Vivek Singh et al., AJAR, 2020; 5:77

Research Article

AJAR (2020), 5:77

American Journal of Agricultural Research

(ISSN:2475-2002)

Mineralization of phosphorous by phosphate solubilising bacteria
isolated from a vertisol
Vivek Singh, Bharati Kollah, Santosh Ranjan Mohanty*
Indian Institute of Soil Science, Nabibagh, Bhopal, India 462038

ABSTRACT

The current experiment unravels P solubilisation potential of
soil under long term fertilizer application. Soil samples collected from a 20 years old long term experimental field. Treatments
included fallow (no fertilizer, no crop), control (no fertilizer, with
crop), 100% N, 100% NP, 100% NPK, and 100% NPK+FYM.
P solubilisation potential of soils determined using Ca3(PO4)2
as inorganic insoluble P source. Abundance of total bacteria,
phosphate solubilising bacteria (PSB) estimated along with the
efficient PSB isolated to evaluate P solubilisation potential using
Ca3(PO4)2, rock phosphate and sodium phytate as P sources. P
solubilisation rate was highest in 100% NP and lowest in fallow.
Abundance of total eubacteria and phosphate solubilizing bacteria (PSB) was high in 100% NP and low in fallow. The 16S rRNA
sequences of the isolates were homologues to Paraburkholderia
sp. The efficient PSB isolate solubilised Ca3(PO4)2, rock phosphate as well as sodium phytate. Acid phosphatise activity was
highest in Ca3(PO4)2 and lowest in sodium phytate. Study concludes that P solubilisation in vertisol under long term fertilizer
application is regulated by nutrients, particularly P fractions and
abundance of PSB. The PSB solubilise different P sources by
reducing pH of medium as well as through acid phosphatase attributes.
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Introduction
The mobilization of orthophosphate from soil P
complexes and then diffusion of P within soil
solution represents a major challenge to meet
plant’s P requirement (Menezes-Blackburn et al.
2018). To resolve this issue, phosphate
solubilizing microorganisms solubilize insoluble
P compounds uptake (Alori et al. 2017).
Understanding the microbial contribution to plant
P nutrition and approaches for manipulating
certain microorganisms to enhance P availability
in soil is therefore have been of considerable
interest over many decades. Recently, this area
of research is accentuated, as P deficiency is
recognized as a major bottle neck for crop
production. Hence government is taking serious
steps particularly in areas of weathered and
tropical soils where the P limitation possesses
serious threat for sustainable agriculture (Van
Vuuren et al. 2010).
Long term experiments are crucial for
understanding P dynamics in soil, because of
the high phosphorus buffering capacity of soils
(Beck and Sanchez 1994). Therefore, the effect
of different management practices, fertilizer
application on P availability can be most
convincingly assessed only after their long-term
application. Depending on the soil type, soil
organic C content, nutrients, the effect of P on
soil and plant can be observed only after about
a decade or more (Hofmann et al. 2016). Thus,
long-term field experiments are very valuable
tools to understand P dynamics in a better way.
The current experiment is based on hypotheses
that long term fertilizer application influences P
solubilisation. P solubilisation potential of a soil
depends on the nutritional status, minerals and
abundances of phosphate solubilising bacteria.
The potential of PSB to solubilise P fractions
depends on the type of P sources. Experiments
were carried out using soils of a long term
fertilizer experimental fields, to evaluate the
structure of the microbial community involved in
phosphorous solubilisation in vertisol under long
term fertilizer application, to quantify the
abundance of phosphorous mineralizing

