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Abstract 
Plant growth promoting rhizobacteria (PGPR) is a 

group of stress tolerant bacteria which possess unique 

properties that help in plant growth promotion under 

environmental stress conditions. These bacteria are 

promosing alternatives to chemical fertilizers and can 

be extensively used in organic farming. In this study, 

halotolerant microorganisms isolated from saline 

agricultural soil collected from Patharvala, 

Maharashtra have been investigated for their plant 

growth promoting ability. The isolates were 

qualitatively and quantitatively analzed for their plant 

growth promoting traits such as nitrogenase activity, 

IAA production potential, ability of phosphate 

solubilization, siderophore production using Ashby’s 

nitrogen free medium, yeast malt dextrose medium, 

Pikovaskaya’s medium and King’s B medium 

respectively. Salkowski’s method for quantification of 

the produced IAA yielded highest concentration of 6.10 

mg/ml. Siderophore production potential of the isolates 

was analyzed using CAS reagent and quantified with 

the maxima of 12.86 PSU.  

 

Initially, 76 halotolerant bacteria were isolated from 

saline soil, out of which three isolates belonging to the 

genus Azotobacter were selected based on their highest 

PGPR activity and used for the preparation of 

inoculum for seed germination assay. The germination 

rates of black eyed beans seeds with consortium, 

commercial biofertilizer and control were calculated 

as 87.5%, 90.9% and 69.6% respectively, confirming 

the effectiveness of the bacterial consortium and 

commercial biofertilizer for improving seed 

germination compared to control in salt stress 

conditions.  
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Introduction 
India has the population of 1.2109 billion (as on March 

2011- https://knowindia.india.gov.in/) and agriculture is the 

largest occupation and contributor to India’s GDP. Due to 

population explosion, the food demand is growing multifold 

every day. One of the possible way to combat food insecurity 

is increasing agricultural productivity16.  
 

Environmental stress such as water deficiency, temperature, 

heavy metal contamination, climate change, soil salinity and 

improper irrigation practices have caused great decrease in 

the crop productivity affecting overall food availability31.  

 

Soil salinization is a major challenge in agriculture which is 

globally affecting soil fertility and nutrient cycle42. Saline 

soil is attributed to the presence of excessive amount of 

soluble salts in the rhizosphere of plants. Accumulation of 

salt caused due to over irrigation and excessive use of 

chemical fertilizers is one of the major contributors of 

declining soil fertility25. Soil salinity causes formation of 

reactive oxygen species (ROS), reduced water absorption 

(water deficiency), osmotic stress, resulting in decreased 

photosynthetic activity and inhibiting seed germination2.  

 

One of the solutions to increase fertility and productivity of 

saline soil is the use of plant growth-promoting rhizobacteria 

(PGPR). It is a group of stress tolerant bacteria that colonize 

near plant roots, capable of inducing plant growth under 

stress conditions. These bacteria have ability to solubilize 

various compounds like phosphate, zinc, potash and can 

increase plant yield by producing plant growth-promoting 

hormones, siderophores, enzymes, cytokines, 

exopolsaccharides and enhancing nitrogen fixation31. 

Halotolerant microorganisms isolated from saline soil have 

been widely studied for their plant growth-promoting 

activity. Several studies have shown that plant seeds treated 

with salt tolerant bacteria Pseudomonas putida and 

Pseudomonas fluorescens have increased the germination 

rate by 51%.  

 

Halotolerant Bacillus amyloliquefaciens, Bacillus subtilis 

have been studied for enhancing synthesis of antioxidants, 

nutrient absorption and ROS degradation in plants like 

Oryza sativa and Cicer arietinum2. A lot of research was 

done on Kusshneria sp. isolated from sea sediments which 

increase plant germination in chia, rice, alfalfa, lettuce and 

barley under alkaline-NaCl conditions17. Enterococcus sp. 

and Enterobacter sp. are known to promote growth and salt 

tolerance in plants like Oryza sativa, Brassica napus and Zea 
mays. Micrococcus sp. has been studied for production of 

indole acetic acid (IAA) and 1-Aminocyclopropane-1-

carboxylate deaminase (ACC deaminase) enzyme which 

supports growth of Arachis hypogaea L. plant in saline 

conditions1. Halotolerant bacteria like Serratia and 

Halomonas have been exclusively studied for their 

biological control activities such as antifungal properties, 

production of HCN and NH3
22. 

 

The present study focuses on investigating the ability of 

halotolerant microorganisms to boost plant growth in saline 

soil and to promote their use in organic agriculture. The 
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objectives of this study include isolation and screening of 

halotolerant bacteria from saline soil for analyzing their 

plant growth promoting activity and to present PGPR as the 

possible alternative for chemical fertilizers.  

