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ABSTRACT

The experiment was carried out on one-year-old almond seedlings (Prunus amygdalus L.) cv.
Nonpareil budded on Nemagaurd peach rootstock during experimental seasons 2023 and 2024 at a
private orchard in Nubaria, El Behera governorate, Egypt. To examine the effects of foliar spray with
different doses of indole-3-butyric acid (IBA), benzyl amino purine (BAP), and seaweed extract (SE)
on growth and leaf nutrient status of seedlings. Under a randomized complete block design, there
were ten treatments: T1-Control (water only), T2-IBA 5 ppm, T3-IBA 10 ppm, T4-IBA 15 ppm, T5-
BAP 20 ppm, T6-BAP 40 ppm, T7-BAP 60 ppm, T8-SE 10 ml/L, T9-SE 15 ml/L, and T10-SE 20
ml/L each replicate consisted of five seedlings. The results reveal that all treatments significantly
increased the parameters of vegetative growth; seedling height, stem diameter, number of
leaves/seedlings, leaf area, fresh and dry weight of leaves, and total chlorophyll content of almond
seedlings compared to untreated seedlings (control). This enhancing effect was further enhanced at
lower doses of IBA and at higher doses of BAP and SE. This effect was positively reflected on total
leaf carbohydrates as well as both macro- and micronutrients. Therefore, it can be concluded from the
experimental results that foliar spraying with 5 ppm of indole-3-butyric acid, 60 ppm of benzyl amino
purine, and 20 ml/L of seaweed extract is an effective method for enhancing vegetative growth and
mineral content in almond seedling leaves.
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1. Introduction

Numerous processes of plant growth and development are regulated by plant hormones, a broad
class of stimulants of vegetative and reproductive growth (Hasan and Jumaa, 2013). One of the
hormones in plants, auxin controls a variety of morphogenesis and developmental processes,
including apical dominance, cell enlargements, environmental response, phototropism and
geotropism, and root primordial initiation (Woodward and Bartel, 2005; Camolesi et al., 2007; Singh
and Khan, 2009). A synthetic auxin called indole-3-butyric acid (IBA) is applied to rooted cuttings
(Blythe et al., 2003). In plants, cytokinin-induced root apical dominance is broken by IBA, the
primary hormone that promotes root development (Cline, 2000). IBA is used extensively because it
encourages root growth in many plant species and is non-toxic to the majority of plants (Hartmann et
al., 1990). According to recent research on IBA biosynthesis, plant hormones and different stressors
can control the amount of this compound in plants (Ludwig-Miiller et al, 1995 and 2000).
Additionally, all treatments for IBA were successful in increasing the quantity, length, and fresh
weight of adventitious root cuttings in comparison to control cuttings (El-Abd, 1997).

According to certain studies, it can be applied topically to the vegetative parts of ornamental crops
to root stem cuttings. This method produced results that were comparable to or less effective than

Corresponding Author: M. S. Abourayya, Department of Horticultural Crops Technology, National Research
Center, 33 Buhouth St., Dokki, Cairo 12622, Egypt
E-mail: - sami_abourayya@hotmail.com

354



Middle East J. Agric. Res., 14(2): 354-364, 2025
EISSN: 2706-7955 ISSN: 2077-4605 DOI: 10.36632/mejar/2025.14.2.20

submerging the stem cuttings' bases in IBA (Li et al, 2011). According to other research, foliar
application of IBA enhanced the growth of naval orange seedlings (Hasan et al., 2020) and Jatropha
curcas seedlings (Ahmed ef al., 2018).

One of the most important plant hormones, cytokinins can greatly enhance plant growth and may
also promote improved environmental adaptation, as evidenced by improved vegetative growth traits,
fruit crop productivity, and nutritional status (Mahmoud et al., 2015). According to Shudok (1994),
two classes of adenine and urea cytokinins with comparable physiological effects were found by the
chemical structure of the cytokinins' active constituents. It has a significant impact on cotyledon
growth and expansion, increasing the amount of photosynthetic pigments, proteins, and carbohydrates
in leaves, promoting leaf expansion, and delaying senescence and other processes like cell division,
differentiation, and organ formation in developing plants (Sakine et al., 2011; Abou Aziz et al., 2011;
Abou Rayya et al., 2015). N6-benzyladenine, also referred to as Benzyl amino purine (BAP), is a
synthetic cytokinin that controls plant development. According to Rehman et al. (2023), it is essential
for cell development, differentiation, and division. It can engage with plant cytokinin receptors and
initiate growth-promoting reactions because of its chemical structure, which is similar to that of
naturally occurring cytokinins, especially adenine. By encouraging the synthesis of proteins and
nucleic acids, the growth of shoots and root tissue, the expansion of leaves, and plant vigor, BAP
promotes cell division and proliferation. Additionally, it is employed in tissue culture methods for
micropropagation or shoot proliferation (Selim et al., 2023).

Seaweed is a known source of plant growth regulators such as cytokinins, auxins and auxin-like
compounds; organic matter and fertilizer nutrients; amino acids; and vitamins, which are important
roles in the metabolism and productivity of plants (Khan et al., 2009). Seaweed extracts are applied as
a foliar spray, increasing uptake of plant nutrients and promoting growth (Thanaa et al, 2016;
Merwad et al., 2019; Eisa et al., 2023), moreover giving resistance to frost, fungal diseases and stress
conditions (Zodape, 2001). The Nemagaurd peach seedlings growth and leaf chemical composition,
including stem diameter, stem length, leaves/seedling number, branches/seedling number,
chlorophyll, leaf fresh weight, leaf area, and leaf dry weight, were enhanced when seaweed extract
was applied as a foliar spray. It also considerably raised the leaves mineral and total carbohydrate
content (Rakha et al., 2024; Abou Rayya et al., 2024 and 2025). In this study, we have examined and
contrasted the foliar spray with extracts from seaweed and several plant hormones. Determining the
effects of varying concentrations of seaweed extract (SE), benzyl amino purine (BAP), and indole-3-
butyric acid (IBA) on the vegetative growth, element, and carbohydrate contents of almond seedling
leaves was the purpose of this study.

