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Abstract 

The excessive use of chemical fertilizers poses serious risks to food safety and environmental health. In contrast, natural and 

bio-fertilizers provide sustainable alternatives that enhance soil quality, nutrient availability, and crop productivity. In arid and semi-

arid regions, phosphorus (P) deficiency and fixation further constrain agricultural output. Therefore, a field experiment was 

conducted over two consecutive growing seasons (2022and 2023) to evaluate the effects of different phosphorus sources 

superphosphate (SP) and rock phosphate (RP) in combination with arbuscular mycorrhizal fungi (AMF) inoculation on soil 

chemical properties and the growth and yield of sweet basil (Ocimum basilicum L.). The experiment was arranged in a randomized 

complete block design with three replicates. Results indicated that all treatments significantly (P < 0.05) enhanced basil growth 

parameters, including plant height, number of branches, and both fresh and dry yields. The integrated application of phosphorus 

sources with AMF increased soil organic matter (SOM) and slightly elevated soil salinity (EC) compared with the control. Average 

increases in EC for SP + AMF (T2) and RP + AMF (T3) treatments were 23.53% and 4.26%, respectively, while SOM increased by 

4.98 % and 28.11 % relative to the control (T1). Available phosphorus content also rose significantly (P < 0.05) by 18.58% and 

41.05% under T2 and T3, respectively, compared to T1. Fresh yield increased by 22.30% and 19.28%, while dry yield rose by 26.86% 

and 24.17% under T2 and T3, respectively, relative to the check treatment. These findings demonstrate that integrating phosphorus 

fertilizers with arbuscular mycorrhizal fungi can enhance soil fertility, nutrient availability, and sweet basil yield, offering a 

sustainable approach to reduce dependence on chemical fertilizers. 
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1. Introduction 

Medicinal and aromatic plants hold significant 

economic value due to the persistent and growing demand for 

their products in both domestic and international markets [1-

2]. Basil is regarded as one of the most significant medicinal 

plants. Basil stands out as a widely recognized aromatic plant 

that serves as a viable alternative crop due to its significance 

across various domains, including nutrition, economics, 

medicine, and industry [3-5]. Furthermore, Medicinal plants 

are a large and diverse group of plants that have been used as 

herbal medicines for the prevention and treatment of a variety 

of diseases since antiquity [6]. Sweet basil (Ocimum 

basilicum L.), an aromatic annual herb, belongs to the Lamia 

ceae family. Basil has pharmacological qualities and is 

utilized in medicine due to its high concentration of 

flavonoids, phenolic compounds, essential oils, and 

chemicals with antibacterial, antimycotic, and antioxidant 

qualities. When combined with vitamin E, rosmarinic acid, 

the primary phenolic molecule in basil, has the highest level 

of antioxidant activity. Basil leaves also contain trace 

amounts of other phenolic chemicals, such as ferulic acid and 

caeic acid [7-9]. Additionally, basil, an annual plant 

indigenous to India, is grown worldwide, especially in Asia, 

Africa, and the Mediterranean region of Europe. Phosphorus 

is a crucial nutrient for plants, second only to nitrogen.  

P availability in soils is limited due to its fixation as 

insoluble phosphates of Al, Fe and Ca, particularly in 

calcareous soils. The conventional method to address 

phosphorus limitation involves the application of substantial 

quantities of phosphorus fertilizers to the soil. Due to the high 

phosphate-binding capacity of soils, plants utilize only 10–

25% of the phosphorus applied from fertilizers [10]. In 

addition, soil reaction (pH) is one of the most important 

parameters which point the overall changes in the soil 

chemical characteristics. pH helps in preserving soil fertility 

and to keep equilibrium among soil nutrients availability [11]. 

In the same context, observed that the conventional use of 

phosphate rock as a phosphate fertilizer is limited by soil pH 

because phosphate rock requires acidic conditions for 

effective dissolution and phosphorus availability to plants.  In 

Egypt, where cultivated soils typically have an alkaline pH 

range of 7.8 to 8.2, phosphate rock application is generally 

unsuitable without amendments because such high pH 

conditions reduce its solubility and thus its fertilizer 
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effectiveness [12], soluble phosphorus fertilizers readily 

precipitate into insoluble forms. There is an information 

deficiency on combination use of natural & organic fertilizers 

instead of chemical ones in order to obtain clean food. Our 

hypothesis is to use organic waste alone or combined with 

natural fertilizers may have a beneficial effect on soil 

properties, plant growth enhancement, nutrient uptake than 

using chemical fertilization [13].  

