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SYNOPSIS. Apart from solid wood, wood-based panels (WBP) are currently used in
building as insulating and construction materials and as such they are exposed to fac-
tors creating conditions favourable for growth of wood attacking fungi. Classical tests of
WBP resistance to fungi activity usually cover determination of mass loss caused by Ba-
sidiomycotina fungi or growth rate of mould fungi. Changes of WBP strength have been
determined in research in addition to the above-mentioned indicators of WBP resistance
to fungi. The mass loss of WBP caused by rotting activity of fungi was compared with
mass loss of solid Scots pine sapwood. The aim of the investigation was to establish resis-
tance to fungi activity of nowadays manufactured domestic WBP according to currently
used modified method of resistance evaluation. The following wood based panels (WBP)
were tested for the action of Basidiomycotina fungi or Ascomycotina and Deuteromy-
cotina fungi causing wood moulding: OSB with various glues (MUF, PMDIsocyanate),
regular and laminated particle boards (UF glue), and wet- and dry-process fibre boards
(MDF, HDF). The resistance of tested materials to fungi activity was defined by determi-
nation of mass loss (PN-EN 113 and PN-ENV 12 083 – (Basidiomycotina)) as well as by
determination of the degree of wood coverage with mould (ITB Instruction no 355/98),
and also by determination of the effect of these fungi action and humidity on compres-
sion strength. Thanks to the test methods used significant changes in tested WBP were
shown, thus knowledge about the influence of fungi on WBP properties was broadened.
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INTRODUCTION

Wood based panels (WBP) belong to one of most used building and construc-
tion materials. They are used not only as building materials but also as finishing
and insulating materials for partition walls, structural ceilings, finishing panels,
furniture etc. Production of WBP is characterised by an increasing trend. In 2004
global production was 225·106 m3: plywood ca. 70·106 m3 (Asia ca. 40·106 m3),
particleboard ca. 95·106 m3, fibreboard ca. 45·106 m3 (FAOSTAT database 2005,
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Aderhold et al. 2006, Döry 2006). Wood decaying fungi as well as mould fungi
occurring in buildings as a result of inappropriate ventilation, design errors and
inappropriate maintenance may infest lignocellulosic materials causing their de-
preciation and degradation. The growth of fungi on wood-based materials has
a negative effect on aesthetics and strength of the structures of wooden materials
and products, and also on human health. Mycological analyses of building mate-
rials showed that fungi which are most common in buildings include Aspergillus
niger (Matkowski 2002), which in medical literature is classified as a fungus
dangerous to human (Baran 1998), as well as such toxic species as Penicillium
claviforme Bainier or Botrytis cinerea Persoon ex Fries which causes allergies of
respiratory tract. Genera of fungi dominant among fungi which most often in-
fect wood-based materials are Aspergillus, Penicillium, Alternaria, Paecilomyces,
Phoma (Lutomski 1995, Ważny 1994, 2003). The fungi causing rot of wood se-
cret enzymes which depolymerises cellulose and lignin, i.e. main natural polymers
of wood. Fungi are agents which decrease natural resistance of wood. Classical
tests of WBP resistance to fungi activity usually cover determination of mass loss
caused by Basidiomycotina fungi or growth rate of mould fungi (Lea and Berry
1995, Fojutowski et al. 2007, Van Acker and De Smet 2007). The objec-
tive of the investigations was determination of resistance of different wood based
panels to activity of Basidiomycotina – wood decaying fungi or Ascomycotina and
Deuteromycotina – fungi causing wood moulding. Apart from the above-mentioned
indicators of WBP resistance to fungi, the basis for the research on recognition of
WBP resistance to fungi was determination of WBP strength changes as an effect
of fungi growth and/or higher humidity.

OBJECTIVES

The aim of this research was to determine resistance of contemporary produced
wood-based panels to wood attacking fungi (Ascomycotina and Deuteromycotina
or Basidiomycotina).