 

Material and methods 
Collection of samples: Soil samples were collected from 5 

different salt affected areas which were irrigated using bore 

well or underground water. Total 3 types of agricultural soil 

were collected from Alkuti (Mhaskewadi, Alkuti: 

19˚05’20.92”N, 74˚19’36.72”E), Patharvala (Patharvala, 

Newasa: 19˚49’69.68”N, 75˚11’16.64”E) and Shingnapur 

(Shani shingnaour: 19˚38’44.74”N, 74˚85’09.85”E) from 

Maharashtra State near Ahmednagar. All samples were 

collected in sterile plastic bags and preserved for further 

studies. Fig.1 explains the map of the locations from where 

soil samples were collected. 

 

Sample analysis: The samples were analyzed using 

different parameters. Soil analysis included determination of 

pH, salt content, organic matter content, nutrient content and 

electrical conductivity. Three of these soil samples were 

found to differ in their salt content. The samples collected 

from Shingnapur were having highest salt content followed 

by the soil collected from Alkuti. The samples collected 

from Patharvala showed high production despite of having a 

considerable amount of salt in it. The soil sample collected 

from Patharvala was repeatedly autoclaved over a course of 

three days to be used for pot assay. 

 

Primary screening for of plant growth promoting ability 

Salt tolerance test: Sterile nutrient agar containing 5% salt 

was used to grow the organisms. The concentration of NaCl 

found in fertile soil ranges between 0.8 - 0.9%. Based on this 

percentage, 5% concentration of NaCl was selected for 

halotolerance test5.  

Nitrogen fixation test: Organisms isolated by salt tolerance 

test were screened for their nitrogen fixation ability. Isolates 

were grown on Ashby’s mannitol nitrogen free agar medium 

and incubated at room temperature (30˚C) for 72 hours. 

Growth on this medium shows ability to fix atmospheric 

nitrogen40. 

 

Indole acetic acid (IAA) production test: Isolates were 

cultured in Yeast Malt Dextrose (YMD) broth and incubated 

at 28˚C for 5 days at 120 rpm in a shaking incubator. 

Centrifugation of the obtained broth was performed at 

10,000 rpm for a duration of 10 minutes. Freshly prepared 

Salkowski’s reagent (10 mM/L FeCl3 in 35% v/v H2SO4) 

was added to the supernatant and incubated in dark for 30 

minutes. Absorbance was checked at 530 nm using a 

colorimeter. Development of pink colour indicates 

production of indole acetic acid38.  

 

Phosphate solubilization test: Pikovaskaya’s medium 

containing tricalcium phosphate as the sole source of 

phosphate was used to spot inoculate the isolates incubated 

at 37˚C for 2 days. Zone of clearance around the colony 

indicated the ability of the isolate to solubilize phosphate11. 

 

Potash solubilization test: The isolates were spot 

inoculated in Alexandrov’s medium containing mica powder 

(insoluble potassium source) and incubated at room 

temperature (30˚C) for 2-3 days. Zone of clearance around 

the colony indicates ability of the isolate to solubilize 

potash24.  

 

Zinc solubilization test: Pikovaskaya’s medium 

supplemented with 0.1g% zinc oxide was used to spot 

inoculate the isolates. The plates were incubated for 2-3 

days. Zone of clearance surrounding the colony indicates 

positive result35. 

 

 
Fig. 1: The map of locations of sample collection  

(This map was created using QGIS version 3.34.14 https://www.qgis.org) 
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Siderophore production test: The ability of the isolates to 

produce siderophore was determined using Chrome Azurol 

Sulfonate (CAS) reagent. 24 hours old cultures were 

inoculated separately on King’s B agar medium containing 

CAS reagent and incubated at room temperature (30˚C) for 

48 hours. Development of orange halo around the bacterial 

colony indicates production of siderophores32.  

 

Quantification of siderophores was done using 96 well plate 

assay. CAS reagent was added to the colony inoculated in 

the well of 96 welled plate along with media. Colour 

changed as a result of siderophore production quantified 

using ELISA plate reader.  

 

Biochemical characterization: Biochemical 

characterization of the three isolates showing highest plant 

growth promoting activity was performed. The isolates were 

studied for production of catalase and oxidase enzyme. 

Methyl red test, Voges- Proskauer test, nitrate reduction test 

were performed according to the Bergey’s Manual of 

Determinative Bacteriology21.  

