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Vertical distribution of ectomycorrhizal fungal taxa in a
podzol soil profile

A. Roslingl, R. Landeweert?, B. D. Lindahl!, K.-H. Larsson>, T. W. Kuyperz, A.E S. Taylor1 and R. D. Finlay1

"Department of Forest Mycology and Pathology, SLU, Box 7026, 750 07 Uppsala, Sweden; Sub-Department of Soil Quality, Wageningen University, Box
8005, NL-6700 EC, Wageningen, The Netherlands; *Botanical Institute, Goteborg University, Box 461, SE-405 30 Goteborg, Sweden

Summary

e Studies of ectomycorrhizal fungal communities in forest soils are usually restricted
’ “ New _ to the uppermost organic horizons. Boreal forest podzols are highly stratified and lit-
E N Phytologist tle is known about the vertical distribution of ectomycorrhizal communities in the

underlying mineral horizons.

e Ectomycorrhizal root tips were sampled from seven horizons in three continuous
columns of a 52-cm deep podzol profile. Root tips were sorted into morphological
groups and the colonising fungi identified by sequencing of the rDNA ITS region.
The vertical distribution of mycorrhizal taxa was examined.

¢ A relationship between ectomycorrhizal species composition and soil horizon was
found. Tomentellopsis submollis, three Piloderma species and Dermocybe spp.
were found predominantly in the upper horizons while Suillus luteus, Lactarius utilis
and three undescribed Piloderma species were associated with the mineral horizons.
* Two thirds of the root tips were found in the mineral soil and half of the taxa were
restricted to the mineral horizons. The results highlight the need to include the
mineral soil in order to gain a more accurate representation of the ectomycorrhizal
community.

Key words: boreal forest, diversity, ectomycorrhiza, Piloderma, podzol, vertical
distribution.

© New Phytologist (2003) 159: 775-783



Mycelium v pudnim profilu

Poloha mycelia saprotrofu
pravdépodobné predevsim v
organickych horizontech (L, F,
H), ale take Ah. Mozna i nize?
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Saprotrofni houby

« Dekompozice (decay, decomposition) nadrazeny
termin pro vSechny procesy spojené s mechanickymi,
biologickymi i chemickymi zménami v mrtvé organicke
hmote, napr. opadu

 Degradace (degradation): rozklad slozek, duraz kladen

Soil Biology and Biochemistry

Volume 36, Issue 11, November 2004, Pages 1761-1768

Degradation of hemicellulose, cellulose and lignin in decomposing

spruce needle litter in relation to N

G. Sjoberg® & B S |. Nilsson?, T. Persson®, P. Karlsson®




Biodegradace (biodegradation)

mikrobialni rozklad konkrétnich chemickych sloucenin, Casto
antropogennich, vétsinou toxickych a obtizné rozlozitelnych; vztahuje se
na biotechnologické aplikace

Imobilizace (immobilisation)

proces, pfi kterém jsou anorganickeé prvky vazany v organické hmoté (v
SirSim smyslu i v jinych slozkach): neunikaji z prostredi, ale také nejsou
pfimo dostupné bézné bioté (neuvolnuji se do pudniho roztoku)

Mineralizace (mineralisation)
opak imobilizace, proces uvolhovani prvku z komplexnich organickych




Slozeni opadu: slozité organicke latky '
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Drevokazné houby

1/ Houby mékké hniloby (SR, soft rot)

prvni houby napadajici dfevo, predevsim velmi vihké (rust bazidiomycetu je
omezen), rozklad celulézy a hemicelulézy, u ligninu pouze postranni
retézce, z makromycetu jen slizeCka porcelanova — Mucidula mucida,

kostkovita hniloba.

2/ Houby hnédé hniloby (BR, brown rot)

rozklad pouze pektinu, celulozy a hemiceluldzy,
O
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3/ Houby bilé hniloby (WR, white rot)

nejsilngjSi enzymaticka vybava, rozklad ligninu, ale pouze spolecné s
celulézou nebo hemicelulézou, predevsim bazidiomycety (pevnik
Stereum, outkovka Trametes, hliva Pleurotus, dfevnatka — Xylaria aj.).



Mucidula mu€ida
mekka hniloba

L |

mykologie.net



rozpad vrboveho kmene, hneda hniloba.

‘Kostkovity







Fig. 2 - Beech wood colonised by the white-rot fungus
Trametes hirsuta (left) and by an unidentified brown-rot
fungus (right).




Ou‘fkovka pestra Trameteé verS|coIor bila hmle%a |



Rozklad organické hmoty

HC——Lignin

HOCH, HO?H; N
Enzymaticky aparat T

o . . i T im0
Produkce riznych enzymu, které ~ B2ldran (2008) ° {\\
b4 4 4 1 4 A 1 4 - y — 16) 3
postupné $tépi slozité organické s ™ 4‘\3\*»' \30:' \
molekuly (napf¥. lignin) na " N 5. -
jednodussi slozky. = W o \
(14) 4 1) Hy '
‘\ 5 _Jl?) ‘ /Peroxldases ;H /
. v s . o OH (8)jAAO?
Ale i dal$i mechanismy \ Pl N S >/
7 . . CH,OH HC=0 HCOH Hl_l
degradace (celul6za, lignin) bez | Ot \o G
r v . o OCH, s CH,
uéasti enzyma. | R “\ s
| S~ A\
\ (6) \:E;ngnln \l
” . v v , ~ () peroxidases
Dfive vyzkum hlavné dievnich “B-\A /’P " {1‘” )
hub, nyni i terestrickych - " //
saprotrofu. < Jadm—=""
W O8R_~
(12)

Figure 1 Schematic representation of processes involved in the decomposition of lignin by
white-rot basidiomycetes (see text for explanations).



Terestrické saprotrofni houby

Mene prozkoumané nez drevokazné druhy, maji take
schopnost rozkladat organicke latky (vCetné ligninu).

Specializace na rozklad specifickych substratu.
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Schéma houbového kruhu v trave

* fairy ring }
stimulated grass idi
normal grass / 3 normal grass Zelg e
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Shantz et Piemeisel (1917)
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: dpes not differ noticeably. The outer stimulated zone in whxch the fungus fruits are produced
ed from the inner stimulated zone by a bare zone in which plants are only occasionally found.
tribution of the mycelium in the soil is also indicated in the illustration.
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Fungal Ecology

Fairy rings harbor distinct soil fungal communities and high fungal M
diversity in a montane grassland Gl
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Agustin Lobo ¢, M.-Teresa Sebastia * "
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ABSTRACT

Increasing numbers of fungal species have been described recently from semi-natural grassland soils,
raising the conservation interest of these species-rich habitats. Here, we characterize the soil fungal
community inhabiting six fairy rings in a montane grassland of the Eastern Pre-Pyrenees through fungal
DNA metabarcoding of ITS2 amplicons. Distinct soil fungal communities were observed outside of the
rings compared to inside the ring areas. Higher abundances of fungi belonging to Pleosporales and
Eurotiales were observed outside fairy rings, whereas zones belonging to the fairy rings showed higher
abundances of Agaricales. Fungal diversity was higher inside the rings than outside. We found diverse
saprotrophic or putative saprotrophic taxa associated with the studied rings, including the genera
Clavaria, Psathyrella, Tricholoma, Amanita and Lycoperdon. These findings highlight the importance of
particular keystone taxa in the structuring of fungal communities and their effect on the overall grass-
land fungal community.

© 2020 Elsevier Ltd and British Mycological Society. All rights reserved.



Alelopaticke interakce hub

Alelopatika — chemickeé latky zprostfedkujici zménu
(nejCastéji potlaeni) rustu jednoho organismu druhym.
Hydnosféra — prostor v pudé, ve kterem je vlivem latek

produkovanych houbou podstatné zmeneno spoleCenstvo
pudnich organismu.

ucin

Spic¢ka obecné — Marasmius oreades:

Produkce HCN, polyacetylenu a sesqui-
terpenovych metabolitt schopnych nicit
koreny trav.




Table 1
Selected microorganisms known to form cyanide (n.d., not determined, because
cyanide has not been determined quantitatively, although formation is known)

Group Organism Maximum cyanide Reference
concentration (uM)
Bacteria Chromobacterium violaceum 1900 (13)
Chromobacterium violaceum 297 (14), this work
Pseudomonas aeruginosa 220 (15)
Pseudomonas fluorescens 250 (16)
Pseudomonas pyocyaneus 4 (17)
Rhizobium leguminosarum n.d. (18)
Fungi 'Agaricus Sp. n.d. (19)
0 Amantia sp. n.d. (19)
0 Boletus sp. n.d. (19)
0 Boletus satanas 102 (14), this work
@ Clitocybe geotropa n.d. (20)
@ Collybia maculata n.d. (21)
@ Lepiota sp. n.d. (19)
O Marasmius oreades n.d. (22)
Neurospora crassa 19 (23)
O Pholiota aurea n.d. (20)
@ Pleurotus sp. n.d. (19)
O Pleurotus ostreatus 429 (14), this work
Cyanobacteria Anacystis nidulans o (24)
Plectonema boyanum 0.1 (24)
Algae Chlorella vulgaris 155 (23)







Kruhy ektomykorhiznich hub
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Kruhy ektomykorhiznich hub

Amanita muscaria Severni Amerika
(Facebook)



Kruhy ektomykorhiznich hub

Amanita muscaria



Kruhy ektomykorhiznich hub

Dale jsou uvadény u slzivek (Hebeloma sinapizans aj.): kruhy nebo pasy v
lesich a parcich, nekdy bez zjevné vazby na jednoho konkrétniho
symbionta (houstiny ECM drevin). Také €iruvky — Tricholoma.

He'beloma sp.

Foto Marcela Dorriakova






(Ekto-)mykorhizni symbidza

Mykorhiza: symbiotické souziti hub s koreny vyssich rostlin.

Muze dochazet bud k pronikani houbovych viaken (hyf) do

kofenovych bunék primarni kury ( ), v.druhém
pripadé zustavaji hyfy jen v mezibunééném prostoru
( ). Velké houby = typ.

Ektomykorhizu tvofi tisice druhu hub.




Ektomykorhizni symbidza

Rostlina poskytuje houbé:

 sacharidy: udava se, ze rostliny investuji az 10%
fotosyntetickych produktu do sveho mykobionta

* glukdza je enzymaticky houbou preménéna na trehalozu,
manitol a glykogen

* pro houby jsou to transportni a zasobni latky, latky nezbytné

Houba poskytuje rostliné:
 prvky (P, N, Ca, K, Mg)

* vodu
 ochranu proti patogenum a toxicité prostredi (tézké kovy)




Landeweert et al. (2001): Linking plants to rocks: ectomycorrhizal fungi mobilize
nutrients from minerals. TRENDS in Ecology & Evolution 16: 248-254.

Box 2. The structure of ectomycorrhizas

Ectomycorrhizas typically consist of an intimate association between a
living root tip and a basidiomycete or ascomycete fungus? (Fig. l). The
fungus forms (a) a mantle of fungal material around the root tip and
penetrates the intercellular space between (b) cortical root cells, forming
(c) a'Hartig net".

Transfer of materials between fungus and plant takes place in the
Hartig net. External hyphae grow outwards from the fungal mantle into the
soil and the fungal mycelium might differentiate into rhizomorphs, which
are hyphal aggregates that can transport water and nutrients over several
dm to the root. The ectomycorrhizal fungus produces hormones that
suppress root-hair growth and might induce typical dichotomous
branching of the mycorrhizal root tip. Single mycorrhizal root tips can
transform into clusters of root tips colonized by a single fungal species.
Scale bars =50 um and 100 um, respectively.

