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Abstract

Lamoliere, A., lannaccone, M. & Buhagiar, J. A.: Use of morphocolorimetric analysis to mon-
itor germination success of hydroprimed seeds of Coronilla valentina subsp. glauca
(Fabaceae). — F1. Medit. 32: 387-393. 2022. — ISSN: 1120-4052 printed, 2240-4538 online.

This research aimed to investigate if the germination rate of Coronilla valentina seeds
(Fabaceae) increased when subjected to extended hydro-priming. Analysis of hydroprimed
seeds was carried out by using morphocolorimetric analysis to characterise the imbibition at
different hydration time intervals. Seeds that had not been hydro-primed represented the
untreated control. Seed swelling is a reliable and time-efficient method to measure seed imbi-
bition, yet a poor predictor of seed germination success. Timing and temperature of the
hydropriming treatment influence the germination rate of C. valentina subsp. glauca, with the
optimum hydropriming treatment, was found to occur within a 72h period following the 75°C
to 25°C treatment.
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Introduction

The Mediterranean Basin is a biodiversity hotspot where many habitats are under threat
and actions for habitat restoration are needed (Canals Ventin & Lazaro 2019). Coronilla
valentina subsp. glauca (L.) Batt, the shrubby scorpion-vetch, is a perennial shrub with a
patchy distribution in the Maltese Islands, where it forms an Erico multiflorae-
Coronilletum glaucae, a typical high sea cliff garrigue phytosocial association with woody
vegetation (Brullo & al. 2020). This shrub belongs to the Fabaceae family and its habitus
stays low and wide, with the typical flower structure from the family, and glaucous green
foliage. The characterisation of this subspecies is based on the low segment number of a
dehiscent legume with a membranous stipule, less than 2 cm (Pignatti 1987). A critical
stage of the plant life cycle is germination, and, as for many Fabaceae, C. valentina subsp.
glauca seeds have a hard-coated testa which can prevent germination because their low
permeability limits water uptake (Lambers & al. 2008). In real conditions, this results in
limited population recruitment due to the low germination percentage, especially in its nat-
ural habitat characterised by calcareous soils (Escudero & al. 1996).
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Hydropriming is the controlled hydration of seeds in water or a solution of low
osmotic potential to initiate the germination metabolism before sowing (Singh & al.
2015). This simple and cheap technique improves seed water-uptake efficiency and is
useful in areas with unpredictable abiotic stresses such as high temperature and
drought (Sarfraz & al. 2019). During hydropriming, the seeds swell over a period of
time as reflected in their change of volume and seed coat colour. The imbibition pres-
sure will eventually lead to the rupture of the seed coat, causing a chain reaction of
metabolism activation: starting with hydration of respiratory enzymes, renewed pro-
tein synthesis, the release of hydrolytic enzymes mobilizing stored reserves, cell
enlargement and renewal of cell division (Lambers & al. 2008; Singh & al. 2015).
However, excessive swelling may be an indication of over-imbibition which could
lead to seed storage reserves deterioration and fermentation, eventually resulting in
embryo death. Although seed swelling and color change are easy to characterise by
visual observation, the use of morphocolorimetric methodology based on image analy-
sis provides an accurate and quantitive approach, therefore providing objective and
repeatable data (Vale & al. 2020).

This study aimed to investigate the efficiency of hydropriming treatment on seeds of C.
valentina subsp. glauca. to increase the final germination percentage. The morphocolori-
metric analysis is used to characterize the seeds of this subspecies and quantify the imbi-
bition process over time.

Materials and methods

Accession data

Coronilla valentina subsp. glauca was identified according to Pignatti (1982) and circa
5000 seeds were collected in June 2021 in the Maltese Islands (WGS84: 35°49°18.4”N
14°27°36.4”E, 106 m a.s.1), in the locality of Wied Babu, part of the Rdumijiet ta’ Malta
S.A.C. (Natura 2000 site).

Treatment

Seeds were dried, manually extracted from their pod, cleaned and examined for
infestation and macrocontaminants at the Seedbank facilities of the Department of
Biology, University of Malta. Different conditions of the hydropriming treatment were
tested using 2 temperatures and 4 time interval variables, plus a control group with no
hydropriming and no temperature treatment (Table 1).

Each treatment was applied to 4 replicates of twenty-five seeds. Seeds were afterward
sown in a compost: perlite (2:1) substrate and exposed to optimum germination conditions
(fluctuating temperature 15 to 23.5°C, fluctuating relative humidity from 50 to 85%). Pots
were watered by capillarity.

