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ABSTRACT: Efficient phosphorus use in faba bean production is critical for sustainable agriculture 

particularly in sandy soils with low nutrient availability. The present study aimed to assess the 

influences of different levels of humic acid (HA) and phosphorus (P) fertilizer on phosphorus use 

efficiency and faba bean productivity under sandy soil conditions. Field experiment was conducted 

during two growing seasons of 2020/2021 and 2021/2022 at the experimental farm of the Faculty of 

Agriculture, Zagazig University, El-Khattara, Sharkia Governorate, Egypt. Faba bean plants were 

treated with three HA levels: control (H0), 3 kg HA/Fad.. (H1), and 6 kg HA/Fad.. (H2), and four 

phosphorus levels: control (P0), 12.5 kg P2O5/fad.. (P1), 25 kg P2O5/Fad.. (P2), and 37.5 kg P2O5/Fad. 

(P3). The highest HA level (6 kg HA/Fad.) produced the maximum seeds per plant, number of pods 

and seed weight per plant, 100-seed weight, total phosphorus uptake, and phosphorus uptake 

efficiency (PUPE). Combined analysis of two seasons indicated that HA application at 3 kg/Fad. 

significantly increased seed yield per Fad., harvest index (HI), and phosphorus use efficiency (PUE). 

However, phosphorus utilization efficiency (PUZE) decreased by increasing HA levels. Phosphorus 

harvest index (PHI) was unaffected by HA levels. Increasing P levels up to 37.5 kg P2O5/Fad. 

significantly enhanced number of pods and seeds, seed weight per plant, 100-seed weight, seed and 

biological yield per Fad., HI, and total phosphorus uptake. Notwithstanding, higher P levels led to 

reductions in PHI, PUPE, PUZE, and PUE. 

Key words: Faba bean, phosphorus uptake efficiency, phosphorus use efficiency, phosphorus utilization 

efficiency, nutrient availability, soil fertility, yield improvement, sustainable agriculture 

INTRODUCTION 

Faba bean (Vicia faba L.) is one of the most 

important leguminous crops for human nutrition 

in Egypt. While it is widely consumed as a staple 

food in developing countries, in industrialized 

nations, it also serves as a valuable source of 

animal feed (Kasem, 2012). In 2022, Egypt 

harvested 63,877 Fad. of faba bean, with an 

average yield of 1.615 tons per Fad.. However, 

Egypt faces a significant gap between local 

production and consumption, necessitating the 

import of approximately 334,173 tons of faba 

beans (FAOSTAT, 2022). 

Humic acid (HA) is one of the most active 

components of soil organic matter, known to 

enhance the biological, chemical, and physical 

properties of soil (Taha and Osman, 2017). It 

promotes root growth and development in crops 

like faba bean (Akinci et al., 2009), improves 

soil fertility, and increases nutrient availability 

by retaining nutrients on its surfaces. 

Additionally, HA enhances water retention and 

provides pH buffering, contributing to overall 

soil health (El-Guibali et al., 2016). In this 

perspective, Al-Azze et al. (2023) demonstrated 

that application of HA at level of 40 kg/ha 

significantly increased seed weight per plant and 

phosphorus concentration in seeds. Similarly, 
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Awaad et al. (2020) found that addition of HA 

to faba bean plants at rate of 10 kg/Fad. 

significantly improved number of pods per plant, 

number of seeds per pod, seed and biological 

yields/Fad., harvest index and total P utake.  

Phosphorus (P) is one of the irreplaceable 

nutrients for plant growth and yield, playing a 

critical role in nodulation and biological 

nitrogen fixation, root and nodule development, 

and the formation of phosphoglycolate required 

for photosynthesis (Oukaltouma et al., 2021; 

Baccari et al., 2024). Kubure et al. (2016) 

found that elevating P levels up to 46 kg P₂O₅ 
ha⁻¹ substantially enhanced 100-seed weight, 

pod weight per plant, and both seed and 

biological yields per hectare. Similarly, Lal et 

al. (2016) reported maximum total P uptake and 

seed yield with 90 kg P₂O₅ ha⁻¹. Despite its 

importance, many arid and semi-arid agricultural 

soils suffer from P deficiency due to the high P 

fixation capacity of these soils, illustrating 

extensively applied P unavailable to plants (El-

Etr et al., 2011). Soluble P fertilizers, though 

essential, often interact with soil components 

like calcium, forming insoluble compounds and 

further limiting P availability (Awaad et al., 

2020; Oukaltouma et al., 2021). It is vital to 

apply P fertilizers at optimal levels and select 

crop varieties with high phosphorus use efficiency 

(PUE) to optimize yield, reduce production costs, 

and limit environmental pollution. Daoui et al. 

(2012) demonstrated that reducing P levels from 

120 or 80 to 40, and eventually to 0 kg P₂O₅ ha⁻¹, 
significantly increased PUE and phosphorus 

uptake efficiency (PUPE), while phosphorus 

utilization efficiency (PUZE) remained unaffected. 