microbial population in response to long term
fertilizer application, and to estimate the
mineralization
efficiency
of
phosphorus
solubilizers in relation to mineralogical and
nutritional status of soil.
Materials and methods
Experimental field is situated as long term
fertilizer experimental (LTFE) fields of the Indira
Gandhi Krishi Vishwavidyalaya (IGKV), Raipur,
Chhatisgarh, India (21o14 N, 81o42 E, 267.91 m
above mean sea level. The soil is a clayey
vertisol (typic Chromustert). Soil sampling was
done during April 2018. In this study, soil
samples were collected from the following
treatments : fallow, control; 100% N, 100% N
and P; NPK 100%, NPK 100% + FYM. Sampling
was done from surface layer (0-15 cm) with the
help of Screw Auger from different locations
according to the distribution of treatments and
their replications. All the soil samples were kept
in separate polythenes and marked properly.
Experiments were carried out in a completely
randomized design using 24 vials (6 treatments
x 4 replicates). Soils were amended with either
none or one of the P sources including
Ca3(PO4)2, rock phosphate, and sodium phytate.
Briefly, a portion of dry soil (20g) was placed in
130 ml sterile vials. The soils were moistened
with distilled water to provide 60% moisture
holding capacity and allowed to equilibrate with
the ambient air for 1d in the dark in an incubator
at 30±2oC. The P sources were applied at 40 µg
P g-1 soil. At the day of sampling vials were
opened and soils (2g) were taken out for
available P estimation.
Quantitative analysis of phosphate solubilization
was
accomplished
by
applying
vanadomolybedate
phosphoric
method
(Jackson 1958). Enumeration of bacteria and
phosphate solubilising bacteria (PSB) was
carried out using nutrient agar and Pikovskayas
agar media. Incubation period for bacteria was 3
days and for PSB was 7 days at 28ºC. Number
of colonies appeared in nutrient agar media were
counted as abundance of bacteria. Colonies
growing in Pikovskayas agar with halo zone
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considered positive for PSB. The phosphate
solubilising efficiency of PSB strains were
calculated by following formula D-d/d*100.
Colonies with different efficiency level were
enumerated. Isolate with highest efficiency was
identified through 16S rRNA sequencing.
Analysis of acid phosphatase activity of PSB
strains was accomplished by using method
suggested by Tabatabai and Bremner(1969). 1
ml of centrifuged bacterial cell free culture taken
and 4 ml of Modified universal buffer (pH6.5), 1
ml of p-nitrophenyl phosphate solution and 1-2
drop of toluene were added to restrict microbial
activity. Incubation of 1 hr at 37 ºC were given to
solutions. After incubation 4 ml 0.5 M NaOH and
1 ml 0.5 M CaCl2 added and immediate filtration
through Whatman no 2 had been done. Color
intensity of yellow color appeared measured in
spectrophotometer at wavelength 420.
Results
Soil chemical properties of the long term fertilizer
experimental fields are given in Table 1. Soil pH
was in neutral range and varied from 7.2 to 7.6.
No significant difference was observed among
the treatments. Electrical conductivity ranged
from 0.20 to 0.26 dS m-1. Organic C varied from
0.45 % to 0.66%, lowest in 100% N and highest
in 100% NPK+FYM. Total N, P, and K was
lowest in control and highest in 100% NPK +
FYM.
Phosphorous solubilisation rate of soils under
different long term fertilizer application was
examined by incubating soil with insoluble
Ca3(PO4)2 and the concentration of available P
was estimated to determine P solubilisation rate
(Fig 1). P solubilization rate (µg P solubilized g-1
soil d-1) was lowest in fallow (0.032) and highest
in 100% NP (0.080) (Fig 1). P solubilization rate
of 100% NP was at par with NPK 100% and
NPK100%+FYM. In general the P solubilization
rate followed a trend as fallow <control< 100%
N< 100% NP. P solubilisation rate of 1005 NP,
100% NPK, and 100% NPK + FYM were at par.
To reveal, whether pH of broth is decreased
during incubation which caused P solubilization,
experiments were carried out by incubating soil

