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Souhrn

Hadcové pdy predstavuji specifické prasdi s nefiznivymi fyzikalng-
-chemickymi vlastnostmi, které zahrnujiepevsim vysoky obsah fidku,
spolu s nizkym po#tem vapniku uci hoi¢iku, zvySené koncentrace-n
kterych &zkych kowi acasto také nedostatek zakladnich ziginnizkou
vododrznou kapacitutply. FedloZena prace vychazela iegpokladu, ze za
téchto nepiznivych podminek iize hrat vyznamnou pozitivni roli vistu
a vyziv rostlin jejich symbiéza s arbuskul&rmykorhiznimi (AM) houbami.
Ty zlepSuji pijem zivin hostitelskymi rostlinami a pomahaji jprekonavat
rizné typy abiotického stresu. U zvolené modelovéitetské rostliny —
chrastavce rolnihd{nautia arvensis, Dipsacaceae) jsme zj@gvali: i) pfiro-
zeny vyskyt AM symbidzy a druhovou bohatost a stb&apoléenstev AM
hub kolonizujicich kieny; i) vyznam AM symbibzy v hadcovych podminkach
pro rostliny z hlediskadistu, Fijmu prvki a odpo¥di pii vystaveni vodnimu
stresu; iii) diferenciaci hadcovych a nehadcovydpwaci K. arvensis,
resp. AM hub v reakci na hadcové podminky.

Rostliny K. arvensis na hadcovych lokalitach vykazovaly ob&enzsi
kolonizaci kdeni AM houbami nez rostliny v nehadcovychdach. RFilehlé
hadcové a nehadcové populace gigom liSily druhovym slozenim spo-
lecenstev AM hub kolonizujicich jejich keny. AM spolgenstva byla
v prvni fadé ovlivnéna mikrostanovisStnimi q@inimi parametry — hodnoty
pH a koncentrace niklutgobily na druhové slozeni AM sponstev;

hodnoty pH, koncentrace chromu a drasliku na jéjmhatost.



AM symbidza ndla celkow pozitivni vliv na fist rostlinK. arvensis,
pricemz miru mykorhiznitstové odpowdi uroval gredevSim obsah Zivin
v pidé, bez ohledu na jeji hadcovy vs. nehadcovy charakientita AM
izolath a slozeni pouzitych AM inokul (jednotlivé izolaws. spoléenstva
AM hub) nely, na rozdil od obsahu zivin vigé, pouze minimalni vliv
na to, do jaké miry symbiéza podja rast a fijem Zzivin u hostitelské
rostliny. Pozitivni fisobeni AM symbiézy v hadcovég se pravdpodobrg
zakladalo pedevSim na zvySenitpmu fosforu a zmiréni vodniho stresu,
nikoli na modifikaci gijmu ¢i transportu hitiku, vapniku nebo niklu. i
vyrazre zvySené dostupnosti niklu AM symbiéza dokonégjres jeSE ze-
silila jeho toxicky éinek na rostliny. V pesazovacim experimentu prokazaly
vybrany hadcovy a nehadcovy AM houbovy izolat edafu diferenciaci,
kdy hadcovy izolat dosahoval v hadcovié@$p vysSiho procenta mykorhizni
kolonizace k#eni a ve ¥tSi mie podporoval st a fijem fosforu u had-
covych rostlin. Déle byla dolozena také edafickéerdinciace populaci
K. arvensis — na zéklad jejich rastu a pijmu prvki. Zatimco v pijmu ¢i
transportu vapniku se mezi populacemi neprojewizdily, pro hadcové
rostliny byla jako jedna ze zasadnich adaptaciiew hadcové {d¢ roz-

poznana tolerance k akumulaciéi&u v pletivech nadzemrsti rostlin.

1. Uvod

Hadcové fdy se vyznauji specifickymi fyzikalg-chemickymi vlastnostmi,
které se souhrrnnazyvaji hadcovy syndrom a zahrnufegevSim nizky
pomsr Ca:Mg (zpravidla vychazejici z kombinace nizkéstdpnosti Ca
a vysoké koncentrace Mg), zvySené koncentr&deyth kovi (TK; zvlasg
Ni, Cr, Co nebo Mn)gasto i nizkou dostupnost makropivkP, N, K),
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nizky obsah organické hmoty a nizkou vododrZznowa&ap. Jak doklada
existence hadcovych ekotyprostliny se na tyto néfznivé podminky
dokazi adaptovat.iRpisobeni k nizkému Ca:Mg u nich sjpea v toleranci
nedostatku Ca a/nebo toxicity Mg, v selektivnirijrpu Ca a omezeni
piijmu Mg ¢i kontrole jeho transportu z keni do nadzemnickiasti, nebo
ve zvySeném poZadavku Mg. PodstmvySSimi koncentracemi TK g
se rostliny vyrovnavaji omezenim jejickijmu, ukladanim do éitych ple-
tiv ¢i buns¢nych struktur, nebo naopak toleranci jejich zvy®enébsahu
v pletivech. Na neffiznivé vihkostni poréry reaguji celko¥ menSim vazis-
tem, xeromorfnimi listy, vysSi relativni investiad ka‘eni oproti nadzemni
biomase nebo zénami v n&asovani reprodukce a velikosti semen. Poznat-
ky o hadcovych fidach arostlinach shrnuji mjighledové prace: Brady
a kol. (2005), Kazakou a kol. (2008), O'Dell a Rajana (2011).

