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Abstract: 

 
Selenium (Se) at high concentrations can cause toxic effects in plants, whereas at low concentrations, enhances resistance to 

certain abiotic stresses. The possible mechanisms of the Se-enhanced tolerance of plants to salinity stress remain elusive. In 

this work, effect of Se supplementation at 0, 0.1, 1 and 10 mg l-1 sodium selenate was studied in Lallemantia iberica plants 

subjected to salt stress. In pre-experiment design, the toxicity threshold for selenate was measured at the concentration of 10 

mg l-1, as the biomass of L. iberica plants decreased selenate concentrations in the growth medium reached 10 mg l-1. 

Thereafter, we used 0.1 mg l-1 Se to mitigate salt stress in L. iberica plants. Se at low concentration (0.1 mg l-1) mitigated salt-

induced oxidative stress because the NaCl-induced lipid peroxidation was smallest in the plants treated with Se, and was 

highest in the plants grown without Se addition. This occurred as a result of glutathione (GSH) accumulation in Se-supplied 

plants. Additionally, Se-supplied plants exhibited higher glutathione peroxidase (GSH-Px) activity after 2 days salt stress. 

These data provided the first evidence that the low-level Se pretreatment alleviated salt stress in L. iberica by increasing GSH 

levels and by decreasing ROS production; and therefore less reduction of biomass production during salt stress.  
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Introduction: 
Salinity is one of the environmental stresses and 

negatively influences the crop growth and yield. Salt 

stress causes an initial water deficit and ion-specific 

toxicity that initiates chain reactions that produce more 

harm than oxygen radicals. Accumulation of reactive 

oxygen species (ROS) may cause cellular damage 

through oxidation of cellular macromolecules including 

DNA, proteins and carbohydrates (Miller et al., 2010; 

Ding et al., 2010). Plants have both enzymatic and 

nonenzymatic antioxidant defense systems for 

scavenging and prevention of ROS damage under salt 

stress conditions (Parida and Das, 2005). 

Suitable plant nutrition is one of the strategies to 

avoid oxidative damage to cells (Kong et al., 2005). 

Numerous research results have demonstrated that the 

minor addition of Se to the growth medium can 

decrease the harmful effects of diverse environmental 

stressors, such as drought (Hasanuzzaman and Fujita, 

2011; Habibi, 2013), salt (Hasanuzzaman et al., 2011; 

Diao et al., 2014), cold (Chu et al., 2010), ultraviolet-B 

(Yao et al., 2010), and high temperature 

(Djanaguiraman et al., 2010), whereas a high level of Se 

may lead to a ROS burst and hampering of plant 

growth. This increased production of ROS at high Se 

levels is mainly attributed to an imbalance in the levels 

of glutathione (GSH), thiols (SH), ferredoxins and/or 

NADPH, which can play vital roles in the assimilation 

of Se (Mroczek-Zdyrska and Wojcik, 2012). 

Nevertheless, the possible mechanisms of the Se-

enhanced tolerance of plants to environmental stresses 

have not been fully determined. Since exploring suitable 

ameliorants or stress alleviant is one of the tasks of plant 

biologists, there is no information about the 

physiological responses of the L. iberica to Se, which 

may be an increase salinity tolerance. In the study 

described here, L. iberica was examined with respect to 

the effects of Se on plant productivity and plant 

tolerance to salinity. The findings from this study give 

further insight into the evolution of the possible 

mechanisms of Se-enhanced tolerance of plants.  

