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Abstract

Field experiment had conducted in the winter of 2022-2023 at a field in Baqubah, Diyala
Governorate to investigate the influence of salicylic acid and GA3 spraying on some
morphological and physiological traits of the fenugreek plant. A factorial experiment was
conducted using a randomized complete block design (RCBD) with three replications. The first
treatment involved spraying with three different concentrations of salicylic acid (0, 10 and 20
mg L™), whereas the second treatment involved spraying with three different concentrations of
GA3 (0,50 and 100 mg L™), so the number of experimental units area reached 27 experimental
units. The data underwent statistical analysis using the Genstat program, and the least
significant difference (LSD) test was utilized to compare concentrations at a significance level
of 0.05. Results indicated that spraying the fenugreek plants with a concentration of 20 mg L™
of salicylic acid significantly increased height of plant and potassium content in leaves, reaching
53.20 cm and 17.99 mg g™* respectively. While, spraying with salicylic acid at a concentration
of 10 mg L led to a significant increase in the number of branches and leaves per plant,
phosphorus content in leaves, chlorophyll index, and plant dry weight which reached 13.82
branches per plant, 58.1 leaves per plant, 8.65 mg g™', 45.11 Spad and 26.71 g plant™
respectively. Spraying with GA3 at a concentration of 100 mg L™ resulted in a notable increase
in the plant height, and potassium content in leaves, reaching 55.12 ¢cm and 17.53 mg g™

respectively. On the other hand, spraying with GA3 at a concentration of 50 mg L™ led to a
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significant increase in the number of branches and leaves per plant, phosphorus content in
leaves, chlorophyll index and plant dry weight which reached 14.75 branches per plant, 61.20
leaves per plant, 7.92 mg g ™', 47.45 Spad, 26.10 g per plant respectively. The interaction
between salicylic acid and GAS3 significantly affected all the features tested.

Keywords: Fenugreek, stimulate growth, antioxidants, plant hormones, salicylic acid,
Gibberellin.
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Introduction

Fenugreek (Trigonell afoenum-graceum L.) is a plant belongs to the leguminous family. It is
an annual herbaceous plant and is classified as a medicinal crop due to its seeds containing
alkaloid compounds such as choline, trigonelline and diosgenin [1, 11]; the substance contains
mucilaginous protein, mineral components like phosphate and iron, and fixed oils, and certain
antibiotics. The productivity of this crop in Iraq could be much higher due to various factors,
such as the emphasis on strategic winter crops and the lack of specialists’ attention. To improve
its cultivation, it is essential to introduce advancements in agricultural technology that can
enhance the plant's genetic and physiological capabilities [7].

Enhancing the crop's capacity to utilize environmental factors can be achieved by applying
salicylic acid. Salicylic acid contributes to various physiological activities in plants, such as
promoting cell division and differentiation, hastening the production of photosynthetic
pigments, and slowing down leaf ageing. This positively impacts photosynthesis efficiency.
The crop's genetic energy efficiency can be enhanced by applying gibberellic acid, an essential
plant growth regulator that promotes cell division and elongation, activates enzymes to convert
starch into sugar, regulates starch accumulation, and delays leaf senescence [8]. The study
aimed to investigate the influence of salicylic acid and GAs spraying on some morphological

and physiological traits of the fenugreek plant.

Materials and Methods

Field experiment had conducted during the winter of 2022-2023 in a field in Baqubah City-
Diyala Governorate in a silty loam soil, shown its physical and chemical properties in Table
(1), to investigate the influence of salicylic acid and GAs spraying on some morphological and
physiological traits of the fenugreek plant.

A factorial experiment had conducted using a randomized complete block design (RCBD) with
three replications. Two factors were considered: the application of three concentrations of
salicylic acid (0, 10 and 20 mg/ L™) and the application of three concentrations of GA3 (0, 50
and 100 mg L™). Both salicylic acid and GAs were sprayed at 6 leaf stages. Soil service
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activities were carried out, followed by dividing the experimental area into 27 experimental
units. Each unit consists of 4 rows, spaced 25 cm apart with 25 cm between hill. Three
fenugreek seeds were planted on each hill on 10 November 2022, and after that reduced to one
seedling per hill after sprouting. Crop management was conducted as necessary, and the plants
were harvested at reaching maturity indicators.

