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Fusarium species threaten wheat crops around the world and cause global losses. The global trend is
toward using biological materials such as selenium (Se) in nano form to control these fungi. Bulk sele-
nium is toxic and harmful at high doses; however, selenium nanoparticles are safe; therefore, the aim
of this study to employ the biological selenium nanoparticles (BioSeNPs) synthesized by Lactobacillus aci-
dophilus ML14 in controlling wheat crown and root rot diseases (CRDs) induced by Fusarium spp., espe-
cially Fusarium culmorum and Fusarium graminearum, and their reflection on the growth and productivity
of wheat. The ability of BioSeNPs to suppress the development and propagation of F. culmorum and F.
graminearum and the CRDs incidence were also investigated. The obtained BioSeNPs were spherical with
a size of 46 nm and a net charge of –23.48. The BioSeNPs significantly scavenged 88 and 92% of DPPH_and
ABTS_ radicals and successfully inhibited the fungal growth in the range of 20–40 mg/mL; these biological
activities were related to the small size of BioSeNPs and the phenolic content in their suspension. Under
greenhouse conditions, the wheat supplemented with BioSeNPs (100 mg/mL) was significantly reduced
the incidence of CRDs by 75% and considerably enhanced plant growth, grain quantity and quality by
5–40%. Also, photosynthetic pigments and gas exchange parameters were significantly increased as com-
pared to chemical selenium nanoparticles (Che-SeNPs) and control. This study results could be recom-
mended the use of BioSeNPs (100 mg/mL) in reducing CRDs incidence and severity in wheat plants,
enhancing their tolerance with drought and heat stress, and increasing their growth and productivity
as compared to control and Che-SeNPs.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Wheat (Triticum asetivum L.) is a member of Poaceae family. It is
a major cereal crop and the most important strategy crop in Egypt
and worldwide. In Egypt, cereals grown on irrigated fields, wheat
crop yield in season 2019–2020 was about 9.2 million tons. How-
ever, Egypt is the biggest importer of wheat globally (FAO, 2015,
2018). Wheat is a major source of energy, which contains starch
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and protein. Besides, phytochemicals and dietary fibers reduce the
risk of cardiovascular disease, colon-rectal cancer and type 2 dia-
betes; therefore it is a valuable cereal for health (Shewry and
Hey, 2015).

Wheat CRDs initiated by pathogenic fungi: Fusarium gramin-
earum, and F. culmorum and significantly affect the wheat yield
worldwide. The disease severity depends on the environmental
conditions of the region. The scabby grains contain mycotoxins,
such as deoxynivalenol (Don), trichothecenes, zearalenone (Zon)
and nivalenol (Niv) that are harmful to human and animals. These
mycotoxins inhibit protein synthesis in eukaryotic cells, induce
apoptosis and cause cancer (Rocha et al., 2005). The CRDs occur
early in the seedling stage by fungal invading to rhizodermal root
tissue and cause coleoptile infection then pathogenic fungi
colonize the whole steam base, transport to vascular tissue and
colonize the plant crown, all these symptoms cause crop losses
(Moya-Elizondo and Jacobsen, 2016; Shah et al., 2018). Various
strategies were investigated to reduce crop loss i.e., Fusarium resis-
tant cultivars, chemical or biological control, and harvesting all
infected crops to control CRD and Fusarium head blight disease of
small grain cereals (Khaledi et al., 2018; Wegulo et al., 2015). Nan-
otechnology and nanoparticles (NPs) research have attracted a lot
of interest in recent decades. There is growing attention to find
effective ways for their synthesis (El-Saadony et al., 2019;
El-Saadony et al., 2018; Reda et al., 2021). Microorganisms were
considered bio-nano factories to provide a clean and promising
alternative process for nanoparticle fabrication (Akl et al., 2020;
El-Saadony et al., 2020a; Reda et al., 2020; Sheiha et al., 2020).
Nanotechnology is a biofertilizer factory used in agriculture, con-
trolling agrochemical usage, enhancing plant resistance against
disease, and efficient nutrient utilization and enhanced plant
growth. Recently, various studies were used nanotechnology in
controlling plant disease. The nanoparticle application in various
crops like wheat, corn, cucumber, and tomato enhanced crop qual-
ity and quantity. Among nanoparticles, Selenium is a valuable ele-
ment for immunity and appropriate health in animals and
increases plant growth. Plants are the main source of this element
(Bunglavan et al., 2014; Ragavan et al., 2017). Both plants and ani-
mals have required this element at low concentrations, but it
becomes toxic and harmful at higher doses. A new approach to
plant fertilization is the use of selenium nanoparticles (SeNPs) as
they are less toxic and their bioavailability and biological activity.
Nevertheless, to produce multi-functional SeNPs, reducing agents
e.g., hydrazine and sodium ascorbate, were used to chemically fab-
ricate SeNPs. The chemical methods are expensive, require special
devices, and environmentally harmful.

Therefore, scientists concern about producing green SeNPs
using plant extracts and microorganisms. Green nanotechnology
utilization is eco-friendly, reasonable and overcomes the use of
toxic chemicals. Green selenium nanoparticles taken up by plants
20-fold faster than bulk selenium (Alagesan and Venugopal,
2019; Nandini et al., 2017). Trichogenic-selenium nanoparticles
are used to control downy mildew disease in pearl millet
Table 1
The total Phenolic and flavonoids content of BioSeNPs suspension.

