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Abstrakt:

Moje diserta¢ni prace je zaméfena na studium interakci nadzemni vegetace a pudni bioty a
vlivem péstovani energetickych plodin na tyto interakce. Kapitola 1. je vénovana obecnému
uvodu do interakci rostlin a pudni bioty z pohledu vztahli mezi pidnimi organismy a
nadzemni biomasy i kofenového systému. Kapitola 2. je zaméfena predev§im na potravni
interakce chvostoskoka Folsomia candida a riznych druhi pudnich mikroskopickych hub
(Penicillium chrysogenum, Penicillium expansum, Absidia glauca, a Cladosporium
herbarum), které byly péstovany samostatné¢ nebo na rtizném typu opadu (dub, olse a vrba).
Na zaklad¢ laboratornich experimentli bylo zjisténo, ze signifikantni roli z hlediska potravni
preference i pusobeni na populacni velikost a vyvoj ptdni fauny hraje spise druh a kvalita
opadu, nez jednotlivé kmeny puadnich hub. V kapitole 3. byla studovéna dlouhodoba
produkce hybridniho $toviku a jeji efekt na slozeni ptidni meso a makrofauny, basalni pudni
respiraci, mikrobidlni biomasu a druhové slozeni kultivovatelnych plidnich mikroskopickych
hub ve srovnani siepkou olejkou a kulturnimi loukami. Bylo zjisténo, ze dlouhodoba
produkce hybridniho Stoviku ovliviiuje slozeni pidni fauny, zatimco mikrobidlni aktivita
pudy byla vice ovlivnéna dal$imi faktory, pfedevsim orbou. V kapitole 4. byl studovan efekt
nativnich (Salix viminialis a Phalaris arudinacea) a introdukovanych (Reynoutria
sachalinensis, Silphium perfoliatum a Helianthus tuberosus) energetickych plodin na slozeni
spoleenstev pidni meso a makrofauny, slozeni mikrobialnich spolecenstev, biologickou
aktivitu pudy a sloZeni spolecenstev kultivovatelnych pidnich hub ve srovnani s kulturnimi
loukami. Bylo zjiSténo, Ze introdukované energetické plodiny redukovaly pocetnost ptidni
fauny. Ackoliv byly zjistény signifikantni rozdily ve struktuife mikrobialnich spole¢enstev a
jejich biologické aktivity, v ramci jednotlivych energetické plodiny nelze brat tyto rozdily
jako signifikantni z pohledu nativnich a introdukovanych energetickych plodin. Kapitola 5. je
zaméiena na chemické slozeni rostlin a alelopaticky efekt hybridniho Stoviku, kiidlatky
japonské a ozdobnice ¢inské na Kli¢ivost semen, rychlost ristu nékterych kmen hub a
pocetnost vybranych zastupct pudni fauny. Bylo studovano chemické slozeni (C:N pomér a
produkce fenolickych latek) nadzemni biomasy téchto rostlin ve srovnani s kulturnimi
loukami. Dale byl studovan vliv extrakti téchto plodin na kli¢ivost semen pSenice a hoicice
na ruznych typech substratu (puda a pisek), vliv extraktli téchto rostli na rychlost ristu
vybranych pudnich patogennich hub (Fusarium culmorum, Rhizoctonia solani, Sclerotonia
solani a Cochliobolus sativus). Studovan byl také vliv opadu zminovanych rostlin na
populacni hustotu a vyvoj vybranych zastupctu pudni fauny (Folsomia candida a Enchytraeus
crypticus). Ozdobnice a ktidlatka ukazovaly vyssi C:N pomér nez rostlinna biomasa ziskana
z kulturni louky a biomasa hybridniho stoviku. Ozdobnice a $tovik vykazovali vyssi obsah
fenolti nez ktidlatka a kulturni louky. Vyluhy z hybridniho $toviku, ozdobnice a kiidlatky
vyznamné snizily kli¢ivost semen pSenice a hoicice na obou substratech. Rychlost ristu
padnich houbovych patogeni péstovanych na agaru obohaceného vyluhy z energetickych
plodin, invazni rostliny a malt extraktu jako kontrola byla siln¢ ovliviiovdna témito extrakty.
Byl zjistén vyznamny efekt nadzemni biomasy zmiflovanych rostlin na popula¢ni hustotu a
vyvoj pudni mesofauny.



Abstract:

My PhD thesis is focused on study of plant-soil interactions. Chapter 1 is focused on general
introduction to the interactions between plants and soil biota in terms of relationships between
soil organisms and aboveground biomass as well as root biomass. Chapter 2 is focused on
food interaction of Folsomia candida and soil microscopic fungi (Penicillium chrysogenum,
Penicillium expansum, Absidia glauca, and Cladosporium herbarum). Fungi were grown
separately on Petri dishes or on different litter type (oak, alder and willow) separately as well.
Laboratory experiments showed that food preference was more influenced by different litter
types than fungal species. In chapter 3 was studied long-term production of hybrid sorrel and
its effect on the composition of the soil meso and macrofauna, basal soil respiration, microbial
biomass and composition of cultivable fraction of soil microscopic fungi in comparison with
oilseed rape and cultural meadow. There was found that long-term production of hybrid sorrel
affects the composition of soil fauna, while the microbial activity of the soil was more
affected by agriculture practices, especially tillage. In chapter 4 was studied the effect of
native (Salix viminialis and Phalaris arudinacea) and introduced (Reynoutria sachalinensis,
Silphium perfoliatum and Helianthus tuberosus) energy crops on community composition of
soil meso and macrofauna, the composition of microbial communities, soil biological activity
and composition community of cultivable fraction of soil fungi in comparison with cultural
meadows. Introduced energy crops more reduced the abundance of soil fauna. Although the
significant differences in the structure of microbial communities and their biological activity
were found in soils overgrown by individual plant species, they are not considerable as
significant between native and introduced plant species. Chapter 5 showed plant chemistry
and the allelopathic effect of hybrid sorrel, knotweed and miscanthus on seed germination,
fungal growth and population density and development of soil mesofauna. Miscanthus and
knotweed litter had a higher C:N ratio than the control meadow and hybrid sorrel litter.
Miscanthus and hybrid sorrel litter had a higher content of phenols than knotweed and cultural
meadow litter. Leachates from hybrid sorrel, miscanthus and knotweed litter significantly
decreased seed germination of wheat and mustard in both substrates. Soil fungal pathogens
grew less vigorously on agar enriched by leachates from both energy crops than on agar
enriched by knotweed and control leachates. Litter from hybrid sorrel, miscanthus and
knotweed significantly altered (both ways) the population growth of the soil mesofauna.
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1. Uvod

