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When wood preservatives against soft rot are used, metal tolerance ability becomes an impor-
tant fungal peculiarity in the struggle for this ecological niche. Forty two fungal strains belong-
ing to 27 different fungal species from 20 genera were isolated from decaying wood samples. It
has been estimated that 81.0% of all strains studied show cellulase (endoglucanase activity) and
57.1% oxidase activity, which are important in assimilating an organic substratum such as wood.
Organic acid production was characteristic of only 17.8% of the strains studied, and nearly all
of them belonged to the genus Penicillium. Fungal tolerance to copper and resistance to cop-
per-based wood preservatives was estimated. Only three of the strains studied (Amorphotheca
resinae 0505, Cladosporium sphaerospermum 9-2, Penicillium funiculosum 0519) grew at 10
mM Cu?, but their growth was weak. The results showed that susceptibility of the test fungi to
wood preservatives as well as their tolerance to copper ions were different and these properties
didn’t coincide. The response of strains estimated as the most copper-tolerant to various cop-
per-based preservatives was different: the growth of Amorphotheca resinae 0505 was completely
stopped by all the test preservatives, while Cladosporium sphaeropermum 9-2 was completely
suppressed only by Impralit-CCO, as was also Penicillium brevicompactum H5-9.
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INTRODUCTION

Microfungi can damage wood causing soft rot in natural envi-
ronments or in wooden buildings both outdoors and indoors.
The soft rot fungi Ascomycetes and Deuteromyceetes are not
as active destructors of the lignin-cellulose complex as are
Basidiomycetes. This kind of wood rot is distinguished by and
is dangerous because it occurs not only in moist conditions, but
also in comparatively dry sites. And the main thing is that it
prevails both in wood with a high concentration of natural rot
resistant compounds and in wood treated with various synthetic
preservatives. Soft rot can happen in the sites that are too severe
for white or brown rot fungi (too moist or too dry) and on sub-
strata unfavorable for Basidiomycetes growth [1-6].

In wood preservation, attention is focused to white or brown
rot fungi — macrofungi. The use of various chemical substances
based on Ar, B, Cu, Cr, Hg or various phenol compounds suc-
cessfully stops wood rot of this kind. Nevertheless, sometimes
wood is damaged despite the application of chemical preserva-
tives. The reason for this phenomenon appeared to be metal
tolerance of the fungi. De Groot, Woodward [7] and Illman et al.
[8] demonstrated that metal-tolerant macrofungi are capable of
causing the rot of preservative-treated wood. There are data that
microfungi could develop on treated wood, destroy toxic matters
and neutralize their action [9]. Some species of microfungi were
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detected on wood treated with copper-based preservatives after
its contact with soil [10]. Furthermore, facts are known when
Basidiomycetes were more sensitive to preservatives than micro-
fungi. Vasiliauskas et al. reported that chemical substances used
for rot protection in natural environments stimulated stump
colonization by Ascomycetes and Deuteromycetes, though de-
creased markedly the amount of Zygomycetes and almost com-
pletely eliminated Basidiomycetes [11].

Copper-based compounds have been among the main bio-
cides of wood preservatives for nearly 200 years. In this period,
wood decay fungi developed a mechanism that allowed them to
survive in copper-treated wood. Fungi able to grow on the sub-
strata with copper concentration higher than 1.6 mmo 1™ are
considered to be copper-tolerant [12]. The phenomenon of cop-
per tolerance has been known for more than 50 years [13], but
the exact mechanism of copper tolerance and copper toxicity is
not completely understood [9, 14-16].

Copper is a trace element necessary for fungal functioning,
but it may be toxic at high concentrations [17]. Fungal tolerance
towards copper and other heavy metals depends on many pecu-
liarities of the organism defense mechanism, such as synthesis
of metabolites able to bind metal ions, ability to absorb different
amounts of metal ions into cell wall and to localize them in in-
ner cellular structures, ion transport into cell, etc. [18-20].

