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Abstract: Arugula contains compounds with therapeutic and preventive roles against
many diseases, and it promotes overall health. Additionally, its seeds contain promising
medicinal oil that general health and disease prevention. An experiment was conducted
over two agricultural seasons (autumn 2023-2024 and spring 2024) using a Randomized
Complete Block Design (RCBD) with a split-plot system in three replicates to enhance the
quantity and quality of the oil in the seeds. The biostimulant treatments (A) were applied to
the main plots, with A; as the control (no addition), A> treated with Trichoderma
harzianum, and A3 treated with Bacillus subtilis. Amino acids (B) were organized within
the sub-plots, including B as the control (water spray), B> with Arginine 150 mg L', Bs
with Tryptophan 150 mg L', and Bs with Phenylalanine 150 mg L!. The treatment with
sprouted barley seed extract (C) was applied in the sub-sub-plots, with C; as the control,
and C» involved spraying the sprouted barley seed extract at a concentration of 100 g L.
The results showed a positive and significant effect of the biostimulant treatments
Trichoderma harzianum, Bacillus subtilis, amino acids Arginine, and Tryptophan,
Phenylalanine, and sprouted barley seed extract, and their interactions, in increasing the
concentrations of fatty acids in arugula seed oil, including Erucic, Palmitic, Stearic, Oleic,
Lenolic, and Linolenic acids. This encourages the trend towards sustainable agriculture to
enhance the health value of the oil while preserving the environment and the ecosystem.

Keywords: amino acids, arugula seed oil, biostimulants, sprouted grains.

Introduction

Arugula (Eruca vesicaria Thell. Cav. Subsp.
Sativa (Mill.) L.) is an annual herbaceous
winter plant belonging to the Brassicaceae
family. It has gained significant medicinal and
nutritional importance. Arugula is edible and
widely cultivated in temperate regions
throughout the year, except during extreme
cold and hot months (Mohammed & Rafiq,

2009). Originating from the Mediterranean
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region, the plant is rich in vitamin C, known
for its diverse health-promoting effects,
including improving circulation and anti-
inflammatory properties (Fuentes et al.,
2014). Despite the growing demand for food
production today, it is essential to focus on
without

sustainable agricultural practices

harming the environment Plant Growth-

Promoting .
Rhizobacteria (PGPR) are considered
pioneers of the next-generation green
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revolution and serve as excellent alternatives
to chemical fertilizers. Among the most
common PGPR species is Bacillus subtilis,
which has been effectively used to enhance
plant growth and increase yields (Mahapatra
et al., 2022; Suhag, 2016; Haran & Thaher,
2019). These bacteria inhabit the rhizosphere
and promote growth by producing plant
hormones such as auxins (Bhat et al., 2019).
Since Trichoderma naturally occurs in the
soil, it is an integral component of the

rhizosphere, with the ability to grow,
multiply, and compete  with  other
microorganisms.

This gives it a positive role in supporting
plant nutrition, enhancing germination rates,
and boosting productivity. Foliar feeding has
become an essential aspect of modern
agricultural practices. Foliar feeding programs
are widely adopted for their numerous
benefits and effectiveness in meeting plant
needs directly, bypassing  soil-related
challenges such as nutrient fixation, leaching,
and slow nutrient mobility. It allows for the
efficient and precise application of nutrients
tailored to the plant’s actual requirements at
each growth stage, especially during rapid
growth phases, with a particular focus on
micronutrients and growth regulators (Taiz et
al., 2014).

acids as biofertilizers plays a significant role

The foliar application of amino

in altering the osmotic potential within plant
This
enhancing the ability of cells to absorb water

tissues. reduces water potential,
and nutrients, thereby promoting vegetative
growth and increasing the uptake of key
nutrients such as nitrogen, phosphorus, and
potassium (Azza & Yousf, 2015). Arginine is
a precursor to polyamines and nitric oxide,
both of which are involved in almost all
physiological and biochemical processes,
helping plants adapt to stress conditions

(Yang & Gao, 2007). It also plays a role in
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plant flowering, a feature it shares with other
amino acids (Mohammed & Khalil, 1992).
The of the

