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DEGRADATION OF SOME TECHNOLOGICAL FEATURES
IN THE WOOD OF ORNAMENTAL SPECIES CAUSED BY
INONOTUSRICKII (PAT.) REID

Inonotus rickii (Pat.) Reid is a pathogenic woodalging fungus that causes
severe decay in several ornamental urban trees o It has been known to
occur on different hosts in Sicily (Italy) since859 and in Rome (ltaly) since
2003.

Some physical and mechanical wood features werdestuaiccording to the
standards in order to propose an investigation methogy to set a deterioration
ranking of urban trees. In this phase of the st@hslfis australis L., Acer negundo
L., Acer campestre L., Robinia pseudoacacia Lia™l vulgaris Hayne, Ulmus
minor Mill., Platanus x acerifolia (Aiton) Willd. ahQuercus ilex L. were studied.
The data were analyzed using ANOVA and M-ANOVA testsheck the
differences among the specimens. A risk matrix wastenlen order to combine
the features that showed statistical differencdseen the control specimens and
the inoculated specimens, in order to establishyiiro, a degradation ranking
among the wood species.

The wood species which showed no in vitro durgbittl. rickii, were the same
ones that displayed susceptibility in the livinges.
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Introduction

In urban areas, trees offer a number of benefits\jdk, Dwyer 2007; Robles et
al. 2011]. Unfortunately, such trees are also expasdubth biotic and abiotic
stress factors, which can cause phytopathologiedl @hysiological problems.
Pollution, insufficient space for growth, a lack mitrients, mechanical injury
[Marchi et al. 2013] and the proximity of structsifroads, sidewalks, retaining
walls...) contribute to a decrease in the vigoutreés and to an increase in the
possibility of fungal attacks. All these factorsnceause damage to the xylem
and can reduce stability and resistance to bredl&devarze et a000; Saebg
et al. 2005; Robles et.a2011]. Dead or decayed wood has a wide range of
ecological values in forest ecosystems, it is alsosidered a relevant indicator
in the National Forest Inventories and in an edohlty sustainable forest
management [Tavankar et al. 2014], however, in uhgan environment it
cannot be accepted for the high risk of harm topfmoDecay does not
necessarily mean the immediate death of treedyeaprbcess may extend over
several years. This happens particularly when thmage is done to the
heartwood, which does not affect the basic lifecpsses of the tree. In urban
areas, there is also the risk of accidents invghpeople or properties [Terho,
Hallaksella 2005; Robles et &011].

Inonotus rickii (Pat.) Reid is a basidiomycetely(menomycetgsthat can
cause severe damage to trees in urban areas, prodankers and white rot in
several ornamental trees.

The anamorph stat®tychogaster cubensiPat. has been described by
different authors [Davidson et al. 1942; GilbertsByvarden 1986; Intini 1988;
Stalpers 1978, 2000]. Recently, phylogenetic ssitli@ve been carried out on
isolates of this fungus from different geographieas. These studies seem to
suggest thatP. cubensisfrom Florida and the anamorphic form present in
Europe, South America, and China may not be relaidie same species [De
Simone et al. 2011; Cui et al. 2014], but furtheveistigations with a larger
number of isolates from the Caribbean are necessary

In ltaly, Jaquenoud [1985] first observed the anganpP. cubensison
ParkinsoniaL. spp. (Sicily) and, in the same place, the authscover later the
teleomorpH. rickii [Jaquenoud 1987].

Other authors have reported the fungus Smhinus molleL. in Catania
(Sicily, Italy) [Intini 1988]; on Celtis australisL. in Montenegro [Kotlaba,
Pouzar 1994]; orsambucus nigrd.. in Greece [Kotlaba, Pouzar 1994]. Intini
[2002] and Intini and Tello [2003] observed cubensiattackingAcer negundo
L., C. australis Platanus x hybridaBrot. andS. mollein Spain.l. rickii was
noted also orAlbizia Durazz. spp. in France [Pieri, Rivoire 1996]. lortegal
Ramos et al[2008] and Meloet al [2002] studied it orC. australisand on
Sapindus saponarib.
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Since 2003). rickii has been found on some boulevards in Rome (Italy)
different tree species [Annesi et 2003; Annesi et aR005; Annesi et ak010].
Data concerning fungal isolates collected in Robe [Simone et al2011]
indicate that they have thermal requirements simtdlesubtropical and tropical
American isolates [Davidson et al. 1942]. Due testhfactors, this species could
play an increasing role in the Mediterranean aféected by climate change
[Pautasso et a2012].