Rabanus (1931) and Shimazono et Takubo (1952) suggested
a hypothesis that copper tolerance of brown-rot fungi is linked
to oxalic acid production, which presumably precipitates copper
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into a insoluble form of the oxalate, rendering the copper me-
tabolite inert [21].

Metal tolerance of wood decay fungi rise new claims for
synthetic preservative production and their efficiency evalu-
ation, although this quality could be used for solving the
ecological problem of the bioremediation of treated wood.
In this field, some investigations have been carried out with
Basidiomycetes [21-23].

The aim of the present investigation was to estimate the cop-
per tolerance degree and resistance to copper-based preserva-
tives among soft-rot fungi isolated from processed wood and to
find out whether copper tolerance of fungal strains corresponds
to their resistance to copper-based preservatives. The function
of fungi in an ecological niche is defined by their physiology. For
this reason, a primary cellulase and oxidase activity was investi-
gated and the ability to produce organic acids was checked.

MATERIALS AND METHODS

Fungi were isolated from several sites: waste wood (wooden
boards) kept outdoors, outdoor wall of a wooden house under
damaged pluvial run; wooden floor and untreated wooden wall
indoors; wooden support poles, loft balks and joists; wood-
en painted windowsill outdoors; decorative board indoors.
Samples were taken from visually noticeable decay signs (foxy,
grayed, softened, slivered, cracked or crumbly). They were
washed under tap water, then with sterile water and sterilized
by carrying through flame. Small pieces of wood samples (about
2 X2 x 10 mm) were placed on Czapek agar or malt extract me-
dium with antibiotic addition in Petri dishes or kept in a moist
chamber (99% air humidity) until fungal growth was noticed.
The cultures isolated were purified and identified according to
their macro- and micro-morphological features [24-28].

For cellulase (endoglucanase, CM-cellulase) activity esti-
mation, fungi were cultivated on modified Czapek medium:
NaNO, -2 g KH,PO,-1g MgSO,-7H0-0.5g KCl-05g;
FeSO, - 0.01 g, carboxymetylcellulose (CMC) - 10 g; agar -20 g;
H,0 - 1000ml, at 24 + 2 °C for 3-5 days (depending on fungal
growth rate). Endoglucanase activity was detected by flooding
of a 0.1% aqueous solution of Congo Red and by a pale orange
zone around the colony. The activity was evaluated by the width
of this zone [29].

Oxidase activity was estimated according to the Baverdamm
method. Fungal colonies were grown on a solid Czapek agar me-
dium with addition of 0.2% of gallic acid. Oxidase activity was
evaluated by the width of the brown zone around the colony
(30].

Fungal ability to produce organic acids (to acidify the me-
dium) was tested on a solid Czapek agar medium with 5% of
glucose. A yellow zone around the fungal colony showed the
presence of organic acids in the medium, and the broader zone
width corresponded to the greater amount of acids [31].

The fungal sensitivity to Cu** was assessed by evaluating the
colony growth on a solid Czapek agar medium containing dif-
ferent amounts of CuCl,- 2H,0:0.2;0.5; 15 2; 3; 5; 7 and 10 mM.
As a control, fungal strains were grown on a Czapek medium
without copper. The diameter of fungal colonies was measured 7
days after cultivation at 26 + 2 °C. Copper inhibitory action was

expressed as a relative colony diameter (%) and calculated as
d,/ d, 100%, where d, is the fungal colony diameter (mm) on the
control medium, and d, is the fungal colony diameter (mm) on
the test medium. All tests were carried out in three replications.

Six copper-based wood preservatives with different ad-
ditives were used for the evaluation of fungal resistance to
chemicals: Anti-grybas (Unicell, Poland); Asepas-3 (Retrorega,
Lithuania); Boramon (Altax, Poland); Wood Preserver Clear
(WPC) (Cuprinol Limited, Great Britain), Impralit-CCO and
Impralit-KDS (Riitgers, Germany). The assay was carried out by
the agar-diffusion method in Petri dishes (90 mm in diameter).
The zone width (mm) of suppressed fungal growth revealed the
fungicidal action of the test preservatives and fungal resistance
to the chemicals [32].

