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Abstract: Selenium and its derivatives have been found capable of excellent biological responses.
However, the element in its bulk form has low bioavailability and increased toxicity, meaning the
production of effective forms with sustainable methods has become urgent. Several microorgan-
isms, including fungi, bacteria and yeast, as well as higher plants, are capable of biosynthesizing
nanoparticles such as nano-selenium (nano-Se), which has wide applications in medicine, agriculture
and industry. Thus, the biosynthesis of nano-Se using some bacterial species was the main target of
this study. The production of nano-Se and the monitoring of its impact on the wheat germination
of seeds under salt stress (i.e., 50, 100, and 150 mM NaCl) was also evaluated in the current study.
The ameliorative role of nano-Se doses (i.e., 50, 75, and 100 mg L~ 1) in the germination of wheat
seeds under salt stress was also investigated. Based on sodium selenite tolerance and reducing
selenite to elemental Se-NPs, the most effective isolate (TAH) was selected for identification using
the 16S rRNA gene sequence, which belonged to Bacillus cereus TAH. The final germination percent,
mean germination time, vigor index and germination rate index were improved by 25, 25, 39.4 and
11%, respectively, under 15 mM sodium chloride concentration when 100 mg L~! nano-selenium
was used. On the other hand, the results obtained from a gnotobiotic sand system reveal that with
treatment with 100 mg L~! nano-selenium under high Ec values of 14 ds m !, the vegetative growth
parameters of shoot length, root length, fresh weight and dry weight were improved by 22.8, 24.9,
19.2 and 20%, respectively, over untreated controls. The data obtained from this study reveal that the
use of nano-selenium produced by Bacillus cereus offers improved wheat seed germination under a
salt-affected environment.

Keywords: screening; identification; human health; biological nanoparticles; Bacillus cereus

1. Introduction

There is a growing demand for literature that identifies the importance of nanotech-
nology in our lives nowadays. This science has great applications in medicine, agriculture,
industry and many other emerging fields [1]. Nanotechnology could be defined as an inter-
disciplinary science that includes the production or synthesis of nanomaterials (1-100 nm)
and their applications in different fields [2]. These nanomaterials or nanoparticles have
distinguished shapes and sizes, as well as unique magnetic, optical, chemical, electrical
and mechanical properties, compared to their bulk counterparts [3]. One could produce
these nanoparticles using physical, chemical and biological methods, and the biological
ways are still the most desirable approaches [4] due to their advantages, including the
nature of these nanoparticles being non-toxic, clean and environment-friendly [5]. Many
biological sources could be used to produce nanoparticles, such as bacteria, plant extracts,
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actinomycetes, yeast, viruses, fungi and algae [1]. The nanoparticle biosynthesis of metal
oxides (e.g., CuO, CeO;, Fe304, TiOy, and ZnO), metals (e.g., Ag, Mn and Cu) or metalloids
(e.g., Se and Si) has been reported in several applications [6], such as removing pollutants
from wastewater [7], agriculture [8], and biomedicine [9].

Selenium (Se) was, and still is, one of the most important elements, which humans, an-
imals and lower plants cannot live without, and the nanoparticles of this nutrient (nano-Se)
have promising applications [10,11]. The biosynthesis of nano-Se using different sources,
such as plant extracts [12-14], fungi [15] and bacteria [16], has been reported by many
researchers. Nano-Se has been used in therapeutic [11,17] and nano-medicine applica-
tions [10,18] for humans and animals, as well as in cancer gene and drug delivery [19,20].
In agriculture, the remediation of contaminated soils with pollutants could be achieved
using nano-Se, such as removing mercury [21]. Several species of bacteria have been success-
fully used to biosynthesize selenium nanoparticles, such as Pseudomonas putida KT2440 [22],
Rhodococcus aetherivorans BCP1 [16], Acinetobacter sp. SW 30 [23], Enterococcus faecalis [24],
Azoarcus sp. CIB [25], Stenotrophomonas maltophilia SeITE02 [26], Azospirillum thiophilum [27],
Staphylococcus aureus [28] and Bacillus cereus [29].

