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Wood is still widely used as a construction material but in spite of great assortment of antifungal chemicals, incidents of 

treated-wood damage still happen. The objective of the present investigation was to identify the fungal species that 

survived after wood treatment and make a primary screening of some physiological properties important for fungi in 

wood colonization. Fungal strains from Alternaria, Cladosporium, Fusarium, Penicillium, Phoma, Trichoderma and 

Ulocladium genera were isolated and identified. The primary endoglucanase and phenoloxidase activity discoloration 

assays showed that wood colonization ability of fungi isolated from treated wood differed among the strains and some of 

them had not only cellulolytic but even ligninolytic activity as well. The spectrophothometric analysis of fungal 

enzymatic activity on wood showed that Alternaria alternata 8/15-2 was most active tyrosinase producer and 

Cladosporium herbarum 8/15-1 – laccase producer whereas peroxidase activity level and variation tendency of all 

strains was alike. Among studied strains only Penicillium genus representatives had medium acidification ability. 

Alternaria alternata 8/15-2 was the hardiest to wood preservatives fungal strain. The study of fungal physiological 

properties could help in selecting wood preservatives, in elucidation of reasons of their inefficiency and creating of new 

ones. 
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1. INTRODUCTION
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Wood is still widely used as a construction material in 

building but in spite of great assortment of antifungal 

chemicals, incidents of treated-wood damage still happen. 

The mycological damage of treated wooden constructions 

and finishing details caused by fungi (wood rot, moulds 

and “blue staining”) may result in great economical losses, 

lower product quality and even endanger human health 

indoors. 

Soft rot is considered to be the first decay stage found 

in a general sequence of wood colonization. It caused by 

fungi from the Ascomycota and Deuteromycota. 

Cylindrical cavities within secondary cell walls or cell wall 

erosion are formed after lignocellulose matrix in wood 

attack by fungal enzymes [1]. Though it’s a shallow wood 

damage and it cause insignificant mass loss (7 % – 8 % in 

30 month in Scots pine) compared with brown- and white-

rot but even these few percents can drastically decrease the 

impact bending strength [2]. 

The ability of soft rot fungi to adapt to various 

environmental conditions and their physiological 

properties causes difficulties in searching means against 

wood damage. Soft rot fungi can be found even in dry 

environments and are mostly known to occur where 

brown- and white-rot are inhibited by factors such as high 

moisture content, low aeration and presence of 

preservatives or high temperatures [1, 3 – 5]. 

Traditional wood protection methods involve treating 

with synthetic chemicals composed with aromatic com-

pounds or heavy metals. Some of soft rot fungi are 

distinguished by their extreme tolerance to heavy metals 

[6 – 8]. There are reports that oxalic acid produced by fungi 
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presumably precipitates copper into insoluble form of the 

oxalate, rendering the copper metabolite inert [9]. Other 

ways of fungal self-protection involves extracellular 

mucilaginous material that acts as a protective layer 

surrounding the organism, fungal ability to absorb different 

metal ion amounts into cell wall and other intercellular 

structures [6, 10]. Due to the unspecificity of ligninolytic 

extracellular enzymes (phenoloxidases) some of fungi can 

degrade not only lignin but some aromatic compounds that 

are used in wood protection (e.g. pentachlorophenol) as 

well [11, 12]. There are reports about soft rot fungi isolated 

on creosote-, pentachlorophenol- and CCA-treated wood 

[13, 14]. 

Soft rot fungi growing on wood-based materials 

indoors not only lower esthetic value of wood but 

constitute menace for human health. They produce volatile 

compounds and/or mycotoxins as well as spores 

themselves that could raise significant human health 

danger (allergic, respiratory diseases) resulting from their 

inhalation [15, 16]. 

Taking into account all above mentioned soft rot 

fungal significance, the studies of their properties are of 

extreme importance. It is necessary to develop a better 

database on the fungal diversity on treated wood as well as 

investigate their physiological-biological properties. 

The present investigation was prompt by a case of 

mould damage of six buildings under construction. 

Wooden roof joists were treated with wood preservative 

but after some time a fungal development was noticed on 

these wooden constructions (wood discoloration and dark 

mycelium were seen). The objective of the present 

investigation was to identify the fungal species that 

survived after wood treatment and make a primary 

screening of some physiological properties important for 

fungi in treated wood colonization. For that purpose fungal 

isolates from treated wood were identified and their 
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ligninolytic and cellulolytic activities, medium acidifica-

tion ability and sensitivity for antifungal chemicals were 

estimated. 

2. MATERIALS AND METHODS 

2.1. Fungal isolation 

Wood samples were taken from 15 points (in 

6 buildings) of the joists where discoloration or mycelium 

growth on treated wood was visually noticed. The samples 

were washed under tap water and then with sterile water, 

blotted and briefly surface-sterilized by flame. Small 

pieces of wood (approximately (5×5×10) mm in size) in 

threes per Petri dish were placed half-submerged in the 

medium. Three Petri dishes for one examination point were 

prepared. Malt extract agar (Liofilchem S. r. l.) medium 

with the addition of 100 µg/ml chloramphenicol (for 

bacterium growth inhibition) was used for fungi and malt 

extract agar with 4 µg/ml benomyl and 100 µg/ml 

chloramphenicol for basidiomycetous fungus isolation. 

The dishes were incubated for 10 days at 24 °C ±2 °C [13]. 

Fungi were identified according to cultural and 

morphological features [17 – 21]. Fungal occurrence 

frequency was calculated as percentage of a number of the 

same fungal species isolates in 6 examined buildings. 

