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Editorial on the Research Topic

Physiological and molecular mechanisms of important agronomic traits
in plants under various abiotic factors

The effects of abiotic stress on plant growth, yield, and quality have become increasingly
significant in light of global climate change. In this Research Topic, we explore the
physiological and molecular mechanisms by which plants respond to various
environmental stressors, such as drought, temperature extremes, salinity, metal,
chemical, and pollutant exposure. It compiles ten original research articles that provide
new insights into how plants adapt and maintain critical agronomic traits in the face of
adverse environmental conditions.

Understanding plant responses to abiotic stresses

Plants face an array of environmental challenges, including extreme temperatures,
water scarcity, high salinity, and more, all of which negatively impact productivity. These
abiotic stresses disrupt cellular homeostasis and alter metabolic pathways, leading to
reduced growth, development, and yield. In response, plants have evolved various
physiological mechanisms to mitigate these effects. Understanding and evaluating these
physiological changes provide critical phenotypic data for investigating genetic
mechanisms, which can ultimately aid in molecular breeding efforts.
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Wang et al.

Two original research studies in this Research Topic focus on
plant responses to abiotic stress. Wang et al. explore the response of
alfalfa (Medicago sativa L.) root systems using a metabolomics
approach. They identify amino acids, organic acids, sugars, and
alkaloids as key metabolites essential for alfalfa’s resistance to
drought, including compounds such as 6-gingerol, salicylic acid
(SA), indole-3-acetic acid (IAA), gibberellin A4 (GA4), abscisic acid
(ABA), trans-cinnamic acid, sucrose, L-phenylalanine, L-tyrosine,
succinic acid, and nicotinic acid.

Davoudi et al. investigate the effects of elevated CO, levels on
the physiology of strawberries and tomatoes. With atmospheric
CO, levels having increased by more than 20% in the past four
decades, this research is highly significant. They found that a three-
month exposure to 800 ppm CO, increased yields in both
strawberry and tomato. Additionally, while both species
prioritized fruit development over other sink organs, they were
limited by carbon export at elevated CO, levels, as new
photoassimilates were evenly distributed across various sinks,
regardless of CO, conditions.

Advances in molecular biology,
genetics, and genomics related to
abiotic stress adaptation

With food security becoming an increasingly pressing concern,
breeding stress-resistant crops has emerged as a critical focus in
modern agriculture. This effort is bolstered by advancements in our
understanding of the molecular mechanisms and genetic
components involved in signaling cascades, transcriptional
networks, structural modifications, and biochemical pathways.
This Research Topic presents groundbreaking studies that
advance molecular biology, genetics, and genomics associated
with abiotic stress tolerance, enhancing our ability to dissect plant
stress responses.

Tian et al. cloned the CabHLHIS8 gene, a specific bHLH
transcription factor, from a waterlogging-tolerant pepper cultivar,
ZHC2’. Compared with wild-type (WT) plants, pepper plants
overexpressing CabHLH18 showed greater water content, amino
acid, proline, soluble sugar levels, root viability, and superoxide
dismutase activity, while exhibiting lower malondialdehyde content
under waterlogging conditions. After 24 hours of waterlogging
stress, the fresh weight, amino acid, proline, and soluble sugar
levels of the overexpression lines were higher than those of the WT
plants. Hence, CabHLH18 is a promising candidate for breeding
waterlogging-tolerant hot pepper varieties.

Liu et al. investigated respiratory burst oxidase homologs
(RBOHs), a key enzyme family regulating superoxide production
and playing a central role in plant stress responses. Seven PsSRBOH
genes were identified in the pea genome, with tissue-specific
expression patterns and functional diversity during growth and
stress responses. PSRBOH4 emerged as a key responsive gene, as its
expression was significantly induced under heat, cold, cadmium,
drought, and low boron stresses, while PsRBOHI primarily
responded to salt stress. This study provides valuable insights into
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the functional roles of pea RBOH genes in plant adaptation to
climate-related challenges.

Aluminum (Al) toxicity in acidic soils is a major limiting factor
affecting crop yield, inhibiting root growth, reducing nutrient and
water absorption, and ultimately impairing photosynthesis. Zhang
et al. studied potato aluminum-activated malate transporters
(ALMTs), which play important roles in responding to Al
toxicity, maintaining ion homeostasis, and supporting mineral
nutrient distribution. Fourteen StEALMT genes were identified in
the potato genome, unevenly distributed across seven
chromosomes. Specific StALMT genes were significantly up-

regulated in response to AI’*

and overexpression of these genes
conferred enhanced growth resistance to Al toxicity, highlighting
the pivotal role of these genes in combating AI’* toxicity in plants.

Khassanova et al. identified two chickpea zinc finger knuckle
genes, Ca04468 and Ca07571, as key candidates in plant responses
to drought and dehydration. Various methods, including Sanger
sequencing, DArT (Diversity Array Technology) for plant
genotyping, molecular marker and gene expression analyses, and
field trials, were used to characterize these genes. Associations with
100-seed weight and seed weight per plant were examined, and two
SNP molecular markers for both genes were developed and verified.
These markers hold potential for marker-assisted selection to
improve drought and dehydration tolerance in chickpea, paving
the way for the development of novel chickpea cultivars in
the future.

