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Abstrakt

Cilem této dizertatni prace, kterou tvoii Ctyfi publikované ¢lanky, bylo popsat vliv
vegetace na pudni mikrobidlni spoleCenstva a procesy v de novo se vyvijejicim pidnim

substratu hnédouhelnych vysypek v okoli Sokolova.

Hlusina — ptdni jilovity substrat, ktery byl postupné vytézen z povrchového hnédouhelného
dolu, rozvrstven na tzv. vysypkach a planované zalesnén vybranymi druhy dfevin nebo
ponechan samovolnému zarustani vegetaci - méni béhem c¢asu a pod vlivem piitomné
vegetace své biotické a abiotické vlastnosti. Ke zménam vlastnosti hlusinového substratu
dochazi jednak ristem kotenového systému rostlin, ale zejména produkci rostlinné biomasy,
kterd se po odumfeni rozklada a stava se soucasti pudy, kde tvori hlavni slozku padni
organické hmoty. Proces rozkladu a transformace odumielych rostlinnych materialt je
zejména funkci aktivity pudnich organismt a mezi nimi pfedev§im mikroorganismi. Navic je
existence fady z nich na ptitomnost rostlin izce vazana, nebot’ jsou symbionty rostlin ¢i
patogeny. Piesné mechanismy vztahi mezi rostlinami a pidnimi mikroorganismy a jejich
rozsah nam stale zustavaji skryty. Experimentalni plochy zalozené na hnédouhelné vysypce,
jez jsou homogenni ve vSech ostatnich parametrech kromé skladby vegetace, dovoluji

studovat vliv rostlin a vySe zminéné vztahy v ptirozeném prostiedi.

V této praci byly pouzity biochemické metody (spektrometrie, chromatografie) pro sledovani
mikrobialnich procesti a pro sledovani chemickych zmén v pribéhu rozkladu rostlinného
opadu a molekularné-biologické metody (16S rDNA taxonomicky mikroarray, 454-

pyrosekvenace) pro sledovani zmén ve skladbé bakterialnich a houbovych spole¢enstev.

Jednotlivé experimenty prokazaly, ze typ vegetace podstatné meéni chemické vlastnosti pidy,
ovliviluje pribéh mikrobidlnich procesi a sloZzeni mikrobidlnich spolecenstev. Provedené
experimenty umoznily kromé popisu vlivu vegetace na mikrobialni procesy v pidé rovnéz
porovnat efektivitu obou pouzitych zptisobi obnovy ekosystémt a podpofit tvrzeni, ze
rekultivace nemusi byt jedinym plnohodnotnym zplisobem promény hlusinového substratu
vV pudni substrat. Vysledky tohoto srovnani ukazuji, Ze pfirozena rostlinnd sukcese je
v ptipadé¢ hnédouhelnych vysypek na Sokolovsku vhodnou alternativou k tradiénimu

zalesnovani.



Uvod

Pfes nesporny negativni dopad tézby nerostnych surovin na funkci zasazenych
ekosystému, predstavuji tyto disturbance jedine¢nou pftilezitost pro studium ekologickych
procesu a jevu, které bychom jinak mohli studovat jen stézi. K témto fenoméntiim patii i vliv

vegetace na vyvoj pudniho prostiedi a sukcesni vyvoj spoleCenstev mikroorganismu.

Obnova biotickych a abiotickych vlastnosti vysypkovych substrati se bézné dé&je bud’
planovanym zalesiiovanim vybranymi druhy dfevin nebo pfirozenou rostlinnou sukcesi.
Zalestiovani je obvykly zpiisob obnovy byvalych téZebnich lokalit ve stfedni Evropé (Chodak
and Niklinska, 2010; Insam and Domsh, 1988; Mudrak et al., 2010). Do vytézené¢ho materialu
jsou vsazovany sazenice vybranych druhi dievin a na téchto plochach je pak vyvoj piidniho
substratu od samého zacatku ovlivnén pouze jednim typem vegetace, danym druhem dieviny.
Naopak béhem pfiirozené rostlinné sukcese, coz je zpusob obnovy ve stiedoevropském
regionu daleko mén¢ preferovany (Prach and Pysek, 2001; Prach et al., 2013) je pudni

substrat ovlivnén postupné v ¢ase nastupujicimi a ménicimi se rostlinnymi spolecenstvy.

Rostliny vyrazné ovliviiuji padni prostiedi proristanim kotfenového systému, ale zejména
produkci rostlinné biomasy, ktera je v ¢ase rozkladana a transformovana pomoci ptidnich
organismu a stava se soucasti pidni organické hmoty. Rostliny také ovliviuji teplotni a vodni

rezim pudy.

