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Three zinc-phosphate-solubilizing fungi (ZPSF) were isolated from 
rhizospheric soil cultivated with Sorghum bicolor L. The fungal isolates 
were identified as Aspergillus chevalieri, Fusarium moniliforme, and 
Trichoderma harzianum. The results showed that halo zone formation by 
ZPSF on Pikovskaya (PVK) agar medium plates was an indicator of zinc 
phosphate (ZP) solubilization. The lowest in pH of the inoculated medium 
containing ZP was observed with A. chevalieri, followed by T. harzianum, 
followed by F. moniliforme, compared with the initial pH (6.5) of the non-
inoculated medium. ZP solubilization processes at different temperatures 
(10 °C, 20 °C, 30 °C, and 40 °C) were conducted using ZPSF at different 
doses of ZP (0.5 g/L, 1 g/L, and 2 g/L). The released P, to P2O5, was 
monitored during the solubilization process. The released phosphorus 
increased as the temperature increased, with the greatest values of 
phosphorus obtained with F. moniliforme, A. chevalieri, and T. harzianum 
being 11.54 mg/L, 24.40 mg/L, and 28.40 mg/L, at 30 °C and a dose of 2 
g/L of ZP, respectively. In contrast, the smallest values of phosphorus 
were 11.89 mg/L, 8.2 mg/L, and 7.97 mg/L, at 10 °C and a dose of 0.5 g/L 
of ZP, with F. moniliforme, A. chevalieri, and T. harzianum, respectively. 
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INTRODUCTION 
 

Phosphorus (P), along with nitrogen, is a vital ingredient of nucleic acids in all 

living things, including plants. Therefore, it plays an important role in the development of 

new tissue and the division of plant cells, leading to the evolution of plants (Hameeda et 

al. 2008; Sharma et al. 2013). Unfortunately, nearly 95% to 99% of P exists in insoluble 

forms, complicated with cations such as iron, aluminum, and calcium (Son et al. 2006). 

More than 80% of P becomes immobile and unavailable for plant nutrition for many 

reasons such as precipitation, adsorption, or transformation of P to organic form (Holford 

1997; Bhattacharyya and Jain 2000). 

As shown in several studies, rhizospheric microorganisms, particularly P-

solubilizing microorganisms, play a critical function in the natural P cycle. Thus, these 

microorganisms can be exploited as low-input and cheaper technology for sustainable crop 
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production and ecosystem conservation (Vassilev et al. 2007; Abdel-Ghany et al. 2013, 

2015, 2018a,b). 

Fungi, compared to bacteria, have major capacities to liberate P from insoluble P 

form (Sharma et al. 2013). Bioavailability of soil P is increased by using P-solubilizing 

fungi, particularly some Aspergillus and Penicillium species (Richa et al. 2007). Several 

studies have demonstrated the capability of colonized soil fungi (including Rhizoctonia sp., 

Rhizoctonia solani, Aspergillus niger, Aspergillus tubingensis, Aspergillus fumigatus, 

Aspergillus terreus, Aspergillus awamori, Penicillium italicum, Penicillium radicum, 

Penicillium rugulosum, Curvularia lunata, Humicola sp., Sclerotium rolfsii, Pythium sp., 

Aerothecium sp., Phoma sp., Cladosporium sp, Cunninghamella spp., Pseudogymnoascus 

sp., Rhodotorula sp., Oidiodendron sp., Schwanniomyces occidentalis, Candida sp., and 

Fusarium  oxysporum)  to solubilize rock phosphate and insoluble mineral phosphates such 

as aluminum phosphate and tricalcium phosphate, suggesting the beneficial possibility of 

these fungi to enhance plant growth and productivity (Reyes et al. 1999; Goenadi et al. 

2000; Jacobs et al. 2002a; Srivastava et al. 2004; Abdel-Ghany et al. 2013). 

Several mechanisms have been detected among many microorganisms for 

converting insoluble P to an available form (Reyes et al. 2002). Organic acids created by 

soil microorganisms are the main mechanism of mineral phosphate solubilization. Organic 

acids such as citric, oxalic, malic, succinic, and fumaric are secreted by numerous fungi, 

supplying both H+ and a metal complexing anion and mediating the release of mobile 

phosphate and metal species from insoluble sources (Gadd 1999; Bakri 2019). Patil et al. 

