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Abstract

The experiment was conducted in lathhouse belonging to the Babylon Agriculture Directorate Khanfara
Nursery from November 2024 until October 2025. To study the effect of Potassium silicate and organic
fertilization on vegetative traits of some ornamental shrubs under salt stress, the experiment included three
factors: salt stress (three salinity levels of irrigation water, 3.6 dSm™, designated S1, S2, and S3); the
second factor, humic acid at three concentrations (0, 5, and 10 g.L™, designated HI, H2, and H3), and the
third factor, potassium silicate spray (52.8% silicon dioxide, SiO,) at three concentrations (0, 150, and 200
mg.L™, designated Si;, Siz, and Siz). The research was conducted as a 3x3x3 factorial experiment with a
randomized complete block design (RCBC). With three replicates, the arithmetic means were compared
using the least significant difference (LSD) test. The results were as follows: The salt stress treatment at a
concentration of 6 ds m™ resulted in the lowest average height for Tecoma and Rose of Jelly plants (123.33
and 118.33 cm, respectively), the lowest number of leaves (32.72 and 45.72 leaves per plant, respectively),
the lowest leaf area (2871.33 and 1904.21 cm?, respectively), the lowest stem diameter (144.17 and 1.75
cm, respectively), and the lowest number of branches (6.16 and 6.44 branches.plant-1, respectively). The
humic acid spray treatment at a concentration of 10 g L™ was excelled, resulting in the highest average
plant height for Tecoma and Hibiscus (140.91 and 147.93 cm, respectively). The average number of leaves
was (45.48, 65.11) leaves/plant, the average leaf area was (5748.33 and 4348.12 cm?), the average stem
diameter was (194.68, 2.16 cm), and the average number of branches was (7.94, 9.14) branches.plant-1.
Regarding potassium silicate spraying, the treatment with a concentration of 200 mg.L-1 resulted in the
highest average plant height (140.97, 147.39 c¢cm), average number of leaves (44.48, 62.17) leaves/plant,
average leaf area (4405.53 and 3448.41 cm?), average stem diameter (183.69, 2.11 cm), and average
number of branches (8.98, 8.84) branches.plant-1. The triple interaction coefficient was recorded between
(Without salt stress + spraying with humic acid at a concentration of 10 g.L -1 + spraying with potassium
silicate at a concentration of 200 mg.L -1) Highest average for the studied traits.
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Introduction

Hibiscus (Hibiscus rosa sinensis L - is an evergreen flowering ornamental shrub belonging to the
Malvaceae family. It has taproot roots, simple, heart-shaped leaves with serrated edges, and a dark green,
glossy color. It can reach 20 cm in length and 5-15 cm in width. Its native habitat is Southeast Asia, China
(Torkashvand and Shadparvar, 2012). It is used in medicinal applications due to its content of antioxidants
such as taraxeryl and ascorbic acid (vitamin C). It is effective against some fungi and has many other
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medicinal properties (Mukhopadhyay , 2018). Tecoma stans, however, belongs to the Bigoniaceae family,
which includes many species, most of which are evergreen trees (Singh et al., 2021). The original habitat of
this tree is South America, and it has spread to many other countries, which indicates its ability to
withstand different climatic conditions (Mesquida et al., 2017). It is also considered an ornamental plant
that can be cut, shaped, and arranged into arches within gardens (Singh et al., 2024). Tecoma plants are
often grown in groups to highlight their aesthetic value as a flowering ornamental tree with a light,

aromatic fragrance (Anand and Basavaraju et al., 2021).

In addition to its botanical importance as an ornamental tree, Tecoma is also considered a medicinal plant
because it contains active ingredients that have been used in various medical fields (Jassim and Khuder.,
2022). The growth of ornamental plants is affected by many environmental factors, most importantly soil
and water salinity. These are environmental stressors that negatively impact the growth and flowering of
ornamental plants (Singh et al., 2024). Salinity has two types of effects on plants: primary effects, such as
reducing the water potential of the growing medium and causing disturbances in ionic balance; and
secondary effects, which include inhibiting cell expansion, affecting photosynthesis, inhibiting cellular
metabolism and the production of reactive oxygen species, disrupting hormonal balance, and affecting
metabolism. Protein (Yang and Fu, 2023)

To reduce the impact of salt stress on plants, plants are treated with humic acid, a complex compound that
arises from the gradual decomposition of organic matter by various microorganisms. Humus is formed as a
result of the transformation of plant residues under the influence of microbial biochemical reactions. Humic
acids play a role in improving soil fertility and are important for plant growth and development due to their
content of numerous macro- and micronutrients. When added to the soil and absorbed by the root system,
they improve vegetative growth (El-Shanhorey et al., 2014). Silicon is also highly beneficial to plant
growth, as clearly observed in plants growing under salt stress conditions, from a physiological perspective.
Silicon has demonstrated its beneficial effect on plant growth and development by increasing the yield of
various crops. In addition, silicon improves plant tolerance to salt stress, and its use may help reduce the
plant's need for irrigation (Hassan et al, 2025). The advantages can be summarized as follows: Silicon plays
a key role in plant salinity tolerance. From another perspective, its effect on water absorption and water
channels within the plant has been observed. Recently, clear results have been achieved in silicon's
mitigation of osmotic stress resulting from salinity. Research aim to Effect of Potassium silicate and
organic fertilization on vegetative traits of some ornamental shrubs under salt stress.

