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Abstract . Human health depends on the daily supply of fresh vegetables and fruits, which
contain the essential, nutrients, vitamins and other bioactive compounds. Due to malnutrition in
several places all over the world, the biofortification approach is a crucial solution to overcome
this global problem. In the current study, the biological nanofertilizer of selenium (nano-Se)
was tested on onion crop comparing with its bulk source under the sandy soil conditions. the
applied doses of nano-Se were 10, 20, 30 and 40 mg L™ in both nano and mineral form of Se.
The main investigated parameters of onion were the vegetative growth parameters and the
nutritional status in leaves and bulbs. The obtained results have a significant difference
between mineral and nano-Se doses for studied measurements. In general, all studied
parameters increased in their values with increasing the applied doses from both Se sources up
to 30 or 40 mg L™ compared to the control, depending on the selected parameter. This increase
reached to more than 60% (for applied nano-Se on bulb dry weight), or more than 55% for the
same parameter after applying mineral Se source. Applying nano Se was achieved higher
values in some studied parameters of onion, whereas the mineral form of Se was domain for
others. This study confirmed that both Se forms can be applied for biofortification of onion
because the Se content in bulb located in the accepted level of Se in crop with priority to nano-
Se, which accumulate in leaves and bulb in a lower concentration compared to mineral form.
This work opened more question about the nano-biofortification and the possibility to apply for
more studied crops with focus on the suitable added dose to be safe for successful
biofortification program.
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1. Introduction

Onion (Allium cepa L.) is considered a vital vegetable crop for human health, which globally
cultivated across 4.3 million ha with a total production of 98 million tons [1]. The main five producer
of global onion production are China, India, the USA, Egypt, and Turkey, the first two countries can
produce around 50% of global production [2]. Onion can be found in the food market as three different
colors, including white, red, and yellow, which could be consumed by cooking (frying or grilling or
roasting,), eaten as a fresh food in salads, made into juice, pickled in vinegar, or used as a spice [3 and
4]. Onion wastes, as an agro-industrial waste, have great applications against many plant pathogens
like Fusarium sambucinum such as extract of red onion peel [5]. For human health, onion is important
herbal medicine, which can be eaten against several common diseases (e.g., asthma, atherosclerosis,
bronchitis, and coughs). Several bioactives in onion could be considered crucial for human health [6],
such as anticancer [7], anti-obesity [8], cardiovascular protective [9], immunomodulatory properties
[10], hepatorenal protective [11], antioxidants [12], reproductive protective [13], antimicrobial activity
[14], anti-inflammatory [15], neuroprotective [16], respiratory protective [17], anti-diabetic [18], and
digestive system protective [19]. So, the producing onion biofortified with nutrients like Se is a crucial
strategy for struggle of malnutrition.

Selenium is an essential nutrient for the nutrition of humans and animals, but for higher plants is still
not confirmed. Selenium biofortification is a common approach, which many biofortified crops and/or
sprouts have investigated in several studies such as [20-24]. Many studied confirmed the possibility to
biofortify different crops using different sources of Se including selenate [25], selenite [23], seleno-
amino acid [26], and nano-Se [27]. Selenium and nano-Se have distinguished impacts on crop
productivity, and their managing cultivated plants under environmental stress through improving
quality of crops [28]. Selenium and nano-Se recently have an increased potential concern with focus
on several topics such as improving yield and quality of fruits like pomegranate [29], tomato [30],
radish [28], their significant in plant nutrition and crop quality [31], their sources in soils and plants
[32], mediating cold stress tolerance in crops [33], and new frontier of plant biostimulant [34]. Due to
their distinguished attributes (non-toxic, and its eco-safety), biological nano-Se was confirmed for
biofortification compared to mineral and chemical nano-Se in many recent publications on different
crops such as wheat (Triticum asetivum L.) [35], cucumber (Cucumis sativus L.) [36], banana [37],
pak choi (Brassica chinensis) [38], rapeseed (Brassica napus L.) [39]radish [28] and Broccoli [40]
Globally, around 2 billion people face the acute malnutrition, deficiency of vitamins and
micronutrients deficiency, which might recover by fortification (for vitamins) and/or biofortification
for nutrients [41]. Therefore, this is work focuses on foliar application two different sources of
selenium (biological nanofertilizer and its bulk form) for producing biofortified onion under soil
nutrient deficiency. The main questions in this manuscript are which Se-fertilizer is better for
prompting broccoli production under such nutrient deficiency? Which applied dose of this preferable
Se-fertilizer can be used under such studied conditions?

