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Abstract

A field experiment was carried out at research station, Horticulture and Landscape design
Department, College of Agriculture, University of Diyala During the 2025-2026 growing season,
a study was conducted on the effect of foliar spraying with alpha tocopherol, nano calcium and
nano boron fertilizers on the growth and yield of two chili pepper hybrids. The split-plot system
was used within the completely randomized block design, where the foliar spray treatments were
placed in the main blocks and the hybrids in the subblocks to facilitate foliar spraying operations
the following combinations were applied: (Control treatment), (alpha tocopherol at a
concentration of 100 mg L™), (Nano calcium 500 mg L™), (Nano boron 250 mg L),
combination (alpha tocopherol 100 + Nano calcium 500 mg L™), combination (alpha tocopherol
100 + Nano boron 250 mg L™), and combination (alpha tocopherol 100 + Nano calcium 500 +
Nano boron 250 mg L™).

The results showed that the treatment with the triple combination significantly and significantly
improved the biochemical and vegetative growth characteristics, and gave the highest values in
chlorophyll content (29.67 mg/100 g* fresh weight), plant height (127.4 cm), stem diameter
(3.600 cm), number of main branches (4.567 branches per plant), and total number of leaves per
plant (2401 leaves per plant) were all significant. Among hybrids, the hybrid (BARBARIAN F1)
significantly outperformed in most traits no significant superiority was observed in the two
characteristics of the number of branches and the total number of leaves of the plant.

Keywords: Pepper, Hybrids, foliar Spray, Alpha tocopherol, Nano Calcium, Nano Boron.

Introduction:

Chili peppers (Capsicum annuum L.) are its fruits contain proteins, carbohydrates,
among the most widely cultivated crops fiber, and fats Thanks to these properties,
worldwide and belong to the nightshade chili peppers are widely used in the
family (Solanaceae) its fruits contain many preparation of many dishes in various
biologically active compounds, including countries around the world [1]. pepper fruits
capsaicinoids and carotenoids, in addition, are also consumed in cooking, pain relief,
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weight loss, improving blood circulation,
and as an antioxidant. Its fruits are
characterized by containing vitamins,
including vitamins C and E, as well as

Foliar feeding is one of the agricultural
practices followed and effective to increase
crop productivity and improve its quality by
supplying the plant with the necessary
nutrients. It is considered a complement to
soil fertilization when applied correctly due
to its high efficiency in improving the
quantity and quality of agricultural
production [3] .

In light of recent climate changes, the use
of antioxidants has become prominent,
including alpha-tocopherol, a member of the
vitamin E family, which is a lipophilic
antioxidant that is synthesized in plants,
algae, and cyanobacteria. It plays a pivotal
role in  many antioxidant functions,
including reducing reactive oxygen species,
preventing lipid peroxidation, and protecting
fatty acids, thus improving the nutritional
value of plants [4] .The study conducted by
[5] showed that foliar spraying of tocopherol
at a concentration of 100 mg/L on tomato
plants led to an improvement in vegetative
growth characteristics, including plant
height, number of branches, and number of
leaves.

Nano fertilizers are hybrid
nanostructures and a promising alternative to
overcome the negative effects of traditional
chemical fertilizers. Plants can absorb these
fertilizers through the foliage or roots,
depending on the methods of application and
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capsaicinoids, which constitute about 90%
of these components and are responsible for
the  distinctive spicy taste [2]

the properties of their molecules, it
contributes to raising the efficiency of
plants’ tolerance to biotic and abiotic
stresses, which leads to reducing production
costs and mitigating the environmental
impact. The multiple benefits of nano-
fertilizers open new horizons towards
sustainable agriculture and mitigating the
effects of climate change [6] .

Calcium is an essential nutrient for plants
and has many physiological functions within
plants, including plant growth and
development, cell division, regulation of
osmotic potential and ethylene, and it also
contributes to reducing pectin breakdown in
the necks of flowers, fruits, and leaves, this
prevents the shedding of flowers and fruits.
Calcium is also used to treat many
physiological damages to fruits, including
enhancing fruit firmness and reducing
spoilage, because it is involved in the
formation of the middle lamella of the cell
wall, which gives the cell wall strength and
rigidity [7] . The study conducted by [8]
showed that foliar spraying of calcium on
tomato plants at a concentration of 500 mg/L
was superior in most vegetative growth
characteristics, including plant height and
number of leaves, 79.42 cm and 85.43
leaves per plant, respectively.

