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Abstract 

Heavy metals pose a serious threat to environment and show adverse effects on plants, animals, and human 
health. Cadmium is one of the highly persistent toxic metals present in agricultural fields due to its excessive 
release through industrial and anthropogenic activities. The present paper deals with the effect of sodium 
selenate on the growth and physiological parameters of Pisum sativum L. grown under cadmium stress. The 
application of sodium selenate significantly enhanced root and shoot length, biomass, and physiological 
attributes such as chlorophyll, sugar, proline, protein, and total antioxidant contents in pea plants, protecting 
them against cadmium toxicity. The highest total antioxidant content (54%) was reported in Cd (20 mM) + SS 
(5 μM) treatment. Hence, application of sodium selenate can be used as plant growth promoter for the 
growth of pea plants under cadmium stress. 
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Introduction 

The continuous application of wastewater for 
irrigation, excessive use of fertilizers, disposal of 
urban waste, smelting, increased industrialization, 
and anthropogenic activities have led to the 
enhanced level of heavy metal content and other 
pollutants in soil which affect quality and yield of 
crop plants worldwide (Gavrilescu, 2022). Most of 
the contaminants do not undergo any kind of 
chemical and microbial degradation and their 

concentration persists in soil for long duration 
(Kubier et al., 2019). The presence of metal in soil 
impairs balance in ecosystem, adversely affects 
human health via its entry in the food chain, 
reduces land for farming, and subsequently leads 
to food insecurity (Hassan et al., 2019; Zulfiqar et 
al., 2019; Hussain et al., 2021). Cadmium is 
recognized as a highly toxic metal which adversely 
affects health of animals and human beings 
(Chellaiah, 2018). Bojorquez et al. (2016) reported 
high concentration of cadmium in agricultural 
soils. The plants showed stunted growth when 
grown in cadmium contaminated soil (Bruno et al., 
2017). Cadmium toxicity is known to induce 
oxidative stress by over-production of reactive 
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oxygen species, damage cell membranes, 
biomolecules, and electron transport system, and 
interfere with nucleic acids and photosynthesis, 
resulting in reduced growth and development of 
plants (Abbas et al., 2017). Cadmium also induces 
osmotic stress in plants by minimizing relative 
water content, stomatal conductance and 
transpiration, thereby resulting in physiological 
damage in plants (Rizwan et al., 2016). The 
presence of cadmium in soil adversely affected 
morphological, physiological, and molecular 
characteristics of different plants (Qin et al., 2020; 
Haider et al., 2021). Hence, there is an urgent need 
to develop sustainable strategies to combat the 
unfavourable impacts of cadmium stress to 
maximize agricultural production.  

Selenium is a metalloid belonging to the oxygen 
family in the periodic table and it has been 
recognized as an essential and beneficial element 
for plants. The average selenium content in soil 
has been reported approximately 0.1-2 mg/kg at 
global level (Chao et al., 2022). Selenium exists in 
inorganic and organic forms in nature. The 
inorganic forms are selenate, selenite, selenide, 
and elemental selenium, but the organic forms are 
selenocysteine and selenomethionine (Wu et al., 
2015). Selenium and sulphur are the elements of 
chalcogens which show similar chemical 
properties. Selenite is found to be transported by 
phosphate transport mechanism whereas 
selenate is taken by sulfate transporters and 
metabolized along with the sulphur metabolic 
pathway in plants. Selenate is the most prevalent 
form of selenium in soil and it is more water 
soluble as compared to selenite (Missana et al., 
2009). Selenium has been considered as double-
edged sword as it is useful at low concentration 
but at higher concentration it reflects detrimental 
effects on plants and health of animals and 
human-beings (Naseem et al., 2021). At high 
concentrations, selenium replaces sulphur in 
amino acids and generates non-functional 
proteins and enzymes which contribute to its 
toxicity (Terry et al., 2000). Plants absorb inorganic 
selenium (selenite or selenate) from the soil and 
convert it into various organic selenides through 
sulphur metabolic pathway. Organoselenides 
promote plant growth, improve nutritional 
quality, and play an important role in physiological 

processes of plants (Chao et al., 2022). Selenium 
enhanced cellular functions like membrane 
stability, mineral nutrition, homeostasis, 
photosynthesis, antioxidant response and 
improved plant growth and development under 
metal/metalloid stress (Pandey and Gupta, 2015, 
Hasanuzzaman et al. 2022).  

