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Avti TgOAOYOU

H napodooa didantopur) dtetpln exnovinue oto Epyaotioto I'ewpyiung Mnyovinng, g
Yyole Mnyavinwv Ileptfarroviog tov Ilodvteyveiov Konmme ™ ypovixn mepiodo
DeBpovdprog 2012 - Maiog 2015. O nfeha va cuyaptotijow dAoug toug avipwnoug ot omotot
ouvveBalav naxboplotind atny emtotpoviny xot egeuvn Tt xabodnynon yix v ohorAEwWo)
¢ ToEoLOOG SLaTELRNG. AatwpaTing 0 TEWTOS AvHPWTOS 6TO OTOLO OPEiA® TG HEYUAVTEQES
evyaptotieg nat v Babdtaty extiunon pov, sivar o Emin. Koabnyntie, Nwodlaog
[Mapavuytavanng, o onotog eivat %ot o emPBrenwy xabnyntig g Stdantopng Sratotne. H
emhoyn tov Bepatog, 1 Swxpbowon g epeuVNTINNG Stadaclag Kot 1) EMLGTNUOVIXNTY] TOV
nabodnynom, vineke naboplotinn oty exndvnon g dwtetPrc. Emmiéov, wg ddonakog not
uévropag, pov didake oe peydio Babuod tov 10OMO pe TOov omolo 1 emoTNHOVINY] ouedn
XTOUQLOTAAAWVETAL GE EDOTOYES MELRAUUXTIXEG TEOoeYYIoelg nabng eniong nat pov petédwoe
10 UEOBLo g dtuprodg avalntmong, g e€ehéng, va aveBdlw Tov TY” TwV TEOGSONLLY
mov Prha xar voo Balew T SuVXTE KOV, LYV TEOOTEQVWVTAG AUOUX UXL TOV (BLO LOL TOV
E0LTO, Yl Vo Tor TETOYW. TOV eLYXELOT® OXOUK TEEX TOAD Yot TNV EUTLGTOGLVY] TOL PO
edetée, O VTG T YEOVLAL, VLA TOV YEOVO, TNV LTOUOVY] TOL KAl KVELWG TNV ETLUOVY] TOL KAl
Yoo OAeg TG yvwoelg nat 8e€loTNTeg ToL améntnoa Lo T enifAedy) Tov. Eniong, Ou nbelo va
evyxploTow Tov 0P Nwokao Nwolaidn, Koabnynm ot Zyoln pnyavinov
[TeptBarrovtog (ITohvteyveio Konng), yta mv evbovotwdn ometén xat mv xabodnynon nov
UOoL Edwoe AMAOYEQX OAX OLTX T YOOV OLVOVTAG POL T1V ELXALELX VX GUUUETEXW OTO
npoyeappa SoilTrec nat v mpaypatonomow 10 Stdantopod pov, xabng nat ota TAaiotx
TOL TEOYQAUMUATOS VO YVWELOW CLVASEAPOLE ATO TO e€WTEEMO UL Vo SLELELYW TOLG
emompovinovg pov opilovies. Téhog, Oa Nbeka va evyaptomow tov nvpto Eupavouni
Aadovudnn, Enirovpo Kabnynty tov tpnpatog Brokoyiag (Iavemotpo Konmg), yur m
OLPLPETOYY] TOL OTNY TELUEAY] o BovievTiny emttpomny], xabwg xat yix 10 Yedvo mov diébece
Yl ™V avayveor xat ) 8topbwaor g napodoug Sttt Prg.

Emnkéov Oo nbeda va evyaptotiow toug nvpiovg Kaloyepdun Nwora, Kabnynty tov
[ToAvteyvetov Kong, Awrpavtonovko Evdyyedo, Kabnynt) tov [Tohvteyveiov Konng, Ap.
Bapovyann Eppavounh, E.ALIT. touv ITolvteyveiov Kontng now v nvplo Beviepn Aavar,
Enixovpn Kabnyntotx tov TTokvteyveiov Kontg, ytoe ) ovppetoyyn toug oty entapein
efetaoTint] emTEOMY g Topovoag StatELBre. Xtov Ap. Eppavouni Bapovydann o n0eka va

ENPOAOW TIC IOLITEQES ELYAQELOTIEG MOV, Yl TO evdtagpépov xnat 11 Bonbewx tov oty
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NATAVOCY] HAL EQUOUOYY TV YewoTaTtoTwy pebodoloyiwv mov yonotponomdnray oty
npobox  Sdautopwy] SatEln not eAmilw OTL 7 ovLVeEYXOolX MG 0T TAXIGLL TOL
SLdanTOoEWOL Vor amOTEAEL TNV apeTNElo (oG LonEoyEoviag cuvepyaotac. Eniong 0o n0eia
voe evyoptotnow tov Aovinh Mwpait), miéov Enixovpo xabnynt oto Sultan Qaboos
University oto Opay, yio v Bonbetd touv otov oyediacud xot ™y TEAYUXTOTOMGY TG
oWt Setypatondiog g Stdaxtopung Satplfng, 1o 2012, mov amotéheoe nat v Bdon
Yoo g emopeveg dvo. I ™y Setypotodndior tov 2013, O Nbeha va evyaptotiow OV
oLVASEAPO, AARL TaVEW amtd OAx, TOAD xaho Piko, I'wpyo I'avvanr, 6Tov oL 10 avianédwon
Bonbwvtag oty tedevtaio Setypatodndic TOL TEQAUXTOC ME TG VIOUATEG... Lo v
derypatodndia tov 2014, 6w va evyaELoToW TOV *XAO cLVESEApO xat emiong Yo Ap.
2tohovo Podelavanr, Tov wg amd unyavng Beodg mtpooépbnue va Bonbnoet, xabwg nuovy
UE OTUGUEVO TOSL UXL TATEQITOEG KL BEV UTOQOLOA VO UAVW 1t TOAAX TEdypate. .. Extog
OpwG amo TG SelyUatoAndleg yw %ol TOAOLG SlopOEETIXODE AOYOLG VoL TOLG ELYAOLOTW.
Euyaptote Bepopd tov I'wpyo, yia to Npactay cuvodotnogotl oe avthy v npocnabelo oto
Xovid oyedov o 6 yeovia, and Tt petamtuytonég pag onovdes. H atotén, ot oupBoviég, n
XOLTINY] TOL %0 UATIOLES YOPES ATIAG TO 1TAY TTAQOV, oL edwae anioteuty Bonleta xat Sdvopn
Yloo Vor QTROW OTO TEAOG. OEAw Vo Tw %ol Vol PEYIAO ELYAQLOTW OTOV 2LTEMO, Y& TG
EMUOTNULOVIUEG aG GLLNTYOELS, SLAPWVIES KoL CLVEQYAGLEG XALX UL YLX TNV EXTOC TOAVLTEYVELOL
noex mov navape. Telog, daitepeg evyaptotieg Ou N0eha va enyppacw oty cuvaderpo Ag.
EXevbeplar Avtwviov, yio my moAdtun Bonbetx g, tic oupBovAég g not TOov YEOVO ToL
XPIEQWOE WOTE VO TOOETOLUAOT® PUYOAOYING UKL TQANTING L& TNV TEWTY] OV GLYEVTELEY.
Tehog évar HeYdAO ELYXQLOT® %L TNV ATEQAVTY] ELYVWUOCLYY] LOL GTOLG YOVELG OV XL TNV
OLXOYEVELX PO, TOLG PIAOLG POV XAl TOV GLVTEOYO LOL YLX T7] GUVOALXY| DTTOCTY|OLEY] TTOL LOL
Telyay 0o yeovia omoLdala uut ISIAITEQX GTO TELOG, OTIOL OPLANA TOVG TEEAXVA.

Xovia, AexépuBorog 2015
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ITepiindm

Ot uinpooEyaviopol Tou e3apoug xATEYOLY UVELXEYO POAO GTOLG BLOYEWYNIIHOLS UOUAOVS
Twv DPENTIU®Y GTOUYELWY Mot XAUTA GUVETIELX GTY] AELTOLEYIA KU TXQAYWYIXOTNTA TWY PLGLUGOV
oda not avBpwmoyevey owocvotnpatwy. Elvow xploipwn Aomov n uotavonon twv
TUEAUETOWY, BroTev xat afloTinwy, Tov ennEealovy ta KoTIBo T7g YWEKYG HXTAVOUNG TWY
UXEOBLUGOY XOWVOTNTWV WOTE Vo IVt EQPLXTY| 1] TEORAEYY TNG ATOXELENG TOLE GTNY UALUATLINY
odlhoyn) adda xa oe avbpwroyevelg enepfdoetg, xabwg emiong yro ™V avanTLEY HATIAANAWY
“eoyuielwy” TEORAEYPNG TwY SLleEYXAOLLY TOL EUTAEXOVTOL Ol IIXQOOQYAVIGHOL TOL ESAPOLG.
210Y0¢ ¢ TaEOoLOAS SLBAATOPWNG OLUTELBNG NTAV 1] UEAETY), O MEYAAY nhlpano (Aeudvr
ATOEQEOMNG), TWV SLAMVUAVOEWY TNG UXTAVOUNG TNG UXEOBLANNG XOWOTNTAG TOL ESXPOUS PE
TNV Q107 QUAOYEVETIM®OV OEMTWY %L ASLTOLEYMGV YOVISiwY, BloyewynUMey SleQyaoLoy
(ovbpog vitpomoinang nat avopyavoroinorg C, evepydtnta eviLwY) 1ot TV THEXYOVTWY TOL

emtdpovY oe aw TNV (TeELBaAlov, uAipa, YONoELS YNG, t8toTNTeg not Bdbog edayoug, YoOVOQ).

Xe OSewypatoldia mov mpaypatomombnxe oe 51 onpela oty Teployn  pEAETNG,
TpocdloploTue 1 Sou ¢ edapwng pnpoftaxnyg xowvotmtag pe ™y uebodo g qPCR,
YOYOLULOTIOLWYTAG TEWTOXOAAX YL TNV TOCOTIMOTONGY Tov TANOuouod twv Boxtnplwy,
Apyaiwv not Moxntwv, a-Proteobacteria, B-Proteobacteria, Actinobacteria, Firmicutes, Bacteroidetes
nor Acidobacteria w6ty oLVEYEIL LTOAOYIGTNUE 7] GLVEICYPOEX TwWV TEQLBAANOVTINGY
TUQAUETOWY OTLG SLUUVUAVOELS TOL TaEXTNENONUAY UECW LOVIEAWY TOL UATAUCHELRGTYUAY
ue v pebodo g moAhaming yooppinng makvdpounons. H pebodog tou co-kriging (CoK)
emA&yOnre yio Ty nataouev] xoETwY TEOBAEYNS TG YwEYS xatavopne. Ta anoteréopata
TG TUEOVOUG EQYAOLAG, AVXOEUVDOLY TUOAUETOOVS TOL SLAUOQPWVOLY, TOLAAYLGTOV GE
LYMAO talvound eminedo, T HnEOPLIKES HOVOTNTES, aVaYVWELLOVTAG TOV OMUO 0QYAVIHO
C (TOC) nout 0 pH wg 11¢ onpavtnodtepes, xaxbog eniong uat napéyouvy evdeilelg dnaéng
OLMOAOYINY|G GUVOYTNG XL CLVTEOPUWY AANAETOEATEWY HETAED Twv wxEoBluxwy taéwy, oe

eninedo Aexdvg anoEEOYC.

2 ovvéyetx anolovbnoe 1 avdAvor g BlomouthOTNTR TG KEOBIAAYG HOVOTNTAG HECK
™g aAAnrodytong tov 16S rRNA yevetxod tomov pe v teyvoroyio Illumina MiSeq oe
emheypuevo aptbuo detypatwy (22) mov elafav vnddr nat 1 dteoTae ToL YEOvoL (3 €n).
Or emoteg Stanvpavoerg mov mapatneNdnray ota potifa g o- xo B-moAdTTag

amodidovial oTIg UALLATINES StaxvpAvoelg avapeoa ot €17). H yonon yng non 1o Babog tov
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edapoug Oev Stapopomoince Ta potifo a-momtAoTNTag, ohkd e€nynoav to 14 nor 2%,
avtioTtotya Twv Staxvpdvoewy g B-momddmtac. H ovyxpodton g prpoftonig
nowottag Beebnme vo Sténetat ©LEIWG ATO GTOYXOTIEG SLAOUAGIES 1AL ELOUOTEQX ATO EV
OLYSLAGPO TLYALWY LETAVAOTELCEWY, YEVWWNoEWY 1ot Havatwy xat Stomods. X1y cuveyeta,
epappoyy pnyavinev uedodwv pabnong édetée mwg 1 Sopn e pEoBtanng xowoTTag, oe
vdnAo Talvounod eninedo, natnyoplonoince TG YENoelg yng not T edapea Babn. Tehog, n
QVAALGY] TWY SIUTLWV YLa TLG YOENOELS Y1G 1ot T edapund BaOn, avedetéay otovyeio oyeTind pe
TG OYEOEIS AAMNAETUSQAONG TWV IUQOOQYOVIGU®Y AAE %ot Tov Thavd POAO TOLG GTOLG

Broyewymunodg noxiovg tov C xon N ylar v meploy| HeAetng hog.

Eugaon eniong 806nue otov uduko tov N Xt0 Kepahato 4, pelembnrav ov dapopeg
dtepyaoieg Tov udxhov Tov N o1y Teptoy” touv TotapoL Kotkidpen nat ot neptBailovtixot
TUEAUETEOL TIOL TIG EMYEedlovy. Yoloyiotnue 7 apbovia Twv alwtodeouevtinny Boxtnoiwy,
TV OEEOWTWY TG AUUOVING HXL TWV ATOVITOOTOUT®Y, GUUTEQIAXUBAVOUEVOL 1ol TOL
Tedopata avaryvwotopévou clade II tov yowidiov nosZ, pe my pébodo g qPCR, oe 51 onpeia
™me mepoyne  perétne. H o peébodog g molamAng  yoappmng  molvOpOpnong
yonotponoinue ylow 10V TEOGSLOPIOUO TWY TLO GNUAVTIXMY TEQLRXANOVTIUGY TUQAUETOWY
TOL TEQLYORPOLY TNV HATAVOUY NG apboviag Twv ASlTovEYW®Y YOVISIWY GTNY TEQLOYY].
Emniong dnpovpyntnray yaoteg mpofiedne g ywowmng natavouns e agboviag pe v
uebodo CoK. H mapodonx epyasio epmiontilet v StxbEotpn yvwor (Hag avapopind te Tig
TEAUUETEOLE oL 1xBoEI{oLY T1 YWEINY] UATAVOUY] TV SLAPOPWY AELTOLEYUGY OUASWY TOV
nbrhov touv N, oe eminedo Aendvng anoppone. Ta alwodeopevtind Bantnowx, ot o€etdwtég
™Q A pwviog Tov avieouy ota Apyata (AOA) %ot oL aTOVITEOTOTES TOL PEEOLY TO YOVISLO
nirS, QUIVETAL VO MATEYOLY ONUAVTIMOTEQO QEOAO GTNV AELTOLEYIXOTNTX TWV QUOLUWY
OMOGLOTNUATWY, EVM Ol ATOVLTPOTOLYTEG TOL PEEOLY TO YoVidto 7irK xat auTol TOL PEEOLY
0 nosZ clade 11 xvprxpyodv otig nakhepynotpeg extaoets. Ot meptBaAloVTINEg TUEAUETOOL
TOL TEOGBLOPICTNMAY, Pe onuaviinoteen to pH, eénynoav péyor xar 10 80% g
Standpavomg g apboviag Twy AelTovEyMwy Opddwy, e TO TOGOGTO Vo aveRyeTat 6710 93%,
Oty ot povieAa evowpatwinuoav Sedopeva e agboviag Twv AstToLEYWMOV OUESwY
uttpoopyaviopey. Teéhog, toyveés oyéoelg ToupatnENOnray petaéd Twv AELTOLEYIXMY OUASWY,

ue v xenomn yne va xabopilet Tov THTo auTeV TwY GYECEWV.



Abstract

The microorganisms drive the nutrient biogeochemical cycles, ecosystems functioning and
the delivered by them services. Understanding the environmental variables that drive the
spatial distribution patterns of microbial communities is crucial to anticipate ecosystem
responses to global changes, to human perturbation and to develop proper tools for
predicting their functioning. The objective of this PhD Thesis was to characterize the
variations of the distribution of soil microbial community and to investigate the factors
that affect that distribution, at the scale of the watershed, by adopting phylogenetic (16S
rRNA) and functional gene (N cycle) data.

This study investigated the distribution of Archaea, Bacteria and Fungi as well as the
dominant bacterial phyla (Acidobacteria, Actinobacteria, Bacteroidetes, Firmicutes), and classes of
Proteobacteria (Alpha- and Betaproteobacteria) across the Koiliaris watershed by qPCR and
linked them with environmental variables. Predictive maps of microorganisms’ distribution
at watershed scale were generated by co-kriging, using the most significant predictors. Our
findings showed that 31-79% of the spatial variation in microbial taxa abundance could
be explained by the parameters measured, with total organic carbon and pH being
identified as the most important. Moreover, strong correlations were set between microbial
groups. Our findings shed light on the factors shaping microbial communities at a high
taxonomic level and provide evidence for ecological coherence and syntrophic interactions

at the watershed scale.

In the following step, a next-generation, Illumina-based sequencing approach was
employed to characterize the bacterial community within a 3-year field sampling
campaigns, from 22 sites including two soil depths (0-15 and 15-30 cm). The interannual
variation patterns that observed for o- and [-diversity attributed mainly to climatic
variations. Land use and soil depth explained 14 and 2%, respectively, of the B-diversity
variations, while they had not any effect on a- diversity metrics. Moreover, environmental
variations and geographic distance showed a weak correlations with both biodiversity
levels. This led as to consider that other processes drive the community assembly. In fact,
fitting the Sloan’s neutral community assembly model to our data, provided a very good
prediction of R*=0.84. Even, the community found to be assembled mainly by stochastic
processes, there were indices for environmental influences at a more local scale. Machine-

learning approaches demonstrated that agricultural lands were enriched with Profeobacteria,
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Acidobacteria, Bacteroidetes, Elusimicrobia, OD1 and WS3, while natural ecosystems with
Verrucomicrobia, Actinobacteria, Chlotoflext, Firmicutes, AD3 and Gemmatimonadetes. Network
analysis revealed non-random co-occurrence patterns for discriminant communities of
each land use and soil depth. Moreover, for all networks, except that of 15-30 cm, keystone
OTUs was members of model sub community that occurred more frequently that the

model’s prediction.

Emphasis was also given on functional microorganism regulating the cycling of N
(diazotrophs, ammonia oxidizers, denitrifiers) and on the environmental factors shaping
their biogeographic patterns across the Koiliaris watershed. Our findings revealed that a
proportion of variance ranging from 40 to 80% of functional genes abundance could be
explained by the environmental variables monitored, with pH, soil texture, total organic
carbon and potential nitrification rate being identified as the most important drivers.
Prediction maps, generated by cokriging, revealed distinct patterns of functional genes.
Strong relationships were set between functional groups, which were further mediated by
the land use (natural vs agricultural lands). These relationships, in combination with the
environmental variables, allow us to provide insights regarding the ecological preferences
of N-functional groups and among them the recently identified clade II of nitrous oxide

reducers.
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Kegaiato 1

1. Etooywyn

1.1 To €dagog wg evdraitnmo

To édagog amoterel Baowd pépog g Kolopune Zovng g empavetag e I'ne (Earth’s
Critical Zone) nabwg Stadpapatilet nxboptotnd poko oty Loy tov TeptBdAilovtog pe
XmOTENEOUX Vo eMOEG nat vor emnEedlet v acwpopin xat Blwotpdtta Touv TAavnTy. To
edapog amoterel 10 O moAbTAOxO evditnpo pe tdadtepa agbovy BromomhotnTa.
Yrohoyiletoar nwg nepéyet 10 1/3 1wv oviwy opyaviopov tou mhavity xow pubuiler v
SPACTNELOTNTA EXEIVWY TWV OPYAVIGR®Y oL eivar bedBuvor yi v e€EMén nar Aettovpyin

TOL OOCLOTHIATOG.

Q¢ edapinod evdiaitnpa optletat 10 GUVOAO Twv LOVTwY 0EYUVIGU®Y ToL Statovy 670 E30YOg,
CLUTEQIAAULBAVOUEVWY TV PUTWY, {OWV UXL UIXQOOEYAVIGUOV 1w uxt TO0 GOVOAO TwV
afrotiey toug napapétowy. H axptBng woon avtod touv evdiatypatog nabopiletar and po
oLVOeTY aAANAeTIS PO peTah YewAoyiag, MMUATMOY cuVONUKY xot YuTnyg BAaoTnong. Ot
aAMNAETIOEAOES TwV BEaywd®Y CYNUATIOU®Y %ot TOL UNTEWOL LAXOL pe TANBmEx
axBlotinwy TEQLBAAOVTIMOY UKL HALPUATIUOV THQXUETOWV (YEWYQXQMO TAKTOC, LYOUETEO,
Bepporpacia, Bpooyomtwan, nhonyn axtivoBolla, dvepog, x.a.) xot e T 181 g BAdotong,
gyouvv odnynoet oty eLeAén nat SLaPOPYWOY] TWV LYLOTAUEVWY YEQOALWY OUOCLOTIUATWY

%ot TV e80pwy TOL T AT ETILOLY.

I'pw oto 1880 ot edapordyor Russian now Danish avénto€av v Bewpion mwg tor eddupn
XMOTEAODY 0ve€dQTYTA PULOIUG GLOTYUATA T OTOLX YXEAATYEILOVTAL ATO UOVASIXES LOLOTYTES
TIOL ElVAL TEOLOVTA TY)G AAANAETISQUGYG TOL PUYTEIXOL LALXOD, TOL YALUATOG, TN TOTOYQAUPLAG
nat Tov {wVTog LAXOL %A T& TNV SLtaEKetx Tov Y Eovou. Ouwg Ntay o 1941, dnov o Hans Jenny
(Jenny 1941) péow g nhaowng tov eliowong (E€.1.1) npocdioploe v mpowty mocotnn
ENPOUTT] TWY TXOXYOVTWY TIOL ETULSEOLY GTYV SNULOLEYIX TOL EGAPOVE, GLUTEQLAXUBAVOVTAG

TOLG UQOOQYAVIGLOLG TNV YEVEGT] %ot O1LOLEYLX TOV EVOLXLTHIXTOG TOVG.
BEdayog = f[Mntomo vhnd, xhipe, {ovieg opyaviopol, Tonoypapla, eovog| (EE1.1)

270t YEQEOULX OLUOGVOTNUTA, TO ESAPOC EMLTEAEL XALQOLEC AELTOLEYIES, OTWG 1] aobxevan naot
avToAAay?] evépyelag, vepoL xoxt OQEmTIM@Y OTOLYElwY XAl OTNY TUQAYWYXOTNTX TOL

omoovotuatoc. H pekétn now 1 uotavonern me Suvapnygc autwy v obvietwy xat cuyva
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aAMNAExOTOUEVWY  YewYNUxwY—Ploypinwy-Bltopuotemy  Slepyaotoy  TwyV  YEQEOCUiwY
OMOCLOTNUATWY ATOTEAEL EMLTUUTINY] aVay®Y], OLXITEQX ATO T OXOTLE TNG UALUOTINNG
XAYNC %0l TV ETMUTTWOEWY TIOL €Y0LY TEOXAAETEL Ot avbpnmiveg SpaoTNELOTNTES (EVTXTINY

yewpyla - ©TvoTEOPin, XNOYIADGCY SACILWY EXTACEWY, ACTILOTOLNCY] TEQLOYWY).

Ot paydaieg e€elifelc otig teyvoroyieg nat pebodoroyieg poplong xat BLoyMunng avaAveg,
€)(OLV ETLPEQEL ENMAVAOTAGY] OTLC YVWOELS OYETIUX PE T SOUY| TG IUEOBLUUNC XOVOTNTAG XAt
SLELXOADVOLY T1V EVOWUATWGY] ALTHG TNG YVWOTG OTIG EVWOLEG GYETILOVTAL YE TNV YEVEDT] HaL
e€eMén Twv edapryv, TG AELTOLEYOTNTAC TOLG UL TWV LTVEECLWY TOL TEOGYEQOLY TX
omoovotuata. Kabwg 7 yvwon avty ohoéva xat epmhovtiletal, nepattéow UeAeTn uot oe
Babog natavdnom 11g GLVELGPOEES TG ESAPUNG UMEOPLAKYG HOVOTNTAG UXL TG OLLOAOYIXG
™G, OAO ot o emtantind o wAnOel va mopéyer Baowés TApoople, anavINoELg Ko
eOYXAEl Yl TNV eQaEUOYY BLOCLUWY Yot TG LTYQEECIEG TWV OUOGLOTYUATWY TOUUTIUWY

drovyelptomng.

1.1.1 To yoe@oxTnELoTINd TOL E6XPIKOD EVOIUITNUATOG

To &dapog amotekel évar Broloynd cbotpa T0 omolo yapuxtneiletal, and tdxitepo
XVOUOLOUOEYT] BOUY] (CLCCWUXTWUXTA) KAl TULEOVLOLALEL EVTOVY] ETEQOYEVELX UL HOLVEYELX.
Zveg 1) edopnol TOPOL TOL EYOLY KAAO AEQLOUO UTOQEL VoL BOIOHOVTOL GE ATOGTACY] EQIUWY
YMOOTWY amtd dAAES TOL Sev aepl{ovTar xaAd 1ot EMUEATOLY avaeEORLeg 1) avoéinég cuvOruec.
[Teproyéc novtd otV empaveto TOL edAPOLE UTOQEEL Var elvat EUTAOVTIOUEVEG UE ELUOA
XTOSOUNGLULO OQYAVIUO LAKO %Al GAAX TEOGPBACLU, Yot TOLG IMEOOEYAVIGUOLS, BoenTind
otovyeia, eve PBabdtepa otpwpata umopel va eivar ptwys oe Opemtind otoryela N va
«npootatebovtan and edapnés dopec. Ov Swmvuavoelg g Oepporpaciag xar g
TEQLENTIXOTNTAC OE VEQO TG EMUPAVELXG TOL eOAPOLS Elval PEYAADTEQES aE oéam pe Babbtepa
otpopata. To edapud Sidhvpa oe pepmods TOPOLS KTOQEEL Va eivat OEvVo, eV G GAAOLG
Baono, eite pmoEel vor MOWIAEL 1] TEQLEXTIMOTNTA TOL O GAXTX AOYW TYG OQULUTOAOYIUNG

ovvbeong tov edapoug, ¢ Tonobeatag nat g BLoroyng SEACGTNELOTNTAG TG TEQLOYTG.

To é&dapog meptéyet TOAL peydAeg mocotnteg  pupofoxng  PBropdlag nabog  now
yopantneiletar and vPnAn uepoflony Tomhotta. ‘Eva novo yoauuapto eddpoug meptéyet
YIMORETEL LYPOY LK TV, TeptocOTepn and 107 ndttape Buxtneley xa apyaiwy xadig
eMLOYC UXL OQYAVIGPLODG TOL UTOEEL Vo v oLy o€ Senddeg ythtadeg Stapopetind etdn (Thies
2015). H mocotta g yeveTung TANQOoYopiog TOL ATAVTXTHL O EVa YOXUUAELO ed4pOoug

eyet Bewonbel avtiotoryn pe avtn 4000 avbpwmvev yovidtwuatwy (Schloter, 2012), xabowg
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eniong not 1 tocotta Tov C nat N mow Bpioreton 6tny pnpoBrony Bropdla eivot peyoahdteen
and oavty e gutne PBropalag (Whitman e al 1998). Opwe 7 xatavopyn twv
UXQOOQYOVIGUWY HECH GTO E00POG TOEOLGLALEL LOLXITEQX XVOUOLOUOQPX YAQANTNOLOTLING
nafog uvplwg axolovbel to potiBa eTEQOYEVELNG TWY YUOILOY UMWY YAQAATYOLOTIXWY TOL

edapoug.

1.1.2 H yweuey xot ooviny] xAPaxs TRQATNQY0NG 0TO edxpI®0
evoLoiTr o

To yepoala owocvotpata, Onwe nEoavapepdnue, yapartmoiloviar and etepoyévetan ota
PLOLHG, YUK not BLOAOYIUE TOLG YXEAXTYELOTIU, 7] OTOlX TEOGOLOPILETAL G BLRPOPES
YALLOMES, OTOV YMQEO 1L/ 7) TOV XEOVO, avehoya pe TV LTO pekéty dlepyaota 7] Aettovpyia.
INpaviinég  yepoolieg Broyewynunés Stepyaotieg AapRPAvOLY YWEX OTNV  MALROHX TOL
EXXTOOTOL WG HETEOL aALX emEedlovTal and TUEAUETOOLS TOL EMSPOLY GE UIXPOTEQES
rhipoxec. [Tpoomabwvrag, Aotmdy, va avadelfovpe aAAd xoL Vo XXTAVONCOLUE TLG XLELAOYES
npapeTEovg mov nabopilovy TC PBroyewyNines SleQYAolEg, ATALTOLVTAL OAOXAYQWHUEVES
TELQAPATINEG TTOOGEYYLOELG %ot GUAROYY] BeBOUEVLY BLAPOEES HALaxeG TEaTENoNG (Mmulti-
scale approaches). Avtég €eutvodv and v natayoxgy Twv petaBoiwy oty ohvbeon no Soun
NG KnEOBLIUNG ©OVOTNTAG %ot TOL ESXPUOL UXEOTEQLRIANOVTOS (MALLOUA UIXQOUETOOD,
edapol TOEOL) 1oL EMENTELVOVTAL OE UEYXADTEQEG UALUANES TAOATNENOTS OTWGS T oLYbeomC
™G QUTUNG MoWOTNTaG  (MAlpoxa HETEOL), TNg LOPOAOYiXg TNG TeptoyNe (MAlpoxa
YIMOPETOOL), TIG YOVOELS Y7G %Al TO MAMPUA TNG TEQLOYNG. LTNV TEAYUATXOTNTA OUWGE, 1)
TIEQLOPLOPEVY] BuVATOTNTA oL PG OlveTat 0TO var yivouy amevbelag TaEXTNEYOES GTOVG
UETAOYNUXTIOROVG TV HOENTIU®Y OTOLYEIWY KAl TWV TUEAUETOWY TOL TOLG eMNEEdLOLY GE
SLapopeg nMpHanes, eyel oay amoteleopa vor xabotd Tig TEOBAEPE aLTWY TwV SleEYACL®Y
Tépa amd TNV rAlpona Tov peteou tdaitepa afeBateg nabwg nat vo nabiotd ToAd SdoroAn
™V TEOBAEYN TwY SLleEYAoLOY ALTWY O UEYUADTEQES MALMONES. L2C ATOTENEOMUM, TELQXUATA
Te3l0L TOL KPOEOLY TNV UEAETY BLOYEWYNIIUWY UOXAWY GLVTOWG AxPBAVOLY YWEX YL CYETINK
utpa yoovina OStxomnuata (hepwes efdouades ewg pnveg). Opwg, HETAOYNUATIOLOL
oNpovTn®y HEENTIU®Y GTOLYEIWY TEAUYUATOTOLODVTOL HXTH T1V SLEOUELX CUVTOPUWY YEYOVOTWY
(mov exteivoviat and Alyo ASTTA WG UATOLEG WEEC) OTAY GLYTEEYOLV Ol UXTUAANAES YL TNV
dtepyaota ovvnueg (Stabeotpd™ o TOL LTOGTEWUATOC, LYEAGLX TOL eddyoug, Bepuorpaata,
nat Spaometotta peoftoxwy mAnbvopwyv). EAkeidelg emiong vmapyouvv ot oTnv
AATXYQAPT] HAL HATAVONOY] TWY ETOYLUUOYV UETABOAWY TwV Bloyewyuinwy SleQyxct®yv Tov

MopPavovy  ywpa oe  peyoahLTepeg  yoovines uhiponeg (Semaetiag). To  uéyebog, 7
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TEOGRAGIUOTNTA MUl 7] XWEKY] XXTAVOWY] TNG ESAPIUNG WUIUEOPLANNG HOWVOTNTOG, TV
e€wnnutTaplwy evlOpWY, TV UXEOBLIX®Y TEOIOVTIWY 1al TwY LIOCTEWUATWY (xvElwg OM)
ATOTEAOVY TOWTAQYIUNG O1UACLAG TUQALETEOLE TOL ENYEEALOLY TNV TAYVTNTX UE TNV OTOlX
Ao Bavouy Yopo ot TG Sleyaoteg oTa OooLOTNHTa. AV %ot ot Bloyewynines Slepyaoteg
Mo avovy ywea oty rAMpaxo TOL WIXEOUETEOL (UMm), Ol EMATWOELS TOLG UTOQEEL Vo
ennedlouvy oe UeYXAVTEQES NMUAAES TUQATYONONG. XAQAATNOLOTINO TUOADELYOL, ATOTENEL
o Broyewynuwog nduhog tov alwtov (N), omov ot depyaciec TG VITEOTOINGYG ot
ATOVITEOTON GG TEAYUATOTOLODVTAL GTNY MAUAKX TOL UIXQOHUETOEOL (UMm) To EVOLXUECN
TEOIOVTA aLTWY Twy Olepyaotwy, Omwg To vrofeldio tov alwtov (NO) amotehodv
TeLBAAOVTIHOLE %VEVLYOLG TIOL APOEOLY KEYUALTEQES XALponeS Tt ENoNC. Eivat Aotnody
avaryuador 1 TeEaxoAoLbnom nat eppnveix Twv Bloyewynunwy Slepyaotmy ot Slapopx eninedu
OTwG, poplond (nm), wmeofloaxd (um), edapng YAwEISAS, CLOCWUXTWUATWY Uxt ELWY
(mm), gutod not edapmod medov (soil pedon) (m), aypod 7N peyxAdTEENG TEELOYNG

(landscape) (km) xot té€hog oe TaynOcpLO eninedo.

1.2 Mehetwvtag v edaguxn pxeofiaxn xovotnTa

‘Eyovv mepdoet mepinov 100 ypoviw (1890 — 1910) amd tOte mMOL AvayvwploTine N
ONUOVTIXOTNTX TOL POAOL TWY UIXQOORYAVIGIMY TOL ESXPOLE GTOLG BLOYEWYNIUOLE HOHAOLG
v Hoentinwy ototyelwy, omwg Touv avbpaxa (C), Tov alwtov (N) xat tov Belov (S) nat Aoyw
VTG NG oNUavTnyg aveBabptong g yvwong pog yix to edawo cbompua. O Waksman
10 1932 yopontnptoe exeivy v meEOSO WS «YELOT EMOYT» Yl TNV KxEOBLoAOYid TOL
eddupoug. X1mv ovveyeta, Ntav ot pecx tou 20 awwva omov Eexivoe 1 yonon tyvndetwy
(tracers) OTOL pog eMETEEPE T Vo LTOQOVUE VO TOCOTIHOTOLOLPE TOLG ELOKODG pe Toug
oTolovug AapBavouy ywEx SlepYXTleC UETATYNUXTIOU®Y SLapopwy DpenTinmy oTolyelwy GTo
edaog (Paul & Nannipieri 2012). Xnpepa T 71 X0N0Y VEWY LOQLANGOV TEYVIXGV, TOL
Baotlovtar 6Ny amevbeing exyOALOY %ot ATOLOVWGY] VOLUAEIXWY OEEWY MO TO E3APOC KL TOV
XUECO YUQANTYOLORO TOLG, ATOTEAEL LOYLEO EQYXAELO TOCO YLK TOV TEOGOLOQLGUO UL
OVAYVOQLOY]  IXQOOQYAVIOKMY TOL 8ev €youv axopa amopovwbel xot xodhepynbel oe
eYXOTNELXES GLVONUEG OGO UAL YL TOV YAEAATYOLTPO TOL POAOL TOLG GTY] AELTOLEYIXOTYTA
TV OMooLOTNUATWY. Bolonopaote Aowmodv oe pia enoyn, ™y onoix ot Paul & Nannipieri
(2012), éyouvv yopontneioet wg «3eLTEQY YELGY ETOYM» Yo TNy edapny] Brokoyia, Aoyw g
oaydaiag adENoNG TV YVOOEWY UXG YLX TIG AELTOLEYIEG TOL ESXPHUOL GLOTYUATOS KAl TNV
avouaAudn véwv Stepyaot®wy (Y., anammox) xot utxpoopyaviohev (n.y., Crenarchaea) pe

ONUOVTINY| CLVELGPOEX OTLG BLOYEWYAIXODG HOXAOLG TWY GTOLYELWY.
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Ot Aettovpyieg mov AapBavouy ywEo GTa YEQONIN OMOCLOTNUXTA eEXQTOVTAL HATH UEYHAO
TOGOGTO TNV SEAGTYELOTNTA TWV UKEOOEYIVIGUMY Tov Lovy ae avtd. Ot WxEooEYavIGOoL
TOL €dAPOLE ATOTEAODY BACIUO GLOTATIUO TNG EAPIUNG TEOPIUNG XALGIOAG XL ETUTAEOV
%ATEYOLY POAOLG YAELOLA GTOLG YEQEOXLOLG BLOYewYNIUIXOLS UDUAOLS OTIOL GULUUETEYOLY GE
ueyddo Babuod oe Sepyaoieg OMWE OTOV GYNUATIOUO TOL ESAPOLE, GTOLG ULHAOLG TWV
Doentinwy otoryelwy uat otny e€uylave Tov edagpoug. Méow auTmy Twy SEXGTNELOTNTWY TOLG,
Ol LLXQOOQEYAVIGULOL TOL EAPOVS EUTAENOVTAL GTNY TTAQOY Y] LTNEECLLY LWTUNG ONUXCLAG OTX
OLMOGLOTNUXTA, CLLTEQLA P BaVOUEVNC TN e€l0PEOTNOYG TwY aeplwy Tov Bepuoxnmiov, g
déaopevong touv avbpara oto €dapog, not AsttovEyieg mou céaoypallovy TNV uvyeio uot
TAEAYWYMOTNTX TwV QuTwy. TTapd ™y aEtbpnTing vTEEOYY TV UIEOOEYAVICULY KAl TNV
XVAYVOPLOUEVY] GNPATLA TOVG, Ol YVWOELG UG OYETING PE TOLG Y AVIGIOLS %ot TLG Stadinacieg
ToL SLEMOLY TOV PLOWLGTING TOLG POAO BTNV AELTOLEYIX TWY OUOCLOTYUATWY TEOYWEAEL E
opyd Brpoata. Me my Bonbewx twv obyypovwy poptaxwmy teyvixev nov Baotlovtar oty
Slepebvn o oe yowdloand eninedo, éyet €envyoel TOCO Vo XTOXXADTITETAL 7] QYUAOYEVETIXT|
TOMIAOTNTA TV ESXPIUWY UIXQOOEYAVIOUOY TOL edapoug, 0co xot vo epPabbvetor 7
KOTOVOGY] TOL AELTOLEYIXOL TOLG EOAOL Ot ENMIMESO UOWOTNTAG 7]/%0L OMOCLOTIUATOC.
[TAéov péow ™g paydaiag avanTLENG TOAD —WUIMWY TEYVOLOYLMY XL TY)V GLYOLAGTINY Y ONON
toug (multi —omic approaches) xat v cvpBoAn g BLOTANEOYOEWUNG, UTOQOVUE UIMEOTEET
aPeBatdmra o oyYEon pe TAAOTEQX, Vo EEETUCOLPE EXTOG MO TO TOLOL UIXQOOQYAVIGLOL
vrapyovwy (DNA), to av sivar Aettovpywot (RNA), ©t npwteiveg ouvbétouvy (Towtempind
XVIALOY]) %Al TL TEOLOVTA TXEAYOVTAL ATO TOV RETXBOMOUO TOLG (UeTHBOAWMUINT] AVEAALGT])
(Franzosa et al. 2015). Opwg moAkd Brpota yoeialetar vo yivovy axdpo yio petwbel 1
xBefoutOTT ALTWY TWV UETENOEWY XL VO UTOQOLUE VO UATUANEOLUE O OOPUAY] UL

OLOLAOTIUX GUUTEQUOUATA.

1.2.1 Xonotpomotwviog yovidiaxodg T0Tovg deinteg wg
Brodeinteg

H yonon Brodewtov yroo v e€étaom ¢ TaLTOTNTAC *XL SQACTNELOTNTAG TV OQYXVIGUWY
npoypuatonoteltar edw uat oaEnetoLg atwves. O opog Prodeintng mepthapPBaver oyedov
OTOLOSYTOTE LOPLO TO OTOLO LTOBNAWYEL TNV TAEOLGLA EVOG IXQOOQYAVIGOD 7] ©OVOTNTAG
uepoopyaviopmy (Bartnote, poxntes), e neptBaAloviinés tou/ g arinientdpdoels 1 Tov
owmoloyd 10v/ e EOA0. And auTNV TV oxomd wg PBrodeinteg umopobyv va BewperOovy
omoLXONTOTE MOELL TX OTOola elval TEOIOVTX NG SPAOTNELOTNTAG 7] TG OOUNG TWV

U1EooEYVIGU®V (T.Y. TEWTEVES, petaBolites, vourAeind ofea, Mmopd oféx uepBoavov),
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elte QopEL TOoL elvat EVOEITIXR TNG TXLTOTNTAC 7] ETLTEENMOLY TNV o&LOAOYNCY NG
SUCTNELOTNTAC TWY UXEOOEYOVIGULY (T.)Y. HECW TEOGANYYC LoOTOTWY GTOlYElWY 1] 54N
yowdiwy avaopag). To Baowd epwmuata mov tifevior natd v wekéty wmpoftaxwy
OWOTNTWY  TEQLBAAAOVTIU®OY  OELYUATWY EVAL «TTOLOL  UIXQOOQYOUVIGUOL XTOTEAOLY TNV

NOWOTNTH» KoL «ToteL elvat 1] AgttovEyia Tougy (Xu ef al. 2014a).

Duvloysvetixol yoviSraxol 1omot - Seinteg

[ v anavtnon Tov TEOTOL EQWTNUATOS (KTOLOL UIXQOOQPYAVIGUOL XTOTEAOLY TNV
XOWOTNTA;»), YOVOLLOTOLOLYVTAL GULVTYONUEVOL YOVISIAMOL TOTOL TOL YOVISIOUATOS TWV
uepoopyoaviopey. To yovidio mov xwdomotet v pxney Etiocwuny vropovade (small
ribosomal subunit, SSU) mov avixet ot0 ptfocwuind RNA onepdvio (1), na cuynenotuéva
Y1 TOLG TEOXAELWTIHOLG opYavtopolLs 1o 16S rRNA, amotedel éva t€tol0 PuAOYEVETINO
deiutn. O 16S rRNA yowdunog tomog xabiepwbnre wg epyorelo  ta€vopnong
TEONXELWTUWY OEYVIGUWY T0 1977 and toug Woese & Fox nat puéypt onpepa amoteAel v
nootx epappolopevn pebodoroyla yoe v tawtonoinon nat Taévopnon Yo T Baotieto Twv
Bortmotwy now Apyaiwy. Zuynenptpéva, o obvleta evdloantnuata, Onwg eivat 10 E3agog, Exet
extipnBel g progovy va vrdpyovy 10%-10° npoxapuwTHd eidn oe dva PdVO YOAUUAELO
(Torsvik e al. 2002). ITapoho avTd, Ol XAXGOUES KL EVEEWS YOTOLULOTOLODUEVES LOQLANES
teyveg (PCR, »hwvornoinor, aAkniobyton Sanger) Sev emLTEENOLY MEOGEYYIOELS LEYIAOL
ta€vounon Babouvg g TomAOTNTHG TV LInEORLAN®Y XOWVOTNTWY, (ALK AVAOEUVLOLY T
mo apbova PéEAN Twv xovotTwy avtwv. BéBatx, 1 e€elén uat epuopoyn Twv TeyvVorOyLOY
véag yevag aAAnlovytong wming amodoong (next generation sequencing; NGS) éyet
Behtiwoet Tig mOavOTNTEG EVIOTULOUOL OGTAVIWV UEAWY TWV IXQOBLAUMY XOWVOTYTWV E OYETINY|
agpbovia oty nowotta wxpotepn anod to 0,1% (Lynch & Neufeld 2015) wotdco to
TEORANPX xLTO dev Exel anOPY RVTLHETWTIOTEL amOTEAeOa TN, Booind petoventnpa tov 168
rRNA yowiStaxob tOmov amoterel 10 yeyovog OTL Ol IXQOOQYIVIGOL TOL AVHXOLY GTO
Baotketo twv Baxtnplwy pépouy dtxpopetind aplbud rmm onepoviwy oto yowdiwpa toug (1-
15; Vétrovsky & Baldrian 2013), eve 1t Apyaio pépouvv povo 1 avtiypaygo (Londei 2007).
AT 71 1OlUTEEOTNTY ELOGYEL CYIARATH %ATX T1V TEOCTADEIX TOCOTIXOTOMONG TwV
utzoBlanmy ©ovoTNTwy. Av 0 aEtBog TWV AVTLYEAPWY TOL 7772 OTIEQOVIOL VL AVAAOYOG TOL
ovbuod avamtuéng, tote T Poxtor pe  YaunAo  evbud  molAamhaclacpov, Sev
avumpocwnevovtat eéioov otig uebodoug TEOGSIOEIEUOD TwWY UKEOBIAUWY XOWVOTHTWY KAt
1ot Tov 1810 1pomo ot TAnbucuot toug B epypavilovtar pnpdTeEOL ot OYEoELS te Tar BanTnEta
TIOL PEEOLY TOARXTAG avTiyoapa Tov omepoviov (Riesenfeld ez 2/ 2004). H edpeon yowiStanwy

TOTWYV, ToL O YorEUUTNEWAY TOLG TEOXAELWTIXONS OEYAVIGLOVS 1t Bo Ntay povadiol 6To
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yowdiwpd touvg, Oo amotehoboe ADGY, xxOLOTWVTHG TA ATOTEAEOHATA TWV EQELVWY
TEQLOCOTEQO AVTITEOGWTELTING TOL QuowoL TeptBailovtoc. TTapdha avtd , & peydhog
atBpog peketwy, mov yenotponotet to yovidto 16S rRNA, ocuvéfalke oto v dnpoveyndody
entevele Baoeg dedopévwy (db) yx avtd 1o yovido. Tlapadelypota tétoiwy Pooewv
anoteloby 7 Ribosomal Database Project db, y Greengenes db not v SILVA db. H dnapén
AVTWY TWY EUTAOVTIOUEVWY PAOEWY XTOTEAEL GNUELO AVOPOOAS VLot TG MEAETEG UnEOBtamNg
owmoloylag nabotwvtag 1o yovidio 16S rRNA wa mpotevopevy emioyn buitepn yio

OMOCLOTN AT e LYNAT BlomotAOTNTa, OTIWG Elva To YeQoaLlA.

Acttovpyroi yovidiaxoi tomot - Seinteg

INoe ™y amdvnon tov 8edTeEoL PWTNUATOS («ToLx elvat 71 ASLTOLEYIX TOLG»), ATALTELTAL
Babdtepn yvwon twy Slepyaotdv TOoL TEXYUXTOTOLOLYTAL GTX OLXOGLOTIUXTY, TwWY EVIDUWY
TOL UXTAADOLY AVTEG TIG SteEyaaieg xat axoAoLBWG TwV YoVdiwy TOL KWSHOTOLOLY KVTA T
evlopar. Ot punpoftanes opddeg ToL EUTAEXOVTAL O UELOVWUEVA BLOY MUK LOVOTIATIX TOV
Broyewynuinwv nOxhowv OQemTinmV oTOlYElwY UTOQEOLY VA EVTOTULOTOLY UE TNV GVHALGY|
AELTOLEYM®OV YOVIBIWY SEUTOV T OTOol UWOIMOTOLY Ta avtioTorya evivpa. 261060 1
YOO AELTOLEYWY YOVIOIWY LTIOXELTAL GE XOUETOLG TEQLOPLOOVG, XLELWG GE GYECT] LE TO
ebEOG TV SlEPYAUOL®Y TOL UTOQOLUE Pe XOPaAELX Vo evtoTicovpe. Baowd aitio anotelet
LYPNAT YEVETINT| TOMAOULOQPIA TOAAWY AELTOVEYIUMY YOVLSIWY TOL THEXTYEELTAL LYV heTaED
EeywEIOTOV  QUAOYEVETIM®Y  OUAdwY  mov  eumAéxovial oty S depyaoia.
Xapantnelotndtepo naEdderypa, anotelel o xOxhog touv C. Avo eivon ot Baotnég Stepyaoteg
ToL oV YxEaxTEllovy, 1 avopyavomoinoyn uxt 1 deopevon touv C (mineralization & C-
fixation). ITapdAAnho OP®S, T OQYAVIUE LTOCTOWUATX TXEOLGLALOLY UEYAAY] ETEQOYEVELX
oV obvbeo?] Toug (ruTTaEiveg Vs molvxuXMxol apwuatol vdoyovavlpaxes-PAHS) adld
%ol Ol UXQOOQYUVIOHOL TOL EUTAEXOVINL OF OLTEC VO EUQavilOoLY UEYAAY] PLAOYEVETIXY]
etepoyéveln (Teixeira & Yergeau 2012). Ok o mx@amdve, €x0uy wg GLVETEL T7] SuoYEEELX
VA TLENG NATIANAWY exntynTev (universal primers) mTOv Vo ¥XADTTOLY TNV ORASK YOVLSiwY
Tov xwdwonotel avTeg TIg dtepyaoies. Meyot onpepa, eyovy dnutoveynbet exnivnteg yovidiny
TOL AWSMOTOLOLY EVILPA TIOL ATOSOUOLY GUYUEXQLUEVE OQYAVIUA DTTOGTOWMUATA (TO YOVISLO
chiA yoe v yetivny; Willamson at al. 2000), PAHs (ta yovidie PAH-RHD), opyavixoig
ovmoug (to yovidio alkB mouv epmiéxetar oV aeEOBla ATOSOUNGY TOL AAXAVIOD), EiTe
epumhénovial oty Seopevoy tov COs (chbl. mov nwdiromotel ™V peyddrn vTopovada Tov

tomov I ev{dpov RubisCO).
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Ot napanave neproptopol dev toybovy yia tov xuxko tov alwtov (N). Meéyot onpepa o
Broyewynuinog ndnhog tov alwtov (N) amotekel évay amd TOULG TLO AUAX HEAETYUEVOULC
nunhoug Opemtinwy oTotyElwY Yloe TOV OToloY YvwEllovpe TV TAELOYNPlo TwWY AELTOLEYXWY
yovidiwv mov epmiéxoviar oTig depyaoteg tov (Ew. 1.1). O awtdtpoyor pnpoopyavicpot
TOL TEAYLATOTOLOLY TO TEATO 6T4dLo 1S VitEoToinong (0€etdwon e NH4" oe NOy) péow
0L ev{hpouv g pmovooluyevaon g appwviag (AMO) unoody va aviyvevboby péow tov
yovidiov an20.4 1oL xwdMOTOLEL TNV %Y LTOoROVAda Tov evippov. Ouoroya yovidta anoA
gyouv evtomatel 1000 oe el Tov Baotkeiov twv Baxtpiwv (Rotthauwe ez 2/ 1997) 6o xa
tou Baotheiov twv Apyaiwv (Treusch ef al. 2005). Eriong, ot pixpoopyoviopol mouv
EUTAENOVTAL OTH ETLUEQOLG AVAYWYIUX HKOVOTATIX TNG OlEQYAOLaG TNG ATOVITEOTOLYONG,
dnAadn oty avaywyn twv NOs e NO;2 ot oty ouvéyetx oe NO, NoO ot téhog e Na
avtyvebovtat and 1o yovidwx narG 1 napA, nirK 1 nirS, norB xaw nosZ mov xnwdmoOmOLOLY T
évlupo Tow xatakbowy ta avtiotorya povondtie (Philippot ez al. 2002). Téhog 1o yovidto nzfH
TOL *WOMOTOLEL TO EVILILO VITOOYEVAGY] YOVOLUOTIOLELTAL YL TNV XVIYVELGY] GLUBLOTIXWY 7]

U7], {IXQOOQYAVIGUKY TOL TEXYUXTOTOLOLY TNV Slepyacia ¢ alwTOOECUELOTG.

Nitrogen fixation
free-living & symbiotic bacteria
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Ewova 1. 1 Zynpoatur anewmodvion twv Baommy povoratioy tov xdmhov tov N. Me prke yowpo
onpelwvovtat ot Stepyaoieg Tov mpaypatonotoLyTat tapovaia Oz, eve pe %opé aLTEG ToL AopBavouy
ywoa anovota Oz 210 oynue avapeoovtat o VDI TOL XATXADOLY TIG ETLUEQOLS OlePYaaleg, T
yovidta ToL ®WSWOTOLOLY Tar EVELILAL AVTA HAL OL LIXEOOQYIVIGUOL TOL TEUYUXTOTOLOVY TLG SleQyaoleg
(6mov avtol eivon yvwotol). Tékog pe ol yoopa onpetwvovial to yovidix mouv eéetdotTuay oty
ToEOLO SLBANTOENT| SLTELRT|. amo: LoVOOELYEVAOY TNG appwviag, hao: o€etddon g LEEOELAUIVIG,
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nor: o€eLdoavaywydon Ty VITEwdaY , nar/ nap: vy avoywydon, #irS/ nirk: avoywydon ntewdoy,
107 ovorywYdon T0v povoEeLdion Tou aldtov, n0sZ: avaywyon tov vToLadion oL albTon

H Sopn, n momhdmta ot 1 apboviar Twv AetTovpyimy tinEoBloxmy opuadwy LroeoLy vo
ueretfoby péow g avdAvong aLTOV TwV AeToLEywY yovidiwv-detwy. H mpdoypatn
e€ehén twv teyvoloytev aliniodytong vdning anddoong (HTS) enétpeday v avaxaiudn
TWG Ol IUQOOQYAVIGUOL TOV EUTAEUOVTAL GTOV XVUXAO TOL N elval aVaUTAVTEYX TOWIAOL TOGO
oe Aettovpyia 6co ot oe uloyeveon (Isobe & Ohte 2014). ITpdoypateg peléteg anédetéoy
™V OToEEY WUQOOQRYAVIGU®Y, Ol OTOIOL TEXYUATOTOLY avaywy? Tov N2O, alla dSev
OVIMOLY OTNY HEYOL TWEX YYWoT opada tov anovitponotntwy. Ot Sanford e al. (2012) xa
Jones ez al. (2013) mEaypATOTOLWOVTAG YUAOYEVETINY AVAALGT] OAOUANQOL TOL 7057 YOVLSLOL
avouaAvPay Twg vIaEyovy dvo Eeywptotol Yuloyevetnol uAddot (clade I nat clade II). O
8eDTEEOC MAABOG NTAY ALTOC TIOL PEYOL ONUEQX OEV UTOQOLOAUE VO TOV XVLYVEDGOLUE [E TOLG
dxbeatpoug exntvnée. Eniong polg npoopata dSnpoveynBnnay TOMATAL 08T exntyntov, T
omolo THEEYOLY UXADTEQY] QYLAOYEVETINY] UXALYY TNG TOWMAOTNTAG TOL YxEoxTNELlel Ta
yovidwa nirS won nirK (Wei ez al. 2015). Avtol ot véou exntvntég épyovtat va Swoovy Aoy 6Ty
UEYOL GNUEQA LTTOTLUYUEVY] TOWAOTY T, xpBovia %ot AELTOLEYY] GNUAGIX TWV VITOOTIOLY TGV.
Anopa BeBata Sev eyet amooaygnvioTel #dtw and Onoteg cuvHNMEg xaL AOYW TOLOV TAEAPETOWY
OXVTEG Ol AELTOLEYUA OWUOLEG, XAAX QUAOYEVETING OLXPOQETINEG AELTOLOYMEG OUAOES, elvar
evepyéc. H oyetun onpaocic g agboviag oe oyéon pe 11 obvbeon g Aettovpynng
uxEoBony #ovOTTaG OTIC OlEQYATIEC TWY OMOCLOTNUATWY EYEL XTUCYOATOEL MOUETEG

UEAETEG.

1.2.2 M6odot avdivaong g puoflaxng xovoTnTag

H poplon pinpoBany omoloyia Baoiletar 0Ty anOpOVWOT] 1ol YAQXATYOLOUO VOLXAEIK®Y
0&EwV N GAAWY ULTTAOWUWY CLOTATINWY, MTXEWY OEEWY PwWoPOROATISIWY Xatl TEwTeivey. H
ETUQUTEDTEQY] MaTNYyOEla elvar 1 amopovwoy SeofvptBovourkeinwy oféwv (DNA) xa
LMYOTEQO GLYVE AOYW TEQLOPIOUMY Tw TeYVIM®Y, ptBovourkeinwy oféwv (RNA) and edapnd
delypatar not voo mpaypotonotelte an’ evbelag avdAvo?) tovg oe pebodoug vBeLdtopod, 1
evioyvon arinlovytov pe pebodouvg aivotdwtng avtidpaong moivpepaons (PCR) xabwg xa
oA OLYLOY TwY SelyudTwy pe Teyvoloyleg véag yewtde vdnAng amodoong arAnlovytong
(HTS, NGS). Okeg avtég ot pébodor éyouvv emtpeder v mpodcBacy oto 90-99% tng
utpoPlanng edapung nowdmTag mov Oev eiye mapatnonbel Zava. O oxomog Twv
TEQLOCOTEQWY LOQLIUMY AVXADCEWY TG UUEOBIAUNG XOVOTNTAG ELVOL VO YXQXXTYOLOTEL TO

uéyebog g mownhomTag g avapoows pe v agbovi (richness) xo tooratavopun
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(evenness) Twv TaEvopIUd SLAPOQETIUWY HEAWY TOL ATaETILOLY TNV KoWOTNTa. L20TOCO,
ovotnoting xabe Bnuo, and v Serypotodnla wg ™y aAANAOLYLOY], UTOQEEL VO ELOGYEL
uepoinnuxa (biases), ta omolo mEemet vor AapPavovior LTOY xATE TNV EEUNVELL TWY
anotereopdtwy pag avarvong (Lombard ez a/ 2011). Adyw avtav twv Suvntiney pepoln oy
, yivetar dLoxolo, av Oyl adLVATO, Vo TEOGOLOPIGOLUE TNV TEXYUaTHY] apbovior Twy
Sropopetinwy pnpofBtonny éwv mov Beloxoviar oto delypo pog. Avtég ot pébodor anod
MOVEG TOLG, OV xal TOAD LoYLEES, Oev UToEoLY va yenotpormomboLy yu Tov ooy
TEOGBLOPIGUO TWV AELTOLEYLMY TV OtopoEET®Y PnEoBloxwy tdéwv mov anaetilovy Ttg
ouvbeteg edapinég xovotTeg. L2¢ ex ToLTOoL, Ot poptanes pébodot npénet va cuvdvalovtal pe
dhheg peBodoug (m.y. Broymuinés pebodoug, , epmhovtiopds pe wootona PN, PC) ya var
emtevybel o O OAOMANOWMUEVY] %ATAVONGY] TNG OOUNG UL AELTOLEYIAG TVNG ESXPUNG

uttEoBLanng ®ovoTNToC.

Emi tomov (in situ) pogroxy aveduoy g %o Blaxng xovoTnIaG —

YB01610p0g TV vouxdeixwy o&swy

O vBEBLoPOg TwY vourkeinwmy 0€éwv TePAapiBavel TNV EVeaT] EVOG, IXEOD CLITAYEWUXTILOD
Yoo TV adAAnlovyia-otoy0, xhwvou (1yvnbetg), o omolog pe ™V CELEA TOL Elval GYUACUEVOS
ue xamoto padtotocotono 1 phopilov wopto. Avtol o tyvnbdéteg yonoponotodvtar yor Ty
QLY VELGY] GLYXEUQLLEVMV YPUAOYEVETIUOV OPAOWY TV BauTNElwV, TwY oY alwY ] ELXAQLWTWY,
anevbelag oe ndmoto, nxtardnia ene€epyacpévo, meptBurloviind Selypo péow g webodouv
Tov @boptlwv 7 sitn vPESLopoL (fluorescence in situ hybridization, FISH). H uébodog avty
YOMOLOTOEL eva Ly vn0eTy - OAryovouxieotidio oulevyuevo e éva pbopilov popto, o omotog
vPotdiletar pe ™V aAAnAoLYiX GTOYO hEC GTO LIKEOBLAUO ADTTREO, Yo TaEAdELYa 6TO 16S
tRNA twv oBooopdtwy tov Bartelwy 7 apyxiov. MetaBolud evepyd »#0TTXQX TOL
TEQLEYOLY MeYaAovg xptBpolg ptBocwudtwy, anoxtoby xat LYNAT cLYKEVTEWGY tyVnbeTwy ot
omoiot pbopilovv vrod axtvoBolia UV. H uébodog FISH eivor 1Switepa yonotpn otoy
oLVBLALETAL E GUVEGTIANO IIUQOCHOTIO CaEwaYg pe axtiveg Laser (confocal laser scanning
microscopy; CLSM), pe 10 omolo gmoQobue Voo OTTIXOTOGOLIE OTLG TEELG OLULOTAOELS TNV
oyetwuy) tonobeoia diapopwv TANOuopwy péoa oe obVbeTeg HOYOTNTEG, OTIWG eivat Tar Blogidp
7 1o edapng ovoowpatwpata (Binnerup ef ol 2001). Eniong n pébodog FISH pnoget va
ovvdvaotel pe prpooxonio entpbworopod (epifluorescence microscopy) 71 *LTTXEOUETOL
oong (flow cytometry) xot v yonotpuonombet ylo v TaDTOTOINGY] %At TOGOTIHOTON|GY] GTO
eninedo Tov evog uuttdpou (single cell; Amann & Fuchs 2008)To Baowd mheoventuo g

uebodov FISH eivat 1 tavtonoinoy nat onxonolnoey Ty txQOoQYavIGUMY GTA QUOLUN TOLG

10
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neptBaAlovTa, 01O eTINEdO NG HnQOUMpanas. L201000, va Baotnd UELOVEXTNHA YL TNV
epappoyn e pebodov oto edayoc eivar Twg T Yhopilovia poEte ouyvd Sévouvy pe To
0pYOVIXO LAXO, e ATOTEAECPA Vo T Tr|elte YHoELoOg mov dev avTlaTolyel 6TO TEOLOV

TEOGBLOPLGULOV.

Mxpoovaroryieg (microarrays)

H pébodog twv pnpoovotorytwy Baoiletar ot auty otov LBEISIGUO TwY VOLUAEIU®OY OEEWY.
e avtv v wébodo, o oAryovovrieotidta — tyvnbeétec Bolonovtar anvntonompéva Tavw
oe éva pupotoin. Xe avtifleon pe alhec pebodouvg vPotdiopol, to vourkeind o€éo Ttov
neptBoihovtinon Seiypatog onpaivoviar pe whopilovia popta. IThéov ot mo Swdedopuéveg
uébodot pmpoovotorytwv eivor T epmopwd PhyloChip (Andersen Lab, Earth Science
Division, Berkley University) yto puloyevetnég avaldoeg xar GeoChip (GeoChip Tech,
Glomics) yto avadboetg Aettovpyinwy yovidivy. To PhyloChip anoteket éva epyakeio vdning
axEiBetag amoTOTWONG TG UIXEORIIUNG KOVOTNTAG, pe Baorn Tov yevetno tomo 16S rRNA,
not UmoEel v avtyvevoet Bamtnotond xar apyoio ta€x mov eivar eite oe abovia elte oe
youniotg minbuopodg oto meptBarloviind Seiypa. Kabe pnpod-toin amoteheitar amod
1.100.000 tyvnbétec mov eMTEENOLY TNV AATNYOELOTOLNGY TNG UXEORLAKYG HOVOTNTOG O
navew and 50.000 taéa (DeAngelis & Firestone 2012). Ocov agopa v teyvoroyia GeoChip
7 tegyovoun exdoaor (v5.0) mepteyet 167.044 Eeyworotoug tyvnbéteg mouv xaldmtovy 395.894
oadlnhovyteg and mepinov 1500 opddeg AettovEyM®Y YOVISIWY TOL EUTAEXOVTAL GTOLG
Broyewymunodg nduhoug tov C, N, S o P (Wood et al., 2015). Ynapyouvy eniong xot pio
OBLO% GAAWY UMQEO TOLT TOL KPOEOVLY TOV YAEAUTNELOUO xoWOTNTwY uuxnTtey (FungChip),
AELTOLEYMA YOVIOLL TOL EUTAEUOVTL OTIG AVTIOQAOELS TWV UIXQOOQYAVICU®Y GE SLXPOQX
neptBariovtina otpeg (SterssChip) xat téhog yovidix mov apopodv v maboydvo Spdaon
urpoopyaviopwy (PathoChip). Mepid and ta Baotudtepa petoventnpata mg uebdodon twv
ULXQOGLGTOLYLWY, OE GYECY] te TLG UeAETES eSaQUS Ooloylag, elvat OTL yetaletat LYNAOLS
axpfpods ™¢ aAAnlovylag OTOYOL WOTE VX HUTOEECEL VX TNV oVLYVELOEL XL ETLOMG
TEATYQELTAL EVWEY] L] CLYHEXQLUEVWY VOLXAEX®Y O&éwv Yo Toug tyvnbéteg Qotdco 1o
GeoChip éyet yonotpomombel emtuywg oe Wi GELEG €QYXAOLLY TOL APYOEOLV ESAUPLUA
OMOGLOTNUXTA A€ GTOYO TNV XATAYQAPT] TOL TPOTOL ATOUQELOYIG TWV UEOBIAUMY LOLYOTNTKV
omv npoctnun witpwmwy (Xu ef al. 2014b), oug Spoetinés naAMeQYNTINES TEONTINES
(Wood ez al. 2015) nou oe oevdpla xhtpotinng ahhayng (Zhao et al. 2014).

