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Abstract

The experiment was conducted during the 2022—2023 academic year in the laboratories of the Department
of Biology, Faculty of Education for Girls, University of Kufa, to investigate the effects of varying
concentrations of gibberellic acid (GAs) — specifically 0, 2, and 3 ppm — and salicylic acid (SA) (0, 2.5, 5
ppm) as well as the interaction between them on the germination percentage and some growth traits of
fenugreek seedlings and the production of the active compound Trigonelline. The results showed that
treating fenugreek seeds with gibberellin at a concentration of 3 ppm and spraying the seedlings with
salicylic acid at a concentration of 5 ppm gave the highest rate of germination percentage, number of
leaves, shoot length, root length, fresh and dry weights of the seedling, reaching (86.82%, 5.54 leaves, 7.40
cm, 4.00 cm, 0.64 mg, 0.42 mg) respectively. Also, the results showed the highest accumulation of the
alkaloid Trigonelline, reaching (0.99 ug) at the 5-ppm compared to the rest of the other treatments. These
findings suggest that the combined application of GAs and SA may enhance both early growth and
secondary metabolite production in fenugreek. Such treatments could be beneficial for improving the
medicinal value and agronomic performance of this important plant.
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Fenugreek (Trigonella foenum-graecum L.) belongs
to the legume family Fabaceae. It is rich in proteins,
fats, carbohydrates and vitamins, in addition to
containing many effective medical and pharmaceutical
compounds, including trigonelline alkaloids with a
medical effect and influence [1]. Fenugreek is classified
according to color into yellow and red fenugreek, and
according to morphological characteristics into Erect
(T. Foenumg-raecum) and creeping fenugreek (T.
Cerulea graecum). Its seeds are characterized by
containing colloidal and gelatinous materials, soapy and
colored materials, and nicotinic acid, which has an
effective effect [2]. Fenugreek transport and ponds to
growth regulators which act as stimulants in plants that
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decomposition and partitioning for seed production [3]. Growth regulators affect all vital processes within
the plant, which is reflected in its morphological and physiological characteristics, such as respiration,
photosynthesis, and others [4]. Gibberellic acid is one of the most important growths stimulating substances
that clearly improves the phenotypic characteristics of plants, such as stem length, vegetative growth,
flowering initiation, accelerating ripening, and improving fruit quality in various crops. Castro-Camba et
al. (2022) and Dempsey and Klessig (2017) [5, 6] found that pre-treated seeds with GA3 promoted seed
germination in hemp plants and that the optimum concentration of GA3 for hemp seeds was 400 mg/L and
600 mg/L, also results of their study showed that seeds pre-treated with an appropriate concentration of
GA3 enhanced the activity of antioxidant enzymes, such as superoxide dismutase (SOD) and peroxidase
(POD) and osmotic adjustment capacity. That is why treating the seeds with GA3 helped the stems and
roots grow longer. Generally, soaking seeds in GAs at concentrations between 50 and 150 ppm worked best
for many plants. Applying GAs from outside the plant helped trigger the production and activation of
enzymes, like protease and a-amylase, which in turn improved the seeds’ ability to germinate [7]. Salicylic
acid is another major plant hormone that regulates plant immunity and can regulate many different
responses, such as abiotic stress tolerance, plant growth and development, and other responses. It is an
effective, environmentally and plant-friendly protector and plant growth regulator, but the effective
concentrations of salicylic acid for plants and the intended purpose of its use must be determined. SA is
synthesized by chorismite plants through two metabolic pathways, the first is based on the enzyme
isochromatic synthase and the second is based on the enzyme phenylalanine ammonia lyase. Salicylic acid
(SA), a well-known plant hormone, not only plays a key role in plant immunity but also helps regulate plant
growth. It plays a vital role in regulating cell division and expansion by influencing molecular mechanisms
— binding to certain genes and altering the transcription of key ones involved in the cell cycle and cell wall
breakdown — thereby controlling cell growth and overall plant development [8]. Plant growth regulators
play a significant role in boosting the production of secondary metabolites, whether used individually or in
combination. Researchers have used both in vitro and in vivo methods to boost the production of various
secondary metabolites in different plant species. Under controlled laboratory conditions, plant growth
regulators have been used successfully to produce numerous medicinal compounds [9]. Trigonelline (TRG)
is a key secondary metabolite, and a natural hydrophilic alkaloid found in plants like green coffee beans
and fenugreek seeds. Trigonelline (TRG) has notable pharmacological and medicinal properties, offering
therapeutic effects for a range of conditions, including chronic metabolic diseases, age-related disorders,
neurological diseases, diabetic peripheral neuropathy, cardiovascular issues, skin diseases, diabetes, and
liver and kidney injuries [10]. Given the medical significance of fenugreek, this study aimed to use plant
hormones to enhance the production of the alkaloid trigonelline from various parts of fenugreek seedlings,
while also examining the plant’s growth characteristics.