Pudni organismy jsou uzce vazany s nadzemni biomasou rostlin. Nadzemni biomasa
rostlin poskytuje uhlik a dal$ich ziviny pro pidni organismy, pficemz koteny rostlin hraji také
dalezitou roli pfedevSim produkci exudatli a vazbou na mutualistické organismy jako jsou
bakterie vazajici dusik a mykorhizni houby (Wardle et al. 2004). Ptdni biota také ovliviiuje
nadzemni vegetaci. Nepiimo, recyklaci mrtvé organické hmoty a piimo diky symbiotickym
organismim ktefi selektivné ovliviiuji uspésnost jednotlivych rostlinnych druht (Wardle et
al. 2004). Interakce rostlin a ptdnich organismi jsou velmi dulezité z hlediska utvareni a toku
zivin v pudnim ekosystému. Rostliny ovliviiuji pidni organismy dvéma typy zpétnych vazeb.
Pozitivni zpétna vazba je charakterizovana akumulaci téch organismu, které diky své ¢innosti
pozitivné ovliviyji riust a vyvoj nadzemni vegetace (mykorhizni houby, Zizaly, dusikaté
bakterie atd.). Pusobeni pozitivnich zpétnych vazeb vede k dominanci né€kolika malo
rostlinnych druht a tedy ke snizovani druhové rozmanitosti nadzemni vegetace (Bever 2002).
Negativni zpétna vazba je charakterizovana plisobenim organismd, které negativné pisobi na
rostlinné druhy (patogenni organismy, herbivorni organismy, paraziti atd.) Tyto interakce
zdaleka ptevySuji pozitivni efekt mutualistickych vztahd a diky své selektivité vedou ke
zvySovani druhové rozmanitosti nadzemni vegetace (Klironomos 2002).

Chemické sloZeni opadu ovliviiuje spoleCenstva plidni bioty, piedevS§im pidni
dekompoziory (Hattenschwiler et al. 2005). Piudni mesofauna a pudni mikrofléra hraji



dulezitou roli v dekompozi¢nim procesu (Jorgensen et al. 2003). Konzumace pidnich hub
pudni mesofaunou miize vést ke zménadm druhového slozeni pidnich dekompozitort a tim i
ke zménam v rychlosti dekompozice organického materialu a reakci dekompozitori na rizné
stresové faktory (Berg et al. 2004; Crowther and A’Bear 2012). Naopak, sloZeni spole¢enstev
pudnich hub a jejich interakce s pidnim substratem muze hrat dilezitou roli pro reprodukci a
vyvoj pudni mesofauny. Pidni fauna Casto uptednostiiuje nékteré druhy hub nad ostatnimi
(Jorgensen et al. 2003; Tordoff et al. 2008) Nejvice preferovanymi kmeny hub jsou piedev§im
Cladosporium cladosporoides, Cladosporium herbarum, Alternaria alternata a Ulocladium
sp. (Faber 1991). Nektefi autofi dosli k zavéru, Ze nejvice preferované houby jsou také
nejvhodnéjsi pro rust a vyvoj fungivornich zivoc¢ichu (Tordoff et al. 2008), piesto Frouz a
Novékova (Frouz and Novakova 2001) zjistili, Ze nékteré velmi preferované kmeny hub
negativn¢ pusobily na rist a vyvoj nékterych zastupcii pidni fauny. Kromé toho miize
substrat, na kterém houby rostou vyrazné ovlivnit jejich atraktivitu jako zdroj potravy a déle
jejich vyzivovaci hodnotu, ktera ovliviiuje rast a vyvoj svych konzumenti.

Energetické plodiny jsou rychle rostouci jednoleté, nebo viceleté rostliny, jejichz
biomasa se vyuziva k vyrobé biopaliv, nebo pro piimé spalovani (Cozier 2012). Svétové
nejvice rozsifené energetické plodiny jsou kukufice, cukrova titina, soja, sladky ¢irok, proso,
Jatropha apod. (Cozier 2012). V Evrop¢ je nejvice péstovanou energetickou plodinou fepka
olejnd, avsak zavadéni zcela novych energetickych plodin jako napiiklad hybridniho $toviku
se dostava stale vice do poptedi (Brant et al. 2011).

Jiz fadu let jsou biopaliva ve stfedu z4jmi a mnoha diskusi po celém svéte. Nejvyssi
narast produkce biopaliv zacal v letech 2004-2005 v dusledku riznych investi¢nich pobidek
oznamenych ze strany vlad Spojenych stati (USA) a Komise evropské unie (EU) (Brant et al.
2011). Dopad dlouhodobé produkce energetickych plodin na pudni ekosystém je
Vv soucasnosti malo objasnén. Existuji dva pohledy na péstovani energetickych plodin. Prvni
poukazuje na ekosystémové benefity (sekvestrace uhliku, sniZzeni emisi sklenikovych plynd,
fytoremediacnich a zvySeni kapacity retence vody atd.), které¢ energetické plodiny mohou
poskytovat (Anderson-Teixeira et al. 2013; Buckeridge et al. 2012; Smith et al. 2013). Druhy
pohled na péstovani energetickych plodin povazuje za vaznou hrozbu pro rozmanitost ptidni
fauny, kterd poskytuje vyznamné benefity pro pudni ekosystémy, zejména z pohledu
biologickych invazi (Buddenhagen et al. 2009; Raghu et al. 2006).

2. Cile prace

Kapitola 2

V této kapitola byla feSena otazka, jak se rizné druhy mikroskopickych hub (Penicillium
chrysogenum, Penicillium expansum, Absidia glauca, Penicillium a Cladosporium herbarum)
lisi z hlediska jeji potravni atraktivity pro chvostoskoky Folsomia candida, a jestli potravni
preference odpovidaji i z hlediska kvality pro reprodukci a vyvoj. Pomoci hub péstovanych na
agarovych médiich i na tfech typech opadu (olSe, vrba, dub) jsme testovali potravni



preference a populacni rist chvostoskokd F. candida umisténych na Petriho miskach s
riznymi zvySe jmenovanymi potravnimi zdroji.

Kapitola 3

V soucasném vyzkumu jsme porovnavali vliv dlouhodobé produkce hybridniho $toviku
(obhospodatovano 2 a 10 let), fepky (obhospodafovano > 10 let), a kulturni louky
(obhospodatovano > 10 let), na biologickou aktivitu pudnich spoleCenstev. M¢fili jsme
slozeni a cCetnosti riznych skupin padni fauny, slozeni kultivovatelné Casti spolecenstva
pudnich hub, bazalni respiraci ptidy a specifickou mikrobialni respiraci (qCO2).

