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ABSTRACT

Selenium biofortification in crops is to either raise the amount of selenium that accumulates in
edible plants or boost their bioavailability. It is among the solutions for the growing worldwide
hidden hunger for vital micronutrients. Plant growth promoting rhizobacteria are helpful soil
bacteria that live in plant roots and promote plant growth in a variety of ways via diverse methods.
Thus, increasing human selenium status depends critically on selenium's mobility across soil, crop,
and environmental interfaces. This review covers the importance of selenium for human health,
how soil crop systems respond to selenium, how plants use selenium to fend off abiotic stresses,
and potential methods for raising selenium concentration through the use of microorganisms

(selenorhizobacteria) as biotechnological tools to improve plant nutrition and quality.
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Introduction

The goal of biofortification is to increase the concentration of important micronutrients in
edible sections of crops without losing agronomic traits like yield or drought and insect tolerance.
This method increases the nutritional value of crops. Biofortification via green technologies, which
use microorganisms to enhance soil nutrient status and plant accessibility, and nanotechnology,
which applies nanomaterials to plants either alone or in combination with conventional fertilizers

(e.g., Zn, Fe, or graphene nanoparticles) (Dhaliwal et al., 2022). The appropriate and healthy



existence of humans, animals, archaea, and certain other microbes depends on the mineral

micronutrient selenium. (EI-Ramady et al., 2014).

The distribution of selenium varies around the world since it is found in the lithosphere
layer of the earth's crust, which includes water, soil, and open areas (Hasanuzzaman et al., 2020).
The primary source of selenium's role in functioning is its presence in selenium-containing amino
acids such selenomethionine (SeMet) and selenocysteine (SeCys).The total selenium concentration
of food sources, including chemical forms (speciation), is crucial because it influences the
nutritional value and bioavailability of selenium (Kikkert et al., 2013). Benefits derived from
biofortifying crops with micronutrients, such as antioxidant qualities that can promote plant growth
and protect plants from many forms of abiotic stress. Although selenium is a necessary component

of human and animal cells, its significance for plants is still being studied (Jozwiak et al., 2019).

Microorganisms are a novel biotechnological substitute for selenium biofortification since
they are crucial to the transformations and availability of selenium. In addition to increasing plant
productivity, fertilizing crops with selenium may also improve their nutritional value. The
application of conventional agronomic selenium biofortification shows great promise in combating

hidden hunger. (Haug et al., 2007).

The amount of selenium applied has a significant impact on its toxicity or benefits (Gupta et al.,
2020). Se can activate plants' antioxidant systems at low concentrations, but at large
concentrations, it functions as a prooxidant (Nawaz et al., 2015). Se has a number of beneficial
impacts on plants, including boosting plant growth, reducing UV-induced oxidative damage,
enhancing chlorophyll recovery from light stress, boosting senescing plants' ability to combat
oxidative damage, and controlling drought-stricken plants’ water status (Yao et al., 2009).
Furthermore, Se has the ability to enhance plant growth and development as well as boost the

plants' ability to withstand environmental stressors and produce antioxidants (Igbal et al., 2015),



hence contributing to increased grain yields (Hasanuzzaman et al., 2014). Research has shown that
selenium (Se) can enhance plant development by fortifying stress tolerance mechanisms like
antioxidant and secondary metabolite metabolism. (Kamran et al., 2020). This review will
therefore attempt to spread more light to find out the ways for biofortification of crops to increase

their tolerance towards drought and can produce reliable yield.

Significance of selenium in human health

Selenium is an amino acid that is part of selenocysteine, an enzyme active site component,
and is therefore required in trace amounts by both humans and animals. Se takes responsibility for
a variety of metabolic activities in both animal and human systems. Se activates immune cells such

natural killer (NK), cytotoxic T, and helper T in the immunological system (Razaghi et al., 2021).

A vital trace element, selenium is fundamentally important for human health. For both
humans and animals, selenium is an important mineral with antioxidant qualities (Jezek et al.,
2012). Selenium deficiencies in the human body can result in or cause illnesses like Keshan and
Kashin-Beck disorders (Fairweathe et al., 2011). Additionally, a shortage in selenium is linked to
immune system enhancement, muscular necrosis, hypothyroidism, cardio-cerebrovascular illness,
male infertility, and an increased prevalence of several cancers (Fordyce et al., 2013). Se
deficiency is thought to be associated with illnesses including acquired immune deficiency
syndrome (AIDS) and coronavirus disease 2019 (COVID-19) (Zhang et al., 2020). A vital
component of selenoproteins, selenium is involved in numerous biological processes with
antioxidant qualities, including defense against free radical damage, thyroid hormone production,
DNA synthesis, fertility and reproduction, HIV treatment, and defense against toxic heavy metals

(Fairweather-Tait et al., 2011).