samples in Pikovaskaya broth. Broth pH
decreased from neural to acidic range (4.36 to
4.78) in all treatments. Among the treatments pH
of broth was lowest (4.36) in 100% NP (Fig 1).
Total number of eubacteria and phosphate
solubilising bacteria (PSB) in soils of long term
fertilizer experiment were enumerated (Fig 2).
Bacterial count varied from 25 x 106 to 48 x 106
CFU g-1 soil. Lowest bacterial abundance was in
100% N while their abundances were highest
and at par in the treatments of 100% NP, 100%
NPK, and 100% NPK + FYM. Abundance of PSB
varied from 6.33 x 104 to 23.67 x 10 4 CFU g-1
soil. Lowest was in control and highest in 100%
NP.
P solubilising bacteria were enumerated through
enrichment on Pikovaskaya agar. Based on the
cultural characteristics, diversity of PSB was
estimated. Colonies having clear zone around
were considered as P solubilizers, as these
bacteria were capable of solubilising insoluble
Ca3(PO4)2 causing halo zone around the
colonies. Colonies with larger zones are efficient
P solubilizers than of narrow zones. P
solubilisation efficiency zone (D/d) varied from
0.2 to 1.8. Colonies with D/d <0.25 were 18%,
D/d 0.25-5 were 45%, D/d 0.75 to 1 were 5% and
D/d of 1.25 to 1.5 and > 1.5 were 9%. Colonies
with highest D/d was selected for identification
and estimation of P solibilization potential.
P solubilisation potential
Efficiency of P solubilizers were evaluated by
incubating Pikovaskaya broth with different P
sources including Ca3(PO4)2, rock phosphate,
sodium phytate at 40 µg ml-1 concentration (Fig
3). Isolated phosphate solubilizer was inoculated
at 106 cells ml-1. Solubilization of P sources
progressed linearly during incubation period of 5
days. P solubilisation potential or rate (µg P
solubilised d-1) was 0.219 for Ca3(PO4)2, 0.213
for rock phosphate, and 0.195 for sodium
phytate (Table 2). Acid phosphatase activity
estimated from the samples (Table 2). Acid
phosphatase was highest (1406 µg PNP
released g-1 soil) in Ca3(PO4)2 and lowest (758
µg PNP released g-1 soil) in sodium phytate.
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Fig 1. Phosphorous mineralization rate of soils under long term fertilizer application (a). Soil samples
were amended with Ca3(PO4)2 and available P was estimated over incubation period. Y axis
represents rate of P mineralization rate. Effect of P mineralization by phosphate solubilising
organisms on soil pH (b). Soils from long term fertilizer experiments were added to Pikovskayas
broth to estimate change in pH. X axis represent treatments of long term fertilizer experiment. Each
data point represents arithmetic mean with error bar as standard deviation of 3 replicated
observations.
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Fig 2. Abundances of total aerobic bacteria and phosphate solubilising bacteria (PSB) in the soils of
long term fertilizer experiment. Soil samples from long term fertilizer experimental fields were freshly
collected and bacteria abundances were estimated. Nutrient agar was used to enumerate total
aerobic bacteria and Pikovskayas agar to estimate abundances of PSB. Colonies exhibited clear
zone around the colonies were considered as PSB. Each data point represents arithmetic mean
with error bar as standard deviation of 3 replicated observations. Y axis represents colony forming
units (CFU) of bacteria or PSB and X axis represents various treatments of long term fertilizer
experiment. Each data point represents arithmetic mean with error bar as standard deviation of 3
replicated observations.
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Fig 3 Mineralization or solubilisation of different P sources by phosphate solubilising bacteria (PSB)
isolated from vertisol under long term fertilizer experiment. Isolate was cultured in Pikovskayas broth
containing Ca3(PO4)2, rock phosphate, and sodium phytate as P sources and applied at 40 µg P ml1
. Change in concentration of available P was estimated periodically. X axis represents days of
incubation and Y axis represents concentration of available P (µg ml-1. Each data points represent
arithmetic mean and error bar as standard deviation of three replicated observations.
Table 1. Chemical properties of soil under long term fertilizer experiment.
Treatment

pH

EC
(dS m-1)

Organic C
(%)

N
(kg ha-1)

P
(kg ha-1)

K
(kg ha-1)

Fallow

7.3

0.20

0.64

188

9.55

386

Control

7.4

0.22

0.60

180

8.24

377

100%N

7.2

0.22

0.45

220

8.68

381

100% NP

7.4

0.24

0.55

208

24.74

360

100% NPK

7.6

0.23

0.61

230

27.34

442

100% NPK+ FYM

7.3

0.26

0.66

256

28.65

468

Table 2. Phosphate mineralization rates and acid phosphatase activities of phosphate solubilising
bacteria (PSBs). Isolate was grown with different P sources at 40 µg P ml-1. Available P was
estimated during the incubation period. Rate of P mineralization was derived from the slope of
change in P concentration over incubation period. Acid phosphates determined after the end of
incubation. Each data presented as arithmetic mean ±standard deviation of three replicated
observations. Letter followed by same letters are not statistically different at p<0.05.
P sources

