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Abstract

The wood decomposition ability of 12 isolates of Bjerkandera adusta and 11 iso-
lates of Trametes versicolor were studied. Isolates of T. versicolor decomposed wood of
oak, beech and birch more effectively than isolates of B. adusta. Differences in wood
decomposition ability among isolates of each fungus species were also noticed.
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Introduction

Fungi are used as biological control agents of plant diseases, invertebrate pests
and weeds. Fungal biological control is a rapidly developing research area. In addi-
tion exploitation of naturally occurring organisms such as bacteria or fungi for bio-
logical control of crop pests, diseases and weeds could give an environmentally
friendly alternative to pesticides (Evans et al. 2001, Inglis et al. 2001, Wipps and
Lumsden 2001). In forestry there is an example of successful and commercial use
of fungal biological control. Phlebiopsis gigantea (Fr.: Fr.) Jiilich is used as biocontrol
agent against Heterobasidion annosum (Fr.) Bref. and Armillaria spp. in pine or spruce
stumps (Sierota 1995, Pratt et al. 2000). The effectiveness of biological control
against H. annosum has been documented (Holdenrieder and Greig 1998). Avail-
able data on biological control of Armillaria in forestry are rather scarce.

Armillaria spp. cause the most dangerous disease in forests all over the world. In
Poland Armillaria root rot is particularly severe in Scots pine plantations (ca 130 000
ha). The pathogen is dangerous especially 10-12 years after establishment of planta-
tion. Stumps and roots are the reservoir for pathogen survival and its spread in
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stands. Occupation and decomposition of stumps and roots by saprotrophic fungi
could exclude Armillaria spp. from them and decrease the damages in future stands.

There were some attempts of using fungi in biological control against Armillaria
spp. — e.g. Corolius versicolor (L.: Fr.) Quél. [= Trametes versicolor (L. ex Fr.) Pil.],
Hypholoma fasciculare (Huds.: Fr.) Kummer, Stereum hirsutum (Willd.: Fr.) S.F. Gray
(Pearce and Malajczuk 1990, Lakomy 2004, Lakomy unpublished), Phanerochaete
velutina (DC.) Parmasto, Steccherinum fimbriatum (Pers.: Fr.) J. Erikss. (Hagle and
Show III 1991), Polyporus borealis Fr., Fomitopsis pinicola (Swartz ex Fr.) P. Karsten
(Ortod 1957), Lentinus edodes Fr., Pleurotus ostreatus (Jacq.: Fr.) Kummer, Trichoderma
harzianum Rifai (Rykowski 1990, Sierota and Sternak 1993, Zolciak 2001).

Bjerkandera adusta (Willd. ex Fr.) P. Karsten and T. versicolor are common fungi
that cause white rot of deciduous wood. They are mostly saprotrophic but can oc-
cur also on weakened trees (Domanski 1978, Guminska and Wojewoda 1985,
Marka K. 2005).

The aim of the study was to compare wood decomposition ability of various iso-
lates of B. adusta and T. versicolor and to choose some efficient wood-decaying iso-
lates for experimental treatment of deciduous stumps in forest against Armillaria.

Material and methods

12 isolates of B. adusta and 11 isolates of T. versicolor were used. The origin of
isolates is presented in Table 1.

Wood decomposition ability of saprotrophs was tested using the method de-
scribed by Orto$ (1957), routinely applied in the Department of Forest Pathology
(Lakomy 1998, 2004, Lakomy and Zarakowski 2000) to obtain comparable results.

Wood blocks 1.5 X 2.5 X 5 cm in size were made from birch, beech and oak
fresh stumps (diameter 30 cm). The wood blocks were put on well-grown myce-
lium of each saprotroph’s isolate in the centre of Kolle flask. All flasks were incu-
bated at 23°C. Dry weight of wood blocks was estimated before the experiment and
after three months of incubation on the mycelium. The percentage of wood weight
loss was determined, which expressed the fungus ability of wood decomposition.

For the needs of statistics the data in percent were transformed according to the
formula of C.I. Bliss (Snedecor and Cochran 1976): arcsin +/percentage / 100.

