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Phosphorus (P) is the major essential macronutrient of plants. But its availability in Indian soil is 
relatively low due to high rate of P fixation. The use of phosphate solubilizing microorganism (PSM) to 
solubilize the fixed form of P is economically reasonable and ecologically safe as compared to chemical 
phosphatic fertilizers. Fungi have been reported to possess greater ability to solubilize insoluble 
phosphate than bacteria. However, phosphate solubilizing efficiency of PSM is found to be affected by 
different environmental factors. The main objective of this work was to optimize different process 
parameters for the solubilization of rock phosphate (RP) by the phosphate solubilizing fungus, 
Penicillium purpurogenum Stoll (NFCCI 3788) isolated from paddy field. The concentration of soluble P 
release by the isolate was tested in Pikovskaya’s broth supplemented with RP. Glucose (169 µg/ml) and 
sucrose (153 µg/ml) significantly promoted P solubilization as compared to other carbon sources. 
Ammonium sulphate was found to be optimum for maximum RP solubilization. Change in medium pH 
and mycelial dry weight were also recorded in all the tested groups. The fungus showed different levels 
of phosphate solubilization under different NaCl concentration tolerating maximum upto 6% sodium 
chloride concentration. 

 
Key words: Penicillium purpurogenum Stoll, carbon source, nitrogen source, optimization, rock phosphate, 
Chhattisgarh. 

 
 
INTRODUCTION 
 
Phosphorus (P), the second most essential element after 
nitrogen, is required by the plants for their growth and 
development. Apart from its abundance in soil in both 
organic  and  inorganic  forms,  the  availability  of  

soluble  P in the soil is limited, explaining the need for the 
application of chemical phosphatic fertilizers for adequate 
plant growth. But, use of chemical fertilizers on a regular 
basis  has  become   costly   affair   and   environmentally  
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undesirable. Moreover, large fraction of applied P as 
chemical fertilizers becomes immobile through 
precipitation reaction with highly reactive Al

3+
 and Fe

3+
 

ions in acidic soil and Ca
2+

 in calcareous or normal soil 
(Gyaneshwar et al., 2002). Natural phosphate rocks have 
been recognized as a valuable alternative for synthetic P 
fertilizers. Conventionally, RP is processed through 
chemical methods that increases fertilizer cost and 
makes the environment worse (Panda et al., 2008). The 
involvement of soil microorganisms in dissolution of fixed 
forms of P and solubilization of RP is well documented by 
many researchers (Goldstein, 1986; Kucey et al., 1989; 
Khan et al., 2007; Xiao et al., 2008). These micro-
organisms are known as phosphate solubilizing 
microorganisms (PSM) and include bacteria, fungi and 
actinomycetes. Several strategies for the solubilization of 
P are adapted by these organisms, the potential 
mechanisms either by proton extrusion associated with 
ammonium assimilation (Roos and Luckener, 1984), or 
by organic acid production (Cunningham and Kuiack, 
1992). The availability of P in soil is regulated by several 
environmental factors (Hameeda et al., 2008; Srividya et 
al., 2009), such as nutritional parameters, physiological 
functions and growth dynamics of the microorganisms 
(Chen et al., 2006). Therefore, PSMs can be very 
effective in solubilizing the insoluble phosphate with 
(Vassilev et al. 1996) or without (Illmer and Schinner 
1995) organic acid production. Furthermore, in most 
studies, ammonium was found to be better nitrogen 
source than nitrate (Asea et al., 1988) while in some 
studies, nitrate was reported as better nitrogen source 
(Relwani et al., 2008). The solubilizing ability has also 
been influenced by the P source (Nahas, 1996). These 
findings suggest that phosphate solubilization was 
affected by various carbon and nitrogen sources.  
Moreover, the performance of PSM has also been found 
to be severely affected by stressors (Yadav et al., 2010) 
such as low and high temperature, pH, salinity, etc. 
These stressors affect the plant physiology and growth 
and the activity of plant beneficial microbes including 
PSM (Mussarat and Khan, 2014). Thus, it seems to be 
important to evaluate the effect of different factors on 
solubilization of P by the fungus. The main objective of 
this work was to examine the effect of carbon and 
nitrogen sources, RP concentration and salinity on fungal 
growth and solubilization of RP by Penicillium 
purpurogenum Stoll.  
 