2. Materials and Methods

2.1. Experimental Site

During two winter seasons of 2016-2017 and 2017-2018, a field experiment was conducted in the
Nubaria Experimental Farm of the National Research Centre. This field is intersected by latitude of
30° 30N and longitude of 30° 20E and is situated in an arid climate region at an altitude of 27 m above
mean sea level. The experimental soil was deep, well-drained sandy texture and classifies as an
Entisol-Typic Torripsamments, composing of 85.5% sand, 11.7% silt and 2.8% clay. Soil organic
matter was 4.0 g kg™ in the topsoil up to 80 cm, with an alkaline pH of 8.25, low soil salinity (EC:
0.85 dS m™"), and lime (CaCOs: 15 g kg™ soil). Average available of main nutrient including N, P and
K was 12, 4 and 35 mg kg ' soil, respectively before starting the experiment, which represent low
nutrient contents in studied soil. The average soil water content at field capacity and the permanent
wilting point was 18 and 8%, respectively.
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2.2. Onion Cultivation and Applied Treatments

Onion seedlings cv. Giza 20 was transplanted at the second week of December in the two seasons.
Seedlings were planted on drip irrigated ridges with 1 m apart and 16 m long with 50 cm between
drippers. Four seedlings were planted around each dripper with 7 cm apart. Each plot included 5-
redges and the plot area was 80 m™. Onion plants were supplied with the recommended dose of
nitrogen (20 g N m™ in form of ammonium nitrate), phosphorus (12 g P,Os m™ in form of calcium
super phosphate), and potassium (25 g K,;O m™ in form of potassium sulphate). The normal
agricultural practices required for onion production were applied as commonly followed in the farm.
The complete randomized plot design was used in this experiment with three replicates for each. The
current experiment included 9 treatments beside the control, which included using only water. The
treatments were four different doses of biological nanofertilizer of selenium (i.e., 10, 20, 30 and 40 mg
L"), and four different doses of Se mineral fertilizer (i.e., 10, 20, 30 and 40 mg L™"). These previous
treatments were applied as a foliar spraying twice during the experiment after 45 and 55 days from
planting.

2.3. Fertilizers of Selenium and Their Source

The biological Se nanofertilizer was prepared using Bacillus cereus TAH according to [42], at Soil
Microbiology Department, SWERIL, Egypt. The size of Se-nanoparticles was 87.7 nm, which was
measured using high resolution transmission electron microscope (HR-TEM, Tecnai G20, FEI, The
Netherlands) at Nanotechnology and Advanced Material Central Lab, Agriculture Research Center
(ARC). and other properties were measured using TEM and X-ray in Nanotechnology Lab in
Agricultural Research Center, in Giza. Mineral Se-fertilizer (i.e., bulk Se source) was prepared using
sodium selenite (Na,SeO3), which dedicated by Nano Food Lab, University of Debrecen, Hungary.

2.4. Vegetative Plant Parameters and Nutrient Analyses

Random sample of ten plants from each plot were taken after 75 days from transplanting to record the
vegetative growth parameters. Concerning the yield and bulb quality, after harvesting and curing of
onion bulbs, another sample were taken to measure bulb physical characteristics such bulb diameter
(cm), and length (cm). In the same above sample yield per feddan were calculated. A random sample
of 5 plants were chosen at harvesting stage from each plot and subjected for analysis. The following
vegetative plant growth parameters were measured at harvest; number of leaves per plant; plant height
(cm); bulb and leaves fresh and dry weight (g plant™), bulb length and its diameter, as well as the total
yield per fed. The plant samples were dried at 65 °C; ground using stainless steel equipment’s to
measure the nutrient content of N, P, K and Se in leaves and bulbs of onion. From each sample 0.1 g
was digested using the mixture of sulfuric (H,SO,) and perchloric (HCIO,) acids (1:1) for N, P, K, and
Se determination. Nitrogen was determined using Kjeldahl method, K was determined by flame
photometer (NADE LCD Digital Flame photometer FP640, China) and P with spectrophotometer
(Single Beam, SP-IV722N, 721N, China) as described by [43]. While, Se content was determined
using atomic absorption spectroscopy (SP-IAA1800H, China) as described by Levesque and [44].