Boron is an essential nutrient that plays

an important role in the biochemical,
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morphological, and physiological processes
of plants. The plant absorbs it in the form of
boric acid or borate. Both boron deficiency
and excess in the soil cause problems for the
plant, as its deficiency leads to reduced leaf
growth, root elongation, inhibition of flower
development, and excessive boron increase

showed that foliar spraying of boron on chili
pepper plants at a concentration of 100 mg
L™t led to an increase in chlorophyll
content, stem diameter, plant height, number
of branches, and number of leaves, reaching
(48.23 mg g™ %), (21.02 mm), (70.02 cm),
(4.50 plant branches™ 1), and (156.81 plant
leaves™ 1), respectively.

This study aims to determine the effect of
foliar spraying with tocopherol, calcium,
boron nanoparticles and their combinations
on some of the biochemical and vegetative
growth characteristics of the chili pepper
plant.

2. Materials and methods
2.1. Experiment site

The experiment was conducted in
the open field of the Department of
Horticulture and Landscape
Engineering, College of Agriculture,
University of Diyala, during the
2025-2026 agricultural season, with
the aim of studying the effect of
foliar spraying with alpha tocopherol
and nano-fertilizer of calcium and
boron on the growth and yield of two
chili pepper hybrids.
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reduce photosynthetic capacity. Optimal
boron supply strongly promotes root growth,
increases plant pigment content, and, as it is
involved in pollen tube formation, plays a
major role in improving fruit set and seed
production [9]. The results of the study
conducted by [10]

2.2. Experiment design

The experiment was carried out with
(RCBD) and a split plot system with three
replicates. Leaf spray treatments were in
main plots and hybrids were in subplots. The
experiment  was conducted using
experimental units of 4 m? with a drip
irrigation system employing GR-type pipes
arranged as two lines per bed, with 0.6 m
between lines and 0.4 m between plants;
plants were grown on two lines with 5 plants
per line, resulting in 10 plants per unit, and
the study included three replicates with 14
treatments each, giving a total of 42
treatments

2.3. Factors of the experiment

Factor I: Foliar spray treatments(A):
which included the comparison
treatment Al: Control (No
fertilization).

A2: alpha tocopherol at 100 mg L™.
A3: nano calcium at 500 mg L™
A4: nano boron at 250 mg L™
A5: the combination of alpha
tocopherol 100 mg L™ + nano
calcium at 500 mg L. A6:
the combination of alpha tocopherol
100 mg L™+ nano boron at of 250
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mg L™ AT: the combination of
alpha tocopherol at 100 mg L+
nano calcium at 500 mg L™+ nano
boron at 250 mg L. The plants were
sprayed with four sprays: one before
flowering and three after flowering,
with a period of 14-15 days between
each spray.

Factor I1: It represents two chili
pepper hybrids, namely: HAR F1
and BARBARIAN F1.

D represents the device reading at the
specified wavelength, then the unit was
converted to (mg 100g ) mg 100g * = mg
L™ x final volume of extract (L) x 100 /
weight of sample (g).

-Plant height (cm)

The plant height was measured using a
measuring tape from the soil surface level to
the highest growing tip of the plant at the
end of the growing season and the average
was calculated.

- Stem diameter (cm)

The diameter of the main stem was
measured at the end of the experiment using
a (Vernier) at the last plow from the point
where the stem connects to the soil.

- Number of main branches (branches
plant™)

The number of main branches of the control
plants was calculated at the end of the
experiment from each experimental unit, and
then the average was calculated.
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Studied Parameters:

- Chlorophyll content (mg100g ~ * fresh

weight)

It was estimated according to the method
described by [11] using a spectrophotometer
at wavelengths of 663 and 645 nm according
to the following equation:

Total chlorophyll=20.2 x D(645) +8.02 x
D(663) (VIw x1000) X 100

- Total number of leaves per plant (leaf
\plant™)

The number of leaves for three plants at the
end of the experiment was calculated for
each experimental unit and the average was
calculated.

