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ABSTRACT

Rhizobacterial phosphate solubilization supports plant nutrition under phosphorus (P) deficiency stress. In this filed
study we evaluated wheat response to ACC-deaminase-containing rhizobacterial strains, with or without phosphate-
solubilizing activity, under varying levels of soil applied phosphatic fertilizer. The experiment was conducted on a P-
deficient soilby using randomized complete block split plot design involving two factors. Factor Ainvolved three P doses
(in main plots), i.e. 0(Control), 42.5 and 85 kg P2O5g ha-1. Factor B included three rhizobacterial treatments (in sub
plots), i.e. No rhizobacterial seed inoculation (control) and wheat seed inoculation with ACC-deaminase Pseudomonas
fluorescens with or without P-solubilizing activity. P nutrition of wheat plants at half and full recommended dose
increased various plant growth and yield parameters of wheat in a range of 7.4 to128% and 9.6 to 144%, respectively,
against control. ACC-deaminase Pseudomonas fluorescens without or with P-solubilizing activity increased various
traits of wheat plants in a range of 1.4 to38% and 2.9 to86%, respectively, against control. The study concluded that
Pseudomonas fluorescens with dual activities of ACC-demainase and phosphate solubilization play significant role in
enhancing wheat growth and yield under both low- and high-P sustainable agriculture.

Keywords: Wheat, Triticumaestivum L., Phosphorus, Pseudomonas fluorescens, ACC-deaminase, phosphate-
solubilization.

INTRODUCTION

Phosphorus (P) deficiency hinders plant growth
and crop productivity (Vance et al., 2003). In Pakistan,
over 90% soils are P-deficient (<10 mg kg-1 Olsen-P) and
the P-use-efficiency of plants is also only 20-25%
(Vishandaset al., 2006). Natural phosphate rocks are
considereduseful substitute of chemical P-fertilizers,
providing low-cost source for sustainable crop production
(FAI, 2002). However, beyond a soil pH of 5.5-6.0,
plants remain unable to quickly uptake rock phosphate
(RP). Due to this slow-release nature of RP, farmers
could not witness quick benefits and avoid using RP.
Hence, plant nutritionists/soil microbiologists focus up on
microorganisms which can actively convert insoluble RP
into more soluble forms for their quick beneficial effects
on plant growth (Vyas and Gulati, 2009). Phosphorus
fertilization of crops in Pakistan has become
indispensable for obtaining good returns, especially for
wheat (Triticumaestivum L.) which consumes ~45% of
the total P fertilizers consumed in Pakistan (GOP, 2012).
However, plant Puptake is not more than 20% of the
applied inorganic fertilizer due to its fixation under acidic
(with Fe & Al) and calcareous (Ca and Mg) soil
conditions. Moreover, due to rapidly depleting global

Preserves (Dawson and Hilton, 2011) and high cost of P
fertilizers it becomes highlyindispensible to find out
alternate economical and sustainable sources of P,
viz.biofertilizers containing plant growth promoting
rhizobacteria (PGPR). These biofertilizers not only
decreased input cost of chemical fertilizers by increasing
their use-efficiency but thereby also promote healthy
environment. For these reasons the biofertilizers
nowadays are considered and advocated as low-cost,
ecofriendly option for sustainable crop production and
soil health (Nain et al., 2010).

These microbes convert sparingly available
fixed soil-P to readily plant-available-P through their
phosphate solubilizing and ACC-deaminase activities
(Shaharoona et al., 2006; Saleem et al., 2007). Several
studies have reported their efficacy in increasing plant
growth and crop yield (De Freitas et al., 1997; Singh and
Kapoor 1999; Valverde et al., 2006; Vassilev and
Vassileva, 2006).Moreover, these PGPR also promote
root growth and development of plants through the
production of phytohormones (Maynard and Hochmuth,
2007). Other mechanisms employed by these PGPR
include the production of indole acetic acid (IAA) and
siderophores (Bar-Ness et al., 1991; Mehnaz and
Lazarovits, 2006) which consequently enhance
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micronutrient availability to plants and improve their root
system (Salisbury, 1994).

For the above mentioned benefits, microbial
inoculants are rapidly becoming popular among scientific
and farming communities in their quest of low input
sustainable agriculture, as has been advocated in the
recent literature on the subject (Zia-ul-hassan et al.,
2012). The regulation of ethylene level by ACC-
deaminaserhizo bacteria results in better root
development which ultimately resultsin the promotion of
growth and yield of crops (Saleem, et al., 2007; Afzal
and Asghari, 2008; Zia-ul-Hassan et al., 2012).

The present field experiment was conducted to
evaluate the response of wheat to seed inoculation with
plant growth promoting rhizobacteria containing either
phosphate-solubilizing activity or ACC-deaminase
activity or both, under varying levels of soil applied
phosphatic fertilizer.

