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Abstract
The present communication is an attempt to explore the synergistic effect of two indigenous phosphate solubilizing
bacteria (PSB) (Pseudomonas fluorescens BAM-4 and Burkholderia cepacia BAM-12) and arbuscular mycorrhizal
(AM) fungus, Glomus etunicatum on growth, yield and nutrient uptake of wheat plants grown in nutrient deficient
soils in pots amended with tricalcium phosphate (TCP). A significant increase in growth, yield and nutrient uptake
of wheat plants was noticed and both strains of PSB interacted positively with AM fungus towards all growth
parameters studied. A remarkable enhancement of seed yield was recorded notably by 92.8% and an increase in
percent root colonization of AM and PSB population in soil was also recorded with time.
Keywords: Wheat, Pseudomonas fluorescens, Burkholderia cepacia, arbuscular mycorrhiza (AM), TCP

1. Introduction
Large amounts of chemical fertilizers are generally
used to improve growth and yield of crops.
However, increasing costs of these fertilizers and
environmental concerns related to their use have led
to the development of alternative strategies. The use
of beneficial soil microorganisms could reduce the
amount of fertilizer input by increasing the efficiency
of nutrient availability and other plant growth
promoting activities. Biofertilizers hold a promise to
balance many drawbacks of the conventional chemical
based technology and could recuperate healthy farming
practices and organic farming.

Arbuscular mycorrhizal fungi (AM) are known to
occur widely under various environmental conditions
and are found associated with roots of most of the
food crops (Chen et al., 2005; Souchie et al., 2006).
The AM fungi form a filamentous network in soil and
plant roots which promotes bi-directional nutrient
movement. Nutrients taken up by the mycorrhizal fungi
can lead to improved plant growth and reproduction
in infertile soils. As a result, mycorrhizal plants
are often more competitive and are able to tolerate
environmental stresses compared to non-mycorrhizal
plants. The application of AM fungi led to noteworthy
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enhancements on plant growth, vigour, nutrient and
water uptake, disease resistance and drought tolerance
(Raj et al., 1981; Jeffries et al., 2003; Sanchez-Blanco
et al., 2004; Göhre and Paszkowski, 2006; Wu and
Xia, 2006).
Plant growth promoting rhizobacteria (PGPR),
especially phosphate solubilizing bacteria (PSB),
which reside in the plant rhizosphere, increase the
availability of P for the plants by solubilization of
bound P in soil (Illmer et al., 1995; Rodriguez and
Fraga, 1999; Igual et al., 2001). Due to limited diffusion
and formation of a Pi-depletion zone surrounding the
root system, the phosphate made available by PSB
from sparingly soluble inorganic P (Pi) sources may
not reach the root surface, therefore it was proposed
that if the solubilized phosphate was taken up first by
AM mycelium, this synergistic microbial interaction
should improve P supply to the plant. In particular,
AM inoculation improves the establishment of both
inoculated and indigenous phosphate-solubilizing
rhizobacteria acting as helping bacteria (Barea et
al., 2002). It was found that plants inoculated with
AM fungi either alone or in combination with PSB,
increased the P uptake remarkably in many cash crops
such as wheat and maize (Evans and Mille, 1990; Raja
et al., 2002).
India is the second largest producer of wheat in the
world. It is predicted in relation to the rate and nature
of economic growth, population expansion and income
elasticity that there would be a demand of 4 to 5 %
annual rate increase in wheat production. In order to
increase the production, the technologies utilizing
indigenous microbes need to be further explored and
developed.
Two bacterial strains, Pseudomonas fluorescens
BAM-4 and Burkholderia cepacia BAM-12 were
isolated by the authors from semi arid agriculture
soil of Rajasthan, India and showed great potential to
solubilize phosphorus in vitro and disease suppression
and crop improvement in vivo in mung beans (Vigna
radiata) (Anamika et al., 2007; Minaxi and Saxena,

2010). These strains have enormous possibilities to be
used in field applications as bioinoculants for various
crops. Glomus etunicatum, a mycorrhizal fungus,
commonly found associated with root of wheat
plants can also be used as co-inoculant to enhance
their capacity for crop improvement in arid and semi
arid regions. The current experiment was designed to
assess the effects of Pseudomonas fluorescens BAM4 and Burkholderia cepacia BAM-12 along with
Glomus etunicatum in presence and absence of hardly
soluble tricalcium phosphate (TCP) on biomass,
mycorrhizal colonization, yield and nutrient uptake
by plants. A successful application could lead to the
development of a biofertilizer based on the strains
tested in this study.