RESULTS

Forty-two fungal strains belonging to 27 different fungal spe-
cies from 20 genera were isolated from decaying wood sam-
ples (Table). Most of them were anamorphs, and telemorphs
were identified only for some of them (Chaetomium fusiforme,
C. globosum, Eurotium herbariorum). There were more iso-
lates that could have telemorphs (e. g., Sporotrichum sp. - from
Basidiomycetes). The largest part of the isolates (23.8%) were
representatives of the genus Penicillium (though not all of
them were classed to certain species). Four isolates were from
the genus Alternaria. The genera Aspergillus, Chaetomium and
Scytalidium were represented by three species, and the genera
Cladosporium, Oidiodendron, Phialophora and Trichoderma by
two species each.

Most of fungal species from the list presented in Table are
mentioned in references as soft rot agents (Alternaria alter-
nata, Chaetomium globosum, Cladosporium sphaerospermum,
Paecilomyces variotii, Phialophora malorum and others) with
cellulolytic or lignolytic properties. These fungi could be de-
tected also in soil, on plant remnants and on decaying wood [27,
28,33, 34]. Some fungal species isolated from wooden construc-
tions were detected on untreated wood in natural conditions.
Vasiliauskas et al. [6] from wood stumped in the forest isolated
such fungal species as Cladosporium herbarum, C. tenuissimum,
some representatives of the genera Penicillium, Phoma and
Phialophora.

Soft rot is especially dangerous indoors because some of
fungal species (e. g., Cladosporium sphaerospermum, Ulocladium
botrytis, Stachybotrys chartarum, Phoma) could get into other
substrata such as paints, wallpaper, gypsum boards and even
plaster and cause much more damage [35].

The species composition of fungi isolated from wooden con-
structions is similar to that of wooden remnants in natural envi-
ronments. However,some of them are considered not to be soft rot
agents. For example, Scopulariopsis candida, Torulomyces lagena
are usually isolated from soil and plant remnants. Nevertheless,
Torulomyces lagena was detected on treated wood [28]. Besides,
some more fungal species (Alternaria alternata, Chaetomium
globosum, Cladosporium sphaerospermum, Paecilomyces variotii,
Phialophora malorum and Scytalidium lignicola) isolated from
samples in our study are mentioned among the species that
could survive on treated wood [28]. Cladosporium cladosporio-



56 Danguolé BridZiuviené, Loreta Levinskaiteé

ides, Paecilomyces variotii, Trichoderma harzianum and T. viride These results force to turn more attention (during wood
were isolated during our previous investigations of treated wood  preservative efficiency evaluation) to Alternaria alterna-
in contact with soil [10]. ta, Chaetomium globosum, Cladosporium cladosporioides,

Table. Fungal strains isolated from different sites and their oxidase activity, cellulase activity and organic acid production ability (- — negative reaction; + — coloured
zone under the colony only; ++ — coloured zone up to 5 mm; +++ — coloured zone more than 5 mm); | — wooden floor of a first floor, Vilnius; Il - waste wood
(wooden boards) kept outdoors, Vilnius; [l — wooden ceiling joist, Vilnius; IV — wooden decorative indoors boards, Vilnius; V — outdoor wall of a wooden house
under damaged pluvial run, Vilnius; VI — wooden loft balk, Klaipéda; VIl - wooden painted outdoor windowsill, Vilnius; VIIl - wooden wall indoors, Vilnius; IX — wooden
wall indoors, Trakai district; X — wooden support balk, Vilnius; XI - wooden decorative board in a cellar, Vilnius