Seed germination in wheat plants is considered the most critical period in plant life
due to its potential effect on the quantity and quality of grain yield [30,31]. The germination
of wheat seeds and its mechanisms still require more explanation [32], particularly when
under environmental stresses, which may increase reactive oxygen species and decline
the uptake of nutrients and water deficit [33]. As reported in some studies, selenium has
exhibited a prominent role in protecting wheat seeds and seedlings against salt stress [34].
It could be applied to many biostimulators to enhance the germination of cultivated
seeds under stressful environments, such as nanoparticles [2]. Priming wheat seeds with
potassium silicate, ascorbic acid, and proline could also alleviate salinity stress during
their germination [35]. Many studies have been carried out, including on the role of
nanoparticles in promoting seed germination under stresses, such as silica nanoparticles
under salt stress conditions in common bean and cucumber [36,37] and fenugreek [38], as
well as using nano-Se under conditions of high-temperature stress in sorghum [39], and
nano-ZnO under drought stress conditions in sorghum [40], but very few studies have
been carried out concerning the impact of nano-Se on wheat seed germination under salt
stress conditions [41].

It was found that the conversion of inorganic forms of selenium into nanoforms
significantly reduces its toxicity. Chemical synthesis methods of nano-selenium suffer
from several disadvantages, such as the use of several additives for controlling particle
morphology, multistage synthesis, and high production costs, in addition to environmental
toxicity. Biological synthesis using microorganisms (algae, fungi, yeast, bacteria) is a
sustainable, environment-friendly, and cost-effective approach.

The efficacy of biosynthesized nano-selenium has been demonstrated in many fields,
but there are few research papers that discuss its validity and distinction in the field of
plant nutrition. The current study contributes to knowing the extent of the possibility of
using biosynthetic nano-selenium to support plant growth under unfavorable conditions.

Therefore, the main target of this study is to investigate the biosynthesis of nano-Se
and its role in improving the germination of wheat seeds. The isolation, screening and
identification of nano-Se mediated by Bacillus cereus have also been highlighted.

2. Materials and Methods

The sequence of work in the current study was summarized in the following flowchart
Figure 1.



Sustainability 2022, 14, 1784

30f13

Bacterial isolation

v __

Screening isolates for Identification of
the tolerance of high | the most potent
N isolate
conc. of selenite ©

Optemization of
nano-Se
production

7 \J
Gnotobiotic Sand/ Assaying the effect of
System i nano-Se on wheat seed

germenation
\.

Figure 1. A flow chart describing the main steps of the current study.

2.1. Isolation and Characterization of Bacteria Transforming Selenium

The isolates were obtained from soil samples collected from Sakha Agricultural
Research Station experimental farm, Kfr ElSheikh, Egypt, according to standard proce-
dures [42]. The most potent isolate was selected based on its potential to tolerate high
concentrations of selenium as selenite (SeO3%7). The screening of isolates for selenite toler-
ance was conducted in tryptone soy broth (TSB), amended with NaySeO3 (300 mg L.
The morphological and Gram-staining characterization of selected isolates were carried out
according to standard protocols [43].

2.2. Nano-Selenium Production

Nutrient broth medium was prepared, after autoclaving for 20 min at 121 °C, then
a sterilized sodium hydrogen selenite (NaHSeO3) solution was supplemented from a
10,000 mg /L stock solution to reach 300 mg L.~! concentration. The flasks were inoculated
with a 10% inoculum of 24 h-old Bacillus cereus strain culture before incubating for 48 h
in an orbital shaker at 200 rpm and 30 °C. At the end of the incubation time, the culture
medium color turned to red, indicating the synthesis of nano-selenium. The fermentation
broth was centrifuged for 20 min at 5000 rpm and the supernatant was discarded. The
remaining bacterial pellets were washed 3 successive times with 0.9% NaCl solution, then
treated with 37% HCI, kept for 2 days at room temperature, and then centrifuged and
washed several times using distilled water to remove HCI. The obtained red precipitate
was dried at 70 °C and used for further investigation.

