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ABSTRACT: The present study aimed to investigate the beneficial
effects of foliar spraying with amino acids and seaweed extract each at
concentrations of 1.0, 1.5, and 2.0 ml/I alone or with the addition of a
mixture of microelements at 0.5 g/l and calcium at 0.25 ml/l on
vegetative growth, flowering, bulb production, and chemical
components of Hymenocallis speciosa L. The current study was
conducted at the Ornamental Plants and Landscape Gardening Res.
Dept. Nursery, Hort. Res. Inst., ARC, Giza, Egypt, during the 2022 and
2023 seasons. Plants were treated with amino acids as a biostimulant at
concentrations of 2 ml/l, which gave an increase in most growth
characteristics as well as the same effect when using seaweed extract
compared with the control. Also, when plants were treated with amino
acids at 2.0 ml/I with a mixture of microelements at 0.5 g/I, it led to a
significant increase in the values of morphological parameters included
plant height, fresh weight of vegetative growth, number of leaves/plant,
leaf area, root length, fresh weight of roots, spike length, flower
diameter, flower weight, fresh weight of bulb and bulb circumference.
It also led to an increase in the content of chlorophylls and carotenoids
in leaves and total carbohydrates and N, P and K in new bulbs. Likewise,
spraying the plant with seaweed extract at a rate of 2.0 ml/l with the
addition of a mixture of microelements at a rate of 0.5 g/l led to an
increase in most plant characteristics. However, the treatment with
amino acids was superior in some of the studied plant characteristics
compared to treatment with seaweed extract.
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INTRODUCTION

Hymenocallis speciosa L., the green-
tinged spider lily is a flowering bulb plant.
This species of the genus Hymenocallis is
native to the eastern Caribbean's northward
islands. It is grown as an ornamental plant and
belongs to the Amaryllidaceae family. It
forms bulbs when cultivated under Egyptian
environmental conditions. Spike can grow as
high as fifty centimeters. The lanceolate
leaves are narrow and can reach length of up
to 50 cm and width of 10 cm. The number of
leaves is 20 or less. Up to twenty white

flowers can be produced by one umbel. At the
time of flowering, the petals reflex (curl
backward), resulting in white flowers with a
hint of green. Very fragrant flowers that hold
their fragrance when desiccated. Flowers
bloom in summer (Bailey, 1963).
Hymenocallis speciosa is used as a pot plant.

Amino acids have functional groups that
are both carboxylic and amino in nature
(Nelson and Cox, 2005) that are both
carboxylic and amino in nature. Despite the
fact that nature contains over 500 amino
acids, the 22 a-amino acids found in proteins
are by far the most significant, (Areski et al.,
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2020). Amino acids have been shown in
numerous studies to improve plant quality and
yield when sprayed at various growth stages,
particularly the crucial ones like the growing
and flowering stages (Baqir et al,
2019). Amino acids, primarily found in the
chloroplast and mitochondria of organisms,
also play a role in the assimilation of
carbohydrates  produced by  carbon
assimilation during the Krebs cycle, thereby
facilitating the availability of ketonic acids.
(Beavers, 1991). It is thought that amino acids
are involved in the production of plant
pigments, higher contents of proteins,
division of cells, and natural hormones like
ethylene, GA3z, and IAA, and as a result,
raising the yield and plant quality (Ahmed et
al., 2014; Baqir et al., 2019; Madian and
Refaai, 2011). Gladiolus plant sprayed with
amino acids (150 mg/l) showed a significant
improvement in the qualities of flowering
growth as well as vegetative growth traits
(Number of leaves, leaf area, plant height)
also, the chlorophyll content of leaves, as
reported by Abed Edan et al. (2022). Treating
plants with threonine (150 ppm) lead to an
enhancement in growth of Lilium longiflorum
(Abdel-Said et al., 2019).

In addition, seaweed extract (SWE) is
obtained from marine plants such as Fucus
(brown algae), Ecklonia (kelp), and
Ascophyllum  brown  algae  species.
Applications of seaweed benefits encompass
promoting growth, preventing diseases and
pests, and enhancing the quality of products.
Plant hormones, primarily cytokinins, amino
acids, many vitamins, and trace nutrients
found in the extracts are likely what give the
extracts their effectiveness, (Arioli et al.
2024).

Seaweed extract are applied to plants in a
variety of ways, such as through soil
treatment, foliar spraying, and seed treatment,
to protect and enhance plant growth. Because
seaweed extract is non-toxic, biodegradable,
and environmentally friendly, it is more
preferable  than  chemical fertilizers,
(Mukherjee and Patel, 2020). Seaweed extract
applied to Narcissus tazetta L. increased

quality and quantity of growth, enhanced
characteristics of flowering, production of
blubs, and chemical composition. (Rizk and
Barsoom, 2020). The application of seaweed
extracts had a significant effect on Allium
ascalonicum L. with respect to plant height,
fresh weight of herb, and fresh weight (Yusuf
et al., 2016).

Microelements are actually as important
as macroelements for enhancing growth, yield
and quality in plants, (EI- Sherbeny et al.,
2024). Plant nutrients and the growing
medium are the two most crucial factors in the
healthy growth and development of
ornamental plants; flowering crops are
particularly ~ vulnerable  to nutrient
deficiencies in plants, and ornamental plants
rarely show signs of microelement
deficiencies, (Atal et al., 2021).

Meanwhile, calcium Ca?* is an important
macronutrient for plant growth and flowering
as it takes part in many metabolic and
physiological processes. In various abiotic
stress situations, calcium also functions as a
second messenger to create intracellular
stimulation and provide protection, (Parvin et
al., 2019). The vital role of calcium in the
growing and development of plants is
highlighted by its significance in biological
processes like signaling, metabolism, and cell
growth. Furthermore, plant diseases and
alterations in the soil's microbiome are caused
by a deficiency in calcium, (Jing et al., 2024).

The main objective of the current study
was therefore to investigate the effect of foliar
spray of amino acids and seaweed extracts
with microelements and calcium on growth,
flowering, producing bulbs, and chemical
constituents of Hymenocallis speciosa L.
plants.

MATERIALS AND METHODS

This work was carried out at the
Ornamental Plants and Landscape Gardening
Research Dept., Hort. Res. Inst., ARC. Giza,
Egypt, through the two seasons of 2022 and
2023 to investigate the effect of foliar spray
of amino acids and seaweed extract with
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microelements and calcium on growth,
flowering, bulb production, and chemical
constituents.

Transplants of Hymenocallis speciosa L.
(bulbs) were individually planted in plastic
pots 30 cm in diameter filled with a mixture
of clay and sand (1:1, v/v) of about 5.5 kg, as
well as one bulb per pot. The bulbs used were
100-105 g in weight and 16-18 cm in
circumference. The physical and chemical
properties of the used soil are presented in
Table (1).