Pritomnost rostlin, respektive pfitomnost mrtvé organické hmoty rostlinného pivodu, také
pozitivné ovliviiuje vyskyt pudnich organismi a zejména mikroorganismd, které jsou diky
svym schopnostem rozkladat rostlinné¢ biopolymery a zit v uzkém spojeni S kotfeny rostlin
zapojeny do fady biogeochemickych procesu, ovliviiuji zpétnou vazbou fitness rostlin a tudiz
tvori dulezité funkéni spojeni mezi rostlinami a ptidou (Prescott and Grayston, 2013; Wardle
et al.,, 2003). Interakce mikroorganismi a rostlin jsou rizné specifické a slozité, ptimé i

nepifimé a nase znalosti o nich jsou stale velmi limitované.

Fyzikalné-chemické vlastnosti pudy jsou Casto povazovany za faktory rozhodujici o struktuie
a aktivité mikrobidlniho spolecenstva a samotny vliv vegetace mimo kofenovy systém muize
byt povazovany pouze za dopliujici faktor, jehoZ vliv nebyl dosud s urcitosti kvantifikovan

(Prescott and Grayston, 2013).



Cile prace a hypotézy

Cilem celé této prace bylo zjistit, do jaké miry vegetace ovliviiuje Slozeni pudnich
mikrobidlnich spoleCenstev a pribéh pudnich mikrobidlnich procesti a zda mulze byt
povazovana za hlavni determinant struktury padnich mikrobialnich spolecenstev a

mikrobidlnich procest.

Cilem prvni prace bylo popsat zmény ve slozeni pudniho bakteridlniho spolecenstva
V zavislosti na pfitomnosti ¢i nepfitomnosti vegetace a v zavislosti na vegetaCnim typu
reprezentujicim jednotliva sukcesni stadia. Abychom mohli srovnat Gspésnost obou procest
obnovy ekosystému, byly v tomto experimentu zahrnuty vedle ploch piirozené zarGstajici

vegetaci i plochy zalesnéné olsi.

Cilem druhého experimentu bylo sledovat zmény v chemickém slozeni rtiznych typti opadii
béhem jejich dvouleté dekompozice a identifikovat ty vlastnosti rostlinného opadu, které
ovliviiuji prubéh dekompozice. Dekompozice je proces, ve kterém hraji klicovou roli padni
mikroorganismy. Souc¢asné hypotézy piedpokladaji, ze prubéh rozkladu opadu zavisi zejména
na jeho chemickém slozeni, které pak ovliviiuje strukturu mikrobialniho spolecenstva a jeho
aktivitu. Obecné se rychleji rozklada opad s vys$§im obsahem zivin a dostupnych rostlinnych
biopolymerd a s nizkym obsahem ligninu. Rychlost rozkladu opadu je vyssi na pocatku
rozkladu diky vysoké koncentraci a lepSi dostupnosti Zivin a muze korelovat s vysokou
mikrobidlni biomasou a vysokou aktivitou extracelularnich enzymt, které jsou zahrnuty v

dekompozici.

Cilem tfeti a ¢tvrté prace bylo stanovit, zda ma dominantni druh dfeviny rozhodujici vliv na
mikrobialni procesy spojené s rozkladem mrtvé organické hmoty, vyjadiené jako aktivity
extracelularnich enzymt, a na strukturu pidniho mikrobidlniho spolecenstva. Hypoteticky lze
predpokladat, ze rozdily v aktivité extracelularnich enzymt a ve skladbé mikrobialniho
spolecenstva jsou vysledkem zmén vlastnosti pidy, ktera se vyviji pod vlivem konkrétni
dfeviny a ze tyto chemické a fyzikalni parametry jsou rozhodujici pro sloZeni spolecenstva

mikroorganismd.
Materialy a metody

Vzorky byly odebrany Vv terénu jako pudni sondy o praméru 45 mm nebo ze sackl

s opadem, které byly umistény v opadové vrstvé (¢lanek 1) nebo byla opadova vrstva oddélena



piimo z odebraného ptdniho profilu (¢lanky III a IV); vzorky byly ihned po odbéru pievezeny

do laboratote a zde byl material dale zpracovavan.

