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Abstract. The economic significance of aspen Populus tremula l. is only marginal, which is the main reason for its low share 
in the structure of stands. however, aspen can play a decisive ecological role as a pioneer tree in the succession of forest 
communities and may decrease the occurrence of pathogenic fungi.

Aspen is also dying out and in order to determine possible biotic causes, we examined taxa of fungi using classical and mo-
lecular methods in the area of the Czerwony Dwór Forest District, Subdistrict Rogale, compartments 74b and 75j. The health 
of aspen trees and the quantitative and qualitative structure of microorganisms associated with Armillaria spp. was evaluated.

Based on our health assessment of the aspen, we conclude that the main reason for its dying out is the intensification of 
root rot, which is a result of Armillaria spp weakening the trees. In the general pool of Armillaria-associated microorganisms, 
saprotrophs were dominating, and the fungus Fomitopsis pinicola commonly inhabited the poplar stems, whereas pathogen 
antagonists comprised the lowest proportion. In the quantitative and qualitative structure of fungi found in rhizomorphs, the 
composition of ecological groups inhabiting stumps was found to be favourable nevertheless. The increasing frequency of pa-
thogens on the logs is a major premise for removing trees affected by Armillaria, because aspen stumps are a good food base 
for A. cepistipes and A. ostoyae which ultimately spread within the stand. Treatment of stumps with preparations stimulating 
the decomposition of wood is not recommended for logs that form the food base for pathogenic fungi.
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1. Introduction

Common aspen Populus tremula L. occurs over a wide
range, covering the area from Europe, except for southern 
Spain, to Siberia, northern Africa and Asia Minor (Caudullo, 
De Rigo 2016). In Poland, common aspen is a widespread 
tree, and its mountain ecotype occurs as far as the upper mon-
tane zone (Gorzelak1999). Aspen covers about 1% of Po-
land’s area, with 0.4% in the State Forests National Forest 
Holding (PGL LP) and 3% in private forests (Milewski 2017).

Species of marginal economic importance, such as com-
mon aspen, are valued in tree stands for their quick ability to 
afforest areas, e.g. wasteland, re-cultivated gravel pits or slag 
heaps. They can be a pioneer species in the succession of fo-
rest communities, acting as a natural cover for accompanying 
species, improving their growth rate and speeding up the pro-

cess of tree trunks dropping their branches. Common aspen 
roots, similarly to birch, loosen deep soil levels, which in 
future natural regeneration may be settled by pine (Jaworski 
2011). It is worth noting that common aspen is an attractive 
food for deer, which seriously damage forest crops; therefore, 
it is recommended that it be left at sites under pressure from 
these game animals (Białobok et al. 1973; Gach 2013; Murat 
2014). Aspen is also a tree eaten by the European beaver Ca-
stor fiber L., and its leaves are food for the western capercail-
lie Tetrao urogallus L. (Czyżowski et al. 2009).

The elimination of P. tremula from commercial tree crops 
or stands is dictated by their susceptibility to infection and 
their role as the secondary host of pathogenic pine fungi, e.g. 
Melampsora populnea (Pers.) P. Karst. Additionally, common 
aspen trees may be colonised by polyphagous pathogens: He-
terobasidion annosum (Fr.) Bref. and Cytospora chrysosper-
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ma (Pers.) Fr. (Domański 1983; Sierota, Szczepkowski 2014). 
Other fungi noted on poplars are Ceratocystis fimbriata Ellis 
and Halst., Armillaria spp. and economically less dangerous 
Fomesfomentarius (L.) Fr. and Phellinus igniarius (L.) Quél. 
Aspen can also be colonised by viruses, causing poplar mo-
saic (viral poplar mosaic), and Xanthomonas populi Ride, a 
bacteria causing poplar canker (Manny 2005, 2011).

The aim of this study was to determine the health status 
of P. tremula trees and to identify the assemblage of fungi 
colonising the numerous rhizomorphs of the confirmed Ar-
millaria fungi.