MATERIAL AND METHODS

The tested materials were WBPs: OSB with various glues (MUF, PMDIs-
ocyanate), laminated particleboards (UF glue), and wet- and dry-process fibre
boards (MDF, HDF). The description of tested WBPs is given in Table 1. WBP
samples for testing were taken from sheets from whose outer parts 300 mm-wide
strips were cut off. The sheets were conditioned in the laboratory in dry condi-
tions for 3 months. Apart from samples exposed to fungi, control samples which
were not exposed to any treatment and check samples kept on a sterile culture
medium in conditions like the conditions in which samples exposed to fungi were
kept, were prepared. The check samples were handled, sterilized in an autoclave
etc., similarly to the test samples.
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Table 1. Characteristics of wood-based panels

Wet
OSB-3

Particle-
Panel HDF MDF process

3-layer
board

code fibreboard 3-layer
5 10 3 4 P W 1 2 11

Thickness 3.2 6.0 16.5 15.0 12.0 5.0 10.0 16.0 16.0
[mm]

Density 0.881 0.912 0.808 0.542 0.227 0.273 0.738 0.637 0.668
[g/cm3]

Glue UF UF UF 100% WZ-MUF, 100% UF
PMDI WW-PMDI PMDI

Finishing laminate laminate

Purpose floor insulating

The WBP resistance to mould fungi was tested using a method based on the
instruction prepared by the Building Research Institute (Instrukcja ITB... 1998).
For 4 weeks samples were exposed to the action of a mixture of pure cultures of
the following fungi: Aspergillus niger v. Tieghem, Penicillium funiculosum Thom,
Paecilomyces varioti Bainer, Trichoderma viride Person ex Fries, Alternaria tenuis
Link ex Fries (= the mixture); or action of a pure culture of Chaetomium globosum
Kunze fungus. The incubation proceeded in the temperature of 27 ±1◦C and
relative humidity of 90%. The growth of mycelium on the surface of samples was
measured after 4 weeks using the following scale:
0 – no growth of fungi on a sample, visible under the microscope
1 – trace growth of fungi on a sample, hardly visible to the naked eye but well

visible under the microscope or growth limited to the edges of a sample, visible to
the naked eye
2 – growth of fungi on a sample, visible to the naked eye, but less than 15% of

the surface is covered with fungus
3 – over 15% of the surface is covered with fungus visible to the naked eye
Test samples were of the dimensions of 50 × 30 × thickness mm. Before and

after exposure to fungi the samples were sterilized with steam in an autoclave
(20 min, 121◦C). 10 samples of each WBP type were used for test with the fungi
mixture and Chaetomium globosum fungus and for control and check. The samples
were used in strength tests as well.
The susceptibility of panels made of wood-based materials to brown rot was

defined by determination of mass loss of samples of tested materials caused by
Basidiomycotina fungi action. The determination was carried out acc. to methods
based on PN-ENV 12 083 (special adaptation of PN-EN 113 used for determination
of toxic limits of wood preservatives) and PN-EN 113. For 16 weeks samples were
exposed to the action of a pure culture of Coniophora puteana (Schum. ex Fr.)
Karst. fungus (BAM Ebw.15). For mass loss determination the following specimens
were used:
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– WBP specimens of the dimensions of 50 × 50 × thickness mm as treated
samples and moisture content check specimens (to calculate the initial oven
dry mass). Six specimens (two test specimens from each of three panels of
each tested WBP type) were exposed to the fungus. Only one specimen was
introduced in each culture vessel

– Scots pine sapwood (Pinus sylvestris L.) samples of properties in line with
(PN-EN 113) and of the dimensions of 50 × 50 × appropriate WBP thickness
mm, as samples for comparison of the effects of WBP decay with Scots pine
sapwood, so one specimen only was introduced in each culture vessel like by
WBP testing

– Scots pine sapwood (Pinus sylvestris L.) samples of properties fulfilling re-
quirements of PN-EN 113 and of the dimensions of 50 × 25 × 15 mm, as
samples used to control virulence of fungi strains used in tests. Two speci-
mens were placed in one culture vessel