P mineralization rate
(µg P mineralized g-1 soil d-1)

Acid phosphatise
(µg PNP released g-1 soil)

Ca3(PO4)2

0.219±0.026a

1406±184a

Rock phosphate

0.213±0.015b

758±46c

Sodium phytate

0.195±0.036c

965±58b

Tukeys HSD (P< 0.05)

0.051

61
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Discussion
Soil chemical properties were altered by the long
term fertilizer application. In general, soil pH was
neutral and did not change by long term fertilizer
application. Vertisol has high buffering capacity,
therefore pH change was not observed.
Electrical conductivity was highest (0.26 dS m-1)
in NPK 100% + FYM and lowest in fallow. This
could be due to the availability of nutrients and
probably NPK and FYM contributed to high
nutrient availability. Total N, P, and K was
highest in 100% NPK + FYM.
Mineralization of P was highest in 100% NP and
lowest in fallow. Secondly, it was observed that
the P mineralization rates in 100% NP, 100%
NPK, and 100% NPK +FYM were at par,
indicated that amendment of P increased
mineralization of insoluble P fractions.
Phosphorous was applied to the fields in
available P form such as single super
phosphate. Probably, addition of P stimulated
microbial metabolism essential to initiate
mineralization of insoluble P forms. Albeit the
added P gets fixed in soil compartments rich in
Ca, Mg etc. However, it is unclear how the P and
in which form stimulated PSB. pH of
Pikovaskaya broth decreased during P
mineralization in all treatments. Soil pH was
least (4.36) in the treatment of 100% NP,
strongly supported that mineralization of
Ca3(PO4)2 proceeded due to decline in pH of
medium. P mineralization occur either through
production of organic acids and/or through
phosphatase activity. Organic acids are
produced by PSB when the P sources are
complex inorganic forms. The principal
mechanism by which P is solubilised is through
the production of organic acids, siderophores,
protons, hydroxyl ions and CO2 (Rodriguez and
Fraga 1999). Organic acids and the
corresponding carboxyl and hydroxyl ions
chelate cations or reduce the pH to release P
(Tallapragada and Seshachala 2012); The
organic acids are produced in the periplasmic
space by the direct oxidation pathway (Zhou et
al. 2015). The excretion of these organic acids is

