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Abstract

Introduction

Agriculture practices involve the extensive utilization of chemical fertilizers that lead to
several impacts, namely groundwater pollution, eutrophication, and production of
greenhouse gases. These ultimately lead to environmental pollution and pose several
health risks. With this respect, plant growth promoting rhizobacteria (PGPR) consist of a
diverse collection of rhizobacteria that occur in the rhizospheric zone and interact with
plant roots. Moreover plant growth promoting rhizobacteria (PGPR) are a heterogeneous
group of bacteria found in the rhizosphere, associated with roots and root surfaces or
living freely in the soil and influencing plant growth directly or indirectly. A large number
of bacteria is reported to contribute to plant growth, including species of Pseudomonas,
Azospirillum, Azotobacter, Klebsiella, Enterobacter, Acinetobacter, Alcaligenes,
Arthrobacter, Burkholderia, Bacillus, and Serratia. Additionally, several reports indicate
the application of ACC-deaminase-producing PGPR in facilitating plant growth and
inducing tolerance in various abiotic stresses, namely (1) salt stress, (2) drought stress,
(3) heat stress, (4) chilling stress, etc. The present study was performed to screen PGPR
strains with different PGP traits in calcareous soils under salinity condition and to use
such PGPR strains as biological inoculation.
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Materials and Methods

In this study, 45 rhizospheric soil samples were collected from different crops in
agricultural farms and placed in plastic bags, and transported to a laboratory, where it was
refrigerated at 4 ° C until further use. To obtain a solution of 10-4 to 10-6 dilutions, one
milliliter of suspension was serially diluted and 100 microliters of this suspension solution
were spread onto the sterile nutrient agar medium. plates were incubated at 28+2°C for
48 hours in a BOD incubator. Rhizobacterial isolates with a different morphological
appearance and fast growth on agar plates were randomly selected and purified by
repetitive streaking on the fresh medium. After purification, these PGPR isolates were
screened for PGP traits. Isolates with phosphate solubilization, siderophore production,
[AA production and ACC-deaminase production were screened and finally three isolates
were selected for molecular identification and pot experiments.

Results and Discussion

In this research, a total of 45 rhizospheric soil samples were collected from the
rhizosphere of different plants. 181 isolates were purified and isolated. In the initial
screening, some of them were characterized by phosphate solubilization, siderophore
production and indole acetic acid (IAA) production. In the secondary screening, superior
isolates were selected in these three growth-promoting traits, and in the ACC-deaminase
production test, all three isolates were able to produce this enzyme. Molecular
identification of the isolates was performed by 16S rRNA gene sequencing technique and
the isolates belonged to Bacillus Cereus, Pseudomonas Syringae and Pseudomonas
Alcaliphila which were registered in the NCBI database. In greenhouse experiments,
inoculation of Pseudomonas Alcaliphila showed the best performance shoot length, shoot
dry weight, chlorophyll production, crude protein production of alfalfa (medicago sativa
L.) and lowest proline production under salinity stress, while inoculation of Pseudomonas
Syringae had better yield at root length and root dry weight.

Conclusion

Extremely cost-effective methods such as applications of microorganisms with PGPR
activities can enhance plant growth, speed up seed germination, improve seedling
emergence, and protect plants. In conclusion, the applied plant-growth-promoting
rhizobacteria (PGPR) bacterial SF1050 strain (Pseudomonas Alcaliphila) proved to be a
potential candidate for improving alfalfa crops in salinity conditions. Nevertheless, it is
suggested to validate the current results by conducting field trials.
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Table 1. Capability of selected PGPR isolates of solubilizing tricalcium phosphate (mg L-1)

24h 48h 72h
PGPR Isolates Phosphate pH Phosphate PH  Phosphate solubilization
solubilization (mg L) solubilization (mg L1) (mg L) pH

