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INTRODUCTION

Cultural conditions play an important role in cellular growth
and also in production of biological activities by
microorganisms (Kotake et al., 1992). Understanding which
environmental factors are important and how these influences
the production of secondary metabolic activities is important.
Jha et al., (1992) found that biological activity and composition
of soil microbes are generally affected by many factors
including physico-chemical properties of the soil, temperature
and vegetation. Microorganisms require carbon, nitrogen,
phosphorus, sulphur and other growth factors. They are
sensitive to temperature, pH, oxygen/carbon dioxide in their
environment (Jenning, 1995). The challenge is faced to provide
the organisms with conditions that allow expression of
secondary metabolites and accumulations of unusual
metabolites (Bushell, 1989 and Demain, 1992). A number of
media generally employed for expression of secondary
metabolism of microorganisms and initial evaluation of media
are usually made. Selection of media is complex since the
possible variations are so large. Simple media works very well
as broth and agar and this has been validated many times
with novel bioactive compounds being produced (Jenning,
1995). So, the development of media, which increase the
production of bioactive compounds, is very important. By
using this approach, chances of finding novel compounds
increased and could be worth investigating for
microorganism’s secondary metabolism. Although a good
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growth may occur in many media but secondary metabolites
may only be produced in a specific medium (Bentley and
Keil, 1962). Sometimes a given organism may produce one
metabolite on one medium and a totally different one on
another medium (Oxford et al., 1935).
Phosphorus in soils is immobilized or becomes less soluble
either by absorption, chemical precipitation or by both
processes (Tilak et al, 2005). P solubilizing microorganisms
brings about mobilization of insoluble phosphates in the soil
and increase plant growth under conditions of poor
phosphorus availability (Tripura, 2007). Bacteria belonging
to Pseudomonas genera are known to be efficient phosphate
solubilizers (Gulati et al., 2007). The production of P
solubilizing activity has been found to be highly dependent
on the cultural conditions. Each species or a strain has a
characteristic minimum, optimum and maximum temperature.
The optimal temperature for growth may not be that best suited
to product formation especially where the product is
predominantly non growth associated as in the case of many
secondary metabolites (Woodruff, 1961). The conducted
experiment was focused on the optimization of a suitable
growth conditions for five selected Pseudomonas isolates i.e.
An-1-Naga, An-3-Kho, Ar-1-kho, Pn-2-Kho and Pn-2-Panch
that could induce higher levels of growth and phosphate
solubilization.

MATERIALS AND METHODS
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Effect of different media

Effect of best media on the production phosphate solubilizing
activity was studied by growing Pseudomonas isolates in each
media broth i.e. Nutrient agar, Kings B, National Botanical
Research Institute-P (NBRI-P), National Botanical Research
Institute-Y (NBRI-Y) (Nautiyal, 1999) and Pikovskaya’s (PVK)
(Pikovskaya’s 1948). In each case 0.5 ml of inoculum of
overnight grown (18 h) culture of bacteria was used to inoculate
100 ml of each media in a 250 ml Erlenmeyer flask. Flasks
were incubated at 28± 2 °C under shake conditions (100
rpm) for 48 h. Cultures were centrifuged at 10,000 rpm for 20
min at 4 °C and supernatants were separated and stored at
4°C in small aliquots (5 ml). Phosphate solubilizing activity
was assayed by well plate assay and spectrophotometric
method. Activity was expressed in terms of mm diameter of
pinkish/orange zone produced around the well by 100 µl of
cell free culture supernatant on the media plate. Colorimetric
estimation of phosphate solubilizing activity was done by using
spectrophotometric assay at 660 nm. Growth was observed
as absorbance at 540 nm. The cell free supernatant after
production of P solubilizing activity was also analysed for pH.
The medium that gave best results was used for further
experiments.

Effect of incubation time

Effect of incubation time on the production of phosphate
solubilizing activity was studied by growing the Pseudomonas
isolates for different time intervals (24 h, 48 h, 72 h and 96 h).
Phosphate solubilizing activity was assayed by well plate assay
method. Plates were incubated at 282 ºC for 48 h and were
observed for yellow zone produced around the well (7 mm)
by 100 µl of cell free culture supernatant. Colorimetric
estimation of phosphate solubilizing activity was done by using
quantitative assay (Dickman and Bray’s, 1940; Bray and Kurtz,
1945; and Olsen et al., 1954) at 660 nm. The supernatant
was analysed for pH and growth as absorbance at 540 nm.
The incubation time that gave best result was used for further
experiments.