Phenylalanine lies in its role as a precursor to

significance amino acid

phenylpropanoids, a broad spectrum of

These
numerous secondary metabolites in most

important  compounds. include
dicot plants, such as flavonoids and phenolic
acids (Deng & Shanfa, 2017). On the other
hand,

alternatives to chemical fertilizers is the use

one of the most complementary

of plant extracts, particularly from freshly
germinated seeds. Recently, these extracts
have gained popularity in various fields due to
their richness in compounds absent in mature
plants, their simple composition, and ease of
absorption. They are rich in gibberellins and
have a reduced abscisic acid content (Taiz et
al., 2014). Currently, there is a growing focus
on eco-friendly biostimulation to improve
crop  performance  under  sustainable
agricultural systems. Therefore, this research
aims to integrate the use of advanced
agricultural technologies, based on sound
scientific principles, to provide -effective
outcomes in enhancing the productivity and
quality of arugula plants, improving oil
quality, and increasing the concentration of
bioactive compounds. This ultimately elevates

its nutritional and medicinal value.
Materials & Methods

The experiment was conducted in the fields of
the
Landscape

and
of
Agriculture, University of Al-Qasim Green, to

Department of  Horticulture

Engineering, = College
study the role of biofertilizers and sprouted
barley grain extract in enhancing the active
of
vesicaria) seed oil. The experiment included
the study of three factors: Factor 1:
Biofertilizer (A): Ai: Control treatment (no
addition), As: Treatment with the fungus

compound content arugula (Eruca
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Trichoderma harzianum at a concentration of
108, applied at a rate of 5 g per hole during
and As: with the
bacterium Bacillus subtilis at a concentration

planting Treatment
of 108, applied at a rate of 5 g per hole during
planting. The biofertilizers were prepared by
the Agricultural Research, Department at the
Biotechnology Center, Ministry of Science
and Technology, Factor 2: Spraying with
Amino Acids (B): Bi: Control treatment
(spraying with water only), B2: Spraying with
Arginine at 150 mg L', Bs: Spraying with
Tryptophan at 150 mg L' and Ba4: Spraying
with Phenylalanine at 150 mg L™'. The plants
were sprayed twice: the first spray was
applied when 4-6 true leaves had emerged,
and the second spray was conducted 14 days
after the first. Spraying was performed in the
morning until complete wetting of the plants,
using a surfactant to reduce water surface
tension. Factor 3: Spraying with Sprouted
(©€): Cu:
treatment (spraying with water only). Coa:

Barley Grain Extract Control
Spraying with sprouted barley grain extract at
a concentration of 100 g L' (Al-Khafaji &
Al-jubouri, 2022).

The plants were sprayed twice, with the first
spray applied the day after spraying with the
amino acids.

Reparation of Sprouted Barley
Grain Extract

One kg of barley grains (Iba 265 variety,
obtained from the Ministry of Agriculture,
Al-
Suwaira Research Station) was washed and

Agricultural Research  Department,
soaked in water for 24 h. After soaking, the
grains were drained and spread in a single
layer on trays lined with gauze in a dark
place. They were sprayed with water as
needed to maintain moisture. The grains
germinated after 72 h (appearance of the
radicle). The sprouted grains were blended in
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an electric blender until well mixed, then the
mixture was filtered, and the volume was
adjusted to 10 liters. The extract was sprayed
on the plants early in the morning. To
the
availability, a water extract was also prepared

compare and calculate nutritional
from dormant barley grains. 100 g of dormant
barley grains were washed, blended, and
filtered, and the volume was adjusted to 1 L.
Table (1) presents the chemical and physical
properties and the nutritional availability
coefficient of the aqueous extracts of both

dormant and sprouted barley grains.
Experimental Design

The experiment was conducted using a
factorial design (3*4*2) within a Randomized
Complete Block Design (RCBD) arranged in
a split-split plot system with three replicates.
The biofertilization treatments were assigned
to the main plots, amino acid treatments to the
sub-plots, and sprouted barley grain extract
treatments to the sub-sub plots (Al-Rawi &
Khalaf Allah, 2000).

