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ABSTRACT 
Selenium (Se) is proved an essential trace element in the nutrition of humans, animals, and some 
bacteria, however, it is considered as a beneficial element that have the potential to influence the 
antioxidant activity systems of the higher plants, showing beneficial to toxic characteristics in a narrow 
concentration range. Nonetheless, its essentiality for plants is still controversial. Some regions of the 
world present high Se levels in soils causing several functional disorders and diseases in plants and 
people who live in seleniferous regions. Selenium is playing among other functions a relevant role in 
the antioxidant system of mammals, but lead to toxicity when taken in excessive amounts. Adsorption 
capacity of Se on soils is affected by soil characteristics such as pH, mineralogy and texture, organic 
matter content and Se chemical form, redox condition, and interactions with other ions. Behavior of Se 
in plants was chemically similar to sulfur, hence taken up inside the plants via sulfur transporters present 
inside root plasma membrane, metabolized via sulfur assimilatory pathway, and volatilized into 
atmosphere. Inadequate Se levels in the soil and human body is a well-known concern in many parts of 
the world. This malnutrition problem is often due to Se-poor diet; probably because of the low Se 
availability in soils where plants are growing, which are consider the main source of dietary Se. 
However, paradoxically some regions of the world present high Se levels in soils causing several 
functional disorders and diseases in people who live in seleniferous areas. Therefore, selenium should 
be supplied in controlled amounts to avoid harmful effects, taking into account the importance of the 
soils as a way to ensure the adequate Se supply for the population. This review has dealt with Se 
behavior in soil environment and plants, its presence in water and its relevance for plant growth and the 
human health.  
      
Keywords: Selenium; soil, adsorption capacity, plant bioavailability, selenium and sulfate transporters, 

oxidative stress, selenium biofortification; human health. 

 
Introduction 

Selenium (Se) is a metalloid belongs to group 16 (Oxygen family) of the periodic table, since, 
ionic radius of Se and S are closer, hence, physico-chemical properties of both elements are similar to 
each other (Bodnar et al., 2012). In nature, Se occurs as pyrites of Cu, sulfides of Pb, Au, and Cu. It is 
also a byproduct of metallurgical operations, and widely used in glass industry, paints, lubricating oil, 
pigments, food supplements, agricultural products etc. (Bodnar et al., 2012; Mehdi et al., 2013). 
Selenium plays a fascinating and still not fully understood role in the metabolism and function of 
organisms. While its toxic influence was identified during the 1930s causing loss of hair and hoof in 
animals, its essential function in the metabolism of animals, humans, and microorganisms was 
recognized later, i.e. with the finding that Se deficiency caused ‘white muscle disease’ in feedstock in 
the 1950s (Schwarz and Foltz, 1957). Its essentiality in animal and human organisms was accepted after 
the establishment of selenocysteine (SeCys) as the 21st essential amino acid (Lenz and Lens 
2009).Selenium is now known to be a very important micronutrient for proper functioning of humans, 
animals, archaea, and some other microorganisms as a structural component of so-called selenoproteins 
(El-Ramady et al., 2016). Selenium as an essential element for most organisms can occur in both 
inorganic and organic chemical forms, which are characterized by differentiated availability, 
bioaccumulation, and toxicity (El-Ramady et al. 2016). Se is a chemical analogue of sulphur (S), and 
therefore it is taken up and accumulated to some extent by all plant species. Plant roots take up Se from 
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soil solution in either selenate or the selenite ionic form. Quantities of Se in the soil solution are 
governed by the solubility of adsorbed forms and by biological transformation of organic form (Fig 1). 

 
Fig. 1: Selenium in the soil-plant-water consumer system. Source: Modified by Hasanuzzaman et al., 

2010 after Burau, (1985) 
 
It is well known that Se is essential element for animals and humans, yet it does not occur for 

plants (Christophersen et al., 2013; Rayman, 2000; Riaz and Mehmood, 2012). However, it is 
considered as a beneficial element that have the potential to influence the antioxidant activity systems 
of the higher plants (Christophersen et al., 2013; Kopsell and Kopsell 2007; Pilon-Smits and Quinn, 
2010; Ramos et al., 2010; White 2016). Although, it can also be toxic to organisms in higher 
concentrations, showing beneficial to toxic characteristics in a narrow concentration range (Fu et al., 
2002; Lenz and Lens, 2009; Reshu et al., 2019 Terry et al., 2000). Moreover, excessive content of Se 
in plant tissue may be detrimental for growth and productivity of most crops (Terry et al.,2000), and 
can be toxic to all organisms in higher concentrations (White, 2016). 

From the 1960s, several publications have pointed out clearly the essentiality of Se for human 
health (Fairweather-Tait,et al 2011; Rayman, 2012; Riaz and Mehmood, 2012; Alfthan et al., 
2015).Many researchers revealed that inadequate intake of Se, added with iron (Fe), zinc (Zn) and 
iodine (I), vitamin A and vitamin B-12, become a malnutrition problem in a large proportion of the 
world’ population (Combs, 2000; White and Broadley, 2009; Miller and Welch, 2013).The dietary Se 
intake in a region is influenced greatly by the food Se contents, which in turn is closely linked with Se-
availability in the soil (Fig.1) (Pietinen et al.,(2010); Fairweather-Tait et al.,(2011); Mehdi et al.,(2013). 
Since plants are the main source of dietary Se for human beings and animals hence, knowledge of the 
Se compounds in plants is crucial (Dumont et al., 2006). In humans and animals, Se element plays a 
number of biological roles, ranging from protection against cancer to influence on hormone metabolism. 
Many epidemiological studies have confirmed that Se deficiency in the diet increases the incidence of 
cardiovascular diseases, leads to thyroid gland dysfunction, and impairs the function of the immune and 
nervous systems (Rayman, 2000). According to Hamilton (2004), Selenium is found in three levels of 
biological activity: (1) trace concentrations, which are essential for proper growth and development; (2) 
Intermediate concentrations that can be stored to preserve homeostatic functions; and (3) high 
concentrations that can cause toxic effects. Since either insufficient or excessive Se intake may have 
serious consequences for human health, this micronutrient is often described as a ‘double-edged sword’ 
(Hawrylak-Nowak., 2015). As food is the main source of Se for humans and animals, several strategies 
may be used to improve the suboptimal Se status, including a diversified diet, dietary supplements, 
fortification of food products, and bio fortification (Malagoli et al., 2015). Recently, there has been an 
increasing demand for foods with a targeted, desired effect on the organism, i.e. the so-called functional 
foods. This type of food in the diet may limit the risk of development of some diseases. One of the 
important methods for acquisition of functional food is the process of plant bio fortification 
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(phytofortification) with easily absorbable minerals, e.g. Se (Nestel et al., 2006; White and Broadley, 
2009). Selenium has been classified as a quasi-essential micronutrient or beneficial element for many 
plants species, especially Se hyperaccumulators one, which can achieve twofold higher biomass in the 
presence of Se (El-Ramady et al. 2016).It plays a positive role in the tolerance of many plant species to 
both abiotic (Hasanuzzaman et al., 2010; Feng et al., 2013; Sieprawska et al., 2015) and biotic stresses 
(Mechora and Ugrinović, 2015). However, excess of Se can be very toxic (White, 2016). 