Two WBP specimens of the dimensions of 50 × 30 × thickness mm were
placed in one culture vessel in order to prepare specimens for determination of
the influence of brown rot fungus on the WBP strength. The mass losses on the
specimens were also determined in order to directly establish the condition of
samples tested for strength.
The mass loss of each specimen was calculated in relation to its initial oven dry

mass determined by calculation method according to PN-ENV 12038 and not in
relation to the final oven dry mass of the specimen after fungus action, as it was
given in the standard by mistake.
Before exposure to fungi the samples were sterilised with steam in an autoclave

(20 min, 121◦C). Check samples were treated and sterilized in the autoclave just
like the test samples. In strength test 10 samples of each WBP type were used
for each type of test: with fungus infected samples, with control samples and with
check samples.
The mass losses of WBP caused by dry rot fungus Coniophora puteana were

compared with mass losses of appropriate (of the same dimensions) specimens of
Scots pine sapwood (Pinus sylvestris L.). It allowed establishing of DSI (Decay
Susceptibility Index) according to the following formula:

DSI =
T · 100

S
(1)

where: T – mean loss in mass of WBP [%]
S – mean loss in mass of the appropriate set of specimens of Scots pine
sapwood [%]

DSI values of 100 indicate the same decay resistance as that of wood used in
the test for comparison. WBPs with lower DSI values are more resistant to attack
of fungus used in the test. DSI index compensates for the differences stemming
from panel thickness and makes it possible to establish a ranking of panels in terms
of their resistance to wood decaying fungi.
The compression strength of WBP was tested acc. to the above-mentioned

Instruction (Instrukcja ITB... 1998). Compression strength of WBP specimens
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of the dimensions of 50 × 30 × thickness mm was the subject of testing and
specimens were loaded along the 30 mm long side. Computerized Instron testing
machine was used for strength determination. After fungal tests the specimens were
cleaned by gently removing any adhering mycelium, and in the case of mould fungi
the specimens were additionally sterilized on the surface with 75% ethyl alcohol.
Then the specimens were oven dried before mechanical testing. Control and check
specimens were treated in the same way. Significance of differences between mean
values of compression strength for sets of tested, control and check WBP specimens
was measured by rank-sum test (Greń 1982).

RESULTS

The virulence of strains of mould fungi used in the test was very high. The
whole surface of nutrient medium in Petri dishes was completely covered by fungi
after 3 days from infection.
The surface of Scots pine sapwood control specimens was grown over with

mycelium in grade 3 and 100% of the surface was covered with growing mycelium.
Results of tests of WBP resistance to mould fungi presented in Table 2 show that
almost all tested WBP were covered by fungi in grade 3 (over 15% of surface cov-
ered) and in most cases mould fungi grown on the whole surface of the specimens.
Tested WBP with such level of moulding may not be classified as mould resis-
tant according to criteria used in the method accepted in building. The growth of
moulds was less only on 16.5 mm thick MDF panel – grade 0-1.2.

Table 2. The degree of mould fungi growth of wood-based panels subjected to mould
fungi action

Panel code 5 10 3 4 P W 1 2 11

Option The degree of mould fungi growth

I Mixture 2.8 3.0 0.0 3.0 2.6 2.6 3.0 3.0 3.0
II Chaetomium globosum 2.6 2.2 1.2 3.0 3.0 3.0 3.0 3.0 3.0

Moisture content after incubation [%]

I Mixture 61.8 39.2 29.5 34.9 66.0 88.3 40.1 29.2 31.3
II Chaetomium globosum 65.1 41.5 31.5 37.8 30.2 95.7 45.4 29.8 34.3
Reference samples 54.9 37.1 32.3 29.9 61.1 91.4 32.3 26.3 34.0

Compression strength of tested WBP was different and dependent on their type
(Table 3). Control particleboards, including OSB type, were characterised by high
compression strength ranging from 11 to 31 N/mm2, but compression strength of
control wet-process soft fibreboard was below 2 N/mm2. The compression strength
of all particleboards tested after mould fungi action was very similar to that of
check panels (on sterile culture medium), but both strength values were lower
than the strength of control boards. Compression strength of tested WBP ranged
from 21% (laminated particleboard) to 92% (wet-process softboard). In most cases
the differences between mean values of compression strength of samples subjected
to mould fungi action and of check samples were not statistically significant at
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Table 3. The compression strength of wood-based panels after exposition to mould fungi
action

