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Editorial on the Research Topic
Advances in alternative crop production and valorization in salt-affected areas

Introduction

Salinity is a major problem affecting agricultural activity in many regions of the world
(Bhargava and Srivastava, 2020; FAO, 2021). Biosaline agriculture and crop
diversification through the introduction of alternative crops are key solutions to
overcome this problem and better valorize salt-affected lands. Traditional crops face
many challenges caused by abiotic and biotic stresses, including salinity, drought, pests,
and disease (Bhargava and Srivastava, 2013; Dubey et al., 2020). Alternative crops that
can replace common crops in specific geographical areas can be quite beneficial in
achieving specialized benefits in the farming system (Elouafi et al., 2020). In addition, the
high value products of alternative crops have the potential to greatly improve the income
of farmers. With increasing salinity affecting arable land globally, scientists are making
great efforts to introduce, evaluate and improve new and alternative crop strains.
However, more research is needed to screen for high yielding varieties, understand
tolerance mechanisms, optimize cropping practices, and develop value chains to ensure
the success of alternative crops in marginal environments.

In this special Research Topic of Frontiers in Plant Science, the articles concentrated on
four main themes: (1) physiological and biochemical responses of alternative plants to
salinity stress, (2) growth and agronomic performance of alternative crops under saline
conditions, (3) role of organic amendment and fertilization to mitigate adverse effects of
salinity on crop and (4) role of alternative crop as a source of quality food and feed.
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Physiological and biochemical
responses of alternative crops to
salinity stress

Plants deploy several strategies to cope with salinity stress at
almost all levels to survive and thrive in salt affected soils. For
example, quinoa, a well know salt tolerant crop, uses several
mechanisms including osmotic adjustment by accumulating
cheap osmolytes such as sodium and their compartmentalization
in the vacuoles to avoid its interference with the potassium in the
cytosol (Hirich et al., 2014). It was also shown that quinoa has the
ability to accumulate more complex compounds such as proline and
metabolites such as saponins and polyphenols under increased
salinity to resist salt stress (EI Mouttaqi et al.). Salinity stress can
also induce oxidative stress in plants which can cause damage to
cellular components. El Mouttagi et al. also demonstrated that
quinoa antioxidant activity increased under high salinity for
neutralizing the reactive oxygen species (ROS) and preventing
their interference with regular metabolism. Blue panicgrass
(Panicum antidotale Retz.), another salt tolerant alternative crop,
uses a strategy known as salt exclusion (in reference to sodium) as
shown by (El Mouttaqi et al.). In fact, blue panicgrass subjected to
salinity stress maintains a high K*/Na" ratio in the shoots and a low
ratio in the roots with higher Na content in roots and higher K
content in the shoots.

Growth and agronomic performance
of alternative crops under
saline conditions

Alternative crops, contrary to the conventional crops, are able to
grow and produce satisfactory yield even in salt affected lands (Hirich
et al., 2021). Sometimes, even traditional landraces and cultivars of
conventional crops exhibit this potential. For example, it has been
revealed that traditional tomato varieties improve fruit quality without
a notable effect on fruit yield under moderate salt stress (Egea et al.).
Furthermore, it was noticed that underexploited and alternative crops
such as quinoa and amaranth had great potential to improve degraded
soils of the Spanish Southeast area, due to their agronomic rusticity in
marginal environments. El Mouttaqi et al. found that increased salinity
levels resulted in a reduction of most agro-morphological parameters,
but did not significantly affect root development. The same study
showed that although salinity affected seed yield in quinoa, appreciable
yield (0.7 t/ha on average) was obtained even under conditions of
extreme water salinity (20 dS/m). In another study, EI Mouttaqi et al.
showed that blue panicgrass produced 74 t/ha of fresh forage biomass
under irrigation in high salinity levels (16.3 dS/m) which was
comparable to traditional forages grown under freshwater conditions
(Iptas and Acar, 2006). Sesbania pea is another example of alternative
crops, highly recommended for saline soils especially due to its ability
to fix atmospheric nitrogen. Zhu et al. reported that sesbania pea grown
in saline soil (EC= 10.87 mS/cm) could produce ample fresh biomass
reaching up to 50 t/ha after 163 days of growth.
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Role of organic amendment and
fertilization to mitigate adverse effects
of salinity on crop

