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ARTICLE INFO 
 

ABSTRACT 

  Salt stress severely affects the growth and physiological characteristics during the early growth 
stages of rice (Oryza sativa L.). This study aimed to investigate the potential impact of exogenous 
selenium (Se) in mitigating the adverse effects of salt stress during rice germination and seedling 
establishment. At the germination stage, seeds were incubated for nine days under either non-stress 
(control) or 100 mM NaCl stress conditions, with or without Se supplementation. At the seedling 
stage, rice plants were grown hydroponically in nutrient solution under control or 100 mM NaCl 
conditions, again with or without Se. The results revealed that NaCl-stressed rice plants markedly 
compromised germination indices and plumule growth and reduced photosynthetic pigment 
contents. Under salt stress, rice plants also exhibited enhanced H2O2 accumulation, elevated lipid 
peroxidation measured as malondialdehyde (MDA) level, and increased activities of antioxidant 
enzymes - peroxidase (POD) and ascorbate peroxidase (APX). In contrast, exogenous Se 
application significantly improved germination indices, and seedling growth under salt stress. 
Selenium treatment also enhanced chlorophyll and carotenoid synthesis and boosted antioxidant 
enzyme activities while suppressing the accumulation of H2O2, thereby protecting against oxidative 
damage. Furthermore, exogenous Se alleviated membrane injury under saline stress, as reflected 
by significantly lower MDA levels in stressed seedlings. Finally, these findings suggest that 
exogenous Se enhances salt stress tolerance in rice by strengthening antioxidant defense responses 
and reducing oxidative damage during early growth stages. 
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1. Introduction 

Soil salinization is one of the major abiotic stresses 
adversely affecting crop production. Salinity of arable land 
is an escalating problem worldwide, which confines crop 
productivity by affecting plant growth and restricting land 
use (Safdar et al., 2019; Ondrasek et al., 2022). Soil 
salinization is the result of both natural processes and 
human activities (Safdar et al., 2019; Ondrasek et al., 
2022; Atta et al., 2023). Climate change and inappropriate 
agronomic practices are progressively increasing the salt-
affected areas which in turn cause threat to food security 
(Ondrasek et al., 2022). If it continues, it is projected to 
result in the loss of 50% of cultivable land by 2050 (Atta et 
al., 2023). Therefore, the utilization of salt-affected land for 
crop production is crucial to meet expanding food demand 
(Safdar et al., 2019). 

For sustainable food production and security, exploration 
of effective methods and strategies to improve salt 
tolerance of crops, and thereby bring saline soil under 

cultivation, is vital. Soil salinity adversely impacts plant 
development by altering metabolic activities, disrupting 
ionic balance, triggering osmotic and oxidative stress, etc. 
(Safdar et al., 2019; Ondrasek et al., 2022). Several 
studies have reported that exogenous application of 
potential substances, also called biostimulants, can play a 
role in reducing salt stress damage and enhancing salt 
tolerance via activating various metabolic processes 
(Nephali et al., 2020; Quamruzzaman et al., 2021; 
Lakhdar et al., 2023; Jiang et al., 2024). Specific nutrients 
(macro- or micronutrient) have also been applied for 
alleviating the adverse effects of salinity stress (Shahverdi 
et al., 2018; Kamran et al., 2019; Rajput et al., 2021; 
Tsivileva, 2025). It has been reported that selenium (Se), 
an essential micronutrient for humans and animals, exerts 
beneficial impacts on plants grown under stress conditions 
(Kamran et al., 2019). Selenium has been categorized as 
a beneficial (non-essential) element for plants, which 
plays a significant role in regulating biochemical 
processes (Sieprawska et al., 2015; Kamran et al., 2019; 
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Tsivileva, 2025). However, Se exhibits both beneficial and 
toxic responses to plants, depending on plant species and 
Se concentration. Se supplementation at lower dosages 
acts as an antioxidant and gives protection to plants from 
oxidative damage by activating the antioxidative 
mechanisms (Kamran et al., 2019; Tsivileva, 2025). 