Fungus Strain number | Isolation site | Oxidase activity | Cellulase activity | Organic acid production
Acremonium sp. T-3 Il ++ + -
Alternaria alternata (Fr.) Keissl. F5-2 \ - - -
A. alternata (Fr.) Keissl. H4-6 IX - ++ _
A. longipes (Ellis et Everch.) E. W. Mason F6H-2 \ - _ _
A. tenuissima (Kunze ex Pers.) Wiltshire 4L I + ++ -
Amorphotheca resinae Parbery 0505 1X +++ +++ -
Aspergillus candidus Link 3-2 X ++ +++ -
A. chevalieri (L. Mangin) Thom et Church 2-2 IX - ++ -
Aspergillus sp. 3-4 X ++ +++ -
Chaetomium fusiforme Chivers 3-5 X ++ ++ -
Ch. globosum Kunze 4-2 X - + _
Ch. globosum Kunze 10-4 X ++ + -
Cladosporium cladosporioides (Fresen.) G. A. 9-3 11} ++ ++ -
de Vries 9-2 I ++ +++

C. sphaerospermum Penz.

Eurotium herbariorum Link 1-4 X ++ +++ -
Humicola fuscoatra Traaen F9-3 VI +++ ++ -
Oidiodendron cerealis (Thiim.) G. L. Barron ~ 7H \% +++ +++ -
Oidiodendron sp. 4-4 X - +++ _
Paecilomyces variotii Bainier 2-1 X - — _
Penicillium brevicompactum Dierckx H5-9 IX ++ +++ ++
P. funiculosum Thom 0519 Vi - +4 4+
P. glabrum (Wehmer) Westling T-2 | - - 4+
P. griseofulvum Dierckx 1-2 X - ++ +
Penicillium sp. T-1 | + - 44+
Penicillium sp. 2-1 IX ++ ++ ++
Penicillium sp. H5-5 IX + ++ ++
Penicillium sp. 3-4 X - - _
Penicillium sp. 1-1 X - ++ _
Penicillium sp. 1-3 X - ++ _
Phialophora malorum (Kidd et Beaumont) ~ F5H-1 \Y ++ ++ _
McColloch

Phialophora sp. 9 11l + + -
Phoma sp. 7-4 X - ++ _
Scytalidium aurantiacum Klingstrém et L.~ 6-2 \% + + -
Beyer

S. lignicola Pesante 7-1 I - - -
S. lignicola Pesante F6-2 Vv - + -
Scopulariopsis candida (Guég.) Vuill 6 X ++ ++ -
Sporotrichum sp. 3-4 Vi + +++ -
Stachybotrys chartarum (Ehrenb.ex Link) S.  F11-2 Xl ++ - -
Hughes

Torulomyces lagena Delitsch F2-1 Vil ++ ++ -
Trichoderma harzianum Rifai B5 1X - + +
T. viride Pers. 4 IX + + _

Ulocladium botrytis Preuss 3-3 Vi - ++ -
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C. sphaerospermum, Paecilomyces variotii, Phialophora malo-
rum and other fungi usual on wood in natural and man-made
environments, especially on treated wood. In this sense, a great
variety of fungal species being present on damaged wood, accu-
mulation of ecological research data is very significant. It would
allow generalizations and concentrate on certain fungal species
during the search of efficient wood preservatives.

The physiological characteristics define fungal distribu-
tion on a substrate of one or another kind. Most of the fungal
strains isolated from decaying wood showed cellulase (endo-
glucanase) (81.0% of all strains studied) and oxidase (57.1%)
activity which is important in assimilating wood as an organic
substratum (Table). The initial evaluation of cellulase activity
showed that the Amorphotheca resinae 0505, Aspergillus can-
didus 3-2, Aspergillus sp. 3-4, Cladosporium sphaerospermum
9-2, Eurotium herbariorum 1-4, Oidiodendron cerealis 7H,
Oidiodendron sp. 4-4, Penicillium brevicompactum H5-9 and
Sporotrichum sp. 3—4 to be the most active cellulose destruc-
tors. Among them, only Amorphotheca resinae 0505 showed a
high oxidase activity as compared with the other strains studied.
Moreover, wide coloured zones indicating oxidase activity were
formed by Humicola fuscoatra F9-3 and Oidiodendron cerealis
7H strains. Among strains of the same species, a different enzy-
matic activity was noted in all cases, although all of them were
isolated from the same kind of substratum (wood). Cellulase
activity was characteristic of Alternaria alternata H4-6 strain,
while F5-2 strain of the same species didn’t show this activity;
cellulase and oxidase activity was characteristic of Chaetomium
globosum 10-4 strain, while C. globosum 4-2 strain showed only
cellulase activity.

