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plant and ani mal res,iidmrecoraga&niremsirgqreadu al Ity
residues. Hence, a |l arge biomclbavelre¢edf i mit @an
decomposed pbeb od\uecvtesr tahred eGG , part of these r
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For examnmploo,ygmni sms prefer to decompose | abi

which i1is diff{(8ubhtaft & .Buthegnpre, teBaizant OM, such as

lignin-based compoundsyill remain in the soil system. As microorganisms dieséhe

remaining OM residwemergewith microbialremains creatingan old, decayed, and resistant

OM to decompositionHence, a series of OM decompositions suggested the creation of a

recalcitrantOM, which comprises numerous organic compounds, including polysaccharides

and humic acid§ Mar t i n & HG@ncedeealcifrant1® & Ingorporated into soil

minerals it createsa persistent and stable SOMence, the chemical complexity of OM

controlsSOM stability. That is the historical view @il C cycling.

33.The emerging view of SOM stability

| ahi storical viewasekedSOM OM matil ony, micr
oM, preferably with a | alciolnestguakentyeébur nh
humi fication model c @ Ubledvesd adiwdmi z@Mc 0 mplud x mo |
Nevert el eesnse,r gtipnrgo viaa deenln s ovli ieai®Me st abi | i zat i
indicated tbaht OMuaoudlly bkkecomp.Baesa dihsmiol t i n\
mi crobiooche hegsastiny parts wil.l be chfeimmeall )
somilner al s.

Further more, ctamebad sfphggmeat by secured by
aggr dedatoargh .oidath uemenging view of SOM stabi
(Lehmann & Klheebefrgl [20Wi50gt shbemectal omasd physi

stabi undatri cswoi l mi c.r obi ome conditions

3.13So0i | mi cr ob isainke etchiSe®dlti yt d | oen

Recal ci t rmmite mulgeash e ca b irtledsti gsetcaonnip o s iatrieon pr
affected by condi whiickemsadnii acmmeo bi al s©®ad mmum intey ,a |
environmesndradn zdyrmeveki netil of{ r imogiec trhalnecul ar
(Kl eber, 2010)



Soil microbiome refers to microorganisms and their habitats. It has biotic (e.g., a
microbial community) and abiotic variables (e.g., soil minerals, oxygenai@ilability, C:N
ratio, and soil moisture) that are in an equilibrium state and, in turn, C storage and SOM
stability are affected. That confirmed how SOM is complex spatially within the nanometer
scale(Lehmann et al., 2008)For example, each gram of soil can contain thousands of
microorganisms affected by soil C:N ratio, pH, moisture, quality and quantity of OM, redox
potential (indicating oxidation and reduction status in a soil system), P, and N availability
(Fierer, 2017)That is the emerging view of soil C cycling.

Hen&OM stiabhséoCtlgycl e i s | esscroelpatelxdntyo t

SOM solubility, occl uoipemr twa n ihtioyn g-@nihe & r@agmg r e
compl,exme<robi alo,l ceo mamuanielhd bainldiut&yMt i t y (ea.ngd. ,qu al
as an energy substrate for microbes), moi st
both biotic (e.g., microbial products, rhizo
moi sture and sowér agioe g3 M osstt@bhai & iotiteyr)] et al
Paul, 2016; Schmidt et al., 2011)

Hence SOM transformation was considered endless and can be continued within a soil
systemFor example,itere was no evidence that OM decomposition formed a persistent humic
substance in the soil systdmL e h ma nn & Krurthdrreore OM g€ldles )night be
partitioned between soil microbial metabolites, stay undecomposed or partly decomposed,
stabilize by complexation with soil minerads,leave the soil system as €t the atmosphere
under asoil microbiomecondition

Furthermore, the coftenefit of microbial metabolisms is also an essential factor
affecting the SOMstability in soil systems. For example, soil functional complexity increased
the metabolic demand of microbial communities and their fitness or energy investment to
decompose SONLehmann et al., 2020T he interlocking interactions among alocation of
molecular diversity, spatial heterogeneity, and temporal variabilisfOM cancause a high
OC molecular diversity. It highlightedoil functional complexity's role, which suggested
decreasingsOM decompositionsThatis another complexity ofhe soil microbiome which
affectsSOM decomposition and itstability in a soil system

SOM stability camhahg® ibre @l é edcatnegda shilyt ied ms
(e.g., aadoamaaoahydr areioonia@ahnht i st)r.i bFuotri oenx aonfp |
mi crobi al activities i nchreenheeidl crair brotmlyido me¢ e |
carbohydr,atwesicnngauadmti onf oax gdeairiimeend di ssol ved
matter (KBOM) t z, Sc hweHdeags: eae tl aabli.l,e Z200X3N of OI

T



can either be favorably decompiocrabibygl.mbyp oo
That showed the importance ohi ¢ r ochoinatlr itbas® mbar obi ome and
composTheoamnst r i abfufteScOihesd a b(iMeiutmy et. al ., 2014)

3.23S0Mt abiidsiody st em

SOMcompra smisx thuetee roofgnan eagrianigéirnogm fresh pl
residues poodt @etesIdalagai nst dFeocro ngpxoesonpii vo,n |
cell ul ose, andt hreonsitc ealblunnidoasnét § pw eamét a v ielsii dal esso
These pl antber esstiadbuiesdh yoeam t emr sswtiilng wictch uso iolr
wi t & i saogiglr eogsaet!ee| cpt ci cvuemulluet @@ihe mi cal (clognpd cew i t
et al.The2G@&@bBSOMzani ohecaei Isusnynsittrléen efdaldsowi n

First, selective preséeadragaminc inadmpaoau reds
degradability due tdLtgheaiow @dmiadlre xe x2adnigblge,i tp
of aromatic rings (e.g., l i gnin) and pol yme

degradation compared to dtbreere n@OM r&e diadwgesa u(, e

Secpx@M can be stabil ifziendembsyoerlat sr a&or om>
associati eomilmwarnal & i maeke paerstnashi Isioazdd sYGM em
temover 100 t(oL elhOn0aOn ny eeatr sal . |, 2620t hEbhenme e ¢
were diftéd@Mntawalpe associated with soil mi n

A-SOM can be stabilized t hr diugghnd d X ghaanrdg e
stabilize organic @am@mou odds FiHn i aliwB i mihn ecraa Ibs
of OMplpamd onated hydroxyl groups in the mi

compl ex with 4 KPimda bneeirl &miAmerd aulng, 2021)
B-Theatd on mechdpeaélsanosi gni fi cant process by
i ncreases. For example, clay minerals had a

and OM tends to have a neqattiioore exahdregaved bhi

pol yval entacacetlieadams ecbeemt waesno cil atyi amd OM by a
charge cations (Wihtalpimang S4®iBI5 asay atemacti on al
mol ecules with a positive charge, which can
i mportance of these physicochemical soi l i n
Hungarian(0Doahest esoial s, 2021)

C-SOM stability is affected by the coexi st
with microbial byproduct s. For exampl e, mi



facilitate SOM associations with fine miner
mi ner al by microbi al polysaccharides and pr
stabil i tmi mdr aolr gamnwoci ati ons pEKt#HWekbbnOM ahda
2008)

Cation br indgieesr,aloragsasmooci ati ons, and micr ol
aggregate formation in a-msoefFrabys®wemci §es0m@
basic wunit of mi croaggregate formation, whi
Furt hemimorehi al byproduct s, pl ant root hair,
occluded within the mipcrrootaegcgtreedg awiet hainnd ipthsy
mi cr dobyipaloduct sdefe ved, c@Mbohydr aft eag nbegnatns st
i ncreasing microaggregate formation and st al
these micH&agghegatéesal ., 2011)

Thi,@Mdoccl usi on i ncansiontr agBesigdeesst hlei Isip
i naccessi iyl izvnytChide f s @il le nangiga reahait e Ldgtctr cevaiseeise
al ., . FD0OO0 e&)xfarnepel eparti cul ate organic matter (f
or can be occluded (iSn xs ®it| fahR QM iPHt0W o t{{ o &® Odl) u
has a shorter r esiidnecnrceea stiinnge tihne ssopialt i cad e atca
attached by microorgamricomp ¢aBiod | @nn atlur,n,2 0WrEd
al . ,. 2009)

Furthermore, the coexistence or awcanl abil

affect SOMafsftadt g-anmo/e rbayl aSwiolci @adtiiomrs exchan

(CEC) is a reversible chemical reacti on. F
following basMgs ap)g. ¢aif,ds Ceound in the most co
by ot he(rThomas,n3$he&2x) soi l base cations are r
cations per soil mass within the soil microb

Base saturation refers to the soifandyster

Af3 ons) and former basic cations. By that b
mi crobiome occurred during CEC. For exampl e,
basic catfijomncsan( ed.egc.r,e a®ae soi l p H. Under aci di
soil fertility is negatively affected by red
with increasinge®¥ decialy. wNekheat)hieigyrhp OtM amd
content can resist a change i n( GooulldipmH , (i2.0€
Goul ding et al ., 1989)



The ability of soil fine minerals (e.g.,
high specific surface area (SSA). SSA refers
that, a positive relationship whs SSadupnd hbhet)
mi ner al (e.g(Maygény Thatty aba)mpopltainmet lbd

mi ner@d sl in mdp dtsltoe pt i on process with OM as a ¢

sequester C for a long time in a soil systen

Nevertheless, the amount of stabilized S
dept h. Subsotéermasi ble @maod 08OM stabilization
(Kaiser & Guggehbdrergreampl2®d 033 massi ve amount
in todLoicim)( ®and upper subsoil (<30 cm) than
timyner al surface area was available for fur
subsoil. That suggested an OM | oading in the

because of a high SSA of a soiltmhgedatohmpss

processes.

34The i mportanescseimpddClsg uidryi amrgabl e soi l

During mineralization and i mmobilizati on
di fferent SOM coorngsanciicne@ti st contioal the biosp
anignalsoil, and air. That i sPatriteGrh@yicsl Mo mp o n €
st abi ISIOtMy sctaanb iblei thyn daewanisleadbi | ity ahhifgmiel soi l
aggregat(eorstlacdow Isaiyl di sturbances)

Neverthel ess, mani pul ating N or Cbyi n a
affesOMrnabi IFory exampl e, the avahbmbcamémgyt or

(e. g., N) over ( Cohaey odrhiewe edietnteenrt process (
i mmobilization) instant dmeouwusnaynn &F MBdttiemg S
et al.l$shadWwet) | mportance of intrinsic soil p
use hasdwirly nutrients management, in affect

st orFooge e xhaumpdre ,aetsipeict iadécsuy t d wrcitaang dr amat i c al
somutrrieegnitmes basgeéedstoninlg tnhaen a g e Ba o hi nmptneaockst ii tcye
agriculturaltiprloamgtes mevi (hg. gnat isyeanpl @aaus es pea
perturbations.

Soi | perturbation hinders the soil's abil

bef ore pertur bartaddel)a.ntF omra t eexdaenapol nep, g intc $§ oan d g

M N



met abol i @ oadtirhiosl isiaflel®e) ceth oldoe(sds. @) , f COmM a soi l
to the aThhets pthaelr&ence takes centuries to a fe
and s ussttoireglaa(iAanu@ d son eRorale x, a@OrleSc)ulst ur al
mi ghtam@ge ubal Agcmidc rsoltibonde t i oB8OM Beanbel|] ity &
st owagé dbeal cshoaintgleidn each soil C pool

Previous works have studied SOM in diffe
forests to moorlandghaThedawvetrodegs r smg ge aats
cropdaeaad&®®Ledst orage wi(theln @Galsdbad letsyaslt.eem 200
2011; Poeplau et al .Fur2tOhlelr; moProes,t t& e waodnd, e d2 OCN
concentrati on.baMewe rothh & lhees sa,moiutnti sa@Bdi qeal altl )
2018; Reijneveld et aRar, @Xdapddciibamng aét i abpbu
removal ,noeatmeat from doublomgS@Mopegl ® uin
can also highlight theayohae ef whhehpieh&ng
i Nt erbaecttwocb€&Ma nd newl gr i fOpershii eed er acti on i ncre
OM decompBEeEyakov .HevatthekR66Onegobimpbeeredi wput
SOConcentwreati omreased from a do(ubdhoag etf a&a
2021)

Contrary results were found in previous studies, often because of different soil textures
and other spatial and temporal differences. Hence, various agricultural practices were
recommended to be reassessed h e n u e by studying each $itd varjation's role, which
could affect SOM stabilization§ L aj t ha e tThataid a necess&yl dproach, as
agricultural soilmanagemenpractices can vary in their effects on SOC concentrdti@na i et
al . , .Baddés8ihcompatible results require additional reseaBho | i nder . et al
Hencxeppanedi ng the scientific knowledge about s

35.S0 iolr g aOwpioco | s

SOM contains spbeltantiAalcossi derCabl e amou
transferred froomt atlifobveepdigpe rsioci ICOCC pool s. For
have three times (3.3) higher C concentratioc
stored C than the biological pool. C sequest
theheafhe C stock refers to the size of SOC
meters of( Baotijlesd exdlitOO &) | vy, 2500 gigatons ( G



included within soil organic carbon (SOC) (1
(si(@al ,. 2004)

Soi | Ccpmobassiffi@@di pa&bDi sAol ved organi
(DOM}SO@® i n-phamssasalci ated or gandiScOQOna tnt earg g(r MRYAs
associated organiParmacuént eAADONEANIi D matter (
Chemically resistanmtC) s amisl aorpgaBsoseipv exwaprobaoln a | r
Zi mmer mann . MPA®OM. and0BAA@®Pde clwerps i sed 75% of
SOGvhil e DOM contribut(egd mm¥Bronfantnhett attal, 200

The wvariabadydaltiyng nr dthee &€mong soi |l C pool s
stonagabher nsaeChhse.r nozem i srafeommom EBwmodpi a
and North Ameri ca. It i s characterized by a
silty to |l oamy soil t ex tauwcrte ,viand sao( e ddlany an
Knabner & Amel #ogt he&rodr) e, it has high bi c
mi crobially derived biomass. Besi des, it hac
ani mal s). Hencies,altdbdeh Ckh eg miolzeenar t h because i
for cultivation (i.e., high C storage and nu

Furt hegremaorid i zatainadnsalmphd ngs ¢ 8 mee ®O8 s eas
compogdint ibounn k soi I, MPAOM (or sl own pfowlll)y, an
under,espedially under different (Ifeemrd iuU8 ezsata
arable Chdfngaem d9i l



SOM: Soil organic matter
DOM: Dissolved organic matter

POM: Particulate organic matter Photosynthesis

Soil surface and plant respiration
processes

A plant root m

Fertilizer additions "~.™~, .
E Y

flin) DOM inputs Soil respiration
Plant and animal residues during rainfall {microorganisms and
inputs ® Monoculiure  Monoculture roots respiration
SOM oS8  —————p crop (Maize) crop (Wheat) Wheat-Maize processes)
) - |
SOM inputs diculture crops

Microorganisms (e.q.,
bacteriz) -

Soil fauna (e.g., N~

earthworms)

Grass field

Tractor with tiller

SOM pools within a soil
aggregate

Microaggregate
(50-250 pm)

Macroaggregate
(>250 pm)

Fungal and microbial
byproducts

POM encrusted within fine
minerals (roots hair, plant
and fungal debris) -

Pore space containing soil
solution and binding agents
(e.g., roots, polyvalent cation,
or pelysaccharides)

POM within a large

macroaggregate j

Bulk soil AAOM MPAOM

» Increase in carbon protection and organic compounds complexity.

-

Increase in SOM production:
1. Increase in plant residue inputs; 2. Increase in organic matter (OM) and/or organic fertilizer additions.

Increase in SOM stability:
1. Conservation agriculture; 2. Increase in aggregate stability; 3. Increase in soil depth; 4. Increase in fine soil
minerals (clay); 5. Increase in surface areas of minerals (e.g. smectite); 6. Increase in polyvalent cations.

FiguSeil. organic C pools production and stahb
| ocal weather and soil mi croclimate conditio
and physiochemical p r oi pneprat € Meestl, 0 ramadt itohne iarn di nst
each somlTheCfweagotcer eated with Bi oRender. com.

35. Di ssolved organic matter pool
35. .DOMsi gni fitcthseack swnstem

DOM s a het er og®a eseoul su bniex tcuoimpebsuldaduiss ands o
reacti ve oamgdiomaebdwlred ad,niH,g O, .INt, Sl,ayasnda Pvi t a
nutrient cycling, becomingFarg¢ ben amnrafyv ensud tsroii
aggregate Bermaesi as arn flao osfludissoturracbee ¢ IZs @i mwaty h
1996)



DOM is a significant soil CF @ro od xeOd\p li @, i s
is a valuable ismidgmgiua(l Gt ygamhide wiaktwral.. , 199
It was s u@mgepsotsad itvleatr dled twie@®ms haingi i swscarletaesde oirng
carmOfafd soi l(FC°derogketFuwrlt her2nmolr3e, DOC was:s
indicate the SQ@Madedcdraadcdat iadn ,s t2a0tle8)

As DOM mebile part of SOM pool s, it is pi
the soil system. DOM per coll@datoinon swiatfliier t telde
and soDOMi tomgs from soluble organic mol ecul
during decompo§&i gluogPOMr magssadso( refer t o s
condiEoronsxampl e, soil moi sture and temper at
DOM production byl Ohircirsab i& ID aavetithinvoiWwtideésyg e abo
t hbkOMpat ueader the fieahde¢&Kadbtitan dhad!l makéoo
DOM anclkRamgi ng property of SOM.

