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

Inonotus rickii (Pat.) Reid is a pathogenic wood-decaying fungus that causes 
severe decay in several ornamental urban trees in Europe. It has been known to 
occur on different hosts in Sicily (Italy) since 1985, and in Rome (Italy) since 
2003. 
Some physical and mechanical wood features were studied according to the 
standards in order to propose an investigation methodology to set a deterioration 
ranking of urban trees. In this phase of the study, Celtis australis L., Acer negundo 
L., Acer campestre L., Robinia pseudoacacia L., Tilia × vulgaris Hayne, Ulmus 
minor Mill., Platanus × acerifolia (Aiton) Willd. and Quercus ilex L. were studied. 
The data were analyzed using ANOVA and M-ANOVA tests to check the 
differences among the specimens. A risk matrix was created in order to combine 
the features that showed statistical differences between the control specimens and 
the inoculated specimens, in order to establish, in vitro, a degradation ranking 
among the wood species. 
The wood species which showed no in vitro durability to I. rickii, were the same 
ones that displayed susceptibility in the living trees. 

Keywords: Inonotus rickii (Pat.) Reid; wood physical features; axial compression 
strength; wood decay; urban wood species. 
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Introduction  

In urban areas, trees offer a number of benefits [Nowak, Dwyer 2007; Robles et 
al. 2011]. Unfortunately, such trees are also exposed to both biotic and abiotic 
stress factors, which can cause phytopathological and physiological problems. 
Pollution, insufficient space for growth, a lack of nutrients, mechanical injury 
[Marchi et al. 2013] and the proximity of structures (roads, sidewalks, retaining 
walls...) contribute to a decrease in the vigour of trees and to an increase in the 
possibility of fungal attacks. All these factors can cause damage to the xylem 
and can reduce stability and resistance to breakage [Schwarze et al. 2000; Sæbø 
et al. 2005; Robles et al. 2011]. Dead or decayed wood has a wide range of 
ecological values in forest ecosystems, it is also considered a relevant indicator 
in the National Forest Inventories and in an ecologically sustainable forest 
management [Tavankar et al. 2014], however, in the urban environment it 
cannot be accepted for the high risk of harm to people. Decay does not 
necessarily mean the immediate death of trees, as the process may extend over 
several years. This happens particularly when the damage is done to the 
heartwood, which does not affect the basic life processes of the tree. In urban 
areas, there is also the risk of accidents involving people or properties [Terho, 
Hallaksella 2005; Robles et al. 2011]. 

Inonotus rickii (Pat.) Reid is a basidiomycete (Hymenomycetes) that can 
cause severe damage to trees in urban areas, producing cankers and white rot in 
several ornamental trees. 

The anamorph state Ptychogaster cubensis Pat. has been described by 
different authors [Davidson et al. 1942; Gilbertson, Ryvarden 1986; Intini 1988; 
Stalpers 1978, 2000]. Recently, phylogenetic studies have been carried out on 
isolates of this fungus from different geographic areas. These studies seem to 
suggest that P. cubensis from Florida and the anamorphic form present in 
Europe, South America, and China may not be related to the same species [De 
Simone et al. 2011; Cui et al. 2014], but further investigations with a larger 
number of isolates from the Caribbean are necessary.  

In Italy, Jaquenoud [1985] first observed the anamorph, P. cubensis, on 
Parkinsonia L. spp. (Sicily) and, in the same place, the author discover later the 
teleomorph I. rickii  [Jaquenoud 1987]. 

