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Abstract 

This research was carried out at the research station of the University of Kufa during the growing 

season of 2025. This study aimed to investigate the response of the Spanish faba bean to high-

phosphorus DAP fertilizer (P) and titanium dioxide (Ti). A factorial experiment with three replicates 

following a completely randomized block design was carried out, where the first factor comprised 

three levels of P fertilizer—soil incorporated (0, 90, 180) kg.ha
-1

, while the second factor included 

three doses of foliar spray of Ti (0, 300, 600) mg.L
-1

. Our findings indicated that the treatment of P 

fertilizer (P2) provided a significant superiority in the studied indicators (plant height 50.40 cm, leaf 

count 313 leaf.plant
-1

, leaf area 4239 cm
2
.plant

-1
, root dry weight 5.48 g.plant

-1
, leaf N 3.81%, leaf P 

0.41%, leaf K 2.53%, and total yield 79.98 ton.ha
-1

). Conversely, the control treatment (P0) recorded 

the lowest values for the same indicators (42.87 cm, 211.22 leaf.plant
-1

, 2469 cm
2
.plant

-1
, 2.53 

g.plant
-1

, 3.31%, 0.25%, 1.88%, and 40.28 ton.ha
-1

) respectively. Moreover, foliar spraying with Ti 

improved most plant indicators of growth, yield, and chemical indicators. The treatment (Ti2) 

recoded the highest values of the traits (plant height 49.13 cm, number of leaves 313.87 leaf.plant
-1

, 

leaf area 4325 cm
2
.plant

-1
, root dry weight 4.80 g.plant

-1
, leaf N 3.73%, leaf P 0.38%, leaf K 2.47%, 

and total yield 73.92 ton.ha
-1

). In contrast, the control treatment (Ti0) recorded the lowest values for 

the same indicators, reaching (43.44 cm, 224.76 leaf.plant
-1

, 2739 cm
2
.plant

-1
, 3.52 g.plant

-1
, 3.43%, 

0.27%, 1.94%, and 49.57 ton.ha
-1

), consecutively. The interaction between the experiment factors 

also had a significant impact on some indicators, as the interaction treatment (P2Ti2) achieved the 

highest values compared to the control treatment (P0Ti0), which gave the lowest values. These 

results suggest that phosphorus combined with titanium represents an effective strategy for 

improving faba bean growth and productivity. 
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Introduction 

Faba bean Vicia faba L. is an important 

crop that falls within the leguminous 

family that is grown in the winter season to 

obtain green pods and their fresh and dry 

seeds, which are rich in proteins and 

vitamins such as vitamin B [36]. Faba bean 

seeds are consumed as fresh, dry, frozen 

and canned foods, high-protein flour, and 

the manufacture of concentrated fodder for 

animals [37]. China, Ethiopia and 

Australia also lead a large proportion of 

global production, with global production 

of about 6–7 million tons per year of dry 

faba beans and cultivated area of about 

2.3–2.8 million hectares and average 

productivity 2.5–3.0 tons/ha, [16]. It is also 

grown as a soil enhancer due to its ability 

to stabilize atmospheric nitrogen, which 
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leads to increased soil fertility and 

improved productivity of subsequent crops 

when utilized in crop rotations, and thus 

reduces the use of synthetic fertilizers that 

cause soil degradation [21]. Faba bean can 

impact some soil organisms and increase 

their activity, such as the Rhizobia 

bacteria, and has a positive role in 

sustainable farming systems [14]. Legumes 

are particularly important for their 

essential role in root development, energy 

transfer, and root nodule formation [34]. 

Phosphorus (P) is considered the second 

most significant nutrient required for plant 

life after nitrogen. It is one of the macro 

elements essential in the nutrition of 

legumes in particular, as it plays a key role 

in root development, energy transfer, and 

root nodule formation [34]. The 

availability of phosphorus in adequate 

amounts helps biological nitrogen fixation, 

thereby improving the biomass of the shoot 

system and the formation of pods, hence 

increasing plant yield [31]. Phosphorus 

also plays a necessary function in most 

physiological processes in plants, 

especially photosynthesis, respiration, 

enzyme cofactors, phospholipid formation, 

energy compounds (ADP and ATP), as 

well as growth and differentiation. P also 

contributed to the formation of nucleotides, 

which are the building blocks for amino 

acids, as well as cell division and the 

process of transport of nutrients in plants 

[13]. Several studies on broad beans 

reported that phosphorus (P), which is 

essential for energy transfer via (ATP), 

root development, and photosynthesis, is a 

crucial macronutrient for the growth of 

broad beans. Their findings confirmed that 

sufficient phosphorus application improves 

nitrogen fixation, root nodulation, and 

seedling vigor—all of which are critical for 

the best potential growth and productivity. 