Because of its low availability and poor recovery from 

applied fertilizers, phosphorus is the least accessible 

macronutrient and, as a result, the most commonly deficient 

nutrient in the majority of agricultural soils, despite its 

significance in plant development and metabolism. 

Additionally, the low recovery of phosphorus from fertilizers 

is attributed to its primary adsorption by the soil, rendering it 

unavailable for plant uptake [14]. A comprehensive 

understanding of phosphorus-use efficiency is essential for 

optimizing phosphorus management, with the objective of 

minimizing chemical phosphorus fertilizer consumption and 

maximizing the utilization of the biological potential of root 

and rhizosphere processes for effective mobilization and 

acquisition of soil phosphorus by plants [15]. Bio-fertilizer is 

an important source to plant, which has a significant effect on 

increasing plant growth and improving soil properties [16]. 

The bio-fertilizers substances containing microorganisms 

that can convert inert nutrients into useful forms through 

biological processes [17], then led to increase plant growth 

through a variety of mechanisms, including nitrogen fixation, 

improved nutrient absorption, production of organic acids, 

nutrient solubilization, defense against plant pathogens, and 

excretion of growth-stimulating hormones like IAA & GA3, 

which promoted growth and produced a high yield [18].  

Also, increasing soil organic matter content, improves 

soil’s physical, chemical, and biological characteristics, and 

it increases nutrients availability, particularly phosphorus 

[13-19-21]. Moreover, Arbuscular mycorrhizal fungi (AMF) 

are essential components of the microbial colony, which has 

a close symbiotic relationship with plant roots. It uses plants 

to effectively uptake soil nutrients that are useful for plant 

growth and development and increase yield production. This 

is achieved by using organic compounds that strengthen the 

interaction between AMF and plants. AMF have both positive 

and negative impacts on rhizosphere fungal structures [22-

23]. There is a significant improvement in the absorption of 

some macronutrients such as N, P, K Ca, and Mg by plants 

after inoculation with AMF [24-25]. Additionally, the 

utilization of beneficial microbes, such as arbuscular 

mycorrhizal fungi (AMF), to enhance phosphorus solubility 

and crop productivity is garnering increased interest in 

agricultural sustainability [26-27]. Arbuscular mycorrhizal 

fungi from phylum Glomeromycota are acknowledged for 

establishing symbiotic relationships with the roots of over 80 

% of terrestrial plant species [28].  

 This category also includes medicinal plants [29-

30]. The symbiotic relationship between plants and soil 

allows them to extract a greater quantity of water and 

essential mineral nutrients, such as phosphorus, nitrogen, and 

minor elements. In return, the AMF absorbs photo-

assimilates (i.e., carbohydrates and vitamins) from the host 

plant [31-33]. AMF enhance the absorption of poorly mobile 

or immobile mineral ions from the soil through the extension 

of their hyphae beyond the rhizosphere, thereby augmenting 

the root's surface area for absorption [34]. This study aims to 

evaluate the impact of superphosphate and rock phosphate 

when applied with arbuscular mycorrhizal fungi (AMF) on 

soil properties, nutrient availability, and the growth and yield 

of sweet basil. A key objective is to determine the potential 

for partially replacing chemical fertilizers with these natural 

alternatives. The research also focuses on the role of AMF in 

phosphorus solubilization and plant quality improvement, 

with a view toward commercializing AMF-based bio-

fertilizers for sustainable phosphorus management. 

 

2. Materials and Methods 

2.1. Experimental Site and Design 

The field experiment was conducted over two 

consecutive summer seasons (2022 and 2023) at a private 

farm located in Edfo Center, Aswan Governorate, Egypt. The 

experimental site is characterized by clay loam soil. Prior to 

the initiation of the experiment, representative soil samples 

were collected from the surface layer (0-30 cm) to determine 

the soil’s physical and chemical characteristics. These 

analyses were performed on air-dried samples using standard 

procedures. The main physicochemical properties of the soil 

are presented in Table (1). 

