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Abstract 
This study investigated the wood colonization by rot, blue stain or discoloration causing fungi, focusing on the quality of 

roundwood assortments of several economically important tree species in Latvia. A total of 105 trees were analysed across 

Latvia, including Pinus sylvestris (34), Picea abies (22), Betula pendula (10), Alnus glutinosa (29), and Populus tremula (10). 

Trees were randomly selected during or after felling based on visible signs of fungal infection: wounds, blue stain, wood 

discolouration, stem rot, cracks, and other symptoms. Wood-inhabiting fungi were isolated from different zones of one disc 

per tree (340 wood samples in total). Fungi were identified based on their morphological characteristics and molecular analysis 

(ITS region sequencing with primers ITS4 and ITS1F). A total of 56 fungal taxa were isolated from the wood samples. Among 

the rot-causing fungi, Heterobasidion spp. was frequently isolated from conifers; Porodaedalea pini and Stereum 

sanguinolentum were isolated specifically from pine and Amylostereum areolatum - from spruce. Xanthoporia radiata and 

Eutypella cerviculata were frequently isolated from black alder; while - Phellinus tremulae - from aspen wood. The blue stain 

causing fungi Ophiostoma spp. were isolated from pine, spruce and birch wood, while Diplodia spp. – only from spruce. This 

work was funded by JSC Latviaʼs State Forests (project No. 5-5.5.1_0009_200_24_7) and Forest4LV (project No. VPP-ZM-

VRIIILA-2024/2-0002). 
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Introduction 

Latvia’s forests cover approximately 52% of the 

country’s territory, making them a crucial component of 

the nation’s landscape, biodiversity, and economy 

(Latvian State Forest Service, 2024). These forests are 

dominated by both coniferous and broadleaf tree 

species, 51% of the whole forest land is dominated Scots 

pine Pinus sylvestris and Norway spruce Picea abies, 

30% is silver birch Betula pendula, 7% is European 

aspen Populus tremula and 4% is black alder Alnus 

glutinosa (Latvian State Forest Service, 2024). Given 

their economic and ecological importance, these tree 

species play a fundamental role in supporting forest 

biodiversity, regulating the carbon cycle, and providing 

valuable timber resources (Wani et al., 2021). 

Forest ecosystems contribute significantly to soil 

stabilization and habitat formation, making them 

essential for global and regional environment. 

However, forest health is increasingly threatened by 

various biotic stress factors, including fungal 

pathogens that cause wood decay. Wood-decay fungi 

reduce the viability of trees and the commercial value 

of wood by causing structural damage, discoloration, 

and decomposition. These fungi include both 

saprotrophic species that degrade dead wood and 

pathogenic species that infect living trees and 

accelerate decay and mortality. 

In Latvia, one of the biggest threats to coniferous 

forests are rot-causing pathogens, such as 

Heterobasidion spp., Stereum sanguinolentum, 

Armillaria spp. and Porodaedalea pini (Burņeviča et 

al., 2016; Szewczyk et al., 2016; Zaļuma et al., 2022; 

Klavina et al., 2023). Among these, Heterobasidion 

spp. is one of the most aggressive pathogens in whole 

Northern Europe, particularly affecting Scots pine and 

Norway spruce by causing root and butt rot, which 

leads to high tree mortality, reduced timber quality, 

and substantial economic losses (Asiegbu et al., 2005; 

Gaitnieks et al., 2008). In Europe alone, the estimated 

annual losses of Heterobasidion root rot is about one 

billion euro (Kovalchuk et al., 2022). 

Porodaedalea pini is a significant pathogen of Scots 

pine, causing heartwood decay that causes stem rot, 

and makes timber commercially unsuitable (Szewczyk 

et al., 2016). Stereum sanguinolentum is one of the 

most frequently isolated decay fungi in damaged 

spruce wood, following thinning operations in young 

stands across Central and Northern Europe (Mäkinen 

et al., 2007). 

For deciduous trees common in Latvia, some studies 

have focused on rot fungi in grey and black alder 

stands (Arhipova et al., 2011; Arhipova et al., 2012). 