A chanageali nwelat her parameters coulTheafef e
decomposition activities can be changed by s
(Herbert & Bertsch, $986bB; aLehabhgal incl2de&y
production by soil mi crobes, controlled by
temperatbtferd mgtbrya¢ @6 Qoamheltly. et al ., 2016)

35. 1.DOMcomposition

On ctehseo i | gets wet, DOM almedodme goeresacbhvech
di ffusiom mrldcexsdbacemdplaMmomensBGMomposi tion
can hgdeophilic dons toipthwdFders aaxiadpsp.d @ep hobi ci |
cont r it bwt¥%e MoGMc o mp o nme nththemi ¢ mat er i al , especi
contritlbutapeeac gleHeargheer t .et al . , 1995)

Hy dr o pahcoibd sa wperreec ur sor of humic substances
with | ignin a(ndesmadseod gurba deaabnl eh y d iHyodprhoi pl hiicl iacc iad
contains a higher oxidative biodegradation d
and carbohydrate composition than hydrophobi
aromatic than otfoPai oegamiNcevmd®@®Bi) &2Iss , hydr
considered an intermedi ate of OM decomposi
processes to forMuhygemipedr d eHe neli®dh KC.Oa o 9 8 4 Jni



and sensitive SOM pool tops ®oidluacmwioe miobbiiloimey cdoi

among SOM composi veosnasas (ceolngppohkaiatrioomat i c

3.5 The3 orb@Mn of

DOM was found to be conamnadl t e dteilcyounapliolsyeab i
and pr.ohs oém@airigloen siad efroeodd sour ce fNeerv emitchred beisas
DOMaaml 8®@ produced during decompkcri tdxaimplre,c €

newly supplofedmbgmadl@dalat s f r om d eaccocneptioesriatti eo

DO oncentration i n summer times from differ
forest f | oo(rKatios esrannedty aslo.i,| s2001; Ti ppihg et
Such an increase in DOC concentration af¢ter

period on a for&sat sfelro®ent Amdsi nfceemdp i n DOC
organic horizons under favorable swa$ albsdit
det e(cDeeid et al ., 1996; Tipping et al., 1999)
DecompacsanmhaD®8® companidt iofbanrg ienxlaenprmehi Iti z e
DOM <contained a degraded pl ant mat eri al W
(GuggenbergerF &r tZlreephmaonrte®, Mm&A)t er i al s wer e tr ans
and hemicelbkolabéeet mi wabéri alonchmea bfodhrpals md fel @a
on soi |l pcrualcttiivcaet,i o0V laenx h@2 Q@M ocro mmpostisii ¢ h oma n
used as a proxy for l andJasabekrtkdaca,joll2 030
mi cr ob pbadhectaino ch@M geeomposi ti onsort ovibaeOmoea res & o
compodint adohe asoiall so depend,ionnc |shodiirlh ¢gnha nzaagt el noen
til.]l dgaef ftenPeOMpat t er he aatdh rnajusgh .s o | | ayers

3.5.DDM4 | eaching

DOM | eaching is the primary wayAfDGCGW®@M tr
is a dissolved and Diiodn ll e dlmedn arhonSgOMeo i | h
| eachicragharéetee t endd nbeyvasliolidbi | ity tThhre urgdhl e oafl
mi nerals i n DOMt a&tdlesidprpp tnigo nd timeaksle s, DOMI have a
SOM component &decopayst oWdsdQia@mepdmanot her par:
whi chr ecsggpohnyds i cal | vy t@rhanlgemnmi dal I(bhei Solid &ykK?T.(

M p



Knabneragr2d0el06Rewl bht z, SchmeHewm de, tehesadirles e2n0
mi neirreslai d r ichaohy@M a ds crt mtba didetayc,hi ng.
Furt hetrhiied®@Mee acrhatng can di ffer bRQGMdadon it

varioogsanic compounds (e. g., ccaornbpoohuynddnsdt a s n a
acids) in hydrophilic and ®bByDr glhopbhobiaci dc
concentration decreases with increased soil

Based omrcthatfrant compounds or stable DOM
sorpti onDOManompi&Kilagibong .den@®&®M, c@mpséd3ition
DOC concentrati omeraamoc{gDtsridn;tiGalggesb@9§er et

199wi)bh ncriemalsee amount of hydrophilic acid pe
the soil solution compdrYyadotet.hnpdropR®IBMg co

FurthebOMeachi nghseohrloddplgeb)j may t o tempor a
weat her afaffeatbihgtgyoi |l miokctcaubbyemsée ocomwewteind I$s
affected by(vannf@iahl|l Béer gelTeghtat alma,k e 3@0l1ss)i | mo
cont rrodill@haego u DtOQorfoduct i oni masnodi |l dsdyasittitereg g et
2013; Kalbi.tz et al., 2000)

Such soil mi cr obi otmseo¢ d ndiatt i @ms, ainmc IpiHd i @

| eachidordogr reaxtaemp | e, hi gher pH di(sAsnodceirastseodn oertg

2000)I n contrast, DOM solubility and its <col
di val ent and polGuvgagleennbte rsgeeir( s8&& @ateicam s 31. 9839 3.) He
soi l CEC and base saturation can significant

3. 5.DOM patteragprsi wwnmldteuwr al practices

Soi l management pr aicn d¢ rceraospav err e diurctt ri amchu ¢ eNd
DOM | oss kaywrdueathi agn sdaomti€iilcoasrnsgthséomdm Ay st e m.
higBOQGoncenwakdfdroanthaegr oec d hyasetseamr ed prairie
(Brye etFarl .ex20@PidBét envtat i onnpltadt ngesill age
in agroecosystems

Tillage is a signiafnideamptr epanetisoedpsi ocrtr
Neverthblsahgoswedt varyi niCr osmnfcfeemdatrsht @@MDOO.mposit
For exam®Menposshowed morepdepeampheasdconventi
tillage (CT) thafToaoascoefBbeahveflipah)ykefageto



plwong in a deep soil depth (e.g., up to 20

(Francis &.Knight, 1993)
I n condamrsaertvatae on tillage I s a part of
Conservation tillage comprises preserving ciI

mechanical ldnsclt wdidbalna@gee ( NT) a(hnBlu sreardiucestd ali.l,

GenerNall liys) rpjr o mipsriarcg i ce for soil resiliency
systtennasn( MeThr a et al ., 2018)
Furt hecrrnooprse ,or | and use maRBr edismusafdtewcdi a4

thoroughly study the effects .ofOner sspg udry Ifanuc
DOC concentration varied among (INerfd W&s eHdsoopss
2002)Furt Eembmochey eathoaled, nd20@Ai form pattern
concentration.

Nevertheal pissg eff dredctitilsa O @onm o n ¢ evre trfrecaut N do n
D@concentration was weakly related to orgat
fert{(Zsakenay & GoNevert hdlodsty, DOC concentr
horizon -tfterom fl emtlyH li ima & teido ssf aiiaim say sNoernway spr u
(Fr°berg et Fatt her2@dr3e,i ncreakaed ®OCi tciomrcent
DOM composition was wunaff edtZehda nlgy ettHeasc.a d diOt:
prevsbudies focused onwiddhodftefricenngtFoga&ihler g 5 € ¢
fertiéf ze®iOMNnNo mpo aairmtedtonf ul | Y numderbdteosdi | s

3b. Aggregat edoagamndicaen@lAA@M) pool

The aggregate associ(mA@Morortghaen i dcasitaati pneso |
particul ate or ganiadOMfataoetaicotnP @&l) SOMd dhe act
f ractei.wgntseorl upclaen G ncr ease s diult as t@meuucltnuerrea bsltea
tohangasesysitsamh aasc huasteflay neskFur 2 b @® B Mroene s
from partly degraded ofvamdlegtompwasredd aigth bept 20
occluded i n soilfrdedePddmharties t(eonPsOCaVn), o0lr9 9 2)

AAOMor mation am@Ggnabmmposetdi oy .WhefnPFCPMOM st
wasut siod@égr e(gitxe set ,fPIOManeb@OMNed a soinld aggr
become ast aolPIOaM ofrr adec @y based oncotnlde Eeonk mi
exampl et i's not occluded inside soil aggreg
(Bol et al ., 2008A0Muaiclheecuétated. fram09% he t

MT



subtract eddefnrtobfpAOMOMo b &l i ceanot |y rel ated to th

(e. g., b escooinhe awgigtrheignat e, occludeld, Faur tdseg omoir
i¢damel p tSOOMt arthylsat ed t ou msdceull ta,grcartracdat ki ng t i |
Ti |l hagatiimpaldw i | sSEira®rirle physical proper:

density referred to the dr yweroa | nevgdtgihveltyp a:
til(@@gekson et al ., 2008; Kah!| .ofmorete xaaomp]l e2 01
aggr egadribomscul ar mywerehdeat eas e tknabbgi ssrCT 2p0r0Oa5
Recently, the SOC concentration of the AAOM
affected( baykab ldtagkhhat Qt02®BYy raises a furthe

effects on SOM compositions.

Soil surface — — Cropland Grassland

Monoculture Monoculture
crop (Maize) crop (Wheat)

A plant root AN

Plant and animal residues
inputs ‘

Tractor with tiller

Water

Microorganisms (e.g.,
bacteria)

Soil fauna (e.g.,
earthworms)

Increase in tillage and cultivation
intensity decrease in soil structure
and SOM stability

) Loss of SOC Low AAOM Low MPAOM

FiguS®i2. microbiome conditions in cropland

was created with BioRender. com. S OM: Soi |l C
AAOM: Aggregate associated organic matter;

matter.

Furthermore, soil nutrient management was applied in arable lands to increase crop
yield. Such fertilizer additiomight increase SOC concentrationaan be accompanied by
changing SOM composition, which hasot yet been fully understood. Theoretical
decomposition processes can be changed based omismbiomeconditions, and such a
change in soil microbiome conditiqe.g., microbial enzymesnd metabolic activitiesyas
suggested to be an effective predictor for soil aggregate stability in agriculturgl 368su m e t

My



al . , . FatBetmbie, the seasonal effemtithe AAOM pool concentration and composition

are not fully understood.

35 Minerpahhas®soci ated ¢dMPAOMPpomatter

Thrai nephadasses oci ated orgampoaflt miah ¢ esd ¢grivHpadl)d
to ol der decayeldi idet n iovta 3 maetde shioyaderso nfat i ¢ an
mi crobi al phodicetl SsNpHoamni uimdec ompdasndd and ani
resi(duhersi st ensen, 1992)

Whefni ne soil minerals can provitdee bhbi |l di g
ofOMwasot t haemoswagmemo mer aFot ypgampl eni ner al s ca
di f fRSfeKai ser & Gug.géeénbangbteh  2DMi3dewie meos &1 ‘0 $
crystalline $tsaudtawree cahfafregeet, F oQgE Ce x aammpdl eS S As me
mi neral had a higher CEC than kaolinite clay

Ot heodllay f,ractodpbgdroxides f(acgS@Mgoet hi
st abbiyliigemahange3.(3sFkec.t)he®Mocan strongly bind
by forming strong surface compBegaaseeepetha
cansédeured against chemical( Krad ssgeean t&s Gaimgd emibce
20QTh)e variety and complrecit ugeotf hitthe, ciheaenl «ail
oxygen, a,gd viey &6 dxfgghhct i onagloegthedes, i ncr ease
t hgeo e tchaiptaeci ty to adsorb molecules from a soi

ASOM c aand Pcetr tmie d esrua Ifaanadd € mi crad tl,@dMc e d bael s o
physioccadlldayhmr ot ct Bdn soFbr agg@Mngdaasier dee (e. g.
f POMr pr od.ep.PONA)g@i nst d e(csoenspthis@midtohni n a so
aggr eHgeanttebMPAOMNMO O | can provide the bases for
st orTahgpa MPAQ@NYyaxlakhe cal cul ated from aggregat e
from-aigmgtrregate particul at BOMd @samishMrbwti tt drri n (|

aggrégpaxeet. al ., 2000)
As the MPAOM pool i s characterized by ar
l ight fraction is aliphatic and mo(fer vpull aared a

versus grassl|l aefl) e®diOdl Ttempioki zaoinomwi ahien t he
not fully ®&ed(elnasktaghp deftowanmd ,t R&HL223t)he SOC conce
phassesoci ated car wame@BMPAOE@) yp @dTifid d taggk By Stt i
al so affected SOM compositi-h)oMagd¢eudi , etl apha

M ¢



Nevert®8®Messmpos hMRAOM imaclt udi ed a@amldy f our
affected by swsd, twhpiecsh rneofterlraendd t o a change

syst(efesasmi n eRuratther o200r2¢00t ati on practice wa

SOGtock, with d&drercwbmmhdde!l bnet al ., 2023)
Regarding fertil it bsel gaof drhd,cyt ooomre (REikaldwi tbhyi n
2022)i nvestigated fertilization effects on SOC
washm@manure addition did not i nciCe pgt liitlthhe, c o1
St udi eddi fefceorseynstt em t hameaecmedr di nsgopidci enti fic
st udMPrPA@MT e na ri dda iel i n Centr al Europe is esse
Fi nalelsstssdialn orgé&aniS®OGCL erxbhamcted from <63
poOki mmer mann.Tehte alS.OC 2060 7)el ated to soil C
decommosecedsi stantand decoimpesct ity omel ated to
(Col emamneX®mapll@eMowhar coal . rFsSuhCaheamobue nover

of 100 to 1000 vyears. Hence, studying the r

agroecosyssemb lmabnagement practices require



4 . Materials and Met hods
4 .. 9tudy sites

Thencentration and composition of soi l 1
cropland and grassland sites i n MaFit@¥hwe&s S 8r
Ther opwamadrt otferaml|lexxmger i ment establisthed in
study the role of diafdfderteinotn sf earmtdisloiozangrasu @a ri di &
contr ol pl ot s uUrmderdedii fgfne rcdomts i sspt lasigtboef p keap tti wog
torops (maize, Whhedtu,di amgadrtahpes)f lowintrele t K)e mai n
and the stbprotf e¢49Ilvwezraet i romindowplBye hdseinyne dkt
200DHh@Gr assl|l anad gsmaseuwals si te used breefsordee natsi apl
arbat ween 1910 and 196dr.asAd twirt ML 9r6® , b & 9 h dvearst

grasses dbmemetwer etno el evation dBdded emmes

the world ref dMWRBge, &2 d(eWRBI)cse @hreorunpo z e m.

\ o
2
Legend N <=

Crops

2 Wheat - N Google Earth
3: Diculture - : o N \““-
Treatments ' £

No fertilization

NPK

NPK+manure

Grassland &

40m

Fi gBrTene study sitedspédroicradnitohd ratdhaeshitRyeega r, vy
(Googl e ,bmmargtelr yPrdaat ¢1t 18hdbWwed0B7 randomly des
cropland assigned different colors and numbe

Thet udy sites' soi l paeavee tee rsBadmalmeda(ipdo ro s i
Forhe ©presentat wotnrke a wamearptpi) liieadd ipn od fso palsa wd
Unfer (ciolnitded 1k0 "yR)ni t r @&egn'lyd) forhosphorus, an
(kg "flyd)ofpot asasrnMPiK atsh ei nfwirtnhe rma fabpepelaimodint o f

HM



manur 80waéeah&ctober IFurdaceh 4tnH oyreameart i on abou
and physical pr olpachStle, e S uw P $Tehpee oavpigpd & Je.d( f er t i
in cropl anddGwast s heWwWhadlTd e 2DR2&Lrnage rainfall

val ues mmarned 51309. 6e A&t dvedkn 196 8ayandelO0aB., 2
Tabl®oill. parameters in the study sites.
Soil layer (cm) CaCQ (%, m/m) pHw Clay (%, Silt (%, Sand (%,
VIV) VIV) VIV)
0-30 1.06 7.50 31.30 51.80 16.90
30-40 3.59 7.50 29.90 53.20 16.90
40-60 29.20 7.72 27.60 46.60 25.80
60-80 29.90 7.69 24.70 43.00 32.30
<80 27.80 7.81 16.60 31.60 51.70

Tabl.8uMm@mary for soili npMays i2tOy20lpsfaople rtahtee sasmsd a | |
eadmnd( wwrsepl and and gMasSEana@EB)r(alverafger.red t o
Measur ement waas pdroenve ouiss aeeltbhno d2 01 4)

Topsoil Layer Control NPK+Manure NPK Grassland
Total porosity (v/v %) 48.70 + 2.08 47.05+257 49.04+1.63 55.57+0.70
Gravitational pores (v/v %) 15.62 + 3.42 9.77£2.11 12.52+0.70 15.80+0.87
Bulk density (g/cr) 1.45 +0.06 1.43+£0.03 1.43+0.02 1.15+0.02
Adsorptional and capillary | 33.07 + 1.44 37.29 £1.07 36.52+1.89 39.77+1.53
pores (v/v %)

Soil specific weight (g/cr) | 3.00 + 0.23 3.06 £0.22 293+0.14 2.07x0.04

t



Tab3®he

col
t he

ma n me wrats

B

ected. A: no fertilizati on, B: NPK+ ftaen ugiev e riC: a midPKn t
t r eatf gint e rwals foenrl tyi | i zaenruwaea mp | iOd @& o ibemaocuhn n4(tohR Oyrde6a ra n d
30t h"'eBh"a torneat ment .
L Wheat Maize-wheat Soil sampling
Application ~ Treatment .., (monoculture) (monoculture)  (diculture) date
date N P.Os KO N POs KO N PO
A - - - - - - - - -
10/11/2017 B 100 45 50 50 45 50 50 45 50
C 112 45 70 56 45 70 56 45 70
A - - - - - - - - - 3/29/2018
4/3/2018 B - - - 50 - - 50 - - 5/23/2018
C - - - 56 - - 56 - - 6/26/2018
A - - - - - - - - - 8/22/2018
9/25/2018 B - - - 50 45 45 - - -
C - - - 55 45 45 - - - 10/11/2018
A - - - - - - - - -
11/30/2018 B 100 45 50 - - - 100 45 50
C 112 45 70 - - - 112 45 70
A - - - - - - - - -
3/28/2019 B 25 - - 25 - - 25 - - 4/23/2019
C 25 - - 25 - - 25 - - 6/4/2019
A - - - - - - - - - 7/8/2019
10/11/2019 B 100 45 50 50 45 50 100 45 50 9/9/2019
C 112 45 50 56 45 50 112 45 50 10/14/2019
A - - - - - - - - -
3/10/2020 B - - - 50 - - - - - 4/27/2020
C - - - 56 - - - - - 71712020

amount

(kgeha)lichbe

t nmaatnedf itnh et hsea ntprloi pnl ga ndda tsei st eo, n

the r

2020) .

g

NWPiKt: h iNn t tr h

.



