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Abstract: The present study was aimed at to develop a Phosphate Solubilizing Bacteria’s (PSB) inoculum for
improving Phosphate (P) uptake on phosphate sludge. Twelve PSB were isolated from three types of
rhizosphere soil from Chennai, India were studied for phosphate solubilization on Pikovskaya’s medmm.
Tsolates were subjected and studied for Solubilization Index (ST) for selecting the high efficient strain. Tn results,
the PBOS strain exhibited high ST 4.80 at sixth day incubation and it was grown ir vitro for ten days in
Pikovskaya’s broth contaimng 1% tricalciumn phosphate (TCP) and 1% Phosphate Sludge (PS). Variation occurs
in phosphate solubilization of two media which contain two P source inoculated by the same strain (PBOg).
Unlike ST and pH drop, fluctuations in phosphate solubilization were observed during 10 days and gradual
increase in phosphate solubilization was noted. Values of solubilized tricalcium phosphate ranged from 9.6 to
136 ppm. The results emphasize that the PBO8 may be used for inoculum production and their inoculation effect

on plant growth can be studied in vivo.
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INTRODUCTION

Phosphorus (P) is the second most important plant
nutrient after nitrogen (Donahue et al., 1990). However,
many soils throughout the world are P deficient because
the free phosphorus concentration even in fertile soils is
generally not higher than 10 pM even at 6.5 pH where 1t 1s
most soluble. To circumvent the P deficiency in soils,
P fertilizers are applied However, after application, a
considerable amount of P is rapidly transformed into less
available forms by forming a complex with Al or Fe in acid
solls or Ca in calcareous soils (Lindsay et al., 1989) before
plant roots had a chance to absorb it (Vikram, 2007).

Numerous  microorganisms, especially  those
associated with roots have the ability to increase plant
growth and productivity (Chang et al, 1986
Kloepper et al., 1988). Phosphate-solubilizing microbes
play fundamental roles in biogeochemical phosphorus
cycling agricultwral  ecosystems.
Phosphate-solubilizing  microbes can transform the
insoluble phosphorus to seluble forms HPO?,~ and
H,PO™, by acidification, chelation, exchange reactions
and polymeric substances formation (Chang and Yang,

in natural and

2009, Delvasto et al, 2006). Therefore, the use of
phosphate-solubilizing microbes in agricultural practice
would not only offset the high cost of manufacturing
phosphatic fertilizers but would also mobilize insoluble
phosphorus in the fertilizers and soils to which they are
applied (Chang and Yang, 2009, Rodriguez and Fraga,
1999). Application of the phosphate-solubilizing microbes
Agrobacterium, Bacillus, Enterobacter, Pseudomonas,
Aspergillus, Trichoderma and Glomus around the roots
of plants, in scils and in fertilizers has been shown to
release soluble phosphorus, promote plant growth and
protect plants from pathogen infection (Chang and Yang,
2009, Rodriguez and Fraga, 1999; Rudresh et al., 2005,
Zayed and Abdel-Motaal, 2005a, b, Biswas and
Narayanasamy, 2006; Ouahmane et al., 2007). Therefore,
removal of phosphorus 1s prerequisite for restoration of
water quality (Van and Boers, 1994).

Bacteria of the genus Bacillus are ubiquitous and
common soil microorganisms that play an important role
in silicate biodegradation during the process of rock
disintegration (Vikram and Hamzehzargham, 2008,
Girgis et al., 2008; Han et al., 2006; Liu et al., 2006). The
results of such activity involve both geochemical and

Corresponding Author: V. Madhan Chakkaravarthy, Ministry of Environment and Forest, Zoological Survey of India,
Andaman and Nicobar Regional Centre, Port Blait-744 102, A and N Tsland, India



J. Biol. Sci., 10 (6): 531-535, 2010

structural changes in rocks and silicate and the most
powerful phosphate solubilizers (Rodriguez and Fraga,
1999). The metabolic diversity of Bacillus sp. in particular
together with its low reported incidence of pathogemicity,
has led to the fact that many representatives of this group
are being used in a wide range of applications. Due to its
ability to produce a range of enzymes, solubilization
pounded nutrients and degrade organic wastes along with
the N -fixing ability of some strains, Bacillus sp seemed to
be a good candidate for biofertilizers application in
agriculture (Girgis et al., 2008). Inoculation with bacteria,
which can improve P and K availability in soils by
producing orgamnic acids and other chemicals, stimulated
growth and mineral uptake of plants (Girgis et al., 2008;
Garcia et al., 2004). Hence, the present study has been
designed to develop a PSB inoculum for improving P
uptake on phosphate sludge.

