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Can salt-adapted
microorganisms alleviate salt
stress in plants and enhance
their non-specific resilience?

Saubenova Margarita, Maksimovich Sviatoslav*,
Oleinikova Yelena and Yelubaeva Makhpal

Laboratory of Food Microbiology, Research and Production Center for Microbiology and Virology,
Almaty, Kazakhstan
Global climate change presents various challenges to agricultural biotechnology

in developing crops with increased resilience to various adverse natural

conditions. Given the importance of this problem, we explored the

mechanisms of plant salt tolerance and the role of plant-associated microbes,

in mediating important physiological andmetabolic processes that increase plant

resistance to salt stress. Understanding the physiological, metabolic, and

molecular responses of the entire plant holobiont, primarily including

microorganisms, to the combination of abiotic stresses may be the key to

developing more effective methods of combating various stress conditions and

increasing agricultural efficiency. This work encompassed 86 peer-reviewed

articles focused on various aspects of plant development in saline conditions

and especially on key mechanisms of mitigating stress conditions, including the

role of rhizobiome and endophytic microorganisms. It is shown that host plants

and various microorganisms can form complex relationships where each

organism plays a specific role in forming tolerance to stress conditions. Our

review proposes that studying microorganisms that are resistant to soil salinity

can lead to the development of new strategies to combat salinization and

improve crop stress resistance. The paper concludes that using salt-adapted

biostimulant microorganisms, which are natural components of agricultural

plant microbiomes, is a highly promising research area.

KEYWORDS

agricultural biotechnology, plant growth-promoting (PGP) traits, salt tolerance, salt-
adapted biostimulant microorganisms, endophytes salinity stress, mitigation strategies,
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1 Introduction

Global climate change on the planet, combined with human activities that are often

irrational, destabilizes the functioning of agroecosystems, causing irreparable damage

(Sánchez-Bermúdez et al., 2022; Zandalinas et al., 2022; Bhusal et al., 2023) to food

production. Abiotic stresses such as drought, salinity, flooding, extreme temperatures,
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potassium deficiency, UV radiation, soil pollution with heavy

metals, disease outbreaks, and others, lead to alterations in the

physiological, biochemical, cellular, and molecular mechanisms of

plants (He et al., 2018) resulting in reduced yield and quality of

plant products. Salinity stress is a widespread ecological problem,

which tends to rise with increasing climate aridity. The

accumulation of salts in groundwater, combined with prolonged

periods of drought and other factors, leads to the deterioration of

agricultural land, posing a threat to food security (Tahir et al., 2022).

According to FAO, more than one billion hectares of soil across one

hundred countries are impacted by salinity issues. Predictions

indicate that 50% of arable land will suffer from salinization in

the near future, potentially causing up to a 70% drop in grain crop

yields, including wheat, rice, corn, and barley(Hussain et al., 2019).

In the situation of increasing population and growing food

demand, it is necessary to find effective ways to intensify food

production. The modern challenge of agricultural biotechnology is

to identify an optimal development strategy for agricultural crops

with increased resilience to various adverse natural conditions

including salinity stress. The current decade, due to the drastic

changes in climatic conditions, represents a critical time for taking

measures in this regard (Eckardt et al., 2023).

Current research in this direction covers studies of key

mechanisms of salt stress responses and resilience, as well as

practical strategies for salt stress mitigation (Park et al., 2016;

Pandey et al., 2020). In addition to using modern genetic

engineering methods to obtain plant varieties (Shukla et al.,

2018), biostimulants are considered a promising and

environmentally friendly approach (Pandey et al., 2020; Ali et al.,

2021; Ma et al., 2022). These biostimulants mainly consist of

beneficial bacteria and/or fungi capable of modulating metabolic

processes in plants, increasing their resistance to different abiotic

stresses, and improving their productivity. In recent years, studies

have shown that exploring the fine-tuning and integration of many

signals generated by microbial interactions in plants, as well as

manipulating beneficial microbes and plant regulators, serves as the

basis for adapting agricultural crops to changing climatic

conditions, forming the foundation of sustainable agriculture (Gul

et al., 2023).
2 Overcoming salt stress by plants

In saline soils, water retention, structural stability, nutrient

availability, pH, and microbial biodiversity are reduced. Increased

soil salinity results in toxic Na+ accumulation in salt-sensitive plant

cells, disrupting nutrient uptake, cell membrane function, and

enzyme activities, and causing oxidative stress (Craig Plett and

Møller, 2010; Baral et al., 2015; Jacoby et al., 2016). Potassium

deficiency co-occurs along with an increase in sodium level and

affects cell division, protein functions, photosynthesis, subsequent

carbohydrate translocation, and other metabolic pathways, as well

as sensitivity to other stresses, finally influencing crop yield and

quality (Imtiaz et al., 2023; Zhang et al., 2023). Plants adapted to
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saline environments mitigate sodium damage by controlling uptake,