Apply Se-containing fertilizers as a foliar spray or soil fertilizer have been used to increase the 
Se content in the edible parts of plants and to obtain Se-biofortified crops. The biofortification of plants 
with Se often can simultaneously prevent the damage caused by various environmental stresses, which 
will be reflected in production of Se-enriched plants. (Feng et al., 2013; Malagoli et al., 2015). 
According to Lynch (2007), the increase in the tolerance of crop plants to adverse environmental factors, 
resulting from bio fortification of their biomass with Se can be a way bring significant economic 
benefits in the future that are associated with, for example, management of areas where crop production 
with traditional cultivation methods is difficult. Recently, numerous papers have been published dealing 
with Se as an effective phytoprotectant counteracting negative effects of various stresses 
(Hasanuzzaman et al., 2010; Feng et al. 2013; Sieprawska et al., 2015). Oxidative stress is a 
consequence of both biotic and abiotic stress factors. This stress is accompanied by a serious cell 
imbalance between the generation of reactive oxygen species (ROS), including O2 -1, OH-1, and H2O2, 
and enzymatic and non-enzymatic antioxidants, which leads to dramatic physiological disorders (Lin et 
al., 2014). Either directly or indirectly, Se can influence the generation and quenching of ROS that are 
overproduced under stress conditions. This phenomenon may be a crucial mechanism for mitigation of 
negative consequences of abiotic stress in plants (Feng et al., 2013). Besides, the recent proteomics 
analysis performed by Wang et al., (2012) revealed that proteins involved in photosynthesis in leaves, 
as well as carbohydrate and protein metabolism in roots, were upregulated at low Se doses under which 
the growth of plants was also promoted. Although the protective role of low Se concentrations in 
stressed plants has been attributed to regulation/activation of antioxidative defense systems. 
Notwithstanding, in spite of its various positive effects in plants, Se has been denied the status as one 
of the essential mineral nutrients. The beneficial influence of Se on plants suggests a possibility of using 
this element as a factor that potentially enhances crop resistance to abiotic stresses, which are a major 
global problem affecting increasing areas of arable soils in the conditions of the dynamic climate 
changes occurring over the recent decades. 

Selenium shares similar chemical properties to sulfur and metabolized via the same mechanisms, 
hence Se taken up inside the plants via sulfate transporters and assimilated by sulfur assimilating 
pathway (Sors et al., 2005a; Dumont et al., 2006).While the stoichiometry of Se and S in plants 
generally reflects that of their environment, hyper-accumulators plants typically contain elevated Se/S 
ratios, suggesting they can preferentially take up Se by means of specialized transporters. The main 
bioavailable form of Se in soils is selenite (Se+4), which can be taken up by plants via sulfate transporters 
and assimilated into selenocysteine (SeCys) and selenomethionine (SeMet). Soil-Se is transferred inside 
the plant through sulfate transporters present in the plasma membrane of root cells (Gupta and Gupta, 
2017).Then, it is assimilated into organic Se via sulfur metabolic pathway inside the plant and 
volatilized as Di Methyl Selenide (DMSe) and Di Methyl Di Selenide (DMDSe) into atmosphere); as 
shown in (Fig. 2). (Gupta and Gupta, 2017). 

 
1- Selenium in the soil: 

Selenium occurs naturally in sedimentary rocks formed during the carboniferous to quaternary 
period (White et al., 2004). Worldwide, average Se concentration in soils is 0.4mg kg-1(Kabata-Pendias, 
2011). However, in seleniferous soils elevated levels of Se (>2–5000mg kg-1) are found (Hartikainen, 
2005). The occurrence of Se in soil depends upon soil type, organic matter and rainfall (Sors et al., 
2005b). Dried regions of the world and shale soils are Se-rich whereas mountainous countries like 
Finland, Sweden, and Scotland are generally deficient in their Se content. Countries like UK, France, 
India, Belgium, Brazil, Serbia, Slovenia, Spain, Portugal, Turkey, Poland, Germany, Denmark, 
Slovakia, Austria, Ireland, Greece, Netherlands, Italy, China, Nepal, Saudi Arabia, Czech Republic, 
Croatia, Egypt, Burundi, and New Guinea are reported to have Se deficient areas (Zhu et al., 2009; Yin 
and Yuan, 2012) (Fig.3) while, Se rich regions are North-East region of Punjab in India(Bajaj et al., 
2011), Enshi district in Hubei province region in China (Feng  et al., 2009), State of Para in Brazilian 
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Amazon (Lemire et al., 2010), Japan, Greenland (Fordyce et al., 2005), USA, Venezuela and Canada 
(Yin and Yuan, 2012; (Fig. 3). 

 
Fig. 2: Pictorial representation of the interface of Se with soil, plant and atmosphere. (From Gupta and 

Gupta, 2017) 
 

 
Fig. 3: Outline of occurrence of Se in some regions of world as se-deficient, Se-low and Se-rich regions. 

Modified after Gupta and Gupta, (2017) 
 
About 80% of the world’s total Se reserves and surplus are located in Peru, China, Chile, the 

United States, Canada, Zambia, Philippines, Zaire, Australia, and New Guinea (Liu et al., 2011). 
Although, worldwide, China ranked after Canada, United States, and Belgium in Se reserves. In China, 
Se-deficiency occurs in a geographic low-Se belt stretching from Heilongjiang Province in the 
Northeast to Yun-nan Province in the Southwest, affecting 71.2% of Chinese land (Zhu et al., 2009). 
Almost 40 countries in the world have limited natural Se resources. Certain areas in countries like 
Switzerland, Korea, Australia, New Zealand, and Finland also identified as Se adequate to Se low 
regions as shown in Fig. (3) (Wu et al., 2015). In some regions of the world, soils have low Se 
availability, resulting in diseases and disorders related to Se deficiency in human (Combs, 2001; Mehdi 
et al., 2013). Selenium deficient soils are found in UK, Australia, Central Siberia, New Zealand, 
Thailand, Africa, Finland, Turkey, Nepal, Northeast to South Central of China, Denmark, and parts of 
Bangladesh and India, among others (Rahman et al., 2013; Yasin et al., 2015). Most soils of the tropical 
soils have low Se concentrations (Sillanpää and jansson, 1992; Christophersen et al., 2013; Gabos et 
al., 2014; Matos et al., 2017). These countries with low soil-Se contents may produce food with low Se 
contents that are not enough to guarantee the ingestion of Se in adequate amounts by animals and 
humans. On the other hand, other regions that called seleniferous areas have the soil and water highly 
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enriched with Se, sometimes reached to toxic levels to human and animal health; where soil-Se content 
reached to more than 2000 mg kg-1. Australia, the USA, Ireland, China, and India are examples of 
countries that have large areas where Se availability in soils are high enough to cause toxicity to living 
organisms (Bajaj et al., 2011; Eiche, 2015). In such areas, Selenium is concerned to be an element with 
great environmental problems. 