Excessive salts in the soil can lead to osmotic stress, ion toxicity,
and nutrient imbalances, which negatively impacts plant health
(Okon, 2019). The use of organic amendments and fertilization can
play a crucial role in mitigating the adverse effects of salinity on
crops by improving soil structure, increasing nutrient availability,
enhancing microbial activity and reducing sodium toxicity. El
Mouttaqi et al. demonstrated that organic amendment application
under salinity conditions positively enhanced quinoa growth and
productivity regardless of the amendments type. Furthermore,
organic amendments improved seed quality, especially the
saponin content that was decreased due to the application of
organic amendments which is an important finding in view of the
fact that saponin accumulation in the seeds is a limiting factor for
quinoa transformation and valorization. Regarding fertilization,
Zhu et al. showed that the application of 360 kg:-hm™ of nitrogen
and 180 kg-hm ™ of phosphorus fertilizer has significantly improved
growth and biomass yield with enhanced antioxidant capacity of
sesbania pea in saline soils.

Role of alternative crops as a source
of quality food and feed

Alternative crops can play a significant role in providing
sustainable source of good quality food and feed, offering various
benefits as compared to traditional crops, thanks to their rusticity and
resistance to adverse biotic and abiotic stresses (Flouafi et al., 2020).
Salinity levels are known to increase lycopene, lutein, 3-carotene, and
violaxanthin levels through increased carotenoid-related gene
expression, and carotenoid biosynthesis in tomato (Leiva-Ampuero
et al., 2020). Likewise, salinity has been reported to induce
accumulation of flavonoids, flavonol, phenolics and terpenes in plant
systems (Arif et al., 2020; Dubey et al., 2021). Egea et al. highlighted the
role of salinity stress in improving fruit and seed quality, especially by
increasing secondary metabolite accumulation in the fruits, which are
very important as nutraceuticals for the human diet. For instance, in
Spain, much attention goes to traditional landraces of tomato especially
by smallholder’s farmers due to their adaptation to the mediterranean
environment constraints and also their improved fruit quality under
salinity stress and other abiotic stress growth conditions. Egea et al
explored the opportunities of exploiting natural variation of halophytes,
particularly in pseudocereals like quinoa and amaranth. EI Mouttaqi
et al. demonstrated that salinity resulted in increased phenolic content
and antioxidant activity in quinoa seeds which clearly indicated that
salinity had beneficial impact in terms of improving food quality.
Regarding feed, it was demonstrated that blue panic grass irrigated with
highly saline irrigation water produced a high-quality feed (El Mouttaqi
et al.). In fact, protein content reached 17 and 22% under 20- and 40
days cutting time intervals, respectively which was comparable to alfalfa
irrigated with fresh water (Ferreira et al,, 2015).
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Thus, soil salinity is of prime concern since it alters various
physiological, biochemical, and molecular functions of plant systems.

Author contributions

AH: Writing - original draft, Writing - review & editing. AB:
Writing - original draft, Writing - review & editing.

Acknowledgments

We would like to thank all of the authors and reviewers who
contributed to this Research Topic.

References

Arif, Y., Singh, P., Siddiqui, H., Bajguz, A, and Hayat, S. (2020) Salinity induced
physiological and biochemical changes in plants: An omic approach towards salt stress
tolerance. Plant Physiol. Biochemistry: PPB 156, 64-77. doi: 10.1016/j.plaphy.2020.08.042

Bhargava, A., and Srivastava, S. (2013). Quinoa: botany, production and uses
(Oxforshire, UK: CABI). doi: 10.1079/9781780642260.0000.

Bhargava, A., and Srivastava, S. (2020). “Response of Amaranthus sp. to salinity
stress,” in Emerging research in alternative crops. Eds. A. Hirich, R. Choukr-Allah and
R. Ragab (Springer International Publishing, Cham), 245-264. doi: 10.1007/978-3-319-
90472-6_10

Dubey, S., Bhargava, A., Fuentes, F., Shukla, S., and Srivastava, S. (2020). Effect of
salinity stress on yield and quality parameters in flax (Linum usitatissimum L.). Not.
Bot. Horti Agrobot. 48, 954-966. doi: 10.15835/nbha48211861

Dubey, S., Bhargava, A., Fuentes, F., Shukla, S., and Srivastava, S. (2021).
Comparative morphological, biochemical and enzymatic changes in two flax (Linum
usitatissimum L.) germplasm lines in response to salt stress. Res. J. Biotech. 16, 90-99.