The means of the treatments were analyzed
using the Least Significant Difference (L.S.D)
test at a 0.05 probability level. The statistical
analysis of the experimental data was
performed using GenStat V.12 software. The
field was divided into three blocks, with a 50
Each block

contained 24 experimental units, spaced 50

cm distance between blocks.

cm apart. Each experimental unit consisted of
two rows, spaced 20 cm apart. One row was
designated for vegetative measurements, and
the other for seed and oil measurements. Each
row contained 10 plants, spaced 20 cm apart,
resulting in 20 plants per experimental unit.
The Egyptian arugula seeds used in the
experiment were sourced from a certified
agricultural supplier. Seed germination was
tested by randomly selecting 100 seeds, which
were placed on water-saturated filter paper in
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a dish and left at room temperature for 48
hours. The germination rate was calculated to
be 98%. Traditional fertilizers (K, P, N) were
applied to the soil at rates of 10, 100, and 100
kg ha',
recommendations

respectively, as per the
(Taherlou &  Dursun,
2019). Soil samples were collected from three
locations within the field at a depth of 30 cm
and mixed before planting to conduct physical
and chemical analyses. Table 2 presents the
results of the soil analyses conducted at the

Soil and Water Laboratory, Directorate of
Agriculture, Al-Qadisiyah. The field was
sown on October 1, 2023, for the first season
and on January 15, 2024, for the second
season. Three seeds were placed in each hole
and covered with fine soil. Drip irrigation was
applied immediately after planting. After the
emergence of true leaves, thinning was
conducted to leave one plant per hole. Manual
weeding was performed throughout the
growing season.

Table (1): Chemical and Physical Properties and Nutritional Conversion Factor of the Water

Extract of Sprouted Barley Grains.

Water Extract of

Unit of

Trait Measurement Dormant‘ Barley
Grains
pH 7.00
EC1:1 dc.cm 1.70
N gL 6.18
P mg L' 219
K mg L' 278
Ca mg L' 29.5
Mg mg L 76.3
Fe mg L' 2.50
Zn mg L' 2.00
Gibberellin pg L 2

Water Extract of *Nutritional
Sprouted Barley Availability Ratio
Grains (Nutrient Conversion)

6.90

1.80

8.07 1.30

222 1.01

266 0.95

34.1 1.15

80.7 1.05

6.00 2.40

4.01 2.00

304 152

Table (2): Physical and Chemical Properties of the Field Soil.

Soil Texture N% Oreanic Electrical
K ppm Mzgn tter Conductivity PH
Silt Clay Sand de.cm
50 12.5 0.021 13.1 0.42 2.43 7.2
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Experimental Readings and
Measurements Measuring the Active
Ingredients in the Oil

Fat The
prepared according to the method adopted
by the AOAC (1995) which relies on fat

Esterification: sample was

esterification by reacting it with
methanolic  potassium hydroxide. To
prepare the solution, 11.2 grams of

potassium hydroxide were dissolved in
100 ml of methanol. Then, 1 g of fat was
taken, and 8 ml of methanolic potassium
hydroxide, along with 5 ml of hexane,
were added. The mixture was shaken
quickly for 30 seconds and left to separate
into two layers. The upper layer (hexane
layer), which contains the esterified fat,
was then taken and injected into the
machine.

of the
Sample: The analysis was conducted in the

Chromatographic ~ Analysis
laboratories of the Ministry of Science and
Technology / Environmental and Water
Directorate. Fatty acid compounds were
analyzed using a gas chromatography
device (GC — 2010) made by Shimadzu
(Japan). A flame ionization detector (FID)
was used, and a capillary column of type
SE-30 with dimensions (30 m * 0.25 mm)
was used for separation (Zhang et al.,
2015). the
conditions:

According to following

Table (3): Conditions for Analyzing

Fatty Acid Compounds Using Gas
Chromatography (GC - 2010).
Paragraph Title Temperature
Injection Area
Temperature 280C

Detector Temperature 310 C
Column Temperature 120-290 (10C /MIN)

Gas Flow Rate 100 Kpa
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Results & Discussion

Table (4) illustrates the individual effects
of the added treatments. Regarding the
effect of the biofertilizer,
Trichoderma harzianum had a positive

individual

effect on the increase in fatty acid content
over both seasons, Bacillus subtilis also
showed positive results compared to the
control treatment. As for the amino acids
and their effects on fatty acids, the amino
acid Arginine resulted in the highest fatty
acid content, followed by the amino acid
Phenylalanine. Moreover, the extract of
sprouted barley seeds showed a positive
effect compared to the control treatment in
both seasons.

the dual of
treatments, the interaction between A2B2
showed the highest
compared to other

Regarding interactions

significant value
The
interaction between the amino acids and

interactions.

the sprouted barley seed extract gave the
best results for both seasons in the B4C2
treatment. As for the interaction between
the biofertilizer and the extract, the
combination of A2C2 showed the best
positive effect compared to the control.
Finally, for the three-way interactions of
the treatments, Table 5 shows that the
A2B3C2 interaction outperformed all other
three-way combinations, giving the highest
value for the fatty acid content in arugula
seed oil
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Table (4): shows the individual and dual effects of the treatments on the fatty acid content of arugula seed oil.

