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Table 1- Results of physiological and growth stimulation tests of bacterial isolates
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Azotobacter ot 2155 61.2 28.3 7.04 + 5.2
Azospirillum ++ 78.45 354 5.34 9.24 - -
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Table 2- Physical and chemical properties of the studied soil
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Table 3- Analysis of variance (ANOVA) for the effects of experimental treatments on plant growth and physiological
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variance Degrees . Shoot A dry Plant a b chlorophyll moligt
of ryweight — \eight ~ height  (mg/gifw)  (mg/gfw)  (mg/gfw) W)n(
freedom (9/pot) (g/pot) (cm)
Bdfb‘_ 3 5.46™ 12.95™ 45 33.88™ 1417 91.72™ 70.28™
acteria
Sng)yut 1 21.64™ 8.1 69.83™ 48.87" 19.08™ 129.03" 257.67**
alinity
&a5ix s S
Bactrias 3 0.36" 0.34" 53" 5.21" 33" 16.54" 19"
Salinity
s
E 48 0.0025 0.015 0.052 0.48 0.26 0.96 0.67
rror
Coefg'fc'e”t 1.38 0.8 1.39 11.13 11.33 9.08 4.53
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Table 4- Mean comparison for the effects of experimental treatments on plant growth and physiological parameters
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y weight ant mglg’ IIb I _
Salt D_ry root height ? 9) (mglg W) mg/g) Mol/g*
weight / (cm) fw AW e
shoot @/pot)
(@/pot)
Control 3.08¢ 2.16 15.44 8.05°¢ 5.674 13.72¢ 10.98¢
S1 Azotobacter 5.052 4.83° 18.56° 11.55° 9.06" 20.61° 15.86¢
Azospirillum 4.71° 4.71° 18.39P 11.24° 8.44°¢ 19.69° 14.55¢
AzotxAzos
5.822 6.01° 20.252 13.642 10.652 2434 18.16°
Control 1.509 1.269 9.4¢ 3.59¢ 2.8f 6.4¢ 15.914
S2 Azotobacter 2.81¢ 3.84¢ 16.54¢ 7.124 5.12¢ 12.244¢ 23.16°
Azospirillum 2.52f 3.82¢ 16.36°¢ 6.784 4.78¢ 11574 21.88°
AzotxAzos 3.82¢ 4,134 17.77°¢ 8.49°¢ 6.19 14.59°¢ 24.812

o prion s V(55 52 eyta puiasj i (635 SS1 epoely il 5 5Slg3l (Al o :AZOXAZOS
Salinity 16 ds/m:Sz,Salinity 8 dS/m :S1,Combined treatment of Azotobacter and Azospirillum:AzotxAzos

Al s (P<e/eY) o iz BMB) (gl)ls oty 5> S yiie gy L slach

- Numbers with common letters in each column were not significantly different (P <0.01)
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Table 5- Analysis of variance (ANOVA) for the effects of experimental treatments on plant nutrients concentration
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Bactria~ Salinity
s
48 0.0003 0.003 0.00011
Eroor
Oy o b
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Table 6- Mean comparison for the effects of experimental treatments on plant nutrients concentration
. OJ9re  Fwd pewly e
Sy 31 N p Kk Na
Salt Bacterial ) o) o) o)

Control 1.35¢ 0.23¢ 1.21f 1.65°P
S1 Azotobacter ~ 1.99® 0.32° 2.06° 1.23¢
Azospirillum  2.31° 0.27¢ 1.92¢ 1.319

AzotxAz0s 297% 0368 224® 1.059

Control 1.22¢ 0.15f 0.879 1.892
S Azotobacter  1.82¢ 0.21¢ 1.36°¢ 1.31¢
Azospirillum  1.67¢% 0.19°¢ 1.32¢ 1.39¢

AzotxAzos  2.22° 0.27°¢ 1459 1.15f

Foromiotiisd V555 12 e piorjeudh £r9h ST gk sl 5 7Sl (Al o AZOIXAZOS
AzotxAzos: Salinity 16 ds/m:Sz,Salinity 8 dS/m :Si,Combined treatment of Azotobacter and Azospirillum.
Bl ged (P<e/oN) Jo iz BB gl)ls g jo )3 S e gy b slack
- Numbers with common letters in each column were not significantly different (P <0.01).
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Introduction: Worldwide studies have shown that inappropriate land uses over the past 45 years have
resulted in salinization of 6% of the world's land. Salinity has negative effects on soil physicochemical properties
and microbial activities. The imbalance in nutrient uptake, ion toxicity and decreasing water consumption due to
high osmotic pressure are resulted from high accumulation of solutes in soil solution. One of the strategies to
mitigate soil salinity is the inoculation of crops with different types of beneficial soil bacteria and fungi. Plant
growth promoting bacteria (PGPB) are a diverse group of bacteria capable of promoting growth and yield of
many crops. The most important growth promoting mechanisms of bacteria are the ability to produce plant
hormones, non-symbiotic nitrogen fixation, solubilization of insoluble phosphate and potassium, biocontrol of
plants pathogens through producing hydrogen cyanide and siderophore production. Plant inoculation with
growth promoting bacteria causes an increase in several indices such as shoot fresh and dry weight, root dry
weight and volume as well as chlorophyll content. The synergetic effect of Azotobacter and Azospirillum on the
plant has been documented by increasing the absorption of nutrients, production of hormones that stimulate plant
growth such as auxin, and influencing the root morphology. Due to the wide area of saline soils, appropriate
methods to reduce the negative effects of salinity are of great significance. Given the importance of using
bacteria adapted with climatic conditions and soil ecosystems in each region, as well as the efficiency of the
combined application of growth promoting bacteria, this study was conducted to investigate the effect of growth
promoting bacteria as a single and combined application at two levels of salinity calculated based on the
threshold of barley yield reduction (Karoon cultivar) and 50 % reduction in barley yield.

