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                                            Abstract 

       Phosphorus; is an essential element for plant growth, which may be abundant in the soil 

but unavailable, because it is poorly soluble and forms complexes with the metals. 

Microorganisms can solubilize and mineralize the insoluble phosphate into bioavailable forms. 

This study aimed to isolate and identify the phosphate-solubilizing microorganisms (PSMs), 

produce and characterize alkaline phosphatase, and determine their plant growth promoting 

abilities. About forty-one bacterial and twelve fungal isolates were isolated from the soil and 

water samples, and then screened for their phosphate solubilizing potentials on Pikovskaya 

(PVK), and the National Botanical Research Institute's Phosphate (NBRIP) growth media. The 

isolates of Penicillium sp. (PSF-8) and Bacillus sp. (PSB-29) produced the highest alkaline 

phosphatase at pH 8, 42
ο
C on the 2

nd
 and 3

rd
 d of incubation; and they solubilized 

concentrations of 937.78 and 848.89 µg/ ml of phosphates, respectively. The optimum 

temperature and pH activity of the alkaline phosphatase produced by Penicillium sp. (PSF-8) 

were recorded at 50°C (1.145 U/ ml) and pH 9 (1.147 U/ ml), respectively. On the other hand, 

Bacillus sp. (PSB-29) expressed maximum activity at 40°C (1.232 U/ ml) and pH 8 (1.39 U/ 

ml), respectively. The Michaelis constant (Km) and maximum velocity (Vmax) for Penicillium 

sp. (PSF-8) were 23.596 mmol/ l and 2.940 µmol/ l/ min., whereas those for Bacillus sp. (PSB-

29) were 11.889 mmol/ l and 0.0894 µmol/ l/ min., respectively. Bacillus sp. (PSB-29) 

enhanced the growth of both Amaranthus hybridus and Corchorus olitorius; by increasing the 

plant shoot and root length, biomass and phosphorus content, while Penicillium sp. (PSF-8) 

did not support A. hybridus growth. Finally, Bacillus sp. (PSB-29) and Penicillium sp. (PSF-8) 

were observed as potent bioagents for phosphate-solubilization during the farming activities. 

Keywords: Phosphorus, Penicillium sp., Bacillus sp., Phosphate solubilization, Plant growth 

promotion 
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1. Introduction         

       Phosphorous (P); along with nitrogen (N) and 

potassium (K), are elements essential for the 

development of plants (Kalayu, 2019; Li et al., 2019). 

P is abundantly present in the earth's crust in an 

organic and inorganic forms, and makes up about 

0.2% - 0.8% of the plants' dry weight (Obidi et al., 

2018). The organic soil P mainly occurs as inositol 

phosphate/ phytate (myoinositol-1, 2, 3, 4, 5, 6-

hexakisphosphates), while the inorganic forms exist in 

the deposits such as apatite; hydroxyapatite and 

oxyapatite (Rodriguez and Fraga, 1999; Kalayu, 

2019). Although P may be abundant in the soil; 

however, only 0.01 % of the total P is available to the 

plants, because it is poorly soluble and forms 

complexes with the other soil metals; thus become 

unavailable to the plants (Li et al., 2019). The 

challenge of the unavailability of soluble P is being 

solved conventionally through the application of P 

chemical fertilizers (Zhang et al., 2017). However, this 

has caused environmental disadvantages such as 

eutrophication; algal blooms and groundwater 

contamination (Oteino et al., 2015; Ingle and Padole, 

2017; EPA. 2021). 

       Microorganisms are essential soil constituents 

involved in several soil processes such as storage; 

nutrient mobilization, mineralization and release, 

decomposition, nitrogen fixation and de-nitrification 

(Alori et al., 2017). The PSMs mineralize the insoluble 

organic phosphate, and thereby increase the 

availability of nutrients to the plants (Sanjotha and 

Manawadi, 2016; Li et al., 2019; Boubekri et al., 

2021). The bacteria (Dandessa and Bacha, 2018), 

yeasts, molds and algae; exhibit phosphate-

solubilization and mineralize the poorly available P in 

the soil (Alori et al., 2017; Ingle and Padole, 2017; 

Zhang et al., 2017). These microorganisms produce 

organic acids and phosphomonoesterases while 

solubilizing the insoluble phosphate (Kalayu, 2019). 

The non-substrate specific phosphomonoesterases are 

termed as acid or alkaline phosphatases (ALPs) based 

on their pH optima. Among the microorganisms, the 

bacterial ALP are reported in several biological 

processes involving phosphate acquisition and 

transport system in the cell; microbial virulence, 

bacterial taxonomy and identification (Sharma et al., 

2018), plant growth promotion (Behera et al., 2017) 

and synthesis of hydroxyapatite (Kalayu, 2019). 

Therefore, these bacterial spp. are applied as 

biofertilizers to promote the plant growth (Boubekri et 

al., 2021; Chen et al., 2021). Several previous studies 

have inoculated the soil and\or the crop with 

phosphate solubilizing/mineralizing microorganisms; 

as an approach to enhance the plant absorption of P, 

enhance the growth of plants, increase the harvest 

yield, and reduce the use of chemical fertilizers that 

negatively affect the environment (Alori et al., 2017; 

Li et al., 2017; Obidi et al., 2018; Kalayu, 2019).  

       Plant growth can be enhanced by the PSMs 

through stimulation of an efficient biological nitrogen 

fixation; the production of plant hormones, enzymes 

(alkaline and acid phosphatases), volatile organic 

compounds, and improve the availability of some trace 

elements (Boubekri et al., 2021; Chen et al., 2021). 

These microorganisms do not only solubilize the 

essential elements for plant growth promotion; 

however, they indirectly promote the plant growth by 

acting as biocontrol agents, which are active against 

some microbial plant pathogens. The PSMs secrete 

metabolic compounds (i.e. phenolics and flavonoids), 

siderophores, hydrogen cyanide and lytic enzymes, 

which prevent growth of the plant pathogens (Elias et 

al., 2016; Alori et al., 2017; Li et al., 2019).The 

positive characteristics of the PSMs in improving the 

soil fertility and plant yield make their continual study 

as a goal by many microbial researchers. Hence, the 

objective of this work was to investigate the phosphate 

solubilizing potentials of Bacillus and Penicillium 

species isolated from garden soil.  

2. Materials and methods 
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2.1. Soil samples collection, and isolation of the soil 

microorganisms 

      Five soil samples of garden and garbage 

dumpsite, and sediments from fish ponds were 

collected from the Ibadan metropolis, Nigeria; to 

isolate the PSMs, according to Li et al., (2017). The 

fish pond water samples were collected into sterile 20 

ml bottles, and transferred immediately to the 

Microbiology laboratory for further analysis 

(Ebrahimian and Motamedi, 2019). Microorganisms 

were isolated from the soil samples using the pour 

plate assay (Li et al., 2017). Briefly, 1 ml aliquots of 

serially diluted soil samples (10
-2

 to 10
-10

) were 

inoculated into sterile 90 mm Petri plates. 

