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ABSTRACT

Two field experiments were conducted in the Experimental Station of National Research
Centre, El-Noubaria region, Beheira Governorate, Egypt, to investigate the effect of foliar application
of Nano bio- selenium, mineral selenium (Se), ascorbic acid (AA) and salicylic acid (SA) on
vegetative growth, chemical contents and fruit yield and quality of pea plants. The experiment
treatments (Nano bio-Se at 30 ppm, mineral Se at 40 ppm, ascorbic acid at 100, 150 and 200 ppm,
salicylic acid at 100, 150 and 200 ppm and control "water spraying") were arranged in a randomized
complete block design with three replicates. Results illustrated that the studied treatments showed
superiority in vegetative growth and yield production of pea plants compared to the control. Nano bio-
Se and SA (150 ppm) treatments produced the highest vegetative growth parameters (plant length,
number of leaves and stems per plant and fresh weight of leaves and stems per plant) compared to the
other treatments. Pea plants which treated by Nano bio-Se and AA (200 ppm) treatments as a foliar
application produced the highest significant values of yield per plant (g) and total yield per fedden
(ton). Whereas, mineral Se and control treatments significantly increased the N percentage in the
leaves and pod of pea plants, there were no significant differences among the studied treatments for P
% in the leaves and pod, during the two seasons. The control and AA (200 ppm) treatments
significantly outperformed the other tested treatments for the K percentage in the leaves and pod of
pea plants. It could be recommended that using Nano bio-Se (30 ppm) or ascorbic acid (200 ppm) as a
foliar application, two times per season would maximize the yield production of pea plants grown
under sandy soil conditions.

Keywords: Pea plants, Nano bio-selenium, mineral selenium, ascorbic acid, salicylic acid foliar
application, vegetative growth, chemical contents and fruit yield.

Introduction

Egypt cultivates many winter vegetable crops, pea (Pisum sativum L.) is one of the most
popular of them which produces for local and export markets. Pea belongs to legumes family which
considers a main source of proteins. Pea also is rich in carbohydrates, vitamins and mineral nutrients
(Smart, 1990).

Plants are exposed to many stress factors, such as drought, high salinity or pathogens, which
reduce the yield of the cultivated plants or affect the quality of the harvested products. Plants couldn’t
leave without macro and micro mineral elements, as well as there are many trace elements which play
an important role in plant metabolism (Germ et al, 2007). Selenium (Se) is one of these trace
elements which is important for humans and animals, as well as plants need selenium with low doses
for promoting the plant growth and increasing the plant tolerance of abiotic stresses (Ahmed et al.,
2018). However, the high concentrations of Se could be harmful for plants, using Se with low
concentrations has beneficial effects on plant growth. Plants absorb Se form the soil and it takes the
same assimilation pathway as sulfur, as well as Se inside plants is involved in selenium amino acids
such as selenomethionine and selenocysteine (Sors et al., 2005). Furthermore, Se has an important
role in many physiological processes in plants such as hormonal balance and antioxidant reactions. Se
enhances the activities of glutathione peroxidase that increase the resistance to biotic and abiotic
stresses which affecting plant growth (Csiszar et al., 2004 and Filek et al., 2008).
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Many investigators recommended that the vegetative growth and yield production for
cucumber, chives, peanut and alfalfa increased with foliar application of Se (Hawrylak-Nowak, 2009
and Khalid et al., 2017), as well as selenium improved the accumulation of photosynthetic pigments
in their leaves. In addition, Lyons et al. (2009) found that the seed production for Brassica rapa L.
enhanced with Se treatments. Also, Shedeed et al. (2018) reported that the foliar application of Nano
bio- selenium and mineral selenium (10 and 20 ppm) improved the vegetative growth and yield
production of pea plants.

Selenium application has positive effects on the chemical compositions of vegetable crops, for
this issue, many reports found that foliar application of Se increased total carbohydrates and soluble
sugars as well as enhanced the leaf chlorophyll content and mineral compositions of potato, alfalfa,
maize and pea plants (Turakainen et al., 2004, Gul et al., 2017 and Shedeed ef al., 2018). In the same
trend, Ozbolt et al. (2008) concluded that plants received Se as a foliar application had high values of
mineral nutrition in their utilized parts. While, Wanga et al., (2013) recommended that plants treated
with Se as soil and foliar applications increased the Se concentration in their parts without decreasing
the other mineral contents (N, P, K, Ca, Mg, Fe, Mn, Cu and Zn). As well as, Castillo-Godina et al.
(2016) found that Se had no effect on the concentration of macro and micronutrients of tomato plants.

Using of Nano bio-Se in fertilization could have a good opportunity for enhancing plant growth
and soil productivity. Where, Mastronardi ef al., (2015) reported that producing Se by nanotechnology
technique could increase the utilization of Se fertilizers for plant nutrition. Otherwise, using Nano bio-
Se as a fertilizer is more save and environment friendly compared to the chemical Se (Shedeed et al.,
2018).

Ascorbic acid is a water- soluble antioxidant which has small molecular weight and plays an
important role in the cycling pathway of enzymatic detoxifiation of hydrogen peroxide as a primary
substrate (Foyer, 1993 and Smirnoff 1995). As well as, ascorbic acid has control over crucial
physiological processes, including cell division, growth, signal transduction, photosynthesis, and
hormone biosynthesis (Noctor and Foyer, 1998 and Gallie, 2013). In addition, plants which grown
under abiotic and biotic stresses produce reactive oxygen species during photosynthetic and
respiratory processes and using ascorbic acid as a foliar application could protect these plants and
improve their growth (Lee and Kader, 2000; Dolatabadian et al., 2009 and Suza et al., 2010).