Plant height, branch number, leaves number, leaves content of P and K, chlorophyll index and
plant dry weight were recorded. The data underwent statistical analysis, and the least significant
difference (LSD) test was utilized to compare concentrations at a significance level of 0.05 [14].

Table 1: Some chemical and physical properties of soil

Trait Value Unit
Sand 95
Loam 747 g Kg* Soil
Clay 158
Ec1:1 1.6 ds m?
pH 75 1
oM 5.2 g Kg* Soil
Total CaCOs 223.0 g Kg* Soil
Ca 7.5
K 0.4
Mg 6.2
T 2 e
HCO3 8.1
COs Nill
SO4 2.5
Available N 40.0
Available P 12.6 g Kg!* Soil
Available K 113.9

Results and Discussion

1. Plant height (cm)
Table (2) results indicate a significant difference in the fenugreek plant height among salicylic
acid concentrations (0, 10 and 20 mg L™). The plant height was highest at 20 mg L™ salicylic
acid (53.20 cm), showing a 15.02% increase compared to the control treatment, which had the
lowest plant height (46.25 cm). The increase may be attributed to the synergistic interaction

between salicylic acid and plant hormones that regulate cell division and elongation. [9, 12].

Volume: 2, Issue: 3, July 2024 222 P-1SSN: 2958-4612
Manuscript Code: 858A E-ISSN: 2959-5568



Academic Science Journal

The results of the same table indicate that there was a significant difference between
concentrations of GAs (0, 50 and 100 mg L) in this trait, as the height of fenugreek plant which
sprayed with GA; at a concentration of 100 mg L™ was significantly increased at a 19.85%
compared with the plant which sprayed with distilled water (control treatment) which recorded
the lowest mean of plant height (45.99 cm). The plant height grows when spraying GAs at high
concentrations because gibberellic acid stimulates cell division and elongation by enlarging the
meristematic zone and increasing the number of dividing cells [15]. Also, the reason of
increasing could be due to the mutual effect of GAz with auxin by increasing the concentration
of internal auxin as a result of its effect either on the auxin synthesis, as GAs stimulates the
converting of tryptophan into auxin, or its effect on the preventing auxin oxidation as a result
of its effect on the auxin-oxidizing enzyme (IAA-oxidase) [3, 4]. The interaction effect of the
factors studied significantly impacted the trait in Table (2). The highest plant height of 59.65
cm was observed when salicylic acid was sprayed at 20 mg L™ and GAz at 100 mg L™, which
was not significantly different from the plant height when salicylic acid was sprayed at 10 mg
L™ and GAsat 50 mg L™. In contrast, spraying of salicylic acid at 0 mg L™ and GAz at 50 mg
L™ resulted in the lowest plant height (41.94 cm) which was not significantly different from the
plant height when spraying of distilled water.

Table 2: Influence of spraying with salicylic acid and GAs and their interaction on the plant

height (cm)
Salicylic acid GA;s concentrations (mg L)
concentrLgf;ons (mg 0 50 100 Mean
0 44.55 41.94 52.25 46.25
10 48.51 57.59 53.45 53.18
20 44.92 55.04 59.65 53.20
Mean 45.99 51.52 55.12
Salicylic acid concentrations = 2.01
Lsd 0.05 GAs concentrations = 2.01
Interaction = 3.49