V c¢lanku I, II a IIT byla stanovena celkova mikrobialni biomasa a jeji bakteridlni a houbova
cast jako obsah celkovych fosfolipidovych mastnych kyselin (PLFA) a specifickych
bakterialnich a houbovych PLFA biomarkera (Elhottova et al., 2006; Frostegard and Baath,
1996). Ve ¢lanku II byl stanoven obsah v kyselinach nerozpustnych organickych zbytkia jako
celkova hmota pevnych latek po hydrolyze 72% H,SO, (Kirk and Obst, 1988). Slozeni
sacharidi bylo stanoveno po kyselé metanolyze a analyzovdno pomoci plynové
chromatografie (Snajdr et al., 2011). Obsah celulézy byl stanoven z koncentrace glukézy,
ktera byla métena pomoci plynové chromatografie po kyselé hydrolyze a silylaci (Sundberg et
al., 2003). Analyza extrahovanych sloucenin uhliku, dusiku a fosforu byla provadéna podle

Santrackové et al. (2006).

Ve ¢lanku II a III byly aktivity extracelularnich enzymu tucastnicich se rozkladu mrtvé

organické hmoty stanovovany spektrofotometricky, diive popsano Snajdrem et al. (2008).

V ¢lanku I a IV byla DNA izolovana z pudnich vzorkt s pouzitim upravené Millerovy metody
(Sagova-Mareckova et al., 2008) zaloZené na fenol-chloroformové extrakci. Ve ¢lanku I, bylo
sloZeni bakteridlniho spolec¢enstva popsano S pouZitim taxonomického mikroarraye genu pro
16S rDNA (Kyselkova et al., 2009). Pro amplifikaci genu 16S rRNA byly pouzity univerzalni
bakteridlni primery T7-pA a pH (Bruce et al., 1992). V ¢lanku IV, byly pouZity specifické
houbové primery ITS/ITS4 (White et al., 1990) pro amplifikaci ITS1 regionu, 5.8S rDNA a
ITS2 regionu houbové ribosomdlni DNA. Upravené specifické bakteridlni primery
eub530f/eub1100 (Dowd et al., 2008) byly pouzity pro amplifikaci V4-V6 regionu 16S rDNA
genu (Baldrian et al., 2012). Po dvoukrokové PCR byly ptecisténé amplikony
pyrosekvenovany na pfistroji GS Junior a sekvence amplifikaénich produkti byly

analyzovany.

Pyrosekvenacni data byla zpracovavdna pomoci programu SEED navrhovanymi postupy
standardni analyzy data (Vétrovsky and Baldrian, 2013), zahrnujicimi filtraci kvalitnich
sekvenci, odstranéni chimerickych sekvenci, tvorbu klastr podobnosti (OTU) a identifikaci.

Ziskané sekvence jsou ulozené ve vefejné databazi MG-RAST.



Statistické testy byly ve vSech cClancich provadény s pouzitim softwaru STATISTICA7
(StatSoft). Ve ¢lanku IV, byl pouzit program SEED (Vétrovsky and Baldrian, 2013) pro

predzpracovani dat a vypocet diverzity.
Vysledky a diskuze

Tato disertacni prace shrnuje vysledky ¢ty experimentd sledujicich vliv dominantni
vegetace na slozeni mikrobidlnich spolecenstev a mikrobidlni procesy ve vysypkovém
substratu. Ruzné druhy dfevin nebo piirozena sukcesni vegetace byly vyuzity k rehabilitaci

biotickych a abiotickych vlastnosti tohoto substratu.

Vysledky této disertaéni prace dokazuji, Ze zmény vlastnosti plidniho substratu souvisi
zejména S piitomnosti a typem vegetace na danych stanovistich a ze vegetace ovliviiuje jak
slozeni mikrobidlnich spolecenstev, tak mikrobidlni procesy na téchto mistech (¢lanek I, II,

11, 1V).

V prvnim experimentu bylo zji§téno, Ze pFitomnost vegetace a typ vegetace vyznamné
ovlivnily mnozstvi mikrobialni biomasy a strukturu bakterialniho spolecenstva. Absence
houbové biomasy na plochach bez vegetacniho pokryvu a jeji pritomnost na plochach
S riznymi typy vegetace dokazuje, Ze pritomnost vegetace je kliCovym prvkem pro vyskyt
hub v ekosystému. Naopak, bakterialni biomasa byla zjisténa jiz na plochach bez vegeta¢niho
pokryvu. Struktura bakterialniho spolecenstva se vyrazné lisila s ohledem na pfitomnost a typ
vegetace, na plochach bez vegetaéniho pokryvu bylo slozeni bakterialniho spolecenstva
nejvice nepodobné ostatnim spolecenstviim z ploch ovlivnénych rostouci vegetaci. Bakterialni
spolecenstvo z ploch bez vegetaéniho pokryvu bylo z¢asti tvofené autotrofnimi bakterie ze
skupin Cyanobacteria a Rhizobiaceae, ale také rody Thiobacillus a Acidithiobacillus.
Dilezitost bakterialni autotrofie pro vyvoj pudniho substratu byla dokumentovana na
ledovcovych predpolich, kde vegetace dlouhodobé chybi v diisledku silného deficitu zivin v
pudé a kde bakterialni autotrofie a atmosféricka depozice tento deficit alesponi Casteéné
eliminuji (Fierer et al., 2010; Kastovska et al., 2005; Nemergut et al., 2007; Knelmann et al.,
2012).

