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Abstract: Out of 42 fungal strains, twelve efficient strains of phosphate solubilizing fungi were isolated,
screened and characterized from paddy soils of southern peninsular region of Tamil Nadu, India. Mineral
phosphate solubilizing (MPS) activities of twelve isolates were tested in tricalcium phosphate medium by
analyzing the possible phosphorus release and phosphatase activity, from 3rd, 5th , 7th, 9th, 11th and 13th day
of incubation Maximum phosphorus content was recorded on 9th day after incubation for all the fungal
strains ranging between 393.9-4701.8 µg/ml. The highest peak of phosphatase activity in culture filtrates
in between the strains were observed from 3rd to 9th day of incubation ranging from 172.4 – 315.5 U.
These fungal strains isolated were found to be much efficient in solubilization and mineralization of
insoluble phosphate (tricalcium phosphate) and the phosphorus content released into the culture medium
depends upon the efficiency of the phosphatase on its substrate. The results suggest that some strains (TI-3
and K-1) produced more amount of phosphatase activity but it released less amount of phosphorus which
is due to the non-specific binding activity of the phosphatase. The phosphate solubilizing fungi isolated
from rice rhizospere soil showed higher solubilization of phosphate and released more amount of
phosphorus and phosphatase when compared with other fungal strains isolated from different field soils.
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INTRODUCTION

Availability of phosphorus to plant is limited due
to fixation as free oxides and hydroxides of aluminum
and iron in acid soils and of calcium in alkali soils[1,2,3].
The applied soluble inorganic phosphate to soil as
chemical fertilizer is immobilized and unavailable to
plants[4]. Soil microbes play a major role for
solubilization of inorganic phosphate to release
phosphorus which is available for plant growth and
development[5,6,7]. Phosphatase activity in the soil is of
microbial origin[8,9]. Fungi have a greater ability of
phosphate solubilization than bacterial strains[10,11,12]

When compared with the alkaline phosphatase, the acid
phosphatases play a major role in the solubilization of
inorganic form of phosphate when the soil pH ranges
from acidic to neutral[13]. We examined the potentiality
of twelve fungal strains isolated from rice-rhizosphere
soil collected from different locations in the state of
Tamil Nadu, India, for their efficiency of phosphorus
release and acid phosphatase activity. 

MATERIALS AND METHODS

Isolation of Fungal Strains from Different Soil
Samples: Rice plant clumps (hills) were collected from
fields of different regions in the state of Tamil Nadu,
India. Rhizosphere soil samples from the rice plants
were separated and the pH of the soil samples was
determined.and air dried at room temperature (30±2°C).
Samples of 10 g of the soil were dispersed in 90 ml of
0.85 % NaCl contained in 250 ml Erlenmeyer flasks.
The flasks were incubated at 30°C for 30±2°C min at
200 rpm in an incubator cum shaker (Scigenics
Orbitech, India). The supernatant was serially diluted in
0.85 % NaCl and plated in 10-cm petridishes
Pikovskayas agar medium: (g/l), glucose–10;;
(NH4)2SO4 – 0.5; NaCl– 0.2; MgSO4.7H20 – 0.1; KCl
–0.2; yeast extract-0.5; FeSO4·7H2O –0.5; Ca3(Po4)2-
3.0; MnSo4-0.2: Agar-15 Pikovskayas (1948) by spread
plate technique[14]. The pH of the medium was adjusted
to 6.8-7.0 before sterilization. The fungal discs were
incubated at 28±2°C for 5-7 days in an incubator. 
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The emerging fungal colonies showing a clear zone of
solubilization their growth were subcultured on potato
dextrose agar slants. The strains were morphologically
characterized after staining with lactophenol cotton blue
(Himedia, India) under microscopic observation. The
fungal strains were grown in Pikovskayas broth
amended with 10 g/l of tricalcium phosphate for
estimating the phosphorus release and phosphatase
activity (Pikovskayas, 1948). Erlenmeyer flasks (500ml)
containing 150 ml medium were inoculated by
transferring 8 mm diameter mycelial disc from a fully
sporulating culture and incubated at 30±2°C on a rotary
shaker at 220 revolutions per minute. Uninocultaed
controls were maintained under identical conditions.
Culture filtrates were collected on 3rd, 5th , 7th, 9th, 11th

and 13th day after inoculation and were centrifuged at
4°C in 8000 rpm for 10 min. The clear supernatants
were used as enzyme source to determine the
phosphorus release in the medium. The pH of the
culture medium was also recorded with the pH meter
equipped with glass electrode. The mycelial growth
was lyophilized (Christ Lyophilizer, Germany) and
stored at -20°C (Sanyo, Germany). 