Pea (Pisum sativum L.; family: Fabaceae) also 
known as green pea or garden pea has been an 
important component of diet due to the presence 
of fiber, protein, starch, vitamins, and minerals like 
calcium, potassium, iron etc. (Kumari and Deka, 
2021). Due to the less amount of saturated fat, 
cholesterol and sodium, it can be used by the 
patients of diabetes and cardiovascular diseases. 
Pisum sativum also shows antibacterial, 
antidiabetic, antifungal, and anti-inflammatory 
properties. As per our information, no reports are 
available about the mitigating role of sodium 
selenate against cadmium stress in pea plants. 
Considering the alleviating function of sodium 
selenate against metal toxicity, this investigation 
was planned to analyze the role of sodium 
selenate on growth and biochemical parameters 
of pea plants under cadmium stress. 

Material and Methods  

Plant material and chemicals 

Healthy seeds of pea (Pisum sativum L. variety 
Vikas) were procured from seed agency of 
Ghaziabad, India. Seeds were stored in sterilized 
polythene bags to avoid contamination. Sodium 
selenate (Na2SeO4; 188.94 g/mol) was purchased 
from Merck. Analytical grade reagents were used 
for the experiments. 

Experimental design 

Pea seeds were treated with 0.01% HgCl2 solution 
for five minutes and washed with distilled water. 
Seeds of pea were kept for germination in the dark 
at 25±2 ℃ for seven days. The seedlings were 
cultivated in pots containing modified full-
strength Hoagland’s medium (Hoagland and 
Arnon, 1959). To study the effect of cadmium and 
selenium, the growth medium was supplemented 
with 20 mM CdCl2 and 2.5 μM or 5 μM Na2SeO4 as 
per the treatment. The pots were kept at 25 ℃ 
(day/ night) with photoperiod 16 h/8 h (day/night) 
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at photosynthetic active radiation 150 μmol m-2 s-

1. During the experiment, the nutrient solution 
was continuously aerated and its losses were 
supplemented daily with distilled water. The 
medium was changed once in a week and its pH 
was kept at 5. The growth parameters of pea 
seedlings were measured after fifteen days. 

Seedling length and biomass estimation 

The root and shoot length of pea plants were 
measured with a measuring scale (ISTA, 2008). The 
fresh weight of pea seedlings was measured, then 
seedlings were kept in an oven at 65 ℃ for 72 
hours and dry weight was estimated.  

Relative water content  

The fresh weight of pea seedlings was measured; 
then seedlings were immediately floated on 
distilled water at 25 ℃ under dark condition. After 
12 h, turgid weight was taken and seedlings were 
dried in the oven at 80 ℃ for 48 h for the dry 
weight. Relative water content (RWC) was 
calculated by the modified method of Barrs and 
Weatherly (1962) using the following equation: 

RWC (%) = (FW-DW) / (TW-DW) × 100  

Pigment content 

The pigment content was determined in pea 
leaves by the method of Lichtenthaler (1987). The 
pea leaves (10 mg) of control and treatment were 
ground with 10 ml of 80% acetone and centrifuged 
at 3000 rpm for 10 minutes. The optical density of 
the supernatant was measured at 645 and 663 nm 
and carotenoids content was determined at 470 
nm: 

Total chlorophyll (mg/g) = 20.2 × OD645 + 8.02 × 
OD663 × V / 100 × W  

Chlorophyll a (mg/g) = 12.7 × OD663 − 2.69 × OD645 
× V / 100 × W  

Chlorophyll b (mg/g) = 22.9 × OD645 − 4.68 × OD663 
× V / 100 × W  

where, V = volume of the supernatant in ml, W = 
fresh weight of leaves in g, and OD = optical 
density.  

Chlorophyll stability index (CSI)  

Chlorophyll stability index (CSI) was determined 
according to the method of Sairam et al. (1997) 
and calculated as below:  

CSI = Total chlorophyll content in treatment/ Total 
chlorophyll content in control x 100  

Assessment of sugar content  

Total sugar content present in pea leaves was 
analyzed by the method of Hedge and Hofreiter 
(1962). Pea leaves (100 mg) were homogenized 
with 5 ml of 95% ethanol and centrifuged at 4000 
g for 15 min. Supernatant (0.1 ml) was mixed with 
distilled water (0.9 ml) and 4 ml anthrone solution 
and the mixture was kept on water bath for 15 
min. Absorbance was recorded at 620 nm after 
cooling and sugar content was calculated with 
reference to standard curve of glucose.  