2.5. Statistical Analyses

Experimental design and statistical analysis: The treatments were arranged in a complete block design
with three replicates. The obtained data were statistically analyzed and means separation was done
using Duncan analysis according to the method described by [45].

3. Results

3.1. Response of Vegetative Parameters of Onion to Applied Se-Fertilizers

Certain vegetative parameters of onion were measured and listed after statistically analyzed in Tables
1 and 2. The studied vegetable parameters included fresh and dry weight of leaves and bulb, besides
bulb diameter and its length, number of leaves per plant, and plant length. The results of dry weight of
leaves and bulb recorded the highest values after applying the highest dose of 40 ppm of both Se-
fertilizers, compared to the control (Table 1). The recorded values were higher in case of mineral Se-
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fertilizer compared to nano Se-fertilizer in both vegetative parameters. In general, the mean values of
all vegetative parameters were increased with increasing the applied doses of both nano-Se and its
bulk form up to 40 mg L. The increase in bulb dry weight (%) comparing with the control for the
nanofertilizer in both seasons were 55.8 and 56.3, whereas these rates were 66.1 and 62.7% for
mineral Se-fertilizer, respectively.

Table 1. Response of the fresh, dry weight of leaves and bulb of onion to applied Se-fertilizers.

Fresh weight of Dry weight of Fresh weight of Dry weight of
Treatments
(Applied leaves (g) leaves (g) bulb (g) bulb (g)
dgses) First Second First Second First Second First Second

season season season season season season season season

Mineral Se-fertilizer

Control 18.36¢ 17.14d 2.74c 2.76¢ 55.78¢ 54.39¢ 4.61c 4.60c
10 ppm 29.93b 29.84b 3.32b 3.65b 89.48b 90.95b 8.78b 8.98b
20 ppm 26.58b 24.72¢ 3.07b 3.27b 94.71b 93.96b 7.94b 7.70b
30 ppm 37.48a 38.39a 4.46a 5.39a 111.92a 112.29a 11.57a 11.25a
40 ppm 35.73a  36.72a 4.48a 5.42a 115.32a  115.39a  13.59a 12.34a
Nano Se-fertilizer

Control 20.81c¢c 21.89b 2.89¢ 2.99¢ 58.16¢ 58.03¢ 4.97c 5.15¢
10 ppm 27.91b 26.75b 3.46b 3.56b 77.16b 87.10b 7.59b 7.66b
20 ppm 26.77b 25.01b 3.38b 3.44b 76.42b 85.97b 7.67b 8.29b
30 ppm 39.74a  38.85a 4.84a 4.98a 116.36a 107.08a  11.49a 12.13a
40 ppm 39.88a 39.07a 4.95a 5.14a 114.99a 10698a 11.26a 11.78a

Means within column having the same letters are not significantly different according to the Duncan's Multiple
Range Test (at p <0.05).

The same trend was observed for studied of number of leaves per plant, bulb length and its diameter,
which gave in general the highest values when treated with 30 ppm of both Se-fertilizers (Table 2),
except bulb length for the nanofertilizer (at 40 ppm). Comparing with getting values of previous
studied parameters, nano-Se-fertilizer reordered in general highest values compared to mineral Se-
fertilizer. The increase in bulb diameter (%) comparing with the control for the nanofertilizer in both
seasons were 32.9 and 32.6, whereas these rates were 42.2 and 36.8 % for mineral Se-fertilizer,
respectively.

Table 2. Response of head and leaves to applied different doses of Se-fertilizers.