Estimation of Phosphorus: Aliquots of 1ml of culture
filtrate, and 200μl of mixed reagent containing (1N H2

SO4, 4% ammonium molybdates, 0.1M ascorbic acid)
was mixed and incubated at 37° C for 1 hour.
Phosphorus released was measured by Mo-blue
method[15] at 450 nm using ELISA reader (Stat fax
2000, Germany). The phosphorus content was estimated
for the control and the value was subtracted from the
phosphorus content released by fungal strains. 

Acid Phosphatase Assay: Phosphatase was assayed
using p-nitrophenyl- phosphate (pNPP) by microtiter
plate method as described by[16]. The reaction mixture
(750μl) containing 150 μl of the culture filtrate, 120 μl
of pNPP (0.05M) and 480 μl of 0.1M universal buffer
pH 6.5 for acid phosphatase was incubated at 37ºC for
60 min. The reaction was terminated by the addition of
100 μl of NaOH-glycine buffer (0.4 M, pH 10.8). The
yellow colour developed was measured at 405 nm
using ELISA Reader (StatFax,2000, Awareness
Technologies, Germany). The amount of p-nitrophenol
released was quantified using the pNP standard. The
enzyme activity is expressed in units. One unit of
phosphatase activity is the amount of enzyme required
to release 1 μmole of pNP per minute per ml of
culture filtrate under the assay conditions.

Statistical analysis: All data were subjected to
statistical analysis of variance using NCSS 2000 model.
Newman’s Kuels multiple comparision test was used to
compare the mean of the replicates. Differences were

obtained at P<0.05 level were considered significant.

RESULTS AND DISCUSSION

The twelve fungal strains isolated from the soils
were coded according to the districts first letter they
belonged belongs to Aspergillus, Alterneria,
Cladosporium, Fusarium, Penicillium or Rhizopus
(Table.1).

Phosphorus release and pH: The tricalcium phosphate
containing medium inoculated with the fungal strains
was turbid initially and the medium became clear 48 hr
after inoculation due to the utilization of tricalcium
phosphate by the fungal strains. Phosphorus content
estimated from 3rd day of inoculation onwards, showed
negative from 3rd day to 7th day of incubation for some
strains when compared with the control (Fig 1A and
1B). Initially, the phosphorus content was less in all
the culture filtrates which exhibited a bimodel peak,
recording a maximum concentration on 9 day after
inculation in all the strains ranging from 393.9 – 4586
µg/ml and subsequently the phosphorus content
declined gradually. After which it declined presumably,
due to utilization of phosphorus by the fungal strains
resulting in the fluctuating levels of phosphorus release.
The phosphorus release was categorized in to
maximum, moderate and low for the strains isolated.
The maximum phosphorus release ranging from 4701.8-
2868 (K-2, K-3, N-1 TI-2 strains), the moderate
amount ranging from 1826-1174 produced by (TA-3,
TV-1, TA-1strains),and the low amount ranging from
871-393 (TV-2, TI-1, K-1, TI-3 ,TA-2). The maximum
p-release for all the strains was observed on 9th day.
Statistically on 9th day, all the strains were significantly
different from each other (p<0.05) and also
significantly different between the days when compared
with the 9th day(p<0.05).

The pH of the culture medium was measured from
1st to 13th day. A drop in pH of the culture medium
was observed on the 3rd day and remained same until
13th day of incubation. The pH of the culture medium
is shown in Table. 1.

The strains isolated from the rice-rhizospere soils
(K, TI, TV, TA, N) showed similar observations like
linear increase in p concentration along with the growth
of the culture, and the oscillating behavior due to the
variations in the soluble p levels giving rise to several
peaks and troughs in the p concentration[17,18]. These
changes in p concentration could be consequence of p 
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Table 1: Fungal isolates collected from Southern peninsular regions of Tamil Nadu from paddy rhizosphere soil, pH of the soil, code letters
for the strain identification and pH of culture filtrate.

