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Endomycorrhizae
Endo = inside (the tip)
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Ectomycorrhizae
Ecto = outside /the tip)




Many mycorrhizal types, andsub-types

Plant Fungus

Arbuscular mycorr. | All taxa Glomeromycetes
Ectomycorrhizae | Angiosperms BasidiomycetesAscom

Gymnosperms
EctendomycorrhizagPinaceae Basidiom, Ascom
Arbutoids Ericales Basidiom
Monotropoids Monotropoids Basidiom
Ericoids Ericales Briophytes Ascom
Orchidoids Orchidaceae Basidiom

In trees, mainly ectomycorrhizae and
arbuscular mycorrhizae

Lt Conifar Forest

Decreaging latitude or altibude




Truffles:
Fromancienttimesto the first
scientificstudies

A Pliny the Elder (70b.c) thinkstheyaresoil
modifications

A Ray (1700)observesporesnsidetruffles

A De Borchii (1780)demonstratethatspores
producemycelium

A Vittorio Pico (178%: truffles aredifferent First
stepsnto mycorrhizalmycology

1831:«rootsuptakenutrientsfrom thefungal
mantle».

He publisheghe firstmoderndescriptionf truffle
species

Tuberaestivumborchii, brumale excavatum
ferrugineumfoetidum macrosporummaculatum
melanosporugmesentericurmitidum
(microsporumoligosporun).




1882: 1st report of emycorrhiza

By GiuseppéeGibelli
(studyingsweetchestnutsnfectedby Phytophthora




1885: from symbiosigdo
mutualism

Albert Bernhard Frank:
«Mycorrhiza» =fungus + root tip):

Thefungusuptakeswvater andsaltsfrom thesoil and transfethemto theplant

The plantgivesthefungusrootexudates

2008:a behavioural continuum é

€ sometimesto parasitism
EntolomasaepiuniRosae Prunus spp. (Gotsche 1972;Agerer e Waller, 1993)
Hygrophoruspenariudfaggio (Di Marino, Montecchio,Agerer, 2008)

é likely related to speciesnvolved, agg genotypes their
physiologicalstatus,environmental conditions.




Anatomyof anectomycorrhiza

Hypaheandcystidia
Mantle

«Hartignet»

Ectomycorrhizaare

exactlyat the tree/soilinterface.

Thefungus
A uptakeswaterandnutrientstransferring thento
7 theroot
: AP / A Releasesnicotoxins effectiveagainstroot
) \ Ii) parasites
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Onetree, many fungi

A dynamic composition
driven by competition

rh A
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Competition and infection
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The besperformingfungusspreaddo theclosestips
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Infection inside thesamespecies
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Infection betweendifferent speciesalso
through «bndge spec|e» ,,,,,,,,,

Exploration types different speC|e$.S|m|Iar benefits
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The consortium changeswiththep | a mage6 s
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| Permanensgpecies

[ Young stagespecies || ][]
~[]'Mature stagepecies [ | ]
I[]L[Ancient stagesp |

Change irspace

A geostatistical model to describe root vitality and
ectomycorrhization in Norway spruce

LINDA SCATTOLIN"?, PAOLA BOLZON', & LUCIO MONTECCHIO'

' Diparzimento Territorio ¢ Sistenti Agro-Forestali, Université degli Studi di Padova, Padova, Iraly, and *Centro di Ecologia
Alpina, Viote del Monse Bondone, Trento, Traly
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Change withdepth

(humus, pHhumidiy, etc)
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Tylosporasp.
Cortinariussp.
P.reticulatum
Pilodermasp. JS 1568¢
Inocybe !

P. byssinum !

T. submollis ! ! !
P.fallax ! !

H. olivaceoalbus !
R.decolorans v v
Dermocybesp.
Tomentolloid
L. utilis I
Pilodermasp. 2 |
Pilodermasp. 3

Pilodermasp. 1

S.luteus

Non IDnr. 15

Non IDnr. 12

Wilcoxina

R.adusta

_T.portentosum

Presenza dei diversixa negli orizzonti di un suolpodzolico in una foresta di conifere nel nord della Svezia gli orizzonti <
indicati dalle lettere O, E, B e C. sono riportati per ciascun orizzonte i dati ricavati da 3 campioni. La abbondanza di ci
specie ¢ indicata attraverso i seguenti simboli: *=<1%; 1=1-25%; 11=26-50%; |11=51-75%; IV=76-100Rostiag e coll.

2003)

Consistenza del consorzio

Monitoraggio degli sporocarpi:

imprecisa corrispondenza

Riconoscimento da campioni radicali:

Maggior accuratezza

Number of occurrences

urrences

Number of

as fruit body

50

R. xerampelina-like-1

Il A franchetii plots
[ s. pungens plots
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Change in time

Morfotipi M|{A[M|G|L|[A|[S|O|N|D
Cortinarius anomalus a|aj| a a a aljlajla
Lactarius quietus ajlala a a al a
Byssocorticium atrovirens| & | & | & | & | &

Cenococcum geophilum a a aljlajl a
Tomentella sp. a a ala)| a
Piloderma sp. a

Hebeloma sp. a
Laccaria amethystina a
Russula nigricans a
Clavulina cristata a|aj| a a
Boletus sp. a| a a a &

Clavulina cristata

L. amethystina

a0

DO/cm2

Ott Mar Sett

Cortinarius sp.2

DOlem2

L.l

Hebeloma sp.