 

MATERIALS AND METHODS 
 

Isolation of fungi 
 

Fungal strain was isolated by serial dilution agar plating method on 
potato dextrose agar (PDA from Hi Media, India) plates from 
rhizosphere soil (pH 5.61) of paddy plant from Raipur, Chhattisgarh, 
India. The PDA plates were incubated at 28±2°C for five days. 
Based on distinct morphological characteristics, fungal colony was 
selected and purified by repeated sub culturing. The pure culture 
was maintained in PDA slants by sub culturing once in a month.  
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Screening for phosphate solubilization 
 

Qualitative P solubilization assay 
 
The fungal isolate was subjected to qualitative assay for P 
solubilization using Pikovskaya’s Agar (PKA from Hi Media, India) 
medium. For this, spore suspension of 5-day old fungal isolate 
cultivated on PDA was prepared in normal saline. Optical density of 
the culture was adjusted to 0.3 using spectrophotometer (Elico 
SL27) at 520 nm wavelength. 10 µl suspension of the culture was 
inoculated on PKA plates in triplicates and incubated at 28±2°C for 
5 days. A clear halozone around the colony indicated P 
solubilization and expressed as solubilization index (SI) which in 
turn was calculated using the following formula (Premono et al., 
1996): 
 

 
 
 

Quantitative phosphate solubilization assay 
 
The fungal isolate was further subjected to second step of selection 
based on the quantitative P solubilization in Pikovskaya’s broth (Hi 
Media, India) amended with 0.5% of RP/TCP as insoluble P 
sources. The initial pH of the broth was adjusted to 7.00±0.03 with 1 
N HCl and 1 N NaOH using pH meter (Elico LI610). Flasks 
containing fungal culture were incubated at 28±2°C upto 5th, 7th and 
9th days along with uninoculated control. Cultures were harvested 
after incubation periods by filtering with Whatman no. 42 filter paper 
in order to record the change in pH and concentration of released 
phosphorus in the filtrate. Activated charcoal was added in filtrate in 
order to avoid color produced by the fungal culture. The final pH of 
the culture filtrate was measured with a pH meter. Soluble 
phosphate concentration in filtrate was quantified by the vanado-
molybdate method (APHA, 1999). It was expressed as µg/ml 
phosphorus released in culture medium. 
 
 

Identification of fugal isolate  
 
The fungus was inoculated aseptically on PDA plates and 
incubated at 28±2°C for five days and assessed for its 
morphological characteristics. Further, it was characterized through 
National Fungal Culture Collection (NFCCI), Agharkar Research 
Institute, Pune, Maharashtra, India. 
 
 

Effect of different nutritional parameters and salinity on P 
solubilization 
 
To evaluate the most significant medium constituents affecting 
phosphate solubilization, three factors viz. carbon, nitrogen and RP 
concentration were initially chosen to find out the possible best 
sources. The optimization was performed using one factor at a time 
(OFAT) to determine optimum conditions. The fungal isolate was 
inoculated in 250 ml flasks containing 100 ml of Pikovskaya’s broth 
amended with 0.5 g of RP. To study the effect of carbon sources on 
the P solubilization, six different carbon sources, that is,  glucose, 
sucrose, fructose, maltose, mannitol, xylose and starch along with 
control (without carbon source) were used. Each carbon source 
was added at a concentration of 10.0 g L-1. For selection of most 
appropriate nitrogen source, six different sources, that is, 
ammonium sulphate (AS), ammonium chloride (AC), sodium nitrate 
(SN), potassium nitrate (KN), glycine (GL) and urea (UR) along with 
control (without nitrogen source) were used. Each nitrogen source 
was added at a concentration of 0.5 g L-1. The efficacy of RP 
concentration  on   P   solubilization   was   studied   by  varying  RP  

SI =
Colony diameter + Halozone diameter

Colony diameter
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Figure 1. Concentration of soluble P and final pH of the culture medium at different 
incubation periods (data are means of three replicates±SE). 

