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Annotation: Background & aim: Several 

researchers studied the effect of ironand zinc 

fertilization in different types of plant. Therefore, the 

study aimed to reveal the role of foliar fertilization 

with zinc, iron, and water type on the productive 

characteristics of fava beans. 

Materials & Methods: The laboratory 

experiment was conducted in the Horticulture 

Department / College of Agriculture / University of 

Kirkuk, where different concentrations of iron were 

prepared in the form of iron chelate (0, 2, 4) % and 

different concentrations of zinc were prepared in the 

form of zinc chelate (0, 2, 4) %. Spraying was done 

during the cool hours of the day to obtain the 

maximum absorption of these two micronutrients. 

Plants were planted during the 2024-2025 season 

according to a randomized complete block design 

(RCBD) with three replicates for each treatment in 

plastic pots with a capacity of 10 kg of soil. 

Results: The results showed that irrigation with 

tap water significantly increased plant height (12.38 

cm), leaf area (4.21 cm2. plant-1), and chlorophyll 

content (10.6); while irrigation with gray water 

increased protein content (20.78). Foliar application of 

zinc (4%) increased leaf area (3.52 cm2 plant-1), 

chlorophyll content index (12.39 CCI), and protein 

content index (23.89 PI). Meanwhile, spraying with 

http://creativecommons.org/licenses/by/4.0/
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2% iron significantly increased plant height (13.01 

cm). Regarding interactions, irrigation with tap water 

and 4% zinc application increased plant height, leaf 

area, and chlorophyll content index. Gray water with 2 

g. 4% iron spray recorded the highest protein content 

(28.16) in the two-way interactions. The interaction 

between 2% zinc and 2% iron sprays showed the 

highest protein content (23.51).  

Conclusions: The study indicates the 

importance of appropriate combinations of irrigation 

water quality and foliar treatments to improve the 

growth and productivity of Vicia faba. 

 Keywords: Vicia faba., Foliar application, 

zinc, iron. 

  

 

Introduction 

The faba bean crop holds significant global importance as a food source for humans and animal 

feed. Its seeds have high protein content of up to 38% and high carbohydrate content of 40–46%. 

They also contain a variety of essential vitamins, amino acids, and mineral components [1]. 

Furthermore, faba beans are utilized as organic fertilizer in poor soils and have a biological 

effect due to the activity of rhizobia bacteria, which improves the physical and chemical 

characteristics of soils. They also aid in the process of nitrogen fixation in the soil [2,3]. One of 

the primary legume crops farmed in many parts of Iraq is the faba bean (Vicia faba L.), also 

known as the wide bean, horse bean, field bean, or tic bean [4]. It is utilized in the majority of 

animal feeds as well as human diet. Its seeds have a high protein content, estimated at 25–40% 

[5], in addition to a high proportion of carbohydrates, which in most cultivars reached 56% [6]. 

Moreover, if its roots have root nodes, it fixes atmospheric nitrogen in the soil, improving the 

soil's characteristics [7]. The lower yield is typically caused by a number of factors that increase 

the crop's productivity, such as the good varieties that can invest the resources available, as well 

as soil-related elements like the soil's nutrient availability [8]. Micronutrients enhance the 

quantity of crude protein, amino acids, total lipids, energy value, and other nutrients in 

chickpeas, soybeans, black gramme, and other crops in addition to agricultural production. The 

most effective method of increasing output is foliar fertilization, which has been demonstrated to 

enhance yield by 12 to 25% in comparison to traditional fertilization [9]. Iron is a crucial co-

factor for key enzymes that plays a variety of roles in hormone breakdown and in other chemical 

events that occur in plants [10]. Although iron is not a component of chlorophyll, it is necessary 

for its production. Consequently, chlorotic plants and iron insufficiency are brought on by a 

shortage of chlorophyll [11]. The micronutrient that crops, particularly pulses, have needed in 

adequate proportions is zinc [12]. "Plants need zinc for hormone biosynthesis" [13]. Zinc plays a 

role in the formation of nodules, which fix nitrogen, and is necessary for metabolism [14]. Zinc 

provides the structural stability of ribosomes and is an essential part of RNA polymers [12]. Zinc 

is necessary for pollen function and fertilization [15], as it is necessary for the synthesis of 

tryptophan [16, 17]. Therefore, the study aimed to reveal the role of foliar fertilization with zinc, 

iron, and water type on the productive characteristics of fava beans. 