DOlem2

Ott Mar Sett
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Performances change with timeo.

= phosphatase
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24 .
W Giugno
1
ol W Dicembre
Cortinarius Lactarius quietus sp. C Boletus sp.
anomalus geophilum

laccase

ivity

Act

W Giugno
M Dicembre

Cortinarius Lactarius quiet
anomalus

T sp. c
geophilum

Boletus sp.

How toassess mycorrhizalcommunity?

A sampling method to describe the Norway spruce ectomycorrhizal
community at plant level

L. MONTECCHIO & L. SCATTOLIN

Dipartimento Territorio e Sistemi Agro-Forestali, Universita deglt Studi di Padova, Italy

of EM to be observed in every root core can be pleres in Fo, were shown to be more important,
reduced from 10 to 4, 7, 5 and 9 in Ma, Pa, Ga and probably because of their distribution strategy.

Tuble VI EM relative abundances (RA) in four trees in Pa site, considering 10 tips and 6 tips observed in each root core. In the right
column: observed vs. expected RA, Chi-square = 29.64001, df = 1, P< 0.001805. In evidence: (O - E)/E values > 1.63959 (=£).

10 tips/root core (E)

6 tipsiroot core (0)

Tree
1 2 3 4 1 2 3 4 (0~ B}YE

A. muscaria 10.706 16.972 2977 8.164 11.944 14.930 7977 0.018
A. byssoides 18.964 0.000 1.759 0.925 19.166 0.000 1.388 0.231
. geophilum 54.108 41.382 35.300 34.943 56.041 33.750 52.847 .

E. granulatues 0.520 1.521 7083 22184 0.694 1.666 1.527 19.233
H. velutipes 0.000 6.967 21.180 3.042 0.000 2797 3472 0.060
H. rufescens 0.595 4.768 2.546 3.349 0.000 4.861 3.055 0.025
H. alivaceoatbus 0.000 0,000 2546 4117 0.000 0.000 5.000 0.189
L appendiculata 3.645 1.388 3.842 0.000 3.125 2.083 0.000 0.000
L. badiesanguineus 1.041 2.979 3.888 5.456 0.694 4.375 4444 0.187
L. deterrimns 0.520 0.925 2.546 0.000 0.694 1.388 0,000 0.000
P nigra 4.166 6539 6.388 2232 2500 12152 2,083 0.009
R. ochroleuca 5.729 16.554 10.138 15.583 5.138 22,013 18,402 0.509
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Only whenafruitbody s visible,
| teasy tadetectits mycorrhiza

Boletinus cavipes

A Only about500species
describedvorldwidein
detail

A Taxonomyneedsskill and
time, andmoney
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Mycorrhizal types

"
Figs. 10-13: Features of mantle surface. — 10: Smooth. ~ 1 1: Reticulate. — 12: Grainy
(warty). — 13: Woolly.

Figs, 1-7: Type of amifiction ~ 1: Simple = unremified.  2: Mobopodiet-pinne,
3. Monopodial-pyramidal. ~ 4. Dichotomous. — $: leegularly  pinnate,
dichotomous-like. 6: Coralioid. - 7: Tubercle-like,

Mantle and Hartig: net
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Main featuresin Leccinumlepidum
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Main featuresin Cortinarius sp.
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Main features in Tuber sp.

23



A bit of ecology

Pioneertreesneedpioneer symbionts
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T. terrestrise H. mesophaeum
Very goodin non-forest soils

3,0
adulte L. rufus
£ L. amethystina
eVOﬁ.ft D [ A muscaria® . ¥
C.armillatus . .
2,0 glovani
L. glyciosmus
15 "
1,0 21
22
S(‘ 0,5 )
[3)
a R.aeruginea g
0.0 4 ® C. geophilum
ol 4
-0,5 5 e® o
L]
NS
-1,0 °
L. pubescens
; H L]
15 gloyvanl  scabrum
20 L_€valuto
13 2 g 0
DCAL
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Mycorrhizalsymbioses
and deaclee s 6

Treesdecline

Urban
environment

Old age

Genetic
potential \

Air
pollution

\
Defoliating
insects 7
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— = Virus
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compaction > - Verticlium | change
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Drought Excessive
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Poor soil
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Tree care andprotection
until the mycotoxicdose

Drought
Waterquality
Soil pollution

Roottips parasites

A Enoughis enougho

Drought
Waterquality
Soil pollution

Roottips parasites

Fungitoxicconcentrations change tdess
performingspecieqd decline
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An overviewof oakdegcline
In the Wiediterranearegion

Main declining oak species in the Mediterranesgion

Commonoak (Quercus robur
Turkey oak (Quercuscerris)
Hungarian oaKQuercusfrainetto)
Downy oak (Quercuspubescens
Holm oak(Q. ilex)

Cork oak(Q. suber).
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Oakdeclineshow symptoms
commonto all forest treedecline

«Forest» decline is documented in Europe sinc&346s.

