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ABSTRACT

One of the most important elements that enhances plant growth,
productivity, and development is the integrated the supply of nutri-
ents and growth stimulants in the proper amounts and ratios. Two
field experiments were carried out during seasons of 2021/2022 and
2022/2023 at Eastern Experimental Field, Vegetable Crops Depart-
ment, Faculty of Agriculture, Cairo University, Giza, Egypt to in-
vestigate the effects of foliar spray of 6 growth stimulants treat-
ments, humic acid, amino acids, algae extract, micro-elements mix-
ture, moringa extract and ascorbic acid, on growth, productivity,
chemical composition and storability of onion plants (Giza 20). This
experiment was done in a randomized complete block design with 3
replicates. The results indicated that foliar spray of all growth stim-
ulants exhausted a significant improvement of onion plant height,
number of leaves, bulb diameter, neck diameter, total yield, TSS%
after one month of storage, activity of antioxidant enzymes, ascorbic
acid and total phenolic in both seasons, as compared with control
and spraying with humic acid and ascorbic acid gave the highest total
yield / feddan. The highest values of average bulb weight were found
with foliar spray of humic acid and amino acid in both seasons. Us-
ing humic acid in both seasons or amino acids and micro elements
treatments in the first season significantly decreased weight 10ss%,
compared to control.

KEYWORDS: onion, humic acid, amino acids, algae extract,

moringa extract, yield, keeping quality, antioxidant
enzymes
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1. INTRODUCTION

Onion (Allium cepa L.) is one of the most
important vegetable crops grown in Egypt for ex-
port, processing, and consumption. The total cul-
tivated area of onion in Egypt was 234727 feddan
in2020/2021 (FAO, 2021). Onions are now
known as one of the primary sources of hard cur-
rency. . Onions also contain a variety of active
chemicals that help prevent cardiovascular dis-
ease. Fertilisation is one of the key techniques for
raising onion bulb yield as well as improving
quality and storage capacity. On the other hand,
the shallow and unbranched root system of onion
plants makes them more susceptible to nutrient
deficiencies than most other crop plants
(Brewester, 1994). In order to produce onions,
the soil must be properly fertile. The amount of
nutrients needed depends on the soil type, geno-
type, and location. Onion bulbs become more
susceptible to infections during storage when
there is too much nitrogen present. In this regard,
the method of foliar spraying with various nutri-
ents or growth stimulants presents excellent
chances to increase their efficacy, save expenses,
and reduce damage to the environment, all the
while ensuring high yields (Khalil, et al. 2008).
According to Atiyeh et al. (2002), applying hu-
mic acid as a foliar spray encourages plant
growth and development in this way. and in-
creases the growth and yields of a variety of veg-
etables (Zandonadi et al., 2007).The absorption
of nutrients by vegetable crops is improved by
humic acid (Cimrin and Yilmaz, 2005; Zan-
donadi et al., 2007), among other advantages for
plants regulating hormone levels while acting as
growth regulators, enhancing photosynthesis and
cell elongation (Serenella et al., 2002), and en-
hancing soil physical properties. According to the
studies of Tantawy et al. (2009) applying amino
acids to the leaves of numerous crops cultivated
in sparsely fertile soils has been proven to be an
effective method of promoting their growth. Fur-
thermore, amino acids are organic nitrogenous
compounds that are widely known to function as
precursors in the synthesis of proteins. Sarojnee
et al. (2009) state that amino acids can improve
fertiliser assimilation, improve nitrogen and wa-
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ter uptake, raise photosynthetic rate and dry mat-
ter partitioning, and increase yield and quality.
Several researchers indicated that applying
amino acids directly could enhance the quality,
fruit yield, and plant growth of green beans (Ab-
del-Mawgoud et al., 2011), potatoes (Awad et al.
2007), cucumbers (Kamar and Omar 1987), and
garlic (El-Shabasi et al. 2005). Furthermore, ac-
cording to Pratelli and Pilot (2007), amino acids
are necessary for the synthesis of amines, purines,
pyrimidines, alkaloids, vitamins, enzymes, terpe-
noids, and other chemicals. Additionally, Fawzy
et al. (2012) found that when seaweed extract was
sprayed foliarly on Chinese garlic and onion
plants, respectively, the highest values of vegeta-
tive growth, yield, and its quality were obtained.
Nowadays, the overuse of artificial fertilizers can
be decreased by applying various natural stimu-
lating materials, such as algal extract, topically,
because these agrochemicals' foliar sprays can
enhance dry matter formation and flowering
(Milledge, et al., 2016). Rinku et al. (2017) claim
that seaweed is an excellent provider of the
macro- and micronutrients required for plant nu-
trition. Vegetable quality can be improved and
soil conditioners such as seaweed extract are ef-
fective. It is well recognised that micronutrients
operate as catalysts to promote a variety of or-
ganic reactions in plants, therefore enhancing the
chemical structure and general health of vegeta-
ble crops (Karthick et al., 2018). Micronutrients
are essential for plant development, growth, and
metabolism. However, their absence may result
in a variety of physiological issues or diseases in
plants, which may subsequently result in a de-
crease in both the number and quality of vegeta-
ble crops (Sharma and Kumar, 2016). Moringa
leaf extract is also seen to be a viable option and
may potentially be used in addition to inorganic
fertilizers growth hormones and enough micro-
nutrients are present in moringa leaf extract,
which helps a range of crops develop and produce
more of their various yield-related components
(Muhammed et al., 2013). More research have re-
vealed that moringa leaf extract is regarded as a
natural biostimulant that has a significant role in
enhancing plant drought resistance (Abd El-
Mageed et al., 2017).
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Ascorbic acid is a little antioxidant mole-
cule water soluble. According to Pastori et al.
(2003), it serves as the human body's primary
source of vitamin C by lowering oxygen free rad-
icals. The non-enzymatic complex, ascorbic acid,
enables plants to fight themselves against stress-
ors (Shafiq et al., 2014). All living plant cells
contain it, although the flowers, leaves, and other
actively growing sections typically contain the
greatest concentrations (Smirnoff et al., 2001).
Usually found scattered throughout the plant's cy-
toplasm. Additionally, plants with low ascorbate
production are more vulnerable to environmental
challenges, which can negatively affect their abil-
ity to grow and develop (Ahmad et al., 2014).