MATERIALS AND METHODS
Experimental Site and Experimental Design

A laboratory experiment was conducted during the autumn season of 2022 in the laboratories of the
Biology Department of College of Education for women / University of Kufa, on fenugreek (7rigonella
foenum-graecum L.), an Iraqi variety registered by the Ministry of Agriculture, using Petri dishes as
experimental units according to the Complete Randomized Design (C.R.D) with three replicates. The
averages were compared according to Duncan’s multiple range test at a probability level of 5%. The seeds
were placed in plates containing filter paper as a medium to fix the seeds, with 6 seeds in each plate which
was considered an experimental unit and was repeated three times, with a total of 27 treatments. Three
levels of gibberellin were used, as the seeds were soaked in gibberellic acid at concentrations of (2 and 3
ppm) for 24 hours, in addition to the control treatment soaked in water only [11], with three levels of
salicylic acid sprayed, namely (0, 2.5 and 5 ppm). The first spray was one week after the start of the
experiment, while the second spray was after 14 days.
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Studied Traits
Germination Percentage (%)

The germination percentage was calculated after 10 days, with seeds considered germinated when their
radicle length reached 2—5 mm (Figure 1). The results were then converted into a percentage using the
equation from Haq et al. (2013) [12]:

Germination percentage = (Number of germinated seeds/Total number of seeds) x 100
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Figure 1. Germinated seeds.

Morphological Traits, Fresh and Dry Weights of Seedlings

During the laboratory experiment, data were recorded regarding the number of leaves (leaf. Seedling-1)
by calculating the total number of leaves for each seedling, the length of the hypocotyl (cm. seedling-1)
from the point of its connection to the radicals to the tip using a graduated ruler , the length of the radicle
(cm. seedling-1) using a graduated ruler, the fresh weight (mg. seedling-1) using a sensitive balance, and
the dry weight (mg. seedling-1) after the samples used to measure the fresh weight were dried in an electric
oven at a temperature of 65°C until the weight was fixed and the dry weight was calculated using a sensitive
balance.

Extraction and Estimation of Trigonelline Alkaloid (micromg.mg™)

The method of Hayat et al. (2007) [13] was used in the extraction of trigonelline alkaloid and the method
of Jamwal et al. (2018) [14] was used in the separation technique from fenugreek seedlings (Table 1) using
HPLC technique. The method is summarized as follows: 0.5 mg of fresh leaves and stems were weighed
for each treatment, and placed in a 100 ml glass beaker, to which 50 ml of T.D.A solution (25 ml
tetrahydrofuran, 15 ml distilled water, and 10 ml acetonitrile) was added. The mixture was placed in an
electric blender for 5 minutes, and then it was filtered using Wattmun paper. A rotary evaporator was used
at 35°C. To dissolve the precipitate, 20 ml of methanol was added, and the pH of the extract was adjusted
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to 10.5. The extract was centrifuged at 4000 rpm ™! at 4°C for 15 min. The supernatant was discarded, and
the precipitate was stored in the refrigerator at 4°C until reading.

Table 1. Conditions for separating trigonelline alkaloids using HPLC.

Column Type Separation Conditions

Separation Column C-18 (50 x 4.6 mm ID)

Mobile Phase Tetra Hydro Furan: Water: Acetonitrile (55:8:37 V/V)
Detector Type UV Set 215 nm

Flow Rate 1.4 ml.min™!

Separation Temperature 25°C

Sample Volume 25 ul

Speed of recording paper on calculator |10 cm/min

RESULTS
Germination Percentage (%)

This indicates the effect of gibberellic acid, salicylic acid, and their interaction on the germination
percentage (Table 2). The germination percentage rates increase with increasing concentrations of
gibberellic acid and salicylic acid. The concentration of 3 ppm of gibberellic acid recorded the highest
germination percentage of (78.31%) compared to (49.82%) in the control treatment. A significant positive
change is also observed when treating salicylic acid, as the percentage rates increased to reach (75.76%) at
a concentration of 5 ppm compared to the comparison, which recorded the lowest germination percentage
0f (49.58%). The same table shows the interaction between growth regulators, which enhanced the increase
in germination percentage rates, as the percentage rose significantly to (86.82%) in the 3ppm GA3 + 5
ppm SA) treatment compared to the rest of the treatments. As for the seeds to which growth regulators were
not added, the germination percentage was found to be the lowest rate of (36.00%).

