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Summary

In the globalcarboncycle,soil carbonmay play animportant role to control the balanceamongdifferent

reservoirsasthe climate issuesmay have beena big concernnowadays.In the smallerscalein the soill,

carbonaffectsmanyprocessese.g.physicschemistry,biology,and pedologythat constantlyoccurredin

the soils.Studyof soil carbondynamicsvasperformedto revealthe effect of cropmanagemenpractices,
i.e. crop types, annual crop rotations, in combination with different environmental conditions, i.e.

topography,hydrology,and climate condition, and to evaluatethe *“C concentrationand residencetime

of carbonin different organicmatter and soil mineral fractions of different tropical soil types (Andosol,
Alisol, Vertisol, RegosolCambisol Fluvisol).Totally 17 siteswere selectedunder both P and NP.Profile
observationswere made in eachsoil typesin 8 different sites, i.e. PBW,JasingaJSG)Plosolor (PL),
Randusong@Rds) Gerih(Grh),Pojok(Pjk),Danguk Dgk)and Bobol(Bbl),and samplesvere takenat small
intervaldepth,i.e.2 8 samplegper horizons with excludinghe top layers(0 20 cmdepth).ldentified plant

remainsat depthwascollectedfor carbondating. The'“CAMStogetherwith WCsignaturesvere usedas
natural tracer to study depth carbon dynamicstogether with routine soil analysisto understandthe

important soilprocesseshat occurredin specificarea. Thedepth distributionsof 14Cdemonstratea typical

decreasingoncentrationswith depthsexceptin PBWprofile. Similarto total organiccarbondistribution,

the lessgradient'“Cdepthin the PLprofilessuggests subsoilcarbonenrichmentmaybe existed.Profiles
of JISGhowthe mostregularityof **Cdepth distributionsasa resultof homogeneityprofile compositions.
ConverselyPBWprofilesshowthe mostirregularity of 14Cdepth distributionswhichis attributable to the

varietyin the parent material origins,and carboncontaminationfrom different atmosphericorigins.lIt is

suggestedhat field variability, i.e. profile layer compositions,play an important role in controllingthe

carbondistribution at depth. Theinconsistentvariation of *“Ccontentin different fractions (bulk, humic,

humin, clay)suggestedasthe resultsfrom both differencein the depth interval of samplesand efficiency
of extractantsin relation to the different the organomineralcomplexationmechanisnposedin different

soiltypes.Carbonenrichmentin the humin, suggestedisdueto acidalkalimsolublefine organicremains,
showedto happenin NP sites of both PLand JSGThe higher “C concentrationassociatedwith high

guantity of plantresiduesmplyanimportantrole of cropmanagementgcroptypes,annualcroprotations)

to the refreshmentof soil carbon.Clayfractionsregardlesdayerdepth do not alwaysassociatewith older

carbon. Clayfractions extracted from subsoilsshows consistentlyolder than from the top clays.The
radiocarbondatingof claysamplesmayshowthe associatiorwith humin, with slightvariety overdifferent

soil types. In this study, no clear trends were observedbetween soil sizefractions and “C content as
possiblythe result of the variety of carboncompositionsin relation to specificfractions. A model was
attemptedto explainthe depth distribution of total organiccarbon,and“Cwith transportparametersj.e.

diffusionD andconvectionv, varyamongdifferent soiltypesindicatinga different mechanismsesponsible
for the movement of subsoil carbon. However, the application of this model may be limited to

homogeneousoil columns.
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Zusammenfassung

In der Bilanzder unterschiedlicherReservoirales globalenKohlenstoffkreislaufkann Bodenkohlenstoff
eine wichtige Rollespielenund damit in den aktuell BesorgnierregendenKlimaprozessenAuf kleinerer
Skala, insbesondereim Boden, beeinflusst Kohlenstoff viele physische,chemische,biologische und
pedologischéP’rozessedie dort ablaufen.VorliegendeStudieuntersuchtdie DynamikdesKohlenstoffam
Boden,um die AuswirkungverschiedenerdandwirtschaftlicherAnbaumethoden(z.B. Pflanzentypund
Fruchtwechsel)im Zusammenhangmit unterschiedlichen Umweltbedingungenwie Topographie,
Hydrologie und Klima zu beschreiben.Ferner wird anhand des “CGehalts die Verweildauer des
Kohlenstoffs in organischen Substanzenund in (organodmineralischen Bodenfraktionen in sechs
verschiedenentropischen Bodentypen (Andosol, Alisol, Vertisol, Regosol, Cambisol, und Fluvisol)
untersucht.Insgesamivurden 17 Profile,je zur Halfte unter ReisanbaP)und ohne ReisanbayNP),an 8
Standorten fur die Untersuchungenausgewdhlt: Perbawati (PBW), Jasinga(JSG),Ploso Lor (PL),
Randusogn@¢Rds) Gerih(GrH),Pojok(Pjk),DangukDgk)und Bobol(Bbl).Mit AusnahmedesOberbodens
(je nachBodenetwa die obersten20 cm)wurdenin jedemBodenhorizondesUnterbodens? 8 Probenin
geringenAbstandenentnommen.ldentifizierbarePlanzenrestém Unterbodenwurden zur 1CDatierung
gesammelt. Der Uber Beschleunigermassenspektrometr{@&MS) bestimmte “CiGehalt und die @
Signaturwurden alsnattrlicherTracerbenutzt, um der Kohlenstoffdynamikm Unterbodennachzugehen
und, in Kombinationmit standardmafRigerBodenanalysengarausein besseresVerstandnissger lokal
wichtigen Bodenprozessezu gewinnen. Der **CGehalt des organischenBodenmaterialsnimmt mit
zunehmenderTiefe generellab, mit Ausnahmedes PerbawatiProfils (PBW).Sowohldie Verteilungdes
organischerGesamtkohlenstoffgehal{§ OChplsauchder niedrigere'“C iTiefengradientn denProfilenvon
PlosoLor (PL)deuten auf eine Anreicherungvon Kohlenstoffim Unterbodenhin Die Jasing&Profile (JSG)
zeigenaufgrunddesinsgesamssehrhomogenenBodenprofilsdie gleichmaRigsté“CWerteilungtiber die
Tiefe. Die Perbawati Profile (PBW) hingegen zeigen die starksten UnregelmaRigkeitenin der “Cr
Tiefenverteilung. Dies ist wahrscheinlich der Variabilitdt des Ausgangsmaterials sowie
Kohlenstoffkontamination mit unterschiedlicher atmospharischer Herkunft zuzuschreiben.Es gibt
Hinweise dassdie Variabilitatim Gelanded.h. die Zusammensetzunder Bodenhorizontegine wichtige
Rolle bei der Kohlenstoffverteilung im Unterboden spielt. Die Streuung der *CfGehalte in
unterschiedlicherFraktionen(GesamtkohlenstoffHumine, Huminsaure,Ton) resultiert moglicherweise
sowohlausUnterschiederin den Beprobunggntervallen,2 cmversusGesamtschichtproberglsauchaus
einer unterschiedlichenEffizienzder chemischenExtraktionder organomineralen Komplexeaus den
verschiedenerBodentypen.Kohlenstoffanreicherungn der Huminfraktion,mdglicherweiseals feine, in
Saureund LaugeunléslicheorganischéRestewurdein denNPProfilenvon PlosoLorandJasinggefunden.
DerZusammenhangwischereiner hbheren!C Konzentrationund einer h6herenZahlan Pflanzenresten
deutet auf eine wichtige Rolle der Anbauplanung(Pflanzenartund jahrliche Fruchtwechsel)bei der
Erneuerungdes organischerBodenkohlenstoffdin. Die Tonfraktionenthdalt, unabhéngigvon der Tiefe,
nicht immer den alteren Kohlenstoff. Der Kohlenstoffim mit Sdureund Laugeextrahierten Ton im
Unterboden datiert konsistent alter als der mit Ton assoziierteKohlenstoffim Oberboden.Die 4Cr
Datierung von Tonproben deutet auf eine Huminfraktion mit geringen Variationen zwischen
unterschiedlichenBodentypenhin. In vorliegenderStudie wurde kein klarer Zusammenhangwischen
Korngrotefraktion und “CGehalt gefunden, moglicherweise wegen der groRen Variabilitat der
organischerZusammensetzunip den unterschiedlicherFraktionen. Eswurde ein Modell zur Erklarung
der Tiefenverteilung des gesamten organischen Kohlenstoffs und der 4C Transportparameter
herangezogenDie DiffusionD und Konvektionv variierenzwischenunterschiedlicherBodentypen dies
deutet auf verschiedeneMechanismenhin, die fir den Kohlenstoffim Unterbodenverantwortlich sind.
DasModell musszunéchsjedochauf homogeneBddenbeschréankiangewendetwverden.






Chapterl

1. Introduction

In the globalcarboncycle,the variety in abundanceand compositionof soil carbonaffects
manyprocesse¢Batjes,1996),i.e. the agronomicyield and useefficiencyof addedinput, for

instancefertilizer, irrigationwater,andsoon (Lal,2011),CQ emissiongDavidsoret al.,2000;
Schlesingeand Andrews,2000),and silicateweathering(Goudieand Viles,2012).Soilis an

important reservoirfor carbonand soil carboncycling,canact either asa sourceor a sink of

atmosphericCQ (Lal, 2004), that is highly dependenton landuse (Detwiler, 1986), crop
managementge.g.soil tillage, crop rotation (Woodand Edwards,1992),and climate change
(Davidsorand Janssens2006).Furthermore soil carbonaccountsfor 2 B timesthe amount
in the atmospherej.e. 15002000Pgdn the top meter (Houghton,2007),whichgivesriseto

concernwith respectto feedbackio a globalwarming(Houghtonet al., 1998).

In this study, the attention was givento subsoil carbon. The subsoilis characterizedby
providingca.60%of the total carbonstockedin the soil column,andtypicallyincreasing'“C
ageswith depth,asaresultof the increasen the microbialinaccessibilityf carbonassociated
with organomineral complexesand the limited supply of fresh carbon from the top.
Neverthelesssubsoilcarbonis likely to be refreshedby youngcarbon (Baisderand Parfitt,
2007; Gleixner,2013; Rethemeyeret al., 2004a;Rumpeland Kdgelknabner,2011).Carbon
inputs, in the context of origin and composition,and soil processesare both dynamicand
varyingacrosenvironmentalkconditions,suchasparentmaterial,topography hydrology,and
climate, and the extent to which their variationsinfluence subsoilcarbonis not clearyet.
Furthermore,the specificconditionscreatedin the paddy soilsdue to alternating dryingr
flooding (section1.4) giveriseto speculationsabout their effect on subsoilcarbondynamics.
Paddymanagementeffectson mineraland elementtransformations,and pedogenesihave
beenconfirmedwidely (KbgelKnabneret al., 2010;Kélblet al., 2014;Nishimuraet al., 2008;
Nishioet al., 1994;0n0,1989; Wassmanret al., 2000),yet someresultsindicatedthat their
effect maybe mainlylimited to the top layers(Braueret al.,2013b;Wissinget al.,2014).

As an open system,soil organic matter receivesnew carbon through photosynthesisand
organismdeath,andremovesoldercarbonviamicrobialdecomposition(Schuueet al.,2016a).
Therefore soilorganiccarbondefinesthe wide rangeof timescalesrom minutesto millennia
which is difficult to quantify. Radiocarborprovidesa tool to determine this dynamicsof
carbonin spite of the complexityof soilsystem(sectionl1.2). Theuseof *Cenablesusto trace
carbonmobility through soilcomponentsge.g.organomineratomplexegAndersorand Paul,
1984), organic matter fractions (Brauer et al., 2013a, 2013b), dissolvedorganic carbon
(Gandoiset al., 2014; Hagedornet al., 2015), soil respiration (Gaudinskiet al., 2000),and
microbial metabolism (Rethemeyeret al., 2004a). While 3@ may provide additional
information of plant material origins (Balesdentet al., 1990, 1987; Nissenbaumand
Schallinger,1974). So an elaborate interpretation of these carbon isotope signalsin
combinationwith an understandingof soil processesmay elucidate the dynamicsof soil
carbon.



The study was part of ResearchUnit FOR995;Biogeochemistryof Paddy Soil Evolution”
supportedbythe Deutsche-orschungsgemeinschdiFGthe GermanResearchroundation).
The researchproject aimed at documentingthe effect of soil redox conditions over long
periods on the evolution of soil mineralogyand soil organic matter properties and their
interactions during pedogenesisThe program brought together the expertise of working
groupswith different backgroundto jointly elaborate researchoutcomesand derive new
insightsby applyingnewanalyticatechniquesAfter afirst phasein Chinathe projectdecided
on Indonesiaasresearchareafor the secondphase Indonesiapne of the mainrice producers
in the world, offers areaswith a variety of (volcanic)soil types, subjectto different tropical
climaticregions,for comparisorwith the Chinesesubtropicalresults.

Themainobjectiveof this studywas:

a) To reconstruct carbon dynamicsin different tropical subsoils under different crop
management practices, i.e. crop types, annual crop rotations, and environmental
conditions,i.e. topography,hydrology,and climate. Due to the high field variabilities,a
direct comparison of factors, like soil type, crop management,and environmental
conditions, to quantify their effects on carbon dynamicsis not possible statistically.
Therefore, field observationsin combination with laboratory analysiswere used to
elucidatethe carbondynamicsan the soilcolumnsdueto the influenceof researchactors.

b) To study the dynamicsand infiltrations of “C through different soil organic matter
fractions,i.e. humicand humin,and mineralfractions,i.e. sandssilts,andclay.



1.1. Soilradiocarbon(**C)dynamics

1.1.1.0riginof radiocarborin the soil

Carbonatoms occur in three distinct isotope forms, 1°C, 13C, and 4C, which accountfor,
respectively,99%,1%,andonly one partin million million of moderncarbon(Bowman,1990).
Thesecarbonisotopesare chemicallysimilarbut differ physicallydue to a different number
of neutronsin the nucleus(6, 7, and 8 for *°C,'3C,and“C,respectively) Themassdifference
amongcarbonisotopesbringsabout differencesin reactionratesand bond strength (Schuur
et al., 2016b),that provide fractionationin chemicaland physicalprocessesand resultin a
variabilityof their distributionin different carboncompoundsThestablecarbonisotopes,}C
and3Care neither producednor decay just fractionated. Theradioactive!“Cis, in addition,
producedin the atmosphere distributed, and decaysover time (Gillespie, 1984;Goh,1991;
Trumbore,2009).

Radiocarboris cosmogeniqFig.1.1),i.e. generatedin the atmosphereby cosmicradiation,
mainly in the lower stratosphere(Taylorand Bariyosef,2014). The cosmicrayswith highr
energy charged particles, hydrogen (2*) and helium (&* A nuclei, are deflected by the

magneticfieldsof sunandearth. Theycollidewith the nucleiof atmospheriocgasmoleculego

produce spallationproducts,includingenergeticfree neutrons(n) that, furthermore, loose
their energydueto collisionswith atmospherigoarticles.Reactiorof a slow(thermal)neutron
with a nitrogennucleus N, producest“Cwhile liberatinga proton (p).

JBPE 0% Em® (1.1)

Viahydroxylradicals,OH,in the atmosphere the atomsof “Cwill be convertedto “CO,and
additionallyto *CQ. Ultimately,**CQ is distributed throughoutthe earth’satmosphereby
winds.Radiocarbordecayswith a half fife 5730+ 40 years(Godwin,1962)by releasinga
negativelychargedbeta particle/electron( t) andanelectronantineutrino ( 3j.

*fh %8 E @ E%R (1.2)

Radiocarbordecayscontinuously but its concentrationin plant tissueonly startsto decrease
whenit nolongertakespartin terrestrial atmospherecarbonexchangdis“dead”). Aslongas
thereisexchangethe deficit of 1“Catomswill be compensatedy the supplyof new4Catoms,
continuouslycreatedin the upperatmosphere.

Thecycleof carbonin the soil startsfrom plant photosynthesido fix atmosphericCQ (Craig,
1953).Subsequentlyit playsa role in manyphysiologicaprocessesi.e. respiration/energy,
growth, reproduction,and maintenanceof fungal symbionts(Schuuret al., 2016b).Active
plantsliberate somecarboninto the rhizospherethroughroot exudatesj.e. rhizodeposition
(Kuzyakowand Domanski2000).Further carbonis deliveredto the soil systemthrough the

decayof their anatomicalparts,i.e. shootsor roots, after plantsare dead.

During litter decomposition,microbesassimilate/resynthesizéresh/old carbonto support
their growth with higher efficiencyfor easilydecomposablecompounds,e.g. amino acids,
carbohydratesand proteins, and lower for recalcitrantmaterials, e.g. lignin, plant derived
lipids,and soon. Whenthe microbesare dead,assimilatedcarbonis releasedbackinto soil,
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and with stabilization may occur as attachment on the surface of clay minerals, i.e.
organomineralcomplexationor physicalprotection within fine pores(Mikutta et al., 2006).
Theremainingsolubleandnon stabilizedcarbonmaybe subjectto recyclingandleaching.

Figure.1.1.Radiocarbon!‘C,productionanddistributioninto the soil

1.1.2.Depthdistributionof 14Cin the soilcolumn

Ccanbeintroducedinto the subsoilcolumnthroughseveralprocessese.g.directlyin plant
roots (Baisdenand Parfitt, 2007; Braueret al., 2013a),and releasedexudatesfrom roots
(Hutschet al., 2002; Pausctet al., 2013),and asdissolvedorganicmatter movingdown the
soil column (Gandoiset al., 2014;Hagedornet al., 2015). Theintroduction of youngcarbon
into the subsoilmay be observedin the consistentlyhigher“Ccontentin the humicfraction
thanin the huminsampledrom depth (Rethemeyeet al., 2005).

Soilorganismsj.e. earthworms,termites, ants,and arthropods(Rumpeland Kégelknabner,
2011)mayplayarole in getting carboninto soil depth, by the so calledbioturbation. Thisisa

randomprocesshy whichcarbontransportcomeswith the randommotion of soilorganisms
and microbial biomass.As microbesuse carbon for energy, their preferencesfor carbon

sourcesare independentof soil depth (Kramerand Gleixner,2008; Rethemeyelet al., 2005,

2004b).

Aresponseof carbonmobility to pedogenigprocessesnay dependon the specificsoil types.
Forinstance,in highsmectiticsoils,i.e. Vertisol,the processcalledpedoturbationmayplay a
role in the contextof subsoilcarbonre distribution.In suchsoils,the activeseasonashrinkage
duringdry seasonand swellingduringwet seasonsmix carbonfrom the top down, following
material fallen from the top and the wall of cracks,and carbonfrom the subsoilup, asthe
swelling soil expands(Birkeland,1999). Prominentcrackswith highly variable dimensions
were obviouslyobservedon the surfaceafter shrinking(Bandyopadhyat al., 2003). This

1 Modified from Taylorand Bari¥osef2014



way, fresh plant residuesfrom the top canbe transporteddown immediately(Braueret al.,
2013a).

1.2. Studyof carbondynamicsn the soilusing'“Casanaturaltracer

1.2.1.Principleof **Cdatingof soilorganiccarbon

Theapplicationof the carbonisotopes!“C,for soil organicmatter studiesrestsbasicallyon its
distinctive characterprovidinga natural “clock”(Bowman,1990; Gillespie,1984; Taylorand
Bariyosef2014).Beingradioactive the percentagedecreasen the numberof 1“Catomsper
unit time is constantfor all carbonholdingmaterials.If the concentrationsof 1“Cboth at initial
time, to, and after elapsedtime, t1, are known and designated“G and 14G, respectivelythe
decaytime t1 —to canbe calculatedrom the exponentialdecaylaw, providedwe havea closed
system.The decayof “Cis a first brder reaction. Applyinga decayconstant(,) to relate
concentrationof 1“Candelapsedtime (t).

Ya

- L IE 1.3
Ya (13)

The above differential equation, (1.3), can be solvedanalyticallyresultingin the following
formula:

;L Tpea (1.4)

Theconstant(c) canbe obtainedby assuminghat at initial condition,t=0, the concentration
of *Cis G. Thenthe equationbecomes:

=L ¥
L 4P (1.5)

Where Gy is the numberof *Catoms remainingafter time t (yr), G is the initial number of
14C atoms, and ,, is decayconstant(yr?) which correspondsto the meantife (9, havinga
negativesignmeansa decayprocesslin radiocarbondating,the term ,isrelatedto the halfr
life (Tw2) viathe equationbelow (Bowman,1990):

5 gL rax{uR (1.6)

Theacceptedvaluefor the half fife of radiocarbon;Ti/2, iIs5730+ 40years(Godwin,1962),but
socalled‘conventionalradiocarborages”are calculatedwith the Libbyhalf life of 5568years,
whichis 2.83%smaller(Stuiverand Polach 1977).Tocalculatearadiocarbonaget:

S . ‘=
- Ly E+F-6G
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Inthe formulaabove t isthe radiocarbonage;Cy isthe measured“C/Cratio of the sample;
while G is its originalratio at to. SinceGy cannotbe measureddirectly, it is assumedhat G
correspondedwith the atmospheric 1“C concentration at to and a standard “modern
atmosphere” has been defined havinga *“C concentration95% of that of the oxalic acid
standard(Oxl) in 1950. Dueto carbonisotope fractionation (Craig,1953),and variationin
14CQ atmospheridevels(Gillespie 1984),the subsequentorrectionof isotopefractionation
andcalendaryearscalibrationare needed(section2.4.5).

For radiocarbondating severalgeneralassumptionshaveto be met before a measured!‘C
concentrationC(t)canbe translatedinto anaget, namely:

1. Theproductionof **Chasbeenconstantfor more than 10° years.

2. Thecarbonexchangebetweenthe carbonreservoirs(atmospherepiosphere,andocean)
israpid comparedto the half tife of 1“C,andthe reservoirsare well mixed.

3. Carbonisotope ratios in samplesare in equilibrium with their surroundingbefore the
carbonexchangeeases.

4. After the death of the organismsor depositionof carbonatesno carbonexchangetakes
place(closedsystemassumption).

5. “Cdecaysat a constantrate, not influencedby its chemicalor physicakurroundings.

Human activities temporarily significantlyincreasedatmospheric!“C production, violating
assumptionno. 1. Forsoil carbonstudiesassumptionsio. 2 and no. 3 are not relevant.Soils
are, however,open systemsviolating the assumptionso. 4. Thelast assumption,no. 5, is
valid. Therefore,this makesit difficult to define a meaningfulsoil carbonage by measuring
the 14C concentrationof the mixture of organiccompoundsthat typically makesup a soil
carbonsample.

Figure.1.2. (a) World map of atmospherichomb *“C zones;(b) Summeratmospheric'“C curvesfor
different zones(Huaet al., 2013).

The amount of “C added into the soil through plant photosynthesischangedover time
following the atmospheric*CQ level (Fig.1.2). Sincethere is isotope fractionation during
plant photosynthesiqCraig,1953),the original1“C concentrationwould be slightlydifferent
in plant derived organic residues(Trumboreet al., 2016), but never higher than that of
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atmosphericCQ of the sameyear. Theeffect of humanactivity on the atmospherict“Clevel

hasbeenrecognizedn the industrialor Suesseffect (Bowman,1990; Suess;1965),and the

Bombeffect (Huaet al., 2013;Reimeret al., 2004).Thefirst effect occurssincearound 1850
asresultthe burningof fossilfuels,i.e.coal,oil, andnaturalgas,containingno 4C. Themixture

of 1*C free fossilderivedCQ with the naturallevelof “CQ resultsin adepressed“C/*Cratio.

The secondeffect has been observedfrom 1955 onwards (Fig.1.2), when thermonuclear
weapongestsreleasedargeamountsof “Cto the atmospherewhichresultedin anincrease
inthe “C/*°Cratio. Between1955and1963,whenthe atmospheridestbantreaty wassigned,
the level of atmospherict“CQ and, thus, of *4C distributed to the terrestrial environment
almostdoubledreachingthe maximumat ca.200 pMCin late summer1963.Sincethen the

atmospheric'*C concentrationsare graduallydecreasinghrough exchangewith and uptake
by the oceanandthe biosphereandthe continueduseof fossilfuel.

1.2.2.%Casatracerin soilcarbonstudies

Theuseof *Casa datingtool is extensivein archaeologyBowman,1990; Gillespie,1984;
Taylorand Bariyosef,2014).Althoughits potential for datingis limited in soil sciencejt isa
usefultracertool in the contextof soil organicmatter study (Schuuret al., 2016a;Trumbore,
2009).Radiocarborenablesusto trace the mobility of carbonatomsfrom the atmosphere
through different organic matter fractions and soil minerals (Andersonand Paul, 1984;
Rethemeyeet al.,2004a;Tornet al., 1997;Wanget al., 1996),with afew to thousandyears
turnover times (Harrisonet al., 1993). In this respectthe atmosphericbomb 4C spike is
especiallyuseful.

Models of soil organicmatter dynamicsusuallytake into accountthree different fractions
accordingto their turnovertimes (Schuuret al., 2016a),(i) decomposable/fast/activgools,
with a1 @ yearsresidencetime (ii) structural/intermediate/passiveools,with decadalscale
residencetime, and (iii) a resistant/slow pool, exhibiting hundredsto thousandsof years
residenceime. Therefore asingleturnovertime of abulk soilsampleisobviouslyinadequate.
Toextractinformation on soil organicmatter fractions,they needto be isolatedby chemical
or physical approaches.The chemical preparation includes the simple acidalkaliacid
treatment (section2.3.2),commonlyusedin radiocarbondating (Goh,1991; Grooteset al.,
2004).Physicalfractionation basedon particle size(section2.3.3),is one approachto study
organomineracomplexegChristensen2001;Morra et al., 1991;Schmidtet al., 1999).

Tostudyturnovertimesof soilorganiccarbon,either on bulk or on fractionatedsamplesfwo
different time scalesare used.Thefirst is basedon natural atmospherict“Cthat reflectsthe
slow turnover of organic matter, stabilizedby soil matrix or chemicalsoil processesand
residesin the soilslong enoughfor radioactivedecayto occur.Thenatural **C age,equalto
an “apparent mean residencetime” of carbonunder steady state conditions,presumesa
closed,homogeneousorganicpool with a singledecayrate. The secondusesthe socalled
“bomb 4C” disequilibrium derivedfrom atmospherictesting of nuclearweaponsbackin the
late 1950s early1960s.Thebomb“Cmethodisanadvancedool to studyfastcyclingorganic
carbonontime scalef yearsto decadesLikenatural“C,bomb*“Centerssoilorganicmatter
through plant residues that were formed in equilibrium with the contemporaneous
atmospheric'*CQ. Themeasured*“C concentrationof the soil carbonor soil fraction is thus
the weightedaverageof the year by yearinputs, eachwith its individual*4C concentration,

7



remainingin the carbonpool at the time of sampling.Thecalculationof true carbonturnover
times thus requiresextensiveinput modelling.Theavailabilityof archivedpre bomb #C soil
sampleswhich directly documentthe incorporationinto soil organicmatter over a certain
period (Bowman,1990; Gillespie,1984; Schuuret al., 2016a; Trumbore,2009) is thereby
helpful. Althoughbomb 4Cthus makesit difficult to quantify turnover times, it amplifiesthe
C differencesbetweendifferent organiccompoundsand fractions,and providesa valuable
tracerto studyinput andsoilcarbonprocesses.

1.3. Humicsubstanceandageheterogeneityof organiccarbon

Organiccarbonpoolsin the soil consistof living organismsprganicresidues(undecayedand
partially decayed)and humus(Essington2005).Humusis alwaysdesignatedas soil organic
matter, anddiscussedh this section.Inamodernconcepthumuscanbe distinguishedpased
on its complexity,as humic substancegHS)and non humic substancegnHS)(Saialimenez,
1996; Stevenson,1994). The first designatesthe componentof soil humusresulting from
incompletemineralization(Zechet al., 1997),whichis slowly decomposablelesspreferable
for microbial degradation, has a macromolecular size, undergoes chemical structure
modifications,and has already lost chemicalcharacteristicsof its precursors(Hayesand
Himes, 1986; Saialimenez,1996; Wilson et al., 1986). HS are transformed substances
consistingof large/complexstructureswith highmolecularweight,and highlyheterogeneous
molecules(MacCarthy2001). ThenHSrepresentmore identifiable chemicalstructures,and
low moleculamnweights,e.g.aminoacids carbohydratesfats, waxes resins,andlow molecular
weight organicacids(Tipping,2004). Thetwo groupsare not easilyseparatedsincehumus
may bind covalentlysome carbohydrates and contain most of the biochemicalcompound
synthesizedy soilorganismgStevenson1994).

In the radiocarbondating protocol, humic substancescollected during pre treatment of
samplesare part of decontaminationgrior to analysigGoh,1991;Grootes, 1977;Grooteset
al., 2004).Theyare separatedbasedon their solubilityin water into three fractions.Thefirst
comprisesboth alkalir and acidsoluble fulvic acids, the second alkalisoluble and acidr
insoluble humic acids,and the third both alkalirand acidinsoluble humic substancesthe
residueof alkalihumin (Essington2005).Humicacidsandhuminare associatedvith the solid
part of soils,while fulvicacidsare more mobile soilcomponentsin the huminfraction, humic
acidsboundto claymineralscanalsobe present(Stevenson1994).Theseparationof these
organicfractionsby acid alkaliacidtreatmentwill be discusse@longwith samplepreparation
(section2.3.2).

Theisolationof organicsamplednto different fractionsmakesit possibleto tracethe amount
of C infiltration (Trumbore et al., 1989). Furthermore, to investigate soil carbon
heterogeneity,one can compare “C content of bulk sampleswith that of physicallyor
chemically separated organic sample fractions (Schuur et al., 2016a). The level of
heterogeneityof organicsampless highly dependenton the dominantcarbonin existence.
Asfor examplefrom a previousstudy,a high fevelof old carboncontaminantsjn anindustrial
environment, may influencetypical modern top soil carbonto exhibit a strong old carbon
signal(Rethemeyeket al.,2004a).



1.4. Characteristicef paddysoils

Wetlands, of which paddy soils are an important agriculture example, often present
alternatinganoxicoxic conditionsas result of seasonakrop rotations, i.e. artificial flooding
duringrice cultivation,and drainedduring non rice. Oxicanoxicalternation may changethe
originalsoil properties(Kogelknabneret al., 2010),asa result of someprocessesmainlyin
the surfacelayer,for instancedecalcificatiorand mineraltransformations(Kaélblet al., 2014;
Winkler et al., 2016; Wissinget al., 2013),and organiccarbonaccumulation(Wissinget al.,
2011).

During rice growing, the water infiltration may bring along carbon and minerals that
potentially influence subsoilcarbon. Dissolvedorganicmatter, with a majority of fresh and
modern carbon(Gandoiset al., 2014; Kalbitzet al., 2003),may enrich older subsoilcarbon
dependingon the hydraulicpropertiesof the soil,i.e. soiltexture, hydraulicconductivity,and
the durationof submergenceTheleachingof top soilcarbonbelowthe ploughlayerhasbeen
reported (Maieet al.,2004a).Thetranslocationof minerals for instanceFe,mayresultin the
change of the carbon composition in the subsoil, as associatedwith organic matter
stabilization(Kdgelknabneret al., 2010). Theincreasein the total pedogeneticFeoxidesin
the subsoil of a 50yr paddy soil profile comparedto the neighboringnon paddy soll
correspondedvith the significantdrop of carbonage(Braueret al.,2013b;Kdlblet al.,2014).

Paddysoils are widely postulatedto accumulateorganic matter in the top layers (Kdgelr
Knabnert al.,2010).Thelitter inputsexceedthe decompositiorrate underanoxicconditions
(Reddyand DeLaune2008)with smallerfree energyfor the reactions(Kirk,2004),whichmay
be responsiblefor this accumulation Subtropicalpaddysoilsmay haveaccumulatedorganic
carbon (Wissinget al., 2011),yet tropical paddy soilswere shownto producelessorganic
carbonin top layerscomparedto the nearbynon paddy (Winkleret al., 2016).Theirresults
pointed out that the initial organiccarboncontent and quantity of organicinputs shouldbe
takeninto account.

Tosummarizethis section,somepointsare presentedasthe mainframeworkof this thesisas
the following:

x Theresearchaimsat documentingthe effect of soilredoxconditionsoverlong periodson
the evolution of soil mineralogyand soil organicmatter propertiesand their interactions
duringpedogenesis.

x Theeffect of management(P and NP,seasonatrop rotations), soil types(Vertisol,Alisol,
Andosol,RegosolCambisolFluvisol) topographyconditions(section2.1),and climate on
subsoilcarbonand carbondynamicswill be evaluated.

x Thehighlightsof organicinputsproducedin eachresearchsite, asaresultof different crop
managementsare predicted through plant remainsobtained from wet sieving(section
2.3.1),and with additional carbondating for some deep samplesto revealtheir origins
(section4.1).

X Thenature of soils(parentmaterials,andthe important soil processesare characterized,
both verticallyin the soilcolumnandlaterallyin different sites,by analysisof grainsizeand
elementalcompositiongsection3.1;section3.2),aswell asother routine soilanalysesi.e.
pH, ECto providea further guidancein understandinghe dynamicsof both total organic
carbonand*C.



x Theinfluenceof climate conditionsis approachedby the mineralizationrate of top soil
organicmatter indicatedfrom the majority of organiccompoundoccurred(section3.3).

x Thecarbonagein organicfractions(humicacid, humin) will be comparedto that of bulk
sampledo seethe levelof heterogeneity.

x The origin of carbonin the context of plant materialsand crop managementswill be
evaluatedthroughthe WCsignal(section.4.3.1).

X Theassociatiorof carboncompositionwith sizeof soil particleswill be studiedby physical
fractionation(section2.3.3)to accomplisithe chemicalfractionation (humicacid,humin)
of samples preparedfor radiocarbondating. The carbonagesrevealedin the fractions
obtainedfrom both techniquesare comparedto seethe potential of similarityin terms of
compositionsRadiocarborand WCinfiltrations throughsoil fractionswill be evaluated.

x The observationswill be complementedby testing a steadystate simple finite element
model formulation. A single formula will attempt to explain organic carbon and **C
transformation(section5.2.1),andtheir depth distribution (section5.2)in the specificsoll
types, considering:i) climate variables,i.e temperature and precipitation, ii) some
important micro environmentvariablesto exposeanoxicconditions,i.e. soilmoistureand
oxygen availability (section 5.1), iii) variation of litter quantity in the specific crop
management (section 5.2.1.1), and iv) soil profile characteristicsthrough transport
parameters,i.e. diffusion and convection(section5.2.2).obtained from both techniques
are comparedto seethe potential of similarityin termsof compositionsRadiocarborand
WeCinfiltrations through soil fractionswill be evaluated.

x The study will be improved by testing a climate variable, i.e temperature, and with
incorporationof someimportant micro environmentvariableso exposeanoxiccondition,
I.e. soil moisture and oxygenavailability (section5.1); variation of litter quantity in the
specific crop management (section 5.2.1.1); and with combination to soil profile
characteristicghroughtransportparameters;.e. diffusionand convection(section5.2.2),
in asteadystate simplemodelformulation. Asingleformulawill attempt to explainorganic
carbonand **Ctransformation(section5.2.1),andtheir depth distribution (section5.2)in
the specificsoiltypes.
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Chapter2

2. Materialsandmethods

2.1. Sitedescription

Thisstudy wasperformedaspart of ResearchiUnit FOR995, “Biogeochemistryf PaddySaill

Evolution“of the Deutschd~orschungsgemeinschd®FGthe GermanResearch-oundation)
carriedout in Chinaand Indonesia(Braueret al., 2013b;KogelKnabneret al., 2010).While

reports of earlier studiesin Chinahavebeenpublishedelsewheree.g.Braueret al., (2013a),
Braueret al (2013b),Kdlblet al., (2014),Wissinget al., (2011)and Wissinget al., (2013),this

study will addresstropical environmentsin Indonesia,aimed at generallyimproving the

understandingof the cyclingandstorageof organicmatter (OM)andthe role of hydrologically
and microbially mediated redox processesThe areasunder study cover variationsin soil

parent materials,topography,climatic conditionsand crop managementgTable2.1; Table
2.2).

The multiple areasstudied were located in West and EastJava(Fig.2.1). Samplingplots
requiredthat the typical existingdevelopedsoilsmust be in agreementwith landscapeand
geomorphologyconditions.Furthermore,different constraintswere takeninto account,i.e.
durationandhistoryof rice paddieswith correspondingiry cropsasthe backgroundsandthe
arealikeness Both paddysoils(P)and non paddy soils (NP)plots were selectedcloseeach
otherto keepparentmaterialheterogeneityat a minimum,takinginto accountthe landscape
similarity.

Twofield campaignsvere carriedout in 2012and 2016by diggingrepresentativesoil pits to
perform a morphologicalobservationof soil profilesandto samplecorrespondingsoil layers
(section2.2). Threesiteswere chosenin the first campaignj.e. Perbawati(PBW)and Jasinga
(JSG)n West Java,and Plosolor (PL)in EastJava(section2.1.1).In the latter campaign,
additional samplingwas intended to resolve some researchquestionsraised after 2012
sampleanalysigesultsfrom the Eastlavasitesbecameavailable First,regardingthe current
snapshotof 1“Cprofile in PL:Doesfact that the organiccarboninput in the C; sugarcaneplot,
as NP site, (Table2.1) is physiologicallylarger than in the neighbouringG rice paddies
(Prastoweet al.,2017),contribute to the new“Clevelin the soilcolumns? Seconddoesthe
physiographicaposition of the NgawiPLplots, in betweenvolcanicLawuand Kendengidge
containing marine sediment (Fig. 2.1), determine the extent to which these two parent
materialsinfluencethe existingmineralcompositionsaswell as'“Cin the soils?.

Therefore the secondfield campaigrin 2016sampledat three different altitudeson both the
Mt. Lawu,i.e. Randusong@Rds) Gerih(Grh),and Pojok(Pjk),and the Kendengidge slopes,
i.e.DangukDgk) PlosoLorgardenplot (PLG)andBobol(Bbl)(Fig.2.1). Thesitesof whichthe
altitude is highestat both Mt. Lawu and Kendengridge slope are presumablyin close
associatiorwith the originof the soilmaterials while the sitessituatedat the lowestaltitudes,
in the alluvialplain,mayposemore heterogeneityof materialsdepositedfrom variousorigins.
Thisapproachalsoprovidesthe backgroundo identify the prominentsourceof sedimented
mineralsin the profiles.
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The information dealingwith agronomicpractices,i.e. fertilizer, water irrigation, cropping
rotation, diseaseprotection, rice variety, and yields, as well as the history of land were
obtainedthroughdirectinterview with the farmownerin 2012 (Dieterich,2012)andin 2016
(Appendix2.1). The regional settings in the context of physicalenvironment and crop
managemenbf the researchareasof samplingyear2012and2016will be discussedelow.

2.1.1.Samplingyear2012

Ajoint samplingby the FORO95researchgroupwascarriedout in Februaryuntil March2012
during the early stage of plant growth. The initial sampling organizationcovered three
replicationsat both P and NP, i.e. mainsiteat the centre, and subsite1/subsite 2 from the
immediatevicinity (Dieterich,2012;Winkleret al.,2016),but for this studythe samplesvere
measuredout only from one profile in eachfieldcroprespectivelyj.e. mainsite(P/NP)in PL,
mainsite(P)andsubsitel (NP)in JSGand subsite2 (P)and mainsite(NP)in PBW.Theprofile
morphology and agronomic history of study areas has been discussed(Dieterich, 2012;
Winkler et al., 2016). The additional important characteristicsof the study sites will be
discussedn the below subsections.

Table.2.1.Generalinformation of researchareaof 2012field campaign.

Site Alt  Parentmaterial Soll Prec T(°C¥ Annual crop
(m order (mmy?) rotation
asl)

PLP 79  Alluvialandesiticvolcanic Vertisol 2756+1288 27° PP iTobacco

materialsmarl
80 Alluvialandesiticvolcanic Vertisol 2756+1288 27 Sugarcane
materialsmarl

PLNP

JS@P 240 Andesitictuff Alisol 2880+990 25.5-26 PP Maize

JSANP 236 Andesitictuff Alisol 2880+£990 25.5-26 Cassava

/Chili/Talas
PBWP 871 Colluvial fan deposit, Andosol 34551170 20.4-21.8 PP BokChoi
PBWNP breccia
981 Colluvial fan deposit, Andosol 3455+1170 20.4-21.8 Maizer
breccia Cassava
(with PL=PlosolLor; JSG3asingaPBW= Perbawati;P = paddy,NP=non paddy;Alt=Altitude; Prec=
precipitation(meanzstd)T =temperature).

2.1.1.1.Sitel PlosalLor,Ngawi,Eastlava

Thissite is situated on a stagnantold alluvial plain associatedvith quaternaryand tertiary
deposits.Thisareaisborderedby the Kendengidgeto the northeastand Madiunriverto the
southwest(Fig.2.1).Physiographicallyt is part of the longitudinalcentraldepressiorzoneof
Javaisland (van Bemmelen,1949). The alluvial plain laysover the Lidahformation whichis
claystonewith localintercalationsby sandstoneandlimestone,andwith marl material of the
Mundu formation underlyingit (Fig.2.1).

The alluvial materialsoriginate from the ash depositsof nearbyvolcanoes(Mt. Lawu, Mt.
Ngliman),and from the upper hills, i.e. Kendengridge, from which eroded materials are

2 Sourceof climatedata2001 R010:IndonesianAgencyfor Meteorology,Climatologyand Geophysics.
3 Amienet al (1996).
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transported down through smallrivers,i.e. Bangonand LusungwatuA previousreport has
also confirmed Kendengridge as the most likely origin of parent materialsto the soils
developedin this area(Dames1955).He calledit margalitesoilsto designatea soil, derived
from limestones,marls and volcanictuffs, with blackgrey colour,loamyheavyclaytexture
and a capacityto swellingand drying. The influence of volcanicderived materialson the
developmentandcharacteristic®f soilsin theseareashasbeenreportedthroughthe finding
of some andesiticderived heavy minerals, i.e. hornblende, opaque, amphibole, augite,
hypersthene,and andesine (Prasetyo,2007; Prasetyoet al., 2007). The high alkalinity
environmentwith soil pH (HO) up to 8.5 (Fig.2.2) hasprovidedevidenceof alkalinederived
materials.

Theclimate data showan annualwet dry cyclewith 4 consecutivedry monthsfrom Juneto

Septemberwith < 60 mm precipitation (Appendix2.2). Duringthese monthsthe averageof

evaporationasdeterminedby panexperimentsis 120to 200mm per month, whichis higher
than the averageprecipitation, rangingfrom 1 to 50 mm per month. Consequentlyduring
thosemonths,the more droughttolerant croptobaccosubstitutesfor ricein the farms(Table
2.1). Aswet months(precipitation> evaporation)occurbetweenmid Octoberand mid May,
I.e. 7 months,all yearround (Appendix2.2) this areais agroclimaticallydefinedassubhumid
(Juoand Franzluebbers2003). Theirrigation water is obtained through a pumping system
from the shallowwater table at ca.1.2m depth.

2.1.1.2.Site2 dasingaBogor,WestJava

Physiographicallyhe area belongsto the BogorZone (van Bemmelen,1949), which is an
anticlinoriumof stronglyfolded neogenestratawith manyintrusionsof magmaderivedrocks
for instancehyp abyssalolcanicnecks stocks,andbossesThesecomplexbelts extendfrom
Rangkasbituntp the westto Bumiajuto the eastin CentralJava.

Thesoilisdevelopedon terracedmid slopeson the Bojongmanikormation of agedmiocene,
characterizedoy the presenceof sandstone pumiceoustuff, marl with molluscslimestone,
claystonewith bituminousclay and lignite intercalationsand resinfragments(Fig.2.1). The
presenceof andesiticvolcanicmaterialsand glassytuff were noticed in the profiles during
field observation(Dieterich,2012).

Fromthe period of 2001to 2010,dry monthswith precipitation< 60 mm regularlyoccurin

July— September(Appendix2.2) with a recordedlongestperiod for two consecutivemonths
in 2006. Yet, wet months with precipitation greater than the potential evapotranspiration
happenthroughoutthe year (Appendix2.2),to allow for this areato be defined humid (Juo
andFranzluebbers2003).Tosupportthe ricefarm with irrigationwater, acanalirrigationhas
beenestablished.

2.1.1.3.Site3 PerbawatiSukabumiyWestJava

The area is situated on the southwestterraced upperslopesof Gede volcano,which is
physiographicallya quaternaryvolcano(vanBemmelen1949).Thesoilhasdevelopedfrom a
colluvialfandeposit(lahar)andtuffaceousbrecciamostlyhighly weathered(Fig.2.1). Thefan
deposithasmore than 50 m thicknesswith an ageolder than ca.43.500yr BPpointed out
from wood mcorporateddating (Belouso\et al., 2015).
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Figure.2.1.Map of researchareas(a)relativeglobalpositions(b) Cixi,China(c) PerbawatiSukabumand Jasingaogor,WestJavaand (d) PlosoLor Ngawi,East
Javalndonesiawith displayof geologicaandtopographicakonditionsin c)andd).
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Descriptionof geologysymbold in Figure2.1:
(c) SukabumandBogor,WestJava

Qa=Alluvium; Qav=Alluvium fans; Tmbe=Bentang formation; Tmn=Nyalindung formation;
Tmnl=Limestone member of the Nyalindung formation; Tmle=Lengkong formation;
Tmbo=Bojonglopandgormation; Tmjv=Jampangformation; Tmjc=Cikarangmember of Jampang
formation; Tmjt=Tuffand Brecciamember of Jampangformation; Tomr=Rajamandaldormation;
Toml=Limestonemember of Rajamandala formation; Toba=Batuasihformation; Tow=Walat
formation; Tmtb=Tuff and Breccia; Tmb=Bojongmanikformation; Tmbl=Limestonemember of
Bojongmanik formation; Tmcb=Brecciamember of Cantayan formation; Tmk=Klapanunggal
formation; Tmj=Jatiluhurformation; Qvep=GunungendutPrabakti lava; Qvsl=lavaflow, basaltic
andesitewith piroxene;Qvsb=Ilahartuffaceousbrecciaand lapili, basalticandesitein composition,
mostly strongly weathered; Qvst=sandypumiceoustuff; Qvpy=youngerdeposits,andesite lahar;
Qvpo=olderdeposits,lahar and lava, andesiticbasalt with oligoclaseandesinelabradorite, olivine,
pyroxeneandhornblende Qvgy=youngedavaflow; Qvg=tuffaceousrecciaandlahar,andesitewith
oligoclaseandesine pyroxeneand abundanthornblende trachytic texture, mostly high weathered;
Qvgl=lavaflow, basaltic andesite in composition; Qvba=basaltlava flow of Mt. Gegerbentang;
Qvk=brecciandlavaof Mt. KencanandMt. Limo;Qvu=undifferentiatedolcanicocks;Qvb=volcanic
breccia;Qvl=volcanidava; Qvt=tuff; Tpv=brecciapumiceousuff breccia,lava flows and tuffaceous
sandstone; Tpb=breccialava flow, tuffaceous sandstoneand conglomerate,andesiticbasaltic in
composition;a=andesitewith oligoclaseandesine,augite, hyperstheneand hornblende;da=dacite,
gd=quartzdiorite; ha=hornblendendesite;dp=dioriteporphyr.

(d) Ngawi,EastJava

Qal=alluvium; Qpm=Notopuroformation; Qpv=Pandanbreccia; Qia=intrusiverocks; Qpk=Kabuh
formation; QTI=Lidaliormation; QTp=Pucangaformation; QTdl=Dandememberof Lidahformation;
Tps=Selorejoformation; Tpso=Sondeformation; Tpk=Klitik formation; Tpm=Mundu formation;
Tpp=Pacirarfiormation; Tpka=Atasangirmemberof Kalibengformation; Tmpk=Kalibendgormation;
Tml=Ledokformation; Tmw=Wonoculuformation; Tmk=Kerekformation; Tmb=Buluformation;
Tmn=Ngrayongformation; Tmt=Tawun formation; Qa=Alluvial deposits; Qtr=terrace deposits;
Ql=Lawu deposits; Qn=Notopuro formation; Qk=Kabuh formation; Qp=Pucanganformation;
QTpt=Tambakromé&rmation; Tpkk=Klitiknemberof Kalibengformation; Tmkb=Banyaknemberof
Kalibengformation; Tmpl=LedoKormation; Tmw=Wonocoldormation; Tmm=Maduraformation;
Tmn=Ngrayongformation; Tmt=Tawun formation; Qav=Argokalanganmorphocet; Qas=Sedudo
morphonit; Qp=Pawonsewumorphocet; Qpg=Gajahmungkurmorphonit; Qppr=Parangandesite
intrusive; Qpp=Punjul andesite intrusive; Qj=Patukbantengleding morphocet; Qjt=Tanjungsari
morphonit; Qjn=Ngebel morphonit; Qjd=Dangean morphonit=Dangeanmorphonit; Qjk=Klotok
morphonit; Qpmv=Notopuro formation; Qpk=Kabuh formation; Tmwl=Wonosari formation;
Tmw=Wunformation; Tmj=Jateriormation; Tomm=Mandalikdormation; Tomi=intrusiveocks.

The heavymineral compositionof sandfractions of the parent materialsdemonstratethe
highabundanceof augite,hyperstheneandlabradorite,whichisanindicationof intermediate
(andesiticbasaltic)volcanicmaterials(Wibisonoet al., 2016).

4 Sourceof geologyinformation: Geologymap of Bojonegoro; 15086, 1:100.000Geologymap of Bogor,12091., 1:100.000;
Geologymapof Ngawi, 15084, 1:100.000 Geologymap of Ponorogo, 15081, 1:100.000- GeologicaResearcland
DevelopmeniCentre,GeologicaAgencyof Indonesia.
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Drymonths(<60mm)usuallytake placein June/Julyto August/Septemberthe longestperiod

of 3 monthsoccurredin 2006. Thisareais agroclimaticallyclassifiedinto humid region (Juo
andFranzluebbers2003)asthe precipitationis greaterthan the potential evapotranspiration
all yearround (Appendix2.2).Water for ricefieldsis distributedfrom anirrigation canal.

2.1.2.Samplingyear2016

Thefield campaigrwascarriedout from 20 24 July2016just beforeor right in the earlystage
of rice growingseasonj.e. duringland flooding. The study coversthree main landforms,i.e.

volcanicregion,alluvialplain, andridge area. Thesixchosensites,following a toposequence
of the area,includeRandusong¢Rds) Gerih(Grh),andPojok(Pjk)on the Mt. Lawuslope,and

Danguk(Dgk),PlosoLor (PL),and Bobol(Bbl)on the Kendengidge side (Fig.2.1,and Table.
2.2).In eachsite, at both P and the neighbouringNP, one soil pit was dug out for profile

morphologyobservation(Appendix2.3) and layer sampling.The information of agronomic
practicesandhistory of landswere obtainedfrom personalcommunicatiorto the landowner
(Appendix2.1). Thegeneraladditionaldescriptionsof studyplots are asfollows:

2.1.2.1.Sitel RandusongdjgawiEastlava.

Locatedat the lower slopeof Mt. Lawu,the soil is derivedfrom a laharconsistingof various
sizesnf andesite andbasaltmixingwith tuff volcanic.Theexistenceof coarsematerialsin the
field, i.e. gravels stones,andboulders,suggestdaharderivedmaterialsasa complementary
of ashwolcanicdeposits Anon activeoldriver to the north, throughwhichthe laharwasmost
likelytransportedto this area,bordersthe rice plot.

In the P site, water seepagein the profile measureda pH slightly neutral at 6.5. Water is
irrigated to this farm through an establishedcanalsystem.The NP site, located closeto a
convexbend of a non active meanderingriver, ca.400 m from the P site to the west, hasa
shallowsolun®, ca. 25 cm thickness,with a minimum soil profile development.The water
seepageoH in the profile measuredat 6.3.Beingdryland,irrigation water is just from rain.

