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Introduction 
The alkali-trap method (absorption of CO2 in 
NaOH solution and titration of the remaining 
NaOH with HCl) is frequently used to 
estimate soil CO2 emissions (Carter and 
Gregorich, 2008). With alkaline soils, 
however, it might be possible to 
underestimate soil CO2 emissions due to 
slight dissolution of ammonia into NaOH 
solution and production of extra OH- ions. 
So the main goals of this study were: 

  To investigate the dynamics of C and N 
emissions from soils under different land 
uses and climatic conditions with pH 
values from 7.5 to 8. 

  To examine the effects of ammonia on 
the results of alkali-trap method.  

Materials and Methods  
Nine different long-term land uses 
(coniferous or deciduous trees, farmland 
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and rangeland) in three different climatic 
regions (arid, semi-arid and humid) from 
Northern-Central Iran were selected. Top 
soil samples were incubated for 8 months at 
25°C with and without maize litter addition. 
CO2 emission rates were measured during 
1, 3, 5, and 7 days after the beginning of the 
experiment and afterwards weekly by alkali-
trap method. Measurement of carbon and 
nitrogen in the oven-dried aliquots of alkali 
solutions by an elemental analyzer (LECO 
TruSpec) after addition of 0.5 M SrCl2 were 
performed for selected dates. Cumulative 
CO2 effluxes obtained by titration were 
adjusted to the level of elemental analyzer 
results using linear regressions for both 
treatments.  

Results and Discussion  
The amount of carbon measured by titration 
was inversely related to the amount of 
nitrogen measured by elemental analyzer 
(see example in Fig. 1) which caused an 
underestimation of CO2 emission (up to 
more than 40%) by the titration method. Due 
to the absorption of gaseous N species 
(probably NH3), additional OH- ions had 
build up in the NaOH solution and this 
biased the titration results. 

 

 
Fig. 1: Inverse relationship between CO2-C and 
nitrogen measured by titration and elemental 
analyzer, respectively for arid range land in without 
maize treatment. (∆) CO2-C, (♦) NH3-N.  

 

The maximum CO2 efflux occurred at the 
third day by the titration method which was 
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higher in the maize treatment. But by carbon 
analyzer, another peak of high CO2 emission 
also exists (only in the maize treatment) 
which occurred some days after the first 
(see example in Fig. 2). After the second 
peak there is no difference between the two 
treatments and the amounts of CO2 
emission are the same and at steady state 
which is completely different to the titration 
results with lots of irregularities in both 
treatments (data not shown). The first peak 
which is visible in both of our treatments can 
be related to the fast growing organisms (r 
strategists) (Fontaine et al., 2003). The 
second peak, however, may be formed by 
slowly growing organisms (K strategists) 
which normally use organic carbon formed 
by r strategists or their dead bodies. 

 

 
Fig. 2: Soil CO2 emissions measured by elemental 
analyzer for Haloxylon aphyllum in arid region. (●) 
maize treatment, (□) without maize treatment. 

 

According to the adjusted titration results 
(Fig. 3), CO2 effluxes differed among land 
uses before and after addition of maize litter 
to the soil (Fig. 4). Deciduous species 
followed by arid range lands showed the 
lowest, Pinus eldarica and deforested land 
the intermediate, and farm land and Picea 
abies, the highest increase of CO2 
emissions in comparison to the treatment 
without litter addition. Coniferous species 
showed the highest absolute amount of 
cumulative CO2-C in both treatments 
compared to the other land uses. The 
quantity and quality of soil organic matter 

may be responsible for such differences. 
Soils with higher soil organic carbon 
produce more CO2 and vice versa (Accoe et 
al., 2003). Humic substances which are 
resistant to microbial degradation in one 
climatic condition may be less stable in the 
other temperature and moisture regimes and 
vice versa. Different soil properties, 
especially clay content, and also microbial 
composition and population among land 
uses can influence soil organic matter 
quality and decomposition processes. 

 

 
Fig. 3: The relationship between the amounts of CO2-
C measured by titration and carbon measured by 
elemental analyzer for without maize (□) and with 
maize treatment (●) 

Conclusions 
The accuracy of the alkali-trap method to 
measure soil CO2 efflux was affected by 
emission of N-rich gases (probably NH3) and 
their absorption in NaOH solution. For soils 
with pH > 7, the elemental analyzer method 
should be preferred towards titration. 
Calibration of titration results with a selection 
of elemental analyzer results could be a 
good alternative as shown for nine Iranian 
soils and land uses of different climatic 
regions. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4: Cumulatively emitted CO2-C (n = 3) obtained 
by titration, but adjusted by elemental analyzer, in: (a) 
and (b), arid; (c) and (d), semi-arid; and (e) and (f), 
humid region (Bold symbols are estimated data for 
day 168 as mean of three dates before and after the 
mentioned time).  

 

References 
Accoe, F., Boeckx, P., Van Cleemput, O., 
Hofman, G., 2003. Relationship between soil 
organic C degradability and the evolution of 
the δ13C signature in profiles under 
permanent grassland. Rapid 
Communications in Mass Spectrometry 17, 
2591-2596. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Carter, M.R., Gregorich, E.G., 2008. Soil 
sampling and methods of analysis, 2 ed. 
CRC Press Taylor & Francis Group, p. 1224 

Fontaine, S., Mariotti, A., Abbadie, L., 2003. 
The priming effect of organic matter: a 
question of microbial competition? Soil 
Biology & Biochemistry 35, 837-843. 


	Introduction
	Materials and Methods 
	Results and Discussion 
	Conclusions
	References


<<
  /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


