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Editorial on the Research Topic

Salinity and drought stress in plants: understanding physiological,
biochemical and molecular responses
1 Introduction

The foremost abiotic stresses, such as salinity and drought, are major limiting factors

that hamper agricultural productivity worldwide (Waadt et al., 2022). Both of these stresses

can induce several physiological, morphological, and metabolic changes through various

mechanisms, ultimately impacting plant growth, development, and final productivity. The

influence of salinity/drought stresses is further exacerbated by global climatic changes

affecting the frequency and magnitude of occurrence of these stresses (Parihar et al., 2015).

In the current scenario, the development of groundbreaking strategies for sustainable crop

production is crucial in order to effectively mitigate the challenges presented by salinity and

drought stresses (Rajput et al., 2021). Against this backdrop, significant progress has been

made in decoding the key characteristics of salinity and drought stress, including their

underlying physiological, biochemical, and molecular bases; such findings have greatly

assisted in breeding of stress-tolerant crops (Kumar et al., 2023). However, our

understanding of the accumulated knowledge regarding salinity/drought tolerance

remains a persistent challenge (Zhang et al., 2022). The key challenges encompass (i)

evolution of salinity/drought resistance, (ii) key genes in genetic and regulatory

mechanisms at the transcriptional and posttranscriptional level, (iii) transfer of

accumulated knowledge from laboratory to field for sustainable production, and (iv)

biochemical alterations and metabolic adjustments to avoid cellular damage. To address

these challenges, it is imperative to establish research initiatives that aim to target the
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combined effects of salinity and drought stresses. Such research

should focus on exploration at the genetic, molecular, biochemical,

and physiological levels for the development of sustainable

agriculture in the era of climate change.
2 Genome-wide functional analysis

Genome-wide gene functional analysis is a valuable tool for

identifying key stress-related genes, which can then be characterized

to better understand how plants are adapted to salinity and drought.

Osmotic stress tolerance is primarily mediated by abscisic acid

(ABA), and plants achieve osmotic stress tolerance through both

ABA-dependent and ABA-independent mechanisms. Recently,

researchers have highlighted the role of WRKY transcription

factors in enhancing salinity and drought tolerance in plants

through ABA-mediated regulation. For instance, in Kenaf

(Hibiscus cannabinus L.), Chen et al. report that HcWRKY44,

among 46 WRKY genes, acts as positive regulator of salinity

tolerance through ABA-mediated regulation. Likewise, in Iris

germanica, two WRKY genes (IgWRKY50 and IgWRKY32) play a

role in regulating the ABA signal transduction pathway and

controlling stomatal aperture to improve drought tolerance

(Zhang et al.). These studies offer a comprehensive understanding

of WRKY genes, their potential in the development of plants with

tolerance to salinity/drought stresses, and their utmost important in

breeding and production of stress-tolerant crop varieties.
3 Integrated high-throughput
approaches

Functional analysis relies on high-throughput techniques. For

instance, Yao et al. performed transcriptome analysis to uncover the

molecular mechanism behind leaf thickening under salinity stress in

the halophytic plant Lycium barbarum. Their study identified a

total of 3572 DEGs, among which expansin protein EXLA2 acts as a

positive regulator of palisade tissue thickness in L. barbarum leaves.

In another study, Wu et al. uncovered the role of a glycolytic

enzyme enolase 2 (ENO2) in seed germination under salt stress in

Arabidopsis. They integrated transcriptomic and TMT-based

proteomic approaches, revealing an array of salt stress-responsive

genes in AtENO2 mutant (eno2-) and wild-type Arabidopsis. Their

study shows that GAPA1/GAPB interacts with AtENO2 to regulate

seed germination under salinity stress, which could be leveraged to

enhance plant tolerance to saline environments.

Water scarcity can limit soil nutrient solubilization and

mineralization, affecting nutrient kinetics at the soil–root interface

and resulting in impairments to leaf morphology and reduced

stomatal conductance. To address this challenge, screening of

agricultural crop germplasm could be conducted using integrated

high-throughput techniques in order to develop crops with desirable

traits. Kim et al. conducted a study on the quality and nutrition of

tomato fruit under water stress with varying nutrient status. By using

integrated GC-TOF-MS and UHPLC-LTQ-Orbitrap-MS

approaches, they found that water stress shifted the primary
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metabolites of tomato fruits in different ways in soils with different

nutrient conditions. On this basis, considering the nutritional quality

of tomato fruit (particularly in relation to sugars and amino acids),

the authors do not recommend propagation of tomatoes in water-

deficient soils with surplus nutrients.