Approximately 15 ml of the corresponding media; 

Nutrient agar (NA) for bacteria and Potato dextrose 

agar (PDA) for the fungi; respectively, were poured 

into the seeded plates and then swirled gently to mix 

the media thoroughly with the serially diluted soil 

samples. The inoculated NA plates were incubated at 

30
ο
C for 48 h, while the PDA plates were incubated at 

27
ο
C for 120 h.  

2.2. Screening of the microbial isolates for 

phosphate-solubilization activity 

      The distinct recovered microbial colonies were 

screened for phosphate solubilization by inoculation 

into 2 solid media, according to the method adopted 

by Nautiyal, (1999). The two used phosphate rich 

media were; Pikovskaya (PVK) medium composed of 

(g\ l); Glucose 1.0 g; Ca3(PO4)2 0.5 g; KCl 0.02 g; 

MgSO4 0.01 g; NaCl 0.02 g; yeast extract 0.05 g; 

(NH4)2SO4 0.05 g; MnSO4 0.2 mg; FeSO4 0.2 mg, and 

agar 1.5 g (Pikovskaya, 1948), and the National 

Botanical Research Institute's Phosphate growth 

medium (NBRIP) composed of: Glucose 10 g: 

Ca3(PO4)2 5 g; MgCl2 5 g; MgSO4 0.25 g; KCl 0.2 g, 

(NH4)2SO4 0.1 g and agar 15 g (g\ l) (Nautiyal, 1999).  

The pH of the media was adjusted to 7.0, while the 

salt components were autoclaved separately from the 

agar at 121
ο
C for 15 min.; allowed to cool to 50

ο
C, 

and then added aseptically to the sterile agar media 

before pour plating. After solidification, 

approximately 7 mm discs from actively growing 

fungal cultures were made using a sterile cork borer, 

and then placed at the center of each PVK and NBRIP 

Petri plates (using bromocresol purple as an 

indicator). The seeded plates were incubated at 25
ο
C 

for 7 d. On the other hand, each 24 h old bacterial 

isolate was point inoculated  using a sterile straight 

inoculating needle on the surface of PVK and NBRIP 

(with bromocresol purple as an indicator) plates, and 

then incubated at 30
ο
C for 24-48 h. Phosphate-

solubilization was detected visually through the 

formation of transparent halos around the fungal/ 

bacterial colonies (Nautiyal, 1999). Phosphate 

solubilization index (PSI) was determined by 

measuring the colony diameters and the clear zones of 

positive ones at the 7
th
 day of incubation (Odeniyi and 

Itaba, 2020). The PSI was evaluated by using the 

formula of Elias et al., (2016): 

Phosphate Solubilization Index (PSI) = (colony 

diameter + halo zone diameter)/ (colony diameter) 

2.3. Quantitative determination of the phosphate 

solubilization potential  

     The bacterial and fungal isolates with a PSI greater 

than 3.0 were selected, and further characterized for 

their quantitative efficiencies to solubilize the 

phosphates in NBRIP broth medium. About 20 ml of 

the broth medium in 50 ml Erlenmeyer flasks was 

inoculated individually with 1 ml of 0.5 McFarland 

standard of each bacterial suspension, or\ and 7 mm 

agar plugs of the actively growing fungal isolates, and 

then incubated with shaking at 180 rpm for 5 and 7 d 

at 30 and 25
ο
C, respectively. After incubation, the 

final pH was recorded using a pH meter (Li et al., 

2017), and the supernatants were obtained by 

centrifugation of the broth cultures at 4,000 rpm for 

10 min. The concentration of the soluble phosphate 

was analyzed based on the method of Murphy and 

Riley, (1962); using increasing concentrations of a 

standard stock solution of KH2PO4. The quantity of 

the solubilized phosphate was determined by 

measuring the absorbance at 880 nm using a 
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spectrophotometer (Jenway Scientific Equipment, 

England, United Kingdom) against the standard curve 

of KH2PO4. 

2.4. Phenotypic and biochemical identification of 

the selected phosphate-solubilizing isolates 

      The bacterial colonies that showed high PSI-

producing activities were grown on NA plates, and 

examined for colony and microscopic morphological 

characteristics using the Gram and spore stains. These 

bacterial isolates were then subjected to several 

biochemical assays including; carbohydrate 

utilization, citrate utilization test, catalase test, oxidase 

test and indole test (Holt et al., 1994). The phosphate-

solubilizing fungi (PSF) were identified by 

macroscopic and microscopic morphological 

observations after growing on PDA plates at 25
ο
C for 

3-5 d, in reference to Cheesbrough, (2005). 

2.5. Microbial solubilization of the different 

phosphate sources  

      The ability of the selected phosphate solubilizing 

bacterial and fungal isolates to solubilize different 

phosphate sources was determined by growing the 

isolates on NBRIP broth medium, and replacing 

Ca3(PO4)2 individually with AlPO4, FePO4, 

(NH4)3PO4, NaH2PO4 and KH2PO4 as various sources 

of inorganic phosphate. Quantification of the released 

soluble P was determined as earlier described (Li et 

al., 2017).   

2.6. Detection of Indole acetic acid (IAA) 

production 

       The selected microorganisms were grown 

individually in a 50 ml conical flask containing 20 ml 

of King B broth medium; composed of [peptone 20 g; 

K2HPO4: 1.15 g; MgSO4: 1.5 g; glycerol: 10 g; H2O: 1 

l; 0.1% (w/v) Tryptophan] at pH 7.2 for 3 d at 30
ο
C 

(Li et al., 2017). After incubation, the medium was 

centrifuged at 4000 rpm for 30 min., and 1 ml of the 

clear supernatant was mixed with 2 ml of Salkowski 

reagent in a test tube, and then incubated in the dark 

for 30 min. at 30
ο
C. The development of a pink color 

indicated IAA production, and the optical density of 

the reaction was measured at 530 nm using a 

spectrophotometer (Jenway Scientific Equipment, 

England, United Kingdom). The concentration of IAA 

was estimated against a prepared IAA standard curve 

(Mohamed et al., 2019). 

2.7. Production of crude alkaline phosphatase 

      About 1 ml of the selected bacterial suspension 

(0.5 McFarland standard) was inoculated into a 50 ml 

Erlenmeyer flask containing 20 ml NBRIP broth 

medium, and incubated at 180 rpm for 7 d at 30
ο
C. 