2.3. Scanning Electron Microscope (SEM) Analysis

A high-resolution SEM (HR-TEM, Tecnai G20, FEI, Eindhoven, The Netherlands) was
used for identifying the size and shape of the synthesized nano-selenium particles. Two
different imaging modes were used—bright field (electron accelerating voltage 200 kV,
LaB6 as electron source gun) and diffraction pattern imaging (DPI). An eagle CCD camera
with a 4 k x 4 k resolution was used to collect transmitted electron images. TEM Imaging
& Analysis software was used to analyze the spectrum of EDX peaks.

2.4. UV Spectroscopic Analysis

Absorption spectra of the synthesized nano-selenium were obtained using a UV-VIS
spectrophotometer, Jenway, Model 6705 at a wavelength range of 200-800 nm.

2.5. Molecular (16S) Identification of Selected Isolate

The genomic DNA of bacterial biomass was isolated with a Gene Jet Kit (Fermentas).
Then 16S rRNA genes were amplified via PCR (a hybrid thermocycler and the Maxima
Hot Start PCR Master Mix) using universal forward and reverse primers (F, 5-AGA GTT
TGA TCC TGG CTC AG- ‘3 and R, 5-GGT TAC CTT GTT ACG ACT T-3'). The resulting
amplified products were eluted in agarose gel, and the 165 rRNA gene was sequenced using
an ABI 3730x] DNA Sequencer at GATC Biotech DNA Sequencing, Constance, Germany.
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Data were analyzed using the BioEdit software 5.0.9 sequence editor. The sequence was
aligned by the RDP Sequence Aligner software (https://rdp.cme.msu.edu/, accessed on
21 December 2021). A dendrogram and the tree topology were constructed using the
method of neighbor-joining. The bacterial isolate was identified as Bacillus cereus TAH,
and the sequence of the 165 rRNA gene was deposited in a gene bank with the accession
number MW676031.

2.6. Effect of Selenite Concentration on Synthesis of Selenium Nanoparticles

The role of selenite concentration (1.0-10 mM) on nanoparticle production was assayed
in nutrient broth medium incubated under shaking at 150 rpm and 30 °C for 72 h. The
cell billets and nanoparticles were obtained by centrifugation at 10,000 x g for 10 min, and
then the residual selenite concentration in the supernatants was quantified using atomic
absorption (Perkin Elmer pin AAcle 500, Waltham, MA, USA).

2.7. Effect of Incubation Conditions (Static or Shaking) on Nano-Se Production

Selenite reduction was carried out in an 250 mL Erlenmeyer flask containing 100 mL
of nutrient broth containing 8 mM sodium selenite. The flasks were incubated at 30 °C for
72 h under static or shaking conditions at a shaking speed of 150 rpm. The samples were
then centrifuged at 10,000 g for 10 min. Selenium was measured in the supernatant, as
mentioned previously.

2.8. Testing the Synthesis of Nano-Selenium Using Washed Cells of B. cereus TAH or Culture Supernatant

The nutrient broth was inoculated with 10% of a 24 h-old culture of B. cereus TAH,
then incubated for 48 h at 30 °C and a 150 rpm shaking speed. After incubation, cells were
harvested through centrifugation at 10,000x g for 10 min. Afterward, the supernatant
was sterilized using a 0.22 pum membrane filter, and the cells pellets were washed with
phosphate buffer pH = 7 and resuspended in the same buffer and the same volume of
original culture in a sterile Erlenmeyer flask. Both supernatant and cell suspension were
supplemented with 8 mM sodium selenite and incubated for 48 h at 30 °C and 150 rpm.
Another group was heated to 121 °C for 15 min in Autoclave. Phosphate buffer and nutrient
broth supplemented with 8 mM sodium selenite were used as controls in both groups.
The formation of nano-selenium was identified by the development of a red color, and the
production percent was measured by quantifying selenium in the supernatant.