Wildman [36] states that fungal populations occupying vari-
ous ecological niches are more variable than those of a narrow
occurrence. This conclusion was drawn from an investigation
of secondary metabolite production by Fusarium moniliforme
and F proliferatum strains. So, in our case attention should be
focused on fungal species isolated from decaying wood and of-
ten present on other substrata, such as paint, masonry, etc., i. e.
to Cladosporium sphaerospermum, Stachybotrys chartarum,
Phoma sp., Ulocladium botrytis. Therefore, studies of fungal
physiological and ecological characteristics are necessary be-
cause their susceptibility to various antiseptics could be differ-
ent, and its knowledge is important in selecting efficient wood
preservatives.

When wood preservatives against soft rot are used, metal
tolerance ability becomes an important fungal peculiarity in
the struggle for this ecological niche. As mentioned above, this
characteristic concerns fungal ability to produce organic acids.
This ability was characteristic only of 17.8% of the strains stud-
ied, and nearly all of them belonged to the genus Penicillium
(Table). Penicillium glabrum T-2 and Penicillium sp. T-1 acidi-
fied the medium most, but their enzymatic activity was hardly
noticed (only a weak oxidase activity of Penicillium sp. T-1 was
ascertained). These results indicate that the latter organic acid
producers could be important in preservative suppression but
not in the wood damage process.

For fungal copper tolerance studies, strains of different phy-
siological features and from different taxonomic groups were
chosen among them strains producing organic acids and show-

ing or not cellulase and oxidase activity (Penicillium brevicom-
pactum H5-9, P, funiculosum 0519, P. griseofulvum 1-2), show-
ing cellulase and oxidase activity and belonging to Dematiaceous
(Amorphotheca resinae 0505, Cladosporium  sphaerosper-
mum 9-2, Humicola fuscoatra F9-3, Oidiodendron sp. 7H,
Phialophora sp. F5SH-1) or Ascomycetes (Chaetomium fusiforme
3-5, Eurotium herbariorum 1-4) and Sporotrichum sp.3-4 — an-
amorph of Basidiomycetes.

The fungal strains studied showed a different susceptibi-
lity to copper (Fig. 1). Low concentrations (0.2 or 0.5 mM Cu*")
slightly suppressed the growth of most fungi and even remotely
stimulated some of them (Cladosporium sphaerospermum 9-2,
Penicillium funiculosum 0519). The copper concentration in-
creasing in the medium, the fungal metal tolerance decreased
gradually and at a concentration of 7-10 mM Cu** the greater
part of the strains studied stopped growing at all. Nevertheless,
some strains (Penicillium funiculosum 0519, Amorphotheca resi-
nae 0505, Cladosporium sphaerospermum 9-2) developed in the
medium even at a concentration of 10 mM Cu?*. It should be
noted that the growth of Penicillium funiculosum 0519 strain up
to the 5 mM Cu** concentration was suppressed least. The high
adaptive possibilities of this fungus to heavy metals present in
their environment have been pointed out by other investigators
as well [37].

A different sensibility of different strains of the same genus
was noted. Three strains of the genus Penicillium responded dif-
ferently to copper addition: Penicillium funiculosum 0519 was
the most tolerant, P. brevicompactum H5-9 — very sensitive as its
growth at 2 mM Cu** was only 11.8%, and addition of 3 mM Cu?**
inhibited completely its development, whereas P, griseofulvum
1-2 took an intermediate position — the concentration of 7 mM
Cu”* stopped completely its growth.