2.1.2.2.Site2 erih,Ngawi,Eastlava

Theareais a floodplain at the footslope of Mt. Lawu. Thefluvial materialsmay have been
depositedby Bemuriver to the west,whichistopographicallysituatedhigherthanthe village
level.

Theintensiverice cultivation, 3 times per yearwithout an extraof dry crops,hasbeenmade
possiblein this area by the high availability of irrigation water, suppliedto farms by an
establishedcanalsystem.Measuredwater seepageHin P profile was6.8,whichwasslightly
more alkalinethan for the upperplot in Rds.

2.1.2.3.Site3 Pojok ,NgawiEastlava

Thechosenplots were on a toe slopeof Mt. Lawuon the activealluvialplain. Theflat area
continuouslyreceivesdepositsfrom the Madiun river whichis only ca. 200 m to the north.
Thewater seepagepH wasalkalineat ca. 7.6 pointing out the subsoilalkalineenvironment
downto ca.1l.5m depth. Dueto the high availabilityof water for irrigation, rice paddiesare
intensivelycultivatedthree times per year. Thefield hasbeenrice paddiessince1960with a

5 Surfaceand subsoillayersabovethe parentmaterial.
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break period between2009 and 2014 for sugarcaneThe neighbouringNP plot wasa small
gardencoveredby bamboo(Table2.2),dissectedby a smallcreekfrom the ricefield.

Table.2.2. Generainformation of researchareaof 2016field campaign.

Site Alt Parentmaterial Soilorder Prec (mm T(°C§ Annual crop
(m y?) rotation
asl)
RdsP 197  Andesiticbasaltictuff Regosol 3215 25.1 P P Soybean
RdsNP 204  Andesiticbasaltictuff Regosol 3215 25.1 Teakplantation
GrhiP 81 Andesiticbasalticalluvium Cambisol 3215 25.8 PPP
GrhNP 81 Andesiticbasalticalluvium Cambisol 3215 25.8 Teakplantation
PjkP 51 Andesiticbasalticalluvium Fluvisol ~ NA 25.9 PPP
PjkNP 51 Andesiticbasalticalluvium Fluvisol ~ NA 25.9 Bamboogarden
DgkP 63 Andesiticbasalticalluvium Fluvisol ~ NA 25.9 PPP
DgkNP 63 Andesiticbasalticalluvium Fluvisol ~ NA 25.9 Bananagarden

PLNP 79 Alluvialandesiticvolcanic  Vertisol ~ 2756+1288 27 Gardenplot
materialsmarl

BblP 152  Colluvium w. sandstone, Regosol NA 25.4 P Psoybean
claystoneyolcanictuff

152  Colluvium w. sandstone, Regosol NA 254 Gardenplot
BbINP claystoneyolcanictuff

(with Rds= RandusongoGrh=Gerih;Pjk=Pojok;Dgk=Danguk?L=Plostor;Bbl=BobolP=paddy;NP
=non paddy;Alt = Altitude; Prec= precipitation(meanzstd):.T =temperature;NA=not available).

2.1.2.4.Site4 DbangukNgawi,Eastlava

Theseplots are situatedon the toe slopeof Kendengidge on a non active meanderalluvial

plain. Madiunriver cut throughthe Ngawialluvialplainright in the middle and separateghis

areafrom the Pjksite (Fig.2.1).Asit is lying at ca. 10 m higheraltitude than Pjk, the fluvic

materialsfrom the upper hills are most likely depositedthrough Bangonand Lusungwatu
rivers.Riceis cultivatedintensively3 times per yearasfacilitated by a well establishedcanal
irrigation systemfrom the Sangirardam. Thewater seepagen the pit from NPplot measured
pHatca.7.

2.1.2.5.Site5 PlosoLor,Ngawi,Eastlava

Locatedonthe toe slopeof Kendengidgeon anon activemeanderalluvialplain,thiswasthe
study area sampledin 2012 (section2.1.1.1).In 2016 the sampleswere only taken from a
mixed gardenplot for comparisonwith the resultsobtainedfrom the 2012 sugarcaneplot.
MeasuredpH of water seepagevas?, whichis similarto Dgk’splot from 15 m lower altitude
in the sameslope.Wild grassesshrubs,and bananacoverthe areawhichis ca.200 m away
from the 2012sugarcanelot.

2.1.2.6.Site6 Bobol,BojonegoroEastlava

Theplots are situated on the agricultureterracedslopeson the valleyzone of the Kendeng
anticlinorium,at the lower slopeof Mt. Pandarto the southeastwhichis the highestlevel of

the ridge. Soil developedon the Kerek formation originated from colluvium containing
sandstoneclaystone andvolcanictuff (Fig.2.1). Thesedimentthat fills up the valeyis most

6 Estimatedfrom Braakformula, meanannualT =26.3—0.61*altitude (hm).
" Data2016from StatisticsBureauof Ngawi.
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likelyderivedfrom erodeddepositsof hillsto the eastandto the south,asthisareaisrelatively
higherthanthe closestnon activeriver to the west.

Agriculturein this areais rainfed. ThepH of water seepagen the profile of P site measured
ca.7.3whichis higherthan on the lower Kendengidge slopes(Dgkand PL)confirmingthe

increasen the alkalinitythrough slopegradient. Theshallowsolumof the ricefield,with only
ca.27 cmthicknesspverliesa sedimentaryrock,i.e. claystone(Appendix2.3).

2.2.Soilsampling

Apit for eachplot wasexcavateddownto ca.1 m depthwith lateraldimensionapproximately
1 m by 1 m. Soilmorphologyin the profileswascharacterizedaccordingo FACcriteria (FAO,
2006). The horizonswere specifiedbasedon soil characteristicsn the layers,i.e. structure,
fingeringtexture, colour,or their compactnessin addition,the physicakenvironmentin which
the pit observationsvere carriedout wasalsoidentified ((Dieterich,2012);Appendix2.3).

Thetop layers(Ap/Ahhorizons)were mostlyremovedfrom examinationbasedon the earlier
findingsin Chinesgpaddysoil (Braueret al.,2013a,2013b).Thislayeris heavilydisturbedand
mixeddue to normal agriculturalpractices.Moreover, in this layerthe youngto old carbon
proportion is consistentlyhigh, so the concentrationof “C is alwayscloseto the recent
atmosphericCQ. On the other hand, in the subsoil, a stable environment with more
homogeneoussoil column,organiccompositionis reported asbeingmore decayedin which
the ratio of youngto old carbondropswith increasinglepth. Bylookingat the subsoilcarbon,
this studyputsthe attention moreto the soilprocesseselatedto subsoilcarbonenrichments.

Samplesvere selectedfrom subsoilhorizonsby dividingeachmain horizonmostlyinto top,
middle,andbottom sections Somethinnerhorizonswere subjectto limited discretizationnto
only one or two sections.Thisway, not only inter horizons carbon distributions can be
observed,but also variationswithin a single main horizon. Thisdetailed samplingmay be
advantageouso seeanytrend betweencarbonvariationandlayercomposition.

Soilsamplescoveringl 2 cm depth intervalswere takenfor two categoriesj.e. smalland
large samples.The smallsamplesof ca.250 #450 g of air dried soil were measuredout for
analysisof pH, C/N, elementcompositions grain size,soil fractionation,and carbonisotopic
compositiong(**C,*“C).Largesamplesamountingto ca.5 kg of air dried soil, were collected
for plant/mineral remainsidentification. Thelarge samplingrequiresthat the 1 2 cm point
samplingoe extendedlaterallyto reachthe desiredsamplesize.In the secondfield campaign
in 2016(section2.1.2),water seepagen the soil pits wascollectedinto 1000ml glasshottles.

ThepHwere measuredandthe remainingwater samplesvere freezedriedin the laboratory
in the Departmentof Soil,BrawijayaJniversity Malang,Eastlavao preventanybiochemical
changeduringtransportto Kiel. Theair dried soil samplesn polyethylenebagswere stored
in acontainerwith constanttemperature4°Cto slowdownanymicrobialrelatedbiochemical
processesintil the laboratoryanalysisvasperformed.
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Figure.2.2.Soilprofilesfrom the 2012and 2016field campaignsn PlosolLor,PL8

8 (P=PaddyNP=NonPaddySugarcaneop right; 2016Garderplot, bottom) with point sampleggrey
bars)andsoilhorizonsymbolqA/Brepresentmasterhorizonsj=capillaryfringe mottling, p=ploughing
or other human disturbance, d=dense layer, g=stagnic condition, c=concretionsor nodules,
w=developmenbf structure/colour,h=accumulatiorof organicmatter, i=slickensidek=accumulation
of pedogeneticcarbonates).
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Figure.2.3. Soilprofilesfrom the 201 2field campaigrin Jasinga)SG.

Figure 2.4. Soilprofilesfrom the 2012field campaigrin Perbawati,PBW°

(P = Paddy,NP = Non Paddy)with point samples(grey bars)and horizon symbols(A/B represent
masterhorizons;|l=capillaryfringe mottling, p=ploughingor other humandisturbance d=densdayer,

g=stagniccondition, c=concretionsor nodules,w=developmentof structure/colour,h=accumulation
of organicmatter, t=illuvialaccumulationof silicateclay,o=residualaccumulatiorof sesquioxide).

10(P=PaddyNP=NonPaddy)with point sampleggreybars)andhorizonsymbolg A/Brepresentmasterhorizonsj=capillary
fringe mottling, p=ploughingor other human disturbance,d=denselayer, g=stagniccondition, c=concretionsor nodules,
w=developmenbf structure/colour,h=accumulatiorof organicmatter).
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Figure.2.5. Soilprofilesfrom the 2016field campaignin RandusongoRds!!

Figure.2.6.Soilprofilesfrom the 2016field campaigrin Gerih,Grh*?

11 (P=Paddy NP=Non Paddy)with point sampleg(greybars)and horizonsymbols(A/B/Crepresent
masterhorizonsj=capillaryfringe mottling, p=ploughingor other humandisturbance h=accumulation
of organicmatter).

12 (P=pPaddyNP=NonPaddy)with point sampleggreybars)andhorizonsymbolgA/Brepresentmasterhorizonsj=capillary
fringe mottling, p=ploughingor other human disturbance,c=concretionsor nodules,w=developmentof structure/colour,
h=accumulatiorof organicmatter, i=slickensidek=accumulatiorof pedogeneticcarbonates).
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Figure.2.7.Soilprofilesfrom the 2016field campaigrin Pojok,Pjk 3

Figure.2.8. Soilprofilesfrom the 2016field campaigrin Danguk Dgk!*

13(P=PaddyNP=NonPaddy)with point sampleggreybars)andhorizonsymbols(A/Brepresentmasterhorizonsj=capillary
fringe mottling, p=ploughingor other humandisturbance h=accumulatiorof organicmatter, i=slickensidek=accumulation
of pedogeneticcarbonates).
14P=PaddyNP=NonPaddy)with point sampleggreybars)andhorizonsymbolgA/Brepresentmasterhorizons;=capillary
fringe mottling, p=ploughingor other human disturbance,d=denselayer, g=stagniaccondition, h=accumulatiorof organic
matter, i=slickensidek=accumulatiorof pedogenetiacarbonates)ThecorrespondindRGBcolourfor DgkiP munsellcolouris
not available.
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Figure.2.9. Soilprofilesfrom the 2016field campaigrin Bobol,Bbl °

2.3.Samplepreparation

Samplepreparationsprior to laboratory analysisinclude wet sievingto collect plant and

mineralremains;acidalkaliacidtreatment to removecarboncontainingcontaminantsfrom

4Csamplesandextractthe concomitantorganicmatter fractions(alkalisolublehumicacids,
and acid/alkalimsoluble humins), and ultrasonication to isolate soil mineralassociated
carbonfractions.Detailswill be discussedn the following.

2.3.1.Wetsieving

Soilscontainvaryingcomponentspoth organic,i.e. plantderivedresiduegmacrofossils)and
non prganic,i.e. concretions,and nodules.Theyare glued together and to the soil matrix
whichbringsdifficultiesin termsof individualsorting.Bydispersinghe air dried soilmatrixin
water, calledwet sieving,varioussoil particlescanbe extractedmore easilyon appropriate
sieves.Thewet sievingfor 2012 air dried sampleswas done in the Institute for Ecosystem
ResearchKielUniversity.Sievingor 2016wet soil samplesvasperformedin the SoilPhysics
Laboratory Departmentof Soil,BrawijayaUniversity.

Thelarge, either air dried or fresh samples.ca. 5 kg, collectedfrom the field were soaked
overnightin demineralizedvater in 10 liter bucketsto facilitate washingand sievingthe next
day.Onadoublestackof 2 and0.37mm sievesa high pressurewater sprayerwasemployed
to break up the aggregatesand remove <0.37mm sizedparticlesby repeated sprayingr
decantinguntil no more residueis left. The retained plant remains,i.e. seeds,roots, and
leavesaswell asmineralconcretionson the surfaceof the sieveswere collected,and ovenr

15(P=Paddy NP=NonPaddy)with point sampleqgreybars)andhorizonsymbols(A/Brepresent
masterhorizons;=capillaryfringe mottling, p=ploughingor other humandisturbance).
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driedat 60°Quntil aconstantiveightwasobtained.Thedistributionof plantremainscollected
in different soil types as a function of depth will be discussedater (section4.1). Mineral
concretionsgeneratedin somesoillayers,datais presentedin the Appendix2.4.

Microscopiocobservationwasusedto identify and separatethe plant remainsby their colour,
l.e. light versusdark material, and by physicalappearancej.e. roots, fragment of leaves,
charcoal. Dating these materials requires subsequentacidalkaliacid treatment (section
2.3.2),andwill be discussedn the section4.1.

Themineralcontentsof someconcretionsvere assessethy XRFscanningooth onthe surface
and nucleusof individualsample(section2.4.2).Foraveragevalues,someconcretionswere
groundprior to scanningTheimportant mineralcontentsof somecollectedconcretionsare
presentedin the Appendix2.5and2.6.

2.3.2.Acidalkalincid(AAA)Xreatment

Traditionalchemicalcleaningof plant materialand soil for radiocarbondatingusingthe AAA
treatment splitsorganicmatter into three different fractionsbasedon their relative stability,
i.e. acidsoluble fulvic acids,alkalisoluble humic acids,and acid/alkalilnsoluble humins (in
plantsmostly cellulose). Themost stabile soil organicmatter fractionsare the humins,which
resultsfrom the strongclayand fine silt sizedprotection which is prominentin clayeysoils.
Thelessstablefraction, fulvic acids,is water solubleand mobile, and alwayscontainsyoung
organiccarbon.Whendissolvedijt canmultilaterallymovein the subsoilto mixwith olderand
stabilized carbon, and increasethe average“C concentration, which givesrise to age
falsification.In this view, fulvic acidsare contaminantandthus removedin this preparation.

Theprotocol of AAAtreatment will be summarizedrom a paperelsewhere(Grooteset al.,
2004).Air dried soilsamplesca. 2 g, were extractedwith 20 ml of 1%HCIto getrid of water
and acid soluble contaminants,i.e. carbonatesand fulvic acids.Carbonatescan also be a
seriouscontaminant,asthey containcarbonwith a history and *“C concentrationpotentially
different from that of the organiccarbon. Their presencein the samples therefore, could
changethe measuredradiocarbonage(RappandHill, 2006).

Thesolidresidueafter acidextractionwasseparatedirom the acidextractby centrifugation.
Togetrid of the excessacidsandanydissolvedcontaminantsthe solidresiduewasrepeatedly
washedwith distilled water until the pH of the washiater increasedto 3 #. The solid was
then extractedwith 1%NaOHn awaterbathat 60°Cfor 4 hours.Thus,the extractablehumic
substanceshumic acids,will be dissolvedfrom the soil samplesHighspeedcentrifugation
(ThermoScientificHeraeus3SR),i.e. 4600rpm, whichis equalto 455096, for 10 minutes,
wasappliedto separatethe alkalisolublehumicsubstance$rom the solidhuminfraction. The
humicacidfractionwasprecipitatedfrom the alkaliextractby acidificationwith concentrated
HCluntil the pH of the solution< 1. Thenext day, centrifugationwasagainusedto separate
the solidhumicacidsfrom the acid solublefraction.Humicacidswerewashedrepeatedlywith
distilledwater until pHincreaseso 3 #.

16 Relativecentrifugalforce (G force)= 1.12x Rx (RPM/1000), with R=radiusof rotation (mm); 192mm for
buckettype TTH750.
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Thehuminfractionafter alkaliextractionwaswashedn sequenceausingdistilledwaterto drop
the pHfrom ca.12to ca.10. ToremoveatmosphericCQ, potentially introducedduringthe
alkalitreatment, the humin samplesvere acidifiedwith 1%HCluntil the pH of the solutionis
below 1. Thenthe samerepeated distilled water washingwas done to produce a pH of
solution 3 4. Both humic acid and humin fractions are ready for further analysisafter
oven/freezedryingfor ca.3 days.

2.3.3.Ultrasonication

Insteadof chemicalfractionation,the useof ultrasonicationmay be advantageoudo isolate
soilmineralassociateccarbonfractions,andtrace carboninfiltration. It doesnot significantly
affect the subsequentisolated fractions by any chemical inputs and pH alteration
(Christensen2001;Oortset al.,2005).Thistechniquebreaksup the inter aggregateattractive
forcesbecausehe bubblescreatedby the cavitationprocessof the ultrasonicatorproducea
certainstresson the soil water suspensior(Raineand S0,1994; Zhuet al., 2009).By setting
up the dispersionenergywithin the acceptablerange,the ultrasonicationwill keepmineralr
associated carbon destruction at minimum. Excessivedispersion energy, may cause
undesirablesoil fraction massdistribution, while too low energy will not break the soil
aggregatebonds(Poeplatand Don,2014).

Theacceptabledispersionenergieshave been obtained by monitoring the yieldsof particle

sizefractionsfrom a givenenergy.Theoptimum energycouldbe determinedwhere changes
in yieldslevel off, and by calibratingagainstyieldsobtained from standardtextural analysis
(Morraet al.,1991;Schmidtet al., 1999).Furthermore the dispersionenergyappliedshould
minimize the re distribution of organicmatter during the ultrasonication(Amelunget al.,

1998).Basedon thesecriteria, a dispersionenergyof 60 Jml?, asthe minimum,andenergies
of 440 Jml* (Amelunget al., 1998),1500 J¢* (Oortset al., 2005),or 450600 Jml* as the

maximum,have been consideredacceptable. Thefirst dispersionenergy(the minimum)is

sufficient to isolate secondaryorganomineralcomplexeswhich relates to the aggregate
structure of soils(macror, X250 um, and microaggregates, €250 um), while the latter

complete dispersion(the maximum)isolatesthe primary organomineral complexeswhich

relate to the primary structure of soils(clayr €2 pum, siltt @20 um, and sandsized, @0r
2000pum).

Therefore,it canbe concludedthat the first dispersionretainsthe sandassociatedorganic
matter, andsubsequentdditionalenergybreaksup the secondaryrganicmatter complexes
into smallerfractions(primaryorganicmatter complexes)whichgivesriseto the increasen
claysizedorganicmatter complexabundancean the suspensior{Schmidtet al.,1999).

Ultrasonicatorsare now availablein a variety of commercialbrands. They have different
default output power, generatedby, for instance different probe diametersused,sothat an
interlaboratory comparisonis quite difficult to carry out. To cope with this problem, the
standardizatorof ultrasonicationprotocolsis urgentlyneeded(Morraet al., 1991).Onewell r
known and widely accepted method is by measuring the ultrasonic output power
calorimetrically(North,1976).
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In this study, the ultrasonicatortype operatedwasLabsonidJ (BraunMelsungen,Germany)
with a19 mmdiametertitanium probe.Firstof all, the ultrasonicatorwascalibratedaccording
to North (1976),asbelow:

s LLe%ebe 2.1
=)
With:
Po : the output power (W)

mw  :the massof water (g)in the calorimeter
Cw : specificheat capacityof water (4.18J.¢%.K%)

a : the differenceof temperature,final temperature(Tz) —initial temperature(To)
t : sonicationtime (S)
H : energylossby conduction(J.s!). H valueis negligiblesincea Dewarvesselwith a

plasticcoverwasused.

Tocalibratethe displayedpower in the instrument (Ps), mw, 4T, andt datawere collectedin

the laboratory usinga Dewar flask. The specificheat capacityof Dewarflaskis estimated

throughcalorimetry.Theequilibriumconditionof boiledandcoolwatertemperature(atroom

temperature)in the sameDewarflaskwererecorded.Thecalculationispresentedin eq.(2.2).
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With:

Mdewar = Massof Dewar(g)

Myewar = the temperaturechangeof Dewarflask;To =100°Cand T, =25.6°C
Ciewar =heatcapacityof Dewarin contactwith water (J.¢*.°C?)

Mwater =Massof water (g)

Mwater =the temperaturechangeof water; To =20.8°Cand T1 =25.6°C

Theheat capacityof the Dewarflaskis ca.4%of the heat capacityof water, i.e. 4.18J.¢".K¢,
thereforeit canbe neglected.

A constantvolumeof 200ml of distilledwater in a250ml Dewarvesselwasused,the nominal
power P. andt were varied. Theinitial water temperature wasrecorded(To) usinga digital
thermometer. In the soundenclosure the Dewarvesselwas adjustedso that the tip of the
ultrasonicprobeimmersedl5 mminto the water. TheP. settingsusedin this calibrationwere
100,120,150,180,200,225,and 250watt (maximumpoint) with adurationt of 60,120,and
180secondsEverysinglemeasurementwas performedthreefold. Sincemy, wasconstantat
200 ml, the measuredvariables 4T, calculatedfrom T, and To, andt allow the calculationof
the realoutput power Po. In betweenruns,a minimum15 minute breakwasallocatedto allow
the probeto cooldown.

Asimpleregressiormodelwasimplementedto relate P and P, (Fig.2.11).

26



Figure.2.10.Regressiomnf calculatedP, anddisplayedP. after simulation.

Using a calibrated output power of the instrument, subsequentsample dispersionwas
performed. A displayedpower of 200 watt was chosen,which correspondsto ca. 50 watt
calorimetrically,used as a fixed energythroughout the courseof ultrasonication.Samples
were dispersedto isolate four different sizefractions,i.e. 2502000 um (macroaggregates);
63 250 um (free microaggregates)x20um (mediumfine silt + claywith associatedbrganic
matter); and < 2 um (claywith associatedorganic matter). The first two fractions were
obtained by wet sieving,while the remainingsilt and clay fractions were extracted by the
pipette method (will be discusseat the end of this section).

Thefirst sonicationapplied the dispersionenergyat 60 J.ml* to collect macroaggregates,
while the secondat 440 J.ml* followed to complete dispersionto isolate primary organor
mineralcomplexesTokeepthe ratio of soil:waterat 1:5,in the currentwork, 30 g of air dried
sampleswere usedtogetherwith 150 ml of distilled water. Thetime requiredfor sonication
is calculatedusingthe equationbelow:

2P
= 2.3
L3 (2.3)
With:
E : energyrequiredfor sonication(J.ml); whichis 60 and440J.mlt
P : output power (W); whichwas50 watt
t :time (S)
Vv : volumeof suspensior{ml)

: volumeof water + volumeof soilsample

: 150ml +30g/2.65g.cmé (densityof quartz)
:150ml +11.32cm® (1 cm? equalto 1 ml)
:161.32ml
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Therefore,the operational times for ultrasonicationwere 3 minutes, 7 seconds,and 23

minutes, 39 secondsfor 60 and 440 J/ml, respectively.Prior to ultrasonication,the soil

sampleswere soaked overnight using distilled water in a 300 ml beaker glass.During

dispersionthe energyreleasedby the probewill increasehe temperatureof the suspension.
Thismaychangethe biochemistryof organicmatter in the samplej.e.enzymaticcomposition,
microbial biomass,or soil respiration. Therefore,the temperature was kept below 35°Cby

surroundingthe 300ml beakerglasswith ice cubesin a 1000ml beakerglass.

After first dispersionat 60 J.ml%, the suspensiorwas pouredinto stacked250and 2000 um
sievesThesamplesusedfor analysisvere obtainedafter laboratorypreparation, @2000um,
therefore no soilmaterialswere remainingon the surfaceof the 2000um sieve.Theparticles
retainedonthe surfaceof the 250um sievesverecollectedandovendried, whilethe material
that passedhroughthe sieve,asa suspensionywastakenbackinto a 300ml beakerglassin
the sameway,the secondultrasonicationat 440J.ml* wasoperatedat soil/waterratio of 1:10
(Amelunget al., 1998) from the initial sample weight, and ended up sieving the free
microaggregate®n 63 um sieves.The particleson the surfaceof the sieveswere collected
andovendried,whilethe ©63um suspensiorwaspouredbackinto the beakerglassbefore
a transferinto a 1 L glasscylinder for sedimentation.The ovendrying of both microrand
macromaggregatdractionswasat 40°Cuntil a constantweightwasobtained.

Theuseof a sedimentationtechniqueto collectsilt + clayand clayfractionsis basedon the

relative settlingvelocityof particlesin water. ApplyingStokesiaw, the velocityof a spherical
particlesettlingundergravityin afluid of givendensity &ndviscosity«is proportionalto the

squareof the particle’sradius(Hillel,2004). The gravitationallyfalling particlesin water will

encounterfrictional resistanceproportional to the radiusof particles,and viscosityof water.

Thegravitationalforce canbe formulatedas:

v

(5 L—ué N:é. F &;C (2.9
With:
4/3 «* :volumeof sphericalparticles,with r = equivalentradiusof the particle (cm)

&E : densityof the sphericalparticles(g.cm®)
& : densityof water (g.cm®)

Frictionalforce canbe formulated asfollows:

(b L xj&R (2.5
With:
6« : constantfor sphere
J : viscosityof water at specificcemperature(g.cmt.s?)
r : radiusof particle (cm)
v : particlesettling’sspeed(cm.st)

Assuminghe two forcesare equal,the followingformulais obtainedfor the particle settling
speed:
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Therefore the time t neededfor the particleto settle downthroughaverticaldistanceh is:
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Figure.2.11.Soilparticle sedimentationof JSGAlisolsample.

Accordingo Hillel (2004),the useof Stoke’daw to measureparticle sizesof soilsamples
makesthe following someassumptions:

1. Theparticlesare not affectedby randommotion of the fluid molecules

2. Theparticlesarerigid, sphericalandsmooth

3. All particle havethe samedensity

4. Thesuspensions dilute enoughsoparticlessettle independently

5. Fluidflow aroundthe particlesis laminar(slowenoughto avoidonsetof turbulence)

For soil particles, the sedimentation technique provides only approximate results. Soil

particlesare highlyheterogeneoussincethey are neither sphericalnor smooth and have
variousdensities.Claysare platy, and subjectto random motion when they settle down in
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water. Furthermore, in nondestructive preparation, the existence of organomineral
complexesnayhavean influenceon the densityand shapeof soil particles.

As discussedbefore, the <€B3 um fractions after wet sievingwere transferredinto a 1 L
cylinderto collectfor silt and claysizedfractions.Thetime requiredto settle down fractions
at a particulardepth and temperaturewas calculatedfrom eq. 2.8. Forexample,10:31;19<
wasrequiredto withdraw €2 um fractionsand 00:06;10 <for 20 um fractions. Thesettling
timeswere calculatedat atransferdepth of 15cm (bottom mouth of outlet) of the 1 Lvolume
Atterbergcylinder(Fig.2.11)at 23°CWhenpatrticularfractionsare collectedfrom the outlet,
all particlessmallerthan thesesizeswill be included.Forexample withdrawingof €20um
soil particlesallowsfor ©6to 2 um fractionsin the samplesandsoon.

First,the <20 um fraction wascollectedand transferredinto a pre wweighedaluminiumdish.
Thenthe cylinderwas re filled with distilled water up to the mark and shakenrepeatedly
before the following smallerfractionswere withdrawn. The suspensiorcollectedcovereda
volumeapproximatelyequalto half of the transferdepth (Fig.2.11)whichwasconsideredo
be sufficient for AMSFC analysisin terms of sample size. Becausein this study the
sedimentationdid not collectindividualfractionscompletely,aresidualbulk soilthat contains
parts of <®3 um fractions was present at the bottom of cylinder after the last clay
withdrawal. Thisbulk was collectedtogether with the other fractions. A water samplewas
collectedafter the lasttransferfrom the clayfraction by centrifugingca.150ml of suspension,
andeliminatingthe solidpart. Theisolatedsolidfractionsandwater samplewere ovendried
at 40°Candfreezedried respectively.

Consideringhe calculatedrecoveredfractionswere only ca.30 B0%of the initial weight,then
to studythe massbalanceof carbonis actuallynot appropriate.Consequentlythesesamples
were preparedto investigatethe signalof 13Cand*Cinfiltrated in different classsoilfractions
(section4.3.2.3) Differentto the bulk samplesthe isolatedindividualfractionswere without
an AAAtreatment prior to AMSFHCanalysis.

2.4.Sampleanalysis

Theassociatiorbetweenthe mineralmatrix and associatedrganicmaterialin soilsdepends
not only on the organics,but also on the size and properties of the mineral particles.
Therefore the grainsizedistributionandelementalcompositionof the mineralfraction of the

soilsampleswvere analysedo complementthe carbonanalysis.

2.4.1.Grainsizeanalysis

Grainsizeanalysigs one way to studythe extent of soil weathering.In the soil column,the
variationof grainsizecouldbe anindicatorof the pedogenicandthe geologicahistory of the
soil and associatedgeomorphicsurfaces(Birkeland,1999). This variation may control the
distribution of total carbonwhichis a function of clayr andfine sizedfractions.

In the current study, the grainsizedistribution of sampleswas quantitatively analysedby a
Mastersizer(Hydro2000G).Priorto measurementhe standardpreparationfor soil texture
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analysiswas employed (van Reeuwijk,2002),i.e. elimination of carbonates(Cacarbonate,
dolomite, limestone),organicmatter destruction,and dispersion It is preferableto remove
carbonatesat the first step, otherwise oxidation of organicmatter may produceoxalicacid
that cangiveriseto the neo formation of calciumoxalate.

Togetrid of carbonates1%HClwasusedto extractsampledor overnight.Forcarbonaterich
samplesa strongreactionwill startimmediately,alongwith bubble productionasCQ starts
to evolve.Toacceleratahe reactions samplesvere heatedin awaterbathat 60°Cfor 4 hours,
andsubsequenthplacedout on the benchovernightto getthe reactioncompleted.Thefinal
solutions,whenbubblesno more appeared endedup with a variety of coloursdependingon
soil types, i.e. milky/reddish/yellowish/brownish.The loosening of aggregatesdue to
carbonateeliminationhasmadethe soil structureswollen.

Organiamatter destructionrequiresa strongoxidizerlike concentratedHO, by whichorganic
componentswill beremovedasCQ. Duringextraction,mainlyfor sampleswith ahighorganic
content, strong effervescence may appear, with subsequent discolouration of the
supernatant. Asfor the previousworkingstep,awaterbathat 60°Cwasusedfor the reaction
until the solution remainedcolourlessand no more effervescencecould be observed.This
requiredca.2 ¢ repetitionsof 10 ml H,O, each.

After carbonatesandorganicmatter were eliminated,the solidmineralresiduewasseparated
from the suspensiorby centrifugation. The excessof H:O; in the residuewas removedby
repeatedlywashingwith distilledwater. Furthermore,a 0.5ml dispersingsolutionwith 0.5M

Na:P.O; wasaddedto the solidsbefore they were shakenon a mechanicakhakerfor ca.16
hours. Thisway, sand,silt, and clay particlesare expectedto be completelybroken apart,
which subsequentlyfacilitatesthe laserscanningn the Mastersizer.

2.4.2. XrayfluorescencéXRF)

Theelementalcompositiondatain this studywasobtainedthrough ICPOESanalysigor bulk
sampleqsourceprimarydata: PaulineWinkler,pers.comm;Appendix3.2; Fig.2.2lo Fig.2.4)
andportable XRFscannindgor concretionsandselectedsoilfractions(AppendixX2.5; Appendix
2.7).Elementalcompositionby ICPOEShasbeendiscussealsewhere(Winkleret al., 2016),
andthis sectionwill briefly summarizethe principleof portable XRFRusedin this study.

Theuseof portable XRREsanon destructiveandnon imvasivetechnique.Thisiswidelyapplied
for archaeologicabamplese.g.ceramics glass,pottery, and other mineral fragments,that

require an undisturbedcondition of the samplefor further analysisin this study an energyr
dispersivetype portable XRKNiton XL3t)wasapplied.

Xraysfrom the sourcein the instrumentscanthe samplewith high energy,higherthan the
atom’sKor Linner shellbindingenergy.Thiscauseghe inner electronsto be ejectedwith a
kineticenergy,Er Qwhichisthe energydifferencebetweenthe incidentradiation, E,andthe
bindingenergy, Qof the electronin the atom. Theejectionof electronsout of the innershells
createsempty spaceghat will be filled by electronsfrom one of the atom’s higher energy
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orbital shellswhile releasinga characteristicfluorescentx ray (Conklin,2005). The x ray
photonsemitted from eachheavyelementare uniqueasproportionalto the bindingenergies
Oof the element. Thisspecificenergyallowsusto identify the sourceatoms.

Figure.2.12. Theillustration of XRANiton XL3t(https://www.dal.c&).

Air dried samplesvere powderedmechanicallyisinga grind mill (Fritsch)o homogenizehe

sizeof particlesto < 60 um (Dreibrodtet al., 2017).BecauseXRFonly scansthe surfaceof

samples,homogenizedsamplesyield results that are more representative.The powdered
sampleswere placedin XRFpolyethylenecupswith XRRhin film coverson one end. Tubes
were placed upside down on the XRFtest stand, and the incoming Xray beam from the

bottom penetrates through the thin film cover. For selected FeMn concretions,
measurementsvere madeat the surface of the nucleusandon powderedsampledo getthe

meanvalues.Togetanideaof uncertainty,scanningvassetinternallyto 10replicates Results
with morethan 10%uncertaintyare consideredstatisticallyquestionable.

Elementalcompositionsprovide supportingdata for grainsizedistributions,becausevarious
elementshavea different affinity to different mineralfractions. Thereforetheir abundance
ratios can be used as an indicator of the uniformity of parent materials. The grainsize
distributions were indicated through Rb/Zrratio, since rubidium is bound stronglyto clay
minerals, while zirconiumis associatedto medium to coarsesilt (Heymannet al., 2013;
Kylanderet al., 2011).Similarly,the Ti/Zr ratio, eventhoughit doesnot alwayssuccessfully
reveallithologicdiscontinuities(Ahret al., 2012),helpsto test the differencein the origin of
parentmaterial(Buurman 2004;ChapmarandHorn,1968).

2.4.3.Total,organic andinorganiccarbonandnitrogen

Totalcarbonand nitrogenwere determinedbasedon dry combustionvia elementalanalyzer
(EuroEA3000)for bulk samples.and by a muffle furnacein the systemof AcceleratorMass
Spectrometry(AMS),for organicfraction samples.The use of an elementalanalyzer(EA)
requiresabit specificsamplepreparation,while the useof the combustiontechniquerequires
the samepreparationasradiocarbonanalysis.
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Theapplicationof EAreducesthe sizeof sampleso ca.30 mgrather than the cumbersome
sizefor different classicamethods,for instance5 g for the chemicalWalkleyand Black(van
Reeuwijk,2002),and 10 g for the losson fgnition method (Faithfull,2002).In addition, total
carbon and nitrogen are measured simultaneously,which improves the efficiency. Dry
combustionof samplesat high temperature,ca. 900 &, producesthe elementalgasesthat
are separatedin a chromatographiccolumn for further detection usinga high sensitivity
thermal conductivitydetector. On the other hand, the use of the dry combustionsystemin
AMSrequiresamuffle furnaceat 900 &for 4 hours,andthe total CQ evolvedfrom the sample
canbe assumedastotal organiccarbongiventhat carbonateshave beenremovedprior to
combustion.

Thepreparationof sampledor dry combustionby chemicakreatmentshasbeendiscussedn
the section2.3.2.ForEAanalysisthe total C/Ncanbe measureddirectlyonground &2 mm
bulk sample.OrganicC/N is obtained by removing carbonatesfrom the samplesprior to
measurementwith HCI. Therefore,inorganicC/N is the difference betweentotal C/N and
organicC/N. Carbonateelimination is neededespeciallyon neutral to alkaline,pH 7.58.5,
sampledrom the PLVertisol.Onthe other hand,for acidAlisoland Andosolsampleswith pH
range4 6, total organicC/Nisassumedo be equalto total C/Nsincecarbonatesare instable
in thispHrange.

Inorganicnitrogen,i.e. NG, NHs" accountsfor lessthan 10%of the total nitrogenin the soil.
Of these two, nitrates are the dominant inorganic form of nitrogen in an oxidized
environment. Yet, nitrates are water soluble,and consequentlytheir availabilityin the soil
highly dependson soil moisture conditions.Meanwhileammonium,if presentin the soil, is
associatedvith clayminerals,otherwisenitrification convertsimmediatelyinto nitrate under
aerobicconditions.Resultof EAanalysisuggesthat theseinorganicelementshavenot been
presentin somesamples.The HClpretreatment did not result in a lower total N content.
Basedon this assumptiontherefore, organicmatter derivednitrogenmay be similarto total

nitrogen.

2.4.4.1Csolidstate nucleamagneticresonanc*C NMR)

For the characterizationof soil organic matter, solid state 13C NMR spectroscopy(Bruker
BiospinDSX200NMRspectrometer Rheinstetten Germany Soilscienced HMunchen),with
crosspolarizationmagicanglespinning(CPMAS[Kd&lbland KogelKnabner,2004; Wissinget
al., 2013) was applied. Usingthis technique has the potential to characterizesoil organic
matter from both bulk and sizefractionatedsampleswithout any extractionprior to analysis
(Stevenson,1994). Yet, the samplesusedin this study were acidinsoluble humic acidsto
overcomethe problemsthat comeup in the absenceof hydrofluoricacid (HF)treatment, i.e.
long acquisitiontimes, low resolution,and low signalto noiseratios of the spectra(Kogelr
Knabner,1997). The HFtreatment, appliedto eliminate the soil mineralfraction, resultsin
highly pure organiccarbon,especiallyconnectedwith the low organiccarboncontent of soil
samples.

Detailsof the solidstate CPMAS3*C NMRtechniqueusedin this analysishavebeendiscussed
by Kdlbland KégelkKnabner(2004),and Wissinget al (2011).Spectrawere integratedfor 6
chemicalshift regions,i.e. 0 #5 ppm (alkylC),45 B85 ppm (N alkyl/methoxyl,O alkyl),95 410
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ppm (C: alkyl), 110445 ppm (aromatic), 145460 ppm (Oaromatic), and 160220 ppm
(carboxylC).

Thespectraregionsresultingfrom CPMASC NMRdo not provideanyinformationregarding
the molecularcompositionof organicmatter. Anapproachto predictmolecularcomponents
from *CNMRspectrahasbeenreported (Ahmadet al.,2006;Nelsonet al., 1999;Nelsonand
Baldock,2005). The following paragraphwill summarizethe principle of CPMASCNMR
basedon thesereferences.

TheNMRspectraand N:Cratios of samplesare translatedby comparingthem with the NMR
spectraand N:Cratios of chosencomponentsthat are producedin highestabundanceby 1)

plants,i.e. cellulose hemicelluloseprotein, lignin, cutin, and suberin,2) microorganismsi.e.

proteinderivedfrom structuralcomponentsaandenzyme 3) chitinderivedfrom aminosugars,
4) polymerproducedby fungi and soil fauna,5) structuraland muco polysaccharidesand 6)

aliphaticmembranecomponents Allthesecompoundshaveneither characteristicsolid state

13C NMRspectranor characteristicN:Cratios. To copewith this problem, they are grouped
into six components as their representative, i.e. carbohydrate (cellulose, mucor
polysaccharidesand smallermolecularweight saccharides)yrotein (proteins, peptides,and

aminoacids) lignin,aliphatic(cutin, suberin,andaliphaticmembranecomponents)carbonyl
(uronicacidsin the carbohydratecomponent,andfatty acidsin the aliphaticcomponent),and

charcoal Thedistribution Cin spectralregionsand molar N:Cratios of thesecomponentsare

summarizedn Nelsonand Baldock(2005).

Tocalculateamodelspectraldistributionfor asample the amountof eachcomponentshould
be estimatedby solvingtheseequations:

= E>E?E @IEAE (2.9)
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Inthe equationsabove,a, b, c,d, e,andf arethe proportionsof componentA (carbohydrate),
B(protein),C(lignin),D (aliphaticcomponents)E(carbonyllandF(char)in the model.nequals
to N:Cratio for specifiedcomponentand sample,i.e. na equalsto N:Cratio of componentA.
r, t, vand varethe proportionof carbonin the specifiedcomponentandsampleto represent
the chemicakhiftregionsof 45to 10,95t0 60,210to 165and145to 110ppm. Thechemical
shiftisexpressedn ppm, obtainedfrom the absoluteresonancdrequencyof the sampleand

€pigUxD 7@y .
standardreferencecompound,T@‘.Whenumeratorls usuallyexpressedn hertz,and
YD N

the denominatorin megahertz.

2.4.5.Acceleratomassspectrometry{ AMS)

Themost noticeablestrong point of AMS4C measurementsver conventionaltechniques,
e.g.proportionalgasor liquid scintillationcounter,isanabout 10,000timeshighersensitivity.
Thisis the result of the direct massspectrometricdetectionof all *“Catomsrather than only
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thosethat decayduringmeasurementhrough tparticlesemitted duringthat decay.Thel‘C

t detection hasa limitation related to the fairly low maximum tnergyof ca.0.156 MeV
(Taylorand Bariyosef,2014),if comparedto different elements,e.g.%6Cl0.709MeV, or &Kr
0.687 MeV. The high sensitivity of AMSC is advantageouspecausethe size of samples
requiredis small,typicallyafactor of 1000smaller(Bowman,1990),whichmeansthat asmall
objectthat would be destroyedby conventionaldating,still canbe sampledIn addition,since
each sample measurementrequires lessthan an hour instead of severaldays, AMS can
potentially obtain a yearround highsamplethroughput.

AMScombinesthe capabilitiesof conventionalmassspectrometrywith a particleaccelerator
to improve its detection limit for isotopic ratios which are in nature below 102° for some
cosmogenidsotopes,e.g. 1°Be, 2°Al, 26Cl, and “C (Steinhof,2016). The particle accelerator
speedaupionizedparticlesin abeamline andseparatesonsof massl2,13,and 14 by passing
them through electric and magnetic fields. This electrostatic system also deals with

discriminationagainstunwanted isobars,which are in the caseof radiocarbonmostly the

massf 4 interfering molecularfragments*CHand *?CH, andthe nitrogenisotope'*N, which

doesnot form a stable negativeion. A tandem electrostaticacceleratoris equippedwith a

terminal stripperfor chargeexchangdo removeinterferences(positiveions)by dissociating
isobaricmolecularions (Steinhof,2016; Taylorand BariYosef,2014; Tunizet al., 1998),and

raisethe ion energyto levelssuitablefor “Cidentification.

2.4.5.1.Samplepre treatment

Samplesare first subjectedto pre treatment, before running in AMS,to get rid of the
contaminations Thepresenceof foreigncarbonmayinfluencethe measured“C/A?Cratio, so
it differsfrom that of the originalmaterial. Thelevelof contaminationthat couldbe tolerated
isverylow, lessthan 0.1%o. (Grootes,1977).

In principle,decontaminationis performedin two ways,i.e. physicabndchemicatreatments.
Thephysicalreatmentsincludethe removalof visibleplantremains,e.g.roots, rootlets, with

the assistanceof a microscope.The chemicalpreparationof samples,n principle,removes
contaminants like calcium carbonate, limestone, and fulvic acids, by acidalkaliacid
treatments(section2.3.2).

2.4.5.2 Preparatiorof graphitetargets

To obtain high purity carbon, suitable for AMS measurementthe pretreated samplesare
combustedio CQ in anevacuatedsealedquartzampoulewith CuOin a muffle ovenat 900 &
for 4 hours.TheCQ isthen graphitizedusingthe Fe/Znmethod (Nadeauet al., 2015),which
eliminateshydrogenin the reactions.Tworeactionsare goingon, first CQ is reducedto CO
over hot Zn,at ca.500 &,and secondthe resultingCOis convertedto graphiteoverthe iron
catalystat ca.700 & (Slotaet al., 1987).Iron alsoactsasa thermal conductorandasa binder
that facilitatesthe physicahandlingof the final product (Taylorand BariYosef2014).

Thepowder of graphiteFeis then pressedinto stainlesssteeltarget holdersusinga Cupin
(Nadeatet al.,2015),to improvethe uniformity of the targetsandto easetargetpreparation.
Thetarget holdersare then fixed in the target wheel, and subsequentlyplacedin the ion
sourceof an AMSinstrument.
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2.4.5.3.1CAMSmeasuremen{systemat NTNU;TrondheimNorway)
The AMSfacility usedin NTNU,Trondheim,Norway,will be briefly discussedo summarize
from the reportsof Kleinet al (2006)and Nadeauet al (2015).

Theion sourcein this systemis the SO110 hybrid with a 50 target carousel.Targetholders
from the wheelare placedin the ion sourcewhere the metalionizeris heatedto more than

1000&to supportthe thermal processof ionizingcesium(Cs)vapor,fed into it, to Cs+ons

(Steinhof,2016). The Cs ions are acceleratedand focusedon the graphite targetby a 7 kV
potential difference.Whenthey hit the target, typicallyat 35kV,they ejectatomsandions
from its surface aproces<alledsputtering.Thisgeneratesa beamof negativelychargedons,

consistingof 2C, 3C, and '4C, and other elementaland molecularions that is accelerated
towards ground potential and extracted from the ion source with 35 keV energy. This
suppreses“N, asthis isobarof 1“Cdoesnot form stablenegativeion.

Theion sourceconnectsto the acceleratorthrough the injector which massanalysesthe
injectedionsfrom the sourcein a 90 émagnet,sinceall ionswith the samechargehavenow
beenacceleratedoy the samepotential differenceand gainedthe sameenergy.Thepurpose
of the injector is, asa traditional massspectrometer,to ensurethat only ions of the correct
massandchargeare injectedinto the acceleratoHellborgand Skog2008).Heavierionsare
bent lessthan lighter onesbecauseof highermomentum. Thethree carbonionshaveto be
injectedinto the accelerator Allionsin the sourceare acceleratedy the samepotential and
obtained the same energy (for the same chargeions), therefore the momentumbased
separationdependson the different masses.The energy should be adjustedto allow the
carbonionsto enter the accelerator.Thepotential of the bouncercanrapidlybe switchedup
and down, so the potential difference between the target and the bouncer,and thus the
energyof the ionscanbe adjusted.The?C'and 13C'beamsare 10*? and 10'° times stronger
thanthe “Cbeamandneedto be measuredonly briefly, while 1“Cneedsto be measuredong
to improve statistics. Therefore, *2C and *°C are injected sequentiallyfor only very short
periods followed by amuchlonger“Cinjection. Toobtain quasisimultaneougeadingson all
three isotopes,the magneticfield (bouncer)cyclesthe sequenceof 3 isotopes100times per
second(100Hz).

Thenegativeionsof carbonsubsequentlyenter the tandemacceleratora 1 MV Tandetrori
with a solid state power supply. In the tandem accelerator, the ionized particles are
acceleratediwice. First,the negativeions towards the central positive terminal due to the
attraction of different ion chargesand second the positiveions, producedpassinghrough
the stripper,awayfrom it dueto the repulsionof the sameion chargesThechargeexchange
devicein the highwoltageterminal, in this casethe argon (Ar) gasstripper canal,removes
electronsfrom the ions by interaction with the argon stripper gas, producingcarbonwith
various positive charge states (C* used), and breakingup molecularisobars.In this, the
molecularions are eliminated becausethey are not stable in positive chargestate. After
stripping,the positivelychargedcarbonionsare acceleratedbackto groundpotential in the
highenergypart of accelerator.

Fromthe acceleratorthe ion beamisconnectedo the detectorthroughthe highenergy(HE)
analysissystem.Dueto the higherenergyof the ions after the acceleratorand stripper, the
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magneticand electricfieldsin the HEanalysishaveto be strongerthan thosein the injector
(Steinhof2016).TheHEanalysisvith a90 tanalyzemagnethasafunctionasafilter, at which
the focusedion beamseparatescarboninto its three isotopesaccordingto momentum,and
eliminatesother ions. Theion beamscontainingpositivelycharged?Cand3Care bent more
than *4C,andare collectedand measuredn Faradaycups,while “Cis allowedto continueon
towardsthe gasionizationchamberfor counting.

Figure.2.13.Layoutof the AMSsystemin NTNUIaboratory, Trondheim(Kleinet al., 2006).

Theionizationgasusedis isobutane,in which free electronsare producedasenergeticions
travelthroughit. Theionsloosetheir energyuntil they arestoppedcompletely.Thedifference
in the energylossdistribution alongtheir trackin the detectoris usedto tell apartthe same
massand similarenergyparticles.Thisrequiresthe two anodesystemandthe useof energy
loss per track unit (dE/dx)and total energyto identify 4C and eliminate background.The

, . -0y, ly
particlecountrate, andthe Faradaycupcurrentsare usedto calculatearatio of fl/andfl/for
samplesand standard.

2.4.5.4.Calculatiorof “Cdata

Oy,
Thecalculationof a 1*Cconcentrationrequiresthree separatemeasurementsi.e. Tl;ratlos of
the samplefor which a 1“C decayageis desired;for the modernstandardto definet =0 on
the “Ctimescale;and for the backgroundto determinethe contribution to the measured
sampleactivity of “dead carbon”materialdGillespie 1984; Taylorand Bariy osef2014).
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Oy, . . , . o
Themeasuremenof fl/?atlos hasbeendiscussedn the previoussections.Thedetermination
4

of 1“Cismaderelativeto astandardof known'“Cconcentration Thefirst modernradiocarbon
standard was distributed by the National Institute of Standardsand Technology(NIST),
GaithersburgMaryland, USA,oxalicacid | (GH.O4) or Oxt, made from 1955 sugarbeets
(Stenstromet al., 2011).Ninety five percentof the activity of Oxt, with a *“Cisotoperatio of
105.26 pMC measuredin the year 1950 and normalizedto 19%. %€, is equal to the
measured-“Cactivity of 1890wood, decayrcorrectedto 1950,and normalizedto 25%. WC,
and is usedto define a zero *“C age (Stuiverand Polach,1977; Trumboreet al., 2016), by

- 014
conventionthe Modern Standard Havingaf; of 100pMC(100percentof the ModernCarbon

Standarddefinesthe modernstandardatmosphere 1890woodwasselectedasthe standard
of radiocarbonto representpre suessffect atmosphericl*CQ.

Bythe late 1970s the supplyof the originaloxalicacidhadbecomedepleted(TaylorandBarr
Yosef,2014), and no longer commerciallyavailable.A substitute standard was prepared,
oxalicacidll or Oxll (Mann,1983),madefrom 1977 Frenchbeet molasseswith anisotope
ratio of 134.07pMCat 256%. %C,distributed by the International Atomic EnergyAgency
(IAEA),Vienna, Austria. The isotope ratio of newto pld Ox standard normalizedto %€,
definedasa conversionfactor, hasbeenusedto correct Oxll to that of Ox| standard.The
conversiorfactoris 1.2736+ 0.0004(Mann,1983),and adjustedto 1890wood 0.95/1.2736=
0.7459.

Theformulato calculatet*Cconcentrationin percentmoderncarbon(pMC)is the following:

L/% LMQU’SH (2.10)
. éu
With:
@5_—’.’1—A’ﬁ
deoaando baaRp 7 ? (2.11)
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ForOxlI standard,normalizedto 19%. WC:
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WhereRsampleisthe —; ratio of the sample Roxisthe oxalicacidstandard,and Rsampie-and Rox
arethe respectivevaluescorrectedfor isotopicfractionation.