Many studies have demonstrated that Se may act as a 
protective agent against several abiotic stresses, such as 
heavy metals (Sardar et al., 2022; Jia et al., 2023), drought 
(Nawaz et al., 2015; Rady et al., 2020), high temperature 
(Djanaguiraman et al., 2010) and salinity (Jiang et al., 
2017; Rasool et al., 2023; Fatahiyan et al., 2025). 
Exogenous supplementation of Se has been exhibited 
significant improvement in the growth and development of 
several crops under salt stress conditions by increasing 
photosynthetic pigments levels, accumulating 
osmoprotectants, activating enzymatic and non-
enzymatic defense mechanisms, reducing reactive 
oxygen species (ROS) levels, and regulating Na+ 
transporters responsible for ion homeostasis (Rasool et 
al., 2023; Hussain et al., 2023a, 2023b; Zafar et al., 2024; 
Mishra et al., 2025; Fatahiyan et al., 2025). 

For safeguarding global food security and sustainability, 
the persistent supply of rice (Oryza sativa L.) is crucial as 
it is a staple diet for more than half of the world’s 
population (Hashim et al., 2024). Globally, over 21% of 
caloric needs of a human is met by rice, whereas in 
Southeast Asia, it encompasses around 76% of calorific 
intake (Mohidem et al., 2022). Globally, rice production is 
substantially threatened by several abiotic stresses, 
including salinity (Kumar et al., 2022; Mishra et al., 2025). 
Global warming, climate change, and rising sea levels are 
predicted to worsen the negative effects of soil salinization 
on rice productivity onwards (Kumar et al., 2022; Mishra 
et al., 2025). In saline soil, rice performs poorly than other 
major cereal crops such as wheat and maize, therefore, it 
is classified as a salt-sensitive crop (Kumar et al., 2022; 
Munns and Tester, 2008). Soil salinity adversely affects 
seedling growth, panicle initiation, spikelets per panicle, 
and ultimately grain yield in rice (Mishra et al., 2025; 
Sackey et al., 2025). Reduced tiller number, leaf area, and 
biomass, delayed flowering, and lower seed set also occur 
in rice crops due to salinity (Sackey et al., 2025). 
Therefore, for coping with hostile saline soils and 
sustaining rice production, exploration and 
implementation of effective tactics such as improved 
agricultural practices, use of biostimulants, genetic 
enhancement, etc., are crucial. 

Taking the above-mentioned points into view, this 
research was designed to investigate the impact of 
exogenous selenium on rice seedlings under high salinity. 
Growth and biochemical responses of salt-stressed rice 
after application of exogenous selenium were assessed to 
inspect the potential contribution of selenium in improving 
the tolerance of plants to salt stress. 

2. Materials and Methods 

2.1. Experimental location and material 

The experiment was conducted at the laboratory of the 
Department of Biochemistry and Molecular Biology, 
Bangladesh Agricultural University, Mymensingh, during 
the period from October 2019 to March 2020. Seeds of 
BRRI dhan-29, collected from the Bangladesh Rice 
Research Institute, Gazipur, were used for experiments.  

2.2. Germination of seeds  

Seeds were surface sterilized by soaking in 2.5% sodium 
hypochlorite + 2.0% Tween-20 solution for 15 minutes, 
followed by washing with distilled water (dH2O) for four 
times. Then the seeds were soaked in dH2O and kept in 
the dark at 25°C. After 24 hours of imbibition, seeds were 
placed on petri dishes and divided into four treatment 
groups (Fig. 1A). In the first group, seeds were placed in 
a petri dish containing dH2O-soaked paper, and this petri 
dish was marked as control (C). In the second group, 
seeds were kept in a petri dish where 10 mL of 100 mM 
NaCl solution was added to soak the paper and marked 
as NaCl group. The third group was marked as NaCl+Se, 
where a solution of 100 mM NaCl with 1 μM selenium (Se) 
(in the form of Sodium selenate; Na2SeO4) was supplied 
to the seeds. In the case of the fourth group, seeds were 
supplemented with only Se solution and therefore, 
designated as Se group. All treatment conditions were 
replicated thrice. Afterwards, the petri dishes were kept in 
the dark at 25°C for seed germination. When the radicle 
reached a length of 2 mm, a seed was considered 
germinated.  