 

Preparation of seeds: Healthy seeds of the plant black eyed 

bean were used as it is the major crop grown in the area from 

where soil sample was collected. 3 of the total isolates 

showing maximum traits of PGPR activity were selected and 

used for preparation of inoculum. 0.5 Macfarland standard 

of the 3 isolates was made. The slurry resulted by mixing of 

jaggery, activated charcoal and the inoculum was then used 

for coating all the seeds to be used for pot assay. Macfarland 

standard same as the consortium above, was prepared using 

organisms isolated from commercial organic fertilizer. The 

seeds were coated with this slurry prepared by adding 

inoculum made from commercial biofertilizer, jaggery and 

activated charcoal and planted in the soil. For preparation of 

the slurry, activated charcoal served as the substrate to which 

the organisms can adsorb and jaggery allowed proper 

adherence of the bacteria to the seeds.  

 

Pot assay: Trays having 70-80 pots each were used for pot 

assay. The experimental pots were filled with sterilized soil 

collected from Patharvala. The tray was divided in such a 

way that it has equal number of pots for the seeds coated with 

consortium, commercial biofertilizer and control. All the 

seeds were planted into their respective pots. After rooting, 

the number of germinated and non- germinated seeds was 

recorded to study the effect of consortium as well as that of 

the commercially available biofertilizer on growth of plants 

in saline soil.  

 

Results 
In this study, 76 halotolerant bacteria were isolated from 

saline soil. Three of these isolates showing maximum traits 

of PGPR activity were selected and named as PS1, PS2 and 

PS3. (PS: Soil sample collected from Patharvala).  

 

The bacteria were further studied for their PGPR activity 

such as ability to fix nitrogen, IAA production, phosphate 

solubilization, potash solubilization, zinc solubilization and 

siderophore production. 

 

All the isolates grown on Ashby’s medium showed ability to 

fix atmospheric nitrogen. Among various PGPR species, 

Azotobacter spp. is most studied for transforming infertile 

land into fertile one. It has been studied for nitrogen fixation, 

indole acetic acid production and stress regulation 

improving plant growth and development36. Nitrogen 

deficiency is a major reason for decreased fruit yield in 

plants like apple. In such cases, halotolerant nitrogen fixing 

bacterial strains Bacillus subtilis HG-15, Bacillus velezensis 

JC-K3 have been known to increase crop productivity and to 

prevent oxidative stress13.  

 

 
Fig. 2: Growth of nitrogen fixing bacterial isolates on 

Ashby’s medium isolated from soil collected from 

Patharvala, Newasa 

 

Fig. 2 shows the bacterial isolates streaked on Ashby’s 

media having ability to fix nitrogen. Growth of the bacteria 

on this media indicates their ability to fix atmospheric 

nitrogen. The ability of isolates to produce indole acetic acid 

(IAA) was determined using Salkowski’s reagent. 

Colorimetric analysis by checking absorbance at 540nm for 

quantification of the produced IAA allowed the selection of 

three bacterial isolates PS1, PS2 and PS3 giving highest IAA 

production of 6.19mg/ml, 4.24 mg/ml and 6.19 mg/ml 

respectively (fig. 3).  

 

The production of indole-3- acetic acid (IAA) has positive 

influence on plant germination rate14. Symbiotic and non-

symbiotic nitrogen fixing bacteria like Agrobacterium, 

Rhizobium, Klebsiella, Azotobacter have been exclusively 

studied for IAA production and increased crop productivity. 

Experiments were carried out to quantify IAA production by 

these organisms showing that the production of IAA 

increased synergistically with nitrogen fixation by symbiotic 

bacteria29. Studies on various Azotobacter species like 

Azotobacter vinelandii, Azotobacter salineris, Azotobacter 

tropicalis have revealed that these species exhibit pesticide 

tolerances and can promote plant growth by producing 
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considerable amount of indole acetic acid under stress 

conditions7. 

 

Fig. 3 illustrates the quantification of IAA produced by the 

bacterial isolates PS1, PS2 and PS3. Quantification was 

performed by Salkowski’s method using colorimetric 

analysis at 540nm. The three isolates (PS1, PS2 and PS3) 

were studied for their ability to solubilize phosphate on 

Pikovaskaya’s medium. The isolates were further analyzed 

based on the zone of solubilization within Pikovaskaya’s 

medium as shown in fig. 4.  

 

Many researchers studying PGPRs have paid attention to the 

characteristics of Azotobacter as a biological fertilizer. As 

reported, Azotobacter species has ability to solubilize 

organic as well as inorganic phosphate compounds20. 

