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Abstract 

Soil salinity is one of the main obstacles to achieving better crop yield and quality. Sodic soils are 
characterized by high pH (>8.5), high ESP (>15), and variable electrical conductivity of the soil 
saturation paste. These soils had very low organic carbon content and microbial populations. Sodic 
lands contain high concentrations of sodium and are difficult to cultivate. To mitigate these challenges, 
various strategies have been explored, including genetic modification and the use of plant growth-
promoting rhizobacteria (PGPR). Halophilic bacteria (salt-loving microbes that grow optimally at high 
salt concentrations), capable of thriving in high-saline environments, show promise in reclaiming salt-
affected soils and indirectly improving crop yields.Plant growth-promoting rhizobacteria (PGPR) are 
heterogeneous symbiotic bacteria that play an important role in the recycling of plant nutrients through 
phytostimulation and phytoremediation. The Indo-Gangetic land of India shows extremely saline 
conditions, where enormous halophilic microbial biota thrives.In this study,soil samples from saline 
soils of Haryana and Punjab were screened for salt-tolerant bacteria. Bacterial isolates were analyzed 
for IAA and Phosphate solubilization.Challenged by the limitations of traditional methods, 16S rRNA 
analysis was used to identify halophilic bacteria from harsh environments. Strain HR3-PM displayed a 
striking 99.86% resemblance to Klebsiellaaerogenes strain NBRC 13534, whereas PB01-KB closely 
mirrored Pseudomonas mosselii CFNL 90-83 with 99.80% homology, PB-424 resembled 
Lysinbacillusacetophenoni JC23 strain with 98.81% homology and PB-466 showed 99.93% homology 
with Pseudomonas stutzeri, firmly placing them within their respective bacterial families. 
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INTRODUCTION 
Soil salinity causes global crop losses and affects soil properties [1].An estimated $11 billion less in 
income every year as a result of salinity problems.With 9.5 billion people on the planet by 2050, 
farming saline lands will be essential.[2, 3]. A study from the Western Yamuna and Bhakra canal 
commands in Haryana, India, found that irrigation-induced waterlogging and salinity drastically 
reduced crop yields, leading to dismal farm incomes and a decrease in farm employment [4].Soil 
salinization threatens food security, impacting physiological processes like reproductive physiology, 
flowering, fruiting, and soil processes such as decomposition, respiration, denitrification, and 
biodiversity [5; 6]. Several methods have been developed to mitigate the harmful effects of salinity on 
plants, including genetic modification and the use of PGPR [7].The use of halophilic bacteria aids in 
the restoration of soils damaged by salt by directly promoting plant development, which then raises 
crop production in impacted areas indirectly [8].Research indicates that abiotic stress can be mitigated 
by isolating bacteria from severe environmental stressors [9]. The use of PGPR strains is gaining 
interest as potential biocontrol agents for suppressing plant pathogens and inducing disease 
resistance in plants.Salt-tolerant PGPR (ST-PGPR) has been reported to ameliorate salt stress in the 
plant by direct and indirect mechanisms [10, 11 & 12]. Direct mechanisms include altered nutrition 
through the provision of fixed nitrogen; iron through siderophores; soluble phosphate (P) and zinc 
(Zn); the production of phytohormones such as indole acetic acid (IAA), cytokinin, and gibberellins; or 
by the activity of 1-aminocyclopropane-1-carboxylic acid (ACC) deaminase. Several soil/plant-
colonizing microbiomes that contain the vital enzyme ACC deaminase can lessen the harmful effects 
of excessive ethylene levels [13, 14]. Indirect mechanisms include the suppression of pathogens 
through the action of siderophores, and the production of antibiotics and extracellular hydrolytic 
enzymes [15, 16].Microorganisms employ different strategies for stress tolerance [17]. Evidence 
suggests secondary metabolites are involved, despite reports claiming microbes alleviate abiotic 
stress by triggering basic metabolisms (plant growth, food uptake, photosynthesis, and antioxidant 
enzymes [18]. Some secondary metabolites such as flavonoids, phytoalexins, phenylpropanoids, and 
carotenoids have been documented in stressed plants inoculated with microorganisms [19,20]. Both 
Gram-positive and Gram-negative bacteria produce siderophores under iron deficiency, [21, 22]. 
Enzymes derived from extremophiles, called extremozymes, that function under harsh conditions not 
suitable for conventional enzymes generated by these bacteria are extremely useful in industry and 
hold great industrial importance[23].Kushwaha,et al.[24]reported that root-colonizing bacteria produce 
phytohormones that alleviated salinity-induced dormancy and elicited seedling growth. Moreover, 