transport, and exclusion (Munns and Tester, 2008) by such means

as enhanced hydraulic conductivity, sequestration of toxic Na+

particles, osmolyte accumulation, and maintaining higher

stomatal conductance (Parvaiz and Satyawati, 2008; Yamaguchi

et al., 2013).

The ability of plants to retain potassium under stressful

conditions is considered the most crucial mechanism for their salt

tolerance(Shabala, 2000; Imtiaz et al., 2022). K+ ions are associated

with reactive oxygen species (ROS) detoxification under various

abiotic stresses (Anil Kumar et al., 2022). The key instrument for

achieving cell homeostasis in saline stress conditions is maintaining

Na+ and K+ transporters and channel activity (Saibi and Brini,

2021) and the coordinated work of several K+ channels and

transporters (Mostofa et al., 2022). Transcription of genes related

to ion homeostasis serves as the primary regulator under saline

conditions (Parvaiz and Satyawati, 2008). H+, K+, and Na+

transporters play a critical role in plant mitigating ion stress by

excluding toxic Na+ from the cytosol or preventing Na+ transport to

photosynthetic organs while modulating osmotic balance. In

response to unfavorable conditions, plants also produce small

secretory peptides, which act as signaling molecules to start

certain physiological processes (Xie et al., 2022). As a part of the

adaptation strategy to salinity, plants synthesize osmoprotectants

(Ashraf and Foolad, 2007), which mainly include amino

compounds and sugars and help maintaining low water potential

and enhancing water uptake and absorption (Slama et al., 2015).

The adaptation of plants to saline soil is a very slow process as it

depends on the combined regulation of hundreds of genes.

Manipulations with these genes in model plants yield promising

results, but their application in real agricultural conditions is

still limited.
3 Input of microorganisms in plant
salt tolerance

Plant-associated microorganisms, such as plant growth-

promoting bacteria (PGPB) and arbuscular mycorrhizal fungi

(AMF) can increase crop productivity and provide stress

resistance. Microorganisms isolated from stress-prone plant

habitats can regulate the production and accumulation of

osmoprotectants and signaling molecules to enhance plant stress

tolerance, increase nutrient availability, and enhance the

antioxidant system (Finkel et al., 2017; Mhlongo et al., 2018;

Inbaraj, 2021) (Table 1). The genetic diversity of microorganisms

and their metabolic capabilities contribute to their adaptation to

extreme conditions, including soil salinity.

The data of Table 1 show that microorganisms can activate salt

stress defensive mechanisms that are similar to plant responses, and

produce some plant-specific compounds like phytohormones. This

allows them to promote and enhance the plant response to stress

and increase plant non-specific resistance.
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3.1 PGPB

PGPB are an important group, which can play a pivotal role in

mitigating plant stress from salinity and other abiotic stresses by

facilitating plant growth. PGPB help to mitigate sodium damage by

producing phytohormones, controlling uptake, transport, and

exclusion of ions, osmotic regulation, and antioxidant defense;

thus these mechanisms enhance plants’ natural ability to cope

with stress (Seguel et al., 2016; Arora et al., 2021; Baltazar et al.,

2021; Jalal et al., 2023).

PGPB can enhance plant tolerance to salt stress by modulating

the expression of antioxidant enzymes, including the enzyme that

removes ROS (Xia et al., 2020). They induce peroxide-reduction

systems and express ACC deaminase, which enhances plant growth

by reducing the internal concentration of stress-induced ethylene.

Due to the inoculation with these bacteria, the content of

malondialdehyde and H2O2 decreases, and indicators of

antioxidant capacity, proline content, and antioxidant enzymes

increase. Bacteria can mitigate the effect of salt stress by providing

plants with phytohormones involved in the regulation of growth and

general stress mitigation such as auxin, cytokinin, and abscisic acid

(Egamberdieva et al., 2017; Acosta-Motos et al., 2020; Etesami and

Glick, 2020; Kumawat et al., 2023). Additionally, most rhizobacteria
Frontiers in Agronomy 03
can also produce various compounds, modulating the solubility of

nutrients and binding Na+, while symbiotic endophytes promote the

synthesis of protective cell components such as amino acids, sugars,

polyols, and betaines, therefore regulating osmotic balance and ion

homeostasis (Egamberdieva et al., 2017; Acosta-Motos et al., 2020;

Etesami and Glick, 2020).