While phosphorus deficiency causes 

nitrogen fixation deterioration, stunted 

growth, decreased pod and seed formation, 

feeble stature, and poorer seed quality 

[30,32]. 

Titanium (Ti) is found in several 

mineral forms, including Anatase, Rutile, 

and Brookite, and the most stable oxidized 

form of titanium is TiO2 [39]. Although 

titanium is neither a macronutrient nor a 

micronutrient needed by plants, it is 

considered a beneficial element [17] as it 

has attracted attention for its role in 

stimulating plant growth. Several studies 

have shown that foliar spraying of 

titanium-containing fertilizers has 

significant benefits and increases the 

efficiency of photosynthesis, enhances 

total chlorophyll in the leaves, stimulates 

certain enzymes, and enhances crop yield 

and quality [25]. In particular, applying 

titanium dioxide (TiO₂ ) at adequate doses 

improves root function and nitrogen 

metabolism, which in turn increases 

nutrient uptake and vegetative growth in 

faba beans. [15] found that seed soaking 

and foliar spraying of TiO₂  optimize plant 

height, dry weight, and leaf nitrogen 

content through stimulating nitrogen 

fixation and assimilation. Phosphorus and 

potassium uptake is simultaneously 

supported by TiO₂ -induced root 

architecture modifications [11]. Superior 

vegetative biomass accumulation and yield 

are driven by this synergistic NPK increase 

[1,23]. 

This current research sought to 

investigate the optimum rate of phosphate 

fertilizer for boosting the vegetative 

growth, leaf nutrient status, and yield of 

faba bean plants. Also, the research aimed 

to determine the most effective 

concentration of titanium dioxide as a 

foliar application on the growth, yield, and 

nutritional traits. Moreover, evaluating the 

synergistic impact of both factors on 

improving growth and production of faba 

bean plants via integrated nutrient 

management strategies.  
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Material and Methods 

Experimental site: 

The field trial was performed at the 

research station of the University of Kufa 

located at 32.0196° N latitude and 

44.3761° E longitude, during the growing 

season of 2025 in sandy soil under open 

field conditions. A Spanish faba bean 

variety, ―Luz de otono‖ produced by 

Semillas Fitó, certified by the Ministry of 

Agriculture/Directorate of Agriculture of 

Najaf/Iraq, was cultivated under a drip 

irrigation system. Five random samples of 

the experiment soil were taken from 

different locations before planting at 

different depths (0-30) cm for soil test, 

which was carried out in the laboratories 

affiliated to the University of Kufa, 

Faculty of Agriculture, in the Department 

of Soil and Water Resources (Table 1).

Table 1. Some chemical and physical properties of the field soil before planting. 

Properties Unit Value 

 

Properties Unit Value 

Clay g.kg
-1

 58 Soil Ec dS.m
-1

 4.73 

Silt g.kg
-1 

10 Available N  ppm 0.607 

Sand g.kg
-1 

932 Available P ppm 0.171 

Soil texture Sandy
 

Available K ppm 0.043 

Soil pH ---
 

7.04 Organic matter (O.M.) g.kg
-1

 2.52 

 

Field preparation, plant, and studied 

factors: 

Field operations were carried out by 

plowing, smoothing, and leveling the 

research soil, and then the soil was 

sterilized by Beltanol fungicide (Agronova 

Biotech-Spanish origin) at a concentration 

of 1 ml.L
-1

 added during watering, as well 

as Dimethoate 40% EC insecticide (Super 

Janta-China origin) at a concentration of 2 

ml.L
-1

. Further, a decomposed manure 

fertilizer was added to the experimental 

field at 24 ton.ha
-1

 on 15/9/2025, a month 

before planting [4]. Faba bean seeds were 

water-soaked for 12 hours prior to 

planting, and then the seeds were directly 

planted on 15/10/2025 in rows per 

experimental unit, placing three seeds per 

hole with a depth of 5 cm. Each 

experimental plot comprised 14 plants 

planted in two rows with 1.80 m length 

and 0.60 m width, and leaving a distance 

of 0.30 m between plants, and 0.75 m 

between the experimental units. 