Materials and Methods
Experiment Location:

The experiment was conducted in the wooden shade structure belonging to the Babil Agriculture
Directorate/Khanfara Nursery from November 2024 to October 2025. To study the effect of amino acids
and organic fertilization on the morphological and physiological characteristics of some ornamental shrubs
under salt stress

Preparing the seedlings for planting

Ornamental shrub seedlings (Beautiful Rose and Tecoma) of uniform height (1 m) were purchased from a
private nursery in Babylon Governorate. They were grown in plastic bags measuring (25*%30) cm. The
seedlings were transferred to plastic pots with a capacity of (10) kg containing a mixture of river mulch and
peat moss (2:1). 250 seedlings of each plant, as uniform in growth and size as possible, were selected and
subjected to the same cultivation practices for all treatments. Soil analysis was performed to determine
some of its physical and chemical properties according to the methods described in Black (1965) and Page
et al. (1882) at the laboratory of the College of Agriculture, Al-Qasim Green University (Table 1).

Table (1) Chemical and Physical Properties of the Soil Used in the Experiment

traits values units
Soil pH 7.40
Organic Matter 3.21 mg.kgsoil
Electrical Conductivity (EC) 2.87 dsm™!
Nitrogen 15.71 mg.kg!soil
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traits values units
Phosphorus 11.75
Potassium 147.82
Soil separators
Sand 774.13
silt 143.11 g.kg’!
Clay 82.76
texture sandy loam

3-3-Experimental Factors
First Factor: Salinity Stress

For the purpose of conducting irrigation operations in the experiment, three salinity levels were prepared
for the irrigation water by mixing drainage water with an EC of 35 dSm™ with tap water with an EC of 1
dSm™. The drainage water was collected from a drain near the experimental location and stored in a sealed
plastic tank. The salinity levels of the irrigation water used in each irrigation were measured using an EC
meter. The irrigation treatments included:

(river water, 3.6 dSm™) and were designated (S1, S2, S3). Factor Two: Humic Acid

H-850 humic acid, manufactured by COSMOCEL, was used. It contains 68% humic acid, 17% fulvic acid,
6.58% nitrogen, 0.65% phosphorus, and 4.96% potassium, and was available in three concentrations: 0, 5,
and 10 gL, designated HI1, H2, and H3, respectively.
Spraying began 15 days after the start of the experiment and was repeated every 15 days until the
experiment concluded. Spraying was carried out using a knapsack sprayer in the early morning until the
plants were completely wetted. A few drops of liquid soap were added as a spreading agent to the spray
solution to reduce surface tension, ensure complete wettability, and increase the efficiency of the spray
solution in penetrating the outer surface of the leaf.

Factor Three: Silicon Spraying

Potassium silicate was sprayed as a silicon source (52.8% silicon dioxide, SiO,) at three concentrations (0,
150, and 200 mg L"), designated as Sii, Si,, and Sis. Spraying began 20 days after the start of the
experiment and was repeated every 15 days until the end of the experiment, alternating with humic acid
spraying.

Experimental Design

The research was conducted as a factorial experiment (3x3x3) using a Randomized Complete Block Design
(RCBC). There were three replicates, with each replicate containing 81 seedlings (3 seedlings per
experimental unit). Means were compared using the Least Significant Difference (LSD) test at a probability
level of 0.05 with the Genstat software. (Al-Sahouki, 1990) 3-6- Studied traits:

Plant Height (cm)

The plant height was measured from the top of the potting soil to the top of the plant using a metric
measuring tape for all plants in the experimental unit. The average was then calculated for each treatment
and for both plants.

Number of Leaves (leaf.plant - )

The number of leaves was counted for each plant in the experimental unit, and the average was calculated
for each treatment and for both plants.

Leaf Area (cm?)

Five leaves were randomly collected from the experimental unit plants. For each plant, the leaf areca was
measured using an area meter scanner with the ADC Bioscientific Ltd software. The result was then
calculated according to the following equation:

Leaf Area per Plant (cm?) = Average Area per Leaf (cm?) x Number of Leaves per Plant

Average Stem Diameter (cm)
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Measurement was performed using an electronic caliper (Microvernia). The average was calculated for
each experimental unit and each plant.

Results and Discussion
Plant Height (cm)

The results in Table (2) show that salt stress has a significant effect on plant height. The salt stress
treatment at a concentration of 6 ds.m™ resulted in the lowest height for Tecoma and Hibiscus plants,
reaching (123.33 and 118.33 cm), respectively, the no-salt treatment resulted in the highest plant height for
Tecoma and Hibiscus , reaching (149.19 and 165.80 cm), respectively. The results also showed that humic
acid spraying had a significant effect on plant height. The treatment using humic acid at a concentration of
10 g.L! resulted in the highest average plant height for Tecoma and Hibiscus , reaching (140.91 and 147.93
cm), respectively.

The control treatment (without humic acid spray) recorded the lowest plant height for Tecoma and Hibiscus
(127.56 cm, 129.77 cm, respectively). Regarding potassium silicate spraying, the treatment with 200 mg
L™ of potassium silicate resulted in the highest plant height (140.97 cm, 147.39 cm), while the control
treatment (without potassium silicate spraying) recorded the lowest plant height for Tecoma and Hibiscus
(129.76 cm, 135.11 cm). Table 2 also shows that Bi- interaction significantly affects plant height in
Tecoma and Hibiscus . The interaction treatment consisting of (no salt stress + humic acid spray at a
concentration of 10 g L) recorded the highest plant height for Tecoma and Hibiscus (160.51 cm). The
highest average height for Tecoma and Hibiscus plants was recorded at 178.60 cm, respectively. The
interaction treatment consisting of no salt stress and spraying with potassium silicate at a concentration of
200 mg.L! resulted in the highest average height for Tecoma and Hibiscus plants, reaching 149.19 and
165.80 cm, respectively. The interaction treatment combining spraying with potassium silicate at a
concentration of 200 mg.L"! and spraying with humic acid at a concentration of 10 g.L! resulted in the
highest average height for Tecoma and Hibiscus plants, reaching 146.10 and 152.60 cm, respectively.The
highest average height for Tecoma and Hibiscus plants was recorded at 146.10 and 152.60 cm,
respectively. The results in the same table also showed that the interaction between the experimental factors
had a significant effect on plant height. The triple interaction treatment (no salt stress + humic acid spray at
a concentration of 10 g.L™ + potassium silicate spray at a concentration of 200 mg.L™") recorded the highest
average height for Tecoma and Hibiscus plants, reaching 167.26 and 1178.60 cm, respectively., the
interaction treatment (salt stress at a concentration of 6 dS.m™ + no humic acid spray + no potassium
silicate spray) recorded the lowest average height for Tecoma and Hibiscus plants, reaching 109.54 and
115.40 cm, respectively.