These studies collectively highlight the critical advancements in
understanding the molecular, genetic, and genomic bases of abiotic
stress resistance, providing invaluable tools and knowledge for
breeding climate-resilient crop varieties.

Cross-talk between stress responses
pinpoints key genetic regulators that
serve as central hubs for conferring
multiple stress resistance

Under changing climatic conditions, crop plants are
increasingly affected by combinations of multiple abiotic stresses
rather than individual stress factors. Studies in this Research Topic
explore the concept of cross-talk between different abiotic stress
responses. Samarina et al. investigate the role of specific
transcription factors in regulating stress-responsive genes in tea
plants under drought and cold conditions, as well as gene models
related to cell wall remodeling. The highlighted key signaling
pathways suggest that plants employ shared mechanisms to cope
with multiple stressors, providing a molecular basis for breeding tea
plants with enhanced tolerance to interactive abiotic stresses.

The frequent co-occurrence of various abiotic stresses
highlights the need to identify potential donors resistant to
multiple stressors for developing climate-resilient crop varieties.
In this context, Kumar et al. screened 41 rice germplasm accessions,
including landraces and elite cultivars, for tolerance to drought,
salinity, and submergence at the 21-day-old seedling stage over a
10-day period. Specific genotypes were identified as promising

frontiersin.org


https://doi.org/10.3389/fpls.2024.1341826
https://doi.org/10.3389/fpls.2024.1356272
https://doi.org/10.3389/fpls.2023.1285198
https://doi.org/10.3389/fpls.2023.1321952
https://doi.org/10.3389/fpls.2023.1274260
https://doi.org/10.3389/fpls.2023.1274260
https://doi.org/10.3389/fpls.2024.1354413
https://doi.org/10.3389/fpls.2023.1145793
https://doi.org/10.3389/fpls.2024.1342441
https://doi.org/10.3389/fpls.2024.1502061
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Wang et al.

donors for multiple abiotic stress tolerance. Additionally, a set of 30
SSR markers linked to drought, salinity, and submergence QTLs
were used to characterize these accessions, providing valuable
genomic tools for future breeding efforts.

New insights into interactions
between plants and atypical
abiotic stress

Continuous agricultural production can also introduce atypical
abiotic stress to plants. Zhou et al. reported that continuous cropping
of tobacco results in the accumulation of allelopathic compounds in
the rhizosphere. Redundancy analysis (RDA) identified eight
compounds with autotoxic effects on tobacco growth. These
compounds contributed to yield reductions, outbreaks of tobacco
black shank, and a decline in beneficial soil flora.

Expanding industrialization and other human activities lead to an
increase in the occurrence of sudden environmental pollution accidents
(SEPAs), an atypical form of abiotic stress. Developing methods to
promptly eliminate pollutants at their source and address the resulting
environmental issues is crucial for global ecological health and
sustainable human development. Phytoremediation, a biological
approach, offers advantages such as simplicity, cost-effectiveness, and
the reduction of secondary pollution compared to traditional methods.
Li et al. developed a 3D-QSAR pharmacophore model to predict
plant resistance and the phytodegradation of polychlorinated
biphenyls (PCBs), a class of organic pollutants regulated under
the Stockholm Convention due to their persistence, high toxicity,
bioaccumulation, and long-range environmental transport. This
study provides theoretical support for the application of
transgenic plant-based emergency phytoremediation technology.

Future perspectives

As the global climate continues to change, the frequency and
intensity of abiotic stresses will likely increase, further challenging
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global food production systems. This Research Topic provides a
foundation for developing stress-tolerant crops that can thrive in
adverse conditions. Future work should focus on validating the
newly identified molecular mechanisms underlying the
physiological responses, integrating these insights into breeding
programs and agricultural practices, ensuring that crop yield and
quality can be maintained in the face of environmental
uncertainties. This Research Topic represents a significant step
toward understanding the intricate mechanisms that govern plant
stress responses and offers promising avenues for improving crop
resilience through innovative biotechnological approaches.

Author contributions

ZW: Writing - review & editing, Writing - original draft. DG:
Writing - review & editing. DL: Writing - review & editing. WZ:
Writing - review & editing.

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.

frontiersin.org


https://doi.org/10.3389/fpls.2024.1326942
https://doi.org/10.3389/fpls.2024.1324144
https://doi.org/10.3389/fpls.2024.1502061
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Editorial: Physiological and molecular mechanisms of important agronomic traits in plants under various abiotic factors
	Understanding plant responses to abiotic stresses
	Advances in molecular biology, genetics, and genomics related to abiotic stress adaptation
	Cross-talk between stress responses pinpoints key genetic regulators that serve as central hubs for conferring multiple stress resistance
	New insights into interactions between plants and atypical abiotic stress
	Future perspectives
	Author contributions
	Conflict of interest
	Publisher’s note



<<
  /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


