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The study of plants without their mycorrhizas is the study of artefacts. The majority of plants, strictly
speaking, do not have roots; they have mycorrhizas.'
BEG-Committee, 25th May 1993
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http://www.mycorrhizas.org/index.php

Coto je?

Definition of Mycorrhizas

Mycorrhizas are symbiotic associations essential for one or both partners, between
a fungus (specialised for life in soils and plants) and a root (or other substrate-
contacting organ) of a living plant, that is primarily responsible for nutrient transfer.
Mycorrhizas occur in a specialised plant organ where intimate contact results from
synchronised plant-fungus development.

Ektomykorhiza — nazev pro symbioticky vztah i pro organ

Associations with a hyphal mantle enclosing short lateral roots and a Hartig net of
labyrinthine hyphae that penetrate between root cells.

http://mycorrhizas.info



http://mycorrhizas.info/

Ectomycorrhizae

Endomycorrhizae

- ]
My \ | -
chlamydospore —» || | ~ ([
\ 2 % 4
N ..,‘

epidermis

arbuscule

endodermis

1]
/ i ]
vesicle ————»

root hair ———»

cortex

Epidermis

—

Cortex

Mantle |
(fungal sheath)

Houbovy plast

between
cortical
cells (Hartig net)

Hyfy nikdy nepronikaji do bunék!

Pronikani hyf do bunék —

ektendomykorhiza
Rhizodermis ::'e'cg L £
Primarni
Endodermis - . Iyko

K

/’ Kambium

Primarni
kura

Dren

Mlady kofen - pfi¢ny fez

Mantle 100 pm

A

\? | 4
R

(colorized SEM)

-

[ L 4 o
'-“1‘

Hartigova sit



Typ epidermalni Hartigovy sité - krytosemenné

Angiosperm

External hyphae

Wi Epidermal
e < cells

Hartig net
hyphae \_\

*]——— Hypodermis .

= :
<« Cortex cells -
[ ) ——— —_— | . %B'

http://www.mycorrhiza-

research.de/Pages/01 11Hartig.html
http://mycorrhizas.info/ecm.html /Pages/01_ g



Jak to vypada?
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Kdo se toho
Ucastni?

Vétsinou viceleté dreviny, ca 3-5% vSech druh(
rostlin
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Fig. 2 The mycorrhizal status of different clades of lower
plants, using data sources summarised at mycorrhizas.info and
including Angiosperm data from Fig. 1 for comparison (see
Fig. 1 for abbreviations) Brundrett 2009

ECM host genera (http://mycorrhizas.info/ecm.html#hosts)

Gnetaceae
Pinaceae

Betulaceae (inc.
Corylaceae)
Casuarinaceae
Cistaceae

Dipterocarpaceae

Ericaceae*

*Many other genera

with ericoid
mycorrhizas

Caesalpinioideae

Papiloinoideae
Mimosoideae
Fagaceae
Junglandaceae
Meliaceae

Myrtaceae

Nothofagaceae
(Fagaceae)
Nyctaginaceae
Phyllanthaceae
(Euphorbiaceae)
Polygonaceae
Rhamnaceae

Rosaceae

Salicaceae
Sapotaceae
Sarcolaenaceae*
Tiliaceae
Cyperaceae

Gnetum
Abies, Cathaya, Cedrus, Keteleeria, Larix, Picea, Pinus,
Pseudolarix, Pseudotsuga, Tsuga

Alnus, Betula, Carpinus, Corylus, Ostrya, Ostryopsis

Allocasuarina, Casuarina

Cistus, Fumana, Helianthemum, Hudsonia, Lechea, Tuberaria
Anisoptera, Dipterocarpus, Hopea, Marquesia, Monotes,
Pakaraimaea, Shorea, Vateria, Vateriopsis, Vatica

Arbutoid category of ECM (and ECM): Arbutus, Arctostaphylos,
Cassiope, Chimaphila, Comarostaphylis, Gaultheria, Kalmia,
Leucothoe, Pyrola

Monotropoid category of ECM: Monotropa, Pterospora,
Sarcodes, etc.

21 rodd

8 rodu

Acacia, Calliandra

Castanea, Castanopsis, Fagus, Lithocarpus, Quercus
Carya, Engelhardtia

Owenia

Allosyncarpia, Agonis, Angophora, Baeckea, Eucalyptus,
Leptospermum, Melaleuca, Tristania, Tristaniopsis

Nothofagus
Guapira, Neea, Pisonia
Uapaca, Ampera, Poranthera

Polygonum (arctic and alpine herbs), Coccoloba (tropical tree)
Cryptandra, Pomederris, Spyridium, Trymalium

Dryas (arctic and alpine herbs),
Cercocarpus*®, Purshia* *VAM also
Populus, Salix

Manilkara

Leptolaena, Sarcolaena, Schizolaena
Tilia

Kobresia (alpine and arctic herb)



http://mycorrhizas.info/ecm.html#hosts
http://mycorrhizas.info/index.html#ericoid

Family or Group
BASIDIOMYCOTA

Lyophyllum

Tricholomataceae
Entolomataceae

Amanitaceae

Hygrophoraceae
Hydnangiaceae (Laccaria clade)

Cortinariaceae

Phaeocollybia clade in
Hymenogastraceae

Hebeloma clade

in Hymenogastraceae

Descolea clade, (in Bolbitiaceae?)
Inocybaceae

Boletes (Boletales) Includes many
families

Boletales - Sclerodermatales

Russulales

Gomphales & Hysterangiales

Cantharellales

Rhizoctonia alliance clades
Thelephorales
Clavariaceae

Atheliales

ASCOMYCOTA

Pezizales (inc. Tuberaceae,
Helvellaceae, etc.)