After harvest, onion bulbs must be stored
in order to preserve their availability throughout
the off-season. Due to their ability to lose weight,
deteriorate quickly, and sprout after harvest,
many onion cultivars didn't store well in ambient
storage (Obiadalla-Ali et al., 2016). The aim of
this study was to investigate the foliar application
of some growth stimulants treatment on growth,
productivity and storability of onion plants.

2. MATERIALS AND METHODS

2.1. The Experimental Location and Plant Ma-
terials

The current study was conducted from
December to May in the two consecutive seasons
of 2021-2022 and 2022-2023 at the Eastern Ex-
perimental Field, Vegetable Crops Department,
Faculty of Agriculture, Cairo University, Giza,
Egypt (30°1'10"” N and 30°11'5" E), to examine
the effects of six growth stimulant treatments
compared to control. Such as: 1- humic acid,
(Hammer, Arabian Group for Agriculture Service
(AGAS) Co. Egypt) (Hammer composition, hu-
mate potassium 86% and potassium oxide 6%),
2- amino acids, (Amino power, AGAS Co.)
(Amino power composition, free amino acids,
citric acid 3%, potassium oxide 3.5% L-Amino
acids), 3- algae extract (trade compound, namely
Oligo-X, produced by UAD CO.), 4- micro-ele-
ments mixture (Zn 1.5%, Mn 2%, Fe 3%, Cu 1%,
Mg O 4% and B 0.5%), 5- moringa extract (Pre-
pared according to Khan et al.,, 2017) and 6-
ascorbic acid (Fooding Group limited Company)
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on onion growth, productivity, chemical compo-
sition and storage-ability. The Seeds of onion
(Giza 20) cultivar were purchased from Agricul-
tural Research Centre, Ministry of Agriculture,
Giza, Egypt. Soil of the experiment is clay in tex-
ture.