Concentration (mg/mL) TPC TF

50 355 ± 0.9e 30 ± 0.5e
75 465 ± 1d 65 ± 0.6d
100 620 ± 1.9c 89 ± 0.8c
125 950 ± 2b 100 ± 0.8b
150 1220 ± 0.5a 120 ± 0.9a

TPC: Total phenolic content expressed as (mg GAE/mL), TF: Total flavonoids
expressed as (mg QE/mL), n = 3, the data are presented mean ± SD; Mean in the same
column with different lowercase letters are significantly different p � 0.05.
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(Nandini et al., 2017). Also, selenium nanoparticles fabricated by
gamma irradiation are used to control blight disease in potatoes
(El-Batal et al., 2016). In this study, SeNPs were biosynthesized
by Lactobacillus acidophilus ML14 and characterized by TEM, FTIR,
EDX, U.V., DLS, and XRD. Besides, the antioxidant and antifungal
activity of Bio-SeNPs were investigated, furthermore, in vitro and
in vivo study were conducted to control wheat CRD caused by F.
graminearum, and F. culmorum. The fungicidal effect of Bio-SeNPs
against pathogenic fungi compared to che-SeNPs and control.
2. Materials

Twenty-six samples of local dairy products, including buffalo
milk, cow milk, yogurt, and cheese, were collected from a private
farm in Abu-Hammad city, Sharkiqa, Egypt. The chemicals used
in this study were of analytical grade. Wheat grains (Masr1) were
purchased from Filed Crop Research Institute, Agric. Res. Center
(ARC). The pathogenic Fungi: Fusarium culmorum, Fusarium gramin-
earum F. avenaceum, F. poae, F. sporotrichioides, and F. cerealis were
used in this study to investigated in vitro antifungal activity of Bio-
SeNPs and Che- SeNPs.
3. Methods

3.1. Isolation, screening and identification of selenium resistant
bacteria

Dairy samples were homogenized in sterilized saline peptone
buffer (1:9, w/v), and serial dilution was conducted to 107.
100 mL of each dilution was spread over the surface of selective
agar media (de Man Rogosa, and Sharpe MRS agar medium) plates
supplemented with different concentrations of Na2SeO3 (2, 4, 6, 8,
and 10 mM) and incubated at 37�C for 48 h. Se-resistant colonies
were selected and purified then kept at 4�C until use. The selected
isolate was identified by morphological, biochemical and molecu-
lar tests in the Bergey manual, according to Salaj et al. (2013).
The previous identification was confirmed by MALDI TOF mass
spectrometry (Karaduman et al., 2017).
3.2. Production of SeNPs

3.2.1. Biosynthesis and characterization of selenium nanoparticles
Freshly cultivated isolates were inoculated into 100 ml Luria-

Bertani (LB) broth and placed in a shaking incubator at 160 rpm
at 35 �C until log phase of (1.5 � 108). The mixture was centrifuged
at 6000 xg for 10 min, the bacterial pellet was obtained then
homogenized in 100 ml of enrichment medium supplemented
with 6.0 mM of Na2SeO3. The flasks were incubated under opti-
mum conditions, and then SeNPs were harvested by centrifugation
at 8000 xg for 10 min and washed several times with water and

served to characterization (Rajasree,2015).
The Bio-SeNPs were characterized by UV–Vis spectroscopy

using a spectrometer (‘‘LaxcoTM, Alpha-1502 dual-beam Spec-
trophotometer”) according to Rajasree (2015). The morphology of
nano-selenium was measured using transmission electron micro-
scopy (TEM). Fourier transform infrared spectroscopy (FT-IR;
JASCO (FTIR-6200)) was employed to explore the functional groups
present in the nanoparticles. X-ray diffraction (XRD) analysis was
conducted using an X-ray diffractometer (Shimadzu XRD-6000,
Japan) to analyze the sample’s crystalline nature. Besides, Dynamic
Light Scattering Spectroscopy (DLS) (Malvern Zetasizer Nano ZS)
analyzes the selenium nanoparticles size distribution, and Zeta
potential to determine the net charge at the surface of the
nanoparticles.
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3.2.2. Preparation of chemically produced SeNPs (Che-SeNPs)
The Che-SeNPs were produced using the wet chemical method

(Boroumand et al., 2019). Briefly, drops of ascorbic acid solution
(1 M) were slowly added to the Na2SeO3 solution (0.01 M) and stir-
red for 10 min. At this stage, the colorless Na2SeO3 gradually con-
verted to red color, indicating the formation of che-SeNPs. The
mixture was centrifuged at 7,500 � g for 10 min, and the pellets
were obtained by rinsing several times with deionized water. The
obtained che-SeNPs were lyophilized at �60 �C and stored at 4 �C.

3.3. Chemical studies

3.3.1. Total phenolics estimation
The polyphenols content of BioSeNPs suspension was estimated

by the Folin-Ciocalteu method (Kalagatur et al., 2018). The results
were expressed as Gallic acid equivalent (mg GAE/mL). BioSeNPs sus-
pension (0.5 ml) was mixed with 0.5 ml of Na2CO3 7.5% and 0.25 ml
of diluted FolinCiocalteu reagent with water (1:10, v/v), then were
incubated for 30 min in the dark and the absorbance was measured
at 750 nm using a microtiter plate reader (BioTek Elx808, USA).

3.3.2. Total flavonoids estimation (TFs)
The TFs of BioSeNPs suspension was evaluated by the AlCl3

method (Kalagatur et al., 2018) with some modification. Briefly,
500 mL of BioSeNPs were homogenized with 70 mL of NaNO2 (5%)
and was incubated for five minutes at 25◦C, then were mixed with
500 mL of NaOH (1 M), 150 mL of AlCl3 (10%) and 1300 mL of distilled
water. The previous mixture was placed in the dark for 5 min and
the absorbance was measured at 430 nm using a microtiter reader
(Elx808 Fisher scientific, BioTek, United States). Quercetin was
used as standard and the obtained results were expressed as mg
of Quercetin equivalent of BioSeNPs suspension (mL) (mg QE/mL).