4.2. Statistical Analysis

The results were analyzed using the SAS
program and the means were compared
according to Duncan’s multiple range test at
a probability level of 0.05 [12].

3. Results and discussion:

Chlorophyll content in leaves (mg 100g™
fresh weight)

The results in Table (1) showed a significant
superiority of the effect of spraying
treatment with the triple combination (alpha-
tocopherol, calcium and boron
nanoparticles) in the chlorophyll content of
the leaves, as the highest content reached
29.67 mg/100g™ fresh weight, compared to

the control treatment (without spraying)
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which gave the lowest value of 21.95
mg/100g™ fresh weight and did not differ
significantly from the rest of the spraying
treatments.

As for the results of the effect of the hybrids,
the results indicate that there is a significant
effect between them, as the HAR F1 hybrid
gave the highest concentration of
chlorophyll in the leaves, reaching 29.60
mg/100g™ fresh weight, compared to the
BARBARIAN F1 hybrid, which gave 25.71
mg/100g™ fresh weight.
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The results in the same table showed
significant interaction effects between the
foliar spray treatment (nano calcium 500 mg
L) and the HAR F1 hybrid in this trait,
which reached 32.10 mg 100 g* fresh
weight, compared to the interaction
treatment between the control (no spray) and
the BARBARIAN F1 hybrid, which reached
22.25 mg 100 g fresh weight. It did not
differ significantly with the treatment with
the triple combination (alpha-tocopherol,
calcium, and nano-boron), which reached
32.88 mg 100 g* fresh weight.
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Table (1) Effect of foliar spraying with alpha-tocopherol and nano-fertilizer of calcium and
boron and the interaction between them on the total concentration of chlorophyll in leaves
(mg100 g* fresh weight) of two chili pepper hybrids.

Hybrids HARF1 | BARBARIAN Average impact
F1 of spray
ctions treatments
21.66 22.25 21.95
Comparison (without spraying) D d B
30.18 25.04 27.61
Alpha-tocopherol 100 mg/L™ ab cd A
32.10 26.97 29.53
Nano Calcium 500 mg L™ A bc A
30.46 24.63 27.55
Nano-boron 250 mg L™ B cd A
Alpha-tocopherol 100 mg L™ +|29.88 28.26 29.07
Nano Calcium 500 mg L™ Ab bc A
Alpha-tocopherol 100 mg L™ +|30.01 26.37 28.19
Nano-boron 250 mg L™ ab bc A
Alpha-tocopherol 100 mg L™ * + | 32.88 26.45 29.67
Calcium nanoparticles500 mg L™ 1 | a bc A
+ Boron nanoparticles 250 mg L™ *
29.60 25.71
Average impact of hybrids A B

Similar letters within the same column indicate no significant difference between the means

at a significance level of 0.05.
Plant height (cm)

The results in Table (2) showed that there
was a significant superiority of the effect of
the triple combination treatment (alpha
tocopherol, calcium and boron
nanoparticles), as it gave the highest plant
height of 127.4 cm plant™ compared to the
control treatment (without spraying), which
gave the lowest plant height of 77.33 c¢cm
plant™. This treatment also outperformed the
rest of the other treatments, but it did not

differ significantly from the combination of
alpha tocopherol + boron nanoparticles.

The results of the same table showed
significant differences between the hybrids
in the plant height trait, as the
BARBARIAN F1 hybrid gave the highest
height of 108.7 cm plant™ compared to the
HAR F1 hybrid, which recorded the lowest
height of 101.9 cm plant™.
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As for the interaction, it had a significant
effect, as the foliar spray treatment with the
triple  combination  (alpha-tocopherol,
calcium, and boron nanoparticles) and the
BARBARIAN F1 hybrid was superior, as it

gave the highest plant height of 128.3 cm
plant® compared to the interaction between
the control treatment (without spraying) and
the HAR F1 hybrid, which showed the
lowest plant height of 74.20 cm plant™.

