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Effect of Phosphate Solubilising Bacteria
on Vigna Radiata (L.)Wilczek

ABSTRACT

The present study was conducted to investigate the
effect of different concentrations( 10% 20% 30%) of
phosphate solubilizing bacteria (PSB) on seed
germination, plant growth and proline content in nodules
and leaves of mung bean (Vigna radiata  L.). An experiment
was carried out with the seeds obtained of mung bean
sown in field with PSB and without PSB. The results reveal
on overall increase in all parameters in the inoculated
plants than their comparable uninoculated ones.
Phosphate solubilizing bacteria with 30% concentration,
on Vigna radiata(L.) showed the higher effect on seed
germination, plant growth, fresh and dry matter, protein,
leghaemoglobin and chlorophyll content as compared to
10% 20% concentration of phosphate solubilizing
bacteria.

Key words:Vigna radiata(L.) phosphate solubilizing
bacteria, protein, leghaemoglobin and chlorophyll.

INTRODUCTION

Legumes are member of family Fabaceae and
sub- family Faboidae. Legumes which are most
commonly grown in India are Pea,Black gram, Mung
bean etc. (Taylor, 1997).Mung bean also contains
high amount of vitamins A, B, C, and niacin, and
minerals such as potassium and phosphorus and
calcium, which are necessary for human body
(Rattanawongsa, 1993). The major pulse producing
states in India are Andhra Pradesh, Orissa,
Maharastra, Madhya Pradesh and Rajasthan
accounting for 70% of total production
(Swaminathan, 2012). Pulses are mostly grown in
two seasons  Kharif and rabi. Mung bean (Vigna
radiata L.) Wilczek is one of the protein rich major
pulse crop. Mung bean is a popular pulse in the diet

and consumed in combination with cereals because
it is easily digestible, free from flatulence, rich in
protein and iron and easy to cook (Awomi et
al.,2012).

P-solubilization ability of the microorganism is
considered to be one of the most important traits
associated with phosphate nutrition. It is generally
accepted that the mechanism of mineral phosphate
solubilisation by phosphate solubilising bacterial
(PSB) strains isassociated with release of low
molecular weight organic acid, through which their
hydroxylcarboxyl groupschelate the cations bound
to phosphate, there by converting it into soluble
forms. In addition, some PSB produce phosphate
like phytase that hydrolase organic forms of
phosphate compounds efficiently. One or both types
of PSB have been introduced to agricultural
community as phosphate solubilizing bacteria e.g.,
Pseudomonas, Bacillus, Enterobacter, Azospirillum
and Rhizobium etc. Phosphorus is a key element in
the nutrition of plants. It plays a virtually important
role in all major metabolic processes in plants,
including photosynthesis, energy transfer,
biosynthesis, signal transduction and respiration
(Khan et al., 2010) and nitrogen fixation in legumes
( Saber et al., 2005).The use of PSB as inoculants
for crop plants has received considerable attention
over the year (Gaind and Gaur, 1991).Phosphorus
bio-fertilizers in the form of micro-organisms can
help in increase the availability of accumulated
phosphates for plant growth through bio-
solubilization of inorganic phosphates. Individual or
co-inoculation ofphosphate solubilizing bacteria
(PSB) with other groups of microorganisms may
enhance the plant growth by increasing the efficiency
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of phosphate solubilization or the availability of
other trace elements PSB has been shown to enhance
the solubilization of insoluble phosphate compounds
through the release of organic acids and phosphatase
enzymes, thereby increase the availability of
Phosphorus to plants. These bacteria also increase
prospects of using phosphatic rocks in crop
production instead of phosphate fertilizers. Increased
efficiency of Phosphate solubilizing bacteria is
possible through co-inoculation with other beneficial
bacteria and mycorrhiza and a considerable number
of bacterial species is able to exert a beneficial effect
upon plant growth. They are used as bio-fertilizers
or control agents for agriculture improvement, and
for environment conservation of agricultural regions
(Kelel et al., 2014).

