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Abstract
This paper presents the results of research on the diversity of wood-rot fungi found in buildings and
outdoor wooden engineering structures in Poland. A total of 47 species and genera of wood-rot fungi
from Basidiomycota (19 brown rot fungi, 28 white rot fungi) and 1 genus from Ascomycota (1 fungus
which does not cause wood decay) was found in damaged buildings. The greatest number of wood-rot
fungi was reported on outdoor wooden engineering structures (33 species), followed by unoccupied
residential buildings (30 species). The lowest diversity was found in occupied residential buildings (20
species). A total of 34 species and genera of fungi were found in all examined structures, out of which 17
species caused brown rot, 16 caused white rot, and 1 did not cause wood decay.

Introduction
Due to its high load-bearing capacity, insulation and low carbon footprint, wood is an important material
used in construction. However, if not properly preserved, it may be subject to degradation by a variety of
biotic components. Fungi are one of the main causes of degradation of wooden buildings.

House-rot fungi are not species that specialize in wood degradation exclusively in buildings. They are a
typical species of saprotrophic fungi inhabiting dead wood in forests or outdoors, and they colonize
building materials in structures due to favorable conditions for their development. These conditions
usually occur due to �awed design, mistakes made during construction, or improper use. House-rot fungi
attack wood in structures according to their temperature and humidity preferences. For example, fungi
that decompose fallen trees and tree stumps may often be observed in damp and cool basements.

In the Northern Hemisphere, the most commonly used wood for structural timber is derived from
coniferous trees. This makes brown rot fungi the main group of fungi causing the most economic
damage to European and North American buildings (Schmidt and Huckfeldt 2011). Wood attacked by
fungi, because of progressive decay, loses its original properties. The mechanical strength of structural
timber is then reduced, resulting in major building failures or disasters.

In the world literature, the terms house-rot fungi and dry-rot fungi are used exclusively for wood
destroying fungi in buildings. Fungi destroying stored wood and structural timber outdoors constitute a
separate group. In Polish literature, due to differences in the classi�cation of fungi destroying structural
timber indoors and outdoors dating back to the 1930s (Skupeński 1937), species destroying structural
timber indoors, structural timber outdoors and stored wood are all referred to as "house-rot fungi". The
�rst classi�cation of house-rot fungi, published after World War II, was presented by Ważny (1951). Over
the years, Ważny modi�ed the classi�cation (Ważny 1957; 1958; 1963; 1970; 1983). Its latest version
(Table 1) was published in 2001 (Ważny 2001). Publications by other authors, which appeared in later
years (Krajewski and Witomski 2012; Karyś 2014), did not introduce any changes to the Ważny (2001)
classi�cation. Thus, despite being published over 20 years ago, the last update of the classi�cation of
house-rot fungi by Ważny (2001) is still considered up to date and accurate in Poland. This is because,
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among other things, this classi�cation includes the location of damage caused by the fungus, developed
on the basis of reliable �eld studies.

Only the most important species are discussed in national monographs on wood-destroying fungi
indoors and outdoors. Thus, the list of house-rot fungi in domestic monographs is limited to 8-13 species.
In contrast, 6-26 species of house-rot fungi are discussed in foreign monographs (Table 1). A higher
number of species discussed in foreign monographs is connected, among other things, with more
frequent use of hardwood in housing construction (Andres et al. 2019).

It should be noted, however, that the diversity of indoor wood-decaying fungi is much higher, as evidenced
by numerous articles presenting the results of �eld studies carried out in Europe. Alfredsen et al. (2005)
presented a list of 31 species and genera of indoor decay fungi in southern Norway. Schmidt (2007)
published a list of 74 species and genera of wood-infesting fungi in buildings in Germany. Fraiture (2008)
reported a list of 101 species and genera of indoor wood-decay fungi in Belgium. Irbe et al. (2008)
presented a list of 23 species of wood infesting fungi in historic buildings in Macedonia. Vampola (2008)
published a list of 40 species of indoor wood-decay fungi in the Czech Republic. Schmidt and Huckfeldt1
reported a list of 117 species and genera of indoor wood-decay fungi in Germany. Irbe et al. (2012)
presented a list of 46 species and genera of fungi destroying the exterior of wooden buildings in Latvia.
Haas et al. (2019) reported a list of 40 species of fungi infesting wood in buildings in Styria (Austria).