 
1.1. Selenium behavior in the soil: 

The abundance of Se in the Earth’s crust is very low, getting between 0.05-0.10 mg kg-1, because 
of Se can be easily volatilized during crust formation (Ryan and Aldoori, 2003). However, geographical 
distribution of Se in soil is highly variable and reaches in eruptive, metamorphic, and sedimentary rocks 
are 0.01-7.0, 0.1- 6.5, and 0.01-7.0 mg kg-1, respectively (WHO, 1987). In spite of the wide range of 
variation of individual values, higher Se concentrations can be found in the sedimentary rocks such as 
limestones (<0.1-7.4 mg kg-1), sandstones (<0.1-1.7 mg kg-1), and shales (<0.1- 12.0 mg kg-1) (Connor 
and Schaklette, 1975). Very high Se contents have been found in some phosphate-rich rocks (Robbins 
and Carter, 1970), marine or black shales (Ryan and Aldoori, 2003), coals (Coleman et al., 1993), and 
other rocks enriched with organic carbon. Some components of sulphide mineral deposits can also be 
source of Se to the environment, whereas elemental Se+0 is rarely mentioned in literature (Fordyce, 
2007). The parent rock has a large influence on the Se content in soils. Average Se concentration in 
soils worldwide is relatively low (0.4 mg kg-1) (Kabata-Pendias, 2011). In Earth’s crust, Se occurrence 
in soils is very uneven in the geographical distribution where igneous volcanic rocks are commonly 
poor in Se (Fordyce et al., 2005), and some volcanic soils may be 1-2 fold higher in Se contents than 
the world average. During eruptions, high-temperature gases with high Se content volatilized. 
Interactions between volatile elements and volcanic ashes that occur within the eruption plume originate 
tuffs with high Se concentration, which play an important role in the formation of selenosis areas (Floor 
and Román-Ross, 2012). This is might be explained the significantly raise Se concentrations in crops 
after volcanic eruptions (Cronin et al., 1997). The amount and the geochemical mobility of the Se 
deposited by volcanic ashes depend on the eruption features, particle size-fractions, temperature within 
the plume, soil biological reactions, and climate condition such as wind and humidity (Floor and 
Román-Ross, 2012). Selenium adsorption capacity on soil components is fundamental to define the 
mobility and its bioavailability and hence the amount taken up into plants and animals. Such adsorption 
capacity is generally affected by soil characteristics such as pH, mineralogy and texture, organic matter 
content and Se chemical form, redox condition, and interactions with other ions (Fordyce, 2007). In 
general, volcanic soils have high Se concentrations, but sometimes with low bioavailability to plants 
(Floor and Román-Ross, 2012; Tolu et al., 2014).Therefore, historic of diseases related to the Se 
deficiency in humans due to the low availability of Se were recorded in some regions in the world have 
volcanic soils with high Se contents (Andolosols) (Rayman, 2000; Floor et al., 2009). Soils rich in 
organic carbon tend to present higher Se contents because of microorganisms and waste residues of Se-
accumulating plants (Saiki etal., 1993; Shand et al., 2012). Since soil, organic matter has an important 
role in the Se dynamic in the soil-plant atmosphere system. Associations between organic matter 
fraction and mineral phase (especially oxy hydroxides), resulting in organ-mineral associations that 
may affect the soil- Se adsorption capacity (Floor and Román-Ross, 2012; Tolu et al., 2014). Most part 
of inorganic Se can be interacting with soil organic matter, which may (or not) be bioavailable for 
plants. It seems that the Se availability in soil is higher when soils contain fulvic acids more than humic 
acids (Qin et al., 2012). In addition to interactions between inorganic-Se and humic substances, plants 
and microbial processes may immobilize inorganic Se (Tolu et al., 2014).Therefore, many efforts have 
been addressed to understand Se behavior in the soil, especially which factors may alter its availability 
and mobility, thus allowing preventing Se deficiency or toxicity. The Se element in soil exists in 
different oxidation states, such as selenate (Se+6), selenite (Se+4), elemental selenium (Se+0) and selenide 
(Se-2). The major factors that control Se forms in soil are pH and redox potential (Eh), besides other 
variables, such as clay and organic matter contents (Mikkelsen et al., 1989; McNeal and Balistrieri 
1989; El-Ramady et al., 2014; Kabata-Pendias, 2011). Under natural soil conditions, selenate and 
selenite are the main inorganic Se forms, where, selenate predominates in alkaline soils and has higher 
mobility than selenite, which commonly occurs in neutral or acid soils and is easily adsorbed on oxy 
hydroxides (Kabata-Pendias, 2011). Based on the above statements, a high Se mobility is expected in 
soils of high pH and Eh while soils with high contents of oxy hydroxides, clay, and organic matter have 



Curr. Sci. Int., 9(2): 173-197, 2020 
EISSN: 2706-7920   ISSN: 2077-4435                                                   DOI: 10.36632/csi/2020.9.2.17 

178 

a low Se mobility. In terms of Se oxidation states as a function of soil Eh, Elrashidi et al., (1987) 
reported that Se may occurs as Se+6, Se+4, and Se-2 when the values of Eh are higher than 400 mv, 
between 200-400 mv, and lower than 200 mv, respectively. An accepted description of Se forms as 
affected by change in soil pH and Eh as well as varying organic matter and Fe/Al oxyhydroxide contents 
are found in publications of Nakamaru and Altansuvd, (2014); Tolu et al.,(2014). Therefore, Se mobility 
and bioavailability in soils depends not only on the total Se concentration but also it varies as a function 
of the predominant Se species that are present in the soil (Martens and Suarez, 1997; Li et al., 2010). 
Recently, the advent of synchrotron facilities, make it easy to measure oxidation states of different 
elements including Se (i.e., As, Fe, Mn, Cr, Se and others), using the technique termed as X-ray 
Absorption Spectroscopy (XAS). Such technique is one of the most widely used synchrotron based 
technique (Sparks, 2011) and the oxidation states of different elements have been widely assessed using 
the XANES (X-ray absorption near edge spectroscopy) portion of the spectrum (Vodyanitskii, 2013). 
It has to be stated that XAS technique has a great advantage of using micro-volumes of soil samples 
with negligible sample preparation, thus allowing measuring an undisturbed sample (Kelly et al., 2008). 
 