Eurotiales (Elaphomycetaceae)
Melanommatales
ZYGOMYCETES

Endogonaceae

Epigeous, Hypogeous, Rsupinate

Lyophyllum*

Leucopaxillus, Tricholoma*

Entoloma* (not all species), hypogeous: Rhodogaster, Richoniella
Amanita, Limacella, hypogeous: Ammarrendia, Torrendia
Gliophorus, Humidicutis, Hygrophorus*

Laccaria, hypogeous: Hydnangium*, Podohydnangium, Gigaspera

+ ca 7750 druht hub, hl.
Basidiomycota (Rinaldi et al.
2008)

Cortinarius*, Dermocybe, Naucoria*, Rozites*, hypogeous: Cortinarius, Hymenogaster (in part), etc.

Phaeocollybia*

Hebeloma*, hypogeous: Hymenogaster (in part)

Descolea*, hypogeous. Descomyces*, Setchelliogaster

Inocybe*, Auritella

Aureoboletus, Austroboletus, Austropaxillus*, Boletellus*, Boletochaete, Boletus*, Chroogomphus*, Fuscoboletinus, Heimielia,
Gomphidius*, Gyroporus*, Leccinum*, Paragyrodon, Paxillus*, Phlebopus, Phylloporus, Poryphyrellus*, Psiloboletinus, Rubinoboletus,
Strobilomyces, Suillus*, Tylopilus*, Xanthoconium, Xerocomus*, etc., hypogeous: Alpova*, Austrogaster, Austrogautieria, Chamonixia*,
Gastroboletus, Gastrotylopilus, Gymnogaster, Gymnopaxillus, Horakiella, Hysterogaster, Melanogaster*, Mycoamaranthus, Octaviania,
Rhizopogon*, Royoungia, Sclerogaster, Truncocolumella*, Timgrovea, Wakefieldia, etc.,

Boletoid: Gyroporus, Gasteroid: Pisolithus*, Scleroderma*, Calostoma*, hypogeous: Astaeus*, Horakiella, Scleroderma,, Velligaster
Lactarius*, Russula*, hypogeous: Arcangeliella*, Cystangium, Gymnomyces, Leucogaster, Macowanites, Octaviania*, Stephanospora,
Zelleromyces, resupinate: Byssoporia, Albatrellus*, Polyporoletus*

Bankera*, Boletopsis*, Clavaridelphus*, Gomphus*, Hydnum*, Hydnellum*, Phellodon*, Sarcodon*, Ramaria* (some NM?), hypogeous:
Hysterangium clades: Aroramyces, Chondrogaster, Hysterangium* , Mesophelliaceae: Andebbia, Castoreum, Gummiglobus, Malajczukia,
Mesophellia, Nothocastoreum, Gallacaceaceae: Austrogautiera, Gallacea, etc., Phallogaster clade: Protrubera, Phallogaster, Trappea
Ramaria clade: Gautieria*

Cantharellula, Cantharellus*, Craterellus*

resupinate: Thanatephorus*, Sebacina*

Bankera, Boletopsis, Thelephora*, Phellodon*, Sarcodon, Resupinate: Tomentella*, Pseudotomentella*, Tomentellopsis*

Aphelaria, Clavaria, Clavariadelphus, Clavicorona, Clavulina, Clavulinopsis, Ramariopsis

resupinate: Amphinema*, Byssocorticium*, Byssosporia*, Piloderma*, Tylospora*

Genea*, Geopora, Humaria*, Hydnotrya, Helvella, Leucangium*, Pachyphloeus, Pulvinula, Sarcosphaera, Sphaerosporella*,
Sphaerozone*, Tirmania, Tricharina*, Wilcoxina*, Hypogeous: Choiromyces, Dingleya, Eremiomyces, Kalaharituber, Labyrinthomyces,
Pachyphloeus, Reddellomyces, Tuber*, Terfezia, Turmania, Resupinate: Phialophora* (anamorph)

hypogeous: Elaphomyces* Pseudotulostoma*

resupinate: Cenococcum (sterile fungus)

hypogeous: Densospora, Endogone, Peridiospora, Youngiomyces
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Existuji rostliny s AM i ECM

Myrtaceae (Eucalyptus coccifera)
Salicaceae (Salix repens)
Betulaceae (Alnus)
Dipterocarpaceae

{Dipterocarpus © Angela Hijias

Nékteré rody hub celé ECM, jiné maji
rlzné strategie (napf. Sebacina)

Vztah k hostiteldm — specifita

skupiny druh: Suillus placidus — Pinus strobus + P. cembra

rody: Lactarius quietus — Quercus, Naucoria scolecina - Alnus

Celedi: Suillus, Rhizopogon — Pinaceae, Leccinum carpini - Corylaceae

Generalisté (jehlicnany i listnace): Boletus edulis, Boletus erythropus, Russula vesca,
Russula nigricans, Tricholoma sulphureum, Cortinarius semisangiuneus

Vyssi specifita u hostiteld ranych sukcesnich stadii (zvySuje Sance na potkani spravné
houby a omezeni investic do common mycelial net)



Jak a kdy to vzniklo?