Modern constructional and material solutions, currently used in newly constructed and renovated
buildings, should reduce the risk of favorable conditions for the development of house-rot fungi. On the
other hand, some conceptual and design solutions that do not consider the climatic conditions prevailing
in the country, as well as the tendency to shorten the construction time to the bare minimum, combined
with the use of old technologies (wet construction systems with high water requirements/consumption),
encourage the occurrence of favorable conditions for the development of indoor fungi. These
characteristics of the modern construction industry, which increase the risk of fungal infestation of
buildings, have led the authors of this publication to conduct a survey study on the diversity of both
indoor and outdoor wood-decay fungi. The aim of this work was to review the diversity of indoor wood-
decay fungi in Poland and compare the results with those of other European studies.

Experimental
Materials and Methods

The study was conducted in late 2019 and early 2020 to review the list of house-rot fungi currently found
during mycological and building inspections. Mycological and mycological-construction experts
associated with the Polish Association of Building Mycologists (PABM) took part in the research. All
members of this group had appropriate, certi�ed specialist knowledge and skills in the �eld of building
mycology. Mycological and mycological-construction experts PABM took part in the research, after
obtaining informed consent from the PABM Main Board. Participation in the research process was
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voluntary. The applied research procedures were compliant with the principles of ethics contained in the
Code of Ethics for Research Workers - Polish Academy of Sciences.

In order to e�ciently collect research results from PABM experts, a data entry form was created and made
available to experts online. The data entry form consisted of about 21 species of fungi selected based on
current publications discussing the occurrence of house-rot fungi in Europe. The species were selected
based on the frequency of their occurrence in Central-Western European buildings and based on
observations made during mycological and building surveys in Poland. Before providing data on the
frequency and location of the fungus species, the experts could read a note containing the technical
name, a synonym of the current Latin name, and a brief description of morphological structures of the
fungus (macro- and microscopic). When �lling out the form about the frequency of occurrence, the
experts had to choose one of the following options: very often (more than 50% of observations), often (up
to 50% of observations), rarely (up to 25% of observations), occasionally (up to 5% of observations), or
not found. Additionally, there was an open question in which the respondent experts could provide names
of observed fungal species that were not included in the form.

After determining the frequency of occurrence of a given species, the expert could indicate the type of
structure in which they found morphological structures of the fungus. When answering this question, one
or more answers could be chosen from: occupied residential buildings (RB), unoccupied residential
buildings (URB), other buildings: sheds, woodshelters, etc. (OB), structural timber outdoors (STO) and
other locations: mines, abandoned churches, railroad ties, etc. (OL).

The following was stated in a description, which immediately preceded the data entry form: Sending back
the completed form is tantamount to the respondent expert being in possession of appropriate
photographic documentation and/or desiccated fungi samples of the observed fungal species.

The experts taking part in the study were tasked with providing percentage values for the frequency of
occurrence of given fungal species in controlled structures. The frequency of occurrence of given fungal
species, presented in Table 2 (column 3) and Table 3 (column 8), was determined according to formula
(1). The frequency of occurrence of fungal species in given object categories was determined in a similar
fashion (table 2, columns 4-8).

The names of fungi are provided according to systematics updated on a regular basis in the Index
Fungorum database (2022).
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Results And Discussion
Based on the results of an internet query, the number of PABM experts actively performing expert reports
in 2019 was determined to be 100. For the assumed con�dence interval (α=0.95), it was calculated that
collecting 81 questionnaires research forms from mycological and mycological-construction experts
would guarantee a study statistical error of 5%. The study involved 73 experts, so the statistical error was
6%. All questionnaires were �lled out correctly, i.e. there were no logical errors. The results of the
questionnaire are presented in Table 2. The table shows the total frequency of fungal occurrence in the
inspected objects divided into object categories, in which fungal morphological structures were detected.
The fungi were sorted in descending order based on the total frequency of occurrence in buildings. 

The experts provided a total of 48 types of fungi (43 species and 5 fungi recognized to genus): 47
species and genera of wood-degrading Basidiomycota (including 41.7% brown rot fungi and 58.3% white
rot fungi) and 1 genus from Ascomycota (Table 2). The highest species diversity of wood-rot fungi was
found on outdoor structures (STO) - 33 species. The second location in terms of diversity was
unoccupied residential buildings (URB) - 30 species. The lowest diversity was found in occupied
residential buildings (RB) - 21 species.

Thirty-four species and genera of fungi were found in buildings (RB, URB and OB), including 33 wood-rot
fungi (51.5% brown rot fungi and 48.5% white rot fungi). A total of 87.3% of fungal species and genera
observed in buildings were brown rot fungi, 12.3% were white rot fungi, and 0.4% did not cause wood
decay.

Table 2 (columns 4-8) can be used to track which buildings were most frequently infested by given fungal
species. In the case of species entered by experts (fungi outside the list of 21 species included in the
questionnaire), Table 2 does not show their percentage occurrence in each category but only indicates
these categories by "x". The other locations category (OL), which was �lled out by experts, proved to be
the most diverse. Experts indicated following locations: structures on forested land, mines, lumber yard
stores, railroad sleepers, and others.