2. Materials and Method

The experiment was carried out on one-year-old almond seedlings (Prunus amygdalus L.) cv.
Nonpareil budded on Nemagaurd peach rootstock during two consecutive seasons in 2023 and 2024 at
a private orchard in Nubaria, El Behera governorate, Egypt. The almond seedlings were planted in
sandy soil with a drip irrigation system, spaced 3 by 4 meters apart (350 trees/fed). Table 1 displays
the physical and chemical characteristics of the experimental soil prior to treatments, averaged across
the two seasons. The same recommended cultural practices were applied to the trees, which were
selected as healthy and uniform in vigor. These practices included chemical fertilization as 150 kg of
ammonium sulfate (20.6% N), 100 kg of potassium sulfate (48-52% K,0), 50 kg of magnesium
sulfate, 20 liters of phosphorus acid, and three tons of compost (analysis is shown in Table 2). Ten
treatments were designed and treatments were arranged in randomized complete block design with
three replicates for each treatment and each replicate was represented by five seedlings. The following
procedures were used:

T1 Control (Water only). T6  BAP at 40 ppm

T2 IBA at5 ppm T7 BAP at 60 ppm
T3 IBAat 10 ppm T8 SEat10ml/L
T4 IBA at 15 ppm T9 SEat15ml/L
T5 BAP at 20 ppm T10 SE at 20 ml/L
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The "Hummer Hand" seaweed extract is composed of 80% algae and seaweed from the
Ascophylum nodosum and Laminaria. In each season, the treatments were sprayed three times: in the
middle of February, March, and April. Leaf fresh and dry weights (g), leaf numbers/seedling, stem
length and diameter (cm) at the end of September.

Table 1: Physical and chemical properties of the experimental soil

Depths Depths
Particle size (cm) Particle size (cm)
distribution ;)(—) 30-60 60-90 distribution 0-30 30-60 60-90
Sand (%) 8.88 86.8 87.8  EC (1:5) dSm™! 0.17 0.18 0.15
Silt (%) 4 4 3 pH (1:2.5) 8.15 7.9 7.91
Clay (%) 7.2 9.2 7.2 OM (%) 0.34 0.51 0.68
Texture grade Sandy CaCOs (%) 1.6 1.65 1.7
Macro-elements (%) Micro-elements (ppm) Anions (meq/L)

Depths (cm) N P K Ca Mg Na Fe Mn Cu Zn COs HCOs Cr

0-30 0.15 0.85 030 042 351 028 332 1.15 1.10 19.87 traces 24 3.5
30-60 0.20 1 034 049 394 036 462 213 159 21.54 traces 2.9 4.2
60-90 025 1.1 039 050 425 042 654 472 202 2842 traces 3.7 4.8

Table 2: Physical and chemical properties of compost.

Moisture content (%) pH EC (dS/m) Organic matter (%) Organic carbon (%) C/N ratio

25-30 7.5 1.5 57 50 18:01
Macro element (%) Micro element (ppm)
N P K Fe Zn Mn
1.4 2.82 3 26 378.8 30

A Minolta chlorophyll meter SPAD-502 was used to measure the total leaf chlorophyll content
(SPAD unit) in the field. In accordance with Dubois et al. (1956), the total carbohydrate content of the
leaves (%) was calculated. To determine the elements, leaf samples were selected from each
treatment, cleaned, and dried at 70°C until they reached a consistent weight. The content of N, P, K,
and Mg (%) in leaves was calculated using the methods of Pregl (1945); Chapman and Pratt (1961);
and Brown and Lilleland (1946), respectively. Leaf microelements content; Fe, Mn, Cu and Zn (ppm),
was determined according to Jackson (1973).

2.1. Statistical analysis

The obtained data in both seasons were analyzed by ANOVA according to Snedecor and Cochran
(1982). Means were separated by Duncan’s (1955) multiple range test using a significance level of
P<0.05.

3. Results
3.1. Vegetative growth

The effects of foliar application of seaweed extract (SE), benzyl amino purine (BAP), and
indole-3-butyric acid (IBA) on vegetative growth measurements of Nonpareil almond seedlings are
displayed in Tables 3 and 4. The findings showed that, in both experimental 2023 and 2024 seasons,
the various treatments under investigation had an impact on every facet of vegetative development.

3.2. Stem length (cm)

In the 2023 and 2024 seasons, respectively, 5 ppm IBA records the highest value (209 and
224.3 cm). In terms of BAP treatment, the maximum values in both seasons (218.3 and 258 cm) are
recorded at 60 ppm. In the first and second seasons, respectively, the highest values (246.3 and 296.3
cm) were obtained with the spraying of SE at a rate of 20 ml/L.
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3.3. Stem diameter (cm)

In comparison to the control (spray with water alone), Table 3 showed that all treatments
enhanced the stem diameter of Nonpareil cv. In the case of IBA treatment, 5 ppm produced the
maximum value (2.43 and 2.68 cm) during the 2023 and 2024 seasons, respectively. In terms of BAP
treatment, the maximum values (2.7 and 3 cm) were obtained at 60 ppm in both seasons. In the first
and second seasons, the highest values (3.4 and 3.9 cm) were obtained with the application of SE at
20 ml/L.