Reference
a Smith, S.E. and Read, D.J. (1997) Mycorrhizal Symbiosis (2nd edn), Academic Press



Box 3. Nutrient mobilization by ectomycorrhizal fungi Landeweert et al. (2001) in TRENDS in Ecology & Evolution 16: 248-254.

As well as the quantitative effects on plant

nutrient uptake (increase in uptake surface and 1
exploited soil volume), the ectomycorrhizal

fungus influences the uptake of plant nutrients

in two qualitative ways:

(Fig. la) Via enzyme production, the
ectomycorrhizal fungus can utilize organic ’
nitrogen (N) and phosphorous (P) forms,
whicl'g1 would otherwise remain largely "“’“‘W//"IL‘“"“"&“
unavailable to roots. Nutrient mobilization
from amino acids, peptides, proteins, amino
sugars, chitin and nucleic acids has been
shown?, together with transfer of N and P
into the host plant?®. Direct hyphal absorption
of amino acids and simple peptides can
also occur?,

(Fig. Ib) The ectomycorrhizal fungus can
mobilize P, potassium (K), calcium (Ca) and
magnesium (Mg) from solid mineral substrates
through organic acid excretion®¢. In addition,

tunnels in weatherable minerals enable Org.N

. - NH} —
ectomycorrhizal hyphae to reach the interior of pep?i ok
the minerals and access P from apatite amino acids

inclusions. Essential nutrients become
available to the host plant via the

. e
ectomycorrhizal myceliume. Analogous to b Antibus, RK. et al, (1997) Root surface

their organic nutrient mobilizing capabilities, phosphatase activities and uptake of 32P-
the abilities of different ectomycorrhizal fungi labelled inositol phosphate in field-collected
to mobilize inorganic nutrients might be gray birch and red maple roots. Mycorrhiza
species specific. LRorae
¢ Wallander, H. (2000) Uptake of P from
References apatite by Pinus sylvestris seedlings
a Chalot, M. and Brun, A. (1998) Physiology of colonized by different ectomycorrhizal
organic nitrogen acquisition by ectomycorrhizal fungi. Plant Soil 218, 249-256
fungi and ectomycorrhizas. FEMS Microbiol. Rev. d Wallander, H. and Wickman, T. (1999) Biotite

22,21-44 and microcline as potassium sources in

-Organic
acid

ectomycorrhizal and non-mycorrhizal Pinus
sylvestrisseedlings. Mycorrhiza9, 25-32

e Wallander, H. (2000) Use of strontium
isotopes and foliar K content to estimate
weathering of biotite induced by pine
seedlings colonised by ectomycorrhizal
fungi from two different soils. Plant Soil
222,215-229

f Lapeyrie, F. et al. (1991) Phosphate-
solubilizing activity of ectomycorrhizal
fungi in vitro. Can. J. Bot. 69, 342-346



EKTOMYKORHIZNI SYSTEM
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podle Bonfante & Genre (2010), Nature Communications 1: 48
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Hrib dubovy — Boletus reticulatusy »

Mirka Kavalirova
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Suchohfib — Xerocomellus sp. (?)
socialni sit Facebook




Biogeochemicka Cinnost hub

B) Biochemické pusobeni

vznik tzv. ,mykogennich mineralu®

redistribuce a retence prvku v pudach (akumulace v
myceliu a v plodnicich)




Organic anion exudation by ectomycorrhizal fungi and
Pinus sylvestris in response to nutrient deficiencies

Laura van Schéll!, Ellis Hofland! and Nico van Breemen?

Department of Soil Quality, Wageningen University, PO Box 8005, 6700 EC Wageningen, the Netherlands; “Laboratory of Soil Science and Geology,
Wageningen University, PO Box 37, 6700 AA Wageningen, the Netherlands

Author for correspondence:
Ellis Hoffland

Tel: +31 317 482339

Fax: +31 317 483766

Email: Ellis.Hoffland@WUR.nl

Received: 29 September 2005
Accepted: 25 November 2005

Summary

¢ Low molecular weight organic anions (LMWOA) can enhance weathering of
mineral grains. We tested the hypothesis that ectomycorrhizal (EcM) fungi and
tree seedlings increase their exudation of LMWOA when supply of magnesium,
potassium and phosphorus is low to enhance the mobilization of Mg, K and P from
mineral grains.

e Ectomycorrhizal fungi and Pinus sylvestris seedlings were cultured in symbiosis
and in isolation on glass beads with nutrient solution or with sand as a rooting medium,
with a complete nutrient supply or with Mg, K, P or N in low supply. Concentrations
of all dicarboxylic LMWOA in the rooting medium were measured.

* Nonmycorrhizal seedlings released predominantly malonate. Colonization with
Hebeloma longicaudum decreased the amount of organic anions exuded, whereas
Paxillus involutus and Piloderma croceum increased the concentration of oxalate
but not the total amount of LMWOA. Phosphorus deficiency increased the concen-
tration of LMWOA by nonmycorrhizal and EcM seedlings. Magnesium deficiency
increased the concentration of oxalate by nonmycorrhizal and EcM seedlings, but
not the concentration of total LMWOA. Paxillus involutus grown in pure culture
responded differently to low nutrient supply compared with symbiotic growth.

e Ectomycorrhizal fungi did not increase the total concentration of LMWOA
compared with nonmycorrhizal seedlings but, depending on the fungal species, they
affected the type of LMWOA found.

Key words: oxalate, malonate, ectomycorrhizal (EcM) fungi, magnesium (Mg),
potassium (K), phosphorus (P), Pinus sylvestris (Scots pine).

New Phytologist (2006) 170: 153-163
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TUNELYV mineralnich zrnech (K—zwec)
_ TR el L a0

,,Weatherable minerals under many European coniferous
forests contain a network of numerous tubular pores, formed
by organic acids exuded by fungi.*




“We believe that symbiotic mycorrhizal hyphae translocate
dissolved minerals from the isolated micropores directly to
their host plants, bypassing competition for nutrient uptake by
other organisms.” Speed of tunnelling of Ca-rich plagioclase
estimated: 0.3-30 um/year. ,Tunnels” 3-10 um long are
common In feldspars and some other minerals in podsolic
solls (E horizon) in forests growing over granites.

- N

(Jongmans et al. 1997, Nature 389: 682-683).



Opinion Article

Chemical weathering of soil minerals and the role of biological
processes

Harald SVERDRUP*

Department of Chemical Engineering, Lund University, Box 124, 221 00 Lund, Sweden

Fig. 4 - 1 have seen claims in the literature that such holes as
seen here were drilled by fungi. Although the original arti-
cles by van Breemen et al. (2000) and others claimed that
these tunnels were of significance to weathering they have
subsequently been shown to account for only a small frac-
tion of weathering by Smits et al. (2005) and their aetiology
is therefore of less significance. Most recent articles on
biological weathering acknowledge this. Originally the
above authors claimed these tunnels were formed by fungal
hyphae - possibly in conjunction with bacteria. There is
solid evidence that such holes are of totally abiotic origin.
I have many such pictures in my own archive. Some come
from Antarctica and locations in the high Arctic where there
has been no roots, bacteria nor fungi for the last 10 million
years. The holes developed as a result of chemical surface
reactions taking place preferentially along crystal defi-
ciencies and are very common (Eggleston et al., 1989;
Hochella and Banfield, 1995).



Sverdrup (2010)

Table 2 - Overview of basic conditions present for
reactions between minerals and organic acids. In

summary, the organic acids are abundant where there is
little to weather, and there is little organic acids where
there is most weatherable material

Depth Organic acids as DOC Mineralogy

0-10 cm Lot of organic matter No minerals, only
present, in solution organic matter
20-50 mg/1

10-20 cm Modest amounts: Only hard-to weather
5-20 mg/] minerals, like quarz,

feldspars, illite

20-50 cm Small amounts DOC: Slightly easy-weathered

1-5 mg/] mineral depleted

50-100cm  Small to no organic acids  Main soil mineralogy
present 0.1-1.0 mg/1 composition




Preferencni kolonizace mineralnich zrn
myceliem velkych hub

Smits et al. (2008)
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FiG. 1. Fungal cover of different mineral species in the
upper 2 cm of the mineral soil in a North Michigan dune  Fic. 2. Apatite grains (I mm diameter) in a peat

(data from Smits et al., in preparation). Standard error microcosm with Scots pine and the EcM fungus Paxillus
of means are shown, n = 30. involutus.

Akcesoricky mineral apatit [Caz(PO,),] je zdrojem fosforu



Preferencni kolonizace mineralnich zrn
houbami

Smits et al. (2012)

Fig. 1 (A) Sterile microcosm containing Pinus sylvestris ectomycorrhizal with Paxillus involutus, with plastic wells containing 10% (w/w) apatite in quartz sand (top
left and bottom right) and two wells with quartz sand only (top right, bottom left). (B) Detail of an apatite containing well, colonized by Paxillus involutus.



Preferencni kolonizace mineralnich zrn
houbami

kfemenny pisek bez
zdroje fosforu

kfemenny pisek s apatitem

Fig. 5 Results of the C-allocation experiment: (A) digital autoradiograph showing '*C distribution 24 h after commencing labelling of shoots on a false colour scale
of counts per 0.25 mm? pixel after imaging for 15 min

Smits et al. (2012)
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The mycorrhizal fungus Paxillus involutus transports magnesium to
Norway spruce seedlings. Evidence from stable isotope labeling

Georg J entschke!>**, Bettina Brandes!, Arnd J. Kuhn?, Walter H. Schrdder?, J. Sabine Becker?

and Douglas L. Godbold*

| Forest Ecosystem Research Centre, Institute of Forest Botany, University of Gottingen, Biisgenweg 2, D-37077
Gottingen, Germany;, 2 Institute of Biological Information Processing, Research Centre Jiilich, D-52425 Jiilich,
Germany; 3Central Department for Analytical Chemistry, Research Centre Jiilich, D-52425 Jiilich, Germany;
4School of Agricultural and Forest Sciences, University of Wales Bangor, Bangor, Gwynedd LL57 2UW, UK and
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Abstract

Although it is well established that ectomycorrhizas improve the mineral nutrition of forest trees, there has been
little evidence that they mediate uptake of divalent cations such as Mg. We grew nonmycorrhizal seedlings and
seedlings mycorrhizal with Paxillus involutus Batsch in a sand culture system with two compartments separated
by a 45-um Nylon mesh. Hyphae, but not roots, can penetrate this net. Labeling the compartment only accessible
to hyphae with 2> Mg showed that hyphae of the ectomycorrhizal fungus Paxillus involutus transported Mg to their
host plant. No label was found in nonmycorrhizal control plants. Our data support the idea that ectomycorrhizas
are important for the Mg nutrition of forest trees.
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Figure 1. Concentration of the 25 Mg label (expressed as percentage
25 Mg of total Mg) in tissues of non-mycorrhizal and mycorrhizal
Norway spruce seedlings after labeling the hyphal compartment in
the culture system with 25Mg for 6 weeks. Broken line indicates
natural abundance of 25Mg (10.0%). Values are means of four rep-
licate pots. Small bars indicate standard error. Significance levels for
differences between mycorrhizal and non-mycorrhizal seedlings:

¥, P < 0.01; ¥, P < 0.001; **, P < 0.0001.

