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Abstract
The field experiment was conducted in Nasiriyah city during the season (2016-2017) to study the effect of possible benefits
of the co-inoculation of phosphate soluble bacteria. The inoculation was consisted of (P. fluorescence), (B. megaterium) and
Arbuscular mycorrhizal fungi in the presence of rock phosphate nanoparticles (3 kg ha-1). The design of experiments was
according to the (RCBD) with three replicates. The results showed that all the treatments were statistically significant for all
the parameters of the barley plant as compared to control treatment (T0). The highest value of studied parameters was in the
treatment of co-inoculation between all bacteria and fungi (T3), which gave a significant increase in the rate of plant height,
No. of tillers, length of the ear, No. of ear, No. of grains per ear, weight of grains per ear, grain yield and biological yield,
respectively, (52.33 cm), (333.25 m2), (10.92 cm), (330.60 m2), (35), (330.60 g), (6.39 t ha-1) and (16.95 t ha-1). The use of Phosphate
solubilizing bacteria enhanced colonies rate and spores number of mycorrhizal fungi at the barley rhizosphere. This helps in
solubility of the mineral phosphate, contributes to the biogeochemical phosphorus cycling, and provides nutrients to the
plant, which leads to increase productivity.
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Introduction
Barley (Hordeum vulgare L.) is one of the most

important cereal crops in Iraq. It ranks as the second
after wheat in terms of planting and production this is
due to the ability of the plant to cope with the water
stress and salinity. Chemical fertilizers have played
positive role in promoting plant yields such as cereal crops
in order to feed the demand of the rising population of
the world, however, the fertilizer cost and pollutant
environment issues have reduced the use of mineral
fertilizers which led to decrease yield. Biofertilizers can
be used to reduce the cost of agricultural production and
environmental pollution (Qureshi et al., 2009; Al dulaimi,
2014). The use of biological inoculants whether bacterial
or fungal have increased significantly in recent years
comparing to the chemical fertilizers, which is very
expensive and needs a lot of efforts to be used in planting
(Al Khafaji, 2018). Free living bacteria promotes plant

growth and reduces diseases caused from soil-borne plant
pathogens. Beneficial free living bacteria found in the
rhizosphere of roots of many different plants, some of
these bacteria belong to the genera Pseudomonas and
Bacillus (Kaushal et al., 2013). The soil environment
surrounding plant roots is the zone of biological activity.
Many researchers have indicated that microorganisms
are capable on converting non-available phosphorus into
available phosphorus for plant absorption as well as
nitrogen fixation. These organisms which are present in
the soil rhizosphere formation of complex compounds with
calcium, which produces hydrogen ion. Hydrogen ion
leads to reduction of pH and this increases of phosphorus
solubility in the soil rhizosphere. Microorganisms can
reduce pH by forming CO2 during analyzing organic
residues in the soil, thus dissolving insoluble phosphate
compounds (Kumari et al., 2008; Nehwan et al., 2010).
Mycorrhizae is association of plant roots and the fungi,
the associations that AMF form with plant roots called
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symbiotic associations because they are usually beneficial
to both plant and fungi ((Evelin et al., 2009). In exchange
for carbohydrates produced by the plant through
photosynthesis, the fungi help the host plant take up water
and soil nutrients such as P, Cu, and Zn; co-inoculation of
Phosphobacteria and Micorrhiza fungi has been
demonstrated effective in promoting plant growth (Felici
et al., 2008). Nanoparticles of rock phosphate have better
mobility in soils than the granular size; the application of
nano rock phosphate as fertilizer would be a good for soil
fertility and productivity as well as good reducer to the
environmental hazards (Arifin et al., 2017). The present
study has conducted to determine the Phosphate solubility
potential of Pseudomonas fluorescence, Bacillus
megaterium and AMF (Glomus mosseae) at the barley
rhizosphere with nanoparticles of rock phosphate in order
to determine single and co-inoculation effect of them on
the growth and yield of barley.

Materials and Methods
Microbial Culture

P. fluorescence and B. megaterium were obtained
of the Marshes research center Thi-Qar University.
Bacterial inoculum prepared by growing P. fluorescence
and B. megaterium in 25 ml Luria Bertani broth, and
log-phase culture centrifuged at 12,000 g for 10 min. For
remove mineral phosphate present in medium the; pellet
washed three times with sterile 0.85% sodium chloride.
The bacterial pellet re-suspended in 25 ml of 0.85% sodium
chloride was used as inoculum. The arbuscular
mycorrhizal fungi (Glomus mosseae) was obtained from
the laboratory of biofertilizers/ Agricultural Research
Center - Baghdad, which consists of (infected roots +
spores + soil), the detection of the presence of spores
were by method of wet sieving and detecting (Gerdmann
and Nicolson, 1963).
Soil analysis