Treatments:

The bulbs were planted on April 19" in
pots under open field in both seasons and
received the following treatments till the end
of the experiment:

1. An amino acid (AA) complex consisting of
(tryptophan + methionine 24% + cytokinin
1% + gibberellin 0.5 % + folic acid 8% +
zinc 1.5% + manganese 1% + iron 2%) was
used in concentrations of 1.0, 1.5 and 2.0
ml/l.

2. Seaweed extract (SWE) complex
consisting of amino acids + vitamins +
auxins + cytokinin 24% + organic acids
21% + trace elements 6% was used in
concentrations of 1.0, 1.5 and 2.0 ml/I.

3. The microelements (ME) consisting of
chelated iron 5.1%, chelated manganese
5.1%, chelated zinc 5.1%, chelated copper
0.25%, chelated boron 1.38%, amino acids
11.43%, magnesium 3.6% was used at a
concentration of 0.5 g/l and calcium (Ca?*)
was used at 0.25 ml/l.

Treatments were as follows:
1. Control without any treatments
2. AA at 1.0 ml/l
3. AAat1.5ml/l

4. AA at 2.0 ml/I

5.AAat 1.0 ml/I +0.25 ml Ca/l
6. AAat 1.0 ml/l + 0.5 g/l ME

7. AAat 1.5 ml/l +0.25 ml Ca/l
8. AAat 1.5 ml/l + 0.5 g/l ME

9. AAat 2.0 ml/ 1 +0.25 ml Ca/l
10. AA at 2.0 ml/l + 0.5 g/l ME
11. SWE at 1.0 ml/I

12. SWE at 1.5 ml/I

13. SWE at 2.0 ml/I

14. SWE at 1.0ml/l + 0.25 ml Ca/I
15. SWE at 1.0 ml/l + 0.5 g/l ME
16. SWE at 1.5ml/l + 0.25 ml Ca/l
17. SWE at 1.5 ml/l + 0.5 g/l ME
18. SWE at 2.0 ml/l + 0.25 ml Ca/l
19. SWE at 2.0 ml/l + 0.5 g/l ME

These treatments were applied as foliar
spraying every two weeks. Everywhere if it
was necessary, routine agricultural tasks like
weeding and watering were completed.

Data recorded:

Plant height (cm), fresh weight of
vegetative growth  (g), number of
leaves/plant, leaf area (cm?), root length cm,
fresh weight of roots (g), spike length (cm),
spike diameter (cm), flower diameter (cm),
flower weight (g), number of days from
planting to flowering, fresh weight of bulb
(9), bulb circumference (cm) and number of
the new bulbs/plant.

Chemical constituents:

Photosynthetic pigments in fresh leaf
samples (chlorophyll a, b, and carotenoids
mg/g f.w.) were determined according to
Lichtenthaler and Wellburn (1985). Dubois et

Table 1. Characteristics of growing media, both physically and chemically.

Mixture of clay and sand (1:1, v:v) EC

Elements (ppm)

Clay  Sand Silt PH @smy P "N P K Fe Mn zZn cCu

45.80%  30.1% 22.25% 750 280 338 907 191 254 52 90 56 32
Cations (meqg/Il) Anions (meg/l)
Na* Ca** Mg** K* HCOs Crl SOs~
7.9 5.15 3.1 2.40 2.71 5.95 5.42
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al. (1956) was followed with the aim to
calculate the total carbohydrate % in dry bulb
samples. Additionally, the percentages of
nitrogen (N) (Pregle, 1945), phosphorus (P)
(Luatanab and Olsen, 1965), and potassium
(K) (Jackson, 1973) were determined.

Statistical analysis:

The experimental design was a one-factor
randomized complete block design (RCBD)
with three replicates; each replicate contained
five plants. After that, the data were tabulated
and statistically analyzed using the MSTAT-
C software according to Gomez and Gomez
(1984) and the L.S.D. method described by
Snedecor and Cochran (1980) was used to
compare the means of the treatments at the
0.05 level of probability.

RESULTS

Parameters of growth:
Plant height (cm):

Data shown in Table (2) indicated that
plant height was gradually increased by
increasing amino acids or seaweed extract
concentrations at 1.0, 1.5 and 2.0 ml/l
compared with control in both seasons. The
maximum values were recorded in plants
treated with amino acid at 2.0 ml/l + 0.5 g/l
microelements and seaweed extract at 2.0 ml/I
+ 0.5 g/l microelements.

Fresh weight of vegetative growth (g):

Fresh weight of vegetative growth (g)
gave significantly the highest values for
plants treated with amino acid at 2.0 ml/l + 0.5
g/l microelements, followed by seaweed
extract 2.0 ml/l + 0.5 g/l microelements, as
well as all treatments produced heavier values
of fresh weight of vegetative growth when
compared to the control in the two seasons, as
exhibited in Table (2).

Number of leaves/plant:

Data registered in Table (2) demonstrated
an increase in values of the number of
leaves/plant compared to control in the two
seasons in plants treated with amino acids and
seaweed extract. Meanwhile, the effect of
amino acid 2.0 ml/l + 0.5 g/l microelements
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or seaweed extract 2.0 ml/l + 05 g/l
microelements led to the highest significant
values in number of leaves/plant.

Leaf area (cm?):

Leaf area (cm?) of Hymenocallis plants
showed a gradual increase in both seasons due
to the gradual increase in the concentration of
either amino acids or seaweed extract as
shown in Table (3). In both seasons, all
biostimulant treatments produced larger leaf
areas compared to the control treatment. The
foliar treatment of amino acids (2.0 mi/l) + 0.5
g/l of microelements produced the largest
leaves (280.3 and 353.4 cm?) in the first and
second seasons, respectively. A significant
increase in leaf area was observed in plants
treated with the combined treatment of 0.5 g/I
of microelements + amino acids at 2.0 ml/I.

Root length (cm):

Negligible differences were noticed for
root length (cm) resulting from using amino
acid or seaweed extract treatments in both
seasons, as shown in Table (3). Meanwhile,
the significant highest values were resulted
from either applying amino acids (2.0 mi/l) +
0.5 g/l of microelements or seaweed extract
(2.0 mi/l) + 0.5 g/l of microelements.

Fresh weight of roots (g):

Data executed in Table (3) showed that
fresh weight of roots (g) was progressively
increased by increasing the concentration of
amino acids or seaweed extract in the two
seasons. The amino acid treatments gave
higher values than the seaweed treatments.
Foliar spraying with amino acids (2.0 mi/l) +
0.5 g/l of microelements recorded the highest

significant values.

Parameters of flowering:
Spike length (cm):

Data registered in Table (4) indicated that
treating plants with amino acids or seaweed
extract at 2.0 cm/l recorded the significantly
longest spike (cm) compared with the
untreated plants (control) in both seasons.
Meanwhile, treatments with either amino
acids or seaweed extract at 2.0 ml/l + 0.5 g/I
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Table 2. Effect of amino acids, seaweed extract, microelements and calcium on plant
height (cm), fresh weight of vegetative growth (g) and number of leaves/plant of
Hymenocallis speciosa L. in two seasons of 2022 and 2023.