MATERIALS AND METHODS

The field experiment was conducted on a poorly
fertile (0.69% organic matter and 5.9 mg kg-1 Olsen- P),
non-saline (EC: 0.90 dS m-1), alkaline (pH: 7.3),clay
loam soil following a two factor randomized complete
block split plot design with three replications.The size of
each experimental unit was 15.0 m2. Factor A (main
plots) involved three P doses, i.e. 0 (Control), 42.5 and 85
kg P2O5 g ha-1. Factor B (sub plots) included three
rhizobacterial treatments, i.e. No rhizobacterial seed
inoculation (control) and wheat seed inoculation with
ACC-deaminase Pseudomonas fluorescens with or
without P-solubilizing activity. General purpose media
was used for the preparation of inocula. Rhizobacterials
trains were used for inoculation of broth and incubated at
28±1°C for 48 h under shaking (78 rpm) conditions.
After incubation, optical densities were measured and
uniform population (107-108 CFU mL-1) of different
strains were maintained at the time of seed
inoculation.Peat and muck soil were ground to pass
through a 2-mm 40-mesh sieve and autoclaved at 121oC
for 20 min. A 10-mL inoculum of the selected
rhizobacteria was mixed with 50 g of peat and 50 g of
muck soil and incubated for 24 h at 28±1oC before being
used for seed coating, with muck to peat soil ratio of 1:1
(w/w). Inoculated seeds were placed overnight for air-
drying in the laboratory.The requisite doses of 50% and
100% recommended chemical phosphatic fertilizer (42.5
and 85 kg P2O5 ha-1) were applied through soil
application of triple super phosphate (51% P2O5). The
crop also received recommended doses of nitrogen (120
kg ha-1) and potassium (50 kg ha-1). Urea was used as
source of nitrogen while sulfate of potash was used as
source of potassium, SOP (50% K2O). All P (according
treatment plan) and potassium, along with one-third
nitrogen, was applied to the crop by broadcasting to the

soil and then thoroughly mixed. The remaining two-third
dose of nitrogen was given to the crop in two equal splits,
i.e. at first and second irrigations. At maturity, ten plants
were harvested from each experimental unit to record
growth and yield data. Plant P concentration was
determined following Westerman (1990). Firstly, the
plant material was digested, five mL of the filtrate was
mixed with 10 mL of the Barton reagent and total volume
was made up to 50 mL. The samples were placed at room
temperature for half an hour till color was developed. The
P contents were determined by measuring absorbance
from, standard, blank and sample at 410 nm using
spectrophotometer. Statistical analysis was performed
using Statistix ver. 8.1. Treatment means were compared
by Tukey’s Honestly Significant Difference (HDS) test at
alpha 0.05.

RESULTS

Adequate phosphorus (P) nutrition affected
various plant traits of wheat either significantly, i.e.
number of spikes (plant-1), number of spikelets (spike-1)
and 1000-grain weight of wheat or highly significantly,
i.e. plant height (cm), number of tillers (plant-1) coupled
with the yield (kg ha-1) and P concentration (%) of wheat
grain and straw (Table 1). Moreover, the rhizobacterial
strains highly significantly affected all these parameters,
except plant height (Table 1). Interestingly, both the main
effects i.e., P doses and rhizobacterial strains did not
affect most of these parameters of wheat in an interactive
manner (Table 1). None-the-less, their interaction was
found significant for straw P concentration and highly
significant for 1000-grain weight and grain P
concentration (Table 1).

The data further depicted that adequate P
nutrition enhanced various traits of wheat plants (Table 2
and 3). As expected, both the P treatments were superior
than control where no P was applied, while the 100%
recommended P application was significantly more better
than 50% of the recommended P dose in enhancing
various plant parameters of wheat (Table 2 and 3).
Accordingly, the respective increase in various traits of
wheat plants in response to half and full recommended
dose of P fertilizer, as against control, was: plant height
(7.4 and 9.6%), number of tillers/plant (13.2 and 26.2%),
number of spikes/plant (10.9 and 21.3%), number of
spikelets/spike (10.5 and 15.9%), 1000-grain weight (2.6
and 5.8%), grain yield (14.8 and 26.9%), straw yield
(18.1 and 22.4%), grain P concentration (139.5% and
190.6%) and straw P concentration (128.3 and 144.4%).