Origin of AM fungi

—
Events

Predpokladany vznik ca 100-200 mil. let A B c D Estimated
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SaprOtrOntCh predChUdCU Figure 1.6 Estimated dates of origin and divergence of arbuscular mycorrhizal fungi. From
(Sm|th et TederSOO 2013 _ 80 X) Simon et al. (1993). Reprinted with permission from Nature, 363, 67—69. Copyright McMillan

Magazines Ltd.
Smith, Read 2008
ztrata genUl rozkladajicich lignin
a celulozu

FUNGAL BIOLOGY REVIEWS 27 (2013) 83—99
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Society promoting fungal science

journal homepage: www.elsevier.com/locate/fbr

Review

Lineages of ectomycorrhizal fungi revisited: @Cmsmk
Foraging strategies and novel lineages revealed by
sequences from belowground

Leho TEDERSOO™", Matthew E. SMITH"**
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Figure 2. Maximum likelihood phylogeny of Amanita and closely related taxa. Support
values at nodes indicate maximum likelihood bootstrap (MLB)/Bayesian posterior
probability (BPP) values. Thick branches indicate branches with >90% MLB and >0.95 BPP.
Boxes along right indicate presence/absence of three cellulase genes: endoglucanase (E),
cellobiohydrolase (C), and beta-glucosidase (R). Black = present. White = absent. Species
highlighted in grey are kept as cultures and were used for experimental assessment of
saprotrophy (see text). Inset indicates putative role and location of cellulases in cellulose
degradation pathway. Colors of branches are based on parsimony reconstructions of
trophic status



Table 6.5 Sequence of the formation of Eucalyptus ectomycorrhiza obtained using the
cellophane-over-agar technique (see text) after Malajczuk et al. (1990).

. / Time,, - Developmental stage Anatomical features
J a t () VZ n I ka ? 0-12h Preinfection Hyphal contact with the root -
. 12-24h Symbiotic initiation Fungal attachment to the epidermis
24-48h Fungal colonization Initial layers of mantle
Hyphal penetration between epidermal cells
48-96h Symbiotic differentiation Rapid buildup of mantle hyphae
Hartig net proliferation
. , v v , , 96h—7 days Symbiotic function Mantle well developed i
Nekolonizované semenacky a koreny vzdalené it vy sppressedo
ostatn I,m End of Hartig net growth
- Pfitomnost inokula
A Functioning
- Rozpoznani PN e
. Kl DD
- Kompatibilita :
Hartig net
1]}
Colonization

Koreny blizko jiZ kolonizovanym kofen(im
- Kolonizace Hartigovou siti (Pinus)
- Kolonizace pomoci plasté — (Eucalyptus)

Patterns

x1 Cell wall synthesis, defence & stress reactions’

AM symbiosis ECM symbiosis g Carbon & hormone metabolism !
Fungal response o root exudates §
Early Strigolactones ? " Amino S O,
establishment e, e e ey W protein fate n
Chitin-oligomers {LCOs/COs) )

x1

Mycelium-specific unknown functions

X1 /\/ !
Cell wall synthesis, mycelium-specific functions

4 7 12 21 days
Symbiosis development

Figure 6.9 Schematic drawing describing the five major gene expression patterns of plant
. and fungal genes during development of the Eucalyptus—Pisolithus mycorrhiza, see text. Data
Garcia et al. 2015 from Duplessis et al. (2005).




Figure 6.11 Light microscopy of mycorrhiza formed between Eucalyptus pilularis and
Pisolithus tinctorius. Longitudinal section showing zonation. Zone A, root cap meristem;
zone B, apposition (pre-Hartig net); zone C, young Hartig net; zone D, older Hartig net.
Bar=100pm. From Massicotte et al. (1987b), with permission.

(@) (b)

Figure 6.17 Scanning electron microscopy of mycorrhizas formed between Betula
alleghaniensis and Pisolithus tinctorius. (a) Early stages of mycorrhiza formation, in which a few
hyphae are present on the root surface and numerous root hairs (arrowed) are evident.
(b) A thin mantle (arrowed) has been formed on the root surface. (c) A compact mantle
covers the root and root hairs are no longer evident. Bars= 100 um. From Massicotte et al.

(1990), with permission.



K cemu to je?

