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Abstract

Arugula Eruca vesicaria L. contains medically active compounds, and its seeds produce an oil with
beneficial effects on overall health and disease prevention. To enhance the quantity and quality of
the oil and the bioactive compounds in the leaves, a field experiment was conducted over two
seasons: the autumn of 2023-2024 and the spring of 2024. ) using a Randomized Complete Block
Design (RCBD) with a split-plot system in three replicates. Biofertilization treatments were
assigned to the main plots (A) included: A; (control, no application), A, (Trichoderma harzianum at
a concentration of 2x10° CFU mL™), A; (Bacillus subtilis at a concentration of 2.25x10° CFU mL’
1. Amino acid treatments were assigned to the sub-plots (B) included: B; (control, water spray
only), B, (Arginine 150 mg L™), B3 (Tryptophan 150 mg L), and B, (Phenylalanine 150 mg L™).
The sub-sub plots (C) were allocated to treatments with sprouted barley grain extract included: C;
(control, water spray only) and C, (sprouted barley seed extract at a concentration of 100 g L~
1)..The application of Trichoderma harzianum, Bacillus subtilis, amino acids (Arginine,
Tryptophan, Phenylalanine), and sprouted barley grain extract, as well as their interactions, had
a significant effect impact on increasing the concentration of bioactive compounds in the leaves, the
fatty acids erucic and linoleic, and the oil percentage in arugula seeds. This promotes a sustainable
agricultural approach that enhances the health benefits of the oil while contributing to
environmental conservation, which is of paramount importance.
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Introduction

Arugula (Eruca vesicaria L.) Thell. cav.
Subsp. Sativa (Mill.) is a leafy vegetable
crop renowned for its medicinal properties
and belongs to the Brassicaceae family. It
is commonly consumed fresh in salads,
while its leaves and flowers are also
utilized in Mediterranean regions [30]. In
some countries, this plant is cultivated for
its oil, which possesses extensive
therapeutic properties [40]. The seeds and
leaves of arugula exhibit various medicinal
attributes, including diuretic, laxative, and
stimulant [4]. Additionally, its ethanolic
extract demonstrates  pharmacological
activities against multiple  diseases,
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particularly pancreatic cancer cells [32] as
well as anti-inflammatory and
neuroprotective properties [20],
antibacterial [16] antidiabetic properties
[38], and antioxidant activity [31].
Excessive use of chemical fertilizers has
significant negative effects on soil and
water, necessitating a shift toward
sustainable agricultural practices that
minimize environmental harm.
Trichoderma fungi naturally exist in soil as
part of the rhizosphere microbiome, where
they compete with other microorganisms
for resources. Trichoderma harzianum is a
filamentous fungus widely used as a
biological control agent against
agricultural pests [50]. Research on its
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genetic traits has led to patented
applications in biopesticides and plant
breeding strategies due to its strong ability
to combat plant pathogens and stimulate
plant growth [42]. The effectiveness of T.
harzianum in promoting plant growth has
been demonstrated in various vegetable
crops by reducing disease incidence
through root colonization and competition
with harmful pathogens [33]. A study on
the impact of beneficial fungi and bacteria
on plant growth and nitrate content in
hydroponically grown arugula revealed
that  inoculation  with  Azospirillum
brasilense and Trichoderma harzianum at
different electrical conductivity levels
significantly increased root biomass and
improved crop yield and nutrition while
reducing nitrate levels in the leaves.
Furthermore, T. harzianum inoculation
enhanced phosphorus content in leaves,
reaching 10.8 g kg~ * [36]. This highlights
its positive role in supporting plant
nutrition, increasing germination rates, and
boosting  production.  Plant  growth-
promoting rhizobacteria (PGPR) are
considered pioneers of the next-generation
green revolution, offering an eco-friendly
alternative to chemical fertilizers. Bacillus
subtilis is one of the most widely used
PGPR species, effectively enhancing plant
growth and yield [29,45]. This bacterium
colonizes the rhizosphere and stimulates
plant growth by producing phytohormones
such as auxins [12]. In an arugula study,
foliar application of B. subtilis at a
concentration of 50 mL L~ ? significantly
increased the active compound content in
leaves, with phenolic compounds reaching
1.083 mg g~ ! dry weight, flavonoids at
35.98 mg g~ ! dry weight, and tannins at
1.086 mg g~ ! dry weight [8]. Arginine
serves as a precursor for polyamine and
nitric oxide synthesis, both of which
regulate key physiological and biochemical
processes, helping plants adapt to stress
conditions [52]. It is one of the most
abundant amino acids in plant proteins and
acts as a primary nitrogen source and
transporter, constituting about 50% of total
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nitrogen in seeds and, in some cases, over
90% of free nitrogen in vegetative tissues
[5]. Tryptophan accelerates plant growth
by promoting tissue formation and
facilitates the breakdown of dead cells into
proteins, thereby stimulating development
and enhancing flowering [3,26,11].
Phenylalanine is a precursor to
phenylpropanoids, a diverse group of
secondary metabolites in dicotyledonous
plants, including flavonoids and phenolic
acids, which play significant roles in plant
defense and adaptation [15]. A promising
alternative to chemical fertilizers is the use
of plant extracts, particularly those derived
from newly sprouted seeds. Recently, the
application of sprouted seed extracts has
gained attention due to their richness in
bioactive compounds that are absent in
mature plants. These extracts are easily
absorbed, contain high levels of
gibberellins, and have lower abscisic acid
content [48]. The stored nutrients in seeds,
including starch and proteins, play a
fundamental role in supporting embryo
growth. These reserves, found in the
endosperm  or  cotyledons, undergo
enzymatic hydrolysis into soluble units for
easy uptake by seedlings. The aleurone
layer secretes enzymes that break down
starch and proteins into sugars and amino
acids, which are then transported to the
embryo. Gibberellins, secreted by the
embryo, regulate the production of these
hydrolytic enzymes. Proteolytic enzymes
are crucial in degrading stored proteins and
are categorized into four types based on
their activity sites. Thioredoxin proteins
also regulate the release of these stored
[10]. In recent years, research has
increasingly focused on environmentally
friendly biostimulation techniques to

enhance crop  performance  within
sustainable agricultural systems. The
integration of advanced agricultural

technologies based on scientific principles
offers an effective strategy for improving
arugula productivity, enhancing oil quality,
increasing bioactive compound
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concentrations, and ultimately boosting its
Materials and Methods

The experiment was conducted in the
fields of the Department of Horticulture
and Landscape Engineering, College of
Agriculture, Al-Qasim Green University,
to enhance the content of arugula (Eruca
vesicari) in oil, bioactive compounds, and
antioxidants using biofertilizers and
sprouted barley seed extract.

