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Editorial on the Research Topic
Nutrient biogeochemistry in the land-sea continuum

Anthropogenic activities over the past decades have greatly increased the level of
nutrients and caused severe eco-environmental problems (Galloway et al., 2008), such as
eutrophication (Seitzinger and Phillips, 2017), hypoxia expansion (Lam and Kuypers,
2011), acidification (Cai et al., 2011) and acceralated nitrous oxide emissions (Hu et al.,
2023; Xiang et al., 2023) in coastal areas. The land-sea continuum (e.g., beach, estuary, bay,
and coasts) as the transition zone of terrestrial and marine ecosystems generates “reaction
pools” for nutrients (e.g., carbon, nitrogen, and phosphorus; Hong et al., 2019; Wu et al,,
2021). Tt is also a setting in which different disciplines coalesce with land hydrologists,
biologists, and oceanographers to solve geochemical processes with strong biological
implications (Duque et al, 2020). Still, the investigation on nutrient transport and
transformation with coupled influencing mechanisms of land-ocean physical
interactions, geochemical reactions, and biological processes is scarce.

Eight articles on this Research Topic employed interdisciplinary approaches, seasonal
investigations, and historical data to study (1) the source, transformation, molecular
composition, and environmental effects of DOM and POM; (2) the effects of river input,
submarine groundwater discharge (SGD) and river plume on nutrient budgets and
eutrophication; and (3) biogeochemical processes in the subterranean estuaries. The
summaries are listed below.

Lu et al. incorporated isotope and optical analysis to investigate the fate of particulate
organic matter (POM) and dissolved organic matter (DOM) in Tieshangang Bay, a weak
dynamic bay located in the northern South China Sea (NSCS). At this location, the
terrestrial discharge and external organism activity were the main POM and DOM sources
in the upper bay, and in situ biological activities were the main OM source in the outer bay.
The processes responsible for the additions of DOM in the upper and outer bay were
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different due to the weak hydrodynamics. This study suggests that
hydrodynamics is the critical factor regulating the biogeochemistry
of OM across Tieshangang Bay.

Cai et al. provided new insights into the transformation of OM
in coastal bays. After determining DOM and POM concentrations
in seawater samples collected from Qinzhou Bay (northern Beibu
Gulf). The distribution of DOM was shaped by hydrological and
biological processes, whereas POM originated from terrigenous OM
and freshwater phytoplankton. Moreover, temperature and
substrate activity were the critical factors enhancing the
production of recalcitrant DOM in Qinzhou Bay.

Silva et al. aimed to elucidate the sources and potential
transformation pathways of DOM on its underground land-sea
transport in a tidal flat at Sahlenburg, Germany. Groundwater
springs influenced the physicochemical characteristics of the tidal
flat, which resulted in low salinity and dissolved organic carbon
(DOC), and high nitrate and oxygen concentrations. According to
the abundances and fingerprints of humic-like fluorescent DOM and
DOM, salt marsh plants and nearby estuaries were the main input
sources of DOM. This study highlights the significant influence of
groundwater springs on the geochemical processes of tidal flats.

Ke et al. conducted a studied to examine the impact of river input on
the seasonal distribution patterns of total nitrogen (TN) and phosphorus
(TP) in the Pearl Rivers and estuary. The study found that a significant
amount of riverine TN and TP, approximately 8.61x10'° and 1.55 x 10’
mol/year, respectively, were discharged into the Pearl River Estuary
(PRE). As a result, there was a decreasing trend of TN and TP from the
upper river to NSCS. The average TN/TP ratios from upper river to
estuary seawater were higher than the Redfield ratios (16), suggesting the
deteriorating of water quality in PRE and calling for strengthened
governmental monitoring and management of TN and TP inputs.

Sun et al. investigated the SGD and its effect on the distribution
of nutrients and algal bloom in Dongshan Bay. The SGD-derived
fluxes of dissolved inorganic nitrogen (DIN) (7.06x10° mmol d1),
soluble reactive phosphorus (SRP) (2.05x10* mmol d'), and
dissolved silicate (DSi) (1.12x10° mmol d!) contributed over 95%
of the total nutrient inputs. A significant positive relationship
between SGD and water column nutrients was found suggesting
the dominant role of SGD in regulating the seawater nutrients in
Dongshan Bay. This study highlights the importance of SGD-
associated nutrient fluxes in small bays’ nutrient budgets.

Xie et al. explored the effect of river plumes on the
biogeochemical structure of the Laptev Sea by analyzing annual
biogeochemical data from transects between 2015 and 2020. The
study revealed that the diffusion patterns of the river plume, both
interannually and seasonally, significantly influence the physical
and biogeochemical characteristics of the Laptev Sea. Additionally,
multiple factors, including Lena River flow, coastal erosion, OM
input, and seasonal cooling, affect the migration and transformation
of water masses between September and October.

He et al. identify the driving factors of eutrophication in
Zhanjiang Bay by analyzing seasonal nutrients and related
environmental parameters from 20 cruises and historical data
spanning 30 years. The eutrophication index was higher in the
upper bay characterized by higher concentrations of DIN and PO,>
. Additionally, terrestrial discharge during rainy seasons
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contributed to the high levels of nitrogen and phosphorus in
Zhanjiang Bay, exacerbating eutrophication. Long-term (over the
past 30 years) observation revealed that increasing phosphate rather
than nitrogen is the primary factor responsible for the aggravation
of eutrophication in Zhanjiang Bay.