Toexpressshe absoluteamountof 14C,the formulausedasbelow (Trumboreet al., 2016):

38



0.
—
% e Rl F BT srrr (2.14)
4a=9| @ea4 23
AE°a7-5

2.4.5.5.Correctiorfor isotopicfractionation

Massdependentisotopicfractionationscomeabout naturallyin the environmentandin the
laboratory and affect radiocarbon concentration. In the environment, for instance, the
assimilationof CQ by plantsor CQ exchangeetweenthe air and surfacewater, andin the
laboratory,e.g.incompletecombustionor reduction(Mookandvander Plicht,1999;Steinhof,
2016; Stenstromet al., 2011). In any biological pathway, the lighter carbon isotopesare
preferentially taken up (Bowman, 1990), becausethe heavier isotopes move slower.

Therefore,the isotopesare subjectto relative enrichmentor depletiondue to the different
- Ya . .
isotopereactionrates.Thechangesn the stableisotopicratio,f; duringthe formation of the

-0y, . . .
sampleto be dated, give rise to a changein —1; ratio of about twice the magnitude (for

simplification)reflectingthe massdifference(Gillespie 1984).

In order to eliminate fractionationeffectsto makeinter faboratorycomparisonof different
materialspossible,conventionally “C results of samplesare normalizedto a C of 25%o
relativeto PDBFurthermore the resultsof the oxalicacidstandardare correctedto a WCof
A9%. PDBfor Oxl andto WCof 25%. PDBfor OxIl (Mann,1983;Mook andvander Plicht,

-/ Yo .. . . .
1999).Thef12 ratio of the sampleandthe oxalicacidstandard,which are measuredoy AMS

0y, .
simultaneouslywith the fljratlo, are usedfor the correction. Thevalue of *3C of sample(s)

andstandard(r) are calculatedasfollowing:

57y, 5 704,
FeeG F G

57 1 56y ?E_%o\ .
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With:

7 . . Ty,
If; pis the measuredstableisotoperatio of the sample,and Iflj pis the measuredstable
& a

isotoperatio of the referencewhichisa Cretaceougarbonate BelemnitaAmericangrom the
PeeDeeformation of SouthCarolineknownasPDB.

2.4.5.6.Correctiorfor background

Thecontribution of non sample!“Cto routine sample'“C concentrationactivity is estimated
from a processblank. A processblank to determine the contaminationintroduced during
sampleprocessings obtained by a sampleof “Cfree anthracite. Anthraciteis a geological
samplewith infinite ageand shouldcontainno **C.Thecorrectionintroducedby substracting
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the blankfrom the *®C corrected!“C sampledata, dependson the sizeof the CQ sample
obtainedduringthe combustionor hydrolizationprocessesandon the ageof the samples.

Twochemicalgraphitepowders,i.e.asyntheticgraphitewith a“Ccontentequivalentto a'“C
ageof 50,000yearsBP(0.2pMC),and a natural basedgraphitewith almostno inherent *“C,
areusedto testthe machinebackgroundn Trondheim(Nadeatet al.,2015).Thelatter shows
the stability of **Cmeasurementaswell, with limited sensitivitydueto its old age.

In the NTNU, Trondheim AMS laboratory, no machine blank is applied as the systemis
exceptionallycleanandthis effectisincludedin the measuremenbf the processblanks.

2.4.5.7.Measuremenuncertainty

Thestatisticaluncertaintyof 1“Cresultsis estimatedbasedon the scatterof measurement®f

samplesOxstandardsand backgroundsiswell ason Poissorstatistics(Stuiverand Polach,
1977).Theuncertaintyof measurementss describedby a Gaussiamprobabilityfunction. The
separatemeasurementsare not expectedto deviate from a true value by more than one

standarddeviationor one sigma(x 1 ¢), whichimpliesa 68.3%probabilitythat the true value
liesbetweenthe +1+and X «limits aroundthe measuredvalue.

2.4.5.8.Calculatiorof the conventionaradiocarborageandthe calendamage
Themathematicalformulation for the calculationa *Cage(t) in yearshasbeendiscussedn
sectionl.2.1,basedon someassumptionsoutlined by Stuiverand Polach(1977).Thefinal
formulacanbe expressedsthe followingequation:

A 63aR00
PL Fzruu Lll—lflfé)ﬂﬂ’p(au (2.16)
4es0
With:
t : radiocarbonage(yearsbefore present,BP where presentis 1950AD,as0 yearsBP)

8033 : meantife of 1“Cbasedon the originalLibbyhalf fife of 5568years.

Oy, . . .
Reampie®: the —; ratio of the samplecorrectedfor isotopefractionation(eq.2.11)

_0111 . . . - . .
Rox*:the —; ratio of the modernoxalicacidstandardcorrectedfor isotopefractionation(eq.
2.12,2.13)

Theequationsabovearebasedon someassumptionghat werediscussedn the sectionl.2.1.
The mean life of 8033 yr implies that 1% deviation will result in a variation of ca. 80
radiocarbonyears. The radiocarbonyears calculatedare, actually, not equal to real time
calendaryears.Thereasonisthat a) the Libbyhalf tife of 5568yr istoo short; 5730+ 40yr has
beenagreedupon asthe recommendedvalue (Godwin,1962),and b) the concentrationof
atmospheric**CQ fluctuatesthroughtime asa resultsof changesn the productionrate and
in the globalcarboncycle(Reimeret al., 2013).Therefore,in order to getthe corresponding
calendaryears,the resultsin radiocarbonyearsare correctedusinga calibrationcurvethat
relates the 1“C age to the calender age obtained from knownage samples,e.g. from
dendrochronology. By convention, the reported form of calendar age range usually
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correspondgo *1 - of 1*Cage.Tocite calibratedradiocarbondating results,the terms of cal
BC,calADor evencalBParerecommended.
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Chapter3

3. Characteristicsf tropicalsoilsin the researcharea
Soilpropertieshavebeensuggestedo influencedeepcarbonmore than climate (Mathieu et
al., 2015). Among of them, two factors, i.e. soil texture and mineral composition, pose
important contributionsin the contextof their strongphysicalssociatiorto carbondynamics
(FellerandBeare, 1997;Hanet al., 2016). Theymayexplainthe variabilityin carbonsorption
exertedin different soiltypes(Mayeset al., 2011),and profile layers(Kothwalaet al., 2008),
dynamicsto microbial accessibility(Gleixner,2013), and dissolvedorganic carbon related
enrichment(Gandoiset al., 2014;Hagedorret al., 2015). Therefore,it is suggestedhat the
balancebetweeninput and output of carbonallowsfor severalsoil processe$o makeup the
existingconcentrationof carbon.

To take into accountthese soil type related processeswhich are the key for soil carbon

dynamicsthis chapterwill discusssomeimportant soil characteristicsn the studyareas,i.e.

grain size (section 3.1), soil reaction (pH) and salinity (EC)(section 3.2) and mineral

compositiong(section3.3),to provide a frameworkfor understandingsoil carbondynamics.
In addition, the chemicalstructure of organicmatter from top layerswill alsobe discussed
(section3.4), sincesoil organicmatter structure may provideinsightsin the contextof plant

litter compositionsin combination with environmental condition, e.g. soil types, climatic

factors(temperatureand precipitation).

The climatic condition of the study areaswill be summarizedin this introduction. As lying
around6° N to 11°Sand95°to 141°E (Fig.2.1), Indonesiagenerallyhastwo main climate
types,i.e. humidtropical,for examplein Sumateraand Kalimantanandmonsoonin Javawith

a tendencyto be flat all yearround (Tan,2008). The annual seasonsj.e. the wet season
betweenNovemberand March,andthe dry seasorbetweenApriland October,aredrivenby
Australiaand Asiacontinents.

Theprimary data collectedfrom localmeteorologystationsnearbyshowsthat in Perbawati,
Sukabumithe meanannualtemperaturerangedfrom 20.4to 21.8 @with rainfallfrom 2300
to 4600 mm/year (data 20012010),while JasingaBogor,hasa meanannualtemperature
within the rangeof 25.5to 26 Gwith annualprecipitationfrom 1890to 3900mm/year (data
20012010),and in PlosoLor, Ngawi, EastJava,the meanannualtemperature (data 1973r
1992)is a bit higherat 26.6 @(Amienet al., 1996)with precipitationrangedfrom 1470to

4040mm/year (data20062014).Groupingthe regionusingSchmidtFergussortlassification
basedon precipitation data, by comparingthe averageddry months (< 60 mm) over wet

months (>100 mm) to get the quotient value Q (Tan,2008), resultsin two distinguished
climaticzonesj.e.zoneA (SukabumandBogor)with Q=10.78%and9.57%respectivelyand

zoneC(Ngawi)with Q =59.38% Theseindicatethat zoneA is awet region,while zoneCis a

monsoonregionwith more sharpdry seasongAppendix2.2).

3.1. Grainsizedistribution
Parentmaterialsplay a crucialrole in the soil formation in Indonesia(Tan,2008),andin the
inherited soil characteristics.They influence grain size variability through inheritance,
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mechanicalweathering,deposition,and neoformation of clay (Birkeland,1999),pointing to
soilforming processeshat take placein the soilcolumn.

Figure.3.1. Loadingf 6 classessoil fractionsdefined by PCland PC2 Dataset from point samples
(Appendix3.1). Markerswith dotted and solidborder are topsoil (<30 cm depth) and subsoil(>30cm
depth).

Due to the high complexity of soil properties, grain size compositionwill be presented
accordingto parent material compositionas a frameworkto makediscussiorsimpler. They
are groupedinto four types,namely,extrusiveigneousrocks(PBWRds)-type 1, i.e.volcanic
ash, lahar; intrusive with combinationextrusiveigneousrocks (JSG}- type 2, sedimentary
rocks (Bbl)— type 3, and alluvial materials (PL,Dgk, Pjk, Grh, Cixi)— type 4. As situated in

different landformswith different inherent mineral compositions,each profile may posea

different regularityin view of the distribution of mineralsoil particles.

Grainsizecompositionsvere analysedn the laboratoryasdiscussedn the precedingChapter
(section 2.4.1). To facilitate data interpretation, principal component analysis(PCA)was
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performed(usingpackagePRCOMIh RStudiol.1.414) It isamultivariate statisticalmethod

with central aim of reducingthe dimensionalityof data set while retainingas much of the

originalvariationaspossible(Buurmanet al., 2008;Everittand Hothorn,2011).Toget strong
correlationsamong variables,in this analysisthe significantfactors with eigenvalueshat

exceedone areretained(McKillupand Dyar,2010).ThePCAof grainsizedatashowsthe two

principalcomponents PCland PC2accountfor 74%of total variationin the originalvariables
(Fig.3.1; Table3.1).Clayand sandfractionsexplainmost of the grainsizecompositionin the

studyarea(Table3.1).

Typel (PBWRdSs)is characterizedy grainsizecompositionsshifted towardssandfractions,
to the right of plot space(Fig.3.1). Theyexhibitthe mostirregularity asa function of depth,
whichis typical of volcanicregions(Dames,1955).Coefficientof variation (CV)showsvalues
of up to ca.60%for depth claydistribution, and of up to ca.40%for depth sandin the soil
columns(Table3.2). Assituated on the upperto middle slopeof volcanoeshe influenceof
frequentdepositionand reworkingof volcanicmaterials(ashes/ahar)mayhaveexisted.

Fromthe plot (Fig.3.1),grainsizecompositionsn PBWare clusteredtoward in betweensand
andcoarsesilt fractionsat one hand,andtoward more fine fractions,i.e. fine rand medium+

coarsefractions, fine silt, clay on the other hand. Thedifferencein grain sizecompositions
poseadifferencein parentmaterialcompositionin two locationsobservedj.e. PandNPsites.

The coarsersoil fractions may have related to the P site (Appendix3.1; Fig.2.4) which is

situated at ca. 100 m lower altitude than NP.In the profile of PBWP, the increasein clay
content below 30 cm depth hasshifted the textural classfrom silt loam into silty clayloam

with concomitantmineral composition(section3.2) and carbon origin (section4) changes
(Appendix3.1; Fig.2.4). Thislayerinhomogeneitycanbe explainedasthe different origin of

volcanicmaterials.In the neighbouringprofile in NPsite, the grainsizecompositionat depth

(below30cm)is characterizedy the increasein sandparticleswithout anyeffectto textural

classchangesi.e. silt loamat throughoutsoil column.

Table.3.1.Loadingof first two principalcomponentsgrainsizecompositions.

PC1(46.31%) PC228.02%)
Clay 0.50 0.17 r
Finesilt 0.28 0.36 r
Mediumsilt 0.20 0.66 r
Coarsssilt 0.21 0.59
Finesand 0.55 0.16
Medium+coarsesand 0.53 0.17

Rdsplot (Fig.3.1) showsa singlecluster of values,this points out a similarity in grain size
compositionsof P and NP profile. Somelayersmay occur at the factor spacetowards silt
fractions(Psite), while other layersare clusteredaround sands(NPsite) (Appendix3.1). The
significantincreaseof sandfractionsbelow50cm (P)and25cm (NP)depth (Fig.2.5; Appendix
3.1)bringsabout the changesn textural classfrom silt loaminto loam, andinto sandyloam
respectively.The high sand fractions amount to 30A0% at depth is related to the high
abundanceof undecomposeaoarsevolcanicmaterials.
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Type2 (JSG)is characterizedy grain sizecompositionsexplainedby clay,and fine silt (Fig.
3.1) with a regulardepth pattern (Fig.2.3), which leadsto someindicationsthat they have
developedon stableenvironmentwith homogeneougparentmaterial.In situweatheringmay
be more pronouncedthan the addition from depositedmaterialswhichis made possibleby
flat topographyconditions.Asclusteredtogether (Fig.3.1),JS@ and —NPmay havesimilar
grain size compositions.The distribution of clay with CVvaluesof < 15%indicatesa low
variabilitythroughoutprofiles,while for sandhasa CVof ~11%in NPand ca.36%in P (Table
3.2).JSGecordsthe highestclaycontentwithin the range37.58—48.84%(Fig.2.3; Appendix
3.1),andall categorizedassilty clay.

In type 3 (Bbl), grain size compositioncan be explainedat the factor spacecloseto sand
fractions(Fig.3.1).BothPandNPoccurat the spacearoundtype 1 to indicatetheir similarity
in the compositions.The CVcloseto ca. 30%for depth clayand sandfractionsmay showa
quite highin profile variability (Table3.2). Differentto type 1, grainsizecompositionsin Bbl
may dependon two origins,i.e. in situ weatheringof sedimentaryrocksat the bottom, and
exsitu materialsdepositedat the top layersfrom erodedsurroundingupper hills, or fly ash
from nearbyvolcanoesTheeffect of volcanicashmaybe minimizedconsideringhe distance
of locationto the closestvolcanos,.e. Mt. Pandan(897 m) ca. 20 km to the southeast(no
recordsof eruption was found), and Mt. Lawu (3265m) ca. 60 km to the southwest (last
eruption 1885).Thedominantsandstonederivedsoil particlesadd up to the increaseof sand
contentsat bottom layersup to ca. 40%.Theseincreaseshave shifted silt loam at the top
layersinto loamin Psite, yet it doesnot affectall silt loamtexture in NPsite.

Intype 4 (Grh,Pjk,Dgk,PL,Cixi),situatedat lower slopethe soil particlesare mostly alluvial.
Coefficientof variation may indicate less variability of clay (CVca. @&0) but with more
variability for sand(CVup to ca.50%)throughout profiles. At ca.70 80 m a.s.lwith better
drainagecondition, i.e. Grh, and PL,solil structure has been developedas revealedduring
observationsGoingdownto the lower levelat river banks(50—60 m a.s.l),i.e. Pjk,and Dgk,
the weatheringintensitymayslowdownwith structure tessprofile compositionasinfluenced
by active depositionof fluvic materials.Cixiis an exception,thoughjust standingat 5 m a.s.!
nearbythe sea,the structuredevelopmentin the profile ispromoted (Kdlblet al.,2014).

All theseareasin type 4, exceptin Cixiwhichis mostly towards mediumsilt, plot in multiple

directionsin factor spaceqFig.3.1),mostlyto the left correspondto clay,fine f and medium

silt fractions. In Cixi, the dominanceof silty clay loams meansthat additional fine sized
particlescome from mechanicalweathering.A slight differencein grain size compositions
between P and NPsitesmay have occurred(Fig.3.1; Appendix3.1).In PL,the most texture

classof layersaresilt loamwith exceptionin the top soilof the Psite (Appendix3.1),of which

the claycontentis higherandclassifiedassilty clayloam.Thegrainsizecompositiondetween
P and NPare partly similaraspointed out from the plot at the spacetowards mediumrand

fine silt (Fig. 3.1). The garden plot in PLsite (PL.GQNP) shows a bit different grain size
compositionto the neighbouringP and NPsites.Thecoarsersoil fractionsin PL.GNPmaybe

relatedmore to the field variabilitythan agricultureeffectin Pand NPsites.

Standingat approximatelythe samealtitude ca.80 m a.s.lon different slopes,both PLand
Grhposedifferent grainsizecompositions Grhat the Mt. Lawuslope(Fig.2.1),showsquite
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coarserthan PL.Plotsof Grhare locatedat the centre mostly towardsfine silt (Fig.3.1),and
characterizedoy homogeneityin the profile compositionwith silt loam as texture classes
(Appendix3.1).

In Pjk and Dgk, irregular fluvial patterns of up and down of grain size compositionsare
observedin the soil columns(Fig.2.7; Fig. 2.8). The classifiedsilt loam existsthroughout
profiles with exception below 98 cm depth in PjkP at which sand contents increased
significantlyto make up a loam textural class(Appendix3.1). Grain sizecompositionsvary
betweensitesas somescatterfrom left to the right in the factor space,and someclusters
mostlyto clayvariable(Fig.3.1).Similarly Dgkshowssomeplots scatteredfrom centre of plot
to the right, towards sand fractions, and some mostly to the left, around clay, fine t and
mediumsilt (Fig.3.1).

3.2. Soilreaction(pH)andalkalinity(EC)

Principalcomponentanalysisshowsa strongrelationshipbetweensoil pH (H0O) and parent
material(PClin Table3.3;Fig.3.2). ThepHis higherin the soilof Ngawi,Eastlavastudysites,
mainlyin the alluvialplain of the lower slopeof Mt. Lawu(Grhand Pjk),and Kendengidge
(Dgk,PL,andBbl)thanin the soilof Bogorand SukabumiWestJavaJSGnd PBW).Thishigh
pH may indicate either the alkalineorigin of parent materialsor the accumulationof highly
solublebasicmineralsthrough leachingfrom the upperslopes(Fig.2.2to 2.9; Appendix3.1;
Appendix3.2). Thevariability of soil pH in the soil columnsare quite low with CVbelow ca.
10%acrosssoiltypes(Table3.2).

In the EastJavasites, data show pH valuesof 7.07+0.25(P) and 6.70+0.30(NP)in Rds,
7.63+0.28(P) and 7.52+0.55(NP)in Grh profiles, 7.31+0.66(P) and 8.37+0.17(NP)in Pjk
profiles, 8.01+0.11(P) and 8.55+0.15(NP)in Dgk profiles, 7.3+0.81(P), 7.9+0.38(NP)and
7.75+£0.19G)in PLprofiles,and 7.31+0.01(P)and 7.03+0.13NP)in Bbl profiles. Thesedata
may suggesthe presenceof a highamountof basiccations,i.e. Na,Mg, K,and Cain the soill
asXRFRanalysidor PLsamplegPandNP)hasconfirmed(Appendix3.1; Appendix3.2).

ForWestJavaprofiles, soil pH valueswere 5.50£0.54(P)and 6.10£0.65NP)in PBWprofiles
and4.90+0.59P)and5.20+0.1ZNP)in JSGrofiles. Thislow pHmayassociatevith the strong
presenceof Al, Fe, Tiand Zrin the soilasindicatedby principalcomponentanalysigFig.3.2).
In JSQith Alisolof highabundanceof kaolinite(Winkleret al.,2016) the presenceof allthese
mineralsmayindicatea highlevelof soilweathering.Underoxiccondition,all theseminerals
aretypicallyresidualafter the leachingawayof solublepart of minerals(Birkeland,1999).

In the Ngawistudy areas,the lateral flow of basiccationsmay follow a toposequenceaspH
valuesincreaseabove8 at foot slopes(Pjkof Mt. Lawuslopeand Dgkof Kendengidgeslope).
SoilpH tendsto increasewith depth correspondingwith the carbonateaccumulationin the
profiles (Appendix2.3). The carbonatebound to mineralsin the profiles showsas greyishr
greenish spots in the alluvial subsoil, e.g. in PL (G), with pH values higher than the
correspondinglarkersamplefrom the samedepth.
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Table.3.2. Coefficientof variation'’ (%)of depth soiltexture, pH, ECand elementalcompositionsn the soil columns.

Site Soiltexture pH EC Si Al Fe Mn Ti Zr Na Mg K Ca
Clay Silt Sand (H:0)

PLP 241 13.2 40.7 11.03 31.72 1.22 2.31 3.62 6.47 3.33 7.67 6.38 7.04 5.57 4,51
PLNP 255 99 31.5 4.85 36.59 0.69 1.32 1.79 10.85 5.83 4,18 4.22 2.43 1.87 2.25
PLG 6.64 7.55 2201 251 58.43 nd nd nd nd nd nd nd nd nd nd
JS@ 14.73 9.93 36.17 12.1 124.16 7.06 1091 1344 4393 531 3.44 26.91 2481 28.77 42.88
JSANP  7.09 4.67 11.06 2.28 36.08 1.82 5.88 5.56 18.38 3.35 2.78 25.01 19.28 28.22 45.07
PBWP 618 6.2 324 9.81 97.03 5.22 9.69 36.25 47.32 10.09 9.52 9.82 9.31 7.62 15.83
PBWNP 259 10.1 29.8 10.62 53.3 18.67 12.73 2258 21.3 19.06 15.09 13.79 1256 17.08 23.2
RdsP 50.41 16.98 4243 354 1539 nd nd nd nd nd nd nd nd nd nd
RdsNP 56.72 1885 2591 45 67.24 nd nd nd nd nd nd nd nd nd nd
GrhP 17.64 4.68 2445 3.68 19.6 nd nd nd nd nd nd nd nd nd nd
GrhNP  21.2 5.51 30.01 7.28 4097 nd nd nd nd nd nd nd nd nd nd
PjkP 157 19.14 54.62 9.01 41.1 nd nd nd nd nd nd nd nd nd nd
PjkNP  17.66 5.51 41.76 2.05 9.45 nd nd nd nd nd nd nd nd nd nd
DgkP 7.66 2.38 3202 1.35 12.24 nd nd nd nd nd nd nd nd nd nd
DgkNP 18.85 4.68 2898 1.8 15.8 nd nd nd nd nd nd nd nd nd nd
BblP 33.07 9.07 3238 0.14 9.21 nd nd nd nd nd nd nd nd nd nd
BbINP 216 5.24 2412 1.79 3359 nd nd nd nd nd nd nd nd nd nd

17 Coefficientof variation (CV)definesscatterof the datapointsaroundthe averagewithout removalof anytrendswith depth.
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Correspondingdo soil pH, the electricalconductivity (EC)exhibits higher valuesin the Eastr
than in the West Javastudy sites (Appendix3.1). ECshowsa higher depth variability up to

morethan 100%asin JS@P (Table3.2). Thesignificantincreasan ECat plow layersmayresult
from agriculturalinputs, for instancemanureand mineralfertilizer, while at depth it maybe

related to the accumulationof salts. An analysis(N=111, P®.01) shows a significant
correlationbetweenECandNa(r=0.48) Mg (r=0.63) K (r=0.56),and Ca(r=0.67).

In EastJavadata show ECvaluesof 31.89+4.91(P)and 54+36.31(NP)in Rds,136.37+26.79
(P)and83.63+34.2@NP)in Grhprofiles,89.40+36.74P)and115.67+10.93NP)in Pjkprofiles,

346.25+42.39P)and 233.83+£36.94NP)in Dgkprofiles,234.8+74.4§P),396.30+144.9TNP)

and 524.90+£58.43(G) in PL profiles, and 76+7 (P) and 52.17+17.53(NP) in Bbl profiles

(Appendix3.1). Data suggestthe lower ECvaluesat Rdsand Bbl than at the lower slopes
(alluvialsoils).

For West Javaprofiles, soil ECvalueswere 73.5+71.34(P) and 133.4+71.12(NP)in PBW
profilesand 124.3+154.33P)and 40.4+14.59NP)in JSQorofiles. The effect of agricultural
practiceso the EGmaybe observedn Pasthe variabilityis significantlyhighboth in PBWand
JSG.

Inthe Ngawitoposequencethe ECQvashigherin the soilson Kendengidgeslopethan on Mt.
Lawuslopes.Theseawo slopesare separatedby the Madiunriver goingnorth to the Soloriver
at the west of Ngawi.At the bottom of slopes,ECvaluesreach400 uS/cmin Dgk,while at
comparabldevelof Mt. Lawuslopeat Pjkthe ECwvasup to 130uS/cm.In addition,at around
150 cm depth in PLG profile, ECshowsan increaseup to ca. 1000 uS/cm (~50times lower
than seawater EClevel). Thesemay have supportedthe idea of the influence of marine
sedimentderivedfrom the Kendengidge formation on the soil developmenton this slope.
Strongsignalsof saltswere not identified from sedimentaryBblsamplesvhichdevelopedon
the “Kerek”formation at the top of ridge. Thesourceof blackclays,whichis supposedo be
marineclays,is “Putjangan”formation at the bottom of the ridge (vanBemmelen,1949).

3.3. Elementatompositions

Soil elemental compositions, either released from in situ or exsitu parent materials,

determinethe type of clayformed underenvironmentalregulations,e.g.climate (Birkeland,
1999).Asdiscusseckarlier in this Chapter,claysplay a crucialrole for soil physicalcarbon

stabilization. Their associationscan enhancecarbon storagethrough sorption or occlusion
within aggregategHanet al., 2016;Kdgelknabneret al., 2010), and control the accessibility
to microbialdecompositionGleixner2013).Thebalanceginput/output) of carbondistributed

in the soil columns however determines the concentration of both total carbon and

radiocarbon(Chapterd).

Elemental composition data obtained from laboratory analysis(section 2.4.2) is further
evaluatedusing principal componentanalysisas precedingdiscussion(section3.1). Three
extractedfactors(PC1PC2and PC3jaccountfor 89.41%of the total variationin the original
variables(Table3.3) after two outlierswere eliminated. Theremainingvariation,ca.10.59%,
isattributableto randomvariationasaresultof field variabilityandanalyticalerrors(Buurman
et al., 2008). With the outliers eliminated the principal componentanalysisgave a total
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variation for three factors of 86.90%which is not significantly different from the postr
elimination(robust).

PC1pointsto apositiveassociatiorof Ca,Mg, pH (H0),Na, K,and Si,anda negativeof Ti, Al,

Fe,Zr (Table3.3; Fig.3.2). As correspondsto basesminerals,PClis likely interpretable as
parentmaterialcomposition.PC2> + 0.3 loadingsare explainedby TOC,TON,and Pwhichis

obviouslythe signatureof soil organicmatter (Fig.3.2). Sinceall thesevariablesexistat the

PBWplotswith a strongcharacterof volcanicsoils(Winkleret al.,2016),their highvaluesmay
berelatedto the highfixation capacityof the soil. PC3with >+ 0.3loadingsallowsfor positive
correlation between Siand Zr, and negativeassociationof Mn, Fe,and Al (Table3.2),and

reflects parent material compositions.The variablesof Mn, Fe,and Al, are in factor space
towardsPBW(Fig.3.2). Thestrongassociatiorof thesevariablesin volcanicsoils(PBW)may
point out the levelof crystallinityof clayminerals.

Asdiscussedefore,two groupsexistin the spacedefinedby PCland PC2Fig.3.2). Thefirst

group consistof baseminerals(calledtype A for simplicity),i.e. Ca,Mg, Na,K,and Si.These
plot to the right in mutual dependencewith pH (H:0O). Thesecondgroup existsto the left of

plot, in oppositedirectionto pH (H0),with a numberof acidmineralmembers,i.e. Ti,Al, Zr,

andFe(calledtype B).In the middle of the plot, with someindividualvaluescloseto type B, is

PBW(Fig.3.2).Individualvaluesin Psitethat are more awayfrom type Bmayshowadifferent

parent material composition, while some individual valuesin NP site that closer can be

consideredmore similarto type B.

Table.3.3.Loadingf first three principalcomponentselementalcompositions TOCTON,and pH.

PC1(54.17%) PC223.42%) PC311.82%)
Si 0.28 0.09 0.37 r
Al 0.26 0.07 r 047
Fe 0.21 0.23 r 0.48 r
Mn 0.19 0.11 0.49 r
P 0.12 0.49 r 0.14
Ti 0.31 0.21 r 0.11 r
Zr 0.25 0.27 r 0.29 r
Na 0.33 0.17 0.08
Mg 0.34 0.01 0.08 r
K 0.33 0.14 0.12
Ca 0.35 0.01 0.03 r
TOC 0.11 0.50 r 0.09
TON 0.13 0.49 r 0.08
pH (H0) 0.33 0.10 0.10 r

Giventhat PClis explainedby parent material compositions,it is assumedthat pH (H0)
dependenceof type A andtype B groupsis associatedvith soil parentmaterial. Strongbases
character of type A parent materials, which was reported as marl (Prasetyo,2007), in
combinationwith poor drainageconditionsand low leachingcapacitymay have created a
specificenvironmentthat promotes the alkalinity. The high amount of Caat 2 8% in the
profiles, with correspondingCa/Mgratio 2 B, indicatethis. Ascomparisonjn the more acid
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conditionwith volcanicmaterialsasdominantparentrocks,e.g.Psitein PBW the content of
Caislessthan 1%and Ca/Mgratios mostly < 1, exceptin PBWP where Ca/Mgcanreachup
to 2.7.Asdevelopedon analluvialplain,Carichmaterialsmusthavebeendepositedfrom the
hillsto the north (section2.1.1.1).Thelargeeffect of basicparentmaterialon soil properties
may be noticedthrough the high correlationof variablesCa,Mg, Na,K,and Siin PC1(Table
3.2). Thesmectiteshavebeenreportedasmajority claymineralsin this environment(Winkler
etal.,2016).

Type B mineral compositionsshow a dominanceof volcanicderived materials, which is
consideredas intermediate type materials (Wibisono et al., 2016). The soil pH (H0) is
oppositeto type A, whichmeansthat most basiccations,e.g.Ca,Mg, Na, K, likely havebeen
leached. The pronouncedacid cations as result of intensive leachingmay indicate good
drainageconditions.In this more weatheredcondition,the dominanceof akaoliniticclaytype
hasbeenreported (Winkleret al.,2016).

Asmentionedbefore, the P site of PBWis associatedo type A nor B,and canbe considered
havinga different parent material origin. Soilin the NPsite at 110 m higherthan this point
showsmore developmentasit posesa similaritywith profilesat JSGn lower slopeca.240m
a.s.l.

Consequentlythe soil developmentin this climaticregion (zoneA SchmidtFergussonjnay
go from PBWNPsite toward the left to JSGThe promoted acid minerals,with concomitant
high soil acidity, in type B may thus point out their relation to soil development.In other
words,soilsin JSGare weatheredat higherlevel.

FromPCAplot (Fig.3.2),top and subsoilindividualvaluesat PLoverlappartly in factor space
grouped accordingto the landuse (P, and NP), closeto pH variable defined to PC1.As
increasingwith depth, subsoilpH may not be influencedby agriculturalpractices(Fig.2.2).
Thelessstrong signalof pH in top layers(Fig.3.2) is likely the result of acidificationafter
fertilization,e.g.urea. Theenrichmentof subsoilCain all profilesis possiblypartly contributed
by shallowgroundwater(Tan,2008) whichisat ca.100cmdepth.It issuggestedhat intensive
capillarityexistsduringdry periods.GroundwaterpH measuredat ca. 7 (section2.1.2.5)may
indicatea considerableamountof solublesalts.

In the JSGsite, different from other soils, the columnsare characterizedby Ti contents
generallyexceedingl%all overthe layers.Landusebasedgroupingthe individualsamplesn
the PCAplots showsa similarity of variables asthey are clusterednearby,toward Al (for top
layers),and Ti and Zr (for sub layers)in Fig.3.2a,and towards Ti and Zr for both top rand
subsoilin Fig.3.2b. Asboth mineralsare insoluble,however,their existencein the layersis
typicallyfor nearbymineral sources(Birkeland,1999).Thisindicatesthe similarity of parent
materialsof the two sites,in accordwith the positionof the NPsitesimmediatelyadjacentto
the paddies.

The negativecorrelation of Ti to PC1lmeansthat it remainsin the soil when most of salt
minerals,that occurredto the right of the PClplot (type A), havebeenleachedaway.Onthe
other hand,Zrdefinesmostof PC3scoresandassociatesvith top layersespeciallyin the JISG
Psite.
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Figure.3.2.Loadingof elementalcompositions,TOC,TON,and pH (H:O) definedby PCland PC2(a),
PC1land PC3(b), and PC2and PC3(c). Markerswith white and blackborder are top soils(0 25 cm
depth), and subsoils(below 25 cm depth). Data set from bulk sampleswith removingthe outliers
(Appendix3.2).
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Beingassociatedvith mediumto coarsesilt (Heymanret al.,2013;Kylanderet al.,2011),the
highabundanceof Zrat top layersmaybe relatedto grainsizecomposition(Fig.2.3).

Soilsin PBWare characterizedy high soil organicmatter stocksasdefinedto PC2n the top
layers.Thetwo sites(P,NP)are characterizedaisnon pverlappedandclearlyseparatedat the
factor spacein PC1(Fig.3.2).In addition,there isa clearseparationbetweenupperranddeep
layersof PandNPin PC2andof Pin PC3lt is suggestedhat field variabilitymayexplainthis
variation as they are situated in different altitude (Table. 2.1). Instead, subsoil layer
compositionsof NPare more similarto soilin JSGor someminerals,i.e. Al, Ti,Fe,and Zr (Fig.
3.2a).Thelayer compositionheterogeneity,both spatiallyand temporally,are typicalin the
region suchas volcanoes(Dames,1955). To PC3loadings,Al, Fe,and Mn define the most
variability.Individualsamplesof NPsite occurtowardsAlandFe while samplesf Psitesexist
mostlycloseto Mn. Amorphousclaymineralsarein highabundancen this region(Winkleret
al.,2016).

Asdiscusseaarlier(section3.1),grainsizecompositionsare slightlydifferent betweenabove
andbelowca.35cmdepthin Pcolumn.Belowit clayis a bit higher,and hasdifferent organic
carboncomposition(Chapterd). The“Ccontentof humicacidsat ca.35cmdepth,111+0.36
pMC,showsan atmosphericorigindifferent from the 20124CQ levelwhichis 103pMC.This
may indicate that this layer, bottom of secondpuddle layer, was in direct contact with

atmospherein the past. Its properties and those of the immediately underlying “second
puddlelayer” differ substantiallyfrom those of the profile below 35 cm and suggest profile

discontinuity.

Thehigherclaycontentin old layers(below 35 cmdepth) correspondgo importantincreases
in Fe,Mn, Ti,and pH (>6),and decreasesn Si,P and Cacontents (Appendix3.2). Fromthis
point, it is quite clearthat the two layershaveadifferent origin of materialssincethe residual
elementlike Titendsto be retainedin the layer. Assuminghat the point at ca.35 cm depth
of newlayeris0 cmdepthof old layer,thusthe significantincreasen FeandMn at ca. 5—20
cm depth of old layer (Fig.2.4; Appendix3.2) may be the resultsof alternating oxic anoxic
processeshat happenedin the pastsincethesecationsare mobilein the reducedcondition.

In contrastto PL the negativerelation of Cawith pHin this site indicatesa different origin of
Ca.Someprimary mineralsidentified, e.g.augiteand labradorite (Wibisonoet al., 2016),are
potential sourcedor Cain the soils.ThehigherCacontentin the new layer'sparentmaterial
(above 35 cm depth) than the old layer (Fig.2.4; Appendix3.2) is related to the nature of
parentrockcomposition,asfield information did not indicateanyimportant Cainputsdueto
agriculturalpractices(Dieterich,2012). The new layeris observedto be more siliciousthan
the old layer with specialattention to 0 — 22 cm depth in which Si/Tiratios are up to 35,
significantlyhigherthan anyother old layers(<28). Thehighratioson top soilmaybe related
to externalinput of Si,e.g.agriculturalpractices.

3.4.Organiamatter characteristics

Soilorganicmatter responddifferentlyto anyenvironmentconditions,mainly,in viewof high
variationin the quality of litter inputsand soiltypes.Litter inputsdeterminetheir variationin
terms of chemical compositions (Kégelknabner, 1997), while soil types pose specific
conditionstypicalof parentmaterialandenvironment,.e.climateconditionsandtopography,
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on whichthe weatheringtakesplace.In this discussionthe study areawill be characterized
through structure identification of organic compoundsmaking use of 3*CNMR spectral
analysis.The advantageof this tool is that it allows us to examinedecompositionrelated
chemicalchangesof soil organic matter (Baldocket al., 1997; Prestonet al., 2009). As
described earlier (section 2.4.4), 3C NMR analysiswas performed in TUM, Munich by
analysinghumicacidsamples.

Figure.3.3. Solidstate 1*Cnuclearmagneticresonancespectraof top soilhumicsamplesof PandNP.

Similarto groupingfor mineral compositions(section 3.2), two types of specificorganic
structuresare identified astype A (PL),and type B (PBW,JSG)In the principalcomponent
analysiglot definedto PC1 and PC2the first type mostly occurredat the spaceto the left,
while the secondtype closeto the middle of plot towardsto the right. In the type A, soilsat
PL arecharacterizedyahighproportion of aryl Cidentifiedasaromaticcomponentslt exists
at frequencyof 110—160ppmdefinedby broadresonancesandaccountgor ca.35%of total
components Aryl Cassociatesvith char(Fig.3.4),whichis poorly degradableln type B, the
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structureof organiccompoundsare characterizedy highproportion of O mlkyl Coccurredat

frequency45—110ppm, andaccountsor ca.40%of total componentin the spectralregions
(Fig. 3.3). This compound associateswith carbohydrate (Fig. 3.4), which is more easily
degradable.

Alkyl € compoundstend to be more resistantin the soil than O alkylC, so their ratios get

higheralongthe decompositionstage.Thehigh proportion of O mlkyl C comparedto alkylC
in type B samplesmay thus indicate that the decompositionof organic matter is still in

progress(Table3.3). Onthe other hand, higherlevelsof decompositionin type A samples
were observedsincethe difference between O alkyl C and alkyl Cis getting smaller(Table
3.3).It issuggestedhat the differencein thesedecompositiorstagesmay be stronglydriven
by soil type aswell asclimatic condition. The *C NMRspectramay reflect the large quality
heterogeneity of organicinputs as result of different field agriculturalmanagementand

seasonatrop rotations (Table2.1),therefore samplesobtainedfrom P and NPplots are not

comparableto studythe effect of plantlitter inputs.

Table.3.4.Integralof the 3 CNMRchemicailshift regionsof humic.

Spectraregion(integration)

Nr
alkyl/meth O, mlkyl Aromatic aromatic o ~
Site alkylC oxyl,lOr (95010 (110445 carboxylc _42%4F T ZF
(0n5  alkyl(45r ppm)  ppm) (145860 1 60p00 feozF fzoZF
ppm) _95ppm) ppm) ppm)
OalkylC arylc
(45410ppm) (110460ppm)
3251 489  13.68 3.29
IS@ 28.82 16.81 0.77 0.45
37.4 16.97
37.3 565  13.78 3.02
JSANP  24.38 15.87 0.57 0.39
42.95 16.8
37.59 5.5 10.34 3.08
PBWP  27.28 16.21 0.63 0.31
43.09 13.42
35.34 558  12.28 3.5
PBWNP 5708 1532  0.68 0.39
40.92 15.78
PLP 211 434 2862 6.19
2255 17.2 0.89 1.37
25.44 34.81
21.52 454  29.71 5.77
PLNP 22.04 16.42 0.85 1.36
26.06 35.48

Thetype A samplesrich in both alkylCand aryl Crelativeto O alkylC (Fig.3.3) canalsobe
derived from external inputs, as high abundanceof char materials associatedwith black
carbonwasreportedin thisarea,ca.17—-19t.hat (Lehndorffet al., 2016).
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Figure.3.4.Loading®f grainsizecomposition,TOCTON andchemicaktructuresand molecularcompositionof the top soilhumicdefinedbyfactor 1 andfactor
2 (a),factor 1 andfactor 3 (b), andfactor 1 andfactor 4. Datasetfrom point samplegAppendix3.3).
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Asthe samplesvere obtainedfrom the bottom of plow layers,ca.20cmdepth,the presence
of char materials may be expectedfrom the burnt plant residuesapplied, a common
traditional practice to improve soil fertility. But this may not fully be true, since the

widespreadapplicationof this practicein WestJavasites(Dieterich,2012),did not affectour

type BsampleqFig.3.3).

In type B organicsamplesthe signalshowsa similar spectrumbut with differencein the

intensitiesfor P samples(Fig.3.3). The higher O alkyl C with concomitantlower alkylCand

aryl Cin PBWmayindicatethe more degradableorigin of plant materialswhichis associated
with carbohydrate(Fig.3.5). Speciahttention maybe givento the type of rotating dry crops
where maizeis in JSGand vegetablein PBW.,i.e. bok choi. Theslight differencein mineral

compositionsbetween P and NP sitesin PBW(section3.2) is not observedto significantly
affectorganicmatter structures.

Asdiscussedefore, the effect of crop managementP and NP,could not be seenclearlyin
this study. The *CNMR spectraof humic from P and NP plots are insignificantlydifferent
(Fig.3.3)Yetin JISGamplesthe differencein the contextof specificspectralregionsis quite
pronounced as ca. 15% deviations of O/N alkyl and alkylC integrals were observed. It
resonatesquite low in the O/N alkylregions(45— 95 ppm) but slightly higherin the alkylC
regions(0 — 45 ppm) for the P sample.The differencein the relative signalintensity may
indicate either the alteration of original chemicalstructure or the presenceof different
sourcef organicresiduesPrincipalcomponentanalysisshowsthat NPsampleoccursclose
to protein while Psamplecloseto ligninboth in the spacedefinedby PC2AFig.3.4). Thisresult
pointsout the differencein quality of organiccompounds.

Figure.3.5. Predictedmolecularcompositionsof organiccarbonfrom top soil humicsamplegca.20
cmdepth)of PandNP.

Thepredictionof proportionsof soil Ccontributedat the molecularscaleuseda mixingmodel
(section2.4.4).1t revealsmore aromaticfor type A samplesastheir main components,i.e.
lignin, lipid, char, accountfor > 50%out of total components(Fig.3.5). The high protein

56



contentwith concomitantcharsignalis not expectedsinceboth fractionsare typicallynot in
mutualdependencelt meansthat aliphaticcompoundswill be depletedwith decomposition
stageleavingthe aromaticcompoundsbehind. It is suggestedhat the presenceof a strong
charsignalisrelatedto older carbonthat waspreservedn the clay,ascarbondatingof humic
samplesshowed lower concentrationin type A than type B samples(Chapter4). The
preservationof carbonin smectiticsoilsis relatedto protectionthroughclaysurfaceqSaggar
et al., 1997).Converselytype B samplesare characterizedoy rich in aliphaticcomponents,
i.e. carbohydrate protein, carbonyl,accountfor » 60%out of total components.Thehigher
aliphaticcompoundscorrespondwith alower levelof refractorycomponents.

Thecarbonylcomponents,i.e, uronic and fatty acids,are consistentlyhigherin P plots (Fig.
3.5). Thismayindicatethe relation with rice asmost dominantcrop during growingperiod.

Converselythe higheramountof charmaterialsin NPplots maybe connectedo the absence
of floodingcondition.Asfloodingduringrice paddiesis ableto leachdown organicmaterials
from plow layers(Maieet al.,2004Db).

Table.3.5. Loadingsof first four principal componentsof grain size composition, TOC,TON,and
chemicalstructuresand molecularcompositionof humic.

PC158.09%) PCX19.60%) PC313.05%) PCA4(5.12%)

AlkylC 0.22 0.08 0.35 0.24
OalkylC 0.26 0.24 0.013 0.08
ArylC 0.26 0.21r 013 r 015 r
CarboxylC 0.19 r 0.18 0.24 r 0.25
A/OA 0.23 028 r 016 r 0.01
TOC 0.29 0.11 0.10 r 0.14 r
TON 0.29 0.02 0.05 r 0.09 r
Clay 0.22 0.32 r 0.14 0.07
Finesilt 0.25 0.17 0.08 0.06
Mediumsilt 0.08 0.28 0.30 r 056 r
Coarsssilt 0.19 0.33 0.14 r 028 r
Finesand 0.24 0.26 0.09 r 0.03 r
Mediumsand 0.26 0.19 0.03 r 027 r
Coarsesand 0.24 0.23 0.08 r 0.29 r
Carbohydrate  0.25 0.25 0.02 014 r
Protein 0.13 0.38 0.22 0.30 r
Lignin 0.25 0.05 0.26 0.31
Lipid 0.14 0.11 0.47 r 0.20
Carbonyl 0.06 0.22 0.50 r 0.08
Char 0.26 0.18 r 0.16 r 0.07 r

Principalcomponentanalysisshowsthe positiverelation of TOC . TON,carbohydrate lignin,
and sandfractionsasdefinedto PC1(Fig.3.4; Table3.4). Thesevariablesare connectedto
PBWsampleg(Fig.3.4; Fig.3.5; section3.2),and may be interpretable asthe associatiorof
organicmatter to amorphicclayminerals,that is dominantin this soil (Winkleret al., 2016).
Atypical negative correlation of TOCto char (Table 3.4) may be explainedas the more
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aromaticsignalobtainedfrom humicthan bulk soil organicmatter. The associatiorof char
with clayandfine silt indicatesthe presenceof carbonpreservationthat supportsthe above
discussion.

Definingto PC2 protein associatesith clayoccurredat the spacecloseto JSGand more
related to NP site (Fig.3.4). As negativelycorrelatedto A/O A ratio (Table3.4), the high
abundanceof protein may be relatedto the new input from plant residues.In the negative
relation to PC2,carbonylhasa mutual dependencewith more coarse(largerthan medium
silt) thanfine fractions.Carbonykndlipid explainmostof the variationin PC3gxistedat the
spacecloseto Psitein JSGFig.3.4).

Conclusions

Researchareasare characterizedby topographical,and environmental controls (climate,
hydrology)on grainsize,soil pH and elementalcompositionsOnthe middleto highaltitude,
volcanicenvironment,(PBW,Rds;type 1) the coarsefractionsare dominant. Similarly,soils
developedon the combinationfrom in situ and ex situ parent materials(Bbl; type 3) posea
depth wariability with coarse fractions as the dominant texture. On the more stable
environment,i.e. gentle slopeswith homogeneousprofile compositions,(JSGtype 2), the
depth grain sizecompositionsare more stable,and dominated by clay fractions. Down to
alluvial plains (Cixi,Grh, Pjk, Dgk,PL;type 4), soilsdevelopfrom fluvial materials,and fine
fractionsare dominant.

Two strong characteristicof the environment,basedon mineral compositionsare type A,

i.e. PLsite, that developedon analluvialplain with basicparentmaterial,and poor drainage
condition and exhibitsa high alkalinity;and type B, i.e. JSGand PBWsite, formed on higher
slopeswith more acidic parent material, and good drainagecondition posinga more acid

environment.In the subsequenimplicationsthey mayhavecreateda specificsoil properties
and processedoth laterallyandverticallyin the soil columns,e.g.mineralogycompositions,
and carbonfixing capacity.

Grainsizeand mineralcompositionsshowa high heterogeneityof soil profile in PBW mainly
in P site. Different layer compositionspose different origins of parent material typical of
volcanicenvironment.Similarly heterogeneityof soil compositionsn Rdsand Bblwere also
observedbasedon merely grain sizecompositionsdata. Converselyprofiles of JSGand PL
exhibitmore homogeneitysoil compositions.

Soiltype environmentassociatesvith plant litter to affectthe chemicalcompositionsof soil
organicmatter typical for the region. Similarto mineral compositiondistributions,the two
types,i.e,type A(PL)andtype B(JS@GndPBW)are separatedbasedon the chemicaktructure
of organicmatter. In the first type in the monsoonregionof smectiticsoils,organicmatter is
characterizedy the highamountof aryl Cassociatedvith char,whichis poorly degradable.
Theuse of humic fractionsas samplefor measurementmay, however, affect the stronger
charsignalobtainedfrom this analysisTherefore the strongsignalof charmayhaveposeda
different way with the total organiccarbon content. In the secondtype in wet region of
allophanicandkaoliniticsoils,the structure of organiccompoundss dominatedby O alkyl C
associatesvith carbohydrate whichis more easilydegradable.
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Chapterd

4. Originsdistributionsandisotopiccompositionf soilorganic

carbon

Parentmaterialcharacteristicsi.e. grainsizeand mineralcompositionshavebeenshownto

considerablycontributeto the soilpropertiesandprocessesandinfluencesoilorganicmatter

structurein the studyarea(Chapter3). ThisChapterwill elaboratethe previousinsightswith

further discussionsn the contextof subsoilcarbonby putting togetherdataon litter inputs,

total organiccarbon,andisotopiccompositions WC,'4C). Themain attention is on the soil

carbonin relation to plant residueinputs, environmentalconditions(topography,climate),
and soil characteristicsFor comparison,data availablefrom the earlier project in Cixi’s
subtropicalsoilsare presentedwith environmentalbackgrounddiscussecelsewhere(Brauer
etal.,2013b,2013a) aswell asdatafrom the 2016field campaigronthe Mt. Lawu—Kendeng
ridgeslopes(section2.1.2).

Plantresidues,i.e. surfacelitter, roots, root exudates,are the main carboninputs into the
ground (Balesdentand Balabane 1996; Rumpeland KégelkKnabner,2011). Theimportance
of their contribution to subsoilcarbonmay be estimatedby comparingit with the total soil
organiccarbonstock (Hulugalleet al., 2009),which dependson landusesand climate (Lugo
et al., 1986).In combinationwith soil processesthe “Cagesof plant residuesat depth may
elucidateawayandoriginof carboninputs(Braueret al.,2013a) sincetypicallymostof fresh
carbonaccumulaten the groundsurface.

Differentenvironmentalconditions,i.e. climateandtopography,shapeparentmaterialsinto

specificsoil properties, with differencesin clay mineralogy compositions(Winkler et al.,

2016).Theimportant role of soil mineralsin the carbonstoragecapacityof soilshasbeen
discussedHanet al., 2016;Mikutta et al., 2006,2005).Asimportant to carbonpreservation
(Tornet al., 1997),the clay mineralogycompositionwill be related to organicfractionsby

making use of 4C for dating. The inaccessibilityof carbon for enrichmentand microbial
decompositiondue to, e.g. mineral complexationand aggregateocclusion(Mikutta et al.,

2006),leadsto carbonpreservationwith constant'C decay.Thismeansthat the extreme
levelsof soil *“C concentration,either muchhigheror lower concentrationthan the current

atmosphericcomposition,maybe associatedvith preservation.Thiswill comeup to suggest
asamplewith *Cconcentrationabovethat of the currentatmosphereoriginatedat atime of

different, higher,atmospherict*Ccompositions.

The isotopic compositionsof soil organiccarbon (WC, 14C) may vary with the origin and
history of the organicinput. The isotopic compositionof plant materialsbest reflects the
photosyntheticpathway,atmosphericconditions,and environmentat the time and placeof
photosynthesigWarrenandMeredith, 1998).Plantswith the G (Calvircycle)andC, (Hatchr
Slack) photosynthetic pathways fractionate °C differently relative to *2C during
photosynthesi{O’Leary;1981).G; plantsfractionatecarbonwith WCvaluescloseto 28%o,
range 21to 35%., while G, plantshavevaluesenrichedin 13Cto around 14%o, range X0to r
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14%o (Ehleringer,1991; O’Leary,1988). Therefore,by tracing C signaturesthe origin of
plantresidueinputsat depth maybe revealed(Balesdenet al., 1987).

