutant 

plant has developed sufficient defenses against 

oxidative stress. LOX, a key enzyme in this process, 

plays a crucial role. Additionally, the intermediate and 

final products of the LOX pathway can activate protein 

kinases, transmit signals, and facilitate transduction, 

making LOX activity a valuable molecular marker for 

plant response to abiotic stresses (Babenko et al., 2017). 

Therefore, this enzyme is synthesized to protect the 
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Figure 7. Lipoxygenase enzyme in roots of wild and mutant rice genotypes under salt stress conditions 
 

 
Figure 8. Glutathione peroxidase enzyme in roots of wild and mutant rice genotypes under salt stress conditions 

 

plant from oxidative damage. From an enzymology 

perspective, LOXs are linoleate: oxygen 

oxidoreductases, functioning as multifunctional 

enzymes involved in lipid peroxidation, peroxidase, 

hydrogen peroxide, and leukotriene synthesis reactions 

(Li et al., 2014). LOX can oxidize unsaturated fatty 

acids like linolenic acid and linoleic acid, generating 

hydroxy unsaturated fatty acids through its catalytic 

activity (Wennman et al., 2016). In a study on potato 

plants, an increase in lipoxygenase activity was also 

reported under salt stress (Daneshmand, 2014). Salt 

treatment increased the activity of antioxidant enzymes 

in wheat (Talaat and Todorova, 2022). 

The results of the mean comparison of the amount of 

glutathione peroxidase enzyme showed that as stress 

increased, the amount of enzyme increased in both 

varieties under treatment. This increase was more 

pronounced in the mutant variety, particularly during 

the second stage of sampling. The highest amount of 

GPX enzyme recorded was 25.77 mg/protein, which 

occurred under the treatment of 150 ml in the mutant 

variety during the second sampling (Fig. 8). 

To cope with oxidative stress induced by 

environmental factors, plants possess an antioxidant 

defense system that enhances plant adaptation 

efficiently (Isayenkov and Maathuis, 2019). In plants, 

GPX is a non-heme-containing peroxidase that plays a 

crucial role in catalyzing H2O2 and other 

hydroperoxides into water and corresponding alcohols 

using reduced thioredoxin or other reducing equivalents 

as electron donors (Bela et al., 2015). Mutation of 

APX1/2 in rice (double mutation for cytosolic APXs) 

has been shown to increase the amount of H2O2 

(Bonifacio et al., 2011). There is a direct relationship 

between the activity of glutathione peroxidase and the 

detoxification of lipid hydroperoxides and other reactive 

molecules in various species under different stress 

conditions, particularly salinity (Dixon and Edwards, 

2010). These enzymes employ different mechanisms to 

neutralize H2O2 under stress conditions, prompting 

plants to activate these enzymatic antioxidant systems to 

prevent the excessive accumulation of ROS under stress 

conditions (Hassan et al., 2017). 

Expression of genes: The study on lipoxygenase 

gene expression revealed that applying salt stress 

increased gene expression in both sampling stages. The 

highest expression value of gene 23 was observed in the 

mutant cultivar under the treatment of 150 ml during the 
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second sampling, and the difference with the levels of 

other treatments was significant. LOX have various 

functions and are involved in growth, development, 

seed germination, fruit ripening, aging, cell death, and 

the synthesis of abscisic acid and jasmonic acid 

hormones, as well as response to biotic and abiotic 

stresses (Wang et al., 2019; Viswanath et al., 2020). 

This increase in expression began 2 hours after salt 

treatment. The expression level of 7SiLOX significantly 

increased 4 days after stress and peaked at 6 days in 

variety under stress treatment (Zhang et al., 2021). In a 

study conducted by Shaban et al. (2018), increased 

expression of LOX-9 gene was reported in cotton plants 

under drought and salinity stress conditions. These 

results are consistent with the findings of the present 

study. 

