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Riassunto

In ambiente urbano gli alberi vengono sottopostdteplici fattori di disturbo e di stress
che possono portare al loro deperimento. A livedldicale il deperimento dell’albero si
associa spesso ad importanti variazioni della campmme della comunita ectomicorrizica
(ECM) che viene pesantemente influenzata da faliotici e abiotici. Fino ad oggi non
sono noti studi che abbiano trattato tale argomenémnbiente urbano.

A livello della chioma, i primi sintomi aspecificlel deperimento sono la trasparenza e
I'ingiallimento delle foglie. Quest'ultimo e assath ai contenuti fogliari di clorofilla e di
azoto, utili e oggettivi indicatori diagnostici tkel salute della pianta e della sua
performancdisiologica.

Con questo studio si € voluta indagare la condeidndeperimento di piante mature di
tiglio intermedio Tilia vulgaris Hayne) in ambiente urbano. Sedici tigli adulti attinella
cittd di Padova e rappresentanti due classi di ritapato (lievemente e gravemente
deperente) sono stati selezionati e studiati @l finverificare se la comunita ECM dei loro
apparati radicali fosse influenzata da fattori aantali. | funghi appartenenti alla comunita
ECM sono stati descritti ed identificati tramiteaisi morfologiche e molecolari. In seguito
si e analizzata la composizione della comunita E@klazione ai diversi siti di impianto,
alla classe di deperimento ed alle principali daratiche del suolo. La struttura della
comunita é risultata fortemente connessa alle bifireanbientali, ed alcune specie fungine
sono risultate significativamente associate a §ipbei caratteristiche del suolo.

La seconda parte dello studio € stata dedicatavalldazione di un misuratore portatile di
clorofilla (Minolta Chlorophyll Meter SPAD-502) péa diagnosi dello stato di salute dei
tigli. Trattandosi di piante adulte e quindi di eeble altezza, si € dapprima identificato il
punto ottimale di campionamento e sono quindi staiividuate le equazioni di
regressione utili a spiegare la relazione tra iteouti fogliari di clorofilla ed azoto
(quantificati tramite tradizionali analisi chimiched i valori di SPAD. E’ stato inoltre
condotta un’ulteriore analisi della comunita ECM perificare se la sua variabilita possa
essere associata a variazioni del contenuto fegtlaclorofilla e del grado di deperimento
dell'albero. L’indagine ha dimostrato che sia laorofilla fogliare che la classe di

deperimento influenzano la struttura della comunita ECM.



| risultati ottenuti possono essere d’aiuto neltamprensione delle associazioni tra la
struttura della comunitd ectomicorrizica e I'effinza fotosintetica ed evidenziano

'importanza che I'ambiente sotterraneo rivesteglealberi in citta.



Summary

Trees growing in urban environment undergo a lamgmber of threats and stresses that
often translate into decline.

At root level decline is associated with a sigrafit change in the ectomycorrhizal (ECM)
community composition which can be strongly infloed by abiotic and biotic factors.
Studies on the subject regarding urban trees afiar $acking.

At crown level, the first and non specific symptoaisdecline are crown transparency and
leaf yellowing. The latter is linked to foliar cltgphyll and nitrogen content that can be
useful and objective diagnostic indicators of tlealth and physiological performance of a
plant.

The present study inquired into decline expressionsature linden trees rooted in urban
environment.

To verify if ECM community in urban linden tre€$ilia vulgaris Hayne) is affected by
environment features, 16 mature linden trees locatehe city of Padova (northern Italy)
and representing two visually assessed declinsatagnoderately and severely declining)
were selected and studied.

The community of the ectomycorrhizal fungi was exptl and ECM fungi were identified
by morphotyping and molecular analysis.

The analysis of the ECM community composition itatien to the main soil features, site
location and tree decline class revealed that @& Eommunity structure was strongly
connected with the environmental variables. A famgal species were significantly
associated to specific soil properties.

A second study evaluated an hand held chlorophgtem(Minolta Chlorophyll Meter
SPAD-502) as a diagnostic tool for linden treedthe&urther to the detection of the best
sampling point position in the mature trees crogignificant regression equations were
established between both foliar N and Chl contenli$ained by chemicals analyses, and
SPAD values. SPAD meter resulted to be an effedtrek for quickly assessing foliar N
and Chl, and consequently health status, in ménden tree in urban environment.
Besides, the ECM community was investigated in otaeerify whether its variability

could be associated to variations in foliar chidrgpcontent and in tree decline. The study



demonstrated that both foliar Chl content and dectilasses had influence on the ECM
community structure.

These results can help in understanding the assmsabetween ECM community

structure and photosynthetic efficiency and theghhght the importance of the

belowground environment for urban trees.



Chapter 1

General introduction






Introduction

Urban vegetation and its management can significainfluence human health and
environmental quality in cities. Trees balanceuhgan microclimate by reducing the “heat
island” effect (Alcoforado et al. 2009), by profegt surfaces from direct sunlight, by
capturing dusts, by increasing the biodiversity.alidition, trees sequester carbon and
reduce the impact of rainwater, and foster citizemsllbeing thanks to their positive
influence on physical and mental health. Thus, adex vegetation designs and
management practices are essential to sustain hanthanvironmental well-being. To this
end, urban forest managers need accurate informatiahe urban forest resource, on its

changes and on the ecosystem services it provides.

Information on urban forest structure (e.g. numbgerrees, species, composition, tree
health) is essential to improve urban forest mamege and enhance the ecosystem
services provided by trees and other vegetationceSurban trees management requires
pondered resource allocations, it would be of majerest to understand the different
performances of different trees genus in orderighlight existing biological tolerance to
extreme urban conditions. However, urban foressryaistill-developing research field.
Recent reviews have identify that among the thetodse prioritized within future urban
forestry research in Europe, tree stresses andh ddoast management have a top position
(Konijnendijk et al. 2000; Konijnendijk et al. 2007

Relationships between ectomycorrhizal community div ersity and

soil characteristics

Solil is a critical medium that directly affects thealth and structure of trees growing in
both woodland and urban landscapes. EctomycorrhiE&M) symbiosis is a basic

interface between soil and roots. ECM fungi, forgnanfungal tissue surrounding the host
fine roots, mediate the adsorption of soil nutiseand water, while they receive from the

plants carbon as photosynthate (Smith & Read 1997).

There is a considerable published research in thentdfic literature evaluating the
biological, physiological and ecological significanof ectomycorrhizae to the survival,
growth, development and health of many speciesad plants and of forest tree species



(Smith & Read 1997). Knowledge about this symbiasisritical to our understanding of
plants growth and ecology. However, due to compilexiof the urban environment, little is
known about the attributes and variation of urbagé&ochemical processes, and still less
about the community ecology of ectomycorrhizae rifan trees (Timonen & Kauppinen
2008).

The main characters of the composition of ECM flirganmunity are host plant species
and edaphic factors (Gerhing et al. 1998; Kernagh&tarper 2001). Within each forest or
plantation, the spatial variation of ECM fungi isry high and most fungal species show
aggregated distributions (Gardes & Bruns 1996)tullys on pinyon trees showed one or a
few ECM fungal taxa to dominate single trees, dreddominant fungi varied between trees
(Gerhing et al. 1998). On the other hand, ECM flisfaucture is strongly depending on
the nutrient status of the soil (Scattolin et &0&a; Scattolin et al. 2008 b) and it is well
known that environmental variables, especially sbdracteristics, are closely linked one to
each other and changes in one of them may infludrecethers. For example, variations in
ECM community were ascribed to variation in sottogen content (Peter et al. 2001) or to
different substrate qualities (Urban et al. 200&)ganic layers and mineral horizons
(Tedersoo et al. 2003). A significant step forwerdinderstanding ECM fungal community
structure is to establish studies that allow edimneof the relative importance of different
mechanisms that create this diversity. A possibigothesis is based on niche
differentiation between coexisting species andt#tes that a disturbance leads to a
predictable sequence of species replacing eaclhr ¢Dahlberg 2001). For instance, an
intermediate range of disturbance would allow ageanf species to coexist and lead to a
high species richness. At the same time, signifieasociations among ECM species may
occur because species with similar requirementsardsv soil resources tend to occupy

similar sites (Koide et al. 2005).

A better cognition of the functional diversity ofyporrhizal symbiosis in the poorly studied
urban environment will improve the understandingreés responses to environmental and
climatic perturbations and will be of great impoxta to future applications in urban forest

management.



Urban trees vitality assessment

During their lifetime, urban trees are subjecteglenty of environmental stresses that can
cause tree decline. Initial symptoms of tree declare generally evident as leaves

yellowing, often used as a visible index to assessvitality.

The vitality of a plant is a theoretical conceftmay be defined as “the ability to grow
under the present conditions “ (Shigo 1990) ansl ane of the most important indicators of
trees and forests conditions. As vitality cannotdectly measured, other features can
instead be useful to describe it and field pratticathods are of great importance in health
tree monitoring. Field methods may range from crdeliage or transparency assessments
(Eichorn et al. 2004), to foliar nutrient contenidysis (Kopinga & van den Burg 1995), to
chlorophyll fluorescence (Lichtenthaler & Miehé ¥9%nd many others. Unfortunately
most of them are time consuming, or need experasidecomplex tools to be performed, or
are unreliable because subjective. The use of hatdlehlorophyll absorbance meters may
be of great interesthen the investigation of the physiological statfisrees vegetation is
needed, since they are fast, easy to use, and ethdagn other optical methods. The
Minolta Chlorophyll Meter SPAD-502 calculates a rerinal value which is proportional
to the amount of chlorophyll present in the leafic®the relation between SPAD index and
chlorophyll content has been established by stahdaemical techniques, SPAD can

provide a fast and non-destructive assay of vanetosynthetic pigments.

As foliar concentration of pigments, most notaliy tchlorophylls and carotenoids, are
affected by a variety of stress factors (Ogren 1988ki & Colombo 2001; Neufeld et al.
2006), SPAD index can also provide a useful to@dgsess the plant stress degree (Pefiuelas
& Filella 1998; Percival et al. 2006).

There is a lack of published research in the sifieriterature dealing with the testing of
this tool on mature urban trees. Neverthelessapdication is intriguing, since it could be
a remarkable help in detecting different classestreé decline, a goal of difficult

achievement by the traditional visual assessment.



Thesis structure and aim

The thesis, mainly founded by the Municipality odd®va, consists of two chapters
describing the composition of the ectomycorrhizainmunity in urban linden treedilia
vulgaris Hayne) plantations (chapter 2) and its relatigmdtoth with soil properties and
qualitative environment variables (chapter 3). Tla@m is to verify if the tips vitality and
the composition of the ECM consortium in matureamdinden trees growing in two
different sites (roadside and park side sites) antivo decline levels (moderately and

strongly declining) can be associated to mainmaiperties.

Chapter 4, after determining the mathematical igriahip between SPAD-502 readings
and both the foliar chlorophyll content and totalidr nitrogen content in linden trees in
urban environment, evaluates the possibility ohgdgoliar chlorophyll meter readings as a
diagnostic tool for mature linden trees health, gmmésents how ECM community
variability can be associated to variations in obydyll content and to different classes of

tree health decline.

Chapters 3 and 4 are based on papers being prdcessan international peer-reviewed

journal. A general discussion follows.
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The composition of the ectomycorrhizal community in
urban linden trees ( Tilia vulgaris Hayne)
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Introduction

In order to study the relationship between ECM camity and environmental variables it
is necessary to achieve a complete descriptioheotomposition of the ECM consortium;
the first step towards it, is characterization afehtification of mycorrhizal fungi linked to
different plant hosts.

Ectomycorrhizae have traditionally been identifigdmorphotyping, i.e. the description of
peculiar morphological traits together with the agaition of anatomical characters
(Agerer 1991; Agerer 1987-2008; Agerer and Ramiizd@4-2009).

Anyway, morphological analyses alone are often fiigant to identify fungal species,
both because many species have not yet been da$eniiol because ECM belonging to the
same genus often share similar morphological aatbanical features.

Since the 1990s new DNA-based methods have beeaioged to gain fungi identification
(Gardes & Bruns 1993; Horton & Bruns 2001; Landenvet al. 2003; Tedersoo et al.
2003; Tedersoo et al. 2006) and PCR based techmignee nowadays largely employed
thanks to their specificity. As a result the conation of microscopic investigations with
DNA-based analyses is nowadays considered to bemibst effective way to obtain
valuable information on ECM community structurek{des & Erds-Honti 2008).

The world total number of ECM fungi species mayyobe estimated, since the use of
molecular analysis keeps on increasing the numbdmown taxa (Urban et al. 2003;
Tedersoo et al., 2005; Eros-Honti & Jakucs 200@9tefsoo et al. 2009).

Up to now, only few of the conservative estimate 2000-6.000 fungal species forming
ECM (Agerer 2006; Taylor & Alexander 2005) have ibbaavestigated by anatomical

studies as well.

Ectomycorrhizae and the genus  Tilia spp.

Up to 2005, only 6 ECM had been described as hdsgdtie genudilia spp. (De Roman
et. al. 2005), all of them coming from materialleoted in Europe.

In 2008 Timonen & Kauppinen reported an updateid(including the 6 ECM cited above)
in which 28 ECM species were recorded associatiitly Tilia spp. in Europe or North

America.
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Moreover Timonen & Kauppinen (2008) related 10 m&€M species described in
Finland, and 5 more species and/or genera fourtdeim study on mycorrhizal status of
Tilia vulgaris Hayne andrilia cordataMill. growing in different habitats in Finland.

It must be pointed out that De Roman et al. (2d@®bj)e referred only to ECM of which
morphological descriptions were reported, explyagtkcluding those cited in papers dealing
with molecular techniques alone. On the other hdimdpnen & Kauppinen didn’t explain
whether their sources (some of which may not beessmd) referred to morphologically
described ECM or not.

Recently Tedersoo et al.(2003; 2006) undertookiassuoh mixed forests withilia cordata
Mill. among the dominating tree species with then aof describing the community
composition of ECM fungi. Both studies reportedyweich ECM communities but they
didn’t highlight the association between each motpbe and the host tree species.

From the aforementioned published sources it maycdrecluded that up to now 43
ectomycorrhizal fungi have been discovered to assmcwith the genusTilia spp.,
regardless the host tree species: 39 morphotypes lieen identified to species level, 3 to
genus level, 1 to sub-family level.

Of them all, only one (Tiliaerhiza sebaciniode3itta) is described in th€olour atlas of
ectomycorrhizaeAgerer R 1987-2008), and only twoiljaerhiza sebaciniodes Tilia and
Russula delic&r. +Tilia) appear irvww.deemy.dgAgerer & Rambold 2004-2009)

Mycorrhizal colonization of  Tilia ssp. trees in urban environment

The previously cited studies always dealt with $bretands or with inoculated plantlets,
apart from Timonen & Kauppinen (2008) who also taato account street trees. In their
study root samples at the street sites were tal@n frees comprised dfilia vulgaris
Hayne stems rooted tdilia cordata Mill roots and their mycorrhizal population was
compared to the one of Tilia spp. nursery treesddrdlia cordataMill. forest trees.

The study highlighted how, despite common morphesgypheTilia spp. roots in the street,
nursery and forest habitats harboured rather diksirectomycorrhizal fungi. Anyway,
street, nursery and forest didn’t house the saaeedpecies. In this study 12 different ECM
morphotypes were observed, and most of them coetprid more than on@&ilia spp.-

16



ectomycorrhizal fungus combination. As a conseqedhe study doesn’t supply any kind
of description of the single tree-ECM fungus conalbion.

Nielsen and Rasmussen (1999) compared mycorrhigadilation of Tilia cordata Mill.
nurseries seedlings, nurseries young plants, oksfdrees and young street trees. In total
37 morphotypes were found, but of only four of thamery brief description was given,
and the fungi forming them were not further chagased.

Materials and methods

In this study 16 linden treefTilia vulgaris Hayne) rooted in the city of Padova were
analyzed and ECM fungi were identified by a comboraof morphotyping and molecular
analysis. A detailed description of the study sg&ection and sampling collection is given
in Chapter 3.

Ectomycorrhizal anatomotypes were classified moligrioally according to Agerer (1991)
and using the available literature (Pigott 1982y, 1987-2008; Cairney & Chambers
1999; Urban et al. 2003; Liu & Hall 2004; DouhanRdzzo 2005; Agerer & Rambold
2004-2009; De Roman et al. 2005; Tedersoo et &5;2CABI Bioscience et al. 2007-
2009; Bidartondo & Read 2008; Jakucs & Erds-HoA0& Erds-Honti & Jakucs 2009).
Among all the methods now available for moleculaalgses a quick one was employed
that allows rDna amplification directly from vergnall portions of mycorrhizal tissue (lotti
& Zambonelli, 2006). Molecular analysis was carried fresh tips, immediately after
morphotyping, and on frozen tips (-80 °C).

ECM manipulation for molecular analyses was caroetlin sterile conditions.

Selected and previously washed tips of each moypkotvere put in Petrie dishes under a
stereomicroscope (x20). The mantle was firstly méeha from surrounding hyphae to
prevent PCR contamination with rhizoplane fungi. very small mantle fragment
(approximately 0.02-0.03 mfnwas removed from the tip using a fine needle, iavdas
transferred to the PCR tube containingul0f sterile water.