In another study, Nebiyu et al. (2016) elucidated 

that increasing P levels from 0 to 30 kg P₂O₅ 
ha⁻¹ considerably improved seed yield, total 

aboveground biomass, and phosphorus 

acquisition efficiency (PAE). However, harvest 

index (HI) and P utilization efficiency (PUE) 

were unaffected. Furthermore, Papakaloudis 

and Dordas (2023) found that a P application of 

60 kg P₂O₅ ha⁻¹ maximized seed yield per 

hectare, number of pods per plant, and PUE. 

This study aimed to identify the optimal levels 

of P and humic acid (HA) to maximize faba 

bean yield under a drip irrigation system in 

sandy soil conditions and enhancing PUE 

through HA application. 

MATERIALS AND METHODS 

Experimental Site and Treatments 

This study was performed over two winter 

seasons of 2020/2021 and 2021/2022 at experimental 

farm of El-Khattara belongs to Faculty of 

Agriculture, Zagazig University, Egypt. The 

used faba bean cultivar was Nubaria 5 cv. Three 

levels of humic acid (0, 3, and 6 kg/Fad.) were 

applied as a commercial product, Ultra Humi 

Max, containing 80% humic acid, 10% fulvic 

acid, and 10% potassium. Humic acid was 

applied via fertigation in two equal doses: the 

first dose was administered 15 days after sowing 

(DAS), and the second dose was applied 30 days 

after the first. Additionally, four levels of 

phosphorus fertilizer (0, 12.5, 25, and 37.5 kg 

P₂O₅/Fad.) were used. Phosphorus was applied 

in the form of mono-calcium superphosphate 

granules (12.5% P₂O₅) and incorporated around 

the drip line prior to planting to ensure 

availability during early crop growth stages. 

Experimental Design and Crop Management 

The experiment was conducted using split-

plot design with three replicates. The three 

humic acid (HA) levels were randomly assigned 

to the main plots, while the four phosphorus 

fertilizer levels were allocated to the sub-plots. 

Each sub-plot covered an area of 16 m², 

consisting of four drip irrigation lines, each 4 

meters long, with a spacing of 1 meter between 

lines. Earlier to sowing, soil samples were 

collected from randomly selected locations 

within the experimental field at a depth of 0–30 

cm. The soil properties are shown in Table 1. 

Meteorological data recorded during the two 

growing seasons are shown in Table 2. This 

information provided insights into the main 

environmental conditions and soil characteristics 

that could influence the growth and response of 

faba bean to HA and phosphorus treatments. 

Sowing was conducted on November 5
th
 in 

the first season and November 9th in the second 

season. Faba bean seeds were sown on both 

sides of the drip irrigation line, with a spacing of 

10 cm between hills. A standard nitrogen 

fertilizer dose of 20 kg N/Fad. was applied post-

emergence in the form of urea (46.5% N). 

Potassium fertilizer, at a rate of 48 kg K₂O/Fad.  
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Table 1. Soil properties at experimental site for seasons of 2020/2021 and 2021/2022 

Characteristics 2020/2021 2021/2022 

Mechanical properties   

Sand (%) 88.40 89.50 

Silt (%) 1.16 1.12 

Clay (%) 10.24 9.11 

Soil texture Sandy loam Sandy 

Organic matter (%) 0.30 0.27 

Chemical analyses   

Electrical conductivity (mmhose/cm) 0.90 1.30 

pH 7.95 8.23 

Available potassium (ppm) 36.64 36.06 

Available phosphorus (ppm) 3.59 5.49 

Total nitrogen (%) 0.007 0.009 

Soluble cations (meq/100 g)   

Potassium 0.08 0.07 

Sodium
 0.60 0.90 

Magnesium 0.11 0.14 

Calcium
 0.22 0.16 

Soluble anions (meq/100 g)   

Chlorine 0.20 0.39 

Carbonate - - 

Bicarbonate
 0.05 0.02 

Sulphate 0.77 0.88 

 

 

Table 2. Monthly maximum (MAX, C
°
), minimum (MIN, C

°
) and mean (MEAN, C

°
) temperature 

and relative humidity (RH, %) during two faba bean growing seasons 

Month 
2020/2021 2021/2022 

Max Min Mean RH Max Min Mean RH 

Nov. 23.57 16.40 19.80 62.15 28.43 17.89 21.80 62.57 

Dec. 22.42 11.94 17.22 59.66 20.56 11.22 15.40 59.79 

Jan. 21.26 11.55 14.99 63.93 17.53 7.64 11.85 68.59 

Feb. 22.07 11.64 14.55 62.70 19.50 8.54 13.56 68.94 

March 23.74 12.26 15.80 64.52 20.71 9.26 13.90 61.82 

April 29.23 14.27 20.46 51.82 30.60 16.07 22.60 45.53 
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as potassium sulfate (50% K₂O), was applied in 

three equal doses: the first dose post-emergence, 

the second at 50 days after sowing (DAS), and 

the third at 70 DAS. Weed control was managed 

manually through hand hoeing at 30 DAS. All 

other cultural practices followed the standard 

recommendations for faba bean cultivation. 