Treatments UmPer ofleaves bt length (cm)  Bulb length (cm) Bulb diameter
(Applied per plant (cm)
doses) First Second First Second First Second First Second

season season season season season season season season

Mineral Se-fertilizer

Control 6.88b 6.58b 47.43d 45.64c 5.46b 4.27¢ 5.68b 5.74b
10 ppm 7.38b 7.34b 63.76b  66.60ab  5.27b 5.40b 9.63a 8.78a
20 ppm 7.63b 7.72b 58.92¢ 59.20b 6.46a 5.11b 9.12a 8.00a
30 ppm 9.88a 9.93a 69.64a 70.60a 6.42a 6.93a 9.83a 9.09a
40 ppm 8.13ab  8.49ab  60.47bc  61.57b 5.46b 6.87a 9.76a 8.98a
Nano Se-fertilizer

Control 6.75b 6.38b 46.73c 45.55¢ 4.53b 4.98b 6.64c 6.21c
10 ppm 7.13b 6.96b 59.32b 59.81b 5.79a 591a 7.48b 7.49b
20 ppm 7.00b 6.76b 58.39b 58.69b 5.87a 6.03a 8.41b 8.92a
30 ppm 10.13a 10.55a 69.73a 69.94a 6.14a 6.44a 991a 9.21a
40 ppm 9.88a 10.17a 69.67a 70.15a 6.23a 6.58a 9.75a 8.97a

Means within column having the same letters are not significantly different according to the Duncan's Multiple
Range Test (at p <0.05).
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3.2. Content of Nutrients in Leaf and Bulb of Onion
The first remark on the nutrient content in onion leaves was the highest applied dose of both mineral
and anno-Se fertilizers (40 mg L™) recorded the highest values of these nutrients (Table 3). The mean
values belong mineral Se fertilizers have the highest values when the highest applied dose of Se-
fertilizer (40 mg L™). There is an increase in all studied nutrients after applying mineral and nano-
fertilizer, which differ from nutrient to other and recorded the following increasing rate (%) compared
to the control: in case of mineral Se-fertilizers N, P, and K were (30; 28.9), (44.4; 50), and (22.1;
25.2), whereas the increasing values for nano-Se-fertilizer were (32.7; 24.8), (36.3; 46.7), and (26.1;
29.7), respectively for both seasons.
Concerning the nutrient content in onion leaves in Table 4, there are two important notices; the first
applied doses of mineral Se-fertilizer were higher in their mean values of nutrient content of NPK
comparing with the applied doses of nano Se-fertilizer, and the second these highest mean values of
nutrient NPK content in onion leaves were achieved after applying 40 mg L™ of mineral form.

Table 3. Content of nutrients in onion leaves as a response to applied Se-fertilizers.

Treatments N content in leaf (%) P content in leaf (%) K content in leaf (%)
(Applied First Second First Second First Second
doses) season season season season season season
Mineral Se-fertilizer
Control 1.16¢ 1.22¢ 0.15a 0.18a 1.68c 1.72¢
10 ppm 1.19¢ 1.27¢ 0.17a 0.21a 1.76¢ 1.84c
20 ppm 1.37b 1.45b 0.18a 0.24 a 1.95b 2.13b
30 ppm 1.46ab 1.58a 022a 0.29 a 2.04b 2.17b
40 ppm 1.49a 1.63a 0.27 a 0.36a 2.40a 2.42a
Nano Se-fertilizer
Control 1.13d 1.18d 0.14 a 0.16 a 1.56e 1.54d
10 ppm 1.29¢ 1.42¢ 0.18 a 0.23a 1.73d 1.80c
20 ppm 1.33¢ 1.43c¢ 0.19a 0.24 a 1.85¢ 1.98b
30 ppm 1.42b 1.50b 0.22a 0.29 a 1.98b 2.18a
40 ppm 1.68a 1.57a 0.22 a 0.30 a 2.11a 2.19a

Means within column having the same letters are not significantly different according to the Duncan's
Multiple Range Test (at p <0.05).
Table 4. Content of nutrients in onion bulbs as a response to applied Se-fertilizers.

