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ABSTRACT

Phosphorus (P) is an important macronutrient for growth of plants and is often provided to crops by the application of
inorganic sources; 80 percent of that cannot be utilized by crops due to immobilization and precipitation. In such
situation, phosphate solubilizing bacteria (PSB) may play a major role in improving P availability to plants by dissolving
insoluble and fixed soil P. Moreover, phosphatase activity of these PSB could further enhance the P availability from
organic sources, if supplemented with organic amendments. A pot experiment was conducted to evaluate the potential of
PSB containing phosphatase activity with and without organic amendment (pressmud) for improving growth and yield of
mash bean. Mash bean seeds were inoculated with 4 different well characterized PSB strains [PS-01 (Burkholderia sp.),
PS-12 (Bacillus sp.), PS-32 (Pseudomonas sp.) and PS-41 (Flavobacterium sp.)]. The inoculated seeds were sown in
potted soil amended with and without press-mud. Results showed that combined use of PSB strain (PS-01) and PrM
caused significant increase in yield (38 and 69%), P content in root (1.3 and 3.3 fold) and in shoot (32 and 136%) of
mash bean as compared to sole use of PS-01 and PrM, respectively. This approach could be very effective to enhance the
phosphorous availability to plants, plant growth and yield.
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INTRODUCTION

Phosphorus (P) is a most important growth-
limiting nutrient, and is different from the case of
nitrogen; there is no large distinctive source that can be
naturally managed for crops accessibility (Sharma et al.
2013). It plays important role in nearly all phases of plant
cycle including root growth, photosynthesis, anthesis,
seed production and maturation. Its deficiency causes
stunted growth and severe yield losses. Its concentration
in soil solution is very low, because soluble forms of P
are fixed by soil solid phase, making less than 0.01% of
total P available to plants. Phosphorous is therefore, one
of the least mobile nutrients in soil (Balemi and Negisho,
2012). Many agricultural soils surround huge deposition
of total P, generally from 200 to 5000 mg P kg-1 of soil
by mean value of 600 mg P kg-1 of soil and its
accumulation based on frequent use of inorganic
fertilizers and sludge from the treated wastewaters. Much
of the P which is present in soil and provided to the crops
through inorganic fertilizers become unavailable through
precipitation by reacting with Fe3 and Al3+ in acidic and
with Ca2+ in calcareous soils, respectively (Abbasi et al.
2015). Different genera of bacteria have ability of
mineralizing and solubilizing P pools in soil and its
bioavailability is considerably promoted by these
bacteria. Solubilization of rock phosphates through
different microbes is a low grade process but receiving
greater attention for sustainable agriculture. This process

not only compensates the input of high cost fertilizers but
it can also enhance the mobilization of insoluble P
already added to soil from the fertilizers. Such group of
bacteria is termed as phosphate solubilizing bacteria
(PSB) and inoculation with PSB as bio-fertilizers
enhances P accumulation and biomass production of
plants (Abbasi et al. 2015). To compensate the P
deficiency, PSB can play an important role for supplying
available P to plants in sustainable and environment
friendly manners as these bacteria excrete organic acids
that break up phosphatic minerals by solubilizing the
inorganic form of P  (Khan et al. 2006). Moreover, these
PSB having phosphatase activity could also increase P
accessibility to plants from organic P sources in soil by
mineralization (He et al. 2004).

On another hand, soil organic matter (SOM) is a
key component of the soil system that facilitates many
important soil physical, chemical and biological
processes and it has been decreased below 1% in many
areas of Pakistan (Niaz et al. 2007). Use of the organic
amendments in field improves the SOM status, microbial
activity and biomass as compared to conventional
fertilizers (Ghimire et al. 2014). Surely, PSB improve
plant growth and yield when supplemented with chemical
fertilizers. However, if PSB are used in combination with
organic amendments, they could not only enhance the
crop yield but also can help in preventing fertilizer run-
off, leaching of nutrients, retaining more moisture and
improving plant growth (Saxena et al. 2013). Press-mud
is a main by-product of sugar cane industry, rich in
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nutrients required for plant growth especially P and could
be used as potential organic amendment to enhance the
fertility status of soil and improve the plant growth and
yield (Sarker et al. 2013). Nowadays, PrM is being used
as a low cost input for nutrient supply to crop plants and
it can significantly enhance the availability of P, K and
Ca contents for different crops like soybean, maize and
wheat and can improve their growth and yield (Datta and
Gupta, 1983; Muhammad and Khattak, 2009). By
realizing the need of PSB to enhance the accessibility of
P to plants in soil from organic and inorganic sources, a
pot trail was conducted to evaluate PSB containing
phosphatase activity alone as well as in combination with
PrM to improve the growth and yield of mash bean.