Materials & Methods 

The laboratory experiment was conducted in the Horticulture Department / College of 

Agriculture / University of Kirkuk, where different concentrations of iron were prepared in the 

form of iron chelate (0, 2, 4) % and different concentrations of zinc were prepared in the form of 
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zinc chelate (0, 2, 4) %. Spraying was done during the cool hours of the day to obtain the 

maximum absorption of these two micronutrients. 

Agricultural Experiment 

This study was conducted in the laboratories of the Department of Horticulture, College of 

Agriculture, University of Kirkuk, to evaluate the effect of using two types of irrigation water 

(run-off and gray water), as well as foliar spraying with iron at concentrations of (0, 2, and 4%) 

and zinc at concentrations of (0, 2, and 4%) on some morphological and physiological traits of 

Vicia faba. Plants were planted during the 2024-2025 season according to a randomized 

complete block design (RCBD) with three replicates for each treatment in plastic pots with a 

capacity of 10 kg of soil. Ten days after germination, the plants were thinned to five plants per 

pot. They were planted in plastic pots 25 cm high and 30 cm in diameter, filled with 10 kg of soil 

taken from a nursery. Thirty days after planting, the plants were sprayed with iron and zinc at the 

above-mentioned concentrations, and after 30 days of treatment and after the plants had matured. 

To characterize the initial properties of the growth medium, a representative composite sample 

of the soil used was analyzed prior to sowing in the laboratories of the Kirkuk Directorate of 

Agriculture to determine its key physical and chemical indicators (Table 1) 

Table (1): Physical and chemical properties of the experimental soil 

Parameter Valve 

EC 1.157 ms.cm-1 

TDS 613.25 

PH 7.267 

Total Nitrogen 872.13 mg.kg-1 

Soil Texture Sandy loam 

Clay 5% 

Sand 54% 

Silt 41% 
 

Studied Traits and Measurement Methods  

After the plants reached full maturity and were harvested, the following measurements were 

taken on a random sample of five plants from each experimental unit (pot), and the average was 

calculated to represent that unit:  

➢ Plant Height (cm): The height of each selected plant was measured from the soil surface to 

the highest growing tip using a graduated measuring tape, and the average height was then 

calculated.  

➢ Leaf Area (cm2): The third fully expanded leaf from the apex of each selected plant was 

chosen, and its area was estimated using a ruler by measuring the maximum length and 

maximum width of the lamina. The area was then calculated using the formula: (maximum 

length × maximum width × 0.66), where 0.66 represents the correction factor for mung bean 

as indicated by Baskaran et al. [18].  

➢ Chlorophyll Content Index (CCI): The Chlorophyll Content Index (CCI) was measured in the 

third fully expanded leaf from the apex of each plant using a portable chlorophyll meter 

(CCM-200plus, Opti-Sciences, USA). An average of three readings from different parts of 

the lamina of each leaf was taken to represent the chlorophyll content of that leaf.  

➢ Protein content: The protein content of fava beans was estimated using the method of Herbert 

and Knecht [19]. 

Statistical Analysis of Data  

The SAS software program (USA) was used to statistically analyze all of the data that was 

gathered. To determine the significance of the effects of the factors under study and their 
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interactions, the data was subjected to Analysis of Variance (ANOVA) in accordance with the 

guidelines of the Randomized Complete Block Design (RCBD), which was employed in the 

experiment. Duncan's Multiple Range Test (DMRT) was used to examine treatment mean 

differences that showed significant effects at a P ≤ 0.05 probability level [20,21]. 

Results & Discussion  

Plant Height (cm) 

Table 2 shows the response of Vicia faba to irrigation with tap water and gray water, and foliar 

fertilization with zinc and iron, and their interactions on plant height. The data indicate that 

irrigation with tap water resulted in a significant increase (P≤ 0.05) in average plant height 

(12.38 cm) compared to irrigation with gray water (10.75 cm). Foliar fertilization with zinc also 

showed a significant effect (P≤ 0.05), with the 100 mg/L concentration recording the highest 

average plant height (12.07 cm). Spraying with iron concentrations also resulted in a significant 

increase (P≤ 0.05) in plant height, with 4% and 2% iron concentrations producing the highest 

averages (12.57 and 13.01 cm, respectively) compared to the control treatment (no iron spray), 

which recorded 9.47 cm. Regarding two-way interactions, Table (2) shows that the interaction 

between irrigation water type and zinc spraying indicates that the highest average plant height 

(15.15 cm) was recorded with tap water irrigation and 4% zinc spraying, while the lowest 

average (9.3 cm) was recorded with gray water irrigation and 4% zinc spraying. The interaction 

between irrigation water type and iron spraying, as shown in Table (2), indicated that tap water 

irrigation with 4% iron spraying gave the highest average plant height (12.76 cm), while the 

lowest average (9.14  cm) was recorded with gray water irrigation without iron addition (iron 

control). As for the interaction between zinc and iron spraying, the data in Table (2) indicate that 

the highest average plant height (13.15 cm) resulted from 4% zinc spraying and 2% iron 

spraying. The lowest average (9.14 cm³) was recorded when no zinc spraying and no iron 

addition was added (control sample). 