Azotobacter spp. isolated from rhizoshperic soil can tolerate 

upto 0.8% NaCl and can exhibit plant growth promoting 

properties at high temperature regions. Fig. 4 displays the 

zone of clearance around bacterial colony indicating 

solubilization of phosphate in the culture media. The ability 

of the isolates to solubilize zinc was studied on 

Pikovaskaya’s medium supplemented with 0.1g% zinc 

oxide. The isolates able to solubilize zinc have shown a zone 

of clearance around their colony (fig. 5).  

 

Zinc is an important growth factor for plants and inoculation 

of zinc solubilizing bacteria instead of chemical zinc 

fertilizers has always been an eco-friendly option. Bacteria 

like Bacillus glycinifermentants and Azotobacter spp. are 

known to improve seed germination rate and grain yield in 

rice and wheat41. Fig. 5 shows the zone of clearance 

observed around the bacterial colony exhibiting zinc 

solubilization property.  

 

The isolates were further tested for their ability to solubilize 

potassium. Zone of clearance around the colony on 

Alexandrov’s medium indicates the ability of the isolates to 

solubilize potash. Azotobacter nigricans is one of the well-

known and promising bacteria having plant growth 

promoting characteristics like ACC deaminase activity, IAA 

production, nitrogenase activity and potassium 

solubilization.

 

 
Fig. 3: Graphical representation of quantitative estimation of indole acetic acid produced by selected 3 bacterial 

isolates from soil sample collected from Patharvala, Newasa 
 

 
Fig. 4: Phosphate solubilizing bacteria on Pikovaskaya’s medium isolated from the soil  

collected from Patharvala, Newasa 
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Fig. 5: Zinc solubilizing bacteria isolated from Patharvala soil sample grown on Pikovaskaya’s medium  

(0.1g% zinc oxide) indicating positive result for zinc solubilization 

 

 
Fig. 6: Siderophore producing bacterial isolates on King’s B media isolated from Patharvala soil sample 

 

 
Fig. 7: Graphical representation of quantitative estimation of siderophore produced by selected 3 bacterial isolates 

 

Inoculation of Azotobacter nigricans PR19 along with NPK 

treatments has revealed enhanced root elongation and 

increased seed germination in maize30. The bacteria isolates 

(PS1, PS2 and PS3) were studied for their ability to produce 

siderophore: an important plant growth promoting factor. 

King’s B medium with CAS reagent was used to study the 

siderophore production while the siderophores produced by 

bacterial isolates were quantified using ELISA plate reader- 
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Thermo scientific Multiskan Go (Fig. 6 and fig. 7). Under 

stress conditions with iron deficiency, strains of 

Pseudomonas sp. have been studied for effective increase in 

apple yield9. Azotobacter vinelandii has been considered as 

a model nitrogen fixer as well as siderophore producer 

PGPR15. 

 

Fig. 6 illustrates siderophore producing bacteria on King’s B 

media. The colour of the media changes due to CAS reagent 

which indicates siderophore production. Fig. 7 explains 

quantitative assay of siderophore production by bacterial 

isolates. Quantification was performed in 96 well-plate 

using ELISA plate reader.  

 

The above tests allowed selection of three isolates PS1, PS2 

and PS3 having highest PGPR potential which were then 

subjected to biochemical characterization. The tests were 

performed according to the Bergey’s Manual of 

Determinative Bacteriology (eighth edition) as catalase test, 

oxidase test, methyl red test, Voges- Proskauer test, nitrate 

reduction test. Biochemical characterization allowed the 

identification of the bacterial isolates being used for the 

preparation of consortium. The isolates were identified as 

the genus Azotobacter (table 1).  

 

Table 2 shows the results of biochemical tests performed for 

identification of the bacterial isolates PS1, PS2 and PS3. 

According to the biochemical characterization, the isolates 

belong to Azotobacter chroococcum. 

 

The 3 isolates (PS1, PS2 and PS3) selected by screening 

their plant growth promoting activity were further used for 

the preparation of consortium for pot assay. The chemical 

analysis of the soil sample collected from Patharvala was 

performed. Table 2 shows the results for soil chemical 

analysis using different parameters such as pH, electrical 

conductivity, amount of copper, iron and zinc present in it. 

The plant growth promoting ability was studied by 

inoculating the seeds of black eyed bean seeds in the 

consortium (slurry) along with the slurry prepared by using 

commercially available organic fertilizer and a non- 

inoculated control. Fig. 9 compares the number of seeds 

germinated and not germinated when coated with 

consortium, biofertilizer with non-coated seeds in soil 

sample collected from Patharvala, Newasa.  

 

The germination rates of black eyed beans seeds using 

consortium, commercial biofertilizer and control were 

calculated as 87.5%, 90.9% and 69.6% respectively. The 

chart illustrates that the seeds coated with bacterial 

consortium have better germination rate than the control. 