2. Materials and Methods
2.1. Microbial cultures and seeds
The bacterial strains P. fluorescens BAM-4 and B.
cepacia BAM-12 were isolated from rhizosphere
soil of agriculture plants grown in semi arid region
of Banasthali, Rajasthan (India) and screened
for phosphate solubilization. These 2 strains
solubilized 170 and 180 ppm P in vitro after 24 h of
incubation. The cultures were identified by IMTECH,
Chandigarh, India. The accession numbers are
MTCC 7098 and MTCC 7100, respectively. The AM
inoculum consisted of chopped root segments from a
10-week-old pot culture of Glomus etunicatum grown
on wheat in sterile sandy soil.
Seeds of wheat (Triticum aestivum cv. Raj 3765)
were obtained from the Krishi Vigyan Kendra
(KVK), Banasthali University, Rajasthan and
surface sterilized by immersing in 0.1% of HgCl2
prepared in sterile distilled water (d.w.) for 3 min.
Seeds were then rinsed with sterile d.w. 3 times,
blotted on a sterile filter paper, dried and kept for
future use. All steps were carried out in a laminar
air flow cabinet (LAF).
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2.2. Preparation of inoculum
Single colonies of each bacterium were inoculated
in 50 ml of LB medium and incubated at 30 ± 2º C
in an orbital incubator shaker for 2 days at 130 rpm.
Jaggery slurry was prepared in d.w, cooled and mixed
with bacterial cultures to enable proper seed coating.
Wheat seeds were pelleted with bacterial cultures at
a concentration of 108 cells ml-1. Seeds coated with
uninoculated medium and jaggery mixture served as
controls. Seeds were kept for drying on a clean surface
sterilized plastic sheet in LAF.
2.3. Soil analysis
The soil was analyzed for physico-chemical
characteristics before filling the pots. The soil used
in this study was clay collected from 0-25 cm depth
with 0.41% organic matter (unpublished data of KVK,
Banasthali). It was thoroughly mixed and sieved
through a 2 mm sieve, sterilized in an oven for 2
hours at 140°C and then filled in ethanol disinfected
plastic pots for various experiments. The method of
Allen (1989) was followed to determine the soil pH.
The available P was determined using the method of
Olsen et al. (1954). Total phosphorus concentration of
soil samples was determined following the method of
Olsen and Sommers (1982).
2.4. Experimental design and seed sowing
The inoculation treatments were set in a randomized
block design. The treatments were as follows: T1Uninoculated control (UC) (seed coated with media),
T2- UC+SSP (0.2g kg-1 soil), T3- UC+biofertilizer
(seed pelleting), T4- UC + 1 g G. etunicatum kg-1 soil,
T5-UC + 1 g G. etunicatum kg-1 soil + TCP (0.2g kg-1
soil), T6- seed coated with BAM-4, T7- seed coated
with BAM-4+TCP, T8- seed coated with BAM-12,
T9- seed coated with BAM-12+TCP, T10- seed coated
with BAM-4+BAM-12, T11- seed coated with BAM4+BAM-12+TCP, T12- BAM-4+1 g G. etunicatum,
T13- BAM-4+1 g G. etunicatum +TCP, T14- BAM-12+
1 g G. etunicatum, T15- BAM-12+ 1 g G. etunicatum
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+TCP, T16- BAM-4+BAM-12+1g G. etunicatum and
T17- BAM-4+BAM-12+1g G. etunicatum +TCP.
The Biofertilizer ‘Biogold’, commonly marketed and
used in semi arid regions, was obtained from Mahesh
Pesticides and Fertilizers Ltd., Newai, Rajasthan, India
which contained phosphate solubilizing bacteria. Single
super phosphate (SSP) obtained from KVK, Banasthali
University, Rajasthan was used as chemical fertilizer.
Ten air-dried seeds of wheat were immediately sown at
2 cm depth in 1 kg plastic pots (length, 12.5 cm; upper
diameter, 12.0 cm; lower diameter, 8.5 cm) filled with
semi arid soil and watered. Percent seed germination
was calculated 5 days after sowing and then seedlings
were thinned down to 6 per pot. The experiment was
set up in a wire house from 12th Dec 2007 to 1st April
2008 and the experiment was repeated from Dec 2008
to April 2009. Plants were watered daily to maintain
moisture at field capacity. The plants from 2 pots were
harvested 45 and 110 days after sowing (DAS) and
3 plants from each pot were used to determine the
different parameters.
2.5. Plant growth parameters
The germinated seeds were counted on 5th day of
sowing and the germination rate was calculated. The
dry weight of shoots and roots was measured 45 and
110 DAS. The samples were dried in an oven for
48 hours at 60ºC. Fresh leaves were collected and
immediately processed for leaf area measurement. An
‘A4’ size paper was taken and its weight and area were
measured. The leaf was then outlined carefully. The
paper within the outlined area was cut and weighed.
The leaf area in cm2 was calculated according to the
following formula:

