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Editorial on the Research Topic

Silicon, a “Quasi-Essential” element’'s role in plant physiology
and development

Silicon (Si) is the second most abundant element present in the Earth’s crust after
oxygen, i.e., 28.8% in dry weight basis. Plants absorb Si in the form of orthosilicic acid [Si
(OH),]. Supplementation of Si has showed various beneficial effects on plants such as
improved growth, yield, and tolerance against abiotic and biotic stress conditions. Owing to
its benefits for plants, Si has been declared as a “Quasi-Essential” element. Accumulation of
Si varies between plant species. Monocots such as rice accumulate approximately 10% of its
dry weight, which is higher than essential elements such as nitrogen (N), phosphorus (P),
and potassium (K). Application of Si has a remarkable impact against pathogens, pests, and
insects invasion in several plant species (Song et al., 2021). Similarly, Si combats against
various abiotic stresses such as drought, cold, salinity, UV-B, and heavy metals (Mir
et al., 2022).

For the uptake of Si in Oryza sativa, low-silicon rice (Lsil) acts as an influx transporter,
and Lsi2 acts as an efflux transporter. Both are located in the distal and proximal end of the
exodermis and endodermis of roots, respectively. Furthermore, OsLsi3 and OsLsi6 are
involved in the xylem transportation and unloading of Si to the node and leaf tissues,
respectively (Ma and Yamaji, 2015; Yamaji et al., 2015). Genes responsible for Si
transportation have been identified in various plant species. However, there are no
detailed reports about the structural aspects of Si transporters. The crystal structure of
Lsil in both open (1.8 A) and closed (3.0 A) state have provided perspectives about silicic
acid permeation and selective mechanism. Each monomer of Lsil consists of six
transmembranes and two half-helixes connected by six loops forming a homotetramer.
For the permeability of silicic acid, loop C and the selective filter (SF) interact by hydrogen
bonding with Gly155-Arg222, Thr157-Thr223, and Val160-Ile213. Quantum mechanical/
molecular mechanical (QM/MM) calculations have shown the possibility of interaction of
the additional water molecule (Watl7) with Thr181 in addition to two unique water
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molecules (Wat3 and Wat9) interacting with Thr65 of the SF
extended from the TMI. These three unique water molecules
could limit silicic acid permeation in Lsil (Saitoh and Suga).
Nevertheless, additional X-ray crystallography and NMR-related
studies are required to be carried out between plants with a wide
range of Si accumulation in order to elucidate the structural and
functional differentiation of Si transporters.

Recent studies have shown that Si nanoparticles (nSi) have
more advantages than orthosilicic acid due to their lesser size,
higher surface-to-volume ratio, and maximum uptake or
distribution (Verma et al.). Peng et al. unveiled the utilization of
nSi to mitigate postharvest deterioration in ginger rhizomes and
provide resistance against Fusarium solani. Addition of nSi
enhanced the firmness of the rhizomes, reduced decay loss, and
prevented oxidative stress. Particularly, nSi in a 100 mgL™"
concentration influenced the antioxidant mechanism and
expression of genes involved in lignin synthesis and tolerance
against F. solani in ginger. This illustrates that Si can also be
considered as a potential alternative for the postharvest

management of vegetables.
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Though most horticultural crops are Si passive/non-
accumulators, Si supplementation treatments have still shown
enhanced tolerance against various stresses. The improvement of
resistance has been proved by the increased activities of antioxidant
enzymes that scavenge the excessively generated reactive oxygen
species (ROS) in Si treatments. The association of Si with higher
tolerance has been studied using proteomics approaches, and it has
been reported that Si might be involved in the protection of various
mechanisms such as photosynthesis, energy metabolism, redox
homeostasis, transcription/translation, and hormone/cell signaling
under salinity and hyperhydricity conditions (Soundararajan et al.,
2017a; Soundararajan et al., 2017b). Most of the studies have been
carried out either in hydroponics or in vitro conditions. Teixeira
et al. conducted water-deficient experiments on sugarcane and
energy cane with Si applied in intermediate and longer periods
after transplanting. Interestingly, supplementation of Si showed a
significant effect on growth promotion and an improved
stoichiometry ratio of carbon:nitrogen:phosphorus, biomass, and
water-use efficiency (WUE) during severe long-period water deficit
conditions in both sugarcane and energy cane. Meanwhile, a field-
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Beneficial effects of silicon (Si) in plant growth and development: overcoming abiotic stress and preventing pathogens and pests, as well as the key
metabolic pathways it is involved with and its possible applications in the agriculture sector. Overall, this Research Topic covered the most important
avenues, such as the structural mechanisms of silicic acid uptake, the advantages of nSi, the application of Si at the field level for its possible
utilization in the sugarcane and energy cane industries, and wheat cultivation under drought conditions. In the changing climate conditions and with
the proven results, Si can be used to eradicate pathogen invasion and as support for adaptive strategies in agri-sectors to increase profit margins for