2.9. Effect of Nano-Selenium on Wheat Seed Germination

The experiment was carried out to examine the potential abilities of different nano-Se
concentrations (0, 50, 75, and 100 mg L’l) to enrich the seed germination of sensitive
wheat cultivars (Sids 1) under elevated NaCl stress (50, 100, and 150 mM). For this purpose,
10 seeds were first washed with 70% ethanol then surface-sterilized for 3 min with a
5% solution of sodium hypochlorite, and then residues of hypochlorite were removed
by washing five times with sterile distilled water and spread in petri dishes lined with
sterilized filter paper. Next, 10 mL of salt solution supplemented with one of the above
nano-Se concentrations was add to each petri plates and left to germinate for 10 days in a
dark incubator at 25 °C. The plates were sealed with polyethylene sheets to keep a constant
moisture level during the germination period. The germinated seeds were enumerated
daily and germination parameters were assayed as follows.

a. Final germination %

TNG
NP
where FGP % refers to the final germination percentage, TNG refers to the total number of
germinated seeds, and TNP refers to the total number of seeds [44].

FGP% = | x 100 1)

b. Mean germination time (MGT), calculated according to the formula:


https://rdp.cme.msu.edu/
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MGT = Y (nirz ﬁ) 2

where MGT refers to mean germination time, ni refers to the number of germinated seeds
on germination days, and ti refers to the number of days during the germination interval
(between 0 and 10 days) [45].

c.  The vigor index (VI) was assayed according to Kharb et al., (1994) [46].

®)

_ [SDM(g) x GP
Vi= { 100 }

where VI = vigor index, SDM is the dry seedling mass (g), and GP = germination (%).

d. The germination rate index (GRI) was conducted according to the formula of Esechie
(1994) [47], as follows:

Gl G2 GX
GRI = T + 5 + X2 4)

where G1 refers to germination percentage at the first day after incubation; G2 refers to the
germination percentage at the second day after germination; GX refers to the germination
percentage at day x after incubation.

2.10. Gnotobiotic Sand System

This experiment was conducted in glass tubes with a dimensions of 2.5 cm diameter
and 20 cm length to study the effects of different nano-Se concentrations (0, 50, 75, and
100 mg L~!) on some growth dynamics of the wheat cultivar (Sids 1) exposed to different
salinity stresses (7, 10 and 14 dS m’l), with 5 replicates (N = 5).

Each tube received 50 g of a sterilized sand and vermiculite (1:1) mixture and 6 mL of
sterilized Jensen’s nutrient solution [48], supplemented with graduated salinity concentra-
tions of seawater diluted to the equivalent of the above-mentioned salinity levels. Sterilized
wheat seeds were soaked in different concentrations of nano-Se for 30 min and placed in
sterile tubes, where each tube received one seed, and control seeds were soaked in distilled
water. The tubes were incubated in a growth chamber with a photoperiod of 16:8 h at 20 °C.
After 30 days, the lengths of shoots and roots and the fresh and dry weights of the plants
were estimated.

2.11. Statistical Analyses

Using one-way analysis of variances (ANOVA), data were analyzed via SPSS software
version 14.0 in relation to the Duncan’s multiple range test, which was used for comparisons
among the treatment means [49].

3. Results
3.1. Biosynthesis and Characterization of Selenium Nanoparticles

In the current study, 25 selenite-resistant bacterial isolates were screened for the
production of Se-NPs by reducing selenite to red elemental selenium. The red color of the
colonies on the solid culture is proof of the reduction of selenite to red elemental selenium,
which could be observed, and this indicated this reduction of SeO3 2 to red Se0. The isolate
TAH was the most efficient compared to other isolates (Figure 2a).
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Figure 2. (a) Bacillus cereus TAH grown on nutrient agar supplemented with sodium selenite.
(b) Scanning electron microscope image for the synthesized nano-selenium. (c) Particle size dis-
tribution for synthesized nano-selenium.

3.2. Transmission Electron Microscopic and Particle Size Distribution Analysis of SeNPs

The Transmission Electron Microscopy (TEM) images indicated the production of
spherical SeNPs with a particle size between 41 and 102 nm (Figure 2b).

3.3. UV Spectroscopic Analysis

As shown in Figure 3, a good distinct absorption peak was detected in the UV region
between 190 and 370 nm in the spectrum of synthesized nano-Se, displaying its nano-
nature. The absorption spectrum remained constant over time, indicating the stability of
the particles.

1.6
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Figure 3. Absorption spectrum curve of nano-Se synthesized by Bacillus cereus TAH.