Both treatments (consortium and commercial biofertilizer) 

improved germination compared to the untreated seeds 

(control). 

 

Table 1 

Biochemical characterization of the bacterial isolates 

Isolate Catalase test Oxidase test Methyl red 

test 

Voges-

Proskauer 

test 

Nitrate 

reduction test 

Motility 

PS1 + - NA NA + + 

PS2 + - NA NA + + 

PS3 + - NA NA + + 

 

 
Fig. 8: Graphical representation of number of seeds germinated and not germinated with the inoculation of 

consortium, commercial biofertilizer and non- inoculated seeds 
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Table 2 

Chemical analysis of Patharvala soil sample 

Parameter Amount 

pH 7.5 

Electrical conductivity 0.72 

Iron (Fe) 4.538 ppm 

Zinc (Zn) 0.718 ppm 

Copper (Cu) 2.764 ppm 

 

Discussion 
PGPRs have been studied for their potential in boosting plant 

growth and productivity in saline soils. Several studies on 

salt-tolerant PGPRs have demonstrated that they can 

improve wheat crop yield in saline conditions by enhancing 

soil health, plant biomass, nutrient uptake and reducing 

sodium content in plant leaves39. Apart from plant growth 

promotion, PGPRs have been used in phytoremediation of 

salt-impacted sites. 

 

Phytoremediation systems enhanced with PGPRs (PEPS) 

have shown positive effects on plant health in greenhouse as 

well as in the field experiments10. One of the effective way 

of improving plant development and production under saline 

conditions is the combination of salt-tolerant plants with 

beneficial soil microorganisms such as PGPR and arbuscular 

mycorrhizal fungi (AMF)8,23.  

 

PGPRs play a vital role in reducing salinity stress in plants 

through various mechanisms like exopolysaccharide 

synthesis, antioxidant machinery activation and increased 

nutrient uptake3. The use of region-specific PGPR consortia 

has potential in promoting plant growth in saline soils. The 

innovation of novel biofertilizers based on PGPR could 

provide a sustainable approach to improving productivity in 

salt-affected agricultural fields3. 

 

The use of PGPRs for plant growth improvement in saline 

soils has several future prospects: The use of salt-tolerant 

PGPRs and their metabolites could be a sustainable solution 

for increasing crop productivity and mitigating harmful 

effects saline soils in an eco-friendly manner18. Research on 

salt-tolerant PGPRs and their metabolites is still nascent and 

requires greater global attention. Positive effects of PEPS in 

greenhouse and field experiments suggest that 

phytoremediation of saline soil is possible within stipulated 

time using this approach10. Interestingly PGPR inoculation 

does not change the rates of salt uptake by plants.  

 

PGPR enhanced plant biomass leads to greater salt uptake 

on a per area basis compared to untreated plants which 

contradicts with the above research10. In such cases, the 

combination of salt-tolerant PGPR with AMF could improve 

the saline soil recovery8. In conclusion, development of 

PGPR based biofertilizers can be an important strategy to 

increase fertility and productivity of saline soil37. Field 

studies could provide further research into this sustainable 

approach3.  

Conclusion 
This study investigated the ability of halotolerant 

microorganisms isolated from saline soil to promote plant 

growth in salt affected agricultural fields. Tests carried out 

for determining nitrogen fixing ability, IAA production, 

phosphate solubilization, potassium solubilization, zinc 

solubilization and siderophore production allowed the 

selection of three isolates showing highest PGPR activity.  

 

Pot assay of the inoculum prepared by mixing these three 

isolates has provided valuable insights into the plant growth 

promoting activity of halotolerant PGPR. Comparison of the 

seed germination assay with commercial biofertilizer 

suggested that the use of PGPR as organic fertilizers can 

potentially increase plant growth rate and yield in saline soil.  

 

Acknowledgement 
We are thankful to the Maharashtra Education Society, 

Principal of Abasaheb Garware College, Pune and Head, 

Department of Microbiology, Abasaheb Garware College, 

Pune, India. 