Harvesting was performed on April 12
th
 and 

April 18
th
 for the first and second seasons, 

espectively. 

Measured Parameters 

Agronomic traits 

At harvest, 10 representative plants were 

selected from the second row of each sub-plot to 

assess agronomic traits, including number of 

pods and seeds per plant, seed weight per plant, 

and 100-seed weight. Additionally, all plants 

from the central two rows of each sub-plot were 

used to determine seed yield, biological yield, 

and harvest index. 

Phosphorus efficiency traits 

Seed and straw samples were oven-dried at 

70°C for 48 hours to a constant weight, then 

ground and digested using sulfuric acid (H₂SO₄) 
and hydrogen peroxide (H₂O₂), following the 

procedure described by Page et al. (1982). 

Phosphorus concentration in the digested samples 

was measured according to the modified method 

by Ryan et al. (2001). Phosphorus uptake in 

seeds and straw was calculated by multiplying 

the P concentration in each by their respective 

yields per Fad.. Total phosphorus uptake was 

calculated as: 

Total P uptake= Seed P uptake + Straw P uptake 

Phosphorus harvest index (PHI) was measured 

as:  

PHI=  

according to Nebiyu et al. (2016). 

Phosphorus uptake efficiency (PUPE) was 

defined as the total P uptake (kg P uptake) per P 

available in the soil (kg P available) according 

to Moll et al. (1982). 

PUPE= =  

Where:  

P-available = P-available in the soil + P-added 
by fertilization 

P-available in the soil= d × S × Z ×P(sol); 

S: total area (1 Fad.) 

d: dry bulk density (1.68 g/cm
3
) 

Z: rooting zone for nutrition (30 cm) 

P(sol): represents P content as indicated by 
Olsen method (mg P/kg sol). 

The estimated amount of P available in the 
soil was 7.70 and 11.75 kg P/Fad.. 

Phosphorus utilization efficiency (PUZE, kg 
seed/kg P) was defined as the seed yield per 
total P uptake as described by Rose and 
Wissuwa (2012). 

PUZE  

PUE was calculated based on equation 
adapted from Moll et al. (1982), primarily used 
for nitrogen but also usable to phosphorus. 

PUE  

Statistical Analysis 

The analysis of variance (ANOVA) of each 
season and combined analyses across the two 
seasons were conducted according to the methods 
outlined by Gomez and Gomez (1984). Mean 
comparisons were performed using Duncan's 
Multiple Range Test (Duncan, 1955) to identify 
significant differences between treatments. 
Statistical analyses were carried out using the 
ANOVA function of the Co-Stat software 
package, as per the protocol described by Stern 
(1991). A combined analysis was performed for 
the data from both seasons after testing for error 
homogeneity using Bartlett’s test (Steel et al., 
1997). 

RESULTS AND DISCUSSION 

Number of Pods, Seeds and Seed Weight 

Per Plant 

Effect of humic acid (HA) 

As presented in Table 3, HA levels did not 

significantly impact number of pods, seeds per 

plant, or seed weight per plant in the second season.  
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Table 3. Effects of humic acid levels, phosphorus fertilizer levels, and their interaction on 

number of pods, number of seeds per plant, and seed weight per plant in faba bean for 

2020/2021 and 2021/2022 seasons and combined analysis 

Studied factors 

Number of pods per plant Number of seeds per plant Seed weight per plant (g) 

1st  

Season 

2nd 

Season Comb. 
1st  

Season 

2nd 

Season Comb. 
1st  

Season 

2nd 

Season Comb. 

Humic acid level (H)        

Control (H0) 11.77 c 20.25 16.01 b 23.48 56.80 40.13 b 21.44 b 45.91 33.68 b 

3 kg/Fad. (H1) 13.42 b 22.55 17.59 a 23.97 58.77 41.37 ab 23.54 ab 46.68 35.11 ab 

6 kg/Fad. (H2) 14.35 a 23.32 18.83 a 24.90 62.86 43.88 a 24.47 a 48.76 36.62 a 

F-test ** NS ** NS NS * * NS * 

Phosphorus fertilizer level (P)              

Control (P0) 10.94 c 16.23 c 13.59 d 19.00 d 43.96 d 31.49 d 17.73 d 36.08 c 26.81 d 

12.5 kg P2O5/Fad. (P1) 11.67 c 21.00 b 16.33 c 23.10 c 58.73 c 40.92 c 21.63 c 45.18 b 33.41 c 

25 kg P2O5/Fad. (P2) 12.88 b 22.57 b 17.72 b 24.40 b 65.14 b 44.77 b 24.66 b 48.39 b 36.52 b 

37.5 kg P2O5/Fad. (P3) 17.23 a 28.37 a 22.80 a 29.96 a 70.08 a 50.02 a 28.81 a 58.82 a 43.81 a 

F-test ** ** ** ** ** ** ** ** ** 

Interaction:          

H×P * ** ** * ** ** ** ** ** 

*, and ** signify significance at the 0.05 and 0.01 levels, respectively, while NS indicates non-significanc. 