Theapparentageof organiccarbonin the soilis estimatedby *Cdating.Giventhe highager
heterogeneitynatureof soilorganicmatter (Rethemeyeet al.,2004a) the isolationof carbon
samplesinto singlefractionsto trace the *“Cinfiltration and organiccarbontransformation,
andto quantifythe heterogeneitymaybe useful(Trumboreet al., 1996).Totest the levelof

heterogeneity *Cconcentrationsof fractionsobtainedfrom AAAtreatments,i.e. humicand

humin (section2.3.2),and grainsizefractionationare comparedto those of bulk samplesAs
freshcarbonhasa!“Cconcentrationalwayscloseto the contemporaneoustmospheridevel,

the chemical complexity of compoundsmay not contribute to the resulting signatures
(Gleixner2013).

4.1. Litter carboninputs

4.1.1. Amountof litter input

Plantremainsas a function of depth were collectedfrom samplesof ca.5 kg of air dried
subsoilby wet sieving(section2.3.1)to quantify litter and root inputs. The original data of
plantremainsare presentedin Appendix4.5. Toavoidthe strongdisturbanceand high plant
contributionsof the top soil, samplingstarted near the topsoil subsoiltransition around 20
cmdepth. Plantremainsare greatlyvariedin terms of their appearancewith different colors
andshapesrangingfrom full sizeto fragmentedmaterials,e.g.leavesyoots, with old darkto
light freshtooking(Fig.4.1).

Figure.4.1. Somecollectedsubsoilplant remainsfor **Cdating,i.e. (a)and (b), leavesand dark roots
from PBWP and—NP;(c)and(d), leavesanddark tight roots from JS@and—NP;(e) and (f), light leaf
fragmentsanddarkroots from PLPand—NP.
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Bytakinginto accountthe bulk densityof layers,the quantity of plant remainsasa function
of depth canbe normalizedto g cm®. It highlydependson crop managemeniFig.4.2). The
monoculture G crops,i.e. sugarcandn PLNPand maizein PBWNP (Table2.1), may have
contributed more biomassthan G cropsdo. Thedifferencein quantity of biomassbetween
thesetwo cropsmay be related to the physiologyof the plants,as G cropsproducemore
than double the annual biomassof G crops due to their higher water nitrogenrand
radiationuseefficiency(SageandZhu,2011),andtheir minimizingof carbonlossby 30—50%
by supressingphotorespiration (Bhagwat,2005). The positive effects of C; maize and
sugarcanen the context of increasingboth residualbiomassand soil organiccarbonhave
been reported elsewhere (Tavareset al., 2015; TiradoCorbalaet al., 2015; Wood and
Edwards;1992).

Thedepth distribution of plantresiduesmaybefitted with anexponentialmodel((Jacksomt

al., 1996);Appendix4.1),usingaformulaY=1 p? with Y=cumulativeroot fraction (04d), z

=soildepth (cm),andp =fitting parameterof depth coefficient.Resultsshowp valuesto vary
with different soiltypes,i.e.0.91(PLP),0.93(PLNP),0.96(JSGP),0.96(JSANP),0.93(PBWr
P),and0.85(PBWHNP).In JSGvith assumecamountof litter input at the top not significantly
different betweenP and NP (Table4.1),the u isthe same.In generalthe higherconstantu

indicatesthe more carbondistributedwith soildepth.

Themost plant residueswere found in the top sampleat ca.20 cm depth. Theyaccountfor
more than 50%of the total plant remainsthroughoutthe soil column.Belowthis depth the
guantity of residuesdrop significantlywith increasingdepth. The organicresidue inputs,
predictedby extrapolatingthe fitting curveto the surface,are consistentlyhigherin the NP
fieldsthanin the P (Fig.4.2),asmostly NPplots cultivate C; crops.Thegapis reducedin JSG
(Appendix4.1),asC maizeis usedasa rotating crop for rice duringdry seasongTable 2.1).

Thee folding depth of root distribution (Table4.1) showsto varyamongsoil typesand crop
managementTheincreasen the 25 cminterval depthis followed by a constantpercentage
decreaseof root carbonat ca.10%in PLP and PBWNP.While in the remainingprofiles, its
percentagedecreaseawith intervaldepthis constantlywith different factor.

By assumingthe carboncontent in the plant tissuesas presentedin Table4.3, the plant
residuescan be expressedas carboninputs (Fig.4.2). The estimated carbonderived from
roots, asindicatedby plant remains,accountfor ca. G%out of total organiccarbonstock
(Fig.4.2). By assumingthe annualinput of carbon using data from some reference,it is
suggestedhat the turnover time under different landusesshowsto vary in different sites
(Table4.2). Therapid carbonturnovertime (<10yr) is likely resultedfrom the highercarbon
input in land subjectto agriculturalpractices,ascarboninputs are not only from plant litter
but alsofrom different source,e.g.manure.Underthe sameP managemenwith estimated
input ca.0.626kgCm2yrt, the turnovertime of carbonis higherin PBWthan the other sites.
Thissuggestsa higherorganiccarbonstockcapacityin PBWsupportingthe result of PCAas
alreadydiscussedn section3.3.
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Table4.1.Characteristicof e folding depth of root distribution at different soil profiles (D = interval depth).

Site
D Log PLP PLNP JS@P JSANP PBWP PBWNP
(cm) (D) Croot  log(Croot) Croot  log(Croot) Croot  log(Croot) Croot Irc())%t) € Croot log (Croot) Croot  log(Croot)
(gcm®) () (gcm®) () (gcm®) () (gcm®) () (gcm®) () (gcm®) ()
0 nd 0.000500 3.301030 0.000800 B.096910 0.000300 B.522879 0.000300 B.522879 0.000200 B.698970 0.000400 B.397940
25 1.40 0.000050 4.299907 0.000174 B.759209 0.000046 #.337181 0.000105 B.978888 0.000051 #.296125 0.000036 ©¥.440247
50 1.70 0.000005 5.298785 0.000038 #¥.421508 0.000007 6.151483 0.000037 #¥.434897 0.000013 #.893280 0.000003 6£.482554
75 1.88 0.000001 6.297662 0.000008 6£.083807 0.000001 6.965785 0.000013 #¥.890906 0.000003 6£.490435 0.000000 6.524860
100 2.00 0.000000 7.298539 0.000002 6.746106 0.000000 6.780087 0.000004 ©.346916 0.000001 6.087590 0.000000 7.567167
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Figure 4.2.Normalizedcarbonconcentrationsof plant remainscollectedfrom 2 cmthick layersin PL,
JSGand PBWasa function of depth, with an exponentialcurve definingits depth distribution, and
organiccarboncontentof the soils.

63



Table.4.2.Carbonturnovertime in different landuses.

Site Croptypes Input of C Amountof C Carbon
(kgm2y?%) in the soil turnover

(kgm?) (yr)

PLP Rice(twiceyr?) 0.600G

Tobacco 0.0003

Manure (onceyr?) 0.120¢

Total 0.7203 1.20 1.67
PLNP Sugarcane 4.00000

Manure (onceyr?) 0.120¢

Total 4.1200 1.36 0.33
JS@P Rice(twiceyr?) 0.600G¢

Maize 0.4000

Manure (onceyr?) 0.120¢

Total 1.1200 1.18 1.05
JSANP  Cassava 0.0700

Manure (onceyr?) 0.240G

Total 0.3100 1.88 6.06

PBWP  Rice(twiceyr?) 0.600G
Manure (onceyr?) 0.120¢

BokChoy 0.2000

Total 0.9200 2.33 2.53
PBWNP Maize 0.4000

Manure (onceyr?) 0.120¢

Cassava 0.0700

Total 0.5200 1.53 2.94

&(Prastowoeet al.,2013)
b(TiradoCorbaléet al.,2015)
¢(Shiratoet al., 2005)
d(BeyaertandVoroney,2011)
¢(Lianget al.,2014)
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Underpaddymanagementgcarboninput derivedfrom root, manure,and straw mayaccount
for ca.38%,16%and 29%o0f seasonatotal input (Prastowoet al., 2013).Additionalcarbon
input may be expectedfrom irrigation water. Weedsare also important contributor for
carboninricefield (Kimuraet al.,2004).

The variation of carbonstocksin different soil types (Fig.4.2) may indicate their inherent

storingcapacity Resultandicatethe highercarbonpreservingcapacityin PBW sincethe gap

of TOGsoilto Cplantis the biggestcomparedto other soiltypes(Fig.4.2). Thehigh carbon

stockcapacityin PBW whichhasallophanicsoils(Winkleret al.,2016),is probablyassociated
with the formation of Al/FehumuscomplexegMatuset al., 2014; Takahashand Dahlgren,
2016),andwet climate(Trumbore,2009).

Thelow amountof soilcarbonstoredin PL.comparedo JSGwith correspondindrighresidue
inputs (Fig.4.2; Appendix4.1),e.g.in the sugarcandield, is theoreticallyin a disagreement,
consideringthe higheradsorptioncapacityof smectitethan kaolinite (Singhet al., 2016).In
view of the climatic data (Table2.1; Chapter3), this low carbonstored may result from a
higherorganicmatter mineralizationrate. With a meanannualtemperatureof 27 6C(Amien
et al., 1996),and subjectto 3 # consecutivedry months (rainfall < 60 mm) openingup soll
cracks,a high intensity of organic matter decompositionmay be favoured in this area.
Temperature sensitivity of soil organic matter mineralization has also been discussed
elsewhere(Benbiet al., 2014; Davidsonand Janssens2006; Litzow and Kégelknabner,
2009).

Thehigh organicmatter mineralizationrate in PLhasbeenindicatedpreviously(section3.3)
by the lower proportion of labile organicfractions, e.g. carbohydrateand protein, with

concomitanthigher%f@tiosthan in the organicmatter samplesrom other sites(Fig.
3.5; Table3.3).

4.1.2.Litter 1“Ccontent

Asshownin Fig.(4.1),plant remainscollectedat depth varyin colours,i.e. light versusdark.
Thisled to the questionif there could be a correlationwith the radiocarbonage.However,
the results in Table. (4.2) show no correlation between them. The dark roots do not
necessarilyeflectahighdegreeof decompositiorandold material,asthe materialscollected
from PBWNP,JSA\P,and PLNP showed 4C concentrationsabove current atmospheric
composition(in 2012) ca. 31%. (Levinet al., 2013). The colours may also prove the crop
speciesn combinationwith WCsignalsThedarkrootsin the PLNPsugarcandield maybe
recognizechsyoungsugarcaneootsby WCvaluesenrichedtowards 15%. (Table4.2).

Converselylight colouredplantremainsare not alwaysfreshmaterialaslight leaf fragments
collectedfrom JS@P Alisolat ca. 100 cm depth showeda #Cconcentration 371%. (Table.
4.2). The low *C content meansthat this residue may have been either protected from
microbialattackor poseda chemicalstructurethat is not easilydegradable.

The *C content of most residues,higher than the 2012 atmospheric'“C level (Table4.2),
indicatesthe different origin of carbon fixed to grow their structures. As plant material
collectedisalreadydead,they couldderivefrom yearsearlierthan 2012(samplingyear),e.g.
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2000's,with higher levelsof *CQ (Huaet al., 2013; Levinet al., 2013). Yet, the carbon
signaturein the plant materialsis not necessarilyderivedfrom carbonfixed in the current
year since plants can develop new structure using carbonfixed in the previous1 @ years
(Gaudinsket al.,2001).It meansthat for biennialcroplike sugarcanethe higherplantresidue
YCsignalcanbe derivedfrom previousyears.

Table.4.3.Organiccarboncontentandisotopiccompositionof collectedmacrofossilsat different
depths.

Site Croptype Plant Depth TOC*  44C(%0) BC(%o)** w
remains (cm) (%)

PBW Maize Darkroots 7883 44 50.1+2 27.54+0.46

PBW Paddy Lightleaf 98102 46 30.2+0.8 28.35x0.66 r

JSG Paddy Lightroots 100 53 452+2 32.35+0.28

JSG Paddy Light leaf 100 64 4025+1 r 28.94t043 r
fragments

JSG Cassava Darkroots 100404 46 42.2+2 29.72+£1.70

JSG Cassava Lightroots 100404 47 43.1+1 26.62+1.59

JSG Cassava Charcoal 8084 64 268.5x2 r 28.15+0.56 r

PL Paddy Light leaf 8085 44 36.2+1 23.61+1.84
fragments

PL Sugarcane Darkroots 110415 47 54.1+2 15.85+1.73

PL Sugarcane Darkroots 110415 48 40.2£2 11.12+1.40

*Carboncontent calculatedfrom CQ yieldin combustionof **Csample
** \WPCcalculatedfrom AMSmeasurement

Modern plant residuesobservedat depth (Table4.3) mayindicatedirect distributionsfrom

the root zones(ca. 0 20 cm depth). Depth translocationsmay be facilitated by irrigation

water/rainfall that transportsthe light materialspreferentiallythrough holescreatedby root

activities,or by soilanimalburrows, e.g.earthworms,termites, ants,and anthropods.In the

smectiticsoilsin PL,depth translocationmayalsobe acceleratedoy pedoturbation,whichis
an alternating processof shrinkingand swellingof soil in responseto drying and wetting.

Rootsare predominantlyplacedin fine shrinkagecracksandbetweenslickensidegNicoullaud
et al.,1994),sothey penetratemore easilyto depth.

Theplant fragmentsin deeplayersindicate anotherway of carboninputsinto the soil. The
extent of roots distributed into subsoilsmay be dependenton the crop types (Rumpeland
KdgelkKnabner,2011),and the deeperroot zonesmay result in more roots distributed at
greater depth. although root residuesmay mostly exist in the immediate vicinity of the
rhizosphere.Yet, the use of “C dating in this study has proven that modern roots may
penetratewell belowthe classicaloot zones,downto ca.100cm depth, asfound earlierin
the studyin Cixirice paddies(Braueret al.,2013a).

4.2. Depthdistributionof total organiccarbon
Totalorganiccarbon(TOCktoredthroughoutthe soil columns(2012samples)yarieswithin
the range(minto max)0.25to 0.55%in PLP,0.36to0 0.952%n PLNP,0.55t0 1.57%in JSG
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P,0.78t0 2.24%in JSANP,0.33to 3.69%n PBWP,and0.41to 3.12%in PBWNP (Appendix
3.1).Concentrationslrop with increasinglepth,whichsuggestatypicalhighestcarbonstock
near the soil surfaceis derived from plant litter and agriculturalinputs, e.g. manure. The
coefficientof variationin the soilcolumnsshowshighvaluesin PBWca.78%at PandNP.The
scattereddistribution of depth TOQwith significantdifferenceof its concentrationbetween
top and subsoilare responsiblefor this high variability. In the JISGCVvaluesare lower, i.e.

34%(P)and 38%(NP).Thelowestvalueshowsin PLPwith CVca.22%,increasingn NPwith

CVca. 37%as a result of the increasein the plant litter, i.e. sugarcanenear the ground
surface.

Generallydepth TOCGontentishigherin NPthanin Pprofiles(Appendix.2). Thepresumable
associatiorof TOGwith plantlitter inputshasbeendiscussedn section4.1.1.Analysishows
a poor correlation of TOCwith clay fraction (N=58,P ®.025, r= 0.24). By excludingPBW
samplesin the analysisthe correlationis getting significantlybetter with r = 0.26 (N=35,
P ®.20).Thissuggesthat the higherTOCGcontentin PBWsoils(Fig.4.5;Fig.4.7)isnot related
to clayfraction. Scatterplots (Fig.4.5; Fig.4.7) show a better correlationof TOCwith %C
thanwith WC.

Asindicatedabove the variabilityof TOGn PLmainlyPsiteislowerthanin the other profiles.
The TOC depth gradient is less steep, which indicates less heterogeneity in profile
compositiongFig.2.2;section3.1;section3.2).Besidedueto the low carboninput at the top,
this greaterhomogeneitymayalsobe contributed by the highabundanceof expandableclay
inthe soilcolumnthat causesrgili pedoturbation(Dell’Abateet al.,2002).Inthe dry seasons,
shrinkagecreatesdeepfissuresin which carbonboth on the surfaceand on the fissurewall
may be introducedat depth (Birkeland,1999).Onwet season’swelling,subsoilcarbonmay
move randomly through aggregate’dorce actions.In this way, soil in the columnwill mix
resultingin reducedcarbondepth gradients.

Theprofilesof PBW,with high variability of depth TOCdistribution, indicatea discontinuity
in carbonconcentrationat 30 40 cm depth at Pandca.20cmat NP(Fig.4.2; Appendix4.2).
GrainsizeandelementalcompositiongFig.2.4;section3.1;section3.2),in combinationwith

the 14C signal(section4.3.2),indicate the discontinuitymay reflect a changein the parent
material, overlying new layers containing fresh carbon on older layerswith older carbon
contentat PBWP (section3.2). Therefore,the profile distribution of carbonmay be related
to the sequenceof parent materialsdeposited.Differently, in the more homogeneous\P
profile, atypicaldepth of carbonmayappearasaresultof croptype asindicatedby WwWCsignal
(Fig4.5).1tissuggestedhat before G, maizeascurrentcrop, G cropswereoriginallyplanted.
Thesmallercarboncontribution below 20 cmm depthis likely G derivedmaterialsashavinga
similartrend with TOC.
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Figure 4.3.Totalbulk organiccarbonin relationto #'C(sample2012).Theverticaldotted lines
indicatean atmospheric #CQ levelin 2012(~31%o).

Thecarbonaccumulatiorrelatedto the anoxicenvironmentcreatedduringrice cultivationas
widely hypothesized Kogelknabneret al., 2010),is not clearlyobservedin this study (Fig.
4.2)of the subsoilandin top soilsamplegWinkleret al.,2016).Thedry seasorcroprotation

may explainthis situation. Dry periodsin betweenrice paddy cultivation have been held

responsiblefor the reducedamount of easilydecomposableorganicmatter (Nishioet al.,

1994) relatedto the productionof CQ contributingto animportantlossof carbon(Nishimura
et al., 2008).In addition, re wetting the dried paddysoilsmay promote mineralization(Ono,
1989),whichmeansthat the quantity of soilcarboncanbe expectedto be diminishedduring
the initial stageof rice seasonsafter the dry period. Furthermore,as discussedreviously
(section4.1), the consistentlyhigher amount of total carbonstored mostly in the NP may
suggestrelationto plantdebris.

In contrast,50yearsandmore paddymanagementn Cixi,Chinahavebeenshownto increase
soil organiccarbonin the top layersto valuessimilarto those at our siteswithout a clear
increasein the subsoil (Braueret al., 2013a). With vegetableas a backgroundwith low
biomasgroduction,the input of carbonin the ricefield canbe expectedo be higher.Inthese
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soils,the initial organiccarboncontentsin the parent materials(tidal flat) were low (Brauer
et al.,2013b)sothat the accumulatiorof carbonalongcrop managementsnaybe observed.
Therefore,it is suggestedhat crop types/managementsnay haveplayedanimportant role
in storing carbonin the soil (section4.1), under similar climatic conditions,topographyand
soiltypesin Cixi.

Samplewith highorganiccarbonare consistentlyassociatedvith high'*Ccontent (Fig.4.3),
which meansthat youngcarbonmust haveaccountedfor most of the bulk organiccarbon.
Thesecarbon materials mostly occur in the top layerswhere plant residuesaccumulate.
Converselysampleswith low total organiccarboncontent exhibit low C contents,which
indicatesa high proportion of old carbon.Datashowsthat these samplesare typicallyfrom

deeplayers.Thepreservedorganiccarbonin the deeplayersamplesmay be relatedto the

interactionwith Fe/clayminerals(Eusterhue®t al.,2007,2005).

The scatter in the PBWTOQHC plots is stronger than the other sites (Fig. 4.3), as also
indicatedby high CVWalues.Therelation of organiccarbonand #'Cis morelinearin PLand
JSGThe“Cvaluesabovethose of the 2012 atmospheremostly in PBWP may indicate an
earlierorigin of the carbon.Theolder carbonis shownto be dominatedby organicmaterials
derivedfrom NPsite.

Generallythe carboncontentis higherin the huminsthan humicacids(Appendix3.1).Humin
containsorganiccarbonup to 1.16%(of soilweight)in JS@ 18 cmdepth sample anddown
to 0.01%(of soilweight)in RdsNP60 cm depth sample While humiccontainsorganiccarbon
up to 0.23%(of soilweight)in 89 cm depth PLP sample,anddownto 0.01%(of soil weight)
in 110cmdepth PLNPsampleand 80 cm depth RdsP sample.

Both the humicacidsand the huminsshow consistentlymore organiccarbonin the top soll

than in the subsoilwhichis related to higherbulk TOCcontent. In top soil sample(0 20 cm

depth),PBWhuminsample with low contentof crystallineclay(<25%)ut with highTO(Qca.

3 A%),containslesscarbonthan JSGhumin sample,with higher content of crystallineclay

(>40%}put with low TOGn the bulk soil(ca.2%).Assoilcarbonisboundto clay,it issuggested
that clayin the huminmayalsobe responsiblgor the contentof carbon.

In clayeysoils,i.e. PLandJSGthe huminfractionaccountgor mostof the isolatedsoilorganic
carbonwith proportion >30%o0f TOCYetin the PBWwith lower crystallineclaycontent, the

proportion of carbonin the humindecreaseso below 30%of TOCTheexceptionisa sample
from 89 cmdepth of PLPwith higherproportion of carbonin the humicca.77%of TOCThis
may indicatea higheraromaticity of organiccompoundin the humic sampleasdiscussedn

section3.4.

4.3. Carborisotopiccompositiong w3 Cand1“C)

4.3.1.Depthdistributionof WC

The WCvaluesin the studyareasrangefrom G to G, photosyntheticpathway(Appendix4.6;
Fig.4.4;Fig.4.5;Fig.4.6).However the depth distribution of WC,in combinationwith #C
valuesshowsvariousplant material originswith different time of carbondeposit(Fig.4.4).
The WCsignalgndicateGs type asa majority crop mainlyin agriculturalfields (Fig.4.4). The
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signalobtainedmaynot be onlyanindicationof in situ croptypesbut alsoof the agricultural
inputs,e.g.manureandirrigation water that are widely appliedduringfield management.

Asfield managemenpracticesincludeseasonatrop rotations (Table2.1),i.e. dry cropsin a
dry season soil *3C may be enrichedor depletedin 3C asa result of carbonmixing.Asfor
example,in Fig.(4.4) the PlosoLor, diagramshowsfor recenttimes (44C> 50%o) rice G
valuesin the paddyandsugarcané& valuesin the non paddyfield, while below $50%o, deeper
in the subsoil the G and G carbonmayhavemixed.Thisindicatesintensivecroprotationsin
the past.Croprotation wasactuallyobservedduringthe 2016re samplingasricewasgrowing
onthe 2012sugarcandield.

While in nature G and G crops exhibit a different range of W€ values,with the mean
differenceof the two approximatelyl4%. (Boutton,1991),the presenceof intermediate WC
values(d4 to 21%.), may demonstratethe existenceof transitional G € intermediate
photosyntheticcrops,or the mixing of soil organiccarbon.An exampleof this crop type is
observedn the JSGield with dry crop cassava.

By relating the concentrationof *AC and “C from the same samples(Appendix4.6), the
youngestcarbonin each sites show existedto the right of plots (Fig.4.4), and similarly
regardlesshe croptypes.Thevaluesare all modern,i.e. closeto or evenslightlyabovethe
2012and 2016atmosphere(Fig.4.7 and Fig.4.8) astypicallyexpectedfrom the top layers,
whichmeansthat there is no specificconditionof croptypescontributedto the **Cinput but
atmospheric compositions.Converselythe oldest carbon assignedas preserved shows
varyingfrom site to site. Thelowest carbonconcentrationin the study areaswasalmost r
800%oat ca.80cmdepth of Pprofile in Rdswith G rice/soybearascurrentcrop.As“Csignal
indicatesa pre bombperiod,thisresultdemonstratea majority andlonghistory of the useG
cropsin this site.

The WCresultsof the humicandhuminfractions,obtainedfrom AAAextractionfor 14CAMS,
are shownin Fig.4.5 and Fig.4.6. Tocomparethe results,bulk sampleswere preparedfor
runningthe samemeasurementskFor PLsamplesconc.HClextractionwere alsoperformed
ascomparativesamples.

ThePLsamplesrom P and NP(sugarcaneand gardenplot) sitesshow #WCvaluesof humic,
humin and bulk samplesthat rangefrom 15to 30%. (Fig.4.5). Theycoverall of the wide
rangeof MC signalsfor G, G, and G & intermediate crops. Therefore,it is interpretable
that crop rotations amongdifferent photosynthetic pathway may have occurredthrough
agriculturehistory of the land. Thegardenplot exhibits WCsignalsmore similarto Pthanto
NPwhichmeansthat G type carboninputs maybe dominant.

Theeffect of maize(G) asrotating cropin rice paddiesof JSGs not evidentinthe W signals
(Fig.4.5). Theseare depletedin the rangeof 20to 30%. asa result of carbonmixingwith
rice (G) which was planted more intensively.In the neighbouringNPsite the ##signalsgo
from ¥5to 30%o throughoutsoil columns.Carbonenrichedat ca.100 cm depth suggests
presenceof G type carboninput in the pastbefore 1950.

70



Figure4.4.Thesignalsof WCin relationto #'Cin the soillayers.Greyandgreenshadingrepresents
WC range for G and C, crop types accordingto Ehleringer(1991). Vertical dotted lines indicate
atmospheridevelof 4'CQin2012(~31%o)andin 2016(~9%.)(HammerandLevin,2017;Levinet al.,
2013).
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Thetransition valuesbetween G and G may be contributed by cassavaasa dry land crop
cultivated in this site. As NP site does not representa large scaleand an intensive of
agriculturalarea,therefore arepresentativeconclusionrmaynot be ableto drawn.

At PBWthe samplesfrom the P site showa limited rangeof #Cvaluesthroughoutthe soil
column,ca. 22to 80%o, whichareslightlyhomogeneoudrom the longhistoryof agriculture.
It may be becauseBokChoiasa rotating crop (Table2.1) hasthe samesignalsasrice asG
crops.Inthe NPsite, strongsignalsof maizeascurrentcrop,ca. 15%o, showonlyin the layers
closeto groundsurface However for deeperlayerstheyaredepletedupto ca. 27%.towards
G plant signalsThisis evidencea crop variationprecedingcurrent maize.

Thesamplesrom the 2016 study, showedG type asdominantcropsin the fields (Fig.4.6).
Carbonenrichmentis likely appearedto shift WCdownto 20%., evenfrom a monoculture
ricefield (threeperiodof riceannually)like in Grh.Thismayindicatea different originof some
of the carbon,for instancefrom weeds,manureor irrigation water. TheNPsitesoccupiedby
annualcrops(Rds Grh)showa depleted WCsignalsowardsG; type.

In general,organic matter fractionation may result in inconsistentvariationsin the %C
signalscomparedto bulk samples. WC bulksasmeanvaluessubjecteither to be enrichedor
depleteddependingon the originalcarbon.As WCvaluesreflect not onlythe croptypesbut
alsospecificplant organs(O’Leary,1981).Forexample,stemsandroots are 1%enrichedin
WiCthanleavesin tomato (Parkand Epstein, 1960),andseedsare generallyup to 10%o. more
positivethan leaves(O’Leary,1981). Therefore,the averagevariationin 1%C of humic and
humin fractionsmay alsoretain characteristicof their carbonorigins.However,the extent
to whichthe similaritybetweenorganicfractionsto bulk samplessotopicallywere not clear.
Nosingleorganicfractionsisisotopicallyconsistentlycloseto the plant materialsignaturesn
eachsite (Table4.2). It indicatesthat carbonenrichment/depletioncantake placein both
organicfractions. Earlier researchsuggestedfulvic acids (not recoveredin this study) as
fractionisotopicallycloseto the plant materials(Nissenbaunand Schallinger1974).

4.3.2.Depthdistributionof 1“C

4.3.2.1.Cin different soiltypes

Agradualdrop of **Ccontentin different fractions,i.e. humic,humin,andbulk sampleswith
increasingdepth, with exceptionof the highly heterogeneousrofilesin PBWand Rds(Fig.
4.7;Fig.4.8),demonstratesatypical'*Cprofile (Braueret al.,2013b;Rethemeyeet al.,2005).
In combinationwith both verticaland lateral variability in the soil properties,i.e. grainsize
and mineralcompositionsdiscussedn the precedingchapter(section3.1; section3.2),the
depth distribution showstypical patternsaccordingto the important processesctivein the
soiltypes.Thesewill be discussedn this section.

Generallythe concentrationof #'Ctypicallydecreasegraduallywith increasingsoil depth,
with exceptionPBWand Rdsprofiles (Fig.4.6; Fig.4.7; Appendix4.6).In thesetwo volcanic
soils, the variability of depthr #C is higher due to the more heterogeneity of profile
compositionasaresultof different originand propertiesof soil parentmaterials(section3.1;
section3.3).
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Figure.4.5. Depthdistribution of TOCand 1C obtainedfrom bulk, humic (hmc),humin (hmn),and
conc. HClextracted (only for PL)2012 samples.Openmarksin PLNP representsamplesfrom the
gardenplot. Greyand green shadingrepresents C rangefor G and C, crop types accordingto
Ehleringer(1991).
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Figure.4.6. Depthdistribution of #Cand WC obtainedfrom humic (hmc)and humin (hmn) 2016
samples.Grey and green shadingrepresents 3¢ range for G and C, crop types accordingto
Ehleringer (1991). Horizontal dotted lines indicate atmosphericlevel of €Q in 2016 (~9%o)
(HammerandLevin,2017;Levinet al.,2013).
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Profileof PLis characterizedy alessdepletedsubsoil 4*C.Atca.90d410cmdepth,the 4'C
show value ca. 300%o in P (humic and humin) and ca. 200%. in NP (humic), which are
youngerthan other soilsat the similardepth, e.g.ca. 400to 6800%.in JSGndPBW rca. r
500to 800%. in Rdsand Grh. Giventhat smectite is a majority clay mineral in this soil
(Winkler et al., 2016), the postulated argillipedoturbation may be responsiblefor the
homogeneityof profile composition(section4.2). Yetif comparedto Grhprofile with similar
altitude on different slope of Mt. Lawu,which also exhibitsa pedoturbation evidence,i.e.
surfacecracksandslickensidgAppendix2.3),the levelof subsoil 4*Cin PLisstill significantly
younger.Thismayleadto anassumptiorof the youngersubstrate,.e.alluvialmaterial,which
may explainthe youngersubsoil #Ccomparedto other soils.

Theconcentrationof #Cin the PLhuminis higherthan in the humicfractionsin upper ca.
40 cm depth both at Pand NP(Appendix4.6). Belowthis point, the concentrationof #'Cin

both fractionsare quite similar(Fig 4.7).Asoccurredin the top layers the higher 4*Ccontent
in the top layershuminmaybe relatedto the highabundanceof root mass.Thecontribution

of thesematerialsmayleadto a higherproportion of unextractableyoungcarbonpreserved
in the humin.Converselyin different soiltypes 4*Ccontentin the huminislowerthanin the

humicfractions.lIt isalsooccurredthat huminin different soiltypesare older than PLhumin

(Appendix4.6), (with excludingthe anomaloussampleof 3540 cm depth in PBWP). The
bomb t“C enrichmentto soil organicfractionsare missingin P, but it is presentin NP (both

sugarcaneindgardenplot) asan enrichmentin the huminfraction.

Differentwith other samplesn PLprofiles,the greenishgreysamplefrom Bikhorizonat ca.
100 cm depth of gardenplot showsa significantlyolder carbonwith 4C content of ca. r
440%o. Thisanomaloussample exhibits a pH of ca. 8.03 (Appendix3.1), higher than the
neighbouringayerwith normalcolourof Vertisol(dark)of ca.7.72,whichindicatethe strong
presenceof alkaline minerals.As in alkaline soil condition carbon can be retained by Ca
(Oades]1988).thereforethe low #'Ccontentof samplewith concomintantalkalinepH may
be relatedto the preservation.

Aregulardepth distribution of 4Cin JSGrofilesmaybe relatedto the highhomogeneityof
layer compositionsas suggestedy grainsizeand elementalcompositions(section3.1 and
3.2; Fig.2.3). Coefficientof variation of clay showsa value below 15%which s quite low in
variability (Table3.2). The depth distribution of carbonmay be interpreted as a result of
typical carbontransport (section4.1), and the increasein the apparentcarbonageswith
depthresultsfrom the increasingljimited freshorganicsupply.Askaoliniteisthe majority of
claymineralin this soil (Winkleret al.,2016),thus the self mixingactivity maybe low.

Deepradiocarborenrichmentsare limited asalargedifferenceof top bottom “Cis observed
(Fig.4.6). Thelow level of enrichmentis attributable to the limited supplyof fresh carbon
material from the soil surface.JSGs characterizedby the consistenthigher ¥Ccontentin

the humicthanin the huminfractionsthroughoutsoilcolumns At ca.20 25cmdepthbombr
YCenrichmentto humicfractionis occurredat both Pand NP.
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Figure.4.7. Depthdistribution of TOCand ¥C obtainedfrom bulk, humic (hmc),humin (hmn),and
conc.HClextracted(only for PL)samples Openmarksin PLNPrepresentsamplesfrom the garden
plot. Horizontaldotted linesindicateatmospheridevelof 2*CQin2012(~31%.)(HammerandLevin,

2017;Levinet al.,2013).
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PBWprofiles are characterizedoy a highirregularity, or rather a discontinuity,of depth £4C
values(Fig.4.6), which may be attributable to the volcanic(lahar) nature of the parent
materials(section3.1;section3.2). Thedifferencein the amountof carbonpreservedandin

its 1C content in the soils above and below ca. 35 cm depth may, however, reflect an

anthropogenicorigin of the upper layers. Bomb#C enrichment in soil organic matter

fractionswith 4*Cconcentrationup to ca.102%. (in humicfraction)were observedat upper
35cmdepthin the Pcolumn.Thissuggesta 1990satmosphericcompositionof this material
(Huaet al., 2013),which canbe interpreted asthe likely time of profile disturbance.These
high *4C signalspresentin the soilsimply a strong preservationof fresh material from that

time buried belowthe puddledlayer.Bomb#*Cenrichmentwith lower extentalsooccursat

correspondingNP site with ca. 110 m higher altitude in the humic fraction. The 4C
concentrationwasup to ca.34%. at above20 cm layerdepth.

Generallythe concentrationof #Cis higherin the humicthan in the humin fractions.The
depth distribution of humicismoreregularthanhumin.Fromca.45to 100cmdepthin PBWr
NPwhile decreasingn humicthe concentrationof 4*Cin huminisconverselyincreasingThis
mayindicatealessdepleted“Cin huminat deeplayers.

Rdsprofile showsa highirregularityin the contextof depth &'Cdistribution. With CVof clay
isca.50%at both PandNP(Table3.2),the variabilityin layercompositionis high. Astrongest
preservationof 1“Camongother soiltypesoccursaroundin the middle of soil column(60 80
cmdepth)upto almost 800%.and T00%.in huminfractionof PandNP.Belowtheselayers,
the concentrationof 4*CisdecreasingTheincreasen 4*Cconcentrationat 60 80cmdepth
layerscorrespondwith the drop of clayto lessthan 10%andincreasein sandcontentto ca.
50% (Appendix3.1). This may suggesta mineral associatedof carbon preservation.The
differencein pHof soil (pHof 7.27in Pandof 6.66in NPsamples)nayindicatethe difference
in mineralresponsibléor this preservation Datashowsthat humicfraction containsa higher
14Cthan humin (Appendix4.6),asa typicalof other soiltypes.

Bombt“Cenrichmentsignalwasnot observedin the top layers.Thetop soil #Ccontent (at
ca.23 28 cmdepth)in humicfractionis youngerin NP,but converselyn huminisyoungerin
P.Thismaysuggesthe higher“Cpreservationin NPtop soil.

With CVof clay is around 20% (Table3.2), profile in Grh has a quite homogeneoudayer
composition.Profile havetwo different layer where aboveca. 84 cm depth the materialis
alluvial (dark) with an indication of soil developmentin progress.Below 84 cm depth
(Bwkgc/Bwkhorizon), the layer is a bit reddishwith lower clay but higher in silt content
(Appendix3.1).Inthis layer, #*Ccontentisdownto ca. $30%. (huminNP)at 100cmdepth.
Whilein the darklayer,the lowest 4*Ccontentisca.380%. (huminP)from the sampleat 38
cmdepth.

The concentration of 14€ in humic is consistently higher than in the humin fraction
throughout soil columns.Thelower *C content of top soil organicmatter fractionsthan
2016 atmosphericlevel indicatesa pre bomb period derived carbon. With similar level of
altitude, landusesand soil properties(in this soil the surfacecrackandslickensidevere also
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observed)the “C refreshmentmay show a different level comparedto soil in PL.In this
profiles,the concentrationof #'Cin the soilorganicmatter fractionis lower (Appendix4.6).

Asslightdepthincreaseof “Ccontentin Bblof P site mayindicatea mixingof soil carbonon

the top layers(Fig.4.8).Assituatedin the depressiorarea(section2.1.2.6;Fig.2.9),the site

may be the sink for soil materialsto deposit from different origins with various carbon
compositionsThehighmoistureconditionof shallowsoilsolum(with onlyca.30cmthickness
profile),dueto the presenceof underlyingimpermeablerock parentmaterial(Fig.2.10),may
boostthe carbonmixingthroughhigh mobility of dissolvedorganiccarbon.

Theconcentrationof ¥Cin humicis consistentlyhigherthan humin with observedoombr
4Cenrichmenton top layers.Theradiocarbonis lessdepletedin the top soil organicmatter
fractionsin NP (gardenplot) at 18 29 cm depth. Thismayindicatethe effect of agricultural
practicesin Pplot to the fastercyclingof carbon.

In general,it canbe concludedthat the highest'“Csignalswere obtainedfrom NPsites(Fig.
4.7;Fig.4.8; Appendix4.4). Thoughthe quantity of plant residuescollectedfrom some2016

sampleswere not sufficientfor analysisresultsfrom 2012 samplesindicatedan association
between 1“C content in the humin and plant residuesasin PLand JSGConverselyin PBW
samplesjarger plant residueinputs are not likely contributed to the *4C enrichmentin the

humin. Asresultsshowthat humin ##Csamplefrom 9 cmdepthin NP,with higheramountof

plantresiduegAppendix.1),showedsmaller'“Ccontentthan the samplefrom 20 cmdepth

in P site with lower amount of plant residues.Different factor attributable to these signals
that highplant residueinputscoupledwith older carbonmayindicatea highinaccessibilityf

organiccarbon.

Belowca. 50 cm depth in the P profile of PBW,*C may have decoupledaccordingto the
organicfractions(Fig.4.7).As'“Cin the huminfractionsare gettingsmallerwith depth,it may
indicatethe increasein the mineralpreservation.Thepreservationis alwaysassociatedvith
microbialinaccessibilityfGleixner,2013),and in non crystallinemineraldominantsoil, asin
PBWi,t isbecausestrongcomplexationof organiccarbonto sesquioxideg¢Matuset al.,2014;
Takahashand Dahlgren2016).

4.3.2.2.“Cin the bulkandorganicfractions

Threedifferent sampletypes,i.e.bulk,huminandhumicwere usedto evaluatethe infiltration
of 1“Cin different fractions. Thougha direct comparisonmay not be fully appropriatedue to
the differencein samplingintervals,i.e. humicand humin acidfractionswere obtainedfrom
2 cmthicknesslayers and bulk samplesrepresented the complete averagedhorizons
(Appendix4.6),this evaluationmayleadto someinsightsinto soil carboncycling.

Thehigh variability of carbonoriginsis evidencedby the variationin **Cvaluesin the humic
and humin fractions and in the correspondingbulk samples(Fig.4.6). A previousreport
showedthat bulk #C consistentlyrepresentsan averagevalue for a younger fulvicrand
humic#4C,andan older humin #4Cin the subtropicalCambisol¢Braueret al.,2013a).Butin
this study in tropical soils, bulk #4C valuesare closerto humic#“C than to humin #4C with
exceptionof JISANP (Fig.4.7; Appendix4.6). Theseresultsmay point out a similarity of 14C
compositionshetweenbulk and humic samples Giventhat largerportion of carbonfixedin
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the humin (section4.2), however its carbon compositionmay be closerto bulk samples.
Converselyasmentionedbeforethat in this studythe compositebulk samplesepresentthe
interval of soilhorizons.

In addition, the variability of *4Cin bulk comparedto *4Cin humic and humin may be
interpreted in different way in the context of carbonmineral association.Different soil
processesmay be responsibleto different stabilizationthat take places.As different soil
horizonsposea different stabilizationsthe efficiencyof carbonextractionsmay be different
for the sameextractant used during AAAtreatment (section2.3.2) for humic and humin
fractions. The variability carbon extracted is the result of difference in the efficiency of
extractants(Wattel Koekkoelet al.,2001).1t is suggestedh different bindingmechanism®f
organomineralresponsibldor different soiltypes.Thevariabilityin the mineralcomposition,
anddegreeof crystallinityof soilsfrom previousstudyin the Cambisolandfrom currentstudy
(section3.2)in the Vertisol,Alisoland AndosolhasbeendiscussedKoélblet al.,2014;Winkler
etal.,2016).

Thetwo groups,defined basedon C composition,appearedas a result of organicmatter

fractionations.Thefirst group hasolder carbonin the humicfractionsmainlythe first 40 cm

depth from PL,and the secondgroup hasolder carbonin the humin fractions,i.e. samples
from JSGPBW Rds,Grh,andBbl.Amongsoiltypes,the 4*Ccontentin PLhuminisrelatively
higher in all samples(excludingthe high level of bomb #4C enrichmentin PBWtop soil)

(Appendix4.6).But for humic,the youngercarbonin PLoccursonly for somesampleselow

ca.60cmdepththan humicsampledrom other soils.

Youngcarboninfiltrated in the huminfractionsin PLis suggestedisderivedfrom acidalkalir
insoluble fine organicremains, e.g. cellulose,from litter, which is presentin the humin
fractions (Fabbriet al., 1996; Simpsonet al., 2007). The observedgradualdrop “Cin the
humintowardshumicsampleat ca.40cmdepthisrelatedto both the reducedof freshsupply
of carbonmaterialsfrom the top andthe increasein the 14Cpreservation Providedthat the
claycompositionissimilarthroughoutthe soilcolumnswith CV~25%(Table3.2),the increase
in this preservationmay be associatedwith the increasein the Caconcentrations(section
3.3).It meansthat the preservationof “Coccurrdue to the presenceof organiccomplexes
with Ca,i.e. Cacation bridging (Mikutta et al., 2007; Oades,1988), which may not be
completelyremovedduring AAAextraction. The cationic bridgeshave been proposedas a
bindingmechanism®f organomineralcomplexesn smectiticsoils(Wattel Koekkoelet al.,
2001).The preservationof carbonin alkalineminerals,presumablyCa,was detected from
greenishgreysamplefrom Bikhorizonat ca. 100 cm depth of gardenplot with  #Ccontent
of ca. 440%o,andwith concomitanthigh pH of ca.8.03.

With exceptionof the PBWprofiles,the carbonin the organicfractionsisconsistentlyyounger
in the NPsitesthan P (section4.3.1.1).As'C concentrationpartly may associatewith litter

inputs (section4.1), it is suggestedhat crop managementslay an important role in the

refreshmentof carbonmainlyin the top layers,asan earlier study reported (Braueret al.,
2013b).
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4.3.2.3.“Cin the particlesizefractions

Carboncomposition(total and *4C)in relationto particle sizedistribution is discussedn this
section.Fractionswere isolatedfrom bulk samplesby wet sievingand sedimentationafter
ultrasonication(section2.3.3).Speciahttention is givento the clayfraction (<2 um), asit is
importantin the contextof soil carbondynamicsg.g.controllingthe supplyof labile organic
material,andthe resistanceof organicmatter to microbialdegradation(Andersonand Paul,
1984).Claysampleswere preparedfrom different soiltypes(Table4.4)to seeif thereisany
influenceof mineralogycompositionon carbonages.

Resultshowthat carbonfixedin claysizefractionsdoesnot alwaysassociatevith old carbon
with low 'C content (Table4.4). Theinteraction of old carbonwith clay (Eusterhuest al.,
2005)is inconsistentlyappearedasin somesamplesrom PLand PBW(Table4.4). Assome
samplesexhibit clayswith modern carbon, ca. 40 50%., €.g. JSGsamples,there must be
infiltration of fresh carboninto this fractions.Thelabile organicfractionsmay presentin the
clay as bacterial cells and colonies(Fellerand Beare,1997; Paul, 2016), and amino acid
(Andersonand Paul,1984).In specialcases however, microbescan also recyclestabilized
carbon,evenuptakefossilorganicmatter (Rethemeyeet al.,2004b; Trumbore,2009).

Lookingat the 4C content in the clay and humin fractions obtained from the samebulk

samplesthe claysshowa higher'*Cconcentrationby G-30%.thanhuminin JSGndPBW
samplesbut reduced,by € — 14%,in PLsamples(Table4.4; Appendix4.6). As different

stabilizationmechanismmay apply,i.e. in acid soilsof JSGand PBWcarbonfixed by Al/Fe
(Al/Fecarbon),andin alkalineconditionasat PLcarbonretained by Ca(Cacarbon)(Oades,
1988),the variation of “C content amongfractions may be the result of different mineral

compositions Ashumin sampleswere obtainedfrom AAAextraction(section2.3.2),the 1%
HClireatment prior to dispersiormayhaveremovedmostof the Carcarbonin the PLsamples
into solution. But 1% HCIl may not significantly remove Al/Fecarbon, since the higher
concentrationof HCI.e.36%HCl at hightemperatureisneededto dissolvethem (Panswand

Gautheyrou2006).In contrast,samplepreparationduring clayextraction(section2.3.3)did

not applyanychemicaltreatment.

Asaresult, Cacarbonmaybe retainedin the claymore than huminsamples.Therefore,it is
suggestedhat carbonfixed by Cais preservedandresponsiblefor lower *Ccontentin clay
thanin huminof PLsamplesConverselythe sequencevashingmaynot removeAl/Fecarbon
muchmore than 1%HClextractionduring AAAtreatment. Thehigher4Ccontentin the clay
than in humin in JSGand PBWsamplesmay be related to the infiltrated young carbon
componentthat still remainingin claywhichis probablyeliminatedfor 1%HClextraction.

Theclay fractions obtained from deep layersof PLsampleshold consistentlyolder carbon
than the clayextractedfrom top layers,ca.20 cm depth (Table4.4). Theolder carbonwith

depth maybe associatedvith the increaseof Carelated stabilizationand calciumcarbonate
(Appendix3.2).Inthe top layers,youngcarbonenrichmentmayhaveoccurredascontributed
from highamountof plant debris,with concomitanthigh microbialactivity.
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Table.4.4.Organiccarbonandisotopiccompositionin the soil particle sizefractions.

Site Depth Carbon Particlesize
(cm) 2502000um 63250um 2063 um 6 20pum 26 um <2pum Bulk<63 pum
PBWP 3940 TOQ%) nd® nd nd nd nd 2.41 1.85
13C(%0) nd nav nd nd nd 22.9+2.0 25+1.2 rr
¥C(%o) nd nat nd nd nd 60.67+1.70  65.83+1.80
PBWNP 4960 TOQ%) nd nd nd nd nd 1.23 1.08
1BC(%0) nd nav nd nd nd 19.1+2.3 17.7+1.9 rr
¥C(%o) nd nat nd nd nd 414.90£1.60 471.58+1.20
JS@&P 1820 TOQ%) nd nd nd nd nd 1.63 15
BC(%0) nd nav nd nd nd 21.8+1.1 245+1.1 rr
¥C(%o) nd nat nd nd nd 0.67+1.80 19.68+ 1.9
JSANP 1920 TO%) nd nd nd nd nd 2.15 2.27
BC(%0) nd nalv nd nd nd 21+2.1 21625 r
¥C(%o) nd nd nd nd nd 9.16+1.90 2.91+150r
PLP 1920 TO%) 0.64 0.31 1.07 1.1 0.98 0.82 1.2
13C (%o) 25.1+3.60 284+190 r 15.2+1.50 22.9+1.80 18.5+1.60 23.1+1.70 23.9+1.80
14C (%o) 34.2746.70 3828+ 2.20 69.94+2.30 78.64% 8.60 73.08+£1.90 58.49+?2.20 70.30+1.90
PLP 100401 TOQ%) 8.56 1.39 0.8 0.68 0.63 0.29 0.83
13C (%o) 9.5+220 o+ 2.60 ri5.8+2.80 r 16.3+£2.10 13.5+1.80 21.9+2.70 13.6£2.40
14C (%o) 427.01+1.20 648.37£1.00 482.30+2.50 469.20£1.90 441.31+1.10 329.45+1.50 553.06+1.20
PLNP 22P3 TOQ%) 0.48 0.29 1.3 1.63 1.11 1.08 1.49
13C (%o) 24.4+3.80 W.6x1.50 r 14.4+1.20 19.3+£1.40 13.8+1.40 11.4£2.20 15+2.30 r
14C (%o) 407.46+5.00 26.83+£1.70 62.95+1.40 73.47+£1.70 118.93#1.40 121.31+1.60 60.3/42.10
PLNP 110411 TOQ%) 0.09 0.05 0.94 0.93 0.91 0.8 0.67
13C (%o) 38.2+0.10 26+1.20 r 19.1+1.80 20£1.70 r 19.3£1.50 r 20.5£2.50 21.6+1.90
14C (%o) 166.18+4.80 242.33£83.80 237.34+1.30 218.09+£1.30 234.56+1.80 233.07+£2.20 232.28+3.00

18 Not determined.
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In this study, radiocarbondating for six classesf soil particleswas only performed for PL
samples(Table 4.4). Resultssuggestno clear trends between soil size fractions and 4C
contents.Coarsesandsamplesat depth of the P profile and the top layerin NPshowolder
than the typicalin this fraction. Theolder carbonat depth, ca. 100 cm, in P profile may be
relatedto the limited freshcarbonsupplyfrom the top. In NPprofile, top layercarbonshows
significantlyolder ( C376%o)thanthe samefractionfrom the depth ( C122%.)(Table4.4).As
carbonin > 20 um fractionsare related to plant debris(Fellerand Beare,1997),the low “C
signalis likely derivedfrom materialwith subjectto highdecompositionstage,and occluded
in the aggregate.

In PL,the alkalinecondition of soil showsto relate with the high distribution of carbonate
mineralsin the soil columns(section3.3; Appendix4.3). By the use %C as a tracer, the

mobility of carbonthroughdifferent soilfractionsmaybe evaluatedin combinationwith total

inorganiccarboncontent(TICYAppendix.3).In PLPTICcontentisincreasingvith soildepth,
but in PLNPIt tendsto decrease.

Resultshowsthat the high TICin 100 cm depth sampleof P (0.63%)providesa signalof
enriched WCwith values GlL5%. in sandfractions.Thesevaluesaretendto depletetowards
the finer fractions. Converselywith lower TICin 110 cm depth sampleof NP (0.12%) the
signalof WC showsto deplete up to 3B%. in sand fractions with a slightly enrichment
towards fine fractions. The signaltrends of %C vertically both in P and NP showto well r
correlatewith TICcontent.

A poor correlationof “C content and total organiccarbonin the soil fractions(r = ©.068)
may indicatea randominfiltration of “C. Thisresultis in contrastwith the trend produced
from bulk samplesof, mainly,JSGand PLsites(section4.2; Fig.4.3), asthey show high *C
contentwith total organiccarbon.Thehighmobility of *“Cin soilfractionsmaybe relatedto
different carboncompositionsthat associatewith specificfractions,e.g. microbial cell wall,
aminoacidoccurredin clayfractions(Andersonand Paul,1984;Paul,2016),highly humified
plant, fungaldebrisin 2 — 20 um fractions,and plant debrisin > 20 um fractions(Fellerand
Beare,1997). Converselyyvaluesemergedfrom bulk samplesare the averageof overall
components.Carbonmaterialsinfiltrated into fractions are likely facilitated by biotic and
abioticprocessesn the soil.