Shifting to another context, Auricularia fibrillifera, the third

most widely cultivated mushroom and a common traditional

Chinese food and medicine enriched in melanin, folate, and

biotin, was studied by Guo et al. under desiccation stress. The

focus was on transcriptomes and proteomes of fruit bodies under

exposure to desiccation stress, rehydration, and regular watering.

The research revealed that proteomics data aligned with

transcriptomic data, particularly in pathways related to antibiotic

biosynthesis, biosynthesis of biotin and folate, and amnio acid

biosynthesis. This study provides valuable insights into

desiccation tolerance in A. fibrillifera.
4 ncRNAs as emerging regulators of
salinity/drought stress tolerance

Non-coding RNAs (ncRNAs) are emerging regulators of

various biological processes, including stress tolerance (Waseem

et al., 2021; Waseem et al., 2022; Aslam et., 2022). Zou et al. report

32017 long non-coding RNAs (lncRNAs) in Beta vulgaris, revealing

386 differentially expressed lncRNAs, including two significantly

expressed lncRNAs (TCONS_00038334/TCONS_00055787) in

response to drought. They also identified 42 lncRNAs as potential

miRNA target mimics. In another study, Ji et al. showed that that

the miR169b/NFYA1 module in the halophyte Halostachys capsica

enhances salinity and drought tolerance by enhancing ABA

biosynthesis, modulating ABA signal transduction pathways, and

maintaining ROS homeostasis.

5 Exploration of underlying salinity/
drought tolerance mechanisms

In the current era of global climatic change, the relationship

between climate and crop yield is evolving, especially for global food

security crops such as wheat. Drought directly impacts wheat

production. Ghaffar et al. conducted a study evaluating

agronomic adaptions for drought tolerance using Pakistan’s wheat

germplasm. They investigated 40 local wheat cultivars for various

properties, including growth, pigmentation, and ROS accumulation

capacity. Ghaffar et al. successfully identified drought-tolerant

(Barani-83/Blue silver) and drought-sensitive (FSD-08/Lasani-08)

cultivars. Another approach to enhancing drought stress in winter

wheat involves foliar application of Zinc (Zn). Zarea and Karimi

show that combing the foliar application of Zn with 6-

Benzylaminopurine (6-BAP) promotes growth and improves

drought tolerance, preventing grain yield reduction in winter wheat.

We appreciate the contribution by Schierenbeck et al., who

conducted a quantitative trait nucleotide (QTN) analysis of a diverse

winter wheat panel (261 accessions) under drought stress. The authors

successfully identified a QTN, TraesCS2D02G133900, that may play a
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role in controlling shoot and coleoptile length. This study highlights

the significance of genetics factors in response to drought in wheat,

offering insights for wheat adaptation and improvement.

Ran et al. performed a comparative analysis of salinity tolerance

in three willow species, Salix matsudana, S. gordejevii, and S.

linearistipularis. Their study revealed that S. linearistipularis is

salt-sensitive and could be planted as an indicative plant for

salinity. Meanwhile, Zhang et al. identified the formation of

accessory structures, in the form of salt bladders, in Chenopodium

album. These structures serve as an adaptive measure to prevent salt

sensitivity in this plant. Additionally, Chandrasekaran et al. found

that, under drought stress, Pinus strobus shifts carbon partitioning

toward biosynthesis of volatile organic compounds (VOCs),

particularly monoterpene synthesis. Lastly, Hussain et al.

demonstrated that selenium seed priming in Brassica rapa

mitigates salinity stress by activating stress-responsive genes and

improving the ROS system.