2.3. Measurement of germination indices 

The number of germinated seeds was recorded from the 
4th day after incubation (DAI) up to 9th DAI (Fig. 1A). 
Moreover, the radicle length (RaL) and plumule length 
(PL) were recorded on the 9th DAI. By using the 
germination counts, several germination indices such as 
final germination percent (FGP) and germination energy 
(GE) were calculated as described by Tahjib-Ul-Arif et al. 
(2018), Adilu and Gebre (2021), and Alhammad et al. 
(2023). The formula for FGP and GE is as follows: 

GE(%) =
Total number of seeds germinated on 4th day

Total number of seeds placed in a Petri dish
× 100 

FGP(%) =
Total number of germinated seeds

Total number of seeds placed in a Petri dish
× 100 

2.4. Growing rice seedlings and application of 
treatments 

For experimenting at the seedling stage, rice seedlings 
were grown hydroponically using Hoagland nutrient 
solution (Hoagland and Arnon, 1950). After sterilization as 
described earlier, the sterilized seeds were imbibed in 
dH2O for 24 hours and then incubated in the dark for 
germination at 25°C. When germinated, seeds were 
transferred to plastic pots filled with distilled water and 
allowed to grow for 3 days. From the 4th day of sowing, 
distilled water in the plastic pots was replaced with 
Hoagland nutrient solution.  

After 14 days of sowing, rice seedlings were divided and 
exposed to four different treatment conditions (Fig. 1B). 
For salinity stress, rice seedlings were supplied with the 
nutrient solution supplemented with 100 mM NaCl 
(marked as NaCl group). The control (C) plants were 
continued to grow in nutrient solution only. For salinity with 
selenium treatment (NaCl+Se), seedlings were exposed 
to the nutrient solution containing 100 mM NaCl as well as 
sprayed with 1 μM selenium. In the case of Se alone 
treatment (Se), only foliar spray of 1 μM selenium was 
carried out in the seedlings. For each treatment, there 
were three independent replicates. After 8 days of growth 
under the above conditions (Fig. 1B), samples were 



 

11 

 

collected and different biochemical parameters were 
measured. 

 

Figure 1. Effect of selenium on (A) seed germination at 4th and 
9th day of incubation and (B) growth of rice seedlings at 22nd day 
under normal or salt stress conditions. 

C = Control, distilled water; NaCl = 100 mM NaCl; NaCl+Se = 100 mM 
NaCl + 1 μM Selenium; Se = 1 μM Selenium.  

2.5. Determination of chlorophyll content 

To determine the chlorophyll content, a method developed 
by Coombs et al. (1985) was followed. The fresh leaf 
sample of 0.05 g was dipped into a screw-capped test tube 
containing 80% acetone and preserved in the dark for 7-
10 days. The absorbance readings were recorded at 645 
and 663 nm using a UV/Vis spectrophotometer (Shimadzu, 
UV-1201; Japan) and the result was expressed as mg g-1 
fresh weight (F.W.) of leaf.  

2.6. Determination of hydrogen peroxide (H2O2) and 
malondialdehyde activity 

Hydrogen peroxide was measured as described by 
Velikova et al. (2000). Freshly collected leaves (0.1 g) 
were homogenized in 0.1% trichloroacetic acid (TCA) and 
centrifuged at 4 °C. Then 0.5 mL of resultant supernatant 
was mixed with 0.5 mL of phosphate buffer (10 mM) and 
1 mL of potassium iodide (1M) and incubated in the dark 
for 1 hour. The absorbance of the resulting solution was 
read at 390 nm using a UV/Vis spectrophotometer, and 
the H2O2 content was calculated from the extinction 
coefficient of 0.28 μM-1cm-1. 