2. Number of branches per plant
The data from Table (3) shows that applying salicylic acid at a concentration of 10 mg L™
resulted in a significant increase in the number of branches, with 13.82 branches per plant,
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representing a 23.95% increase compared to the control treatment, which had 11.15 branches
per plant. The increase may be due to the synergistic interaction between salicylic acid and
plant hormones that regulate cell division, elongation, and expansion. The data from the Table
shows that applying GAs at a concentration of 50 mg L™ resulted in a considerably higher
branch number of 32.29% compared to the control treatment, which had the lowest mean of
11.15 branches per plant. The increase in the number of branches may be attributed to applying
gibberellic acid at a suitable concentration, which helped regulate the plant's hormone levels
related to cell division, elongation, and expansion [2]. This resulted in the stimulation of
dormant lateral bud growth, leading to a higher number of branches per plant. The interaction
between the factors studied significantly influenced the number of branches. The highest value
of 15.90 branches per plant was achieved by spraying with salicylic acid at 10 mg L™ and GA3
at 50 mg L™, which was not significantly different from spraying with salicylic acid at 20 mg
L™ and GAszat 50 mg L™, spraying with salicylic acid at 10 mg L™ only and spraying with GAs
at 50 mg L™ only. However, spraying with distilled water resulted in the lowest value of 8.09

branches per plant.

Table 3: Influence of spraying with salicylic acid and GAs and their interaction on the

number of branches per plant

Salicylic acid GAs concentrations (mg L)
concentrLa}})lons (mg 0 50 100 Mean
0 8.09 14.37 10.99 11.15
10 13.80 15.90 11.75 13.82
20 11.55 13.98 11.86 12.46
Mean 11.15 14.75 11.53
Salicylic acid concentrations = 1.67
Lsd 0.05 GA;s concentrations = 1.67
Interaction = 2.89

3. Number of Leaves per plant
Table (4) data shows that spraying with salicylic acid at a concentration of 10 mg L™
considerably increased the number of leaves to 58.10 leaf plant™, a 26.58% increase compared

to the control treatment, which was 45.9 leaf plant™. The decrease in the number of leaves per
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plant sprayed with distilled water (control treatment) may be attributed to a reduction in the
number of branches per plant (Table 3). The results indicate that increasing the concentration
of salicylic acid up to 20 mg L™ decreased the number of leaves per plant, possibly due to a
reduction in the number of branches per plant. Conversely, the increase in leaf number may be
attributed to the beneficial impact of salicylic acid on enhancing cell division, photosynthetic
efficiency, and metabolic product transfer to new sites (primordial). This positive effect
stimulated plant growth and enhanced vegetative growth [8]. The table shows that spraying
with GA3 at a concentration of 50 mg L™ resulted in a considerably higher leaf number of
32.18% compared to the control treatment, which had the lowest mean of 46.3 leaves per plant.
Increasing the number of leaves per plant after spraying with GAs at a concentration of 50 mg
L™ may be attributed to the stimulatory effect of gibberellic acid on cell division. This is
achieved by enlarging the meristematic zone and increasing the number of dividing cells.
Increasing the number of branches by spraying with gibberellic acid at a concentration of 50
mg L™ (Table 3) may increase the number of leaves per plant. The interaction effect of the
studied factors significantly influenced the trait. Spraying with salicylic acid at 10 mg L™ and
GAs at 50 mg L! resulted in the highest number of leaves per plant (65.3 leaf plant™), which
was not significantly different from spraying with salicylic acid at 20 mg L' and GA3 at 50 mg
L™, spraying with salicylic acid at 10 mg L™ alone and spraying with GA3 at 50 mg L™ alone.
In contrast, spraying with distilled water alone led to the lowest number of leaves per plant
(32.1 leaf plant™).

