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Abstract

The experiment was conducted in a protected facility lathhouse affiliated with the Department of
Horticulture and Landscape Engineering, University of Anbar, from April to December 2024. This
study aimed to study the effect of spraying nano-zinc (Zn) (0, 50, and 100 mg L-1) and salicylic acid
(S) (0, 50, 100, and 150 mg L-1) on the chemical growth traits and dry matter content of dwarf
Tecoma stans seedlings. The experiment was designed according to a randomized complete block
design (RCBD) with three replicates, and the results were analyzed according to a 5% LSD. The
results showed significantly excelled when dwarf Tecoma seedlings were sprayed with 100 mg L-1
nano zinc (Z2) and 100 mg L-1 salicylic acid (S2) as single agents in leaf N, P, K, and Zn content,
relative total chlorophyll content, leaf carbohydrate content, flower beta-carotene content, and dry
weight of root compared to the control treatments (Z0 and S0), which yielded the lowest significant
differences for the same traits. The interaction treatment Z2S2 also yield ecelled in leaf carbohydrate
and K content, and Z2S0 yielded superiority in leaf zinc content compared to the control treatment
Z0S0, which yield the lowest significant differences. However, no significant differences were
observed in the interaction treatments for the remaining studied traits .

Keywords: Nanofertilization, Growth Regulators, Tecoma stans, Chemical Content

Introduction
shaped, and its glossy green leaves, which

Tecoma shrubs comprise 80-85 genera and enhance its beauty, making it an attractive
810-86 plant species. Tecoma belongs to the addition to garden decorations. It is also
Bignoniaceae family. The genus Tecoma planted in groups or singly to highlight its
includes fourteen species, including Stans, aesthetic wvalue as an ornamental tree.
which is characterized by its low incidence of Furthermore, it contains many active
various diseases and insect pests. They are compounds extracted from most parts of the
also evergreen shrubs with a long flowering plant. Its richness in these substances has
period, rapid growth, and high tolerance to given it a significant advantage in its
various environmental and climatic conditions. medicinal uses [5,6,14] Tecoma shrubs can be
They have been successfully cultivated in propagated both seed-wise and vegetative
many countries, and their native habitat is the under controlled temperatures of 20-30°C and
tropical and subtropical regions of South and 85% relative humidity by semi-woody cuttings
Central America [25] Tecoma is characterized with regular watering [7]. Zinc plays an
by the beauty of its bright yellow flowers, important role in respiration, plant pigment
which are fragrant and large and trumpet- synthesis, energy production, and carbon
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metabolism, all of which enhance crop
growth, nutritional content, efficiency, and
nutrient uptake [24] Spraying it on the
vegetative system significantly increases most
vegetative, floral, and chemical traits,
according to [4] Salicylic acid plays an
important role in promoting growth and
increasing water absorption by enhancing root
growth, which increases nutrient uptake. It
also improves acid-stimulated photosynthesis
and reduces transpiration, which enhances
plant hydration and biomass[2,20].Therefore,
the research aims to identify the effect of
spraying dwarf Tecoma seedlings grown in
protected environments lathhouse with nano-
zinc and salicylic acid, and the interaction
between them, on chemical growth traits and
plant dry matter content .

Materials and Methods

The experiment was conducted in a protected
facility (lathhouse) affiliated with the
Department of Horticulture and Landscape
Engineering, College  of  Agriculture,
University of Anbar, from April to December
2024. It included foliar spraying with three
concentrations of nano zinc oxide (ZnO) (0O,
50, and 100 mg L-1) and four concentrations
of salicylic acid (S) (150, 100, 50, and 0 mg L-
1). Seedlings were sprayed in the early
morning on April 16, May 6, September 16,
and October 16, 2024. Salicylic acid was
sprayed four times, one day after the first
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spray. Nitrogen, phosphorus, and potassium
contents in dwarf Tecoma leaves were
estimated according to the method mentioned
by [8] The total chlorophyll content of leaves
was estimated according to the method of [9]
and zinc was estimated according to the
method of [12] the percentage of
carbohydrates in leaves was determined using
[13] method, the beta-carotene content of
flowers was determined according [1], and the
dry weight of shoots and roots was estimated
according to [3] method. The experiment was
designed according to a randomized complete
block design with three replicates. At the end
of the experiment, data were collected and
analyzed using the 5% LSD test [5.[

Results:

Leaf Nitrogen Content (%): Table 1 indicates
that spraying with 100 mg L-1 nano-zinc (Z2)
yielded the highest leaf nitrogen content in
treatment Z2, reaching 0.45%, while the
control treatment Z0 yielded the lowest leaf
nitrogen content, reaching 0.41%, which was
not significantly different from treatment Z1.
When spraying plants with salicylic acid, the
100 mg L-1 (S2) treatment significantly
outperformed the control treatment, yielding
the highest leaf nitrogen content, reaching
0.47%, while the control treatment SO yielded
the lowest, reaching 0.39%. The same table
indicates no significant difference between the
interaction treatments.
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Table 1: Effect of nano-zinc and salicylic acid sprays and their interaction on leaf nitrogen

content (%) of Tecoma dwarf seedlings

average S Z; Z; Zy
0.39 0.41 0.39 0.37 So
0.43 0.46 0.41 0.42 S1
0.47 0.49 0.48 0.46 Sz
0.43 0.45 0.41 0.41 S3
0.45 0.42 0.41 average Z
0.01 LSD Z
0.02 LSD S
N.S LSD Z*S
Phosphorus content in leaves (%): Treatment phosphorus reaching  0.22%,

Z2 (nano-zinc spray) yielded the highest leaf
phosphorus content, reaching 0.20%, while the
control treatment Z0 yielded the lowest leaf
phosphorus content, reaching 0.15%, which
did not differ significantly from treatment Z1,
as shown in Table 2. Salicylic acid spray
treatments demonstrated the superiority of
treatment S2, vyielding the highest leaf

Table 2: Effect of nano-zinc and salicylic acid sprays and their interaction on leaf phosphorus

content (%) of Tecoma dwarf seedlings

compared to treatment SO, which yielded the
lowest leaf phosphorus content,
0.14%, which did not significantly differ from
treatment S1, which yielded 0.16%. Regarding
the interaction between the two study factors,

the table showed no significant differences.

reaching

average S Z, Zy Zy
0.14 0.17 0.14 0.11 So
0.16 0.17 0.15 0.15 S;
0.22 0.23 0.21 0.20 S,
0.18 0.21 0.18 0.15 S3

0.20 0.17 0.15 average Z
0.02 LSD Z
0.03 LSD S
N.S LSD Z*S

Potassium content in leaves (%): The nano-
zinc Z2 treatment excelled on, providing the
highest potassium content in leaves, reaching

1031

1.14%, while the control
provided the lowest potassium content in
leaves, reaching 1.02%. When spraying plants
with salicylic acid, the S2 treatment ecelled,
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providing the highest percentage, reaching
1.14%, compared to the SO treatment, which
provided the lowest potassium content in
leaves, reaching 1.03%. This did not
significantly differ from the S1 treatment,
which provided 1.06%, as shown in Table 3.
The table also indicates that the interaction

treatment Z2S1 significantly outperformed,
providing the highest potassium content in
leaves, reaching 1.18%, which did not
significantly differ from the Z2S2 treatment,
compared to the control treatment Z0SO,
which provided the lowest potassium content
in leaves, reaching 0.93% .

Table 3: Effect of nano-zinc and salicylic acid sprays and their interaction on leaf potassium

content (%) of Tecoma dwarf seedlings.

Zinc percentage in leaves (%): The results of
Table 4 show that spraying plants with nano-
zinc gave the highest percentage of zinc in
leaves in treatment Z2, reaching 45.10%,
while the percentage decreased to its lowest
level in the control treatment ZO, reaching
28.52%. The table also shows that spraying
leaves with salicylic acid increased the
percentage of zinc in leaves, reaching 14.32%
in treatment S2, which did not significantly

1032

average S Z; Z; Zy
1.03 1.14 1.02 0.93 So
1.06 1.18 1.01 1.00 S1
1.14 1.14 1.17 1.09 S2
1.09 1.11 1.12 1.04 S3

1.14 1.08 1.02 average Z
0.04 LSD Z
0.04 LSD S
0.07 LSD Z*S

differ from treatment S3. Meanwhile,

treatment SO gave the lowest percentage of
zinc in leaves, reaching 35.72%, which did not
significantly differ from treatment S1. The
results of the table indicate significant
differences between the interaction treatments.
Treatment Z2S0 gave the highest percentage
of zinc in leaves, reaching 49.13%, while the
control treatment Z0SO gave the lowest
percentage, reaching 26.13%.
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Table 4: Effect of nano-zinc, salicylic acid, and their interaction on leaf zinc content (%) of
Tecoma dwarf seedlings.