Isotope

abun- half-life

dance (t1,2)
24Mg 79.0% | stable
25Mg 10.0% | stable =
26Mg 11.0% | stable

Decay
mode | pro-
duct

Jentschke et al. (2000)



Zvetravani dolomitu pod modrinem
—role ECM hub?

Figure 4. (a) SEM images of hyphae growing across the surface
of a dolomite grain buried under L. decidua. Arrows indicate
possible channels where hyphae have either detached from the
rock surface, or have deflated in sifu. Area highlighted is enlarged
in b. Close up of surface detail and hypha channelling on dolomite
grain. Scale bar = 3 um and indicates typical diameter of an EM
hypha.

Thorley et al. (2014)
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Zvetravani dolomitu pod borovici
—role ECM hub?

Figure 5. (a) SEM images of hyphae growing across the surface of a chalk grain buried under P. sylvestris. Area highlighted is enlarged in
c. (b) Arrows indicate the location of smaller diameter branching hyphae. (c) Channelling by hypha on the surface of a dolomite grain buried
under L. decidua, close-up of surface texture detail enlarged in d.

Thorley et al. (2014)
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Translocation of metals by trees and fungi regulates pH, soil organic matter
turnover and nitrogen availability in acidic forest soils

Marianne Clarholm ®*, UIf Skyllberg "
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ARTICLE INFO ABSTRACT
Article history: In this paper we provide support for the hypothesis that trees and fungi modify their physical envi-
Received 14 September 2012 ronment in acidic forest soils by actively translocating metal cations from the mineral to the organic

Received in revised form

26 February 2013

Accepted 17 March 2013
Available online 11 April 2013

horizon. We suggest that pH buffering and soil organic matter (SOM) turnover in organic horizons are
regulated by Ca and Mg cycling via the tree canopy and litter fall and by fungal translocation of Al from
mineral soil. Fungi in addition translocate Fe from mineral to organic horizons to enhance the degra-
dation of aromatic structures in SOM. Together these processes are in control of N bioavailability,
including new inputs via N fixation. Cycling of Ca and Mg via tree canopy typically increase the base

Keywords: : ; : : : :

AE); saturation and pH towards the surface of organic forest soil horizons. This process is most clearly
Aluminium depicted at sites with laterally moving groundwater. An up-transport of Al from mineral to the organic
Base saturation horizon is most important as a pH buffering process in less productive, acid soils having a pH below
Calcium approximately 4.5. At this pH, the non-acidic properties of organically complexed Al keep pH at a level
Iron sufficiently high for maintained microbial activity. Furthermore, the formation of bridging bonds be-
Organo-metal complexes tween major organic functional groups (carboxyls and phenols) and di- and trivalent metal cations of Ca,
PH ) Al and Fe possesses a strong influence on the tertiary structure of SOM and its persistence to degradation
Soil-forming factors .

SEi and delivery of N.

© 2013 Elsevier Ltd. All rights reserved.
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Fig. 2. A conceptual overview of translocations and biochemical processes presented and discussed in the denoted sections of this paper. Note that the compartments in the figure
are not to scale.
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Abstract

Ectomycorrhizal (EM) fungi growing in symbiosis with tree seedlings have been found in laboratory experiments to stimulate
weathering and the uptake of nutrients from silicate minerals. In the present study, we used the natural abundance of strontium isotopes
to confirm that these fungi obtain strontium from biotite and microcline under field conditions. Minerals enriched in radiogenic ®’Sr were
introduced into fungal in-growth mesh bags and placed under a 5-10 cm thick humus layer developed on boulders in a Norway spruce
(Picea abies (L.) Karst) forest in south-western Sweden. EM root tips were sampled above the mesh bags and the 3’Sr/*®Sr ratio was used
to calculate the fraction of Sr in the root tips that originated from the minerals. In the EM root tips sampled above the mesh bags
containing the different minerals, 1.5% of the Sr originated from biotite and 6.4% from microcline. The amount of Sr was more than 300
times higher in the mesh bags containing microcline than in those containing biotite, indicating that proportionally more Sr was released
from the biotite. This study demonstrates that EM fungi have the potential to take up measurable amounts of nutrients, such as Ca and
K, from microcline and biotite in the field.
© 2006 Elsevier Ltd. All rights reserved.

Keywords: 87Sr/’“’Sr ratio; Biotite; Ectomycorrhiza; Microcline; Strontium isotopes; Weathering
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Table 1
87Sr/%¢Sr ratio (+SE, n=6) in EM roots collected above mesh bags
containing different minerals

Table 3
Concentrations (mean+SE, n = 6) of PLFA 18:206,9 (marker for fungal
biomass) in mesh bags with different minerals

Location of Minerals 875 /808y Fraction of Sr
mesh bags from mineral (%)
EM roots Sand 0.7074+0.001 ¢ 0

EM roots Biotite 0.740+0.008 b 1.5

EM roots Microcline 0.8324+0.002 a 6.4

ANOVA p-value < 0.001

The ¥’Sr/%Sr ratio of minerals and roots and the Sr concentration in the
roots (Table 2) is used to calculate the fraction of Sr derived from the
mineral (see text for details). Effects of minerals on the ¥’Sr/*Sr ratio in
roots were analysed with one-way ANOVA and least significant difference
(LSD) to separate the means. Different letters indicate statistically
different values (p<0.001).

Table 2
Elemental concentration (mean+SE, n = 6) of La, Sr, Rb and K in EM
roots collected above mesh bags containing different minerals

Location of Treatment La (ugg™') Sr (ugg™') Rb K
mesh bags (ngg™)  (mgg™)
EM roots Sand 0.16+0.06 82+1.0 6.5+2.3 1.5+04
EM roots Biotite 0.134+0.02 94+22 6.1+1.3 1.240.2
EM roots Microcline 0.134+0.04 9.5+2.6 13+2.3 1.4+0.6
ANOVA p-value ns ns ns ns

Effects of minerals on elemental concentrations were analysed with
ANOVA and LSD to separate the means, ns denotes not significant.

Location of mesh bags Treatment PLFA 18:206,9 (nmolg™")
EM roots Sand 0.0840.02

EM roots Biotite 0.1440.06

EM roots Microcline 0.184+0.04

ANOVA p-value ns

The effects of minerals on fatty acids were analysed with ANOVA, ns
denotes not significant.

87Rb (27.8%), t,, = 4,92%10%0y
produkt premény je 8/Sr

Rb je homolog K, tj. izomorfni
substituce v K-bohatych
mineralech

rizné mineraly tedy mohou mit
riizny pomer 8/Sr/8Sr
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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 (B). 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.
doi:10.1371/journal.pone.0039597.g002



Houby v kolobéehu uhliku

Celkova biomasa hub na Zemi dosahuje pfriblizné 15 Gt, z Cehoz
asl 5 Gt tvori uhlik (Hawksworth 2006).

Pro srovnani: celkovy vstup
uhliku do atmosfery, ktery Ize
priCist lidské Cinnosti, Cini
priblizné 5,5 Gt.

houbovych tkanich, ale take o
mnozstvi kyseliny stavelove
uvolhované houbami do pudy a
hornin, kde dochazi k tvorbe
Stavelanu obsahujicich uhlik
(Hawksworth 2009).

wikipedia



Roots and Associated Fungi Drive Long-Term Carbon
Sequestration in Boreal Forest

K. E. CLEMMENSEN . A. BAHR, 0. OVASKAINEN, A DAHLBERG, A EKBLAD, H. WALLANDER. J. STEMLID, R. D. FINLAY, D. 4 WARDLE, AND B. D. LINDAHL Authors Info &

Affiliations

SCIENCE - 29 Mar20713 - Vol 339, lssue 6127 - pp. 16131618

Boreal forest soils function as a terrestrial net sink in the global carbon cycle. The
prevailing dogma has focused on aboveground plant litter as a principal source of

soil organic matter. Using *C bomb-carbon modeling, we show that 50 to 70% of
stored carbon in a chronosequence of boreal forested islands derives from roots
and root-associated microorganisms. Fungal biomarkers indicate impaired degra-
dation and preservation of fungal residues in late successional forests.

Furthermore, 454 pyrosequencing of molecular barcodes, in conjunction with sta-

ble isotope analyses, highlights root-associated fungi as important regulators of
ecosystem carbon dynamics. Our results suggest an alternative mechanism for the
accumulation of organic matter in boreal forests during succession in the long-
term absence of disturbance.




|lzotopy N a C v geomykologii

lzotopicka frakcionace: proces, pfi kterém dochazi ke
zmeénam izotopickych pomeéru — nékdy zde hraje roli i uCast
zivych organismu. Nejmarkantnéjsi rozdily jsou u ,velkych
prvku“ (H, O, C, N). S rozvojem analytickych metod jsme
schopni detekovat i velmi malé rozdily u tézSich prvku (Ag, Cr,
Cd, Cu, Fe, Sr, Ca, Mg, V, Zn aj.).

Priklady frakcionacnich procesu:

vyparovani a kondenzace kapalin
srazeni z roztoku
rozpousténi (biologické); biologické procesy mohou

frakcionovat i relativne tezkeé prvky jako napr. Fe nebo Cd
pri chem. reakcich typicky reaguji rychleji molekuly s lehCimi
Izotopy




|lzotopy N a C v geomykologii

lzotopy N — stabilni 14N (99.636%) a 1°N.
Izotopy C — stabilni 12C (99%) a 13C.
— radioaktivni 14C, t;,, = 5730 y

Vyuziti pro fadu geochemickych aplikaci. Na rozdil od izotopu
Sr a Pb se zde nevyjadruji poméry jednotlivych izotopu jako
87Sr/%8Sr, ale vyuziva se tzv. odchylka od standardu (9, delta).

e |.|.|.|:-. Ij(.%:-i”“i!_..tl
R q standardu je tedy

SN = |t sample _ |‘ < 1000 z definice nulova.
L L 'H" “N 'lf":l.ﬁlld.l:rl.l-

vV v v s
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|lzotopy N a C v geomykologii

Standard: material s definovanym izotopickym pomérem pro
dany prvek.

H, O: tzv. SMOW, morska voda

N: pfirodni atmosféricky dusik

C. tzv. PDB, kfidova morska fosilie (Belemnitella americana) z
Jizni Karoliny

S: FeS (sulfid zeleza, troilit) z meteoritu Canyon Diablo

O1°N +30%o0 znamena o 3% vice 1°N ve vzorku oproti
standardu.




Priklad frakcionace H/O izotopu

Initial Later
Precipitation Precipitation
5°0 = - 12%e0 5'°0 = - 15%e 800 = - 17%e
FH=-87% -} 5" H=-112%0 4 I

Continent

web.sahra.arizona.edu




|lzotopy N a C v geomykologii

Vyzkumy zhruba od poloviny 90. let. Role hub v mykorhizni
symbidze, translokace prvku (tok N do rostlin a C do hub).

(Obvykle se analyzuji plodnice, vyjimecné mykorhizy.)

< UM \ Y C C C N UV \J

,LJece” skrze houby, takze nejspis jde o izotopickou frakcionaci.