1.2. Selenium sorption in soil: 

Sorption behavior of Se in soils depends on, among many other factors, Se speciation. In soils, 
selenate (Se+6) is less sorbed than selenite (Se+4), which is strongly adsorbed and having low mobility 
in soils. Several studies have showed that selenite (Se+4) is adsorbed much more strongly than selenate 
(Se+6) on different solid surfaces, such as manganese oxide (Saeki et al., 1995), hydroxyapatite 
(Monteil-Rivera et al.; 2000), and soils (Eich-Greatorex et al., 2007). The difference in adsorption 
behavior of selenate and selenite reflects different Se contents that are available for plants, being the 
selenite (Se+4) much less available. In terms of the adsorption mechanisms, selenite (Se+4) forms mainly 
outer-sphere complexes, which is bound by non-specific anion exchange, whereas selenate is bound by 
ligand exchange, creating inner-sphere complexes that are not reversible (McBride, 1994). In the case 
of selenate, besides bound by outer-sphere complex, which is its predominant adsorption mechanism, 
researches have also shown contributions of inner-sphere complexes, generating a mixture of outer- and 
inner-sphere surface complexes, as reported on iron oxides and hydroxides (Peak and Sparks,2002) and 
on maghemite (Jordan et al., 2013). For soil adsorption sites, selenate (Se+6) and selenite (Se+4) may 
compete with organic acids as well as with other anions, such as phosphate and sulfate. This fact is 
relevant for agroecosystems, particularly, for tropical soil staking into account that these soils usually 
receive high amounts of phosphate and sulfate, which come up from agricultural inputs applied on soils, 
such as fertilizers and gypsum. Because Se can be in several interactions in the environment, its sorption 
behavior differs among soils, where the soil management or production systems are different. Therefore, 
local researches evaluating variables that may alter the behavior of Se in a particular environment need 
to be focused. For example, Øgaard et al., (2006) reported that cattle manure affects selenium behavior 
in soils, decreasing the sorption of both Se species, selenite (Se+6) and selenite (Se+4). Several studies 
showing the effect of phosphate fertilization on Se adsorption (Nakamaru et al., 2006; Nakamaru and 
Sekine, 2008). Results revealed that Se become more available for plants following phosphate addition, 
i.e., Se sorption decreases as phosphate increases, which is well reported for Japanese soils (Nakamaru 
et al., 2006; Nakamaru and Sekine, 2008). It has to be mentioned that this trend is more pronounced for 
selenite than selenate. This occurs due to chemical similarities between phosphate and the selenite anion 
(Eich-Greatorex et al., 2007), while the anion selenite tends to compete with sulfate. This information 
may assist to explain the results found by Nakamaru and Sekine (2008), where it was verified that 
selenite sorption did not change after an increase in the sulfate concentration .The presence of 
competing anions, such as sulfate and phosphate, in higher contents in cultivated soils than in 
uncultivated ones. This allows pointing out that the uncultivated soils adsorb much more Se compared 
to the cultivated soils, as reported for the studied soils by Lessa et al., (2016). 
 
2. Selenium in water: 

Selenium level in public water supplies is one of the sources of dietary Se for human and animals 
and should not increase more than 10 μg L-1 (NAS, 1976, 1977; Gore et al., 2010). The levels of 
selenium in groundwater and surface water range from 0.06 μg L-1 to about 400 μg L-1 (Smith & 
Westfall, 1937; Scott & Voegeli, 1961; Lindberg, 1968). In some areas, selenium level in underground 
water may reach up to 6000 μg L-1 (Cannon, 1964). Se concentration is increase at high and low pH 
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because of conversion into compounds of greater solubility in water, and due to overuse of Se-
containing fertilizers (Winkel et al., 2012). It has reached up to estimated concentration of 0.12 μg L-1 

in Belgium, 2.4 - 40 μg L-1 in France (Mehdi et al., 2013), and 341 μg L-1 in Punjab (Bajaj et al., 2011). 
In fresh and seawater, Se concentration varies from 4000 to 12000 μg L-1.WHO has recommended10 
μg L-1 as the lower intake limit of Se in drinking water (Mehdi et al., 2013). Natural and anthropogenic 
activities are main sources of Se in atmosphere, and play a crucial role in biogeochemical cycling of Se 
in environment (Winkel et al., 2012) .Such activities include, forest fire, soil erosion whereas, 
anthropogenic activities are burning of fossil fuels, tires, papers etc. (Mehdi et al., 2013). In atmosphere, 
Se is mostly present as volatile organic compounds i.e. DMSe, DMDSe, methane selenol, and volatile 
inorganic compound (SeO2), which is unstable and converted into selenious acid. The Se content in air 
is generally low, as compared to soil and water, and ranges between 1 and 10 ng/m3 (Mehdi et al., 
2013). High Se concentrations in water can be of great concern if transferred to the soil-plant 
system via irrigation leading to toxic Se concentrations in food as reported in several cases worldwide (U.S, 
1980). Therefore, limits for Se in irrigation water of 10–20 μg L−1 were advised by several states and 
organizations in the past (Nagpal and Howell, 2001). 
 
3. Selenium in the plants: 

Selenium (Se) is an essential element for many prokaryotes and a few green algae such as 
Chlamydomonas reinhardtii (Lobanov et al., 2007). The reason for Se’s essentiality for some organisms 
is that it is a structural component of specific selenoproteins and seleno-tRNAs.  Selenoproteins contain 
SeCys in their active site and often have a redox function, such as the scavenging of free radicals that 
cause oxidative stress and cancer. In higher plants, SeCys insertion sequences have not yet been found, 
and plant homologues of seleno-proteins (i.e. glutathione peroxidase, GPX) were found to contain Cys 
instead of SeCys in their active site (Lobanov,et al 2007). For plants, Se essentiality is not yet to be 
demonstrated. Nevertheless, it is well recognized that Se is a beneficial element for many plants, while, 
a narrow range of Se is beneficial, and at elevated levels, it becomes toxic. (Reshu Chauhan et al., 2019; 
Fu et al., 2002). Selenium exists as inorganic and organic forms in nature. Inorganic forms are selenite 
(Se+6), selenite (Se+4), elemental selenium (Se+0) and selenide (Se-2) and the major organic forms are 
SeCys and SeMet (Sors et al., 2005b; Bodnar et al., 2012;Wu et al., 2015).Selenium can exist in various 
oxidation states that allow it to form seleno-amino acids and organo-selenium compounds (Tinggi, 
2003). The most common valence states of Se are -2, 0, +2, +4 and +6 (Table 1). The predominant 
available forms of Se to plants are inorganic, i.e. selenite (SeIV) and selenate (SeVI) (Schiavon & Pilon-
Smits, 2017; White et al., 2004). 
 
Table 1: Most common valence states of selenium. 