This metalloid's predicted significance stems from its association with selenoenzymes,
including glutathione peroxidase, thioredoxin reductases, and proteins whose roles are unclear but
which contribute to preserving the redox potential of cells (Ramos et al., 2010), as well as
additional bodily structure and metabolic processes. A diet deficient in selenium can have a
detrimental effect on human health by increasing the risk of heart disease, hypothyroidism, lower
male fertility, impaired immune systems, and increased susceptibility to infections and
malignancies (Hatfield et al., 2014). Numerous studies have demonstrated the protective effects of
selenium compounds, such as SeMet, in the human diet against malignancies of the breast,
prostate, lung, bladder, and liver (Fairweather-Tait et al., 2011). Thus, one practical way to lessen
the issue of selenium insufficiency in humans and animals is to increase the content of selenium in

food crops.

An approximate adequate daily intake of selenium for humans is 50-60 pg, however

hazardous levels of selenium ingestion range from 350-700 pug (Badmaev et al., 2018).

It is possible for many microbes to transform inorganic selenite into organic forms, which
are thought to be more effective and safe dietary sources of selenium. Additionally, selenium can
bind to different polysaccharides and proteins to form complexes. The prevention of cancer and
cardiovascular disease is one of the main health benefits of selenium supplementation or ingestion
in humans, even at low dosages. Significant increases in the amount of starch, reducing sugars,
sulfur-containing amino acids, and other components are involved in selenium augmentation in

cereals.

The percentage of people suffering from non-communicable, dietary-dependent illnesses
such obesity, hypertension, hyperinsulinemia, insulin resistance, and dyslipidemia is continuously
rising (World health statistics, 2020). However, consuming too much selenium can also lead to the

development of hypotension, tachycardia, tremor, muscle contractions, hair loss, and lesions on the



skin and nails. Therefore, it's important to maintain a balanced daily intake of Se (Hossain et al.,
2021). The amount of Se that is advised to be consumed each day varies based on factors like age,
gender, stage of pregnancy, length of lactation, region, and food. In addition, the WHO's
recommended daily intake of selenium (Se) is trending upward (Table 1). The body mostly absorbs

selenium through diet. Products derived from plants and animals contain the trace element.

Tablel.: Recommended daily intake levels of Se

country Men Women Pregnancy | Lactation period | Maximum Toxic dose Reference
mg/day mg/day mg/day mg/day allowable level | mg/day
mg/day
WHO 42 (1996); | 39 (1996); 57-59 64-71 400 900 Kieliszek et al., 2019

34 (2004); | 26 (2004);
55(2019) | 55 (2019)

Russia 70 55 55 55 - - World Health
Organization; 2017

United 75 60 - - 400 - Kieliszek et al., 2019

Kingdom

United 55 55 60 70 200 400 The National Academy

States Press, 2000.

Europe 60 53 - - 400 - Commission Directive
2008

India 55 55 60 70 200 - Alexander et al., 2020

Status of selenium in soil and crop

The physical, chemical, and biological characteristics of the soil have a significant impact
on the effectiveness of selenium-treated crops in terms of yield (Zhao et al., 2005). The majority of
soils have extremely low bioavailability of selenium content, ranging from 0.01 to 2 mg/kg on
average (0.4 mg/kg); nevertheless, in select seleniferous locations, greater amounts of up to 1200
mg/kg have been reported (Fordyce et al., 2005). Selenium concentrations in vegetation on most

soils are less than 1 mg/kg. Most plant species on seleniferous soils have a selenium content of 1—



10 mg/kg, while plants that are hyper accumulators of selenium, such as Astragalus and Stanleya
genera, can collect 1000-15000 mg/kg at low soil concentrations.