3.4. Identification of the Most Promising Bacterial Isolate

In the current work, 25 selenite-resistant bacterial isolates were obtained from soil
collected from the experimental farm of Sakha Agricultural Research Station, Kafr El-
Sheikh, Egypt. Based on the tolerance of sodium selenite and the reduction of selenite to
red Se-NPs, the most promising isolate (TAH) was selected for identification (Figure 4). It
was identified as B. cereus.

3.5. Effect of Selenite Concentration on Synthesis of Selenium Nanoparticles

The selenite reduction potential of B. cereus TAH was assayed by measuring the
residual selenium concentration in the supernatants at different selenite levels (Figure 5).
At a lower concentration of 1.0 mM, only 17% of selenite reduction was achieved within
72 h. The percentage of production of nano-selenium was increased by increasing the
concentration of selenite until it reached 84% at a concentration of 8 mM. Afterward, the
percentage began to decrease at concentrations of 9 and 10 mM.

3.6. Effect of Incubation Conditions (Static or Shaking) on Nano-Se Production

The results show that the incubation under static conditions negatively affected the
reduction of selenite compared to incubation under shaking conditions, which led to a
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conversion percentage about 3 times that under static conditions; this can be attributed to
the speed of reproduction and multiplication of bacterial cells under shaking conditions
(Figures 6 and 7).

Bacillus cereus TAH

Bacillus cereus strain IAM 12605

Bacillus cereus strain ATCC 14579
Bacillus anthracis strain ATCC 14578
Bacillus cereus strain NBRC 15305
Bacillus thuringiensis strain NBRC 101235
Bacillus mycoides strain NBRC 101228

Bacillus mycoides strain ATCC 6462

Bacillus weihenstephanensis strain DSM 11821

Bacillus mycoides strain 273

Bacillus toyonensis strain BCT-7112

Bacillus thuringiensis strain IAM 12077

Bacillus thuringiensis strain ATCC 10792

Bacillus pseudomycoides strain NBRC 101232

Bacillus bingmayongensis strain FJAT-13831
illus cereus strain ATCC 14579

Bacillus cereus strain JCM 2152

Bacillus cereus strain CCM 2010

Figure 4. Dendrogram showing the phylogenetic tree of partial 16S rRNA gene sequences showing
the position of the Bacillus cereus strain TAH 12 using 165 rRNA; the sequence was deposited in a
gene bank under the accession number MW676031.
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Figure 5. Effect of selenite concentration on nano-selenium production by Bacillus cereus TAH 12 in
nutrient broth medium incubated under shaking at 30 °C for 72 h.

-
o
o

[+
o

=y
o
L

N
o

selenium convertion %
[=2)
o

o

Static Shaking
Incubation conditions

Figure 6. Effect of incubation conditions on the reduction of selenite to elemental nano-selenium.
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Figure 7. Effect of static or shaking conditions on the production of nano-Se by Bacillus cereus TAH.
A: control; B: under static conditions; C: under shaking conditions.

3.7. Testing the Synthesis of Nano-Selenium Using Washed Cells of B. cereus TAH or Culture Supernatant

The ability of the washed B. cereus TAH cell or culture supernatant to reduce selenite
to elemental selenium was examined. Neither the washed cells, the culture supernatant nor
the control showed any activity in the reduction of selenite to selenium when incubated at
30 °C for 24 h. In comparison, the results were different under heat treatment at 121 °C for
15 min. The washed cells and supernatant, in addition to nutrient broth medium, were able
to reduce selenite to selenium by 12, 7, and 10%, respectively (Table 1).

Table 1. Testing the synthesis of nano-selenium using washed cells of B. cereus TAH.

Treatments Production Rate of Se? (%)
Control (buffer) at 30 °C 0.0
Control (buffer) at 121 °C 0.0
Cell pellets at 30 °C 0.0
Cell pellets at 121 °C 12
Control (nutrient broth) at 30 °C 1.0
Control (nutrient broth) at 121 °C 10
Supernatant at 30 °C 0.0
Supernatant at 121 °C 7.0

3.8. Germination of Wheat Seeds

The germination of wheat seeds was investigated under different dilutions of sea
water as a source of salinity (Figure 8). Increasing salinity stress radically affected the final
germination percent of wheat seeds (Figure 8a). Among all different concentrations of
nano-Se, 75 mg L~! improved the final germination percent (FGP) under the highest level
of salinity, which increased to 70 and 50% at 100 and 150 mM compared to the control (zero
nano-Se), respectively.