Table (2): Response of Vicia faba to two types of irrigation water and spraying with zinc and 

iron, and their interaction on plant height (cm). 

Water 

type 

Iron 

concentrations 

Zinc concentrations The effect of the 

average interaction 

between the type of 
0 2 4 

Tap 

0 8.35 11.17 11.49 10.34 

2 8.5 13.06 15.15 12.23 

4 11.86 11.59 14.84 12.76 

Gray 

0 9.28 9.45 9.3 9.34 

2 14.62 9.67 10.92 11.73 

4 15.81 10.65 11.15 12.53 

The effect of the average 

zinc 
11.53 11.41 12.07  

The effect of the average interaction between water type and zinc 

Water type 
Zinc concentrations Impact of average 

irrigation water 0 2 4 

Tap  10.42 12.08 14.65 12.38 

Gray  13.63 9.11 9.52 10.75 

The effect of the average interaction between zinc and iron 

iron concentrations 
Zinc concentrations Effect of average 

iron concentrations 0 2 4 

0 9.14 9.47 9.81 9.47 

2 12.89 12.97 13.15 13.01 

4 12.52 12.64 12.57 12.57 
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According to the current study, zinc and iron cause plants to grow longer. According to Alam et 

al. [22], A 2.5 kg Zn ha-1 spray generated the longest plant in a previous trial. The application of 

10 kg Zn ha-1 in summer mungbean had a significant effect on plant height (47.76 cm and 47.88 

cm) [23]. According to El Sayed Hameda et al. [24], the yield components measured by plant 

height were considerably raised by adding a combination of microelements (such as iron and 

zinc) to the leaves of pea plants. Auxin combination containing zinc [25]. By adding 5 mg kg-1 

of zinc to the soil, the pigeonpea crop's plant height rose [26]. The stem height rose as a result of 

zinc activating certain enzymes that play important roles in cell division and lengthening [27]. 

According to Habbasha et al. [28], applying 0.2% ZnSO4 to chickpeas at the seed filling stage 

results in noticeably taller plants (81.43 cm). Given their significance in respiration, 

photosynthesis, and other biochemical and physiological activities, as well as their role in 

boosting yields [29,30], zinc and iron may be beneficial when applied topically, which is 

consistent with the findings of the current study. 

Table 3 shows the response of Vicia faba to irrigation with tap water and gray water, foliar 

application of zinc and iron, and their interactions on leaf area. The data indicate that irrigation 

with tap water resulted in a significant (P ≤ 0.05) increase in average leaf area (4.21 cm2. Plant-1) 

compared to irrigation with gray water (3.15 cm2. Plant-1). Foliar application of zinc also showed 

a significant effect (P ≤ 0.05), with the 4% concentration recording the highest average leaf area 

(3.52 cm2. Plant-1). Spraying with iron concentrations also resulted in a significant (P ≤ 0.05) 

increase in leaf area, with 2% and 4% iron concentrations producing the highest averages (2.91 

and 3.35 cm2. Plant-1, respectively) compared to the control treatment (no iron application), 

which recorded 3.49 cm. Regarding two-way interactions, Table (2) shows that the interaction 

between irrigation water type and zinc spray indicates that the highest average leaf area (3.67 

cm2. Plant-1) was recorded with tap water irrigation and 4% zinc spray, while the lowest average 

(3.17 cm) was recorded with gray water irrigation and 4% zinc spray. The interaction between 

irrigation water type and iron spray, as shown in Table (3), indicated that tap water irrigation 

with 4% iron spray gave the highest average leaf area (12.76 cm2. Plant-1), while the lowest 

average (9.34 cm2. Plant-1) was recorded with gray water irrigation without iron addition (control 

sample). As for the interaction between zinc and iron spray, the data in Table (3) indicate that the 

highest average leaf area (4.15 cm2. Plant-1) resulted from 4% zinc spray and 4% iron spray. The 

lowest average (2.51 cm2. Plant-1) was recorded with 2% zinc spray and no iron addition (control 

sample). 