In India, the soil of Gujarat has a very low selenium status and is regarded as deficient in
the element; the total amount of selenium in the soil ranges from 0.142 to 0.678 mg/kg, with an
average of 0.375 mg/kg (Patel et al., 1970). In agroecosystems, selenium can be present in both
inorganic and organic forms. Elemental selenium, selenide, selenite, and selenate are the four
oxidation states of inorganic selenium. Uneven distribution of selenium in the soil might result in
selenium insufficiency. Low quantities of plant-available forms of selenium in soil can reduce the
amount of selenium consumed through food due to crops' slow uptake of the mineral (Winkel et
al., 2015). Only around 5% of the selenium that is added to the soil is used by plants. Plant species
differ widely in their capacity for selenium buildup in their tissues (White, 2016). In general,
SeO4%* and SeOs*have a strong affinity for plants. Conversely, some organic forms of selenium,
such as selenocysteine (Se-Cys) and selenomethionine (Se-Met), are employed as active
ingredients because they have a higher phytoavailability.

The amount of selenium in the soil and the concentration of selenium in grown food
plants in a given area determine the selenium status and intake in a given human population.
Therefore, controlling the amount of Se in plants is a major way to manage human intake of Se and
its status, which is also influenced by soil Se level, bioaccumulation of Se, and the effectiveness of
soil microbes (Stoffaneller and Morse, 2015; Winkel et al., 2015). The average selenium content of
soils worldwide ranges from 0.1 to 0.7 mg kg 2. Clay soils typically have an average Se content of
0.8 to 2 mg kg%, whereas tropical soils have an average Se level of 2-4.5 mg kg™*. As a result, clay
soils contain more Se than soils with coarse minerals. (Hartikainen, 2005). Rainfall, organic
matter, and soil texture all affect the amount of selenium present in the soil (EI-Ramady et al.,

2016).



Se content is extremely low in igneous rocks and explosive soils. These kinds of soils are
found in hilly nations like Sweden, Finland, and Scotland. Se is abundant in sedimentary rocks. Se
is typically prevalent in rocks found in the world's arid regions. These rocks are linked to the
detrimental effects of selenium on animals. (McNeal and Balistrieri, 1989; Gupta and Gupta,
2000). By using microorganisms that can metabolize inorganic selenium and be used as seed
inoculants or as biotechnological tools for crop nutrition and quality, it may be possible to reduce
the complexity of selenium behavior in plants and soils, particularly in soils that are specifically
deficient in the mineral. A novel biotechnological approach to address the toxicity and selenium
deficit in some agroecosystems could involve combining biofortification and bioremediation
(Acunaetal., 2013).

The distribution, mobility, and bioavailability of selenium in soils are
significantly impacted by the presence of microbes in the surrounding environment. The
bioprocesses involved in the metabolism of bacteria also affect the relative amounts of selenium
oxidation states and selenium compounds in the atmosphere. For the purpose of bioremediation of
contaminated soils, sediments, industrial effluents, and agricultural drainage waters, bacteria have
the capacity to convert inorganic selenium into elemental forms (Dungan et al., 2003). Nearly 80%
of the world's total Se reserves are distributed across Australia, Peru, China, the United States,
Chile, Canada, New Guinea, Zambia, the Philippines, and Zaire (Liu et al., 2011). There are places
in about forty countries where human selenium intake is 10% pg day * or even significantly lower,
while soil selenium concentrations are limited. Conversely, Switzerland, New Zealand, Australia,
Finland, and South Korea are among the nations with Se-abundant to Se-limited areas. (Wu et al.,
2015).

Total Se concentration ranged from 0.023 to 4.91 mg kg in 0-15 cm surface soil and
0.64-515.0 mg kg? in vegetation samples in the northwest region of Indian soil (Dhillon et al.,

2014). Plants, soils, rocks, and groundwater are all parts of the agroecosystem that contain



selenium. The range of selenium amounts in animal diets for both adequacy and toxicity is 0.05—
0.10 mg kgt and 4.0-5.0 mg kg2, respectively (Zanetti et al., 2015).
Role of soil microbes in mobilization of selenium

Enhancing selenium biofortification through crop-microorganism interactions is the focus
of this emerging field of study. Plant growth promoting bacteria (PGPB) are a diverse group of soil
bacteria that, when coexisting with a host plant, stimulate the host's growth. Nowadays, using
bacteria that promote plant growth can serve as an alternative to conventional techniques for
improving plants' uptake of micronutrients. (Mora et al., 2015).