With increasing the concentration of copper ions, the toler-
ance of most fungi decreased gradually. Only the tolerance of
Chaetomium fusiforme 3-5 strain dropped very sharply when
the copper concentration reached 3 mM.

In regard to all fungi studied, copper slowed down the co-
lony growth rate very distinctly. Sometimes another way of in-
hibition was noted as well. For example, when copper ion con-
centration reached 2 mM, the colony diameter of Phialophora
malorum F5H-1 strain even increased a little, but the colony
mycelium was very thin, the colony density was sparse and pig-
mentation changed unusually. A similar reaction was shown by
Sporotrichum sp. 3-4 at 1-2 mM copper concentrations when
fungal colonies were larger but their density was evidently
sparser.

Up to 1 mM Cu* in the medium, the growth of most fungi
was slightly suppressed. With the concentration increased to
2 mM, the growth of two fungal strains, Penicillium brevicom-
pactum H5-9 and Eurotium herbariorum 1-4, was inhibited
most markedly (11.8% and 10.3%, respectively). When the metal
concentration was increased to 7 mM, most fungi didn’t develop
at all. Only three of the strains studied grew at 10 mM Cu?*, but
their growth was weak. Two of them belonged to Dematiaceous
fungi (Amorphotheca resinae 0505, Cladosporium sphaerosper-
mum 9-2), and one of them (Penicillium funiculosum 0519) was
able to acidify the medium.
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Fig. 1. Relative fungal colony diameter (%) on Czapek agar supplemented with Cu®* at different concentrations: A —
Amorphotheca resinae 0505, Cladosporium sphaerospermum 9-2 and Humicola fuscoatra F9-3; B — Oidiodendron ce-
realis 7H and Phialophora malorum F5H—1; C— Penicillium griseofulvum 1-2, P brevicompactum H5-9 and P, funiculosm
0519; D — Chaetomium fusiforme 35, Eurotium herbariorum 1—4 and Sporotrichum sp. 3—4
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The susceptibility of the fungi mentioned above to wood
preservatives was different as was their tolerance to copper
ions, but these properties didn’t coincide. The most susceptible
strains were the slow-growing (respectively 2-3 and 1-1.5 cm
per 10 days) Dematiaceous fungi Amorphotheca resinae 0505
and Oidiodendron sp. 7H (Domsch et al., 1980), and neither
of them produced organic acids in our study. Their growth in
Petri dishes was completely stopped by all preservatives stud-
ied (Fig.2) Nevertheless, Amorphotheca resinae 0505 devel-
oped on a solid medium even at 10 mM of Cu** concentration
(Fig. 1). The other Dematiaceous fungi studied were most sus-
ceptible to Impralit-CCO and least to Wood Preserver Clear
(Fig. 2). The three Penicillium strains studied did not only show
cellulolase activity, but also produced organic acids, although
their reaction to different preservatives differed. Penicillium
brevicompactum H5-9 was most susceptible to all preserva-
tives studied. Penicillium funiculosum 0519 was most resistant
to Anti-grybas and Impralit-KDS (fungicidal zone respectively
4+ 1.4 and 17 + 1.2 mm), and Penicillium griseofulvum 1-2
strain was most resistant to Asepas-3, Boramon, Impralit-CCO
and Wood Preserver Clear among all the Penicillium strains
studied (fungicidal zone made up respectively 3.6 0.5,
2.8+0.4,29.4 = 1.3 and 1.4 + 0.5 mm), although, according to
our data, the latter fungus acidified the medium less than did
P funiculosum 0519 or P. brevicompactum H5-9.

The fungal strains from Ascomycetes and one strain (an-
amorph) of Basidiomycetes were most susceptible to Impralit-
CCO and Impralit-KDS, as were also the other fungal strains
studied, except Cladosporium sphaerospermum 9-2 which was
most susceptible to Impralit-CCO and Anti-grybas (Fig. 2).