 

Materials and methods: 
Plant material and harvest: Seeds of Lallemantia 

iberica L. were surface sterilized and germinated on 

filter paper moistened with distilled water. Ten-day-old 

seedlings were transferred to modified Hoagland 

nutrient solution (Johnson et al., 1957) for 30 days prior 

to the start of treatments. Composition of the modified 

Hoagland’s solution is shown in Table 1. The pH of the 

nutrient medium was adjusted to 5.5–5.7. At 40 days 

after germination, the selenium (0.1, 1 or 10 mg l
-1 

Na2SeO4) and NaCl (0 or 80 mM) were applied together 

with the nutrient solution described above. Plants were 

grown under day/night temperature of 20-25/17-19 ºC, 

relative humidity of 60-65 % and daily photon flux 

density of about 800-950 μmol m
-2

 s
-1

 throughout the 

experimental period. Plants were harvested and analyzed 
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Table 1- Composition of a modified Hoagland nutrient solution was employed in the present study. 

Macronutrients Concentration Micronutrients Concentration 

KNO3 6 mM H3BO3 50 µM 

Ca(NO3)2 4 mM MnSO4 2 µM 

NH4H2PO4 2 mM ZnSO4 2 µM 

MgSO4 1 mM CuSO4 0.5 µM 

  H2MoO4 0.5 µM 

  FeSO4-EDTA 0.02 mM 

 

in a temporal (on different days after imposition of 

selenium and NaCl) manner. Full- grown and mature 

expanded leaves were used for measurement of enzymatic 

analysis. Shoots and roots were separated and washed 

with distilled water, blotted dry on filter paper and after 

determination of fresh weight (FW) they were dried for 

48 h at 70 °C for determination of dry weight (DW). 

Assay of antioxidative enzymes and related 

metabolites: The activities of superoxide dismutase 

(SOD, EC 1.15.1.1) and catalase (CAT, EC 1.11.1.6) 

were measured according to methods described 

elsewhere (Habibi and Hajiboland, 2012). The 

glutathione peroxidase (GSH-Px, EC 1.11.1.9) activity 

was evaluated by a moderation of the method of Flohé 

and Günzler (1984) using the H2O2 as substrate. Leaves 

were homogenized in ice bath with 50 mM phosphate 

buffer pH 7.0 and the supernatant was added to the 

reaction mixture contained 0.2 ml of the supernatant, 

0.4 ml GSH (0.1 mM) and 0.2 mL KNaHPO4 (0.067 

M). After preheating the mixture on water bath at 28
o
C 

for 5 min, 0.2 ml H2O2 (1.3 mM) was added to initiate 

the reaction. The reaction was stopped by adding 1 ml 

1% trichloroacetic acid and the mixture was put into an 

ice bath for 30 min. Then, the mixture was centrifuged 

for 10 min at 1100 g, 0.48 ml the supernatant was 

placed into a cuvette and 2.2 ml of 0.32 M Na2HPO4 

and 0.32 ml of 1.0 mM DNTB were added for colour 

development. The reaction was run for 5 min and 

measured at 412 nm. The enzyme activity was estimated 

as a decrease in GSH within the reaction time when 

compared with that in the non-enzyme reaction. 

The hydrogen peroxide (H2O2) contents in the leaves 

were measured according to the method of Velikova et 

al. (2000). Leaves were homogenized in ice bath with 

0.1% (w/v) TCA. The extract was centrifuged at 12,000 × 

g for 15 min, after which to 0.5 ml of the supernatant was 

added 0.5 ml of 10 mM potassium phosphate buffer (pH 

7.0) and 1 ml of 1 M KI, the reaction was improved for 1 

h in the dark and measured spectrophotometrically at 390 

nm. The content of H2O2 was given on a standard curve. 

Lipid peroxidation was assayed from the amount of 

malondialdehyde (MDA) formed in a reaction mixture 

containing thiobarbituric acid according to methods 

described elsewhere (Habibi and Hajiboland, 2012). The 

level of glutathione (GSH) was calculated according to 

Singh et al. (2006) with few modifications. Samples of 

0.5 g were homogenized in 6% m-phosphoric acid (pH 

2.8) containing 1 mM EDTA. Afterwards, two solutions 

were prepared. Solution A consisted of 110 mM 

Na2PO4.7H2O, 80 mM NaH2PO4.H2O, 15 mM EDTA, 

0.3 mM 5, 5’–dithiobis (2-nitrobenzoic acid) and 0.4 ml 

l
-1

 BSA (final pH 7). Solution B was made up of 1 mM 

EDTA, 50 mM imidazole, 0.2 ml l
-1

 BSA and an 

equivalent of 1.5 units GR activity (Sigma). The 

absorbance at 412 nm was read after 2 min. The GSH 

concentration was determined from a standard curve by 

preparing solutions of 0.5–16 mM GSH. 