3.4. Antioxidant assays

3.4.1. ABTS assay
The scavenging activity of Bio-SeNPs was estimated by Gil et al.

(2002) with slight modifications. The ABTS+ radical scavenging
activity (%RSA) of BioSeNPs was determined by the ability of Bio-
SeNPs to eliminate the ABTS+ radical. One mL of BioSeNPs concen-
trations (50, 75, 100, 125, and 150 lg/ml) were homogenized in
3 ml of 0.1 mM ABTS and incubated for 30 min in the dark. The
absorbance was evaluated at 745 nm. Tert-Butyl hydroquinone
(TBHQ) was used as an antioxidant reference and ABTS reagent
was control. The ABTS scavenging activity (%) of BioSeNPs was cal-
culated from the following equation:

%inhibition ¼ Abscontrol� Abssample
Abscontrol

� 100
3.4.2. DPPH assay
The antiradical activity of BioSeNPs was processed as per Zhai

et al. (2017), and Xu and Chang (2007), with a few modifications.
500 mL of BioSeNPs suspension was homogenized in 1 ml of
ethanolic DPPH_ (1 mM), and placed for 30 min in the dark. The
absorbance was estimated at 517 nm. The RSA % results were cal-
culated from the following equation

%DPPH scavenging activ ity ¼ Abs control � Abs sample
Abs control

� 100
3.5. In-vitro antifungal activity of SeNPs against wheat Fusarium spp.

Antifungal nanoparticles activity against pathogenic fungi: F.
culmorum, F. graminearum, F. avenaceum, F. poae, F. sporotrichioides,
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and F. cerealis were estimated by well diffusion method (Kalagatur
et al., 2015). The tested fungi were spread thoroughly on the ster-
ilized solidified PDA plates. 30 mL of each BioSeNPs and Che-SeNPs
concentrations (50, 75, 100, 125, and 150 lg/ml) were loaded into
wells (5 mm) that were made using sterile cork borer on PDA plate.
The PDA plates were incubated for 3–5 days at 25 �C. The zone of
inhibition of BioSeNPs and Che-SeNPs was measured in diameter
(mm) around the wells. The MIC was estimated as the lowest con-
centration of BioSeNPs and Che-SeNPs that inhibit the fungal
growth and MFC was the least concentration that destroys all
fungal hypha. The MIC and MFC were estimated according to
El-Saadony et al. (2019).

3.6. In vivo application of BioSeNPs

3.6.1. Preparation of the fungal inoculum and preparing the soil for the
biological control experiment

Pots (25 cm in diameter) were sterilized by formalin solution
(5%) for 15 min and then were left several days to get rid of the for-
malin poisonous effect. Soil (50% sand and 50% clay) was auto-
claved at 121�C for two hours and left for two weeks before
cultivation. The inoculum was prepared by inoculating pieces of
F. culmorum, F. graminearum, F. avenaceum, F. poae, F. sporotri-
chioides, and F. cerealis PDA plates in 500 ml conical flasks contain-
ing 200 g of autoclaved wheat grains and were incubated at 27�C for
21 days. Sterilized pots were filled with autoclaved soil (6.6 Kg)
and were infected with the tested Fusarium inoculum. The inocu-
lum was mixed with the soil at the rate of 5% of soil weight (v/
w). The infected soil was watered and left for ten days before seed-
ing to stimulate the fungal growth and ensure its dispersal in the
soil. The non-infected soil was inoculated with the fungal-free
wheat grain medium at the same rate (Janga et al., 2017).

3.6.2. In vivo study (under greenhouse conditions)
Healthy wheat grains cv. Masr1 were sterilized in 1% NaOCl

(Sodium hypochlorite) for 2 min and then rinsed three times in
sterile water to eliminate surface seed secondary fungal pathogens
blot-dried to remove excess water as mentioned by Parsons and
Munkvold (2012). The wheat grains cv. Masr-1 were soaked in
50 ml suspension of each BioSeNPs (50, 75, and 100 mg/mL), Che-
SeNPs (50, 75, and 100 mg/mL) for 24 h (Ma et al., 2008). For control
treatments, grains were soaked individually in 50 ml of sterile
water for 24 h, according to Xue et al. (2017). Treated grains were
air-dried and five grains were planted per pot (25 cm) containing
infected or non-infected soils. Water-soaked seeds were sown in
infested and non-infested soil to serve as a positive and negative
control, respectively. Three pots were used for each particular
treatment. All pots were watered every 15 days with bioagent
water. Disease parameter was recorded as disease incidence (%)
of pre, post-emergence, damping-off and healthy survival after
three months.

The disease severity index (DSI) was calculated using the scale
values

DSI ¼ enx
NX

� 100

(
P

(n, number of plants in a disease scale category � disease
scale category)/ (N, the total number of plants X, maximum disease
scale category)) � 100) according to Chekali et al. (2011).

3.6.3. Growth and yield attributes
Growth parameters including fresh, dry weights (gram) and

plant height (cm) were estimated. The root system was tapped
out of the pot and was gently washed by tap water, for obtaining
fresh and dry weight, the roots were blot-dried to remove excess
water then the fresh weight (FW) was recorded. Shoots and roots
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were dried in an oven under 65 �C for several days until constant
weight to obtain dry weight (DM). Spike length (cm), spike number
and weight of the 1000 grains (g) were calculated.