2. Study site, material and methods

The research was conducted in the Warmińsko-Mazurskie
Province within the boundaries of the Regional Directorate of 
State Forests in Białystok. The health of 50 randomly selec-
ted P. tremula trees was assessed in the summer and autumn 
of 2017 in the Rogale Subdistrict of the Czerwony Dwór Fo-
rest District. The natural-forest regionalization system places 
the Forest District in the II Mazurian-Podlasie region, District 
1 of the Mazurian Lake District, the meso-regions of the Ełk 
Lakeland, Węgorapa Land and the Land of the Great Masurian 
Lakes (Bańkowski et al. 2003). The Rogale Subdistrict is loca-
ted in the northern part of the Forest District and belongs to the 
Skalisko unit. The tree stands under observation, from which 
the material for the research was collected, were located in 
Sections 74j (GPS 54.2943; 22.0863) and 75b (GPS 54.2915; 
22.0831). These sections consist of commercial stands occu-
pying fresh deciduous forest habitat, 1.47 ha and 20.79 ha re-
spectively. The share of common aspen in the first section was 
below 5%, and in the second one – 10%.

The health assessment of the aspens was verified in the field, 
where the share of trees inhabited by fungi was determined, 
and subsequently, wood samples with etiological signs of fungi 
presence were collected and transported to the laboratory. This 
material consisted mainly of Armillaria rhizomorphs taken 
from two sites located in each of the selected forest sections.

In Section 74j, rhizomorphs were taken in 2017 from a 
stump and log remaining after felling in 2016, while in Sec-
tion 75b, material was taken from two objects – a tree that 
had fallen in 2014 in the second stage of decomposition ac-
cording to the five-step Maser scale (Maser et al. 1979) and a 
stump (from a felling in 2016). In order to verify the species 
of the genus Armillaria, representative samples from the 
surface were marked with the symbol AR and the code for 
the location and origin of the biological material, where the 
number 1 designated the fallen tree (75b), 2 – stump (75b), 
3, 5 – stump (74j), 4 – log (74j).

The research material in the form of 0.5 cm of cut rhi-
zomorph fragments was placed on an agar-maltose medium 

(seven sections each) in Petri dishes. Each fragment was ste-
rilised superficially in a burner flame. The material prepared 
in this way (10 repetitions for one point of the collected ma-
terial) was left in a thermostat on the medium for 10 days, 
after which clean cultures were grafted onto glucose-potato 
slants. Then, using an Axio Imager A2 microscope manufac-
tured by Carl Zeiss, fungi species or genera were determined 
(Ellis 1971; Domsch, Gams 1993; Kubicek, Harman 1998; 
Watanabe 2002; Leslie, Summerell 2006).

The next step was the molecular identification of Armil-
laria species from fragments of the rhizomorphs taken from 
the four objects mentioned. The work protocol included iso-
lating the DNA with the GeneMATRIX Soil DNA Purifica-
tion Kit (2008) and identifying the Armillaria species from 
the sample’s isolated DNA with nested PCR. The PCR pro-
ducts obtained using AR1 and AR2 primers (separated from 
the nested PCR) were sequenced at Genomed SA. The re-
sulting nucleotide sequences of the ITS1-5.8S-ITS2 region 
were compared with the GenBank database (www.ncbi.nlm.
nih.gov/genbank/) using the Basic Local Alignment Search 
Tool (BLAST) (https://blast.ncbi.nlm.nih.gov/Blast.cgi; 
Lochman et al. 2004), developed by Altschul et al.(1990). 
Deposited sequences of other Armillaria fungi were obta-
ined from the National Centre for Biotechnology Informa-
tion (NCBI-GenBank) database and a phylogenetic analysis 
was performed in MEGA 6 (Tamura et al. 2013). Sequence 
matching was performed using the built-in Clustal W func-
tion (Thompson et al. 1994). In the next stage, the evolutio-
nary model calculated on the basis of the matched sequences 
was established, which enabled the method to be chosen for 
constructing the phylogenetic tree. The ITS sequence of 
Fomes fomentarius with accession number AY849306 was 
used to root the tree. A. cepistipes isolates were deposited in 
GenBank under accession numbers MT764333, MT764334, 
MT764335, MT764336 and A. ostoya – under number 
MT765062 (NCBI Taxonomy Browser, Index Fungorum).