Fungal isolates were deposited in the Culture collection of 

the Laboratory of Biodeterioration Research in Nature 

Research Centre. 

2.2. Fungal cellulolytic ability measurement 

Fungal cellulolytic ability was evaluated by primary 

estimation of their endoglucanase (EC 3.2.1.4, CM-

cellulase) activity. This enzyme is important in cellulose 

decomposition as it hydrolyzes glucosidal linkages, 

gradually splitting away glucosidal residuals and resulting 

in reduced sugar formation. 

Fungal isolates were cultivated on modified Czapek 

medium: NaNO3 – 2 g; KH2PO4 – 1 g; MgSO4·7H2O – 0.5 g; 

KCl – 0.5 g; FeSO4 – 0.01 g, carboximetylcellulose – 10 g; 

agar – 20 g; H2O – 1000 ml, at 24 °C ±2 °C temperature for 

5 days. The endoglucanase activity was detected by 

flooding of the 0.1 % aqueous solution of Congo Red and 

it revealed by a pale orange zone around the colony. The 

activity was evaluated by the width (mm) of this zone [22]. 

2.3. Ligninolytic activity measurements 

Primary evaluation of fungal strain phenoloxidases 

(peroxidase, laccase and tyrosinase) that take part in lignin 

degradation, activity was estimated according to 

Bavendamm method. The fungal colonies were grown in 

Petri dish on Czapek agar medium with an addition of 

0.2 % of gallic acid. The phenoloxidase activity was evalu-

ated by the width (mm) of brown colored zone around the 

colony after 5 and 7 cultivation days at 24 °C ±2 °C 

temperature [23]. 

The more precise studies of peroxidase, laccase and 

tyrosinase activity were fulfilled by cultivating fungi in 

liquid modified Czapek medium with sawdust (1 g/50 ml) 

as a sole carbon source after 4, 7 and 10 days. The assay 

method for peroxidase (EC 1.11.1.7) activity was based on 

the colorimetric evaluation of the oxidation product of o-

dianisidine reagent in the presence of H2O2 (using a green 

filter) [23]. The activity was calculated according to the 

coefficient of micromolar extinction which is 0.0128 and 

was expressed as units per mol−1 (U mol−1). 

Tyrozinase (EC 1.14.18.1) activity was measured 

spectrophotometrically at 420 nm every 20 s for 2 min. 

using a method based on the estimation of optical density 

of reaction products formed during oxidation of 

pyrocatechin [24]. Enzymatic activity was expressed as 

units per mol−1 (U mol−1). 

Laccase (EC 1.10.3.2) activity was measured accord-

ing to Ravin H.A. and Harvard M.D. using p-phenylene-

diaminechloride spectrophotometrically at 530 nm and was 

expressed as units per mol−1 (U mol−1) [25]. 

2.4. Measurement of organic acid production 

(medium acidification) coefficient 

Fungal ability to produce organic acids (to acidify the 

medium) was tested on modified Czapek agar medium 

with 5 % glucose and 0.005 % bromphenol blue indicator. 

The medium (5 ml) was poured into test-tubes. Fungi 

cultures were sawn with a needle and the tubes incubated 

at 24 °C ±2 °C temperature 7 days. The essay was 

performed with three replicate test-tubes per every fungal 

strain. The yellow coloration of the medium beneath the 

growing fungi showed the presence of organic acids. The 

acidification coefficient was expressed as a ratio of yellow 

colored medium column height and whole medium column 

height [26]. 

2.5. Fungal sensitivity to antifungal chemicals 

estimation 

Six different wood preservatives on offer were used 

for the evaluation of fungal sensitivity to antifungal 

chemicals: Borolitas (Lithuania), WT Sodium 

Hypochlorite (Finland); “Anti-mould liquid” (Germany); 

“Boramon” (Poland); “Arlitas” (Lithuania) and Complete 

Wood Treatment (UK). The assay was carried out by agar-

diffusion method in Petri dishes (90 mm diameter) on malt 

agar medium. Filter paper discs (6 mm diameter), soaked 

with antifungal chemicals, were placed in the centre of the 

dish on the sowed out fungal lawn. The assay was 

performed in three replicates. The zone width (mm) of 

suppressed fungal growth around the disc revealed the 

fungicidal action of the preservatives tested and expressed 

fungal sensitivity to the chemicals [27]. 

2.6. Statistical analysis 

All experiments were performed in triplicates. The 

obtained results of fungal primary endoglucanase and 

phenoloxidase activity, as well as, peroxidase, laccase, 

tyrosinase activity and medium acidification ability 

measurements were processed using Microsoft Excel 2003, 

Statistica 5. 

3. RESULTS AND DISCUSSION 

3.1. Fungal species isolated from preservative-

treated wooden constructions 

Fungal strains isolated from treated wooden joists 

belonged to 7 different genera (Table 1). Cladosporium 
and Fusarium genera were dominating among isolated 
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species. 31.3 % of all species identified belonged to 

Cladosporium genus and among them Cladosporium 
cladosporioides had the highest occurrence frequency 

(83.3 %). Fusarium genus species make up 31.3 % as well 

and the highest occurrence frequency (50.0 %) among 

them was that of Fusarium sp. Other detected fungal 

genera were presented by less species diversity but some of 

them had high occurrence frequency: Penicillium sp. and 

Ulocladium chartarum – 50.0 %. Trichoderma harzianum 
and Phoma sp. had the lowest occurrence frequency 

(16.7 %) in our study. Basidiomycetous fungi that cause 

wood decay were not detected. 

