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The study was conducted on a private farm in Qurna district, north of Basra province, 

Iraq. To examine the impact of applying seaweed extract (agrosign) and silicon on the 

vegetative, blooming, and yield development of broad bean plants, alongside the activity 

of catalase (CAT) and peroxidase (POD), and the concentrations of auxin, gibberellin 

(GA), and abscisic acid (ABA). The factorial experiment had three repetitions and 

involved nine treatments, representing the interaction of three concentrations of agrosign 

(0, 2, and 4 mL/L) with three concentrations of silicon (0, 200, and 400 mg/L). The design 

was a completely randomized block. The probability level was set at 0.05 to compare the 

averages with the least significant difference. The findings demonstrated that plants 

subjected to agrosign at a concentration of 4 mL/L showed marked enhancement in the 

following metrics: plant height, leaf count, node percentage, pod count, pod weight, plant 

yield, CAT enzyme activity, POD activity, and concentrations of auxin hormone and 

GAs. The plants treated with silicon at a concentration of 400 mg/L exhibited the highest 

values for the characteristics in comparison to the control plants. In contrast, the 

concentration of ABA (μg/g) decreased in the two treatments relative to the control 

treatment.  Most previously indicated qualities were substantially affected by the 

interaction between the two study parameters (p < 0.05). The highest values obtained 

were 99.03 cm for plant height, 194.51 for leaf count, 80.67% for node percentage, 34.14 

for pod count, and 121.89 g for pod weight when the plants were treated with 4 mL/L of 

agrosign and sprayed with 400 mg/L of silicon, respectively and 45.00 for inflorescence 

count at 2 mL/L of agrosign and 400 mg/L of silicon. 
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1. INTRODUCTION

Vicia faba L., a member of the Fabaceae family, is a cheap 

source of protein when compared to animal protein; its seeds 

contain a high proportion of protein, reaching 29% of dry 

weight [1]. This makes it a strategic crop with great nutritional 

worth. Vicia faba seeds contain a high percentage of 

carbohydrates, in addition to minerals, fiber, and vitamins such 

as vitamin C [2]. Due to their ability to improve plant tolerance 

and stimulate development, seaweed extracts have recently 

found extensive usage in horticultural crops. Auxins, 

cytokinins, gibberellins (GAs), and amino acids are abundant 

in environmental conditions, which have a role in enhancing 

plant development [3, 4]. Since these compounds have little 

impact on the environment, Al-Zubaidy [5] found that 

spraying crystal bean cultivars with seaweed extract (Super) at 

a concentration of 2 g/L improved vegetative growth and 

yield. Sulieman et al. [6] found that yield attributes and their 

constituents rose when plants were sprayed with seaweed 

extract (Algaren) at a concentration of 6 and 8 cm3/L. When 

compared to the control treatment, the spraying treatment 

showed a substantial improvement in terms of the overall plant 

yield, the percentage of protein, and the number of pods 

produced. Furthermore, studies have shown that the element 

silicon has many substantial impacts. It contributes to 

augmenting plant resilience against various stressors, 

promoting development and production [7], and elevating the 

plant's water content [8, 9]. Furthermore, it improves enzyme 

performance and increases proline content, lipid peroxidation, 

and phenol content [10]. 

The effectiveness of photosynthesis is enhanced, roots can 

absorb more nutrients, and plant cell walls are strengthened 

[11, 12]. Ali and Bijay-Singh [13] examined the effects of 

treating broad bean seeds with silicon at concentrations of 0, 

1, and 2 mmol/L. They found that, in comparison to the control 

treatment, the treated plants exhibited an increase in plant 

height, leaf number, and area, and fresh and dry weight.  

While previous studies have documented the individual 

benefits of seaweed extracts or silicon on legume growth, their 

combined synergistic effect remains insufficiently understood, 

particularly for broad beans (Vicia faba L.). Furthermore, there 

is a lack of information on how the combined use of these two 

bio-stimulants affects the regulation of endogenous plant 

hormones and antioxidant enzyme activity under 
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environmental stress conditions. Therefore, our study aimed to 

investigate the effect of using agrosign and silicon on 

vegetative growth, flowering, and yield in broad bean plants, 

as well as on catalase (CAT) and peroxidase (POD) activity, 

and auxin, GA, and abscisic acid (ABA) concentrations. This 

experiment was conducted to examine the positive effects of 

agrosign and silicon on growth, yield, physiological 

characteristics, and biochemical components. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Field preparation and experimental layout 

 

The experiment was conducted in an agricultural region of 

the Qurna district, located north of Basra governorate, during 

the winter. An examination of the field soil was performed 

prior to planting. The physical and chemical properties of the 

field soil are shown in Table 1. 