The universal primers ITS1 and ITS4, commonly useECM community studies (Bruns
& Shefferson 2004; Koide et al. 2007; Diedhiou le2809), were used to amplify the ITS-
1, 5.8S and ITS-2 regions of the fungal nucleavsdmal DNA.

17



PCRs were conducted in a final plOreaction mixture containing 1X reaction buffé0Q
mwm Tris/HCI (pH 8,3), 500 m KCI, 25 mu Mg ?*. HotMastef™ Taq Buffer, Eppendorf ),
200 um of each dNTP (dAPT, dCTP, dGTP, dTTP), 0,3 uMeath primer, 1,5 U ofaq
DNA polymerase (HotMast&f, Eppendorf), and 0,8g/ul of Bovine Serum Albumin
(BSA) (Fermentas, Vilnius).

A negative control was performed without DNA totteay possible contamination of the
reagents.

DNA amplification of the ITS regions was performed a Mastercycler® ep gradient S
(Eppendorf AG, Hamburg, Germany) thermocycler. dasi thermocycling patterns were
tested and then the best one was chosen, considtanrg initial denaturation at 95°C for 6
min, followed by 35 cycles of 94°C (1 min), 55°Cfin), and 72°C (2 min), and a final
extension step of 72°C for 10 min.

A sample of 1Qul of product was electrophoresed in a 1,2 % agagetand visualized by
staining with ethidium bromide in an UVIpro Gold I&@mcumentation System.

Images were elaborated by UVipro Software (Imaggueition and analysis software —
UVltec, Cambridge, UK).

The amplified products were first purified Exonuclease (USB Corporation, Cleveland,
Ohio), in order to remove residual single-strangemners and any extraneous single-
stranded DNA produced by the PCR.

The Shrimp Alcaline Phosphatage)SB Corporation, Cleveland, Ohio) was then adibed
the PCR mixture to remove the remaining dNTPs whiabuld interfere with the
sequencing reaction.

The sequences were obtained by BMR Genomics (Padiih) Big Dye Terminator
chemistry.

ITS sequences were checked, manually editing ambgueadings, and compared to
reference sequences in the GenBank database datenal Center for Biotechnology
Information (NCBI) fttp://www.ncbi.nlm.nih.gov/BLAST)/ (Benson et al. 1999) and the
UNITE databasehtp://unite.ut.eg/ (Kdljalg et al. 2005) by using the BLASTn Search
(Basic Local Aligment Search Total nucleotide) peog (Altschul et al. 1997).

Database sequences yielding the greatest peraaitargly to the ECM sequences were

chosen as the best match for each of them.
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Sequences taxon categories were assigned as fdllandeweert et al. 2003; Mosca et al.
2007; Bidartondo & Read 2008): sequence similanity> 99%, identification to species
level; sequence similarity of 95% to 99%, idengfion to genus level; sequence similarity
of < 95%, identification to family level.

All the anatomotypes were classified by an alphamisal code (CAxx).

When possible, a sample of each of them was siaredter at -80°C and in FEA in the
TeSAF Department Herbarium of the University of &ad

Forty-five sequences were derived from ECM rod.tip

Results: ECM community composition

Thanks to morphological, anatomical and molecutaestigation 52 anatomotypes were
revealed.

15 of them were assigned to family lev@o(etaceage Clavulinaceae Cortinariaceae,
Helvellaceae PezizaceaeSebacinacegeTl elephoraceag 25 to genus@hromelosporium
sp.,Clavulinasp.,Geoporasp.,Inocybesp.,Laccariasp.,Pezizasp.,Pseudotomentellap.,
Russulasp.,Sclerodermasp., Sebacinasp., Tomentellasp., Trichophaeasp.), 6 to species
level [(Cenococcum geophilufr., Geopora cervingVelen.) T. SchumachScleroderma
verrucosum(Bull.) Pers, Trichophaea woolhopeiéCooke & W. Phillips) Boud. Tuber
rapaeodorunTul. & C: Tul., Tuber rufunPico], while 6 remained unidentified.
Ectomycorrhizal anatomotypes and their morpholdgara molecular identification are
listed in Table 1.

Short descriptions and images of the ectomycorrl@ratomotypes are reported in Annex
1.
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Table 1: Ectomycorrhizal anatomotypes and theimpinological or molecular identification. Additionaferences are available on the NCBI
(www.ncbi.nih.gov/BLAST) or UNITE (www.unite.ut.e&jebsites

Fungal taxa and Herbarium Best match sequence Size E value Similarity Accession number Source

codex (pair)

BoletaceadCA18) Boletus rubellus 714 26 80% EU819460 Gen Bank Database
CA34 - - - - - -

CA43 - - - - - -

CA88 - - - - - -

CA89 - - - - - -

CA94 - - - - - -

CA96 - - - - - -
Cenococcum geophilu(€A2) - - - - - -
ChromelosporiunfCA92) Chromelosporiunsp.JMP0018 538 0 100% EU819462 Gen Bank Database
Clavulinasp. (CA17) Clavulina cf. rugosa 605 0 96% DQ974712 Gen Bank Database
ClavulinaceagCA19) Clavulina cf. rugosa src661 605 6e™® 84% DQ974712 Gen Bank Database
Cortinariaceae (CA31) Inocybe cervicolor 509 e'® 85% AM882937 Gen Bank Database
Cortinariaceae(CA68) Inocybe hirculus 556 2e'® 84% FJ531872 Gen Bank Database
Cortinariaceag(CA73) Inocybe cf. friesii 571 3e'® 87% FJ845413 Gen Bank Database
Cortinariaceag(CA20) Inocybe rimosa 577 0 94% AM882765 Gen Bank Database
Geopora sp. (CA30) Geopora cervina 572 0 97% FM206417 Gen Bank Database
Geopora cervindCA11) Geopora cervina 585 0 100% FM206417 Gen Bank Database
Helvellaceaq CAB) U.E. Balsamia 614 0 98% EU668245 Gen Bank Database
Inocybesp.(CA27) Inocybe malenconii 685 0 96% AM882862 Gen Bank Database
Inocybesp. (CA83) Inocybe calida 603 0 98% AM882760 Gen Bank Database
Laccariasp. (CA49) Laccaria amethystea 610 0 98% DQ499640 Gen Bank Database
Pezizasp. (CA60) Peziza succosa 571 0 97% DQ200840 Gen Bank Database
Pezizasp. (CA80) Peziza succosa 566 0 96% UDB000984 Unite Database



Pezizasp. (CA81)
Pezizacea¢CA28)

Pseudotomentellsp. (CA67)

Russulasp. (CA39)
Sclerodermasp. (CA91)

Scleroderma verrucosum (CA40) Scleroderma verruoosu

Sebacinasp. (CA66)
Sebacinasp. (CA85)
SebacinaceafCA14)
SebacinaceafCA35)
SebacinaceafCA71)
Telephoracea¢CA3)
Telephoracea¢CA32)
Telephoracea¢CA33)
TelephoraceaéCA95)
Tomentellasp. (CAL)
Tomentellasp. (CA21)
Tomentellasp. (CA42)
Tomentellasp. (CA54)
Tomentellasp. (CA55)
Tomentellasp. (CAG9)
Tomentellasp. (CA70)
Tomentellasp. (CA75)
Tomentellasp. (CA79)
Tomentellasp. (CA84)
Trichophaeasp. (CA82)

Trichophaea woolhopeiéCA41)

Tuber rapaeodoruniCA4)
Tuber rufum(CA37)

Peziza infossa

Pachyphloeus virescens
U. Pseudotomentella

Russula aff.delica
Scleroderma areolatum

Sebacina epigaea
Sebacina incrustans
U.E. (Sebacinaceae)
Sebacina incrustans
Sebacina incrustans
Tomentellasp. J54
Tomentella lapidum
Tomentella lapidum
Tomentella stuposa
Tomentella ellisii

U.E. (Tomentella)
Tomentella lapida
Tomentella bryophila
Tomentella fuscocinerea
Tomentella ellisii
Tomentella ellisii
Tomentella ellisii
Tomentella lateritia
Tomentellasp.EDM19
Trichophaea woolhopeia
Trichophaea woolhopeia
Tuber rapaeodorum
Tuber rufum

571

340
589

233
628
607
522
553
457
552
570
589
596
469
589
602
598
587
386
614
557
530
612
517
595
483
476
476
584
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Chapter 3

The ectomycorrhizal community structure in urban
linden trees and its relationship with soil propert ies
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Introduction

Urban trees experience a number of stresses rdtatbeé location where they are planted.
Street trees are exposed to a relatively high stmsel and the average lifespan is shorter
than the one of park trees (Seebg et al. 2003adh inder stress photosynthesis is reduced
and carbon allocation is altered, resulting inttke vitality decrease (Dobbertin 2005).
When decline begins, the mechanical strength od@adecreases and consequently the risk
of its collapse increases, becoming a potentiaathfor people and properties (Terho
2009). Therefore, the assessment of the vitalitgnature urban trees is a major aspect of
urban tree management.

The stresses that affect urban trees may be dtmo@biotic nature and include polluting
agents, mechanical damage, high and low temperatareing road-salt, restricted space
for crown and root development, drought (Pedersexl. 2000; Seebg et al. 2003; Percival
2006). In addition, construction works, utility m&hing, and lack of tree care create
unhealthy conditions for trees in towns (Paule&le2002).

Specifically soil may be affected by disturbandes lincorporation of anthropic materials,
contamination by pollutants, shortage of availakéger, soil compaction and subsequent
root deoxygenation (Jim 1998; Pouyat et al. 2007).

Properties of surface soils can vary widely in arbandscapes, making it difficult to
describe a typical “urban soil” (Pouyat et al. 2D0rhis goal is still harder for Italy where
there has been little research on urban soils é§avManta et al. 2002; Imperato et al.
2003).

Among soil microorganisms, ectomycorrhizal (ECMhdurepresent a direct link between
soil and tree roots (Leyval et al. 1997). They jmlevthe tree with nutrients, protect its root
system from microbial pathogens and enhance itsgthtotolerance (Smith & Read 1997,
Alvarez et al. 2009). Therefore this symbiosis &r@acial factor in tree health (Peter et al,
2001).

Overall levels of mycorrhizal infection are knowm be strongly influenced by the soil
features. Soil nutrient status (Smith & Read 19BGljander et al. 2006), organic matter
content and humus form (Rumberger et al. 2004tt8m et al. 2008a), soil horizons
(Baier et al. 2006; Scattolin et al. 2008b), seinperature and moisture (Kernaghan &
Harper 2001; Toljander et al. 2006) are demongstr&teinfluence the vitality and ECM
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degrees of the root tips as well as the speciesposition of the ECM community of
natural stands. Moreover, the stability of the E€dnmunity is a possible bioindicator of
plant and forest health status ( Trevisani et 2891 Montecchio et al. 2004; Montecchio et
al. 2008; Mosca et al. 2007; Montecchio et al. 3009

While the importance of ECM fungi in natural ecdsys is becoming increasingly
appreciated and recent studies have describedGMed®mmunity composition and spatial
distribution in forest natural stands (KernaghanH&rper 2001; Tedersoo et al. 2003;
Lilleskov et al. 2004; I1zzo et al. 2005; Baier £t2006; Toljander et al. 2006; Scattolin et
al. 2008a; Scattolin et al. 2008b) very few reseascdealing with ECM fungi community
in urban areas, especially as far as mature tmeesoacerned, have been done (Garbaye &
Churin 1996; Garbaye et al. 1999; Nielsen & Rasmusk999; Appleton et al. 2003).
Moreover no researches have been yet conductegraamics and ecological role of the

ectomycorrhizal community in mature urban treetssoi

Tilia spp. is one of the most commonly used tree geplarated in streets and parks in
central and north west European countries, arglthe most popular in Italy (Pauleit et al.
2002).

The city of Padova houses more than 3000 lindela(vulgaris Hayne) trees along the
streets, accounting for about the 30% of the tatahber of roadside trees of the town (Tree
Inventory of Padova Municipality - Tree Managem®&dpartment — December 2009 —
personal communication).

The aim of this research was to verify if the tylity and the composition of the ECM
consortium in mature urban linden trees growingwo different sites (roadside and park
side sites) and at two decline levels (moderatety strongly declining) could be associated
to main soil properties.

An increased knowledge of both the soil and theseaaffect relationship between
ectomycorrhizal population dynamics and urban tiedine severity would in fact be able
to increase the awareness of the importance obé&h@vground environment for urban

trees and to enhance the cost-effectiveness ofampahiree programs.
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Materials and methods

Study site and samples collection

The 16 trees used in the experiment are locatd@aoova (ltaly), in two different sites.
Padova is in the alluvial plain in the north edsitaly, at an average altitude of 12 m a.s.l..
The annual mean of daily maximum temperature isC18he annual mean of daily
minimum temperature is 7,5°C, the average annuaatbhranges between 1,000 and 1,200
mm (ARPAV 2009).

The plantation sites were selected by means of tee Inventory of Padova Municipality -
Tree Management Department.

The main queries used for the selection were th&t nepresentative trunk diameter (breast
height, d 30 average diameter 44 cm), plant height (18-22 st)mated age [50(5)-year-
old] and the presence of the two most characierdécline classes, classified as

“moderately declining” (CL1) and “strongly decligh(CL2).

Fig. 1 Examples of decline class 1 (left) and dectilass 2 (right) linden trees.
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The health situation of each tree was visually esse considering a selected list of typical
decline symptoms: defoliation degree, discolousaVés, canopy transparency, presence of
epicormic twigs and dead branches. In order toadivjely record the presence of each
symptom a modified version of the form usually a@dpfor Visual Tree Assessment by the
Municipality of Padova — Tree Management Departnveas used (Fig. 6). A score was
assigned to each symptom according to its degrgeesence. Each tree thus obtained a
final evaluation. The trees with a final score riaggrom 30 to 60 were assigned to decline
class 1 (“moderately declining”, CL1), those witlirsal score inferior to 30 were assigned
to decline class 2 (“severely declining”, CL2) (Rig

Final locations had to be searched among allTiha vulgaris Hayne plantations within
which the two decline classes were present. Frdinstaquery the evidence turned out that
only roadside plantations hosted both declinings#a: the selection therefore proceeded
among all the selected sites where the previoudgtibned dendrometric characteristics
were present but the query “CL2” was entered ootydadside lanes.

Among all the satisfactory results, 2 sites [PiqPy and Landucci (L)] were randomly
selected.

Pio X (P) site houses 155 roadside linden treexdstg in a single lane in a soil bed 150
cm wide.

In Landucci (L) site there are 31 linden trees ditagn in a single lane in a town garden.

In each site, 8 trees were selected with a distaheg least 8 m from the nearest tree and
coded with a number (1+16).

The 155 trees rooted in P site were previouslysdiasl according to the declining classes
and among them four trees were chosen belongi@ 1o(no. 1-2-4-8) and four belonging
to CL2 (no. 3-5-6-7).

In L site all 8 trees (coded 9+16) belong to CL1.

Soil samples were collected for ECM evaluation oirceach season, spring (05/2007),
winter (03/2008), summer (08/2008) and autumn @QQ@&2.

Considering each tree as the central point of teémardinal axes, and considering the
four virtual quadrants obtained, 12 soil cores waokected for each plant at 3 distances

from the stem base [100, 150, and 200 cm (Distgna two different directions: one
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belonging to the first and/or fourth quadrant (thg opposite one to the second and/or third
guadrant (S).

Along each direction 6 cylindrical soil cores weéagen with a soil corer (2,5 cm diameter,
30 cm depth) for each plant along two parallegclions having a distance of 20 cm one
from each other. Each soil sample was thus cod#d“ax” when situated on the right side
if facing “N” direction, and with “sn” when situadl on the left side.

The chosen sampling depth was the one that hosledyreatest density of root tips,
according to previous investigations in the sangpbites, to better represent the root tips’
status (vitality and ectomycorrhization).

The soil cores were stored in sealed plastic bagddC in the dark until they reached the
laboratory.

192 soil samples were collected at each samplitey @&8 in total.

During the autumn sampling, additional soil sampiese collected to be analyzed for
physical and chemical soil properties. For eack treo soil samples were collected on
opposite directions (following the above-mentiopadtern) at 250 cm from the stem base.
The samples were collected to a depth of 30 crmbgins of spades. The spades were
washed with water and wiped dry with paper towdlsraeach sampling. About 1 Kg of
soil was taken at each sampling point and storedglastic bag.

Once in the laboratory, the soil samples were ag@egd gently crushed and sieved to < 2mm
particle size with a plastic 2-mm sieve to avoidtahecontamination (ISO, 2006).

Subsamples were sieved to < 1mm particle sizeotat heavy metals analysis.

Laboratory observations and data analyses

Soil parameters

Using standard methods, basic physical and chersabparameters were determined: (1)
pH; (2) organic carbon in %; (3) total organic teatn %; (4) total Nitrogen in %o; (5)
Carbon Nitrogen ratio ; (6) Cation Exchange Capigbi(7) total concentration of selected
heavy metals (Al, As, Cd, Cr, Cu, Fe, Na, Ni, Pm) 2n mg/Kg; (8) particle size
distribution and texture by hydrometer and USDAtueal classification (Gee & Bauder
1986); (9) extractable P in mg/Kg; (10) conductivit uS/cm.
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All the soil parameters were measured accordingpeonational governmental regulations
(G.U. 248/1999) .