Thewaso conservatiiom thél apedperaec&peei men
sincet iéBBeemnt i pmluowisntgat i ofwalathi 1 1 bggR Gept h

cmfFor winter wheat, the plowing was in Septe
harvesting was in the summer of the ftdlel owi n
sowing practice was in ApriAlfteandamarse st iwhi

mai ze st al kss opellhbatisn.ed on t he

4. 2. Soil sampling date and preparation

Soi l samples were collected from four b
(Section 4.1) waBhenepdr ed e mptl owsr kontaining ma
crops JFi ¢Swrid scaoripll tecso midedr ebm dept h at the m
sampling ®atewer( Ttatbl ®e years. After coll ecti
pl asti cdrbiaegds ,diariect |l y afterecved|l ApRammabn t h
materials and delnies swerle removed

43 DOMmeasurement s

Fertilizer additions probably I imit the o
cup, section 3.5.1.6) to collect soHensel uti
extraction methods coul dAkeracmboae fheatskodd!| wa
on previodsenedr Bs Wi |l ett, 20Dbe Bhtepdher dumm
incldudgesof soil sudgipetidlelded nwattermL T®©He.ssol ut
After that, the suspensions were centrifuged
O. 4> gl ass fiber. After that, filtrates were

Fowsmi | sampl es rwemr ee acd| |bd eotcekd osra nppbleetls. we i
per Crop amhree more eeplicatesn per soil sample were donef@ M

measur.dment ©t al sample size .for all dat es we

44Fr actionation procedure for AAOM and MPAOM

Bul k soil samples were fractpoo@rsleyd dmi lir
sampl eASugustfhoz2r0 1s82 2@ B /aa@l &)p r(iolr 2sPp3rbiOndg/,2019)
wer e fract iMPRADMe & nidn tASNTOhNVe psoooill fracti onati on

orf Zi mmer mannaetd apdatore®0iBB)uy .400aiml , o208d8rt il

HN



was mi xedr aanfs beu3 X s oi lu.l tAfatseorn imalsaatey,@é ttahte o n

mi xture f o222 1%.Trhle oo n t bvea smisxtatkieena gl meswsr sd i c k
i nt lsel o). After |l itodgr dixstill ed waterThwast pour
siewmenhtvad ;md o separate téne stooi Igap onr ttihen MP<AB3M
the AAOMegmart (>63

After that, the sepat &ftereiddgvitPA OMweklE wWhas
AAOM pool with tPHodM ewadAL 6Mwter RMYN tp.b 0 Hwa o
filwesned a waw utuhnep. gitba stso fsiebpddaOMt @ oot hé r om
MPAOM pidel gl assterbewmas smoothlyial gaasd wiat k
t o cohMAePcQM pPpodalhfei | t er &bt eEacéhat, the coll e
the oven oAer nOngchet d(r6i5ed, f he(epgsopwd e rweads) tgor o<ubn
and saved in plastic bagsisntirlocedeaer ensvasum
sampling dates.

Further mor e, the em)gwagatse pfaradctidord r ©m6 P
AAOM poodemnusiitnyy s edpiasrtaitli(bend wiyatidak ab etFoal ., 2
exampglte,r atrhpav etghAAOM pool wi aSh®P®OM crashed s
wei gihretdo t hreeaptiadisti fladkwater watshrpeoeur ed
ti mes the sogrdapmesi gfhlta s(ke.ngi.x,ed8 wi th 24 ml o f
they were shakenacwintthr iHaumgde dmd p@dbt mimut es (-

After that, the centQ.i4nu gy d stfsé dlE dbvearaRB OM o
the filter whiubkbe fWwhadckh Qdap o ml t hABAaCcVMh aonfd P OM

pool s watshobsdenedvienni ght. After t hapy aweili € dmrai
di r eAcfttleyyr t hat, the AAOM pool crasmedd wasun
saveapliamti c bag until Theesewesdl®mEmMd otra [Auagmnalt:
dat a.

Si mifloarmer f rsatcet pi soan\estai lebeianr Apr i |, e x0eh@Pt dtat e
sepatrrdAaA©OM pool fso aimu o?dO M, ea t ( Mlagln)s6i ty ewuasse d
(Sohi et.Afatltenrat 20 Q@ h)e soi | was vBasthiende swittoh rdeit
i odi dend onlewa AgaNs ealn i nditclaatort he ®mislurtad n

The present work used a dijtfd elr.&tog toclamt dheh o
more POMhEAODMN pool . Nbeovidenr st t hi el | leeestlshNeaayti eerl ded a
negl iagnolulrsee pafr at FewWdr tPHOBM. mor e, according to the

di fferences between these two met hods were n



The total dbampl sdmprée nyas 240 (n=240, or

datTeh)ee cropland site had a total sampl e size
diculture), within each crop, n=12 for each
within each treatment, nVPAOMr besicthe sibakk p9o
grassland site had a sample size of n=12 (n:
bul kf ®raich soi |l .sampling date

Aggregate stability was al sd Keempseur e&d Kwsil

196B690r exampl e, dur i meA OMo iplo ofl r avd tt iho PPaOeEM owna, s
gl ass contai net hceoanntda i tnheer wweaiksg fltanbgefheédi nAfT t evi

soiilf the oven, twietlconodiali nwas smeves ghed and s
container weight. The results were theresoil
POM weight, the aggregate stability ratio wa

wei ght of ftohe the@i IfprawscaeddBadm agtriaood )t | dhdy i Myl ue
10Burt hewmenogsamplte si ze for aggregate stabil.

and grassland (n=4) per each sampling date.

45 Anal yti cafloomest hCodsool s and bul k soil
45 . DOCconcentration

TOC/ TN analyzer (Shimadzu, Kwe®©G, odapaeg)

and TDANt a&cloncentrati ons.

452Fl uorescewdes amalywvi s of DOM

FIl uorescence spectra welrOe0 nsepaescutrreod | weir o
(Shi madzu, KTyhoet of, | uJgaripeasmcdenmecneo n can whee ne xap | a i
mol ecsl exdueedo energy absor;ptiitohrpetiwrsmmsohi gt
ground state. During that, eHenggcovarmr erbee | ®
fluorescence corresponds to wavelengths of
describe a mdqlFedudlmam <sttr mdt.yr € 010)

Wh eaDOM powr soiftsit su sodmod se ¢cwH iecsihd i c@thhesni c al
compl exictoynpr emé ms imae¢ i on r angehexantedteismns en f
mat (EEEM est iDfdM ecomposi ti on.



I n prhees ent heeeonfRk pac K Maes simoRae, u0dPYyne
the fluor speeaern ae stedd Meys Dddavisaatmegp o aisti ingn t he f ol |
me as urppareaamedkRege( KGO0 ,nm)an@26 &M ,nm)nd resol ut
(5nmMhe eemR st atdesctomrpd®® mplpax a@M f | luor escert
EENMNNto a quantitativéd@heaegedicti wavelwanegtl s g
further to defioaoaechadactesDh®M epompEesistiaaanp| e,
vast amounts of information contained withir
fluorescence intensity in different EEM regi

Metrics of specific wavmd &@mign dqifsuli nf . I[ElEE0Mr €
For exanvpelné or mat i dm oex tEEdMedteend( iCfoibd ce., THOLH
fluoreempotoeantcsobl| eavsd peneekgariendi edd)ifohreb | e
fluor @egsoepread i es bmdé OMg Itking ptl stbe cobl e peaks
T/ A. Pealk tAtedst-riilae $wbyvti @ances; peak-C ref
|l i ke substanmaes cadred pgrnedh bBi a i Cptbgreg e &i9M 6)

Tab4d@obl edbs peaks range in EEM and ChkRlieds nd
peak heights were correct ed *Refetrdd tothaneseneex t r ac t
of Tyrosine andryptophan's (amino acid or protaderivatives) contribution t8§OM. These

calculated ratio indices were recently used in a similar study(dakab et al., 2022ased on

(Baker et al., 2008)

Cobled peak Ex (nm) Em (nm) Indices orindicators for
height
High A 260 380460 Increasing of bmusderivedorganic matter
High B 275 310 Indicatingar ecent mi croorgani sm
High C 350 420480 Increasing of hmusderivedorganic matter
High M 312 380420 Indicatingmarine humidike indices
HighT 275 340 Indicatingar ecent mi croorgani sm
High T/A Calculated ratio A low complex molecular structure
High A/C Calculated ratio An increase itomplex molecular structure
High Calculated ratio Indicatinga total highly complex molecular structure
(A+C)/(B+T)

Furthehemoretensity of fluorescence rati o
estimation of humified( Binddwelklk od&HF darh gesXoaun l@ek,
These ratios were used to estimate humificat
fluorescence r at(iMasasti cao.tftiex,e d2 0Oelx9%)i t at i on

Three types oFiratjoshwebeolbegdcal i ndex
of fluorophore pegpHuigdueest an dSadtmemd?l 0adi)edscenc e



(FI') can help determine the degreke. f MDOMet i

to terrestrial and soil sources,( MbKhieghtl, 9E
W. Boyer, .etThalrd, 20@21)humi fi catmodre ewelidgglxt ( HI
HA and hi glond &miod tniacy .et al ., 1999)

BI X i ndax cwdyatde &li o megnd eenmietttyed at 380 nn
nm at eax cfiitxaetd o/ nE go.f 13)1n0d Ebne wlks c al fclud an esic éd m ©
at emission 450 and 500 nm2atl Xa wfaisx ecda | eexud iatt
fixed excitati dreatoifo 206f4 snumm ftrhoem f | uor escence
and 435 and.480 nm (Eq. 3)

") 6—— O1p
&) —— ol
‘006 = i oo

B f

Furthempmaerndé, cs UV abswasblasnac ¢ o eé@ddVYA)mat e D
chemical properties (e. @®shs atrtbemaldVv ca Icsaa rbloann o
nor malized for DOC comegatuaesi damdi Ehéeeatiend

aromaf{ Wei shaar .dtwaasl .e,.st20@3 )¥vd Susipregt aopiWot c
(Shimadzu UV2600i) and a TFWOCIUVN)N. analyzer (Sh

453.Measurements in CHNS el emental analyzer a

Afted kbsoi Iframdried mitAeeAdOMt cand MPAOM pool s
homogeni zed usi ng a gpesutnldes(da & d ¥)ped syaedrhes ed rm oer dt
usiangv em d@0ACfHotrhrdeaggs t o determine SOC concer
the bul k and fasladteido masteechi gdhitl satw (40 AC) pr
for thhhealBTUulrRment s.

Fourier transform infrared (FTIR) spectro
the following SOM compositions: Phenolic |ig
aliphatic C, aromatic Cand@/ @roambtocfoy f{ano
rati o) . F bEelt enrea mioare,vari o MACRO cube CHNS el
Ltd., Germany) wa€ ansBcdodnNcteon tnreaatsiuornes t ot al

The FTIR measurement was -rteadk esnp ebcyt rBornuekteerr
dr i ft afAt aleehmemit]. sampl es werémdeaechl samplpe,

subsamples for better r ephsecsvdmte@atsiuy ietdy wwe the |1

HY



conditions: Sampl e sca&n Rainged 06044,0 6é srodidntf ir @an
spectra weoer basetli aed averaged.

The baseline correction was done wusing r
sof twaz &b - et Bach R&L2O)i ne | ocation refers

of a chdsfemsmamget Bal ow 2820) peak, thae area
rel evant absorbance. The relative band ar ec
(Demyan et al ., 2012)

Organic bands were identified using the p

for mal organic bandl iimikdtuide 8¢ @l zeadoe | INio Wil g :7
1510, ¢m4ab53560Y) cradri ph-Htbieamdgghgnol i cLehingannimn &

Sol omon,, arOolnda)t+il &8 Ch (MeBBYYan et ahd, pabDg8&acch
(1176548Y)Y(cBEgli et dlhe, OPWISO)8.1 software (Bru

estimate the relevance absorbance for OM conm

2" 1 pTITT ot

Functional gwiobpPpdM @acempaes iatie@dns were estim
C/ O functiadmwgroum@si 6 referred rtemacanamthyr e
aromaticity (high aromaticity (Nefuer reed atlo , a
Yeasmin etEa@l .2 20@03) .

#I/ o

! O [ AOFAEOU (0 X0

46.Sowdt eornt @inte mper at preci pndati on Monitoring

Soi l water content i(7SWGQO) swadli uvodbespeiphyse al a |
resolutremcetwed® s ngAyi rd atteaemper ature and precipit

from a nearby meMeaotohoGbhé&alf ost awiog weat her

usePkdeci pi t ataiorn,t eanvpeerraagteu r e , and SWC. Numer i
wer e made. For example, the sum of the preci
sampling date was calcul at ed, aardodgiecSWQC aan & a

air temmdraat ur e

H
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Statistical anal ysi s

Al |l data were presented as the mean N st
rmal di s-wvay bANOYA, fomldl oocw eTdu kbeyy at epsots,t was u
nwWhitney U -®&Wadl Ksus&ats were wused i f the
stribution. Both parametric and nonpar ame
ftware (version 28,U3BM Corp., Ar monk, NY
Most of the variables in SOM pools besid
andar d, which was -W ¢ &t eedestisi nHentclee Shpapr
efficient was used to investigatpeioorpal a
mponent awadsdogrsdusot(edAnte uncorrel ated new
mension and summarize SOM variations with

tected as oul aonfd ar ammnwed odsi3ag o he Z scor

00— OBx

de
Fu
di
Me
an
t h
t h

on
W a
us

S i

fo
t h
p o
s |
so

co

Xi refersof mabbenedbsbwaes it;he Umehaen sathadndar
viation. That statistical a( pJparkoaabc he twaa!l .d, o
rthermore, the Z scomfaew&E€MmMedetdotoepgdacéotm
mensions u¢$iCagtektleelpb6bi.sHBBer &ahiet et antl. K
y-@rkin (KMO) tests eXLrAI wad tplewifriogt Aceodrarl @ Ida
al yviasi amadf oottahe oBDrive pp@Ma medreea snot 1 ncl u
e (PECAg., the HI X negativelybeocanuskatbdeywilbd
e KMO value (4G PCOAL Kdtisedyucd®74)

The principal component (PC) scores were
l'y values >0.65 were further DOMWEApPpresedts
s correlated with environmental properties
ing Spearmandés <correlation coefficient. F
gni ficant correl ati ornr eloeetfifjd i Wanlfye Wi t h a

A permutational mu | t i REaR M AN @V Aanrdaelr yssoins, a2f0
Il l owed by multilevel p(aMarwiisreewas mptad fstbyn u
e interaction effects between sampling dat

ol variables. Spearman's correlation coeff
ows)pa@anld bul k psaoria menmPeCelis eD @M r me d fwintcht itolme fro
lpihdarseel at ep o oSPCGaM k a@vgeegdapnp s/ & rhd 0ggpl ot 26 wer
rrel ati on iam dR vy wséutastia ogeR t4C.0o3n.el Team,. Vi enna,

on



5. Resul ts
5.1. Seasonal concentDOainder acdopglbampdsi ti on

Within croplanadgc,ontcleet hfag) et Kwa®@G ur-e tr ea

pl otunsdoeirl whwehaitl ep ltahnet | o wentt rwali bd awmaler mai z
(234. 3MMy3 .06 99 .md/1KBgr%ss pecti vel gon€Eegur at i4d
foll owed thedO€meopattre gmtTeersdyer al | treatm

(i .oet. ,0m e a chéeosddan pgloimnf POMr a med ree ssD @@ isendd TDN
concenstweatei osni gni fi cant-mgnthriregaeed updet 8&KI

treptettbeill owest was Aundehre csoanner otli npel,ott.he
significantly higherptioentl tshod hd&PridtHmamintuaredt & 8 K
pl-®#6,j | swhi ch di d r owoatc h d i@dtrfhee\Wad Il i s test , sec
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The C/ N, referring to DOC/ TDN, varied fro

value (2.95N3) after NPK fertilization, indi
Hence, the C/ N ratio value watsi &in gh.e3) .i nFagnmr at
the | owest C/ N ratio valreetvwas pilmtcrsoplland nt
the highest was under grassland in April 201
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FigumMée5 C/ WNaraesoin grasslandi &heérenoplkaogs:
uses (A) andctrrosast mmddt IssPakmB)lniintgr odgaetne,s .phospho

SUVAyalue had a high vasamapl om§ii qm@meaop( a
Neverthel ess, 2stmbamhiugeh evabsNiSnU8Mar ch 2018 ( Mai :
pl ot), whimkeamtlhuee Iwoawse s(t1. 82 NO. 42) in October
soi |, Fwhedatey S&das unaffected by tr eatdeednt s

t ep=t0). RKBGY sWad Il i s t e sstu,p pd eegrteinamarS2,
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Fi g®6rTehe specific aspwalrbasncien (lU¥As|I and and
di fferent crops or | aamdr awwss sa l(lA)NsPmpll nitintgr adgade
phosphorus, potassium.

SUVA254 (I mg-C-1 m-1)

Furthermore, in cropland DOM composition
var i adaoadmadl4ghi)glgrre The | owest BI X values we|

the highest values during the growing seas

treatments, the | owest BI X value was found i
hi ghest wamsmanorehpl PK+( October 2018, Mai ze)
di ffer between the control plot anBl NXPKalmaea u

was significantigatl @edv pxxdiddi&BpdNaks i 6 t est , S e (
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| Land uses B Maize & Wheat B Diculture # Grass
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Sampling dates

Fi gudaTene bi ol ogi cal i ndex (Bl X) valduef fiem egqtt a
crops or | and useascr(oAs)s aanldl KNIPa€napt Imienngt cdyaftlBe)s .p h «

potassi um.