Table (3): Response of Vicia faba to two types of irrigation water and spraying with zinc and 

iron, and their interaction on leaf area (cm2. Plant-1). 

Water type 
Iron 

concentrations 

Zinc concentrations The effect of the 

average interaction 

between the type of 
0 2 4 

Tap 

0 2.15 3.17 3.85 3.056 

2 2.05 3.13 3.67 2.95 

4 2.87 3.19 3.26 3.11 

Gray 

0 2.58 2.95 3.17 2.9 

2 2.41 2.86 3.52 2.93 

4 2.67 3.32 3.17 3.05 

The effect of the average zinc 2.89 3.05 3.52  

The effect of the average interaction between water type and zinc 

Water type 
Zinc concentrations Impact of average 

irrigation water 0 2 4 

Tap  2.89 4.62 5.11 4.21 

Gray  3.61 3.03 2.81 3.15 

The effect of the average interaction between zinc and iron 
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iron concentrations 
Zinc concentrations Effect of average 

iron concentrations 0 2 4 

0 2.85 3.67 3.94 3.49 

2 2.51 2.94 3.27 2.91 

4 2.73 3.18 4.15 3.35 
 

According to the current study, zinc and iron cause plants to grow longer. According to Togay et 

al. [31], molybdenum enhanced the number of leaves and pods per plant. Zn treatment increased 

leaf area and pod number plant-1, according to Valenciano et al. [32]. Ram and Katiyar [23] 

discovered that "mungbean's leaf area and seed number significantly improved when 10 kg Zn 

ha-1 was applied." According to a publication, micronutrient foliar spraying enhanced the 

number of pods per plant and the leaf area in lentils, which is consistent with our findings [33], 

which is consistent with the findings of the current study. 

Table 4 shows the response of Vicia faba to irrigation with tap water and gray water, foliar 

application of zinc and iron, and their interactions on chlorophyll content. The data indicate that 

irrigation with tap water resulted in a significant increase (P ≤ 0.05) in the average chlorophyll 

content (10.6 CCI) compared to irrigation with gray water (9.61 CCI). Foliar application of zinc 

also showed a significant effect (P ≤ 0.05), with the 4% concentration recording the highest 

average chlorophyll content (12.39 CCI). Spraying with iron concentrations also resulted in a 

significant increase (P ≤ 0.05) in chlorophyll content, with 4% and 2% iron concentrations 

producing the highest averages (10.74 and 11.3 CCI, respectively) compared to the control 

treatment (no iron application), which recorded 10.5 CCI. Regarding two-way interactions, Table 

(4) shows that the interaction between irrigation water type and zinc spray indicates that the 

highest average chlorophyll content (13.27 CCI) was recorded with tap water irrigation and 4% 

zinc spray, while the lowest average (10.51 CCI) was recorded with gray water irrigation and 4% 

zinc spray. The interaction between irrigation water type and iron spray, as shown in Table (4), 

indicated that tap water irrigation with 4% iron spray gave the highest average chlorophyll 

content (3.11 CCI), while the lowest average (2.9 CCI) was recorded with gray water irrigation 

without iron addition (control sample). As for the interaction between zinc and iron spray, the 

data in Table (4) indicate that the highest average chlorophyll content (12.67 CCI) resulted from 

4% zinc spray and 2% iron spray. The lowest average (9.71 CCI) was recorded when no zinc 

spray was applied and 2% iron was added (control sample). 

Table (4): Response of Vicia faba to two types of irrigation water and spraying with zinc and 

iron, and their interaction on chlorophyll content (CCI). 

Water type 
Iron 

concentrations 

Zinc concentrations The effect of the 

average interaction 

between the type of 
0 2 4 

Tap 

0 11.41 12.64 13.27 12.44 

2 10.95 12.51 12.34 11.93 

4 11.58 10.53 11.95 11.35 

Gray 

0 10.52 9.85 10.67 10.34 

2 11.04 11.63 12.04 11.57 

4 10.72 9.92 10.51 10.38 

The effect of the average zinc 11.18 11.84 12.39  

The effect of the average interaction between water type and zinc 

Water type 
Zinc concentrations Impact of average 

irrigation water 0 2 4 

Tap  9.51 10.45 11.84 10.6 

Gray  9.14 9.62 10.07 9.61 

The effect of the average interaction between zinc and iron 

iron concentrations Zinc concentrations Effect of average 
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0 2 4 iron concentrations 

0 10.05 10.22 11.24 10.5 

2 9.71 11.52 12.67 11.3 

4 10.82 11.28 10.12 10.74 
 

According to the current study, zinc and iron cause elevated in the chlorophyll. Perhaps the 

reason for increasing total chlorophyll is due to the effective role of both zinc and iron, 

especially iron, due to its role in the synthesis of chlorophyll pigment [34]. 