Other authors have reported the fungus on Schinus molle L. in Catania 
(Sicily, Italy) [Intini 1988]; on Celtis australis L. in Montenegro [Kotlaba, 
Pouzar 1994]; on Sambucus nigra L. in Greece [Kotlaba, Pouzar 1994]. Intini 
[2002] and Intini and Tello [2003] observed P. cubensis attacking Acer negundo 
L., C. australis, Platanus × hybrida Brot. and S. molle in Spain. I. rickii  was 
noted also on Albizia Durazz. spp. in France [Pieri, Rivoire 1996]. In Portugal 
Ramos et al. [2008] and Melo et al. [2002] studied it on C. australis and on 
Sapindus saponaria L. 
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Since 2003, I. rickii  has been found on some boulevards in Rome (Italy) on 
different tree species [Annesi et al. 2003; Annesi et al. 2005; Annesi et al. 2010]. 
Data concerning fungal isolates collected in Rome [De Simone et al. 2011] 
indicate that they have thermal requirements similar to subtropical and tropical 
American isolates [Davidson et al. 1942]. Due to these factors, this species could 
play an increasing role in the Mediterranean area affected by climate change 
[Pautasso et al. 2012]. 

I. rickii  is a polyphagous pathogen and it produces annual basidiomes and 
conspicuous brown powdery masses of chlamydospores, (anamorphic stage). 
This behaviour favours the spread of the infection on adjacent trees [Annesi et 
al. 2010]. 

Contaminated trees can show reduced vegetative vigour. Advanced infection 
manifests itself by overall decline and death as reported by Ramos et al. [2008] 
on a boulevard of C. australis in Portugal and by Mazza et al. [2008] on tree 
lines of A. negundo and A. julibbrissin in Rome [Mazza et al. 2008; Annesi et al. 
2010]. 

The knowledge of the potential occurrence of the pathogen on trees species 
commonly used in urban trees may provide useful information for tree 
management (tree planting, tree maintenance). The evaluation of the residual 
technological properties of wood, after fungal activity, is a key factor in 
understanding the break risk of a species. 

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

Materials and methods 

Test in vitro: specimen preparation  

The wood specimens were obtained from healthy trees mostly grown on the 
CRA-PAV experimental farm, located in Monterotondo near Rome. Quercus 
ilex was grown in Bultei (Sassari, Italy) and Quercus cerris in Vetralla (Viterbo, 
Italy). Test specimens were prepared from the timber according to the general 
requirements for physical and mechanical tests [ISO 3129:2012]. 

The timber was processed to obtain boards, stored in a room at 65 ± 5% 
relative humidity and at a temperature of 20°C so as to reach 12% moisture 
content. The boards were further processed to obtain clear wood specimens 
(with dimensions 20 × 20 × 30 mm). 
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In vitro inoculation of specimens  

The specimens were soaked in H2O for 48 hours, after which they were sterilized 
twice for 2 hours at an interval of 24 hours. Before inoculation, the specimens 
were dried in an oven at 50°C for 4 days. 

The wood specimens were infected utilizing three isolates of I. rickii  
obtained from anamorphic fructifications, which were collected in Rome from 
diseased trees of R. pseudoacacia (PF62-1), A. negundo (PF76-2) and C. 
australis (PF217-3). Twenty-six sterile transparent polyethylene containers (with 
dimensions 63 × 80 mm), containing a thin layer of malt agar (MA), were 
prepared for each fungal isolate and tree species to be tested. Each one was 
inoculated with one fungal isolate using a mycelium disc grown on a potato 
dextrose agar (PDA). These were incubated at 28 ± 1°C in the dark. When the 
mycelium had covered the surface of the agar, a wood specimen was introduced 
into each pot. The control wood specimens received identical treatment, but they 
were not inoculated by I. rickii  isolates before incubation. 

After 5 and /or 10 months of incubation at 28°C, the specimens were 
removed from the containers and the surface mycelium was gently cleaned off. 
The specimens were dried in an oven at 50°C for 96 hours (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 density (ρ), shrinkage (β) and the 
related coefficient. 

Wood density (g cm-3) at 12% moisture content (MC ) was determined  
according to the UNI/ISO 3131 standard [1985a] [Lo Monaco et al. 2011; Lo 
Monaco et al. 2015]. 