The soil samples from depth (0–30 cm) were
collected, air dried and analyzed for physical, chemical
and biological properties as explained in table 1.
Treatments

 Four treatments with three replicates were designed
in randomized complete block design (RCBD). The first
treatment was (T0) seed without treatment (Control),
second being (T1) treated seed with Pseudomonas
fluorescens + nanoparticles of rock phosphate, third (T2)
treated seed with Bacillus megaterium + nanoparticles
of rock phosphate and forth (T3) is combination of all
bacteria with Arbuscular mycorrhizal fungi (Glomus
mosseae) + nanoparticles of rock phosphate.

Table 1: Chemical, Physical and Biological Properties of Soil
Samples before Sowing.

Parameters Unit Amount
pH 7.58
ECe ds.m-1 4.3
O.M g.kg-1 7.1
CaCO3 g.kg-1 158.7
Available nitrogen ml.kg-1 26.01
Available phosphorus ml.kg-1 15.10
Available potassium ml.kg-1 170.0
CEC  cmol kg-1 16.02
Soil texture Silty
Total number of  bacteria cell.g-1 dry soil 3.3  × 10  6

Total number of  fungi cells.g-1 dry soil  0.7 ×10  3

Detection of the ability of microbial inoculants to
solubilize Phosphate

The ability of the microbial strains to solubilize
phosphate were tested by calculating phosphate
solubilizing index (PSI) according to the method described
by (Nautiyal, 1999) as shown in the table 2 using the
formula:

diameterColony 
diameterColony  diameter  ZonePSI 



Table 2: Phosphate solubilizing index of microbial inoculants.
Microbial Strains PSI (mm)
Pseudomonas fluorescens 1.89
Bacillus megaterium 2.36
AMF (Glomus mosseae) 3.16
P. fluorescens + B.megaterium + AMF 3.96
(Glomus mosseae)

Seed inoculation
Barley seeds (Abba 99) treated with the bacterial

inoculants by mixed 50 ml of the microbial cultures for
each inoculant and under the conditions of sterilization.
Barley seeds were coated with slurry of the respective
broth according to the treatments. The mycorrhizal fungi
inoculant added to the soil by put 5 g in depth 5 cm under
the soil surface with the addition of 3 kg / ha-1 of nano
rock phosphate for all treatment.
Statistical analysis

The data obtained during the study analyzed
statistically according to randomized complete block
design (RCBD).

Results and Discussion
Effect of different treatments on growth parameters

The growth of barley crop was measured in terms
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Table 3: Effect of different Biofertilizers growth parameters.
Treatments Plant Number Length

height of Tillers of the
(cm) m2 ear (cm)

T0 (Control) 39.69 292.75 9.21
T1 (Pseudomonas fluorescens) 44.40 310.50 9.49
T2 (Bacillus megaterium) 44.04 315.41 9.72
T3 (P. fluorescens + B. megaterium + 52.33 333.25 10.92
AMF (Glomus mosseae)
LSD 3.38 5.69 0.81

of plant height (cm), number of tillers (m2) and length of
the ear (cm) as reported in table 3 showed increased
significantly with Single and co-inoculation compared to
control.

Single inoculation with Pseudomonas fluorescens
(T1) and Bacillus megaterium (T2) at 120 days after
sowing gave significant increase of plant height rate
reached (44.40 cm) and (44.04 cm) respectively
compared to control (T0) (39.7 cm). Maximum plant
height of barley was observed with (T3) co-inoculation
with Pseudomonas fluorescens, Bacillus megaterium
and AMF (Glomus mosseae) (52.33 cm). The use of
biological inoculants had significant influence on number
of tillers. Among the applied treatments, (T3) co-
inoculation resulted in significantly higher number of tillers
(333.25 m2) than control and other treatments in
comparison. However, Single inoculation with Bacillus
megaterium (T2) gave slightly better number of tillers
(315.41 m2) as compared to Pseudomonas fluorescens
(T1) (310.50 m2), single inoculation with both treatment
T1 and T2 gave better results as compared to control (T0)
(292.75 m2). The use of bio fertilizers had significant
effect on length of the ear with (T3) co-inoculation
recorded significantly maximum length of the ear
(10.92cm), followed by T2 Bacillus megaterium (9.72
cm), T1 Pseudomonas fluorescens (9.49 cm) and (T0 )
control recorded the lowest length of the ear (9.21cm).
The highest value in growth characteristics of barley may
be due to the interaction between bacterial and fungal
inoculants which play a positive role in alleviating inhibitory
products, providing nutrients and in stimulating each other
via biochemical activities that may increase beneficial
attributes of their physiology, in addition to the fact that
Biofertilizers enhanced nutrients uptake especially
phosphorus and nitrogen. (Panhwar et al., 2011) who
reported that the use of phosphate-solubilizing bacteria
as inoculants increased phosphorous uptake in plants and
improved growth parameters of aerobic rice. Mishra et
al., (2010) obtained similar results in a previous study,
that Bacillus sp. and Pseudomonas fluoresens have
been shown influence on plant height up to 50.4 cm and