a = area of the A4 paper in cm2
y = weight of the cut paper in g
x = weight of the A4 paper in g
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Four observations were made for each experimental
set. The enumeration of PSB was determined 45 and
110 DAS from the rhizosphere soil by the dilution plate
technique on Pikovskaya agar medium. Each plate was
replicated 3 times, and incubated for 5 days at 28 ±
2°C. Colonies showing a clear halo around the growth
indicating P solubilization were counted. To determine
the mycorrhizal colonization of roots, the method of
Philips and Hayman (1970) was used. The roots were
observed under microscope and the percentage of root
colonization was determined by dividing the number of
colonized roots by the total number of examined roots.
For determination of phosphorus and nitrogen
contents in shoots the oven-dried (at 60ºC for 48 h)
shoot samples were processed. Total phosphorus
was estimated (Jackson, 1965) and the amount of
phosphorus in the samples was calculated using a
standard curve. Micro-Kjeldahl method was used
for measuring the total nitrogen content of samples
(AOAC, 1965) in a Kjeltec Auto analyzer 1030.
Yield parameters were spike length, spike weight,
seeds per spike, seeds per plant and weight of 100
grains measured at the time of harvest.
2.6. Statistical analysis
Results are expressed as the mean of twelve independent
replicates. Analysis of variance (ANOVA) followed by
LSD post hoc multiple comparison tests were done
using SPSS (version 16.0). The values at p< 0.05 were
considered as statistically significant.

3. Results
The soil used for pot experiments had the following
characteristics: pH 7.4; total P 44.4 µg g-1 and available
P 1.6 µg g-1 soil. The organisms used in the experiment
were from two different taxonomic groups but
complimented each other very well when inoculated
together and resulted in better growth and yield of wheat
plants. The positive effects of coinoculation of AM

