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INTRODUCTION

Portulaca oleracea Linn commonly known as purslane, 
belonging to family Portulacaceae is an annual herb with 
succulent stem and leaves. It may grow erect or prostrate. 
It is 8th common plant on earth (Liu et al., 2000) that 
grows in cultivated fields, gardens, and waste places. It 
has long history of its use as human food, animal feed, and 
medicinal purpose. Purslane is identified as an excellent 
source of omega-3 fatty acids among the leafy vegetables. 
leafy vegetable (Simopoulos, 2004).

P. oleracea is a common weed, which can complete its life 
cycle within 2-4 months in both tropical and temperate 
regions (Singh, 1973). It was noticed that a single plant 
can produce as many as 10,000 seeds (Chauhan and 
Johnson, 2009). Seed germination of purslane was initially 
studied by Singh (1973) and then by Chauhan and Johnson 
(2009). Both studies found that seed germination of this 
plant is influenced by light and dark conditions along with 
temperature and depth of soil. However, seed germination 
of this plant under different light regimes is not studied. 
Hence, the main aim of the present experiment was to 
study the effect of NaCl and Na

2
SO

4
 salinity and light 

conditions on seed germination of purslane. This work 
might be helpful for agricultural practices dealing with 
the problem of this weed.

MATERIALS AND METHODS

Seeds of P. oleracea Linn. were collected from the 
campus of Shivaji University, Kolhapur. These were 
germinated in glass petriplates. 25 healthy seeds for 
each treatment were surface sterilized (0.1% HgCl

2
) 

for 5 min., washed with distilled water and kept on 
blotting paper moistened with 10 ml of distilled water as 
control. To study the effect of NaCl and Na

2
SO

4
 salinity 

on seed germination, blotting papers were moistened 
with 10 ml of different concentrations (25, 50, 100 
and 200 mM) of salts separately. The continuous dark 
and continuous light conditions were maintained by 
putting Petri plates in dark and light chambers.  The 
room temperature during this study was 28±2°C. Seed 
germination percentage after 7 days of soaking was 
calculated by formula:

Seed germination %=Number of seeds germinated/total 
number of seeds (25)×100.
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RESULTS

Effect of NaCl and Na2SO4 Salinity and Light 
Conditions on Seed Germination Percentage of 
P. oleracea

Seed germination of P. oleracea in continuous dark and 
continuous light conditions and under NaCl and Na

2
SO

4
 

salinities is recorded in Table 1 and depicted in Figure 1. 

It is clear from the data that both salinity treatments have 
negative effect on seed germination under both dark and 
light conditions. It was noticed that the percent seed 
germination under control conditions was significantly 
higher under light condition than that under dark condition. 
It was decreased with increasing levels of NaCl salinity 
under dark condition. It was noticed that at the lower 
levels of NaCl salinity (25 and 50 mM) and the under dark 
condition, germination was more affected than that under 
light condition. However, under NaCl salinity + light 
condition, it was significantly declined under 100 and 
200 mM NaCl treatments. It was also noticed that seed 
germination was more affected under higher levels of NaCl 
under light condition than that under dark condition. The 
concentration of 100 and 200 mM NaCl under both dark 
and light conditions were found to be toxic.

Germination of P. oleracea under 100 and 200 mM Na
2
SO

4
 

salinity was decreased significantly under dark than that 
under light condition. It was noticed that at lower levels of 
Na

2
SO

4
 salinity (25 and 50 mM) and under dark condition, 

it was less affected than that under light condition. From 
these observations, it appears that there was differential 
response of seed germination toward NaCl and Na

2
SO

4
 

salinities under both dark and light conditions. Seed 
germination was more affected under NaCl + light and 
Na

2
SO

4
 + dark combinations. It was also noticed that light 

favors seed germination of P. oleracea without any treatment.