Houby poskytuji rostlindm N a P, mozna ovliviiuji jejich vodni rezim a chrani je pred

patogeny.
Rostliny poskytuji houbam C

Fungus Interfacial Plant cell
apoplast
Trehalose
glycogen < Glucose
5 4 + 6
= Fructose nd
Mannitol
Plant
invertase
Sucrose €~ ——<2> R
ATP ATP
1]—» H+ 1
pH
4.
ADP 3 ADP

Figure 8.5 Diagrammatic representation of the plant—fungus interface in an ectomycor-
rhiza, showing processes likely to be important in sugar transfers between plant and fungus.
(1) Activity of both plant and fungal H™-ATPases transfers protons to the interfacial apoplast,
lowering the pH and creating proton motive force necessary for active transport. (2) Sucrose,
delivered to the roots is exported from the plant cells and hydrolysed by a plant wall-bound
invertase (acid pH optimum) to glucose and fructose (3). (4) Glucose is preferentially
absorbed by the fungal partner via a hexose transporter (AmMst/ and 2 in Amanita muscaria),
which may be a proton hexose symporter. Fructose can also be absorbed, but is outcom-
peted by glucose. (5) Glucose is used by the fungus to synthesize large amounts of glycogen
and lesser amounts of trehalose. Fructose is converted to mannitol. (6) Upregulation of a
plant monosaccharide transporter PttMST3.3 in ECM poplar roots suggests that this plant
may have a means of reabsorbing some of the sugar lost to the apoplast (see Figure 8.4)
(Grunze et al., 2004). However, no such upregulation of plant sugar transporter activity was
found in Betula (Wright et al., 2000).

Solution Hyphae Apoplast Root
Monosacch. - ms

NH4+ I c L l Ipvertasg E

. cc > l
NO; ﬂe o S k 9"— Sucrose o
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Proteins i
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e
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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.



Jaké jsou naklady?

Naklady na ECM symbionty:

laboratorni zjisténi: ca 12-30% asimilovaného C

terénni méreni:

* ca 3-180 kg plodnic/ha pudy/rok

 70kg/ha/rok (200 m/g ptdy, tj. ca 3.5 kg Zivého mycelia/ha/rok, turnover 1

tyden), podle meshbagt az 590 kg/ha/rok

» 172-730 kg/ha/rok plasta ektomykorhiz
= ca 13-15% primarni produkce stanovisté (Hobbie et Hobbie az 20%)

Mohou byt ECM houby castecné
saprotrofni?

Ne, jsou dekompositofi ne

saprotrofové.

osud C neni jasny

oxidaci ligninu a humusu vznika rada
produktd od CO, aZ po nerozpustné
makromolekuly (Snajdr 2010), ¢ast asi vyuziji
saprotrofové, ¢ast se stane neptistupnéjsimi

= New
& Phytologist

L ansley insight

Ectomycorrhizal fungi — potential organic
matter decomposers, yet not saprotrophs
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Email: Bjom.Lindahi®siu_se

- . 1 . <12
Bjorn D. Lindahl” and Anders Tunlid
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Jaké jsou zisky?

ECM rostliny Iépe rostou, vyssi konc. P ve srovnani s nemykorhiznimi

AZ 80% rostlinného N a P je ziskavano houbami (laboratorni studie), houby omezuji ztraty N a P

z pudy

Dusik

ECM houby pfijimaji anorganicky (NO3-, NH**)
i organicky N z aminokyselin, pepid( i
bilkovin.

Schopnost pfrijimat rizné formy N se lisi se
mezi druhy i kmeny

rostliny s ECM a rostliny bez ECM se lisi ve
schopnosti rist na substratu pouze s org. N, s
rdznymi druhy ECM hub rostliny dosahuiji
rdzné biomasy

ECM ziskavaji efektivnéji N z norm. substatd v
lese (pyl. zrna, nematoda, semena, atd...)

Fosfor

Akumulace v plasti, vakuoly — granule
polyfosfatu, postupné uvolnovani do rostliny

Ziskavaiji jej z ptdy (nukleové kyseliny,
fosfolipidy), spekuluje se o schopnosti
ziskdvat P z podloZi (v meshbags rozkladaji
apatit)

Draslik

Schopnost akumulovat K a ziskavat z K
obsahujicich minerdll (biotit), neprokazano
meshbagy



Jaké jsou zisky?

Prokazan presun Mg, ale neprokazala se
schopnost uvolfiovat jej z minerdl(

Ca (?)

ECM houby umoznuji rast ECM hostitel( v
pldach s vys. obsahem Al, Cd, Ni, Cu, Zn
(nelze oddélit efekt lepsi vyZivy a ochrany
pred negativnimi ucinky tézkych kov()

U&innéjsi ,ochranu” poskytuji druhy s
vétsSim EM myceliem

Voda

ECM houby v kulture se liSi ve schopnosti
snaset sucho

vlivem sucha se méni slozeni ECM hub
(dominuje Cenococcum)

vlivem sucha dochazi ke zméné exprese
genl pro aquaporiny

Neni jasny transport

Tézko oddélit toleranci k suchu od lepsi
vyzivy poskytované ECM houbami



/ /

ni sit

Mycelia

Net transfer of carbon
between ectomycorrhizal

tree species in the field

Suzanne W. Simard*, David A. PerryT,
Melanie D. Jonesi, David D. Myrolds,
Daniel M. Durall: & Randy Molinall

az 40% C v korenovych Spickach 1
stromu pochazi z fotosyntézy
souseda...

(Klein, T., Siegwolf, R. T., & Korner, C. (2016).