. rickii is a polyphagous pathogen and it produces anragtliomes and
conspicuous brown powdery masses of chlamydospgaesymorphic stage).
This behaviour favours the spread of the infecttonadjacent trees [Annesi et
al. 2010].

Contaminated trees can show reduced vegetativeivigalvanced infection
manifests itself by overall decline and death g®med by Ramos et.gR008]
on a boulevard o€. australisin Portugal and by Mazza et. §2008] on tree
lines of A. negund@ndA. julibbrissinin Rome [Mazza et al. 2008; Annesi et al.
2010].

The knowledge of the potential occurrence of thiag@en on trees species
commonly used in urban trees may provide usefubrinftion for tree
management (tree planting, tree maintenance). Vatiaion of the residual
technological properties of wood, after fungal dtti is a key factor in
understanding the break risk of a species.

The research aims to assess the physical and meaghgroperty changes in
inoculated wood specimens of 8 ornamental treeispelsosts and non-hosts of
. rickii, and to evaluate vitro the potential resistance or vulnerability of each
tested species, by means of a new methodology.

Materials and methods

Testin vitro: specimen preparation

The wood specimens were obtained from healthy treestly grown on the
CRA-PAV experimental farm, located in Monterotondear Rome Quercus
ilex was grown in Bultei (Sassari, Italy) auiercus cerrign Vetralla (Viterbo,
Italy). Test specimens were prepared from the tmameording to the general
requirements for physical and mechanical tests 320:2012].

The timber was processed to obtain boards, storea ioom at 65 + 5%
relative humidity and at a temperature of 20°C sa@reach 12% moisture
content. The boards were further processed to rolatiiar wood specimens
(with dimensions 20 x 20 x 30 mm).
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In vitro inoculation of specimens

The specimens were soaked isgCHor 48 hours, after which they were sterilized
twice for 2 hours at an interval of 24 hours. Befomoculation, the specimens
were dried in an oven at 50°C for 4 days.

The wood specimens were infected utilizing threelaies of I. rickii
obtained from anamorphic fructifications, which werollected in Rome from
diseased trees oR. pseudoacacigPF621), A. negundo(PF76-2) andC.
australis(PF21%3). Twenty-six sterile transparent polyethylenetaorers (with
dimensions 63 x 80 mm), containing a thin layernwdilt agar (MA), were
prepared for each fungal isolate and tree specidsettested. Each one was
inoculated with one fungal isolate using a mycelidisc grown on a potato
dextrose agar (PDA). These were incubated at Z&+n the dark. When the
mycelium had covered the surface of the agar, advepecimen was introduced
into each pot. The control wood specimens receidedtical treatment, but they
were not inoculated by rickii isolates before incubation.

After 5 and /or 10 months of incubation at 28°Ce tpecimens were
removed from the containers and the surface myweluas gently cleaned off.
The specimens were dried in an oven at 50°C fdr®8s (table 1).

Table 1. Wood species and incubation period

Wood species Duration of inoculation
C. australis 5 and 10 months
A. negundo 5 and 10 months
A. campestre 5 and 10 months
R. pseudoacacia 10 months
T. vulgaris 10 months
U. minor 10 months
P. acerifolia 10 months
Q.ilex 10 months

Wood properties

The physical features examined were: wood denpityshrinkage [{) and the
related coefficient.

Wood density (g cif) at 12% moisture content (MC ) was determined
according to the UNI/ISO 3131 standard [1985a] Monaco et al. 2011; Lo
Monaco et al. 2015].

Tangential §;), radial ¢;) and volumetric f,) shrinkage was calculated
according to the UNI/ISO 4469 [1985c] and UNI/IS@58 [1988] standards,
considering the total amount of dimensional vasiatirom fully swollen to
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oven-dry. In addition, for each variable measutbd, coefficient of shrinkage
was calculated (coefficient of tangential shrinkd@g;), coefficient of radial
shrinkage (@B, and coefficient of volumetric shrinkage ). These
parameters constitute the shrinkage value wheMbealecreases by 1% below
the fibre saturation point, and under the assumptioa linear relationship, as
according to Ferreira et.d2012]. The coefficient of shrinkage anisotrofyf,)

is the tangential and radial shrinkage ratio [Gamal 1981].

Four edges and the middle of the surface in théalreahd tangential
directions, and 4 edges for the axial directionevereasured to obtain more
accuracy in the evaluation of shrinkage.