MATERIALS AND METHODS

Isolation and cultivation of PSB: The plants of
groundnut, sorghum and cotton were uprooted from field
soils which were obtained from Chennai, India and the soil
loosely adhered to roots was removed by mechanical
shaking. The investigation was performed during
November 2008 to February 2009. Each soil sample (0.2 g)
was placed in an Erlenmeyer flask (250 ml.) containing
100 mL of sterilized Pikovskaya’s liquid medium. The
flasks were incubated for 7 days on an orbital shaker at
200 rpm at room temperature (23+4°C). Pikovskaya’s Broth
(PB) consisted of the following: Ca,(PO,), 2.5 g, glucose
13 g, (NH,) S0,0.5g,NaCl 0.2 g, MgSO,.7H,0O 01 g,
KC1 0.2 g, yeast extract 0.5 g, MnSO, trace, FeSO,7H,0
trace and dissolved in 1000 mL distilled water. The pH
adjusted to 7.2 msoluble tricalcium phosphates was used
as a growth limiting factor as a result PSMs could
continue growth. After 7 days of incubation in liquid
medium, the culture was serially diluted and streaked on
Pikovskaya’s solid medium (PA) containing 1.5% agar.
Twelve bacterial species were 1solated through
successive cultivations and microorganism isolated from
the rhizospheric soil of groundnut showed the best
phosphate solubilization on agar medium.

Solubilization Index (SI): The 0.1 mI of each PSB culture
preserved 1 sterile distilled water was placed on
Pikovskoya’s agar plate and incubated for seven days.
Solubilization index was measured using the following
formula (Premono et al., 1996). The PB08 showed the
best ST on agar plate and it was temporarily identified
as Bacillus sp. by the analysis of gram reaction, sugar
fermentation, starch and casein hydrolysis (data not
shown).
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pH change: In medium acidification of culture was
visualized by spot inoculation on Pikovskaya’s medium
containing bromothymol blue and bromocresol purple
indicator. A 1 mL of three day old cultwre of PBO8
{containing about 1x10° ¢fu) was added to two sterile
250 ml Pikovskayas’s broth containing 1% tricalcium
phosphate and 1% Phosphate Sludge (PS) and kept on
shaker for ten days. Sterile uninoculated medium served
as control. Imtial pH and changes i pH were noted each
day by digital pH meter.

Determination of phosphate solubilization: A 10 mL
sample of each culture was centrifuged for 15 min at
1500 rpm. Phosphate in solution was extracted with
Ammonium bicarborate diethylene triamine penta acetic
acid (Soltanpour and Workman, 1979). Supernatant was
decanted and 5 mL of supemnatant was added to 20 mL of
AB-DTPA extracting solution. The mixture was shaken on
a reciprocating shaker for 15 min at 180 ¢pm in open flasks
and the extract was stored in plastic bottle. One milliliter
of chloromolybdic acid was added and diluted with
25-30 ml of distilled water, then 025 mL of
chlorostannous acid was added and the volume was made
up to 50 mL with distilled water. The solution was shaken
thoroughly and the blue colour developed was read at
660 nm using spectrophotometer and the concentration of
available phosphate was calculated.

RESULTS

Solubilization index based on colony diameter and
halozone for each isolate 15 presented m Fig. la and b,
results shows that PBO8 was most efficient phosphate
solubilizer on phosphate agar plates with ST = 4.80 at sixth
day incubation. Studies on agar plates revealed that
phosphate sclubilizing bacteria formed clear zones by
solubilizing suspended tricalcium phosphate (data not
shown). Measurements of SI ranged from 2-4.8. Generally,
halozone increased with increase in colony diameter.
Fluctuations mn solubilization index were observed during
the seven day observation period. In most of the cases it
gradually increased, while in few cases (PBO1, PB03, PB0O4
and PBO11) increased initially and later decreased. Most
of PSB strains lost their ability to form halozones on
phosphate agar mediun on repeated subculturing.
Microbial phosphate solubilization on plant roots has
been by agar contact method with a pH indicator
{(bromocresol purple) has also been developed for the
detection of zone of acidification in the rhizosphere and
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Fig. 1: (a) pH of both the medium (PB+TCP and PB+PS) incubated for ten days. (b) Variation in phosphate solubilization

of two media incubated for ten days

could be a valuable tool for studying phosphate
solubilizing microorgamsms. In the present study the
diffusion of acid into the medium was visualized by the
presence of bromocresol purple. Tt was also reflected
m the diameter of zone of calcium phosphate
solubilization.

The PBO8 showed the best SI and it was identified as
the genus Bacillus PBO8 lowered the pH m both the
medium (PB+TCP and PB+PS) as compared to
uninoculated sterile PB control incubated for ten days
under conditions as inoculated (Fig. 1a). Fluctuations in
pH drop were also noted. pH studies showed a drop of pH
from 7.04 (control) to 3.0 (TCP) at the 3rd day and 3.38
(PS) at 9th day (Fig. 1a).