Data collection

The success of the treatment was recorded in daily germination emergence. Swelling of
the seed due to imbibition was characterized by morphocolorimetric data using image
analysis (Fig. 1) carried out with ImagelJ 1.53 (Shneider & al. 2012) and the Particles8 plu-
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Table 1. Variables of the Hydropriming treatment

Conditions (unit) Value
o]
Priming Time 24
(hours) 48
72
96

40°C constant
75°C, then left to cool to 25°C

Temperature (°C)

gin (Landini 2008). The image capture and analysis were based on the methodology
detailed by Vale & al. (2020), with Hue, Saturation, and Brightness threshold value adju-
sted for the chosen blue background and seed color to increase contrast and therefore
image segmentation accuracy. The settings used are described in the ImageJ macro,
detailed in the Electronic Supplementary Material 1 (ESF1).

Data Analysis

Automatic classification of the seeds was carried out using k-means cluster analysis to
identify 2 groups (Swollen and Not swollen, see Fig. 2). Explanatory variables were inte-
grated into a PCA plot. Data analysis, including Kendall’s t correlation, was carried out
using Past 4.07 (Hammer 2001).

Results

Field observations of specimens during seed collection match the description of
Coronilla valentina subsp. glauca according to Pignatti (1982). This is the first recorded
morphocolorimetric characterisation for seeds of this subspecies. A summary of the main
morphocolorimetric variables is given in Table 2.

Germination dynamics of the replicates subjected to different treatments indicate a clear
influence of timing and temperature parameters on germination success. Exposure to a
constant 40°C decreased germination success over time, while the 75°C to 25°C treatment
show an optimum reached at 72h hydropriming (Fig. 3).
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Fig. 1. Example of image segmentation using ImagelJ: Original (1) Brightness (2) Hue (3) Mask (4).
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nin 1
Fig. 2. Seed imbibition characterisation Not Swollen (A)

and Swollen (B)

Table 2. Selection of morphocolorimetric variables extracted from N=500 seeds of Coronilla
valentina subsp. glauca.

Variables Measures Shape index Colorimetrics parameters |
Perim Area Feret | Breadth] Cire RuundnessComEaclness Solidity Concavity Convelitz ShnEe RedAveragd GreenAverageg BlueAvera,
unit mm mm?2 mm mm N/A N/A N/A N/A N/A N/A N/A None None None
Min 7.28 2.87 2.55 1.16 0.42 0.37 0.61 0.93 160.50 0.74 16.24 41.63 28.76 45.15
Max 11.12 5.47 3.75 2,06 0.77 0.70 0.84 0.99 | 807.00 | 095 30,20 93.89 52,82 69.64
Mean 8.87 4.00 3.27 1.57 0.65 0.49 0.70 0.98 | 321.25 0.90 19.34 55.60 37.19 57.39
Stand. dev] 0.56 0.44 0.20 0.13 0.05 0.05 0.03 0.01 83.31 0.03 1.78 7.92 2.50 4.04

Control m40°C m 75°Cto 25°C

e 1 . ‘ ‘ j
24h 48h 72h 96h

Control

— N w = wi
Oo Oa o o o
X X R R W

Seed germination (%)

Treatment time interval

Fig. 3. Germination success according to variation in hydropriming pre-treatments conditions.
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A Kendall’s 1 correlation was performed and show concordance between the count
of swollen seeds obtained by a human observer and computer classification, r(t) =
969, p <.0001. Furthermore, the PCA plot displays a clear dichotomy of the 2 groups
(swollen and non-swollen seeds) classified by the k-means clustering process. A
Kendall’s t correlation shows a negative correlation between the count of swollen
seeds and germinated seeds, at the end of the treatments. (r(34) = -.347, p < .05). The
2 first Principal Components of the analysis (PC1 and PC2) are plotted in Fig. 4 and
account for 95.34 % and 4.11 % of the variability observed, respectively. The 3 most
important loadings of PC1 are solely colorimetric indexes based on pixel value inte-
grated density (RedIntDen, 0.82043; GreenlntDen, 0.50214; BluelntDen, 0.27337)
while the most important morphometric only parameter is the number of pixels form-
ing the endocarp image (Pixels, 0.004012).

Discussion

Seed swelling characterisation using morphocolorimetric parameters is found to be a
reliable and time-efficient method to measure seed imbibition, yet cannot be used as a pre-
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Fig. 4. PCA plot of the morphocolorimetric variations between swollen and non-swollen seeds, based
on within-group variance-covariance matrix, with 95% ellipses.
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dictor of seed germination success. The timing and temperature of the hydropriming treat-
ment are found to influence the germination rate of C. valentina subsp. glauca, with the
optimum hydropriming treatment, was found to occur within a 72h period following the
75°C to 25°C temperature treatment. This is the highest final germinate rate published to
date for this subspecies, considering the results from Escudero & al. (1997).