3.6.4. Photosynthetic pigments and gas exchange assessments
Total chlorophyll and carotenoids were estimated as per Nagata

and Yamashita (1992), gas exchange parameters (net photosyn-
thetic, transpiration, and stomata conductance gs) were evaluated
according to Drake et al. (2013) in wheat leaves.

3.7. Statistical analysis

The obtained data were statistically analyzed by ANOVA test at
P � 0.05, which was performed with IBM SPSS v20.0. All values are
means (n = 5, except n = 30 for yield components), the replicate
means were compared by LSD test.
4. Results

4.1. Isolation and identification of Lactobacillus (lactic acid bacteria)

Forty isolates were obtained from different dairy samples on
MRS plates and coded as (ML1, ML2,. . .ML40), 15 isolates appeared
at MRS plates supplemented with sodium selenite (2 mM), 7 iso-
lates occurred at 4 mM concentration, and one isolate was survived
at 6 mM concentration and it was served for identification resistant
to Na2SeO3 (6 mM) was identified by a light microscope, tA light
microscope, t, and identified the optimum isolate resistant to
Na2SeO3 (6 mM). The obtained pure isolate after the screening
was a long rod, Gram-positive, non-spore-forming and motile.
The obtained results revealed that this bacterium similar to the
Lactobacillus species based on the morphologically, physiologically
and biochemically tests carried out as per Bergey’s Manual Salaj
et al. (2013), and identified as Lactobacillus acidophilus ML14, fur-
ther identification was conducted by MALDI TOF Mass spectrome-
try. The attained result showed 98% of our isolates to Lactobacillus
spp. Based on MALDI-TOF score, the local bacterial isolate, Lacto-
bacillus acidophilus ML14 is similar to Lactobacillus acidophilus
DSM 20,242 DSM.

4.2. Characterization of selenium nanoparticles produced by
Lactobacillus acidophilus ML14

Bio-SeNPs were primarily characterized by U.V. spectropho-
tometer. The absorbance was increased with increasing incubation
time. The SeNPs suspension was showed a sharp Plasmon peak at
300 nm (Fig. 1A).

Size and morphology of SeNPs were identified by TEM. Fig. 1B
showed TEM image and histogram of BioSeNPs, the image exhib-
ited a spherical shape with an average diameter between 65 and
88 nm.

The crystallite nature of Bio-SeNPs was examined by XRD; this
analysis determined crystallite materials and provided details
about unit cell dimensions. Fig. 1C showed that BioSeNPs were
highly crystalline and all diffraction peaks have been well indexed
as 28.37�, 30.89�, 40.31�, 44.92�, 55.88�, 65.94�, 74.89� and 83.38�,
which correspond to 100, 101, 110, 102, 201, 210, 112 and 202
crystal planes, respectively.

FTIR spectroscopy is useful in acquiring the chemical composi-
tion of active compounds on the Bio-SeNPs surface as capping
agents on the nanoparticles obtained by Lactobacillus acidophilus
ML14 supernatant. These compounds are responsible for stabiliz-
ing the Bio-SeNPs. The results showed twelve distinct peaks
between 3435.27 and 544.04 cm�1 (Fig. 1D). The spectrum of
SeNPs has vibrational and stretching functions at wavelengths of
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1407.78, 1265.05, 1128.84 and 1068.11 cm�1 corresponding to
C–H, C = C, O–H and C–O, respectively. The band at
2446.14 cm�1 for the C–H stretch of aryl acid. The strong band
found at 1638.89 cm–1 was characteristic of C = C stretch of an aro-
matic ring, N–H bending of amine and a C = O stretch of polyphe-
nols. 3435.27 cm�1 indicates O–H groups in water and alcohol. The
peaks at 994.25, 951.81, 8278.35, and 609.52 cm�1 are due to aro-
matic C–H bending. The peak at 544.04 cm�1 indicates metal–car-
bon stretch. Peaks that observed between 1100 and 1000 can
indicate the C–O group.

The DLS analysis characterized the size and charge of Bio-SeNPs,
the size of the obtained BioSeNPs was about 46 nm (Fig. 1E), with
PDI value of 0.04, and Zeta potential value of SeNPs was (–
23.48 mV) (Fig. 1F).

4.3. Chemical studies

4.3.1. Antioxidant activity, phenolic, and flavonoids content of Bio-
SeNPs

Fig. 2 showed the antiradical activity of Bio-SeNPs suspension
produced by Lactobacillus acidophilus ML14. Bio-SeNPs suspension
(150 mg/mL) was significantly p � 0.05 scavenged 88 and 92% of
DPPH_and ABTS+ radicals compared to TBHQ. The phenolic and fla-
vonoids content in BioSeNPs were 1220 and 120 mg/mL, respec-
tively (Table 1).

4.3.2. In-vitro antifungal activity of CheSeNPs and BioSeNPs against
wheat pathogenic fungi

Table 2 showed the inhibition zones diameters of Che-SeNPs
and BioSeNPs against pathogenic fungi. Generally, BioSeNPs
concentrations more effective than Che-SeNPs against tested fungi.
The IDZs were in the range of 12–30 mm (Che-SeNPs) and were ran-
ged from 18 to 33 mm (BioSeNPs). F. cerealis and F. sporotrichioides
were more sensitive fungi to Che-SeNPs and BioSeNPs concentra-
tions, however, F. graminearum and F. culmorumwere the most resis-
tant to SeNPs, therefore these two fungi used in in vivo experiment.
Also, Table 2, the MIC and MFC of Che-SeNPs and BioSeNPs, the
MIC and MFC of Che-SeNPs significantly increased with 15% about
BioSeNPs and that indicate the activity of BioSeNPs

The Che-SeNPs were significantly reduced the fungal growth in
the MIC range (25–45 mg/mL). However, BioSeNPs have success-
fully inhibited the tested fungi in the MIC range of 20–40 mg/mL.
Fig. 3 showed the interaction between BioSeNPs concentrations
and Fusarium culmorum, and it was observed that the fungal myce-
lia were destroyed.

