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mykorhizy na Zemi (ekonomicky,
ale 1 z hlediska globalniho cyklu C)

* mezi laickou vetejnosti jednoznacéné
nejpopularnéisi

* vedle AM nejvice studovany typ
mykorhizy



Ektomykorhiza (EKM, ECM)

e taxony hostitelskych rostlin
e taxony ektomykorhiznich hub

— zakladni biologicka charakteristika

* mykorhizni struktury

— boubovy plast, Hartigova sit’, mimokofenové mycelium

* (fungovani EKM)



7= J & kg B
T g ¥/ : I : :
e 1§ gl
o Pseudotsuga mienziesii
;E&dafyprus SPPREAY | S (Douglas-fir)
[ mixed forest | - g e ' Vancouver Island ,
; Slnum Austi‘alia '*, e ! : ___+BritiSh Columbisi
A ' AW b " | jCanada ;

Picea mariana

* (black spruce)
Northern Ontario wetland”
it Canada -

"-'4

) (yeilow mouRtain, avens
; Corumb;a uc’eFest



Ektomykorhiza

Hostitelske rostliny

ca 2 000 druhti rostlin
dfeviny mirného padsma az (sub-)boredlnich oblasti + nékteré druhy dievin
tropickych lest
Gymnospermae, Pinopsida
— C. Pinaceae (Pinus, Picea, Larix, Abies, Tsuga)
— ¢. Araucariaceae (Araucaria, Wollemia)

Angiospermae

. Fagaceae (Fagus, Quercus, Castanea)

. Betulaceae (4lnus, Betula, Corylus, Carpinus)
. Malvaceae (Tilia)

. Myrtaceae (Myrta, Eucalyptus)
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Harley JL and Harley EL. (1987) A check-list of mycorrhiza in the British flora. New Phytol. (suppl.)
105, 1-102 (Blackwell)



Ektomykorhiza

Mykorhizni houby

cca 5 000 druhu

odd. Basidiomycota a Ascomycota (Zygomycota)
sporokarpy, me1ospory (asko- a bazidiospory)
Gryndler, str. 160

desitky druhu ECM hub na plose 0,1 ha

— ECM vs. saprotrofni: morfotypy EKM, molukulara, stabilni
1zotopy

— genety
biomasa 800 kg mycelia/ha; 1/3 celkove
mikrobialni biomasy v pudé



Ektomykorhiza

Mykorhizni houby
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Obr. 36 Piiklad moZného dendrogramu sestaveného podle molekularné genetické analyzy piibuznosti
bazidiomycetii (tzv. strom Zivota). V priib&hu fylogenetického vyvoje se v genomu hromadi mutace
(chyby), jejichZ vyskyt nam umoZfiuje zji§tovat piibuznost jednotlivgch druhi.. Podle mnoZstvi
spoleénych a riznych chyb dokaZeme také pfiblizng urdit, kdy se od sebe tyto druhy oddélily. Vétve den-
drogramu tvofené mykorhiznimi druhy a jejich skupinami jsou vyznaceny tlustou €arou; ostatni druhy a
skupiny hub se Zivi saprotrofng. Zpisob vyZivy v prubghu fylogenetického vyvoje je rekonstruovén ze
soutasného stavu (vétve zcela vpravo). V bodech A doslo k piechodu od saprotrofniho zpisobu vyZivy
ke zpiisobu biotrofnimu — houby za&aly Zit v mykorhizni symbioze. V bodé B se naopak vratily od sym-
biotického zplisobu Zivota k vyZivé saprotrofni. Vysvétleni v textu.



