Middle East Journal of Agriculture Research Volume : 09 | Issue : 03| July-Sept. | 2020
EISSN: 2706-7955 ISSN: 2077-4605 Pages: 636-644
DOI: 10.36632/mejar/2020.9.3.50

Stimulation of Growth and Productivity of Onion Plants by Selenium and Growth
Active Substances

El-Bassiony, A. M.!, S. H. Mahmoud!, S. M. El-Sawy! and Shaymaa I Shedeed?

IVegetable Research Department, National Research Centre, 33 El Buhouth St, Dokki, Giza, P.O.
12622, Egypt.
’Plant Nutrition Department, National Research Centre, 33 El Buhouth St, Dokki, Giza, P.O. 12622,

Egypt.

Received: 15 July 2020/ Accepted 12 August 2020/  Publication date: 25 Sept. 2020

ABSTRACT

Under Egyptian conditions great efforts are devoted to research for stimulating and safe non-
traditional growth materials (chemical and biological technologies in agriculture) that has a noticeable
effect on plant growth characteristics, which reflects an increase in plant production. The experiments
were conducted under newly reclaimed sandy soil conditions during two successive growing seasons
of 2017-2018 and 2018-2019 at the Experimental and Production Station of National Research
Centre, El-Noubaria region, Beheira Governorate, Egypt. A randomized complete block design with 3
replicates was used to study the effect of chitosan, seaweed, amino acid and selenium (mineral and
nanoparticles) as foliar applications on vegetative growth, yield and quality as well as some chemical
composition of onion plants. The results showed that spraying amino acids and mineral selenium (Se)
had significant effects on plant length, number of leaves, fresh weight of leaves and bulbs, dry weight
of leaves and bulbs, bulb diameter and total yield per feddan. Onion plants which received Se in the
both forms; mineral and nanoparticles and amino acids produced the highest significant values of N
and K %. Whereas, no significant differences were observed among the studied treatments for P % in
the onion leaves and bulbs in the two growing seasons. Selenium was found only in the leaves and
bulbs of onion plants which treated by mineral and Nano selenium, while selenium was not detected
in control, chitosan, seaweed and amino acid treatments in the both studied seasons.

Keywords: Onion, chitosan, Seaweed, amino acid, selenium, nanoparticles, foliar spray, growth, yield,
chemical composition.

Introduction

Onion (Allium cepa L.) is considered the third most important vegetable crop in Egypt after
tomato and potato, also it has a very high potential for exportation. Increasing the productivity of
onions with high quality is an important goal for onion growers.

Chitosan and chitin are those of the most abundant polysaccharide compounds found in the
nature and they were reported to improve the growth of several crops (Shaheen et al., 2019). Chitosan
also can be used as a biological preparation to control or delay fungal pathogens (Borkowski ef al.,
2004). Borkowski et al. (2005) mentioned that spraying tomato plants with chitosan might increase
the strength of these plants after a few months. Chitosan has a strong positive charge and it attracts
negative molecules. Additionally, chitosan treatment stimulates plant growth. Chitosan also
encouraged the growth of various crops such as soybean sprouts (Lee et al., 2005), strawberry (Abd
El Mawgoud et al., 2010) and sweet pepper plants (Ghoname ef al., 2010). The concentration of
chitosan and the frequency of application significantly increased the growth rates of chilli and
Chinese cabbage (Chandrkrachang et al., 2003). Lee et al. (2005) found that treating chitosan
increases the total yield of soybean sprouts.

Amino acids are known biostimulators that have positive effects on plant growth, yield and
significantly reduce injuries caused by abiotic stress (Kowalczyk and Zielony 2008). Saeed et al.
(2005) reported that amino acid treatments significantly improved growth parameters for buds, fresh
weight as well as pod production of soybean plants. El-Zohiri and Asfour (2009) found that, spraying
amino acids at 0.25 ml/l resulted in a significant increase in vegetative growth expressed by plant
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height and plant dry weight of potatoes. The possibilities of using amino acids in modern agriculture
have been studied by many researchers (Fawzy et al., 2010; Abdel- Mawgood et al., 2011; El Awadi
et al., 2011). In addition, Abd El-Aal, (2012) suggested that Ananas melon plants which received
amino acids mixture as a foliar application at 4 ml/L have a significant increment in vegetative growth
parameters; stem length and diameter, number of leaves per plant, as well as fresh and dry weight of
leaves and total leaf area. Also, Neeraja et al. (2005) revealed that application of amino acids on
tomato plants increased the number of flowers and fruit setting as well as improved fruit yield.

