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Endomycorrhizae

Endo = inside (the tip)

Ectomycorrhizae

Ecto = outside /the tip)
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Many mycorrhizal types, and sub-types

Plant Fungus

Arbuscular mycorr. All taxa Glomeromycetes

Ectomycorrhizae Angiosperms, 

Gymnosperms

Basidiomycetes, Ascom.

EctendomycorrhizaePinaceae Basidiom., Ascom.

Arbutoids Ericales Basidiom.

Monotropoids Monotropoids Basidiom.

Ericoids Ericales, Briophytes Ascom.

Orchidoids Orchidaceae Basidiom.

In trees, mainly ectomycorrhizae and 

arbuscular mycorrhizae
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Truffles:

From ancienttimesto the first 

scientificstudies

ÅPliny the Elder (70 b.c.) thinkstheyare soil
modifications.

ÅRay (1700) observessporesinside truffles

ÅDe Borchii (1780) demonstratesthatspores
produce mycelium

ÅVittorio Pico (1787): trufflesare different. First 
stepsinto mycorrhizalmycology.

Carlo Vittadini

1831: «rootsuptakenutrientsfrom the fungal
mantle».

He publishesthe first moderndescriptionsof truffle
species:

Tuberaestivum, borchii, brumale, excavatum, 
ferrugineum, foetidum, macrosporum, maculatum, 
melanosporum, mesentericum, nitidum, 
(microsporum, oligosporum).
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1882: 1st report of a mycorrhiza

By Giuseppe Gibelli

(studyingsweetchestnutsinfectedby Phytophthora)



6

1885: from symbiosisto 

mutualism

Albert Bernhard Frank:

«Mycorrhiza » = fungus+ root tip ):

The fungusuptakeswater and saltsfrom the soil and transfer themto the plant.

The plantgivesthe fungusrootexudates.

From mutualism to symbiosis

2008: a behavioural continuumé

é sometimesto parasitism
Entoloma saepium/Rosae Prunus spp. (Götsche, 1972;Agerer e Waller, 1993) 

Hygrophoruspenarius/faggio (Di Marino, Montecchio, Agerer, 2008)

é likely related to speciesinvolved, age, genotypes, their
physiologicalstatus, environmental conditions.
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Hypaheand cystidia

Mantle

«Hartignet»

Anatomyof an ectomycorrhiza

Thefungus

Å uptakes water and nutrients transferring them to  
theroot

Å Releases micotoxins effective againstroot

parasites

The tree gives root exudates inchange

Ectomycorrhizaeare

exactly at the tree/soilinterface.
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One tree, many fungi

A dynamic composition

driven by competition
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Competition and infection

The best performingfungusspreadsto the closesttips
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Infection inside the samespecies
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Infection betweendifferent species, also

through «bridge specie»

Exploration types: different species, similar benefits
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The consortium changeswith the plantôsage

Young stage species

Mature stage species

Permanentspecies

Ancient stage sp.

Change in space
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O E1 E2 EB B1 B2 C

1 2 3 1 2 3 1 2 3 1 2 1 2 3 1 2 3 1 2 3

Tylospora sp. I I I * I * I I I III

Cortinarius sp. I I IV I I II II II I I I

P.reticulatum III IV III IV II II I I III I

Piloderma sp. JS 15686 I I

Inocybe I

P. byssinum I

T. submollis I I I

P. fallax I I I I I

H. olivaceoalbus I I I

R. decolorans IV IV I *

Dermocybe sp. * * I I I I

Tomentolloid * I

L. utilis II I II II

Piloderma sp. 2 I I I I I I II

Piloderma sp. 3 I I I

Piloderma sp. 1 I I I

S.luteus I III III II IV I I

Non ID nr. 15 I

Non ID nr. 12 I

Wilcoxina I

R.adusta IV

T.portentosum III

Presenza dei diversi taxa negli orizzonti di un suolo podzolico in una foresta di conifere nel nord della Svezia gli orizzonti sono

indicati dalle lettere O, E, B e C. sono riportati per ciascun orizzonte i dati ricavati da 3 campioni. La abbondanza di ciascuna

specie è indicata attraverso i seguenti simboli: *=<1%; I=1-25%; II=26-50%; III=51-75%; IV=76-100%. (da Rosling e coll.

2003)

Change with depth
(humus, pH, humidiy, etc.)

Consistenza del consorzio

Monitoraggio degli sporocarpi:

imprecisa corrispondenza

Riconoscimento da campioni radicali:

Maggior accuratezza
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Morfotipi M A M G L A S O N D

Cortinarius anomalus ã ã ã ã ã ã ã ã

Lactarius quietus ã ã ã ã ã ã ã

Byssocorticium atrovirens ã ã ã ã ã

Cenococcum geophilum ã ã ã ã ã

Tomentella sp. ã ã ã ã ã

Piloderma sp. ã

Hebeloma sp. ã

Laccaria amethystina ã

Russula nigricans ã

Clavulina cristata ã ã ã ã

Boletus sp. ã ã ã ã ã

Change in time
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laccase

phosphatase

Giugno

Dicembre

Giugno

Dicembre

Performances change with time, too.

How to assessa mycorrhizalcommunity?
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Only whena fruitbody is visible, 

itôseasy to detectits mycorrhiza

Boletinus cavipes

Usually, identificationis noteasy

ÅOnly about500 species
describedworldwidein 
detail.