accompanied by a drop in pH of medium results
in the acidification of the microbial cells and the
surroundings, leading to P ions release by
substitution of H+ for Ca2+ (Goldstein 1995).
Abundance of bacteria and PSB was low in
fallow, control and 100% N indicated that soils
were low in the microbial population. Cropped
fields mostly have higher microbial population
than fallow and similar results has been
observed in other long term field experiments
(Drijber et al. 2000). Application of only N can
affect the soil biological function reducing the
abundance of total bacteria. In a study on the
long-term effects of imbalanced fertilization on
the composition and diversity of soil bacterial
community, it was found that N promotes some
bacterial groups, which are involved in the
degradation of materials; however, only N
application had an overall negative impact on the
abundance of several groups (Eo and Park
2016). The abundance of both bacteria and PSB
was high in 100% NP, 100% NPK, and 100%
NPK +FYM, indicated that these treatments
favoured bacterial growth. It is also learned that
P is prerequisite for enhancing abundance of
bacteria and PSB. Therefore, the treatment of
100% NP, and 100% NPK exhibited similar
result on the abundance of bacteria. The effect
of mineral N, P, K fertilizer and organic manure
on soil microbial community and diversity was
studied in a 21 year long term experiment. The
experiment included organic manure, organic
manure plus fertilizer NPK, fertilizer NPK,
fertilizer NP, fertilizer NK, fertilizer N, fertilizer P,
fertilizer K, and the control (without fertilization).
The amounts of PLFAs representing total
bacteria, Gram-negative and actinobacteria
were highest in the OM + NPK treatment,
followed by the OM treatment, whilst least in the
N treatment. The amounts of Gram-positive and
anaerobic PLFAs were least in the P treatment
and the control, respectively. The amounts of
aerobic and fungal PLFAs were highest in the
NPK treatment whilst least in the N and P
treatment, respectively (Zhong et al. 2010).
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To estimate P solubilization potential of the
isolate, the P sources were no P, Ca3(PO4)2,
rock phosphate and sodium phytate. The no P
was used as blank. The treatment of Ca 3(PO4)2
and rock phosphate was to test if the PSB
mineralize the inorganic insoluble P sources.
Ca3(PO4)2 as well as rock phosphate are widely
used to isolate potential PSB (Sharon et al.
2016). A large proportion (57.8%) of the total P
in the soils was in organic form (Horii et al. 2013).
In this study, sodium phytate was used as
organic P source (Li et al. 2003). The soil
organic-P fraction is composed chiefly of phytic
acid or phytin (Alori et al. 2017). The organic
phosphate is of special interest for plants P
uptake, because it is the principal storage form
of phosphorus in mature seeds of both monocot
and dicot plants. Phytin is a calcium magnesium
salt of phytic acid (inositol phosphate). Inositol
phosphate may have one to six phosphorus
atoms per inositol unit (Li et al. 2016). In order
to become available to plants, organic-P
compounds must first be hydrolyzed by
phosphatases (Yoon et al. 1996). In soil, this
process is predominantly mediated by the
activity of soil microorganisms, and plant roots.
Approximate recoveries of P from different
organic P compounds are insoluble phosphorus
(2-50%). To cope up with this P limitations, most
bacteria, yeast and fungi produces extracellular
phosphatases. Phosphatases are group of
enzymes that catalyze the hydrolysis of both
esters and anhydrates of H3PO4. These
enzymes are classified as acid and alkaline
phosphatases because their maximum activities
occur at low (pH 6.5) and high (pH 11) pH
ranges. Acid phosphatases are produced by
both, microorganisms.
Solubilization of P from Ca3(PO4)2, rock
phosphate, and sodium phytate progressed
linearly as the isolate solubilised insoluble P
sources effectively. P solubilisation rate was
highest in rock phosphate followed by Ca3(PO4)2
and then sodium phytate. Three P sources were
tested. Both Ca3(PO4)2 and rock phosphate are
insoluble inorganic in nature, while the sodium

phytate is organic form of P source (Feng et al.
2003). Isolate is potential to solubilise both
inorganic and organic form of P sources.
Burkholderia sp is known to solubilise inorganic
P sources. In a study Burkholderia sp has been
used to increase the crop yield by enhancing
inorganic P in rice soil (Stephen et al. 2015).
Burkholderia cepacia CC-Al74 has been
reported as a high solubilizer of Ca3(PO4)2. The
strain AI74 demonstrated P-solubilization as
high as 200 μg ml−1 during exponential growth,
when the pH decreased from 8 to 3.
Solubilization of Ca3(PO4)2 was mainly caused
by the release of gluconic acid (about 16.3 mM).
At this concentration, gluconic acid was capable
of solubilizing 376 μg ml−1 of Ca3(PO4)2
whereas water at pH 3 only solubilized
35 μg ml−1 (Lin et al. 2006). Acid phosphatase
was highest in Ca3(PO4)2 and lowest in sodium
phytate. High acid phosphatese denoted high P
solubilisation potential of the isolate.
Conclusion
The current research outlined the P
solubilisation potential of soil under long term
fertilizer application. The treatment of 100% NP
exhibited highest P solubilisation and fallow as
lowest. Abundance of total eubacterial
population as well as phosphate solubilizing
bacteria (PSB) was high in 100% NP and low in
fallow. The isolated PSB solubilised Ca3(PO4)2,
rock phosphate as well as sodium phytate.
Based on the above findings it was clear that P
mineralization potential of soil depends on the
nutrient status of soil. Amendment of P is
essential to stimulate PSB activity. In vertisol
Paraburkholderia sp could be the dominant and
effective P solubilizers. In addition, there were
several PSB with varying P solubilisation
activities, which need to be identified through
metagenomic
approach.
Bridging
these
knowledge gaps will contribute to efficient
exploration of PSB improving agriculture.
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