3.4. Number of leaves/ seedling

The data obtained in Table 3 demonstrated that, in both the 2023 and 2024 scasons, seaweed
extract at a concentration of 20 ml/L produced the most significant number of leaves per seedling
when compared to other treatments (65 and 70 leaves/seedling, respectively). The maximum number
of leaves for a seedling under IBA treatment was 5 ppm in the first and second seasons, respectively
(36.67 and 27 leaves/seedling). In terms of BAP treatment, the maximum values were obtained in
both seasons at 60 ppm (56.67 and 46.67 leaves/seedling, respectively).

3.5. Leaf area (cm?)

In comparison to other treatments (2.57 and 2.24 cm?) in both the 2023 and 2024 seasons,
seaweed extract at 20 ml/L produced the biggest significant leaf area per seedling, according to the
results in Table 3. In the first and second seasons, respectively, 5 ppm IBA produced the greatest
value (2.15 and 1.95 cm?). In terms of BAP treatment, the highest values (2.31 and 2.14 cm?) were
obtained at 60 ppm in both seasons.

Table 3: Effect of foliar spray with IBA, BAP and SE on stem length, stem diameter, number of
leaves/ seedling and leaf area of Nonpareil almond seedlings during 2023 and 2024 seasons.

Stem length Stem diameter No. of leaves/ Leaf area
(cm) (cm) seedlin (cm?)
Parameters " 2nd lst 2nd lst g2nd lst 2nd
Treatments 1*Season Season Season Season Season Season Season Season
Control 148.0F 1580H 193G 2.03F  20.00I 20.33F  1.88E 1.75E
(Water only)

IBA at 5 ppm 209.0D 224.3F 2.43EF 2.68E 36.67F  27.00FG  2.15C 1.95C
IBA at 10 ppm 191.0E 206.0G 2.40F 2.60E 30.00G  26.67FG  2.04D 1.86D
IBA at 15 ppm 190.0E 206.0G 1.95G 2.06F 23.33H  23.67G 1.99E 1.83D

BAP 20 ppm 211.0D 246.7E 2.60DE 2.90A 43.33E 33.33E 221C 1.96C
BAP 40 ppm 216.7C 253.3D  2.60DE 2.95D 47.00D 35.00E 2.30B 2.08B
BAP 60 ppm 218.3C 258.0D 2.770CD 3.00CD  56.67C  46.67D 2.31B 2.14B

SE at 10 mI/L 239.3B 279.3C 2.83C 3.18C 60.00B 50.00C 2.31B 2.22A
SE at 15 ml/L 242.3AB 287.3B 3.03B 3.48B 60.00B 63.33B 2.32B 2.23A
SE at 20 mI/L 246.3A 296.3A 3.40A 3.90A 65.00A  70.00A 2.57A 2.24A

Mean values in the same column followed by the same letter are not significantly different at p < 0.05

3.6. Leaf fresh weight (LFW)

In the 2023 and 2024 seasons, 5 ppm produced the greatest value (19 and 20.5 g, respectively) for
IBA treatment. The highest value (24 and 27.36 g) for BAP treatment was obtained at 60 ppm in both
seasons. In the first and second seasons, the greatest increase in leaf fresh weight (28 and 31.5 g,
respectively) was achieved by applying seaweed extract at a rate of 20 ml/L (Table 4).

3.7. Leaf dry weight (LDW)

In the 2023 and 2024 seasons, the maximum leaf dry weight values were obtained with 5 ppm
IBA treatment (8.55 and 11.5g, respectively). In terms of BAP treatment, the greatest increase in leaf
dry weight (9.14 and 13.3 g) was observed in the first and second seasons at 60 ppm. The maximum
leaf dry weight values (11.32 and 16.24g) in the first and second seasons, respectively, were obtained
with the application of seaweed extract at a rate of 20 ml/L (Table 4).
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3.8. Total chlorophyll content

Table 4 shows that, in both the 2023 and 2024 seasons, the application of seaweed extract at a rate
of 20 milliliters per liter produced the highest value (37.97 and 36.5 SPAD units) when compared to
other treatments. Regarding IBA treatment, the results indicated that in the first and second seasons,
the leaf with the lowest concentration had the maximum total chlorophyll content (23.53 and 24.3
SPAD units, respectively). Similarly, the maximum increase in leaf total chlorophyll content (28.73
and 27.2 SPAD units, respectively) in the first and second seasons after BAP treatment was achieved
at 60 ppm.

3.9. Total carbohydrates

According to Table 4 results, foliar application of IBA, BAP, and SE at varying doses raised the
amount of carbohydrates in almond seedling leaves when compared to the control treatment. In the
2023 and 2024 seasons, respectively, 5 ppm produced the greatest value (3.23 and 5.69%) for IBA
treatment. In terms of benzyl amino purine (BAP) treatment, the highest values (4.14 and 7.64%)
were obtained at 60 ppm in both seasons. The greatest increase in leaf total carbohydrates (4.4 and
9.2% in the first and second seasons, respectively) was obtained with the application of seaweed
extract at a rate of 20 ml/L.