V dalsi studii byl sledovan rozklad riznych typt opadu s cilem urcit charakteristiky, které
ovlivituji dekompozici. Ukazalo se, Ze rozklad jednotlivych typl opadu uzce souvisi
s dostupnosti zivin a obsahem nékterych polysacharidi, zejména celulozy v opadu. Studované

opady se vzajemné liSily zejména pH, obsahem a dostupnosti zivin a dale slozenim



rostlinnych biopolymerti a monosacharidu (tabulka 1, ¢lanek II). Odlisnost v chemickych
charakteristikach jednotlivych typt opadl ziistala zachovana po celou dobu rozkladu. Z toho
muizeme usuzovat, ze pudni organickd hmota, kterd je tvofend transformovanym rostlinnym
opadem V sob¢ caste¢né odrazi puvodni identitu opadu (¢lanek II). S opadem asociovana
mikrobidlni biomasa, ani enzymové aktivity nekorelovaly s pribéhem rozkladu ani jednoho

typu opadu, nejsou tedy vhodnymi ukazateli dekompozice.

Vliv dominantniho druhu dfeviny na enzymové aktivity byl popsén v ¢lanku III. Zjisténé
rozdily v enzymovych aktivitich a mikrobialni biomase mezi opadem a pudou na plochéach
zalesnénych riznymi typy dievin souvisely, jak se ukazalo, zejména s vlivem konkrétni
dominujici dieviny a méné, 1 kdyz stdle podstatné i s chemickymi vlastnostmi pady, které
alesponi ¢asteCn¢ také prameni z charakteru nadzemni vegetace. Vlastnosti pudy jako pH a
vlhkost byly jiz dfive urCeny jako dulezity faktor ovliviiujici enzymové aktivity (Baldrian et
al., 2008; Stursova and Baldrian, 201 1). Nicméné, na naSich studovanych plochach byl vliv
vlhkosti zanedbatelny pravdépodobné diky vysoké homogenité ptidniho substratu a tudiz
nizké proménlivosti obsahu vody. Nalezena prostorova diferenciace enzymovych aktivit a
mikrobidlni biomasy (enzymové aktivity a mikrobialni biomasa byly vyssi v opadové vrstvé
nez v pude¢) byla v souladu s pfedchozimi studiemi, které odhalily jasny stratifika¢ni trend ve
vyskytu pudnich mikroorganismti jako disledek klesajici dostupnosti zivin s hloubkou
ptdniho horizontu (Lindahl et al., 2007).

V ¢lanku IV byl vliv dominantniho druhu dieviny na mikrobidlni spole¢enstva v opadu a padé
potvrzen vysledky 454-pyrosekvenace. Dominantni dfevina byla nejdulezitéjsim faktorem
ovliviiyjicim skladbu zejména houbovych spolecenstev v celém pudnim profilu, zatimco
bakterie byly ve srovnani s houbami ovlivnény dominantnim druhem dfeviny pouze v opadu a
navic Vv daleko mensi mife. V pidé byl vliv vegetace na bakterie zprostfedkovan chemickymi
globalni determinant sloZeni bakterialnich spoleCenstev v pudé (Fierer and Jackson, 2006;
Lauber et al., 2009; Rousk et al., 2010).