IyvnOstnon pe atabepa tootona (Stable isotope probing; SIP))

11
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H pebodoc g tyvnbémnong pe otabepa todtona, emtpeénet v obvdeor g wxEofBoanng
TOLTOTNTOG PE TNV  AELTOLEYIMOTNTA TWV UIXQOOQYAVIOU®V, MECK OO TNV  YEYoN
LTOOTEWUATWY onpacpéva pe otabepa todotona. Eva emieypévo vnootowpa, epniovtiletal
ue xdmoto otafepd tootono, Oomwg o “C (Buckley e al 2007) wor omv cuvéyela
EVOLPATOVETAL 0T0 &dapoc. Metd amd o oLVTIORY Teplodo enwaong, Ol LRO WEAETY
Brodeinteg avoutwvial amod 10 ESuog xal TEOCOLOEILETaL 1] EVOWUATWGY Twy otabepnv
160TOTWY o€ avToLS. Me avty] ™ pébodo pnopoby va TEOGSLoELGTOLY Ol IXEOOEYAVIGILOL O
onolot eivar Aettovpywa evepyol. To DNA (DNA-SIP) xow rRNA (RNA-SIP)
yonotponotovvtat mo ovyva o Brodeinteg (Radajewski ez al. 2003), mapoko mov &youvv
yonotponownbet pe emruyia Mrops o€éx puwopopohmdiowy (PLEAs;(Treonis ef al. 2004) xou
npwteiveg (Jehmlich ez a/. 2010). Ta onpaopéva pe tootona vouxheind oféa Stayweilovtot
amO To U] ONPXOPEVA e PUYOUEVTOLGY e€loopEOTNoNg ot Babuidwon TuuvOTNTAC pe TNV
xonon yrwerovyou xatctov (CsCl). Apod enttevybet 0 Sty wELopOg, T GNUACUEVH VOLXAEINA
oééx pmopoLy va evioyvbovy pe v pébodo g PCR xat mv y107 #atdANAwY exxtvntov,
OT1V GLVEYELX PE TNV O1ULOLEYIN HAWVWY %Al TNV AKAAAODYLGY] TOLG Vo YiVEL O TEOGOLOPLOIOGC
TV UHQOOQYAVIGUWY TOL EVOWUKTWOXYV TO onpaciévo vnootpowpa. H teyviun DNA-SIP
eV UTOoEEL vor avahvbel pECW MEOCLOTOLYIOV 7] METAYEVWUIMNG avaivone. Tétolx
TPOGEYYLON €YEl epaEpoaTel oty Uekétn peboaviotpopwy nar pebvitdotpopwy mAnOuouwmv
(McDonald et al., 2005). Ot pébodor SIP pébodor natéyovv peydheg Suvatdtnteg yoo TV
oLYVOEOY NG KMEORBIUNG HOWVOTNTAG e TIG Olepyasieg Twv ooovotpatewy (Dumont &
Murrell 2005), opwg péyot otrypng yro vo emttevybdel o StaywElopog oNpacuevwy 1ot ur
HopLwv, YEELXLeTal KEYIAO TOGOGTO TWV AEYIUWY LOELwY Vo €yet anpaviel. AvTy 1 avénpévn
OLYXEVTOWOY] O ONUXOUEVO ULTOOTOWHUO MTOEEL Vo OOMYNOEL Ot W] TOUYUATINY
AVTATOXPLOELS TG XOWVOTNTAG. ATO TNV GAAY, 1 HeYaALTEENG Otkpuela enwaoy, mov Oa
UTOEOLGE Vo ALEYGEL THV GLYXEVTOWEY] TG ONUAVCTS ALERVEL TOV %IVOLYO TEOYOSOGLAG, Y.
0L °C, amd TOLG KEYHOVE HATAVIAWTEG OTNV LIOAOLTY KOLVOTNTAL, 0N YGVTAG oe AavBaopéve
anoteréopata. Eivar eniong 60610kog 0 SlaywELopoOg TV EUTAOLTIOUEVWY VOLXAEIXWY OEEWY
uéoo ot PBabpidworn muxvotntag, uabwg 1o Ldpog mov Ba otabel eivar cuvdvaopods Mg
EVOWUATWOG TOL LGOTOTOL UL TNG TMEQLEUTUOTNTAG TwY VOuKAeinewy oféwv oe G+C (Thies

2015).

Mcebodot PCR anotvnepatog (PCR Fingerprinting)

Ayopd pebddoug mov Baotloviat oty evioyvon ¢ KAANAOLYIXG-GTOYOL Pe TNV TeYVOLoyl
™ aAvotdwTyg avtidpaorg moAvpepdorg (polymerase chain reaction; PCR). Ot teyvinég

NAEUTEOYPOENONG 08 TNUTY] Tov epapuolovy amodiatantiny] StxPBabuton 7 SwBabuion
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Oepponpaciag (DGGE 1 TGGE), propodv va yonotponombody ya 1oy 1pocdloglapd g
puloyevetung oLvbeang Tov yovidtaxnoL TOTOL-Beinty pe BACT TOV TOAUOQYPIGUO TOL, ElTe
apopa tov tono 16S rRNA eite yia namoto Aettovpyind yovidio (Bates ef al. 2011; Pereira E
Silva ez al. 2013). O 1pocdL10pLtopOg EMLTUYYAVETAL e AAANAOVYLGY] ETUAEYUEVV HAWYWY ETELTA
and AMOROVWEY Ao Ty TutY. H avdhuoyn TOAPOQQIOUGY PNHOLE oXQXiwY TUTUATWY
neptoptopoL (T-RFLP) anotehel dAdn pro pébodo npocdloplopol g YuhoyeveTinyg doung
EVOG OLYUEXQELLEVOL YOWLBLOL, aVXADOVTAG TOV TOALUOEYLonO tou. H adiniovyio otoyog
evioyvetanr pe PCR | yonotpomotwvtag évay exntvnty onpoacuevo pe phopilovoa yowotny,
axolovbel mEYn ToL TEOIOVTOG pe éva 1) TEeELocOTEEX EVELUX TIEQLOPLOUOL 1ol TEAOG TO
Srupopetinod  peyeboug  Staywpllovtal Pe GCLOXELY] TOALURXVXAOL TEUYOELDT XVXALTY|
AANAOLYL®Y, OOV AVLYVEDOVTAL LOVO Ta CTUXOHUEVY axQaio TUTpata tepLoptopob (ref for

both 16S and functional gene).

ITocotixn PCR mpaypatizob ypovov (quantitative real time PCR;

qPCR)

Mo e€éhén g avaAvone PCR, mov emttpénet v mocotomoinoy tov yovidiov atdyov
anoterel 1 qPCR. H qPCR nepihapBdvet myv yonomn @bopilov tyvnbetwy 7 yowotinwy ovctemy
TOL EVWYOVTAL OTOLG EUMWVTEG TOL YQVOLLOTOLOLVTAL GTOV TEOGOLOPIGUO TOL aELOKOD
avTLyEdpwy Tou yowtdiov atoyou. H pebodog yonotponoteital extevig oty nocotinonoinoy
OLYUENQLEVWY AELTOLEYW®V YOVISIWY O edapind Oelypata, OTWS 7] LOVOOELYEVAGY] TYQ
apprviag (amoA) no n avaywydon otwy vitpwdwy (nrS 1 nirk), wote va tocotironotmbovy
Ol ASLTOLEYIXEG WIUEOPBIINEG OUAOES TWV VITQOTOWTWY XL XTOVITQOTOUTWY AVTIGTOUYX.
Erniong pe ™V x0No1 UATEAANAWY EXNIVNTOV UTOQODUE VO TOCGOTIXOTO|GOVIE T OMMUA
Bontnote, olud apyaior uaxt OMuoLG pduNTeg 1 ovynenprpeva Boxtnotoxd o (Fierer ef al.
2005). H qPCR xovBadaet oha 1o petoventipata ™ aning PCR. I[Towtov, 1 anopdvwon
YEVOUIXOD LAIXOD Ao pla TOGY ey mocotta delypatog (mepimov 250mg), pmopel vo
00nyel 08 AVTITPOCWTELGY] GTO Oelypa ROVO EVOG WEQEOLG TNG MXEOBLINNG XOWVOTNTAG.
Aedtepov, SlaPOEES GTNV EVIGYLOT] TWV XAANAOLYL®DY , AOY® ELXOAOTEQOL BEGLUATOS NG
TOADPLEQAOYG OE UATOLX YEVWMUINE VTOCTOWHUATA XAl TOITOV, LOLKiTEQA YL TNV EVioYVLOY %ot
nocotonoinoy 1ov fRNA yevetinob 10mov, 10 yeyovodg nwg apnetd Bantnote Teptéyovy 6To
YOVISIWMUA TOL TOMXTAG AV TiYEXPX XLTOL TOL oTeoviov. o napaderypa to eid Bacillus o
Clostridium mepiéyovv 15 avtiypapa TOL OmeEOviov, pe amOTEAEOMO LT Tor eidn Vo
LTEEEUTPOCKWTOLYTAL. ‘OUWE THEX TA LELOVEXTNUXTE T1C XTOTEAEL (Lot ATO TNV TLO KELOTIULOTEG

1O OOVOPLIUE TEOGLTEG tebodoug, LBLXITEQ YL TV TOGOGTIXOTIO|GY] AELTOLEYMOY OUASWY,
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OTIOL G€ GLVOLAGUO PE BLOYTUIMES LETENOELS LTOQEEL VO SWOEL XATOLEG EVOELEELS Yot GLOYETLON

AELTOLEYWY] OPABAG Pe TNV avTioTOLY ] Slepyaoia.

Teyvoloyieg aAInrodytong veug yevids vdning anodoang

H toyelo avamtudn twv teyvoroyiov aAAnAobylong emopevns yeviag (next generation
sequencing (Scholz et al. 2012), e cuvdvacpo pe ™y avdntuén Aoyopnol BLomTAnEowoow g
(Caporaso et al. 2010) not v epappoyn g yewotatiotnyg (Bru et al. 2011) éyet emupépet
EMAVAOTAGY] GTNY AVEALGY] TV LEOBlaU®Y ®ovotNTwy. Ol To YWWOoTES TAXTYOQUES TOL
TEAYUOTOTOOLY  poaliny] ToEdAAAY aldnhodyton eivar: 454 Pyrosequencing® (Roche
Diagnostics GMBH Ltd, Mannheim, Germany), Illumina MiSeq® xot HiSeq® (Illumina)
not SOLID4®, Ton torrent® xat Ion Proton® (Life Technologies) xabwg xar Heliscope®
(Heliscope Bioscience). Ot 6byypoves TAXTYOQUES UTOQOLY VoL 3Y|ILOVEYOLY EXATOUUDOLY
xAAAOLYIEC O OYETIMA X0 YEOVIXO SIAoTNPX 1L 1] aTOB0GY) Toug BeAtiwvetat xdbe ypovo
(Glenn 2011). H egpoppoyn ovtwv twv pefddwv arinloLytong emitpémouvv eite v
NATYYOQLOTIONGY] %ol XXEUXTNELOUO ToL evioyvpévou pe PCR yovidiaxod tomov-o1dy0ov
(puroyevetinod, 16S rRNA, 7 Aettovynon, T.y. anoA, nirS, nosZ) oe Aettovyinég tafvopnég
opddeg (operational taxonomic units; OTUs) (Roesch et al.,, 2007; Bates et al., 2011;
Orgiazzi et al., 2013) eite v palnn aAAnAoLYLoY] TOL OMXOD YEVWIIXOD LMXOL e GHOTO
Tov elg Babog TPOGdLOEIGUO TwY AELTOLEYMWY YOVISLWY, TNG BOUNG TNG UOVOTNTAC KAl TNG
puloyevetung ¢ mounkottag (Vogel et al., 2009; Fierer et al., 2012). H mpwt pébodog
Tpoceyylong yapaxtneiletar wg metabarcoding mpooéyyion (Tabetlet et al. 2012a,b), Aoyw
Twv olMyopepwy barcode mov cuvdéovtar oe xdbe Seiypa nat 1 SedTeEn WG KETAYEVOUIUT
avdAvon (metagenomics; Simon and Daniel, 2011). Ot 800 xatnyopieg aAAniodytong eyouy
EPUOPOOTEL OTNY HEAETY] UWMEOPLAX®Y %OWOTNTWV omo o TANOwea  evdlxttnudTemy
ovumepthapBavopévwy  uotwy toxoovotpdtwy (Venter ef al. 2004; Tully ez al. 2012),
dounpéva meptBdirovia (Ramirez ef al. 2014; Mahnert et al 2015) now 10 Cwvtavodg
opyaviopoig (Claesson ef al. 2012; Nakayama ez a/. 2015). H pebodog g petayevopum
VAALGYC ePUEUOLETOL OAO %Al TILO GLYVE OE REAETEG, TXOEYOVTAG TATQOPOPIES Yt T SOUY
%L T7) QLAOYEVETINY] TOAOTNTX TG XOWOTYTAGC UL TXVTOYQOVA YL TOV AELTOLEYWMO EOAO
™G novotnTac. Opwg xot auty 1 webodog, Tapa Tov OY1Oo g TANEOPOPLAG TOL TEOGYEEEL,
avtipetonilet 10 Baotnd meELoptopd (OTwg Oleg ot avakboelg mov Baotlovtar 6to DNA), ¢
U7 EXTIPNONG TG AELTOLEYWNG SPUOTNEIOTNTAC TG novOTTag. Mepmd and ta Baoiua
EQWTNUXTA OTNV AVAALGT] IXEOBLIXKWY HOWVOTNTWY, ave€XOTNTX TNG TEOEAELOY|G TOLG, Elva

oV 7] TEQAOTIH TOWUAOTNTA TNG XOWOTNTAC AVTITPOCWTEVEL TO EDEOC TWY AELTOLEYLLY TOL
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ETLTEAEL, OV OAQL T ILEAY] TNG UOLVOTNTAC EIVAL EVEQYR VX TOX GTLYWY] ML XV OYL LTO TOLEG
owvOnrec oupBatvel avTd. TETOL EQWTNUATA LTOEOLY VO TEOGEYYLGTOLY e THV GUVOLOGUEVY
epoPoY" ToAD —opmey (multi-omic) npoceyyicewy, omov Bu TEoGYEPOLY TANEOYOELN GE
eninedo RNA (transcriptomics), mpwteivov (proteomics) xot petafoltwy (metabolomics).
H yonon tétoiwy ohouAnpwpévey tpoceyyioewy umogel vo odnynoet oe paydaio avofadpton
otV JXTOTWGY LTODEGEWY, TNV UATAVONGY] UNYAVICUGY HAL TNV ONULOVEYIX LOVTEAWY Yior
™V meptyoayy, g eéeMéng nat Asttovpylag g prpoftaxng xowotrag (Franzosa er al.
2015). T mapddetypo, oty epyaoio tovg ot Hultman e al. (2015) yonoiponoinoay évoy
OLYOLACPUO —WUIXWY TEOCEYYICEWY (Metagenomics, transcriptomics %ot proteomics) yla Tov
(PLAOYEVETINO KL AELTOVEYIUO YXQUUTYOLOUO XARG TV AELTOLEYIXOTYTA ESAPINWY XOVOTYTWV
Yt Srapopa oTadta evog mayetwve. Emiong o ouvdvaopodg avtev twy pebodwy pe vyvnbémon
pe otafepd todtona, Onwg PC, "N nat PO progel va yonotponomBet ya tv drepebvron g
ToEelag CLYXEXELEVWY oTOotyElwY oTar pnEoBlond Sintva (Abram 2015). Aev npénet Opwg va
Eeyvape mwg OO uL av TOAAX LTOGYOUEVEG YAVTALOLY OAEG XULTEG OL TeYVOAOYieg, ATO
duvnuinég pepoAndiec oe diayopa otadia g dtadmaciag, ol omoleg dev eivar nablorov
aonpavtes. Eppnvedoviag 1o anoteréopota étotwy uebodwy, npenet vo Aopavoviot vnddey
SLPOEOTONOELS OTo SElYUAT HUTE TNV GLAAOYY] TOULG L TNV ATOROVWSY Tou DNA,
TooA o TOT T 1060 oTtg avtdpacetg PCR oo not notd v xataoneun Briobnuey xo
oaAnAoldylon. Adyw tou peydhov Oyxov dedopévwy mov maEdyouy avtég ot pebodoroyieg
Bolondpaote UMEOCTA GE TEQLOPLOUOLE TOL  APOEOLY TNV oYL TWV  NAELTOOVIXWY
LTIOAOYLOTWY TIOL YOY|CLULOTIOLOLYTAL YL TYY AVAAVGY] ALTOV TwY SEOOUEVWY, AAAY %ol UTOOCTAH
oTNY aVATTTUEY TV XATIAANAWY hebBOSOAOYLWY YL TNV AVUALGY] TwV SeSOUEVWY XLTWY UL TNV
efaywyr AoQUAWY CURTEQXOUATWY TOL XPOEH TO TePLRXALOV and T0 omoio mpoNAbav ot

uepoBranég nowotnteg (Segata ez al. 2013).

1.3 Muxgoraxy, Broyswyoapia yeoxiny
OlXOGLGTNAATMY

Broyewypapio ovopdletar 1 emtotpn 1 omolo xatoypapel ta ywetnd potiBa g Broloyung
TOWIAOTNTAG ATO TOMINEG UALRAMEG O NTELPWTNO eninedo ot eéetaler Tig petaBorég oe
YEVETING, QAIVOTUTIUX XAl PUOLOAOYINK YXQAAUTNQLOTINE OE OldpoEeg nMpanes (T.y. uetoéd
XTORUUQLOPUEVWY  ONpelwy  Setypotodniag 1 peta€d meptBariovinwy SxBabpicewy).
I8ixitepn ooy Sivetar 0TNY UXTAVONCT] TWV TAEAYOVIWY EXEIVWY TOL G7ULOLEYOLY 1ot

SttneoLy ™y natavopr) v opyoviopev (Ramette & Tiedje 2007). Or npoopateg e€elifelg
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oTIg TEYVOLOYiEg aAANAOLY LGNS EYOLY amoxaldPel OTL 1 pixEoBLox] ToLAOTN T LTTeEBoive
NOTE TOAD EXEIVY] TWV UOXQOCKOTUHWY OQYOVICU®Y. L20TOCO, To Yewyoupwma LotiBo xat ot
Taayovteg mou xabopilovy auTH TV TOMAOTN T LOMG TEOGYa T dEYtoay Vo e€etdlovTal.
[TAéov eivat eputod ouvdvaloviag Tig TeYvoroyieg aAANAOLY oG %ot TeELBAANOVTING dedopUeva
UE TOOYWENUEVES avaALTINEG TEooeyyioels (). vevpwvind Sintua) ot  epyalela
YEWOTATIOTUNG AVAALOTG, Var ONptoveynBody poviéda nat yapteg TEOBAedNS ™G pinpoBrong
TOMIAOTNTAG, HECW TWV OTOlOY UToEEt Vo emttevybel xaAbTeEn naTavdNon T™C IO Banng
Broyewypoplag %ot ©uELxEY L Twv oYEcewY RETaED T1C lxEoBLomny] TouthoTog, e obvbeonc
NG WHEORBLANNG KOWVOTNTAG KL TWV AELTOLEYLWY TwV owocvotudtwy (Larsen ef al. 2012;

Fierer & Ladau 2012).

1.3.1 a- »ou B- mowthoTnTA

2TOY0G TV TEQLOTOTEQWY KEAETWY BLOYEwYQAPLAG EIVAL O TOOGOLOPLOUMY TWV AAAXYWY GTNV
apbovia, v Sopn nat TV 6LOTAGY TV ESAPUMY UXEOPBLAXMY XOWOTHTWY WG ATOTEAECUA
netaBorwy oe Sdpopeg Brotinég 1 aftotinég neptBarioviinég moupapuetpove. Ot ahdayeg g
Soug %ot TV GLOTACYG TV XOWOTHTWY e€eTalovial xvElwg ae dVO eTineda, 6TO eMMESO g

a-rovnhotnTag (a-diversity) ko oto eninedo ¢ B-novarotrag (B-diversity).

H a-momhomta amotekel 10 HETEO TEOCSLOQIGPOD T1|G TOMIAOOEYPLAG TNG UOVOTNTAG GE
nd&Be Setypo not Booiletar 6Tov TEOGSLOELGUO TOL AELOUOL TWY EBWY TOL ATAVTOVTAL GTYV
nowoOTTa (species richness) uat oY GLYVOTNTX EUPAVIGNG TOLG BTNV HOWVOTNTX (Species
evenness). H B-mouadotnra  avagpépetar oTg  Slapopeég TOL  TRXEATNEOLVTAL  GTNV
nowhopoppiar petaéd SLO xowoTNTwY, OMAadY petakd Obvo Setypdtwv. To upétpo
TEOGOLOPIGUOL TG B-TOMIAOTNTAG ATOTEAEL XATOLOG OEIUTNG OUOLOTNTAG 1] AVOUOLOTYTAG
HETOED TWY XOWVOTHTOV TwV Setyudtey xat AopBdaver vy Tov v arovoia/TaEovolo TwY

eldov 1 ™V oyeTwr] Toug apbovia ota delypoto.
1.3.2 Xwpo-yeovixd potifa g pxoBaunng ToAoTToG Xut
dte@yuaieg TOL T SLAPOQPDVOLY

H notavomon g amomnptong e jinoRlanyg #ovoTnTog Y WO 1ot YEOVInG elvat e€alpeTind
onpovTinn xawg LToEOLY EVIOTLGTOLY TEQLOYES 7] YQOVIXEG TEELOBOL ALENUEVNC 7] LELWUEVT|C
TOWMIAOTNTAG %Al UTOQOLY VX TEOGOLOQLGTOLY Ot TEQLBAANOVTIHOL  TOXEAYOVIEG TOL
ovoyetifovtat pe ™V xatavopy) auty. ITapdro mov 7 dnaEEn Broyewypapwmmy 1at YEOVIUKY

notifwv, etvar adtap@lolNnin, ot Slepyasieg mOL Ta SLLUOQPOVOLY BEV EYOLY ANOP
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anocapnviotel (Hanson e al 2012). Ov Sepyaoicg mov Stémovy v ouyrEOTon Twv
utEoBlanmy xooTNTwV pmogoLy vo opadonotmboly ce Svo PeyIAeg UATNYOQLES, TIC
VIETEQUIVIOTINEG OleEYAOLEg nat TIG OTOYXOTIHEG Stepyaates. Ot VIeTEQUVIOTIHEG SleYaoieg
avapepovTat oe Stadnacieg emAOYNG HeAwV ¢ wnpoflanng xovotntag pe Baon aftotiuneg
neptBariovtinég mxpapétpoug (environmental filtering, species sorting, niche partitioning),
nafog nout oe 0TI AAANAETIOEAGELG TOL AVATTOCCOVTHL UETAED TWV HEAWY TNG HOLVOTNTAC
(ovvepyaoio 1) aviaywviopog). Ze avtifeon, oL oToyaoTeC Slepyaoteg TeQAapBavouy Tuyaieg
SLataEayEg TG nowoTNTaG, Tuyain Staonopd (dispersal) uon toyala SnpoyExpd yeyovoTa
(petavaotevoetg, yevwnoetg-Oavator; neutral community assembly) (Stegen er al 2012).
[Tpbopateg épevveg eyovy Oetéel Twg 71 Soun ™G WHEOPBLIUNG XKOWOTNTAG, O SLAPOQX
neptBdihovta, ovyxpoteltat pe [Bdoet €va  GLUYOLACPRO  VTETEQUIVIOTIUWY  OLEQYACLKV
TeELBAAAOVTIUNC ETUAOYYS, OTOYAOTINYG DLtoTOEAS 1t dAwY 0LBETEQWY Stepyaatwy (Ofiteru
et al. 2010; Langenheder & Székely 2011; Stegen ez al. 2012; Ferrenberg ef al. 2013; Burns ez
al. 2015).

H »hiponor Tov ypovou mopatyenong, dniad 10 xeovino Brie avepecd oTNG UXTAYOXPN
TG HATAOTAUONG TN LnEOBtonng xovOTTag Tailet TOAD oNpavTd EOAO BTNV ATOCUPTVLON
TV AANAETLSQACEWY TTIOL SIETOLY TNV KKEORBLXT] XOWOTNTA TOCO PE TIG TEQLBAAROVTINES
owvbNueg 6oo nat peta€d Twv perwy g xowottag (Faust ef 2/ 2015). ITpooypateg peléteg
™G Suvapng Ttwv Oaddootwy UnEOPlan®Y KOWOTNTWY UXTW oTO OLAPOEES YQOVIXEG
MMUAMES, OO MUEENOLES WG ETHOLEG, €YOLV avadeiel TNV TEOTIUNGY] UELOVOUEV®Y
ULXQO0EYAVIGU®V O TTEQLBAANOVTINES TXEAUETOOUG, g TiLthoveg ouoyETioElg HETHED XLTWY TwWY
ULMQOOQYAVIGUMY %ol TIG LOLOTNTEG TOL GLOTNUATOS WG oLVOAO (Fuhrman ez a/. 2015). Avtég
ot epyaoieg eyouv Seifet mwg ot Halaooteg pnEoPtanss ®oOTNTEG elvart SUVaILINES AAAG 1ot
avOentinég. Avtd vmodevber mwg avefaPTNTRG Twv enTePM®Y TREAYOVIWY, OTKG 7
Oepponpaocia, 1 Swbeoiuotta Opentinwy oTolyElwy 1oL 7] YUOKY] AVADELDY], LTILEYOLY
E0WTEQIXOL NYAVIOPOL ATOAELOYG, OTWG O AVTAYWVIGROC nat ot aAAniemdpdoetg Onpevty-
Onoapatog, mov cupParlovy oty dratenon pag Witepx otabeEng, xatd peco 6o,
XOWOTNTOG OE ETNOLX XALLOXA, OUOUA UKL O EVOLXLTNUXTA TOL TXEOLGLALOLY EVTOVEG
emoytoxeg Staxvpdvoets. Emiong tuydv Swwpopomnorioelc mov naatnoodvtar peTaéd Twy
UEAWY PLAG XQOBLINNG HOYOTNTAG, AVIAOYX PE TNV YQOVINT| UALUAUX TUQATYOYONG, hTOQEL
vor LTOSNAWVOLY TWG SLXPOEETINEG OLEQYUGLEG SIETOLY TNV KOVOTNTA AVIAOYA TNV YQOVIXY

nhpana toepatnenons (Faust ef al 2015).
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1.3.4 H yewotatioTiny] oG sQYXASio THQATNQONONG TNG Y WO
%ol YQOVIXNG UETABOM|G TNG JxQOPIanNG TOKIAOTYTAG

H oxptBne yoxptoy0denomn e ywetnyg #aTavopNg 1wy IIXQOOQYIVICUMY GTO €30pog elvat
ONPOVTIN Yot TNV XTOTEAEOUATINY] Slayelpton not ToEanoAoLONoY TOL OLMOGLETNUATOG.
Xopewalopaote Aomov epyadelar pe T omoi Oo PTOEOLUE VO EXTIUNGOLUE TNV YWELN
%ATUVO Y] TV TANOLGUMY 6TO GOVOAO TNG TEELOY T UEAETNG Hag, ONAadY] o omuela Ta OTola
dev avnnouy a1o ayno pag detypa. Ot extipnoetg oe Héoetg mou dev éyet yivet detypotornla
UTOEOLY Vo emtteLYOoLY pE TNV EQPUOUOYY| OTOYACTIMMY ol VIETEQUIVIOTXWY WeOOSwY
ywowung mapepfBolng (interpolation) (Deutsch &  Journel 1992; Goovaerts 1997,
Varouchakis & Hristopulos 2013b). Xuvwnbwg, epapuolovtar o otoyactnég uéhodot
ywowne mapeuPBoing, Onwg 1o kriging, uxbog emitpémovy TOV TEOGSIOQOUO NG
aBeBatdmrag g napepfoing (Deutsch & Journel, 1992). Otav n natavopn 1wy dedopévev
elvat amd ¥OWYOL HAVOVINY] %ol OTAGLKY OTO YWEO, TOTe AapfBdvovpe To BéATioTa
anoteléopata and ™y uebodo kriging. O extpnoeic mov mpoxvntovy and to kriging,
XTOTEAODY VX YOUUUIUO GLYSLACHUO TV BROKV TWY TEOCILOPLOUEVWY TLUWY TNG KT BANTHS
UEAETNG, TOL BEV TEQLEYOLY UEQOANTITIUR CYIAUATA AXL EAXYLOTOTIOLOLY TO UECW TETOAYWVIXO
opolpa. To Baon vroloyilovtat ueécw Tou NpL-BAELOYERIUATOS, TO OTOLO TEOKOTITEL AT TNV
TEOCAEPOYY] evOG HewEnTInod LoviEAoy 6T0 metEapaTino (Setypuatind) Nut-Poptoyoappe. To
Nut-Boployooppa TEOGSLoEILEL TV YWEKY] GLOYETIOY WL LETXBANTYG, WS CLVAETNCY TNG
anooTaong petald Twv onpelwy detypatoiniog (Goovaerts, 1997). H mpooappoyn tov
Dewonmnod poviéhov exppaletar ovvibwg amd TEEG TAEAPETEOLG: 1) TO nugget TOL
XVOUPEQETAUL OTY] Y] UNOEVIMO GNPELD TOPNG, OTOV AEOVX Y, AOY® CYIAUATOS TWY PETONOEWY 7]
SLANLPLBVOEWY EVTOG TOL SLAOTNUATOG ATOGTAGYG TNG SetypatoAndiag, if) To xatwpht (sill) mov
XVTITPOCWTELEL T1] OlaUOUAVOY] TwV CLOYETILOUEVWY UETENOEWY ol 1ii) TNV AmOCTHOY
eMEEOMG (range) mov AVXPEPETAL GTNV ATOCTAGY), ke Bdan uabe dedopevn tomobeoia, OmoUL
ot petpnoetg ovoyetilovtat ywetrd. ITapovotalovy dnhady ywoewmy avtoovoyétior (spatial
autocorrelation) (Goovaerts, 1997). To navovino kriging (Ordinary kriging; OK) etvat 1) meo
dxdedopévr pebodoroyla mov Baotlel Tig EXTIUNOELS TN Yl TIG TIEQLOYES TIOL OeV EYOLUE
uetpnoelg povo oty ndp petaPinty (Kitanidis 1997). And v &y, n uébodog touv
ovvdvaotinod kriging (Co-kriging; CoK), uatd v extiunon g YwEmYNS XATAVOUNG WLOG
uetaBAntne AapBaver vmoPy g Sevtepedovoeg UeTABANTES, Ol OTOLEG Elval OTATLOTING
ONUOVTING CLCYETIOUEVEG HE TNV nOELX UeTABANTY, e ATOTEASOUA VO XUTX TEQITTWOY VX

natodyet oe mo afromoteg meolAédetc. To CoK amotehel évav otabpiopévo péoo 6o g
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nOELG UETARBANTAG %ol TWV CLOYETICUEVWY OELTEQELOLOWY METARANTOV UL 7] YWEWMY
ovoyeton petald SLO 7N MeEPLoaOTEPWY peTaBAnTov yo uabe onpeio g derypotodnlog
enpoaletar  péow TOL  BLXCTALEWMEVOL  Mut-Baploypdupatog  (cross-semi-variogram)

(Kitanidis, 1997).

[Tapa v YENOUOTNTA TWY EQYXAELWY TNG YEWOTATIOTINNG, OV TEETEL Vo TaQXBAETOVUE TNV
OLOLAOTINOTATA TWY ATOTEAECUATWV TOLG. AeSOUEVNG TYC TEQUOTING ETEQOYEVELXG TWY
YAQOUTNOLOTIMWY  TOL  edapoug xat  aviiotoryax ™G oapboviag xar  Aettovpylog Twv
ULXQOOQYAVIGU®OY GE ALTO, 7] AVAYWYT] OYUELAXDV TXQATYOYOEWY O UEYIADTEQES UALLANUES,
oe peydro Babpo Sev avtamoxpivetar oto T mEaypaTing ovuPBaiverl oto édaygog (Baveye &

Laba 2014).

1.4 H onpacio TG puofoaxmn xovoTtyTa o JovIeEAN
TEOPAEYY] TOTUIUNG 1] TAYHOTUIAG HAPIANAG AVAPOQIS

Kabwg Swxvbovpe o meplodo paydaiog meQBaAROvVIMNG dARXYNG, XTOTEAEL EMLTANTINY
VAYAT] N UXTAVONGY] TNG ATIOUELONG TWV IXQOBLINWY KOWVOTNTWY, WOTE VX UATAANEOLIE O
mo axptBeic TEoPAedelg avapoEnd e TO UEAAOVTING XALUX, TOLG BloyewyNUiXoLG UOUAOLG
1oL TNV AELPORLX TWV OocLOTNUETwY. H emtuyng mpoBiedn g andnptong twv edagpnv otig
dapopeg meptBaihoviinég ahhayés, Onwg 1 avénon Bepponpaciog xar or alluyeéc oTny
SLapneta ®xL TNV EVIACT] 0TV BEOYOTTWOEWY (MALUATINY GAAXYY), 1] XAAXYY| OTIC YOYOELS VS,
N avénon N N pelwon tov C, extpdtoar 01t O ovpPBoiet oty vobETomn UXTAAANAWY
SLXYELQLOTIMGOY TTOOXTINWY YL TNV SLXTHENCY TG AELToLEYMOTNTaC Toug xabng nat Twy
OLOGLGTNILUMY LTTYEEGLOY TTOL TaEEYOLY. TEToteg TEORAEYEIC OPWS ATTALTOVY UATAVOYGY] TWY
unyaviopwyv mov Aapfavovy ywea oto édagog. To poviéha mEoBiedrne pmopovy va
Stanptbody oe SLO %LELES UATNYOPIES , T UIYXVICTING LOVTEAX ML T EUTELOME povTéha. H
TOWTY AATNYOELX APOOX UOVIEAX TX OTOLX EVOWHUATWYOLY YVWOTEC YUOIUES, YNMMES HoL
Broloyinég Stepyaoteg, ylo TEASELypa 1] aOENGT] TNG EVEQYOTNTAG TV EVIDIWY TOL UXTAADOLY
0V %ATXBOMOPO TwY ULTTAEWY pe TNV avénon g Oepuoxpaoia. H dedtepn natnyopin
XPOPX TA CTATIOTIUX LOVIEAX GLOYETLOYG, TOL OLOLXCTG TEORAETOLY L Sev e€nyody To

XTOTEAETA.

Ewc onpepa, 1o poviéha mov epoopolovtat yio Vo amavTYoouY G8 E0WTNIXTA XVAPOQIXY Ue
™V uAtpotey] oddayn N Tt amobépata C xar N oe tominég no moyrOOles UALLAUEG,

VT HETWTILOLY TIC UUMEOPBIAHNES HOWOTNTES WG KUADEO XOLTY. ZLYVE UXTH TNV Staduasio
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TUQAUETQOTONGNG  EVOG  HOVTEAOL  YQ7CLUOTIOLOLVTAL  YWEMd  OedOomeva Yl Vo
npaypatononbody yoovinég npoPiédetg, Bewpmvtag 0Tt ot pixpoflanés xovoTNTeg ev TEREL,
dev emnEealouy Toug BLOYEWYMUXODG UDUAOLE, ODTE GTOV YWQEO, OLTE GTOV YEOvo. Molg
TEOGYXTa EEnivnoe 1] EVOWPATWGY] OeSOUEVWY oL apopd cite T Bropdle, eite v apbovia
not ™V Sopn g wEoBlanng xowottag, oe povieda TEORBAEYNS Twv Broyewynpinmy
novhowv. [Tpooyata, Ot Allison ef al. (2010) avéntu€av eva punoBand-evlupuind Loviero yla
TNV TEOGOUOLWGY] TG XTMOXELEYNG TOL opyuvixoL avbpoxo oe oevapta adénong g
Osopoxpaoiag xata 5°C. Emiong, 7 evowpdtoon o HOVIENO TEOCOUOLWONS TG
avopyavoroinong tov C xow N, tov Aoyov Fungi:Bacteria (F:B), Beltiwoe arcbntd v
TEOCOUOLWoY, nat  auTO  amodobnre oTg Slaopes otV Yuotoloyio  PETHED  TwV
uepoopyaviopev (Waring e a/. 2013). Télog, ot Powell et al., (2015), BeAtiwoay arabnta v
anOS007] TOL ROVTEAOL TOLG Yl TNV SLEQYACLA TNG ATOVITEOTOONG, CUUTEQIAXMUBAVOVTG
ENTOG MO ONPoVTIHES PBLOTINES TaEAIETOOLS, TO Meyelog xat TV naTavopUT| )¢ GLYVOTNTAG
TV YOVOTOTIWV TNC #ovoTNTag (community richness and evenness) Twv anovitEOTOINTWY
(nirS, nirK) xaBog ™y apbovia evog cuynexptpévon YovoTLToD, TOL EUPAVIOE TOAD LGYLET

OLOYETLON e TOoLg PLOPODE amoviTEOTTOINGTG.

1.5 ITeQroymn peretng: 1 Aexdvy] *TOQQOYG TOL TOTAXOV
Kouthaon (Koiliaris CZO)

H Aexdvn amopporg tov motapod Kotkapn Beloxetar 25 km avatohund and v mOAY Tewv
Xaviwv (005-12-489E, 039-22-112N), anotekel pio avtimpoownevtiny] Mecoyetony Aendvn
amopEons (Mu-€neod  ooocLETNUK), 7 OTolX EYEL TEOCYATX YXQUUTVOLOTEL G
nopatnentoto edagrv (Critical Zone Observatory) (Banwart ef al. 2011). I'evina, 1 Aendovn
XMOPEONG AmOTEAELTAL ATtd edayn QTwYd oe 0EYavino avbpuna nat apuetd vroBabulopéva
MOy O1dBwong oL Elval ATOTEAECPA TWY EVIATIMOV UAAAEQYNTIMOV TOAXTIMGOV XAl TNG
ueEBoonNoYG oL AP Bavel YWEX aTNY TeELOY Y] TOAES dexactics. KataAauBaver pio éntaon
oyedov 130 km® xou oL ndpleg yoYoelg y1g oL amoutobvTon elvan eTroteg xoahMEQyeleg 1o
Boorotoma (35%), Sevdpwdng nahhepyeic ehag xar moptonohas (32,1%), OBapvwderg
entaoelg (32,3%) nor pxtég Saoweg extacelg (0,6%) (Ew. 1.4). Emiong, m meptoym
yopantneiletarl amo évtoveg uAloelg eddpoug, xxpoTino vToRabpo uat eminedeq TXEATOTAUIES
neployes. H yewloyia g meptoyng anotekeitoar and 71.8% acPetorbinec evotnteg, evotnteg
Toimokng now Tovmakg, ot omoleg amotehobVTAL %VEIWS and SOMOMITES, HAEMXQX,

aoBeotorbo nat avarpuotallwpevo acBeotohbo pe nepatoibo, 9.5 % acBeotitinég uapyes
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oe Neoyeveig oynpatiopong, 6.1 % papyeg oe Neoyeveig oynuatiopoig, 6.1 % oytotoiboug
nat 6.4 % tetaproyevelc addovBlanég anobéoer. (Moraetis ef al. 2011, 2014). To vdpoloyind
YAQANTNELOTING TG AENAVNG EIVAL GUECK CLCYETIOUEVX PhE YEWUOEYOAOYIa nat Atbodoyia g
nepoyne. To napotnd odomua oteayyilet ™V mpooninTovca BEOYOTTWOY HXL VEQO TOL
TEOERYETAL ATO TO MOOLUO TOL YLOVIOL GE LTOYELOLG XAEOTHOLS LBPOYOQELS, Ol OTOLOL
enpoptilovtal oTig TYEg ToL XTOAOL ,. TeAog, oyeTnd pe 10 ¥Mpa TG TEELOYNS, TO LYOG
Booyomtwong uvpaivetar and 447,mm éwg 1075,mm xat oty meptoyy vmagyovy SLO
uetewEoroywol otabpot, vag 6To YwELd Lopwvdg oe bouetEo 276 m uot Evag 6TV TEQLOYY

Woypd nnyadt oe vpopetpo 773 m.

“:’.SICf‘.I'O Pigadi'Metep Station

~Samonas Meteo:Station

Ewova 1. 2 Xaptrc me Aendvrng amopodc tou notapod Kothdpr. Me ndunvo yoopo neprypdpovot
T OO TNG AEXAVYG, We UTAE TO LOEOAOYMO BIXTVLO, eV TAVW OTOV YUETY| GYUELOVOVTAL OL
UETEWQEOAOYIXOL GTaOpOL TOL LIGEYOLY OTNY TEQLOYT).
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2tov mivoxa mov axolovbet (ITw. 1.1), mapovoralovtat cuvomTing To Bootud YaEANTYOLOTING
TV ES0POV TOL ATAVTOVTAL GTNV AEXAVY] ATOPEONG, ET0L OTWG AVLTE TEOGSLOPIGTNUAY GTNY

ToEobox StatELR.

Mivakog 1.1: EAdypetn Tipng (MIN), péyrotn tiun
(MAX) kar pécot 6pot pug TNy TUTIKI 0TdKAGT Yo
170 POCIKE QUOIKO-YNUIKE YOPUKTNPLOTNKA TOV
£00.Q®V NG AeKavNg amopporis Tov Korudpn.
MIN MAX MEAN+SD

Soil moisture (%0) 344 2312 11.17+£5.23
pH 5 8.38 7.17+1.29

EC (nS/cm) 323 262 12849.6

NOs-N (mg/kg) 6.06 156.9 80.27+45.52
NHs* -N (mg/kg) 3.18 536  11.78+9.36
TOC (%) 0.72 518 2.37+1.12

TN (%) 0.08 0.33  0.18+0.065
C:N 749 2226 12.914+3.35
clay (%0) 1436 55.98 33.83+13.24
sand (%6) 9.66 59.18 29.08+19.46
silt (%) 16.12 57.84 37.09+20.51

1.6 Avtixeipeva - aTO) 0L TNG THEOVOAG BIOAUATOQIHNG

SratoLBNg

Xy mopovoa StdanTopny] SlaTELBY] HEAETOVTIXL Ol SLUPOQOTOLNCELS TNG KMEOBLUNG
NOWOTNTAG TNG AEXAVNG amopEoNs Tou motapob Kotkdpn, 7 onola npooeyyiletar oe dbo
enineda. Apywa npoodiopiletar 1 apboviar Twv xLELXEYWY, Yl T YEQORIX OUOCLGTHULXTA,
Baothetwv (Baxtnoter, Apyaio, MOnnteg), Boantrnotanmy QOAwY 1ot ¥AAGEWY 1oL GTNY GLVEYELX
TEAYUATOTOLELToL XAANAOLYLGY), e TV YoNon ¢ teyvoloylag Illumina MiSeq, touv 16S
rRNA yowdanod tomov yio v sataypayny e ovvbeone xot dopng e wnpofannc
rnowomtag. Bve oty ovvéyela, mpoywedue 610 AStTovpynd eminedo not eMSIOAETAL 1)
UEAETY TOL uOKAOL TOoL N, PEow NG TOCOTHOTOIN GG TwWY BACIMOY AELTOLEYUWY YOVISIWY

TIOL EUTAEXOVTAL OE AVTOV.

[Moaypatomombnray tpeic ethoteg derypatodndieg o &1 2012, 2013 o 2014 satde e oy
Mdiov. To onpeio Serypotodndiog enthéyOnuay pe 161010 1PONO WOTE Var XAAVTTETAL 7] EVIOVY]
UETABANTOTNT TIOL TUEATYEELTAL GTNV TEQLOYT| AVXPOPUK HE TO MUALUX, TIG ESUPLUES

1810 TeC Nt TG YENoeS YNe. To mpwto étog cuAREyOnuray Selypata and 51 onpeia Baboug
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0-15 cm, eve ta enopeva dvo e, emhéyOnuayv 22 onueio and ta 51 and T onoix Opwg
ovMeyOnuay Setypata eddpovg and 2 Babrn, 0-15 cm xow 15-30 cm. H avdivon g
Bromowhotag ¢ pnpoBranng xowottag (Illumina MiSeq) mpaypoatorombnxe not yiox to
Tolor €17 not T dvo Baby, eve 1 apbovia Twv nvplaywy BoartnEtanmy QOAWY 1ot TwV

AELTOLE YKV YoVLdiwy Tov xOxhov Tov N Tpaypatononxe LoOvo YL T0 TEWTO ET0C.

Me Baon autiv TV TELQAPATINY TEOGEYYLOY, GTOYOL TG StatELBNG elvat var e€etaotoby uot

vo aérohoynbodv:

1. 0 EOAOG TwV TEQIBUAAOVTIUOY TUQAUETOWY OTNV YWOEIXT] UXTAVOWY| CUYXEUQLUEVWY
U1EOBLon®Y TAEVOUUGY OUASKY UXL TWV AELTOLEYW®Y O&SwWY TOL xVXAov Tov N
0€ UEYOAN UALOMOL

. 7 emldpaoy ™S XENONG YNNG OTIS XAANAETUIOQAOELS TWY AESLTOLEYIMMY ORASWY TOL
nurhov Tov N

. ov 1 notovopy) cLYKEXQLLEVEY KXEOBLINGY UMWY /AElTOLEY MY OLEBWY UTOEEL Vo
e&nynoet toug pubuovg pe Touvg omoiovg AapuBavouy ywEx ot Broyewynuxol ®O¥AOL
tou C not N oe eninedo Aenavng amopEong

v. 7 emidpacy ToL XEOVOL, TN YENONS VNS %ot Tov edapinod Bdbog otn Sopn nat ™y
oLvbeon e wEoBLoanng ®ovoTTag

V. Ol OWOAOYWOL UNYXVICUOL TOL TEQLYQXPOLY TNV CLYHEOTNGY TNG KixEORLNNG
XOWOTNTAG TNG TEQLOYNG MEAETNG xat var exTiunbel o pdlog Twv TeptBalovinwmy

TUEUUETOWY GE XVTY

Mehéteg peydAng nhpoxoag oe meELoyes pe Enowd 71 Muiénoa rAPATH THQXPEVOLV
TIEQLOPLOUEVEG Mot LTIGEYEL AR OTNV oY AlOTLOTNG TANQOYPOEING CYETINX UE TNV
enidpaoy g mapovoing ot apboviag CLYUEXOIUEVWY OPASWY UIXQOOQYAVICULY OTY|
AGLTOLEYIX TWY OXOCLOTNUATWY HE Euypacy otg Otepyaoieg mov uxbopilovv TOULG
Broyewynuirodg noxhovg C xar N. IStxitepa 7 welétn meptoywv pe évtovr) avbpwmoyevi

noeép oo pnogel v epmAovtioet v Staebéotpn yvwon peow:

L. G avayvoElong BLoSeiTmv avapopua e TNV Y0107 TV ESXPWY,
i, ™V ablohOYNoY T7C UATAOTAGY|G TWV OUOGLOTYUATWY, AAAG KoL

i,y TV avamTLEn Kot SPROPLOYY UATUAANAWY TEAUTIUWY OloryElpLong TwY edapwv

Extpdror 6Tt 1 napodoa Sttty O copfaret oty avdmtugn epyoieiwv npoBiedng twy
Broyewynpinwy Slepyaolev TwY OOCLOTIATWY o€ eTiNEdO Tediov uabwg nat TNV avanTuéy

BLootpwy Yo T OMOCLOTNPXTA BLXYELQLOTINGY TOANTILGDV.
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2. ITe@tBodhovTinol THEANETQOL TTOL
nabopilovy TNy xotavopy| TG edoping
O PLanng xovoTNTAG OTY|V TTEQLOYN TOV
Kothapn (Koiliaris CZO)

2.1 ITepiindm

Ewg onpepa dedopéva Tov apooLy TNV XA TAVOUY] TV (KEORBLIN®DY XOWVOTNTWY GE TEQLOYES
UEYIANG MALpoag (Y. AExdvY] AmOQQEOYG) TUQXUEVOLY TOAD TEQLOQLOHEVES, TXQEX TG
ONPAVTINEG TAYQOYOPIEG TIOL UTOEOLY Vo TEOULYOLY GE OYECY| WE TNV AELTOLEYIX TWY
XOWOTNTWYV, TNV ENMOENOY TwV TEQLBAAAOVTINWY TUQAUETOWY GTOVG BLOYEwy MAXODS UOUAOLG
Ooentinwy otoryelwy xat Tig dtepyaoieg Twv owmoovotnuatwy. H napovoo epyacia Stepeuva
TNV XATAVOUT| TwY OMuwy Agyaiwy, Baxtypiwy noaw Musxijrwy (total Archaea, Bacteria and Fungi)
noubwg not Ty nwplapywy Baxtoluxwy @ohwy (Addobacteria, Actinobacteria, Bacteroidetes,
Firmicutes) no Bontnotanawv xhaoewv twv Proteobacteria (Alpha- wow Betaproteobacteria) otnv
TEQLOYT] TG Aendvng amoEEong Tov Totapod Kotkdon, pe v pébodo g qPCR, nat v
ovoyetilet pe meQLBUAAOVIINEG TXQUAUETOOVLG. TNV GULVEYELX UATXOUELACTNUAY YHOTES
TEOBAEYNC T™NG UXTAVOPUNG TWY LIMQOOQYAVIGUWY YL TNV AEXAVY] aToEEoTNS Ke v pebodo
T0L co-kriging, yonotponotwvtag wg devtepebovoeg HeTaBANTEG excives Tig TeELBAAAOVTINEG
TEXIETEOLG ToL avadelyBnray oTaTioTiNg oMpavTKég ya Ty TEORBAeYN ¢ natavoune. To
anoteréopata pag edetéay mwg 10 31-97% g ywewng Standpavong Twy uixeofluxwy teéwy,
,umopovoe va e€nynbet and T npoadioplopéveg TeRLBAAOVTIHES TUQAUETOOVG, E TOV OMUO
opyavino  avbpaxax uow 10 pH va avayvwpiloviar wg ot mo onpavtives. Emiong
T tNENONMaY LoyvEes ouoyetioelg netadd Twv pnpoBlaxwy Taéwy xat 1 eviakyn Toug oty
enymon g Stamdpavong Bektiwoe ™V oyd mEOPAedng Twv poviedwv. H ywown
avtoovoyétian (spatial autocorrelation) wvpdvinre anod ta 309 éwg ta 2.226 m, nat 1
YEWYQAUPINY] ATOOTAGY), ATO HOVY] TG, UTOQEOLOE Vo e€nyvoel éva PEYIAO TOGOGTO TYG
SLanLPLAVOYG TV (oo YaVIoU®Y. Ev natarkeidt, T anotehéopuata g TuQoLoNG QYA
avadELYDOLY TIG TUEAPETOOLG TTOL SLAPLOPPWYOLY, TOLAXYLGTOV e LYNAO Tagvound eminedo,
g pepoPlanég xowotnteg nabwg eniong xot moeyouvv evdeifel HTHEENS OOAOYUNG
OLYOYNG %Al GLVTEOPWY AAANAETOPACEWY PeTald Twv pxpoflaney taéwy, oe eminedo

AEnAVG ATOQEONG.
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2.2 Ewoaywyn

Ot pipoopyaviopol xatéyovy ELOUGTIHO EOAO GTOLG PBLOYEWYNIMODS XOXAOLG TWV
Ooentinwv otolyelwy ot yepoaia owoovoTpaTa not axoloLbwg OTIC LTNEEscieC TOL
noepéyovtar and avtd. Me v oelpd Toug, oL exactote TeptBoAloviinés cuvOnue,
OCLUTEQIAUULBAVOUEVDY TV BlOoTeV %ot aBlOTIMWY TUQAUETOWY, XGKOLV TEOYAVY] EAEYYO
oty odvbeon xat AettovEywmoT T ™G peoBtoung xowottac. Evag avéavopevog oyxog
BrBAtoypayiog bTOdeVEL OTL TO ALK, OL LBLOTNTES TOL EBAYOUS, 1 BAGGTNOY, 1 YONON YNS
not N OLXYElELo] Twy edoPOY XTOTEAOLY GNUaVTIHEG Taapetpoug mou xabopilovy v
apbovia now v Sopn nat AettovEyoTTa Twv peoBlaney xovotmtwy (Aciego Pietri &
Brookes 2008; Wessén e7 al. 2010; Nielsen e al. 2010; Rousk ez al. 2010; Zinger ef al. 2011).
Opwg ot oyéoelg mov GLVOEOLY TNV SOUY XL AELTOLEYHOTNTX TWV XOWVOTNTWY UE TIG
TEQLBAANOVTINES TOEAUETOOUS ML TLG OLOUYELOLOTINEG TIRAXTIEG DEV €Y 0LV axOpa xotavonOet
oe Babog (Fierer e al. 2007, 2013; Strickland e a/. 2009). Xwptnd dedopéva Tov apoody Tig
TeQBUANOVTINES TUQAUUETOOLS OVIXHUEVETAL Vo BEATIOOOLY TNV XATAVONOCY] KKG GTOULG
e€eMUTIHOLC TOXEAYOVTEG TOL SLALUOQPWYOLY TNV UMEOBLNY] HOWVOTNTA %ol SLATVEOLY TNV
AettovEymotta e Emmiéov, oe céelln Bploxetan not 7 épeuva mvw 010 1xTd OGO 1)
evtagy TANEOYOELUG TOL KYOEX TNV SOUT TNG LIKEOBLUNS XOWOTNTAG, KTOEEL Vo BEATImOEL
TIC TPOGOUOLWOELS TwY (TayxOoplwy) Broyewynuwmmy poviéhwy (Allison ez al. 2010; Wieder ef
al. 2013).

H peAetn g Broyewypaplag Twy wxpooQyaviohemy ToL edaQoug, ATOTEAEL EVX AVXSVOUEVO
epeLVnO Tedlo, TO Omolo OpwG vLOTeEel oe Oedopéva MOL  KPoEOLY  PBLOYEWYTUIKES
ToEAUETEOLG %ot/ 7] uotnég 8toTTec. Meléteg Tov e€etalouy TNV YWEWY] KATAVOUY NG
uxEoBonyg xovotTag xouy mpaypatorotnbetl yio Stdpopa enineda, and Tov eSaPinod TOPO
(Ruamps ¢z al. 2011), oe Eeywolotd aypotepaytx (Philippot ez al 2009), oc eninedo
nepupépetag (Bru ef al. 2011), ywoag (Griffiths ef a/. 2011), nneipov (Lauber e al. 2009; Fierer
et al. 2013) nou maynoouto eninedo (Fierer ef al. 2009; Nemergut ez a/. 2011; Serna-Chavez ef
al. 2013). Opwg OAeg oL TXEATAVEW LEAETES SLXPEQOLY GNUAVTING CYETUR LE TOV OYESIAGUO
%o TUXVOTNTX TV SELYUATOANPL®Y, TIG eSAPINESG TAOAUETOOVG TOL TEOGBLOPLOAY (PUOLHES,
AMpeg, Brodoyeg) , ™mv uebodo mov anorodbnoav yia mpocdioptond g pinpoflamnng

nowvotTag xat 10 ta€vopino Babog tov mpoodiopiopon.

H napatnonon twv pmpoopyaviopwy ae bYniod talvound eminedo, wote vo cuAié€ovpe
T\ EoYopieg yla TV otrobéan toug (ecological niches) xat va TpoadLopicove Tig AettovEyieg
Toug, éyet apptoBnmbet (Green ez al. 2008; Philippot ef al. 2010; Nemergut e al. 2013). Kbt

outior amOTENEL 7] TEQROTLAL TOLUAOTYTO TTOL Y XEANTNELLEL TOLG UIXQOOEYAVLGPLOVG TOL ESAPOLG
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(m.y. M uAhaom twv Profeobacteria) wow 6o Tor AELTOLEYING YAQAKTYQLOTING TTOL TOLG OLETOLY
(Baldrian ef al 2012). 'Opwg, vmayovy o oelpd amd UEAETEG, Ol OTOIEG SelyVouy Twg
TAYQOYOPIEC OXOPA XL OTO €MIMESO TOL YOAOL MUTOEOLY VX TXEEYOLY GYUXVTIUES
TAYQOYOPIEC TIOL XPOEOLY TNV OODEGN KoL AELTOLEYIX TWY UIXQOOQYAVIGGY TOL ESAPOLC.
INo mopdderypo, Stdpopa oA Twv Boxtnplwy not apyaiwy édetéay va aviamoxpivoviot
TOWAOTOOTIWG GE AAAXYES OTLG TEUUTINES Otayelptong tou edapoug (Wessen et al., 2010). Ot
Fierer et al. (2007), mpaypatonoinooy extetapuevn Setypatolndio oe apuetd aypOoTepdyta 1o
0c OLVOLUOPO HE MUETA-AVEALGY] ONUOGLELUEVWY OESOUEVWY, UXTIYOQLOTOOUY UATOLX
Boutnplamnd @OAa wg molvtpoyind (copiotrophs) xat oAryotpoga (oligotrophs), divovtag
HaG 1 SLVATOTNTA Var u&voLpe TEOPBAEYELS Lot Tt OUASIUG OLMOAOYIXE TOLG YAQANTYOLOTINA.
[TiBoverg Opwg TO Mo oNPAVTHO Elva TO YEYOVOG OTL, dedopéva ylar TNy SO T rineoflanng
1OWOTNTAG, axOpa %ot oe LYNAO Talvound emimedo, UTOEOLV VA TXEEYOLY GYUAVTIXY
TIAY|QOYORLX AVOPOPUE PE TOVLG BLoyewyNutnods uOXAOLS Twv DpenTinwy otoryeiny xatl Ty
povtehomnoinong toug (Averill ef al. 2014). H evowpatwor, oe noviého mpocoM0lwoNG ¢
avopyavomoinayg tov C xat N, mAnpogpopiag oto eninedo tov Baoctleiov, 6niady tov Aoyou
Fungi:Bacteria (F:B), Bektivwoe aobnta v mpooopoincy Aoyw nvuplwg ¢ emidpuong g
PLGLOAOYING TwY BanTnElwy 1ot LUNTWY 6TV dlepyaota )¢ avopyavonoinong (Waring e al.

2013).

2TV TEOLON EQYAOLX, EYLVE YAQAXTNELOROG TNG XATAVOUNG TV WIUQOOQYAVIOUWY O
eminedo Baothelov xou pOAov/xhdong #ab6g xou TROGBLOEIGOG excivmy Twv TeRLBaALOVTIXMY
TUEUUETOWY TOL OBNYNOAY TNV YWELKY] TOLG KETAPANTOTNTX e EMITESO AendvG XTOPEOYC.
To peyaro edpog oe dtabéatpo dedopéva oyetnd pe v yévean not c€erén Twv edapnv, Tig
(PUOLLO-YTIUUES EQUPIUES TXOXUETOOVS, TIG YOTOELS VNG, TWV HAAMEQYNTUWY TQAATILDV, TNG
udpoAOYIaG Xat NMUXTIUNG eTaBAnToTTag, xabiotody ™V neptoyr tov Kothapn dxitepa
eVOLUPEQOLO YL TNV LEAETY] TWV ETLOQRCEWY TWY TUOATAVEW TXOXUETOWY GTNV apbovia Twv
utpoPlaney tafwy nor TV avadelfel excivoy TwY TUQAUETOWY TOL SLALOQPOVOLY TNV
edapunn pnpoBraxn xowotnta. H apbovia twv 1d€wy mouv peretOnmnav npocdiopiotnre oe
edapnd Setypotor Tov GLAREY DMy e OAOMANEY TNV Aenavn anopporc. ITpaypatonomOnme
SLYWELOUOG TG SLUUDUAVEY] TG HATAVOUNG TWY LIXQOOQYAVIGUMY, WOTE VoL LTOMOYLOTEL 7]
OY(ETIUY] CLUYVELGPOEX TOL UALLATOG, TNG YOOGS VNS, TG YWEINNG ATOCTACG UKL GAAAWY EVTENX
PUOLLO-Y MUY EOAPIXWY TXOAUETOWY TOL TEOCOLOPIGTNUAY CGTNV EQYACLX UXG. TNV
oLVEYELX TEUYUATOTOONUE YewoTaTIoTINY LovTielonoina (co-kriging) yix va e€etaotobdy ot
YWOMEG CLOYETIOEIS TV UQOOQYAVICU®Y XALX KXl VX UXTAOXELAOTOLY YXOTES TEOPBAeYNG
NG XATAVOUNG TOLG OTNV TEQLOYY] MEAETNG. Xe emdpevo Bruw, o mnEoBtanes Opddeg

eviayOnuov ot povtéla mEoPAhedng, pe oxomo vo ekéyéovpe v LRAEEY UATOLXG
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uxeoBlonng opadag 7 opadwyv mov pmoget va Bektiwver v toyb Tov povtédov. To

XTOTEAECUATA XVTNG TG EQYXTLAG
2.3 Yxna xow pebodot

2.3.1 Asvypatoindio

20OvOeta edapud Selypata ((TELG edapol mupNveg and xdbe onpeio derypatodndiog) anod
Baboug 0 ewg 15cm, ouAkéyOnmnav v mepiodo and 15 Moiov ¢wg 3 Tovviov tov 2012 (Euw.
2.1), oe 51 onpeia. Ta onpeia emhéyOnuay pe €100 TROMO WOTE Vor HAADTITETAL 7] EVTOVY
HeTABANTOTNT TOL TUEATYEEITAL GTNV TEQLOYT| AVXPOQUK HE TO UMLK, TIG ESUPIUES
1810 TEg Mot TLG YENoELS YNG. T Selypoata noouvioTuay pe xO0onvo StapéTpov TOEwWY 2mm
apeows Hetd v Andr toug oto Tedio xot amobnuedTray ot YoEnTo PYuyeio otoug 4°C péyot
voo petapepboby oto epyaotiplo. X1y ovveyelx, uabe Selypo ywelotne o€ EMPEQOLS
TUNHOTO Yo XMneg, Broynunég nar Brodoymés avavoers. Ta tehevtaion anobnxedmuay
otoug -80°C péypt va npoypactonom et 1 anopdvewon tov DNA xat ot Broymuinés avadoetg.
Télhog pe v XENOY OLOKELNC TAYUOCKIOL BOELYOPWOL GLOTNHATOS eviomtopoL Oéomng

(GPS) nataypapnune 1 anptng Béon uabe onpeiov derypoatorndiog.

Euwtova 2. 1 Xtov yap1 avapépovon o onpeior derypatolnlog, yowpotiopéve avd yonorn yne. Me
TOQTOXUAL YOWMUA ELVOLL Ol XXAMEQYOLILEVEG EXTAOELS, EVR L€ TOAOLYO Ta QUOKE OooLoTHHaTe. Me
XOUNLVO  TIEQLYOAPOVTAL T CGLVOQX TNG AEXAVNG ATMOPEONG, evw pe yaAdllo oavamaplotatal T0
vdporoyd dintvo.
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2.3.2 Avalvor puatxev, ynuxey xot Bloynixmy sdapixeny
TLQUPETQWY

H edopinn vypaoia npoodiopioture pe Enpavor otoug 65°C. H niextow aywytpotmro (EC)
nat t0 pH tov edagoug petonbnuay pe HoO, pe avaroyia eddgoug: Stehbuatog 1:2.5. To
NH4"-N »ow NO3s-N exyvMomue pe KCl ovyrévrowong 2M énerta and avddevon twv
detypatowv yo 30 Aemtd. XNy GULVEYELX, 1] OLUYXEVIQWG?Y TOLG TEOGOLOPIOTNME e
paopatopwtopetpo tnov Perkin-Elmer Lambda 25, yonotponowwviag 1o avidpaoteto
Nessler ot v uebodo avaywyng tov Cd yre 1o NH4 " -N %o NO3;-N avtiotoryo. O olindg
opyavinog avbpanag (TOC) not 10 olnd alwto (TN) petondnme oe avakot nov Analytik
Jena Multi N/C® 2100S. Téhog 1 xouxopetpio (091 T0L edapovs) TEOTLOEIoTHE U TNV
vdpopetow wébodo (Bouyoucos 1962).