Table 4: Effect of foliar spray with IBA, BAP and SE on leaf fresh weight, leaf dry weight, leaf total
chlorophyll and total carbohydrates content of Nonpareil almond seedlings during 2023 and
2024 seasons

Parameters Leaf Fresh Leaf Dry Weight Total chlorophyll Total
Weight @ (SPAD unit) carbohydrates

® (%)

1t 20d 1 2nd 1 20d 1% 2nd

Treatments Season Season Season Season Season Season Season Season
(C‘;’,‘;:Z‘;lonly) 1701 18.00H  7.45F 847G  19.60H 220F 264G  3.14]
IBA at 5 ppm 21.0G 21.59E 8.55E 11.50E 23.53F 24.30G 3.23E 5.69D
IBA at 10 ppm 19.0H 20.50F 8.51E 10.52F 22.50G  23.90G 3.21E 4.33B
IBA at 15 ppm 17.51 19.03G  8.30DE 10.28F 21.93B 22.13H 2.76F 3.801
BAP 20 ppm 22.0F 24.25D 8.92D 11.64E 26.43E  25.27EF  3.60D 6.10F
BAP 40 ppm 23.0E 24.74D 9.12D 12.35D  27.23D 26.40E 3.98C 6.98E
BAP 60 ppm 24.0D 27.36C 9.14D 13.30C 28.73C 27.20D 4.14B 7.64D
SE at 10 ml/LL 26.0C 27.50C 10.20C 14.20B 33.57B 33.23C 4.18B 8.12C
SE at 15 ml/L 27.0B 30.00B 10.85B 14.47B 37.30A 34.23C 4.25B 8.75B
SE at 20 ml/L 28.0A 31.50A 11.32A 16.24A  37.97A 36.50A 4.40A 9.20A

Mean values in the same column followed by the same letter are not significantly different at p < 0.05

3.10. Nutrition status

The impact of foliar spraying with IBA, BAP, and SE on the nutritional status of seedlings of the
almond variety Nonpareil in the 2023 and 2024 seasons is displayed in Tables 5 and 6. The results
obtained clearly show that, in comparison to the control treatment, the nutrition status was enhanced
by all concentrations utilized in these applications.

3.11. Leaf macro-elements
3.11.1. Leaf nitrogen content (%)

In the 2023 and 2024 seasons, respectively, the greatest values of leaf nitrogen content (1.27 and
1.3%) were obtained with IBA treatment at 5 ppm. During the two research seasons, however, the
values for the other concentrations 10 and 15 ppm were identical. In terms of BAP treatment, the
greatest values (1.33 and 1.37%) were obtained at 60 ppm in both seasons. The maximum increase in
leaf nitrogen content (1.45 and 1.5% in the first and second seasons, respectively) was obtained with
the application of seaweed extract at a rate (20 ml/L).
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3.11.2. Leaf phosphorus content (%)

In terms of IBA treatment, the maximum leaf phosphorus content values (0.13 and 0.43%) were
obtained at 5 ppm in both seasons. Regarding BAP treatment, the first season showed no change
between the three concentrations, but the second season saw the largest increase in leaf P content
(0.52%) at the high concentration of 60 ppm. In the first and second seasons, respectively, 20 ml/L of
seaweed extract treatment resulted in the largest increase in leaf phosphorus content (0.23 and 0.68%).

3.11.3. Leaf potassium content (%)

In terms of IBA treatment, the highest values of leaf potassium content (1.12 and 1.16 %) were
obtained in the first and second seasons, respectively, from the foliar application of Nonpareil almond
seedlings at low concentrations. In terms of BAP treatment, the administration of a high dose of 60
ppm in the first and second seasons, respectively, produced the greatest values of leaf potassium
content (1.33 and 1.37%). In the first and second seasons, respectively, the maximum values of leaf
potassium content were obtained with 20 ml/L of seaweed extract treatment (1.40 and 1.43%).

3.11.4. Leaf magnesium content (%)

Concerning IBA treatment, the results in Table 4 found that the low-dose scores the highest
value of leaf magnesium content (0.33 and 0.37%) in the first and second seasons, respectively. With
reference to BAP treatment, the highest values of leaf magnesium concentration (0.39 and 0.43%)
were obtained by application with a high dose (60 ppm) in the first and second seasons, respectively.
Similarly, in the first and second seasons, the greatest values for leaf magnesium concentration (0.45
and 0.47%, respectively) were obtained from treatment with a high dose of seaweed extract (20 ml/L).

Table 5: Effect of foliar spray with IBA, BAP and SE on leaf macro-elements of Nonpareil almond
seedlings during 2023 and 2024 seasons

Parameters Nitrogen (%) Phosphorus (%) Potassium (%) Magnesium (%)
lst 2nd lst 2nd lst 2nd lst 2nd

Treatments season season season season season season season season
Control 113H  1LISH  008F  0.I1H 063G 065G 027H  031H
(Water only)
IBA at 5 ppm 1.27G 1.30F 0.13D 0.43F 1.12D 1.16D 0.33E 0.37EF
IBA at 10 ppm 1.20G 1.22G  0.12DE 0.42F 0.98E 1.01E 0.31F 0.36F
IBA at 15 ppm 1.20G 1.22G 0.11E 0.40G 0.84F 0.87F 0.29G 0.33G
BAP 20 ppm 1.30E 1.32E 0.19C 0.44EF 1.19D 1.23D 0.35D 0.38E
BAP 40 ppm 1.31E 1.34E 0.19C 0.45E 1.19D 1.23D 0.37C 0.41D
BAP 60 ppm 1.33D 1.37D 0.19C 0.52D 1.33C 1.37C 0.39B 0.43C
SE at 10 ml/L 1.35C 1.39C 0.20BC 0.54C 1.33C 1.37C 0.40B 0.45B
SE at 15 ml/L 1.40B 1.45B 0.21B 0.64B 1.37B 1.42B 0.42A 0.47A
SE at 20 ml/L 1.45A 1.50A 0.23A 0.68A 1.40A 1.43A 0.45A 0.47A