Effect of different incubation temperature

The effect of different temperature of incubation i.e. 4 °C, 28
°C, 37 °C and 50 °C on the P-solubilizing activities was
studied by using the best-selected NBRI-P medium. Phosphate
solubilizing activity was assayed by both well plate assay and
liquid assay method as mentioned in the previous section.
The cell free culture supernatant was also analysed for pH
and growth at 540 nm. The incubation temperature that gave
best result was used for further experiments.

Effect of pH

Effect of different pH i.e. 5, 6, 7 and 8 on the production of
phosphate solubilizing activity was studied using the NBRI-P
medium of different pH and all other parameters were kept
constant i.e. temperature (28 °C), incubation time (48 h), shake
condition (100 rpm). Phosphate solubilizing activity was
assayed by well plate assay method and liquid assay method
as mentioned in the previous section. The cell free supernatant
was also analysed for pH and growth at 540 nm. The incubation

pH that gave best result was optimized and used for further
experiments.

Selection of optimum inorganic phosphate concentration of
best media for the production of phosphate solubilizing
activity

Effect of different inorganic phosphate concentrations on the
P-solubilizing activity was studied using the different
concentrations of tricalcium phosphate in the NBRI-P medium.
Phosphate solubilizing activity was assayed by well plate assay
method and liquid assay method as mentioned in the previous
sections. The cell free culture supernatant was also analysed
for pH and growth at 540 nm. The concentration of TCP that
gave best result was used for mass production.

RESULTS

Effect of growth media at different time intervals

The effect of different media on P-solubilizing activity
produced by Pseudomonas sp. at 24, 48, 72 and 96 h (Table
1, 2, 3 and 4) revealed that the maximum average P-solubilizing
activity in quantitative measures was observed in NBRI-P. The
maximum P-solubilization in terms of qualitative measures
was observed in PVK medium by An-1-Naga (40 mm) at all the
intervals followed by NBRI-P media. The maximum release of
available phosphate at 24 h was observed by An-1-naga in
NBRI-P media i.e. 606 µg/mL; at 48 h in NBRI-P media by Pn-
2-Panch i.e. 899 µg/mL; at 72 h by An-1-Naga i.e. 878 µg/mL
in NBRI-Y media; at 96 h by Pn-2-Panch i.e. 1178 µg/mL in
NBRI-P media. The minimum P-solubilization was observed
in King’s media but it came out to be the best media for
maximum growth in terms of optical density. All the
Pseudomonas isolates were statistically different from each
other. The interaction study revealed that as the incubation
period increased gradually the cell density also increased.

From the results it could be observed that the efficiency of a
medium for supporting P-solubilizing activity production in
terms of mm diameter was of following order: PVK> NBRI-P
> NBRI-Y> Kings, whereas in terms of available Phosphorus
(Pi) the order was found out to be NBRI-P> NBRI-Y> PVK>
Kings. Thus, out of four media, the maximum average of P-
solubilizing activity was observed in NBRI-P media at 48 h
incubation time. The interaction study revealed that the
difference in activity was significant. Thus, on the basis of
results obtained, NBRI-P media and 48 h incubation was used
for further studies.

Selection of optimum incubation temperature for the
production of phosphate solubilizing activity

The maximum average phosphate solubilizing activity along
with maximum average growth was recorded at 28 ºC (Table
5) for all the pseudomonas isolates. Maximum production of
phosphate solubilizing activity in qualitative measures was
observed in Pn-2-kho (20 mm) at 28 ºC and maximum release
of available phosphate was observed in An-1-naga (845 µg/
ml) at 28 ºC. There was a corresponding decrease in the pH of
the culture medium. Thus, the optimum incubation
temperature of 28 ºC was used for further experiments. Almost
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Table 2: Effect of different media and incubation time on the production of phosphate solubilizing activity by selected isolates at 48 h
Medium PseudomonasIsolates pH4 Growth1A540 Phosphate solubilizing activity

Plate assay yellow zone (mm dia) 2 Liquid assay concentration (µg/mL)
PVK AN-1-Naga 6.0 0.76 40 528

AN-3-Kho 5.9 0.77 40 771
PN-2-Panch 5.8 0.76 37 603
PN-2-Kho 5.8 0.65 39 489
Ar-1-Kho 5.4 0.72 37 456

NBRI-P AN-1-Naga 6.2 0.53 20 788
AN-3-Kho 5.9 0.45 18 710
PN-2-Panch 6.0 0.56 18 899
PN-2-Kho 6.0 0.65 19 706
Ar-1-Kho 6.1 0.68 19 703