To detect differences between means the ANOVA was used. The usual assump-
tions about the normality of errors within groups and the homogeneity of vari-
ances were verified. Tukey test was performed for the multiple comparisons of
wood decay ability of the isolates used.

Results

Bjerkandera adusta isolates decomposed birch, beech and oak wood to similar ex-
tent. The loss of dry weight of wood was respectively 13.92-41.99%, 17.17-46.36%
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Table 1
Origin of Bjerkandera adusta (Ba) and Trametes versicolor (Tv) isolates
Isolate Host Location
Bal Birch stump Zielonka Forest District
Ba2 Oak stump Walcz Forest District
Ba3 Stump of unidentified deciduous species Walcz Forest District
Ba4 Oak wood Zielonka Forest District
Ba5 Stump of unidentified deciduous species Gubin Forest District
Ball Stump of unidentified deciduous species Miedzychéd Forest District
Bal2 Oak stump Miedzychéd Forest District
Bal3 Oak stump Skwierzyna Forest District
Bal4 Stump of unidentified deciduous species Skwierzyna Forest District
Bal5 Oak stump Strzelce Krajeniskie Forest District
Bal6 Stump of unidentified deciduous species Zielonka Forest District
Bal7 Poplar branch Siemianice Forest District
Tvl Beech wood Zielonka Forest District
Tv2 Beech wood Zielonka Forest District
Tv3 Birch stump Trzcianka Forest District
Tv4 Birch stump Babki Forest District
Tv5 Stump of unidentified deciduous species Babki Forest District
Tvé Birch stump Skwierzyna Forest District
Tv7 Birch wood Strzelce Krajenskie Forest District
Tv8 Wood of unidentified deciduous species Walcz Forest District
Tv9 Wood of unidentified deciduous species Walcz Forest District
Tv10 Birch stump Legnica Forest District
Tvll Wood of unidentified deciduous species Gubin Forest District

and 13.23-40.84% (average, respectively: 24.33%, 27.54%, 23.69%) (Table 2, Fig.
1). Significant differences occurred between loss of dry weight of oak and beech
wood blocks decomposed by all isolates of B. adusta (Table 3). Three isolates — Ba4,
Bal3 and Bal7 — decomposed wood of all species stronger than other B. adusta iso-
lates. The isolate Ba4 differed in birch and beech decay ability from almost all (ex-
cluding Ba13) isolates. Two B. adusta isolates — Ba3 and Bal5 were the poorest wood
decomposing isolates in this study. Isolate Ba4 caused significantly (p < 0.001)
greater loss of dry weight of oak wood than other isolates. The decomposition abil-
ity of oak wood of the weakest isolate (Bal5) differed only from isolates: Ba4, Bal3
and Bal7. Generally the Ba4 isolate was characterized as the isolate, which decom-
posed birch, beech and oak wood stronger than others (Tables 4, 5, 6).

Trametes versicolor isolates were more effective in wood decay than B. adusta iso-
lates (Fig. 1). They decomposed birch wood in 19.71-64.88% (average 49.75%),
beechin 21.96-74.45% (53.09%) and oak wood in 29.4-52.81% (43.13%; Table 2,
Fig. 1). Isolate Tv6 was the weakest among all isolates in wood decomposition
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Table 2

Percentage of dry weight loss of wood blocks decayed by Bjerkandera adusta (Ba)
and Trametes versicolor (Tv) isolates

Isolate Birch . Beech . Oak .