Kapitola 4

Cilem této studie bylo testovat rozdily biologické aktivity pidy, kde byly dlouhodobé
péstovany introdukované (Helianthus tuberosus, Silphium perfoliatum a Reynoutria
sachalinensis) a nativni (Salix viminialis, Phalaris arudinacea) energetické plodin ve
srovnani s kulturnimi loukami. Byly testovany néasledujici parametry: obsah fenolickych
sloucenin a pomér C:N z rostlinného opadu, slozeni a mnoZzstvi riznych skupin piidni meso a
makrofauny, mikrobialni biomasa pudnich mikroorganismt, dekompozi¢ni aktivita padni
mikroflory, bazalni respirace pidy a mikrobialni biomasa uhliku.

Kapitola 5

Cilem tohoto experimentu bylo zjistit obsah a efekt alelopatickych latek nové
introdukovanych energetickych plodin na kliceni semen, rist mikrobialnich spoleCenstev a
populacni hustotu a vyvoj pidni fauny.

3. Material a metodika

3.1 Potravné preferencni a reprodukéni testy

Synchronizované kultury Folsomia candida (Isotomidae:Colembolla) byly ziskany z Ustavu
ptdni biologie, Ceské Bud&jovice, a dale chovany podle standardniho protokolu (Tordoff et
al. 2008). Kmeny mikroskopickych hub byly ziskany ze sbirek Ustavu piidni biologie, Ceské
Budgjovice: Penicillium expansum, Absidia glauca, Cladosporium herbarum a Penicillium
chrysogenum. Houby byly kultivovany pienosem spor na Petriho misky obsahujicich 8%
Yeast extract agar. Kultury byly inkubovany pii teplot¢ 20-25°C. Dale byly provedeny
potravné preferencni testy a kultivacni testy kde byla sledovéna potravni preference a
populacni velikost a vyvoj chvostoskoku F. candida na Petriho miskach s jednotlivymi kmeny
hub péstovanych samostatné a na jednotlivych typech opadu.

3.2 Chemické analyzy rostlinného opadu

Rostlinny material byl ususen a poté¢ homogenizovan na malé Castice mens$i nez 2 mm.
Vzorky byly zabaleny do cinové kapsle a pak vaZeny na mikrovahach Mettler Toledo. Obsah
uhliku a dusiku byla stanovena ve vzorcich suché drcené pidy a listh za pomoci
elementarniho analyzatoru EA 1108 (Carlo Erba Instruments). Celkovy pbsach rozpustnych
fenoll byl extrahovan methanolem a stanoven spektrofotometricky pomoci Folin-Ciocalteau
¢inidla (Singleton et al. 1999).



3.3 Extrakce a determinace pidni fauny

Pudni vzorky byly extrahovany za pomoci Tullgrenova extraktoru dobu 5 dnt (Lavelle et al.
1997). Extrahované pudni organismy byly konzervovany ve 0,2% roztoku formaldehydu a
determinovany adi a ¢eledi dle morfologickych znak.

3.4 Analyza mikrobialni aktivity pady

Bazalni pudni respirace byla vyhodnocena inkuba¢ni metodou podle Jenkinson and Powlson
(Jenkinson and Powlson 1976). Mikrobialni biomasa uhliku byla stanovena fumigacné
extrakéni a fumigacéné respiraéni metodou na zékladé metodiky Vance and Jenkinson (Vance
et al. 1987). Rozklad celulézy byl méfen za pomoci opadovych (3 opadové sacky na jednu
lokalitu) sacka zakopanych 3 cm pod povrchem pudy. Opad v kazdém opadovém sacku byl
reprezentovdn dvéma listy filtracniho papiru o vaze 2 g. Filtra¢ni papiry byly zvazeny a
spaleny v Muflové peci za teploty 550 °C po dobu 5 hodin. Ubytek biomasy po spaleni byl
vyjadien jako ubytek celulozy po dekompozici.

3.5 SloZeni mikrobialnich spolecenstev za pomoci PLFA

Vzorky pro analyzu PLFA byly extrahovany chloroform-methanol-phosphate pufrovaci smési
(1:2:0.8). Fosfolipidy byly separovany za pouziti suchych extrakénich kolon (LiChrolut Si 60,
Merck). Separované vzorky byly dale podrobeny stfedné-alkalické methanolyze. Volné
methyl-estery PLFA byly analyzovany na GS-MS (Varian 3400; ITS-40, Finnigan) (Oravecz
et al. 2004; Snajdr et al. 2008).

3.6 Isolace kultivovatelnych pudnich hub

Izolace z hub byla provedena pomoci suspension-plating method (Chesters and Thornton
1956). Vzorky pudy suspenze bylo naneseno na Petriho misky s kultivaénim mediem.
Inkubace probihala pti 25°C. Houby byly determinovany na zakladé mikro-morfologickych,
fyziologickych a biochemickych vlastnosti (Frankland et al. 1990).

3.7 Vliv alelopatickych latek na klicivost rostlin

Senescentni nadzemni rostlinny material (R. tianschanicus x R. patientia, M. sinensis a F.
sachalinensis) a nasledné vylouhovan za pomoci deionizované vody po dobu 48 hodin (10 g
suSeného biomasy na 100 ml deionizované vody (Mudrak and Frouz 2012), pH vsech typt
sloZeni vyluhli byla asi 6,3. Byly pouzity 2 typy substratu (hlina a pisek). Deset gramli obou
substratli zvIast’ bylo umisténo do Petriho misky. Do kazdé Petriho misky, bylo pfidano 25
semen pSenice (T. aestivum), nebo hoi¢ice (S. arvensis). Semena byla ziskana z Crop
Research Institute v Praze. Petriho misky obsahujici substrat a seminka byla drzena v
klimatické komoie (pii teploté 21 ° C s 12 hodin svétla a 12 hodin tmy) (Mudrak a Frouz
2012) a kazdy den bylo pfidavano 6 ml z kazdého vyluhu. Kazdy vyluh zahrnoval Ctyfi
opakovani. Destilovana a deionizovana voda byla pouZita jako kontrola.