The hydrological parameters (water content at Figdgbacity, water content at permanent
Wilting Point and Available Water capacity) werelimectly estimated using the following
Pedotransfer Functions (Morari personal commuroodtiwhich relate hydraulic properties
to more easily measurable soil propertiravls et al. 1982Pachepsky et al. 2005, Wdsten
2006):

Field Capacity = 0.2576 — (0.002 sand) + (0.003§)ct 0.0299 organic matter)
Wilting Point = 0.026 + (0.005 clay) + (0.0158 ongamatter)
Available Water = Field Capacity — Wilting Point

Attributes from (1) to (7) were assessed at theolatories of the Department of
Agricultural Biotechnology of the University of Pah.
Attributes from (8) to (10) were assessed at thel@h srl — Chemical Laboratories

(Resana — Italy).

Mann-WhitneyU-Test was used to detect soil significant diffeen{x0,05) between the
two sites P and L, and between the two declineselgsl and 2. Statistica 6, StatSoft, Tulsa,

USA for Windows was used for data analysis.

Ectomycorrhizal (ECM) community

In the laboratory fine roots were sorted out frdva $oil and gently rinsed in water.

From each sample root fragments were randomly teeleamong those with diameter < 2
mm and observed. The first three fully developed andamaged apexes of each root
fragment were examined under stereomicroscopeterrdme their vitality, the presence or
not of mycorrhization and, when present, the ectimpizal anatomotype, until 20 living
EM tips were found.

Totally 35,299 root tips were observed.

All observed tips were classified as “vital ectorogbized” (EM, well-developed

ectomycorrhizae with a smooth, relatively thick &) “vital non ectomycorrhized” (NM,
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well-developed, inflated and turgid tip, mantleKimg) and “non vital” (NV, scurfy surface
and easily detachable cortex, with or without egtoonrhizae) (Agerer, 1991; Baar & de
Vries, 1995; Montecchio et al. 2004; Scattolinle@08a).

The number of EM, NM and NV was calculated in escth sample, for each decline class
and each site.

After counting the total number of tips in eachecatry (EM, NM and NV), the probability
of finding each category (pEM, pNM, pNM) was detared as the ratio of total number of
tips recorded.

The significance of the relationship between ttigedint variables (pEM, pNM, pNM) was
tested by the Mann-Whitndy-Test (P<0.05; Statistica 6, StatSoft, Tulsa, UBA9rder to
verify the effects of different sites or differerdecline classes on vitality and

ectomycorrhization of root tips.

Microscope observations permitted then detailedpimaliogical and structural descriptions
of mycorrhizae: they were separated and coded diogpito colour, shape and type of
ramification, features of mantle surface, type ofeo and inner mantle, type of emanating
hyphae, rhizomorphs and cystidia.

ECM anatomotypes were classified thanks to morghicéd, anatomical and molecular
investigation, according to the available literatPigott 1982; Agerer 1991; Cairney &
Chambers 1999; Urban et al. 2003; Liu & Hall 20Ddéuhan & Rizzo 2005; De Roman et
al. 2005; Tedersoo et al. 2005; lotti et al. 20R@erer, 1987-2008; Bidartondo & Read
2008; Jakucs & Eros-Honti 2008; Agerer & Rambold£2-2009; CABI Bioscience et al.
2007-2009; Erdos-Honti & Jakucs 2009), as describetttails in Chapter 2.

The relative abundance (R.a.) of each ECM specasstihen calculated, in each class and
in each site per soil sample related to the tatahlmer of EM tips observed in that category
(i.,e. R.a. of ECMy in CL1= n° of tips with ECMy i@L1/ tot. N° of EM tips observed in
CL1).

The statistical analyses were carried out on thelevldata set consisting of the data
belonging to the four sampling seasons.

It is known that ECM distribution is not homogensaat distances between 0 and 17 m
(Lilleskov et al., 2004). Since this autocorrelatimmong sampling points could influence
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the community structure, the Mantel Test was peréat to test the null hypothesis of no
relationship among samples (total n° of ECM tipalgsed in a soil core) from the same
tree (Mc-Cune and Grace 2002).

The Mantel test (P<0.01, number of permutationsO8D) compared species dissimilarity
matrix and linear distance matrix between samppogts belonging to the same plant,
using the XLSTAT-Pro Programhitp://www.xlstat.comn If the Mantel test could not

exclude a spatial correlation within a tree santgplarea, this was excluded from the
subsequent analyses.

The Sgrensen similarity index was used to cre&eithilarity matrix:2a/(2a+b+c), where

a = number of shared specids= number of species unique to plot 1 and number of
species unique to plot 2 (Izzo et al. 2005).

Relations among environmental variables and spetiaadance of ectomycorrhizae were
analysed by means of multivariate ordination teghes (Jongman et al. 1995; Baier et al.
2006; Scattolin et al. 2008a) using CANOCO (sofewdor Canonical Community
Ordination, 4.5 Version).

The environmental parameters considered duringfolie sampling periods were the
following: P and L sites, Decline Class 1 and DezlClass 2, chemical soil parameters
[total concentration of selected heavy metals 88, Cd, Cr, Cu, Fe, Na, Ni, Pb, Zn), pH,
total organic matter, total nitrogen, carbon nigogatio, Cation Exchange Capability,
extractable P] and physical soil parameters (coimdty; water content at Field Capacity,
water content at permanent Wilting Point and Avada/Nater capacity).

A Detrended Correspondance Analysis (DCA,; Hill &aluch 1980) on the ECM relative
abundances was performed to obtain estimates odiegralengths in standard deviation
units.

The detrending by segments method was applied wita not subjected to any
transformation.

In order to choose the best ordination model, ¢éngths of gradient have been considered.
The use of weighted-averaging ordination modedsilted to be appropriate for these data
(ter Braak and Smilauer, 2002) and unimodal (DCA &CA; ter Braak 1986) analyses

were performed.
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DCA considered sampling points as cases, analypiradjtative (sites P and L, class 1 and
2) and quantitative (chemical and physical soibpsgters) variables.

In order to optimally display the differences in MCspecies composition due to
environmental variables, a constrained ordinatioas wihen calculated. A Canonical
Correspondance Analysis (CCA) was therefore applsaling with a focus on inter-

species distances and using a bi-plot scaling tgpeording to ter Braak and Smilauer
(2002).

A Monte Carlo permutation test was performed wigl permutations (p<0.05).

By means of forward selection of environmental afles, the marginal effect [lambda-1
(A )] (i.e. the variance singly expressed by eachabde) and the conditional effect
[lambda-A” (.a )] (whose value is strictly dependent on the ismn sequence in the

model), were investigated, according to ter Braadk &milauer (2002).

Results

Soil parameters

The results of the characterisation of the sani@as are given in Table 1 to Table 4.
According to USDA soil texture classification L baias classified as “Loam”, while P soil
was classified as “Sandy Loam”. Class 1 soil wassified as “Loam”, while class 2 soill
was classified as “Sandy Loan&ll soils were classified as alkaline (ARPAV 2009)
Average Potential Toxic Elements (PTE) concerdratiwere always below the national
limit imposed for residential and recreational aréa.U. 293/1999).

Descriptive statistics are reported in Table 5abl€ 8.

Significantly different means values (Mann-WhitngyTest - p<0.05) of soil parameters

between sites and between classes are reportabirdTand Tab. 10.
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Attribute P site L site

Physical properties:

Sand % 53,6 46,3

Clay % 7,1 11,1

field capacity m/m 0,186 0,220

wilt point m/m 0,067 0,089

conductivity uS/cm 299 324
Chemical properties:

pH mg/Kg 7,9 7.8

OM % 0,36 0,49

N %o 0,206 0,321

C/N ratio 10,187 8,824

CEC (cmol/Kg) 30,92 34,28

Cr mg/Kg 4,33 4,97

Cu mg/Kg 10,74 4,45

Na mg/Kg 293,30 244,84

Ni mg/Kg 3,17 3,82

Pb mg/Kg 52,24 28,32

Table 9 - Means values of significantly differep«(.05) soil parameters in sites L and P

Attribute Class 1 Class 2
Physical properties:
conductivity uS/cm 310,83 313,75
Chemical properties:
OM % 0,43 0,41
C/N ratio 9,02 10,96

Table 10 - Means values of significantly differ¢pt0.05) soil parameters in class 1 and 2

ECM community
Analyses of all the collected samples demonstrated pNV, pNM and pEM among

samples collected beneath the same tree (diffeliesttions and distances from the collar),
among the trees of the same site and among tredfébe same decline class never differ
significantly (Mann-WhitneyJ-Test, p< 0.005).

Decline classes as well do not differ in pNV, pN&hd pEM distribution, and sites only
differ significantly in pNM value (Table 11).
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pNV pNM pEM

decline Class

CL1 0,579 0,0012 0,419
CL2 0,604 0,0020 0,393
site

P 0,592 0,0034 0,406
L 0,541 0,0002 0,458

Table 11 — Mean values of pNV (Non Vital tips), pNiital but Not Mycorrhizal tips), pEM
(EctoMycorrhizal tips) in different sites and diféat decline classes. Value in bolt charactersigrrgficantly
different (p<0.05).

Site P had significantly more vital non ectomycared tips than site L, and both values
were very low (0.3 and 0.02% respectively).

From the characterization of the ECM tips during thur seasons 52 morphotypes were
found. Among them, 15 were ascribed to a fungalilfaifBoletaceage Clavulinaceage
Cortinariaceae,Helvellaceae PezizaceaeSebacinacegelelephoraceag 25 to a fungal
genus Chromelosporiunsp.,Clavulinasp.,Geoporasp.,Inocybesp.,Laccariasp.,Peziza
sp., Pseudotomentellap., Russulasp., Sclerodermasp., Sebacinasp., Tomentellasp.,
Trichophaeasp.), 6 to a fungal species CEnococcum geophilufar., Geopora cervina
(Velen.) T. Schumach. Scleroderma verrucosuifBull.) Pers, Trichophaea woolhopeia
(Cooke & W. Phillips) Boud, Tuber rapaeodoruntul. & C: Tul., Tuber rufumPico],
while 6 remained unidentified. All the anatomotypesre also classified by an
alphanumerical code (CAXxX).

The list of the ECM with their relative abundancedifferent sites and decline classes is

reported in Table 12.
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ECM n° | Morphotypes Site L Site P class 1 class 2
18 Boletaceae (CA18) 0,422 0,052 0,105 0
34 CA34 4,842 0,315 0,183 0,447
43 CA43 1,187 0,459 0,236 0,683
88 CA88 3,008 0,551 0,786 0,315
89 CA89 0,303 0,747 0,157 1,340
94 CA94 0,976 0 0 0
96 CA96 0 0,039 0,079 0
2 Cenococcum geophilum(CA2) 0,528 58,904 54,491 63,304
92 Chromelosporium(CA92) 1,240 0 0 0
17 Clavulina sp.(CA17) 0,686 3,134 4,137 2,128
19 Clavulinaceae(CA19) 6,412 1,547 2,488 0,604
31 Cortinariaceae (CA31) 0,686 0,485 0,969 0
68 Cortinariaceae (CA68) 0,396 0,039 0 0,079
73 Cortinariaceae (CA73) 0,119 0,144 0,288 0
20 Cortinariaceae (CA20) 0,013 0,656 1,309 0
30 Geopora sp.(CA30) 2,230 0,879 0,759 0,998
11 Geopora cervina (CA11) 2,956 0,761 1,519 0
6 Helvellaceae(CAB) 0,501 0,944 0,995 0,893
27 Inocybe sp.(CA27) 0 0,092 0,183 0
83 Inocybe sp.(CA83) 0,092 0,800 0,550 1,051
49 Laccaria sp.(CA49) 0,910 0,839 1,126 0,552
60 Peziza sp.(CA60) 0,607 0,197 0 0,394
80 Peziza sp.(CA80) 1,016 0,538 0,655 0,420
81 Peziza sp.(CA81) 2,296 0,734 1,466 0
28 Pezizaceae (CA28) 6,531 2,111 4,059 0,158
67 Pseudotomentella sp.(CA67) 6,901 1,390 2,252 0,525
39 Russula sp.(CA39) 16,018 2,255 1,754 2,758
91 Scleroderma sp.(CA91) 0,185 0 0 0
40 Scleroderma verrucosum (CA40) 4,077 0,223 0,367 0,079
66 Sebacina sp.(CA66) 1,135 0 0 0
85 Sebacina sp.(CA85) 0 0,341 0,393 0,289
14 Sebacinaceae (CA14) 0,106 0,223 0,445 0
35 Sebacinaceae (CA35) 0,185 0,275 0,052 0,499
71 Sebacinaceae (CA71) 2,296 1,482 1,126 1,839
3 Telephoraceae (CA3) 4,671 0,826 0,340 1,313
32 Telephoraceae (CA32) 0,185 0,315 0,419 0,210
33 Telephoraceae (CA33) 7,956 4,931 4,032 5,831
95 Telephoraceae (CA95) 0,053 0,092 0,079 0,105
1 Tomentella sp. (CA1) 3,351 1,442 1,545 1,340
21 Tomentella sp.(CA21) 0,567 0,643 0,550 0,735
42 Tomentella sp. (CA42) 3,074 3,790 2,383 5,201
54 Tomentella sp.(CA54) 1,412 0,931 0,105 1,760
55 Tomentella sp.(CA55) 3,932 2,242 2,147 2,338
69 Tomentella sp.(CA69) 0 0,236 0,236 0,236
70 Tomentella sp.(CA70) 1,267 0,052 0,105 0
75 Tomentella sp.(CA75) 0 0,472 0,445 0,499
79 Tomentella sp.(CA79) 0,449 0,052 0,105 0
84 Tomentella sp.(CA84) 0,145 0,105 0 0,210
82 Trichophaea sp.(CA82) 0,106 0,367 0,419 0,315
41 Trichophaea woolhopeia (CA41) 1,359 0,210 0,105 0,315
4 Tuber rapaeodorum (CA4) 2,296 2,085 4,006 0,158
37 Tuber rufum (CA37) 0,317 0,052 0,052 0,053

Table 12 - Relative abundances (R.a.) of ECM ifedit sites (P — L) and different decline claqg&sl —

CL2)
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The ECM species richness (number of species) igagimhen comparing site L and site P,
but the species consortium is rather dissimilar.

Forty-eight ECM types (12 with R.a. >1%) were foundsite P while 47 ECM types (24
with R.a. >1%) in site L. Forty-one morphotypes &véound in both sites, while 4 and 5
were found exclusively in site L and site P respetf. Cenococcum geophilums the
dominant species (58.9%) in site P, followedT®yephoracea¢CA33) (4.9%) , while it is
rare in site L (0.52%).

The dominant species of site LRsissula sp(CA39)(16%), less present in site P (2.25%)
In site L, ECM are distributed following a classexponential trend, with relative
abundance gradually decreasing from very few maguent ECM speciesRUssula sp
(CA39) with 16%,TelephoraceadCA33) with 7,9%,Pseudotomentella sgCA67) with
6.9%)] to many others less frequent.

In site P and in both declining Classes 1 and b relative abundance follows as well
a decreasing variation, but there is a sudden drom the most frequent species
(Cenococcum geophilufor all of them) and the others, since it is prése more than the
50% of the total number of ECM tips (58% in site5R,49% in class 1, 63,3% in class 2),
whilst the second ECM species only covers the&@%ess, of the total amount.

As far as declining classes are concerned, 45 Bfpieist (16 with R.a. >1%) were present
in Class 1 and 37 ECM types (12 with R.a. >1%lass 2. Thirty-four morphotypes were
found in both decline classes, while 10 and 3 viesed exclusively in Classl and Class 2
respectively.

Cenococcum geophiluns the dominant species in both classes and follswed by
Clavulinasp. (CA17) (4.13%) in class 1 and bglephoraceaéCA33) (5.83%) in class 2.
Cenococcum geophilumas therefore the most frequent species in sifellwed by the
family Telephoraceae

The most frequent family in site L waglephoraceagollowed byRussulaceae

Altogether, 35 fungal genotypes belonging to Basidicota and 12 genotypes belonging
to Ascomycota were found in site L; 37 Basidiomgcanhd 11 Ascomycota were found in
site P; 35 Basidiomycota and 10 Ascomycota weradda Class 1; 29 Basidiomycota and
8 Ascomycota were found in Class 2. Neverthelessnmdomparing the two Phyla using
relative abundances of each ECM (Fig. 2 and 3)idgasycota were the most represented
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in site L (68%), while Ascomycota were the mostresented in Site P (67%). The
proportion between the two Phyla in the declinessds was comparable to that found in
site P.