Belowground carbon trade among tall trees in a
temperate forest. Science, 352(6283), 342-344)

(1) Trees forming networks with ectomycorrhizal (EM) fungi (solid thin
lines) are interconnected (see arrow*)
(2) wvarious plant species and a

+ e S tree (3) form arbuscular mycorrhizal (AM) networks and are also
HUbS (UZ|Y) ”OdklaneCI interconnected (see dashed lines, arrow**)
(4) an orchid forms a third underground network. Van der Heijden 2015

MdazZe se rostlina vyhnout symbidze?
10% studii — mykorhizy redukovaly rUst rostlin, mohou nékteré houby podvadét?



-

ak ovlivhuje ektomykorhiza zivot
ucniho botanika/ekologa?

Vegetation zone

Altitudinal range Nival Alpine heath  Coniferous forest
Deciduous forest Grassland
Latitudinal range Polar Arctic tundra Boreal forest
Deciduous forest Grassland
Heath Herbaceous
understorey understorey
Soil type Lithosol Peat Podsol Brown Forest soil Grassland soil
often sandy &
Humus type Peat Mor Moder Mull ——
Predominant form Organic N
of nitrogen compounds NH, +NO, NO,
Characteristic Ericold Ecto Ecto +VA VA

mycorrhizal type
Nature and quantity
of external veg-
etative mycelium

Fine individual
hyphae near
root surface.

Extensive mycelial
systems organized
into strands.

Most important Small biomass High biomass
growth-limiting N NorP
nutrient <

Individual hyphae
of large diameter,
High biomass close
to roots

P
Key

Increase of altitude or latitude

Depth of
I organic
matter

Figure 15.5 Diagrammatic representation of the postulated relationship between latitude or
altitude, climate, soil and mycorrhizal type, together with the development of vegetative myc-

elium associated with mycorrhizas.VA = arbuscular (AM). From Read (|984), with permission.

Nijak, pokud mu na
louce nezacnou rust
semenacky ECM
drevin a nezalozi si
pokus blizko lesa....



Otazky, které se aktua

8.
9.

N oo vk w DN e

ne resi

Tok latek (geny, enzymy)

Genomy ECM hub

Evoluce rod( (ektomykorhiznosti)

Biologie druht (NGS data?), populace — neznama velikost jedince
Fungal traits, funkcéni diverzita

Specifita interakci, common mycelial network

Drivers, gradienty (obtizna interpretace, korelace vseho se vSim.....), sukcese

Co se stane, kdyz...... - management, global change, sucho

Nejasné asociace (DSE, etc...)

10. Potravni retézce (food webs)

11. Ekosystémové sluzby (ecosystem services)



Jak to studovat?

V laboratori, skleniku

Syntéza za kontrolovanych podminek

Vyhody:
Geneticky homogenni material
,Cisty pokus”, replikace atd....

Nevyhody:
Studovana situace v prirodé témér
nenastava........

Limitovany vybér ECM hub (Laccaria,
Hebeloma, Piloderma, Suillus,
Thelephora....), vétSina ECM hub nejde
kultivovat

Pracuje se se semenacky....

V lese

Studium plodnic, ektomykorhiz,
mycelii.....

Vyhody:

Studium realné situace

Dospélé stromy, dominantni houby,
mycelidlni sit

Nevyhody:

Popisné

Omezeni poctem vzorku
Neznama velikost studovanych
organismu

Mnoho korelujicich znamych i
neznamych faktord prostredi



Co studovat?

PLODNICE

Metodika: 3-6 navstév rocné, 2-3 roky; plochy 500-2500 m?, zaznamenavani substratu
(hostitele), pocitani plodnic, odhad biomasy atd....

situace pod zemi je jina nez nad zemi!
Species diversity and distribution of biomass
above and below ground among ectomycorrhizal
fungi in an old-growth Norway spruce forest in
south Sweden

K éemu ty p|0dnice jSOU? Zé bava Anders Dahlberg, Lena Jonsson, and Jan-Erik Nylund
pro amatéry?

available at www.sciencedirect.com

ScienceDirect

Studium dive rZity SpOIEéenSteV o - journal homepage: www.elsevier.com/locate/funeco
Zivotni strategie ECM hub
Nezanedbatelny zdroj Zivin

Climate variation effects on fungal fruiting @Cmmrk

Lynne BODDY™", Ulf BUNTGEN", Simon EGLI", Alan C. GANGE’,
Einar HEEGAARD?, Paul M. KIRK/, Agilah MOHAMMAD?,
Havard KAUSERUDY



EKTOMYKORHIZY

Metodika:

Semenacky

Dospélé stromy — sondy (3-6 cm primér) n. krychle pidy ca 10 x 10 cm (jednotlivé
stromy n. trvalé plochy (500m? n. 50 x 50 m)

Udrzovat v chladu

l

Cely kofenovy systém nebo vybrat 3 fragmenty koren(
o ca 150 Spickach

1 Prehled morfotyp
Vymyt opatrné pod tekouci vodou www.deemy.de
1 Nomenklatura morfotypu s neidentifikovanou

houbou podle dfeviny (napf. Piceirhiza bicolorata)
Docistit pinzetou

Znaky na plasti (9 typl plektenchymu, 7

1 pseudoparenchymu)
Nafotit 6 typl rhizomorf
Vybrat vzorky (morfotypy) na identifikaci pomoci DNA Otazka taxonomického citu!