For this concern, Khafagy et al. (2009) reported that sweet pepper seeds which treated by
ascorbic acid as Pre-soaking treatment mitigated the harmful effect of NaCl salinity by increasing the
chlorophyll a and b concentrations and thickness of the midrib region and mesophyll tissue of leaf
blade compared to untreated plants. Furthermore, pre-soaking of AA at 100 ppm increased K*
concentration in the shoots and roots. In addition, Abdelhamid ef al. (2010) found that foliar
application of ascorbic acid (100 and 200 ppm) on soybean plants enhanced the fresh and dry weights
of stem and root under salt stressed condition. Many investigators reported that foliar application of
ascorbic acid improved plant growth, photosynthetic pigments and NPK uptake of sorghum (Arafa et
al., 2009 and Merwad and Abdel-Fattah, 2015) and pea plants (El-Sayed et al., 2017) grown in a
saline soil compared to untreated plants.

Salicylic acid (SA; 2-hydroxybenzoic acid) is an endogenous growth regulator of phenolic
nature, which is normally produced in the plants in very small quantities (Raskin, 1992). Salicylic
acid plays an important role in several physiological, and biochemical processes in the plants
(Shakirova et al., 2003), where SA induces seed germination, plant growth, flower induction, nutrient
uptake and transport (Gunes et al., 2005), also it’s involved in the regulation of plant water relations,
membrane permeability (Barkosky and Einhellig, 1993), stomatal conductivity, photosynthesis, and
enzyme activities (Khan et al., 2003 and Hayat et al., 2010).

Previous studies reported that SA applications increase tolerance in plants, such as salinity, water
stress and drought (Bhupinder and Usha, 2003; Jayakannan et al., 2015; Loutfy et al., 2012 and Wang
and Zhang, 2017).

In the recent years, a number of studies recommended that foliar application of SA improved
the plant growth and productivity. In this concern, Karlidag et al. (2009) found that foliar application
of salicylic acid at 1.0 mM for three or four times significantly increased the vegetative growth,
chlorophyll content, fruit yield and quality of strawberry cv. Fern. As well as, Metwally et al. (2013)
recommended that strawberry plants (cv. Sweet Charlie) which received salicylic acid at 2.0 mM with
three application times produced the highest values of vegetative growth characteristics, fruit yield
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and some fruit quality, while there was no significant effect for SA treatments on leaf NK contents
and many fruit quality characters (fruit firmness, titratable acidity and ascorbic acid), the same results
were achieved with strawberry plants by using SA as a foliar spraying at 1.0 mM for 3 times cv.
Camarosa. (Kalaki et al., 2014) and at 4.0 mM cv. Festival (Youssef et al., 2017). In addition, Ahmed
et al. (2018) reported that foliar application of SA and Se (at 10 or 20 mg L") significantly enhanced
the vegetative growth and total yield of celery. Plants which received SA at 20 mg L' produced the
highest vegetative growth and leaf chemical contents compared to the other treatments. For the role of
SA on mitigating the plant growth under abiotic stress, Nada and Abd El-Hady (2019) concluded that
using SA at 0.30 g/l as a foliar application alleviated the harmful effect for water shortage (900 and
600 m’/fed.) and increased the vegetative growth, chemical compositions and yield production of
cucumber plants.

This study established to investigate the role of mineral selenium, Nano bio-selenium, ascorbic
acid and salicylic acid for improving the vegetative growth, chemical contents, fruit yield and quality
of pea plants grown under sandy soil conditions.

Material and Methods

At EL-Nubaria Region, EL-Behira Governorate, Northern Egypt, two field experiments were
carried out at the experimental station of National Research Centre, during two seasons 2017-2018
and 2018-2019, to investigate the effect of foliar application of mineral selenium, Nano bio-selenium,
ascorbic acid and salicylic acid on vegetative growth, chemical contents, fruit yield and quality of pea
plants grown under sandy soil conditions. The experimental site is located at latitude: 30°15"N,
longitude: 30°47"E, in a newly reclaimed area. Soil sample was taken and analyzed before planting
and data is shown in Table (1).

Table 1: Physical and chemical properties of the experimental soil.

Physical properties
Sand Clay Silt Texture Field capacity % Wilting point %
86.8 9.26 3.94 Sandy 16.89 5.25
Chemical analysis
E.C. H Meq/L
(dS m-1) P Ca Mg Na K HCo: Cl
1.95 8.4 7.85 0.644 0.978 0.35 1.42 0.487

Pea plants (Pisum sativum L.) cv. Master-B were cultivated at the third week of October in the
winter season of 2017/2018 and 2018/2019. Seeds were planted on drip irrigated ridges with 1 m apart
and 15 m long with 30 cm between drippers. Two seeds were planted beside the dripper and the total
plot area was 135 m?. All agriculture practices were performed as recommended by Egyptian Ministry
of Agriculture and Land Reclamation for pea cultivation under sandy soil conditions. Plants were
fertilized with 120 units of N, 45 units of P»Os and 60 units of K>O/fed. during the growing season.

1. Experiment treatments:
Pea plants were treated by mineral selenium, Nano bio-selenium and different concentrations of
ascorbic acid and salicylic acid, as followed:
1. Control "water spraying"
Ascorbic acid 100 ppm
Ascorbic acid 150 ppm
Ascorbic acid 200 ppm
Salicylic acid 100 ppm
Salicylic acid 150 ppm
Salicylic acid 200 ppm
Mineral selenium 40 ppm
Nano bio-selenium 30 ppm

D Al
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All treatments were performed as a foliar application two times after 30 and 45 days of planting
date.