Table (2) Effect of foliar spraying with alpha-tocopherol and nano-fertilizer of calcium and
boron and the interaction between them on the plant height characteristic of two chili

pepper hybrids (cm).
Hybrids HAR F1 BARBARIAN F1 | Average impact of
spray treatments
T ions
74.20 80.47 77.33
Comparison (without spraying) f e D
96.00 98.93 97.47
Alpha-tocopherol 100 mg/L™ d cd C
100.1 100.2 100.2
Nano Calcium 500 mg L™ cd cd C
97.63 124.6 111.1
Nano-boron 250 mg L™ cd ab B
Alpha-tocopherol 100 mg L' +|97.13 102.5 99.83
Nano Calcium 500 mg L™ cd c C
Alpha-tocopherol 100 mg L™ + 1215 125.8 123.6
Nano-boron 250 mg L™ b ab A
Alpha-tocopherol 100 mg L™ * + | 126.5 128.3 127.4
Calcium nanoparticles 500 mg L™t | ab a A
+ Boron nanoparticles 250 mg L™ *
101.9 108.7
Average impact of hybrids B A

*Similar letters within the same column indicate no significant difference between the

means at a significance level of 0.05.
Stem diameter (cm)

The results of Table (3) indicated a
significant superiority of the treatment with
the triple combination (alpha-tocopherol,

calcium, and boron nanoparticles), as it gave
the highest stem diameter of 3.600 cm
compared to the control treatment (without
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spraying), which showed the lowest stem
diameter of 2.318 cm. It also outperformed
the other treatments, but it did not differ
significantly from the binary combination
(alpha-tocopherol and calcium
nanoparticles).

The same table shows significant effects
between the hybrids, as the BARBARIAN
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F1 hybrid showed the highest stem diameter
of 3.242 cm compared to the HAR F1
hybrid, which recorded the lowest diameter
of 3.107 cm.

As for the interaction, it had a significant
effect, as the foliar spray treatment with the
triple  combination (alpha-tocopherol,
calcium, and nano-boron) with the
BARBARIAN F1 hybrid was superior and
gave the highest diameter of 3.620 cm. It did
not differ significantly with the dual
combination (alpha-tocopherol and nano-
boron) and the combination (alpha-
tocopherol and nano-calcium) compared to
the interaction between the control treatment
(without spraying) and the HAR F1 hybrid,
which gave the lowest stem diameter of
2.273 cm.
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Table (3) Effect of foliar spraying with alpha-tocopherol and nano-fertilizer of calcium and
boron and the interaction between them on the stem diameter characteristic of two chili

pepper hybrids (cm).

*Similar letters within the same column indicate no significant difference between the

HAR F1 BARBARIAN | Average impact of

Hybrids F1 spray treatments
actions

2.273 2.363 2.318
Comparison (without spraying) e e D

3.243 3.320 3.282
Alpha-tocopherol 100 mg/L™ cab cab B

3.033 3.100 3.067
Nano Calcium 500 mg L™ cd cd C

3.180 3.153 3.167
Nano-boron 250 mg L™ cd cd BC
Alpha-tocopherol 100 mg L™ + Nano | 3.520 3.573 3.547
Calcium 500 mg L™ ab a A
Alpha-tocopherol 100 mg L™ +|2.920 3.563 3.242
Nano-boron 250 mg L™ d a BC
Alpha-tocopherol 100 mg L™ ' +|3.580 3.620 3.600
Calcium nanoparticles 500 mg L™ 1+ | a a A
Boron nanoparticles 250 mg L™ ¢

3.107 3.242
Average impact of hybrids B A

means at a significance level of 0.05.
Number of main branches (branch\ plant™)

The results in Table (4) showed that the

spraying treatments were significantly
superior to the control treatment, while the
spraying treatments did not differ

significantly between them. The spraying
treatment with the triple combination (alpha-
tocopherol, calcium and boron
nanoparticles) gave the highest average of
4567 plant branches ™ compared to the
control treatment (without spraying), which
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gave the lowest average of 3.317 plant
branches ™.