The axial compression strengtd) (was determined on specimens at 12%
moisture content according to UNI/ISO 3787 [1985b].

The number of the specimens for each feature anid seported in tables 2
and 3.

Table 2. Number of samples tested 5 months afteragulation

Shrinkage
Treatment
C. australis A. campestre A. negundo
Control 13 13 13
PF62-1 13 13 13
PF76-2 13 13 12
PF217-3 13 13 13
Density and axial compression strength
Treatment C. australis A. campestre A. negundo
Control 13 13 13
PF62-1 15 13 13
PF76-2 15 13 14
PF217-3 7 13 13

Table 3. Number of samples tested 10 months afteraculation

Shri Density and axial compression
. rinkage
Wood species strength

PF62-1| PF76-2| PF217-3| Control | PF62-1| PF76-2| PF217-8Control
C. australis 9 9 10 10 12 16 15 15
A. campestre 10 10 10 10 15 15 15 13
A. negundo 10 9 9 10 15 14 16 15
R. pseudacacia 9 10 10 9 15 16 16 17
T. X vulgaris 9 10 9 9 17 16 17 17
P. acerifolia 9 8 9 8 17 18 17 17
Q. ilex 9 9 9 10 17 17 17 15
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Statistical analysis

The data were analyzed using Statistica 2010 adehstatistics software. As
a first step, a data distribution was plotted araially checked for normality.
Differences between the inoculated specimens amadhtrol wood specimens
were checked using the standard paired t-test, MOVA and MANOVA
analysis. Post-hoc tests were conducted using thleeyT HSD test method
[Sheskin 2000].

Risk matrix of wood vulnerability

A risk matrix was used to assess the vulnerahilftthe wood and to evaluate
species behaviour. It was created in order to coenlthe density and axial
compression strength.

The percentage range of differences in densityaxia compression were
divided into 4 classes (minimum 1, maximum 4) dodeach wood species, the
class of density was multiplied by class of axiampression strength. In this
way, an index was calculated to describe the dagjadin terms of density and
compression strength.

The minimum value of the matrix was 1 (lower degtaxh) and the
maximum value was 16 (highest degradation). Thike mstrix values were
divided into three groups: in the first group (\edul—3), the effect of the fungal
agent was negligible; in the second group (value),4the effect became
evident; in the third group (values 8-16), the @ff@as considerable (table 4)
[Ni et al. 2010].

Table 4. Risk Matrix

Axial compression strength
Classes 1 2 3 4
1 1 2 3
Density 2 2 4 6 8
3 3 6 12
4 4 8 12 16

Results and discussion

The results, after 5 months’ treatment, highlighteel fact that the physical and
mechanical features occasionally showed statifitisainificant differences

(table 5). ANOVA and MANOVA analysis and thmost hocTukey test were

performed in order to underline the differencesweein the inoculated
specimens and the control specimens.
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Table 5. Analysis of variance of physical and meciméical features after 5 months’

treatment
Density
. and axial
Wood Shrinkage compression
species strength
Br Pt ¥ CBr Che | CBv | BB c p
C. australis n.s. n.s. n.s. n.s. n.s n.g. ns. <Q01 ns.
A. campestre | <0.05| n.s. ns.| <0.0L ns <0.p1 nsp. nis. n.s.
A. negundo n.s. n.s. n.s. ns.| <005 <0p1 ns <005 ns.
T. vulgaris n.s. n.s. n.s. n.s. n.s n.s. n.s. n|s. n.s.

In C. australis,there was a large statistically-significant diffiecebetween
the inoculated specimens and control specimensteims of the axial

compression strength.

In A. campestreradial shrinkage and the radial coefficient ofirskaige
displayed statistically-significant differences.

In A. negundothe tangential coefficient of shrinkage, volumetraefficient
of shrinkage and axial compression strength shostatistically-significant
differences. Whereak x vulgarisdid not present these differences.