Tangential (βt), radial (βr) and volumetric (βv) shrinkage was calculated  
according to the UNI/ISO 4469 [1985c] and UNI/ISO 4858 [1988] standards, 
considering the total amount of dimensional variation from fully swollen to 
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oven-dry. In addition, for each variable measured, the coefficient of shrinkage 
was calculated (coefficient of tangential shrinkage (Cβt), coefficient of radial 
shrinkage (Cβr) and coefficient of volumetric shrinkage (Cβv)). These 
parameters constitute the shrinkage value when the MC decreases by 1% below 
the fibre saturation point, and under the assumption of a linear relationship, as  
according to Ferreira et al. [2012]. The coefficient of shrinkage anisotropy (βt/βr) 
is the tangential and radial shrinkage ratio [Giordano 1981]. 

Four edges and the middle of the surface in the radial and tangential  
directions, and 4 edges for the axial direction were measured to obtain more 
accuracy in the evaluation of shrinkage. 

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

The number of the specimens for each feature and set is reported in tables 2 
and 3. 

Table 2. Number of samples tested 5 months after inoculation 

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 after inoculation 

Shrinkage 
Density and axial compression 

strength Wood species 

PF62-1 PF76-2 PF217-3 Control PF62-1 PF76-2 PF217-3 Control 

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 advanced statistics software. As  
a first step, a data distribution was plotted and visually checked for normality. 
Differences between the inoculated specimens and the control wood specimens 
were checked using the standard paired t-test, with ANOVA and MANOVA 
analysis. Post-hoc tests were conducted using the Tukey HSD test method 
[Sheskin 2000]. 

Risk matrix of wood vulnerability 

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

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

The minimum value of the matrix was 1 (lower degradation) and the 
maximum value was 16 (highest degradation). The risk matrix values were 
divided into three groups: in the first group (values 1–3), the effect of the fungal 
agent was negligible; in the second group (values 4–6), the effect became 
evident; in the third group (values 8–16), the effect was considerable (table 4) 
[Ni et al. 2010]. 

Table 4. Risk Matrix 

Axial compression strength 

Classes 1 2 3 4 

1 1 2 3 4 

2 2 4 6 8 

3 3 6 9 12 

Density 

4 4 8 12 16 

Results and discussion 

The results, after 5 months’ treatment, highlighted the fact that the physical and 
mechanical features occasionally showed statistically-significant differences 
(table 5). ANOVA and MANOVA analysis and the post hoc Tukey test were 
performed in order to underline the differences between the inoculated 
specimens and the control specimens. 



Degradation of some technological features in the wood of ornamental species caused… 11 

Table 5. Analysis of variance of physical and mechanical features after 5 months’ 
treatment 

Shrinkage 

Density 
and axial 

compression 
strength 

Wood 
species 

βr βt βv Cβr Cβt Cβv βt/βr σ Ρ 

C. australis n.s. n.s. n.s. n.s. n.s. n.s. n.s. < 0.01 n.s. 

A. campestre < 0.05 n.s. n.s. < 0.01 n.s. < 0.01 n.s. n.s. n.s. 

A. negundo n.s. n.s. n.s. n.s. < 0.05 < 0.01 n.s. < 0.05 n.s. 

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 differencebetween 
the inoculated specimens and control specimens, in terms of the axial 
compression strength. 

In A. campestre, radial shrinkage and the radial coefficient of shrinkage 
displayed statistically-significant differences. 

In A. negundo, the tangential coefficient of shrinkage, volumetric coefficient 
of shrinkage and axial compression strength showed statistically-significant 
differences. Whereas T. × vulgaris did not present these differences. 

After 10 months’ treatment (table 6), the physical features showed 
statistically-significant differences, between the inoculated and control 
specimens for some species only, and not for all the parameters. 