Fungal growth suppression (fungicidal effect) wasn’t the
only way of preservative action. Growth depression demon-
strated by a weaker sporulation of P funiculosum 0519 or
P, brevicompactum H5-9 was noted under the effect of WPC
and abundant cleistothecium formation by Eurotium herbari-
orum under the effect of Asepas-3 and Boramon.

The strains estimated as most copper-tolerant responded
to various copper-based preservatives differently: the growth
of Amorphotheca resinae 0505 was completely stopped by all
the test preservatives, while Cladosporium sphaeropermum
9-2 was completely suppressed only by Impralit-CCO, as was
also Penicillium brevicompactum H5-9.

In one case (e. g., Penicillium funiculosum 0519 produced
organic acids, was resistant to copper ions and copper-based
preservatives) our results supported the statement of Green
I1I and Clausen [22] that fungal copper tolerance depends on
acid production ability, although other results (Cladosporium
sphaerospermum 9-2 didn’t acidify the medium but was quite
tolerant to copper and copper-based preservatives) insist on
the idea that the ability to survive in a heavy metal environ-
ment depends on the other biological peculiarities of the or-
ganism and that there are different means and ways of fungal
defense against heavy metals and other unfavourable extreme
conditions.

ACKNOWLEDGEMENTS

This study was supported by the Lithuanian State Science and
Studies Foundation (project No G-29/06).

Received 17 November 2006
Accepted 23 October 2007

References

Reid ID. Can ] Bot 1995; 73: S1011-8.

Blanchette RA. Can ] Bot 1995; 73 (suppl. 1): $999-S1010.

Bridziuviené D, Lugauskas A. Ekologija 2000; 4: 19-26.

Bridziuviené D. Biologija 2001; 4: 4-6.

Blanchette RA, Held BW, Jurgens JA, McNew DL,

Harrington ThC, Duncan ShM, Farrell Rl. Appl Envir

Microbiol 2004; 70(3): 1328-35.

6. Vasiliauskas R, Lygis V, Larsson K-H, Stenlid J. Mycol
Research 2005; 109(4): 487-96.

7. De Groot RC, Woodward B. Int Biodet and Biod 1999;

Gk »d =

44(1): 17-27.

8. Illman BI, Yang Y, Ferge L. Int Biodet and Biod 1999; 44(2-
3): 145.

9. Duncan CG, Deverall FJ. Appl Microbiol 1964; 12(1): 57-
62.

10.  Bridziuviené D, Lugauskas A. Materials Science (Medziago-
tyra) 2003; 9(4): 363-7.

11. Vasiliauskas R, Lygis V, Thor M, Stenlid J. Biological
Control 2004; 31(3): 405-13.

12.  Gadd GM. New Phytologist 1993; 124: 25-60.

13.  Hirt RR. Phytopathologist 1949; 39: 31-6.

14. Levinskaité L. Ekologija 2001; 3: 9-13.

15.  Humar M, Pohleven F. Int Biodet and Biod 2005; 56(1):
34-9.

16. Lugauskas A, Levinskaité L, Peciulyté D, Repeckiené J,
Motuzas A, Vaisvalavic¢ius R, Prosycevas I. Ekologija 2005;
1: 61-9.