Experimental Design

The experiment investigated three factors:
Biofertilizer (A): Ai: Control (without
application), A,: Trichoderma harzianum
at a concentration of 2*10° CFU mL™
(applied at 5 g per planting hole), As:
Bacillus subtilis at a concentration of
2.25*10° CFU mL™ (applied at 5 g per
planting hole). The biofertilizers were
provided by the Agricultural Research
Directorate / Biotechnology Center /
Ministry of Science and Technology.
Amino Acid Foliar Sprays (B): B;: Control
(sprayed with water only), B,: Arginine at
150 mg L™, Bs: Tryptophan at 150 mg L™,
B4 Phenylalanine at 150 mg L™. Plants
were sprayed twice: the first spray was
applied at the 4-6 true leaf stage, and the
second spray was applied 14 days later.
Spraying was performed in the morning
until full wetting, using a spreading agent
to reduce water surface tension. Sprouted
Barley Seed Extract (C): Cj: Control
(sprayed with water only), C,: Sprouted
barley seed extract at 100 g L™ prepared
according to [6]. The extract was applied
twice, the day after the amino acid foliar
sprays.

Preparation of Sprouted Barley Seed
Extract

One kilogram of barley seeds (Ibaa 265
variety) was obtained from the Agricultural
Research Directorate / Suwaira Research
Station. The seeds were washed and
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nutritional and medicinal value.

soaked in water for 24 h, then drained and
spread in a single layer on cheesecloth in
trays, kept in the dark, and misted with
water as needed to maintain moisture.
After 72 h, when the radicle emerged, the
germinated seeds were blended with water
until fully homogenized, then filtered and
diluted to a final volume of 10 L. The
extract was sprayed on the plants in the
early morning. A separate extract from
dormant barley seeds was prepared for
comparison, following the same procedure
but using dry seeds instead of germinated
ones. Table 1 presents the chemical and
physical properties and nutrient availability
of both extracts [6].

Experimental Layout

The factorial experiment (3x4x2) was
arranged in a split-split plot design using a
Randomized Complete Block Design
(RCBD) with three replications. The main
plots were assigned to biofertilizer
treatments. The sub-plots were assigned to
amino acid foliar sprays. The sub-sub plots
were assigned to sprouted barley seed
extract treatments. Data analysis was
conducted using GenStat V.12, and
treatment means were compared using the
Least Significant Difference (LSD) test at
a 0.05 probability level. The field was
divided into three blocks, with a 50 cm

space between blocks. Each block
contained 24 experimental units, with a 50
cm  space  between units.  Each

experimental unit consisted of two rows
(20 cm apart); one row was used for
vegetative measurements, and the other
was reserved for seed and oil analysis. Ten
plants per row were planted, with 20 cm
spacing between plants, resulting in 20
plants per experimental unit.

Planting and Agronomic Practices
Egyptian arugula seeds were obtained from

a certified agricultural supplier. A
germination test was performed by
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randomly selecting 100 seeds, placing
them on filter paper moistened with water,
and incubating them at room temperature
for 48 hours. The germination rate was
98%.

The recommended N-P-K fertilizer was
applied at 100-100-10 kg ha™, following
the recommendations of [46]. Soil samples
were collected from three locations at a 30
cm depth before planting, mixed
thoroughly, and analyzed for physical and
chemical properties at the Soil and Water
Laboratory, Directorate of Agriculture, Al-

Qadisiyah. Table 2 presents the soil
analysis results.

The field was sown on October 1, 2023
(first season) and January 15, 2024 (second
season). Three seeds were placed in each
planting hole and covered with
vermiculite. Drip irrigation was applied
immediately after sowing. Thinning was
performed after the emergence of true
leaves, leaving one plant per hole. Weeds
were manually removed throughout the
growing season.

Table 1. Chemical and Physical Properties and Nutritional Conversion Factor of
the Water Extract of Sprouted Barley Grains.

Trait Unit of Water Water *Nutritional
Measurement Extract of Extract of Availability
Dormant Sprouted Ratio
Barley Barley (Nutrient
Grains Grains Conversion)
pH 7.00 6.90
EC1:1 dc.cm 1.70 1.80
N gL? 6.18 8.07 1.30
P mg L™ 219 222 1.01
K mg L™ 278 266 0.95
Ca mg L™ 29.5 34.1 1.15
Mg mg L™ 76.3 80.7 1.05
Fe mg L™ 2.50 6.00 2.40
Zn mg L™ 2.00 4.01 2.00
Gibberellin pg L™ 2 304 152

*The conversion ratio was calculated by dividing the values of the elements in
the extract from sprouted seeds by the values of the elements in the extract from

dormant seeds.

Table 2. Physical and Chemical Properties of the Field Soil.

Soil Texture N% P% K
Silt Clay Sand ppm
50 125 375 0.021 0351 131

Organic EC pH
Matter dc.cm
0.42 2.43 7.2

796



Euphrates Journal of Agricultural Science-17 (2):796-809, (june.2025)

Al-Jibawi& Mijwel

Experimental and

Measurements

Readings

Leaf Content of Selected Bioactive
Compounds

Leaf samples were collected from the first
harvest to determine the bioactive
compound content.

Preparation of Leaf Extract

The extract was prepared by weighing 2 ¢
of dried and ground leaf powder following
the method described by [19]. A total of
40 mL of 80% ethanol (C, Heg O) was
added to a 100 mL glass flask, which was
then placed in a water bath at 32°C for 72
hours. The total phenolic content (mg kg~ *
dry weight) in the leaves was determined
according to the method outlined by [28].
Similarly, the total flavonoid content (mg
g~ ! dry weight) was estimated following
[28]. while the total tannin content (mg
kg~ ! dry weight) was measured using the
method adopted by [35].