 

However, combined analysis across both 

seasons indicated that these traits significantly 

increased with HA application up to 6 kg 

HA/Fad.. These results align with findings by 

Afifi et al., (2010) and Al-Shareef et al. (2018), 
who reported that HA improved soil structure, 

supported microbial growth, and enhanced plant 

growth and yield components in faba bean. 

Effect of phosphorus (P) fertilizer levels 

Across both seasons, increasing P fertilizer 

levels up to 37.5 kg P₂O₅/Fad. significantly 

enhanced number of pods, seeds, and seed 

weight per plant, as confirmed by the combined 

analysis (Table 3). These findings are consistent 

with those of Kubure et al. (2016), El-Sobky 

and Yasin (2017), and Fouda (2017), who 

observed that applying up to 75% of the 

recommended P fertilizer dose maximized 

number of pods and seeds and seed weight per 

plant. Increased phosphate ion availability in the 

soil promotes plant growth from early 

emergence through flowering and pollination 

(Hosseinzadeh, 2005). 

Interaction effects 

As illustrated in Fig. 1, the highest values for 

number of pods and seeds per plant, and seed 

weight per plant were achieved with the 

combined application of 6 kg HA/Fad. and 37.5 

kg P₂O₅/Fad.. These findings are in agreement 

with Al-Azze et al. (2023), who reported that 

applying HA at 40 kg/ha and P at 160 kg/ha 

significantly increased seed weight per plant in 

Iraq. This analysis highlighted the potential for 

combined HA and P fertilizer applications to 

optimize yield components in faba bean, with 

specific interactions providing synergistic 

effects on pod and seed production. 

100-Seed Weight, Seed Yield, And 

Biological Yield Per Fad. 

Effect of humic acid (HA) 

As shown in Table 4, humic acid (HA) levels 

had a significant impact on 100-seed weight and 

a highly significant effect on both seed and 

biological yield per Fad.. In the second season 

and combined data, the highest 100-seed weight  
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Fig. 1. Interaction effects of humic acid (HA) levels and phosphorus (P) fertilizer levels 

(combined data) on (a) number of pods/plant, (b) number of seeds/plant, and (c) seed 

weight/ plant. Error bars on the columns represent the standard error (SE), and 

treatments characterized with the same letter are not significantly different at p < 0.05. 

H0: control, H1: 3 kg HA/Fad., H2: 6 kg HA/Fad., P0: control, P1: 12.5 kg P2O5/Fad., P2: 

25 kg P2O5/Fad., and P3: 37.5 kg P2O5/Fad. 
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Table 4. Effects of humic acid levels, phosphorus fertilizer levels, and their interaction on 100-

seed weight, seed yield, and biological yield in faba bean for the 2020/2021 and 2021/ 

2022 seasons, and combined analysis. 

Studied factors  100-seed weight (g)  Seed yield (ardab/Fad.) Biological yield (ton/Fad.) 

 
1st  

Season 

2nd 

Season Comb. 
1st  

Season 

2nd 

Season Comb. 
1st  

Season 2
nd Season Comb. 

Humic acid level (H)       

Control (H0) 75.76 79.11 b 77.43 b 7.837 b 13.641 b 10.760 b 2.220 b 6.172 b 4.200 c 

3 kg/Fad. (H1) 78.13 79.67 ab 78.90 ab 11.048 a 15.528 a 13.288 a 2.802 a 6.393 ab 4.600 b 

6 kg/Fad. (H2) 79.00 81.98 a 80.49 a 11.866 a 16.270 a 14.068 a 2.884 a 6.577 a 4.730 a 

F-test NS * * ** * ** ** * ** 

Phosphorus fertilizer level (P)              

Control (P0) 71.21 c 76.42 d 73.81 d 8.470 d 12.349 d 10.410 d 2.296 c 5.708 c 4.002 d 

12.5 kg P2O5/Fad. (P1) 75.11 bc 78.55 c 76.83 c 9.729 c 14.634 c 12.182 c 2.534 b 6.344 b 4.439 c 

25 kg P2O5/Fad. (P2) 79.26 b 81.75 b 80.50 b 10.861 b 16.099 b 13.480 b 2.800 a 6.557 b 4.677 b 

37.5 kg P2O5/Fad. (P3) 84.96 a 84.30 a 84.63 a 11.990 a 17.511 a 14.750 a 2.916 a 6.915 a 4.916 a 

F-test ** ** ** ** ** ** ** ** ** 

Interaction          

H×P NS. ** NS. NS. * * * NS. * 

*, and ** signify significance at the 0.05 and 0.01 levels, respectively, while NS indicates non-significanc. 
 

 

was achieved with the application of 6 kg HA/ 

Fad.. Analyses of both seasons and combined 

confirmed that seed yield per Fad. responded 

positively to increasing HA levels, reaching an 

optimal response at 3 kg HA/Fad.. Furthermore, 

the combined analysis indicates that biological 

yield per Fad. increased significantly with HA 

levels up to 6 kg/Fad.. These findings align with 

those of Afifi et al. (2010) and El-Kholy et al. 