fungus and PSB with respect to different parameters
are summarized in Tables 1-3 and Figures 1-4.
3.1. Seed germination
Wheat seeds coated with rhizobacteria, singly or in
combination, with AM revealed a significant increase
in percent seed germination at p<0.05 in comparison
to uninoculated control which had lowest rate of
germination i.e. 75.5% (Figure 1). Dual rhizobacterial
combination, BAM-4+BAM-12 with TCP showed
maximum increase (31.8%) in seed germination
amongst all treatments. These values are more than
the chemical fertilizer, SSP (84.84%) and almost at
par to commercial biofertilizer, biogold (96.75%). The
percent germination was 85.85 when inoculated with
AM fungus only but in rest of the treatments it ranged
from 96 - 98%.
3.2. Leaf area
The effect of bacterial inoculation along with AM
on leaf area of wheat plants in pot trials is shown in
Figure 2. The leaf area of all seed treated plants was
found to be significantly (p<0.05) higher than the
control. Single rhizobacterial inoculation treatments
were found to have almost similar leaf area as SSP
and commercial biofertilizer treatments, but when
inoculated along with AM showed better results. In
combination treatments, BAM-12+BAM-4+AM+TCP
increased leaf area significantly (p<0.05) i.e. 64 and
70.2% over UC at 45 and 110 DAS, respectively.
3.3. Dry weight of shoot
Table 1 and Figure 5 clearly show that a statistically
significant (p<0.05) gain in dry weight of shoots was
made by wheat plants when seeds were inoculated
with AM and rhizobacterial strains singly or in
combination.
The percent increase in dry weight was in the range of
30.5-53.2 in case of AM inoculation with and without
TCP over control; BAM-12 and BAM-4 also showed
rather less percent increase (51.9% and 259.8% for
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BAM-12 and 62.1% and 159.6% increase for BAM4) at 45 and 110 days, respectively as compared to
control. The highest increase in shoot dry weight was
found in plants treated with both bacteria and AM
with TCP.
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Forty-five DAS the dry weight was 588.7% above
the untreated control and 110 DAS was increased to
633.1%. In general addition of TCP helped plants to
gain more shoot weight.

Figure 1. Germination rates (Treatments on x-axis 1= Un-inoculated control (UC), 2= UC+ SSP, 3= UC+ Bio
fertilizer, 4= UC+AM, 5= UC+AM + TCP, 6= BAM-4, 7= BAM-4 + TCP, 8= BAM-12, 9= BAM-12 + TCP, 10=
BAM-4+BAM-12, 11= BAM-4+BAM-12+ TCP,12= BAM-4 + AM, 13= BAM-4 + AM + TCP, 14= BAM-12 +
AM, 15= BAM-12 + AM + TCP, 16= BAM-4+BAM-12+ AM and 17= BAM-4+BAM-12+ AM +TCP. Values are
mean of 12 replicates. Bars indicate standard errors. BAM-4 - P. fluorescens, BAM-12- B. cepacia, AM- arbuscular
mycorrhiza (G. etunicatum), SSP- single super phosphate, TCP- tricalcium phosphate.

3.4. Dry weight of root
Another parameter studied was the dry weight of roots.
All treatments were statistically significant over the
UC at p<0.05 significance level at both harvest dates
(Table 1, Figure 5). The treatment BAM-4+BAM12+AM+TCP was recorded as the best with regard
to root dry weight too where 398.4 and 230.8% gain
was observed at 45 and 110 DAS. The dry weights
of roots with that treatment were also significantly
higher compared to inoculations of single strains and
commercial biofertilizer. Interestingly, the percent
increase in almost all treatments was more in initial

stage of the plant growth (45DAS) as compared to
final harvest (110DAS).
3.5. Crop yield
Effect of co-inoculation of test organisms on the yield
of wheat plants is depicted in Table 2 and Figure 6. All
treated plants had significantly (p<0.05) higher crop
yield over the uninoculated control. Maximum increase
in spike length (90%), spike weight (224%), grains
per spike (220%) and weight of 100 grains (92.8%)
was evident in the treatment having combination of 2
rhizobacterial strains along with AM and TCP at the
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time of harvesting. Single strain treatments (BAM4 and BAM-12) showed lesser or at par values in
almost all the parameters as compared to SSP and

biofertilizer.
In
general,
rhizobacterial+AM
performance was better than SSP and biofertilizer.