(moznosti uchovavani: zamrazit -20°C, 70% alkohol, CTAB)
+ duplikaty na morfologické studium (glutaraldehyd, Farmerova fixaz)


http://www.deemy.de/

Drevina ovliviuje vzhled ektomykorhizy

Picea abies Pinus mugo




Tridéni do exploracnich typl ektomykorhiz




Mycorrhiza (2001) 11:107-114 © Springer-Verlag 2001

ORIGINAL PAPER

Reinhard Agerer
Exploration types of ectomycorrhizae

A proposal to classify ectomycorrhizal mycelial systems according to their patterns
of differentiation and putative ecological importance

Contact type: hladky plast a velmi malo hyf, Spicka ma tésny kontakt se substratem, hydrofilni
(holubinka, ryzec, vaticka, lanyz)

Short distance: objemny obal z vychazejicich hyf, hydrofilni (vaticka, Tylospora, sluka, vlaknice,
jelenka, lanyz, Cenococcum...)

Medium distance fringe: véjire hyf + vétvici se rhizomorfy (hl. typ A), hydrofobni, nesnasi vysoké
obsahy N, hydrofobni (Amphinema, Piloderma, pavucinec, Laccaria atd...)

Medium distance mat: nediferencované rhizomorfy, hydrofobni (Piloderma, Ramaria, Sarcodon,...)

Medium distance smooth: nediferencované rhizomorfy (hl. typ B), hladky plast, par hyf, hydrofilni
(Amanita, Thelephora, Tricholoma, Tomentella, ....)

Long distance: hladké ektomykorhizy, rizomorfy (hl. typ F) + boletoidni, hydrofobni (hfibovité)









Mycol Progress (2012) 11:287-297
OO0 10,1007 51 1557011407 50-5

ORIGINAL ARTICLE

Exploration type-specific standard values of extramatrical
mycelium — a step towards quantifying ectomycorrhizal
space occupation and biomass in natural soil

FUNGAL ECOLOGY 4 (2011) 174—183
Rosemarie B Weigt + Stefan Raidl - Rita Verma -
Reinhard Agerer

available at www.sciencedirect.com

—

“e;* ScienceDirect

journal homepage: www.elsevier.com/locate/funeco

FUNGAL E(

Conservation of ectomycorrhizal fungi: exploring the linkages
between functional and taxonomic responses to
--=z° anthropogenic N deposition

L

available a

journal homepage: E.A. LILLESKOV®*, E.A. HOBBIE®, T.R. HORTON®

Rethinking ectomycorrhizal succession: are root density
and hyphal exploration types drivers of spatial
and temporal zonation?

Kabir G. PEAY®?*1 Peter G. KENNEDY®%!, Thomas D. BRUNS?!

*Department of Plant Pathology, University of Minnesota, St. Paul, MN 55108, USA
PDepartment of Plant and Microbial Biology, University of California, Berkeley, CA 94720, USA
“Department of Biology, Lewis and Clark College, Portland, OR 97219, USA




Annals of Forest Science (2011) 68:25-32
EKTOMYKORHIZY DOI 10.1007/513595-010-0004-8

REVIEW PAPER
Studium enzymu

Enzyme secretion by ECM fungi and exploitation of mineral
nutrients from soil organic matter

Karin Pritsch - Jean Garbaye
New =
Research Phytologist S

Profiling functions of ectomycorrhizal diversity and root
structuring in seedlings of Norway spruce (Picea abies) with
fast- and slow-growing phenotypes

Sannakajsa M. Velmala', Tiina Rajala', Jussi Heinonsalo?, Andy F. S. Taylor™ and Taina Pennanen'

'Finnish Forest Research Institute — Metla, PO Box 18, 01301 Vantaa, Finland; *Viikki Biocenter, Dey of Food and Envi | Sciences, Faculty of Agriculture and Foresury, PO
Box 56, 00014 University of Helsinki, Finland: *The James Hurton Instime, Craigicbuckler, Aberdeen ABIS 8QH, UK; “Inssitute of Biological and Environmental Sciences, University of
= _ nm Piloderma sp. T. asterophora T. terrestris | | i ina sp.
Aberdeen, Cruickshank Building, St Machar Drive, Aberdeen AB24 3UU, UK - =5 ab l:
a

Cellobiohydrolase — 030540018 045420127 = = 10154004 14240062 = = 077020045 0852012 = = 078340148 09720081 = = 1.703=0.073 172601308 =

ab a b
Prglucoronidase —— 1.048+0195 0982035 = = 258M9+0.183 = 127820180 1321014 = = 16820205 197620173 =

a be ab [ be
Brglucosidase - 0.429:0086 07272024 =~ 1.069+0063 117A:0002— ~ 0.90420003 0830:0.123= ~ 118120035 127820024 — — 1.208.+ 0067 1277 =006 —

a b : ab d
Laccase — 005s8:001 00820083 = = 01E2+0025 0241+004 = = 17250181 17870104 — ~ 01520057 018520067 - = 0.4B8=0.041  (0.062 +0.008 —

a b © d a
Leucine aminopeptidase — o1s=0082 02612012 - 1899011 2153+03%6— — 071620022 O0.756=007 — — 1204:0085 13E+004— — 0110008 - 00940004~
a €
Chitinase — 122420514 09820128 — = 218320399 20040314 —
&
Acid phosphatase - — 1847013 18680114 —
a b a b b