2. Preparing selenium solutions:

2.1. Mineral selenium is a normal form, was prepared using sodium selenite (NaSeO3). The source of
selenium was imported from Hungary (Institute of Bio and Environmental Energetics, University of
Debrecen).

2.2. Nano bio-selenium prepared biologically in the Soils, Water and Environment Research
Institute (SWERI), Soil Microbiology Department according to Eszenyi et al., (2011). The size of
selenium nanoparticles and other properties were measured using TEM and X-ray in
Nanotechnology Lab in Agricultural Research Center, Giza, Egypt.

3. Plant samples and measurements:
Five plants were randomly chosen from each plot after 45 days from planting date for measuring
the following parameters:

3.1. Vegetative growth parameters:

- Plant length (cm)

-Number of leaves per plant.

- Number of branches per plant.

- Fresh and dry weight of leaves per plant (g).

- Fresh and dry weight of stem per plant (g).

- Chlorophyll reading (SPAD): was measured as according to Schepers et al., (2006).

3.2. Yield parameters:

- Pod weight per plant (g)
- Shelling percentage (%)
- Yield (g/plant)

- Total yield (ton/fed).

3.3. Chemical contents:

The leaf and pod pea samples were dried at 70° C to constant weight for measuring N, P, K and
Se contents. Where total nitrogen was determined using the modified micro Kjeldah method (Hanon
8910, digital) according to the described method of Cottenie et al. (1982). Phosphorus content was
determined using the modified colorimetric method using spectrophotometer (Spectronic 200, Milton
Roy Co., Ltd, USA) according to Cottenie ef al. (1982). While potassium content was measured using
flame photometer method (JENWAY, PFP-7, ELE Instrument Co. Ltd., UK) according to the method
of Chapman and Pratt (1982). While, Se content was determined by atomic absorption spectroscopy
as described by Levesque and Vendette (1971).

4. Experimental design and statistical analysis:

The treatments were arranged in a Randomized Complete Block Design with three replicates.
The obtained data were statistically analyzed and means separation was done using LSD test
according to the method described by Gomez and Gomez (1984).

Results and Discussion

Pea plants were exposed to different treatments of Nano bio- selenium, mineral selenium,
ascorbic acid and salicylic acid as a foliar application for testing their effects on vegetative growth,
chemical contents, fruit yield and quality of pea plants grown under sandy soil conditions.

Data in Table (2) illustrated that pea plants which received Nano bio-selenium (30 ppm) and
salicylic acid (150 ppm) produced the highest significant values of plant length and number of
branches per plant compared to the other treatments.
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Table 2: Effect of foliar application of mineral selenium, Nano bio-selenium, ascorbic acid and
salicylic acid on vegetative growth characteristics of pea plants during 2017/2018 and
2018/2019 seasons.

Plant No. of No. of Leaves Stems Leav?s Stems dry
Treatments length leaves branches fresh fresh dry weight .
(cm) /plant /plant weight (g) weight (g) (2) weight (g)
First season
Control 48.50 8.22 3.28 21.39 9.79 3.39 2.96
Ascorbic acid 100 ppm 52.42 11.56 3.50 23.47 10.51 3.47 3.10
Ascorbic acid 150 ppm 57.15 14.39 3.83 24.98 12.14 3.54 3.17
Ascorbic acid 200 ppm 62.51 14.83 4.39 27.35 13.61 3.75 3.39
Salicylic acid 100 ppm 61.65 14.28 4.17 26.72 13.77 3.69 3.36
Salicylic acid 150 ppm 63.67 18.17 4.78 27.88 13.82 3.78 3.52
Salicylic acid 200 ppm 58.64 15.61 4.11 25.70 12.78 3.62 3.48
Mineral selenium 61.72 16.50 4.22 27.43 14.11 3.97 3.78
Nano bio-selenium 65.34 17.61 4.89 29.12 15.37 4.09 3.85
LSD at 5% 2.17 1.14 0.23 1.12 0.73 0.21 NS
Second season

Control 46.26 8.03 3.07 20.78 9.03 3.24 2.78
Ascorbic acid 100 ppm 52.25 9.13 3.41 23.96 10.13 3.36 2.99
Ascorbic acid 150 ppm 56.49 11.62 3.91 26.27 12.62 3.47 3.10
Ascorbic acid 200 ppm 64.69 13.87 4.77 29.90 14.87 3.79 3.44
Salicylic acid 100 ppm 63.37 14.12 4.43 28.93 15.12 3.70 3.39
Salicylic acid 150 ppm 66.47 14.19 5.36 30.71 15.19 3.83 3.64
Salicylic acid 200 ppm 58.77 12.60 4.34 27.37 13.60 3.59 3.57
Mineral selenium 63.48 14.64 4.51 30.02 15.64 3.85 3.65
Nano bio-selenium 69.02 16.57 5.53 32.60 17.57 3.99 3.86
LSD at 5% 2.63 1.83 0.61 1.24 0.84 0.15 NS

While the maximum significant values for number of leaves per plant were achieved with
salicylic acid (150 ppm) and Nano bio-selenium (30 ppm) treatments in the first season whereas in the
second season Nano bio-selenium treatment outperformed the other treatments with significant
differences between them. Results also showed that Nano bio-selenium (30 ppm) treatment produced
the highest significant numbers of leaves and stems fresh weights compared to the other treatments in
the two studied seasons. While leaves dry weight of pea plants significantly increased with Nano bio-
Se (30 ppm) and mineral Se (40 ppm) treatments compared to the other treatments. Although there
were no significant differences among the studied treatments for stems dry weight and pod weight
characteristics, the highest values for stems dry weight and pod weight were obtained with Nano bio-
Se (30 ppm) and mineral Se (40 ppm) treatments respectively, in both tested seasons. On the other
hand, the lowest values of the previous characteristics were obtained by the control treatment "water
spraying". These results are in harmony with these obtained by Poldma et al. (2011) on carrot and
garlic plants, Kapolna et al. (2012) on onion bulbs and Hladun ef al. (2013) on radish. This is my be
due to the role of Se for promoting the plant growth by involving in many physiological processes in
plants such as hormonal balance and antioxidant reactions and increasing the plant tolerance of abiotic
stresses (Csiszar et al., 2004 and Ahmed et al., 2018).