Since the eighties it has been reported als@akspecies (or was i
matterof knowlege and experience sarvey?).

Symptomsaremainly associated to seiklatedphysiologicalstressors
(drought, compactiorfertility, assolation, roaip-take.

1)Root uptakedeficiencies.

2)Canopy transparency increases due to yellowing, wilting, fédlaoes.
3) Annual internodeshorten.

4)Epicormic twigsappear along the trunk, downwards todbbar.

5)Human-assistedpractices speed up thgrocess: mainlyintensive
sylviculture, pasture,land-reclamation.

6)Endophyticfungi commonlypresent in all heatly trees turngarasitism
(i.e. Biscogniauxia, Hypoxylon, Diplodi@pllybia).

7)Known pests and pathogemsfect declining trees causing root rots, bark
cracks andvooddecay
(i.e. PhytophthoraArmillaria, GanodermaPhellinus)

8)Fall and substitution by «stressacderant» genotypes or speciest
necessarily trees (i.elolm- and Cork oakvith Cistus.

Visible symptomsare related tinsufficientwateruptake

29



Leaves far from theoots dies anépicormic twigsappear

A 7 iw e e ‘ 3 4




Endophiticmutualitsturn to a parasitibehaviour

Root and wood parasiteempromisedreestability
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Declining treedall downgiving rom todifferentgenotypes ospecies

What «Decline»s?

Theresult ofthreeconsecutiveoverlappingcauses

DO

environment parasites
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«Environment»well knownecologicaldynamics

Substitution of the less
performantspecies ogenotype

@ e

Long-term Environmental factors

Low resilienceto long-termclimate changes
Senescence

Humanactivities compromising «sofiealth»

Humanactivitiesrelatedto both
A Water availability
A Soil features(inc. coverage)

"

Medium-term Inciting factors

Waterquality andavailability
Soildrainage
Pasturegrazing
Agriculture, Sylviculture

33



Pestsand parasiteasfinal effecton already stressedees

Mutualitic fungi turnto aparasitic behaviour *
Increase of susceptibility to pests grattasites

Short-term
Contributing factors

Genotype resilience to Water ay ality and availability Parasitidnfections
- Diseases
Death

long-term climats

Senescence

Stage 3
Oftenitisa
«point of noreturn»

34
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Herewecatryt o do somet hing bu
Whatl, 2, 3 mean8

Forestownersand managers need to quantifydecline
«lorLow» «2 orMedium»«3 or High» usually areonobjective,
mainly depending on previous experience abdity.
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NTECCHIO, ROBERTO CAUSIY, SERGIO Rosst and Szraio MurTo Aocorot

1 3

Decline can bameasured
through the composition of theectomycorrhizal community.

Changes in ectomycorrhizal diversity Pedunculate oak dcfline: thinni|‘1g effects
in a declining Quercus ilex coustal forest on the ectomycorrhizal exploration groups

Elena Mosca', Linda Scattolin', Jean Garbaye’, Sergio Mutto Accordi', Lucio Montecchio'
'Universita degli Studi di Padova, Dipartimento Te.S.A.F,, Ve dell'Universita 16, 1-35020
Legnaro,  Italy; ’INRA, UMRII36 Interactions Arbres/Microorganismes,  F-54280
Champenoux, France

Few, peculiar speciescan saywherewe are

50 -
40 - 38
30
21 21 21
- L ﬁ
10
4
o+ s 2 W | 2 EESE
class 1 class 2 class 3

At leastl amongthe «bluexone® Not aproblem

At leastl amongthered¥ Too late,sorry
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Decline of both fungi and trees.
Species substitution

Treespecieslecline
Changean forestcomposition
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SweetChestnutink Disease
causesymptomsand control

WhatCID is?

A lethaldiseaseausedy Phytophthora
(cambivoraandcinnamomi)a soil-borne
parasite

Compactedsoils poor drainage and
temporary films of water allow the parasite
to moveto theroottips by meansof its
flagellatedsporedqrotatinglike a propelle).
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Flagellatesporeseedwater toswim

@ Youlube [, i,

Phytophthoraspeciesarenot truefungi. They are OomyceteskKingdom Chromista.

Lack of rootlets lack of canopy
Macroscopicsymtomsarerelatedto a
insufficientnutritionaluptake

9
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Threedifferentstagesod CID
Greenwich ParkQctober2016

Threedifferentstagesod CID
Greenwich ParkQctober2016
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Threedifferentstagesod CID
Greenwich ParkQctober2016

Early stagesbove-ground symtoms
verticalcracksand necrosessing from mainroots
sometimedeakingtannins(«ink», atreereactior).
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Tanninsleakmainly in warm mediterraneanlimates

—1

Then individual necroses merge in
abigger (usually) triangularone
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