Table 1. Fungi isolated from treated wooden joists in the 

buildings studied 

Fungi 
Occurrence 

frequency, % 

Alternaria alternata (Fr.) Keissler 13.3 

Cladosporium cladosporioides (Fresen.) de 

Vries 
33.3 

Cladosporium herbarum (Pers.) Link ex S. F. 

Gray 
26.7 

Cladosporium sphaerospermum Penz. 20.0 

Cladosporium spongiosum Berk. et Curt. 6.7 

Cladosporium variabile (Cooke) de Vries 13.3 

Fusarium acuminatum Ell. et Ev. 6.7 

Fusarium avenaceum (Fr.) Sacc. 6.7 

Fusarium culmorum (W. G. Smith) 6.7 

Fusarium equiseti (Corda) Sacc. 13.3 

Fusarium solani (Mart.) Appel et Wollenw. 

emend Snyd. et Hans. 
6.7 

Fusarium sp. 20.0 

Penicillium brevicompactum Dierckx 13.3 

Penicillium sp. 20.0 

Phoma sp. 6.7 

Trichoderma harzianum Rifai 6.7 

Ulocladium chartarum (Preuss) Simmons 20.0 

The fungi isolated from treated wood during our 

investigation are wide spread, naturally found in soil, 

saprotrophs and most of them (except Penicillium and 
Trichoderma) are plant pathogens. Alternaria, 
Cladosporium, Phoma as well as Ulocladium genus fungi 

have black pigment (melanin) that caused distinctly seen 

dark grey discoloration on wood joints studied [21]. 

Trichoderma as well as Penicillium usually form green 

colonies because of their spores that could be seen on 

wood surface nevertheless they rarely have been reported 

to cause soft rot [14]. Most of fungi isolated from treated 

wood during our investigation (Alternaria alternata, 
Cladosporium cladosporioides, C. herbarum, Fusarium 
solani, Ulocladium chartarum) are recognized as soft-rot 

fungi and they have been found even on painted or 

preservative-treated wood [2, 4, 13, 14]. There are reports 

of Trichoderma harzianum and Phoma sp. detection on 

treated wood as well [13, 14]. Kim et al. reported that even 

45 % of the isolates from CCA-treated wood radiata pine 

board stored at the yard in Korea have been Phoma species 

though in our study it was isolated only once. 

Cladosporium isolates were widely spread in our 

investigation and its frequent occurrence is mentioned in 

many other reports [13, 14, 17, 21]. 

Such species as Alternaria alternata, Cladosporium 
species, Penicillium brevicompactum and Trichoderma 
harzianum have been mentioned among species on wooden 

building construction in previous our investigations and 

isolated from wood blocks treated with preservatives 

Arlitas, Asepas-1, Dispersan in soil contact [28, 29]. 

Cladosporium spp. and Penicillium spp. are 

toxinogenic fungi and their conidia are easily distributed 

through the atmosphere therefore they could cause a threat 

of human health indoors – may be the reason of allergy and 

respiratory diseases indoors. Mycotoxins of Alternaria 
alternata causing toxic leucopenia in man have been also 

reported and it’s considered to be an important source of 

allergens as well [21, 30 – 32]. Some of Fusarium species 

could be also human pathogens causing mycoses [33]. 

Ulocladium chartarum wasn’t mentioned among human 

pathogens thought it often found in damp buildings on 

wood-based and other materials [34]. Consequently the 

accumulation of above mentioned fungi is really 

undesirable in dwelling rooms. 

3.2. Fungal cellulolytic activity 

Fungi could use wood as a substratum with the help of 

their vital functioning and in this way damage it. The 

primary analysis showed that endoglucanase – one of the 

three enzymes that takes part in cellulose decomposition in 

wood was characteristic of all tested fungal strains that 

have been isolated from treated wood (Fig. 1). 
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Fig. 1. Primary screening of endoglucanase activity of the fungi 

isolated from treated wooden joists 

Penicillium brevicompactum 4/2-4 and 4/3-5 strains 

revealed the highest endoglucanase activity among all 

tested fungi isolated from treated wood – the discolored 

zone reached even 10 mm. The lowest endoglucanase 
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activity was demonstrated by Ulocladium and Alternaria 
genus strains – it wasn’t more than 2 mm. 

The endoglucanase activity of fungi from treated wood 

is not very high compared with those from plant wooden 

remnants. In our previous studies the discolored zone of 

the fungal strains from plant wooden remnants usually 

reached more than 10 mm [35]. These results demonstrated 

that fungal endoglucanase activity depended on isolation 

substratum. The same conclusion was reported by 

Pedersen M. et al. with Ulocladium species fungi from 

different isolation sources [36]. 

3.3. Fungal ligninolytic activity 

Fungi that develop on wood sometimes are able to 

degrade lignin as well. The phenoloxidases (peroxidase, 

tyrosinase and laccase) that take part in lignin 

decomposition are not characteristic of every fungus. 