It is widely acknowledged that a large range of bacterial species exist in the rhizosphere
and that these species perform vital roles in agriculture, including nutrition, plant growth, and
disease prevention (Hawkesford et al., 2007). Similar to this, microbes are crucial to the
biogeochemical cycle of selenium in the natural world (lke et al., 2000). Selenium is modified
during bacterial metabolism by a variety of processes (oxidation, reduction, or methylation), as
well as by selenium respiration in bacteria that are tolerant of selenium and linked to the processes
of assimilation and metabolization of this metalloid within the cells. This has demonstrated a great
deal of promise for usage in selenium-contaminated sites bioremediation and phytoremediation
(Ghosh et al., 2008; Tong et al., 2014). The amount of accessible EXC-Se and SOL-Se in soil and
plants was considerably enhanced by the selenium-oxidizing bacteria Dyella sp. LX-1,
Rhodanobacterium sp. LX-100, and Agrobacterium sp. T3F4, Concentrations of Se (Guo et al.,
2024). Excessive levels of heavy metals, such Cd, in seleniferous soils need to be addressed,
despite the fact that microbial selenium fortification in crops is an environmentally beneficial
biotechnology (Jiao et al., 2022)

In both aquatic and terrestrial ecosystems, specific bacterial species are crucial for the

transformation of selenium. Se serves as the terminal acceptor for the anaerobes' respiration.



Thauera selenatis, which was found in a bioreactor containing Se-oxyanion and agricultural
wastewater in California, and Sulfurospirillum barnesii, which was found in drainage containing
Se, are the first microbes to be isolated to use SeO*" for such a process (Macy et al. 1993;
Oremland et al. 1994).While SeOs* is produced in small quantities, autotrophic bacteria like
Bacillus megaterium typically oxidize Se° into SeOs?". Previous investigations into soils and
slurries have demonstrated that the oxidation process of Se? results in the formation of SeO4 2~ and
SeOs 27, respectively (Dowdle and Oremland 1998). A number of other microbial species, such as
Shewanella, Anaeromyxobacter dehalogenans, Desulfitobacterium sp. D. chlororespirans,
Geobacter sulfurreducens, and Enterobacter cloacae etc. were furthermore examined for their
capacity to reduce, specifically for conversions from SeOs >~ & SeOs % into Se°, respectively
(Schilling et al. 2020).

Se-metabolising bacteria

Selenate-metabolising bacteria

Bacteria that consume selenium undergo reduction of SeO4>" in two primary stages: first, selenium
reductases convert SeO4>~ into SeO3%", and then they further reduce selenite into Se°.

Se04 2 + 2e + 2H" — Se03 %+ H.0

Se03 2 + 4e + 6H" — Se® + 3H,0

Microbes such as B. selenatarsenatis and E. cloacae are capable of undergoing these kinds of
reactions, which take place in the presence of anaerobic and aerobic circumstances. That are often
engaged in the reduction of SeO+% (Nancharaiah and Lens 2015). SerABC selenate reductase is a
trimeric molybdenum enzyme that aids in the reduction of SeO4>~ into SeO3*" in the periplasm.
However, the purest form of selenate reductase enzyme was identified, screened, characterized,
and purified by Schroder et al. (1997). The unique way that selenium-metabolizing bacteria
operate allows them to break down selenium inside their cells.

Selenite-metabolising bacteria



Many different microbial strains reduce SeO3z>", contributing up approximately 43% of
the soil microbial population that takes part in the conversion of SeO3 2 and SeOa4 2~ into Se®.
Additionally, anaerobic respiration or detoxification both promote this process (Sura-de Jong
2015). Different bacterial strains that reduce SeO.% also exhibit the capacity to dissimilatory
reduce SeOsz>", which mostly promotes the synthesis of lactate and acetate, respectively (Oremland
et al. 1994).

The following reactions involve the conversion of SeOs? into Se®:

C2HsOHCOO + Se07 3+ H*— CH3COO + Se’+ HCO 3+ H,0

C2H4sOHCOO + Se0; 3+ Hy + 2H*— CH3COO + Se%+ 3H.0

This is successfully aid in the detoxification mechanism by mediating the process of SeOs*
reduction in bacteria, which typically occurs in the cytoplasm or periplasm and is then translocated
to the cell exterior as Se® (Kessi and Hanselmann 2004). Additionally, the reduction of SeOs*"
using organic carbon (lactate, propionate, butyrate, and acetate) with the help of Cronobacter sp.
has been demonstrated. In this case, organic carbon acts as an electron donor in the microaerobic
environment where microorganisms require oxygen to completely decrease SeOs? (Estrada et al.
2020). Therefore, all of these bacterial strains can be investigated for their ability to convert
inorganic forms of selenium and for use as a source of selenium supplement in food. Potential
biotechnological uses for PGPR include serving as a carrier for agricultural biofortification. The
selenium linked with the bacterial inoculum may be incorporated and translocated into leaves and
other plant parts by plants treated with bacteria that were tolerant of selenium.