Experiment was undertaken in complete randomized 

block design with 4 independent replications. Statistical 

analysis was carried out using Sigma Stat (3.5) with 

Tukey test. Results were given as mean ± standard 

deviation (SD). Differences between treatments were 

considered to be significant, when a P value was less 

than 0.05 (P<0.05). 

 

Results and Discussion: 
Selenium toxicity threshold in lemon balm during 

pre-experiment design: In pre-experiment design, we 

incorporated different concentrations of Se into the 

growth medium and thereafter measured the growth 

parameters in order to estimate the damage or favor 

effect of Se. Plants treated with a moderate 

concentration of Se (0.1 mg l
-1 

Se) exhibited an increase 

in plant dry weight with respect to plants in control 

medium (Table 2). In contrast, media supplemented by 

10 mg l
-1 

Se induced an extreme stress for the growth 

parameters of M. officinalis, as demonstrated by the 

changes in plant dry weight was similar to that observed 

in 80 mM NaCl treatment (Table 2). Selenium plays two 

roles in plants: at low concentrations, it inhibits lipid 

peroxidation (Hawrylak-Nowak et al., 2015), whereas at 

high concentrations, it causes lipid peroxidation, 

membrane destruction and protein denaturation (Van 

Hoewyk, 2013). Our results coincide with those 

obtained in the field experiment of Zhang et al. (2014) 

and in the hydroponic experiment of Hawrylak-Nowak 

(2013); Se applied at high concentrations reduced the 

photosynthesis rate and plant’s growth in rice and 

lettuce, respectively. Selenium toxicity in plants is 

imparted by formation of non-specific selenoproteins 

and selenium-induced oxidative stress (Van Hoewyk, 

2013). Comparing the values of the toxicity threshold 

(Hawrylak-Nowak et al., 2015), it is obvious that lemon 

balm plant is a Se-sensitive plant, and the biomass of 

Lallemantia iberica plants decreased if selenate 

concentrations in the growth medium reached 10 mg l
-1

. 

Thereafter, we used 0.1 mg l
-1 

Se to mitigate salt stress 

because growth at low-level Se was increased as growth 

at high-level Se (Table 2). 

Selenium is an alleviant for the oxidative stress 

effects caused by NaCl  : In this work, attention is 

focused on the effect of 80 mM NaCl since this 
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Table 2- Effect of increasing levels of selenium (Se) and 80 mM NaCl on fresh and dry weight (g plant-1), and Se content  

(mg kg-1 dry wt) in L. iberica plants.  

Treatments Fresh weight 

(g plant-1) 

Dry weight 

(g plant-1) 

Se content 

(mg kg-1 dry wt) 

Shoots    

Control 2.33±0.30 b 0.30±0.03 b - 

0.1 mg l-1 Se 2.98±0.35 a 0.41±0.04 a 0.74±0.11 b 

1 mg l-1 Se 2.18±0.34 b 0.27±0.02 b 0.99±0.12 a 

10 mg l-1 Se 1.26±0.24 c 0.17±0.05 c - 

80 mM NaCl 1.06±0.15 c 0.14±0.03 c - 

NaCl+0.1 mg l-1 Se 2.08±0.13 b 0.25±0.04 b 0.80±0.10 ab 

Roots    

Control 1.02±0.12 a 0.14±0.02 a - 

0.1 mg l-1 Se 1.07±0.10 a 0.16±0.03 a 0.62±0.12 a 

1 mg l-1 Se 0.98±0.13 a 0.15±0.04 a 0.75±0.10 a 

10 mg l-1 Se 0.66±0.11 bc 0.06±0.02 b - 

80 mM NaCl 0.58±0.07 c 0.05±0.02 b - 

NaCl+0.1 mg l-1 Se 0.89±0.09 ab 0.10±0.03 a 0.58±0.09 a 

Data of each column within each defined plant part indicated by the same letter are not significantly different (P<0.05, Tukey 

test). Values are the mean ± SD (n=10). 

