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The salinization of soils is the main threat of agriculture, it affects a large area every year. thus, instead of chemical
buffers, bacteria are suggested as an effective solution. In addition, bacteria promoting plant growth are in fact known as a
potential alternative to restore, promote and protect crops.
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| 1. Introudction

The worldwide enhancement of both human population and the associated environmental deterioration has the
unfortunate influence that global food manufacture might soon become unsatisfactory to nourish all of the world’s people.
It is therefore crucial to increase farming productivity within the next few decadesld. On the other hand, in the natural
environment, plants are constantly exposed to various abiotic and biotic factors, which may affect their increase and
yield. Stress is described as any external abiotic (salinity, water, heat) or biotic (herbivore) constraint that restricts the
level of photosynthesis and decreases a plant's capacity to transform energy to biomassfl. Especially, abiotic factors are
main constraints for global food security, food quality, and crop productivity!.

Salinity is recognized to affect almost one fourth of world cultivable land, a main cause of desertification. It is
responsible for the degradation of 10 million ha of world farming per year!®, influencing about 1 million ha in the European
Union, mainly in the Mediterranean countries. Various salt ions in the soil, that are dissoluble in water like chloride (CI7),
sodium (Na*), magnesium (Mg?*), potassium (K*), bicarbonate (HCO?®"), sulfate (SO427), carbonate (CO327), and calcium
(Ca?*) may cause salinization. Salinization is a natural process in semiarid and arid zones and may additionally be
stimulated by anthropogenic practices. It significantly influences land fertility [, and therefore comprises a huge effect on
food security and economy at local, regional, and global levels!Z. Although plant tolerance to salinity varies with species
and even varieties as well as with biotic and abiotic factors, the growth of most of the plant cultures is negatively
influenced by salinity@19, Excess accumulation of salts in the root zone often deteriorates the soil properties, viz.
physical, chemical, and biological to such an extent that crop production is adversely affectedl. In addition, excessive
salinity in soil suppresses growth, decreases species diversity, and alters the community composition of plants; however,
the effect of salinity on soil microbial communities is poorly understood22l.

Some of the microorganisms that live in close combination with the plant roots ensure a significant function in improving
plant growth!23!, and/or in stress mitigation of crops cultivated under salinity conditions®4. Plant growth-promoting bacteria
(PGPB) may be active through a diversity of processesi including the regulation of the transcription of various genes
and cellular communication through quorum sensingl2€l, and mainly by production of various secondary metabolitesi4.
For instance, through the production of exopolysaccharides (EPS), indole acetic acid (IAA), nitrogen fixation, and P-
solubilization8l, PGPB may form symbiotic relations with plants and improve their performance in the face of salinity
stress 1929 Moreover, PGPB are an environmentally sustainable tool to mitigate the impacts of salinity on crop yields(2l,

| 2. Halophile PGPB for Sustainable Agriculture

In the rhizosphere, plant-microorganism relationships are indicators of plant health, production, and soil fertility.
Particularly, plant growth-promoting bacteria (PGPB) are microorganisms that could also promote plant increase and
prevent plants from infection and abiotic factors via a wide range of processes. Those PGPBs that develop more intimate
interactions with plants, like the endophytes, may be more effective in plant growth improvement 18 Usage of PGPB as
an important part of farming activity is an innovation whose time has arrivedll. More particularly, some halophilic bacteria
were proved able to alleviate plant salt stress, improving the development and productivity of crop production under
salinity (241,



PGPB represent a possible solution to mitigate salinity-induced plant stressl22. The impact of five plant growth stimulating
halotolerant bacteria on wheat growth[2ll revealed that bio-formulation of these halotolerant bacterial strains can improve
salinity stress (80, 160, and 320 mM) in wheat seedlings, resulting in a 70% improvement of root length comparatively to
negative controls. In addition, variations in the bacterial community formulation with the soil salinity were observed, and
attention is growing in experiments regarding functional interactions between plants and microbes that lead to salt stress
tolerancel2¥. The use of microorganisms for saline soil restoration may be an environmentally sustainable, safer, and
more efficient method, as the halophilic microorganisms have the potential to eliminate salt from saline soils23l. Such
microbes also provide exceptional prototypes for studying the stress resistance, adaptation, and response processes
which might consequently be integrated into agricultural crops to cope with the pressures caused by climate
modification24],

2.1. Biofertilization

PGPB can successfully be manipulated in the agro-farming system as alternative strategies to control most of the stated
abiotic stresses faced by crops and to increase their yields and would lead to the minimal use of synthetic fertilizers!22!,
Arbuscular mycorhizae fungi and plant growth promoting bacteria are beneficial microbes in the soil which provide
assistance to plants in many ways. Directly they are concerned with hormones and organic compounds synthesis while
indirectly they reduce salinity stress. They can be employed in agriculture as biofertilizers28l. Improved plant growth under
saline soils has been attained with the use of PGPBIZ, Significant increase in growth attributes of rice plants with Bacillus
amyloliquefaciens as compared to non-inoculated control plants under salinity stressl28l. Bacillus licheniformis SA03
inoculated with Chrysanthemum plants grown under saline-alkaline conditions significantly decreased saline-alkaline
stress in plants along with augmented biomass and survival rates via mediating cellular ABA (abscisic acid) levels23,