The HI X values were up to 0.9, except alll
i n Apr iFli g2®)e.9 SHor exampl e, the HI X index shc
( NRPtkKr eat ed pl ot, wheat), while the | owest wa:c
al so had the highest value in April 2019 an
S3). HI X was significantly different between

di fferent between NPK asd RPKitmdexnrdi tdreat es
among cropland KresMaanlé mntss t (e @s¢wp pdlBeoteinamrS2,

There were apparent fluctuations in Cobl
across sankplgis#dd)ti fes exampl e, the highest v
(2. 18Non 28pril 2019 (NPK+msmapptemeneatgd, swhi |

me avma |l ued .wea2sNO(. 12) in Sept embe®sRl0el'Bs §haeia d ,
an opposite tr &ndsbbaen dOhEl A6 C exdmpl ¢, t he hi.
Bmean wadu@8Nd. 4he control plot in October 2
t he Imensensat ueO wa3NiOn OMMprch 2018 (NPK+manure
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Mai ze) . Al I cobl e peaks differed among treal
coble B was not significantly KrhasWwgaaldi amoregt
sectiomsuPdl EeMent ary

TheOOM ari abheosmal ity in August 29t18dicedpa
There was a significant opaeramkedteweddnmnr rtemese |
sampling dates, except for t Be. FNheisrededi fdanec
included higher DOC ¢ onc emtdracsptiperses ieblid SAugust
concentratiotnser dAuwenrleee r mooenati city, A/ C, and

in AtughNsvemotphpelses e, results were found for Co

Tab3BOC concentration and DOM composition se

site in August 2018 compared to April 2019.
Dat e TDN (mg/ DOC (mcC/ N rat SUWA4 Bl X ind
AugL28.65N&195.7&47.16N1.2.28N0.0.49N0

N 159. 56N N N N
Apri34. 9N18.b*** 5.58N2. 3.54N0. 0.46NO.
Dat eHI X ind¢Fl indeCoble's Coble'sCoble's

AugL0.86RK0.(1.2RKR0.c0.3N0.00.24RN0. 1.57Ro0.
Aprio.93N0.(1.21RN0.0.16K0. 0.21RN0. 1.63NO0.

(A+C) /[ (
Dat eT/ A indeA/ C incindex Cobl e'"s Cobl e's
Augt0.15N0.(1.73N0.4.65N0. 1.16N0. 0.91NO0.
3 2.08NO0. ) ) )
Apri 0. 14NO0O. (b*** 6. 73N2. 1. 04N0. 0. 78NO0.
Di fferent | etters referred to the significan
The sign (***, * ok *) referred to vthkueest'
0.001, < 0.01, <wagbBenrasmeahni wetkh.sbDandar d
cropl and. Further I MfaorWimiat mn ey suead e @t ISi2ned

suppl ementary).
Further seasonplarameeame ssitinnadl|iDe@iMsmgnp | i ng

datbermplssanntd fertil bzgaitgmome (secti on
5. 2. Seasonal concentbOdMi nder agdase®maondi tion
I n gras$li ghDdQLTt tchoencentration k@si t2A8gddt

2018, while the | owest vaetptewh&i ARRODOR1G6.
concentrati onssi gmi fAlucgafnattd 2 Galllidf f etr relr s ampl i n

op



Apri I.TD2ND I\wGas signi ficantly different between
to other samplingthdhdat est witdhnexceptginord i can
Oct obeMa2WHi9t ney, Adgyamd.e d§e tOi. (OB ,S3) .

Il n grassl and, the C/ N ratio was signific
year's seasons (Figure 5). For example, the
detected at ot hefrWhs damplyi n A stgamiple@sd9Ega nsfeZ t i on
suppl ement ar me¢ avnal luee hvaggshefsotund i n Apndlt 219

| owmean vailmeldwlay 2020 (4.35N0.64). The C/ N
bet ween August 20@GpaandgApupghspobhet8sampling
were significant di fferences in théMaG/nN r at
Whitney, Adyamgd.e d§e tOi.s(0p,Sl3ement ary

The | oweasanaBuX (0.46N0.02) in Apmielan2019
value in OctobewawddUES g@0.e5BINO. WH)ue did sigr
bet ween Apri |l 2018w lainiXle VMalguhes g ROUeSe r sus ot he
sampling dates showed a similar ré¥ulttnewi th

Asymp. -t@iid.ed()2 <0. 05, section S3, suppl ement a
observed for the cropland pgoi §iMadMatt t ndye, di
Asympg:tR(id ed) >0.05, section S3, suppl ement :
The highesdteaxdHé Xect ed i n June 2018 and Arg
0. 91N0ed®ddect Frglhwki 1Se2 the | owest val ue was
(0.87+0.0) Aigni fi cantilnydeixoAeguHtbhADPO@ 18 2019 and Se
20wWwas fMamihi(t ney, Adgyamd.edSi ¢.0).(05, section S
Furthermore, timeaiisgaveesree Fdle tiencdteexd i n Jun
| owevats Siept e mb r18+@0B1 &nd 1.1+0.01 r especRiigyuNley S 3
significanthrFdi fifnedreexn cbhee tivneen Au,wsdt A2Qu&tarkd
was signi fticam2@QlgIndi §bpt ember OIS uaktla-nd ul y
Whitney, Adgyamg.edSi ¢o0.0.(05, section S3, suppler
The highest a3 W\Wwesne avnatl yweisred eXxpr(whi RP819 he
| owest was i(3n1110.¢3tandd.22+0.120rleBs p e ¢-ti lglulwdeyabr o mat i ci
index was significantilrny Auigguhsetr 201 8AprwHhHi |2e0 1/
significamtlICQc thoibgdreerr@ OttliBadtseisgsni f i cant Bwul yower
2019 and 2M2 G neMan A styanpl.e dSi g=0.(025 , section
Cobl e peaks dandaodt tdiefifrerr abbetoween Auglesktc ewdr su



t hTel A r adiigniwfaisgarettggambApr(iMa-Whi t ney, Asymp. ¢
tailed) >0.05, section S3, supplementary).

5. 3. DOM property variations between grass|

Comparing grassland to cropland, DOC and
significantly higher in grassThiendSHMaAueisn c
ranged from <1 to 7.1, and it had a mini mu
variations in otheTbewkr ghdwalelBd)¥lla § Ffi gwmde i6r
in March 2018 (Maize, control plot) Fiwhirlee t
6).i 81 ar results for DOM c onopholsa &si omesa kesx chle,pt
and (A+C)/ (B+T) indices) were | ower in gras
i ndex axsweBEVAiIignificantly | owehilile Gobhbkel pa
wasi tat ghest value in grassland compé@raedth t o c
Whitney, Adyamgd.e d§e tOi.s(0p,Sldement ar y

|l hhe presented chaipn eDOMopwremad bl gome@édEer enc
| and uses (between Asiftue g )h eand nwiedshaixgpddaaicain Baod
variability, especial lumndecarer oasl bngasaesmpti ng
(section 5.5)

5.4. Correlatipasamet eseen DOM

DOMparameéeees significantly <correlated wi
correl atykoneéexpbkpe {or FQogBireebBopeakampl e, Cob
and C were significant=0y P& ad<®® o0s0ilt)i,v ell/yA d ardre
(A+C)/ (BHT)O. i9®pdx0e(001) , Cobl eps0 .pm&lI<hAe wi t h
0.001), Cobl ebébs M wj tOh 7dvGd ukod @& nt r &t Xonsande
Cobl ebs peak B and=-qQ.A8%Z). pBalkie O0dex respect.
cobl ebs apdaidsh B( A+C) / (B-OT B 8&j-06¢4ex a l(<ut. Q01
respectively, suppl ementary
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5.Bbhe effect of planandoviemagen tretDOMzpai &

Seasonally fluctuations a1t avreevednreessaonbpsl e rnvge
for some DOM properties, 58s.pe&li.a8%yofi nt lgeg ats

variance was explained in the first two prir
the humi-telmatedi @bbl e peaks was in the first
DOM wvariation. Il n contrast, DOM composition
contained in the second component (RAGA) anc
Cobl ebébs peaks were in one direction in PC1.
(Ta®l.e
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Tab8Tehe rotated priestwilg®sl i gbmpdnéht structur e

correlation patraenentelrise ©OOM pri nci pal compon
Vari abl es Principle
PC1 PC2
Di ssolved organi« 0. 738 -0. 247
Bi ol ogi cal index -0.1¢: 0.867

Fl uorescent inde: -0. 01 0.915
Coblgseak A height 0.87 0.087

CoblgeealheMght 0.98 0. 01¢

CoblgseakhelCght 0.92 0. 177

Extraction Met hod: Princiopal Component Anal

Nor mali*Ratiabnon converged in 3 iterations.
The results showed apparent interaction e
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Further mpae a mRiOtghrisn cr opl and showed a sea
bet ween speci f(iFc guamepbliOnNg xd mmp & &, October 20
and April 2019 in control plots with minor
NPK and NPK+manur éVNittrga atsesd R@Ido pawaone t emanged
seasonalplay ame@®@MAwsgust 2018 differed ffromoarm al l
partly owietrH afhppriinlg 2019. Simil aeffestOdM s wer
paramét g8fecurthehenoe ewete significant but w
each PC amnwdar waSp easrrm@n bés, -tmflb uel aft0igolBiBE,
suppl ement)ary, n=1404
Control ] GK I

Sampling dates
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Fi gaORrinci pl er ecscunipgdsn ¢ migdetaescd nal ity of treat me
usker t he mepaasruarneediTeré s MDOM vaxpbaacesdwenebr ac
cloud shapddaiehisghlsiomat ppatameit telrigh g DaODMs | an d
cropland treat ment . NPK: nitrogen, phosphoru

DOMpar ametwhrisch wer e noduecotnot ati hneeidr tidno wP CcAo
the analysis and sreecdduxdinh@dP GA gnalfiidcdmmpwkCorr
correl ation coefafcihcilbarnte i eabnesswgnhhficantly
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weakly wi t h weat her dat-mal(uSepeamrmandBel , corr
suppl emenlt4adrdy)y . The treatment and panonpmet ¢ et
al so had a similar patoemert & CA hgeutisemdEIS1f 0 u n ¢
For exampl e, there whaest vadddinn gonééecanaticomrahn
with no apparent eff octhsdffi gtimenhr&d0mpnandr b
HI X with A/ C iFndga eonr=1ddkI)e HhEe TONraptdabDOGnN
was si gnli é@W=08mg-v abladde QPilg 8).r e
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Total dissolved nitrogen (mg/kg) Total dissolved nitrogen (mg/kg)

Fi gafiTehreel ati onship bet weelDN) otahcdinthGeal ved b
ratio. rf etror étdhe corr el ati osn BI otepg €Bog widhh & |
correlation grouped with treatment. The si gl
correlation)Thee fsfiigair €trtld St)I{f er etfeesrt ' s -salgme f €« c a
0.001.
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use Pl otr détdd) trheef e¢eror r el at i en A rsoiunpielda rwiarhd err e\
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56 Aggregate stability across |l and uses

Il n August alodie8s,oitltheaggregate stability (9g)
around 80% in grasslBngujaenwd & 5% gmi fcircoapnlta nyd
grassl and t hWint hiinn ccrrooppll aamdd., fertilization
stabKlustWadll i,s STesctti on S6, A) . Aggregate st a
under the NPK+manure treated plot compared t
contr ol p.| oAg g(rpe>gla.t0e5 )st abi Idiitfyf edi dd moaotg il @am
cr opl(KarnudsWad Il i ss eTcetsito,n s éSclt,i oB; -\8BI6i,t nMaynnNU. t est
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Aggregate stabilitiyn dAipfrfidueZ) 1ac k (oflsisg AU @gun
grassland had an aggregate stability value o
and wheat compared to the dicultatabiclriopy i
grassland was higher than in cropland, whi |
within the -waypARNOWA,( Ohekey HSD test, Sect
suppl ementary)).

Comparing both sampltiabgl idayesn gggsegand

seasomiagiBye (The aggregate stability wvalue un
than in cropland (p<0.001). Furthermore, the
value than in August, but it was natr egiagrei f i
stability in each NPK and NPK+manure pl ot we
within cropland (section S8, supplementary).

57.Quantahndy c o mp swilgihdernel oaftoed or gani c matter

SOC and TN concentrations were higher in
fluctuati ons between plants and tr eRitgserne s w
4ani®) . I n both sampling dates, grassland sho
cropland.

57. SOC concentration andumlm@éM compositions in

The hvglakt SOC and tot al N concentration
respectively) in the sl ow Fiogsidaeh @&h.& aTt h e NPXKwer
meam!|l ues for SOC and total N were (1.99N0. 37
and control plot). I n contrast, the highest
and NPK plot) meamnal eetwas | ove8MN0. 09) in the
contr oHi gollpoet ) (
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Fi gus®Bhel tot al nitrogen concentration in cr (

treatments and plMNmMhK:s (rcirtorpssgen , GKp=h g mhscsr.u s ,



Treatments E4 Control F5 GK F4 NPK E3 NPK+manure Land uses ES Maize B3 Wheat BE Diculture BE Grass

4/23/2019 || 8/22/2018 |

20

e

T 16 I |

z .

o PYPR B
Wu - *— ‘, : oy

8_
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Soil pools

Figualeh@/ N ratigoassland and cropland sites u
uses (crops) across boPK:samplrioggndapéesspBKs

Wit hin alrowdedrad, v ealainpdbaamtd cnfi gh amwemaet i ¢
fouinm the <sloommpamedilhe Fagxuli padl). ( Amide N ai
polysacchéarmriddess misgbteitoveant som weCepbolghher Bomnh
pool t han 1 n bulKi gsuBialn dlayr6d Tshleo ws | poowo | p o(o | h a
polysaccharide value. Phenolic |lignin was no
in bulFkga®iel The | owefstf LNt Mmeahtdakd wwasupn t he
whil e the highesRKi guayse i O rttahedrisafrdoogmagpt a ocli t(y r at
found in the slow pool tFhagBlrenstupre|! émsnt gproy)
SOM variables signi fGpoaonisalywed«df@sedpamowigses
Table S2 (A), supplementary).

Il n grassl and, SOC concentration Had si mi
Nevertheless, the hNghkaetsuecwasenthraheosl ow p
was in the fast pool (0.34N0.04, 0.23NO0.06,
hi ghest C/N ratio was (18.86N4.88) in the f

sl ow pool (Figure 16).
Further more, a similar SOM composition pe:

but with d.iFfodkeammlite yvatl uesrel ative amount of

np



pool than in the fast pool, while a high arc

and S16, supplementary). The polysaccharides
soil and sl ow pool (Figure 18).

A | ower ami de N was i n bul k (Fogh7da h&n
suppl emPheanol)c | ignin values were not di ff

Furthermore, tokt ftowesiwa®ald ngeathiepsf ast pool ,

value was in the slow pool (Figure 20). Furt
in the fast pool than in the bulk soil and
significantly adrfiextleads t(hRERMANDCNAZO Sphel Ble s,
SOM variabl es among soi l pool s wer e not S
comparisons, Table S2 (B), section S9).

Treatments F3 Control F3 GK F9 NPK E3 NPK+manure Land uses ES Maize B3 Wheat BE Diculture BE Grass
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Figurté&hdel ati vefabmpGabmponesnQM unnder grassl a
cropland sites with different treatnmemhk:s and
nitrogen, phosphorus, potassium



Treatments F Control FH GK E4 NPK EJ NPK+manure Land uses B Maize B3 Wheat B Diculture BE Grass
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Figu8hd ratio of polysaccharides in SOM un

di fferent treatments and crops across both s

(>63 Om). NBK= gias®gen, phosphorus, potassiu

Treatments =3 Control 5 GK E3 NPK E3 NPK+manure Land uses EE Maize B3 Wheat ES Diculture BE Grass
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Figu9.d@dhda r apthieonodfi c | ignin in grassland and

treat ments and pl ants(crops) abPBEss nbbot bges
phosphorus, potassi um.



Treatments E3 Control 4 GK E3 NPK EJ NPK+manure Land uses B Maize B3 Wheat BE Diculture BE Grass

4/23/2019 || 8/22/2018 |
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Ratio of C/O functional groups
N

Bulk soil Fast pool Slow pool Bulk soil Fast pool  Slow pool
Soil pools

FigaoObehe ratio of C/ O functional groups in g
treat ment s and plants(crops) abPBEss nbbot bges

phosphorus, potassi um.

5711 Cor r el meati voenesp harsdeli #tOMdar i a B luensne r

The measur ed SOC mosthc &rOtMr addmmosarnd on pr
significantfigy@devwvimledemat €dO0 (05) . For exampl e,
corr ediathedSOC c grecle nfa7e*&#2,0pn HOC concentratio
related to aromaticityy) 0p dI2y-& g b aMide0i.d5e9s*,* ,a n c
respemt=ilel)y, whil e it was positthe erl gl aatsiswe i &
ol i phptDdDchL)t(her more, amide N was positivel
polysac¢hkaOwdi88y e( the C/ O ratio was negative
pol ysacgHar.i des (
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Figwtd8he correlation pl ot showing the rela
parameters for the AuUudestsigamgliicmgpceat even=1
Spear mands corrje)lTacei sngaoéffirci &nts*) referr
and correspomdlnong k®ko0Oe@Oh, p< OCON, (€/ 0. 08¢ i
amide _bond (amide N); and C_O (ratio of C/O

5712 Pl aahd fertil omatlpiltms ef $@M 1 saurmnaebr| e s

|l ncluding grassland and cropland data in
cocnentration and t he rcednmpawmesnda mau nth eo fo pagloisp |
with amide N (alrad llar otflae i xedgnd component (P

polysaccharides were in opposite directions
SOM6és chemical properties variation compared
Tab?.dhe principal component results highlig

correlation between the SOM vari abliensc | widti mig
grassl and andiriseuonpniean ¢ adngptl g @il &l)at e (

Variabl esPrinciple Col
PC1 PC2
Tot al N 0.433 -0.396

n o



Soil orge0.608 O0.026
C/' N ratic0. 465 0.398
Al i phatic0O. 686 0. 356
Aromatic -0.576 -0.500
Ami de N -0. 898 . 143
Phenolic 0.304 0.037
Polysacclkr-0. 481 0.738
C/ O ratic0.497 -0.747
Aromatici-0.729 -0.386

o

The grass was scattered along both SOC an

separated from the cropland in the first pri
significantly differ elMuratmoergmd rhee, ptloame tSSOM( IF i @
variables, inclaldowegt s hodwt gtownody psairtttdisea stv er | ¢

po.&IOM var i albdlelk esrioee it vekeen s | ow gmidgHlrQess s ep © 0 b 8
S9, supplementary).