Likewise, the seed inoculation of wheat plants
with ACC-deaminase Pseudomonas fluorescen shaving
ability to solubilize the sparingly available soil P was
much better than its non-P-solubilizer counterpart (Table
2 and 3). Moreover, both of these treatments were
superior to their control where wheat seeds were not
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inoculated with any of these rhizobacteria (Table 2 and
3). In response to two ACC-deaminaserhizobacterial
strains of Pseudomonas fluorescens, without or with P
solubilizing activity, the respective increase in various
traits of wheat plants as against control was: plant height
(1.4 and 2.9%), number of tillers/plant (16.7 and 33.6%),
number of spikes/plant (14.4 and 29.7%), number of
spikelets/spike (3.7 and 12.7%), 1000-grain weight (4.4
and 9.8%), grain yield (17.0 and 31.3%), straw yield (8.2
and 15.1%), grain P concentration (31.2% and 79.1%)
and straw P concentration (38.0 and 85.6%).

Further examination of data (Table 2 and 3)
reflected that Pseudomonas fluorescens with dual
activities of ACC-deaminase and P solubilization more
effectively enhanced various plant traits of wheat as
against its counterpart with that had only ACC-deaminase
activity in a range of 1.8 to 3.4 fold. Moreover,
Pseudomonas fluorescens with dual activities of ACC-
deaminase and P solubilization effectively interacted with
half of the recommended P fertilizer to significantly
produce maximum 1000-grain weight (20.1%) and with

full recommended dose to enhance P concentration of
grain (5.2-fold) and straw (4.4-fold).

Table 1. Significance of F-ratio from analysis of
variance for various parameters of wheat as
affected by different phosphorus doses (P),
rhizobacterial strains (R) and their
interaction effect (P × R).

Parameter
F-ratio

P R P × R
Plant height (cm) ** NS NS
Number of tillers (plant-1) ** *** NS
Number of spikes (plant-1) * *** NS
Number of spikelets (spike-1) * ** NS
1000-grain weight (g) * *** **

Grain yield (g plant-1) ** *** NS
Straw yield (g plant-1) *** ** NS
Grain P concentration (%) *** *** **

Straw P concentration (%) *** *** *

Table 2.Response of wheat to ACC-deaminaserhizobacteria, without† or with‡ phosphate solubilizing activity, at
different phosphorus levels

Rhizobacteria
Phosphorus dose (kg ha-1)

Rhizobacteria mean
00 42.5 85

Plant height (cm)
Control 95.0 100.0 104.0 99.7
P. fluorescence† 94.0 103.8 105.7 101.1
P. fluorescence‡ 98.3 105.0 105.3 102.9
P-dose mean 95.8B 102.9A 105.0A
Number of tillers (plant-1)
Control 11.0 13.1 15.3 13.1C
P. fluorescence† 13.7 15.3 17.0 15.3B
P. fluorescence‡ 16.0 17.7 19.0 17.6A
P-dose mean 13.6C 15.4B 17.1A
Number of spikes (plant-1)
Control 10.3 12.2 14.5 12.3C
P. fluorescence† 13.0 14.3 15.0 14.1B
P. fluorescence‡ 15.0 16.0 17.0 16.0A
P-dose mean 12.8B 14.2AB 15.5A
Number of spikelets (spike-1)
Control 14.6 16.6 17.2 16.1B
P. fluorescence† 15.3 17.0 17.9 16.7B
P. fluorescence‡ 17.0 18.3 19.3 18.2A
P-dose mean 15.6B 17.3A 18.1A
1000-grain weight (g)
Control 38.3c 40.8bc 45.0ab 41.3
P. fluorescence† 42.6ab 43.1ab 43.8ab 43.2
P. fluorescence‡ 45.5a 46.0a 44.9ab 45.4
P-dose mean 42.1 43.2 44.6
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Table 3. Response of yield and P concentration of wheat to ACC-deaminaserhizobacteria, without† or with‡
phosphate solubilizing activity, at different phosphorus levels

Rhizobacteria
Phosphorus dose (kg ha-1)

Rhizobacteria mean
00 42.5 85

Grain yield (g plant-1)
Control 0.45 0.52 0.62 0.53C
P. fluorescence† 0.56 0.63 0.69 0.62B
P. fluorescence‡ 0.62 0.72 0.76 0.70A
P-dose mean 0.54B 0.62A 0.69A
Straw yield (g plant-1)
Control 0.74 0.92 1.02 0.89B
P. fluorescence† 0.85 1.00 1.05 0.97AB
P. fluorescence‡ 0.96 1.08 1.05 1.03A
P-dose mean 0.85B 1.00A 1.04A
Grain P concentration (%)
Control 0.13e 0.28de 0.43cd 0.28
P. fluorescence† 0.19e 0.42cd 0.49bc 0.37
P. fluorescence‡ 0.22e 0.61ab 0.67a 0.50
P-dose mean 0.18 0.44 0.53
Straw P concentration (%)
Control 0.08f 0.15def 0.21cde 0.15
P. fluorescence† 0.11ef 0.26abc 0.24bcd 0.21
P. fluorescence‡ 0.13ef 0.34ab 0.35a 0.28
P-dose mean 0.11 0.25 0.27