Using PGPB as biofertilizers can be a powerful tool for

sustainable agriculture in saline soils. Nevertheless, many

molecular functions and signaling pathways of PGPB used to

stimulate the growth of agricultural crops during plant-microbe

interactions have yet to be fully understood.
3.2 Fungi

The use of biotechnological approaches with AMF is another

environmentally friendly option for sustainable agriculture. AMF

form a network of hyphae with plant roots, significantly increasing

root access to a larger soil surface area and enhancing nutrient uptake

(Bowles et al., 2016; Khan et al., 2016). They also improve soil quality

by influencing its structure and texture and enhancing the uptake of

nutrients such as K, N, P, Cu, Fe, and Zn (Khan et al., 2016; Thirkell

et al., 2017). This prevents disruption of normal cellular enzymatic

processes. AMF can regulate the movement of excess Na+ out of cells

through the Na+/H+ antiporter of the plasma membrane by

modulating the expression of genes responsible for maintaining ion

homeostasis (Al-Khaliel, 2010). Some common AMF species include

Rhizophagus, Septoglycus viscosum, Claroideoglomus etunicatum, and

Claroideoglomus claroideum (Bitterlich et al., 2020).

AMF are not the only form of fungal biostimulants. Various

endophytic fungi, such as Trichoderma spp and the order

Sebacinales, are widely used to aid sustainable agricultural

production (López-Bucio et al., 2015; Mishra et al., 2021).

Endophytic fungus Piriformospora indica increases salt tolerance

of a host plant by regulating ion channels, which play an essential

role in potassium transportation and regulation of Na+/K+

homeostasis (Abdelaziz et al., 2017). Other mechanisms,

employed by endophytic fungi, may include enhancing the

accumulation of soluble polyamines, sugars, and organic acids in

salt-stressed plants (Bouzouina et al., 2021). These compounds play

the role of osmoprotectants and signaling molecules to modify the

plant rhizosphere (Souza et al., 2015).
3.3 Protection against multiple stress by
plant-microbe interaction

As various stress conditions could trigger similar biochemical

responses in plants, it is important to understand the overlapping

mechanisms providing abiotic stress tolerance. Since the oxidative

stress is a common response to abiotic stresses (Vadez et al., 2012;

Harshavardhan et al., 2018), the protection against multiple stresses can

be achieved by cultivating plants resistant to oxidative stress.

Recognizing the potential for adaptation to ROS stress could yield

organisms capable of tolerating various abiotic stresses simultaneously.
TABLE 1 The main mechanisms of the effect of microorganisms on the
experience of salt stress by plants.

Effect Mechanism References

Growth
acceleration

Production of phytohormones: auxins
(indolylacetic acid), cytokinin, abscisic
acid).
Siderophore production.
Photosynthesis promotion
Reduction of ethylene release
(inhibition of biosynthesis or
production of ACC deaminase).

(Egamberdieva et al.,
2017; Acosta-Motos
et al., 2020; Etesami
and Glick, 2020)

Increase root
access to
nutrients

Formation of a network of hyphae of
arbuscular mycorrhizal fungi.
Improved availability of nutrients in
the soil.
Phosphate availability.

(Khan et al., 2016;
Acosta-Motos et al.,
2020; Mishra et al.,
2021)

Stimulation
of plant
protection
system

Synthesis of hormones.
Release of signaling molecules:
Volatile organic compounds

(Acosta-Motos et al.,
2020; Inbaraj, 2021)

Protection
against
oxidative
stress

Formation of antioxidant enzymes
(prevention of lipid peroxidation).

(Han and Lee, 2005;
Gill and Tuteja,
2010)

Maintenance
of ionic
homeostasis

Induction of SOS genes associated
with K+/Na+ channels regulation.
Increased potassium assimilation.
Decreased sodium absorption
Binding of sodium by
exopolysaccharides.

(Talaat and Shawky,
2015; Abdelaziz
et al., 2017)

Maintaining
water balance

Osmotic regulation – synthesis and
accumulation of osmoprotectants:
amino acids (proline), sugars, polyols
and betaine and phytohormones.
Synthesis of polysaccharides

(Upadhyay et al.,
2011; Inbaraj, 2021)
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Noteworthy instances of enhanced resistance to various types of

stress after exposure to another stress type are illustrated in Table 2.