O naBapodg pubuog avopyavonoinong tov N (NMR) xat o Suvnminodg pubuog vitponoinong
(PNR) petondnrav wote va xataypaovpe v duvapnr tov onpelwy detypatolnioag yro
™V Stepyacta g avopyavornoinons tov N xat ¢ petenctta o€eidwong tov oe NO3; -N. Ot
HeTENOELS Eyvay ot TEeLg emavaAndets. ' v pétponom tov PNR axokovtnbnue n pébodog
mov avantdybnue oty epyasia twv (Smolders ez al 2001) petd amd tpomomooES OV
npaypxtonomnnuay oty epyaocia twv Tsiknia e al (2013). ' ™v pétonon tov NMR
yonotponombnue n pébodog g aepoPiag enwacng VIO epyaoTnlanss auvbnneg (Hart ef al.
1994).

Eniong npocdioplouay ot Suvntinég dpaotneltoteg twv evibpwy, oveeaoy (EC 3.5.1.5),
oéetdaon g pouvoine (EC 1.10.3.2), xar mepoéerdaon (EC 1.11.1.7) axolovbawvrag to
TEWTOXOAAX TOL avapepovTaL aTlg epyaoieg Twv Kandeler & Gerber (1988), Li ef /. (2010)
now Sinsabaugh ez al. (2005) avtiotorya. EmléyOnue va npoodiopiotet 7 Spaotnototnta
aVTOV TV eV{OUWY xxbwg ToTEDOLIE WG EYOLY GNUAVTIXOG POLO GTOV nLXAO ToL C XL Tov
N omv meptoyn perétne pog. ITio ovyxexpipéva, 1 Spaotmetotnta g oéeldaong g
potvOANg yet anodobel xvplwg oe puéln Twv Fungs, evi éyet avapepbel mwg xat namoteg opddeg
and 1o Bacteria v mapayovv (Theuerl & Buscot, 2010). Q¢ ex tovtov, awtd 0 évlvpo
emhéyOnme wg Seintng g aboviag nat Aettovpymottag twv Fung.. Emniéov, 1 Aendvr tou
Kowhapn nepthapBaver heydho mOGOGTO AAAMEQYELWY EMAG, TO PUTIUX LTOASIUUATH TNG
oToloG elvat TAOLGLX GE YAULVOALXES EVOTELS, OTIOTE Dewpobpe Twg OTL 1] 0€etdaaT] TNG YULVOANG
Boe eyet onpoavtind poro otov numho tov C oty meptoyn perétne. Ta évlvpa mov avrrouvy

oTNV xaTNyoplo Twv TEOEEtdaowy, eivat e€wuuTtoEnd eVv(LUA T OTIOLX GLVELGYEQOLY GTOV
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nouho tov C péow tov amomolvpeplopod avlentinov poxeo-popiwy (Sinsabaugh 2010).
Tékog, 1 0vEEdEN *ATAAVEL TNV LOEOALGY] TNG OLELAS AL GLVELGPEQEL TOGO GTOV HOXAO Tov C
000 not tov N ot yepoxio OMOGLOTYUXTA Kot LOLXITEQA GTA UXAMEQYOLUEV EBAPY
(Kandeler et al., 1999). Xuyxevtpotnd dedopéva ya 1g meQlBoaAhovTineg ot BLloyniuneg
TEAUETEOLE TOL TEOGSLoEIeTNHaY Bptorovtat atov TTivaxa 1 tov Iapaptpatog A (ITiv.

A1)

2.3.3 Anopovwor, DNA xot mosotixonoinon pe qPCR

I v amopovwan tov olnod yevepwod DNA Quyiotnnay 0.25gr eddpong to onolo apytnd
TUYWOXpUE O LYEO GlwTOo nxL opoyevonomoape oe Yyoudt. ' v Stdinacio g amopovVwoNg
yonopomnotnonre 10 PowerSoill® DNA Isolation Kit (MO BIO Laboratories, Inc.
Carlsbad, CA)xat axorovbnbnme to npotetvopevo npwtonorro. H anopdvwon éyve ae toetg
enavaAnelg, ot onoleg evwbnuay motv mpaypatonombovy tepattépw avaivoete. H notdmta
o DNA nov anopovwdnure eréyybnue oe gel ayapolne (1%) xoar v mocdmta TOUL
TEOGBLOPIOTNUE PWTOPRETOWS e v ovoxevy] . NanoPhotometer® Pearl (Implen) xo
anoOnueduay otoug -80°C. Ot exnwvntéc mov yonorponomndnuay xabng xor tor Oeppuing
TEWTOXOAAX TWV AVTIOEACEWY Y1 TNV TocoTMonoon 1wy Fungi, Archaea, Bacteria, Alpha-
wou Betaproteobacteria, Acidobacteria, Actinobacteria, Bacteroidetes, wouw Firmicutes ouvodilovtor otov
[Tivoxar 2 tov [Mapaptpatog A (ITiv. A2). Or avtdpdoetg npaypatononOnuay atov Oepuind
noyAomom 1y mEaypatxod yeovov StepOnePlus™ Real-Time PCR System (Applied
Biosystems). Ot avtidpdoetg eiyav tehnd 6yxo 20 pl xou yonoponomnre 1o KAPA SYBR
Fast Master Mix (2x) qPCR Kit (KAPA Biosystems), xat 1 mocomta tov DNA mov
xonotponomninue xopovotay and 0.8 cwg 3.5ng. ‘Olkeg ot avtidpaoelg axorovdndmuay amod
TNV UXTAOKELY] HXUTOANG anodtdtaéng (Melting curve analysis) wote v aétodoynbodv o
npoiovta ¢ avtidpaone. H xaumdin avty Baoiletowr oty Oepponpacio amodidtaéng
(melting temperature 7 Tm) Twv TEOIOVIWV TG XVTISEAOYNG AL GTNV TEOXELUEVY], )
Ospponpaoia Eexivnoe and toug 60°C xow pe adénon xatd 0.5°C péyor tovg 95°C. Ot
nopmOAeg avapopdg (Standard curves) xataoxevaotiave pe Sadoymég wpmaoerg, 10°-107
yoopuunwy miaoudiwy (pGEOM-T, Promega) mov meptelyav uAwvomotmueve yovidto yto
nabe pnpofonn opddo mov petenbnre. Xtg avudpaceg mov dev mpootébnue DNA xa
XTOTEAEOAY TOLG PXOTLUEEG TWY UETENOEWV Oev avtyvedTnxe mpoiov. Emiong, pn enidpaon
TUEEUTOSOTOV AT TLG avTtdpaaeLs, e€uopaliotnue peéow ¢ apaiwong 1:10 twy derypatwy.
H anodotxdmta (efficiency) twv avtidpdoewyv ntav nouavinue and 80% éwg 92% not ot

tpée tov R” g napmding avepopdg petaéd 0.993 o 0.999.
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2.3.4 XToTIOTIXEG AVUADGELG

Apymd Oheg ot petafAintés, entog tov pH petaoynuatiouay pe xQUMELo o PETEA TC
XOLUUETOLNG UL UDOTWOYNG TWV XATOAVOUGV TOLG, WOTE VO TEOGEYYIOOLY TG TLUES TG
novovinng uxtovopne. ' Oha punpofronae taéa epappootnure o petaoynpatiopoc Box-Cox
ue v yenon aiyopibpov mov avantdydnre oty mhatpoppa Matlab (Varouchakis ef al.
2012). Avadvtnd ot pebodor petaoynuatiopod mov epopuootuay ya uabe petaint,
nafog not oL TLUES TwV PETEWY XGLUUETELXG Kot ©OETWGNG cuvodilovtat atov [livara 3 oto
Mapapmpa A (ITv. A3). Ov oyéong petald twv neQBAAAOVIIMGOY UETENOEWY %Al TWV
uxEoBoney tdéwy TEOGSLoPIETNUAY e TOV GUVTEAEOTY] YOUUUINYG cvayeTiong Pearson. H
uebodog ™g avaALGYG #LELWY GUVTETAYUEVEY YELTOVIXWY GYpelwY ot nopyy] mivaxa (Principal
Coordinate of a Neighbor Matrix; PCNM) (Borcard & Legendre 2002) epaxpuootue otig
YEWYQUPIMEG CLVTETXYUEVEG TwV ONpelwy Setypatodndiog, yioo ™V SNLoLEYIX YWEWMWY
SLUVUOUATWY, OTWG aVaPEEeTe xal otV epyaota twv Bru et al. (2011). Méow avtng g
uebodov pmopovpe Vo *ATAGKELAGOLPE YWEWMK dtodlavbouaTte (eigenvectors) xal GTNy
OLVEYELX VO YOT|OLLOTIOY|COLPE ALTE oL amoTeloLyTat amo Betinég tdtotiueég (eigenvalues),
0¢ avelaTNTeg YwEIES HETaPBANTES OE SLAPOEES UN- N TOAD- THQAUETOWMES avadboeg. To
tOLOSLVOCUATA  TTOL  O7ULOLEYOLVTAL  XVTITEOCWTEDOLY  SLAPOEES  UAUANEG Y WEWNG
XLTOGLOYETLGYG OIS OTOIEG OUXSOTOLOLYTAL T GYela LaG, AOYW T7)G ueTa€d TOLG euKAeiSelag
anootaong, aveéapia ano g meptPorloviinés petpnoete. H pebodog g Brpatieng
TOAATIAYG YOXPIUYG ToakvOpOuNoNG (stepwise multiple regression analysis) epaopootnme
Yl TV Onptovpyla Loviedwyv mov meoPAiénovy v agbovia twv prpoflonwy ta€wv mov
npocdoploTuay oty epyacia pac. Me ™y uebodo avth, n emhoyy tov KATIAAAOL
LTOGLVOAOL  ave€aPTNtwy  petafAntwv  (meptfolloviixég  upetpnoelg  xow  PCNM
tOLOSLVOPAT), TEAYUXTOTOIELTHL WUECW TOL OTMOXAELOPLOL EXEIVWY TOL Ol TIHES TNG
OTATIOTINYG CLVAETNONG 7 elval UxEOTepeg amo eva mpoxaboplopévo xplotho eninedo
onpovtndmtag, yla epdg p>0.05. T v vmoloyicovpe 10 mTOGOGTO And TNV GLVOAXY
Stanvpavor mouv e€nyeitan amoxAsioTnua and uxbe ave€iTnTn puetaBANTY TOL POVTENOY, O
1eMndg TEOGUEPLOOUEVOG ouVTEleoTNg Toodtoptopol (Rag’) dlapeptlete (partialling out) pe
Baon v Oewpla ¢ TeTEAYWVIUNG pepng ovoyeTong (squared sami-partial correlation:
Legendre & Legendre 1998). H uébodog dtopbwong natd Bonferroni yonoiponombnxe yro
™y Otopbwon twv p-values yr amoguyn TwV SLAQOPWY TOTWY CYAAUKTWY AOYL TWV
ToATA®Y  ouyxploewy. Ot yonoeg yng opadomombnray oe Sbo peydieg nxTnyopieg,
YEWOYIMEC EUTAOELG uaL YuOd owoovotuata. Emniong 7 meptoyn ywelotne oe TEELG
vopetoneég Loveg (0-200m; 201-400m; xar >400m) now o onpreio pog opacdomombnuay pe

Baon autov tov Staywetopd. O eleyyog Tuy®V SLapopmV HETHED Twy InEOBIaU®Y TaEwy 1ot
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TV YENoEWY YNG not Twv bpouetotwy Lwvev eytve pe ™y avaivon ANOVA. 'Oleg ot
oTaToTINEG  avaAboelg  moaypatonombnxay oty otattotny mAatgoppa R statistics
yonotponotwvtag to namnéta vegan, MASS now yhat (Venables & Ripley 2002; Nimon e al.
2013; Oksanen ef al. 2013; R Core Team 2013). To yowpatind Suayoauux (correlogram)
TIOL OTTIMOTOLEL TIG GLOYETIOELS xaT& Pearson xataouevdotue pe 0 Tanéto corrgran (Wright

2013).

2.3.5 TewotatioTinn avaivon

2NV PO EQYAGLY, 1] LOVIEAOTIOINGY] TOL Mt-BaLOYEAUUATOS TRayhatonoOnue pe
™V mhatoppa Matlab yonotponotwvtag toug natdAiniong akyoptdpovg mov avantdyOnyay
ot mhaioto )¢ epyaotag twy Varouchakis & Hristopulos (2013a). H Béhtiot npooapuoyn
700 DewEnTHOL pHoVTELOL 6TO TetEAUATIHG NuL-BoELtoyoappa, afloloyninxe pue v puébodo
v ehaylotwy tetpayovwy (Varouchakis & Hristopulos, 2013a). H avicotponia, to
PUVOPEVO %AT& TO OTOLo 1] UetaANTY] eppovilel StopoEeTnt] UetaBOAT %aTd TO UN®OGC
SLopoEeTinmy ywEtwv Otevbivoewy (SLpoEETINY] GLUTEQLPOEX TOL MHL-BAUELOYORIUATOS
Oty vohoyiletar oe SlapoEeTnég YwEES Stevbdvoerg) ekéyyOnue oty Thatpopua Matlab
OLYHEIVOVTAG TNV OCLUTEQLPOEE TOL  MUL-BAELOYEAUUATOS Yoo TIC TéoOoEEElS Baotnég
vewypapwes xatevbivaerg (Goovaerts, 1997; Varouchakis & Hristopulos, 2013b), opilovtag
wg yovia avoyne tg 40°. Mixpdtepes Tipéc avoyng Sev EMTEENOLY TOV TEOGOLOQLOUO
wavonomuxoL  aptbuod Levyov (>30) g petaPAntyg oe ndbe andotaon extipnong tov
nuBaproypappatos. €2¢ ex tovToL, Sev maEATNENONKE €VTOVYN avVLCOTEOTIX TOL MWL-

Baploypdppatog mpog nopio natebBuvorn not yro napior petoBANTY).

2TV CLVEYEL, 1] epaopoyn ¢ pebodod mapeuBoing nat 1 dnploveyia yaeTwv TEOBAEDELg
eywvay pe 10 hoyopwd ArcGIS ot ovyrexpipéva 1o maxéto epyokeiwy Geostatistical
Analyst. Ot napdpetpor mov mEogxvoy peta Ty povielomoinorn (nugget, sill)
yonotpomomOnuay  xatd v Sxdwacia  Snptoveyiag YxETtwv TEORAeYNC péow TOL
Geostatistical Analyst. To StaoTaLEWIEVO NL-BaOIOYOAU KA, AOY® TG TOATAOKOTNTAS TOV,
enttunOnme povo péow twv epyaieiwv tov Geostatistical Analyst xot 1 BEATIoT TPOCREUOYY
700 OewENTUOL POVTEAOL OTO TELPAUATINO TEOCOLoPIoTNHE pe Bdon T dtabéotpa amd 10
npoyeappo péton. Béetdotnmay pio oetpd and to ouyvd epappolopeva Bewontina povtéla
(m.x., exbetno, I'noovoavod, Mattern ».&) pe 10 oo OewEnTnd poviedo va divel v
naAOTeEY, TEOCAEUOYY T0G0 Y v Stadwacioc 1ov OK 600 xar yix tov CoK. Apuetég

epyaoteg mov axorovbovy yewotatiotineg pebodoug Yo v xataouncvy YeETwv TEORAeYNS

32



Kegohato 2 Katovopy] Twv jxooyaviopoy Tov eddpoug o eninedo Aexdvng anopeomg

TG UXTAVOUNG unEoBLonwy ouadwy €yovy eniong epappooet 1o opatpnd poviero (King ez

al. 2010; Banerjee & Siciliano 2012; Correa-Galeote ef al. 2013).

Or pébodot tov OK nor CoK yonotponomOnuay yro vor uxtaeoxevaotody YHOTES EXTIUNONG
NG Y WOELNG UATAVOUTS TwY Iinofoaxwy Tawy mov eéetdotnnay 6TV TapoLoa epyastio. L2¢
devtepebovoeg  petafintéc yae 1o CoK  yonowwomombnuav ot petafAntéc  mov
TEOGBLOQIOTNHAY WG OTATIOTIUR  CNUAVTIHES OO TNV BNUoTINY] TOAAXTAY]  YOOUULIXT
naAvdpounon, yo xabe pwmpoopyouviopod. H anddoon nat axpifeta twv yewotatioTuwmy
novtéwyv kriging npoosdiopiotnue pe ™y pébodo g Stxotavpwuévns emtBeBainong (leave
one out cross validation) (Witten et al., 2011). M cetpa and yvwotd oTxTtoTing uetea (1.).
o ovvteheotg ovoyénionc r, RMSE, MRE, ANOVA) yonotpomoOnuoy yior va suyrpivovpe
TIC TOUYUATIXEG HE TLG EXTIHWUEVES TLéS apboviag Twy wxpofoxmy tdéwy, Tov TEoéxudoy

amo Ttg 800 yewotattoTineg pebodoug.

2.4 Anotehéopata

Ooov aopd v dtandpaven me agpboviag oto eninedo twv Baotieiwy, napatnendnue nog
o avtiypopo Tou yovidiov 16S tRNA twv Bacteria vreptepoboay twv avitypdpwy tov 18S
rRNA yovidiov twv Fungs, yia Oha T onpeto mg meptoyng (B, 2.2). Axokodbwg, o aptBpog
TV avTtypapwy yoe 1o yovidto 16S tRNA twv Archaca ntov pio o dvo taéerg peyéboug
yoaunhotepn oe oyéon ue too Fungi now toe Bacteria. ovtiotorya. Avopopuma twoo pe o
Bontnotomd @dra, t0 QONO Twv Addobacteria tav to dgbovo, axolovbovuevo amd Ta
Bacteroidetes (Ewx. 2.2). ITio ouynexptpéva, cuyrottiua pe ta vokowna waéa (Alphaproteobacteria,
Betaproteobacteria, Actinobacteria, non Firmicutes) o Acidobacteria vieptepoboay natd dvo téetg

ueyebouc.
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Ewova 2. 2 Y10 Sidypappo anotunavovtal ot Staxvpdvoets oty agbovia (gene copy numbers pet
g of dry weight soil), twv Bactieiwv %ot Twv xuplapywy Baxtnelaxmy ulwy/xhdoewy, oTny TeELoyy
tov Kothgpn CZO. To mavw nat natw 6gto, avttnpoownebet to 25% xat 75% tetapuipnodpta, 1 péomn
YOUWUY ™V SIAUECO TUY), T duEx Twv Yoppwv Tig axpaies Ttpég (10% & 90%), ever ot teheieg
ovpPolilovy Tipég oL BewEobVTOL EXTOC TG HATAVOPYS TwY LTOAOITWG TtRGV (outliers).

H avdivon ovoyétiong Pearson avédeiée otatiotina toyvpés Oetinég oyéoelg petald Ttov
upofonwyv v (BEwm. 2.3 ITwv. Al4). To @oha twv Adinobacteria won Bacteroidetes
Tpovaslacay PETab TOoug TNV toyLEOTEEY ovoyetion (r = 0.96, p < 0.001). Xe avtifeon, T
Fungi, etyov ¢ mo aobevelg ovoyetiostg pe OAa o vdlotma ke, Entog anod to Acidobacteria
(r = 0.52, p < 0.001). O oyog twv avirypagpwy 18S rRNA twv Fung mpog twv 16S rRNA
v Bacteria (F:B), mov yonotponoteitar wg deintng aelpopiog yio YEwEYIMES EXTROELS, elye

XEVNTNY] CLOYETION pe Ohx T Bontnotond taéo not o Archaea.
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Ewova 2. 3 Xy ewodva adty] BAETOLRE TNV OYNUATINY OXTEUOVIOT] TOV CUVIEAECTY| GUGYETIONG
Pearson avapeoo ota Baotdeta xow tor Baetnoromd poo/xhdoerc. H yowpatied uhipoxo vmodnhmvet
TLV TLLY) TOL GUVTEAEOTY] CLUOYETLOYG, VW TA XOTEQEHMULA TVV CLPLAVTIUOTYTX T1|G CLOYETLONG, ®evo: >0,05,
£<0,05, ¥*<0,01, *#*<0,001.

H molamhn yoaupwnn maAtvdpounocr edetée mwg v TOCOGTO TG OLUUDUAVENS TG
NATAVOPUNG TV o BLanav ta€wy, mov xupaivetat amd 31.1% éwg 79.65%, enyeitar anod Tig
neptBariovtinég petaAntéc mov moodtoploTxay oty cuyxexpipévy epyaoio (ITv. 2.1).
AopepLopatonoldytag 10 6uVolnd Raug’ Twv povidhwv npoénude Twg 1 TeplentuoTNTo T0L
edaoug oe TOC nat 10 pH, anotehodv 1¢ Mo onpavTnés ReTaBANTES TV LOVIEAWY pe
v cuvnopopa oty e€Nynon g cuvolnng Staxdpavong. ITo cvyrexpuéva, o TOC,
and puovo tov, umopel va e€nynoet amo 11.7% éwg 74.8% g ouvolung Stoanduavong twy
novtedwy, xabog yia o pH 1 mocoota nupevovtar and 7.36% éwg 37.14% g ovvolnng
Sranvpavons. H yewyoapunn andotaoy, eupoaouevn pe 1o PCNM drodiavbopata, e€nyst
NOL AOTY E TNV OELRG TNG EVA GYPAVTIXO TOCOGTO T1G GuvoluNg Staxdpavang (9.49% éwg
67.48%), ye xanowx pnpoflond taéo (m.y. Firmicutes; ITv. 2.1). Xe ovpypwvia pe ta
XMOTEAECUATA TG TOAAATIANG TOAVOQOUNONG, 1] avaAvoy cuoyetiong Pearson avédetée 1o
TOC nou 10 pH g 11¢ Mo otatioting onpavtneg petaBinteg (p < 0.001). Tékog, to poviéro
yo 1o Fungi ity 1o mo aobevég nan 7 Staudpavey tov cuyrexptpévon mAnbuopod eényeitot

eAAYLOTa ATO TIG HETAUBANTES TTOL TEOGOLOPLGTNUAY GTYY EQYXTLA.
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ZOUTATOWHUATING E TYV TEOYYOLUEVY] TEOGEYYLOT, BédovTag v ehéyéouvpe v vrobean, Twg
UTOQEEL Vo LTREYEL UATOLO N udmota pxEofland tafo mov BehTtwvouy 1V andd06T TwV
HovTélwy, Tpocbéoape TNy opdda Twv ave€aoTTwy petaBANnTev Ta dedopeva Ttg apboviag
TWV UXQOOQYAVICIKV WOTE Vo TEQXAGOLY TNV Brnpatiuny] uebodo emthoyng yro TV dnptoveyio
TV poviéhwyv. Telua 7 anoddoon twv poviéhwy Behttwbnre aobntd, yio noepdderypuo to
novteho twv Alphaproteobacteria, mov epmepteiye not pnpofona taéa, e€nyoboe o 87% g
Sandpavong tov mAnbuouol oe obyxpton pe 10 mponyodpevo 68% (ITwv. Al1.5). Opwg 7
EVOWPATOOT TWV UXQOOQYAVIGU®MY 0T LOVIEAX ELYE WG ATOTEAECHA VO XTOXAELGTOLY ATO
axutd, oe peyaho Babuo, ot meptBarioviineg petaBAnTég mboavwg AOYw TwY LoYLEWY CYECEWY

UETHED TWY IUQOOQYAVIGUMY

Z. kkk kk*k )k ok * *

Urease **% k%% %%k %%k * *%k kkkkkk

TOC k% kkk kxk k%% *hk kkk kk%k ks **
TN_%%% k%% %%k *kkkkk k% *dkk kkd *
Silt. * *

Sand *%% kkk kk kkkkkkkhhk kkk kkk Kk
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Ewova 2. 4 Xty emova a0ty BAETOLUE TNV OYNUATINY] OTEKOVLOT] TOV OGUVTEAEOTY| GLOYETLONG
Pearson avdpeon ot Baothetor o tar Bortrnorood PO/ whdoelg ot TG eSapinés TaQUIETEOVS TOL
npoodopiotray. H yowpatnyn whiposo vnodnimver Ttv T TOL GUVTEAEGTY] GUOYETIOTC, EVE TO
XOTEQAMLA TV GLUAVTIXOTYTA TG OLOYETIONG, xevo: >0,05, *<0,05, **<0,01, ***<0,001.
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H avalvon ANOVA petald twv punpoflanmy opddwy xal twy Yenoewy yng, édetée nwg 1
apbovia twv  Addobacteria, Actinobacteria, Bacteroidetes, wow  Firmicutes ntoav otatioTind
UEYXAVTEQY] OTA QUOLXG OLMOCLGTNUXTA GE OLYXELOY] e TG YewEyweg extdoetg (ITv.
A1.6) ArorodBwg yro tig vpopetonég Lwveg, 1 apbovie OAwY Twv unEoflaxmy opddwy, extog
v Abphaproteobacteria wo Fungi, avéavotay napadinlo pe v adénon touv vdouétpov,
Sraitepa yow vpopeTEo peyaAdTEEe Twv 400m. AvTd TOL TEETEL VO GNPELOOOLILE GE ALTO TO
onpelo elvat TG ot YENoELS YNNG HETHBIANOVTAL %ot ALTES AVEAOYa e TO LYPOUETEO, dNAXST

T YUK OtocLETN AT BolonovTat xuplwg oe LPOpeTEX peyaAdTepn Twy 300m.

H povtedonoinon twv npt-Boployoappdteny twv uxeoBuxey tAnbuopov gavépwooy 0Tt ot
minbuopol axolovbwy oyvpr ywowd potifa xar yapaxtneilovial oAmO ATOGTHUOELS
xLTOCLOYETNONG Tov Eeuvave amo T 309m nor pTavouvy péyot xot o 2.244m. I ™
NATHOAEDT] TWV YXETWV TEORAEYNG T7C YWEMNG UXTAVOUNG Twy WxEoBonwy TAnbucuwy
vtofeBnure n pebodog tov CoK, xabug dramotwoape nwg xatadnyel oe mo aflOmMOTES
npoPiédeg oe obynpton pe 1o OK| extog and v mepintwon twv Fung. Xe ndmoteg
TEQIMTWOELG LTOAOYIOTNUE TG TO LECO OYETMO ol ¢ TEoPAeYelg petwbnre éwg nat
9%. Eniong 10 R* petafd mpaypotinmv o mpoPrenopevey oy vrokoylotyue and 0.306

twg 0.575 (T, A1.7)
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Kegodato 2 Kotavopn twv pix@oogyaviopav Tou eddpong ot eninedo Aexdvrg anoppong
TTivoseag 2. 1 To poviého Tov npoéxuday amd v webodo g Bripotiung Torlamhy yoouunng mokvdeoputong. Tio #d0e aveZdotnty petafi Ty vtoloyiotxe 10 T060GTO
amo 10 obvolno R? mov ¢ avtioTotyel.

Overall model
ANOVA?  explained Co-

N1 @, ) var3(%) Proportion of the total variance unique explanation by each predictor (%) e ) Unexplained(%o)
o-Proteobacteria 5 1&08 68.02 1(31}61'78) » ?;(;(6:)** é/éj)* ?{)8;)91)5;5CNM 5375 3198
B-Proteobacteria 4 >1}0;66 49.8 5?53) . ?5116)61)5'; I*)CNM 36.61 50.2
acinobaceria 1 B ey TOC - WH PR PO SDEPONN gy g
Acidobacteria 2 2002 49.51 2;3; e (Nzggl—)ﬁ** 0.19 50.5
Bacteroidetes 7 % 76.9 (TZ?&) " I(ﬁ 65) s ?5;% » ?féig);)st*ECNM 40.43 23.1
Firmicutes 5 | 3257 52.7 ggg 1 s 1(331;_ - g.\;l;) . ﬁlgz)g) . ?fd‘%)SiPCNM 12.36 473
Total Archaca 5 00" 68.85 g;gg) . 1(’221_9)*** ?8%1;) » ?ﬂ_?gﬁfCNM 3354 31.15
Total Fungi 2 | 1250 31.08 ?9256) o ?fgﬂé\i‘)’lji 437 68.92
Tt Bacweda 5 B2 ey TOCpH o NOO PNR o SDRPONM g g
Fungi/ Bacteria |7 222 7447 E’S 2 ?fg'.];iiifCNM 25.16 25.53

IN: number of explanatory variables in the final model

2ANOVA tests the goodness of fit of the model and its significance

3Total explained variance from the overall model calculated by adjusting R? values, in order to obtain unbiased estimates (Peres-Neto et al., 20006).
Bonferroni —correction was applied to p values to maintain the family-wise error level in multiple testing.

Abbreviations: TOC: total organic carbon; PNR: potential nitrification rate; PhO: phenol oxidase; Elev.: elevation; Sp. Dist.: spatial distance vector
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Kegddato 2 Katovopn twv jxpooeyavioumy Tou e8dpoug oe eninedo Aexdvys anopeons

Xe oYEon TWEX WE TOLG YXOTEG YWEWMNG XATAVOUNG, ot mAnbvouol twv Adznobacteria,
Betaproteobacteria, Alphaproteobacteria, Bacteroidetes, now Archaea (Ewx. 2.5; 2.6; A1.1) eppoviCouv
AMyo TOAD TaEOPOLX YwEA LOTIB, LE AVOUOLOYEVELS TTEQLOYES %ol XTOTOUES XAAXYES peTaED
TV Teptoyev. Ot yapunrotepotl minbuopol TapatneoLvTal ®VEiwg oTIG SLTIMES UAL AVATOMUES
TEELOYEC TwY Yo ETwy. [Topopoteg pe Tig TEOTYOLUEVES YWEIHES HATAVOUES TOQXTNEN MUY
nat yix Toug TANOvopoig Twv Firmicutes wa oMnowv Bacteria pe v Stoapopd OTL yroe avTEG TLG

SLo opddeg, 0 SlyWELOUOS TWV TEELOYWY NTay To Opaddg not Eenabupog (Ew 2.5; Al.1).

Ewova 2. 5 Xdpteg natavopng g apboviag twv A) Bacterial 16S rRNA, B) Archaeal 16S rRNA,

C) Fungal 185 tRNA xot D) tov Aoyov Fungi:Bacteria. H yowpoatinn udipora ota aplotepd

avapepetar oTig Ttués apboviag (gene copies no/g soil d.w.), extog and to F:B.

Awapopetinn NTay 1 emove yloe 1oug Y&etes v nAnbvouwy Addobacteria wo Fungi, ow onotot
axolovtnoav Babutata avntiunn o avaioyn pe to vpopeteo, xatevbuven and 1o BopEd

oto voto (Ew. 2.5; 2.6). T Oheg t1g punpofonés ouadeg, entog twv Addobacteria wo Fungi,
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7] SLTIUEG TTEPLOYEG TOL YXOTY] CLYHEVTOWVOLY TOLG YAUNAOTEQOLE TANBLGPOLG, TP TYEY oY
nov ovpPadilet pe ™y ywewn xatavopn twv TOC xou pH, mov ota onpeia mov Bploxovia
oTNV SLTINY TMEQLOYT| TOL YAETY METENOXPE TiC Yaunrotepes Tpeég toug (Ew. Al1.2). Télog
AVAPOOINA PE TOV YXOTY YWEIMNG UXTAVOUYG TOL AOYov Fungi mpog Bacteria, axolovbrnoe 1o

avtibeto ywewd potifo oe oyEon pe OAOLS TOLG TEONYOLPEVOLS TANOLGULOLE, EYOVTag LOVO

UATIOLEG OULOLOTYTEG E TNV YWELKY] HATAVOWUY| TV Fungi.

Ewova 2. 6 Xapteg xatavounc ¢ apboviag twv A) a-Proteobacterial 16S tfRNA, B) Actinobacterial
16S rRNA, C) Acidobacterial 16S tRNA xow D) Bacteroidetes 16S tRNA. H yowpotinn nhiporo

ot aELoTEQS avapépetan oTig TLpés apboviag (gene copies no/g soil d.w.), extdg and 10 F:B.

2.5 Xvlntnon

H natavonon tov napaydoviwy mov pubuilovy v dopn, Aettovpyla xat SQaoTELOT™TR g
edapung UnEOPLanNG *OWVOTNTAC ATMOTEAEl X XTO TIC TLO ONUAVIIMES TEOXANCELS TNG
oLYYEOVNG ETOTNUNG TG TEQBUANOVTIHYG UixEOBLlohOYinG. 2YETéC TANEOYOPIES, INOUX

not oe VYNAO Tadvounod emimedo, eyouvv yenotponowmbel yla vo e€ayovpe CLUTEQRCUXT
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ovapoEtnd pe v oLvdeor twv téwv pe ovyrexptpéves Stepyaoieg (Fierer et al., 2007,
Philippot et al., 2009; Wessen et al., 2010), va cuoyeticovpe evpeic pxpofoanés opddes pe
uTEeoieg Twv owmoovotuatwy (Six ef al. 2000; Averill e al. 2014) now vae vrootpi€ouvpe
EMOTNUOVIXG TNV VEX YEVIX PBLOYEWYNUM®Y HOVTEAWY TOL TeQAapPavouy v Souyn g
urpoBronng nowomrtag (Waring e al. 2013). Xty napodox epyacia, cuvdualovtag v
avadvon qPCR pe mponyuéveg peboddoug otatiotnng povieAonoinong, oe emimedo uiag
utpns Mecoyetomnng Aendvng amopEong, TuEéyoLE TAYEOYOELES TTOL APOEOLY TNV ENLBEAGY]
SLopoEwY TEQLRAANOVTIMGOY TAQAUETOWY, XONONG NG, BLOYNiev SQaoTNELOTNTWY ot
o Broaney aANAETLOQACEWY, OTNV eSUPLXY| IUEOBLANY] HOVOTNTA TOL TQOGEYYIGTIUE GTO

eninedo tou Bactieiov xow Tov YOHROL/KAdoNG.

O minbuopog twv ohnwy Archaea Boébnue va eivar puinodteQ0og amd aLTOY T0v oMnwv Bacteria
nepimou xatd dvo taéelg peyeboug, pe v Adyo twv Arhaca 16S yowdivv npog Bacteria 16S
vou etvot 1ot péeo 0o toog pe 0.02, avakoyla Tepopotx pe auty) aAANAouy oY Twy Agyainy
Tov avantOnuay amd edapn dtapdpwy TOHTwY otoovouatwy (Bates e 2/ 2011). Xy it
epyaota, povo 1 avaroyla C:N tov edagoug Boebnue va ovoyetiletar nat paoto avnTInd,
ue v oyetnn agbovia twv Archaea, ) onola oy av€npévn oe eddn pe YUUNAES avakoyieg
C:N. Qo1000, ot Sty pag epyaoia, Tepxtnendnxe wa aviibetn oyéon, dnov 1 agbovix
tou TAnBuopod twv Archaea eiye Betnn ovoyétion pe ™y avaroyia C:N (Ew 2.4).Octinég
ovoyetioelg elyape eniong pe 1o pH (Pereira e Silva et al., 2012), 1o TOC, tov NMR »ot TN
naBwg not pe g SpaoTNELOTNTES TV eVLPWY TG 0LEEXGNS %ot 0&etddomg )¢ Yutvorng. Ot
TUEATAVL GLOYETIoELG uToEeL va Bewpnbel ot anotehodv otovyeia Twg T Archaea notéyouvy
evae onpovTind pOLo otoug ubdrhoug v C xat N ota Mecoyetana owoovotypata. Me Bdon
TO LOVTELO TOL TTEOEXVLYE ATO TNV TOAATAN TaAMVSEOUNGY, brokoyiotne Twg o TOC, to
pH not o PNR, abpolotina, e€nynoav 1o 55% 11g ovvolnng Standuavorng tov minbuopod
v Archaea (ITv 2.1), pue tov PNR v yapantptletar pe aovntiuy] Tty 61OV GUVIEAECTY|
noaAtvdpounone. Iapdho mov eyovv avagepbel oty BifAtoypapia xpvnTnés cuoyetioetg
uetad tou mo dbovouv Yolov twv Arhaea, oto édagog, twv Thanmarchaeota (Thamdrup,
2012) nou g ovyxévipwong tou eddpoug e NOs -N % NH4 -N (Bates et al., 2011; Pereira
e Silva et al., 2012), xd1t té10t0 dev TpatnENOnne oV Teptoyn peretng poag. Aoppovoviag
voy, 0Tt 1 neébodog ™ TOAATAYG THAMVSEOUNOYG AVADEINVDEL OYECELS CLILUETABOAYG %ot
oLoYeTong petald ™G €oPTNUEVNS Kot Twv aveddpTNTwV UeTaBANTOV nat Oyl ALTLOTNTAC,
elvat ToAD mhavov o apvnTndg ovuvtekeotyc Tov PNR va vrodnlmver pio éppeon enidpuon

tov PNR ot0ov mAnbuopd twv Archaea.
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H apOovia twv 18S tRNA yovidiwv twv Fungi Boebnne vo eiva yoauniotepn and autny tov
16S yowdiwy twv Bacteria oe O T ompleior TG AendvNg amOEQEONG, aUOUX KL G EDAPY OTA
omola enxpatovoe Yooy BAotnon 1 Oev uokhepyovviayv. I'evind 1o edayn ot omola
nwELxEy oLV ot TAnbuouol Twv Fung éyet Boebel va éyovv noddtepn doun (Rillig & Mummey
2006) now vo amobnuevovy meptocotepo C (Six et al., 2000), yapaxtnototnd mov Sev
amattodvTal ata edayn Tov anmxETilovy TNV AexdvY amopEons touv motauobd Kotiidoen
(Moraetis et al., 2014). Avtd 10 yeyovog avtavouid v eviovn avbpowroyevy tapéppocn otnv
omoio LTORAOVTOL Ta ESAYPY] TG AEUAVNC ATOEQOTG, XVELWS OPYWILL, EQUOUOYT MTACUATWY
not vrepBoonnor. (Banwart et al., 2011; Moraetis et al., 2014). Emnpoctétwe pekéteg éyouv
avopEEet OTL TEAUTNEG OTWG 1 TEoctNun alwtov (Boyle ef al. 2008), ot petwpéveg etopoég
avbpoxa (Wang et al., 2014) nouw 0 vrepBoonnon (Lopez-Sangil et al., 2011) propodv va
odnynoouy ce pelwan g apboviag Tov TANOvopod twv Fungi oto edapog. TTpaypatt, yo v
neploy pag mopatneninue Bty ovoyétion touv TAnbuopolL twv Fungi ue 1o TOC tov
eddpoug (Ex 2.4). Xe avtibeorn pe v apywr poag vrobeon dev mpoénude udmolx GLoYETION
uetagn tov mAnBuouod twv Fung wonw g Spaotnetomtag ¢ o&etdaong e @otvoine. Mo
mbovy e€nynon umopeel va amOTEAEL TO Yeyovog OTL 7] SLAOTAGY] TV (TOAD)QAIVOA®V
ovOuiletan nvplwg and pioe ouyxexEIévy opdda twv Fungi, toug Basidiomycota (Theuer]l &
Buscot, 2010). Onwg éyet avagepbel xar oe mponyovueveg epyaoieg (Zinger et al., 2011;
Pereira e Silva et al., 2012), étot o oty S pag, o Aoyog F:B eiye peyoaddtepeg tipég ota
(PUOLXA OLMOCLOTNUXTA GE GYECT] HE TIG uaAepyovpeveg extaoetg, 0.29 xou 0.01 avtictorya.
e yevinég yoappés, o mAnbuopodg twv Fungi epgivice mokh acbeveic ovoyetioeg pe g
BloyewyMuinés TaQAPETOOLG, TOL TEOGOLOPIOTNUXY Yl THV TEQLOYY WEAETNG KOG, OF
oLYXELOY pe Ta uTToAoTx UEoBland taéx. Emiong to poviého mow dnptovpynbnxe unopodoe
vou e€nynoet ToA) ixEO TOC00TO TG cuvoMuNG Stanbpavang tov TAnbuouoo, pe 1o TOC v
aMOTEAEL TNV PAOINY] CTATIOTUG GYUAVTINY UETAXBANTY] TOL LOVTEAOL. X GLULPWVIX Ue T SUA
nag evponuata, ot Zinger et al. (2011) oty gpyasia toug, avapépovy 6Tt wdvo 10 26% g
Standpaveng Tov TAnbuopod twv Fungi oe puo ahmny tonobeoio, unogovoe va e€nynbet anod
11 meptBaihovineg ouvinureg nat ™y advbeon g LTINS xOWOTNTaC. XNV Bl epyaala, 1|
B-momhOTTar TG #OWVOTNTAG TV punnTev Beebnre va cuoyetiletar nuping pe 0 edapd
0pYavno LAO (SOM) evi 1] Yewypapiny] anocTac?] SeV ETEPEQE AANAYES GTNY XOWVOTNTA. AV
not Sev etvan Eendbopot ot Adyol Yl Toug OTOIOVE TO PEYAALTEQO TOGOGTO TNG SLAUDUAVOTG
0L TANOLOUOL TwY Sev umopet va e€nyndel, propel v eivart aTOTEAECUX TOAAWY TXOXUETOWY,
omwg ot obvbeteg aAnAemidpacetg pe v BAXGTN G, TEQBAANOVTIHES TUEAUETOOL TTOL Bev
npoodtoplouay oty epyaoia pog (Zinger et al, 2011), 1o oystud pxEo edpog

Srandpavong tov pH xabog naw 1 ovvbeon oo SOM (Pereira e Silva et al., 2012).
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H oyetiun apbovia mov xatéyoaday ta Siapopa Bontnemd taée, Tov TEOGSLOPIGTNUAY GTNY
epyaola o, SLapeEL EXETE AT ALTES TTOL €Y 0LV avapepbel wg onpepa Yo Stapopa yepouio
omoovotuata (Philippot et al., 2009; Wessen et al., 2010), cuunepidapBavousvwy xat twy
Enowv (Fierer e al. 2005). Ot o aéroonuelwteg anoxhicelg apopoly o Alphaproteobacteria,
o Acidobacteria, v to Actinobacteria. To @oho twv Acidobacteria napovcince v pueyaAdtepn
axgpboviow ot LTOAOYIOTNUE Vo AVTITQOCWTEVEL XaTd KEGO 0O T0 28% g Bantnolamnng
nowotrtog. Iapodpota Tocootd avaepbnuay oe eonpind owoovotpa (Fierer et al., 2005),
nobwg not oe Soownd edagn uar noaklepynoipes extacels otov Apalovio g Boalikiag
(Navarrete et al. 2013). O Pasternak ef al. (2013) avépepav emiong yoaunin agpbovia 6toug
minbuopovg v Adinobacteria (0.0013%) wnow Alphaproteobacteria (0.02%), oe edagn
Meooyeloanob OMOGLOTNPIATOS, OV XL NTAY  CYUAVIING  YXUNAOTEQX Me EXElva Tov
noepatEeNndnray oty dud pog epyaota. Av xat oL AOYOL Yl TOUG OTOLOLE TXEATYQELTAL AVTT|
N peyaAn Owxygopomoincn uetald Twv  epyaotwv  Sev  elvar  Eexabopor,  nabwg
yonotponomOnuay to (St Ledyn enntvntov (extog and v epyacio twv Pasternak et al.(
2013), yro v evioyvon twv 16S rRNA yovidiwv twv Stadpwy puxnpofluneyv ouadwy. Asy
UTOEOLUE OULG Vo T BAedovue arla pepoinmtind Aabn oty pebodoroyia mov uropet vo
npogpyovtal and v Stadnacta amopdvwonc oo DNA (Martin-Laurent et al., 2001) 7 ano
noyideg e pebodov qPCR, ovpnepihapBavopévev Staxvpdvoewy oty anddocr Twy
avtdpacewy ot otov Stapopetnd aptdpd twv 16S rRNA yowdiwv mov pmopsl vo
nepteyovtat ot eidn mov anoterody xdbe uwpofluny ouado (Fierer et al., 2005; Smith &
Osborn, 2009). Emtnkéov, n agbovia twv pwinpoflanwmy taéwyv mov vTokoyloTyxe, UTOQEel va
SLXPEQEL MO TNV TEAYKATIHY, AOYWw TEOPBANUATWY TOL LIXOYOLY PE TNV axELPela TwY
evntov (Fierer et al., 2005; Pfeiffer ez a/ 2014). Extdg and tovg pebodoroyinoig
TLEAYOVTES, 1] OLUXLUAVGY] TTOL LTOQEOLY Vo TXEOLGLXLOLY Ol TEQLBUAAOVTINEG UeTaBANTES
XVAPECH OTIC EQYAOLEC, XTOTEAEl ior onpovTny] autiar petaAntomrag, xabiotwvtag mo
EVTOVY] TNV avayny Yoo peyadldtepo aptbpd epyootwy nat axELBectepo TEOGSLOPIGUO TwV
TeELBUANOVTING UETAPBANTWY WOTE VX ATOCAPNVIOTEL 7] EMEQEOY] TOLG OTY] SLALOQPWCY] TWY

XOWVOTNTOV TV IXQOOQYAVIOPU®OY TOL ESAPOLG.

H xatovopn twv Baxtnotoxeyv @OAwv/¥Adcewy 0Ty Aexdvr] amopEong TOL TOTHLUOD
Kothidpn ovoyetiomue pe Stapopeg yewynunes mopapétpovg, omwg o TOC, 1o TN, 7
avaroyla C:N, 1o pH, nat 7 ven tov eddgoug (Ew. 2.4) omwg éyet avapepbel nat oe diheg
epaoteg (Fierer et al., 2007; Philippot et al., 2009; Nemergut et al., 2011; Navarrete et al.,
2013). Xe oyeon pe g PBloyNinEs TXQXPETOOLS, 1] BEAOTNELOTNTA TOL EV{DUOL NG

OLEERGYG, TUEOVLGIAGE CTATIOTING GYUAVTINY] CLOYETION pe OAx o Bontnoland taéo. H
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SLamioTwoT AuTY) UTOEEL Vor LTOSNAGWVEL TNV ELEELX BLABOGY] TWY YOVLSLWY TOL XWOILOTOLOLY
0 év{upo g ovEedong xabwg nat T ueydAn onpacia ™ ovpiag oto xurho touv C xor N
OTNV TEQLOYY MEAETNG POG. 2e oLYnELoN ue ardeg epyaoieg (Meyer e al. 2013; Rodrigues et
al., 2013), ot drtoupoEeTinég YENOELS YNG Elyay EAGYLIOTY ENLOQAUOY| GTNV SOWN TG hnEoBtanng
rnowottoag (ITv. Al.6), moepd Tig Stapopetinég StayelploTNUES TEONTINES UL TY] SLUPOQETINN
oLOTHGY] TOL PUTIUOL LTOAELUUATOS TIOL UATUANYEL OTO E00QOG (EAELWVEC, TOQTONXAEWVEG,
puond ooovtnueta). [Tpémet BeBata vor onpetwbet nwg 7 enidpacr ™g yeNoMC ™S YNS OTNV
utoBlany) ©owoTNTH TOQEEL Vo Eyet emuaALQTel and v emidpaon Touv vopéteon xabng
anorovboly apxetd mapopoto potifo (ITw. A1.6), nabwg to @uowms owoovoTpoTa
Botonovtor nupiwg o LPoueTEo dvw Twv 300m. Avtd To evENHATH UTOQEEL VO LTOSAWVOLY
WG aPLoTUOL TUEXAYOVTES, OTIWG TO XALUX %Al 7] YEWYYHUELL TG TEQLOYNG, EXOLY ULELXEYN
enidpaon oTNV SopN TG LEOoRLKNC ©oVOTNTAS TG Aendvnc Tov Totapod Kotkaprn. Avty
7 eMISE®GY UTOEEL VX EVIGYDETAL XTO TO YEYOVOG OTL Ta €GPY] TNG TEQLOY NG Y xpauTrellovTat

amO oYETWX YoXpNAY StbeotpotnTa o 0Eyavino dvbpana.

Ioyvpéc ovoyetioelg maxpatondnuay eniong xar petad xar evidg TV BanTnElaxwmy
pOAwV/nhdoewy no tov Baothelwy (Ew. 2.3, TTv. Al.4). TTaporo nov yvwpilovpe Ot 1
avadvon pe qPCR twv Baxtotanwy t1déwv moagovotalet nanol TEOBAUATH GYETHA He
eketdinevor g avtidEuomg, Yo TUEASELYUX HATOLO TOCOGTO TG aviidpaong i to 168
tRNA yovidio twv Alphaproteobacteria evioyber now nanoeg alnlovyieg tov 16§ rRNA
yovidtoo twv Befaproteobacteria not  avTIGTOYA UATOLO TOGOGTO NG OVTIOQXONG TWY
Actinobacteria evioyber nou nanoleg alnlovyieg twv Verrmcomicrobia (Fierer et al., 2005), to
YALPUNAO TOGOOTO TwV U1 e€elSIUELPEVEY XAANAOLYLLY BEV AVUUEVETAL VO EYEL ETIOQATEL OTLG
ovoyetioelg Tov TapatnENdnrav. Avtéc ot oyéoelg umogel va dnhwvovy, oe nanoto Baluod,
OLVTEOYIMEG GLVEPYXOLEG, A& Tto Thovd vor Eyovv mEoubdel amd TV SLUNLUAVCT] TV
neptBoadhovTinmy mapapétowy xal ¢ Swbeotpdomrag mopwy. Kat tétolo pmopet va
LTOSNAWVEL TG  THEWVOUINE  OLUPOEETINOL  KQOOQYAVIGUOL  OLALOVTAL  TEOUOLES
owoloyeég Oéoetg, eppovifoviag eite TACOVACPO ELTE/ 1oL OROLOTNTA OTIG AELTOLEYIEG TOUG.
Ot Barberan et al. (2012) egpappodlovtag v pébodo g avdivong Simtdwy edetéay v
OToEEN TEOTLTIWY GLVOTXEENG Mot Oyt TUYXIKG CLGYETIONG Yl Lo edapny] KnEOBtou
oo, mEoTuTa mov bu umopobdoav va gxovv mEoEAbel amd ppoftana ta€a mov

notpdlovtat mopopoteg owoloyweg Béoelg ywplc va ouvemayetot anoEXiTNTX GLUPBLLTINY

oyeon.

[Mapopolx povtéha xatavonone xat mEOBAedng g xatavouns twv mAnbvopwy twv

UIXQOOQYUVIO®Y OTA EVOLXLTNHATA, Ylor Slapop TaElvoping enineda, €YOLY EQUOUOOTEL XL
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oe aAheg epyaoieg (King et al., 2010; Bru et al., 2011). It tv Aendvn amopeong Tov Totopon
Koaprn, Tt povieha mov Snpovpyndnray  meplapfavovy  xvpiwg meptBaAloviinég
TaEapéToug, Stapopetnes Yo udbe puxpoBrony opdda. O TOC, 1 avaroyia C:N, not 10
pH avadetynrav ot mo otatioting onpaviinég petafintéc. 2e avtibeon pe alleg epyaoieg
(King et al., 2010), ot Broynuwés noupdpetpot mov mEOcSloploTuay elyay TOAD KON
OLYT|CYPOEA TNV EENYYOY] TV GUVOALNC SLAXDUAVGYG TWY IIXEO0EYAVIGU®Y %ot ovo o PNR
nepMgOnne oe ndmowx povtéha (Actinobacteria, Firmicutes, Bacteroidetes). Me Baon g
dwxbeotpeg yvwoelg pag, oyéoelg avapeoa oe upoPoand ta€x xar tov PNR Sev éyouv
ueretnOet. Ot xpvnTinég TLpeg ToL ouVTEAETTY| TaAvdEOouNong Tou PNR ota povtéha, proget
vor LTOSNAGVEL aVTayOVIoRO PeTald Ty txeofommy tafwv ya 1o dwbéoipo NH, -N 7
UTOEEL VO TROEQYETAL ATO TIG LOYLEES OLOYETIOES UeTaéd Twv Taéwy. Qotoco, nabwg o
UEAETEC TOL YOOLUOTOLOLY TNV TOAAATIAY] TXMVOQOUNGCY] enpEALOLY GLOYETIOUOLS ot
ovppetaBoAeg, ot aveldpTnteg puetaBAnTeg Sev enpealovy amoQAITYTH ALTLOXQATIXES OYETELG.
H yewypapu anootao, enpoacpévr wg PCNM 8odtavdopata, e€nynoe peydho 10600t
™¢ Sanbuoveng Twv TANOLoRGY TV UxEoRlan®y OMadwY, TOL O UEQIEC TMEQLATWOELS
(Betaproteobacteria »or otov AMoyo F:B) nrav peyakdtepo and anotadnnote dAky petaAnty.
Emnpoobétwg 1o nui-Baptoyooppa avédetée mwg ot pxpoflanés ouadeg yapantnoeiloviat
aTO LOYLEY] XWEKY aLTOGLEYETN O naublwg nat ot yapTeg Tov dnpoveyninray pe ™ pebodog
tov CoK mapovoiacay axpiBeic mpoBiéderc. Avtd ta amoteléopata, amotelodv vdetén
SLXOTIORAS TWV WIUQOOQYOVIGUWY G OAY v Teptoyy] tov motapod Kotkapn. Otav ot
minbuopol ey ppoopyaviopuwy evowpatwinray ota povtédo (Iliv. Al.5), n woyde ™
npoRAednc toug Pedttwbnue onpavind, ohhd oL TMEQLOCOTEQES ATO TG TMEQLBUANOVTINES
uetaBANTéG amoxieioTuay and ta povtéda. Avtibeta pe tig npocdouieg pag, dev LTAEYEL Ko
povadnr] 1 oplopeveg pinpofloxeg opadeg mov bu propodoay va Bedtiwoovy v anoddoon
TV Hoviedwy xot B propoboav Suvntnd vo yerotponombovy wg Brodeintng (gg) yroo Ty
npofredn g agpboviag g pwmpeoftanng xowotmtag oto eninedo tov Baotkeiov 1 tov

Batnptaxnod poiov/xhaong.

2.6 ZopmeQAopATH

2V napovo epyacio epeuviinue 1 apbovia TwV LIKEOOEYAVIGU®Y TOL d&POLE GTO eTinESO
tov Baothelov 7 tou Bontneromob porov/®Adong oe OAY] TNV Aendvy amoQEOTS TOL TOTULUOD
Kowuapn. H pebodoroyia mov axorovbioape poag emnétpede vo Byxhovpe namorx
OLUTEQAOPUXTA  AVUPOEIMK Pe TG TeptBadloviinég mapapetpoug mov xabopilovv Ty
NUTOVOPY] TwV TANOLOPUOY TV UIXQOOEYAVIGU®Y GTNV Teployy] Werétne poc. H avalvon

TOAMOXTANG TAALVOQOUT GG EOeLEE TWS EVX TOGOGTO TNG Y WEKYG SLanLULaVGTS Twv TANOuoU®mY
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TOV UnEo0oEYUVIoPoY, ato 31% ewg 79% prnopovoes va e€nynbel and g neptBailoviinég
TxExpéTEOoLG Tov mpoadlopicaue oty gpyaoia. O TOC, n avadoyia C:N, 1o pH, o PNR
N0 1) YEWYQUPLNY| ATOGTAGY] AVAYVWELOTUAY WG Ol TLO onpavTinég petaPintec. Ot toyveeg
OLOYETIOELS TOL ToEATNENONMAY peTadd Twy wEORLon®Y OpAdWY, UTOEEL Vo LTOSTAWYOLY
elte ovvtpoYInés ouvepyaoieg eite/ xot var porpdlovtor g idteg omoloyinés Béoetc. Qotdoo
emnEoOchety) gpeuva elvat AMXEALTNTY] VLot VO ATOCAPYVIGEL ALTEG TG OYEOELC. Tar ELENALTA
nac oLUBEALOLY GTNV UXTAVONGY TwY TEQLRAAAOVTIUMY TOXEXYOVTWY TOL EAEYYOLY TNV
apBovio ot TNV *ATAVOUT] TWY HVELAEY WV IIXQOOQYAVIGUMY TOL ESAPOLGS, G UEYAAT] MALLOKA,

noBwg na yroe vor xafoploouvy 1 onpacta avTyg g ETISEAOYG.
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3. XwQo-y00vinn WEAETY| TNG
BromomtAOTNTOLG OTY|V TTEQLOYY] TOV
Kothaon

3.1 ITepidindn

H pekét twv ywemev not yooviumy RoTiBwv ¢ XATUVOUNG TG MXEOBLInNG #OVOTNTHG
7oL TWY TXQUUETOWY TOL T EMNEEGLOLY, VoL aVOyXio YL TNV TEQLYQUPY] AL UXTAVOY|OY|
TV SLEQYAOLWLY TOL SLETOLY TNV CGLYHEOTYOY TWY XOWOTHTWY. TNV CLYXEUQLLEVT] EQYaoL
eetaoTuay ot eMSEATELS TOL ETOVG, TWY YENoEWY YNG, ToL Bdbog Tov eddpoug adda nat Tov
TeELBAANOVTOG GTNV UATAVOUT] 1t SLAKDPAVEY] TG TNG UXEOPBLAKYG XOWVOTNTAG, GTYV AEXAVY
axnoEEoYg Tou totapuoL Kothdpr. Ta anotedéopatd pog avademvhouy Twg 1 XeNom y1S Exet
UEYAADTEQY] ETUSQAOY] GTNV IHEOBLONUT HOVOTNTA, OE OYECT] e TO £TOG 1ot TO edaptnd Babdog,
evw oL TEPLBAUAAOVTINEG TUOXUETOOL KA 7] YEWYQAPIXT| ATOCTAGY] TUQOVOLUGE UIXY] CLOYETLOY)
TO00 Pe TNV ®- 000 xut pe ™V B-momddomta. Lotoco 10 pH Edetée ™V peyadvtepn
ovoyéton. Egappoloviag 1o poviého touv Sloan, yia v ovyndtmon g pxeoflaung
nowotTag, oty Peebnre va diémeton xvplwg and otoyaoTinég Stadmascieg 1ot ®VELWG ATO
Evory GLVSLAGO TLYALWY KETAVXOTELGEWY, Yevwnoewy xat Buvdtwy nat dtaonopds (R°=0.84).
H avadoon RE €detée 0 98% twv Selypdtwy TOu aviuouy oTi¢ *AAAEQYOLILEVEG EXTHOELG XAt
0 52% TOL AVNMOLY OTA YUOIA OIMOCLOTNUATX UXTYYOELOTONONUAY CWOTH He Bdon TV
dopn ™G REOoRLlanng TOLG UOWVOTNTAC, EVM AVTIGTOLYO TOCOGTO YL To OSYRATH  TOL
avnuovy ot 0-15cm xow 15-30cm Moy 83% wuar 43% avtiotorya. H avddvon LEfSe
Saywotoe Tig yonoetg yng &endbupa and 1o eminedo tov YOAoL pe ta Profeobacteria (Oheg ot
n\&oelq), Acidobacteria, Bacteroidetes, Elusinticrobia, OD1 nor WS3 va etvarr o depbova otig g
NOUAMEQYODUEVES EXTROELS, VW To QYOAX Twv Verrucomicrobia, Actinobacteria, Chlotoflexi,
Firmicutes, AD3 now Gemmatimonadetes ota guowma ooovotpata. Telog nopatnendnuoy un-
oyt ST AIAAAETULOEAGEWY %L WIAELSLEN YL TNV GLYXEOTNOY] TWY SUTOWY, avadelyOnuay
OTUs mov amoxhvoy oamd TNV TEOCKQUOYY] TOL KOVTEAOL OLBETEENC CLYXQEOTNONG TNG
rnowvottag. By uatardeldt, T anotehéouata hag LTOSEMVDOLY, OTL VM UVEIXEYX OLOETEQES
dtepyaoteg SLETOLY TNV CLYXEOTNOY TWV UXEORBLAXMY KOYVOTNTWY, lOWS OE TOTKO ETUTESO O
edaPINEG TAOAUETOOL ELVOOLY AATIOLX UEAY] TG XOLVOTNTAG, TX OTOLA EYOLY GYUAVTINO POAO

oTNY GLYXEOTNON TNG.
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3.2Eicoymyn

Ot punpofraxnég xowvotteg tou eddpoug Hewpodvial wg ot «atpopnyavéey mouv nabopilovy
not euBpiovy LG AetTovEYieg TwV ESAPOY KoL XVTIGTOLYX TIG OXOCLGTYUIMES LTIYQEGIES TOL
owtd Tpocyépouy. TTpdbopata, 1 paydata avantuéy TV TeyVOROYLOY dANAOLY LGNS Slebpuve
™y oe Babog perétn e pnpoBroanng nownddttag (Smith & Peay 2014). Qotooo, Baotna
EQWTNUXTA OYETMA PE TIG OLEQYXGIEC TOL OBNYOLV GTNV GLYXQEOTYGY TWV KIEORLUGY
XOWOTNTWY, TXOXAUEVOLY AVATAVTNTA. TETOLX EQWTNUATH APOQOLY, TOV POAO TwV PBLoTinwy
not BTNy TUEUPETOWY 0TV Tpovota/anovota x&motou etdoug M v oyetny apbovia
tov otV nowotta (Freedman & Zak 2015), tov poAo twv oyéoewv mov avanTHoCOVTIL
uetaéd Twv pekwv g nowvomrtag (Comte ef al. 2015) eite 10v QOAO TUYAIWY PETANLVYOEWY )
oYXy aAAaywy 0Ty oyetny] apbovia Twy pedwv g xowvdmtag (Dini-Andreote ez al. 2015).
[Tinbopo peretwv mAéov avadetuvdel T0 OTL Ol WEOBLInES %OVOTNTES TEOLGLALOLY
Broyewypxpd potifo, dNAadY ®ATAYERPOLY SLANVUAVOELS GTNV XATAVOMUY] TOLG GTOV YWEO
nat tov yeovo (Jones et al. 2012; Pasternak ef al. 2013; Pinto ef al. 2014). Ta potifo mov
TEATYQOLYTAL EIVOL XTOTEAEGPA EVOG GLUYOLAGHUOL SLEQYACLOY, OTWG 7] TUYXiX SLLCTOER, 1)
enidpuo Tov TEEIRIALOVTOS XAl 7] SLXUEQLORATOTONGY OwobEcEwY, Ot AAANAETISQAOELS
HeTaéD TV ey pag xovotntag xabng uat otoyxoTineg dnpoyoxyes diepyaoteg (Hanson
et al. 2012). Xe pelét mov e€étaoe Ti¢ petaBoléc ™G minEoBLanng ®ovoTNTag ToL e34POUG,
EMELTX ATO TLEUXYLX CLYUELTING Phe edapr) oL dev elyav nael, edetée mwg 4 eBdouadeg pueta
TNV TUEXAYIA, 7] CLYHEOTYCY TG UOWOTNIAG TEQLYQXAPOTAY XLEIWG ATO OTOYACTIUEG
dwxdinacie oe obyxplon pe edagn avapopss, evw 16 eBdopddeg petd 10 ocvpPav 7
ovvelopopd dadmactev Stayweltopod owobéoewy (niche processes) oty xowvo™Ta NTOY
ONUOVTING UEYAADTEQY amd Tor edagn mov Sev elyav Seybel ™V enidpaor ™G TLEXAYLES
(Ferrenberg ef al. 2013). Avtiotorya, ot o TEOTA OTASA ATOUGUOD XTOCTELQWUEVWY
UXQONOCPWY, XTO UIXQOOQYAVIGOLG TOL PETa@EQOVTAL He TNV BEOYOTTWOY, OLOETEQES
dtepyaoieg TavtOyEOovVa pe Slepyaoieg emAoyng edwv (species sorting) cvveBaloy GTNv
oLY®EOToY Twv pEoflaxwy xowotntwy (Langenheder & Székely 2011). Xvvetoypopa
OTOYAOTHUWY OLAOLUAGLWY %t SlEQYXTILY eTAOYYG owobeoewy Tapatnendnxe eniong xotd ™)
CLOCWPATWGY] eveEYoL thvog (Ayarza & Erijman 2010), ahla xat »xtd v 6LY%EOTNGT TG

uttoBlanyg novotTag oe éva obotnpa enefepyaciog vypwy anoPintwy (Ofiteru ef al. 2010).