Estimation of proline  

Proline content was analyzed by the method of 
Bates et al. (1973). Pea leaves were extracted with 
3% sulphosalicylic acid and aliquot was treated 
with acid-ninhydrin and acetic acid and boiled for 
1 h at 100 ℃. Reaction mixture was extracted with 
4 ml toluene and the absorbance was measured at 
520 nm. Proline content was expressed as μmol g-

1 FW using standard curve.  

Estimation of protein  

The protein content was measured by the method 
of Lowry et al. (1951). Pea leaves were 
homogenized with 1 N NaOH for 5 min at 100 ℃. 
Alkaline copper reagent was added to it and the 
mixture was kept at room temperature for 10 min, 
then Folin-Ciocalteu reagent was added. 
Absorbance of the solution was measured at 650 
nm after 30 min and protein content was 
calculated with reference to BSA standard curve.  

Total antioxidant content  

The total antioxidant content in pea leaves was 
evaluated by Prieto et al. (1999). Total antioxidant 
capacity was analyzed in 0.1 ml sample solution 
(prepared by crushing 150 mg pea leaves in 3 ml 
ethanol) after mixing with 3 ml of reagent (0.6 M 
sulphuric acid, 28 mM sodium phosphate, and 4 
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mM ammonium molybdate), and the absorbance 
was measured at 695 nm.  

Statistical Analysis  

Experiments were conducted in triplicate and 
arranged in randomized block design. The data 
were determined using ANOVA and SPSS software 
(Version 16 SPSS, US). Mean data were assessed 
by DMRT at P< 0.05. 

Results  

In the present investigation, the role of sodium 
selenate on growth and biochemical parameters 
of pea plants were assessed under cadmium 
stress. 

Growth of pea seedlings 

Supplementation of sodium selenate showed a 
positive role by enhancing root and shoot length, 
relative water content, and biomass of pea 
seedlings under cadmium stress (Table 1). 
Maximum reductions 67.6% and 74.6% were 
observed in root and shoot length of pea plants 
under cadmium treatment, respectively over 
control. Significant enhancements by 39% and 
42.7% respectively in fresh and dry weights of pea 
seedlings were reported under sodium selenate 
treatment as compared to control. The highest 
relative water content (97%) was observed in pea 
seedlings treated with sodium selenate (5 µM). 
The root and shoot lengths and biomass reflected 
the following trend: SS > C > CdCl2 (20 mM) + SS (5 
µM) > CdCl2 (20 mM) + SS (2.5 µM) > CdCl2. 

 

Pigment content 

The pigment content in pea leaves showed 
significant increase with sodium selenate as 
compared to control and cadmium treatment. The 
significant increase in chlorophyll a, b, and total 
chlorophyll contents by 7.6%, 11.8%, and 9% were 
reported in pea leaves with sodium selenate 
treatment in comparison to control. Total 
chlorophyll and carotenoid contents showed the 
following trend: SS (5µM) > CdCl2 (20 mM) + SS 
(5µM) > CdCl2 (20 mM) + SS (2.5 µM) > CdCl2 
(20mM). The chlorophyll stability index (CSI) was 
highest in pea leaves with sodium selenate 
treatment, but maximum decrease was observed 
under cadmium stress (Fig. I.). 

Electrolyte leakage and lipid peroxidation        

Cell membranes are considered as the first target 
site of free radical attacks generated under 

Table 1 
Effect of cadmium stress on root and shoot length, biomass, and relative water content of Pisum sativum L. var. Vikas with or 
without application of sodium selenate 

Treatment Root length 
(cm) 

Shoot length 
(cm) 

Fresh weight 
(mg/g) 

Dry weight 
(mg/g) 

Relative water 
content (%) 

Control 7.19 ± 0.16 16.3 ± 0.14 6.44 ± 0.04 1.71 ± 0.07 88.48 ± 0.32 

Cd (20 mM) 2.33 ± 0.18 4.14 ± 0.04 1.22 ± 0.01 0.31 ± 0.07 64.38 ± 0.10 

SS (5 μM) 8.63 ± 0.15 19.32 ± 0.09 8.96 ± 0.22 2.44 ± 0.18 97.34 ± 0.04 

Cd (20 mM) + SS (2.5 μM) 5.77 ± 0.14 8.58 ± 0.28 4.15 ±0.11 0.86 ± 0.01 78.73 ± 0.48 

Cd (20 mM) + SS (5 μM) 6.81 ± 0.07 14.94 ± 0.51 5.38 ± 0.14 1.07 ± 0.08 83.57 ± 0.11 

Data are means ± standard error of three independent experiments with three replicates. Whereas, Cd = Cadmium chloride and 
SS = Sodium selenate.   