Treatments N content in leaf (%) P content in leaf (%) K content in leaf (%)
(Applied First Second First Second First Second
doses) season season season season season season
Mineral Se-fertilizer
Control 0.73¢ 0.67d 0.11a 0.12a 1.44d 1.35d
10 ppm 0.76¢ 0.71d 0.15a 0.18a 1.68c 1.72¢
20 ppm 0.81c 0.79¢ 0.20 a 0.26 a 1.72c 1.78¢c
30 ppm 0.98b 1.05b 022 a 0.29 a 1.88b 2.03b
40 ppm 1.24a 1.45a 0.27 a 0.36a 2.05a 2.29a
Nano Se-fertilizer
Control 0.66d 0.56¢ 0.10 a 0.10 a 1.32d 1.17¢
10 ppm 0.75¢ 0.70d 0.13a 0.15a 1.46¢ 1.38b
20 ppm 0.81bc 0.79¢ 0.18 a 023 a 1.59b 1.58b
30 ppm 0.86b 0.87b 0.21a 0.27a 1.72a 1.78ab
40 ppm 0.98a 1.05a 0.24 a 0.32a 1.81a 1.92a

Means within column having the same letters are not significantly different according to the Duncan's Multiple
Range Test (at p <0.05).
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The content of Se in leaves was presented in Fig. 1 for both seasons. It is obvious that the Se content
in leaves after applying the mineral form of Se in both seasons was higher compared to the nano-form.
The highest Se content in leaves reached to more than 0.027 and 0.035 ppm Se (with increase rate 81.5
and 94.3% compared to the control), respectively in both seasons after applying mineral Se form. In
case of nano form of Se, the highest Se content was 0.016 and 0.018 ppm Se with increase rate 68.7
and 94.4% compared to the control in both seasons, respectively.

The content of Se in onion bulbs after applying different forms of Se was presented in Fig. 2. The
most remarkable result is the applying mineral form of Se led to higher Se content in bulb (0.010 and
0.011 ppm in both seasons at applied dose of 40 ppm Se), compared to the values after applying nano-
Se (0.007 and 0.008 ppm in both seasons at applied dose of 40 ppm Se). Comparing to the control, a
high increase rate (%) in Se content in onion bulb after applying mineral form of Se (100 and 110%, in
both seasons, respectively), whereas these increases were 70 and 80% in case of nano form of Se.
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Figure 1. Effect of selenium source and concentration on selenium (ppm) in leaves of onion plants
during the studied seasons.

Means within column having the same letters are not significantly different according to the Duncan's
Multiple Range Test (at p <0.05).
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Figure 2. Effect of selenium source and concentration on selenium (ppm) in bulbs of onion plants
during studied seasons.

Means within column having the same letters are not significantly different according to the Duncan's
Multiple Range Test (at p <0.05)

3.3. Response of Onion Yield to Applied Se-Fertilizers

Concerning the yield of onion bulb, the results were presented in Figure 3. As noticed in previous
studied parameters, the yield of onion bulb increased with increasing the applied dose of both two Se
forms and the highest obtained yield (more than 35 tons fed') after applying 40 mg L™ mineral Se and
30 mg L' nano-Se in both seasons. These values of highest yields led to increase (%) comparing to the
control ranges between 51 and 54%, for mineral and nano form of Se. It could be noticed that the
highest yield after applying both mineral and nano form of Se was obtained at dose of 30 and 40 ppm
without significant differences between the two doses in both seasons.
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Figure 3. Effect of selenium source and concentration on yield (ton/fed.) bulb of onion plants during
the studied seasons.

Means within column having the same letters are not significantly different according to the Duncan's
Multiple Range Test (at p <0.05)

4. Discussion

The main global challenge faces all nations for the next years is how to feed the entire population in
the world. This global problem pushes the United Nations to establish many programs especially the
Sustainable Development Goals (SDGs) in 2015 [46,47]. These sustainable goals can support the
biofortification approach as a crucial program for human health [21]. Human health has a very closed
nexus to the nexus soil-water-plant-human [48], the soil and human health nexus [49], sustainable
plant nutrition [48] and sustainable soil fertility [47]. Producing biofortifying some vegetables is our
target during this study and next ones, which already started with broccoli enriched in Se via nano Se-
fertilizer and its bulk mineral form. Se and nano-Se biofortification for human health was confirmed
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by several researchers such as [21,47,48]. For establish a successful program of biofortification, it is
very requested to answer the following three questions:

—  Which crop is proper for this process? (It is an important issue for human diet),