Table (2) Effect of salt stress, humic acid spray, and potassium silicate spray, and their interactions,
on the height of Tecoma and Hibiscus plants (cm).

humi Tecoma Hibiscus
salt stress umie Potassium silicate spray
i I) Potassi ilicat
(S)DS.m-1 a(c;l(; (SI) Potassium silicate spray SxH D) SxH
Sil Si2 Si3 Si 1 Si2 Si3
H1 | 11641 | 141.78 | 14520 | 134.46 | 13250 | 15520 | 158.80 | 148.83
S1 H2 | 14891 | 156.81 | 15897 | 15490 | 161.50 | 171.80 | 176.40 | 169.90

H3 | 14938 | 164.89 | 167.26 | 160.51 167.60 | 182.30 | 185.90 | 178.60

H1 132.20 | 136.08 | 140.41 | 136.23 133.00 | 131.70 136.4 | 133.70

S2 H2 | 133.82| 137.64 | 140.77 | 137.41 140.2 145 1503 | 145.17

H3 | 13507 | 139.06 | 14234 | 138.82 | 142770 | 147.10 | 14930 | 146.37

H1 109.54 | 118.59 | 120.84 | 116.32 11540 | 119.00 | 12090 | 118.43

53 H2 | 12198 | 12434 | 126.58 | 12430 | 121.70 | 123.80 | 12520 | 123.57

H3 | 12346 | 12835| 13241 | 128.07 | 117.10 | 127.00 | 129.90 | 124.67

L.S.D 0.05 (S*H*SI) 2.79 1.61 (S*H*SI) 2.46 1.23

S S

interaction S1| 13594 | 15449 | 157.14 | 149.19 | 15390 | 169.80 | 173.70 | 165.80
SxSi S2 | 128.84 | 13370 | 13593 | 132.82 | 135.00 | 138.70 | 141.30 | 138.33
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salt stress humic Tecoma Hibiscus
S3 120.62 123.76 125.61 123.33 106.70 123.30 125.00 118.33
L.S.D 0.05 11.6 30.9 1.23 0.49
H H
. . H1 119.38 130.48 132.82 127.56 115.70 135.30 138.30 129.77
interaction
HxSi H2 134.90 139.60 142.11 138.87 142.50 144.70 | 14690 | 144.70
H3 135.97 140.67 146.10 140.91 141.10 150.10 152.60 147.93
L.S.D 0.05 1.61 0.93 1.23 0.49
Potassium silicate SP( rsag 129.76 | 138.02 | 140.97 135.11 | 14432 | 147.39
L.S.D 0.05 0.929 0.49

Number of leaves (leaf.plant™)

Table (3) shows that salt stress has a significant effect on the number of leaves. The salt stress treatment at
a concentration of 6 dS.m-' resulted in the lowest number of leaves for both Tecoma and Hibiscus plants,
reaching (32.72 and 45.72) leaf.plant-1, respectively., the no-salt treatment resulted in the highest number
of leaves for both Tecoma and Hibiscus plants, reaching (51.85 and 73.37) leaf.plant-1, respectively. The
results also showed that humic acid spraying had a significant effect on the number of leaves. The
treatment using humic acid at a concentration of 10 g.L! resulted in the highest average number of leaves
for both Tecoma and Hibiscus plants, reaching (45.48 and 65.11) leaf.plant-1, respectively.

The control treatment (without humic acid spray) recorded the lowest number of leaves for Tecoma and
Hibiscus plants, at 34.75 and 52.13 leaves per plant, respectively. Regarding potassium silicate spraying,
the treatment with a concentration of 200 mg.L resulted in the highest average number of leaves, at 44.48
and 62.17 leaves per plant, respectively. The control treatment (without potassium silicate spraying)
recorded the lowest average number of leaves for Tecoma and Hibiscus plants, at 37.22 and 52.69 leaves
per plant, respectively.Regarding Bi- interaction, the treatment consisting of (no salt stress + 10 g.L-1
humic acid spray) recorded the highest average leaf count for Tecoma and Hibiscus plants, reaching (61.62
and 90.07) leaf.plant-1, respectively. Meanwhile, the treatment consisting of (no salt stress + 200 mg.L-1
potassium silicate spray) recorded the highest average leaf count for Tecoma and Hibiscus plants, reaching
(57.11 and 79.95) leaf.plant-1, respectively.

The interaction between (spraying potassium silicate at a concentration of 200 mg.L + spraying humic acid
at a concentration of 10 g.L) resulted in the highest average number of leaves for Tecoma and Hibiscus
plants (48.03 and 69.93, respectively). The same table also showed that the interaction between
experimental factors had a significant effect on the number of leaves. The three-way interaction between
(no salt stress + spraying humic acid at a concentration of 10 gL + spraying potassium silicate at a
concentration of 200 mg.L) resulted in the highest average number of leaves for Tecoma and Hibiscus
plants (61.62 and 90.07 leaves per plant, respectively)., the interaction between (salt stress at a
concentration of 6 dS.m-? + no spraying humic acid + no spraying potassium silicate) resulted in the lowest
average number of leaves for Tecoma plants. The height of the Tecoma and Hibiscus reached (26.76,
39.17) leaves per plant, respectively.