 

References 
1. Abbas R., Rasul S., Aslam K., Baber M., Shahid M., Mubeen F. 

and Naqqash T., Halotolerant PGPR: a hope for cultivation of 

saline soils, J King Saud Univ Sci., 31, 1195-1201, doi: 10.1016/ 

j.jksus.2019.02.019 (2019) 

 

2. AbuQamar S. et al, Halotolerant plant growth-promoting 

rhizobacteria improve soil fertility and plant salinity tolerance for 

sustainable agriculture – a review, Plant Stress, 12, 100482 (2024) 

 

3. Arora N.K., Fatima T., Mishra J., Mishra I., Verma S., Verma 

R., Verma M., Bhattacharya A., Verma P., Mishra P. and Bharti 

C., Halo-tolerant plant growth promoting rhizobacteria for 

improving productivity and remediation of saline soils, J Adv Res., 

26, 69-82, doi: 10.1016/j.jare.2020.07.003 (2020) 

 

4. Bhattacharyya P.N. and Jha D.K., Plant growth-promoting 

rhizobacteria (PGPR): emergence in agriculture, World J 

Microbiol Biotechnol., 28, 1327-1350 (2012) 

 

5. Brouwer C.J., Goffeau A. and Heibloem M., Irrigation Water 

Management: Training Manual No. 1 – Introduction to Irrigation, 

Rome, Food and Agriculture Organization of the United Nations, 

Available from: https://www.fao.org/4/r4082e/r4082e00.htm 

(1985) 
 

6. Chandra M.S., Naresh R.K., Bhatt R., Kadam P.V., Siddiqui 

M.H., Gaafar A.Z. and Rahman M.A., Conservation tillage and 



International Journal of Agricultural Sciences and Veterinary Medicine                                            Vol. 12 (4), November (2024) 

https://doi.org/10.25303/1204ijasvm014022        21 

fertiliser management strategies impact on basmati rice (Oryza 

sativa L): crop performance, crop water productivity, nutrient 

uptake and fertility status of the soil under rice-wheat cropping 

system, Peer J., 11, e16271, doi: 10.7717/peerj.16271 (2023) 

 

7. Chennappa G., Adkar-Purushothama C.R., Suraj U., 

Tamilvendan K. and Sreenivasa M.Y., Pesticide tolerant 

Azotobacter isolates from paddy growing areas of northern 

Karnataka, India, World J Microbiol Biotechnol., 30, 1-7, doi: 

10.1007/s11274-013-1412-3 (2014) 

 

8. Diagne N., Ndour M., Djighaly P.I., Ngom D., Ngom M.C.N., 

Ndong G., Svistoonoff S. and Cherif-Silini H., Effect of plant 

growth promoting rhizobacteria (PGPR) and arbuscular 

mycorrhizal fungi (AMF) on salt stress tolerance of Casuarina 

obesa (Miq.), Front Sustain Food Syst., 4, 601004, doi: 10.3389/ 

fsufs.2020.601004 (2020) 

 

9. Gao B., Chai X., Huang Y., Wang X., Han Z., Xu X., Wu T., 

Zhang X. and Wang Y., Siderophore production in Pseudomonas 

sp. strain SP3 enhances iron acquisition in apple rootstock, J Appl 

Microbiol., 133, 720-732, doi: 10.1111/jam.15591 (2022) 

 

10. Gerhardt K.E., Gerwing P.D., MacNeill G.J. and Greenberg 

B.M., Phytoremediation of salt-impacted soils and use of plant 

growth-promoting rhizobacteria (PGPR) to enhance 

phytoremediation, In Phytoremediation of Salt-Impacted Soils and 

Use of Plant Growth-Promoting Rhizobacteria (PGPR) to Enhance 

Phytoremediation [Chapter 2], Springer, 19-51, doi: 10.1007/978-

3-319-52381-1_2 (2017) 

 

11. Gupta R., Kumari A., Sharma S., Alzahrani O.M., Noureldeen 

A. and Darwish H., Identification, characterization and 

optimization of phosphate solubilizing rhizobacteria (PSRB) from 

rice rhizosphere, Saudi J Biol Sci., 29, 35-42, doi: 10.1016/ 

j.sjbs.2021.09.075 (2022) 

 

12. Islam S., Akanda A.M., Prova A., Islam M.T. and Hossain 

M.M., Isolation and identification of plant growth promoting 

rhizobacteria from cucumber rhizosphere and their effect on plant 

growth promotion and disease suppression, Front Microbiol., 6, 

1360, doi: 10.3389/fmicb.2015.01360 (2016) 

 

13. Ji C., Ge Y., Zhang H., Zhang Y., Xin Z., Li J., Zheng J., Liang 

Z., Cao H. and Li K., Interactions between halotolerant nitrogen-

fixing bacteria and arbuscular mycorrhizal fungi under saline 

stress, Front Microbiol., 15, 1288865, doi: 10.3389/ 

fmicb.2024.1288865 (2024) 

 

14. Linda T.M., Aliska J., Feronika N., Melisa I. and Juliantari E., 

Production of exopolysaccharides and indole acetic acid (IAA) by 

rhizobacteria and their potential against drought stress in upland 

rice, J Microbiol Biotechnol., 34, 1239-1248, doi: 10.4014/ 

jmb.2401.01035 (2024) 