. Fresh weight of Number of
Treatments Plant height (cm) vegetative growth (g) leaves/plant
AA and SWE Caand ME 1%tseason 2" season 1Stseason 2" season 1stseason 2" season
Control 0 38.0 43.2 814 95.5 7.3 9.0
AA1Oml/l 0 44.1 55.0 99.7 1411 9.0 10.3
Ca0.25 ml/l 45.2 56.1 115.6 132.8 9.60 145
ME 0.50 g/I 46.1 59.2 125.3 149.8 10.3 16.0
AAL15mI/Il 0 47.0 59.0 120.6 151.0 10.0 11.6
Ca0.25 ml/l 47.4 60.1 120.5 156.1 10.7 15.0
ME 0.50 g/l 48.7 62.0 127.6 162.9 11.0 15.3
AA20ml/l 0 49.2 62.0 144.8 170.0 9.30 13.0
Ca0.25 ml/l 49.3 64.5 1455 180.4 11.0 15.3
ME 0.50 g/l 56.3 69.5 188.2 225.3 12.5 17.0
SWE1.0ml/l 0 43.5 50.5 114.0 111.2 9.0 10.1
Ca0.25 ml/l 43.5 50.2 107.7 1125 9.0 12.0
ME 0.50 g/l 45.3 53.2 116.9 132.2 9.3 9.0
SWE 15ml/l 0 45.5 53.2 118.8 1335 9.0 11.2
Ca 0.25 ml/l 46.0 54.0 121.2 141.1 9.3 10.3
ME 0.50 g/l 48.9 59.0 129.9 151.0 10.7 11.6
SWE2.0ml/l 0 48.1 60.5 1314 175.1 11.0 11.5
Ca0.25 ml/l 49.5 60.0 148.4 170.0 10.5 13.0
ME 0.50 g/l 55.4 65.1 174.8 210..0 11.3 15.5
LSD at 0.05 5.230 6.411 11.710 13.852 1.601 1.550

AA: Amino acids; SWE: Seaweed extract; ME: Microelements; Ca: Calcium= Ca

Table 3. Effect of amino acids, seaweed extract, microelements and calcium on leaf area
(cm?), root length (cm) and fresh weight of roots (g) of Hymenocallis speciosa L.
in two seasons of 2022 and 2023.

Treatments Leaf area (cm?) Root length (cm) Roots fresh weight (g)
AAand SWE Caand ME 1stseason 2"season 1%fseason 2"9season 1%tseason  2"9 season
Control 0 158.6 217.7 27.0 35.0 69.0 94.5
AA1O0mll 0 175.7 2325 27.5 37.2 87.4 103.5
Ca0.25 ml/l 187.9 245.6 29.0 35.1 93.2 145.7
ME 0.50 g/l 205.8 267.6 315 41.1 1015 157.6
AAl5ml/I 0 184.9 258.2 30.0 38.2 96.8 116.0
Ca 0.25 ml/l 210.3 293.4 30.8 39.3 98.5 166.7
ME 0.50 g/l 216.5 295.1 32.1 454 119.9 185.7
AA20mll 0 207.5 273.3 34.0 40.5 102.4 1235
Ca0.25 ml/l 212.3 303.6 34.1 42.5 103.1 201.8
ME 0.50 g/l 280.3 353.4 42.5 56.5 133.2 213.5
SWE 1.0ml/l 0 178.2 210.2 28.1 36.1 76.0 94.5
Ca 0.25 ml/l 180.7 234.1 30.3 40.0 775 122.4
ME 0.50 g/l 200.0 250.4 315 44.2 79.1 91.2
SWE 15ml/l 0 193.8 225.0 30.8 40.3 80.4 178.5
Ca 0.25 ml/l 210.0 257.3 325 42.5 81.7 100.1
ME 0.50 g/l 226.3 278.6 33.3 44.6 85.9 141.0
SWE2.0ml/l 0 2145 243.2 32.2 45.1 82.6 116.7
Ca0.25 ml/l 219.7 288.6 355 45.0 90.0 133.2
ME 0.50 g/l 237.3 305.1 38.0 51.5 115.9 161.2
LSD at 0.05 29.271 33.653 4.550 5.292 14.810 18.282

AA: Amino acids; SWE: Seaweed extract; ME: Microelements; Ca: Calcium= Ca
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Table 4. Effect of amino acids, seaweed extract, microelements and calcium on spike
length (cm), spike diameter (cm) and number of flowers/plant of Hymenocallis
speciosa L. in two seasons of 2022 and 2023.

Treatments Spike length (cm) Spike diameter (cm)  Number of flower/Spike
AAand SWE Caand ME 1%tseason 2"9season 1%'season 2"9season 1%'season 2" season
Control 0 29.8 42.1 1.17 1.65 7.0 7.0
AA 1.0 ml/l 0 33.6 45.7 1.27 181 8.0 8.2
Ca 0.25 ml/l 35.8 45.0 1.69 1.90 8.0 9.5
ME 0.50 g/l 36.8 46.2 1.44 1.93 9.0 10.6
AA 1.5 ml/l 0 37.7 48.0 1.45 1.92 8.0 9.6
Ca 0.25 ml/l 375 48..8 1.66 1.99 9.5 11.2
ME 0.50 g/l 39.4 50.7 1.70 2.10 9.9 13.0
AA 2.0 ml/l 0 38.7 51.8 1.53 2.10 9.7 10.0
Ca0.25 ml/l 40.3 52.3 1.67 2.14 10.0 13.7
ME 0.50 g/l 48.1 58.4 2.00 2.39 12.0 14.8
SWE1.0ml/ll 0 315 459 1.30 1.61 7.1 75
Ca0.25 ml/ 33.2 46.5 1.39 1.60 75 9.1
ME 0.50 g/l 36.7 47.9 1.40 1.74 8.2 9.5
SWE15ml/l 0 34.4 47.6 1.47 1.72 7.5 9.0
Ca 0.25 ml/l 35.7 50.1 1.55 171 10.0 9.7
ME 0.50 g/l 38.8 51.4 1.60 1.77 10.1 10.3
SWE2.0ml/l 0 37.6 49.8 1.50 1.80 8.0 9.5
Ca 0.25 ml/l 39.3 53.4 1.65 1.79 10.3 105
ME 0.50 g/l 44.1 56.6 1.77 2.25 11.0 12.3
LSD at 0.05 4.615 5.817 0.523 0.672 2.621 2.604

AA: Amino acids; SWE: Seaweed extract; ME: Microelements; Ca: Calcium= Ca

of microelements resulted in the longest
flowering spikes in both seasons.
Spike diameter (cm):

Either the amino acids and/or seaweed
extract at 2.0 ml/l + 0.5 g/l of microelement
treatments  significantly increased spike
diameter to the highest values in both seasons,
as shown in Table (4). Spike diameter showed
a gradual increment in both seasons with
increasing either amino acid or seaweed
extract concentrations.