The MDA content was determined by following the method 
of Zhang and Huang (2013). The supernatant of leaf 
extract mediated by 0.1% TCA was mixed with 20% TCA 
solution containing 0.5% thiobarbituric acid (TBA). This 
mixture was then boiled for 15 min at 95 ºC, followed by 
cooling and centrifugation at 4 ºC. The absorbance of the 
supernatant was recorded at 532 nm using a UV/Vis 
spectrophotometer, and the MDA content was expressed 
as nmol MDA g-1 FW. 

2.7. Determination of antioxidant enzyme activities 

For enzyme extraction, fresh leaf samples (0.05 g) were 
homogenized in 3 mL of 50 mM potassium phosphate 
buffer (PB) (pH 8.0). The homogenate was centrifuged at 

12,000×g for 10 min at 4 °C, and the supernatant was 
used for the determination of catalase (CAT), peroxidase 
(POD), and ascorbate peroxidase (APX) enzyme 
activities. The activity of CAT (EC: 1.11.1.6) was 
measured according to Aebi (1984). The reaction mixture 
was made by mixing 0.7 mL of PB, 0.1 mL of EDTA, and 
0.1 mL of H2O2. In the assay of POD (EC: 1.11.1.7) and 
APX (EC: 1.11.1.11) activities, the method described by 
Nakano and Asada (1981) was followed. In case of POD 
activity, the reaction mixture was prepared with 0.6 mL of 
50 mM PB, 0.1 mL of EDTA, 0.1 mL of H2O2 and 0.1 mL 
of guaiacol. For assaying APX activity, 0.6 mL of PB, 0.1 
mL of EDTA, 0.1 mL of H2O2 and 0.1 mL of ascorbate were 
added in the reaction mixture. The changes in 
absorbances were recorded immediately after adding 0.1 
mL of enzyme extract at 30s intervals for two minutes. The 
absorbances were read at 240 nm, 470 nm, and 290 nm 
for assaying CAT, POD and APX activities, respectively, 
using a UV/Vis spectrophotometer. 

2.8. Statistical analysis 

A one-way analysis of variance (ANOVA) was performed 
using the statistical software R (version 4.3.1). All the data 
presented in the figures and tables are means with 
standard errors (n = 3). Different letters denote statistically 
significant differences between treatments at p <0.05, 
obtained from Fisher LSD Test. 

3. RESULTS 

3.1. Germination of seeds and growth of seedlings   

In the present study, salt stress (100 mM NaCl) imposed 
adverse effects on seed germination (Fig. 1A & Table 1). 
However, Se application showed a protective role in 
improving germination indices under salinity. 

Table 1. Effects of exogenous selenium (Se) on final germination 
percentage (FGP), germination energy (GE), plumule length (PL), 
and the radicle length (RaL) of rice seeds under normal or salt 
stress conditions 

Treatment Germination indices Growth parameters 

FGP (%) GE (%) PL (cm) RaL (cm) 

C 95.3±1.20a 64.7±1.20a 5.35±0.08a 3.88±0.08b 

NaCl 69.7±1.20d 29.7±0.88d 3.86±0.06c 5.22±0.11a 

NaCl+Se 74.7±0.88c 40.0±1.53c 5.10±0.1b 3.15±0.03c 

 Se 91.7±0.88b 60.0±1.53b 5.30±0.01ab 5.25±0.03a 

Data presented are means ± standard errors (n = 3). One-way ANOVA was 
conducted. Different letters in each column represent significant 
differences at P <0.05 obtained from Fisher’s LSD Test. C = Control; NaCl 
= 100 mM NaCl; NaCl+Se = 100 mM NaCl + 1 μM Selenium; Se = 1 μM 
Selenium.  