 
 
 
concentrations from 1 to 6%. Flasks containing 0.5% of RP was 
used as control. The effect of sodium chloride concentration on the 
P solubilization was performed in seven different concentrations of 
sodium chloride ranging from 0.2 to 6%. Flasks without sodium 
chloride were used as control. Initial pH of the medium was 
adjusted to 7.00±0.03. Flasks were inoculated with 5% v/v spore 
suspension (2 x 106spores/ml) and incubated at 28±2°C for five 
days. Final pH of the filtrate and soluble phosphate concentration 
were estimated as mentioned above. The fungal biomass (mycelial 
dry weight) was determined by weight loss after drying at 105°C in 
a hot air oven (Tempo SM 1063) for 48 h (Aneja, 2003).  
 
 
Analysis 
 
Data (three replicates) were subjected to ANOVA and Duncan 
multiple range test (0.05 level of probability) using SPSS version 16 
software.  
 
 

RESULTS 
 
Fungal strain 
 

The fungus was identified as Penicillium purpurogenum 
Stoll (NFCCI 3788) by NFCCI, Pune, Maharashtra, India. 
 

 
Solubilization assay 
 

A clear halozone around the colony having SI 2.29±0.03 
was observed. Also, a significant quantity of soluble P 
was detected in medium supplemented with RP/TCP. 
Phosphate solubilization was accompanied by a decline 
in pH of the broth. The fungal isolate solubilized 188.33, 
212.5 and 206.67 µg/ml of P from TCP  with  decrease  in 

pH from 7.0 to 3.02, 3.21 and 3.39 and 84.17, 106.67 and 
100.83 µg/ml of P from RP with decrease in pH 3.51, 
4.29 and 5.49 after 5, 7 and 9 days of incubation, 
respectively (Figure 1). However, solubilization was found 
to be higher in case of TCP as compared to RP.  
 
 
Effect of carbon source 
 
The results of optimization using different carbon sources 
are summarized in Figures 2 and 3. The maximum P 
solubilization was detected with glucose (169±10.83 
µg/ml) followed by sucrose, maltose, xylose, mannitol 
and fructose, whereas the minimum level of solubilization 
was recorded with starch (22.5±1.44 µg/ml). Values were 
significant at the level of p<0.001. A significant (p<0.001) 
drop in pH from initial value of 7.0 was recorded in all 
treatments and the value being lowest with mannitol 
(3.02±0.03). Though high solubilization was observed 
with glucose, more growth was found with mannitol 
(0.19±0.01g) and lowest growth was recorded with starch 
(0.04±0.003 g). In the control (without any added carbon 
source), solubilization of phosphate was not observed 
while some growth and pH drop was recorded due to the 
presence of yeast extract in the culture broth. 
 
 

Effect of nitrogen source 
 
Conversely, a higher concentration of soluble P was 
found in the case of the control (189±7.26 µg/ml). This 
may be due to the presence of yeast extract in the 
medium  which  is  a  source  of  nitrogen.  In  the   tested  
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Figure 2. Effect of different carbon sources on concentration of soluble P and pH of the 
culture medium (data are means of three replicates±SE). Means with the same alphabets 
are not significantly different at p = 0.05 (Duncan’s).  

 
 
 

 
 

Figure 3. Effect of different carbon sources on mycelial dry weight (data are means of 
three replicates±SE). Means with the same alphabets are not significantly different at p = 
0.05 (Duncan’s).  