According to the definition of plant growth stimulant that was reported by Du Jardin (2015),
seaweed extract is a natural and organic stimulant for plants. Seaweed extract consists of a mixture of
beneficial bioactive substances, polyphenols, polysaccharides, polyamines, dyes, free amino acids,
vitamins, micronutrients and natural plant hormones (Mahmoud et al., 2019). Seaweed extract
increases plant physiological activities and affects plant growth and nutrient content (Wang et al.,
2007 and Taha, 2008). Selenium (Se) is a plant essential nutrient and has been proven repeatedly to
promote crop growth and tolerance of abiotic stress when used in minimal amounts. However, the
physiological responses of different plants differ greatly in response to the application of Se fertilizers
(Irmak 2017). Selenium (Se) is required in various crops with low doses, and has an important role in
hormonal balance, antioxidant reactions, and many physiological processes in plant cells. It can
enhance the activities of glutathione peroxidase (GPX) that increase resistance to non-standard
biological factors affecting crops (Siszar et al., 2004 and Filek et al., 2008). Se application promoted
growth, production and accumulation of photosynthetic pigments in cucumbers and chives
(Hawrylak- Nowak 2009 and Khalid et al., 2017). Margenot et al. (2017) reported that the cultivation
of plants and crops by addition of selenium can be an effective way to produce rich nutrients thus
increasing health benefits. Selenium can increase the plant's ability to resist, delay aging and increase
the quality and productivity of many field and horticultural crops. Some studies have shown the
benefits of Se application with respect to the productivity of some vascular plants (Hu et al., 2003;
Hartikainen, 2005; Smrkolj et al., 2006; Turakainen, 2007; Lyons et al., 2009). For example, Se
application increased Se concentration and productivity of both potato tubers and field pea seeds (Hu
et al., 2003 and Turakainen, 2007). Selenium treatment had significant effect on plant growth and
quality characterizes in peanut (Irmak 2017) and also cucumber seedlings (Jozwiak et al., 2016). Se
has a beneficial effect on plant growth and stress tolerance by enhancing its antioxidant capacity
(Djanaguiraman et al., 2005, Kong et al., 2005).

The main aim of this study was to investigate the effect of chitosan, seaweed, amino acids and
selenium on vegetative growth, production and quality, as well as their effects on the chemical
composition of onion plants.

Materials and Methods

Two field experiment were carried out at the experimental station of National Research Centre, at
EL-Nubaria, EL-Behira Governorate, Northern Egypt, during two successive seasons 2017-2018 and
2018-2019 to study the effect of chitosan, seaweed, amino acid and selenium foliar applications on
growth, yield and quality as well as some chemical composition characters of onion plants.

Onion seedlings cv. Giza 20 were 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 80.0 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 treatments were arranged as followed:

1. Control treatment "water spraying"

2. Chitosan solution was sprayed at the rates of 3 ¢m?/L .Chitosan was obtained by using the local
commercial product of ChitoCare then dissolved in tap water to obtain the targeted concentrations

3. Seaweed solution was sprayed at the rates of 5 cm?/L. Seaweed extract (Kalpak) is a natural liquid
extract of seaweed, and it is a global commercial product of seaweed.
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4. Amino acid was sprayed at the rates of 2 cm®/L. Amino acid was obtained by using the local
commercial product of Amino power. Table (1) presents the structure of chitosan, seaweed, amino
acid.

5. Se Mineral: It is a normal form and it was prepared using sodium selenite (NaSeOs). This source of
selenium was imported from Hungary (Institute of Bio and Environmental Energetics, University
of Debrecen). Mineral selenium was sprayed at the rates of 40 ppm.

6. Se nanoparticles: It was prepared biologically in the Soils, Water and Environment Research
Institute (SWERI), Soil Micro biology Department according to Eszenyi et al., 2011. The size of
selenium nano particles and other properties were measured using TEM and X-ray in
Nanotechnology Lab in Agricultural Research Center, in Giza. Nano selenium was sprayed at the
rates of 30 ppm. All treatments sprayed at 30 and 45 days after transplanting.

1. Parameters recorded:
1.1. Vegetative growth:

Random sample of ten plants from each plot were taken at 75 days after transplanting to record
the vegetative growth parameters such as plant length (cm), number of leaves, leaves and bulb fresh
weight.

1.2. 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.

2. Chemical constituents:

After drying, samples of onion bulbs and leaves from each plot were used to measure dry weight
of leaves and bulbs as well as bulb dry matter percentage. In the same sample the following elements
are measured: N was determined by Kjeldahl method, K was determined by Flame photometer and P
(with Spectrophotometer) as described by Cottenie et al., (1982). While, Se content was determined
by atomic absorption spectroscopy as described by (Levesque and Vendette, 1971).

