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1.1ntroduction

Forestisoneoftheimportantinte血cebetweentheatmosphereandthelandbiosphere,where
atmosphericCO2isexchangedthroughphotosynthesisandresplrationprocesses.Atpresent,itis
consideredthatamountsofproducedandabsorbedCO2bylandbiosphere,includingforest,are
estimatedtobealmostbalanced,orthelandbiosphereplayaroleofnetsinkofatmosphericCO2
(IPCC,2001).Thisbalanceshouldbedisturbedbyclimatechangesduetotheglobalwarming.
While,thelargevarietyandnon-uniformltyOftheglobalnaturemakelackofourknowledgeand

uncertaintyofpredictionsofthechangeinthebalance.Thisstudyaimsatquantitative
understandingofmechanismofcarboncyclerelatingtos̀oilresplration,'i.e.,CO2productionsby
respirationofliverootsanddecompositionoforganicmatterin/onsoil.Variationsineffluxand

radio-andstablecarbonisotopICcompositionsofC02emittedfromthegroundsurfacehavebeen
measuredinamountainforestinJapan.Theresultswasanalyzedbyuslngdifferentdepthpro丘Ies
ofcarbonisotopICratiosforC02sourcesinforestsoil.

2.Methods

2.1Locationandperiodoftheobservation

TheobservationsiteislocatedinaJapaneselarch(Larixleptolepis)forestinInabu,Toyotacity,
AichiPref.ofJapan(30012'N,137024'E),ShowninFig.I,whereis60kmdistantfromNagoya.It
isinamountaincoveredwithtemperate
deciduousforestsand cool-temperate
coniferousforests,anditselevationis
lOIOma.S.1.Thelarchtreesinthesite

areafforestedabout40yago,andstand
with2-3mintervals.Theirmeanheight

atthepolntOftheobservationwas23m.
Inwarm season,theforestfloorwas
coveredbyunderstoryplantswithc.a.1
mheight.Theobservationevery1month
wastakenplacefrom 2004to2006
exceptforsnowcoveredseasons･

2.2Measurements

EffluxesofCO2fromthegroundsurface
wereobtainedfromairsampleswithc.a.
10Lvolumecollectedfrom a144L

Fig.1Thelocationoftheobservationsite(lnabu).
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volumechamberwithitsbottomareaof1.5mx0.2m,whichwereclosedfor30minoverthe
groundsu血ceinthesite.Soilgassampleswiththeirvolumesof500cm3(in2004)or100cm3

(after2005)weredrawnbyanair-tightsyringethroughstainless-steelprobeswithaninner
diameterof6mm.Allairsampleswerestoredinaluminum-coatedplasticbagsandwerebrought
toourlaboratoryforsamplepreparationofisotopICanalysis.FluxdensitiesofCO2fromtheground

werealsomeasuredbysmallclosedchambers(1Lvolume)withinfraredCO2gasanalyzers
(LL820andLL840,Li-Cor,Lincoln,NE,USA)at5-10pointsinthesite.Ateachmeasuredpoint,a
palrOffluxesfromnormal,i.e.,not-disturbedgroundsurfaceandfromsurfaceofmineralsoil,i.e.,
wherethelitterlayeronitwasremoved,weremeasured.Thesetwosurfacescameclosewithina
distanceof20cm.Forbothof144Land1Lvolumechambers,theirbasementshadbeensetonthe

groundoftheirmeasurlngpOlntSmorethan1monthpnortothemeasurementandsampling.

Soilsamples(0-10cmdepth)andcoreswitha5cmdiameter(10-30cmdepth)Werecollectedto

measuredepthproBlesofthecarbonisotopICratiosoforganiccarboninsoilandphysicalproperties
(Liuetal.,2006).Inthispaper,asoildepthsisexpressedbydistancefromthesurfaceofmineral
soil,i.e.,fromthelevelwherethesurfacelitterlayerswereremoved.Soilorganicmatterwas
convertedintoCO2byfurnaceat8500Csuppliedbyarti丘cialair･

EachsampleCO2WasCryOgenicallyextractedwithavacuumglasslinefortheirradio-andstable
carbonisotopicratiomeasurementswithaNagoyaUniversityAMS(Tandetron-2,HVEE,the

Netherlands)(Nakamuraetal.,2004)andastableisotopicratiomassspectrometer,(FinniganMAT
252,ThermoFisherScientific,Waltham,MA,USA),respectively.