Microbial cross-tolerance can stem from shared stimulation

targets or the ability to secrete the same substances under diverse

stress conditions. Additionally, microorganisms utilize membrane

transport and absorb extracellular organic compounds to bolster

stress resistance across various stress environments (Tang et al.,

2014; Huang et al., 2016; Wijesundara and Rupasinghe, 2019).

Experiments involving such “adaptive laboratory evolution”

(Sandberg et al., 2019) are an effective approach for studying

evolutionary forces influencing microbial phenotypes, ability to

promote plant productivity, and field treatment reliability, as well

as obtaining industrial strains with beneficial mutations. Gene

regulation shapes microbial phenotypes, and stress conditions can

favor adaptive gene combinations. This leads to mutual

coordination between genes and the environment, altering gene

interactions due to genetic variability under stress, a mechanism

observed in yeast’s global genetic network under various stresses

(Carlson et al., 2012). A comparable stress resistance mechanism

might occur in various microorganisms.

Analyzing a comprehensive dataset from diverse sources reveals

that bioinoculants’ interaction efficacy with plants was improved

after sublethal stress exposure (lyophilization, desiccation, and

prolonged storage). This enhanced development, disease control,

and stress resistance in plants compared to non-prepared

inoculants (da Cunha et al., 2023) underscore that microbial

adaptation, both short- and long-term, universally raises

adaptability to stress conditions (Tan et al., 2022).

As shown in Table 2, plant genes can affect yeast cross-

resistance. Attention should be given to the impact of adapted

microorganisms on plant cross-resistance. The use of wheat

endophytic actinomycetes adapted to high levels of sodium

chloride improved plant resistance to salinity (Yermekbay et al.,

2022). The adapted microorganisms simultaneously protect sprouts

from fungal infection. Investigating the input of experimental

adaptation of local microbiome to increased salinity can be a

promising approach to solving the problem.
3.4 Current application and future
prospects

The most common implementation of stress-reducing PGPB

and/or AMF involves the introduction of rhizosphere or endophytic

strains that have been previously isolated from different saline

environments. This practice proved to be effective for some

plants, reducing the stress of the host plant and noticeably

increasing crop yields. However, it has been mentioned that this

approach could have some significant reliability issues (Souza et al.,

2015; Liu et al., 2022), mainly caused by potential conflicts and a

lack of symbiotic relations between invasive (introduced) species

and native plants and microbiota (Hart et al., 2018; Magan, 2020;

Mitter et al., 2021). Studies show that the microbiomes of the

rhizosphere of various plants are highly species-specific (Leach

et al., 2017), which can be a serious obstacle to the successful use
Frontiers in Agronomy 04
TABLE 2 Cross-resistance of plants and microorganisms to abiotic
stresses.

Organism Factor Cross
protection
result

References

Plants

Arabidopsis
seedlings

Hypoxia or
heat treatment

Anoxia resistance (Banti et al.,
2008)

Wheat Drought Salt tolerance (Tabassum
et al., 2017)

Mentha spicata L. UV- exposure Drought
resistance

(Dodd and
Perez-Alfocea,
2012)

Yeast-Plant

Solanum
tuberosum L. genes
in transgenic wild
Saccharomyces
cerevisiae

cDNA from
heat-stressed
S. tubersoum

Yeast resistance to
heat/drought/salt
stresses

(Gangadhar
et al., 2014)

Triticum aestivum
– endophytic
Streptomyces
curacoi

Adaptation of
Streptomyces
to NaCl

Triticum aestivum
resistance to salt
stress and fungal
infection.

(Ermekbay,
Oleynikova
et al., 2022)

Yeast

Saccharomyces
cerevisiae

Adaptation to
cobalt

Resistant to
nickel, zinc,
manganese, as
well as high
temperatures and
hydrogen peroxide

(Çakar et al.,
2009)

Rhodotorula
mucilaginosa

Adaptation to
high
temperature

Tolerance to
H2O2, NaCl

(Cheng et al.,
2016)

Candida glabrata Adaptation to
high
temperature

Resistance to
other stresses

(Roetzer et al.,
2011)

Zygosaccharomyces
rouxii

Adaptation to
high
temperature

Resistance to
osmotic stress

(Wang et al.,
2021)

Candida glabrata Adaptation to
high
temperature

Resistant to
multiple stresses
(oxidants, acids,
alcohols)

