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The world population, at present estimated ~7 billion people, is expected to increase to ~10 billion in the next 50 years and to sufficiently feed all these individuals
requires an ecological sound management system to sustain crop productivity [1].
The type of soil defines the concentration of salts in the soil and the salt concentration may be different at different soil. Measuring the electrical conductivity of the
soil defines salinity of that particular land. When the extract solution of the soil has
electrical conductivity 20 mM or more it is considered saline soil or salt affected soil
[2]. The main reasons of accumulation of salt in soil are leaching and insufficient
drainage of irrigation water. Plants develop with the help of plant growth promoting
rhizobacteria (PGPR) various mechanisms for salt tolerance; antioxidant enzyme activation and antioxidant compound synthesis, ion homeostasis, biosynthesis of compatible solutes, nitric oxide generation, ions transport and hormone modulation [3].
Balanced application of chemical inputs including fertilizers, pesticides, fungicides
and herbicides have to increase agricultural productivity for the mitigation of food
security worldwide. The high uses of chemicals increase the salinity condition in soil
and deteriorate the soil texture, soil quality, health and also increase many environmental problems. Nowadays alternative of these, PGPR mitigate the salinity stress
in crop production. Thus, remarkable effort is being put on research to develop such
rhizobacterial inoculants which have plant growth promoting (PGP) properties under
sustainable agriculture [4,5].
Nowadays soil salinity is one of the major problems in agriculture, affected ~20%
and ~50% of the total cultivated and irrigated land in the world, respectively, that
limits plant growth and causes significant loss of crop productivity worldwide [6].
The shortfall in the availability of fresh water resulted in gradual increase in the use
of saline water in agriculture resulted in salt deposits in the crop field. As a result, every year, salt-affected areas are constantly increasing and at the same time considerable area of arable land is being agriculturally unproductive because of salinity [7,8].
Discharge of industrial effluents into irrigation canals is one of the potential sources
of salts in agricultural soil. Saline water reduces the transpiration rate of plants by
disrupting the evapotranspiration system thus reducing agricultural productivity [9].
A high salt concentration in the root zone affects root density, root turgor pressure,
and water absorption, subsequently affects plant growth and development. Reactive
oxygen species (ROS), namely, H2O2, O-2, and OH- generated in salinity stress damages the DNA, RNA, and proteins [10], the root meristem activity [11] and cause chlorophyll destruction. Antioxidant such as superoxide dismutase (SOD), catalase (CAT),
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and ascorbate peroxidase (APX) have the ability to scavenge the ROS and maintain
them at low levels. Superoxide dismutase is a metallo-enzyme that protects cells
from oxidative damage, by catalyzing the conversion of the superoxide radical to
H2O2 [12], which is further breakdown by catalyzing action of ascorbate peroxidase.
Catalase reduces ROS levels by catalyzing the breakdown of H2O2 into H2O and O2
[10]. ACC deaminase-containing PGPR induces stress tolerance in plants by a variety of mechanisms such as the synthesis of phytohormones, mineral solubilization,
nutrient uptake and use efficiency, increased leaf area, increased chlorophyll and
soluble protein content, and antioxidant enzyme activities [13] thereby, reduces the
harmful effects of environmental stress.
The rhizosphere is the ecologically important zone in soil around the plant root
surface and region for the plant-microbes interactions in the vicinity of the plant
roots and the soil extend to few millimeters from the root surface, which is characterized by a high concentration of plant exudates and lysates and mediated by
intense microbial activity [14], because a multitude of compounds are released into
the rhizosphere by plant roots induces more intense microbial activity and larger
microbial population which may be beneficial, neutral or detrimental to plants. The
PGPR found in the rhizosphere, on the root surface or associated to it, belong to
heterogeneous and beneficial group of microbes that are capable of enhancing the
growth of plants and also reported to protect them from abiotic stresses [1,15]. The
stimulated plant growth mechanisms involve the availability of nutrients originating
from genetic processes, such as biological nitrogen fixation (BNF) and phosphate
solubilization and mobilization, alleviation of stress through the regulation of ACC
deaminase expression, and production of phytohormones and siderophores, among
several others. In the last few years, the various genera of PGPR have been identified,
like Pseudomonas, Azospirillum, Azotobacter, Klebsiella, Enterobacter, Alcaligenes,
Arthrobacter, Burkholderia, Bacillus and Serratia have been reported to enhance the
plant growth and the numbers are increasing every day mainly because the role of
the rhizosphere as an ecosystem has gained importance in the functioning of the
biosphere [16,17]. The application of salt tolerant PGPRs including genera Klebsiella,
Pseudomonas, Agrobacterium and Ochrobactrum may enhance plant growth under
salinity condition [18]. These PGPRs can promote plant growth by regulating nutritional and hormonal balance, producing plant growth regulators (PGR), nutrients solubilization and inducing resistance against plant pathogens additionally, these PGPR
are also evidenced for synergistic as well as antagonistic interactions with other PGPRs in the soil environment. The halotolerant or salt tolerant bacteria have been
able to survive high salt concentration due to their efficiency to accumulate various
compatible osmolyte which maintained intracellular osmotic balance [19]. However,
these PGPRs produced ACC deaminase and catalase enzymes in response to salinity
stress to protect plants against different environmental stresses through reducing
the ethylene levels and also help in maintaining plant ROS levels [20,21].
Soil-plant-microbes interaction enhances the sustainability of agricultural system. The indigenous salinity tolerant PGPR should be more suitable and play important role in crop production under salinity condition. Furthermore, efficient consortia
of salinity tolerant PGPR can be more suitable on agriculture farmer’s field for crop
production and maintain the soil texture, soil health, decrease environmental pollution and also save the fossil fuel consumption under sustainable agriculture. It is environment eco-friendly and cost-effective technology. The various biotechnological
approaches apply for development of salt tolerant transgenic plant might be prominent technique for crop production. However, salt tolerant transgenic plant along
with salt tolerant PGPR application show profound effect under salinity condition.