 

15. McRose D.L., Baars O., Morel F.M.M. and Kraepiel A.M.L., 

Siderophore production in Azotobacter vinelandii in response to 

Fe-, Mo- and V-limitation, Environ Microbiol., 19, 3595-3605, 

doi: 10.1111/1462-2920.13857 (2017) 

 

16. Mead B.R., Duncombe T., Gillespie R., Pugh N. and Hardman 

C.A., Does urban agriculture contribute to food security and how 

might this be achieved?, Proc Nutr Soc., 83, 195-203, doi: 

10.1017/S0029665124002209 (2024) 

17. Meinzer M., Ahmad N. and Nielsen B.L., Halophilic plant-

associated bacteria with plant-growth-promoting potential, 

Microorganisms, 11, 2910, doi:10.3390/microorganisms11122910 

(2023) 

 

18. Mishra J., Fatima T. and Arora N.K., Role of secondary 

metabolites from plant growth-promoting rhizobacteria in 

combating salinity stress, In Ahmad P. and Egamberdieva D., 

editors, Plant Microbiome: Stress Response, Singapore, Springer, 

127-163, doi:10.1007/978-981-10-5514-0_6 (2018) 

 

19. Naitam M.G., Ramakrishnan B., Grover M. and Kaushik R., 

Rhizosphere-dwelling halophilic archaea: a potential candidate for 

alleviating salinity-associated stress in agriculture, Front 

Microbiol., 14, 1212349, doi: 10.3389/fmicb.2023.1212349 (2023) 

 

20. Nosrati R., Owlia P., Saderi H., Rasooli I. and Ali Malboobi 

M., Phosphate solubilization characteristics of efficient nitrogen-

fixing soil Azotobacter strains, Iran J Microbiol., 6, 285-295 

(2014) 

 

21. Ogodo A.C., Agwaranze D.I., Daji M. and Aso R.E., Microbial 

techniques and methods: basic techniques and microscopy, In 

Egbuna C., Patrick-Iwuanyanwu K.C., Shah M.A., Ifemeje J.C. 

and Rasul A., editors, Analytical Techniques in Biosciences: From 

Basics to Applications, Academic Press, 201-220, doi: 10.1016/ 

B978-0-12-822654-4.00003-8 (2021) 

 

22. Ould Ouali K., Houali K., Cruz C., Melo J., Benakli Y., Ousmer 

L., Madani Z. and Nabti E., Halophilic plant growth promoting 

rhizobacteria as producers of antifungal metabolites under salt 

stress, doi:10.20944/preprints202402.0365.v1 (2024) 

 

23. Pan J., Ma S., Peng F., Xue X., Huang C., Zhang W. and Luo 

J., Effect of arbuscular mycorrhizal fungi (AMF) and plant growth-

promoting bacteria (PGPR) inoculations on Elaeagnus angustifolia 

L. in saline soil, Appl Sci-Basel., 10, 945, doi: 10.3390/ 

app10030945 (2020) 

 

24. Parmar P. and Sindhu S.S., Potassium solubilization by 

rhizosphere bacteria: influence of nutritional and environmental 

conditions, J Microbiol Res., 1, 25-31, doi: 10.5923/ 

j.microbiology.20130301.04 (2013) 

 

25. Paul D. and Lade H., Plant-growth-promoting rhizobacteria to 

improve crop growth in saline soils: a review, Agron Sustain Dev., 

34, 25-31, doi: 10.1007/s13593-014-0233-6 (2014) 

 

26. Peng J., Zhang C., Wang E.T., Wang Z., Wang X., Jia N., Hu 

D., Ma J. and Wei X., Accumulation of beneficial bacteria in the 

rhizosphere of maize (Zea mays L.) grown in a saline soil in 

responding to a consortium of plant growth promoting 

rhizobacteria, Ann Microbiol., 71, doi: 10.1186/s13213-021-

01650-8 (2021) 

 

27. Peraman Manimegalai and Kuppusamy Selvam, Qualitative 

and quantitative phytochemical composition and antimicrobial 

activity of different solvent extracts of Hardwickia binata Roxb., 

Res. J. Biotech., 19(3), 31-38 (2024) 

 

28. Reang L. et al, Plant growth promoting characteristics of 

halophilic and halotolerant bacteria isolated from coastal regions 

of Saurashtra Gujarat, Sci Rep., 12, 4699, doi: 10.1038/s41598-

022-08151-x (2022) 