3.ResultsandDiscussions

3.1CO2Auxdensityandsoiltemperature

SteepIncreaseShowninFig･2ofCO2fluxesfrombothnormalandlitter-removedsurfaceswith
increaslngtemperatureinsurfacesoilwasobservedaround19oC.Itwouldbeattributedto
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Fig.2TherelationshipbetweenCO2fluxdensitiesfromtwotypesofthegroundsurfacesandsoil
temperatureatadepthof5cmobservedin2004and2005.Thesolidcirclesymbolsare
thosefromnormal(notdisturbed)surfaces,andtheopensquaresarethosefromthe
surfacesofmineralsoi日.e.,wherethelitterlayersonmineralsoilwereremoved.
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Figl3Thedepthprofilesofcontent,concentrations(a),stab)ecarbonjsotopicratios(b)and
radiocarbonisotopicratios(C)ofsoilorganiccarbon(solidsquares),CO2insoiJair(soil
circlesfor8Nov.2004andopencirc一esfor5Aug.2005),livingroots(opensquares)and
litter(solidtriangle).

activationofdecompositionoforganiccarboninthelitterlayerandsurfacesoil.Thissensitivityto
temperaturewouldresultinnon-uniformltyOfCO2月-uxfromforestfloorheatedbypatchysolar
radiationshadedbyleavesandbranchesofforestplants.Thenuxesfromnormalsurfaceswere
likelytobelargerthanthosefromlitter-removedsurfaces.Thisdiscrepancywouldbeconsidered
thecontributionofdecompositionofthelitterlayertoCO2effluxfromthegroundsurface.

3.2Depthpro丘lesofisotopicratiosofsoilorganiccarbonandsoilCO2

Forestsoilattheobservationsitecontainslitterlayer(surfaceorganiclayer)withc.a.7cm
thicknessfromthegroundsurfaceandmineralsoilunderit.Inthemineralsoil,microorganisms,
whichdecomposesoilorganicmatterasnutritivesubstances,andliverootsoftheplantsare
consideredtoproduceCO芝bytheirrespiration.AsshowninFig.3(a),thecontentofsoilorganic
carbondecreasedsteeplywithincreaseinthedepth,incontrast,CO2COnCentrationsincreased.

SeasonallyincreasedCO2COnCentrationsinÅug.2005wouldresultfromactivatedCO2production
bybothoforganicdecompositionandrootresplrationunderhighertemperatures.

AsshowninFig.3(b),the813Cofsoilorganiccarbonslightlyincreasedwithincreaseinthedepth,

incontrast,thatofliverootsdecrease.The813CofCO2insoilairwerelargerthanbothsoilorganic
carbonandroots.ThisprofilewouldbecausedbydifferenceindiffusioncoefGcientsof12CO2and
13CO2,i･e･,theirisotopicfractionation･Slower13CO2WOuldbelikelytoremainindeepersoil･This
resultsuggeststhatevaluationofcontributionsofCO2sourcesinsoiltoCO2effluxwith813C
valuesneedspreciseanalysisoftransportoftwoisotoplCgasesinsoil.

Soildepthpro別eofradiocarbonratioinsoilorganiccarbonillustratedinFig.3(C)decreasedwith
soildepth,andshowedaspikemaximumatadepthof0-4cmunderthebottomoftheorganic
layer.Thismaximumisattributedtoenriched14Cbynuclearweapontestlngln1950S-60S.The
rangeofvariationin814Cofsoilorganiccarbonwiththedepthweresignificantlylargerthanthatin
813C.Incontrast,theprofile814CofsoilCO2Wasnearlyconstantorratherincreaseslightlyin
deeperlayer.Itissuggestedthatethersoilorganiccarboninshallowlayer(includinglitter)orlive
rootindeeperlayer,orbothofthem,wouldresultinthis814Cpro丘leofsoilCO2,Sincetheyhave
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"modern-'814Cvalueswhicharelargerthan0%O.Largediscrepancyof814CvaluesamongCO2

sourcesinsoilcomparingtothatof813Camongthesourcessuggestsfeasibilityofestimationof
contributionsofCO2sourcesinsoiltoCO2effluxwith814Cvalues.

3.3ContributionofSoilCO2SourcestoC02Flux

ByadoptionofA14Cvalues,whichisnormalized814Cvaluesbythe813Cvaluescorrespondingto

thesamesubjectmaterialsto813C=-25%O,influenceofunknownisotopicfractionationinCO2
productionfromitssubstancesandCO2diffusionfromdeepsoiltosurfacecanbecanceled(Stuiver

andPolach,1977).ByusingthedifferenceinCO2fluxesmentionedaboveandthedifferencein
radiocarbonisotoplCratioofsubstancesusedforresplrationofliverootsandmicroorganisms,the

contributionratiosofthreeCO2sources,i.e.,thedecompositionoflitter(Rlitter),thatofsoilorganic
carbon(R.,g)bymicroorganismsandrespirationofliveroots(Rroot)tototalCO2effluxwere
estimatedbymassbalanceof12CO2and14CO2aSfollowlngequation:

A14Cres=RrootA14Croot+RorgA14Corg+RlitterA14Clitter,

whereA14C,esisofobservedforCO2efflux.TheothersubscrlPtSOfA14ccorrespondtothesameas