SITEL
Unidentified
10% Ascomycota
22%

@ Ascomycota
0O Basidiomycota
O Unidentified

Basidiomycota

68%

Fig. 2 Relative abundance of ECM Phyla in Site L

SITEP

Unidentified
2%

Basidiomycota
31%

@ Ascomycota
0O Basidiomycota
0O Unidentified

Ascomycota
67%

Fig 3 Relative abundance of ECM Phyla in Site L
The canonical analyses considered all the seldoted, as the Mantel Test excluded any

spatial correlation within each one.
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DCA, which considered 384 samplings, showed gradiemgths between 4 and 5 and
demonstrated that the eigenvalues of axis 1 (hetapand 2 (vertical) are 0.702 and 0.510
respectively. Fig.4 is the DCA scatter plot of tBEM species in the plotted ordination

plane.
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Fig. 4 Scatter plot of species from Detrended Gpoadence Analysis. The ECM species corresponding t
each number is reported in Table 12
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It displays 9.5% of the inertia (i.e. the weighteiance) in species abundance, and 22.1 %
of the variance in both the weighted average aassclotals of species with respect to the
environmental variables. Environmental correlai®f.629 for axis 1 and 0.516 for axis 2.
As far as species distribution in the plot is caned, the DCA scatter plot explained the
rarity of a number of species (ter Braak & Prenti®88), among which:Telephoraceae
CA95, Scleroderma spCA91, CA96,Inocybesp. CA83 and suggested that some species
could be associated to well defined conditions. (Cenococcum geophilur@A2 and
Russula spCA39, the most frequent ECM species in site P ded_srespectively; (CA34)
most present in L, CA94&ebacina spCA66,Chromelosporium s@A92 andTricophaea
woolhopeia(CA41) only present in LSebacinasp. (CA85),Tomentella spCA75 and
Inocybe sp(CA27) only present in P).

In CCA the eigenvalue of axis 1 and axis 2 are ©.20d 0.153 respectively, indicating a
high significance of the first axis and all thenorical axes were present when subjected to
the Monte Carlo permutation test (P=0.0020).

Fig. 5 is the bi-plot of ECM species and environtaénariables, displaying 2.8% of the
inertia (i.e. the weighted variance) in abundaneesl 27.8% of the variance in both the
eighted average and species class totals witheegpthe environmental variables.

By means of the correlation coefficents amongabdes and axes, we inferred that the
first axis is defined by Pb, Zn, C/N and Cu. Theos&l axis is defined by pH, Available
Water, As and Field Capacity.

The intra-set correlations of axis 1 with Pb, ZhN@nd Cu were -0.40, -0.35, -0.32 and -
0.30 respectively, followed by class 1 and clagka& displayed values of 0.28 and -0.28
respectively.

The ECM mainly associated with high values of Bh, Cu and C/N were in the left area
of the diagram; those associated with basic pHhaglal values of As gathered in the upper
part of the diagram, while those associated witld @¢1 and high values of Available
Water and Field Capacity were in the lower parthefbiplot.

The intra-set correlations of axis 2 with pH, Aahlle Water, As and Field Capacity were
0.41, -0.39, 0.36 and -0.32 respectively.

The distance between species points in the bi-ptatling (with a focus on species
distances) approximated the chi-square distanaeceetthe species distributions.
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Fig 5 Canonical Correspondence Analysis ordinat@ygram of ECM species and environmental factors:
sites (Site P and Site L), decline class (ClassdL@ass 2), heavy metals concentration (Al, As, ©qd Cu,

Fe, Na, Ni, Pb, Zn), pH, total organic matter (Okdtal Nitrogen (N), Carbon Nitrogen ratio (C/NDation
Exchange Capability (CEC), extractable P (P), ceotiditly (cond), water content at Field Capacity JFC

water content at permanent Wilting Point (WP) anaifable Water capacity (AW

The ECM associated with Pb and C/N debacinaceag CA14) and Tomentella
sp.(CA70); with ZnInocybe sgCA27); with CuTrichophaea woolhopeia(CA4)l and
TelephoraceadCA33); with basic pH Sebacinacea¢CA71) andTomentella sgCA75);
with As CA96, Cortinariaceae(CA31) andTelephoraceagCA95); with acid pH and
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Available WaterClavulina sp(CA17) and CA34; with Field Capacit€ortinariaceae
(CA20) andinocybe sgqCA83).

The marginal effects in CCA demonstrated that theables that are better suited to
explain the model are Cuq=0.09), PbXa =0.09) and Organic Mattek{ =0.08).

The conditional effects, which show the environraémariables in order of their inclusion
in the model, demonstrated that the most usefulifea to explain the model are Qy (
=0.09), Wilting Point 3, =0.09) and pHX; =0.08); (P=0.002).

Discussion

The research was performed in two different sitearban linden trees belonging to two
different declining classes to verify if environnt@nvariables influenced tips vitality and
the ectomychorrhizal community.

The average values of the analyzed topsoil praertiab. 1 to 8) mirror an altered
situation, regardless to different sites and dedtilasses: the shortage of organic matter, for
instance, is reflected in the equally inadequateoyen reserve, which is likely to act as a
limiting factor on tree growth.

As expected, these results are consistent withretbbsther urban setting soils (Jim 1998;
Manta et al. 2002; Imperato et al. 2003; Rodrigeteal. 2009) even if only a superficial
comparison can be made due to the lack of an afficommon methodological approach.

It is well known that in contrast to natural onds properties and pedogenesis of urban
soils may be dominated by their anthropogenic orignd their biogeochemical cycles are
strongly affected by urbanization. Processes isdlmil often differ greatly from those in
rural soils, contaminant loads are often much hgparent material are diverse and often
of extreme chemical composition (Rossiter 2007 Trhportance of urban and industrial
soils has only recently been recognized and urbds Bave been classified as Technosol
by the WRB, World Reference Base for Soil Resoyroegy in 2006 (IUSS Working
Group WRB, 2006). Recently studies on several siéimund the world have highlighted
similarities in their Technosols, despite theirf@liénces in geography, size, climate, etc.
(Davidson et al. 2006; Biasioli et al. 2007; Lorefaz_al 2009; Rodrigues et al. 2009).
Anyway the use of WRB in urban soil mapping, elcterized by the proportional
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composition and spatial pattern of the constituetigzs still to be developed and
comparisons between urban soils can currently beapproximate.

Most of the tested soil qualities was significardliferent between site P and site L, which
showed average higher values of chemical-physmameters (Table 9).

As far as declining classes are concerned, mostieotested soil properties was similar
between the two declining classes (Table 10), exdéep the organic matter amount
(significantly lower in class 2) and the condudiiisignificantly higher in class 2).

Organic matter contents in urban soil may oftervéxy low, reaching values of 1% (Jim,
1998; Scharenbroch et al. 2005), but Class 2 haarage value of 0.41%.

Organic matter is highly porous and when incorpatan the soil, it decreases soil bulk
density. Soil compaction increases bulk density rbgucing total pore volume and
increasing the percentage of small pores, andithishappen more easily if organic matter
is lacking (Scharenbroch et al. 2005).

Soil compaction reduces the availability of wated @xygen to plants, and probably due to
this water stress situation P site, and espediziigs 2, were dominated I/ geophilum

C. geophilums one of the most frequently encountered ECM ifimgature. This fungus
is perhaps the least specialized of ECM fungi speet to host species, forming ECM with
many gymnosperms and angiosperms. It is a cosntapdiCM fungus well known for its
extremely wide habitat range and for being competiunder adverse climates, due to
active growth at low soil temperature, drought tatee (Pigott, 1982), pioneering
capabilities and persistence of sclerotia in thke(€airney & Chambers 1999). Most of the
fine roots of urban trees may be found in the umost horizons of the soil where the
nutrient cycling is most intense, even if alter@on(1998). Nevertheless the upper horizon
suffers strongly from drought in summer, when wéescarce and the demand by the trees
is high. This results in the periodical death ofoetycorrhizae which are formed again
when drought ends (Courty et al. 2006). Conseqgyesitice the regeneration of fine roots
is carbon-costly, the presence of mycorrhizae tat survive and even express their
maximal activity during drought periods (afd geophilumis the most efficient drought-
tolerant type) is an adaptive advantage. In tlesgmt study all trees were already 50 years

old and the etomycorrhizal community associatethémr roots was likely to be well-fitted
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to the street habitat. The dominanceCofgeophilum may be read as the trees response to
the selective pressure exercised by environmetiegdses.

In the investigated linden trees the degree ofrimédion was generally low regardless of
their location and health condition (Table 11). @fiehe contributing factors could be the
low inoculum potential in the urban soil, as hypstized by Nielsen (1999) who compared
young urban plantations to old forest treeJitid cordata

Tips vitality and ectomycorrhization degree did ddter between sites and decline classes
(Tab. 11).

Site P had significantly more vital non ectomycaed tips than site L, but since both
values were very low this may mean that root tipgl Imore chances to be vital when
ectomycorrhized.

Other authors found that the fine roots of mostlidiey trees in declining forests had a
lower proportion of vital and ectomycorrhized tifddontecchio et al. 2004; Mosca et al.
2007). Such a general trend did not occur in thesegmt study whose results are anyway
consistent with those of previous studies: Edw#i@92) did not found consistent effects
of acidic precipitation and ozone on ECM formationloblolly pine Pinus taedal.)
seedlings; Swaty (2004) observed that the ectomyezal colonization rate of pinyon pine
(Pinus eduliy exposed to severe drought events did not diffgmifscantly between trees
experiencing differences in stress. These resultsolocorate the hypothesis that under
severe conditions the ECM degree remains at aragedow level because the plant invests
into ECM mutualists until a threshold is reachedwdich further stress prevents plant
resources from being allocated to ECM fungi, suttp@ng the increasing of ECM
colonization (Swaty et al. 2004).

This might be due to the previously described attesituation of the urban soil, which
turns out to be a generalized severe condition ewaiye to serious natural events (large-
scale drought, fire, soil warming).

Timonen and Kauppinen (2008) have recently compahed mycorrhizal colonization
patterns ofTilia spp. trees in street, nursery and forest habidgs, comparing healthy and
unhealthy street trees. They found that healthy @amttealthy street trees didn’t differ in
mycorrhizal colonization intensity and thaenococcunspp. were more dominating in the

roots of the unhealthy street trees and fRassulaspp. were common to healthy street
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trees: the same dominant genera respectively fousile P and site L of the present study.
Unfortunately the authors didn’t analyze the infloes of environmental variables on ECM
community, and they couldn’t explain whether th&edences in the ECM community
composition were cause, rather than effect, ohttadth state of the trees.

It may be hypothesized that also slight change$echnosoil properties may indirectly
affect the competitive ability of certain mycorraizfungi, resulting in species shifts
without a subsequent change in total number. Tipicapion of the concepts of functional
complementarity and functional groups has besidesady been suggested for ECM
communities in natural forests (Montecchio et 802 Rumberger et al. 2004; Buée et al.
2005). For example Montecchio (2004) has hypotleesikrat the ECM community changes
among forest trees at different stages of declirgy ime an indirect result of selective
pressure exerted by environmental stresses on réss:ttheir rootlets, depending on
individual susceptibility, loose their ability t@lect the most efficient fungal symbiont so
that other less efficient fungi may take their platn this hypothesis, while the ECM
species common to both asymptomatic and declinggstmay have had a wide adaptive
range, the ones occurring exclusively on asyntanteges would be gradually replaced by
ECM species growing exclusively on declining treBsch ECM would be essential to
maintain the stability of the modified ecosystenogasses but would probably be less
efficient than the previous ones. The results efgresent study suggest that this hypothesis
may be applied to urban environment as well.

In order to delve into this hypothesis the plantst response of the present study has been
therefore searched in the composition of the ECMsodia, and in its relationship with
environmental variables.

From a qualitative point of view, the ECM richnegss similar when comparing site L and
site P, but decline class 2 had less species tlems d. (Table 12) and Ascomycete
abundance was higher in site P (Fig. 2 and 3). &lnesults are consistent with previous
findings (Gehring et al., 1998; Swaty et al., 20B4iotsalainen et al. 2009; Sthultz et al.
2009) and with the hypothesis that ECM speciesngsh declines and ascomycete fungi
increase in response to stress.

As expected only a few taxa represented the mgjofitall ECM within each site, and
within each decline class.
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The abundance distribution of the number of spe€iexble 12) of all locations and decline
classes, dominated in P I§enococcum geophilumnd in L byRussulasp.(CA39) and
accompanied by a descending number of ECM of dthex, showed a high similarity to
those of other studies (Taylor 2002; Koide et #&0% Baier et al. 2006; Timonen &
Kauppinen 2008). It is typical for mycorrhizal comnities in natural stands that a few
dominant species contrast with a high number &f EEEM. The present research confirms
that this pattern is present in artificial envircamis as well.

Telephoraceaevas the most abundant ECM taxa found in site O, the second one in site
P. It is widely known that species belonging to Tleéephoraceaeggeneralist and important
mycorrhizal partners of many deciduous trees amdfexs, are among the most frequent
and abundant ECM species in Europe and North AmédHorton & Burns 2001; Kdljalg
et al. 2000).

Multivariate techniques were chosen to study thiliemce of environmental variables on
the ECM community composition. In particular aninedion method was applied because
it permits to evaluate differences in species caitjpm between sites and to identify the
environmental variables responsible for these wiffees in a single analysis (Van den
Brink et al. 2003).

The segregation in dependency on differences ih moperties was revealed by the
ordination of the ECM community by DCA and CCAdF# and 5).

Considering the variables taken into account (Q/N, Available Water, Field Capacity,
Pb, Zn, Cu, AsClavulina sp(CA17),CA34, CA60 and CA21 were mainly presensites
with high Available Water value; the consortiuBebacinacea¢CA71) andTomentella
sp.(CA75) characterized basic sit&ebacinaceafCA14) andTomentella sgCA70) were
associated with high values of Pb and C/Mqcybe sgCA27) with high values of Zn;
Trichophaea woolhopeidCA41) and TelephoraceagCA33) were associated with Cu;
CA96, Cortinariaceag(CA31) andTelephoraceaéCA95) with As;Cortinariaceag(CA20)
andinocybe sgCA83) with Field Capacity.

In conclusion the ordination of ECM species with AC@hdicated that environmental
variables, comprising the different soil properteesd differences in sites and in class of
decline, had the most pronounced effect on the E®@kimunity structure. The results
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suggest that the differences in ECM communitiesvbeh sites and between decline classes
may be related to the variation of the environmlevdaables as a whole, rather than to the
influence of a single or few factors.

The influence of soil factors on ECM community veeady known for natural stands.
Peter et al. (2001) described changes in ECM spemenposition following nitrogen
addition for two years to a subalpiR&cea abiesstand, while Toljander et al (2006) found
strong correlations among ECM community structure soil characteristics. Accordingly,
Tedersoo et al. (2003) and Scattolin et al. (20@Bahonstrated the preference of ECM
fungi for different substrate qualities, organigdes and mineral horizons.

The vertical niche differentiation of ECM in theilstiorizons of a Norway spruce
plantation was demonstrated by Baier et al. (20@&) more recently Scattolin et al.
(2008b) confirmed that variability in the ECM comnity structure of Norway spruce
stands could be explained by characteristics obtganic and mineral soil horizons.

Koide (2005) studied the ECM community of a redep{Rinus resinosaAit.) plantation
and demonstrated the existence of species intenacin it. His study explained that
significant associations among ECM species coulcuodecause species with similar

requirements towards soil resources would tenctéoy similar sites.

Few researches have dealt with the ECM communitgngés in declining trees.
Montecchio et al. (2004) found that the severitydetline in naturaQuercus ilexstands
can be characterized determining the recovery @&equ of the more frequent ECM
independently of the least common ones. More rgcéfsca et al. (2007) suggested that
the stability of the ECM community of a natural refaof peduncolate oak could be a
possible indicator of plant health status.

Unfortunately still less researches have been atedun urban environment: Timonen &
Kauppinen (2008) have described differences betvieerECM community offilia spp.
urban trees, but have not related them to enviromaheariables.