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

Shrinkage 

Density 
and axial  

compression 
strength 

Wood 
species 

βr βt βv Cβr Cβt Cβv βt/βr σ Ρ 

C. australis  < 0.05 n.s. n.s. < 0.05 n.s. n.s. <0.05 < 0.01 < 0.01 

A. campestre  < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 n.s. < 0.01 < 0.01 

A. negundo n.s. n.s. n.s. n.s. n.s. n.s. n.s. < 0.01 < 0.01 

R. pseudacacia < 0.05 < 0.01 <0.01 < 0.05 < 0.01 < 0.01 n.s. n.s. n.s. 

T. vulgaris  n.s. n.s. n.s. n.s. n.s. n.s. n.s. < 0.01 < 0.01 

U. minor  n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. < 0.01 

P. acerifolia  n.s. n.s. n.s. n.s. n.s. n.s. n.s. < 0.01 < 0.01 

Q. ilex. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 
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Specifically, all kinds of shrinkage, and the relative coefficients, showed  
statistically-significant differences in R. pseudacacia and in A. campestre. In  
R. pseudacacia, statistically-significant differences, between the inoculated 
specimens and control specimens, were large regarding tangential and 
volumetric shrinkage, and the relative coefficients. In A. campestre, the 
differences were large in terms of radial, tangential and volumetric shrinkage, 
and relative coefficients. 

In C. australis, the statistically-significant differences were large with 
regards to radial shrinkage, the relative coefficient, and the coefficient of 
shrinkage anisotropy. 

Regarding density and axial compression strength, large statistically- 
significant differences between the inoculated specimens and control specimens 
were found, with the exception of R. pseudacacia, Q. ilex and U. minor. R 
pseudacacia and Q. ilex did not show statistically-significant differences and U. 
minor only showed large statistically-significant differences for density. 

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

Table 7. Percentage reduction of density and axial compression strength 
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ρ 16% 10% 9% 0% 9% 7% 11% 0% 

After 10 months’ treatment, the changes in density and axial compression 
strength gave interesting information. With the exception of R. pseudoacacia 
and Q. ilex, the investigated species displayed a marked decrease. The minimum 
value of the percentage differences of the axial compression strength was 11% 
(A. campestre) and the maximum value was 21% (C. australis); as for density, 
the minimum value was 7% (U. minor) and the maximum 16% (C. australis). 

The density and the axial compression strength were combined in the risk 
matrix: the values of the risk matrix are shown in figure 1. 

C. australis, A. campestre, A. negundo, T. vulgaris and P. acerifolia were in 
the highest risk group (8–16 points) and U. minor, R. pseudacacia and Q. ilex 
were in the lowest risk group (1–3 points). 

In the specimens after 10 months’ treatment, the density and the axial 
compression strength were analyzed to understand if and how the three isolates 
showed a different form of wood degradation. In table 8, the results of the Tukey 
test are shown. 

In the majority of the species studied, the three isolates showed a decrease in 
density and axial compression strength in relation to the control. Different 
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behaviour was sometimes noted among the three isolates: this was evident in C. 
australis, A. campestris, A. negundo, U. minor and T. vulgaris. 

Table 8. Tukey test on axial compression strength and density 

C. Australis 

Parameter  
Units of 

measurement 
Control PF62-1 PF76-2 PF217-3 P-value 

σ MPa 70.30 c 56.72 b 59.65 b 49.43 a < 0.01 
ρ g/cm3 0.769 c 0.659 b 0.662 b 0.619 a < 0.01 

A. campestris 

Parameter 
Units of 

measurement 
Control PF62-1 PF76-2 PF217-3 P-value 

σ MPa 64.28 a 60.57 a.b 54.23 c 
56.27 
b.c 

<0.01 

ρ g/cm3 0.671 c 0.635 b 0.592 a 0.595 a < 0.01 
A. negundo 

Parameter 
Units of 

measurement 
Control PF62-1 PF76-2 PF217-3 P-value 

σ MPa 59.34 c 44.51 a 48.48 b 48.58 b < 0.01 
ρ g/cm3 0.611 b 0.558 a 0.569 a 0.536 a < 0.01 