Table 1. Effect of co-inoculation of P solubilizing rhizobacteria and AM (Glomus etunicatum) on dry weight of
shoot and root of wheat plants

Values are the mean of 12 replicates ± SE. Mean values followed by the same letter within column are not significantly different
(p<0.05) by LSD. Values in the parentheses indicate percent increase over control. BAM-4 - P. fluorescens, BAM-12- B. cepacia,
AM- Arbuscular mycorrhiza (G. etunicatum), UC- un inoculated control, TCP- tricalcium phosphate, SSP- single superphosphate,

DAS- days after sowing.
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Figure 2. Leaf area 45 and 110 days after sowing (Treatments on x-axis 1= Un-inoculated control (UC), 2= UC+
SSP, 3= UC+ Bio fertilizer, 4= UC+AM, 5= UC+AM + TCP, 6= BAM-4, 7= BAM-4 + TCP, 8= BAM-12, 9=
BAM-12 + TCP, 10= BAM-4+BAM-12, 11= BAM-4+BAM-12+ TCP,12= BAM-4 + AM, 13= BAM-4 + AM +
TCP, 14= BAM-12 + AM, 15= BAM-12 + AM + TCP, 16= BAM-4+BAM-12+ AM and 17= BAM-4+BAM-12+
AM +TCP. Values are mean of 12 replicates. Bars indicate standard error. BAM-4 - P. fluorescens, BAM-12- B.
cepacia, AM- arbuscular mycorrhiza (G. etunicatum), SSP- single super phosphate, TCP- tricalcium phosphate.

3.6. Percent root colonization by AM
The results of percent root colonization by AM (G.
etunicatum) after 45 and 110 DAS in wheat plants
inoculated with AM and rhizobacteria are given
in Figure 3. Microscopic examination of stained
roots showed a high percentage of mycorrhizal
colonization in roots of all wheat plants treated
with AM fungus along with PSB. In general, there
was a significant increase in root colonization in the
presence of single PSB or a combination of two PSB
and AM fungus over the control. Root colonization
by mycorrhizal fungus also increased significantly in
plants inoculated with PSB and AM in presence of
TCP; the best combination being BAM-4+BAM-12+
AM +TCP. This combination recorded the increase by

73 and 87.25% at 45 and 110 DAS, respectively. In
general, the colonization increased with time as in
all cases the colonization values were significantly
more on 110th day compared to 45th day.
3.7. Rhizosphere population of PSB
It is evident from Figure 4 that in all the bacterial
inoculated treatments, the population of PSB
increased towards maturation of the crops. The
number of PSB was significantly higher in the
dual inoculation of two bacterial strains with
AM in comparison to the single inoculation with
AM. Higher number of PSB was recorded after
harvesting of wheat, which was 4.25×106 cells g–1
at 110 DAS.
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Figure 3. Percent root colonization by G. etunicatum 45 ( ■) and 110 ( □) days after sowing (Treatments on x-axis
1= Soil+AM, 2= Soil+AM+TCP, 3= Soil+BAM-4+AM, 4= Soil+BAM-4+AM+TCP, 5= Soil+BAM-12+AM,
6= Soil+BAM-12+AM+TCP, 7= Soil+BAM-4+BAM-12+AM, 8= Soil+BAM-4+BAM-12+AM+TCP. Values are
mean of 12 replicates. Bars indicate standard error. BAM-4 - P. fluorescens, BAM-12- B. cepacia, AM- arbuscular
mycorrhiza (G. etunicatum), TCP- tricalcium phosphate.

Figure 4. PSB counts 45 ( ■) and 110 ( □) days after sowing (Treatments on x-axis 1= Soil+ Biogold biofertilizer, 2=
Soil+BAM-4, 3= Soil+BAM-4+TCP, 4= Soil+BAM-12, 5= Soil+BAM-12+TCP, 6= Soil+BAM-4+BAM-12, 7= Soil+BAM4+BAM-12+TCP, 8= Soil+BAM-4+AM, 9= Soil+BAM-4+AM+TCP, 10= Soil+BAM-12+AM, 11= Soil+BAM-12+AM+TCP,
12= Soil+BAM-4+BAM-12+AM, 13= Soil+BAM-4+BAM-12+AM+TCP. Values are mean of 12
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Table 2. Effect of co-inoculation of P solubilizing rhizobacteria and AM (Glomus etunicatum) on spike length,
spike weight, grains per spike and grain yield of wheat plants at the time of harvest

Values are the mean of 12 replicates ± SE. Mean values followed by the same letter within column are not significantly different
(p<0.05) by LSD. Values in the parentheses indicate percent increase over control. BAM-4 - P. fluorescens, BAM-12- B. cepacia,
AM- Arbuscular mycorrhiza (G. etunicatum), UC- uninoculated control, TCP- tricalcium phosphate, SSP- single superphosphate,
DAS- days after sowing.