No. Selenium Species Valence state Symbolic presentation 
1 
2 
3 
4 
5 

Selenide 
Elemental Selenium 
Thioselenate 
Selenite 
Selenate 

-2 
0 

+2 
+4 
+6 

Se-2 

Se0 

SSeO3
-2 

SeO3
-2 

SeO4
-2 

 
3.1 Selenium uptake and translocation in the plants: 

The uptake, translocation and distribution of Se depends upon plant species, physiological phases 
,form and concentration of Se (Fig. 4), as well as on the activity of membrane transporters (Zhao et al., 
2005; Zhang et al., 2014), physical soil properties (salinity and soil pH)and presence of other substances, 
translocation mechanisms of plant (Zhao et al., 2005; Li et al., 2008; Renkema et al., 2012). Selenate 
(Se+6) is the most prevalent form of bioavailable Se in agricultural soils, and more water soluble than 
selenite (Se+4) (Sors et al., 2005b; Missana et al., 2009). In alkaline soils, Se mostly exists as selenate 
(Se+6) whereas, in acidic soils it exists as selenite (Se+4). Both forms of Se differ in their mobility and 
absorption within the plant and are metabolized to form seleno compounds (Li et al., 2008). 
Transporters present in root cell membrane mediate selenium uptake in plants. Selenite (Se+4) is found 
to be transported by phosphate transport mechanism (Li et al., 2008) whereas, selenate (Se+6) is 
transported through sulfate transporters and channels (Feist and Parker, 2001; Zhang et al., 2003) 
because of structural analogy of selenite and sulfate (White et al., 2016). Actually, it is hypothesized 
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that all type of sulfate transporters are likely involved in the uptake and transport of selenite in plants 
(Yoshimoto et al., 2003). As Se is chemically similar to S, it competes with S and is transported inside 
the plant through sulfate transporters present in root plasma membrane (Sors et al., 2005a; Li et al., 
2008). After entry into plant, it is translocated to leaves and metabolized in plastids via sulfur 
assimilation pathway to SeCys or SeMet. Sulfur analog of Se can be further methylated and vaporized 
into atmosphere in a nontoxic form Pilon-Smits and Quinn (2010). Constitutively expressed low affinity 
sulfate transporters select SeVI over sulfate even when available sulfate is high in the external 
environment, while the high-affinity sulfate transporters that are induced at low external sulfate, select 
sulfate over SeVI in Arabidopsis thaliana (White et al., 2004). In A. thaliana, high-affinity sulfate 
transporters; AtSULTR1;1 and AtSULTR1;2, are involved in SeVI uptake (White et al., 2016). In rice, 
(Chauhan and Chaudhary, 2019) illustrated that Sulfate transporters (SULTR1; 1, SULTR1; 2) and 
aquaporin’s (NIP2; 1) are involved in uptake of selenate (Se+6) and selenite (Se+4), respectively, while 
phosphate transporters: PT2 and PT8 are involved in uptake of (Se+4). SULTR2; 1 and SULTR2; 2 help 
in direct transportation of (Se+6) into shoot cells and also contribute in xylem loading of (Se+6). Organic 
Se species like Seleno Methionine (SeMet), Seleno Cysteine (SeCys) and Seleno Methyl Seleno 
Cysteine (SeMetSeCys) are also taken up by rice roots and transported up to rice grains but the 
transporters are still unknown (Chauhan and Chaudhary, 2019) whereas, Di Methyl Selenide (DMSe) 
and Di Methyl Di Selenide (DMDSe) are the volatile forms of selenium (Fig.4). However, translocation 
of an ion or molecule to shoot tissue depends on the rate of xylem loading and the rate of transpiration 
(Renkema et al., 2012). Kikkert and Berkelaar (2013) evaluated mobility of Se species in Canola and 
Wheat through studying translocation factor, which found in the following order: selenate> SeMet> 
selenite/SeCys. 

 
Fig. 4: Flow diagram illustrating the transporters involved in the uptake and transport of different 
selenium species through xylem and phloem up to rice grains. From Ghauhan et al., (2019). 
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3.2 Selenium accumulation in the plants: 
Generally, during seedling growth stage, Se concentration is found to be higher in younger leaves 

than older one (Cappa et al., 2014; Harris et al., 2014). Inside the plant cells, Se is mostly accumulated 
in their vacuoles (Ximénez-Embún et al., 2004; Mazej et al., 2008) and can be effluxes through sulfate 
transporters present in the tonoplast (Gigolashvili and Kopriva, 2014).In general, plants have been 
classified as hyper-accumulators, secondary-accumulators, and non-accumulators plants depending 
upon Se accumulation inside their cells (Galeas et al., 2007; Bodnar et al., 2012; (Fig.5). Hyper-
accumulators plants accumulate higher amounts of Se in their cellsi.e., >1000 mg Se kg-1DM and thrive 
well in Se rich regions of the world. They have methylated forms of Se Cys and Se Met, which confer 
Se tolerance of the Se plants, and can be vaporized further as dimethyl di selenide (DMDSe). The 
Fabaceae constitutes greatest number of Se species known to hyper-accumulate Se. They include 
Stanleya, Astragalusspecies, Conopsis, Neptunia, Xylorhiza etc. Secondary-accumulators accumulate 
Se and shown signs of toxicity up to 100– 1000 mg Se kg-1 DM, i.e., Brassicajuncea, Brassicanapus, 
Broccoli, Helianthus, Aster, Camelina, Medicagosativa etc. While, Non-accumulators plants are those 
accumulate less than100 mg kg-1 Se of their DM ,and if they grow on Se-rich soils they can’t survive, 
show retarded growth, volatilize  Se as dimethylselenide (DMSe) i.e., grasses and crops (Galeas et al., 
2007; Bodnar et al., 2012).When non-accumulators plants are enriched with Se, it well be sequestered 
quickly in vacuoles of mesophyll cells of leaves (Ximénez-Embún et al., 2004; Mazej et al., 2008). 

 

 
Fig. 5: Classification of plants depending upon Se accumulation (Modified after Gupta and Gupta, 

2017) 
3.3. Selenium metabolism in the plants: 

The first step in Se assimilation is conversion of inorganic Se to selenite (Se+4).It requires the 
sequential action of two enzymes known as ATP sulfurylase (APS) and APS reductase(APR) (Fig.6). 
APS catalyzes the hydrolysis of ATP to form adenosine phosphor selenate, which is further, reduced to 
selenite by APR (Sors et al., 2005b). Selenite is then converted to selenide (Se-2) by enzyme sulfite 
reductase. In plants, this step can be reduced by glutathione or glutaredoxins (Wallenberg et al., 2010). 
Selenide is then converted to SeCys by coupling with O-Acetyl serine (OAS) in the presence of an 
enzyme cysteine synthase. Cysteine-synthase has greater affinity for selenide as compared to sulfide. 
Depending upon plant species and environmental conditions, SeCys can then be converted to elemental 
Se in the presence of enzyme SeCys lyase, can be methylated to methyl-SeCys (Me-SeCys) by seleno 
cysteine methyl transferase, or can be converted to selenomethionine (SeMet) by a series of enzymes. 
Mis-incorporation of SeCys or SeMet in proteins leads to disruption of structure and function of protein, 
and cause Se toxicity in plants (Pilon-Smits and Quinn, 2010). SeMet can be used to form selenoproteins 
or methylated to form methyl-SeMet (Me-SeMet). Me-SeCys or Me-SeMet can be further volatilized 
into atmosphere as non-toxic dimethylselenide (DMSe) in non-hyper-accumulators plants or 
dimethyldiselenide (DMDSe) in hyper-accumulators ones, (Fig. 6) (Pilon-Smits and Quinn, 2010). 

Selenateis transported inside the plant through sulfate transporters present in plasma membrane 
of roots. It is then transported to leaf through xylem. Selenateis then assimilated to MSe and DMDSe 
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by a series of sulfur metabolic enzymes. APS, ATP sulfurylase; APR, APS reductase; CS, 
Cysteinesynthase; SL, Selenocysteinelyase; SMT, Selenocysteine methyl transferase (Fig. 6). 