(Huang et al.,
2019)

Yeast Heat Resistance to pH,
ethanol stress,
osmotic pressure,
desiccation stress,
antifungal and
oxidative stress

(Yang et al.,
2021)

Bacteria

Tetragenococcus
halophilus

Adaptation to
cobalt

Resistance to salt,
high t°, and 10%
ethanol

(Yang et al.,
2021)

Lactobacillus
rhamnosus

High
concentration
of corn extract

Resistance to
acids, bile salts,
lysozyme and
0.4% phenol

(Huang et al.,
2016)

(Continued)
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of microorganisms isolated from other plant species. Moreover,

each halophytic plant in different geographical zones has its own

unique bacterial and fungal communities (Yamamoto et al., 2020),

determined not only by the plant’s specificity and the set of

microorganisms existing in these conditions but also by various

soil and climatic conditions of that geographic zone.

Promisingly, several research (Gouda et al., 2018; Mishra et al.,

2018; Kumar et al., 2019) indicate that local strains can be adapted

to various stress conditions and re-introduced into the original

environment as biofertilizers. The main idea of this approach is that

native PGPB and AMF will develop stress tolerance while retaining

most ecological connections in a given biome thus enhancing

chances of successful assimilation while taking advantage of the

existing microbiome. It has been shown that native AMF can adapt

and employ all the same mechanisms of salt tolerance as those fungi

that had been isolated from different saline locations (Ben-Laouane

et al., 2020).

Understanding local microbiota adaptation mechanisms enhances

insights into high-salinity ecosystem reactions (Kim et al., 2019). Stress

during the plant’s growth induces the production of secondary

metabolites in developing cells, fortifying them against future abiotic

stressors, and illustrating a memory of prior stress exposure (Sharma

et al., 2022). Acclimation and stress memory to a specific type of stress

also confer resistance against other stressors, granting cross-stress

memory and tolerance (Walter et al., 2013). Currently, researchers

are delving into the mechanisms behind transcriptional stress memory

(Nguyen et al., 2022). Adaptive responses under stresses like heat, cold,

acidity, osmotic changes, nutrient deprivation, and oxidative stress

encompass the synthesis of stress-induced proteins, membrane fatty

acid regulation, accumulation of compatible solutes, and other cross-

protective factors (Gao et al., 2022). The selection of stress-tolerant
Frontiers in Agronomy 05
plant genotypes requires a long time. However, the adaptation of the

natural plant microbiota can be carried out in a short time due to the

high rate of microbial reproduction. Numerous studies show that salt-

adapted bacteria from halophytic plants have undergone some genetic

changes that may involve over-expression of specific genes (Binod

Kumar et al., 2023) or plasmids, improving ion transport and

homeostasis, production of osmoprotectans, and antioxidants

(Domıńguez-Ferreras et al., 2006); they can also successfully up-

regulate numerous relevant plant genes conferring salt tolerance to

the host and even can induce salt responsive genes expression through

the intervention of several transcription factors (Roy et al., 2021).

It is worth mentioning a few drawbacks of this method: mainly

possible higher costs of resulting fertilizer and time needed for such

development. However, a more efficient result, by reducing the time and

cost of selecting microorganisms that are not characteristic of this biome,

will contribute to a higher final result. Occasionally, it is possible that

existing soil microbiome already contains AMF and PGPB not fully

expressing their beneficial effects. It is noted that microbial activity

decreases as a result of soil disturbance (excessive tilling) and application

ofmineral fertilizers, and rises after application of various organic fertilizers

and continuous crop rotation practice (Chernov and Semenov, 2021).

Thus, the beneficial effects of soil microbes (either native or artificially

amended) are strictily conditioned by global soil management practices.

The use of endophytic microorganisms that do not live in the soil but in

the plant itself is a good way to bypass the problem of incompatibility with

the soil conditions. For example, endophytic Fusarium sp. from salt-

adapted Pokkali rice could colonize a salt-sensitive rice variety and make it

salt tolerant (Sampangi-Ramaiah et al., 2020).
4 Conclusions

Studying microorganisms’ resistance to soil salinity opens up

possibilities for developing and implementing new strategies for

elevating crop stress resistance (Dodd and Perez-Alfocea, 2012;

Praveen and Singh, 2023) and imparting induced systemic tolerance

to plants (Kumawat et al., 2023). Rhizosphere microorganisms

modulate nutrient availability in the surrounding soil or modify

the root system itself thus effectively changing soil conditions for

the host plant, while endophytic microorganisms regulate plants’

own defense systems, or produce various compounds meant to

protect host plants from various stresses.