A better correlation of clayand bulk < 63um samples(silt + clay associatedcarbon)in the
contextof “Ccontentandtotal organiccarbonwasobserved(r=0.95;r=0.87).Bulk< 63umis
residualsampleobtainedafter lastwithdraw for clayfractions(section2.3.3).Thisresultmay
have reflected similar carbon compositionsregardlesssoil types and layers. Total organic
carbonhastypicalincreasen the clayfractions G—120%from bulk samplesgxceptin JISG
NP with observed4% drop. The original texture of samplesmay be responsibleto this
variations. Samplewith clay texture (section 3.1) show a small carbon enrichedin clay
fractions,e.g.JSGampleslt issuggestedhat in the originallyclaytexture soils,total organic
carbonin bulk samplesmay representcarbonin the clayfractions. Thesignalsof % show
consistentlyenrichedin the clayca. 10 #0%from humin samplesexceptJSGamplein Psite
(section 4.3.1). This may be attributable to the higher heterogeneity of organic carbon
compositionsn huminsamples.
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Conclusions

Thecollectedplant remainsat the profile assuminglepth distribution of plant residuesmay
be fitted with an exponentialmodel. Resultsshow valuesto varywith different soil types,
i.e.0.91(PLP),0.93(PLNP),0.96 (JS@),0.96 (JSA\P),0.93(PBWP),and 0.85 (PBWNP).
Thisimplies a higher carbondepth distribution at JSGhan other profiles. The most plant
residuesat top soils(0 20 cm depth) accountfor more than 50%o0f the total plant remains
throughoutthe soil column. By comparingtop soil carbonstockwith the assumptionmade
for total carboninputs, the turnover time of carbonshowshigherin PBWthan in different
sites.

Carbondatingof plantremainsdemonstratedno correlationbetweencoloursandthe degree
of decompositionsThe darksroots do not reflect the old organicmaterialsand light plant
remainsdo not meanfreshresidues.Coloursmay indicatethe plant originsin combination
with 3€ signals,as identified young dark roots were associatedwith sugarcane.The
presenceof modernplantresiduesat depth,ca.100cmdepth,suggestdirecttranslocations.
Thisisan option of carbonpathwayinto subsoilsasshowsto happenin all profiles,andlikely
soiltype independent.

Total organiccarbon(TOCYor 2012 samplesvarieswithin the range0.25to 0.55%in PLP,
0.36t0 0.952%in PLNP,0.55t0 1.57%in JS@P,0.78t0 2.24%in JSA\P,0.33t0 3.69%in
PBWP,and0.41to 3.12%in PBWNP.Coefficientof variationshowshigh variabilityof depth
TOdistributionin PBW.ThehigherNPTOCcontentthan Pmayindicatethe associatiorwith
plantlitter inputs.

Sampleswith high organiccarbonare consistentlyassociatedwvith high 14C content, which
means that young carbon must have accountedfor most of the bulk organic carbon.
Converselysampleswith low total organiccarboncontent exhibit low 4C contents,which
indicatesa high proportion of old carbon.The organiccarboncontent showshigherin the
huminthan humicacid.

Soil'3C maybe enrichedor depletedin 3Casa result of carbonmixingdue to the variation
of carboninputin agriculturaffields. Thestudyshowsa dominantof G type cropsin the fields.
Carbonenrichmentis likely appearedto shift #Cevenfrom a monoculturefield. Thismay
indicate a different origin of some of the carbon, for instancefrom weeds, manure or
irrigationwater. Byrelatingthe concentrationof WCand“Cfrom the samesamplesanalysis
showsthat there is no specificcondition of crop types contributed to the “C input but
atmosphericcompositions Organicmatter fractionation showthe inconsistentvariationsin
the ARC signalscomparedto bulk samples. C bulks as mean valuessubjecteither to be
enrichedor depleteddependingon the originalcarbon.

The concentrationof #C typically decreasesgradually with increasingsoil depth, with
exceptionPBWand Rdsprofiles. In thesetwo volcanicsoils,the variability of depthr #'Cis
higher.Profileof PLis characterizedy a lessdepletedsubsoil #C.Giventhat smectiteis a
majority claymineralin this soil, the postulatedargillipedoturbationmaybe responsibleor
the homogeneityof profile composition.Thehigher #Ccontentin the PLtop layershumin
may be related to the high abundanceof root massthat leadsto a higher proportion of
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unextractableyoungcarbonpreservedn the humin. Aregulardepth distribution of 1Cin JSG
profiles may be related to the high homogeneityof layer compositions.The low level of
subsoil**Cenrichmentis attributable to the limited supplyof freshcarbonmaterialfrom the
soilsurface PBWprofilesare characterizedy a highirregularity,or rather a discontinuity,of
depth #C valueswhich may be attributable to the volcanic(lahar) nature of the parent
materials. The high 1“C signalspresentin the soilsimply a strong preservationof fresh
material. Rdsprofile showsa high irregularity in the context of depth 4C distribution. A
strongpreservationof “Coccurssuggestecas mineralassociatedProfile of Grhhasa quite
homogeneoudayercomposition.Thelower #(Ccontentof top soil organicmatter fractions
than 2016atmospheridevelindicatesa pre bomb period derivedcarbon.In Bblprofiles,the
radiocarbonislessdepletedin the top soilorganicmatter fractionsin NPindicatingthe effect
of agriculturalpracticesin Pplot to the fastercyclingof carbon.

In general it canbe concludedhat the highest“Csignalswvere obtainedfrom NPsites.With
exceptionof the PBWprofiles,the carbonin the organicfractionsis consistentlyyoungerin
the NPsitesthan P.As'*Cconcentrationpartly mayassociatewith litter inputs, it issuggested
that cropmanagementplayanimportantrole in the refreshmentof carbonmainlyin the top
layers.Thehighvariability of carbonoriginsis evidencedby the variationin *Cvaluesin the
humicand huminfractionsand in the correspondingoulk samples Resultsmay point out a
similarity of 14C compositionsbetweenbulk and humic samplesin this study the composite
bulk samplesrepresentthe interval of soil horizonswhile humic and humin were obtained
from point samplesThetwo groups,definedbasedon *4Ccomposition,appearedasaresult
of organic matter fractionations. The first group has older carbonin the humic fractions
mainly the first 40 cm depth from PL,and the secondgroup hasolder carbonin the humin
fractions,i.e. sampledfrom JSGPBW Rds,Grh,andBbl.

Resultshowthat carbonfixedin claysizefractionsdoesnot alwaysassociatevith old carbon
with low “C content. As some samplesexhibit clayswith modern carbon,there must be
infiltration of freshcarboninto this fractions.Theclaysshowa higherin 1*Cconcentration by
@G -30%,thanhuminin JS@GndPBWsamplesput reduced by @ —-14%,n PLsamplesThe
clayfractionsobtainedfrom deeplayersof PLsampleshold consistentlyolder carbonthan
the clayextractedfrom top layers,ca.20 cmdepth. Resultssuggesno cleartrendsbetween
soil sizefractionsand “C contents.Thesignaltrends showsa goodassociatiorof #WCin soil
particleswith TICcontent.

Apoor correlationof Y“Ccontentandtotal organiccarbonin the soilfractionsmayindicatea
randominfiltration of *“C.Thehighmobility of **Cin soilfractionsmaybe relatedto different
carboncompositionghat associatevith specificsoilfractions.Abetter correlationof clayand
bulk < 63um samples(silt + clay associateccarbon)in the context of 14C content and total
organiccarbonmayreflectasimilarcarboncompositiongegardlessoiltypesandlayers.Bulk
samplewith claytexture showa smallcarbonenrichedin clayfractions.lIt is suggestedhat
in the originallyclaytexture soils,total organiccarbonin bulk samplesnayrepresentcarbon
in the clayfractions.
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Chapter5

5. Modellingcarbondynamicsn agriculturesoilin different soiltypes
underdifferent climateconditions

5.1. Introduction

Theformulation of a mathematicalmodel to evaluatesoil processrelated dynamicsof soil

carbonin the researchareasin Javas discussedn this chapter.Aspresentedearlier (section
4.2; section4.3.2),the depth distribution of carbonmay reflect the important processesn

specificlocations/soiltypes. Thesespecificsoil processesnay haverelated to soil variability
conditions,i.e. the origin of parentmaterialsandtopography,hasbeendiscussegreviously
(section3.1;section3.2).

Additionally,somefactorsthat potentially influencesoil carbonsuchasclimate (section3),
guality and quantity of organicresidues(section3.3; section4.1), and internal soil column
properties, (e.g. penetrability and pedorbio turbation), have also briefly been discussed.
Thesefactor have not beenwell quantified due to the different scopeof research.Yetare,
however, indispensableto soil carbon distribution with respectto specificlocations/soil
types. To fill this gap modelling could provide a faster way to unravelissuesthan direct
experimentgPowlson,1996).

The present model includesthe processesof original carbon distribution into soil depth.

Currently,the modellingof deep organiccarbonis receivingbroad attention (Ahrenset al.,

2015;BartsevandPochekutov2016;WellsandHancock2014) sinceits potentialimplication
to the global carbon cycle has been recognized(Baisdenand Parfitt, 2007; Jobbagyand

Jackson2000; Rumpeland Kégelknabner,2011). Theongoingmodellingis still focusedon

decipheringthe complexsystemof deepcarbonto predictthe impactof land management,
to mitigate climatechange aswell aspolicyrelated efforts (Campbeland Paustian2015).

Due to the high chemical complexity of soil organic matter, a model that reflects the
heterogeneity,suchasa multi compartmentmodel, is thought to provide more meaningful
estimatesthan singlepool models(Schuuret al., 2016a) Everysingleconceptualsoil organic
fraction, e.g.active,passiveand slow (section5.2.1.2)or humic/huminafter acidalkaliacid
treatments (section2.3.2),variesin residencetime comparedto the averagedbulk values
(section 4.3.2.2). Furthermore, they have been reported to respond differently to
temperature(Conantet al.,2008),andvaryin the decompositiorrate (Voroneyet al.,1981).
Therefore, the best soil organic matter evaluation may be made after taking into
consideratiorthe fractionlevels.

In this model,we developequationsto describethe waytop organiccarbongoesdown into
deeplayerstakinginto accountthe processe the top andsubsoil basedon anassumption
of steadystate conditionsfor simplification. Two different top soil environments,i.e. Pand
NP, determine the quantity of litter input and redox conditions. Model starts from the
estimationof carbonintroduced from plant litter. The capacityof the soil to store organic
carbonis approachedsincedifferent soiltype may havedifferent mechanismsin relation of
clay mineralogycompositionto complexorganiccarbon(Singhet al., 2016; Winkler et al.,
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2016).The quantity of organicfractionsis estimatedfrom *CNMRanalysis(section2.4.4;
section3.3),takinginto accountthe environmentalvariablesj.e. temperature,soilmoisture,
andoxygenavailabilityto constraintheir decomposition.Thedepth distribution of carbonin
soilsisevaluatedusingtwo transportparametersj.e.convectionanddiffusion(section5.2.2).

5.2.Modelformulation

In general at leasttwo processesnaybe responsiblgor carbonat depth,i.e. transformation
and transportation. The fresh/residualcarbon undergoesa microbial decompositionthat
bringsabout complexstructuralchangesnto different compoundsaswell asmineralization.
Facilitatedby soil processesthesedecompositionproductsmaybe partly translocateddown
into sublayersUndernatural conditions,asafunction of depthzandtime t, carbonat depth
mathematicallycanbe expressedasC= C(z,t). Bytakinginto accountthesetwo processes,
i.e.transformationandtransportation,the basicunderstandingof depth carbonis expressed
ineq.(5.1).

E74E-% !memumirsgu!d/miwoum
¢ ¢ N1

was;

In eq. (5.1), the first term on the right hand side indicates carbon transformation, e.g.
humification,asa result of microbialactionsunder control of organiccompoundquality,and
environmentalvariables The carbon input, excludingerosion, may come from litter and
manureabovethe ground,andbe derivedfrom roots andexudatebelowground.Thecarbon
output is asgaseousossthrough microbialrespiration.Carbonfluxeswithin the soil column
(infoutflux of a soil element) are determinedby diffusion, transport through leaching,and
bioturbation/pedoturbation (section 5.2.2). Basedon eq. (5.1) above, the mathematical
expressionwill be developedunder assumptionof steady state conditions. The carbon
transformationwill be discussedn section5.2.1,andthe carbontransportwill be formulated
in section5.2.2.

5.2.1.Soilorganiccarbontransformation

Thetransformationof soil carbonis a continuousmetabolicprocessin multiple poolswith

varyingpersistencehroughrepeatedsynthesisrom new organicinputs andre synthesisof

the olderresidualorganiccarbon(Gleixner2013).0Oncefresh/old organicresidueshavebeen
deposited,the decompositionproceedsat a certainrate determinedby drivingfactors,e.g.
temperature, oxygen,soil moisture, and makesup a new synthesizedrganiccarbon. This
meansthat microbialactivitiesalwaysproceedwith or without the addition of new organic
material.

5.2.1.1.Carborinputs(Gy)

Thestockof carbonin the layers,C,is assumedo be proportional with carboninflux, C=
h*Cnriux Where h is the carbon storage coefficient, similar to the humification or carbon
sequestration constant concept in different models (Kemanian and Stdckle, 2010;
Taghizadeliloosiet al., 2014). The presentmodel implementsh to describethe extent of
stabilized/sequesteredarbonfrom total freshresidueenteredin the soil. Theh coefficientis
not only a function of the clay content quantitatively as in the ROTHQColemanand
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Jenkinson1999),CiTOOL(Taghizadeliroosiet al., 2014)and CFarmmodel (Kemaniarand
Stockle,2010), but also a function of the mineral composition. The carbon sorption to
different claymineralogymayfollow the order allophane>smectite> kaolinite (Singhet al.,
2016).Therefore the h coefficientwill be assumedo follow this order.

Basedon stability,the organicinput into the soilaswell asthe organicmaterialin the soilcan
be divided into decomposable, structural, and resistant. The proportion of the

decomposable/fast/activegf fom), (ii) the structural/intermediate/passivegf rom), and (iii)

the resistant/slow(f som) poolsin organicmaterialcanbe estimatedthrough solid state 13Cr
NMRanalysisExample®f f fom materialsare proteins,of f fom celluloseand hemicellulose,
and of f somligninrich compounds Relativecontribution of molecularcompositioncanbe

estimatedfrom regionsof the NMRspectrumusingN:Cratio and signalintensity in a mixing
model (Nelsonand Baldock2005). Themodelassumeghat f fom attributes to protein, and

microbial lipids, f fom refersto carbohydrateswhile f som describeslignin, carbonyl,and

lipid. Thetotal soil lipids consistof an active pool to refer to microbialcell membranesand

cellwalls,and a slow pool for the remainderwhichis plant derived.Microbiallipids account
for 10%o0f total lipidsin the soil (Dippoldand Kuzyakov2016),therefore we cut off 10%of

total lipid for activepools.

Carboninput on the groundsurfaceasa daily basisis estimatedfrom referencegTable5.1),
and partitioned for subsoilinput at 20 cm depth by the formulabelow (Jacksoret al., 1996):

Y=1ns (5.2)
With:
Y =cumulativeroot fraction (0—1)
z =soildepth (cm)
M =fitted depth coefficient

Subsoikarboninput, at 20 cmdepth, canbe estimatedby modifyingeq. (5.2)asbelow:
%M L #60 :s)F ; (5.3)

With:
G(z) =carboninputatdepthicm,i=20(gCcm?2d?)
G =total carboninput at groundsurface(g Ccm?2d %)

Resultsshow (Appendix5.1) that the p valuesobtainedare 0.91 (PLP),0.93 (PLNP),0.96
(JS@),0.96(JSANP),0.93(PBWP),and 0.85(PBWNP).Thehigherconstantu indicatesthe
more carbondistributedwith depth.
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5.2.1.2.Carbondecomposition(Gg)

Carbonlossesare assumedto be through microbial respiration during organic fraction
decompositionsand, for *“C, through natural radioactivedecay.Firstorder decomposition
=L 0B % ; Rith k s the
decompositionrate constantfor carbonfractions (active, passive,and slow), or the decay
constantfor 1“Cwhichis equalto 3.3x 107 d .

equation for bulk samplesat time t can be expressedas

Unlike the natural “C decay, the decomposition of organic carbon is controlled by
environmentalvariables,suchas temperature, soil moisture, and oxygenavailability. Each
variablewill be includedin the modelformulation by a coefficient. Thesensitivityof organic
matter decompositiorto temperature,f(ts), to organicmatter decompositioris expressecdy
Quo values definedasa coefficientthat indicatesthe increasein decompositiorasaresult of
atemperatureincreaseby 10 & (DessureaulRompréet al., 2010;Fiereret al., 2005; Leiros
etal.,1999),asbelow:

PRIEVD

E:R; L s3 54 (5.4)
With:
Tm =meanair annualtemperature(°C) datafrom localclimatestations
Tret  =referenceair temperature(20°C)

Using Quo, the interplay of temperature and the rate of decompositionis assumedto be
exponential. In the large scale,a Qo value of 2 is adequately used for modelling of
temperature effects in the range5 40°C(Kattereret al., 1998). In this model, because
individualorganicfractions,i.e. active,passive and slow, will be represented Q.o valueswill
vary,beinghigherfor the more stableorganicfractions,to indicatehigherenergyrequiredto
perform decompositionand smallerfor the more easilydecomposabldractions(Conantet
al.,2008).Dueto the variabilityof Q.0 with depth and soiltexture (Grafet al., 2008;Juoand
Franzluebberg2003),thismodelassumeghe sametop meter soiltemperatureat the ground
surfacefor simplicity(Table5.1; Appendixs.2).

Theeffectof soilmoisturein relationto soilorganicmatter decompositionf(ms), isexpressed
as metric potential (Paulet al., 2003; Rawlset al., 1982).In principle, effective microbial

metabolismcan perform in the range 38 kPato 10 kPaas soil is holding the maximum
amountof wateravailable(JuoandFranzluebbers2003),andoptimumfor net mineralization
(Myerset al., 1982).1t is suggestedhat air filled pore spaceis sufficientfor both microbial

activityandplantgrowthin thisrange.Assoilmoistureincreasedo the saturationpoint (r0.1

kPa),or decreaseso the permanentwilting point ( A500kPa) the conditionis lessfavorable
for microbialactivity.

Asthis modelwill includeredoxconditionsin relation to soil organicmatter decomposition,
two conditionsrelatedto soilmoisturewill be defined:anoxic,typicallycorrespondingo Eh
<300mV,andoxic,correspondingo 300> Eh>600mV(MoormanandvanBreemen,1978).
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Duringanoxicconditionsthe levelof soilmoisturemayincreaseup to saturationpoint, while
duringoxicmoistureis held aroundfield capacitytowardsthe permanentwilting point.

Se F 0% 0 O Fsr G2=
E:l »; LPs Fuu Q 6 Q FsrG2-= (5.5)
Suo F 283 0O P Fuu G 2 =

Remark:

Ws  =saturationpoint

Wi  =field capacity

Wowp = permanentwilting point

Asexpressedn eq. (5.5),the optimum conditionin the range 33to X0kPawill resultin the
f(ms) value equalto 1. With the increaseor decreasein soil moisture from this level, the
coefficientf(ms) will drop belowone. Thismodelassumeshat underfield conditions,neither
the oxic,i.e. NPsoil, P subsoil ,nor the anoxicsoil,i.e. Ptop soil, havethe optimum moisture
level. Thems valuesfor anoxiclayersscalewith the differencebetweenpotential saturation
point, Ws, and field capacity Wk, while for oxic layersthe ms value is designatedas the
differencebetweenpotential Wic and Wpwp. Thismeansthat underoxicconditions,moisture
statusholdsa valuein betweenW,wp and We, and underanoxicin betweenWs. and Ws.

Assaturationpoint Ws indicatesthe level at which all soil poresare occupiedby water (Juo
and Franzluebbers2003),this value canbe approachedby the total porosity of the soil, n,
definedas:

I L s
sg (5.6)

With:
&  =bulkdensity(gcm®)
&  =particledensity(assumed®.65g cmé®)

Toestimate W, and W,wp, Whichare the volumetricwater contentsat both 33kPaand r
1500kPa,the formulasbeloware used(Rawlset al., 1982):

Wi  =0.2576 £.0020*sand(%} 0.0036*clay(%}y 0.0299*OM(%) (5.7)
Wowp =0.0260+ 0.0050*clay(%3¥ 0.0158*OM (%) (5.9
OM =organicmatter content, 100/58*organicC (%) (5.9

Theresultsof the calculationare presentedin the Table5.1 taking into accounttop rand
subsoilfayers.Under P managementjayersare alwaysassumedo be reducedin the top ¢
and oxidizedin the subsoil. Thisis consistentwith profile observationin the field (section
2.2).UnderNP,soillayersare all assumedo be in oxiccondition.
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The oxygeneffect on the decompositionrate is implemented by the oxygenavailability
function, f(oc), following Monod type formula (Rubolet al., 2013).Under reducedoxygen
conditionsthe aerobicmicroorganisnactivitiesmaybe limited, whichleadsto the slowdown
of organicmatter decomposition.

Theoxygencoefficientis formulatedin different way appliesthe conditionasbelow:

rg L r K

E:ky; LKJTEJQ r OpkO s (5.10)
su( @ K
With:
Oc =oxygencoefficient( )
o] = oxygenconcentrationfor i =oxidized(o), andreduced(r) layers(mgL*?)
Ko = half saturationconstantfor oxygenuptake(mgL®?)
Table.5.1. Generalparametersusedin model.
Description Subdescription Symbol  Unit Value
Decompositiorrate constant sugarsaminoacid Ktom dt 0.200
cellulosehemicellulose kiom dt 0.051
lignin Ksom dt 0.003
Quo activeorganicfraction  Qiom (D 2.100
passiveorganic Qom (D 2.950
fraction
sloworganicfraction Qsom (D 3.800
Totaldecayfor C activeorganicfraction  k; fom dt 0.200
passiveorganic Kt iom dt 0.051
fraction
sloworganicfraction K som dt 0.003
Oxygernconcentration oxiclayer Oox mgL*? 2.00E+06
anoxiclayer Qunox mgL?  2.00E+05
Halfsaturationconstantfor O, uptake oxiclayer kOox mgL? 0.500
anoxiclayer KOanox mgL?  1.00E+05
14CQ atmospheridevelin 2012 BggtC 0.231
14Cdecayconstant dt 3.30E07

Oxygenconcentrationsboth in the reducedand oxidizedlayersare estimatedfrom redox
potential, asit is providinga reasonablendication of soil aeration status(Megonigalet al.,
1993;Reddyand DeLaune2008).
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Table.5.2. Specifipparametersusedin model.

Site Layer Cinput YCinput SP FC PWP ccc))éﬁ sto(r:age Tsensitivity OrgCfraction
(mgCcm?  (Bgcm?

Unit d%) d%) (kPa) (kPa) (kPa) () () () () () () () ()

Symbol Cy e Ws Wic Wpwp Oc h Qfom Qiom Qsom ffom fiom fsom

PLP Topsoil 0.7000 0.1617 0.61 0.52 0.38 0.194 0.754 1.63 2.04 241 0.32 0.10 0.57
Subsoil 0.5929 0.1370 0.64 0.52 04 0.998 0.626 r r

PLNP Topsoll 1.1400 0.2633 0.61 0.51 0.37 0.998 0.785 1.63 2.04 241 0.35 0.12 0.53
Subsoil 0.8687 0.2007 0.64 0.51 0.4 0.998 0.718 r r

Js@P Topsoll 0.9110 0.2104 0.62 0.46 0.27 0.194 0.731 1.53 1.87 2.17 0.38 0.21 0.41
Subsaoil 0.4819 0.1113 0.65 0.5 0.35 0.998 0.627 r r

JSANP Topsoil 0.1060 0.0245 0.61 0.47 0.28 0.998 0.777 1.53 1.87 2.17 0.43 0.27 0.29
Subsoil 0.0568 0.0131 0.91 0.3 0.08 0.998 0.740 r r

PBW#P Topsoll 0.9220 0.4250 0.52 0.31 0.21 0.194 0.909 1.06 1.1 1.13 0.37 0.23 0.39
Subsaoil 0.4250 0.4089 0.58 0.31 0.21 0.998 0.909 r r

PBWNP  Topsaoil 0.2130 0.0981 0.51 0.31 0.21 0.998  0.909 1.06 1.1 1.13 0.38 0.26 0.36
Subsoil 0.1659 0.0944 0.68 0.31 0.21 0.998 0.909 r r

(SP=saturationpoint; FC=field capacity PWP=permanentwilting point)
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The Eh value of top layer may drop to 100 mV within few weeksof flooding, and after
drainageandaerationthe the Ehrisesto +600mV astypicalaerobicsoils(Moormanandvan
Breemen 1978).Below+300mVthe O concentrationshowsverylittle (ReddyandDeLaune,
2008),but organicmatter canstill proceedasmicrobesutilize electronacceptorelementslike
N, Mn, FeandS.

Therefore to facilitate the minimizeddecompositiorunderanoxiccondition,modelassumes
the low concentrationof O, ca.0.1%in the reducedtop layers.While under oxic condition,
soilO; concentrationca.20%equalto air composition.Bothvaluesare equalto 0.12and 240
mgL%bytakinginto accountthe densityof air 1.20g L. Thecalculationfor oxygencoefficient
O usedk, equalto 0.5mgL? (Sharifiet al., 2013),for both oxicand anoxiclayers.

The oxygencoefficient, O, impliesthat the rate of decompositionis inhibited under low
oxygenconcentrationssuchasin the Ptop layers.Theoptimum condition,with coefficientl,
is reachedunder high oxygenconcentrationgeq.5.10),at which half saturationconstantk,
is negligible(Greenwood,1961).But sincethe model assumeghe maximumoxic condition
600mV Q0%oxygenconcentration the coefficientsare below 1.

Organicmatter build up in the soil is simplythe result of positive differencebetweentotal

carboninputs and outputs. Basicallyasin eq. (5.12),the first term on the right handsideis

the fresh litter supply into soil and the secondterm is the rate of carbon loss due to

decompositionKemaniarand Stockle 2010;NiederandBenbi,2008;Smith,1982).Thefresh
litter istransformedinto highmolecularweight moleculeshrough humification(MacCarthy,
2001;Saialimenez1996),anddrivingthe storageof carbonin relationto soilclay(Coleman
and Jenkinson,1996; Hassink,1997; Kemanianand Stockle,2010; Taghizadelil oosiet al.,

2014;Wellsand Hancock2014).Therefore,carbonstoragecapacitymeansthe efficiencyof

soilto build up carbon.Thehigherthe efficiency the highersoil carbonstorage.

In this model, carbonstorageefficiencyE explainsthe amountof carbonthat potentially will
be sequesteredthrough humification which is directly proportional to soil clay content.
Therefore,the remainingcarbon,R = 1 E, will leavethe system.In specialcases.e.g.the
coarsetextured volcanicsoil, the high carbon efficiencyis possiblydue to the presenceof
short rangeordered Al/Fe (Matus et al., 2014; Takahashand Dahlgren,2016).In this soil,
routine analysiof grainsizecompositionmay not givean accurateindicationof elementary
particles,but rather of agglomeratedarticles (Legros2012).Therefore thismodelassumes
a 90%claycontentto keepa highestefficiencyin the simulationamongsoil types.Usingthis
assumptionthe problemof inaccuratesoiltexture analysidor soilwith highcontentof short
rangeordered Al/Fe may be reduced. The higher carbon efficiencyin this soil has been
confirmed through an adsorption capacity contributed by allophane,as a majority clay
mineralin this soil,than montmorillonite andkaolinite (Singhet al., 2016).Althoughwith low
resultof clayanalysis- 25%,this soil cancontainhigh TOQup to more than 3% (Prastowoet
al., 2017).Therefore,a direct applicationof clayanalysigesultsto relate it with soil carbon
storagecapacitymaynot be appropriate.
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A monod type rate limiting term (Soetaertand Herman,2009), is appliedto expressthe
conditionthat the higherR (lower carbonefficiency)will resultin alow of the carbonstorage
coefficienth, asthe relationshipbelow:

D +— 5.11
s E 4 ( )
@%:VaPbkP; . .

@p L D k%FI G% (5.12

With:

C(z,t) : SOGormation at particulart andz(gC.cnf.d?)

: carbonstoragecoefficient( )

: proportion of organicfractions(

: decompositiorrate constantof organicfractions(d?), i = active,passiveandslow
: total carboninputs(gC.cnf.d %)

: the amountof carbonaccumulatedg C.cnf.d?)

OO0 ==

Thefirst term on the right handsideof eq. (5.12)showsthe total carboninput. Freshlitter is
partitioned into three postulated organic fractions, active, passive,and slow. All these
fractions are involvedin makingup carbon storageefficiency(eq. 5.11). For instance,the
active easilydecomposabldraction with fast turnover time (Schuuret al., 2016a),as first
ingestedpreferentiallyby microbes,may alsobe stabilizedin the clay particlesas bacterial
cellsandcolonies,aminoacid,microbialcellwall (Andersorand Paul,1984;Fellerand Beare,
1997;Paul,2016).

The secondterm implementsa first order decompositionrate constantof organiccarbon
fractions (section 5.2.1.1). Theseconstantsreflect the progressiveCQ loss from stored
organiccompoundsthrough time which is affected by litter quality and climate (Cotrufoet

al.,2009;Smith,1982;vanVeenand Paul,1981).Heterogeneityin the litter quality givesrise
to a variety of decompositionconstantswhere slow fractions, e.qg. lignin, exhibit smallest
values(Voroneyet al., 1981).Climateeffectsthroughthree variablese.g.temperature,soil

moisture, and oxygenavailabilityhave beendiscussedabove.Under optimal conditions,all

thesevariableswill promote the decompositionof soilorganiccarbon.

By implementing temperature sensitivity f(ts), effective saturation f(ms), and oxygen
limitation f(oc), for the decompositiorrate of specificfractions,i, in eq.5.12,the newformula
becomes:
@w4P
@p L DyaaBlyasb leada WP B 5B KRB R QaaB R Gaa (519
EE R Gaz %

Equation(5.13)canbere formulatedfor simplicity:
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%:VaPbP; . .
@@;P L D kg% F U% (5.14)

Where,
U LBgB:§AB: PG , t=decompositioncoefficient

Radiocarborenters into the soil systemfollowing the movementof carbon. The average
concentrationof 1Cin freshlitter is assumedo be equalto current atmosphericlevel, i.e.

103 pMCin 2012.Humificationof litter will yield humified compounds.The compositionof

14Cin humified compoundis assumedo be similarto humicfraction (section2.3.2),asthey

poseasimilarityin aromaticity(Stevenson]1994).Therefore this modelusest“Ccomposition
in the humicto representthe humifiedcompounds.

Radiocarborfollows the samedecaypattern of carbon. The natural decayof radiocarbon,
with constant(,) equalto 3.3x 107 d? (basedon an isotopic half tife of 5730yr, (Godwin,
1962)),will proceedtogether with decompositionrate constantof organicfractions(Elzein
andBalesdent]1995).Therefore,a new constant,k: ;, will be implementedinto this modelto

representorganicfraction, ki, and naturalradiocarbon, ,, decaysasbelow:

GouL & (E G (5.15)

Therefore the eq. (5.12)canbe re formulatedfor radiocarbonmodelasfollowing:

8% :VaPrP: . .
% L D iig%. F U % (5.16)

Where,
U L Bg B:lg B :# G »yU=decompositioncoefficient

To express'“C into unit area® time?® (carbonflow) or unit area® (carbon storage),that
comparablewith different carbonpool, the pMCwill be convertedinto specificactivity (Bqg'
1 C)by assuminghe absoluteradiocarbonstandard(Aapg equalto 226 Bqkg® C(Mook and
vander Plicht,1999; Stenstromet al., 2011).Byapplyingthis unit, the carboninput through
litter canbe convertedinto a daily basic“Cinput, andit is more favorablein relationto the
unit of transportparameter(section5.2.2). Theformulafor unit conversionis asbelow:
(Pop °
L/ %;‘I S T
srr-  ra{yw

AIAC947T <Gxirgttx $MW (5.17)

With:

pMC :the “Cconcentration(pMC)of samples
W3C  :the 3Cconcentrationratio (%o) of samples
y : yearof measurement

Usingeq. (5.17),the “Cinput throughlitter G a4)is assumeds:
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%55 SM2P@F0; L =P 1 5 BMCUa%:C % ?F @2Y (5.18)
With:
atm“CQ : The“Cactivityin 2012atmosphere 0.231Bqg? C(103pMC, 25%o)

Theunit of soil radiocarbonactivity (Fig.5.3)is obtainedby takinginto accounttotal organic
carbon(gg?), bulkdensity(gcm®), andsampleinterval (2cm).

Figure 5.1.Conceptuabf soilcarbondynamicamodel(1a=topsoillitter at z=0cmdepth; 1b =subsoil
litter at z=20cm depth; 2 = desorption;3 = adsorption;4a = lateral diffusion;4b = vertical diffusion;
5a = lateral convection;5b = vertical convection;(i) = organiccarbontransformation, (ii) = organic
carbontransport).

5.2.2.Depthtransportof soilorganiccarbon

The model assumeghat the downward carbontransport is not merely through the liquid
phase but alsomechanicamixingof soil,i.e. pedoturbation,andthe movementof soilfauna
atdepth,i.e.bioturbation. Themovementof carbonin the liquid phase,.e. dissolvedrganic
carbonis characterizedby a velocity, and called convectivetransport. It is expressedas
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proportional to the first order derivative of the soil carbonconcentrationin spacez (Elzein
andBalesdent]1995)asbelow:

0%:Va& P 0%

The negative sign in eq. (5.19) means reducing the gradient. The transport of carbon
analogougso pedofrbio turbation is more random, and calleddiffusive motion. Therate of
displacemenis proportionalto the secondderivativein spacez (Elzeirand Balesdent1995)
asbelow:

0% :VaP p®%

22T E (5.20)

Combinationof eq. (5.19)and (5.20)resultsin the formula:

0%:VaPp%% 0%

- 5.21
5p 5% By -21)
With:
D : diffusioncoefficient(cn? d %), fitting parameter
Vv : convectioncoefficient(cmd?), fitting parameter
z : depth (cm)

5.2.3.Conceptuamodel

Themodelassumegwo soil carbonpoolsnamelysolidand solute (Fig.5.1). Thesolidpool is
home for freshto old organiccarbonmaterials,aswell asthe microbial populations,while
the solute pool is attributable to water dissolvedorganic matter. When carbon materials
enter the soil, first of all they will be subjectto transformation(section5.2.1).Subsequently,
they will be transported down into the soil column through either solution or pedo/bior
turbation (section5.2.2). Twolayersare partitioned, i.e. topsoil 0 20 cm depth, and subsoil
20400cmdepth,to takeinto accountcarboninput from the groundsurface e.g.plantlitter
and manure,and from subsoil,e.g.root biomassin the rhizosphere Additionally,topsoil is
subjectto temporaryanoxicconditionin the paddysoil whichis assumedo create specific
micro environmentddifferingfrom uplandsoilin the contextof oxygenavailabilitylimitation.

Two state variablesare appliedto designateprocessesn the topsoil and subsoil,i.e. 1) top
soil solid and solute pools, and 2) subsoilsoil solid and solute pools (Fig.5.1). The balance
equationat both variablescanbe statedas:
@a‘é/%lsq_x A@ag/%BHx @0~
d E 0
@P @Pcazeain @P xeozaun

(5.22)

@Qrux . e e e
QP [ ®sXE:uwE:v=o F't"E'VZ’%ééaeéUB
E ckE:UuE:vSE:v3o0 F:t:;E:v:,;geééaeélUB
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@a%/%rzéq_@,,@a%&éﬁz E I@a%rz‘ 2 (5.24)
@P @P cazmair @P xedzavn '
@Lereco - e e
QP 1’ ctkE:w=zo Fiu EXWd,, 2 a00
E ctkE:wsE:w>»0 Fu, E WS 5%a00
0, N
@ag‘réef_g:t;F:u;E:t;E:w;F:u; (5.25)

Thetotal carbonin the poolscanbe obtainedby combiningeq. (5.23)andeg. (5.25)as:
@ % @e%r;%x@a%rségz

@ @P @P

(5.26)

@%- _.E- _'E. >-E- -
@ll_,S.S—, V5 .S 3 W=

As (1a) and (1b) are carbon input, they are subjectto carbon transformation which is
formulatedasin eq. (5.14).While (4a)and (5a)are the transport of carbonthrough diffusion
(eq.5.20)andconvection(eq. 19). By substitutingtheir equations the formulabecomes:

@ % ) ) 0% _ 0% . . (5.27)
oF DE%cas;E D li%eeok &g F R F U % '

Assumingsteadystatecondition(%1:‘ L r gndspecifydataquantity for carboninputsthe
equation(5.27)canbere arranged:

0% 0% .
&~ F R FU%E*:V;Lr (5.28)
ov oV

Where*:V; L BBas.E Do,

5.3. Finiteelementmethod

Theordinarydifferential equation(eq.5.28)will be solvedusingone dimensional1 D)finite
elementmethod (FEM)with boundaryconditionsappliedfor problemdomain O=(0,L). Four
stepswould be takento solvea governingequationusingFEM,i.e. discretizethe problem
domain(Fig.5.1),derivethe approximatingequations developandsolvesystemof equations
(Istok,1989).
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Thedistribution of carbonwill be constrainedoy mixedtype boundarycondition(Robintype)
(eq.5.29)to definefluxesacrosshe problemdomain.Theflux type (Neumannboundary)at
the bottomsare applied(eq.5.30)(Genuchterand Alves,1982).

0 %\

F 6°V ER% L:R r: (5.29)
0%:V;
2 raiv L. (5.30)
oV

Thefluxesof externalcarbonare derivedfrom litter, and possiblymanureunderagricultural
practiceg(Table5.1). Thebottom conditionis assumedo be zeroat deeplayerwhichmeans
no more radiocarbonactivity at this point (Bruun et al., 2007), and it is expressingthe
homogeneityof the soil columnin the boundaryarea(Elzeinand Balesdent,1995)where no
diffusiveflux throughit is present(Soetaertand Herman,2009).

Theproblemdomain, O=(0, L), isdiscretizednto 2 cm of homogeneousinite elements(Fig.
5.1)with assumed nodal points at both endsrepresentinga linear system.Thecontinuous
variable C(z)is approximatedto nodal variablesG(z) by simple functionsNi(z) (eq. 5.35)in

orderto interpolatethe solutionoverafinite element(Simpson2017).

a

%, N i lplU o% (5.31)
V@5
With:
m =numberof nodeswithin element
N =interpolationfunction
G =unknownvalues

Modelassumeshat the carbonvariationin eachelementscanbe expressedinearlybetween
two nodes,therefore:

0 8
/.Ol’; N @:O; 06:|’;gdo/gh (5.32)

Assumingalinearequation %;. L RE & aoVerthe domain O=(0,L)with G =G, andG. =
G. Whenz=0,G = gandwhenz=L,G = ¢+ iL.Solvingthe values gand 1 and
substitutingto the linearequationaboveendsup with the followinginterpolationfunctions:

V.V
0 L s Fagl- (5.33)

WhereListhe lengthof element,andzis depth variablewhichis 0 at node 1 andL at node
2with 0s:V, E QV, L everallelements.

Substitutingthe approximation(eg.5.32)into the governingdifferential equation(eq.5.28)
in the singleelementresultsin the new formulation:
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WhereRisthe residualor error introduceddue to approximatesolutionwhichis occuredat
eachpoint of problem domain (Istok, 1989). The eq. (5.34)in the discretizedvariablesof
unknown G, and G now havereplacedthe originalequation (eq. 5.28).In order to find the
unknownvalues,G and G, the residualRin eq. (5.34)mustbe minimizedto closeto zeroby
choosingn linearly independentweighting functions, W, (i = 1, 2, ...,n) in eachelement
(Lucknermand Schestakow] 991).Amongweightedresidualsmethods,the Galerkinmethodis
the mostsuitableto finite elementapplicationgHuyakorrnand Pinder,1983).

A

+4:VV9gV @V L ra E L sat (5.35)
4

WhereR(z)is the residualand Wi isthe numberof weightingfunctions,equalto the number
of unknowncoefficients,in thismodelis G (i =2).

A
@ % % ) %
% - % - % - _
:9 Reza0s &2, " F 9@9@ 5067, F05 047, " E * 1@V L r(5.36)

In the Galerkinmethod, the weighting functions are equal to the interpolation function
(Simpson2017).Therefore, substitutingN into W in eq. (5.36)leadsto the new formulation
asbelow:

A0

<X % . AOs . % .
N 5 . 9 5 5. 9
oy &7 05 G2y @ VRt B 05047, " @V F

A0
i, \0

) % 0 wauy;
5 < . CIN N 5 ~ . .
° 85 07, @ v.fE\o6 @V IE

Thefour termsonthe left handsideof eq.(5.37)comedirectlyfrom the four respectiveerms
in the governingequation(eq.5.28).Inthis modelthe interpolationfunctionsareassumedo

be linear, double differentiation of thesefunctionsin term 2 would causethem to remove.
Thiswould result in physicallyunrealistic situation that the conductionterm completely
disappeargSimpson2017).

Therefore,the secondderivativein the first term in eq (5.37)is then reducedto avoidthis
problem,andin orderto form weakformulausingGreen’stheorem (integrationby parts).

Theuse of integration by part is actuallyto distribute differentiation equallybetweenthe
dependentvariable and the weight function W, and to implement the boundary terms
(Reddy,1993).In this casethe boundaryconditionswill be imposedlater when assembling
the globalsystemof equation.In one dimension this yields:
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Thereforeeq (5.37)canbe written as:

05‘ @%6!
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F

A
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Now the originalintegralinvolvingtwice differentiableinterpolation functionsis converted
into a boundaryterm (the first term on the right hand side of eq. 5.38). It is implicitly
introducedthe Neumannboundaryconditionasin eq. (5.30).

Rearrangingq (5.38):

@05

NF_@\D @

A A

Os. . % . A

F+\ R@fpsqs\o/ ViPFOZ &5 Q?\(yg @V wau{;
4

Theeq. (5.39)canbe written asfollowing:

A @O@D @EQ@EQ A

@H@) @H@ 605 0606 @\%
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Onenow hastwo equationsfor the two unknownsG and G. Toevaluatethe integralsthe N
definedin eq. (5.33)isusedto the elementstiffnessmatrix for the left handsideof eq. (5.40)
to yield:

s s s
F— F~ - = =
% . i 1. @ % . X+ % .
5 ) : .
>~?L F®& SJ\O/Q Ffll?:S sj—@\% Ffl?j' J\o/8 wavs;
t t P

Reformulateeq. (5.41),with L= 4whichisthe lengthof elementsize resultsin the following
equation:

2L Ii S é:{ss <ig t c S WAVt
S t '
Theelementloadvectorfor the right handsideequations by substituting &%}/“ZV L Lr
a4z L g@is
3a & vih #
LR @V B M WAvU;
1= _4 06 0634 ' ,

Thefirst termin eq. (5.43),specifiedH(z)for carbonandradiocarbon(with applyingeq.5.33)
becomes:

VA ) .
oL F_‘BJEUO/ K wavyv,

Thederivativeboundaryconditions(eq.5.29andeq.5.30)will beimposedin the seconderm
on the right side (eq. 5.43). Theyare assumedto be the natural type so that they canbe
includedin the statements(Reddy,1993).

Thebottom constraint,@,, in (eq.5.30)will cancelout becausehe derivativeconditionequal
to zero. There arrangementof eq. (5.29)resultsin 3 L R % R. %hiscondition canbe
imposedin the global stiffnessmatrix and forcing vector (Hafezand Awad, 2016), as the
following:

GsE R 5 % tE E R %
N Gs Geg O%a lF E ( (5.45)
Géé 0/9 Eé

Theterm G is assumedasthe flux of externalcarboninto the boundaryat z=0(Wellsand
Hancock,2014) which is the total input of carbonper day (Table5.1), while G is carbon
concentrationat soilsurface . Thesimplificationof the final generalinearsystemof equations
endsup with the followingequation:
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> ?7%L = Twavx;
Wherevector{Cl}isthe unknownsto be solvedusingMATLABR2014gKwonandBang_2000).

5.4.Modelvalidation

Themodelis validatedusingdata setsfrom first field campaign(section2.1.1). TheTOCdata
was obtained by analysisof bulk soil samplesperformed using C/N analyzerwhile *C
measurementsfor humic sampleswere done by AMS (section 2.3.2). To evaluate the
performanceof the modelthe efficiency(EF)s calculatedSmithet al., 1996):

AgdoFIFA G F 4°

(L — - wavy;
( R gdoF 38 ’
With:
O : the observedvalues
P : the predictedvalues
$ : meanof observeddata

The EFis calculatedby comparingthe varianceof predicted from observedvaluesto the
varianceof observedvaluesfrom the meanof the observationslf the predictedvaluesexactly
matchthe measuredvaluesthen the EFreachthe maximumvalueat 1 but otherwiseif less
than 0 the simulatedvaluesare worse.

5.5.Resultanddiscussion

Two modelsare formulated in attempt to simulatethe depth distribution of total organic
carbon(TOG), andradiocarbonactivity (Ru) in different soiltypes.Model validationshowsa
awide rangeof valuesin different soil profiles(Table 5.3).

Table 5.3. Theefficiencyof model (EF).

Sites TOGm Ru

PLP 0.72 0.76
PLNP 0.60 0.58
Js@P 0.90 0.83
JSANP 0.82 0.95
PBWP 0.93 0.58
PBWNP 0.56 0.65

Field heterogeneity,i.e. layer composition,may be partly responsibleto the responseof
model to data observationsas some profilesin study areasshow a high heterogeneityof
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layer composition (section 3.1; section 3.2). In the PBWP, TOG model shows a better
performancethan Ru. The high depth variability in carbon isotope composition (section
4.3.2.1)morethanthe total organiccarbonmaybe responsibleor the lower EFn Ry thanin
TOGa. Converselythe simulationof both modelsin JISGprofilesyield a higher EFwhich is
associatedvith the higherhomogeneityof layercompositionthanthe other sites.In different
case,two profilesin the samesoil type in PLwith similarcompositionsgeneratea different
EF, with Pis better than NP (Table5.3). Thismay leadto an assumptionof the presenceof
additionalfactor that influencethe depth carbondistribution. Thelower of EFin NP profile
suggests largerdepth carbonvariation.

5.5.1.TOOmodel(TOG)

The coefficient of diffusion D may be interpreted as a soil mechanicalmixing (Elzeinand
Balesdent]1995).ThehigherDvaluemeansthat the greatercarbonisdistributedinto subsoil.
Aspresentedin Table5.4,Dvaluesrangefrom 0.014in PBWINPto 0.060cn?d®in JS@.The
significantdifferencein D valuesbetweenP and NPof JSGorofile mayreflect the difference
in depth distribution of carbon(Fig.5.2). Thediffusivemovementof subsoilcarbonmay be
more dominantin JSSGNP.

Table.5.4.Estimatedparameterof models.

TOG Ruv

D \ D \

(cn?d®)  (cmd?) (cn?d?®)  (cmd?)
PLP 0.020 0.0040 0.020 0.0184
PLNP 0.020 0.0050 0.020 0.0040
JS@&P 0.060 0.0080 0.060 0.0100
JSANP 0.012 0.0005 0.070 0.0100
PBWP 0.018 0.0090 0.080 0.0150
PBWNP 0.014 0.0040 0.095 0.0160

Similarly subsoilconvectivev alsolikely playsanimportant role for transportof carbon.The
valuesof v range from 010005in JSAGNPto 0:1009cmd? in PBWP. The v valuesare

significantlydifferent betweenP and NPsitesin JSGThesignificantlylower vin JSGNPmay
indicate that mechanismshat resultingin convectivemovement of carbon may be not

dominant. Thedepth transportof carbonthrough convectivemaybe aninseparablgrocess
with diffusion,astheir coefficientvaluesmayposea similartrend (Table5.4).

In general,t is suggestedhat profile compositionmayexplainthe transportof carbonin the
soilcolumn.Soiltypesmaystronglyaffectthe diffusiveandconvectivemechanism®f carbon
movementat depth. Theseéwo parametercoefficientsobtainedfrom this modellingshowca.
10timeslower of valuesthan the dataobtainedfrom field measurements.
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Figure.5.2. Simulateddepth distribution of TOCand organicfractionsin different soiltypesandcrop
managementgObs:datameasuredBulk:total organicfractions,FOM:activefractions,|OM: passive
fractions,SOM:slowfractions).
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Thetypicalvaluesof D for agueoussolutionin clayand soil materialsare ca.0.084.66cnm?d"
! (Leijand van Genuchten2002),while the hydraulicconductivityof clayis ca.0.08cmd®
(Miyazaki,2006). Thisdifference,however, may be related to the high complexityof field
condition,andto the limited assumptionsisedto developthis model.

In this model, soil moisture f(ms) and oxygenavailabilityf(Oc) are set to adjustthe anoxic
conditionin the top layerof P profiles(Table5.1),i.e. to reducethe carbonlossesWith f(Oc)
ca.9timessmallerin top soil P,however,no clearevidencewasfoundin the contextof their
effect to diffusion and convectionin comparisonto NP.As the variation of D and v are
apparently inconsistentbetween P and NP (Table 5.3), it is suggestedthat the anoxic
condition simulatedin this model may not significantlyinfluence the subsoiltransport of
carbon.

The implementation of climate variables through temperature sensitivity f(ts), and in
combination with moisture sensitivity f(ms) and oxygen availability f(Cc) through
decompositionefficiency t(section5.2.1.2)are actuallyto evaluateof their effectsto soil
organicmatter decomposition.

A higher walue (Appendix5.8), suggestedan optimum environmentfor organic matter
breakdownasin JSGand PL.Thefavourableconditionin JSANP,asindicatedby the highest
t up to 0.05, may be related to the majority of clayfractions(section3.1) that providinga
more moisture. In contrast,the combinationof high f(ms) with concomitantlow f(ts), asin
PBW, may not provide a favourable condition for organic matter decomposition.
Consequentlyprganicmatter tendsto accumulate(section4.1; section4.2) asindicatedby
the lower tvaluesca.0.01.

Thehigh waluein PL,reflectingthe highercarbonloss(eq. 5.14), may explainthe lower
organiccarbon stock despite the higher litter input in this soil. The high organicbiomass
derivedfrom sugarcangNPsite) (Appendix5.6) may not producethe highercarbonstock
than different soils. The more intensive organicmatter decompositionin this soil may be
confirmedby the highlevel of organiccompoundaromaticity(section3.3).

The carbon storage capacity h was simulated according to clay content/mineralogy
composition,andlitter quantity input C(t)basedon the identified cropsoperatedin the field
(Appendix5.6; Appendix5.7; Appendix5.8). Asindicatedin eq. (5.14),the first term to the
right handsideincludessoil factor h and quantity of litter C(t)asimportant factorsto carbon
storage.Thesmallervariationof h valuesamongsoiltypescomparedto the variationof C(t)
whichis up to afactor of 20, for instancebetweensugarcangPLNP)and maize(PBWNP),
may showthe important of C(t)to contributeto soilcarbonstorage.

Thesmallvariationof h simulatedin this model,i.e. PBWca.0.9,JSGa.0.70.8,and PLO.8,
are assumedto be related to the bulk composition,which is made up by mixing of multi r
compositionof clay minerals,whichis more practicablefor field condition. In the pure clay,
the variation of carbon adsorption capacity (Qnay may be by a factor of ca. 2 between
allophane>smectite,and>kaolinite (Singhet al.,2017),whichis not quite different with the
assumptionmadein this model.
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Figure.5.3. Simulateddepth distribution of **Cactivity in different soiltypesand crop managements.