In the analysis of the GPX gene under salt stress, it 

was observed that in the first sampling with 100 ml of 

salt treatment, there was a significant increase in gene 

expression in both cultivars compared to the control 

sample. In the treatment of 150 ml, the highest 

expression of the GPX gene was observed in the mutant 

variety during the second sampling. Under salt stress, 

the increase in intracellular levels of ROS causes 

significant damage to cellular structures and affects the 

expression of a number of genes, such as SOD and GPX 

(Gill and Tuteja, 2010). It has been shown that a number 

of proteins are induced by abiotic stresses, indicating 

the complexity of biochemical and molecular responses 

of plants to stress (Arefian et al., 2014). In different 

plant species, several genes encoding GPX have been 

identified and characterized. The effective role of GPXs 

in protecting cells against oxidative damage by acting as 

efficient ROS scavengers under various abiotic stresses, 

such as salinity, heavy metals, cold, and drought, has 

been documented (Zhang et al., 2019). GPX plays an 

important role in maintaining the health of cells in 

stressful environmental conditions by eliminating 

superoxide radicals, catalyzing their conversion to O2, 

and reducing H2O2 and organic H2O2 to water and 

alcohols using reduced glutathione (GSH) (Alharby et 

al., 2016). An increase in GPX mRNA expression was 

observed in tomatoes under saline conditions (Srinineng 

et al., 2015). The increase in mRNA levels of SOD and 

GPX genes can also result from increased stability of 

transcriptional mRNAs (Soydam et al., 2013). 

The salt tolerance of transgenic rice was 

significantly improved by overexpressing the NnGPX 

gene transformed from lotus (Diao et al., 2014). In 

Lotus japonicus, GPXs have been found to be major 

scavengers of ROS in nodules, as overexpression of 

LjGPX1 and LjGPXs3 effectively provides protection 

against salt stress-induced oxidative damage, especially 

in nodules (Matamoros et al., 2015). Additionally, the 

GPX gene family was recently characterized in 

rapeseed, with 25 GPX genes identified, and their roles 

in multiple abiotic stress responses and hormonal 

signaling have been documented (Li et al., 2021). 

 

Conclusion 

The results of this experiment confirm that soil salinity 

has a significant adverse effect on growth and also 

causes ROS production and removal inside the cell. 

Further studies should be conducted to find the possible 

mechanism at the molecular level in cereal crops in 

saline environments. The results also showed that the 

mutants studied had much better inhibition of hydrogen 

peroxide by increasing the activity of the antioxidant 

enzyme system at salinity levels compared to their wild 

as a result, they had the lowest amount of hydrogen 

peroxide and lipid peroxidation. Therefore, the mutant 

line studied showed resistance to salinity by reducing 

the amount of H2O2 and lipid peroxidation and inducing 

an increase in the activity of the antioxidant enzymes 

studied compared to its wild. The results showed that in 

the wild, the inhibitory systems are limited compared to 

the mutants, and therefore it is unable to cope with 

salinity stress due to the inefficiency of its antioxidant 

defense systems; as a result, higher amounts of H2O2 

and lipid peroxidation were observed. From the above 

results, it can be concluded that the increase in the 

activity of antioxidant enzymes during salt stress is 

important for protection against ROS. As a result, 

investigating the effects of salt stress with the help of 

this type of enzyme can lead to the identification of 

resistant roots of a plant, because there is a good 

relationship between tolerance to environmental stresses 

and changes in the concentration of these enzymes in 

plants. Considering that the production of any substance 

in cells is under the control of genes, it is possible to 

produce salt-resistant plants more quickly by identifying 

the genes responsible for the production of these 

substances and transferring them to other plants. 

Considering the superiority of the mutant genotype in 

most of the traits studied, it can be concluded that 

mutation, as a useful tool in plant breeding programs, is 

capable of providing heritable diversity for selection. In 

order to improve salt tolerance in rice cultivars, it is 

suggested that the use of more advanced techniques 

such as genome editing (CRISPR) to identify and 

modify key genes can lead to enhanced capabilities to 

cope with salt stress. Also, studying the effect of salt 

stress under different cultivation and climatic conditions 

can help to better understand the diversity of responses 

and have better choices for breeding. According to the 

findings of this study, breeding and production of more 

salt-tolerant rice cultivars can be considered an effective 

approach to increase productivity in saline and salt-

producing lands. These findings and perspectives can 

help develop effective strategies in rice cultivation in 

areas under salt stress. 
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