Table (3) Effect of salt stress, humic acid spray, and potassium silicate, and their interactions, on the
height of Tecoma and Hibiscus plants (cm).

i Tecoma Hibiscus
umic : —
(;e;llt) Sstr:;s_sl Eg{l;l (SI) Potassium silicate spray Sy H Potassmm(sslll;cate spray -
Sil Si2 Si3 Sil Si2 Si3
H1 26.51 39.57 41.08 35.72 35.30 48.93 50.41 4488
S1 H2 49.80 52.45 53.62 51.96 74.55 79.55 80.38 78.16
H3 55.45 58.56 61.62 58.54 76.46 85.74 90.07 84.09
H1 34.24 40.63 42.44 39.10 52.66 53.03 58.71 54.80
S2 H2 40.60 44.75 46.78 44.04 58.24 60.56 67.75 62.18
H3 41.41 46.08 48.84 45.44 52.97 60.04 63.38 58.80
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salt stress humic Tecoma Hibiscus
H1 21.57 28.81 29.91 26.76 30.26 43.04 4421 39.17
53 H2 30.93 33.39 35.31 33.21 45.58 46.98 47.57 46.71
H3 32.70 37.74 39.14 36.53 40.56 49.98 50.75 47.10
L.S.D 0.05 (S*H*SI) 1.39 0.80 (S*H*SI) 2.98 1.72
S S
. . S1 43.25 55.19 57.11 51.85 62.10 78.07 79.95 73.37
'“tesrz;:“’“ S2 3829 | 39.04 | 4226 | 39.86 | 5648 | 57.11 | 58.87 | 57.49
S3 30.07 33.68 34.42 32.72 42.98 46.67 47.51 45.72
L.S.D 0.05 0.80 0.46 1.72 0.99
H H
. . H1 29.57 34.57 40.11 34.75 43.72 54.88 57.78 52.13
interaction
HxSi H2 41.72 4531 46.59 44.54 59.46 62.36 65.23 62.35
H3 42.12 46.3 48.03 45.48 59.02 66.37 69.93 65.11
L.S.D 0.05 0.80 0.46 1.72 0.99
Potassium silicate
spray 37.22 42.40 44 .48 52.69 59.55 62.17
(Si)
L.S.D 0.05 0.46 0.99
Leaf Area (cm?)

Table 4 shows that salt stress has a significant effect on leaf area (cm?). The salt stress treatment with a
concentration of 6 dS.m™ resulted in the lowest leaf area for both Tecoma and Hibiscus plants, reaching
(2871.33 and 1904.21 cm?, respectively). Conversely, the treatment without salinity resulted in the highest
leaf area for both Tecoma and Hibiscus plants, reaching (5748.33 and 4348.12 cm?, respectively).The
results also showed that humic acid spraying had a significant effect on leaf area. The treatment with humic
acid at a concentration of 10 g.L™ resulted in the highest leaf area for Tecoma and Hibiscus plants
(5748.33 and 4348.12 cm?, respectively). The control treatment (without humic acid spraying) resulted in
the lowest leaf area for Tecoma and Hibiscus plants (3906.33 and 3234.63 cm?, respectively).Regarding
potassium silicate spraying, the treatment with potassium silicate at a concentration of 200 mg.L™" resulted
in the highest leaf area (4405.53 and 3448.41 c¢m?). The control treatment (without potassium silicate
spraying) resulted in the lowest leaf area for Tecoma and Hibiscus plants (3487.21 and 2511.64 cm?,
respectively). Regarding Bi- interaction, the treatment consisting of (no salt stress + 10 g.L! humic acid
spray) recorded the highest leaf area for Tecoma and Hibiscus plants, at 6381.00 and 4544.04 cm?
respectively. The treatment consisting of (no salt stress + 200 mg.L-! potassium silicate spray) recorded the
highest leaf area for Tecoma and Hibiscus plants, at 5613.00 and 4239.22 cm?, respectively. The treatment
consisting of (200 mg.L"! potassium silicate spray + 10 g.L-! humic acid spray) recorded the highest leaf
area for Tecoma and Hibiscus plants, at 4630.00 and 3654.35 cm?The results in the same table also
showed that the interaction between experimental factors had a significant effect on leaf area. The triple
interaction treatment (no salt stress + humic acid spray at a concentration of 10 g.L™" + potassium silicate
spray at a concentration of 200 mg.L™") resulted in the highest leaf area for Tecoma and Hibiscus plants,
reaching 6381.00 and 4544.04 cm?, respectively. Conversely, the interaction treatment (salt stress at a
concentration of 6 dS.m-"" + no humic acid spray + no potassium silicate spray) resulted in the lowest leaf
area for Tecoma and Hibiscus plants, reaching 1830.00 and 1521.57 cm?, respectively.