The results of �eld investigations published in the form of articles generally present a much broader
spectrum of wood-rot fungi in buildings than it is described in monographs. There are relatively few
national publications (articles) on the species diversity of house-rot fungi because for over 40 years, no
data on the occurrence of wood-decaying fungi in buildings were published in Poland. Few publications
refer to selected areas of Poland (Ważny and Czajnik 1973; 1974a; 1974b; Konarski 1974) or focus on a
speci�c category of objects (Ważny and Czajnik 1963a; Ważny et al. 1999; Andres 2011). Only the
publication by Ważny and Czajnik (1963b) provides data for the entire country on wood rot fungi in
buildings (Table 3). Confronting the results of the questionnaire with the publication by Ważny and
Czajnik (1963b), one can a�rm that the species richness of Basidiomycota fungi destroying wood in
buildings has increased. In the publication from the 1960s, a list of 26 species was provided (including
61.5% brown rot fungi and 38.5% white rot fungi), whereas the experts taking part in the study provided a
total of 33 wood rot fungi. In addition to the increase in diversity by 26.9%, it can be concluded that the
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proportions of species causing brown and white wood rot have changed. In the 1960s, the total frequency
of observations of brown rot fungi in buildings was 95.7%, while that of white rot fungi was 4.3%. In this
study, the total number of observations of white rot fungi was almost three times higher, with only a slight
increase in the number of species of white rot fungi. The obtained results could have been signi�cantly
in�uenced by the revitalization programs implemented in the country after 2004 (after Poland's accession
to the European Union) and since 2015 widely implemented under the Municipal Revitalization Programs
(Ministry of Development Funds and Regional Policy). These programs are aimed at, inter alia,
counteracting the degradation of the urban structure of cities and striving for reconstruction of cities’
historical identities. As part of integrated revitalization projects, the following are renovated: historical
market squares, tenement blocks, and 19th century postindustrial complexes (according to nomenclature
adopted in this publication: RB, URB and OB). The observations of the authors of this article con�rm that
buildings intended for revitalization are often heavily damaged, and due to the high moisture inside of
them, favorable conditions for the development of white rot fungi occur.

The results of the research generally correspond to the outcome of studies on indoor fungi conducted in
Europe after 2000. Studies conducted in Germany have shown a high diversity of indoor wood-decaying
fungi. Schmidt (2007) reported a list of 74 species and genera of fungi (including 40.5% brown rot and
59.5% white rot fungi), and Schmidt and Huckfeldt (2011) published a list of 117 species and genera of
fungi (including 38.9% brown rot and 61.1% white rot fungi) responsible for wood decay in buildings. In
the publication of Schmidt and Huckfeldt1, the total number of observations of brown rot fungi  (2011) in
buildings was 57.9%, and white rot fungi was 8.4%. Buildings in Germany were most frequently infested
by S. lacrymans and C. puteana. The analogous frequency of both species was shown by the
questionnaire conducted by the authors of this study. The third most frequent fungus infesting wood in
buildings in Germany was D. expansa, which is occasionally recorded in Poland. On the other hand, in
Germany, F. vaillantii, A. sinuosa and N. serialis were present at much lower levels than in buildings in
Poland.

Vampola (2008), in a publication on wood-decaying fungi in buildings in the Czech Republic, presented a
list of 40 selected species of fungi belonging to Basidiomycota (including 42.1% brown rot fungi and
57.9% white rot fungi). Unfortunately, the frequency of their occurrence in decayed buildings was not
given in the paper. The diversity of indoor wood-decaying fungi in the Czech Republic is slightly lower
than that in Poland.

An equally high diversity in infested buildings in Belgium was found by Fraiture (2008). The author listed
101 species and genera of fungi (including 36.8% brown rot fungi and 63.2% white rot fungi).
Additionally, in Belgium, a low percentage of buildings were infected by fungi of the genus Antrodia sp.,
while the incidence of S. lacrymans was 41.9%. The total incidence of brown rot fungi in buildings was
73.5%, while the incidence of white rot fungi was 21.2%.

The study of Irbe et al. (2012) focused mainly on the deterioration of external wooden elements of
buildings in Latvia. A total of 46 genera and species of Basidiomycota fungi were found on wooden
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buildings in the open-air museum (including 31.8% brown rot fungi and 68.2% white rot fungi). A total of
19 Basidiomycota genera and species were found on religious wooden buildings (including 26.3% brown
rot fungi and 73.7% white rot fungi). The percentage share of particular fungal species was not given in
the paper. The diversity of wood-decaying fungi in buildings in Latvia is slightly lower than that in Poland.