The results presented in Fig. 3 show that appropriate temperature and timing help pre-
vent over imbibition of the seed and ensure a higher germination rate. As expected due to
imbibition, increased treatment time in both treatment conditions (40°C and gradual
decrease from 75°C to 25°C ) leads to an increased count of over-swollen seeds showing
a decrease in germination success. Morphocolorimetric analysis of the seeds before treat-
ment provides further characterisation of C. valentina subsp. glauca in the Maltese Islands
and the methodology used for the Image analysis can be used in further studies of other
species, including most of the Fabaceae (Lo Bianco & al. 2015; Vale & al. 2020). The
results of the morphocolorimetric classification indicate that hydropriming treatment prin-
cipally influences the color and the surface area of the endocarp while maintaining a con-
sistent shape and external structure. All the seedlings produced were used for reintroduc-
tion into selected areas of disturbed Natura 2000 habitats in the Maltese Islands as part of
the SiMaSeed habitat restoration project.

Acknowledgement

Thanks are due to Ms Léonie Falgous, Ms Inés Basire and Mr Sacha Heraud for their assistance in
data collection as part of their internship at the Seedbank of the Department of Biology, University
of Malta.

This work was supported by the SiMaSeed Project “Protecting biodiversity in Sicily-Malta Natura
2000 sites through Seed Banks and population reinforcement.” Programme INTERREG V-A Italia-
Malta 2014-2020. Priority Axis III, Specific Objective 3.1, Project code C1-3.1-16.

References

Bianco, M. L., Grillo, O., Cremonini, R., Sarigu, M., & Venora, V. 2015: Characterisation of Italian
bean landraces (‘Phaseolus vulgaris’ L.) using seed image analysis and texture descriptors. —
Australian J. Crop Sci. 9(11): 1022-1034

Brullo, S., Brullo, C., Cambria, S. & del Galdo, G. G. 2020: The vegetation of the Maltese Islands.
— Springer.

Canals Ventin, P., & Lazaro, M. 2019: Towards nature-based solutions in the Mediterranean. — Gland.

Escudero, A., Carnes, L. F., & Pérez-Garcia, F. 1997: Seed germination of gypsophytes and gypso-
vags in semi-arid central Spain. — J. Arid Environ. 36(3): 487-497.
https://doi.org/10.1006/jare.1996.0215

Hammer, ., Harper, D. A., & Ryan, P. D. 2001: PAST: Paleontological statistics software package
for education and data analysis. — Palaeontologia electronica 4(1): 1-9.

Lambers, H., Chapin, F. S., & Pons, T. L. 2008: Plant physiological ecology, 2. — New York.

Landini, G. 2008: Advanced shape analysis with ImageJ. — Pp. 6-7 in: Proceedings of the Second
ImageJ user and developer Conference. — Luxembourg.

Pignatti, S. 1982: Flora d’Italia, 1. —Bologna

Sarfraz, M., Hussain, S., [jaz, M., Nawaz, A., Yasir, T. A., Sher, A., Wasaya, A. & Ahmad, S. 2019:
Abiotic stress tolerance in plants by priming and pretreatments with phytohormones. — Pp.



Flora Mediterranea 32 — 2022 393

447-457 in Hasanuzzaman, M. & Fotopoulos, V. (eds), Priming and Pretreatment of Seeds and
Seedlings. — Singapore. https://doi.org/10.1007/978-981-13-8625-1 22

Schneider, C. A., Rasband, W. S. & Eliceiri, K. W. 2012: NIH Image to Imagel: 25 years of image
analysis. — Nat. Methods 9(7): 671-675. https://doi.org/10.1038/nmeth.2089

Singh, H., Jassal, R. K., Kang, J. S., Sandhu, S. S., Kang, H. & Grewal, K. 2015: Seed priming tech-
niques in  field crops-A  review. —  Agric. Rev. 36(4): 251-264.
https://doi.org/10.18805/ag.v36i4.6662

Vale, A. M. P. G., Ucchesu, M., Di Ruberto, C., Loddo, A., Soares, J. M. & Bacchetta, G. 2020: A
new automatic approach to seed image analysis: From acquisition to segmentation. — arXiv
preprint:2012.06414.

Addresses of the authors:

Arthur Lamoliere'- 2, Marco Iannaccone' 2 & Joseph A. Buhagiar!: 2,

'Department  of  Biology, University of Malta, Malta. E-mail:
arthur.lamoliere@um.edu.mt

2SiMaSeed, Interreg Italia-Malta, University of Malta, Malta.







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