(2011), suggested that tricalcium phosphate is dissolved by acidification. Therefore, the 

acidification of surrounding media and soil particles by microorganisms will show some 

level of P solubilizing activity. Additionally (Sayer and Gadd 1997), certain fungi are able 

to immobilize and release P by precipitating insoluble metal. Now, it is important to 

identify better-functioning P-solubilizing fungi. Therefore, this study aimed to isolate zinc-

phosphate-solubilizing fungi (ZPSF) from rhizospheric soil cultivated with economic 

crops. 

 
EXPERIMENTAL 
 

Fungal Isolates and Identification 
The fungi used in this study were isolated from rhizospheric agriculture soil 

cultivated with Sorghum bicolor L. (Fig. 1)  in the Jizan region, 16°40′ 00.38″ N and 42°44′ 

23.27″ E in the south-west of Saudi Arabia. The Jazan region has a hot desert climate with 

an average annual temperature higher than 86 °F (30 °C)  

 Certain criteria were used for fungi identification, including macroscopic and 

microscopic studies such as surface color, texture, reverse color, exudates of colonies, 

conidiophores, and mycelia characteristics using Czapek-Dox agar and Potato dextrose 

Agar media (Raper and Fennell 1973; Gams and Bissett 1998; Nagamani et al. 2006; 

Samson et al. 2014).   

                                                   

Chemical Analysis of Rhizospheric Agriculture Soil 
Total nitrogen of rhizospheric agriculture soil was measured by modified Kjeldahl 

method (Jackson 1973) while CO2, pH, CO3--, Cl  and Ca++ % were measured according to 

standard procedure (Haluschak 2006). Estimation of soil phosphate was detected according 

to Olsen et al. (1954). 
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Phosphate-solubilizing Ability Test 
Fungal isolates were checked for phosphate-solubilizing ability using modified 

Pikovskaya (PKV) agar medium that contained the following ingredients (g/L distilled 

water): 0.5 g of (NH4)2SO4, 0.1 g of MgSO4·7H2O, 0.02 g of KCl, 0.02 g of NaCl, 0.003 g 

ofFeSO4·7H2O, 0.003 g of MnSO4·H2O, 0.5 g of yeast extract, 10.0 g of glucose, and 20.0 g 

of agar (Pikovskaya 1948). Calcium phosphate was substituted by 5.0 g of zinc phosphate 

(ZP). Phosphate-solubilizing ability of the tested fungi was confirmed by the appearance 

of a clear halo zone around the colony development at 4 days of the incubation periods. 

 

Zinc Phosphate Solubilization Index 
The modified PKV agar medium supplemented with different doses (500 ppm, 

1000 ppm, and 2000 ppm) of ZP was autoclaved and then poured into sterilized Petri plates. 

Fungal isolates (5-mm discs of fungal colonies) were inoculated on these plates’ centers 

and incubated for 6 days at different temperatures ranging from 10 °C to 40 °C. The 

solubilization index was calculated according to Eq. 1, 

𝑆𝐼 =  (
𝐶 + 𝐻

𝐶
) (1)

 

where SI is the solubilization index, C is the colony diameter (cm), and H is the halo zone 

diameter (cm). 

 
pH Detection at Different Incubation Periods 

The PKV broth medium (pH 6.5) was inoculated with fungal isolates and incubated 

for different incubation periods. At each period, the pH was recorded and compared with 

that of PKV broth medium (pH 6.5) without inoculation. 

 

Determination of Released Phosphate during ZP Solubilization Process 
Concentrations of phosphate during ZP solubilization process experiments were 

determined spectrophotometrically using a Shimadzu UV-Vis double-beam spectrophoto-

meter (UV-1650-PC, Shimadzu Corp., Kyoto, Japan) equipped with a diode array detector. 

Its light sources were a deuterium lamp in the ultraviolet region and a tungsten iodine lamp 

in the visible to near infrared region. Estimation of phosphate was performed according to 

the modified molybdate method (Mahadevalah et al. 2007). The solution absorbance was 

measured at 327 nm.   

 

Statistical Analysis 
The results are reported as mean ± standard deviation S.D. of three independent 

replicates. Statistical analyses of data were carried out by computer using SPSS ver. 22.0 

software. 

