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Abstract 
Root rot monitoring in Scots pine (Pinus sylvestris) stands can signal potential risks for 

pine health in the coming decades. However, in Latvia, the current inventory data on root rot 
fungi, especially Heterobasidion annosum infection, in middle-aged Scots pine stands are 
limited. Therefore, this study assessed the presence of H. annosum across Latvia, in a total 
of 153  managed 40–60-year-old Scots pine stands. The pathogen was confirmed in 39% 
of all surveyed stands by observing its basidiomata and isolating it from wood samples. 
Occurrence of H. annosum was highly stochastic and was not related to forest type, stand 
age or geographical region (p > 0.05). These findings indicate a high rate of Heterobasidion 
root rot infection in Latvian middle-aged Scots pine stands and the need for targeted forest 
management strategies to limit the pathogen’s effects. 
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Introduction 
Heterobasidion annosum (Fr.) Bref. sensu lato (s.l.) 

is a species complex of root and butt rot-causing basidio- 
mycetes. In Latvia, two species of this complex are pre-
sent, namely H. annosum sensu stricto  (s.s.) (= H. anno-
sum (Fr.) Bref.) and H. parviporum Niemelä et Korhonen 
(e.g. Arhipova et al. 2011, Zaļuma et al. 2019, Lione et al. 
2025). The occurrence of these pathogens is closely linked 
to forest felling, as they spread primarily by airborne basi-
diospores that may infect freshly cut stumps (Redfern and 
Stenlid 1998). The infection is persistent: the fungus can 
remain viable in decayed stumps and can be transmitted 
secondarily via root contacts between infected and healthy 
trees (Greig and Pratt 1976, Zaļuma et al. 2019). As H. an-
nosum s.l. infection compromises tree vitality and survival 
rate. It is essential to monitor its occurrence and spread in 
managed forests. 

Scots pine (Pinus sylvestris  L.) is widely distribu-
ted across the Baltic countries and Scandinavia. It is the 
most common conifer species in Latvia, covering 26.9% 
of the total forest area (LSFRI ‘Silava’ 2024). Due to the 
way H. annosum s.l. spreads, intensive management prac-
tices in pine stands often increase the spread of root rot  

infection (Youssef et al. 2023), causing tree mortality and, 
consequently, economic losses (Garbelotto and Gonthier 
2013, Sierota 2013, Oszako et al. 2023). Extensive research 
has been done in Latvia to assess the occurrence of H. par-
viporum in Norway spruce (Picea abies  (L.) H. Karst.) 
stands (Arhipova et al. 2011), but less information is avai-
lable about Scots pine stands where Heterobasidion root 
rot infection is common and widespread (Gaitnieks et al. 
2020). Infection of Scots pine with Heterobasidion root rot 
has been studied in the Baltic Sea region, mainly focusing 
on young stands, former land use and secondary spread 
(e.g. Vasiliauskas 1989, Łakomy and Werner 2003, Rönn-
berg et al. 2006, Sierota 2013, Wang et al. 2014, Piri et al. 
2021). Nevertheless, the infection rate has not been com-
prehensively evaluated in middle-aged (40–60-year-old) 
Scots pine stands growing in different forest types. The 
middle-aged Scots pine stands are characterised by acti-
ve growth, are accumulating wood volume and beginning 
to produce higher-quality timber, which is significant for 
carbon sequestration (Birdsey et al. 2023). Therefore, this 
study aimed to assess the occurrence of H. annosum s.l. in 
middle-aged pine stands in Latvia. 
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Materials and methods 
The pine stands for this survey were selected from 

the forest inventory database of JSC ‘Latvia’s State Fo-
rests’, the state-owned company responsible for managing 
Latvia’s public forests (the database is partly available at 
LVM Geo (2025)). Stand selection criteria were: stand age 
(40–60 years), species composition (100% Scots pine), last 
management activity (pre-commercial thinning carried out 
more than two years before sampling), stand location on 
one of the dominant forest site types for pine on mineral 
soils (Vacciniosa, Myrtillosa, Hylocomniosa; according to 
Bušs 1997), and stand area (0.5–3.0 ha). Former land use 
of selected stands was not studied, but based on nutrient-
poor forest types, the majority of stands were established 
on former forest lands. The selected stands covered all pi-
ne-dominated forest regions in Latvia and ensured broad 
and representative spatial coverage. 