 

 
Fig. 6:  Schematic representation of Se metabolism inside plant cells. From: Gupta and Gupta, (2017) 
 
3.4 Beneficial effects of selenium in plants: 

The first beneficial effects of Se on growth and yield of some plants were most probably 
reported by Singh et al. (1980), who observed that the application of 0.5 mg kg-1 Se as selenite 
stimulated growth and dry matter yield of Indian mustard (Brassica juncea L.). Then, results 
on some researches revealed that Se, applied at low concentrations, enhanced growth and anti-
oxidative capacity of both mono and dicotyledonous plants. The promoting response of Se on 
growth was observed in ryegrass (Lolium perenne L.) (Hartikainen and Xue, 1999) and in 
soybean (Glycine max L.) (Djanaguiraman et al., 2005). In addition, Se delays senescence and 
promotes the growth of aging seedlings (Hartikainen and Xue, 1999; Xue et al., 2001). In spite 
of essentiality of Se to plants is still in a dilemma however, many workers have reported the beneficial 
effect of Se in some plants (Cartes et al., 2010; Hasanuzzaman and Fujita, 2011; Pandey and Gupta, 
2015).Various roles of Se in plants are described in pictorial form in (Fig.7). All mentioned roles of Se 
are interrelated to each other and contribute to overall growth and development of plant under stress 
and non-stressed conditions. Studies have shown that application of Se at low doses protect the plants 
from variety of abiotic stresses such as cold (Chu et al., 2010), drought (Hasanuzzaman et al., 2011), 
desiccation (Pukacka et al., 2011), and metal stress (Kumar et al., 2012; Pandey and Gupta, 2015). 

Under stress conditions, reactive oxygen species are produced in plants which disrupt cell 
membranes, proteins etc. Cartes et al. (2010) reported reduction in Al toxicity in rye grass by Se 
mediated dismutation of superoxide radical to H2O2. Kumar et al. (2012) observed reduction in ROS 
accumulation in Cd-stressed marine algae after application of 50 μM Se and Cd stressed Brassica 
seedlings after application of 2μM Se (Filek et al., 2008). Similarly, decreased ROS accumulation was 
also reported in heat stressed Sorghum (Djanaguiraman et al., 2010), and As-stressed mung bean (Malik 
et al., 2012). However, at high Se doses, it acts as pro-oxidant and causes oxidative stress in plants, i.e., 
in Pb stressed roots of Vicia faba 1.5 μM Se decreased ROS but 6 μM increased ROS accumulation and 
decreased cell viability (Mroczek-Zdyrska and Wójcik, 2012). Filek et al., (2010) reported positive 
effect of 2 μM Se in maintaining the structure and fluidity of chloroplast membrane in Cd-stressed rape 
seedlings. Similar effect of low dose of Se on plastidmembranes was also reported in Cd-stressed wheat 
seedlings (Filek et al., 2009), which could be attributed to reactivation of membrane enzymes or 
transportation of metabolites in chloroplast upon Se application. 
 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=dry+matter
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Fig. 7: Brief outline of beneficial effects of Se in plants.  
            Source: Modified after Gupta and Gupta, (2017) 
 

Many workers observed that Se-mediated reduction in electrolytic leakage and improved cell 
integrity under various stress conditions (Zembala et al., 2010; Pukacka et al., 2011; Malik et al., 2012). 
Djanaguiraman et al., (2010) reported positive effect of low dose of Se on photosynthesis in Sorghum, 
which could be due to decreased ROS levels and increased antioxidant activity upon Se application. 
Similarly, Wang et al., (2012) found increased photosynthesis in rice seedlings at low doses but reported 
disrupted photosynthesis at high dose of Se. Studies have reported beneficial role of Se in protecting 
the plants from heavy metal toxicity, which could be attributed to Se mediated detoxification of heavy 
metals due to less uptake, translocation or formation of nontoxic Se-metal complexes (Belzile et al., 
2006; Filek et al., 2008; Pedrero et al., 2008; Sun  et al., 2010; Zembala et al., 2010; Feng et al., 2011). 
Active role of Se has been reported in Fe uptake (Feng et al., 2009; Feng and Wei, 2012),and could be 
considered as one of the Se mediated mechanism to reduce metal toxicity in plants, as Fe is an important 
constituent of chloroplast and photosynthetic electron transport chain (He et al., 2004). One of positive 
roles of Se is delaying senescence (Xue et al., 2001), increased yield in Cucerbita pepo (Germ et al., 
2005), increased nutritive value of potato (Turakainen et al., 2006), increased respiratory potential in 
Pisum sativum (Smrkolj et al., 2006), chicory (Germ and Stibilj, 2007) and Erucasativa (Germ and 
Osvald, 2005), protecting the plants from pathogens, insects and herbivores (Freeman et al., 2006; 
Quinn et al., 2010). 
 
3.5 Toxicity effects of selenium on plants: 

Seleniferous soils and some mineral deposits are naturally rich in Se and exploitation of 
these soils or fossil fuels can lead to toxic accumulation of Se in the environment. Se 
contamination of sediments, soils and drainage water particularly occurs in arid seleniferous 
areas with intensive crop irrigation (Ohlendorf et al., 1986).Se toxicity occurs in plants when 
optimum concentration of Se exceeds. Selenium causes toxicity by two mechanisms, one of which is 
malformed selenoproteins and another by inducing oxidative stress. Both of the two mechanisms are 
known to be harmful for plants. 
 
3.5.1 Toxicity due to malformed selenoproteins  

Generally, Selenoproteins are malformed due to the mis-incorporation of SeCys/SeMet in place 
of Cys/Met in protein chain. As compared to SeMet, substitution of SeCys is more reactive and 
detrimental to protein functioning. In a protein chain, cysteine residues play an important role in protein 
structure and function, and helps in formation of disulfide bridges, enzyme catalysis, and metal binding 
site. Hence, replacement of cysteine with SeCys is detrimental to protein structure and function, as 
SeCys is larger, reactive and more easily deprotonated than cysteine (Hondal and Ruggles, 2011), as 
seen in case of methionine sulfoxide reductase function that got impaired after substitution with SeCys 
(Châtelain et al., 2014). SeCys substitution distorts tertiary structure of protein due to larger dieseline 
bridge formation and altered redox potential affect enzyme kinetics (Hondal and Ruggles ,2011). Fe-S 
cluster proteins of chloroplast and mitochondrial electron transport chain (Balk and Pilon, 2011) are 
prone to SeCys substitution for example as in case of chloroplast NifS-like protein (Pilon-Smits et al., 
2002). Fe-Se cluster are larger and does not fit properly in proteins. Nitrogenase activity of Klebsiell 
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apneumonia decreased five-fold after replacement of Fe-S cluster with Fe-Se (Hallenbeck et al., 2009). 
However, in another study substitution reaction proved to be beneficial for glutathione dependent 
peroxidasein Citrussinensis (Hazebrouck et al., 2000). Several studies have shown that diversion of 
selenocysteine from protein synthesis is associated with enhanced Se tolerance in plants i.e. over 
expression of SeCys-methyltransferasein Arabidopsis and Brassicajuncea (LeDuc et al., 2006), 
Cystathionine gamma- synthase, NifS-like protein with selenocysteinelyase activity in Brassicajuncea 
(Van Huysen et al., 2003; Van Hoek et al., 2015).  