R. pseudoacacia 

Parameter 
Units of 

measurement 
Control PF62-1 PF76-2 PF217-3 P-value 

σ MPa 90.38 > 0.05 
ρ g/cm3 0.838 > 0.05 

T. vulgaris 

Parameter 
Units of 

measurement 
Control PF62-1 PF76-2 PF217-3 P-value 

σ MPa 42.78 a 35.29 c 36.53 b.c 38.97 b < 0.01 
ρ g/cm3 0.439 c 0.383 a 0.398 a.b 0.414 b < 0.01 

U. minor 

Parameter 
Units of 

measurement 
Control PF62-1 PF76-2 PF217-3 P-value 

σ MPa 61.32 ± 7.20 > 0.05 
ρ g/cm3 0.710 b 0.672 b 0.689 b 0.627 a < 0.01 

P. acerifolia 

Parameter 
Units of 

measurement  
Control PF62-1 PF76-2 PF217-3 P-value 

σ MPa 49.15 b 40.03 a 43.09 a 41.75 a < 0.01 
ρ g/cm3 0.652 b 0.587 a 0.588 a 0.575 a < 0.01 

Q. ilex 

Parameter 
Units of 

measurement 
Control PF62-1 PF76-2 PF217-3 P-value 

σ MPa 74.28 ± 6.18 
ρ g/cm3 0.783 ± 0.04 

> 0.05 
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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 different from those generally used 
because the focus of the study was to evaluate the residual strength of the wood 
after an attack by I. rickii . 

The shrinkages and the relative coefficients were relevant features between 
the inoculated and control specimens only for some species, while the density 
and axial compression strength efficaciously showed the action of I. rickii  on all 
the tested species. The Basidiomycetes as I. rickii , are characterized by their 
ability to degrade lignin, hemicellulose and cellulose [Martínez et al. 2005] 
concurrently.  

These polymers influence the mechanical characteristics of the wood: the 
lignin influences the axial compression strength [Giordano 1981]. The 
considerable statistically-significant decrease in density and in compressive 
strength is confirmed in the literature concerning various species of brown and 
white rot fungal agents found in various tree species. The physical, chemical and 
morphological wood changes, caused by the agents of caries, may be 
accompanied by a decrease in mechanical properties [Smith, Graham 1983; 
Green III, Highley 1997; Curling et al. 2002; Clausen, Kartal 2003; Yang et al. 
2010; Bouslimi et al. 2014]. Brown rot has been extensively investigated in the 
literature and in all cases, the studied fungi were found to cause a loss of 
resistance to axial compression and a decrease in density [Winandy, Morrell 
1993; Curling et al. 2002; Clausen, Kartal 2003; Silva Pereira et al. 2006; Silva 
et al. 2007]. The decrease in mechanical features was mainly due to an alteration 
in the polymers of the cell wall. Winandy and Morrell [1993] demonstrated the 
relationship between a degradation of hemicellulose and a decrease in 
compression strength. 

R
is

k 
va

lu
e 

[p
o

in
ts

] 



Degradation of some technological features in the wood of ornamental species caused… 15 

Even weight loss appears to be related to a decrease in compressive strength: 
Smith and Graham [1983] demonstrated this statement studying weight loss in 
Pseudotsuga mennziesii Franco wood, caused by Postia placenta (Fr.) MJ 
Larsen & Lombard. This agent of white rot only occasionally led to a significant 
change in shrinkage, in relation to the control. Tsoumis [1991] confirmed that 
white rot did not cause considerable variation in shrinkage in relation to the 
control. 

Density, in place of a decrease in weight, allows a rapid comparison of the 
behaviour of fungi which alter wood: this comparison is quantitative as well as 
qualitative. The density and axial compression strength were parameters that 
showed statistically the destructive activity of I. rickii  more clearly than 
shrinkages and the related parameters.  

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

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

The data showed that C. australis, A. negundo, P. acerifolia, A. campestre,  
e T. vulgaris were in the highest risk group. Although in vitro wood decay tests 
do not give definitive evidence of the degradative action of the fungus on living 
trees, they are useful in defining the potential risk [Baietto, Wilson 2010]. In any 
case, the results of surveys carried out in this study, and in previous studies in 
Italy [Annesi et al. 2005; Mazza et al. 2008], in Europe [Intini 2002; Intini, Tello 
2003; Ramos et al. 2008] and in Argentina [Robles et al. 2011] support these 
results. In fact, A. negundo, C. australis e P. acerifolia are the most frequently 
recorded and most damaged hosts of I. rickii  in urban boulevards.  