B-:qdosidasa = OIM+0025 0252008 — — 0428002 045940035 — ~ 027120022 027+000 — - 0425:0028 044:0.02 — — 0438:0021 0.439=0082 -

T T 1 1 T T T T 1 1

F 3 F k= F k= F 3 F 3
Enzyme activity (pmol min ' mm 2) £ SE _
5 10 15

Fig.4 Mean (L 1 standard error) of potential activities of cellobiohydrolase, f-glucuronidase, i-glucosidase, laccase, leucine aminopeptidase, chitinase,
acid phosphatase and [i-xylosidase of single root tips in fast- and slow-growing Norway spruce seedlings when nonmycorrhizal (nm) and colonized with
Piloderma sp., Tylospora asterophora, Thelephora terrestris, and Wilcoxina sp. Potential enzyme activities did not differ between fast (F)- and slow
(S)-growing seedlings. Different |etters in the corners of each polygon show the ECM fungi that differed in their potential enzyme activity based on
pairwise comparisons.



ECM MYCELIA

Pro¢ je studovat? Extramatrikalni mycelium
300-8000 m/m korene semenacku

t8l0” houby (ve sklenikovych experimentech)

Biomasa — objem ergosterolu v plidé, PFLA (phospholipid fatty acid 18:2w6,9)
Problém — nelze rozlisit ECM a saprotrofni houby (jsou si pfibuzné, v souéasnosti nelze vyvinout mol. marker)
MESH BAGS — nylonové pytliky s piskem (Wallander et al. 2001)

(vizudlni semikvantitativni hodnoceni, ergosterol, PFLA),
odhad roc¢né 125-200 kg ECM mycelia/ha, pravdépodobné daleko vic....

,Grindling experimenty” (stromdm se poskodi vodiva pletiva, ECM houby by mély zacit odumirat) — zjistil se, Ze ca 1/3
veskeré mikrobidlni biomasy v pudé je ECM

FUNMGAL ECOLOGY 6 (2013) 1—11

available at www.sciencedirect.com

SciVerse ScienceDirect

journal homepage: www.elsevier.com/locate/funeco

Estimation of fungal biomass in forest litter and soil

Petr BALDRIAN*, Tomas VETROVSKY, Tomas CAJTHAML, Petra DOBIASOVA, Mirka
PETRANKOVA, Jaroslav SNAJDR, Ivana EICHLEROVA

Institute of Microbiology of the ASCR, Videnskd 1083, 14220 Praha 4, Czech Republic



ECM MYCELIA
Druhové slozeni — NGS (next generation sequencing) houbové DNA (ITS2 DNA) z pldy

databdze ovérenych sekvenci ECM hub https://unite.ut.ee/index.php

species, phyla, and functional groups has | floristic parameters on fungal diversity and
been poorly documented. On the basis community composition. Structural equa-

RESEARCH ART] C LE SUMMARY Zﬁ:f:i’,g:ﬂ;?ﬂ \S\f:‘:izlsrf;?:;:;m- tion models were used to determine the
the main drivers and biogeo-

direct and indirect effects of climate
graphic patterns of fungal

on fungal diversity, soil chemistry,
FUNGAL BIOGEOGRAPHY diversity and commu-

Global diversity and geography
of soil fungi

graphic patterns matched
paradigms derived
from plants and
Leho Tedersoo,*+ Mohammad Bahram,t Sergei Polme, Urmas Koljalg, Nourou S. Yorou,
Ravi Wijesundera, Luis Villarreal Ruiz, Aida M. Vasco-Palacios, Pham Quang Thu,
Ave Suija, Matthew E. Smith, Cathy Sharp, Erki Saluveer, Alessandro Saitta,
Miguel Rosas, Taavi Riit, David Ratkowsky, Karin Pritsch, Kadri Poldmaa,
Meike Piepenbring, Cherdchai Phosri, Marko Peterson, Kaarin Parts, Kadri Pirtel,
Eveli Otsing, Eduardo Nouhra, André L. Njouonkou, R. Henrik Nilsson, Luis N. Morgado,
Jordan Mayor, Tom W. May, Luiza Majuakim, D. Jean Lodge, Su See Lee,
Karl-Henrik Larsson, Petr Kohout, Kentaro Hosaka, Indrek Hiiesalu, Terry W. Henkel,
Helery Harend, Liang-dong Guo, Alina Greslebin, Gwen Grelet, Jozsef Geml, . o o o )
. T . . Direct and indirect effects of climatic and edaphic variables on plant and fungal richness.
Genevieve Gates, William D“HStany Chris Dllllk, Rein Drenkhem, John Deamaley, Line thickness corresponds to the relative strength of the relationships between the variables
André De Kesel, Tan Dang, Xin Chen, Franz Buegger, Francis Q- Brearley, that affect species richness. Dashed lines indicate negative relationships. MAP, mean annual

. precipitation; Fire, time since last fire; Dist. equator, distance from the equator; Ca, soil calcium
Gregory Bonito, Sten Anslan, Sandra Abell, Kessy Abarenkov concentration; P, soil phosphorus concentration; pH, soil pH.