The results of the present work confirm that ECMups arrange themselves according
their preference for specific soil characterisacsl favour the hypothesis that the observed

change of ectomycorrhizal community is correlatethwhese changes in urban soll
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properties. Further research efforts are needdektier understand the ECM community
parameters that can be best used as indicatotardftpealth in urban environment.
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Fig.6 Visual tree Assessment form used for thegassent of the decline class

VISUAL TREE ASSESSMENT
Date Assesser name Tree species Location Tree number
SCORE
Defolation 0-10% 20
degree 10-30% 10
30-70% 5
70-100% 0
Leaf 0-10% 10
decoloration 10-30% 5
30-70% 3
70-100% 0
Epicormic twigs absent/rare 10
Frequent/abundant 5
Dead branches absent/rare 20
frequent 10
abundant 5
Canopy transparency
0-20% 20
20-50% 10
50-90% 2

TOTAL SCORE

HEALTH CLASS

Calculate total score and assign each tree to the corresponding class as follows:

Total score class

> 60 0- asymptomatic
30-60 1-moderately declining
<30 2-severly declining
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Table 1 Main chemical characteristics of topsaite P

Tree number 2 3 4 6 8
Max PTE

exposition N s N s N s N s N s N s N s N s conc*
Al mg/Kg 2033,57 152515 232532  2550,24 320961 6532 206941 232877 1964,80  2492,11  1470,07 5839, 2046,18  1968,25 244573  3034,16
As mg/Kg 7,51 7,29 7,26 37,30 7,73 8,62 6,96 680 ,298 6,66 8,83 3,93 5,65 5,43 4,32 6,17 20
cd mg/Kg 0,00 0,00 0,00 0,00 0,00 0,00 0,00 000 000, 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2
Cr mg/Kg 4,63 3,17 4,14 5,25 5,02 5,29 5,24 433 024, 500 3,53 3,48 3,78 3,67 4,02 4,65 150
Cu mg/Kg 7,81 6,93 5,40 4,04 8,99 6,55 8,37 816 522 8,52 6,92 413 29,67 23,95 8,55 8,65 120
Fe mg/Kg 2096,79 280335 335288  2663,55 3309,10 3689 3091,80 300240 3301,65 2703,68 3214,67 0874, 2999,44 241562 245252  3104,64
Na mg/Kg 230,67 213,49 26565 352,90 24427  310,42236,87 292,52 362,62 304,06 22924 29541 447,59 5994 262,32 298,81
Ni mg/Kg 2,77 2,61 3,28 3,63 3,36 3,58 3,28 327 063, 313 3,58 2,32 3,43 3,22 2,97 3,19 120
Pb mg/Kg 57,68 62,85 51,18 34,37 51,46 63,53 48,66 57,47 55,35 44,38 52,50 20,41 57,42 56,50 69,09 9752, 100
Zn mg/Kg 30,22 28,14 31,01 26,40 31,32 30,76 34,85 38,83 43,05 41,30 34,78 22,78 54,85 49,41 66,72 1332, 150
pH mg/Kg 7,9 8,1 8,0 8,1 8,0 7.8 7,9 77 7,9 7.7 08 79 8.1 8,0 8,1 7,9
Corg % 0,14 0,15 0,14 0,14 0,18 0,24 0,17 023 002 0,33 0,22 0,31 0,19 0,24 0,21 0,24
OM % 0,24 0,27 0,25 0,24 0,31 0,41 0,29 0,39 034 570 0,38 0,53 0,33 0,41 0,35 0,42
N %o 0,156 0,193 0,219 0,168 0,178 0,220 0,181 0,248 0,196 0,316 0,230 0,237 0,136 0,250 0,153 0,210
CIN ratio 8,834 8,040 6,581 8,362 10,106 10,723 8B2 9213 10023 105525 9685 13125 13,992 9,499 5183 11,483
CEC (cmol/Kg) 24,62 23,56 64,11 23,19 25,85 28,29 4,32 39,81 26,73 38,18 28,74 27,08 28,91 31,00 1294 30,93
Extractable P( mg/Kg) 23 23 34 34 26 26 36 36 34 4.3 34 34 26 26 32 32

*Maximum acceptable Potentially Toxic Elements camtcations for residential and recreational aredtily



Table 2 Main chemical characteristics of topsaite L

Tree number 9 10 11 12 13 14 15 16
Max PTE

esposition E W E w E w E w E w E w E w E w conc*
Al mg/Kg 2034,23 208512 237494  1784,68 228517 86D 191329 220995  2460,98  2869,92 204252 9971, 2089,17 248652  2347,14 304845
As mg/Kg 8,37 6,03 5,29 8,84 6,94 11,73 5,55 916 315 4,10 5,09 4,18 5,02 4,20 4,64 3,83 20
cd mg/Kg 0,00 0,05 0,00 0,05 0,00 0,00 0,05 015 000, 0,00 0,00 0,00 0,00 0,05 0,00 0,00 2
Cr mg/Kg 4,97 5,67 4,99 4,30 4,86 5,03 3,53 4,98 404, 6,12 5,04 5,95 4,51 5,16 4,84 5,14 150
Cu mg/Kg 5,17 5,47 5,90 4,65 4,10 4,16 3,48 584 443 394 2,77 4,64 421 4,91 3,73 4,84 120
Fe mg/Kg 2919,09 2898,97 3084,15 3052,02 3548,94 9383  2554,63 3817,41 327152 3028,97 2816,60 B335, 313507 2809,85 276298  3009,06
Na mg/Kg 182,98 33891 167,68 207,60 247,89  231,40192,47 298,73 161,84 338,98 22506 299,70 276,65 6,4Z1 251,78 278,42
Ni mg/Kg 3,50 3,85 3,92 3,59 5,01 3,45 2,88 383 693, 450 3,48 4,49 3,65 4,05 3,58 3,63 120
Pb mg/Kg 41,38 52,82 48,53 31,58 28,11 29,10 24,62 38,41 23,61 17,49 14,97 20,37 20,06 25,86 19,98 2916, 100
Zn mg/Kg 34,44 42,49 48,89 47,60 34,99 27,22 25,48 48,08 27,25 25,08 20,06 25,46 25,89 29,60 23,26 4421, 150
pH mg/Kg 7,8 7,8 77 7,8 7,9 7,9 7,9 7,9 7,8 7,8 87 179 7,9 7,8 7,8 7,8
Corg % 0,32 0,50 0,39 0,33 0,29 0,25 0,30 026 103 0,25 0,17 0,21 0,23 0,27 0,26 0,20
OM % 0,56 0,87 0,68 0,56 0,51 0,42 0,51 0,45 053 430 0,30 0,37 0,40 0,47 0,45 0,35
N %o 0,385 0,378 0,440 0,389 0,380 0,311 0,299 0,291 0,370 0,294 0,219 0,256 0,303 0,284 0,280 0,255
CIN ratio 8444 13,301 8,926 8,361 7,750 7,903 97 8,949 8,388 8,515 7,836 8,365 7,628 9,598 9,367 ,8747
CEC (cmol/Kg) 37,55 38,78 40,86 35,04 38,89 37,62 2,93 31,44 35,44 29,32 26,70 32,86 34,61 33,27 53,0 30,09
Extractable P (mg/Kg) 30 30 27 27 27 27 46 46 29 29 27 27 36 36 24 24

*Maximum acceptable Potentially Toxic Elements camtcations for residential and recreational aradtaly
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Table 3 Main physical and hydrological characterssof topsoil - site P

Tree number 1 2 3 4 5 6 7 8
esposition N S N S N S N S N S N S N S N S

Sand % 47,8 50,6 47 52 47 60,1 70,3 54,2
Silt % 48 40,3 48,7 41,2 41,4 33,1 23 38,8
Clay % 4,2 9,1 4,3 6,8 11,6 6,8 6,7 7
textural classes Sandy Loam Loam Sandy Loam SaodynL Loam Sandy Loam Sandy Loam Sandy Loam
conductivity pS/cm 240 240 275 275 280 280 355 355 310 310 280 280 385 385 270 270
field capacity m/m 0,184 0,185 0,197 0,196 0,188 190, 0,187 0,190 0,215 0,222 0,173 0,178 0,151 0,153 0,185 0,187
wilting point m/m 0,051 0,051 0,075 0,075 0,052 53,0 0,065 0,066 0,089 0,093 0,066 0,068 0,065 0,066 0,067 0,068
available water m/m 0,133 0,134 0,121 0,121 0,136 ,13D 0,122 0,124 0,126 0,129 0,107 0,109 0,086 70,08 0,118 0,119

Table 4 Main physical and hydrological charactarisof topsoil — site L

Tree number 9 10 11 12 13 14 15 16
esposition E W E W E W E W E W E W E W E W

Sand % 52,4 57,5 46,9 50,9 36,6 42,5 43,3 40,4
Silt % 35,8 33 43,6 35,7 54,2 45,7 44,9 47,8
Clay % 11,8 9,5 9,5 13,4 9,2 11,8 11,8 11,8
textural classes Sandy Loam Sandy Loam Loam Loam It L&im Loam Loam Loam
conductivity pS/cm 310 310 370 370 310 310 300 300 390 390 295 295 310 310 305 305
field capacity m/m 0,212 0,221 0,197 0,194 0,213 210, 0,219 0,217 0,233 0,230 0,224 0,226 0,225 0,228 0,233 0,230
wilting point m/m 0,094 0,099 0,084 0,082 0,082 a0 0,101 0,100 0,080 0,079 0,090 0,091 0,091 0,092 0,092 0,090
available water m/m 0,118 0,122 0,113 0,111 0,132 ,13® 0,118 0,117 0,153 0,152 0,134 0,135 0,134 50,13 0,141 0,139
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Attribute Mean S.D. Variance Minimum  Maximum
Physical properties:
Sand % 53,6 7.8 60,5 47,0 70,3
Silt % 39,3 8,0 63,7 23,0 48,7
Clay % 7.1 2,3 5,4 4,2 11,6
field capacity m/m 0,186 0,018 0,000 0,151 0,222
wilting point m/m 0,067 0,012 0,000 0,051 0,093
available water m/m 0,120 0,015 0,000 0,086 0,137
conductivity pS/cm 299 47 2170 240 385
Chemical properties:
pH mg/Kg 7,9 0,1 0,0 7,7 8,1
OM% 0,36 0,10 0,01 0,24 0,57
N %o 0,206 0,046 0,002 0,136 0,316
CIN ratio 10,187 2,026 4,105 6,581 13,992
CEC (cmol/Kg) 30,92 10,02 100,39 23,19 64,11
Extractable P (mg/Kg) 31 5 22 23 36
Al mg/Kg 2329,27 539,62 291194,29 1470,07 3209,61
As mg/Kg 8,67 7,76 60,24 3,93 37,30
Cd mg/Kg 0,00 0,00 0,00 0,00 0,00
Cr mg/Kg 4,33 0,71 0,50 3,17 5,29
Cu mg/Kg 10,74 7,94 63,04 4,04 29,67
Fe mg/Kg 2888,92 458,22 209969,81 1574,00 3352,88
Na mg/Kg 293,30 61,69 3806,18 213,49 447,59
Ni mg/Kg 3,17 0,36 0,13 2,32 3,63
Pb mg/Kg 52,24 11,68 136,32 20,41 69,09
Zn mg/Kg 37,28 11,53 132,83 22,78 66,72

Table 5 - Statistical summary of soil properti€d® soil samples collected at site P
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Attribute Mean S.D. Variance Minimum  Maximum
Physical properties:
Sand % 46,3 6,70 44,87 36,60 57,50
Silt % 42,6 6,96 48,47 33,00 54,20
Clay % 11,1 1,46 2,13 9,20 13,40
field capacity m/m 0,220 0,01 0,00 0,19 0,23
wilting point m/m 0,089 0,01 0,00 0,08 0,10
available water m/m 0,130 0,01 0,00 0,11 0,15
conductivity pS/cm 324 34,33 1178,33 295,00 390,00
Chemical properties:
pH mg/Kg 7.8 0,05 0,00 7,71 7,91
OM% 0,49 0,14 0,02 0,30 0,87
N %o 0,321 0,06 0,00 0,22 0,44
CIN ratio 8,824 1,38 1,90 7,63 13,30
CEC (cmol/Kg) 34,28 3,85 14,84 26,70 40,86
Extractable P (mg/Kg) 31 6,85 46,87 24,00 46,00
Al mg/Kg 2336,92 368,94 136113,95 1784,68 3048,45
As mg/Kg 6,14 2,26 5,12 3,83 11,73
Cd mg/Kg 0,02 0,04 0,00 0,00 0,15
Cr mg/Kg 4,97 0,63 0,40 3,53 6,12
Cu mg/Kg 4,45 0,89 0,79 2,77 5,90
Fe mg/Kg 3089,96 321,58 103413,41 2554,63 3817,41
Na mg/Kg 244,84 56,55 3197,50 161,84 338,98
Ni mg/Kg 3,82 0,51 0,26 2,88 5,01
Pb mg/Kg 28,32 11,48 131,72 14,97 52,82
Zn mg/Kg 31,70 9,88 97,54 20,06 48,89

Table 6 - Statistical summary of soil properti€d® soil samples collected at site L
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Attribute Mean S.D. Variance Minimum  Maximum
Physical properties:
Sand % 47,93 6,05 36,56 36,60 57,50
Silt % 42,42 6,00 36,00 33,00 54,20
Clay % 9,66 2,60 6,78 4,20 13,40
field capacity m/m 0,21 0,02 0,00 0,18 0,23
wilting point m/m 0,08 0,01 0,00 0,05 0,10
available water m/m 0,13 0,01 0,00 0,11 0,15
conductivity pS/cm 310,83 41,80 1747,10 240,00 390,00
Chemical properties:
pH mg/Kg 7,87 0,11 0,01 7,71 8,11
OM% 0,43 0,15 0,02 0,24 0,87
N %o 0,28 0,08 0,01 0,15 0,44
CIN ratio 9,02 1,65 2,73 6,58 13,52
CEC (cmol/Kg) 33,69 8,34 69,52 23,19 64,11
Extractable P (mg/Kg) 30,92 6,26 39,21 23,00 46,00
Al mg/Kg 2358,46 402,45 161969,49 1525,15 3048,45
As mg/Kg 7,58 6,62 43,77 3,83 37,30
Cd mg/Kg 0,01 0,03 0,00 0,00 0,15
Cr mg/Kg 4,79 0,68 0,47 3,17 6,12
Cu mg/Kg 5,38 1,78 3,18 2,77 8,65
Fe mg/Kg 3037,80 312,21 97474,73 245252 3817,41
Na mg/Kg 252,95 53,26 2836,29 161,84 352,90
Ni mg/Kg 3,59 0,56 0,31 2,61 5,01
Pb mg/Kg 36,98 16,58 274,95 14,97 69,09
Zn mg/Kg 33,15 10,92 119,30 20,06 66,72

Table 7 - Statistical summary of soil propertied 6fsoil samples collected - class 1
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Attribute Mean S.D. Variance Minimum  Maximum
Physical properties:
Sand % 56,10 10,46 109,50 47,00 70,30
Silt % 36,55 10,24 104,76 23,00 48,70
Clay % 7,35 2,83 8,03 4,30 11,60
field capacity m/m 0,18 0,03 0,00 0,15 0,22
wilting point m/m 0,07 0,01 0,00 0,05 0,09
available water m/m 0,11 0,02 0,00 0,09 0,14
conductivity pS/cm 313,75 45,88 2105,36 280,00 385,00
Chemical properties:
pH mg/Kg 7,92 0,14 0,02 7,66 8,11
OM% 0,41 0,10 0,01 0,31 0,57
N %o 0,22 0,05 0,00 0,14 0,32
C/N ratio 10,96 1,67 2,78 9,50 13,99
CEC (cmol/Kg) 29,35 3,90 15,24 25,85 38,18
Extractable P (mg/Kg) 30,00 4,28 18,29 26,00 34,00
Al mg/Kg 2257,00 612,14 374717,63 1470,07 3209,61
As mg/Kg 6,89 1,77 3,13 3,93 8,83
Cd mg/Kg 0,00 0,00 0,00 0,00 0,00
Cr mg/Kg 4,24 0,77 0,59 3,48 5,29
Cu mg/Kg 14,25 10,21 104,14 4,13 29,67
Fe mg/Kg 2844,36 604,46 365375,67 1574,00 3309,10
Na mg/Kg 317,45 69,32 4805,87 229,24 447,59
Ni mg/Kg 3,21 0,41 0,17 2,32 3,58
Pb mg/Kg 50,19 13,22 174,88 20,41 63,53
Zn mg/Kg 38,53 10,60 112,44 22,78 54,85

Table 8 - Statistical summary of soil propertiéd® soil samplesollected - class 2
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Chapter 4

SPAD Chlorophyll meter readings as a diagnostic too | for

linden trees stress
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Introduction

Urban trees management requires continuous mamgtaf health condition in order to
quickly detect signs of decline and to discover srdove the source of the stress.

Stress detection in woody plants usually relies wwsual assessment of symptoms
(Mattheck & Breloer 1994; Dobbertin 2005).

Unfortunately, visual assessment of tree vitalgwery difficult due to the fact that most
inventories are based on parameters such as pageeot foliage reduction and leaf color
that need individual interpretation (Percival 200bbertin 2005). Furthermore, in many
cases leaves size and number are subjected taleaaisie annual fluctuations as a result of
drought and other physiological and biological dgemaAs a consequence, tree health
visual evaluations may be untrustworthy.

On the contrary, the foliar chlorophyll content amither related variables, such as foliar
nitrogen content, can be useful and objective daga indicators of the health and
physiological performance of a plant (Nielsen etl@95; Matile et. al 1996; Richardson et
al. 2002; Percival 2004; Cartelat et al. 2005; Ratet al. 2008).

First of all, since the foliar concentration of pb®ynthetic pigments affects the absorption
of solar radiation, a low chlorophyll content mag &a limit to photosynthetic potential
(Filella et al. 1995). Secondly, the breakdown e&fl chlorophyll and the resulting
depigmentation may be associated with a varietyemfironmental stress, since leaf
chlorophyll concentration decreases under stredslaring senescence (Matile et al., 1996;
Pefuelas & Filella, 1998; Matile 2000; Neufeld &t 2006; Mansouri-Far et al. 2010).
Moreover, much of leaf nitrogen is carried by chfayll, so quantifying chlorophyll
content provides a rapid estimation of nitrogen,arwhsequently, nutrient plant status
(Filella et al. 1995; Percival et al. 2008).

The leaf chlorophyll content may be assayed diyduylin vitro chemical techniques (e.g.,
Lichtenthaler et al. 2007) or, thanks to its absorpfeatures in the visible and in the UV
part of the spectrum, it can be measured by rapil ron-destructive in vivo optical
methods as, for instance, reflectance — basedesdind hand-held Chl absorbance meters
(Richardson et al, 2002; Cartelat et al. 2005; iRaret al. 2008). The latter may be of
great interest when the investigation of the pHggical status of trees vegetation is

needed, since they are fast, easy to use, andextibanm other optical methods.
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A potentially useful device to quickly and non-aastively measure foliar N and Chl
concentration is the Minolta Chlorophyll Meter SPAD2 (Konica Minolta Sensing).