average | max. min. average | max. min. average | max. min.
Bal 20.93 | 25.08 15.52 25.20 29.76 15.62 22.05 25.79 17.91
Ba2 20.60 23.03 15.63 21.94 25.18 16.39 22.42 23.41 21.67
Ba3 15.28 18.43 10.83 19.10 25.38 13.59 20.10 23.90 14.27
Ba4 41.99 53.51 35.26 46.36 60.71 40.06 40.84 45.03 35.77
Ba5 26.17 33.69 20.91 27.09 29.48 24.28 22.54 25.37 19.05
Ball 28.89 31.76 21.12 32.52 36.10 26.51 23.20 42.15 15.38
Bal2 24.85 34.28 18.31 25.25 30.61 22.45 22.85 27.14 18.37
Bal3 31.00 38.13 22.93 39.65 44.76 35.71 25.11 40.67 16.69
Bal4 22.25 26.48 18.13 20.70 24.57 15.48 22.34 32.68 17.28
Bal5 13.92 | 20.46 10.22 17.17 19.82 14.65 13.23 15.28 10.33
Bal6 17.12 | 23.24 14.61 22.68 24.54 20.89 19.55 24.19 13.35
Bal7 2893 | 33.40 | 25.99 32.77 34.58 29.94 30.04 29.14 22.71
Tvl 53.93 | 68.02 | 45.85 63.18 64.86 61.84 43.10 44.56 35.40
Tv2 62.38 | 62.93 | 61.73 58.76 49.46 63.90 51.99 59.71 45.03
Tv3 48.62 | 53.35 | 45.42 54.66 58.60 52.68 41.30 44.53 35.82
Tv4 43.03 | 46.75 | 36.33 66.96 76.42 60.74 44.94 57.23 39.86
Tv5 4533 | 48.02 | 42.85 44.42 47.11 42.29 32.74 43.51 33.77
Tv6 19.71 22.30 15.52 21.96 24.90 17.38 29.40 22.57 15.92
Tv7 64.88 69.19 59.80 56.99 61.53 50.48 52.81 61.03 53.02
Tv8 49.76 52.63 46.37 47.96 50.97 44.25 43.13 46.52 37.43
Tv9 54.58 62.09 51.05 48.79 55.85 44.62 46.45 48.89 46.01
Tv10 54.77 60.29 48.39 74.45 75.26 72.57 45.67 50.32 43.13
Tvll 50.26 55.57 46.52 4591 47.57 41.01 42.96 4498 40.85

Table 3

The results of the Tukey HSD post-hoc comparisons for Bjerkandera adusta (Ba)
and Trametes versicolor (Tv) isolates decomposing different wood species

Wood Birch Beech Oak

species Ba Tv Ba Tv Ba Tv
Birch 0.0945 0.3203 0.8026 0.0201
Beech 0.0945 0.3203 0.0185 0.0001
Oak 0.8026 0.0201 0.0185 0.0001
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Fig. 1. Percentage of dry weight loss of birch, beech and oak wood blocks decomposed
by all isolates of Bjerkandera adusta (Ba) and Trametes versicolor (Tv)

ability of all wood species (p < 0.001) (Tables 4, 5, 6, Fig. 1). Isolate Tv7 differed
from almost all isolates (except Tv2) in decay ability of birch and oak wood (p < 0.05).
Isolate Tv10 caused higher loss of dry weight of beech wood than other isolates
(p < 0.001). Only isolate Tv4 decomposed beech wood to similar extent (p = 0.4387)
as other isolates and Tv7 isolate did not differ from Tv1, Tv2 and Tv3 in wood de-
composition ability. The significant differences occurred between loss of dry
weight of oak and other wood blocks (p < 0.001; Table 3, Fig. 1). There were no
significant differences between birch and beech decay caused by T. versicolor iso-
lates. Isolates Tv2 and Tv7 were the most effective in decomposing birch and beech
wood blocks while isolates Tv4 and Tv10 caused the most effective decay of oak
wood blocks. Almost all isolates of T. versicolor caused higher loss of dry weight of
birch (except Tv6), beech (except Tv5 and Tv6) and oak (except Tv6) wood blocks
than isolates of B. adusta. Only four isolates of B. adusta: Ba4, Bal, Bal3 and Bal7 had
better wood decomposition ability than the weakest T. versicolor isolates — Tv5, Tv6
(Table 2, Fig. 1).
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Discussion