Partitioningorganiccompoundinto individualorganicfractions(Fig.5.2), may showa more
coincidenceof bulk organic matter with slow organic fractions (SOM)than to different
fractions.Thefast organicfractions(FOM)or SOMexistin the spacecloserto bulk TOCthan
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IOM (Fig.5.2). Thismayindicatea highercontribution of thesecomponentso bulk TOCThe
useof only singlecoefficientfor organicfractionsin this model (Table5.1; section2.4.4)may
haveresultedin a consistenttrends of organicfractionsdistribution at depth. Consequently,
it mayhavelimited the relativevariationof organicfractionsacrosgshe soil columns.

5.5.2.Radiocarbommodel(Rv)
Thelower EFin PBWprofiles (Table5.3) is clearlyreflectedin the plots (Fig.5.3). Thehigh
heterogeneityof profile compositionin PBWmay limit the applicationof Ry model.

Thecontinuousmodelusedin this studywith assuminga homogeneouf soil profilesmay
not explainthe layercompositionvariability. Thevaluesof D rangefrom 0.020in PLto 0.095
cn? d?in PBWP which doesnot showhighlydifferent valuesbetweenP and NP.Thelower
Din PLcomparecto different soiltypesmayindicatea lessdepth gradientof *“C.

Theconvectionvisnot significantlydifferentamongsoiltypes(Table5.3),rangingfrom ©.018
in PLPto 0.004cmd?in PLNP.Theconvectivetransportof **Cmaynot be dominantin PLr
NP,asv valueshowssignificantlysmallerthan different soiltypes.Comparedo the Pprofile,
the modelis more deviatedin NPmainlyat 20 40 cm depth. Similarto TOG: model, both D
andv mayassociateeachother asdataindicatesa similartrends(Table5.3).

In Ry model, carboninput Gy throughlitter hasapparentlya greatcontributionto the level
of ¥*Cenrichment.Thehigher G hasincreasedhe “Cactivity (Appendixs.6; Appendix5.7;
Appendix5.8). The clear exampleas observedin PLsiteswhere plant litter input in NPis
significantlyhigherthan in P profile. With the increaseof total C(t)almost6 times, simulated
at both top randsubsoil, the increasan *“Cactivityin NPshowsto haveca.5 times(Appendix
5.6;Fig,5.3).

As the decayconstantof organicmaterial is obtained from the total constantof organic
fractions and natural decay of radioactive (section 5.2.1.2), therefore all environmental
variablesj.e. temperature,soil moisture condition,and oxygenavailability,will be assumed
to influencedepth transport of 4C activity as for total organiccarbon. The decomposition
efficiency posesthe same condition as TOG: model. However, results show no clear
indicationof thesevariableso affectto “Cactivityamongsoiltypes.

5.6.Conclusions

Asinglemodelformulais attemptedto explainthe depth distribution of total organiccarbon,
and “C. Field heterogeneity is suggestedbeing responsibleto the responseof field
observationto models.Thetransport parameters,D and v, vary amongdifferent soil types
indicatinga different mechanismsesponsiblefor the movementof subsoilcarbon.

As governingequation usedin this modellingis basedon the assumptionthat soil column

compositionishomogeneoustherefore, it givesalargedeviationfrom the dataobservations
mainly in PBWoprofiles, which is disturbed. However,the applicationof this model may be

limited to continuoussoil columns.

Thecoefficientof transport parametersresultedfrom this modellingmay not be realistic,as
they show lower values compared to the data obtained from field measurements.
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Neverthelessmodelsareableto showthe varietyin the dynamictransportof carbonat depth
in different soiltypes.

Theapplicationof environmentvariablesin TOG: and Ry modelmay not givea pronounced
effect to carbontransport parameters.Decompositionefficiency indicatesa favourable
conditionfor organicmatter decompositionn JS@ndPLsites.Thelower tvaluein PBWmay
provide unfavourableconditionthat allowingorganiccarbonto accumulate In contrast,the
increasen tin PLmayindicatea better conditionfor soil organicmatter decomposition.
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Chapter6

6. Synthesis

Theinterplayof soilcarbonwith soilprocessesndclimateis complexprocessegGoudieand
Viles,2012).Asmineralcompositionsrarywith different soiltypes,the stabilizationof carbon
throughorganomineralcomplexmayexhibita specifigorocessessresultsof parentmaterial
and environmentalconditions(Fellerand Beare,1997;Hanet al., 2016; Matus et al., 2014;
Paul, 2016; Rumpel and Kégelknabner,2011; Takahashiand Dahlgren, 2016; Wattel r
Koekkoeket al., 2001). Temperatureand moisture condition as derivativesof climate may
play a role asdriversto the cyclingof carbon(Davidsorand Janssens2006; Guntifiaset al.,
2012; Leiroset al., 1999; Lutzow and Kogelknabner, 2009). With sizesvariably change
accordingto landuseqBatjes,1996;Detwiler,1986),the dynamicsof soil carbonin terms of
influx, outflux, and sequestrationmay vary acrossdifferent regions(Janzen2004;Lal,2011,
2004). Therefore,it is suggestedhat different region may apply different important soil
processeso control the dynamicsof carbon.

Basednthe widelyacceptedconceptaboutsomefactorsin relationto soilcarbondynamics,
asmentionedabove,the studyof carbondynamicsn different tropical soilsunder different

climateand cropmanagementsvere performedin JavaJndonesiaA detailedsamplingwith

2 B intervals in main horizonsaimed at getting a closer look about the important soil
processeposedin everysoiltypes.Theresearchnformation wasobtainedby incorporating
both field andlaboratoryanalysisio geta comprehensiv&knowledgein the contextof study
areas.

In this study, the dynamicsof carbonin combinationwith important soil processesvere
evaluatedthroughnaturalcarbonisotopictracer.Carbonisotopes,.e. *Cand*“C,havebeen
appliedbroadlyto identify specificprocessedn the soil. Themakeuseof WCsignalsallowus
to identify the origin of carbonin the contextof plant material (Balesdenet al., 1990,1987;
Nissenbaunand Schallinger1974).Whilethe applicationof “Cis more extendedwith multi r
purposedfor instanceto tracethe infiltration of carbonthrough soil fractions(Andersonand
Paul,1984),to trackthe mobility of youngcarbonin the soilcolumnthroughdissolvedrganic
carbon(Gandoiset al., 2014;Hagedornet al., 2015),to trace the outflux of carbonthrough
soilrespiration(Gaudinsket al., 2000),or to trace the flow of carbonthroughthe microbial
system(Rethemeyeet al.,2004a).

In this section,the essentialfinding obtainedfrom this study will be extractedto build up a
proposedconceptin relation to the implicationsof environmentalvariablesto the dynamics
of soil carbon.In the first part (section6.1), the role of physicalenvironmentto the current
standingof soil carbonin different soil typeswill be discussedin the secondpart (section
6.2),the effectof specificcondition,i.e.quantity of litter inputs,to the dynamicf soilcarbon
will be presented.

6.1. Fieldvariabilitycontrolsof soilorganiccarbondynamics
Thoughthe complexityof field conditions,at leastfour factors may have been observedto
control the dynamicsof carbonin the study areas,i.e. soil types,topography,temperature,

109



andcrop managementgFig.6.1).All factorsarein principleindispensabléo createa specific
condition for soil carbon. Soil types relate, mainly, soil carbon with the mineralogy
compositionsthat lead to the variety in the carbon storing capacityand lossesthrough
leachingnto deeplayers Asthree differentdominantclaymineralogycompositionhavebeen
identified in the studyareas(Winkleret al.,2016),i.e. allophanicin Andosol(PBW)kaolinitic
in Alisol (JSG)and smectiticin Vertisol (PL) the carbonstoring capacitymay posedifferent

mechanismsn each soil types. Andosol(PBW)with majority mineral compositionis short
rangeordered mineralsmay posea strongestcomplexwith organiccarbonresultingin the

high preservationof 14C (section4.3.2.1).Theinaccessibilityof organiccarbonto microbial
decompositionmay haveexhibitedthe presenceof carbonsignalsoriginatedfrom different

atmosphericcompositionat the subsoil(ca.30 A0 cm depth) whichis extremelyhigherthan

currentlevel.

Figure.6.1.Fieldvariabilitycontrolsthe dynamicsof soil carbonin the studyareas.

The implication of topography factors are through the parent material origins, climate
conditions,andwatertable positions.Theareasituatedat the upperslopeof volcaniaegions,
i.e.Andosol(PBW)mayhaveshoweda highheterogeneityof parentmaterials,in the context
of grainsizecompositions(section3.1) and elementalcompositions(section3.3). Provided
that temperatureis quite low in this areaat ca.21 & (Table2.1),it is lessfavourablefor soil
organicmatter decompositionresultingin the increasingof organiccarbonstorage(section
4.2). Down to lowest slope in Vertisol (PL),the total carbon storageis decreasingwith

correspondto the increasingin the, presumably,decompositionrate (section3.4) as the

result of warmer environment(section2.1.1). The effect of shallowwater table may have
noticed through the accumulationof salt mineralsin the layerscloseto water table, most
probablyis goingup through capillarity(section3.3; Appendix4.3).

Thetemperatureeffectto the soilcarbonmineralizationhasbeenwell recognized Davidson
andJansseng006;LutzowandKdgelknabner,2009).Asit increasewith decreasesiltitude,
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the highermineralizationrate in Vertisol (PL),at ca.80 m a.s.l,is astheoreticallyexpected.
Thecarbonrich in the aromaticcompoundsseemsto be dominantin Vertisol (PL),and with
the increasdn aliphaticcompoundgowardshigheraltitude in AndosoPBW)andAlisol(JSG)
along the decreasein temperatures (section 3.4). Temperature may provide an extra
conditionfor carbonstorage besidethe soilfixing capacity where controlsthe influx/outflux
of carbonin the soil system.Thefavourableconditionfor organiccarbonaccumulationmay
provide a higherpotential of top soil carbonto transportdown into subsoil,asindicatedby
simplemodelling(section5.5.1;section5.5.2).

Theassociatiorof carbonstoredin the soilswith plant residuequantitiesmay haveroughly
beenobservedn this study(sectiond.1;section4.2).Cropmanagementsi.e. croptypes,and

annualrotations, may influencesoil carbonlevel. Theapplicationof G crop typesmaytend

to contribute land with more organiccarbonthan G crop types. However,the postulated
organic carbon preservationrelated to anoxic condition during rice cultivations (Kogelr
Knabneret al.,2010)werenot observedn thisresearchoy carbonisotopestudy,first because
the objectof studyin thisresearchis subsoilwhichis not directlyinfluencedby waterlogging,
secondthe anoxiccondition during rice managements not constant. The alternatingoxicr
anoxicconditionexisteddueto crop rotations (section4.2).

6.2. Plantlitter controlto carbonrefreshments

Thetype of cropsmay not implicate any conditionto the level of *Cin the soil but organic
biomassproducedduringgrowingseasonByconvertingthe concentrationof 4C(pMC)into
specific activity (Bg cm®?) in modelling (section 5.5.2), this idea is likely confirmed. The
guantity of plantlitter input may play a significantrole to the levelof carbonenrichment.As
simulationshowedthat the increaseof organiccarbonthrough litter 6 times resultsin the
increasen “Cactivity ca.5 times.

Asthe plant litter input is generallyhigherin NPthan P sites (section4.1), a comparative
analysisis made on the top layer at which direct input of plant residuesis located. Result
shows,with exceptionthe anomalousconditionin PBW the consistenthigher*Ccontentin
the huminof top NPthan Psamplegqsectiond.3.2.2) Assuminghe sameatmosphericrigins
(in 2012) the increasein *Ccontentin the huminup to > 100pMCin Vertisol(PL)showsthe
highestlevel amongthe other sites. Yet, being sugarcaneas majority crop in this site, the
higher level of top '“C is likely related to the different “CQ origins. As biennial crop,
sugarcaneandevelopnew structure usingcarbonfixedin the previousl R years(Gaudinski
etal.,2001).

Giventhis condition,it is suggestedhat plantresiduequantitiesmayassociatevith the level
of carbonenrichment.Thisassumptionmay have been confirmedby previousstudy in the
soil chronosequencén China(Braueret al., 2013a,2013b).Cropmanagementsoth in rice
andnon rice paddieshavepromotedthe “Cconcentrationof the originalparentmaterialsto
the valuescloseto currentatmospheridevel.

Conclusions
Fourfactorsmayhavebeenidentified to control the dynamicsof carbonin the studyareas,
i.e. soil types, topography,temperature,and crop managementsvhich indispensablesach
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other. Soiltypesrelate, mainly,soilcarbonwith the mineralogycompositionghat leadto the
variety in the carbon storing capacityand lossesthrough leachinginto deep layers. The
implication of topography factors are likely through the parent material origins, climate
conditions, and water table positions. The temperature effect to the soil carbon
mineralizationis related to the mineralizationrate. Theassociatiorof carbonstoredin the
soilswith plant residuequantitiesmaybe relatedto crop managementsi.e. crop types,and
annualrotations, asdifferent field operationalmayresultin different litter produced.

Thequantity of plantlitter input mayplaya significantrole to the levelof carbonenrichment.
Thelargestquantity of litter input identified in the study areas,under sugarcanen Vertisol
(PL)showsto increasethe “Ccontentin the huminfraction up to morethan 100pMC.
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AppendixX2.1.Farmquestionnaires
Date:20.07.2016
Locality:Randusongeillage,Gerihsubdistrict
Farmer/Landwner: Djumadi
CropsRice(Oryzasativa) RiceSoybean(Glycinemax)

1.

Howlong haveyoubeenfarming here?
Sincel958.

. Whatisthe areaof the farm?

3000m?.

. Whatdo youknowhappenedeforeyouwereonthe farm?

Thefarm hadalreadybeenthere.

. Howislanduseandrotation historyof yourfarming systemHowmanytimesdo youplant rice?

Sincel965croprotationswere rice soybeanbare before convertedinto rice rice soybeann
1970up to now.

Howdo youmaintainthe fertility of soil?Fertilizerhistory,greenmanure?

Mineralfertilizersare appliedtwice duringrice seasonspf which 2 bagsof @50kg Phonskal
bagof 50 kg Ureaand extra4 bagsof @40kgPetroganil{organicfertilizer) at 15 dayspostr
planting,and 1 bag @50kg Phonskaand¥2bagof 50 kg Ureaat 25 dayspost plantingare applied.
Theyare appliedin the dry land after innundation.Duringsoybearseasonsplantsare fertilized
with Gandasi{foliar fertilizer) duringeachvegetative(GandasiD) and generative(GandasiB)
phaseby diluting 1 smallbag(100g)into 15liter water.

. Howhaveyouusedherbicide?

Herbicideis not applied,but pesticideduring pestoutbreakeventby mixing2 bottle capof
Matador or Sidadomer 15 liter of water.

. Howdoyouworkthe farm, by tillage type buffalo or handtractor? Whenisiit?

Duringdry seasorafter soybeansoilfork is appliedto overturntop soilsthroughthe cracks.
Handtractor is appliedin the rainy season.

. Howdid youbuildterraces(if applicable)?

Noterraces

. Howdo youirrigate farm? (Howoften, how much)

Wateris obtainedfrom irrigation canal.Floodingfor 2 8 cm depthis done pre rand post planting.

10.Whatricevarietydo yougrow or cropshame?Doe# havea name?Isit anold or modernvariety?

Modern: CiherangPertiwi;local: SriKuning,SriPutih.

11 Whatareyouryields?

Dependingon the variety, 18 20 quintal/seasorif SriPutihand canup to 34 quintal/seasorfor Sri
Kuning.

12 What are your soiltypeslike andwhat are their limitationsfor youin yourmanagemenbf the

land?
Thereis nothing problemfor tilling. Leavedurned into yellowishon soybeanwasvisiblein last
croppingseason.

Date:21.07.2016

Locality:Randusongeillage,Gerihsubdistrict

Farmer/Landbwner: Djumadi

CropsTeak(Tectonagrandig existing;cassavdManihot utilissimg, groundnut(Arachishypogaea r
past



1. Howlonghaveyoubeenfarminghere?
Sincel958

2. Whatisthe areaof the farm?
2000m?

3. Whatdo youknowhappenedbeforeyouwereonthe farm?

Thefarm hadalreadybeenthere

4. Howislanduseandrotation historyof yourfarming system?

Sincel960’sland wasplantedwith cassavand groundnut,since4 yearsagoit waschangednto
teak. Thelandpartiallywassubjectedto fire at 2014.

5. Howdo youmaintainthe fertility of soil?Fertilizerhistory,greenmanure?
Duringcassavand groundnutthe managemeniaspoor, the fertilization schedulesvasnot
clear.In the beginningof teaktrees,ureawasappliedoncewith particulardoses(out of
memory).

6. Howhaveyouusedherbicide?

No herbicide,no pesticide.

7. Howdoyouworkthe farm, bytillage type buffalo or handtractor? Whenisiit?
Notillage

8. Howdid youbuildterraces(if applicable)?

Noterraces
9. Howdoyouirrigate farm? (Howoften, how much)
Irrigationonly from rainwater

10.Whatricevarietydo yougrow or cropshame?Doe# havea name?Isit anold or modernvariety?
Thevarietyusedis Jatiplus

11 Whatareyouryields?

Existingplantsarefirst growingseason.

12 What are your soiltypeslike andwhat are their limitationsfor youin yourmanagemenbof the
land?

Lotsof stoneand coarsematerialsin the soil. Tillingis no minor undertaking.

Date:22.07.2016
Locality:Gerihvillage,Gerihsubdistrict
Farmer/Lancwner: Tukiman
Crops:Ricemonoculture

1. Howlonghaveyoubeenfarminghere?
Sincel990’s

2. Whatisthe areaof the farm?
2500m?

3. Whatdo youknowhappenedbeforeyouwereonthe farm?
Theywerethere from alonghistory of farming

4. Howislanduseandrotation historyof yourfarming systemHowmanytimesdo you plantrice?
Ricericerice

5. Howdoyoumaintainthe fertility of soil?Fertilizerhistory,greenmanure?
Anykind of greenmanureis not applied.Mineralfertilizersare 1.50kg Urea,150kg Phonska 150
kg TS,300kg ZA,390kg Petroganik(organicfertilizer).

6. Howhaveyouusedherbicide?



Pesticidas appliedby combining250ccPP(Qoer 15 liter of water
7. Howdoyouworkthe farm, bytillage type buffalo or handtractor? Whenisit?
Handtractor.
8. Howdid youbuildterraces(if applicable)?
Noterraces.
9. Howdoyouirrigate farm? (Howoften, how much)
Irrigationusingwell pump water.
10.Whatricevarietydo yougrow or cropshname?Doe# havea name?Isit anold or modernvariety?
Varietiesare Ciherang)R64, and Pertiwi.
11 Whatareyouryields?
15quintal
12 What are your soiltypeslike andwhat are their limitationsfor youin yourmanagemenbf the
land?
Thereisno problem

Date:21.07.2016
Locality:Gerihvillage,Gerihsubdistrict
Farmer/Landwner: Tukiman
Crops:Teakexisting,Sunnhemp (Crotalariajunceg past

1. Howlonghaveyoubeenfarminghere?
Sincel960
2. Whatisthe areaof the farm?
1500m?
3. Whatdo youknowhappenedeforeyouwereonthe farm?
Hetook overlandfrom someoneelse,sohe did not know exactlywhat the landwas.
4. Howislanduseandrotation historyof yourfarming system?
8 yearsteaktrees
5. Howdo youmaintainthe fertility of soil?Fertilizerhistory,greenmanure?
Manure (dosesdo not quantified)and 100kg urea.
6. Howhaveyouusedherbicide?
No herbicide
7. Howdoyouworkthe farm, bytillage type buffalo or handtractor? Whenisiit?
Manualtilling with hoe, soilfork whenevernecessary.
8. Howdid youbuildterraces(if applicable)?
Noterraces
9. Howdoyouirrigate farm? (Howoften, how much)
Irrigationwater comingfrom the rain
10.Whatricevarietydo yougrow or cropshame?Doe# havea name?Isit anold or modernvariety?
Localteak.
11 Whatareyouryields?
Havenot beenharvestedyet.
12 What are your soiltypeslike andwhat are their limitationsfor youin yourmanagemenbof the
land?
Thereisno problem



Date:23.07.2016

Locality:Pojokvillage,Kwadungarsubdistrict

Farmer/Landwner: Darminto

CropsRiceexistingsince2 yearsago,Sugarcanen the past20092014

1. Howlonghaveyoubeenfarminghere?
Sincel960’s
2. Whatisthe areaof the farm?
2500m?
3. Whatdo youknowhappenedbeforeyouwereonthe farm?
Farmswere there sincehe waschild sohe did not understandaboutit
4. Howislanduseandrotation historyof yourfarming system?Howmanytimesdo you plantrice?
Ricerice rice. Ricewasinterrupted by sugarcandor 5 years(20092014).
5. Howdoyoumaintainthe fertility of soil?Fertilizerhistory,greenmanure?
Greenmanureis not applied.Mineralfertilizersare 50 kgUrea,50 kg Phonska25 kg TS 40 kg
Petroganik.
6. Howhaveyouusedherbicide?
PPC
7. Howdoyouworkthe farm, bytillage type buffalo or handtractor? Whenisiit?
Handtractor
8. Howdid youbuildterraces(if applicable)?
Terraceswvere built manuallyby hoe
9. Howdoyouirrigate farm? (Howoften, how much)
Irrigationwater is from well pump.
10.Whatricevarietydo yougrow or cropshame?Doe# havea name?Isit anold or modernvariety?
Ciherang|R64
11 Whatareyouryields?
15quintal.
12 What are your soiltypeslike andwhat are their limitationsfor youin yourmanagemenbf the
land?
Thereisno problem.

Date:23.07.2016
Locality:Pojokvillage,Kwadungarsub district
Farmer/Landwner: Darminto
CropsBamboo(Bambusoideag

1. Howlonghaveyoubeenfarminghere?
Sincel957
2. Whatisthe areaof the farm?
3000m?
3. Whatdo youknowhappenedbeforeyouwereonthe farm?
Landwasthere sincehe waschild
4. Howislanduseandrotation historyof yourfarming systemHowmanytimesdo you plantrice?
BambooandsomeTeaktreesasborder of area.
5. Howdoyoumaintainthe fertility of soil?Fertilizerhistory,greenmanure?
Mineralfertilizer “mutiara hijau” is applied500Kkg.



6. Howhaveyouusedherbicide?
No herbicide
7. Howdoyouworkthe farm, bytillage type buffalo or handtractor? Whenisiit?
Notillage
8. Howdid youbuildterraces(if applicable)?
Noterraces
9. Howdoyouirrigate farm? (Howoften, how much)
Irrigationfrom rain
10.Whatricevarietydo yougrow or cropshame?Doe# havea name?Isit anold or modernvariety?
11 Whatareyouryields?
12 What are your soiltypeslike andwhat are their limitationsfor youin yourmanagemenbof the
land?

Date:24.07.2016

Locality:Dangukvillage,Karangjatsub district

Farmer/Landwner: HadiSudarno

CropskRicericerice

1. Howlonghaveyoubeenfarminghere?
More than 100years

2. Whatisthe areaof the farm?
1400m?

3. Whatdo youknowhappenedbeforeyouwereonthe farm?
Hedid not know becausehe farm wasthere before he wasborn.

4. Howislanduseandrotation historyof yourfarming system™owmanytimesdo youplant rice?
Ricericerice

5. Howdo youmaintainthe fertility of soil?Fertilizerhistory,greenmanure?
Mineralfertilizersare 25 kg Urea,50 kg Phonska25 kg ZA,25 kg TSPGreenmanureis not
applied.

6. Howhaveyouusedherbicide?
Herbicideis not applied

7. Howdoyouworkthe farm, bytillage type buffalo or handtractor? Whenisiit?
Handtractor.

8. Howdid youbuildterraces(if applicable)?
Noterraces

9. Howdoyouirrigate farm? (Howoften, how much)
Water comesthroughirrigation canalfrom Sangirardam. Landis wateredthrice per seasorof
rice.Waterleveliskept 2 cmduringflooding.

10.Whatricevarietydo yougrow or cropshame?Doe# havea name?Isit anold or modernvariety?
RiceCiherang

11 Whatareyouryields?
1200kg

12 What are your soiltypeslike andwhat are their limitationsfor youin yourmanagemenbf the
land?
Fertilizerdosisisincreasingrom time to time.

Date:24.07.2016
Locality:Dangukvillage Karangjatsubdistrict
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Farmer/Landwner: HadiSudarno
CropsBananaMusaceag

1. Howlonghaveyoubeenfarminghere?
63years
2. Whatisthe areaof the farm?
400m?
3. Whatdo youknowhappenedeforeyouwereonthe farm?
Hedid not know becausehe farm wasthere before he wasborn.
4. Howislanduseandrotation historyof yourfarming systemowmanytimesdo youplant rice?
Bananagarden
5. Howdoyoumaintainthe fertility of soil?Fertilizerhistory,greenmanure?
Manure
6. Howhaveyouusedherbicide?
No herbicide
7. Howdoyouworkthe farm, bytillage type buffalo or handtractor? Whenisiit?
Saoiltilling ismanuallyby hoe
8. Howdid youbuildterraces(if applicable)?
Noterraces
9. Howdoyouirrigate farm? (Howoften, how much)
Waterirrigationis comingfrom rain
10.Whatricevarietydo yougrow or cropsname?Doe#t havea name?Isit anold or modernvariety?
Thenameof varietyis “Raja”.
11 Whatareyouryields?
12 What are yoursoiltypeslike and what are their limitations for youin yourmanagementf the
land?

Date:22.07.2016

Locality:Plosolor village,Karangjatsubdistrict
Farmer/Landwner: Gugup

Crops:Mixed gardenwith grasspananaetc

Note: Non mgriculturearea,interviewwasnot conducted.

Date:23.07.2016
Locality:Bobolvillage,Sekarsubdistrict
Farmer/Landwner: Suroso
CropskRicerice soybean

1. Howlonghaveyoubeenfarminghere?
Sincel980’s
2. Whatisthe areaof the farm?
5000m?
3. Whatdo youknowhappenedbeforeyouwereonthe farm?
Farmwasthere sincehe waschild
4. Howislanduseandrotation historyof yourfarming system™owmanytimesdo youplant rice?
Ricerice soybean
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5. Howdoyoumaintainthe fertility of soil?Fertilizerhistory,greenmanure?
Fertilizersare 100kg of Urea,200kg of Phonskal00kg of Petroganil{Organidertilizer).
6. Howhaveyouusedherbicide?
Insecticide'Sankill’is applied250g per 15 liter water
7. Howdoyouworkthe farm, bytillage type buffalo or handtractor? Whenisit?
Handtractor isapplied.
8. Howdid youbuildterraces(if applicable)?
Terraceswere built manuallyby hoe
9. Howdoyouirrigate farm? (Howoften, how much)
Irrigationusesrain water.
10.Whatricevarietydo yougrow or cropshame?Doe# havea name?Isit anold or modernvariety?
Varietiesare Ciherang)R64, Cibogo SituBagendit.
11 Whatareyouryields?
3000kg
12 What are your soiltypeslike andwhat are their limitationsfor youin yourmanagemenbf the
land?
Irrigationwater israin dependent,so pump systemthat cantake up groundwateris needed.

Date:24.07.2016
Locality:Bobolvillage,Sekarsubdistrict
Farmer/Landwner: Suroso
Crops:Mixedgarden,bareland

Note: Non mgriculturearea,interviewwasnot conducted.
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AppendixX.2.Distributionof P,Eoand EToin someresearchareas

Themonthly precipitationswere obtainedfrom the averagedata of 2006—2014(PL)and2001—-2010(JSGand PBW).The
actualevaporation(Eo)wasmeasuredy openpanevaporationmethodusingthe averagedataof 2012—2014.Thepotential
evapotranspiratior{ETowasestimatedby PenmanMonteith method (CROPWAg.0)usingthe averagedataof 1975-2013
(Sourceof all primarydata: IndonesianAgencyfor Meteorology,Climatologyand Geophysics)P = precipitation,Eo=actual
evaporation ETo= potential evaporation.



Appendix.3. Soilprofile descriptionsof 2016field campaign

Randusongwillage Paddy(P)

Date:20.07.2016
Location:Randusongeillage,Gerihsubdistrict.
CropsRice(Oryzasativa) rice soybeanGlycinemax)
Mapreference WGSL984UTMZone49S Lat 7.5705,
Longl11.3454

Altitude: 197m a.s.!

Physiography:Lower slope of Mt. Lawu. Parent
materialis laharconsistingof varioussizeof andesite,
basaltmixingwith tuff volcanic.

Soiltype (tentative): Endostagni&kegosol
SurfacecharacteristicsSurfacedisturbedandpuddled
by handtractor prior to rice seasons.Soil moisture
status:moist.

Soildescription:
Apl0eR4cm

Dark brown (7.5 YR 3/2). Sandy
loam. Strongpedality. Thinto thick
platy (1 40 mm). Veryfew (0 2%)of
subroundedfine to medium gravel
(240 mm) tuff volcanicfragments.
Very fine (<0.5mm) to fine (0.52
mm) roots 15 per dm?2. Wavy.Clear
(2 6 cm)boundaryto...
Ap22442cm

Brown (7.5 YR 5/3). Sandyloam.
Strong pedality. Very thin to thick
platy (1 40 mm). Veryfew (0 2%)of
subroundedfine to medium gravel
(240 mm) tuff volcanicfragments.
Medium (26 mm) to coarse (> 5
mm) roots 12 per dm? Wavy.
Graduak5 45 cm)boundaryto...

ACl42 65cm

Light brown (7.5 YR 6/3). Loamy
sand. Weak to moderate pedality.
Very thin to thick platy (140 mm).
Many (1540%) reddishbrown
mottles (2.5 YR4/4). Many (15A0%)
of subrounded fine to medium
gravel (240 mm) tuff volcanic
fragments.Wavy.Diffuse (> 15 cm)
boundaryto...

CI55108+cm

Strong brown (7.5 YR5/6). Loamy
sand. Weak to moderate pedality.
Very thin to thick platy (140 mm).
Many (1540%) reddishbrown
mottles (2.5 YR4/4). High (>10cm)
dendritic tubular greyclay channel
(7.5 YR8/6). ). Many (1540%) of
subroundedfine to medium gravel
(2 20 mm) tuff volcanicfragments.



Randusongwillage NonPaddy(NP)

Date:21.07.2016
Location:Randusongeillage,Gerihsubdistrict.
Crops:Teak(Tectonagrandi9

Mapreference WGS1984UTMZone49S Lat 7.5728,
Longl11.3416

Altitude: 204m a.s.|

Physiography:Lower slope of Mt. Lawu. Parent
materialis laharconsistingof varioussizeof andesite,
basaltmixingwith tuff volcanic.

Soiltype (tentative): LepticRegosol
Soil surface: Surfacedisturbed and not frequently
cultivated but once before planting by hand. Soil
moisturestatus:wet. Manyfine to coarsegravelsfew
stonesto boulders.
Soildescription:
Ah1040cm
Dark brown (7.5 YR 3/2). Loamy
sand. Weak to moderate pedality.
Fineto coarsegranular(140 mm).
Many (5 44%)of subroundedfine to
coarsegravel(2 60 mm)tuff volcanic
+ andesite. Fine (0.5 mm) and
coarse (>5 mm) roots 4 per dm?.
Smooth. Gradual (545 cm)
boundaryto...
Ah21025cm
Dark brown (7.5 YR 3/3). Loamy
sand. Weak to moderate pedality.
Mediumto very coarsegranular(2r
>10 mm). Many (544%) of subr
rounded medium to coarse gravel
(6 60 mm) tuff volcanic+ andesite.
Fine(0.52 mm) andcoarse(>5mm)
roots 4 per dm?. Smooth.Diffuse (>
15cm)boundaryto...
C>25cm
Yellow (10YR 7/8). No observed
roots. Dominant (>80%) andesite
stonesandboulders.




Gerihvillage — Paddy(P)

Date:22.07.2016
Location:Gerihvillage,Gerihsubdistrict.
CropsiRicericerice (Oryzasativa)
Mapreference WGSL984UTMZone49S Lat 7.5295,
Longl111.3999
Altitude: 81 ma.s.|
Physiography: Footslope of Mt. Lawu. Area is
floodplainof BemuRiverto the west. Parentmaterial
isalluvialdeposits.
Soil type (tentative): Vertic PantostagnicCambisol
(Protocalcic)
Soil _surface: Surface disturbed and frequently
cultivated by handtractor. Soilmoisture status: very
wet.
Soildescription:
Apg0d9cm
Gray (7.5 YR 6/1). Clay loam.
Moderateto strongpedality.Fineto

Xi

medium angularblocky (5 20 mm).
Veryfew (0 2%)of subroundedfine
gravel (26 mm) tuff volcanic
fragments.Veryfine (0.5 mm) to
fine (< 0.5 mm) roots 20 per dn?.
Smooth. Gradual (545 cm)
boundaryto...

Bigl9A0cm
Gray (7.5 YR 5/1). Clay. Strong
pedality. Fine to medium angular
blocky(5 20mm).Veryfew (0 2%)of
subrounded fine gravel (26 mm)
tuff volcanic fragments. Faint to
distinct slickensidesabundant. Fine
roots (<0.5mm) 5 per dm?. Smooth.
Gradual5 4.5 cm)boundaryto...

Bkg4060cm
Gray (7.5 YR 5/1). Silty clay.
Moderateto strongpedality.Fineto
medium angularblocky (5 20 mm).
Abundant (40B80%) of irregularly
shapedfine to medium (2 20 mm)
secondaryhard carbonate nodules
(7.5 YR 8/2), extremely strong
reaction,hard. Smooth Diffuse(>15
cm)boundaryto...

Bwkgo60 B3+cm
Brown (7.5 YR 5/4). Silty clay.
Moderate pedality. Fineto medium
subangulablocky (5e0
mm). Very few (02%) of subr
rounded fine gravel (26 mm) tuff
volcanic fragments. Few (2 6%) of
roundedfine FeMn concretiong2 6
mm). Abundant (40B80%) of
irregularly shapedfine to medium
(220 mm) secondary hard
carbonate nodules (7.5 YR 8/2),
extremelystrongreaction,hard.



Gerihvillage —NonPaddy(NP)

Date:21.07.2016
Location:Gerihvillage,Gerihsubdistrict.
Crops:Teak(Tectonagrandig
Mapreference WGSL984UTMZone49S Lat 7.5297,
Longl111.3997
Altitude:81 ma.s.|
Physiographyfootslopeof Mt. Lawu. Footslopeof
Mt. Lawu Areaisfloodplainof BemuRivero the west.
Parentmaterialis alluvialdeposits.
Soil type (tentative): Vertic EndostagnicCambisol
(Protocalcic)
Soil surface: surface disturbed and not frequently
cultivatedby hand.Soilmoisturestatus:moist.
Soildescription:
Ah0d9cm
Darkbrown (7.5 YR3/3). Clayloam.
Moderateto strongpedality.Fineto

Xii

medium angularblocky (5 20 mm).
Veryfew (0 2%)of subroundedfine
gravel (26 mm) tuff volcanic
fragments.Very fine (0.52 mm) to
fine (<0.5 mm) roots 12 per dnv.
Wavy. Gradual(5 4.5 cm) boundary
to...

Bil1963cm
Very dark gray (7.5 YR 3/1). Clay.
Strong pedality. Medium to coarse
wedgeshaped (20400 mm). Very
few (0R%) of subrounded fine
gravel (26 mm) tuff volcanic
fragments. Prominent slickensides
abundant. Very fine (0.52 mm) to
fine (<0.5 mm) roots 7 per dn?.
Smooth. Clear (26 cm) boundary
to...

Bki63B4cm
Gray (7.5 YR 5/1). Silty clay.
Moderateto strongpedality.Fineto
medium angularblocky (5 20 mm).
Abundant (40B80%) of irregularly
shapedfine to medium (220 mm)
secondaryhard carbonate nodules
(7.5 YR 8/2), extremely strong
reaction,hard. Veryfine (0.52 mm)
to fine (<0.5mm) roots 13 per dnv.
Wavy.Clear(2 6 cm)boundaryto...

Bwk84 110+cm
Brown (7.5 YR 5/4). Silty clay.
Moderateto strongpedality.Fineto
medium angularblocky (5 20 mm).
Many (15 #0%)of irregularlyshaped
fine to medium (220 mm)
secondary carbonate nodules (7.5
YR 8/2) only on the top 10 cm,
extremely strong reaction, hard.
Very fine (0.52 mm) to fine (<0.5
mm) roots 3 per dm?.



Pojokvillage Paddy

Date:23.07.2016
Location:Pojokvillage,Kwadungarsubdistrict.
CropsRicericerice (Oryzasativa)

Mapreference WGSL984UTMZone49S | at 7.4933,
Longl111.4809

Altitude: 52ma.s.|

PhysiographyToe slope of Mt. Lawu.Active alluvial
plain which continuously receives deposits from
MadiunRiver.

Xiii

Soiltype (tentative): Fluvisol(Protocalcic)
Soilsurface:Surfacadisturbedandfrequentlypuddled
by handtractor. Soilmoisturestatus:moist. Observed
crackswidth 1 2 cm,depth2 A0cm.
Soildescription:
Ap0O#d5cm
Gray (7.5 YR 5/1). Clay loam.
Moderateto strongpedality.Fineto
medium angularblocky (5 20 mm).
Fine (0.5 mm) and medium (26
mm) roots > 50/dm? Smooth.
Diffuse(>15cm)boundaryto...
Bk145400cm
Gray (7.5 YR5/1). Silty clay loam.
Moderateto strongpedality.Fineto
medium angularblocky (5 20 mm).
Few(2 6%)of irregularlyshapedfine
to medium (220 mm) secondary
hard carbonateconcretions(7.5 YR
8/2), extremelystrongreaction,soft.
Very fine roots 5 40/dm?. Smooth.
Diffuse(>15cm)boundaryto...
Bk2>100cm
Dark brown (7.5 YR 3/2). Sandy
loam. Weak to moderate pedality.
Fineto coarsegranular(140 mm).
Few(2 6%)of irregularlyshapedfine
to medium (220 mm) secondary
hard carbonateconcretions(7.5 YR
8/2), extremelystrongreaction,soft.




Pojokvillage — Non Paddy

Date:23.07.2016
Location:Pojokvillage,Kwadungarsubdistrict.
Crops:Bamboo(Bambusoideag

Mapreference WGSL984UTMZone49S L at 7.4929,
Longl111.4808

Altitude:51ma.s.|
PhysiographyActivealluvialplainwhich continuously
receivesdepositsfrom MadiunRiver.
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Soiltype (tentative): Katostagnid-luvisol(Protocalcic,
Protovertic)
Soil_surface: Surface disturbed, not frequently
cultivated.Soilmoisturestatus:moist.
Soildescription:
AhOR20cm
Brown(7.5YR4/2). Sandyclayloam.
Weakto moderate pedality. Thinto
very coursegranular(1 to >20mm).
Fine(0.52 mm)to medium(2 6 mm)
roots 1580 per dn? Smooth.
Diffuse(>15cm)boundaryto...
Bkl20 66 cm
Gray (7.5 YR5/1). Clayloam. Weak
to moderate pedality. Fineto very
coursegranular(1to >20mm). Few
(2 6%) of irregularly shapedfine to
medium (220 mm) carbonate
concretions(7.5 YR8/2), extremely
strongreaction,soft. Many (15 #A0%)
reddishbrown mottles (2.5 YR4/4).
Fine roots (0.5 mm) 5 per dm?.
Smooth.Diffuse (>15cm) boundary
to...
Bil56 120+cm
Gray(7.5YR5/1). Sandyloam.Weak
pedality. Fine to very course
granular (1 to >20 mm). Distinct
slickensidesibundant.




Dangukvillage Paddy

Date:24.07.2016
Location:Dangukvillage Karangjatsubdistrict.
Crops-Ricericerice (Oryzasativa)

XV

Mapreference WGSL984UTMZone49S L at 7.4847,
Longl11.5637
Altitude: 63m a.s.|
PhysiographyNonactivemeanderalluvialplain.
Soil _type (tentative): Pantostagnic Fluvisol
(Protocalcic)
Soilsurface:Surfacalisturbedandfrequentlypuddled
by handtractor. Soilmoisturestatus:verywet.
Soildescription:
Apg0d5cm
Dark gray (Gley | 4/N). Silt loam.
Weakto moderate pedality. Fineto
very coursegranular(1 to >20mm).
Many (1540%) reddishbrown
mottles (2.5 YR 4/4). Smooth.
Diffuse(>15cm)boundaryto...
ABKgl5 B0+cm
Dark gray (Gley | 4/N). Silty clay
loam. Moderate to strong pedality.
Fine to very course granular (1 to
>20 mm). Many (15#A0%) reddishr
brown mottles (2.5 YR4/4). Few(2r
5%) of irregularly shaped fine to
medium (26 mm) carbonate
concretions(7.5 YR8/2), extremely
strongreaction,hard.




Dangukvillage — Non Paddy

Date:24.07.2016
Location:Dangukvillage Karangjatsubdistrict.
Crops:BanangMusaceag
Mapreference WGSL1984UTMZone49S | at 7.4839,
Longl11.5631
Altitude:64ma.s.|
PhysiographyiNonactivemeanderalluvialplain.
Soiltype (tentative): Endostagni¢luvisol
Soil _surface: Surface disturbed, not frequently
cultivated.Soilmoisturestatus:moist.
Soildescription:
AhOBcm
Verydarkgray(7.5YR3/1). Veryfine
(<0.5mm) andfine roots (0.52 mm)
1520 per dm?. Smooth.Gradual(5r
15cm)boundaryto...

XVi

Al18d7cm
Darkgray (7.5 YR4/1). Sandyloam.
Weak pedality. Fineto very course
granular (1 to >20 mm). Smooth.
Veryfine roots (<0.5mm) 5 per dnv.
Wavy.Clear(2 6 cm)boundaryto...

A217d46cm

Brown (7.5 YR 5/2). Sandyloam.
Weak pedality. Fineto very course
granular (1 to >20 mm). Smooth.
Clear(2 6 cm)boundaryto...

A'14660cm

Darkgray (7.5 YR4/1). Sandyloam.
Weak pedality. Fineto very course
granular (1 to >20 mm). Smooth.
Clear(2 6 cm)boundaryto...

A’'26070cm

Brown (7.5 YR 5/2). Sandyloam.
Weak pedality. Fineto very course
granular (1 to >20 mm). Smooth.
Gradual(5 45 cm)boundaryto...

Al370405cm

Gray(7.5YR6/1). Sandyloam.Weak
pedality. Fine to very course
granular(1 to >20 mm). Many (15r
40%)reddishbrown mottles (2.5YR
4/4). Smooth. Gradual (545 cm)
boundaryto...

ABI>105cm
Brown (7.5 YR5/2). Siltloam. Weak
to moderate pedality. Fineto very
coursegranular(1to >20mm). Gray
mottles (Gleyl 4/N).



PlosoLorvillage—Non Paddy

Date:22.07.2016
Location:PlosolLorvillage,Karangjatsubdistrict.
Crops:Nonagriculturearea

Mapreference WGSL984UTMZone49S Lat 7.4441,
Longl11.6114

Altitude: 79ma.s.|
PhysiographyNonactivemeanderalluvialplain.
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Soil type (tentative): Protocalcic Pellic Vertisols
(Endostagnic)
Soil _surface: Surface disturbed, noncultivated
grounds.Soilmoisturestatus:moist.
Soildescription:
AhOB6cm
Black(7.5YR2.5/1). Siltyclay.Strong
pedality. Fine to coarse angular
blocky(5 60 mm). Mediumroots (2 r
5 mm)>20per dm?. Smooth Diffuse
(>15cm)boundaryto...
Bik6 420cm
Very dark gray (7.5 YR 3/1). Clay.
Strong pedality. Fine to coarse
angular blocky (560 mm).
Prominent slickensides abundant.
Abundant (40B80%) of irregularly
shapedfine to medium (220 mm)
secondary hard carbonate
concretions(7.5 YR8/2), extremely
strong reaction, hard. Coarse (>5
mm) roots 12 per dn?. Irregular.
Clear(2 6 cm)boundaryto...
Bkl>120cm
Lightbrown (7.5 YR6/3). Silty clay.
Strong pedality. Few (26%) of
irregularly shapedfine to medium
(220 mm) secondary hard
carbonateconcretions(7.5 YR8/2),
extremely strong reaction, hard.
Graymottles (Gleyl 4/N).




Bobolvillage Paddy

Date:23.07.2016
Location:Bobolvillage,Sekarsubdistrict.
CropsRicerice soybean
Mapreference WGSL984UTMZone49S | at 7.3842,
Longl11.6694
Altitude:151m a.s.!
PhysiographyValley zone of Kendenganticlinorium
on the Kerekformation. Thepositionis at lower slope
of highesttop at Mt. Pandanto the southeast.Soilis
derived from colluvium materials containing
sandstoneglaystoneandtuff volcanic.
Soiltype (tentative): LepticEpistagnidrkegosol
Soilsurface:Surfacedisturbed, frequently puddle by
hand.Soilmoisturestatus:verywet.
Soildescription:
Apl1020cm
Gray (7.5 YR 5/1). Silt loam.
Moderate pedality. Fine to coarse
granular(1 40 mm). Many (15 A0%)
redmottles(2.5YR3/4). Veryfew (Or
2%)of subroundedfine to medium
gravel (240 mm) sedimentaryrock
fragments(i.e. claystone).Veryfine
(<0.5mm) andfine roots (0.52 mm)
20 60 perdm?. Smooth Diffuse(>15
cm)boundaryto...
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Apl220 27 cm

Very dark gray (7.5 YR3/1). Sandy
loam. Low to moderate pedality.

Many (15#A0%)red mottles (2.5 YR
3/4). Many (15 A0%)of subrounded
fine to medium gravel (240 mm)

sedimentary rock fragments. Very
fine (<0.5mm) andfine roots (0.52

mm) 8 A0 per dm?. Smooth.Abrupt
(0.52 cm)boundaryto...

R>27cm

Claystone



Bobolvillage — NonPaddy

Date:24.07.2016
Location:Bobolvillage,Sekarsubdistrict.
Crops:Nonagriculturearea.
Mapreference WGSL984UTMZone49S | at 7.3847,
Longl111.6686
Altitude: 152m a.s.!
PhysiographyValley zone of Kendenganticlinorium
on the Kerekformation. Thepositionis at lower slope
of highesttop at Mt. Pandanto the southeast.Soilis
derived from colluviums materials containing
sandstoneglaystoneandtuff volcanic.
Soiltype (tentative): Endostagnié&kegosols
Soil _surface: Surface disturbed, non cultivated
grounds.Soilmoisturestatus:moist.
Soildescription:
A10P9cm
Brown (7.5 YR 5/3). Sandy loam.
Weak pedality. Fine to coarse
granular(1 40 mm). Medium (0.5
mm) to coarse(2 6 mm) roots 6 per
dm?. Wavy.Clear(2 6 cm)boundary
to...
A229A40cm
Brown(7.5YR5/2). Sandyclayloam.
Weakto moderate pedality. Fineto
coarse granular (140 mm). Fine

XiX

roots (0.52 mm) 3 perdm?. Smooth.
Diffuse(>15cm)boundaryto...

Al40B80+cm

Gray (7.5 YR5/1). Clayloam. Weak
to moderatepedality.Fineto coarse
granular(1 40 mm). Many (15 #0%)
red mottles(2.5YR3/4). Veryfew (O r
2%)of subroundedfine to medium
gravel (240 mm) sedimentaryrock
fragments(i.e. claystone).