On the other hand, all nano-Se concentrations showed a decreased MGT at high
NaCl concentrations up to 150 mM (Figure 8b). The results showed that the shortest MGT
was recorded for wheat seeds treated with 75 mg nano-Se L~! (4.5), followed by 100 mg
nano-Se L1 (4.7), while the seeds of the control gave the longest MGT, reaching 5.4 at
150 Mm NaCl. The vigor index (VI) values were intensely reduced at high salinity levels,
particularly when the germination medium was supplemented with 150 mM NaCl. The
application of 75 nano-Se L~! maximized the vigor index by 0.011 and 0.008 for 100 and
150 Mm NaCl compared to the control (without nano-Se), respectively. The behavior of
wheat seeds (as regards the germination rate index (GRI)) treated with different nano-Se
concentrations under various levels of NaCl (Figure 8d) were as follows: increasing NaCl
concentrations drastically decreased the GRI of wheat seeds treated with or without SeNPs,
but an increase was observed in GRI at 150 mM for those seeds amended with 75 mg L~!
Se-NPs, which attained 31.89% per day compared to other different concentrations of
Se-NPs and control. A similar trend was noticed at 50 and 100 mm NaCl (Figure 8d).
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Figure 8. Effects of different concentrations of nano-Se on some different germination parameters
of wheat seeds under varying levels of NaCl (50, 100 and 150 mM): (a) final germination percent,
(b), mean germination time and (c), vigor index and (d) germination rate index.

3.9. Gnotobiotic Sand System

The responses of salinity-affected wheat cultivars (Sids 1) to different concentrations of
nano-Se in a gnotobiotic system over one month are shown in Table 2. Generally, different
concentrations of nano-Se increased the root and shoot length, as well as the fresh and dry weight,
of wheat plants over the controls in a salt-stressed environment. The highly significant effect of
shoot length at 50 mg L ~! attained 18.5 cm plant—! at 7 dS m™!, while at 14 dS m~!, the shoot
length recorded was 10 cm at 75 mg L1, compared to other nano-Se concentrations. For root
length, the 100 mg L ! concentration showed a highly significant effect at 7, 10, and 14 dSm™1,
which reached 16.33, 17.66, and 14.66 cm plant !, respectively (Table 2). On the other hand, at
10 and 14 dS m ™!, the increases reached 50 and 52% for fresh weight (g plant—!), and 66 and 75%
for dry weight (g plant 1), respectively.

Table 2. Effects of different concentrations of nano-Se on some growth dynamics of wheat plants
under varying levels of salt stress (7, 10 and 14 dSm™1).

Se Treatments Shoot Length Root Length Fresh Weight Dry Weight
(mgL-1) (cm Plant—1) (cm Plant—1) (g Plant~1) (g Plant—1)
Salt stress at 7 dSm !
0 15.16 ab 12.33 de 0.033d 0.007 abc
50 185a 14.66 a—d 0.041 ¢ 0.006 be
75 17.33 ab 15.66 abc 0.045 b 0.010 ab
100 17.33 ab 16.33 ab 0.049 a 0.011a
Salt stress at 10 dS m ™!
0 11.83 ¢ 12.33 de 0.030 d 0.006 bc
50 14.83b 1533 a—d 0.037 ¢ 0.008 abc
75 15.66 ab 16.66 ab 0.045 d 0.010 ab
100 16.66 ab 17.66 a 0.040 ¢ 0.009 abc
Salt stress at 14 dS m~!
0 7.33d 11.00e 0.021 £ 0.004 c
50 9.83 cd 12.66 cde 0.026 e 0.005 be
75 10.00 cd 14.33 bed 0.032d 0.007 abc
100 9.50 cd 14.66 a—d 0.026 e 0.005 be
LSD (0.01) 2.57 2.25 0.003 0.003

In each column, means followed by a common letter are not significantly different at the 1% level, as assessed by
Duncan’s new multiple range test (DMRT).
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4. Discussion

Transmission Electron Microscopy (TEM) is an appropriate high-resolution tool that
offers actual information concerning the particle sizes and shapes of nanoparticles [50].
This technique is essential in characterizing materials from the atomic scale to hundreds of
nanometers in size. The present data suggest the spherical form of the prepared SeNPs,
which closely agrees with the results given by Kora et al. (2018) [29]. Particle size distribu-
tion analysis revealed that the biosynthesized SeNPs were ~100 nm (Figure 2c).