Hadcové rostliny mohou byt také dociké miry zavislé na symbidze
s arbuskularnimi mykorhiznimi (AM) houbami (Glomerycota), obligatnimi
symbionty kolonizujicimi k#eny wtSiny cévnatych rostlin (Smith a Read,
2008). Rozsahla sivorena hyfami AM hub z&tSuje objem pdy dostupny
pro gijem malo pohyblivych Zivin (zvlastP). Mykorhizni kaeny tak iji-
maji tyto prvky @inngji, k cemuz pispivaji i znény vyvolané AM symbiézou
v genové expresi&kterych membranovychienaséi. AM houby rovigz
pomahaji udrzovat vyrovnanou vodni bilanci rosthlepSuji fidni strukturu,
ovliviiuji interakce rostlin s patogeny a s herbivory &l symbidza timto
zpisobem zmituje intenzitu/dinky raznych abiotickych i biotickych strés
pasobicich na rostliny (Leyval a kol., 1997; Augéd20Smith a kol., 2010).

Diverzitou AM hub v hadcovych Ggach se zabyvaloé&kolik studii
(Schechter a Bruns, 2008, 2013; Fitzsimons a Mié1.0; Ji a kol., 2010).

Predpoklada se, Ze také hadcové AM houby vyvindlgné adaptace,
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kterymi pomahaji svym hostiteh vyrovnat se s podminkami na hadcich
(Amir a kol., 2008; Schechter a Bruns, 2013). ZwgSeajem o vyzkum AM
symbi6ézy na hadcovych lokalitach¢ad nyni pinaSet poznatky idezité

k pochopeni jejiho vyznamu pro fyziologické adaptéadcovych rostlin
(konkrétré z hlediska gijmu P, Ca a Mg a snizeni toxicity Ni; Orlowska
a kol., 2011; Amir a kol., 2013; Lagrange a koQ13).

2. Cile prace

- Srovnani hadcovych a nehadcovych lokalit modelostitelské rostliny
z hlediska pitomnosti, druhového slozeni a bohatosti sgerstev AM

hub kolonizujicich jeji kieny.

+ Vyhodnoceni vyznamu AM symbi6zy pro modelovou riastlz hlediska
jejiho nistu, @ijmu prvki a tolerance k vodnimu stresu. Srovnéthngsu

AM symbi6zy v hadcovych a nehadcovych podminkach.

« Zhodnoceni vlivu hadcového vs. nehadcovéinodu a stupé ploidie na
toleranci modelové rostliny k hadcovym podminkamaajeji interakce
s AM houbami.

3. Modelova rostlina a AM houby, terénni odry a p¥ehled experimenti

Chrastavec rolniKnautia arvensis (L.) J. M. Coult — vytrvala bylina geledi
Stétkovitych (Dipsacaceae), byl zvolen jako modelowkathizni rostlina,
protoze se ¥eské republice vyskytuje na hadcovych i nehadcovgkh-
litach (pritom na obou typech je zastoupen diploidni i tdto@mi cytotyp).

Do prezentovanych studii iighled viz nize) bylo zahrnuto celketiinict



populaci ZUR a zapadniho Slovenska. Substraty, nakksrvensis a spo-
lecenstva i hadcové izolaty AM hub pouzité v experiteeh pochazely

piimo z modelovych lokalit.

I. Ovéieni kolonizace kdieni K. arvensisAM houbami u osmi modelovych

populaci (kombinace hadcové a nehadcové x dipladatraploidni).

II. Pilotni nddobovy experiment s nativnimi kombinacemi substrat-rost-

lina-spoletenstvo AM hub, u osmi modelovycipopulaciK. arvensis.

lll. P Fesazovaci nadobovy experiment kombinujici hadcovy mehadcovy
substrat, populaci hostitelské rostliny a AM izolats osmi modelovymi
populacemiK. arvensis, s modelovym hadcovym a modelovym nehadco-

vym substratem a AM houbovym izolatem.

IV. Nadobovy experiment testujici vyznam AM symbidg pro snizeni
vodniho stresu u rostlin v hadcové #idé, u modelové hadcové populace

v nativnim substratu inokulované nativnim izolatgmol&enstvem AM hub.

V. Nadobovy experiment srovnavajici vliv iznych hadcovych izolah
vs. spoléenstev AM hub na rostliny K. arvensisv nativnich substratech,

u dvou hadcovych a dvou nehadcovych populaci.

VI. Semi-hydroponicky experiment testujici vliv zvy§ené koncentrace
niklu na rostliny K. arvensisa izolaty AM hub v zavislosti na jejich
hadcovém a nehadcovém pvodu, u modelové hadcové a modelové ne-

hadcové populace, resp. izolatu.

VII. Srovnéni bohatosti a druhového slozeni spolenstev AM hub
kolonizujicich kofeny K. arvensis(s pouzitim 454-sekvenagae) ti dvojic
piilehlych hadcovych a nehadcovych populaci a stawmioviéeu konkrétnich

pudnich chemickych viastnosti.



4. Vysledky a diskuse

Arbuskularni mykorhizni houby na lokalitachK. arvensis
Koteny vSech vzorkovanych rostlin byly kolonizovany Aldubami, u had-
covych (H) rostlin dosahovala mykorhizni kolonizaatgecr® nizsi Urovid
nez u nehadcovych (NH)fipm urujici je Zejme kombinace chemickych
vlastnosti fidy. Obeci maze byt gic¢inou nizSiho rozvoje AM hub na
hadcich nizky posr Ca:Mg, nizky obsah Ca nebo vysoky obsah diyi
(Jarstfer a kol., 1998; Gustafson a Casper, 2004s\a kol., 2006; negativni
vliv Ni podparen i vysledky semi-hydroponického pokusus. srvensis).
Prilehlé H a NH populace se liSily sloZzenim sgelestev AM hub
kolonizujicich jejich keeny, gicemz jako dva hlavni vysgtiujici faktory
vystupovaly @idni pH a koncentrace Ni.GEni pH také ovlivnilo bohatost
spole&enstev (také ndpFitzsimons a kol., 2008; Helgason a Fitter, 2009)
Bohatost dale vykazovala negativni vztah s koneent€r (viz téz Khan,
2001; Nakatani a kol., 2011) a K wg&. Na bohatost spatenstva AM hub
méla vliv (pozitivni, nebo negativni) ifffomnost u&itych druhi rostlin
v bezprostednim okoli (viz téZ Mummey a kol., 2005; Kénigal.k2010).