Mean values in the same column followed by the same letter are not significantly different at p < 0.05

3.12. Leaf micro-elements
3.12.1. Leaf copper content (ppm)

In the first and second seasons, 5 ppm IBA produced the highest value (12.8 and 13 ppm).
According to the data, the greatest value (14.7 and 15.05 ppm) for BAP treatment was reached at 60
ppm in the first and second seasons, respectively. The biggest increase in leaf copper content (17.1
and 17.6 ppm) was seen in the first and second seasons, respectively, when seaweed extract was
applied at a rate of 20 ml/L (Table 6).

3.12.2. Leaf iron content (ppm)

The greatest value for IBA treatment for the 2023 and 2024 seasons, respectively, is 5 ppm (142.1
and 137.2 ppm). In terms of BAP treatment, the biggest increase in leaf iron content (151.3 and 149
ppm) was seen in the first and second seasons at 60 ppm. Regarding the seaweed extract treatment, in
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the first and second seasons, 20 ml/L had the highest leaf iron content values (180 and 151.6 ppm,
respectively) (Table 6).

3.12.3. Leaf zinc content (ppm)

In the 2023 and 2024 seasons, respectively, 5 ppm produced the highest value (10.9 and 11.1
ppm) for IBA treatment (Table 6). In terms of BAP treatment, the greatest increase in leaf zinc
concentration occurred at 60 ppm in the first and second seasons (11.7 and 12.05 ppm, respectively).
In the first and second seasons, respectively, 20 ml/L of seaweed extract produced the highest value
(18 and 18.5 ppm).

3.12.4. Leaf manganese content (ppm)

About the treatment of IBA in the first and second seasons, 5 ppm displayed the highest values
(49.8 and 50 ppm, respectively). In the first and second seasons, respectively, the high dose of BAP
treatment had the highest leaf manganese content values (55.5 and 55.85 ppm). During the 2023 and
2024 seasons, respectively, the maximum value of leaf manganese concentration (65.1 and 65.6 ppm)
was obtained with 20 ml/L of seaweed extract treatment.

Table 6: Effect of foliar spray with IBA, BAP and SE on leaf micro-elements of Nonpareil almond
seedlings during 2023 and 2024 seasons

Parameters Copper (ppm) Iron (ppm) Zinc (ppm) Manganese (ppm)
lst znd lst znd lst 2nd lst znd

Treatments Season Season Season Season Season Season Season Season
Control 8.9J 8.951 129.61  128.81 7.91 7.951 4191 41.95]
(Water only)
IBA at 5 ppm 12.8G 13.00F 142.1 137.2F 10.9F 11.10F 49.8G 50.00G
IBA at 10 ppm 11.4H 11.55G 138.0G 131.0G 9.7G 9.50G 47.8 47.95H
IBA at 15 ppm 9.81 9.90H 135.9H 129.9H 8.0H 8.90H 4431 44.401
BAP 20 ppm 13.7F 14.00E 149.7E 138.3E 11.0E 11.25F 52.1F 52.35F
BAP 40 ppm 14.0E 14.25E 151.2D 140.1D 11.2E 11.50E 53.3E 53.60E

BAP 60 ppm 14.7D 15.05D 151.3D 149.0C 11.7D 12.05D 55.5D 55.85D
SE at 10 ml/L 15.6C 16.00C 156.7C 150.1B 12.0C 12.40C 58.8C 59.20C
SE at 15 ml/L 16.6B 17.05B 162.7B 151.2A 16.8B 17.25B 60.0B 60.45B
SE at 20 mI/L 17.1A 17.60A 180.0A 151.6A 18.0A 18.50A 65.1A 65.60A

Mean values in the same column followed by the same letter are not significantly different at p < 0.05

4. Discussion

The findings about the impact of foliar spraying benzyl amino purine (BAP) and indole-3-butyric
acid (IBA) on Nonpareil almond seedlings are consistent with those of Mok (1994) and Al-Taey et
al., (2018), who reported their findings regarding key plant hormones. It also significantly improved
plant growth and leaf enlargements. Additionally, the findings of this study are in line with other
research that demonstrated that foliar application of IBA increased the growth and yield of cotton
plants (Felixloh and Nina, 2000), significantly increased vegetative growth, yield and its components,
and the chemical components of maize grains (Amin et al., 2006), as well as the growth of pine
seedlings (Xu et al., 2012; Abd El Gayed, 2013). Additionally, foliar application of IBA significantly
increased the height of the seedlings, stem height and diameter, number of leaves/seedlings, leaf area,
fresh and dry leaf weight, chlorophyll pigment content, and minerals in Jatropha seedlings, especially
when applied at low doses (Ahmed et al., 2018).