DISCUSSION

Soil salinity is an important factor limiting growth and 
development of plants. Life of plant starts with seed 
germination by absorbing water from surrounding 
media. Seed germination, seedling emergence, and early 
endurance are sensitive to substrate salinity (Houle et al., 
2000) because high salinity decreases substrate water 
potential and lead to restriction of water and nutrient 
uptake (Pessarakli, 2010). Furthermore, high salinity 
also causes ionic imbalance and toxicity in plants (Azooz 
and Ahmad, 2015). There are several reports which 
have recorded that the salinity affects seed germination 
of different plants. Furthermore, temperature and 
light conditions are also important factors during seed 
germination. Khan et al. (2000) noticed that Salicornia 
rubra Nels., one of the most salt tolerant species, exposed 
to increasing levels of NaCl salinity (200-1000 mM) 
and temperature regime of 25°C night and 35°C day 
showed higher seed germination. Seed germination 
studies of a halophytic grass, Aeluropus lagopoides under 
various levels of NaCl salinity and temperature regimes 
revealed that at low temperature (10/20°C) and high 

Table 1: Effect of NaCl and Na2SO4 salinities on seed 
germination percentage of Portulaca oleracea under continuous 
dark and continuous light conditions. Results are after 7 days 
of wetting at 28°C±2°C temperature
Treatments Germination %

Continuous dark Continuous light

NaCl (mM)
0 (Control) 57.66±2.08a 71.00±2.64a

25 41.67±3.51b (−27.74) 62.33±2.51b (−12.20)
50 35.00±2.64c (−39.30) 55.32±3.21c (−22.06)
100 30.34±2.52d (−47.39) 27.00±2.64d (−61.97)
200 9.00±0.57e (−84.39) 3.00±1.00e (−95.77)
Na2SO4 (mM)
0 (Control) 63.67±1.52a 83.33±3.05a

25 63.32±1.15a (−0.52) 72.65±2.08b (−12.80)
50 57.66±2.51b (−9.42) 66.00±2.00c (−20.80)
100 31.65±1.52c (−50.26) 53.33±3.05d (−36.00)
200 1.66±0.57d (−97.38) 6.67±1.52e (−92.00)

Values in parenthesis indicate percent increase (+) or decrease (−) 
over the control. Values in a column followed by the same letter are 
not significantly different at the 0.05 level, as determined by Duncan’s 
multiple range test. Each value is the mean of three replications of three 
different batches. Mean±standard deviation

Figure 1: Effect of NaCl and Na2SO4 salinities on seed germination 
percentage of Portulaca oleracea under continuous dark and 
continuous light conditions. Results are after 7 days of wetting at 
28°C±2°C temperature
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salinity (300 mM) no germination was noticed (Gulzar 
and Khan, 2001). However, at 20/30°C temperature and 
lower salinity levels, the seed germination percentage was 
significantly increased. Huang et al. (2003) noticed that 
seed germination of Haloxylon ammodendron was the highest 
at 10°C temperature, lower levels of salinity and under 
dark conditions. Zia and Khan (2004) studied the effect 
of light, salinity and temperature on seed germination of 
Limonium stocksii. They noticed that the highest percentage 
of seed germination (about 100%) at 0, 100, and 200 mM 
NaCl at 20:30°C and further increase in salinity resulted 
in decreased seed germination percentage. They found 
that seed germination of Limonium stocksii was lowered 
in the dark in comparison to that in a 12-h photoperiod 
under saline conditions. Oh et al. (2006) found that seed 
germination of Arabidopsis was promoted by light by 
degradation of PIL5 protein (a phytochrome-interacting 
bHLH protein) leading to increased gibberellin (GA) 
biosynthesis and decreased GA degradation. From this 
discussion, it was found that light is an important factor 
during seed germination.

Effect of temperature and light on seed germination of 
two ecotypes of P. oleracea with obovate leaf and narrowly 
obovate leaf was studied by Singh (1973). He noticed 
that 1-year-old seeds showed significant temperature-
dependent dark germination and complete germination 
with a single light exposure at a high temperature. They 
found that seeds of the narrowly obovate leaf ecotype were 
more sensitive to light than those of obovate leaf ecotype. 
Experimental work of Chauhan and Johnson (2009) on 
seed germination and seedling emergence of P. oleracea 
under the influence of environmental factors revealed that 
germination in the dark was low and was not influenced 
by the temperatures (35/25°C, 30/20°C and 25/15°C 
alternating day/night temperatures). They further noticed 
that in the light/dark regime, germination was lower at 
25/15°C and 35/25°C than that at 30/20°C (70%, 75% 
and 81% germination, respectively). In conditions of 106 
mM sodium chloride or −0.34 MPa osmotic potential, 
seeds germinated to only 50% of maximum germination 
of the control. Seed germination in P. oleracea was the 
greatest for seeds placed on the soil surface, but emergence 
was declined with increasing seed burial depth in soil; no 
seedlings emerged from the depth of 2 cm. From these 
observations, they postulated that light and temperature 
are important environmental factors responsible for 
widespread of weed P. oleracea in the humid tropics.