Existuji i rozdily v ramci ECM hub a to muze souviset s

rozdilnou schopnosti ECM hub vyuzivat organicky vazany
dusik.




|lzotopy N a C v geomykologii

Brzy se ukazalo, Ze ECM houby jsou oproti saprotrofnim
obohacené >N a také byly zjistény rozdily v 13C — ECM houby
jsou ochuzené oproti saprotrofum. To vedlo k mozZnosti zjiStovat
ekologii nékterych druhu hub s nejasnou potravni specializaci
(ECM vs. SAP).

Tzv. (Henn & Chapela 2001).

Dobra metoda, ale velmi draha a

velmi naroCha na méreni (AMS — akcelerator mass spectroscopy).
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Fig. 7.1. Nitrogen (*°N) and carbon ('°C) stable isotope values
for sporocarps of saprotrophic and ectomycorrhizal fungi collected
in forests in and around Uppsala, central Sweden. Data points repre-
sent species means. Open squares, saprotrophic fungi; open circles,
ectomycorrhizal fungi.
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Conservation of biotrophy in Hygrophoraceae inferred from
combined stable isotope and phylogenetic analyses

Brian H. Seitzman'
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Abstract: The nutritional modes of genera in llygro-
phoraceae (Basidiomycola: Agaricales), apart from
the ectomycorrhizal Hygrophorus and lichen-forming
taxa, are uncertain. New 6N and 6"C values were
obtained from 15 taxa under llygrophoraccae col-
lected in central Massachusetts and combined with
isotopic datasets from five prior studies including a
further 12 species using a data standardization
method to allow crosssite comparison. Based on
these data, we inferred the probable nutritional
modes for species of Fygrophorus, Hygrocybe, Humidi-
cutis, Cuphophyllus and Gliophorus. A phylogeny of
llygrophoraceae was constructed by maximum likeli-

INTRODUCTION

Hygrophoraceae is a widely distributed and conspic-
uous group in Agaricales. The monophyly of the
family has yet to be established (Moncalve et al.
2002), but it includes several genera of mushroom-
forming species, such as Hygrophorus Fr., Hygrocybe
(Fr.) P. Kumm., Gliophorus Herink, Cuphophyllus
(Donk) Bon (approx. syn. Camarophyllus [Fr.| P.
Kumm.) and Humidicutis Singer. Lichenizing forms,
such as Lichenomphalia (Moncalvo et al. 2002), a
symbiont with green algae, also are present in the
sroup. Recent molecular evidence also supports the
inclusion in Hygrophoraceae of Dictyonema C. Agardh
ex Kunth, a lichenizing partner of cyanobacteria.
Lichenizing basidiomycetes are few, and finding a
concentration of those engaged in this form of
symbiosis within a single family (Lawrey et al. 2009)
raises questions about the nutritonal status of the
non-lichenizing Hygrophoraceae to which they are
related. For the most part we lack evidence support-
ing the classification of genera in Hygrophoraceae as
either ectomycorrhizal (ECM) or saprotrophic. Con-
flicting taxonomic schemes (Singer 1957, Hessler and
Smith 1963, Arnolds 1986, Bougher and Young 1997)
also have made it difficult to address the issue of
nutritional status.



Hyphae of waxcap fungi colonise plant roots
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ARTICLE INFO ABSTRACT
Article history: The trophic strategy of the globally distributed waxcaps (Hygrophoraceae) is uncertain.
Received 13 April 2013 Some clues point to a biotrophic mode, particularly the C and °N (stable isotopes) sig-
Revision received 17 August 2013 natures. The observation of dense basal hyphae of Hygrocybe fruit bodies being tightly
Accepted 20 August 2013 attached to live fine roots may be indicative of a plant-derived nutritional habit. To further
Available online 6 November 2013 scrutinize this fungus—plant association, stipe base samples and attached plant fragments
Corresponding editor: were examined histologically. Waxcap hyphae were found growing inside live fine roots of
Bjorn Lindahl associated vegetation. Amplification and sequencing of waxcap DNA from living root tis-
sues using species-specific PCR primers also confirmed their presence in live plant roots.
Keywords: We therefore conclude that this group of fungi has a biotrophic lifestyle with plants.
Basal hyphae © 2013 Elsevier Ltd and The British Mycological Society. All rights reserved.
Biotrophy
Endophyte
Hygrocybe FUNGAL ECOLOGY 6 (2013) 487—492
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Hygrocybe virginea is a systemic endophyte

of Plantago lanceolata
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Abstract Specics of Hygrocybe (waxcaps) arc mostly colorful
mushrooms, which are characteristic of undisturbed grasslands.
These fungi are endangered in many places worldwide, but their
biology remains a mystery: while isotopic signatures indicate
that waxcaps are neither mycorrhizal nor saprotrophic, they
were recently observed in plant roots and molecularly detected
n aboveground tissues. We aimed to establish a model system
of Plantago lanceolata plants colonized by H. coccinea for
future detailed studics of the plant-fungus association, and
species-specific primers were designed to control infection suc-
cess and screen environmental samples for waxcaps. The ex-
perimentally treated plants grown from surface-sterilized seeds
were indeed colonized by waxcaps after 22 wecks of incuba-
tion. However, the fungal infection was independent from the
expermental treatment and apparently resulted from infected
seeds. Screening of field material confirmed that at least one
specics, i.c., /1. virginea, is a maternally transmitted endophytic
fungus associated with P. lanceolata. In the experiments, it
obviously expanded to the roots during or afier seed germina-
tion. The endophytic growth is also consistent with the carbon
isotopic signaturc of [lygrocybe, which deviates less from the
host plants” signature than known from ectomycorrhizal asso-
ciations. However, waxcaps obviously acquire nitrogen (N)
from a source outside the plant, like mycorrhizal fungi do.

The extensive root system of P. lanceolata is hypothesized to
facilitate reaching of nitrogen sources for Hygrocybe which are

enriched n e heavier N sotope Endofyt: organismus zijici uvnitr
Keywords Hygrocybe virginea - Hygrocybe coccinea - téla rostllny.

Plantago lanceolata - Endophytic - Basidiomycota - Isotopic
signature

Voskovka panenska byla
prokazana jako endofyt u
jitrocele kopinatého.

Voskovky vSak zfejme ziskavaji
dusik ze zdroje mimo
rostlinu, podobné jako
mykorhizni houby.




Mykogenni mineraly

Houby maji schopnost vytvaret
na hyfach mycelia Ci v
plodnicich krystalické agregaty
anorganickych i organickych
sloucCenin.

Mycelium

Rocks and minerals
Metal-contamlng substrates, soil

P %00 Mineraly vzniklé Cinnosti hub
Meti?.“;?;‘:‘:;“ﬁ!nf&‘;'xes nazyvame mykogenni.

Ligands

Vznik v prirode, znacna Cast
pozorovana in vitro.

Precipitation
Secondary mineral formation
Transport, accumulation, biosorption

Precipitation
Secondary mineral formation






Nejbéznéjsi SCavelan vapenaty se vyznacCuje

- ruznorodou morfologii krystalu (monoklinicka s.)
—_—

Cystida tmavobelky — Melanoleuca sp.
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a) Mg oxalate dihydrate: glushinskite and hydromagnesite b) Sr oxalate hydrate c) calcium oxalate monohydrate —
whewellite & calcium oxalate dihydrate — weddellite d) copper oxalate hydrate — moolooite (Gadd 2007).



Kuratka — Ramaria a Phaeoclavulina

Mykorhizni a saprotrofni druhy, nékteré vytvareji krystaly
na povrchu mycelia Ci rhizomorf u baze tfrené. Na zakladé

absence/pritomnosti (+tvaru) krystalu je zalozeno urCovani
jednotlivych druhu kuratek.

onef Christan

Die Gattung Ramaria

in Deutschland




polymorph

Abb. 105: Kristallformen in den Rhizomorphen und im Basalmycel bei Ramaria.

Celkem 4 typy krystalu dle morfologie: polymorfni,
hvézdicovité (astrocystidy), jehliCkovité a ruzicovité.
Slozeni neni znamo, pravdépodobne Stavelan vapenaty.
Studium: opticky, idealné elektronovy mikroskop (SEM).
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6.5.5 Kristallauflagerungen

Auflagerungen in Form von Kristallen, vor allem im Basalmycel, in den Rhizomorphen und im My-
cel, sind von grofer taxonomischer Bedeutung. Die unterschiedlichen Formen von Kristallen (Abb.
105, s. a. unter ,,REM-Aufnahmen”), vornehmlich in den dufleren Hyphen der Rhizomorphen, lassen
eine vorldufige Trennung auf Untergattungsebene zu.

Abb. 103: kristalltragende Astrocystiden in den Rhi- Abb. 104: rosettenformige Kristallaggregate direkt
zomorphen bei R. flaccida auf der Hyphenwand bei R. stricta



13.8 REM-Abbildungen kristalliner Strukturen in den Rhizomorphen 31l

Abb. 327: rosettenformige Kristalle bei R. stricta  Abb. 328: rosettenformige Kristalle bei R. stricta
Herb. Nr. 781 var. concolor Herb. Nr. 253









13.8 REM-Abbildungen Kristalliner Strukturen in den Rhizomorphen

Abb. 323: polymorphe Kristalle bei R. fennica  Abb. 324: nadelformige Kristalle bei R. testaceo-
Herb. Nr. 622 flava Herb. Nr. 129



Abb. 325: rosettenformige Kristalle in den Rhizo-  Abb. 326: rosettenformige Kristalle in den Rhizo-
morphen von R. gracilis Herb. JC Nr. 387 morphen von R. gracilis Herb. JC Nr. 387



i

v i P
Abb. 331: sternformige Kristalle mit Asterocystiden ~ Abb. 332: sternformige Kristalle mit Asterocystiden
bei R. flacida Herb. Nr. 209 bei R. flacida Herb. Nr. 209




Abb. 329: sternformige Kristalle ohne Asterocystiden ~ Abb. 330: sternformige Kristalle ohne Asterocystiden
bei R. subdecurrens Herb. Nr. 270 bei R. subdecurrens Herb. Nr. 270
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Abb. 333: sternformige Kristalle bei R. flacida  Abb. 334: sternformige Kristalle bei R. flacida
Herb. Nr. 209 Herb. Nr. 209



Dalsi houby s krystaly v plodnicich

Velké mnozstvi hub rostoucich na dreve vytvari krystaly a
krystalické agregaty v plodnicich — zfejmé je to zpusob, jak
se vyporadat s nadbytkem Ca (stavelan vapenaty).

Rod Trechispora: Energy
2 e, SRR dispersive X-ray microanalysis
e Y shows that crystals on hyphae in 3
AT T - species contain calcium,
presumably as calcium oxalate. In

-~
A A
Lo

a aya Y

.
*en B

Larsson K.-H. (1994): Poroid species in Trechispora and

Copyright (c)QOO?@sGou«‘gud, A . e L z
“ the use of calcium oxalate crystals for species

Trechispora mollusca (Basidiomycota, Hydnodontaceae) identification. Mycol Res 98: 1153-1172.



Dalsi houby s krystaly v plodnicich

Dale mnoho druhu z rodu vlaknice — Inocybe (ECM), hvézdovka —
Geastrum (SAP) a krehutka — Psathyrella (SAP) vytvari krystaly Stavelanu
vapenatého v plodnicich.