3.8 Vliv alelopatickych latek na rychlost rustu piidnich houbovych patogenii
Pouzité houbové kmeny (Fusarium culmorum, Rhizoctonia solani, Sclerotonia solani a
Cochliobolus sativus) byly ziskany z Oddéleni mykologie VURV v Praze. sladinovy agar



(Frankland et al. 1990; Chesters and Thornton 1956) byl pfipraven na Petriho miskach a
obohacena vyluhy izolovanych ze senescentni nadzemni biomasy (10 g suSené rostlinné
biomasy na 100 ml deionizované vody, pH se upravi na 6,3) ze dvou energetickych plodiny
(R tianschanicus x R. patientia, M. sinensis) a jednoho invazniho druhu (F. sachalinensis).
Petriho misky se sladinovym agarem byly pouzity jako kontrol. Kazda Petriho miska byla
naoCkovana jednou ze Ctyf kmend hub v jednom misté ve stiedu misky. Kazdy rostlinny
extrakt agar a fizeni mél Sest opakovani. Po jednom tydnu byl méfen pramér kolonie kazdého
kmene hub.

3.9 Vliv opadu na pidni faunu

Dva druhy pudni mesofauny, F. candida a E. crypticus, byly pouzity v mikrokosmovém
experimentu. F. candida a E. crypticus byly ziskany ze sbirky kultur Ustavu ptidni biologie v
Ceskych Budgjovicich. Pro tento experiment byly pouzity synchronizované kultury zvifat
((Franchini and Ottaviani 2008; Tordoff et al. 2008). Zvifata byla drzena v plastovych
kvétinacich o priméru 4 cm a 5 cm. Do kazdého kvétinace bylo navazeno 20 g mrazené plidy
(-70 ° C, distric ¢ernozem) dale bylo pfidano 10 g rostlinné biomasy (R. tianschanicus x R.
patientia, M. sinensis, F. sachalinensis odd¢len¢ jak bylo uvedeno vyse. Jako kontrola byla
pouzita rostlindd biomasa z kulturni louky. Do kazdého mikrokosmu s danym typem opadu,
jsme umistili 10 jedinc F. candida nebo E. crypticus. Kazdy mikrokosmos mél &tyti
opakovani. VSechny mikrokosmy byly umistény do tmavéh klimatické komory pii teploté 21
° C. Po 30 dnech byla kazdy mikrokosmos fixovan ethanolem a vSechna fauna byla spocitana.

3.10 Statistické analyzy

Data byla podrobena jednocestné analyze rozptylu one-way ANOVA (prvni potravné
preferencni a reprodukéni test) nebo dvoucestné analyze rozptylu two-way ANOVA (pro
druhy potravné preferencni a reprodukéni test v zavislosti hub péstovanych na jednotlivych
typech opadu). V pfipadé signifikantné vyznamnych rozdilu v analyze rozptylu ANOVA,
ziskana data byla dale testovana Fisher LSD testem nebo Tukey HSD testem (post hoc
ANOVA). Data byla analyzovédna za pouziti programu R. Pro mnohorozmérné analyzy byl
pouzit program Canoco. Mnohorozmérna data byla analyzovana za pomoci PCA a RDA
(Monte Carlo permutation Test).

3.11 Popis lokality a vzorkovani

PlantdZe hybridniho $toviku se nachdzi v ChotySanech u VlaSimi. Dal8i experimenty byly
realizovany na experimentalnich polich Ustavu rostlinné vyroby v Chomutové. Kazdy druh
plodiny byl zastoupen tfemi poli a vzorky byly odebirany ve tfech opakovanich. Pro stanoveni
pudni bioty byly vzorky odebirany pudni sondou, pficemz kazdd z nich méla 12 cm v
priuméru a 10 cm do hloubky pro pudni faunu a 6 cm v praméru a 10 cm do hloubky hluboka
pro pudni mikroorganismy.



4. Vysledky a diskuse

Kapitola 2

Pokud houby rostly na agarovém disku F. candida preferoval u¢ité druhy druhy hub a na
nékterych vice prosperoval nez na jinych. Kdyz byly houby kultivované na jednotlivych
typech opadu (olSe, vrba a dub) byla potravni preference i vliv na populacni hustotu vice
ovlivitovana druhem opadu nez druhem hub. Ve shod¢ s jinymi autory, substrat, na kterém
rostou houby je z velké Casti zodpoveédny za jejich atraktivitu a kvalitu pro fungivornich
organism (Frouz et al. 2002; Frouz and Novakova 2001; Kaneda and Kaneko 2002).
Kupodivu téméf zadné piedchozi studie nepfedpokladali, Ze opad je vice vhodny a nejvice
simuluje pfirozené podminky v terénu nez ostatni kultivaéni substraty. Zakladni vysledek nasi
studie je to, Ze opad na kterém jednotliv kmeny hub rostou jsou mnohem vice dalezité nez
samotny kmen hub. Tento zavér podporuje i studie Jargensen et al. (2008), ktera piipousti Ze
ptirodni substraty by mély byt pouzity ve studiich fungivore-houba interakci.

Kapitola 3

Dlouhodoba produkce hybridniho §toviku ovliviiovala né€kolika biologickych parametrii v
pud¢. Dlouhodobé produkce hybridniho stoviku mize mit vliv na druhové slozeni a pocetnost
pudni mezo-a makrofauny. Rozmanitost a mnozstvi pidni fauny z pod hybridniho Stoviku
bylo méné nez v kulturnich loukach, ale vyss§i nez na polich s fepkou. Pudy s hybridnim
Stovikem, ktery se zde péstoval vice nez 10 let mély tendenci obsahovat vice rostlinnych
patogennich hub nez pudach s fepkou olejnou nebo kulturnich luk. Tento vysledek je v
souladu se zjiSténim, Ze invazivni rostliny maji tendenci ke k akumulaci plidnich rostlinnych
patogeni (Mangla et al. 2008; Mitchell et al. 2010). Nékteré nove intodukované rostliny vsak
produkuji allelopatické slouceniny, které potlacuji ptidni houbové patogeny rostlin (Zhang et
al. 2009; Zhang et al. 2011). Ackoliv star$i plantaze hybridniho $toviku ukazovaly vice
patogennich hub, vysledky nebyly statisticky signifikantni.