3. Results

The assessment of common aspen health in the field made
it possible to identify potential threats to the species in the 
stand. Among the biotic factors, typical and specific symp-
toms in the form of the fruiting body of large-fruited fungi 
deserved attention. Among the 50 standing trees assessed, 
37 (74%) were inhabited by fungi. The species identified on 
the basis of the morphological features of the fruiting body 
was the red-belted conk Fomitopsis pinicola (Sw.) P. Karst., 
causing a strong brown decomposition of the heartwood 
and sapwood. In Section 75b, the fruiting bodies of this 
taxon were numerously recorded on the entire trunk length 
of 70-year-old specimens. The second type, found on the 
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basis of macroscopic etiological signs, was Armillaria spp., 
whose fruiting bodies and rhizomorphs were numerous on 
13 living trees (26% of observed trees) and P. tremula dead 
wood. Rhizomorphs of different ages occurred both on the 
stem under the bark and on the roots. Young rhizomorphs 
were thin, with a white cross-section, while older ones were 
characterised by a much larger diameter and a darker cross-
section. Mycelial cords and mycelium populated the logs, 
stumps and roots remaining in the stand after felling.

In the genetic tests, the patterns of AR1 to AR4 strains 
showed the presence of A. cepistipes, while the AR5 stra-
in had a different RFLP pattern of the ITS subunit. Testing 
the matched sequences in terms of the evolutionary model 
revealed that the best way to determine the variability of 
the analysed sequences was with the two-parameter Kimu-
ra model with +0.28 Gamma distribution (Kimura 1980). 
This allowed us to determine the effective reconstruction of 
phylogenetic dependencies for the used sequences using the 
neighbour-joining method. The similarity of the AR1–AR4 
isolates was 100% identical with the A. cepistipes sequen-
ces, while the best result obtained for the AR5 isolate was 
attributed to the dark root rot A. ostoyae (99%).

The phylogenetic reconstruction showed that the varia-
tion within the ITS Armillaria spp. sequences used was 
small (the largest variation observed was about 0.1 nucle-
otide changes per site). The genetic material of A. cepisti-
pes was homogenous in terms of the ITS sequence and the 
ITS-RFLP method. This indicates a high probability of the 
occurrence of one individual in a given habitat or the low 
genetic differentiation between strains of this species. The 
tested isolate of A. ostoyae differed only slightly from the 
NC1091-B test strain of A. ostoyae.

The analysis of the colonisation by microorganisms of the 
collected rhizomorphs allowed us to determine the genera 
or species of the fungi, which were assigned to appropriate 
ecological groups. In Section 75b, taking into account both 
the mycobiota of the rhizomorphs inhabiting the fallen tree 
and the stump, a total of 91 isolates of microorganisms were 
indicated, including 17 taxa of fungi from the fallen tree 
and 11 from the stump, as well as one fungal-like organism 
(Table 1). Mortierella isabelina (16%), Trichoderma spp. 
(12%) and Artrihinium phaeosphaermum (8%) were the do-
minant species in this location. The share of other species 
and genera did not exceed 7%.

In the samples taken from Section 74j, a total of 136 
isolates of microorganisms were determined, including 19 
fungi and 4 fungal-like taxa from the log and 10 fungi and 
one fungal-like organism from the stump. Representatives 
of the genus Aspergillus spp. were most often identified. 
(21%), next the species Pythium echinulatum (15%) and 
then the genus Penicillium spp. (10%). The share of other 

microorganisms in the assemblage from Section 74j did not 
exceed 8%.

On the basis of the analysis of the frequency of occurren-
ce of all identified species and genera, the dominant ecolo-
gical group was found to be saprotrophs, representing a total 
of 54%. Pathogens were the next group (27%), and anta-
gonistic microorganisms constituted a less numerous group 
(19%). Antagonistic microorganisms occurred in a similar 
proportion in each section: 15.3% on the stump and 17.7% 
on the log in section 74j, 20.3% on the fallen tree and 28.1% 
on the stump in section 75b. The share of pathogens differed 
significantly in the case of the log as the main food base 
in Section 74j, as it contained as much as 45.8% of all mi-
croorganisms. The dominant taxon of the assemblage in the 
obtained isolates was the genus Pythium, found mainly in 
rhizomorphs from Section 74j. The remaining objects exhi-
bited a similar occurrence of pathogens, from 16.1 to 21.9% 
(Table 1, Fig. 2).