 

 

(Kumar,et al.[25] showed that Bacillus and Pseudomonas sp. produced siderophores, indole acetic 
acid (IAA), and solubilized phosphates to boost growth in stressed plants. ACC-deaminase-containing 
microorganisms inhibit ethylene synthesis, enhancing root growth [26, 27]. Lowered ethylene levels 
resulted in root growth and improved the survival of stressed plants[28]. Microorganisms employ 
different strategies for stress tolerance [29]. Suitable management practices for salt-affected soils are 
different than for normal soils. Therefore present study aimed to isolate and screen halophilic strains 
from extreme environments and investigate the effects of physiological conditions including 
temperature, pH, and sodium chloride concentrations on strain growth. Isolated halophilic bacterial 
strains can alleviate the salt-affected soils. 

 
MATERIALS AND METHODS 
Study areas 
The study focuses on salinity-damaged soil samples from Bathinda (Punjab) and Fatehabad 
(Haryana) districts. Fatehabad, spanning 2520 km², in the Indo-Gangetic basin, experiences a tropical 
climate with brackish subsurface water, relying on Bhakra and Western Yamuna canals for irrigation. 
Bathinda, in southern Punjab, features sandy soil with sporadic eastward-leaning sand dunes. 

 
Collection of soil sample 
Soil samples were collected from saline soils in Ratiya, mixed woodland inFatehabad, Haryana, and 
agricultural ground inBhatinda, Punjab. Soil samples were obtained from various locations in sterile 
plastic vials and transported to a soil microbiology laboratory for storage at 4°C. 
 

Morphological characterization 
Colony morphology, cell shape, and Gram reaction as per the standard procedures of Anonymous 
(1957) and Barthalomew and Mittewer (1950) [30, 31].Colony morphology as per Cappuccino and 
Sherman (1999) [32] 
 

Biochemical test  
Assay for IAA(Glickmann and Dessaux. 1995) [33], Phosphorus solubilization Edi- Premono(1996) 
[34],Ammonia excretion (Cappucinoand Sherman.1992) [35], dextrose fermentation testby (Hugh and 
Leifson. 1953) [36], mannitol fermentation test, and lactose fermentation test.(MacFaddin JF. 
2000);(Elazhary MAet al.1973) [37, 38] 
 

RESULT AND DISCUSSION 

Morphological and biochemical characterization of isolates 

Salt-tolerant bacteria isolated from sodic soil were characterized and studied for their morphological, 
biochemical, and physiological characteristics. 

Table 1:- Isolation and Characterizations of Halophilic Bacterial Strains 

 

 
Morphological characters 
Characterization of bacterial colonies for colour, form, margin, elevation, etc. was performed by Gram 
staining, and cell wall morphological studies under a microscope were also performed (Table 1). Four 
isolates, namely HR3-PM, PB01-KB, PB-424, and PB-466, were examined for colony morphology and 
Gram stain characteristics. HR3-PM displayed regular colonies with a cream colour, and undulated 
margin, and was Gram-negative. PB01-KB exhibited regular, yellow colonies with an entire margin 
and raised elevation, also identified as Gram-negative. In contrast, PB-424 showed irregular, beige 

S.No Isolates Colony morphology Gram stain 

  Form colour Margi
n 

Elevatio
n 

 

1 HR3-PM Regular Cream Entire Undulat
ed 

Gram-negative 

2 PB01-KB Regular yellow Entire Raised Gram-negative 

3 PB-424 Irregular Beige Entire Raised Gram-positive 

4 PB-466 Irregular Brownish Entire Raised Gram-negative 



 

 

colonies with an entire margin and raised elevation, being Gram-positive. Finally, PB-466 had 
irregular, brownish colonies with an entire margin, raised elevation, and was Gram-negative. These 
details provide valuable insights into the diverse characteristics of these bacterial isolates. 