Oil Extraction

The seeds were extracted from the siliques,
cleaned of impurities, and ground into a
fine powder. A 10 g sample of the powder
was wrapped in filter paper and placed in a
Soxhlet apparatus, where 250 mL of
hexane was added to a round-bottom flask.
The temperature was set to 200°F, and
after running the apparatus, the yellow
color observed in the round-bottom flask
indicated the presence of extracted oil
mixed with the solvent. Upon completion
of the extraction, the oil-solvent mixture
was removed, and the solvent was
separated. The extracted oil was stored in a
flask at room temperature to evaporate the
residual solvent before weighing using a
precision balance. The oil samples were
then refrigerated until further analysis [22].
The percentage of oil in the dried ground
leaf samples was determined following the
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method described by [21].
following equation:

using the
Oil Percentage=(Weight of Extracted Oil (
g) /Sample Weight (g))*100

Determination of Active Compounds in
the Oil

Esterification of Fats
The sample preparation followed the

standard method outlined [1]. which
involved esterifying the fats by reacting

them  with  methanolic  potassium
hydroxide. A methanolic potassium
hydroxide solution was prepared by

dissolving 11.2 g of potassium hydroxide
in 100 mL of methanol. A 1 g fat sample
was mixed with 8 mL of methanolic
potassium hydroxide and 5 mL of hexane,
then shaken vigorously for 30 seconds and
left to separate into two layers. The upper
hexane layer, containing the esterified fats,
was collected for further analysis.

Gas Chromatographic Analysis

The analysis was conducted at the
laboratories of the Ministry of Science and
Technology / Environment and Water
Directorate. Fatty acid compounds were
analyzed using a Shimadzu GC-2010 gas
chromatograph equipped with a flame
ionization detector (FID) and a capillary
column (SE-30) with dimensions (30 m x
0.25 mm) following the conditions
outlined by [55].

According to the following conditions:
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Table 3. Conditions for Analyzing Fatty
Acid Compounds Using Gas
Chromatography (GC - 2010)

Paragraph Title Temperature
Injection Area 280 C
Temperature
Detector 310C
Temperature
Column )10 CY/MIN (
Temperature 290 -120
Gas Flow Rate 100 Kpa
Results
The results presented in Table (4)
indicate  that the  application  of

biofertilizers, sprouted barley seed extract,
and their combined treatments had a
significant effect on the content of
bioactive compounds in leaves and seeds,
as well as the oil percentage across both
growing seasons. The treatment with
Bacillus subtilis resulted in the highest
mean values for phenolics and tannins,
recording 0.945, 0.890, and 1.208, 1.233

mg kg~* DW for both seasons,
respectively, compared to the control
treatment, which exhibited the lowest

values. The highest flavonoid content
(34.742 mg kg™ * DW) was observed in the
second season under this treatment. Plants
treated with the amino acid Phenylalanine
exhibited the highest values for phenolics,
flavonoids, and tannins across both
seasons, recording 0.987, 0.913, 35.705,
35.006, and 1.281, 1.334 mg kg~ * DW,
respectively. Additionally, plants treated
with sprouted barley seed extract showed
significantly higher mean values of
phenolics, flavonoids, and tannins,
reaching 0.952, 0.890, 34.845, 35.655, and
1.134, 1.167 mg kg~ * DW, respectively.
The same table illustrates the effect of
treatments on the oil percentage. The
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highest oil content was observed in plants
treated with Trichoderma harzianum in the
first season (30.77%) and with Bacillus
subtilis in the second season (24.94%).
Regarding the effect of amino acids on oil
percentage, plants treated with Arginine
exhibited the highest values in both
seasons, reaching 31.28% and 26.73%,
respectively. Furthermore, Trichoderma
harzianum significantly enhanced the fatty
acid composition in arugula seeds, with
Linoleic acid (19.94%) and Erucic acid
(37.52%) in the first season, and 15.47%
and 31.18% in the second season,
respectively. Similarly, sprouted barley
seed extract application led to an increase
in Linoleic acid (19.99%) and Erucic acid
(37.56%) in the first season and 15.48%
and 31.19% in the second season,
outperforming the control treatment. The
results presented in Table (5), which detail
the interaction effects among treatments,
indicate that plants treated with Bacillus
subtilis + Phenylalanine + Sprouted barley
seed extract exhibited the highest mean
values of phenolics, flavonoids, and
tannins, reaching 1.033, 36.539, and 1.480
mg kg~ ! DW in the first season, and
0.943, 35.205, and 1.543 mg kg™ * DW in
the second season, compared to the control
treatment, which recorded lower values
(0.853, 0.676, 34.976 mg kg~ * DW in the
first season and 0.821, 34.310, 0.613 mg
kgt DW in the second season).
Regarding oil-related parameters, the
highest oil percentage was recorded in
plants treated with Trichoderma harzianum
+ Arginine + Sprouted barley seed extract
in the first season (33.90%) and Bacillus
subtilis + Arginine + Sprouted barley seed
extract in the second season (30.93%). The
treatment combination of Trichoderma
harzianum + Tryptophan + Sprouted
barley seed extract exhibited a significant
improvement in the fatty acid composition
of arugula seeds, outperforming all other
treatment interactions.
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Table 4. Effects of the treatments on the content of some active compounds in
arugula and the oil percentage in its seeds.