Vliv AM hub na toleranci rostlin k hadcovému syndnaou
Ve WtSiné pokusi prevazoval pozitivni &inek AM symbidzy na st
K. arvensis. Relativni ginos AM symbiozy nezavisel na H vs. NH charak-
teru substratu, alef@devSim na celkové dostupnosidpich Zivin. Ristovou
odpowd jednotlivych populacK. arvensis na inokulaci AM houbami ale
cast&ne ovlivnil i ponmér Ca:Mg (resp. koncentrace Ca a Mg).

Pozitivni mykorhizni dstovy vliv v. H i NH substratech vychazel

piedevsim z lepSihoifpmu P (relativni pispsvek inokulace k navyseni
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koncentraci P v biomase mykorhiznich rostlin stbupgeho klesajici
dostupnosti). Naproti tomu koncentrace N v listégita u mykorhiznich
rostlin wtSinou snizena. Nelze vyldity, Ze dosSlo k ,ngedni“ N ve WtSim
mnozstvi biomasy, alefiginou mohla byt i vySsi sila sinku pro N u AM hub
oproti rostlinam, vedouci k zadrzovani N v houbdwymetivech (Hodge
a Fitter, 2010; Johnson, 2010). Uvedeny pozitidivi ra rist jeS¢ vzrostl
pfi omezené zalivce,igjme¢ diky zvySeni vyznamu lepSihdinu zivin
v podminkéch jejich niz8i mobility a snizeni vodn#iresu pro hostitelskou
rostlinu (mensi akumulace prolinu a kyseliny alisegs nizSi koncentrace
osmoticky aktivniho K). MenSi investice mykorhizmimostlin do biomasy
kofeni pii omezené dostupnosti vody ukazuje na moziiéng zapojeni
mycelia AM hub do gjmu vody.

Mykorhizni rostliny se vyzn#mvaly snizenou koncentraci K v listech,
coz odpovida obecnémiigvazujicimu vlivu AM symbidzy naifeem tohoto
prvku (Smith a Read, 2008). Jednim z moznych &jeni je sousedni K
v houbovych strukturach tam, kde se hromadi pofgfofOlsson a kol.,
2008; Ortowska a kol., 2013). Vliv AM symbiézy n&jpm Mg rostlinami
zavisel na jeho dostupnosti (podéhako v pracich Liu a kol., 2002; Taylor
a Harrier, 2001). V NH substratech vedla inokul&a@ariistu koncentrace
Mg v nadzemni biomase, zatimco v H substratecmgglaséi neznenila.
V NH substratech AM symbi6za koncentraci Ca veaech prevazn
zvySovala, zatimco u rostlin v jejich nativnids ji snizovala, nebo ne-
ovlivnila, bez ohledu na dostupnost Ca a H vs. KHlrakter.

AM symbibéza ndla velmi prongnlivy vliv na koncentraci Ni v nad-
zemni biomas&. arvensis v H substratech, bez zjevné souvislostiidm
dostupnosti Ni; taiejmé nikdy negiekrasila hranici fytotoxicity. Jednotné

ptsobeni inokulace AM houbami jsme vSak nezaznamamalgi vyrazre
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vySSi koncentraci Ni v roztoku. Tyto vysledky, spek zasry studii Doherty
a kol. (2008) a Vivas a kol. (2006),&ki o zavislosti mykorhizniho efektu
jak na dostupnosti Ni viglé, tak na kombinaci hostitelské rostliny a AM
houby. Nizsi relativni tolerance k Ni u mykorhizmimstlin (viz téZ Doherty
a kol., 2008) by mohla pramenit z posunu v symbi@m vztahu, kdy
investice hostitelské rostliny v podolC do houbového symbiontagvazi
nad jejimi zisky (nap Johnson a kol., 1997).

Vliv identity AM hub
V piesazovacim nadobovém pokusu modelovy H a NH houbpokat
prokazaly jasnou diferenciaci z hlediska své oddowa H podminky.
U rostlin v H substratu se H izolat vyziwwal vySSi mykorhizni kolonizaci
koifeni a také vySSi symbiotickowiinosti z hlediskaifjmu P. Kazdy izolat
podporoval pijem P ve ¥tSi mie vtom typu substratu, ktery odpovidal
jeho nativni gdé. Z vysledki jsme vyvodili existenci vztahu mezi jednot-
livymi AM houbami a fidnimi podminkami (viz téZ van der Heijden a kol.,
2006; Johnson a kol., 2010). V semi-hydroponickérkusu byla inokulace
H izolatem spojena s nizSim negativniistovym efektem Ni (coziejmeé
souviselo s vyrazfiSim poklesem mykorhizni kolonizaceikoi u tohoto
izolatu, a tedy mensim sinkem pro C od hostitetslsfliny). Jelikoz se vSak
neda vylodit urcity vliv odliSného taxonomického postaveni modeldvy
izolati, nelze z&chto vysledk vyvozovat obecné zémy 0 mozné koadaptaci
rostlinK. arvensisa AM hub na H pdy.

Pii srovnanictyt H izolati z hlediska jejich vlivu naist K. arvensis
v nativnich @idach jsme nenalezli rozdily v zadné z rostlinnycipyaci
Ani identita AM hub v inokulu ani procento mykorhizkolonizace kieni

nebyly ugujicimi faktory pro rozsah mykorhizniistové odpowdi a vlivu
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na @Fjem P. Vysledna mykorhiznfistova odpo¥d’ vSak vyznamé zavisela
na dostupnosti Zivin v daném substratu.