 
Biochemical characteristics 
The isolates HR3-PM, PB01-KB, PB-424, and PB-466 were evaluated for their characteristics (Table 
2). HR3-PM showed a negative result for indole-3-acetic acid (IAA) production but exhibited positive 
traits for phosphate solubilization, ammonia excretion, and utilization of dextrose and lactose, while it 
did not utilize mannitol. PB01-KB demonstrated positive IAA production and phosphate solubilization 
but lacked ammonia excretion capability. However, it efficiently utilized dextrose and lactose while not 
utilizing mannitol. PB-424 displayed positive results for all tested traits, including IAA production, 
phosphate solubilization, ammonia excretion, and utilization of dextrose, lactose, and mannitol. 
Similarly, PB-466 also exhibited positive outcomes for IAA production, phosphate solubilization, 
ammonia excretion, and utilization of dextrose and lactose, but it did not utilize mannitol. In another 
study by Yang, et al.[39], the KlebsiellaaerogenesWn strain was examined and the maximum 
dissolved phosphate was up to 701.36 mg/L by the strain Wn[35]. For seven days, the cultivation is 
carried out at 30 °C. According to Valenzuela-Aragon, et al. [40]; and Zuluaga, et al. [41], distinct 
bacterial isolates solubilize phosphate when clear zones appear surrounding their colonies. 

Table 2:- Biochemical characterization of Halophilic Bacterial Strains 

 
PCR amplification and sequencing of 16S rRNA gene: 

For amplification of the 16S rRNA gene, Genomic DNA was extracted by using TE buffer. Pure 
bacterial cultures were suspended in a centrifuging tube containing a buffer solution. After heating at 
95°C for 10 minutes and centrifuging at 10,000 rpm for 5 minutes, the supernatant was used as 
template DNA for 16S rRNA amplification. Universal primers were used for the amplification of genes. 
The amplified product was purified and sequenced. Sequences obtained were analyzed and identified 
using BLAST- Basic Local Alignment Search Tool[42] and were compared against bacterial 16S rRNA 
sequences available on the NCBI database. The sequences were aligned followed by the construction 
of a neighbor joining the phylogenetic tree by using Clustal W using MEGA 10 [43]. 

Isolated DNA strains (HR3-PM, PB01-KB) were investigated for 16S rRNA gene amplification. Its 
quality was evaluated on 1.0 % agarose gel, and a single band of high-molecular-weight DNA has 
been observed. The fragment of 16S rRNA gene was amplified by 16SrRNA-F and 16SrRNA-R 
primers. A single discrete PCR amplicon band of 1500 bp (base pair) was observed when resolved on 
agarose gel (Fig.1). Contaminants were eliminated by purifying the PCR amplicon. Using the 
16SrRNA-F and 16SrRNA-R primers, a forward and reverse DNA sequencing reaction of the PCR 
amplicon was performed on an ABI 3730xl Genetic Analyzer utilizing the BDT v3.1 Cycle sequencing 
kit to produce the gene sequence. Using aligner software, the consensus sequence of the 16S rRNA 
gene was produced from forward and reverse sequence data. The obtained sequences of both genes 
were compared with the available nucleotide sequences in NCBI using the BLAST- Basic Local 
Alignment Search Tool. 