Number of flowers/spike:

Data on number of flowers/spike shown
in Table (4) revealed that in the successive
growing two seasons, the foliar treatments
with either amino acids or seaweed extract at
20 ml/l + 05 g/l of microelements
significantly increased the formation of
flowers/spike compared to control. A similar
effect resulted from using amino acids or
seaweed extract at 2.0 ml/l + 0.25 ml Ca/l.

Flower diameter (cm):

Data presented in Table (5) indicated that
the flower diameters (cm) resulting from all

of the applications either amino acid or
seaweed extract treatments in both seasons
were insignificantly different. It was noticed
that, in comparison to the control, there were
not any significant differences between all
treatments.

Flower weight (g):

The results listed in Table (5) showed that
spraying plants with amino acids at the two
concentrations used (1.5 and 20
cm/l) significantly increased flower weight
(g) compared to control. However, foliar
spraying of seaweed extract at 2 cm/l and
seaweed extract at 2 ml/l + 05 g/l of
microelement significantly increased this
value. The amino acids or seaweed extract at
2.0 ml/l + 0.5 g/l of microelement led to a
significant increase in flower weight.

Number
flowering:

Data given in Table (5) indicated that
applying either amino acids or seaweed
extract at 2.0 ml/l + 0.5 g/l of microelement
induced the earliest flowering in both seasons.

of days from planting to
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Table 5. Effect of amino acids, seaweed extract, microelements and calcium on flower
diameter (cm), flower weight (g) and number of days from planting to flowering
of Hymenocallis speciosa L. in two seasons of 2022 and 2023.

Number of days from

Treatments Flower diameter (cm) Flower weight (g) planting to flowering
AAand SWE Caand ME 1%tseason 2" season 1%'season 2" season 1Stseason 2" season
Control 0 22.1 22.9 8.0 10.9 120.0 120.1
AA1OmI/I 0 22.5 24.5 9.5 11.4 1111 116.0
Ca 0.25 ml/l 23.0 23.5 9.9 12.1 114.0 116.5
ME 0.50 g/I 23.0 25.1 10.0 12.9 112.0 112.3
AAl5SmI/I 0 22.7 24.6 10.0 12.4 112.4 114 .0
Ca 0.25 ml/l 24.1 25.4 11.2 14.85 113.5 116.5
ME 0.50 g/I 24.4 25.3 14.0 15.4 113.0 115.7
AA20ml/ll 0 23.9 25.2 10.4 16.0 112.2 114.7
Ca 0.25 ml/l 24.5 25.1 11.6 16.2 114.0 116.2
ME 0.50 g/I 24.6 25.4 17.9 19.9 105.3 106.2
SWE1.0ml/ll 0 21.2 22.1 9.5 10.1 115.0 1175
Ca 0.25 ml/l 23.1 22.3 12.1 10.8 114.3 116.9
ME 0.50 g/I 24.0 25.0 12.6 115 116.0 112.0
SWE 15ml/l 0 21.3 23.7 10.0 12.0 113.5 116.9
Ca 0.25 ml/I 21.3 24.1 9.4 12.1 115.1 117.8
ME 0.50 g/ 22.5 24.7 11.7 13.2 115.5 112.7
SWE2.0ml/l 0 23.8 24.9 11.0 13.7 114.0 115.4
Ca 0.25 ml/l 24.0 23.5 12.8 12.7 1175 116.0
ME 0.50 g/I 24.8 25.7 15.8 17.6 112.5 110.7
LSD at 0.05 N.S. N.S. 2.383 4,172 11.051 11.530

AA: Amino acids; SWE: Seaweed extract; ME: Microelements; Ca: Calcium= Ca

There were negligible differences in the
earliest flowering when amino acid or
seaweed extract treatments were used in the
two seasons.

Parameters of bulbs:
Bulbs fresh weight (g):

All of treatments when compared to
control (untreated plants) were successfully
increased the bulbs fresh weight in both
seasons as a shown in Table (6).

Bulb circumference (cm):

Bulb circumference (cm) in both seasons
was progressively increased by increasing
concentrations of amino acids or seaweed
extract, as exhibited in Table (6). Spraying
amino acids gave significantly higher values,
followed by seaweed extract at 2.0 ml/l + 0.5
o/l of microelement.

Number of bulbs/plant:

Data exhibited in Table (6) indicated that
number of bulbs/plant was gradually
increased by the gradual increase in

treatments with either amino acids or seaweed
extract at 2.0 ml/l + 0.5 g/l of microelement.
Treating plants with amino acids or seaweed
extract mixed with 0.5 g/l of microelement
recorded significantly higher values in both
seasons than other treatments.

Chemical constituents of the plant:
1. Pigment contents of leaves:
a. Chlorophyll a (mg/g f.w.):

Data illustrated in Fig. (1) demonstrated
that the fertilizer treatments improved
chlorophyll (a) content in leaves compared
with control in both seasons, the superiority
was of using both amino acids 2.0 ml/l+
microelements 0.5 g/l and seaweed extract 2.0
ml/I+ microelements 0.5 g/I.

b. Chlorophyll b (mg/g f.w.):

The recorded data in Fig. (2) show that
treating plants with amino acids at 2.0 ml/l+
microelements at 0.5 g/l gave the highest
values of chlorophyll b (mg/g f.w.) content in
the two seasons. However, seaweed extract at
2.0 ml/l + microelements 0.5 g/l in the first
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Table 6. Effect of amino acids, seaweed extract, microelements and calcium on bulb fresh
weight (g), bulb circumference (cm) and number of bulbs/plant (bulbs yield) of
Hymenocallis speciosa L. in two seasons of 2022 and 2023.

Treatments Bulbs fresh weight (g) Bulb circumference (cm) Number of bulbs/plant

AA and SWE Caand ME 1stseason 2"season 1tseason 2"season 1stseason 2" season

Control 0 52.8 64.9 141 14.9 0.91 0.95
AA1OmiNl O 65.8 77.5 15.5 16.5 0.97 0.99
Ca 0.25 ml/l 64.5 75.4 14.9 18.0 0.98 1.00
ME 0.50 g/l 68.7 87.1 15.5 18.3 0.99 1.00
AA15mil 0 73.1 94.4 16.5 17.1 0.99 1.00
Ca 0.25 ml/l 74.2 95.3 13.5 18.3 1.00 1.14
ME 0.50 g/ 79.4 104.2 13.0 19.0 1.00 1.15
AA20mi/l 0 89.2 110 17.6 18.1 1.12 1.15
Ca 0.25 ml/l 93.2 101.9 145 19.3 1.01 1.17
ME 0.50 g/l 99.1 112.3 16.1 19.5 1.23 1.29
SWE 1.0ml/ll 0 63.8 77.3 14.0 20.6 0.96 0.96
Ca 0.25 ml/l 65.5 73.4 13.8 19.0 0.98 1.00
ME 0.50 g/l 68.8 79.9 15.0 15.9 0.99 1.01
SWE15ml/ll 0 75.9 86.2 145 14.2 0.98 0.99
Ca 0.25 ml/l 76.4 85.1 14.5 16.1 1.05 1.12
ME 0.50 g/I 80.2 88.7 145 17.5 1.15 1.17
SWE2.0ml/l 0 78.7 945 15.0 17.8 1.10 1.10
Ca 0.25 ml/l 82.2 90.4 14.3 18.5 1.09 1.13
ME 0.50 g/l 89.1 97.7 15.1 20.5 131 1.28
LSD at 0.05 7.444 8.123 3.486 2.797 0.173 0.157