 MATERIALS AND METHODS

The field experiment was conducted during the
kharif season in the month of March to June 2015 to
evaluate the response of phosphate solubilizing
bacteria on the growth and yield of Vigna radiata
(L.). The experiment was conducted in the
experimental plots of Department of Botany, c. c. s.
university Meerut. The experiments were designed
in four plots of equal size, three plots (1×1 M) for
treatment and one plot for control. Fifty Healthy
seeds of Vigna radiata (L.) were selected and washed
with distilled water.
The Experiments were set as follow:

1. Treatment with 10 gm phosphate
solubilizing bacteria

2. Treatment with 20 gm phosphate
solubilizing bacteria

3. Treatment with 30 gm phosphate
solubilizing bacteria

4. Untreated plants considered as control.
Phosphate solubilizing bacteria (Pseudomonas

stutzeri) were managed to procure from Indian
Agricultural Research Institute, New Delhi to
evaluate their  inoculation response on the
physiological and biochemical parameters of Vigna
radiata (L.).  Three solutions of different
concentrations of phosphate solubilizing bacteria
were prepared as 10% 20% 30%. Phosphate
solubilizing bacteria inoculums of 10 gm, 20 gm,
30 gm were mixed evenly in each 2kg soil and then

distributed in each plot uniformly. Fifty healthy seeds
of Vigna radiata (L.) were used as sample size for
every plot. Control plot as well as treated were
irr igated with normal tap water. The seed
germination percentage was calculated after counting
the difference between germinated seeds (coming
out of soil) and non-germinated seeds (remaning in
side, non-emergent). Nodules were removed from
the plant roots with the help of forceps and counted.
Braddford (1976) method was used to determine the
total protein content of nodules. Method adopted
by Bates, et al., (1952,1973) was used to determine
proline content of nodules. The leghaemoglobin
quantity was measured spectrophotometrically as
haemochromogen following the method of
Bergersen(1980).  Arnon (1949) method was used
to determine chlorophyll content of leaves.

RESULTS AND DISCUSSION

 Seed germination
The seed germination were observed maximum,

at 30% PSB (Pseudomonas stutzeri). Treated seeds
showed that PSB significantly increased seed
germination as compared to control (Table & Fig
1). Lowest difference is observed between PSB 10%
and PSB 20%. The seed germination was measured
at the different time intervals i.e. 7, 14, 21 days after
showing Phosphate solubilizing bacteria improve the
germination  percentage  with the increasing
concentration of phosphate solubilizing bacteria
(10% 20% 30% PSB). Study on the effects of applied
bacteria on germination and seedling growth rates
revealed that seed bacterization improved seed
germination and resulted in significantly higher
growth rates. Phosphate solubilizing bacteria play a
vital role in improving availability of N and P to
plants through biological nitrogen fixation and
solubilization of insoluble phosphates. Once a
beneficial Pseudomonas strain has been able to
colonize a host plant, it might be able to display a
wide array of activities contributing to plant fitness.
As mentioned, the consequences are promotion of
plant growth per se or protection against plant
pathogens, resulting in enhanced plant growth and
germination. Suppression of disease by
Pseudomonas is mediated by direct antagonistic
effects on the pathogen or by induced systemic
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resistance (ISR) (Jesu´s Mercado-Blanco et
al.,2007). solubilizing bacteria effect of seed
germination because of the synthesis of protein,
carbohydrates, starch,  and hormones like
gibberellins triggered the activity of specific
enzymes that promoted early germination such as á-
amylase enzyme, which increased the seed
germination percentage plant of Vigna radiata (L.)
(Gholami et al.,2009).

Table 1: Seed germination per cent of
Vigna radiata (L.) with the different

Concentrations of PSB .