 

 
 

Fig 1: 16S rRNA gene (1500bp) amplification of bacterial strains. (a) PB-01KB Pseudomonas 
mosselii (b) HR3-PM Klebsiella aerogenes (c) PB-466Pseudomonasstutzeri and(d) PB-424 
Lysinibacillusacetophenoni 

S.No Isolates IAA P-Solubilization Ammonia 
excretion 

Dextrose Lactose Mannitol 

1 HR3-PM -ve +ve +ve +ve +ve -ve 

2 PB01-KB +ve +ve -ve +ve +ve -ve 

3 PB-424  +ve +ve +ve +ve +ve +ve 

4 PB-466  +ve +ve +ve +ve +ve -ve 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/klebsiella


 

 

 

 

(a) (b) 

 

  (c)                                                       (d) 

Molecular Identification of Isolated Bacterial Strains: 

Identification of the salt-tolerant PGPR isolates was based on PCR amplification of 16S rRNA gene 
sequences. The bacterial isolates HR3-PM, PB01-KB, PB424, and PB466 were further selected for 
molecular characterization based on their promising salt tolerance and plant growth-promoting 
properties. The 16S rRNA gene of the isolates HR3-PM, PB01-KB, PB-466 and PB-424 were 
successfully amplified using PCR, and approximately 1500 bp of the amplified products were 
sequenced (Fig. 1). The BLAST-N comparison of the searched sequences in the NCBI nucleotide 
database revealed HB3-PM displayed a striking 99.86% resemblance to Klebsiellaaerogenes strain 
NBRC 13534 (Table 4), with maximum score 2697 whereas PB01-KB closely mirrored Pseudomonas 
mosselii CFNL 90-83 with 99.80% homology with maximum score 2724 (Table 3). The BLAST-N 
comparison of the searched sequences in the NCBI nucleotide database revealed PB-424 displayed a 
striking 98.81% resemblance to Lysinibacillusacetophenone strain JC23(Table 5) with a maximum 
score of 2549 whereas, PB-466 closely mirrored Pseudomonasstutzeri ATCC 17588= LMG 11199 
WITH 99.93% homology with maximum score 2647 (Table 6). 

 
 

Table 3: BLAST result of PB01-KB: 



 

 

 

 

 

 

 

Table 4: BLAST results of HR3-PM 



 

 

 

 

 

 

Table 5: BLAST results of PB-424 



 

 

 

Table 6: BLAST results of PB-466 

 

 
 
 



 

 

Fig 2: Phylogenetic tree constructed by the neighbor-joining method derived from analysis of 
the 16S rRNA gene sequence of salt-tolerant PGPR bacterial isolate: HR3-PM 

 

Fig 3: Phylogenetic tree constructed by the neighbor-joining method derived from analysis 
of the 16S rRNA gene sequence of salt-tolerant PGPR bacterial isolate: PB01-KB 

 

Fig 4: Phylogenetic tree constructed by the neighbor-joining method derived from analysis 
of the 16S rRNA gene sequence of salt-tolerant PGPR bacterial isolate: PB-424. 

 

Fig 5: Phylogenetic tree constructed by the neighbor-joining method derived from analysis 
of the 16S rRNA gene sequence of salt-tolerant PGPR bacterial isolate: PB-466. 

 



 

 

The 16S rRNA Gene sequence for HR3-PM and PB01-KB was compared with the ‘nr’ database of 
NCBI GenBank database of NCBI usingBLAST- Basic Local Alignment Search Tool (1990) after that, 
the algorithm builds a guide tree using the neighbor-joining approach and midpoint rooting. This guide 
tree is utilized to produce a global alignment and acts as a rough model for clades that frequently 
share insertion and deletion characteristics. The first ten sequences were chosen based on the 
maximum identity score, and they were aligned using the multiple alignment software Clustal W. 
Distance matrix [44]. The sample which was labeled as HR3-PMwas found to be Klebsiellaaerogenes, 
and showed high similarity based on nucleotide homology and phylogenetic analysis. The evolutionary 
tree of HR3-PM showed a close resemblance withKlebsiellaaerogenes. There is 99.86% homology of 
HB3-PM with this strain. It indicates that strain HB3-PM belongs to the genus Klebsiella. Hence, it was 
designated as Klebsiella spp. The evolutionary tree of PB01-KB showed its close resemblance with 
Pseudomonas mosselii with a maximum 99.80% homology. It reveals that the strain PB01-KB belongs 
to the genus Pseudomonas and it is designated as Pseudomonas spp. The sample which was labeled 
as PB-424 was found to be Lysinibacillusacetophenone, and showed high similarity based on 
nucleotide homology and phylogenetic analysis. The evolutionary tree of PB-424 shows a close 
resemblance with Lysinibacillusacetophenone with 98.81% homology, hence it was designated as 
Lysinibacillus spp. The evolutionary tree of PB-466 showed its close resemblance with Pseudomonas 
stutzeri with a maximum 99.93% homology. It revealed that PB-466 belongs to Pseudomonas spp. 
Hence it was designated as Pseudomonasstutzeri.These four strains are halotolerant and possess 