Phenols Flavonoids  Tannins (mg Oil% Lenolic% Erucic%
Treatme (mgkg  (mgkg’DW) kg'DW)
nt 'DW)

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

Al 0.88 0.87 35.27 34.69 0.797 082 26.2 2033 1832 1405 36.0 2938
9 3 2 5 ' 2 7 6 3

A2 0.94 0.87 3560 34.73 1161 1.19 30.7 2411 1994 1547 375 311
1 6 8 3 ' 4 7 2 8

A3 094 0.89 3556 34.74 1908 123 29.0 2494 1933 1513 369 308
5 0 5 2 ' 3 2 5 2

LSD 000 NS 003 N.S 0.027 0.04 0.14 0.229 0.013 0.007 0.01 0.02
(A) 2 ' 8 2 6 W

Bl 090 0.86 3533 3448 0.816 082 26.1 1821 1843 1423 36.1 29.9
0 3 1 3 ' 0 5 0 5

B2 090 0.86 3543 3456 1055 107 312 26.73 19.61 1517 372 3038
1 7 8 9 0 8 3 8

B3 091 0.87 3545 3483 1068 110 289 2263 19.25 1476 369 305
3 5 2 6 9 0 0 2

B4 098 091 3570 3500 1281 133 284 2493 1951 1537 371 310
7 3 5 6 4 3 5 9

LSD 000 0.00 0.034 0.022 0.017 0.02 013 0.203 0.018 0.012 001 o0.01
(B) 3 4 4 0 7 1

C1 0.89 0.87 3530 34.60 0.976 099 274 2235 1841 1429 36.1 300
8 0 8 2 ' 9 4 3 3

C2 095 0.89 3565 3484 1134 116 299 2391 1999 1548 375 311
2 0 5 5 7 4 6 9

LSD 000 0.00 0.021 0.018 0.013 0.02 0.11 0.100 0.012 0.006 0.01 0.00
© 1 3 0 3 2 6

AlB1 087 085 3521 34.38 0.712 0.70 23.7 1590 17.77 13.70 355 294
7 2 0 6 ' 0 6 1 9

AlB2 090 0.84 3519 34.56 0.770 0.76 285 2416 1821 1400 359 29.7
7 9 7 6 ' 8 5 3 3

AlB3 085 0.88 3530 34.80 0.781 0.81 25.6 1838 1835 13.82 36.0 29.6
4 6 4 3 ' 1 0 8 7

AlB4 091 090 3537 35.02 0.923 1.00 271 2290 1896 14.69 36.7 304
8 4 8 5 ' 9 8 2 3

A2B1 0.87 0.88 3531 34.49 0.924 090 271 19.81 1894 1463 365 303
9 3 5 7 ' 6 3 5 3

A2B2 091 0.84 3584 3459 1152 122 331 2645 2048 1592 38.0 316
2 6 0 8 ' 3 1 8 2

A2B3 095 0.87 3568 34.93 1,069 114 297 2510 20.13 1561 37.7 313
8 4 4 8 ' 1 0 0 3

A2B4 101 0.90 3559 34.89 1497 150 331 25.08 2023 1572 377 314
6 4 3 8 ' 6 6 8 5

A3B1 094 085 3546 34.56 0.812 0.85 275 1893 1858 14.36 36.2 30.0
4 5 8 5 ' 3 5 6 4

A3B2 0.88 0.90 3527 3454 1243 121 321 2958 20.14 1560 37.6 31.2
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3 7 9 2 9 8 8 9

A3B3 092 086 3536 3476 .., 137 314 2443 1927 1486 369 305
7 6 7 8 ' 5 1 3 7

A3B4 102 093 3614 3509 ,,,, 148 249 2683 1933 1571 369 313
72 6 5 ' 8 5 4 7

LSD 000 000 0058 0037 0033 005 022 0347 0028 0019 002 0.02
(A.B) 4 8 3 1 8 8

BICI 085 084 3514 3437 _,, 071 256 1755 1779 1370 355 294
6 2 3 9 ' 5 4 4 4

BIC2 094 088 3551 3458 o0 092 266 1887 1907 1476 366 304
4 4 8 6 ' 4 5 77

B2C1 086 085 3529 3440 o0 097 296 2548 1900 1468 367 304
4 9 4 1 ' 2 2 0 1

B2C2 093 087 3558 3473 ., 116 329 2797 2022 1565 377 313
8 6 2 6 ' 9 4 6 5

B3C1 088 087 3530 3472 ..o 101 274 218 1825 1408 359 298
4 3 4 3 ' 6 0 73

B3C2 094 087 3559 3494 .. 120 304 2341 2026 1545 378 312
2 7 9 9 ' 2 1 3 2

BAC1 098 090 3549 3490 .. 129 271 2448 1861 1469 363 304
8 5 2 3 ' 5 0 1 6

B4C2 098 092 3591 3510 ., 137 297 2538 2041 1606 379 317
6 1 9 9 ' 4 6 8 1

LSD 000 000 0044 0033 0025 003 020 0241 0024 0015 002 001
BC) 3 6 6 0 3 3

AICl 087 086 3510 3453 .., 071 238 1948 1747 1347 353 203
4 3 4 5 ' 8 0 3 0

AIC2 090 088 3544 3485 .. 092 287 2119 1917 1463 367 303
3 3 0 5 ' 6 4 9 5

A2CL 089 086 3545 3463 ., 110 301 2316 1916 1485 368 305
5 1 0 3 ' 0 o 2 5

A2C2 098 089 3576 3483 ., 128 314 2505 2073 1609 382 318
71 5 3 ' 8 &5 3 1

A3CL 092 088 3537 3463 ., 117 284 2440 1860 1454 362 30.2
4 5 1 7 ' 9 0 5 4

A3C2 096 089 3575 3484 1253 128 296 2549 2007 1572 37.6 313
7 5 9 8 7 4 6 9

LSD 000 000 NS 0029 0028 004 017 0231 0018 0009 001 0.02
(AC) 2 6 8 6 9 7

A2: Trichoderma harzianum 2*10° CFU mL™,A3: bacillus subtilis 2.25*10° CFU
mL™ B2: Arginine 150mgl™ B3: Tryptophan 150mgl™ ,B4: Phenylalanine 150mgl™
C2: Sprouted barley grain extract at a concentration of 100 gl™*,A1,B1,C1 Without

addition, N.S: Non-significant, S1: first season , S2: second season.
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Table 5. Effects of the triple interactions of the treatments on the content of some
active compounds in arugula and the oil percentage in its seeds.