Control 16.67+3.188 6.10 9.00+£0.58i 6.00 10.6742.33f 6.20
SF1006 285.331+3.48d 4.90 262.00+2.31¢ 4.70 324.0016.11bcd 4.50
SF1032 331.00+16.62¢ 4.60 290.6742.334 4.50 339.00+16.46b¢ 4.30
SF1038 369.33+11.700b 4.30 342.33+1.45¢ 4.30 401.67+12.71a 3.80
SF1044 482.33+6.962 3.70 436.67+1.86P 3.50 302.33+8.45¢ 4.10
SF1063 187.00+7.57f 5.50 424.00+1.15f 5.50 211.67+7.26¢ 5.40
SF1124 184.33+6.77f 5.50 257.00+3.21¢ 5.30 315.33+11.98bcd 3.80
SF1160 508.33+16.172 3.50 467.33+£2.91a 3.30 307.67+£6.57< 4.00
SF1167 225.671+9.96¢ 5.20 227.33+1.458 5.20 345.00+17.69b 3.60
SF1178 204.33+7.31¢f 5.30 208.67+1.200 5.30 200.67+6.06¢ 5.60

Means+SE sharing the same letter(s) do not differ significantly (p<0.05), by Duncan’s multiple range test.
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Table 2. Capability of selected PGPR isolates of siderophore

production
PGPR isolates Siderofore Unit (%)
SF1044 36.75£1.31b
SF1075 29.16+0.82 c
SF1092 48.944+0.53 a
SF1139 24.67+1.64d
SF1158 17.6310.87 e

Means+SE sharing the same letter(s) do not differ significantly
(p<0.05), by Duncan’s multiple range test.

Table 3. IAA production by selected rhizobacterial
isolates

Selected Isolated IAA Production(pg.mL-1)
SF1006 42.0340.94¢h
SF1038 49.7040.58bc
SF1044 44.63140.81¢f
SF1050 52.10+£0.862
SF1075 46.80+0.624d¢
SF1078 51.30+0.312
SF1082 40.00+0.93n
SF1092 47.9040.91¢d
SF1107 44.2340.63f
SF1113 39.7740.72h
SF1131 40.67+0.86"
SF1160 48.50+0.72¢cd

Means+SE sharing the same letter(s) do not differ significantly
(p<0.05), by Duncan’s multiple range test.
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Figure 1. ACC - deaminase activity in selected superior bacterial isolates
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Figure 2. Phylogenetic tree constructed by neighborhood method from 16S rRNA gene sequence analysis

Table 4. Mean Comparisons for the effects of PGPR and salinity treatments on alfalfa growth parameters

Root Length (cm)  Shoot Length (cm) Root dry weight (gr) Shoot dry weight (gr)

Treatments Salinity Salinity Salinity Salinity
2dSm! 7dSm1 2dSm1 7dSmt 2dSm1? 7dSmt 2dSm? 7 dSm1
Control 16.87c 7.17f 30.10d 24.03g 0.089c 0.037f 1.533d 1.222¢g
Bacillus Cereus 19.33b 11.37e 31.27c 2440f 0.102b 0.060e 1.580c 1.237f
Pseudomonas Syringae 21.27a 14.60d 33.40b 24.77e 0.113a 0.077d 1.694b 1.257 e
Pseudomonas 19.47b 11.23e 3437a 2493e 0.103b 0.059e 1.743a 1.263 e

Means sharing the same letter(s) do not differ significantly (p<0.05), by Duncan’s multiple range test.

Table 5. Mean Comparisons for the effects of PGPR and salinity treatments on alfalfa biochemical parameters

Chlorophyll (mg.gr?) Prolin (umol.gr-1) Crude protein (mg.gr-1)
Treatments Salinity Salinity Salinity
2dSm?1 7 dSm1 2dSm1 7 dSm1 2dSm? 7 dSm11
Control 9.05d 722¢g 0.240c 1.177 a 1097 ¢ 4.62f
Bacillus Cereus 9.34c 7.32f 0.213c 1.100 ab 12.55b 743 e
Pseudomonas Syringae 9.96 b 7.37 ef 0.180 c 1.077 b 13.87 a 9.53d
Pseudomonas 10.23 a 744 e 0.173 c 1.150 ab 1394 a 7.53e

Means sharing the same letter(s) do not differ significantly (p<0.05), by Duncan’s multiple range test.
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