(2019). In addition Roudgarnejad et al. (2021) 

noted that HA enhanced biological yield by 

promoting plant growth through improved 

nutrient metabolism, enzyme activation, and 

changes in membrane permeability and protein 

composition, all of which contributed to 

increased plant biomass. HA is reported to 

stimulate root growth, thereby enhancing 

photosynthetic rates, nutrient uptake, leaf area, 

and overall plant biomass, which ultimately 

boosts yield (Canellas et al., 2015). 

Effect of phosphorus (P) fertilizer levels 

The results in Table 4 exhibited that phosphorus 

(P) fertilizer levels had a highly substantial effect on 

100-seed weight, seed yield, and biological yield 

across both seasons and in the combined analysis. 

The combined data indicated that increasing P 

fertilizer level up to 37.5 kg P₂O₅/Fad. 

substantially enhanced 100-seed weight as well 

as seed and biological yield per Fad.. In the first 

season, biological yield responded positively to 

P fertilizer levels up to 25 kg P₂O₅/Fad.. The 

observed increase in seed yield can be attributed 

to enhanced metabolic activity and an increased 

photosynthetic rate, which improves nutrient 

translocation to the developing seeds (Lal et al., 

2016). These findings are consistent with results 

reported by Kubure et al. (2016), El-Sobky 

and Yasin (2017), and Fouda (2017), who also 

observed yield improvements with increased P 

fertilization. El-Safy et al., (2021) found that 

seed yield, 100-seed weight, and biological yield 

per Fad. in the first season significantly 

increased with P fertilization up to 15 kg P₂O₅/ 
Fad., while seed and biological yield continued 

to increase up to 30 kg P₂O₅/Fad.. These results 

underscore the essential role of phosphorus in 

enhancing dry matter accumulation and leaf 

longevity, which in turn leads to improved dry 

matter production and overall plant yield (Al-

Azze et al., 2023). 

Interaction effects 

The interaction between HA and P fertilizer 

levels significantly impacted seed and biological 

yield per Fad. in the combined analysis, as 

shown in Fig. 2. However, 100-seed weight was 

not significantly affected by HA and P interaction  
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Fig. 2. Interaction effects of humic acid (HA) levels and phosphorus (P) fertilizer levels 

(combined data) on (a) seed yield per Fad. and (b) biological yield per Fad.. Error bars 

on the columns represent the standard error (SE), and treatments characterized with 

the same letter are not significantly different at p < 0.05. H0: control, H1: 3 kg HA/ 

Fad., H2: 6 kg HA/Fad., P0: control, P1: 12.5 kg P2O5/Fad., P2: 25 kg P2O5/Fad., and 

P3: 37.5 kg P2O5/Fad. 
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in the combined data. The results indicated that 
applying HA at rates of 3 or 6 kg/ Fad. along 
with 37.5 kg P₂O₅/Fad. significantly increased 
seed yield per Fad.. The highest biological yield 
per Fad. was achieved with the combination of 6 
kg HA/Fad. and 37.5 kg P₂O₅/ Fad., significantly 
outperforming other treatment combinations. 
These findings are consistent with previous 
studies by El-Kholy et al. (2019), Awaad et al. 
(2020), and Al-Azze et al. (2023), who reported 
that combined applications of HA and P 
fertilizers enhanced yield attributes by 
improving nutrient availability and utilization in 
faba bean cultivation. 

Harvest Index, Total Phosphorus Uptake 

And Phosphorus Harvest Index 

Effect of humic acid (HA) 

The results in Table 5 indicated that 

increasing HA levels from 0 to 3 kg/Fad. 

significantly improved harvest index (HI) in the 

first season and combined analysis. Similar 

results were reported by Afifi et al. (2010), 

Awaad et al. (2020), and Roudgarnejad et al. 

(2021), who observed sigmificant inccrememt in 

faba bean HI due to HA application. HA 

enhanced dry matter accumulation and efficient 

partitioning of assimilates between plant organs, 

which is essential for yield improvement. 

Furthermore, analyses of both seasons and 

combined revealed that increasing HA levels 

from 0 to 3 and then to 6 kg/Fad. led to 

significant increases in total phosphorus uptake. 

The addition of HA likely improved soil organic 

matter, thereby enhancing nutrient retention and 

stimulating microbial activity. This microbial 

activity facilitates the conversion of nutrients 

from organic to mineral forms, as reported by 

Yousif et al. (2019). These findings align with 

those of Awaad et al. (2020) and Fathy et al. 

(2023). In contrast, PHI showed no significant 

response to varying HA levels across both 

seasons and in the combined analysis. While this 

finding differed from results reported by Li et 

al. (2017) where PHI increased significantly 

with HA application, it highlighted the potential 

variation in PHI response across different crop 

types and environmental conditions. 
 