MATERIALS AND METHODS

A pot experiment was conducted in the wire
house under ambient temperature and light to evaluate
phosphate solubilizing bacteria (PSB) containing
phosphatase activity with and without pressmud (PrM)
for improving growth and yield of mash bean crop. For
this purpose, four PSB strains already tested for P
solubilization and mineralization in our previous
experiments were selected (Hussain et al. 2013a). The
selected PSB strain i.e. PS-01 (Burkholderia sp.), PS-12
(Bacillus sp.), PS-32 (Pseudomonas sp.) and PS-41
(Flavobacterium sp.) were used alone as well as in
combination with PrM to improve growth and yield of
mash bean. The experiment was conducted by following
the completely randomized design with two factors and
three replication of each treatment. The inocula of
selected PSB strains were prepared by taking 100 mL of
sterilized glucose peptone broth in four conical flasks
having 250 mL volume. Each conical flask was
inoculated with respective bacteria and incubated at 28 ±
1 ºC in a shaking incubator at 100 rpm for 24 hours.
Inoculum with population density of 107-108 CFU mL-1

of each strain was used for seed inoculation. The
inoculum of each PSB strain was injected into sterile peat
(100 mL kg-1) and was incubated for 24 hrs at 28 ± 1°C
before using it for seed coating. For seed inoculation,
seed dressing was carried out with inoculated peat mixed
with clay and 10% sugar solution. In case of the un-
inoculated control, the seeds were coated with the same
but autoclaved inoculum suspension (Shaharoona et al.,
2006). The seeds were surface sterilized with ethanol and
sodium hypochlorite before inoculation. Inoculated seeds
of mash bean were sown in pots filled with sandy clay
loam soil amended with and without PrM (organic
amendment) at the rate of 15 mg ha-1. Polyethylene sheets
were used for lining of pots and 10 kg soil amended with
and without PrM was used to fill pots. The soil and PrM
used were analyzed for various physico-chemical
properties. Soil was sandy clay loam having EC 1.45 dS
m-1, pH 7.6, saturation percentage 39.5%, organic matter

0.57%, available phosphorous 7.4 mg kg-1 soil and
extractable potassium 130 mg kg-1 soil. Pressmud used in
experiment had organic matter 12.8%, pH 6.5, EC 3.2 dS
m-1, total phosphorous 0.7% and total potassium 0.97%.
Pots were irrigated with tap water before sowing and at
field capacity five inoculated seeds of mash bean were
sown per pot, keeping control treatments where un-
inoculated seeds were sown in soil amended with and
without PrM. Three plants were maintained in each pot
by thinning after one week of germination. At harvest,
data regarding growth and yield parameters was recorded.
Root and shoot samples of plants were analyzed for P
contents. Wolf (1982) method was followed for the
digestion of plant sample. For this purpose, 0.1 g oven
dried and ground plant samples were taken in a digestion
tube and 2 mL of concentrated sulfuric acid was poured
into it. The samples were left over night at room
temperature. Then 1 mL 35% extra pure H2O2 was poured
into each digestion tube along the sides and the tubes
were rotated. The tube was heated up to 350 0C after
mounting it in a digestion block for 20 minutes. Then the
tubes were removed, cooled and added with 1 mL of
H2O2 and again heated for 20 minutes. Same procedure
was continued until the material became colorless. Fifty
milliliter volume of the colorless extract was made by
using distilled water and stored for the determination of P
contents. Phosphorous was measured by
spectrophotometer (Nicolet Evolution 300, Thermo
Electron Corporation, England) at 430-nm wavelengths
by using KH2PO4 as standards (Olsen and Sommers,
1982). Data were analyzed statistically by using computer
based statistical software Statistix-8.1 (Analytical
Software, Tallahassee, USA) and means were compared
by Duncan’s Multiple Range Test at 5% probability level
(Duncan, 1955).

RESULTS

In present study, PSB strains containing
phosphatase activity showed positive effect on growth
and yield of mash bean either used with and/or without
PrM. Results showed that sole application of PSB
significantly improved shoot length, root length, root and
shoot fresh and dry weight, yield per plant and P contents
in root and shoot as compared to un-inoculated control.
But further improvement in growth parameters and yield
was observed by combined application of PSB strains and
PrM.