Bjerkandera adusta and T. versicolor isolates caused a relatively high weight loss of
different wood species. Oak was decayed to smaller extent than other wood species
by both fungi. Almost in all cases isolates of T. versicolor were more effective in
wood decomposition than B. adusta, independently of wood species. In comparison
to other fungi that were used in wood-decomposition tests B. adusta and T.
versicolor caused the highest loss of dry wood weight after three months. Lakomy
(2004) used in experiments also isolates of B. adusta and T. versicolor among seven
other wood-decaying species (Hypholoma fasciculare, H. sublateritium (Fr.) Quél.,
Kuehneromyces mutabilis (Schaeff.: Fr.) Sing. et Smith, Lentinus lepideus (Fr.: Fr.) Fr.,
Pluteus atricapillus (Batsch.) Sing., Pleurotus ostreatus and Pholiota squarrosa (Mill.:
Fr.) Kummer. The isolates of B. adusta and T. versicolor caused the most effective de-
cay of wood and isolates of L. lepideus and P. squarrosa decomposed wood the least
intensively after three and six months of incubation. Lakomy (2004) found that af-
ter three months B. adusta and T. versicolor decomposed wood to similar extent
(beech wood respectively: 29-46% and 32-47%, birch wood: 26-42% and 30-42%
and oak wood: 28-49% and 30-44%). In this study the range of wood decomposi-
tion by isolates was wider. Among isolates of B. adusta and T. versicolor there were
isolates which decomposed wood both less and more intensively. Percentage of dry
weight loss of wood caused by T. versicolor isolates differed more than that caused
by B. adusta isolates in comparison to dry weight of wood caused by isolates of both
species tested by Lakomy (2004). Lakomy (2004) also found that among nine spe-
cies, B. adusta and T. versicolor caused the most intensive decay of wood after six
months of incubation (respectively — beech: 40-72% and 50-81%, birch: 49-65%
and 65-78%, oak: 46-77% and 54-83%). Isolates of L. lepideus and P. squarrosa were
the least effective in decomposing wood after three and six months of incubation.
Isolates of H. fasciculare, H. sublateritium, K. mutabilis or P. ostreatus caused moderate
loss of dry wood weight. The intensity of wood decomposition caused by
saprotrophic fungi depended on wood species and wood decomposition ability of
the isolates considered.

Other authors investigated this problem using different saprotrophs and spe-
cies of wood to test them as biological control agents against Armillaria spp. or H.
annosum. Orto$ (1957) found that Polyporus borealis had decomposed spruce wood
in 7.4% and Fomitopsis pinicola in 27.8%. Sierota (1997) indicated that P. gigantea
could decompose pine wood of lateral roots up to 52% of the dry mass loss in six
months.

Hypholoma fasciculare is another example of a basidiomycete that was used in
laboratory and field tests against root rot pathogens. Lakomy (1998, 2004) found
that H. fasciculare caused 8-24% decay of different species of wood (coniferous and
deciduous) after three and four months and 21-35% after six months. On the
other hand, this species and Hypholoma australe O.K. Mill. could totally exclude
Armillaria spp. from deciduous stumps (Pearce and Malajczuk 1990, Pearce et al.
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1995, Lakomy unpublished). Zbtciak (2002) used in field experiments an isolate of
P. ostreatus, which decomposed beech wood in 26.2%, in average.

This study showed that some isolates of both saprotrophic species caused a
very high dry weight loss of deciduous wood — 46% (Ba4) and 74% (Tv10). Even
the oak wood was decayed strongly. The most effective isolate of B. adusta (Ba4)
decomposed oak wood in 41% and T. versicolor (Tv7) in 53%. In this and other
studies (Lakomy 1998, 2004) oak wood was decomposed by saprotrophs to
smaller extent than beech and birch wood. It could have resulted from high con-
tent of gallic acid, derivative of oak bark tannin, which could have inhibited
wood-decaying fungi (Show III 1985, Zélciak 2002).

On the other hand, isolates of Armillaria spp. caused less effective decay of de-
ciduous wood than other fungi. Lakomy (1998) showed that A. ostoyae (Romagne-
si) Herink caused only 6% loss of dry weight of birch wood and about 7% of beech,
and 5% of oak wood, while A. mellea (Vahl: Fr.) Kummer decomposed wood in 8%,
9% and 8% respectively. However, Zétciak (2001) found isolates of Armillaria spp.
able to decompose deciduous wood more effectively. An isolate of A. ostoyae caused
the highest loss of dry weight of beech and oak wood, in comparison to isolates of
other four species occurring in Poland - A. borealis Marxmiiller et Korhonen,
A. cepistipes Velenovsky, A. gallica Marxmiiller et Romagnesi and A. mellea. Beech
wood was decayed in 23.8% by the isolate of A. ostoyae and oak wood in 21.5% after
three months of incubation. In the same experiment an isolate of A. mellea caused
17.3% loss of dry weight of beech wood and only 10.5% of oak wood.