 

Table 1. Some physical and chemical traits of field soil 

 
No. Traits (Soil Properties) Unit Values 

1 Electrical conductivity (EC) ds m-1 4.12  

2 Soil pH - 7.13  

3 Total nitrogen  g kg-1 1.73  

4 Available phosphorus  mg kg-1 02.20  

5 Available potassium  mg kg-1 67.74 

6 Organic matter  % 1.03  

Soil Texture 

1 Sand  % 18.9 

2 Silt % 41.2 

3 Clay % 39.9 

4 Soil texture class - Silty clay 

 

The land was plowed deeply twice, perpendicular to the 

grain, using a moldboard plow. Afterward, it was smoothed, 

and decomposed cow manure was added at a rate of 10 m³ per 

dunam. It was then leveled and divided into furrows 75 cm 

wide. The land was further divided into experimental units 

(27) measuring 2.10 m in length, each containing 3 furrows 

and 21 beds, spaced 30 cm apart. Diammonium Phosphate 

(DAP) was added to the bottom of each bed to a depth of 10 

cm before planting, using the feed method, at a rate of 35 kg 

per dunam (equivalent to 3.6 g per bed). Dithane fungicide was 

used at a concentration of 2.5 mL per 100 liters for fungal 

protection, and Avaunt fungicide at a concentration of 2 g per 

liter. 

 

2.2 Experimental treatments and factors 

 

In the experiment, the broad bean variety “Luz de otono” of 

Turkish origin, supplied by the Spanish company Semillas 

Fito, was used. The seeds were sown on 10/1/2022, and the 

experiment included two factors: spraying with three 

concentrations of seaweed extract (Agrosign): 0, 2, and 4 

mL/L and three concentrations of silicon are 0, 200 and 400 

mg/L (using potassium silicate (K₂SiO₃) as a source of silicon 

in the experiment), and the number of treatments was nine 

treatments and three replicates, so the number of experimental 

units is 27 units. All the agricultural operations followed in the 

production of this crop were conducted through irrigation and 

weeding. To serve as a dispersant, a few drops of Tween 20 

were added to the spraying procedures. With a 2-liter hand 

sprayer, the plants were sprayed on the early morning shoots 

till total wetness. The shoots were treated twice: first, 45 days 

after planting, and again, 15 days later.  

 

2.3 Data collection and measurements 

 

At the conclusion of the experiment, the following 

indicators were analyzed: Plant height (cm), leaf count, 

inflorescence count, fruit set %, pod count, fruit weight (g), 

yield per plant (kg), leaf concentrations of CAT and POD 

(unit/g), and plant hormones. Auxin, GA, and ABA were 

measured in micrograms per gram (µg/g). 

CAT activity was estimated by taking 300 mg of fresh-

weight protein, washing it with deionized distilled water, 

crushing it in a ceramic mortar, and adding 6 mL of phosphate 

solution consisting of 50 mM potassium phosphate, 0.1% 

EDTA, 4% PVP, and 0.2 mM ascorbic acid. The extract was 

then centrifuged at 12,000 rpm at 4 ℃ for 20 minutes. The 

enzymatic activity was then estimated using a 

spectrophotometer at 240 nm. Based on the change in the 

absorption of the reaction mixture, which reduces H₂O₂, the 

activity was estimated as one unit of enzyme absorption per 

gram of fresh weight, as described by Góth [14]. 

Conversely, to estimate the POD enzyme, the enzyme was 

extracted by mixing 0.5 g of leaf tissue with 8 mL of potassium 

phosphate buffer solution in a ceramic mortar. Centrifugation 

was then performed, and the filtrate was used to estimate the 

activity. The activity was then estimated according to the 

method of Kim and Yoo [15].  The absorbance was measured 

at a wavelength of 470 nm. 

For the extraction and quantification of the hormones auxin, 

GA, and ABA,  the method described in Abbas et al. [16] was 

adopted. The following was done: The samples were extracted 

using a methanol solvent with a concentration of 80% (v/v). 5 

g of the plant sample was taken with 50 mL of 80% methanol 

for 24 hours at a temperature of 4 ℃ in the dark (inside the 

refrigerator). This process was repeated twice to complete the 

extraction process. After that, the extracts (final volume 100 

mL) were collected and evaporated using a rotary evaporator 

at a temperature of 40 ℃ until the aqueous phase was reached. 

The volume was then completed to 50 mL with distilled water. 