 

Table 5. Effects of humic acid levels, phosphorus fertilizer levels, and their interaction on 

harvest index (HI), total phosphorus uptake, and phosphorus harvest index (PHI) in 

faba bean for the 2020/2021 and 2021/2022 seasons, and combined analysis 

Studied factors 

Harvest index 

(HI, %) 

Total P uptake 

(kg p/Fad.) 

Phosphorus harvest index (PHI, 

%) 

1st  

Season 

2nd 

Season Comb. 
1st  

Season 

2nd 

Season Comb. 
1st  

Season 

2nd 

Season Comb. 

Humic acid level (H)        

Control (H0) 54.82 b 34.19 b 44.50 b 6.030 c 11.49 c 8.940 c 63.93 43.22 53.45 

3 kg/Fad. (H1) 60.96 a 37.61 ab 49.29 a 8.643 b 14.01 b 11.327 b 67.40 44.48 55.94 

6 kg/Fad. (H2) 6372 a 38.20 a 50.96 a 9.946 a 16.33 a 13.140 a 67.99 42.80 55.39 

F-test * * ** ** ** ** NS NS NS 

Phosphorus fertilizer level (P)                

Control (P0) 56.70 33.63 c 45.16 c 3.686 d 6.17 d 4.928 d 71.53 a 49.19 a 60.36 a 

12.5 kg P2O5/Fad. (P1) 58.93 35.69 bc 47.31 bc 6.502 c 11.51c 9.008 c 64.60 ab 41.54 b 53.06 b 

25 kg P2O5/Fad. (P2) 59.97 38.05 ab 49.01 ab 10.079 b 16.65 b 13.363 b 62.70 b 40.85 b 51.78 b 

37.5 kg P2O5/Fad. (P3) 63.75 39.30 a 51.52 a 12.559 a 21.93 a 17.244 a 66.61 ab 42.41 b 54.51 b 

F-test NS ** * ** ** ** * ** ** 

Interaction:          

H×P * NS. NS. ** NS. ** * * * 

*, and ** signify significance at the 0.05 and 0.01 levels, respectively, while NS indicates non-significanc. 
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Effect of phosphorus (p) fertilizer levels 

Results from the second season and combined 

analysis showed that faba bean plants fertilized 

with 37.5 kg P₂O₅/Fad. recorded the highest 

harvest index (HI) as presented in Table 5. El-

Safy et al. (2021) depicted similar findings that 

increasing phosphorus fertilizer resulted in an 

enhanced harvest index. Conversely, studies by 

Daoui et al. (2012), Kubure et al. (2016) and 

Nebiyu et al. (2016) observed no significant 

impact of P levels on HI. Increasing P levels to 

12.5, 25, and 37.5 kg P₂O₅/Fad. significantly 

increased total phosphorus uptake, corroborating 

findings from Nebiyu et al. (2016) and Lal et al. 

(2016). However, increasing P levels from 0 to 

12.5, 25, or 37.5 kg P₂O₅/Fad. significantly 

decreased phosphorus harvest index (PHI) in the 

second season and combined analysis. Since 

factors influencing HI also impact nutrient use 

efficiency, PHI was identified as a key trait 

correlated with improvements in phosphorus 

yield and phosphorus utilization efficiency 

(PUZE) (Daoui et al., 2012). These results are 

in consistent with those reported by Nebiyu et 

al. (2016), although a separate study by Nebiyu 

et al. (2014) showed no effect of P levels up to 

30 kg P/ha on PHI. 

 Interaction effects 

The interaction between HA levels and P 

fertilizer significantly affected total phosphorus 

uptake and PHI in the combined analysis, as 

shown in Fig. 3. Under various HA levels, the 

highest total P uptake was recorded for faba 

bean plants fertilized with 37.5 kg P₂O₅/Fad.. 

This trend aligns with findings by Fouda 

(2017), Awaad et al. (2020), and Al-Azze et al. 

(2023). Interestingly, faba bean plants treated 

with 3 kg HA/Fad. without additional P fertilizer 

(control treatment) recorded the highest PHI 

values, demonstrating the potential efficiency of 

HA in enhancing phosphorus utilization even in 

the absence of supplementary P applications. 

Phosphorus Uptake Efficiency (PUPE), 

Phosphorus Utilization Efficiency (PUZE), 

and Phosphorus Use Efficiency (PUE) 

Effect of humic acid (HA) 

The results indicated that HA levels significantly 

influenced PUPE, PUZE, and PUE. In both 

seasons and combined analysis, PUPE increased 

significantly as HA levels increased from 0 to 3 

and then to 6 kg/Fad. (Table 6). Similarly, PUE 

increased significantly with HA application, 

particularly up to 3 kg/Fad., with the first season 

showing a cosiderable response. This improvement 

in phosphorus efficiency is consistent with 

findings from El-Etr et al. (2011) and Awaad et 

al. (2020), who reported that HA enhanced P 

availability and uptake by solubilizing phosphorus 

from insoluble to soluble forms (Sherif and Ali, 

2018). However, PUZE decreased as HA levels 

increased from 0 or 3 to 6 kg/Fad. in both 

seasons and from 0 to 3 and then to 6 kg/Fad. in 

the combined analysis. This trend suggests that 

while HA application increase phosphorus 

availability and uptake, it may lower PUZE. 