The applied criteria allowed the inclusion of the most 
common middle-aged Scots pine forest types in the coun-
try. The exact locations of the studied stands are presented 
in Figure 1. The stands were assessed by arranging several 
parallel transects, spaced 20 m apart, starting from one of 
the stand edges. The total number of transects depended on 
the length of the selected edge: the length of each transect 
was determined by the stand boundaries. All dead or dying 
Scots pine trees located within 5 m on both sides of each 
transect were recorded, resulting in a 10 m-wide surveyed 
corridor transect. Dead and symptomatic trees (dying trees 
with reduced crown density and colour, resin exudates on 
the stem or roots; Greig 1998) were noted. 

Root collars of the dead and symptomatic trees were 
examined for the presence of H. annosum s.l. basidioma-
ta and, when found, they were collected for subsequent 
species identification. If basidiomata were absent, wood 
samples from all dead and symptomatic trees were taken at 

stump height using an increment borer. The increment bo-
rer was sterilised with 70% ethanol before each sampling. 
The number of isolates or basidioma samples ranged from 
1 to 55 per stand, for a total of 915. Collected wood sam-
ples were stored in sterile plastic tubes and transported in 
a cooler box to the Latvian State Forest Research Institute 
‘Silava’ (LSFRI  ‘Silava’) for further laboratory analysis. 
Stands were surveyed from 2021 to 2025. 

In the laboratory, wood samples were placed on 
Petri dishes with Hagem agar medium (5 g glucose, 0.5 g  
NH4NO3, 0.5 g MgSO4 7H2O, 5 g malt extract, 20 g agar, 
and 1000 mL distilled H2O at pH 5.5) and incubated at 
room temperature. After 5 to 7 days, they were analysed 
under a stereomicroscope for the presence of H. annosum 
s.l. conidia (Greig 1998). Small pieces of the collected ba-
sidiomata were stored at –21°C for further identification. 
One to two representative samples (pure cultures or pieces 
of basidiomata, if isolation was not successful) per stand 
were used to identify the H. annosum s.l. species using 
molecular analyses. DNA was extracted from samples 
using a CTAB method (Arhipova et al. 2011). For samples 
collected from 2021 to 2023, species-specific primers for 
H. annosum (MJ-F and MJ-R) and H. parviporum (KJ-F 
and KJ-R) (Hantula and Vainio 2003) were used. For sam-
ples collected from 2024 to 2025, PCR was performed with 
ML1 and ML2 primers (White et al. 1990), distinguishing 
species by fragment length (for H. annosum ~ 400  base 
pairs (bp) and for H. parviporum ~ 900 bp). PCR reacti-
ons were performed in a volume of 10 µL containing ap-
proximately 50 ng DNA, 5× HOT FIREPol Blend Master 
Mix Ready to Load (Solis BioDyne, Tartu, Estonia; con-
taining 10 mM MgCl2), and 0.3 µM of each forward and 
reverse primer. PCR was carried out in a thermocycler Ep-
pendorf Mastercycler Epgradient, (Eppendorf, Hamburg, 
Germany) using the following protocol for the MJ and KJ 
primers: initial denaturation and enzyme activation step at 
95°C for 15 min, followed by 40  cycles of denaturation  

Figure 1

 
  

Figure 1. Location of middle-aged 
stands of Pinus sylvestris in Latvia 
surveyed from 2021 to 2025 
Open circles indicate stands where no 
dead or symptomatic P. sylvestris trees 
were observed; grey circles indicate 
stands where dead or symptomatic 
trees were detected, and wood samples 
for the isolation of Heterobasidion 
spp. were collected; and black circles 
indicate stands where symptomatic 
trees were found, and H. annosum was 
isolated. 
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at 95°C for 30 s, annealing at 67°C for 35 s, and exten-
sion at 72°C for 1 min, and a final extension at 72°C for 
10 min. The following protocol for ML1 and ML2 pri-
mers was used: initial denaturation and enzyme activa-
tion step at 95°C for 15 min, followed by 25  cycles of 
denaturation at 95°C for 20 s, annealing at 63°C for 30 s, 
extension at 72°C for 30 s, and a final extension at 72°C 
for 10 min. PCR fragments were analysed by gel electro- 
phoresis on 1.5% agarose gels stained with ethidium  
bromide. 