adaptive mechanisms to tolerate hypersaline conditions. 

DISCUSSION 

The increase in soil salinization is one of the most common environmental threats to crop yield and 
quality [45, 46]. Sodic and saline soil is reducing the cultivable area for agriculture by 1–2% every 
year, thereby reducing food production (Etesami& Beattie,2018);(Hayes S.et al.2019) [47, 48]. 
Identification of bacterial strains based on the 16SrRNA gene sequence of potent Bacterial strains 
was matched with available sequences in the GenBank database. BLAST search results through 
NCBI showed 99.86% similarity of PB01-KB with Pseudomonas mosseliiand 99.80% similarity of 
HR3-PM withKlebsiellaaerogenes, 98.81% of PB-424 with Lysinibacillusacetophenoni and PB-466 of 
99.93%with Pseudomonasstutzeri. Damodarachari,et al.[49]reported similar results with 
Enterobacteriaceae spp. All four strains show positive results for IAA production and Phosphate 
solubilization.The salt-tolerant bacteria with PGPR activities may prove beneficial in managing salt-
affected agricultural fields for crop improvement. Alternatively, halophilic bacteria and their genes can 
be mined for salt-tolerant PGPR activities or salt-tolerance traits can be transferred to crop plants, [50, 
51, 52]. 

CONCLUSION 

As a result of the continuous increase in population, there has also been an increase in demand for 
food and hence agricultural productivity. Soil salinity is one of the main obstacles to improving crop 
yield and quality. Salt-tolerant plant growth-promoting bacteria isolated from saline soil can be used to 
overcome the detrimental effects of salt stress on plants. The isolates were found to be salt tolerant at 
various salt concentrations, with beneficial effects on the physiological functions of plants, such as 
growth and yield, and disease resistance. Therefore, the application of microbial inoculants to alleviate 
stress and enhance plant yield could be a low-cost and environmentally friendly option for the 
management and mitigation of saline soil for better crop productivity and various biotechnological 
applications. To fully exploit the potential of these fascinating microbes and prepare the way for a 
more sustainable future, further research and development efforts are crucial. 

 
 

REFERENCES 

1. Kumawat, K.C., Nagpal, S. and Sharma, P. (2022) Potential of plant growth-promoting 
rhizobacteria-plant interactions in mitigating salt stress for sustainable agriculture: A 
review.Pedosphere32(2), 223–245. 

2. Singh, A. (2015). Soil salinization and waterlogging: A threat to environment and agricultural 
sustainability. Ecological indicators, 57, 128-130. 



 

 

3. Abbas, R., Rasul, S., Aslam, K., Baber, M., Shahid, M., Mubeen, F., &Naqqash, T. 
(2019).Halotolerant PGPR: A hope for cultivation of saline soils. Journal of King 
SaudUniversity-Science, 31(4), 1195-1201. 

4. Singh, J., & Singh, J. P. 1995. Land degradation and economic sustainability. Ecological 
Economics, 15(1), 77-86. 

5. Rütting, T., Aronsson, H., &Delin, S. (2018). Efficient use of nitrogen in agriculture. Nutrient 
Cycling in Agroecosystems, 110, 1-5. 