‘Inocybe cincinnata




Inocybe cincinnfi
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Fig. 2 Mesoperidial and rhizomorph calcium oxalate crystals. a—c. Mesoperidial crystals: a. G. marginatum (MA-Fungi 86669) single bipyramidal crystal
of COD; b. G. kuharii (MA-Fungi 86913) twined bipyramidal crystals of COD; c. G. kuharii (MA-Fungi 86913) crystalline aggregate of COM scales. —
d—f. Rhizomorph crystals: d. G. parvistriatum (Zamora 539) cystidioid cell covered by bipyramidal crystals of COD, some grouped in rose-like aggregates;

e. G. coronatum (Zamora 484) arachnoid aggregate of thin horn-like COM crystals; f. G. leptospermum (lectotype) oblique prisms of COM grouped in stellate
aggregates. — Scale bars = 10 um.




Houby a geologickeé podlozi

Vyskyt fady druhu hub je vazan na ur€ity typ geologického
podlozi, dominantni vliv ma zfejme pH substratu

Houby vazané na bazicka podlozi: vapence, dolomiticke
vapence a dolomity, mramory a dolomitické mramory,

bazalty, gabra, amfibolity, hadce/serpentinity, eklogity,
sprase a sedimentarni horniny s Ca slozkou (slinovce,
piskovce).




1. Houby bez specifické vazby na podlozi

Saprotrofni - terestrické (i lignikolni) druhy.

Mykorhizni druhy.
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2. Houby na kyselych podlozich a
substratech (acidofilni druhy)

Kysely substrat se nékdy muze vyvinout i na karbonaty
bohatych horninach (napr. opuky) postupnym odvapnénim
(tj. vymytim Ca iontu srazkami); postizeny byvaji vrcholové
partie. Smrciny na vapencich = kysela reakce v organicke
vrstvé pudy.

Mykorhizni houby
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_Cirlivka salajici — Tricholoma aestuans -
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3. Houby na bazickych podlozich a
substratech (bazifilni druhy)

. ha bazickych horninach, ale také na
stanovistich s zivinami bohatym humusem typu mull
(kvétnate buciny s jedli).

. vazaneé na vapence a mramory, popr.
dolomity a dolomitické mramory, sedimenty s Ca slozkou

Saprotrofove, hlavné terestricti (? obligatnost vazby)
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¥ ) Pecarkasmaslova — Agaricus butyreburneus



3. Houby na bazickych podlozich a
substratech (bazifilni h.)

vapnity (obsahujici CaCO,) vs. vapenaty (Ca?*)

Velké skupiny nékterych rodu vazany na bazické podlozi:
Cortinarius (hlavné tzv. podrod Phlegmacium)

Russula, Hygrophorus, Tricholoma, Amanita, Rubroboletus
a dalsi
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Losert (1969) in Acta Mus. Nat. Prag. 25B: 57-92.
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Stavnatka oranZova — Hygrophorus pudorinus -
L2 T o TR il £



a acetabulum
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3. Houby na bazickych podlozich a
substratech — synantropni stanoviste

Stanoviste ovlivnéna lidskou Cinnosti: depozice Ca (prach
z t8zby, vapnéni lesu a rybnikd, splach bohaty na Ca?*,
malta (staré zdivo).







Povydri - kyselé horniny
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Houby a struktura substratu

— zalezi na pritomnosti a forme
vhodneho humusu. Nekteré houby osidluji organikou
bohaté, ale de facto mineralni substraty (Agaricus spp.),
Ah horizont.

— vzhledem k vyzZivé mohou rust i na
skalnim mineralnim substratu, Casto prakticky bez




Pecarka zapasna — Agaricus xanthodermus \ |
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Houby a struktura substratu

Houby samy ovlivnuji fyzikalné chemické viastnosti pudy
(kolonizovana puda ma pfi vyschnuti jinou strukturu nez sterilni).
Spojuji Castice hyfami a zaroven vylucuiji latky (mycelialni exudaty),
které zpusobuji agregaci ¢astic, jsou hydrofobni nebo obtizné
rozlozitelné (napf. nebo ), chemicky atakuji povrch
mineralu, coz vede k tvorbé poru atd.

rozpustna). Lanyz ¢ernovytrusy — Tuber melanosporum.

Glomalin je glykoprotein produkovany arbuskularnimi
mykorhiznimi houbami. Je to soucast organickeé pudni hmoty,

spojuje mineralni ¢astice, vznik drobnych agregatu, vliv na kvalitu
pudy. Rod Glomus.




Perspectives Paper

Glomalin — Truths, myths, and the future of this elusive soil glycoprotein
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ARTICLEINFOQ

Feywords:

Arbuszcular myeorrhizal fung (AMF)
Extracellular polvmeric substances (EPS)
Glomalin-related soil proteins (GRSF)
Glyveoprotein

Microorganism

So1l orgamc matter (SOM)

Soil Biclogy and Biochemistry 153 (2021) 108116

ABSTRACT

The term “Glomalin™ was originally used to describe a hypothetical gene product of arbuscular myecorrhizal fungi
{(AMF) that was assumed to be a nearly ubigquitous, thermostable and highly recalcitrant glycoprotein, deposited
in soils in large amounts, and deemed to indicate soil health and guality. It was defined operationally as the
fraction of soil organie marcer (SOM) extractable by a hot citrate buffer and assessed either by Bradford assay or
by cross-reactivity with monoclonal antibody MAbB32B11. Later, it was recognized that the extracts contained a
variety of compounds, including some of non-AMF origin, cross-reactive with both Bradford assay and the
monoclonal antibedy. This led to re-describing the pertinent (and still only operationally defined) SOM as
“glomalin-related soil proteins (GRSP)Y”, albeit without any substantial change in the underlying concepts.
Consequently, a great deal of confusion in this area arcse among researchers in soil, plant, and environmental
seiences. Glomalin or GRSP (often used interchangeably) has previously been linked to various seil feamares,
including stability of soil aggregates, size of soil C and N pools, sequestration of heavy metals, and alleviation of
various plant stresses, GRSP concentrations in soil often, but not always, have been correlated with AMF biomass
measured by altermative (mainly microscopic) approaches. GRSP formation, deposition, and/or decomposition in
soils seem to be largely dependent on a multitude of interactions ameong plants, AMF, and other soil mieroor-
ganisms, including prokarvotes. The chemical structure of GRSP extracted from soil remains unclear and
generally complex. That is due to the unspecific mode of its extraction and purification, as well as the great
variety of analytical approaches that have been used hererofore to assess it. Furure research needs to elucidate
the exact composition of this operationally defined SOM fraction, the controls over its production and accu-
mulation in soils, and its exact role in soil ecology generally and soil food webs in particular, Furthermore, novel
and independent tools should be established to more specifically (as compared to current glomalin assays) assess
AMF bicmass and functioning in roots and seil and its involvement in soil processes.




Houby a geochemie substratu

Vyskyt frady druht hub je vazan na specifickou geochemii
substratu:

Nitrofilni: (saprotrofni) houby s vazbou na N-bohata
stanoviste

Amoniové houby: houby s vazbou na mocovinu a rozklada-

jici se tkané obratlovcu, pH neutralni az
alkalicke

Mykorhizni houby se obvykle vyhybaji mistum s vysokym
obsahem N (eutrofnim stanovistim).
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Pychavka obrovska — Calvatia gigantea

© Hans Hillewaert 'l /' |
http://commons. W|k|med|a org/wiki/File:Calvatia glganteajpg#/medla/Flle Calvatia glgantea jpg
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Cirtivka zasrcena — Calocybe (Tricholomella) constricta






Slzivka korenuijici
Hebeloma radicosum,
drive rod Myxocybe
(nepotvrzeno molekularné)

Prokazana asociace vyskytu
plodnic s krtinami

prof. Naohiko Sagara
Houba vyrlsta z latrin krtkd.

Podobnych druht rodu

? Mykorhizni symbioza.

Tuno et al. 2003

Fig 1 Hebeloma radicosum and its association with a mole latrine (by permission of the artist, Sakae Takayama).




Slzivka kofenujici— Hebeloma radicosum:
.
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; t- R e zivm ‘ jici — Hebeloma radicosum
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Figs 19-21. Ecological features of Hebeloma radicosoides and H. radicosum. Fig. 19. H. radicosoides fruiting on a buried mixture of urea
and litter, with long rooting stipes (3 cm thickness of L and L-F horizons, collected from the surrounding area, and 62.5 g of urea were
buried together at the 25 x 25 cm bottom (arrow) of a 30 cm deep hole in a Pinus densiflora-Quercus serrata mixed forest, Otsu City,
Shiga Pref., on 14 Jan. 1983; photograph on 17 Oct. 1983; s = H. spoliatum). Figs 20, 21. H. radicosum fruiting on a mole’s

deserted midden: Fig. 20. Basidioma (B) beside the mole’s nest (N); Fig. 21. The same basidioma, having grown on the midden around
a tunnel (arrow) in the vicinity of the nest. Thick lines on the scale at 10 cm intervals.
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Figure 4.11 Soil profile showing Hebeloma radicosum (fallen) fruiting out of the
deserted latrines (L) near the nest (N) of a mole; stick indicates occurrence a little
before of another fruit body. The folded scale is 51.5 cm long. Place and date:
Quercus forest, Hiroshima, Japan, November 11, 2000. Mole species concerned:
possibly Mogera imaizumii. There is no other way than using this fungus to
locate a mole’s nest unless radio-tracking techniques are used.

Sagara et al. (1995)



Figure 4.7 Hebeloma vinosophyllum (arrowhead) fruiting beside the skull of an
abandoned domestic cat body. The wrapped body seemed to have initially been
buried 80-90 cm away but to have been dug out and moved by some animals.

Place and date: Quercus forest, Hyogo, Japan, September 20, 1989. The folded
scale is 51.5 cm long.

Sagara et al. (1995)
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Vyskyt nekterych koprofilnich druhu byl zaznamenan po
celem svete — napr. nektere druhy limcovek a lysohlavek
rostou jak v Evropé, tak v Americe. ProC?
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No bull: dung-dwelling mushrooms show reproductive trait
syndromes different from their non-coprophilous allies

Hans Halbwachs'® - Claus Bassler ' ®
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Abstract

The spores of most coprophilous mushrooms require passage through a mammalian gut. Guts and faeces constitute a chemically
and microbially aggressive environment. Hence, the spores need to be armed, e.g. by melanisation and thick walls, possibly
leading to large spores due to volume constraints. Conversely, litter is a less stressful substrate that may become colonised by
mushrooms with less fortified spores. Compared with litter, dung pats are spatially constrained, which limits mycelial growth.
Small mycelia can only produce small fruit bodies. Moreover, on quickly perishing faeces, fruiting takes place under fierce
competition by microbes and dung-dwelling invertebrates. Therefore, coprophilous mushrooms are forced to mature fast,
implying small fruit bodies as well. Competition in spatially less constrained litter substrates can be pronounced but should
not lead to quick nutrient depletion as in dung, hence would allow for mushroom assemblages with on average larger fruit bodies.
To find evidence for our assumptions, we compiled a database of fruit body and spore sizes of mushroom genera which contain
coprophilous species, comprising 633 (including ca. 20% coprophilous) species across 18 genera worldwide. The data set was
subjected to a phylogenetically informed statistical analysis. Our hypotheses were confirmed though the selective pressure of the
faecal environment appears to be more forceful on spores considering the fact that the mean spore size differences are more
pronounced than differences in mean fruit body size. It would be worthwhile to further elucidate this phenomenon and the
coprophilous trait syndrome in general with molecular methods.