One 7 mm agar plug of actively growing fungus was 

similarly inoculated into NBRIP broth medium and 

incubated at 25
ο
C for 7 d. After incubation, the fungal 

and bacterial broth cultures were centrifuged at 4000 

rpm for 15 min. to obtain a clear crude enzyme, which 

was used to estimate the alkaline phosphatase activity 

(Behera et al., 2017).  

2.8. Alkaline phosphatase assay 

       The ALP enzyme potentials contained in the 

crude cell-free supernatants were assayed using the 

modified method of Sharma et al., (2018). ALP was 

assayed using p-nitrophenyl phosphate (pNPP), which 

is a colorless substrate that yields a yellow 

colorimetric end-product p-nitrophenol (pNP). 

Approximately 30 µl of the crude enzyme was mixed 

with 40 µl of 5 mM  pNPP in 40 µl of 0.5 M Tris-HCl 

buffer (pH 10.0), and incubated at 30
◦
C for 30 min. 

After incubation, the reaction was terminated by 

adding 120 µl of 20 mM NaOH solution. 

Concentration of the released p-nitrophenol was 

determined by measuring the absorbance at 405 nm 

using a microplate photometer (Multiscan FC, Thermo 

Fisher Scientific K.K., Tokyo, Japan), and then 

comparing the difference in absorbance between the 

test sample and the control. One unit of the alkaline 

phosphatase activity was defined as the quantity of 

enzyme required to release 1.0 μM of p-nitrophenol 

from pNPP in 1 min.  

2.9. Effect of some growth parameters on ALP 

production by the selected isolates 
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2.9.1. Incubation time 

       About 5 ml of each bacterial suspension (0.5 

McFarland standard), and 5 agar plugs (7 mm) of each 

actively growing fungal culture were inoculated 

individually into 100 ml of NBRIP broth. The 

inoculated media were incubated at 30
o
C and 25

o
C; 

respectively, with shaking at 180 rpm for 5 d, 7 d, 

respectively An aliquot of broth was aseptically 

withdrawn at 12 h intervals over the period of 

incubation, centrifuged, and then filter sterilized using 

a 0.22 µm membrane filter (Jathoth et al., 2015; 

Behera et al., 2017). The resulting cell-free broth was 

used to determine the amount of produced ALP with 

increasing the incubation time, as earlier described. 

2.9.2. pH  

      The NBRIP broth was prepared as earlier 

described and the pH of each broth was adjusted using 

buffers to values of; 3, 4, 5, 6, 7, 8, 9, 10 and 11 (Chu 

et al., 2019). After autoclaving and cooling, 5 ml 

bacterial suspension of 0.5 McFarland standard and 

five 7 mm agar plugs of actively growing fungi were 

inoculated individually into each of 100 ml of the 

prepared NBRIP broths of varying pH values, and 

then the samples were processed as earlier described.  

2.9.3. Temperature  

       The inoculated NBRIP media were incubated 

individually at varying temperatures of; 28
ο
C, 37

ο
C 

and 45
ο
C with shaking at 180 rpm. After incubation, 

10 ml of each broth was aseptically withdrawn 

periodically at 12 h intervals, centrifuged and then 

filtered using a 0.22µm membrane filter (Jathoth et 

al., 2015; Behera et al., 2017). The resulting culture 

filtrates were used to determine the quantities of the 

produced ALP as earlier described.   

2.9.4. Carbon and nitrogen sources 

      Erlenmeyer flasks containing 100 ml each of 

NBRIP broth modified with different carbon sources 

such as; glucose, sucrose, maltose, starch and fructose, 

were sterilized and then inoculated as described 

above. For the nitrogen sources including; casein, 

gelatin, ammonium chloride, yeast extract and urea 

were used. Representative samples were aseptically 

withdrawn at 24 h intervals and processed as earlier 

described, to determine the amount ALP produced, in 

reference to Jathoth et al., (2015); Behera et al., 

(2017).  

2.10. Production and partial purification of the 

ALP 

      The selected phosphate solubilizing bacterium and 

fungus were cultivated in the optimized NBRIP 

production broth medium. After incubation, the broth 

media were centrifuged at 4000 rpm for 15 min., to 

obtain the crude enzymes. These enzymes were 

partially purified through the acetone precipitation, 

dialyzed and then eluted through a Sephadex gel G-

100 column chromatograph, at a flow rate of 0.5 ml/ 

min. (Niu et al., 2018).  

2.11. Characterization of the partially purified 

ALP 

2.11.1. Effect of pH on the ALP activity and 

stability  

    The effect of pH on enzyme activity was 

determined by using the citrate buffer (pH 3.0-5.0), 

acetate buffer (pH 6.0-7.0), Tris-HCl buffer (pH 8.0-

9.0), and sodium carbonate/ sodium bicarbonate 

buffer (pH 10.0-11.0), in reference to Sharma et al., 

(2018); Chu et al., (2019). The reaction mixture of 

ALP individually contained 30 µl enzyme and 30 µl 

of each buffer of varying pH. The reaction mixtures 

were incubated for 30 min. at 30
ο
C, after which the 

enzyme activity was assayed as previously described. 

For pH stability, the reaction mixtures contained equal 

volumes of the enzyme and the buffer of varying pH, 

which were incubated over 60 min. at 30
ο
C. At 15, 30, 

45 and 60 min. intervals, about 30 µl of pNPP was 

added to 30 µl of the enzyme mixture, and then 

assayed for the residual enzyme activity as previously 

described.   
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2.11.2. Effect of temperature on the enzyme 

activity and stability  

      To determine the effect of temperature on the ALP 

enzyme activity, the enzyme samples were assayed at 

different temperatures ranging from 27, 37, 40, 50, 60, 

70, 80, 90 and 100
ο
C for 30 min. For the thermal 

stability, the enzyme was initially incubated at 

different temperatures ranging from 27
ο
C to 100

ο
C 

over a period of 60 min. (Sharma et al., 2018, Chu et 

al., 2019). At 15, 30, 45 and 60 min. intervals, an 

aliquot was withdrawn and assayed for enzyme 

activity as previously described.   

2.11.3. Effect of different metal ions and 

surfactants concentration on ALP activity  

       Different metal ions such as; Mg
2+

, Na
+
, NH

4+
 and 

Ca
2+

, and inhibitors including; urea, Tween-20, 

Triton-X100 and sodium dodecyl sulphate at various 

concentrations of 1; 2.5, 5.0 and 7.5 mM, were tested 

for their effect on the enzyme activity (Chu et al., 

2019). Equal volume of the enzyme with varying 

concentrations of the metal ions and inhibitors was 

incubated individually at 30
ο
C for 30 min., and then 

the enzyme activity was assayed as previously 

described.   