4.4. In vivo control of wheat CRDs under greenhouse conditions

4.4.1. Disease parameters
The results in Table 3 are in harmony with in vitro antifungal

results in Table 2. The Bio-SeNPs (100 mg/mL) showed the highest
percentage of healthy survival plants (81%) followed by Che-SeNPs,
i.e., 75%, with a relative increase of about 91 and 81%, respectively,
as compared to control. There were significant differences between
the reduction effect of Che-SeNPs and BioSeNPs on pre-emergence
damping-off whereas, Bio-SeNPs (100 mg/mL) significantly p � 0.05
reduced pre-emergence with about 60 and 87% against both patho-
genic fungi with a relative increase 55% as compared to control and
18% over Che-SeNPs, besides, Bio-SeNPs (100 mg/mL) banned post-
emergence of disease. Bio-SeNPs (100 mg/mL) significantly p � 0.05
reduced the incidence and severity of wheat CRD by 73, 88%,
respectively (Fig. 4).

4.4.2. Growth parameters
As a result of reducing disease incidence and severity by Bio-

SeNPs (100 mg/mL), a significant increase in all plant growth is



Fig. 1. Characterization of Bio-SeNPs produced by Lactobacillus acidophilus ML14 filtrate. (a) UV– Visible spectrum showing the absorption peak at 300 nm. (b) Transmission
electron microscopic (TEM) view of Bio-SeNPs. (c) XRD spectrum showing the presence of Bio-SeNPs. (d) FTIR spectrum showing active groups in nanoparticles suspension (E)
the size of BioSeNPs (F) net charge at BioSeNPs surface.
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shown in Table 4 and Fig. 4. The Bio-SeNPs (100 mg/mL) signifi-
cantly increased spike, root and shoot’s the length and weight,
grain quantity in spike, and 1000 grain weight by 5–40% compared
to control with a relative increase of about 20% over Che-SeNPs
(100 mg/mL).
4.5. Photosynthetic pigments and gas exchange

Wheat samples treated with Bio-SeNPs (100 mg/mL) showed
higher contents of total carotenoids and chlorophyll Table 5. The
total carotenoids and chlorophyll content in wheat treated with
Bio-SeNPs (100 mg/mL) significantly increased with 12–32% over
control. Also, Table 5 showed the gas exchange parameters, i.e.,
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transpiration (Tr), net photosynthesis (Pn), and the conductance
of stomata (gs). The addition of Bio-SeNPs (100 mg/mL) to wheat
samples significantly increased these parameters as compared to
CheSeNPs and control.
5. Discussion

Use of biological mass such as bacteria, fungi, yeast, plant
extract or plant biomass, and algae extract, or biomass could be
an alternative to these methods for the synthesis of nanoparticles
in an eco-friendly manner, safely, less time consuming, and low
cost (El-Saadony et al., 2021a). Powerful antioxidant and antifungal
activity of obtained BioSeNPs attributable to reducing CRD inci-



Fig. 2. Radical scavenging activity of Bio-SeNPs against DPPH_, ABTS+ radicals after
30 min, data are presented mean ± SE, the means with different lowercase letters
indicate significant differences p � 0.05.
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dence and counteracting drought and heat stress in wheat plant. In
this study, SeNPs were synthesized by Lactobacillus acidophilus
ML14; several bacteria were screened for their ability to synthesis
Intra/extracellular SeNPs of uniform size and shape. The physico-
chemical properties of SeNPs may fluctuate according to the organ-
ism type uses in the production process (Ahmed et al., 2013;
Srivastava and Mukhopadhyay, 2015).

Various advanced analytical instruments characterized the Bio-
SeNPs and they were monodispere. Spherical crystalline and that
following the previous studies, UV–Vis spectrum is the most basic
and important technique for identifying and characterizing
nanoparticles. Various studies stated that SeNPs production meth-
ods affect the absorbance peaks in UV–Vis spectra. SeNPs obtained
by Klebsiella pneumonia showed absorbance peaks between 200
and 300 nm with strong absorbance at 265 nm (Fesharaki et al.,
2010). Zhang et al. (2011) and Hariharan et al. (2012) found that
SeNPs produced by Saccharomyces cerevisiae, and Pseudomonas
alcaliphila showed absorption peaks at 200 and 300 nm, respec-
tively and that indicate the presence of SeNPs. On the other hand,
Hu et al. (2012) presented comparable results to ours where sele-
nium nanoparticles size was in the range of 20–80 nm. Also, Chen
et al. (2008) synthesized spherically shaped and 44–92 nm-sized
SeNPs by Undaria pinnatifida extract. Furthermore, the size of
SeNPs fabricated by Klebsiella pneumoniae was 245 nm (Fesharaki
et al., 2010). The size ranged 50–400 nm spherical SeNPs produced
by S. leopoliensis (Hnain et al., 2013), L. acidophilus produced 50–
500 nm SeNPs, Bifidobacterium sp. produced 400–500 nm SeNPs
and K. pneumoniae produced 200–300 nm SeNPs (Sasidharan
et al., 2014). The produced SeNPs were monodisperse because
the less PDI value (Bihari et al., 2008) and net negative charge on
their surface prevented the aggregation of nanoparticles in the sus-
pension and achieved stability and may keep more than a month
(Dhanjal and Cameotra, 2010). Besides, they were crystalline based
on diffraction peaks of X-ray according to Ingole et al. (2010);
Dorofeev et al. (2012); Srivastava and Mukhopadhyay (2013).