NBRI-Y AN-1-Naga 6.3 0.54 21 856
AN-3-Kho 5.9 0.56 23 721
PN-2-Panch 5.7 0.60 22 428
PN-2-Kho 5.5 0.59 21 881
Ar-1-Kho 6.0 0.66 19 492

King’s AN-1-Naga 6.2 0.66 - 535
AN-3-Kho 5.8 0.67 - 365
PN-2-Panch 5.9 0.70 - 539
PN-2-Kho 5.7 0.88 - 492
Ar-1-Kho 5.2 0.45 - 381
CD0.05 (T) 0.08 0.01 0.70 1.13
CD0.05 (I) 0.09 0.01 0.78 1.26
CD0.05 (T´I) 0.18 0.02 1.5 2.53

*P-solubilizing activity expressed in terms of mm diameter of pinkish/yellow zone around the well on different media at 28ºC at 24 h
**Phosphate solubilizing activity expressed in terms of tricalcium phosphate solubilization, which in turn represents µg/ml of available orthophosphate as calibrated from the standard
curve of KH2PO4 (0-10 µg/mL)

Table 1: Effect of different media and incubation time on the production of phosphate solubilizing activity by selected isolates at 24 h
Medium PseudomonasIsolates pH4 Growth1A540 Phosphate solubilizing activity

Plate assay yellow zone (mm dia)2 Liquid assay concentration (µg/mL)
PVK AN-1-Naga 6.0 0.44 40 489

AN-3-Kho 6.5 0.46 39 581
PN-2-Panch 6.4 0.56 35 442
PN-2-Kho 7.2 0.65 39 446
Ar-1-Kho 7.0 0.66 36 378

NBRI-P AN-1-Naga 6.8 0.45 39 606
AN-3-Kho 6.7 0.34 39 410
PN-2-Panch 6.6 0.56 17 167
PN-2-Kho 6.4 0.44 16 133
Ar-1-Kho 6.0 0.35 18 399

NBRI-Y AN-1-Naga 6.7 0.35 20 585
AN-3-Kho 6.4 0.34 17 292
PN-2-Panch 6.8 0.58 19 253
PN-2-Kho 6.7 0.54 21 339
Ar-1-Kho 6.5 0.65 16 357

King’s AN-1-Naga 6.6 0.54 - 521
AN-3-Kho 7.2 0.59 - 374
PN-2-Panch 6.8 0.62 - 364
PN-2-Kho 6.3 0.82 - 332
Ar-1-Kho 7.5 0.32 185
CD0.05 (T) 0.10 0.01 0.63 1.06
CD0.05 (I) 0.11 0.01 0.71 1.18
CD0.05 (T´I) 0.22 0.02 1.41 2.37

all the pseudomonas isolates were statistically significant.

Selection of pH of best media for the production of
phosphate solubilizing activity

The optimum pH of the medium for the production of
phosphate solubilizing activity by pseudomonas isolates was
determined by using NBRI-P media of different pH ranging
from 5 to 8 at 28 ºC. The results (Table 6) showed that the

optimum pH for the production of phosphate solubilizing
activity was pH 7.  The maximum average phosphate
solubilizing activity in terms of mm diameter was observed in
Pn-2-panch (24 mm) at pH 7 and maximum release of available
phosphate was observed in An-1-naga (788 µg/ml) at pH 7.
The results revealed that the average growth obtained was
maximum at pH 7. Almost all the pseudomonas isolates were
statistically significant. Results depicted that almost all
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Table 3: Effect of different media and incubation time on the production of phosphate solubilizing activity by selected isolates at 72 h
Medium PseudomonasIsolates pH4 Growth1A540  Phosphate solubilizing activity

 Plate assay yellow zone (mm dia)2 Liquid assay Concentration (µg/mL)
PVK AN-1-Naga 4.9 0.78 40 535

AN-3-Kho 5.0 0.79 39 556
PN-2-Panch 5.4 0.66 36 546
PN-2-Kho 5.0 0.72 35 378
Ar-1-Kho 5.9 0.73 38 371

NBRI-P AN-1-Naga 5.0 0.67 20 556
AN-3-Kho 4.9 0.78 21 385
PN-2-Panch 4.8 0.77 18 856
PN-2-Kho 5.6 0.63 19 714
Ar-1-Kho 5.8 0.69 19 371