 
3.5.2 Toxicity due to oxidative stress: 

At high Se concentrations, it acts as pro-oxidant and generates reactive oxygen species (ROS) 
which cause oxidative stress in plants. Thus, the occurrence of an antioxidant or pro-oxidative effect 
depends on the concentration of Se. Oxidative stress describes a condition when the generation of 
reactive oxygen species (ROS) in a system exceeds the system’s ability to neutralize and 
eliminate them (Sies,1985,1986 and1989). The imbalance can resulted from a lack of 
antioxidant capacity caused by disturbance in production, distribution, or by an overabundance 
of ROS from endogenous sources or environmental stressors. If not regulated properly, excess 
ROS can damage cellular lipids, proteins or DNA, thus inhibiting signal transduction pathways, 
and, in general, normal cellular function (Mizra et al., 2010).The beneficial antioxidant activity 
of Se has been observed under stress conditions when increased amounts of ROS are generated. Thus, 
the occurrence of an antioxidant or pro-oxidative effect depends on the concentration of Se to be used. 
The enzymes of the antioxidant system that protect cells by eliminating ROS include catalase (CAT), 
superoxide dismutase (SOD), and numerous peroxidases (POXs), among which ascorbate peroxidase 
(APX) is included. The mechanism of the antioxidant activity of Se in plants has not yet been fully 
understood. Until now, it has been proved that Se affects CAT, SOD, and POXs activities (Sieprawska 
et al., 2015). In addition to their harmful effects, lower concentrations of ROS have a mediator role in 
signal transmission in the defense and acclimatization responses of cells to stress factors (Miller et al., 
2010).Therefore, the regulation of certain elements of the antioxidant system by Se may affect the 
reduction of ROS levels and, in this way, change their role from harmful to beneficial elements. Also, 
Se in low concentrations may play an important role in the metabolism of the antioxidant system; 
however, in higher concentrations, Se can cause an increased ROS generation in plants (Freeman et al., 
2006); Mroczek-Zdyrska and Wójcik, 2012). It may cause a pro-oxidative effect, which indicates the 
dual nature of this element (Hartikainen et al., 2000). In this context, Chen et al., (2014) observed that 
Se in the form of selenite caused a generally increased generation of ROS, including O2

•− in the roots 
of Brassica rapa. Increasing the concentration of Se was shown to increase the level of H2O2 in lettuce 
(Ríos et al., 2009).The effect of Se on the generation and scavenging of H2O2 was dependent, so far, on 
the form of this element. It was found that the generation of this molecule was stronger during the 
interaction of Se in the form of selenate than selenite (Ríos et al., 2009). In addition, in the roots of 
Vicia faba seedlings growing in the presence of lead in toxic concentrations, it was found that the 
addition of 1.5 μM of Se increased the cell viability, glutathione content, and total content of thiol 
groups, while, in a higher concentration; 6 μM, significantly increased O2

•−, decreased cell viability, 
and total thiol content (Mroczek-Zdyrska and Wójcik, 2012). Generally, under Se stress, a decreased 
level of glutathione is observed (Hugouvieux et al., 2009), except in Se-tolerant plants where elevated 
levels of glutathione are observed (Grant et al., 2011). They revealed that Arabidopsis plants 
(Arabidopsis thaliana) phytoalexin-deficient cad2-1 mutant plants having defective glutathione 
synthetic pathway showed many folds decreasing in root length when compared with the 
wildtypeplantsgrownon20-μM selenate.Inapr2-1 mutant of Arabidopsis, glutathione depletion and ROS 
accumulation found to be interlinked to each other under Se stress(Grant et al., 2011). In wheat 
seedlings under Se stress, increased lipid peroxidation was observed (Łabanowska et al., 2012). Several 
studies have reported increased activity of antioxidant enzymes indicating ROS accumulation under Se 
stress (Gomes-Junior et al., 2007; Chen et al., 2008; Akbulut and Cakır, 2010; Schiavon et al., 2016). 
In addition, under Se stress, Tamaoki et al.,(2008) and De Pinto et al., (2012) observed higher 
accumulation of ROS in vtc1 mutant having defective ascorbic acid biosynthetic pathway when 
compared to wild type plants. It was found that, ROS accumulation under Se stress increased lipid 
peroxidation and cell mortality in Arabidopsis and Vicia faba  Lehotai et al., 2012; Mroczek-Zdyrska 
and Wójcik, 2012.  

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=signal+transduction
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4. Selenium in human health: 
Selenium (Se) is a trace element playing an essential role in human and animal health. It is 

necessary for the synthesis of the selenocysteine amino acid, which is involved in the formation of 
approximately 25-35 selenoproteins that are critical in mammal metabolism (Rayman, 2012; Oliver and 
Gregory, 2015). Previously Se maligned as a carcinogen, but it is now being understood as a vital 
nutrient, albeit one with a low window from being therapeutic to toxic. (Kieliszek and Błażejak, 2016). 
Selenoproteins carries out various functions in normal health and metabolism of human and animal 
(Kieliszek and Błażejak, 2013). Examples of selenoproteins include the glutathione peroxidases as 
antioxidant, thioredoxin reductases as an oxidoreductases that act on disulfide reduction system, 
iodothyronine deiodinases as responsible for synthesis and metabolic regulation of thyroid hormone, 
methionine-R-sulfoxide reductase as a zinc-containing selenoprotein,  selenophosphate synthetase 2 as 
synthesis of the active Se donor selenophosphate, 15-kDa selenoprotein as thioredoxin-like fold ER-
resident proteins, and selenoproteins H, I, M, T, V, and W (Rayman, 2012; Labunsky et al., 2014). In 
particular, glutathione peroxidase (G-Px); a selenoprotein, performs antioxidant activities that protect 
against reactive oxygen and nitrogen species. Iodothyronine deiodinases that convert inactive thyroxine 
(T4) to active thyroid hormone, triiodothyronine (T3), are selenium-dependent (Kieliszek and Błażejak, 
2016). In addition, selenium plays an important role in the immune system functioning and the 
progression of HIV to AIDS.  Selenium deficiency has been implicated in cardiovascular disease, 
infertility, myodegenerative diseases, and cognitive decline. The role of selenium in cancer treatment 
is currently being studied.  

Selenium (Se) is proved an essential trace element found in humans, animals, and some bacteria. 
In humans, its sources include meat, cereal grains, and fish. Average intake required for normal body 
functioning varies according to the age group. Recommended limits of safe daily dietary Se intake 
typically vary between 55 and 400 mg d-1 for adult humans (Koivistoinen, 1980; Koljonen, 1975) but 
Jan et al., (2015) mentioned that actual pharmacological and toxicological effects further depend on 
age, gender and weight of the individual person as shown in Table (2). In addition, Institute of Medicine 
of the USA National Academy has established  an Average dietary requirement (ADR) for Se of 55 μg 
day-1 for adults while the tolerable upper intake for adults is 400 μg day-1 (Bendich, 2001). The safe 
range of dietary intakes of Se is considered narrow (Tan et al., 2002). 
 