The BioSeNPs exhibited considerable antioxidant activity (Gunti
et al., 2019; Kapur et al., 2017; Shubharani et al., 2019; Vyas and
Rana, 2017), because of the occurrence of phenolic compounds
and flavonoids content in the nanoparticles suspension besides,
their small size (Huang et al., 2007), these active compounds are
derived from the rich bacterial media especially yeast extract in
LB media (El-Saadony et al., 2021b; Vieira et al., 2016). The scav-
enging activity significantly increased in the concentration-
dependent matter (Shubharani et al., 2019). Uddin et al. (2012)
showed that SeNPs produced by Leaves Extract of Withania som-
nifera contain active phytochemicals that might be combined with
the metal solution to give the nanoparticles, the phenolic
4466



Fig. 3. Scanning electron microscope (SEM) of (A) Fusarium culmorum control (B) the effect of Che-SeNPs (100 mg/mL) on F. culmorum growth, (C) the effect of BioSeNPs
(100 mg/mL) on F. culmorum growth.

Table 3
In vivo effect of Che-SeNPs and BioSeNPs treatments at concentrations (50, 75, and 100 mg/mL) on Masr1 wheat cultivar CRDs.

Treatment Disease parameter

Pre (%) Post (%) CRD (%) Healthy (%) Disease incidence (%) Disease severity(%)

Control 0 0 0 100aE 0 0
Fusarium culmorum 28.5aA 32aA 45aA 0 90aA 85aA
Fusarium graminearum 19bA 8b 21b 7bE 81bA 67bA
CheSeNPs 50 (control) 0 0 0 100aE 0 0
CheSeNPs 50 + F. culmorum 23aB 11cB 32abB 30bcE 70aB 50.3aB
CheSeNPs 50 + F.graminearum 13bB 0 19bB 33bE 66bB 41.33bB
BioSeNPs 50 (control) 0 0 0 100aD 0 0
BioSeNPs 50 + F. culmorum 20.8 8.5 25 45bcD 58aC 35a
BioSeNPs 50 + F.graminearum 9.9 0 16.4 51bD 40bC 26b
CheSeNPs 75 (control) 0 0 0 100aC 0 0
CheSeNPs 75 + F. culmorum 18.3aC 4.5aC 22aC 58.63cC 39aD 16.9aD
CheSeNPs 75 + F.graminearum 6.1bC 0 15bC 72.33bC 27.8bD 14.32abD
BioSeNPs 75 (control) 0 0 0 100aBC 0 0
BioSeNPs 75 + F. culmorum 16.6aD 3.5aD 20aD 60cBC 36aC 15.5aC
BioSeNPs 75 + F.graminearum 5.9bD 0 13.33bD 73.33bBC 20bC 13.3bC
CheSeNPs 100 (control) 0 0 0 100aB 0 0
CheSeNPs 100 + F. culmorum 15aDE 0.9aE 15aE 70bcB 30aE 10.5aE
CheSeNP 100 + F.graminearum 5.1bDE 0 9bE 75bB 25bE 8.9abE
BioSeNPs 100 (control) 0 0 0 100aA 0 0
BioSeNPs 100 + F. culmorum 12.3aE 0 13aF 78.33cA 24.9aF 9.5aF
BioSeNPs100 + F.graminearum 2.3bE 0 6bF 81bA 19bF 8abF

Mean in the same column with different lowercase letters are significantly different within treatment p � 0.05, different uppercase letters indicate significant difference
between groups, n = 30; CRD: crown and root rot disease.
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compounds capped the surface of SeNPs and encouraged their sta-
bility. The antioxidant potential of SeNPs due to the electron-
donating ability of bioactive compounds on the nanoparticles sur-
face. Also, our BioSeNPs presented a strong antifungal activity fol-

lowing Gunti et al. (2019) and Pierard et al. (1997), who used the
SeNPs produced by Emblica officinals as anti-dandruff shampoo to
treat fungal infections, also, Shahverdi et al. (2010) found that
SeNPs fabricated by K. pneumonia reduced the fungal growth in
the range of 10–260 mg/mL againstMalassezia sympodialis, Aspergil-
lus terreus, and Malassezia furfur. Furthermore, Kazempour et al.
(2013) found that the SeNPs with MIC levels 250, 2000 mg/mL
inhibited the Aspergillus brasiliensis, and Candida albicans growth,
respectively. The antimicrobial mechanism of nanoparticles was
briefed by DNA damage and cell wall disruption. Nanoparticles
electrostatically interact with the cell wall or cell membrane, caus-
ing the cell wall disruption. Therefore, large molecules pass
through the cell membrane and destroy DNA, which causes cell
death (Anyasi et al., 2017; Dakal et al., 2016; El-Saadony et al.,
2020b; Kaur, 2011). Also, Shenashen et al. (2017) reported that
nanoparticles disturbed the fungal cell membrane and leakage in
fungal cells, which cause hypha malformation and cell death.
4467
The application of nano-metals in plant disease management is
promising as an alternative to chemical pesticides. DNA-directed
AgNPs grown on graphine oxide (Go) suppresses bacterial spot of
tomato caused by Xanthomonas perforins (Ocsoy et al., 2013) and
powdery mildew in cucurbits when applied as a foliar spray at
100 ppm concentration (Lamsa et al., 2011). Furthermore, Jo
et al. (2009) evaluated the antifungal activity of silver ions and sil-
ver nanoparticles foliar against, Bipolaris sorokiniana and Magna-
porthe grisea and they found a reduction of fungal growth and
disease incidence in ray grass, the higher surface area to volume
of metal nanoparticles may the reason of biological activity (Shah
and Belozerova, 2009). Also, the utilization of these nanoparticles
enhances the antioxidant potential of treated plants under their
ability to participate in cellular redox reactions since SeNPs were
significantly increased the antioxidant enzymes, phenolic com-
pounds, and amino acids in tomato leaves (Hernández-Hernández
et al., 2019). Also, the additional promoting effect of SeNPs (1 ppm)
produced by gamma irradiation inhibited lipid peroxidation. It
decreased MDA concentration in ryegrass (Lolium perenne) as
reported by Hartikainen et al. (2000). Likewise, Ismail et al.
(2016) and Zakharova et al. (2017) evaluated the syndicate effect