1.0
Polysaccharides o SOII pOOIS
e Bulk Soil (grey color)
® Fast pool (green color
0.5] 0® e e Slow pool (white color
0% —~ #ibhatic
9 s UM, A = Treatments
~ amidae_bon: : ° A &
: ° R oheg@ic lignin®D o Control
N 0.0 Vol ‘fx:gi'g S0C% o GK
. o8 R el o NPK
8 6 gﬁ’ @ % of 0, A NPK+manure
e e " ) Land uses
' ® Maize
C_ 0 ratio o Wheat
Diculture
® Grass
-1.01
=W -0.5 0.0 0.5 1.0

PC1 (49%)
Fi gaxBs pl ot of t he fsihrosvti htgvad heeogmprcand euretss i n P C

grassland and cropland in August (n=120) . T
expl ained.NPK: bmadketgse n, phosphorus, and pot
shortcut (aebmated_abiphatic_C (aromaticity i
(amide N), SOC (soil organic carbon), N (tot

pn



1.01

L N Soil pools

Wheat / \ ® Bulk Soil (grey color)
/ \ ® Fast pool (green color)
0.5 \ ® Slow Pool (white color)

\\ Treatments

o) O Control
Grass n GK
| & NPK
' A NPK+manure

PC2 (27.7%)

Land uses

0/ Maize
/ Wheat

Diculture
7 ® Grass

0.04

Diculture
-0.5]

05 00 05 10
PC1 (49%)

Fi g@QxRCA results for t hei nrtelausduirnegd gSrCaMsisuiaarni da ba

August . It hagtdefugeoe sSsOMhe arTihaeb| G@C vari anc
explained in brackets. NPK: nitrogen, phosph
the effects of | and uses (crops) on the meas

Because grassland had distinct SOM prope
conducormrldy dplrand. Aliphatic SOM compfomemts w
aromatic SOM componentTabdmed 8ar &Prg2t, i d ihtey Ci/ rO R
N were in the opposite. dAotadt iodn (wi7t. b %) o loys
were described in PCl( EiognpraehNd4impmp aPrCG2nt ( 3e2f.f:
treat mentesn oSOM |lvametrisabhds wi t hkFing 8meomd 1as% 2l (

suppl ementary, section S9).

Tab8dhe principal component results highlig
correlation between the SOM variables within
f arhseu mmer sampdgagtl Bl)at e (

Variabl esPrinciple C

PC1 PC2
Tot al N 0.3 0.5
Soi l or ge 0.5 0.2
C/' N ratic 0.2 -0. 3
Al i phatic 0.5 0. 2



Aromati c -0. 6 0.6
Ami de N -0. 8 0.1
Phenloil gri 0. 4 0.1
Polysacct 0. 4 -0. 6
C/ O ratic 0. 4 0.6
Aromati ci -0.7 0.4

Il n contrast, the soil pools ruled SOM con
was in (Beg@Bpanhigher comeémobiuec i bngwowifn pratio
concentration, and C/ O functi onaploogr ocuopmpraartei
to fresh OM in the fast pool, Hingduir@at Ededeg

reswéméi gned with the observation of a highe
pool than imi gsifeenfhadt pool (

1.0{© Control
o NPK
© NPK+manure Slow pool
aromatic C_O ratio
05 aromaticity N% 0.4

o fS

80'5 ™ o¥oc%

o
n o o
(o] = Sl = | e
amide_bon Y r9 < ALQ:’ ?gnin
(e,

e
o 0 <>° aliphatic
o oc, ! N ratio @

PC2 (32.3%)
o
o

PC2 (32.3%)
o
o

0.5
Polysarcharldes -0.41
® Maize
® Wheat L Bulk soil
-1.0 Diculture Fast pool
-1.0 -0.5 0.0 0.5 1.0 04 00 04
PC1 (47.5%) PC1 (47.5%)

Figea® pl ot of the fi rstthet wooaaddad mpo nvean tuse ss h onw
si aempPICA results for t he( rmegahstu tskiuddadOtM, viatr i &ib g

the soil pool 6s effects. ohh&SOMOQ@ avamrbarscse wi W
in brackets. Thdi cateeds®od | clpowd 6s effects o
paramé&her $ol |l owing vari dlalresnashortatuphatefer
index), C_@m{@GeOboadi ¢ amide N), SOC (soil or

(C/' N ratio)).

Further more, the measured SOM variabl es
bet ween plants and ,truwesaitmge nR EBRMWAMNOVANn@idl t h@o
results about the significance of only soil
besides | aond SAIGM \ed nvieacltlsesnost |l y come from th



of SOM variables in cropivahdec®dmPdredabbdegiS2
S9, supplementary).

5722 SOC concentration @pdi &M composi ti on 1in

The hi ghest SOC andswteoteal (2NONR®ON2ZE ntamalt

respectively) in the sl ow Fpogeddaeh éa.1 zTeh ec rloopw e s
values for SOC and tot al N were (1.66N0. 04 ¢
and contr ol pl ot s, respectively) of <cropl anc
pool2. @YNX.d68 cul tur e, NPK+manure plot), whil

9. 48N1iB2the bul k s(iidisy(enai ze, NPK pl ot)
SOM compositions in <crroeplaand esalbhanwpdidat ti loef
components in bulk soil, followed  FbhylArlee f as

Il n conarami@cgommenenti washéowelr k soi |lFicpurpar e

S6). Amide N and polysaccharides ratios were
and buFikgsd&aenld XS Both phenolic | ignin and C/
t he f aBitgs9snRI) ( compared otod tame HDudw pPoil . T
val ue was higher in the fast pool compared t

significantly di fferREERMANOWE,@ah ues<di.l05 ,p o oplas
compari sons suppbleemedd a(r 4) ,.

Il n grassl and, the highest SOC cowbeéehtrat.
t he Imeweensit ue was (3. 44NF.iZadien Thiee hfi ghtespo
concentration in grassl andwhaalse (tOh e3 4IN®Ow & 3t)
(0.21N0. 04) FHingilbyhee Ffuarstth epromoolr ¢(, t he hi ghest
in the,afnads tt hpeoeollo weas uEl 2. 6 2 N1. 5 F) giup et he s ¢

Theel ati veabmp@atompwaenhi gher in bul k s
vari ati ons akirgigyse swhiill ep otonles ar omati c rati o
(Fi ggfe Amide N and polkysaoachaei derset vv@ mwewl hpitode
(Fi gsl8aen dyS whoppeosaint e finding was shown for
(Fi gsi9aendd . Furthermore, wabBehagomatioi thei hde:
sl ow pool RBRINg8bH&EH&Ks s o0oSOMSEVMagmiidblcant !l y differ
C pdPERMANOWRI ue<0.05) . Neverthel ess, SOM v«
approached the borderline to be significant/
poolvsal(we®. 0907 Nevertheless, the S$SOMt ovabeabt

po



significantly different from the fast pool

section S9, supplementary).

5721 Corr el ati on sp lbardew et@Mdswod riiidapr iersg

Most of the measured SOWpocndteminrsatwieare &
correFage@devml ue < O0.05, section S9, suppl ¢
concentration was negatively related .tbdB,ar ot
} 0. &a2)d=0. 6 @spectively). The ratios of amide
and omntgly correlated withOaB&€9LCr ® Btunonhi ooaf f
was strongly negatively)elgr.rel ated with poly
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Figws.d8he correlation pl ot showing the rela
parameters for the April sampling date (n=1:
Spearmands corre)Taei sngoaoéfFfFir¢ci &nt s *clanrcef err
and correspomdlog ko0Oe@Oh, p< OCON, (€/ 0. 08¢ I
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5722 Pl ants and f eotsiollpilmbas e oSHiOM fvBaprecii apbgl e s

|l ncluding grasslt@nal aiNd,a@rd®pplrhatndod d act a ,i gn
opposite directions with amiTOabINei 926y ey 5 acc he
SOM variables significantly dihndsa eIION euv avreiea
were contained in the first component (PC1)
aromatic C ratios were in opposite direction
properties of SOM compared to PC2 (16.7%).

Tab9dhe principal component results highlig
correlation between the SOM variables withi
grassl and andt lisepoplngn & adnptl a nfgordat e ( Apr i |l 2 (

Variabl esPrinciple C

PC1 PC2
Total N 0.644 -0.002
Soi l orge0.391 -0.313

C/'N ratic0.057 -0.471
Al iphatic0.297 -0.596
Aromatic -0.4320.612
Ami de N -1.098 -0. 051
Phenolic 0.884 0.093
Polysacctk-1.063 0. 257
C/ Datio 1.041 0.314
Aromatici-0.6450.225

Li ke August resul ts, the grass i s scatte
separated from the cropland (Figures 26 and
SOM vari abvliedse nwte rien 28pr iTlhe( Fiagur epo®| was sep
pool, and SOM variables in the bulk soil wer

and C/ O ratio were the main drivers between

pp
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in bracket s. The circled cloud indicated the
parameters.

Because grassland had di st FngarZ2Ka,pd op e
further PCA was donehef orotaanl yN carnodp | SaSOhGl cdoant cae.

ratweoe in opposite directions with alracmeaet i ci
10Fi ga8 e The artohneatriel aan davlei pahnacbunptosi@aefrte i n
opposite directions in PC2.

Tabl@The principal component results highlig
correlation between the SOM variables within
f arhsepri ng sampiiOil® )dat e (

Variabl esPrinciple C

PC1 PC2
Total N 0.790 -0.346
Soi l orge0. 753 -0.190

C/' N ratic-0.067 0.174
Al i phatic0.334 0.582
Aromatic -0.394 -0.599
Ami de N -1.032 -0. 063
Phenolic 0.851 0.146
Polysacclk-1. 038 0. 138
C/ O raticl1.046 -0.221
Aromatici-0. 622 -0. 295

No apparent effects from fertiliRkiagsuroen or
S2And2PS I n contrast, the soil pooFibgRéfect
The sl ow and fast poolSONMvevraer inahtholk eesyloasesttevperermm t e
the slow and tastalpodl §71. 7%) of data vari at
to PC2 (13.1%). Phenolic | ignin,altotoga | sINogw S
pool compared to fryeialdiOdvatiend tbhye afnaisdie pNo odn
(Fi g8y e



0 Control
1.0 0 NPK

© NPK+manure

° 0.4
0.5+ o allpf'gllc Fast pool =] o ‘\
|
o oé> IPN ®on .
_ oo oD = o Bulk soil
“’\j Polysaccharides )g %&[{(}m 9.‘ 50 phengle._lgnin 2\— %
b 8o AV e e} o
= 0.0 - @ T = 0.0
amide_bond
) : & soc% 13} )
- Pl & co a %
n© o %% z ratio (=] (<o)
arome;&y o 'w N% .O ’6)
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arormatic -04
\_ @ M |
Slow pool
® Maize
1.0 ©® Wheat
: Diculture
-1.0 0.5 0.0 05 1.0 -0.4 0.0 0.4
PC1 (71.7%) PC1 (71.7%)

FigaaBi pl ot of the first two components show
side PCA resulmeasfucrdt ISEOM ivgahrti ashildes)ghl i ght ec
pool 6somrefS @M twairtihaibnl ecsr o pTlhaen dS 3Go rv aArpirainic.es we |
in brdblketcsi.r cil mdi dcdhtoweudd oi | pool 6s effects o
paramé@bher $§o0ll owing variables shortcut referr
index), C_O (C/O ratio), amide_bond (amide N
(C/' N ratio)).

I n parallel with PCA results, the interac
did not significantly affect SOM variabl es.
plants in ,cropilrmrdPERMANOVANTf i rmed the PCA
significance of only soil pool as a predomir
it emphasized the distinct characteristic of
siteal ue<0. 0BC) Tabeéet SBny SS9, suppl ement ar

5723 The seasonal vmhdasad 90M odmpodiitdi ons

Il n cr dielreendviast an i ncreasing pattern in SC
summer s anmgplmprag etdi meo springhdesphecifalkltypiownlk
I n the sbhowl ppgltime did not affect SOCntot a
conthas€/ Ntrati o and total wBreostcgntfataohby
t hsampl i nFurd anteemotree $@CGt cpooéntrat iwerse and
affected by.lsamplaissd amidméNSOGnceéwtrati ons, a
unaffected by the sampling dames gCgocotodrs aarn dd i
bul k soil (Table 11).

py



TablETh8OC ontaemdt t ot al N and C/ N ratio in ea
August and April sampling dates in grassl an
organic carbon and tot al nitrogen percentage
Site |[DatgFract|Tot al SOC %) C: N rati

AuguUBul k |[0. 26RN0|4. 78N1|18. 12N2.

Apr i 0.27N0|4.36N1|{15. 65N3.
Grass/AugyFast |0.23N0|4.62N2/18.86N4.

Apr i 0.21N0|3.44N1|{15. 79N2.

AugulSl ow |[0.34N0|4.6N1.|13.27N2.

Apr i 0.34N0|4.41N0|12.62N1.

AuguUBul k |0. 21No0|2.55N0{12.11N1.

Apr i 0.22No0|2.37N0[{10.59N0.
Cropl|/AugyFast |0.19N0|2.31N0|11.99N1.

Apr i 0.18No0|2.03N0|11. 11N1.

AuguySl ow (0. 25N0|2. 65N0|(10. 23NO.

Apr i 0.26N0|2. 74N0[/10. 30N0O.
Di fferent | etters referred to the significan
The sign (***, * ok * referred to -vthkuéeest'
0.001, < 0.01, < wWoa.g0 %,e nr eas pnea@tni we It yh. sDaatnhad ar
grassland and (n=72) for cropland. Tot al N @
concentration, respectively. Further nf or ma

For SOM composition in <cropland, only
seasonally changed iThetbBamplowgpdoime( Taklteorl
compositions.inhnntlenfaast poal i phatic C, a mi
changed seasonally in bulk soi Il n grass
seasonal |l vy, especkFalrtwein morteh,e nsdsotw SH@M I ¢ o mp
changed seasonally.i Robukkasmpilk,and taet fpso
C, and aromaticity were not changed seasonal
and aromaticity were not changed seasonally
Tabl1250M compositions in each soil pool and |
dates in grassland and cropland sites.
Site |DatelFractAliphati{AromatilAmi de |Polysacc

AuguBul k 17.64N1.53. 45N30.17N05.56N0. 1

Apr i 21.6N1.89.27N00. 67N06. 51N0. 6
Grass|/AugufFast [17.88N1.52. 1N2.0.62N0B. 13N0. 2

Apr i 18. 45N1.52. 36N12.58N07. 46N0. 5

b**

P



AugulSl ow [15.84N0.55. 08N10. 83NO@¥. 78N0. 0O
Apr i 16. 08N1.54. 64N10.71N04.71N0. 0
AuguBul k 9. 68N1.58.63N10. 63N0j5. 63N0. 3
Apr i 10.56N1.557.92N11. 02N055. 77N0. 5
b *
Cropl |[AugufFast [10.35N1.58. 12N11.57N0B. 21N0. 5
Apr i 8. 92N2.461.55N35. 44N19.58N1.0
b*** b * %
AugulSlow 8.87N1.3%1.4N1.1.3N0.5.29N0. 2
Apr i 8. 47N1. 361. 94N11. 44N0B5. 46N0. 2
Site Dateffract/lPhenbi gi1C: O ratfAromaticity
AuguBul k 23.53N2.17. 03N0j1. 3NO0. 14
Apr i 21.98N1.14.55N11. 13N0. 03
Grass|AugufFast [23.23N2.15.57N01.28N0. 15
Apr i 19. 14N2.12.59N11. 4N0. 16
b**
AuguSl ow 23.46N1.19. 93N0o1. 4N0. 1
Apr i 23.85N1.20.28N0L. 37N0. 07
AuguBul k 25.59N1.16. 83N11. 67N0. 15
Apr i 24. 72N1.16.52N11. 65N0. 15
Cropl |[AugufFast 23.74N1.15. 22N11. 72NO0. 138 a
Apr i 14. 47N3.9.61N1.2.86N0. 9 PR
b***
AuguSl ow 23.12RN1.17.93N01.93N0. 19
Apr i 22.67N1.17. 36NO02N0. 22
Different | etters referred to the significan
The sign (***, * ok *) referred to vthkeueest
0.001, < 0.01, < woa.g0 ¥,e nr eas pnea@atni wd It yh. sDaatnad ar
grassl and and (n=72) for cropl and. Further
suppl ementary).
SOM variables were not significantly
effects wi t h pl antbsorandhet remowe tdladbbe t dSrads,

PERMANOVA,

pairwise

compari so.ns Newerctth elnes$S

measured SOM variables were significantly
bul k soil ( Magbrlaes sS5alnddn S OM6 )v.ar i abl es were not
sampling time in the slow pool (Table S7),
effects on the medouhed aSOMpa0 .abbldapbd uik . § @
(Table S8 and S9).

|l ncl udisnugmmeat hand spring sampling dates,
measured SOM variables were not considerably
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C_N ratio -
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b Ll

0.51**| [-0.56**| | 0.07 || -0.08 ||0.93*

50 60

mide_bond

-0.76** | | 0.70*** | [-0.70*** | | 0.72***
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phenolic_lignin
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-0.52*** | [ 0.52***| | -0.69***

Polysaccharides
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o = C_O ratio =
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7 4 I 7l aromaticity
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A

015 030 10 15 20 50 60 10 20 30 8 12 18

Fig@aOehe rel ationship beptaweaemme ttehres nieoars ubroetdh S

(n=240). The significance | evel was aggl.cul at
The sign (***, **_ *) referred to vheueest'
0.001, < 0.01) Y< NO. (@S N meadpeoqgt,i weni de_bond (
of C/ O functional groups) .