Appendix2.4.Weightproportionof concretions

G>2mm 1 2mm 0,37 @@Omm O . .
. . Relativeproportion
Weightsoil (g) .
Code | Landuse| Horison w1l w0 w1l w0 w1 w0 Tot_al to s0il (%)
wo (g) | wl(g) wo (g) | wl(g) wo (g) | wl(g) weight(g)
(9) (9) (9) Total Bytotal
>2mm o By>2mm | 0 .
air dried air dried
PL
119 | P Aidp 0.6 3 2.4 9.51 9.68 0.17 9.54 10.73 | 1.19 3.76 35 5788.8 | 68.57 0.065
120 | P Bwi 0.6 6.7 6.1 9.51 11.32 | 1.81 9.6 12.03 | 2.43 10.34 6.9 5110 88.41 0.202
121 | P Bigc 0.6 12.9 12.3 9.55 12.54 | 2.99 9.43 12.64 | 3.21 18.5 14.9 5207.1 | 82.55 0.355
122 | P Bigc 1.3 13.3 12 9.56 11.28 | 1.72 9.56 11.27 | 1.71 15.43 26.4 5718.9 | 45.45 0.270
123 | P Bikgc 0.6 34.2 33.6 9.47 12.78 | 3.31 9.59 11.52 | 1.93 38.84 140.2 5039.4 | 23.97 0.771
= (§ 66.4 = 10 G = 10.47 | 86.87 5 0.50602| 26864.2
124 | NP Ah2 0.6 0.9 0.3 9.55 10.54 | 0.99 9.6 9.66 0.06 1.35 2.2 4496.3 | 13.64 0.030
125 | NP Bwil 0.6 0.8 0.2 9.48 9.73 0.25 9.6 10.07 | 0.47 0.92 3.7 6303.3 | 541 0.015
126 | NP Bwi2 0.5 0.7 0.2 9.68 9.97 0.29 9.46 9.79 0.33 0.82 0.8 4914.4 | 25.00 0.017
127 | NP Bwi2 0.6 1.1 0.5 9.59 10.34 | 0.75 9.45 11.29 | 1.84 3.09 0.9 5031.4 | 55.56 0.061
128 | NP Bwi2 0.6 2.2 1.6 9.37 13.33 | 3.96 9.56 145 | 4.94 105 2.2 5110.7 | 72.73 0.205
129 | NP Bwi3 0.6 2.7 2.1 9.62 11.74 | 2.12 9.57 13.93 | 4.36 8.58 2.2 5196 95.45 0.165
= 3 4.9 = 7.37 = 11.94 | 23@1 0.42857| 31052.1
JSG
109 | P Alcdp 0.6 0.7 0.1 0.1 10.9 6013.3 | 0.92 0.002
110 | P B(t)gcl | 0.5 0.6 0.1 0.1 0.7 6198.6 | 14.29 0.002
111 | P B(t)gc2 | 0.5 0.6 0.1 0.1 0.7 5257.5 | 14.29 0.002
112 | P B(t)gc3 | 0.6 0.7 0.1 0.1 1.4 4662 7.14 0.002
113 | P B(t)gc3 | 0.6 1.4 0.8 0.8 3.5 4587 22.86 0.017
= G§1.2 = 1.2
114 | NP B(t)ol 0 0 0 0 21.7 4971.1 | 0.00 0.000
115 | NP B(t)o2 0.5 0.6 0.1 0.1 5.3 5625 1.89 0.002
116 | NP B(t)o3 0.5 0.6 0.1 0.1 0.7 5139.4 | 14.29 0.002
117 | NP B(t)o4 0.5 1 0.5 0.5 2.1 4597.7 | 23.81 0.011
118 | NP B(t)o5 0.5 1 0.5 0.5 2.6 4536.6 | 19.23 0.011
119 | NP B(t)o4b | 0.6 15.6 15 15 29.8 4134.9 | 50.34 0.363
= (§ 16.2 = 16.2

XX
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AppendixX.5. Someimportantmineralcontentin concretions

Concretionswere scannedby XRFight on the surfacecollectedfrom Bigcand Bikgchorizons(PLP,
top); on the surfaceand groundsamplegmean)collectedfrom Bwi3horizon(PLNP,middle);andon
the black/brown surface,nucleusand ground samplescollected from B(t)o405 horizon (JSG\P,
bottom).
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AppendixX2.6.Mineralenrichmentin PLsamples

Theenrichmentfactor (EF)wascalculatedaccordingo Dawsoret al.,(1985):'( L H K—Zell/‘iﬁhere[C]

is concentration of elementsin the either surface or grounded concretion samples,and [S] is
concentrationof elementsin the surroundingsoil matrix. The positive valuespoint out the mineral
enrichment,while the negativevaluesmean depletion. The EFwas not calculatedfor JSGsamples
(Appendix2.5) becausethe data of elemental composition of surrounding soil matrix was not
available.
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Appendix2.7.Elementatompositionof somesoilinorganicfractions*from point samples

Sam | (Q Depth | Zr Zr(e) | Sr Sr(?) | Rb Rb Fe Fe Mn Mn Ti Ti(9 | Ca Ca K K(9 | Al Al(e | Si Si(?) | Mg Mg
ple (cm) Q) 9 ) Q) ()
PLP [ 1| 3788 | 316 | 292 | 575 | 585 | nd 414 | 561 | 348 | 180 | 184 |6.09 | 1.05 | 592 | 657 | 543 | 284 | 7.09 |743 | 292 | 125 | 507 | 1.08
E+01 | E+00 | E+02 | E+00 E+00 | E+04 | E+02 | E+04 | E+02 | E+03 | E+03 | E+04 | E+02 | E+03 | E+02 | E+04 | E+02 | E+05 | E+03 | E+03 | E+03
PLP | 2| 3788 | 293 | 234 | 484 | 441 | nd 383 [ 264 | 185 | 139 | 145 | 124 | 657 |516 |49 | 358 |184 | 580 |514 | 214 | 895 | 288 | 6.75
E+01 | E+00 | E+02 | E+00 E+00 | E+04 | E+02 | E+04 | E+02 | E+03 | E+02 | E+04 | E+02 | E+03 | E+02 | E+04 | E+02 | E+05 | E+02 | E+03 | E+02
PLP | 3|3788 | 1.20 | 250 | 9.22 | 1.76 | 552 | 3.00 | 567 | 3.05 | 7.20 | 452 | 490 | 6.52 | 1.27 | 2.73 | 3.67 | 201 | 5.06 | 428 | 1.53 | 7.17 | 3.66 | 5.22
E+02 | E+00 | E+01 | E+00 | E+01 | E+00 | E+04 | E+02 | E+02 | E+01 | E+03 | E+02 | E+04 | E+02 | E+03 | E+02 | E+04 | E+02 | E+05 | E+02 | E+03 | E+02
PLr | 1| 4243 | 251 | 2.72 | 6.43 | 575 | nd 3.61 | 310 | 220 | 643 |471 | 286 |566 |7.33 |6.11 |3.05 | 166 |847 | 778 | 277 | 110 |7.26 | 981
NP E+01 | E+00 | E+02 | E+00 E+00 | E+04 | E+02 | E+02 | E+01 | E+03 | E+02 | E+04 | E+02 | E+03 | E+02 | E+04 | E+02 | E+05 | E+03 | E+03 | E+02
PLr | 2| 4243 | 652 | 255 | 417 | 410 | 7.62 | 255 | 287 | 199 | 142 | 566 | 288 | 467 | 469 | 442 | 393 | 150 | 493 | 456 | 224 | 890 | 451 | 6.63
NP E+01 | E+00 | E+02 | E+00 | E+00 | E+00 | E+04 | E+02 | E+03 | E+01 | E+03 | E+02 | E+04 | E+02 | E+03 | E+02 | E+04 | E+02 | E+05 | E+02 | E+03 | E+02
PLr | 3| 4243 | 1.32 | 260 | 880 | 1.72 | 6.24 | 3.06 | 554 | 3.00 | 1.74 | 578 | 6.77 | 7.37 | 1.25 | 2.77 | 401 | 221 | 511 | 434 | 161 | 787 | 3.39 | 5.39
NP E+02 | E+00 | E+01 | E+00 | E+01 | E+00 | E+04 | E+02 | E+03 | E+01 | E+03 | E+02 | E+04 | E+02 | E+03 | E+02 | E+04 | E+02 | E+05 | E+02 | E+03 | E+02
JSG | 1| 180 | 193 | 299 |241 | 100 | 571 |261 | 650 335 |543 | 344 |542 | 596 |230 | 119 (479 | 168 |471 | 412 | 190 |865 | nd 7.68
P E+02 | E+00 | E+01 | E+00 | E+00 | E+00 | E+04 | E+02 | E+01 | E+01 | E+03 | E+02 | E+03 | E+02 | E+02 | E+02 | E+04 | E+02 | E+05 | E+02 E+02
JSG | 2 | 1820 | 3.80 | 441 | 3.63 | 1.17 | nd 5.63 | 595 | 322 | 505 | 428 | 948 | 745 | 547 | 183 | 170 | 215 | 385 | 415 | 295 | 1.20 | 1.37 | 7.13
P E+02 | E+00 | E+01 | E+00 E+00 | E+04 | E+02 | E+02 | E+01 | E+03 | E+02 | E+03 | E+02 | E+03 | E+02 | E+04 | E+02 | E+05 | E+03 | E+03 | E+02
JSG | 3| 1820 | 224 | 330 | 123 | 1.00 | 1.04 | 266 | 749 | 3.76 | nd 6.96 | 713 | 754 | 243 | 140 | 453 | 209 | 742 | 566 | 145 | 7.08 | 1.35 | 5.06
P E+02 | E+00 | E+01 | E+00 | E+01 | E+00 | E+04 | E+02 E+01 | E+03 | E+02 | E+03 | E+02 | E+02 | E+02 | E+04 | E+02 | E+05 | E+02 | E+03 | E+02
JSG | 1| 190 | 225 | 349 | 152 | 100 | 126 | 285 | 840 |431 | 109 |513 |692 |7.09 |111 |9.78 |1.16 | 202 |6.69 |543 |1.34 |6.93 | nd 9.08
NP E+02 | E+00 | E+01 | E+00 | E+01 | E+00 | E+04 | E+02 | E+03 | E+01 | E+03 | E+02 | E+03 | E+01 | E+03 | E+02 | E+04 | E+02 | E+05 | E+02 E+02
JSG | 2| 190 | 299 | 421 | 251 |111 | nd 459 | 101 | 508 | 142 | 565 |125 |992 (385 |183 | 181 |277 |6.25 |582 |209 |[1.00 | 138 | 7.12
NP E+02 | E+00 | E+01 | E+00 E+00 | E+05 | E+02 | E+03 | E+01 | E+04 | E+02 | E+03 | E+02 | E+03 | E+02 | E+04 | E+02 | E+05 | E+03 | E+03 | E+02
JSG | 3| 1920 | 232 | 3.38 | 490 | 1.00 | 798 | 2.76 | 763 | 3.85 | 488 | 420 | 844 | 805 |6.69 | 858 |4.03 | 222 |802 |6.08 |131 |6.75 | 1.07 | 5.04
NP E+02 | E+00 | E+00 | E+00 | E+00 | E+00 | E+04 | E+02 | E+02 | E+01 | E+03 | E+02 | E+02 | E+01 | E+02 | E+02 | E+04 | E+02 | E+05 | E+02 | E+03 | E+02
PBW| 1| 3940 | 1.12 | 267 | 834 | 185 | 240 | 3.02 | 880 | 454 | 755 | 476 | 505 | 722 | 884 |254 |372 |223 |689 |58 |137 | 713 |8.00 | 6.61
P E+02 | E+00 | E+01 | E+00 | E+01 | E+00 | E+04 | E+02 | E+02 | E+01 | E+03 | E+02 | E+03 | E+02 | E+03 | E+02 | E+04 | E+02 | E+05 | E+02 | E+03 | E+02
PBW| 2 | 3940 | 852 | 246 | 9.14 | 196 | 143 | 298 | 9.00 | 470 | 111 | 530 |493 |740 | 194 |372 |380 (225 | 792 |673 | 166 | 830 | 101 | 7.69
P E+01 | E+00 | E+01 | E+00 | E+01 | E+00 | E+04 | E+02 | E+03 | E+01 | E+03 | E+02 | E+04 | E+02 | E+03 | E+02 | E+04 | E+02 | E+05 | E+02 | E+04 | E+02
PBW| 3 | 3940 | 1.57 | 277 | 1.06 | 1.86 | 1.07 | 257 | 657 | 3.28 | nd 468 | 6.23 | 742 | 326 | 153 | 152 | 213 | 835 | 6.13 | 1.15 | 590 | nd 1.14
P E+02 | E+00 | E+02 | E+00 | E+01 | E+00 | E+04 | E+02 E+01 | E+03 | E+02 | E+03 | E+02 | E+03 | E+02 | E+04 | E+02 | E+05 | E+02 E+03
PBW| 1| 3688 | 1.58 | 2.87 | 5.03 | 1.38 | 3.28 | 299 | 7.30 | 3.75 | 212 |6.22 | 551 |6.89 | 1.06 | 254 | 194 | 198 | 746 | 592 | 9.87 | 538 |539 | 574
NP E+02 | E+00 | E+01 | E+00 | E+01 | E+00 | E+04 | E+02 | E+03 | E+01 | E+03 | E+02 | E+04 | E+02 | E+03 | E+02 | E+04 | E+02 | E+04 | E+02 | E+03 | E+02
PBW| 2 | 3688 | 1.13 | 253 | 350 | 1.21 | 894 | 283 | 858 | 431 (306 | 719 |[518 | 7.75 | 9.14 | 258 | 126 | 218 | 994 | 750 |1.03 |561 |7.61 | 6.31
NP E+02 | E+00 | E+01 | E+00 | E+00 | E+00 | E+04 | E+02 | E+03 | E+01 | E+03 | E+02 | E+03 | E+02 | E+03 | E+02 | E+04 | E+02 | E+05 | E+02 | E+03 | E+02
PBW| 3 | 3688 | 1.87 | 2.84 | 196 | 1.00 | 465 | 252 | 641 | 3.19 | 157 | 531 | 549 | 7.04 | 654 | 8.05 | nd 432 | 995 | 6.81 | 833 | 465 | nd 8.81
NP E+02 | E+00 | E+01 | E+00 | E+00 | E+00 | E+04 | E+02 | E+03 | E+01 | E+03 | E+02 | E+02 | E+01 E+02 | E+04 | E+02 | E+04 | E+02 E+02

9 Unitin ppm, (1) 250—2000pm, (2) 63—250um, (3) <2pum (Nd=undetectedduring XRFscanning).
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Appendix2.8.Elementatompositionof 2012bulk soilsample$®

(Mineraldistributionsfrom 3 soil profilesof PLNertisolunder Pand NP)

20 Sourceof primarydata: PaulinewWinkler,PersComm(GroupP1)
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(Mineraldistributionsfrom 3 soil profilesof JSGAlisolunder Pand NP)
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(Mineraldistributionsfrom 3 soil profilesof PBWAndosolunder Pand NP)



Appendix3.1.Grainsizecomposition,TOQ%),pH (H:O) and ECof point sample$*

Soilfractions(%) TOC pH EC Fractio_ns(%soil Proportionto TOQ%)
Site | Depth(cm) | LU (%) | (H0) . weight)
C FSi | MSi Csi FS | MCS (1:2.5) (WSem®) ™ Chumic | Chumin | Chumic | Chumin

PL 19e0 P [39.7 |250 |179 |118 |3.2 2.3 055 |nd nd nd nd nd nd
PL 20e1 P |199 |25.1 |30.3 |20.7 |39 0.0 051 |nd nd nd nd nd nd
PL 267 P | 433 | 289 |150 |89 1.8 2.2 0.47 |nd nd nd 0.18 nd 39
PL 2728 P | 325 |242 |194 |123 | 4.6 7.0 041 |nd nd nd nd nd nd
PL 3788 P | 413 |305 |153 |83 1.8 2.8 042 |nd nd nd nd nd nd
PL 4647 P | 289 |253 |242 |164 | 3.8 1.3 0.38 | nd nd nd nd nd nd
PL 68 69 P | 368 |320 |16.7 |97 1.9 2.9 035 |nd nd nd nd nd nd
PL 8980 P | 234 | 251 |272 |193 |45 0.6 0.30 |nd nd 0.23 nd 77 nd
PL 100401 P | 265 |258 |26.1 |17.1 |3.3 1.2 025 |nd nd nd nd nd nd
PL 22P3 NP| 223 | 243 |26.2 |16.9 |6.3 3.9 095 |nd nd nd nd nd nd
PL 23p4 NP| 246 |248 |255 |154 |6.3 3.4 0.76 |nd nd nd nd nd nd
PL 28P9 NP| 221 |242 |263 |191 |7.1 1.3 0.89 |nd nd nd nd nd nd
PL 4243 NP| 427 | 269 |154 |9.1 3.1 2.9 0.46 |nd nd nd nd nd nd
PL 54 65 NP| 259 |243 |239 |153 |6.2 4.4 0.46 |nd nd nd 0.17 nd 36
PL 99100 NP| 238 | 273 |289 |16.8 |3.1 0.1 041 |nd nd nd nd nd nd
PL 110411 NP| 239 | 229 |27.7 |18.7 |54 15 0.36 |nd nd 0.01 nd 1 nd
PBW | 940 NP| 223 |21.7 |20.8 |14.7 |8.2 123 | 312 |nd nd 0.26 0.79 25
PBW | 2023 NP| 219 |209 |209 |143 |74 146 |3.01 |nd nd nd nd nd nd
PBW | 23p4 NP| 222 |243 |20.1 |125 |6.9 139 |0.69 |nd nd nd nd nd nd
PBW | 3688 NP| 189 | 176 |20.2 |153 |9.1 189 |1.08 |nd nd nd nd nd nd
PBW | 4960 NP| 222 | 235 |222 |129 |6.8 125 | 0.79 |nd nd nd nd nd nd
PBW | 5062 NP| 174 | 17.7 | 199 |151 |9.2 20.7 | 099 |nd nd 0.04 0.18 4 18

XXVii

21 LU=landuse;(b) = samplecollectedfrom brown layer, (g) = samplecollectedfrom greylayer; C=clay;FSk fine silt; MSi= mediumsilt; CSi coarsesilt; FS=fine sand,;
MC=total mediumand coarsesizedparticles;PL= Plosolor, Vertisol;PBW= Perbawati,Andosol,JSG= JasingaAlisol; Cixi= Cixi,CambisolRds= RandusongoRegosolGrh
=Gerih,CambisolPjk=Pojok,Fluvisol;Dgk= DangukFluvisol;PL.G= Plosolor gardenplot, Vertisol;Bbl=Bobol,Regosol



Soilfractions(%) TOC pH EC Fractio_ns(%soil Proportionto TOQ%)
Site | Depth(cm) | LU (%) | (H0) . weight)
C FSi | MSi Csi FS | MCS (1:2.5) (WSem®) ™ Chumic | Chumin | Chumic | Chumin

PBW | 6566 NP|20.0 | 185 | 194 |140 |9.2 189 | 093 |nd nd 0.08 0.17 9 18
PBW | 7879 NP| 18.4 | 189 | 204 |14.7 |9.2 184 | 0.81 |nd nd nd nd nd nd
PBW | 7980 NP| 189 | 188 |208 |155 |9.2 16.8 | 0.75 | nd nd nd nd nd nd
PBW | 8587 NP| 189 | 189 |205 |14.7 |9.0 179 | 059 |nd nd nd nd nd nd
PBW | 9304 NP| 11.7 | 119 | 136 |14.7 |16.1 | 319 |052 |nd nd nd nd nd nd
PBW | 9485 NP| 103 | 125 | 147 |165 [16.9 |29.0 | 058 |nd nd nd nd nd nd
PBW | 102403 NP| 7.9 147 | 229 |225 |(164 |156 |041 |nd nd nd nd nd nd
PBW | 19R0 P |54 137 | 243 | 212 (177 |179 |369 |nd nd nd nd nd nd
PBW | 23p4 P | 67 16.1 | 225 |16.7 |155 |226 |3.08 |nd nd nd nd nd nd
PBW | 3081 P |10.8 | 154 | 235 |246 |12.8 |129 |227 |nd nd nd nd nd nd
PBW | 3182 P | 151 | 158 |18.2 |226 |16.1 |122 |220 |nd nd nd nd nd nd
PBW | 3940 P | 122 | 171 | 228 |245 |144 |9.0 164 |nd nd nd nd nd nd
PBW | 4245 P |95 152 | 218 |228 |(159 |148 |054 |nd nd nd nd nd nd
PBW | 4961 P | 104 | 148 | 206 |21.2 |164 |16.4 |053 |nd nd nd nd nd nd
PBW | 6062 P | 229 |19.2 |209 |175 |103 |9.2 042 |nd nd nd nd nd nd
PBW | 8081 P | 289 |200 |186 |138 |7.9 10.8 | 0.38 |nd nd nd nd nd nd
PBW | 99401 P | 369 |245 |19.0 | 109 |47 3.9 033 |nd nd nd nd nd nd
JSG | 18R0 P [ 323 |243 |221 |148 |45 2.0 157 |nd nd 0.18 1.16 12 73
JSG | 20e1 P | 325 |234 |209 |13.7 |4.9 4.6 1.44 | nd nd nd nd nd nd
JSG | 26R7 P | 476 | 182 |169 |122 |44 0.8 115 |nd nd nd nd nd nd
JSG | 28R9 P | 375 |219 |19.2 |133 |4.9 3.1 117 | nd nd 0.03 0.53 2 45
JSG | 3788 P | 500 |18.7 |16.7 | 106 | 3.8 0.2 098 |nd nd nd nd nd nd
JSG | 4748 P | 507 |185 |16.6 | 103 | 3.7 0.3 0.89 |nd nd nd nd nd nd
JSG | 4849 P |46.2 |18.7 | 179 | 115 |46 11 090 |nd nd nd nd nd nd
JSG | 6566 P | 495 |19.1 |174 |104 |35 0.2 0.70 |nd nd nd nd nd nd
JSG | 8182 P | 482 | 229 |179 |88 2.2 0.1 061 |nd nd nd nd nd nd
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Soilfractions(%) TOC pH EC Fractio_ns(%soil Proportionto TOQ%)
Site | Depth(cm) | LU (%) | (H0) . weight)
C FSi | MSi Csi FS | MCS (1:2.5) (WSem®) ™ Chumic | Chumin | Chumic | Chumin

JSG | 8283 P | 465 |19.1 |179 |111 |44 1.0 0.60 |nd nd nd nd nd nd
JSG | 100 P |46.7 | 195 |17.8 | 10.8 | 4.2 0.9 055 |nd nd nd nd nd nd
JSG | 19e0 NP| 382 | 229 |199 |124 |40 2.6 224 |nd nd nd nd nd nd
JSG | 3081 NP|38.8 |223 |19.3 | 123 |4.6 2.8 1.74 | nd nd 0.06 0.63 4 36
JSG | 4041 NP| 48.3 | 186 | 16.9 | 109 |49 0.4 1.67 |nd nd nd nd nd nd
JSG | 5162 NP| 426 |221 |176 |116 |4.6 15 125 |nd nd nd nd nd nd
JSG | 6162 NP| 421 | 224 |183 |118 |4.6 0.9 111 | nd nd 0.03 0.4 3 36
JSG | 7778 NP| 418 | 223 |176 |118 |47 1.8 0.89 |nd nd nd nd nd nd
JSG | 9182 NP| 419 |221 |175 |11.7 |4.6 2.1 0.80 |nd nd 0.02 0.41 2 45
JSG | 100401 NP| 39.6 | 225 |184 |124 |45 2.6 0.78 | nd nd nd nd nd nd
Cixi ow P |29.0 |13.7 |384 |151 |1.0 2.8 120 |nd nd nd nd nd nd
Cixi 744 P |29.7 |13.7 |37.1 |145 | 1.0 4.0 1.13 | nd nd nd nd nd nd
Cixi 14e3 P | 321 |189 |365 |87 1.0 2.8 0.49 |nd nd nd nd nd nd
Cixi 2388 P | 283 |135 |39.9 |16.0 | 0.8 15 0.17 |nd nd nd nd nd nd
Cixi 3860 P | 220 |129 |447 |174 |0.8 2.2 019 |nd nd nd nd nd nd
Cixi 5070 P | 298 | 155 |40.3 |110 |0.8 2.6 0.15 |nd nd nd nd nd nd
Cixi 70400 P | 314 | 164 |382 |109 |08 2.3 0.13 |nd nd nd nd nd nd
Cixi 08 NP| 20.8 | 10.8 |46.4 |185 |24 1.1 0.67 |nd nd nd nd nd nd
Cixi 947 NP| 232 | 117 |450 |171 |14 1.6 054 |nd nd nd nd nd nd
Cixi 17e4 NP|24.1 |11.0 |452 |17.2 |1.0 15 0.27 |nd nd nd nd nd nd
Cixi 2445 NP| 226 | 103 |434 |157 | 3.8 4.2 0.18 | nd nd nd nd nd nd
Cixi | 4570 NP| 26.8 |12.1 | 423 | 155 | 1.8 15 0.15 |nd nd nd nd nd nd
Cixi 70400 NP| 223 | 10.1 |46.3 | 190 | 0.6 1.7 0.15 |nd nd nd nd nd nd
Rds | 1042 P | 246 |26.2 |232 |147 |65 4.8 nd 6.76 32 0.13 0.24 nd nd
Rds | 26e8 P | 227 |26.1 |228 |128 |8.6 7.0 nd 6.64 29 nd nd nd nd
Rds | 5567 P |112 | 184 |183 |124 |165 |232 |nd 7.01 40 nd 0.15 nd nd
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Soilfractions(%) TOC pH EC Fractio_ns(%soil Proportionto TOQ%)
Site | Depth(cm) | LU (%) | (H0) . weight)
C FSi | MSi Csi FS | MCS (1:2.5) (WSem®) ™ Chumic | Chumin | Chumic | Chumin

Rds | 5760(b) P |82 165 | 182 |11.8 |155 [29.7 |nd 7.11 33 nd nd nd nd
Rds | 8082 P |84 153 | 174 | 109 |16.1 (318 |nd 7.27 28 0.01 0.05 nd nd
Rds | 82400 P |82 191 | 233 |[114 |129 |252 |nd 7.15 25 nd nd nd nd
Rds | 8486 P |93 221 |195 |10.0 |122 |27.0 |nd 7.54 39 0.03 0.06 nd nd
Rds |98d00(g) | P |10.6 |26.8 |316 |175 |7.2 6.3 nd 7.01 34 nd nd nd nd
Rds | 100402 P |74 186 | 277 |131 |13.6 [19.8 |nd 7.15 27 nd nd nd nd
Rds |o0og NP| 10.3 | 13.6 |16.1 | 155 |22.7 |21.8 |nd 7.29 136 nd nd nd nd
Rds | 10d2 NP| 187 | 186 |185 |141 |14.1 |16.1 |nd 6.29 71 nd nd nd nd
Rds | 23@5 NP| 16.8 | 189 |16.8 |11.0 |13.6 |229 |nd 6.38 46 0.11 0.17 nd nd
Rds | 4042 NP | 6.6 16.8 | 223 |133 |94 317 |nd 6.82 29 nd nd nd nd
Rds | 6062 NP| 5.9 122 | 172 | 129 |123 (395 |nd 6.66 29 0.01 0.01 nd nd
Rds | 80B2 NP| 4.1 8.8 11.8 | 9.6 145 |51.2 |nd 6.72 39 nd nd nd nd
Rds | 100402 NP | 4.9 9.5 123 | 104 |16.3 | 465 |nd 6.73 28 0.01 0.05 nd nd
Grh 1749 P | 185 | 279 |211 |141 (111 |74 nd 7.37 113 0.08 0.13 nd nd
Grh 19p1 P | 205 |338 |214 |122 |7.9 4.2 nd 7.34 111 nd 0.09 nd nd
Grh 3840 P | 214 |353 |224 |109 |55 4.5 nd 7.35 106 0.06 0.09 nd nd
Grh | 4648 P | 159 |357 |26.1 |118 |64 4.0 nd 7.98 166 nd nd nd nd
Grh 58 60 P |183 |323 |242 |129 |73 4.9 nd 7.85 163 nd nd nd nd
Grh 8082 P | 119 |26.7 | 253 |186 |121 |54 nd 7.9 161 nd nd nd nd
Grh 1749 NP| 18.8 |29.7 |214 |142 |98 6.3 nd 6.8 48 0.13 0.19 nd nd
Grh 19ep1 NP|21.1 |321 |218 |128 |74 4.8 nd 6.75 48 nd nd nd nd
Grh | 4042 NP| 219 |349 |214 |10.8 |6.8 4.2 nd 7.13 38 0.06 0.11 nd nd
Grh 6163 NP| 242 | 385 |209 |85 4.9 3.1 nd 7.33 74 nd nd nd nd
Grh 6365 NP|21.8 |36.2 | 206 |109 |6.1 4.4 nd 7.98 129 nd nd nd nd
Grh 8384 NP| 12.1 | 245 |305 |227 |6.8 3.4 nd 8.2 106 nd nd nd nd
Grh 8486 NP| 17.6 | 304 |228 | 131 |8.7 7.4 nd 7.97 127 nd nd nd nd
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Soilfractions(%) TOC pH EC Fractio_ns(%soil Proportionto TOQ%)
Site | Depth(cm) | LU (%) | (H0) . weight)
C FSi | MSi Csi FS | MCS (1:2.5) (WSem®) ™ Chumic | Chumin | Chumic | Chumin

Grh 100402 NP| 135 | 266 |23.3 |158 |119 |88 nd 7.99 99 nd nd nd nd
Pjk 18p0 P | 220 |312 |244 |113 |78 3.3 nd 6.46 67 nd nd nd nd
Pjk 4345 P | 229 |29.2 |219 |115 |96 4.8 nd 6.98 59 nd nd nd nd
Pjk 4547 P | 219 |270 |209 |109 |109 |84 nd 6.95 54 nd nd nd nd
Pjk 74176 P | 178 | 246 | 152 |11.3 |171 |141 |nd 8.03 143 nd nd nd nd
Pjk 981400 P | 147 | 180 |111 |7.7 173 | 311 |nd 8.14 124 nd nd nd nd
Pjk 18p0 NP| 236 |358 |26.8 |9.4 3.1 1.3 nd 8.06 130 nd nd nd nd
Pjk 3840 NP| 159 |335 |342 |140 |23 0.0 nd 8.29 96 nd nd nd nd
Pjk 54 66 NP| 219 |336 |245 |136 |45 1.9 nd 8.35 109 nd nd nd nd
Pjk 7880 NP| 236 |28.7 |239 |158 |58 2.2 nd 8.42 124 nd nd nd nd
Pjk 981400 NP| 159 |326 |266 |14.7 |6.1 4.1 nd 8.49 116 nd nd nd nd
Pjk 118420 NP| 16.8 | 326 |252 |152 |6.7 35 nd 8.61 119 nd nd nd nd
Dgk | 18R0 P | 265 |330 |223 |11.2 |53 1.8 nd 7.88 288 nd nd nd nd
Dgk | 3840 P | 269 |34.7 | 238 |89 3.6 1.9 nd 7.92 402 nd nd nd nd
Dgk | 5860 P | 261 |342 |254 |112 |3.1 0.2 nd 8.08 329 nd nd nd nd
Dgk | 7880 P | 220 |279 |229 |185 |7.8 0.8 nd 8.14 366 nd nd nd nd
Dgk | 180 NP| 21.0 | 243 |24.1 | 150 | 8.4 7.2 nd 8.24 201 nd nd nd nd
Dgk | 3840 NP| 248 | 271 |201 |13.1 |12.0 |28 nd 8.49 300 nd nd nd nd
Dgk | 5860 NP| 246 |26.4 |19.1 |129 |12.7 |43 nd 8.61 266 nd nd nd nd
Dgk | 6569 NP| 158 |23.3 | 184 |142 |226 |5.7 nd 8.71 203 nd nd nd nd
Dgk | 7880 NP|21.0 |246 |200 |153 |129 |6.2 nd 8.61 225 nd nd nd nd
Dgk | 7880 NP|21.0 | 246 |200 |153 |129 |6.2 nd 8.61 225 nd nd nd nd
Dgk | 98400 NP| 149 | 209 |165 |17.9 |27.1 |26 nd 8.65 208 nd nd nd nd
PL.G | 20p2 NP|18.1 |23.7 |21.2 |145 |11.0 |(116 |nd nd nd 0.18 0.33 nd nd
PL.G | 4042 NP| 194 | 274 |216 |135 |104 |7.7 nd 7.55 101 0.15 0.26 nd nd
PL.G | 6062 NP|20.8 |309 |208 |115 |8.1 7.9 nd 7.63 168 nd 0.15 nd nd

XXXI



Soilfractions(%) TOC pH EC Fractio_ns(%soil Proportionto TOQ%)
Site | Depth(cm) | LU (%) | (H0) . weight)
C FSi | MSi Csi FS | MCS (1:2.5) (WSem®) ™ Chumic | Chumin | Chumic | Chumin
PL.G | 8082 NP| 198 | 248 |216 |135 |109 |9.2 nd 7.37 271 nd 0.12 nd nd
PL.G | 8080(g) NP| 203 |25.1 |185 |10.7 |119 |135 |nd 8.01 243 nd nd nd nd
PL.G | 100402 NP| 19.7 | 316 |222 |112 | 7.7 7.6 nd 7.72 602 nd 0.29 nd nd
PL.G | 100402(g) | NP| 17.8 |24.1 | 188 | 103 |123 |16.8 |nd 8.03 417 nd nd nd nd
PL.G | 120422 NP| 19.6 |30.7 |21.0 |106 |8.1 9.9 nd 7.67 802 nd 0.09 nd nd
PL.G | 120422(g) | NP| 16.1 |24.2 |20.2 |11.1 |116 |16.8 |nd 7.87 791 nd nd nd nd
PL.G | 140442 NP| 199 | 236 |18.7 |10.6 |10.6 |165 |nd 7.8 950 nd nd nd nd
PL.G | 140442(g) | NP| 195 | 239 | 185 |108 |11.7 |157 |nd 7.85 904 nd nd nd nd
Bbl 18e0 P | 203 |243 |20.2 |146 |129 |78 nd 7.32 83 0.10 0.20 nd nd
Bbl 25p7 P |102 |176 |16.8 |14.8 |13.0 (276 |nd 7.30 69 0.06 0.13 nd nd
Bbl 2729 NP| 163 |21.2 |188 |16.1 |16.4 |112 |nd 6.85 35 0.07 0.17 nd nd
Bbl 2981 NP| 152 | 218 |199 |16.3 |16.1 |10.7 |nd 6.97 37 nd nd nd nd
Bbl 3840 NP|19.2 | 249 |211 |151 |116 |8.1 nd 6.95 49 0.24 0.19 nd nd
Bbl 4042 NP| 215 | 248 |20.3 |16.7 |109 |5.8 nd 7.05 44 nd nd nd nd
Bbl 6062 NP| 124 | 195 |176 |16.2 149 |19.1 |nd 7.17 86 nd nd nd nd
Bbl 7880 NP| 118 | 188 | 180 |18.8 |15.8 |16.8 |nd 7.21 62 0.08 0.04 nd nd

XXX



Appendix3.2. Datafrom analysisf bulk samplesusedfor PCA? (excl.EC)

XXXiii

. | Depth Si | Al [Fe  |mn [P | Ti |zz |Na [Mg [K |ca |TOC |TON pH EC
Site Profile (cm) LU %) (HO) | (uScm?)
PBW [ M [O07 NP |153 [185 |96 03 0.7 0.9 0.0 0.1 0.4 03 0.5 352 [035 |48 |[160
PBW | M [7d6 NP [152 [188 |95 03 0.7 0.8 0.0 0.1 0.4 0.3 0.4 332 |033 |48 |[120
PBW | M |[1628 NP |154 [235 |11.7 [o04 03 1.0 0.0 0.1 0.4 0.3 0.3 174 |018 |[54 |24
PBW | M |[2866 NP 172 [234 [107 |03 0.4 0.9 0.0 0.1 0.4 0.3 0.3 135 [013 [56 |14
PBW | M |[5678 NP |245 [266 |[172 |05 0.4 13 0.0 0.1 0.4 0.4 0.5 138 |014 [62 |20
PBW | M [78d400+ |[NP [193 |[21.7 [108 |03 03 08 0.0 0.1 05 03 0.4 088 [008 |64 |15
PBW | S1 |08 NP [152 [178 |94 03 0.7 08 0.0 0.1 0.4 03 0.4 409 [042 |48 [230
PBW | S1 [9e3 NP [155 [186 |9.2 03 0.7 0.7 0.0 0.1 0.4 03 0.4 362 [037 |47 [199
PBW | S1 [2343 NP [16.2 [225 |108 |[o04 03 0.8 0.0 0.1 0.4 03 0.3 192 |022 [49 |82
PBW | S1 |[4366 NP 201 [197 [106 |03 0.1 08 0.0 0.1 0.4 03 0.3 093 [o011 [56 |51
PBW | S1 |[66867 NP 200 [199 [116 |[o02 0.1 0.9 0.0 0.1 05 03 0.3 075 [008 |59 |[34
PBW | S1 [87d10+ [NP [17.7 |221 [101 [0.2 03 0.9 0.0 0.1 05 0.2 0.4 089 [008 |58 |6
PBW | S2 [o04d3 NP [17.7 [194 |99 03 0.4 0.7 0.0 0.1 0.4 0.3 0.5 357 [037 |52 [174
PBW | S2 |[13e8 NP [17.0 [186 |92 03 0.4 0.8 0.0 0.1 0.4 0.2 0.5 344 [035 |53 [111
PBW | S2 |[2883 NP [18.0 [230 |96 0.2 03 0.9 0.0 0.1 03 0.2 0.5 172 017 |64 |18
PBW | S2 | 3386 NP [19.0 [189 |[108 |03 0.2 0.9 0.0 0.1 03 0.4 0.2 128 |016 |57 |28
PBW | S2 [5670 NP [180 [189 [106 |02 0.2 08 0.0 0.1 05 03 03 082 |009 |59 |28
PBW | sS2 [70d405+ |[NP [201 |17.3 [105 [0.2 0.1 0.8 0.0 0.1 0.4 0.2 0.3 063 [007 |58 |10
PBW | M |08 P 232 [166 |74 0.0 0.7 08 0.0 0.2 03 05 0.9 395 [042 |54 [200
PBW | M |[8e2 P 236 [170 |73 0.0 0.7 0.8 0.0 0.2 0.4 05 0.9 444 1045 |54 [230
PBW | M [2209 P 222 |159 |67 0.1 0.6 08 0.0 0.2 03 05 0.8 400 [041 |55 [210
PBW | M |[2985 P 220 [166 |70 0.1 0.4 0.7 0.0 0.2 03 05 0.7 246 |025 |60 |[110

22 Elementatompositiormeasuredby ICPOESobtainedfrom PaulineWinkler,groupP1) total organiccarbon(TOC)total organicnitrogen(TON)pHandEC(obtainedfrom
AngelikaKélbl,groupP2)of bulk soilsamplef 2012samplingyear.PBW= Perbawati Andosol, JSG= JasingaAlisol;PL= Plosdlor, Vertisol;M =mainsite samplesS1=subr

site i samplesS2=subsite 2 samplesl.U=Ilanduse.
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PBW M 3560 P 20.7 18.3 121 0.4 0.3 0.8 0.0 0.2 0.3 0.5 0.7 1.64 0.16 6.6 93
PBW M 50175 P 215 21.3 9.5 0.2 0.2 0.8 0.0 0.1 0.3 0.5 0.6 1.00 0.09 7.1 63
PBW M 75105 P 22.0 21.0 9.6 0.2 0.2 0.8 0.0 0.2 0.3 0.5 0.6 0.62 0.06 7.1 44
PBW S1 |08 P 21.0 15.4 51 0.1 0.7 0.6 0.0 0.2 0.3 0.4 0.7 4.25 0.44 5.6 160
PBW S1 | 8p2 P 23.2 16.8 5.8 0.1 0.7 0.7 0.0 0.2 0.3 0.4 0.8 4.29 0.44 55 270
PBW S1 | 2280 P 24.4 18.0 6.2 0.1 0.7 0.8 0.0 0.2 0.3 0.5 0.8 3.75 0.39 5.7 240
PBW S1 | 3085 P 224 17.0 5.7 0.1 0.5 0.8 0.0 0.2 0.3 0.4 0.8 2.45 0.25 5.9 110
PBW S1 | 3560 P 19.9 18.8 111 0.4 0.2 0.8 0.0 0.2 0.3 0.4 0.7 1.07 0.10 6.7 70
PBW S1 | 6085 P 20.6 19.6 8.8 0.2 0.2 0.8 0.0 0.2 0.3 0.4 0.6 0.52 0.05 7.0 57
PBW S1 | 85405+ | P 21.8 20.4 9.1 0.2 0.2 0.8 0.0 0.2 0.3 0.4 0.6 0.42 0.04 7.1 52
PBW S2 | 0dO P 21.6 15.7 5.3 0.1 0.7 0.7 0.0 0.2 0.3 0.4 0.7 4.41 0.44 5.3 100
PBW S2 10p2 P 221 16.3 5.6 0.2 0.8 0.6 0.0 0.2 0.3 0.4 0.8 3.95 0.40 54 240
PBW S2 | 2285 P 22.8 16.6 6.2 0.1 0.5 0.8 0.0 0.2 0.3 0.5 0.8 2.68 0.29 5.9 150
PBW S2 | 3562 P 19.3 18.7 13.8 0.3 0.2 0.7 0.0 0.1 0.3 0.4 0.6 0.74 0.08 6.5 90
PBW S2 | 5275 P 20.8 19.6 9.4 0.3 0.2 0.8 0.0 0.2 0.3 0.4 0.6 0.46 0.04 6.6 100
PBW S2 | 75410+ | P 21.9 20.1 9.2 0.2 0.1 0.8 0.0 0.2 0.2 0.4 0.6 0.44 0.04 6.7 80
JSG M (74 NP 20.7 14.6 8.9 0.1 0.1 11 0.0 0.1 0.2 0.2 0.5 2.00 0.18 5.9 95
JSG M 744 NP 20.5 14.6 8.8 0.1 0.1 11 0.0 0.1 0.2 0.2 0.5 1.85 0.16 6.0 70
JSG M 14p2 NP 20.4 151 8.8 0.1 0.1 11 0.0 0.1 0.2 0.2 0.4 1.72 0.16 6.1 60
JSG M 2246 NP 20.3 16.8 10.0 0.0 0.1 11 0.0 0.0 0.1 0.1 0.2 0.94 0.09 5.3 24
JSG M 4663 NP 19.8 16.5 9.7 0.0 0.1 11 0.0 0.0 0.1 0.1 0.1 0.78 0.07 54 14
JSG M 6383 NP 20.1 16.8 9.5 0.1 0.1 11 0.0 0.0 0.1 0.1 0.1 0.68 0.07 5.3 15
JSG M 83100+ | NP 16.6 14.6 18.2 0.1 0.0 0.9 0.0 0.0 0.1 0.1 0.0 0.42 0.05 52 14
JSG S1 |0dO NP 20.2 16.3 8.7 0.1 0.1 1.0 0.0 0.0 0.1 0.1 0.1 2.54 0.25 4.3 530
JSG S1 1020 NP 20.7 16.7 9.5 0.2 0.1 11 0.0 0.0 0.1 0.1 0.1 2.05 0.19 4.5 170
JSG S1 | 2040 NP 21.3 17.4 9.8 0.2 0.1 1.0 0.0 0.1 0.1 0.1 0.0 181 0.15 4.7 54
JSG S1 | 4065 NP 20.1 17.2 9.2 0.2 0.1 1.0 0.0 0.0 0.1 0.1 0.0 1.37 0.12 4.9 29
JSG S1 | 6585 NP 21.0 18.0 9.5 0.1 0.1 1.0 0.0 0.0 0.1 0.1 0.0 0.99 0.09 4.9 17
JSG S1 | 85400+ | NP 20.7 17.6 9.4 0.1 0.1 11 0.0 0.0 0.1 0.1 0.0 0.75 0.08 4.9 18
JSG S2 | 0d0 NP 20.6 14.8 8.2 0.1 0.1 1.0 0.0 0.0 0.2 0.2 0.1 2.61 0.25 4.1 430




XXXV

JSG S2 1020 NP 21.0 15.0 8.8 0.1 0.1 1.0 0.0 0.0 0.2 0.2 0.1 2.43 0.24 4.2 420
JSG S2 2041 NP 21.2 15.4 8.6 0.1 0.1 1.0 0.0 0.1 0.2 0.2 0.1 1.70 0.16 4.4 160
JSG S2 | 4162 NP 20.9 15.3 9.0 0.3 0.1 11 0.0 0.0 0.2 0.1 0.1 1.26 0.13 45 140
JSG S2 6202 NP 21.7 15.5 9.9 0.4 0.1 1.2 0.0 0.0 0.2 0.1 0.1 0.95 0.10 4.6 80
JSG S2 92403+ | NP 22.6 16.1 9.8 0.4 0.1 1.2 0.0 0.0 0.2 0.1 0.0 0.76 0.08 4.9 24
JSG M (74 P 24.3 13.0 7.5 0.1 0.2 1.0 0.0 0.1 0.2 0.2 0.3 1.86 0.19 5.1 75
JSG M 747 P 24.2 13.2 7.9 0.0 0.2 1.0 0.0 0.1 0.2 0.2 0.3 1.79 0.18 5.3 53
JSG M 1705 P 23.9 135 8.4 0.1 0.1 11 0.0 0.1 0.2 0.2 0.3 1.37 0.14 54 60
JSG M 2548 P 21.2 16.3 10.7 0.1 0.1 11 0.0 0.0 0.1 0.1 0.2 1.10 0.11 5.3 38
JSG M 48175 P 20.6 16.1 10.2 0.1 0.1 1.0 0.0 0.0 0.1 0.1 0.1 0.99 0.10 52 51
JSG M 7505+ P 21.2 16.9 10.2 0.2 0.1 1.2 0.0 0.0 0.1 0.1 0.1 0.70 0.07 5.0 42
JSG S1 | oW P 241 13.3 7.1 0.1 0.2 1.0 0.0 0.1 0.2 0.2 0.2 2.09 0.21 52 49
JSG S1 747 P 24.4 13.0 7.1 0.0 0.2 0.9 0.0 0.0 0.2 0.2 0.2 191 0.19 5.3 43
JSG S1 17p1 P 22.4 14.2 9.5 0.1 0.1 11 0.0 0.0 0.2 0.1 0.2 1.22 0.12 54 35
JSG S1 2148 P 20.2 16.2 10.9 0.1 0.1 1.2 0.0 0.0 0.1 0.1 0.1 0.99 0.09 54 23
JSG S1 | 487 P 20.7 16.9 10.7 0.2 0.1 11 0.0 0.0 0.1 0.1 0.1 0.74 0.08 52 25
JSG S1 770400 P 20.8 16.8 11.4 0.1 0.1 1.2 0.1 0.1 0.1 0.1 0.1 0.60 0.07 51 25
JSG S2 | oW P 24.4 13.4 7.7 0.1 0.2 1.0 0.0 0.1 0.2 0.2 0.3 2.07 0.21 53 57
JSG S2 745 P 23.9 131 7.3 0.1 0.2 1.0 0.0 0.1 0.2 0.2 0.2 1.76 0.18 52 47
JSG S2 1520 P 23.6 13.4 8.0 0.1 0.1 0.9 0.0 0.0 0.2 0.2 0.3 1.30 0.13 54 38
JSG S2 2065 P 20.2 15.2 105 0.2 0.1 1.2 0.0 0.0 0.1 0.1 0.1 1.07 0.10 53 25
JSG S2 55172 P 21.3 16.4 9.4 0.2 0.1 11 0.0 0.0 0.1 0.1 0.1 0.84 0.09 5.2 23
JSG S2 7200 P 20.6 16.0 9.8 0.2 0.1 11 0.0 0.0 0.1 0.1 0.1 0.77 0.08 51 24
PL M 040 NP 25.8 10.5 6.9 0.3 0.0 0.7 0.0 0.2 0.8 0.5 2.0 1.44 0.12 5.8 187
PL M 1023 NP 25.8 10.4 7.2 0.3 0.1 0.6 0.0 0.2 0.8 0.5 2.2 1.42 0.11 6.8 143
PL M 2329 NP 26.1 10.7 6.9 0.3 0.0 0.6 0.0 0.2 0.9 0.5 2.1 0.90 0.07 7.3 218
PL M 2965 NP 26.1 10.7 7.2 0.3 0.0 0.6 0.0 0.2 0.8 0.5 2.2 0.71 0.05 7.8 204
PL M 55100 NP 26.3 10.7 7.2 0.3 0.0 0.7 0.0 0.2 0.9 0.5 2.1 0.58 0.05 8.0 237
PL M 100420+ | NP 25.9 10.4 7.1 0.3 0.0 0.7 0.0 0.2 0.8 0.5 2.1 0.48 0.04 8.3 345
PL S1 |0dO NP 25.7 10.5 6.9 0.3 0.0 0.6 0.0 0.2 0.8 0.5 2.1 141 0.11 6.7 170
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PL S1 10pr1 NP 25.3 10.4 6.7 0.2 0.0 0.6 0.0 0.2 0.8 0.5 2.1 1.35 0.10 6.8 201
PL S1 | 21e9 NP 25.8 10.6 6.9 0.3 0.0 0.7 0.0 0.2 0.9 0.5 2.1 1.27 0.09 7.4 379
PL S1 | 2948 NP 26.4 10.6 7.1 0.3 0.0 0.6 0.0 0.2 0.8 0.6 2.2 1.07 0.08 7.6 215
PL S1 | 4880 NP 26.2 10.8 7.4 0.4 0.0 0.7 0.0 0.2 0.9 0.5 2.2 0.57 0.04 8.1 257
PL S1 | 90410+ | NP 25.9 10.5 6.6 0.3 0.1 0.6 0.0 0.2 0.9 0.5 2.1 0.48 0.04 7.9 387
PL S2 | 0d0 NP 26.1 10.6 6.8 0.3 0.1 0.6 0.0 0.2 0.9 0.5 2.2 1.68 0.13 5.7 303
PL S2 1020 NP 26.1 10.6 7.0 0.3 0.0 0.7 0.0 0.2 0.9 0.5 2.3 1.32 0.10 6.6 145
PL S2 | 2089 NP 26.3 10.6 7.2 0.3 0.0 0.6 0.0 0.2 0.9 0.5 2.4 1.13 0.09 7.0 136
PL S2 | 2948 NP 26.2 10.8 7.2 0.3 0.0 0.6 0.0 0.2 0.9 0.5 2.6 0.69 0.06 7.7 196
PL S2 | 4880 NP 251 10.6 7.4 0.4 0.0 0.6 0.0 0.1 1.0 0.6 3.6 0.57 0.04 8.3 233
PL S2 | 80410+ | NP 25.6 10.2 7.1 0.3 0.1 0.6 0.0 0.2 0.8 0.5 2.2 0.79 0.04 8.5 274
PL M 0B P 255 10.2 7.3 0.3 0.1 0.7 0.0 0.2 0.8 0.5 2.3 1.59 0.15 7.0 590
PL M 820 P 26.0 10.4 7.8 0.3 0.0 0.7 0.0 0.2 0.8 0.6 2.3 0.96 0.09 7.4 375
PL M 2007 P 25.9 10.4 7.8 0.3 0.0 0.7 0.0 0.2 0.8 0.6 2.2 0.65 0.06 8.0 332
PL M 2747 P 26.3 10.7 7.5 0.3 0.0 0.7 0.0 0.2 0.9 0.6 2.1 0.52 0.05 8.1 360
PL M 4700 P 25.8 10.5 7.1 0.3 0.0 0.6 0.0 0.2 0.9 0.6 2.3 0.48 0.04 8.3 396
PL M 90415+ | P 254 10.0 7.3 0.3 0.1 0.7 0.0 0.2 0.8 0.5 2.5 0.46 0.03 8.4 376
PL S1 |08 P 25.7 10.2 7.0 0.3 0.1 0.6 0.0 0.2 0.8 0.5 2.4 1.53 0.14 7.4 700
PL S1 | 8d8 P 25.6 10.2 7.7 0.4 0.0 0.7 0.0 0.2 0.8 0.6 2.5 1.36 0.12 7.6 635
PL S1 18p4 P 26.5 10.5 7.5 0.4 0.0 0.6 0.0 0.2 0.8 0.6 2.4 0.78 0.06 8.1 336
PL S1 | 2445 P 26.4 10.4 7.8 0.3 0.0 0.7 0.0 0.2 0.8 0.6 2.5 0.58 0.04 8.3 262
PL S1 | 4575 P 25.7 10.2 7.9 0.4 0.0 0.7 0.0 0.2 0.9 0.6 2.7 0.51 0.04 8.5 350
PL S1 | 75400+ | P 26.3 10.4 6.4 0.3 0.1 0.6 0.0 0.2 0.9 0.6 2.3 0.55 0.04 8.3 552
PL S2 |08 P 26.4 10.3 6.6 0.3 0.1 0.7 0.0 0.2 0.9 0.6 2.3 1.35 0.12 7.7 463
PL S2 | 947 P 26.0 10.2 6.7 0.3 0.1 0.7 0.0 0.2 0.9 0.6 2.3 1.27 0.11 7.7 465
PL S2 175 P 26.2 10.5 7.3 0.3 0.0 0.7 0.0 0.2 0.8 0.6 2.3 1.04 0.09 7.8 339
PL S2 | 2543 P 26.3 10.5 7.3 0.3 0.0 0.7 0.0 0.2 0.8 0.7 2.3 0.72 0.06 8.0 176
PL S2 | 4375 P 26.0 10.6 6.6 0.3 0.0 0.6 0.0 0.2 0.9 0.6 2.2 0.66 0.05 8.0 145
PL S2 | 75400+ | P 29.8 10.7 4.2 0.1 0.2 0.7 0.1 0.1 0.5 1.4 0.2 0.53 0.04 8.0 285




Appendix3.3. Datausedfor principalcomponentanalysis’
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o —
Q Q > >
. Q =y < . . . % = c g
Soil o | = X Q o < O - | C FSi | MSi | CoSi| FS MS |CS | & g = §el o =
o ) < - o Q = Q@ o) c B = ©
> | X 2| & O | O S 2l 2 o =3 @ =
~ [ o < O < — — O 8 a | | (@) o
Alisol P 288|374 169 | 16.8| 0.77 | 1.57 | 0.17 | 32.34| 24.32| 22.12| 14.76| 4.45| 2.02 0| 0.214| 0.361 | 0.089 | 0.199| 0.029| 0.109
Alisol NP | 24.4| 429 16.8| 15.9| 0.57| 2.24| 0.23 | 38.17| 22.87| 19.97| 12.36| 4.03| 2.60 0| 0.272| 0.421| 0.071| 0.114| 0.008| 0.115
Andosol| P 27.3|43.1| 134 | 16.2| 0.63| 3.69| 0.44| 5.36| 13.68| 24.27| 21.15| 17.66| 13.22| 4.65| 0.264 | 0.362 | 0.143| 0.171| 0.028 | 0.033
Andosol| NP | 27.9| 40.9| 15.8| 15.3| 0.68 | 3.12| 0.33 | 22.25| 21.72| 20.83| 14.74| 8.21| 8.40| 3.84| 0.234| 0.352| 0.157 | 0.183| 0.017 | 0.057
Vertisol | P 226|254 34.8| 17.2| 0.89| 0.82| 0.06 | 39.67| 25.02| 17.94| 11.82| 3.23| 2.32| 0.00| 0.105| 0.307| 0.058 | 0.141| 0.026 | 0.364
Vertisol | NP | 22.0| 26.1| 35.5| 16.4| 0.85| 1.44 | 0.11 | 22.33| 24.29| 26.16| 16.99| 6.30| 2.58| 1.35| 0.121| 0.336 0| 0.128| 0.011| 0.405

23 Molecularcompoundsobtainedfrom *CNMRandgrainsizecompositions A OA=ratio of alkylCto O alkyl C,TOC=total organiccarbon, TON=total organicnitrogen,
C=clay,FSEfine silt, MSi= mediumsilt, CoSk coarsesilt, FS=fine sand,MS=mediumsand,CS= coarsesand.Molecularcompositionof organiccompoundwas
predictedaccordingo Nelsonand Baldock(2005).