Recently, there have been sporadic studies about birch 

and aspen wood inhabiting fungi (Ciseļonoka et al., 

2024, Miklašēvičs et al., 2024). The main rot-causing 

agents vary by species: Xanthoporia radiata (formely 

Inonotus radiatus) often colonizes alders, Phellinus 

tremulae is a primary agent of white trunk rot in 

European aspen, significantly reducing wood quality 

and shortening tree lifespan (Wikström, 1976), while 

Armillaria may cause root rot to several deciduous tree 

species (Guillaumin & Legrand, 2013). 

Other problem, which cause decrease in wood quality, 

especially during timber storage is wood blue stain, 

discoloration and wood molding, caused by various 

Ascomycota genera (Highley, 2004; Uzunovic et al., 2008).  

This study aims to investigate fungal species 

associated with economically important tree species in 

Latvia, focusing on roundwood-colonizing fungi that 

cause blue stain, discoloration, rot and decay to 

strengthen the knowledge base of forest workers about 

fungal damage in timber. 
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Materials and Methods 

While the age of the trees sampled in 2024 was not 

specifically determined as the study prioritized the 

analysis of visible symptoms, the investigation aimed 

to identify potential root rot and evaluate if it could 

degrade wood quality to the point of excluding it in the 

use of structural buildings. The wood disc samples 

were taken from 105 mature livingtrees (34 Scots pine 

Pinus sylvestris (average disc diameter – 30 cm), 22 

Norway spruce Picea abies (average disc diameter – 

28 cm), 29 black alder Alnus glutinosa (average disc 

diameter – 36 cm), 10 European aspen Populus 

tremula (average disc diameter – 39 cm) and 10 birch 

Betula pendula (average disc diameter – 32 cm). Trees 

were randomly selected during or after felling based 

on visible signs of fungal infection: wounds, blue stain, 

wood discolouration, stem rot, cracks, and other 

symptoms. From each tree, a single 2-3 cm thick wood 

disc was dissected from the cutting surface. Discs were 

marked, stored separately in plastic bags, and 

transported to the laboratory for pathogen 

identification. In the laboratory, 0.5-1 cm wood pieces 

were extracted from the wood discs, using a flame-

sterilised chisel (Vasiliauskas & Stenlid, 1998). The 

top layer of wood was carefully removed from the 

disc's surface then sterilized again, and small pieces of 

the discolored and symptomatic wood were collected 

at one to five points per disc, depending on the disc 

size and the decay extent. The extracted samples were 

then flame sterilised with disinfected tweezers and 

placed on a sterile Petri dishes with Hagem agar media 

(5 g glucose, 0.5 g NH4NO3, 0.5 g MgSO4 7H2O, 5 g 

malt extract, 20 g agar, 1000 mL distilled H2O at pH 

5.5). Petri dishes with wood samples were incubated at 

room temperature (21 °C) and monitored every two 

days for fungal mycelium growth. Fungal colonies that 

could not be identified microscopically and were 

potentially associated with wood decay were 

individually subcultured on separate Petri dishes with 

Hagem agar media (5 g glucose, 0.5 g NH4NO3, 0.5 g 

KH2PO4, 0.5 g MgSO4, 5 g malt extract, 20 g agar, 1000 

mL distilled H2O at pH 5.5) and subjected for molecular 

identification. 

For molecular identification, fungal aerial mycelium 

was carefully scraped from pure cultures using a 

flame-sterilized scalpel and transferred into a 2 mL 

tubes. DNA extraction was performed at the LSFRI 

Silava Genetic Resource Center using a modified CTAB 

method (Arhipova, 2012). PCR reactions were performed 

in a volume of 10 µl containing approximately 50 ng 

DNA, 2 µl HOT FIREPol® Blend Master Mix (Solis 

BioDyne) (containing 10 mM MgCl2), 0.3 µM the 

fungal-specific forward primer ITS1F (5ʼ-

CTTGGTCATTTAGAGGAAGTAA-3ʼ) and reverse 

primer ITS4 (5ʼ-TCCTCCGCTTATTGATATGC-3ʼ) 

(White et al., 1990; Gardes & Bruns, 1993). PCR was 

carried out in a thermocycler (Eppendorf Mastercycler 

epgradient) using the following protocol: initial 

predenaturation step at 95 °C for 12 min, followed by 35 

cycles of 95 °C for 30 s, 55 °C for 30 s, and 72 °C for 45 

s and a final extension step of 72 °C for 7 min. The ITS 

region was Sanger sequenced in both directions using the 

same primers - ITS4 and ITS1F at the LSFRI Silava 

Genetic Resource Center. Nucleotide sequences were 

analyzed using the BLAST function in the UNITE and 

NCBI platforms (Altschul et al., 1997; Nilsson et al., 

2018). The criteria to assign taxonomy for representative 

sequences was based on BLAST thresholds: family-level 

> 85%, genus-level > 90%, and species-level > 97%. 