Using PCA, Grassland also showed a distin

sampl i (didatres S25). Tot al N and SOC concentr
weli@pposite directions with amidelR, pbkgeact
SOM vamhiaalblae & i gheirn |tolad ifnigr ssytal ueemponent (PC1
(PClRgd a highrlebtadi vgabimphiat i o f acnodnpamama tsi ¢
opposite dinr ePBOR2L oaxpl ained 62.2% of the var.i
SOM compared to PC2 (20.1%)Ccoimmmennr erlaattiiov ea nadm
concentration were scattered al dNreg t@®EM ss | an
vari abdietfbretevddoeinl C pool saf(fFe gstueendp I[H2368)7.dnaotre



Tabl eThle3 .principal

hci ogninpl oi ngehntte dr etshuel tsst r uct ur e

correlation between the SOM variables, withi:i
incladmpfing dates.
Variables Principle Component
PC1 PC2

Total N 0.637 -0.054
Soil organic carbon 0.539 -0.525
C/N ratio 0.201 -0.607
Aliphatic C 0.375 -0.661
Aromatic C -0.491 0.626
Amide N -1.126 -0.131
Phenolic lignin 0.753 0.170
Polysaccharides -1.064 -0.362
C/O ratio 1.082 0.401
Aromaticity -0.648 0.154

Because grassland had distinct SOM prop
conducted for Totopll aNdawat 8O066ntygncentration,
rati o were n opposite rections with ar oma
14). At the same time, aromatic andAtbdtiahat.
of (65.3%) of data variations were d®GMri bed
variables in the slow and fast pools were wlt
soil were between(FhehdtNe oawp pade i taf setrf t@ it zsa tfir
croprs,sampling time facthat efaitiagd2e7/2POBt aar Nab |
and SOC concentrations and C/ O ratio were

i ndi dateisrhg OM

aromaticity.

i nby bathé&pamsitdepoNoland pol ysaccha

Tabl eThled .principal component results highlig
correl ation between the SOM variables ,within
including both sampling dates.

Variabl esPrinciple C

PC1 PC2
Tot al N 0.734 0.555
Soi | orge0.667 0.131
C/' N ratic0.054 -0.325
Al iphatic0.368 -0.551
Aromatic -0.446 0. 691
Ami de N -1.098 0.117



Phenolic 0.768 -0.186
Polysacclk-1.082 0. 165
C/ O raticl.130 0.288
Aromatici-0.6410.307

© NPK+manure P Bulk soil | mu S|°VY pool
aromatic / a [
| - g
N% 0.25 H
0.51 \ p ° ﬁ$° 3‘0 ® o
& 8 9 & o
it % C_O ratio L .00 o o
= | aromawg - o ]
N E A SCC% - P S \ o
© [amide_bond & 3 % / ~o
< 0.0/ V'n"f“a ) & 0.00 o . ® o/® L TN 4
N X = o | ®
8 Polysaccharidesv® 4. # B« S ¢ | o 8 ‘
? %)3 phenolic_lignin | & o B o ® ﬁo ry ?o ‘
fH’all \ 2 (\ |
-0.51 °<> aliphatic 0.25 . '”9 g 5 8 80 /
oo o ¢
° °° o
| ®@ Maize
| ® Wheat Ly
101" Diculture. | | O s Fast pool J§
-1.0 -0.5 0.0 0.5 1.0
-0.50 -0.25 0.00 0.25
PC1 (65.3%) PC1 (65.3%)

Fi g8POBi pl ot of the first two components show
side)P,CAamaeksults for the( rmegahstwrreidd @3)d®dM svaarrpil a n
within cropland. The SOC variances were expl
and potassium. NPK: nitrogen, phosphorus, an
pool 6s effects on the measured SOM parameter

Bec atuhsasrae hi gh variation3DPn ohkeyftabe pasl
furshedied by an adHCtoopnal n®€Aphemablyscsliagr
which were in opposite directions with the
pol ysacchar i ;ktxyp, admdbr@gmi(daec Nei & e 80 t ot al
N concemdrnreatPOMi t h ah2aWb&oitamaea |l eTxhpel asiannepd i ng
effects on the SOM variables in the fast po.
from fertplldmtat oos andt he SOM vsSr3i0a lalhals SwBelLr e

Tabl5eThe principal component results highlig
correlation between the SOM variables ,within
including both sampling dates in cropland.

Variabl esPrinciple C

PC1 PC2
Total N 0.422 0.610
Soi l orge0. 436 -0.482

C/' N ratic0.229 -0.140
Al iphatic0.500 -0.238
Aromatic -0.6340.100



Ami de N -0.943 -0.193
Phenolic 0.896 0.190
Polysacclk-0.912 -0. 189
C/ O ratic0.857 0.137
Aromatici-0. 720 -0. 057

1.040 Control
0 NPK
© NPK+manure
_. 0.5] 2 )
5 ugus
% %enolic lignin August 2018
: arom —
= 0.0~af°matlﬁl§v. TGN C_O ratio
; o vly'sacc ides
(@] amide_| bond Q@G aliphatic
® .05 g S08%
® Maize O N%
® Wheat
-1.01 __ Diculture

10 -05 00 05 10 6 L in L i il
PC1 (74.6%) e 7 pct (746%) '

Fi g8Bi plot of the first two components show
sidePCAandsults for thd rmgadormrelectSOMs ampl abdg
the fast poolThwi tnheians uacreap ISaOM .par amet er vari
brackets. NPK: nitrogen, phosphorus, and pot
t o: (aromatic_aliphatic_C (aromaticity index
(soil obragm)n,i cN c(@trot al NHe fCrodNme( Cd dir raaCc h) ge
shaper etdef pif dsect SOM variabl es

58 Rel ati beswepsgpaD@GMnaner ¢ heph soali @tOMilo o | s

I n the formmer wecgtei anffterences in SOM co
po@lompositions, bet ween the August 2018 and
(Fi g3te These dirfdeulan dfdrssormeingchets i n DOM- cont r i
phase SOM within each date.

Because there were si gmirfaimeagreiwsdnf t bdee Au:

2018 and April 2019 ,samplriimg i patl e £ o(mpaonlee t

August ands @Alpird | plsddsve vari ables par ameatlied at e
August , the sl ow pool had two PCs with a to
ar omattihce arnedl at iave phomaurt Cofr ati o, and ar omat

first PC, explaining about 69. 2% of the dat
polysaccharides and phenolic |ignil®),. exPhair
hi ghest omorwaesl arteport e8U\Wrerntdvex nc ®Pdlaraendd t o F

cn



correl ated witFh g3lRe Sh/le@Gr madégr H 06860 (l.ag/tFi,on,
respecwviavelky< . 001) .

TabléeThe rotated prriensculptas fcormpOanrempg! and, Au.
hi ghl i ghotaedd ntghemat r i x Icetrwed m {ptihteas es aSIAME tviamr e a
within the principal components (PCs) for th

Variabl e Principle

PC1 PC2
Tot al N 0.9z -0.02
SOC 0.89 -0.23
Al i phati 0.82 -0.37
Aromatic -0.91 0.28
Ami de N -0.47 0.78
Phenolic 0.6z -0.52
Polysacc -0.16 0.96
C/ O rati 0.17 -0.96
Aromatic -0.85 0.45

Extraction Method: Principal Component Anal
Nor mal d2Ratabnon converged in 3 iterations.

DN

[~ . -0.46**| -0.23 0.59***| 0.19

SUVA254

. f gl -0.34*  -0.60** | 0.20
x I "" ' o AC 028 _0.77***
el e |l o BB | -0.05

FigBEBhe correlation plot showing tipdasel ati

SOM for the slow pool (cropl and, August S a
par ametTehres si gni ficance | evel was calcul at ed
(JDhe sign (**x* ~**x *) referred to valeud est

< 0.001, < 0.01, € 10.sa5 ,prri ensgp epedd @ womah yp. gonREGitc |
componeBfodabsol ve,d ALAC dgedeampl e si ze (n=36

Similarly, PCA was done for the sl ow poc
explained variance in both PCs was (84. 9%).
contained (hMabheekp)ait nPGg about 67.6% of tF
PC2, which incl,,edkepd ait hend®/ N7 r2%i of the dat

cp



paramedadera weak

correl ati
correl ati

Tabl7eT h e

hi ghl i ghotaeddi ntghemat r i X

For e

corplrasae i $OMwin hApoil li d
reportwas brede werdhé€dPgB)B a(dp e Bl Man o

on) .

on

prrnesulptad fcompooeaopl and, Ap
kceotr w eed ra {ptihlaes ess dSIOWME tvarmr @ a

rotated

within the principal components (PCs) for th
Vari abl € Principle
PC1 PC2
Tot al N -0.869 -0. 1.
Aromati c 0.962 0. 0E
Ami de N 0.758 -0. 5¢
Phenol ic -0. 894 -0.0
Pol ysacc 0. 763 0. 5¢(
C/ O rati -0.761 0.5¢C
Aromati c 0.974 -0. 0¢
C/' N rati 0.187 0. 81
Extraction Method: Principal Component Anal"
Nor mal d2Ratabnon converged in 3 iterations.
P 1035* 029 | 007 |[-011 008 |[ 047 -024
«r“ A A1 | -052 | 023 H -0.51**  0.49** || 0.48™ || -0.28
e _\ w,ﬁ“_-‘_’l-om || 0.44  -0.40* ||-0.44|| 0.00
| [C.&'._H 0.08 -0.05 |[-0.36* || 0.37*
{1,|L \ -0.99~|| -0.40" || 0.12
o [ KJIO%* |o14
e [T ] i" 1l; 0.04
Fi gB3xE®he correlation plot showing tipdasel ati
SOM for the slow pool (cropland, Apriames amgl
The significance | evel was calculjaiT.ed sB@gNQ
(***, * ok *y referred to the teatl'ue i Pni0f0il
0.01, < O0.051(firespegti vl PLCePE€onmp pne mi);i pal c

DOCdi sso

(A+C) /)( Bsampl e

At t h
PCs

further

t wo

Orgldniuor eschoao@A i mdglexnd ACBT

size (n=36).

| ved

e beginning ofphtalbkee SWOM evmatr | saebd teiso nw,e
and correlated with each DOM variabl
investigations were donenteronhyey Aag
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i ndex, whi l
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t hat
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t h eFiFRI8 M enadnedx B() .
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Il n the sheowt optoaoll ,Ntconcentrati ofiDNwakn pos
contamste N was negatively chirg@®dmataendd wl,t h
(Spearmandg ccorgl28tkispre,civiavely < . 001). Aro

negatively correlated with the FI Il ARidgwxr e whi
3% and D, (Speanp mén &/s3 -€@ .qT O Ip & tc tvaanw @iley ,< p0. 00
Further mor e, phenolic |ignin and polysacchar

index of DOM (Spgearmd®dn®@st®,gpeedalveebps . 001)
correlations weoeappaneémni caimhdoec e taintttsmser & OM
vari ablkept mai ze, which had HFnigl8dreAgv.er | ap wi
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Fi g8 Theorrel ation pebasti e hsthatpaglb edhiesesaxfl ved n
DOMwi t h tot al nitrogen concentration and A/
Aromaticity (aromatl eo raé& skgdmdeéexc (rpd toito )C) wiatnhd
correlation withAAfgGIshiendseixgn(iglictanB) | evel W

Spearmands corr p)Tehtei sn gmo g Egdi*¢t)ihenettfeest ' s si gt
thewap ue < 0.001. Sample size (n=36).
Similar correlatbetnwees ubBO0OMtWwer dbaid ke $5 dii

DOMpar amen eAghgwts twi t h f ewer tchogrhroew adredl. fvagti a
Specifically, there was a positive significs
(y =pQalF0e < 0.001) while amide N was signif
and A/ C indices (J)Spe.atianfossiceeya,l aggi en0. 001

cy



6 . Di scussi on
6.HRrtil deaavdafoflid@G@ concemrtaahi sampling dat e

Il n contrast with t hparpa egdem@tts hsytpaotti hsetsiecsa, | |
to be maedittthieatomeg ntvd § migre each Fs goampddi, radgh dt i me
S2(Ti ef enbacht®oputedaitalefrcaa [20i200m a mmamd uonr ra i ir @
ferti l(ipziagt idoenosr D0 a@nc ent r alte aocnhh sitne gt Heysi met e
sandy and sihtyhbkboamedsoeoelhdscsktafdyconsiDdLCr abl e
concenbetaweem treat ments can be related to t

In a short timescale, tillage can reddesilization effects onDOC concentrationFor
exampletillage may cause a tradeoff between fertilizatonl soil structure to increase crop
yield. Previous studies found that tillage systems changed soil properties, including DOM, but
did not affect yield productiofCookson et al., 2008; Roper et al., 20F)r example, tillage
can increase soil aeration and accelesateoxidation In turn, decomposition processes can

instantlyrespond ta change in soil conditioandaffect DOM compositions

Till age can expoapep fieahd il lai ezObtnsp otgd@thiaa rc
fertilization was considered a sustainable p
soil degradation by increasing SOC concentra

proposed to accelerate SaOM odne c osmpnoisliari otno dtul

effects on SOM pools in forest soils (Lajtha
Tillage effectson DOC concentration can be noted from hayomaticity SUVA2s4

valug in cropland compared to grasslanéigure 6). It showed that decomposition had

transformed DOM composition with no increase in concentratior. example DOC

concentration can be partly increased as a byproduct of decomposition. Nevertheless, DOC can

also be a food source for microbial activities, whichlead to no net or overall effect on DOC

concentrationn each sampling date

6.2. DOM parameters over three yearsof fertilization

Thewerda f f erenbO&ncamd ber t hatebheweanhan on
sampl iefFprdetxROP |l eogncentheBRKitmanumsoitlrepted w
appmakg % hi gheheoednrtarno | pl ot.| gfatrérl yt mrge e eyle an
increase in DOC concentrationtemmttfher tG |h azrai
undi sturbed soil -l(uditreg & oli ¥ si rhe tofF rNfolr evidgy st

c o



al ., . FAOCLN)er mpmpe i etdheni newad h afnggesdinllasyz ath i asa a
dobwe cppl amaunt icno mpuagrdgsdt itlo ( Tabl e 3) . 't can
SOMecompositi ¢ $sdioon d adhmgseesu € hao | Haidmpgthtammge i n s
mi crobobamheti on

Theid comadipporseend w o comicr at i ©@OCi, i mirlaarl e
to what was f omoodnotarbradudt v i GC tcoo dgroautghhetr ctohnadr
fertilizati©adsolnnasyan& y.Gdreliilptrze,spdhaddsyteledly t hat
fertilization effects on the DOM pool coul d
(Ohno etbasdgsispe RIOtOiI7Yyat iicoddpngcti téage

The present work partly agreediwifflRecpi emgi
DOM mol ecul ar odOl\p@ag iatmeameea 5f ect ed by &ertildi
more signeihdcl@imX compl exictoynposfi ®IO®Mhange i n
compowiatwtooe r el ated t oafaf escchedsnogplb é x vaaiinat € oaf
certaintseampan sdgubdet o ciundli wait iFgp rgtsR) e carg e
exampl tirgrhomati ci ty and humi fi ed SOM were f
conventional tdadkage epramBthecODB2) activity
mi croorgani sms can be chande8dibaededhdnge 2dill¢
decomposirteisopponcddant o these amana@dd eiomp®OML i e h
(Gmach et al ., 2020)

An addiotrigodnreirodf i tamrabieomdsorbed onto a min

way to be mineralized based on soil microbio
(Angers efinding 206@6)the DOMwpoel mersepsedah
t han nmeadnduirtei on s . The present study proposec

composition were not straightforward due to

manure was two years before the soil samplin
bedecomposed by microorganisms and wutilized
concentration under arable soil conditions.

6.1B8and use affectede®OMnabimposi ti on

Seasonal fluctuation =effects exceed the
par amBéegegtdhee sendHOMiowid ys wif | mi cir adh ao@teii dc o n d i
systbeOM compoantihawe various mol ecul ar cComp
decomposabl e sugars {(&akbmpk e 8ucphh Efnedriei2i @ Qi l[7z)egrr

TN



manur e) addce@@M mathure to bE&smbonmney asmowmmati ¢
compl ex wsmbiecutae

Due to various soil DOMndegenpontawe maaeabl ®
detectabl e iincrgomEan ch.a dtahtegplp@as eamds onal idini ff er e
DOM ar amed ree s elceetewde en Apr i | and SeptEmhpere201
1PThe highest increase in DOC concentrations
April,ak®1®he | Seovptseée mh@sg2WMeEPr evi ousa shiughyerf o
DOC concentration i(vaMaylean®deNduensbheaived 2E
significance of seasonal clvarat .dNicvtemr tbeaeldes$ s
(Wickland feourmad .t h2t00BPM' s bi odegradabil ity
seasonal patter nFuirn hbeorhezadld ¢rdeey iDOOOMe s bnbentdeg
at -droai ned sites

Therea wasak corr el aparoannedned weeanFhBy@M)Ekat a (
Theak correl ati omeaadhaetceol naet &do otho' s heat ur e as
and heterogelnecas syseem. t he ismpmirdrambcieo noef
condiitni ssntsudyi ng( AGreaiDOM eptooall ., 2022)

Previous works had contradictory results
concenFoatexDah Ilper,odasti omy ea®»5e% i n war mer CO|
than at <colder t@mpeagat@wnr e nciub &G @ S(kNaepfxfip e& i m
Hooper, 2002; OOGDOoNemnveelrlt heetl easls.,, wadInG)ng condi
concentrations in O and B( Froh erog seti nalN.o,r waly

Furt heEmwbacecher eftouanld. ,t hazat07seasonal ity wa
affecting DOC variations in three arabl e soi
study worked on a high spatialkm) hfehenpeebe
worak ,hibgihoelrogi c al production or ciomttrhé udumme
season (August 2018) than7amd sPafddmey teixanasgnp( Apr
a change in biological ©producti on anadc tdeedc o mp
in the same 6di i ¢ ctshwotmed@Thagbel ei n mi coabhbddkogi ce
DOC concenthé&wmioal aathedd OMebBbBdhnahbt gr s

64.Soi | management affected DOM properties by
The C/ N in the present work varied from
within the soil migrobeamesbh ed ediampedi tainodn a-

TM



st abRdr tegxGMnpwiet,h ar ahtiegohdos® /[ltow| v ddeoommp@poee t o
OM with a high N cdhE@éNtrati bowa€f€/ Nepatied I
and 8 in the caséVarhcani €tywhhiilag 1D 8ahpcks s3 0 f o
humgAi t kenhead & .MdEDowavikleCmdl (Qat)n anyad ulkeest we ¢

20 and 200, it (sSaddaasedtphbant kRoteer
There womaé¢ sedferences in the amount of
croplandEy@&@abteoB8yph the soil C/'N ratio was r

1012 ( $parkwjthrO0o@B)i deal averaged C/ N ratio o
the | owesvtal @egrat ifound after NPKFifguteétlbya
i ndicated t hfeeritnidihiuzedmrese C/olN GNedrime ceHmesac a b | e

s easfolnad taufatG/ld r at i o wiars gnoa €S leamm oepnlita ntdh adnu e
fertilFioz atixtah@ep Newalsii @ihrers pr(iApgrtiilmea@ Dwi ng

s easwhnigoadhyndi cat e DOMc ltaomge® siin i on.