Rs,assumingRr.｡t+R.rg+Rliuer=1(nootherCO2sourcesandsinksexist).ThevaluesofRlitte,Were
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Fig.4ThecontributionsofthreeCO2SOurCeSinsoiltoCO2effluxfromthegroundsurface
estimatedbyuslngA14C ofCO2effluxandthreesources.Thevalueineachcolumnis
correspondingratioofthecontributiontothetotalfluxwithitserror(lo).
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calculatedfromthemeandifferenceoffluxesbetweenthe5-10palrSOfthenormalandlitter-
removedsurfacesmentionedinSection3.1.ThevaluesofA14CswereglVenfromobservations;
83･2%oforA14Croot(sampledin0-15cmdepth),85.1forA14Cliue,.Thevalueof131.2%ofor
A14CorgwasobtainedfromalaboratorymeasurementforCO2emittedfromsoilat10cmdepthand
15oC.

TheresultsoftheestimationisshowedinFig･4･Thecontributionofdecompositionofsoilorganic
carbonseemstodependonthevariationintemperature･Theairtemperaturevaried21･0,24･Oand
lO･OoCandthesoiltemperatureat5cmdepthvaried19.6,22.7and9.20Catthetimesofthe
observationon23Jun･2004,9Sep･2004and9Nov･2004,respectively･Thelivingrootsproduces
morethanhalfofCO2fluxinearlysummer,whileitscontributiondecreasesinsummer.This
suggeststhatCO2productionbyrootresplrationshowedcorrelationwithseasonalactivityoftrees'
growthratherthansoiltemperature.TheCO2fromtheorganiccarbonincreaseinsummer,when
thesoiltemperaturehasmaximum.Theli仕erhaslittlecontributionsinwinter,whensu血ce
temperaturebecomeslow.Theseareconsistentwithmeteorologicalseasonality.

3.4Diurnalvariationin814CofCO2e用.ux

Notonlyseasonalbutalsowideandcomplicatediurnalvariations,ShowninFig.5,wereobserved
for814CofCO2emittedformthegroundsurface.Theyseemtohavepositivecorrelationwith

temperatureinthesurfacesoil.EspeciallyinNovember,thelargestamplitudewasobserved,and
thehighest814Cvalueswereobservedindaytlme.Thiswouldbecausedbycharacteristicdepth
pro丘Ieof814Cofsoilorganicmatter,whichshowedamaximuminshallowsoilshowninFig.3(C),

andthatofsoiltemperature,whichtyplCallyhasthelargestamplitudeoftemporalvariationatthe
su血ce･Thetemporalvariationinsoiltemperatureisgenerallytransferedtodeeperlayerwithdelay
ofitsphaseanddecreaseofitsamplitude.IncasethatJustSurfacesoilbecomeshighertemperature
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Fig.5Theseasona一anddiurnalvariationin514CofCO2effluxfromthegroundsurface.Thesolid
circlesymbolsweremeasuredin2004andopensquareswerein2005.Thetimenotated
closetoeachsymbolinthefigureistimeofitsobservation(Localtime),andtheerrorbarof
eachsymbo一correspondst010..
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bysunlightbutdeepersoilremainscold,suchasindaytlmeinwinter,thecontributionofCO2
productionbysurfacesoilwiththehighest814Cwouldbethelargest･

Thewidediurnalvariationof814C ofeffluxofCO2meanSbothdifficultyofseasonal

representativenessoftheestimationmentionedinSection3.3andusefulnessforanalystsOfdetail
characteristicsofCO2productioninshallowsoil,atwhichsoilorganiccarbonisabundant･

4.Conclusion

TheobservationsinaJapaneseLarchforestinamountainofcentralJapanshowedsome
characteristicsaboutfluxandradiocarbonisotopICcompositionofCO2releasedfromtheforest
aoor.SteepIncreaseOfCO2fluxwithincreasingtemperatureWasObtainedaround19oC,andit
suggestthesensitivityofCO2productiontotemperatureofsu血cesoil･Thedepthpro丘leof14C
ratioinsoilorganiccarbondecreasedwithsoildepth.Itsspikemaximumwasobtainedatadepthof
0-4cmunderthebottomofthelitterlayer,attributedtonuclearweapontestlngin1950S-60S.

ByuslngA14CvaluesofsourcesubstancesofC02insoil,theseasonalcontributionsofsoilorganic
carbon,litterandlivingrootresplrationtoCO2effluxwereestimated.Thedecompositionof
organiccarbonincludinglittershowedtheircorrelationwithtemperature･While,theroot
respirationseemstobeco汀elatedwithplantactivltyratherthantemperature･

Thecomplicatediumalvariationsin814CofCO2e用uxwerealsofoundwiththeirrangesof20-70
%O,andtheyseemstoberelatedtothevariationindepthprofileofsoiltemperature･Itis
consideredthat14CisusefultoanalyzedetailmechanismofsoilresplrationratherthansimpleC02
fluxmeasurement,especiallyinshallowsoilwithrichorganiccarbon･
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