Kapitola 4

Vysledky naSi studie ukazuji vyznamné rozdily mezi doméicimi a introdukovanymi
energetickymi plodinami ve struktufe spolecenstev pldni fauny, sloZzeni mikrobialnich
spolecenstev na zakladé PLFA a okrajové také na sloZeni kultivovatelnych pldnich hub.
Introdukované energetické plodiny vice sniZzuji mnoZstvi a pocet skupin piidnich zivocicht.
Snizeni hustoty a rozmanitosti piidni fauny pozorované v nasi studii byla podobna jako jinych
studii, které se zabyvaly vlivem extenzini produkce na pidni biotu (Crossley Jr. et al. 1992;
Edwards 1989; Chan 2001; Wardle et al. 1999), nebo efekt orby na pidni biotu (Reynolds et
al. 2007), ktery ziskal velkou pozornost v literature (Blanchart et al. 2006; House and
Parmelee 1985; Kladivko 2001; Marasas et al. 2001; Stinner et al. 1988). Podobneé rozdily
mezi doméacimi a introdukovanymi plodinam byly zminované také v dalsi literature (Raghu et
al. 2006; Yeates and Williams 2001). Gremmen et al. (1998) ukazaly statisticky vyznamny
dopad invazni trdvy Agrostis stolonifera na pudni faunu ostrova Marion (sub-antarktické).
Pritekel et al. (2006) zaznamenala vyssi pocet pudnich ¢lenovci v ptid€ z neinvazivnich mist
oproti pidy z invazivni rostlinami v oblastech Rocky Mountain National Park, USA.



Kapitola 5

Nase vysledky ukazuji, ze jak pSenice tak hoicice se lisi v jejich citlivosti na rizné vyluhy
izolované z riznych rostlin. Pouzili jsme semena z rostlin rostoucich v agroekosystémech,
které by mohly byt vice citlivy na alelopatické slou¢eniny z rostlin rostoucich v pfirodnich
ekosystémech (Weih et al. 2008). Zjistili jsme, ze nékteré nové introdukované nebo invazivni
rostliny mohou snizovat rychlost ristu nékterych houbovych patogent. Komplexni
allelopatické latky produkované rostlinami mohou siln¢ ovliviiuji rust a vyvoj kment hub v
pudé (Becker et al. 1997). Studovali jsme ¢étyfi kmeny obecnych houbovych rostlinnych
patogenu vyskytujici se ve stfedni Evropé. Podle Novell weapon hypothesis (Callaway and
Ridenour 2004), byly domaci patogeny silné potlaceny alelopatickymi latkami z nové
introdukovanych rostlin (Inderjit et al. 2006). Zjistili jsme negativni vliv opadu ktidlatky na
pocetnost roupic E. crypticus. Miscanthus a hybridni $tovik, na druhou stranu, podporuji
vys$8i populaéni nez opad z kulturni louky. Abundance F. candida nejvice snizila v
mikrokosmu obsahujici opad z k#idlatky a ozdobnice. Velmi dilezity je ptimy kontakt
s opadovym materidlem, jak je uvedeno ve literatuie (Mudrak a Frouz 2012). Lehce
rozlozitelny opad podporuje rist mikrobialnich spoleéenstev, které by mohly byt vyuzivany
pudni faunou, nebo alesponi podpofit jeho vyvoj a pocetnost (Hedenec et al. 2013; Kaneda and
Kaneko 2002).

5. Zavéry

Kapitola 2

Opad typ mé&l nekonzistentni vliv na potravni preference a reprodukci F. candida. Olse byla
vice preferovana nez dub, pifesto dubovy opad vice podporoval rist a vyvoj F. candida.
Divody mohou byt vysvétleny kratkym trvanim laboratornich testi (12 dni) ve kterych
sterilni opad z ol$e podporovalrychlejsi rist hub nez opad z dubu. V reprodukénim testu,
ktery trval po dobu 30 dnti, zptsobilo pfidani chvostoskokli bakteridlni kontaminaci opadu,
pricemz bakterie mohou zplsobovat snizeni riistové schopnosti u hub rostouci na olSovém
opadu nez na dubovém opadu, coz ma za nasledek vétsi reprodukci chvostoskokd na dubu,
nez na olsi.

Kapitola 3

Dlouhodoba produkce hybridniho $toviku muze mit vliv na druhové sloZzeni a pocetnost
pidni mezo-a makrofauny. Diverzita pidni fauny byla nizsi v pidach z pod §toviku nez v
kulturnich loukach, ale vyssi nez u pole fepky. Ackoli Uc€inek nebyl statisticky vyznamny,
hybridni $tovik ukazoval tendenci obsahovat vice rostlinnych patogennich hub, nez kulturni
louky nebo fepkova pole. Mikrobiélni aktivita se vyznamné neliSila mezi mladymi a starymi
poli s hybridnim §tovikem. Mikrobialni respirace byla vyssi u pole fepky nez u hybridniho
Stoviku. Tento fakt 1ze pravdépodobné vysvétlit tim, Ze na rozdil od poli hybridniho §toviku a
kulturnich luk, pole s fepkou vyzaduji orbu.

Kapitola 4

Zjistili jsme statisticky vyznamné rozdily mezi jednotlivymi druhy rostlin v nékolika
parametrech. Vyznamny rozdil mezi pivodnimi druhy a exotickymi energetickymi plodinami
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ukazuje, Zze nové introdukované plodiny redukuji pocetnost i rozmanitost pudni meso a
makrofauny.. Nase vysledky vSak nevykazuji jasny vzor v nékteré z parametrd, jako je
mikrobidlni respirace, mikrobialni biomasy a rozklad celulozy, ktery je mozné pfisoudit
vysokému stupni redundance téchto parametr. Dalsi vyzkum je tfeba zaméfit na otazku, zda
zmény ve spoleCenstev pidni bioty se mohou podilet na konkuren¢ni vyhodé exotickych
rostlin v mistnic fléfe. Razné exotické rostliny zfejmé mohou mit rizné strategie.

Kapitola 5

Na§ experiment ukazuje, Ze ob& testované energetické rostliny, podobné jako testovana
invazivni rostlina vykazuji silny alelopaticky efekt na siroké spektrum organisma To ukazuje
Ze tyto rostliny mohou potencialné meénit fungovani ekosystémi v mistech kde jsou
introdukovany nebo kde invaduji. Dals§i vyzkum je potieba zaméfit jestli zmény v pidnich
spoleCenstvech mohou pfispivat ke kompeti¢ni vyhod¢ exotickych druhti a také na jejich
rizné strategie, které pfispivaji K etablovani téchto rostlin v cizim areélu.

1. Introduction

Soil organisms are closely linked to the plant community whereas aboveground plant biomass
provide carbon and other nutrients to the decomposer community but plant roots also play
important role as host for many soil organisms, such as herbivores, pathogens, and symbionts
(Wardle et al., 2004). The soil biota strongly influence plant communities indirectly by
recycling of dead organic matter and thus making nutrients available for plant use, and
directly due the interactions of the root-associated organisms which selectively influence the
growth of plant species (Wardle et al., 2004). Plant-soil interactions also affect plant
productivity and community structure both plant species and soil biota.