 

2.2. Plant Material, Inoculation, and Experimental Layout 

Seeds of sweet basil (Ocimum basilicum L.) were 

obtained from the Medicinal and Aromatic Plants Research 

Department, Agricultural Research Center (ARC), Giza, 

Egypt. Arbuscular mycorrhizal fungi (AMF) inoculants were 

supplied by the Bio-fertilizer Production Unit, Soil, Water 

and Environment Research Institute, ARC, Giza, Egypt. For 

inoculation, basil seeds were coated with the Arbuscular 

Mycorrhizal Fungi (AMF) inoculum using 40% Arabic gum 

as an adhesive agent. The coated seeds were allowed to dry 

and were sown within three hours of inoculation to ensure 

inoculum viability. The experiment was arranged in a 

randomized complete block design (RCBD) with three 

replicates. Each experimental plot measured 3.0 × 3.5 m and 

consisted of three rows spaced 50 cm apart. Seeds were sown 

on one side of the rows, with hills spaced 25 cm apart (12 

plants per row, equivalent to approximately the 24,000 plants 

per feddan). Sowing was carried out in mid-April during the 

2022 season and on the April 20th during the 2023 season. 

Three harvest cuts were taken from each plot at 45-day 

intervals until the final harvest, which occurred on the 

September 1st in the first season and on the September 5th in 

the second season. 

 

2.3. Plant Measurements and Yield 

 The following growth and yield parameters were 

recorded: plant height (cm), number of branches per plant, 

and fresh and dry weight yields (tons per feddan). These 

measurements were used as indicators of vegetative growth 

performance. According to the recommendations of the 

Egyptian Ministry of Agriculture and Land Reclamation, the 

following fertilizer doses were applied: 125 kg N/feddan in 

the form of ammonium sulfate (20.5% N) and 50 kg K/feddan 

in the form of potassium sulfate (48.5% K2O). The total 

quantities of ammonium sulfate and potassium sulfate were 

thoroughly mixed and divided into two equal portions. The 

first dose was applied 15 days after transplanting, and the 

second dose was applied 20 days after the first cut. All 

treatments received the same nitrogen and potassium 

fertilizer schedule. 
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2.4. Treatments of the Experiment 

According to the recommendations of the Egyptian 

Ministry of Agriculture and Land Reclamation, phosphorus 

was applied at a rate of 45 kg P/feddan (126 kg P/ha). The 

phosphorus was supplied from either rock phosphate (30 % 

P2O5) or superphosphate (15.5 % P2O5), applied individually 

or in combination with arbuscular mycorrhizal fungi (AMF). 

Phosphorus fertilizers were incorporated into the soil during 

land preparation and thoroughly mixed into the topsoil 

immediately before planting. The experimental treatments 

were as follows: T1: Inoculation with AMF only (check 

treatment), T2: Superphosphate (126 kg P/ha) + AMF, and 

T3: Rock phosphate (126 kg P/ha) + AMF. At each harvest 

(first, second, and third cuts), basil plants from every 

treatment were collected separately during both the 2023 and 

2024 growing seasons. The harvested plants were air-dried in 

a well-ventilated, shaded area to prevent direct exposure to 

sunlight. Samples were then oven-dried at 70 °C until a 

constant weight was reached, and the dry yield was recorded. 

Random dried samples were ground and stored in airtight 

containers for subsequent chemical analyses. 

 

2.5. Soil and Plant Analysis 

Soil texture was determined using the pipette method, 

while soil reaction (pH) was measured potentiometrically 

according to [35]. Soil salinity (EC) and calcium carbonate 

(CaCO2) content were assessed following the procedures 

described by [36]. Available phosphorus (P) was extracted 

using 0.5 N NaHCO3 according to [37] and quantified 

spectrophotometrically at 660 nm. Available potassium (K) 

was extracted using 1 N ammonium acetate and measured 

with a flame photometer, following [38]. Available nitrogen 

(N) was extracted at a 1:5 soil-to-solution ratio using 1% 

K2SO4, and 20 mL of the extract were distilled using the 

micro-Kjeldahl method with the addition of 1 g of Devarda’s 

alloy [38]. Soil organic matter (SOM) was determined by 

oxidation with, K2Cr2O7 and H2SO4 as described by [38]. For 

plant analysis, 2.0 g of dried basil plant material were 

digested using a mixture of H2O2 and H2SO4.The digests were 

analyzed for total nitrogen (N), phosphorus (P), and 

potassium (K) following the standard procedures of [36]. In 

another procedure, the dried and ground plant samples were 

digested using a sulfuric-to-perchloric acid mixture (7:3 ratio) 

to determine nutrient contents, and total N, P, and K were 

subsequently quantified. The essential oil content in fresh 

basil herb was determined during both seasons using the 

hydro-distillation method with a Clevenger-type apparatus, 

as described by [39]. 

