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Fig.1 Pie chart showing the taxonomic diversity of plants with different types of mycorrhizas, nonmycorrhizal (NM) roots, or inconsistent mycorrhizas
(arbuscular mycorrhiza (AM-NM)). Exploded pie segments show plantsassigned to the categories NM and NM-AM, which are combined and then reallocated
to groups based on mineral nutrition or habitat specializations. These specialized plants are assigned to categories at the family level, based on the most
important strategy for each family (families often indude several of these strategies). Note that these specialized habitats also include many mycorrhizal plants,

but NM and NM-AM plants are much more common than elsewhere. Inset photos show mycorrhizal structures (right side) or examples of specialized plants
(left side). Data are from Brundrett (2017b).
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mykorhizy na Zemi (ekonomicky,
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* 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

— houbovy plast, Hartigova sit’, mimokofenové mycelium

 fungovani EKM
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lence of the mycelium in the soil, which reaches its max-
imum in truffle sites. Accordingly, we can assume that the
fungi, which produce truffles in many regions, are much
maore broadly distributed than are the truffles themselves.
Perhaps they are quite common fungi and, where truffles
are lacking, their fruiting body production is limited by lack
of the proper environmental conditions.

On the other hand, it is unwarranted to conclude without
further study that the similarity of the mycelia means the
fungi are everywhere the same. In keeping with the com-
mon rule for fungi that related species present no reliably
differentiating mycelial characters, various species of Tu-
beraceae probably cannot be differentiated by their myce-
lium alone. However, these questions are beyond the scope
of this paper and should be left for when results of pending
studies are available.

Biological and physiological
significance of the mycorrhiza

The roots of the Cupuliferae and the fungal mycelium
organically unite into a morphologically unique organ. The
intimate, reciprocal dependence that follows the growth of
both partners and the tight interrelationships of physiclog-
ical functions that must exist between the two appearto be a
new example of symbiosis in the plant kingdom. It goes
beyond the lower organisms to the most highly developed
plant form, the trees, and is incontestably both unexpected
and surprising. First of all, the fungus mycelium must be
regarded as an undoubted parasite on the living cupulifer
root, as is evident from the entire manner of its colonization
and penetration into the growing rootlet. As is the case for
all parasitic fungi, the basic nutritional needs of the fungus
are primarily the carbon compounds procured from the
photosynthesizing tree. In contrast, the fungus is evidently
independent in regard to uptake of soil minerals, in that it
alone contacts the soil by its peripheral position on the
mycaorrhiza and the innumerable hyphae it extends into the
soil to grow around soil particles like root hairs.

Now, the question of great interest must be, is the tree
damaged by the fungal parasitism of its rootlets? We know
from a multitude of cases that parasitic fungi damage their
host plants. The morphological changes assumed by the
tree rootlets under influence of the parasite can be char-
acterized as hypertrophy or gall formation, albeit relatively
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This fact imposes the stamp of symbiosis on this rela-
tionship, because both of the united organisms live together
in reciprocal assistance without harm to each other. The
fungus fulfills a reciprocal service for what it receives from
the plant, a service of eminent significance, because it
represents the most important factor in the nutrition of the
tree. That soil water and nutrients needed by the tree are
supplied only through the mediation of the fungus cannot
be challenged: it envelops the entire surface of the feeder
rootlets, and its hyphae perform the role that root hairs do
for other plants in intimately contacting the soil particles.
The enlargement of the volume of the root epidermal cells
and their complete envelopment by the hyphae produce an
arrangement probably designed for nutrient uptake by the
tree. The fungus takes up soil minerals not only for its own
nutrition but also for that of the tree, so we must consider
that the root fungus is the sole organ for uptake of water and
soil nutrients by oaks, beech, etc. It functions as a wet nurse
of the tree in this respect. Thus, in contrast to autotrophic
plants and trees, the Cupuliferac show a relationship that
can be termed “heterotrophy,” i.e., nutrition from scil with
help of another organism on a truly splendid scale, known
before now only with lichen gonidia and some lower algae
living within higher plants.

The symbiosis of the Cupuliferae most closely parallels
that of the lichens, specifically in its biological character,
even allowing for the differences, i.e., the association meets
both the requirements and outputs for nourishment of both
partners. Indeed, the root fungus is analogous to the lichen
hyphae and the tree to the lichen alga; the comparison need
not be elaborated further. A complete analogy even appears
to prevail in reference to what degree these symbiotic re-
lationships are either necessary or dispensable for both
partners. The lichen algae are known to exist independently
of the lichen fungus and can develop as a free alga afier
isolation from the lichen. Similarly, as previously men-
tioned, the Cupuliferae can be cultivated fungus-free in
water culture for years. Of course, the Cupuliferae do not
develop strongly when free of fungi in water culture. Still,
that is at least partly due to the unusual medium, for the
same thing shows up with other land plants grown in this
culture method. Whether the Cupuliferae can nourish
themselves better with their fungus nurse than without is
not known from these studies, because no adult Cupuliferae
seem to be fungus-free. On the other hand, as the lichen

hyphae do not develop strongly and, in any case, never
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Ektomykorhiza