The extracts were then cleared using basic lead acetate with a 

concentration of 45% and potassium oxalate with a 

concentration of 22%. The pH of the filtrate was then adjusted 

to pH = 2.5 using HCl. The separation (or partitioning) process 

was then carried out to transfer the organic phase (containing 

acidic hormones) using a separating funnel and 50 mL of 

diethyl ether solvent. This process was repeated three times. 

Following this, the organic phase, which had undergone the 

aforementioned evaporation process, was collected using a 

rotary evaporator until a suitable sample volume of 5 mL was 

reached, which was used in paper chromatography. 

The method for determining auxin was based on Reeve and 

Crozier [17] using a UV spectrophotometer at a wavelength of 

280 nm. Concentrations were calculated on a standard curve 

using natural auxin.  GAs were determined at a wavelength of 

205 nm, and concentrations were calculated on a standard 

curve.  ABA was determined at a wavelength of 254 nm, and 

concentrations were calculated using a standard curve. 

 

2.4 Statistical analysis 

 

The statistical analysis of all collected data was performed 

using two-way Analysis of Variance (ANOVA). Differences 

were compared at a significance level of 5%. All statistical 
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operations, analyses, and calculations of means were 

performed using the GenStat statistical software (version 10, 

GenStat 10). 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Vegetative and flowering traits and yield components 

 

Table 2 demonstrates that the plants treated with algae 

extract exceeded the agrosign at a concentration of 4 mL/L in 

the following categories: plant height (cm), number of leaves, 

node ratio, number of pods, weight of one pod (g), and total 

plant yield (kg). The values were 90.54, 182.45, 79.20, 28.49, 

114.78, and 3.26, respectively. While the plants treated with 

agrosign at a concentration of 0 mL/L gave the lowest values 

of 77.22, 167.79, 30.52, 70.64, 21.68, 111.90, and 2.39, 

respectively. 

This may be due to the ability of the algae extract to increase 

CAT, POD, auxin, and GAs, which activate several 

physiological processes and lead to increased cell division and 

elongation. As a result, the plant grows more vigorously, 

increasing its height and the number of leaves, as evidenced 

by the characteristics of its flowering. 

The table also showed that plants that were given 400 mg/L 

of silicon did better in terms of plant height (cm), number of 

leaves, number of inflorescences, node %, pod weight (g), and 

total plant yield (kg). These values were 93.30, 183.58, 40.11, 

77.58, 120.86, and 3.41 from the control group. The next steps 

were 71.87, 167.98, 29.95, 71.88, 101.18, and 1.89 compared 

to the measurement treatment of spraying with pure water. 

The treatment of spraying with silicon at a concentration of 

200 mg /L showed superiority of the plants in the number of 

pods, as it reached 27.14 pods, relative to the control  which 

amounted to 19.23 pods. The reason behind the outstanding 

performance of plants treated with silicon may be due to the 

role of this element in increasing the efficiency of roots in 

absorbing nutrients, which may be reflected positively in an 

increase in the vital activities of the plant.   

Numerous studies have proven that silicon  plays a role in 

increasing the division and elongation of cells, which in turn 

leads to an increase in growth [11], and its role in increasing 

the vital activities of plant cells  [18], which is reflected in the 

compounds that result from the process of photosynthesis, and 

consequently an improvement in the characteristics of 

vegetative growth, which leads to an increase in yield [19]. 

In our study, higher values were shown by plants treated 

with agrosign at a concentration of 4 mL/L and silicon at a 

concentration of 400 mg/L compared to plants treated with 

distilled water (control treatment), therefore suggesting that 

the interaction greatly influenced all research markers (Table 

3). 
 

Table 2. Effect of the absence of silicon and agrosign on vegetative growth and yield traits 
 

Alone Effects 
Plant 

Height (cm) 

Number of 

Leaves 

The Number 

of 

Inflorescences 

Node 

Percentage )% ( 

Number of 

Pods 

Pod Weight 

(g) 

Plant Yield 

(kg) 

Agrosign 

(mL/L) 

0 77.22 167.79 30.52 70.64 21.68 111.90 2.39 

2 87.24 178.61 39.44 75.31 24.86 113.68 2.78 

4 90.54 182.45 37.39 79.20 28.49 114.78 3.26 

ANOVA Results 
F = 226500 

Sig =< 0.001 

F = 1393.46 

Sig =< 0.001 

F = 195.53 

Sig =< 0.001 

F = 173.60 

Sig =< 0.001 

F = 104.50 

Sig =< 0.001 

F = 19.99 

Sig =< 0.001 

F = 14.79 

Sig =< 0.001 

Silicon 

(mg/L) 