51.5 cm respectively as compared to control 48cm.
Similarly, (Al dulaimi, 2014) who reported that
application of bio inoculant with bacillus showed
significant increase of plant growth parameters of
barley with rock phosphate.
Effect of different treatments on yield parameters

The yield parameters viz. number of ear m2,
number of grains per ear, weight of grains per ear
(g), grain yield(t/ha) and biological yield (t/ha) as
reported in Table 4 found to be significantly higher

with the treatment of co-inoculation (T3) Pseudomonas
fluorescens, Bacillus megaterium and AMF Glomus
mosseae of wheat.

The highest number of ear was superior in treatment
T3 than other treatments and control with mean of T3
(330.60m2), T2 (304.72m2), T1 (301.27m2), T0 (280.50m2)
respectively. The results showed that the treatment of
co-inoculation (T3) gave maximum number of grains per
ear (35) followed by (T2) Bacillus megaterium (22), (T1)
Pseudomonas fluorescens (19) and minimum seeds was
recorded in (T0) control (18). The maximum weight of
grains per ear (g) was again observed with (T3) co-
inoculation (3.17g) followed by (T2) Bacillus megaterium
(2.68g), (T1) Pseudomonas fluorescens (2.08g) and
minimum weight was recorded in (T0) control (1.69g).
The data presented in table 4 depicts that treatment co-
inoculation (T3) recorded significantly maximum grain
yield (6.39) t/ha followed by T2 Bacillus megaterium
(5.12) t/ha, T1 Pseudomonas fluorescens (5.07) t/ha and
minimum seeds was recorded in T0 control (4.38) t/ha.
The data presented in table 4 revealed that the treatment
(T1) Pseudomonas fluorescens was statistically at par with
the treatment (T2) Bacillus megaterium. However,
treatment (T3) Pseudomonas fluorescens, Bacillus
megaterium and AMF (Glomus mosseae) recorded
significantly higher biological yield (16.95) t/ha and (T0)
control recorded less biological yield (14.22) t/ha. The
increase in yield parameters may be due to the positive
role of bacterial and fungal fertilization in increasing soil
fertility and plant growth promoting by increasing the
essential nutrients, especially solubilize phosphorus at the
soil rhizosphere by transformation of phosphorus into
available form for plant uptake as well as improving
physical soil properties. The current study is consistent
with (Datta et al., 2011) who reported that the treatment
of barley plant with Biofertilizers individually and in
combination gives superior results in terms of number of
grains per ear and grain weight as compared to control.
Liu and Lal, (2014) who indicated that application of tiny
rock phosphate as a phosphorus fertilizer for soybean
(Glycine max) increased the growth rate and seed yield
by 32.6% and 20.4% respectively compared to those of
soybeans treated with a regular P fertilizer. (Kanchana



Table 4: Effect of different biofertilizers yield parameters.
Biological Grain yield Weight of No. of No. of        Treatments

Yield t/ha grains per grains ear m2

t/ha ear (g) per ear
14.22 4.38 1.69 18 280.50 T0 (Control)
15.50 5.07 2.08 19 301.27 T1 (Pseudomonas fluorescens)
15.92 5.12 2.68 22 304.72 T2 (Bacillus megaterium)
16.95 6.39 3.17 35 330.60 T3 (P. fluorescens + B. megaterium + AMF (Glomus mosseae)
1.21 0.12 1.50 5.85 4.45 LSD

et al., 2014) who indicated that the cause in increased
yield parameters such as No. of grains per plant and
grain weight per plant in barley plant due to interaction
effect of microbial inoculants. Billah and Bano, (2014)
who reported that the use of PGPR inoculation with rock
phosphate on growth and yield of wheat increased the
plant height, phosphorus uptake, grain yield, and seed
phosphorus content over untreated control.

Conclusions
The application of phosphobacteria and AMF with

nano rock phosphate increased nutrients uptake especially
phosphorus and improved growth and yield of barley. The
application of rock phosphate nanoparticles with microbial
inoculation can be a suitable alternative to chemical
phosphate fertilizer.
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