Ektomykorhiza

Mykorhizni houby

e variabilni schopnosti saprotrofniho rustu v
ramci celé EKM symbi0zy
— Casto obtiZzna aZz nemoZna axenicka kultivace in
VIIro
— mozno odhadnout dle abundance N a 13C
* mozna variabilita zpusobu vyzivy v ramci
jednoho druhu



Ektomykorhiza

Mykorhizni houby

Primarni
mycelium

Bazidiospory
1. generace

mycelium Mykorhiza

Obr. 46 Charakteristicky priibéh Zivotniho cyklu u stopkovytrusych hub. Kli¢ici bazidiospory daji vznik
jednojadernym primarnim myceliim, kterd brzy splyvaji (probih4 plazmogamie) a vytvafteji dvoujaderné
sekundérni mycelium, které Zije v mykorhizni symbi6ze. Po vzniku plodnice se ve specializované struk-
tufe, tzv. vytrusorodém rousku (hymeniu), vytvateji bazidie, v nichZz dochazi ke splynuti jader (karyo-
gamii) a pohlavnimu procesu (rekombinaci genetickych vlastnosti obou jader). Vysledkem pohlavniho
procesu jsou bazidiospory.
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Mykorhizni houby
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Obr. 47 Charakteristicky pribéh Zivotniho cyklu u vieckovytrusych hub. Kligici askospory daji vznik
jednojadernym primdrnim myceliim, ktera Ziji v mykorhizni symbiéze. Pfi vytvateni plodnice dojde
k plazmogamii (splynuti cytoplazmy) dvou odli§n& pohlavné ladénych mycelii a vzniknou dvoujaderné
askogenni hyfy. Na askogennich hyfich se tvofi viecka, v nichZ prob&hne karyogamie (splynuti jader)
a pohlavni proces (rekombinace genetickych vlastnosti). Vysledkem pohlavniho procesu jsou opét asko-
spory. Timto zplisobem pravdépodobné probiha Zivotni cyklus naptiklad u druhu Terfezia arenaria.

Mykorhiza -



Ektomykorhiza

Mykorhizni struktury
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Figure 1. Diagram of ectomycorrhiza in longitudinal section illustrating the major features that occur in angiosperms (top
half) and conifers (bottom half). Both have a mantle (m), Hartig net (arrowheads), and extraradical mycelium (arrows). The
main difference between these two systems is that the Hartig net in angiosperms is usually confined to the epidermis whereas
in conifers it forms around both epidermal and cortical cells.

Figure 2. Diagram of ectomycorrhiza in transverse section illustrating the features of angiosperms (left portion) and conifers
(right portion). Extraradical mycelium (arrows), mantle (m), and Hartig net (arrowheads) are indicated. In conifers, Hartig net
hyphae are blocked from entering the vascular cylinder by the endodermis (e).



Ektomykorhiza

 Houbovy plast
— komunikace s pudnim prostfedim
— n¢ktera druhy EKM hub: hydrofobin

* Hartigova sit’
— ep (Angilospermae; pritomnost exodermis
blokuje prorustani hyf), resp. ep+co (Pinopsida)
— povazovana za hlavni misto latkove vymény
mez1 hostitelem a symbiontem

— ERM, rhizomorfy



Ektomykorhiza

Figures 23-31. Examples of morphological features of ectomycorrhizas, either collected from the
field or synthesized in the laboratory or greenhouse.

Figure 23. Cluster of simple to monopodial-pinnate Truncocolumella citrina-Pseudoisuga
mengziesii mycorrhizas. From Massicotte et al. New Phytol. 126: 677-690. (1994)

Figure 24. A dense cluster of monopodial-pinnate to monopodial-pyramidal Rhizopogon
flavofibrillosus-Pseudotsuga menziesit mycorrhizal root tips.

Figure 25. A multiple dichotomous system of Thelephora terrestris-Pinus ponderosa root tips.

Figure 26. A dense cluster of Fagus grandifolia roots associated with an unknown fungal
species.

Figure 27. An unknown rhizomorphic dichotomous morphotype on Pinus ponderosa.
Figure 28. Young, simple to monopodial-pinnate roots of Paxillus involutus-Alnus glutinosa.

Figure 29. Alpova diplophloeus-Alnus rubra mycorrhizas: morphotype showing simple
mycorrhizal root tips (left) and mantle preparation (right) with blue-staining laticifers.

Figure 30. A monopodial-pinnate cluster of mycorrhizas with smooth mantle surface. Fagus
grandifolia morphotype and an unknown fungal species.