A study by Alfredsen et al.  (2005), conducted in Norway, also in the temperate climate zone, but more
northerly than Poland, showed a much lower diversity of house-rot fungi. The paper gives a list of 31
species and genera of Basidiomycota fungi (including 62.9% brown rot and 37.1% white rot fungi)
infesting wood in buildings. The total number of observations of brown rot fungi in buildings was 87.3%,
and that of white rot fungi was 12.7%. The most frequent Basidiomycota causing wood damage in
Norwegian buildings were fungi of the genus Antrodia and species of C. puteana and S. lacrymans. It
should be noted that in the publication discussed here, the fungi of the genus Antrodia sp. include A.
xantha, A. sinuosa, N. serialis and F. vaillantii because according to the systematics of that time, these
species belonged to one genus (Antrodia). In Poland, the number of species a�icting buildings was
similar to the number speci�ed in Norwegian data; however, the frequency of wood infestation in
buildings by S. lacrymans and fungi of the genus Antrodia (according to systematics adopted in the
article above) was higher than that in Norway, whereas the incidence of C. puteana in fungus-infested
buildings was slightly lower.

Haas et al. (2019) reported 74 genera and 40 species of indoor wood-decaying fungi in the federal state
of Styria (Austria). The total number of observations of indoor brown rot fungi was 88.0%, and white rot
fungi accounted for 5.4%. A total of 6.4% of observations were described as “other genera” and thus
could not be assigned to a speci�c type of wood rot. The highest amount of damage in buildings was
caused by Serpula spp. The incidence of fungi of the genus Antrodia spp. The authors of the publication
believe that the high percentage of infestation of buildings by S. lacrymans may have its genesis in the
large destruction of buildings in this part of Austria during World War II. In Poland, the incidence of S.
lacrymans in buildings is two times lower than in Styria, whereas the occurrence of the "polypores group''
(A. sinuosa, A. xantha, F. vaillantii and N. serialis) is almost three times higher and the incidence of D.
expansa in affected buildings in Poland is ten times lower.

Gabriel and Švec (2017) presented the frequency of occurrence of the main fungal species in historical
buildings of Romania (castles, palaces, citadels, churches, etc.). The buildings were infected, among
others, by S. lacrymans (32%) and C. puteana (60%), A. vaillantii (21%), and D. expansa (21%). The
conducted research showed a lower percentage of occurrence of fungi in buildings than in Poland and
lower diversity. It should be noted, however, that Romanian research concerns historical buildings, which
does not necessarily correspond to the general fungal infestation of residential buildings.

Irbe et al. (2008), based on studies conducted in Macedonian cultural heritage sites (37 monasteries and
churches and one fortress) presented a list of 26 species of wood-decaying Basidiomycota fungi, of
which 21 species (80.8%) caused white rot. The most common fungus found was Lyomyces crustosus,
causing white rot. The total number of observations of white rot in buildings was 81.3%. S. lacrymans
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was not found during the inspection of historic buildings; moreover, this fungus was never found in
Macedonia. Among the brown rot fungi, the most commonly occurring genus was Antrodia spp. (6.2%).
Comparing the results of the study to the results achieved by Irbe et al. (2008), it can be stated that indoor
white rot fungi occur more frequently in southern European subtropical climates than in temperate
climates.

It should be noted, however, that the conducted research did not aspire to determine the current state of
fungal growth in buildings in Poland but to determine any changes in the species composition of fungi
currently degrading wood in buildings. The method of data collection, different than in the studies by
Ważny and Czarnik (1963b), may have an impact on the obtained results; however, the trend of changes
in the diversity of wood-destroying fungi in buildings is clear. The authors realize that the presented
research results only approximate the number of species and the frequency of their occurrence in
buildings, as not all fungi infested buildings in Poland are submitted for inspection by PABM experts.

Conclusions
1. Despite the changes in the method and technology of construction and renovation of buildings, the

most important species most frequently found in fungus-infested buildings are brown-rot fungi: S.
lacrymans, C. putean and F. vaillantii. The fourth most common in buildings was the white-rot
fungus P. gigantea.

2. Analyzing the occurrence of individual species, we can state that the occurrence of S. lacrymans and
C. puteana has decreased twice, while the share of the "polypore group" in infested buildings has
increased twofold.

3. From an economic point of view, the most important wood-decaying fungi in buildings in Poland are
still the brown rot fungi of coniferous wood, although there is a noticeable 10% increase in the
diversity of white-rot fungi in buildings. The increase in the diversity of wood-decaying fungi in
buildings is mainly due to the increase in white rot fungal species. Despite the increase in the number
of white rot species in buildings, the frequency of their occurrence is not high. Consequently, they
cause little economic loss in buildings in temperate climate zones.
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