Table (4) Effect of salt stress, spraying of humic acid and potassium silicate and their interactions on the
leaf area of Tecoma and Hibiscus plants (cm?2)

Tecoma Hibiscus
humic - —
salt stress . . - Potassium silicate spray
d ST) Pot licat
(S)DS.m-1 a(cIjI) (SI) Potassium silicate spray SxH SD) SxH
Sil Si2 Si3 Sil Si2 Si3
s1 H1 | 1947.24 | 3795.25 | 3961.41 | 3234.63 | 3059.00 | 4183.00 | 4477.00 | 3906.33
H2 | 4048.66 | 4192.25 | 4212.21 | 4151.04 | 4685.00 | 5326.00 | 5981.00 | 5330.67
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salt stress | humic Tecoma Hibiscus
H3 | 412820 | 4372.12 | 4544.04 | 4348.12 | 4785.00 | 6079.00 | 6381.00 | 574833
H1 | 1624.88 | 3057.71 | 3240.71 | 2641.10 | 3625.12 | 3700.00 | 3871.00 | 3732.04
S2 H2 | 1709.07 | 349420 | 3726.72 | 2976.66 | 3962.00 | 4093.00 | 4228.00 | 409433
H3 | 199031 | 3497.77 | 3619.55 | 303588 | 3296.00 | 4059.00 | 4136.00 | 3830.33
H1 | 1521.57 | 2073.84 | 2117.22 | 190421 | 1830.00 | 3387.00 | 3397.00 | 2871.33
53 H2 | 2271.02 | 2651.58 | 2761.42 | 256134 | 3455.00 | 3551.00 | 3618.00 | 354133
H3 | 245423 | 297138 | 2999.98 | 2808.53 | 3253.00 | 3674.00 | 3787.00 | 3571.33
L.S.D 0.05 (S*H*SI) 26.57 |  15.34 (S*H*SI) 53.8 30.7
S S
_ _ S1| 3232.81 | 4119.88 | 4239.22 | 3863.97 | 3767.00 | 5196.00 | 5613.00 | 4858.67
'“temst;os'; S2 | 2317.83 | 298591 | 3349.90 | 2884.55 | 2744.00 | 3798.00 | 3940.00 | 3494.00
S3 | 2224.16 | 2565.60 | 262621 | 2471.99 | 3256.00 | 3537.00 | 3600.00 | 346433
L.S.D 0.05 15.34 8.86 30.7 173
H H
_ _ H1 | 217551 | 2497.99 | 3106.45 | 259332 | 2524.00 | 2897.00 | 3915.00 | 3112.00
'“terag:’; H2 | 2850.97 | 327129 | 3566.78 | 3229.68 | 4034.00 | 4324.00 | 4509.00 | 4289.00
H3 | 3178.11 | 3360.07 | 365435 | 3397.51 | 4033.00 | 4488.00 | 4630.00 | 4383.67
L.S.D 0.05 15.34 8.86 30.7 17.3
Potassium silicate
spray | 2511.64 | 3260.46 | 3448.41 348721 | 4152.80 | 4405.53
(Si)
L.S.D 0.05 8.86 173

Average Stem Diameter (cm)

Table (5) shows that salt stress has a significant effect on stem diameter. The salt stress treatment at a
concentration of 6 dS.m-"" resulted in the lowest stem diameters for Tecoma and Hibiscus plants, reaching
(144.17 cm and 1.75 cm, respectively)., the no-salinity treatment (S1) resulted in the highest stem
diameters for Tecoma and Hibiscus plants, reaching (223.47 cm and 2.41 cm, respectively).The results
also showed that humic acid spraying had a significant effect on stem diameter. The treatment with humic
acid at a concentration of 10 g.L' resulted in the highest average stem diameter for Tecoma and Hibiscus
plants (194.68 cm and 2.16 cm, respectively). The control treatment (without humic acid spraying) resulted
in the lowest average stem diameter for Tecoma and Hibiscus plants (152.56 c¢cm and 1.87 cm,
respectively).Regarding potassium silicate spraying, the treatment with potassium silicate at a concentration
of 200 mg.L! resulted in the highest average stem diameter (183.69 cm and 2.11 c¢cm). The control treatment
(without potassium silicate spraying) resulted in the lowest average stem diameter for Tecoma and Hibiscus
plants (165.49 cm and 1.97 cm, respectively). Regarding Bi- interaction, the treatment consisting of (no salt
stress + 10 g.L-1 humic acid spray) recorded the highest average stem diameter for Tecoma and Hibiscus
plants (243.76 cm and 2.63 cm, respectively). Similarly, the treatment consisting of (no salt stress + 200
mg.L-1 potassium silicate spray) recorded the highest average stem diameter for Tecoma and Hibiscus
plants (239.43 cm and 2.63 cm, respectively). Finally, the treatment combining (200 mg.L-1 potassium
silicate spray + 10 g.L-1 humic acid spray) recorded the highest average stem diameter for both Tecoma
and Hibiscus plants (274.32 cm and 2.88 cm, respectively).The results in the same table also showed that
the interaction between the experimental factors had a significant effect on stem diameter. The triple
interaction treatment (no salt stress + humic acid spray at a concentration of 10 g.L™" + potassium silicate
spray at a concentration of 200 mg.L™") recorded the highest average stem diameter for Tecoma and
Hibiscus plants, reaching 274.32 and 2.88 cm, respectively. Conversely, the interaction treatment (high salt
stress + no humic acid spray + no potassium silicate spray) recorded the lowest average stem diameter for
Tecoma and Hibiscus plants, reaching 123.82 and 1.52 cm, respectively.

Table (5) Effect of salt stress, humic acid spray, and potassium silicate, and their interactions, on the
stem diameter of Tecoma and Hibiscus plants (cm).