AA: Amino acids; SWE: Seaweed extract; ME: Microelements; Ca: Calcium= Ca

Chlorophyll a (mg/g f.w.)
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First season Second season
Fig. 1. Effect of amino acids, seaweed extract, microelements and calcium on
chlorophyll a (mg/g f.w.) of Hymenocallis speciosa L. in two seasons of 2022 and
2023.
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Fig. 2. Effect of amino acids, seaweed extract, microelements and calcium on
chlorophyll b (mg/g f.w.) of Hymenocallis speciosa L. in two seasons of 2022 and

2023.
and second seasons proved also the
superiority in increasing chlorophyll b
content.

c. Carotenoids (mg/g f.w.):

Data shown in Fig. (3) displayed that
treating plants with amino acids 2.0 ml/I,
amino acids 1.0 ml/l + microelements 0.5 g/l,
amino acids 2.0 ml/l + microelements 0.5 g/l,
seaweed extract 1.5cm/l and seaweed extract
at 2.0 ml/I + microelements 0.5 g/l recorded
the highest values of carotenoids content in
the first season. On the other side, the
superiority was to treating plants with amino
acids 2.0 ml/l, amino acids 2.0 ml/l +
microelements 0.5 g/l, seaweed extract 1.5
ml/l, seaweed extract 1.5 cm/l and seaweed
extract 2.0 ml/l + microelements 0.5g/1 in the
second one.

Total carbohydrates (%0):

Data presented in Fig. (4) demonstrated a
decrease in total carbohydrate percentage in
both seasons when amino acids and seaweed
extract were treated with calcium at a
concentration of 0.25 ml/l. Meanwhile,
negligible differences were noticed as total
carbohydrates % in bulbs resulted from using
amino acids seaweed extract treatments in
both seasons.

Nitrogen (%0):

Data registered in Fig. (5) revealed that
nitrogen % in bulbs was progressively

increased by raising the concentrations of
amino acids and seaweed extract, giving the
utmost highest values by receiving plants
amino acids at 2.0 ml/l + microelements at
0.25 g/l, then seaweed extract at 2.0 ml/l +
microelements at 0.25 g/l in both seasons.

Phosphorus (%0):

Data illustrated in Fig. (6) showed that
phosphorus % in bulbs was progressively
increased as a result of increasing the
concentrations of amino acids and seaweed
extract in the two seasons. Moreover, all
treatments caused increments in the
phosphorus % compared with the control
plant. The treatment of amino acid 2.0 ml/l+
microelements (0.25 g/l) gave a superior rank
in both seasons.

Potassium (%0):

Data outlined in Fig. (7) indicated that
amino acids followed by seaweed extract
caused an increment in potassium %, in bulbs
compared with the control in both seasons.
Meanwhile, negligible differences were
noticed in potassium % content resulting from
all treatments used, except amino acid 2.0
ml/l + microelements 0.25 g/l, which was
superior in both seasons.

DISCUSSION

Growth and development of plants are
influenced by amino acids because they are
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Carotenoids (mg/g f.w.)
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Con| AALOMI | AA LS mi | AA20mil |SWE 1.0 mil|SWE 1.5 mi| SWE 2.0 mi| Con| AALOmIN | AALSmift | AA20mil [SWE 1.0 mi| SWE 1.5 min| SWE 2.0 min

First season Second season
Fig. 3. Effect of amino acids, seaweed extract, microelements and calcium on carotenoids
(mg/g f.w.) of Hymenocallis speciosa L. in two seasons of 2022 and 2023.
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Fig. 4. Effect of amino acids, seaweed extract, microelements and calcium on total
carbohydrates % of Hymenocallis speciosa L. in two seasons of 2022 and 2023.
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Fig. 5. Effect of amino acids, seaweed extract, microelements and calcium on total
nitrogen % of Hymenocallis speciosa L. in two seasons of 2022 and 2023.
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Fig. 6. Effect of amino acids, seaweed extract, microelements and calcium on total
phosphorus % of Hymenocallis speciosa L. in two seasons of 2022 and 2023.

Con| AA LOmIT | AA LS MU | AA 2.0 mil [SWE 10 mil[SWE 1.5 mi|SWE 20 mil

First season

Potassium %
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Fig. 7. Effect of amino acids, seaweed extract, microelements and calcium on total
potassium % of Hymenocallis speciosa L. in two seasons of 2022 and 2023.

necessary for the synthesis of proteins,
phytohormones, and  other  organic
compounds like vitamins, amines, alkaloids,
and enzymes (Batista-Silva et al., 2019). The
development of amino acid foliar spray
programs is the focus of recent researches.
The nitrogenous substance that makes up the
foundation of every living cell is amino acid.
It is exogenously absorbed by leaves.
(Stiegler et al., 2013). Previous studies on
ornamental flowers such as Gladiolus
(Mustafa and Al-Saad, 2020) spraying
treatments with amino acid significantly
increased the number of leaves, plant height,
leaf area, early flowering date and diameter of
new corms. Studies on Polianthes
tuberosa (Afifipour and Khosh-Khui, 2015),
Gerbera jamesonii (Abd-Elkader et al.,
2020), Eustoma grandiflorum (Mondal et al.,
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2015) showed that foliar applications with
some amino acids increased the fresh and dry
weights of leaves and roots, total leaf area,
number of leaves, chlorophylls a, b and total,
total carbohydrates, and leaf N, P and K
contents. El-Naggar et al. (2013) recorded
that spraying plants with amino acid (2.0 ml/I)
gave the highest significant increase in flower
diameter and flower fresh weight, bulb
circumference and fresh weights of bulbs of
lilium cultivars.