6. Schirawski, J., &Perlin, M. H. (2018). Plant–microbe interaction 2017—the good, the bad and 
the diverse. International Journal of Molecular Sciences, 19(5), 1374. 

7. Wang, W., Vinocur, B., & Altman, A. (2003). Plant responses to drought, salinity and 
extremetemperatures: towards genetic engineering for stress tolerance. Planta, 218(1), 1-14. 

8. Patole, A. S., R. B. Sonawane, R. T. Gaikwad and Navale, A. M. 2021. Isolation, 
Characterization and Identification of Salt Tolerant Bacterial isolates from Sodic Soil of 
Ahmednagar, Maharashtra.Int.J.Curr.Microbiol.App.Sci. 10(5): 52-58. 

9. Morcillo, R. J., &Manzanera, M. (2021). The effects of plant-associated bacterial 
exopolysaccharides on plant abiotic stress tolerance. Metabolites, 11(6), 337. 

10. Egamberdieva, D., Wirth, S., Bellingrath-Kimura, S. D., Mishra, J., &Arora, N. K. (2019). Salt-
tolerant plant growth promoting rhizobacteria for enhancing crop productivity of saline soils. 
Frontiers in microbiology, 10, 2791. 

11. Grover, M., Ali, S. Z., Sandhya, V., Rasul, A., &Venkateswarlu, B. (2011). Role of 
microorganisms in adaptation of agriculture crops to abiotic stresses. World Journal of 
Microbiology and Biotechnology, 27, 1231-1240. 

12. Hashem, A., Abd_Allah, E. F., Alqarawi, A. A., Al-Huqail, A. A., Wirth, S., &Egamberdieva, D. 
(2016). The interaction between arbuscularmycorrhizal fungi and endophytic bacteria 
enhances plant growth of Acacia gerrardii under salt stress. Frontiers in microbiology, 7, 1089. 

13. Glick, B. R. (2014). Bacteria with ACC deaminase can promote plant growth and help to feed 
the world. Microbiological research, 169(1), 30-39. 

14. Saikia, J., Sarma, R. K., Dhandia, R., Yadav, A., Bharali, R., Gupta, V. K., &Saikia, R. (2018). 
Alleviation of drought stress in pulse crops with ACC deaminase producing rhizobacteria 
isolated from acidic soil of Northeast India. Scientific reports, 8(1), 3560. 

15. Siddikee, M. A., Chauhan, P. S., Anandham, R., Han, G. H., &Sa, T. M. (2010). Isolation, 
characterization, and use for plant growth promotion under salt stress, of ACC deaminase-
producing halotolerant bacteria derived from coastal soil. Journal of Microbiology and 
Biotechnology, 20(11), 1577-1584. 

16. Gupta, S., &Pandey, S. (2023). Plant Growth Promoting Rhizobacteria to Mitigate Biotic and 
Abiotic Stress in Plants. Sustainable Agriculture Reviews 60: Microbial Processes in 
Agriculture, 47-68. 

17. Trivedi, P., Leach, J. E., Tringe, S. G., Sa, T., & Singh, B. K. (2020). Plant–microbiome 
interactions: from community assembly to plant health. Nature reviews microbiology, 18(11), 
607-621. 

18. Kaur, S., &Suseela, V. (2020).Unravelingarbuscularmycorrhiza-induced changes in plant 
primary and secondary metabolome.Metabolites, 10(8), 335. 

19. Mohammadi, M. A., Cheng, Y., Aslam, M., Jakada, B. H., Wai, M. H., Ye, K., ...& Qin, Y. 
(2021). ROS and oxidative response systems in plants under biotic and abiotic stresses: 
revisiting the crucial role of phosphite triggered plants defense response. Frontiers in 
Microbiology, 12, 631318. 

20. Chukwuneme, C. F., Ayangbenro, A. S., &Babalola, O. O. (2021).Impacts of land-use and 
management histories of maize fields on the structure, composition, and metabolic potentials 
of microbial communities.Current Plant Biology, 28, 100228. 