— What is the main target nutrient and which applied dose should be applied? (This reflects its

essentiality for human nutrition),

—  Which application method is the suitable one? (Foliar or soil or in vitro application).
As so far as we know, few articles published on onion biofortified with different nutrient such as Se
[50,1], and Zn [52], but there is no published article on biofortifying onion with Se under nutrient
deficiency stress. |
In the current study, different sources of Se-fertilizers were applied for biofortification of onion under
sandy soil conditions. Many previous studies confirmed the distinguished role of Se in promoting
vegetative attributes of crops including onion, after applying different dose of both forms (mineral and
nanofertilizers) such as [29,53] and [54,55] as well under stress conditions [39,56] Indeed, the dry
weight of both leaves and bulb as well as studied vegetative parameters of onion increased with
increasing foliar application of Se forms. Additionally, Se has vital potential physiological functions in
Se plant nutrition, because its contribution as Se-enhanced operation of enzymatic antioxidants [57].
Selected parameters in our investigation recorded highest values in case of mineral Se compared to
nanofertilizer form. This result may back to the easily translocate of selenate from roots to shoots via
xylem and assimilation of it in the leaf chloroplasts. An agreement with these results can be noticed in
[54], who reported that applied selenate dose of 10 ppm obtained higher fresh weight and chlorophyll
content in tobacco compared to nano Se-fertilizer (100 ppm). The applied Se-dose for biofortification
mainly depends on targeted crop, where in our study the acceptable dose was 30 ppm (from both Se-
forms), although this dose was to be only 20 ppm nano-Se for groundnut [58].
Which one is better the biological Se-nanofertilizer or its bulk one? To what extent this Se-
biofortification program of onion can be achieved under nutrient deficiency stress conditions?
Although, the mineral Se fertilizer recorded the highest yield of onion compared to nano Se-fertilizer,
the nano-form is preferable due to its low toxicity, and a sustainable solution [59]. This trend was
confirmed by [28], who reported that foliar biofortification of radish with biological nano-Se can
promote the growth and yield. One reason more for this preferring is the lower Se-content in both bulb
and leaves, which will be consumed by humans, after applying bionanofertilizer of Se with producing
a safe onion for human nutrition. Concerning Se content in onion leaves and bulb, our results showed
that Se content in both after applying Se-bionanofertilizer are safe for human diet and within the
consumptive level of Se. At the same time, Se content in bulb were lower comparing with its content
in leaves giving more safety for human consumption.
Are Se-fertilizers supporting the growth and producing onion under sandy soils (nutrient deficiency
stress)? Findings of the recent study confirmed that both of Se-fertilizers enhanced the growth and
productivity onion under such stress conditions due to their effective role under such stress. Our
obtained results are in an agreement with results of [59], who found that nano-Se can support
groundnut grown under sandy soil conditions through enhancing the antioxidant defense systems in
and improving plant tolerance. The promising role biological nano-Se in supporting crop productivity
under different stresses has been confirmed such as toxicity stress of heavy metals on Brassica
chinensis [39], salinity stress on Brassica napus L. [40], salt stress on wheat [43], and biotic stress on
sugar beet [60].

Conclusions

Human health faces many troubles all over the world, which mainly links to the human nutrition. Due
to many nutrients’ deficiency or malnutrition, a lot of diet program depending on the fortification and
biofortification approaches. Fortification can be applied by enriched the food with necessary nutrients
for human nutrition. Whereas, biofortification programs mainly focuses on the producing plant or
animal foods through apply targeted nutrients to nutrition of these organisms. Biofortification has been
become effective approach to overcome malnutrition in several countries all over the world. The
current study is a model on producing onion biofortified with Se using two different sources of Se-
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fertilizers (i.e., bionanofertilizer and its bulk form). The almost getting results support using the
mineral Se-form, which recorded the highest values in vegetative growth parameters and yield. The
most important finding in the present study is containing the onion bulb lower content of Se
comparing with bulk form, which support producing the safe onion for consumption. One more
important finding from this study is the ability of Se-bionanofertilizer to increase onion growth and its
productivity under sandy soil conditions through increasing the tolerance cultivated plants to such
stress and enhancing nutritional status of plants.
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