2.11.4. Effect of increasing the substrate 

concentration on the enzyme activity   

         Different concentrations of p-NPP (1-10 mM) 

were used to determine the kinetics of the alkaline 

phosphatases. The reaction mixture containing equal 

volumes of the enzyme and substrate was incubated at 

30
ο
C for 30 min., and then assayed.  The Km and Vmax 

values were determined using Lineweaver–Burk plots, 

according to Chu et al., (2019). 

2.12. Plant growth promotion efficacy of the 

selected PSMs 

      A greenhouse experiment involving pots 

containing 1 Kg of twice-autoclaved farmyard soil 

mixed with 0.3 % Ca3(PO4)2, was used to evaluate the 

effects of the alkaline phosphatase-producing 

microorganisms on the growth and development of A. 

hybridus and C. olitorius plants (Yadav et al., 2011; 

Adnan et al., 2020), commonly referred to as spinach 

and jute, respectively. Briefly, individual broths of the 

microbial cells were prepared, incubated, centrifuged, 

washed, and then the cell suspensions were adjusted to 

10
8
 cfu\ ml. Seeds of C. olitorius (variety; Oniyaya) 

and A. hybridus (variety; Local Green) were acquired 

from the University of Ibadan Teaching and Research 

Farm. The seeds were surface-sterilized with 3 % 

NaOCl for 30 min., and rinsed with sterile dist. water. 

The seeds were mixed individually with each 

microbial suspension and\or with co-inoculants of 

both microbial cultures, and the set-up was maintained 

under shaking (100 rpm) for12-18 h at 25°C. The 

treated seeds were then aseptically air-dried and used 

throughout the studies. Spinach and jute seeds treated 

with sterile dist. water served as controls (Adnan et 

al., 2020). The treated seeds (10 seeds\ pot) were 

sown at 3 cm depth, and each pot was inoculated 

individually with 1 ml of the microbial inoculants 

(Mohamed et al., 2019; Adnan et al., 2020). For co-

inoculation, an equal volume of each microbial 

species [Bacillus sp. (PSB-29) and Penicillium sp. 

(PSF-8)] was mixed, and then 1 ml of this co-

inoculant was used in inoculating the seeds of A. 

hybridus and C. olitorius. The experimental design 

consisted of 8 treatments in triplicates involving dist. 

water treated spinach seeds (DWTS), dist. water 

treated jute seeds (DWTJ), fungi-treated spinach seeds 

(FTS), fungi-treated jute seeds (FTJ), fungi-treated 

and bacterium-treated spinach seeds (FBTS), fungi-

treated and bacterium-treated jute seed (FBTJ), 

bacterium-treated spinach seeds (BTS) and bacterium-

treated treated jute seeds (BTJ). The assay was set up 

in the greenhouse and watered every 2 d with 100 ml 

of sterile dist. water. After 30 d, the growing plants 

were harvested to evaluate the growth and yield 

parameters including; the shoot height, root length, 

number of leaves, number of capsules (jute), and fresh 

and dry weights of the shoot and the root. The plant 

samples were oven-dried at 65°C for 48 h to a 

constant weight to analyze the plant dry weight, as 

described by the methods adopted by Mohamed et al., 
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(2019); Naziya et al., (2019); Adnan et al., (2020). 

The P concentration in the plant samples was 

determined using the ashed plant materials, in 

reference to Pilar-Izquierdo et al., (2012); Adnan et 

al., (2020). The C. olitorius plant was kept growing 

for up to 60 d to determine the number of capsules 

that it produces. 

2.13. Statistical analysis 

        The descriptive statistics was used to represent 

the mean values of duplicate data involving the 

number of microbial colonies, studies of ALP 

production and its residual activities.  The plant 

growth studies were carried out in triplicates. The 

standard deviations (SD) were reported, and results 

were analyzed using Graph-Pad prism 8. 

 

 

 

 

3. Results 

 

3.1. Isolation of bacteria and fungi from the soil 

and water samples 

 

       Results presented in Table (1) show the count of 

the isolated bacteria and fungi from the soil and water 

samples on NA and PDA, respectively. The dumpsite 

soil sample produced the highest number of bacterial 

colonies (1.57 × 10
7
 cfu\ g), while the lowest count 

was obtained from the concrete fish pond soil sample 

(6.0 × 10
6
 cfu\ g). For the fungi, the garden soil 

sample recorded the highest number of fungal 

colonies (3.9 × 10
8
 cfu\ g), whereas the concrete fish 

pond water sample expressed the lowest fungal count 

(1.3 × 10
8
 cfu\ g). A total of 41 distinct bacterial and 

12 fungal isolates were recovered from the soil and 

water samples. 

 

 

 

 

Table 1: Total number of the bacterial and fungal colonies obtained from the soil and water samples  

 

Source of microorganism 

Bacteria Fungi 

cfu\ (ml
 
or g) cfu\ (ml

   
or g) 

Garden soil 1.02 × 10
7
 3.9 × 10

8
 

Dumpsite soil 1.57 × 10
7
 3.4 × 10

8
 

Concrete fishpond soil 6.0 × 10
6
 1.6 × 10

8
 

Earthen fishpond soil  9.4 × 10
6
 2.4 × 10

8
 

Concrete fish pond water 8.0 × 10
6
 1.3 × 10

8
 

Earthen fish pond water  1.21× 10
7
 3.8 × 10

8
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3.2. Screening of the isolates for phosphate-

solubilization potential 

 

      The microbial isolates exhibited variations in the 

phosphate solubilization index (PSI) ranging from 

2.08 to 3.80 (Table 2). For fungi, isolate PSF-8 

produced the maximum halo zone diameter of 55 

mm, while isolates PSB-29 and PSB-18 recorded the 

maximum halo zone diameter of 15 mm for bacteria. 

The highest recorded PSI's were 3.03 and 3.80 for 

PSF-8 and PSB-29, respectively. A color change in 

the medium from purple to yellow around some of 

the isolates was indicative of the production of 

organic acids, which ultimately caused a pH drop in 

the medium. Only 27 bacterial and 6 fungal isolates 

were able to solubilize the phosphate, observed 

through the formation of halo zones on both PVK 

and NBRIP media. These isolates were able to 

solubilize Tricalcium phosphate on NBRIP medium 

more efficiently than PVK, as the clear halo zones 

were more pronounced and extensive. Thus, NBRIP 

medium was selected for continued microbial 

cultivation. 