Panel code 5 10 3 4 P W 1 2 11

Option Compression strength [N/mm2]

Check (S) x 7.47 12.53 10.52 11.56 0.53 1.22 6.63 10.94 2.52
δ 1.5 1.6 1.1 0.9 0.0 0.1 2.3 2.8 0.2
V 20.61 12.55 10.32 8.12 8.12 5.73 34.64 25.82 9.47

Control x 17.75 31.17 22.71 14.11 0.59 1.56 10.68 15.22 11.77
δ 2.9 5.4 2.0 1.2 0.05 0.1 1.7 3.7 0.8
V 16.50 17.24 8.98 8.82 8.15 4.01 15.64 24.14 6.57

M:S IR α = 0.05 no no no no no yes no no no

Ch:S IR α = 0.05 no no yes no yes yes no no no

W1 = M·100/K [%] 40 47 50 77 92 71 61 78 23
W2 = S·100/K [%] 42 40 46 82 90 78 62 72 21
W3 = Ch·100/K [%] 41 44 54 78 81 56 66 77 23

Moisture content after incubation [%]

Specimens after (M) 61.8 39.2 29.5 34.9 66.0 88.3 40.1 29.2 31.3
Specimens after (Ch) 65.1 41.5 31.5 37.8 30.2 95.7 45.4 29.8 34.3
Check (S) 54.9 37.1 32.3 29.9 61.1 91.4 32.3 26.3 34.0

W1 – compression strength of panels after exposition to mixture of mould fungi action
(M) in relation to compression strength of control panels (K) [%].
W2 – compression strength of check panels in relation to compression strength of

control panels (K) [%].
W3 – compression strength of panels after exposition to Chaetomium globosum fungus

action (Ch) in relation to compression strength of control panels (K) [%].

the significance level of α = 0.05 (95%); however, they were significant at lower
significance levels which may indicate some negative influence of mould fungi.
The drop of compression strength in relation to control panels may be explained
rather by the effect of higher air humidity and moisture content than by fungi
activity. Therefore, it seems that changes caused on WBP by mould fungi are
not significant for their compression strength; however, higher humidity of air and
moisture content, which are favourable to fungi growth, may significantly decrease
the strength of WBP.

The decaying virulence of the strain of Coniophora puteana (Cp) fungus used
in the test was very high – mean loss in mass was 51.0%. The action of Cp fungus
caused decay, i.e. mass losses of wet-process and dry-process fibreboards and par-
ticleboards ranged from 32 to 60% for most samples of panels (Table 4). It shows
their lack of resistance to Basidiomycetes fungi. Mass losses of WBP prepared
for strength testing, which were smaller and exposed to fungus action, where two
specimens were placed in one culture vessel, were very similar to the mass loss
caused by Cp fungus in the case of WBP specimens which were used only for mass
loss determination (specimens were greater and placed individually in culture ves-
sel). Similar lack of resistance to decay was observed for these two test layouts.
Changes of mass caused by agents other than fungus were relatively small, between
2% and 4%. Mass losses of Scots pine sapwood specimens of dimensions similar to
WBP, placed in the same culture vessels and under the same conditions, ranged
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Table 4. The mass losses of wood-based panels caused by brown rot Coniophora puteana
fungus

Panel code 5 10 3 4 P W 1 2 11

Option The mass losses caused by Coniophora puteana [%]

Specimens 49.55 42.07 40.36 38.79 58.00 59.95 45.67 32.32 47.95
for mass loss

Specimens 52.43 42.3 35.7 35.2 54.99 55.73 45.88 37.26 47.31
for strength

Corrected mass 48.69 40.42 32.53 33.28 50.70 52.66 42.93 34.87 45.31
loss for strength

Correction factor 3.73 1.90 3.22 1.94 4.29 3.07 2.95 2.39 2.00

Control (Scots 63.3 57.1 48.3 48.3 41.2 57.1 46.50 48.30 48.30
pine sapwood)