The results of the same table also showed
that there were no significant differences
between the hybrids in the trait of the
number of branches, as the BARBARIAN
F1 hybrid gave the highest number of
branches, reaching 4,329 plant™ branches,
while the HAR F1 hybrid reached 4,200

plant™ branches.
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Regarding the interaction, the foliar spray
treatment with the triple combination (alpha-
tocopherol, calcium, and boron
nanoparticles) with the BARBARIAN F1
hybrid showed the highest number of
branches, reaching 4,633 plant™ branches It

did not differ significantly with the other
treatments compared to the interaction
between the control treatment (without
spraying) and the HAR F1 hybrid, which
gave the lowest number of branches,
reaching 3,167 plant™ branches.

Table (4) Effect of foliar spraying with alpha-tocopherol and nano-fertilizer of calcium
and boron and the interaction between them on the number of branches trait of two chili

pepper hybrids.

HAR F1 BARBARIAN | Average impact
Hybrids F1 of spray
T Ions treatments

3.167 3.467 3.317
Comparison (without spraying) b b B

4.300 4.433 4.367
Alpha-tocopherol 100 mg/L™ a a A

4.467 4.367 4.417
Nano Calcium 500 mg L™ a a A

4.200 4.367 4.283
Nano-boron 250 mg L™ a a A
Alpha-tocopherol 100 mg L™ + | 4.333 4.500 4.417
Nano Calcium 500 mg L™ a a A
Alpha-tocopherol 100 mg L™ + | 4.433 4533 4.483
Nano-boron 250 mg L™ a a A
Alpha-tocopherol 100 mg L™ * + | 4.500 4.633 4.567
Calcium nanoparticles 500 mg | a a A
L™ ! + Boron nanoparticles 250
mglL™?

4.200 4.329
Average impact of hybrids A A *Simil

ar letters within the same column indicate no significant difference between the means at a

significance level of 0.05.

Total number of leaves per plant (leaf\ plant™%)

The results in Table (5) proved that there
was a significant superiority of the effect of
the triple combination treatment (alpha

tocopherol, calcium and boron
nanoparticles), as it gave the highest total
number of leaves, reaching 2041 plant
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leaves *, compared to the control treatment

(without spraying), which gave the lowest
total number of leaves, reaching 970.5 plant
leaves * It also outperformed the rest of the
other treatments, but it did not differ
significantly from the binary combination
(alpha tocopherol and boron nanoparticles)
and the (boron nanoparticles) treatment.

We did not observe any significant
differences between the hybrids, and the
highest value was for the BARBARIAN F1
hybrid, which reached 1875 plant leaves ™,
compared to the HAR F1 hybrid, which had

a total of 1843 plant leaves ™.

The results of the interaction had a
significant effect, as the foliar spray
treatment (250 mg/L nano-boron) with the
BARBARIAN F1 hybrid was superior, as it
gave the highest total number of leaves,
reaching 2490 leaves per plant™, and it did
not differ significantly with the dual
combination (alpha-tocopherol and nano-
boron) compared to the interaction between
the control treatment (without spraying) and
the HAR F1 hybrid, which showed the
lowest total number of leaves, reaching
923.7 leaves per plant 1

Table (5) Effect of foliar spraying with alpha-tocopherol and nano-fertilizer of calcium and
boron and the interaction between them on the number of leaves trait of two chili pepper

HAR F1 BARBARIAN | Average hybrids.
F1 impact of
Hybrids spray
actions treatments
923. | 1017 970.5

Comparison (without spraying) g g E

1311 1417 1364
Alpha-tocopherol 100 mg/L™ f ef D

1501 1520 1511
Nano Calcium 500 mg L™ e e C

2097 2490 2293
Nano-boron 250 mg L™ c a A
Alpha-tocopherol 100 mg L* +[2384 1811 2097
Nano Calcium 500 mg L™ ab d B
Alpha-tocopherol 100 mg L™ +|2287 2472 2380
Nano-boron 250 mg L™ b a A
Alpha-tocopherol 100 mg L™ * + | 2401 2400 2401
Calcium nanoparticles 500 mg L™ * | ab ab A
+ Boron nanoparticles 250 mg L™ *

1843 1875
Average impact of hybrids A A
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*Similar letters within the same column indicate no significant difference between the means at a

significance level of 0.05.