 

3.3. Quantitative analysis of phosphate-

solubilization, and identification of the selected 

isolates  

 

        The 9 bacterial and a single fungus with PSI 

greater than 3.0 that were screened for phosphate-

solubilizing ability on NBRIP broth medium, 

recorded solubilization of Ca3(PO4)2; accompanied 

with a decrease in the medium pH from an initial pH 

7.0 to a pH range of 4.2 to 5.54. Meanwhile, the 

concentration of the released soluble P by the 

bacterial isolates ranged from 216.67 µg/ ml (PSB-

19) - 848.89 µg/ ml (PSB-29); however, the highest 

overall P concentration recorded by the fungal 

isolate  PSF-8 was 937.78 µg/ ml. Accordingly, the 

isolates PSB-29 and PSF-8 were selected as the most 

efficient phosphate- solubilizing isolates, and were 

identified microscopically and phenotypically. PSF-

8 was identified as a Penicillium sp., which was 

initially white; but with increasing the incubation 

time, it became dark blue/ green. The reverse of this 

isolate was cream colored, and it had globose 

conidia with septate hyphae under the light 

microscope. On the other hand, isolate PSB-29 was 

identified as Bacillus sp. This isolate was short rod 

and a spore former. It fermented and produced acid 

from glucose; sucrose, lactose maltose and sorbitol. 

It was indole and catalase positive, but showed 

negative results toward oxidase and citrate 

utilization. The two isolates were thus selected for 

further studies. 

 

3.4. Solubilization of different phosphate sources 

by the selected Penicillium sp. (PSF-8) and 

Bacillus sp. (PSB-29), and IAA production 

 

       Quantitative analysis of phosphate solubilization 

using different phosphate sources by the Penicillium 

sp. (PSF-8) and Bacillus sp. (PSB-29) showed that 

both selected isolates were able to solubilize P from 

the other phosphate sources but with lower 

quantities, compared to that obtained on using 

Ca(PO4)3 . The highest microbial solubilization of P 

was realized from (NH4)3PO4  followed by 

NaH2PO4; recording 376.24 and 374.13 μg / ml for 

Penicillium sp. (PSF-8), and 219.87 and 213.87 μg/ 

ml, for Bacillus sp. (PSB-29), respectively. All 

phosphate solubilization activities were 

accompanied with a decrease in the pH of the broth 

media ranging from 3.46 - 4.95 for the Penicillium 

sp., and 4.54 -5.74 for the Bacillus sp.  Moreover, it 

was observed that Penicillium sp. released more P 

than the Bacillus sp. The amount of indole acetic 

acid (IAA) produced by Penicillium sp. (8.97 mg/ l) 

was lower than that produced by Bacillus sp. (20.30 

mg/ l). 

 

3.5. Optimization of the growth parameters for 

maximum production of ALP by Penicillium sp. 

(PSF-8) and Bacillus sp. (PSB-29)  
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Table 2: Phosphate-solubilization potency of the isolated microorganisms   

Bacterial/ 

fungal  

code 

Isolation 

source 

Diameter (mm) 
PSI Medium pH 

Soluble phosphate 

(µg/ ml) Colony Halo 

PSB-1 Pond water 6.0 9.0 2.50 
*
ND ND 

PSB-2 Pond water 6.0 10.0 2.66 ND ND 

PSB-7 Pond water 9.0 11.0 2.22 ND ND 

PSB-8 Garden soil 7.0 9.0 2.28 ND ND 

PSB-11 Garden soil 6.0 13.0 3.10 4.22 267.78 

PSB-12 Dump soil 8.0 12.0 2.50 ND ND 

PSB-15 Pond water 10.0 12.0 2.22 ND ND 

PSB-16 Garden soil 5.0 11.0 3.20 4.21 393.33 

PSB-17 Pond soil 9.0 11.0 2.22 ND ND 

PSB-21 Pond soil 6.0 9.0 2.50 ND ND 

PSB-22 Garden soil 7.0 9.0 2.28 ND ND 

PSB-18 Garden soil 6.0 15.0 3.50 4.74 482.22 

PSB-19 Dump soil 6.0 14.0 3.30 5.23 216.67 

PSB-20 Pond soil 4.0 10.0 3.50 5.38 223.33 

PSB-24 Pond water 4.0 7.0 2.75 ND ND 

PSB-25 Pond water 5.0 7.0 2.40 ND ND 

PSB-28 Garden soil 9.0 12.0 2.50 ND ND 

PSB-29 Garden soil 5.0 15.0 3.80 5.54 848.89 

PSB-30 Garden soil 4.0 11.0 3.75 4.36 337.78 

PSB-31 Garden soil 7.0 9.0 2.28 ND ND 

PSB-32 Pond soil 5.0 12.0 3.40 5.40 747.78 

PSB-33 Pond soil 5.0 7.0 2.40 ND ND 

PSB-34 Dump soil 7.0 9.0 2.28 ND ND 

PSB-35 Garden soil 5.0 11.0 3.20 4.21 398.89 

PSB-36 Garden soil 5.0 7.0 2.40 ND ND 

PSB-37 Garden soil 6.0 11.0 2.80 ND ND 

PSB-38 Pond soil 7.0 13.0 2.85 ND ND 

PSF-3 Garden soil 22.0 31.0 2.41 ND ND 

PSF-4 Pond soil 13.0 19.0 2.46 ND ND 

PSF-6 Garden soil 15.0 20.0 2.33 ND ND 

PSF-8 Garden soil 27.0 55.0 3.03 3.96 937.78 

PSF-9 Garden soil 31.0 54.0 2.74 ND ND 

PSF-11 Pond soil 25.0 27.0 2.08 ND ND 

 Where; ND: not determined, recorded results are means of duplicate readings 
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       Maximum production of ALP enzyme by 

Bacillus sp. (PSB-29) (1.3 U/ ml) was recorded after 

incubation for 2 d (Fig. 1), and decreased with 

increasing the period of incubation. On the other 

hand, maximum enzyme production by Penicillium 

sp. (PSF-8) (1.6 U/ ml) was recorded after 3 and 4 d 

of incubation, and also decreased upon further 

incubation. The medium containing glucose 

supported the maximum ALP production by Bacillus 

sp. (PSB-29) (1.58 U/ ml) after 2 d of incubation 

(Fig. 2a), followed by fructose, sucrose, maltose, 

lactose and starch. 

  

       Glucose also supported maximum ALP 

production by Penicillium sp. (PSF-8) (1.92 U/ ml) 

after 3 d of incubation (Fig. 2b), followed by starch, 

fructose, sucrose, lactose and maltose. The highest 

production level of ALP (1.44 U/ ml) by Bacillus sp. 