Increased soil phosphorus availability often 

results in higher P uptake, but this can reduce 

PUZE, as noted by Daoui et al. (2012), due to a 

dilution effect where excess P availability does 

not proportionally translate to increased yield. 

Effect of phosphorus (P) fertilizer levels 

Results from both seasons and combined 

analysis implied that increasing P levels 

significantly reduced PUPE, PUZE, and PUE 

(Table 6). Although phosphorus application is 

essential for plant growth, these findings align 

with Daoui et al. (2012), who reported a 

reduction in phosphorus uptake efficiency with 

higher P levels. Similarly, studies by Daoui et 

al. (2012) and Papakaloudis and Dordas 

(2023) observed a significant reduction in PUE 

with increased P application, suggesting that 

excessive P availability does not necessarily 

translate into enhanced phosphorus utilization 

efficiency. Nebiyu et al. (2016) reported no 

significant effect of P fertilizer on PUZE, 

highlighting the variable responses of different 

efficiency to P levels. Furthermore, the observed 

negative relationship between PUZE or PUE 

with biological yield supported the idea that 

high P application may shift the plant focus to 

vegetative growth rather than reproductive yield. 

This shift reduces competition between 

vegetative and reproductive growth, allowing 

for an increase in PUZE and PUE (Daoui et al., 

2012). 
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Fig. 3. Interaction effects of humic acid (HA) levels and phosphorus (P) fertilizer level (combined 

data) on (a) total P uptake and (b) Phosphorus harvest index (PHI). Error bars on the 

columns represent the standard error (SE), and treatments characterized with the same 

letter are not significantly different at p < 0.05. H0: control, H1: 3 kg HA/Fad., H2: 6 kg 

HA/Fad., P0: control, P1: 12.5 kg P2O5/Fad., P2: 25 kg P2O5/Fad., and P3: 37.5 kg P2O5/ 

Fad. 
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Table 6. Effects of humic acid levels, phosphorus fertilizer levels, and their interaction on 

phosphorus uptake efficiency (PUPE), phosphorus utilization efficiency (PUZE), and 

phosphorus use efficiency (PUE) in faba bean for the 2020/2021 and 2021/2022 seasons, 

and combined analysis. 

Studied factors 
PUPE 

 (kg P absorbed/kg P available 

PUZE  

(kg seed/kg P absorbed) 

PUE  

(kg seed/kg P available) 

 
1st  

Season 

2nd 

Season Comb. 
1st  

Season 

2nd 

Season Comb. 
1st  

Season 

2nd 

Season Comb. 

Humic acid level (H) 

Control (H0) 0.239 c 0.392 c 0.316 c 252.82 a 217.86 a 235.34 a 62.97 c 86.20 b 74.59 b 

3 kg/Fad. (H1) 0.355 b 0.474 b 0.415 b 239.28 a 202.08 a 220.68 b 90.85 b 98.17 ab 94.51 a 

6 kg/Fad. (H2) 0.446 a 0.557 a 0.501 a 205.38 b 175.45 b 190.41 c 99.48 a 100.22 a 99.85 a 

F-test ** ** ** ** * ** ** * ** 

Phosphorus fertilizer level (P) 

Control (P0) 0.479 a 0.525 a 0.502 a 380.53 a 319.84 a 350.19 a 170.49 a 162.91 a 166.70 a 

12.5 kg P2O5/Fad. (P1) 0.322 b 0.475 b 0.398 b 232.17 b 198.11 b 215.14 b 74.65 b 93.54 b 84.10 b 

25 kg P2O5/Fad. (P2) 0.308 b 0.453 c 0.381 c 167.98 c 150.68 c 159.33 c 51.48 c 67.90 c 59.69 c 

37.5 kg P2O5/Fad. (P3) 0.278 c 0.445 c 0.361 d 149.30 c 125.21 d 137.25 d 41.12 d 55.11 d 48.11 d 

F-test ** ** ** ** ** ** ** ** ** 

Interaction:          

H×P ** * ** ** ** ** ** NS. ** 

*, and ** signify significance at the 0.05 and 0.01 levels, respectively, while NS indicates non-significanc 

 

 

Interaction effects 

The interaction between HA and P exhibited 

a significant effect on PUPE, PUZE, and PUE, 

as shown in Fig. 4. At all HA levels, unfertilized 

faba bean plants with phosphorus exhibited 

higher values of PUPE, PUZE, and PUE 

compared to those treated with phosphorus. The 

highest PUPE was achieved with 6 kg HA/Fad. 

without P fertilizer application, while the highest 

PUE was achieved with 3 or 6 kg HA/Fad. 

without additional phosphorus. On the other 

hand, the highest PUZE was obtained without 

humic or P application. These results can be 

attributed to the ability of HA to form 

complexes with soluble phosphorus, enhancing 

its availability in the soil (Farid et al., 2021). 