Pozoruhodnym objevenym rysem pilidnich bakteridlnich a houbovych spolecenstev byla
rozdilnd mira specificity vyskytu bakterii a hub na jednotlivych zalesnénych plochach (¢lanek
IV). Zatimco vétSina bakterii nevykazovala vyhradni specificitu vyskytu k jednomu druhu
dfeviny (témét 80% bakteridlnich taxond bylo spoleénych pro alespont 6 riznych druhil

drevin), skoro tietina hub nalezenych v pid¢ byly témét vyluéné asociovany pouze s jednim



nebo dvéma druhy stromi. Pivodné se piedpokladalo, Ze vliv rhizosféry nebude pro slozeni
pudniho spoleCenstva bakterii a hub mimo kofenovy systém vyznamny. Avsak nalezena vyssi
specificita houbovych spolecenstev naznacuje, ze efekt rhizosféry se mize mimo kotfenovy
systém projevit a Ze je V piipadé houbovych spolecenstev do pidy pienesen skrze houbové

hyfy proristajici od kotfene dale do prostoru kolem stromu (Buee et al., 2009).
Shrnuti

Tato prace ukazuje, Ze vegetace vyznamné ovliviiuje vyvoj pudniho substratu a jeho

biotické a abiotické vlastnosti.

Déle byla vtéto praci prokdzédna dilezitost bakterii v procesu spontanni sukcese
V temperatnich zonach. Bakterie pifevazovaly na plochich bez vegetacniho pokryvu tedy v
inicialni fazi ptirozené sukcese ekosystému. Houby v ekosystému prakticky chybély az do
doby neZ se objevila vegetace a v pidé se zacala akumulovat organickd hmota. Detailni
prozkoumani odliSného slozeni bakteridlniho spoleCenstva na plochach bez vegeta¢niho
pokryvu odhalilo pfitomnost autotrofnich bakterii. Bakteridlni autotrofie je ziejmé zptsob

prekonani obdobi nedostatku zivin v ptidnim substratu.

Sledovanim a porovnanim pribéhu dekompozice riznych typti opadu se ukazalo, ze prubéh
rozkladu opadu je zavisly na jeho pocate¢nim chemickém slozeni spiSe nez na mnozstvi
asociovanych saprotrofnich mikroorganismu a jejich aktivité. Rychlost rozkladu riznych typt
opadu odpovidala obsahu extrahovatelného C a N a obsahu snadno dostupnych rostlinnych

biopolymert.

V podrobném srovnani environmentalnich faktord ovliviigjicich slozeni houbovych a
bakterialnich spoleCenstev a aktivity extracelularnich enzymu jak v opadu, tak v pudé byl
determinovan vliv dominantniho druhu stromu jako faktor nejvice vysvétlujici variabilitu ve
sloZzeni mikrobidlnich spolecenstev a mikrobialni aktivit. SloZzeni houbového spoleCenstva a
aktivity vétsiny métenych extracelularnich enzymii byly ovlivnény dominantnim druhem
dfeviny V celém ptidnim horizontu, zatimco bakterie byly ovlivnény zejména pH substratu a
obsahem zivin a vliv vegetace byl patrny pouze spise v opadu. Déle bylo zjisténo, ze vyskyt
jednotlivych houbovych taxonl byl vazan na specificky druh dfeviny a tato specifita nebyla

omezena jen na mykorrhizni druhy, ale zahrnovala s druhy saprotrofni.

Celkové srovnani prabéhu pludnich mikrobidlnich procesi a slozeni mikrobialnich

spolecenstev na plochach prochazejicich piirozenou sukcesi a plochach zalesnénych



neodhalilo zaddné vyrazné rozdily ve studovanych aspektech vyvoje pudniho substratu
s vyjimkou mist osazenych ol$i, kde sledované aspekty byly zpravidla vyssi a kde rychlejsi
vyvoj pudniho ekosystému souvisel s produkci opadu s vy$sim obsahem dusiku, ktery vedl ke

snizeni nedostatku této klicové ziviny v puade¢.



Abstract

The aim of this thesis, which consists of four published articles, was to investigate the
effect of vegetation on soil microbial communities and processes in de novo developing soil

substrate on the brown-coal spoil heaps in the surrounding of city Sokolov.

Spoil material — soil clayey substrate, which had been gradually mined from the opencast
brown coal mine, stratified onto spoil heaps and reclaimed by assisted afforestation with
selected tree species or left for spontaneous plant succession, changes its biotic and abiotic
characteristic in the course of time and particularly under the influence of plants. Changes of
spoil substrate characteristics are related to the growth of plant roots and particularly also to
the production of plant biomass, which is decomposed gradually and takes part of soil, where
participates to soil organic matter. The process of plant dead materials decomposition and
transformation is the function of the activity of soil organisms and among them notably soil
microorganisms. Moreover, the presence of many of them is closely related to the presence of
vegetation, whose symbionts or pathogens are. The exact mechanisms of the plant-microbes
interactions and their extent still remain unclear. Experimental plots established at the brown-
coal spoil heap, which are homogeneous in all other parameters expect the composition of

vegetation, allow us to study these relationships in the natural environment.