Houby a geochemie substratu

Halofilni: saprotrofni houby rostouci na zasolenych pudach

- prirozena stanovisté (duny na morskem pobrezi, slaniska)
- synantropni stanoviste (mesta, pfikopy u silnic)




berhardii

PecCarka herinkova — Agaricus

?






Pecarka herinkova — Agaricus bernardii




Houby a geochemie substratu

Antrakofilni: houby rostouci na spalenistich (alkalicka
reakce, vysoka biodostupnost prvku (Ca, Mn)

- saprotrofni, ale i (?) mykorhizni druhy
- postupna fruktifikace ruznych druhu dle stafi spalenisté
- ESCAPE strategy?

1/ lesni pozary
2/ ohniste (zejména po paleni vetvi po tezbe)
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ymnopilus stabilis (Plaménka statna)

zacna lupenata houba rostouci od Iéta do podzimu na mrtvém drevé jehlicnant (smrk, borovice), nékdy zdanlivé ze zemé, Casto na
piscité pudé a v biotopech ovliviiovanych poZary. Vyznacna robustnimi plodnicemi, kloboukem v miadi prekrytym velem, v dospélosti Zivé

broskvové) zbarvenym a asto naruzovelvml odstiny v duZniné nebo na zbytcich vela. V typlcke podobé& napadny a charakteristicky druh,

(tlej5i plodnice mohou v3ak byt zaménény za dalsi druhy plamének (Gymnopilus decipiens, G. penetrans, G. sapineus). Viz téZ plaménka
adhemna (Gymnopilus junonius). Uvedena v Gerveném seznamu makromycett CR (2024) v kategorii DD (taxon, 0 némz jsou
edostatecné Udaje z hlediska jeho ohroZeni)

ymnopilus stabilis NP Ceské Svycarsko

Pravcicky dul, spalenisté po kirovcové smréiné, 23.10.2024, (c) Lucie Zibarova
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Houby a geochemie substratu

Mykorhizni houby: citlivost na dusik
Eutrofizace: proces obohacovani prostredi zivinami (N, P)

Oxidy dusiku (NO,): acidifikace i eutrofizace, vznik oxidaci
atmosférického N pfi spalovacich procesech, oxidace produktu
latkové vymeény zivodichu. Vyznam N: terestrické i vodni
ekosystemy. Vyznam fosforu hlavné ve vodach.

ry v ry A I 4 ' d

[Vesterholt J, Asman WAH, Christensen M (2000) Kvaelstofnedfald og tilbagegang for svampe pa
mager bund. Svampe 42:53-60]
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Macrofungus communities correlate with moisture
and nitrogen abundance in two old-growth conifer
forests, Olympic National Park, Washington, USA

Steven A. Trudell and Robert L. Edmonds

Abstract: We characterized the epigeous macrofungus communities in two old-growth conifer forests by collecting
sporocarps. Despite the similarity in dominant tree species in the two forests, the macrofungus communities were very
different. At the drier, nitrogen-poor Deer Park area, the macrofungi were dominated by ectomycorrhizal species in the
genera Cortinarius, Tricholoma, Hydnellum, Suillus, and Sarcodon. At the wetter, higher nitrogen Hoh Valley, the
macrofungi were characterized by ectomycorrhizal species in different genera, such as Inocybe, Russula, Amanita, Bo-
letus, and Phaeocollybia, and saprotrophic fungi accounted for a greater proportion of the community. Species richness
was similar at the two areas, but sporocarp production was much higher at Deer Park. We propose that (i) these com-
munity differences developed over a long time; (ii) they are largely related to differences in ecosystem moisture and
nitrogen abundance; and (iii) within the ectomycorrhizal fungi, possible causal mechanisms involve mycelial morphol-
ogy and carbon allocation within the symbioses. The apparent response to relatively small but presumably long-term
differences in nitrogen abundance suggests that sporocarp production by macrofungi could be an effective bioindicator
and should be considered in determination of critical loads for atmospheric nitrogen deposition to temperate and boreal
forests.

Key words: critical nitrogen loads, ectomycorrhizal fungi, macrofungi, macrofungus communities, nitrogen, old-growth
conifer forests.
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Mycorrhizal mushroom diversity
and productivity—an indicator of forest health?

Simon Egli

(2007)

Depozice N v horskych regionech Svycarska: 5-20 kg/ha/rok
Depozice N v regionech s intenzivni zivoCiSnou produkci: 60 kg/ha/rok

Od cca poloviny 70. let zjiStén pokles biodiverzity a plodnic ECM druht v
Evropé; saprotrofnich druht se to moc netyka.

Experimenty prokazaly, ze aplikace N ma tento vliv + snizuje biomasu
mycelia ECM hub v puadé. Vyjimky: Paxillus involutus, Lactarius rufus,
Thelephoraceae.

Muze pokles biodiverzity a produkce plodnic indikovat stav lesnich
ekosystému?
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Mycorrhizal mushroom diversity
and productivity—an indicator of forest health?

Simon Egli

Hypotéza: stav lesnich dfevin souvisi s jejich schopnosti poskytovat
organické latky ECM symbiontam.

Fellner a PeSkova (sledované plochy), Arnolds a Boujon (data z exkurzi) —
sledovani pomeru ECM/SAP; zjevny pokles ECM hub (1964-1989). To

se potvrzuje asi i nyni... ALE: divod neni jasny.

,Barevné hfiby“ v poslednich letech: narust poctu
| pozorovanych druhd!

(Vlivy: kysela depozice, N depozice, teplota...)
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In this erassland locality the lower part (where it is possible to drive farm machinery) is fertilised and
mowed, and it appears deep green in contrast to the upper part which has not been fertilised and appears
arev-green to brownish green. The photo shows a part of one of the best Hygrocybe localities in Denmark,

where 27 species have been recorded, all in the unimproved upper parts.
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Mulching has negative impact on fungal and plant diversity in Slovak oligotrophic

grasslands

Miroslav Cabofi?-1-*, Dobromil Galvanek?®?, Andrew P. Detheridge®>, Gareth W. Griffith "%,
Silvia Marakova?2, Slavomir Adamdéik2-2

2 Imsninere of Bowrmry, Plonr Science and Bindiversity Gerntre, Slovak Acodenmy of Sciercez, Brotslmen, Diibravekd cesta @, Branslova 84523, Slovakdn
b IBERS, Adeilad Cledwym, Pernglmiz Aberyemwyth Urdversin: Aberystwyth, S¥Y23 3DD, NSW, United Fingdom

ARTICLE INFO

Article history:
Avarlable online xoox

Keywords

Soil metabarcoding
Managements
Trophic interactions
Functonal diversity
Biomass degradation
Clavariaceas
Hygrophoraceas
Entoloma
Geoglossaceas
Dermoloma

ABSTRACT

MMulching (cutting of vegetation without remowval of clippings) is used as a low-cost method for maintaining re-
mote or abandoned grasslands in Slowvakia. The likely consequence of mulching is seasonal nutrient enrichment
resulting from decomposition of plant litter by saprotrophic crganisms. The potential changes in biodiversity of
the ecosystem caused by long-term application of mulching are to date only very poorly understood. In order to
examine the impact of mulching on soil mycobiota, we compared six different grassland management regimes
applied over nine years on a sub-montane oligotrophic Nardus pasture in the Central Slovakia. The diversity of
goil fungi was assessed using DMA metabarcoding of the ITS2 regions of the mrRMNA locus performed by Hlu-
mina MiSeq.We focused on a particular group of macrofungi which is characteristic of traditionally managed
and undisturbed Eurcopean grasslands, and which are often the dominant soil fungi in these habitats. These are
collectively known as CHEGD fungi (the acronym of the constituent taxa: Clavariaceas, Hygrophoraceae, Entolo-
mataceae, Geoglossaceae and Dermoloma). We compared the relative abundance and diversity of CHEGD fungi
with the total fungal and plant diversity. CHEGD fungi were dominant across all management treatments. Al-
though there were no statistical effects of treatments on total fumgal richness and diversity, CHEGD fungi and
vascular plants diversity and richness were lower on plots where mulching or no management were imposed,
suggesting that such management regimes would have a negative impact on grassland fungi. However, no single
reamnent covered the rotal CHEGD diversity of the smdy, indicating thar the localized use of mulching in addi-
tion to traditional managements can enhance owverall diversity of grasslands in the area. Our results also suggest
that the impact of mulching depends on the season when the grassland is mulched and it might be reduced by
combination with other management treatments. The high relative abundance and sensitivity of CHEDG fungi in
oligotrophic grasslands to management treatments makes them excellent indicators of grassland namiral quality

and is consistent with the ecological importance of this fungal group.
T 2021



Houby a geochemie substratu

Olsiny: eutrofizované (indikace: kopfrivy) a oligotrofni.
Ruzné asociace makromycetu.

www.rybsvaz.cz
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Houby a vodni toky

Nekterée askomycety rostou na zbytcich dreva nebo detritu v
proudici oligotrofni vodé v lesich, napf. mihavka vodni
(kmenova) — Vibrissea truncorum.

Foto Lucie Zibarova
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Houby na kovy bohatych pudach

1) Pfirozena stanoviste
- pudy na peridotitech, resp. serpentinitech
- pfirozené anomalie (loZiska kovu a polokovu)

tezba rud a jejich zpracovani (prasnost, atm. depozice)
spalovani surovin (uhli, benzin, TKO)
zpracovani kovu (hutnéni) aj. prumyslova vyroba

haldy, odkaliste
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Hadec (serpentinit)

Druh metamorfované
horniny, vznik
metamorfoézou peridotitu.
Sklada se ze serpentinu,
magnetitu, granatu,
pyroxenu a amfibolu.

\i, Cr a Fe v pudach —
,exotické” podlozi, toxicita
pro radu rostlin.



Hadec (serpentinit) za své ceské

i latinské jméno vdéci poveére, ze
nosen jako talisman uchrani pred
hadim ustknutim. Povrch
nezvétralého kamene skutec¢né pri
troSe fantazie muize pripominat
Supinatou kuizi hada...

Horninovy vybrus serpentinitu v
prochazejicim polarizovaném svétle.
Zakladni matrix tvori Sedé zbarvené
mineraly skupiny serpentinu (antigonit a a-
chrysotil) se zbytky pavodnich pyroxenu a
olivinu (zlutooranzové a modre). Mladsi
mineralni asociace tvori Mg-chlorit,
pripadné magnezit (svétle hnéda zrna).
Néktera €erna zrna jsou tvofena rudnimi
mineraly (hematit a chromit).

ziva 1/2008

www.avcr.cz/ziva
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Prvotni pricinou podivuhodného

slozeni hadcove flory jsou

zvlastni chemicke a fyzikalni ey .1 5 gy,
vlastnosti samotného hadce, U
které se v&ak projevuji v rdzné | e ROAI N

mire v zavislosti na mistnich
klimatickych a geomorfolo-
gickych podminkach.

a izolovanost hadcovych oblasti,
které jsou u nas roztrouseny
po celé republice, mohly vést
az k evoluci hadcovych
(sub)endemitu.



Serpentinofyty — rostliny vazane na hadce

KuriCka hadcova, téz kuricka Smejkalova (Minuartia smejkalii),
je rostlina z Celedi hvozdikovite, ktera je endemitem
jihovychodni &asti Ceského masivu. Kromé& Ceské republiky
tedy jinde neroste, z hlediska ohrozeni je proto razena do
kategorie C1, kriticky ohrozeny druh.