21. B.C. Chu, A. Garcia-Herrero, T.H. Johanson, K.D. Krewulak, C.K. Lau, R.S. Peacock, Z. 
Slavinskaya, H.J. Vogel(2010). Siderophore uptake in bacteria and the battle for iron with the 
host; a bird’s eye view. Biometals, 23 pp. 601-611. 

22. A. Khan, P. Singh, A. Srivastava(2018). Synthesis, nature and utility of universal iron 
chelator–siderophore: a review. Microbiol. Res., 212 pp. 103-111. 

23. Sysoev M., Grötzinger S. W., Renn D., Eppinger J., Rueping M., Karan R. (2021). 
Bioprospecting of Novel Extremozymes from Prokaryotes—The Advent of Culture-
independent Methods. Front. Microbiol.12, 196. 10.3389/fmicb.2021.630013. 

24. Kushwaha, P., Kashyap, P. L., Bhardwaj, A. K., Kuppusamy, P., Srivastava, A. K., &Tiwari, R. 
K. (2020). Bacterial endophyte mediated plant tolerance to salinity: growth responses and 
mechanisms of action. World Journal of Microbiology and Biotechnology, 36, 1-16. 

25. Kumar, A., Maleva, M., Bruno, L. B., &Rajkumar, M. (2021).Synergistic effect of ACC 



 

 

deaminase producing Pseudomonas sp. TR15a and siderophore producing Bacillus 
aerophilus TR15c for enhanced growth and copper accumulation in Helianthus annuus L. 
Chemosphere, 276, 130038. 

26. Ali, S., & Khan, N. (2021).Delineation of mechanistic approaches employed by plant growth 
promoting microorganisms for improving drought stress tolerance in plants.Microbiological 
Research, 249, 126771. 

27. Vaishnav, A., Shukla, A. K., Sharma, A., Kumar, R., &Choudhary, D. K. (2019).Endophytic 
bacteria in plant salt stress tolerance: current and future prospects. Journal of Plant Growth 
Regulation, 38, 650-668. 

28. del Carmen Orozco-Mosqueda, M., Glick, B. R., &Santoyo, G. (2020). ACC deaminase in 
plant growth-promoting bacteria (PGPB): An efficient mechanism to counter salt stress in 
crops. Microbiological Research, 235, 126439 

29. Trivedi, P., Leach, J. E., Tringe, S. G., Sa, T., & Singh, B. K. (2020). Plant–microbiome 
interactions: from community assembly to plant health. Nature reviews microbiology, 18(11), 
607-621. 

30. Anonymous, 1957, Manual of microbiological methods. McGraw Hill Book CompanyInc., New 
York. 127. 

31. Barthalomew, J.W. and Mittewer, J., 1950, A simplified bacterial strain. Stain Tech.,25: 153. 
32. Cappuccino, J. G. S. (1999). Microbiology: a laboratory manual/James G., Cappuccino and 

Natalie Sherman (No. 576 C3.). 
33. Glickmann, E., &Dessaux, Y. (1995). A critical examination of the specificity of the Salkowski 

reagent for indolic compounds produced by phytopathogenic bacteria. Applied and 
environmental microbiology, 61(2), 793-796. 

34. Edi-Premono, M., Moawad, A. M., &Vlek, P. L. G. (1996). Effect of phosphate solubilizing. 
35. Cappuccino, J. C., Sherman, N. 1992. In: Microbiology: A Laboratory Manual, New York, pp. 

125–179. 
36. Hugh, R., & Leifson, E. 1953. The taxonomic significance of fermentative versus oxidative 

metabolism of carbohydrates by various gram-negative bacteria. Journal of 
Bacteriology, 66(1), 24-26. 

37. MacFaddin JF. 2000. Biochemical tests for identification of medical bacteria, 3rd American 
Society for Microbiology © 2016 7 ed. Lippincott Williams & Wilkins, Philadelphia, PA 

38. Elazhary MA, Saheb SA, Roy RS, Lagacé A. 1973. A simple procedure for the preliminary 
identification of aerobic gram-negative intestinal bacteria with special reference to the 
Enterobacteriaceae. Can J Comp Med. 37(1):43-6. PMID: 4265552; PMCID: PMC1319723. 
 