The inability of the washed cells and supernatant to reduce selenite at 30 °C indicates
that the mechanism used in the reduction of selenium by B. cereus TAH is linked to the
production of compounds that stimulate their production when selenite is present and are
produced for the purpose of detoxification. The formation of nano-selenium when exposing
the washed cell suspension to a high temperature indicates the presence of some structural
compounds in the walls of these cells, rather than enzymes (such as selenite reductase),
that can reduce selenite regardless of whether the cell is alive or not, as it behaves in this
way as a chemical compounds (ascorbic acid, for example) that do this work. The reduction
of selenite in a nutrient broth medium that is not inoculated with bacteria can be explained
by this fact as well, since its components (peptone, beef extract and in some formulations
yeast extract) are derived from animal or microbial cells. These results do not conform
with the results stated by Kora et al. (2018) [29], who studied the localization of selenite
reductase activity in a selenite-amended culture supernatant and the membrane protein
fractions of B. cereus under normal temperatures, and found that selenite reduction was
noted in both the membrane protein fraction and the supernatant. According to our results,
the point of difference here is that B. cereus TAH does not produce proteins responsible for
selenite reduction except in the presence of selenite.

The germination of any cultivated plant seeds is considered the critical stage of plant
growth, in particular when under stress. Many studies have investigated the germination of
wheat seeds under salt stress [51], as well as possible management approaches to overcome
this stress, such as priming seeds with proline, ascorbic acid, potassium silicate, and
spermidine [35]. Nanoparticles or nanomaterials have also been used successfully in the
germination of wheat seeds, such as chitosan nanoparticles [52], ZnO nanoparticles [53]
and iron oxide nanoparticles [54], while nano-Se still needs further assessment. These
nanoparticles promote wheat growth by activating the IAA signaling pathway [52].

The responses of salt-affected wheat cultivars to different concentrations of nano-Se
are reflected in the improvement of wheat’s vegetative parameters. Habibi and Aleyas
(2020) [55] showed that shoot growth in barley was adversely affected by salinity concen-
trations up to 100 mM, while this drop was mitigated by the application of Se nanoparticles.
Additionally, Domokos-Szabolcsy et al. (2012) [56] reported that treatment with Se-NPs
(265-530 M) motivated the growth of the root system in tobacco (Nicotiana tabacum)
grown by tissue culture. The results suggest that the application of Se nanoparticles has a
positive effect against salinity in wheat plants. This study presents promising economic
solutions that can be added to the traditional solutions used to manage agricultural envi-
ronments affected by salts. It is necessary to continue testing biosynthetic nano-selenium
on more crop plants under different abiotic stresses in order to reach a full understanding
of the mechanisms of its effects, and thus improve its utilization.

5. Conclusions

The biological production of Se-NPs using green sources, such as plant enzymes,
phytochemicals or proteins, as agents of reduction was and still is one of the most widely
accepted techniques compared to chemical or physical methods. These biological tools
have many advantages, particularly in their production of non-toxic nanoparticles and
their environmental safety. The current study was conducted to isolate some bacterial
strains that can produce Se-NPs and grow under salinity stress. The biological production
of nanoparticles has gained a lot of attention recently due to their safety of use and lower
toxicity. The bio-synthesis of nano-Se could be achieved using several species of bacteria,
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fungi, algae, and some higher plants. These Se nanoparticles have distinct features that
are exploited in the medicine, pharmaceutical and agricultural sectors. Therefore, the
sustenance and promotion of cultivated plants using Se-NPs has proven beneficial under
stressful environmental conditions, particularly salt stress, as stated in many studies.
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