    

RESULTS AND DISCUSSION 
 

The contents of total N, CO3--, CO2, CL, Ca++ and available phosphorus of the S. 

bicolor L. rhizosphere soil were detected as 25.95%, 6.39%, 2.55%, 0.075%, 0.089%, and 

1.98 µg/g soil, respectively. Physical properties were also measured,  including moisture 

content (2.05%), soil electrical conductivity (280 ppm), and  pH (7.44). The physico-

chemical properties of the rhizosphere soil play an important role in soil community of 

microorganisms (Lauber et al. 2008). 
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  In the current study, three fungal isolates from rhizosphere soil cultivated with S. 

bicolor L. were identified based on the macroscopic and microscopic characteristics, where 

the colony growth of Fusarium moniliforme on potato dextrose agar media, initially 

appeared as white aerial mycelium, then became pale pink, salmon pink on the under 

surface. Abundant unicellular oval to club–shaped microconidia (5-10 x 1.2-3.2 μm) were 

present, but chlamydospores were not found. Hyaline and curved/straight 3 to 7 septate 

macroconidia (22-55 x 2.2-4.2 μm) were present. Colony growth of Aspergillus chevalieri 

on potato dextrose agar media were flat, bluish to grey, but on Czapek-Dox's solution agar 

with 20% sucrose they were characterized by abundant radiate conidial heads (125 to 175 

µm diameter) in gray-green shades. Hyaline conidiophores (700 to 800 µm in length), 

spherical vesicles (20 to 33 µm diameter), uniseriate conidiogenous cells (5.3 to 7.2 x 3.0 

to 3.5 µm) and ovoidal to ellipsoidal hyaline conidia (5.2 to 5.4 µm in length). Colony 

growth of Trichoderma harzianum showed dark green with dull yellowish reverse color. 

Branching and verticillate conidiophores, subglobose to obovoid conidia (8.7 µm), and 

convergent phialides (29.75 µm) were found.  

The three fungal isolates A. chevalieri, F. moniliforme, and T. harzianum were 

tested for ZP solubilization. After 4 d of incubation on solidified PVK medium 

supplemented with 1000 ppm of ZP, a clear halo zone had appeared around the fungal 

colonies, indicating phosphate-solubilizing ability of the fungal isolates (Fig. 2). Recent 

scientific papers in agricultural fields deal with P-solubilizing fungi for enhancement of 

soil fertility and crop productivity (Abdel-Ghany and Alawlaqi 2018). The ability of 

filamentous fungi isolated from forest soils, especially Aspergillus spp. and Penicillium 

spp., to solubilize inorganic phosphates was reported earlier (Illmer and Schinner 1992). 

Additionally, in Canada, Cunningham and Kuiack (1992) registered a commercial 

formulation of Penicillium bilaiae Chalabuda as a safe enhancer of plant nutrition. The 

greatest decrease in pH of the growth medium containing different doses of ZP was 

observed with A. chevalieri, followed by T. harzianum, followed by F. moniliforme (Fig. 

3), compared with the initial pH (6.5) of the growth medium amended by ZP but not 

inoculated by fungal isolates. This may be due to production of acidic metabolites.  

According to Gaind (2016), different mechanisms were employed by T. harzianum 

to reduce medium pH for release of P from tri-calcium phosphate, aluminium phosphate 

and ferric phosphate through the production of citric, succinic, propionic, malic and acetic 

acid. Other mechanisms of phosphate solubilization by fungi are the production of 

inorganic acids such as sulphuric and nitric acids. Previously, Whitelaw (1999) reported 

that P-solubilizing microorganisms are able to dissolve insoluble phosphates by the 

production of inorganic or organic acids and/or by reduction of pH.  Also, liberation of 

enzymes or enzymolysis was reported as a mechanism of phosphate solubilization (Zhu et 

al. 2011). Chelating mediated mechanism also was reported during phosphorous 

solubilization by a large number of fungi (Rathore et al. 2014; Whitelaw 2000). 

Recently, Paul and Sinha (2017) explained that the halo zone formed around the 

fungal colonies could be because of the production of polysaccharides or the activity of 

phosphatase enzymes of phosphate-solubilizing fungal strains. However, Jacobs et al. 