 

2.6. Statistical Analysis 

Data were statistically analyzed using analysis of 

variance (ANOVA) to evaluate the significance of 

differences among treatments. Means were compared using 

Duncan’s Multiple Range Test (DMRT) at the 5% probability 

level. All statistical analyses were performed using CoStat 

software [40]. 

 

3. Results and discussion 

3.1. Results 

3.1.1. Effect of Different P-sources with AMF on Some Soil 

Chemical Properties  

In the present study, the chemical properties of soil 

after harvesting sweet basil plants treated by different P-

sources; superphosphate (SP) or rock phosphate (RP) in 

combination with arbuscular mycorrhizal fungi (AMF) 

general some soil chemical properties such as electrical 

conductivity (EC), soil reaction (pH), and soil organic matter 

(SOM) were significantly (p ≤ 0.05) affected due to different 

combinations in fertilizers treatment applications in the two 

growing seasons 2023 and 2023 (Table 2). A significant 

decrease in soil salinity (EC) was observed in these treatment 

groups. In contrast, they led to a non-significant rise in soil 

pH and a significant increase in soil organic matter (SOM) 

compared to the check treatment (T1). The combined 

application of both phosphorus sources with AMF was 

particularly effective in enhancing SOM and pH, despite the 

associated reduction in EC. On average, across both seasons, 

soil salinity (EC) relatives increased by 23.53 and 4.26 % for 

T2 and T3, respectively, above the check treatment. 

Conversely, SOM content relatives increased by 4.98 and 

28.11% for the same treatments (T2 and T3) average two 

seasons. In general, the values of EC in the soil under the 

superphosphate treatments were higher than the rock 

phosphate with AMF treatments. Furthermore, the addition of 

SP or RP with AMF significantly (P < 0.05) increased the 

available phosphorus (P) in the soil compared to the check. 

Treatment T3 (RP combined with AMF) resulted in the 

highest available P, with average increases of 18.58 % for T2 

and 41.05% for T3 over the check treatment (T1) in two 

seasons, respectively. 

 

3.1.2. Effect of Different P-sources with AMF on Growth 

and Yield of Sweet Basil Plants 

The influence of bio-fertilizer Arbuscular 

Mycorrhizal Fungi (AMF) combined with different 

phosphorus sources on the growth and yield of sweet basil 

plants is presented in Figures 1 and 2. The recorded growth 

characteristics plant height (PH) and number of branches 

(NB) were significantly increased (P < 0.05) across the first, 

second, and third cutting by the application of AMF with 

either superphosphate (SP) or rock phosphate (RP) during 

both growing seasons. The combined treatments, involving 

both AMF inoculation and phosphorus fertilization, 

demonstrated a superior effect in enhancing these growth 

parameters compared to individual applications. This 

synergistic effect was consistent over multiple harvests, 

underscoring the benefit of the integrated approach for 

improving sweet basil productivity. The application of a full 

recommended dose of calcium superphosphate (T2) in 

combination with arbuscular mycorrhizal fungi (AMF) 

resulted in the most significant enhancement of vegetative 

growth traits across three harvests and both growing seasons. 