When IBA and BAP were sprayed on the leaves of almond seedlings, the amount of
carbohydrates and macro- and micronutrients in the leaves increased. These outcomes were consistent
with those of Hasan ef al., (2020), who found that the primary function of foliar spraying plant growth
promoters (IBA and CPPU) may be because of their impact on cell division and elongation, which in
turn encouraged the leaves to absorb more nutrients. Additionally, it is proposed that the elevated
chlorophyll concentration in leaves might be explained by the action of cytokinins, which are crucial
for chlorophyll synthesis (Mahmoud et al, 2015; Rehman et al, 2023; Selim et al, 2023).
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Additionally, as the amount of chlorophyll in leaves increased, so did the rates of photosynthesis and
respiration, which control different aspects of plant growth. Al-Abedy and Al-Abbasi (2020), Kareem
et al. (2022), Rakha et al. (2024), and Abou Rayya et al. (2024 and 2025) found that foliar application
of seaweed extract was incrementally beneficial for all the plant growth parameters that were
investigated, including plant height, lateral shoot number, leaf number, stem diameter, leaf area, and
total leaf chlorophyll content. These findings are consistent with the stimulative effect of seaweed
extract (SE) on the growth and nutrient concentrations of almond seedlings. In comparison to the
control, it also raised the percentage of dry weight, dry matter, and carbs in the leaves.

The benefits of using seaweed extract to promote the production of organic materials, particularly
carbohydrates, may be responsible for the improvement in all aspects of vegetative development.
According to Jensen (2004), this is because the seaweed extract has a high concentration of organic
matter, microelements, vitamins, fatty acids, and growth regulators such auxins, cytokinins, and
gibberellins. The findings of Thanaa er al. (2016), and Mosa et al. (2023) showing seaweed extract
includes critical minerals and amino acids, resulting in higher absorption and favorable seedling
growth, are consistent with this discovery. Because seaweed extract contains vital macro- and
microelements, plant hormones, and vitamins, it increases the dry matter percentage in leaves. As a
result, the leaf area, photosynthesis products, and dry weight all rise. Furthermore, the proteins,
oligosaccharides, enzymes, and various secondary metabolites found in seaweeds assist plants fend
off illness by regulating their physiological, biochemical, and molecular functions (Agarwal et al.,
2021; Elhan and Ahmad, 2022). According to studies, applying seaweed extract has been associated
with improved cytological attributes, physiological traits, and plant molecular analyses, all of which
point to a comprehensively beneficial effect on plant production and health (Hamouda et al., 2022).

5. Conclusion

Under Nubaria conditions, it could be concluded that using 5 ppm indole-3-butyric acid (IBA), 60
ppm benzyl amino purine (IBA) and 20 ml/L seaweed extract (SE) three times at mid-February, mid-
March and mid-April as a foliar application for improving the growth and nutritional status of
Nonpareil almond seedlings.

6. Acknowledgements

The authors acknowledge the National Research Centre (NRC) in Egypt for its financial support
and outstanding cooperation with the project "Technology of establishing ideal almond orchard under
Sandy Soil Conditions of Nubaria."

7. Funding

This research was made possible by funding from the National Research Centre through the
project title: "Technology of establishing ideal almond orchard under Sandy Soil Conditions of
Nubaria" Project ID: 13050131, during 2022/2025.

References

Abd El- Gayed, S.S., 2013. Response of cotton plant to the indole-3-butyric acid application under
fertilization rates. Ann. Agric. Sci. Moshtohor J. 51(4):523-554.

Abou Aziz, A.B., E.S. Hegazi, T.A. Yehia, Nabila E. Kassim, and Thanaa Sh.M. Mahmoud, 2011.
Growth, flowering and fruiting of Manzanillo olive trees as affected by benzyla denine. J. Hort.
Sci. & Ornamen. Plants, 3 (3): 244-251.

Abou Rayya, M.S., N.E. Kassim, T.S.M. Mahmoud, R.A. Eisa, H.E. Emam and A.M. Rakha, 2024.
Response of Nemguard Peach Seedlings to Foliar Application with Amino Acids and Algae
Extract. Middle East Journal of Agriculture Research, 13(3):616-627.

DOI: 10.36632/mejar/2024.13.3.33

Abou Rayya M.S., N.E. Kassim, T.S.M. Mahmoud, R.A. Eisa, [.A. Matter, O.M. Darwesh and A.M.
Rakha, 2025. Effect of Foliar Spraying with Spirulina platensis Extract and the Phyco-synthesized
Scenedesmus obliquus-Zn/Fe Nanoparticles on Growth, Leaf Mineral Content and Soil Microbial
Activity of Nemaguard Peach Seedlings. Egypt. J. Chem. 68(5): 559 - 615
DOI: 10.21608/ejchem.2024.311951.10188

361



Middle East J. Agric. Res., 14(2): 354-364, 2025
EISSN: 2706-7955 ISSN: 2077-4605 DOI: 10.36632/mejar/2025.14.2.20

Abou Rayya M.S., Sh.M. Thanaa and E.K. Nabila, 2015. Photosynthetic pigments and fruit quality of
Manzanillo olive as affected by 6-benzyladenine and studying the chemical constituents in leaves
using Fourier transform infrared spectroscopy technique. International Journal of ChemTech
Research, 8(6): 514-522.

Agarwal, P.K., M. Dangariya, and P. Agarwal, 2021. Seaweed extracts: Potential biodegradable,
environmentally friendly resources for regulating plant defence. Algal Research. 58: 102363,
https://doi.org/10.1016/j.algal.2021.102363.

Ahmed, D.M.M., A.R.M. Yousef, E.A.M. Ali and S.M.A. Sarrwy, 2018. Effect of Humic Acid and
Indole Butyric Acid on Vegetative Growth and Nutritional Status of Jatropha curcas Seedlings.
Middle East Journal of Applied Sciences, 8 (1): 126-134.