The results obtained during this experimental work are in 
agreement with the findings of Rahdari et al. (2012). They 
studied the effect of NaCl salinity on seed germination of 

P. oleracea and found that it was decreased with increasing 
level of NaCl concentration. According to them, low 
osmotic potential and high ionic toxicity imposed due 
to salinity stress caused reduction in seed germination 
of P. oleracea. It was noticed that seed germination was 
influenced by environmental conditions. It was the 
highest in continuous light conditions without any salinity 
treatment, indicated that light might be an important 
factor for seed germination of this plant. There might be 
degradation of PIL5 protein (a phytochrome-interacting 
bHLH protein) leading to increased GA biosynthesis and 
decreased GA degradation by light (Oh et al., 2006) which 
promotes seed germination in P. oleracea. This characteristic 
feature may contribute toward weediness of P. oleracea.

CONCLUSION

The studies on the effect of NaCl and Na
2
SO

4 
salinity 

on seed germination under continuous dark and light 
conditions suggested that seed germination of P. oleracea 
was more affected under NaCl + light and Na

2
SO

4
 + dark 

combinations. The differential response of purslane’s seed 
germination under NaCl and Na

2
SO

4
 salinity and light 

conditions suggests weediness of this plant under adverse 
environmental conditions. This work might be helpful 
for agricultural practices dealing with the problem of 
this weed.

CONFLICT OF INTERESTS

The authors have not any conflict of interests.

ACKNOWLEDGMENTS

The first author is thankful to Department of Botany, 
Shivaji University, Kolhapur, for providing necessary 
laboratory facilities during this work.

REFERENCES

Azooz  MM, Ahmad P, editors. Legumes Under Environmental 
Stress: Yield, Improvement and Adaptations. Chichester, 
UK: John Wiley & Sons, Ltd.; 2015.

Chauhan BS, Johnson DE. Seed germination ecology of Portulaca 
oleracea L: An important weed of rice and upland crops. 
Ann Appl Biol 2009;155:61-9.

Gulzar S, Khan MA. Seed germination of a halophytic grass 
Aeluropus lagopoides. Ann Bot 2001;87:319-24.

Houle G, Morel L, Reynolds C, Siegel J. The effect of salinity on 
different developmental stages of an endemic annual plant, 
Aster laurentianus (Asteraceae). Am J Bot 2001;88(1):62-7.

Huang ZY, Zhang XS, Zheng GH, Gutterman Y. Influence of 
light, temperature, salinity and storage on seed germination 



Naik and Karadge: Effect of NaCl and Na2SO4 Portulaca oleracea

4 Journal of Plant Stress Physiology ● Vol 3 ●  2017

of Haloxylon ammodendron. J Arid Environ 2003;55:453-64.
Khan MA, Gul B, Weber DJ. Germination responses of 

Salicornia rubra to temperature and salinity. J Arid Environ 
2000;45:207-14.

Liu L, Howe P, Zhou YF, Xu ZQ, Hocart C, Zhan R. Fatty acids 
and beta-carotene in Australian purslane (Portulaca oleracea) 
varieties. J Chromatogr A 2000;893:207-13.

Oh E, Yamaguchi S, Kamiya Y, Bae G, Chung WI, Choi G. Light 
activates the degradation of PIL5 protein to promote seed 
germination through gibberellin in Arabidopsis. Plant J 
2006;47:124-39.

Pessarakli M, editor. Handbook of Plant and Crop Stress. 3rd ed. 

USA: CRC Press; 2010.
Rahdari P, Tavakoli S, Hosseini SM. Studying of salinity stress 

effect on germination, proline, sugar, protein, lipid and 
chlorophyll content in purslane (Portulaca oleracea L.) 
Leaves. J Stress Physiol Biochem 2012;8:182-93.

Simopoulos AP. Omega-3 fatty acids and antioxidants in edible 
wild plants. Biol Res 2004;37:263-77.

Singh KP. Effect of temperature and light on seed germination 
of two ecotypes of Portulaca oleracea L. New Phytol 
1973;72:289-95.

Zia S, Khan MA. Effect of light, salinity, and temperature on seed 
germination of Limonium stocksii. Can J Bot 2004;82:151-7.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 true
  /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 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