0 71.87 167.98 29.95 71.88 19.23 101.18 1.89 

200 89.83 177.58 37.29 75.68 27.14 118.36 3.13 

400 93.30 183.58 40.11 77.58 28.66 120.86 3.41 

ANOVA Results 
F = 622600 

Sig =< 0.001 

F = 1515.74 

Sig =< 0.001 

F = 243.88 

Sig =< 0.001 

F = 82.36 

Sig =< 0.001 

F = 230.88 

Sig =< 0.001 

F = 1061.21 

Sig =< 0.001 

F = 51.70 

Sig =< 0.001 

 

Table 3. Effect of synergistic action of silicon and agrosign  spraying on vegetative growth and yield traits 

 

Synergistic Effects 
Plant Height 

(cm) 

Number of 

Leaves 

The Number of 

Inflorescences 
Node (%) 

Number of 

Pods 

Pod 

Weight (g) 

Plant Yield 

(kg) 

A
g
ro

si
g
n
 (

m
L

 /
L

) 0 

S
il

ic
o
n
 (

m
g
/L

) 

0 62.34g 159.18e 26.32f 67.69f 17.81g 97.90d 1.74b 

200 81.88f 171.52d 32.19de 70.88e 22.81de 117.8b 2.57ab 

400 87.45c 173.22d 33.05d 73.35d 24.43d 120.16a 2.88ba 

2 

0 78.17d 173.05d 33.33d 70.11e 19.36f 100.16d 1.90b 

200 90.12b 179.44c 40.01bc 77.09c 27.80c 119.73a 3.21ab 

400 93.43a 183.36b 45.00a 78.73abc 27.42c 120.53a 3.24ab 

4 

0 75.10e 171.73d 30.22ef 77.85bc 20.52ef 104.88c 2.04b 

200 97.50a 181.73b 39.67c 79.08ab 30.82b 117.57b 3.63a 

400 99.03a 194.51a 42.30b 80.67a 34.14a 121.89a 4.11a 

ANOVA Results 

F = 16381.74 F = 113.75 F = 8.13 F = 8.64 F = 12.16 F = 13.73 F = 1.93 

Sig =< 0.001 Sig =< 0.001 Sig =< 0.001 
Sig =< 

0.001 
Sig =< 0.001 

Sig =< 

0.001 
Sig =0.149 

Note: Means within each column followed by the same letter are not significantly different at the 5% level of probability according to the Least Significant 

Difference (LSD) test. Different letters (a, b, c) indicate significant differences in descending order. 

 

3.2 Leaf content of enzymes and hormones 

 

Figures 1-4 indicate that the plants treated with agrosign and 

silicon exhibited a significant increase in the efficacy of the 

enzymes CAT, POD, auxin hormone, and GA in comparison 

to the plants treated with distilled water. Additionally, the 

same treatments resulted in a substantial reduction in the 

concentration of ABA in the plants compared to the control 

treatment (Figure 5). The results demonstrated that the 

maximum values for the characteristics were obtained through 
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the foliar application of agrosign at a concentration of 4 mL/L, 

with values of 16.59 unit/g  for CAT, 54.71 unit/g for POD, 

73.36 μg/g for auxin, and 35.25 μg/g for GA (Figure 6). 

 

 
 

Figure 1. Interaction of silicon and agrosign treatments on 

catalase (CAT) levels 
Notes: F = 0.14, Sig = 0.967, Error bars = Standard Error )SE(, n = 3. 

 

 
 

Figure 2. Interaction of silicon and agrosign treatments on 

peroxidase (POD) levels 
Notes: F = 4.08, Sig = 0.016, Error bars = Standard Error )SE(, n = 3. 

 

 
 

Figure 3. Interaction of silicon and agrosign treatments on 

auxin levels 

Notes: F = 3.14, Sig = 0.040, Error bars = Standard Error )SE(, n = 3. 

 
 

Figure 4. Interaction of silicon and agrosign treatments on 

gibberellin (GA) levels 

Notes: F = 3.65, Sig = 0.024, Error bars = Standard Error )SE(. 
 

 
 

Figure 5. Interaction of silicon and agrosign treatments on 

abscisic acid (ABA) levels  
Notes: F = 10.09, Sig =< 0.001, Error bars = Standard Error )SE(, n = 3. 

 

In comparison to the lowest values observed in plants 

treated with agrosign at a concentration of 0 mL/L, the highest 

values were 14.48 unit/g for CAT, 47.21 unit/g for POD, 67.9 

µg/g for auxin, and 30.51 µg/g for GA. 