[Tinbwpx  meptBodloviinwy TXEXUETOWY EYOLY GCULOYETIOTEL HE TNV UXTAVOUY] TWY
U1EOoBLan®Y 1OYOTNTWY, OTWS Ot YNUES tdtoTTeg Tov eddpoug (Lauber e al. 2009; Xiong
et al. 2012; Liu et al. 2014), 1 vy tov eddypoug (Ramette & Tiedje 2007; Hu e al. 2014), n
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Srbeotpo o oe Opentind (Allison ef al. 2007; Rasche ez al. 2011), ot vhipotinég moepapetoot
not 1 BAdotnon (Jassey e al. 2013; Chemidlin Prévost-Bouré ef al. 2014; Yuan ez al. 2014).
Mekét oe Boonotomoug and técoepelg Nmelpoug, édetée Twg 1 B-TouthoTTo TNG eSXPIUNG
uepoBlanng nowvodttag cvoyetiotne pe 1o pH, 10 Adyo C:N not wApaTinég TaQaUUETOOLS
not pe ) B-momhotta g BAdotong (Prober ez al. 2014). Ot Lauber ez al. (2013) pehetnoov
TIG YQOVIMES OLAMVPAVOELS TNG O- naot B-TOAOTNTAG 08 VO SLUPOQETIUES NAAAIEQYELES KL
edetéay TwS 1 YENON YN EnTOS and v abvbeo g urpoBlanng rovottag nabopilet Tov
17000 1oL N novoTa Har petaBAnbet yoovina. H abyxpton g wpoBoanng xowotntag ot
otlooyatpag duo Yutwy €dete MW TO eldog TOL YLTOL aoUEl LOYLEOTEEY] ETIOEAGY GTNY
oLvbeo g novOTTAG amd TNV eTNota TEOcHNUN 610 Edapog N pe ™V oYY ovplag xot
ue pvbpo 40mhaoto g puong evamobeong (Dean ef al. 2015). H odvbeon g wupoBronn;
1OWVOTNTAG EVOG BAGLUOL OLMOGLGTNUATOG, ETYOEAOTNUE KVELXOYX ATLO TIG YOYOELS V7S, EVEW O
YEWYQXPNOG TEOGAVATOMOUOG TwV onuelwy Sev elye onuaviny enidpaoy (Banerjee ef al.
2015). TTio ovyrexpipéva, oTIC UXAAEQYODUEVES EXTROEIS To y-proteobacteria ot To
Bacteroidetes ntav mo apbova evw avtifetn Ntav 1 emove twv Adinobacteria. Xy 1S
epyaoia, ot t8LoTNTeg oL eddoug eénynoav 1o 58.5% g Stanbuavong mov napovsiale 1 3-
TOWIAOTNTA TY|G XOLVOTNTAG, EVR LOYLET] OLGYETLON elyav pe Toug deinteg apboviag (richness

estimators) g a-TOmMAOTNTAG, Ot OUWS e Toug Seinteg TounhoTnTag (diversity estimators).

Ot mepLocoTepeg epyaoieg mov e€etdlouy Tig uxEoBanés ®xovoTNTEG TOL eddPOLS EaTLALOLY
ot TewTta 15ecm ¢ eSapnng GTNANG, he ATOoTEAEGP Ol (o Btane notvotteg Babhtepwy
OTEWUATWY TOL e8aPOLS Vo eyouy Stepeuvnlel ehdrytota. Apuetég epyaoieg éyxovy aoyoinlet
ue LeToBOAES YAQANTYOLOTINWY TYV IIUEOBLANYC KOWVOTNTAG 08 OYEOY Ye To edapind Babog,
efetaloviag peydro edpog Pabwv 7 edaguovg optlovteg, Ao eAdylOTEG TAUEEYOLY
TAYQOYOPIEC OYETMA UE TNV TALTOTNTA TWV KEA®V TNG WUEOBLMNG UOWOTNTAG TOL
uetaBarrovtat pe to Babog nat Twv Tapapétowy mov xabopilovy avtny ™V uabetn xatavoun
(Will ez al. 2010; Eilers et al. 2012; Kim e al. 2014; Rime ef al. 2015). O neptoaotepeg
epyxoieg mov BlEQELYODY TOV EOAO TOL YEOVOL GTNV GLYXEOTNOY TWV KIXEORBLUKY
XOWVOTNTWYV, O UEYUAES HAUANES, APOQOLY UVPLWE TEQITTWOELS OXOAOYIUNG SladOYNG, UETd
ano moprayteg (Ferrenberg ef al. 2013; Clemmensen e al. 2015) 1) and vnoymEnom nayeTovemy
(Lansing ez al. 2015). IToapoho avtd, €yovy natayougel emoytoanes petaBorég oty obvbeon
ueEofoney xowvotntwy touv eddyoug (Dong ef al. 2015; Lopez-Mondéjar et al. 2015;
Mendes ez al. 2015) ot omoleg amodidoviar xVEIWG OTIC UMUATIHES OLUUVUAVOELS TOL

NATOYQAPOVTAL AVEUETK OTLG ETOYEG.

49



Kegddoto 3 Mehétn g edapinng puxpofronyg Blotontdotntag o eninedo Aexdvng anogovg

Méypt onpepoa, yo Tt Nu-€nowa 7 Mecoyeland OMOCLOTNUXTA, 7] XATAVOUY TWY
utEoBlan®y  ®OWOTNTWY Tov edaPoLg xat Twv dtepyaotwy mov xabopilovy avty ™V
noTovopt), eyovv peretnlel erdytota. ITio ovynexppuéva yioo v meploy” nerétng pog, oe
TEOMYOLUEVY], epyacia mov eétale TG TEQBAANOVTINEG THEAUUETOOVS TOL ETULOQOVLV GTNV
ywowmn xotavopy] e agboviag Twv xuplaEywy LinEooyaviop®y tou eddyoug, o TOC, 7
avaroyla C:N, to pH, nat 1 yewypapuny] andotacy avayvooloTuay wg oL TLo GYUAVTIHES
uetaBAntéc. Eniong, 1 yewotatiotuny] avadvon avedetée SlomoQc TV LIXQOOQYIVIGUMY GE
O v Aexdvn anopporc. Telog, ot toyveeés ovoyetioelg Tov ToEaTNENONUaY ueTa€d Twy
uLxEofoanmy opadwy amotehoby evdelér elte GLYTEOYIMY CLVEEYaOL®Y elte/ Xt TV LToEEn
nowwv owobéocwy petald Twv pxpoogyovicuewv  oe LMo tafvouno  eminedo.
[Mooywowvtag éva Bpo TaEATEQN TIC TUEATNEYNOES TNG TEOYYOLUEVNS WEAETNG, OTNV
TEODOX EQYAOLX, UDELOG GTOYOG UG EVOL 7] EXTIIYOY TWY YWEO-YEOVIXWY UETABOAWY, GE
Baboc totetiag, oty advleon g pnpoPlanyg xowoTtag o oyéor pe to meEtBoAlovTing
YAQANTNOLOTING TNG TEQLOY NG, AUUBAVOVTAG LTOPLY AVTNV %KL TNV TAEAUETOO TOL ESAPILOL
Babovg. ITpooyateg peréteg moTeivouy Twg pe aeyoLs pubuovs ot wixEofLanég xovoT™Teg
v Nu-Enowwy, Mecoyeloxwy 0owmocLOTNUATWY peTaToTilovy TNV SOUY TOLG TEOG
OMYOTEOPIXOLG UIXQOOQYAVIGODG WG ATOXQELOY] OTLG paxpes meptodoug Enpaotag (Curiel
Yuste et al. 2014). Emiong, dlleq perétec ovapepouy nwg emoymés uetaBoréc mou
TEATYEOLYTAL 0TNY 6OVOEGT] T1C EOPLaKnY)C HOLYOTNTAG, SLUEXOVY PIKEO YEOVIXO SLACTNUA
not TeEMua, oe eTNola BAa), 1] ©OVOTNTH ENAVEQYETAL OTA AEYIUA eMINESK BloTOMIAOTNTAG,
nopovotalovtag «vbextnotToan v Aettovpyny] adpavetx (dormancy) oty emoyloxy
natovopy) ¢ (Castro ef al. 2016) now oe avBpownoyeveic enepBaoetg, OTwWS 1 &ESELOY pe
eneéepyaopéva vypd andBinta (Frenk er al 2014) 1 molamhéc tavtOyEOves Stortarporyés
(Carey et al. 2015). Me Baon T TEOMYOLUEVEG TXQXTNENOELS, TEAYHATOTOMON MY TEELG
emoteg derypatoindieg (2012-2014), ya dvo Babn (0-15 sow 15-30cm) and 22 onpela g
nepoyne peréme. H ovvbeon o Soun mg prpoflamng xowotntag tov  eddpoug
TpocdloploTue Péow g arintovytong tov 16S rRNA yevetnod tOmov pe v teyvoroyi
Illumina MiSeq xa emtmAéov TEOGSLOPIGTNHAY T UG PUOLKOY ALY YXOAATYOLOTING TOV
eddoug. Atepeuyninray ot emSEACELS TOLWY TUEAUETOWY OTX LOTIBar ar- %ot B-TomtAO TN TaG,
TOL €T0ug SetypatoAndlag, ™C yeNone yne xat tov edapmod Babovg xar eetactnne N
OLVELGPOX TWY ESAPIUMY YXQAATNEICTIUWY XAl TNG YEWYQXPIUNG ATOOTAOYNG UeTHED TwV
onpelwy 6Ty o- %ot B-rotAoTTa. XNV cuvéyela eéyyOnuav ot Baoinég Hewpleg mov Eyouvy
npotabel vao nabopilovy TV UXTAVOUY] TOLG XAl GUYHEXQLLEVA 7] GUVELGPOQH GTOYXGTIUWY

Stadmaotwy, OTwg 1 ovdetepn fewpla, 6NV cLYKEOTNON NG LIKEORLANNG UOVOTNTAGC OTYV
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TeQlOyY WEAETNG pag, TEOONEUOLOVTAG TO pOVTEAD Tou Sloan yix 0LBETEEES UOYVOTNTES
TEO%AELWTXWY opYavtopwv. H Suvapnn g dopng g wxeoflomng xowotntag ya v
ToEVOUNON TV SELYUATWY aVEAOYX e T1] YeNon yng xot to Babog, aAkd xot 1 avadedn
Sroaxprtwy OTUs yio awtég TG 80O TUEAUETEOLS EYLVE WMe TEYVIMEG Unyoviung. Télog,
epappooTre 1 uebodog g avaluong SUTHWY ePUEPOOTNHE Yow TNV avadetén pn-Tuyaiwy
notiBwv alniegiotnong petald twv OTUs xou twv meptBarloviinmy TaQapteTowy, aAhd xot

™y avadetén OTUs whetdtovy 011V auynEOTNoT Twy SUTLGV.
3.3Y Mxa xor pebodot

3.3.1 ITeQiypapm TG TEQLOYNG HEAETNG KAt GYEOIAGUOG
Ostypatoindiog

H Xexavn amoppong tov motapod Kotapn amotekel v Teployy MUEAETNG HOG, T
YAQANTNOLOTING TG OTOlX EYOLY TEQLYQAPEL EXTEVWG 0TV evotNTa 1.5 Tou KegaAatiov 1 g
npovoug Stdaxtopwng StatotBre. [oaypatonombnuay toeig etoteg detypatodndieg, To €
2012, 2013 now 2014, notee v Stapreta g 1Stag emoytang neptodov (héox pe teédr Mdiov).
Emeéybnuav 22 onpela Serypatoindiog and 1o omoia, obvbeta Selypota curlkeybnmnay and
dvo draxpopeting Babrn, 0-15cm xar 15-30cm (3 nupnveg and uabe ywedpt yro x&be Babog).
H emdoyn twv onpelwv detypoatodniog eyve pe 100mo wote va nakvpbody ot Srauvpavaoerg
TOV ESAPIUOY YXQAATYOLOTIUGOV, TWV YOT|CEWY VNG UL TV TEQLRXALOVTIU®Y THQAUETOWY TOL
yepeantneilovy v LTO peAéty meployT. H Swayeipton twv Serypdtwy eytve pe tov i8to 1p0To
TIOL TEPLYPXPETAL UL GTYV evOTNTX 2.3.2 TG TEoLoag Stdantopng StatEtPre. Xty Ewdva
3.1 nopovotdlovtar ot SLanvpAVoEls g pweong punviaiag beppoxpaotag xal ™V GLUVOMMYG

eTNoLg BEOYOTTWANG, XATA T SLAEHUELX TV TUEOVOAG SLEANTOEINNG SLATELRYG.
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3.3.2 Puowoynneg eSuQInEg AVAAVGELG
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21y TeoLoa EQYXGla TEOGOLOPIOTNHAY Ol E€1G PUOIHOYYUXOL TUQRUETQOL, 7] ESAUPLAY|
vypaota, to pH, 1 nhextou ayoypoma (EC), n ovyrévipwon tov edagponv oe NH, -N xou
NO;™-N, 10 TOC nat 10 TN nat 1€A0g TEOGSLOPIGTNUE 1] LYPT] TV ESUPLY (TEQLEXTUOTNTA
o€ &EYAo, A xat aupo). Ot pebodoloyiec TOOGOLOQIGLOD AVUPEQOVTAL AETTOUEQETTEQN OTY|

evomta 2.3.3 g napovoog Stdautopmnng StatotBrs.

3.3.3 Anopovwon yevouxod DNA, evicyvor xot adAlniodytor
7ov 16S rRNA yovidraxod tomov xot enegepyacioc Sedopevmy

I'evopiod DNA amopovebnue and #dbe Seiypo pe toeic enavaknels yonothonotmytag to
PowerSoil® DNA Isolation kit. H notdmta tov DNA ehéyyOnpre pe npropa ayeodlng
(1%) now mocotronomOnue pe ovoxevy NanoPhotometer® Peatrl. H evioyvon tov V4
vreppeta AN TG meptoyng Tov 16S rRNA yovidiaxod tomou yo T Apyarta nat o Bontnoto
€ywve pe TV yenom tou Levyaplod exxtvtay 515£/806r (Bates e al. 2011) xow n adkdnhobyton
npaypatonombnue xat and g dvo natevbivoerg ( 5-3” o 3’-5°) pe v MiSeq Illumina
matpoppe.  H o evioyvon uar  addnhodyton tov  16S  rRNA  yovidiaxod tOMOUL

npaypatonomdnxe oto Research & Testing labs oto Té€ag twv Hvwpévwv TTolteiwy g

Apeomrg.

Ot alnrovyieg mov avartnOnuay, avokLONUAY YENOLLOTOLWVTAG EVAY GLVOLACHUO TWV
Brominpogoptnwv maxétwy UPARSE (Edgar 2013) xar QIIME (Caporaso ez al. 2010). Ev
ouvtopia, ot aEymég aAniovyieg (mot Twv Vo xatevbdvoewy) cuVSLACTNHAY Pe HELTN LA
ehaytotng emdAvdng 50 vourkeoTSlwy nat Mg avavTioTolylag eviOg TNG TEELOY
oM nhoemndivdng. X1y ovvéyetx ot aAlniovyieg ereyyBnrav yix ™V molOTNTR TOULG,
naboplotray and toug ennvnTég not Oha tar aEyelor (Oha tor Selypoata) evobnxav oe éva
apyelo popyrc .fasta. Avtd 1o apyeio oty ovvéyeta etonyn oto Aoytouind UPARSE pe to
omoio amopaxpLVENuay ot ytuxtpnég ariniovyieg pe dvo pebodoug, yonotponotwvTag wg
avopopa ™V Baon Sedopévwv Gold db (Reddy e o/ 2014) nou ywolg avagpopd (de novo).
2TV GUVEYELX UE UOLTYOLO OPOLOTNTAG TNG AAANAOLY G ad 97% not mavew SnptoveyNOnxay
ot hettovpynég taétvopinég povadeg (operational taxonomic units — OTUs). H ta€vopuny
AVTLOTOLYIOY] TWY AVTITEOCWTELTIH®Y xAAnovytwy Twv OTUs mpaypatomombnxe pe to
noxeto QIIME, omov now dmuovpynbnne o tehnog mivarag twv OTUs. Télog
NATAOUEVRGTIUE TO PLAOYEVETINO BEVEPO pe TNV YV o7 Tov adyopibuov FastTree (Price ef al.

2010).

3.3.4 a- , B- TOAOTNTA KAl CTATIOTINY] AVHALCY]
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H a-momkomta mpoodiopiotyue pe v yENon Otpdpwy OSEMT®Y TOL UTOQOLV Vo
opadomombody ce TéooeELg nATNYOPIES, 1) TNy extipunor Tov aEtOpod Twv SlapoEeTHKY
ewdov (OTUs) (richness estimators; OTUs mov napatmendnxav, ACE, Chaol), i) oty
extipnon tov aptfpol twv dtagopetinwv OTUs oe cuvdvaopo pe ™y oyetnr] agpbovia toug
(diversity estimators; Shannon, InvSimpson, Fisher’s ), iii) otnv extiunon mg nxtavopng
NG ©OWOTNTAG, ONAXSY] av OAX T eldY] AV TLTEOCWTEDOVTAL OOl 7] Ot (evenness estimators;
Pielow’s J) uow téhog iv) oty extiunon g @uAoyevetune momAottag (phylogenetic
diversity estimator; Faith’s PD). Eevoyhwooeg ovvtunoelg éyovv viobetnbel  xou
YOY|OLLOTIOLOLYTAL GTYV GLVEYELX TOL XELUEVOL Yl TOLG OEinTeg ¢ a-mothotTag. Ot
LTOAOYLOPOL TwWV SeTwY aLTOV TEaypatonodnxay eite pe 1o manéto QIIME eite pe 10
otatiotino meoyoappa R (R Core Team 2013) yonotponowwvtoag 1o naneto vegan (Oksanen
et al. 2013). XV ovvEYElX ESPAOUOCTNUE )] TAQAUETONY] TOADTXQXYOVTINY] KVHALGY]
ANOVA epappootre yloo v Sltegebvnon g emidEaeyg TOLWY TXEAYOVTWY, TOL ETOUG
derypatodndlag, Tov edapnob Baboug nat g xeNoNG YN (MAAMEQYNOLUES EXTATELS VS (PUOLHA
OLOTYUXTA) GTOLG OEIUTES TNG A-TOWUAOTNTAG XARK KOl OTIC YNUIUES EQUPIUES TTAQAUETOOVG
nov npoadtopiotnayv. H avdivon mpaypatonombnue pe 10 manéto ARToo/ (Kay &
Wobbrock 2015) pe v evtod] art(). Méow autig mg evtolng 7 enidpoaon #&be mopdyova
not u&be ahnAemidpaor ueta€d Twv THEAYOVTWY, 6TV eoptuevn petaBAnt , eéetdleta
XTOROVOMUEVX XTO TOLG LTOAOLTOVE TXEAYOVTEG YL TNV e€oPTNpUevn petalinty. H eficwon
TIOL OPLoUpE UETAUED TWV TUEAYOVTWY UL TwV eEXQTNUEVWY LETXBANTOV NTaY TN LOEYYS TWV

Movtéhwy Mintwv Emdpdoewy (Mixed Effects Models):
Y ~Xpovog*Baboc*Xonon yne + (1| Tuyaix enidpuor) (EE3.1)

%ot oTNY GLVEYELX YENOLOTOMONKE 1 eVTIOAY anova()yio TNV exTiunoY TG ONUAVTIHOTNTAG
avtev tev entdpacewy (Wobbrock e al. 2011). H ovoyéton petald twv Sewmtwv g a-
TOWIAOTNTAG, TWV E0APINWY TAQXUETOWY KUl TNG YEWYQUPIUNG ATOOTACTG EEETAOTNUE UECW
avadvone Mantel, yonoipomotwvtag tov Seixty]  Spearman xot 1 GNRAVTIHOTNTA TWY
ovoyetioewy extpNinue pe 9999 enavaindeg (Wang ef al 2015). e oyéon pe v puerétn
™mg  B-momkomtag, 1 pébodog avalvong ndowy ovvtetaypévwy (Principal Coordinates
Analysis - PCoA) pe Bdon tov mivoxa twv otabulopévewy QUAOYEVETIXMY XTOGTAGEWY
(weighted UniFrac distance matrix) yonotpomonue yi va  ontxomombodyv ot
avopototteg g wwpoBoxng xowottag (Lozupone & Knight 2005). H aéioldynon g
enidEUONG TWY TELWV THEAYOVTWY, Toug detypatolndiog, Baboug eddypoug xar yonone yne,

omv odvleon g pmpoflanng rowvottag  (weighted UniFrac  distance matrix)
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npaypatonominxe pe ™y donmpacia PERMANOVA (permutational multivariate analyses
of variance), mpaypatonotwvtag 9999 enavadnetc. Tékog, avadvon Mantel epappootnxe y
™V SleEehivan Twv cuoyeticewy petaéd tov UniFrac nivara twv edapiumy TaQapetowy not
TG YEWYQAUPINNG ATOOTAGYG, YONOLLOTOWVTAG TOV SeluTy Spearman xal 71 oNuovTXOTN T

Twv ouoyeTioewy exttuninxe pe 9999 emavaindets.

3.3.5 Movteslomoinom |G oLYXQEOTNONG TNG W%EOBLaxNg
%owvotnTag pe Paon ovdetepeg SieQynaieg

It ToV EXeyy0 TG GLVELGPOEAS TWY GTOYAGTIMOV SLASUAGLLY, OTIWS 7] 0LOETEEY Dewpla, GTNV
OLYHEOTNGY NG KXEOPLANNG HOWVOTNTAG OTNV TEQLOYT MEAETNG MG, EPAOUOCTNUE TO
novtého tou Sloan yl 0vdETEEES KOWOTNTES TEOXAELWTIMGY opYaviouwy. Ot Sloan ef al.
(2007) dnuiobpynoay éva. XTAOTOLUEVO UOVIEAO YLt THV TEQLYQXPY] TwV OlEQYACLOY TOL
CLYXQOTOLY LA XOWVOTYTA UIXQOOQYAVICU®Y, TO omolo axolovbel v Bta xatavourn (B
distribution). XOp@wva e T0 LOVTEAO TOUG 7] EXTLUMULEYY] XA TAVOUY] TG apboviag Twy pelwy
TG XOWOTNTAG TEQLYQRPETAL ATO OLOETEQEG OLEQYATIEG UAL TIOLO GUYUEUQLUEVA XTO EVOLY
OLYOLACPO TUYXIWY UETAVXOTELCEWY (7] TLYALAC SLLOTIOEAC) KAl SNUOYQAPIUOY BLEQYATLLY
(mrolamhactacpuol xat avatwy). I Ty Tpocappoyy Tov povtédow tou Sloan ota dedopéva
pag (OTUs) odldd xal i TOV LTOAOYIORO TWY OTATICTIUWY HETOWY EXTIUNGNG TG
TEOCKEPOYYS YonotponoOnue n pebodoroyix twv Burns ef a/. (2015), nabwg xat 0 uwdinag
(ov otatoTinn yAwooo R) mov napetyav. Xy ovvéyewa, o OTUs opadomomOnmnay oe tola
LTOGUVOAX, AVAAOYa e TNV TEORAeYY Tov poviehov. OTUs mov 1 cLYVOTNTA EUPAVIENG TOLG
Boloxetar peca 0T OQLX EUTLGTOCLVYS TNG TEORAEYC, ATOTEAOLY TNV OLOETERY] XOLVOTNTA
(neutral community), OTUs twv onolwy 7 cuyvOTTa elPAVIoNG EIVUL UIXQOTEQY] ATIO XLTY|
nov nEoPiede 10 povtého (less frequent community) xot téhog OTUs twv omoiwv 7
OLYVOTNTA EUPAVIONG elvat PEYoAdTEEN amd Ty TEORAeY” Tov poviéhov (more frequent
community). AxolodOwg, yla vor e€eTRGOVUE TNV OYEGY AVTOV TWV TOLOV KUTOGLVOAWY» TG
UtEoPlanNg XOWOTNTAG HE TIG EOXPIUEG MXOXPETOOVLG XAl TNV YEWYQXPXT] ATOCTACY|

yonotponomOnue 1 avdivon Mantel.

3.3.5 Avadetgn draxgrtwv OTUs xat avaivon SixtdwY
(network analysis)

Avo pebodohoyieg unyaviung pabnong epouppootray, 1 nxtnyopLonoinoy vrod emiBiedn
Random forest (RF) (Knights ez a/. 2011) now 1 avadvon yoapuwxwy Staxploewy (Linear
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Discriminant Analysis — LDA) pe v epappoyn LEfSe (Segata er 2/ 2011). H npw
uebodog epapuootue wote v Stepevvnbel 71 SuvatoTtar ™ obVleong g pEoBanng
1owoTNTag v Starpttomotel T detypata pe Baom 1o Babog xat TLg YN oELS YNS, eV 1] SeLTEEN
uebodog epappootue yoo v avayvoplor Sxpttwy OTUs, twv omolwv 7 apbovia
ovoyetiletar pe 10 edapind Bdbog nor pe g yonoerc yne. H RE sotnyoptonoinon,
npaypatononinue pe 1o noxeto QIIME pe 1000 emavadnderg now emadnOedtnue pe v
uébodo ‘leave-one-out’ cross validation. H Sebtepn pébodog npaypatonomdnue péow g
Stadintvanng mAatpopuag LEfSe Galaxy platform, pe v omota SnptovpynOnuav xo
toévound  rhadoypappata  (http://huttenhower.sph.harvard.edu/galaxy). Ilowv tig
avadvoelg anoparuvinuay 1o OTUs pe ouvolind apBud eppdviong otov mivaxa <10 wote

v ehaytotonom et o «Hopvfooy, OTwe mpoteivetat and toug (Beall ef al. 2015).

Xy ovvéyela i voo Stepeuvnbet 1 oyeon HETHED TV eSAPUOV TUQAUETOWY UAL TGV
Sanprtwv OTUs mov mpognvday and v avdivon LELSe, yonotponombnxe 1o otatiotind
uétpo ovoyettong MIC (maximal information coefficient) to omoio vmokoyiotxe pe 10
otattonnd  meoyoappe MINE  v1.0.1 (maximal information-based nonparametric
exploration; (Reshef ez 2/ 2011)). H vrepoyn tou pétrpov MIC oe oyéon pe toug nAaootnong
ovvteAeotég ovoyetong (Pearson, Spearman), dwxitepa xxtd ™V AvAALCTY] SEOOPUEVHV
ueydhou Oyxou (big data analysis), Bpioxetat 610 6Tt Sev Tepropiletar amod TO l80g TIg oYETC
uetafL 60O TXEAUETOWY (YOXUUINY — 1] YOUPINY) nabwg nat 1 onpavTindT T %ot 1] Lo OG
T0L péTEoL Sev mepLopiletat and To eidog g oyéone (Banerjee ¢z al. 2015; Hayden & Beman
2015). O oyeoerg mov mpoeuvayv avapeoo xot petadd twv OTUs xar twv edopuuov
TeEapétowy ontxonombnxay pe to npoyeaupa Cytoscape v 3.2.0 (Shannon ef al. 2003).
To npdobeto naréto Randomnetworks tov mpoypappatog Cytoscape yonotpomornOnue yo
voo eheyybel n toyad™Ta Twv potiBwy Twv Stbwy nat téhog T OTUs 1t omoin
yoepontnolomuay pe vdnréc Ttpés betweenness centrality Oewpndnuay OTUs «wketdia»

(keystone) yr v ovynEOTN o1 ToL dtthov (Banerjee ef al. 2015).
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3.4AnoteAéopota

3.4.1 MoriBo a- xat B- mouthoTnTag %ot Sopn ™G wxeoBraxng
XOWVOTYTUG OTY|V AEXAVY] XTTOQQEOMG TOL TToTa oL Kotlaon

H avddvon twv akdnlovytoy xat 1 opadonoiney oe OTUs pe Baon 97% opototta 0dnynoe
omv dnuoveyia 10298 OTUs (1.998.762 adldnhovyieg), amd ta omoix 8816 amotehodvtay
anoO TEPLOGOTEQES Ao evven aAlnhovytes. To 99,3% twv OTUs talvoundnunav puroyevetina
oe 52 @k, and 1 omoix T 11 amotehodv 10 96,8% g nowOT™TAC KUl EYOLY GYETINY

apbovia >1% (Ew. 3.2).
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Ewova 3 2 Pafdoyoappo notavouns mg oyetnng agboviag (%) yt 10 €tog derypatoindiag, tic
yonoetg yne (radkhepyodpeveg extaoelg: cereal, citrus, olive xat @uod otoovotpata: forest nat
shrubs) »ou 1o Bdbog Serypotoindiog oto eninedo touv YHAOL.

210 YoaunAoTepo ToEVOUO eTimedo TmEX®, aLTO TwY Yevwy (genera) EMELTA XTO TNV
puloyevetu?] Taétvounon mpoenvday 854 yévr, anod ta omoix 22 eiyav oyetnn agpbovia >1%
nat avtmpoownedovy 10 48,94% 1ng nowdmtag (Ew. 3.3). Xto eninedo tou @bAiov, 1
uteoBany) nowvotto noptaeNOnune and to Proteobacteria (27,4%), Actinobacteria (20,7%),
Acidobacteria (16,4%), 1 errucomicrobia (7%), Planctomycetes (6,8%), Gemmatimonadetes (4,9%),
Chloroflexi (4,4%), Bacteroidetes (3,4%), Crenarchaeota (2,3%), Firmicutes (2,1%0) and Nitrospirae
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(1.6%). X10 eninedo oL yévoug, 2 yévn ToL avNowy 010 YOAO Twv Addobacteria v 3 oto
@OAo TV Acdinobacteria woplaynoav amotekovtag abporotina 1o 10,34 wor 9,2% g

1OWVOTNTOGC.
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Ewova 3 3 Pafdoyoappo notavoune mg oyetnng agboviag (%) yto 10 €tog derypatoindiag, tic
yonoetg yne (radkhepyobpeveg extaoelc: cereal, citrus, olive xat puome omocvotnuata: forest uat
shrubs) nou 1o Bdbog Serypatoindiag oto eninedo tov YHAOL.

Yyetnd pe ta anotedéopata g avaivong ANOVA ot poviéha wntey emdpdoewy, T0
etog Setypatolndiog Beebnne va exel otaTioTind onpavTiny emidpaoy otoug deinteg richness,
diversity xot evenness (ITiv. 3.1). ITio ovyxexpipuéva, ov tpetg deixteg richness xat ot dvo
deinteg diversity Ntav yapnidtepot yio 1o étog 2014, O Seintng PD Sev ennpedotue anod
nopio mepapetoo (Iiv. 3.2).

ITivaxag 3. 1 Anotedéopoto g avddvong ANOVA yur ta povtéha pntemy emtdpaoewy yla Toug
Seinteg g a-ToAO TN TOG

57



Kegddoto 3 Mehétn g edapinng puxpofronyg Blotontdotntag o eninedo Aexdvng anogovg

Phylogentic
. . . . . Evenness . .
Richness estimators Diversity estimators . Diversity
estimator .
estimator
R, Bl
Observed  ACE | Chaol | Shannon | 07  Fisher's | piwgy  Faith's
Simpson a (PD)
Depth ns ns ns ns ns ns ns ns
v F: 8,31 F: 11,24 F: 12,23 F: 5,73 F: 5,4 F: 30,64
car bk Forok Forok ns Hox Hok Fobok ns
Land ns ns ns ns ns ns ns ns
Depth:Year ns ns ns ns ns ns ns ns
Depth:Land ns ns ns ns ns ns ns ns
Year:Land ns ns ns ns ns ns ns ns
Depth: ns ns ns ns ns ns ns ns
Year:Land

Significance: ns: not significant; *: p<0,05; **: p<0,01; ***: p<0,001

ITivoag 3. 2 H Standpovom twv péowv Gwy Twv SEmTev g a-TomAOTTOG avapopInd Ue T0 £T0G
Serypatoandiag, 1 yenon yns xot 1o Babog tov eddyou. Lty mopevleor) avapépetat T0 TUTXO
opaipo. Me évtova yodppota avapépovtat ot Tteég mov Beebnuay va emnpedlovtar and ™V avaivoy
ANOVA (ITiv. 3.1)

Year Land use Soil depth
2012 2013 2014 ~ Agricultural - Natural 0-15cm 15-30 cm
lands ecosystems
Observed = 2250 (¥244) 2217 (£173) 1525 (¥51) 1977 (£119) 1912 (+147) 1878 (£125) 2069 (+141)
ACE 2900 (+316) 2958 (+220) 1869 (¥55) 2538 (£155) 2499 (¥195) 2477 (£168) 2595 (+176)
Chaol 2875 (+312) 2919 (¥217) 1774 (£54) 2481 (¥154) 2440 (£195) 2421 (+167) = 2536 (£177)
Shannon 624 (£0,1) 6,03 (x0,17) 638 (£0,05) 622 (£0,1) 6,18 (¥0,06) 6,14 (£0,12) 6,3 (+0,06)
Inv
+ + + + + + +
Simpeon 188 (F18) 180 (+12) 241 (+13) 218 (£10) 278 (£12) 207 (£11) 204 (£12)
Fisher'sa 600 (£67) 605 (+44) 524 (*15) 587 (£30) 543 (+33) 564 (£33) 587 (£31)
Pielou's] 0,83 (£0,01) 0,81 (+0,01) 0,87 (+0,01) 0,84 (£0,008) | 0,83 (£0,007) 0,84 (£0,009) 0,84 (£0,0006)
3 '
F (";g‘)s 72,8 (£3,6) 70,1 (£3) 763 (¥1,3) 74,6 (+2) 69,7 (£1,9) 72,1 (£23) 745 (*1,7)

Ooov apopd i edapneg PeTaBANTES, 1 XoNoM YN Betnue vo emtdpa otny edapiny vypaoia,
tov TOC xnor tov Aoyo C:N, omov peyaddtegeg Tpés moputnondnnay ota uond
owmoovotnpate (ITiv. 3.3; ITwv.3.4). To pH, to NO; -N, o TOC xa o Aoyog C:N
drxpopomoinnay pe Baon 1o edapnd Babog, pe 1o pH v éyet peyaddtepeg tipég otar 15-
30cm evw ot vrolotneg petaBAntég uateyoxday vynidtepes ttues ot 0-15 cm (ITiv. 3.4).
TE oG AE1ETEC TAUQAPUETOOL TTUEOLGLACAY OLUUVUAVOELS AVEpecx aTa ET1] Setypatoindiog. H
EC eiye yopnroteon 1pn ywx 1o 2012, evw 1o NOs -N elye vdmAidtepn ovynévipwor o
2012, ev> %o ot g Ty 800 moapétewy Moy otabepés yio to 2013 xou 2014. To NH,'-
N eiye mapaninoteg ovyrevipwoetg 10 2012 nou 1o 2014 nou punpdtepn 1o 2013 xar o TN
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elye mopaminoteg yroo T €t 2012 wo 2013 now peyoddtepn to 2014, Téhog o Aoyog C:N
ToLEOLGLaoE [t Y] aAAd atadtony) pelwor and to 2012 éwg 1o 2014 (ITv.3.4).

ITivaxag 3. 3 Anotehéopota g avelvong ANOVA yuor o poviéha uutov emdpdoemy yio TG

eSapLnéc TaEAUETOOVS TIOL TEOGBLOPIOTNUAY GTHV EQYACLN

Soil EC NO»-N NH{N TOC TN C:N
moisture
Deoth F: 7,35 F: 9,24 F: 8,45 F: 5,33
ept ns o ns o ns o ns «
F: 7,72  F:1583  F: 6,81 F: 10,22 F: 10,85
Year ns ns sokok Kok *ok ns Kook Hokok
Land F: 4,72 * ns ns ns ns F: 6,75 * ns F *9;73
Depth:Year ns ns ns ns F: 3,47 * ns ns ns
. F: 6,97
Depth:Land ns ns ns o ns ns ns ns
Year:Land ns ns ns k *5;51 ns ns ns ns
Depth:
Year:Land ns ns ns ns ns ns ns ns

Significance: ns: not significant; *: p<0,05; **: p<0,01; ***: p<0,001
Units: Soil moistute (%), EC (uS/cm), NO3-N (mg/kg), NH4*-N (mg/kg), TOC (%), TN (%), clay (%), sand (%),
silt (%), Bulk density (g/cm?)

ITivoxog 3. 4 H Stondpavom Twv feowmy 6wy Tmv QUOHO-Y UGV THQAUETOWY TOV TEOCILOQIGTIHAY
oV TEOLOX EEYXOla, aVXPOPMa he TO Etog derypatoAndiag, ™ xenon yne xat to Bdbog touv
eddupoug. 2ty naevheor avapepetal T0 TN oPaApa. Me EVTOVH YORPUXTA XVRPEQOVTAL Ol TLUEG

nov Belnunav va emnpealovton and v avdivon ANOVA (Iiv. 3.2)

Year Land use Soil depth
2012 2013 2014 Agricultural  Natural 0-15cm 15-30 cm
lands ecosystems
Soil 9,83 (£0,8) 998 (£0,6) = 8,45 (+0,8) 8,05 (+0,4) 12,2 (1) 9,01 (£0,5) 9,86 (£0,7)
moisture

pH 7,04 (£0,2) 7,04 (£0,1) 7,02 (0,1) 7,04 (£0,08) 699 (£0,1) 6,95 (£0,09) 7,14 (+0,1)
EC 116,98 (£14) 209,72 (¥16) 210,77 (¥17) 203,68 (£13) = 16227 (+16) 181,41 (x14) 203,71 (£15)
NOs-N 66,36 (£8) 20,55 (¥2,2) 22,76 (¥2,1) 3336 (3,6) 26,03 (£32) 3532 (*4) 24,96 (+2,8)
NHN 12,79 (%2) 9,82 (+0,8) 13,22 (£0,8) 1096 (£0,83) 1349 (£0,87) 11,87 (£0,9) 11,60 (£0,78)
TOC 238 (£0,2) 2,06 (0,14) 2,53 (£0,15) 1,98 (£0,09) 3,02 (£0,18) 2,52 (£0,13) 2,00 (+0,13)
TN 0,17 (£0,01) 0,16 (£0,01) 0,22 (+0,01) 0,17 (+0,01) 022 (£0,01) 0,19 (£0,01) 0,17 (+0,01)
C:N 14,35 (£0,7) 13,0 (£0,34) 11,48 (£0,4) 12,06 (¥0,31) 14,11 (20,44) 13,19 (£0,38) 12,01 (0,3)

O Selutng PD nou or Seinteg 11¢ TOWMAOTNTAC TUQOLGIXGAY ONUAVTIHT] XALK Oyl tOLxiTEQX

LOYLEY| CLOYETLON HE TIC OLUUVUAVOELS TWY EOXPIUWY YaEAXTNELOTMWY cuvolnd (Mantel 7

0,15, p<0,001; Mantel ~ 0,06, p<0,05), eve> ot Seinteg richness xat evenness dev elyav
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naforov ovoyénion (Iliv. 3.3). H yewypoypn anooctacy noar v vdopetownr Stopopa

ovoyetiotmnay povo pe tov deinty PD (Mantel 7 0,073, p<0,01; Mantel r: 0,15, p<0,001)

(ITiv. 3.3). E€etalovtag, énetta, ndbe edapinn napapetoo eywplota, 1 edapinr vyoasio, 10

NOs; -N, to NH4"-N, o TOC xa 10 TN ocvoyetiotuay pe Sbpopovg deinteg o-

nomhotag (Iiv. 3.3). Tékog, o Seintng evenness oLOYETIOTNUE UOVO pe TNV edaut

'
vypaoLa

ITivaxtag 3. 5 Anoteléopota tov teot Mantel (7) twv ovoyetioswy uetold Twv SettTdvV A-TOMAOTITAG

not Twv meptBaidlovitmev Tapapétowy. H onpavindmta twy teot extipndnue pe 9999 enavaindetc.

Me 1oug opovg Environment, GeoDist xow Elevation ovogépgovior ot Staxvpdvoets Tou

TeELBAANOVTOC GLYOAIMA, 1] YEWYQXPIT| ATOOTAOY] PETalh TwY onuelwy xat 1 LPOUETOUES SLUPOEES

UETOED TV ONUELWY.

Environment
GeoDist

Elevation

Soil moisture
pH
EC
NO;-N
NH4*-N
TOC
TN
C:N
Clay
Sand
Silt
Bulk density

Richness

ns
ns
ns

0,052 *

ns

ns
0,074 *
0,086 **

ns
0,068 **

ns

ns

ns

ns

ns

Diversity

0,058 *
ns
ns

0,11 **
ns
ns
0,113 **
0,077 *
ns
0,078 **
ns
ns
ns
ns
ns

Evenness

ns
ns
ns

0,11 **
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

Phylogentic
Diversity
0,154 ***

0,073 **
0,15 #%*

0,164 *+*+*
ns
ns
0,147 #+*
ns
0,16 ***
0,07 *
ns
0,14 ok
0,31
ns
ns

Significance: ns: not significant; *: p<0,05; **: p<0,01; ***: p<0,001

H avadvon PCoA mov mpaypatomomnOnue pe Baost Tq QUAOYEVETINEG ATOGTROELS TGV

detypatov edetée mwg tor Selypata ToEovotdlovy *XALTEQY] ORASOTOLYOY] CLLPWVX UE TLUN

touv pH av eivar <7 9 >7.01, pe toug dvo mpwtovg dfoveg vo e€ryoLy éva GYETHG YOXUUNAO

TOGOGTO ¢ Standuaveng g xovotmtag (42,2%; Ew. 3.4).
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0.2
)
o)
1 J
)
Z01 .
=id ® pH
= e ’ .. o<7
N ® ™ >7.01
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R )
<o.0 ‘ "“‘:
oR e g®
®
[ ] « [
o 0%
e
0.1 e
-0.3 -0.2 -0.1 0.0 0.1

Axis.1 [22.8%]

Ewova 3 4 Anoteréopata avdhvong PCoA pe Baoet Ti¢ otaOpIopeves LAOYEVETINEG ATOOTAOELS

(weighted UniFrac) g B-nowhomtac. H opadonoinon twv Setypdtwy éyve pe Baorn v Tty tou
pH.

Otav yonoponolnoay, y& OUXSOTONCY TwV OEYUATWY, Ol TUQAUETEOL TOL ETOLG
derypatodndlag, tov edagmod Babovg xar g yenons yng, dev odnynoav ce Eendbopo
Suaywotopd twv  Seypatwv. H Sompacia  PERMANNOVA édeie mwg 10 €100
derypatodndlag, 1o edapnd Babovg nat n yonon yne eényovoav 1o 4.2% (p<0,001), 2%
(»<0,01) %o 14% (p<<0,001) 1wy Stoauvpdvoewy ¢ PnEOBLAUNG XOVOTNTAG.

H B-momhodtntae cuoyETIoTNHE UE TIG SIUUVUAVOELS TWY ESAPINWY YAQAUTYOLOTINMY GUVOALXK
(Mantel 7: 0,19, p<0,001), pe v yewypxgpwn andotacy (Mantel 7 0,15, p<0,001) nou pe tig
vpopetomég Staopes (Mantel o 0,19, p<0,001) (ITiv. 3.5). ITio ovyxexpipéva yor v
YEWYQUPLNY] ATTOCTAGY), TO SLAYQUAUUX TNG B-TOWAOTNTAG TEOG TNV ATOCTAGY] TWY GYUELWY,
edetée mwg Sev TapaTyEeiTal x&ToW HETXBOAN TNG B-TOMAOTNTAG OGO 7] XTOCTAGY] aLEXVETOL
(Ewt. 3.5) H 101, 1 toybe %ot 1 6NpavTitnoTiag e oYEGYS LTOAOYIOTUE UE TOOCXQULOY
UOVTEAOL YOG TAVOEOUT NS heTadd Twv Lo petafintwy (p>0,05).
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Community dissimilarity (weighted UniFrac)

6000

Distance (m)

Ewova 3 5 Awrypappa e B-nomhomtag (weighted UniFrac) npog v andotaor twv onpeiwv. H
UTIAE YOOLILILY] ELVOL 7] TOOCAQUOYT] TOL LOVIEAOL YOXUIUYS TTAAVEQOUNGYG TIOL Y e otpuonomOnue Yo
Vot DTOAOYLOTEL 1] T&GY), 7] LoY LG ML 1] CHULAVTIXOTNTAC TS OYECYC.

Apretég edapinés napdpuetool, oty efetdotnuay EeywElotd, E3etéay OTATLOTIUG GYUAUVTIXES
OLOYETIOELG (e TNV B-ToAO ™1, Opws To pH elye ™V mio toyven ovoyétion (Mantel 7 0,33,
$<0,001) (ITiv. 3.4). Awxpopéc otV cLOYETION HETHED TV ESXPIMDY YXQAATYOLOTINGDY
nopatnENOnray petald Twy yonoewy yng xat tov Babouvg (Iiv. 3.4), oe Okeg TIg MeEINTOOELG
OPWG TNV UeyaAdTeE ovoyetion ™y edwoay 0 pH now EC. X1y meplntwon twv @uotuony
OMOCLOTNUATWY, eXTOS Tov pH, toyvEY cvoyétion mapatnENdnre pe ™V edapnn vypaoio
nat TV LEY ToL edaous. Telog, ot nahhepyodpeveg extdoetg xat yix 0 Bdbog 15-30cm, 1
QO BLoy] ©OVOTNTA GLOYETIOTHE e T7] BLYXEVTPWSY Tov NH, -N.

ITivaxag 3. 6 Amotehéopato tov teot Mantel (1) twv ovoyetioewv petald g B-TOMAOTNTOG
(weighted UniFrac) ot twv neptBodioviinmy nopapétowy. H onpavinodtnta tov teot extipnbnuxe pe
9999  emavodndeic. Me toug oOpovg Environment, GeoDist xat Elevation avapépovtar ot

SLoanvpdvoelg Tov TEPLBAANOVTOG CUVOAIXA, 7] YEWYQXPINY] ATOCTACY METHED TV oNpelwv not 1

vdoueToneg StopoEEg PeTad TwV GYUElwY.

All samples Agrlicuhural Natural 0-15cm  15-30 cm
ands ecosystems
Environment 0,19 == 0,28 *** 0,29 ok 0,095 * 0,22 %5
GeoDist 0,15 Hwk 0,2 #¥* 0,35 *** 0,1 ** 0,14 *
Elevation 0,19 == 0,29 == 0,29 ok 0,095 * 0,224 *xk
Soil moisture 0,093 * ns 0,45 *#* ns ns
pH 0,33 *¥* 0,42 #** 0,44%* 0,38 ¥k (,45 Hxk
EC 0,18 *** 0,29 == 0,24 #rx 0,26 *F | (,32 *kk
NO;-N 0,1* ns ns ns
NH4*-N 0,1 * 0,21 *** ns ns 0.13 *
TOC ns 0,085 * 0,241 ** ns ns
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TN ns ns 0,275 ** 0,095 * ns
C:N ns ns 0,285 ns ns
Clay 0,07 * ns 0,325 otk ns ns
Sand ns ns 0,331 *** ns ns
Silt 0,08 * ns 0,225 ** ns 0,14 *
Bulk density 0,075 * 0,092 * 0,163 ** ns 0,093 *

Significance: ns: not significant; *: p<0.05; **: p<0.01; ***: p<0.001

3.4.2 Ovbetepseg Otepyacieg SIETOLY TNV GLYXQOTYOY] TNG

WO PBLanng %0VOTNTAG TNG AEXAVYG ATTOQQOYG TOV TTOTAHUOD
Kothaon

H mpocappoyn tov povtéhov tou Sloan e€nyel 10 heyaAdTEQO TOGOGTO TWV SLUNVLUAVOEWY
oL TEOLALELOLY Ot GLYYVOTNTES eppivtong Twv OTUs oty mepoxn perétng (R*=0.84; Ex.
3.5). Ano 1o ovvoina 10298 OTUs, 8271, 1o 80.3% tng xowdmroag, Betbnuay péoo ota
opta epmotoobvng g mEOBAedng, 1789, to 17.4%, elye oyetnn ovyvoTtar eppdviong
UIXEOTEEY] XTO To OPLA EUTLGTOGOVYS TG TEOBAEYNS ToL povtélou xat téhog 273 OTUs, 1o

2.3% eiye oyetwmn oLYVOTNTX EUQYAVIONG UEYUALTEQY amd T OQLX EUTLOTOGOVNG TG

TpoRAedNC.
Fit of Sloan Neutral Community Model for Prokaryotes
L m‘ o® °
’ [ ] [ ]
1Y 2 N
£0.75 R°=0.84 |
. Wy o o
2 A
w
$0.50- e
: .o e
E L J [ ]
5
80.25 -
0.00-
-12.5 -10.0 -5.0

-7.5
log(Mean Relative Abundance)

Partition ® Above ® Below ® Neutral

Ewova 3 6 H npocapp.oym tou poviehov tou Sloan yu v ouyxedtnon neoBlasomy %0voTnTey 1e
Baoet ovdetepeg diepyaoieg (neutral community assembly model). H umie évtovr] yoappn deiyvet v
TQOCUEWLOYT] TOL LOVTELOL, EVE Ot SLAUENOUUEVES PTTAE YOXPPES SnAwvouy Ta 95% Optx epmiaToobVYG
¢ TEOoXEUOYNG. To yowuo vTodNAwVeL T0 anoTéeop T1C TEORAEYELS, OTIOL e KAUDEO YOWMA Elvat
o0 OTUs twv onolwv 1 TEayRaTiny] cuyvoTyta eupdvions Boloxetar weéoo ot OQLL TOL LOVTEAOL
(80.3% g nowomrag), pe nitowvo yowpa onpetwvoviar ¢ OTUs twv omoiwv 7 mooypotun
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oLYVOTNTX ERPAVIoNG elvar pnEoTteEr amd ™V TEdRAedn (17.4% g xowomTag) nat téhog pe
npaowvo yoopa yoepontneiloviar o OTUs twv omolwy 7] Toypatiny] ouyvoTNTo ERPAVIONG  Elvo
peyaAdteen g neoRredng (2.3% g novottag).

Anodpa not Oty ywptoope tov apyno mivaxa twv OTUs, pe Bdon 1o étog derypatoindiog,
10 Babog tov eddpoug nal TIG YONOES YNG Yl OAEC TIC TEQITTWOELS 7] TEOGXQUOYY| TOL
novtéhov xvnbnne oe vdnid mocootd (72-82%) (ITiv. 3.6). Oocov agops 10 €10¢G
detypatondlag, Ta TOGOoTR LT elyay aTadlany) avodo, 72% yo 1o 2012, 76% e 1o 2013
not 82% yx 1o 2014,

O¢hovtag v Slepevvioovpe av xal e Toto Babpod, oL aTouAoelg and TV TEOCKEUOYY| TOV
HovTélo, umopovy va anodoboly ce prn ovdetepn Stepyaoia, OTWS StaAoyn Twv eldwY aTo
neptBariovtinég mapapétpovg (ecological filtering 7 species sorting), npaypatonoryOnyay
ovoyetioelg hetakh TV KWTOGLVOAWVYY TG XOWOTNTAG, TWY TEQLBUAAOVTIMMY TUQUUETOWY KoL
™MQ yewypayng anoctaons. H «wrorowotnar, g onolag 1 ouyvotnTo elpaviong 1NTtoy
UEYUADTEQY] XTO Ta OQLX EUTOTOOLVYG TNG TMEOBAEYNG, GLOYETIOTNUE e TEQLOCOTEQES
edapueg mouEapeTEoug, nablwg eniong epYavIoe oY LEOTEQES CLGYETIOELS CGLYHQLTING PE TLC

aAleg dvo «wmnoxowvotnteey (Iiv. 3.5).

ITivaxag 3. 7 Anotedéopota tov teot Mantel (f) twv ovoyeticewy uetald e B-mowmthdtnog
(weighted UniFrac) tov 1otév unoxovottey mov 1oognudoy and Ty TpOCHQUOYY] TOU LOVTEAOD TOL
Sloan ot twv meptBaidloviiney mapapetowy. H onpavixdm e twv teot extundnxe pe 9999
enavaindetc. Me toug opoug Environment, GeoDist xot Elevation avapépovrar ot Stanupdvoelg tou
TeQLBAAOVTOC GLYOAIMA, 1] YEWYQXPINT ATOOTAOY] HETad TwY ONUelwY xatl 1] LPOUETOUES DLAPOEES
UETHED TV ONUELWY.

Neutral Mote abundant Less abundant
community fraction fraction
Environment 0,13 ** 0,24 *** 0,16 ***
GeoDist 0,171 #x* 0,17 ok 0,1 ok
Elevation 0,12 ** 0,17 ok 0,17k
Soil moisture 0,09 * ns 0,09 *
pH 0,29 *xx 0,36 *** 0,25 *xx
EC 0,16 *** 0,16 *** 0,1 *+*
NO;3;-N ns 0,093 * ns
NH-N ns 0,12 ** ns
TOC ns ns 0,08 *
TN ns 0,06 * ns
C:N ns ns ns
Clay ns 0,06 * ns
Sand ns ns ns
Silt 0,09 * 0,09 * ns
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Bulk density ns ns 0,085 *
Significance: ns: not significant; *: p<0,05; **: p<0,01; ***: p<0,001

To NH4"-N, to NO;5; N xo 10 TN ovoyetiomuoy povo pe m mo dpbovn «onoxovotntan
eve 0 TOC cvoyetiotne LOVO e TNV «UTOXOLVOTYTH» TOL TXQOLGIAGE GYETINY] GUYVOTNTX
EUPAVIONG UXQEOTEEY] aTO T Optx epmtatooLyng g mEoBAiedng (ITiv. 3.7). Teéhog 7
YEWYQUPLNY] XTOGTAOY] 1ot Ol VYOUETOLUES DLAPOPES TAEOLGLACAY TXOOUOLEG GLOYETIOELG HAL

ue TG telg «wmonovotnteey (Iiv. 3.6).

3.4.3 Awxprtae OTUs xat avadloon Sixtdowy

H avalvon natnyoptonoinong RE npofiede owota, pe Baon v doun g puxpofanyg
1ovOTTAG, T0 98% TV SEIYUATWY TOL AVIHOLY OTIC AYQOTUEG EXTACELS XAl TO 52% Twy
OELYUATWY TOL AVNUOLY OTA Yuotnd owroovotpata. ‘Ocov agopd to edapd Pabog,
natnyopononue emtuywg 10 83% twv Setypdtwv mov avixouvy ota 0-15cm eve to
avtioTolyo T0600To Yy T 15-30cm Ntay 43%. Xoupwva makt pe v avaAvon RE ta 30 mo
onpovind OTUs mov Guvelopepouy 6TV ©aTryopLOTOLN G Yo TI YENONS YNG, We Baor To
T660 avédvetal T0 apaipa g TEORBAeYNS av aatpeboby and Ty nowvoT T, To 43% avyxet
010 QOAO Actinobacteria pe 10 NPLOL ALTWY VX UXTATAGGOVTAL GTNV Owoyeveww Gaiellaceae, TO
13% oto woho Proteobacteria (own. Rhodospirillaceae, Piscirickettsiaceae non Myxococcaceae), 10%
oV uidon Gemmatimonadetes wa dAho éva 10% oty 16€n RB41 touv wolov twv Adidobacteria
nat 1€hog 1 owoyévelx Nitrospiraceae AVTITQOCKOTEDETAL UE EVX TOCOGTO TG T&ENG TOL 6.6%%.
To vmorotno 17.4% 7o porpdloviar OTUs mov aviuowvy ata ok AD3, Bacteroidetes (oun.
Chitinophagaceae) now — Chloroflexi (ow. Thermogemmatisporaceae). 'Ocov agopd ToEX TNV
1ATYYOELOTOINGY] e aYEan pe To edapwo Babog, ta 30 mo onpoavund OTUs napovaidlovy
ueyokhTepy tafvopiny] momAia, ywelg nvpixpyx potiBa. To peyakdtepo m0G0GTO TwY
OTUs, 10 30% aviret e pn taévopnpéva oe Babog OTUs tou podov twv Addobacteria, 10%
oviuet oV 16&n  Pedosphaerales  (Verrucomicrobia), 10% oty  »hdon Gemm-1
(Gemmatimonadetes), 10% oty t16€n Sediment-1 (WS3) xo 10% oto @O o Acdtinobacteria. Anod
6,6% potpalovtar o woho Chloroflext, v whdo b-ptotebacteria, v 16€v) Nitrospirales nor v uhdon
Planctomycetia. Téhog 1o vndlotno 3,6% aviuer oty owmovyéveta Methanomassilizcoccaceae tov

pOAOL TV Euryarchaceota.

To anotedéopota g avdivorng mov mEaypatonomdnxe pe v mhatpoopa LEfSe
ovvodiloviar ot xhadoypappata Twv Ewovev 3.6 xnoaw Ewm. 3.7, ol not avelvtind oe

eninedo OTUs oto INapdpmpa 3.2. And ta 8816 OTUs nov yonorponomnmnay, to 1.43%
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(126 OTUs) Boebnue va elvar StoanLto yrow LG #aAAEQYODUEVES EXTATELS, eV TO 1.93% (170
OTUs) y 1 uowd owoocvotpata. Ot yonoeg yne dtaywpiotuay Eexabupa and to
eninedo tov YONOUL we o Proteobacteria, Acidobacteria, Bacteroidetes, Elusimicrobia, OD1 now WS3
var 6T TtoTg Lo depblovar ylar i xaAMEQYODEVEG EXTRTELS, EV® T YOAX Twv [ errucomicrobia,
Actinobacteria, Chlotoflexi, Firmicutes, AD3 wow Gemmatinonadetes Yo Quond OOGLOTNUATX
(Ewt. 3.6). Ooov agopd 10 Baocireto twv Apyaiwy OTUs mov avixouvy oto yévog Candidatus
Nitrososphaera, eppdvioay 16oSOvapY LoYLET CLVELGYOEX xat GTIC BLO YOENONS YNNG, YEYOVOQ
nov Sev nabotd 10 YEvog avd v Stoywpilet ™V mEOEAELEN TOL SelypUaTog, AARY ORWG
avademvoetl, Twg Otopopetinol exnpocwnol tov (Stapopetna OTUs) avantdocoviar vnd
Sraupopetinég ovvbnues. Idixitepo evdiapepov napovotalel TO YeYOvVOg WG UEAY] OAWY TwWV
oAV epmeptéyovtat ota Staxptte OTUs nat twv dbo yonoewv yng, Opwg StapoponolovyTat
oe yaunhotepo taévouno eninedo. o napaderypa 10 YOAO twv Acidobacteria, anoteleiton
and EUTEOCOTOVG UOVO A0 TV ¥A&oY Adidobacteria_6 otiq nalMeQyodueves enTATELS, EVD
ot Quowd owoocvotuata  Bpioxovpe extog twv  Addobacteria 6 wow g nhdoelg
Acidobacteriia, Chloracidobacteria »on iiil_8. Emiong to @oho twv Adinobacteria ot
nXAMEQYODUEVEG EXTATELG amOTEAEITOL xVEIWG and ™V ¥A&a Thermoleophilia (ow. Gaiellaceae),
EVR) OTA QPUOUA OWOCLOTNUTY ATO TG uN&oelg Acidimicrobiia, Actinobacteria, MB_A2_108,
Rubrobacteria, now Thermoleophilia (own. Gaiellaceae wou 1€ Solirubrobacterales).
I Agricultural land

I Natural Ecosystem

Bacteroidetes . 5
7 Actinobacteria

Chloroflexi

~ Acidobacteria

Elusimicrobia-

Firmicutes .
[ == 5 AD3 -
ws3
Gemmatimonadetes -
= ‘Verrucomicrobia
oD1

Proteobacteria

Ewova 3 7 Khadoyoappate mov ovvodilet v ToéVOnt *aTovop v UUQOOQYOVIOIOY TOV
ovoyetifovton pe g 8o yenoelg yns. Ot Stxpopeg emonuaivovial pe Baoet 10 yowuUa, OTOL We
AOUAIVO GY|UELOVOVTAL Ol NUAMEQYODPEVEG EXTACELS %L E TEAOVO T Puatd OtrocuoTHpata. Ot
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S TOALOL AVTITEOCWTELOLY Ta YuAoyeveTnd Taévopua enineda, and 10 Baothelov ewg To yévoug pe
natevbuven and To KEvipo xnal mEog To eéw. Ildvw oto yoagnuo avoyedgetar TO QOAO TwV
uttEoBoney opadwy.

Ooov apopd 1o Bdbog tov edaoug, Ano ta 8816 OTUs mouv yonotponombnuay, poig to
0.2% (18 OTUs) Beebnue va eivar Stoaxptto yu detypoata oe Babog 0-15cm, eve Aiyo
neptoco1eo 0.8% (70 OTUs) yx o 15-30cm. Aty poda Eeywotoay avahoya pe Babog tov
e80upoug, not xLELWG ATO Tar (1] HLELXEYX POAX TOL avadelyOnuay 6TV cLYKEXELUEVY epyaoia
(Ew. 3.7). TTio ovyrexpipeva OTUs mov avinowv ota woho Bacteroidete, Armatimonadetes,
Phycisphaerae avadetyOnroy Samprta yo 1o eddpn ot 0-15ecm, evor OTUs nov avxovy ota
wOha  Euryarchaeota, Chloroflext, Gemmarimonadetes, Nitrospirae now GAL15 avadeiyOnnov
Sramprtd yro tor €dapn otor 15-30cm. Afiler vo mxpatnenlet mwg to OUT_435 mov éyet
toéivounbet ot owmovyéveta Methanomassiliicoccaceae (Euryarchaeota), ovadeiybnue now and 11g
dvo pebodoug, wg oNUAVTIHO YL TNV TXEAPUETEO ToL edayoL Bdbove. Zvyxpivoviag o
OTUs mnov Eeywptoav and v avaivon LEfSe xoar 1 mpoBiédeig tov povtélov,
Sramotwinmre mwg Yo g yeNoelS yng 0Tt xatd heco 600 10 53% twv OTUs avirovy otig
«TTOXOWVOTNTED TOL ATOUALVOLY AT T OELA EUTILGTOCLYY|G TS TEORAPNG, evw Yt To Babog

TOL E6RPOLE OTIC ATOXAVOVOES «WTOXOYOTNTE avixel T0 69% twv OTUs.

I 0-15cm
I 15-30cm

Bacteroidetes Armatimonadetes

Chloroflexi

Euryarchaeota
Gemmatimonadetes

Nitrospirae

Phycisphaerae

Ewova 3 8 Khadoyoappo mov ouvodilet v TaflVOUINY %oTUVORT TwV HXQOOQYOVIOLGOY TOL
ovoyetifovton pe 1o Bdbog Setypotoindiac. Or Staupopés entonpaivoviat pe Bdoet 10 yEwPe, OTOL e
nountvo onpetwvovton tar Setypata and 0-15ecm now pe mpdowvo ta Seiypoata and 15-30cm. O
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SaUTOALOL AVTITEOCWTELOLY Tt YuAOYeVETHG Toétvopnd enineda, and 10 Baotkeiov éwg To yévoug pe
natevbuven and To uEvipo xat mEog Ta eéw. Ildvw o100 yodgnue avayedpetar 10 QUAO TwV
uttEoBoney opadwy.

210 endpevo otadto g avarvong, 1o OTUs mov Eeyowplooav and v aviivor LEfSe,
OLOYETIOTNHAY TOGO PETAED TOLG, OGO KL e TIG EONPIUES TTUEAPLETOOVG TTOL TEOCOLOPLGTYNAY
oy epyaoio xot PROEL ALTHG TNG CLOYETIONG UXTACUELAOTNMAY SIUTLY XAANAETISQAONC.
Ochovtag vo eréyfoupe OTL T dimtvor TOL TEOELYAY Oev amoTEAOLY TLyala SixTu,
ovyrpivape T yapoxtnetotxd toug pe 1000 tuyaio Sixtua mov dnpoveyndnray pe Baoet
tolo povtéa, to Erdés—Rényi, 1o Watts-Strogatz uot évar yewpetowmod poviého (Stabéotpo
oto npodcbeto naxéto Randomnetworks tov npoyedpupatog Cytoscape). Ta anoteléopoto
edetéay g Tor wEynd SinTuor KAANAETISEACEWY BeV TaEOLOLALOLY YXOAATYOLOTIUE TUYXLIOL
dtbov iStov aptbpod xopPBwv xat cuvdéoewv. H avdivon 1wy dedopévwv twv yonoewy y1g
nat tov Baboug Setypatolndiog avédele StxpopeTinég TAEVOUNES OPUAOES G OPRAOES
«@hetSidy, CORPWYX Ue TNV TUEAUETEO betweenness centrality, yi ™V 0Qy&vwo? Twy
Sutdwy. e Ohat o Sintva dpwg T OTUs awtd avnay 6Ty «OTOXOLVOTNTON TOV LOVTELOL
Tou Sloan, TwY OTOLWY 7] TEAYUATIHT CLYVOTNTA ERPAVIONG Elvat LeYRALTEQRY TG TEORAEYNS

(2.3% g nowoT™Tg).