salt stress | humic Tecoma Hibiscus

(S)DS.m-1 acid (SI) Potassium silicate spray SxH | (S Potassium silicate spray SxH
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(H) Sil Si 2 Si3 Sil Si2 Si3
H1 114.73 195.05 200.22 170.00 1.43 2.24 2.37 2.01
S1 H2 205.53 | 230.23 243.76 226.51 2.46 2.56 2.63 2.55
H3 218.4 | 245.11 274.32 245.94 2.50 2.65 2.88 2.68
H1 158.15 123.82 161.04 147.67 1.97 1.98 2.02 1.99
S2 H2 179.21 126.74 191.23 165.73 2.12 2.10 2.22 2.14
H3 180.91 185.37 131.39 165.89 2.07 1.63 1.52 1.74
s3 H1 135.17 140.07 144.76 140.00 1.67 1.50 1.66 1.61
H2 146.88 | 142.54 149.04 146.15 1.74 1.78 1.82 1.78
H3 150.45 152.55 157.41 153.47 1.82 191 1.90 1.87
L.S.D 0.05 (S*H*SI) 4.60 2.66 (S*H*SI) 0.14 0.08
S S
interaction S1 179.55 | 223.47 239.43 214.15 213 2.48 2.63 241
SxSi S2 172.76 | 145.31 161.22 159.76 2.05 1.91 1.92 1.96
S3 144.17 145.06 150.40 146.54 1.74 1.73 1.79 1.75
L.S.D 0.05 2.66 1.53 0.08 0.05
H H
interaction H1 136.02 152.98 168.67 152.56 1.69 191 2.02 1.87
HucSi H2 177.20 | 166.50 194.68 179.46 211 2.15 2.22 2.16
H3 183.25 194.35 187.71 188.44 2.13 2.06 2.10 2.10
L.S.D 0.05 2.66 1.53 0.08 0.05
Potassium silicate spray 165.49 171.28 183.69 1.9741 2.0389 2.1126
(SD
L.S.D 0.05 1.53 0.05

Number of branches (branch.plant™!)

The results in Table (6) showed that salt stress had a significant effect on the number of branches. The salt
stress treatment at a concentration of 6 ds.m-1 recorded the lowest number of branches for Tecoma and
Hibiscus plants, reaching (6.16, 6.44) branches.plant-1 respectively, while the treatment without salinity
recorded the highest number of branches for Tecoma and Hibiscus plants, reaching (9.60, 9.46)
branches.plant-1 respectively. The results also showed that humic acid spraying had a significant effect on
the number of branches. The treatment with humic acid spraying at a concentration of 10 g.L resulted in the
highest average number of branches for Tecoma and Hibiscus plants, reaching (7.94) and (9.14)
branches/plant, respectively. The control treatment (without humic acid spraying) recorded the lowest
number of branches for both Tecoma and Hibiscus plants, at (6.68) and (6.58) branches/plant, respectively.
Regarding potassium silicate spraying, the treatment with potassium silicate spraying at a concentration of
200 mg.L resulted in the highest average number of branches, reaching (8.98) and (8.84) branches/plant,
respectively. The control treatment (without potassium silicate spraying) recorded the lowest average
number of branches for both Tecoma and Hibiscus plants, at (7.05) and (6.83) branches/plant, respectively.
Regarding the dual interaction, the interaction treatment consisting of (no salt stress + spraying with humic
acid at a concentration of 10 g.L) recorded the highest average number of branches in Tecoma and Hibiscus
plants, reaching (12.24, 13.63) branches/plant, respectively. Meanwhile, the interaction treatment
consisting of (no salt stress + spraying with potassium silicate at a concentration of 200 mg.L) recorded the
highest average number of branches in Tecoma and Hibiscus plants, reaching (10.89, 10.82)
branches/plant, respectively. The interaction treatment between (spraying with potassium silicate at a
concentration of 200 mg.L) and spraying with humic acid at a concentration of 10 g.L) recorded the highest
average number of branches in Tecoma and Hibiscus plants, reaching (8.77, 10.73) branches/plant,
respectively. The results in the same table also showed that the interaction between the experimental factors
had a significant effect on the number of branches. The three-way interaction between (no salt stress +
humic acid spray at a concentration of 10 g.L™" + potassium silicate spray at a concentration of 200 mg.L™")
recorded the highest average number of branches for Tecoma and Hibiscus plants, reaching (12.24 and
13.63), respectively. Conversely, the interaction between (salt stress at a concentration of 6 dS.m-" + no
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humic acid spray + no potassium silicate spray) recorded the lowest average number of branches for
Tecoma and Hibiscus plants, reaching (6.05 and 5.02), respectively.

Table (6) Effect of salt stress, humic acid spray, and potassium silicate spray, and their interactions
on the number of branches for Tecoma and Hibiscus plants (branch . plant™).

al stress —_— . _ Tecoma . _ Hibiscus
. (SI) Potassium silicate spray Potassium silicate spray
(S) DS.m-1 acid
(H) SxH (SDh SxH
Sil Si2 Si3 Sil Si2 Si3
H1 5.89 8.92 9.08 7.96 4.90 5.82 6.12 5.61
S1 H2 .188 9.16 10.36 9.23 7.19 8.45 9.69 8.44
H3 9.82 10.62 12.24 10.89 10.27 11.80 13.63 11.90
H1 6.66 7.37 9.08 7.70 5.13 5.52 6.62 5.76
S2 H2 7.03 8.60 9.79 8.47 7.70 8.62 9.91 8.74
H3 9.42 9.71 10.61 9.91 8.37 9.70 10.69 9.59
H1 5.07 6.02 7.06 6.05 4.15 5.09 5.83 5.02
53 H2 6.22 7.41 8.83 7.49 6.55 7.42 7.50 7.16
H3 6.45 7.11 7.45 7.00 7.21 7.72 8.77 7.90
L.S.D 0.05 (S*H*SI) 0.40 0.232 (S*H*SI) 1.37 0.80
S S
interaction S1 8.02 9.90 10.89 9.60 8.20 9.36 10.82 9.46
SxSi S2 7.56 7.83 8.04 7.81 7.74 8.28 8.73 8.25
S3 5.19 6.51 6.78 6.16 5.56 6.74 7.03 6.44
L.S.D 0.05 0.232 0.13 0.80 0.46
H H
. . H1 6.21 6.77 7.07 6.68 5.73 6.81 7.19 6.58
'“tera;;"s'; H2| 681| 739| 866| 762| 648| 816| 937 8.00
H3 7.23 7.81 8.77 7.94 7.28 9.41 3710. 9.14
L.S.D 0.05 0.232 0.13 0.80 0.46
Potassium silicate 6.83 7.93 8.84
spray
(Si) 7.05 8.08 8.98
L.S.D 0.05 0.13 0.46

