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Salt tolerance in plants: molecular and functional adaptations
Salt stress is a significant obstacle to global food security and requires sustainable

strategies to improve crop growth in harsh environments. Approximately one billion

hectares of arable land worldwide were severely impacted by salinity in 2015, and it is

expected that this issue will lead to a 50% decline by 2050 (Mansour and Hassan, 2022).

Plants possess the ability to detect stimuli from their surroundings and regulate defense

pathways through different regulatory networks in order to overcome abiotic stress. Salt

tolerance is a complex trait that can be broken down into contributing factors and

mechanisms. Over time and with increasing salt concentration, primary impairments occur

in two phases: osmotic stress and specific ion toxicity. These can result in secondary

stresses, such as oxidative stress and nutritional disorders. The aforementioned effects lead

to a decline in plant growth, which can be attributed to disruptions in metabolic and

physiological functions. These include reduced ability to absorb water and nutrients,

membrane dysfunction, and disturbances in vital processes such as photosynthesis,

respiration, and protein synthesis (Arzani and Ashraf, 2016; Kumar et al., 2017; Ragaey

et al., 2022).

To enhance salt tolerance in crop plants, it is crucial to gain a thorough comprehension

of the molecular mechanisms at play. Various genes are involved in salt tolerance,

encompassing those responsible for signaling, ion transport, transcription factors,

phytohormones, and the elimination of reactive oxygen species (ROS). It is imperative

to delve deeper into these molecular and functional mechanisms to effectively devise

breeding strategies aimed at augmenting salt tolerance in plants (Arzani and Ashraf, 2016;

Formentin et al., 2018).

This Research Topic aims to provide an interdisciplinary understanding of how plants

use biochemical, physiological, and molecular genetics mechanisms to adapt to salt stress.

The contributions included in this Research Topic provide new insights into the responses

and adaptations of various crops to salt stress and other abiotic stresses. The studies are

summarized in Table 1, which highlights the plants used, the focus of the research, and
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some of the data obtained. The contributions are organized in

chronological order based on their publication date.

Yang et al. demonstrated the efficacy of synthetic stress-

responsive promoters in genetically modified poplar plants

subjected to osmotic stress conditions caused by salt stress and

water deficit. Promoters play a crucial role in regulating gene

expression by controlling the timing, location, and intensity of

gene expression (Brooks et al., 2023). Stress-inducible promoters

are preferred for genetic engineering as constitutive promoters can

impose additional metabolic load on plant cells. Zhang et al.

combine transcriptome and metabolome to uncover the

mechanisms of adaptation to salt stress in asparagus. Their

findings reveal differentially expressed genes (DEGs) related to

ion transport, plant hormone response, cell division, and growth.

The DEGs associated with ion transport between salt-tolerant and

salt-sensitive genotypes highlight the importance of regulated influx

and efflux of Cl- and Na+ ions across organelle and cell membranes

for salt tolerance. Likewise, the pictures emerging from their DEGs
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concerning the involvement of phytohormones in asparagus salt

tolerance provide additional support for the hypothesis

(Gharaghanipor et al., 2022) that hormone signal transduction

pathways are a competitive alternative to other signaling

pathways (calcium signaling pathways and MAPK signaling

pathways) in modulating salt-stress responses.

Three papers focus on plant defense responses modulated by

interactions with microbial communities and discuss strategies to

enhance plant salt tolerance. In tomato, Haber et al. demonstrate a

complex interaction between the soil microbiome of circular soil

biosolarization treatment and the metabolome under salt and

nitrogen deficit stress. Bacterial genera Mycoplana and

Kaistobacter were found to promote host defense against abiotic

stress. Similarly, Sabeem et al. show that the endophytic fungus

Piriformospora indica alleviates salt stress in date palms by

enhancing enzymatic antioxidant activities and modulating the

expression of genes involved in Na+ and K+ ion channels in roots

like HKT1;5 and SOS1. Due to its mycorrhizal association, this
TABLE 1 The focus of the seven studies in this Research Topic.