In addition, Pennanen et al. (2002) reported that the increment in vegetative growth parameters
of pea plants may be due to increase in starch content in chloroplast. Furthermore, Mastronardi et al.,
(2015) suggested that foliar application of Nano bio-Se could increase the utilization of Se fertilizers
for plant nutrition. Also Djanaguiraman et al. (2005) found that plants which spayed by Se increased
the total dry matter compared untreated plants. On the hand, the results also are in accordance with the
opinions of many investigators which found that foliar application of salicylic acid at 1.0 and 2.0 mM
increased the vegetative growth of strawberry plants (Karlidag et al., 2009 and Metwally et al., 2013).
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This is may be due to the role of SA in inducing seed germination, plant growth, flower induction,
nutrient uptake and transport (Gunes et al., 2005), also it’s involved in the regulation of plant water
relations, membrane permeability (Barkosky and Einhellig, 1993), stomatal conductivity,
photosynthesis, and enzyme activities (Khan et al., 2003 and Hayat et al., 2010).

Data in Fig (1) revealed that mineral selenium (40 ppm) treatment produced the highest
significant values of chlorophyll reading (SPAD) in the first season, while in the second season
mineral Se and Nano bio-Se treatments contributed in increasing the chlorophyll content in the pea
leaves compared to the other treatments. In the same trend, many reports suggested that foliar sparing
of Se can stimulate the growth and improve the photosynthesis rate (Jiang et al., 2017 amd Zsiros et
al., 2019). In this concern, it could be concluded that Se application on potato and pea plants
increased total carbohydrates and soluble sugars as well as enhanced the leaf chlorophyll content and
mineral compositions (Turakainen et al., 2004 and Shedeed et al., 2018).
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Fig. 1: Effect of foliar application of mineral selenium, Nano bio-selenium, ascorbic acid and salicylic
acid on chlorophyll reading (SPAD) of pea leaves during 2017/2018 and 2018/2019 seasons.

For yield parameters of pea plants Data in Table (3) revealed that, Whereas ascorbic acid (100
ppm) treatment produced the highest number of shelling percentage in the first season, salicylic acid
(200 ppm) treatment achieved the same result in the second season. Results also illustrated that Nano
bio-Se (30 ppm) and ascorbic acid (200 ppm) treatments significantly increased the yield per plant (g)
of peas. Furthermore, total yield per fedden (ton) significantly increased with Nano bio-Se (30 ppm)
and ascorbic acid (200 ppm) treatments in the both studied seasons. These results agreed with those
obtained by Shedeed et al. (2018) who reported that the foliar application of Nano bio-Se and mineral
Se (10 and 20 ppm) improved the vegetative growth and yield production of pea plants. Where this
may be attributed to the role of Se for increasing the respiratory activity in leaves and flowers, as well
as chloroplast enzymes and its anti-oxidative level and activity in plants (Sajedi et al, 2011).
Furthermore, the results in the same line with Mastronardi et al. (2015) who concluded that producing
Se by nanotechnology technique could increase the utilization of Se fertilizers for plant nutrition. In
addition Shedeed et al. (2018) suggested that the increments in peas yield may be due to the increase
in vegetative growth characteristics, i.e. plant length, number of leaves per plant, fresh and dry
weights of leaves and stems, also the investigators concluded that Nano bio-Se as a fertilizer is more
safe and environmentally friendly compared to the chemical Se (Shedeed et al., 2018). Moreover, the
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results also in the same line with the reports which revealed that foliar application of salicylic acid
have a pronounced enhancement of yields for many crops, i.e. cucumber (Yildirim et al., 2006),
pepper (Elwan and El-Hamahmy, 2009), strawberry (Karlidag et al., 2009), tomato (Javaheri et al.,
2012) and strawberries (Metwally et al., 2013). This may be due to the role of ascorbic acid in many
physiological processes, including cell division, growth, signal transduction, photosynthesis, and
hormone biosynthesis (Noctor and Foyer, 1998 and Gallie, 2013).

Table 3: Effect of foliar application of mineral selenium, Nano bio-selenium, ascorbic acid and
salicylic acid on yield parameters of peas during 2017/2018 and 2018/2019 seasons.