This was followed by the treatment with 100% rock 

phosphate and AMF (T3), with both outperforming the 

application of AMF alone. Vegetative growth, specifically 

plant height and the number of branches, increased 

progressively with each successive harvest. This trend was 

most pronounced following the third harvest, particularly in 

the T2 treatment (calcium superphosphate + AMF). The T2 

treatment produced the highest values for plant height and 

branch number per plant in all harvests Figures 1 and 2. Plant 

height in the T2 group increased by 30.56, 37.40, and 26.57 

% over the check treatment in the first, second, and third 

harvests, respectively. Similarly, the number of branches 

increased by 37.40, 37.40, and 36.25 % across the same 

harvests compared to the check. 
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3.1.3. Effect of Different P-sources with (AMF) on N, P and 

K-contents in Sweet Basil Plants 

Data presented in Table 3 indicate that the combined 

application of phosphorus fertilizers and arbuscular 

mycorrhizal fungi (AMF) significantly enhanced the nitrogen 

(N), phosphorus (P), and potassium (K) content in sweet basil 

plants. Specifically, the addition of either superphosphate 

(SP) or rock phosphate (RP) along with AMF during both 

growing seasons positively and significantly (p < 0.05) 

influenced NPK contents in sweet basil. The integrated 

treatments combining microbial inoculation and phosphorus 

fertilization proved more effective in improving these 

nutritional parameters compared to individual applications. 

Among these, the treatment with 100% of the recommended 

chemical phosphorus fertilizer (T2) in the presence of AMF 

resulted in the most significant improvement in N, P, K, and 

essential oil content across all three harvests and both 

seasons. Notably, the concentration of N, P, and K increased 

progressively with each successive harvest. The highest 

phosphorus content was recorded in plants treated with 

superphosphate and the AMF (T2), which showed increases 

of 32.01, 34.34, and 36.22% in the first, second, and third 

cuts, respectively, compared to the control (T1). Similarly, the 

same treatment (T2) significantly enhanced the essential oil 

content of basil plants, with recorded increases of 35.97, 

35.61, and 34.68 % for the first, second, and third cuts, 

respectively, relative to the untreated control. 

 

3.1.4. Effect of Different P-sources with AMF on Fresh and 

Dry Weight Yields of Sweet Basil 

The combined effect of different phosphorus sources 

and arbuscular mycorrhizal fungi (AMF) inoculation on the 

fresh and dry weight yields of sweet basil plants is presented 

in (Figure 3). Results indicated a highly significant increase 

(p < 0.05) in both the total fresh weight yield across two 

growing seasons and the dry weight yield of basil plants 

following the application of superphosphate (SP) or rock 

phosphate (RP) in the presence of AMF, compared to the 

control treatment. Averaged relative increased across both 

growing seasons, the fresh weights of basil yield were 8.27 

and 7.95 (ton/fed.) for T2 (superphosphate + AMF) treatment 

and T3 (rock phosphate + AMF), respectively. These values 

represent increases of 22.30% and 19.28% over the check 

treatment (T1). Similarly, the dry weights of basil yield were 

2.15 and 2.08 (ton/fed.) for T2 (superphosphate + AMF) 

treatment and T3 (rock phosphate + AMF), corresponding to 

increases of 26.86 and 24.17%, respectively, over the check 

treatment (T1). Additionally, basil yields were generally 

higher in the second season 2024 than in the first season 2023 

across all treatments. 

 

3.2. Discussion 

Phosphorus (P) is a vital plant nutrient, second only to 

nitrogen in its importance. However, its availability in soils 

particularly calcareous types is often limited due to fixation 

into insoluble compounds of aluminum, iron, and calcium 

[10-21]. While, conventional agriculture addresses this 

through heavy application of chemical phosphorus fertilizers, 

we hypothesized that the use of organic amendments, either 

alone or in combination with natural fertilizers, could more 

beneficially influence soil properties, plant growth, and 

nutrient uptake compared to chemical fertilization alone [13]. 

Enhancing soil organic matter (SOM) is key in this regard, as 

it improves the soil's physical, chemical, and biological 

properties and increases nutrient availability, particularly for 

phosphorus [13-19-21]. Consistent with this, our study found 

that the addition of superphosphate (SP) or rock phosphate 

(RP) in combination with arbuscular mycorrhizal fungi 

(AMF) significantly increased SOM compared to the check 

treatment. While, it was led to slight increase non-significant 

it soils reaction (pH) and negative significant effect on soil 

salinity (EC). The increases in the results such as EC, OM 

and available-P may be due to addition bio-fertilizers and 

mixture with phosphorus sources, led organic matter 

decomposition and the secretion of organic acids in soil, 

moreover, at organic acids to the accelerated dissolution of 

rock phosphate and the release of excess salts into the soil 

solution.  