A hi DOBaocompl ex mol eculnars pcoolinfipgph et Mo @ r obi @
activities in grovAing®Rdemas exaampiie Xdataéareadcr
pl ants ands gmriefad9menatasd >i@mo ® € h € hladdxapg leasi scbddnge
in DOM aromaticity and tcofmprptéhtesrtly | senasomomdl lo
condidamnide changed respoonmalnlgyn ¢ louciung i viaei o
applied mineafafl e dtbNdel ¢t bzemptoigoant) i ¢ o myposi ti on

Hencet he present Wwb@/kN sruggtgied t @aid ggnhiafti ¢ a n
indicator for (Kaoinldl@rgeaeitn adnd RONRCSTo@OHiLlet
but also for a chahgeugoged®OddcomposbDOMoaoompl
by C/ N ratio ranges controlling microbiota a

Il n | i hé&d&/W trhat,ao Ibbesbubbgiscal ngesgruiong o019
comparahnd pthaow | ogi cabf pD@du g ¢ iadudruinrgpt ember 20
foll owvb@d kBywmmes was udreépd het od e imgde scemaud 1t sl
mi crocbinal it ®OtMi om o dAd otwiean Bi X s pl upag ¢ owrdp lcax e
organi cA meotrteercompl ex DOM mol ecul ar pcroinmprosi t
summer 5( Talbilgned with Cobleds peak as a | ower
was f(dcumg8andO0S suppl)ement ary

Theari atni OWwar aned welrds camgr enosneaxds emdl odl i n
eff.eckRer exampl e, the complexity of riverine
drynfeMd son & Xemapbah®®C 2006 Hoea arbpaiomf al | e



(van den BergHemncea,l .t h&0pAdgR¢sent results prog
DOM compiorsiddrothai n sampby nagf ft @ anteisn g hrainc o a hie @ I

N fertilization signiHiigecuainet Wiyl cledmicglst t &fe
decompositi oRostakemplfegpg®OMhanCli Ndratator for

correlation in which-Nmibar amical, aetsicwiitby ngont
(Manzoni & Par pwemmd e,, RODBMmMposi ti on process
decompose OM with highNCédNnoenOMagguaht ogn 8aa
a change in C/N ratio in arable Chernozem so

Aweak correlTONi amdb®O&erenr at i.loth sp wapso § e@di n
t hEDIN concent sathijectean twme mi nerali zation and
based on soil mandobduemeocoonHdttvanbson pract.i
Further mor er,eltateb entesgaetp v&o b | e 6isn dfeba lga)B eardid H
was found. 't highlight erdeltahtaetd dDeCcMd nepoonstietnitosn
or protei camerivarteaersd witclompl edxehtigggals e i n D

mi crobi al aacetihea addegirgadati on of | arge bi omol

65,.Changes iengastbeabi aggy

Across both sampling dates, till age press
compar ed tFoi gdlBraes dlnarcd o(pl and, the topsoil | ay
4. 1)n. contrast, i ntact grassland soils migh
activities, i mproving soi ISOLt r urd\t, u rpeh.e nRIrl e wixc
dehydrogenase activity increased undeensiaveyv
til(Baygie et al ., 2018; Veum et al ., 2014)

I n prheesvemtk , til |l age ef he at savwebree seovsilodiesnttr ua

aggregate chabgedthpetwaBeavilansd waesrelks. al so f ol

negatively aff e(cKkaehl ostlddBadagld.rcaud & tuiran s oi | c |
Stagni cALawulvamsgpd in soil aggregate stability
Soiglgreegate stability was affwictkidn byr d glr ¢

i n Auguyasnap2p0ls8 te results @argdByteouneéxampApr i |
aggregate stabundeAK+masurecteasedd pl bt soil
can come ofurid eré& h ¢ a da@pritihe dugust ¢ o mpeasrpeedc itaol |
unddeirc ug opullroet s 3)(. ha Cleent r all Eur op e, wansanccr roeaagsger de ¢
from a doubling detrital i n(pJwth ocso nepttha aelade ,,wi2t0F

TO



these results further shplwsgdtwtshesalsiompaolrltya ncchea

soil aggregate stabi.lity in arable Chernozen
Furtheoimor@ggrsegate stability was seasona
Figa3d én gemarsler coil aggregates were mor e

environmental conditiiomeadaguerigsadnalls|dr&:l) @at dheasn,

t he presteiret swoarskoonal ity of soil aggrebate st
fertilization plan (iTna®Nuegust compared to Apr
6. 6. Rel ationship between SOC concentration

I n the preoeprst pwsallieva® correl ation exi st e
N conceht gsthin@idbc d mparedakd at i onsTiDiNp amelt DOEnN
concentFi gB)irleman | ndiadastteoi chi omet r iwd ttdoyt mmd mi c
nNitrogeawasi moOM apip ararselt ati exd s DOGIQINMphoaon

Furt heammode ,N was positively correlated w
with phenolic | ignin. The negative correl at
structure of l ignin compar ed-bdovedhydomp yrzarbtl

pol gbac(dgszow et dft. ,cabOOper)opose amnasedcr ec

compounds in a soil micr odrigamemwothdseichi hhae
Chernozeenspahl hbi ol ogi cal amide bond can be
proteins gather amino aci ds. Neverthel ess, n

ami §€stzer & .Steiner, 2016)

These asbBotcweaen oBOMafwwarrti hmebrl easst echapoéeent i
SOC concemdr 3®OMomo mwb s c Bfi wbretgtud kr et toh s t airrdoyunt o
necr omass iinn SaQMsbpl ees bdbead Il ymass refers to fra
envel ope, enzymes, ribosomes, @hidawmg hetr alad
For examplenricihimnemttoppd itrhet Newascbugdgds POW
rel ated to fungalé hRppphoackiu rciomg rfi rbavuteihdgreat iean
200WhHipt et ei n was {fmo wnred ailn sor ¢ Bminde tc. Halg.c,p p20 G
t hhper esemtdi ngs hmnagthd i g hahfd CShO BEparni cbheed wi t h nec

mi crobi al remai ns.



67.Land ati§ &OMsstability and C storage

Mor&®OC and tot al N concentratioos warcé i
sampling date, in soilbupd&délsgsida(dd)Wl alnhde fparsets e
results partly agreed with a c¢hanwghkiedme d aad
soi l C stGks & yGidf2%ourdd B 200ms2t)r at ed why a ch

grassland to cropland tempdsovwemaaa ChiOm@s kb abé
negati vedlyt afshfommdinvag e memtic | udi n(gL ufgearttoi leitz aatli.o n

The f olrleovwionugs pwor ks di d not specifically
instead soil aggregate formation and stabildi
found to reduce i POM and destroy stable mic
for ma¢ Box et. aThast dD@&8Baloesssdent et al ., 200 ¢
Verchot et al ., 20.Fiuryr t Wetirhhaa u ré ¢ ragaehtaidcld. n c r2edasle
SOM stabilization domnparaetiedtioredT Cduen tno cr o
reducing the macr dag gxr eeg altael .tt,luelnjoIveear t& O&o0 r k
concenwirtaltiimnt he ssilgoawfpeaintwgs | ow in aeantopl an
showed tbof |ldmfgleatt s ofdi ICldegde dergoi | matri x

negati vebEpPMatif,eamtdbdt gecured C iwasi ded dtioiiad ds | ¢
mi croaggr Eggstieasidal2g,

The high extemtiONari  abhbhgespeésect swor k can
by the (EIi yupPBH@/ONati o of fSOWMI Vigited si8Ba-nd and
l2 croplAaménge in the C/ N ratioooddn mirmcdioda to
conditions and OM stability, as(sbet®nkeoarnbng
exam@l ¥, ratio significance was stated as an
which microbi al-Nalkdlanm@ddMey deon@ kab 5o IC & Por pc
2009)

Rel at 6éd poes,dqnitakabdr ketf ocoauln.dc o gh@a@& Bthii lolnaad e
negatively affected SOC c oHthecrecne,r ad i lming h ns dial:

stability in grassl|l amd sbgpafedahd trbphgnade
and C (ftguédpe I N contrast, intact soi l in gr
pl aretri ved OM nintgdhitduienscr ease soil mi croaggr e

aggregate (e.gstamalaindat@iged g absgleaptsed t o be a
by oil agymapidece et. al ., 2000)



6.8. SOM compositions changed among land uses

The lowest eomaticC ratio and highegstelative amount oéliphatic Ccomponenin
grassland than cropland showibatthese SOM composiins were themost sensitiveSOM
parametersto tillage. For example, the relative amownbf aliphatic and aromatic C
componentparameters largeldiffered between land uses (i.e., cropland versus grassland)
than other SOM compositionéFigures 17 and S8). The presentfinding further explained
tillage's role in changing SOM's functional C greupa soil matrix. For example, whehe
relative amount oéliphatic C was associated with mineral surfafleshmann et al., 2007)
high tillage intensity destroyed the soil matrix in cropland and affected SOM composition.
Various tillage techniquealso affectedliphatic and aromatic C ras§Masoudi et al., 2023)

Tillage can potentially inchegh@&bSOMe decor
compogsintriopghn and than in the intact soils in ¢
i n the SOM bceotnwpeoesni tFimonnde ywampEl. e, ami de N and g

high aromaticity wer enogth b s ¢t agaitken €)d.2 al ong cr

Cropl and hSQ@M ad ehciognmpeors i t i o ni rdceteghraene g(raar sosnt aat
(Fi galrBds t he aromaticity iIihdaexgemaset petvalousl!l ¥
al ., , 20hd repseud et al i gned with DQMydlwaesi ngs
found in croplFngdy.r eno6t gr assl and

6.9. SOC concentration andSOM compositiondiffered between soil C pools

I n the presentC satmtsddoW,ewdmrien the sl ow pool

bul k soil i n all | antdr eistesd il athatrsd)i.lasT th(eFieg u
findings showed the significance of fine soi
regardless of soil management practice (e.g.
the stabilized C in a slewopagk wad phetprcti
high SSA of fine soil mi ner al s-mwinehaa high p
compl(ek’egs@elabner et al ., 2008)

Di fferences in SOM compositions between s

on each safhplgsndgenMPpAt ehi gher recal citrance SO
phenol i @an@/i@niiat i2@LIpt aonblentratiiom twee es |foow nf
compar edb8ddkcomposiini ohe fast pool , i ndi cat
polysacéhgur@edi YFree and bveurd floiupdddidsf @ r bav e



preferenti adli fo eesaegngit ¢ @ sdbtads @sdi zoens t h &(i An gcsotmpeots i
al ., . 2G08hc omposwerensuggested t o control
over comp ertdegylda e hi |l ic DOM by its stKangerso&p
Zech, HenNxk7e t he prresseadtciwaoralnt s8OMeouowpe i t i
sl ow (rpopghl.e,nol i ¢ compowmrds veidt air msmladhgmli aCi nse dg n
t hueni @Mecompositions of the. sl ow pool i n Chel
Thpr esengarwolryk a gprreeevdi owdi dt shtvoalDiMe cc o mposi t i o
within micr dhhegmaodrgeatdeec o mpoG@Mdi ranmi oritdiaaghgr e g
macr oag(gwerg alt £t zowMen e adel, at2dd 7t)(0Y & ahsemipnr eeste ne
202f0gund a higher C/ O ratio contaiimi BRGMf unct
pool It expl ai nedcoanposinmpl eRe SO Mow pool wi tr
decomposition stage danmmp®Meadlhiogh heael iepahratyi cs

pol ysacc-hachdéan¢©Oi onal groups).

SOM compositions in the slow pool were no
were in @3als%niamg . étu ntalH e t,ay2 0f0r58dct i ons had a
composition to bulk soils (O/N alkyl C and
particl e si 22e0 Ofr, aZZem ocarsEknf)2DOusi ng a radiocal
Hence, i n the present hOdW kc,o nmppksti g omakao soh

pool s anidnbat &blsei Chernozem soil

The sl ow pool fraction has a(Fmgtiehe®wer C
present findingepami hy pgahgoa ésetcdh @z RsthiREDVIV
pool It al sd SapPreaed gwidttaitaly. fraed®bpns had a |
than sand and silt fractions. It indiadated a
high stored nitrogen and a | ow biological re
found i nwtoh(ki gueen®iPEGErt hehmmghe C: &N rati o of p
inputs (e.g., waxes and |ignin) can restrain
derived from plant residues. I n contrast, a
reactive minerals (sd.ogv. ,pooll(aGfyd remaait.i icaric.r,e axCl



610Fertili zaostb0O@ edhMeentsr ati on

Fertilization effwendapmabOiCngdbnice nApraitli o
samplinfdidatres S2vapamad eS8 Rwi t 6t ,walb.o,unal02 2)
t hat manure addition did not i ncr enaiscer otbhieals t

necromahBesano silt Apatmheyssemdy found that f
concentration (iLnanhbe ePIOlIlpipnoe?2 OWli9tMri tDhG M reeascuhl
sampl i,phgg doeotsei t i ve results of the applied fe
among sl ow and fast pool sdwe dtied @ rb wsii knags tetid = ¢
et al .For2®EXx&)mpl e, using detritainiheputelsdaaraed
S no effect from doubhi BOMapeovhker dtred plrii tmti ¢
Lajtha et al ., 2018)

The present wor k prcamosed tuclbadrxembaEde sat Irforwe

)

SOM to microdndalermlcdn owe tRrreismiinngg &ehfffeasatsse.as e S
decomposi t haecnc ed ueermattoir @b i @afasaat respoese to th

of easily decompos(aArlaen certg aani.c, sluOb8s9t; a nKcuezsy a Kk ¢

| Martonvs8s8r, fertilization was suggeste
oPOM, and OM in the sl owslpeouctlel oveeurr aischeev, amr@al e ,
till age was athogmertefhacecée on GHGE nip aucgtoiitihga n
roperties suchias as &ii mWwgfencsBne&saisl , 20
hysical properties (e. gde,grbaulekd {dCebrasgistoyn) ean o
008; Kahlon et al ., ,2DdBab Ostinahtdanh@a®3 hhe

oncentration of slow and fast hgolrstsuedays n e

nw O N T ©T

uggeetvessoiinng man a geome mtc rpelassnes aCr asht loea algaen d s

Ift her e twasl amgoe for a | ong ti me, fentiliza
SOConcenftoat ea(@Arlpv aer,efzqu Rd 0tShat 79% of the n
effects on SOC concentrations were,pagirteiede
wi {iBkadel | .&aialghgr ega@0@3Fpt abitlhseh vt retwdause cthoa nag e
chana@agrion e sreicftbu)eosn s ht hiweglora fanaempt e ngf f ecti
fertipidmtiporeser ve an@Clc oamag@emk g4ag i @m

The |l ack of effect from fairsebki 2atei amponmn
using more conservative agricultural practic
deep owilmg)t he preéesewnhgwdekrepsed soil aggr ec

increasing SOM decompositi ddrenamwdsr € ¢ o©immg n3 @

Ty



tadecrelmsecul ti viatpart iicnutleanrdliyiaypdl omwirneg,or gani
insteaergf sOUadyybeialpensi deoti myghi ahi,nwdaisa & h e d
proport itcoommpdfe xreadn cl ay ( NCC) ( Mer ahtee SOC albngce

61l1Ferti leifzfaethtOM a@wrmo mposi ti ons

Noapparent ekéfeckt SOM cammpomeiat hovasdeoa nd
(Fi gssRan @ BS FertilodOMi ocompbbestew and fast p
bul karseofidbty understood.