This bacterial inoculum enhanced with selenium can be employed as a biotechnological
instrument for plant selenium biofortification.Wheat plant tissue had higher selenium
concentrations  after  being inoculated with  selenium-enriched  rhizobacteria, or
seleniorhizobacteria, which can metabolize selenium (Acuna et al., 2013). The selenium content of

grain was enhanced in plants co-inoculated with a combination of selenibacteria strains and G.



claroideum. A potential substitute for increasing the selenium content of cereals cultivated on soils
poor in selenium is the use of microorganisms that are tolerant of selenium.

Many research investigations have demonstrated a variety of aerobic bacteria that are resistant of
selenium, including Pseudomonas aeruginosa, Bacillus sp., Stenotrophomonas sp., Acinetobacter
sp., and Klebsiella sp. (Acuna et al., 2013) etc. possess the capacity to accumulate selenium, and

these bacteria may be employed as inoculants to enhance cereal wheat with selenium (Table 2).

Table 2.: Plant growth promoting bacteria used for selenium biofortification in crops.

No | Microorganisms Plant Method of Source of Se Results References
fertilization
1. Enterobacter sp. B16, Triticum Inoculation Selenobacteria | Enhanced selenium | Acuna et al.
Stenotrophomonas sp. aestivum L. Root content (2013)
B19 cv. Fritz in Shoot
2. Bacillus sp. R8, Triticum Inoculation Selenobacteria | Enhanced selenium | Duran et al. (2013)
Enterobacter sp. B16, aestivum L. Root content
Pseudomonas sp. R12, cv. Puelche in Grain
Stenotrophomonas sp.
B19
3. Bacillus sp. YAM2 Triticum Seed Selenobacteria | Enhanced selenium | Yasin et al. (2015)
aestivum L. palletization content
in wheat kernels &
stems
4. Acinetobacter sp. E6. 1, Triticum Seed Endophytic Enhanced selenium | Duran et al. (2015)
Bacillus sp. R8, Klebsiella | aestivum L. palletization Selenobacteria | content
sp. E2 CV. in Shoot

Selenium biofortification mediated by micro-organisms for effective and sustainable crop
production

Microbes help with Se-biofortification, which raises crop nutrient levels and uses them as
fertilizer for both biotechnological and conventional breeding techniques. In areas where soil
nutrients are scarce, this procedure improves the nutritional content of crops (Hossain et al. 2021).
Additionally, in Se-deficient soils, Se-biofortification is carried out by choosing a plant species
that can better absorb micronutrients through their edible organs, enhancing the diets of humans

and animals.The most effective method for ensuring that plants absorb selenium is through



biofortification, which allows diverse agricultural soils deficient in selenium to recoup it through
animal excrement as well (Ye et al. 2020). Certain microorganisms help plants absorb nutrients
more efficiently, and in addition to increase plant growth and productivity, these microbes also
assist plants resist stress. Microflora, including endophytic fungi, mycorrhizae, and rhizobacteria
that promote plant growth, are being employed in biofortification processes. (Hossain et al. 2021).
Mycorrhizae act as intermediaries. Plant uptake of selenium (Se) improved the uptake and
accumulation of selenium and selenite, especially in Glomus versiform and Funneliformis sp.

(Patel et al., 2018), (Table 3)

Table 3.: Microbes mediating Se-biofortification for sustainable agricultural practices

S.No. | Micro-organism Plant species References
1. Acinetobacter sp. Triticum aestivum Duran et al. (2013)
2 Alcaligenes faecalis, Ricinus communis, Glycine max Trivedi et al. (2020)

Paraburkholderiame gapolitana,

3, Anabaena sp. Triticum aestivum Abadin et al. (2017)

4 Bacillus amyloliquefaciens Arabidopsis thaliana Wang et al. (2017)

5. Bacillus axarquiens Triticum aestivum Duran et al. (2013)

6. Bacillus cereus Triticum aestivum Yasin etal. (2015)

7 Glomus fasciculatum Allium sativum Patharajan and Raaman (2012)
8 Glomus irtraradices Allium sativum Larsen et al. (2006)