NBRI-Y AN-1-Naga 5.0 0.67 20 878
AN-3-Kho 4.9 0.76 19 378
PN-2-Panch 5.1 0.71 22 481
PN-2-Kho 5.5 0.66 21 580
Ar-1-Kho 6.0 0.68 19 510

King’s AN-1-Naga 3.8 0.77 - 528
AN-3-Kho 4.2 0.79 - 456
PN-2-Panch 4.0 0.80 - 553
PN-2-Kho 3.5 0.88 - 510
Ar-1-Kho 4.3 0.56 - 396
CD0.05 (T) 0.37 0.01 0.75 1.09
CD0.05 (I) 0.42 0.01 0.84 1.21
CD0.05 (T´I) 0.82 0.02 1.67 2.42

Table 4: Effect of different media and incubation time on production of phosphate solubilizing activity by selected isolates at 96 hrs
Medium PseudomonasIsolates pH4 Growth1A540 Phosphate solubilizing activity

Plate assay yellow zone (mm dia)2 Liquid assay concentration (µg/mL)
PVK AN-1-Naga 4.3 0.76 40 394

AN-3-Kho 5.0 0.86 35 531
PN-2-Panch 4.9 0.80 37 357
PN-2-Kho 4.8 0.82 32 553
Ar-1-Kho 4.6 0.78 37 524

NBRI-P AN-1-Naga 5.1 0.76 18 531
AN-3-Kho 4.7 0.79 19 378
PN-2-Panch 4.3 0.80 17 1178
PN-2-Kho 4.2 0.81 18 753
Ar-1-Kho 4.0 0.79 16 210

NBRI-Y AN-1-Naga 4.3 0.80 19 446
AN-3-Kho 4.0 0.81 18 535
PN-2-Panch 5.0 0.79 22 296
PN-2-Kho 5.1 0.78 20 531
Ar-1-Kho 5.5 0.85 17 285

King’s AN-1-Naga 4.0 0.88 - 296
AN-3-Kho 4.0 0.78 274
PN-2-Panch 3.9 0.83 399
PN-2-Kho 3.6 0.84 456
Ar-1-Kho 3.9 0.80 60
CD0.05 (T) 0.24 0.01 0.54 0.87
CD0.05 (I) 0.27 0.01 0.61 0.98
CD0.05 (T´I) 0.54 0.02 1.21 1.81

1Growth in terms of optical density at 540nm on the NBRI-P media,
2P-Solubilizing activity expressed in terms of mm diameter of pinkish/yellow zone around the well on different media at 28ºC for 48h.
3Phosphate solubilizing activity expressed in terms of tricalcium phosphate solubilization, which in turn represents µg/ml of available orthophosphate
as calibrated from the standard curve of KH2PO4 (0-10 µg/mL).
4pH of the culture medium at the end of experiment

pseudomonas isolates differ statistically and significantly.

Selection of optimum tricalcium phosphate concentration of
best media for the production of phosphate solubilizing activity

The optimum tricalcium phosphate (TCP) concentration of
best media for the production of average growth and phosphate
solubilizing activity was determined by using different

concentrations of TCP i.e. 1, 3, 5 and 7 g. The results (Table 7)
showed that the optimum concentration of TCP for the
production of phosphate solubilizing activity is 5 g. Maximum
average P-solubilizing activity in terms of mm diameter was
shown by An-3-kho and Pn-2-kho (18 mm) and maximum
release of available phosphate was observed in An-3-kho (756

DEEPSHIKHA THAKUR  et al.,
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µg/ml) at TCP concentration of 5g of the medium. The average
growth obtained was also maximum at medium supplemented
with TCP concentration 5 g/l. There was a corresponding
decrease in the pH of the culture medium. So, the 5 g TCP
concentration of the medium is considered best for growth
and production of phosphate solubilizing activity. Results
depicted that almost all pseudomonas isolates differ statistically
and significantly.

DISCUSSION

In the present study, out of four medium, i.e. Pikovskaya’s,
NBRI-P, NBRI-Y, and Kings media, the best media for the
production of P solubilizing activity was found out to be (NBRI-
P), which is supported by Nautiyal (1999), who conducted
the experiment with three medium PVK, NBRI-Y and NBRI-P.
NBRI-P media has been used by Panhwar et al. (2012) for the
isolation of P solubilizing bacteria from aerobic rice, who also
concluded that highest P solubilizing activity was found in
NBRI-P media. Lynn et al., (2013) also used NBRI-P media for
characterization of P solubilizing strains from tomato.