Massmann et al. developed an interdisciplinary research
methodology to investigate the biogeochemical processes in the
subterranean estuaries on the northern beach of the island of
Spiekeroog (DynaDeep project). Through the introduction of
several research hypotheses, a set of relevant processes and
parameters were targeted using an innovative infrastructure
installed on Spiekeroog Beach. The initial results emphasized that
the transition from land to the coast acted as biogeochemical
reactors for terrestrial nutrients before discharging into the sea.

Overall, this Research Topic brings progress, datasets, as well as
novel methodologies for understanding nutrient biogeochemistry in
the land-sea continuum.

Author contributions

JW: Writing - original draft, Writing - review & editing. KX:
Writing - review & editing. YL: Writing — review & editing. CD:
Writing - review & editing. QW: Writing — review & editing.

Funding

This study was supported by the National Natural Science
Foundation of China (No. 42006122 and No. 42276130), Natural
Science Foundation of Guangdong Province (No. 2021A1515011548,
No. 2022A1515010539, and No. 2023A1515012424), Basic and
Applied Basic Research Foundation of Guangdong Province (No.
2020A1515110597), the Innovation Team Project of Guangdong
Provincial Department of Education (No. 2021KCXTDO016),
Municipal schools (hospitals) and enterprises jointly funded projects
(SL2022A03J01261) from the Science and Technology Bureau of
Guangzhou, the Next-Generation EU funding: Programa Maria
Zambrano Senior (REF: MZSA03) and the Basic Research Project of
Guangzhou City and School Joint Funding (No. 202201020579 and
No. 202201020542).

Acknowledgments
We would like to thank Dr. Kyra Adams (Kim) from NASA Jet
Propulsion Laboratory (JPL) for helping design this Research

Topic. We also thank the authors for their contributions and the
reviewers for their help in the review process.

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.

frontiersin.org


https://doi.org/10.3389/fmars.2023.1163899
https://doi.org/10.3389/fmars.2023.1128855
https://doi.org/10.3389/fmars.2023.1129712
https://doi.org/10.3389/fmars.2023.1164589
https://doi.org/10.3389/fmars.2023.1180054
https://doi.org/10.3389/fmars.2023.1184421
https://doi.org/10.3389/fmars.2023.1189281
https://doi.org/10.3389/fmars.2023.1286709
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Wu et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

Cai, W. ], Hu, X,, Huang, W. J., Murrell, M., Lehrter, J., Lohrenz, S., et al. (2011).
Acidification of subsurface coastal waters enhanced by eutrophication. Nat. Geosci 4,
766-770. doi: 10.1038/ngeo1297

Duque, C., Michael, H. A., and Wilson, A. M. (2020). The subterranean estuary:
Technical term, simple analogy or source of confusion? Water Resour. Res. 56 (2),
€2019WRO026554. doi: 10.1029/2019WR026554

Galloway, J. N., Townsend, A. R., Erisman, J. W., Bekunda, M., Cai, Z., Freney, J. R,
et al. (2008). Transformation of the nitrogen cycle: recent trends, questions, and
potential solutions. Science 320, 889-892. doi: 10.1126/science.1136674

Hong, Y., Wu, J., Wilson, S., and Song, B. (2019). Vertical stratification of sediment
microbial communities along geochemical gradients of a subterranean estuary located
at the Gloucester beach of Virginia, USA. Front. Microbiol. 9, 3343. doi: 10.3389/
fmicb.2018.03343

Hu, Y., Wu, ], Ye, ], Liu, X,, Wang, Y., Ye, F,, et al. (2023). The imbalance between
N20O production and reduction by multi-microbial communities determines

Frontiers in Marine Science

03

10.3389/fmars.2023.1286709

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.

sedimentary N2O emission potential in the Pearl River Estuary. Mar. Environ. Res.
190, 106119. doi: 10.1016/j.marenvres.2023.106119

Lam, P., and Kuypers, M. M. M. (2011). Microbial nitrogen cycling processes in
oxygen minimum zones. Annu. Rev. Mar. Sci. 3, 317-345. doi: 10.1146/annurev-
marine-120709-142814

Seitzinger, S. P., and Phillips, L. (2017). Nitrogen stewardship in the anthropocene.
Science 357, 350-351. doi: 10.1126/science.aa00812

Wu, J., Hong, Y., Staphanie, W., and Song, B. K. (2021). Microbial nitrogen loss by
coupled nitrification to denitrification and anammox in a permeable subterranean
estuary at Gloucester Point, Virginia. Mar. Pollut. Bull. 168, 112440. doi: 10.1016/
j.marpolbul.2021.112440

Xiang, H., Hong, Y., Wu, J., Wang, Y., Ye, F,, Hu, Z,, et al. (2023). NosZ-II-type
N20-reducing bacteria play dominant roles in determining the release potential of
N20 from sediments in the Pearl River Estuary, China. Environ. pollut. 329, 121732.
doi: 10.1016/j.envpol.2023.121732

frontiersin.org


https://doi.org/10.1038/ngeo1297
https://doi.org/10.1029/2019WR026554
https://doi.org/10.1126/science.1136674
https://doi.org/10.3389/fmicb.2018.03343
https://doi.org/10.3389/fmicb.2018.03343
https://doi.org/10.1016/j.marenvres.2023.106119
https://doi.org/10.1146/annurev-marine-120709-142814
https://doi.org/10.1146/annurev-marine-120709-142814
https://doi.org/10.1126/science.aao0812
https://doi.org/10.1016/j.marpolbul.2021.112440
https://doi.org/10.1016/j.marpolbul.2021.112440
https://doi.org/10.1016/j.envpol.2023.121732
https://doi.org/10.3389/fmars.2023.1286709
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

	Editorial: Nutrient biogeochemistry in the land-sea continuum
	Author contributions
	Funding
	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