Taxa falling below these thresholds were considered 

unidentified fungi at the respective taxonomic levels. To 

assign ecological functions and primary lifestyle to each 

fungal genus, FungalTraits database was used (Põlme et 

al., 2020). 

The obtained sequences were deposited in GenBank with 

the accession number PV351336-PV351394.  

We analysed percentage (%) of wood samples and 

proportion of wood discs colonized by each fungal 

species. Incidence of each fungal species was calculated 

for each tree species separately.   

 

Results and Discussion 

From the analysis of 105 wood discs and their 

corresponding 340 wood samples (116 from pine, 87 

from black alder, 63 from spruce, 40 from aspen, and 

34 from birch) a total of 56 fungal taxa were identified 

(Table 1 and 2). The most frequently isolated fungi 

across all tree species were from phylum Ascomycota 

such as Alternaria, Cladosporium and Trichoderma. 

These genera include saprotrophic, endophytic, and 

parasitic species, some of which are also plant 

pathogens (Põlme et al., 2020; Stępniewska et al., 

2021). For example, some species of the genus 

Alternaria are widespread pathogens of leaves and 

young shoots (Matić et al., 2020). Additionally, 

several species from genera Cladosporium and 

Fusarium can become pathogenic to the plant under 

stress conditions such as prolonged drought, heat, or 

frost (Photita et al., 2004). Ascocoryne is very often 

present in spruce wounds as an endophyte or 

saprotroph (Vasiliauskas & Stenlid, 1998; Burneviča 

et al., 2016). Schizophillum commune was also 

identified; it is a common saprotroph in Latvia that 

grows on already dead deciduous wood, causing white 

rot but occasionally infects weakened living trees 

(Arhipova et al., 2011). 

Several pathogenic fungi were identified, including 

Botrytis cinerea (Ascomycota), which causes grey 

mold (Williamson et al., 2007). While not a primary 

pathogen of adult conifers, it causes moldy needles in 

seedlings in nurseries (Lilja, 1986; Lilja et al., 2010). 

The pathogenic fungus Neonectria tsugae was also 

isolated from several samples. While this fungus does 

not cause wood decay, it is associated with canker 

formation in conifers, which weakens trees and 

increases their susceptibility to secondary infections 
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and environmental stress (González & Chaverri, 2017; 

Durodola et al., 2023). 

Among the analyzed species, several blue-stain fungi 

of the genus Ophiostoma were isolated from Scots pine 

and European aspen samples. Another fungus 

Aureobasidium pullulans associated with blue-stain 

was isolated from Scots pine, European aspen and 

silver birch wood samples. Aureobasidioum pullulans 

is more widely known as black yeast that can penetrate 

wood surface coatings (Deshpande et al., 1992; 

Bardage, 1998). Diplodia sp. was also detected as blue 

stain causing for conifers (Brodde et al., 2019; Brodde, 

2023). While these fungi do not cause mechanical 

degradation, they reduce the aesthetic and commercial 

value of the wood due to discoloration (Deshpande et 

al., 1992; Bardage, 1998; Brodde, 2023). 

Eight wood-decaying and rot-causing fungi were 

identified in Scots pine and Norway spruce samples: 

Amylostereum areolatum, Bjerkandera adusta, 

Cylindrobasidium evolvens, Heterobasidion spp., 

Porodaedalea pini, Sistotrema brinkmannii, Stereum 

sanguinolentum, and Trametes versicolor, of which 

Heterobasidion spp., P. pini and S. sanguinolentum is 

considered one of the most severe pathogens of conifers. 

Heterobasidion spp. is among the most aggressive tree 

pathogens in Northern Europe, causing root and butt rot 

ʽFigure 1aʼ. P. pini is often referred to as ʽred-ring rotʼ 

due to the characteristic reddish-brown discoloration of 

the wood ʽFigure 1bʼ. It primarily infects the lower 

trunk, leading to significant structural weakening and 

rendering the timber commercially unsuitable 

(Szewczyk et al., 2016).  