Plants may affect soil biota due two types of feedbacks. Positive feedbacks is realized when
plant species accumulate soil organisms (mycorrhizal fungi, earthworms, nitrogen fixers etc.)
that have positive effects on the plants that cultivate them. Positive feedbacks promote species
dominance and lead to a loss of local community diversity (Bever, 2002). Negative feedbacks
occur when plant species accumulate pathogenic organisms in their rhizospheres (pathogenic
fungi, bacteria, insect herbivores etc.) and these interactions outweigh the benefits received
from mutualistic interactions. Negative feedbacks create conditions that are increasingly
hostile to the plants that cultivate the pathogens and are thought to promote community
diversity (Klironomos, 2002).

The study of food biology in soil ecosystems is difficult because the soil fauna ingest and
utilize various components of soil organic matter usually associated with soil microflora
(Hattenschwiler et al. 2005). Both springtails (collembolans) and fungi are important
members of soil decomposer food webs (Jorgensen et al. 2003), and soil fungi represent a
significant food resource for collembolans and certain other soil invertebrates (Berg et al.
2004; Crowther and A’Bear 2012).

Fungal grazing by collembolans can alter the composition of the fungal community and
thereby alter effects of fungi on litter decomposition and responses of fungi to other stress
factors (Jorgensen et al. 2003; Tordoff et al. 2008). On the other hand, the composition of the
fungal community and the interaction between fungi and the substrate affect collembolan food
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choice and reproductive success (Jorgensen et al. 2003; Tordoff et al. 2008). Soil fauna often
prefer some species of fungi over others as food (Faber 1991). Fungi preferred by fungivorous
fauna often include Cladosporium cladosporoides, Cladosporium herbarum, Alternaria
alternata, and Ulocladium sp. (Faber 1991).

Several authors concluded that the most preferred fungi are also the most suitable for
growth and development of fungivorous fauna (Faber 1991) but Frouz and Novakova (2001)
found that some highly preferred fungi did not support fungivore development. In addition,
the substrate on which the fungi grow can strongly affect their attractiveness as a food source
for fungivores and their suitability for fungivore growth and development.

Energy crops are considered as fast growing annual or perennial plants (including
body parts e.g., leaves, fruits, seeds etc.) used as addition for biofuels, production of biodiesel
or direct combustion (Cozier, 2012). Most widespread energy crops on the world are maize,
sugarcane, soya been, sweet sorghum, switchgrass, jatropha etc. (Cozier, 2012). In Europe is
most widespread energy crop oilseed rape but new introduced energy crops such hybrid
sorrel, Miscanthus or hybrid poplar comes to fore (Brant et al., 2011).

Biofuels have been at the center of intense interest, discussion, and debate in recent
years. The global biofuels boom began in 2004-2005 due the announcement by the United
States goverment (US) and the European Union commission (EU) of policies and incentives
to support increased use of biofuels (Brant et al., 2011). Little is known about impact of large
scale cultivation of energy crops on functioning of soil ecosystems. There are two views on
energy crops cultivation. First allows ecosystem benefits of large scale production of these
crops such as carbon sequestration, decreasing of greenhouse gasses, phytoremediation and
increasing of water retention capacity etc. Second considers large scale production of energy
crops as serious threat for diversity of soil fauna which provide important benefits for soil
(Blanco-Canqui, 2010; Boérjesson, 1999; Buddenhagen et al., 2009)

2. Aims of the study

Chapter 2

Here we ask whether the collembolan Folsomia candida prefers to graze on some species of
fungi rather than on others (Penicillium chrysogenum, Penicillium expansum, Absidia glauca,
and Cladosporium herbarum), whether grazing preference corresponds to effects on
collembolan reproduction, and whether the effects of fungi on grazing and reproduction
depend on the fungal substrate, which included three kinds of litter (Alnus glutinosa, Salix
caprea, and Quercus robur) and one kind of agar (yeast extract).

Chapter 3

In the current research, we compared the impact of the long-term production of hybrid sorrel
(non-tilled, 2 and 10 years old), oilseed rape (tilled, > 10 years old), and a cultural meadow
(non-tilled, > 10 years old) on the biological activity of the soil community. We measured the
composition and abundance of various groups of soil fauna, the composition of the cultivable
fraction of the fungal community, basal soil respiration, and specific microbial respiration
(9C0O2).
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Chapter 4

Aim of this study was testing of difference of soil biological characteristics among introduced
(Helianthus tuberosus, Silphium perfoliatum and Reynoutria sachalinensis) and native (Salix
viminialis and Phalaris arudinacea) energy crops in comparison with cultural meadow. We
used following characteristics: production of phenolic compounds, C:N ratio of plant litter,
composition and abundance of various groups of soil fauna composition and microbial
biomass of soil microorganisms, biological activity of soil microbial biomass, basal soil
respiration and microbial biomass of carbon.

Chapter 5

In this study, we focused on plant chemistry and production of allelopathic compounds by
energy crops (hybrid sorrel Rumex tianschanicus x Rumex patientia and miscanthus
(Miscanthus sinensis) in comparison with invasive knotweed (Fallopia sachalinensis). We
studied effect of plant allelopathic compounds on seed germination, fungal growth and
population density of soil fauna.

3. Material and methods

3.1 Food preference and reproduction test

Folsomia candida (Isotomidae: Colembolla) was obtained from the Institute of Soil Biology,
Ceské Budgjovice, and was reared according to a standard protocol [33-34]. The following
fungi were obtained from the Collection of Micromycete Strain in the Institute of Soil
Biology, Ceské Budgjovice: Penicillium expansum, Absidia glauca, Cladosporium herbarum,
and Penicillium chrysogenum. The fungi were cultivated by transferring spores to Petri dishes
containing 8%yeast extract agar and incubating the cultures at 20-25°C. Litter was collected
from alder (Alnus glutinose) and oak (Quercus robur) plantations and from willow (Salix
caprea) trees (spontaneous regrowth) on a post-mining heap near Sokolov.