Table 4: Influence of spraying with salicylic acid and GA3z and their interaction on the

number of leaves per plant

Salicylic acid GAs concentrations (mg L)
concentlr_a}};ons (mg 0 50 100 Mean
0 32.1 61.8 43.9 45.9
10 60.4 65.3 48.7 58.1
20 46.5 56.5 49.3 50.8
Mean 46.3 61.2 47.3
Salicylic acid concentrations = 6.9
Lsd 0.05 GA;s concentrations = 6.9
Interaction =11.9
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4. Leaves content of phosphorus (mg g2)

The results from (Table 5) show that spraying with salicylic acid at a concentration of 10 mg
L™ resulted in significantly higher phosphorus content in leaves, reaching 8.19 mg g,
representing a 41.70% increase compared to the control treatment, which was the lowest
phosphorus content of 5.78 mg g'. The rise may be attributed to salicylic acid's ability to
stimulate plant organ growth, notably roots, by promoting cell division and enhancing nutrient
absorption [10]. Table 5 indicates that spraying with GAz at a concentration of 50 mg L™
resulted in a considerably higher phosphorus content in leaves (25.91%) compared to the
control treatment, which had the lowest mean phosphorus content (6.29 mg g™'). The elevated
phosphorus level in leaves may be due to gibberellic acid's promotion of plant development by
stimulating cell division, leading to improved absorption of essential nutrients such as
phosphorus [5, 16]. The interaction between the factors studied significantly influenced the
trait. Spraying with salicylic acid at 20 mg L™ and GAs at 100 mg L™ resulted in the highest
phosphorus content in leaves (8.83 mg g™'). This value was not significantly different from
spraying with salicylic acid at 10 mg L™ and GAs at 50 mg L™ or from spraying with salicylic
acid at 10 mg L™ and GAs at 100 mg L™. Spraying with distilled water resulted in the lowest
value (5.11 mgg™).

Table 5: Influence of spraying with salicylic acid and GAsz and their interaction on the leaves

content of phosphorus (mg g?)

Salicylic acid GA;s concentrations (mg L)
concentrLg})lons (mg 0 50 100 Mean
0 5.11 6.44 5.78 5.78
10 7.44 8.47 8.65 8.19
20 6.31 8.83 7.00 7.38
Mean 6.29 7.92 7.15
Salicylic acid concentrations = 0.56
Lsd 0.05 GAs concentrations = 0.56
Interaction = 0.97

5. Leaves content of potassium (mg g1)
Table 6 demonstrates that applying salicylic acid at a concentration of 20 mg L™ resulted in a

considerable improvement, producing the highest potassium content in leaves at 17.99 mg g,
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representing a 37.75% increase compared to the control treatment, which had the lowest
potassium content in leaves at 13.06 mg g '. The results from Table 6 show that spraying with
GAs at a concentration of 100 mg L™ resulted in a significantly higher potassium content in
leaves (26.30%) compared to the control treatment, which had the lowest mean of potassium
content (13.88 mg g'). The study found that higher concentrations of salicylic acid and
gibberellic acid resulted in increased potassium accumulation in the fenugreek leaves. This
could be attributed to plants sprayed with high levels of these growth regulators facing
environmental stresses, prompting increased potassium absorption to mitigate the adverse
effects of these stresses [2, 8, 13]. The interaction of the studied factors significantly impacted
the trait. Spraying with salicylic acid at 20 mg L™ and GA3z at 100 mg L™ resulted in the highest
potassium content in leaves (19.97 mg g™'), while spraying with distilled water led to the lowest

value (11.22 mg g™).

Table 6: Influence of spraying with salicylic acid and GAsz and their interaction on the leaves

content of potassium (mg g?)

Salicylic acid GAs concentrations (mg L)
concentrLa}})lons (mg 0 50 100 Mean
0 11.22 13.23 14.72 13.06
10 14.04 18.31 17.89 16.74
20 16.37 17.62 19.97 17.99
Mean 13.88 16.39 17.53
Salicylic acid concentrations = 0.91
Lsd 0.05 GA;s concentrations = 0.91
Interaction = 1.59