The primary screening of fungal strains from treated 

wood showed that some of them were able to produce 

phenoloxidases (Fig. 2). Furthermore, it was noticed that 

this ability varied in time. For example, Alternaria 
alternata 8/15-2 showed phenoloxidase activity after 

5 cultivation days but after 7 days brown zone around the 

colony revealing fungal activity wasn’t noticed. 
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Fig. 2. Primary screening of phenoloxidase activity of the fungi 

isolated from treated wooden joists (*– brown color zone, 

indicating phenoloxidase activity, emerged under colony) 

Cladosporium genus fungi showed the highest and 

most durable phenoloxidase activity. In some cases brown 

colored zone reached even 17 mm after 7 days 

(C. cladosporioides 3/22-2, C. herbarum 8/15-1, 

C. sphaerospermum 10/7-1). Fusarium genus strains were 

weaker producers of phenoloxodases compared with other 

studied fungi. Only some of them (Fusarium culmorum 

7/16-3, Fusarium. sp. 8/15-4 and Fusarium sp. 8/14-2) 

showed slight activity (respectively, zone width 5, 4 and 3 

mm) after 5 cultivation days but after 7 days no 

phenoloxidase activity was noticed though there are data 

about high ligninolytic activity of Fusarium strains. Their 

dependence on isolation substrata and cultivation time was 

reported as well [37]. The phenoloxidase acivity of 

Penicillium genus strains isolated from treated wood 

wasn’t detected but they had quit high (among tested 

strains) endoglucanase activity. 

The primary endoglucanase and phenoloxidase activity 

discoloration assays showed that wood colonization ability 

of fungi isolated from treated wood differed among the 

strains and some of them had not only cellulolytic but 

ligninolytic activity as well, i. e. they are able to 

decompose cellulose and lignin. In this way they can cause 

more damage. 

The liquid-faze fermentation with sawdust as natural 

carbon souse was used for the more precise analysis of 

phenoloxidases – peroxidase, tyrosine and laccase 

production during 10 cultivation days. The most active 

phenoloxidase producers from different genera were 

selected for this research. 

The studied strains showed peroxidase activity after 

4 cultivation days under liquid-phase fermentation on 

sawdust as carbon source (Fig. 3). The peroxidase activity 

of all studied strain varied in the same way in the course of 

the cultivation: it was the lowest after 4 cultivation days 

and the highest after 7 days. After 4 cultivation days 

among all studied strains Alternaria alternata 8/15-2 

showed the highest peroxidase activity (20.31 U mol–1) but 

after 7 and 10 days Cladosporium herbarum 8/15-1 was 

the most active peroxidase producer. 

The results showed that the level of peroxidase activity 

depended on fungal strain but the variation tendency was 

the same of them all. It was found that fungal peroxidase 

activity on wood compared to that on graminaceous sub-

strata, the peroxidase activity of certain strains was higher 

on the latter. E. g., Myrothecium verrucaria showed the 

70 U mol–1 peroxidase activity after 8 days of cultivation 

on rye straw under liquid-faze conditions whereas the 

peroxidase activity on wood of fungal strains studied was 

the highest after 7 days and fluctuated between 23 U mol–1 

and 27 U mol–1, i. e. it was 2,7 times lower [38]. 
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Fig. 3. Peroxidase activity (U mol–1) of fungi: 1 – Alternaria 

alternata 8/15-2; 2 – Cladosporium herbarum 8/15-1;  

3 – C. cladosporioides 3/22-2; 4 – Fusarium culmorum 

7/16-3; 5 – Fusarium sp. 8/15-4 and 6 – Ulocladium 

chartarum 4/4-2, from treated wood during 10-day 

cultivation in modified Czapek medium with sawdust as a 

sole carbon source 
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The highest tyrosinase activity was detected after 

Alternaria alternata 8/15-2 4-day cultivation under liquid-

phase fermentation conditions on wood (1.088 U mol–1) 

(Fig. 4). The activities of other strains studied were 

markedly lower. The tyrosinase activity varied in the 

course of cultivation very individually, e. g. the activity of 

Alternaria alternata 8/15-2 and Cladosporium herbarum 
8/15-1 and Fusarium culmorum 7/16-3 gradually de-

creased while that of Fusarium sp. 8/15-4 and Ulocladium 
chartarum 4/4-2 had the highest after 7-day cultivation 

(0.216 U mol–1 and 0.108 U mol–1 respectively). 
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Fig. 4. Tyrosinase activity (U mol–1) of fungi: 1 – Alternaria 

alternata 8/15-2; 2 – Cladosporium herbarum 8/15-1;  

3 – C. cladosporioides 3/22-2; 4 – Fusarium culmorum 

7/16-3; 5 – Fusarium sp. 8/15-4 and 6 – Ulocladium 

chartarum 4/4-2, from treated wood during 10-day 

cultivation in modified Czapek medium with sawdust as a 

sole carbon source 

The tyrosinase activity of the strains studied during 

cultivation on wood wasn’t high (fluctuated about 

0.1 U mol–1 with the exceptions of Alternaria alternata 
8/15-2 and Fusarium sp. 8/15-4) compared with the activ-

ity of some strains on straw. E. g., Myrothecium verrucaria 
showed 1 U mol–1 tyrosinase activity when lignin 

degradation reached 10 % after 8 cultivation days [38]. 

The investigation showed that laccase activity of all 

fungal strains studied on wood was low and the highest 

activity that showed Cladosporium herbarum 8/15-1 was 

0.147 U mol–1 after 10-day cultivation under liquid-phase 

fermentation conditions, respectively (Fig. 5). The laccase 

activity of other strains studied fluctuated between 0.019 

and 0.010 after 4-day, between 0.027 and 0.013 after  

7-days and between 0.058  U mol–1 and 0.012 U mol–1 after 

10-day cultivation. The activity of some fungi 

(Galactomyces geotrichum, Myrothecium verrucaria, 
Mortierella verticillata) on straw fluctuated in similar 

limits after 8-day cultivation [38]. 