Hostitelske rostliny

cca 2 az 3 000 druhu rostlin

difeviny mirné¢ho pasma az (sub-)borealnich oblasti + nékteré druhy
dfevin subtropickych a tropickych lesu

Gymnospermae

— Pinopsida
M ¢&. Pinaceae (Pinus, Picea, Larix, Abies, Tsuga)
X ¢. Araucariaceae (Araucaria, Wollemia)

— Gnetopsida
M ¢&. Gnetaceae
Xl ¢. Welwitschiaceae (Welwitchia mirabilis)
Xl ¢. Ephedraceae

Cycadopsida
Ginkgopsida

Angiospermae

. Fagaceae (Fagus, Quercus, Castanea)

. Betulaceae (4/nus, Betula, Corylus, Carpinus)
. Malvaceae (7ilia)

. Myrtaceae (Myrta, Eucalyptus)
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Mykorhizni houby

cca 5 000 druhu

odd. Basidiomycota a Ascomycota (Zygomycota)
sporokarpy, meilospory (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.
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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 (Pinaceac)

— 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).

Ektomykorhiza
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Dusik

« prijiman rostlinami a mykorhiznimi
houbami jako NH,", NO;™ nebo jako
jednoduche, ve Vode rozpustn¢ organicke
slouCeniny (AK)
» velka pozornost vénovana anorganickym
formam a AM symbi0ze
,,Znovuobjeveni* pfiymu organickych forem
N




Ektomykorhiza

N.

1

pohyb v pud¢é hromadnym tokem a relativné
rychlou difuzi, NO;-> NH,"

toxicita NH,": GS-GOGAT, GDH

preferovana forma N. se muze pro jednotlive
druhy hub vyrazné lisit
EKM houby
— obvykle preferuji amonn¢ 1onty pted nitratovymi; v
— rychlost pfijmu NH,"” modulovana ptitomnosti N
— schopnost vyuzivat nitraty maji zeyjmena pionyrské
druhy ECM hub osidlujici disturbovana stanoviste
(Hebeloma sp.)



Table 9.1 Yields of three ectomycorrhizal fungi, Suiffus bovinus, Amanita muscaria and Hebeloma
crustufiniforme, when grown with a range of mineral or amino N sources at a concentration

of 60mg N/l and at the same C:N ratio.

Dry weight yields (mg) after 30 days

Nitrogen Wtof N Wt of S. bovinus A. muscaria H. crustuliniforme
source source glucose {mean = SE) (mean = SE)  (mean = SE)
added (g) added (g)
Mineral N.
Ca (NCy), 44,0 0.504 3.004 177 = 1.5 47 =03 126 = 1.2
(NHg4}, Q4 0.284 3.004 307 = 1.2 26 =12 253 = 1.4
Acidic amino acids
L-Aspartic acid 0.572 2.372 31.3 2.6 343 =20 23.0 =09
L-Glutamic acid 0.632 2216 320+ 1.0 363+ 1.5 249 = 1.3
Basic amino acids
L-Arginine 0.224 2.764 336+ 1.8 340+ 2.5 5.6 = 0.7
L-Lysine 0.392 2.528 17 =06 18.0 = 0.1 59 =05
L-Histidine 0.300 2.688 5000 147 = 12 42+ 04
Neutral amino acids
L-Alanine 0.380 2.528 31.6 = 0.3 21,7 £ 1.2 204 = 1.3
L-Asparagine 0.284 2.688 29 = 1.5 233 £ 1.9 9.0 = 0.7
L-Cysteine 0.520 2.528 7.7 =03 33+08 6.0 = 0.5
L-Cystine 0.516 2.528 6.0 £ 0.6 19.7 £ 0.7 56 £ 0.2
L-Glutamine 0.312 2.608 293 1.4 36.3 £ 0.3 8.1 £0.7
L-Methionine 0.640 2216 7.7 £ 0.3 2303 3.5 202
Glycine 0.324 2.688 5.7 =03 227 1.4 9.9 £ 04
L-Phenylalanine 0.708 1.588 1.3 =07 47 = 07 43 =07
L-Hydroxy-L-proline  Q.560 2.528 3703 47 £ 0.3 42 =05
L-Iscleucine 0.564 2216 223 +£123 7.3 0.9 1.7 =03
L-Leucine 0.564 2216 23.0 + 3.2 7303 B.l = 0.4
L-Proline 0.492 2216 40 * 06 63 09 44 =03
L-Serine 0.452 2.528 277 =09 18.7 £ 0.7 6.3 = 1.2
L-Threonine 0.512 2.372 47 = 0.3 6.7 =03 7.6 = 03
L-Tryptophane 0.436 2.136 2000 27 £ 07 7 0.1
L-Tyrosine 0.776 1.588 .7 =03 53+09 B2=x 1.0
L-Valine 0.300 2.220 17 =12 1.3 =09 8.9 = 3.1
Minus N - 3.004 7.3 207 43 =03 6.2 02