To analyse the factors influencing the presence of 
Heterobasidion spp., generalised linear mixed-effects mo-
dels (GLMM) analysed with the lme4 package (version 
1.1-35) for R (function glmer with a binomial distribution; 
Bates et al. 2015) were implemented at the stand and tree 
levels. The models used in this study incorporated both 
fixed effects (forest type and age, and geographic regions 
for pine in Latvia) and random effects (survey year (and 
stand at tree level analysis)). The general model form was 
the following: 
log���𝑇𝑇�� = 𝛽𝛽� + 𝛽𝛽� ∙ 𝑇𝑇 + 𝛽𝛽� ∙ 𝐴𝐴 + 𝛽𝛽� ∙ 𝑅𝑅 + 𝑢𝑢�𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦� + 𝑢𝑢�𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠� , 

 

 

where:  

log(E(T)) represents the logarithm of the predicted probability of Heterobasidion spp. presence,  

𝛽𝛽1, 𝛽𝛽2 and 𝛽𝛽3 are regression coefficients associated with fixed effects: forest type (T: Vacciniosa, 

Myrtillosa, Hylocomniosa; according to Bušs 1997), stand age (A: 40–60 years) and geographic 

regions for pine in Latvia, viz. R: Eastern and Western according to Neimane et al. (2009) and 

Cabinet of Ministers (2013), 

terms u(year) and u(stand) represent random effects accounting for variability across survey years 

and stands (for tree-level analysis).  

 

The significance of fixed effects was evaluated using the Type II analysis-of-variance table 

of the Wald Chi-square test (function ANOVA from the car package in R) (Fox and Weisberg 

2019, R Core Team 2025, car package version 3.1-5). Data analysis was performed in R, 

version 4.4.3 (R Core Team 2025).  

Results  

Over five years, a total of 153 middle-aged Scots pine stands were surveyed. Dead or 

symptomatic pine trees were found in the representative transects of 71% of the surveyed stands 

(108), while H. annosum infection was confirmed in 39% of all surveyed stands (60; Figure 1). All 

analysed samples of obtained pure cultures or basidiomata were identified as H. annosum s.s. 

Although the exact extent of the disease in the infected stands was not determined, each infected 

tree represents a potential infection centre, as H. annosum s.l. can efficiently spread through root 

contacts (Łakomy et al. 2012, Zaļuma et al. 2019). A high infection rate of Heterobasidion root rot 

in middle-aged Scots pine stands is consistent with a Lithuanian study where H. annosum s.l. 

infection was detected in 35.5% of analysed plots (Vasiliauskas 1989). These findings underline 

the continued relevance of the problem and the need for the implementation of effective 

management strategies that enhance tree health, improve the volume and quality of harvested 

wood, and limit further spread of infection. There are several methods to control the spread of 

H. annosum s.l. (Garbelotto and Gonthier 2013), and biological control preparations containing 

propagules of the antagonistic fungus Phlebiopsis gigantea (Fr.) Jülich are most frequently used 

,
where: 
log(E(T)) represents the logarithm of the predicted proba-
bility of Heterobasidion spp. presence, 
β1, β2 and β3 are regression coefficients associated with 
fixed effects: forest type (T: Vacciniosa, Myrtillosa, Hy-
locomniosa; according to Bušs 1997), stand age (A:  
40–60  years) and geographic regions for pine in Latvia  
(R:  Eastern and Western according to Neimane et al.  
(2009) and Cabinet of Ministers (2013), 
terms u(year) and u(stand) represent random effects ac-
counting for variability across survey years and stands (for 
tree-level analysis). 

The significance of fixed effects was evaluated using 
the Type II analysis-of-variance table of the Wald Chi-
square test (function ANOVA from the car package in R) 
(Fox and Weisberg 2019, R Core Team 2025, car packa-
ge version 3.1-5). Data analysis was performed in R, ver-
sion 4.4.3 (R Core Team 2025). 

Results 
Over five years, a total of 153 middle-aged Scots pine 

stands were surveyed. Dead or symptomatic pine trees 
were found in the representative transects of 71% of the 
surveyed stands (108), while H. annosum infection was 
confirmed in 39% of all surveyed stands (60; Figure 1). All 
analysed samples of obtained pure cultures or basidiomata 
were identified as H. annosum s.s. Although the exact ex-
tent of the disease in the infected stands was not determined, 
each infected tree represents a potential infection centre, as 
H. annosum s.l. can efficiently spread through root contacts 
(Łakomy et al. 2012, Zaļuma et al. 2019). A high infec-
tion rate of Heterobasidion root rot in middle-aged Scots 
pine stands is consistent with a  Lithuanian study where 
H. annosum s.l. infection was detected in 35.5% of analy-