The activity of phenoloxidases varied in time. The 

laccase activity of some strains (Alternaria alternata 8/15-

2, Cladosporium cladosporioides 3/22-2 and Fusarium sp. 
8/15-4) gradually increased in the cause of 10 days, the 

others (Fusarium culmorum 7/16-3 4, Ulocladium 
chartarum 4/4-2) had the highest activity on 7-day 

cultivation which decreased later. The oscillatory nature of 

fungal enzyme production was noted by other investigators 

[39] and the data of peroxidase and laccase activities of 

Fusarium and Cladosporium genus strains as well as their 

ability to degrade polycyclic aromatic hydrocarbons was 

reported [40, 41]. 
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Fig. 5. Laccase activity (U mol–1) of fungi: 1 – Alternaria 

alternata 8/15-2; 2 – Cladosporium herbarum 8/15-1;  

3 – C. cladosporioides 3/22-2; 4 – Fusarium culmorum 

7/16-3; 5 – Fusarium sp. 8/15-4 and 6 – Ulocladium 

chartarum 4/4-2, from treated wood during 10-day 

cultivation in modified Czapek medium with sawdust as a 

sole carbon source 

The spectrophotometric analysis of fungal enzymatic 

activity on wood showed that Alternaria alternata 8/15-2 

was markedly most active tyrosinase producer and 

Cladosporium herbarum 8/15-1 – laccase producer 

whereas peroxidase activity level and variation tendency of 

all strains was alike. 

3.4. Organic acid production 

Organic acids are supposed to be linked with fungal 

metal tolerance and in this way are important for survival 

on metal-based treated wood. The examination of the fungi 

isolated from treated wood showed that only strains of 

Penicillium genus were able to produce organic acids and 

acidify the medium (Fig. 6) though their acidification 

coefficient differed. The Penicillium sp. 8/13-4 strain had 

the highest acidification coefficient and reached 0.62 and 

the lowest acidification coefficient that of Penicillium sp. 
4/2-3 make up only 0.11. 
 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

1 2 3 4 5 6

Fungi

A
c
id

if
ic

a
ti

o
n

 c
o

e
ff

ic
ie

n
t

 

Fig. 6. Medium acidifiation coefficient of fungi from treated 

wood: 1 – Penicillium sp. 4/2-3; 2 – Penicillium 

brevicompactum 4/2-4; 3 – Penicillium brevicompactum 

4/3-5; 4 – Penicillium sp. 8/13-4; 5 – Penicillium sp. 8/13-

5 and 6 – Penicillium sp. 8/14-1 

3.5. Fungal sensitivity to different wood 

preservatives 

The assay with different wood preservatives revealed 

more distinctly the tolerance to various chemicals and 

adaptation abilities of fungal strains isolated from treated 
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wood. Most antifungal chemicals suppressed their 

development though the suppression degree differed 

notwithstanding fungal strains have been isolated from the 

same ecological niche – treated wood. Cladosporium 
cladosporioides 3/22-2, Fusarium culmorum 7/16-3, 

Penicillium sp. 8/13-4 and Penicillium brevicompactum 
4/3-5 were sensitive to 5 from 6 studied preservatives. 

Fusarium genus strains were found to be less sensitive to 

wood preservatives (their growth suppression zones 

fluctuated between 1.67 mm and 5.75 mm) compared to 

studied Cladosporium, Penicillium and Ulocladium genus 

fungi the suppression zones of that fluctuated between  

2 – 16.5, 1.75 – 13.5 and 2.25 – 13.5 mm respectively 

(Fig. 7). 
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Fig. 7. Fungal sensitivity to different wood preservatives (growth 

suppression zones, mm – numbers on the columns):  

1 – Alternaria alternata 8/15-2; 2 – Cladosporium 

cladosporioides 3/22-2; 3 – C. herbarum 8/15-1;  

4 – Fusarium culmorum 7/16-3; 5 – Fusarium sp. 8/15-4; 

6 – Penicillium sp. 8/13-4; 7 – P. brevicompactum 4/2-4; 

8 – P. brevicompactum 4/3-5 and 9 – Ulocladium 

chartarum 4/4-2 

Alternaria alternata 8/15-2 was the hardiest to wood 

preservatives fungal strain that, according to our results, 

showed the highest among the strains studied tyrosinase 

activity on wood. Only two preservatives Complete Wood 

Treatment and Boramon were efficient enough to suppress 

the growth of this strain. Furthermore the biodegradable 

abilities of Alternaria alternata in creosote treated wood 

were reported by other investigators [42]. Cladosporium 
herbarum 8/15-1 that distinguish itself by high laccase 

activity developing on wood haven’t the advantage among 

strains studied regarding resistance to antifungal 

chemicals. 

In our case the investigation results haven’t confirmed 

the idea of organic acids role in fungal survival and 

preservative inactivation [9]. Penicillium genus strains that 

had ability to acidify the medium were nonresistant to 

majority of studied wood preservatives though in some 

cases growth suppression zones were narrower compared 

with other strains that didn’t possess this ability. E. g., the 

growth suppression zones of Penicillium strains studied 

were narrower compared with Cladosporium strains when 

Complete Wood Treatment was used (1.75 mm – 2 mm and 

4.75 mm respectively). 

The fungal resistance to certain metal based 

preservatives could be explained by their tolerance to 

metal ions but it’s demonstrated, as well, that micro 

concentrations of certain metal ions could even increase 

fungal enzymatic activity and in this way they may become 

more aggressive colonizers of treated wood [6, 43]. 

It’s not easy to predict all factors that determine fungal 

development on wood, and prevent it from biodeterioration. 

In our studies wooden constructions studied were well 

protected from basidiomycetous fungi but the growth of 

fungi causing wood discoloration and soft rot was observed. 