 

Figure 1 

Evaluated wood discs: a - Scots pine (Heterobasidion spp. - white rot agent isolated), b - Scots pine (Porodaedalea 

pini - brown rot/red-ring rot agent isolated), c - Norway spruce (Amylostereum areolatum - white rot causing 

fungus isolated), d - black alder (Chondrostereum purpureum isolated), e - European aspen (Phellinus tremulae 

- white rot causing fungus isolated), f - e – silver birch (Pholiota spp. - white rot causing fungus isolated) 

 

 
 

It spreads rapidly within the wood, with studies in 

Poland reporting that decay affects an average of 40% 

of the total trunk volume and nearly half of the cross-

sectional area at the infection site. This leads to a 

significant reduction in the tree’s mechanical stability 

and disrupts its physiological processes (Čermák et al., 

2004). Amylostereum areolatum infects conifers, 

especially pines, causing white rot in living trees ̔ Figure 

1cʼ. This fungus primarily spreads via the invasive 

woodwasp Sirex noctilio, which inoculates trees with 

fungal spores while creating oviposition tunnels in the 

bark and laying their larva, making this a symbiotic 

relationship (Thomsen & Koch, 1999). Although 

neither A. areolatum nor the woodwasp currently cause 

widespread tree mortality in Northern Europe, they are 

considered to be a problem for the pine and spruce 

plantations in Central and Southern Europe 

(Vasiliauskas & Stenlid, 1999). In Latvia and Lithuania, 

A. areolatum is frequently isolated from damaged wood 

(Vasiliauskas, 1999; Burņeviča et al., 2016). 

In black alder samples, the fungal pathogen 

Chondrostereum purpureum was detected ʽFigure 1dʼ. 

This species causes white rot and wood discoloration 

and is more commonly associated with birch. 

Although rarely considered a primary pathogen, it can 

significantly contribute to the decline of already 

weakened trees (Wall, 1991). The white-rot fungus 

Xanthoporia radiata was also identified. This species 
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is predominantly saprotrophic and does not typically 

pose a threat to healthy trees (Germain et al., 2002). 

However, some studies have reported its presence in 

frost-damaged or decayed alder trees, suggesting 

potential pathogenicity under specific conditions 

(Kodrík et al., 2006; Arhipova et al., 2011). Both 

X. radiata and C. purpureum have been frequently 

isolated in Latvia and Lithuania (Arhipova et al., 2011; 

Iršėnaitė et al., 2013). Overall, no serious pathogens or 

rot-causing fungi were detected in black alder tree 

samples. 

European aspen samples were found to be infected 

with the white-rot fungus Phellinus tremulae, a 

primary agent of trunk rot that infects both sapwood 

and heartwood ʽFigure 1eʼ. The structural degradation 

of the wood caused by the fungus significantly 

shortens tree lifespan and reduces its commercial value 

(Wikström, 1976). 

Silver birch samples revealed colonization of Pholiota 

sp., a wood saprotroph occasionally reported as a 

secondary root pathogen causing white rot ʽFigure 1fʼ, 

and Trametes versicolor, predominantly saprotrophic 

but occasionally pathogenic in weakened trees (Terho 

et al., 2007; Bari et al., 2019; Kymäläinen et al., 2022). 

Botrytis cinerea was also isolated from silver birch 

samples, though it primarily affects conifer seedlings 

in nurseries rather than birch (Lija et al., 2010). 

Bacteria were isolated from most of wood discs of all 

tree species. Some authors noted that bacteria could be 

involved in decay and discoloration processes in tree 

wood (Shortle et al., 1978; Clause, 1996; Zhang et al., 

2022), but more researches needed to fully understand 

those impact to decay processes and interaction with 

decay causing fungi. However, not all causes of wood 

discoloration could be attributed to decay-cousin 

microorganisms or bacteria, as some symptomatic 

wood discs had not yielded any fungal or bacterial 

growth, remaining sterile, even after repeated 

samplings: 40% of birch and 40% of aspen wood disks, 

17% of pine discs and 10% of spruce disks. 

Discoloration of wood, caused by factors other, than 

pathogens, previously reported for several tree species. 