The SPAD meter utilizes two LEDs that emit light@the upper surface of a leaf; a red
LED with a peak wavelength of 650 nm and an inftat&D with a peak wavelength of
940 nm. The light enters the leaf where a portibthe light is absorbed by chlorophyll and
the remainder is transmitted through the leaf wiitetentacts a silicon photodiode detector
and is converted into an electrical signal. The amaf light reaching the photodiode
detector is inversely proportional to the amountidbrophyll in the light path. Using these
two transmittances the meter calculates a numenesthe from 0 to 199 which is
proportional to the amount of Chl present in thad.le

Once the relation between SPAD index and Chl cdritas been established by standard
chemical techniques, SPAD can provide a fast and-daestructive assay of various
photosynthetic pigments.

Chl handheld meters are used extensively in agaifor estimation of foliar Chl and the
assessment of the crop nitrogen (N) nutrition staturing the growth cycle for numerous
crop species as rice (Ramesh et al. 2002), wheatglat et al. 2005), maize (Muthuri et al.
2009), potato (Uddling et al. 2007), cotton (CherR&berson 2008), and they have also
been successfully tested for monitoring physiolaggiwvariables of threatened and
endangered plants (Hawkins et al. 2009).

As far as trees are concerned, there are sevebpdications about the application of the
SPAD meter to measure Chl content in fruit treesirfgrees (Peryea & Kammereck 1997),
apple trees (Nielsen et al. 1995), papaya treesrg3d\etto et al. 2002), coffee trees
(Torres Netto et al. 2005), all of them relatedthe assessment of the state of the
photochemical process of the plant and to the egipdin of the tool in nutrition programs.
On the contrary few studies are available on fooesbrnamental trees, and all of them
concern juvenile trees. Richardson (et al. 200 Eared the performance of different non
invasive methods to estimate foliar Chl contenyanng trees oBetula papyriferaMarsh.
cultivated in greenhouse while Chang & Robison @0fvaluated the utility of SPAD for
assessing foliar N in young trees of hardwood ssediliquidambar styraciflual.,
Platanus occidentalisL., Populus heterophyllaL., Fraxinus pennsylvanicaMarsh.).
Percival (et al. 2006) used SPAD to measure chlgidbpconcentration of 6-year-old
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containerised trees of a range Fafaxinus spp.genotypes, in order to test their different
drought tolerance. In a more recent research haiestuthe correlation between the leaf
photosynthetic pigment content and total leaf g content with the SPAD readings in
Acer pseudoplatanu$agus sylvaticeandQuercus robur(Percival et al 2008)A similar
study was also accomplished by Uddling (et al. 2@®7juvenile trees dBetula pendula

As foliar concentration of pigments, most notali tchlorophylls and carotenoids, are
affected by a variety of stress factors (Ogren 1988ki & Colombo 2001; Neufeld et al.
2006), SPAD index can also provide a useful to@dsess the plant stress degree (Pefiuelas
& Filella 1998; Percival et al.2006).

It is known that while short-term stress eventsn{ntes to hours) disturb the photosynthetic
performance, long-term stress events (days to et mineral deficiencies result in a
decline in the foliar chlorophyll content (Lichtéaler & Miehé 1997), which can easily be
monitored by chlorophyll meter readings.

In this study the possibility of using SPAD as aicguand handheld system for the
evaluation of urban linden tree health was tesdsdjo similar application was previously
reported.

Holscher (2004) compared morphological and chemieaf traits and photosynthetic
parameters of four broad-leaved tree species, wghiolwed different values between leaves
collected in the lower and in the upper canopy lleMe also confirmed the difference of
photosynthetic capacities between juvenile andtatlabs. Large trees in fact support
leaves acclimated to high light intensities in thgper canopy and may produce leaves
acclimated to low light densities in lower canomydrs, while leaves of seedling
experience essentially the same light environment.

Since the present research concerned mature the¢glisplay differences in leaf structure
among crown positions (Holscher 2004; Lichtenthafeal. 2007), a screening study was

necessary to previously locate the best sampling position in the tree crown.

Specifically, the aims of this study were: (1) tmkiate the impact of the sampling point
position in the crown on the SPAD-foliar Chl retatj (2) to determine the mathematical
relationship between SPAD-502 readings and tharfalhlorophyll content and total foliar

nitrogen content in linden treeSila vulgaris Hayne) in urban environment, displaying
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different stages of visual symptoms of decline; (8) evaluate if ECM community
variability can be associated to variations in obpdyll content and to different classes of
decline; (4) to verify the possibility of using ohbphyll meter readings as a diagnostic tool

for linden trees health.

Materials and methods

Samples collection

The trees used in this experiment were the sameoouisdly described in Cap.3.

In a screening study the effect of sampling positiathin a tree on the SPAD meter index,
foliar Chl and N content was studied. A test treswelected among the 16 aforementioned
linden trees. Thirty-six sampling points were choaeound the crown: their position varied
according to the tree height (lower, mid and upgen), to the distance from the trunk
(inner, mid and external crown) and to the cardipa@int (north, east, south and west)
(Fig.1).

Once a week on July, on five sampling dates, tliudlg expanded, sunlit leaves were
chosen in each sampling point. The sampling pdiatst — 14 and 22 m height) were
reached by a swing-platform. Three SPAD meter regglivere taken on each leaf in the
inter-venal area and the average reading was reddadrepresent the SPAD value of that
leaf. Immediately after the readings the leavesevemllected and placed in a plastic bag
which was closed and kept on ice in an insulated bbe samples were then brought into
the laboratory and processed within two hours décton.
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Fig. 1 Distribution of the 36 sampling points irettest tree

A second experiment, based on the result of theesang study, was designed to
investigate the effectiveness of SPAD-502 readingsssessing Chl status and to evaluate
if ECM community variability could be explained bye variation of foliar Chl content.

Once a week from August to the end of Septembesemen dates three fully expanded,
sunlit leaves were chosen on a south exposed brarthke high-crown and external region
of each of the 16 chosen trees. SPAD readingseae$ collections were done according
to the aforementioned procedures. In addition,hirrtfoliar samples collected near the
sampling point were dried to constant weight, geband analyzed for N concentration.

The SPAD readings were always taken in the morrand,approximately at the same hour
for each tree, in order to restrain errors duéheitradiance effect. It is in fact known that
there may be high variability in light transmissiceused by irradiance induced chloroplast
movement which can affect results in SPAD measungsn@lioel & Solhaug 1998).
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Two of the SPAD readings overlapped with the sum(@8r2009) and autumn (09/2009)
soil sample collection carried out for the ECM coumty analysis which is described in

details in Chapter 3.

Laboratory observations

Chlorophyll determination

Leaves collected both in the screening study artiénsecond experiment were processed
as follows.

A variable number of leaf discs with an area of 2@ were removed from each leaf, in
order to obtain 250 mg of fresh foliar tissue whighs ground in an aqueous ethanol
solution (98% v/v) by Ultra -Turrax. The samples&vkept in the dark for 24 hours at 4°C,
then the extracts were filtered and subsequentljyaed by means of a spectrophotometer
at 665 nm and 649 nm. Totally 112 samples weregssed (16 trees, 7 repetitions).

The chlorophyll a (Chla) and chlorophyll b (Chlncentrations were calculated using the
Welburn and Lichtenthaler (1984) formula, and egpeel in mg pigment per g of leaf f.w.

Chla = (13.95*A665 — 6.88*A649)*V/f.w.
Chlb = (24.96*A649-7.32*A665)*V/f.w.

Where A665 = chlorophyll absorbance at 665 nm
A649 = chlorophyll absorbance at 649 nm
V = final ethanol volume in ml

f.w. = foliar fresh weight in mg

The total chlorophyll concentrationdChlg*)and the total chlorophyll contentdChlcni?)

were then calculated.
Nitrogen determination

Leaves deriving from further foliar sampling of teecond experiment were put in paper

bags and placed in a forced air chamber at 65 fter A8 hours the material was ground in
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a mill, weighted (400 mg on average) and storegbaper bags for later analysis. The
Kjeldahl method was used to determine the totabgén content. Totally 112 samples

were processed (16 trees, 7 repetitions).

Ectomycorrhizal (ECM) comm  unity
The processing of fine roots in order to analyze ECM community is described in

chapter 3.

Data analyses

Screening study — Test Tree

To identify the spatial structure of the variabtesnmpled (SPAD index and chl content),
semivariogram analysis was carried out by meanbt@iGeostatistical Analyst Extension
(Environmental System Research Institute, ESRI, @06 Redlands, CA) of the ArcGIS
software (vers. 9.1).

This analysis creates statistically interpolatedticmous surfaces from measured samples,
representing a prediction of where a given phen@amenay occur (ESRI 2001).

The spherical model (showing a progressive decr@gaspatial autocorrelation and an
increase in semivariance until given distancespbdywhich autocorrelation is zero) was
used according to Liao et al. (2006).

Kriging, built on the principle that points thateatlose to one another are more alike than
those farther away (spatial autocorrelation), tisesempirical semivariogram as a means to

explore this relationship (Johnston et al. 2001).

Semivariance y( (h)) is defined as one-half the variance betweso sample values
(Johnston et al. 2001). The semivariance for atl glasamples within each distance class is

calculated and plotted against the distance betweaamples to produce a semivariogram.
(Fig. 2).
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According to Avendario et al. (2003), the shapédefexperimental semivarogram may take
many forms, depending on the data and samplingvaitesed. Generally, the semivariance
increases when the distance between sample patrsases. Then the variogram tends to
level off at a SILL equal to the variance of theighle. The distance at which this occur
(i.e. the distance where thé€h) stops increasing) is referred to as the RANGEhe
variable. The range is the distance over whiclstmapling units are not spatially correlated
any longer and gives the measure of the spati#iean€e of the structuring process.
Samples spatially related are separated by distadlser than the range; samples no
longer spatially autocorrelated are separated Isyances greater than the range. The
discontinuity at the origin (non-zero interceptraled the NUGGET effect. It corresponds
to the local variation occurring at scales finearththe minimum sampling interval and
includes methodological errors (Johnston et al126@. 2).

The Range, Nugget, Partial Sill (= Sill-Nugget) mbdparameters and the Spatial
Dependence (= Partial Sill/Sill, in percentage) evealculated for each semivariogram of
SPAD index and total Chl content for each heigl#tashce, cardinal point, date.

The goodness of fit of each semivariogram was tmsessed using five cross-validation
parameters: the mean prediction error (ME); theé neean square prediction error (RMS);
the average of standardized prediction error (A$E9;mean standardized prediction error
(MS); the root mean square standardized (RMSShrdow to Johnston et al. (2001). The
expectations for a good-fitting semivariogram amgikg model are: an average ME and
MS close to 0, an RMSS close to 1, a small RMSanASE close to RMS. If RMSS<1 or
ASE>RMS, there is a tendency toward overestimatbrihe variance. If RMSS>1 or
ASE<RMS, there is a tendency toward underestimatamtording to Johnston et al.
(2001).

All the above parameters were calculated using Si#Bxes taken at each sampling point

and Chl contents determinated for each samplingtpoi
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Fig. 2. Schematic diagram of a semivariogram shgutire proportion of semivariance, @xis Y) found at
increasing distances of paired samples (distanagi$ X)

In addition, for each sampling date and each crtewval, regressions were fitted for foliar
Chl content on SPAD readings. Regression analysis performed using Statistica 6,
StatSoft, Tulsa, USA for Windows.

Evaluation of the relationship between leaf Chl and N content and SPAD
readings

Regressions were fitted for foliar Chl content &wldar N concentration on SPAD readings,
both considering all 16 trees together and accgrtlirthe corresponding decline class.
Mean Chl content and N content between declinesefagClass 1 and Class 2) were
compared by a one-way analysis of variance.

Regression analysis and analysis of variance wer®nmed using Statistica 6, StatSofft,
Tulsa, USA for Windows.
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Analysis of the association among ECM community, to tal foliar chlorophyll
content and decline classes

Multivariate techniques were chosen to study ttiedinces in ECM species composition
associated to the leaves total chlorophyll congsat to the different decline classes.

The ECM data set consisted of the relative aburetant ECM anatomotypes counted in
the soil samples collected on summer (08/2008) artdmn (09/2008); the Chlorophyll
data set consisted of total chlorophyll content snead in leaves collected from the same
trees considered for the soil samples, and inaheesday of the soil sampling.

It is known that ECM distribution is not homogensaat distances between 0 and 17 m
(Lilleskov et al., 2004). Since this autocorrelatiamong sampling points could influence
the community structure, the Mantel Test was peréat to test the null hypothesis of no
relationship among samples (total n° of ECM tipalgsed in a soil core) from the same
tree (Mc-Cune & Grace 2002).

The Mantel test (P<0.01, number of permutationsO8D) compared species dissimilarity
matrix and linear distance matrix between samppogqts belonging to the same plant,
using the XLSTAT-Pro Programhitp://www.xlstat.comn If the Mantel test could not

exclude a spatial correlation within a tree sangplarea, this was excluded from the
subsequent analyses.

The Sgrensen similarity index was used to cre&sithilarity matrix:2a/(2a+b+c), where

a = number of shared specids= number of species unique to plot 1 and number of
species unique to plot 2 (Izzo et al. 2005).

Relations among the considered variable and spatiendance of ectomycorrhizae were
analysed by means of multivariate ordination teghes (Jongman et al. 1995) using
CANOCO (software for Canonical Community Ordinatidtb Version).

The environmental parameters considered duringwleesampling periods were Decline
Class 1 and Decline Class 2 (qualitative variablagd total chlorophyll content
(quantitative variable).

A Detrended Correspondance Analysis (DCA; Hill &usha 1980) on the ECM relative
abundances was performed to obtain estimates odiegralengths in standard deviation

units.
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The detrending by segments method was applied wédta not subjected to any
transformation.

In order to choose the best ordination model, ¢éngths of gradient have been considered.
The use of weighted-averaging ordination modedsilted to be appropriate for these data
(ter Braak & Smilauer, 2002) and unimodal (DCA &@A; ter Braak 1986) analyses were
performed

DCA considered sampling points as cases, analygimgitative (class 1 and 2) and
quantitative (total chlorophyll content) variables.

In order to detect ECM species-environment relatialecline classes and total chlorophyll
content were then used as environmental varialWlesohstrain the ordination axes (ter
Braak 2004; Van den Brink et al. 2003)

A Canonical Correspondance Analysis (CCA) was floeeeapplied, scaling with a focus
on inter-species distances and using a bi-plotiregdlype, according to ter Braak and
Smilauer (2002).

A Monte Carlo permutation test was performed wigl permutations (p<0.05).

By means of forward selection of environmental afaleés, the marginal effect [lambda-1
(A )] (i.e. the variance singly expressed by eachabde) and the conditional effect
[lambda-A” (Aa )] (whose value is strictly dependent on the inicnssequence in the
model), were investigated, according to ter Braak &milauer (2002).
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Results

Screening study — Test Tree

Considering each sampling date, a semivariogramaakrijing map were drawn for each
variable (SPAD index and chlorophyll content) and éach crown level (high, medium,
low). Each sampling date was therefore represemgda group of six plots and
semivariograms.

The goodness of fit of each group of semivariograras then assessed analysing the cross
validation parameters.

All groups displayed a similar performance andghmpling date August 19s described
hereafter as an example.

At this sampling date, the models of SPAD index ahlbrophyll content obtained by the
semivariograms, described by their main paraméiasge, Nugget, Partial Sill) in Table
1 fitted the data very well, according to the creafidation results (Table 2). The Root
Mean Square (RMS) and Average Standard Error (A&H)es, in fact, were close,
demonstrating that the model accurately represethiedariability of the data. The Mean
Standardized (MS) value showed a good fit and Wasedo zero, indicating a rather small
error in the estimation of our predicted valuese TRoot Mean Square Standardized
(RMSS) value, close to the optimum value of 1, skta good fit of the model’s predicted
values with the data collected.

The cross validation results for SPAD index atlallels and Chl content at Low and
Medium level indicated that the model slightly aestimated the data variability. The
overestimation was expressed by the ASE valuesehigian RMS values. The RMSS
value of Chl at high level was 1.104, showing adyfibto the data and that the model‘s
predicted values tended to slightly underestimageactual data.

The mean errors (ME) and the MS values were closeeto, indicating a good fit of the
two models to the data.

The Spatial Dependence (Table 1, last column) wgls for SPAD high level (100%)
indicating a strongly spatially structured system.

Kriged (interpolated) plots, with the tree stemadtmd in the centre, showed spatial
patterning of SPAD index and of chlorophyll contahthree crown levels (Fig 3, 4, 5) with
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gradients associated to the north-south directf@tues increased from north to south, and

from inner to more external positions.

Range Nugget Partial Sill depiﬁzgilce %
SPAD | 1155.92 3.068 3.512 53%
SPAD m 479.93 11.27 4.13 26%
SPAD h 191.85 0 35.30 100%
Chl | 1155.92 9.6781 6.06 62%
Chlm 361.827 5.1193 7.908 60%
Chl h 191.85 14.967 14.98 50%

Table 1 Model parameters and spatial dependenaafdr semivariogram (sampling date Augudt)19
Letters I, m and h correspond to the sampling ldegl, medium and high.

Mean (ME) Root mean sq. Av.St. err. Mean St. R%(,)c:_'\g?_an
(RMS) (ASE) (MS) (RMSS)

SPAD | -0.07971 2.114 2.256 -0.011 0.9261
SPAD m -0.5982 3.894 4.127 -0.1242 0.9575
SPAD h 0.1629 3.634 3.769 0.01463 0.9757
Chi 0.1798 3.44 3.753 0.05534 0.9285
Chl'm -0.2151 3.472 3.712 -0.03176 0.9312
Chl h -0.061 5.631 4.98 -0.0077 1.104

Table 2 Cross validation results for each semigadm (sampling date August)9
Letters |, m and h correspond to the sampling lde&l, medium and high.