ÅTaxonomyneedsskill and 
time, and money.
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Mycorrhizal types

Mantle and Hartig net
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cystidia

rhizomorphs

Main featuresin Leccinumlepidum
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Main featuresin Cortinarius sp.

C. violaceus, Lubello
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Main features in Tuber sp.
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A bit of ecology

Pioneer treesneedpioneersymbionts
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L. scabrum

R. aeruginea

L. pubescens

H. mesophaeum

L. glyciosmus

I. lacera

T. terrestris
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C. geophilum

C. armillatus

L. amethystina
A. muscaria

L. rufusadulte 

evoluto

giovani 

evoluto

giovani 

ecotono

T. terrestrise H. mesophaeum:

Very goodin non-forest soils
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Mycorrhizalsymbioses

and treesô decline

Trees decline
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Tree care and protection

until the mycotoxicdose 

Drought

Water quality

Soil pollution

Roottipsparasites

ñ Enough is enoughò

Fungitoxic concentrations/ change to less

performingspecies/ decline

Drought

Water quality

Soil pollution

Roottipsparasites
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An overviewof oakdecline  

in the Mediterraneanregion

Common oak (Quercus robur)  

Turkey oak (Quercus cerris)  

Hungarian oak (Quercusfrainetto)  

Downy oak (Quercus pubescens)  

Holm oak (Q. ilex)

Cork oak (Q. suber).

Main declining oak species in the Mediterraneanregion
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Oak decline show symptoms  

common to all forest treesdecline

«Forest» decline is documented in Europe since the1940s.

Since the eighties it has been reported also on Oak species (or was ita  

matter of knowlege and experience insurvey?).

Symptoms are mainly associated to soil-related physiological stressors 

(drought, compaction, fertility, assolation, rootup-take.

1)Root uptakedeficiencies.

2)Canopy transparency increases due to yellowing, wilting, fall ofleaves.

3) Annual internodesshorten.

4)Epicormic twigs appear along the trunk, downwards to thecollar.

5)Human-assisted practices speed up the process: mainly intensive  

sylviculture, pasture,land-reclamation.

6)Endophytic fungi commonly present in all heatly trees turn toparasitism

(i.e. Biscogniauxia, Hypoxylon, Diplodia,Collybia).

7)Known pests and pathogens infect declining trees causing root rots, bark  

cracks and wooddecay

(i.e. Phytophthora, Armillaria, Ganoderma,Phellinus)

8)Fall and substitution by «stressors-tolerant» genotypes or species,not  

necessarily trees (i.e. Holm- and Cork oak with Cistus).

Visible symptoms are related to insufficient wateruptake
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Leaves far from the roots dies and epicormic twigsappear
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Endophitic mutualits turn to a parasiticbehaviour

Root and wood parasites compromise treestability



32

Declining trees fall down giving rom to different genotypes orspecies

What «Decline»is?

The result ofthreeconsecutive, overlappingcauses

environment human activities parasites
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Long-term Environmental factors

Low resilience to long-term climate changes  

Senescence

Substitution of the less  

performant species orgenotypes

«Environment»: well known ecologicaldynamics

Medium-term Inciting factors

Water quality andavailability  

Soil drainage

Pasture, grazing

Agriculture,Sylviculture

Human activities related to both

ÅWater availability

ÅSoil features (inc. coverage)

Human activities compromising «soilhealth»
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Pests and parasites as final effect on already stressedtrees

Medium-term

Inciting factors

Water quality and availability  

Soil drainage

Pasture  

sylviculture

Long-term

Predisposingfactors

Genotype resilience to  

long-term climate change  

Senescence

Short-term

Contributing factors

Parasiticinfections  

Diseases  

Death

Mutualitic fungi turn to a parasitic behaviour  

Increase of susceptibility to pests andparasites

Stage 3  

Often it is a

«point of noreturn»
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Here we can try to do something but é  

What 1, 2, 3 means?

Forest owners and managers need to quantifydecline.
«1or Low» «2 or Medium» «3 or High» usually arenonobjective,  

mainly depending on previous experience andability.

«How much declining is my declining oak»
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1 2 3

Decline can bemeasured
through the composition of the ectomycorrhizal community.
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common 

peculiar

Few, peculiar speciescan saywhereweare

At least1 amongthe «blue» ones? Not a problem!

At least1 amongthe yellows? Do something

At least1 amongthe reds? Too late, sorry
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Decline of both fungi and trees.

Species substitution

Tree speciesdecline

Changein forestcomposition
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SweetChestnut Ink Disease
cause, symptomsand control

WhatCID is?

A lethaldiseasecausedby Phytophthora
(cambivoraandcinnamomi), a soil-borne
parasite.

Compactedsoils, poor drainageand 
temporary films of water allow the parasite
to moveto the root tips by meansof its
flagellatedspores(rotatinglike a propeller).
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Flagellate sporesneedwater to swim

Phytophthoraspeciesare not truefungi. Theyare Oomycetes, Kingdom Chromista.

Lackof rootlets, lackof canopy

Macroscopicsymtomsare relatedto a 

insufficientnutritionaluptake.
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Three differentstagesod CID
Greenwich Park, October2016

Three differentstagesod CID
Greenwich Park, October2016
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Three differentstagesod CID
Greenwich Park, October2016

Earlystagesabove-ground symtoms: 

verticalcracksand necroses rising from mainroots, 

sometimesleakingtannins(«ink», a treereaction).
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Tanninsleakmainly in warm, mediterraneanclimates

Then, individualnecroses merge in 

a bigger, (usually) triangularone.