INo g xadAiepyodueveg extaceg (B, 3.8), amd 11¢ eda@nec TXQAUETOOVG, EXEVEG TTOL
aventuéay Ti¢ Teptoaotepeg ouvdeoelg he OTUs uopPoug, eivar 1o pH, 1 EC s 1 ven tov
eddoug (doythog xat thig). Emiong o TOC sataypdyet Béon «wiketdin ylo v 0pydvwoy Tou

STLOL, YWELS OUKS Var BN LovEYEl TOAES GLVOETELS.
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Ewtova 3 9 Aixtoo adlinientdpdoewy petaéd twv dtaxprtd OTUs twv xaAMeQyodUevey eXTaoewy 1ot
v edapev Tapapétowy. Ot xopfot tov Sietbdov eivan eite xamowr edapny THEAUeTE0G (0L
yowpw), eite OTU 10 omoio ypwpatiletat avaAloyo Pe Ty TEOCHEUOYY] TOL LOVTEAOL Tov Sloan (umhe
yLor EAY] T1G OLBETERY|C KUTOXOLVOTYTUC), HITOLVO VLot UEAT] TG MYOTEQO GLYVIC KUTOXOVOTY|TAC) Kot
TEAGLVO Yo LEAY] TG TEQPLEOOTEQO CLYYNG «wTTOXOYOTNTaY). To uéyebog tov xopPou eivar avaroyo
UE TNV TLUT] TS ToEaueTEoL betweenness centrality mov vTOSNAGVEL TOV POAO «AELSi» TOL HOPBOV.
Avdivoy, cuvTopoypapLey yooupatwy (edupwmeés napduetoor) xot aptlpwv (Boxtnotand @dro): A:
NH4*-N, BD: pawvopevn nonvotnta, C: TOC, CN: o Aoyog C npog N, EC: nhextoum] aywytpotra,
M: edapunn vypaota, N: NO3—N, T: vpr} tou eddypoug (texture — clay, sand, silt). 1: Acidobacteria, 2:
Actinobacteria, 3: Bacteroidetes, 4. Chloroflexci, 5:Crenarchaceota, 6: Firmicutes, T: Gemmatimonadetes, 8:
Nitrospirae, 9:Planctomycetes, 10:Proteobacteria, 11: Verrucomicrobia, 12: WS3,13: AD3, 14: Euryarchaceota.

OTUs «whetdto» yio 11 ©xAMeQYOLPEvVES extdoelg avinovy oty ow. Chitingphagaceae
(Bacteroidetes), oty taén iiil_15 (Acidobacteria_0), otv 14€n Sediment_1 (WS3) nat oto
etdog Candidatus Nitrososphaera gargensis (Crenarchaeota). To OTU mouv aviuet oty ow.
Chitinophagaceae Sev GLOYETIOTNME PE XATOLX €SXPINY] TUOAPUETOO, XA GCULVOEETOL e
yoaupweg (Betineq) oyéoerg pue uein tig taéng iiil_15 »ow g uhdong twv a-proteobacteria, eve
ovanTOooEL YOoRnes (DeTinég) ot pn YORPIIMES GLOYETIOELS e UEAN TwV ¥A&oewy B-, V-
not S-proteobacteria. To OTU mov avnuer oty 16y iitl_15 napovoialer yooppny Oetinn
ovoyeton pe o pH not un yoappinés oycoeig pe my EC, v pouvouevn mouvotnta xat v
TEQLEXTUOTNTA TOL edapoLg o€ dpupo. Ioapuuinég Oetinég ouvdéoelg natoydpnnay pe péin
TV UNXCEWY O-,Y- Kot S-profeobacteria, won noployx pe LeAY Ttg owmoyeévelag Xanthomonadales.

Evdupépov napovotdlovy eniong ot pn youpuuinés oyéoelg mov nopatnendnxay pe OTUs

69



Kegddoto 3 Mehétn g edapinng puxpofronyg Blotontdotntag o eninedo Aexdvng anogovg

00 yévoug Steroidobacter (Xanthomonadales). To OTU mov aviuer oty t8€n Sediment_1
ovoyetiletal U1 YOAUUd pe v ouynévtowaor] tou edapoug oe NO3-N, 1o TN, tov TOC
not 1) edoupiny] LYEAoL, eve xLELxEYa cuvdeeTat yoopuxa (Detind) pe Siapopa pEAN TwY
NXOEWV a-,y- not O-proteobacteria won pe v owovyevelw Gaiellacea (Actinobacteria). Téhog to
OTU mov avnuet oto yevog Candidatus Nitrososphaera gargensis epgpoviler yoouumn Oetiny
ovoyetton pe 1o pH na pun yoaupinég oyeoetg pe v EC, tov Aoyo C:N sow v pauvopuevn
VO TNTX. Avorpopnd pe Tig oyéoelg mov mapatneovvial pe aiia OTUs vreptepoLy oe
otOpO aLTEG pe pEAT TwY UAATEWY o-,B3-, V- nat S-proteobacteria o g taénciiil_15. Awdpopot
TOTOL OYE0EWV ToEATNEOLVTAL METHED Twv TEoavapepDévtwy cuvdéoewy, pe aLTEG TwV Y-

proteobacteria va eivar OAeG W1 YOXRMUIMEG, exTOC amd oLTEG TOL Yévoug Stervidobacter

(Xanthomonadales).

INo T uowa ooovoTpaTa, 1 LYY TOL €ddPoLg (xar ot TEelg petaPBAntég) nat to pH
npovatacay mo morkég ouvdeoelg pe OTUs uopfoug, ot omoleg YxQaxTtEIoTURY XTO U1
yooppneg oyeoerg (Ew. 3.9). Kvptowopyo weln g 1aéng Thermolegphilia (Actinobacteria) wo tng
whaong Chloracidobacteria (Acidobacteria) ouvdeOnmnav pe tig edapinéc napapétoove. Ta OTUs
WAELSIO YLor T PUOLUK OLUOCLGTHXTA avMoLY oty owoyeveww Gaiellaceae (Actinobacteria),
v whaon Gemm_1 (Gemmatimonadetes) wou v ukdon, Chloracidobacteria (Acidobacteria). Amo
0 OTUs «(hetdid» Twv QuotMeV OOCLOTUATOY KOVO OLTO TOL GVIMEL TNV UAKGCY|
Chloracidobacteria ouoyetioTnne pe eSaQINEG TUQXAUETOOLS UAL CUYUEUQLUEV WUT] YOUUUINES
oyéoelg mupatneninxav pe 1o pH, ™y edopnn vypaoio nat 1ov Aoyo C:N, eve dtamotwbnme
XOVNTIUT] YOXUMUINY] CLOYETION UE TO TMEQLEYOUEVO TOL edaouvg oe aupo. Ot cuvdeoelg Tov
avamtOyOnuay petadd tov totwy avtwy OTUs xat twv vroloinwy xOuBwv touv Sittbdou
TEOLGLACHY OOl TEOTLTIA, e nvElxEya Vo xabicpwvovtar yoappnes Betinég oyéoelg pe
el g owoyevewng Gaiellaceae g taéng Thermoleophilia war dMwvy pelov TOL YOAOL
Actinobacteria, pe v wkdon Chloracidobacteria won pe peln tov @O wv Gemmatimonadetes wou

Planctomycetes.
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Ewova 3 10 Aixtoo alniemdpdoewy petafd twv Staxprte: OTUs twv @uotmy oocueTdteny 1ot
v edapev Tapapétowy. Ot xopfot tov Sietbdov eivan eite xamowr edapny THEAUeTE0G (0L
yowpw), eite OTU 10 omoio ypwpatiletat avaAloyo pe Ty TEOCKEUOYY TOL LOVTEAOL Tov Sloan (umhe
yLor EAY] T1G OLBETERY|C KUTOXOLVOTYTUC), HITOVO Yot UEAY] TG MYOTEQO CLYVNG KUTOXOVOTY|TAC) Kot
TEAOLYO Ylor LEAY] TN TEQLOCOTEQOD GLYVNG «wToROWOTNTa). To péyeboc tov xopPou eivar avaroyo
UE TNV TLUT] TS ToEaueTEoL betweenness centrality mov vTOSNAGVEL TOV POAO «AELSi» TOL HOPBOV.
Ttoe TV avarloo] cuvTopOYEAPLLY YOXLIATWY (eSapinéc Topapetoor) xat aotOpmy (Baxtrotand Yoro),
umogeite vo avotpééete oty Aelavta g Emovag 3.8.

Ooov aopda to Sintua alnAiemidpdoewy mov mpoexvday Yo T dVo edopnd Babr, avtod ya
o 15-30cm naxpovsinoe ueyaddTepy) TEQITAOKOTNTA, XAAX ElVXL XAl TO LOVO GTO OTOLO TO TILO
onpavtnd OTU, odppwva pe v napdpeteo betweenness centrality. aviret 6T71v 0v3éteEn
«wnoxowOTTo. Xe oyeon pe 10 dintwo yr 1o 0-15ecm (B 3.10), and 1 edopuunég
npapeteovg 10 NOs-N s 1 EC, napovoialovy tov peyaddtepo aptbud cuvdéoewy xat
Tepypapovtar amo youpuunég Betinég ovoyetioes. L2g OTUs wiketdidn avadelybnray éva
uékog tov yévoug Hylemonella (B-proteobacteria), ng owovyévewg Comamonadaceae (B-
proteobacteria) wo g omovévetong Geodermatophilaceae (Actinobacteria). Olo cvoyeTioTnay pe
eSapnég TUEAUETOOLS ML TILO CLYUEXQLUEVY, TO Yevog Hylemonella ¢deiée  Oetinn yooppiny
ovoyétion pe 1o NOs-N, 10 NHy"-N o m)v pouvopevn monvota, eve y 1o TOC xot to
TN mopatnendnre pio cpvntnn yoappny cvoyetton. To OTU mov aviuet 6ty owroyévela

Comanonadaceae GLOYETIOTUE YOXUING UL AOVYTIUG UE TOV
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Ewova 3 11 Aixtoo arnremdpaoewv petadd twv Saxprte OTUs yu to Bdbog 0-15cm xor tov
edapmav mapapetowy. Ot xopfot Tov dintbdou eivat eite namolx eduuy] THEAUETEOS (00T YOWUA),
eite OTU 10 onoio ypwpatiletar avdAoyo pe TV TOCHEEOYY] Tou hoviéhou touv Sloan (umhe yio
UEAT] TNG OLBETEENG KLTTOUOLYOTYTACH, ULTOWO Yl LAY TG MYOTEQO GLYVHC «UTOXOVOTYTHCH Kot
TEAGOLYO Ylor PEAY] TN TEQLOOOTEQO GLYYNG «wToXOWVOTNTaY). To uéyeboc tov xopPou eivar avaroyo
UE TNV TLUT] TS ToaueTEoL betweenness centrality Tov vToSMAGVEL TOV QOAO «AELS TOL KOPBOL.
Tt Tv avarhoo?] cuvTopOYEAPLLY YOXUATWY (eSapinés Topapetoor) xat optOpwy (Baxtyotand Yolo),
umogeite vo avotpééete oty Aelavta g Emovag 3.8.

TOC, 10 TN ot v doytho, eve ehog 10 OTU e owovyévetag Geodermatophilaceae eiye
yooppun Betiun oyéon pe 1o pH now yoappinn aovntiny] pe ™y dupo. Avapopnd pe TG
ovvdeoetg pe to vorotma OTUs, oyeoetg yoxppinég nat HeTinég napovotdoTUay e HeAn g
woéng  Acdtinomycetales  (Actinobacteria),  Pedosphaerales (1 errucomicrobiay wow — Phyciphaere
(Planctomycetes) 1wy owmoyevewwv Rhodoplanes now Sphingomonadaceae (o-proteobacteria), twv

owoyevelwy Comamonadaceae vo. Oxalobacteraceae (3-proteobacteria).

210 dintwo yw 10 Babog 15-30cm (Ew. 3.11), and 11¢ edapinés TUQAUETOOVS U] YOXUUHUES
ovoyetioelg txpatEnnuay yia to pH s tov Aoyo C:N, o onolog ouvdebnmne uvping pe péin
TV @OV Adtinobacteria vow Nitrospirae. OTUs «ihetdtdn avadetyOnmnav éva uéhog g uhdong
Gitt_GS_136 (Chloroflexi) naw évae g t6éng Nitrospirales (Nitrospirae) now éve g uhaong B-
proteobacteria. To OTU nov aviret oty xhdon Gitt_GS_136 cvoyetioue pue U1 yOUUUIES
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Ewova 3 12 Aixtwo adnremdpaoewv petald twv Stomprtd OTUs yio 1o Babog 15-30cm xan teov
edapmav mapapetowy. Ot xopfot Tov dintbdou elvon eite uamolr eSuPWT TREXUETEOS (00 YOWMU),
eite OTU 10 onoio ypwpatiletar avdAoys e TNV TEOCUEIOYYN TOL LOVTEAOL Tou Sloan (umhe yio
UEAT] TNG OLBETEENG KLTTOUOLYOTYTACH, ULTOWO Yl LAY TG MYOTEQO GLYVHC «UTOXOVOTYTHCH Kot
TEAGLVO Yo LEAY] TG TEQPLEOOTEQO CLYYNG «wTTOXOYOTNTaY). To uéyebog tov xopPou eivar avaroyo
UE TNV TLUT] TS ToEaueTEoL betweenness centrality mov vTOSNAGVEL TOV EOAO «AELS» TOL HOPBOV.
I v avahuor GLYTOROYEXPLOY YOXUUATLY (ESapues TapapeToOot) ot aEtBuwy (BantnELomo YOAO),
umogeite vo avotpééete oty Aelavta g Emovag 3.8.

oyeoetg pe 10 NOs-N, mv EC xat v dytho, eve cuvdebnue pe 51dpopoug THToug oyEoewy
(DeTinég yooppneg M Y1 YOXUUIXES) e ueAn TG owoyevelag Gazellaceae, TG AdoMG TV B-
proteobacteria wou g 16éng twv Nitrospirales. To OTU mov aviuer oty t6&n Nitrospirales
ouvdelnue pe un yoappneg oyéoelg Ty vypasio Tov eddyoug, To pH, Tov Adyo C:N xow v
A0, evw ovvdebnue (yoauud Oetind) uvplwg pe Weln twv Yohwv Adinobacteria,
Gematimonadetes, Acidobacteria, Ghloroflexi won g 1a€ng twv 8-Proteobacteria. Téhog To OTU
TOL QVIMEL OTNV %A&GY B-proteobacteria mapovcince un yooppuy oyéon pe ™y EC, v
PALVOLEVY] TLUVOTYTA UL TO TEQLEYOUEVO TwV edawy ot D, Oetinn yooupun oyéon ue 1o
pH xou yooppied cpvntinn pe 1 ovyxévipwon NH, -N. Mn-yooppéc oyéoetg ovortdyOnrow
Ue LEAN TOL YOAOL TwV Actinobacteria v TG wAAONG TWY O-profeobacteria, evey YOAUUIES KoL

Oetinég pe péln twv @OAwv Nitrospirae won Chloflexi.
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3.5Xvlnmon

H xatavonon twv nopayoviwy xat twv Stepyaotwv mov pubuilovv tv odvbeor, v
oLYHEOTNGY, TNV AELTOLEYIX XL SEACTNELOTNTA TNG ESAPIUNG KUEOBIAUNG HOWVOTNTAC
QTMOTEAEL Lot ATO TIG TLO GYHUAVTIUES TEOXAYNOELS NG OLYYEOVNG poptaxng ooroyiag. H
parydouiar VA TTLEY TV TEYVOROYLLY LalIUNG AAANAOLYLOTG, aAAG ot 1] LIOOETNGY TEONYUEVWVY
uebodwv avdAvong twv amotelecpdtwy, Onwg ot webodot pnyaviung pdbnong 1 to dintva
XAMNAETULOQAGEWY, THEEYOLY T1] SLVATOTNTA YLt TO BLe€odnd uat pe axEifBeta YuEanTOLoPO
TV UIXQOBLAXMY MOWOTHTWY Kol TV XAAMAETOQACEWY TOLG HE TG TEQLBUAAOVTINEG
uetaBAntéc (Segata ef al. 2013). Xtnv napodon epyaoia, cuvdvdlovtag wAaowmeg pebodoug
avaALog BlomomAOT™Tag, e TEONYEVES pebddoug oTaTIoTINNG AVEAALOYG, 08 ETUTESO UIXG
uenc Mecoyetouyg Aendvng anopEoYg, THEEYOLUE TAY|EOPOPIES TTOL XPYOEOLY TNV ETLOEAG
SLopoOEWY TEQLBAAAOVTINMY THEAUETOWY, TOL YEOVOL, NG YENoNS YNNG, touv Baboug tov

e80upoug, aAld %ol GTOYXOTIUOV SLASUACL®Y, OTNY ESAPIXT| IXEOBLUNT] HOLVOTNTA.

H enidpaor 1o ypovoL 6Tig puinoflanés xoOTNTEG TOL EAPOLG, O GLYVA LEAETATAL GTO
eninedo NG EMOYlAUNG OLUMDUAVONG, €V ALYOTEQY Epgaoy eyet dobel otg etroteg
Srwnvpavoetg (Pollierer ef al. 2015). Avtibeta, peléteg nov efetdlovy Tig SlanLUAVOELS TwY
U1EOBLaM®Y HOWOTNTWY G LOATIVA OUOCLOTNUATA, EYOLY Oel€El TWG Ol AVOUOLOTNTES TNG
uxEoBonyg #ooTNTaG aLEAVOVTaL e TNV TTeEOS0 TOL YEOVOL L TwG 1] oyetny] apbovia
Toug maovatdlel evitovy meprodwodmta (Faust e al/ 2015; Fuhrman ez al. 2015). Xy
TEOLOA EQYATLY, Ol SEIMTEG TNG A-TOWMAOTNTAG Yo TV apbovio kot Ty ToLAOT T T™NG
nowvoOtTag Tepovaciacay petwor) 1o 2014 (ITiv. 3.1; Iiv. 3.2), eve eiyay TQOROLEG TLUES YL
T mponyovpeva Lo €. Me ta Swbéotpa Sedopévar dev pmopet va efoybel aopokég
OLUTEQUOPX YL To xiTlx TG pelwonc. Mmogel va opelheTtan o8 SIUMVUAVOELG TOV UMUATIUWY
YAQANTNOLOTIMDY UXTE T7] OLEXELX TOL €TOLG, Y Ta omoix Oev eivar Stabéotun woTdCO
Aemtopep dedopéva, eite oe ndmota TeQLBAANOVTINY THEAUETQO TOL Oev EYEL TEOGOLOPLOTEL
elte oe oLVBLAGUO aVTOV. To 4% g Stmbuavong g B-romAd™Tag (prErRManovA <0.001)
anodobnue oto €tog derypatoandiog, ywelc woTOco va ToeEatnENlel cuyxEXELUEVY] TaoT),
Ty pelwon 1N abdnon g Pomomhotniag. Emmiéov, apnetéc edapinés mMaQRpPETOOL
npovatacay etnoteg Staxvpavoetg (ITiv. 3.3; ITiv. 3.4). Ot Stanvpavoetg avtég pmogel va eiva
XMOTEAECUATH  TWV  UUAMEQYNTIMOV  TQAXTIM®MY, OTWS 1] ALMAvoY Eeite  XMOTEAECUX
SLMLPAVOEWY TV  UMPATMWY  THEapuetewy, (Bpoyontwong uwt Oeppoxpacio) mov
nopatneNOnray petald 1wy etov (Ew. 3.1). H adlinenidpaon avtov twv 600 napapétowy,

TOL UALPATOG ML TV YUV TAQAPLETOWY TOL ESAPOLS, UTOEEL Vo e€NYel TO TOGOGTO g

74



Kegddoto 3 Mehétn g edapinng puxpofronyg Blotontdotntag o eninedo Aexdvng anogovg

Stoandpavong e B-rouahotag mov anodolnxe oto étog Serypatorndiog. Atrvpdvoetg
oty obvleon g prpoBanng xowotntag xat oty Bropdla, oe Saotnd omochoTUX UETHED
dV0 eTwV, aTodOONUAY ot PeTHBOAES TV UALLATINGOV THEAUUETOWY HETaED Twy etwv (Pollierer
et al. 2015). Emnhéov, ou Langenheder ez al. (2012), peketwvtog tig yoovinés petaBorég mou
NAUTOYOAPEL 1] B-TOMAOTNTA TG WHEOPBLOINNG XOWOTNTAG TOL TOGLLOL VEQOL, TUQATY|QY|COY
TWG VR LTINEEE SLaPOEOTOIN G heTaL TWV UNVKV, ot etTnota Baor 1 B-TouAOTY T TaEEUEVE

otabepn.

H etepoyévela twv edapuuev TaQAPETOWY XAl TNG YEWYQXUPIUNG ATOCTAONG HUETaED TwY
onpetwy edetéav acbevy) 1 naxbohov cuoyétion xat yra o dLo enineda BloTOMAOTNTAC TG
neptoy g (-, B-momhdta; Iiv. 3.5; ITiv. 3.6). Axdun now 6ty 7 B-momhotnta eéetdotnune
ytoe TG SLopOEETIHES YENOELS Y1G Mot T StorpoeTind BaO), 7] cLOYETLON TUEEUELVE GNUAVTINY
oda pxen (Iiv. 3.6). Or Seinteg a-TOMAOTNTAG GLOYETICTNUAY TILO CLYVE Pe SLXPOPES
nopweg tou N xo pe v edagur] LYPAGLX, EVK GTO ETUTESO TG B-TOMAOTNTAG Ol SLXPOEES
netaéd TV onueiwy, ocvoyetiotray xuplapyx pe to pH, mv EC addd xor pe to vdopetpo.
H Swypoponoinon avty iowg anoteiel évdetdn mwg oe Tomnd eninedo (x-mowtAoTNTa) 1)
Srbeotpomra Opemtinwy xar ot cuvbnueg tov prpomeptBaiioviog (xepropde, vyEaola)
nabopilovy ™V obvbeon g nowOTNTHG, eve o MEYaADTEQEES  MAlpoxes  Booud
yoeanELoTind tov eddyoug, O0mwg o pH xar  EC ot yewypxpua yopantnototind
nabopilovy v etepoyévela g BromomAotTag pag meptoyye. Ilapopola amotedéopata
T tNENONray nat oty epyacta twv Wang ef al. (2015), dnov 1 a-nowmloT T GLGYETIOTNXE
noplopya pe Sapopa Bpentind vrootpwpata (NOs, TP), eve 1 B-mowtdotnta pe moto
nabohnég napapétpoug (pH nar adatdmta). Eniong, to didypappoa ™y B-moumtlotntag wg
TEOG TNV ANOCTAGY], €detée Twg Oev TapaTNEeiTat napio HeTXBOAN 0NV B-TowAOTN T OGO 1)
anootaor avgavetar (B 3.5), avadewmvdoviag 01t 7 Stxdinacio )¢ SluoTOEAS TEQLYQapel
10 Broyewypapwo potiBo g Bromounkomrag oty mepoyy tov Kowkidoen nat mwg 7
TepLBaAlOVTINY] eTeQOYEVELX OeV ETNEEALEL TNV XATAVOUT] TWV (XQOOQYAVIGU®OV GTOV YOQO
(Hanson ez al. 2012). Avtn 1 nepatnonon éoyeton v emtBeBatwaost Tig apynég evdeiéelg yrow
TOV PQONO T7|C SLXGTIOEAS GTYY UXTAVOUY] TG UXEOBLONNG XOWOTNTAG OTNY TEQLOYY| KEAETNC
nag, mou etyay mopatnendet yro ™y apbovia Twy nuplapywy Baxtrlanmy YUAWY xat XAdGEWY

(Tsiknia ef al. 2014).

Me Baon ta anoteréopata avtd, Oewenouue Twg aAleg Stepyaoieg, ®VEIWG OTOYAOTINES, UKL
Ol VIETEQULIVIOTINEG TUQUULETOOL OTIWG T ESAPIUA YAQANTYOLOTIG, OIETOLY T1V GLYXEOTYCY

™ pnpofaxng xowotntag. H vnobeon awt eéetdotune e ™y xonomn tov woviélov tov
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Sloan ytr ™V 0VdETEEY CLYKEOTNOY TwWY TEOXAELWTXWY xowottwy ( Sloan ’s neutral
community assembly model; Sloan e a/. 2007). To povtého avtd amotelel TEOCAEUOYT TOL
oudetepou povtélov tov Hubbell (Hubbell 2001), os Sedopéva mov mpoépyovial and v
avadvor prpoflonwy TAnbuopwy pe poptarég uebodoug xat et yonotponowmbel evpvtata
(Ayarza & Erijman 2010; Ofiteru ez a/ 2010; Logares e al. 2013; Burns ez al. 2015).
[Todypatt, 10 povtéro tou Sloan édetée ToA) 1y Tpocappoyn ota dedopéva pag (R*=0.84;
Eu. 3.6), evioyboviag v undbeon nwg 6ToyaoTneg not 0udETERES SLepyaateg oLy xLELAEYO
QOAO GTNV GLYKEOTN G TN kEOoRlanyg novottag (Sloan ef al. 2007). Av nou 10 80.3% g
nowottag Peebnue péox ota 95% oOpta epntoTocbvNc ToL povielov, éva 17.4% mapovcinoe
UIMEOTEET GLYVOTNTA eUPAVIoNS antd TNV TEORBAedY Tov novTérov nat eva 2.3% peyaddTep).
H ovoyétion mg B-momtAOTTag autiy TwV TOLWY «UTOXOLYOTYTWV) TOL TEOEXLYAY Ue TLG
neptBaihoviineg mapapetooug édete mwg 1 moto dybovn xowo™TH eiye LoYLEOTEEY
OLOYETLON OE OYECT] E TIC KAREG VO KUTOXOLVOTYTED) UL TILO GUYXEUQLUEVA NTAY 7] LOVY] TOL
ovoyetiotre pe dapopes popges N (ITiv. 3.7). Avtileta, 1 Arydtepo dgpbovn vrorowdta,
Nty 1 wovr mow ovoyetiotue pe tov TOC (Tiv. 3.7). Abo vrobéoelg umopody va yivouy pe
Baoet T TMoEATAVL amOTEAEOPATH. AV %al OTOYXOTMES HLELWS Otadacieg StEToLY Ty
oLYHEOTNGY NG LEOBLIXNG KoVOTTAG oTNV Teptoyn ueretg pag (Bw. 3.6), wotdoo oe
uttEOTEENG MM panag TeptBailovta, oe Tomwmd eninedo, ot edapinég Tapdpetot xabopilovy
TG AAMNAETUOQACELS TG MMEOBLONNG HOWOTNTAG. AQXETEC EQYXOLEC EYOLY UVXPEQEL TNV
OToEEN ux TwY ODO UXTNYOELWY SLeEYACLOY (VIETEQUIVIOTIMGY XL OTOYXOTIM®GV) TOL
ovvdvaotind xabopilovy v obvleor ¢ wmEoBlanng ®oVoOTNTAC KoL TIC OYECELS UeToED TV
uekwv g (Ramette & Tiedje 2007; Ayarza & Erijman 2010; Langenheder & Székely 2011;
Lee et al. 2013). Eniong, 10 npd mocoato g xotvottag mov Beénue va Stapopomnoteitat
amo v TEORBAeYN ToL poVTEROL, amoTelel evdel€n mo evepyOoL POAOL ALTOL TOL TOGOGTOV
oTIC SlEQYAOIES TOL TEAYUATOTOLOLYTAL ATO TNV XOWOTNTA, oV 1t Oev LaEYoLy Stabéotpa

dedopéva oe OYEGN e TNV AELToLEYOTNTA TG xovoTTag (Fuhrman 2009).

Or avaddoerg RE now LE£Se avédetéay tig nowvég tafivopuinés opnadeg ot omoieg pnopobouy vo
yonoiponombody i TV *ATNYOELOTONGY, Twv YENoewv yne %ot tov Bdbouvg, nor T
anmoteréopata Selyvouy mwg ot pnEofBtaxes ouadeg Stapoponoovviat oe LYNAO TAEVOUKO
eninedo, avtod TV POHAWY. Eniong, 1o moAd pined mocooto 1wy OTUs nov Eeywotoay otig
avadvoelg autég (F1.68% yu tig yonoetg yng xor 0.5% yux 1o €dayog) oe GuvdLAoUO pe OTL
mave and 10 50% twv OTUs avtwv andxiivay and v meoBAedn Tou LovTELOD, EVIGYLOLY
TIG TEONYOLMUEVEG LTOOETELG OLYHEOTNGNG AL AELTOLEYIMOTNTAG TNG UOWOTNTAG. 2TIG

NOUAMEQYODUEVES EXTAOELG LTEQELYXY Tat YOAX Twv Proteobacteria, Acidobacteria, Bacteroidetes,
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Elusimicrobia, OD1 wow WS3 (Ew. 3.7), eve yio o QUOKE OOCGLOTUATA TO QOAX TV
Verrucomicrobia, Actinobacteria, Chlotoflexi, Firmicutes, AD3 now Gemmatimonadetes (Ewn. 3.8).
[Napopota potifa, oto eninedo tov Yohov, eyovv Beebel oe wa celpd amd epyuoieg oe
SLAPOES YEWYQUPIMES TIEQLOYEG. 2e Evar ayPOdAoILO OoahATN, oTov Koavada, 1o pdro
twv Bacteroidetes von v ¥kdon twv y-proteobacteria Mtav mo apbova otig nokhepyobueveg
ENTAOELG OE O)YE0Y e TO YOAO Twv Adtinobacteria (Banerjee et al. 2015). Xe daowr entaom, g
nevtomne Evpwmng uvplapyo @O avadetyOnmnav 1o Adtinobacteria, Firmicutes and
Verrucomicrobia (Baldrian et al. 2012). Avti v napatyenoyn evioybet v vmobeor, nwg ot
UIXQOOQYOVIGPOL LTOQOLY VO TILEOLGLAGOLY OLXOAOYNY] GLVOYY ouOp ot ae LPYNAO
toétvound eminedo, omwg tov @olov (Philippot e al 2010). e wpxetéc meQnToCELS
Suxpopetnd OTUs ta onota taévoundnuay axduo xot oto ido yévog (n.y. Candidatus
Nitrososphaera) eppavioay 16OSOVAUY] LOYLET] CLYELGYPOEX XAl GTIG VO YENONS YNS, YEYOVOQ
nov Sev nabotd 10 yevog avod v Staywellel ™V TEOEAELOY| TOL SelypaTOg, XA OUWS
avadetnvoel, g Staopetinol exnpocwrol tov (Staopetna OTUs) avantbocoviar vmo
Srapopetinég ouvinues. Ooov aopda ta anoteréopata e aveivong to Babog touv edaypoug,
e OTUs mov elyav peyadhteQr] GLVELGPOER GTNV XA TNYOELOTON oM YL T €8y amo 0-15cm
avnuowy oto YO Bacteroidetes, Armatimonadetes, Phycisphaerae ovadeiyOnuay Stoaxprta yo toc
edapn and 0-15cm, ever yroo T edapn amd 15-30cm avirovv ota Qoo Euryarchaeota,
Chloroflexci, Gemmarimonadetes, Nitrospirae o GAL15. Eve otov Staywlopd tewv yenoewyv
V7S, OLPLPETELY Y HLELXEYX POAX OTIG LIKEOBLANEG XOVOTNTEG TOL ESAPOLS, GTHV TEQITTWAY
tou Baboug, hAa g Aeyopevng onaviag BLocatpag xuELdEYNoxy 6TNY avaAvcy. To eddpn
TOV NUL-ENOIMWY OMOCLOTYUATOV SEYOVTUL XOUETES UXTATIOVOELG XTO TG TEQLBUAAOVTINEG
T pueTEoLg (m.y. vnAéc Bepporpuacteg uatd v drdpretx TG NUEEXS, exbecr oV MmN
oxtvoBolia, StdBowan) uut tSLalTeQX To ETUPAVELANX CTOWUAT, e ATOTEAEGUA VO LTTAQYOLY
UEeYAAES SLPOQES OE YUOIUEG TUEAUETOOLGS, OTIWG 1] Bepuoxpaatia, 1 vypaaia %ot O XEELOROG
(Makhalanyane e @/ 2015). Av xot Sev vmdQyOLY XEUETX OTOUYEld AVXPOQME PE TNV
(PLAOYEVETINT] TTOWAOTNTA XL TOV  axELP3Y] OOAOYHO POLO TWY UEAWY TWV GTAVIWY PUAWY
(Portillo e al. 2013), propodpe va vobécovpe Twg oe avtibeon pe To nvplaya BaxntnELomd
POAX TTOL YVwELLoLUE OTL ElVAL PUAOYEVETING UKL AELTOLEYUK TOWMIAX XAl EXTEOCKTOL TOLG
UTOQOLY VoL TPOCAPPLOGTOVY TLO ELMOAX GE OLUPOEETINA TEPLRAANOVTA, T AlyOTEQX dpbova

UEAT TNG inEOBLanyg *OVOTNTAG OTL Elvart TO evalabnTOL O QUOIUES UATATIOVY|CELC.

H avadlvon twv dintdwv adinienidpaong edetée mMwg, T LTOGLVOAX TNG XOWOTNTAG TOL
BLxpooToLovY TI¢ YENoELS YNNG xat To Babog, cuyrpotobvial pe pn-tuyaio tpono. H emthoyn

Tou otatoTnob petpov MIC ywx avaddoelg Sintdwy addnienidpaong, amontd LSlaiteEn
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onpaotio oty meptBarlovtiny owmoloyia, xabwg oto neEtBaAlov ot aAAnAemdpacels 1060
UETHED TWV UIXQOOQYAVIGU®Y, OGO OVAUECGH OTOUG IUQEOOQYOVIGUOLS Xal TO TeQLRAAAOY,
ovyva Sev eival YOrRES. AVTOG eivat 1ot 0 ©HELOG AOYOG TIOL OAO AL TEQLOOOTEQEG UEAETES
TOV YENOLUOTOLOLY #aTd TNV avdAvoT] Sixtdwy (Fukushima & Kusano 2014; Pinto ez al. 2014;
Banerjee et al. 2015; Comte ez al. 2015; Hayden & Beman 2015; Peura ez 2/ 2015). Eniong,
7 AVOYVOELGY UEAWV T1)G IXEOBLIXTS XOWOTNTAG TOL duVNTXa UnoEoLy va Bewenbodv wg
eldn wketdtd» amotedel xplotun napatnenoy ot neptBariovinég peréteg (Faust & Raes
2012). H évvolx tou 6p0ou eldog «ketdi» meptypdpet auta To eidY) To OOl KATEYOLY TOAD
ONPAVTIMO QOAO GT7] SLLTNENGY] TNG UOVOTNTAC KAl 7] ETLOQUGY] TOLG ElVol KEYAADTEQY] ATIO
TNV AV pEVOPEYY abugova pe ™V oyetny tou agbovia(Cottee-Jones & Whittaker 2012).
2NV TEOLOX EQYACLX WG ELOT] «MAELSLA», YLt TNV GLYXEOTYCY] TWV SUTVWY XAANAETLOQAGEWY
mov xataypdpnray, Ntav OTUs twv onolwy 1 cuyvoTNTa EUPAVLOYG NTAV UEYAADTEQT] XTO
TNV TEOCUIOYY| TOL LOVIEAOL OLOETEQRYC KOVOTNTAG. ALTO TO ELEYHAL, VTOSELMYVEL, TWG N
mo apbovy «wnoxowoTNTH» loWg EYEL MO CNUAVTIUO POAO GTYV GLYXEOTNCY] AL AELTOLEYLX
™me  nowotntoag. Ilopopotog aplbpog ovvdéoewy, YOXUUMOV ol (1] YOXUUILWY,
napatendnne oe Oka T Sivtva. Ov Betinég ovoyetioelc peTa€d TwWV UIXQOOQYXVIGU®OV
anotehoby evdelén LaEEéng oyéocwy ApOLBALOTNTAC, EVEW Ol XEVYTIUEG CLOYETIOELS TOQEEL VX
LTOBNAWVOLY VTOYWVIGTINES OYEoelg 1| oyéoelg Onpevty/Onopapatog (Lupatini ef al. 2014).
ATO ™V GAAN pEQLd, OL U] YOXUWIXES OYECELS UTOQEL Vo LTOSNAWVOLY peTaBaAlOpEVES
OYE0ELC APOLBALOTNTAG 7] AVTAYWVLIGUOD, ELTE GYECELS OTIOL Oev TaUEATYEELTAL GLYLTTAEEY XANA
N petald Toug oyEon peTaBaAleTor not EMNEERLETAL AOYW UXTOLAG «TOLTNG TUQXUETOOL
(Reshef ez al. 2011). TTapadelypota T€T0LWY GYECEWY ATOTEAOLY TEQITTOOELS UXTH TLG OTOLES
EVC LIXQOOQRYUVIOROG EMWPELELTAL 1] TXEEUTOBILETAL XTTO NATIOLO TAUERYOVTA, EVR EVAG KANOG
urpoopyaviopog dev emnpealetat (Faust & Raes 2012). Ot puxpoopyaviopot cuvdenuay pe
TG eOXPINES TMUQAPUETOOVG XLEIWG HE W] YOUPWIMES OYECELS, YEYOVOC TOL WUTOQEEL Vo
vrodeviel v LTEEN Eppecwy ekapTNoewy amo T DpenTind vTOCTEWUXTA 7] AOYW TNG
SLONVPAVOYG UATIOLXG GAANG TUQAUETOOL, elTe AOYW TG AAANAETIOQUGYG UE UATOLOV GAAO

UIMEO0EYAVIGUO, ElTe AOY® TG SaaTNELOT™Tag ToL wixpoopyoviopod (Reshef ez 2/ 2011).

To Stapopetnd potifa aAAnientdpacewy petald Twv yeNoewv yne xat touv Pabog tov
eddupoug, eviayLoLY TNV aEYY LTODECT] TWG Oe TOTNY] UALLONA To EQAUPIUA Y XOAATY|OLOTIU
npowboLy ™V GLYEOTNEN ™C pnEoPtaxng xowotnTag. ‘Oke Tar Sixtua elyav SVO xOWA
YAQANTNOLOTING, THXEATNENONUXY EAAYIOTEG YOUUUIHEG XOVNTIUEG GLOYETIOEIS UETXED TWV
UIXQO0QYOVIOU®Y %ol eTioNg  meyddog  opbuog  ovvdéoewv  éhafe  ywox  peTald

ULIXQO0EYVIOU®OY ToL aviuovy oTig dteg taévopnés opddec. Ta yopontnolotTndg avtd
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UTOQEEL Vo LTOSNAWYOLY TNV OTIEEY oyéoewv cLpPlwong, arinielaptnoewy oe Bpemtind
LTOCTEWHATO ELTE AXTAG Ol UMEOOEYVIGUOL Vo natahapPBavouy Tig idteg owmobéoelg ywolg
amapaitnta voo ovpPlwvouvy (Barberan ef al. 2012). Opwg pe Baorn to Swbéotpo dedopéva,
dev elpaote oe Oéon vo SlaywEloOLUE TIC OYECELC XLTEG AL TNV GLVELGYOEXR TOLG OTY|

oLYXEOTYGY] 1S XOWVOTY TG,

21g nadhepyodpeveg extdoetg, OTUs «wiketdian youpantmelotmnay, eva helog g OLXOYEVELXG
Chitinophagaceae (Bacteroidetes) mov anoteleltar and UrQOOQYAVIGUODS TOL XTOSOUOLY TNV
yetivn so adda ovvbetar opyavind wopta (Comte ef al. 2015), éva uéhog g taéng iiil_15
(Acidobacteria_6) yix to omola Sev yvwpllovpe TOV OWOAOYIXO TOLG POAO, GAAY TOL eivat
avextind ot petaBorég g edapung vypaoiog (Barnard ef al. 2013), éva uéhog twv Apyaiwy
ofetdwtwv ™ appwviag (AOA-Candidatus  Nitrososphaera) to. omoix evdontpuody  oe
nepBdilovta pe yapnAy ovyréviowon NH; nat umopodv va yonotpomotody v ovplo wg
evadhoutny) myn e NHs  (Spang ef al. 2012) now téhog, éva pélog tov @diov WS3
(vmodngro @oho Latescibacteria), 10 péhy TOL OMOIOL ATOSOUOLY TOAVCANYAEITEG UL
YAUXOTIPWTEIVEG TOL AVTTAPILOD TOUYWUATOG XAYWV GAAG nat GAAX €WXLTTAEING TOADUEQR
(Youssef et al. 2015). Avta 1o téooepa OTUs cuvdebnray nuplwg pe exnpocwnoug twy o-,
B-, y- now S-proteohacteria o #0EIWG e ATOVITOOTOLNTEG TOL €lTe PEQOLY TO Yyovidto nirK, nirS
nov Teaypatonoel v avaywyl twv NO; oe NO, eite/nou @éoovy 10 yovidio nosZ mov
avayer to NoO oe No, .. Rbodospirillales, Rhizobiales (Falk et al. 2010; Saarenheimo ez al.
2015). Entong ot owoyeveteg Rhizobiales (o-proteobacteria), Syntrophobacterales (5- proteobacteria),
and Xanthomonadales (y-proteobacteria) mov mapovoalovv cvyvég ouvdéoeg pe o OTUs
«AeLdLa» TOL SUTLOL, YXEUUTNELOTNUAY KG deixTeg ae edayr) Tov avéndnxe 1 Bepponpaucia
toug, pe exvNto tpomo (DeAngelis ef al. 2015). Ou oyéoelg avTtég ToEEYOLY TANEOYOPIES
oyetTma pe toug Proyewynumovg nvxhovg tov C o N mov AapPdvovy ywpx oTig
NUAAEQYODUEVEG EXTAOELS, XAAGL XXl OE OGYECY] HE TNV TEOCUQWUOYY] TNG UOWOTNTAG OTIG
emEatovoeg meptBalhoviinég auvinrec. Axdur, 10 yeyovde OTL XATOLOL IIHEOOQYAVIGUOL
elvat acpoflol eve namotot Aol avaePOPLoL, dAAG TXEOAX AUTX GLYLTIAQEYOLY, LTOSEUVDEL
TwG oTLyptaleg aAAayES 0TO emimedo Touv pnponepLBaiiovioc mpowboby 11 Aettovpyia Toug.
ATO To TUEATAVW UTOQOVUE VO CLITEQAVOLPE WG 1 ow. Chitinophagaceae o 10 Yoo WS3,
AOY®w ToL et BOAGUOD TOLG EYOLY GNUAVTINO PORO GTOV KOXAO ToL C OTIG UAAAIEQYOLEVEG
ENTAOELG XL ETLGYG TWG YLO TYV ETOY] TOL £TOLG TTOL Eyvay ot detypatornieg T AOA éyouv
UEYXADTEQY] GLVELCYOQEG GTYV SLEQYAOLX TYG VITEOTOINGNG OTLG xaAMeQyoLpeveg extdoels. H
w&én Nitrosomonadales twv B-proteobacteria  mepuhapuBdver o Bantpta mov ofetdwvovy v

appovia (AOB) nat anoteket o 0,074% 11g ®x0WVOT™NTAG, EVE TO AVTIGTOLYO TOGOGTO VI Ta
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AOA etvar 2,24%. Av na 8ev €YOLPE TANQEOPOPIES OYETUA PE TNV AELTOLEYIXOTNTA TwY SVLO
opddwv, 1 xEpnTny Tov vIeEoYY UToEel Vo amotelel evOet€r PeYUALTEQYC GLVELGYOQAS
oty Sepyaoio g vitponoinone. H ovyrpoten touv Sietdov yia Tig xadlepyobueveg
ENTAOELG AVXOEMVVEL OYEOELG XANAEEXQTNONG KETAED TWV UIXQOOQYOVIGU®Y (VITQOTONTEG —
ATOVITEOTIOMNTEG), AANE ot cLVOTEEN oe nowvég owoblécerc. Emiong 7 avddetdn nvpiwg
OMYOTQOPIUWY OQYUVIGMY WG «MAELSLEY LowS LTOBNAWVEL TOV ELOUO e Tov omoio AapBavouy

YO Ot Slepyaoieg ae NWENEXL OLMOCLETNUATA.

TN T puoe owmoovotpata o tole OTUs wiketdian avnuouvy oe olryotpopnd olo. ITio
ovyuenptpéva, oty ow. Gaiellaceae (Actinobacteria) yio v onola ot yvwaoerg pog teptopiloviat
070 OTL PélY ¢ ooy Stdopeg opyavinés evaoets (Albuquerque ef al. 2011), oty whdon
Gemm_1 (Gemmatimonadetes), dnov to péhn g av uxL EYOLY XOGUOTOMTINY] TUEOLGLX SEv
YVEILoLPE TOARG Yot ALTOLG TOLG OEYAVIOUOLG, TROX UOVO GOUPWVX Ue TEOCPATY] UEAETY
v Broyewypupwy potiBwv tov @Ohov Gemmatimonadetes avadeiybnue mwg amotehody
UEYXAO TOGOGTO VG ESAPIUNG KOWVOTNTAG EMOUMV OUOGLOTYATWY %ol TEOCUPUOLoVIaL Ge
eddpn pe yopnin edapunn vypaota (DeBruyn ez al. 2011). Eniong, pékn twv Gemmatimonadetes
Boebnue va éxouvy 0 yovidio mov uwdimonotel v avarywyy tov N2O e Na (Jones ez al. 2014).
Téhog, 10 tehevtaio OTUs avimer omv nhaon Chloracidobacteria (Acidobacteria), non
amoTeEAEITAL anO  AeEOPIOLG  PWTOETEQOTOOYOLS  UIXQOOQYAVIGODS TOL  TXEOLGLALOLY
olyotpoywi ovumeptpopa (Bryant ez al. 2007; Tank & Bryant 2015) sa mBovirg Aoyw tov
uetaBoiopod tov éyet Baowmd EOAO oTov nbvho Touv C yla T QLOWE OWOGLGTYUATA.
I8witepar yroo toe Actinobacteria wou o Acidobacteria éyer avopepbel nwg mpodyouvy TNy
anobnuevon C o610 €daog, Aoyw ToL YaunAod ELOROL avanTLENG TOL EYOLY, TOL YAUNAOD
netaBoinod pvbuod mov Swxbétovy uar AOyw NG WavOT™TRG TOLg Vo cuvbeTouy
TOMGUXYXELTEG, TOL eVtayLOLY TNy oTabeEOTNTA g Sopng Tov edagoug (Trivedi ez al. 2013).
To OTUs «hetdtd» Twv YuoLEOY OMOGLOTNUATWY GLYSEOVTAL NVELWG Ue OPOLX TAEIVOUINK
OTUs, yeyovog mov vmodniwver oupPlwtinég oyéoeg 1 arinieluptnoeg oe Hoemting
DTOCTEWPATX EITE Ol UIxEooEYaviouol vo nxtalapPavovy Tig iSeg owobéoelg ywoig

anapaitnTo voo cupBrwvovy (Barberan et al. 2012).

Xe oyéon pe 1o Babog Touv edapoug, ot tpwta 15 cm toe OTUs wketSiaw, mpogpyovtat amnod
10 yevog Hylemonella (Comamonadaceae; B-proteobacteria), Comamonadaceae (3-proteobacteria)
Geodermatophilaceae (Actinobacteria). H owmovyéveiww Comanmonadaceae war axorodbwg 10 yévog
Hylemonella, aviuet oty t4&n Burkholderiales twv B-proteobacteria v omoio mepuhopBdvet

XTOVITQOTOLYTEG TTIOL PEEOLY TO YOVidLO 718 oL nwdiromotel ™V avaywy? Twv NO2 oe NO
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nat o1y ouveyetx avayouy 10 NO oe NoO (Spring e al. 2004; Yoshida ez a/l. 2010) »ou xdmora
uern g taéng oawtg StabéTovy nat To YoVidto #0sZ TOL TEAYUKTOTOLEL TO TEMXO OTASLO TNG
amowttponoinong, ™y ovaywyn tov N2O e Nz (Chen e a/ 2012). Télog, n ow.
Geodermatophilaceae omoteleltar and pnpoopyaviouovg mov eivar tdaitepa dpbovor oe
epnpe owoovotNuate, avbextxol oty axtvoBoria UV now oynpatiovv onopte mov
Sraapakifouy Ty emtBiwon Toug oe Enpaoteg peyaing dxpnetag (Sun ef al. 2015). H apbovia
TOLG €YEL CLOYETIOTEL Yhe PUVOUEV UETHPOPAS o%ovYg amo ™ Xaydoex (Chuvochina ef al.
2011), 6mwg awtd Tov AapBdvouy ywea xat oty nepLoy ] neretg pog. Toa OTUs wiketdon
ovvdEovTal nLElEY Ke Yoxppmneg Detinée oyéoelg pe i omoyéveteg Sphingomonadaceae (o-
proteobacteria), o pély g omolag mapovotxlovy peydAn petaBoiuy eveléion xabng
YOYOLLOTIOLOLY PEYIAO EDOOG OPYAVIMGOY LTOCTOWUATWY ATO YALROLY WG AUl AEWUATIXODG
vdpoyovavbpoareg (Aanderud ef al 2015), to vyévoc Rhodoplanes (w-proteobacteria), mov
anoteheitar and Ywtoovvletnd amovitpomomuxd PBoxtnote (Zumft 1997) | xar T
owovyeveeg  Comamonadaceae wo.  Oxalobacteraceae  (Burkholderiales). Tlepouitéow épeuva
XTALTELTAL WOTE VO TEOGOLOPLOTEL TO BLUYNTIMO BLVAPLKO EXTOUTIWY aePlwy ToL Bepponnmiov,
onwg 10 N2O. Xe mpoopaty pelét) mov Sleeuvoloe TNV aMOXQELOY] TG BaxTyELUNG
XOWVOTNTAG %L TVG OLUOGLOTY TG AELTOVEYLAG ETELTA AXTO TEYVYTA YEYOVOTA StaBpOoY g TOL
onorovOnoov wa peyddn meptodo Enpaociag, mapatnendnue mwg 1 pixEoftaxny) xovoT T
anoxpinre pe éwg xar 20 popég adénon oty mapaywyn CO,, adénon twv exnopnwy NoO
ue ¢ owoyeéveles  Sphingomonadaceae,  Comamonadaceae, wov  Oxalobacteraceae  vo.

AVTITPOCWTELOLY TO KEYAADTEQO TOG0GTO TNg nowvottag (Aanderud ef al. 2015).

Téhog, yroo 1o 15-30 cm, OTUs ano to @O Chloroflexci, Nitrispirae noar v uAdon B-
proteobacteria, avadelyOnuay «AetS1a» Yl ™y oLyrEOTEY ToL dittvov. To woko Chloroflexi
dev eyet anopa peretnbel oe Babog, opwg and ta Ay nelyn tov mov eyet ariniovytbel o
YOVISIWUA TOLG PAIVETAL TG EXOLY TOAD GNUAVTIXG POAO TNy 1LXAO Tov C ot Tov N, péow
SOV BLeEYaotwy, OTwG 7 déopevar CO, xat 1) SIACTACY PLTIXWY CLETATIXWY (XVTTHEIVES,
XULAO, CUNYXQX) MXL ETHLONG UTOQEEL VO CUUUETEYEL OTNY SLEEYAOLX TYG XTOVITOOTOLN O,
naBwg namoto pén Tou Pepovy uamoLo amo ta yovidix #irK 1 nirS (Hug et al. 2013; Wet et al.
2015). To @oko Nitrispirae amoteAeitar and Boutypta mov ofetdwvovy T NO2 oe NOj s
ovbuiouv to PLOUO vitpomoinong. Enlong, npodcpata napatnondnxe weln xow and awtod o
@OXO va éyouy 610 yondiwpa Toug xdmoto and to yovidwe nirK/nirS ( Wei et al. 2015). To
toito OTUs taévopunbnue péyot 1o eninedo g #hdong xout dev yvweilovpe AeTTOREQELES YLa
tov axptB” eoko tou. Tao OTUs wketdian ouvdebnuav pe OTUs twv iSwwv talivopnwy

OPABWY 1AL e EXTEOCWTOVG TwV Adtinobacteria, Acidobacteria wou S-proteobacteria. Ko to tolo

81



Kegddoto 3 Mehétn g edapinng puxpofronyg Blotontdotntag o eninedo Aexdvng anogovg

OTUs owvdebnrav pe 10 OUT_435 mov éyer  taévounbel oty owoyévera
Methanomassiliicoccaceae (Euryarchaeota) now avadeiybnue nor amd g 8vo pebodovg (RE no
LEfSe), ug onpavtizd yroe my moepapeteo tou edapeol Baboug xot mo etdud o toe 15-30
cm. H ow. Methanomassiliicoccaceae amoteleitoan and pebavoyevn apyaio (lino ef al. 2013) no
7 avadetdn tov amd Oleg g peboddoug, propet vo vtodniwvet avénpéveg exnopnéc CHy amd

U ' '
o BoBLTEQU ESAUPIUE GTOWUOTAL.

3.6 Xvpmepaopato

To anoteréopota ¢ THEOLOXG EQYACLAG EUTAOLTIOAY TNV Stabéotn YVmor Log oyeTHd pe
TIQ TAEAPETOOLG nat Tig dtepyaaieg mov envpealovy T potifa Bronounkdttag, oe eninedo
Aendvng amopEong, evog tumixod MeooyeioaxoL owoovotpatoc. Kuplopya, otoyxotinég
dtepyaateg xabopilovy ™y cLYXEOTN G TG UIKEOPBLAANG HOWVOTNTAG GTNV TEELOYY] KEAETNG,
UE TIG TUEAUETOOLS TOL ESAPOLG VO ETLEEOLY LOVO O TOTHO eTinedo. Ot SLUNLUAVOELS TNG
o- %ot B- BlomomAdOTTag avepecn ota €11 SetyhaToAN oG NToY ATOTEAEGHA TWY HALUATIHGY
SLXNVPLEVOEWY ML YEVIXG TO TEQLRHAAOY %0l 7] YEWYQXPINY] ATOGTAGY), GUOYETIOTIUE EAXYLOTX
ue v B- Bromouahomta, pe 1o pH vo nagovotdlet v peyaddTepr) oLOYETION. XTNY GUVEYELX
Moyw g pebodoloyiag mov axorovOnbnure, pnopéoope uxt avayvwploope Tt StaxoLta
notifa mov nataypdupet 1 6bVHeGN T™NG UIKEOPBLAANS XOLVOTNTAG AVRUECK OTLG UAUAMEQYODUEVES
EXTAOELG UAL TX PUOIUA OLUOCLOTHUXTA Ut avapeca o 6Vo Babrn. 0-15cm »or 15-30cm. X1ig
nohMepyovpeveg extdoelg Bpebnua vo vmepéyovy ta YO Twv Proteobacteria, Acidobacteria,
Bacteroidetes, Elusimicrobia, OD1 nar WS3, evey ylor Tt QuOIHE OMOCLOTUATA T POAX TCV
Verrucomicrobia, Actinobacteria, Chlotoflexi, Firmicutes, AD3 wow Gemmatimonadetes yo. @uotnd
owmoovotpate. Avtiotorya, ot 0-15cm wvptoapyodv to Yol Bacteroidetes, Armatimonadetes,
Phycisphaerae von oto 15-30cm a0 @O Enryarchaeota, Chloroflexi, Gemmarimonadetes, Nitrospirae
not GAL15. Téhog 1 avddvor Sutdwy avédetée TIg oyE0eLg TOL SLETOLY TNV CLYHEOTNOY] TWY

SLKELTWY UKEOBIAUWY XOVOTHTWY.
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4. ITe!BoAhOVTIXOl TTHQAIETQOL TTOL
»noBopilovy TNV HATAVOUY| TWY ASITOVQYIX®Y
YoviSimy Tov ®xV¥AOL ToL alWTOL o
eTUITTEO0 AEXAVYG ATTOQQOYG

4.1 ITepiinydn

Xty moobvow  epyaoia  YIVETAL HEAETN] TOCO Twv  Ployewyoupney  pOTIBwYV  Twv
UIXQOOQYOVIGMY TIOL EUTAEXOVTAL GTOV Bloyewynino xOxAo Tou alwtou (alwtoBaxtnota,
O€eldWTEG TG APLUWVING, ATIOVITOOTIONTES), OGO 1oL TWV TEQLRAAROVTIUGY TXQXYOVIWY TTOU
enmnEealOLY TNV YWELUY] TOLG UATAVOWUT] TNV AEXAVY] ®TOEEOTS ToL ToTapob Kok, mov
XMOTEAEl ML QXVTITEOCWTELTINY] Meooyetoamny] Aexdvy] xot  EYEL  YXQUUTNELOTEL WG
noepatontoto edagov (Critical Zone Observatory; CZO). ATo 1o anoTeAéopoTd UOG
TEOXLTTEL OTL VX TOGOOTO TG Stanbuaveng e apboviag Twv Aettovpytwy yovdiny, amo
40% éwg 80%, upmopet va e€nynbel amd Tc TMEEIBAANOVTIHEG TXEXUETOOLE TOL
npocdoploTuay oty epyaota. ITo cvysexpipéva, to pH, n vyn tov edapoug, ohnog
opyavinog avBpanag uot o duvapnog pvbuog vitponoinong mpoodiopicTNay WG oL o
onpovinés mapapetool. Emnpochétwg ov Aettovpyinés opadeg moQovGlacHY YWY
XVTOCLOYETLGY 6TOLG TANBLGPOLG Toug Y amootdoetg and 0.2 ewg 6.2km xat oe cuvSvacPO
e TOuG Y&ETEG TEOBAEYNG T7C XATAVOUNG TOLG, TOL dnutovEYNOnxay pe ™V pebodo tov co-
kriging, pavepwvouy ta Stapopetind ywend potifa mov awtég axoiovbodv. H évtaén twv
AELTOLEYMOV OPABWY OTA OTATIOTING ROVTEAX aLENOE TO TOCOOTO NG SLANLUAVEYG TOL
e€nyoby’ éva anotérecpa mou mhavog ogeiletal 0TIG LoYLEES OYETELS UeTaL TWV AELTOLE YUKV
opddwv, Tov mapatENNuay oy epyacia. Ot GTATIOTIUR CYUAVTIUES CLOYETIOEIS UETHED
TV AetTovEytwy opddwy Beebnre nwg ennpealovtar ot nabopilovtar péyot éva onpeto amo
TIG YONOEIS V7S, OUXOOTOLNUEVEG O UXAMEQYODHUEVES EXTROELS AL PUOLUK OLUOCLOTYAATA.
Oleg ot mponyodpeveg mapatnenoels eumhovtilovy vy Stabéotun yvwon oyetud pe Tg
OLMOAOYIXEG TTQOTLIY|OELG TWY AELTOLEYIXWY OUESWY TOL A{MTOL, CLUTEQIAXUBAVOUEVOD [UE TOV

npbdopata avayvwplouevou clade II twv Baxtnpiwy mov aviyovv 1o vrokeido tov alwmtov.
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4.2 Etcaywyn

To alwto (N) anotelel éva amd Ta TO ONPAVTING GTOLYELX GTY] YLGT], ToL cuyvd nabopilet
LG AELTOLEYIES TWV YEQEOULWY OMOCLOTYUATWY XAl TWV LTYEECLWY TIOL TEOoaepouvy. Eite oe
nepiooela, eite oe éMetn, o N ovvdéetan pe coBupec meEBAAMOVIINEG ETMTOCELS, OTWG
uetaBorég oty advbeon xat BromomtAoTnta Twv etdwv ToL oocvotuatog (Ramirez ef al.
2012; Dias ez al. 2012), aAhoyég 671V TOWTOYEVY] TXQXYWYY] 7] TIG ATOSOCELS TWY KXAMEQYELWY
(Sims e al. 2012) nobwg xat meptntmoetg poivvong (Fowler et al. 2013; Shcherbak, Millar
and Robertson 2014). Xta eddyr, o ndnkog tov N eréyyete nvplwg and v pxoftoxy
dpaoTNELOTNTA, 1] OTola e TV oelpa ¢ eLbpilet ™y Swabectuomta Tov N ota Yuta xabog

10U TIG ATIWAELEG TOL TTPOG TNV ATUOGPRLOX %0l LOXTIVOLG ATOOENTES.

Apretég peréteg, mov éyouvv Sefaylel oe epyaotnolanés ovvinmeg 1 pnEng uMpoxag
XYQOTEPAYLO, EYOLY GUVELGYEQEL GNUAVTIUX GTNV UATAVONCT] KAl EUTAOLTICUO TWV YVOGEWY
mag avorpoptnd pe tov xouho tou N. L261000, THEaUEVEL IxEOG O aELOOG TwWY EQYAGIOY TOL
SLEQELVOLY TNV YWELNY] HATAVOUY] TWY UIXEO0EYAVIGE®Y ToL ELOUIovY Tov nbxAo Tov N (Bru
et al. 2011; Yao ez a/ 2013). H pekétn twv Broyewypapinmv poTiBwy Twy (uQO0QYUvVIGU®Y
XMOSEDEIYUEVA LTOQEL VO TTUEEYEL TAN|QOPOPIEG OYETING [UE TG TEQLBUANOVTINEG THEAUETOOLG
nou xabopilovv v ywew? tovg nxtavouy (Nemergut et al. 2011), tov Aettovpyind Touvg
ooro (Fierer et al. 2012, 2013), xabog s mbavég addniemdpdoetg nat arinieéoptioetg
(Barberan et al. 2012). Tétotov eldoug TANEOYOELES UTOEOLY VO PUVOLY TIOAD GTUAVTILES HOL
YOYOLUES YL TNV XATAVOYOY] TwV OLEQYXCLLY TOL AXUBAVOLY YWEX OTA OLXOCLOTYUXTX HE
otoyo va elpoote oe Oeon va mpoPiédovpe ™V avtamonElon Tovg oe meELBUAAOVTINEG
uetxBoréc mov emnpedlovy oe PeyIAY ¥Alhoxa T OwocLoTNpaTa (M. adénon g
Oepporpacia Tov mAavN T, Enpacies, aAhayeg oTIC yoNoeLs y1g). Eyet 1167 avapepbet, oyetina
ue g pebodoug pekétng g Broyewypaplag TV IKEO0QYIVIoULY, Twe dedoueva apboviag
nat obvBeog AettovEyweY ouadwy Tov ELOHIovy TV LTO pekéTy SleEyaoia TEOGYEQOLY TILO

onptBeic mpoPiédetg (Green ef al. 2008).

O Broyswynunog nomhog tov N, %ot To 18X, CLYUEUPLUEVE UOVOTATIX TOL, OTWG 7]
VLITQOTIOIGY] 7] 7] XTMOVLTQOTOLYGY] EYOLV AVXYVWELOTEL WG OLEQYXGLEG LOVTEAX YLOL TNV UEAETY]
TV TaEAPETOWV ToL %aboEIlovy TNV YWEWT UXTAVOUTY] TWV AELTOLEYIMMY TOL OUAOWY UAL TNV
ATOCUPYVIGY] TOL TEOTOL e TOV OTOLO AVTES Ol OpAdES eAEYYOLY Twv xL¥Ao Tov N (Philippot
& Hallin 2005; Bru et al. 2011). 2e epyaota toug ot Petersen ez al. (2012), epapuoloviag o
otattotny] pebodo mov avadewmvier oyéoelg aTtOTNTaG HeTHgh Twv KETXBANTOV, TNV AvaALGOY]

povonatiwy (path analysis), ywx ayoOTepdyla ATOTEAODUEVE OTO SLUPOQETIMES PUTLUES
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nowotteg, Bonuav mwg 7 agbovia TwV AELTOLEYXGY YOVISIWY TWV VITQOTONTOV UKL
ATOVITQOTIOTWY NTAV OL TLO LOYLEES UETABANTES Yl TV TEORAeYN Twv ToEXTNEOLUEVWY
SuvnTnwy ELOU®Y VITEOTIOINGYG %ol ATOVITEOTOLONG AVTIGTOLY ). XE GAAY HeAETH] Twv Bru
et al. (2011), Sovkebovtag oe eminedo meptpepstag, Bonray nwg 10 43 éwg 85% g ywEwNe
Srondpaveng ™ apboviag Twv 0ZetdwT®Y T1¢ AUUWVING %ot TWY ATOVITEOTOMTOY LTOQEOVLGE
vae e€nynbetl and g meptBarioviinéc TaEAIETEOLE TOL TEPOGOLOELoY. TENOG, AEUETES elvat
%ol Ol EQYXGLEC Ol OTOleg aVapeEoLY ouoyetioels petadd ¢ apboviag Twv AstToLEYWMKY
YoVLSiwy S1apOEmV AELTOLEYIMGY ORASKY TOL ©OXAOL TOL N 1t TEQLBAAOVTINGY TUQAUETOWY

(Zinger et al. 2011; Banerjee & Siciliano 2012).

