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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 et 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 et 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 et 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 L1) significantly enhanced 
the vegetative growth and total yield of celery.  Plants which received SA at 20 mg L1 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 m3/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. 
(dS m-1) 

pH 
Meq/L 

Ca Mg Na K HCo2 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 m2. 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 P2O5 and 60 units of K2O/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" 
2. Ascorbic acid 100 ppm 
3. Ascorbic acid 150 ppm 
4. Ascorbic acid 200 ppm 
5. Salicylic acid 100 ppm 
6. Salicylic acid 150 ppm 
7. Salicylic acid 200 ppm 
8. Mineral selenium 40 ppm 
9. Nano bio-selenium     30 ppm 
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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 70o 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 et 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.  

Treatments 
Plant 
length 
(cm) 

No. of 
leaves 
/plant 

No. of 
branches 

/plant 

Leaves 
fresh 

weight (g) 

Stems 
fresh 

weight (g) 

Leaves 
dry weight 

(g) 

Stems dry 
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 et 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). 

 

 
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. 

Treatments 

First season Second season 

Pod 
weight 

(g) 

Yield  
g/ plant 

Shelling 
(%) 

Yield 
ton/fed. 

Pod 
weight 

(g) 

Yield 
g/ plant 

Shelling 
(%) 

Yield 
ton/fed. 

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 4.93 291.17 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 et 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 et 
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 
seasons. 

Treatments 
First season Second season 

N% P% K% 
Selenium 

(ppm) 
N% P% K% 

Selenium 
(ppm) 

Control 2.68 0.48 2.78 ND 2.85 0.50 2.82 ND 

Ascorbic acid 100 
ppm 

2.54 0.42 2.63 ND 2.64 0.41 2.62 ND 

Ascorbic acid 150 
ppm 

2.36 0.45 2.60 ND 2.36 0.46 2.58 ND 

Ascorbic acid 200 
ppm 

2.41 0.41 2.69 ND 2.44 0.40 2.72 ND 

Salicylic acid 100 ppm 2.35 0.44 2.36 ND 2.35 0.44 2.21 ND 

Salicylic acid 150 ppm 2.17 0.48 2.12 ND 2.07 0.50 1.84 ND 

Salicylic acid 200 ppm 2.25 0.52 2.43 ND 2.19 0.57 2.32 ND 

Mineral selenium 2.72 0.54 2.54 0.0049 2.91 0.58 2.49 0.0053 

Nano bio-selenium 2.52 0.46 2.46 0.0126 2.61 0.47 2.36 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 
seasons. 

Treatments 
First season Second season 

N% P% K% 
Selenium 

(ppm) 
N% P% K% 

Selenium 
(ppm) 

Control 2.55 0.48 2.66 ND 2.45 0.45 2.61 ND 
Ascorbic acid 100 
ppm 

2.34 0.39 2.43 ND 2.12 0.31 2.25 ND 

Ascorbic acid 150 
ppm 

2.06 0.44 2.39 ND 1.70 0.38 2.18 ND 

Ascorbic acid 200 
ppm 

2.14 0.38 2.53 ND 1.82 0.29 2.39 ND 

Salicylic acid 100 ppm 2.05 0.42 2.02 ND 1.68 0.36 1.62 ND 
Salicylic acid 150 ppm 1.99 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 2.31 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.  
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