From Abuzinadah and Read (1988).
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Ektomykorhiza

K, Ca, Mg a ektomykorhiza

za béznych podminek nejsou tyto ziviny pro EKM
dieviny limitujici — prijem zprostredkovany EKM
symbi0zou studovan pouze zridka

w7/

v pud€¢ mnohem pohyblivéjsi nez P,
antropogenni zaté¢z kyselymi depozicemi — muze
se projevit deficience (zeyména Mg a Ca)

EKM houby dokazi uvolnovat K z mineralu

X houbovy plast’ je vyraznou bariérou apoplasti-
ckého transportu latek (hydrofobiny; u nékterych
EKM hub 1 hyty ERM)



Ektomykorhiza

Voda a ektomykorhiza

zvysSeny piijem vody??? (nebo jen efekt
lepSiho zasobeni minerdlnimi Zivinami???)
rhizomorfy mohou slouzit k vedeni vody

1 jednotlivé hyfy; symplastem,
apoplastem???

zvySeni hydraulické vodivostt EKM kofenu:
zvySena exprese nékterych akvaporini za
sucha (p#tPIP2.5; Marjanovic et al. 2005)



Ektomykorhiza

Voda a ektomykorhiza

* hydraulic lift (Querejeta et al. 2003)

— snadné¢ vyschnuti svrchnich horizontu pudy —
omezeni funk¢nosti mykorhizy

— ,,Syceni* vodou z hlubsich pudnich vrstev

— kompartmentovany kultivaéni systém, barviva
nepropustna pro membrany (pouze
apoplasticky transport!), Quercus agrifolia,
Cortinarius sp., od soumraku do kuropéni a
obracen¢



Ektomykorhiza

Typicka mykorhizni symbioza...

* funguje tak, ze rostlina ziskava od
asociovan¢ mykorhizni houby mineralni
prvky (P, N, ...) ¢1 vodu a naopak poskytuje
houbé Cast svych fotosyntatu

— EKTOMYKORHIZA!

* vyjimky: asociace mykoheterotrofnich
rostlin (orchideoidni mykorhiza,
monotropoidni mykorhiza, arbuskularni
mykorhiza) a mixotrofnich rostlin
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Figure 9.11 Diagrammatic representation of the current understanding of the location and
function of nitrogen transporters in ectomycorrhizal tissues. Black cylinders represent struc-
tures in which at least one member of the transporter family has been fully characterized
by functional complementation in a deficicent strain of yeast. Dark grey cylinders represent
putative transporters in which candidate genes have been identified as expressed sequence
tags. Pale grey cylinders represent hypothetical transporters. The transporters putatively
involved in carbohydrate transport, carboxylation of N compounds and in transfer of phos-
phorus (P) and potassium (K*) ions are also shown. Fp, fungal plasma membrane; Rp, root
plasma membrane; aa, amino acids; pP, polyphosphate; Vac, vacuole; s, sucrose; ms, monosac-
charide; cc, carboxylation. Modified from Chalot et al. (2002), with permission.
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Fotosyntaty

* ruzna zavislost mykorhiznich hub na fotosyntatech
ziskavanych symbioticky od hostitelske rostliny

— AM houby: obligatné biotrofni, ~ 100% C

— EKM houby: pravdépodobné velmi vysoka variabilita,
odhadujeme podle schopnosti saprotrofniho rustu, ECM
status se v prub¢hu evoluce objevuje u vybranych
skupin hub opakované

— ErM, OM: velmi dobré schopnosti saprotrofniho ristu
(celulazy, pektinazy, polyfenoloxidazy...)
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Fotosyntaty

sacharoza, v mezilehlém prostoru (apoplast)
Stépena 1nvertazou vazanou na BS
kortikalnich bunék

10-20 % fotosyntatu predavano
mykorhiznim houbam

rust ERM (a hyfového plaste), ale 1
obohacovani pudy o C latky (AM:
glomalin), sekvestrace C

sezOonnost fungovani mykorhiz
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Fotosyntaty a ektomykorhiza

nejvetsi alokace fotosyntati do EKM az ke konci vegetacniho obdobi,
v pozdnim 1¢té a na podzim

koreluje s vyskytem plodnic EKM hub, s riistem kotent, vyzravanim
pletiv k odolnosti proti chladu