Location pH of soil Strain code* Fungal strains identified pH culture filtrate from 3rd to 13th day 
Kanchipuram District 6.68 K-1 Aspergillus niger -1 5.2

------------------------------------------------------------------------------------------------------------------------------------------------
K-2  Cladosporium sp– 1, 3.95

------------------------------------------------------------------------------------------------------------------------------------------------
K-3 Penicillium sp 3.9

Tiruvarur District 6.67 TI-1 Aspergillus niger -2, 5.1
------------------------------------------------------------------------------------------------------------------------------------------------

TI-23  Rhizopus sp – 2 3.89
------------------------------------------------------------------------------------------------------------------------------------------------

TI-3 Alternaria sp-2. 5.2
Thanjavur District 7.15 TA-1 Aspergillus niger -3 4.2

------------------------------------------------------------------------------------------------------------------------------------------------
TA-2 Cladosporium sp – 2 5.1

------------------------------------------------------------------------------------------------------------------------------------------------
TA-3 Fusarium sp-1 4.9

Thiruvallur District 6.34 TV-1 Aspergillus niger -4 4.9
------------------------------------------------------------------------------------------------------------------------------------------------

TV-2  Cladosporium sp – 3. 5.12
Nagapattinam District 6.33 N-1 Aspergillus fumigatus 3.67
*District first letter is given as codes for the strains.

precipitation and of organic metabolites and or the
formation of organo p-compounds with secreted organic
acids which are subsequently used as an energy or
nutrient source. Fungal strain Fomitopsis spp
solubilized tricalcium phosphate in the medium up to
1235 ppm on 12 days of incubation when compared to
rock phosphate and aluminum phosphate which
solubilize 856 ppm and 1013 ppm on 14 day of
incubation[19] Fungal strains isolated from Nigerian soil
showed that soluble phosphate levels in culture medium
was higher in medium containing tricalcium phosphate
(1.6-5.55 mg / 100 ml) compared to rock phosphate
medium (0.30 – 4.20 mg /100 ml) in culture medium
and recorded a sudden decrease in pH of the
medium[11]. Phosphate solubilizing fungi perform better
in acidic soil conditions[20]. Solubilizeion various forms
of inorganic phosphates by Aspergillus, Penicillium,
Curvularia and yeast has been reported[21-22]. The
Aspergillus sp[23-24], UV mutated Aspergillus
tubingensis[25] Aspergillus tubingensis and A. niger[26]

solubilize insoluble phosphate to phosphorus when the
tricalcium was supplemented and also a drop in the pH
of culture medium was observed. In addition that when
compared with the bacterial strains there is no
significant amounts of organic acid production could be
detected from a phosphate solubilizing fungi
Penicillium[17]. Therefore for the fungal strains it is
mandatory to check the efficiency of phosphorus
release by comparing with phosphatase activity and pH
instead of the organic acids. When compared with
other strains isolated from different places the isolates
from rice-rhizospere soil is more efficient for release of
P content.

Phosphatase Activity: Phosphatase activity for all the
strains were shown in Fig 2A and 2B.The maximum

phosphatase activity released, varied between the strains
from 3rd to 9th day. The amount of phosphatase
released by the strains N-1, TV-1,K-3, K-2, TA-3, TI-
3, TA-1, K-1, TI-2 ranged from (315 – 200 U) and
TV-2,TA-2,TI-1 ranged from (200-150U). The
statistical analyses for the maximum phosphatase
activity between the strains were analyzed. The strains
of K-1, TI-2 and TA-3 were on par with each other for
all the strains. For the strain N-1, TV-1, K-2 and K-3
it was significantly different from TI-1, TA-2 and TV-
2. TV-2 was significantly different from TA-1 and TI-3
(p< 0.05).The maximum phosphatase activity for each
strain between the days were statistically analyzed, the
strains N-1, TA-1, TI-3 and TV-1 were significantly
different from all other days of incubation. In K-1 it is
on par with 5th day, K-2 on par with 7th, 9th and 13th