DSI 78 74 84 80 141 105 98 67 99

Moisture content after incubation [%]

Specimens 130.9 87.4 74.4 54.2 40.9 87.5 94.2 89.7 168.5
for mass loss

Specimens 163.5 86.4 59.2 53.1 89.3 127.0 85.3 45.9 74.4
for strength

Check specimens 54.0 37.0 42.4 30.3 55.5 58.7 52.4 26.7 36.4
for strength

from 41.2 to 63.3%. It confirms good condition for the fungus to decay WBP. Five
samples (marked 2, 3, 4, 5, and 10) from the nine tested WBP were characterised
by distinctly greater resistance to decay caused by brown rot than that of Scots
pine sapwood: DSI from 67 to 84. The other tested panels were characterised by
DSI between 98 and 141 (Table 6). Disfigurement and delamination of some panels
were the effects of Cp fungus activity and following drying of panel specimens at
103◦C.The resistance of WBP to brown rot fungi in the tested set of boards de-
pended to some extent on their properties. It is noticeable that in the case of the
same type of boards, those of greater density or PMDI glues instead of UF glues
are characterised by higher resistance, e.g. HDF board marking 10 versus marking
5 or MDF board marking 4 versus marking 3.

The compression strength of the samples of WBP subjected to Cp fungus (Ta-
ble 5) significantly decreased in comparison to control samples and check samples
stored in conditions of higher humidity (culture medium without fungi). It de-
creased even to only 4 to 15% of the compression strength of check boards and to
1 to 12% of the strength determined for control boards. A drop in WBP strength
caused by Cp fungus ranged from 85% to 96%; mean value was 91% in relation to
check specimen and near 94% in relation to control specimen. The higher humidity
conditions (check boards on sterile culture medium – without fungi) caused also a
significant drop in WBP compression strength ranging from 17% to 78% depen-
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Table 5. The compression strength of wood-based panels after their exposition to brown
rot Coniophora puteana fungus

Panel code 5 10 3 4 P W 1 2 11

Option Compression strength [N/mm2]

Check (S) x 5.38 12.41 7.08 11.72 0.45 1.30 6.24 10.74 2.54
δ 0.9 0.8 1.2 1.2 0.1 0.2 1.30 1.85 0.32
V 15.82 6.57 16.95 10.09 17.46 12.41 20.80 17.26 12.64

Control x 17.75 31.17 22.71 14.11 0.59 1.56 10.68 15.22 11.77
δ 2.9 5.4 2.0 1.2 0.05 0.1 1.67 3.68 0.77
V 16.50 17.24 8.98 8.82 8.15 4.01 15.64 24.14 6.57

Cp:S IR α = 0.001 yes yes yes yes yes yes yes yes yes

W1 = Cp·100/S [%] – 9 9 15 13 6 6 8 4
W2 = S·100/K [%] 30 40 31 83 76 83 58 71 22
W3 = Cp·100/K [%] – 4 3 12 10 5 4 5 1

Moisture content after incubation [%]

Specimens for strength 163.5 86.4 59.2 53.1 89.3 127.0 85.3 45.9 74.4
Specimens for check 54.0 37.0 42.4 30.3 55.5 58.7 52.4 26.7 36.4

W1 – The compression strength of wood-based panels after their exposition to
brown rot Coniophora puteana fungus (Cp) in relation to compression strength of check
wood-based panels (S) [%].
W2 – The compression strength of check wood-based panels (S) in relation to com-

pression strength of control wood-based panels (K) [%].
W3 – The compression strength of wood-based panels after their exposition to brown

rot Coniophora puteana fungus (Cp) in relation to compression strength of control
wood-based panels (K) [%].