3.8. Total P and N content in shoot
P and N content in shoots of all treatments were
significantly (p<0.05) higher than in the control
(UC) (Table 3). Inoculation of rhizobacteria with
G. etunicatum overall increased total P uptake but
a significant increase was observed when both
rhizobacteria and G. etunicatum were inoculated
together. However, the P concentration in shoots
differed among the microbial treatments. The maximum
percent increase in P and N content over the control
was 171% and 145.8% in BAM-12+BAM-4 amended
with AM+TCP at 45 and 110 DAS, respectively,

whereas the least P increase was recorded in UC+AM
(21.4%) and least N increase in UC+SSP (2%).

4. Discussion
The synergistic effect of G. etunicatum, an AM
fungus and 2 rhizobacteria P. fluorescens BAM-4
and B. cepacia BAM-12, which are able to solubilize
insoluble phosphorus was studied in wheat plants
grown in sterile soil to determine their effect on plant
growth and yield.
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Table 3. Effect of co-inoculation of P solubilizing rhizobacteria and AM (Glomus etunicatum) on percent P and N
content in wheat plants

Values are the mean of 12 replicates ± SE. Mean values followed by the same letter within column are not significantly different
(p<0.05) by LSD. Values in the parentheses indicate percent increase over control. BAM-4 - P. fluorescens, BAM-12 - B. cepacia,
AM- Arbuscular mycorrhiza (G. etunicatum), UC- uninoculated control, TCP- tri calcium phosphate, SSP- single superphosphate,

DAS- days after sowing.