Furthermore, biologically it consolidates the 

development of soil organisms, while chemically it acts as an 

adsorption and retention complex for inorganic plant 

nutrients. Finally, it increases the available-P for the crop 

plants. This result is similar to what was mentioned [13-41] 

indicted that the activity of microorganisms that generate 

organic acids and CO2 during organic matter decomposition 

to the accelerated dissolution of rock phosphate and the 

release of excess salts into the soil solution, with this effect 

intensifying as the quantity of rock phosphate applied 

increases, which led to an increase in EC of soil. The 

integration of bio-fertilization (AMF) with either SP or RP 

also significantly (P<0.05) enhanced plant height and branch 

number in sweet basil during both seasons. This synergistic 

effect the combined treatments, likely stems from heightened 

microbial activity that boosts nutrient mineralization and 

availability demonstrate greater effectiveness in enhancing in 

the parameters; the increase may be due to increased 

microbial activity resulting from the addition of bio-fertilizer 

with different phosphorus sources, which led to increased 

release of nutrients. Our findings align with [42], who 

reported that AMF improves plant growth and nutrient uptake 

in low-fertility soils and enhances the efficiency of applied 

phosphorus fertilizers.  

Similar observations were noted by [43-44], who 

found that mycorrhizal associations improve water and 

nutrient absorption, leading to better plant performance. [45] 

also recorded significant yield increases in black cumin 

following AMF inoculation. Moreover, the combined 

application of the full recommended dose of chemical P-

fertilizer (T2) with AMF significantly boosted nitrogen, 

phosphorus, potassium, and essential oil content (%) in across 

three cuts during both seasons to basil plants. This 

improvement in nutrient content can be ascribed to the role of 

AMF in solubilizing phosphorus and facilitating the 

absorption of other nutrients, thereby promoting root 

development and enhancing the plant’s capacity to acquire 

soil nutrients. This result is similar to what was mentioned by 

[44-47]. The observed increased oil content may be attributed 

to the presence of sulfur in calcium super phosphate, which 

plays a crucial role in the synthesis of fatty acids or it may be 

due to the addition of bio-fertilizer trichomes specialized 

exterior secretory structures that emit secondary metabolites. 

This result is consistent with what was mentioned by [48-50]. 

Sulfur also plays a critical role in amino acid production, such 

as cysteine and methionine, further supporting the plant 

metabolic functions and oil production. 
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Fig. 1: Effect of combined different P-sources with AMF on plant high of sweet basil during three cutting in both seasons 

T1= (check treatment), T2=super phosphate + arbuscular mycorrhizal fungi (AMF) and T3= rock phosphate+ arbuscular 

mycorrhizal fungi (AMF). 
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Fig. 2: Effect of combined different P-sources with AMF on branches number of sweet basil during three cutting in both 

seasons 

T1= (check treatment), T2=super phosphate + arbuscular mycorrhizal fungi (AMF) and T3= rock phosphate+ arbuscular 

mycorrhizal fungi (AMF). 
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Fig. 3: Effect of combined different P-sources with AMF on total fresh and dry yield of sweet basil during both seasons 

T1= (check treatment), T2=super phosphate + arbuscular mycorrhizal fungi (AMF) and T3= rock phosphate+ arbuscular 

mycorrhizal fungi (AMF). 
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Table 1: Some physiochemical properties of the experimental site 

Property First season Second season 

pH (1:2.5 suspension) 8.11 8.16 

ECe (dSm−1) 1.81 1.90 

Organic matter (g kg−1) 10.50 11.90 

Sand (%) 20.40 20.40 

Silt (%) 44.20 44.20 

Clay (%) 35.40 35.40 

Texture Clay loam Clay loam 

CaCO3 (%) 2.60 3.21 

Available-N (mg kg−1) 40.64 35.87 

Available Olsen-P (mg kg−1) 5.21 5.39 

Available-K (mg kg−1) 202.00 156.00 

CO3
--+ HCO3

- (mg/L) 2.21 2.23 

Cl (mg/L) 1.18 1.21 

Ca (mg/L) 2.30 2.35 

Mg (mg/L) 1.30 1.33 

Na (mg/L) 5.18 5.21 

K (mg/L) 0.15 0.17 

Each value in this table as mean of three replicates, these values for soil past extract 

 

 

Table 2: Effect of combined different phosphorus sources with AMF on some soil chemical properties after harvesting sweet basil 

plants 

Treatments 

EC 

(1:2.5; dS/m) 

pH 

(1:2.5 Susp.) 