International Journal of Agricultural Sciences and Veterinary Medicine                                            Vol. 12 (4), November (2024) 

https://doi.org/10.25303/1204ijasvm014022        22 

29. Safari D., Jamali F., Nooryazdan H.R. and Bayat F., Screening 

fluorescent pseudomonads isolated from wheat rhizosphere for 

plant growth-promoting and salt tolerance properties, Biol Forum 

– Int J., 8, 35-42 (2016) 

 

30. Sagar A., Sayyed R.Z., Ramteke P.W., Ramakrishna W., 

Poczai P., Al Obaid S. and Ansari M.J., Synergistic effect of 

Azotobacter nigricans and nitrogen phosphorus potassium 

fertilizer on agronomic and yield traits of maize (Zea mays L.), 

Front Plant Sci., 13, 952212, doi: 10.3389/fpls.2022.952212 

(2022) 

 

31. Saghafi D., Delangiz N., Lajayer B.A. and Ghorbanpour M., 

An overview on improvement of crop productivity in saline soils 

by halotolerant and halophilic PGPRs, 3 Biotech, 9, 261, 

doi:10.1007/s13205-019-1799-0 (2019) 

 

32. Schwyn B. and Neilands J.B., Universal chemical assay for the 

detection and determination of siderophores, Anal Biochem., 160, 

47-56, doi:10.1016/0003-2697(87)90612-9 (1987) 

 

33. Sharma A., Dev K., Sourirajan A. and Choudhary M., Isolation 

and characterization of salt-tolerant bacteria with plant growth-

promoting activities from saline agricultural fields of Haryana, 

India, J Genet Eng Biotechnol., 19, 99, doi:10.1186/s43141-021-

00186-3 (2021) 

 

34. Shokri D. and Emtiazi G., Indole-3-acetic acid (IAA) 

production in symbiotic and non-symbiotic nitrogen-fixing 

bacteria and its optimization by Taguchi design, Curr Microbiol., 

61, 217-225, doi:10.1007/s00284-010-9600-y (2010) 

 

35. Srithaworn M., Jaroenthanyakorn J., Tangjitjaroenkun J., 

Suriyachadkun C. and Chunhachart O., Zinc solubilizing bacteria 

and their potential as bioinoculant for growth promotion of green 

soybean (Glycine max L. Merr.), Peer J., 11, e15128, 

doi:10.7717/peerj.15128 (2023) 

 

36. Sumbul A., Ansari R.A., Rizvi R. and Mahmood I., 

Azotobacter: a potential bio-fertilizer for soil and plant health 

management. Saudi J Biol Sci., 27, 3634-3640, doi: 

10.1016/j.sjbs.2020.08.004 (2020) 

 

37. Sunita K., Prakash J., Mishra J., Arora N.K. and Mishra I., 

Secondary metabolites from halotolerant plant growth promoting 

rhizobacteria for ameliorating salinity stress in plants, Front 

Microbiol., 11, 567768, doi:10.3389/fmicb.2020.567768 (2020) 

 

38. Szkop M., Sikora P. and Orzechowski S., A novel, simple and 

sensitive colorimetric method to determine aromatic amino acid 

aminotransferase activity using the Salkowski reagent, Folia 

Microbiol (Praha), 57, 1-4, doi:10.1007/s12223-011-0089-y 

(2012) 

 

39. Upadhyay S.K. and Singh D.P., Effect of salt-tolerant plant 

growth-promoting rhizobacteria on wheat plants and soil health in 

a saline environment, Plant Biol (Stuttg), 17, 288-293, doi: 

10.1111/plb.12173 (2015) 

 

40. Xia Y., Zhang H., Zhang Y., Zhang Y., Liu J., Seviour R. and 

Kong Y., Screening plant growth-promoting bacteria from the 

rhizosphere of invasive weed Ageratina adenophora for crop 

growth, Peer J., 11, e15064, doi:10.7717/peerj.15064 (2023) 

 

41. Yadav R.C., Sharma S.K., Varma A., Rajawat M.V.S., Khan 

M.S., Sharma P.K., Malviya D., Singh U.B., Rai J.P. and Saxena 

A.K., Modulation in biofertilization and biofortification of wheat 

crop by inoculation of zinc-solubilizing rhizobacteria, Front Plant 

Sci., 13, 777771, doi: 10.3389/fpls.2022.777771 (2022) 

 

42. Zhang G., Bai J., Zhai Y., Jia J., Zhao Q., Wang W. and Hu X., 

Microbial diversity and functions in saline soils: a review from a 

biogeochemical perspective, J Adv Res., 59, 129-140 doi: 10.1016/ 

j.jare.2023.06.015 (2024). 

 

(Received 24th September 2025, accepted 08th October 2025) 

 

*****

 

 