Fig. 4. In vivo experiment control of CRDs in infected wheat with Fusarium under greenhouse conditions: 2 weeks aged wheat control (I), 2 weeks aged SeNPs-supplmented
wheat (II), 3 month aged wheat control (III), 3 month aged SeNPs-supplmented wheat (IV). (A-C) wheat treated with BioSeNPs concentrations (50, 75, and 100 mg/mL), (D-F)
wheat treated with CheSeNPs concentrations (50, 75, and 100 mg/mL).

Table 4
In vivo effect of Che-SeNPs and BioSeNPs treatments at concentrations (50, 75, and 100 mg/mL) on plant growth parameters in Masr1 wheat cultivar.

Treatment Plant growth parameters

1 2 3 4 5 6 7 8 9 10

Control 3.4aG 2.1a 19a 8.1a 16.9a 79a 3aB 10.6a 47a 43a
Fusarium culmorum 2.9b 1.5c 14c 3.1c 12.3c 68c 2b 9.9b 44b 37b
Fusarium graminearum 3.1ab 1.7b 16b 5.1b 14b 75b 3a 8.9c 41c 25c
CheSeNPs 50 (control) 3.6aF 2.3a 19.4a 8.39a 17.2a 79.5a 3aB 10.9a 50a 45a
CheSeNPs 50 + F. culmorum 3.0c 1.7c 15.1c 4.2c 13.5c 69c 2b 10ab 46b 40b
CheSeNPs 50 + F.graminearum 3.3b 1.9b 16.8b 6.1b 15b 71b 3a 9.5b 43c 39bc
BioSeNPs 50 (control) 3.7aE 2.4a 19.5a 8.52a 17.5a 80.2a 3a 11.1a 52a 46.9a
BioSeNPs 50 + F. culmorum 3.1bc 1.75c 15.3c 4.34c 13.9c 69.8c 2b 10.6b 48b 44b
BioSeNPs 50 + F.graminearum 3.2b 1.95b 17b 6.18b 15.1b 73b 3a 9.8c 44.5c 40c
CheSeNPs 75 (control) 3.8aD 2.49a 19.6a 8.6a 17.6a 80.6a 3aA 11.3a 54a 49a
CheSeNPs 75 + F. culmorum 3.1c 1.7c 15.4c 4.5c 14.2c 71c 3a 10.8b 49b 46b
CheSeNPs 75 + F.graminearum 3.5b 2.1b 17.1b 6.2b 15.23b 74b 3a 10bc 46c 41c
BioSeNPs 75 (control) 3.9aC 2.55a 19.8a 8.9a 17.9a 80.8a 3aA 11.4a 55a 50a
BioSeNPs 75 + F. culmorum 3.1c 1.7c 14.9c 4c 12.3c 71c 3a 10.9b 50b 47b
BioSeNPs 75 + F.graminearum 3.5b 2.1b 17b 6.1b 15b 75b 3a 10.2c 48c 42c
CheSeNPs 100 (control) 4.2aB 2.75a 20.8a 9.9a 18a 81a 3aA 11.5a 56a 51a
CheSeNPs 100 + F. culmorum 3.6c 2.2c 15c 4.1c 13c 72c 3a 11ab 51b 47b
CheSeNPs 100 + F.graminearum 3.9b 2.5b 18b 7.1b 16b 76b 3a 10.8b 49bc 45bc
BioSeNPs 100 (control) 4.5aA 3.1a 21.6a 10.7a 18.5a 82a 3aA 12a 58a 52a
BioSeNPs 100 + F. culmorum 3.9bc 2.5bc 16.5c 5.6c 13.9c 73c 3a 11.4b 56b 50b
BioSeNPs100 + F.graminearum 4.1b 2.7b 18.8b 7.9b 16b 77b 3a 11bc 50c 48c

Mean in the same column with different lowercase letters are significantly different in one group p � 0.05. Different upper letters are different between groups; n = 30. Plant
growth parameters; 1: Root fresh weight (g), 2: Root dry weight (g), 3: Shoot fresh weight (g), 4: Shoot dry weight (g), 5: Root length (cm), 6: Shoot length (cm), 7: Tiller (No),
8: Spike length (cm), 9: Grains number (No), 10: 1000 grains weight (g).
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of silver and selenium nanoparticles against A. solani that initially
cause blight disease of potato. No available studies on the use of
SeNPs synthesized by bacteria to control plant disease
management.