Phenols Flavonoids  Tannins (mg Oil % Lenolic% Erucic%
Treatme (mgkg  (mgkg’DW) kg'DW)
nt 'DW)
(AB.C) s1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
Al1B1C1 085 0.82 3497 3431 0.67 0613 234 1530 17.19 1328 351 29.1
3 1 6 0 6 ' 3 1 8
AlB1C2 090 0.88 3544 3446 0.74 0.786 241 1650 1836 14.13 359 2938
0 2 5 2 8 ' 0 2 0
AlB2C1 086 0.84 3491 3432 0.67 0.637 25,5 2303 17.75 1366 355 294
8 0 0 2 6 ' 0 5 3
AlB2C2 094 085 3548 3481 0.86 0.899 316 2530 18.67 1433 36.3 30.0
6 7 4 0 3 ' 0 1 3
Al1B3C1 084 0.88 3522 3459 063 0653 221 1720 17.39 1340 352 29.2
0 5 0 6 2 0 4 5
AlB3C2 086 0.88 3538 3501 093 0969 291 1956 1932 1423 369 30.0
7 7 8 1 0 0 2 9
AlB4C1 093 090 3530 3491 082 0969 242 2240 1756 1354 354 293
6 4 9 2 6 0 2 6
AlB4C2 089 090 3544 3513 101 1.048 301 2340 2036 1585 38.0 315
9 4 6 7 9 6 3 0
A2B1C1 084 0.84 3509 3441 0.76 0713 26.2 1880 18.18 14.02 358 296
2 8 7 7 1 ' 6 1 4
A2B1C2 091 0.91 3553 3457 108 1.099 28.0 2083 19.69 1525 372 310
5 7 2 8 7 0 8 2
A2B2C1 084 0.83 3577 3443 109 1159 323 2520 20.16 1565 378 313
4 8 8 4 9 3 7 6
A2B2C2 098 0.85 3590 3476 120 1988 33.9 2770 2080 16.18 383 31.8
0 3 2 2 5 ' 0 0 8
A2B3C1 0.88 0.86 3551 3486 0.97 1.046 29.1 2420 1882 1461 364 303
9 9 4 8 6 ' 3 8 3
A2B3C2 102 0.87 3585 3500 1.16 1936 30.2 26.00 2144 1661 389 323
8 8 4 7 2 ' 6 1 3
A2B4C1 100 0.89 3541 3481 145 1482 327 2446 19.47 1513 37.1 3038
6 1 3 1 1 ' 0 0 9
A2B4C2 102 091 3577 3498 154 1530 33.6 2570 20.99 16.31 384 320
6 6 3 5 3 ' 3 5 1
A3B1C1 087 0.85 3535 3441 0.76 0.817 27.2 1856 17.99 1381 357 295
2 6 7 1 0 ' 3 0 0
A3B1C2 101 0.85 3557 3471 0.86 0.888 27.8 1930 19.18 1491 36.8 305
6 4 9 9 5 ' 6 1 8
A3B2C1 0.87 0.89 3519 3444 1.18 1119 31.0 28.23 19.08 1474 36.6 304
8 8 6 7 7 ' 3 9 4
A3B2C2 0.88 091 3536 34.63 1.29 1318 33.3 3093 2121 1645 386 321
8 7 2 7 9 ' 3 7 4
A3B3C1 092 0.86 3517 3470 1.29 1,349 309 2420 1853 1422 36.1 29.9
4 6 8 6 6 ' 6 8 0
A3B3C2 093 086 3555 3482 140 1400 318 2466 20.02 1550 376 31.2
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1 6 6 9 9 6 8 3
A3B4C1 1.02 092 3575 3498 1.36 1.432 244 2660 18.79 1540 364 31.1
2 1 3 5 8 ' 0 2 4
A3B4C2 1.03 094 3653 3520 148 1543 255 27.06 1987 16.02 374 316
3 3 9 5 0 0 7 1
L.S.D 0.00 0.01 0.075 0.075 0.04 0.070 0.34 0414 0040 0.024 0.04 0.03
(A.B.C) 6 0 6 5 0 1

A2: Trichoderma harzianum 2*10° CFU mL™ A3: bacillus subtilis 2.25*10° CFU
mL™,B2: Arginine 150mgl™ B3: Tryptophan 150mgl™ ,B4: Phenylalanine 150mgl™
C2: Sprouted barley grain extract at a concentration of 100 gl™*,A1,B1,C1 Without
addition, N.S: Non-significant, S1: first season , S2: second season.

Discussion

The results presented in Table 4 highlight

help plants absorb iron) [14,18]. These

the superiority of the individual and siderophores assist enzymes involved in
combined treatments in the bioactive the conversion of Acetyl-CoA to Malonyl-
compound content of arugula. This CoA, a crucial step in the fatty acid

superiority can be attributed to the role of

biosynthesis pathway, as demonstrated by

biofertilizers,  which  enhance  soil [53]. Regarding the foliar application of
microorganisms'  ability to  mobilize amino acids, their significant effect was
unavailable nutrients in the soil and evident, with Phenylalanine contributing to
promote plant growth, making them an increased content of phenolics,

essential for sustainable agriculture [24].
The plant growth-promoting rhizobacteria
(PGPR) vyielded positive results for
sustainable agriculture through processes
such as plant hormone synthesis, nitrogen
fixation, phosphate solubilization, and
biological control of plant diseases. These

flavonoids, and tannins. This is likely due
to its role in enhancing photosynthesis and
the production of primary metabolites,
which are subsequently converted into
secondary metabolites through enzymatic
pathways. Phenylalanine’s involvement in
secondary metabolism, particularly in the

processes likely contributed to the production of phenolic compounds and
increased  production  of  phenolics, flavonoids via the phenylpropanoid
flavonoids, tannins, oil, and bioactive pathway, involves the enzyme
compounds [23,25]. by producing plant phenylalanine ammonia-lyase (PAL). This
hormones like auxins and cytokinins, enzyme deaminates phenylalanine into