Number of Leaves (Leaf.Seedling-1)

The results in Table 3 indicate the number of leaves in fenugreek seedlings treated with various
concentrations of gibberellic acid and salicylic acid. A significant increase in the number of leaves was
observed when seedlings were treated with 3 ppm of gibberellic acid, recording the highest value of 4.13
compared to the control group, which recorded the lowest value of 2.84. Treatment with salicylic acid also
had a significant effect on seedling growth, recording the highest concentration of 5 ppm of 4.29 compared
to the control group, which recorded the lowest rate of leaf number of 2.50. As for the interaction between
gibberellin and salicylic acid, the same table shows that the treatment (3ppm GA3 + 5 ppm SA) recorded
the highest rate of leaf number, which amounted to 5.54, while the lowest rate was in the control group
2.00.

Table 2. The effect of GA3 and salicylic acid concentrations and the interaction between them on the
germination rate.

GA3 SA Average
Control 2.5 ppm 5 ppm

Control 36.00 i 50.33h 63.15f 49.82 ¢

2 ppm 5822 ¢ 70.00d 7731c 68.51b

3 ppm 6742 ¢ 80.65b 86.82 a 7831 a

Average 49.58 ¢ 67.00b 75.76 a

Notes: * Rates sharing the same letters within the main factors or their interactions are not significantly
different from each other, as determined by Duncan s multiple range test at the 0.05 probability level.
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Table 3. The effect of GA3 and salicylic acid concentrations and the interaction between them on the leaves

Number.

GA3 SA Average
Control 2.5 ppm 5 ppm

control 2.00h 3.00 f 3.52d 2.84 ¢

2 ppm 255¢g 320¢ 4.10b 3.28b

3 ppm 295f 391 ¢ 5.54a 413 a

Average 2.50¢ 3370 429 a

Notes: *Rates with similar letters within the main factors or their binary interactions are not significantly
different from each other according to Duncan s multiple range test at the 0.05 probability level.

Hypocotyl Length (cm)

Table 4 shows a significant effect of GA3 and SA in the length of the Hypocotyl in fenugreek seedlings,
as the results of the treatment with GA3 showed the highest value of 6.36 cm when treated with 3 ppm,
while the lowest values were in the control treatment which was 4.24 cm. The effect of the treatment with
SA was also observed, as the seedling treatment with 5 ppm recorded the highest value in this trait, recorded
6.33 cm, compared to the control group, which recorded the lowest value of 4.48 cm. As for the combination
in the same table, it indicates that the highest rate in the length of the shoot was at the combination (3 GA3
and 5 ppm SA) and recorded 7.40 cm, while the lowest value was recorded by the seedlings not treated with
both growth regulators and recorded 3.20 cm.

Radical Length (cm)

Table 5 shows the significant effect of GA3 and SA on the radical length in fenugreek seedlings. It was
noted from the results that the treatment with GA3 gave the highest rates, which recorded 3.51 ¢cm at a
concentration of 3 ppm, compared to the untreated seedling, which gave the lowest value, and recorded
1.37 cm. The same table indicates the presence of a significant difference in the radical length when treating
with SA at a concentration of 5 ppm, which gave the highest value to record, 3.18 cm, compared to the
control t, which recorded the lowest value 1.93 cm, While the interaction gave a clear significant
differences, recording the highest value at the interaction (3 GA3 + 5 ppm SA), which did not differ
significantly from the interaction (3 GA3 + 2.5 ppm SA) in this trait and recorded 4.00 cm and 3.97 cm,
respectively, compared to the lowest value recorded by the control which was 1.00 cm.

Table 4. The effect of GA3 and salicylic acid concentrations and the interaction between them on the

hypocotyl length.

GA3 SA Average
Control 2.5 ppm 5 ppm

control 320¢g 432 f 5.20d 424 ¢

2 ppm 4.99 e 555¢ 6.40b 5.65b

3 ppm 5.25d 6.44 b 7.40 a 6.36 a

Average 448 ¢ 544 b 6.33a

Notes: *Rates with similar letters within the main factors or their binary interactions are not significantly
different from each other according to Duncan s multiple range test at the 0.05 probability level.