Experimenty neposkytly ipswdCivy dikaz, Ze nativni spolenstva
AM hub jsou z hlediska podporyistu a pijmu zivin a/nebo zmirni dopad
vodniho stresu pro rostlindiposrEjSi nez jednotlivé izolaty. ii€inou mohl
byt nerovnonmirny vyvoj miznych AM hub v pokusnych nadobach, kdy se
patrré uchytila pouzeiast drulfi z pivodniho spoléenstva (a to zejména
r-stratégoveé; viz také napSykorova a kol.; 2007; Verbruggen a kol., 2012).
To mohlo narusit vzajemné vztahy mezi houbami wsiévdlouhodobym

vyvojem na fivodni lokalig (Wagg a kol., 2011).

Edaficka diferenciace populadf. arvensis
Presazovaci nadobovy pokusinesl| doklad edafické diferenciace H a NH
populaci, oproti fedpokladu vSak neprokézal obé&dmorSi fist v H pod-
minkéach. Akoli H populace rostly v H substratu lIépe nez NHstliny,
vSechny populace prospivaly lépe v H substraty&Sivdostupnosti makro-
prvki — Slo tedy Fejmé o kombinované jsobeni limitace witymi zivinami
a specifickych hadcovych vlastnostiti Pastu v nativnich substratech se
rostliny gizpisobily nizké dostupnosti zivin (P, Ca, Mg, N) raélatm
zvySenim jejich fjmu (vyjadeeno tzv. akumukanim pongrem, tj. koncentrace
v nadzemni biomase/koncentracetdd). Naproti tomu akumulai poner
Ni se obec# spiSe zvySoval s rostouci dostupnosti N

Snizeni pijmu Mg predstavovalo obecnou odp@l/rostlinK. arvensis
na H podminky. Rostliny H populaci rostouci v H studitu se vyznmvaly
vysSi relativni alokaci Mg do nadzemidsti. Zda se tedy, Ze se u nich
vyvinula tolerance k vySsi koncentraci Mg v listalypletivech p rastu

v pidé s jeho zvySenou dostupnosti. Kdyz vSak H populastly v NH
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substratu nebo v roztoku s vysokym poem Ca:Mg, zadrzovaly Mg v ko-
fenech. To ukazuje na adaptivni odgd\H rostlin na zvySenou dostupnost
Mg spiSe nez na stabilni rozdily mezi H a NH popeiai v gijmu Mg
(viz také Kol a kol., 2014). Naopakizna dostupnost Ca vyvolala u rostlin
velmi omezenou reakci, s vyjimkouigly s nejnizsi koncentraci Ca. Z toho
vyvozujeme, Ze si H rostlinil. arvensis vyvinuly toleranci k nizké koncen-
traci Ca v H fidach.

V semi-hydroponickém experimentu tgobila zvySena koncentrace
Ni v roztoku redukci biomasy rostlin, bez ohledujejich H ¢i NH pavod.
Rostliny H pivodu nely ale vySSi obsah fotosyntetickych pigmientaké
vySSi koncentrace karotendic nizSi pordr karotenoid vaci chlorofylim
ukazovaly na mensi intenzitu oxidativniho streskiiangjSi ochranu H rostlin
pied toxickymi @&inky Ni (viz nag. Drazkiewicz a Baszynski, 2010;
Martinez-Pefialver a kol., 2011). Z vyslédKoléare a kol. (2014) vyplyva,
Ze toxicky vliv Ni na fist kaeni K. arvensis miZe ¢ast&né zmirnit zvySena
koncentrace Mg; coz nabizi i mozné Wtteni tak vyrazného dinku Ni
v nasi studii. B ristu v H substratu fungovala u H i NH rostlin baaigro
transport Ni z kétenmi do nadzemniasti, zatimco v semi-hydroponickém
pokusu s vysSi hladinou Ni vykazovaly NH rostlinguge omezenou schop-

nost regulovat transport Ni.

Vliv stupr¢ ploidie rostlinK. arvensis

Zaznamenané rozdily v mykorhizni kolonizactéwi mezi d¥ma cytotypy
(niz8i hodnoty u tetraploig mohly souviset spiSe se specifickynidpimi
podminkami jednotlivych lokalit nez s vlivem plaéddsamotné. Stejna absen-
ce jasného efektu stupmloidie byla prokazana i pro jiny druh hostitelské

rostliny se zastoupenim vice cytotyp hwzdnici chlumni Aster amellus;
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Sudové a kol., 2014). Ani mykorhiznistova odpotd’ rostlin K. arvensis
ve vlastnich nativnich substratech nebyla odnanjejich ploidii, coz dale
podpdilo zawr o rozhodujici roli pdnich podminek. Také v pokusu s mo-
delovym H a NH substratem mykorhiziistova odpo¥d rostlin nezavisela
na cytotypu samotném, ale na jeho interakci setigubm (srov. také Sudova
a kol., 2014).

Diploidni rostliny K. arvensis se obect vyznaovaly vySSi toleranci
k H podminkam, bez ohledu nadgyivod; zato v NH substratu se zadny
rozdil mezi cytotypy neprojevil. Kotéa kol. (2014) doSli na zékladydro-
ponického pokusu, vémz rostliny vystavili zvySenym koncentracim Mg,
k zawru, Ze sama ploidie hraje v hadcové diferenciagiueciK. arvensis
velmi malou roli. Vzhledem k parapatrickému rdesi obou cytotyf nelze
vylougit, Ze zaznamenané rozdily Iz&asti vystlit adaptaci jednotlivych
populaci na mistni podminky#iRnterpretaci dale musime vzit v potaz,
Ze diploidni a tetraploidni NH populacgedstavuji geneticky vzdalené
linie, zatimco H tetraploidi jsou geneticky velntiZei H diploidim, vznikli
pravéépodobré autopolyploidizaci (Koléa kol., 2012, 2014).