In the culture on artificial medium, isolates represen-
ting the genus Trichoderma were also obtained, which may 
exhibit antagonistic features towards pathogens belonging 
to Oomycetes. Saprotrophic fungi predominated in Section 
75b on the fallen tree and in Section 74j on the stump, with 
shares of 28% and 35% respectively. The 75b stump had 
a 50% share of saprotrophic fungi, a rich source of carbon 
compounds, while the share on the 74j log was 38.9%. A 
similar frequency of this ecological group was obtained for 
the share of pathogens on the stump and fallen tree in Sec-
tion 75b (Fig. 3).

Figure 1. Distribution of base pairs (pz) of a  DNA sequence 
by restriction cleavage with the HinfI enzyme (1 –  rhizomorph 
from tree fall (75b), 2 – from stump (75b), 3, 5 – from stump 
(74j), 4 – from log (74j)
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Figure 2. Phylogenetic tree and rooting of ob-
tained isolates AR1–AR5

4. Discussion and summary

The properties of P. tremula determine the marginal role of 
this species in commercial stands. Although common aspen 
is a typical forest species, it only plays an admixture role as a 
pioneer tree (Gil 1999). Its dominant share in open areas and 
the edges of stands result from its characteristic requirements 
of light and resistance to high thermal amplitudes, successive 
heat and frost, as well as low soil requirements (Murat 2014). 
In the studied fresh deciduous forest site, common aspen gave 
way to birch, pine and spruce, reaching, depending on the lo-
cation, up to 5–10% of species composition. This share means 
that in a given stand, common aspen could have a significant 
impact on neighbouring tree species, both due to the pheno-
menon of competition and their share of roots in the rhizos-
phere and rhizoplane biota of the soil profile.

Armillaria fungi threatened the condition of the stands in 
both sections. As penserved as a substrate for both A. cepisti-
pes and A. ostoyae, which was confirmed by identifying the 
taxa with molecular methods, these pathogens are a serious 

problem in commercial crops and stands, mainly in conife-
rous stands, but also in deciduous ones in different stages of 
development (Żółciak 2002), which indicates the difficulty of 
successfully renewing a given area. Mycelial cords are long 
lasting and characterised by the ability to remain dormant in 
the soil for many years until they are stimulated by the che-
motrophic signal of a fresh substrate or physical damage, e.g. 
by wild boars digging in the leaf litter or by mechanical soil 
preparation (Heather, Sierota 2012). The presence of rhizo-
morphs on aspen stumps, the fallen tree and log was found in 
all analysed sites. The growth ability of the rhizomorph apex 
and the enzymatic decomposition of tissues in the zone next 
to the cambium confirms that rhizomorphs, as an active ino-
culum of both Armillaria species, can penetrate the soil and 
threaten the health of other species of trees.

The trends of climate change with numerous weather 
extremes and pest foraging or the inappropriate selection of 
habitat are conducive to the intensification of root rot (Ba-
sham 1988; Kubiak et al. 2017). According to Żółciak (2003), 
A. cepistipes occurs massively in places where there is no in-
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Table 1. Isolatet microorganisms from Armillaria spp. rhizomorphs in the studied locations