First season Second season
Treatments Pod Yield Shelling Yield Pod Yield Shelling Yield
weight g/ plant (%) ton/fed. weight g/ plant (%) ton/fed.
(2 (2
Control 4.94 214.22 57.36 9.47 4.61 205.81 56.38 9.10
Ascorbic acid 100 ppm 4.87 231.63 58.95 10.24 4.50 232.44 58.92 10.27
Ascorbic acid 150 ppm 5.07 256.72 56.86 11.35 4.81 262.83 57.60 11.62
Ascorbic acid 200 ppm 5.15 275.24 56.73 12.17 493 291.17 55.27 12.87
Salicylic acid 100 ppm 5.11 249.32 57.62 11.02 4.87 251.51 58.79 11.12
Salicylic acid 150 ppm 5.36 269.98 56.21 11.93 5.25 283.12 56.60 12.51
Salicylic acid 200 ppm 5.47 258.16 57.90 11.41 5.42 265.03 59.14 11.71
Mineral selenium 5.77 272.85 56.68 12.06 5.88 287.51 57.28 12.71
Nano bio-selenium 5.23 287.67 56.37 12.72 5.05 294.19 58.17 13.00
LSD at 5% NS 3.57 NS 0.32 NS 4.49 NS 0.46

Furthermore, Tables (4 and 5) clearly showed the effect of foliar application of Nano bio

selenium, mineral selenium, ascorbic acid and salicylic acid on chemical contents of pea plants.
The results revealed that pea plants which received mineral selenium (40 ppm) and control plants
(plants which spray by water) produced the highest significant values of leaf and pod nitrogen
percentage (N%) in the two studied seasons. While, phosphorus percentage in the leaf and pod of pea
plants didn’t significantly affect by studied treatments, where the P % values didn’t reach to the 5%
level significant in the both test seasons. For potassium percentage (K%) in the leaf and pod of pea
plants, results in Tables (4 and 5) illustrated that the control and ascorbic acid (200 ppm) treatments
significantly outperformed the other tested treatments. On the other hand, selenium content in the leaf
and pod of pea plants were appeared only with Nano bio-Se (30 ppm) and mineral Se (40 ppm)
treatments compared to the other treatments, in the two studied seasons. In the same trend, Ozbolt et
al. (2008) concluded that plants received Se as a foliar application had high values of mineral
nutrition in their utilized parts. As well as, Wanga et al., (2013) recommended that plants treated with
Se as soil and foliar applications increased the Se concentration in their parts without decreasing the
other mineral contents (N, P, K, Ca, Mg, Fe, Mn, Cu and Zn). Also, Castillo-Godina et al. (2016)
found that Se had no effect on the concentration of macro and micronutrients of tomato plants. In this
concern, it could be reported that Se application on potato and pea plants increased total
carbohydrates and soluble sugars as well as enhanced the mineral compositions (Turakainen et al.,
2004 and Shedeed et al., 2018).

In addition, Rios ef al., (2010) reported that there was no significant effect of Se source and
level on nitrogen content in lettuce plants. While Se supply significantly enhanced the uptake of K in
wheat and maize grains Pazurkiewicz-Kocot et al. (2008). On the other hand, Li et al. (2008) found
that there was a negative effect in P content in wheat grains with Se treatments. Where, Boghdady e¢
al. (2017) suggested that there was a significant increase in N, P and K percentage in faba bean seeds
with foliar application of Se treatment.
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Table 4: Effect of foliar application of mineral selenium, Nano bio-selenium, ascorbic acid and
salicylic acid on leaf chemical contents of pea plants during 2017/2018 and 2018/2019

s€asons.
First season Second season
Treatments i i
N% P% K% Selenium N% P% K% Selenium

(ppm) (ppm)
Control 2.68 0.48 278 ND 285 0.50 2.82 ND
g‘;;‘l’rb‘c acid 100 2.54 0.42 263 ND 2.64 0.41 2.62 ND
l‘;‘;;‘l’rb‘c acid 150 236 0.45 2.60 ND 236 0.46 2.58 ND
l‘;‘;;‘l’rb‘c acid 200 2.41 0.41 2.69 ND 2.44 0.40 2.72 ND
Salicylic acid 100 ppm  2.35 0.44 236 ND 235 0.44 221 ND
Salicylic acid 150 ppm ~ 2.17 0.48 212 ND 207 0.50 1.84 ND
Salicylic acid 200 ppm  2.25 0.52 243 ND 2.19 0.57 232 ND
Mineral selenium 272 0.54 254 0.0049 291 0.58 2.49 0.0053
Nano bio-selenium 252 0.46 2.46 0.0126 261 0.47 236 0.0145
LSD at 5% 0.08 NS 0.06 0.09 NS 0.10

Table 5: Effect of foliar application of mineral selenium, Nano bio-selenium, ascorbic acid and
salicylic acid on pod chemical contents of pea plants during 2017/2018 and 2018/2019

s€asons.
First season Second season
Treatments i i
N% P% K% Selenium N% P% K% Selenium

(ppm) (ppm)
Control 255 0.48 2.66 ND 245 0.45 261 ND
:;fr‘l’rblc acid 100 234 0.39 243 ND 2.12 031 225 ND
g‘;;‘l’rb‘c acid 150 2.06 0.44 239 ND 1.70 0.38 218 ND
l‘;‘;;‘l’rbic acid 200 2.14 0.38 253 ND 1.82 0.29 239 ND
Salicylic acid 100 ppm  2.05 0.42 2.02 ND 1.68 0.36 1.62 ND
Salicylic acid 150 ppm 1.9 0.48 1.65 ND 1.59 0.45 1.06 ND
Salicylic acid 200 ppm 2.18 0.55 2.13 ND 1.89 0.54 1.79 ND
Mineral selenium 2.61 0.58 2.30 0.0032 2.55 0.59 2.04 0.0028
Nano selenium 231 0.45 2.17 0.0042 2.08 0.40 1.86 0.0053
LSD at 5% 0.13 NS 0.15 0.01 NS 0.11
Conclusion

The authors concluded that the foliar application of mineral selenium, Nano bio-selenium,
ascorbic acid and salicylic acid improved the vegetative growth and yield production of pea plants.
While for maximizing the yield production of pea plants grown under sandy soil conditions, it could
be recommended to use Nano bio-Se (30 ppm) or ascorbic acid (200 ppm) as a foliar spraying two
times per season.