Table 5 shows the response of Vicia faba to irrigation with tap water and gray water, foliar 

application of zinc and iron, and their interactions on protein content. The data indicate that 

irrigation with tap water resulted in a significant increase (P≤ 0.05) in the average protein 

content (21.62 cm) compared to irrigation with gray water (20.78 cm). Foliar application of zinc 

also showed a significant effect (P≤ 0.05), with the 4% concentration recording the highest 

average protein content (23.89 cm). Spraying with iron concentrations also resulted in a 

significant increase (P≤ 0.05) in plant height, with 4% and 2% iron concentrations achieving the 

highest averages (20.11 and 21.46 cm, respectively) compared to the control treatment (without 

iron application), which recorded 22.45 cm. Regarding two-way interactions, Table 5 shows that 

the interaction between irrigation water type and zinc spray indicates that the highest average 

protein content (26.14 cm³) was recorded with tap water irrigation and 4% zinc spray, while the 

lowest average (23.51 cm³) was recorded with gray water irrigation and 4% zinc spray. The 

interaction between irrigation water type and iron spray, as shown in Table 5, indicated that gray 

water irrigation with 4% iron spray gave the highest average protein content (28.16 cm³), while 

the lowest average (19.98 cm³) was recorded with tap water irrigation without iron addition 

(control sample). As for the interaction between zinc and iron spray, the data in Table 4 indicate 

that the highest average protein content (23.51 cm³) resulted from 2% zinc spray and 2% iron 

spray. The lowest average (19.46 cm³) was recorded when no zinc spray and 2% iron were added 

(control sample). 

Table (5): Response of Vicia faba to two types of irrigation water and spraying with zinc and 

iron, and their interaction on protein content (CCI). 

Water type 
Iron 

concentrations 

Zinc concentrations The effect of the 

average interaction 

between the type of 
0 2 4 

Tap 

0 19.48 21.95 18.52 19.98 

2 18.41 19.44 22.45 20.1 

4 20.67 20.95 21.52 21.04 

Gray 

0 24.11 25.21 26.14 25.15 

2 27.35 28.91 24.12 26.79 

4 31.52 29.45 23.51 28.16 

The effect of the average zinc 19.36 23.12 23.89  

The effect of the average interaction between water type and zinc 

Water type 
Zinc concentrations Impact of average 

irrigation water 0 2 4 

Tap  19.41 22.51 20.43 20.78 

Gray  18.52 24.17 22.18 21.62 

The effect of the average interaction between zinc and iron 

iron concentrations 
Zinc concentrations Effect of average 

iron concentrations 0 2 4 

0 21.29 20.75 22.41 21.48 

2 19.46 23.51 21.41 21.46 

4 20.67 20.12 19.53 20.11 
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in current study, zinc and iron lead to raised the protein content plant, Zinc treatment to the 

leaves led to greater levels of protein as a result of better physiological characteristics and 

protease enzyme activity Usman and colleagues [35], Lokhande and colleagues [36], and 

Nandan and colleagues [37]. Additionally, Singh and Singh [38] observed that applying 10 kg of 

zinc per hectare increased the protein content of chickpea grain by 20.2%. In their study on zinc 

application in chickpeas, Khrogamy and Farnia [39] found that applying ZnSO4 20 kg ha-1 

increased the protein content of the legumes by 24.02%. According to Imsande [40], iron plays a 

crucial part in the production of chlorophyll and aids in the absorption of other nutrients. Oguz 

[41] found that "the protein content in chickpeas was significantly affected by increasing Mo 

application up to 6 g kg-1." "The combined application of 5.5 kg Zn ha-1 + 0.1% Zn as foliar 

spray improved the seed crude protein content by 26.9% over control," according to Roy et al. 

[42]. In line with the findings of the present investigation, Sharma et al. [43] [46] revealed that 

the application of chelated iron (1 or 2 kg ha-1) significantly increased the protein content in 

seed and all yied. 

Conclusions 

The study indicates the importance of appropriate combinations of irrigation water quality and 

foliar treatments to improve the growth and productivity of Vicia faba. 
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