Appendix3.4.1*CNMRintegralof samples
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Site Object Integral Integral[rel] | Peaks RanggF1) RanggF1)to | (F1)fppm] | Concentration | Atoms(Eretic) | Intensity[abs]
[abs] from (Eretic)

PLP Integrall | 163825808.1 17.19763963 1 220 160 190 n/a n/a
Integral2 | 59042199.94| 6.197964102 0 160 145 152.5 n/a n/a
Integral3 | 272661689.7| 28.6227032 | 1 145 110 127.5 n/a n/a
Integral4 | 41321339.97| 4.337714077| 0 110 95 102.5 n/a n/a
Integral5 | 200964364.4| 21.09626534 2 95 45 70 n/a n/a
Integral6 | 214790791.7| 22.54769669 1 45 0 22.5 n/a n/a

PLNP Integrall | 852903039.4| 16.42434701] 1 220 160 190 n/a n/a
Integral2 | 299409924.9| 5.765734528 0 160 145 152.5 n/a n/a
Integral3 | 1542589330 | 29.70563039 1 145 110 127.5 n/a n/a
Integral4 | 235540240.2| 4.53579652 | O 110 95 102.5 n/a n/a
Integral5 | 1117669235 | 21.52294752 2 95 45 70 n/a n/a
Integral6 | 1144807914 | 22.04555684] 1 45 0 22.5 n/a n/a

JS@P Integrall | 252336949.1| 16.80438437| 1 220 160 190 n/a n/a
Integral2 | 49389195.42| 3.289074496| 0 160 145 152.5 n/a n/a
Integral3 | 205478081.5/ 13.68381711] 1 145 110 127.5 n/a n/a
Integral4 | 73501741.11) 4.894849978 1 110 95 102.5 n/a n/a
Integral5 | 488196973.8 32.51148763 2 95 45 70 n/a n/a
Integral6 | 432710827.7| 28.81638657| 1 45 0 22.5 n/a n/a

JSANP Integrall | 418512841.1) 15.87409965 1 220 160 190 n/a n/a
Integral2 | 79631992.91| 3.020423908 0 160 145 152.5 n/a n/a
Integral3 | 363296069.7| 13.77973971 1 145 110 127.5 n/a n/a
Integral4 | 148830628.6/ 5.64511288 | 1 110 95 102.5 n/a n/a
Integral5 | 983352892.9 37.2983581 | 2 95 45 70 n/a n/a
Integral6 | 642826438.2| 24.38226486 2 45 0 22.5 n/a n/a

PBWP Integrall | 145790480.6| 16.21082656 1 220 160 190 n/a n/a
Integral2 | 27697421.6 | 3.079749074 1 160 145 152.5 n/a n/a
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Integral3 | 93012423.39 10.34229572| 2 145 110 127.5 n/a n/a
Integral4 | 49486139.75| 5.502493889 1 110 95 102.5 n/a n/a
Integral5 | 338050079.5/ 37.58867646| 2 95 45 70 n/a n/a
Integral6 | 245303655.7| 27.27595793 1 45 0 22.5 n/a n/a
PBWNP | Integrall | 212504490.1) 15.31842255| 1 220 160 190 n/a n/a
Integral2 | 48585777.66| 3.502314101] 1 160 145 152.5 n/a n/a
Integral3 | 170402750.3 12.28351143 1 145 110 127.5 n/a n/a
Integral4 | 77453732.51| 5.583265568 1 110 95 102.5 n/a n/a
Integral5 | 490196941.5/ 35.33593045 2 95 45 70 n/a n/a
Integral6 | 388104359 | 27.97656916 1 45 0 22.5 n/a n/a




Appendix4.1.Modelof depthdistributionof litter
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Appendix¥.2. Totalorganiccarboncontentaccordingo landuse.
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Appendid.3. TOCGaNd TIC(%)in Vertisol(PL).
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Appendix4.4.Radiocarbortontentaccordingo landuses.
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Appendix4.5. Plantremainscollectedfrom soil profiles.

Site Depth Plant Proportion | Sail Plant BD Layer Totalplantremains Ctissue | Plantremains | Proportion
ES;nains (%) weight(g) rsirirl](%r)/ g.cm® cm g.cm? g.cm® % gCcmé® (%)
PLP
119 20 0.9200 85.67 5788.8 0.015893 | 1 5 0.000795 | 0.000159 0.44 6.99281H5 | 0.85
120 40 0.1200 11.17 5110 0.002348 | 0.93 5 0.000109 | 2.18E05 0.44 9.609396 | 0.12
121 60 0.0227 2.11 5207.1 0.000436 | 0.99 5 2.16E05 4.32E06 0.44 1.89897H6 0.02
122 80 0.0109 1.01 5718.9 0.000191 | 0.99 5 9.43E06 | 1.89E06 0.44 8.30237@7 | 0.01
123 100 0.0003 0.03 5039.4 0.000006 | 0.94 5 2.8E07 5.6E08 0.44 2.4622E08 0.00
1.0739 100.00 8.2291485 | 1.00
PLNP
124 18 2.9700 68.28 4496.3 0.066054 | 1.1 5 0.003633 | 0.000727 0.48 0.000348767 | 0.76
125 38 0.8100 18.62 6303.3 0.012850 | 0.92 5 0.000591 | 0.000118 0.48 5.6747405 | 0.12
126 56 0.2500 5.75 4914.4 0.005087 | 0.98 5 0.000249 | 4.99E05 0.48 2.39297E5 0.05
127 76 0.1000 2.30 5031.4 0.001988 | 0.98 5 9.74E05 | 1.95E05 0.48 9.3492906 | 0.02
128 96 0.1200 2.76 5110.7 0.002348 | 0.94 5 0.00011 2.21E05 0.48 1.05942E5 0.02
129 110 0.1000 2.30 5196 0.001925 | 0.94 5 9.05E05 | 1.81E0N5 0.48 8.6836E06 0.02
4.3500 100.00 0.000458071 | 1.00
JS&P
109 20 0.3700 53.60 6013.3 0.006153 | 1.14 5 0.000351 | 7.01E05 0.53 3.717665 | 0.56
110 40 0.1000 14.49 6198.6 0.001613 | 0.98 5 7.91E05 1.58E05 0.53 8.37931H6 0.13
111 58 0.1700 24.63 5257.5 0.003233 | 0.93 5 0.00015 3.01E05 0.53 1.59378H5 | 0.24
112 80 0.0500 7.24 4662 0.001073 | 0.84 5 4.5E05 9.01E06 0.53 4774776 0.07
113 100 0.0003 0.04 4587 0.000007 | 0.84 5 2.75E07 5.49E08 0.53 29117188 0.00
0.6903 100.00 4971.1 0.000125 6.62976E5 | 1.00
JSANP
114 20 2.2800 46.81 5625 0.040533 | 1.12 5 0.00227 0.000454 0.46 2.09E04 0.64

XIvi



115 40 0.3100 6.36 5139.4 0.006032 | 0.97 5 0.000293 | 5.85E05 0.46 2.6914E05 0.08
116 61 0.3900 8.01 4597.7 0.008483 | 0.95 5 0.000403 | 8.06E05 0.46 3.70685E5 0.11
117 80 0.3300 6.78 4536.6 0.007274 | 0.94 5 0.000342 | 6.84E05 0.46 3.145350)5 0.10
118 100 0.1800 3.70 4134.9 0.004353 | 1.11 5 0.000242 | 4.83E05 0.46 2.2227485 0.07
4.8706 71.65 0.00071 3.26E04 1.00
PBWP
105 25 1.1200 85.50 4454.1 0.025145 | 0.73 5 0.000918 | 0.000184 0.46 8.44382H5 0.85
106 39 0.1500 11.45 6451 0.002325 | 0.85 5 9.88E05 1.98E05 0.46 9.09161E6 0.09
107 68 0.0400 3.05 2622.8 0.001525 | 0.82 5 6.25E05 1.25E05 0.46 5.75263E6 0.06
108 98 0.0000 0.00 5801.9 0.000000 | 0.75 5 0 0 0.46 0 0.00
1.3100 100.00 9.928246)5 1.00
PBWNP
100 18 4.3400 94.96 5701.6 0.076119 | 0.46 5 0.001751 | 0.00035 0.44 1.54E04 0.95
101 36 0.1800 3.94 5922.4 0.003039 | 0.47 5 7.14E05 1.43E05 0.44 6.28529H)6 0.04
102 58 0.0100 0.22 5780.5 0.000173 | 0.51 5 4.41E06 8.82E07 0.44 3.882028)7 0.00
103 78 0.0400 0.88 5186.6 0.000771 | 0.51 5 1.97E05 3.93E06 0.44 1.73061E06 0.01
104 100 0.0003 0.01 4587 0.000007 | 0.51 5 1.67E07 3.34E08 0.44 1.46763E08 0.00
4.5703 100.00 1.62E04 1.00
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Appendix.6. TOCTON, #'C,and WCcontentof selectedbulksoil,humic,fulvic,andconc.HClextractedsample$* (onlyfor PLsamples).
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Depth Sample ToC | TN #c -
Site Hor point Bulk ‘ Humic ‘ Humin ‘ HCI Bulk ‘ Humic ‘ Humin | HCI
[cm] [cm] [%] | [%] [%a] [%o]
PLP 0B Alpl 50.20+2.30 nd nd nd 25.08+0.13
8 RO Alp2 19 PO 0.82 | 0.06 67.72+2.20 4.54+2.30 P7.74+1.90 £2.20+£0.08 £5.54+0.12 £8.37+0.26
20 e7 Aidp 20 e1 0.81 | 0.11 B87.92+3.0 9.04+2.40 B878.05+2.70 £3.24+0.31 | £3.38+0.82 | 25.46+0.59
26 p7 0.69 | 0.06 nd 657.20£2.80 14.79+1.60r nd £0.99+0.23 18.47+0.21
27 47 Bwi 27 g8 0.66 | 0.06 | 049.14+2.20 125.84+3.60 nd nd 18.48+0.11 | A47.85+0.92 | nd nd
37 B8 0.59 | 0.05 nd B87.71+2.30 100.87+1.40 nd 20.04+0.61 £1.98+0.96
46 47 0.56 | 0.05 nd 177.66+2.60 191.14+ 1r.60 nd £21.76+0.77 | 18.95+0.52
47 B0 Bigc 68 69 0.51 | 0.07 £22.69+5.80 £17.89+2.50 nd £5.04+0.97 £0.55+0.89 | nd
89 B0 0.52 | 0.03 257.07£4.10 £48.19+£2.70 nd nd 24.36+0.45 | nd
90 415+ | Bikgc 100 401 0.93 | 0.05 £83.92+2.60 nd nd 126.78+1.60 £1.06+£0.27 24.32+0.5 nd £0.37+0.65
PLNP | O 0 Ahl 41.01+2.80 16.32+0.23
10 B3 Ah2
22 g3 144 | 011 nd 65.56+0.17 nd nd 16.68+0.35 | nd
23 B9 Bw 23 p4 1.16 | 0.18 A1.32+2.60 nd A4.35+1.60 18.81+0.60 | nd £3.83+0.5
28 B9 141 | 011 0.68+2.20 nd £50.28+1.70 17.38+0.48 | nd £21.75+0.44
29 b5 Bwil 42 43 0.71 | 0.05 69.32+3.10 ©5.65+5.20 nd £15.38+2 19.13+0.21 14.60+2.44 | nd £6.83+0.26
54 B5 0.70 | 0.05 119.58+2.60 66.29+ 0.21 176.72+1.60 A8.05+1.1 £21.4+0.63 £0.01+0.2
55 400 Bwi2 99 400 0.52 | 0.08 172.34+3.10 nd 138.80+2.50 £0.67+0.19 | nd £9.8+0.37
100 420 | Bwi3 110 411 0.51 | 0.04 | £220.29+2.50 177.66+2.90 nd nd £20.4+0.19 £20.15+1.04 | nd nd
PLNP 06 Ah 20 g2 nd nd 16.77+1.80 66.81+ 3.80 20.2+ 0.4 P6.7£2.5
(Garden) | 6 420 Bik 40 42 nd nd #.44+1.40 56.47+ 2.60 19.1+0.4 P4.6x 2
60 62 nd nd nd ©2.10+2 nd £2.6+1.9

24from different soiltypes.Hor=horizon,PL= PlosoLor,JSG= JasingaPBW= Perbawati Rds= RandusongoGrh= Gerih,Bbl= Bobol.(*) = sampleswith greycolourin the

profile.




xlix

(continued
Depth Sample TOC | TN #C -C
Site Hor point Bulk Humic Humin HCI Bulk Humic Humin HCI
[cm] [cm] [%] | [%] [%a] [%o]
80 B2 nd nd nd 149.66+ 1.50 nd £21.4+1.6
80 BO* nd nd nd nd nd
100 402 nd nd nd nd nd
100 402* nd nd nd A42.83+ 1 nd a7+2
>120 Bkl 120 122 nd nd nd £36.07+ 2.50 nd £1.8+1.7
120 422* nd nd nd nd nd
140 442 nd nd nd nd nd
140 d42* nd nd nd nd nd
Js@P o Alpl 157 | 0.17 | 16.45+4.20 23.83+0.29 r
7 047 Alp2 1.44 | 0.17
17 5 Alcdp 18 RO 1.15 | 0.17 124.38+3.10 49.36+4 B81.13+17 23.54+0.24 P7.3+0.5 P4.71+3.43
20 21 1.17 | 0.13 52.39+2.50 71.83+1.80 26.28+0.16 | £0.25+0.2
25 48 B(t)gcl | 26 B7 0.98 | 0.17 B87.92+3.80 £02.01+2.0 27.25+0.11 B0.4+1
28 B9 0.89 | 0.15 130.23+5.40 A97.51+1.90 28.82+1.94 |r 27.8+0.39
37 B8 0.9 0.11 nd £69.08+1.30 nd £8.03+0.22
47 48 0.7 0.1 191.56+ 3.40 £87.26+2.30 25.88+0.17 |r 23.46+0.47
48 75 B(t)gc2 | 48 49 061 | 0.1 £89.35+19 P74.93+1.20 16.88+1.7 r 44.17+0.25
65 66 0.61 | 0.11 £93.74+16.30 | B35.95+3.60 15.16+2.39 |r 66.96+0.62
75 B5+ B(t)gc3 | 81 B2 0.55 | 0.08 B00.74+2.50 B871.05+19.40 A433.01+1.60 20.99+0.24 |r 44.79+2.31 B80.58+0.1
82 B3 nd A34.68+ 2 nd £9.96+0.13
100 224 | 023 | H 419.53+26.9 A470.30+2 8.56+3.51 B80.13+0.19
JSANP | O 40 Ahl 1.74 | 0.21 | 65.98+2.80 22.07+0.19 r
10 B0 Ah2 19 g0 1.67 | 0.19 61.38+2.30 14.58+1.80 23.23+0.19 | 85.43+0.19
20 40 B(tjol | 30 B1 1.25 | 0.15 123.02+2.60 55.74+2.80 652.81+2 22.01+0.25 18.65+1.04 £6.19+0.25
40 65 B(t)o2 40 41 1.25 | 0.17 11.76+12.40 89.28+1.40 16.25+1.11 P4.69+0.12
51 B2 0.89 | 0.11 06.69+2.90 192.60+1.60 22.64+1.31 |r 49.29+0.29




(continued

Depth Sample TOC | TN #C -C
Site Hor point Bulk Humic Humin HCI Bulk Humic Humin HCI
[cm] [cm] [%] | [%] [%a] [%o]
61 62 0.80 | 0.12 166.38+4.0 279.63+1.70 25.03+0.37 |r 28.7+0.30
65 B5 B(t)o3 77 78 0.78 | 0.11 P74.41+9.40 B836.57+1.70 25.17+1.06 |r 27.24+0.11
85 100+ | B(t)o4 | 91 B2 408.98+2.60 £80.26+12.60 | B52.87+1.90 21.17+0.23 |r 14.09+2.32 | £8.52+0.36
100 401 336.78+£9.30 |r A00.93+1.60 13.82+2.25 |r £7.79+£0.14
PBWP | 0 40 Alpl 81.23+£3.20 25.15+0.25 r
10 B2 Alp2 19 O 3.69 | 0.44 107.24+1.40 nd 25.30+0.33 £5.91 +0.23
22 B5 Aldp 23 24 3.08 | 0.45 | 94.39+2.90 135.45+1.40 63.36 £3.30 24.34+0.25 | R4r+0.31 £23.98+0.16
30 B1 2.27 | 0.26 161.78+1.80 111.84+1.80 24.55+0.42 | re4.58+0.22
31 B2 220 | 0.3 107.87+1.30 65.98 £1.40 23.1+0.27 R4r24+0.46
35 b2 Bgcl 39 40 164 | 0.27 17.39+1.90 #5.92+1.20 24.4+0.1 24.89+0.14
42 45 0.54 | 0.09 89.90+3.10 £69.29+2 26.62+0.81 | £26.62+0.81
50 b1 0.53 | 0.06 125.43+3.20 £69.08 +1.80 29.16+0.17 r| £9.16+0.17
52 75 Bgc2 60 62 0.41 | 0.09 £51.32+2.30 A19.95+1.10 28.28+0.52 r| £8.28+0.52
75 010+ | Bw 80 Bl 0.38 | 0.06 | B12.44%2.70 £94.57+3.40 | nd 23.43+0.22 | £6.57+0.97 | £26.57+0.97
99 01 0.33 | 0.11 B849.74+1.90 | nd 27.74+0.08 | £7.58+0.22
PBWr | O T Ahl 11.13+2.90 r 21.93+0.33 r
= 7 06 Ah2 9 a0 3.12 | 0.33 88.54 £2.30 121.87+1.30 20.35+0.39 r| £3.53+0.25
16 B8 BwAh | 20 B3 3.01 | 0.36 65.35+2.20 nd 15.22+1.08 | nd
23 p4 0.69 | 0.07 70.89 £2.90 nd 27.97+2.02 | nd
28 b6 Bwl 36 B8 1.08 | 0.16 | ¥81.48+2.10 | nd nd 22.23+0.21 | nd nd r
49 BO 0.79 | 0.10 £56.65+ 2 621.91+1.90 24.63+0.72r| £6.02+0.11
50 B2 0.99 | 0.15 B830.83+2.90 A95.06 +3.20 26.89+0.16 r| £6.18+0.41
56 78 Bw2 65 66 0.93 | 0.13 894.87 £2.20 555.97+1.10 23.02£0.09 r| £24.52+0.44
78 100 Bw3 78 79 0.81 | 0.16 A95.48+2.90 811.08+3.20 6524.11+3.40 23.66+0.11 r| £3.61+0.52 69.22 +0.71
79 BO 0.75 | 0.19 £96.98+3.70 #69.05+2.10 25.14+0.35 r| £23.62+0.94
86 B7 0.59 | 0.07 892.36 +3.40 A80.44+1.60 27.58+0.16 r| #9.79+1.76




(continued

Depth Sample TOC | TN #C -C
Site Hor point Bulk Humic Humin HCI Bulk Humic Humin HCI
[cm] [cm] [%] | [%] [%a] [%o]
93 B4 0.51 | 0.12 nd nd nd nd
94 85 0.58 | 0.09 nd B875.33+0.90 nd £5.08+0.08
102 103 0.41 | 0.06 nd A14.83+4.10 nd 71.46 +£0.65
RdsP 0 p4 Apl 10 42 nd nd Nd nd nd nd
24 A2 Ap2 26 B8 nd nd 12.02+1.70 B89.91+2.30 24.4+0.3 £0.9+3.1
42 b5 ACI nd nd nd nd nd nd
55 108+ | ClI 55 b7 nd nd nd 130.55+2.30 nd p3.2+11
57 60 nd nd nd nd nd nd
80 B2 nd nd 658.63+10.90 | 767.44+1.20 235+6.1 r| 28.6+0.6
82 100 nd nd nd nd nd nd
84 B6 nd nd B873.65+2.30 A81.42+2.90 29 +0.6 rl 29.9+1.8
98 400* nd nd nd nd nd nd
100 402 nd nd nd nd nd nd
RdsNP | 0 40 Ahl oe nd nd nd nd nd nd
10 5 Ah2 10 42 nd nd nd nd nd nd
23 B5 nd nd .06 +1.50 110.92+2.0 22.8+0.2 £3.9+1.7
>25 C 40 42 nd nd nd nd nd nd
60 62 nd nd 550.03+10.8 688.39+5.3 20.7+7.3 £8.2+0.7
80 B2 nd nd nd nd nd nd
100 102 nd nd B875.22+5.70 558.38+1.30 20.7+3.7 r| 27.1+16
GrhP 0 a9 Apg 17 49 nd nd 73.22+1.50 117.39+2.20 22.3+x0.4 r £5.8+0.3
19 40 Big 19 p1 nd nd nd 194.98+1.80 nd B80.6£7.7
38 40 nd nd £262.86+1.50 B842.01+2.10 21.6+0.7 re3.2+1.6
40 60 Bkg 46 48 nd nd nd nd nd nd
58 60 nd nd nd nd nd nd
60 B3+ Bwkgc | 80 B2 nd nd nd nd nd nd




(continued

Depth Sample TOC | TN #C -C
Site Hor point Bulk Humic Humin HCI Bulk Humic Humin HCI
[cm] [cm] [%] | [%] [%a] [%o]
GrhiNP | 0 19 Ah 17 49 nd nd A7.32+1.60 657.24+1.80 20+0.2 £4.7+1.8
19 63 Bil 19 p1 nd nd nd nd nd nd
40 A2 nd nd 168.25+1.80 206.47+1.30 21.9+0.6 re2.3+1.9
61 63 nd nd nd nd nd nd
63 B4 BKkI 63 65 nd nd nd nd nd nd
83 B4 nd nd nd nd nd nd
84 @10+ | Bwk 84 B6 nd nd nd A72.96+2.80 nd 24.0+2.6
100 402 nd nd nd 605.44+2.30 nd P4.8+2.5
BblP 0 RO Alpl 18 g0 nd nd B81.55+1.50 00.97+1.70 21.5+0.4 £26.5+0.3
20 e7 Alp2 25 g7 nd nd 11.05+3.40 75.72+3.10 25.5+2.2 P2.7+25
>27 R nd nd nd nd nd nd
BbINP | O B9 Al 27 B9 nd nd 44.05+1.90 77.19+1.50 25.7+0.1 19.3+3.2
29 40 A2 29 B1 nd nd nd nd nd nd
38 40 nd nd 6.49+1.50 106.32+3.20 21.1+0.3 re5.7+1.6
40 BO+ Al 40 A2 nd nd nd nd nd nd
60 62 nd nd 19.96+2.20 160.73+2.30 24.2+0.8 r 4.2+0.5
78 BO nd nd




Appendixs.1.Modellitter distributionin the soilcolumns.



Appendid.2. Temperaturesensitivitycoefficient.

Site Type Fraction| Q10 Tm Tref f(ts)
[1] [2] [3] [1™(([2] r
[3])/10)

PL P Active | 2.1 26.6 20 1.63
Passive | 2.95 26.6 20 2.04

Slow 3.8 26.6 20 2.41

Bulk 2 26.6 20 1.58

NP Active | 2.1 26.6 20 1.63

Passive | 2.95 26.6 20 2.04

Slow 3.8 26.6 20 2.41

Bulk 2 26.6 20 1.58

JSG P Active | 2.1 25.5 20 1.50
Passive | 2.95 25.5 20 1.81

Slow 3.8 25.5 20 2.08

Bulk 2 25.5 20 1.46

NP Active | 2.1 25.5 20 1.50

Passive | 2.95 25.5 20 1.81

Slow 3.8 25.5 20 2.08

Bulk 2 25.5 20 1.46

PBW P Active 2.1 20.4 20 1.03
Passive | 2.95 20.4 20 1.04

Slow 3.8 20.4 20 1.05

Bulk 2 20.4 20 1.03

NP Active | 2.1 20.4 20 1.03

Passive | 2.95 20.4 20 1.04

Slow 3.8 20.4 20 1.05

Bulk 2 20.4 20 1.03
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Appendids.3. Soilmoisturesensitivitycoefficient.

Sand Clay | OM BD Ws | Wic | Wpw | f(ms)
. Depth
Sites | Type (cm) p
(%) (%) | (%) | (gem®) | () Q) Q) ()
PL P 0eo 14.84 | 64.68 | 1.85 1.04 0.61 | 0.52 | 0.38 | 0.09
P 20r 10.46 | 73.39 | 0.74 0.96 0.64 | 0.52 | 0.40 | 0.12
115+
NP oe3 | 21.85 | 62.83 | 2.18 1.03 0.61 | 051 | 0.37 | 0.13
NP 23r 1435 | 71.42 | 0.92 0.96 0.64 | 051 | 040 | 0.12
120+
JSG P 0e5 8.27 | 40.34 | 2.62 1.01 0.62 | 046 | 0.27 | 0.20
P 2505+ | 4.89 | 60.54 | 1.30 0.92 0.65| 050 | 0.35 | 0.15
NP 044 | 14.75 | 40.55 | 3.07 1.03 0.61 | 047 | 0.28 | 0.19
NP 14r 1.73 109 | 0.28 0.23 091 | 030 | 0.08 | 0.22
100+
PBW P oe2 nd nd 451 1.26 052 | 031 | 0.21 | 0.21
P 22r nd nd 1.12 1.29 051 | 031 | 0.21 | 0.20
110+
NP 046 nd nd 4.66 1.10 058 | 031 | 0.21 | 0.27
NP 16r nd nd 1.43 0.84 068 | 031 | 0.21 | 0.37

100+




Appendixs.4. Soiloxygencoefficient.

Sites Type Depth [02] Ko Oc
Status
(cm) (mg/L) | (mgl/L) ()
PL P 0e0 anoxic 0.12 0.50 0.1935
P 20415+| oxic 240.00 0.50 0.9979
NP 0e3 oxic 240.00 0.50 0.9979
NP 23420+ | oxic 240.00 0.50 0.9979
JSG P 0e5 anoxic 0.12 0.50 0.1935
P 2505+ oxic 240.00 0.50 0.9979
NP 0d4 oxic 240.00 0.50 0.9979
NP 14400+| oxic 240.00 0.50 0.9979
PBW P oe2 anoxic 0.12 0.50 0.1935
P 22410+ | oxic 240.00 0.50 0.9979
NP 0d6 oxic 240.00 0.50 0.9979
NP 16400+| oxic 240.00 0.50 0.9979
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Appendids.5. Soilcarbonstoragecoefficient.

C
Depth | %Clay R storage
Sites | Type (h)
em | @ | oo YR
PL P 0e5 67.36 0.326 0.754
P 25d405+| 72.63 0.274 0.785
NP oel 40.27 0.597 0.626
NP 21d413+| 60.79 0.392 0.718
JSG P op2 63.29 0.367 0.731
P 2205+ 71.27 0.287 0.777
NP 0d8 40.50 0.595 0.627
NP 18401+| 64.95 0.351 0.740
PBW P oe2 90.00 0.100 0.909
P 22407+| 90.00 0.100 0.909
NP oe2 90.00 0.100 0.909
NP 22403+| 90.00 0.100 0.909
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Appendixs.6. SoilcarbontransformationPL.

Topsoil C SubsoilC Carbon |Carbon
Type load(mg load(mg storage  storage Fraction fi hfiGy
cem®d? cem®d® . m .
topsoil  subsoil
(top) (sub)
Carbonmodel
P 0.7 0.5923 0.784 0.626 Active 0.32068  0.1693 0.1190
Passive 0.1049  0.0554  0.0389
Slow 0.57472  0.303: 0.2133
Bulk 1 0.5273 0.3712
NP 1.14 0.868€8 0.785 0.718 Active 0.34876  0.3121  0.2175
Passive 0.1205 0.1078  0.07V52
Slow 0.53044  0.4747  0.3308
Bulk 1 0.8949 0.6237
Radiocarbormodel
P 0.0002 0.0001 0.754 0.626 Active 0.32068  0.0000  0.0000
Passive 0.1049  0.0000  0.0000
Slow 0.57472  0.0001  0.0000
Bulk 1  0.0001 0.0001
NP 0.0002633 0.0002 0.785 0.718 Active 0.34876  0.boo1 0.0001
Passive 0.1205  0.0000  0.0000
Slow 0.53044  0.0001  0.0000
Bulk 1  0.0002 0.0001

(total)

0.2883
0.0943
0.51.66
0.8920
0.5296
0.1830
0.8055
1.5136

0.0001
0.0000
0.0001
0.0002
0.0001
0.0000
0.0002
0.0003

Tm
21 26.6
2.95 26.6
3.8 26.6
2 265.6
21 26.6
2.95 26.6
3.8 26.6
2 265.6
2.1 26.6
2.95 26.6
3.8 26.6
2 265.6
21 26.6
2.95 26.6
3.8 26.6
2 265.6

Tref

f(ts) ws wfc wpwp
(top) (sub)  (top) (sub)  (top)
20 1.63 0.61 0.64 0.52 0.52
20 2.04
20 2.41
20 1.58
20 1.63 0.61 0.64 0.51 0.51
20 2.04
20 2.41
20 1.58
20 1.63 0.61 0.64 0.52 0.52
20 2.04
20 2.41
20 1.58
20 1.63 0.61 0.64 0.51 0.51
20 2.04
20 2.41
20 1.58

(sub)

0.38

0.37

0.38

0.37

f(ms)

(top)

0.40

0.40

0.40

0.40

(suk)

0.09

0.14

0.09

0.14

(top)

0.12

0.11

0.12

0.11

Iviii

ko f(Oc) ki

Co C1
(sub) (top) (sub) (tap) (sub) (total)
0.12 240 0.5 0.1935 0.9979 0.2 0.a3ON57 0.0443 0.7 0.12
0.051 0.0018 0.01z5 0.0143
0.003  0.0001 0.00C9 0.0010
0.084667  0.0023  0.0160  0.0184
240 240 0.5 0.9979 0.9979 56).2 0.038%  0.0814
0.051 0.0146 0.0114  0.0250 1.14 0.136
0.003  0.0010 0.00C8 0.0018
0.084667 0.0187  0.0147  0.0334
0.12 240 0.5 01935 0.9979 050.2 0.039L 0.0448  0.0002 0.231
0.051 0.0018 0.01z5 0.0143
0.002  0.0001 0.0009 0.0010
0.084667  0.0023  0.0160  0.0184
24) 240 0.5 0.9979 0.9979 0.045€0.2 0.0353  0.0814
0.051 0.0146 0.0114 0.0250 0.000263 0.231
0. 0.0010  0.00C8  0.0018
0.084667  0.0187  0.0147  0.0334



Appendids.7. SoilcarbontransformationPBW.

TopsoilC  SubsoilC
load(mgC load(mg
em®d® Ccem®d?

Type

topsoil

Carbonmodel

P 0.922  0.7182

NP 0.425  0.4089

Radiocarbormodel

P 0.0002  0.0002

NP 0.000098175  0.0001

Carbon
storage

0.91

0.91

0.91

Carbon
storage
(h)

subsoil

Fraction

0.91 Active
Passive
Slow
Bulk

0.91 Active
Passive
Slow
Bulk

0.91 Active

Passive
Slow
Bulk
0.91 Active
Passive
Slow
Bulk

hfiCy q10
(top) (sub) (total)
0.3103 0.2418  0.5521
. 0.1958  0.1525  0.3483
0396 0.3319 02535 0.5¢04
1 0838l 0.65% 1.4910
0.37954 0.1466 0.1411 02877
0.2639 01020 0.0981  0.2000
0.357956 0.1383 0.1330 0.2713
1 0.3863 0.3716  0.7530
0.3703 0.0001 0.0001  0.0001
0.2336  0.0000 0.0000  0.0001
0.396 0.0001 0.0001  0.0001
1 0.0002 0.0002 0.0003
0.37954  0.0000 00000  0.0001
0.263 0.0000  0.0000  0.0001
0.35795  0.0000 0.0001  0.0001
1 0.0001 0.0002 0.0002

™™ Tref
21 20.4
2.95 20.4
3.8 20.4
2 20.4
21 20.4
2.95 20.4
3.8 20.4
2 20.4
2.1 20.4
2.95 20.4
3.8 20.4
2 20.4
21 20.4
2.95 20.4
3.8 20.4
2 20.4

f(ts)

20
20
20
20
20
20
20

(top)

1.03

1.03

1.05
1.03
1.03

1.05
1.03

ws

(sub)

0.52

0.58

0.58

wfc

(top)

0.51

0.51

0.68

(sub)

0.31

0.31

0.31

(top)

0.31

0.31

0.31

0.31

wpwp

(sub)

0.21

0.21

0.21

f(ms)

(top)

0.21

0.21

0.21

(sut)

0.21

0.21

0.1C

Oi

(top)

0.10

0.10

(sub)

0.12

0.12

24)

240

240

240

240

f(Oc)

(top)

0.5

05

ki Co
(sub) (top) (slb) (total)
0.1935  0.9979 0.2 .020084 0.0283
0.051 0.0022 0.0053 0.0075
0.003  0.0001 0.00C3  0.0004
0.084667  0.0035 0.0087  0.0122
0.9979  0.9979 0.2 0.0206206 0.0411
0.051 0.0053 0.0053  0.0106
0.008 0.0003 0.0003  0.0006
0.084667 0.0087 0.0087 0.0174
0.1935  0.9979 0.2 0.020684 0.0289
0.051 0.0022 0.0053 0.0075
0.003  0.0001 0.00C3 0.0004
0.084667  0.0035 0.0087  0.0122
0.9979  0.9979 0.020€0.2 0.0205  0.0411
0.051 0.0053 0.0053 0.0106
0.003 0.0003 0.00C3 0.0006
0.084667  0.0087  0.0087  0.0174

X

C1

0.922

0.425

0.0002

0.0001

0.265

0.153

0.231

0.231



Appendids.8. SoilcarbontransformationdSG.

TopsoilC  Subsailc €arbon  Carbon
Type load(mgC load(mg SIOTage StOrage ooy g hfiGy q10 T Tref | f()
cm?d? Ccem®dY " ™ .
topsoil  subsoil
(top) (sub) (total) (top)
Carbonmodel
P 0.911  0.4819 0.73 0.63 Active 0.38079  0.2536  0.1151 0.3686 21 255 20 1.50
Passive 0.2143  0.1427  0.0648 0.2075 2.95 25.5 20 1.81
Slow 0.40521  0.2698  0.1224 0.3923 3.8 255 20 2.08
Bulk 1 0.6653 0.30z2 0.9631 2 25.5 20 1.46
NP 0.106  0.05€8 0.777 0.74 Active 0.4325 0.0356  0.0182 0.0538 21 255 20 1.50
Passive 0.2716  0.0224  0.0114 0.0338 2.95 255 20 1.81
Slow 0.2967 0.02¢4  0.0125 0.0369 3.8 25.5 20 2.08
Bulk 1 0.0824  0.04z0 0.1244 2 255 20 1.46
Radiocarbormodel
P 0.0002  0.00C1 0.73 0.63 Active 0.38079  0.0001  0.0000 0.0001 21 255 20 1.50
Passive 0.2143  0.0000  0.0000 0.0000 2.95 25.5 20 181
Slow 0.40521  0.0001  0.0000 0.0001 3.8 255 20 2.08
Bulk 1 0.0002 0.0001 0.0002 2 255 20 1.46
NP 0.000024486  0.0000 0.777 0.74 Active 04325 0.6000  0.0000 0.0000 21 255 20 1.50
Passive 0.2716  0.0000  0.0000 0.0000 2.95 25.5 20 181
Slow 0.2967  0.0000  0.0000 0.0000 3.8 255 20 2.08
Bulk 1 0.0000 0.0001 0.0001 2 25.5 20 1.46

(sub)

0.62

0.62

0.61

(top)

0.65

0.65

0.91

(sub)

0.46

0.47

wpwp

(top)

0.50

0.30

0.30

(sub)

0.27

0.27

0.28

f(ms)

(top)

0.35

0.08

0.35

0.08

(suk)

0.16

0.16

0.1¢

Oi

(top)

0.15

0.15

0.22

ko

(sub)

0.12

240

0.1z

24)

240

240

240

240

f(Oc)

(top)

0.5

0.5

0.5

ki Co
(stb) (top) (sub) (total)
0.1935  0.9979 0.2 0.088093 0.0543
0.051 0.0029 0.0138 0.0167
0.003  0.0002 0.00C9  0.0011
0.084667  0.0038 0.0186  0.0224
0.9979  0.9979 0.2 0.0868570 0.1231
0.051 0.0175 0.0203  0.0378
0.0023 0.0012 0.0014  0.0026
0.084667  0.0235 0.0272  0.0507
0.1935  0.9979 3.2 0.4809 0.0543
0.051 0.0029 0.0128 0.0167
0.002 0.0002 0.00C9 0.0011
0.084667  0.0038 0.0186  0.0224
0.9979  0.9979 0.057(0.2 0.0660  0.123:
0.051 0.0175 0.0203 0.0378
0.003 0.0012 0.0014 0.0026
0.084667  0.0235 0.0272  0.0507

C1

0.911

0.106

0.0002

2.466

0.118

0.103

0.231

0.231



Appendids.9.FEMmodellingMATLABCript.

function [Kk,ff]=feaplyc2(kk,ff,bcdof,bcval)

%
% Purpose:

%  Apply constraints to matrix equation [kKkJ{x}={ff}
%

% Synopsis:

%  [kk,ffl=feaplybc(kk,ff,bcdof,bcval)

%

% Variable Description:

%  kk - system matrix before applying constraints
%  ff - system vector before applying constraints
% bcdof - a vector containging constrained d.o.f
% bcval - a vector containing contained value

%

%

%

n=length(bcdof);
sdof=size(kk);

fori=1:n
c=bcdof(i);
for j=1:sdof
kk(c,j)=0;
end

kk(c,c)=1;
ff(c)=bcval(i);
end

function [Kkk,ffl=feasmbl2(kk,ff k,f,index)
%
% Purpose:

%  Assembly of element matrices into the system matrix &
%  Assembly of element vectors into the system vector

%

% Synopsis:

%  [kk,ffl=feasmbl2(kk,ff,k,f,index)

%

% Variable Description:

%  kk - system matrix

%  ff - system vector

% k - element matrix

% f - element vector

% index - d.o.f. vector associated with an element

%

edof = length(index);
for i=1:edof
ii=index(i);
ff(ii)=ff(ii) +£(i);
for j=1:edof
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jiFindex();
k(i jj)=Kk(ii,jj)+k(.j);
end
end

function [index]=feeldofl(iel,nnel,ndof)
%

% Purpose:

%  Compute system dofs associated with each element in one-

% dimensional problem

%

% Synopsis:

% [index]=feeldofl(iel,nnel,ndof)
%

% Variable Description:

% index - system dof vector associated with element "iel"
% iel - element number whose system dofs are to be determined

% nnel - number of nodes per element
%  ndof - number of dofs per node

%

edof = nnel*ndof;
start = (iel-1)*(nnel-1)*ndof;

for i=1:edof
index(i)=start+i;
end

function [f]l=fefll(xI,xr,lc,bcoef,flux)

%

% Purpose:

% element vector for f(x)=1

% using linear element

%

% Synopsis:

%  [f]=fefll(xl,xr)

%

% Variable Description:

% f- element vector (size of 2x1)

% Xl - coordinate value of the left node
%  xr - coordinate value of the right node

%

% element vector

eleng=xr-xl; % element length

f=[ -(eleng/2)*Ic+bcoef*flux; -(eleng/2)*Ic];
function [K]=feode2l(acoef,bcoef,ccoef,eleng)

%

% Purpose:

% element matrix for (au" + b u' + c u)
% using linear element

%

% Synopsis:
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% [K]=feode2l(acoef,bcoef,ccoef,eleng)

%

% Variable Description:

% k- element matrix (size of 2x2)

% acoef - coefficient of the second order derivative term
% bcoef - coefficient of the first order derivative term

% ccoef - coefficient of the zero-th order derivative term
% eleng - element length

%

% element matrix

al=-(acoefleleng); a2=-(bcoef/2); a3=-(ccoef*eleng/6);
k=[ al-a2+2*a3+bcoef -al+a2+a3;...
-al-a2+a3 al+a2+2*a3];

%
% to solve the ordinary differential equation given as

% au"-bu-cu=-g(x)-Q0

%

% using 100 linear elements

%

% Variable descriptions

% k = element matrix

% f = element vector

% kk = system matrix

% ff = system vector

% index = a vector containing system dofs associated with each element
% bcdof = a vector containing dofs asso ciated with boundary conditions
% bcval = a vector containing boundary co ndition values associated with
% the dofs in 'bcdof'

%

%
% input data for control parameters
%

clear

nel=100; % number of elements

nnel=2; % number of nodes per element
ndof=1; % number of dofs per node
nnode=101; % total number of nodes in system
sdof=nnode*ndof; % total system dofs

%
% input data for nodal coordinate values
%

gcoord(1) = 0.0; gcoord(2) = 0.01; gcoord(3) = 0.02; gcoord(4) = 0.03; gcoord(5) = 0.04;
gcoord(6) = 0.05; gcoord(7) = 0.06; gcoord(8) = 0.07; gcoord(9) = 0.08; gcoord(10) = 0.09;
gcoord(11) = 0.1; gcoord(12) = 0.11; gcoord(13) = 0.12; gcoord(14) = 0.13; gcoord(15) = 0.14;
gcoord(16) = 0.15; gcoord(17) = 0.16; gcoord(18) =0.17; gcoord(19) = 0.18; gcoord(20) = 0.19;
gcoord(21) = 0.2; gcoord(22) = 0.21; gcoord(23) =0.22; gcoord(24) = 0. 23; gcoord(25) = 0.24;
gcoord(26) = 0.25; gcoord(27) = 0.26; gcoord(28) = 0.27; gcoord(29) = 0.28; gcoord(30) = 0.29;
gcoord(31) = 0.30; gcoord(32) = 0.31; gcoord(33) =0.32; gcoord(34) = 0.33; gcoord(35) = 0.34;
gcoord(36) = 0.35; gcoord(37) = 0.36; gcoord(38) = 0.37; gcoord(39) = 0.38; gcoord(40) = 0.39;
gcoord(41) = 0.4; gcoord(42) = 0.41; gcoord(43) = 0.42; gcoord(44) = 0.43; gcoord(45) = 0.44;
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gcoord(46) = 0.45; gcoord(47) = 0.46; gcoord(48)
gcoord(51) = 0.50; gcoord(52) = 0.51; gcoord(53)
gcoord(56) = 0.55; gcoord(57) = 0.56; gcoord(58)
gcoord(61) = 0.60; gcoord(62) = 0.61; gcoord(63)
gcoord(66) = 0.65; gcoord(67) = 0.66; gcoord(68)
gcoord(71) = 0.70; gcoord(72) = 0.71; gcoord(73)
gcoord(76) = 0.75; gcoord(77) = 0.76; gcoord(78)
gcoord(81) = 0.80; gcoord(82) = 0.81; gcoord(83)
gcoord(86) = 0.85; gcoord(87) = 0.86; gcoord(88)
gcoord(91) = 0.90; gcoord(92) = 0.91; gcoord(93)
gcoord(96) = 0.95; gcoord(97) = 0.96; gcoord(98)
gcoord(101) = 1;

%

= 0.47; gcoord(49) = 0.48; gcoord(50) = 0.49;
= 0.52; gcoord(54) = 0.53; gcoord(55) = 0.54;
= 0.57; gcoord(59) = 0.58; gcoord(60) = 0.59;
= 0.62; gcoord(64) = 0.63; gcoord(65) = 0.64;
= 0.67; gcoord(69) = 0.68; gcoord(70) = 0.69;
=0.72; gcoord(74) = 0.73; gcoord(75) = 0.74;
=0.77; gcoord(79) = 0.78; gcoord(80) = 0.79;
=0.82; gcoord(84) = 0.83; gcoord(85) = 0.84;
= 0.87; gcoord(89) = 0.88; gcoord(90) = 0.89;
=0.92; gcoord(94) = 0.93; gcoord(95) = 0.94;
=0.97; gcoord(99) = 0.98; gcoord(100) = 0.99;

% input data for nodal connectivity for each element

%

nodes(1,1) = 1; nodes(1,2) = 2; nodes(2,1) = 2; nodes(2,2) = 3; nodes(3,1) = 3; nodes(3,2) = 4;
nodes(4,1) = 4; nodes(4,2) =5; nodes(5,1) = 5; nodes(5,2) = 6; nodes(6,1) = 6; nodes(6,2) = 7;

nodes(7,1) = 7; nodes(7,2) = 8; nodes(8,1) = 8; nodes(8,2) =

nodes(10,1) = 10; nodes(10,2) = 11; nodes(11,1) = 11; nodes(11,2) = 12; nodes(12,1) = 12;

nodes(12,2) = 13;

nodes(13,1) = 13; nodes(13,2) =14; nodes(14,1) = 14; nodes(14,2) = 15; nodes(15,1) = 15;

nodes(15,2) = 16;

nodes(16,1) = 16; nodes(16,2) = 17; nodes(17,1) = 17; nodes(17,2) = 18; nodes(18,1) = 18;

nodes(18,2) = 19;

nodes(19,1) = 19; nodes(19,2) = 20; nodes(20,1) = 20; nodes(20,2) = 21; nodes(21,1) = 21;

nodes(21,2) = 22;

nodes(22,1) = 22; nodes(22,2) = 23; nodes(23,1) = 23; nodes(23,2) = 24; nodes(24,1) = 24;

nodes(24,2) = 25;

nodes(25,1) = 25; nodes(25,2) = 26; nodes(26,1) = 26; nodes(26,2) = 27; nodes(27,1) = 27;

nodes(27,2) = 28;

nodes(28,1) = 28; nodes(28,2) = 29; nodes(29,1) = 29; nodes(29,2) = 30; nodes(30,1) = 30;

nodes(30,2) = 31;

nodes(31,1) = 31; nodes(31,2) = 32; nodes(32,1) = 32; nodes(32,2) = 33; nodes(33,1) = 33;

nodes(33,2) = 34;

nodes(34,1) = 34; nodes(34,2) = 35; nodes(35,1) = 35; nodes(35,2) = 36; nodes(36,1) = 36;

nodes(36,2) = 37;

nodes(37,1) = 37; nodes(37,2) = 38; nodes(38,1) = 38; nodes(38,2) = 39; nodes(39,1) = 39;

nodes(39,2) = 40;

nodes(40,1) = 40; nodes(40,2) =41; nodes(41,1) = 41; nodes(41,2) = 42; nodes(42,1) = 42;

nodes(42,2) = 43;

nodes(43,1) = 43; nodes(43,2) = 44; nodes(44,1) = 44; nodes(44,2) = 45; nodes(45,1) = 45;

nodes(45,2) = 46;

nodes(46,1) = 46; nodes(46,2) = 47; nodes(47,1) = 47; nodes(47,2) = 48; nodes(48,1) = 48;

nodes(48,2) = 49;

nodes(49,1) = 49; nodes(49,2) = 50; nodes(50,1) = 50; nodes(50,2) = 51; nodes(51,1) = 51;

nodes(51,2) = 52;

nodes(52,1) = 52; nodes(52,2) = 53; nodes(53,1) = 53; nodes(53,2) = 54; nodes(54,1) = 54;

nodes(54,2) = 55;

nodes(55,1) = 55; nodes(55,2) = 56; nodes(56,1) = 56; nodes(56,2) = 57; nodes(57,1) = 57;

nodes(57,2) = 58;

nodes(58,1) = 58; nodes(58,2) =59; nodes(59,1) = 59; nodes(59,2) = 60; nodes(60,1) = 60;

nodes(60,2) = 61;

nodes(61,1) = 61; nodes(61,2) = 62; nodes(62,1) = 62; nodes(62,2) = 63; nodes(63,1) = 63;

nodes(63,2) = 64;

9; nodes(9,1) = 9; nodes(9,2) = 10;
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nodes(64,1) = 64; nodes(64,2) = 65; nodes(65,1) = 65; nodes(65,2) = 66; nodes(66,1) = 66;

nodes(66,2) = 67;

nodes(67,1) = 67; nodes(67,2) = 68; nodes(68,1) = 68; nodes(68,2) = 69; nodes(69,1) = 69;

nodes(69,2) = 70;

nodes(70,1) = 70; nodes(70,2) = 71; nodes(71,1) = 71; nodes(71,2) = 72; nodes(72,1) = 72;

nodes(72,2) = 73;

nodes(73,1) = 73; nodes(73,2) = 74; nodes(74,1) = 74; nodes(74,2) = 75; nodes(75,1) = 75;

nodes(75,2) = 76;

nodes(76,1) = 76; nodes(76,2) = 77; nodes(77,1) = 77; nodes(77,2) = 78; nodes(78,1) = 78;

nodes(78,2) = 79;

nodes(79,1) = 79; nodes(79,2) = 80; nodes(80,1) = 80; nodes(80,2) = 81; nodes(81,1) = 81;

nodes(81,2) = 82;

nodes(82,1) = 82; nodes(82,2) = 83; nodes(83,1) = 83; nodes(83,2) = 84; nodes(84,1) = 84;

nodes(84,2) = 85;

nodes(85,1) = 85; nodes(85,2) = 86; nodes(86,1) = 86; nodes(86,2) = 87; nodes(87,1) = 87;

nodes(87,2) = 88;

nodes(88,1) = 88; nodes(88,2) = 89; nodes(89,1) = 89; nodes(89,2) = 90; nodes(90,1) = 90;

nodes(90,2) = 91;

nodes(91,1) = 91; nodes(91,2) = 92; nodes(92,1) = 92; nodes(92,2) = 93; nodes(93,1) = 93;

nodes(93,2) = 94;

nodes(94,1) = 94; nodes(94,2) = 95; nodes(95,1) = 95; nodes(95,2) = 96; nodes(96,1) = 96;

nodes(96,2) = 97;

nodes(97,1) = 97; nodes(97,2) = 98; nodes(98,1) = 98; nodes(98,2) = 99; nodes(99,1) = 99;

nodes(99,2) = 100;
nodes(100,1) = 100; nodes(100,2) = 101,

%
% input data for coefficients of the ODE
%

acoef=0.02; %D

bcoef=-0.004; % v

ccoef=0.0184; % (3, from calculation table

Ic = 0.899; % total carbon lo ad (mg C/cm2/d) - hfiC(t)
flux= 0.7;% topsoil C load (mg C cm-2 d-1) - litter

%
% input data for boundary conditions
%

bcdof(1) = 1, % first node is constrained
bcval(1) = 5.83; % carbon at z=0

%
% initialization of matrices and vectors
%

ff=zeros(sdof,1); % initialization of system force vector
kk=zeros(sdof,sdof); % initialization of system matrix
index=zeros(nnel*ndof,1); % initialization of index vector

%
% computation of element matrices and vectors and their assembly
%

for iel=1:nel % loop for the total number of elements

nl=nodes(iel,1); nr=nodes(iel,2); % extract nodes for (iel)-th element
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xl=gcoord(nl); xr=gcoord(nr);% extract nodal coord values for the element
eleng=xr-xl; % element length
index=feeldofl(iel,nnel,ndof);% extract system dofs associated with element

k=feode2l(acoef,bcoef,ccoef,eleng); % compute element matrix
f=fefll(xl,xr,Ic, bcoef, flux); % compute element vector
[kk,ffl=feasmbl2(kk,ff,k,findex); % asse mble element matrices and vectors

end
%

% apply boundary condition at the last node
%

ff(nnode)=ff(nnode)-0;

%
% apply boundary conditions
%
[kk,ff]=feaplyc2(kk,ff,bcdof,bcval);

%
% solve the matrix equation
%

fsol=kk\ff;

%
% print fem solutions (example for PL-P)
%

length=0:2:200;

Cstock =[6.2, 5.2, 4.8, 3.9, 3.9, 3.6, 3.4, 3.1, 2.5]; %mg cm-2
depth=[19, 20, 26, 27, 37, 46, 68, 89, 100];

plot(Cstock, -depth, '0";

hold on
plot(fsol, -length, 'green")
hold off

xlabel (‘'TOC [mg.cm”{-2}]")

ylabel ('Soil depth [cm]")

legend (' Obs ', FEM ', 'location’, 'northeast")
xlim([O 8])

ylim([-120 0])

%
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