P }\‘, @ Martin Hanz1 2008
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Nejvyznamnéjsi hadcové lokality
v Ceské republice: ® Borek u Choté-

bore, ® Mohelno, © dolnokralovické
hadce, A Slavkovsky les, @ KfemZe,
AMlada Vozice, ®Raskov, @ Staré
Ransko

ziva 1/2008
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(Velké) houby specificky vazané na hadce zrejmeée
neexistuji, protoze...

- houby toleruji vysoké koncentrace kovu (Ni, Cr, Mg) na

hadcich
- ale vyskyt druhu charakteristickych pro vapnité podlozi
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Houby na kovy bohatych pudach

Vychozy lozisek (,,rudni aureoly*)

- v CR napt. loZisko Au na Mokrsku s vysokymi koncentracemi As
v pudach: bez zjevného negativniho efektu na mykofloru

Antropogenni kontaminace kovy

(je tfeba odlisit vliv samotného charakteru stanovisté vs. vliv kovu v
pudach)




» T AN e ey 4
by RE -"' W

-,
i

Ty )



Lhota u Pribrameé: kovohut

o
SEK - WWW.N

g,
3




s




IM“!@WM’ <
iy

T o By e S
RS e S
]







2 o &7

ny — Pisolithus tinctorius







Houby na kovy bohatych pudach
Kovy nejspis ovlivinuji mikrobiotu, ale co houby?

V okoli kovohuté extrémné vysokeé koncentrace Pb a vysokée
obsahy dalSich prvku: Ag, As, Cd, Cu, Sb, Zn.

Stanovisté v okoli kovohuté a houby na nich pusobi pfirozenym,
nenarusenym dojmem; velmi bohata fruktifikace makromycetu.

Rihling & Sdderstrom 1990, Ruhling et al. 1984

- vyzkum efektu znecisteni vlivem kovohute (As, Cd, Cu, Pb,
Zn) ve Svédsku na fruktifikaci a biodiverzitu makromycett

- koncentrace kovl v pudach zvysSené, nejvyssi u Pb
(rozmezi 80-8500 ppm)




Houby na kovy bohatych pudach

- lakovka obecna (Laccarialaccata) jako jedina vice
fruktifikovala na kontaminovanych plochach (+ korelace s
gradientem znecisteni)

Mykorhiza s jehlicCnany
i listnaci.




Houby na kovy bohatych pudach

- neékteré druhy nebyly gradientem znecistéeni ovlivhény
(napf. muchomiurka éervena — Amanita muscaria, zrnivka
zralocCi — Cystoderma carcharias)

- biodiverzita rady hub
negativne korelovala 7 A
S gradientem Zneéiéténi o] o4 ::rr:‘g"i‘:?::u(::rl‘nr;uf?ut:;;;fbizei::s ok

—>

(graf: po€et druht vs.

Cu v substratu)




Houby na kovy bohatych pudach

— zjist'ovano kultivaci ze vzorku pud.

Bézné rody jako napfr.
Penicillium nebo
Oidiodendron byly na tézce
kontaminovanych pudach
méneé hojné nez na Cistych

Nékteré druhy hub
byly nalezeny jen na tézce
kontaminovanych pudach:
autori uvadeji napr.
Paecilomyces farinosus, coz
je ale druh rostouci na

Relative frequency

kuklach motylu.



Houby na kovy bohatych pudach

Problemy s makromycety:

1/ Biodiverzita hub je posuzovana jen na zaklade
fruktifikace, tedy nespolehlivého ukazatele.

- 1j. hralo zasadni roli nehomogenni prostredi (charakter
stanovist), anebo samotna koncentrace kovu v substratech?




Ectomycorrhizal fungal communities associated with Masson
pine (Pinus massoniana LLamb.) in Pb—Zn mine sites of central

south China

Jian Huang - Kazuhide Nara - Chunlan Lian -
Kun Zong - Kejian Peng - Shengguo Xue -
Zhenguo Shen

Received: 5 January 2012 /Accepted: 1 March 2012 /Published online: 16 March 2012

© Springer-Verlag 2012

Abstract To advance our understanding of ectomycorrhizal
fungal communities in mining areas, the diversity and compo-
sition of ectomycorrhizal fungi associated with Masson pine
(Pinus massoniana Lamb.) and soil chemistry were investigat-
ed in Taolin lead—zinc (Pb—Zn) mine tailings (TLT), two frag-
mented forest patches in a Huayuan Pb—Zn mineland (HY'1
and HY2), and a non-polluted forest in Taolin in central south
China. Ectomycorrhizal fungal species were identified by
morphotyping and sequence analyses of the internally tran-
scribed spacer regions of ribosomal DNA. The two study sites
in the Huayuan mineland (HY'1 and HY2) were significantly
different in soil Pb, Zn, and cadmium (Cd) concentrations, but
no significant difference was observed in ectomycorrhizal
colonization, ectomycorrhizal fungal richness, diversity, or
rank—abundance. In addition, the similarity of ectomycorrhizal

Mycorrhiza (2012) 22:589-602
DOI 10.1007/s00572-012-0436-0

fungal communities between HY1 and HY2 was quite high
(Serensen similarity index=0.47). Thus, the concentration of
heavy metals may not be determining factors in the structure
of these communities. In the tailings, however, significantly
lower ectomycorrhizal colonization and ectomycorrhizal fun-
gal richness were observed. The amounts of Pb and Zn in the
tailing sand were higher than the non-polluted forest but far
lower than in HY1. Thus, these heavy metals did not account
for the reduced colonization and ectomycorrhizal fungal rich-
ness in TLT. The ectomycorrhizal fungal community in TLT
was dominated by four pioneer species (Rhizopogon buenoi,
Tomentella ellisii, Inocybe curvipes, and Suillus granulatus),
which collectively accounted for 93.2 % of root tip coloniza-
tion. The immature soil conditions in tailing (low N and P,
sand texture, and lack of organic matter) may only allow
certain pioneer ectomycorrhizal fungal species to colonize
the site. When soil samples from four sites were combined,
we found that the occurrences of major ectomycorrhizal fun-
gal taxa were not clearly related to the concentrations of Pb,
Zn, and Cd. In conclusion, our results suggest that ectomycor-
rhizal fungal communities in mining areas are not necessarily
affected by heavy metals themselves but could be largely
determined by soil maturity.
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Houby a kysel
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Houby a kyselé deste

Oxid uhli€ity: prirozene v ovzdusi, kyselina uhlicita je slaba
kyselina.
Oxidy siry: paleni hnédého uhli s obsahem S v elektrarnach a
teplarnach.
Oxidy dusiku: obecné spalovaci procesy, nyni hlavné doprava.

Sucha a mokra depozice
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Fig 3. SO, emissions (Czech Republic) between 1850-2017 and ambient annual SO, concentrations measured at Cinovec
(Zinwald) at the Czech/German border between 1979-2017.
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Hruska et al. (2023)



Houby a kyselé deste

Kysely dést z pudy postupné vymyva bazické kationty Ca, Mg a K
= (Unik z lesniho ekosystemu podzemni vodou) a

. Horske lesy, u nas na kyselych horninach, maji
nedostatek disponibilnich mineralnich zivin, zejména Mg.

Pokles pH postupné vede k rostouci mobilité ionti Al*

Similar to Ca and Mg, the release of Al during silicate weathering
results in a corresponding consumption of H" on a charge basis.
700 - Al (OH)3 + 3Ht <—> A3t + SHQO However, if pH is above ~5 released Al initially precipitates as a
secondary mineral: Al(OH)3(s) (gibbsite), and the pH buffering step
600 - by Al will not take place until pH decrease below approximately 4.5,
when gibbsite will decompose to AI** under the consumption of
500 - hydrogen ions:

E 400 A AI(OH); (s)+ 3H* = A3* + 3H,0 (1)
‘E’ 300 A In addition to a required pH below ~4.5, the dissolution of gibbsite
< and concurrent H™ neutralization is facilitated by the complexation
200 A of Al with organic functional groups. Therefore this process is mainly
taken place in surface horizons, where organic acids of SOM can
100 -~ deliver the hydrogen ions and bind AI**. Similarly to Ca and Mg, Al
replaces H™ at organic cation-exchange sites, and at pH values less
0 L than 4.5 therefore AI** can be considered a trivalent “base cation”
3.1 3.3 equivalent to Mg?>* and Ca?*. If pH increases above ~4.5, however,
AP becomes an acidic cation that undergoes hydrolysis under the

formation of gibbsite and 3H™, according to the right reaction (1).




Houby a kyselé deste

Vysoké koncentrace hliniku, respektive nizky po- P OIS'.m. mechcn[sn)em, k’reory MLZS rosfrhnu i
mér bazickych kationtd a hliniku (ddle Be/Aly  SKodif, je blokovani enzymu a naslednych reak-
v plidnim roztoku, plisobi fyziologické problémy i kafalyzovanych temito enzymy. Al muze zau-
kofenovému systému smrky. Pfi nizkém poméru. | Jmout mista kovu, kfere jsou prirozenou soucast
sout&zf ionty hliniku (Al) Gsp&$né s kationty vap-  fechfo enzymu. Tento mechanismus je ale fy-
niku (Ca), hofciku (Mg) a drasliku (K) na vy- piCtéjsi napriklad pro kadmium, Al se uplatnuje

ménnych mistech bunécnych membrdn kore- méné. Némecti autori (Rost-Siebert 1985, Ebben
nového apoplastu, kde porusuji iontfovou rovno- 1991) uvadeéji, ze smrk a buk se velmi li§i odezvou
vahu. Al brani aktivnimu transportu iontl pres na futo toxicitu. Smrk ztepily (Picea abies) je re-
buné&né membrdny tim, Ze obsazuje mista, kte- lativné odolny proti vysoké koncentraci protont
rd jsou urcena pro bivalentni nebo monovalent-  (tedy nizkému pH), ale je velmi ndchylny k po-

ni ionty, které maji podobné sférické viastnosti
jako iontovy Al. Ten se zde usadi ve formé AP+,
cimz je porusena elekirostatickd rovnovaha
a membrdna neplni svydj Ucel. Typicky, v pfipa-
dé hliniku, dochdzi k vyznamnému blokovani
prijmu Mg. Ddle dochdzi k odumirdni takto za-
sazenych orgdnu - typicky jemnych kotenl -
s naslednym Spatnym piijmem Zivin, vody a ce-SIEIINE] (AW BRe] [ = N[\ = 210 [0k BB b [e1¥]aTelo o] o'
natiihesoe e USRNSSR  acidifikace a nutriéni degradace lesnich pud -

typicky pro B-horizonty lesnich pld v celé stted- I . - e
ni Evropé i jizni Skandindvii. limitujici faktor souCasného lesnictvi. CGS, Praha.

§kozeni hlinikem viivem zmény pomérd Bc/Al,
zatimco buk lesni (Fagus sylvatica) je daleko o-
dolngjsi k hlinikové toxicité.