6. Chlorophyll index (Spad)
The results from Table 7 show that spraying with salicylic acid at a concentration of 10 mg L™
significantly outperformed other treatments, resulting in the highest chlorophyll index of 45.11
Spad, representing a 19.91% increase compared to the control treatment, which was the lowest
chlorophyll index of 37.62 Spad. The increase observed when spraying with salicylic acid at a
concentration of 10 mg L™ may be due to its ability to regulate physiological processes related

to plant growth and development, enhance the synthesis of photosynthetic pigments, protect
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plastids, and delay leaf senescence as an antioxidant [6]. Table 7 demonstrates that applying
GAs at a concentration of 50 mg L™ resulted in a substantially higher chlorophyll index of
34.99% compared to the control treatment, which was the lowest mean of 35.15 Spad. The
chlorophyll index increases after spraying with gibberellic acid at a concentration of 50 mg L™
due to its involvement in promoting growth and enhancing nutrient absorption, which includes
ingredients necessary for chlorophyll production [3]. The interaction effect of the factors
studied significantly influenced the trait. The highest chlorophyll index value of 50.83 Spad
was achieved by spraying with salicylic acid at 20 mg L™ and GAz at 50 mg L™. This value
was not significantly different from spraying with salicylic acid at 10 mg L' and GA3z at 50 mg
L™ or from spraying with salicylic acid at 10 mg L™ and GAs at 100 mg L™'. In contrast,

spraying with distilled water resulted in the lowest value of 32.07 Spad.

Table 7: Influence of spraying with salicylic acid and GAsz and their interaction on the leaves

content of chlorophyll (mg g?)

Salicylic acid GAs concentrations (mg L)
concentrLa}})lons (mg 0 50 100 Mean
0 32.07 44.20 36.58 37.62
10 38.80 47.32 49.20 45.11
20 34.58 50.83 41.21 42.21
Mean 35.15 47.45 42.33
Salicylic acid concentrations = 2.74
Lsd 0.05 GAs concentrations = 2.74
Interaction = 4.75

7. Plant dry weight (g plant™)

Table 8 shows that spraying with salicylic acid at a concentration of 10 mg L™ resulted in
significantly higher plant dry weight (26.71 g plant™), representing a 37.40% increase
compared to spraying with distilled water (control treatment), which resulted in the lowest plant
dry weight (19.44 g plant™). The increase observed after spraying with salicylic acid at a dosage
of 10 mg L™ may be due to its effectiveness in promoting more branch and leaf growth per
plant, as well as increasing phosphorus content in the leaves and chlorophyll index (Tables 3,

4,5, 7). The data from Table 8 show that spraying with GAgz at a concentration of 50 mg L™
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resulted in a substantial increase of 30.83% in plant dry weight compared to spraying with
distilled water (control treatment), which was the lowest mean of 19.95 g plant™. The rise in
plant dry weight may be attributed to the higher concentration of branches and leaves per plant,
phosphorus content in leaves and chlorophyll index (Tables 3, 4, 5, 7). The interaction effect of
salicylic acid and GAs on plant dry weight was significant. The highest plant dry weight of
28.45 g plant™ was observed when salicylic acid was sprayed at 10 mg L™ and GA3 at 100 mg
L™. This value was not significantly different when salicylic acid was sprayed at 10 mg L™ and
GAs at 50 mg L™ or when salicylic acid was sprayed at 20 mg L™ and GAz at 50 mg L™. The
lowest dry weight of 16.18 g plant™ was recorded when sprayed with distilled water (16.18 g
plant™?).

Table 8: Influence of spraying with salicylic acid and GAs and their interaction on the plant

dry weight (g plant™?)
Salicylic acid GA;s concentrations (mg L)
concentrﬁ;ons (mg 0 50 100 Mean
0 16.18 22.33 19.80 19.44
10 24.11 27.56 28.45 26.71
20 19.55 28.41 23.54 23.83
Mean 19.95 26.10 23.93
Salicylic acid concentrations = 1.46
Lsd 0.05 GA;s concentrations = 1.46
Interaction = 2.54

Conclusion

Applying salicylic acid at 10 mg L™ and GA3 at a concentration of 50 mg L™ improved the
morphological and physiological characteristics of fenugreek plants, as indicated by the results.
Increasing the amounts of salicylic acid and gibberellic acid had a detrimental effect on most

of the tested features.