2.2. Field Experiments

In the first week of December of both the
2021-2022 and 2022—-2023 seasons, uniform on-
ion seedlings cv. Giza 20, measuring 20 cm in
height, were transplanted on the experimental
field at the Vegetable Crops Department, Faculty
of Agriculture, Cairo University, Giza, Egypt. On
either side of ridges of 70 cm in width, 5 m in
length, and 10 cm apart, seedlings were placed
under drip irrigation. A total of five ridges with
area 17.5 m2 were present in every experimental
plot. This experiment included 7 treatments in a
randomized complete block design (RCBD) with
three replicates of each treatment were employed.
Treatments with foliar spray were initiated 15
days after planting and continued for 3 months.
The foliar spray were applied once a month to
plants by humic acid (0.3 g/l), amino acids (3
ml/l), algae extract (0.5 ml/l), micro-elements
mixture (1.25 g/l), moringa extract (3%) and
ascorbic acid (2g/l). All agricultural practices of
weed control as well as irrigation, fertilization
program (90 kg N, 45 kg P205 and 30 kg K20)
and pest control were applied according to rec-
ommendations of Egyptian Ministry of agricul-
ture for onion production.

2.3. Data recorded
2.3.1. Plant Growth

Five plants were taken from the third row
in each experimental plot after 100 days after
planting to measure plant height, number of
leaves, bulb diameter and neck diameter.

2.3.2. Antioxidant Enzymes, Ascorbic Acid
and Total Phenolic Compounds

The onion leaf samples were prepared us-
ing the method described by Volk and Feiera-
bend, (1989) to estimate the activity of catalase
(CAT). Also, the method described by Beau-
champ and Fridovich, (1971) was employed to
estimate the activity of Superoxide Dismutase
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(SOD).Peroxidase (POD) enzyme activity was
measured as described by Xu et al., (2011).
Ascorbic acid (Vitamin C) was extracted as de-
scribed by Sadasivam and Balasubraminan
(1987), was used for determination of ascorbic
acid concentration in onion juice. All determina-
tions were performed in triplicates and the mean
values were recorded. Total leaf phenolic was de-
termined by Ainsworth and Gillespie (2007), us-
ing the reaction with Folin Ciocalteu reagent us-
ing the gallic acid as internal standard. The TPC
of samples were expressed in mg gallic acid
equivalence (GAE).

2.3.3. Mineral Content in onion Leaves

N, P, K, Ca and Na nutrients of onion
leaves were measured, 100 days after transplant-
ing. Nitrogen was measured by the modified “Mi-
cro Kjeldahl” apparatus of Parnas and Wagner as
described by Pregl (1945). Phosphorus was deter-
mined spectrophotometricallyas descibed ac-
cording to AOAC (1975). Potassium was deter-
mined as described by Brown and Lilliland
(1964). Calcium (Ca) and sodium (Na) contents
were measured by Atomic Absorption Spectro-
photometer (Pye Unicam, model SP-1900, Cam-
bridge, UK) with air-acetylene fuel according to
Helrich (1990).

2.3.4. Yield and Its Components

When the plants were judged to be ma-
ture, after 6 months from planting, all plants were
harvested. Thereafter, total yield ton/fed were
calculated. In addition, five bulbs from each plot
selected to determine the mean bulb weight.

2.3.5. Keeping quality

The harvest bulbs were subjected to the
curing process for 15 days, then high quality
bulbs selected. Bulbs were weighed and stored in
plastic nets in common storage for 60 days at
room temperature (from the mid of June to the
mid of August). Twenty one plastic nets, each
2kg weight, represented all treatments. Three nets
from each treatment were taken every 30 days to
record percentage of weight loss and percentage
of total soluble solids, estimated at harvest and
also every 30 days during storage, in the central
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part of the bulb by using Zeiss Laboratory Re-
fractometer.

2.4. Statistical Analysis

The experimental data was statistically
analysed using ANOVA techniques and CoStat
software. The MSTAT-Cv. 2.1 (Michigan State
University, Michigan, USA) was utilised to com-
pare the treatment means using the least signifi-
cant difference (L.S.D.) test, as provided by
Snedecor and Cochran (1976).