The main reason of this phenomenon is great adaptability of 

soft rot fungi that enables them to survive under unfavorable 

conditions. Wood colonization could be supported by a wide 

range of conditions that must be taken into consideration in 

order to avoid or lessen the fear of damage. During our 

investigation airborne fungi (Cladosporium, Penicillium 
genus species) were isolated from wooden joints as well as 

those often found in soil (Fusarium, Alternaria genus 

species). Therefore even timbering storage avoiding soil 

contact is important in further wood protection from fungal 

infection. Furthermore certain environmental conditions are 

needed for fungal spore germination and further 

development. In our case the buildings were unfinished up, 

they were unheated and humid. These conditions definitely 

favored the growth and development of fungi though the 

cases of soft-rot appearance in relative dry sites could 

happen as well [1]. On wood and in other 

microenvironments it is typical for many fungi to live and 

grow in close proximity to each other. It was noticed that 

mixed fungal cultures could lead to a higher enzyme 

production (through synergistic interaction) [44]. 

Extracellular phenoloxidase enzymes are implicated in the 

offensive/defensive strategies employed by fungi during 

interaction and one fungus could induce phenoloxidase 

activity of another [45, 46]. According to our results of 

primary enzymatic studies with solitary strains fungi that 

haven’t ability to produce phenoloxidases (Fusarium and 

Penicillium strains) were isolated together with that 

producing these enzymes (Cladosporium, Alternaria or 

Ulocladium genus strains). Therefore our obtained results 

on fungal enzymatic activity may differ during fungal 

interaction and more thoroughly analysis is needed. 

Furthermore the results of the enzymatic activity depend 

on substratum: measurements on sawdust revealed the 

laccase activity of Fusarium genus strains that showed no 

phenoloxidase activity on Czapek medium. 

These fungal physiological properties as well as their 

great adaptability to chemicals and tolerance to heavy 

metals raise high and complex requirements for creation of 

new wood preservatives. On the other hand adapted to 

polluted environment fungal strains may be used in 

bioremediation of treated wood after service. As enzymatic 

activity depends on many factors the investigation results 

demonstrated in the present work don’t provide sufficient 

information about fungal survival reasons on treated wood 

and more detailed investigations under closer to natural 

conditions (fungal consortium development on treated 

wood) are needed. The study of undesirable mycological 

damage of treated wood and the elucidation of reasons and 

laws of fungal survival could help in creation more 

efficient preservatives. 
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4. CONCLUSIONS 

1. The investigation showed that treated wooden joists 

were colonized by fungi of 7 different genera (Alternaria, 
Cladosporium, Fusarium. Penicillium, Phoma, Trichoderm 

and Ulocladium) and among them Cladosporium 
cladosporioides had the highest detection frequency 

(33.3 %). 

2. Fungal screening for cellulolytic activity (activity 

that is important in wood assimilation and makes possible 

the fungal development on wood) showed that all studied 

fungal strains isolated from treated wood have 

endogluconase activity but the degree of this activity 

differed. 

3. The phenoloxidases (peroxidase, tyrosinase and 

laccase) that take part in lignin decomposition (and 

supposed to degrade preservatives of aromatic compound 

origin) were not characteristic of every fungi studied. 

4. Fungi that have survived on treated wood showed 

different sensitivity to other antifungal chemicals. 

Alternaria alternata 8/15-2 – the most active tyrosinase 

producer (1.088 U mol–1after 4 days cultivation) was most 

tolerant among studied strains to wood preservatives of 

different chemical composition but the majority of studied 

wood preservatives suppressed the development of 

Penicillium genus strains that had ability to acidify the 

medium. 

5. The assays on sensitivity of fungal strains isolated 

from treated wood to different wood preservatives could 

help in selection of effective wood protection means. 

Acknowledgments 

This research was supported by the Lithuanian State 

Science and Studies Fundation. The authors wish to 

express their gratitude to Dr. R. Varnaitė for her guidance 

in fungal enzyme studies and would like to thank Dr. 

R. Mačkinaitė for her help in Fusarium identification. 

REFERENCES 

1. Blanchette, R. B. Degradation of the Lignocellulose 

Complex in Wood   Canadian Journal of Botany   73 

(Suppl.1)   1995: pp. S999 – S1010.  

http://dx.doi.org/10.1139/b95-350 

2. Råberg, U., Terziev, N., Land, C. J. Early Soft Rot 

Colonization of Scots Sapwood Pine in Above-ground 

Exposure   International Biodeterioration and 

Biodegradation   63   2009: pp. 236 – 240.  

http://dx.doi.org/10.1016/j.ibiod.2007.10.005 

3. Held, B. W., Jurgens, J. A., Arenz, B. E., Duncan, S. M., 
Farrell, R. L., Blanchette, R. A. Environmental Factors 

Influencing Microbial Growth Inside the Historic Expedition 

Huts of Ross Island, Antarctica   International 

Biodeterioration and Biodegradation   55   2005: pp. 45 – 53.  

http://dx.doi.org/10.1016/j.ibiod.2004.06.011 

4. Pournou, A., Bogomolova, E. Fungal Colonization on 

Excavated Prehistoric Wood: Implications for in-situ Display 

International Biodeterioration and Biodegradation   63 

2009: pp. 371 – 378.  

http://dx.doi.org/10.1016/j.ibiod.2008.11.001 

5. Mohebby, B., Militz, H. Microbial Attack of Acetylated 

Wood in Field Soil Trials   International Biodeterioration 

and Biodegradation   64   2010: pp. 41 – 50.  

http://dx.doi.org/10.1016/j.ibiod.2009.10.005 

6. Gadd, G. M. Interaction of Fungi with Toxic Metals   New 

Phytologist   124   1993: pp. 25 – 60.  

http://dx.doi.org/10.1111/j.1469-8137.1993.tb03796.x 

7. Valix, M., Tang, J. Y., Malik, R. Heavy Metal Tolerance of 

Fungi   Minerals Engineering   14   2001: pp.499 – 505.  

http://dx.doi.org/10.1016/S0892-6875(01)00037-1 

8. Ezzouhri, L., Castro, E., Moya, M., Espinola, F., Lairini, 
K. Heavy Metal Tolerance of Filamentous Fungi Isolated 

from Polluted Sites in Tangier, Morocco   African Journal of 

Microbiology Research   3   2009: pp. 035 – 048. 