which contribute to plant growth and
development [56,34]. These hormones
work  synergistically  to activate
comprehensive plant growth and stimulate
the formation of bioactive compounds and
oil. The joint stimulation of auxins and
cytokinins can improve lateral and
adventitious root branching and increase
the absorption of nutrients, thus activating
metabolic [43]. directly enhancing the
quality of arugula seed oil. PGPR bacteria
play a vital role in enhancing plant growth
through various mechanisms, including the
production of siderophores (molecules that
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cinnamic acid, which is then converted into
coumaric acid, the precursor for phenolic
compounds  [51,39,37].The effect of
Arginine, a precursor for polyamine
synthesis, was also significant. Polyamines
are vital for nitrogen-carbon balance within
the cell, which is crucial for fatty acid
biosynthesis and oil content in seeds, as
shown by [41] in sunflower seeds, and [2]
in maize, and [54] in canola. Tryptophan’s
effect was also notable in increasing fatty
acid content due to its nitrogen content,
which the plant directly absorbs during
foliar application. This, in turn, stimulates
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root growth and improves nutrient uptake,
which enhances carbon assimilation,
ultimately increasing fatty acid production.
The foliar application of sprouted barley
extract contributed positively due to its
high gibberellin content, known to promote
cell division and elongation, resulting in
larger tissues containing oil, such as seeds.
This increase in biomass may contribute to
higher oil production [13]. Furthermore,
the extract also stimulates metabolic
processes, including fatty acid
biosynthesis, and increases the activity of
enzymes responsible for fatty acid
production, the primary component of oils
[17]. The extract contains soluble
nutrients that are easy for the plant to
absorb, including nitrogen in the form of
amino acids and phosphates, which are
readily available to the plant, as shown in
Table 1. This synergy of nutrients
enhances the plant’s biological activities
and increases the production of bioactive
compounds [6]. The first season’s results
were Dbetter than those of the second
season, likely due to more favorable
environmental conditions for physiological
processes,  especially  photosynthesis,
which led to increased bioactive
compounds[49]. found similar variations
in fatty acid content due to different
growing periods in arugula.

Conclusion:

The fertilization program used in this
study  showed  promising  results,
encouraging the wuse of eco-friendly
resources for clean agriculture and cost
reduction. The treatments applied showed
statistically significant differences,
particularly in fertilization, which opens up
new prospects for sustainable agriculture in
Iraq.

Acknowledgment: We are grateful to my
supervisor, the department, and everyone
who contributed to the successful
completion of this work.

796

5. Al-Hayani and H. H. Eman

References

1. AOAC.1995. Association of Official
Analytical Chemists). Official Methods
of Analysis, 16th Edition. AOAC
International, Gaithersburg, MD.

2. Abd El-Wahed, M.S.A., A.A. Amin

and EI-Sh. M. Rashad .2006.
Physiological effect of  some
bioregulators on vegetative growth,
yield and chemical constituents of
yellow maize plants, World J. Agric.
Sci., 2(2): 149-155.

3. Abou Dahab, T. A. M. and N. G. Abd

El-Aziz .2006. Physiological effect of
diphenylamin and tryptophan on the
growth and chemical constituents of
Philodendron erubescens plants. World

Journal of  Agricultural  Sciences,
2(1):75-81.
4. Alam, M.S.,G. Kaur, Z. Jabbar,

K.Javed, M. Athar.2006. Eruca sativa
seeds possess antioxidant activity and
exert a protective effect induced on
mercuric  chloride induced renal
toxicity, Food Chem. Toxicol. 45, 910—
920.

.2018.
Effect of foliar application of arginine
on some growth parameters and the
yield of Vicia faba L. Biochem Cell.
Arch., (18): 511-14.

Al-Khafaji, A. M. H. H. and k. D. H.
Al-jubouri .2022. Influence of aqueous
extract of barley sprouts, trehalose, and
calcium on growth, quality and yield of
carrot . Iraqi J. of agri. Sci., 53(1): 133-
140.

Al-Rawi, K. M. and A. A. M. Khalaf
Allah .2000. Design and Analysis of
Agricultural Experiments, Dar Al-
Kutub for Printing and Publishing,
University of Mosul, Irag. p. 488..

Aziz, Z. N., M. R. Sahib, B. R. Hilo
.2024. Investigate the impact of
microorganism species richness, carrier
materials, and nitrogen fertilizer on
(Eruca vesicaria subsp. Sativa) growth
and its active compounds content, IOP



Euphrates Journal of Agricultural Science-17 (2):796-809, (june.2025)

Al-Jibawi& Mijwel

10.

11.

12.

13.

14.

15.

16.

17.

Conf. Series: Earth and Environmental
Scienc,V.1325 012016.

Bagni, N., and A. Tassoni .2001.
Biosynthesis, oxidation and conjugation
of aliphatic polyamines in higher plants.
Amino Acids 20, 301-317.

Bakry, B. A., F. M. Ibrahim, , M. M.
S. Abdallah and H. M.S. El-Bassiouny
.2016. Effect of banana peel extract or
tryptophan on growth, yield and some
biochemical aspects of quinoa plants

under water deficit. International
Journal of PharmTech Research,
9(8):276-287.

Bhat, M. A., R. Rasool and S.
Ramzan .2019. Plant  Growth
Promoting Rhizobacteria (PGPR) for
Sustainable and Eco-friendly
Agriculture. Acta Scientific Agriculture,
3(1):23-25.

Bhatla, S. C. and M. A. Lal. 2019.
Plant Physiology, Development and
Metabolism. Springer Nature, Library
of Congress, p: 901.

Castro-Camba R., C. Sanchez, N.
Vidal, J. M. Vielba .2022. Plant
Development and Crop Yield: The Role
of Gibberellins.
Plants(Basel).,11(19):2650.
Choudhary, D. K., K. P. Sharma, R.
K. Gaur .2011.Biotechnological
perspectives of microbes in agro-
ecosystems. Biotechnol. Lett. , 33,
1905-1910.

Deng, Y. and L. Shanfa .2017.
Biosynthesis and  Regulation  of
Phenylpropanoids in Plants. Journal
Critical Reviews in Plant Sciences
,36(4):257- 290.

Doulgeraki, A.G. Efthimiou,
S.Paramithiotis.2017..Effect of rocket
Eruca sativa L. extract on MRSA
growth and proteome: metabolic
adjustments in plant-based media.Front.
Microbiol. 8-782.