Journal of Soil Science and Plant Nutrition, 2013, 13 (2) 511-525

Synergistic effect of PSB and AM fungi

The higher germination rate observed in inoculated
treatments during this experiment may be due to plant
growth promoting activities of the 2 bacterial strains.
Although at this stage the germinating seeds receive
most of the nutrients from seed reserves, plant growth
hormones such as auxin or gibberellic acid produced
by rhizobacteria may act as stimulants (Minaxi et al.,
2012).
The leaf area was studied and it was found that when
chemical fertilizer, SSP was compared with other
treatments, all except single inoculation of BAM-4
showed significantly higher results. Increased leaf area
may directly influence the photosynthesis efficiency of
the plant, thereby, contributing towards the superior
performance of the plants.
All rhizobacterial+AM treatments showed a
significant increase in shoot dry weight compared
to SSP treated plants 45 and 110 DAS except for
the single rhizobacterial treatments. This significant
increase can be attributed to the positive interaction
between rhizobacterial inoculants and AM fungus.
Recently, Khan et al. (2008) reported that inoculation
of Medicago sativa with Gigaspora rosea, Glomus
intraradices+Gigaspora
rosea
and
Glomus
etunicatum+Glomus intraradices showed significantly
increased shoot and root dry weight. Glomus
intraradices inoculation caused a significant growth
depression in grapevine shoots initially, but only five
months after the plants establishment in the high lime
content replant soil, mycorrhizal plants outgrew the
non-inoculated control plants with significantly higher
biomass (Nogales et al., 2009).
Overall the root dry weights were higher in most
bacterial treatments compared to the fertilizer controls.
Khan et al. (2008) also reported increased root dry
weight in Medicago sativa after dual inoculation with
Glomus intraradices+Gigaspora rosea and Glomus
etunicatum+Glomus intraradices.
In general, the combination of rhizobacteria and AM
resulted in higher wheat yield compared to the SSP
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and biofertilizer controls. These findings have also
been reported by many researchers while investigating
the inoculation effect of different species of phosphate
solubilizing bacteria and AM fungi on a variety of
crop plants (Zaidi et al., 2003; Zaidi and Khan, 2005).
Both rhizobacterial strains used in this study have
earlier been shown to produce chitinase and BAM4 also produced siderophores. They have also been
considered as potential biocontrol agents in mung
beans against Macrophomina phaseolina (Minaxi
and Saxena, 2010). Therefore, BAM-4 and BAM-12
strains could have indirectly supported the overall
growth of the plants along with direct effect of AM
fungus on nutrient uptake. The results in this study
showed significant differences when strains were used
in dual combination treatment compared to single
inoculations of AM fungus or PSB strains, BAM-4
and BAM-12.
Singh and Singh (1993) attributed the enhancement
of root colonization by AM fungi in the presence
of Mussoorie Rock Phosphate and the microbial
inoculants to changes in root morphology and
physiology. Profuse proliferation and colonization of
mycorrhiza in roots could be due to the synergistic
effect with rhizobacteria. Both the strains produced
hormones (Minaxi, 2009) which apparently stimulated
the AM infection.
Higher abundances of PSB were recorded after
harvesting of wheat which was 4.25×106 cells g–1 at
110 DAS. It shows that the introduced bacteria could
survive, proliferate and colonize the rhizosphere of
plants. The results are in close conformity with those
reported by Reid (1990) and Barea et al. (2005). The
PSB abundances were either higher or comparable
to the bioinoculant treated wheat plant rhizosphere,
when compared with commercial biofertilizer which
shows their better survival capability. George et
al. (1995) and Chen et al. (2005) reported that
colonization of plant roots by arbuscular mycorrhizal
fungi greatly increased the plant uptake of P and N.
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The greater P uptake in plants inoculated with PSB
and the AM fungus in the presence of TCP can be
attributed to the transport of P by the AM fungus that
was solubilized by PSB. The enhanced uptake could
also be due to an increase in the number of uptake sites
per unit area of roots and a greater ability of these roots
to exploit the soil for nutrients. AM hyphae are also
known to transport inorganic N to the roots (Johansen
et al., 1996).
The co-inoculation of rhizobacteria and AM along
with TCP enhanced the overall growth of wheat
plants, which was significantly higher than under
chemical fertilizer (SSP) and biofertilizer (Biogold)
treatments. In general, inoculation with PSB and AM
fungus together resulted in higher growth and yield
of wheat plants than when these organisms were used
alone. These results are in concurrence with Piccini
and Azcon (1987) who reported significant increase
in grain yields in alfalfa plants.

In similar studies Mamatha et al. (2002) reported the
effects of soil inoculation with arbuscular mycorrhizal
(AM) fungi and a mycorrhiza helper bacterium (MHB)
on nutrient uptake and growth of mulberry and papaya
plants already established in the field. Higher yield
and uptake of nutrients were also correlated with a
higher number of bacteria in rhizosphere soils and
colonization of roots by AM (Jones and Sreenivasa,
1993; Singh and Singh, 1993, Singh and Kapoor,
1998). The results indicated a possible synergism
between the organisms of two groups used in this
study. Rhizobacterial strains selected were phosphate
solubilizers (Minaxi, 2009) and AM fungi are well
known to improve the absorption of P and other
nutrients by plants by increasing the contact surface
and the explored soil volume (Clark and Zeto, 2000).
Amendment of soil with TCP further improved dry
matter, yield and nutrient uptake, as well as AM
colonization.

Figure 5. Wheat plants amended with TCP and rhizobacterial strains (A) without G. etunicatum (B) rhizobacterial
strains with G. etunicatum at 45 DAS
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Figure 6. Wheat plants inoculated with rhizobacterial strains along with TCP (A) with G. etunicatum (B) without
G. etunicatum at harvest

5. Conclusions
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in developing countries like India. It can also play
a role in making organic farming sustainable and
cost effective. However, their application needs to
be further evaluated under different agro climatic
conditions in the field.

The AM inoculum provided by Dr. D. J. Bagyaraj,
University of Agricultural Sciences, Bangalore, India is
greatly acknowledged.
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