0. Rhizophagus intraradices Lactuca sativa, Asparagus officinalis, Lac-tuca | Sanmartin et al. (2018)

sativa, Allium cepa

10. Glomus versiform Triticum aestivum Luo et al. (2019)

11. Glomus mosseae Lolium perenne, Allium sativum, Medicago Patharajan and Raaman (2012);
sativa, Glycine max, Zea mays Yuetal.(2011)

12. Trichoderma harzianum Allium cepa Sanmartin et al. (2018)

13. Alternaria seleniiphila, Alternaria Stanleya pinnata, Astragalus bisulcatus, Lindblom et al. (2013)

astragali,Aspergillus leporis, Fusarium | Stanleya pinnata, Astragalus racemosus
acuminatum




14. Bacillus sp. R12, Enterobacter sp. B16, | Triticum aestivum Duran et al. (2013)
Pseudomnas sp. R8, Stenotrophomonas

sp. B19
15 Bacillus subtilis Allium cepa Golubkina et al. (2019)
16. Bacillus licheniformis, Bacillus Triticum aestivum Yasin et al. (2015)
pichinotyi
17. Bacillus mycoides Brassica juncea Lampis et al. (2009)
18. Bacillus sp. E6.1, Enterobacter Triticum aestivum Duran et al. (2014)

ludwigii,Klebsiella oxytoca

19. Calothrix sp.] Providencia sp. Triticum aestivum Rana et al. (2012); Yasin et al.
(2017)
20. Rhizobium sp. Astragalus bisulcatus, A. drummondii Alford et al. (2014)
21 Stenotrophomonas maltophilia Ricinus communis, Glycine max, Brassica Businelli et al., (2015)
juncea

Abiotic stress management by selenium

In crops, selenium's function in reducing environmental stress has been widely documented.
At modest concentrations, selenium can promote plant development and help plants adapt to a
variety of environmental stressors, including abiotic stressors like drought, cold, and heavy metal
stress (Oancea et al., 2015; Mora et al., 2015; Handa et al., 2016). Plants may grow and develop to
their full potential if selenium levels in the soil are raised during stressful times (Sieprawska et al.,
2015). Increased water retention in plant tissue may result from selenium stimulation’s rise in the
contents of both organic and non-organic osmo-protectants (Hajiboland et al., 2015). It was widely
accepted that adding selenium lessens these pressures' detrimental effects on plants' and fruits'
ability to produce biomass (Xue et al., 2001).

The activation of antioxidative enzymes by selenium in appropriate amounts helps modulate
oxidative stress (Hartikainen et al., 2000). Three mechanisms exist by which selenium can control
the amounts of reactive oxidative species (ROS) in stressed plants: (1) by stimulating the O%

spontaneous dismutation into H2O2; (2) by a direct interaction between molecules containing



selenium and ROS; (3) by regulating the activity of antioxidant enzymes. One important way that
selenium may help plants avoid stress is by controlling the amount of ROS they produce. Plant
cells produce very little ROS under normal circumstances. Stress conditions like as drought,
excessive water, intense light, cold, salt, and heavy metals, on the other hand, can cause a buildup
or increase in ROS levels in plants. An increase in ROS generation can be harmful to plants. The
primary types of ROS are singlet oxygen (O-), hydroxylic free radical (OH), hydrogen peroxide
(H20>), superoxide anion (O%"), and methyl radical (CHs).When plants are exposed to various
environmental stressors, a small amount of selenium added to the growth substrates can lower the
excess ROS formation (Cartes et al., 2010).

Selenium can be added to stressed plants to increase their antioxidant levels, which will
control the amount of reactive oxygen species. In order to counteract the increased ROS levels,
plants typically activate two different forms of antioxidants. Low molecular weight compounds
like glutathione and ascorbic acid are one type of antioxidant; enzymes such as superoxide
dismutase, peroxidase, catalase, ascorbate peroxidase, glutathione reductase, and glutathione
peroxidase are another type of antioxidant (Hartikainen et al., 2000). These antioxidants have the
ability to interact with ROS directly or indirectly through the activity of enzymes. Selenium has
the ability to directly or indirectly regulate the synthesis and scavenging of reactive oxygen species
(ROS) by modulating antioxidant levels. It is generally known that glutathione and selenium can
combine directly to create selenocysteine, selenio-methionine, and eventually proteins that contain
selenium (Terry et al., 2000).