Amino acids are considered important
bio-stimulants for plants because they
increase the concentration of pigments in the
leaf, carbohydrates, and minerals. Many
studies have been conducted on the effect of
amino acids on various plants. Shafie et al.
(2021) on yarrow (Achillea millefolium L.)
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found that the foliar sprays of amino acids at
3 ml/l led to increasing chlorophyll content,
carotenoids, N, P, and K in the leaves. Naggar
and Abd El-Hafez (2011) showed that foliar
spray of amino acid (tryptophan) at 200 ppm
led to the highest values of chlorophyll a, b,
and mineral contents in the leaves, as well as
carbohydrates in the new corms of gladiolus
plants. Treating lilium bulbs by foliar
spraying of amino acid and 2.0 ml/I) gave the
highest significant value of chlorophyll (a, b),
total carbohydrates and N, P and K in the
leaves (EI-Naggar et al. 2013). On gladiolus
plant, the treatment with amino acids at 150
mg /I, significantly enhanced the contents of
chlorophyll, nitrogen, phosphorus, and
potassium in the leaf, (Abed Edan et al.,
2022). Amino acids are the building blocks
of proteins and have a number of vital
functions. For example, glutamine and
ornithine, which are precursors for
nucleotides and polyamines, respectively, can
function as coenzyme components or as
precursors for biosynthesis (Alcazar et al.,
2010).

Seaweed extracts have many growth
benefits when applied to plants. Abd Al-
Karimjassim and Radhi (2019) found that the
spraying treatment with seaweed extract at 6
ml/l concentration gave increases in plant
height, leaves area, number of flowers, and
number of corms on freesia plant. Kanbe,
(2022) on Gladiolus hybrida, stated that foliar
application of seaweed extract at 1 g /l gave a
significant increase in the total number of
leaves /plant and corms and their fresh
weights. Seaweed extract promoted flowering
traits and significantly gave earliest
flowering. (Nofal et al., 2022). On Zinnia
elegans the foliar spraying of seaweed extract
at 2.0ml/l significantly influenced the quality
of flower production (Ahmed, 2024).

Numerous studies worked on various
plants revealed the vital role of foliar spraying
seaweed extract in increasing the content of
chlorophyll a and b and carotenoids in leaves
as well as N, P and K (%), as reported by EI-
Alsayed et al. (2018) on dahlia plant, Khalaf
and Saeed (2020) on the freesia, Shehata et al.

(2011) on the celeriac plant, and Shafie et al.
(2021) on yarrow (Achillea millefolium L.).
Seaweed extracts, which naturally supply
nutrients and plant growth hormones (auxins,
cytokines, and gibberellins) along with other
plant biostimulants, such as vitamins and
amino acids, may have a positive impact on
these results. These extracts could improve
plant resistances, delay plant senescence, and
regulate cell division (Crouch and Van
Standen, 1993).

A lot of workers agreed that
micronutrients improve the growth and yield
of plants. Foliar treatment of micronutrients
mixture significantly increased plant height,
fresh weights, root length, chlorophyll,
carotenoids, N and K contents as compared to
the control on Majorana hortensis plants,
(Hanafy et al., 2018). Spraying microelement
resulted in the largest values of chlorophyll,
leaf area, number of leaves, bulb weight, bulb
diameter, and number of bulbs/plant on
Polianthes tuberosa L. (Al-Dur and Al-
Atrakchii, 2021).  Micronutrients  are
important for plant nutrition because they
affect the growth, development, and quality of
plants. Also, the use of some biostimulants
and micronutrient mixtures and their
interactions led to an increase in vegetative
growth, yield, and chemical compositions
(Ahmed et al., 2024).

RECOMMENDATION

From the above-mentioned results, it
could be concluded that foliar spraying
treatment of amino acids and seaweed extract
at 2.0 ml/l could be successfully utilized to
increase  vegetative  growth,  flower
parameters, significantly enhanced
chlorophyll, total carbohydrates, N, P, and K
of Hymenocallis speciosa L. Furthermore,
foliar spraying treatment of amino acids at 2.0
ml/l + microelements at 0.5 g/l significantly
increased the parameters of growth,
flowering, producing new bulbs, and
chemical content results, followed by
seaweed extract at 2.0 ml/l + microelements
at 0.5 g/l.

186



Scientific J. Flowers & Ornamental Plants, 11(3):175-190 (2024)

REFERENCES

Abd Al-Karimjassim, N. and Radhi, M.I.

(2019). Effect of agriculture media, bio-
fertilizer and seaweed extract on the
growth and flowering of freesia bulblets
Freesia hybrid L. Plant Archives,
19(1):1465-1475.

Abd-Elkader, H.; Massoud, H.; El-Baz, H.

and El-Erian, M. (2020). Effect of amino
acids spray on growth, flowering and
keeping quality of Gerbera jamesonii L.
as a pot plant. Journal of Plant Production
Mansoura Univ., 11(2):201-206.

Abdel-Said Z.H.R.; Bazaraa, W.M. and

Nabih, A. (2019). Effect of amino acid
(threonine), irrigation levels and their
interaction on growth, flowering, bulbs
productivity and chemical constituents of
Lilium longiflorum, Thunb. plant. Middle
East J. Agric. Res., 8(1):153-166.

Abed Edan, A.K.; Alaa Eadan, H. and

Hayder, Irees A. (2022). Effect of amino
acid on the growth and flowering of the
gladiolus  plant  ‘Priscilla’  cultivar.
International Journal of Agricultural and
Statistical Sciences., 18:1555-1560.

Afifipour, A. and Khosh-Khui. M. (2015).

Efficacy of spraying a mixture of amino
acids on the physiological and
morphological characteristics of tuberose
(Polianthes tuberosa L.). International
Journal of Horticultural Science and
Technology, 2(2):199-204.

Ahmed, F.F.; Abdelaal, S.A.H.M.; EI-Masry,

E.M.A. and Farag, W.B.M. (2014).
Response of superior grapevines to foliar
application of some micronutrients,
calcium, amino acids and salicylic acids.
World Rural Observ., 6(3):57-64.

Ahmed, G.A. (2024). Effects of mycorrhiza

inoculation and seaweed extracts on the
growth and  flowering  of Zinnia
elegans L. Earth Environ. IOP Conf.
Series: Earth and Environmental Science,
1371:1-14. https://doi.org/10.1088/1755-
1315/1371/4/042012

187

Ahmed, N.; Zhang, B.; Chachar, Z.; Li, J.;

Xiao, G.; Wang, W.; Hayat, F.; Deng, L.;
Narejo, M.; Bozdar, B. and Tu, P. (2024).
Micronutrients and their effects on
horticultural crop quality, productivity
and sustainability. Sci. Hortic., 323:1-19.
https://doi.org/10.1016/j.scienta.2023.112
512

Alcdzar, R.; Altabella, T.; Marco, F.;

Bortolotti, C.; Reymond, M.; Koncz, C.;
Carrasco, P. and Tiburcio, A.F. (2010).
Polyamines: molecules with regulatory
functions in plant abiotic stress tolerance.
Planta, 231:1237-1249.

Al-Dur, E.T.H. and Al-atrakchii, A.O. (2021).

Effect of bulb diameter and concentrations
of gibberellic acid and microelements on
the growth and yield of bulbs and bulblets
of Polianthes tuberosa L., Ntu. Journal of
Agriculture and Veterinary Sciences,
1(1):4-13.