Maybe the reason for this is that seaweed contains plant 

hormones and substances that promote growth, resulting in an 

increase in plant tissues. The findings showed that the 

treatment of plants with agrosign at a concentration of 4 mL/L 

led to a decrease in the concentration of ABA in the leaves, 

reaching 55.45 μg/g, compared to the control group, which 

recorded the highest concentration of 59.42 μg/g. The reason 

for this may be the presence of phytohormones in the extract, 

which mitigated the impact of stress on plants.  

The results showed that spraying plants with silicon at a 

dose of 400 mg/L resulted in the highest activity of CAT and 

POD. Hormone concentrations were also highest compared to 

the control treatment, which recorded the lowest values. 

Furthermore, auxin and GAs reached 73.33 µg/g and 35.77 

µg/g, respectively, in Figure 7, at this concentration. This is 

because silicon may affect several vital plant functions, 

including nutrient uptake. The control treatment resulted in the 

highest concentration for ABA (60.93 µg/g), while the 

concentration in plants treated with 400 mg/L silicon was 

55.15 µg/g. 
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Figure 6. The effect of spraying agrosign on the enzyme and hormone content of the leaves 
Notes: F = 10.32 and Sig = 0.001 for CAT; F = 160.19 and Sig =< 0.001 for POD; F = 41.51 and Sig =< 0.001 for auxin; F = 62.36 and Sig =< 0.001 for GA; F = 

35.49 and Sig =< 0.001 for ABA, Error bars = Standard Error )SE(, n = 3, CAT = catalase, POD = peroxidase, GA = gibberellin, ABA = abscisic acid. 

 

 
 

Figure 7. The effect of silicon on the enzyme and hormone content of the leaves 
Notes: F = 24.15 and Sig = 0.001 for CAT; F = 120.82 and Sig =< 0.001 for POD; F = 41.18 and Sig =< 0.001 for auxin; F = 73.01 and Sig =< 0.001 for GA; F = 

83.17 and Sig =< 0.001 for ABA, Error bars = Standard Error )SE(, n = 3, CAT = catalase, POD = peroxidase, GA = gibberellin, ABA = abscisic acid. 

 

The findings showed that the interaction between the two 

study factors had a significant effect on the traits under study. 

The highest values for the activity of the enzyme CAT and 

POD and the concentration of the hormone auxin and GA were 

recorded when plants were treated with agrosign at a 

concentration of 4 mL/L and silicon element 400 mg/L, 

reaching 58.87 unit/g for POD, 17.92 unit/g for CAT, 76.01 

μg/g for auxin, and 37.64 μg/g for GA, compared to the lowest 

values in the control treatment, while the plants marked with 

agrosign at a concentration of 4 mL/L and silicon element 400 

mg/L gave the lowest concentration of ABA, which amounted 

to 54.62 μg/gm, compared to the highest concentration in 

control plants, which was 65.00 μg/gm. 

Regarding the interaction effect, our study demonstrated 

that the combined application of agrosign and silicon produced 

a highly significant synergistic response that outperformed the 

individual effects of each agent alone. Maybe this strong 

synergistic effect is attributed to the complementary 

mechanisms of action of both agents. Some studies have 

shown that silicon is beneficial to plants under stress. This 

element mitigates the toxic effects of abiotic stresses such as 

drought, salinity, and heavy metals, in addition to its positive 

impact on endogenous plant hormones [20]. Furthermore, 

algal extracts have been used to enhance plant productivity 

thanks to their numerous benefits. Analytical techniques and 

molecular genetics tools have demonstrated the ability of 

agrosign to modify plant responses and significantly improve 

their biological efficiency [21]. 

The combination of 4 mL/L agrosign and 400 mg/L silicon 

proved to be the optimal ratio for achieving physiological 

balance in the current study. 

Some studies indicate that the presence of silicon increases 
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the efficiency of photosynthesis [22] and nutrient absorption 

while providing maximum cell protection [23]. Furthermore, 

the synergistic interaction of the agrosign in our study 

successfully directed the plant's metabolic energy towards 

growth and dry matter production, resulting in a significantly 

higher yield compared to individual treatments. 

 

 

4. CONCLUSIONS 

 

The current experience has led to the conclusion that the 

treatment of broad bean plants with agrosign extracts and 

silicon enhanced the effectiveness of enzymes and activated 

plant hormones. This improvement was evident in the 

enhanced characteristics of vegetative and flowering growth 

and increased productivity. Our current experiment 

demonstrated that the agrosign extract concentration (4 mL/L) 

and the silicon concentration (400 mg/L) had a positive effect 

on improving the properties. The study also recommends 

further experiments on other vegetable crops to determine the 

extent of this treatment's impact. 
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