After 10 months’ treatment (table 6), the physidabtures showed

statistically-significant differences,

specimens for some species only, and not for elpirameters.

between theoculated and control

Table 6. Analysis of variance of physical and mecimécal features after 10 months’

treatment
Density
. and axial
ng((:)i(ejs Shrinkage compression
P strength
Pr Be Pv CBr CB | CBv | BB o P
C. australis <0.05| n.s. ns.| <0.0% n.s. n.s. | <0.03 <0.01<0.01
A. campestre <0.01/<0.01|/<0.01/<0.01{<0.01{<0.01| ns. | <0.0}<0.01
A. negundo n.s. n.s. n.s. n.s. n.s n.s. ns. <0.610.01
R. pseudacacia |<0.05/<0.01| <0.01| <0.059 <0.01|<0.01| n.s. n.s. n.s.
T. vulgaris n.s. n.s. n.s. n.s. n.s| n.s. ns. <0.60.01
U. minor n.s. n.s. n.s. n.s. n.s n.s. n.s. nis. <0p.01
P. acerifolia n.s. n.s. n.s. n.s. n.s| n.s. ns. <0.6D.01
Q. ilex n.s. n.s. n.s. n.s, n.st n.s. n.s. nis. n.s.
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Specifically, all kinds of shrinkage, and the rigatcoefficients, showed
statistically-significant differences iR. pseudacaciand inA. campestrein
R. pseudacacia statistically-significant differences, betweene tlinoculated
specimens and control specimens, were large regprdangential and
volumetric shrinkage, and the relative coefficients A. campestre,the
differences were large in terms of radial, tanggrdind volumetric shrinkage,
and relative coefficients.

In C. australis the statistically-significant differences wererga with
regards to radial shrinkage, the relative coeffitieand the coefficient of
shrinkage anisotropy.

Regarding density and axial compression strengdngel statistically-
significant differences between the inoculated Bpens and control specimens
were found, with the exception &. pseudacaciaQ. ilex and U. minor. R
pseudacaciandQ. ilexdid not show statistically-significant differencasdU.
minor only showed large statistically-significant diieices for density.

In table 7, the percentage differences betweennbeulated and control
specimens are shown.

Table 7. Percentage reduction of density and axi@lompression strength

. ] = o " 8

9 T (I/) o] . = [e]

© = Iy = ° < o S

£ 4] S > 3 S £ o >

S| | & e | & 3 £ | 8 | £

a ®) < < 014 = =) o (0]

c 21% 11% 20% 0% 13% 0% 15% 09
p 16% 10% 9% 0% 9% 7% 11% 0%

After 10 months’ treatment, the changes in denaitg axial compression
strength gave interesting information. With the eption of R. pseudoacacia
andQ. ilex the investigated species displayed a marked deerd’he minimum
value of the percentage differences of the axiahmession strength was 11%
(A. campestreand the maximum value was 21%. (australi9; as for density,
the minimum value was 7%J( minor) and the maximum 16%( australig.

The density and the axial compression strength wengbined in the risk
matrix: the values of the risk matrix are showrigure 1.

C. australis A. campestreA. negundpT. vulgarisandP. acerifoliawere in
the highest risk group (8—-16 points) addminor, R. pseudacaciand Q. ilex
were in the lowest risk group (1-3 points).

In the specimens after 10 months’ treatment, thesitle and the axial
compression strength were analyzed to understaadifhow the three isolates
showed a different form of wood degradation. Ingah) the results of the Tukey
test are shown.

In the majority of the species studied, the thesdates showed a decrease in
density and axial compression strength in relationthe control. Different
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behaviour was sometimes noted among the thredeésolthis was evident i@.
australis,A. campestrisA. negundpU. minorandT. vulgaris

Table 8. Tukey test on axial compression strengthna density

C. Australis
Parameter Unitsof | onirol | PF62-1 | PF76-2PF217-3| P-value
measurement
o MPa 7030c¢ 56.72b| 59.659b49.43a| <0.01
o glent 0.769c| 0.659b| 0.662/b0.619a| <0.01
A. campestris
Parameter Unitsof | onirol|  PF62-1 | PF76-2PF217-3| P-value
measurement
o MPa 64284 6057al) 54.23 c5g'§7 <0.01
o glent 0.671c| 0.635b| 0592/a0.595a| <0.01
A. negundo
Parameter Unitsof | onirol | PF62-1 | PF76-2PF217-3| P-value
measurement
o MPa 59.34¢ 445la| 4849mM858b| <0.01
o glent 0611b| 0558a| 0.569a0.536a| <0.01
R. pseudoacacia
Parameter Unitsof | onirol|  PF62-1 | PF76-2PF217-3| P-value
measurement
o MPa 90.38 >0.05
P glent? 0.838 >0.05
T. vulgaris
Parameter Units of Control | PF62-1| PF76-2 PF217}3P-value
measurement
o MPa 42784 3529¢ 36530.8897b| <0.01
o glent 0.439c| 0.383a 0.3984db0.414b| <0.01
U. minor
Parameter Unitsof | control | PF62-1 | PF76-2PF217-3] P-value
measurement
o MPa 61.32 + 7.20 >0.05
p glcn? 0.710b] 0.672b| 0.689]b0.627a| <0.01
P. acerifolia
Parameter Unitsof | control | PF62-1 | PF76-2PF217-3] P-value
measurement
o MPa 4915b 4003a| 430dal.75a| <0.01
o gler? 0652b| 0587a| 0588a0.575a| <0.01
Q. ilex
Parameter units of Control | PF62-1| PF76-2PF217-3 P-value
measurement
o MPa 74.28 +6.18 - 0.05
p glen? 0.783 +0.04
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Fig 1. Risk matrix results