EKM stromy maji vyssi rychlost fotosyntézy: ERM jako sink pro C,
sekvestrace v pudé

kalkulace mnozZstvi C alokovane¢ho do EKM hub (kg na ha za rok,
borovy les):

— ERM 70, sporofory 30, houboveé plasté 730, celkem 830
— 40 % C na struktury, 60 % na respiraci

— celkové vyprodukované fotosyntaty: 5 800 kg ha-1 rok-1
— t.J. 15 % fotosyntati ptedano EKM houbam
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Cost-benefit model

vypujceny z ekonomie
né€co za neco
je dana aktivita pro me¢ vyhodna?
velmi nejasne vymezeni zisku; fitness
— lepsi vegetativni rust (vs. herbivorie)
— lepSi zasobeni Zivinami
podle toho, jak z analyzy cost-benefit vychazi
hostitel a jeho mykorhizni houba miizeme danou

mykorhizni asociaci zaradit do spektra
symbiotickych interakci
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Spektrum symbiotickych interakci

Table 1. Overall ecological benefits in plant-fungus interactions. Classical mycorrhizal relationships (ECM, AM), range from mutualism to
parasitism on the plant depending on whether the assimilated carbon contributed from the plant is adequately compensated by the mineral
nutrient contribution by the fungus {lower line {italics)). Orchid mycorrhiza ranges from parasitism on fungi to commensalism, depending on
the impact on the fungus in question {upper left corner and middle left {bold)), and may approach neutralism depending on the extent to
which the plant acquires photosynthetic capacity and develops infection-free roots. Elaboration on diagram given by Johnson et al. (1997),
not intending to convey any information on structure or actual material transfers.

Gradient of fungal responses

neg Parasitism (4, —) Amensalism (0, —) Competition (—, —)

0 Commensalism (+,0) Neutralism (0,0} Amensalism { —,0)

pos Muttalism {(+, +) Commensalism 10, +) Parasitism { —, +)
pos 0 neg

Gradient of plant responses to mycorrhizal associations

* Rasmussen and Rasmussen 2009
* pro AM neni uvedena kategorie (+,-) tj. AM mykoheterotrofni rostliny

* pro OM neni uvedena mutualistickd symbidza

Zarazeni dane symbiozy do tohoto spekira je
velmi dynamické zejmena v case, ale | se zmenou
vnejsich ekologickych podmlnek, a vzdy se
vztahuje k aktualnimu stavu!!!
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Specificita mykorhiznich symbi0z

AM: 200 druht hub, ca 80 % druht svétove flory — velmi
nizka specificita fyziologicka; ekologicka specificita!!!
EKM: 5 az 6 tisic druhtt EKM hub, ca 2-3 % druhtl vysSich
rostlin — pomérné vysoka specificita

OM: Casté debaty, terminologické nejasnosti, 25 tisic druhu
rostlin (ca 7-10 % svétove flory, ale pouze jedna Celed’!),

stovky druhtt OM hub; bazidiomycety a askomycety, EKM
a saprotrofove

1zolované mykorhizni typy x vzajemné prolinani a
interakce
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M. Vohnik (2008)
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www.cmn.nect

wood wide web

common mycelial networks

net

propojeni rostlin t€¢hoz/jiného druhu myceliem
mykorhiznich hub

napojeni rostlin téhoz/jin¢ho druhu na jiz existujici
mycelium mykorhiznich hub

nurse (plant) effect

cost-benefit analyza

pomeérn¢ stabilni (achlorofylie + mykoheterotrofie) 1
dynamicky se ménici interakce (semenac vs. dospély
strom; kli¢ici vs. dospéla orchidej)
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www.cmn.nect

Nase znalosti o mykorhizni symbioze jsou dosud
utrzkovité a schematické. Unika nam pestra splet
vzdjemnych vazeb, kterymi jsou mykorhizni houby

propojeny se svym okolim, a unika nam také fyzikdalni a
chemicka podstata procesti a jevii, kterymi jsou tyto
vazby zajistovany
(Gryndler et al. 2004).
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nedostatek svétla zna¢né mnozstvi semenacku, jejichz kofeny jsou prostfednictvim mycelia myko-
rhiznich hub propojeny s kofeny vzrostlych stromti. Tim maji semena¢ky moZnost pro svou vyzivu |
¢astecné vyuzivat energii bohaté latky ziskané mykorhiznimi houbami od vzrostlych hostiteld, a pfeckat
tak obdobi zastinu. Tok energie je na obrazku schematicky zndzornén Sipkami. Po prosvétleni porostu
padnutim stromu jsou takto udrzované semenacky piipraveny odstartovat rychly riist a zacelit vznikly
¥ prostor. (Gryndler et al. 2004)
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