Conclusions 

• The wood of some species showed high residual density and strength. 
• The three isolates exhibited different behaviour towards the species. 
• The risk matrix made it possible to evaluate the wood of different wood 

species using the two statistically significant parameters. 
• The wood species which did not show in vitro durability to I. rickii  were the 

same that displayed susceptibility in living trees. 
• The results showed that it is possible to evaluate the relative risk of 

degradation by I. rickii  before the planting of trees in urban environments, 
thereby aiding tree management. 



Tiziana ANNESI, Luca CALIENNO, Rodolfo PICCHIO, Daniele DE SIMONE, Angela LO MONACO 16 

References 

Annesi T., Coppola R., Motta E. [2003]: Decay and canker caused by Inonotus rickii 
spreading on more urban tree species. Forest Pathology 33, 405–412 

Annesi T., Coppola R., D’Amico L., Motta E. [2005]: First report of Aberia caffra and 
Quercus cerris as hosts of Inonotus rickii. Plant Disease 89, 107 

Annesi T., D’Amico L., Bressanin D., Motta E., Mazza G. [2010]: Characterization of 
Italian isolates of Inonotus rickii. Phytopathologia Mediterranea 49, 301−308 

Baietto M., Wilson D. A. [2010]: Relative in vitro wood decay resistance of sapwood from 
landscape trees of southern temperate regions. HortScience 45, 401–408 

Bouslimi B., Koubaa, A., Bergeron Y. [2014]: Effects of biodegradation by brown-rot 
decay on selected wood properties in eastern white cedar (Thuja occidentalis L.). 
International Biodeterioration & Biodegradation 87, 87–98 

Clausen C. A., Kartal, S.N. [2003]: Accelerated detection of brown-rot decay: Comparison 
of soil block test, chemical analysis, mechanical properties, and immunodetection. Forest 
Product Journal 53, 90–94 

Cui B. K., Zhao C. L., Vlasak J., Dai Y. C. [2014]: A preliminary report on decay and 
canker of Acacia richii caused by Inonotus rickii in China. Forest Pathology 44, 82–84 

Curling S. F., Clausen C. A., Winandy J. E. [2002]: Relationships between mechanical 
properties, weight loss, and chemical composition of wood during incipient brown-rot 
decay. Forest Product Journal 52, 34–39 

Davidson R. W., Campbell W. A., Weber G. F. [1942]: Ptychogaster cubensis, a wood-
decaying fungus of southern oaks and wax myrtle. Mycologia 34, 142–153 

De Simone D., D'Amico L., Bressanin D., Motta E., Annesi T. [2011]: Molecular 
characterization of Inonotus rickii / Ptychogaster cubensis isolates from different 
geographic provenances. Mycological Progress 10, 301–306 

Ferreira R. C., Lo Monaco A., Picchio R., Schirone A., Vessella F., Schirone B. [2012]: 
Wood Anatomy and Technological Properties of an Endangered Species: Picconia 
azorica (Oleaceae). IAWA Journal 33, 90–375 

Gilbertson R. L., Ryvarden L. [1986]: North American Polypores. Fungiflora, Oslo 
Giordano G. [1981]: Tecnologia del legno vol. 1 (Wood technology Vol 1). UTET, Torino 
Green III F., Highley T. L.  [1997]: Mechanism of brown-rot decay: paradigm or paradox. 