5. Zavéry

Spole‘enstva AM hub kolonizujici kiéeny rostlin K. arvensis v piroze-
nych podminkach

kofeni ve srovnani s rostlinami na nehadcovych stanahisti

» Pxilehlé hadcové a nehadcové populace se liSily drpmoslozenim
spolg&enstev AM hub kolonizujicich jejich keny. Ugujici pro bohatost

a slozeni AM spol&enstev byly v prvnfac vlastnosti fidy.
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avr

» Pro vysetleni druhového slozeni AM spalenstev se jako nejteZite]si
faktory ukazaly pdni pH a koncentrace Ni, a také sousedstvitygh
rostlinnych drulh. Bohatost AM spolkgenstev se zvySovala spbie
s padnim pH (v rozmezi hodnot 3.6-5.8) a sniZovala sestuci fdni
koncentraci Cr a K.

Role AM symbiozy v adaptad{. arvensisna hadcové jdy

« AM symbiéza m¥la celkow pozitivni vliv na fist. Miru mykorhizni
rastové zavislosti hostitelskych rostlin¢oval predevsim obsah Zivin
v substratu, bez ohledu na jeho hadcovy vs. nelgddwarakter.

» ZvySeny fijem P a sniZeni intenzity vodniho stresu bykjm klicové
mechanismy pozitivhiho mykorhizniho vlivu v hadcokiysubstratech.

» P¥fjem Mg a Ca hadcovymi rostlinami v hadcovych stdisth se {
inokulaci AM houbami snizil, nebo se nezm, a také pijem Ni Zistaval
obecr beze zmny. Fi vySSi koncentraci Ni v roztoku naopak AM sym-
bioza zvysila toxicky &inek Ni na rostliny.

» V presazovacim nadobovém experimentu byla prokazaraediiace
vybraného hadcového a nehadcového houbového izeldtadcovych
podminkach. Hadcovy izolat dosahoval vys$Si mykarhikolonizace
kofeni a byl &inngjSi v podpde nistu i giijmu P hadcovymi rostlinami.

* Identita AM hub v inokulu i pouziti jednotlivychafat vs. nativnich spo-
lecenstev nily minimélni vliv na mykorhiznitistovou odpo¥d’ a gijem

Zivin ve srovnani s vyznamem obsahu zZivin v suhstra

13



Vliv hadcového vs. nehadcovéhaiyodu a stup# ploidie na toleranci

rostlin K. arvensis k hadcovym podminkam a jejich interakce s AM

houbami

PopulaceK. arvensis vykazovaly edafickou diferenciaci z hledisKestu

a @ijmu prvki v hadcovych podminkach. Hadcové a nehadcové papula
se nelisily v pijmu a/nebo translokaci Ca, zatimco tolerance krakkaci

Mg v pletivech nadzemriidsti se jevila jako jedna ze zasadnich adaptaci

hadcovych rostlin.

Akumulagni pongry prvki poukazaly na adaptaci rostlin k nedostatku
nebo zvysené koncentraci makropiukjejich nativnich substratech, bez

ohledu na hadcovy vs. nehadcowwpd rostlin.

Pozitivni &inek AM symbi6zy naist rostlin v hadcovém substratu
byl v presazovacim experimentu pozorovan pouzenpkulaci hadcové

rostliny hadcovym AM houbovym izolatem.

Stupei plodie rostlin ¥ejmé nehral zasadni Ulohu v jejich adaptaci na

hadcové podminky aniigejich interakci s AM houbami.
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Summary

Serpentine soils represent a unique environmemacteized by unfavour-
able physicochemical properties involving low cafito magnesium ratio,
increased concentrations of heavy metals, oftem ddiciencies of essential
macronutrients, and low water-holding capacity. &inithese adverse condi-
tions, a considerable potential of arbuscular mygpal fungi (AMF) to
promote plant growth was hypothesized due to thgmtance of arbuscular
mycorrhizal (AM) symbiosis for plant nutrition aralleviation of various
types of abiotic stress. On a model host plant ispe&nautia arvensis
(Dipsacaceae), we examined: i) occurrence of AMlEgsis and species
richness and composition of the native AMF commiasitii) role of AM
symbiosis in plant growth, element uptake and dnbwgjress tolerance;
iii) edaphic differentiation in plant populations i@ AMF symbionts under
serpentine vs non-serpentine conditions.

Generally,K. arvensis plants showed lower frequency of mycorrhizal
root colonization at serpentine compared to thesapentine sites. Adjacent
serpentine and non-serpentine populations alse@rdif in AMF species
assemblages colonizing their roots. Both, speasposition and richness
of these AMF communities depended primarily on diajparameters of
the native soils (pH value and nickel concentrat@rcomposition; pH value,
and soil chromium and potassium concentrationsiébness).

AM symbiosis showed an overall beneficial effectkomarvensis growth,

with the mycorrhizal growth dependence of host {gatetermined mainly
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by nutritional status of the soil, regardless &f #erpentine vs non-ser-
pentine character. In contrast, the identity anchmlexity of AMF inocula
generally played a minor role in determining theeek of mycorrhizal
growth and nutrient uptake promotion. In serpensnéstrates, improved
phosphorus acquisition and drought stress all@viatiere likely the crucial
mechanisms of the beneficial influence of AM syndligo instead of any
substantial modifications in calcium and magnesiurnition or nickel uptake.
The phytotoxicity effect of nickel seemed to berewgcreased by AM sym-
biosis at considerably elevated nickel availahilitythe reciprocal transplant
experiment, edaphic differentiation was provedtffier selected serpentine and
non-serpentine AMF isolates. The serpentine isalateeloped higher root
colonization and it was more efficient in growtltopotion of and phosphorus
uptake by the serpentine plants. Edaphic diffeatioth of K. arvensis
populations was found under serpentine conditiarteims of plant growth
and element uptake. No differences in calcium tortriwere recorded, while
a tolerance to accumulation of magnesium in shiestiés seemed to be one

of the essential adaptive traits of serpenKnarvensis plants.