 

                        
Fig. I. Effect of cadmium stress on pigment content of Pisum 
sativum L. var. Vikas with or without application of sodium 
selenate; dsata are mean ± standard error of three 
independent experiments with three replicates. Whereas, Cd 
= Cadmium chloride and SS = Sodium selenate.   
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cadmium stress. Free radicals also trigger 
oxidation of lipids, which stimulates increase in 
malondialdehyde (MDA) content, a by-product of 
the breakdown of membrane fatty acids and an 
indicator of the presence of free radicals (Pinto et 
al., 2016). Membrane damage was analyzed 
through electrolyte leakage and it was maximum 
(28.4%) in cadmium treated pea leaves (Fig. II). 
Electrolyte leakage and malondialdehyde content 
reflected the following order: CdCl2 > CdCl2 (20 
mM) + SS (2.5 µM) > CdCl2 (20 mM) + SS (5µM) > C 
> SS (5µM) (Fig. II). Results revealed that 
application of sodium selenate reduced 
electrolyte leakage and MDA content by 65.3% 
and 60.8%, respectively signifying its protective 
function against cadmium stress. 

Physiological constituents 

The physiological components such as sugar, 
proline and protein contents were also analyzed. 
Maximum sugar (3.45 mg/g) and protein (13.26 
mg/g) contents were recorded in pea leaves with 
sodium selenate (5 µM) treatment (Table 2). 
Maximum increase in proline content (119%) was 
reported in pea leaves with sodium selenate as 
compared to control. Proline content showed the 
following trend: CdCl2 (20 mM) + SS (5 µM) > SS > 
CdCl2 (20 mM) + SS (2.5 µM) > CdCl2 > Control. 

Total antioxidant content 

Total antioxidant content in Pisum sativum L. 
leaves was studied with or without sodium 
selenate supplementation and it reflected the 
following trend: CdCl2 (20 mM) + SS (5 µM) > SS > 
CdCl2 (20 mM) + SS (2.5 µM) > CdCl2 (20 mM) > 
Control. Maximum total antioxidant content 

(53.6%) was observed in pea leaves treated with 
CdCl2 (20 mM) + SS (5µM)  

Discussion 

The beneficial effects of selenium have been 
reported on the growth of crop plants by earlier 
workers (Pandey and Gupta, 2015; Irmak, 2017). 
Selenium plays a crucial role in the protection of 

Table 2 
Effect of cadmium stress on sugar, proline, and protein contents of Pisum sativum L. var. Vikas with or without application of 
sodium selenate 
 

Treatment Sugar content 
(mg.g-1 DW) 

Proline content 
(µM.g-1 DW) 

Protein content 
(mg.g-1 FW) 

Control 3.15 ± 0.03 21.1 ± 0.31 11.86 ± 0.37 

CdCl2 (20 mM) 2.08 ± 0.07 35.26 ± 0.19 8.41 ± 0.12 

SS (5 μM) 3.45 ± 0.13 43.28 ± 0.21 13.26 ± 0.18 

CdCl2 (20 mM) + SS (2.5 μM) 2.73 ± 0.08 41.11 ± 0.06 10.79 ± 0.11 

CdCl2 (20 mM) + SS (5 μM) 3.07 ± 0.04 46.28 ± 0.09 11.16 ± 0.01 

Data are means ± standard error of three independent experiments with three replicates. Whereas, Cd = Cadmium chloride and 
SS = Sodium selenate.   

 

 
Fig. II. Effect of cadmium stress on electrolyte leakage and 
lipid peroxidation of Pisum sativum L. var. Vikas with or 
without application of sodium selenate; data are means ± 
standard error of three independent experiments with three 
replicates. Whereas, Cd = Cadmium chloride and SS = Sodium 
selenate.   
 