17.  Hughes MN, Poole RK. The Functions of Metals in Microor-
ganisms. London: Chapman and Hall, 1989: 22-7.

18. Gadd GM, White C. In: Pool RK, Gadd GM. (eds.). Metal-
Microbe Interactions. Oxford, 1989: 19-38.

19.  Winkelmann G. Mycol Research 1992; 96: 529-34.

20. Martino E, Turnau S, Girlando M, Bonfante P, Perroto S.
Mycol Research 2000; 104(3): 338-44.

21. Clausen CA, Green F. Int Biodet and Biod 2003; 51(2):
139-44.

22. Green FIII, Clausen CA. Int Biodet and Biod 2003; 51(2):
145-9.

23. Humar M, Bokan M, Amartey SA., Sentjure M, Kalan P,
Pohleven F. Int Biodet and Biod 2004; 53(1): 25-32.

24. Ellis MB. Dematiaceous Hyphomycetes. Surrey, England,
1971.

25.  Sigler L, Carmichael JW. Mycotaxon 1976; 4(2): 349-488.

26. Carmichael WJ, Bryce Kendrick W, Conners IL, Lynne
Sigler. Genera of Hyphomycetes. Edmonton, Alberta,
1980.

27. Domsch KH, Gams W, Anderson TH. Compendium of
Soil Fungi. Vol. 1. Sydney, 1980.



Fungal tolerance towards copper-based wood preservatives 61

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

Wang CJK, Zabel RA. Identification Manual for Fungi from
Utility Poles in the Eastern United States. Kansas, 1990.
Kluepfel D. Methods in enzymology. Vol. 160. New York,
1988: 182-4.

Buait BU. (pep.). MeTozbI 9KCIIepUMEHTaIbHOI MUKOJIO-
run Kues: Haykosa Jlymka, 1982: 176-7.

Typxosa 3A, TurkoBa OA. B kH. MMKpOOpPraHU3MBI 1
HMBIINE PACTeHVA — PAasPYIINTeNM MaTepuajaoB ¥ U3Je-
ymit. MockBa, 1979: 33-46.

Denillers J, Steiman R, Seigle-Murandi F. Chemosphere
1989; 19: 1693-700.

Bridziuviené D, Levinskaité L, Lugauskas A, Pagkevicius
A, Peciulyte D, Repeckiené ], Salina O, Varnaité R.
Mikrobiologiniai medZiagy pazeidimai. Vilnius, 1997.
Kiffer E, Morelet M. The Deuteromycetes. Mitosporic
Fungi. Classification and Generic Keys. Enfield, New
Hampshire, 2000.

Samson RA, Hoekstra ES, Frisvard JC, Filtenborg O (ed.).
Introduction to Food- and Airborne Fungi. Utrecht, 2000.
Widman HG. Can J Bot 1995; 73 (suppl. 1): S907-16.
Valix M, Loon LO. Minerals Engineering 2003; 16(3):
193-8.

Danguolé Bridziuviené, Loreta Levinskaité

GRYBU ATSPARUMAS VARIO TURINTIEMS
ANTISEPTIKAMS

Santrauka

Naudojant medienos antiseptikus prie§ minkstaji puvinj, gryby
atsparumas metalams tampa svarbia savybe. Keturiasde$imt dvi gryby
padermés, priklausancios 27 skirtingoms gryby rasims i§ 20 genciy,
buvo i$skirtos i§ pavancios medienos éminiy. Nustatyta, kad 81,0%
visy tirty padermiy buvo budingas celiuliazinis (endogliukonazinis)
aktyvumas, o 57,1% tirty padermiy - oksidazinis aktyvumas; abu yra
svarbiis organinio substrato — medienos - asimiliacijai. Organines
ragstis sintetino tik 17,8% tirty padermiy ir beveik visos jos priklause
Penicillium genciai. Istirtas gryby atsparumas variui ir vario turintiems
antiseptikams. Tik trys tirtos padermeés (Amorphotheca resinae 0505,
Cladosporium sphaerospermum 9-2, Penicillium funiculosum 0519)
augo esant 10 mM Cu?* koncentracijai, ta¢iau jy vystymasis buvo silpnas.
Rezultatai rodo, kad tirty gryby jautrumas medzio antiseptikams buvo
skirtingas, kaip ir jy atsparumas vario jonams, taciau abi $ios savybés
nesutapo. Labiausiai vario jonams atsparios padermés skirtingai
reagavo | medienos antiseptikus: visi tirti antiseptikai visiskai
sustabdé Amorphotheca resinae 0505 augima, tuo tarpu Cladosporium
sphaeropermum 9-2 ir Penicillium brevicompactum H5-9 padermiy
augimg visiskai uzslopino tik Impralit-CCO.