1. Introduction

Serpentine soils are characterized by specific ipbghemical properties,
collectively referred to as serpentine syndromeeyTprimarily include low
Ca:Mg ratio (stemming typically from both low Cadahigh Mg concentra-
tions), elevated concentrations of heavy metals (ld&pecially Ni, Cr, Co
or Mn), frequently also deficiency in essential nasutrients (P, N, K), low
content of organic matter and low soil water hajdimpacity. As evidenced

by the existence of intraspecific ecotypes, plarts able to adapt to this
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harsh environment. Their adaptive responses toGaviMg ratio consist in
tolerance to Ca deficiency and/or Mg toxicity, s¢ike Ca uptake together
with restricted Mg uptake/translocation to shoatnhass, or increased plant
Mg requirement. Also concerning the elevated HM csattrations, plants
have evolved various strategies including restii¢t1 acquisition or trans-
location to shoot biomass, tolerance or compartafisation. The adverse
soil water conditions can be overcome by reducedttature, xeromorphic
leaves, higher relative investment to roots conghaceshoot biomass, by
reproduction timing or size of seed set. For regiew the characteristics
of both, serpentine soils and serpentine plants, Bedy et al. (2005),
Kazakou et al. (2008), O'Dell and Rajakaruna (2011)

Serpentine plants may also be dependent upon stimipartnership
with arbuscular mycorrhizal fungi (AMF; phylum Glemomycota), obligate
symbionts colonizing roots of most vascular pld&ith and Read, 2008).
Extensive network of AMF hyphae increases the velahsoil available for
acquisition of immobile nutrients (especially Phgether with AMF-induced
modifications in gene expression of some membrangemt transporters,
mycorrhizal roots take up these elements moreiaffly. AMF also participate
in water balance maintenance, soil structure imgmment, plant-pathogen
and plant-herbivore interactions etc. As a reAMMF have been frequently
evidenced to alleviate different abiotic and biatteesses (for reviews, see
e.g. Leyval et al., 1997; Augé, 2001; Smith etz0]0).

AMF diversity at serpentine habitats has recendgrbstudied e.g. by
Schechter and Bruns (2008, 2013), Fitzsimons ariéi2010) and Ji et al.
(2010). Serpentine AMF were suggested to have edolarious adaptive
strategies parallel to serpentine vegetation, &g to contribute to host

plants in their coping with the serpentine soil ditions (e.g. Amir et al.,
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2008; Schechter and Bruns, 2013). Increased interélse research of AM
symbiosis at serpentine habitats in the past feavsypromises an important
progress in understanding its role in physiologaddptations of serpentine
plants (namely in P, Ca and Mg uptake, and redudafoNi-phytotoxicity;
Orlowska et al., 2011; Amir et al., 2013; Lagraregal., 2013).

2. Aims of the thesis

« Comparison of serpentine and non-serpentine siiés megard to the
mycorrhizal root colonization, species richness eochposition of AMF

communities, using a model host plant species.

« Assessment of the role of AMF in growth, elementalsp and drought
tolerance of the model host plant species. Congrans$ the relative benefi-

cial effects of AM symbiosis under serpentine aod-serpentine conditions.

- Assessment of the influence of edaphic origin aodlp level on serpen-

tine tolerance of the model plant species andteractions with AMF.

3. Model plant species and AMF, field surveys andxperiments overview

A perennial herb, field scabiousknautia arvensis (L.) J. M. Coult. (Dipsa-
caceae) — was used as a model mycorrhizal host glhis species inhabits
both serpentine and non-serpentine habitats i€#eeh Republic (with diploid
and tetraploid cytotypes occurring on both soileg)p In total, thirteen popu-
lations from the Czech Republic and western Slavakére involved in the
studies. SubstrateK. arvensis achenes, AMF communities and serpentine

AMF isolates involved in the experiments originatesim the native sites.
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I. Initial field survey of AMF occurrence at K. arvensissites, for eight
model populations (combination of serpentine and-serpentine x diploid

and tetraploid).

II. Pilot pot experiment involving native substrateplants-AMF commu-

nities combinations,with eight model populations ¢f. arvensis.

[ll. Reciprocal transplant experiment combining seipentine and non-ser-
pentine substrateshost plant populations and AMF isolateswith eight
model populations dk. arvensis; model serpentine vs. model non-serpentine

substrate and AMF isolate.

IV. Pot experiment testing AMF role in alleviation of drought stress
imposed onK. arvensisplants under serpentine conditionsjnvolving one
model serpentine population in its native substrateculated with native

AMF isolate vs community.

V. Pot experiment comparing effects of different spentine AMF isolates
vs communities onK. arvensisplants in their native substrates,involving

two serpentine and two non-serpentine model poipulsit

VI. Semi-hydroponic study testing the impact of Nisupplementation on

K. arvensisplants and AMF isolates with respect to their serpntine vs
non-serpentine origin,involving model serpentine and model non-serpentin
population.

VII. Comparison of species richness and compositioaf AMF commu-
nities colonizing roots of K. arvensisplants (using 454-sequencing) for
three pairs of adjacent serpentine and non-sergeptpulations, and iden-

tification of the influence of particula soil cheral characteristics..
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4. Results and discussion

Arbuscular mycorrhizal fungi native to th&. arvensissites

All plants sampled in the field were colonized byIR, with serpentine (S)
plants generally colonized to lower extent than tlom-serpentine (NS)
plants. We suggest that AMF colonizatiorkinarvensis roots is determined
by the interplay of soil chemical parameters. Galherlower AMF develop-
ment in S soils may be assigned to low Ca:Mg rdtie; Ca, high Mg or
elevated Ni concentrations (Jarstfer et al., 1988stafson and Casper,
2004; Vivas et al., 2006; the negative impact ofvidis also supported
by the results of our semi-hydroponics witharvens's).