Volume: 2, Issue: 3, July 2024 229 P-1SSN: 2958-4612
Manuscript Code: 858A E-ISSN: 2959-5568



Academic Science Journal

References:

1.

S. S. Acharya, A. Basus, B. Qoraikul, T. Basu, Improvement in the Nutraceutical
properties of Fenugreek (Trigonella foemum graecum L.) Songklanakarin, Journal
Sci. Technology, 28(1), 1- 9(2006)

2. M. A. Al-Khafaji, Plant growth regulators and their horticultural applications and
uses, University of Baghdad, College of Agriculture,(2014)

3. G. A. M. Al- Khazraji, The effect of gibberellin, kaintin and NPK compound
fertilizer on the growth yield of anise Pimpinella anisum L. And it’s content of some
effective compounds, M.Sc. thesis, Faculty of basic education — al- Mustansiriya
University, (2017)

4. F. N. A. Al-Nasrawi, The effect of the growth regulators gibberellin and kinetin
and potassium fertilizer on the growth and yield of the cumin plant Cuminum
cyminum L. and its content of some terpene compounds, M.Sc. thesis, Faculty of
basic education- Al-Mustansiriya University,(2017)

5. M. Z. F. Al-Shammari, W. S. H. Al-Jubouri, The effect of gibberellin acid and
brassinolide and their interaction on some phenotypic traits of Anethum graveolens
L. of the dill plant, Al-Mustansiriya Science Journal, 28 (1), (2017)

6. M. Arfan, H. R. Athar, M. Ashraf, Does exogenous application of salicylic acid
through the rooting medium modulate growth and photosynthetic capacity in two
differently adapted spring wheat cultivars under salt stress, Journal of plant
physiology, 6(4), 685- 694

7. F. H. Hamidi, K. A. Majeed, A. Y. Abdul Amir, The effect of gibberellin and
irrigation duration on germination and vegetative growth of fenugreek (Trigonella
foenum-graecum L), Iraqi Journal of Agricultural Sciences, 73- 82(2005)

8. S. Hayat, B. Ali, A. Ahmad, Salicylic acid a plant hormone, Springer, 1- 14(2007)

9. E. Horvth, T. Janda, G. Szalai, P. Lodi, In vitro salicylic acid inhibition of catalase

activity in maize: differences between the isoenzymes and a possible role in the

induction of chilling tolerance, Plant Sci., P. 163, 1129- 1135(2002)

Volume: 2, Issue: 3, July 2024 230 P-1SSN: 2958-4612
Manuscript Code: 858A E-ISSN: 2959-5568



Academic Science Journal

10. A. A. Mohammed, J. M. Abbas, M. H. K. Al- Baldawi, Effect of Salicylic Acid
Spraying on Yield and it's Components of Linseed Cultivars, Iraqi Journal of
Agricultural Sciences, 51(2), 585- 591(2020)

11. A. Y. Nasrallah, Medicinal plants, University House for Printing, University of
Baghdad, Ministry of Higher Education and Scientific Research, (2012)

12. M. A. Sibgha, M. H. Noree, A. Jamil, Exogenous application of salicylic acid
enhances anti oxidative capacity in salt stressed sunflower, Journal of
Botany, 41(1), 473- 479(2009)

13. A. Singh, P. k. Singh, Salicylic acid induced biochemical changes in cucumber
cotyledons, Indian Journal of Agricultural Biochemistry, 21(1), 35- 38(2008)

14. R. G. Steel, Y. H. Torrie, Principles and Procedures of Statistics, (McGraw Hill
Book Co., Inc. New York, 1980), P 480.

15. L. Taiz, E. Zeiger, Plant Physiology, 3rd eds., (2002), P 690

16. L. Taizand, E. Zeiger, Plant Physiology, 4th edition, Annals of Botany, (Company
Publisher: Sinauer Associates,2010 )

Volume: 2, Issue: 3, July 2024 231 P-1SSN: 2958-4612
Manuscript Code: 858A E-ISSN: 2959-5568