Table (1) shows significant differences in
foliar spray treatments, with the triple
combination treatment (alpha-tocopherol,
calcium, and boron nanoparticles) yielding
the highest concentration of chlorophyll in
the leaves this superiority is attributed to the
role of alpha-tocopherol, which is a
powerful  antioxidant  that  protects
chloroplast membranes and maintains the
efficiency of the photosynthetic system, thus
promoting chlorophyll accumulation [13],
Calcium plays a role in stabilizing the cell
wall and middle lamella membranes, and
also contributes to increasing the activity of
some enzymes associated with
photosynthesis [14], in addition, boron plays
an important role in improving metabolic
processes and sugar transport, which causes
a significant increase in the chlorophyll
content of the leaves and improves the
physiological state of the plant [15].

The results in Tables (2, 3, 4, and 5) also
showed a significant advantage for foliar
spray treatments, where the treatment with
the triple combination (alpha-tocopherol,
calcium, and boron nanoparticles) was
superior in terms of plant height, stem
diameter, number of main branches, and
total number of leaves This superiority is
due to the complementary role of foliar
spray treatments (alpha-tocopherol, calcium,
and boron nanoparticles), as alpha-
tocopherol contributed to raising the
efficiency of photosynthesis and protecting
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walls, improved the transport of
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in vegetative growth characteristics.

As for the effects of hybridization, the
BARBARIAN F1 hybrid outperformed the
HAR F1 hybrid in most of the studied traits.
This is due to the genetic and physiological
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in their absorption and metabolic efficiency
and their ability to regulate environmental
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has broader genetic capabilities to withstand
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positively in physiological and agricultural
traits.

ISSN 2072-3857




Euphrates Journal of Agricultural Science-18 (2):2118-2131, (june.2026)

Suhail & Mohamad

[1] Alonso-Villegas, R., Gonzélez-Amaro,
R. M., Figueroa-Hernandez, C. Y., and
Rodriguez-Buenfil, 1. M. (2023). The
genus capsicum: a review of bioactive
properties of its polyphenolic and
capsaicinoid

composition. Molecules, 28(10), 4239.

[2] Nazeer, S, Afzal, T. T. R., Sana,
Saeed, M., Sharif, S., and Zia-Ul-Haqg, M.
(2023). Chili  Pepper. In Essentials of
Medicinal and Aromatic Crops (pp. 855-

885). Cham:  Springer International
Publishing.
[3] Murtaza, D. F., ROSCULETE, E.,

ROSCULETE, C. A., and PAUNESCU,
G. (2022). Foliar fertilization-an integral

part of complex and integrated
fertilizations—A review. " Annals of the
University of Craiova-Agriculture

Montanology Cadastre Series", 52(2), 100-
107.

[4] Meena, V. K., Chand, S., Shekhawat,
H. V. S., Choudhary, K., Sharma, J. K.,
Sheera, A., and Yadava, D. K. (2025).
Advances in plant tocopherol biosynthesis:
from pathway elucidation to crop
biofortification strategies. Discover
Plants, 2(1), 9.

[5] Hamid, J. A. D. D., and Alwan, O. K.
(2025, December). Effect of Foliar Spray
with Tocopherol and Salicylic Acid on
Vegetative Growth and Leaf Content of
Macroelements (NPK) in Three (Solanum
Lycopersicum L.) Hybrids under Protected
Cultivation Conditions. In IOP Conference
Series: Earth and Environmental
Science (Vol. 1549, No. 1, p. 012108). IOP
Publishing.

[6] Babu, S., Singh, R., Yadav, D.
Rathore, S. S., Raj, R., Avasthe, R., and
Singh, V. K. (2022). Nanofertilizers for

2130

agricultural and environmental
sustainability. Chemosphere, 292, 133451.