Al-Abedy B.A.K. and G.B.A. Al-Abbasi, 2020. Effect of Foliar Application with Nano Iq-combi and
Seaweed Extract on Some Growth Parameter of citrus rootstock C-35. Plant Archives, 20 (1): 196
200.

AL-Taey, D.K.A., S.SM. AL-Azawi, M.J.H. AL-Shareefi, and A.R. AL-Tawaha, 2018. Effect of
saline water, NPK and organic fertilizers on soil properties and growth, antioxidant enzymes in
leaves and yield of lettuce (Lactuca sativa var. Parris Island). Res. Crops, 19(3):441-449.
doi: 10.31830/2348-7542.2018.0001.14

Amin, A.A., M.EI - Sh. Rashad, and F.A.E. Gharib, 2006. Physiological response of maize plants
(Zea mays L.) to foliar application of morphactin CF and indole-3-butyric acid. J. of Biol. Sci.,
6(3): 547-554.

Blythe, E.K., J.L. Sibley, K.M. Tilt, and J.M. Ruter. 2003. Foliar application of auxin for rooting stem
cuttings of selected ornamental crops. J. Environ. Hort. 21(3):131-136. September.

Brown J.D., and D. Lilleland, 1946. Rapid determination of potassium and sodium in plant material
and soil extract by flame photometer. Proc. Amer. Soc. Hort. Sci., 48: 331-346.

Camolesi, M.R., L.K. Unemoto, P.J. Sachs, S.R. Roberto, A.J. Sato, A.P. Faria, E.B. Rodrigues, and
J.V. Da Silva. 2007. Semi-hardwood cuttings rooting of peach tree “Okinawa” under effect of
lesion and indole butyric acid. Cienc. Rural 37:1805-1808.
doi: 10.1590/S0103 84782007000600048.

Chapman H.D., and P.E. Pratt, 1961. Methods of analysis for soil, plant and water. Univ. of Calif.,
Davis, Division of Agric. Sci., 1 -309.

Cline, M.G., 2000. Execution of the auxin replacement apical dominance experiment in temperate
woody species. American Journal of Botany, 87(2): 182-190.

Dubois, M., K.A. Gilles, J. K. Hamilton, P.A. Rebers and F. Smith, 1956. Colorimetric method for
determination of sugars and related substances. Analyt. Chem., 28:250-356.

Duncan, D.B. (1955). Multiple ranges and multiple F. Testes Biometrics, 11: 1-42

Eisa, R.A., M.A. Merwad, E.A.M. Mostafa, M.M.S. Saleh and N.E. Ashour, 2023. The Impact of
Spraying Selenium, Glutamic Acid and Seaweed Extract on Growth, Productivity, Physical and
Chemical Fruit Properties of Banana. Egypt. J. Chem., 66(1):121 — 128.

DOI: 10.21608/EJCHEM.2022.123837.5529

El-Abd, M.T.G., 1997. Vegetative propagation of cucumber hybrid ‘Cattia’. Egypt Journal of
Horticulture, 24(1): 59-66.

Elhan, K., and 1.Z. Ahmad, 2022. Seaweed Biotechnology: An Answer to Environmental Issues and
Human Health Problems. Seaweed Biotechnology, 1th Ed. Imprint Apple Academic Press, 23.
Felixloh, J.G., and B. Nina, 2000. Use of the Minolta SPAD—502 to determine chlorophyll
concentration in ficus benjamina L. and populous deltoid Marsh Leaf tissue. Hort. Sci., 35

(3):423. doi: 10.21273/HORTSCI.35.3.423D.

Hamouda, M., K.M. Saad-Allah, and D. Gad, 2022. Potential of Seaweed Extract on Growth,
Physiological, Cytological and Biochemical Parameters of Wheat (Triticum aestivum L.)
Seedlings. Journal of Soil Science and Plant Nutrition, 22(2):1818-1831.
doi: 10.1007/s42729-022-00774-3.

Hartmann, H.T., D.E. Kester and F.T. Davies, 1990. Plant Propagation: Principles and Practices.
Englewood Cliffs, NJ: Prentice-Hall, 246-247.

Hasan A.M., T.J.M. Ali and D.K.A. Al Taey. 2020. Effects of Winter Foliar Fertilizing and Plant
Growth Promoters on Element and Carbohydrate Contents on the Shoot of Navel Orange Sapling,
International Journal of Fruit Science, 20:4, 682-691, DOI: 10.1080/15538362.2019.1668331

362



Middle East J. Agric. Res., 14(2): 354-364, 2025
EISSN: 2706-7955 ISSN: 2077-4605 DOI: 10.36632/mejar/2025.14.2.20

Hasan, A.M., and F.F. Jumaa. 2013. Effect of pruning and some growth promoters on vegetative
growth of mandarin transplants, Cv. Clementine. Euphrates J. Agric. Sci. 5 (4):244-255.

Jackson, M.L., 1973. Soil chemical analysis. Prentice- Hall Inc. N.J.

Jensen, E.M., 2004. Seaweed fact or fancy. From: The Organic Broadcaster. Published by Moses the
Midwest Organic and Sustainable Education. From the Broadcaster, 12(3): 164-170.

Kareem Kh.A, Z.0.0. Alojany, and A.S.A. Al-Janabi, 2022. Marine algae extracts, and nano fertilizer
with zinc and copper effects on growth, and macro- and micronutrients composition of apple
trees. SABRAO J. Breed. Genet. 54(2): 389-396. http://doi.org/10.54910/sabrao2022.54.2.14

Khan, W., U.P. Rayirath, S. Subramanian, M.N. Jithesh, P. Rayorath, D. Mark Hodges, A.T.
Critchley, J.S. Craigie, J. Norrie, and B. Prithiviraj, 2009. Seaweed extracts as biostimulants of
plant growth and development. J. Plant Growth Regul., 28:386-399.