(2002b) stated that the uptake of ZP by Rhizoctonia solani mycelia was unaffected by the 

pH of the medium or the growth temperature. 
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Fig. 1.  Site of fungal isolation around roots (R) of Sorghum bicolor L and from soil (S) of  
rhizospheric region (A) cultivated with Sorghum bicolor L. (B)  
 

 

 
 

Fig. 2. Halo zones around fungal colonies 
 

Zinc phosphate solubilization by fungal isolates at different temperatures ranging 

from 10 °C to 40 °C was determined through solubilization index calculation. The ZP 

solubilization by all fungal isolates at different temperatures was recorded but differed 

depending on fungal species. The solubilization index increased with increasing 

temperature for A. chevalieri, for which the maximum temperature of 40 °C maximized 

the ZP solubilization (Table 1). The present results were agreement with Xiao et al. (2011), 

who found that fungi isolated from wheat rhizospheric soil were differed in their abilities 

to release soluble P from rock phosphate at temperature stress ranged from 10 to 45 °C. In 

Table 2, the maximum solubility index is reached at 2000 ppm at 30 °C, although 20 °C is 

superior at 500 ppm and 1000 ppm with F. moniliforme. In Table 3, the solubility index is 

  
               A. chevalieri                          F. moniliforme                             T. harzianum  
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greatest at 40 °C for all concentrations with T. harzianum. These results indicated that there 

was no relationship between the growth and the solubility index. Altomare et al. (1999) 

investigated the capability of the plant-growth-promoting fungus T. harzianum to 

solubilize in vitro insoluble phosphate. The following were recorded as phosphate 

solubilizers Fusarium sp., F. oxysporum, Aspergillus sp., A. niger, A. tubingensis, A. 

fumigatus, A. terreus, and A. awamori (Nopparat et al. 2009; Morales et al. 2011; Abdel-

Ghany et al. 2018b). 

 

 
 

Fig. 3. pH detection at different incubation periods of fungal growth medium containing different 
doses  (ppm) of ZP 

 

 

Table 1. Solubilization Index of the ZP at Different Temperatures with A. 
chevalieri 

ZP 
(ppm) 

Temperature (°C) 

10 20 30 40 

Growth ± SD* 
(mm) 

SI 
Growth ± SD* 

(mm) 
SI 

Growth ± SD* 
(mm) 

SI 
Growth ± SD* 

(mm) 
SI 

500 7.33±0.58 2.02 19.67±0.58 2.22 24.67±1.53 2.54 22.67±0.58 2.82 

1000 7.67±0.58 2.17 22.67±1.15 2.28 25.33±0.58 2.66 23.33±0.58 3.13 

2000 5.67±1.15 2.15 20.33±0.58 2.33 20.33±0.58 2.87 18.67±0.58 3.11 

*Standard deviation 
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Table 2. Solubilization Index of the ZP vs. Temperature with F. moniliforme 

ZP(pp
m) 

Temperature (°C) 

10 20 30 40 

Growth ± SD* 
(mm) 

SI 
Growth ± SD* 

(mm) 
SI 

Growth ± SD* 
(mm) 

SI 
Growth ± SD* 

(mm) 
SI 

500 8.65±0.58 2.30 26.67±1.15 3.04 22.33±1.15 2.75 7.67±0.58 2.25 

1000 8.67±0.58 2.66 27.67±0.58 3.14 25.00±1.00 3.08 8.33±0.58 2.10 

2000 10.33±1.15 2.58 29.33±0.58 3.14 24.67±1.53 3.20 8.67±0.58 2.50 

*Standard deviation 

 
Table 3. Solubilization Index of the ZP vs. Temperature with T. harzianum 

ZP 
(ppm) 

Temperature (°C) 

10 20 30 40 

Growth ± SD* 
(mm) 

SI 
Growth ± SD* 

(mm) 
SI 

Growth ± SD* 
(mm) 

SI 
Growth ± SD* 

(mm) 
SI 

500 5.67±0.58 2.10 17.33±1.15 2.22 30.67±1.15 2.20 27.00±1.73 2.31 

1000 7.00±1.00 2.10 19.33±1.15 2.40 31.33±1.15 2.31 29.76±0.58 2.50 

2000 6.67±1.15 2.00 19.67±0.58 2.35 31.67±0.58 2.41 29.00±1.00 2.50 

*Standard deviation 

 