9. Clausen, C. A., Green, F. Oxalic acid Overproduction by 

Copper-tolerant Brown-rot Basidiomycetes on Southern 

Yellow Pine Treated with Copper-based Preservatives 

International Biodeterioration and Biodegradation   51 

2003: pp. 139 – 144. 

10. Vesentini, D., Dickinson, D. J., Murphy, R. J. The 

Protective Role of the Extracellular Mucilaginous Material 

(ECMM) from Two Wood-rotting Basidiomycetes against 

Copper Toxicity   International Biodeterioration and 

Biodegradation   60   2007: pp. 1 – 7.  

http://dx.doi.org/10.1016/j.ibiod.2006.11.006 

11. Juhasz, A. L., Naidu, R. Bioremediation of High Molecular 

Weight Polycyclic Aromatic Hydrocarbons: a Review of the 

Microbial Degradation of Benzo[α]pyrene   International 

Biodeterioration and Biodegradation   45   2000: pp. 57 – 88.  

http://dx.doi.org/10.1016/S0964-8305(00)00052-4 

12. Szewczyk, R., Długońsk, J. Pentachlorphenol and Spent 

Engine Oil Degradation by Mucor ramosissimus International 

Biodeterioration and Biodegradation   63 2009: pp. 123 – 129. 

http://dx.doi.org/10.1016/j.ibiod.2008.08.001 

13. Wang, C. J. K., Zabel, R. A. (Eds.) Identification Manual 

for Fungi from Utility Poles in the Eastern United States. 

Allen Press, Lawrence, Kansas, 1990. 

14. Kim, J.-J., Kang, S.-M., Choi, Y.-S., Kim, G.-H. 
Microfungi Potentially Disfiguring CCA-treated Wood 

International Biodeterioration and Biodegradation   60 

2007: pp.197 – 201.  

http://dx.doi.org/10.1016/j.ibiod.2007.05.002 

15. Nielsen, K. F., Gravesen, S., Nielsen, P. A., Andersen, B., 
Thrane, U., Frisvad, J. C. Production of Mycotoxins on 

Artificially and Naturally Infested Building  Mycopathologia 

145   1999: pp. 43 – 56. 

16. Gutarowska, B., Sulyok, M., Krska, R. A Study of the 

Toxicity of Moulds Isolated from Dwellings   Indoor and 

Built Environment   19   2010: pp. 668 – 675. 

17. Ellis, M. B. Dematiaceous Hyphomycetes. Commonwealth 

Mycological Institute, Kew, Surrey, England, 1971. 

18. Ellis, M. B. More Dematiaceous Hyphomycetes. 

Commonwealth Mycological Institute, Kew, Surrey, 

England, 1973. 

19. Carmichael, W. J., Bryce, K. W., Conners, I. L., 
Lynne Sigler. Genera of Hyphomycetes. University of 

Alberta Press, Edmonton, Alberta, Canada, 1980. 

20. Nelson, P. E., Toussoun, T. A., Marasas, W. F. O. 
Fusarium species: An Ilustrated Manual for Identification. 

The Pennsylvania State University, USA, 1983. 

21. Domsch, K. H., Gams, W., Anderson, T. H. Compendium 

of Soil Fungi. 2nd ed., Taxonomically revised by W. Gams, 

IHW-Verlag, Eching, Germany, 2007. 

22. Kluepfel, D. Screening of Prokaryotes Cellulose- and 

Hemicellulose-degrading Enzymes. In: Wood, W. A., 

Kollegg, S. T. (Eds.) Methods in Enzymology, Elsevier Inc.  

160  1988: pp. 180–186. 



 

50 

23. Bilai, V. I. (Ed.) Methods of Experimental Mycology. 

Manual. Naukova dumka, Кiev, 1982 (in Russian). 

24. Ermakov, А. I. (Ed.), Arasimovitch, V. V., Yarosh, N. М., 
Peruanskij, U. V., Lukovnikova, G. A., Ikonnikova, М. I. 
Methods of Plant Biochemical Research. Agropromizdat, 

Leningrad, 1987 (in Russian). 

25. Ravin, H. A., Harvard, M. D. Rapid Test for 

Hepatolenticular Degeneration   Lancet   270   1965:  

pp. 726 – 727. 

26. L‘vova, Ju. R.. Method of Primary Selection of 

Microorganisms – Organic Acid Producers   Microbiologyja 

49 (2)   1980: pp. 323 – 325 (in Russian). 

27. Denillers, J., Steiman, R., Seigle-Murandi, F. The 

Usefulness of the Agar-well Diffusion Method for Assessing 

Chemical Toxicity to Bacteria and Fungi   Chemosphere   19 

1989: pp. 1693 – 1700. 