Areski, F.; Ricart, Emma, R.; Clémentine, C.;

Mickael, C.; Yoann, D.; Juraj, M,
Philippe, J.; Christophe, F.; Frédérique,
L.; Valérie, L. and Maude, P.
(2020). Norine: update of the
nonribosomal peptide resource. Nucleic
Acids Research, 48(1):465-469.
https://doi.org/10.1093/nar/gkz1000

Arioli, T.; Mattne, S.W.; Islam, M.T.; Tran,

T.L.C; Weisser, M.; Winberg, P. and
Cahil, D.M. (2024). Applications of
seaweed extract in agriculture: An
Australian perspective. Journal of Applied
Phycology, 36:713-726.

Atal, H.L.; Meena, M. and Kumar, K.P.

(2021). Soil and nutrient management in
flower crops. In: Lodhi, S.K. and Kumar,
V. (eds.), Advances in Horticulture,
Akinik Publication, India, pp. 71-93.
https://doi.org/10.22271/ed.book.928

Bailey, L.H. (1963). The Standard

Cyclopedia of Horticulture 2. The
Macmillan Company, New York, USA,
1200 p.

Bagir, H.A.; Zeboon, N.H. and Al-behadili,

A.A.J. (2019). The role and importance of


https://www.researchgate.net/scientific-contributions/H-Abd-Elkader-2172610425?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/Hekmat-Massoud-2160505933?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/T-El-Baz-2289345187?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/M-El-Erian-2172609369?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.1088/1755-1315/1371/4/042012
https://doi.org/10.1088/1755-1315/1371/4/042012
https://doi.org/10.1088/1755-1315/1371/4/042012
about:blank
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7145658
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7145658
https://link.springer.com/article/10.1007/s10811-023-03120-x#auth-Scott_W_-Mattner-Aff3-Aff4
https://link.springer.com/article/10.1007/s10811-023-03120-x#auth-Scott_W_-Mattner-Aff3-Aff4
https://link.springer.com/article/10.1007/s10811-023-03120-x#auth-Md_Tohidul-Islam-Aff1
http://dx.doi.org/10.22271/ed.book.928

M.A. Barsoom et al.

amino acids within plants: A Review.
Plant Archives, 19(2):1402-1410.

Batista-Silva, W.; Heinemann, B.; Nils,
R.N.;  Nunes-Nesi, A.; Wagner, L.
Araljo, L.W. and Peter, B.H. (2019). The
role of amino acids metabolism during
abiotic stress release. Plant Cell Environ,
42:1630-1644.

Beavers, L. (1991). Nitrogen Metabolism in
Plant Handbook (Translated). Ministry of
Higher  Education and  Scientific
Research, Univ. Baghdad, 477 p.

Crouch, 1.J. and Van Staden, J. (1993).
Evidence for the presence of plant growth
regulators in commercial seaweed
products. Plant Growth Regul., 13:21-28.

Dubois, M.; Gilles, K.A.; Hamilton, J.K.;
Rebers, P.T. and Smith, F. (1956).
Colorimetric method for determination of
sugars and related substances. Analytical
Chemistry, 28(3):350-356.

El-Alsayed, G.S.; Ismail, S. and Eissa, D.
(2018). Impact of seaweed extract and
phosphorus application on productivity of
dahlia plants. Assiut Journal of
Agricultural Sciences, 49(1):159-188.

El-Naggar, A.A.M.; Adam, A.l. and EI-Tony,
F.H. (2013). Response of Longiflorum X
Asiatic Hybrid Lilium plants to foliar
spray with some amino acids. Alex. J.
Agric. Res., 58(3):197-208.

El-Sherbeny, T.M.; Hashim, M.E. and Hekal,
M.A. (2024). Impact of spraying with
some micronutrients on onion (Allium
cepa L.) yield and nutrients uptake with
application of 15 N. Agricultural and
Food Sciences, 57(2):49-62.

Gomez, K.A. and Gomez, A.A. (1984).
Statistical Procedures for Agriculture
Research. John Wiley & Sons, New York,
USA, 680 p.

Hanafy, M.S.; Ashour, H.A. and Sedek, F.M.
(2018). Effect of some bio-stimulants and
micronutrients on growth, yield and
essential oil production of Majorana

188

hortensis plants. International Journal of
Environment, 7(1):37-52.

Jackson, M.L. (1973). Soil Chemical
Analysis. Prentice-Hall of India Private
Ltd. M-97, New Delhi, India, 498 p.

Jing, T.; Li, J.; He, Y.; Shankar, A.; Saxena,
A.; Tiwari, A.; Maturi, K.C.; Solanki,
M.K.; Singh, V.; Eiss, M.; Ding, Z.; Xie,
J. and Awasthi, M.K. (2024). Role of
calcium nutrition in plant physiology:
Advances in research and insights into
acidic soil conditions - A comprehensive
review. Plant Physiology and
Biochemistry, 210: 1-15.
https://doi.org/10.1016/j.plaphy.2024.108
602

Kanber, H.S. (2022). Effect of foliar spraying
with seaweed extract (Acadian) and
chelated iron on the growth and yield of
corms of Gladiolus hybrida (Cartago).
British Journal of Global Ecology and
Sustainable Development, 11:200-213.

Khalaf, Y.F. and Saeed, A.A.J.M. (2020).
Response of freesia (Freesia hybridaa) to
growth medium and foliar spray with
marine algae extract (Alga Plant). Plant
Archives, 20(2):65-70.

Lichtenthaler, H.K. and Wellburn, A.R.
(1985). Determination of total carotenoids
and chlorophylls a and b of leaf in
different solvents. Biol. Soc. Trans.,
11:591-592.

Luatanab, F.S. and Olsen, S.R. (1965). Test of
an ascorbic acid method for determining
phosphorus in water and NaH.COs
extracts from soil. Soil Sci. Soc. Amer.
Proc., 29: 677-678.

Madian, A.A. and Refaai, M.M. (2011). The
synergistic effect of using B vitamins with
two amino acids tryptophan and
methionine in  Thompson seedless
grapevines. Minia J. of Agric. Res. &
Develop, 31(1):100-121.

Mondal, M.D.F.; Asaduzzamana, M.D.;
Tanakaa, H. and Asaoa, T. (2015). Effects
of amino acids on the growth and
flowering of Eustoma grandiflorum under


https://onlinelibrary.wiley.com/authored-by/Batista%E2%80%90Silva/Willian
https://onlinelibrary.wiley.com/authored-by/Heinemann/Bj%C3%B6rn
https://onlinelibrary.wiley.com/authored-by/Rugen/Nils
https://onlinelibrary.wiley.com/authored-by/Rugen/Nils
https://onlinelibrary.wiley.com/authored-by/Nunes%E2%80%90Nesi/Adriano
https://onlinelibrary.wiley.com/authored-by/Ara%C3%BAjo/Wagner+L.
https://onlinelibrary.wiley.com/authored-by/Ara%C3%BAjo/Wagner+L.
https://onlinelibrary.wiley.com/authored-by/Braun/Hans%E2%80%90Peter
https://ajnsa.journals.ekb.eg/?_action=article&au=753671&_au=Tarek+Mohamed+El-+Sherbeny
https://ajnsa.journals.ekb.eg/?_action=article&au=206528&_au=Mohamed+Elsayed+Hashim+hussein
https://ajnsa.journals.ekb.eg/?_action=article&au=782494&_au=Mohamed+Ashraf+Hekal
https://www.sciencedirect.com/journal/plant-physiology-and-biochemistry/vol/210/suppl/C

Scientific J. Flowers & Ornamental Plants, 11(3):175-190 (2024)

autotoxicity in closed hydroponic culture.
Scientia Horticulturae, 192:453-45.