Figure 31. Tomentella-like morphotype on Picea glauca x engelmannii (hybrid spruce) show-
ing two simple mycorrhizal root tips. (Photo courtesy of L. Tackaberry).

Figures 26 and 30 from Herr and Peterson. Botanica Acta, 109: 64-71. (1996)




Figures 47-49. Mantle formation on short roots of Pinus resinosa colonized by Cenococcum
geophilum.

Figure 50. Dichotomizing root tip of Pinus resinosa colonized by Pisolithus tinctorius. Several
rhizomorphs (arrowheads) are evident.

Figure 51. Loose mantle of Eucalyptus pilularis-Pisolithus tinctorius ectomycorrhiza. Clamp
connections (arrowheads) are visible.

Figures 52-55. Mantle of Pinus ponderosa-Rhizopogon subcaerulescens ectomycorrhiza viewed

at increasing magnification. Numerous peg-like cystidia (arrowheads) occur in the outer mantle.
From Massicotte et al. New Phytol. 142: 355-370 (1999).

All figures are scanning electron micrographs.

Ektomykorhiza
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Ektomykorhiza

Figures 63-66. Sections of angiosperm ectomycorrhizas.

Figure 63. Longitudinal section of Alnus crispa-Alpova diplophloeus ectomycorrhiza showing
the root meristem (*), the mantle (m), and paraepidermal Hartig net (arrowheads).

Figure 64. Transverse section of Eucalyptus pilularis-Pisolithus tinctorius ectomycorrhiza with ’. ; - 4 Aytis -\
a mantle (m) and paraepidermal Hartig net (arrowheads). . ; “' p— 'f_ y

Figures 65, 66. Alnus crispa-Alpova diplophloeus ectomycorrhizas in longitudinal section
(Figure 65) and paradermal section (Figure 66) showing the paraepidermal Hartig net (arrow-
heads).

Figures. 67-69. Pinus resinosa-Piloderma bicolor ectomycorrhizas.

Figure 67. Dichotomy of root apex. The mantle covers the entire dichotomous root.
From Massicotte et al. Am. J. Bot. 76: 1654-1667. (1989)

Figure 68. Loose outer mantle (*), compact inner mantle (arrowheads) and Hartig net hyphae
(double arrowheads).

Figure 69. Glancing section of Hartig net showing labyrinthine branching (arrowheads).
Figure 70. Transverse section of Pseudotsuga menziesii-Rhizopogon sp. ectomycorrhiza stained

with sulforhodamine G and viewed with confocal laser scanning microscopy. Hartig net hyphae
(arrowheads) are present around epidermal (e) and cortical (c) cells.




Box 2: Are water and nutrients able to pass through the mantle?

The fungal mantle forms the interface between the root and the soil and could potentially play a
role in absorption of water and nutrients. However, there is some debate as to whether water and
mineral nutrients can pass through the mantle apoplastically (i.e., through the interhyphal spaces
and hyphal cell walls without crossing the fungal plasma membranes). Some mantles appear to be
impermeable to fluorescent probes (Vesk et al. 2000) while others are not (Behrmann and Heyser
1992): this is perhaps not surprising considering the diversity of mantle types that comprise the
numerous plant/fungus combinations. Lanthanum, a tracer that is transported apoplastically and
that may be a good indicator of ion movement, does penetrate the mantle and is only blocked by
Casparian bands or suberin lamellae of exodermal and endodermal cells (Vesk et al. 2000:
Behrmann and Heyser 1992). An understanding of the permeability of the mantle is important
when considering the function of this component of an ectomycorrhiza. One must also remember
that most of the ions being transported to the root by ectomycorrhizal fungi are taken up by the
extraradical mycelium at some distance from the mantle surface and must be transported to the
mantle and subsequently to the Hartig net hyphae before they can be taken up by the root cells.

Eucalyptus pilularis-Pisolithus tinctorius ectomycorrhiza showing restriction of the fluorescent probe, PTS, to the outer

mantle (arrowheads). From Vesk et al. New Phytol. 145: 333-346 (2000).
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