Erucic% Palmatic% Stearic% Oleic% Lenolic% Linolenic%
Treatment
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
Al 36.06 29.83 6.14 4.43 3.00 1.83 13.30 9.98 18.32 14.05 1.67 1.34
A2 37.52 31.18 7.79 5.85 4.60 2.92 15.23 11.53 19.94 15.47 2.67 2.36
A3 36.95 30.82 7.16 5.52 3.98 2.63 14.46 11.15 19.33 15.13 2.22 2.09
L.S.D (A) 0.016 0.027 0.015 0.070 0.015 0.031 0.016 0.017 0.013 0.007 0.015 0.018
B1 36.10 29.95 6.24 4.62 3.06 1.88 13.39 10.16 18.43 14.23 1.68 1.41
B2 37.23 30.88 7.41 5.60 4.25 2.70 14.82 11.20 19.61 15.17 2.45 2.13
B3 36.90 30.52 7.09 5.11 3.92 2.42 14.39 10.74 19.25 14.76 2.22 1.87
B4 37.15 31.09 7.38 5.75 4.22 2.84 14.72 11.44 19.51 15.37 2.38 231
L.S.D (B) 0.017 0.011 0.017 0.057 0.016 0.014 0.017 0.007 0.018 0.012 0.017 0.011
Cl 36.13 30.03 6.21 4.71 3.06 1.95 13.38 10.24 18.41 14.29 1.68 1.48
C2 37.56 31.19 7.85 5.83 4.66 2.97 15.28 11.53 19.99 15.48 2.69 2.38
L.S.D (O) 0.012 0.006 0.012 0.040 0.012 0.008 0.012 0.007 0.012 0.006 0.012 0.008
Al1BI 35.51 29.49 5.57 4.15 2.41 1.48 12.66 9.61 17.77 13.70 1.33 1.01
A1B2 35.93 29.73 5.93 4.44 2.79 1.74 13.09 9.93 18.21 14.00 1.50 1.25
AI1B3 36.08 29.67 6.24 4.00 3.11 1.78 13.40 9.67 18.35 13.82 1.73 1.28
A1B4 36.72 30.43 6.82 5.13 3.71 2.30 14.06 10.72 18.96 14.69 2.11 1.82
A2B1 36.55 30.33 6.76 4.99 3.55 2.18 13.96 10.60 18.94 14.63 1.96 1.72
A2B2 38.08 31.62 8.37 6.34 5.21 3.32 15.91 12.06 20.48 15.92 3.06 2.70
A2B3 37.70 31.33 7.92 6.04 4.73 3.06 15.42 11.67 20.13 15.61 2.79 2.44
A2B4 37.78 31.45 8.12 6.03 4.92 3.11 15.63 11.79 20.23 15.72 2.87 2.57
A3Bl1 36.26 30.04 6.39 4.71 3.21 1.97 13.55 10.26 18.58 14.36 1.77 1.51
A3B2 37.68 31.29 7.92 6.02 4.76 3.03 15.46 11.62 20.14 15.60 2.79 243
A3B3 36.93 30.57 7.12 5.28 3.91 2.43 14.35 10.89 19.27 14.86 2.15 1.88
A3B4 36.94 31.37 7.21 6.09 4.02 3.11 14.47 11.82 19.33 15.71 2.18 2.53
L.S.D (A.B) 0.028 0.028 0.027 0.101 0.026 0.033 0.028 0.018 0.028 0.019 0.028 0.021
B1ClI 35.54 29.44 5.54 4.11 2.40 1.46 12.59 9.58 17.79 13.70 1.34 1.03
BIC2 36.67 30.47 6.93 5.12 3.72 2.30 14.19 10.73 19.07 14.76 2.03 1.79
B2C1 36.70 30.41 6.83 5.14 3.69 2.30 14.11 10.68 19.00 14.68 2.05 1.78
B2C2 37.76 31.35 7.99 6.06 4.82 3.10 15.53 11.73 20.22 15.65 2.86 2.47
B3Cl1 35.97 29.83 6.04 4.50 2.87 1.78 13.17 9.99 18.25 14.08 1.56 1.29
B3C2 37.83 31.22 8.15 5.72 4.96 3.07 15.61 11.49 20.26 15.45 2.89 2.44
B4Cl1 36.31 30.46 6.44 5.10 3.30 2.25 13.65 10.70 18.61 14.69 1.79 1.81
B4C2 37.98 31.71 8.33 6.40 5.14 343 15.79 12.18 20.41 16.06 2.98 2.80
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L.S.D (B.C) 0.023 0.013 0.023 0.078 0.023 0.018 0.023 0.012 0.024 0.015 0.023 0.015
AICI 35.33 29.30 5.31 3.96 2.19 1.29 12.32 9.38 17.47 13.47 1.23 0.92
AlC2 36.79 30.35 6.97 4.90 3.82 2.36 14.28 10.59 19.17 14.63 2.10 1.76
A2C1 36.82 30.55 7.01 5.24 3.85 2.40 14.30 10.83 19.16 14.85 2.12 1.89
A2C2 38.23 31.81 8.57 6.46 5.35 3.44 16.16 12.22 20.73 16.09 3.22 2.83
A3ClI 36.25 30.24 6.31 4.93 3.16 2.15 13.52 10.50 18.60 14.54 1.70 1.63
A3C2 37.66 31.39 8.01 6.12 4.79 3.12 15.40 11.79 20.07 15.72 2.74 2.54