Seedling Fresh Weight

From the results shown in Table 6, we note the effect of both GA3 and SA and the interaction between
them in the fresh weight of fenugreek seedlings. It was noted that with increasing GA3 concentrations, the
fresh weight increase, as the concentration of 3 ppm recorded the highest value of 0.43 mg, compared to
the lowest value recorded by the control of 0.15 mg. SA also had a significant effect by giving the highest
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value at the concentration of 5 ppm of 0.45 mg compared to the control, which recorded the lowest value
of (0.16 cm. The same table showed the effect of the two-factor interaction, giving the highest value at the
interaction (3 GA3 + 5 ppm SA) which recorded 0.64 mg, while the lowest value was given by seedlings
not treated with both hormones which recorded 0.08 mg.

Seedling Dry Weight

Table 7 shows that there were significant differences in the dry weights of fenugreek seedlings in the
presence of growth regulators GA3 and SA. The results showed a clear increase in dry weight when
seedlings were treated with 3 ppm of GA3 and recorded the highest value (0.28 mg compared to the control,
which recorded the lowest value 0.08 mg. As for the effect of SA, seedlings treated with concentration 5
ppm recorded the highest value (0.29 mg, while the control recorded the lowest value of 0.09 mg. The same
table shows the effect of the interaction between the two factors, giving the highest value in the treatment
(3 GA3+5 ppm SA) of 0.42 mg, while the lowest value was in the control which is recorded 0.03 mg.

Table 5. The effect of GA3 and salicylic acid concentrations and the interaction between them on the radical

length.

GA3 SA Average
Control 2.5 ppm 5 ppm

Control 1.00 h 131g 1.80 f 1.37¢

2 ppm 221e 3.10d 3.75b 3.02b

3 ppm 2.57c 397a 4.00 a 351a

Average 3.18a 2.79b 193¢

Notes: *Rates with similar letters within the main factors or their binary interactions are not significantly
different from each other according to Duncan s multiple range test at the 0.05 probability level.

Table 6. The effect of GA3 and salicylic acid concentrations and the interaction between them in the

seedling fresh weight.

GA3 SA Average
Control 2.5 ppm 5 ppm

Control 0.08 g 0.14 f 023¢ 0.15¢

2 ppm 0.15f 0.32d 0.48b 032b

3 ppm 027 ¢ 039 ¢ 0.64 a 0.43 a

Average 0.16 ¢ 0.28b 045a

Notes: *Rates with similar letters within the main factors or their binary interactions are not significantly
different from each other according to Duncan s multiple range test at the 0.05 probability level.

Table 7. The effect of GA3 and salicylic acid concentrations and the interaction between them in the

seedling dry weight.

GA3 SA Average
Control 2.5 ppm 5 ppm

control 0.03 h 0.09 fg 0.13e 0.08 ¢

2 ppm 0.10 ef 0.20d 0330 0.21b

3 ppm 0.14 ¢ 0.27 ¢ 0.42 a 0.28 a

Average 0.09 ¢ 0.18b 0.29 a

Notes: *Rates with similar letters within the main factors or their binary interactions are not significantly
different from each other according to Duncan s multiple range test at the 0.05 probability level.

© STM Journals 2025. All Rights Reserved 34



Research & Reviews: A Journal of Biotechnology
Volume 15, Issue 2
ISSN: 2231-3826

Trigonelline Alkaloid (ng.mg™)

Figure 2 showed the significant effect of GA3 and SA and their interaction on the quantitative content of
trigonelline alkaloid in seedlings. It was found that the rates increase with increasing concentrations of
gibberellin and salicylic acid, especially the concentration of 3 ppm GA3, which recorded (0.81 pg.mg™)
compared to the control, which recorded the lowest value (0.46 pg.mg ™). The treatment with salicylic acid
(SA) at a concentration of 5 ppm recorded the highest rate at 0.86 ug/mg, while the control showed the
lowest value at 0.41 pg/mg. As for the interaction between GA3 and SA, it gave the highest value in the (3
GA3+5 ppm SA) treatment, which recorded (0.99 pg.mg™') compared to the rest of the treatments, while
the control recorded the lowest value of trigonelline content, recorded (0.29 ug.mg™).

2
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I 0.4
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2 0.2
@]
@)

0

GA3 (control) GA3 (2 ppm) GA3 (3ppm)
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ESA Oppm ESA 2.5 ppm BAS 5 ppm

Figure 2. The effect of GA3 and SA concentrations and the interaction between them in Content the
seedlings of the compound Trigonelline.