Materials and Methods: In order to record the Azotobacter isolates, 15 soil samples were collected from salt
affected lands of Golestan province. Thirty two Azotobacter isolates were isolated by physiological and
biochemical tests and cyst production in old culture. Then, their ability to grow in different concentrations of
salinity, drought stress tolerance, polysaccharide production, auxin production, phosphorus and potassium
solubilization, hydrogen cyanide synthesis and biological fixation of molecular nitrogen were investigated.
Based on physiological and growth stimulation tests, Az13 isolate was selected as the superior isolate of
Azotobacter for greenhouse test. Azospirillum superior isolate was then prepared from the microbial bank of Soil
Science Department, Gorgan University of Agricultural Sciences and Natural Resources. A soil with 16 dS/m
salinity was selected to determine the effects of experimental treatments at two threshold salinity levels of yield
reduction and 50 % reduction of barley yield. Then, soil salinity was reduced to 8 dS/m (yield reduction
threshold) by leaching. After reaching to the desired salinity, the soil was removed from the pots and air dried.
The sample was sifted through a 2 - mm sieve and again transferred to the pots. The barley seeds, Karoon
cultivar, were used. To prepare the inoculum, firstly the bacterial isolates were grown in the pre-culture nutrient
broth medium, and then incubated at 120 rpm in a shaking incubator at 28°C for 48 hours. Afterwards, each seed
was inoculated with one milliliter of the bacterial inoculant with a population of 10° CFU/ml. This experiment
was conducted as factorial in a completely randomized design with three replications in the greenhouse at
Gorgan University of Agricultural Sciences and Natural Resources. The treatments included four levels of
bacteria (without inoculation, Azotobacter inoculation, Azospirillum inoculation, combined inoculation of
Azotobacter and Azospirillum) and two levels of salinity (8 and 16 dS/m). After 70 days (late vegetative growth
period), some growth and physiological indices and concentration of nutrients uptake were measured.

Results and Discussion: The results showed that salinity stress had a significant (p < 0.01) negative effect
on growth and physiological traits and nutrient uptake of the plant. The combined application of Azotobacter and
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Azospirillum bacteria showed a positive significant influence (p < 0.01) on growth, dry weight, and root dry
weight in the plant under salinity stress. The combined application of bacteria increased the chlorophyll a, b and
a + b content at a salinity level of 16 dS/m by 136.49, 117.86 and 127.97 %, respectively. The combined
application of bacteria resulted in a 65.39 and 55.94 % increase in proline amino acid content at salinity levels of
8 and 16 dS/m, respectively. The results revealed that nitrogen, phosphorus and potassium levels increased by
81.97, 80 and 66.67%, respectively, at 16 dS/m salinity level in combined application of both bacteria. Sodium
ion accumulation in all bacterial treatments decreased in both salinity levels compared to control treatment and
the highest reduction was observed in combined bacterial inoculation. These findings underline the positive
effect of bacterial inoculation, particularly their combined application, on the growth and nutrients uptake of
barley under salt stress.

Conclusion: Our results indicate that increasing salinity level significantly decreased shoot dry weight, root
dry weight, plant height, chlorophyll content and nutrient concentrations of barley. Inoculation of salt-resistant
bacteria, including Azotobacter and Azospirillum, reduced the adverse effects of salinity on growth and
physiological traits, which was more pronounced in Azotobacter than Azospirillum. The combined application of
Azotobacter and Azospirillum had a significant effect on root dry weight, plant height, chlorophyll content,
increasing nutrient concentration efficiency (nitrogen, phosphorus, and potassium) and decreased sodium
concentration at both salinity levels (8 and 16 dS/m) compared with the individually inoculated bacteria. Hence,
the application of Azotobacter and Azospirillum isolates is an appropriate method for pot experiments with saline
soils. To apply these results, field experiments in saline soils must be carried out to evaluate the effect of these
bacterial isolates on the crop growth, yield and physiological characteristics.
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