In this work, biochemical methods (spectrometry, chromatography) were used for the
observation of microbial processes and for investigation of chemical changes in the course of
litter decay process and further molecular-biological methods (16S rDNA taxonomic
microarray, 454-pyrosequencing) were used for the observation of changes in composition of

bacterial and fungal communities.

Particular experiments demonstrated that the vegetation type substantially influences the
chemical soil characteristics, the course of microbial processes and the composition of
microbial communities. Further, the performed experiments enabled to compare the
effectivity of both used measures of soil ecosystem restoration and to support the opinion that
the technical reclamation is not necessary the only an adequate measure of the rehabilitation
of spoil substrate. Results showed, that the natural plant succession is, in the case of brown-
coal heaps near Sokolov, an adequate measure of ecosystem restoration and a suitable option

to the assisted afforestation.



Introduction

Despite the negative impact of the mineral materials mining on the function of
disrupted ecosystems, these disturbances represent a great opportunity to study those
ecological processes and phenomenons which would be otherwise impossible to study. One of
these phenomenons are for example, the effect of vegetation on the development of the soil

environment or successional processes.

The restoration of biotic and abiotic characteristics of heap materials is carried out either by
assisted afforestation with selected tree species or by natural plant succession. The assisted
afforestation is the usual measure of the rehabilitation of the mining areas in the Central
Europe (Chodak and Niklinska, 2010; Insam and Domsh, 1988; Mudrak et al., 2010). Tree
seedlings of the selected tree species are planted into the spoil material and at these areas, the
development of soil substrate is under the influence of only one dominant vegetation type
from the initial point of the establishment. On the other hand, during the spontaneous plant
succession, which is less preferred measure of the restoration of spoil heaps in the Central
Europe region (Prach and Pysek, 2001; Prach et al., 2013), the spoil substrate is influenced by

the changes of plant communities in time.

Plants greatly affect the soil environment by ingrowth of roots into the soil substrate and by
production of biomass which is decomposed and transformed by soil biota in the course of
time and incorporated into soil organic matter. Plants also affect soil temperature and watter

regime.

The presence of vegetation, more exactly of plant materials representing an important source
of nutrients positively influences and creates niches for soil biota, notably for microbiota,
which are involved in an array of biogeochemical processes through their abilities to decay
dead organic matter and to interact with plant roots and thus they create a unique functional
link between plants and soil (Prescott and Grayston, 2013; Wardle et al., 2003). The plant-
microbe interactions are diverse and show a various specificity, both direct and indirect and

their character and extent are still widely unknown.

Physico-chemical characteristics of soil are often considered to be the most important
determinants of the structure and activity of microbial communities. The effect of vegetation
itself has been so far unjustly considered as an additional factor (Prescott and Grayston,
2013).



Aims and hypothesis

The goal of this thesis was to determine if the vegetation affects the composition of
soil microbial communities and the course of microbial processes and further to investigate if
the vegetation may be considered as the most important determinant of the structure of

microbial communities and microbial processes.

The aim of the first study was to describe the changes in the composition of soil bacterial
communities in relation to the presence or absence of vegetation and in term of vegetation
type representing individual succession stages. In order to compare the effectivity of both
applied measures of ecosystem restoration, both the naturally revegetated plots and also plots
afforested with alder trees were involved in this study.

The aim of the second study was to follow the changes in chemical composition of different
litter types in the course of their two-year decomposition and to determine those litter
characteristics which are responsible for the course of litter decay. Litter decomposition is a
process, in which soil microorganisms play a key role. It is supposed, that the litter decay
depends on its chemical composition, which also affects the structure of associated microbial
community and its activity. Hypothetically, litter with higher nutrient content and higher
content of available plant biopolymers and with low content of lignin is decomposed faster.
The rate of decomposition should be higher at the beginning of decomposition due to the high
nutrients concentration and their better availability and correlate positively with high
microbial biomass and activities of extracellular enzymes related to decomposition of organic

matter.

The aim of the third and the fourth study was to determine if the dominant tree species have a
determinative impact on the microbial processes related to decomposition of dead organic
matter — expressed as activities of some extracellular enzymes — and on the composition and
diversity of soil microbial communities. Hypothetically, the differences in activities of
extracellular enzymes and microbial community composition may result from the differences
in soil characteristics that develop under the impact of specific vegetation, most obviously the

dominant tree species..
Materials and Methods

Samples were collected as soil cores of 45 mm diameter or gained from litterbags

placed into the litter layer (paper I) or litter layer was separated from composed soil samples



(paper 111 and 1V); samples were transported to the laboratory and material was processed

immediately.