Taxon
Subcomp. 75b

[%]
Subcomp. 74j

[%]
fallen tree stump log stump

Alternaria alternata (Fr.) Keissler 2.00 3.00 5.50 0.00 0.00 0.00

Arthrinium phaeosphaermum (Corda) M.B. Ellis 4.00 3.00 7.70 1.00 7.00 5.80

Arthrobotrys spp. 3.00 0.00 3.30 0.00 0.00 0.00

Aspergillus spp. 0.00 0.00 0.00 6.00 22.00 20.60

Aureobasidium pullulans (De Bary) Arn. 3.00 0.00 3.30 8.00 3.00 8.10

Botrytis cinerea Pers. 0.00 0.00 0.00 1.00 0.00 0.72

Cheatomium spp. 6.00 0.00 6.60 2.00 2.00 3.00

Cladosporium cladosporioides (Fresen.) de Vries 0.00 0.00 0.00 1.00 0.00 0.72

Epicoccum nigrum Link 3.00 0.00 330 0.00 0.00 0.00

Fusarium spp. 5.00 1.00 6.60 0.00 0.00 0.00

Gliomastix cerealis (P. Karst.) C.H. Dickinson 0.00 0.00 0.00 0.00 1.00 0.72

Gliomastix sp. 1.00 0.00 1.10 0.00 0.00 0.00

Microsphaeropsis sp. 0.00 0.00 0.00 1.00 0.00 0.72

Mortierella isabellina Oudem. 9.00 6.00 16.50 0.00 1.00 0.72

Mucor racemosus Bull. 0.00 0.00 0.00 3.00 0.00 2.20

Mucor spp. 1.00 0.00 1.10 1.00 0.00 0.72

Oidiodendron spp. 0.00 0.00 0.00 1.00 1.00 1.50

Paeciliomyces sp. 0.00 0.00 0.00 1.00 0.00 0.72

Penicillium spp. 3.00 0.00 3.30 5.00 9.00 10.30

Periconia spp. 0.00 0.00 0.00 3.00 0.00 2.20

Phoma spp. 2.00 0.00 2.20 3.00 0.00 2.20

Pythium catenulatum V.D. Matthews 0.00 0.00 0.00 2.00 0.00 1.50

Pythium debaryanum R. Hesse 0.00 0.00 0.00 1.00 0.00 0.72

Pythium echinulatum V.D. Matthews 0.00 0.00 0.00 10.00 10.00 14.70

Pythium spp. 0.00 2.00 2.20 6.00 0.00 4.40

Rhizoctonia solani J.G. Kühn 0,00 1.00 1.10 0.00 0.00 0.00

Rhizopus spp. 0.00 3.00 3.30 0.00 4.00 3.00

Scopulariopsis spp. 1.00 1.00 2.20 0.00 0.00 0.00

Trichoderma harzianum Rifai 0.00 0.00 0.00 3.00 0.00 2.20

Trichoderma spp. 4.00 7.00 12.00 0.00 0.00 0.00

Trichoderma viride Pers. 0.00 0.00 0.00 2.00 1.00 2.20

Trichoderma aureoviride Rifai 1.00 0.00 1.10 0.00 1.00 0.72

Trichoderma hamatum (Bonord.) Bainer 3.00 2.00 5.50 1.00 0.00 0.72

Verticillium spp. 3.00 3.00 6.60 10.00 0.00 7.40

Non sporulating mycelium 2.00 3.00 5,.0 2.00 0.00 1.50

Total numer of isolates 56.00 35.00 100.00 74.00 62.00 100.00
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tensive commercial forest management, in areas that are most 
often under passive or active protection, whereas the study 
sites are intended for economic purposes. It should also be 
emphasised that the presence of A. cepistipes is favoured by 
a large accumulation of organic material in the form of dead 
wood, stumps and fallen trees and high ground moisture. This 
species occurs more frequently than A. ostoyae in sites with 
higher nitrogen content (Oliva et al. 2009). In addition, A. ce-
pistipes is most commonly found in old, highly decomposed 
stumps of both deciduous and coniferous trees. This fact is 
reflected in our own research, where rhizomorphs were col-
lected from a fallen tree and stumps. Oliva et al. (2009) re-
port that beech, silver birch or common aspen in the Spanish 
Pyrenees together comprise only 7% of the admixture in fir 
stands; hence, there is little research on the colonisation of 
these species by Armillaria spp. (Oliva, Colinas 2007; Oliva 
et al. 2009). In commercial forest management practice, sites 
with common aspen should be monitored, because if infected 
by the culprit of root rot, it could be a potential reservoir of 
pathogenic species inoculum in renewals.

Armillaria cepistipes is often a secondary pathogen, wor-
sening the health of already weakened trees and co-occurring 
with A. ostoyae. In Żółciak’s study (2007) conducted in the 
Czerwony Dwór Forest District, A. cepistipes, A. borealis and 
A. ostoyae were found on spruce and fir, while only A. ostoyae 
was found on pine. Therefore, when preparing the soil for re-
newals in areas where Armillaria spp. rhizomorphs are found 
on the surface, plowing furrows should be avoided so as not 
to tear the rhizomorph, which could be a factor stimulating 
the pathogen to grow and develop in the soil (Rykowski 1985; 
Baumgartner et al. 2011; Kubiak et al. 2017).