Li, Y.F., Y.M. Zhang, D.Y. Liu, M.C. Zhao, and Y.L. Xu, 2011. The seedling growth of Pinus
yunnanensis in response to the seeds soaked by exogenous phytohormone. J. Yunnan Univ.
3:350-359.

Ludwig-Miiller, J., B. Schubert, and K. Pieper, 1995. Regulation of IBA synthetase by drought stress
and abscisic acid. J. Exp. Bot. 46: 423-432.

Ludwig-Miiller, J., B. Schubert, W. Rademacher and W. Hilgenberg, 2000. Indole-3-butyric acid
biosynthesis in maize is enhanced by cyclohexanedione herbicides. Plant Growth Regulation 32:
219-230,

Mahmoud, T.S.M., N.E. Kassim and M.S. Abou Rayya, 2015. Effect of Foliar Application with Dry
Yeast Extract and Benzyladenine on Growth and Yield of Manzanillo Olive Trees. Journal
Research Journal of Pharmaceutical, Biological and Chemical Sciences, 6 (2):1573-1583.

Merwad, M.A., E.A.M. Mostafa, N.E. Ashour, and M.M.S. Saleh, 2019. Effect of boron, zinc and
seaweed sprays on yield and fruit quality of Barhee date palms. Plant Archives, 19(2) 393- 397.

Mok, M.C. 1994. Cytokinins and plant development: An overview, 155-166. In: D.W. S. Mok and
M.C. Mok (eds.). Cytokinins: Chemistry, activity, and function. CRC Press, Boca Raton, FL.

Mosa W.F.A., L. Sas-Paszt, S. Gluszek, K. Gornik, M.A. Anjum, A.A. Saleh, H.S. Abada, and R.M.
Awad, 2023. Effect of Some Biostimulants on the Vegetative Growth, Yield, Fruit Quality
Attributes and Nutritional Status of Apple. Horticulturae, 9, 32.
https://doi.org/10.3390/ horticulturae9010032

Pregl, F., 1945. Quantitative Organic Micro Anal. 4thEd. J.A. Churchill Ltd. London, 33.

Rakha A.M., M.S. Abou Rayya, N.E. Kaseem, T.S.M. Mahmoud and R.A. Eisa, 2024. Effect of foliar
spraying of seaweed extract and with iron and zinc chelated on the growth and nutritional status
of Nemaguard peach rootstock seedlings. Middle East Journal of Applied Sciences, 14(3): 421-
440. DOI: 10.36632/mejas/2024.14.3.32

Rehman, M.U., M. Chaudhary and S. Kumar, 2023. Effect of BAP (6-Benzylaminopurine) and NAA
(a-Napthalene acetic acid) treatment on micropropagation of Adansonia digitata L. Plant Cell
Biotech. Mol. Biol., 24: 42-51.

Sakine F., R. Naderi, O.V. Ibadli, 2011. Effects of post harvesting on biochemical changes in
Gladiolus cut flowers cultivars (White prosperity). Middle-East J. Sci. Res., 9 (5): 572-577.

Selim, S., A. Zrig, M. Albgmi, M.M. Al-Sanea, T.S. Alnusaire, M.S. Almuhayawi, S.K. Al Jaouni, S.
Hussein, M. Warrad and H. AbdElgawad. 2023. BAP (6-Benzylaminopurine) Seed-Priming
Enhanced Growth, Antioxidant Accumulation and Anthocyanin Metabolism in Olive Sprouts.
Horticulturae, 9: 1055.

Shudok K., 1994. Chemistry of Phyenylurea Cytokinins. In Cytokinins: Chemistry, activity and
function.

Singh, A., and M.A. Khan. 2009. Comparative effect of [AA, IBA and NAA on rooting of hardwood
stems cuttings of Celtis Australia Linn. Range Manage. Agrofor. 30:78-80.

Snedecor, G.W. and W.G. Cochran, 1982. Statistical Methods 6™ Ed. The Iowa State Univ. Press,
Amess. Iowa, U.S.A. 365-372.

Thanaa, Sh.M., F.K.M. Shaaban, M.M. Morsey, and Y.I. EI-Nagger, 2016. Study on the Effect of Pre
harvest Treatments by Seaweed Extract and Amino Acids on Anna Apple Growth, Leaf Mineral
Content, Yield, Fruit Quality at Harvest and Storability. International Journal of Chem. Tech.
Research, 9(5):161-171.

363



Middle East J. Agric. Res., 14(2): 354-364, 2025
EISSN: 2706-7955 ISSN: 2077-4605 DOI: 10.36632/mejar/2025.14.2.20

Woodward, A.W., and B. Bartel, 2005. Auxin: Regulation, action, and interaction. Ann. Bot. (Lond.)
95:707-735. doi: 10.1093/ao0b/mci083.

Xu, Y., Y. Zhang, Y. Li, L. Genqian, L. Daiyi, Z. Minchong, and C. Nianhui, 2012. Growth
promotion of Yunnan pine early seedlings in response to foliar application of IAA and IBA Int. J.
Mol. Sci. 13:6507-6520. doi: 10.3390/ijms13056507

Zodape, S.T, 2001. Seaweeds as a biofertilizer. J. Sci. Ind. Res., 60: 378-382.

364