Essa, Z. M. .1992. Physiological
studies on some rose varieties. Ph. D.
Thesis, Fac Agric. Ain-Shams Univ.,

Egypt.

796

18.

19.

20.

21.

22.

23.

24,

25.

26.

Garcia-Fraile, P., E. Menéndez, R.
Rivas  .2015.Role  of  bacterial
biofertilizers in agriculture and forestry.
AIMS Bioeng., 2, 183-205.

Gregorio, I. P. P, A. R. L. Mario,
F.Z.N. Juan, A.M. Carlos, B.R. Lucia,
R.S. Ménica, R.M. Ramén, M. G.L.
Pedro, G.C. Ricardo, S.P. Eduardo
and V.R. Jesus .2020. Antioxidant
Capacity and Antigenotoxic Extract of
Hibiscus sabdaria L. Extracts Obtained
with  Ultrasound-Assisted Extraction
Process. Appl. Sci., V. 10(560): 1-13.
Gugliandolo, A., S. Giacoppo,
M.Ficicchia,A.Aliquo,P.Bramanti,E.
Mazzon .2018Eruca sativa L. seed
extract: a novel natural product able to
counteract neuro inflammation. Mol.
Med. Rep. 17,6235-6244.

Habibullah, R.Y.K. .2012. Fruit yield
and Quality Anise Pimpinella anisum in
Relation to Agronomic and
Environmental Factors. A Ph.D.thesis
Faculty of Agricultyral Sciences.
Nutritional Sciences, and
Environmental Management, Justus
Liebig University Giessen. Pakistan.
Haque, S.K. M. .2021. Extraction and
Characterization of Oil from Pistachio
Nutshell, J. Mex. Chem. Soc.,
65(3):347-356.

Hasan, A., B. Tabassum, M. Hashim,
and N. Khan.2024. Role of Plant
Growth ~ Promoting  Rhizobacteria
(PGPR) as a Plant Growth Enhancer for
Sustainable Agriculture: A Review,
Bacteria 3(2):59-75.

Jacob, S. M. and S.
Paranthaman.2023.Biofertilizers:  an
advent for eco-friendly and sustainable
agriculture development, 36, p. 1141-
1153.

Khatoon, Z., S.Huang, M. Rafique, A.
Fakhar, M.A. Kamran, G.
Santoyo.2020. Unlocking the potential
of plant growth-promoting rhizobacteria
on soil health and the sustainability of
agricultural systems. J Environ Manage.
Khattab, M., Shehata, A., El-Saadate,
A., and K. Al-Hasni .2016. Effect of



Euphrates Journal of Agricultural Science-17 (2):796-809, (june.2025)

Al-Jibawi& Mijwel

217.

28.

29.

30.

31.

32.

33.

34.

glycine, methionine and tryptophan on
the vegetative growth, flowering and
corms production of gladiolus plant.
Alexandria Science Exchange Journal,
647-659.

lllingworth, C., M. J. Mayer, K.
Elliott, C. Hanfrey, N. J. Walton,A. J.
Michael .2003. The diverse bacterial
origins of the Arabidopsis polyamine
biosynthetic pathway. 549, 26-30.

Liu, J. ,C. Wang, Z. Wang, C. Zhang,
S. Lu and J. Liu .2011. The
Antioxidant and Free-Radical
Scavenging Activities of Extract and
Fractions From Corn Silk Zea Mays L.
And Related Flavone Glycosides. Food
Chemistry, V. 126: 261-269.
Mahapatra, S. ,R. Yadav, W.
Ramakrishna .2022. Bacillus subtilis
impact on plant growth, soil health and
environment: Dr. Jekyll and Mr. Hyde,
J. Appl Microbiol.,132(5):3543-3562.
Mahmoud, AW.M., S.S. Taha.2018.
Main sulphur content in essential oil of
Eruca Sativa as affected by nano iron
and nano zinc mixed with organic
manure. J National Agri. Food Cent 64
(2), 65-79.

Maia, M. L.,L. Correia-S4, A. Coelho,
M.F. Barroso,V. F. Domingues, C.
Delerue-Matos.2015. Eruca sativa
benefits as antioxidants source versus
risks of already banned pesticides. J
Environ Sci Health B 50, 338-345.

Martelli, A, V. Citi, E.
Piragine,L.Tastai .2019. Anticancer
activities of erucin a H2S-donor

isothiocyanate from Eruca sativa Mill.:
is H2S the real player? Ther appl nitric
oxide.Cancer Inflamm Disord 327-328.
Matas-Baca M. A., M. A. Flores-
Coérdova, S. Pérez-Alvarez,M. J.
Rodriguez-Roque, N. A. Salas-
Salazar, M. C. Soto-Caballero, E.
SanchezChéavez.2023.Trichoderma
fungi as an agricultural biological
control in Mexico, Revista Chapingo
Serie Horticultura , Vol.29(3):80-114.
Mostafavian, S. R., H. Pirdashti , M.
R. Ramzanpour, A. A. Andarkhor, A.

796

35.

36.

37.

38.

39.

40.

41.

42.

Shahsavari.2008. Effect of
mycorrhizae, Thiobacillus and sulfur
nutrition on the chemical composition
of soybean [Glycine max (L.)] Merr.
seed. Pak J Biol Sci.,11(6):826-835.
Odumosu, P., S. Ojerinde, M.
Egbuchiem.2015.Polyphenolic contents
of some instant tea brands and their
anti-oxidant activities, J. Appl. Pharm.
Sci., 5: 100-105.

Oliveira, C. E. d. S., A. Jalal, J. R.

Oliveira, K. Vicentini, M. C. M.
Teixeira .2022.Leaf inoculation of
Azospirillum brasilense and

Trichoderma harzianum in hydroponic
arugula improve productive components
and plant nutrition and reduce leaf
nitrate, Pesquisa Agropecuaria Tropical,
vol. 52, e72755.

Perkowski, M. C., K. M. Warpeha
.2019.Phenylalanine roles in the seed-
to-seedling stage: Not just an amino
acid, Plant Science,V. 289.