To investigate the effect of temperature on the ZP solubilization process, the 

processes were conducted using F. moniliforme, A. chevalieri, and T. harzianum at 

different doses of ZP (0.5 g/L, 1 g/L, and 2 g/L) and different temperatures (10 °C, 20 °C, 

30 °C, and 40 °C) for ZP solubilization. The released P was monitored during the 

solubilization process under the aforementioned conditions. The results indicated that the 

released concentration of P (taken as solubilization efficiency indicator) was increased as 

the temperature increased. As shown in Table 4 and Fig. 4, the greatest P values with F. 

moniliforme, A. chevalieri, and T. harzianum were 5.04 mg/L, 10.65 mg/L, and 13.18 

mg/L, at 30 °C and a dose of 2 g/L of ZP, respectively. In contrast, the smallest P values 

were 4.98 mg/L, 6.44 mg/L, and 5.19 mg/L, at 10 °C and a dose of 0.5 g/L of ZP, with F. 

moniliforme, A. chevalieri, and T. harzianum, respectively. This result may be because 

increasing the temperature increased the production of organic acids which decrease the 

pH of the solubilization medium, increasing ZP solubilization (Whitelaw 1999; Barroso et 

al. 2006). Upon increasing temperature from 30 °C to 40 °C, the released P either decreased 

or showed no appreciable increase. This result may be because of cell death of the 

microorganisms (Rinu and Pandey 2010).  

 

Table 4. P Releasing (mg/L) at Different Temperatures Using Fungal Isolates 

Fungal Isolate ZP Dose (g/L) 
Temperature (°C) 

10 20 30 40 

Without inoculation 2.0 2.72 2.72 2.72 2.72 

F. moniliforme 

0.5 4.98 5.01 5.04 2.17 

1.0 6.44 10.30 10.65 3.13 

2.0 5.19 13.36 13.18 4.74 

A. chevalieri 

0.5 2.11 3.76 4.91 5.08 

1.0 3.22 8.33 8.38 9.74 

2.0 3.58 8.33 8.43 8.79 

T. harzianum 

0.5 2.72 4.08 4.42 5.10 

1.0 3.44 10.03 10.15 10.51 

2.0 3.48 9.86 11.41 12.43 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Abdel-Ghany et al. (2019). “Soluble P & soil fungi,” BioResources 14(3), 5521-5532. 5528 

 

 
 

Fig. 4. UV spectra of P releasing (mg/L) at different temperatures using fungal isolates; Control 
(without fungal inoculation)  
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CONCLUSIONS 
 
1. Rhizospheric fungi including F. moniliforme, A. chevalieri, and T. harzianum were 

effective for ZP solubilization.  

2. The results indicate that co-application of fungal isolates with insoluble phosphate 

sources has a positive impact on plant growth. However, this result needs to be tested 

under field conditions. 

3. Evidence from the study proved that a decrease in final pH occurred during 

solubilization of phosphorus in the medium.  

4. Factors such as pH, temperature, and fungal species may affect the efficacy of 

phosphate solubilization. 

5. More studies are needed to understand the mechanisms underlying the liberation of 

soluble phosphate by fungal isolates and its benefits as bio-inoculants. 

 

 

 
Conflict of Interest: The authors declare no conflicts of interest. 

 

 

REFERENCES CITED   
 

Abdel-Ghany, T. M., Al-Rajhi, A. M. H., Al Abboud, M. A., Alawlaqi, M. M., Magdah, 

A. G., Helmy, E. A. M., and Mabrouk, A. S. (2018a). “Recent advances in green 

synthesis of silver nanoparticles and their applications: About future directions. A 

review,” BioNanoScience 8(1), 5-16. DOI: 10.1007/s12668-017-0413-3 

Abdel-Ghany, T. M., Alawlaqi, M. M., and Al Abboud, M. A. (2013). “Role of 

biofertilizers in agriculture: A brief review,” Mycopath 11(2), 95-101. 

Abdel-Ghany, T. M., and Alawlaqi, M. M. (2018). “Molecular identification of 

rhizospheric thermo-halotolerant Aspergillus terreus and its correlation to sustainable 

agriculture,” BioResources 13(4), 8012-8023. DOI: 10.15376/biores.13.4.8012-8023 

Abdel-Ghany, T. M., Ganash, M., Bakri, M. M., and Al-Rajhi, A. M. H. (2018b). 