average S Z, Z; Zy
35.72 49.13 31.88 26.13 So
35.79 45.70 34.15 27.53 S1
41.32 44,70 48.37 30.90 Sy
38.61 40.87 45.47 29.50 S3

45.10 39.97 28.52 average Z
2.54 LSD Z
2.94 LSD S
5.09 LSD Z*S

Total chlorophyll content of leaves (mg 100g-
1 fresh weight): The results of Table 5 confirm
that spraying with nano zinc led to a
significant increase in the total chlorophyll
content in leaves in treatment Z2, which was
given 122.5 mg 100g-1 fresh weight, which
did not significantly differ from treatment Z1.
However, it decreased in the control treatment
Z0, reaching 114.3 mg 100g-1 fresh weight.
When spraying plants with salicylic acid,

treatment S2 was distinguished by giving the
highest total chlorophyll content in leaves,
reaching 127.1 mg 100g-1 fresh weight.
Meanwhile, the total chlorophyll content
decreased in the control treatment SO, reaching
114.7 mg 100g-1 fresh weight, which did not
significantly differ from treatments S1 and S3.
The results of the table show no significant
differences between the interaction treatments
in this trait.

Table 5 Effect of nano-zinc, salicylic acid and their interaction on leaf total chlorophyll content
(mg/100g-1 fresh weight) of Tecoma dwarf seedlings

average S Z, Z; Zy
114.7 117.0 118.7 108.6 So
116.6 119.3 119.8 110.6 S1
127.1 130.8 130.5 120.0 S2
119.6 123.0 117.8 117.9 S3

122.5 121.7 114.3 average Z
5.18 LSD zZ
5.98 LSD S
N.S LSD Z*S

Leaf Carbohydrate Percentage (%): Spraying
nano-zinc on the vegetative system increased

the leaf carbohydrate percentage in treatment
Z2, reaching 11.52%, while the control

ISSN 2072-3857




Euphrates Journal of Agricultural Science-17 (2):1029-1039, (june.2025)

Ahmad &Abdulrazzaqg

treatment ZO0 produced the lowest leaf
carbohydrate percentage, reaching 10.13%.
Spraying with salicylic acid produced the
highest leaf carbohydrate percentage, reaching
11.53%, while treatment SO produced the
lowest, reaching 10.29%, as shown in Table 6.
The table indicates significant differences

between the interaction treatment Z2S2 and
the other treatments, as it produced the highest
leaf carbohydrate percentage, reaching
12.29%, while the control treatment Z0SO
produced the lowest carbohydrate percentage,
reaching 9.340%.

Table 6: Effect of nano-zinc and salicylic acid sprays and their interaction on leaf
carbohydrate percentage (%) of Tecoma dwarf seedlings.

average S Z; Z; Zy
10.29 11.41 10.13 9.340 So
10.74 11.35 11.09 9.800 S1
11.53 12.29 11.58 10.71 S2
10.80 11.02 10.71 10.67 S3

11.52 10.88 10.13 average Z
0.36 LSD Z
0.41 LSD S
0.71 LSD Z*S

Relative beta-carotene content in flowers (%):
Table 7 shows that nano-zinc spraying
increased the percentage of beta-carotene in
flowers, reaching its highest level in treatment
Z2, vyielding 33.74%, while the control
treatment Z0 yield the lowest level of beta-
carotene, at 22.13%. Salicylic acid spraying,
however, vyielded the highest level of beta-
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carotene in treatment S2, yielding 33.94%,
compared to the control treatment SO, which
yielded the lowest level, at 23.36%. The table
also indicates significant differences between
the interaction treatments. Treatment Z2S2
yielded the highest level of beta-carotene in
flowers, at 39.07%, while treatment Z0SO
yielded the lowest level, at 19.87% .
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Table 7: Effect of nano-zinc spraying, salicylic acid, and their interaction on the relative beta-

carotene content in flowers(%)

average S Z; Z; Zy
23.36 28.73 21.47 19.87 So
27.19 36.97 23.87 20.73 S1
33.94 39.07 38.73 24.03 Sz
30.46 30.20 37.30 23.87 S3
33.74 30.34 22.13 average Z
1.59 LSD Z
1.83 LSD S
3.18 LSD Z*S
Dry weight of the vegetative growth (g): treatment S2 produced the highest dry weight