Acknowledgement
The authors would like to great thanks for all help, efforts and support by National Research
Centre "Projects Office" Project ID No. 11030150.

References

Abdelhamid, M., M.S. Gaballah, M. Rady and A. Gomaa, 2010. Biofertilizer and ascorbic acid
alleviated the detrimental effects of soil salinity on growth and yield of soybean. Proceedings of
the Second Science with Africa Conference. 73-81.

217



Int. J. Environ., 8(4):210-221, 2019
EISSN: 2706-7939 ISSN: 2077-4508 DOI: 10.36632/ije/2019.8.4.6

Ahmed, Aisha M.A., Fatma M.A.M. Elkady and K. A. Khalid, 2018. Comparison Between Salicylic
Acid and Selenium Effect on Growth and Biochemical Composition of Celery. Asian J. Plant
Sci., 17 (3): 150-159. DOI: 10.3923/ajps.2018.150.159.

Arafa, A.A., M.A. Khafagy and M. F. El-Banna, 2009. The effect of glycinebetaine or ascorbic acid
on grain germination and leaf structure of sorghum plants grown under salinity stress. Australian
Journal of Crop Science. 3(5):294-304.

Barkosky, R.R. and F.A. Einhellig. 1993. Effects of salicylic acid on plant water relationship. J.
Chem. Ecol., 19: 237-247.

Bhupinder, S., Usha, K., 2003. Salicylic acid induced physiological and biochemical changes in wheat
seedlings under water stress. Plant Growth Regul. 39, 137 —141.

Boghdady, M.S., E.M., Desoky, S.N., Azoz and Dalia M.A. Nassar, 2017. Effect of Selenium on
Growth, Physiological Aspects and Productivity of Faba Bean (Vicia faba L.). Egypt. J. Agron.,
39(1):83- 97.

Castillo-Godina, R. G., R. Foroughbakhch-Pournavab, and A. Benavides-Mendoza, 2016. Effect of
Selenium on Elemental Concentration and Antioxidant Enzymatic Activity of Tomato Plants. J.
Agr. Sci. Tech,. Vol. 18: 233-244.

Chapman, H.D. and P.F. Pratt, 1982. Methods of plant analysis, I. In: Methods of Analysis for Soil,
Plant and Water. Chapman Publishes, Riverside, California, USA.

Cottenie, A., M. Verloo, L. Kiekens, G. Velghe and R. Camerlynck, 1982. Chemical analysis of plant
and soil. In: Laboratory of Analytical and Agro Chemistry State Univ. Ghent Press, Ghent,
Belguim.

Csiszar, J., M. Szabo, L. Erdei, L. Marton, F. Horvath and I. Tari, 2004. Auxin autotrophic tobacco
callus tissues resist oxidative stress: The importance of glutathione S-transferase and glutathione
peroxidase activities in auxin heterotrophic and autotrophic calli. J. Plant Physiol., 161: 691-699.

Djanaguiraman, D., D.D. Devi, A.K. Shanker,J. Annie Sheeba and U. Bangarusamy, 2005. Impact of
selenium spray on monocarpic senescence of soybean (Glycine Max L.). Plant Soil 272(1):77-
86.

Dolatabadian, A, S.A.M. Modarres Sanavy and M. Sharif, (2009). Alleviation of water defiit stress
effcts by foliar application of ascorbic acid on Zea mays L. J Agron Crop Sci 195: 347-355.
El-Sayed, M.D., A.M. Merwad and A.S. Elrys, 2017. Response of Pea Plants to Natural Bio-
stimulants Under Soil Salinity Stress. American Journal of Plant Physiology. 12 (1): 28-37.
Elwan, M.W.M. and M.A.M. El-Hamahmy, (2009). Improved productivity and quality associated

with salicylic acid application in greenhouse pepper. Scientia Horticulturae, 122: 521-526.

Eszenyi, P, A. Sztrik, B. Babka and J. Prokisch, 2011. Elemental, Nano-Sized (100-500 nm) Selenium
Production by Probiotic Lactic Acid Bacteria. International Journal of Bioscience, Biochemistry
and Bioinformatics, Vol. 1 (2): 148 — 152,

Filek, M., R. Keskinen, H. Hartikainen, 1. Szarejko, A. Janiak, Z. Miszalski and A. Golda, 2008. The
protective role of selenium in rape seedlings subjected to cadmium stress. J. Plant Physiol., 165:
833-844.

Foyer, C.H., 1993. Ascorbic acid. In: Alscher RG, Hess JL eds. Antioxidants in higher plants. Boca
Raton: CRC Press 31 — 58.

Gallie, D.R., 2013. Ascorbic acid: a multifunctional molecule supporting plant growth and
development. Scientifia 2013: 1-24.

Germ, M., I. Kref, V. Stibilj and O. Urbanc-Bericic, 2007. Combined effcts of selenium and drought
on photosynthesis and mitochondrial respiration in potato. Plant Physiol Biochem 45: 162—-167.

Gomez, KA, Gomez AA.1984. Statistically Procedures for Agricultural Research. 2™ Ed. John Wiely
and Sons. pp. 680.

Gul, H., S. Kinza, Z.K. Shinwari and M. Hamayun, 2017. Effect of selenium on the biochemistry of
Zea mays under salt stress. Pak. J. Bot., 49: 25-32.

Gunes, A., A. Inal, M. Alpaslan, N. Cicek, E.G. Bagci, F. Eraslan and T. Guzelordu, 2005. Effects of
exogenously applied salicylic acid on the induction of multiple stress tolerance and mineral
nutrition in maize (Zea mays L.). Arch. Agron. Soil Sci., 51: 687-695.