3.2 Chemical analyses of plant litter

Plant material was dried and then homogenized into small particles smaller than 2 mm.
Samples were packed in pewter capsules and then weighed on microscales (Mettler Toledo).
The content of carbon and nitrogen was determined in samples of dry crushed soil and leaves
using an EA 1108 elemental analyser (Carlo Erba Instruments). Total soluble phenols were
extracted by methanol and determined spectrophotometrically using the Folin-Ciocalteu
reagent (Singleton et al. 1999)

3.3 Analysis of soil meso- and macrofauna

Soil samples were extracted in a Tullgren funnel for 5 days (Lavelle 2000). Extracted soil
invertebrates were fixed with a 0.2% formaldehyde solution and determined using
morphological characters. Soil invertebrates were classified into orders and families.
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3.4 Analysis of soil microbial activity

Basal soil respiration of the soil was estimated by the incubation method. Soil (10 g) was
enclosed in airtight bottles each equipped with a small container with NaOH and cultivated at
20°C for one week. Carbon dioxide released from the soil was trapped in 3mL of 0.5M NaOH
and then quantified by titration with 0.05M HCI after addition of BaCl, (Jenkinson and
Powlson 1976). Its amount was expressed as C-CO, m—2 x h—1. The same bottles without soil
were used to assess CO, trapping during incubation (from air closed in vials) and during
handling. Microbial biomass (Cmic) was determined by the chloroform fumigation—extraction
method (Jenkinson and Powlson 1976; Vance et al. 1987) and expressed as mg C g .
Cellulose decomposition was measured with litterbags (three litterbags per field), which were
buried 3 cm under the surface of the soil (October 2009-April 2010). The litter in each
litterbag was represented by two sheets of filter paper (2g). The filter paper sheets were
weighed and burned at 550 °C for 5 hours. Mass loss of filter paper after burning was used
and cellulose weight after decomposition.

3.5 Analysis of PLFA from soil samples

The samples for phospholipid fatty acid (PLFA) analysis were extracted by a mixture of
chloroform—methanol-phosphate buffer (1:2:0.8). Phospholipids were separated using solid-
phase extraction cartridges (LiChrolut Si 60, Merck) and the samples were subjected to mild
alkaline methanolysis. The free methyl esters of phospholipid fatty acids were analyzed by
gas chromatography—mass spectrometry (Varian 3400; ITS-40, Finnigan (Oravecz et al. 2004;
Snajdr et al. 2008).

3.6 Isolation of cultivable soil fungi

From each soil sample, one gram of soil was added to a plastic tube with 10 ml of sterile
distilled water. The plastic tubes, each inoculated with a soil solution of each soil sample
planted with a different energy crop, were diluted to 1-4ml-1. Isolations of fungi were
performed following the suspension-plating method (Chesters and Thornton 1956). Samples
of the soil suspension were plated onto Petri dishes with soil extract agar and incubated at a
constant temperature of 25 °C. Fungi were determined on the basis of micro- and
macromorphological, physiological and biochemical features (Frankland et al. 1990).

3.7 Design of seedling experiment

Senescent aboveground plant material (R. tianschanicus x R. patientia, M. sinensis and F.
sachalinensis) was dried and then leached into deionized water for 48 hour (10 g of dried
biomass per 100mL of deionized water) (Mudrak and Frouz 2012), the pH of all leachate
types was about 6.3. Two types of non-sterile substrates were used: sand and soil (distric
chernozem, loam, pH 6.9, C content 4.2%). Both soil types were sieved through a sieve with a
mesh size of 2 mm before use. Ten grams of both substrates were separately added to 6 cm
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diameter Petri dishes. Into each Petri dish, 25 seeds of wheat (T. aestivum) or mustard (S.
arvensis) were sown. The seeds were obtained from the Crop Research Institute in Prague.
The Petri dishes containing the substrate and seeds were kept in a climatic chamber at 21°C
with 12 hours light and 12 hours dark (Mudrak and Frouz 2012) and watered by 6 mL of a
leachate every second day. Each leachate treatment comprised four replicates. Distilled and
deionized water was used as a control. The number of seedlings in each Petri dish treated with
a different leachate type was counted after 2 weeks.

3.8 Design of fungal cultivation a measurement

Four fungal strains (Fusarium culmorum, Rhizoctonia solani, Sclerotonia solani and
Cochliobolus sativus) were obtained from the Department of Mycology of the Crop Research
Institute in Prague. Malt extract agar (Frankland et al. 1990; Chesters and Thornton 1956) was
prepared on Petri dishes and enriched by leachates isolated from senescent aboveground
biomass (10g of dried plant biomass per 100 mL distilled and deionized water; pH adjusted at
6.3) of two energy crops (R tianschanicus x R. patientia, M. sinensis) and one invasive
species (F. sachalinensis). Petri dishes with pure malt extract agar were used for control. Each
Petri dish was inoculated by one of four fungal strains in one spot in the middle of the dish.
Each plant extract agar and control had six replicates of each strain. After one week, we
measured the diameter of the colony of each fungal strain (F. culmorum, R. solani, S. solani
and C. sativus).

3.9 Design of microcosmos experiment

Two soil mesofauna species, springtails F. candida and pot-worms E. crypticus, were used in
a microcosm experiment. Soil animals (F. candida and E. crypticus) were obtained from a
culture collection of the Institute of Soil Biology in Ceské Budg&jovice. For this experiment,
we used synchronized cultures of animals (Franchini and Ottaviani 2008; Tordoff et al. 2008).
The animals were kept in plastic pots 4 cm in diameter and 5 cm high. To the each pot, 20 g
of deep-frozen soil (-70°C, distric chernozem) was added to kill all other soil fauna
supplemented with 10 g of autochtonous senescent plant biomass (R. tianschanicus x R.
patientia, M. sinensis, F. sachalinensis) separately as above mentioned. As a control, we used
a mixture of autochtonous plant biomass collected from a cultural meadow of the Crop
Research institute in Chomutov. Into each microcosm with the given litter type, we placed 10
individuals of F. candida or E. crypticus. Each litter and fauna combination had four
replicates. All microcosms were placed into a dark climatic chamber at 21°C. After 30 days,
we fixed the microcosms with 70% ethanol and counted all animals.