For example, photochemical discoloration (caused by 

UV light) could occur in some species of pine, spruce 

and oak; biochemical discoloration is typical for 

alders; chemical (in contact with iron) occurs in oak 

wood; brownstain can develop in western hemlock, 

true firs and ponderosa pines after tree felling (Kreber, 

1994). Also, discoloration could be associated with 

tree aging and stem injuries (Shigo & Hillis, 1973). 

Discoloration caused by factors other than fungal 

activity usually have an impact only on timber visual 

quality, but have no or little influence for mechanical 

wood properties, which made such discoloured wood 

suitable for many purposes, not only as firewood or 

pulpwood. 

In sawmills, the quality assessment of timber for 

building structures is important, as it will be reflected 

later in the lifetime of the structure. When staining is 

detected, the sawn timber is often assessed to lower 

quality. If the cause of the staining is wrongly 

identified as a fungal decay that damages the wood 

structure, it causes economical losses which could be 

reduced with more precise identification and detection 

of decay type. Improved understanding of wood 

discoloration causing factors, as well as identification 

tool for different kind of discoloration is needed to 

help workers of forestry sector to evaluate timber 

assortment more precisely, thus reducing losses of 

valuable timber.  

 

Table 1 

Basidiomycetes and Mucorales fungi isolated from wood samples from five tree species (pine, spruce, alder, birch 

and aspen) in Latvia. Additional information about analysed material 

Fungal species 

Pinus 

sylvestris 
Picea abies 

Alnus 

glutinosa 

Betula 

pendula 

Populus 

tremula 

 % of wood samples from which the fungus were isolated / % of wood discs from 

which the fungus were isolated 

Basidiomycota (decay causing fungi) 

Amylostereum 

areolatum 
- 3.2/10.0 - - - 

Bjerkandera adusta 0.9/2.8 - 2.3/6.9 - 5.0/10.0 

Chondrostereum 

purpureum 
- - 1.1/3.4 - - 

Cylindrobasidium 

evolvens 
- 1.6/5.0 1.1/3.4 8.8/10.0 - 

Heterobasidion sp. 6.0/5.6 17.4/25.0 - - - 

Phellinus tremulae - - - - 7.5/30.0 

Phlebiopsis gigantea 2.6/5.6 - - - - 

Pholiota sp. - - - 8.8/20.0 - 

Porodaedalea pini 7.8/16.7 - - - - 
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Fungal species 

Pinus 

sylvestris 
Picea abies 

Alnus 

glutinosa 

Betula 

pendula 

Populus 

tremula 

 % of wood samples from which the fungus were isolated / % of wood discs from 

which the fungus were isolated 

Schizophyllum 

commune 
- - - 2.9/10.0 - 

Sistotrema 

brinkmannii 
0.9/2.8 4.8/5.0 - - 2.5/10.0 

Stereum 

sanguinolentum 
0.9/2.8 - - - - 

Trametes versicolor 0.9/2.8 - - 2.9/10.0 - 

Xanthoporia radiata - - 29.9/58.6 - 5.0/9.1 

Mucorales 

Mucor sp. 3.4/11.1 4.8/5.0 4.6/13.8 - 2.5/10.0 

Umbelopsis sp. 5.2/13.9 6.3/15.0 12.6/34.5 2.9/10.0 - 

Other data 

Bacteria 41.4/69.4 65.1/90 87.4/96.6 58.8/90.0 47.5/80.0 

No fungal or 

bacterial growth 

detected 

6.0/16.7 4.8/10 - 17.6/40.0 10.0/40.0 

Number of 

samples/number of 

trees 

116/34 63/20 87/29 31/10 43/10 

 

Table 2 

Ascomycetes isolated from wood samples from five tree species (pine, spruce, alder, birch and aspen) in Latvia 

Fungal species 

Pinus sylvestris Picea abies Alnus glutinosa Betula pendula 
Populus 

tremula 

Fungi (% of wood samples from which the fungus were isolated /% of wood discs 

from which the fungus were isolated) 