Data (Table 1) showed that inoculation of PSB
strain (PS-01) without PrM amendment, improved the
shoot length up to 29.2% compared to un-inoculated
control while this increase was up to 16.9 % more
compared to treatment where only PrM was used as an
organic amendment. Combined application of PrM and
PSB strain (PS-01) significantly improved shoot length
up to 23.5 % compared to sole inoculation of PSB strain
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(PS-01) and 44.4% as compared to sole use of PrM. Data
(Table 1) showed that 13.44% increase in shoot fresh
weight was observed by sole inoculation of PSB strain
(PS-01) as compared to un-inoculated control without
PrM amendment but inoculation of PSB strain (PS-01)
with PrM significantly increased the shoot fresh weight
up to 7.30% as compared to sole inoculation of PSB
strain (PS-01) and 15.35% compared sole application of

PrM. Data (Table 1) showed that shoot dry weight was
improved up to 13.1% by sole inoculation of PSB strain
(PS-01) as compared to un-inoculated control without
PrM. Inoculation of PSB strain (PS-01) with PrM
improved the shoot dry weight up to 15.5% compared to
sole inoculation of PSB strain (PS-01) and up to 15% as
compared to sole application of PrM.

Table 1. Effect of PSB inoculation and PrM on shoot parameters of mash bean.

Treatments
Shoot length (cm) Shoot fresh weight (g) Shoot dry weight (g)

Without PrM With PrM Without PrM With PrM Without PrM With PrM
Control 28.50 g 31.5 f 5.80 h 6.12 e 1.45 f 1.53 e
PS-12 34.16 e 40.83 b 6.29 d 6.83 b 1.57 d 1.71 b
PS-32 32.33 f 37.00 d 6.06 e 6.77 b 1.51 e 1.69 b
PS-01 36.83 d 45.50 a 6.58 c 7.06 a 1.64 c 1.76 a
PS-41 34.26 e 38.16 c 6.19 e 6.75 b 1.52 e 1.69 b
Means sharing the same letter(s) do not differ significantly at p≤0.05

Data (Table 2) showed that increased in root
length was observed up to 30.30% by sole inoculation of
PS-01 as compared to un-inoculated control without PrM.
But further improvement in root length up to 64.30% was
observed by inoculation of PS-01 with PrM as compared
to uninoculated control. Data (Table 2) showed 17.20%
increase in root fresh weight by sole inoculation of PS-01
as compared to un-inoculated control without PrM.
However, combined use of PS-01 with PrM improved
root fresh weight as compared to sole inoculation of PS-

01 and increase in root fresh weight was up to 47.54% as
compared to un-inoculated control without PrM. Data
(Table 2) showed that maximum increase in root dry
weight was observed by combined use of PSB strain (PS-
01) and PrM as compared to sole inoculation of PS-01.
Inoculation of PSB strain (PS-01) in combination with
PrM increased the root dry weight up to 72% as
compared to un-inoculated control without PrM
amendment.

Table 2. Effect of PSB inoculation and PrM on root parameters of mash bean.

Treatments
Root length (cm) Root fresh weight (g) Root dry weight (g)

Without PrM With PrM Without PrM With PrM Without PrM With PrM
Control 13.16 h 14.58g 1.12 g 1.23 fg 0.29 g 0.29 g
PS-12 16.96 de 20.90 b 1.33 e 1.75 b 0.33 e 0.43 b
PS-32 15.30 fg 17.66 d 1.27 e-g 1.53 c 0.31 f 0.37 c
PS-01 18.90 c 23.83 a 1.43 d 1.99 a 0.35 d 0.49 a
PS-41 16.16 ef 18.56 c 1.29 ef 0.44 b 0.32 ef 0.44 b
Means sharing the same letter(s) do not differ significantly at p≤0.05

The data (Table 3) regarding yield per plant of
mash bean revealed that PSB strain (PS-01) without PrM
increased the yield per plant up to 54.2 % as compared to
un-inoculated control without PrM amendment. The
maximum increase in yield was observed by inoculation
of PSB strains in combination with PrM than sole
inoculation of PS-01 and un-inoculated control without
PrM. The data regarding P contents in roots and shoots
(Table 3) of mash bean revealed that inoculation of PSB
strains in combination with PrM caused increase in P

contents of roots and shoots. Application of PrM
significantly increased the P contents in plant root and
shoot up to 60 and 25%, respectively, as compared to
control. Inoculation of PSB strain (PS-01) without PrM
increased P contents of root and shoot up to 123.25 and
120%, respectively, as compared to un-inoculated control
without PrM. Combined application of PSB strain (PS-
01) and PrM significantly increased the P contents of root
and shoot up to 4.28 and 1.96 folds, respectively, as
compared to un-inoculated control without PrM.
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Table 3. Effect of PSB inoculation and PrM on grain yield and root and shoot P contents of mash bean.