farmers as an environmentally friendly alternative.
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based rain exclusion shelters experiment conducted in wheat
suggested that Si significantly improved the biomass of wheat to
73% in drought condition and 43% in normal condition. Similarly,
WUE was increased to 32-74% depending on the Si
supplementation rate. Most importantly, the carbon content
increased from 6.4 to 8.9 tons C ha™ and 4.03 to 7.35 tons C ha™'
in normal and drought conditions, respectively. The Si treatments
restored grain production in plants grown under drought
conditions in amounts comparable to those grown under ambient
rainfall conditions (Johnson et al.). It was predicted that in the
future this biosphere will experience heavy water scarcity, which
will affect our entire ecosystem. Studies on the application of Si and
its transporters are much in need of climate-resilient crop
development programs. To overcome drought and famine, in
collaboration with agriculturalists, scientists need to explore
sustainable strategies such as the utilization of Si fertilizers for
food protection and ecological balance by considering its
benefits (Figure 1).

Author contributions

PS and AM prepared the manuscript. BJ reviewed and gave
suggestions to the manuscript. All authors contributed to the article
and approved the submitted version.

References

Ma, J. F., and Yamaji, N. (2015). A cooperative system of silicon transport in plants.
Trends Plant Sci. 20, 435-442. doi: 10.1016/j.tplants.2015.04.007

Mir, R. A., Bhat, B. A, Yousuf, H,, Islam, S. T., Raza, A., Rizvi, M. A,, et al. (2022).
Multidimensional role of silicon to activate resilient plant growth and to mitigate
abiotic stress. Front. Plant Sci. 13. doi: 10.3389/fpls.2022.819658

Song, X. P, Verma, K. K, Tian, D. D., Zhang, X. Q,, Liang, Y. J., Huang, X, et al. (2021).
Exploration of silicon functions to integrate with biotic stress tolerance and crop
improvement. Biol. Res. 54, 1-12. doi: 10.1186/s40659-021-00344-4

Soundararajan, P., Manivannan, A., Cho, Y. S., and Jeong, B. R. (2017b). Exogenous
supplementation of silicon improved the recovery of hyperhydric shoots in Dianthus

Frontiers in Plant Science

03

10.3389/fpls.2023.1157185

Funding

PS, acknowledges the core research grant of the National
Institute of Plant Genome Research (NIPGR), New Delhi, India.
AM, DST-INSPIRE faculty (DST/INSPIRE/04/2021/003731)
acknowledges Department of Science and Technology (DST),
Government of India.

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.

caryophyllus 1. by stabilizing the physiology and protein expression. Front. Plant Sci. 8.
doi: 10.3389/fpls.2017.00738

Soundararajan, P., Manivannan, A., Ko, C. H., Sowbiya, M., and Jeong, B. R.
(2017a). Leaf physiological and proteomic analysis to elucidate silicon induced
adaptive response under salt stress in Rosa hybrida ‘Rock fire’. Int. J. Mol. Sci. 18,
1768. doi: 10.3390/ijms18081768

Yamaji, N, Sakurai, G., Mitani-Ueno, N., and Ma, J. F. (2015). Orchestration of three
transporters and distinct vascular structures in node for intervascular transfer of silicon
in rice. PNAS 112, 11401-11406. doi: 10.1073/pnas.1508987112

frontiersin.org


https://doi.org/10.3389/fpls.2022.1030620
https://doi.org/10.1016/j.tplants.2015.04.007
https://doi.org/10.3389/fpls.2022.819658
https://doi.org/10.1186/s40659-021-00344-4
https://doi.org/10.3389/fpls.2017.00738
https://doi.org/10.3390/ijms18081768
https://doi.org/10.1073/pnas.1508987112
https://doi.org/10.3389/fpls.2023.1157185
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Editorial: Silicon: A “Quasi-Essential” element’s role in plant physiology and development
	Author contributions
	Funding
	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 /LeaveColorUnchanged
  /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