In paper I, Il and Ill, the total microbial biomass and its bacterial and fungal parts were
assessed as the content of total phospholipid fatty acids (PLFAS) and specific bacterial and
fungal PLFA biomarkers (Elhottova et al., 2006; Frostegard and Baath, 1996). In paper II, the
content of acid-insoluble organic residues was measured as the dry mass of solids after
hydrolysis with 72% (w/w) H,SO, (Kirk and Obst, 1988). The carbohydrate composition of
hemicelluloses was determined by acid methanolysis, followed by gas chromatography
(Snajdr et al., 2011). The content of cellulose was determined from the concentration of
glucose measured by GC after acid hydrolysis and silylation (Sundberg et al., 2003). The
analysis of extractable compounds of carbon, nitrogen and phosphorus was conducted as
described by Santriickova et al. (2006).

In paper Il and IIl, activities of extracellular enzymes related to decomposition were

determined spectrophotometrically as previously described by Snajdr et al. (2008).

In paper | and IV, DNA was isolated from soil samples using modified Miller method
(Sagova-Mareckova et al., 2008) based on a phenol-chloroform extraction. In paper I,
bacterial diversity was assessed using a 16S rRNA gene taxonomic microarray (Kyselkova et
al., 2009). The universal bacterial primers T7-pA and pH (Bruce et al., 1992) were used to
amplify 16S rRNA genes. In paper IV, the fungi-specific primers ITS1/ITS4 (White et al.,
1990) were used to amplify the ITS1 region, the 5.8S ribosomal DNA and the ITS2 region of
the fungal ribosomal DNA. The bacteria-specific primers eub530f/eub1100br modified from
Dowd et al. (2008) were used to amplify the V4-V6 region 16S rDNA gene (Baldrian et al.,
2012). After two-step PCR, the purified amplicons were sequenced on a GS Junior 454-
pyrosequencer. Amplified sequences were used for the description of microbial community

composition.

The pyrosequencing data were processed using the pipeline SEED with the proposed
procedures of standardised data analysis (Vétrovsky and Baldrian, 2013). Sequences were
quality-filtered and trimmed, chimeric sequences were removed and clustered to form
operational taxonomic units (OTU). Finally, sequences representing OTU were identified by

database searches. The sequence data were deposited in the MG-RAST public database.



Statistical tests were conducted using the software package STATISTICA 7 (StatSoft) in all
papers. In paper IV, the pipeline SEED (Vétrovsky and Baldrian, 2013) was used for data pre-
processing and diversity calculations.

Results and Discussion

This PhD thesis summarizes the results of four experiments which examined the effect
of dominant vegetation type on the composition of microbial communities and microbial
processes in spoil substrates. Different tree species or naturally occurring successive
vegetation have been used for the rehabilitation of biotic and abiotic characteristics of this

substrate.

Results of this thesis demonstrate that changes in the soil substrate properties are related
notably to the dominant vegetation type at these stands, which greatly affects both the
microbial community composition and microbial processes at these sites (publication 1, 11, 111,
V).

In the first study, it has been found out that the presence and the type of vegetation
substantially affected both the amount of microbial biomass and the structure of bacterial
community. The absence of fungal biomass at the plots without vegetation cover and its
presence at the plots with different types of vegetation pointed out the key ecological need of
fungi in the ecosystem. Contrarily, bacterial biomass was found out both at the plots without
vegetation cover and at the plots with different types of vegetation cover. The structure of
bacterial communities substantially differed among the sites. Bacterial community at the plots
without vegetation cover was the most different from bacterial communities of sites
dominated by grass, shrubs or woodland. The substantial part of bacterial community of sites
without vegetation cover has been constituted of group of Cyanobacteria and Rhizobizaceae
but also Thiobacillus and Acidithiobacillus genus. The importance of bacterial autotrophy was
documented on glacier forelands, where the vegetation is absent for decades as a consequence
of deficit of nutrients in soil substrate and where the bacterial autotrophy and atmospheric
deposition eliminate at least partly the nutrient deficit (Fierer et al., 2010; Kastovska et al.,
2005; Nemergut et al., 2007; Knelmann et al., 2012).

In the following litterbag experiment, the decomposition of different litter types has been
studied with the aim to identify these litter characteristic which determine its decomposition.