Treatments
Grain yield plant-1 (g) P in root (%) P in shoot (%)

Without PrM With PrM Without PrM With PrM Without PrM With PrM
Control 1.40 g 1.75 f 0.29 e 0.45 de 0.27 h 0.33 g
PS-12 1.92 ef 2.62 b 0.59 cd 1.18 b 0.47 f 0.70 b
PS-32 1.91 ef 1.97 de 0.48 de 0.70 cd 0.38 g 0.56 de
PS-01 2.16 cd 2.97 a 0.64 cd 1.52 a 0.59 cd 0.78 a
PS-41 1.93 ef 2.26 c 0.50 c-e 0.80 c 0.51 ef 0.63 c
Means sharing the same letter(s) do not differ significantly at p≤0.05

DISCUSSION

Phosphate solubilizing bacteria (PSB) with
multiple plant growth promoting activities could be one
of the viable  supplement to chemical fertilizers and play
an important role for enhancing availability and uptake of
plant nutrients and have significant role in the bio-
fertilization of field crops (Sharma et al. 2013). These
bacteria have ability to convert unavailable form of
nutrients to plant available form through biological
process (Vessey, 2003). Results of our study showed that
PSB strains significantly increased the mash bean growth
and yield. Phosphate solubilizing bacterial strains
increased the shoot length, root length, shoot fresh
weight, shoot dry weight, root fresh weight, root dry
weight, yield per plant and P contents in roots and shoots
of mash bean plants as compared to un-inoculated
control. This increase in growth and yield attributes of
mash bean might be due to involvement of PSB strains
for increasing the availability of nutrients, biosynthesis of
plant growth regulators i.e. auxins, phosphatase activity
and/or ACC-deaminase activity (Hussain et al. 2013a,
2013b). Phosphate solubilizing bacterial strains increased
the mash bean growth and yield which might be due to
enhanced P accumulation and biomass production in
plants (Barea et al. 2005). Phosphate solubilizing bacteria
enhanced plant growth by solubilization of insoluble P in
soil and increased its acquisition by increasing root
growth of plant (Malboobi 2009). Increase in plant
growth and yield of mash bean might also be attributed to
biosynthesis of siderophores which provides iron to
plants, biosynthesis of different phytohormones like
cytokinin and auxins, solubilization of mineral P through
different mechanisms and/or biosynthesis of various
enzymes (Gyaneshwar et al. 2002). Moreover, PSB could
also increase the biological nitrogen fixation efficiency of
rhizobium-legume symbiosis, therefore increase in
growth and yield of mash bean might be attributed to
more nitrogen fixation (Son et al. 2006; Mohammadi,
2011). Increase in P contents of root and shoot of mash
bean by inoculation of PSB strains might be due to
solubilization of inorganic phosphate through production
of organic acids and/or mineralization of organic P by
phosphatase enzymes (Hussain et al. 2013a; Sharma et al.
2013). As, PSB solubilize the low soluble calcium

phosphate compounds through the production of organic
acids and make P available to plants (Walpola and Yoon,
2013a). Ahemad and Kibret (2014) stated that
mobilization of mineral nutrients like P and Fe in soil by
bacteria could be the main mechanism for increased
growth and development of plants which makes these
nutrients in more readily plant available forms.
Improvement in shoot length, root length, shoot fresh
weight, shoot dry weight, root length, root fresh weight,
root dry weight, yield per plant and P contents of root and
shoot by inoculation of PSB strains in combination with
organic amendment (PrM) was more prominent as
compared to sole inoculation of PSB strains without PrM.
This increase in growth and yield attributes of mash bean
might be due to increase in soil organic matter status of
soil. As PrM is rich source of organic matter that
increases the activity of PSB bacteria, improves their
efficiency for releasing organic acids and phosphatases
enzymes that might be involve in enhancing P availability
and other nutrients to plants (Winarso et al. 2011;
Ahemad and Kibert, 2014). Moreover, PSB containing
phosphatase enzymes liberate P through mineralization of
organic matter which promote the growth and yield of
plants (Trolove et al. 2003; Walpola and Yoon, 2013b).
Data regarding increase in plant growth, yield and P
contents of root and shoot by the application of organic
amendment i.e. PrM might be due to supply of more
nutrients to plants and improved soil physico-chemical
properties (Cellier et al. 2014).

Conclusion: From present research it might be concluded
that if PSB strains containing phosphatase activity are
applied in combination with organic amendments i.e.
PrM, both organic and inorganic pool of soil P may be
mobilized more efficiently and can be translated in to
enhanced growth and yield of mash bean. Among the
PSB strains, PS-01 was most effective and improved
yield up to 38 and 69% as compared to sole use of PS-01
and PrM, respectively. This approach could be very
effective in legumes because enhanced availability of P
could also assist the nitrogen fixation process in legumes.
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