Treatment 5 DAYS 10 DAYS 15 DAYS
Control 72 60 66
PSB 10% 62 54 52
PSB 20% 60 56 62
PSB 30% 76 80 80

Figure 1: Seed germination per cent of Vigna radiata (L.) with
the different  concentrations of PSB

ROOT AND SHOOT LENGHT

Plant treated with Phosphate solubilizing bacteria
significantly affect root and shoot length. Maximum
plant root and shoot length was observed at 30%
concentration of PSB. When compared to control
and other 10% and 20% treatments of PSB.  All the
growth parameters were increased with increasing
levels of phosphate solubilizing bacteria so PSB
significantly affect the plant growth (table & Fig 2).
Similar results was observed on Lens culinaris with
PSB (Monika et al., 2009). PSB possess many traits
that make them well suited as biocontrol and growth-
promoting agents. These include the ability to grow
rapidly in vitro and to be mass produced, rapidly

utilize seed and root exudates, colonize and multiply
in the rhizosphere and spermosphere environments
and in the interior of the plant, produce a wide
spectrum of bioactive metabolites (i.e., antibiotics,
siderophores, volatiles, and growth-promoting
substances), compete aggressively with other
microorganisms, and adapt to environmental stresses
(T. Georgieva etal., 2014). Pseudomonas bacteria
also releases growth hormones such as Gibberellin
and Auxin which increase the longitudinal growth
of cells (stem internodes) and cell division thus
increases the plant height, stem diameter, number
of leaves per plant and production (Koocheki et al.,
2008).  Cytokinin stimulates cell division process
and it is effective on the enzyme activity, nutrient
transport in plant and organelle appearance (Y.R.
Mojtaba et al., 2013).

Table 2: Root length and shoot length (cm)
of Vigna radiata (L.) with different

Concentrations of PSB

Treatment Plant Root Shoot
height length length
(cm) (cm) (cm)

Control 26.7 8.7 18.0
PSB 10% 27.1 6.9 20.2
PSB 20% 36.0 8.7 27.3
PSB 30% 38.3 17.5 20.8

Figure 2: Root length and shoot length (cm) of Vigna radiata
(L.) with different Concentrations of PSB
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FRESH AND DRY WEIGHT

Fresh and dry weights of plants are given in the
table 3.  The maximum root and shoot fresh and dry
weight were recorded, in PSB 30% which were
higher than other treatments and as well as with
control. The minimum fresh and dry weight of root
and shoot were recorded in control. The
accumulation of nutrients in the plant tissue either
from organic and inorganic source of phosphate in
soils is many due to the activities of PSB (table &
Fig 3).   Phosphate solubilizing bacteria as a co-
inoculants promote the growth of root through
nitrogen fixation, phosphate solubilization and
production of growth promoting solubilizing bacteria
as a co-inoculants promote the growth of root
through nitrogen fixation, phosphate solubilization
and production of growth promoting substances
which are known to change the root morphology and
increase the biomass ( Qureshi et al., (2011). A large
body of evidence suggests that PSB enhance the
growth, seed emergence and crop yield, and
contribute to the protection of plants against certain
pathogens and pests.PSB significantly increased
plant heightand plant dry matter production of maize
seedlings observed by (R.K. Singh et al. ,2012).
Chabot et al., (1993) also observed that corn
inoculation with bacteria increased wet weight by
33%.  Mechanisms of biological control by which
PSB can promote plant growth and biomass
indirectly, i.e., by reducing the level of disease,
include antibiosis, induction of systemic resistance,
competition for nutrients and niches (Z.O. Arbidili
et al., 2011)

Table 3: Root and shoot fresh and
dry weight (gm) of Vigna radiata (L.) with

different concentrations of PSB

Treatment Root Shoot
Fresh Dry Fresh Dry
weight weight weight weight
(gm) (gm) (gm) (gm)

Control 0.420 0.137 6.7776 2.8323
PSB 10% 0.5396 0.1693 10.8113 3.5583
PSB 20% 0.5796 0.2006 11.4546 3.9013
PSB 30% 0.6393 0.2213 12.4503 4.0273

Figure 3: Shoot and Root fresh and dry weight (gm) of Vigna
radiata (L.) with different concentrations of PSB