28. Bridžiuvienė, D., Lugauskas, A. Evaluation of the 

Efficiency of Some on Offers Wood Preservatives   Material 

Science (Medžiagotyra)   9   2003: pp. 363 – 367. 

29. Bridžiuvienė, D., Levinskaitė, L. Fungal Tolerance 

Towards Copper-based Wood Preservatives   Biologija   53 

2007: pp. 58 – 65. 

30. Samson, R. A., Hoekstra, E. S., Frisvad, J. C., Filtenborg, 
O. F. (Eds.) Introduction to Food- and Airborne Fungi. 6th 

ed., Centraalbureau Voor Schimmelcultures, Utrecht, 2000. 

31. Salo, P. M., Arbes, S. J., Sever, M., Jaramillo, R., Cohn, 
R. D., London, S. J., Darryl, C., Zeldin, D. C. Exposure to 

Alternaria alternata in US Homes is Associated with 

Asthma Symptoms   Journal of Allergy and Clinical 

Immunology   118   2006: pp. 892 – 898. 

32. Breitenbach, M., Simon-Nobbe, B. The Allergens of 

Cladosporium herbarum and Alternaria alternata   In: 

Breitenbach, M., Crameri, R., Lehrer, S. B. (eds.). Fungal 

Allergy and Pathogenicity. Chem Immunol. Basel, Karger   

81   2002: pp. 48 – 72. 

33. Melcher, G. P., McGough, D. A., Fothergill, A. W., 
Norris, C., Rinaldi, M. G. Disseminated Hyalohyphomyco-

sis Caused by a Novel Human Pathogen, Fusarium 

napiforme   Journal of Clinical Microbiology   31   1993:  

pp. 1461 – 1467. 

34. Lugauskas, A., Paškevičius, A., Repečkienė, J. Pathogenic 

and Toxic Microorganisms in Human Environment. 

Aldorija, Vilnius, 2002 (in Lithuanian). 

35. Bridžiuvienė, D., Lugauskas, A. Ecological Aspects of the 

Selection of Active Wood-decaying Microfungi   Ekologija   

4   2000: pp. 19 – 26. 

36. Pedersen, M., Hollensted, M., Lange, L., Andersen, B. 
Screening for Cellulose and Hemicellulose Degrading 

Enzymes from the Fungal Genus Ulocladium   International 

Biodeterioration and Biodegradation 63 2009: pp. 484 – 489.  

http://dx.doi.org/10.1016/j.ibiod.2009.01.006 

37. Saparrat, M. C. N., Martinez, M. J., Tournier, H. A., 
Cabello, M. N., Arambarri, A. M. Production of 

Ligninolytic Enzymes by Fusarium solani Strains Isolated 

from Different Substrata   World Journal of Microbiology 

and Biotechnology   16   2000: pp. 79 – 803. 

38. Varnaitė, R., Raudonienė, V. Lignin Degradation in Plant 

Remnants under Liquid-phase Fermentation Conditions 

Biologija 54 2008: pp. 183 – 186. 

39. Silva, I. S., Grossman, M., Durrant, L. R. Degradation of 

Polycyclic Aromatic Hydrocarbons (2 – 7 Rings) under 

Microaerobic and Very-low-oxygen Conditions by Soil 

Fungi   International Biodeterioration and Biodegradation 

63   2009: pp. 224 – 229. 

40. Hugo, W. B. The Degradation of Preservatives by 

Microorganisms   International Biodeterioration and 

Biodegradation   48   2001: pp. 225 – 232.  

http://dx.doi.org/10.1016/S0964-8305(01)00086-5 

41. Verdin, A., Sahraoui, A. L.-H., Durand, R. Degradation of 

Benzo[a]pyrene by Mitosporic Fungi and Extracellular 

Oxidative Enzymes International Biodeterioration and 

Biodegradation 53 2004: pp. 65 – 70. 

42. Lamar, R. T., Main, L. M., Dietrich, D. M., Glaser, J. A. 
Screening of Fungi for Soil Remediation Potential. In: 

Adriano, D. C.; Bollag, J.-M.; Frankenberger, W. T.; Sims, 

R. C. (Eds.) Bioremediation of Contaminated Soils, 

Madison, Wis.: American Society of Agronomy, 1999:  

pp. 437 – 456. 

43. Raudonienė, V. The Influence of Cu2+ to Fungal 

Phenoloxidase Activity   Ekologija   3   2003: pp. 29 – 33  

(in Lithuanian). 

44. Surridge, A. K. J., Wehner, F. C., Cloete, T. E. 
Bioremediation of Polluted Soil. In: Singh, A., Kuhad, R. C., 

Ward, O. P. (Eds.) Soil Biology, Advances in Applied 

Bioremediation, Vol. 17, Springer-Verlag, Berlin, 

Heidelberg, 2009: pp. 103 – 122.  

http://dx.doi.org/10.1007/978-3-540-89621-0_6 

45. Yujie, C., Hatakka, A., Maijala, P. Can Co-culturing of 

Two White-rot Fungi Increase Lignin Degradation and the 

Production of Lignin-degrading Enzymes?   International 

Biodeterioration and Biodegradation   59   2007: pp. 32 – 39.  

http://dx.doi.org/10.1016/j.ibiod.2006.06.025 

46. Score, A. J., Palfreyman, J. W., White, N. A. Extracellular 

Phenoloxidase and Peroxidase Enzyme Production during 

Interspecific Fungal Interaction   International Biodeteriora-

tion and Biodegradation   39   1997: pp. 225 – 233.  

http://dx.doi.org/10.1016/S0964-8305(97)00012-7 

 