“Molecular characterization of Trichoderma asperellum and lignocellulolytic activity 

on barley straw treated with silver nanoparticles,” BioResources 13(1), 1729-1744.  

DOI: 10.15376/biores.13.1.1729-1744 

Abdel-Ghany, T. M., Masrahi, Y. S., Mohamed, A., Al Abboud, Alawlaqi, M. M., and 

Elhussieny, N. I. (2015). “Maize (Zea mays L.) growth and metabolic dynamics with 

plant growth-promoting rhizobacteria under salt stress,” Journal of Plant Pathology 

& Microbiology 6(9), 305. DOI:10.4172/2157-7471.1000305 

Altomare, C., Norvell, W. A., Björkman, T., and Harman, G. E. (1999). “Solubilization 

of phosphates and micronutrients by the plant-growth-promoting and biocontrol 

fungus Trichoderma harzianum Rifai 1295- 22,” Applied and Environmental 

Microbiology 65, 2926-2933. 

Bakri, M. M. (2019). “Tri-calcium and zinc phosphates solubilization by Aspergillus 

niger and its relation to organic acids production,” BioNanoScience 9(2), 238-244. 

DOI: 10.1007/s12668-019-0604-1 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Abdel-Ghany et al. (2019). “Soluble P & soil fungi,” BioResources 14(3), 5521-5532. 5530 

Barroso, C. B., Pereira, G. T., and Nahas, E. (2006). “Solubilization of CaHPO4 and 

AlPO4 by Aspergillus niger in culture media with different carbon and nitrogen 

sources,” Brazilian Journal of Microbiology 37(4), 434-438. DOI: 10.1590/S1517-

83822006000400006 

Bhattacharyya, P., and Jain, R. K. (2000). “Phosphorus solubilizing biofertilisers in the 

whirlpool of rock phosphate-challenges and opportunities,” Fertiliser News 45(10), 

45-72. 

Cunningham, J. E., and Kuiack, C. (1992). “Production of citric and oxalic acids and 

solubilization of calcium phosphate by Penicillium bilaii,” Applied and 

Environmental Microbiology 58(5), 1451-1458. 

Gadd, G. M. (1999). “Fungal production of citric and oxalic acid: importance in metal 

speciation, physiology and biogeochemical processes,” Advances in Microbial 

Physiology 41, 47-92. DOI: 10.1016/S0065-2911(08)60165-4 

Gaind, S. (2016). “Phosphate dissolving fungi: Mechanism and application in alleviation 

of salt stress in wheat,” Microbiological Research 193(1), 94-102. DOI: 

10.1016/j.micres.2016.09.005 

Gams, W., and Bissett, J. (1998). “Morphology and identification of Trichoderma,” in: 

Trichoderma and Gliocladium: Basic Biology, Taxonomy and Genetics, G. E. 

Harman, and C. P. Kubicek (eds.). Vol. 1, Taylor and Francis, London, UK, pp. 3-34. 

Goenadi, D. H., Siswanto, and Sugiarto, Y. (2000). “Bioactivation of poorly soluble 

phosphate rocks with a phosphorus-solubilizing fungus,” Soil Science Society of 

America Journal 64, 927-932.  

Haluschak, P. (ed.) (2006). Laboratory Methods of Soil Analysis, Canada-Manitoba Soil 

Survey, Manitoba, Canada. 

Hameeda, B., Harini, G., Rupela, O. P., Wani, S. P., and Reddy, G. (2008). “Growth 

promotion of maize by phosphate-solubilizing bacteria isolated from composts and 

macrofauna,” Microbiological Research 163(2), 234-242. DOI: 

10.1016/j.micres.2006.05.009 

Holford, I. C. R. (1997). “Soil phosphorus: Its measurement, and its uptake by 

plants,” Australian Journal of Soil Research 35(2), 227-240.DOI: 10.1071/S96047 

Illmer, P., and Schinner, F. (1992). “Solubilization of inorganic phosphates by 

microorganisms isolated from forest soils,” Soil Biology and Biochemistry 24(4), 389-

395. DOI: 10.1016/0038-0717(92)90199-8 

Jacobs, H., Boswell, G. P., Harper, F. A., Ritz, K., Davidson, F. A., and Gadd, G. M. 