3. RESULTS

3.1. Plant Growth and Bulb Traits of Onion
Plants

In both seasons, the effect of foliar spray-
ing certain growth stimulators on onion plants
was investigated. In comparison to the control, all
treatments considerably increased the height of
the onion plants, the number of leaves, the diam-
eter of the bulbs, and the diameter of the necks in
both seasons, as indicated by the data in Table 1.
In general, the application of algal extract re-
sulted in the highest values of plant height,
whereas the use of moringa extract in foliar
spraying produced greater values of bulb diame-
ter and leaf count. The highest value of neck di-
ameter was also obtained when humic acid was
used.

3.2. Antioxidant Enzymes (Catalase (CAT),
Superoxide Dismutase (SOD), Peroxidase
(POD)), Ascorbic Acid and Total Phenolic
Compounds in Onion leaves

Data in Table 2 showed that all growth
stimulators significantly increased ascorbic acid
and total phenolic compounds in onion leaves in
both seasons, as compared to control plants. Gen-
erally, foliar applications of amino acids recorded
the highest values of CAT, SOD and POD en-
zymes as well as total phenolic compounds in
onion leaves in both seasons, whereas ascorbic
acid concentration was higher when onion plants
were treated by foliar applications of amino acids
or ascorbic acid in both seasons, compared to
control.
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Table 1. Effect of some growth stimulants on plant growth of onion at 100 days after transplanting
during 2021/2022 and 2022/2023 seasons.

Bulb diameter Neck diameter

Plant high (cm) No. of leaves
(cm) (cm)
Treatment 1st 2nd 1st 2nd 1st 2nd 1st 2nd
Season Season Season Season Season Season Season Season
Humic acid 61.33 63.47 9.33 11.07 5.50 5.94 1.33 1.47
Amino acids 58.13 60.67 8.87 10.33 4.90 5.43 0.60 0.80
Algae Extract 64.67 73.33 8.33 9.67 4.96 6.00 0.50 0.74
Micronutrients 58.33 62.87 8.27 9.33 4.90 5.73 0.89 1.07
Moringa Extract 61.33 64.67 9.67 11.13 5.61 6.07 0.57 0.83
Ascorbic acid 56.80 60.00 8.27 9.33 5.03 5.53 0.60 0.88
Control 45.87 49.33 6.33 7.67 2.78 3.90 0.13 0.35
LSD 0.05 2.49 3.96 0.48 1.07 0.32 0.56 0.14 0.19

Table 2. Effect of some growth stimulants on activity of antioxidant enzyme (Catalase, CAT, Su-
peroxide Dismutase, SOD and Peroxidase, POD), ascorbic acid and total phenolic of on-
ion leaves at 100 days after transplanting during 2021/2022 and 2022/2023 seasons.

CAT SOD Enzyme POD Asco_rbic Total_
Enz_yr_ne Activity Enz_yme Acid Phenolic
Treatment Activity (units/g) Activity (mg/100g Compounds
(mkat/g) (mkat/g) FW) (mg/g FW)
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
Humic acid 1.79 168 79.40 7543 4320 4061 8.95 841 57.95 54.47
Amino acids 189 181 9320 88.83 5120 49.15 945 9.07 7125 68.40
Algae Extract 183 174 83.20 79.87 4950 4703 9.05 860 63.65 60.47
Micronutrients 169 155 6720 6182 29.10 2648 7.85 7.14 5355 48.73
Moringa Extract 175 163 7530 70.78 3940 36.64 875 814 5575 51.85
Ascorbic acid 172 158 7210 67.05 3250 2990 955 879 69.35 63.80
Control 155 140 6320 56.88 2520 2268 750 6.75 48.25 43.43
LSD 0.05 014 018 190 174 174 174 016 0.18 140 1.78

3.3. Mineral Content in Onion Leaves

The results in Table 3 show that all treat-
ments, except the treatment of moringa extract in
the case of N% in the first season, had a signifi-
cant improvement in nutrient concentrations such
as nitrogen, phosphorus, potassium, and sodium
in leaves of onion in both seasons. On the other
hand, only using amino acids or ascorbic acid as
a foliar applications gave a significant increment
of calcium in the leaves of onion, compared with
the control. Clearly, plants were treated by amino
acids experienced a marked increase in all nutri-
ent concentrations of onion leaves in both sea-
sons, followed by ascorbic acid treatment in the
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case of P, K and Ca concentrations and algae ex-
tract treatment in the case of N and K concentra-
tions in both seasons.