Table 1: The structure of chitosan, seaweed, amino acid

Chitosan
N 1000 ppm K20 500 ppm Zn 100 ppm
P,0s 500 ppm Fe 100 ppm Cu 50 ppm
Seaweed
N% 1.0 S% 2.2 Alganic acids 10-12%
K% 18.5 Glycine 20 %
Ca% 0.17 Auxin 11 mg/L Aspartic 00
Mg% 0.42 Citocinin 0.03mg/L Glutamic 00
Fe% 0.06 Other hormones 600ppm Alanine 00
Amino acid
Aspartic 1.58% Alanine 1.05% Lysine 0.47%
Threonine 1.14% Valine 1.28% Arginine 1.55%
Serine 2.17% Isoleucine 0.67% Proline 2.13%
Glutamic 2.25% Leucine 0.76% Tyrosline 0.28%
Glycine 1.47% Phenlanine 0.81%

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 LSD test according to the method
described by Gomez and Gomez (1984).
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Results and Discussion

Data in Table (2) showed that the spraying of mineral and nanoparticles selenium and some bio-

stimulants "amino acid, seaweed and chitosan" has a significant effect on all vegetative plant
characteristics; plant length, number of leaves, fresh weight of leaves, fresh weight of bulbs.
The results indicated that the highest plant length and the largest number of leaves, as well as the
maximum fresh weight of the leaves and bulbs were achieved in the treatments with amino acid and
selenium in the both forms with non-significant among them. While, the lowest values of the
mentioned characteristics were obtained by the control treatment "water spraying".

Data in Table (3) revealed that onion plants which received amino acids and mineral selenium as
a foliar application had the maximum significant values of dry weight of leaves, dry weight of bulbs
(with non-significant difference with Nano selenium), bulb diameter and total yield per feddan,
compared to other treatments. Whereas bulbs dry weight percentage and bulb length values didn’t
reach to the 5% level significant.

Table 2: Effect of chitosan, seaweed, amino acid and selenium on vegetative growth of onion plants
during 2017-2018and 2018-2019 seasons.

2017-2018

Treatments Plant length No. of leaves Leaves fresh Bulb fresh
(cm) /plant weight (g) weight (g)

Control 49.73 8.39 18.32 83.59
Chitosan 53.43 8.83 22.48 115.18
Seaweed 55.28 9.17 23.26 107.65
Amino acid 64.56 10.72 26.15 122.75
Mineral selenium 63.82 10.94 25.97 123.54
Nanoparticles selenium 62.82 10.22 24.87 120.48
LSD at 5% 3.12 0.17 1.18 2.28

2018-2019
Control 45.14 8.89 17.08 86.94
Chitosan 50.80 9.56 23.44 125.28
Seaweed 53.63 10.08 24.64 113.75
Amino acid 65.83 12.44 28.06 126.86
Mineral selenium 64.69 12.78 27.78 128.07
Nanoparticles selenium 63.16 11.67 26.10 123.38
LSD at 5% 2.18 0.69 1.14 2.46

Table 3: Effect of chitosan, seaweed, amino acid and selenium on dry weight, yield and quality of
onion plants during 2017-2018and 2018-2019 seasons.

2017-2018
Leaves Bulbs dry  Bulbs dry Bulb Bulb Total yield
dry weight (g) weight length diameter (ton/fed.)
weight (g) (%) (cm) (cm)
Control 4.36 5.65 6.76 4.93 6.13 18.51
Chitosan 5.48 9.76 8.47 5.87 8.33 25.51
Seaweed 5.83 9.27 8.61 5.11 7.89 23.84
Amino acid 6.17 10.42 8.49 6.12 9.15 27.18
Mineral selenium 6.10 10.56 8.55 6.10 9.22 27.36
Nanoparticles selenium 5.86 10.38 8.62 5.87 9.02 26.68
LSD at 5% 0.37 0.41 NS NS 0.25 0.50
2018-2019
Control 4.74 5.69 6.55 4.59 6.43 19.25
Chitosan 5.45 9.98 7.97 6.03 8.79 27.74
Seaweed 5.99 9.23 8.12 4.87 8.12 25.19
Amino acid 6.51 10.99 8.67 6.41 10.05 28.09
Mineral selenium 6.40 11.21 8.75 6.38 10.16 28.36
Nanoparticles selenium 6.04 10.93 8.86 6.03 9.85 27.32
LSD at 5% 0.26 0.62 NS NS 0.18 0.76
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Furthermore, Tables (2 and 3) showed clearly the positive effect of spraying of amino acid and
mineral selenium, on the vegetative growth and yield characteristics of onion plants. It is clear from
Tables (2 and 3) to notice that the foliar application of amino acid and mineral selenium had a
significant effect on all studied characteristics except the bulb length and bulb dry weight percentage.
Data in (2 and 3) revealed that spraying onion plants by amino acids treatment (2 cm*/L) produced the
best results compared to the rest treatments. These results are in harmony with these obtained by
Neeraja et al. (2005) who mentioned that foliar application of amino acids improved the vegetative
growth parameters and yield and these may be due to amino acids providing a readily source of
substances which form the protein in the living tissues. In addition, El-Desouky et al. (2011)
suggested that amino acids are considered the fundamental materials in the process of protein
synthesis which help plants to create tissues and organs. Other organic compounds amino acids also
function in the synthesis of them; amines, purines and pyrimidine, alkaloids, vitamins and enzymes
(Pratelli and Pilot, 2007). Generally, Amino acids played a role in increasing the number of flowers,
fruit setting and fruit yield of tomato plants (Neeraja ef al., 2005), as well as increased the vegetative
growth parameters of Ananas melo plants which received amino acids at 4 ml/L (Abd El-Aal, 2012).
There is evidence that Se may improve plant productivity by improving photosynthesis, as this
process is stimulated in plants by optimal supplementation with Se during the vegetative period. For
example, it has been reported that the application of Se in rice positively affects photosynthesis,
resulting in increased rice cereal production and concentration of Se (Zhang et al. 2014). Similar
results were reported in other plant species such as potato (Turakainen ef al. 2004). This can be
attributed to the behavior of amino acids and mineral elements in increasing respiratory activity in the
leaves, as well as chloroplast enzymes, antioxidant level and activity in plants (Sajedi et al., 2011).
Foliar Se has greatly boosted the garlic bulbs (Poldma ef a/., 2011), onion bulbs (Kapolna et al., 2009;
2012) as well as radish flowers (Hladun et al., 2013).