Hawrylak-Nowak, B., 2009. Beneficial effects of exogenous selenium in cucumber seedlings
subjected to salt stress. Biol. Trace Elem. Res., 32: 259-269.

218



Int. J. Environ., 8(4):210-221, 2019
EISSN: 2706-7939 ISSN: 2077-4508 DOI: 10.36632/ije/2019.8.4.6

Hayat, S., S.A. Hasan, Q. Hayat, M. Irfan and A. Ahmad, 2010. Effect of salicylic acid on net
photosynthetic rate, chlorophyll florescence, and antioxidant enzymes in Vigna radiata plants
exposed to temperature and salinity stresses. Plant Stress, 4, 2-71.

Hladun, K.R., D.R. Parker, K.D. Tran and J.T. Trumble, 2013. Effects of selenium accumu-lation on
phytotoxicity, herbivory, and pollination ecology in radish (Raphanus sativus L.). Environ.
Pollut. 172, 70-75.

Javaheri, M., K. Mashayekhi, A. Dadkhah and F.Z. Tavallaee, 2012. Effects of salicylic acid on yield
and quality characters of tomato fruit (Lycopersicum esculentum Mill.). Intl. J. Agric. Crop Sci.,
4 (16): 1184-1187.

Jayakannan, M., J. Bose, O. Babourina, Z. Rengel and S. Shabala, 2015. Salicylic acid in plant
salinity stress signalling and tolerance. Plant Growth Regul. 76, 25 —40.

Jiang, C, C. Zu, D. Lu, Q. Zheng, J. Shen, H. Wang and D. Li, 2017. Effect of exogenous selenium
supply on photosynthesis, Na+ accumulation and antioxidative capacity of maize (Zea mays L.)
under salinity stress. Sci Rep. 7, 42039. doi: 10.1038/srep42039.

Ka’'polna, E, K.H. Laursen, S. Husted and E.H. Larsen, 2012. Bio-fortification and isotopic labelling
of Se metabolites in onions and carrots following foliar application of Se and 77Se. Food Chem
133:650-657.

Kalaki, G.S., V. Abdosi and M.M.A. Boojar, 2014. Change in chlorophylls composition and some
morphological attributes of strawberry (Fragaria x ananassa Duch cv. Camarosa) in response to
salicylic acid spray. International Journal of Biosciences, 5 (12), 204- 2011. DOL
10.12692/ijb/5.12.204-211

Karlidag, H., E. Yildirim and M. Turan, 2009. Exogenous application of salicylic acid affects quality
and yield of strawberry grown under antifrost heated greenhouse condition. J. Plant Nutr. Soil
Sci., 172, 270-276. DOI: 10.1002/jpIn.200800058.

Khafagy, M.A., A.A. Arafa and M.F. El-Banna, 2009. Glycinebetaine and ascorbic acid can alleviate
the harmful effects of NaCl salinity in sweet pepper. Australian Journal of Crop Science.
3(5):257-267.

Khalid, K.A., HM. Amer, H.E. Wahba, S.F. Hendawy and T.M. Abd El-Razik, 2017. Selenium to
improve growth characters, photosynthetic pigments and essential oil composition of chives
varieties. Asian J. Crop Sci., 9: 92-99.

Khan, W., B. Prithviraj and D.L. Smith, 2003. Photosynthetic responses of corn and soybean to foliar
application of salicylates. J. Plant Physiol., 160: 485-492.

Lee, S.K. and A.A. Kader, 2000. Preharvest and postharvest factors influencing vitamin C content of
horticultural crops. Post Harv Biol Technol 20:207- 220.

Levesque, M. and E.D. Vendette, 1971. Selenium determination in soil and plant materials. Can. J.
Soil Sci. 51: 85-93.

Li, H.F., S.P. McGrath and F.J. Zhao, 2008. Selenium uptake, translocation and speciation in wheat
supplied with selenate or selenite. New Phytol 178(1):92—-102

Loutfy, N, M.A. El-Tayeb, A.M. Hassanen, M.F.M. Moustafa, Y. Sakuma and M. Inouhe, 2012.
Changes in the water status and osmotic solute contents in response to drought and salicylic acid
treatments in four different cultivars of wheat (7riticum aestivum). J Plant Res 125:173—184

Lyons, G.H., Y. Genc, K. Soole, J.C.R. Stangoulis, F. Liu and R.D. Graham, 2009. Selenium
increases seed production in Brassica. Plant Soil, 318: 73-80.

Mastronardi, E, P. Tsae, X. Zhang, C. Monreal and M.C. De Rosa, 2015. Strategic role of
nanotechnology in fertilizers: potential and limitations. In: Rai M et al., (eds) Nanotechnologies
in food and agriculture. Springer International Publishing, Switzerland, p 25. doi:10.1007/978-3-
319-14024-7 2.

Merwad, A.M.A. and M.k. Abdel-Fattah, 2015. Effect of some soil amendments and foliar spray of
salicylic and ascorbic acids on sorghum under saline calcareous soil conditions. International
Journal of Soil Science. 10 (1): 28-23.

Metwally, A.A., S.M. Youssef, S.M. El-Miniawy and M.E. Ragab, 2013. Effect of foliar spraying of
salicylic acid on growth, yield and quality of cold stored strawberry plants. J. Biol. Chem.
Environ. Sci., 8 (1): 1-17.

Nada, M. M. and M. A. M. Abd El-Hady, 2019.Influence of Salicylic Acid on Cucumber Plants under
Different Irrigation Levels. J. Plant Production, Mansoura Univ., Vol. 10 (2): 165 —171.