L.S.D (A.C) 0.019 0.027 0.019 0.075 0.019 0.030 0.019 0.017 0.018 0.009 0.019 0.018

A2: Trichoderma harzianum 108, A3: bacillus subtilis 108, B2: Arginine 150mgl! B3: Tryptophan 150mgl! ,B4: Phenylalanine 150mgl! C2: Sprouted barley grain

extract at a concentration of 100 g, A1, B1, C1 Without addition. S1: first season, S2: second season.

Table (5): shows the effect of the three-way interactions of the treatments on the fatty acid content of arugula seed oil.

Erucic% Palmatic% Stearic% Oleic% Lenolic% Linolenic%
Treatment
S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
Al 36.06 29.83 6.14 4.43 3.00 1.83 13.30 9.98 18.32 14.05 1.67 1.34
A2 37.52 31.18  7.79 5.85 4.60 2.92 1523 11.53 19.94 15.47 2.67 236
A3 36.95 30.82  7.16 5.52 3.98 2.63 1446  11.15 19.33 15.13 222 2.09
L.S.D (A) 0.016 0.027 0.015  0.070 0.015 0.031  0.016  0.017 0.013 0.007  0.015 0.018
Bl 36.10 2995 6.24 4.62 3.06 1.88 13.39  10.16 18.43 14.23 1.68 1.4l
B2 37.23 30.88  7.41 5.60 4.25 2.70 1482 11.20 19.61 15.17 245 213
B3 36.90 30.52  7.09 5.11 3.92 242 1439  10.74 19.25 14.76 222 1.87
B4 37.15 31.09 7.38 5.75 4.22 2.84 1472 1144 19.51 15.37 238 231
L.S.D (B) 0.017 0.011  0.017  0.057 0.016 0.014  0.017  0.007 0.018 0.012  0.017 0.011
Cl 36.13 30.03 6.21 4.71 3.06 1.95 13.38  10.24 18.41 14.29 1.68 1.48
C2 37.56 31.19 7.85 5.83 4.66 2.97 1528 11.53 19.99 15.48 269 238
L.S.D(C) 0.012 0.006 0.012 0.040 0.012 0.008 0.012  0.007 0.012 0.006 0.012 0.008
AlBI 35.51 29.49  5.57 4.15 241 1.48 12.66 9.61 17.77 13.70 1.33 1.01
Al1B2 35.93 29.73  5.93 4.44 2.79 1.74 13.09 9.93 18.21 14.00 1.50  1.25
Al1B3 36.08 29.67 6.24 4.00 3.11 1.78 13.40 9.67 18.35 13.82 1.73 1.28
Al1B4 36.72 3043  6.82 5.13 3.71 2.30 14.06  10.72 18.96 14.69 2.11 1.82
A2Bl1 36.55 3033  6.76 4.99 3.55 2.18 13.96  10.60 18.94 14.63 196 1.72
A2B2 38.08 31.62  8.37 6.34 5.21 3.32 1591  12.06 20.48 15.92 3.06 2.70
A2B3 37.70 3133 7.92 6.04 4.73 3.06 1542 11.67 20.13 15.61 2.79  2.44
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A2B4 37.78 3145 8.12 6.03 4.92 3.11 15.63 11.79 20.23 15.72 2.87 257
A3B1 36.26 30.04 6.39 4.71 3.21 1.97 13.55 10.26 18.58 14.36 1.77  1.51
A3B2 37.68 3129 7.92 6.02 4.76 3.03 1546 11.62 20.14 15.60 279 243
A3B3 36.93 30.57  7.12 5.28 3.91 2.43 1435 10.89 19.27 14.86 2.15 1.88
A3B4 36.94 3137 7.21 6.09 4.02 3.11 14.47 11.82 19.33 15.71 2.18 253
L.S.D (A.B) 0.028 0.028 0.027  0.101 0.026 0.033  0.028  0.018 0.028 0.019  0.028 0.021