 
 
 

groups, maximum solubilization was observed in the 
presence of ammonium sulphate (105±2.88 µg/ml), 
whereas lowest level of solubilization was observed with 
sodium nitrate (10.0±1.44 µg/ml). The values were 
significant at the level of p<0.001. pH of the culture 
medium significantly (p< 0.001) declined from initial pH of 
7.0. The lowest value of pH was recorded in the case of 
the control (3.07±0.03) followed by ammonium chloride 
(4.23±0.06) (Figure 4). Although, higher soluble P 
concentration was recorded  in  the  case  of  the  control, 

significantly (p< 0.001) more growth was observed in the 
presence of potassium nitrate (0.37±0.003g) followed by 
urea (0.35±0.005 g), whereas lowest value was observed 
for the control (0.13±0.006g) and sodium nitrate 
(0.14±0.01g) (Figure 5). 
 
 
Effect of RP concentration 
 
A  continuous  decrease  in  the  level  of  soluble  P  was  
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Figure 4. Effect of different nitrogen sources on concentration of soluble P and pH of the 
culture medium (data are means of three replicates±SE). Means with the same alphabets 
are not significantly different at p = 0.05 (Duncan’s). 

 
 
 

  
 

Figure 5. Effect of different nitrogen sources on mycelial dry weight (data are means of 
three replicates±SE). Means with the same alphabets are not significantly different at p = 
0.05 (Duncan’s). 

 
 
 
observed with successive increase in RP concentration 
which is significant (p< 0.001) when the amount of RP 
increased from 1 to 2%. However, the optimum 
solubilization was observed in the case of control (0.5% 
RP) and the value was 108±2.20µg/ml. Significant (p< 
0.01) drop in pH was observed at 5% (4.15±0.13) and 6% 
(4.17±0.06) (Figure 6). Significant (p< 0.001) increase in 
mycelial dry weight was observed with increasing 
concentration of RP (Figure 7).  

Effect of salinity 
 
The concentration of soluble P was found to be 
significantly (p< 0.001) higher in the case of control 
(129±5.06 µg/ml) and a subsequent decrease in the 
concentration of soluble P was observed with the 
increasing concentration of sodium chloride. Significant 
(p< 0.001) reduction in medium pH of test groups was 
recorded as compared to the control. The lowest value  of  

 

a 

b 
cd 

e 

bcd 
d 

bc 

2.5

3

3.5

4

4.5

5

5.5

6

6.5

0

40

80

120

160

200

C
o
n

tr
o
l

A
S

A
C

S
N

K
N

G
L

U
R

p
H

 

C
o

n
ce

n
tr

a
ti

o
n

 o
f 

so
lu

b
le

 p
h

o
sp

h
a

te
 

(µ
g

/m
l)

 

P pH

 

d 

b 

c 

d 

a 

b 

a 

0.1

0.15

0.2

0.25

0.3

0.35

0.4

C
o

n
tr

o
l

A
S

A
C

S
N

K
N

G
L

U
R

M
y

ce
li

a
l 

d
ry

w
ei

g
h

t 
(g

ra
m

) 



Verma and Ekka          361 
 
 
 

 
 

Figure 6. Effect of varying concentration of RP on concentration of soluble P and pH of the 
culture medium (data are means of three replicates±SE). Means with the same alphabets are 
not significantly different at p = 0.05 (Duncan’s).  

 
 
 

 
 
Figure 7. Effect of varying concentration of RP on mycelial dry weight (data are means of 
three replicates±SE). Means with the same alphabets are not significantly different at p = 
0.05 (Duncan’s). 

 
 
 
pH was observed at 6% sodium chloride (2.80±0.03) 
followed by 5% (3.04±0.07) and 3% (3.22±0.04) (Figure 
8). Initially an increase in fungal biomass was observed 
upto 1% sodium chloride concentration and then 
decreased with the increasing level of sodium chloride 
(Figure 9) which is significant at the level of p<0.001. 