Adjacent S and NS populations differed in the sg@omposition of
AMF communities colonizing their roots, with soHmnd Ni concentration
identified as significant explanatory factors. Suil value also influenced
the fungal richness per plant (see also e.g. Fitzss et al., 2008; Helgason and
Fitter, 2009). The latter was negatively correlatéith both, Cr (in accordance
with Khan, 2001; Nakatani et al., 2011) and K caniions. In addition,
the presence of four particular plant spesies ilghimuring vegetation
affected (either negatively, or ppositively) thehress of AMF communities

in K. arvensis roots (see also Mummey et al., 2005; Kénig et2a11,0).

Effects of AMF on plant tolerance to serpentine sfilome

Beneficial effect of AM symbiosis oK. arvensis growth prevailed in most
of the experiments. The relative importance of Avhbiosis primarily depen-
ded on soil nutritional status rather than on itsSNS character. However,
the response of plants from particular populatitm@&MF inoculation was

partialy influenced also by soil Ca:Mg ratio (or &ad Mg concentrations).
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In both S and NS substrates, the beneficial mycargrowth effect
stemmed primarily from improved P acquisition (tefa contribution of
AMF inoculation to higher P concentration in mydozal plants generally
increased with decreasing soil P availability) cbmtrast, mycorrhizal plants
showed mostly consistently lower shoot N conceiotnat A biomass-dilution
effect cannot be excluded; but, the alternativelanattion lies in higher
N-sink in AMF- compared to host plant-tissues, lagdo N sequestration
in fungal tissues (Hodge and Fitter, 2010; John&6i0). The mycorrhizal
growth promotion recorded under well-watered cdodg even increased
under limited water supply, likely due to higherpontance of improved
nutrition in the situation of their lower mobilignd to alleviation of drought
stress imposed on host plants (lower increasedanraalation of proline and
abscisic acid, lower concentration of osmoprotecy. Lower investment
of mycorrhizal plants into roots under intensiveowght stress indicates
a potential engagement of extraradical myceliumiiiact water uptake.

Mycorrhizal plants showed consistently lower foliaconcentrations,
in accordance with generally prevailing AMF-effeet K uptake (Smith and
Read, 2008); potentially stemming from K accumaolatin fungal structures
in response to accumulation of polyphosphate (@lstcal., 2008; Ortow-
ska et al., 2013). AMF-effect on Mg uptake by ptawas influenced by its
soil availability (similarly to e.g. Liu et al., P@; Taylor and Harrier, 2001).
In NS substrates, increased shoot Mg concentratamgenerally recorded
for mycorrhizal plants, compared to decrease/necefin Mg-rich S sub-
strates. AMF-mediated decrease in root Ca prevddeglants in the NS
substrate, while shoot Ca of mycorrhizal plantswigng in their native
substrates were either not influenced or decreasggrdless of the soll

type and soil Ca availability.
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A broad range of AMF-effects on shoot Ni conceitrat was recorded
for K. arvensis plants in S substrates with no evident relatiorsaid Ni
availability; which likely did not exceed a phytataity threshold. No general
AMF-effect on Ni uptake was recorded even in thiutsmns with consi-
derably higher Ni. These results, together withdifigs by Doherty et al.
(2008) and Vivas et al. (2006), suggest a deperdehenycorrhizal effect
both on soil Ni availability and host plant-AMF cbimation. Lower
relative Ni tolerance of mycorrhiz#l. arvensis plants (similarly to Doherty
et al., 2008) might have stemmed from a shift ia Iblalance of symbiotic
relationship, if the host plant C-investment exazbthe benefits provided

by the fungal partner (e.g. Johnson et al., 1997).

Role of AMF identity

Clear edaphic differentiation between model S arfd tngi in their
response to S conditions was recorded in the mcdbrtransplant pot
experiment. In the S substrate, the S isolate Wwascterized by higher root
colonization and also symbiotic efficiency in terofd acquisition. Each of
the isolates showed higher P-uptake benefit innétive substrate type.
A functional relationship between particular AMFdagdaphic conditions in
this respect was thus suggested, in accordancevaithder Heijden et al.
(2006) and Johnson et al. (2010). When these eolatre involved in the
semi-hydroponics, the S AMF was connected withsa fgonounced Ni-in-
duced growth inhibition (likely based on its moerrkased root colonization,
i.e. lower C sink). However, as an effect of diffier taxonomical position
on the edaphic differentiation of the model isadateuld not be eliminated,
no general conclusions on the possible coadaptafidq arvensis plants

and AMF to serpentine soils can be derived frorsehesults.
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When four S isolates were compared in terms of tééct on plant
growth in native substrates, no differences werendoin anyK. arvensis
population Neither AMF identity nor the level of root coloation, were the
overriding factors in determining plant growth aReuptake mycorrhizal
benefit. Instead, the substantial impact of substnaitritional status on the
extent of mycorrhizal growth promotion was confidne

No convincing evidence was recorded for higher beiaé effects of
native AMF communities on host plant growth, nigrit and/or drought
stress alleviation compared to single isolatess Thight stem from an
imbalance in AMF species development in the pots, from presumable
establishment of only a part of originally coexigtispecies (mainly r-stra-
tegists, as also shown by Sykorova et al.; 2007bNiggen et al., 2012),
potentially disrupting the AMF complementarity aselection relationships

(Wagg et al., 2011) evolved in the long term atrihBveK. arvensis sites.

Plant edaphic differentiation

The reciprocal transplant pot experiment evidenegaphic differentiation

between S and NS populations Kfarvensis, but did not support the
assumption of generally lower biomass productiomeunS conditions.

Although S plants grew better in the S substraam tieir NS counterparts,
still all populations performed better in the S Stwlte with generally higher
macronutrient availability — both, nutrient limitan and specific serpentine
characteristics seemed to play a role in this r@spg8lants grown in their
respective native substrates showed the abilitgdapt to low nutrient

(P, Ca, Mg, N) availabilities by raising their aonwiation ratios (shoot/soil
concentration); while the Ni accumulation ratioded to increase with rising

soil Ni availability.