The mycological analysis of the accompanying microor-
ganisms A. cepistipes and A. ostoyae showed that together, 
saprotrophs constituted the highest percentage of taxa in the 
assemblage, both on the stumps and log; antagonistic micro-
organisms were found in a lower percentage, and the lowest 

percentage was attributed to pathogens. The dominant taxon 
determining the frequency of pathogenic microorganisms 
was the genus Pythium. Representatives of the genus Py-
thium and Phytopythium together with Phytophthora (belon-
ging to the Oomycetes) may be factors instigating the health 
deterioration of deciduous trees, e.g. oaks (Jankowiak et al. 
2015). Heavy precipitation during the season may stimulate 
the share of these microorganisms in the assemblage accom-
panying Armillaria spp. This is both the result of zoospore 
production by Oomycetes and the specific structure of the 
rhizomorph, in which its hollow core not only plays a role in 
gas exchange, but is also used by entomofauna – vectors of 
other microorganisms (Tomalak et al. 2013; Tomalak 2017). 

The demonstrated share of Trichoderma could balance the 
potential of the pathogens, which was confirmed by Lefortai 
et al. (2013), where isolates of the genus Pythium and Phyto-
phthora from deciduous oak and beech trees were limited by 
saprotrophs with antagonistic attributes, such as Trichoderma 
and Gliocladium. The mycological analysis and assessment 
of the frequency of occurrence of individual ecological gro-
ups on the stumps showed that the share of fungi with anta-
gonistic potential against the pathogens is more favourable in 
comparison to the studied log assemblage, where a balance in 
the number of pathogens and their potential antagonists was 
not found. The share of pathogens associated with Armillaria 
spp. on the log was more than three times higher than on the 
stumps and fallen tree. This may mean that leaving dead wood 
inhabited by Armillaria spp. in a commercial tree stand may 
further increase the risk of disease to trees by Oomycetes or-
ganisms present in the rhizomorphs of root rot and indicates 
the need for the timely collection and removal of raw wood 
material from the felling area.

The red-belted conk found in the monitored plots on 
common aspen, known for its co-occurrence with other 
fungi deteriorating tree health, characterised weakened and 
dying specimens. The presence of Fomitopsis pinicola as a 

Figure 3. Percentage [%] of ecological groups of microorganisms isolated from rhizomorphs
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parasite of weakened specimens resulted in the strong brown 
decomposition of aspen wood. This parasite, using mainly 
the cellulose and hemicellulose of the cell walls of both de-
ciduous and coniferous tree species, can infect co-existing 
individuals through wounds. After taking into account the 
species composition in the verified sections, the red-belted 
conk may unfavourably impact the condition of the domi-
nant trees, exposed to numerous spore releases from the fru-
iting bodies (BULiGL 2013; Łakomy, Kwaśna 2015).

On the basis of the health assessment of common aspen in 
both sections (74j and 75b), we found that the most probable 
cause of decline among common aspens were the fungi A. ce-
pistipes and A. ostoyae. In the total pool of microorganisms 
accompanying the rhizomorphs of the studied Armillaria spe-
cies, the dominant ones were fungi belonging to the saprotroph 
group, and the lowest share was recorded for the antagonistic 
fungi of pathogens. In the quantitative and qualitative structu-
re of the fungi occurring in the rhizomorphs, the proportion of 
ecological groups was found to be favourable for the balance of 
matter and energy circulation: saprotrophs, including antago-
nistic fungi colonising stumps, in relation to the unfavourable 
trend of the increased occurrence of pathogens on the log. Al-
though the interaction Armillaria and Phlebiopsis genera fungi 
is not clear, and it has been shown in vitro that these genera 
inhibit each other’s growth and lose their biological potential 
after their mycelia interact, the mycelium and metabolites of P. 
gigantean act as an inhibitor on the rhizomorphs (Keča 2009). 
Rykowski and Sierota (1997) showed that both species of fungi: 
P. gigantea and A. mellea sensu lato cause equally intensive 
wood decomposition, and a similar rate of wood decomposition 
by these fungi has been proven on beech wood. This may be a 
practical premise for removing trees infected by Armillaria spp. 
from areas and the need to protect the stumps with bio-prepara-
tions to stimulate wood decomposition in order to exclude the 
food base of pathogenic fungi.
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