The experiment included two factors: the 

soil application of high-phosphorus DAP 

fertilizer was directly added at planting at 

three levels (0, 90, 180) kg.ha
-1

 and 

denoted by (P0, P1, P2), respectively. The 

second factor included foliar application of 

titanium in the form of TiO2 with three 

concentrations (0, 300, 600) mg.L
-1 

and 

denoted by (Ti0, Ti1, Ti2), respectively. A 

2-liter hand pump was used to spray the 

canopy of faba bean plants in the early 

morning until the foliage was completely 

wet. Three spray applications were 

performed, with a 3-week interval between 

each spray. The control treatment was 

sprayed with distilled water, taking into 

account the separation among the 

treatments using polyethylene as a barrier 

to avoid splashing of the spray between 

adjacent plots. Spraying was conducted 

one day after the irrigation process to 

increase the plants' efficiency in absorbing 

the sprayed TiO2 [5]. All experimental 

units were also fertilized with nitrogen at a 

dose of 100 kg.ha
-1

 in the form of urea 

(46% N) as a booster batch, and potassium 

sulfate fertilizer (42% K2O) at a dose of 40 

kg.ha-1 was added in two batches, the first 

21 days after germination and the second 

40 days after planting [27]. 
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Experimental treatments and statistical 

analysis: 

A factorial experiment of two factors (3 

levels of P ×3 con. of Ti) was implemented 

using a randomized complete block design 

with three replicates. Each replicate 

comprised nine treatments, for a total 

number of 378 faba bean plants distributed 

across 27 randomly arranged experimental 

units, in addition to the guard lines planted 

alongside the plots. Two-way ANOVA 

procedure was employed to analyze the 

data, and then treatment comparisons were 

tested through the least significant 

difference (L.S.D) test at a probability 

level of 0.05 using the statistical software 

Statistix 10 [6]. 

Studied indicators: 

The measurements were performed on five 

plants randomly selected from each 

experimental unit, and included plant 

height (cm) estimated using a measuring 

tape, leaf count per plant (leaf.plant
-1

), leaf 

area of the whole plant (cm
2
.plant

-1
) 

according to [29], dry weight of the root 

system (g.plant
-1

) according to the method 

[18], percentage of nitrogen in leaves (%) 

by Kjeldahl, percentage of phosphorus in 

leaves (%) by [22], percentage of 

potassium in leaves (%) using flame 

photometer following the method 

described by [5]. Total yield per unit area 

of faba bean (ton.ha
-1

) was measured 

collectively during the entire growing 

season.  

Results and Discussion 

Vegetative growth indicators: 

Plant height 

The results presented in Table 2 showed 

that phosphorus fertilization significantly 

affected plant height. The highest 

phosphorus level (P2) @ 180 kg ha⁻ ¹ 

produced the tallest plants, reaching 50.40 

cm, followed by P1, whereas the control 

treatment (P0) recorded the lowest plant 

height (42.87 cm). Foliar application of 

titanium dioxide also significantly 

influenced plant height. Spraying plants 

with 600 mg L⁻ ¹ TiO₂  (Ti2) resulted in 

the greatest plant height (49.13 cm), 

whereas untreated plants (Ti0) produced 

the shortest plants (43.44 cm). The 

interaction between phosphorus and 

titanium dioxide significantly affected 

plant height. The P2Ti2 treatment recorded 

the highest value (53.47 cm), while the 

control interaction (P0Ti0) produced the 

lowest plant height (40.67 cm). 

The increase in plant height under the 

highest phosphorus level can be attributed 

to the essential role of phosphorus in ATP 

formation, cell division, and cell 

elongation, which collectively enhance 

vegetative growth. Moreover, phosphorus 

promotes root development and nutrient 

uptake, thereby improving overall plant 

vigor [2,3]. The stimulatory effect of TiO₂  

is likely associated with enhanced 

chlorophyll synthesis, improved 

photosynthetic efficiency, and increased 

metabolic activity, resulting in greater stem 

elongation [10,12,19]. 

Number of leaves per plant 

Table 2 revealed significant differences in 

leaf number among phosphorus treatments. 

Plants fertilized with 180 kg ha⁻ ¹ 

phosphorus (P2) produced the highest 

number of leaves (313.00 leaves plant⁻ ¹), 

followed by P1, whereas the control (P0) 

recorded the lowest value (211.22 leaves 

plant⁻ ¹). Titanium dioxide application 

significantly increased leaf production. 