Xy napoboa epyxota peretninuay to Bloyewypapud poTiBo Twv AELTOLEYWMGY YOVLSiWY
Tov eAéyyouy Tov xO¥ho Touv N nabwg xat ot meptBatioviinég Tapapetpot mov ta xabopilovy,
oto eninedo g Aexavng amopEors tov motapod Kothapn. Adyw twv daitepwy
YAQANTNELOTIXOY TG TeELOY NS (OTwg awtd avapepbnxay oty evomta 2.3.1 ¢ napovoug
StSontopuNg StatELBNG), AMOTEREL piot TOAD EVOLUPEQOLO TEQLOYT] LEAETNG, LOLXITEQX YLor TLG
emSPATELS TOL TEPLBAAAOVTOG GTNY YWELKY] KATAVOUY TwY AELTOLEYW®Y Yyovidiwy. ITapd 10
yeyovog oty to (Mpuéepwd owoovotuata, 10 N Oewpeitar Booinog meploptoTinog
THE&YOVTAG TG AetTovEying Twv omocvotudtwy (Delgado-Baquerizo ef al. 2012; Sher ef al.
2013), ot yVwOoElg UG OYETNG PE TNV UXTAVOUT] TWV AELTOLEYUWY YOVIBIWV 1al TwY Bootuwy
Boynumov Stepyaotwy napapévovy meploplopéves. I v mpoodiopicovue g Stapopeg
dtepyaateg Tov nuxhov Tov N otV Teploy Tov Totapod Kotkidon no twv teptBarlovtinwmy
TUEUAUETOWY TOL TIG emnpedlovy, mpocdiopiotnre 7 agbovia Twv alwtodeopevTnwy
Bontnolwy, Twv OEEldWTWY NG AUUWVING %Al TWV XTOVITQOTOTWY, CUUTEQIAXBAVOUEVOL
not Tov TEOCYaTa avayvwptouévou clade 11 tov yovidiov nosZ (Jones et al. 2013, 2014),0e 51
onpela ¢ meployng perete. Ilpoadiopiotnunay emiong o xabupog pubuog avopyavomoinong
700 N xo 1 Suvnund] SpaoEtoTta SlapdEwy evidpwy, we deixteg etopone NH, -N Loyw
¢ avopyavornoinong tov avbpoxa. H uébodog g modhaning yooppnng moakvopounong
yonotponominue yix T0v TEOGSLOPIOUO TWY TLO GNUAVTINWY TEQLRAANOVTIUOY TUQUUETOWY
TIOL TEPLYQAPOLY TNV UATAVOUY] TNG xpboviag TwV AELTOLEYW®Y YOVISIWY OTNY TEQLOYY. XTNV
CLVEYELX 1] OYETINY] oLVELTPOEG xabe puetaANTHG 0Ty e€NyNoN TS GUVOAKYG SLUUDUAVETC
LTOAOYIOTNXE pe TNV TUpatomoinon . Eniong dnptovpyndnuay ydoteg npofiedng g
Ywoeng xatavopng g apboviag pe v pébodo touv co-kriging (CoK). Telog, n apbovio twv
AELTOLEYM®OY OUASWY CLUTEPIMPONUe TNV Aot Twv ave€dETTwy petaBANTov yor Ty
SNULOLEYIA TOV LOVTEAWY e OUOTO Vo eESTUOODIE AV LTTQEYEL XATOW 7] XATOLEG OUXOEG TTOL

O pmopovoay va Bektiwcouvy 1ig Tpofredelg Twy PovTEAWY.
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4.3 Yoo »xoet MeOobot

4.3.1 Astypatoindio xot aVEAGY] QLGIXMY, Y1IHOY KoL
Broynmux ey TaQAPETOMY

Onwg avapepoviar otig evotnteg 2.3.2 xat 2.3.3 ¢ napodoug Stdantopnng StatotBng

4.3.2 Anopovworn, DNA xat mtocotixonoiney pe qPCR

H amopdvwon tou yevoprod DNA, n ynueia xat  obvbeon tov avitdpacewy g qPCR, o
e€omMopog mov yenotpuonoOnue not o Bripota a€loAOYNoNg TWY AVTLOPAGEWY EYLVOLY OIS
avapepovtat oty evotta 2.3.4 ¢ naoLoag StdanToEMNg StatELBNG. LTV CLYHEXQLULEVT]
epyaola €ylve mocoTwonoinoy g agboviag Twv yowdiwv TOv UWSHOTOLOLY: TNV
novootuyevaor g appwviag (azoA), twv apyaiov (AOA) xoat Boaxtnpiwy (AOB), v
avaywydor g witpoyevaong (#fH) 1wy alwtodeopentinwy Bontnolwy, Ty avaywyxor Twy
wtpwdov (7irS, nirK) now ©Aog ™V avarywydor tov vroetdiov Tov alwtov (nosZ clade I xon
clade II). Ta Zedyn twv exntvntwv mov yonotpomomndnuay, o Oepuind TEWTOKOAX TOL
yonoponomonuay ylar TV eVioyLor TV yovtdiwy, 1 amOd00Y TwV AVILOPXCEWY XAl )

Oepporpacia cuAkoyng dedouevwv cuvolilovtar otov Iivaxa B5 (Iapdotux)

4.3.3 XToUTIOTIREG AVAADOELG

Anohov0n0nuav ot 1dteg Stadmaoieg Yo 1) TOV UETAOYNUATIOUO TV HETABANTOY, 1) TOV
TEOGOLOPQIGUO TWV GLOYETIoEWY METalL TeQIBXAMOVTIM®Y UETABANTOV 1ol AELTOLEYUWY
yovtSiwy nat 1ii) v dnpLovpyla Twv Lovielwv TEORAEYNG, OTWS AVaPEQOVTAL OTYV EVOTYTX
2.3.5 m¢ mapovoag Sidantopmnng SatoPne. Io v eéetdoovpe 10 1Atk MOGO LTYEYOY
OTATIOTING ONUAVTIXEG OYEGNG RETaL TG apboviag Twv AetTovEymy yovidiwy, xabwg nat yo
VoL TPOGOLOPIGOLPE TNV UOEYY TNG OYEONG, EPUEROcTNHE 1] nebodog TG amANG YO UG
TUALVOQOUNONG O U] HETAOYNUXTIOUEVR DEOOpUEVR. 211V CLVEYEla E€eTAOUUE XATE TOGO
XVTEG Ol OYETELG BLAUPEQOLY AVAPORIUX PE TIG YONOELS VNG (MXAMEQYOVUEVEG EXTAOELG EVAVTL
PuOIXWY  OOCLOTNEATWY). Oleg oL oTaTIoTIHEG avaADOElS TpaypatomomOnray oty
otaToTiny] TAat@oppa R statistics yonotpomotwvtag to moxeto vegan, MASS wow yhat
(Venables & Ripley, 2002; Nimon et al., 2013; Oksanen et al., 2013; R Development Core
Team, 2013). Ta yoagpnpata dnptovpyndnxay pe 1o naxéto ggplor2 (Wickham 2009).

4.3.4 T'ewotatioTinn avalvoy)
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H povtedomoinon twv nut-Baproyoappdtov moaypatonowmdnne pe v ouvaptnom
antofitl ariogram tov monétov g R automap (Hiemstra ef al. 2009), wote va mpoodtoplatet 1
anooTaoy] ylx v omolx ndbe AettovEyny] opdda ToEoLGlalEl YWEIXNG XVTOCLGYETIONG
(range). H ovvaptnon autofitl ariogram mpocdiopiler 10 Béltioto Bewpntind poviého mov
npocapuoletar 610 TmElEapaTO NuBoptoyoaupn, pe Bdon to ehaytoto dbpotoua
TETEAUYWVWY TWV LTOAELTOUEVWY TLwY. I'tor Oheg Tig Aettoveyinég opadeg 1o povtého Matern
edwoe ™V xaALTEEY] TEOCAEUOYT], exTOg Twv AOA omouv to Gaussian poviéro , édwoe v
noALTEQY] TEOCEUOYY. Tt TV SnptovEyio YoxETwy TEOBAEYYC )¢ YWEKYS HATAVOUNS TS
agpboviag Twv Aettovpywmny yovdiwy, epappootnue 1 wébodog tov CoK, xabwg 7 yonon
SeLTEEELOVONG TAYEOYPOPLAG UXTA TNV EXTIUNOT TNG YWEMYG ToEELBOAYC , eyet avapepbetl
g notaAnyet oe mo afomoteg npofiédeic (Goovaerts 1997; Varouchakis and Hristopulos
2013b; Tsiknia et al. 2014a). H Swxdmacia mov axolovdndnue nor to Aoytopnd mouv
yonotponomOnuay avagépovtar oty evotta 2.3.6 g Tapovoag Stdantopnng StatotBNg.
Tekog &yve 0pb7 TEOLOAYN TV YorETwWY ToL dNpovEeyNBnxay, oto Aoytound Google Earth,
ue oxomo TV axEtBEoteEn not LYNAOTEENS TOLOTNTAC OTTIXOTONGY] TOL AVEYALYOL TNG

AEnaVG ATOQEOYG.

4.4 Amoteheopota

To yovidio amoA twv AOA Boebnue va vmeptepet évavtt twv AOB, oe 43 anod ta 51 onpeia
Serypatolniag (Ew. 4.1a), eve 1 avakoyia AOA npog AOB nopavOnue petagd 0.014 éng
182 (Ew. B1b). Avagopwnd pe o 800 yovidta Tov #wSOTOLodY ToLg 3VO THTOLE AVAYWYAGYS
TV VITEWSWY, To avTiyoapa Tov 72rS NTav meptacdtepa and tov 7irK and 2 éwg 6 popeg, Y
ok 1o onpeta Setypatolndiog (Ew. 4.12). Xe oyéon pe to yovidia TOL %WSHOTOLOLY THV
avarywydor Tov vroéetdiov Tov alwtov, T clade II Beébnray v stvan mo dpbova amod o clade
I (Ew. 4.12). H avohoyio nosZ clade 1 mpog 1o dbpotopa twv aviryodpwy nirsS + nirk
nopavOnue petadd 0.07 now 0.42, ever 1 avahoyio tov #osZ clade 11 npog nosZ clade 1 petagd
0.1 »ou 18 (Ewt. Bla). To avtiypapar ov yovidiov #ifH mapovaiacay v Aryotepn apbovia ae
oYéon pe TG LTOAOLTEG hetovEyds opddeg naw nopdvOnre petafd 3X10% o  3x10°
avtyodpwy (Ew. 4.1a). Ov oyetinég apbovieg twv yovidinwy, xavovinomotnueveg pe Baoy to

avtiyoapa 16S tRNA twv apyaiwv xot Baxtnelwy, tapovataloviat oty Ewmova Blb.

H nepentnodm o tou eddygovg oe NHi'-N napovoiaoe v uinpodtepn petaBintdotra
uetaéd Twv onuelwy derypatodndlag, oe avtifeon pe v meEenTMOTNTA TOL eddPoug GE

NO;-N no TN, mov etyav peydieg Stanvpdvoetg petaéd 1wy onpelwy, mhavo anotéleopa
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NG EPUOHUOYVYG EUTOQUOV MTACUATWY %Al TNG OlaMbLPaVeNS ¢ oLyrévtpwarg tov TOC.
(Ew. 4.1b). Apnetd napopow potiBa mapatnenbnxay ya tovg pubuod PNR xow NMR (Euw.
4.1Db).
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Ewova 4. 1 (a) Awopdvoeg g apboviag twv Aettovpyay yovidioy xat (b) Staxupavostg tov
noppwyv N mov mpoadiopiotnnay. To mavew xat #dtw Opto, aviimpoownedet ta 25% xar 75%
TETUQTYOQIL, 7] UEGY] YOXUMUN TNV SIUUECO TIUY, T GMEX TWV Yoauuwy Tig axpaieg Ttpég (10% &
90%), evwy ot tedeieg ovpBolilovy Tipég oL HewEOLYVTAL EXTOG NG HATAVOUNG TWV LTOAOITWG TLAWY
(outliers).

H avddvon Pearson avedelée otationnd onpaviinég ouoyetioelg Peta€d twv neptBoarhoviinmy
TUEUAUETEWY 1t TV Aettovpywwy yovdioy (Ew. 4.2, ITiv. B1). Zvvola, 1o pH, n EC, 7
v Tou edaoug (pe eéatpeon to nosZ clade I) noaw 0 TOC (pe e€aipeon to nirK now 10 nosZ

clade II) Bobnuav va eivar o TO GNUAVTIHES QLOMOYNUHES MeTaBANTEC. Mepovwuéveg
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Aettovpynég opddeg ovoyetiotuay pe 1o NOs -N (nosZ clade II), to NH4'-N (t0 amoA
v AOA) xar ™y avorkoyie C:N (7irS now nosZ clade 1I). Ioyvpég ovoyetioeg Boebnuay
enionNg METHED TWV  ASLTOLEYWMWY YOSV Xl TV  PBLOYNUILGY  TUQAUETOWY  TOL
npoadtloplotTuay oty Tapovoa epyacia, pe toug eubuovg PNR xat NMR va eivar ot mo

onpavieol (B 4.2, TTiv. B1).

Z * % k%
Urease, *% * % * %k khkk  hkk
TOoC. *%* %% %%k %* kdkk gk
TN, * *kk *kk  kk
Silt_
Sand| *%% * * kkk  kk
PNR  * *% * *kk k% kk%
Phenol oxidase _ * *x *kk *% *k%
PH | %%% %%  *%% - kkk  kkk  kkk Ezr:cm'
Peroxidase | 0
0.5
NOs;-N|  * % oA
NMR _ * * * * *
NH4-N * *
Soil moist, | *%% * kkk  kkk  khkk  kk% *
-glucosaminidase | * * * % kkk
EC. * * %% *% *%% *% *%% * %%
C:N, * * *kk  hkk
Clay %% *% * % *

AOA AOB nifH NIRK NIRS NOSZ NOSZ_II

Ewova 4. 2 Xty emdva adty BAETOLPE TNV OYXTIOTINY XREMOVIGY] TOL GUVTEAEGTY| CLOYETLONG
Pearson avapeox otig Aettovpyweg opadeg Tov x0%hov Tov N xot Ti¢ eSUPUEG TUQAUETOOVE TOL
npocdlopiotray. H yowpotnn »hpons vmodnAmver TV TLLY TOL GUVIEAECTY] GUCYETLONG, EVM TO
AOTEQANLA TNV ONUAVTIMOTYTA TNG BLOYETLONG, evo: >0,05, ¥<0,05, **<0,01, ***<(0,001.

H am\ yooppny madtvdpodunon amoxdivde toyveés oyéoets uetadd g apboviag twv
AELTOLEYM®OY YOVISIWY, TOL GE XEUETEG MEQIMTMWOELS OLUPOQOTOLOLVTAY GYUAVTING GE OYEOY

ue 11 ynoets yne. I1to cuynexpiuéva, oTaToTUNg ONUAVTIUEG YOXIHUES OYEOELS, AveEaQTN T
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and ™V YENoN NG, ToxExTENOnray uetald twv yovidiwv nifH wow nirS, nifH wow nosZ clade
1, amoA tov AOA nou nosZ clade 1 o twv #irK o nosZ clade 11 (Ewx. 4.3)
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Euwtova 4. 3 Aworyodpuproctar SLioTOQAS %ot 1] TEOCKQLOYT] HOVTELOL YOXILUTG TaAvSQOUN oM teTafD
™ apboviag Stapdowy yowtdiwy touv udukov tov N. H oyéoerg dev Stapopomomnmay avapeoa otig
yonoewc yne. (@) #ifH now nirS; (b) nifH now nosZ clade I; (c) amoA twv AOA nan nosZ clade 1; (d) #nirK
now nosZ clade 1I. e xdfe eovo avayodpetor 0 1 TEOCKEUOYY TOL WOVIEAOL TNG YOUUUIXYG
TUAVOOUNONG (F2adj) AL V] ONUAVTILOTNTY (Pyaluc).

ATO v dAM peptd Tt yovidia amod twv AOB Sev mapovsioccay xabolov otatioTind
ONUOVTINEG OYEOELS UE UATOLO AANO AELTOLEYMO YOVISLO, exTOg pe To 72fH yovidio uat povo
Yoo o uona ooovotuata (Ew. B2). 2Ze oyéon topa pe ™V enidpaom g Y0101 YNNG 0TS
OYECELS TWY AELTOLEYMWY YOWSiwy, 10 amoA 1wy AOA yapantoloTnay and oTaToTING
ONUOVTINY] YOXRUNN oyéon pe 1o nifH, pdvo ota oo owocvotpata (Ew. 4.4a).
[Mopopoiwg, 1 abovia tov amoA twv AOA not 1oV 77rS awEavoviay YRUUUINE GTo PLOLUE
OMOCLOTNUXTA, OPWG  OTIG  UXAMEQYOLPEVEG EXTAOELS, 1] OYECY TOLG  YETYOQX
otabeponomOnue (Ew. 4.4b). Eniong 10 amoA 1wv AOA édwoe oTaTtoTnd oNUOVTINY Ue TO
nirK adh& puovo otig nadlepyobueveg extaceg (Ew. 4.4c). Avagopnd pe to yovidta mouv

HWOUOTIOLOLY TV AVXYWYXCN TWV VITOWO®WY oyeéon tov nirS pe 1o nirK, moupovolaoe
YWYXO™ o > 11 OXeon P , TQ
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XTOTOWY] YOAUUNY aLENGT] OTIC UXAMEQYOVIEVEG EXTAOELS, EVK GTX QUOLUA OLLOGLGTY|ANTA

yoreartneiotnay and tetpaywviny] oyéorn (Ew. 4.4d).
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Ewova 4. 4 Aworyodppotar SLeoToQag #ot 7] TQOCKQUOYY LOVTEAOD YOUUIING ToMvSQOUToNG HETAED
™ apboviag Stapdowy yowtdiwy touv udukov tov N. H oyéoerg dev StapopomomOnmay avapeon otig
yonoetg yng. (a) amoA twv AOA now nifH; (b) amoA twv AOA nan nirS; () amoA twv AOA waw #irK;
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(d) 7irS now nirK; (e) nosZ clade 1 wou nirK; (£) nosZ clade 11 now amoA 1wy AOA; (g) nirS nou nosZ clade
1L o (h) nosZ clade 11 xou nosZ clade 1. Xe ndbe etndva avarypdpetar 0 1 TEOGXEUOYY] TOL LOVTEAOL
TG YOURHUNE TUAVEEOUNONG (%adi) %0tk 1] ONUVTHOTNTEL (Praluc)-

H abBovio Tov yovidiov nosZ clade I now tov nzrK yapantnoiotne and yoouppny oyeoy, Tov
elye mo amoTopu avénon yro 1o puowma owmoovotpata (Ew. 4.4e). To avtibeto Boebnne ya
™V oyéor puetad tou yovidiov nosZ clade I xat tov nzrS (Ew. B3). Avapopnd pe v apbovia
touv yowdiov nosZ clade II, otatiotnd onpuovtinés oyeoels pe GAAa AettovEynd yovidix
napatnEnNOnray novo ya g xadlepyodueveg extaoetg (Euwx...), ue e€aipeon v oyéon tov
e 10 yovidio #irK OTou 1) 6YE0Y TOLG NTAY CTATIGTIXG GYUavTiny ave€dETrTa TS YOS YNS
(Ew. 4.3d). To yovidio nosZ clade 11 nopovoinoe acbevy pev, ototiotnd onpovtiny de, oyéon
pue 10 amoA twv AOA (Ew. 4.4f). ISwitepa evdiagpépovoeg civar ot oyéon Tov
noepateNnBnray puetaéd g agboviag tov 7osZ clade II ot dhhwv yowidiwy mov epmAéxovtat
omv amovitponoinoy (nirS now nosZ clade 1). H agbovia tov nosZ clade II nouw tov #ir§
aLEAVOVTAY YOXUUING Yo TG xaAAtepyoLueveg extdoelg (B 4.4g), opwg nrav puxnpdtepn
ovyrELng pe v adénor uetaéd nosZ clade II nou tov #irK (Ewm. 4.3d). Eniong yooppuny
oyéon napatnenOnue o pe 1o nosZ clade I, pe v agbovia tov nosZ clade 11 vo avéaveton
tayvtepan (B, 4.4h). Tékog yoapupuinés oyéoetg xatayodpnuay petald nosZ clade 11 o nifH
(Ewt. B3) now petald mzfH o nirK; odlhee povo yio Tig #aAAEQYODUEVEG EXTAOELG Mt OTIG DO

neptntwoetg (Ew. B3).

H peébodog e moAhamin yooppiny molvepopnone avedetée Twg Ve G1aAVTINO TOGOGTO
™C Staudpaveng g agpboviag twy Asttovpywmev yowdiwy, g téng touv 40.2 éwg 80%,
umopovoe va e€nynbel and Tic meEBAANOVTINES TUEAUETOOLS TTOL TEOGSLOPIGTNHAY CTNY
epyaoio pog (Iiv. 4.1). Otay Srapeplotnue 10 cuvolnd Rug” twv poviéhey, 1o pH anotéhece
NV TLO ONRaVTNY] LETaBANTY] 6TV e€Nynot] ¢ SLaUdUAVOYG, TOL ATO LOVO UTOQEOLGE VO
ebnynoet amo 1o 22.3 ewg 10 52.6% g ouvoluig Stanbuavone. H v tov eddpoug eniong
e€Nynoe éva oNUAVTNO TOGOCTO TG oLVOAXYG Stanbuavons Twy AOA xat AOB (/5.5 na
33.1% avtiotorya). T ta yovidwe #irS uaw nosZ clade 1 o TOC amotéheoe onpaviin
uetaBAnty. H yewyoxpun andotaoy, expoaopévn pe 1o PCNM 8odtavdopata, e€nynoe
€Vl GYPAVTINO TOGOGTO TG VoS Staudpavong (19.3-31.5%). Or Broymuneg Stepyaoieg
TIOL TEOGBLOPIGTNUAY GTNY EQYACLX UG Oev Elyav toYLEY] EMIOENGY OTNY SLMDUAVEY] TG
apboviag Twv yovtdiwy, extog and avty tov amoA 1wy AOB, 6mov o PNR e€nynoe 10 29.3%

™¢ ouvohnyg Standpaveng (ITiv. 4.1).
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ITivosag 4. 1 To povieho mov eogxvday ano v pébodo g Prpating morhamiy youpmng nalvogomongc. o xabe avegdotnty petaSinty voroyiotyxe 0

7060070 Ao T0 GLVoMxo R2 mov g avtiotoryst.

nifH

AOA

AOB

nirS

nirK

nosZ clade I

nosZ clade
II

Nl

4

Overall model

F e;cglzal(f)l/e)d Proportion of the total variance unique explanation by each predictor (%)
0
2495 49.43 pH Sp. Dist PCNM
Hokok ’ (46.67) *r* (19.33) **
29.08 30 pH silt % NO3_N Perox Sp. Dist PCNM
Hofok (22.31) ** (5.51) ** (2.87) * (3.53) * (31.54) *x*
11.97 40.2 clay PNR Sp. Dist PCNM
Horok ’ (33.11) ** (29.46) ** (28.51) **
22.9 6413 TOC pH EC Sp. Dist PCNM
Hofok ’ (54.35) *r* (25.312) === (8.68)** (22.31) Howk
48.04 7423 pH Soil Moist Sp. Dist PCNM
ok : (52.61) #*x (4.44) * @) *
26.4 916 pH TOC Sp. Dist PCNM
sokok : (32.61) *+* (10.81) ¢ (14.5) **
31.28 71.19 pH Sp. Dist PCNM
ok : (29.98) (25.28) #*x

IN: number of explanatory variables in the final model

2Total explained variance from the overall model calculated by adjusting R2 values, in order to obtain unbiased estimates (Peres-Neto et al., 2006).
The percentage of the total variation that is being uniquely explained by each predictor after removing any correlation with other predictors.
Bonferroni —cotrection was applied to p values to maintain the family-wise error level in multiple testing.

Co-variation

(%)
34

34.24
8.91
-10.66
38.95

42.07

44.73

Unexplained
(o)

50.37
20
59.8
35.87
25.77
27.84

28.71
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AapBdvovtag vmodv T toyveés oyéoelg mov mapatneNinuay petald g agboviag Twv
AettovEyeV yovidiwy, tpochécape oty opdda Twv avefdp Ty petaBAnTov o dedopéva
T1g apboviag TV ASLToLEYIM®Y YOVIBIwY WOTE Vo TeEdcouy TNV Brpatny] uebodo emhoyng yx
™V Onuoveyla Twv povtéwy. To emmaipomopéve poviéha e€nyoboay  peyaALTEQO
T0600TO ¢ StaubdUAVETS TS apboviag Twv AELTOLEYIMMY YOVLSLWY, EXTOC ATIO TNV TEQITTWOY]

tov amoA 1wy AOB (ITiv. B2).

K.ﬂn:{l\‘ gartn

Google zarth
;

Google earl

Ewova 4. 5 Xdpteg natavopng mg apboviag twv yowdlwy (2) nifH, (b) amoA twv AOA xou (c)
amoA twv AOB oty meptoy” tov Kothgprn CZO nov dnprovpyndnxay pe v uébodo tov co-
kriging. H ypwpotind xhipono ota aplotepd avapépeton otig ués apboviag (gene abundance/g soil
d.w.).
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Kegddato 4 Bloyewypapio tov Aettovgywmy yovidiny tou xOxAov tou alwTou

Evdixpepoy anotéheopa ¢ avdALGT], XTOTEAECE TO YEYOVOG OTL €V ATO To HVO YOVISLAL 1] UKL
o 8vo, nosZ clade 1/ clade 11 etonyOnoav wg avelapttes petafintéc oe Oha o pOVTEAX.
BéBaua, Onwe ot oty mepintwor twv povielwv 1wy taévoumey opadwy (Iiv. B2), étot uow
edw, 7] EVOWPATOO?Y TV ASLTOLEYIMWY YOVISIWY OTA HOVIEAX ElYe WG ATOTEASOUA VX
AMOXAELOTOOY O avtd, oe peyaro PBabuo, ov meptBoarroviinée petafintés. Efaipeon
anotelel T0 MOVTEAO Y TO yovidto nosZ clade I, omov opwg to pH mov mapépeve wg

ave€do T petaBANnTY, e€nyodoe TOAL pinEo TO0G0GTO TG GLVOAING Staudpaverng (ITiv. B2).

Google eart % 2 4 Googleearth

Googleearth % X Googleearth

Ewova 4. 6 Xdpteg natavoung me apboviag twv yowdiny (a) nitS, (b) nitK, (c) nosZ clade I o (d)
nosZ clade II oty meproyy tov Kothidon CZO mov dnpovpynnuay pe v pébodo tou co-kriging.
H yoopatud hiporo ota aptotepd avapépetat otig 1ués apboviag (gene abundance/g soil d.w.).

H povtedonoinon tov npt-Booloyodiiatos Twyv ASLTOLEYMGY Opadwy, ovédetée Twg
yoeoxtnEllovial amo oYLEX YWEMA LOTIBA LE TNV ATOCTAGY] RVTOCLGYETLON Vo KVPLXIVETOL
and 188 éwg 6221m (ITiv. B3). H epappoyn g uebodov CoK yux v dnutovpyia yaotwmy
TeOBAedNg TG YwELMS xatavoung g awboviag Twv AettovEywdy opddwy, ¢dwoe R? petad

TEOYUOTIXDV %ot EXTLLOUEVLY TLoV oo 0.26 gwg 0.59, (ITiv. B3). Avapopind pe toug ydoteg
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YWOMNG NATAVOUNG , O Y&ETNG Yt T0 yovidio nifH édele mwg 7 meptoyn yaxpuxtneileta
noplwg and yapnAn agbovio, pe T peyaAbTeEes Ttpeég var Bplorovtat nupiwg oty Boeta
neptoy touv Y&t (Ewm. 4.52). H ywown natoavopn tov amoA twv AOA yapantnpiotne
and opohO no Eendbopo Storywplopd petald twv mepoywy (Ew. 4.5b). H avatolun wat 1)
SuTY] TAELEG TOL YAETYN TAEOLGLNKGE TNV YaUNAOTEEN abovia, eve 7 VYNAOTEEES TLUES
Botoroviat oty Boeta, voTia xat BOEELO-OUTINY LEQLE TOL YAQETY]. XT1V TEQLNTWGY] TOV a0
ov AOB, 7 ywpwn xatavopn axolovbnoe éva teAelwg Stapopetind potifo, pe Pobutaio
avénon e agboviae pe natedbuovon and to Svtmd  (yaunAn  agbovie) meog Ta
Bopetoavatoind (VPnAn apbovia), ahAd yevind yopoutnElletar and AVOUOLOYEVELS TEQLOYES
not andTopes adhayes petaéd twv meptoywy (B 4.5¢). Ot ydpteg Y0NS *XTAVOUNS T™NG
apOoviag twv yowdiwy 7S no nosZ clade I axolovbodyv napodpo ywetnd potifo pe awtod
tov yowdiov ameA twv AOA (Ew. 4.6a,c). Met€d toug mapodpowr ywewd potiBo
anorovbody nat ot xatavopés g apboviag Twv yowdiwy 7irK wan nosZ clade 11 (Euw. 4.6b,d),
UE TLG YUPNAES TLEG apboviag v TxpaTneoLvTat voTloduTind nat Ttg LPNAES BoEElOUVATOMMA.
€201000 0 ydeg Tov nosZ clade II napovoidler MydTepo Opakod StarywElopnd uetaéd Twv

TEpLOY WY O oYEan pe to 7irK.

4.5 Xolnmon

[TAnpoyopieg oyetnd pe ™y agbovie Twv AetToLEYMWY YOVISIWY TOL EUTAEUOVTAL O
dtepyaoieg tou nbxhov Tov N éyovv yonopuomombel evEEWE WG «OEUTED ALTWY TWY
SLeEYXOL®Y AL TNG ONUOVTIXOTNTAG TOLG e Otdopa ooovotnpata (Bru ef al. 2011; Xie et
al. 2014; Smith et al. 2015). Xe avtiotoryioe pe ATOTEAECUXTA TEONYOLUEVWY EQYACLOY
(Leininger e al. 2006; Bru ef al. 2011), étor now 611 Swen pog, 1 apbovia Tov yovidiov arnzoA
v AOA npocdiopiotue wg xot pio 1aé€n peyéboug vYmrotepn amod tov amoA twv AOB. e
Aoy mhaiotx nopavOnue xan 1 oxetun agpbovia Tov yowdiov amoA twv AOB (0.05-1%)
(Okano ef al. 2004; Bru et al. 2011). Xyetnd pe v oyetny agpbovia twv yovidiov #irK/ S,
gyouv avapepbel Stdpopeg Ttpég oty Brhoypaypia (Philippot et al. 2009; Bru et al. 2011;
Jones et al. 2014), pe avtég mov Peebnrav oty dund poag epyaoia va Bploxoviar oTig
YouMAoTEEEC. AbO THEAYOVTEG UTOEOLY Vo BewenBobv vredBuvol yix avtd 10 anotéreoua: 1)
7 Bxitepn YXpNAY mepentixoTa Twv edapov o TOC xa if) xot 7 avomOTINy

XTOGTEAYYLOY TOL YaEanTNELlEL T e8Py TG Aendvng aTOEEONG TOL ToTapoL Kotkdo.
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[Tapopota nat pe GARES EQYAOLES, 7] HATAVOWY] TWY AELTOLEYIXWY YOVLSLWY TOL ®VXAOL Tov N
OV AEXAVY] ATOEQEONG, ToEOLGLALOLY OTATIOTING OYUAVIIXEG OLOYETIOES HE OLUPOEES
neptBarioviinég mopapétpovg, onwg to pH (Gubry-Rangin ef 2/ 2011; Bru ef al. 2011,
Dandie ¢z al. 2011), to TN o 0 TOC (Wessén et al. 2011; Petersen ef al. 2012), n avohoyio
C:N (Wessén ef al. 2011), n NHy" (Verthamme 7 a/. 2011) xow v ve# tov edagoue (Bru et
al. 2011). And ng Broynpinés TouEapuetEons, 1 duvntiny SpaotELOTTa Twy ev{DRWY NG
ovpedong xat ofeddong g @uvoing xat o PNR, cvoyetiomuav pe namow and to
Aettovpy  yovidtae mov mpocdtopiotnay oty epyacio pog (amoA, nirS, nosZ). Ou
SpaoTNELOTNTEG ALTEC GuayeTi{ovTal apeon he Ty anelevbépwon (ovEedon) 1 KATAVIAWGY]
e NHy™ (PNR) xou tv petatponic mg oe NOs™ na wg ex 100100 pe v SpaotneLdtnro
TV (rooyaviopmy Tou xixdov 1ou N. O NMR bev cvoyetiotue pe v agbovia obte Twv
AOA, obte twv AOB. Ot ayetnd yapnrot puipot NMR, nat 1) déopevor tov N oty edopinn
uepoBany Bropdla, OTwe LTOSNAWYETAL ATO TOLS XEVNTHOLS ELOPLOLE oL peTEN MUY Yo
namota onpeta, mbavwy va e€nyodyv v elkewdn cvoyetiong oe avtibeon pe dAkeg epyaoieg
(Petersen et al. 2012). O PNR napovciace acbevéatepn ovoyétion pe 1o AOA oe oyéon pe
1 AOB, onwg eniong apwtinég Ntav ot ovoyetioes petaéhd NHy™ naw NOs™ pe toug AOA.
Olot o mogamave evioybovy Tov oAyoteogd 10010 Long twv AOA (Prosser & Nicol
2012). H ovoyétion petad TooPNR nat tov  Asttovpywmmy yovidiwy ¢ amovitponoinong,
nirk, nosZ clade I now nosZ clade 11, adha Oyt tov #irS, anotelel évdetén mwg o ELOKOS
aneievbepwone NOj 610 €dagog, anoterel evay and Toug TaEdyovieg mov xabopilovy v
ovvbeon g xowOTNTaG TwV amovitpoTotwy. EmtmAéoy, T anoteléopata )¢ TXQOLOUG
epyaotag, Bektiovouy v péyot onpepa Stabéotun yvwor, 66ov aoEd TIg TUEAUETEOVS TOL
ovbuilovv ™y agbovia twv dbo opddwy 7osZ yovidiwy. Ot dtapopetinég amoxpioelg KeTaéd
nosZ clade I now nosZ clade 11 oe nanoteg petafintéc (n.y. TOC, NOs; -N, TN, vy tov
eddupoug), amotedoLy evdetéelg Twg ot G500 OPASES, oV XAl TEXAYRATOTOLOLY TNV IOta AelTovEYix

notohoprBavouy StapoeTineg ooroyineg Héong péoa oto evdiaitnua mov {ouv.

Or dwxpopeg otov TOMO %ot ™V toYh Twv oyéoewv Tov mapatnENndnray peta€d Twv
AELTOLEYMOV YOVIBLWY e TIC YOENONS YNG, UTOEEL Vo amoteAel evdetéy eite yio dnutovEyio
CLVEQYATIM®OV OYECEWY XATW ATO OQLOUEVES TEQLBAAAOVTINEG ouvbTneg, elte yo peyoahbTEEN
ovvetopopd ¢ nabe opadag oty avtiotoryn dtepyasia Tov xOxhov tov N (1.y. AOB vs
AOA; nirK vs nirS). H yooppinn ovoyetion g agboviag twv AOA pe 1o nifH, oto guotns
OMOCLOTNUXTA, UTOQEel Vo amoTteAel evdelly, 0Tt T alwtodeopenting PantnEta, ATOTEAOLY
onpovtny TyN Nyt )y 81010707 Twv ASLTOLEYLOY ALTWY TV OXOCLOTATWY. BEmmiéoy,

7 vYNAOTEEN apbovia Twv oAryotEopwy AOA (Prosser and Nicol 2012; Daebeler e al. 2015)
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oe oyéon pe o AOB, ylor T YuOKE OWOCLOTNUATA, LTOSNAWVEL TIWS 7] AELTOVEYIXL TWY
alwtodeopevtinwy Bontmelwy eumiovtilet pe apyods evbuode ta édagog pe N. Xtg
NUAALEQYY|OLUES EXTAOELG ATIO TNV GAAY] UEQL, 1] EQUOMUOYY] EUTOQIUWY MTACUATWY UTOQEL Va
eyel Sxtapalel aLTEC TG OYECELS, AOYW TYNG ETMSEAGNG TOL €yovy 1060 TNV oLvbeon
(Reardon, Gollany and Wuest 2014; Izquierdo and Klaus 2015), 660 xat o1y agbovia twv
Aettovpymav opddwy (Verhamme, Prosser and Nicol 2011). H vndbeorn avty evioydeto
TeQULTEQW PE TIC xEVNTIXES ovoyetioets petald twv AOA xat ¢ tepentindtag oe NH,"
nat NOs. Ot toyvpés oyéoelg mov mapatnennuay petaéd tov AOA xat Twv yowdiwy g
amowttponoinong, mbaveg eivar amotélecpo Twv arAnieéoptnoswy eite oe Opemtino
vrootpwpo (NHi", NO;3") elte oe noapanpoidoviwy tov Siepyaotey (N20), noapd 610 yeyovos
o1t 10 yovidlo nirK éyet evtomiotel 610 yoviSlwua Slapoewy UeA®V Twv opddwy avtw. H
mhetodnpior twv 727K yovidiwv mouv éyer evtomotel oe yovidiwpo Apyaiwv, Snutovpyet
Srapopetind clades mov Sev eppavilovy opoloyteg ota Bantnprand 77K (Bartossek ef al. 2010,
Long et al. 2015). Epyaoieg mov aopodv dAka omocuotnuata, eyovy deiéet mwg to yovidta
TOV VITQOTIOLTOV XAl TWV XTOVITOOTOLTOV XATUAXUBAVOLY ETUXAVTTOUEVES OUONOYINES
Oeoelg, 7 ot oyEoelg Toug LTOBEMVDOLY GLYOEGY] TWV IXQOOQYAVICUKY G ETUTEDO YPLGLOAOYIAG
not axohovlet emoytans potifo (Abell ef al. 2010; Smith ef al. 2014). e avtibeorn pe aldeg
epyoaoieg (Tsiknia et al. 2014b), to yovidio amoA twv AOB, dev ovoyetiotue pe ndmolo
yovidto amovitponoinone. Ot Aoyot mapapevouy acupeis, aArd Ha propoveoe va oyetiletal pe
™V emoy?] ¢ detypatodniac. Katd ™ Sidpnetx mov éyvay ot Serypatoindieg, dev yivetor
EQUOILOYY] EUTIOQIUMY MTUOUATWY, pe anoTéleopa 1 Teptextinot o oe NH4' tou eddpoug vor
e€oTaToL HVELWG ATO TNV AVOQYAVOTOLYGY] TOL OPYAVILOD LAIXOD 1ot TV SQAGTYELOTYTA TWY
alwrtodeopevtiwy Baxtnolinv. Ot oyetna yapunrot pubuot NMR, nat 1 déopevon tov N oty
edapur) wwpofany, Bopala, OTwG LIOSNAWYETAL XTO TOLG AEVNTWMOLS ELOUOLS Tov
uetENOMuay yroe ndmota onpeta, evioybet v napanavew vrdbeor. Kdtw and tétoteg ouvinuec,
0 AOA notéyouv toyvpod mheovéxtnpa, evavit 1wy AOB otov éheyyo ¢ vitpomoinong

(Levicnik-Hofferle ef al. 2012; Prosser & Nicol 2012).

Ioyveéc oyéoeic mapatnendnuay nat peta€d TV yovidiwy ¢ anovitEonoinonc. AvTEC Ot
O)(€0ELC UTIOQEL, UEYOL UATIOLOL GYUELOD, VO EIVAL ATOTEAEGA AVTUANXYNG YOVIOLWY HETRED TwV
XTOVITOOTOLNTWY ElTE V& UTOOEINVVEL TEOVOUINHNY] UXTAVOUY] TV ORAdWY 0TO evdtaltrpa. Bva
TOAD PXQO TOGOGTO TWY TANEWS XAANAOLYUEVOY YOVISLOUATOV UIXQOOQYAVIGU®Y, EYEL
Boebet va meptéyet ot o o nir yovidia, nirK wow nirS (Graf et al. 2014); Qg ex tobdT0UL, 71|

oyéon mov napatnendnxe oy epyaoia pag, o mbova va bTodevdel SlaPOEOTOLN G GTNV
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ovvetopopd  nabe  Aettovpywng opadag, cXQTWHEVY] ANO  TH  YXQUUTYOLOTIUX  TOL

eVOLAU TN X TOG.

H peyaddtepn adénon g agboviag tov nosZ clade II évavtt tov mosZ clade 1 otg
NUAAEQYOVUEVEG EUTAOELS, amOTeAEL evietdn mwg 1 agboviar g TEWTG opadag Steyelpetat
MO TNV KEYAADTEQY etoaywyn] N 08 aLTA T OOGLOTHUATA UECW TYG EPAQUOYNG EUTOQUOV
Mraopdtwy mov emttorybvet xot Tt exnounés NoO (Sheherbak, Millar and Robertson 2014).
H vnobeon auty evioybetot TeQeTaipnw amo TV LGYLEY] CLGYETLGY] TOL UXTAYQAPNUE UETAUED
tov nosZ clade II ot g meptentindTTag TOL eddpoug oe NO; . Ot Jones et al. (2014) oty
epyaoia Toug Setéave mwg 7 Suvapnyn Twv edapwy va avayouy 0 N.O Bektiwbnre pe v
adénon g avahoylag tov yowdiwy clade II/clade T nosZ. H pelwon g avadoylo twv
yovidiwv #irS/nirK mov nopatnendnue oty spyaoio pag yro g xoahheQYODUEVES EXTAOELC,
odmnyet 670 (810 ovpumEpaoua, xaxbwg et avapepbel WG Ol ATOVITEOTOTEG TTOL PEQOLY TO
nirK yovi8Lo cuyva dev (pepouy #ATOoLo A T YOVISLa #2057 GTO YOVISIWUATOVG, e ATOTEAETUX
VoL TQUYHATOTIOLODY PepLny] amovttoomoinoy xat avénon twv exmopnwmy NO (Jones et al.
2008; Graf, Jones and Hallin 2014). H mponyobpevn Stanictwon evioybdeTal pe TLg Loy LEES
oyéoelc Mg agboviag twv nosZ yowdiwv uovo pe v agbovia tov yovidiov xS mov
nopatneNOnray oty epyaotia poag (Bur..). Atotedéopato ahlwy peretov éyouvy Setéel Twg 1
uetwo tou Aoyov 7irS/ nirK odiymoe oe abdénon twv exnopnev N2O oe Sidpopouvg tHnoug
edapov (Jones et al. 2014), eve oe dAkeg HEAETEC AVOPEQETAL WG 1] EMLTAYLVGY] TOL ELOUOL
npaywyne NoO, Steyeipet v avantuén minbucuev mov avéyouvy 1o NoO xat #vping autwmy
nov avirouy oto clade II (Sanford et al. 2012; Jones et al. 2013). 'Ok 1o TEOMyOLUEVA,
03871y0LY GTO CLTEQUCUX WG T £DGPY] TOL BELOKOVTAL TNV AEXAVY] XTOPEOTS TOL TOTAXUOV

Kotapn, yxpaxtptlovtat and yapniod duvaund exnopnwmy NoO.

[Mapodo mov apuetés ueretes eQuEUOLOLY LOVTEAX UATAVOUTC TWY UIXQOOQYAVIGU®MY VLol TOL
eVOLAUL TN AT TTOL KATOXOLY, e o%OTO TNV TEORAeY Twv Bloyewypapinwy potifwv Stapopwy
urpoBronawv taéwy, oe diapopa taévopnd enineda (King et al. 2010; Tsiknia et al. 2014a),
UOVO ptor HEAETY] oy OAelTaL e TNy Broyewypapior Aettovpymmy yovtdiwy (Bru et al. 2011).
To poviéha mov dnpoveyndnuay oty noepovoa epyaota, Yo T AELTOLEYMA YoVidla TOV
nbrhov tov N, elyav xaAdTEEY anOd00Y 0 GYEoN Pe awTtd Tov dnpovEeyNninxay ywo v
TepLoyY” MEAETNG pag yr va meofAédouy v nxtavour g agboviag twv Bartnotoanwmy
Owv/xhdoewy xot Baotketwv (TTiv. 2.1). Ta nocootd g Staxdpoverg mov eénynonray and
T LOVTEAQ P, Yl TNy apbovior Twy AELTOLEYIH®Y YOVISLWY, NTOXV TUEOUOLX UE XLTX TOL

avapépovtat oty epyacio Twv Bru et al. (2011), pe eéaipeon 1o poviého tov amoA 1wy AOB
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mov edwoe yapuning afomotiag anoteréopata. To pH, o TOC uou 7 v tov eddepoug, NTov
oL Mo oNpavTineg petaANtés, oe ovppwvio pe direg epyaoieg (Bru et al. 2011). Eniong
ONPOVTINEG METABANTES Yo TNV Bloyewyoa@lat Twy ASLTOLEYMGOV ORAOWY 7TaV XL Ol
Broymuweég avaddoelg mouv npaypatonominuay oty epyacio pag. H yewyoopnn andotao,
enpooaopévy pe T« PCNM dodtavdopata, e€nynoe éva peydho mOGOGTO T1G GUVOMUNG
Sroaudpaveng g xatavopuns ™g agpbovia Twv Asttovpywmmy opddwyv. H poviehonoinon twv
Nut-Baptoyoappdtewy avédee TNV ToEOLGIX LOYLEYS YWEMNG XVTOCLOYETIONG YL TG
AELTOLEYIMES OULABES, OWG Ol ATOCTAGELS TTOL LTOAOYLOTNUAY NTAY CYUAVTING UIXQOTEQES ATO
aTES TOL avapépovTat TNy epyaota Twy Bru et al. (2011). Avtn 1 Swwpoponoinor unoeet vo
elvol ATOTENEOPAL TNG EVIOVNG HETABANTOTNTG TOL TEOLGLALOLY TA YAQANTYOLOTIUE TWY
eSapwy %Al Ol YAMUXTINEG CLVONUES, AVAUECK OE UIXQEC ATOCTAOELS, OTNY TEQLOYY| UEAETYG UOG

(Moraetis et al. 2015).

H évtaén g agboviag twv Aettovpymmemv yowdiwy ota povieda meoBiedng, and v pix
Bektivoe Ti¢ amOSOCELS TwY LOVTEA®WY, OAAE OO TNV GAAY LTEEUAALPE TNV CLVELGYOE TwY
TeQLBAANOVTINOV TUQAPETOWY, IXOUX %L TG Tt onpavTinyg, Tov pH (TTiv. B2). Evdiaxgpépov
ToEoLGLALEL TO YEYOVOG TNG EVTAEYG, 08 O To LOVTEAX, EVOG EX TWY 7] %Al TwV ODO YOVLSiwV
nosZ (clade 1/ clade II) xot vmoypappilet TV avdryxy Yoo TeEALTEQW EQELYVAL TNG XOTOYS TWV

yoviSiwv avtwv wg Brodeinteg yio v npoRAedr g agboviag g prpoftaxng xowoTnTac.

2UUTEQAOUXTING, 1] TXEOLOX EQYXTIA EUTAOLTILEL TNV SLXOEGIUT] YYWOY UG AVXPOQUR [UE TIC
TUEAUETOOLE TOL ETUSPOVY GTNY YWELKY] UATAVOUT] TV OLopOOWY AELTOLE YWY OUASWY TOL
nbrhov touv N, oe eminedo Aexdvng anoppone. Ta alwodeopevtind Boautnow, ot oetdwtég
™G appwviag Tov avirovy ota Apyaia (AOA) xat oL aTOVITEOTOMTES TTOL PEEOLY TO YOVISLO
nirS, QUIVETAL VO XATEYOLV ONUAVTIMOTEQO QOAO GTNY AELTOLEYIUOTNTX TWV PUGLUWY
OLMOGLOTYUATWY, EVM Ol ATOVLTOOTOLYTES TOL YEQOLY TO YoVidLo 7irK 1ot awTOL TOL YEEOLY
0 nosZ clade 11 xvprxpyodv otig nakhepynotpeg extaoetg. Ot meptBaAlOVTINES TUEAUETOOL
mov mEoodlopioTnay, pe onpavinotepn to pH., e&nymoav péyor noar to 80% g
Sramdpavong ¢ apboviag Twv AettovEyney opddwy, te T0 T0GoaTO Vo avépyetal ato 93%,
Oty ot Lovtéha evowpatobnray dedopéva e apboviag twv ouadwy. Teékog oyveés
oyéoelg mopatneNinray puetadd Twv Aettovywy opddwy, pe TV yeNom yne v xabopilet

TOV TOTO AVTGWV TWV CYECEWV.
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5. X0vleom - ZopmeQaopota

Ot pxEooEyaviopol Tov edaPOLE XATEYOLY POAO XAELSL 0TI Slepyaoies TwY Bloyewynuinwy
nonhwv Twv Opentinwy oTolyElwy 0TO €3apOg pe AMOTEAEGUO Vo amoTeAoLY ELOLoTIXOLS
TLEAYOVTES TWY OMOGLOTN WY LTIYEeotwy. H poptan omoloyia, anotekel éva aveQyOUeVO
EMOTNUOVIXO Tedlo, oL UToEEL var obufBdAel ovolaoTnd oty PBeAtiworn g Sxbéotung
yvwong, oxetxd pe tov 1eomo mov Oo amoxptbodv ot pirpoBanég nowvotnteg uot ot
EMENTAGY] Ol OLMOGLOTNILIUEG AELTOLEYIES, O UETABOAES Mol SLUTHQUYES UEYHANG HALUOKAG,
OTWG Ol AAAAYEC OTIC YONOELS VNG ot 7] ¥ALhaTiny] oahhayy. Tt vao umopéoovpe Aotmov va
npoPAiédovpe pe axpifeta Tig petaBoréc avtég, eTot wate va elpaote ae 0éor va TapépBoupe
NOUL VO LELWOOOLILE TLG ETUTTWOELG TTOL UTOQEL Vo EY0LY 0TO TEQLRAANOV %ol AT’ EMENTATY] GTOV
avbpwmo, eivatl GNRAVTING QYUK VO XATAVOV|COLUE TIG TUQAUETOOLS TOL GLYXEOTOLY 1ot

nabopilowvy Tt Stanvpdvoelg ¢ uinEoRLany ®xooTNTo TOL ESAPOUG.

H »atavomon 1wy moapayoviwy mov pubpilovy v Sour, Aettoveyia xat EXGTNELOTNTA TNG
eSapMNG UMEOBLAUNG HOVOTNTAG ATMOTEAEL (X OXTO TG TLO ONUAVIINEG TEOUANCELS TG
oLyYeovNnG emoTung ™ TepBaAlovinng weofokoying. 2yetinég TANEOYOEieC TOUL
xQoEOLY 1) TNV xaTavou TS PBLOTOMAOTNTAC 7] TIC OLUULUAVOELS NG, 1i) v apbovia
OLYUENPLEVWY ToElovouey Opadwy xat iil) v agbovia Twy AetTovEYM®OY yovtdiwy Tov
epmAéxoviat oe Stepyaoieg Broyewynunwy xixdwy, Onwg 1ouv N éyouvy yonotponownbet ya va
e€dyOLPLE CLUTIEQUOUATA XVXPOPLUA [UE TNV CLVEEGY] TWY UIXOOOQYXVICU®OV e CUYHEXQLUEVES
depyaoteg (Fierer et al., 2007; Philippot et al., 2009; Wessen et al., 2010), va ovoyeticovpe
evEelg pnEoBLonés opddeg pe LTEeoieg Twv ooovoTNpdtwy (Six et al., 2006; Averill et al.,
2014) now vo LTOOTNEIEOLPE EMOTNUOVING TNV VEX YeVId BLOYEWYMUIXWY UOVIEAWY TOL
nepthapBavouy v Sopn g pirpoftanyg novomtag (Waring et al., 2013). Znv napodoo
dtdantopwt) Sttt PN, mpaypatonoOnue 1 HelETy ™G UXEOPBLAKYS XOWVOTNTAG ULAG UIXENG
Meooyetoanng Aendvng amopEong, toco oe puloyevetwo eninedo (Keg. 2, 3), 6co xat oe
AelToLEYO eTinedo avaopd pe tov xOudo tov N, xataypapovtag v agbovia xar v
NATAVOPY] TWY AELTOLEYMWY YoVidiwy TV Baowmny Stepyxotwy tou (Kep.4). XZouvdvalovtag ta
anoteréopata Twv poponwy avolboewy (qPCR, 16S rRNA alinlovyton) pe petpnoetg
PUOILOYNUIXWY  BLOYNUIXWY TIUQUUETOWY XAl YOVOLLOTOIOVTAG TEONYMeves uebodoug
OTATIOTINYG XAl YEWOTATIOTIUNG AVIALOYNG, TOXQEYOVIAL TANQOYOEIES TOL APOEOLY TNV

enidpuo TOL YEOVOL, SlaPOEWY TEPLBAANOVTINGY TAQAUETOWY, TNG YONOYNS VNG Mol TOL
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Baboug tov edagoug, Broynunny SEAoTNELOTTWY Kot WXEOBIIMOY AAANAETIOQAGEWY, GTNV

edapuur] EOBLant] #OWOTNTA TG TEQLOYNG HEAETNC LG

H mold nadkh mpocoppoyn tov poviédov tou Sloan yla v 0VLOETEEY CLYHEOTNGY TWV
uofoaney xowomtwy (R*=0,84; Eux. 3.5), édetfe nwg noplupye 1 mxeofony] xowdtnta
™G AEUAVYC ATOEEONG ToL ToTapoL Kothapn ouyxpoT Tl 1ATw ATO CTOYACTIMEG UL
ovdetepeg depyaoatec. Eniong ta Broyewypapus potifa 1000 twv nuplapywy Bontnotannmy
wOAwV/rhdoewv (Ew. 2.4, 2.5), 6o0 o g B-rovarotmrag (B, 3.4) Boébnxe va Siénovta
and ™y Stadaota TG SLayLaNg nat vor unv envpealovial and Ty eSoQIUT ETEQOYEVELX TVG
TEQLOYNG. XoUQUATNOLOTING TNG TEQLOYNG, OTWS 1 SaBEwon Twy edapwy 1ot T GLYVA
PULVOPEVY PETAPOQAS OXOVNG GE GLVOLAOPO HUE TNV IXAVOTNTA TWV UIXQOOQYAVIGU®OY VO
UTIVOLY OE %UTAOTACY] AOQAVELXG (OYTUATIOUOS EVOOCGTORLWY), ELYOLY TNV SLUGTIOEH TOLG
(Acosta-Martinez ef al. 2015). Ano g neptBadhoviinég ToQapeéTEous TOL TEOGSLOPIGTNHAY
0 pH nvplapya eénynoe to peyakbtepa mocootd g Staudpaveng e agboviag twv
noploEywv Boxtnetaxmy olwv/xhdoewy (TTiv. 2.1) xou 1w Aettoveyney yovidiny Tov xOxAov
tou N (ITiv. 4.1) nou eiye ™y mo oyven ovoyéton ™y B-rowkomta (Iiv. 3.3). To pH
anoterel  Baowy) meptBarioviny, mopapetpo  mov  xabopilet v xatoavopy]  Twv
UIXQO0QYAVIGU®Y TOL eddpOLE oe Stdoeouvg Tumoug owocvatuatwy (Hansel ez al. 2008;
Andrew ef al. 2012), ywpic Opwg var €yet anocapnvioTet av 1) enidQuoT| TOL eivat dUea] 7] elva
XTOTEAEOUX XAV THQAUETOWY TOL TXEOLGOLXLoLY cuVStaxdaver pe To pH, Omwg 7
dxbeotpomra Hoentinwy, 10 eidog Tov opyavixoL C, 7 edapny) vypaocia xal TO el60g g

Braotong (Rousk ez a/. 2010).

Ooov apopd ™V dou ¢ uneofLanng xovottag, av %ot o TANOuopdS Twv oluwy Archaea
Boebnue va elvar uinpoTepog amd awtwv TOV OMuevV Bacteria, ta amoteléopata NG
CLYUENQLLEVNC EEYUOLOG ATOTEAOLY GTOVYElX TTwG Tor Archaea natéyovy eva oNpavTnd EOAO
otoug nbuxhoug Twv C xat N oty neptoy tov Kotkapn. H agpbovia tovg napovsioce Oetinég
ovoyetioelg pe ™y avoroyla C:N, pe 1o pH, 1o TOC, tov NMR xat TN »abog no pe tig
SpaoTNELOTNTES TwY evDRWY NG ovEedons xat ofetdaong e Yavodne. H avdivorn g
Bromowmhdmtag avédetée mwg xvEINEYOG EXTEOCKWTOC TwY Arthaca 6Ty TeELOYY) LEAETNG HOg
etvow 1 16én twv Thaumarchaeota mov anotekeitar and oG 0&etdwtég g appwviag (AOA)
%ol 0 uVELIXEYOG POAOG TOLG OGNV dlepyaoia TG viTEoTNoinong, oe oyéon pe o AOB
avadetybnre 1000 pe Tig ouoyetioelg Tov TrEATNENONHMAY PeTH€D TV AELTOLEYUKOV YOVIBiKY
0L ®OU¥AOL ToL N, 600 1t and ™V avadvor Stvwy. To yovidto amoeA twv AOA Beébnxe

voo etvoe o apbovo amd awtod twv AOB xan eminhéov 1o yévog Candidatus Nitrososphaera
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(AOA) elye peyakdtepn oyetnn agbovia and v 16én Nitrosomonadales (AOB). Ot
ovoyetioelg Tov avadelyOnroay petald Twv AOA 1ot Twv LTOAOITWY AELTOLEYILMY OPLASWY Kot
tautoyeova 7 EMewn ovoyetiocwy peta€d twv AOB xot twv vroloinwy AsttovEywomv
opadwy, eviayvet TV VTODEGY ENUAVTIMOTERYG GLVELGPORAS TWY TEWTWY GTOV KOKAO ToL N.
Koata enoy mov éyvay ot Serypatodndie, Sev yiveTar eQaOroyY] ELTOQUOV ATACUATOY, LE
anotéheopa 1 mepextnOTae oe NHy' tou edapoug va efouprtaton nuplwg ond v
OVOEYAVOTIOLNGY] TOL OEYAVIHOL LAXOL ot T1V SEACTNELOTNTX TwV olWTOSECUELTIHWY
Baxtnplwv, diepyaoteg mov epmiovtilovy pe apyods puipos to dagog ue NH,". Ot oyetind
yapnrot pvbpot NMR, xar 1 déopevon tov N oty edapur punpoflany Bropale, Omwg
LTOBdNAWVETAL ATTO TOLG XEVYTIHOLG PLOPOLE ToL peTtENBNUaY Yl uaToL!K GTpEla, EViayDEL TNV
nopoandvew vrnoleor. Katw and tétoeg ouvnueg, 1o AOA natéyouv toyved mheovéntnpa,
evovtt Twv AOB otov Eleyyo g viteomoinong, AOYO TOL OMYOTEOYHOL TEOTOL AVETTLENC.
Emuniéov 1o amoteréopoata g avaluong Sutdwy, evioybouy v urepoy ] twv AOA. T tig
nodlepyodpeveg extdoetg, wg OTUs wiketdin avadeiyOnue, éva pékog tov yévoug Candidatus
Nitrososphaera 1o omoto cuvdebnuay nuping pe exnpoownoug Twv a-, B-, Y- uat 8-proteobacteria
noL ®VELWS UE ATOVITEOTOMTES TOL eite YEPOLY TO Yovidto nirK, nirS eite/no wépouy 10
yovidto nosZ. To moupamave anotehéopata umoeel va Hewpnbel 0Tt anotehody otoryeia Twg
o Archaea natéyovy évar oNuavtind EOAo atoug udukoug Twv C ot N oty meployy touv
Kowapn. TTepoutépw épevva Opwg mpénet va mpayuxtonombel wote vo peketnfody xat ot
ETMOYLONEG OLUUVUAVOELS TNG WXQOPBLOINNG HOWOTNTAG, WOTE VO ATOCAPNLOTEL 7] eMidEUo
NAAAEQYNTIUWY  TOOXTIUWY, ONWG 7] EPAOUOYY] MTAOPATWY, TOL ennEealovy TNy
dwxbeotpomra Opentinwy not pmopel vo petaBdAel Ta SUVUIXG YXQAUTNOLOTING  TNG

1OWVOTNTOG.

I'x 10 Baotheto twv Fungi npocdiopiotue wovo 1 agbovia tov yovidiaxol tomov 188 RNA
not Boebnune yaunkotepn and avtiy twv 16S yovidiwy twv Bacferia oe Ol o onpeia g
Aendvng amopEomng, avefxETNTwe TS YOOGS Y1S. 2TO HOVIEAD mou dnploveynbnxe yix
TepLyexp] ¢ Standuavang g agboviag Tov TAnbvouod twv Fungi 1o TOC va avadetyOnme
©G 1] Poony| GTATIOTING CNPLAVTIXT] RETXBANTY] %0l GUVOMHUE LTOQOVGE Vo €1 YY|OEL TOAD UXQO
T0600TO ¢ Stanbduaveng e apboviag. XapanmELotind Twv edagponv Tov anxTil{ovy TV
neptoy tov Kothdpr, o6nwg n npocbnun N, ot petwueéveg etopoeg C 010 E8apog nat 7 un
OLYEATYGY TOL, 1] LTEPBOOUNGY, AMOTEAOLY TTaEAYOVTES pelwong ¢ apboviag twy Fung
(Boyle et al.,, 2008; Lopez-Sangil et al., 2011; Wang et al., 2014). H yopnin npocappoym
T0L povtelov ¢ apboviag Twv Fungs, unopel va eivat aTOTEREOUA TOADY TAOXUETOWY, OTWG

ot obvbeteg aAAniemdpaoelc pe v BAdotnoy, neELBAAAOVIINEG TaEGUETOOL TOL Oev
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npoodtoplotuay oty epyaota pog (Zinger et al, 2011), to oyetnd pxEod edpog
Srtoanvpaveng tov pH nabwg nat n obvbeon 1ov SOM (Pereira e Silva et al., 2012). Emniéov
UeAETn yoelaleTot vor YIVEL aVapOQME WE TOV YXEAXTNOOKO g obvbeong nat dopng g
nowottag twv Fungi nar Stepebvnorn g enidpaonsc twv edapumy TUQAUETOWY 1AL TNG

XONOMS YMS 0TV HOWOTNTO.