Under salt stress conditions, FGP, GE, and PL decreased 
significantly by 26.9%, 54.1% and 27.9%, respectively, but 
RaL increased by 34.5% compared to non-stressed 
control conditions (Table 1). However, exogenous Se 
application in saline conditions showed a significant 
elevation in FGP, GE, and PL by 7.2%, 34.7%, and 32.1%, 
respectively, while it resulted in a significant decrement in 
RaL (by 39.7%) relative to only salt conditions. On the 
other hand, when only Se was applied, FGP, GE, and PL 
diminished by 3.8%, 7.3% and 0.9%, respectively, but RaL 
enhanced by 35.3% compared to control conditions (Table 
1). 
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3.2. Chlorophyll and carotenoid contents 

The exposure of rice plants to NaCl stress severely 
affected different photosynthetic pigments, such as 
chlorophyll and carotenoid contents (Fig. 2). Chlorophyll 
contents in rice leaves exhibited a significant reduction in 
response to salt stress (Fig. 2A-C). Compared to control 
groups, salt treatment decreased chl a, chl b and total chl 
contents by 32.2%, 11.8%, and 26.1%, respectively (Fig. 
2A-C). However, when seedlings were treated with Se in 
the presence of NaCl, an increment in chl a, chl b and total 
chl contents was observed by 27.3%, 14.8% and 22.8%, 
respectively, compared to seedlings treated only with 
NaCl. On the other hand, application of Se in the absence 
of NaCl did not cause any significant alteration in 
chlorophyll contents in comparison with control groups 
(Fig. 2A-C). 

 

Figure 2.  Effect of selenium on (A) chlorophyll a, (B) chlorophyll 
b, (C) total chlorophyll, and (D) carotenoid content in the leaves 
of rice seedlings grown under normal or salt stress conditions. 
The bar indicates the mean ± SE of three replicates. The letter on 
top of each bar denotes statistically significant differences at p< 
0.05 obtained from Fisher's LSD test. 

C = Control; NaCl = 100 mM NaCl; NaCl+Se = 100 mM NaCl + 1 μM Selenium; 
Se = 1 μM Selenium.  

A similar response was also exhibited in the case of 
carotenoid in rice seedlings, where salt treatment 
decreased the carotenoid content by 49.1% in comparison 
with controls (Fig. 2D). Nevertheless, NaCl+Se combined 
treatment enhanced the carotenoid content by 89.3% 
compared to NaCl only treatment. Besides, Se only 
treatment caused a slight decline (18.2%) in carotenoid 
content compared to controls (Fig. 2D). 

3.3. H2O2 and MDA contents 

To examine whether exogenous Se mitigates salt-induced 
excess ROS accumulation and membrane damage in rice 
seedlings, H2O2 and MDA contents were determined (Fig. 
3). The results showed that salt stress enhanced the 
accumulation of H2O2 and MDA by 17.4% and 23.5%, 
respectively, compared to control conditions (Fig. 3A-B). 
However, the application of Se in salt conditions exhibited 
a significant reduction in H2O2 and MDA contents by 
11.8% and 17.1%, respectively, compared to only salt 

treatment. In contrast, selenium without salt treatment did 
not exhibit any significant changes in H2O2 and MDA 
contents compared to control plants (Fig. 3A-B). 

 

Figure 3. Effect of exogenous selenium on (A) hydrogen peroxide 
(H2O2) and (B) malondialdehyde (MDA) content in the leaves of 
rice seedlings grown under normal or salt stress conditions. The 
bar indicates the mean ± SE of three replicates. The letter on top 
of each bar denotes statistically significant differences at p< 0.05 
obtained from Fisher's LSD test.  

C = Control; NaCl = 100 mM NaCl; NaCl+Se = 100 mM NaCl + 1 μM 
Selenium; Se = 1 μM Selenium.  