Mukherjee, A. and Patel, J.S. (2020).
Seaweed extract: biostimulator of plant
defense  and  plant  productivity.
International Journal of Environmental
Science and Technology, 17:553-558.

Mustafa, K.M and Al-Saad, K.G.S. (2020).
Response of three gladiolus cultivars to
spraying with different concentrations of
amino acids, tryptophan. Plant Archives,
20(2):4727-4734.

Naggar, A.H. and Abd El-Hafez, Z.A. (2011).
Physiological response of gladiolus plants
to amino acid tryptophan and mineral
fertilization in the new reclaimed lands.
Alexandria Science Exchange Journal,
32(3):275-2817.

Nelson, D.L. and Cox, M.M. (2005). Principles
of Biochemistry (4" Ed.). W.H. Freeman
and Company, New York, USA, 1216 p.

Nofal, E.M.S; EL-Mahrouk, M.E.; EL-Sayed,
B.A. and Radwan, A.M.M. (2022). Effect
of NPK fertilizer and some natural extract
treatments on the vegetative growth and
flowering of African marigold (Tagetes
erecta L. var. dwarf chrysanthemum).
Applied Ecology and Environmental
Research, 19(4):3167-3179.

Parvin, K.; Nahar, K.; Hasanuzzaman, M.
and Bhuyan, M.H.M. (2019). Calcium-
mediated growth regulation and abiotic
stress  tolerance in  plants. In:
Hasanuzzaman, M.; Hakeem, K.; Nahar,
K. and Alharby, H. (eds.), Plant Abiotic
Stress Tolerance, Springer Nature,
Switzerland, pp. 291-331.
https://doi.org/10.1007/978-3-030-
06118-0_13

Pregl, F. (1945). Quantitative Organic
Microanalysis 4" Ed. J. and A. Churchill
Ltd., London, UK, 238 p.

Rizk. G.W. and Barsoom, M.A. (2020).
Effect of soil conditioners, seaweed
extracts and chemical fertilizers: on
growth, flowering and bulbs production of
Narcissus tazetta L. subsp. italicus Plant.

Egypt. Acad. J. Biolog. Sci. (H. Botany),
11(2):69-79.

Shafie, F.; Bayat, H.; Aminifard, M.H. and
Daghighi, S. (2021). Biostimulant effects
of seaweed extract and amino acids on
growth, antioxidants, and nutrient content
of yarrow (Achillea millefolium L.) in the
field and greenhouse conditions.
Communications in Soil Science and Plant
Analysis, 52 (9):964-975.

Shehata, S.M.; Abdel-Azem, S.; Abou El-
Yazid A. and EI-Gizawy, A.A. (2011).
Effect of foliar spraying with amino acids
and seaweed extract on growth, chemical
constituents, yield and its quality of
celeric plant. European Journal of
Scientific Research, 58 (2):257 — 265.

Snedecor, G.W. and Cochran, W.G. (1980).
Statistical Methods, 7" Ed., the lowa State
Univ. Press, Ames, lowa, U.S.A., 507 p.

Stiegler, J.C.; Richardson, M. D.; Karcher,
D.E.; Roberts, T.L. and Norman, R.J.
(2013). Foliar absorption of various
inorganic and organic nitrogen sources by
creeping bentgrass. Crop  Science,
53(3):1148-1152.
https://doi.org/10.2135/cropsci2012.08.0
511

Yusuf, R.; Syakur, A.; Tno, B. and Mas’ud,
H. (2016). Application of some types of
seaweeds on the growth and yield of
Shallot (Allium ascalonicum L.). The
Agriculture Science Journal, 3(2):81-86.

189


https://link.springer.com/article/10.1007/s13762-019-02442-z#auth-A_-Mukherjee-Aff1
https://link.springer.com/article/10.1007/s13762-019-02442-z#auth-J__S_-Patel-Aff2
https://journals.ekb.eg/issue_404_409_.html
https://journals.ekb.eg/issue_404_409_.html
https://www.researchgate.net/profile/Khursheda-Parvin?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Kamrun-Nahar-8?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/Mirza-Hasanuzzaman-2179475711?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Mhm-Bhuyan?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.1007/978-3-030-06118-0_13
https://doi.org/10.1007/978-3-030-06118-0_13
https://acsess.onlinelibrary.wiley.com/toc/14350653/2013/53/3

M.A. Barsoom et al.

p sl 5 (5 shuall yalind) aa 4y agl) GlESY) (aliiun g Ail) palaalily B8l il il
oS slasgl) il Jlai dsaliily Sl )y sad e

A Cable (s cariall e dull Gaa i ca s e e G2
e el gl 38 e bl & ga agaa eilaadl Sand 5 A3 1 UL & gagy

Ll eV Galiiue 5 del) palaall Al il sadall el 53l dulja ) Al A jall Cangs

DS pspndlls sl/aa +,0 38 S (5 jall jualiall (o Tl dilia) w5l 32 k50 sil/de Y51,05 ) <l S
isaY) Galeal il cilage Liliasll i Sall 5 0] Lali) 5 la SY) 5 g wadll saill e il da v, Y0
ﬂu\u,mu)g\ Clie ) Galiiee el LS saill aumezuuésgg,;gg;i S/da Y 3SR g SinaS
33 ) A gl ¢ il +,0 S i (5 rall paliall ae jil/de Y38 58 Aie) alea Yl clilill dldlas die Liay)
‘33)}3\ Aalie 4&\.}3/&\)}‘\2“ e sgg)g'ail\ &}A;.qﬂ C)Un]\ UJJM el &GSJ\ :.g)..aal\ Glaall ?735 @ 5 S
Lnay Apaill & 5L G55 o 3l s a3l Dk g 3l dalall Jsha ) 53all Sl G55 ,aall Jsha
rabiad 4 all Al 5 AN ol g3 S 5 (B 5V (& Sl g ISl 5 Jad ) SIS (6 sime 335 () sl LS Aluad)
Vs ¥ Jamas g pall Clsie V) aliivusy il (i) ool a5 3aaal) daad) ) shudl) 5 o gauli sall 5 (a5 i)
el (alea¥) dlales o1y il Cliia alina 3205 ) /pa +,0 Jarey 5 paall pualiall (o Jads Zilia) as

190