DISCUSSION 
 
In agreement with several published reports, this study 
confirms phosphate solubilizing efficiency of a soil fungus. 
A number of different filamentous fungi have been 
reported as potential P solubilizers by  many  researchers  
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Fig. 7 Effect of varying concentration of R 
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Figure 8. Effect of varying concentration of NaCl on concentration of soluble P and pH of the 
culture medium (data are means of three replicates±SE). Means with the same alphabets are 
not significantly different at p = 0.05 (Duncan’s). 

 
 
 

 
 
Figure 9. Effect of varying concentration of NaCl on mycelial dry weight (data are means of 
three replicates±SE). Means with the same alphabets are not significantly different at p = 
0.05 (Duncan’s).  

 
 
 
and among these fungi, Aspergillus and Penicillium are 
predominant (Mahamuni et al., 2012; Posada et al., 
2013). Penicillium pupurogenum has been reported as 
phosphate solubilizer by earlier researchers (Scervino et 
al., 2010; Yadav and Tarafdar, 2011).  

The appearance of clear halozone around the colony 
indicated phosphate solubilization by the fungus which  is 

in accordance with the findings of Gupta et al. (2007). 
The SI value for the fungus was found to be 2.29. 
Similarly, Seshadri et al. (2004) reported the SI values for 
ten different strains of Aspergillus niger that ranged from 
1.2-3.4 on the fifth day of incubation. In another study, 
the SI for P. purpurogenum was found to be 1.3 after four 
days of incubation  (Yasser  et  al.,  2014).  The  RP  was 
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poorly solubilized as compared to TCP. The most likely 
explanation is that the RP is more complex in structure 
than TCP. In addition to containing P-Ca, the RP contain 
other elements such as Mn, Zn, Fe and Cu which 
certainly affect organic acid production even in low 
concentration (Gadd, 1999; Mendes et al., 2014). Our 
data showed reduction in pH of the medium. Several 
earlier studies have reported that P solubilization is 
associated with the production of organic acids, which 
chelate cations through their carboxylic acid group and 
convert it into soluble form (Kpomblekou and Tabatabai, 
1994; Sane and Mehta, 2015). However, with further 
incubation, phosphate solubilization increased with 
increase in pH. These results support earlier reports that 
phosphate solubilization is not necessarily associated 
with organic acid production (Abd Alla, 1994; Nautiyal et 
al., 2000). Cause of increase of pH of the medium after a 
certain period can be explained as the catabolic activity 
of fungi on organic acid as reported by Nielsen et al. 
(1994).  

Different fungi use different carbon sources, and based 
on the carbon source, fungi use alternative metabolic 
pathways to produce organic acids. The process of P 
solubilization is greatly influenced by the organic acids 
produced in the medium because it provides a source of 
protons for solubilization (Gadd, 1999). The organic acids 
are the product of the microbial metabolism; mostly by 
oxidative respiration or by fermentation of organic carbon 
sources (For example, glucose) (Atlas and Bartha, 1997). 
Such organic acids can either directly dissolve the 
mineral P as a result of anion exchange or by chelating 
cations associated with P (Omar, 1998). It has been also 
reported that the nature of acid produced is more 
important than the quantity of the acid (Srividya et al., 
2009). Glucose and xylose was found to be the best 
source of energy for the fungi (Rose, 1957). Penicillium 
citrinum Thom. showed maximum significant P 
solubilization in the presence of glucose followed by 
glycerol, maltose and sucrose. Drop in pH was also 
recorded for all the tested carbon sources. Similar results 
were reported by many researchers for various other 
fungi (Yadav et al., 2011; Bhattacharya et al., 2015). The 
maximum wet fungal biomass of A. niger was observed in 
the presence of mannitol (Seshadri et al., 2004).  

