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Abstract 
A glycophyte species and three different halophytes species were examined for colonization and growth 
response to arbuscular mycorrhizal (AM) fungi under non-saline soil conditions. Roots of Trifolium 
alexanderium as a glycophyte and AM responsive plant highly colonized (more than 85%) and plant growth 
increased significantly by inoculation with AM fungi. A low level of AM colonization (less than 5%) was 
found in the roots of Haloxylon persicum, Seidlitzia rosmarinus and Salsola sp as halophytes. Despite low 
level colonization, AM fungi inoculation increased plant growth of two halophytes species (Haloxylon 
persicum and Seidlitzia rosmarinus). The present study demonstrates that although roots of halophytes have 
intrinsically low symbiosis with AM fungi, but, even at low level of AM colonization, they show positive 
growth response to AM fungi inoculation in non-saline soil conditions. 
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Introduction 
Among the soil microorganisms, arbuscular mycorrhizal (AM) fungi are ubiquitous and are the most 
widespread mutualistic symbiosis on earth. Mycorrhizal fungi form a mutually beneficial symbiosis with 
most terrestrial plants and occur in the soil of most ecosystems (Smith and Read 2008). They play an 
important role in nutrient cycling and benefit plants in terms of their growth and soil structure development. 
Arbuscular mycorrhizal fungi occur in many stressful environments. Although relatively large populations of 
AM fungi spores have been found in saline conditions (Aliasgharzadeh et al. 2001; Sengupta and Chaudhuri 
1990; Wang et al. 2004), increased salinity decreases AM spore population, root colonization and hyphal 
extension (Juniper and Abbott 2006; Peat and Fitter 1993).  Different levels of AM colonization in 
halophytes have been reported in many field studies in different locations with different soil salinity levels 
(Asghari et al. 2008). Salinity could reduce AM colonization by directly reducing hyphal growth and/or 
decreasing plant growth (less carbohydrate). But the most important reason of low levels of AM colonization 
in halophytes is the detrimental effect of salinity on hyphal growth. A recent report indicates that the most 
important effect of salinity on AM fungi is related to its detrimental effect on spore germination and hyphal 
production (Juniper and Abbott 2006). It is not clear if reduced soil salinity may develop mycorrhizal 
benefits in halophytes. The objective of this study was to evaluate AM colonization of halophytes and 
mycorrhizal response of halophytes to plant growth under non-saline conditions.  
 
Material and methods 
An experiment was carried out to investigate the effects of AM fungi on plant growth under non saline soil 
conditions in four different plant species. Plants were Trifolium alexanderium as a mycorrhizal responsive 
species, Haloxylon persicum, Seidlitzia rosmarinus and Salsola sp as halophytes and non mycorrhizal 
responsive species. Plants were grown in a soil with low level of salinity (0.4 dS/m) under green house 
conditions for 12 weeks. The soil was autoclaved (110 ˚C, 1 h, twice at 48 h intervals) to remove indigenous 
AM fungal propagules. Pots (2 kg) were inoculated with Glomus intraradices Schenk and Smith (DAOM 
181602) or not inoculated. Pots containing sterilized soil received a filtrate from 5 g of original non-sterile 
soil, to reintroduce a soil microflora (without AM fungi). Long Ashton nutrient solution without P was added 
(10 mL per pot) to the pots once per week for 8 weeks. The experiment had a randomized complete block 
design with 2 treatments (AM inoculated and non AM inoculated). There were six replicates per treatment. 
Data were analyzed by T-Test. 
 
Results 
Roots of Trifolium alexanderium plants were highly colonized by AM fungi (more than %85), but less than 
%5 colonization were found in halophytes. Mycorrhizal inoculation significantly increased shoot dry weight 
of Trifolium alexanderium. Despite low level of AM colonization, Haloxylon persicum and Seidlitzia 
rosmarinus shoot dry weights were increased by AM fungi inoculation (Figure 1)  
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Figure 1. Shoot dry weight of AM fungi inoculated (M) and non-inoculated (NM) Trifolium alexanderium, 
Salsola sp, Haloxylon persicum and Seidlitzia rosmarinus after 12 weeks.   Vertical bars represent standard error 
of the means, n =6. 
 
Conclusion 
The detrimental effects of soil salinity on spore germination and hyphlal growth of AM fungi have been 
identified in past studies as being the most important reason for the absence of AM fungi colonization in 
halophytes. In contrast to this, we found that reducing soil salinity did not improve AM colonization in 
halophytes. Thus, it is likely that other factors such as environmental factors, phenology of host plant 
(Wilson and Hartnett 1998) and other soil properties (Caroline and Bagyaraj 1995; Mamatha et al. 2002) 
may affect colonization by AM fungi in halophytes. Despite of low level of AM colonization, halophytes 
show a positive growth response to AM inoculation in non-saline soil conditions.  More work to determine 
factors that promote AM colonization in halophytes is required. 
 
References 
Aliasgharzadeh N, Rastin NS, Towfighi H, Alizadeh A (2001) Occurrence of arbuscular mycorrhizal fungi in 

saline soils of the Tabriz Plain of Iran in relation to some physical and chemical properties of soil. 
Mycorrhiza 11, 19–122. 

Asghari HR, Amerian M, Gorbani H (2008) Soil salinity affects arbuscular mycorrhizal colonization of 
halophytes. Pakistan Journal of Biological Science 11, 1909-1915. 

Caroline M, Bagyaraj D J (1995) Mycorrhization helper bacteria and their influence on growth of cowpea. In 
‘Mycorrhiza.: Biofertilizers for the Future’. (Eds A Adholeya, S Singh) pp. 192–196. (TERI: New Delhi). 

Juniper S, Abbott LK (2006) Soil salinity delays germination and limits growth of hyphae from propagules 
of arbuscular mycorrhizal fungi. Mycorrhiza 16, 371-379. 

Mamatha G, Bagyaraj DJ, Jaganath S (2002) Inoculation of field-established mulberry and papaya with 
arbuscular mycorrhizal fungi and a mycorrhiza helper bacterium. Mycorrhiza 12, 313–316. 

Peat HJ, Fitter AH (1993) The distribution of arbuscular mycorrhizas in British flora. New Phytologist 125, 
845-854. 

Sengupta A, Chaudhuri S (1990) Vesicular arbuscular mycorrhiza (VAM) in pioneer salt marsh plants of the 
Ganges river delta in West Bengal (India). Plant and Soil 122, 111–113. 

Smith SE, Read DJ (2008) ‘Mycorrhizal symbiosis’, 3rd edition. (Academic Press: London, UK). 
Wang FY, Liu RJ, Lin XG, Zhou JM (2004) Arbuscular mycorrhizal status of wild plants in saline-alkaline 

soils of the Yellow River Delta. Mycorrhiza 14, 133-137. 
Wilson GWT, Hartnett DC (1998) Interspecific variation in plant responses to mycorrhizal colonization in 

tallgrass prairie. American Journal of Botany 85, 1732–1738. 



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