 NODULATION

The numbers of the root nodules in Vignamungo
L. were higher in PSB 30% treatment as compared
to other treatment. Maximum number of root nodules
per plant (63) were found in the case where 30%
PSB were used and minimum nodule numbers
(56.53) per plant were observed in control (Table
4). Phosphate solubilizing bacteria play an important
role in metabolism of crop plants. The availability
of P is limited due to the problem of P fixation.
Phosphate solubilizing microorganisms have the
capability to solubilize P and make it available for
plant uptake. Phosphate solubilizing  bacteria
increased cell division due to supply of nitrogen and
phosphorus by inoculation of  PSB. The number of
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nodule decreased in control plants because of cell
division decreased (Tarafdar et al. ,  1992).
Phosphorus is involved in several energy
transformation and biochemical reactions including
nitrogen fixation. Root development, stalk and stem
strength, and nitrogen fixation in legumes are the
attributes associated with phosphorus nutrition. It
shows that phosphorus is needed in relatively large
amounts by legumes for growth and nitrogen
fixationand has been reported to promote biomass
yield, nodule number, nodule mass etc. (K. N. Devi
et al.,2009) (Fig 4).

Table 4: An averagenodule number of Vigna
radiata (L.) with different  concentrations of PSB

Treatment Nodule number
Control 56.53
PSB 10% 60.35
PSB 20% 61.33
PSB 30% 63.0

Figure 4: An averagenodule number of Vigna radiata (L.) with
different concentrations of PSB.

 PROTEIN CONTENT

The effect of PSB 30% treated plants showed a
greater increase in protein content than in control
and other concentrations treated plants. PSB
concentrations enhanced the protein content as
compared to control (Table & Fig 5).Phosphorus is
one of the major nutrients, second only to nitrogen
in requirement for plants (Gangwar et al., 2013). It
is required by plants for Nucleic acid formation
(DNA & RNA Backbone formation) and for the
energy metabolism of plant.  Phosphorus is required
by cell in protein transcription and translation

(activation of genes and tRNA , amino acid, and
molecular machinery in the form of ATP, AMP,
NADP etc.). These bacteria through production and
secretion of organic acids specially Gluconic acid,
acidify the environment and resulted in dissolving
of insoluble mineral phosphate, and also by
producing  phosphatase enzymes and mineralization
of organic phosphorous, ultimately increased
phosphorous uptake by plant root (Ali Ebadi et
al.,2012).  These are important to improve the seed
treatment in the early stages  of germination and root
formation(T. Georgieva et.al., 2014). Pseudomonas
putida are good producers of secondary metabolites
as IAA, Zeatin, Gibberellin etc. (Umang Bharucha,
2011). Pseudomands  strains ability to display
phosphatase, aminopeptidase, phosphohydrolase
enzyme activities which makes them suitable for
development of enzyme products (W M
Hagag,2012).

Table-5: Protein content of Vigna radiata (L.)
with different concentrations of PSB

Treatment Protein mg/g
Control 0.32949
PSB 10% 0.4040
PSB 20% 0.51254
PSB 30% 0.72543

Figure 5: Protein content of Vigna radiata (L.) with different
concentrations of PSB

PROLINE CONTENT

The minimum proline content was observed in
30 % PSB  and maximum proline content was
observed in control (Table 6).  Proline, an amino
acid, is essential for primary metabolism (Tan et
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al.,2011). It may be induced whenever nutrient
deficiencies occur in the soil. Phosphorus is a
macronutrient and required by plants in a large
amount in soil it is mostly in insoluble condition.
PSB solubilize the phosphorus and increase its
availability toplant. Higher plants which are tolerant
to water deficits and salinity stress usually
accumulate higher levels of proline to cope with the
harsh environments (Dinaker et al.,2009). Rapid
catabolism of proline can provide relief to stress
which may provide reducing equivalents that support
mitochondrial oxidative phosphorylation and the
generation of ATP for recovery from stress and repair
of stress-induced damage (Hare et al., 1998).
Moreover, it can protect enzymes by scavenging
reactive oxygen species (ROS) (Gajewska and
Sklodowska, 2005). Biocontrol pseudomonads
implicated in the suppression of fungal root diseases
by various mechanisms including production of
antibiotics, toxins, bio-surfactants, or lytic enzymes,
competition for colonization sites, nutrients and
minerals, and induction of systemic resistance
(Erdogan, and Benlioglu, 2010) (Table & Fig 6).