It was shown, that the decay of different litter types is related to availability of nutrients and



the content of certain plant polysaccharides and monosaccharides. The surveyed litters
differed notably in pH, nutrient content and their availability, further composition of plant
biopolymers and monosaccharides (Table 1, Paper I1). The distinct chemical characteristics of
the individual litters remained preserved and kept its specificity throughout the whole course
of decomposition. This can indicate that soil organic matter which is mainly composed of
decomposed and transformed litter residues still carries the legacy of the identity of original
litter (paper 11). Neither microbial communities associated with litter nor the activities of
extracellular enzymes related to decomposition correlated well with the course of

decomposition and they are not probably suitable predictors of decomposition rates.

The effect of dominant tree species on enzyme activities and microbial biomass has been
described v paper I11. The described differences in enzymatic activities and microbial biomass
between litter and soil at the plots afforested with different tree species were notably related to
effect of dominant tree species and far less but always significantly to chemical soil
properties. Soil properties as pH and moisture were already previously identified as important
factors influencing enzyme activities (Baldrian et al, 2008; Stursova and Baldrian, 2011).
Nevertheless, at our experimental plots the effect of moisture neglected probably due to the
high homogeneity of soil substrate and low variability of water content. Observed spatial
stratification of enzyme activities and microbial biomass (microbial biomass and enzymatic
activities were observed higher in the litter layer than in bulk soil) were in agreement with the
previous studies, which revealed clear pattern of stratification in the abundance of soil
microorganisms as a consequence of nutrient availability decrease in deeper layers of soil
horizon (Lindahl et al., 2007).

In paper 1V, the effect of dominant tree species on microbial communities in litter and bulk
soil was confirmed by results of 454-pyrosequencing. The dominant tree species was the most
important factor which significantly affected the composition of both fungal and bacterial
communities in litter as well as soil. Compared to fungi, bacterial communities were less
affected by dominant tree species and in soil, the effect of vegetation on bacteria was likely
mediated by chemical soil properties, namely by pH and nutrient content. The effect of soil
pH is known as the most important determinant of soil bacterial community structure
worldwide (Fierer and Jackson, 2006; Lauber et al., 2009; Rousk et al., 2010).

There were also remarkable differences in the specificity of association of the litter and soil

bacterial and fungal communities with dominant trees (paper V). While most bacterial OTU



occurred under multiple trees (almost 80% of bacterial taxa were common for at least 6 tree
species), almost one third of fungi were exclusively associated with only one or two tree
species. Originally, it was supposed that the effect of the rhizosphere can not be considered as
significant for the composition of the bacterial and fungal communities in our study due to the
sampling of bulk soil. However, the results suggest that the effect of plant roots and
rhizospheres possibly extends into the bulk soil due to its connection with plant roots via
fungal hyphae (Buee et al., 2009).

Conclusions

This study shows that vegetation substantially affects the soil substrate development
and its soil biotic and abiotic properties.

Further in this work, the importance of bacteria in the process of spontaneous succession in
temperate zones has been demonstrated. Bacteria dominated the initial stage of ecosystem
succession on barren, non-vegetated grounds. Fungi were virtually absent in the ecosystem
since the establishment of vegetation and organic matter was delivered into soil. The more
detailed investigation of bacterial community composition revealed the presence of
autotrophic bacteria. This may suggest that bacterial autotrophic fixation of nutrients is

important for this stage of substrate development.

We have also demonstrated by comparison of decomposition of various litter types, that the
course of litter decay depends on the initial chemical composition of plant tissues rather than
on the amount of microbial biomass or its microbial activity. The rate of decomposition of
various litter types correspond with the contents of extracted C and N and on the content of

easily available plant biopolymers.

In a detailed comparative study of the environmental factors influencing the fungal and
bacterial communities and extracellular enzyme activities in litter and soil, the tree effect has
been revealed as their best predictor of variability of composition of microbial communities
and microbial activities. The composition of fungal communities and activities of most
enzymes were more affected by dominant tree species both in litter and the bulk soil than
bacterial communities. Bacteria were influenced by substrate pH and nutrient content and the
tree effect was lower than in fungi and more observable in the litter. Moreover, fungi were
also strongly tree species-specific and the observed specificity was not limited only to root-

symbiotic fungal taxa, but included also saprotrophs.



Finally, the overall comparison of the course of the soil microbial processes and the
composition of microbial communities developed at spontaneously revegetated sites and
afforested sites did not reveal any substantial differences in examined aspects of soil substrate
development except the sites revegetated with alder, where the examined aspects were usually
higher and where the faster development of soil ecosystem was related to the production of

nitrogen-rich litter, which let alone to the decrease of deficit of this crucial soil nutrient.
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