day, K-3 on par with 11th day, TA-2 on par with 3rd

and 5th day, TA-3 on par with 7th day, TI-1 on par
with 7th day, TI-2 on par with 9th day and other days
for the above strains were significantly different
(p<0.05)[27,28] have observed that maximum half of the
microbes in soils and plant roots were able to
mineralize organic P through the phosphatase action.
Seven bacterial strains with high solubilizing ability
have been found to exhibit substantial acid or/and
alkaline phosphatase activity[29]. A strain of
Burkholderia cepacia displayed a significant mineral p-
solubilising ability and a moderate phosphatase
activity[30]. The mechanism involved in mineralisation
of insoluable phosphate is carried out by means of
several phosphatases (Phosphohydrolases). These
dephosphorylating reactions involve the hydrolysis of
phosphoester or phosphoanhydride bonds. The
phosphohydrolases are clustered in acid or alkaline
conditions. The acid phosphohydrolases shows optimal
catalytic  activity  at  neutral and acid pH soil than the 
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Fig. 1A: Phosphorus released by the fungal strains isolated from Kanchipuram and Tanjavur district rice-
rhizosphere soil. The values given in figures are mean of three replicates. Error bar indicates standard
deviation. One way analysis of variance was carried out using NCSS-2000. The analysis revealed that
the phosphorus release on 9th day of incubation for all the strains was maximum which is significantly
different between the days and between the strains (P< 0.05). 

Fig. 1B: Phosphorus released by the fungal strains isolated from kanchipuram and Tanjavur district rice-
rhizosphere soil. The values given in figures are mean of three replicates. Error bar indicates Standard
deviation. One way analysis of variance was carried out using NCSS-2000. The analysis revealed that
the phosphorus release on 9th day of incubation for all the strains was maximum which is significantly
different between the days and between the strains (P< 0.05). 

alkaline phosphatase. These phosphatases are classified
into specific and non-specific according to the substrate
specificity. This explains clearly that though the
amount of phosphatase released in to the medium was
high, then the specificity of phosphohydrolases on the
substrate indicates the amount of p released into the
medium. The p released as a by product by the action
of phosphatases providing the cells with essential
nutrients[31].

The pH of the culture filtrate was compared with
the phosphorus released by the fungal strains. It was
found that more amount phosphorus was released when
the pH of the culture filtrate was acidic. The pH was
ranging from 3.67 – 3.95 (K-3, K-2, TI-2 and N-1), 4.2
-4.9 (TA-1, TA-3, TV-1, TA-2), and 5.1-5.2 (TA-2, TI-
1, TV-2, TI-3, K-1).By comparing the phosphorus

release and phosphatase activity, interestingly the
strains of (N-1, TV-1,K-3, K-2, TA-3, TA-1, TI-2)
which is having the phosphatase activity ranging from
315.5-206.6 U which released more phosphorus except
the strain TI-3 and K-1 which releases less phosphorus,
even though the phosphatase activity was more. From
this it is evident that the amount of phosphorus
depends upon the specificity of the phosphatase and its
efficiency is determined by the phosphatase activity.

From above all references even moderate to
sustainable amount of phosphatase activity in the
culture filtrate, released high amount of phosphorus by
solubilizing inorganic phosphate. From this study it is
clear that some of the fungal strains produced high
phosphatase activity and released more amount of
phosphorus and vice versa, and also high phosphatase 
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Fig. 2A: Phosphatase activity by the fungal strains isolated from Kanchipuram and Tanjavur district rice-
rhizosphere soil. The values given in figures are mean of three replicates. Error bar indicates standard
deviation. One way analysis of variance was carried out using NCSS-2000 (p<0.05)

Fig. 2B: Phosphatase activity by the fungal strains isolated from Kanchipuram and Tanjavur district rhizosphere
soil. The values given in figures are mean of three replicates. Error bar indicates standard deviation. One
way analysis of variance was carried out using NCSS-2000 (p<0.05)

activity with less release of phosphorus. From this it is
evident that the amount of phosphorus release depends
upon the specificity of the phosphatase and also the
efficiency of the strain is determined by the
phosphatase activity but the substrate may vary for the
p-release.
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