The mechanism behind this beneficial effect of selenium on antioxidant capacity could be
either indirect—caused by selenium-induced activation of general stress resistance mechanisms—
or direct—caused by the antioxidant activity of selenio-compounds. Additionally, adequate

selenium levels can shield plants from the harm that heavy metals like As, Hg, Pb, Cd, Zn, Cu, and



Cr can inflict (Malik et al., 2012). Selenium may limit the uptake and translocation of heavy metals
from plant roots, which could be a relevant heavy metal detoxification process.

Selenium for crop yield improvement

Many studies have been conducted to ascertain the advantageous function of Se in
enhancing yield (Broadley et al., 2010; Ekanayake et al., 2015; Nawaz et al., 2016). Studies on the
effects of selenium (Se), including fertilizer, foliar spraying, and nanoparticles, on crop yield
enhancement. Under drought stress, exogenous Se-foliar spray (40 mg L—1) boosted the crude
protein by 47%, fiber synthesis by 10%, and Se contents by 36% without changing the crude ash
contents (Nawaz et al., 2016). Ekanayake et al. (2015) examined the effects of field-applied
selenium (30 g ha ! of Se03? and Se04%") on the production of lentil grains at the 50% flowering
and seedling phases. The production of lentil seeds increased by 10 and 4%, respectively, upon the
use of these fertilizers. Sweet corn's response to exogenous Se spray has been reported by Huang
et al. (2019). A spray applied at different growth stages with different doses of Se fertilizer (0.80—
1.00 g Se L) increased the sugar content and had a beneficial influence on seed production.

Recent reports describe the application of Se nanoparticles to increase crop output.
Hernandez-Hernandez et al. (2019) shown that utilizing 10 mg L™ of Se nanoparticles increased
tomato yield by 21%. Additionally, vitamin C, GSH, flavonoid levels, firmness, total soluble solids
(TSS), and fruit acidity were all improved by the selenium treatment. In addition, Zahedi et al.
(2019b) showed how Se (Na2SeO4) foliar spray and Se nanoparticles affected various
pomegranate growth indices. Applications made in tandem significantly enhanced vyield, peel
diameter, and fruit count.

Improvement of crop quality by selenium biofortification
Enhancing the essential nutritional content in edible portions of plants, animals, or

microorganisms using agronomic or biotechnological processes is known as biofortification. To



mitigate micronutrient deficiencies, agronomic biofortification is a simple, effective, and
environmentally friendly method (Yuan et al., 2012). The best way to enrich crops with this
element is one of the most important aspects of Se biofortification. Selenium can be sprayed on the
foliage, added to mineral fertilizers, or mixed into the nutrient medium in hydroponic farming.
(Hawrylak-Nowak, 2013; Banuelos et al., 2017; Golubkina et al., 2018). The efficiency,
simplicity, and lack of multidirectional chemical changes of selenium in the soil, along with its
limited translocation to aboveground organs, appear to be the benefits of applying selenium
topically over soil application. There seems to be less of a risk of environmental pollution because
the foliar spray requires a minimal consumption of Se salts (Puccinelli et al., 2017; Hawrylak-
Nowak et al., 2018c).

The foliar application of Se has an advantage over the other methods, according to a
recent study by Motesharezadeh et al. (2020) on alfalfa grown in calcareous and non-calcareous
soils supplied with Se (Se soil application, selenobacteria inoculation, Se foliar application,
combined soil and foliar Se application). Additionally, they proposed that a natural way of
enhancing the quality of alfalfa feed could be by the inoculation of plants with selenobacteria. In a
closed soilless system, Pannico et al. (2019) found that Se treatments (8-40 uM as SO4*)
decreased the production of green butterhead lettuce (FW), while yield reduction in the red cultivar
was noted at >32 uM Se. Significantly, both cultivars showed a rise in the foliar Se content;
however, the red butterhead lettuce absorbed around 57% more Se than the green one. Further, the
red cultivar's carotenoid content increased with 32 uM Se, while the phenolic acid and anthocyanin
contents increased with 16 uM Se.