The highest concentration (Ti2) produced 

313.87 leaves plant⁻ ¹, while untreated 

plants (Ti0) produced only 224.76 leaves 

plant⁻ ¹. The interaction between 

phosphorus and titanium dioxide 

significantly affected leaf production, with 

P2Ti2 producing the highest number of 

leaves, whereas P0Ti0 recorded the lowest 

value. 
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Phosphorus enhances leaf formation by 

stimulating meristematic activity, energy 

metabolism, and nutrient translocation, 

leading to greater vegetative development 

[3,28]. The positive response to TiO₂  may 

result from enhanced photosynthesis, 

increased chlorophyll content, and 

activation of growth-related enzymes, 

which promote continuous leaf initiation 

and expansion [19,33]. 

Leaf area 

Significant differences in leaf area were 

observed among phosphorus treatments 

(Table 2). Plants supplied with 180 kg 

ha⁻ ¹ phosphorus (P2) developed the 

maximum leaf area (4239 cm² plant⁻ ¹), 

whereas the unfertilized control (P0) 

produced the minimum leaf area (2469 cm² 

plant⁻ ¹). Titanium dioxide foliar spray 

also significantly increased leaf area. The 

600 mg L⁻ ¹ TiO₂  (Ti2) treatment 

recorded the highest leaf area (4235 cm² 

plant⁻ ¹), while unsprayed plants (Ti0) had 

the lowest value (2739 cm² plant⁻ ¹). The 

interaction between phosphorus and 

titanium dioxide significantly affected leaf 

area. The combination P2Ti2 produced the 

maximum leaf area (5598 cm² plant⁻ ¹), 

whereas P0Ti0 recorded the minimum 

value (2159 cm² plant⁻ ¹). 

The expansion of leaf area under 

phosphorus fertilization is mainly 

associated with increased cell division, 

ATP production, and enhanced 

photosynthetic metabolism, all of which 

promote leaf expansion [2,28]. Likewise, 

TiO₂  improves chlorophyll accumulation 

and photosynthetic performance, 

increasing carbohydrate production 

required for leaf growth. These findings 

agree with those of [15,20]. 

Dry weight of the root system  

Root dry weight was significantly 

influenced by phosphorus fertilization 

(Table 2). The highest phosphorus 

application (P2) produced the greatest root 

dry weight (5.48 g plant⁻ ¹), whereas the 

control treatment (P0) produced the lowest 

value (2.53 g plant⁻ ¹). Titanium dioxide 

significantly increased root dry weight. 

Plants sprayed with 600 mg L⁻ ¹ TiO₂  

(Ti2) produced the highest root dry weight 

(5.80 g plant⁻ ¹), while untreated plants 

(Ti0) recorded 3.52 g plant⁻ ¹. The 

interaction between phosphorus and 

titanium dioxide significantly affected root 

dry weight. The P2Ti1 treatment produced 

the greatest root dry weight (6.50 g 

plant⁻ ¹), whereas P0Ti0 recorded the 

lowest value (1.40 g plant⁻ ¹). 

Phosphorus boosts root growth through its 

involvement in energy transfer, root 

meristem development, and improved 

nutrient acquisition, leading to greater dry 

matter accumulation in roots [2,3,28]. 

Titanium dioxide further enhances root 

biomass by improving nutrient absorption, 

particularly N, P, and Ca, stimulating 

enzyme activity, and increasing 

photosynthetic assimilate transport to the 

root system [12,15,26].

Table 2. Effect of high-phosphorus DAP fertilizer and foliar spray of titanium, with their 

interaction on the vegetative growth indicators of broad bean plants. 

Treatments Plant Height 

(cm) 

Leaf No. 

(leaf.plant
-1

) 

Leaf Area 

(cm
-2

.plant
-1

) 

Root Dry 

Weight (g) 

 Effect of DAP Fertilizer Levels  

P0 78.24 811.88 8742 8..2 

P1 74.77 841.21 2.42 ..77 

P2 .7.77 212.77 7822 ..72 
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LSD 0.05 0.25 43.89 736 2.70 

 Effect of Titanium Concentrations  

Ti 0 72.77 887.44 8422 2..8 

Ti 1 74.42 8.4..1 2882 4.73 

Ti 2 49.13 313.87 728. 7.27 

LSD 0.05 0.22 43.89 637 0.64 

 Effect of the Interaction  

P0 

Ti 0 77.44 122.44 81.2 1.77 

Ti 1 72.42 124.77 8242 8..2 

Ti 2 77.87 824.47 8247 2.44 

P1 

Ti 0 71..2 827.74 2822 7.8. 