The phosphate solubilization the bacterial isolate
PBO8 was solubilized phosphate in Pikovskaya’s medium
which contamms TCP and PS. Variation occurs in
phosphate solubilization of two media which contain two
P source inoculated by the same strain (PBOB) (Fig. 1b).
Unlike ST and pH drop, fluctuations in phosphate
solubilization were observed during 10 days and gradual
mcrease n phosphate solubilization was noted. Values of
solubilized tricalcium phosphate ranged from 9.6 to
133.6 ppm for TCP and 12.6 to 136 ppm for PS. Tn both the
cases increased phosphate solubilization was noted at

10th day (Fig. 1b).
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DISCUSSION

Girgis et al. (2008) reports showed that the increasing
of total acidity percentage was responsible in decreasing
the pH. Lowest total acidity percentage was recorded in
a range of 0.41 to 0.44 and it reveals the decrease n the
pH values in MA-m or MA-f culture media with increase
1n their total acidity percentages was not the only direct
reason for the release of soluble K. However, no
relationships were observed between the final pH and the
percentages of total acidity in their culture media and the
amount of soluble K. On the other side, the decrease in
pH with the increase of total acidity m PVK-tep or PVK-1p
(6.68%) culture media may explain why Iugher
concentration of released P was detected. Furthermore,
linkage was observed between the final pH and the total
acidity of the culture media and the amount of soluble
P. In this concern, Groudeva and Groudev (1987) noted
that the bacterial action on silicate and aluminosilicate is
connected with the formation of mucilaginous capsules
consisting of EPS as well as the production of different
metabolites such as organic and amino acids. They did
not exclude that the bacterial action may also be resulting
of an enzymatic nature. Styriakova et al. (2004) reported
that the activity of silicate dissolving bacteria played a
stimulation role in the release of Si Fe™ and K* from
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feldspar and Fe™ oxyhydroxides. The binding of silicate
to the bacterial surfaces can thus be described as an outer
sphere complex formation as through
electrostatic mteraction. The present investigation shows
that PBO8 was most efficient phosphate solubilizer on
phosphate agar plates with ST = 4.80 at sixth day
mcubation (Fig. 1). Studies on agar plates revealed that
phosphate solubilizing bacteria formed clear zones
by solubilizing suspended tricalcium phosphate.
De-Souza et al. (2000) results showed that the five of the
88 phosphate solubilizing isolates showed lugher
phosphatase activity (8.68-24.78 pmol/mlL/day) with
culture P63 showing the highest activity. In present study
twelve PSB were isolated from three types of rhizosphere
so1l from Chennai, India were studied for phosphate
solubilization on Pikovskaya’s medium. Isolates were
subjected and studied for Solubilization Index (SI) for
selecting the high efficient strain. Variation occurs in
phosphate solubilization of two media which contain two
P sowrce moculated by the same strain (PBO8) (Fig. 1b).
Unlike ST and pH drop, fluctuations in phosphate
solubilization were observed during 10 days and gradual
increase n phosphate solubilization was noted. Values of
solubilized tricalcium phosphate ranged from 9.6 to
136 ppm (Fig. 1b).

Seshadri et al. (2002) reported the solubilizing index
of Bacillus sp., was 184.19+6.43 at 7.83-8.21 pH. Present
study showed the mmtial solubilization mdex of Bacillus
sp., was 4.80 at 6th day at 3-7.04 pH in PB+TCP and
3.8-7.04 in PB+PS. Atabove the pH PB+TCP Bacillus sp.,
showed the solubilization 9.6-133.6 and PB+PS showed
12.6-136 (ppm). The pH used for the present investigation
is lower than the report of Seshadri et al. (2002), it suggest
that in acidic condition also suitable for P solubilization.
The maximum solubilization was observed in PB+TCP
acidic medium that was 133.6 and PB+PS was 136 ppm at
10th day. These results clearly suggest the Bacillus sp.,
culture medium in alkaline condition most suitable for P

it occurs

solubilization than medium in acidic nature.

Lebo (1990) reported that PSB were not restricted to
a few genera as it mainly depends on the regions. In this
study the strains were mainly Bacillus, in addition few
stramns of Vibrio and Klebseilla were also encountered,
whereas 1n oceanic regions Pseudomonas was the
dominant group and in the Tokyo Bay it was
Flavobacterium and Acinetobacter. These results highly
support to the present study by the similar orgamsm
Bacillus sp., was used for decomposing tribase calcium
phosphate. Pseudomonas and Bacillus sp., were found to
have more phosphate solubilizing capacity than the other
genera (Vibrio, Alcaligens and Corynebacterium)
(Seshadn et al., 2002). Venkateswaran and Natarajan
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(1983) while studying the Porto Novo waters reported
Pseudomonas sp. and Bacillus sp., as dominant inorganic
phosphorus  compounds solubilizing microbes. These
results reveal the Bacillus sp., found to be an effective
microbe for phosphate solubilizing activities.

CONCLUSION

It is concluded from the present study that the
fluctuations occwr in ST and acid production (pH drop) but
not in phosphate solubilization. Present study also
showed that PBOS 1s the most efficient strain on the basis
of its phosphate solubilizing activity. Further research
should be continued with such efficient strain. This may
be used for inoculum production and its moculation effect
on the plant growth may be studied in vivo.
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