International Biodeterioration & Biodegradation 39, 113–124 
Intini M.  [1988]: Contributo alla conoscenza dei funghi lignicoli italiani: Inonotus rickii 

(Pat.) Reid. (Contribution to the knowledge of Italian lignicolous fungi: Inonotus rickii 
(Pat.) Reid.). Micologia Italiana 17, 49–53 

Intini, M.  [2002]: First report of Inonotus rickii causing canker rot on boxelder in Europe. 
Plant Disease. 86, p. 922 

Intini M., Tello M. L.  [2003]: Investigaciones sobre hongos xilófagos de árboles urbanos en 
Europa: primera cita de Inonotus rickii (Pa.) Reid en Espaňa (Researches on 
xylophagous fungi of urban trees in Europe: first cite of Inonotus rickii (Pat.) Reid in 
Spain). Boletín de sanidad vegetal Plagas 29, 277–279 

Jaquenoud M. [1985]: Inonotus rickii, un polypore nouveau pour la flore européenne 
(Inonotus rickii a new polypore for European flora). Mycologia. Helvetica 1, 371–391 

Jaquenoud M. [1987]: Les cellules hymèniales d’ Inonotus rickii trouvé en Europe (The 
hymen cells of Inonotus rickii found in Europe.). Mycologia. Helvetica 2, 209–215 

Kotlaba F., Pouzar Z. [1994]: Two new localities of Inonotus rickii in Europe. Czech 
Mycologia 47, 159–161 



Degradation of some technological features in the wood of ornamental species caused… 17 

Lo Monaco A., Todaro L., Sarlatto M., Spina R., Calienno L., Picchio, R. [2011]: Effect 
of moisture on physical parameters of timber from Turkey oak (Quercus cerris L.) 
coppice in Central Italy. Forest. Studies in China, 13, 276–284 

Lo Monaco A., Calienno L., Pelosi C., Balletti F., Agresti G., Picchio R. [2015]: 
Technical properties of beech wood from aged coppices in central Italy. iForest, 8, 82–88 

Marchi E., Neri F., Fioravanti M., Picchio R., Goli G., Di Giulio G. [2013]: Effects  
of Cutting Patterns of Shears on Occlusion Processes in Pruning of High-Quality Wood 
Plantations. Croat. J. For. Eng. 34(2), 295–304 

Martínez Á. T., Speranza M., Ruiz-Dueñas F. J., Ferreira P., Camarero S., Guillén F., 
Martínez M. J., Gutiérrez A., Del Río J. C. [2005]: Biodegradation of lignocellulosics: 
Microbial, chemical, and enzymatic aspects of the fungal attack of lignin. International 
Microbiology 8, 195–204 

Mazza G., Moriondo M., Motta E., Annesi T. [2008]: Monitoraggio fitopatologico di 
Inonotus rickii nella città di Roma e applicazioni GPS-GIS (Phytopatological monitoring 
of Inonotus rickii and GPS-GIS applications, Rome, Italy). Forest@ 5, 160–170 

Melo I., Ramos P., Caetano M. F. F. [2002]: First record of Inonotus rickii (Basidio-
mycetes, Hymenochaetaceae) in Portugal. Portugaliae Acta Biologica 20, 265–269 

Ni H., Chena A., Chenc N. [2010]: Some extensions on risk matrix approach, Safety Sci. 48, 
1269–1278 

Nowak D.J., Dwyer J.F. [2007]: Understanding the benefits and costs of urban forest 
ecosystems. In: Urban and Community Forestry in the Northeast, 2nd ed. Ed. by Kuser, 
J.E.; Springer, Netherlands. 25–46 

Pautasso M., Döring T. F., Garbelotto M., Pellis L., Jeger M. J. [2012]: Impacts of 
climate change on plant diseases–opinions and trends. European Journal of Plant 
Pathology 133, 295–313 

Pieri M., Rivoire B. [1996]: À propos de quelques polypores (Aphyllophoromycetideae) 
rares ou critiques récoltes récemment (About some polypores (Aphyllophoromycetideae) 
rare or critical harvests recently) Bulletin de la Société Mycologique de France 112, 
163–187 

Ramos P., Caetano M. F. F., Melo I. [2008]: Inonotus rickii (Pat.) Reid: an important 
lignicolous Basidiomycete in urban trees. Revista de Cièncias Agràrias 31, 159–167 