All microbial activity is sensitive to environmental temperature.
Each species or a strain has a characteristic minimum, optimum
and maximum temperature. The optimal temperature for
growth may not be that best suited to product formation
especially where the product is predominantly non growth
associated as in the case of many secondary metabolites
(Woodruff, 1961). So, we have studied the effect of varying
temperature i.e. 4 ºC, 28 ºC, 37 ºC and 50 ºC on the growth
and production of P-solubilizing activity at 48 h. The optimum
incubation time for the growth and P-solubilizing activity was
found to be 48 h which is at par with 72 hours incubation
time. Jena (2013) also concluded the incubation time of 72 h
best for the production of maximum P-solubilizing activity of
the Pseudomonas isolates.

Each microorganism has its own specific minimum, optimum
and maximum temperature.  P-solubilizing activity production
has been found to be dependent on the temperature. In our
study, the maximum P solubilization activity was produced at

28 ºC by Pseudomonas isolates. However, decline in yield of
these activities was observed above and below 28 ºC. This
behavior of all the Pseudomonas isolates is similar to usual
response of mesophilic organisms where metabolic activities
get slow down below and above the optimum temperature.
This suggests that organisms are mesophilic in nature. Our
results collaborates with (Mishra et al., 2009) who reported
that Pseudomonas lurida grew at temperatures ranging from 4
to 30 °C, with a growth optimum at 28 °C. Also Behrendt et
al., (2007) reported that for Pseudomonas lurida, the optimal
growth temperature is 21 °C. Dileep Kumar (1998) has also
reported optimum temperature of Pseudomonas at 25-30 ºC.
Whereas, Illmer and Schinner (1992) has reported 30 ºC as
optimum solubilization temperature for Pseudomonas sp.

The extracellular pH has a strong influence on the pathways
of metabolism and product generation by microorganism. The
optimum pH for growth rate may be different from that for
growth yield and entirely different from the optimum for
product formation. In our study, pH 7 is found to be best for
the growth as well as P solubilizing activity which is also in
collaboration with Yadav, (2013) who concluded pH 7.5 and
Jena, (2013) who concluded pH 7.0 as optimum for the P
solubilizing activity of the Pseudomonas isolates.

In the present study, fall in pH in liquid culture accompanied
phosphate solubilization is noted which may be due to the
production of organic acids. But no correlation could be
established between acidic pH and quantity of inorganic
phosphorus liberated. Similar observations were also observed
by other workers (Pallavi and Gupta, 2013; Goenadi et al.,
2000; Kundu and Gera, 2002), who could not correlate the
quantity of P- solubilized and the decreased pH of the medium.
Probably this may be due to the reason that solubilization
depends not only on the pH and acid concentration but also
on the structure and type of organic molecule (Johnston,
1952). In a study by Fankem et al., (2006) there was a decrease
in pH which was not strictly proportional to the amount of P
solubilized. In our study, the pH was found to decline from
7.00 (control) to minimum 5.9.  In another study by Pandey et
al., (2006) the pH of the broth was found to decline. from 6.00

Fig1: Effect of  different media on the production of phosphate solubilizing activity by fluorescent Pseudomonas isolates An-1-Naga a),
An-3 -Kho b) Pn 2 Panch c) Pn 2 Kho d) on three different media NBRI-P (E) NBRI-Y (F) Pikovskaya’s (G)

E F
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(control) to 4.11, 3.91, 3.73 and 3.81 at temperatures 4, 9, 21
and 28 °C respectively.

The results in indicated that out of four tricalcium phosphate
concentrations i.e. 1, 3, 5, 7 tested, the tricalcium phosphate
concentration of 5 g/litre of the NBRI-P medium was found to
be the optimum concentration for production of phosphate
solubilizing activity of the Pseudomonas isolate. The same
amount of TCP was also used by other workers in their studies
(Lynn et al, 2013; Sundara Rao and Sinha, 1962; Dave and
Patel, 1999 and Kundu et al., 2002). Jayadi, et al., (2013)
substituted the TCP in the NBRIP with rock phosphate. It has
been reported that rock phosphates, aluminium phosphates
and iron phosphates are less solubilized as compared to
tricalcium phosphate (Banik and Dey, 1982). Similar results
were obtained by Kundu and Gera, (2002) and Dave and
Patel (1999) while comparing the solubilization of various
insoluble inorganic phosphates by Pseudomonas isolates.
They observed that the trend of solubilization of different P
sources is as follows: Bone meal > TCP >DCP > Iron
phosphate >Senegal rock phosphate > aluminium
phosphate.
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