sed plots (Vasiliauskas 1989). These findings underline  
the continued relevance of the problem and the need for 
the implementation of effective management strategies that 
enhance tree health, improve the volume and quality of 
harvested wood, and limit further spread of infection. The-
re are several methods to control the spread of H. annosum 
s.l. (Garbelotto and Gonthier 2013), and biological control 
preparations containing propagules of the antagonistic fun-
gus Phlebiopsis gigantea (Fr.) Jülich are most frequently 
used in the Baltic countries (Drenkhan et al. 2008, Gait-
nieks et al. 2020). Nevertheless, the application of biolo-
gical control agents in pre-commercial thinning could be 
more strictly mandated. As the infection can persist for de-
cades in stumps and root systems of infected pines (Greig 
and Pratt 1976, Garbelotto and Gonthier 2013, Zaļuma et 
al. 2019), further management is needed during commerci-
al thinning and site reforestation. 

In middle-aged pine stands, the infection inciden-
ces appeared highly stochastic, as neither forest type nor 
stand age and geographical pine regions were significant 
for predicting the presence of H. annosum s.s. (p > 0.05; 
Table 1), both at the stand and tree levels. Random effects 
explained up to 40% of Heterobasidion root rot incidences 
(Table 1), indicating a strong site effect. Heterobasidion 
infection is related to several factor combinations (both 
biotic and abiotic factors) – not to a single factor as indica-
ted by other studies (e.g. Vasiliauskas 1989). H. annosum 
s.s. basidiomata were detected in 34% of the stands, con-
firming pathogen presence and spore-producing capability. 
Climate change, through increasingly frequent warm weat-
her conditions during harvesting operations, may increase 
the risk of Heterobasidion infection by extending periods 
favourable for pathogen sporulation and spore dispersal 
(Lione et al. 2025). To manage the disease effectively, it 
is important to reduce successful stump colonisation by 
primary infection (spore germination on fresh stumps) and 
thereby limit secondary root-to-root infection and the sub-
sequent formation of basidiomata that contribute to further 
spore dispersal. 

Variable Chi-square value p-value
Forest type 6.072 0.108
Stand age 0.279 0.597
Geographic regions of pine in Latvia 1.089 0.297
Random effects variance
Stand 1.20 -
Survey year 0.87 -
Model performance
Marginal R2 0.083 -
Conditional R2 0.438 -

Table 1. The summary statistics of the generalised linear 
mixed-effects model (GLMM) 

Note: The estimated Chi-square values and p-values (ANOVA-
like table) for the forest type and stand age on Heterobasidion 
annosum infection on Scots pine, the variance of the random 
effects and the marginal R2 values for the ref ined model are 
shown. 
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Sampling based solely on visual dieback symptoms 
may miss some infection cases, as even visually healthy 
Scots pines can have roots infected by Heterobasidion 
spp. (Wang et al. 2014). Therefore, in cases where root rot 
infection has not been detected on symptomatic trees, the 
infection itself cannot be ruled out. The field diagnosis of 
H. annosum infection is thus difficult, as crown symptoms 
do not always indicate infection, and the fungus may re-
main undetectable at the stump level if the infection is lo-
cated deeper in the root system (Piri et al. 2021). Lastly, 
pine dieback was observed in 32% of the surveyed stands 
where H. annosum s.l. infection was not detected. There-
fore, other pathogens and pests should be considered for 
further monitoring of Scots pine health status, including 
Armillaria spp., Diplodia sapinea (Fr.) Fuckel, Ophiosto-
ma spp., and other fungi, or bark beetles such as Ips acumi-
natus (Gyllenhal) that may be involved in tree mortality as 
well (Siitonen 2014, Dempster 2017, Caballol et al. 2022, 
Barchenkov et al. 2023). 

Conclusions 
Despite climate change, the incidence of Heterobasi-

dion root rot has remained generally stable over the past 
40 years, with only minor fluctuations within the margin of 
uncertainty (cf. Vasiliauskas 1989), currently affecting not 
less than 39% of middle-aged managed Scots pine stands 
in Latvia. Nevertheless, in the context of intensification of 
forest operations in managed forests, the high rate of Hete-
robasidion annosum-infected stands emphasises the need 
to maintain and optimise preventive measures, especially 
during harvesting operations. 
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