3.4. Total Yield and its Components

Data in Table 4 illustrate that onion plants
that sprayed by the all growth stimulators had a
significant excess of onion total yield, compared
to control plants. On the other hand, onion plants
that were treated by humic acid and amino acid
in both seasons or were treated by micro-ele-
ments or moringa extract in the first seasons or
ascorbic acid in the second season showed a sig-
nificant improvement of average bulb weight,
compared to control. Generally, onion total yield
and mean bulb weight were higher with humic
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Table 3. Effect of some growth stimulants on nitrogen (N), phosphorus (P), potassium (K), calcium
(Ca) and sodium (Na) concentrations of onion leaves at 100 days after transplanting
during 2021/2022 and 2022/2023 seasons.

N (%) P (%) K (%) Ca (%) Na (ppm)

Treatment 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
Humic acid 255 240 57.85 57.27 149.00 146.00 0.08 0.07 455 432
Amino acids 293 281 73.05 7159 177.00 173,50 1.07 1.03 565 5.37

Algae Extract 285 271 63.65 6238 169.00 165.60 0.07 0.07 475 451
Micronutrients 2.74 249 5355 5141 140.00 13720 0.06 006 405 3.85
Moringa Extract 2.53 2.35 55.25 54.15 143.00 140.10 0.08 0.08 425 4.04
Ascorbic acid 279 257 7175 69.60 175.00 17150 105 1.01 535 5.08
Control 241 217 50.75 4821 130.00 12740 0.04 004 385 3.66
LSD 0.05 017 014 178 138 1345 1223 0.06 0.06 0.16 0.12

Table 4. Effect of some growth stimulants on average bulb weight and total yield of onion during
2021/2022 and 2022/2023 seasons.

Average weight of Bulb (g) Total yield(ton/fed)
Treatment 15t Season 2"d Season 15t Season 2"d Season
Humic acid 193.30 198.30 14.280 15.020
Amino acids 163.00 172.30 11.410 14.000
Algae Extract 128.60 146.80 10.150 11.200
Micronutrients 146.40 150.00 11.760 12.600
Moringa Extract 139.00 142.00 12.600 13.630
Ascorbic acid 132.50 159.80 13.820 14.630
Control 128.10 127.30 8.190 8.873
LSD 0.05 8.99 25.95 0.159 0.727
application than the other treatments in both sea- all the treatments gave a significant increment of
son. TSS%. Generally, using foliar spray with amino

3.5 storability acids showed the highest percentage of TSS in
_ the two seasons. In the respect of weight loss per-
3.5.1 TSS and Weight Loss Percentages of centage as shown in Table 3, except using

Onion Bulbs moringa extract that significantly increased
Table 5 showed that at harvest, except us- V\_/eigh_t loss% in the first season, there no different
ing moringa extract in the second season, all significant were qbserved between aI_I treatment
treatments in the two seasons significantly in-  and control on weight loss percentage in both sea-
creased TSS %, compared to control. After one sons, one month after storage. In contradiction,

month from storage, TSS% significantly in- using humic acid in both seasons or amino acids

creased with all growth stimulators, as compared and micro elements treatments in the first season
with control. On the contrary, in the second as foliar applications on onion plants gave a sig-

month of storage, only using ascorbic acid in the nificant reduction of weight loss%, compared to

first season did not change the percentage of TSS ~ umtreated plants.
of onion bulbs, compared to control even though
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Table 5. Effect of some growth stimulants on onion TSS and weight loss percentages at 30 and 60
days of storage during 2021/2022 and 2022/2023 seasons.