3.10 Statistical analyses

Data were subjected to a one-way ANOVA (for the first grazing preference experiment and
the first reproduction experiment) or a two-way ANOVA (for the second grazing preference
experiment and the second reproduction experiment). In case preference tests when several
observations were done in one dish, all observations made in one dish was pooled and
assumed as one observation for future statistical analysis (R 2005). For multivariate analysis
was used programme CANOCO. Multivariate data were analyzed using the PCA and RDA
(Monte Carlo Permutation Test).
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3.11 Study area and sampling

Hybrid sorrel plantations were situated in ChotySany near Vlasim. Other experiments were
realized in experimental field sites of Crop Research Intitute in town Chomutov. Each kind of
crop was represented by three replicate fields. The distance between replicates of the same
treatments was about the same as distance to replicates of other treatments. For determination
of soil faunal and soil microbial characteristics, soil cores were collected, and each was 12 cm
in diameter and 10 cm deep for soil fauna and 6 cm in diameter and 10 cm deep for
microorganisms

4. Results and discussion

Chapter 2

When offered fungi growing on agar disc in the current study, Folsomia candida preferred
some fungal species and also increased to higher number on some species than on others.
When offered fungi grown on different litter types (alder, willow, and oak), however, grazing
preference and reproduction were more affected by litter type than by fungal species. In
agreement with other authors, this indicates that the substrate on which fungi grow is largely
responsible for fungal attractiveness and nutritional quality for fungivores (Frouz et al. 2002;
Frouz and Novakova 2001; Kaneda and Kaneko 2002). None of previous studies deal with
litter which is more field realistic that any growing media, basic novelty of our study is that
litter is more important than fungal species itself. This finding also supports the conclusion of
Jorgensen et al. (2008) that natural substrates should be used in studies of fungivore—fungus
interactions.

Chapter 3

Long-term production of hybrid sorrel affected several soil properties. For example, the soils
with 10-year-old hybrid sorrel tended to contain more plant-pathogenic fungi than soils with
oilseed rape or cultural meadows. That result is consistent with the finding that invasive plants
tend to enhance soil pathogens (Mangla et al. 2008; Mitchell et al. 2010). Some introduced
plants, however, produce allelopathic compounds that suppress soil-borne plant-pathogenic
fungi (Zhang et al. 2011; Zhang et al. 2009b). Although plant-pathogenic fungi tended to be
abundant in the 10-year-old hybrid sorrel fields, the differences in cultivable fungi the hybrid
sorrel fields, the oilseed rape fields, and the cultural meadows were not statistically
significant. Soil meso- and macrofauna were most abundant in the cultural meadows and 10-
years-old hybrid sorrel fields and were least abundant in the oilseed rape fields. This
difference can be explained in part by differences in tillage.

Chapter 4

The results of our study revealed significant differences between native and introduced energy
crops in the community structure of the soil fauna, the microbial community recorded by
PLFA and marginally also in the cultivable fraction of the community of soil microscopic
fungi. Introduced energy crops more reduced the abundance and number of groups of soil
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animals. The reduction in the density and diversity of the soil fauna observed in our study was
similar to the influence of extensive crop production (Crossley Jr. et al. 1992; Edwards 1989;
Chan 2001; Wardle et al. 1999b) or consequences of tillage when comparing tillage and non-
tillage management (Reynolds et al. 2007), which has received a lot of attention in the
literature (Blanchart et al. 2006; House and Parmelee 1985; Kladivko 2001; Marasas et al.
2001; Stinner et al. 1988). Similar differences between native and introduced crops have also
been reported in the literature (Raghu et al. 2006; Yeates and Williams 2001). Gremmen et al.
(1998) showed a statistically significant impact of the introduced grass Agrostis stolonifera on
vegetation and soil fauna communities at Marion Island (sub-Antarctic) but a negative impact
of A. stolonifera on the density of the soil fauna. Pritekel et al. (2006) recorded higher
numbers of soil microarthropods in soil from non-invasive sites compared to soil from the
invasive range in the Rocky Mountain National Park, USA.

Chapter 5

Our results show that both wheat and mustard differ in their sensitivity to different leachates
in the substrate. We used seeds from plants growing in an agricultural field, which could be
more sensitive to allelopathic compounds than seeds from plants growing in a natural
ecosystem (Weih et al. 2008). We found that some introduced or invasive plants may reduce
the growth rate of certain fungal pathogens. Complex allelopathic compounds produced by
plants may strongly affect the growth and development of fungal strains in the soil (Becker et
al. 1997). We studied four strains of common fungal plant and soil pathogens occurring in
Central Europe. According the novel weapons hypothesis (Callaway and Ridenour 2004),
local pathogens are strongly suppressed by chemical compounds excreted by newly
introduced invasive plants (Inderjit et al. 2006). We found a negative effect of knotweed on
the abundance of E. crypticus. Miscantus and hybrid sorrel, on the other hand, support higher
population growth than control meadow biomass. The abundance of F. candida was most
reduced in the microcosm containing litter from knotweed and miscanthus. Very important is
direct contact with litter, as mentioned above (Mudrak and Frouz 2012). Light decomposable
litter supports growth of the microbial community, which might be required by the soil fauna
or at least support its development and reproduction (Hedénec et al. 2013; Kaneda and
Kaneko 2002).

5. Conclusions

Chapter 2

Litter type had an inconsistent effect on F. candida grazing preference and F. candida
reproduction. Thus, alder was preferred to oak in the grazing preference experiment but oak
supported greater numbers than alder in the reproduction experiment. The reason for this
inconsistency is not clear but perhaps can be explained by the short duration of the preference
test (data were collected after 12 days) in which sterile alder supported better fungal growth
than sterile oak litter. In the reproduction test, which lasted for 30 days, addition of
collembola undoubtedly resulted in bacterial contamination of the litter, and the bacteria may
have reduced fungal growth to a greater degree on alder than on oak, resulting in greater
collembolan reproduction on oak than on alder.
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Chapter 3

Large-scale production of hybrid sorrel may affect the species composition and abundance of
soil meso- and macrofauna, i.e., the diversity and abundance of soil fauna in hybrid sorrel
fields were less than in cultural meadows but greater than in oilseed rape fields. Although the
effect was not statistically significant, the hybrid sorrel soils tended to contain more plant-
pathogenic fungi than the cultural meadow or oilseed rape soils. Microbial activity did not
significantly differ between young and old hybrid sorrel plantings. That microbial respiration
was higher in oilseed rape fields than in hybrid sorrel fields can probably be explained by the
fact that, unlike hybrid sorrel fields and cultural meadows, oilseed rape fields are tilled.

Chapter 4

Significant differences between individual plant species were found in several parameters
significant distinguishing energetic plants from cultural meadow or native from exotic species
indicating that introduced crops produce more reduced soil biota community than native ones.
More research is needed to explore question if changes in soil community may contribute to
competitive advantage of exotic on local flora and apparently various strategies may apply in
various exotic plants.

Chapter 5

Our experiment show that both tested energetic plants similarly as tested invasive plant show
strong alellopathic effect to wide spectrum of organisms which indicate they may have
potential to later ecosystem functioning on sites where they will be introduced or which they
invade which may substantially increase their invasive potential. However more research is
needed to explore if changes in soil community may contribute to competitive advantage of
exotic plant species on local flora and apparently various strategies may apply in various
exotic plants.
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