OM 

(g/ kg) 

Available-P 

(mg/kg) 

1st Sea. 2nd Sea. 1st Sea. 2nd Sea. 1st Sea. 2nd Sea. 1st Sea. 2nd Sea. 

T1 (check) 2.10c 2.17c 7.98a 8.00a 13.30b 13.97b 7.75c 8.05c 

T2 2.75a 2.83a 8.06a 8.12a 14.00b 14.70b 9.51b 9.89 b 

T3 2.20b 2.26b 8.07a 8.11a 18.50a 19.43 a 13.14 a 13.66 a 

Mean 2.35 2.42 8.04 8.08 15.27 16.03 10.13 10.53 

Means denoted by the same letter indicate insignificant difference according to Duncan’s test at p < 0.05 . AMF = arbuscular 

mycorrhizal fungi, Sea. =Season, T1 = arbuscular mycorrhizal fungi (check tratment), T2=super phosphate+AMF and T3= rock 

phosphate+AMF. 

 

 

Table 3: Effect of combined different P-sources with AMF on N, P, K and oil-contents of sweet basil during three cutting in both 

seasons 

Treatments 
N-content (%) P-content (%) K-content (%) Oil-content (%) 

1st Sea. 2nd Sea. 1st Sea. 2nd Sea. 1st Sea. 2nd Sea. 1st Sea. 2nd Sea. 

1st cut 

T1 (check) 1.33c 1.37c 0.15c 0.16c 1.20c 1.77c 0.81c 0.87c 

T2 1.77a 1.82a 0.22a 0.24a 1.67a 1.78a 1.27a 1.35a 

T3 1.70b 1.75b 0.21b 0.22b 1.59b 1.68b 1.20b 1.26b 

Mean 1.60 1.65 0.19 0.21 1.49 1.74 1.09 1.16 

2nd cut 

T1 (check) 1.41c 1.46c 0.16c 0.17c 1.35c 1.43b 0.94c 1.00c 

T2 1.86a 1.91a 0.24a 0.26a 1.78a 1.90a 1.45a 1.56a 

T3 1.78b 1.84b 0.23b 0.25b 1.72b 1.83a 1.36b 1.44b 

Mean 1.68 1.74 0.21 0.23 1.62 1.72 1.25 1.33 

3rd cut 

T1 (check) 1.37b 1.46c 0.15c 0.16c 1.27c 1.35b 0.87c 0.95c 

T2 1.81a 1.92a 0.24a 0.25a 1.72a 1.81a 1.33a 1.46a 

T3 1.75a 1.85b 0.22b 0.24b 1.64b 1.74a 1.25b 1.37b 

Mean 1.64 1.74 0.20 0.22 1.54 1.63 1.15 1.26 

Means 1.64 1.71 0.20 0.22 1.55 1.70 1.16 1.25 

Means denoted by the same letter indicate insignificant difference according to Duncan’s test at p < 0.05. AMF = arbuscular 

mycorrhizal fungi, Sea. = season, T1 = arbuscular mycorrhizal fungi (check tratment), T2=super phosphate+AMF and T3= rock 

phosphate+AMF. 
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4. Conclusions 

Under the experimental conditions, the combined 

application of natural materials whether biological agents or 

raw rock fertilizers demonstrated significant positive impacts 

on the growth, quality, and yield of sweet basil, alongside 

improvements in soil health. Specifically, the integration of 

rock phosphate and superphosphate with arbuscular 

mycorrhizal fungi (AMF) as a bio-fertilizer significantly 

enhanced vegetative growth, yield, and quality parameters of 

basil plants. These improvements support the development of 

sustainable organic farming systems by reducing reliance on 

synthetic fertilizers, thereby lowering production costs and 

minimizing environmental risks. Furthermore, the use of 

AMF can decrease dependency on conventional phosphate 

fertilizers such as calcium superphosphate by improving 

fertilizer use efficiency and facilitating the mobilization of 

insoluble phosphorus from rock phosphate in alkaline soil 

conditions. 
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