Peter, S.J., E.P. Sabina.2016. Global
current trends in natural products for
diabetes Management, Int. J. Pharm.
Pharmaceut. Sci. 8 (4): 20-28.
Pezeshki, S. ,I. Warmbier, T. Busch,
E. Bauerbach, P. Szbvenyi, M.
Petersen.2022. The first step into
phenolic metabolism in the hornwort
Anthoceros agrestis: molecular and
biochemical characterization of two
phenylalanine ammonia-lyase isoforms.
Planta.,256(2):33.

Rani, 1. .2010. Antimicrobial potential
of seed extract of Eruca sativa. Pakistan
J. Bot. 42(4): 2949-295.

Sadak, M. S., A. EI-Monem, A A. El-
Bassiouny, H.M.S. and N. M.
Badr.2012.Physiological response of
sunflower  Helianthus annuus L. to
exogenous arginine and putrescine
treatments under salinity Stress, J. Appl.
Sci. Res., 8(10): 4943-4957.

Silva, R. N., V. N.
Monteiro , A.S.Steindorff JE. VW
Gomes, E. F.Noronha, C.

J.Ulhoa.2019.Trichoderma/pathogen/pl


https://pubmed.ncbi.nlm.nih.gov/?term=Mahapatra+S&cauthor_id=35137494
https://pubmed.ncbi.nlm.nih.gov/?term=Yadav+R&cauthor_id=35137494
https://pubmed.ncbi.nlm.nih.gov/?term=Ramakrishna+W&cauthor_id=35137494
https://pubmed.ncbi.nlm.nih.gov/?term=Ramakrishna+W&cauthor_id=35137494
https://pubmed.ncbi.nlm.nih.gov/?term=Monteiro+VN&cauthor_id=31345411
https://pubmed.ncbi.nlm.nih.gov/?term=Monteiro+VN&cauthor_id=31345411
https://pubmed.ncbi.nlm.nih.gov/?term=Steindorff+AS&cauthor_id=31345411
https://pubmed.ncbi.nlm.nih.gov/31345411/#full-view-affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?term=Gomes+EV&cauthor_id=31345411
https://pubmed.ncbi.nlm.nih.gov/?term=Gomes+EV&cauthor_id=31345411
https://pubmed.ncbi.nlm.nih.gov/?term=Noronha+EF&cauthor_id=31345411
https://pubmed.ncbi.nlm.nih.gov/?term=Ulhoa+CJ&cauthor_id=31345411
https://pubmed.ncbi.nlm.nih.gov/?term=Ulhoa+CJ&cauthor_id=31345411

Euphrates Journal of Agricultural Science-17 (2):796-809, (june.2025)

Al-Jibawi& Mijwel

43.

44,

45,

46.

47.

48.

49.

ant interaction in pre-
harvestfoodsecurity,FungalBiol.,123:(8)
565-583.

Sosnowski J., M. Truba , V. Vasileva

.2023. The Impact of Auxin and
Cytokinin  on the Growth and
Development of Selected Crops,

Agriculture, 13(3), 724.

Sudhakar, M. and R. Balliah .2015.
Phytochemical determination of a
polyherbal extract using FTIR and GC—

MS analysis. European Journal of
Pharmaceutical and Medical
Research,2(7):173-178.

Suhag, M. .2016. Potential of bio

fertilizers to replace chemical fertilizers.
Int.Adv. Res. J. Sci. Eng. Technol., 3(5):
163-167.

Taherlou, A. and A. Dursun .2019.
Evaluation of Leaf Yield of Rocket
Eruca sativa Mill. for use as Salad
Vegetable in  Iran, Journal of
Horticultural Science & Ornamental
Plants11 (1): 01-06.

Taher, M. S., and Al-ubaydi, R. M.
2017, Effect of Foliar spray of
Tryptophan and Nitrogen fertilizer on
Growth and yield of Rocket plant Eruca
sativa Mill. Euphrates Journal of
Agriculture Science,9(4).

Taiz, L., E. Zeiger; 1. Max Moller
and A. Murphy .2014. Plant
Physiology,and Development.  sixth
Edition  Sinauer  Assotiates, Inc.,

Publishers Sunderland, Massachusetts.
pp: 761.

Ugur, A. ipk, S. Sinem, A. E.O. llkay
.2010.  \Variation in fatty acid
composition of the seed of eruca sativa
Mill .causedby different sowing period
and nitrogen, pharmacognosy
magazine,6(24):305-308.

796

50. Vieira A.A., G.R. Vianna, J. Carrijo,
FJ.L. Aragdo, P.M. Vieira .2021.
Generation of Trichoderma harzianum
with pyr4 auxotrophic marker by using
the  CRISPR/Cas9  system.  Sci
Rep.,11:(1) 1085.

Vogt, T. .2010. "Phenylpropanoid
biosynthesis." Molecular Plant, 3(1): 2-
20.
52.

ol.

Yang, H. Q. and H. J. Gao .2007.
Physiological function of arginine and
its metabolites in plants.
Journal of plant physiology and
molecular biology,33(1):1-8.

Ye, Y., K. Nikovics, A. To, L.
Lepiniec, E. T. Fedosejevs, S. R. Van
Doren, S. Baud, J. J. Thelen .2020.
Docking of acetyl-CoA carboxylase to
the plastid envelope  membrane
attenuates fatty acid production in
plants, Nat Commun ,11(1):6191

Zadeh, H.M. and M.B. Naeini .
2007. Effects of salinity stress on the
morphology and yield of two cultivars
of canola Brassica napus L. , J. Agron.,
6: 409-414.

Zhang, H., Z. Wang, O. Liu
.2015. Development and validation of a
GC-FID method for quantitative

analysis of oleic acid and related fatty

53.

54,

55.

acids,J. of Pharmaceutical Analysis,
5(4): 223-230.
56. Zubair, M. , A. Hanif, A.

Farzand, T.M.M. Sheikh, A. R. Khan,
M. Suleman, M. Ayaz, X. Gao .2019.
Genetic screening and expression
analysis of psychrophilic Bacillus sp.
reveal their potential to alleviate cold
stress and modulate phytohormones in
wheat,Microorganisms,7(9): 337.