BIC1 35.54 29.44 5.54 4.11 2.40 1.46 12.59 9.58 17.79 13.70 1.34 1.03
BIC2 36.67 3047  6.93 5.12 3.72 2.30 14.19 10.73 19.07 14.76 2.03 1.79
B2C1 36.70 3041  6.83 5.14 3.69 2.30 14.11 10.68 19.00 14.68 2.05 1.78
B2C2 37.76 3135 7.99 6.06 4.82 3.10 1553 11.73 20.22 15.65 2.86 2.47
B3Cl1 35.97 29.83  6.04 4.50 2.87 1.78 13.17 9.99 18.25 14.08 1.56 1.29
B3C2 37.83 31.22 8.15 5.72 4.96 3.07 15.61 11.49 20.26 15.45 2.89 244
B4Cl1 36.31 3046 6.44 5.10 3.30 2.25 13.65 10.70 18.61 14.69 1.79 1.81
B4C2 37.98 31.71  8.33 6.40 5.14 3.43 1579  12.18 20.41 16.06 2.98 2.80
L.S.D (B.C) 0.023 0.013 0.023  0.078 0.023 0.018  0.023  0.012 0.024 0.015  0.023 0.015
AICI 35.33 2930 531 3.96 2.19 1.29 12.32 9.38 17.47 13.47 1.23 092
AlIC2 36.79 3035 6.97 4.90 3.82 2.36 1428  10.59 19.17 14.63 2.10 1.76
A2C1 36.82 30.55 7.01 5.24 3.85 2.40 1430  10.83 19.16 14.85 212 1.89
A2C2 38.23 31.81  8.57 6.46 5.35 3.44 16.16  12.22 20.73 16.09 322 283
A3ClI 36.25 30.24  6.31 4.93 3.16 2.15 13.52  10.50 18.60 14.54 1.70 1.63
A3C2 37.66 31.39  8.01 6.12 4.79 3.12 1540 11.79 20.07 15.72 2.74 254
L.S.D (A.C) 0.019 0.027 0.019 0.075 0.019 0.030 0.019 0.017 0.018 0.009 0.019 0.018

A2: Trichoderma harzianum 103, A3: bacillus subtilis 108, B2: Arginine 150mgl-1 B3: Tryptophan 150mgl"', B4: Phenylalanine 150mgl-1 C2: Sprouted barley grain
extract at a concentration of 100 gl', A1, B1, C1 Without addition. S1: first season, S2: second season.
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The results in the table showed the superiority
of the individual factors of the study and their
interactions on the active compounds content
in the oil. This superiority can be attributed to
the role of biofertilizers through microbial
processes performed by soil organisms that
mobilize unavailable nutrients in the soil and
enhance plant growth, making them essential
agriculture  (Jacob &
2023; 2024).
Bacillus species act as bio-stimulants by

for sustainable

Paranthaman, Al-Maamori,
producing plant hormones such as auxins and
cytokinins, which contribute to plant growth

and development (Zubair et al., 2019;
Mostafavian et al., 2008). By working
together as a harmonious team, they

comprehensively activate plant growth and
stimulate the formation of active compounds
and oil. The combined stimulation of auxins
and cytokinins can lead to improved lateral
and adventitious root branching and an
increase in the absorption of nutrients, thereby
activating metabolic processes (Sosnowski et
al., 2023).