References
PEN ACCESS

Copyright: © 2018
The Author(s).
Volume 1 | Issue 2

1. Glick BR. Plant Growth-promoting bacteria: Mechanisms and applications. Hindawi Publishing Corporation, Scientifica: Waterloo, Canada, 2012.
2. De Souza Silva CMM, Fay EF. Effect of salinity on soil microorganisms. INTECH Open
Access Publisher, 2012.
• Page 70 of 71 •

SCIOL Biotechnol 2018;1:69-71

ISSN: 2631-4061 | Mini Review

3. Numan M, Bashir S, Khan Y, et al. Plant growth promoting bacteria as an alternative strategy for salt tolerance in plants: A review. Microbiological Research 2018;209:21-32.
4. Barriuso J, Ramos-Solabo B, Guierrez M. Protection against pathogen and salt stress by
four plant growth promoting rhizobacteria isolated from Pinus sp. on Arabidopsis thaliana.
Biol Control 2008;98:666-72.
5. Kang SM, Khan AL, Waqs M, et al. Plant growth promoting rhizobacteria reduce adverse
effects of salinity and osmotic stress by regulating phytohormones and antioxidants in Cucumis sativus. Journal of Plant Interactions 2014;9:673-82.
6. Cheng Z, Woody OZ, McConkey BJ, Glick BR. Combined effects of the plant growth-promoting bacterium Pseudomonas putida UW4 and salinity stress on the Brassica napus
proteome. Applied Soil Ecology 2012;61:255-63.
7. Frommer WB, Ludewig U, Rentsch D. Taking transgenic plants with a pinch of salt. Science
1999;285:1222-3.
8. Jamil A, Riaz S, Ashraf M, Foolad MR. Gene expression profiling of plants under salt stress.
Critical Reviews in Plant Sciences 2011;30:435-58.
9. Dudley LM, Ben-Gal A, Shani U. Influence of plant, soil, and water on the leaching fraction.
Vadose Zone J 2008;7:420-5.
10. Jaleel CA, Riadh K, Gopi R. Antioxidant defense responses: physiological plasticity in higher plants under abiotic constraints. Acta Physiologiae Plantarum 2009;31:427-36.
11. Foreman J, Demidchik V, Bothwell JHF. Reactive oxygen species produced by NADPH
oxidase regulate plant cell growth. Nature 2003;422:442-6.
12. Moran JF, James EK, Rubio MC, Sarath G, Klucas RV, Becana M. Functional characterization and expression of a cytosolic iron-superoxide dismutase from cowpea root nodules.
Plant Physiol 2003;133:773-82.
13. Dobbelaere S, Vanderleyden J, Okon Y. Plant growth promoting effects of diazotrophs in
the rhizosphere. Critical Reviews in Plant Sciences 2003;22:107-49.
14. Gray EJ, Smith DL. Intracellular and extracellular PGPR: Commonalities and distinctions in
the plant-bacterium signaling processes. Soil Biology and Biochemistry 2005;37:395-412.
15. Grover M, Ali SZ, Sandhya V, Rasul A, Ventakeshwarlu B. Role of microorganisms in adaptation of agricultural crops to abiotic stress. World Journal of Microbiology & Biotechnology
2011;27:1231-40.
16. Glick BR, Bashan Y. Genetic manipulation of plant growth promoting bacteria to enhance
biocontrol of phytopathogens. Biotechnol Adv 1997;15:353-78.
17. Kumar A, Maurya BR, Raghuwanshi R, Meena VS, Islam MT. Co-inoculation with Enterobacter and rhizobacteria on yield and nutrient uptake by wheat (T. aestivum L.) in the alluvial
soil under Indo-Gangetic Plain of India. Journal of Plant Growth Regulation 2017;36:608-17.
18. Sharma S, Kulkarni J, Jha B. Halotolerant Rhizobacteria promote growth and enhance salinity tolerance in peanut. Front Microbiol 2016;7:1600.
19. Nabti E, Schmid M, Hartmann A. Application of halotolerant bacteria to restore plant growth
under salt stress. In: Halophiles, DK Maheshwari, M Saraf (Cham: Springer International
Publishing), 2015;235-59.
20. Singh RP, Shelke GM, Kumar A, Jha PN. Biochemistry and genetics of ACC deaminase: a
weapon to “stress ethylene” produced in plants. Front Microbiol 2015;6:937.
21. Cowell DC, Dowman AA, Lewis RJ, Pirzad R, Watkins SD. The rapid potentiometric detection of catalase positive microorganisms. Biosensors and Bioelectronics 1994;9:131-38.

PEN ACCESS

Copyright: © 2018
The Author(s).
Volume 1 | Issue 2

• Page 71 of 71 •