To étog derypatodndiog, av xat elye oTATIOTHG ONRAVTINY eNidENOY 0T poTiBar TG a- nat
B-mouthOTTHG ™G UEOPBLOXNG %OWOTNTAG, Ol OLUXVUAVOELS TWV OEMTWY oLTWV OEV
TLEOLGLACALY HATIOLL CLYUEXQLIEVT] THOY, Y. HelwoN 1) abEnon oe ayéan ue 10 yovo. [Tibava
oL SLULPLAVOELG XVTEG UTOQEEL VoL VOl XTOTEAECHATA AUAMEQYNTIHOV TOAUTIUWY, OTWS )
EPAQUOYY] MTUCUATWY EITE ATOTEAETUX TWV UALLATINWY SLAXVUAVOEWY, TG BEOYOTTWANG XAt
Oepponpaciag mov mapatnendnrav peta€d twv etwv (Ew. 3.1) cite anotéheopa g
oaMeTidpaong auTwy Twv Tapapetewy. Eivar eniong mbavo, 1 ypovinn mepiodog twv 1oLwmyv
ETOV YLX [l TEQLOYT], OTIOL Bev €yel GV BEL UATOLO LaYLEO YeyovOs Statapaéng ¢ obvbeong
NG XOWVOTNTAG, T.Y(. TVEUAYLH, VO EIVOL LIXOO YQOVIXO SLACTNUX, WOTE VX UATAYQXPOLY TRGELG
uetaBoine e Pomounkomtag. Mehéteg ot omoleg Oa matoypdpovv  TOLG  Seluteg
BLomomAOT™NTOG e TLO WHEO YEOVIXO BHet, OTWG UNVLXLO 7] ETOYLAXO, KAl VIO UEYAADTEQO

YEOVIXO BLAGTNAA EIVAL XTUQAITNTEG VIO TNV XATAYQXPY] TAOEWY TG BLOTOMAOTN TG,

Avopopnd pe v enidpaor] g yenons yns xot tov Baboug tov edapouvg oty ovvbeon nat
SO ™E LEOBLINNS ©OVOTNTAS, Tor XTOTEAETUXTA Twy avalbocwy RE ot LEfSe deiyvouv
Twg ot uEoftanég opadeg Stapopomotovviat e LYNAO Taévopund eninedo, ALTO TV YOAWY,
evioyboviag v Lmobeo?], TWE Ol UIXEOOPYAVIGOL UTOQOLY Vo TAQOLGLXGOLY OUOAOYLXY
ovvoyn anopa xat oe VYNAO Takvouno eminedo (Philippot ef al. 2010). Xtig xadAiepyodueveg
enTAOELS LTTEEELY Y Tot YOA Twv Profeobacteria, Acidobacteria, Bacteroidetes, Elusimicrobia, OD1
noat W83 (Ewe. 3.7), eve yi To QoA OMOCLOTPXTY T QOAX TwvV [ errucomicrobia,
Actinobacteria, Chlotoflexi, Firmicutes, AD3 now Gemmatimonadetes (Ewn. 3.8). Ocov agopa T
anoteléopata g avaivong 1o Babog tov eddgouvg, ta OTUs mov eiyav peyaddtepn
CLVELGYOEE BTNV UATNYOELOTOMEY Yt Tar €Sy amd 0-15cm avipeovy ot @OAa Bacteroidetes,
Aprmatimonadetes, Phycisphaerae avadetyOnmnav Stamnprtd yro 1o eddpn and 0-15cm, ever yror o
edaypn and 15-30cm  avirouvv ota @OAe  Euryarchaeota, Chloroflexi, Gemmarimonadetes,
Nitrospirae now GAL15. EvStapépov napovotalet mwg o1y mepintwor tov Baboug, oo g
Aeyopevng omaviag Broopatpag avadelyOnuay and v avalvon wg dtaxpttd, oe avtibeorn pe
TG XENONS YN, Omov dxpopomoinray pe Bdon nvplxpya @oAx. Av xot dev LTaEYOLY

XOUETX OTOLYELX OYETIUR HE TYV QYUAOYEVETINY] TOWMAOTNTA XL TOV OWOAOYIXO QOO TV
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ondviwy pOAwv (Portillo e @/ 2013), prnopodpe vo vmoléoovpe nwg oe avtifleon pe o
noplapya Boxtnetoaxd QoA TOL YVEILOLHUE OTL ElVal PLAOYEVETING ML AELTOLEYHA TOLXIAX
10U EXTIPOGWTIOL TOLG TOEOVY Vot TOOGAPUOGTOLY TILO ELXOAX GE OlaPOEETING TTEPLBAALOVTA,
Toe Ayotepa apbova édn g pmpoBtanng xowotntag Ot eivar o evaicbntol oe Yuotneg
NUTOATOVNOELS AL GQX [OWG VX UTOQOLY Vo XTOTEAOLY XATOLO «OEUTN» oLTWY TWY
noUTUmOVY|oEWY. TeToteg Yuonég xatanovnoetg O propodoay va eivar ot vdniég Beppoxpasieg
note Ty OStdpreta g Néag, 1 exbeorn oty nhany axtvoBolia, 1 SieBewor, Ta omoin

XTOTEAODY YUQAKTNOLOTING TYG TIEQLOY NG HOG.

Toyveéc alMniemdpdoetg petadd twv pedwv ™me proflaxnys xowottag noEatyeOnray
1000 %ot TV perét) g apboviag Twv xuplapywy PuAwY/xAdoewy xot Baotkelwy, alkd xa
noTd TNV HeAet g oLvbeong g nowvotntac. H avdivon twy Sumtbwv addnienidpacrg edetée
TWG, T LTOCLYOAX TYG XOWOTNTAG TOL SLAPOEOTOLOLY TG YENoES yne xat 1o Pabog,
OLYHQOTOLVTL PE UN-TLYXLO TEOTO %Al Ol XAANAETUOQUCELS TOL AATXYQUPNUAY UTOQEEL VX
LTOSNAWVOLY TNV OTIEEN oY Eoewy oLUBiwong, aAlnieiuptnoewy oe DPenTind LTTOOTEWMATA
elte amAd oL pnEooEyoviopol va xatakapBavouy Tig idteg owobéoelg Ywlg amouEaltnTa Vo
ovuPwvovv (Barberan ez al 2012). Emiong pmopel va dniovovv, oe namoto Babpo,
OLVTQOYIMES GLVEQYXOLEG, 7] VO €YOLV TEOULYEL ATO TNV StaUdUAVET] TwV TEQLBAAOVTIHGY
TUEUUETEWY ot NG Stafectpottag mOEwY, LTOSNAWVOVTAG WG TAEVOUIMA SLUPOETIXOL
UXEO0YOVIGPOL LoLtealovTal ToHEOMOLES OwmoAOYWweES OEaelg, eppavilovTag eite TAEOVXOUO
elte/no opodTor otg Aettovpyleg touvg. H avddvon Swtdwv, extdg amd 1g oyéoelg
oaMnienidpaong, avedetée v LTUEEY UIKEOOPYAVIGUWY «MAELSIE» YL TNV GLYXEOTYOY] TWY
SMTOWY, UVELWG OMYOTOOPINWY OQYAVIOUWY TOL (oW LTOSNAWYEL Tov PLOUO pe Tov omolo

AopBavouy ywea ot Slepyaoleg 08 ALTH TX OXOGVOTY|AATX.

2uvotlovTag T TEOYYOLUEVX:

» Ta amotedéopoto TG TaEOLONG DBAATOEWUNG DTEIRNG, THEEYOLY WULK EXTEVN
TEQLYQOPT] NG SLVAUIMNG TG MIXEOBLIUNG XOWOTNTAG OTNY TEQLOYY] TOL TOTUUOD
Kothapr, Aapufdvovtag vmddr Toug #dELOLE THEAYOVTEG TOL TNV YXEAUTNELLOLY.

» H mpoaypatonoinon petpnoewy nediov npootpepe 11 Suvartdtnrar vor peretnlel v
evEL Yaopo ToEuyOvVTwy xat 1 pebodoroyia mov axolovbnOnre emétpede va
TEOGBLOPIOTOLY Ol %VEIXEYES TAUQUUETOOL TOL  SLLUOEYWYOLY TN BOUY TG
U0 BLanng ®ovoTNToC.

> H ovdloon modamiie mahvdpounone édefe mwg éva TOGOGTO NG YWEIKNG

Stondpovong Twy TANOLoUeV Twv pxpooEyavtapey, and 31% éwg 79% unopoloe va
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e€nynbel and g meptBaAlovTinéc TUEAIETOOLE TOL TEOGBLOPIOAUE GTYV EQYACLOL Lot
o Bontnolad QOAa/¥Adoelg evi Yo Tar AELTovEYWwd yovidta Tou xbxAov tou N 1o
1060670 MNtay anod 40.2 éwg 80%.

Evdiapépov napovotaler 1o yeyovog tng évtadng, oe Ol T LOVTEAX Yoo T
AettovEywd yovidia, evog ex Twv N %ot Twv 8Vo yowdiwy nosZ (clade 1/ clade II -
[Tepartépw épevva ™C XENONG TwY Yovtdiwy auTwy wg Brodeinteg yio ™V TEOBAeYN
™G apboviag g pnpoBanng oot Tag mov eléyyet Tov xduio tov N.

Ot Srupopéc 6Tov TOTO 1ot TV toyL Twv oyéoewy Tov napatnENdnray petald Twv
AELTOLEYMOVY YOWIBIWY PE TG YONONG YNNG, MToEel vo amotelel évdetérn eite yro
O7ULOLEYIA CLYEQYXTINMY CYECEWY UATW XTO OQLOKEVES MEELBUAAOVTINEG GuVON e,
elte yloo peyokhtepn ovvetopopd g xabe ouddag oty avtiotoryyn Stepyxcia TOL
nd¥Aov tou N

To amoteAéopotor TG OGLYMEXQLUEVNS €QYXOING LTOSEMYLOLY Twg Tor Apyaio
NATEYOLY ONUAVTING POAO GTOLG nhKMAoLG Twv C o N ot meptoyn Tov Kothap.
Aev nopatnendnue ndmota GLYEXQIUEVT] TAOT, T.Y. helwon N adénon ota potiBo g
o- ot B-TomAOTNTAG 08 OYECT] Phe TO YEOVO.

H molb naki| mpocappoyn tov povtéhou tou Sloan (R*=0,84)xo 1 Stoomopd twv
ULXQO0QYVIGU®OY O OAY] TNV TEQLOYY LTOOEWVEL TG 7] KxEOPtany] ®OWOTNTa
CLYHQOTEITAL UVELXOY A UATW ATO CTOYACTIESG K0l OLSETEQES OlEQYATIES.

To pH e&nynoe 1 peyakdtepa mocootd g Stanvpavens g agboviag twy
#LEIEY WV BorTNEH®Y UMWY/ HAECEWY %KoL TV AELTOLEYIXAY YOVIBLWY TOL XVOXAOL
tou N %ot elye ™V Lo LoYLEY] GLOYETLOY OTY B-TOAOTNT.

To Sintoo yroe g yonoetg yng nat 1o Babog Setypatolndiog, cuyrpotobvtan pe un-
TUYALO TEOTO %Al Ol AAANAETLSQAOELS UTOQEL Vor LTOSNAWYOLY TNV LTIAEEY TYECEWY
ovpBiwong, aAnieoupoewy oe BEETTIMG LTOGTEWUXTA, GUVTQOYIUEG CLVEQYXGIES
elte amAd oL pxpooEyaviopol va xotadapBavouy Tig ideg owobéoelg ywoelg
XTAEALTNTX VO GLUBLOVOLY.

Mixpoopyoviopol «xAetdia» Yo Ty oLYXEOTNOY TV STHWY avadelynuay rvElwg
OAYTEOPOL 0PYAVIGPOL TOL owG LTOdNAWYVEL Tov ELOUO pe Tov omolo AapuBavouy

YWE Ol BLeEYUGieg O AVTX TA OLMOCLOTNUXTA, TOVAXYIGTOV Y& TNV CUYUEXQLUEVY]

enoy).
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[TopahnAa, TeLEGPoTa #ATW ATO EASYYOUEVES GLVONKES elvat avoryxaior Yo TNV EXTLUNOY] TWV
emSPACEWY TAQAPETOWY TOL GTO TESLO EMUAADTTOVIOL ATO TAQAYOVIEG PE LOYLEOTEQEY
enidpaoy. Tétoww Oa pmopoboav vo civar 1 perétn Tg enidpaong oty obvbeon g

uttoBanyg xovoTttag ot 6Tov ELOUO Twv dtepyactwv Tov Aapavouvy yweo:

v 1wv emoytanmv evalkayoy (nepiodot Enpactag — Booyonthoewmy)

v ylMpatiney oevaploy o apopody Ty meployy (abénon Oeppoxpaciag, éviaon
NULOILWY PAULVOUEVLV)

V' enepfdcewy TOL UOEEL Vo TEOXAAEGOLY EVTOVEG ETUTTAOGELS, OTWG 1] ATOTOUY AAAXYT)
otV YO0 VNG, XATOLX TNYY| EOTVENG 1 7] LroPabuten Tov vepoL apdevomg

V' g Sbeotpdmag Twv Bpentindy otoryeiwv

v g obotaong tov opyavinod C

H yonon twv teyvoloytev aAAAodyLoNg VEXS YEVIAS YL TNV UEAETY] ASLTOLO VUMV XAl SOULWY
TTOYWY TG PEoBlaxng xowotntag, Hu umopodoe va 0dnyNnoel oe oNUAVTIXG KXALTEQY
%AUTOVON G TWY NYVIPV ToL eSOV nat xabopilovy Tig uinEoRLanég xoWOTNTES KL TIG
OLMOCLOTNUIEG AELTOLEYIEG, WOTE Vo UmoEEécovy vo ouvdeboly pe mo apeco teomo. H
oaAAMAoLYLoY  AetToLEYIM®Y  Yovidiwy, 1 OLVOECY] TOLG HE TG TEAYRATHEG EVIDUIXEG
dpxOTNEOTNTEG XL YONOY OLVOLACTINWY —WUIXWY TEOCEYYioewy  (metagenomics,
transcriptomics xat proteomics) Hu umopodoe va cvpPaiet oe peydro Pabpd yro va
TPOGEYYLOTODY HEYQL OTIYUNG AVATAVTYTX EQWTNUXTA. 2TO YYDS LEALOVY, oL TeyVineg auTeg Oa
yivouy TO TEOCRAOLUES, PE TIO TEOOLTEG TLUES XXl OLAYEIQIOIHO OY1O  OSedopévwy.
2uvoualovTag aVTES TIC LOPLANES TROCEYYIOELG UE UETOTOELS BLEQYXOLMOY UL PLCIXOYNILIUWY
TUQAUETOWY LTOQOLUE VO TEOCOLOPICOLUE UE UEYUAT oxELBEld TOLG UNYAVIGUOLS TOL

naBopilovy ™y oLYKELTINY TWY KEOBIAAMY XOWVOTHTWY KAL TIG AELTOVEYIES TNG.
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ITapxptnpota

IMTogaptnpa A (xvtiotorysi ato Kegdiuto 2)

Mivokag Al.l: Edapota (MIN), péyiota (MAX) koav péoor 6por pe v Tomiky
AmOKAMON Y10 TIS TOPUUETPOVS TTOV TPOGOOPIGTNKAY 6T 51 onpeio TG Aekdvng

amoppong Tov Korhdapn.

Soil moisture (%)

pH

EC (nS/cm)

NOs™-N (mg/kg)

NH4* -N (mg/kg)

PNR (mg N/kg*h)
NMR (mg N/kg*d)
TOC (%)

TN (%)

C:N

clay (%)

sand (%)

silt (%)

Urease activity

(mg NH4*-N ¢! soil 2h?)
Phenol oxidase activity
(umol g? soil ht)
Peroxidase activity

(umol g? soil h%)

MIN
3.44
5
323
6.06
3.8
0.002
-0.29
0.72
0.08
7.49
14.36
9.66
16.12
0.001

0.001

0.004

MAX
23.12
8.38
262
156.9
53.6
0.82
2.51
5.18
0.33
22.26
55.98
59.18
57.84
0.63

0.016

0.14

MEAN+SD
11.17£5.23
7.17+1.29
128+9.6
80.274+45.52
11.7849.36
0.17+0.21
0.81+0.7
2.37+1.12
0.18+0.065
12.91+3.35
33.83+13.24
29.08+19.46
37.09+20.51
0.09+0.17

0.007+0.37

0.059+0.78
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IMivoxag ALl.2: Ta edyn ekkKivnTdV Kon Ta Ogppikd tpotoxoire s qPCR mov
xpnoomon)nkav

Target F- Sequence R-primer  Sequence T anneal.
primer (°C)
Total Bacteria! ~ 338F 5 518R 5-ATTACCGCG 53
ACTCCTACGGGA GCTGCTGGT-3'
GGCAGCAG-3'
Total Archaea®> A519F 5-GGGGTTTCTAC  A906R 5-CCCCTCKGSA 50
TGGTGGT-3' AAGCCTTCTTC-
3
Total Fungi?® FR1 5-AICCATTCAATC FF390 5'- 50
GGTAIT-3' CGATAACGAA
CGAGACCT-3
a- 338F 5-ACTCCTACG AIf685 5-TCTACGRAT 60
proteobacteria® GGAGGCAGCAG- TTCACCYCTAC-
3 3
b- 338F 5-ACTCCTACG Bet680 5-TCACTGCTA 60
proteobacteria’ GGAGGCAGCAG- CAC GYG-3
3
Actinobacteria®!  Actino  5-CGCGGCCTA 518R 5-ATT ACCGCG 60
235 TCAGCTTGTTG-3' GCTGCTGG-3'
Acidobacteria®  Acid31 5-GATCCTGGC 518R 5-ATTACCGCG 50
TCAGAATC-3' GCTGCTGG-3'
Bacteroidetes? Cfb319 5-GTACTGAGA 518R 5-ATTACCGCG 60
CACGGACCA-3' GCTGCTGG-3'
Firmicutes! Lgc353  5-GCAGTAGGG 518R 5-ATTACCGCG 60
AATCTTCCG-3' GCTGCTGG-3'

Fierer, N., Jackson, J. A., Vilgalys, R., Jackson, B., & Jackson, R. B. (2005). Assessment of Soil
Microbial Community Structure by Use of Taxon-Specific Quantitative PCR Assays. Appl Environ
Microbiol 71(7): 4117-4120

2Wang, S., Xiao, X., Jiang, L., Peng, X., Zhou, H., Meng, J., & Wang, F. (2009). Diversity and abundance
of ammonia-oxidizing archaea in hydrothermal vent chimneys of the Juan de Fuca Ridge. Appl Environ
Microbiol 75(12): 4216-4220.

3Chemidlin Prévost-Bouré, N., Christen, R., Dequiedt, S., Mougel, C., Lelié¢vre, M., Jolivet, C., Ranjard,
L. (2011). Validation and application of a PCR primer set to quantify fungal communities in the soil
environment by real-time quantitative PCR. PloS One 6(9): e24166.
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IMivoxag A1l.3 Ta d1a@opa €id1 PETAGYNNOTICRAOV TOV £YIVAY OTIS TAPUAPETPOVG.

Variables?

moisture
pH
NOs-N
NH4* -N
PNR
NMR
TOC

TN

C:N

Clay

Sand

Silt

silt + clay
Urease activity
Phenol oxidase
Peroxidase
o-proteobacteria
B-proteobacteria
Acidobacteria
Actinobacteria
Bacteroides
Firmicutes
Archaea

Fungi

Bacteria

Data Transformations

Type

Box-Cox
none
sqrt
Box-Cox
Box-Cox
none
Box-Cox
Log(x+1
)
Box-Cox
sqrt

sqrt
Box-Cox
none
Box-Cox
Box-Cox
Box-Cox
Box-Cox
Box-Cox
Box-Cox
Box-Cox
Box-Cox
Box-Cox
Box-Cox
Box-Cox

Box-Cox

lamda

0.4929

0.0631
0.1747

0.2970

0.0616

0.7084

0.1475
0.1765
0.6205
0.3148
0.2988
0.2785
0.1488
0.2994
-0.06
0.4159
-0.3674
0.355

Initial
Skewness
0.38
-0.57
0.27

3.69

1.82

0.52

0.76

0.12

1.15
0.17
0.38
0.22
-0.38
2.74
0.91
0.23
1.03
1.61
1.49
1.47
1.44
0.78
0.75
2.42
2.50

Initial
Kurtosis
2.47

24

1.82
21.78
6.35
2.72
3.43
2.33

6.7
1.82
2.30
3
2.30
11.3
3.12
2.25
3.74
7.39
5.30
6.03
4.52
3.77
9.029
3.13
9.81

Corrected
Skewness
-0.05

-0.581
0.156
-0.03

-0.015
0.023

-0.006
-0.055
0.0065
0.0089

0.0303
-0.018
-0.17
-0.014
0.019
-0.0055
-0.013
0.0097
-0.019
0.016
-0.038
0.085

Corrected
Kurtosis
2.29

0.27
4.54
2.47

2.69
221

4.55
1.89
2.07
3.09

3.53
2.46
2.09
2.78
3.44
2.85
3.26
2.35
2.82
2.87
2.48
212

AIll data were transformed according to skewness and kurtosis measures, to satisfy normality

assumption. The normal probability distribution skewness and kurtosis values are zero and three,

respectively.

2Units: for physical, chemical and biochemical parameters are the same as in the Table S1. Microbial

taxa are expressed in gene copies per g soil d.w.
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Iivoxog Al.4: O evviehesTtéc suoyéTiong Pearson () ko i onuavtikétnté Tovg.
Variab Z moi pH NOs- NHs PNR NMR TOC TN C:N a- B-  Acid Actin Bacte Firm Arc Fun Bact F:B clay sand silt  siltt U PhO  Per

Ieszv3_~4 N -N prot  prot h clay
mol ns
pH 038 0.49
*%* *kk

NOs-N  -0.59 ns ns

*k*k

NH, -N ns ns - 0.23
0.37 *
**
PNR ns ns 0.32  0.29 ns
* *
NMR ns ns ns ns ns ns
TOC 0.36 0.57 ns ns 0.28 ns ns
*x *kk *
TN 0.36 0.52 ns ns ns 0.37 ns 0.91
** *kk ** *k*k
C:N ns 0.35 ns ns ns ns 0.40 0.64 ns
* *x *kk
o-prot ns 0.57 051 ns ns ns 0.32 055 037 059
*kk *k*k * *k*k ** *k*k
p-prot 034 052 0.29 ns ns ns ns 052 048 035 0.72
* *kk * *kk *kk * *kk
Acid 0.50 0.40 ns -0.36 ns ns ns 0.62 056 041 0.65 0.59
*k*k *%* *%* *k*k *k*k **% *k*k *k*k
Actin 0.47 057 0.35 -0.33 ns ns ns 0.68 054 058 086 075 0.79
*kk *kk * * *kk *kk *kk *kk *kk *kk
Bacte 0.39 0.56 0.39 ns ns ns 0.29 0.69 054 061 088 082 0.76 0.96
*%* *kk *%* * *k*k *k*k *k*k *k*k *k*k *k*k *k*k
Firm 0.34 047 0.35 ns ns ns 0.28 0.54 038 055 086 0.77 0.65 0.86 0.88
* *kk ** * *kk **k *kk *kk *kk *kk *kk *kk
Arch ns 0.57 0.49 ns ns ns 0.31 0.6 047 053 083 067 0.73 0.88 0.88 0.79
*k*k *k*k * *k*k *kk *k*k *kk *kk *kk *k*k *k*k *kk
Fun ns ns - ns 0.29 ns ns 0.43 032 040 030 028 052 0343 0.39 0.30 0.33
029 * *%x * *%x * * *k*k * ** * *
*
Bact 0.30 0.60 0.50 ns ns ns 0.35 0.63 046 059 084 0.65 0.68 0.89 0.87 0.78 0.85 ns
* *k*k *k*k *% *k*k *kk *k*k *kk *kk *kk *k*k *k*k *kk *kk
F:B ns - - ns 0.30 ns ns ns ns ns -0.38 - ns -0.38 -0.33 -0.36 - 0.65 -0.59
0.51  0.61 * ol 0.28 *x * ol 0.37  *** Fkx
*kk *k*k * *%
clay 0.45 0.50 ns ns ns ns ns 0.67 0.69 ns 034 035 041 0.56 0.50 0.37 0.33 ns 0.44 ns
*k*k *kk *xk *k*k * * *%x *kk *kk *%x * *%x
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sand

silt

silt+cla
y

PhO

PO

L.U.

-0.57

*k*k

ns

0.52

*k*k

0.32

-0.30

ns

0.74

*k*k

0.61
Kk

ns

0.61

*k%k

0.42

0.36

**%

ns

ns

ns

ns

ns

ns

0.62

*k*k

ns

ns

0.30
*

ns

ns

ns

0.32

0.29

-0.46

*k*k

ns

-0.30
*

ns

ns

ns

ns

ns

ns

ns

ns

ns

0.33

ns

-0.29
*

ns

ns

ns

ns

0.29

*

ns

ns

-0.61

*k*k

ns

0.59

*k*k

0.74

*k*

0.29

ns

0.31
*

ISignificance: ns: not significant; *: p<0.05; **: p<0.01; ***: p<0.001
Data were prior subjected to transformation (see Table S2) in order to satisfy assumption of normal distribution.
3Abbreviations : Z: elevation; moi: soil moisture; PNR: potential nitrification rate; NMR: nitrogen mineralization rate; TOC: total organic carbon; TN: total nitrogen; C:N: carbon to nitrogen ratio; a-prot: a-

proteobacteria; b-prot: B-proteobacteria; Acid: Acidobacteria; Actin: Actinobacteria; Bacte: Bacteroidetes; Firm: Firmicutes; Arch: Archaea; Fun: Fungi; Bact: Bacteria; F:B: Fungi to Bacteria ratio; U:
Urease; PhO: Phenol oxidase; PO: Peroxidase.
4Units: as in Tables S1 and S2.

-0.61

*k*k

ns

0.60

*k*k

0.75

*kk

ns

ns

ns

ns

ns

ns

0.27

ns

ns

ns

-04

**

ns

0.40

**

0.43

ns

ns

ns

0.46
Hkk

ns

0.46

*k*k

0.35

ns

ns

ns

-0.47

*k*k

ns

0.48

*k*k

0.54

*kk

ns

ns

0.46

*k*k

-0.63

*k*k

ns

0.62

*k*k

0.57

*k*

ns

ns

0.42

**

-0.56

*k*k

ns

0.56

*k*k

0.54

*k*

ns

ns

0.34
*

-0.48

*kk

ns

0.48

*kk

0.42

ns

ns

0.28
*

0.51
KKk

0.29
*

0.50

*kk

0.51

*kk

0.31

ns

ns

ns

ns

ns

ns

ns

ns

0.34
*

-0.57

*kk

ns

0.56

*kk

0.59

*kk

0.38

*%

ns

0.30
*

0.3

ns

ns

0.77
KAk

ns

0.77

*kk

0.61

KKk

ns

0.35
*

0.33
*

0.45

*k*

0.99

*k*k

0.59
*kk

ns

ns

0.48

*k*k

0.48

*kk

ns

0.31

ns

ns

0.60

*k*

ns

ns

0.46

*k*k

0.29

ns

0.33
*
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ns
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IMivoxag A1.5: Partitioning of the variation of each microbial domain/phylum in the most important explanatory variables after including microbial groups into the

models.

a_
proteobacteria

p_
proteobacteria
Actinobacteria

Acidobacteria

Bacteroidetes

Firmicutes

Total Archaea

Total Fungi

Total Bacteria

IN: number of explanatory variables in the final model

Overall model

N ANOV

' A(Fp)

6 58.36
**k*x

1 99.32
*kk

3 286.03
*kk

4 297
**k*x

2 375
**k*x

2 105.66
*kk

2 101.45
*kk

2 1057
*k*k

2 12435
*k*k

explained
var® (%)

87.09

66.5

94.37

69.24

93.62

80.32

79.75

36.01

82.87

Proportion of the total variance unique explanation by each predictor (%)

pH
(5.82) ***

Bacteroidetes
(100) *kk
Bacteroidetes
(8.22) ***

TOC
(4.29) *

Actinobacteria
(29.14) ***

Bacteroidetes
(9.16) ***

Actinobacteria
(70.2) ***

Bacteroidetes
(15.07) *

Actinobacteria
(70.25) ***

2ZANOVA tests the goodness of fit of the model and its significance

3Total explained variance from the overall model calculated by adjusting R? values, in order to obtain unbiased estimates (Peres-Neto et al., 2006).
Bonferroni —correction was applied to p values to maintain the family-wise error level in multiple testing.
Abbreviations: TOC: total organic carbon; Sp. Dist.: spatial distance vector

Firmicutes
(5.07) ***

o-

proteobacteria.

(1.22) **
NOs_N
(9.43) **

B_
proteobacteria
(2.16) ***

a-
proteobacteria
(3.46) **
pH(4.75)

**

TOC
(30.2)
**

pH(4.73)
*%

Actinobacter

Co-variation

(%)

80.65

87.79

60.31

68.7

87.38

25.05

25.05

25.02

Unexplained
(%)
11.4

33.6

5.3

28.3

6.1

4.3

19.5

19.5

16.5
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IMivokog Al.6: TuykeTpoTIKG To omoteléopoto TS avarlvens ANOVA Yo Tig mapopéTpovs g
XPNONGS YNGS KoL TOL VYouéTpov. O xpNGELS YNNG OpadoTonOnKay o€ KaAMEPYOONUEVEG EKTACELS KL
PVOoIKA owkocvoTpraTd. EVE TO vyopeTpo og tpeig katnyopies, <200 m, 201 to 400 m, kon > 400

m.

a-Proteobacteria

B-Proteobacteria

Acidobacteria

Actinobacteria

Bacteroidetes

Firmicutes

Total Archaea

Total Fungi

Total Bacteria

Fungi to Bacteria

ratio

Land Use
ANOVA (F, p)

ns

ns

13.029***
higher at
ecosystem
9.907**
higher at
ecosystem
6.43**
higher at
ecosystem
5.105*
higher at
ecosystem
ns

natural

natural

natural

natural

ns

ns

ns

Levene's Test

passed

passed

passed

passed

passed

passed

passed

passed

passed

passed

Elevation (m)
ANOVA (F, p)

ns

5.463**
higher at >400 m

5.137**
higher at >400 m

5.211**
higher at >400 m

5.138**
higher at >400 m

4.826*
higher at >400 m

5.169**
higher at >400 m

ns
3.376*
higher at >400 m

3.76*
higher at 201-400
than from 0-200

Levene's Test

passed

passed

passed

passed

passed

passed

passed

passed

passed

passed
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Mivakag ALl.7: Ta 6TATIOTIKG PETPA TOV YPNOCLUOTOUIONKAY VL0, TNV GVYKPLGT] TOV APUYNOTIKOV KOl EKTIHONEVOV
TIHAV TOV pedddmv Kriging, onmg o ocuvrehestiig sveyétieng R, to Root Mean Square Error (RMSE), o Mean
Relative Error (MRE) kot 1 av@ivon ANOVA.

Ordinary Kriging

a-proteo.
p-proteo.

Acidobac

Actinoba
c
Bacteroid

Firmicute
S
Archaea

Fungi
Bacteria

F:B

R

0.45

0.42

0.50

0.60

0.55

0.53

0.51

0.15
0.60

0.58

R2
0.20
0.18

0.25

0.36
0.30
0.29
0.26

0.02
0.36

0.34

R2Adj
0.18
0.16

0.23

0.35
0.29
0.27
0.24

0.00
0.34

0.32

RMSE
(SD)

9.90 10°
6.28 10°

472 108

3.82107
1.06 108
1.21 107
4.12 107

1.24 108
4.1910°

0.0031

MRE
(%)

3335
28.72

36.76

29.89
28.40
30.44
21.30

30.52
22.67

32.46

ANOVA

(F, p)
11.42

**

10.05

**

15.34

*k*

26.32

*kk

20.02

**kk

18.39

*k*

16.01

**kk

NS
25.46

*k*%k

23.28

*k*

Co-Kriging

R R?

0.56 0.31
050 0.25
0.68  0.47
0.76  0.58
0.66 0.43
0.55 0.30
0.67 0.44
0.20 0.04
0.71  0.50
0.68 0.46

R2agj
0.30
0.23

0.45

0.58
0.42
0.29
0.43

0.02
0.49

0.45

RMSE
(SD)

1.04 10
6.50 10°

8.32 108

3.09 107
1.01 108
1.22 107
4.02 107

1.41 108
3.9310°

0.0032

MRE
(%)

27.84
25.88

35.83

21.67
23.50
29.56
16.50

32.66
17.91

24.83
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ANOVA

(F, p)
20.99

**k*

15.18

*k*k

40.05

**k*

60.75

*k*k

35.28

*k*

19.95

*k*k

36.66

*k*

NS
46.12

*k*%

39.83

*k*k



Ewova Al. 1 Xdpteg xatavopune g aploviag twv A) B-Proteobacterial nou (b) Firmicute 16S tRNA
oy meptoyt) tov Kothigpn CZO Snpovpyndnray pe v pebodo tov co-kriging. H yowpatiny

yMpooar oTor apLoTeEd avarpépeton ot Ttués apboviag (gene copies no/g soil d.w.).

Value
e

5.18 ' f
o W

Ewova Al. 2 Xdpteg tov A) pH nou B) TOC oty meproyn tov Kothigpny CZO. H yowpotiny

0051 2

4
Kilometers

MoK OTOL LOLOTEQR AVULPEQETOL OTIG TLUES TWV METABANTGY
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Ewova Al. 3 Xdpteg opdipoatog meofiedrnc xatavopys g aploviag twv Baoctieiwy oty meployy
tov Kotldpn CZO. A) Bacterial 16S tRNA, B) Archaeal 16S rRNA, C) Fungal 18S tRNA xat D)

o Moyog Fungi:Bacteria
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Ewova Al. 4 Xdpteg opdhpotog meoPiednc natavopys g apboviag twv Poaotieiny oty meployi
wov Kotuapn CZO. A) o-Proteobacterial 16S rRNA, B) Actinobacterial 16S rRNA, C)

Acidobacterial 16S tRNA xot D) Bacteroidetes 16S rRNA. H yowpoatiny xhipoxa oto aptotepd

avapepetat oTig Ttpég alboviag (gene copies no/g soil d.w.).
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Ewova Al. 5 Xdpteg opdhpatog neofiedns xatavopys g aploviag twv Poactielwy oty meployy
tou Kothgpn CZO. A) B-Proteobacterial 16S rRNA o B) Firmicutes 16S tRNA. H yowpotinn

yMpoo oo aELoTeEd avarpepeta ot Ttpeg apboviag (gene copies no/g soil d.w.).

0051 2 3 4
O Kilometers

Ewova Al. 6 Xapteg opaipotog npdBredne tov noapauetowy A) pH xoa B) TOC. H yowpotiny

MoK T XQLOTEQR AVULPEQETAL OTIG TLUEG TWV TXOAUETOWV.
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IMapaptnpa B (xvticoryet oto Kegaruto 4)

(@)

AOA / AOB nirS / nirk nosZ clade | / (nirS+nirK)(nosZ I+nosZ ll) / (nirS+nirK)
. 0.4-
50- 3-
150 -
40-
0.3-
. 2-
100- x
30-
I 0.2-
20-
50 - 1-
10-
0.1-
. . 0- . 0- ]
(b) . .
nifH / 16S AOA /16S AOB / 16S o, NirS/16S
. : 0.20% - . 0:3% :
. 60% -
0.02% - s . 0.2% -
40% -
0.10% -
L ]
o/ -
0.01% - 20%:7 % 0.05% - ﬁ e
. 0% - . 0.00% - , 0.0% - i
nirK / 16S nosZ clade | / 16S nosZ clade Il / 16S
3 0.100% - . U
0.075% - 0.6% -
0.075% -
s
0.050% - .
’ I 0.050% - 0.4%

0.025% - ; 0.025% - % 0.2% - 1
[
0.000% - 0.000% - 0.0% -

Ewova B. 1 (2) Awvpavoec Stapdpwy Adywv twv Aettovpydy yovidinwy xat (b) Stoaxvpdvoetg g
oyetnng apboviag Twy yovidinwy, Enpeaciéves we TocooTd (avtiyoupa yovdiwy npog olxa Archaea
16S 7 ohxd Bacteria 16S. To ndve nat xdtw 00to, avitnpoownedet to 25% nat 75% tetaptipnopte, 1
UEDY] YOI TNV SIGUETO TIUY], T& duEx TwY YORKoOV Ti¢ axpaies Ttues (10% & 90%), evw ot teleleg

ovpBoAilouvy Tiuég oL BewEOobVTAL EXTOG TNG UATAVOUTC TwV LTOAOITWG TRV (outliers).

136



Iivakag B1: O Tipég Tov ovvrehest| suoyéTiong Pearson (r) kot 1 onpavrikéTnta Tovg!

Variables®3#4

Z

Urease activity
TOC

TN

Silt

Sand

PNR

Phenol oxidase activity
pH

Peroxidase activity
NOs-N

NMR

NH4 -N

Soil moist
B-glucosaminidase
activity

EC

C:N

Clay

AOCA

0.27 ns
0.42**
0.43**
0.33*
0.14 ns
-0.48***
0.33*
0.24 ns
0.60***
0.09 ns
-0.29*
0.19ns
-0.35*
0.69***
-0.29*

0.32*
0.33*
0.39**

AOB

-0.02 ns
0.39**
0.43**
0.48***
-0.15ns
-0.28*
0.45**
0.28*
0.38**
0.02 ns
0.06 ns
0.10 ns
-0.03 ns
0.32*
-0.06 ns

0.47%**
0.16 ns
0.40**

nifH

0.00 ns
0.42**
0.36**
0.28 ns
0.20 ns
-0.34*
0.30*
0.36**
0.64***
0.09 ns
-0.03 ns
0.30*
-0.26 ns
0.51***
-0.35*

0.41**
0.31*
0.26 ns

nirk

-0.28*

0.22 ns
0.31*

0.24 ns
0.18 ns
-0.21 ns
0.59***
0.50***
0.83***
0.18 ns
0.12 ns
0.28*

-0.30*

0.58***
-0.42**

0.64***
0.23 ns
0.13 ns

ISignificance: ns: not significant; *: p<0.05; **: p<0.01; ***: p<0.001

nirS

0.22 ns
0.50***
0.58***
0.46***
0.19 ns
-0.47***
0.27 ns
0.25 ns
0.50***
-0.06 ns
-0.14 ns
0.28*
-0.10 ns
0.58***
-0.08 ns

0.39**
0.48***
0.38**

nosZ clade | nosZ clade

0.03 ns
0.46***
0.53***
0.39**
0.20 ns
-0.40**
0.45**
0.37**
0.68***
0.01 ns
-0.07 ns
0.34*
-0.17 ns
0.61***
-0.25ns

0.53***
0.48***
0.30*

I
-0.58***
0.12 ns
0.09 ns
0.04 ns
0.06 ns
0.13 ns
0.55%**
0.55***
0.73%**
0.25 ns
0.41**
0.36*
-0.16 ns
0.32*
'0.48***

0.58***
0.14 ns
-0.13 ns

2Data were prior subjected to transformation (see Table S2) in order to satisfy assumption of normal distribution.

3Abbreviations : Z: elevation; TOC: total organic carbon; TN: total nitrogen; PNR: potential nitrification rate; NMR:

nitrogen mineralization rate; EC: electrical conductivity; C:N: carbon to nitrogen ratio;
4Units: as in Tables S1 and S2.
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Ewova B. 2 Awyodppoto Steonogag petafd e agloviag twv yowdivy (a) amoA v AOA vs
amoA twv AOB; (b) nosZ clade II vs amoA twv AOB; (c) amoA twv AOB vs nirS; (d) amoA twv
AOB vs nirKj (e) nosZ clade I vs amoA twv AOB. Aev napatnonOnme otatioting onpavtiny oyéon

UETAED TV YovLSiwv.

138



3e+06 (2)
g
= =04
@ 2e+06
Q.
O
[*]
[}
{3
S
T 1e+06
S
<

0e+00

0e+00 5e+06 1e+07

amoA gene copies of AOB (no)

(©)

6e+07
;=058 =

4e+07

2e+07

nosZ clade Il gene copies (no)

0e+00
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(b)

7.5e+06
5.0e+06

2.5e+06

nosZ clade | gene copies (no)

0.0e+00

0e+00

3e+06 ((l)

2e+06

1e+06

nifH gene copies (no)

0e+00

0.0e+00

A

EEoieE
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4e+07

=048

2.5e+06 5.0
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Natural land

Euwtova B. 3 Awrypappato Sleomoedg 1ot 1 TQOCUQUOYT] OVTELOD YOOUIATIC TUAYOQOWLONG UETaED

™ apboviag Stapdowy yovdiwy tov ndxAov tov N. H oyéoeg Swwpoponombnuay avipeoa otig

YONOELC YNNG (HUAMEQYOVIEVES EXTATELG VS uOtnd otrocuotnpata). (a) nifH vs amoA twv AOB genes

abundance; (b) nosZ clade I vs nirS genes abundance; (c) nosZ clade II genes vs nifH genes

abundance; (d) nifH vs nirK.
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Iivoxac B2. Partitioning of the variation of each microbial guild in the most important explanatory variables.

nifH

amoA of
AOA

amoA of
AOB
nirS
nirK

nosZ clade 1

nosZ clade 11

IN: number of explanatory variables in the final model

Overall model

N
1

7

F

52.85

skeskosk

29.26

skeskosk

15.27

skeskosk

121.1

sk

68.81

sk

156

kokok

54.73

kokok

explaine

d var2

(%)

76.05

85.22

46.64

83.06

90.64

92.68

88.47

Proportion of the total variance unique explanation by each predictor (%)

nosZ clade 1
(44.52) ***
nirkK
(10.45) ***
nosZ clade I1
(38.85) ***
nosZ clade 1
(99.99) ***
nosZ clade 1
(3.42) ***
nirS

(7.87) ***
V4
(19.32)***

nosZ clade I1
(6.32) **
nosZ clade 1
(10.2) ***
clay

(39.91) ***
Sp. Dist pcnm
(4.97) **
nosZ clade 11
(6.51) ***
nirkK

(6.06) ***
nirK

(7.52) ***

PNR

(3.51) *
Urease
(2.96) **

Sp. Dist pcnm
(16.29) **

amoA of AOA
(1.9) **

nifH

(1.406) **

nifH

(1.67) *

silt %
(3.35) **

Urease
(1.76) **
C:N

(1.07) *
amoA AOB
(1.54) *

B-glucosaminidase

(2.51) **

pH

(1.21) *

Sp. Dist pcnm
(8.05) **

Perox

(2.24) *

Sp. Dist pcnm
(3.16) *

nirS

(1.61) *

2Total explained variance from the overall model calculated by adjusting R? values, in order to obtain unbiased estimates (Peres-Neto et al., 2006).
The percentage of the total variation that is being uniquely explained by each predictor after removing any correlation with other predictors.
Bonferroni —correction was applied to p values to maintain the family-wise error level in multiple testing.

Sp. Dist pcnm
(12.04) ***

Co-

variati

on (%)

45.66

54.71

4.95

-4.97

82.05

83.53

61.92
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23.95

14.78

53.36

16.94

9.36

7.32

11.53



IMivakog B3: Semi-variogram modeling parameters and results from statistical measures that employed

to compare the measured and estimated values of the cross-validation procedure of the CoK method.

Semi-variogram modelling

Model

type
nifH Gaussian
AOA Matern
AOB Matern
nirS Matern
nirK Matern

nosZ clade 1 Matern
nosZ clade II  Matern

Nugget
(Co)

322805
91685
223
520003
437
25006
8766

Sill
(Co+C)

547328
547763
946
2719903
881
559821
37625

Range
(m)

579
3000
188
6221
1026
879
831

Model fit
[C/(Co+0O)]

0.41
0.83
0.76
0.81
0.50
0.96
0.77

Co-Kriging
Cross-
variogram
Model type
Matern
Gaussian
Matern
Matern
Matern
Matern

Matern

Pearson r

0.62
0.51
0.57
0.62
0.50
0.56
0.77

R2agj

0.37
0.24
0.31
0.37
0.23
0.30
0.58
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Mivaxag B4: Minimum (MIN), maximum (MAX) and average values with standard
deviation for the measured soil physical, chemical and biochemical parameters from

51 sampling points across the Koiliaris watershed

MIN MAX MEAN=+SD
Soil moisture (%) 3.44 23.12 11.17£5.23
pH 5 8.38 7.17£1.29
EC (nS/cm) 323 262 12849.6
NO3s-N (mg/kg) 6.06 156.9 80.27+45.52
NH4* -N (mg/kg) 3.18 53.6 11.78+9.36
PNR (mg N/kg*h) 0.0002 2.94 0.63+0.7
NMR (mg N/kg*d) -0.29 2.51 0.81+0.7
TOC (%) 0.72 5.18 2.37+1.12
TN (%) 0.08 0.33 0.18+0.065
C:N 7.49 22.26 12.91+£3.35
clay (%) 14.36 55.98 33.83+13.24
sand (%) 9.66 59.18 29.08+19.46
silt (%) 16.12 57.84 37.09+20.51
Urease activity 0.001 0.63 0.09+0.17
(mg NH4*-N ¢! soil 2h?)
Phenol oxidase activity 0.001 0.016 0.007+0.37
(umol g? soil h'1)
Peroxidase activity 0.004 0.14 0.059+0.78
(umol g? soil h?)
B-glucosaminidase activity 0.049 4.18 1.412+0.14

(ng g* soilh)
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Mivexag B5: Primer pairs and amplification conditions for qPCR assays performed

Target gene Primers T anneal. (°C) Data coll. (°C) Eff. (%)
nifH nifHE/NifHRY 60 84.5 89
amoA of AOA Arch-amoAF/Arch-amoAR? 553 81 92
amoA of AOB amoA-1F/amoA-2R* 57.5° 84 87
nirS nirSCd3aF/nirSR3cd® 60° 84 88
nirK nirk876/nirk1040° 60° 87.5 96
nosZ clade | nosZ2F/nosZ2R’ 60° 82.5 88
nosZ clade 11 nosZ-l1-F/nosZ-11-R® 54 80 72

'Résch, C., Mergel, A., & Bothe, H. (2002). Biodiversity of denitrifying and dinitrogen-fixing bacteria in an acid forest soil.
Appl Environ Microbiol, 68(8), 3818-3829.

2Francis, C. a, Roberts, K. J., Beman, J. M., Santoro, A. E., & Oakley, B. B. (2005). Ubiquity and diversity of ammonia-
oxidizing archaea in water columns and sediments of the ocean. Proc Natl Acad Sci USA 102(41), 14683-8.
3Paranychianakis, N. V, Tsiknia, M., Giannakis, G., Nikolaidis, N. P., & Kalogerakis, N. (2013). Nitrogen cycling and
relationships between ammonia oxidizers and denitrifiers in a clay-loam soil. Appl Microbiol Biotechnol 97(12), 5507-5515.
‘Rotthauwe, J., Witzel, K., & Liesack, W. (1997). The ammonia monooxygenase structural gene amoA as a functional
marker: molecular fine-scale analysis of natural ammonia-oxidizing populations. Appl Environ Microbiol, 63(12), 4704—
4712,

SThrobick, I. N., Enwall, K., Jarvis, A., & Hallin, S. (2004). Reassessing PCR primers targeting nirS, nirK and nosZ genes
for community surveys of denitrifying bacteria with DGGE. FEMS Microbiol Ecol, 49(3), 401-17.

SHenry, S., Baudoin, E., Lépez-Gutiérrez, J. C., Martin-Laurent, F., Brauman, A., & Philippot, L. (2004). Quantification
of denitrifying bacteria in soils by nirK gene targeted real-time PCR. J Microbiol Meth, 59(3), 327-35.

"Henry, S., Bru, D., Stres, B., Hallet, S., & Philippot, L. (2006). Quantitative detection of the nosZ gene, encoding nitrous
oxide reductase, and comparison of the abundances of 16S rRNA, narG, nirK, and nosZ genes in soils. Appl Environ
Microbiol, 72(8), 5181-9.

8Jones, C. M., Graf, D. R. H., Bru, D., Philippot, L., & Hallin, S. (2013). The unaccounted yet abundant nitrous oxide-
reducing microbial community: a potential nitrous oxide sink. ISME J 7(2), 417-26.
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I[Tivaxag B6 Transformation types applied to the variables. All data were transformed according to
skewness and kurtosis measures, to satisfy normality assumption. The normal probability distribution
skewness and kurtosis values are zero and three, respectively.

Data Transformations

Variable Type lamda Initial Initial Corrected Corrected
Skewness Kurtosis Skewness Kurtosis
moisture Box-Cox  0.493 0.38 247 -0.05 2.29
pH none -0.57 24
EC Box-Cox  0.31 0.29 1.77 -0.032 2.12
NOsz-N sqrt 0.27 1.82 -0.581 0.27
NH.* -N Box-Cox  0.0631 3.69 21.78 0.156 4.54
PNR Log(x+1) 1.82 6.35 -0.03 2.47
NMR none 0.52 2.72
TOC Box-Cox  0.2970  0.76 343 -0.015 2.69
TN Log(x+1) 0.12 2.33 0.023 2.21
C:N Box-Cox  0.0616 @ 1.15 6.7 -0.006 4.55
Clay sqrt 0.17 1.82 -0.055 1.89
Sand sqrt 0.38 2.30 0.0065 2.07
Silt Box-Cox  0.7084 0.22 3 0.0089 3.09
Urease activity Box-Cox  0.1475 274 11.3 0.0303 3.53
Phenol oxidase Box-Cox  0.1765 0.91 3.12 -0.018 2.46
Peroxidase Box-Cox  0.6205 0.23 2.25 -0.17 2.09
B-glucosaminidase Box-Cox  0.422 1.05 3.87 0.012 2.85
Functional genes
nifH Box-Cox  0.519 1.25 5.14 0.0215 3.25
AOA Box-Cox  0.384 0.7516 2.5457 -0.3281 2.1677
AOB Box-Cox  0.228 2.2185 9.4175 -0.0259 2.659
nirS Box-Cox  0.469 1.6118 6.8193 0.0473 3.4661
nirk Box-Cox | 0.242 2.5022 9.3038 0.0767 3.7275
nosZ_cladel Box-Cox  0.473 1.0846 4.4866 -0.0249 3.0223
nosZ_cladell Box-Cox  0.329 1.38 4.29 -0.014 3.032

Units: for physical, chemical and biochemical parameters the same as in the Table S1. Functional genes

are expressed as gene copy no/gr soil d.w.
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IMupaptnpa I' — Zdvody oTaTIoTIHN®Y %0 YEWOTATIOTINDY

avaAdGEwY Yoo T uepadate 2 & 4

LTUTIOTINEG AVAADGELG

Apymd Oheg ot petafAntée, extog tov pH petaoynpatioTnay pe 1ELITNEO T HETEX TG
aovppetplag (skewness) xat 10pTwog (kurtosis) Twv *ATAVOPGOV TOLG, WOTE VA TEOGEYYLGOLY
TG THES TNG navoviung natavopns. ‘Omwg mapovotdletar xar oty Ewmova 'l tipécg
XOLUUETOING XOVTR GTO U1)OEV %ol UDETWONG XOVIX GTO TELX TEOGEYYLLOLY TNV XAVOVIXY|

AALTOUVOWUY].

Skewness Eurtosis
+ve =3
platyloartic
ZETO tnesoloatic
=Ve
=3
lebtokorti

Ewova I'. 1 Toapun anetnovion Twv xatavopev xu0ng petaBdAloviot ot TIHES TG KODUPIETOING

xout ™G x0ETwong. IInyn: http://www.vosesoftware.com/

Itoc Ohoe pinpoBroma T 1ot Tar AELTOLEYUR YOVISLX EQUOUOCTNUE O UETAOYNUXTIOUOS Box-
Cox pe ™y yonon alyopibuov mov avantvybnue oty mhatpdopa Matlab (Varouchakis et
al. 2012). Ot oyéong petald twv meptBoAloviinmy HETENoEWY Xat Twy xEOBLanwyV Tawy
TEOGBLOPIOTNUAY € TOV OCLVIEAEOTY] YOAUWUNG ovoyétone Pearson. Ymdpyouvv tpeig
ouvteleotég ovoyenong, o Pearson, o Spearman xat o Kendall, n yonon twv onolwy

efaptatot amo Tar dedopeva, OTwG meptyedpetal and ™V Ewove IN.2.
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Making a Decision of the Correlation Methods

—‘ Data Type |

Categorical dats

Continucus dats

Normally distributed ‘
Mo \

—
Nonparametric methods Yoz
Orthers Ordinal variables

Spearman’s rank Kendalls @u Pearson r
order Correlation Correlation Correlation

Ewova I'. 2 Bypoata emhoyng ovvieheoty) ovoyétiong. IInyn: http://www.originlab.com

O¢hovtag va GLUTEQIAMEBOVUE TNV TAEAUETOO TYG Y WELKYG XVTOCLOYETLONG OTIG AveEXOTYTES
uetaBANTES pog 7 nebodog TG avEALGYG XLELWY GUVTETAYHUEVLY YELTOVIM®Y GYULELWY OE LOQYT|
nivara (Principal Coordinate of a Neighbor Matrix; PCNM) (Borcard & Legendre 2002)
EPUAQUOCTNUE OTIC YEWYQXPIMEG OLVIETAYUEVEG TWV ONpuelwy OSerypatodndlag, yoo Tnv
SNULOVEYIA YWEIHMY SLAVUCUATWY, OTWG AVAPEQETE Xal oTny epyxota Twv Bru et al. (2011).
Méow avtg g pebodov umopodue Vo UATAOAELACOLUE  YWEWME  LOLOSLAVLOUAT
(eigenvectors) uoL GTV CLUVEYELX VO YQVOLLOTOL|GOVIE XLTE TOL ATOTEAOLYTAL ATt BeTinég
Brotpée (eigenvalues), wg avefaptneg ywEwes UeTaANTéC o SLAPOEES UN- 7] TOAD-
TUEUUETOINES AVaALGELS. To 13LOSIVOGATR TTOL BNPULOLEYOVVTAL AVTITPOCWTEDOLY BLAPOPES
NMUONES YWOITC AVTOCLGYETIONG OTIC OTOlEG OUXOOTOLOLVTAL TX GYHEld PoG, AOYW TNG

ueTaéd TOLG eLUAELSELAC ATOOTAONG, avelapTnTa and Tig TeptBarlovtneg petonoetg (Bu. I'3).
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Spatial framework: mmppe-  Truncated matrix Of g Principal s 67 positive eigenvectors

Unidimensional transect euclidean distances Coordinates (spatial templates)
100 equidistant points 1444 Analysis
1444
1444
ey (444 PCNM1 o
0 500 1000 1500 2000 2500
Distance (m) "0 500 10 1500 2000 2500
PCNME7 oo

Y, e

0 500 1000 1500 2000 2500
Distance (m)
PCNM vector selection w=ssm- Global spatial model = Partition =  Spatial submodels
for a response variable 16 PCNM vectors P<0.05 into scales predicted values
(multiple regression) R*=0.68
e PCNM4 3+
PCNM? | Patch sze
i Fétann (—» Broad AN
PCNMA Number of birds per plot (log) (b R'=0.43 04
$1— A PCNM14 !
what ot hw i PCNMIS ) S, .
LAYA " ft M b | “ Wl | V PONM21 5
| WU Uy Wl | . Paich siza
% I ' N AT pom24 , TN
0 500 1000 1500 2000 2500 ponze |, Intermediate R TATA RS A
PQNM‘«i R’=0.23 |
PCNM67 Distance (m) Pea? ' < >anas- aas-2aas”asas-Rars
penmso > Fine _ Patch size

Distance (m)

Ewova I'. 3 Zynpotinn aneeovnon tov Brpdtey ™g pedodov PCNM.
ITnyn: http://www.esapubs.org/archive/mono/M081/005/appendix-B.htm

H pébodog g Pnpatinng moAamANG yooppnng maAtvdpounong (stepwise multiple
regression analysis) epapudoTrue ya v S1pLoveyla ovTEAwy Tov TEoBAénouy v agpbovia
TV UtEoBLlanmy Tewy ®oL TV AELTOLEYIUKY YOVISLWY TOL TEOGOLOPICTNUAY GTYV TAEOLOX
ddautopwy) dxteln. Me v pébodo avty, N emAoyn TOL UATIAANAOL LTOGLVOAOL
avelxpmtov  petafAntov  (meptBoarloviineg  petpnoelg xat PCNM  Sodiavdpata),
TEXYUXTOTOLELTAL UECW TOL ATOUAELGUOL EXEIVWY TOL OL TLUES TNG OTATIOTINNG CLYAETNONG t
elvot LEOTeEeg amo eva TEoxabopLopévo %PIoMO ETITMESO GNUAVTIOTNTAG, YL EUAC
p>0.05. H pébodog Stopbwong natd Bonferroni yonotponomtnue ya mv Stopbwon twv p-

values o amopuyy Twv StopOEWY THTWV CPAALETWY AOYW TWV TOMATAMLY CLYXQICEWY.
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Automated Approaches for Model Building

based on
Term selection method ﬁ Regression rank criteria

Il

Euwova I 4 Zynpotiny] anseovior ey Stapogwy pedodwy sioaywyng THQopETOmY 68 ROVTEAX

TOAMATIMG YOXPUIXNG TTXAMVEQOLaNG.

Tt v vTOAOYiGOLYE TO TOGOGTO ATO T1V GUVOAKY] StaudUAVCY] TOL e€nyeltal ATOUAEITTY U
and ndbe ave€aptn petaBANT TOoL UOVTEAOL, O TEMUOC TEOCUPUOCUEVOS GUVTEAEOTNG
npoodioptopod (Rag’) Srapepilete (partialling out) pe Bdon v Bewplia g tetpaywvinig

nepwng ovoyetong (squared sami-partial correlation: Legendre & Legendre 1998).

Squared semi-partial correlation (sx?)
Ivl ‘

» atb+c=R? explained variance

+ d=1-R? unexplained variance

+ a= uniquely explained variance (sr?) after controlling the influence of IV,
+ c=uniquely explained variance (sr?) after controlling the influence of IV,
* b= shared explained variance

Ewova I'. 5 Zynpatxy eneénynorn g pedodov g tetoaywvinng peong ovoyétiong. DV:
EZxompévy petoinmy sou IV: Ave€aonteg petafintes.
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\ M
I'swotatiotinn avalvon

Ot extpnoetg oe Béoelg mov Sev éyet yiver detypatoindioc propovy va emttevybodv pe v
EPAUOMUOYY] OTOYACTINDV XL VIETEQUIVIOTXWY Uebodwy ywewne mapepBoing (interpolation)
(Deutsch & Journel 1992; Goovaerts 1997; Varouchakis & Hristopulos 2013b). Zvvibwg,
epaopoloviar ot otoyaotinég pebodor ywpowmne mapepPBoing onwg to kriging, xabog
EMTEENOLY TOV TEOGALOEIGUO T1¢ afeBatdtnTag ™ napepuBoAns (Deutsch & Journel, 1992).
Ot extipnoelg mov mpoxdTToLy amd 10 kriging, amotehoby €va YOXUUHUO GUVBLAOUO TwWY
Bopowv 1wV TEOGSLOPLGUEVLV TLUGOV TNG LETABANTHG LEAETNG, TOL BEV TEPLEYOLY LEQOANTTIUA
CQAAUATO AL EAAYLOTOTIOLOLY TO UECW TETOAYWVINO oyalpa. To Bapr vtoloyiloviat pécw
TOL NPI-BAOLOYOAUUATOS, TO OTOIO TMEOULTTEL ATO TNV TEOCXEUOYN evOog OewEntinol
Hoviédov o010 melpapaTind  (Serypatino)  Mut-Baotoyoappa.  To  mu-Boployoappo
TEOGBLOPILEL TNV YWEINY] GLOYETIO UG UETABANTHG, WG OLYAETNOY TG ATOCTACNG KETAED
v onpetov detypatolnioag (Goovaerts, 1997). H npocappoyn tov Bewpntinod povtélov
enpoaletar ouvnBwg and TEEIC TXEAUETEOLG: 1) TO NUEZEL TOL AVAPEQETAL GTY] 1] UNOEVIHO
oNpelo TopNg, otov dEova Y, AOYw GYUAUXTOS TWY UETOYNOEWY 7] OLUUVUAVOEWY EVTOG TOL
SLUOTNUATOG ATOCTAONG TG SetypatoAndiag, ii) 1o xatogAt (sill) mov avtimpocwnedet
SLanLPAVEY] TV GLOYETILOREVWY PETENOEWY atL 1ii) TNV amOCTHGY EMEQEOYG (range) mov
oavapeQeTaL oty amootaoy, pe Paon xabe Sedopévr tomolesia, OmOL Ol peTENOEG

ovoyetilovtat ywoewd (Ew. I'6).

Range

® Observed

Sl — Empirical

Semivariance
N

Nugget

e ———————

0 10 20 30 40
Lag distance

Ewova T'. 6 "Evo to7inod npiBagtoyoapps, 610 moio paivetot v TQOoKQUoyy| evog Bewortixod
povtélov, xabng sut ogifovro mavw ato Yedpnp ot Tegdpetoot sill, range xot nugget. ITnyn:

http:/ /www.intechopen.com.
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21y naovoa StatELRY], 1 LOVIEAOTOIN G ToL Nl-BaELtoyeduuatog npaypatonominxe pe
v mAatoppx Matlab yonotpuonotwvtag toug natdAAniong akyoptpoug mov avamntoyOnnay
ot mhaioto g epyaotag twy Varouchakis & Hristopulos (2013a). H Béhtiot npooapuoyn
Tou OewEnTinod poviéhov oto mepauaTnd NL-Baptdoyoappa, abtodoyninue pe ™y peébodo
v ehaylotwy tetpayovewy (Varouchakis & Hristopulos, 2013a). H avicotponia, to
PALVOUEVO %UTX TO OTOLO 7] HETAPBANTY eppavilel SLpOEETHY] UETABOAY *ATA TO WUNHOG
SLopoEeTMmY ywEttwy Otevbivoewy (SLpoEETINY] GLUTEQLPOEX TOL MHL-BAUELOYORUATOS
otay voloyiletar oe Stapopetinég YwEweg Stevbivoetg) eléyybnue oty Thatpdopa Matlab
OLYXEIVOVTOG TNV GCLUTEQLPORE TOL TMUL-BAOLOYOAUUATOS Yl TG TECOEQEELS Baotueg
yewyoxpeg xatevbivaerg (Goovaerts, 1997; Varouchakis & Hristopulos, 2013b), opilovtag
wg yovia avoyne 1 40°. Mixpdtepeg Tipée avoyng Sev EMTEENOLY TOV TEOGOLOQLOUO
wavorom ol oo Levywv (>30) e petafAnmg oe uabe anootaoy extiunong tov
Nuaptoyodppatos. ¢ ex tovtov, dev mapatnENOnre éviovy avicotpomia TOL MpL-

Baploypdappatog mpog xapio xatebbovon uat yor xopior petoBANT.

2NV ouveyEela, 1 epappoyy g nebodob mapepBolig uot 1 dnutovpyin yaETwy TEOBAEELS
eywvay pe 10 Aoyopwmd ArcGIS ot ovyrexpipéva 1o maxéto epyokeiwy Geostatistical
Analyst. Ot mapdpetpot mov mEoéxvay petd TNV povtelomoinon (nugget, sill)
yonowpmonomOnuay uxtd ™y Stadwmacia  dnutoveylag yxEeTtwy TEORBAEYNG péow TOL
Geostatistical Analyst. Ot pébodor 100 OK now CoK ypnorponomndnrav yro va
AATHOUEVAGTOLY YXOTEG EUTIUNONG TNG XWEWMNG XATAVOUNG TwV MnEofBtaney Ta€wv Tou
efetaotuay oty mogovox cpyaoix. L2g Sevtepebovoeg petafintéc yo 10 CoK
yonotpomomOnuay ot ueTaBANTES TOL TEOGBLOPIOTNUAY WG OTATIOTING ONUAVTIUEG ATIO TNV
BNpatiny] TOMOATAY YOXUUIXY THAYSOUNGY, Yoo uabe UUEOOEYIVIGUO 7] AELTOLEYWMO
yovidio. H amodoom nar anpifeta 1wy yewotattotinmy poviédwy kriging npoodiopiotnue pe
™y pébodo g Stxotavpwpévng emtBefaiwong (leave one out cross validation) (Witten et
al., 2011). Mi oe1pd Ao YvwoTtd 6TRXTIoTING HETEX (T.Y. O GLVTEAEGTYG ouoyétiong 1, RMSE,
MRE, ANOVA) yonotponomOnunoy yio voe GLY%QIVOLPE TIG TOAYUATINEG KE TG EUTLAWUEVES

Tipeg apboviag Twv prpoBanny 1wy, mov Teoexvday anod Tig dvo yewotaTioTingg pebodoug.
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Introduction

Microorganisms regulate the biogeochemical cycles of
nutrients in terrestrial ecosystems, and hence, the services
provided. In turn, the prevailing environmental condi-
tions, including both biotic and abiotic factors, exert an
apparent control on microbial community structure and
activity. An increasing body of literature indicates that
climate, soil properties, vegetation, and land use and
management as important determinants of the abun-
dance, structure, and activity of soil microbial community
(Aciego Pietri & Brookes, 2008; Nielsen et al., 2010;
Rousk ef al., 2010; Wessén et al, 2010; Zinger et al,
2011). The relationships between microbial community
structure and function in response to environmental
parameters and management practices have been poorly
understood (Fierer et al, 2007, 2013; Strickland et al.,
Spatial data on environmental variables are

2009).
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Data on soil microbial community distribution at large scales are limited
despite the important information that could be drawn with regard to their
function and the influence of environmental factors on nutrient cycling and
ecosystem services. This study investigates the distribution of Archaea, Bacteria
and Fungi as well as the dominant bacterial phyla (Acidobacteria, Actinobacte-
ria, Bacteroidetes, Firmicutes), and classes of Proteobacteria (Alpha- and Betapro-
teobacteria) across the Koiliaris watershed by qPCR and associate them with
environmental variables. Predictive maps of microorganisms distribution at
watershed scale were generated by co-kriging, using the most significant predic-
tors. Our findings showed that 31-79% of the spatial variation in microbial
taxa abundance could be explained by the parameters measured, with total
organic carbon and pH being identified as the most important. Moreover,
strong correlations were set between microbial groups and their inclusion on
variance explanation improved the prediction power of the models. The spatial
autocorrelation of microbial groups ranged from 309 to 2.226 m, and geo-
graphic distance, by itself, could explain a high proportion of their variation.
Our findings shed light on the factors shaping microbial communities at a high
taxonomic level and provide evidence for ecological coherence and syntrophic
interactions at the watershed scale.

envisaged to improve our understanding on evolutionary
factors shaping microbial communities and mediating
their function. In addition, there is an ongoing discussion
whether the inclusion of data microbial community struc-
ture will improve the simulations of the (global) biogeo-
chemical models (Allison et al, 2010; Wieder et al.,
2013).