Selecting the appropriate type of selenium (Se) is essential for successful biofortification.
The majority of research has shown that SeO4>" is a more effective form than SeO3* for foliar and
soil treatment. (Lyons, 2018). Wang et al. (2020) reported that the uptake of inorganic selenium

from foliar spray was found to be more efficient than that of its organic forms. Additionally, the



phloem was found to transport tiny amounts (less than 10%) of selenium deposited in the shoots to
other organs. On the other hand, organic Se was absorbed by the roots at a significantly higher rate
than inorganic Se. The most significant selenium uptake and translocation by the xylem and
phloem was brought about by the application of selenium methyl cysteine. In four rice cultivars,
Lidon et al. (2019) observed that foliar SeO3* fertilization increased grain Se content by 427-884
times, whereas SeO4>" treatment increased grain Se concentrations by 128347 times.

In addition to raising the concentration of Se in the rice grains, the foliar application of Se
also enhanced the concentration of other bioactive compounds. Lidon et al. (2018) supplied
various rice genotypes with 30-300 g Se ha* as SeOs*>" or SeO.> in a previous agronomic
biofortification study. Both Se forms induced an increase in total lipids (particularly oleic, linoleic,
and palmitic acids), sugars, and proteins; however, the macronutrient content of the rice flour
varied within the rice genotypes. Se malnutrition may be effectively decreased in Se-deficient
areas by raising the Se content of cereals (rice and wheat) using a process known as Se
biofortification. The application of 10 g Se ha™ boosted the Se content of wheat grain in the UK
by up to 10 times, according to research by Broadley et al. (2010). Another potential method of Se-
biofortification is the use of arbuscular mycorrhizal fungi (AMF) (Golubkina et al., 2020).
Concluding remarks and future direction

A safe and economical way to meet this goal in areas lacking in selenium is to apply
pelleted seeds containing microorganisms (selenorhizobacteria) to the soil or rhizosphere. This will
stimulate natural processes that improve nutrient uptake, productivity, abiotic stress tolerance, and
crop quality. Utilizing selenium-tolerant bacteria (selenorhizobacteria) in biotechnological
applications is a viable approach to selenium biofortification. Further investigation is necessary to
identify the selenium forms found in grains as well as the genetic and biochemical pathways that
underlie the biofortification of plants with selenium in order to develop innovative technologies for

selenium biofortification initiatives.



Therefore, management techniques should concentrate on building a link between agricultural
enriched food products, selenium concentration, and bioavailability in soil in order to minimize
selenium shortage and associated diet related disruptions by the plant growth boosting bacteria.
The fundamental mechanisms of selenium uptake, distribution, and metabolism, as well as any
favorable or detrimental effects on plant physiology and plant performance under abiotic stressors,
have all been covered in this study.

Additionally, we proposed the biofortification topic. At low quantities, selenium has
positive impacts on plant growth and development. Furthermore, it has been documented that both
hyperaccumulator and non-hyperaccumulator plants benefit from growth effects associated with
the ideal Se concentration. Whether Se is a necessary plant nutrient or not is still up for debate. For
superior plant performance brought about by the administration of Se, the ideal dose of Se should
be determined for each species of plant, as well as for each development stage, size, growth
substrate, application method, form, and—above all—the concentration of Se in the tissue. Se can
effectively increase tolerance to a variety of abiotic stressors, as demonstrated by a substantial
body of experimental data, which calls for further, in-depth research. Furthermore, just a few crops
have been researched in this area, although Se has potential as a biofortification or
phytofortification agent enhancing the nutritional quality of meals. The synthesis of non-specific
Seproteins, pro-oxidative creation of ROS, and oxidative stress, which impede physiological
functions, have been linked to selenium phytotoxicity. It boosts the creation of reactive oxygen
species (ROS) because it is a pro-oxidant; nevertheless, it has been shown that a modest amount of
selenium (Se) can upregulate the antioxidant defense system, which is an intriguing area of
research. The results of the study showed that selenite resistance is regulated by ethylene and
jasmonate acid signaling. Plant growth and development under both normal and stress conditions
are thought to be influenced by the interplay between phytohormones and selenium (Se), which in

turn regulates genes involved in Se production, uptake, and assimilation. (Tamaoki et al., 2008;



Van Hoewyk et al., 2008; Freeman et al., 2010; Wang et al., 2018). The study should be expanded
to take into account various growth environments, both in the lab and in the field, and to use a
variety of grown plants as test plants. It is important to extensively utilize omics technologies, such
as transcriptomics, proteomics, metabolomics, and genomics, in various plant species to determine
the mechanism of selenium's presence as a beneficial or harmful component. Furthermore, the
engineering of Se-mediated metabolic pathways can help identify the true mechanism behind Se-

mediated stress tolerance and offer fresh perspectives on current understanding.
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