Concerning U. minor, only the isolate PF217-3 showed statistically
significant differences for density.

The parameters taken into account were differemh fthose generally used
because the focus of the study was to evaluateefidual strength of the wood
after an attack by rickii.

The shrinkages and the relative coefficients wetevant features between
the inoculated and control specimens only for semecies, while the density
and axial compression strength efficaciously shotkedaction of. rickii on all
the tested species. Thgasidiomycetess|. rickii, are characterized by their
ability to degrade lignin, hemicellulose and calké [Martinez et al2005]
concurrently.

These polymers influence the mechanical charatityisf the wood: the
lignin influences the axial compression strengthiof@ano 1981]. The
considerable statistically-significant decreasedensity and in compressive
strength is confirmed in the literature concermiragious species of brown and
white rot fungal agents found in various tree sp&ci he physical, chemical and
morphological wood changes, caused by the agentsanies, may be
accompanied by a decrease in mechanical propd@ieéth, Graham 1983;
Green lll, Highley 1997; Curling et.a2002; Clausen, Kartal 2003; Yang et al
2010; Bouslimi et al2014]. Brown rot has been extensively investigatethe
literature and in all cases, the studied fungi wkmend to cause a loss of
resistance to axial compression and a decreaserisitd [Winandy, Morrell
1993; Curling et al2002; Clausen, Kartal 2003; Silva Pereira eR@D6; Silva
et al 2007]. The decrease in mechanical features waslyrdie to an alteration
in the polymers of the cell wall. Winandy and Mdirf&@993] demonstrated the
relationship between a degradation of hemicellulegsal a decrease in
compression strength.
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Even weight loss appears to be related to a decreammpressive strength:
Smith and Graham [1983] demonstrated this stateistenying weight loss in
Pseudotsuga mennziedtiranco wood, caused byostia placenta(Fr.) MJ
Larsen & Lombard. This agent of white rot only aicaally led to a significant
change in shrinkage, in relation to the controlodmis [1991] confirmed that
white rot did not cause considerable variation lnirikkage in relation to the
control.

Density, in place of a decrease in weight, allows@d comparison of the
behaviour of fungi which alter wood: this comparide quantitative as well as
gualitative. The density and axial compressionngfile were parameters that
showed statistically the destructive activity bf rickii more clearly than
shrinkages and the related parameters.

The tests made it possible to understand that tyeasd resistance to axial
compression indicated large statistically-significalifferences between the
inoculated specimens and control specimens.

Density and axial compression strength were featwfgich displayed large
statistically-significant differences: they wereethparameters indicating wood
degradation due ténonotus rickii (Pat.) Reid. Therefore, a risk matrix was
created to establishin vitro, a degradation ranking among the wood species,
combining the more significant parameters.

The data showed th&. australis A. negundpP. acerifolig A. campestre
e T. vulgariswere in the highest risk group. Althoughvitro wood decay tests
do not give definitive evidence of the degradaaegon of the fungus on living
trees, they are useful in defining the potentisk [Baietto, Wilson 2010]. In any
case, the results of surveys carried out in thigystand in previous studies in
Italy [Annesi et al. 2005; Mazza et al. 2008], iar&pe [Intini 2002; Intini, Tello
2003; Ramos et al. 2008] and in Argentina [Robleale2011] support these
results. In factA. negundpC. australise P. acerifoliaare the most frequently
recorded and most damaged hostk gGEkii in urban boulevards.

Conclusions

« The wood of some species showed high residual tyesnsil strength.

¢ The three isolates exhibited different behaviowaxs the species.

* The risk matrix made it possible to evaluate theodvef different wood
species using the two statistically significantgmaeters.

» The wood species which did not shawvitro durability tol. rickii were the
same that displayed susceptibility in living trees.

* The results showed that it is possible to evaluhe relative risk of
degradation by. rickii before the planting of trees in urban environments
thereby aiding tree management.
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