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Table 2. Results of PGPR tests and salinity resistance of the isolates.
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Table 3. Phenotypic characteristics of the superior rhizobacteria used in this study.
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Fig. 1. Mean comparisons of the main effects of salinity levels (a) and microbial inoculation (b) on the shoot dry weight (Shoot DW, g pot™);
Columns with similar letters are not significantly different at 5% probability level according to the Duncan test.
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Table 4. Mean comparisons of the interaction effect of salinity and microbial inoculation on the concentration of some nutrients in

the wheat shoot.
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In each column, means with similar letters are not significantly different at 5% probability level according to the Duncan test.
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Table 5. Mean comparisons of the main effect of salinity on the concentration of some nutrients in the wheat shoot.
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In each column, means with dissimilar letters are significantly different at 5% probability level according to the Duncan test.
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Table 6. Mean comparisons of the main effect of microbial inoculation on the concentration of some nutrients in the wheat shoot.
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In each column, means with dissimilar letters are significantly different at 5% probability level according to the Duncan test.
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Fig. 2. Mean comparisons of the main effects of salinity levels (dS m™') (a) and microbial inoculation (b) on root colonization;
Columns with dissimilar letters are significantly different at 5% probability level according to the Duncan test.
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Abstract

This study was carried out to isolate and identify plant growth-promoting rhizobacteria (PGPR) from saline soils and to
evaluate the effect of isolated rhizobacteria, as well as symbiotic and endophytic fungi on the concentration of some
nutrient elements in wheat plants under salinity stress in greenhouse conditions. Factors included microbial treatments
(rhizobacteria, mycorrhizal fungi, endophytic fungus, and control) and salinity levels (no salinity, 8 and 14 dS m™). At
the end of the growth period, the concentrations of nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), iron
(Fe), zinc (Zn) and manganese (Mn) in the shoot of the wheat plant, as well as the percentage of root colonization were
measured. Based on growth-promoting trails, three isolates among the ten purified rhizobacteria were selected for
phenotypic and molecular identification. Two identified isolates belonged to Pseudomonas genus (Pseudomonas
aeruginosa Ur743 and Pseudomonas fluorescens Ur745), and the last one was Stenotrophomonas maltophilia Ur840.
When the concentrations of nutrient elements were at the non-salinity level, mycorrhizal fungi were better than other
microbial treatments in terms of absorbing P, Fe, and Mn, However, at the highest salinity level (i.e., 14 dS m™),
rhizobacteria significantly improved concentrations of N, P, Fe, and Mn in the plant shoot, compared to the control.
Besides, the PGP bacteria increased the concentrations of K and Zn, as well as K:Na ratio by 1.99, 1.71, and 1.37 times,
respectively, as compared to the control. In general, native microorganisms isolated from saline soil, as compared to
other microorganisms in this study, improved the nutrient uptake and increased the wheat plant biomass under salinity
stress.

Keywords: Microbial inoculation, Plant growth-promoting rhizobacteria, Root colonization, Mycorrhizal fungus,
Endophytic fungus.

Background and Objective: Salinity and its resulting stress is one of the most important and common environmental
stresses that has limited agricultural production. The toxicity of ions such as sodium and chloride as well as the
reduction of water potential in saline soils affect the cultivation of plants in these soils. Inoculation of microorganisms
such as plant growth promoting rhizobacteria (PGPR), arbuscular mycorrhizal fungi (AMF) and endophytes for crops
grown in saline soils can reduce the salinity effect and improve plant growth. Wheat plant with a threshold of about 6
dS m!, is known as one of the strategic crops in the world (2, 4). In recent years, the regression of Lake Urmia has led
to an increase in the area of the surrounding salt marshes, which has led to climate change and many environmental
impacts in the region. This study was conducted assuming that PGPR isolated from saline soil can improve plant growth
under saline conditions. Therefore, the purpose of this study was to isolate the PGPR from saline soils around Lake
Urmia and evaluate the effect of these bacteria along with symbiotic fungi and endophytes on improving the uptake of
some nutrients in wheat under salinity stress.

Methods: In order to isolate PGPR bacteria, 30 soil samples were collected from saline lands along Lake Urmia,
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located in West Azerbaijan Province. Fifteen bacterial colonies with different morphological characteristics were
purified. Then, the solubility of insoluble phosphate and mica, and production of indole acetic acid (IAA) (3),
siderophore (1) and salinity test were evaluated. This factorial study was conducted in a completely randomized design
with three replications. Factors included microbial treatments (rhizobacteria, mycorrhizal fungi, endophytic fungus, and
control) and salinity levels (no salinity, 8 and 14 dS m™). Some physical and chemical properties of the soil were
measured by standard methods. For microbial inoculation of rhizobacteria isolated from rhizosphere soil containing
PGPR (combination of Pseudomonas aeruginosa, Pseudomonas fluorescens and Stenotrophomonas maltophilia).
Endophytic fungus (S. indica) and AMF (Rhizophagus irregularis, Rhizophagus fasciculatus and Diversispora
versiformis) from the microbial bank of the Department of Soil Science of Urmia University were used. The seeds of
wheat were treated with microbial inoculation. Different salinity levels were produced by adding sodium chloride in a
certain amount and volume for each treatment. At the end of the growth period (60 days), the concentrations of some
macro and micro nutrients in the shoot of the wheat plant, as well as the percentage of root colonization were measured.

Results: The results showed that, based on growth-promoting trails, three isolates among the ten purified rhizobacteria
were selected for phenotypic and molecular identification. Two identified isolates have belonged to Pseudomonas genus
(Pseudomonas aeruginosa Ur743 and Pseudomonas fluorescens Ur745), and the last one was Stenotrophomonas
maltophilia Ur840. The results of greenhouse experiments showed that the effect of salinity levels and microbial
inoculation were significant on concentrations of most nutrients in the shoot. The interaction effects of the treatments on
N and P concentrations (p < 0.01) and Fe and Mn concentrations were significant (p < 0.05). When the concentrations
of nutrient elements were at non-salinity level, mycorrhizal fungi were better than other microbial treatments in
absorbing P, Fe, and Mn. However, at the highest salinity level (i.e., 14 dS m™), rhizobacteria significantly improved
concentrations of N, P, Fe, and Mn in the plant shoot, compared to the control. In addition, the PGP bacteria increased
the concentrations of K and Zn, as well as K:Na ratio, 1.99, 1.71, and 1.37 times, respectively, compared to the control.

Conclusions: The results of this study showed that using the beneficial native microorganisms can improve the uptake
of nutrient elements and plant growth in saline conditions.
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