Regression analysis was performed to describeelaganship between Chl and SPAD for
each level. Several models were tested and the fliestas a linear regression. The

strongest relationship (bestvalue) between Chl and SPAD was found in the héyle!
(Fig.6).
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31.790900 - 33 353260 19,580000 - 21,336388

33,356269 - 34825848 21,336388 - 22,990551
34,825848 - 36,208012 22,990551 - 24,548443
36,208012 - 37,509735 24,548443 - 26,015663
37,509735 - 38,735695 26,015663 - 27,397491

[ 38735605 - 40,037415 I 27,397491 - 28,698895

B 40.037415 - 41,419582 I 28,698895 - 30,080723

B 41.419582 - 42,887157 B 30080723 - 31,547943

B 2327157 - 44, 445431 I 31547943 - 33,105835

Il 44 445431 - 46,009908 I 33105835 - 34,750998

Fig. 3 Kriged (interpolated) plots for SPAD valU&PAD units, left) and foliar Chl contentgChlcm?,
right) with the stem located in the centre — highwmn level. Dots indicate sampling points, whossitan is

summarized in Table 3.
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26,700001 - 28,789608
28,789608 - 30,606548
30,606548 - 32,186180

. 32186180 - 33,559563

|| 23550563 - 34,753624

I 24753624 - 35791782

P 25791782 - 36,694303

I 356594303 - 37,732552

B 7730552 - 38,926617

I =:.026617 - 40,299999

Fig. 4 Kriged (interpolated) plots for SPAD valy&PAD units, left) and foliar Chl contentgChlcni?,
right) with the stem located in the centre — middiewn level. Dots indicate sampling points, whpssition

is summarized in Table 3.

83

16,580000 - 18,133272
18,133272 - 19,538816
19,538816 - 20,810684

| 20810684 - 21,961588

[ 21961588 - 23,003035

[ 23003035 - 23945431

I 23945431 - 24,798199

B 24798199 - 25 569864

B 25569864 - 26 268137

I 26265137 - 26900000




31,000000 - 32,400852
32,400852 - 33,438816
33,438816 - 34,207905

34,207905 - 34,777763
| 34777763 - 35,200001
[ 35200001 - 35,622238
P 35,622238 - 36,192007
B 36,192097 - 36,961185
I z6.961185 - 37,999149
I 37999149 - 39,400002

21,690001 - 22,983522
22983522 - 24,085896
24,085896 - 25,025370
25,025370 - 25,826015

| 25826015 - 26,765490

I 26765490 - 27,867863

I 27867863 - 29,161385

I 29.161385 - 30,679195

I 30679195 - 32,460190

I 32460190 - 34,549909

Fig. 5 Kriged (interpolated) plots for SPAD valy&PAD units, left) and foliar Chl contentgChlcni?,
right) with the stem located in the centre — loaven level. Dots indicate sampling points, whoseitpmsis
summarized in Table 3.
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Sampling | Distance from the | Sampling Distance from the Sampling | Distance from the
point tree stem (cm) point tree stem (cm) point tree stem (cm)
HN1 20 MN1 100 LN1 135
HN2 50 MN2 300 LN2 460
HN3 100 MN3 450 LN3 540
HE1 20 ME1 100 LE1 135
HE2 50 ME2 300 LE2 560
HE3 100 ME3 550 LE3 620
HS1 20 MS1 100 LS1 135
HS2 50 MS2 300 LS2 425
HS3 100 MS3 480 LS3 660
HW1 20 MW1 100 LW1 135
HW2 50 MW2 300 LW2 460
HW3 100 MW3 490 LW3 550

Table 3. Sample points’ average distances frontréeestem. H: high level; M: middle level; L: loeMel; N:

north; E: east; S: south; W: west; 1: inner paintgentral point; 3: external point.

Total Chl(ugr/cm?)

y=0,7914x-3,16

32 34

36 38

40 42 44

SPAD value

46 48

Fig 6. Leaf chlorophyll content in relation to SPABlues — Sample date August"l%igh sampling level.
The regression parameters are given in Table 5.
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Evaluation of the relationship between leaf Chl and N content and SPAD
readings

The relationships between SPAD readings and tetdl Chl content (Fig.7) and between
SPAD readings and total leaf N content (Fig. 8)enestablished.

A linear regression model best fit both relatiopshhetween the parameters (Table 5).

Parameter Decline class

Class 1 Class 2
Total Chl (mg/cm2) 90.56+2.80 64.36+7.49
Total Foliar N % 1.73+0.024 1.30+0.046

Table 4. Total Chlorophyll Content and Total Foliatrdbgen means values as a function of decline cMsans are
different at P<0.01

Tree type Model Slope R P value
Total Chl, all trees Y=2.9085x-13,70 0.86 0.74 <0.001
Total Chl, Class 1 Trees Y=3.2254x-26.14 0.81 0.66 <0.001
Total Chl, Class 2 Trees Y=2.7941x-8.35 0.77 0.603 <0.001
N content, all trees Y=0.0314x+0.56 0.86 0.73 <0.001
Total Chl level H 19.08 Y=0.7914x-3.16 0.834 0.69 <0.001

Table 5. Equations to predict total chlorophyll et and N content from SPAD meter readings
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Total Chl (ug/cm?)

60

40 |

10 15 20 25 30 35 40 45 50

SPAD | e 95% confidence |

Fig. 7. Scatterplot indicating the relationshipviseen SPAD values and total chlorophyll conterifiiia
vulgarisHayne leaves. The values refer to leaves belorgid® analyzed trees. See Table 5 for equation.
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20+

1,8 ¢

16
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1.0

0,8
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0,4
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SPAD | e 95% confidencel

Fig.8. Scatterplot indicating the relationship betw SPAD values and total foliar nitrogen contési ih
Tilia vulgaris Hayne leaves. The values refer to leaves belongid® analyzed trees. See Table 5 for
equation.
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140

120

100

80

Total Chl (ug/cm?)

60

40 F

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

SPAD |\95% confidence|

Fig. 9 Scatterplot indicating the relationship bet¢w SPAD values and total chlorophyll conteriiiia
vulgarisHayne leaves. The values refer to leaves colldcted 12 trees belonging to Decline Class 1. See
Table 5 for equation.

110 T T T T T T T T T T

100 | 1

Total Chl (ug/cm?)

12 14 16 18 20 22 24 26 28 30 32 34
SPAD |\95% confidence|

Fig. 10. Scatterplot indicating the relationshipvisen SPAD values and total chlorophyll conterifilia
vulgarisHayne leaves. The values refer to leaves collefctad 4 trees belonging to Decline Class 2. See
Table 5 for equation.
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Total Chl content ranged from 39g/cnt to 146.16ug/cnt in Class 1 and from 37.2
ug/ent to 99.3ug/enf in Class 2. SPAD values ranged from 21 to 47.4ddlide class1
and from 13.8 to 31.5 in decline class 2.

Both mean foliar Chl content and N content of dexlClass 1 were highly significantly
greater than those of Class 2 (Table 4).

Analysing the data set of decline class 1 and deatilass 2 separately, a close linear
correlation between Chl content and SPAD values foasd as well (Fig. 9 and 10). The
corresponding calibration equations are given iblda.

Data from Kopinga & van den Burg (1995) indicatattthe percentage leaf N associated
with Tilia vulgaris Hayne ranges between 1.7% and 2.8% with values tleen 1.7%
generally associated with a low foliar N content.

Results of the present study indicate that the SE#&shold value indicating low foliar N
(less than 1.7%) in the detected trees is 36. Cuesely, results of this investigation
indicate that all trees belonging to decline clagseverely declining) show a SPAD value
inferior to the critical value of 36 (Fig.10).

The scatterplot referring to decline class 1 (Bigshows SPAD values ranging from 21 to

47.7, including the critical value among them.

Analysis of the association among ECM community, to tal foliar chlorophyll

content and decline classes

From the characterization of the ECM tips colleateding summer and autumn sampling
45 morphotypes were found. The list of the ECM rhotgpes is reported in Table 6.

89



Table 6 - ECM morphotypes found in summer and aatsampling

ECM n° Morphotypes
18 Boletaceae (CA18)
34 CA34
43 CA43
88 CA88
89 CA89
96 CA96
2 Cenococcum geophilum(CA2)
92 Chromelosporium(CA92)
17 Clavulina sp.(CA17)
19 Clavulinaceae(CA19)
31 Cortinariaceae (CA31)
68 Cortinariaceae (CA68)
73 Cortinariaceae (CA73)
30 Geopora sp.(CA30)
11 Geopora cervina (CA11)
6 Helvellaceae(CA6)
27 Inocybe sp.(CA27)
49 Laccaria sp.(CA49)
60 Peziza sp.(CA60)
80 Peziza sp.(CA80)
81 Peziza sp.(CA81)
28 Pezizaceae (CA28)
67 Pseudotomentella sp.(CA67)
39 Russula sp.(CA39)
40 Scleroderma verrucosum (CA40)
14 Sebacinaceae (CA14)
35 Sebacinaceae (CA35)
71 Sebacinaceae (CA71)
3 Telephoraceae (CA3)
32 Telephoraceae (CA32)
33 Telephoraceae (CA33)
95 Telephoraceae (CA95)
1 Tomentella sp. (CA1)
21 Tomentella sp.(CA21)
42 Tomentella sp. (CA42)
55 Tomentella sp.(CA55)
69 Tomentella sp.(CA69)
70 Tomentella sp.(CA70)
75 Tomentella sp.(CA75)
79 Tomentella sp.(CA79)
84 Tomentella sp.(CA84)
82 Trichophaea sp.(CA82)
41 Trichophaea woolhopeia (CA41)
4 Tuber rapaeodorum (CA4)
37 Tuber rufum (CA37)

The canonical analyses considered all the seldoted, as the Mantel Test excluded any
spatial correlation within each one.

DCA, which considered 192 samplings, showed longdignt lengths (>4) and
demonstrated that the eigenvalues of axis 1 (hotatpand 2 (vertical) are 0,742 and 0,479

respectively.
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Fig.11 is the DCA scatter plot of the ECM speciasthe plotted ordination plane. The ECM species
corresponding to each number is reported in Table 6
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It displays 13.2% of the inertia (i.e. the weightediance) in species abundance, and 33.2

% of the variance in both the weighted average @dask totals of species with respect to

the environmental variables.

Environmental correlation is 0.548 for axis 1 an84® for axis 2.

As far as species distribution in the plot is coned, the DCA scatter plot (Fig.11)

explained the rarity of the following anatomotypg@ementella sp.(CA21, Cortinariaceae
(CA68) Tuber rufum (CA37), Tomentella sp.(CA84)nétella sp.(CAG9jter Braak &

Prentice 1988)

In CCA the eigenvalue of axis 1 and axis 2 are ©.48d 0.122 respectively, indicating a

high significance of the first axis and all theanorical axes were present when subjected to

the Monte Carlo permutation test (P=0.0020).
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Fig.12 is the bi-plot of ECM species and environtakrariables, displaying 3.5% of the
inertia (i.e. the weighted variance) in abundaneesi 100% of the variance in both the

weighted average and species class totals witkecesp the environmental variables.

C)_ A A CLASS 2
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A 40

95,75 A
A
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27A31A " M AL A A

ChL content

-1.0

-1.0 0.8

Fig 12 Canonical Correspondence Analysis ordinatimgram of ECM species and environmental factors:
decline class (Class 1 and Class 2) and foliardBhtent (ChL content). The ECM species correspantiin
each number is reported in Table 6.
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By means of the correlation coefficents among Wwemand axes, we inferred that the first
axis is defined by chlorophyll content, the secaris is defined by decline classes.

The intra-set correlation of axis 1 with chloroghgbontent was -0.78; the intra-set
correlations of axis 2 with class 1 and class 2ew8r99 and 0.99 respectively.

The ECM mainly associated with class 2 were in upper part of the diagram, those
associated with class 1 were in the lower parhefdiagram. The ECM mainly associated
with high foliar chlorophyll content were in thewer left area of the diagram, while those
associated with low foliar chlorophyll content wénethe upper right area of the biplot.

The distance between species points in the bi-ptatling (with a focus on species
distances) approximated the chi-square distanaeceetthe species distributions.

The ECM associated with high values of foliar chfgryll content werelnocybe
sp.(CA27), Cortinariaceae(CA31); with class 2Geopora cervina(CAl1l), Tomentella
sp.(CA69); with class 1,Tomentella sp (CA21), Cortinariaceae (CA68), Tomentella
sp.(CA70).

The marginal effects in CCA demonstrated that theable that is better suited to explain
the model is chlorophyll contenk,(= 0.17) followed by the decline classés £ 0.12 for
both).

The conditional effects, which show the environmagérariables in order of their inclusion
in the model, demonstrated that the most usefulufea to explain the model are
chlorophyll contentX, =0.17) and decline classii(=0.15).
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Discussion

The quantification of foliar chlorophyll concentiat may provide a robust and accurate
estimation of tree vitality (Percival et al. 2008)d it may be achieved by hand held Chl
meters (Richardson et al. 2002; Chang & Robins@3820ddling et al. 2007).

It is ascertained that it is essential to derivecggs-specific calibration equations for SPAD
index when estimating Chl content (Richardson eP@02), due to the differences in leaf
structure among plant species. On the contraryalgguportant differences shown by leaf
structure among crown positions in the tree itealfe not yet been considered by studies
concerning the use of SPAD meter in trees.

Holscher (2004) found differences in Chl and N @riations between leaves of lower
and upper canopy of additlia platyphyllostrees, with higher levels in the higher canopy.
It has been moreover established that sun leavesyingg on end-branches and in the
higher part of the tree crown, compared to shadeele are generally thicker, have smaller
stomata but higher stomata density, have highercGhient per leaf area unit and possess
sun-type chloroplast with different ultrastructurand biochemical organization
(Lichtenthaler et al. 2007). These are essenteleguisite for their higher photosynthetic
rates.

It is therefore important to take in regard diffezes shown by leaves at different canopy
levels when Chl measurement are dealing with matass.

The first aim of this study was the detection @& best sampling point position in a mature
tree crown for the analysis of the SPAD valuesliafdChl content relation. The best point
had therefore to be located in a crown level witbrgy spatial correlation and in a position
with high Chl-SPAD relationship.

The concerted results of geostatistical and regnesmalyses carried out in the screening
study permitted to detect it.

Similar studies on the subject were not found endbientific literature.

Only a small amount of the published studies on BRAthe scientific literature quantifies
the relationship between the in vitro determined [€hl and the SPAD readings (Uddling
et al. 2007), and many of the studies that do perfeuch calibrations parameterise linear
relationships (Chang & Robison 2003; Torres Nettaale 2005; Neufeld et al. 2006;
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Percival et al. 2008). This is consistent with tbsults of the present study which found a
significant linear correlation both between SPADtaiand chlorophyll content and SPAD
units and N concentration in foliar tissue of maturban trees dfilia vulgaris Hayne.

When comparing leaves belonging to trees of diffedecline classes, the mean Chl and N
values were statistically different and the relasioip between Chl and SPAD had to be
represented with separate slopes and intercepts.

This showed that SPAD meter was reliable for edtmgdeaf chlorophyll amounts and N
contents both in severely and slightly decliniregs.

Results of this study moreover indicate that ipassible to determine a critical foliar N
content below which a reduction in photosynthetiiciency occurs. Investigation recorded
a SPAD value less than 36 as a level when foliateNeiency was detected, and below
which linden tree declining might be consideredese (decline class 2).

Anyway when SPAD values were comprised betweenn?i134, there was an overlap area
where it was no more possible to distinguish betwtbe two decline classes. That could
mean that an ulterior decline class is needed legtwibe two to better describe the
photosynthetic efficiency and the health statughefconsidered linden trees. It furthermore
suggests that SPAD meter permits an accurate @edissification in urban environment,
more objective than the one performed by visuasssent.

Finally, the ordination of the ectomycorrhizal coomity by multivariate techniques

revealed differences in species composition betwdssiine classes and identified Chl
content as a useful variable to detect these difizs.

The segregation in dependency on differences irc@ment was revealed by the ordination
of the ECM community by CCA (Fig. 12).

The ordination of ECM species with CCA indicatedtthl content, primarily, and decline

Classes, secondly, had influence on the ECM comiystricture.

Few researches have dealt with the ECM communitgngbs in declining trees

(Montecchio et al. 2004; Mosca et al. 2007), anda#ly few have investigated the

relationship between ECM variations and perturlmetiof the photochemical processes
(Alberdi et al. 2007; Ruotosalinen et al. 2009),acldng the conclusion that
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ectomycorrhizal fungi favour the maintenance of &hér functionality of the
photosynthetic apparatus under stress conditions.

No information about this topic exists for maturban trees.

Results presented here are one of the first to wéhlthe subject and can contribute to
inquire into the associations between ECM commumsitiucture and photosynthetic

efficiency in urban environment trees.
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General conclusions

Ectomycorrhizal symbiosis with fungi is obligatdigr most trees in temperate and boreal
regions. Many ectomycorrhizal tree species are contynplanted in cities as ornamental
but their mycorrhizal status in these environménsoorly documented.