 

The activities of antioxidant enzymes in rice leaves 

To investigate the changes in antioxidant defense 
responses in salt-stressed rice after selenium 
supplementation, the activities of different antioxidant 
enzymes such as CAT, APX, and POD were measured 
(Fig. 4). In this study, CAT activity reduced by 26.5%, 
while POD and APX activities increased by 29.8% and 
14.9%, respectively, in salt-stressed seedlings compared 
to non-stressed controls (Fig. 4A-C). However, 
supplementation of Se under salt stress increased CAT 
activity by 101.9% and further elevated POD and APX 
activities by 104.1% and 18.0%, respectively, compared 
to saline condition without Se. Supplementation of Se 
under non-stress conditions also increased CAT activity 
by 42.7%, while POD and APX activities remained 
unaffected compared to controls (Fig. 4A-C). 

4. Discussion 

High salt concentrations in the soil diminish the 
accessibility of water and nutrients to roots, hinder their 
uptake, and lead to water and nutrient deficits in plant 
tissues (Zafar et al., 2024; Safdar et al., 2019). Due to both 
osmotic and ionic stress induced by high salinity, cell 
expansion and overall plant growth are reduced (Zafar et 
al., 2024; Safdar et al., 2019). High salinity also exerts 
antagonistic effects on seed germination which is a crucial 
step in crop establishment (Safdar et al., 2019; Atta et al., 
2023). In the current experiment, seed germination and 
seedling growth (plumule length) were significantly 
inhibited in response to salt stress (Table 1), which 
corresponds to the earlier reports on rice, rapeseed, 
turnip, safflower, etc. (Tahjib-Ul-Arif et al., 2018; El-Badri 
et al., 2022; Hussain et al., 2023a, 2023b; Fatahiyan et al., 
2025). Reduced and delayed seed germination under high 
salinity may be attributed to diminished water absorption 
and decreased α-amylase activity, the enzymes for 
breaking down of starch to provide energy to the growing 
embryo (Liu et al., 2018; Atta et al., 2023). However, seed 
germination and plumule growth were observed to 
enhance under salt stress when Se was applied (Table 1). 
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The ameliorating effect of Se on seed germination and 
seedling length under high salinity has also been reported 
on other plants, e.g., rapeseed, turnip, safflower, etc. (El-
Badri et al., 2022; Hussain et al., 2023a, 2023b; Fatahiyan 
et al., 2025). Thus, the findings indicated that germination 
rate and plant growth in response to salt stress can be 
restored by selenium application.  

 

Figure 4. Effects of exogenous Se on the activities of (A) catalase 
(CAT), (B) peroxidase (POD), and (C) ascorbate peroxidase 
(APX) enzymes in the leaves of rice grown under normal or salt 
stress conditions. The bar indicates the mean ± SE of three 
replicates. The letter on top of each bar denotes statistically 
significant differences at p< 0.05 obtained from Fisher's LSD test.  

C = Control; NaCl = 100 mM NaCl; NaCl+Se = 100 mM NaCl + 1 μM 
Selenium; Se = 1 μM Selenium.  

Remarkably, in our study, an increase in radicle length 
was observed due to salt exposure, but in the presence of 
Se, radicle growth was compromised (Table 1). These 
findings indicated more susceptibility of shoot growth than 
root to salt stress. This could probably happen due to 
reallocating photosynthetic assimilates in the root part 
(Upreti and Murti, 2010). Improved root growth in 
response to salinity was reported in the halophyte 
(Rubinigg et al., 2003, 2004). Besides, in grape, the root 
length was observed to increase up to 100 mM NaCl 
stress (Upreti and Murti, 2010). Amplified radicle length 
observed in our study under 100 mM NaCl salinity may be 
an adaptive strategy against osmotic stress for seeking 
water, as suggested by Upreti and Murti (2010). Selenium 
has been reported to have antioxidative property and 
participate in antioxidant defense systems (Khan et al., 
2023). Se boosts antioxidative activities, thereby protects 
plants from oxidative damage and promotes plant 
development (Kamran et al., 2019; Khan et al., 2023; 
Tsivileva, 2025). 