Seven
papers
quotation

Plant Research focus Data obtained

Common
name

Latin
name

1. Yang et al. hybrid poplar Populus
tremula ×
Populus
alba

Application of biotic stress-inducible
synthetic promoters in genetic engineering

Synthetic promoters can be used for versatile control of gene
expression in transgenic poplar and are useful tools to engineer
stress-resilient woody plants.

2. Zhang
et al.

Asparagus Asparagus
officinalis

Transcriptomic and metabolomic analyses of
salt stress tolerance

Contributed mechanisms:
a) transporters involved in K+/Na+ and water homeostasis;
b) hormone (IAA and ABA) signal transduction
c) sugar and amino acid metabolism for energy supply and osmotic
regulation

3. Haber et al. tomato Solanum
lycopersicum

The study aimed to investigate the impact of
circular soil biosolarization (CSBS) on
alleviating salt and nitrogen deficiency stress.
This was accomplished through analysis of
physiological responses, metabolome profiles,
and microbiome composition.

CSBS significantly alleviated the effects of abiotic stress conditions.
The presence of Mycoplana and Kaistobacter genera was found to
promote plant health in the face of abiotic stress conditions. The
results of this study bolster the proposed hypothesis and offer
insights into the interplay among CSBS, soil ecology, and crop
physiology in the presence of abiotic stress.

4. Sabeem
et al.

date palm Phoenix
dactylifera

The potential benefits of Piriformospora
indica in improving salt tolerance were
investigated in date palm through
physiological and gene expression analyses.

Fungus colonization benefits:
a) enhanced activity of antioxidant enzymes
b) altered expression of salt tolerance HKT1;5 and SOS1 genes.
This study also revealed some indications of the beneficial effects of
P. indica on plant growth when experiencing salt stress.

5. Perveen
et al.

mango Mangifera
indica

Transcriptome response to salt stress was
done in mango.

This investigation is one of the first studies in which transcriptome
analysis of mango is used. This work extends our understanding of
the transcriptome response to salt stress with some of the identified
biological processes and pathways likely to function in adapting
cells and mango plants to salt stress.

6. Zhu et al. cucumber Cucumis
sativus

First, S-adenosylmethionine decarboxylase
(SAMDC) genes were structurally and
functionally characterized;
Second, the impact of CsSAMDC3 in salt
stress adaptation was assessed by
overexpressing in tobacco

Among four identified genes (CsSAMDC1-4) CsSAMDC3 was
abundantly expressed in fruits and flowers. This study suggests that
CsSAMDC3 could be used as a potential candidate gene to improve
salt tolerance by regulating polyamine and antioxidant metabolism.

7. Tasnim
et al.

cultivated rice
and wild rice

Oryza sativa
and
Oryza
coarctata,
respectively

Wild halophytic and cultivated rice were
grown in close proximity under salt stress.
Growth, gene expression, and endophytic
bacteria were assessed.

Cultivating both wild and cultivated rice together can significantly
mitigate salt damage.
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fungus can colonize a wide range of plant species. It helps plants

withstand environmental stresses such as drought, salinity, and

nutrient-poor soils by improving their nutrient acquisition and

water absorption capabilities. Tasnim et al conducted a co-growth

experiment between cultivated rice plants and halophytic wild rice

plants to examine the potential benefit of the halophyte on the

survival of rice plants in a saline environment at the seedling stage.

They also evaluated the endophytic microbial community in the

roots and conducted transcriptome analysis of both cultivated and

wild rice under both control and saline conditions in the pairing

experiment. Overall, it was observed that the expression of

transporters, carbohydrate metabolism, and photosynthesis was

significantly heightened in cultivated rice when it was exposed to

100 mM NaCl stress alongside wild halophytic rice. This research

highlights the fact that wild rice not only possesses salt-tolerant

genes for its survival but also plays a vital role in bolstering the

defense against salt stress in sensitive plants that inhabit the same

area. These advantageous effects are achieved through diverse

interactions between the wild rice and neighboring plants, which

include the involvement of endophytic bacteria associated with

wild rice.