Previous wor kbetver eo mp a veodod ocfsf ewietnht a r el a
objective to Uhagp XANESt sweckroscopy, mor e
werf®undNaddidtrhhaonrn s o i | t hat sdiuddintoBi &l eecgepi ovee eN
201BOrtheddcbngwagar awundl t gnilmc roemaidlaud ots,e was
by thisimddpltamda and subtrO@hemml etupda@ kg | D@ d:
groups (labile OC) wereNpoerthedley 9a foffd @tl &d/ |

al kyl C functional groups (SOM decomposition
in the (Hel lets @i ltnhge2-8&% eNMR spectroscopy
Ti |l lagre reduce fertilizationbygutacamd=rah

priming effeptst BOr ¢ @eainéd Espauaoonat ruipg mtk e
foprl ant growth and ecosystem productiatty. t9
arablwass mielt pri marfyBopkioddet.i eothe ddNeP,P)f20r2t01) 1 i z
on SOM compositions were not straightforwaro
c hangseosnilicm obooah® t i on

Based on soddnadniitcirmmsomimelee asamay functi on

catal yst, and chemical re@ltame r f eoltrt a3iMh qanseddd 2
t hecomphexafSOMinder a chaotfoaor tsibenma ns yesxtteenm s i v
portfolio of debating and oppositeargeidl ts ¢
manageimendisf f esteermt soi | sy

612P1 antsoerb®Mdceari abl es

Pl ants did not change cSoOn@p ocsointcieonnt roant i eoancst
datFe g¢br2an®@iBased on | itter contents, some pl

a | ower molecul ar weight than other constit

TP



degrad®8teirgn & McCIl aughermiyght2 O¢ ¥ genfafsencotivdy t h
rel ati vealainphatdtmpomEenee | anb Vv edow alddtt r ong .evi den
For exampl e, amoehltt @@ adt g nom ony édwehtreiama itzheanpl ant
was fBiugidy d which parntfepsamgneed Cahtvigr 86R29) a
study found no effects from véyYyetahboonespati

Ther e emdpianrgtsl y di(s@-grrdecevda wavth dlalst ud2 @08 )i f
pl ant tfyopuengdl omtdose ancerilereari ceddallacasceenvd s oy b
pl atntasn oat pbaaidr atl li eclft$had sac ¢ umpbatedesli eawTyp
Hapl udol | aFhudr tHaeprAmogreel ,ét t ial stouald. ¢ PAFA G h e
had a | ower decannpee g tiressend dsywignebrae rtehaaln sy st e
Ch anlgpetswiehkes g uammedsc e heladmmadrne f 4 emao e athlae GOM
composictoinam aist to the present results when
di fferencempiosi $OMN

The present fiandstngdsy agr e@lloahadizha hat t he

amount of stabilizedi 8ONotr omaphgantIB&lesw thp e s
and facdakbhabl|l stNealert hZ@Z3)s | i tter 1T nputs in
or no tillage increased aggregate formati on
(Angst etlfnatli.l, p a0t 8 )csptl eadn,t  $w ocaugbnele nid etphiseo i |

surfface a Jaonndg it8OMeuCc omposai each soi l C pool m

on plliagtteat ity and quantity

613 Correlation of SOM in thparsasmemeamad ufsdst

Il n August, not Apriclonst tceorrabeliveatt weaenmr eDa@mi
par ameittelr -phaiseedat e dt hEe@® Mttihseh d w gonodo | bsu(I>k0 . s7q i |
Fi gwBrbendlp respectiveTDyWN) .( oFort heex @M ep,001 ) pos
with the tot &lf N hceo ndelieantt Jp=otoil.0 aldi@n)d it chaet eD OM
pool ' s seasonal SIOM epool sa.f fecting ot her

SOM in the slow pool can be protected thi
and chemi c &lplry-apnrooetreaclt eads s o ¢ s arhil menrr avli t fhri anc tai @
cl da K aelabner etNealkrfthah&8ks!| ow pool capacity
and make it inaccessi bl ®omniloc rsoobiilo nbei octoan dciatni ob

The emerging findings suggest a debeabil |
multiple enviromherst aln E®Mi miyidd n.®@gF arl . e x 2MpAlll

y n



pl antdepost tmeod e"eledivgrht exudates”™ (e. g., degr a
roots) can increase the solubilization and b

soliilvingnf ar m®(iJli Islyisntgemet al . , 2018)

6.14. Seasonal changes in SOM composition in the slow pool

There mvaseasonali nc htameg edlyomli yporodasi ng SC
recal citr anicre scummpébiea @i (ofagb I.let ab2p)r o pb ban

OM exchengeeinlpostdccur rnereoi l mi andbr omag abl e
condsTtThe nDOM pool <can aDfNwamo sOM ieveeclayp e dewnast h
(secti plhuret H8r meae, proposed that microbial ac

down OM into tiny fragments and change SOM c

by interacting with soil miner(ale hcnoamtne n& Ka ned
2015)Hence, based on soil mi crobiome condit]i
eghanged, and these changes in soil mi crobi o

Il n spring, SOM coBpPbiscomposhadoma (labgh erg
rattihem)n i n the(TabhBaktdheasosmml change in SOM c

al scexlpeé ai neas obnya | cul(tei.hmgat,vent ieMdgreeth dr | & wi |
sampl i ng i natttheeans psruinmnge r ) . Forf reaxgamoegnhte bet i n
physically secured by bei ngheaclpasitonforsodhe
compl exed wisthestomahnm&n&taber, 2015)

PPowi ng can fmiaxg nteinntys plaandth e haoigle ®R®OMr c ® my
The present masrstuynpagromedvawi th ( Masdaudif eetenal
till agehagstEaoavgecdo mpoei gi onal i phatH)n@eand a
suitalloe ds(od.logras; aiOl arbiclriotbyi)alc enrech o, me 8 ne a |
formation wuni t( Amfgstt heetBéadwe ,p 2002c3r) o mass can

compositions depending on soil mi crobi ome or

6l15S5easonal S$SOMmagasneinet he fast pool

Al l SOC contents and SOM composition wer
(Tables $O0OCaodnte@&mdr @GtiNnomtatd of ast pool i ncr ee
i n s.dgminghe present study, harvesti®@M and ¢
composiltairogre lbyys ohbnomi @grodii toimens, especially s

Yy M



Ahi gh amide N and pofl ysiadt cAlpariil d ecso nrpaatrieals -
' ignin and a higlFi Qu@.erl&tli oamninilndgeuasdtfef ect s

miehbhi srmasonally transformingPahti ¢dalsar lppoli tS
pl owing effects in November beforeimsgoill sam
aggregate stabili tSOMseasnproaslilty oFiiqurterel F)a.s

sensitive to(Paeapl|l ass e& chvam,y ez@IN3)ear |l i er find

in the fadtyspoal |l wapr(Odiemmerdmamrd. Fesitt adhlle.e,mo2 &Q
the high aromaticity i1 ndex (1 ncrreataisoe) dashoomat i
i ncr edaesceo mpnovs it hicomas edgi cal reacti vaft yS@QMecr
in April, daoe Aogustl| age effects.

Ahi gh -derginiedd aromatic C sig8@Mnl &ades ftac

poolsuimme rs@tr iFng8@Based on a soil mii ccrr olbii aarmhe
transf amdiapobymerfhae®&Mi o ® O Mhoeo | c alnAmpypte agt al
202Pjyevious worikgarrfioa nf€u ngchtaitopmea I ( e. g . , pheno
carboxyl ) pl ayed haads oersbsienmtf i sadMadri ot lii e ,gi di2 (5ADAC)
bi ochemical stability Dbcasaemrgmeossi(lHeh eatr ali.s,t r P
Margenot eNevelr.t®@2@eistssti onal group functiona
het er ogreth ecirtoypb i 0 me( Acuodnedtittei oents al ., .2021; Smit
Lignin, cellul ose, and hemicell ul oses W €
contributing to soil StructBiersei deetsabtiha zmeét o

production significandBeliimderf lebx aien ca @PRidIle

were |l eft in the field, thgrAd vmaszan 2i00drneas

Even though the overaalimdpleassmobtefdiee @etcs abdn e
be seasonal change in the amount of tiny fra
mi croliuemeg o cul ti vaFormonexmmadpihea,lvietstteirngqual it
effect on C mineralization and sl ow pool ac
(C-rdova etwhilch RROPiONMeas puggerss ed (0Afn gtshte estl
al . ,. 2023éxpl ained why there was a negligibl

fract iionn gtrhecssm rnuftdoyr bo.t lklatdad iecsat ef t & ad a dProdve

occlwideldi n the, soéetompgdgsedgaodebed with fine s
As organic matter, straw, and maize stalks were retained in crop field soi{ggot®n

4.1), these tiny fragments of plant residues may dramatically change SOM composition by

tillage. For examplethe last plowing practice was in November, meaning there was a soil



disturbance before the April 2019 soil sampliagdtheseplantfragments can be changed and
mixed within the soil matrix in April (after plowingatherthan August

SOM composi tinon hehvdemgeed sapgacomlimmpasbedl bghang
the C/ N nidti tofTaekxlaenpl e, a slightly higher C
i n summer tHemse s smpali ngi.fferenaocesndncahe &/
in soil mi cresipeme a¢ 6 ydEHeicoeypdept aCod N. r at i o
hi gkl atmoweatl i i@ a¢ 0 mpoomewmdad t hat most ppamti al |
| i tctoewd d be fuedcheri hcanpodoslimne@Apgsest et al .,
Li kewinsd he present wor k, it can be aafneasi b
affect the f aanbndtpaoloill ictoymposi ti on

The coeximitce moe,gadnuiistnasbd(ee . gandiGk abnl ity),
availambi soitlyc esaf b tcrt atSeOM  d @ deehmgpotsiid i aamd het er
ar addsgl s e For exampl e, soil functional compl ¢
cd ocation of OM mol ecul ar diversity tempor a
(e.g., microbi al products, rhizospherseg,urand
and aggregate for mat i(oDo)e tttoerclonettr oall .S ONM 0slt5a b
et al.Henz@d1hi gh OC mol ecul ar diversity may
due t o anhhiencmeetaasbeol i ¢ demand of microbial c
to decompose OM wi(behmansoet al crob0dme

In the present work, a combinationtifage and changing soil microbiome conditions
can seasonally affect soil oxidation state and OM fragsakstribution in a soil matrixHence,
it derived seasonal differences in a sqilthserelated SOMmoreevidentlyin the fast pool.
Further work is recommended to study plant litter residue quality (e.g., C/N ratio) change
effectson soil C poolcomposition andormation

616Rel ati onshhiOMabedt wehéarisel at ed SOM parameters

Thepresestul ts suggest,edas hatmahbpa abaQavh bbeoaod t
e X ¢ h anegtewe@M poeadasonafff gecting thei ¢Ffdumati or
|t can also explain why there wamparameadrmrsisd
espeawi &lhinyd eDxOM rdegr ad atMcdKm i dgehgir,e eBo,y earn,d eStO Ma |
variables in the fast pool ,3espégBhbbyggesse

that OM composition can be continuously <chan



The DOM pool comprises thousands of organic molecules smtbiaibial necromass
can be part oit. The necromassasproposed tglay arole in the present result by affecting
OM stability and the fast pool seasonaiityChernozem soiln particular, @ernozem soil had
more favorablenicrobial growth conditions thaRodzols (containing more plant compounds,
e.g., lignin)(Angst et al., 2021} or examplea microbial necromasontributedo more than
half of SOC concentratior{tiang et al., 2019)

More | abil e DOdM c@8@ffocstohcentration i n th
the summer i sadasdml i lbiaum nogr @GSpplgd dgc hange i n DON
composition a ami aohmemifcraolm | iinrk HKvd rt dha rPiCavh f fr carc
(Filep eti &lewjes 2DQAN )poee hric@ahed with necr omas
remadomrst,r i setaspngat @OMaen gad ed t d&otr pxoOM |Ise,
composition in a soil system can have vario

decomposabl e ugars (kKalclmimpz ext pdlen,ol 2@0T) gn

(7]
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molecular compositions.
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Fresh plant and animal residues

Fi gBbseasonally, the wvariation in dissolved
change in soil organi c camrdmlnan(dS OCy.gdian dtalr g
humi f i catwaosn rienfdegfxille d)Tthe wihys gereat ed wi t h Bi o
Di fferenta leepftebry)sed t o the significant effec:
vari awdleudg<p Owagd )v.e nDaat anean wi tThh esmgalned assidz ed e v
(n=216) for the DOM v-phaséel eebadednsdi) ©6bpga
information was outlined (sections S2 and S1

Evaermopghditds not significaperyeathestampOMnN
it is stildl a f eadiablve sa s 9 @ mm@itnhde mpl rtoilvaitnngg deaufef

yn



accelerate the ad®l deaagmpo DIOMIi croomposition in
ot herAs chabhgeliogi claé proan tdiligshah | gfht D@Md Hange
mi cr obi omBPOBWpfaftescetaisnogn al )y Shiegurfecal ly, a hi
August than in April ctahne ibnidoilcoagtiedDalM apsnodndaul etci
opposite results for HI X values wa&re found b
In the summer, there were sigwnitdhea asanndly

di fferenbeel oaqi ctahl e fD @Mt rciobmyp to(iseingiuornes 7 ) . I n

compl ex DOM cohpKsdwasphet eidntiedp hoeg changes al
wi t hhsceasomfabst POPMotompBasedominiln nsi cr obi,ome co
i nciln@avail ability, the chemhet rvacti OM pne,|
mi neral , sdetamgasi tiimst antl y i,acfrfeeacstd ngr SO
composReagarndi nlga btihl aeto ngpM smitgihan be further dec
incorporated into the soil (Bghgdegangeg #0284t of

2016; -KKCadgealer & Amel ung, 202HencHe,abdhne BOM ¢
composition was proposed to increase SOC cor
compared to the following spring in cropland

The presentsuggadtisd fRMOMthpeaol can drive S
stability in the fast pooktpnanduousl yuchanos

Chernozem soi l

yp



7. Conclusi on

Hi gher SOC and total N concentratitohnes wer
sl owt sfeedst pools and bul k soil and relativel
tillage effects on soill C pool s. Furthermore
accompanied a change in SOM compositeons. S
ar omad ndteictoynposi ti on degrees in cropland thar
a | awdrati vealaimphadmmofiCe ntr opl and t harmadgr ass|
til |l age ncergalta nvde 8Oy essftfaelei tleirdtayp | e s oi |

A hiSgOC <concentration and recal citrant
compounds wlietrhivredl iagmimati c C signals) were
fast Apbabil e SOM composi ti opnol yismadicchatre d etsy w
aromaticity, was .dpittecbedsli owtpeolf dasti ppodt a
C protection route at Chernozem soimiserlatl f
fraesitn omccel erati ng fGCersttioarnadgaet arovedg aursdel.es s of

Continuous changes in SOM compaosaibtbied ns a
Speci fically, considerable correlations were

fast and slow pools and bul k s®hésd ns easmane

correbbateonedmpOMetaisomalkipeci al | yelxtpl aih@etdast
foll owfhyg An increaswapmo P®Led oth@ eintcrae aoa S
in the fast pool during the summer compared
tempor al dynami cs aovfer ®©IOiMmec owipthlgiseelodthesld S OM
composSpteicoinf.i abi | g, DOM wasmprogwpitatt ke milrecr eased !
concentration in the fast pool during the s
(increase in the ratio of arnodmagtaitca:dad n paad i
decompadeigreecriop!l apmdi ng, not summer. These s
compositions elucidate a seasonal chsaoigle in
mi cr obi ome edldanbdmmahteen s mpa md®Mnpatofern in drivi
changespharsesl mltiedd SOM compositio

Hen dhe, OtMp os sitn otnh et HDEODMt paved e nsi ti ve t o th
change in a soil system. These findings hi
composietaisemal 'y for an effacabhlive GCGheldl nmmaemgs



Thepobsnt s

Theresent study contributed to scientific
and SOM compositions in three soi(lcr®pdanlds aa
gr as lhamd)chtyehmhé zeaz e m. Previous works studied
from forest to peaty gl eyCheoi h @zeawil teh | lainndis
Furthermore, sampling ti meéhamsedatedt SEODOMzabdbmpa
i hhsel ow andahhst kpm®isot f ulTleyi abhdeifost aaohdei ng
presenits tehe sfisl | ows:

1- SOM compositions related to DOM and fast
fac$mwmeci, ,SiOMalcloymnposi ti ons were changed ove
Hence, SOM composition in the fast pool s
by sampllitngs utgignees.t ed t hat both fast and D¢
to the instant chandéGrianntdipg,mtll i§c.Lthieoamo z e n

2- Al i phatic and aromatic C ratios were pot
composTitiage dramatically shi3tMs s3S@M i do mg
i n crwipthhlamidgher decomposition indicator t

3 Regardl esseofananfdertilization, the sl ow
and recalcitrant SOM than the fast pool

the primary @tprCohteercntoizoenm rsoouitle. Further mo

t he slvwewadpos@lchanged based on | and use. F
the sl ow pool was not similar to bulk soi
4- Pl aandgd fertilization did not affect SOM cc
soil C pool sagdeh@GB®k astaielb.a slitggmr egabyal |
and temporally heteroganabues tampgbexundeg
agr ot ecahsnd wawisead hi gh variance of some SOI
5 The |l ocal weather paramet er s pwaerraenestitegrnsi f i
with a | ow corAr ¢loavt icomredlate@ on value can
as a chaoti ¢ tsymagsegest éddléntcleat i ncluding mi
for st h@BQNpwo@ I i n (aAGalal ¢i seitl al . |, 2022)

6- Aconsi derabwascoéoualdathieaween parpmaser s
SOM and theh®O®& phemomdma hsewng ghedtt wleiemk t de
DOM nat Ir5eO'M pdlehsiendi ct h@Mcdanc best antly exch

bet ween safifle&0OWomwdtatrearbnl e Chernozem soi l

yT



Summary

Soi | organic matter (SOM) I's a valuabl e ¢
suggest that SOM is being | ost duienwveostciugattie
whet her soil organic carbon (SOC) concentrat
are affected by soil management practwoes (e

sitCebti vated t amgoinleairmycrimmpglaacnd gr assl and so
N, 18. 78966,ehBy acHemngaegloibly rCehfee mdlweepmgt oup
of at éomgexpemp areirittgi €1 Z@as O h wrudddirf ff elr emtts
| nhits rPehsDg a rscohi | samples were coll ect@&@hli seaso
st uadymeglt uddy SOC and tot ale snis®ddMlsogempaeoinciean r i
soil and three soil C poghsicSomaltteéphmh@diem) wa
related SOM in fractionated s oialsss.ocFiraatcetd oonrag
matter ( MPAOM or s l-aosws qmiodt)e da nadr gaagrgir ce graa tet e r
Bot h -pshoafsieetl at ed S OMDePMpmlove waanfdf ect ed by fert
opl aNévert hhalgehsessr SOC and twetrael ifM uagpodracen tamalt
i n cr.opllhaensde me sewlitdsa mipinderseel at ed $@MONr e u IDOM
't explained vamioed ditlplofagihst.ehdeectmport ance
aggregatien sit mdsiGCa gciyonngc e n$OrMa tsitcaad n d yaimp a ge t
dramatically shitfd sbeSOwWMo scmaripbbesd it empar ed t o
grasdluand e rceomposi tiondiigmecr aglcoamep olsad i @
t han 1 n Bgrtadisisgdhaantdi.¢c andwearmre mfad pmod €nd¢ ali @ disc at

till agers@®@Mfeacmposi tion.

DA concewmagraotpioosnt 8 @® concentration in th
the summblkan in the .follth owssmeasmpainhy varyir
composition, especially | abile DOMspommasi t
Hence, DOM can be a direct property of soil
solid phase rel at edstoot SOOWM yi na ftf heec t feladg thtylp @ caln
sampl i ng Reignaer dfl aecstsoro.f | and use and fertiliz

concentration and recalditt showsSOMet hanpotrh an
as the primarg CCphproéamtdi ngs hioghlofghst adyei ng
SOMatdserassonal figctfiove annoielf management plan i

yy
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Suppl ementary
This is a suppl ement ar yt sseeccttiioonn sf onra niende itnh eo
section S1 to section S10.
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