(PSB-29) was observed in the broth medium 

containing ammonium sulphate on the 2
nd

 d of 

incubation (Fig. 3a). The same medium supported 

ALP production by Penicillium sp. (PSF-8) (1.48 U/ 

ml), however, yeast extract yielded the maximum 

ALP (1.62 U/ ml) (Fig. 3b). A gradual increase in 

APL enzyme production was observed as the 

temperature increased resulting in maximum 

production by Bacillus sp. (PSB-29) (1.51 U/ ml) at 

42
ο
C on 2

nd
 and 3

rd
 d (Fig. 4a). Penicillium sp. (PSF-

8) produced the highest level of ALP (1.8 U/ ml) on 

the 3
rd

 d at 37
ο
C. Meanwhile, on the 4

th
 and 5

th
 d at 

42
ο
C (Fig. 4b), the ALP yield was 1.8 U/ ml.  The 

broth medium pH did not affect the production of 

ALP by Bacillus sp. (PSB-29) (Fig. 5a); however, a 

gradual increase in ALP level that peaked at pH 8.0 

to 9.0 on the 3
rd

 and 4
th
 d of incubation was observed 

in Penicillium sp. (PSF-8), which decreased 

thereafter (Fig. 5b). 

 

3.6. Characterization of the partially purified 

ALP 

  

       Results demonstrated in Fig. (6) show 

characteristics of the stability and activity of the 

microbial ALP in response to different treatments. 

The activities of the ALPs of Bacillus sp. (PSB-29) 

and Penicillium sp. (PSF-8) were highest at pH 8 

and pH 9 recording 1.349 U/ ml; 1.147 U/ ml; 

respectively, as shown in Fig. (6a). The optimum 

temperature for the ALP activity of Bacillus sp. 

(PSB-29) (Fig. 6b) was recorded at 40°C (1.232 U/ 

ml), while that for Penicillium sp. (PSF-8) was 

observed at 50°C (1.145 U/ ml). The lowest activity 

was recorded at 90
°
C and 100

°
C. The ALPs were 

stable at alkaline pH (Fig. 6e, f), and between 40-

70°C for 60 min. (Fig. 6g, h), for Bacillus sp. (PSB-

29) and Penicillium sp. (PSF-8), respectively. 

Addition of 5.0 mM Mg
2+

 expressed the highest 

level of activity for both ALPs produced by Bacillus 

sp. (PSB-29) and Penicillium sp. (PSF-8). Tween 20 

(5 mM) caused an increased activity of 7 % in 

Bacillus sp. (PSB-29) (Fig 6j). 

 

3.7. Effect of increasing the p-NPP substrate 

concentration on the ALP enzyme activity  

  

       The Lineweaver–Burk plot for the ALPs of 

Bacillus sp. (PSB-29) and Penicillium sp. (PSF-8) 

recorded with increasing the concentration of p-NPP 

as a substrate showed that the Km and Vmax for 

Bacillus sp. (PSB-29) were 11.889 mmol/ l and 

0.0894 µmol/ l/ min.; respectively, while these for 

Penicillium sp. (PSF-8) were 23.596 mmol/ l and 

2.940 µmol/ l/ min., respectively. It was observed 

that the substrate concentrations were directly 

proportional to ALP activity, where the highest 

recorded enzyme activities for Bacillus sp. (PSB-29) 

and Penicillium sp. (PSF-8) were 15.294 U/ ml and 

12.43 U/ ml, respectively. 

 

3.8. The selected phosphate solubilizing isolates as 

effective plant growth promoters 

 

       The effects of Bacillus sp. (PSB-29) and 

Penicillium sp. (PSF-8) on promoting the growth of 

A. hybridus and C. olitorius plants are demonstrated 

in Table (3).  
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Fig. 1: Effect of incubation time on ALP production by Bacillus sp. (PSB-29) and Penicillium sp. (PSF-8)  
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Fig. 2: Effect of different carbon sources on the production of ALP by; (a) Bacillus sp. (PSB-29) and (b) Penicillium sp. 

(PSF-8) 
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Fig. 3: Effect of different nitrogen sources on production of ALP by (a) Bacillus sp. (PSB-29) and (b) Penicillium sp. 

(PSF-8) 
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Fig. 4: Effect of temperature on production of ALP by (a) Bacillus sp. (PSB-29) and (b) Penicillium sp. (PSF-8) 
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Fig. 5: Effect of pH on production of ALP by (a) Bacillus sp. (PSB-29) and (b) Penicillium sp. (PSF-8) 
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Fig. 6: Effect of (a) pH: (e, f) stability; (b) Temperature: (g, h) stability, and (j) Metal ions and inhibitors on ALP activity 

of Penicillium sp. (PSF-8) and Bacillus sp. (PSB-29) 
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Table 3: Plant growth promoting effects of Bacillus sp. (PSB-29) and Penicillium sp. (PSF-8) on A. hybridus 

and C. olitorius plants 

 

Treatment 

Shoot 

height 

(cm) 

Root 

length 

(cm) 

SFW (g) SDW (g) RFW (g) RDW (g) 
No of 

leaves 

No of 

capsules 

P 

(µg/ mg) 

 

DWTS 

 

12.83±0.8 

 

11.6±1.0 

 

27.87±2.5 

 

12.87±0.5 

 

5.98±0.1 

 

2.11±0.1 

 

15.67±1.2 

 

NA 

 

143.43±2.0 

DWTJ 34.33±2.5 12.1±0.4 33.25±0.7 16.34±0.6 10.22±0.5 4.65±0.3 14.33±0.6 2.5±0.5 103.42±1.4 

BTS 14.00±1.0 13.5±1.2 35.76±1.1 16.54±0.6 6.43±0.4 3.31±0.3 21.67±2.1 NA 254.21±4.2 

PTS 4.00±0.2 10.7±0.3 15.65±0.4 6.56±0.2 5.01 2.21±0.3 4.00±0.2 NA 26.75±0.3 

BTJ 42.33±1.5 15.3±0.6 49.27±1.3 24.87±0.8 22.61±1.0 12.76±0.3 25.7±3.2 3.6±1.2 200.23±2.7 

PTJ 22.67±0.1 12.1±0.6 31.74±0.3 15.51±0.3 13.05±0.5 7.21±0.1 15.5±1.5 2.5±0.5 67.98±0.1 

PTBTS - - - - - - - NA - 

PTBTJ 17.00±0.9 11.4±0.2 34.6±1.0 18.87±1.8 11.47±0.3 6.98±0.6 14.0±0.6 2 24.66±0.4 

Where; Dist. water treated spinach seeds (DWTS), Dist. water treated jute seeds (DWTJ). Penicillium sp. (PSF-8) treated 

spinach seeds (PTS), Penicillium sp. (PSF-8) treated jute seeds (PTJ), Penicillium sp. (PSF-8) and Bacillus sp. (PSB-29) 

treated spinach seeds (PBTS), Penicillium sp. (PSF-8) and Bacillus sp. (PSB-29) treated jute seed (PBTJ)), Bacillus sp. 