(2002b). “Solubilization of metal phosphates by Rhizoctonia solani,” Mycological 

Research 106(12), 1468-1479. DOI: 10.1017/S0953756202006901. 

Jacobs, H., Boswell, G. P., Ritz, K., Davidson, F. A., and Gadd, G. M. (2002a). 

“Solubilization of calcium phosphate as a consequence of carbon translocation by 

Rhizoctonia solani,” FEMS Microbiology Ecology 40, 65-71. DOI: 10.1111/j.1574-

6941.2002.tb00937.x 

Jackson, M. L. (1973). Soil Chemical Analysis, Prentice Hall of India pvt. Ltd. New 

Delhi. 

Lauber, C. L., Strickland, M. S., Bradford, M. A., and Fierer, N. (2008). “The influence 

of soil properties on the structure of bacterial and fungal communities across land-use 

types,” Soil Biology Biochemistry 40 (9), 2407-2415.  DOI: 

10.1016/j.soilbio.2008.05.021 

Mahadevalah, Y., Kumar, M. S., Abdul Galil, M. S., Suresha, M. S., Sathish, M. A., and 

Nagendrappa, G. (2007). “A simple spectrophotometric determination of phosphate in 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Abdel-Ghany et al. (2019). “Soluble P & soil fungi,” BioResources 14(3), 5521-5532. 5531 

sugarcane juices, water and detergent samples,” E-Journal of Chemistry 4(4), 467-

473. DOI: 10.1155/2007/576560 

Morales, A., Alvear, M., Valenzuela, E., Castillo, C. E., and Borie, F. (2011). “Screening, 

evaluation and selection of phosphate-solubilising fungi as potential biofertiliser,” 

Journal of Soil Science and Plant Nutrition 11(4), 89-103. DOI: 10.4067/S0718-

95162011000400007 

Nagamani, A., Kunwar, I. K., and Manoharachary, C. (2006). Handbook of Soil Fungi, I. 

K. International, New Delhi, India. 

Nopparat, C., Jatupornpipat, M., and Rittiboon, A. (2009). “Optimization of the 

phosphate-solubilizing fungus, Aspergillus japonicus SA22P3406, in solid-state 

cultivation by response surface methodology,” Kasetsart Journal (Natural Science) 

43, 172-181. 

Olsen, S. R., Cale, C. V., Watanabe, F. S., and Dean, L. A. (1954). Estimation of 

Available Phosphorus in Soils by Extraction with Sodium Bicarbonate, (Circ. 939), 

U.S. Department of Agriculture, Washington, DC, USA. 

Patil, C. S., Sanjotha, P., and Mahantesh, P. (2011). “Isolation and screening of efficiency 

of phosphate solubilizing microbes,” International Journal of Microbiology Research 

3(1), 56-58. DOI: 10.9735/0975-5276.3.1.56-58 

Paul, D., and Sinha, S. N. (2017). “Isolation and characterization of phosphate 

solubilizing bacterium Pseudomonas aeruginosa KUPSB12 with antibacterial 

potential from river Ganga, India,” Annals of Agrarian Science 15(1), 130-136.DOI: 

10.1016/j.aasci.2016.10.001 

Pikovskaya, R. I. (1948). “Mobilization of phosphorus in soil in connection with vital 

activity of some microbial species,” Mikrobiologiya 17, 362-370. 

Raper, K. B., and Fennell, D. I. (1973). The Genus Aspergillus, Robert E. Krieger 

Publishing Co., Huntington, NY. 

Rathore, P., Phanse, N., and Agrawal, S. (2014). “Effect of pesticides on the phosphate 

solubilization capacity of microbial isolate,” Indian Journal of Applied Research 4(1), 

448-450. DOI: 10.15373/2249555X/JAN2014/137 

Reyes, I., Bernier, L., and Antoun, H. (2002). “Rock phosphate solubilization and 

colonization of maize rhizosphere by wild and genetically modified strains of 

Penicillium rugulosum,” Microbial Ecology 44(1), 39-48. DOI: 10.1007/s00248-002-

1001-8 

Reyes, I., Bernier, L., Simard, R. R., Tanguay, P., and Antoun, H. (1999). 