Nejlepsim prediktorem houbové bohatosti jsou pram.

365 ploch (kruhové plochy 2500 m?, 40 sond) ro&ni srasky (+) a koncentrace Ca?* (+)

ca 1 milion sekvenci

94 tis. OTU

pouze 4353 OTU 98% podobnost s hebarovymi
polozkami nebo popsanymi kulturami
nedostatecné zndmy houby subtropt a tropd

Druhova bohatost ECM hub odpovida pozitivné diverzité
hostitelt a pddnimu pH

NejlepSim prediktorem druhové bohatosti saprotrof(
jsou priim. ro¢ni srazky (+)


https://unite.ut.ee/index.php

The ISME Journal (2012) 6, 248-258
©2012 ional Society for Microbial Ecology  All rights reserved 1751-7362/12

www.nature.comy/ismej

ORIGINAL ARTICLE

Active and total microbial communities in forest
soil are largely different and highly stratified
during decomposition

Petr Baldrian', Miroslav Kolafik', Martina Stugsova', Jan Kopecky?, Vendula Valaskova’,
Tomas Vétrovsky', Lucia Zif¢akova', Jaroslav Snajdr”, Jakub Ridl?, Cestmir Vlcek®

and Jana Vofiskovd'

'Laboratory of Environmental Microbiology, Institute of Microbiology of the ASCR, v.v.i., Videriskd, Praha,
Czech Republic; *Crop Research Institute, Drnovskd, Praha, Czech Republic and "Institute of Molecular
Genetics of the ASCR, v.v.i., Videriskd, Praha, Czech Republic

New =
‘ e ™

Production of ectomycorrhizal mycelium peaks during
canopy closure in Norway spruce forests

o r 2 s \ - .. .3 -

Hakan Wallander', UIf Johansson?, Erica SrerkenburgB » Mikael Brandstrém Durling” and Bjérn D. Lindah!?
1[)crrznmcnr of Microbial Ecology, Lund University, SE-223 62 Lund, Sweden; “Swedish Universiey of Agricultural Sciences, Ténnersjiheden
Experimental Forest, PO Box 17, SE-31038 Simlingsdalen, Sweden: *Department of Forest Mycology and Pachology, Swedish University of Agriculoural

Sciences PO Box 7026, SE-750 07 Uppsala, Sweden

o New “ f
theralasist esearc
N Phytologist

Carbon sequestration is related to mycorrhizal fungal community
shifts during long-term succession in boreal forests

Karina E. Clemmensen', Roger D. Finlay', Anders Dahlbcrg‘, Jan Stenlid", David A. Wardle® and

Bjoen D. Lindah!*

' Deparrment of Forsst Mymlogy and Plant Patholagy, Uppeak BioCanter, Swedich University of Agriculrural Scences, Bax 7026, SE-75007 Uppsala, Sweden; *D partment of Farest Ecalogy
and Management, Swedish University of Agricubrural Sdences, SE-301 83 Umed, Sweden; ? Deparrment of Sail and Enviranment, Swedish University of Agricultural Sdences, Box 7014,
SE-75007 Uppaals, Sweden

Stratifikace pldy a spolecenstev hub

Sukcese hub ve smrkovych lesich
(pouziti meshbagt)

Vliv spolecenstev hub na ukladani C



Ektendomykorhiza

Wilcoxina + Pinus a Larix — tenky plast, Hartigova sit, intracelularni hyfy!

dark septate (DS), dark septate endophytes (DSE) - Helotiales
Phialocephala
Phialophora (Cadophora) Hymenoscyphus ericae
Chloridium pauciflorum
Leptodontidium orchidicola (Dermataceae)

Saprotrofové nebo konec kontinua mutualismus x parasitismus

@'PLOS | ONE

The Potential of Dark Septate Endophytes to
Form Root Symbioses with Ectomycorrhizal
and Ericoid Mycorrhizal Middle European
Forest Plants

Tereza Luke3ova'?, Petr Kohout'?®, Tomas Vétrovsky®, Martin Vohnik'-2=

1 Department of Plant Experimental Biology, Faculty of Science, Charles University in Prague, Prague,
Czech Republic, 2 Department of Mycorrhizal Symbioses, Institute of Botany ASCR, Pr honice, Czech
Republic, 3 Department of Botany, Institute of Ecology and Earth Sciences, University of Tartu, Tartu,
Estonia, 4 Laboratory of Environmental Microbiology, Institute of Microbiology ASCR, Prague, Czech
CrogsM_ark Republic

* vohnik@ibot.cas.cz



Arbutoidni mykorhiza

Arbutus, Arctostaphylos, nékolik rodd Pyrolaceae
Mantel, Hartig Net, penetrace intraceluldrnimi hyfami

DSE fungi + Basidiomycota




Erikoidni mykorhizni symbioza

* Ericales

* intraceluldrni, tvorba vlasovych kofenu, houba zde tvori klubka a
smycky, prevazné v pokozce korene (rhizodermis)

* houby Rhizoscyphus ericae agg. — voskovicka viesovcova, anamorfni r.
Oidiodendron, jsou schopni zZit saprotrofné

* Zivinami chuda stanovisté s vysokym pomérem C:N (raselinisté,
viesovisté)