Ti 1 72.24 8...42 8228 ..14 

Ti 2 72.42 28...2 7.74 ..47 

P2 

Ti 0 72.12 877.12 84.2 7.27 

Ti 1 72.47 212.77 72.2 4..7 

Ti 2 .2.74 242.74 ..22 ..72 

LSD 0.05 3.24 N.S. 0020 1.11 

            N.S. indicates a non-significant effect at p>0.05. 

Leaf content of nutrients and yield 

indicators: 

Percentage of nitrogen in leaves 

The results in Table 3 showed that 

phosphorus fertilization significantly 

affected leaf nitrogen concentration. The 

highest phosphorus level (P2; 180 kg 

ha⁻ ¹) recorded the greatest leaf nitrogen 

content (3.81%), significantly exceeding 

both P1 (90 kg ha⁻ ¹) and the control (P0). 

In contrast, plants that received no 

phosphorus fertilizer (P0) recorded the 

lowest nitrogen concentration (3.31%). 

Foliar application of titanium dioxide also 

significantly increased leaf nitrogen 

concentration. Spraying with 600 mg L⁻ ¹ 

TiO₂  (Ti2) produced the highest nitrogen 

percentage (3.73%), whereas untreated 

plants (Ti0) recorded the lowest value 

(3.43%). The interaction between 

phosphorus and titanium had no significant 

effect on leaf nitrogen concentration. 

The increase in leaf nitrogen concentration 

with phosphorus fertilization may be 

attributed to the essential role of 

phosphorus in enzymatic regulation, ATP 

formation, and energy transfer, which 

improve nutrient absorption and 

assimilation within plant tissues [35]. 

Likewise, titanium dioxide has been 

reported to stimulate photosynthesis and 

nitrogen metabolism while enhancing 

nitrogen uptake and amino acid synthesis, 

thereby increasing leaf nitrogen content 

[12,38]. 

Percentage of phosphorus in leaves 

Phosphorus fertilization significantly 

influenced leaf phosphorus concentration 

(Table 3). The highest phosphorus 

application (P2) produced the maximum 

phosphorus content (0.41%), significantly 

surpassing P1 and the unfertilized control 

(P0), which recorded the lowest value 

(0.25%). Similarly, foliar spraying with 

titanium dioxide significantly affected leaf 

phosphorus concentration. The highest 

concentration (Ti2; 600 mg L⁻ ¹) recorded 

the greatest phosphorus percentage 

(0.38%), whereas untreated plants (Ti0) 

showed the lowest concentration (0.27%). 

No significant interaction was observed 

between phosphorus fertilization and 

titanium dioxide for leaf phosphorus 

concentration. 
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Higher phosphorus availability directly 

increased phosphorus accumulation in 

leaves owing to enhanced nutrient uptake 

and improved energy metabolism within 

plant cells [35]. Titanium dioxide further 

enhanced phosphorus accumulation by 

improving root water uptake and nutrient 

absorption efficiency through stimulation 

of physiological processes [7,10]. 

Percentage of potassium in leaves 

The data in Table 3 demonstrated 

significant differences among phosphorus 

treatments in leaf potassium concentration. 

Plants supplied with 180 kg ha⁻ ¹ 

phosphorus (P2) recorded the highest 

potassium concentration (2.53%), 

significantly exceeding P1 and P0, while 

the control treatment produced the lowest 

value (1.88%). 

Titanium dioxide spraying also 

significantly increased leaf potassium 

concentration. Plants treated with 600 mg 

L⁻ ¹ TiO₂  produced the highest potassium 

concentration (2.47%), whereas untreated 

plants recorded only 1.94%. The 

interaction between phosphorus and 

titanium significantly affected leaf 

potassium concentration. The P2Ti2 

combination recorded the highest 

potassium concentration (2.88%), whereas 

P0Ti0 recorded the lowest value (1.62%). 

The increased potassium concentration 

following phosphorus fertilization may 

result from improved metabolic activity 

and enhanced nutrient transport within 

plants [40]. Titanium dioxide has also been 

reported to increase potassium uptake by 

improving nutrient absorption, root 

activity, and water transport, leading to 

greater potassium accumulation in leaves 

[9,19]. 