Blue-stain causing Ascomycota 

Aureobasidium 

pullulans 
0.9/2.8 1.6/5.0 2.3/6.9 2.9/10.0 2.5/10.0 

Ceratocystis minor 0.9/2.7 - 3.4/10.3 - - 

Leptographium 

piriforme 
- - - - 7.5/9.1 

Ophiostoma sp. 4.3/8.3 - - - 5.0/20.0 

Other Ascomycota 

Alternaria sp. 0.9/2.8 4.8/15.0 - 5.9/20.0 2.5/10.0 

Ascocoryne sp. 6.0/13.9 3.2/10.0 4.6/10.3 - 7.5/30.0 

Aspergillus sp. - - 1.1/3.4 - - 

Botrytis cinerea - - - 2.9/10.0 - 

Cadophora sp. 0.9/2.8 - 1.1/3.4 - - 

Cladosporium sp. 1.7/2.8 3.2/10.0 8.0/17.2 2.9/10.0 10.0/40.0 

Cosmospora sp. - - - - 2.5/10.0 

Cosmospora 

viridescens 
- - 1.1/3.4 - - 

Cytospora phialidica - - - 2.9/10.0 - 

Cytospora sp. 0.9/2.8 1.6/5.0 - - - 

Diatrype sp. - - - - 2.5/10.0 

Didymella sp. - - 1.1/3.4 - - 

Dydimellaceae sp. 5.2/16.7 - 3.4/10.3 5.9/20.0 5.0/20.0 

Diplodia sp. 0.9/2.8 3.2/5.0 - - - 

Endoconidiophora 

polonica 
- 1.6/5.0 - - - 

Epicoccum nigrum - 3.2/5.0 - 5.9/10.0 - 

Eutypella cerviculata - - 2.3/6.9 - - 

Fusarium sp. 0.9/2.8 1.6/5.0 - - 2.5/10.0 
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Fungal species 

Pinus sylvestris Picea abies Alnus glutinosa Betula pendula 
Populus 

tremula 

Fungi (% of wood samples from which the fungus were isolated /% of wood discs 

from which the fungus were isolated) 

Fusarium tricinctum 1.7/5.6 - - - - 

Hormonema sp. - 1.6/5.0 - 2.9/10.0 - 

Ilyonectria sp. - - - 2.9/10.0 - 

Leptodontidium 

trabinellum 
- - - - 7.5/20.0 

Lophium arboricola - 1.6/5.0 - - - 

Neonectria tsugae  0.9/2.8 9.5/20.0 - 2.9/10.0 - 

Penicillium sp.  13.8/36.1 25.4/55.0 26.4/72.4 8.8/30.0 30.0/70.0 

Parafenestella sp. - - 1.1/3.4 - - 

Phialocephala 

dimorphospora  
0.9/2.8 - 1.1/3.4 - - 

Pseudogymnoascus 

hyalinus 
2.6/8.3 1.6/10.0 - - - 

Pyrenochaeta xanthriae - - - - 2.5/10.0 

Sordariaceae sp. - - - - 5.0/10.0 

Sordariales sp. - - 5.7/13.7 - - 

Thyronectria 

cucurbitula 
0.9/2.8 - - - - 

Thyronectria sp. - - 1.1/3.4 2.9/10.0 - 

Trichoderma sp.  23.3/36.1 14.3/30.0 3.5/10.3 11.8/20.0 15.0/30.0 

Truncatella angustata - 1.6/5.0 1.1/3.4 - - 

Xylariaceae sp. - - - - 2.5/10.0 
 

 

Conclusions 

1. The analysis of fungal communities across five tree 

species revealed a diverse assemblage of fungal taxa. 

White-rot fungi were the most frequently isolated 

wood-decaying organisms across all studied tree 

species, suggesting their dominant role in wood 

decomposition processes in Latvian forests.  

2. Prevalence of Heterobasidion spp. in Norway spruce 

and Porodaedalea pini, in Scots pine samples underscores 

the substantial economic and ecological impact of these 

fungi, particularly in conifer-dominated forests.  

3. The presence of Amylostereum areolatum in 

Norway spruce samples also indicates potential threats 

to forest health. Furthermore, the presence of blue-

stain fungi such as Ophiostoma spp. and Aureo-

basidium pullulans highlights their importance in 

timber quality assessments. Moreover, wood 

discoloration caused by factors other than fungal 

activity, is also abundant in several tree species 

(mostly birch, aspen and pine).  

4. Further research should focus on understanding the 

interactions between wood-decaying fungi and various 

host trees and age classes, as well as forest 

management strategies to mitigate these threats and 

sustain forest vitality and productivity.  
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