This interaction suggests that HA may improve 

phosphorus efficiency independently of 

phosphorus fertilization, potentially reducing the 

need for high phosphorus inputs by increasing 

phosphorus availability in a more sustainable 

manner. 

Conclusion 

This study concluded that the application of 

3 kg HA/Fad. combined with 37.5 kg P₂O₅/Fad. 

under drip irrigation in sandy soil conditions 

produced the highest seed yield per Fad. and 

harvest index (HI). Notably, the highest 

phosphorus use efficiency (PUE) was achieved 

with 3 kg HA/Fad. in the absence of additional 

phosphorus fertilization. These results suggest 

that HA application can enhance soil fertility 

and increase phosphorus availability, potentially 

reducing the need for high phosphate fertilizer 

applications and thereby minimizing 

environmental pollution. Integrating HA into 

nutrient management strategies offers a 

promising approach to improving crop yield and 

sustainability in nutrient-poor sandy soils. 
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Fig. 4. Interaction effect between humic acid (HA) levels and phosphorus fertilizer (P) level 

(combined data) on PUPE (a), PUZE (b) and PUE (c). Error bars on the columns 

represent the standard error (SE), and treatments characterized with the same letter are 

not significantly different at p < 0.05. H0: control, H1: 3 kg HA/Fad., H2: 6 kg HA/Fad., 

P0: control, P1: 12.5 kg P2O5/Fad., P2: 25 kg P2O5/Fad., and P3: 37.5 kg P2O5/Fad. 
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حمض الهيىميك ومسخىياث الفىسفىر علً المحصىل وكفاءة إسخخذام الفىسفىر فً الفىل البلذي حأثير 

 المنزرع ححج ظروف الأراضً الرمليت

 محمذ إيمان عبذالله –أحمذ سليمان محمذ الخىلً 

 مظز –جامعت الشقاسيق  -كليت الشراعت  -قسم المحاطيل 

غ الأهميرت ىررن اوخراف الفرول البلرما للشراعرت المسرخمامت ااطرت ىرن الأرا ررن         يعخبرز استرخاماا الءرلل للفوترفور بمرز  رال      

ثيز مسرخوياث ماخلفرت   الرن حييريم حر    حهرم  هرذي المراترت    العىاطزالغذائيت الميسزة للىباث. الزمليت ذاث المحخوا المىافض مه 

لررما ححررج  ررزد  الأرا ررن  الفوتررفور داوخاجيررت الفررول الب  اتررخاماامرره ضمررض الهيوميررم دالسررماا الفوتررفاحن علررن كفررالة   

ىن المشراعت الخجزيبيت لءليرت الشراعرت    2021/2022د  2020/2021بجزيج حجز ت ضيليت ىن الموتميه الشخوييه . الزمليت

حمرج معاملرت وباحراث الفرول البلرما  ر  د       . جمهوريرت مظرز العز يرت    –ت الشرزقيت  محاىظر  - جامعت الشقاسيق  مىطيت الاطارة

كجم للفمان، دبر ع مسرخوياث مره    6كجم للفمان د 3ضمض الهيوميم: كىخزدل ) مدن ا اىت( د  مه بر يتمسخوياث ا اىت 

ا اىت للفمان. ضيق  1ب 2 وكجم  1..3للفمان د  1ب 2 وكجم  21للفمان د  1ب 2 وكجم  12.1الفوتفور كىخزدل ) مدن ا اىت( د 

 100البرذدر للىبراث ددسن  رذدر الىبراث ددسن الر       كجم للفمان بعلرن اليريم لظرفاث عرما اليرزدن د      6ضمض الهيوميم  معمل 

ا راىت  حشيز وخائج الخحليل المشرخز  لموترمن الشراعرت الرن بن     الفوتفور.  امخظاصالممخض دكفالة الءلن الفوتفور د ذرة 

كجررم للفررمان باا الرن سيررااة معىويررت ىرن طررفاث محظرول البررذدر للفررمان داليرل الحظرراا دكفررالة      3ضمرض الهيوميررم  معرمل   

اا ، الا بن كفالة اتخعمال الفوتفور اوافضج معىويا  إ اىت ضمض الهيوميم، ىن ضيه لم يخ ثز اليل ضظر الفوتفور اتخاماا

عما للفمان الن سيااة معىويت ىن طفاث  1ب 2 وكجم  1..3ا اىت الفوتفور  معمل دباا  الفوتفور  إ اىت ضمض الهيوميم.

 ررذرة دمحظررول البررذدر دالمحظررول البيولرروجن للفررمان داليررل   100ددسن الرر  اليررزدن دالبررذدر للىبرراث ددسن  ررذدر الىبرراث 

 تخاماا الفوتفور.الفوتفور دكفالة ا الاتخفااة مهخظاص الفوتفور دكفالة مضظاا الفوتفور دكفالة االحظاا 
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