The study of soil microbial biogeography is an emerg-
ing research field and lacks behind biogeochemical data
and/or physical properties. Spatial studies in soil micro-
bial community structure have been carried out at vari-
ous scales, ranging from soil pore (Ruamps et al., 2011)
to individual fields (Philippot et al, 2009), regional (Bru
et al., 2011), country (Griffiths et al., 2011), continental
level (Lauber et al., 2009; Fierer et al, 2013), or global
level (Fierer et al, 2009; Nemergut ef al., 2011; Serna-
Chavez et al., 2013). The sampling density, the soil prop-
erties assessed (physical, chemical, biological), and the
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method and the depth of microbial community character-
ization diverge greatly among studies.

The employment of microbial taxa at high taxonomic
levels to gain information on their ecological niches and
to assign them functions has been questioned (Green
et al., 2008; Philippot et al., 2010; Nemergut et al., 2013).
The enormous diversity of soil microorganisms encom-
passed (e.g. Proteobacteria), and hence the functional
traits carried by them (Baldrian et al, 2012), has been
identified as the major constraint. There are also a num-
ber of studies indicating that pertinent information at the
phylum level could provide important information for
the function and the ecological niches of soil microorgan-
isms. For instance, bacterial and archaeal phyla responded
variably to changes in soil management practices (Wessén
et al., 2010). Fierer et al. (2007) performing a sampling
campaign in many field sites accompanied by a meta-
analysis of published data classified some bacterial phyla
as copiotrophs and oligotrophs, allowing us to make pre-
dictions about their aggregated ecological attributes.
Probably most importantly, data on soil microbial struc-
ture even at a high taxonomic level may provide critical
information on soil biogeochemical cycles and their mod-
eling (Averill et al, 2014). Information at the domain
level, addressed by the Fungi : Bacteria (F : B) ratio,
improved model simulations in terms of C and N miner-
alization that mainly resulted from differences in bacterial
and fungal physiology (Waring et al., 2013).

In this study, we characterize the distribution of soil
microorganisms at the domain and phylum/class level
and provide insights on the environmental variables that
drive their spatial variability at the scale of a watershed.
The Koiliaris river watershed is a representative Mediter-
ranean watershed that has been recently characterized as
Critical Zone Observatory (CZO) (Banwart et al., 2011).
Moreover, the dense availability of data relevant to soil
genesis and evolution, soil physico-chemical properties,
land uses, agricultural practices, climatic variability, and
hydrology constitute Koiliaris CZO an interesting case to
interpret the effects of these parameters on microbial taxa
abundance as well as to elucidate the drivers shaping soil
microbial communities. The abundance of Archaea, Bac-
teria and Fungi, and of major bacterial phyla/classes was
quantified in soil samples, collected across the Koiliaris
CZO which extends to an area of approximately 130 km?.
The Koiliaris CZO is characterized by steep gradients in
climatic conditions, soil pedology and geomorphology
and variable land uses. Variance partitioning was applied
to explain the relative contributions of climate, land use,
spatial distance, and eleven physical, chemical, and bio-
chemical soil properties to microorganisms distribution.
Then, geostatistical modeling (co-kriging) was employed
to investigate the spatial correlations of microbial groups

© 2014 Federation of European Microbiological Societies.
Published by John Wiley & Sons Ltd. All rights reserved

M. Tsiknia et al.

and to generate distribution maps at the watershed scale.
In a following step, we included microbial groups in pre-
diction models to check the hypothesis whether there are
any microbial group(s) at the domain or phylum/class
level that could improve the predictions obtained. The
findings of this study improve our understanding on the
environmental factors regulating the abundance and dis-
tribution of microorganisms at a watershed scale as well
as their interrelationships.

Materials and methods

Study area description

Koiliaris CZO is located 25 km east of Chania city, Crete,
Greece (005-12-489E, 039-22-112N). The watershed con-
sists of soils depleted in soil organic carbon and severely
degraded due to intense agricultural practices and over-
grazing. The Koiliaris CZO occupies an area of approxi-
mately 130 km?” and is characterized by an intense topog-
raphy extending from sea level to 2100 m. More details
on Koiliaris CZO with regard to prevailing climatic con-
ditions, pedology, soil evolution, and land use can be
found in Moraetis et al. (2011, 2014).

Soil sampling

Composite samples (three soil cores from each sampling
point) were taken from 0 to 15 cm soil depth during the
period May 15 to June 3, 2012 (Fig. 1). Sampling points
were carefully selected following field campaigns to effec-
tively capture the great variability observed at the Koili-
aris CZO with regard to climate, soil properties, and land
uses. Samples were passed through a 2-mm mesh imme-
diately after sampling at the field and maintained on ice
packs at 4 °C until they were transferred to the labora-
tory. There, each sample was split into subsamples for
chemical, biochemical, and biological assays. The later
samples were stored at —80 °C until the genomic DNA
extraction and biochemical assays were carried out. The
coordinates of each sampling point were recorded with a
global positioning system device.

Soil physical, chemical, and biochemical analyses

Soils moisture was determined by drying subsamples to
constant weight at 65 °C. Electrical conductivity (EC)
and pH were measured in H,O at a soil : solution ratio
of 1 :2.5. NH,"-N and NO; -N were extracted with 2 M
KCl by shaking the samples for 30 min and were mea-
sured colorimetrically in a Perkin-Elmer Lambda 25 spec-
trophotometer with the Nessler reagent and the Cd
reduction method, respectively. Total organic carbon

FEMS Microbiol Ecol 90 (2014) 139-152



Soil microorganisms distribution at a watershed scale

Fig. 1. Sampling points across Koiliaris CZO. The orange-colored line
indicates the borders of the watershed, while the blue one indicates
the hydrographic network, the length of which approaches 36 km.
Sampling points are grouped into two broad land uses, agricultural
lands (yellow circles) and natural ecosystems (green circles).

(TOC) and total nitrogen (TN) were measured in a Anal-
ytik Jena Multi N/C® 2100S analyzer. Particle size analysis
was carried out by the Bouyoucos hydrometer method
(Bouyoucos, 1962).

Net N mineralization rate (NMR) and potential nitrifi-
cation rate (PNR) assays were employed to follow the
mineralization of organic-N and its subsequent oxidation
to NO; -N. Both assays were assessed in triplicates
immediately after sampling. PNR assays were performed
according to the method developed by Smolders ef al
(2001) with modifications (Tsiknia et al., 2014). NMR
was estimated with the laboratory aerobic incubation
method (Hart et al., 1994).

The potential activity of urease (EC 3.5.1.5), phenol
oxidase (EC 1.10.3.2), and peroxidase (EC 1.11.1.7) were
assessed according to the protocols of Kandeler & Gerber
(1988), Li et al. (2010), and Sinsabaugh et al. (2005),
respectively, as they were believed to have an important
role on C and N cycling in Koiliaris CZO. More specifi-
cally, phenol oxidase activity is mainly attributed to Fungi
although some groups of Bacteria have also been reported
to be involved (Theuerl & Buscot, 2010). Hence, this
assay was selected as a proxy of fungal abundance and
activity. Furthermore, the Koiliaris CZO is dominated by
olive trees, the litter of which is characterized by high
phenol content, and thus, we assumed that phenol oxi-
dase may have an important role in C cycling in the
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study area. Peroxidases are extracellular enzymes with an
important role on soil C cycling through the depolymer-
ization of recalcitrant macro-molecules (Sinsabaugh,
2010). Finally, urease catalyzes the hydrolysis of urea and
it has an important role in C and N cycling in terrestrial
ecosystems and particularly in agricultural fields (Kandel-
er et al, 1999). Information on the environmental and
biogeochemical parameters measured from all sampling
points across the Koiliaris CZO is summarized in Table
S1.

DNA extraction and quantitative PCR (qPCR)
assays

Microbial genomic DNA was extracted in triplicates from
0.25 g of soil, previously frozen and homogenized with
mortar, using the PowerSoil® DNA Isolation Kit (MO
BIO Laboratories, Inc. Carlsbad, CA) according to manu-
facturer’s instructions. The three DNA extractions per soil
sample were pooled before further analysis. DNA quality
from each sample was checked in agarose gel (1%) and
quantified in a NanoPhotometer® Pearl (Implen) and
stored at —80 °C. Amplification conditions and primer
pairs used in this study to quantitate Fungi, Archaea,
Bacteria, Alpha- and Betaproteobacteria, Acidobacteria, Ac-
tinobacteria, Bacteroidetes, and Firmicutes are summarized
in Table S2. Quantitation of gene copy numbers was car-
ried out with the StepOnePlus™ Real-Time PCR System
(Applied Biosystems) in 20 pL reactions using the KAPA
SYBR Fast Master Mix (2x) qPCR Kit (KAPA Biosys-
tems) and 0.8-3.5 ng of DNA. All reactions were com-
pleted with a melting curve starting at 60 °C, with an
increase of 0.5 °C, up to 95 °C to verify amplicon speci-
ficity. Standard curves were obtained using serial dilu-
tions, 10°-10”, of linearized plasmids (pGEM-T,
Promega) containing cloned genes from each domain/
phylum/class. Controls without template resulted in
undetectable products in all the samples, while inhibitory
effects were not detected at the dilution used (1/10). The
amplification efficiencies ranged from 80% to 92%, and
the R” values of the standard curves ranged from 0.993 to
0.999.

Statistical analysis

All variables, except pH, were prior-transformed accord-
ing to their skewness and kurtosis characteristics to meet
the assumption of normality. The transformation applied
in each of the variables is shown in Table S3. Pearson’s
correlation was employed to determine the significance of
the relationships between microbial taxa and biogeochem-
ical parameters. The Principal Coordinate of a Neighbor
Matrix (PCNM) approach (Borcard & Legendre, 2002)
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was applied to geographic coordinates of the sampling
points to construct spatial vectors in accordance to earlier
studies (Bru et al., 2011). Twenty-seven spatial variables
were constructed representing all spatial scales present in
the study area. The most significant explanatory and
PCNM variables were selected by stepwise multiple
regression analysis to predict the abundance of microbial
domains or phyla/classes. To determine the unique vari-
ance explained by each predictor, the final R-squared
model was partialled out, based on the theory of squared
semi-partial correlation (Legendre & Legendre, 1998) by
adjusting R* values (% of explained variation) to obtain
unbiased estimates (Peres-Neto ef al., 2006). Bonferroni
correction was applied to p values to maintain the fam-
ily-wise error level in multiple testing. ANova was carried
out between microbial groups and land use, separated in
two broad categories agricultural land and natural ecosys-
tems, and also with elevation, separated in three groups
(0-200 m; 201-400 m; and > 400 m). Homoscedasticity
was verified using the Levene’s test. All statistical analyses
were performed with the R statistical platform using the
VEGAN, MAss and yhat packages (Venables & Ripley, 2002;
Nimon et al., 2013; Oksanen et al., 2013; R Development
Core Team, 2013). The correlogram of the Pearson’s cor-
relation coefficients constructed with the corrgram pack-
age (Wright, 2013).

Geostatistical interpolation

The accurate mapping of microorganisms’ abundance in
soil is important for effective ecosystem management and
monitoring decisions. Estimates at unsampled locations
can be obtained by applying stochastic and deterministic
interpolation methods to the available data (Deutsch &
Journel, 1992; Goovaerts, 1997; Varouchakis & Hristopu-
los, 2013b). Stochastic methods such as kriging are com-
monly adopted as they allow the estimation of
interpolation uncertainties (Deutsch & Journel, 1992).
Optimal kriging results are obtained when the probability
distribution of the data is jointly normal and stationary
in space. Kriging estimates are linear combinations of the
data with weights that follow from the no-bias constraint
and the minimization of the mean square error. The
weights are determined from a model semi-variogram,
which is commonly obtained by fitting the empirical
semi-variogram of the measurements to theoretical mod-
els. The semi-variogram measures the spatial correlation
as a function of the distance between data points (Goova-
erts, 1997). The theoretical semi-variogram model fitting
is usually expressed by three parameters, the nugget that
refers to the nonzero intercept due to measurement error
or variation within the distance sampling interval, the sill
that represents the variance of the correlated measure-
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ments, and the range that defines the distance, extending
from any given location, where measurements are spa-
tially correlated (Goovaerts, 1997). Ordinary kriging (OK)
is the most common methodology that bases its estimates
at unsampled locations only on the sampled primary vari-
able (Kitanidis, 1997). Co-kriging (CoK) involves auxil-
iary variables that are significantly correlated with the
primary variable leading to predictions with improved
accuracy. CoK is a weighted average of measured values
of the primary variable and of the cross-correlated auxil-
iary variables. The spatial correlation between two or
more variables at the same location is expressed by the
cross-semi-variogram (Kitanidis, 1997).

Semi-variogram modeling was initially performed in
Matlab platform with codes developed by Varouchakis &
Hristopulos (2013a). Then for the optimal spatial man-
agement of the available dataset, the arccis software was
used to apply interpolation and mapping. The default set-
tings of the Geostatistical Analyst tool regarding the semi-
variogram determination were met during the calculation
of the optimal semi-variogram in Matlab platform. The
latter was necessary for the proper mapping procedure
using the Arcais software. Optimal estimates of semi-vari-
ogram model parameters obtained by least squares fit to
experimental semi-variogram. The least squares sum for
each fitted theoretical semi-variogram model was used as
an index of optimal fitting (Varouchakis & Hristopulos,
2013a). The complicated cross-semi-variogram for the
CoK method was estimated only with the Geostatistical
Analyst tool of the arcars software, and the optimal fitted
theoretical model was selected using the provided estima-
tion measures.

Anisotropy was investigated in the Matlab platform by
comparing directional semi-variograms in the four main
geographic directions (Goovaerts, 1997; Varouchakis &
Hristopulos, 2013b) using an angle tolerance of 40°.
Smaller tolerance values do not permit a sufficient num-
ber of data pairs (> 30) at each lag. Hence, no significant
difference among the directional semi-variograms of the
different variables of the dataset was detected.

For the spatial interpolation approach, we use the OK
and CoK methods in combination with normalizing
transformations. The box-cox transformation was applied
to the data using code developed in Matlab to predict the
optimal transformation parameter (Varouchakis et al.,
2012). The parameter value is then used in interpolation
procedure of the Geostatistical Analyst tool. Next, the
semi-variogram or the cross-semi-variogram of the trans-
formed data was determined by testing the most com-
monly used theoretical models like the exponential, the
Gaussian, the Mattern (K-bessel), and the spherical
model. The spherical semi-variogram provided the opti-
mal fit for both OK and CoK methods. Similar studies
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have also implemented a spherical semi-variogram (King
et al., 2010; Banerjee & Siciliano, 2012; Correa-Galeote
et al., 2013). Then, OK or CoK is used to derive predic-
tions of the transformed field. The predictions are finally
back-transformed to obtain estimates in the initial scale.

OK and CoK were used to construct prediction maps
for each microorganism. CoK method applied using the
most significant environmental variables for each micro-
organism (multiple stepwise regression) to improve the
prediction results. The performance of the kriging-based
geostatistical models was evaluated using the leave-one-
out cross-validation technique that is usually applied in
small datasets (Witten ef al., 2011). A series of well-
known statistical measures was employed to compare the
true and estimated values of the cross-validation proce-
dure, such as the correlation coefficient R, the root mean
square error (RMSE), the mean relative error (MRE), and
ANOvA. In addition, the performance of each geostatistical
model was supported by the associated kriging variance
plots.

Results

Bacterial 16 rRNA gene copies exceeded those of Fungi in
all sampling points (Fig. 2). The abundance of archaeal
16 rRNA gene copies was two to three orders of magni-
tude lower compared with those of Fungi and Bacteria.
With regard to the bacterial phyla, Acidobacteria phylum
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Fig. 2. Variation in the abundance (gene copy numbers per g of dry
weight soil) of microbial domains and bacterial phyla/classes across
the Koiliaris CZO. The upper and lower boundaries indicate the 75th
and the 25th percentile, respectively; the mid-line indicates the
median of the distribution; above and below whiskers indicate the
90th and 10th percentiles, respectively; the black asterisks indicate
values identified as outliers.
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was the most abundant, followed by Bacteroidetes (Fig. 2).
In comparison to other taxa (Alphaproteobacteria,
Betaproteobacteria, Actinobacteria, and Firmicutes), the
abundance of Acidobacteria was one to two orders of
magnitude higher. Pearson correlation analysis revealed
strong positive relationships between microbial groups
(Fig. 3, Table S4). Actinobacteria and Bacteroidetes were
the most strongly correlated taxa (r = 0.96, P < 0.001).
Fungi, on the other hand, showed the weakest relation-
ships with the other groups, except from Acidobacteria
(r=10.52, P < 0.001). The ratio of fungal 18S rRNA gene
copies to bacterial 16S rRNA gene copies, an indicator
commonly employed to draw conclusions for the sustain-
ability of agricultural systems, showed negative correla-
tions with all bacterial taxa and Archaea (Table S4).

Multiple regression analysis showed that a proportion
of the variance, ranging from 31.10% to 79.65%, in the
distribution of the microbial groups investigated in this
study could be explained by the environmental variables
monitored (Table 1). Partitioning out overall models R?
emerged TOC content and pH as the most important
predictors with the highest contributions in variance
explanation. TOC, by itself, could explain a proportion of
variance ranging from 11.7% to 74.8%, while the corre-
sponding proportion of pH varied from 7.36% to
37.14%. Geographic distance also explained a significant
proportion (9.49% to 67.48%) of the total variance in
some microbial groups (e.g. Firmicutes; Table 1). In
accordance, Pearson analysis highlighted TOC and pH as
the most significant variables (P < 0.001), (Fig. 3, Table
S4). Variance of Fungi was the least explained by environ-
mental variables measured.

Complementarily, to test whether there is a unique
microbial group that could improve model prediction,
the abundance of microbial group was included into the
models. Models predictions were significantly improved;
for instance, for Alphaproteobacteria, 87% of the variation
was explained by the models including data on microbial
abundance compared with 68% when modeling was solely
based on environmental variables (Table S5), but most of
the environmental variables were excluded from the mod-
els probably due to the strong correlations between
microbial groups.

ANovA of microbial groups and land uses revealed that
the abundance of Acidobacteria, Actinobacteria, Bacteroide-
tes, and Firmicutes was statistically higher at natural eco-
systems compared with agricultural lands (Table S6). In
addition, the abundance of all microbial groups, except
those of Alphaproteobacteria and Fungi, increased with
elevation, especially at elevations higher than 400 m. It
must be noted, however, that land use changes with ele-
vation meaning that natural ecosystems occur mainly at
elevations higher than 300 m.
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Semi-variogram modeling of microbial groups revealed
strong spatial patterns, with autocorrelation length rang-
ing between 309 and 2.244 m. In this study, CoK method
was adopted to create prediction maps for microbial dis-
tribution as it produced more accurate predictions com-
pared to OK with a lower relative mean error, in some
cases up to 9%, for all microbial groups except Fungi. In
addition, the R® between measured and predicted values
ranged from 0.306 to 0.575 (Table S7).

With regard to the distribution maps, Actinobacteria,
Betaproteobacteria, Alphaproteobacteria, Bacteroidetes, and
Archaea (Figs 5b, Sla, 5a,d, 4b and S5a) followed more
or less the same spatial pattern, with a spotty and rough
separation between The lowest abundances
occurred mostly at the west and east sides of the map,
while the highest at north-east and south-west. Firmicutes
and total Bacteria 16S rRNA gene copies distribution
(Figs S1b, S5b, 4a) followed similar spatial patterns with
the previous groups, but the areas were smoother and
better separated. Acidobacteria and Fungi abundance
(Figs 5c and 4c) followed a more clear distribution, and
abundance increased with elevation from north to south
direction. For all microbial groups, except Acidobacteria
and Fungi, the west side of the map represents low abun-
dances and follows exactly the pH and TOC distribution
pattern (Figs S2 and S6). At the corresponding part, low
values of pH and TOC were measured. Fungi to Bacteria
ratio distribution map (Fig. 4d) followed the opposite

areas.
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pattern from all the above, and it resembled more the
distribution pattern of Fungi.

Discussion

Understanding the drivers regulating the structure of soil
microbial communities, their function and their activity
comprise important challenges in the modern environ-
mental microbiology. Pertinent information, even at high
phylogenetic levels, has been useful to assign taxa with
(aggregate) specific functions (Fierer et al., 2007; Philip-
pot et al., 2009; Wessén et al., 2010), to associate broad
microbial groups with certain ecosystem services (Six
et al., 2006; Averill et al., 2014) and to provide support
for a new generation of biogeochemical models explicitly
addressing microbial structure (Waring et al., 2013).
Employing qPCR analyses and advanced statistical
modeling at the scale of a small-sized Mediterranean
watershed, we provide insights on the influence of envi-
ronmental variables, land use, biochemical activities, and
microbial interactions on soil microbial community,
which were explored at the domain and phylum/class
level. The ratio of archaeal to bacterial 16S rRNA genes
averaged to approximately 0.02, a proportion quite similar
to that of archaeal sequences recovered from soils of vari-
ous ecosystem types (Bates et al., 2011). In this study, soil
C : N ratio was also the only factor consistently correlated
with the relative abundance of Archaea, being higher in
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Fig. 4. Maps of the abundance of microbial domains in the Koiliaris CZO generated through co-kriging. (a) Bacteria 16S rRNA gene copies, (b)
Archaea 16S rRNA gene copies, (c) Fungi 18S rRNA gene copies, and (d) Fungi : Bacteria ratio. The color scale at the left of the maps indicates
the abundance values (gene copies no/g of soil d.w.) except in the case of Fungi : Bacteria ratio which indicates proportion. Error maps are

shown in Fig. S3.

soils with lower C : N ratios. An opposite relation, how-
ever, was identified in our study, where Archaea abun-
dance was positively correlated with C : N ratio (Fig. 3;
Table S4). Positive correlations were also set with pH
(Pereira e Silva et al., 2012), TOC, NMR, and TN as well
as with urease and phenol oxidase activity providing evi-
dence for a significant role of Archaea in C and N cycling
in Mediterranean ecosystems. Variation analysis showed
that TOC, pH, and PNR accounted for 55% of the vari-
ance observed in Archaea distribution (Table 1), with the
latter predictor displaying a negative regression coefficient.
Although negative correlations have been reported
between Thaumarchaeota, the most abundant soil archaeal

© 2014 Federation of European Microbiological Societies.
Published by John Wiley & Sons Ltd. All rights reserved

phylum (Thamdrup, 2012), and soil NO;~-N or NH,"-N
status (Bates et al., 2011; Pereira e Silva et al., 2012), this
was not the case for Koiliaris CZO (Fig. 3; Table S4).
Given the correlative nature of the methodology (Ray-
Mukherjee et al., 2014), this finding most probably
implies an indirect effect of PNR on microorganisms
abundance.

The abundance of 18S rRNA genes of Fungi remained
constantly lower to that of bacterial 16S rRNA genes
across the Koiliaris CZO, even at fields dominated by nat-
ural vegetation and/or no-tilled. Fungal-dominated soils
have been associated with better structure (Rillig & Mum-
mey, 2006) and C sequestration (Six et al., 2006), but
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Fig. 5. Maps of the abundance of bacterial phyla/classes in the Koiliaris CZO generated through co-kriging. (a) Alphaproteobacteria 16S rRNA
gene copies, (b) Actinobacteria 16S rRNA gene copies, (c) Acidobacteria 16S rRNA gene copies, and (d) Bacteroidetes 16S rRNA gene copies. The
color scale at the left of the maps indicates the abundance values (gene copies no. g~ soil d.w.). Error maps are shown in Fig. S4.

these characteristics was not the case for the soils in Koil-
iaris CZO (Moraetis et al., 2014). This pattern may reflect
the intense anthropogenic influence that the watershed is
subjected, mainly tilling, fertilization, and overgrazing
(Banwart ef al., 2011; Moraetis et al., 2014). Nitrogen
addition (Boyle et al., 2008), low soil C inputs (Wang
et al,, 2014), and overgrazing (Lopez-Sangil et al., 2011)
have been linked to a decline in Fungi abundance in soils.
Indeed, abundance of Fungi was positively correlated with
SOC (Fig. 3). By contrast, no correlation with phenol
oxidase was set, as it had been hypothesized. This finding
may be due to the fact that the turnover of (poly)phenols
is regulated by a specific group of Fungi, the Basidiomy-
cota (Theuerl & Buscot, 2010). In line with other studies

FEMS Microbiol Ecol 90 (2014) 139-152

(Zinger et al., 2011; Pereira e Silva et al., 2012), the F : B
ratio was greater in natural ecosystems compared with
agricultural fields (0.29 vs. 0.01). Overall, Fungi were
weakly linked to the biogeochemical parameters moni-
tored in this study compared with other microbial taxa
and only a low proportion of the observed variance could
be explained by the co-kriging model. SOM content was
the only significant predictor of their distribution in line
with the saprophytic lifestyle of most of fungi (Boer et al.,
2005). Similar to our findings, Zinger ef al. (2011)
reported that only 26% of the fungal variation could be
explained in an Alpine landscape when environmental
conditions and plant species composition were taken into
account. In that study, fungal beta-diversity was mainly
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related to SOM, while geographic distance did not
account for community changes. The underlying reasons
of unexplained variance remain obscure, but they might
be related to complex interactions with vegetation, envi-
ronmental variables (Zinger et al., 2011), the relative nar-
row range of pH variation, and SOM composition
(Pereira e Silva et al., 2012).

The relative abundance of bacterial taxa followed a pat-
tern that diverged substantially from those reported up to
date in various soil ecosystems (Philippot et al., 2009;
Wessén et al., 2010), including arid ones (Fierer et al.,
2005). The most remarkable deviations regarded
Alphaproteobacteria, Acidobacteria, and Actinobacteria. Ac-
idobacteria were the most abundant bacterial phylum in
Koiliaris CZO comprising on average the 28% of bacterial
community in line with results from a desert soil (Fierer
et al., 2005) as well as from forest soils and croplands at
the Brazilian Amazon (Navarrete et al., 2013). Pasternak
et al. (2013) reported also low abundance of Actinobacte-
ria (0.0013%) and Alphaproteobacteria (0.02%) in Medi-
terranean soils, although they were considerably lower to
that observed in this study. The reasons contributing to
this variability across studies remain obscure. Although
all the prementioned studies, except one (Pasternak et al,
2013), have used the same pairs of primers to amplify
bacterial taxa, methodological bias that may have resulted
from DNA extraction method (Martin-Laurent et al.,
2001) or from qPCR pitfalls, including variations in
amplification efficiency among reactions and in the num-
ber of 16S rRNA genes of the strains consisting each taxa
(Fierer et al., 2005; Smith & Osborn, 2009), cannot be
neglected. Moreover, the abundance of the microbial taxa
estimated may deviate from the true one, due to issues
related with the precision and the sensitivity of primers
(Fierer et al., 2005; Pfeiffer et al., 2014). Apart from these
methodological constraints, variations in environmental
variables between studies may also comprise an important
source of variability, stressing the need for more studies
with a more accurate description of environmental vari-
ables to elucidate their influence on the shaping of soil
microbial communities.

Distribution of bacterial phyla/classes across the Koili-
aris CZO was correlated with some geochemical parame-
ters including TOC, TN, C : N ratio, pH, and soil texture
(Fig. 5, Table S4) in accordance to other studies (Fierer
et al., 2007; Philippot et al., 2009; Nemergut et al., 2011;
Navarrete et al., 2013). With regard to the biochemical
parameters, urease activity was the only parameter consis-
tently correlating with all bacterial taxa. This finding may
suggest the widespread distribution of genes encoding for
urease and the great importance of urea in the cycling of
C and N in the studied watershed. Compared with other
studies (Meyer ef al., 2013; Rodrigues et al., 2013), land
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use had only a slight influence on microbial community
structure (Table S6), despite the shifts in the soil manage-
ment practices applied and the composition of litter
entering the soil (olive trees, citrus, natural ecosystems).
It should be noted, however, that the influence of land
use on microbial communities may have been con-
founded by the effect of elevation which followed a quite
similar pattern (Table S6), as natural ecosystems in Koili-
aris CZO occur mainly at elevations higher than 300 m
(Fig. 1 and Fig. S1). These findings may suggest that abi-
otic factors (climate, geochemistry) had the dominant
influence on soil microbial community structure in Koili-
aris CZO and this influence may have further exacerbated
by the relatively low availability of organic-C.

Strong correlations were also set between and within
bacterial phyla/classes and domains (Fig. 5, Table S4).
Although qPCR analysis of bacterial taxa has been found
to suffer from caveats, for instance Betaproteobacteria 16S
rRNA gene sequences are also amplified by the qPCR
assay of Alphaproteobacteria and similarly, Actinobacteria
assay amplifies some sequences of Verrucomicrobia (Fierer
et al., 2005), the low proportion of nontargeted sequences
is not expected to have exerted a strong effect on the cor-
relations obtained. These relationships may imply to some
extent syntrophic partnerships, but most probably, they
have been arisen by variations in environmental factors
and resources availability and suggest sharing of similar
ecological niches by taxonomically distinct microorgan-
isms displaying functional redundancy and/or similarity.
Network analysis also revealed co-occurrence patterns and
nonrandom association of soil microbial communities,
implying that these patterns might have been derived
from taxa sharing similar ecological niches and did not
necessarily imply direct symbioses (Barberan et al., 2012).

Habitat distribution models have been employed to
understand and predict the distribution of microorgan-
isms at various taxonomic levels (King et al., 2010; Bru
et al., 2011). The prediction power of the models set in
Koiliaris CZO, based solely on environmental parameters,
differed among the microbial domains and bacterial
phyla/classes (Table 1). The TOC, C: N, and pH were
identified as the most important chemical predictors. In
contrast to previous studies (King et al., 2010), biochemi-
cal parameters had a low contribution in explaining
microbial variance and only PNR was consistently
included as a predictor of some bacterial taxa (Actinobac-
teria, Firmicutes, Bacteroidetes) distribution (Table 1). To
the best of our knowledge, relations among bacterial taxa
and PNR have not studied so far. The negative regression
coefficients of the models among bacterial taxa and PNR
may suggest competition among microbial taxa for the
available soil NH,"-N or may have their origin on the
strong relationships among microbial taxa as it is shown
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in Fig. 3. However, as studies employing multiple regres-
sion are purely correlative, the predictors do not necessar-
ily imply cause—effect relationships. The geographic
distance, as expressed by the spatial vectors resulted from
PCNM analysis, explained a large proportion of the varia-
tion and for same cases (Betaproteobacteria and F:B ratio)
higher than any other individual factor. Moreover, semi-
variograms revealed strong autocorrelation for microbial
groups, and co-kriging cross-validation revealed high pre-
diction power. These findings suggest that geographic dis-
tance is an indicator of bacterial dispersal across Koiliaris
CZO. When microbial abundance was incorporated into
the models (Table S6), their prediction power was signifi-
cantly improved, but most of the environmental variables
were excluded. Contrary to our expectations, there is not
a unique or certain microbial groups that could improve
the prediction power of the models and which could be
potentially used as bioindicator(s) for predicting micro-
bial community abundance at the domain or phylum/
class level.

Conclusions

In this study, we investigate the abundance of soil micro-
organisms at the domain and the bacterial phylum/class
level across the Koiliaris CZO. This approach allowed us
to obtain insights on the environmental drivers regulat-
ing the spatial distribution of microorganisms. Multiple
regression analysis showed that a percentage from 31%
to 79% of the spatial variation in microbial taxa abun-
dance could be explained by the environmental variables
measured, while TOC, C : N ratio, pH, PNR, and geo-
graphic distance were identified as the most important
drivers. Strong correlations among microbial taxa may
suggest syntrophic partnerships and/or the sharing of
similar ecological niches. However additional research is
needed to shed light on these relationships. Inclusion of
microbial taxa abundance in geostatistical models
improved strongly their prediction power resulting in
variance explanation from 36% to 94%. Our findings
contribute on the understanding of environmental factors
controlling the abundance and distribution of dominant
soil microorganisms at large scale, as well as to define
the importance of that influence.
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Fig. S1. Maps of the abundance of (a) B-Proteobacteria
and (b) Firmicutes 16S rRNA gene copies in the Koiliaris
CZO generated through co-kriging.

Fig. S2. Maps of (a) pH and (b) TOC content across the
Koiliaris CZO.

Fig. S3. Error maps of the abundance of microbial
domains in the Koiliaris CZO generated through co-kri-
ging.
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classes in the Koiliaris CZO generated through co-kriging.
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teria and (b) Firmicutes 16S rRNA gene copies across the
Koiliaris CZO.

Fig. S6. Error mapsof (a) pH and (b) TOC content across
the Koiliaris CZO.

Table S1. Minimum (MIN), maximum (MAX) and aver-
age values with standard deviation for the measured soil
physical, chemical and biochemical parameters from 51
sampling points across the Koiliaris watershed.

Table S2. Primer pairs and amplification conditions for
qPCR assays performed.

Table S3. Transformation' types applied to the variables.
Table S4. Pearson correlation coefficient (r) values and

© 2014 Federation of European Microbiological Societies.
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significance' of the correlation among variables.

Table S5. Partitioning of the variation of each microbial
domain/phylum/class in the most important explanatory
variables after including microbial groups into the mod-
els.

Table S6. anova summary between microbial taxa and
two categorical variables, land use and elevation.

Table S7. Results from statistical measures employed to
compare the measured and estimated values of the cross-
validation procedure, such as the correlation coefficient
R, the Root Mean Square Error (RMSE), the Mean Rela-
tive Error (MRE) and the Analysis of Variance (aNova).
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ABSTRACT

To date only few studies have dealt with the biogeography of microbial communities at large spatial scales, despite the
importance of such information to understand and simulate ecosystem functioning. Herein, we describe the biogeographic
patterns of microorganisms involved in nitrogen (N)-cycling (diazotrophs, ammonia oxidizers, denitrifiers) as well as the
environmental factors shaping these patterns across the Koiliaris Critical Zone Observatory, a typical Mediterranean
watershed. Our findings revealed that a proportion of variance ranging from 40 to 80% of functional genes abundance could
be explained by the environmental variables monitored, with pH, soil texture, total organic carbon and potential
nitrification rate being identified as the most important drivers. The spatial autocorrelation of N-functional genes ranged
from 0.2 to 6.2 km and prediction maps, generated by cokriging, revealed distinct patterns of functional genes. The
inclusion of functional genes in statistical modeling substantially improved the proportion of variance explained by the
models, a result possibly due to the strong relationships that were identified among microbial groups. Significant
relationships were set between functional groups, which were further mediated by land use (natural versus agricultural
lands). These relationships, in combination with the environmental variables, allow us to provide insights regarding the
ecological preferences of N-functional groups and among them the recently identified clade II of nitrous oxide reducers.

Keywords: biogeography; N-cycling; geostatistical modeling; cokriging; nitrifiers

INTRODUCTION

Nitrogen (N) is a key element that often determines the func-
tioning of terrestrial ecosystems and the services delivered. Ei-
ther in excess or deficiency, N has been associated with severe
environmental impacts including shifts in species composition
and biodiversity (Ramirez, Craine and Fierer 2012; Dias et al.
2014), changes in primary production or crop yields (Mueller et al.
2012) and/or pollution problems (Fowler et al. 2013; Shcherbak,
Millar and Robertson 2014). Nitrogen cycling in soils is primar-
ily controlled by microbial activity, which, in turn, regulates

N-availability to vegetation and its losses to the atmosphere
and/or to waterways.

Numerous studies have dealt with soil N-cycling at the lab-
oratory, small-plot or field scale providing important insights.
However, at large scales, only a few studies have investigated
the spatial distribution of microorganisms that regulate N-
cycling (Bru et al. 2011; Yao et al. 2013). The biogeographic pat-
terns of microorganisms can provide important information on
the environmental drivers shaping their distribution (Nemergut
et al. 2011), their functional role (Fierer et al. 2012, 2013), and
their interactions or dependences (Barberan et al. 2012). Such
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information is important to understand the functioning of
ecosystems and to predict their response to environmental
changes the impact of which extends beyond the scale of a single
field (warming, droughts, land use shifts, etc.). Particularly, data
of the abundance and composition of functional traits regulat-
ing the process of interest have been reported to yield even more
accurate projections (Green, Bohannan and Whitaker 2008).

The biogeochemical cycle of N and particularly certain path-
ways of it (nitrification, denitrification) have been suggested as
models to identify the drivers regulating the spatial distribu-
tion of functional groups and to elucidate the controls they exert
on N-cycling Philippot and Hallin 2005;(Bru et al. 2011). Petersen
et al. (2012) employing path analysis, a statistical method to
identify causative pathways, in plots with different plant com-
munities found that functional gene abundances of nitrifiers
and denitrifiers were the most important variables to predict
the potential rates of nitrification and denitrification. Bru et al.
(2011) working at a landscape level found that 43-85% of the
spatial variation in the abundance of ammonia oxidizers and
denitrifiers could be explained by the parameters monitored in
their study. Other studies have reported links between the abun-
dance of genes corresponding to individual N-cycling-related
functional groups and environmental drivers (Zinger et al. 2011,
Banerjee and Siciliano 2012).

In this work, the biogeographic patterns of functional genes
regulating N-cycling and their environmental drivers at the scale
of a watershed, the Koilaris Critical Zone Observatory (CZO) were
investigated. A unique attribute of the studied watershed is the
steep shifts in climatic variables, hydrology, soil properties and
land uses (Tsiknia et al. 2014a; Moraetis et al. 2015) which ren-
der it an interesting case to gain insights for the influence of
environmental variables on the distribution of functional genes.
In (semi)arid ecosystems, N is considered a major factor con-
straining ecosystem functioning (Delgado-Baquerizo et al. 2013;
Sher, Zaady and Nejidat 2013), but pertinent information with
regard to the distribution of functional genes and the major bio-
chemical pathways operating remains limited. In order to track
N-cycling and its environmental controls in Koiliaris CZO, the
abundance of diazotrophs, ammonia oxidizers and denitrifiers,
including the recently identified clade Il of nosZ genes (Jones et al.
2013; Jones et al. 2014), was assessed across 51 points. Assays of
the net N mineralization rate (NMR) and enzyme activity were
also performed as a proxy of NH,;"-N influx from C mineraliza-
tion. Multiple regression analysis was employed to identify the
most important environmental variables describing the distri-
bution of functional genes, while their relative contribution was
estimated by variance partitioning. Then, distribution maps of
functional genes were generated by cokriging (CoK). In the fol-
lowing step, microbial groups were also included in statistical
models to test the hypothesis whether microbial group(s) could
improve the predictions obtained.

MATERIALS AND METHODS

Study area: description and sampling

Koiliaris CZO is located 25 km east of Chania city, Crete, Greece
(005-12-489E, 039-22-112N). The watershed occupies an area of
approximately 130 km? and its elevation ranges from sea level
to 2100 m. An extensive sampling campaign which included 51
sampling points was carried out during the period from 15 May
to 3 June, 2012 (Fig. S1, Supporting Information), approximately
two months after the period of fertilizer application in agricul-

tural fields. Sites were selected in such a way to capture the
highly variable environmental conditions as well as the differ-
ences in soil properties and land use across the Koiliaris CZO.
Rocky areas (southern part) and urban areas (coast) were not
sampled. The annual precipitation of the watershed ranges from
560 mm, close to the coast, to up to 1300 mm at the mountainous
area (south part of the watershed) and the average temperature
ranges from 21 to 18°C, respectively. The soils were classified as
(Calcic) Fluvisols (natural fluvial terraces), Leptosols (500 m el-
evation) and Cambisols (1000 m elevation). More detailed infor-
mation for the parent material, minerals content, nutrients and
rare earths elements content, etc., can be found in Moraetis et al.
(2015).

Soil physical and (bio)chemical analyses

Ammonium and NO3;~-N contents from soil samples were ex-
tracted with 2 M KCl, while their contents were measured col-
orimetrically in a Perkin-Elmer spectrophotometer (Lambda 25)
with the Nessler reagent and the Cd-reduction method, respec-
tively. Total organic carbon (TOC) and total nitrogen (TN) con-
tents were measured in an elementary analyzer (Analytik Jena
Multi N/C 2100S). Particle size analysis was carried out by the
Bouyoucos hydrometer method.

Assays of potential nitrification rate (PNR) and net NMR were
performed in triplicate according to Smolders et al. (2001) with
modifications described in Tsiknia et al. (2014b) and the aero-
bic incubation method (Hart et al. 1994), respectively. Assays of
urease (EC 3.5.1.5), g-glucosaminidase (EC 3.2.1.30), phenol ox-
idase (EC 1.10.3.2) and peroxidase (EC 1.11.1.7) were performed
according to the protocols of Kandeler and Gerber (1988), Parham
and Deng (2000), Li et al. (2010) and Sinsabaugh et al. (2005),
respectively. The physical, chemical and biochemical parame-
ters of soil across the Koiliaris CZO are summarized in Table S1
(Supporting Information).

Nucleic acid extraction and quantitative PCR assays

Genomic DNA was extracted from every sample in triplicate
using the PowerSoil DNA Isolation Kit (MO BIO Laboratories,
Inc., Carlsbad, CA, USA). DNA quality was checked in agarose
gel (1%) and its concentration was measured with a NanoPho-
tometer Pearl (Implen Inc., Westlake Village, CA, USA). Am-
plification conditions, reaction efficiency, reading temperature
and primer pairs used to quantify the abundance of the am-
monia monoxygenase (amoA) gene of ammonia-oxidizing ar-
chaea (AOA) and bacteria (AOB), the nitrogenase reductase (nifH)
gene of diazotrophs, the nitrite reductases genes (nirS, nirK)
and the nitrous oxide reductases genes (nosZ clade I and II) are
summarized in Table S2 (Supporting Information). Quantitative
real-time polymerase chain reaction (qPCR) analyses were per-
formed in the StepOnePlus instrument in 20-ul reactions using
the SYBR Green chemistry (KAPA Biosystems, Wilmington, MA,
USA) and 1 ul of template (0.8-3.5 ng DNA). All gPCR runs were
completed with a melting curve starting at 60°C, with an in-
crease of 0.5°C, up to 95°C to verify amplicon specificity. Stan-
dard curves were constructed using serial dilutions (103-107)
of linearized plasmids (pGEM-T, Promega, Madison, WI, USA)
containing the cloned portion of the corresponding gene. Neg-
ative (no template) controls resulted in no product amplifica-
tion for all the reactions described, while no inhibition occurred
at the dilution used (1/10).



Statistical analysis

All variables, except pH, were previously transformed accord-
ing to their skewness and kurtosis values to satisfy the criterion
of normality (Table S3, Supporting Information). The principal
coordinate of a neighbor matrix (PCNM) approach (Borcard and
Legendre 2002) was applied to the geographic coordinates of the
sampling points to construct spatial vectors (Bru et al. 2011). This
approach allows, for the resulting vectors with positive eigenval-
ues, to be used as explanatory spatial variables in several uni-
or multivariate analysis approaches, including multiple linear
regression. The most significant explanatory variables as well
as the PCNM vectors with positive eigenvalue (predictors) were
selected through stepwise multiple regression analysis. The fi-
nal R-squared model was partialled out to determine the unique
variance explained by each predictor (Legendre and Legendre
1998). To obtain unbiased estimates, the final R? value of each
model was adjusted (percentage of explained variation) (Peres-
Neto et al. 2006) and the Bonferroni correction was applied to
P values to maintain the familywise error level in multiple test-
ing. Pearson analysis was employed to determine the significant
correlations between N-functional genes and soil physical and
(bio)geochemical parameters. To investigate whether there were
any significant relationships between the functional genes, as
well as, the form of these relationships, simple linear regression
was applied to untransformed data. In the following step, we
tested if these relationships differed between land uses (agri-
cultural fields and natural ecosystems). All statistical analyses
were performed with the R statistical platform (R Development
Core Team 2013) using the vegan (Oksanen et al. 2013), MASS
(Venables and Ripley 2002) and yhat (Nimon, Oswald and Roberts
2013) packages.

Geostatistical interpolation

Semivariogram modeling was initially performed on trans-
formed data applying the autofitVariogram function of the
automap R package (Hiemstra et al. 2009) to determine
the spatial autocorrelation length (range parameter) of each
functional group. The autofitVariogram function determines the
optimal theoretical semivariogram model fit to the experimen-
tal semivariogram structure in terms of the least residual sum
of squares. Then, the ArcGis software (Esri, Redlands, CA, USA)
and more specifically the Geostatistical Analyst tool were used
for interpolation and to generate the prediction maps. The CoK
method was employed as an interpolation approach since it uti-
lizes auxiliary information in the covariance structure, thus im-
proving the accuracy of kriging (Goovaerts 1997; Varouchakis
and Hristopulos 2013b; Tsiknia et al. 2014a). The most signifi-
cant environmental variables obtained from the multiple step-
wise regression analysis for each functional group were used
as auxiliary information in the CoK method. The optimal fitted
theoretical model to the experimental cross-variogram was se-
lected by using the Geostatistical Analyst tool estimation mea-
sures. For all functional groups, the Matern model performed
the optimal fit, except for AOA where the Gaussian model
provided the optimal fit. The performance of the CoK mod-
els was evaluated by the leave-one-out cross-validation tech-
nique (Witten et al. 2011). In the following step, the gener-
ated maps were projected to Google Earth software to obtain a
more accurate and higher quality visualization of the watershed
terrain.

Tsikniaetal. | 3

~~
38

N
o
d

gene abundance (no g‘1soil d.w.)
o

nifH AOA  AOB nirs nirK ~ nosZ  nosZ

(b) clade! cladell

) 160- 3- s 25
.
20 2.0
3 120-
2
1.5-
15-
2 80 10-
10- 1
0.5
40-
1
5 0.0-

0
4-N 0 NO3-N

™ NH PNR NMR
(g/kg soil d.w.)  (mglkg soil d.w.)  (mg/kg soil d.w.) (mg N/kg*h) (mg N/kg*d)

Figure 1. Variation (a) in the abundance of functional genes involved in N-cycling
and (b) in the concentration of various nitrogen forms, PNR and nitrogen NMR in
soil samples across the Koiliaris CZO. The upper and lower boundaries indicate
the 75th and the 25th percentile, respectively; the mid-line indicates the me-
dian of the distribution; above and below whiskers indicate the 90th and 10th
percentiles, respectively; the black dots indicate outliers.

RESULTS

The amoA genes of AOA dominated the corresponding genes of
AOB in Koiliaris CZO in 43 out of the 51 sampling points (Fig. 1a).
The ratio of the amoA gene copies of AOA to AOB varied from
0.014 to 182 (Fig. S2a, Supporting Information). With regard to
the abundance of genes encoding the two types of nitrite reduc-
tases, the nirS gene copies were 2- to 6-fold greater compared
to the nirK gene copies at all sampling points across the Koiliaris
CZO (Fig. 1a). Nitrous oxide reductase encoding (nosZ) genes clas-
sified to the recently identified clade Il were more abundant than
those classified as clade I (Fig. 1a). The ratio of nosZ clade I gene
copies to those of nitrite reductase (nirS+nirK) ranged from 0.07
to 0.42 (Fig. S2a, Supporting Information), while the ratio of the
clade II to clade I nosZ gene copies varied from 0.1 to 18 (Fig. S2a,
Supporting Information). The abundance of nifH gene copies was
substantially lower as compared to other N-functional groups
and ranged from 3 x 10* to 3 x 10° gene copies (Fig. 1a). Fi-
nally, the relative abundances (normalized to either bacterial or
archaeal 16S rRNA gene copies) of N-functional genes are sum-
marized in Fig. S2b (Supporting Information).

Soil NH4"-N content showed the least variation across the
Koiliaris CZO (Fig. 1b). By contrast, soil NO3~-N and TN content
showed great variations across the watershed probably as a con-
sequence of commercial fertilizer application and the variable
TOC content of the soils (Fig. 1b). Quite a similar pattern was
found for PNR and NMR (Fig. 1b).
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Figure 2. Correlogram representing Pearson’s correlation coefficient rank be-
tween environmental variables and functional genes abundance. All parame-
ters, except pH, were transformed before statistical analysis. Information on the
transformations applied is summarized in Table S1 (Supporting Information).

Pearson analysis revealed significant correlations between
environmental variables and functional genes abundance (Fig. 2;
Table S4, Supporting Information). Overall, pH, EC, soil texture
(except nosZ clade IT) and TOC (except nirK and nosZ clade II) were
identified as the most important physicochemical variables. In-
dividual functional groups were also correlated with NO;~-N
(nosZ clade 1II), NH4"-N (amoA of AOA) and C:N ratio (nirS and
nosZ clade II). Strong correlations were also established between
the abundance of functional genes and some of the biochemical
parameters monitored in the present study, with PNR and NMR
beingidentified as the most important ones (Fig. 2; Table S4, Sup-
porting Information).

Linear regression analysis revealed strong relationships be-
tween the abundance of functional genes, and many of these
relationships were significantly differentiated by land use. More
specifically, significant linear relationships independently of
land use were found in the cases of the nifH and nirS genes,
the nifH and nosZ (clade I) genes, the amoA of AOA and nosZ
(clade I) genes, and the nirK and nosZ (clade II) genes (Fig. 3a—
d). On the other hand, no relationships were set among the
amoA genes of AOB and all other functional genes (Fig. S3a-e,
Supporting Information) except the nifH gene. With regard to
the influence of land use, the amoA gene copies of AOA showed
a significant linear relationship with nifH genes only in natural
ecosystems (Fig. 4a). Likewise, the abundance of amoA genes of
AOA increased linearly with the abundance of nirS genes in nat-
ural ecosystems, but it rapidly leveled off in agricultural fields
(Fig. 4b). A significant relationship between the amoA genes of
AOA and nirK was only found in agricultural lands (Fig. 4c). The
amoA genes of AOB only showed a linear relationship with nifH
genes in natural ecosystems (Fig. S4a, Supporting Information).
Regarding the relationships of nitrite reductase genes, the nirS
genes followed a linear and steep increase with the nirK genes
in natural ecosystems, but in agricultural fields they showed a
quadratic relationship (Fig. 4d). The nosZ clade I genes abun-

dance showed a linear relationship with nirK genes; however,
their increase was greater in the case of natural ecosystems
(Fig. 4e). The opposite trend was observed for the nosZ clade I
and the abundance of nirS genes (Fig. S4b, Supporting Informa-
tion). With regard to the abundance of clade II nosZ genes, sig-
nificant relationships with other functional groups were estab-
lished only in soils subjected to agriculture (Fig. 4f-h) with one
exception, the nirK genes, which were not affected by land use
(Fig. 3d). The nosZ clade II genes showed a weak but significant
relationship with the amoA genes of AOA (Fig. 4f). Of particular
importance were their relationships with the other denitrifying
genes (nirS and nosZ clade I). The nosZ clade II genes showed a
linear increase with the nirS genes in agricultural lands (Fig. 4g)
which was lower compared to that of the nirK genes (Fig. 3d). A
linear relationship was also found with the nosZ clade I genes
which revealed a steeper increase of clade II genes abundance
(Fig. 4h). Finally, linear relationships were also found between
the nosZ clade II genes and the nifH genes (Fig. S4c, Support-
ing Information), and between the nifH and the nirK genes, but
only for agricultural lands in both cases (Fig. S4d, Supporting
Information).

Multiple regression analysis revealed that a significant pro-
portion of variance, ranging from 40.2 to 80%, of the distribu-
tion of the functional genes across the Koiliaris CZO could be
explained by the environmental variables that were monitored
(Table 1). Partialling out the overall models R?, pH emerged as
the most important variable in variance explanation, which, by
itself could explain a proportion of variance ranging from 22.3
to 52.6%. Soil texture also explained a significant proportion of
the variance of the amoA genes of both AOA and AOB (5.5 and
33.1%, respectively). For the nirS and nosZ clade I genes, TOC
was identified as a strong predictor. Geographical distance, ex-
pressed by PCNM vectors, also explained a significant proportion
(19.3-31.5%) of the variance. Biochemical parameters assessed
in the present study did not have a strong influence in variance
explanation except in the case of the amoA gene copies of AOB.
In that case, PNR explained 29.3% of the variance in amoA genes
abundance (Table 1).

Taking into account the strong relationships among func-
tional genes (Fig. 4), we included their abundance as variables
into the models. The updated models explained a significantly
greater proportion of variance in all the cases except that of
AOB (Table S5, Supporting Information). An interesting finding
of the analysis was the inclusion of nosZ clade II and/or clade I
abundance as predictors of all the other functional genes (Ta-
ble S5, Supporting Information). Moreover, the inclusion of func-
tional genes in the construction of the models outweighed the
contribution of abiotic variables. For instance, pH, which was
the most important predictor when the environmental variables
were only considered for model construction, was a significant
predictor, but only for the nosZ clade I genes (Table S5, Support-
ing Information). However, and in this case, pH had a very low
contribution in variance explanation (Table S5, Supporting In-
formation).

Semivariogram modeling of microbial functional guilds re-
vealed strong spatial patterns, with the autocorrelation length
ranging from 188 to 6221 m (Table S6, Supporting Information).
Prediction maps for each functional gene were obtained apply-
ing the CoK method. As shown, CoK provides more accurate
predictions compared to other stochastic methods (Varouchakis
and Hristopulos 2013a; Tsiknia et al. 2014a). The values of R?
between the measured and the predicted estimates ranged
from 0.26 to 0.59 (Table S6, Supporting Information). With re-
gard to the distribution maps, the map generated for the nifH
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gene abundance showed low abundances for the largest part
of the watershed, while the greatest values occurred mainly at
the northern part (Fig. 5a). The amoA genes of the AOA maps
showed a smooth and clear distinction between areas (Fig. 5b).
The western and eastern sides of the maps showed the low-
est abundances, while the highest abundances occurred at the
north-east and south-east. In the case of the amoA genes of
AOB, the distribution map followed a quite different pattern
with a gradient increase in the abundance from the west (low-
est abundances) to northeastern side of the watershed (higher
abundances), but in general had a rough and spotty distinction
among the areas (Fig. 5c). The maps of the nirS and nosZ clade I
abundances followed quite a similar spatial pattern to that of
amoA gene copies of AOA (Fig. 6). Similar spatial patterns were
also observed between the nirK and nosZ clade II genes, with low
abundances at the southwestern side and higher abundances
at the northeastern side (Fig. 6). However, the nosZ clade II map
showed a less smooth area separation compared to nirK.

DISCUSSION

Variations in the (relative) abundance of N-functional genes
have been widely used to infer the underlying pathways and
their relative importance in N-cycling in various ecosystems
(Bru et al. 2011; Xie et al. 2014; Smith, Mosier and Francis 2015).
Overall, the abundance of amoA genes of AOA exceeded that of
AOB by one order of magnitude in accordance with earlier stud-
ies (Leininger et al. 2006; Bru et al. 2011). The relative abundance
of amoA genes of AOB (0.05-1%) was in good agreement with ear-
lier findings (Okano et al. 2004; Bru et al. 2011). With regard to the
relative abundance of nirK/S genes, variable values have been re-
ported (Philippot et al. 2009; Bru et al. 2011; Jones et al. 2014) with

those assessed in this study laying towards the lowest end of the
range. Two factors are considered responsible for this differenti-
ation: (i) the relatively low soil TOC content and (ii) the adequate
drainage of Koiliaris CZO soils.

In accordance with other studies, the distribution of N-
functional genes across the watershed significantly correlated
with several geochemical variables, including pH (Bru et al. 2011;
Dandie et al. 2011; Gubry-Rangin et al. 2011), TN and TOC content
(Wessén et al. 2011; Petersen et al. 2012), C:N ratio (Wessén et al.
2011), NHst (Verhamme, Prosser and Nicol 2011) and soil struc-
ture (Bru et al. 2011). With regard to the biochemical variables,
urease, phenol oxidase and PNR correlated with some of the
functional genes (amoA, nirS, nosZ) studied. These assays are di-
rectly associated with the release of (urease) or the consumption
of NH,* (PNR) and its conversion to NOs~ and, hence, with the
activity of N-cycling microorganisms. NMR did not show any cor-
relations with the abundance of either AOA or AOB amoA genes.
The relatively low rates of NMR and the immobilization of N, as
indicated by the negative values of NMR in some of the sites,
were probably responsible for the lack of significant correlations
in contrast to other studies (Petersen et al. 2012). In comparison
to the amoA genes of AOB, a weaker correlation was set between
the amoA gene copies of AOA and PNR, while a negative corre-
lation with the NH,* and NOs;~ content. These findings are con-
sistent with the well-documented oligotrophic lifestyle of AOA
(Prosser and Nicol 2012). The abundance of nirK and nosZ genes,
and particularly those classified to clade II, but not nirS abun-
dance, were positively correlated with PNR providing evidence
that the NO;~ release rate was among the factors determining
the composition of denitrifying organisms. Moreover, our find-
ings shed light on the environmental variables regulating the
abundance of nosZ genes. The distinct response of the clade I
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Googleearth
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Figure 6. Abundance maps of denitrifying genes in the Koiliaris CZO generated through CoK. (a) Abundance of nirS genes; (b) abundance of nirK genes; (c) abundance

of nosZ clade I genes; and (d) abundance of nosZ clade II gene copies.

and II nosZ genes to some of the variables considered (e.g. TOC,
NOs5~-N, TN, soil texture) (Fig. 2) provides evidence that they oc-
cupy different ecological niches.

The differences in the form and the strength of the rela-
tionships (Figs 3 and 4) between N-functional genes with land
use might imply some type of preferential cooperation or pro-
vide a proxy for the contribution of the functional groups on
the corresponding N-cycling process (e.g. AOB vs AOA; nirK
vs nirS). The linear response of the abundance of AOA genes
to that of the nifH genes in natural ecosystems provides evi-
dence that diazotrophs are an important source of N sustain-
ing the function of these ecosystems. Moreover, the dominance
of AOA over AOB which are characterized by an oligotrophic
lifestyle (Prosser and Nicol 2012; Daebeler et al. 2015) suggests
that N inputs by diazotrophs occur at low rates. In agricul-
tural fields on the other hand, fertilization might have disturbed
these relationships through its effects on the structure (Reardon,
Gollany and Wuest 2014; Izquierdo and Klaus 2015) and/or the
abundance of functional groups (Verhamme, Prosser and Nicol
2011). This hypothesis is further supported by the negative cor-
relations of AOA abundance with soil NH,* and NOs;~ contents
(Fig. 2). The strong relationships between AOA and denitrifying
genes probably have been derived from their interdependence
on substrates (NHs ", NO3; ™) or transformation byproducts (N,O)
rather from artifacts arising from nirK genes, which are shared

among these groups. Indeed, the majority of archaeal nirK genes
form distinct clades with no homology to bacteria (Bartossek
et al. 2010; Long et al. 2015). Studies in other ecosystems have
shown that nitrifying and denitrifying genes occupy overlapping
niches or that their relationships indicate physiological coupling
following seasonal patterns (Abell et al. 2010; Smith, Mosier and
Francis 2015). In contrast to other studies (Tsiknia et al. 2014b),
the amoA genes of AOB did not show any links with the denitrify-
ing genes. The reasons remain obscure, but this could be related
to the time of sampling. During that period, no fertilizer was
applied and the soil NH;* pool (Fig. 1b) depends mainly on or-
ganic matter mineralization and on the activity of diazotrophs.
The low rates of NMR observed (Fig. 1b), which were negative
in some sites indicating N-immobilization, support this argu-
ment. Under such conditions, AOA have an inherent advantage
over AOB in the regulation of nitrification (Levicnik-Hofferle et al.
2012; Prosser and Nicol 2012).

Strong relationships were also set between denitrifying
genes. These relationships might have been derived to some
extent from gene sharing (e.g. nirK, nirS) among denitrifiers or
might indicate preferential habitat distribution. A very low pro-
portion of the sequenced microbial genomes contains both the
nirK and nirS genes (Graf, Jones and Hallin 2014); thus, the rela-
tionships obtained most probably indicate a habitat-dependent
differentiation of the contribution of each functional group.



Several studies have also provided evidence for distinct cooccur-
rence patterns of the nirS and nirK denitrifiers between habitats
although the evolutionary factors still remain obscure (Baneras
et al. 2012; Yuan, Liu and Lu 2012).

The greater increase of the clade II nosZ genes in agricultural
lands compared to clade I provides evidence that the abundance
of the former clade is stimulated by the greater inputs of N and
the accelerated N,O emissions (Shcherbak, Millar and Robert-
son 2014). This hypothesis is further strengthened by the strong
correlation of the clade II nosZ genes with the soil NO;~ con-
tent. Indeed, the potential of soils to reduce N,O was improved
with the increasing ratio of the clade II/clade I nosZ genes (Jones
etal. 2014). The decrease in the nirS/nirK ratio in soils subjected to
agriculture also leads to the same conclusion, since the nirK den-
itrifiers more often lack the nosZ gene from the gene inventory of
denitrification pathway (Jones et al. 2008; Graf, Jones and Hallin
2014). This finding is consistent with the strong relationship of
nosZ genes abundance with nirS only (Fig. 3). Indeed, greater
rates of N,O emissions were reported from various soils by de-
creasing the nirS/nirK ratio (Jones et al. 2014). Accelerated rates
of N,O could, in turn, stimulate the growth of bacteria capable
of reducing N, 0O, the majority of which are classified to clade II
(Sanford et al. 2012; Jones et al. 2013). These findings suggest that
Koiliaris CZO soils have a low potential for N,O emissions.

Habitat distribution models have been employed to predict
the biogeographic patterns of soil microbial taxa at varying lev-
els of taxonomic resolution (King et al. 2010; Tsiknia et al. 2014a)
but only in one study for the abundance of functional genes
(Bru et al. 2011). The models that were developed provided better
simulations compared to those of microbial domains or bacte-
rial phyla either when they were solely based on environmen-
tal variables or when they also considered data of functional
genes abundance (Tsiknia et al. 2014a). The proportions of the
explained variance were quite similar to those reported by Bru
et al. (2011) with a remarkable exception; the amoA genes of AOB
for which the model yielded less accurate predictions. pH, TOC
and soil texture were identified as the most important predic-
tors in accordance with other studies (Bru et al. 2011). Our study
reveals that biochemical assays are strong predictors of the bio-
geography of functional genes as has been highlighted also for
taxonomical units (King et al. 2010; Tsiknia et al. 2014a). The ge-
ographic distance, represented by the spatial vectors of PCNM
analysis, explained a large proportion of the observed variance.
Semivariograms revealed strong autocorrelation of functional
groups but the distances were significantly lower than those es-
timated by Bru et al. (2011). This differentiation may have re-
sulted from the steep variations within the small distances of
soil and the climatic conditions (Moraetis et al. 2015).

When the abundance of functional genes was considered in
the construction of the models, their simulation efficiency was
substantially improved (Table S5, Supporting Information). How-
ever, consideration of functional genes as variables in geosta-
tistical models outweighed the contribution of environmental
variables. Even pH which has been identified as the most impor-
tant predictor had a slight contribution or no contribution in the
functional genes-based models (Table S5, Supporting Informa-
tion). An interesting finding was the inclusion of either or both
nosZ clades in the models of all other functional genes which
highlights the need for further research on their potential use
as a bioindicator(s) for predicting microbial community abun-
dance.

In conclusion, this study provides insights into the evolution-
ary factors shaping the spatial distribution of functional genes
involved in the biogeochemical cycle of N at the watershed scale.
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Diazotrophs, AOA and the nirS denitrifiers appeared to have a
more important role in the function of natural ecosystems, while
nirK and nosZ clades II denitrifiers dominated agricultural lands.
The environmental variables taken into account explained a
significant proportion, up to 80%, of the variance in functional
genes abundance, with pH being identified as the most impor-
tant predictor. When the abundance of functional genes was in-
cluded in spatial models, this proportion increased up to 93%. In
addition, strong relationships were identified among functional
groups which in most cases were mediated by land use.

SUPPLEMENTARY DATA

Supplementary data is available at FEMSEC online.
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