For many fungi, NH4
+
 driven proton release seems to 

be the sole mechanism to promote P solubilization (Illmer 
and Schinner, 1992). Further, Reyes et al. (1999) 
reported the involvement of the H

+
 pump mechanism in 

the solubilization of small amounts of P in Penicillium 
rugulosum.  Ammonium sulphate was found to be the 
best source of nitrogen for the solubilization of P. Similar 
results have been highlighted by earlier researchers 
(Pradhan and Shukla, 2005; Srividya et al., 2009). 
Increase in the level of soluble P was recorded in 
medium supplemented with ammonical nitrogen as 
nitrogen source by Penicillium bilaji (Asea et al., 1988). 
However, any significant relationship between the level of  
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soluble P and pH drop could not be found. This indicates 
that acid production is not the only reason for P 
solubilization. Yeast extract was reported as the best 
nitrogen source utilized by P. chrysogenum for maximum 
phosphate solubilization (El-Badry et al., 2015). Though, 
the higher P solubilization was observed in the case of 
control, lowest fungal mycelial dry weight was recorded in 
control as compared to other nitrogen sources. As the 
amount of fungal biomass continued to increase slowly, 
the determined phosphate in the solution probably 
corresponded to the amount which was not consumed by 
the mycelium (Vassilev et al., 1996). Thus, the nature of 
carbon and nitrogen source used by the microbes directly 
influence the organic acid production and thereby the 
solubilization activity.   

The highest level of P solubilization was found at 0.5% 
RP concentration, the value decreases with increase in 
RP concentration. A. niger (PSF4) showed highest 
soluble P content at 1% RP concentration. Also, the 
greater conversion of RP into soluble P was observed in 
the presence of lower concentration of RP. A sharp 
decline in the soluble P content was recorded with 
increasing concentration of RP (Panda et al., 2008). This 
may be due to the inhibitory effect of metals like Al, Ca 
and Fe present in RP. These metals inhibit the growth 
and activity of fungi or cause change in pH of the 
medium, which in turn affect P solubilization (Gaur and 
Sacher, 1980). Xiao et al. (2008) also reported a 
decrease in soluble P content when concentration of RP 
increased from 2.5 to 4.0 gL

-1 
by Penicillium expansum, 

Mucor ramosissimus and Candida krissi. However, 
increase in mycelial dry weight was observed with 
increase in RP concentration. Under limited P availability 
(when the very high P fixing soils were present), 
Mortierella sp. tend to accumulate P in its cells instead of 
releasing it into the growth medium (Osorio et al., 2015).   

A simultaneous decrease in the solubilization of P and 
mycelial dry weight were recorded with increasing 
concentration of sodium chloride. Similar finding was 
reported by many workers (Rosado et al., 1998; Nautiyal, 
1999; Kang et al., 2002; Saber et al., 2009). Xiao et al. 
(2011) tested the P-solubilizing efficiency of A. niger, A. 
japonicus and Penicillium simplicissium in the presence 
of 0% to 3.5% NaCl concentration. They observed an 
increase in the level of soluble P and the growth of fungal 
spores when the NaCl concentration was increased from 
0 to 1.0%. But, a gradual decrease in both the 
parameters was observed above 1.0%. The reduction in 
P activity under high salt environment can be explained 
by the adverse effect of salts in growth and cell 
proliferation resulting in a loss of solubilization efficiency 
and sequestration or neutralization of protons or acids by 
chloride ions resulting in a reduction of solubilization 
activity. Also, the decrease in microbial population with 
increasing concentration of NaCl can be attributed to 
decrease in cytoplasmic water activity of the microbes 
caused by the exposure of organisms to the conditions of  
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hyper osmolarity (Mussarat and Khan, 2014). 
 
 
Conclusion 
 
These findings clearly indicated that for higher P 
solubilization, optimization of process parameter is 
required. Phosphate solubilization and growth were found 
to be highly influenced by both carbon and nitrogen 
sources. Further, solubilization of P was influenced by 
varying the initial concentration of RP. In addition, a 
significant P solubilization was also observed in different 
saline concentration. One factor at a time (OFAT) offers 
the possible finding of the parameters for optimization 
process, though it is not of first priority in the examination 
of the interaction between the variables. The fungal strain 
Penicillium purpurogenum Stoll could also be helpful in 
maintaining the available P in saline soil and its 
application as biofertilizer could be of great advantage in 
RP amended soil. 
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