The decrease in vegetative and root growth indicators with increased salinity in irrigation water (Tables 2-
6) may be due to the direct effects of increased soil salinity in inhibiting enzyme activity, leading to
disruptions in nutrient balance, cell membrane function, and overall plant metabolism. This, in turn, affects
carbon synthesis and respiration. Furthermore, humic acid contains phosphorus, which plays a vital role in
the formation of organic compounds produced by photosynthesis (Parihar et al,2015). It promotes
carbohydrate formation and provides the plant with the energy necessary for vital processes, such as ATP
and ADP, thus enhancing plant growth and improving photosynthetic efficiency. Alternatively, the
decrease may be due to the indirect effects of increased salinity on the physical and chemical properties of
the soil, and consequently, its impact on plant growth in these saline environments. Increased osmotic
potential leads to a decrease in the plant's ability to absorb water and a reduction in cell swelling, affecting
cell wall flexibility, expansion, and elongation(Balasubramaniam et al,2023). This results in a decrease in
CO2 entering through the stomata, an increase in the production of reactive oxygen species, an imbalance
in the ionosphere, and a decrease in chlorophyll content, ultimately leading to reduced fruit production.
Carbohydrates, proteins, and plant hormones all lead to a decrease in plant height, stem diameter, and
reduction of leaf surface area (Tables 2-3-4). The decrease in vegetative growth indicators when soil
salinity concentrations increase is due to a reduction in soil water potential, which affects the efficiency of
plants in their ability to absorb water and mineral ions necessary for the division and elongation of plant
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tissues, leading to a decrease in plant length, number of aerial stems, and number of leaves (Carillo et al,
2011). The results also showed the effect of humic acid on vegetative characteristics (Tables 2-6). The
humic acid spray treatment was significantly superior. This is attributed to the important role of humic acid
in biological processes, which it plays by improving soil fertility and increasing the availability of nitrogen,
phosphorus, potassium, iron, and magnesium, as well as increasing their uptake by the plant. This affects
various biological activities such as cell division and elongation of meristematic tissues, and the synthesis
of proteins and nucleic acids (Ren et al., 2022). Consequently, it promotes good vegetative growth and
nutrient uptake by the plant, which in turn affects various biological activities within the plant (Ennab et al.,
2023). Humic acid also increases the soil's ability to chelate mineral elements, especially micronutrients,
which primarily encourage the enzymes necessary for the formation of auxins and gibberellins. These
become nutrient-attracting centers that promote cell division and increase in cambog size, cell division and
elongation of meristematic tissues, and the synthesis of proteins and nucleic acids, thus contributing to the
formation of Good vegetative growth is promoted, and humic acid encourages enzyme activity and the
transport of carbon dioxide products (Ibraheem et al., 2023), leading to increased plant height, number of
leaves, leaf area, and number of branches (Table.(

The results shown in the same tables (2-6) indicate that the silicon concentrations used resulted in
significant increases in the studied root growth characteristics, especially the 200 mg/L concentration. This
may be due to silicon spraying improving vegetative growth characteristics by increasing gibberellin levels
in the plant, which is responsible for stimulating growth. Alternatively, it may be due to an increase in
chlorophyll content in the leaves, which promotes the synthesis of sugars used in plant growth (Parimala
and Singh, 2022). Another possibility is that silicon increased root growth, thus enhancing nutrient uptake
and contributing to plant growth (Debicz et al., 2016). The increased plant height may also be attributed to
silicon's role in elongation. Strengthening plant roots leads to increased nutrient uptake from the soil
solution (Ma and Yamaji, 2006). This may be due to silicon's role in enhancing nutrient and water
absorption, thus accelerating growth (Epstein, 2001). Silicon's significant role in improving plant growth
and development may also contribute to this effect. It enhances mechanical strength, light absorption, and
resistance to various biotic and abiotic stresses, leading to improved vegetative growth characteristics.
Furthermore, foliar application of silicon increases plant hardiness due to increased nitrogen levels, further
enhancing vegetative growth (Mahmoud et al., 2022). Silicon-mediated stress tolerance results from two
main processes: physical and mechanical protection through silicon dioxide (SiO2) deposition, and
metabolic changes triggered by biochemical responses (Bhat, 2019). The increased leaf area and number of
leaves resulting from silicon application may also be attributed to its role in photosynthesis, increasing
chlorophyll content and photosynthetic efficiency. (Abdelaal et al., 2020).

Conclusions:

Salt stress has a significant effect on the growth of Tecoma and Rose of Jelly seedlings and their content of
minerals and enzymes.Spraying with humic acid has a significant effect, especially at a concentration of 10
g/L, which recorded the highest rates for most of the studied traits.Spraying with potassium silicate also
plays a significant role in reducing the effects of salt stress on Tecoma and Rose of Jelly seedlings. The
concentration of 200 mg/L. showed a significant advantage and recorded the highest rates for most
vegetative, root, and flowering growth traits, as well as the leaf content of nutrients and enzymes.

References

Torkashvand, A. M., & Shadparvar, V. (2012). Rooting in hibiscus rosa-sinensis (yellow double hybrid) by
indole butyric acid and rooting substrates. International Journal of plant, animal and
environmental sciences, 2(2), 194-197.

Mukhopadhyay, G. (2018). Standardization of quercetin in Hibiscus rosa-sinensis flower by high-
performance thin-layer chromatography. International Journal of Green Pharmacy (lJGP), 12(03).