(PSB-29) treated spinach seeds (BTS), Bacillus sp. (PSB-29) treated jute seeds (BTJ), shoot fresh weight (SFW), shoot 

dry weight (SDW), root fresh weight (RFW), root dry weight (RDW), none applicable (NA), organic phosphorus (P), 

(±): Standard deviation 

 

 

 

A better overall growth enhancement was observed 

on treatment with Bacillus sp. (PSB-29), compared 

to Penicillium sp. (PSF-8). Amongst the treatments, 

maximum enhancements of growth promotion were 

recorded in the Bacillus sp. (PSB-29) treated Jute 

seeds, recording 23.3 %, 26.4 %, 48.2 %, 52.2 %, 

21.23 %, 174.4 %, 79.34 %, 44 % and 93.6 % 

improvement of the shoot height, root length, shoot 

fresh weight, shoot dry weight, root fresh weight, 

root dry weight, number of leaves, number of 

capsules and total organic P; respectively, compared 

to the untreated control. In the Penicillium sp. (PSF-

8) treated C. olitorius plant; however, a 27.7 %, 55.1 

% and 8.16 % increase in the root fresh weight, root 

dry weight and number of leaves was recorded 

compared to the control. On the other hand, co-

inoculation of the seeds with the microbial isolates 

did not enhance the plant shoot and root length. 

Fungal treatments of the spinach and jute seeds 

resulted in 81.3 and 34.3 % reduction of the P 

content in the plants, compared to the control, 

whereas the bacterial treatment enhanced the P 

content in both C. olitorius and A. hybridus plants. 

The only growth promoting potential of Penicillium 

sp. (PSF-8) on the spinach plant was recorded on the 

dry root weight (a 4.74 % increase); however, the 

shoot length was reduced 3 times, compared to the 

control. 

 

4. Discussion  

       In the current study, phosphate-solubilizing 

bacteria and fungi were isolated from the soil and 

water samples; evidenced by the formation of halo 

zones around the microbial colonies on the PVK and 

NBRIP-agar medium, due to the production of 

organic acids into the surrounding medium 

(Nautiyal, 1999, Mehta and Nautiyal, 2001; Kalayu, 
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2019). The microorganisms solubilized Tricalcium 

phosphate more efficiently on NBRIP medium than 

on PVK medium; as they produced clear and visible 

halos on NBRIP only, in accordance with results of 

the previous study conducted by Sanjotha and 

Manawadi, (2016).  It was observed that the addition 

of a pH indicator dye (Bromocresol purple) that 

changed the medium color when the pH decreased, 

revealed a visual means for screening the microbial 

phosphate-solubilizing activity, and hence, aided in 

the selection of efficient isolates cultivated on the 

PVK and NBRIP media (Khan et al., 2014; Li et al., 

2019).  

       The maximum bacterial and fungal phosphate 

solubilization index was exhibited by Bacillus sp. 

(PSB-29) and Penicillium sp. (PSF-8), respectively. 

This high phosphate-solubilizing potential is 

possibly attributed to the microbial types, and to the 

diffusion of the organic acids secreted by the 

microorganisms (Yadav et al., 2011; Oteino et al., 

2015; Li et al., 2019, Odeniyi and Itaba, 2020). 

Several authors had reported the production of 

organic acids as a solubilization mechanism of 

inorganic phosphorus by the microorganisms 

(Kishore et al., 2015; Elias et al., 2016; Kalayu, 

2019). This is possibly due to the production of 

varied organic acids from glucose, which dissolve 

the phosphate compounds and/or chelate cations/ 

phosphorus ions (PO4
3-

), to release P into the 

solution (Yadav et al., 2011). The drop in pH of the 

cultures has been reported in several studies 

(Nautiyal, 1999, Malviya et al., 2011; Elias et al., 

2016); in addition, the protons associated with 

microbially-secreted extracellular polysaccharides 

might also support the phosphate dissolution into the 

growth medium, as explained by Kishore et al., 

(2015); Li et al., (2019). The highest bacterial P 

concentration (848.88 µg/ ml) was released by 

Bacillus sp. (PSB-29), and similar phosphate-

solubilization efficiency (876 µg/ ml) by 

Pseudomonas sp., was previously reported by 

Sharma et al., (2018).  

       The optimum temperature for maximum ALP 

production was at 42
ο
C after 48 h of incubation for 

Bacillus sp. (PSB-29) and after 72 h for Penicillium 

sp. (PSF-8). In accordance, another documented 

example of high ALP producing bacterium after 48 

hours of incubation at 45
ο
C was Serratia sp., 

observed in the previous study conducted by Behera 

et al., (2017).  Temperature is an important 

parameter to which the microbial responses may 

vary, since it affects the interior of the microbial 

cell, as well as the biological activity of soils 

(Behera et al., 2017). Microorganisms tend to grow 

and multiply rapidly at warmer temperatures (20-

45
ο
C), as their molecules tend to move faster; the 

enzymes increase their rate of action and the cells 

rapidly increase in size (Khan et al., 2014). 

       The types of carbon and nitrogen sources 

utilized by the microorganisms may affect the 

amount of the enzyme produced. In this study, both 

Bacillus sp. (PSB-29) and Penicillium sp. (PSF-8) 

showed maximum ALP production in medium 

supplemented with glucose. Bacillus sp. (PSB-29) 

produced highest level of ALP on growing on 

ammonium sulfate as a nitrogen source, while 

Penicillium sp. (PSF-8 occurred) recorded higher 

levels in yeast extract medium. Previous studies 

conducted by Zhang et al., (2017); Li et al., (2019) 

reported that the phosphate solubilizing efficiency of 

the microorganisms is frequently related to their 

ability to secrete organic acids; the nature and 

quantity of these acids varies within the different 

sole carbon sources used and the microbes. In 

agreement with our study, Nautiyal, (1999) observed 

that when glucose was used as a carbon source, the 

microorganisms produced higher amounts of organic 

acids, which resulted in higher solubilization of 

insoluble phosphate. Similarly, Tahir et al., (2017) 

added that increasing the concentrations of the 

energy sources will enhance the phosphate-

solubilizing potency of the microorganisms.     

       Alkaline phosphatase produced by Bacillus sp. 