This directly increases the quality of the
arugula seed oil. Plant Growth-Promoting
Rhizobacteria (PGPR) play an important role
in enhancing plant growth through a variety
of mechanisms, including the production of
siderophores (molecules that help plants
absorb iron) (Choudhary et al., 2011; Garcia-
Fraile et al., 2015). Siderophores are cofactors
for enzymes involved in converting Acetyl-
Coenzyme A (Acetyl-CoA) to Malonyl-
Coenzyme A (Malonyl-CoA), which is a key
step in the fatty acid biosynthesis pathway, as
proven by Ye et al. (2020) regarding the role
of Acetyl-CoA in fatty acid synthesis in
plants. Additionally, the effectiveness of
Trichoderma harzianum in promoting plant
growth through disease reduction (Yousif &
Hassan, 2023). by colonizing the roots and
competing with harmful pathogens, has been
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the of
contributed to

demonstrated.  Therefore, use

Trichoderma  harzianum
improving the health of arugula, enhanced
nutrient  absorption, and consequently
increased both its growth and yield, both in
quantity and quality (Matas-Baca et al.,
2023). Regarding the application of amino
acid spraying on plants, its significant effect
was evident in the table, indicating the effect
of arginine, which is considered a precursor to
polyamine synthesis (Bagni & Tassoni, 2003;
[llingworth et al., 2001). Polyamine synthesis
in Arabidopsis begins with arginine, which is
by the

decarboxylase to agmatine. This process is

converted enzyme  arginine
important for the balance of nitrogen (N) and
carbon (C) within the cell, and this balance is
crucial for fatty acid formation (Gupta et al.,
2016). The increase in fatty acid content in
the oil due to tryptophan is attributed to its
nitrogen content, which the plant absorbs
directly when sprayed on the leaves. This, in
turn, activates the root system, including
potassium and phosphorus, thereby increasing
carbon fixation and improving nutrient
absorption efficiency. Since amino acids are
precursors for the synthesis of hormones and
growth regulators, as well as for the formation
of secondary metabolites in plants, they play a
role in and

key stimulating  growth

encouraging plant development under
unfavorable climatic conditions (Taher et al.,
2017). In some cases, plants can convert
amino acids into Acetyl-Coenzyme A through
deamination, which might play a role in
increasing fatty acid content. The effect of
arginine and phenylalanine may be due to
their role in the synthesis of proteins and
the

bioactive compounds within the plant (Reham

enzymes needed for formation of
et al., 2016). Additionally, phenylalanine is
considered one of the aromatic amino acids,

which is presumed to be the precursor for the
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synthesis of active compounds in the plant
(Tzin & Galili, 2010; Perkowski & Warpeha,
2019). It is one of the glucogenic and
ketogenic amino acids, which are important
for the preparation of the Krebs cycle with
Three
phenylalanine are converted into fumarate,

carbon. carbon atoms  from
while the remaining part is converted into
isoleucine, which enhances the Krebs cycle
with three-carbon compounds that serve as a
source for generating other active compounds
within the plant (Hyun et al., 2011; Al-Yasiry

& Majwel, 2024; Alpresem et al.,2025).

Regarding the superiority of barley sprout
extract spray, its effect is attributed to its good
content of gibberellin, which is known for
promoting cell division and elongation,
leading to an increase in the size of tissues
that contain oils, such as seeds. This increase
in biomass may contribute to higher oil
production. production (Castro-Camba et
al.,2022). Additionally, it

metabolic processes, including fatty acid and

stimulates

oil synthesis pathways. It also enhances the
activity of enzymes responsible for forming
fatty acids, the primary component of oils
(Essa, 1992). the
contains easily soluble and bioavailable

Furthermore, extract
nutrients, including nitrogen in the form of

amino acids and small peptides, and
phosphorus in the form of soluble phosphates
(Table 1), which makes them easily absorbed
by the plant’s leaves, thus increasing the
biochemical activities based on that. The
results of the first season were better than
those of the second season, which may be due
to the favorable environmental conditions for
biological processes, especially
photosynthesis, leading to an increase in
compounds (Ugur et al., 2010). In his study
on arugula, he found variations in fatty acids

due to different planting periods
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Conclusion

The fertilization program followed in this
that
encourage the use of environmentally friendly

study showed promising results
resources in the direction of clean agriculture
and cost reduction. The program recorded
satisfactory results in the agricultural aspect
(especially in fertilization), with significant
differences observed for all the treatments
used. This opens new horizons for sustainable

agriculture in Iraq.
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