Robles C. A., Carmarán C. C., Lopez S. E. [2011]: Screening of xylophagous fungi 
associated with Platanus acerifolia in urban landscapes: Biodiversity and potential 
biodeterioration. Landscape and Urban Planning 100, 129–135 

Sæbø A., Borzan Ž., Ducatillion C., Hatzistathis A., Lagerström T., Supuka J., Garcia-
Valdecantos L., Rego F., Van Slycken J. [2005]: The selection of plant materials for 
street trees parks trees and urban woodland. In: Urban Forests and Trees: A Reference 
Book. Ed. by Konijnendijk, C. C.; Nilsson, K.; Randrup, T. B.; Schipperijn, J.; Springer, 
Heidelberg. 257–280 

Schwarze F. W. M. R., Engels J., Mattheck C. [2000]: Fungal Strategies of Wood Decay 
 in Trees. New York, Springer 

Sheskin D. J. [2000]: Handbook of Parametric and Nonparametric Statistical Procedures, 
2nd edn. Chapman & Hall/ CRC, London 

Silva C. A., Beatriz Bacellar Monteiro M., Brazolin S., Lopez G. A. C., Richter A., 
Braga M. R. [2007]: Biodeterioration of brazilwood Caesalpinia echinata Lam. 
(Leguminosaed-Caesalpinioideae) by rot fungi and termites. International 
Biodeterioration & Biodegradation 60, 285–292 



Tiziana ANNESI, Luca CALIENNO, Rodolfo PICCHIO, Daniele DE SIMONE, Angela LO MONACO 18 

Silva Pereira C. M., Soares G. A., Oliveira, A. C., Rosa M. E., Pereira H., Moreno N., 
Vitória San Romão M. [2006]: Effect of fungal colonization on mechanical perfor-
mance of cork International Biodeterioration & Biodegradation 57, 244–250 

Smith S. M., Graham R. D. [1983]: Relationship between early decay and radial 
compression strength of Douglas-fir. Forest Product Journal 33, 49–52 

Stalpers J. A. [1978]: Identification of wood-inhabiting Aphyllophorales in pure culture. 
Studies in Mycology 16, CBS, Baarn, The Netherlands, 1–248 

Stalpers J.A. [2000]: The genus Ptychogaster. Karstenia 40, 167–180 
Tavankar F., Picchio R., Lo Monaco A., Bonyad A.E. [2014]: Forest management and 

snag characteristics in Northern Iran lowland forests. Journal of Forest Science 60, 431–441 
Terho M., Hallaksella A.-M. [2005]: Potential hazard characteristics of Tilia, Betula, and 

Acer trees removed in the Helsinki City Area during 2001–2003. Urban Forestry & 
Urban Greening 3, 113–120 

Tsoumis G. [1991]: Science and technology of wood. Structure, properties, utilization. 
Chapman & Hall, New York 

Winandy J. E., Morrell J. J. [1993]: Relationship between incipient decay, strength, and 
chemical composition of Douglas-fir heartwood. Wood Fiber Science 25, 278–288 

Yang Z., Ren H. Q., Jiang Z. H. [2010]: Effects of biological decay on mechanical 
properties of slash pine wood. Journal of Beijing Forestry University 32, 146–149 

List of standards 

ISO 3129:2012 Wood – Sampling methods and general requirements for physical and 
mechanical testing of small clear wood specimens 

UNI/ISO 3131:1985a – Wood. Determination of density for physical and mechanical tests. 
UNI/ISO 3787:1985b – Wood. Test methods. Determination of ultimate stress in 

compression parallel to grain 
UNI/ISO 4469:1985c – Wood. Determination of radial and tangential shrinkage 
UNI/ISO 4858:1988 – Wood. Determination of volumetric shrinkage 

Acknowledgements 

This study was supported financially by the Italian Ministry of Agriculture, Food 
and Forestry. 
 
 