When encountering stress conditions, an excessive 
amount of ROS is produced in plants, which disrupts cell 
membranes, degrades proteins and chloroplasts, and 
prevents photosynthesis (Gupta & Gupta, 2017; Kamran 
et al., 2019; Khan et al., 2023). Photosynthetic pigments-
chlorophylls and carotenoids, play pivotal roles in 
harvesting light and driving the mechanism of 
photosynthesis and hence improving plant growth as well 

as biomass production (Simkin et al., 2022). It has been 
reported that salinity-induced oxidative and ionic stress 
suppresses photosynthetic capacity of plants by impairing 
the biosynthesis of photosynthetic pigments, accelerating 
the degradation of pigments and thylakoid membrane of 
chloroplast, by restricting CO2 supply via reduction in 
stomatal conductance, etc. (Safdar et al., 2019; 
Muhammad et al., 2021). Our study also showed that 
salinity stress reduced chlorophyll and carotenoid 
contents, which were then enhanced by Se application 
(Fig. 2A-D), reflecting a defensive effect of Se on the 
photosynthetic efficacy of plants under salt stress. Similar 
findings have been reported for Se application on other 
plants (El-Badri et al., 2022; Rasool et al., 2023; Hussain 
et al., 2023a; Zafar et al., 2024; Fatahiyan et al., 2025; 
Mishra et al., 2025). In the leaves of Lycium chinense, 
chlorophyll and carotenoid contents have displayed a 
significant positive correlation and have enhanced with Se 
enrichment (Dong et al., 2013). In Cucumis melo plants 
exposed to As-contaminated soil, iron oxide nanoparticles 
(IONPs) and Se treatment improved plant growth by 
regulating expression of Chl biosynthesis related genes 
i.e. chlorophyll synthase (CHLG) and protochlorophyllide 
oxidoreductase (POR) (Shah et al., 2022). According to 
Khan et al. (2023), an accurate Se level can increase the 
concentration of photosynthetic pigments e.g., chlorophyll 
and carotenoids, and in turn can lessen ROS-induced 
damage to chloroplasts. 

Oxygen radicals and their derivatives are called ROS 
which include hydrogen peroxide, superoxide (O2

•⁻), 
singlet oxygen (1O2), hydroxyl radical (•OH), etc. 
(Muhammad et al., 2021; Hasanuzzaman et al., 2021; Atta 
et al., 2023). Under normal conditions, ROS generation is 
a part of cellular metabolic pathways such as respiration, 
photosynthesis and photorespiration, while over 
production of ROS is a general phenomenon under abiotic 
stresses (Muhammad et al., 2021; Hasanuzzaman et al., 
2021). Different cell organelles such as chloroplasts, 
mitochondria, peroxisomes are major cites for ROS 
production (Muhammad et al., 2021; Hasanuzzaman et 
al., 2021; Atta et al., 2023). The ROS-induced oxidative 
stress under salinity causes damage in cell membrane 
lipids, resulting in lipid peroxidation, which can be 
quantified by the final product, malondialdehyde (MDA) 
(Kamran et al., 2019; Hasanuzzaman et al., 2021). In the 
current study, the rice plants treated with salt stress 
displayed a marked elevation in H2O2 and MDA contents 
compared to controls (Fig 3A-B), indicating oxidative 
damage of membrane lipids due to ROS accumulation. 
Nevertheless, exogenous application of Se relieved 
salinity-induced oxidative stress, as supported by the 
reduced MDA and H2O2 contents in rice seedling (Fig. 3A-
B). Our results are also supported by other reports on 
turnip, wheat, safflower, etc. (Hussain et al., 2023a, 
2023b; Zafar et al., 2024; Fatahiyan et al., 2025). At lower 
dosages, Se acts positively as an antioxidant, controls 
ROS levels, and thus protects plants from lipid 
peroxidation and cell membrane injury (Hawrylak-Nowak, 
2009; Kamran et al., 2019; Khan et al., 2023; Tsivileva, 
2025). Therefore, it could be concluded that Se plays a 
role in diminishing ROS levels and preventing membrane 
damage under salt stress.  