Singh, B., Rawat, J. S., Gusain, Y. S., Khanduri, V. P., Riyal, M. K., & Kumar, P. (2021). Shoot position, cutting
types and auxin treatments influence rooting response on Tecoma stans. Ornamental
Horticulture, 27, 213-220.

Singh, S., Miller, C. T., Singh, P., Sharma, R., Rana, N., Dhakad, A. K., & Dubey, R. K. (2024). A
comprehensive review on ecology, life cycle and use of Tecoma stans (bignoneaceae). Botanical
Studies, 65(1), 6.

180



Al-Furat Journal of Innovations in Agricultural Sciences
FJIAS 2026 | Vol. 2 | Special Issue 1 | ICSDCC 2026

Anand, M., & Basavaraju, R. (2021). GC analysis of different parts of Tecoma stans (L.) Juss. ex Kunth for
fathy acid composition. Curr Bot, 12, 16-21.

Jassim, A., & Khuder, A. F. (2022). Effects of Adding NPK fertilizer and Spraying Glutamic Acid on the
Growth of Tecoma stans. Tikrit journal for agricultural sciences, 22(4), 54-61.

Fu, H., & Yang, Y. (2023). How plants tolerate salt stress. Current Issues in Molecular Biology, 45(7), 5914-
5934,

El-Shanhorey, N. A., Salem, M. Z. M., & Mohamed, N. H. (2014). Effect of salinity and humic acid
treatments on growth and chemical composition of Jatropha curcas plants. Egyptian Journal of
Agricultural Sciences, 65(4), 474-488.

Hassan, R. A., Medan, R. A., & Mohammed, K. A. (2025, December). Effect of spraying with the growth
regulator Brassinolide and adding humic acid on growth and mineral content of local Sour orange
trees. In IOP Conference Series: Earth and Environmental Science (Vol. 1549, No. 1, p. 012095).

IOP Publishing.

Black,C.A1965 .Method of Soil Anylysis . Panrt (2) . Chemical properties Am .Soc.Agro. Inc.publisher
,Madison , Wisconsin , USA .

Page, A.L; R.H. Miller and D.R. Kenney .1982. Methods of Soil analysis party (2) .2nd ed . Agronomy 9 . Am
. Soc . Agro . Madison , Wisconsin .

Al-Sahouki, Medhat Majeed and Karima Wahib. 1990. Applications in the Design and Analysis of
Experiments. Dar Al-Hikma for Printing and Publishing. Mosul.

Parihar, P., Singh, S., Singh, R., Singh, V. P., & Prasad, S. M. (2015). Effect of salinity stress on plants and its
tolerance strategies: a review. Environmental science and pollution research, 22(6), 4056-4075.

Balasubramaniam, T., Shen, G., Esmaeili, N., & Zhang, H. (2023). Plants’ response mechanisms to salinity
stress. Plants, 12(12), 2253.

Carillo, P., Annunziata, M. G., Pontecorvo, G., Fuggi, A., & Woodrow, P. (2011). Salinity stress and salt
tolerance. Abiotic stress in plants-mechanisms and adaptations, 1, 21-38.

Ren, H., Islam, M. S., Wang, H., Guo, H., Wang, Z., Qj, X., ... & Li, B. (2022). Effect of humic acid on soil
physical and chemical properties, microbial community structure, and metabolites of decline
diseased bayberry. International Journal of Molecular Sciences, 23(23), 14707.

Ennab HA, Mohamed AH, El-Hoseiny HM, Omar AA, Hassan IF, Gaballah MS, Khalil SE, Mira AM, Abd EI-
Khalek AF, Alam-Eldein SM (2023) Humic acid improves the resilience to salinity stress of drip-
irrigated Mexican lime trees in saline clay soils. Agronomy 13(7):1680

Ibraheem, F. I., Abu-Ria, M. E., Abo-Hamed, S. A,, Anis, G. B., & Shukry, W. M. (2023). Humic acid improves
germination, vegetative growth, and yield in rice (Oryza sativa L.) under salinity stress. Catrina:
The International Journal of Environmental Sciences, 27(1), 75-91.

Parimala, M., & Singh, J. (2022). Soil and foliar application of silicon on quality parameters and yield of
horticultural crops. The Pharma Innovation Journal, 11(5), 427-433.

Debicz, R., Pawlikowska, A., Wroblewska, K., & Babelewski, P. (2016). Influence of foliar treatment with
silicon contained in the Actisil Hydro Plus preparation on the growth, flowering and chemical
composition of Gazania rigens (L.) Gaertn., Salvia farinacea Benth and Verbena hybrida

Voss. Journal of Elementology, 21(3).

Ma, J. F., & Yamaji, N. (2006). Silicon uptake and accumulation in higher plants. Trends in plant
science, 11(8), 392-397.

Mahmoud, L. M., Shalan, A. M., El-Boray, M. S., Vincent, C. ., El-Kady, M. E., Grosser, J. W., & Dutt, M.
(2022). Application of silicon nanoparticles enhances oxidative stress tolerance in salt stressed
‘Valencia’sweet orange plants. Scientia Horticulturae, 295, 110856.

181



Al-Furat Journal of Innovations in Agricultural Sciences
FJIAS 2026 | Vol. 2 | Special Issue 1 | ICSDCC 2026

Bhat, J. A., Shivaraj, S. M., Singh, P., Navadagi, D. B., Tripathi, D. K., Dash, P. K., ... & Deshmukh, R. (2019).
Role of silicon in mitigation of heavy metal stresses in crop plants. Plants, 8(3), 71.

Abdelaal, K. A., Mazrou, Y. S., & Hafez, Y. M. (2020). Silicon foliar application mitigates salt stress in sweet
pepper plants by enhancing water status, photosynthesis, antioxidant enzyme activity and fruit
yield. Plants, 9(6), 733.

182