Table 8 shows that spraying with nano-zinc at
a concentration of 100 mg L-1 (Z2) produced
the highest dry weight of the vegetative
growth , reaching 100.3 g, which did not differ
significantly from treatment Z1, which yielded
94.12 g. while, Z0 (the control treatment)
produced the lowest dry weight, reaching
76.14 g. When spraying with salicylic acid,

of the vegetative growth , reaching 105.0 g,
which did not differ significantly from
treatment S3, which vyielded 95.02 g.
Meanwhile, treatment SO (the control
treatment) produced the lowest dry weight,
reaching 72.42 g. The table shows no
significant differences between the interaction
treatments

Table 8: Effect of nano-zinc and salicylic acid sprays and their interaction on the dry weight of

the vegetative growth (g(

average S Z, Zy Zy
72.42 79.95 66.68 70.63 So
88.34 101.1 91.80 72.11 S;
105.0 116.0 114.2 84.83 S,
95.02 104.2 103.8 76.97 S3

100.3 94.12 76.14 average Z
13.50 LSD Z
15.58 LSD S
N.S LSD Z*S
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Dry weight of the root system (g): The results
of Table 9 showed that spraying with nano
zinc gave the highest dry weight of the root
system in treatment Z2, reaching 22.42 g,
which did not significantly differ from
treatment Z1, while the dry weight of the root
system decreased in treatment ZO, reaching
14.60 g. The results of the table showed that
spraying with salicylic acid at a concentration
of 100 mg L-1 (S2) gave the highest dry
weight of the root system, reaching 22.53 g,

compared to the control treatment SO, which
gave the lowest weight, reaching 9216 g,
which did not significantly differ from
treatment S1. The table showed significant
differences between the interaction treatments
in treatment Z2S2, which was distinguished by
giving the highest dry weight of the root
system, reaching 24.53 g, while the interaction
treatment Z0SO (the control treatment) gave
the lowest dry weight of the root system,
reaching 11.49 g .

Table 9 Effect of nano zinc and salicylic acid sprays and their interaction on the dry weight of

the root system (g(

average S Z, Z; Zy
16.92 21.50 17.77 11.49 So
18.82 23.72 18.85 13.89 S;
22.53 24.53 24.17 18.90 S,
18.93 19.93 22.74 14.13 S3

22.42 20.88 14.60 average Z
1.67 LSD Z
1.93 LSD S
3.33 LSD Z*S

Discussion

The results showed a positive effect of nano-
zinc spraying on the chemical characteristics
and dry weight of dwarf Tecoma plant. Zinc
spraying at 100 mg L-1 (Z2) significantly
outperformed the percentage of nitrogen,
phosphorus, potassium, zinc, total chlorophyll,
and carbohydrates in leaves. It also
outperformed the percentage of beta-carotene
in flowers and the dry weight of the vegetative
and root systems. This is consistent with what
[4] found. Nitrogen plays an important role in
cell division and the formation of energy
compounds (such as ATP), which promotes
the growth of roots, stems, and leaves.
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Therefore, nitrogen balance is considered a
prerequisite for healthy plant growth. This is
consistent with [15]). Phosphorus contributes
to increasing the size and branching of roots
and strengthening them, especially lateral and
fibrous roots. This helps increase the
efficiency of roots in absorbing nutrients,
which in turn affects plant growth and
development. This element participates in the
breakdown of carbohydrates resulting from
photosynthesis, which is accompanied by the
release of energy needed to carry out all vital
processes. It is involved in the formation of
some energy-rich compounds such as ATP,
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cytosine triphosphate (CTP), and guanosine-
5'-triphosphate (GTP) [23]. The reason for the
increased chlorophyll content of plant leaves
is attributed to the role of nano-fertilizer
particles in increasing the speed of enzymatic
activities, leading to improved biological
activities and thus stimulating the division of
chloroplasts [2]. [21]attributed zinc to its role
in enhancing membrane stability, enzyme
synthesis, and the biosynthesis of chlorophyll,
protein, and carbohydrates. It also improves
root growth, auxin metabolism, detoxifies
reactive oxygen species, and reduces abiotic
stresses. This played an effective role in
increasing chlorophyll and carbohydrate
content in the plant.

Conclusion

Spraying dwarf Tecoma seedlings grown in a
protected environment (lathhouse) with nano-
zinc and salicylic acid at a concentration of
100 mg L-1 had a positive effect on the plant's
chemical characteristics. However, increasing
the salicylic concentration sprayed on the
plant had a negative effect on the plant's
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