Table 6: Proline content of Vigna radiata (L.)
with different concentrations of PSB

Treatment Proline mg/g
Control 0.51075
PSB 10% 0.23377
PSB 20% 0.213285
PSB 30% 0.20485

Figure 6: Proline content of Vigna radiata (L.) with different
concentrations of PSB

LEGHAEMOGLOBIN CONTENT

The Lb ammount was significantly higher in
Mycorrhiza treated plants (Table 6). The

leghaemoglobin content was maximum at 30% PSB
concentration, when compare to 10%, 20%
concentration of PSB and control. Nodules formed
under all the treatments using PSB recorded more
leghaemoglobin content (Table and Fig 7).  The
single inoculation with PSB recorded a similar
increase in leghaemoglobin content, over unweeded
uninoculated control. A positive relationship between
leghaemoglobin content and nitrogen fixation in
mung bean was reported by (Singh and Hiremath,
1990). The leghaemoglobin content increased with
the increase in concentration of PSB because of
maximum symbiosis between plant and phosphate
solubilizing bacteria produce more leghaemoglobin
and nodules formation compare to control.

Table7:  Leghaemoglobin content of Vigna
radiata (L.) with different Concentrations of PSB

Treatment Leghaemoglobin mM (r. f. m.)
Control 0.3256
PSB 10% 0.4188
PSB 20% 0.5205
PSB 30% 0.6325

Figure 7:  Leghaemoglobin content of Vigna radiata (L.) with
different  Concentrations of PSB

CHLOROPHYLL CONTENT

The effect of PSB treated plants showed a greater
increase in the chlorophyll content of leaves than in
the control. 30% percent concentration of PSB shows
maximum chlorophyll content (Table& Fig 8).
Chlorophyll amount gradually lowers down with
much higher concentration of PSB. Phosphate is
required by plants as the component of nucleic acids,



INTERNATIONAL JOURNAL OF APPLIED SCIENCE AND TECHNOLOGY (Vol. 4, Issue 2)  |  63

ISSN 2231-3842 (Print) ISSN 2277-8691 (Online)

phospholipids, ATP and several coenzymes. This is
required by plants for energy metabolism as
photosynthesis and respiration. In phosphate deficit
plants reddish purple margins occurs mainly in
younger leaves and chlorosis occour so potassium
is required by plant for photosynthesis. Phosphate
solubilizing bacteria also affects the chlorophyll
molecules stability in plants and K plays role
indirectly in the chlorophyll synthesis by enhancing
the uptake of N, Fe, Mg and SO4 (Gairola  et al.,
2009). A positive result of chlorophyll content to
increase its photosynthetic ability because
chlorophyll can capture a wider range of light in
mung bean was reported by (Kumar, 2004).The
chlorophyll content increased with the increase in
concentration of PSB because of maximum
photosynthetic ability between plant and phosphate
solubilizing bacteria produce more chlorophyll
compare to control.

Table 8: Chlorophyll content (mg/g leaves)
of Vigna radiata (L.) with different

concentrations of PSB

Treatment Chlorophyll mg/g
Control 0.43904
PSB 10% 0.691922
PSB 20% 0.742778
PSB 30% 1.034538

Figure 8: Chlorophyll content of Vigna radiata  (L.) with
different concentrations of PSB

CONCLUSION

Different concentrations of phosphate
solubilizing bacteria were recorded to note
significant and beneficial facts on germination, plant

growth, nodule number, fresh and dry weight of
Vigna radiata (L.). The increase concentration of
phosphate solubilizing bacteria (Pseudomonas
stutzeri) led a positive fact on the germination
percentage and plant growth and also other
physiological parameters. The higher concentrations
of phosphate solubilizing bacteria also exhibit impact
as promotory response on all the biochemical
parameters except its inhibitory effect on proline.
The increase in plant growth and yield of crops like
Urad bean gives a due to use phosphate solubilizing
bacteria as a tool to enhance plant biomass and yield
of various other crops too. There as a possibility to
use the phosphate solubilizing bacteria as a
biofertilizer which in turn can be calledwith a
potential role in plant growth and development
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