219



Int. J. Environ., 8(4):210-221, 2019
EISSN: 2706-7939 ISSN: 2077-4508 DOI: 10.36632/ije/2019.8.4.6

Noctor, G. and C.H. Foyer, 1998. Ascorbate and glutathione: keeping active oxygen under control.
Annu Rev Plant Physiol 49: 249—279.

Ozbolt, L, S. Kreft, I. Kreft, M. Germ and V. Stibilj, 2008. Distribution of selenium and phenolics in
buckwheat plants grown from seeds soaked in Se solution and under different levels of UV-B
radiation, Food Chemistry, 110: 691 - 696.

Pazurkiewicz-Kocot, K, Kita A, Pietruszka M. 2008. Effect of selenium on magnesium, iron,
manganese, copper, and zinc accumulation in corn treatedbyindole-3-aceticacid. Comm. Soil Sci.
Plant Anal. 39,2303-2318.

Pennanen, A, Xue T, Hartikainen H. 2002. Protective role of selenium in plant subject to serve UV
radiation stress. J. Appl. Bot. 76, 66—76

Poldma, P, Tonutare T, Viitak A, Luik A, Moor U. 2011. Effect of selenium treatment on mineral
nutrition, bulb size, and antioxidant properties of garlic (4llium sativum L.). J. Agric. Food
Chem. 59, 5498-5503.

Raskin, 1., 1992. Role of salicylic acid in plants. Annu. Rev. Plant Physiol. Plant Mol. Biol., 43: 439-
463.

Rios, J.J., B. Blasco, L. Cervilha, M.M. Rubio- Wilhelmi, M.A. Rosales, E. SanchezRodriguez, L.
Romero and J.M. Ruiz, 2010. Nitrogen-use efficiency in relation to different forms and
application rates of Se in lettuce plants. J. Plant Growth Regulation, 29, 164—170.

Sajedi, N, M. Ardakani, H. Madani, A. Naderi and M. Miransari, 2011. The effects of selenium and
other micronutrients on the antioxidant activities and yield of corn (Zea mays L.) under drought
stress. Physiol. Mol. Biol. Plants 17, 215-222.

Schepers, J.S., D. Francis and G. Varvel, 2006. Chlorophyll meters. USDAARS, Gov. print office,
Washington, DC.

Shakirova, F.M., A.R. Sakhabutdinova, M.V. Bezrukova, R.A. Fatkhutdinova and D.R.
Fatkhutdinova, 2003. Changes in the hormonal status of wheat seedlings induced by salicylic
acid and salinity. Plant Sci., 164: 317-322.

Shedeed, Shaymaa 1., Z.F. Fawzy and A.M. El-Bassiony, 2018. Nano and Mineral Selenium Foliar
Application Effect on Pea Plants (Pisum sativum L.). Bioscience Research, volume 15(2): 645-
654.

Smart, J., 1990. Grain legumes. Evolution and genetic resources. Cambridge University press,
Cambridge, U. K.pp. 200.

Smirnoff, N. (1995): Antioxidant systems and plant responses to the environment. In: Smirnoff N, ed.
Environment and plant metabolism. Flexibility and acclimation. Oxford: Bios Scientific
Publishers, 217 — 243.

Sors, TG, Ellis DR, Salt D.E. 2005. Selenium uptake, translocation, assimilation and metabolic fate in
plants. Photosynthesis Res. 86, 373—389.

Suza,W.P., C.A. Avila, K. Carruthers, S. Kulkarni, F.L. Goggina and A. Lorence, 2010. Exploring the
impact of wounding and jasmonates on ascorbate metabolism. Plant Physiol Biochem 48: 337—
350.

Turakainen, M., H. Hartikainen and M.M. Seppanen, 2004. Effects of selenium treatments on potato
(Solanum tuberosum L.) growth and concentrations of soluble sugars and starch. J. Agric. Food
Chem., 52: 5378-5382.

Wang, J., Z. Wang, H. Mao, H. Zhao and D. Huang, 2013. Increasing Se concentration in maize grain
with soil- or foliar-applied selenite on the Loess Plateau in China. Field Crops Research 150: 83—
90.

Wang, C., and Q. Zhang, 2017. Exogenous salicylic acid alleviates the toxicity of chlorpyrifos in
wheat plants (7riticum aestivum). Ecotox. Environ. Saf. 137,218 —224.

Yildirim, E., I. Guvenc and A. Karatas, 2006. Effect of different number foliar salicylic acid
applications on plant growth and yield of cucumber. VI. Turkey National Vegetable Symposium.
September 19-22, Kahramanmaras, Turkey.

Youssef, S.M.S., Nashwa A.l. Abu El-Azm and S.A. AbdElhady, 2017. Frequent Foliar Sprayings of
Salicylic Acid with Elevated Concentrations Enhance Growth, Yield and Fruit Quality of
Strawberry (Fragaria x ananassa Duch. cv. Festival) Plants. Egypt. J. Hort. Vol. 44, No.1, pp.61
- 74 (2017)

220



Int. J. Environ., 8(4):210-221, 2019
EISSN: 2706-7939 ISSN: 2077-4508 DOI: 10.36632/ije/2019.8.4.6

Zsiros, O., V. Nagy, A. Parducz, G. Nagy, R. ﬁnpep, H. El-Ramady, J. Prokisch, Z. Lisztes-Szabd,
M. Fari, J. Csajbok, S.Z. Toth, G. Garab and E DomokosSzabolcsy, 2019. Effects of selenate and

red Se-nanoparticles on the photosynthetic apparatus of Nicotiana tabacum. Photosynth Res. 139
(1-3), 449-460. doi: 10.1007/s11120-018-0599-4.

221



	ABSTRACT 