TSS at TSS,30days TSS, 60days Weightloss, Weight loss,
Treatment harvest (%) (%) (%) 30 days (%) 60 days (%)
1st 2nd 1st 2nd 1st 2nd 1st 2nd lst 2nd

Humic acid 1413 1480 1430 15.07 1470 1523 507 334 1109 10.02
Amino acids 1543 16.25 15.63 16.73 15.83 1697 391 427 14.02 15.72
Algae Extract 1427 14.67 1537 1553 1650 1693 851 583 2353 19.59
Micronutrients 1290 1493 1420 16.10 1533 1657 656 556 20.76 18.89
Moringa Extract 12.13 13.40 13.00 14.67 1423 1517 1151 494 26.71 19.15
Ascorbic acid 13.40 14.17 13.70 14.67 14.07 1497 465 398 2198 16.40
Control 11.37 1310 1243 1393 13.63 1450 555 555 2575 20.03
LSD 0.05 070 066 046 054 049 033 505 NS 462 545
4. DISCUSSION The findings also illustrated that the total

Onions' shallow, unbranched root system
makes them more susceptible to nitrogen short-
ages than other crop plants. During the growth
stages of onion plants, this sensitivity to nutrient
deficit might have a negative impact on the
plants' quality, productivity, growth, and storage
capacity (Brewester, 1994). Based on our obser-
vations, all foliar application treatments (humic
acid, amino acids, algae extract, micro-elements,
moringa extract and ascorbic acid) have the po-
tential to enhance onion yield and plant growth
characteristics in both seasons, as compared with
control (Tables 1 and 4). In this respect, algae ex-
tract treatment achieved the highest value of plant
height, whereas the highest values of number of
leaves and bulb diameter were achieved with the
foliar spray by moringa extract. Also, using hu-
mic acid gave the highest value of neck diameter.
These results may be attributed to the ability of
all growth stimulators treatments to increase en-
zymes activity (Table 2) and nutrients absorption
(Table 3) during the growth season. Our findings
are strongly supported by those of Zandonadi et
al., (2007) when humic acids added to plants; Sa-
rojnee et al. (2009) when plants treated by amino
acids; Abd El-Mageed et al., (2017) when plants
applied by moring extract; Fawzy et al. (2012)
when algae extract used; Sharma and Kumar
(2016) when plants sprayed by micro-elements;
Shafig et al., (2014) when plants sprayed by
ascorbic acid.

104

yield of onion was higher when plants were
treated by humic acid than the other treatments in
both seasons. These results return to increasing
the bulb weight those obtained from plots treated
by humic acid (193.30 and 198.30 g), compared
to the other treatment (Table 4). These results are
in agreement with those found by Atiyeh et al.,
(2002) and Zandonadi et al., (2007).

The reduction of weight loss percentage
and increasing TSS % in onion bulbs with using
the growth stimulators (Table 5), especially
amino acids, humic acid and micro-elements,
may be attributed to the improving of elements
uptake especially potassium (Table 3) that play
an essential role in increasing the quality and
storage-ability of onion bulbs (El-Sayed et al.,
2005). The increase in TSS content in onion bulbs
after the foliar application of micronutrients or
other growth stimulators may also be the result of
increased metabolic activities that involve the
formation of total soluble solid, such as carbohy-
drates, amino acids, organic acids, and other in-
organic constituents (Ballabh et al., 2013). In
contrast, the better activity of CAT, SOD and
POD enzymes, or the increasing of ascorbic acid
and total phenolic as well as increasing nutrients
in onion leaves with using growth stimulators, as
compared to control plants may be comeback to
promoting nutrients uptake (Table 3) or because
of it contains organic compounds (Begum et al.,
2018) that increasing physiological activities in
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the synthesis of essential substances like carbo-
hydrates, proteins, enzymes and acids. These re-
sults are in agreement with those observed by El-
Shabasi et al. (2005); Awad et al. (2007); ;
Almaroai and Eissa (2020); El-Sayed et al.
(2022).

5. CONCLUSION

Using foliar spray of growth stimulants
on onion plants are an acceptable method to im-
prove productivity and antioxidant enzymes as
well as it may play an essential role for decreas-
ing weight loss percentage during storage.
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