 

 
Fig. III. Effect of cadmium stress on total antioxidant content 
of Pisum sativum L. var. Vikas with or without application of 
sodium selenate 
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plants against the toxic effects of 
metals/metalloids (Feng et al., 2020; Riaz et al., 
2021). The enrichment of soil with selenium 
alleviated the negative impacts of abiotic stresses 
such as salinity, UV-B radiation, drought, and 
toxicity of heavy metals in different plants 
(Haghighi et al., 2016). In the present study, 
selenium treatment promoted root and shoot 
growth and biomass and mitigated the adverse 
effects of cadmium on pea plants, possibly due to 
its less uptake or translocation of cadmium from 
roots to leaves (Table 1). There are reports that 
selenium inhibited uptake of toxic metal ions and 
their metabolism by rescuing their translocation 
from lower to upper plant parts which may be a 
vital metal/metalloid stress tolerance mechanism 
(Alyemeni et al., 2018; Gao et al., 2018; 
Hasanuzzaman et al., 2020). Alyemeni et al. (2018) 
reported less uptake of cadmium by tomato roots 
with reduced translocation into shoots and leaves 
under selenium treatment. Selenium 
supplementation enhanced the binding of metal 
ions to the root cell wall by improving pectin and 
hemicellulose composition and changed its 
distribution in roots as metal content decreased in 
plastids and mitochondria while it enhanced 
vacuolar sap and ribosomes (Zhao et al., 2019). 
Selenium at low concentration acts as an 
antioxidant stress alleviator and inhibits uptake of 
heavy metals such as mercury (Tran et al., 2018), 
chromium (Ulhassan et al., 2019), arsenic (Shahid 
et al., 2019) etc. in different plants. Feng et al. 
(2020) stated that selenium stimulated auxin 
production which assists in remodeling of root 
architecture for less metal uptake. The exogenous 
application of selenium reduced the concentration 
and influx of chromium by altering root 
morphology in Brassica campestris (Zhao et al., 
2019). Ulhassan et al. (2019) observed reduction 
in chromium accumulation in Brassica napus with 
the application of selenium. The protective role of 
selenium improved phytochelatin or selenium -
metal complex formation or detoxification of 
heavy metals and reduced metal transportation 
from roots to aerial plant parts for alleviation of 
metal toxicity (Hawrylak-Nowak et al., 2014). 
Handa et al. (2019) reported that application of 
selenium enhanced root and shoot length by 44% 
and 18%, respectively in Brassica juncea under 
chromium stress. Foliar application of selenium 

fertilizer enhanced the growth of peanut (Irmak, 
2017). 

Findings of the present study revealed that 
cadmium treatment reduced chlorophyll a, b, and 
total chlorophyll contents in pea leaves (Fig. I). The 
decrease in pigment content was mainly due to 
cadmium-induced reduction in photosynthesis, 
inhibition of electron transport chain, structural 
alterations in chloroplast, and stomatal aperture 
(Islam et al., 2008).  Photosynthetic dysfunction 
due to the presence of heavy metals leads to the 
increased accumulation of ROS in plant cells and 
induced oxidative stress. Mozafariyan et al. (2014) 
observed that under cadmium stress, selenium 
enhanced fruit yield per plant through increasing 
photosynthetic pigments and improving 
antioxidant activities of pepper plants. Cadmium 
reduced uptake of iron and zinc by the plants 
resulting in chlorosis of leaves (Xu et al., 2017).  

Supplementation of rice plants grown under lead 
and cadmium contaminated soil with nano-
selenate improved plant growth and 
photosynthesis (Wang et al., 2021). Alves et al. 
(2020) reported that application of selenate 
resulted in increase in photosynthesis and 
biomass of tomato grown under cadmium stress. 
In wheat, combined application of selenium and 
zinc alleviated cadmium-induced reduction in 
growth, photosynthetic pigments, and 
photosynthesis (Wu et al., 2020). Foliar selenium 
treatment (50 g/ha) boosted chlorophyll synthesis 
and photosynthesis, enhancing antioxidant 
capacity as well as yield of cowpea plants (Silva et 
al., 2018).  