Table 2: Requirement dietary average (RDA) and tolerable upper intake (TUI) of Se in different age 

groups of humans.  
Group Age 

(yr.) 
Requirement dietary average 

(RDA)(µgd-1) 
Tolerable upper intake 

(TUI)(µgd-1) 

Children 
1-3 
4-8 

3 
23 

90 
150 

Males & Females 9-18 35-45 280-400 
Pregnancy 19-30 49 400 
Lactation 19-30 59 400 

Source: Modified after Jan et al., (2015) 
 
Selenium deficiency in the human has been linked with thyroid gland dysfunctions, irreversible 

brain damage, peripheral vascular diseases, chronic and degenerative osteoarthropathy (Kashin–Beck 
disease), impaired immune response to viral infections (such as measles, hepatitis, influenza and 
HIV/AIDS), male infertility, pre-eclampsia in women, heart diseases and higher risk for different types 
of cancers (Combs, 2000; Pilon-Smits and Quinn, 2010; Davis et al., 2012; Fairweather-Tait et al., 
2011; Rayman, 2012; Riaz and Mehmood, 2012; Cardoso et al., 2015). Although Se deficiency in the 
animal and human body leads to various diseases and disorders, an excessive Se intake is also capable 
of causing adverse effects to health (Yang et al., 1983; Goldhaber, 2003; Aldosary et al., 2012; Riaz 
and Mehmood, 2012). Besides the selenoproteins, non-protein organic forms of Se have been also 
shown to have important benefits to human health. Recently, particular attention has been given to the 
anticarcinogenic effects of some methylated organic compounds of Se. Many studies reporting on the 
chemopreventive properties of some non-methylated organic forms of Se (Ryan-Harshman and Aldoori, 
2003; Rayman, 2012; Riaz and Mehmood, 2012) and several researchers demonstrated a potent 
anticancer activity of monomethylated Se forms, especially Se-methylselenocysteine and γ-glutamyl-
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Semethylselenocysteine (Ip and Ganther, 1990; Ip et al., 2002; Dong et al., 2001; Medina et al., 2001; 
Lee et al., 2009; Wang et al., 2012). 

Some regions around the world have soils with high Se contents (seleniferous soils), which may 
cause several diseases in local population because of the excessive intake of this element (Swanson et 
al., 1990; Yang et al., 1983; Goldhaber, 2003; Riaz and Mehmood, 2012). On the other hand, Se 
deficiency affects about 1 billion people worldwide due to soils lacking this mineral nutrient in some 
other countries (Nothstein et al., 2016). This edaphic characteristic was registered in countries such as 
Sweden, Finland, USA and China (Gissel-Nielson et al., 1984; Gupta and Gupta, 2000; Malagoli et al., 
2015). However, taking into account that available Se contents in soils is considered low in many parts 
of the world, it is expected that the population in these regions has not obtained the necessary Se amount 
as the dietary intake recommendation. It was estimated that between 0.5 and 1.0 billion of people in the 
world have Se-deficiency (Combs, 2001). In Brazil, the evidences of insufficient Se intake by 
population are high (Ferreira et al., 2002; Maihara et al., 2004), due to low availability of Se in the most 
Brazilian soils (Gabos et al., 2014; Matos et al., 2017). 

One of the safest and most important way to increase Se intake by mammal is consuming Se-
enriched foods, which is possible through crops of higher Se content in their edible parts. Another way, 
through biofortification of staple crops with Se aiming to increase the Se intake by population in Se-
poor areas. Various efforts have been made to enrich agricultural feed crops with Se via fertilization 
(agronomic) or genetic breeding in a strategy called biofortification (Malagoli et al., 2015; Pinto and 
Implvo, 2015). The biofortification of crops with Se may be performed either by genetic or agronomic 
way. Genetic biofortification involves the traditional and molecular plant breeding approaches to 
choose cultivars of a given specie that are efficient to accumulate Se (Boldrin et al., 2018). While, 
agronomic biofortification refers to the use of Se-containing fertilizers (applied to soil and/or by foliar 
spray) to increase contents of Se in staple plant foods (Olivera et al., 2018). However, the action of 
applying fertilizers with Se needs to be carried out with certain cautions, taking into account that the 
dose range of dietary Se requirement for humans is narrow. Therefore, soil characteristics that affect Se 
availability, such as interactions with other elements and sorption-desorption reactions with minerals 
and organic matter, need to be well identified (Fordyce, 2007). Such knowledge will assist to choose 
suitable forms and doses of Se to be applied in fertilizers as an important way to improve the Se uptake 
by crops, thin intake by population in Se-poor sites (Fig. 1). Some other actions in order to increase Se 
ingestion by animals and humans have taken place, such as the use of supplements (capsules containing 
Se and other minerals) or enrichment of foods with Se during industrial processing (Davis, 2012). 
Researches have pointed out that the use of supplements is somewhat uncertain in terms of efficiency 
due to the Se forms added in commercial supplements, as well as because the supplements are usually 
unevenly distributed among different population groups (Pietinen et al., 2010). In addition, Aldosary et 
al. (2012) and Morris and Crane (2013) reported several cases of Se intoxication in people due to the 
intake of these supplements. Industrially fortified foods and supplements mostly contain inorganic Se 
forms (selenate and/or selenite). It is well known that the Se speciation significantly affects the potential 
benefits of this element to mammal health, being the organic Se forms (selenocysteine and/or 
selenimethionine) the most effective bioavailable Se species for the animal and human nutrition 
(Thomson, 2004; Fairweather-Tait et al., 2010;Surai et al., 2019). Studies have reported that inorganic 
Se forms have lower bioavailability in the human organism and also present higher risk of toxicity by 
excessive intake (Barceloux, 1999; Finley, 2006; Thomson, 2004; Veatch et al., 2005). In general, Se-
containing supplements and/or Se-fortified foods for industrial processing are still little accessible to 
the population of lower socio-economic status (Pietinen et al., 2010). In this way, the plants play a key 
role to include Se in food chain. They may take up the Se in its inorganic forms predominant in the 
environment (in general, selenate and selenite anions), and convert them to functional organic forms 
(Pilon-Smits and Quinn, 2010). 
 
Conclusion 

It could be concluded that soils play an important role in controlling the Selenium (Se) cycling 
in the critical zone as they can both act as sink and source of Se. It has been regarded Se as an essential 
micronutrient for both animals and humans, playing among other functions a relevant role in the 
antioxidant system of mammals, but lead to toxicity when taken in excessive amounts. Selenium (Se) 
is an essential trace mineral that playing a vital role in human and animal health, and both low and 
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excessive dietary Se intake could cause various health risks or disorders. Adsorption capacity of Se on 
soils is generally affected by soil characteristics such as pH, mineralogy and texture, organic matter 
content and Se chemical form, redox condition, and interactions with other ions. Behavior of Se in 
plants was chemically similar to sulfur, hence taken up inside the plants via sulfur transporters present 
inside root plasma membrane, metabolized via sulfur assimilatory pathway, and volatilized into 
atmosphere. Selenium (Se) is proved an essential trace element in nutrition of humans, animals, and 
some bacteria, however, its essentiality for plants is still controversial. Some regions of the world 
present high Se levels in soils causing several functional disorders and diseases in plants and people 
who live in seleniferous regions. However, the malnutrition problem of selenium is often due to Se-
poor diet, probably because of the low Se availability in soils where plants are growing, which are 
consider the main source of dietary Se, Selenium (Se) is an essential trace mineral that playing a vital 
role in human and animal health, and both low and excessive dietary Se intake could cause various 
health risks or disorders. 

A final message, more understanding of Se behavior in soils to predict its availability and 
sufficiency for crops under different cultivation systems will be a significant approach in future studies, 
to establish safe forms and doses of Se-fertilizers to be added. Agronomic and genetic bio fortification 
of staple crops with Se has been suggested as an important tool to improve Se intake by population in 
Se-poor regions. 
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