Inoculating seeds with halotolerant bacteria and/or fungi shows

significant improvement in crop production in drought and saline

conditions, however, new research shows that pre-conditioning of

either commercial strains or locally selected microbes to certain

stressing or cultural conditions may enhance their efficacy. The

optimal technological solution for pre-adaptation (salt dose,

number of passages, etc.) and return of adapted microbiota to a

host plant is a direction for further research.
TABLE 2 Continued

Organism Factor Cross
protection
result

References

Vibrio
parahaemolyticus

Salt adaptation Resistant to high
and low
temperatures

(Kalburge et al.,
2014)

Tetragenococcus
halophilus

Adaptation to
high
temperature

Acid stress
tolerance

(Park et al.,
2016)

Lactiplantibacillus
plantarum

High
temperature,
acidic or
alkaline pH,
high NaCl
concentration
and CO2

culture
intensification

Freeze drying
survival,
stimulation of
exopolysaccharide
production

(Nguyen et al.,
2022)
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Successful development of methods to enhance the salt resistance

of microorganisms would broaden the range of bioinoculants able not

only to increase the salt tolerance of crops but also address many

issues related to worsening climate conditions and other stresses. The

high rate of growth and reproduction of microorganisms allows them

to adapt faster than plants to changing conditions and has a

protective and stimulating effect on plant physiology. The use of

plant endophytic microorganisms that inhabit the internal parts of

plants and are not strictly influenced by soil conditions may be the

promising perspective. Increasing the adaptation of native

endophytic and rhizosphere microorganisms can be a very

productive and time-saving approach to solving the problem of

plant salt tolerance. In general, it should be noted that the increase

in plant resistance to salinity is highly interconnected and intertwined

with the response of plant microbiome es; therefore, an effective

impact can be achieved only if the entire holobiont of a particular

plant is taken into account.
Author contributions

SM: Writing – original draft. MS: Writing – review & editing.

OY: Writing – review & editing. YM: Writing – review & editing.
Frontiers in Agronomy 06
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This

research has been funded by the Science Committee of the

Ministry of Education and Science of the Republic of Kazakhstan

(Grant No. AP09258751).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
Abdelaziz, M. E., Kim, D., Ali, S., Fedoroff, N. V., and Al-Babili, S. (2017). The
endophytic fungus Piriformospora indica enhances Arabidopsis thaliana growth and
modulates Na+/K+ homeostasis under salt stress conditions. Plant Sci. 263, 107–115.
doi: 10.1016/j.plantsci.2017.07.006

Acosta-Motos, J. R., Penella, C., Hernández, J. A., Dıáz-Vivancos, P., Sánchez-Blanco, M.
J., Navarro, J. M., et al. (2020). Towards a sustainable agriculture: Strategies involving
phytoprotectants against salt stress. Agronomy 10 (2), 194. doi: 10.3390/agronomy10020194

Ali, A., Raddatz, N., Pardo, J. M., and Yun, D. J. (2021). HKT sodium and potassium
transporters in Arabidopsis thaliana and related halophyte species. Physiol. Plantarum
171 (4), 546–558. doi: 10.1111/ppl.13166

Al-Khaliel, A. (2010). Effect of salinity stress on mycorrhizal association and growth
response of peanut infected by Glomus mosseae. Plant Soil Environ. 56 (7), 318–324.
doi: 10.17221/204/2009-PSE

Anil Kumar, S., Kaniganti, S., Hima Kumari, P., Sudhakar Reddy, P., Suravajhala, P.,
and S. P and, P. K. (2022). Functional and biotechnological cues of potassium
homeostasis for stress tolerance and plant development. Biotechnol. Genet. Eng. Rev.,
1–44. doi: 10.1080/02648725.2022.2143317

Arora, N. K., Egamberdieva, D., Mehnaz, S., Li, W.-J., and Mishra, I. (2021). Salt
tolerant Rhizobacteria: for better productivity and remediation of saline soils. Front.
Media SA 12, 660075. doi: 10.3389/978-2-88966-880-9

Ashraf, M., and Foolad, M. R. (2007). Roles of glycine betaine and proline in
improving plant abiotic stress resistance. Environ. Exp. Bot. 59 (2), 206–216. doi:
10.1016/j.envexpbot.2005.12.006

Baltazar, M., Correia, S., Guinan, K. J., Sujeeth, N., Bragança, R., and Gonçalves, B.
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