Data in Tables (4 and 5) revealed the effect of foliar application of bio-stimulants and selenium
in the both forms; mineral and nanoparticles on chemical composition of leaves and bulbs of onion
plants. Where plants received selenium in the both forms; mineral and nanoparticles and amino acids
produced the highest significant values of N and K % in the both seasons compared to the other
treatments. Whereas, no significant differences were observed among the studied treatments for P %
in the onion leaves and bulbs in the two growing seasons. Data in Tables (4 and 5) showed that
selenium was found only in onion plants (in the leaves and bulbs) which treated by selenium in the
both forms; mineral and nanoparticles, while selenium was not detected in control, chitosan, seaweed
and amino acid treatments in the two experimental study.

Table 4: Effect of chitosan, seaweed, amino acid and selenium on selenium N, P and K in leaves of
onion plants during 2017-2018and 2018-2019 seasons.

2017-2018
N% P% K% Selenium (ppm)

Control 1.23 0.28 1.76 ND
Chitosan 1.30 0.22 1.71 ND
Seaweed 1.28 0.27 1.84 ND
Amino acid 1.45 0.25 1.96 ND
Mineral selenium 1.96 0.28 2.27 0.0147
Nanoparticles selenium 1.36 0.26 1.85 0.0086
LSD at 5% 0.12 NS 0.09

2018-2019
Control 1.33 0.34 1.74 ND
Chitosan 1.44 0.25 1.67 ND
Seaweed 1.41 0.32 1.87 ND
Amino acid 1.67 0.29 2.05 ND
Mineral selenium 2.05 0.34 2.52 0.0149
Nanoparticles selenium 1.53 0.31 1.88 0.0090
LSD at 5% 0.08 NS 0.11
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Table 5: Effect of chitosan, seaweed, amino acid and selenium on selenium N, P and K in bulbs of
onion plants during 2017-2018and 2018-2019 seasons.

2017-2018
N% P% K% Selenium (ppm)

Control 1.16 0.25 1.55 ND
Chitosan 1.35 0.22 1.53 ND
Seaweed 1.22 0.20 1.44 ND
Amino acid 1.42 0.21 1.63 ND
Mineral selenium 1.58 0.23 1.68 0.0152
Nanoparticles selenium 1.36 0.19 1.49 0.0088
LSD at 5% 0.06 NS 0.08

2018-2019
Control 1.19 0.29 1.52 ND
Chitosan 1.38 0.20 1.43 ND
Seaweed 1.33 0.22 1.35 ND
Amino acid 1.42 0.23 1.64 ND
Mineral selenium 1.67 0.26 1.72 0.0148
Nanoparticles selenium 1.41 0.25 1.49 0.0085
LSD at 5% 0.06 NS 0.07

Many investigators found that plants which treated by selenium element as a foliar application may
enhance the plant production with Se compounds in concentrations of importance nutritional (Germ et
al., 2007, Ozbolt et al, 2008). Moreover, Wanga et al. (2013) suggested that soil and foliar
applications of Se increased the Se content in some plants without negatively effect on the N, P, K,
Ca, Mg, Fe, Mn, Cu and Zn contents. While, Sors et al. (2005) found that selenium and sulfur are
taken the same assimilation pathway inside the plant and Se is present in selenium amino acids such
as selenomethionine and selenocysteine. Furthermore, Shedeed et al. (2018) reported that using Nano
Se as a fertilizer could be increased crop yield of pea plants.
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