23



A decrease in Mg uptake was identified as a genergpponse of
K. arvensis plants to S conditions. In S substrate KS arvensis plants
showed higher relative allocation of Mg into shoatsl thus seem to have
evolved a tolerance to higher Mg in shoot tissuedeun elevated Mg
availability. On the other hand, retention of Mgroots was recorded for
S plants grown in NS substrate or in solution withh Ca:Mg ratio in the
semi-hydroponics; pointing to an adaptive planpoese rather than stable
differences between S and NS populationKoérvensis in terms of Mg
uptake (also supported by Kélét al., 2014). In contrast, plants were rather
unresponsive to soil Ca availability, except foe tmost Ca-limited popu-
lation. Therefore, a tolerance for low internal €&acentration seems to
be the actual adaptive mechanisnmKofarvensis plants to Ca-limitation of
serpentine substrates.

Ni-induced plant growth depression recorded ingbmi-hydroponics
showed to be independent of plant edaphic origirt,the S plants were
able to maintain higher concentrations of chlordishyand their higher
concentrations of carotenoids and lower carotenchdtsrophylls ratio poin-
ted to more intense defensive response to Ni tigxamd lower oxidative
stress (see e.g. Drazkiewicz and Baszynski, 201éxtiNez-Pefialver et
al., 2011). Kolé et al. (2014) suggested the toxic impact of Nigpowth
of K.arvensis roots to be partly alleviated by elevated Mg; paing
a possible explanation of the pronounced negatimpact of Ni in our
study. In the S substrate, both S and NS plantwetia strong barrier to
root-to-shoot Ni translocation, while in the semdhoponics with supple-
mented Ni in nutrient solution, NS plants had oalyimited ability to

regulate Ni transport.
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Role ofK. arvensisploidy level

Differences in mycorrhizal root colonization betwethe two cytotypes
(i.e. lower values for tetraploids) might be rethteather to site-specific
edaphic conditions than to the effects of ploidyeleper se. The lack of

cytotype-specific pattern is in accordance with tiesults for another
ploidy-heterogeneous host plant specfeser amellus (Sudova et al., 2014).
Mycorrhizal growth response d&f. arvensis plants grown in their native
substrates was independent of ploidy level, sugggesh superior role
of edaphic conditions. When cultivated in modelnl &S substrates, the
interaction between cytotype and substrate typaifgigntly influenced

mycorrhizal growth dependence, but the effect abtyype alone remained
non-significant (see also Sudova et al., 2014).

K. arvensis diploids showed generally higher S tolerance, migas of
their edaphic origin; while no intercytotype growdiiference was recorded
in the NS substrate. Kdléet al. (2014) concluded that the ploidy alone
played rather a minor role K. arvensis serpentine differentiation, based on
the results of hydroponics with increased Mg cotreéions. Due to parapatric
distribution of the two cytotypes, it cannot be lexied that the recorded
inter-cytotype differences might be partly explainey local adaptations
of individual populations. Importantly, the integpation of the differences
might be confounded by the fact, that NS diploidd &etraploids represent
genetically distinct lineages, while S tetraploigie genetically close to
S diploids, with the likely origin of the tertaptts from autopolyploidi-
zation of the diploids (Kokéet al., 2012, 2014).
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5. Conclusions

AMF communities inK. arvensisroots at native sites

» The serpentine plants showed generally lower frequef mycorrhizal

root colonization compared to their non-serpentiognterparts.

* Adjacent serpentine and non-serpentine populatdifiered in AMF
communities colonizing their roots. Both speciesposition and richness

of the AMF communities were determined primarilydgaphic parameters.

* Regarding the AMF species composition, soil pH aldoncentration
were the most significant explanatory factors, togewith neighbourhood
of certain plant species. AMF species richnessased with soil pH (in

the range of 3.6-5.8) and decreased with risings@nd K concentrations.

AM symbiosis in serpentine adaptation Kf arvensis plants

* AM symbiosis showed overall beneficial effects arsthplant growth.
The mycorrhizal growth dependence of host plants gaverned mainly

by nutritional status of the soil, independentlytsfserpentine character.

» Improved P acquisition and drought stress allenatirere likely the crucial

mechanisms of the beneficial mycorrhizal effecténpentine soils.

* AMF inoculation either decreased or had no effecboth plant Mg and
Ca acquisition and generally did not influence take of serpentine
plants under serpentine conditions. On contrary, $vhbiosis increased

the Ni-phytotoxicity effect in case of Ni supplent&tion in solution.

» Selected serpentine and non-serpentine AMF isofat@sed their diffe-
rentiation under serpentine conditions in the nmeapl transplant pot

experiment. The serpentine AMF isolate developgtidri root colonization
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and was more efficient in growth promotion of anduptake by the

serpentine plants.

» The identity and complexity (isolates vs. commus}iof AMF inoculum
had generally a minor effect on mycorrhizal grovghponse and nutrient

uptake compared to nutritional status of the sakestr

Effects of edaphic origin and ploidy level on semtée tolerance of

K. arvensis plants and their interactions with AMF

» Populations ofK. arvensis showed edaphic differentiation in terms of
plant growth and element uptake under serpentinditians. No differences
in Ca uptake and/or allocation were recorded beatwssrpentine and
non-serpentine populations, while the tolerancétp accumulation in
shoot tissues seemed to be one of the essentialia#raits of serpen-

tine K. arvensis plants.

» Regardless of their serpentine or non-serpentingimrK. arvensis
populations proved their adaptation to macronutrikxficiency or excess
in their native substrates, as indicated by plamueulation ratios of

macronutrients.

* In the reciprocal transplant pot experiment, orig ttcombination of
serpentine plant and fungal partners led to a ptiomal mycorrhizal

effect on plant growth in the serpentine substrate.

» The ploidy level ofK. arvensis plants seemed to play no fundamental
role in their adaptation to serpentine edaphic tmrd or in their

responsiveness to AM symbiosis.
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