On the basis of this comprehensive collection of research on the

topic at hand, various invaluable insights into salinity and drought

resistance have accumulated. We hope that this accumulated

knowledge will assist with and pave the path for new studies and

breeding programs aiming to develop salinity- and drought-

resilient crops. To achieve a better understanding of salinity and

drought tolerance in plants, a holistic approach involving integrated

variety improvement, theoretical research, and field management is

required. We sincerely appreciate the efforts and significant

contributions of the authors, editors, and peer reviewers whose

efforts and significant contributions have made this Research Topic

possible. We hope that our readers will uncover valuable

information within this Research Topic collection and identify

potential collaborators in this critical area.
Frontiers in Plant Science 03
Author contributions

MW: Conceptualization, Supervision, Validation, Writing –

original draft. PL: Writing – review & editing. MMA: Writing –

review & editing.
Acknowledgments

We thank the authors of the papers published in this Research

Topic for their valuable contributions and the referees for their

rigorous review.
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
Aslam, M. M., Waseem, M., Xu, W., Ying, L., Zhang, J., and Yuan, W. (2022). Global
identification of white lupin lncRNAs reveals their role in cluster roots under
phosphorus deficiency. Int. J. Mol. Sci. 23 (16), 9012. doi: 10.3390/ijms23169012

Kumar, R., Sagar, V., Verma, V. C., Kumari, M., Gujjar, R. S., Goswami, S. K., et al.
(2023). Drought and salinity stresses induced physio-biochemical changes in
sugarcane: an overview of tolerance mechanism and mitigating approaches. Front.
Plant Sci. 14, 1225234. doi: 10.3389/fpls.2023.1225234

Parihar, P., Singh, S., Singh, R., Singh, V. P., and Prasad, S. M. (2015). Effect of
salinity stress on plants and its tolerance strategies: a review. Environ. Sci. pollut. Res.
Int. 22, 4056–4075. doi: 10.1007/s11356-014-3739-1
Rajput, V. D., Minkina, T., Kumari, A., Harish,, Singh, V. K., Verma, K. K., et al. (2021).

Coping with the challenges of abiotic stress in plants: new dimensions in the field
application of nanoparticles. Plants (Basel) 10 (6), 1221. doi: 10.3390/plants10061221
Waseem, M., Liu, Y., and Xia, R. (2021). Long non-coding RNAs, the dark matter: an
emerging regulatory component in plants. Int. J. Mol. Sci. 22 (1), 86. doi: 10.3390/
ijms22010086

Waseem, M., Yang, X., Aslam, M. M., Li, M., Zhu, L., et al. (2022). Genome-wide
identification of long non-coding RNAs in two contrasting rapeseed (Brassica napus L.)
genotypes subjected to cold stress. Environ. Exp. Bot. 201, 104969.

Waadt, R., Seller, C. A., Hsu, P. K., Takahashi, Y., Munemasa, S., and Schroeder, J. I.
(2022). Plant hormone regulation of abiotic stress responses. Nat. Rev. Mol. Cell Biol.
23, 680–694. doi: 10.1038/s41580-022-00479-6

Zhang, H., Sun, X., and Dai, M. (2022). Improving crop drought resistance with plant
growth regulators and rhizobacteria: Mechanisms, applications, and perspectives. Plant
Commun. 3, 100228. doi: 10.1016/j.xplc.2021.100228
frontiersin.org

https://doi.org/10.3389/fpls.2022.969896
https://doi.org/10.3389/fpls.2022.989946
https://doi.org/10.3389/fpls.2022.1030140
https://doi.org/10.3389/fpls.2022.1050359
https://doi.org/10.3390/ijms23169012
https://doi.org/10.3389/fpls.2023.1225234
https://doi.org/10.1007/s11356-014-3739-1
https://doi.org/10.3390/plants10061221
https://doi.org/10.3390/ijms22010086
https://doi.org/10.3390/ijms22010086
https://doi.org/10.1038/s41580-022-00479-6
https://doi.org/10.1016/j.xplc.2021.100228
https://doi.org/10.3389/fpls.2023.1277859
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Editorial: Salinity and drought stress in plants: understanding physiological, biochemical and molecular responses
	1 Introduction
	2 Genome-wide functional analysis
	3 Integrated high-throughput approaches
	4 ncRNAs as emerging regulators of salinity/drought stress tolerance
	5 Exploration of underlying salinity/drought tolerance mechanisms
	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