Elouafi, I, Shahid, M. A., Begmuratov, A., and Hirich, A. (2020). “The contribution
of alternative crops to food security in marginal environments,” in Emerging research in
alternative crops. Eds. R. Ragab, A. Hirich and R. Choukr-Allah (Springer International
Publishing, Cham), 1-23. doi: 10.1007/978-3-319-90472-6_1

FAO (2021) Global map of salt affected soils. Available online at: https://www.fao.org/
soils-portal/data-hub/soil-maps-and-databases/global-map-of-salt-affected-soils/en/.

Frontiers in Plant Science

03

10.3389/fpls.2024.1384030

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.

Ferreira, J. F. S., Cornacchione, M. V., Liu, X., and Suarez, D. L. (2015). Nutrient
composition, forage parameters, and antioxidant capacity of alfalfa (Medicago sativa,
L) in response to saline irrigation water. Agriculture 5, 577-597. doi: 10.3390/
agriculture5030577

Hirich, A., Choukr-Allah, R., Ezzaiar, R., Shabbir, S. A., and Lyamani, A. (2021).
Introduction of alternative crops as a solution to groundwater and soil salinization in
the Laayoune area, South Morocco. EuroMediterr J. Environ. Integr. 6, 1-13.
doi: 10.1007/s41207-021-00262-7

Hirich, A., Jelloul, A., Choukr-Allah, R., and Jacobsen, S. E. (2014). Saline water
irrigation of quinoa and chickpea: Seedling rate, stomatal conductance and yield
responses. J. Agron. Crop Sci. 200, 378-389. doi: 10.1111/jac.12072

Iptas, S., and Acar, A. A. (2006). Effects of hybrid and row spacing on maize forage
yield and quality. Plant Soil Environ. 52, 515-522. doi: 10.17221/3543-PSE.

Leiva-Ampuero, A., Agurto, M., Matus, J. T., Hoppe, G., Huidobro, C., Inostroza-
Blancheteau, C., et al. (2020). Salinity impairs photosynthetic capacity and enhances
carotenoid-related gene expression and biosynthesis in tomato (Solanum lycopersicum
L. cv. Micro-Tom). Peer] 8, €9742. doi: 10.7717/peerj.9742

Okon, O. G. (2019). “Effect of salinity on physiological processes in plants,” in
Microorganisms in saline environments: strategies and functions. Eds. B. Giri and A.
Varma (Springer International Publishing, Cham), 237-262. doi: 10.1007/978-3-030-
18975-4_10

frontiersin.org


https://doi.org/10.1016/j.plaphy.2020.08.042
https://doi.org/10.1079/9781780642260.0000
https://doi.org/10.1007/978-3-319-90472-6_10
https://doi.org/10.1007/978-3-319-90472-6_10
https://doi.org/10.15835/nbha48211861
https://doi.org/10.1007/978-3-319-90472-6_1
https://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/global-map-of-salt-affected-soils/en/
https://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/global-map-of-salt-affected-soils/en/
https://doi.org/10.3390/agriculture5030577
https://doi.org/10.3390/agriculture5030577
https://doi.org/10.1007/s41207-021-00262-7
https://doi.org/10.1111/jac.12072
https://doi.org/10.17221/3543-PSE
https://doi.org/10.7717/peerj.9742
https://doi.org/10.1007/978-3-030-18975-4_10
https://doi.org/10.1007/978-3-030-18975-4_10
https://doi.org/10.3389/fpls.2024.1384030
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Editorial: Advances in alternative crop production and valorization in salt-affected areas
	Introduction
	Physiological and biochemical responses of alternative crops to salinity stress
	Growth and agronomic performance of alternative crops under saline conditions
	Role of organic amendment and fertilization to mitigate adverse effects of salinity on crop
	Role of alternative crops as a source of quality food and feed
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher’s note
	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