Carotenoids are considered as antioxidants which 
can detoxify reactive oxygen species in plants and 
protect photosynthetic apparatus. Significant 
increase in carotenoid content was reported in 
pea leaves with sodium selenate; however, 
maximum reduction was observed with cadmium 
stress (Fig. I). Selenium application is one of the 
effective strategies to mitigate the toxic effects of 
metals as it improves biochemical functions of 
plants (Wang et al., 2020). In the present study, 
lipid peroxidation increased under cadmium stress 
which was reduced in the presence of sodium 
selenate.  Proietti et al. (2013) also reported 
similar findings. 
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Sugar, proline, and protein act as osmoprotectant, 
play significant roles in maintenance of cell turgor, 
act as a driving force for absorption of water, and 
assist in scavenging of free radicals (Atteya and 
Amer, 2018). Proline acts as a compatible solute 
which accumulates under stress conditions and 
plays a pivotal role in osmoregulation (Annunziata 
et al., 2019). Proline protects plants by 
maintaining osmoregulation and detoxification of 
free radicals and preserves membrane integrity by 
stabilization of proteins and enzymes against 
environmental stresses. Table 2 shows that 
proline content was enhanced in the pea leaves in 
the presence of sodium selenate under cadmium 
stress. Proline prevents protein oxidation, reduces 
lipid peroxidation, and acts as a source of nitrogen 
and energy (Atteya et al., 2022). 

Metal stress stimulates generation of reactive 
oxygen species, which causes the oxidative stress 
by damaging biomolecules such as lipids, protein, 
and DNA. The excessive production of free radicals 
under metal/metalloid can lead to plant death 
(Hasanuzzaman et al., 2020). Selenium induced 
improvement in cellular functions, membrane 
stability, and mineral nutrition with upregulation 
of antioxidants response, and reduced oxidative 
stress in plants as it has been widely reported 
against metal stress (Gupta and Gupta, 2017; Zhao 
et al., 2019; Wang et al., 2020). Figure (III) clearly 
depicts increase in total antioxidant activity in pea 
leaves in the presence of sodium selenate under 
cadmium stress, i.e.  CdCl2 (20 mM) + SS (5µM) 
treatment. Selenium application improved 
growth, photosynthesis, proline, and antioxidants 
level while reducing ROS production in quinoa 
(Khalofah et al., 2021). The presence of 
antioxidants boost plant defense system against 
oxidative stress. Selenium stimulated 
spontaneous dismutation of H2O2 and regulated 
antioxidant enzyme activities (Balakhnina and 
Nadezhkina, 2017). 

Zhou et al. (2017) observed positive role of 
selenium in mitigation of mercury stress by 
enhancing antioxidative enzymes activities which 
promoted scavenging of ROS and reduced lipid 
peroxidation. Pandey and Gupta (2018) reported 
increase in the activity of several antioxidant 
enzymes such as catalase, superoxide dismutase, 

glutathione reductase, and peroxidase with an 
exogenous supply of selenium in rice plants under 
arsenic stress. Dai et al. (2019) observed positive 
role of selenium in Brassica campestris grown 
under zinc stress and proline content and 
antioxidant enzyme activities were enhanced with 
selenium addition. The foliar spraying of sodium 
selenate on wheat plants grown under cadmium-
contaminated soil resulted in high biomass 
accumulation and antioxidant enzyme activity. 
Lipid peroxidation decreased whereas SOD, POD, 
CAT, and, APX increased significantly with the 
supplementation of selenium (Wu et al., 2020). 
Two different varieties of wheat (soft and durum) 
showed reduction in growth parameters under 
cadmium toxicity; however, supply of selenium via 
root and foliar routes reduced lipid peroxidation 
and increased peroxidase and superoxide 
dismutase activities in wheat plants (Zhou et al., 
2021).  In the present investigation, application of 
sodium selenate enhanced the growth of pea 
plants and reduced the negative impacts of 
cadmium stress.  The utilization of sodium 
selenate is an environmentally benign, cost-
effective, and sustainable approach for alleviation 
of cadmium toxicity in pea plants. Hence, sodium 
selenate can be used as a growth promoting 
fertilizer for plants under heavy metal toxicity.  

Conclusion 

The findings of the present investigation revealed 
that cadmium stress inhibited growth of pea 
plants. It reduced chlorophyll, sugar, and protein 
contents whereas increased electrolyte leakage 
and lipid peroxidation in pea plants. Sodium 
selenate supplementation alleviated negative 
effects of cadmium stress in pea plants by 
triggering the up-regulation of carotenoids, 
proline, and total antioxidant content. Hence, 
sodium selenate can be used in agricultural fields 
for alleviation of heavy metal toxicity. Further in-
depth investigations are required to explore its 
optimum concentration, exposure time, and 
mechanism of action as a fertilizer for growth and 
development of crop plants under heavy metal 
toxicity. 
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