“Characteristics of phosphate solubilization by an isolate of a tropical Penicillium 

rugulosum and two UV-induced mutants,” FEMS Microbiology Ecology 28(3), 291-

295. DOI: 10.1111/j.1574-6941.1999.tb00584.x 

Richa, G., Khosla, B., and Reddy, M. (2007). “Improvement of maize plant growth by 

phosphate solubilizing fungi in rock phosphate amended soils,” World Journal of 

Agricultural Sciences 3, 481-484. 

Rinu, K., and Pandey, A. (2010). “Temperature-dependent phosphate solubilization by 

cold- and pH-tolerant species of Aspergillus isolated from Himalayan soil,” 

Mycoscience 51(4), 263-271. DOI: 10.1007/S10267-010-0036-9 

Samson, R. A., Visagie, C. M., Houbraken, J., Hong, S.-B., Hubka,V., Klaassen, C. H. 

W., Perrone, G., Seifert, K. A., Susca, A., Tanney, J. B., et al. (2014). “Phylogeny, 

identification and nomenclature of the genus. Aspergillus,” Studies in Mycology 78, 

141-173. DOI: 10.1016/j.simyco.2014.07.004 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Abdel-Ghany et al. (2019). “Soluble P & soil fungi,” BioResources 14(3), 5521-5532. 5532 

Sayer, J. A., and Gadd, G. M. (1997). “Solubilization and transformation of insoluble 

inorganic metal compounds to insoluble metal oxalates by Aspergillus niger,” 

Mycological Research 101(6), 653-661. DOI: 10.1017/S0953756296003140 

Sharma, S. B., Sayyed, R. Z., Trivedi, M. H., and Gobi, T. A. (2013). “Phosphate 

solubilizing microbes: Sustainable approach for managing phosphorus deficiency in 

agricultural soils,” SpringerPlus 2, 587. DOI: 10.1186/2193-1801-2-587 

Son, H.-J, Park, G.-T., Cha, M.-S., and Heo, M.-S. (2006). “Solubilization of insoluble 

inorganic phosphates by a novel salt- and pH-tolerant Pantoea agglomerans R-42 

isolated from soybean rhizosphere,” Bioresource Technology 97(2), 204-210. DOI: 

10.1016/j.biortech.2005.02.021 

Srivastava, S., Yadav, K. S., and Kundu, B. S. (2004). “Prospects of using phosphate 

solubilizing Pseudomonas as biofungicide,” Indian Journal of Microbiology 44, 91-

94. 

Vassilev, N., Vassileva, M., Bravo, V., Fernández-Serrano, M., and Nikolaeva, I. (2007). 

“Simultaneous phytase production and rock phosphate solubilization by Aspergillus 

niger grown on dry olive wastes,” Industrial Crops and Products 26(3), 332-336. 

DOI: 10.1016/j.indcrop.2007.04.003 

Whitelaw, M. A. (1999). “Growth promotion of plants inoculated with phosphate-

solubilizing fungi,” Advances in Agronomy 69, 99-151. DOI: 10.1016/S0065-

2113(08)60948-7 

Whitelaw, M. A. (2000). “Growth promotion of plants inoculated with phosphate 

solubilizing fungi,” Adv Agron. 69, 99-151. 

Xiao, C., Chi, R., Li, X., Xia, M., and Xia, Z. (2011). “Biosolubilization of rock 

phosphate by three stress-tolerant fungal strains,” Applied and Biochemistry 

Biotechnology 165, 719-727. DOI: 10.1007/s12010-011-9290-3 

Zhu, F., Qu, L., Hong, X., and Sun, X. (2011). “Isolation and characterization of a 

phosphate solubilizing halophilic bacterium Kushneria sp. YCWA18 from Daqiao 

Saltern on the coast of yellow sea of China,” Evidence-Based Complementary and 

Alternative Medicine. 2011:615032. DOI:10.1155/2011/615032 

 

Article submitted: February 16, 2019; Peer review completed: May 14, 2019; Revised 

version received: May 20, 2019; Accepted: May 24, 2019; Published: May 29, 2019. 

DOI: 10.15376/biores.14.3.5521-5532 