[7] Taain, D. A., A. M. Abd and N. A. Z.
Jaber. 2017. Effect of pre and post-harvest
treatment with plant extracts and calcium
chloride on storage ability of tomat
(Solanum  lycopersicum L).Fruits grown in
plastic greenhouse. Advances in Agriculture
and Botanics - International Journal of the
Bioflux Society. 9(3):161-172.

[8] Al-Mousawi, H. N., and Al-Amiry, N.
J. (2020). The role of salicylic acid and
calcium on growth and production of
tomato. International Journal of
Agricultural & Statistical Sciences, 16.

[9] Day, S., and Aasim, M. (2020). Role of
boron in growth and development of plant:
Deficiency and toxicity perspective. In Plant
micronutrients:  deficiency and toxicity
management (pp. 435-453). Cham: Springer
International Publishing.

[10] Al-Nussirawi, A. G. S., Altamimi, W.
H., and Naji, J. N. (2024). Effect of Foliar
Spraying with Boron and Ascorbic Acid on
Growth and Yield Traits of Chili Pepper
Grown in Plastic House. Diyala Agricultural
Sciences Journal, 16(2), 141-150.

[11] Goodwin, T. W.1976. Chemstry and
Biochemistry  of plant  pigment.and
Academic. Press. Landon, Newyork. San
Francisco: 373. Growth and stress tolerance.
Proceedings 612, York, UK:

[12] Al-Rawi, Khashaa Mahmoud and
Abdul Aziz Muhammad Khalaf Allah.
2000. Design and Analysis of Agricultural
Experiments. Ministry of Higher Education
and Scientific Research. University of
Mosul. Irag. (in Arabic).

ISSN 2072-3857




Euphrates Journal of Agricultural Science-18 (2):2118-2131, (june.2026)

Suhail & Mohamad

[13] Amin, F., Al-Hugail, A. A., Ullah, S.,
Khan, M. N., Kaplan, A., Ali, B., Igbal, M.,
Elsaid, F. G., Ercisli, S., Malik, T., Al-
Robai, S. A and Abeed, A. H. A. (2024).
Mitigation effect of alpha-tocopherol and
thermo-priming in Brassica napus L. under
induced mercuric chloride stress. BMC Plant
Biology, 24(1), 108.

[14] Sadak, M. S., Hanafy, R. S., Elkady,
F. M., Mogazy, A. M., and Abdelhamid,
M. T. (2023). Exogenous calcium reinforces
photosynthetic  pigment  content  and
osmolyte, enzymatic, and non-enzymatic
antioxidants abundance and alleviates salt
stress in bread wheat. Plants, 12(7), 1532.

[15] Seeda, M. A. A., Hellal, F. A., EI-
Sayed, S. A. A, and El-Nour, E. A. A

(2017). Boron's importance in plant
development and growth: a review.
[16] Semida, W. M., Taha, R. S,

Abdelhamid, M. T., and Rady, M. M.
(2014). Foliar-applied a-tocopherol
enhances salt-tolerance in Vicia faba L.
plants grown under saline conditions. South
African Journal of Botany, 95, 24-31.

2131

[17] El-Salhy, A. F. M., Masoud, A. A,
Gouda, F. E. Z., Saeid, W. T., and Abd
El-Magid, E. A. (2022). Effect of foliar
spraying of calcium and boron nano-
fertilizers on growth and fruiting of certain

pomegranate cultivars. Assiut Journal of
Agricultural Sciences, 53(5), 123-138.
[18] Al-Shammari, Munim  Fadhel

Muslih. 2018. The role of foliar application
of boron and sugar alcohols (sorbitol and
mannitol) on growth, yield, and seeds of
pepper plant. PhD Dissertation, College of
Agricultural Engineering Sciences,
University of Baghdad, Iraq .

[19] Gaafar, R. M., and Saker, M. M.
(2006). Monitoring of cultivars identity and
genetic stability in strawberry varieties
grown in Egypt. World Journal of
Agricultural Sciences, 2(1): 29-36

ISSN 2072-3857