39. Yang, Z., Liu, Z., Zhao, F., Yu, L., Yang, W., Si, M., & Liao, Q. (2023). Organic acid, 
phosphate, sulfate and ammonium co-metabolism releasing insoluble phosphate by Klebsiella 
aerogenes to simultaneously stabilize lead and cadmium. Journal of Hazardous Materials, 
443, 130378. 

40. Valenzuela-Aragon, B., Parra-Cota, F. I., Santoyo, G., Arellano-Wattenbarger, G. L., & de los 
Santos-Villalobos, S. (2019). Plant-assisted selection: a promising alternative for in vivo 
identification of wheat (Triticum turgidum L. subsp. Durum) growth promoting bacteria. Plant 
and soil, 435, 367-384. 

41. Zuluaga, M. Y. A., Lima Milani, K. M., Azeredo Goncalves, L. S., & Martinez de Oliveira, A. L. 
(2020). Diversity and plant growth-promoting functions of diazotrophic/N-scavenging bacteria 
isolated from the soils and rhizospheres of two species of Solanum. PLoS One, 15(1), 
e0227422. 

42. Altschul, S. F., Gish, W., Miller, W., Myers, E. W., & Lipman, D. J. (1990). Basic local 
alignment search tool. Journal of molecular biology, 215(3), 403-410. 

43. Kumar S, Stecher G, Li M, Knyaz C,Tamura K(2018). MEGA X. Molecularevolutionary 
genetics analysis acrosscomputing platforms. Molecular Biologyand Evolution. 35(6):1547-
1549. 

44. Thompson, J. D., Higgins, D. G., & Gibson, T. J. (1994). CLUSTAL W: improving the 
sensitivity of progressive multiple sequence alignment through sequence weighting, position-
specific gap penalties and weight matrix choice. Nucleic acids research, 22(22), 4673-4680. 

45. Khatun, M., Shuvo, M. A. R., Salam, M. T. B., & Rahman, S. H. (2019). Effect of organic 
amendments on soil salinity and the growth of maize (Zea mays L.). Plant Science Today, 
6(2), 106-111. 

46. Tyerman, S. D., Munns, R., Fricke, W., Arsova, B., Barkla, B. J., Bose, J., ... & Wen, Z. 
(2019). Energy costs of salinity tolerance in crop plants. 



 

 

47. Etesami, H., & Beattie, G. A. (2018). Mining halophytes for plant growth-promoting 
halotolerant bacteria to enhance the salinity tolerance of non-halophytic crops. Frontiers in 
microbiology, 9, 148. 

48. Hayes S et al (2019) Soil salinity limits plant shade avoidance. Curr Biol 29:1669–1676 e1664 
49. Damodarachari, K., Reddy, R. S., Triveni, S., Rani, C. H., & Sreedhar, M. 2018. Isolation and 

Molecular Characterization of Abiotic Stress Tolerant Plant Growth PromotingPseudomonas 
spp. from Different Rhizospheric Soils of Telangana State, India. International Journal of Bio-
resource and Stress Management, 9(5), 611-619. 

50. Gupta S, Sharma P, Dev K, Srivastava M, Sourirajan A (2015) A diverse group of halophilic 
bacteria exist in Lunsu, a natural salt water body of Himachal Pradesh, India. SpringerPlus 
4:27 

51. Vaidya S, Dev K, Sourirajan A (2018) Distinct osmoadaptation strategies in the strict halophilic 
and halotolerant bacteria isolated from Lunsu salt water body of North West Himalayas. Curr 
Microbiol 75:888-895 

52. Gupta S, Sharma P, Dev K, Sourirajan A (2020) Isolation of gene conferring salt tolerance 
from halophilic bacteria of Lunsu, Himachal Pradesh, India. J Genet Eng Biotechnol 18:57 
 

 

 