Ectomycorrhizal fungal communities can be sped&s-rwith more than 50 species
observed in monospecific natural stands of treesid& et al. 2005) but studies of
mycorrhizal status and fungal diversity of urbaees are few.

A first goal of this research was to describe ti&VEcommunity of mature urban linden
trees Tilia vulgaris Hayne) growing in two different sites (roadsidel grarkside sites) and
at two decline levels (moderately and strongly @) and to verify if its characteristics
(root tips vitality and composition) can be asstezrlao main soil properties.

This study demonstrated first of all that urbanissas well, even if altered and nutrient
depleted, consent to urban linden trees to hashé&CM community.

Furthermore the ordination of ECM species indicatbadt environmental features,
comprising the different soil properties and difieces in sites and in class of decline, are
highly correlated to ECM species.

That may be explained by the consideration thaatiaptive potential of tree species might
be too limited to quickly evolve tolerance to swibdification or depletion and therefore
symbiotic microorganisms, especially ectomycorrbizhat can potentially adapt more
quickly, come on the forefront (Krznaric et al. 200

ECM groups arranged themselves according to theafegence for specific soil
characteristics and the observed changes of ectwmiyzal community were correlated
with variations in urban soil properties. Moreovdifferences in species composition
between decline classes were revealed and foliaraghyll content turned out to be a
useful variable to detect these differences.

Since the quantification of foliar chlorophyll cent may provide an accurate estimation of
tree vitality, part of the research was committedserifying the reliability of a hand held
Chl meter, SPAD-205, for estimating leaf chloroptayhounts and nitrogen contents both

in severely and slightly declining trees.
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The results highlighted that SPAD meter, conceif@dthe estimation of the nutrition
status of crop species, may be a useful tool &d filiagnosis in urban environment as well
even for adult trees.

Once assessed the best sampling point positidmeitrée crown, it was possible to find a
significant correlation between SPAD units and bottorophyll content and nitrogen
concentration in foliar tissue of mature urbangre€Tilia vulgaris Hayne.

Thanks to the SPAD analysis it was emphasizedtiieatwo visually determined declining
classes were not able to properly describe theatetdtus of the investigated linden trees,
and that one intermediate decline class was negessa

The inaccuracy of a subjective tree health visgsgeasment might therefore be improved

by the objective evaluation of the foliar chlorofilopntent.

Further researches could be addressed to betterstadd the ECM community parameters
that can be best used as indicators of plant healtrban environment. A deepened
knowledge of the soil and of the cause-effect i@ship between ectomycorrhizal
population dynamics and urban tree decline severayld in fact be able to increase the
awareness of the importance of the belowgroundrenmient for urban trees and to

enhance the cost-effectiveness of municipal tregrams
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Annex 1

Images and short descriptions of the ectomycorrhiza
anatomotypes



Codex  Fungaltaxa  Macroscopic Fig. Outer mantle Fig. Inner mantle Fig. Emanating Fig. Cystidia Fig. Rhyzomorphs
description hyphae
CA18 Boletaceae  yellow-gold; 1 Plectenchymatous, 2 Plectenchymatous 3 Yellowish; Lacking 4 Undifferentiated
dichotomous; hyphae arranged abundant; without (A); yellow-gold
grainy net-like, repeteadly clamps
and squarrosely
branched
CA34 Brown; 5 Pseudoparenchymat7 Pseudoparenchymatous 8 Not observed Lacking ob&xrved
dichotomous; 6 ous, mantle with
smooth epidermoid cells
CA43 yellowish brown; 9 Pseudoparenchymat10 Pseudoparenchymatous 11 Colourless, 12 Lacking Not observed
dichotomous; ous, mantle with ramified, without
smooth epidermoid cells clamps, non
specific
distribution
CA88 Orange to 13 Pseudoparenchymat 15 Pseudoparenchymatous Scarce; short; Awl- 16 Not observed
yellowish light 14 ous, mantle with white shaped,
brown; epidermoid cells bristle-like
dichotomous;
smooth, locally
woolly
CA89 Dark brown; 17 Pseudoparenchymat18 Plectenchymatous, star-19 Abundant, 20 Lacking Not observed
Monopodial- ous, mantle with like brownish, septa
pinnate; woolly angular cells with clamp,
ramified
CA94 Orange to 21 Pseudoparenchymat 23 Transitional type 24 Scarce; short; Lacking Not observed
yellowish light 22 ous, mantle with between white
brown; angular cells plectenchymatous and
monopodial- pseudoparenchymatous
pinnate; smooth , with oily droplets
CA96 Brown to light 25 Plectenchymatous, 26 Transitional type 27 Not observed Awl- 28 Not observed
brown; hyphae arranged between shaped,
Monopodial- net-like with plectenchymatous and bristle-like
pinnate; densely prominent cystidia pseudoparenchymatous with clamp
short spiny
CA92 ChromelosporiYellow to orange; 29 Pseudoparenchymat31 Pseudoparenchymatous 32 Abundant; short; Lacking Not observed
umsp. Monopodial- 30 ous, mantle with colourless
pinnate; smooth angular cells




Codex  Fungaltaxa  Macroscopic Fig. Outer mantle Fig. Inner mantle Fig. Emanating Fig. Cystidia Fig. Rhyzomorphs
description hyphae
CAl7 Clavulinasp. Yellowish greyto 33 Transitional type 34 Transitional type 35 Colourless, 36 Lacking Not observed
yellowish brown between between ramified, with
plectenchymatous plectenchymatous and septa and clamp
and pseudoparenchymatous
pseudoparenchymat with oily droplets
ous, irregularly
shaped hyphae
form a coarse net
CA19 Clavulinaceae Greyish white; 37 Plectenchymatous, 38 Plectenchymatous, with 39 Abundant, 40 Lacking Not observed
monopodial with gelatinous oily droplets tortuous, with
pinnate; loosely matrix between the clamps; warty
grainy loosely hyphae with soil particles
woolly
CA31 Cortinariaceat« Brownish orange; 41 Pseudoparenchymat4?2 Pseudoparenchymatous 43 Not observed Capitate 44 Slightly
dichotomous, ous, mantle with thin-walled differentiated (C)
grainy long spiny angular cells slightly
acuminated,
with clamp,
basal cell
yellow
CA68 Cortinariaceaelight yellow; 45 Plectenchymatous, 47 Transitional type 48 Colourless, Lacking Not observed
monopodial 46 hyphae arranged between infrequent, with
pinnate; smooth net-like, repeteadly plectenchymatous and clamp
and squarrosely pseudoparenchymatous
branched
CA73 Cortinariaceas¢ Light yellow yo 49 Pseudoparenchymat50 Transitional type 51 Abundant; 52 Lacking Not observed
light brown; ous, mantle with between whitish; Y shaped
unramified; not epidermoid cells plectenchymatous and ramifications
smooth pseudoparenchymatous
CA20 Cortinariaceat« Brown; simple; 53 Transition type,a 54 Plectenchymatous, star-56 Not observed Lacking Not observed

grainy

net of coarse and 55
irregularly shaped
hyphae

like




Codex  Fungaltaxa  Macroscopic Fig. Outer mantle Fig. Inner mantle Emanating Fig. Cystidia Fig. Rhyzomorphs
description hyphae
CA30 Geoporasp. Brown to light 57 Pseudoparenchymat58 Pseudoparenchymatous59 Not observed 60 Lacking Not observed
brown; ous, mantle with mantle with angular to
monopodial angular cells spherical cells
pyramidal; grainy
CA6 Helvellaceae Orange to brown; 61 Pseudoparenchymat63 Pseudoparenchymatous 64 Infrequent; Lacking Not observed
monopodial 62 ous, mantle with colourless,
pyramidal; grainy angular cells tortuous, with
septa
CA27 Inocybesp. yellow orange; 65 Plectenchymatous, 67 Transitional type Abundant; 68 Lacking Not observed
dichotomous; 66 hyphae rather between whitish; Y shaped
cottony irregularly plectenchymatous and ramifications;
arranged, no special pseudoparenchymatous clamps with a
pattern discernable, hole
but hyphae often
growing in
longitudinal
directions regarding
root orientation
CA83 Inocybesp. Black, withish on 69 Plectenchymatous, 71 Plectenchymatous Abundant; 72 Lacking Not observed
the very tip; 70 hyphae rather whitish; wavy;
monopodial- irregularly with clamp
pinnate; loosely arranged, no special
cottony pattern discernable,
but hyphae often
growing in
longitudinal
directions regarding
root orientation
CA49 Laccariasp.  yellow orange; 73 Plectenchymatous, 75 Plectenchymatous, with Abundant; 76 Lacking Not observed
monopodial 74 hyphae rather broad streaks of whitish;
pinnate; cottony irregularly parallel hyphae concentrated
arranged, no special distally ; clamps
pattern discernable with a hole
CA60 Pezizap. Orange to light 77 Pseudoparenchymat78 Pseudoparenchymatous 79 Abundant, 80 Lacking Not observed
brown; ous, mantle with concentrated
monopodial angular cells distally

pinnate; grainy




Codex  Fungaltaxa  Macroscopic Fig. Outer mantle Fig. Inner mantle Emanating Fig. Cystidia Fig. Rhyzomorphs
description hyphae
CA80 Pezizap. Yellowish 81 Pseudoparenchymat83 Pseudoparenchymatous Infrequent, 84 Lacking Not observed
whitish; 82 ous, mantle with colourless; with
unramified angular cells septa
cottony
CA81 Pezizap. Light yellow to 85 Pseudoparenchymat86 Pseudoparenchymatous 87 Colourless, 88 Lacking Not observed
brown; ous, mantle with ramified, with
unramified; angular cells septa and H-
smooth shape open
anastomosis
CA28 Pezizaceae Dark brown; 89 Pseudoparenchymat90 Pseudoparenchymatous 91 Browinish, septa Awl- 92 Not observed
irregularly ous, mantle with without clamps shaped,
pinnate; densely angular cells bristle-like,
grainy/short spiny thick-
walled
CA67 Pseudotoment®ark brown to 93 Plectenchymatous, 94 Plectenchymatous, with 95 Browinish, septa Lacking 96 Undifferentiated
lla sp. black; monopodial hyphae rather star-like pattern without clamps (A); brownish
pyramidal; irregularly
densely warty arranged, no special
pattern discernable,
bearing a network
of angular-
triangular, horn-
shaped cells
CA39 Russulap. Brownish orange; 97 Plectenchymatous, 98 Plectenchymatous 99 Not observed Bottle_shd®0  Not observed
monopodial hyphae arranged ed with a
pinnate; densely net-like with straight
short spiny prominent cystidia neck and
flask-
shaped with
an apical
knob
CA91 Scleroderma Orange; 101 Plectenchymatous, 103 Plectenchymatous, Abundant; 104  Lacking Not observed
sp. irregularly 102 hyphae arranged ring-like whitish; Y shaped
pinnate; densely net-like, repeteadly ramifications
woolly and squarrosely
branched
CA66 Sebacinap. Yellowto orange; 105 Pseudoparenchymat107  Pseudoparenchymatous 108 Infrequent, Lacking Not observed
unramified; 106 ous, mantle with concentrated
loosely cottony angular cells distally




Codex  Fungaltaxa  Macroscopic Fig. Outer mantle Fig. Inner mantle Fig. Emanating Fig. Cystidia Fig. Rhyzomorphs
description hyphae
CA85 Sebacinap.  Brownish; 109 Plectenchymatous, 111 Plectenchymatous, with112  Abundant, Lacking Not observed
irregularly 110 hyphae arranged broad streaks of tortuous, whitish
pinnate; loosely net-like, repeteadly parallel hyphae
woolly and squarrosely
branched
CAl4 Sebacinaceae Yellowish to 113 Plectenchymatous, 115 Plectenchymatous Abundant, not 116 Lacking Not observed
greenish light 114  hyphae arranged striking, whitish
brown; net-like, repeteadly
monopodial and squarrosely
pinnate; densely branched
cottony
CA35 Sebacinaceae Yellow to orange; 117  Transitional type 119 Plectenchymatous Abundant, Lacking 120  Not observed
unramified; 118 between tortuous, short,
loosely cottony plectenchymatous with soil particles
and
pseudoparenchymat
ous, irregularly
shaped hyphae
form a coarse net
CA71 Sebacinaceae Orange to light 121 Pseudoparenchymatl123  Pseudoparenchymatous 124  Scarce, tortuous ingack Not observed
brown; irregularly 122  ous, with
pinnate; grainy epidermoid cells
bearing a delicate
hyphal net
CA3 Telephoracea Dark brown; 125 Plectenchymatous, 126  Plectenchymatous, star-127  Brownish, 128 Lacking Differentiated (E
irregularly hyphae rather like ramified, with
pinnate; densely irregularly septa and H-
woolly arranged, no special shape open

pattern discernable,
but hyphae often
growing in
longitudinal
directions regarding
root orientation

anastomosis




Codex  Fungaltaxa  Macroscopic Fig. Outer mantle Fig. Inner mantle Fig. Emanating Fig. Cystidia Fig Rhyzomorphs
description hyphae
CA32 Telephoracea Dark brown; 129  Plectenchymatous, 130  Transitional type 131  Not observed Awl- 132  Not observed
irregularly hyphae rather between shaped,
pinnate; long irregularly plectenchymatous and bristle-like;
spiny arranged, no special pseudoparenchymatous foot cell
pattern discernable, present
bearing a network
of angular-
triangular, horn-
shaped cells
CA33 Telephoracea Black; irregularly 133  Pseudoparenchymatl34  Transitional type 135 Abundant, 136 Lacking Not observed
pinnate; grainy ous, mantle with between hyaline, wavy,
angular cells plectenchymatous and long
pseudoparenchymatous
CA95 Telephoracea Dark brown; 137 Pseudoparenchymat139  Plectenchymatous, star-140  Not observed Lacking Not observed
irregularly 138 ous, mantle with like
pinnate; loosely angular cells,
grainy bearing mounds of
roundish cells (type
K)
CAl Tomentellap. Yellow to light 141  Pseudoparenchymatl42  Plectenchymatous 143  Infrequent, 144  Lacking Not observed
brown; ous, with concentrated
monopodial- epidermoid cells distally,
pinnate; grainy bearing a delicate colourless, with
hyphal net clamps
CA21 Tomentellap. Brown; 145 Pseudoparenchymatl46  Transitional type 147  Infrequent, 148 Clamped Undifferentiated
monopodial ous, with between whitish, tortuous, “fibulocysti (B); brownish
pinnate; grainy epidermoid cells plectenchymatous and with clamps dium-type”
bearing a delicate pseudoparenchymatous
hyphal net
CA42 Tomentellap. Dark brown; 149  Pseudoparenchymatl50  Plectenchymatous, with151  Scarce Awl- 152  Not observed
irregularly ous, mantle with star-like pattern shaped,
pinnate; short angular cells bristle-like
spiny with broad
basal part
CA54 Tomentellap. Dark brown; 153 Pseudoparenchymatl54  Plectenchymatous, with155  Scarce, Ramified 156  Not observed
irregularly ous, mantle with star-like patter colourless, warty, (verticillate)
pinnate; short angular cells with septa

spiny




Codex  Fungaltaxa  Macroscopic Fig. Outer mantle Fig. Inner mantle Fig. Emanating Fig. Cystidia Fig. Rhyzomorphs
description hyphae
CA55 Tomentellap. Brown; irregulary 157  Pseudoparenchymatl58  Plectenchymatous 159 Infrequent, 160 Lacking Not observed
pinnate; grainy ous, mantle concentrated
composed of distally,
angular-triangular colourless,
cells fringed tips
CA69 Tomentellap. Greyish orangeto 161  Pseudoparenchymatl62  Plectenchymatous, with163  Abundant, 164  Lacking Not observed
brown; irregularly ous, mantle broad streaks of concentrated
pinnate; smooth composed of parallel hyphae distally,
angular-triangular colourless, with
cells clamps
CA70 Tomentellap. Orange to brown; 165  Pseudoparenchymatl66  Transitional type Not observed Awl-shaped 167  Not observed
monopodial- ous, mantle between with clamp 168
pinnate; short composed of plectenchymatous and “fibulocysti
spiny angular-triangular pseudoparenchymatous dium” type;
cells basal cell
yellow
CA75 Tomentellap. Yellowish to 169 Pseudoparenchymatl70  Plectenchymatous, with171  Abundant, Lacking 172  Undifferentiated
orange; irregularly ous, mantle broad streaks of colourless, with
pinnate; woolly composed of parallel hyphae clamps
angular-triangular
cells
CA79 Tomentellap. Dark brown; 173  Pseudoparenchymatl74  Plectenchymatous, with175  Infrequent, 176  Lacking Not observed
simple; grainy ous, mantles with star-like pattern brownish, with
angular cells clamps, warty
CA84 Tomentellap. Brown to orange; 177  Pseudoparenchymatl78  Transitional type 179 Infrequent Cpitate with 180  Undifferentiated,
irregularly ous, mantle with between clamps hyphae
pinnate; loosely angular cells plectenchymatous and compacted
grainy bearing a delicate pseudoparenchymatous arranged and of
hyphal net uniform diameter
CA82 Trichophaea Browntoyellow 181 Pseudoparenchymat183  Pseudoparenchymatous Abundant; 184  Lacking Not observed
sp. in the apical part; 182 ous, mantle with whitish; Y shaped
monopodial angular cells ramifications
pinnate; loosely bearing a delicate
grainy hyphal net
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