DISCUSSION

Seed germination results from the balance of internal plant hormones in the seed with the wavelength of
incident light and low temperature, which stimulates the decomposition of the seed through interconnected
molecular pathways that ultimately lead to the rupture of the seed coat and its germination [15]. Gibberellins
have a significant effect in breaking seed dormancy by reprogramming plants for higher growth and greatly
mitigate the harmful effects of unnatural in the environment [16]. The results obtained in this study can be
explained by the role of plant growth regulators in increasing seed germination rates and plant growth, as
gibberellic acid is important in germination processes because it improves and increases the ability of seeds
to settle and grow within a wide range of environmental conditions suitable for their germination, and it
also affects the aleurone layer, which is the surface layer of protein-rich cells located around the endosperm,
so the function of the aleurone is to act as a storage tissue before germination and as a source of
decomposition enzymes that are secreted to digest the endosperm reserve during the germination process,
which begins its activity after the seeds absorb water. It also enhances the physiological functions of the
plant, including its responsibility for stimulating seed germination by controlling the synthesis of enzymes
necessary for germination and its effect on amylase in seeds, thus facilitating the germination process [17].
When treating these seeds with gibberellin, it will cause an increase in the activity of the amylase enzyme,
which works to decompose the food stored in the endosperm of starch and sugars, thus increasing the
percentage and speed of germination [18, 19]. These results are consistent with what was stated by Abdul-
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Jabbar (2025) [20] that the use of high concentrations of gibberellic acid gives positive results in increasing
the germination rate and improving seedling growth. It was also found that gibberellin helps in increasing
the rate of cell wall formation and promote changes in lignin content and composition and increasing its
division, which leads to increasing the efficiency of the photosynthesis process and the transfer of nutrients,
and thus increasing the length of the plant and increasing the length of the frond by activating the elongation
of the subapical cell region, in addition to increasing the length of the root, the number of leaves and the
fresh and dry weights as a result of improving the overall vital processes of the seedling [21-24]. GA3
increases the elongation of the radical and hypocotyl shoot through its role in increasing cell division and
elongation [25]. The results of the studied traits showed a positive effect of SA on the seedling of fenugreek
plant, especially at a concentration of 5 ppm, as it works as a plant regulator and a hormonal mediator, as it
plays a fundamental role in regulating various physiological processes, including plant growth, ion
absorption, and photosynthesis [26]. SA affects the content of photosynthetic pigments and photosynthesis
in the seedling, which is positively reflected by increasing the number of leaves, the length of the shoot,
and the fresh and dry weights through the response of the entire plant or parts of it to a change in the
effectiveness of some enzymes to increase the speed of reactions in all vital processes that occur within the
plant, thus increasing the efficiency of growth [27]. In addition to SA, it has a role in increasing the level
of auxins and cytokinins, which work to increase cell division and elongation, thus increasing biomass and
its superiority in giving the highest rate of fresh and dry weight, which represents a reflection of the increase
in the construction of alkaloids. The increase in the total content of the alkaloid trigonelline in the vegetative
group may be attributed to the increase in the number of leaves and the fresh and dry weights of the seedling,
which is due to the increase in nitrogen, the basic component for building amino acids, which is also
followed by an increase in those acids, as alkaloids are produced through a series of biosynthetic processes
for essential amino acids, which are considered as initiators or raw materials for their production, and
growth regulators (gibberellins) play a role in the enzymatic activity of cells and the production of those
acids. Therefore, both GA3 and SA together affect the increase in nitrogen required for building alkaloids,
in addition to all other vital processes, thus improving growth characteristics. The results studied are
consistent with what was reached by Hasan et al. (2024) and Xu et al. (2024) [28, 29].

CONCLUSIONS

Through the results obtained in the current study, we found that soaking with different levels of
gibberellin, especially at a concentration of 3 ppm, led to an increase in the germination percentage and
improved the growth characteristics of the seedlings. In addition, spraying fenugreek seedlings with
salicylic acid, especially at a concentration of 5 ppm, improved the studied growth characteristics. As for
the results of separation and diagnosis using high-performance liquid chromatography (HPLC) technology,
the study concluded that the joint interaction between soaking with gibberellin and spraying with salicylic
acid, especially at the level, caused a significant increase in the plant content of the medicinal compound
(trigonelline alkaloid) in fenugreek seedlings compared to the rest of the treatments.
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