Rishbeth (1970) showed antagonistic effect of B. adusta on H. annosum in P. abies
(L.) Karst. stumps after inoculation with mycelium suspension. However, the spe-
cies was able to replace Ceratocystis fimbriata f. sp. platani C. May et J.G. Palmer in
stem section of Platanus sp. (Grosclaude et al. 1990).

Some secondary metabolites could have been also involved in the interactions
of B. adusta with pathogenic fungi (Berger et al. 1986, Lakomy 2004).

Pearce and Malajczuk (1990) showed that C. versicolor [T. versicolor] and also S.
hirsutum and Xylaria hypoxylon (L.: Fr.) Grev. could significantly reduce colonization
of Armillaria luteobubalina Watling and Kile in karri (Eucalyptus diversicolor F. Muell.)
thinning stumps. Zoétciak (2002) found that P. ostreatus colonized beech stumps
much more effectively than birch and oak stumps.

Anselmi and Nicolotti (1998) among some wood-destroying basidiomycetes
used B. adusta and T. versicolor against H. annosum on spruce stumps. During the
first three years of experiment B. adusta was in the group of fungi that effectively
and rapidly colonized external part of stumps and T. versicolor was totally absent in
the stumps. However, after eight years both B. adusta and T. versicolor were present
deeply in root systems of spruce stumps.

On the base of in vitro experiments Gallet et al. (1994) indicated that B. adusta as
well as H. fasciculare were strongly combative against A. ostoyae isolates. Nicolotti et
al. (1994) showed that on artificial media and also in wood B. adusta and T.
versicolor were able to inhibit the growth of European Armillaria species. Bjerkandera
adusta totally inhibited the growth of A. borealis, A. mellea, A. gallica and A. tabescens
(Scop.) Emel, and suppressed the growth of A. ostoyae and A. cepistipes. Also T.
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versicolor inhibited the growth of A. borealis and A. tabescens, and strongly sup-
pressed mycelium development of A. mellea, A. gallica and A. cepistipes.

Both B. adusta and T. versicolor could be competitive against Armillaria in wood
infestation and decomposition. That is why the most effective isolates will be
tested in forest as biological control agents.

Streszczenie

ZDOLNOSC ROZKEADU DREWNA PRZEZ WYBRANE IZOLATY
BJERKANDERA ADUSTA I TRAMETES VERSICOLOR

Badano zdolnoé¢ rozktadu drewna 12 izolatéw Bjerkandera adusta i 11 izolatow
Trametes versicolor. W tym celu zastosowano metode Orlosia (1957).

Po trzech miesigcach inkubagji izolaty B. adusta rozkladaly drewno brzozowe,
bukowe i debowe w podobnym stopniu. Utrata suchej masy drewna prébek wyno-
sifa odpowiednio: 13,92-41,99%, 17,17-46,36% i 13,23-40,84%. Trzy izolaty -
Ba4, Bal3 iBal7 - rozkltadaty drewno prébek silniej anizeli pozostate. Efektywnos¢
izolatéw T. versicolor w rozktadzie drewna byla wieksza niz izolatéw B. adusta. Izola-
ty T. versicolor rozkiadaly drewno brzozowe w 19,71-64,88%, bukowe w
21,96-74,45% i drewno debowe w 29,4-52,81%. Nie stwierdzono statystycznie
istotnych réznic w zdolnosci rozkladu drewna bukowego i brzozowego przez izola-
ty T. versicolor. Izolaty T. versicolor rozkladaly drewno intensywniej niz izolaty B. adu-
sta, niezaleznie od gatunku drewna. Drewno debowe bylo najstabiej rozktadane
przez oba gatunki grzybow.

Zaréwno B. adusta, jak i T. versicolor moga by¢ konkurencyjne w zasiedlaniu i
rozktadzie drewna pniakowego w stosunku do grzybéw z rodzaju Armillaria. Bada-
nia te stanowily wstep do testowania najbardziej efektywnych izolatéw w biolo-
gicznej ochronie pniakéw w srodowisku lesnym.
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