DISCUSSION

Phosphorus is a very crucial plant nutrientand its
adequate supply is highly indispensable for the normal
plant growth. However, most of the soils around the
world are P deficient and hence it becomes very
important to involve chemical phosphatic fertilizers for
sustainable crop production. Nonetheless, due to the
rapidly mined global-P reserves, increasing cost of
chemical P fertilizers, issues of timely availability of P
fertilizers and increasing chemical P pollution of
environments (Vishandaset al., 2006), efforts are
underway to explore the possible and potential low-cost
alternatives of chemical P fertilization with special
reference to phosphate-solubilizing microbial inoculants
(Sharma et al., 2010). In order to achieve the optimum
crop yield, the application of chemical phosphatic
fertilizers is being done but plant could only take up not
more than 20% of the applied P. The use of biofertilizers
has the potential to mobilize the fixed P in the soil to the
crop plants. From the results of our experiment, it was
clearly found that the inoculation of Pseudomonas
fluorescens significantly increases growth and yield
parameters of wheat.

Plant growth promotion of wheat could be due
to the positive effects of the applied strains with P
solubilizing and ACC-deaminase activity. The former
could help increase availability of P to the crop plants
which ultimately help in the promotion of various growth

parameters. The latter help in the reduction of the
ethylene levels in the rhizosphere which might be
produced due to the nutrient stress by converting its
precursor into α-ketobutyrate and ammonia thereby
decreasing the stress hormone, ethylene.

Various researchers have reported their positive
effect on the growth and yield parameters of various
crops. Regarding growth parameters, plant growth
promoting rhizobacteria influence crop growth, yield, and
nutrient uptake by a variety of mechanisms, i.e. enhance
nutrient uptake, produce plant hormones, promote
beneficial soil biota, curtail fungal and bacterial diseases,
help control insect pests (Saharan and Nehra, 2011) and
enhance N2 fixation in legumes (Lugtenberg and
Kamilova, 2009). Sharma et al. (2011) also endorsed that
the use of P solubilizing rhizobacteria as inoculants
increases P uptake. The Pseudomonas fluorescens with
dual activities of ACC-deaminase and P solubilization
more effectively enhanced various plant traits of wheat as
against its counterpart with that had only ACC-deaminase
activity (Table 2 and 3).In a very recent study, Baig et al.
(2012) also reported that the concurrent presence of dual
plant growth-promoting traits exert beneficial effects on
the growth and yield and P uptake of wheat. Earlier,
Belimovet al. (2002) concluded that the growth-
promoting effects of ACC-utilizing rhizobacteria depend
significantly on the strain used and the nutrient status of
the plant. Later on, Glick et al. (2007) attributed
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thebeneficial effects of these rhizobacteria to the
decreased stress-ethylene levels of plants.

Regarding nutrient acquisition, these were
increased under P stress condition which might be due to
their P solubilizing activity which helps in boosting up
the availability of P to the crop plants. The P stress might
have produced ethylene which was immediately cleaved
into ammonia and α-ketoglutarate by the ability of the
microbes with ACC-deaminase activity. The acquisition
of nutrients by plants is directly related to their root
growth and the bioavailable nutrients in soil solution
(Shaharoona et al., 2008). Generally, PGPR promote
healthy root system, however,rhizosphere nutrient status
may influence their effectiveness. In line to the results
presented in this study (Table 2 and 3), Malik et al.
(2012) also found enhanced germination count and
increase in number of tillers and spikes, 1000-grains
weight and grain yield of wheat due to rhizobacterial
inoculation with Pseudomonas spp.Similar results were
reported by Saber et al. (2012) due to N-fixing and P-
solubilizing bacteria in wheat.

Soil microbes produce chelating agents and
increase the availability of P in the rhizosphere (Zafar et
al., 2012) which may be due to their positive influence on
plant root system, soil physical properties, microbial and
metabolic activity and efficiency of photosynthesis. The
increased plant P availability in the present study
advocates that microbial inoculants enhanced the
availability of P in the rhizosphere. Similar to our results,
Biswaset al. (2000) also observed 13–23% increased P
availability in rice in response to P-solubilizing microbial
inoculants. Moreover, N-fixing and P-solubilizing
microbial inoculants also significantly enhanced soil
nutrient content and consequently increased foliar N and
P status ofraspberry by decreasing soil pH and increasing
the mineralization of organic complexes (Orhanet al.,
2006).

Conclusion: The study concluded that Pseudomonas
fluorescensrhizobacteria with dual activities of ACC-
deaminase and phosphate solubilization play significant
role in enhancing wheat growth and yield under both the
phosphorus stress and fertilized environments.
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