Under salinity, Se supplementation mediates ROS 
detoxification likely by boosting both enzymatic and non-
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enzymatic antioxidants, and thus improves salinity 
tolerance of plants (Kamran et al., 2019; Tsivileva, 2025). 
Antioxidant defense machineries are indispensable for 
plants to deal with oxidative stress. A variety of enzymatic 
(e.g. APX, POD and CAT) and non-enzymatic (e.g. 
carotenoids) scavengers counteract salinity-induced ROS 
accumulation (Rao et al., 2025). CAT and APX, two heme-
containing enzymes, are vital enzymes associated with 
the direct detoxification of H2O2 into water and oxygen 
molecules (Anjum et al., 2016; Li, 2023; Rao et al., 2025). 
CATs, which are generated in peroxisomes, degrade H2O2 
without any reductants. On the other hand, APXs use 
ascorbate as a specific electron donor for catalyzing the 
conversion of H2O2 into H2O in various subcellular 
compartments including chloroplasts, peroxisomes, 
mitochondria and cytosol (Anjum et al., 2016; Li, 2023; 
Rao et al., 2025). Moreover, APX has a higher affinity for 
H2O2 than does CAT (Anjum et al., 2016; Li, 2023; Rao et 
al., 2025). The POD, located in the cell wall, apoplast, and 
vacuole, catalyzes the oxidation of phenolic substrates 
using H2O2 as an electron acceptor and thus scavenges 
the H2O2 (Rajput et al., 2021b). In our study, CAT 
exhibited a slight decline, while POD and APX showed an 
increase in their activities in response to salinity compared 
to control plants (Fig. 4A-C). Boosted activities of 
antioxidant enzymes after exposure to salt stress were 
also observed in several studies (Mishra et al., 2025; Jiang 
et al., 2017; Nie et al., 2023; Rasool et al., 2023). Again, 
in the present study, when rice seedlings were 
supplemented with Se, further enrichment in antioxidant 
activities was found (Fig. 4A-C). This outcome 
corroborated with the earlier findings of Rasool et al. 
(2023), Hussain et al. (2023a), Hussain et al. (2023b) and 
Nie et al. (2023). Increased antioxidant enzyme activities 
under salt stress after Se application indicated that Se can 
positively stimulate antioxidant defense mechanisms to 
detoxify the ROS. The detoxification of ROS, therefore, 
offered membrane stability and pigment protection, and 
helped rice seedlings to maintain normal growth. 

5. Conclusion 

The present study focused on the influence of selenium 
on seed germination, growth of seedlings, synthesis of 
photosynthetic pigments, and antioxidant defense 
responses of rice plants subjected to salinity stress. 
Salinity stress adversely impaired seed germination and 
growth at the early stage of rice seedlings. Salt-stressed 
rice plants exhibited enhanced levels of H2O2, MDA, and 
antioxidant enzyme activities, the indicators of oxidative 
stress. However, supplementation of Se contributed in 
mitigating the detrimental effects of salt stress on seed 
germination and growth of rice at the early stage. 
Improved synthesis of photosynthetic pigments, boosted 
antioxidant enzyme activities, lesser hydrogen peroxide 
accumulation and diminished lipid peroxidation in rice 
plants subjected to salt stress supplied with Se directed to 
the antioxidative role of Se. Thus, the findings of our study 
demonstrated the potential role of selenium in improving 
the performance of rice at the early growth stage under 
saline soil and addressed its efficacy for climate-resilient 
agriculture. 
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