(PSB-29) exhibited maximum activity at pH 8 on 

using p-NPP as substrate. In accordance, Dhaked et 
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al., (2005); Mahesh et al., (2010) also reported an 

optimum pH of 8 by Bacillus sphaericus P9 and a 

Bacillus sp., respectively. ALP of Bacillus sp. (PSB-

29) had a relatively higher activity at pH 8 than pH 9 

and 10, which may be attributed to the enzyme 

different sensitivity to Tris–HCl buffer (Chu et al., 

2019). As the pH of the medium increased; the 

enzyme activity decreased, due to the effect of the 

charges on the amino acids present in the active site 

that inhibited the formation of an enzyme-substrate 

complex. Maximum activity of ALP of Penicillium 

sp. (PSF-8) was recorded at pH 9, which was the 

maximum defined ALP activity also of Alcaligenes 

faecalis (Behera et al., 2017), and with Rhizopus 

microsporus var. rhizopodiformis (Raheb et al., 

2006). 

       The enzymes require cofactors such as metal 

ions for their structure, activation and assist in the 

enzyme-substrate binding (Chu et al., 2019). 

Maximum enzyme activity occurred in the presence 

of Mg
2+

 in Bacillus sp. (PSB-29), which agrees with 

the previous works of Behera et al., (2017); Sharma 

et al., (2018); Li et al., (2019); Tang et al., (2019), 

which reported the relevance of divalent metals in 

promoting the enzymatic activities. In accordance, 

ALP from several other microorganisms was 

enhanced by Zn
2+

, Ca
2+

 and Mn
2+

 (Behera et al., 

2017; Chu et al., 2019). All concentrations of Urea 

and Tween 20 inhibited the ALP activities of 

Bacillus sp. (PSB-29) and Penicillium sp. (PSF-8). 

In the recent study of Li et al., (2019), other 

substances have been reported to inhibit ALP 

activity including EDTA and Flouro-oxalate.  

      The temperature influences the rate and activity 

of the enzymes through accelerating the velocity of 

the enzyme catalyzed reaction upon the increase in 

temperature (Tang et al., 2019), and the degree of 

this temperature varies from organism to organism. 

In this study, maximum ALP activity was observed 

at 40°C for Bacillus sp. (PSB-29) and at 50°C for 

Penicillium sp. (PSF-8). A previous work of Chu et 

al., (2019) reported 37°C as the optimum 

temperature for the ALP purified from Lactobacillus 

casei, whereas Zhang et al., (2018) revealed that the 

ALP purified from P. aeruginosa exhibited its 

optimum activity at 40°C. On the other hand, 

Dhaked et al., (2005) reported a much lower 

optimum temperature of 25°C for B. sphaericus P9, 

while Zhang et al., (2007); Mahesh et al., (2010) 

reported optimum temperatures of 62°C and 65°C 

for Geobacillus thermodenitrificans T2 and a 

Bacillus sp. respectively.  

      This study revealed that ALP of both Penicillium 

sp. (PSF-8) and Bacillus sp. (PSB-29) had higher 

substrate specificity to p-NPP, and the enzyme 

activity was amplified with the increase in the 

substrate concentration. In accordance, Chu et al., 

(2019) reported similar Km and Vmax with the ALP 

produced by L. casei 355 on using p-NPP as a 

substrate.  

      According to Seenivasagan and Babalola, 

(2021), the use of microbial inoculants as “live 

microbial biofertilizers” provides a promising 

alternative to the chemical fertilizers and synthetic 

pesticides. Solubilization of inorganic phosphate is 

one of the major mechanisms of plant growth 

promotion by the plant associated microorganisms, 

in addition to the production of plant growth 

hormones such as IAA. Oteino et al., (2015); Naziya 

et al., (2019) suggested that microbial release of 

organic acids into the soil solubilize the phosphate 

complexes, thus convert them into soluble phosphate 

that becomes available for the plant up-take and 

utilization. Currently, the detected amount of the 

produced IAA, which is an indicator of plant 

growth-promoting activities, was similar to that 

reported by Myo et al., (2019), but lower than that 

reported by Bunsangiam et al., (2021). These 

differences may be attributed to the difference in 

environmental sources and to variability among the 

microorganisms. 

       Bacillus sp. (PSB-29)-treated spinach (BTS) and 

jute (BTJ) seeds produced the highest biomass (i.e. 

root and shoot weights) and organic P for both 

plants, compared to the control. It was also observed 
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that Penicillium sp. (PSF-8) did not support the 

growth of A. hybridus as it supported the growth of 

C. olitorius. This suggests that Bacillus sp. (PSB-29) 

more efficiently solubilized the insoluble phosphate 

present in the soil; causing the release of soluble P, 

which was then easily absorbed by the plants 

resulting in enhanced plant growth.  

       It has been suggested that co-inoculation of the 

plant seeds with two or more microbial strains tends 

to significantly increase the plant growth, compared 

to single inoculations (Li et al., 2019). In this study, 

co-inoculation of Bacillus sp. (PSB-29) and 

Penicillium sp. (PSF-8) did not enhance the growth 

of A. hybridus over the control plants; conversely, 

there was a decline in the growth of A. hybridus. 

However, for C. olitorius, co-inoculation of both 

microbial isolates resulted in higher fresh and dry 

root and shoot weights compared to the control, but 

was lesser than single inoculation with Bacillus sp. 

(PSB-29). Previous studies conducted by Yadav et 

al., (2011); Kalayu, (2019) revealed the synergistic 

effects of two or more plant growth promoting 

microorganisms. In the study of Kalayu, (2019), P. 

striata and B. polymyxa that were co-inoculated 

along with a strain of Azospirillum brasilense; 

significantly improved the grain and dry matter 

yields; in addition to an increase in the N and P 

contents, compared to single inoculation with each 

strain. In agreement with the current results, Yadav 

et al., (2011) carried out co-inoculation treatments 

with strains of Trichoderma harzianum and 

Aspergillus niger and reported significant increases 

in the shoot and root length and in the dry weights, 

compared to single inoculations and\or the control; 

along with an enhanced soil fertility. In accordance 

with the current results, Youssef et al., (2020) 

evaluated the growth and yield responses of Jute (C. 

olitorius) seeds on inoculation with a biofertilizer, 

which contained molasses as organic material in 

addition  to mixed cultures of Bacillus, Candida and 

Trichoderma spp., and recorded supported and 

improved plant growth parameters over the control. 

Conclusion 

       The current study showed that P; as an essential 

element in plant growth and nutrition, was 

successfully solubilized from insoluble phosphates 

by Bacillus sp. (PSB-29) and Penicillium sp. (PSF-

8), with a high PSI. The alkaline pH and mesophilic 

temperature range enhanced both the ALP 

production and activity. Both microbial isolates 

produced the growth hormone IAA into the 

rhizosphere of the jute and spinach plants, in 

addition to causing the release of soluble phosphate 

that was subsequently assimilated by the plants, 

thereby improving the crop productivity.  The use of 

efficient PSMs creates a better prospect for soil 

health, and therefore more studies on the PSMs 

should be undertaken to enhance the crop 

productivity.   
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