= odumirani mykorhiz, dorustani kofenu do toxického

prostredi, opakovane vycCerpavani rezerv, kolaps, mrtvy les
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Forest growth responds more to air pollution
than soil acidification
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Abstract

The forests of central Europe have undergone remarkable transitions in the past 40 years
as air quality has improved dramatically. Retrospective analysis of Norway spruce (Picea
abies) tree rings in the Czech Republic shows that air pollution (e.g. SO- concentrations,
high acidic deposition to the forest canopy) plays a dominant role in driving forest health.
Extensive soil acidification occurred in the highly polluted "Black Triangle® in Central Europe,
and upper mineral soils are still acidified. In contrast, acidic atmospheric deposition declined
by 80% and atmospheric SO, concentration by 90% between the late 1980s and 2010s. In
this study we oserved that annual tree ring width (TRW) declined in the 1970s and subse-
quently recovered in the 1990s, tracking SO, concentrations closely. Furthermore, recovery
of TRW was similar in unlimed and limed stands. Despite large increases in soil base satura-
tion, as well as soil pH, as a result of repeated liming starting in 1981, TRW growth was simi-
lar in limed and unlimed plots. TRW recovery was interrupted in 1996 when highly acidic
rime (originating from more pronounced decline of alkaline dust than SO, from local power
plants) injured the spruce canopy, but recovered soon to the pre-episode growth. Across the
long-term site history, changes in soil chemistry (pH, base saturation, Be/Al soil solution
ratio) cannot explain observed changes in TRW at the two study sites where we tracked soil
chemistry. Instead, statistically significant recovery in TRW is linked to the trajectory of
annual SO, concentrations or sulfur deposition at all three stands.
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Decline of ectomycorrhizal fungi following a mountain pine
beetle epidemic

28,5 2 2 3 Qo .

RoLAND TRl—;U,l JUSTINE KARST, 3 MORGAN RANDALL,” GREGORY J. PEc,” PAuL W. CiGAN,” SUZANNE W. SIMARL),4
2 3 2
JaNICE E. K. CookE,” NADIR ERBILGIN,” AND JAMES F. CAHILL, JR.

"Centre for Science, Athabasca University, 1 University Drive, Athabasca, Alberta T9S3A3 Canada
2Department of Biological Sciences, Biological Sciences Building, University of Alberta, Edmonton,
Alberta ToG 2E9 Canada
3Department of Renewable Resources, 442 Earth Sciences Building, University of Alberta, Edmonton, Alberta T6G 2E3 Canada
*Department of Forest and Conservation Sciences, Forest Sciences Centre, 2424 Main Mall, University of British Columbia,
Vancouver, British Columbia V6T 174 Canada

Abstract. Forest die-off caused by mountain pine beetle (MPB; Dendroctonus ponderosa)
is rapidly transforming western North American landscapes. The rapid and widespread death
of lodgepole pine ( Pinus contorta) will likely have cascading effects on biodiversity. One group
particularly prone to such declines associated with MPB are ectomycorrhizal fungi, symbiotic
organisms that can depend on pine for their survival, and are critical for stand regeneration.
We evaluated the indirect effects of MPB on above- (community composition of epigeous
sporocarps) and belowground (hyphal abundance) occurrences of ectomycorrhizal fungi
across 11 forest stands. Along a gradient of mortality (0-82% pine killed), macromycete
community composition changed; this shift was driven by a decrease in the species richness of
ectomycorrhizal fungi. Both the proportion of species that were ectomycorrhizal and hyphal
length in the soil declined with increased MPB-caused pine mortality; <10% of sporocarp
species were ectomycorrhizal in stands with high pine mortality compared with >70% in
stands without MPB attacks. The rapid range expansion of a native insect results not only in
the widespread mortality of an ecologically and economically important pine species, but the
effect of MPB may also be exacerbated by the concomitant decline of fungi crucial for
recovery of these forests.

Key words: extraradical hyphae; forest die-off; lodgepole pine, Pinus contorta; macromycetes;
mountain pine beetle, Dendroctonus ponderosa; mycorrhizal symbionts, northwestern Alberta, Canada.



Houby a lesni hospodareni
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NP Ceské Svycarsko: 7 900 ha,
cca 600 druhtt makromycetu

—

Vliv hospodareni na
biodiverzitu hub a vlastnosti
lesnich pud, vyznam dfevni
hmoty.

NPR Zofinsky prales:
98 ha, cca 600 druhu

makromycetu
Dr. Jan Holec



Houby a lesni hospodareni

Dlouhodobé citlive maloplosné zasahy (vybérova tézba)
versus holosecna tézba pomoci harvestoru — vliv na
mykorhizni houby.

- zanik mykorhiznich partneru
- utuzeni pudy
- eutrofizace

Mrtva dfevni hmota na lokalité:

Ohnovec rezavohnédy (Phelinus ferrugineofuscus) byl u nas

prvne nalezen v roce 1964 prave v Boubinskem pralese. Az
metroveé plodnice se objevuji na relativhe tvrdem dreve jen
nekolik malo let po padu stromu, a na kmeni vytrvavaji
vetsinou po dobu dvou az tri let.



Houby a lesni hospodareni

Specificke ekologické naroky —vyhradné na kmenech, které
uschly nastojato a dlouho staly jako souse.

Vliv na houbové spolecCenstvo.
Skeletocutis delicata roste
pouze na starych plodnicich
ohnovce rezavohnedeho nebo
V jejich tésné blizkosti.

Kazdy typ Phelinus ferrugineofuscus
Su bStrétu mﬁie byt kI iéOVy pro foto Lucie Zibarova
jiné druhy hub.



Houby a lesni hospodareni

Stitovky (Pluteus) mnozZstvi druhd souvisi s mnoZstvim a
stavem odumfrelé drevni biomasy na lokalité.




Poricko nad Sazavou

Popularni mykologicka lokalita v polovine 20. stoleti.
Vyskyt pralesnich horskych druhu diky specifickym
klimatickym podminkam (seviené chladné udoli potoka) a
pritomnosti drevni hmoty (staré smrky).




Poricko nad Sazavou

Vybudovani silnice v udali.

Intenzivni hospodareni — postupny ubytek drevni hmoty.
Sucho 2018: zcela vyschl KreSicky potok.

Kldrovcova kalamita a nasledna holosecna tézba v celé oblasti.

W"‘“ J < -
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Poricko nad Sazavou

Nyni je lokalitu mozné povazovat za zaniklou. Pouze
pozustatky starych smrku s poslednimi lignikolnimi druhy.

Houzovec bobfi — Lentinellus castoreus
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conifer plantations, road and track side
Tricholoma species, and some species,
habitats.

Y Ty

often among the best place to look for

especially Tricholoma terreum, truly seem to favour such







Houby na lesnich cestach a jejich
okrajich

Lesni cesty tvori specificky biotop — zejména staré mechate a
malo pouzivané.

Okraje cest s obnazenou mineralni pudou: vlaknice — Inocybe,
nalezy podzemek (lanyze — Tuber aj.)

“Hydnellum mifabile. 0338-9-
© PetPMicksteint
o-foto.com
sfoto.col




Cotylidia pannosa (Lupénka suknovita)

Nezaménitelna houba rostouci na zemi v kvétnatych bucinach, ¢asto pfi okrajich cest mezi nizkym mechem. Nejmohutn&jsi zastupce rodu
Cotylidia v Evropé, ostatni zastupci maji tenké blanité plodnice a chybi jim oranZové barvy - viz lupénka vinata (Cotylidia undulata) a
lupénka mechova (Cotylidia muscigena).

Cotylidia pannosa PR Libochovka, kvétnata bucina, lesni cesta, sub Fagus, Tilia, 15.10.2017, (c) Lucie Zibarova




Houby ohrozujici faktory

Lignikolni druhy: zpusob lesni hospodareni (sloZeni drevin,
odumrela drevni hmota)

Vazba na jilmy.



Houby ohrozujici faktory

Mykorhizni druhy: (slozeni
drevin, téZka mechanizace a utuzeni pudy, holosecna tézba,
kontinuita vybérove tézby, patogenni organismy).

. eutrofizace a kyselé desté.
Geologickeé podlozi + specificky porost.

Vazba na jedle + bazické podlozi



Je sbéer hub ohrozujicim faktorem?

ANO: shérem se omezuje Sireni vytrusu.
Ale co dal..?
| Biological anservation W

Mushroom picking does not impair future
harvests — results of a long-term study in
Switzerland

Simon Egli® © &, Martina Peter * Christoph Buser ®, Werner Stahel ®, Francois Ayer *

Forest fungi not only have important functions within the forest ecosystem, but picking
their fruit bodies is also a popular past time, as well as a source of income in many
developing and developed countries. The expansion of commercial harvesting in many
parts of the world has led to widespread concern about overharvesting and possible
damage to fungal resources. In 1975, we started a field research project to investigate the
effects of mushroom picking on fruit body occurrence. The three treatments applied
were the harvesting techniques picking and cutting, and the concomitant trampling of
the forest floor. The results reveal that, contrary to expectations, long-term and
systematic harvesting reduces neither the future yields of fruit bodies nor the species
richness of wild forest fungi, irrespective of whether the harvesting technique was
picking or cutting. Forest floor trampling does, however, reduce fruit body numbers, but
our data show no evidence that trampling damaged the soil mycelia in the studied time
period.




Je sber hub ohrozujicim faktorem?

B L _
L) Biological Conservation
i)
v '.L,J.L" Veolume 129, Issue 2, April 2006, Pages 271-276

Mushroom picking does not impair future
harvests - results of a long-term study in
Switzerland

Simon Egli® 9, &, Martina Peter *, Christoph Buser ®, Werner Stahel ®, Francois Ayer *

- nepozorovali vliv na pocet plodnic ani druhovou diverzitu v

pripadé rozdilnych zpusobu sbéru
- seSlap snizuje pocet tvorenych plodnic, ale vysledky
nesvedci pro vazné poskozeni mycelia




Ochrana hub?

Cervené seznamy (2006, 2024)
Cervené knihy
Legislativni (zakonna) ochrana

V CR zakon &. 114/1992 Sb., o

AGENTURA
Q’ OCHRANY
PRIRCOY A XRAJINY
CESKE REPUBLIKY
Vv / d
—

Cerveny seznam hub (makromycetir)
Ceske republiky

24

Praha
2006
[ S

RIROD-F
0 4 6 . P R A M A . 2 0 2 4

CERVENY SEZNAM HUB
(MAKROMYCETU)
CESKE REPUBLIKY




Ochrana hub

The Global "f(ﬁ"- . Events and Species Add New Summary About Activities . w» \ (
Fungal Red List Trﬁétive\ Workshops ~ Search Proposal  and Statistics ~ The Initiative =~ 2023 (UPDATE) \ IUCN  7iooL.
PROPOSED UNDER ASSESSMENT PRELIMINARY ASSESSED ASSESSED PUBLISHED
Search for another species
Hydnellum mirabile )¢ 1 Hydnellum mirabile (F.) P. Karst. .

Scientific name  Hydnellum mirabile

Author  (Fr) P Kars
Common names ¢ = raggtaggsvamp
Gji=

sl Dorstebrunpigg
s I03akovec podivny
IUCN Specialist Group o) Mushroom, Bracket and Puffball
Kingdom  Fungi
Phylum  Basidiomycota
Class  Agaricomycetes
Order  Thelephorales
Family  Bankeraceae

Assessment status Published

Assessment date 2015-04-27
IUCN Red List Categ...

VU

IUCN Red List Criteria Country occurrence @

Assessors  Nitare, J.
Reviewers Dahlberg, A.
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Rhodotus palmatus PR Slovansky ostrov [SK]. mékky luh, kmen Ulmus. 6.11.2017. (c) Lucie Zibarova
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Omphalma dlscomsea



Roste v CR Neroste v CR

Roste jen v Alpach.

Mnohem hojnejsi nez

jsme predpokladali, i —
eutrofizovanégji olSiny. OHROZENY DRUH
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