Zhu et al. focused their research on S-adenosylmethionine

decarboxylase (SAMDC), a crucial enzyme involved in the

production of polyamines. They characterized four members of

the cucumber SAMDC gene family (named CsSAMDC1-4) within

the cucumber genome. The expression profile of these genes in

roots and leaves was tested when exposed to salt stress. One specific

member, CsSAMDC3, was subjected to further exploration by

testing its expression patterns in various tissues and by

overexpressing in tobacco plants to observe its response to salt

stress. The results showed that CsSAMDC3 could be used as a

potential candidate gene to improve the salt tolerance of cucumber

by regulating polyamine and antioxidant metabolism.

Finally, one contribution pertains to the transcriptome analysis

aimed at gaining insights into the molecular response of mango to

salt stress. Perveen et al. identified DEGs in salt-tolerant and

sensitive mango genotypes, encompassing transcription factors,
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signal transduction, carbohydrate and energy metabolism,

phytohormone biosynthesis and signaling, calcium signaling

pathway, and protein kinases.
Author contributions

AA: Writing – original draft. SK: Writing – review & editing.

MMFM: Writing – review & editing.
Acknowledgments

We would like to express our sincere gratitude to all the

contributors and reviewers of this Research Topic. We greatly

appreciate the time and effort they dedicated, and are particularly

thankful for their willingness to share their research and opinions,

which played a critical role in making this project a success.
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.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.
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
Arzani, A., and Ashraf, M. (2016). Smart engineering of genetic resources for
enhanced salinity tolerance in crop plants. Crit. Rev. Plant Sci. 35, 146–189.
doi: 10.1080/07352689.2016.1245056
Brooks, E. G., Elorriaga, E., Liu, Y., Duduit, J. R., Yuan, G., Tsai, C. J., et al. (2023).

Plant promoters and terminators for high-precision bioengineering. BioDesign Res. 5,
13. doi: 10.34133/bdr.0013
Formentin, E., Barizza, E., Stevanato, P., Falda, M., Massa, F., Tarkowska, D., et al.

(2018). Fast regulation of hormone metabolism contributes to salt tolerance in rice
(Oryza sativa spp. Japonica, L.) by inducing specific morpho-physiological responses.
Plants 7 (3), 75. doi: 10.3390/plants7030075
Gharaghanipor, N., Arzani, A., Rahimmalek, M., and Ravash, R. (2022).

Physiological and transcriptome indicators of salt tolerance in wild and cultivated
barley. Front. Plant Sci. 13. doi: 10.3389/fpls.2022.819282
Kumar, S., Beena, A. S., Awana, M., and Singh, A. (2017). Physiological,
biochemical, epigenetic and molecular analyses of wheat (Triticum aestivum)
genotypes with contrasting salt tolerance. Front. Plant Sci. 8, 1151. doi: 10.3389/
fpls.2017.01151

Mansour, M. M. F., and Hassan, F. A. S. (2022). How salt stress-responsive proteins
regulate plant adaptation to saline conditions? PlantMol. Biol. 108, 175–224. doi: 10.1007/
s11103-021-01232-x

Ragaey, M. M., Sadak, M. S., Dawood, M. F., Mousa, N. H., Hanafy, R. S., and Latef,
A. A. (2022). Role of signaling molecules sodium nitroprusside and arginine in
alleviating salt-Induced oxidative stress in wheat. Plants 11 (14), 1786. doi: 10.3390/
plants11141786
frontiersin.org

https://doi.org/10.3389/fpls.2023.1244743
https://doi.org/10.3389/fpls.2023.1076153
https://doi.org/10.3389/fpls.2023.1152485
https://doi.org/10.1080/07352689.2016.1245056
https://doi.org/10.34133/bdr.0013
https://doi.org/10.3390/plants7030075
https://doi.org/10.3389/fpls.2022.819282
https://doi.org/10.3389/fpls.2017.01151
https://doi.org/10.3389/fpls.2017.01151
https://doi.org/10.1007/s11103-021-01232-x
https://doi.org/10.1007/s11103-021-01232-x
https://doi.org/10.3390/plants11141786
https://doi.org/10.3390/plants11141786
https://doi.org/10.3389/fpls.2023.1280788
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Editorial: Salt tolerance in plants: molecular and functional adaptations
	Author contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