Table 6. DSI (Decay Susceptibility Index) of tested wood-based panels

Characteristics of panels
panel

type
thickness density

glues finishing purpose
DSI

code [mm] [g/cm3]

2 OSB-3 16.0 0.637 100% 67
3-layer PMDI

10 HDF 6.0 0.912 UF laminate floor 74

5 HDF 3.2 0.881 UF 78

4 MDF 15.0 0.542 100% insulating 80
PMDI

3 MDF 16.5 0.808 UF 84

1 OSB-3 10.0 0.738 WZ-MUF, 98
3-layer WW-PMDI

11 Particle 16.0 0.668 UF laminate 99
board
3-layer

W Wet-process 5.0 0.273 105
P fibre board 12.0 0.227 bitumate 141

(10%)
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dent on the WBP type. The mean values of the WBP compression strength were
lower than those of check WBP specimens. The differences between the values of
mean strength of WBP exposed to Cp fungus were statistically significant at α =
0.01 level in relation to check WBP specimens.

CONCLUSIONS

1. Under favourable conditions mould fungi grow very easily on the surface
of wood-based panels, thus creating environmental hazard, but they do not
cause a significant hazard to compression strength of wood-based panels.

2. Natural resistance of tested wood-based panels (particleboards including
OSB, wet- and dry-process fibreboards, MDF, HDF with UF, MUF and
PMDI glues) to brown rot fungi turned out to have been low, both in re-
spect of mass loss and decrease in compression strength. These panels should
be classified as not resistant to brown rot fungi.

3. The resistance of WBP to brown rot fungi depends also on density of boards
and types of glues used for their production.

4. Compression strength of wood-based panels may become significantly lower
as a result of staying in the conditions of high humidity which are favourable
to fungi growth, even if no fungi occur.

5. If the danger of fungi occurrence is high wood-based panels used in buildings
should be protected with anti-fungal preparations to avoid hazard connected
with lowering of their strength during exploitation and creation of health
hazard to people caused by mould which may grow on the WBP surface.
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Döry L. (2006): The european wood-based panels industries: current situation, chal-
lenges und future prospects. In: 5th European Wood-based Panel Symp. Hanover,
Germany.



88 A. Fojutowski, A. Kropacz, A. Noskowiak

EN 113 Wood preservatives – determination of the toxic values against wood destroying
Basidiomycetes cultured on an agar medium.

FAOSTAT database (2005). Forestry Data, Food and Agriculture Organization of the
United Nations. http://faostat.fao.org.

Fojutowski A., Kropacz A., Ważny J. (2007): Resistance of Scots pine plywood on
mould fungi attacking wood. Ann. Warsaw Univ. Life Sci. For. Wood Technol. 61:
218-223.

Greń J. (1982): Statystyka matematyczna. Modele i zadania. PWN, Warszawa.

Instrukcja ITB nr 355/98. (1998). Ochrona drewna budowlanego przed korozją biolog-
iczną środkami chemicznymi. Wymagania i badania. Instytut Techniki Budowlanej,
Warszawa.

Lea R., Berry R. (1995): Evaluating the resistance of wood-based panel products to
fungal attack. International Research Group for Wood Preservation. Document No.
IRG/WP 95-20071.

Lutomski K. (1995): Podatność na pleśnienie materiałów wykończeniowych wnętrz
mieszkaniowych. W: Ochrona obiektów budowlanych przed korozją biologiczną.
3 Symp. PSMB. Szklarska Poręba 1995: 115-122.

Matkowski K. (2002): Wpływ grzybów na zdrowie ludzi. Mater. Sem. PSMB Ochrona
budynków przed korozją biologiczną i ogniem. Poznań.

PN-ENV 12038:2002. (U) Trwałość drewna i materiałów drewnopochodnych – Płyty
drewnopochodne – Metoda oznaczania odporności na podstawczaki rozkładające
drewno.

Van Acker J., De Smet J. (2007): Service life prediction of plywood. In: International
Research Group on Wood Protection. Document No. IRG/WP 07-20367.

Ważny J. (1994): The present classification of wood degradation factors. Revised
version. International Research Group on Wood Preservation. Document No.
IRG/WP/94-10071.

Ważny J. (2003): Patologia drewna – zakres i systematyka. Przem. Drzew. 7/8: 57-60.

Received in January 2009

Authors’ address:

Doc. Dr. Andrzej Fojutowski
Aleksandra Kropacz
Andrzej Noskowiak
Wood Technology Institute
ul. Winiarska 1
60-654 Poznań
Poland


