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Editorial on the Research Topic

Rocks, plants, and microbes, volume II
The application of ground silicate rocks, a technique known as stonemeal, can be an

alternative for soil amelioration which is gaining increasing importance in the context of

the search for economically and environmentally sustainable agriculture. It is recognized

that rock powders can be a source of plant nutrients, mainly by supplying P, K, Fe, and Si,

as well as trace nutrients to the plants (Ribeiro et al., 2020). Rocks also have the capacity to

raise the pH of the soil, acting as correctives of acidity and releasing other nutrients, such as

Ca and Mg.

Besides supplying nutrients, this low-cost technology allows the so-called

remineralization process, that is, the recomposition of mineralogical soil, causing the

formation of chemically active secondary minerals such as smectites and illites (Theodoro

et al., 2021). The alteration of the mineralogy with the presence of these minerals results in

the geological rejuvenation of the soil, with an increase in its cation exchange capacity

(CEC) and its fertility as a whole. Also, the addition of ground rocks that release Ca from

silicates provides a way of removing carbon dioxide from the atmosphere by producing

pedogenic carbonate minerals.

The process of decomposition of the primary minerals from ground rock, resulting in

the release of nutrients and the formation of secondary minerals, depends on its

granulometry and is mediated by the microbiota of the soil as well as the plants. The

action of microorganisms leads to the solubilization of rock minerals by two main

mechanisms of action: acidification of the environment, by the production of organic

acids that, through exchanges of binders, replace cations of the minerals with organic

cations; and the production of siderophores, chelants with high affinity for Fe and other

elements that destabilize the mineral. The growth of plant roots, in turn, can produce a

mechanical effect of rock disintegration besides also releasing organic acids and

siderophores, such as citrate, that will promote hydrolysis reactions and the

complexation of elements derived from the rock minerals. Additionally, plants exert an

indirect effect on ground rocks by stimulating soil microbial activity. Thus, the rhizospheric

and mycorrhizal environments are fundamental for the transformation of ground rocks

and soil recovery.
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The carbon dioxide removal by the dissolution of Ca-containing

silicates was studied by Jariwala et al. The authors evaluated the

enhanced weathering of a skarn containing wollastonite (CaSiO3) in

association with diopside (CaMgSi2O6). Overall, amending soils

with skarn improved plant yield and quality by increasing plant-

available Si, as evidenced by higher Si uptake. The newly formed

pedogenic calcium carbonate (CaCO3) was higher in the skarn-

amended soils than in the control treatment, demonstrating the

inorganic sequestration of CO2 by enhanced weathering. Carbon

dioxide removal was proportional to the skarn dose and depended

on the presence of active plant roots.

The formation of pedogenic calcium carbonate and the

consequent CO2 sequestration is less likely to occur in soils with

a pH below 5.2 (Dietzen and Rosing, 2023). That is not the only

process affected by soil pH. It also affects soil phosphorus

dynamics, including the performance of phosphate solubilizer

microorganisms, as investigated by Boubekri et al. The authors

assessed the interaction between the inoculation with five potential

phosphate-solubilizing Actinomycetota (PSA) and four rock

phosphates (RP) on the growth and yield of wheat in unsterilized

P-deficient alkaline and acidic soils. All PSA significantly improved

plant growth in treatments fertilized with RP3 and RP4. However,

the combined application of Nocardiopsis alba BC11 along with

RP4 in alkaline soil was effective in optimizing wheat yield attributes

and improving the yield biomass by up to 19.7% compared to the

triple superphosphate.

The negative effects of soil salinity on plants can also be

attenuated by the amendment with certain rocks, as shown by An

et al. A coastal silt soil (CSS) with poor permeability, high salinity,

and poor nutrient levels was amended with combinations of river

sand, serpentine phyllosilicate, and organic fertilizer. The salt-

tolerant legume Sesbania cannabina was planted in the different

treatments. The application of organic fertilizer combined with

river sand and serpentine significantly reduced the soil moisture

content and the indicators related to saline-alkali soil. The method

has also greatly improved the growth conditions of S. cannabina

and positively impacted its rhizosphere bacterial community.

Shallow rocky soils, such as the ones of karst ecosystems,

different from deep and highly weathered soils, will not benefit

from stonemeal. On the other hand, they will also heavily depend

on microbial activity to release nutrients for plant establishment. In

this scenario, arbuscular mycorrhizae fungi (AMF) play a central
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role by providing plant access to poorly soluble, low-diffusion

nutrients, such as phosphorus, through hyphal networks (Silva

et al., 2019). Shen et al. used Bidens pilosa L., a typical pioneer

succession species, as a plant model to study how AMF regulates

plant growth and nutrient utilization under patchy habitats with

varying soil compositions in the karst ecosystem. The study

suggested that plant growth and nutrition regulated by AMF

depended more on the substrate gravel content than on the

spatial patchiness in the heterogeneous karst habitat.

Thus, this Research Topic, in its second volume, brings new

insights into the use of rock powders to improve soil fertility, plant

productivity, and environmental quality, and shows how microbes

and plants play a central role in these processes. We hope this

Research Topic would stimulate new discussions and encourage

new research on this subject of increasing interest and importance.
Author contributions

BL: Writing – original draft, Writing – review & editing. CG:

Writing – original draft, Writing – review & editing. LV: Writing –

original draft, 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 authors 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
Dietzen, C., and Rosing, M. T. (2023). Quantification of CO2 uptake by enhanced
weathering of silicate minerals applied to acidic soils. Int. J. Greenh. Gas Control. 125,
103872. doi: 10.1016/j.ijggc.2023.103872

Ribeiro, I. D. A., Volpiano, C. G., Vargas, L. K., Granada, C. E., Lisboa, B. B., and
Passaglia, L. M. P. (2020). Use of mineral weathering bacteria to enhance nutrient
availability in crops: a review. Front. Plant Sci. 11. doi: 10.3389/fpls.2020.590774
Silva, F. F. D., Santos, T. A. D., Jesus, E. D. C., and Chaer, G.M. (2019). Characterization
of rhizobia and arbuscular mycorrhizal fungi in areas impacted by gravel mining in Brazil.
Rev. Caatinga 32, 995–1004. doi: 10.1590/1983-21252019v32n416rc

Theodoro, S. H., Medeiros, F. P., Ianniruberto, M., and Jacobson, T. K. B. (2021). Soil
remineralization and recovery of degraded areas: an experience in the tropical region. J.
South Am. Earth Sci. 107, 103014. doi: 10.1016/j.jsames.2020.103014
frontiersin.org

https://doi.org/10.3389/fpls.2022.929457
https://doi.org/10.3389/fpls.2023.1154372
https://doi.org/10.3389/fpls.2022.1092089
https://doi.org/10.3389/fpls.2022.1092089
https://doi.org/10.3389/fpls.2022.968719
https://doi.org/10.1016/j.ijggc.2023.103872
https://doi.org/10.3389/fpls.2020.590774
https://doi.org/10.1590/1983-21252019v32n416rc
https://doi.org/10.1016/j.jsames.2020.103014
https://doi.org/10.3389/fpls.2023.1267003
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Editorial: Rocks, plants, and microbes, volume II
	Author contributions
	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