 

 

 

 
Fig. 1- Effect of Se supplementation on the activity of superoxide dismutase (SOD), catalase (CAT) and glutathione 

peroxidase (GSH-Px) at different time intervals after NaCl treatment in L. iberica plants. Values are the mean ± SD (n=4). 
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Fig. 2- Effect of Se supplementation on the concentration of hydrogen peroxide (H2O2), malondialdehyde (MDA) and gluta-

thione (GSH) at different time intervals after NaCl treatment in L. iberica plants. Values are the mean ± SD (n=4). 

 

treatment exhibits the toxic effect of Na ions. For plants 

treated with 80 mM NaCl, the biomass of roots and 

shoots decreased significantly, in contrast, the decline in 

growth parameters of Lallemantia iberica with respect 

to the control plants was not significant when media 

was supplemented by 0.1 mg l
-1 

Se (Table 2). Here, 

enrichment of NaCl-containing medium with 0.1 mg l
-1 

Se resulted in significant increase in roots and shoots 

biomass, when compared to NaCl-stressed plants grown 

without Se addition (Table 2). Similar responses were 

also observed in cucumber (Hawrylak-Nowak, 2009) 

and tomato (Diao et al., 2014) seedlings under salt 

stress. All of those results demonstrate that Se treatment 

results in the improvement of growth in plants exposed 

to salt stress. 

Salt stress significantly increased the activity of 

SOD and CAT (Fig. 1). Interestingly, Se-supplied plants 

exhibited higher GSH-Px activity than –Se ones after 2 

days salt stress. Therefore, a significantly rise in the 

activity of GSH-Px showed that Se exerts beneficial 

effects on salt stress tolerance by enhancing their 

antioxidative capacity (Hasanuzzaman et al., 2011). 

Like other abiotic stress conditions, salt stress increases 

accumulation of ROS which lead to oxidative stress of 

plants (Mittova et al., 2003). The occurrence of 

oxidative stress upon salt treatments was determined by 

the accumulation of MDA, a marker for the ROS-

mediated cell membrane damage (Davey et al., 2005). 

In this study, a significant increase of MDA 

concentrations was observed under salt stress (Fig. 2), 

however, treatment of seedlings with Se was effective in 

reducing leaf MDA concentrations. In the current 

experiment, the greater induction of the synthesis and 

accumulation of antioxidants, such as GSH was 

observed by Se (Fig. 2c). These results are similar to 

those reported by Ríos et al. (2008) as these authors 

observed that the application of selenate in general more 

strongly induced the synthesis and accumulation of 

GSH antioxidant compounds in lettuce plants. The 

result of GSH is important in this work, as it indicates 
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the degree of S assimilation and therefore the possibility 

of Se toxicity (Ríos et al., 2008). At higher Se levels, 

glutathione depletion is increased, and this leads to the 

accumulation of reactive oxygen species (ROS) and 

thereby induces oxidative stress. Therefore, our results 

are novel and could define the application of Se at low 

concentration under salinity stress resulted in greater 

formation of GSH and lower ROS production and 

therefore less reduction of biomass production with 

respect to plants treated with salinity alone. 

Conclusions: 
Our results indicated that Se at high concentrations may 

lead to toxicity and causes damage, as the biomass of 

Lallemantia iberica plants decreased when selenate 

concentrations in the growth medium reached 10 mg l
-1

. 

However, low-level Se pretreatment during salt stress 

improved shoot growth of Lallemantia iberica and 

alleviated salt-induced oxidative stress.  
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