2.2. Biopesticides

Many strains of PGPB have been found to be positively linked with suppressing diverse plant pathogens (both in the
rhizosphere and above ground) by producing antagonistic metabolites and enhancing the immunity potential of crops to
pathogenic stressBY. Moreover, Nadeem et al.BY have comprehensively provided evidence about the growth promotion
and biocontrol potentials of AMF and PGPR in agriculture. Egamberdieva et al.22 found that Pseudomonas chlororaphis
TSAU13 and P. extremorientalis TSAU20 reduced the Fusarium infection by 23% and 14% under non-saline conditions
and by 42% and 25% under saline conditions, respectively. Tewari and Arora 23! reported EPS (exopolysaccharides) and
salicylic acid producing P. aeruginosa PF23EPS+ showed biocontrol against M. phaseolina up to 500 mM NacCl.

2.3. Bioremediation

The concept of using PGPB to facilitate bioremediation of contaminated soil has only recently emerged. For example,
Pacwa-Plociniczak et al.24 proposed that two petroleum hydrocarbon-degrading Rhodococcus spp., with plant growth
promoting traits, are likely to be good candidates for the phytoremediation of petroleum hydrocarbon contaminated sites.
In recent years, the ecological functions of halophyte symbiotic microorganisms, including the growth promotion of host
and crops, enhanced salt tolerance, and joint phytoremediation of contaminated soil, have been clarified by increasing
studies3228l As bioremediation agents, Streptomyces (in particular halophiles), participate in alleviating the toxic effect of
xenobiotics on plants, using the strategies previously mentioned. Streptomyces are widely used in the remediation of soils
contaminated with different pollutants. Moreover, they are studied as PGP in salt-affected soils, where they provide plants
with salt resistance to face this major problem for agriculture24(8],

Table 1. Various roles of PGPB (Plant growth promoting bacteria) in enhancing yield and growth of different plants/crops
under salt stress.

NacCl —_
Crops PGPB (n?l\cll) Beneficial Effects Reference
Lettuce Azotobacter 50 and Enhanced the radicle lengths and plumule of germinated seeds 9
chroococcum 100
Pseudomonas . I .
Fresh weight significantly improved by more than 10%; K*/Na*
Sunflowers fluorescens CECT 100 9 9 y rop ortion 4 (201
378T prop

Strawberry Bacilus sp. 35 Ameliorated fruit productivity, leaf water amount, ionic [41]

constitution, and membrane permeability




Crops PGPB ?n?“cnl) Beneficial Effects Reference

Improvement in plant increase, as determined by factors like

Wheat Serratia sp. SL-12 12!:)00_ root/shoot length, dry/fresh weight, and augmentation of [42]
photosynthetic pigment
Trichoderma Improves water composition and stomatal conductance,

. _ - . . [ﬁ]
Maize harzianum Th-6 50-150 elevated pigment amounts, and increases photosynthetic

performance
Azospirillum 250 Mitigate photosynthetic pigments in the roots and shoots,
Barley brasileg se NO40 and photosynthetic effectiveness, transpiration level, stomatal [44]
350 conductance, agglomeration of Mg, P, K, Fe, and Ca

3. Mechanisms of PGPB (Plant Growth Promoting Bacteria) towards
Salinity Tolerance

The key mechanisms involved in PGPR (plant growth promotion rhizobacteria) salinity tolerance include specific
membrane or cell wall structures, draining ions out of the cell through salt efflux, or modification of their intracellular
environment through accumulation of nontoxic organic osmolytes, and adapting enzymes and proteins to function under
high solute ion concentrations. The ability of PGPB to improve crop yields during salt stress includes many direct and
indirect pathways such as ferrous iron minerals and inorganic phosphate solubilization, exopolysaccharides and biofilms
synthesis®, production of phytohormones!4€l, increased ACC (1-aminocyclopropane-1-carboxylate) deaminase
activity®Z, and nitrogen fixation&l, The Figure 1 shows PGPB (Plant growth promoting bacteria) salinity resistance
strategies and mechanisms of plant growth improvement under salt stress. PGP bacteria may survive high salinity via
three main mechanisms (pumping out the cell, intracellular adaptation processes, and cell wall construction). These
bacteria stimulate plant growth during salt stress by means of several mechanisms including phytohormones production,
amelioration of nutrients uptake, ACC deaminase, P solubilization, EPS synthesis, biofilms formation, and N, fixation.
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Figure 1. PGPB (Plant growth promoting bacteria) salinity resistance strategies and mechanisms of plant growth
improvement under salt stress (SMPGSS: stimulation mechanisms of plant growth under salt stress; MSHS: mechanisms
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surviving high salinity, PGPB: plant growth-promoting bacteria, EPS: exopolysaccharides).
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