Total yield of green pod 

The results presented in Table 3 revealed 

that phosphorus fertilization significantly 

improved total green pod yield. The 

application of 180 kg.ha⁻ ¹ phosphorus 

(P2) produced the highest yield (79.98 

ton.ha⁻ ¹), significantly exceeding P1 and 

the unfertilized control (P0). The control 

treatment recorded the lowest yield (40.28 

ton.ha⁻ ¹). Titanium dioxide significantly 

enhanced total green pod yield. Plants 

sprayed with 600 mg.L⁻ ¹ TiO₂  produced 

the highest yield (73.92 ton.ha⁻ ¹), whereas 

untreated plants yielded only 49.57 

ton.ha⁻ ¹. The interaction between 

phosphorus and titanium significantly 

affected green pod yield. The P2Ti2 

treatment recorded the highest yield (98.25 

ton.ha⁻ ¹), whereas the P0Ti0 treatment 

produced the lowest yield (32.27 

ton.ha⁻ ¹). 

The increase in green pod yield with 

phosphorus fertilization can be attributed 

to enhanced enzymatic activity, improved 

energy transfer, and greater accumulation 

of assimilates that are subsequently 

translocated to developing pods, thereby 

improving productivity [35]. Titanium 

dioxide further increased yield by 

enhancing chlorophyll content, 

photosynthetic efficiency, nutrient uptake, 

and water absorption, resulting in 

improved plant growth and greater 

assimilate production for pod development 

[7,10,38]. Similar responses have been 

reported by [8,24] in tomato. 

Table 3. Effect of high-phosphorus DAP fertilizer and foliar spray of titanium, with their 

interaction on the leaf nutrients and yield indicators of broad bean plants. 

 

Treatments Nitrogen 

(%) 

Phosphorus 

(%) 

Potassium 

(%) 

Total Yield 

(ton.ha
-1

) 

 Effect of DAP Fertilizer Levels 



Euphrates Journal of Agricultural Science-18 (3):265-275, (Sep. 2026)        Munshid & Al-Bayati             

 

  ISSN 2072-3857           

 
272 

 

P0 2.21 7.8. 1.22 40.28 

P1 2..7 7.22 8.27 64.88 

P2 2.21 7.71 8..2 79.98 

LSD 0.05 0.16 0.04 0.13 6.12 

 Effect of Titanium Concentrations 

Ti 0 3.43 7.84 1.27 49.57 

Ti 1 3.51 0.33 2.34 61.65 

Ti 2 3.73 0.38 8.74 73.92 

LSD 0.05 0.16 2.20 0.13 6.12 

 Effect of the Interaction 

P0 

Ti 0 2.72 7.81 1.48 32.27 

Ti 1 2.2. 7.8. 8.74 38.05 

Ti 2 2..7 7.84 1.24 50.51 

P1 

Ti 0 2..8 7.84 1.24 48.98 

Ti 1 2..1 7.2. 8.72 72.66 

Ti 2 2.47 7.24 8..4 73.00 

P2 

Ti 0 2.44 7.27 8.88 67.46 

Ti 1 2.42 7.22 8.74 74.24 

Ti 2 7.72 7..7 8.22 98.25 

LSD 0.05 N.S N.S 0.23 10.60 

                 N.S. indicates a non-significant effect at p>0.05. 

Conclusion 

Based on the research findings, the 

application of high-phosphorus DAP 

fertilizer @ 180 kg.ha
-1

 is recommended 

for the Spanish fava bean crop as it 

significantly improved most vegetative 

growth indicators, which positively 

affected the leaf nutrient status and crop 

production, yielding the best results. 

Titanium foliar application @ 600 mg.L
-1 

outperformed the other concentrations in 

most of the studied traits of Spanish fava 

beans, including vegetative growth 

indicators, leaf nutrient compositions, and 

yield. Subsequently, the combination 

treatment of 180 kg.ha
-1

 DAP fertilizer and 

600 mg.L
-1

 titanium foliar spray (P2Ti2) is 

the optimum treatment, since it 

consistently enhanced most of the growth, 

nutritional, and yield traits compared to the 

other interaction treatments, especially the 

control. These results suggest that the 

integration of phosphorus fertilization with 

titanium foliar application represents an 

effective agronomic strategy for improving 

the growth, nutrient status of leaves, and 

productivity of faba beans. Further 

research is recommended to assess the 

physiological and biochemical 

mechanisms of phosphorus and titanium 

applications on other vegetable and legume 

crops grown under various ecological 

conditions in Iraq, in order to optimize 

crop performance and fertilizer use 

efficiency. 
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