On the side of plant growth and productivity, several studies
reported that SeNPs increased quality parameters and yield of
many crops i.e. pumpkins (Cucurbita pepo), potato, soybean and
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Canola (Brassica napus L.) at a low concentration (Djanaguiraman
et al., 2005; Germ et al., 2005; Lyons et al., 2009), cluster bean
(Cyamopsis tetragonoloba L.) (Ragavan et al., 2017). On the same
route, Hernández-Hernández et al. (2019) found that tomato yield
was increased by up to 21% with 10 mg L�1 of SeNPs. Also, Ikram
et al. (2020) found that the usage of SeNPs 30 mg/L as foliar at
wheat remarkably increased plant height, shoot length, shoot fresh



Table 5
In vivo effect of Che-SeNPs and BioSeNPs treatments at concentrations (50, 75, and 100 mg/mL) on Gas exchange parameters in Masr1 wheat cultivar.

Treatment Gas exchange parameters

Total chlorophyll Total carotenoids Net photosynthetic Transpiration conductance of stomata (gs)

Control 2.06a 0.76a 11.08a 7.28a 0.41aG
Fusarium culmorum 1.54c 0.58c 6.40c 2.60c 0.23c
Fusarium graminearum 1.67b 0.60b 7.04b 3.24b 0.25c
CheSeNPs 50 (control) 2.41a 0.79a 11.23a 7.43a 0.44aF
CheSeNPs 50 + F. culmorum 1.58c 0.60c 9.57c 5.77c 0.32bc
CheSeNPs 50 + F.graminearum 2.27b 0.68b 9.83b 6.03b 0.33b
BioSeNPs 50 (control) 2.42a 0.8a 11.4a 7.6a 0.45aE
BioSeNPs 50 + F. culmorum 1.61c 0.61c 8.5c 4.9c 0.3bc
BioSeNPs 50 + F.graminearum 2.30b 0.68b 9.9b 6.4b 0.33b
CheSeNPs 75 (control) 2.43a 0.81a 11.76a 7.96a 0.46aD
CheSeNPs 75 + F. culmorum 1.67c 0.62c 7.83c 4.03c 0.27c
CheSeNPs 75 + F.graminearum 2.30b 0.69b 10.15b 6.35b 0.34b
BioSeNPs 75 (control) 2.47a 0.83a 12.18a 8.38a 0.48aC
BioSeNPs 75 + F. culmorum 1.82c 0.63c 8.23c 4.43c 0.28c
BioSeNPs 75 + F.graminearum 2.33b 0.71b 10.31b 6.51b 0.36b
CheSeNPs 100 (control) 2.50a 0.86a 12.41a 8.61a 0.51aB
CheSeNPs 100 + F. culmorum 1.97c 0.65c 8.79c 4.99c 0.30c
CheSeNPs 100 + F.graminearum 2.35b 0.73b 10.72b 6.92b 0.38b
BioSeNPs 100 (control) 2.53a 0.89a 12.66a 8.86a 0.54aA
BioSeNPs 100 + F. culmorum 2.13c 0.66c 9.06c 5.26c 0.31c
BioSeNPs100 + F.graminearum 2.37b 0.74b 10.99b 7.19b 0.39b

Mean in the same column with different lowercase letters are significantly different in one group p � 0.05. Different upper letters are different between groups; n = 30.
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weight, shoot dry weight, root length, fresh root weight, root dry
weight, leaf area, leaf number, and leaf length. On the other hand,
Arora et al. (2012) reported the positive effect of gold nanoparticles
on various growth and yield-related parameters and suppressed
pathogens.

The BioSeNPs in this study increased the content of photosyn-
thetic pigments (chlorophyll and carotenoids). That may be
because Bio-SeNPs surface surrounded with active phytochemicals

in agreement with Hernández-Hernández et al. (2019), who stated
that SeNPs increased the content of chlorophyll in tomato leaves.
Also, El-Batal et al. (2016) found an increase in chlorophyll content
in Eruca sativa treated with selenium nanoparticles. Furthermore,
Dong et al. (2013) reported that selenium nanoparticles (10–
50 ppm) significantly increased chlorogenic acid, chlorophyll and
carotenoids by 200–400% of leaves of Lycium chinense L. Moreover,
Ragavan et al. (2017), Vijayarengan (2013); and Sanghpriya
Gautam (2015) reported that chemical selenium nanoparticles sig-
nificantly increased the pigments in cluster beans.

On the same route, The improvement of gas exchange parame-
ters by SeNPs application to wheat significantly reduces the plant’s
heat and drought stress and increases their yield (Djanaguiraman
et al., 2018). High levels of stomata conductance are often required
in the field to maximize cooling in the midday sun and to enhance
photosynthetic yields (Roche, 2015). Consequently, the plant yield
increased. There was a relationship between water stress and
infection with Fusarium foot and root rot disease on durum wheat.
The highest water stress level was more susceptible to disease
severity caused by F. culmorum invading epidermal cells through
stomata. Moreover, water stress level of 25% can affect 1000-
grain weight, seedling stage and mature plants. The result indicates
that the highest water stress treatment increased disease severity
significantly when it subjected to 25% than 100% of water capacity
(Chekali et al., 2011; Liu and Liu, 2016)
6. Conclusion

Bio-SeNPs can efficiently use against plant pathogenic fungi to
protect wheat crop loss by CRDs, instead of using chemical
nanoparticles and pesticides, which show higher toxicity to
humans. Thus, it can say that Bio-SeNPs did not affect seed germi-
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nation, root shoot ratio, and soil microflora, while some are bene-
ficial to the plants. The nanoparticles are easily synthesized and
subjugated as a fungicide foliar and fertilizer. Finally, it can con-
clude that Nanobiotechnology is an essential research area that
deserves all our attention due to its potential application to
agriculture.
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