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Introduction

Pathogenic Heterobasidion spp. cause economi-
cally important root and butt rot disease of forest trees
(over 200 species, especially conifers), throughout the
Northern hemisphere (Woodward et al. 1998). As for
conifer species, even most of them have been classi-
fied as susceptible (Asiegbu et al. 2005). A healthy
tree stand is infected by the basidiospores, dissemi-
nating in high numbers throughout the summer (Ko-
rhonen and Stenlid 1998). During the summer the path-
ogen inocula is considered to be a common compo-
nent of the air microflora in coniferous forests. Prima-
ry infection occurs in forests mainly through freshly
exposed wood surfaces: stumps or, sometimes, through
wounds on roots and root collars. The spores cannot
infect healthy, uninjured roots of living trees, although
the fungus may be able to degrade and penetrate the
bark of them to some extent (Korhonen and Stenlid
1998). In Estonia the decay is caused mainly by Het-
erobasidion parviporum Niemelä and Korhonen on
Norway spruce and H. annosum (Fr.) Bref. (H. anno-
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Abstract
Efficiency of the biological control agent Rotstop® against spore infection by the pathogenic basidiomycetes of

the genus Heterobasidion was investigated in Estonia during two years. First, in vitro laboratory experiments were carried
out for comparison of the efficiency of the basic strain of Phlebiopsis gigantea in ROTSTOP® with an Estonian strain
of the same species against several Estonian strains of Heterobasidion spp. Preliminary laboratory tests on artificially
infected wood pieces of Picea abies and Pinus sylvestris were conducted, as well, for the learning of visible characteristic
features of rot caused by Phlebiopsis gigantea, and the diagnostic features of Heterobasidion spp. on wood surfaces.
Following experiments in forests in four Norway spruce and two Scots pine before unthinned stands, in south-eastern and
north-eastern Estonia, respectively, comprised in each site as a mean 83 stumps, which were treated with the suspension
of Rotstop®, and 21 stumps, which were left untreated as the control.

Rotstop® had especially effectively controlled airborne infection of Heterobasidion annosum s. str.  in P. sylvestris
stands (average areas occupied by the fungi on treated stumps: P.  gigantea 113.3 cm2 and H.  annosum s. str. 0.6 cm2,
respectively).  Noticeable natural infection by the indigenous Phlebiopsis gigantea occurred in the control stumps as
well, but it was too limited to really keep the pathogen away from fresh cuttings. In spruce the preparation Rotstop®
was effective (average areas 75.2 cm2 and 4.3 cm2, respectively), but less than in pine, possibly because of the extremely
high infection level of Heterobasidion parviporum in our experimental spruce stands (up to 85 % of the number of
untreated stumps).
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sum s. str.) on Scots pine (Hanso and Hanso 1999a,
b). The most severe damages in Estonia occur mainly
on Norway spruce (Picea abies (L.) Karst), but quite
often the disease is being found also on Scots pine
(Pinus sylvestris L.) and on juniper (Juniperus com-
munis L.), less on larches (Larix spp.), firs (Abies spp.)
and Douglas fir (Pseudotsuga sp.). Even broadleaved
trees may be infected. The fungus attacks host trees
in every age class and the advancing decay causes
weakening, decreasing of the growth and finally, death
of the trees (e.g. Hanso and Hanso 1999b). Therefore
all control methods which reduce the losses caused
by the disease must be applied but first evaluated prior
to practical applications.

Since the early 1950s in England stump treatment
experiments had been carried out using a saprotrophic
fungus, which was highly competitive against Hetero-
basidion annosum s.l., but did not infect living tree
tissues: Phlebiopsis gigantea (Fr.) Jül. [Phlebia gi-
gantea (Fr.) Donk, Phanerochaete gigantea (Fr.: Fr.)
Rattan et al.]. However, later on the testing of several
other fungal species and strains against Heterobasid-
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ion spp. was continued in different countries, includ-
ing Estonia (Hanso 1992, Hanso and Hanso 1985, 1992).

P. gigantea is a common and widely distributed
saprotrophic fungus in the coniferous forests of the
Northern Hemisphere, occurring especially frequently
in managed forests (Vainio et al. 2001). Morphologi-
cally, P. gigantea has been regarded as a single taxo-
nomic species throughout its wide geographical range,
but clear genetic differentiation has been found be-
tween the European and North American populations
of the fungus (Vainio and Hantula 2000). It forms re-
supinate greyish fruitbodies with characteristic coni-
cal cystidia projecting from the hymenium. In pure
culture it can be identified easily on the basis of its
oidial chains, encrusted upright aerial hyphae, and
multiple clamp connections (Holdenrieder and Greig
1998). The ability of P. gigantea to form abundant
oidia, together with fast colonisation of fresh wood
surfaces, and its strong antagonistic reaction towards
Heterobasidion spp. were the main reasons for choos-
ing P. gigantea for the industrial-scale production of
biological control preparation Rotstop®. Various P. gi-
gantea preparations, based on local isolates of the
fungus had been in use for decades in the UK, there-
after in Nordic countries and in Poland.

The Finnish product of P. gigantea, Rotstop® was
registered in Estonia already in 2004 (as a preparation
for biological control). Main reason for the registration
might be the fact, that by that time this preparation had
been already internationally acknowledged as a prom-
ising agent against Heterobasidion spp. The regarded
negative aspect for the wide-scale use of the prepara-
tion � a single dispersive clone of the fungus will be
artificially distributed over large areas of forests (Va-
siliauskas et al. 2004) with its possible influence on the
natural diversity of the local populations of P. gigantea
� has been evaluated by other researchers as quite small
(Holdenrieder and Greig 1998, Vainio et al 2001).

Material and methods

In this study the effect of the Estonian and Finn-
ish strains of Phlebiopsis gigantea (further P.g.1 and
R, respectively) against the Estonian strains of Het-
erobasidion spp. were tested in laboratory 1) as pure
cultures and 2) on infected woodblocks. Thereafter the
biological efficiency of Rotstop® was studied on fresh
spruce and pine stumps in several experimental plots,
established in the forests of north- and South-east-
ern Estonia.

Hanso and Hanso (1999a) had established in 80
different spruce forests located all-over in Estonia that
Heterobasidion parviporum was prevalent on spruces
(73 isolates of H. parviporum and only one of H. an-

nosum), whereas in 69 investigated pine forests all the
Heterobasidion spp. isolates belonged to the Hetero-
basidon annosum s.str. It means that Heterobasidion
spp. are predominantly host-specific in Estonia.

Laboratory experiments with pure cultures
Pure cultures of different Estonian strains of

Heterobasidon annosum s.str. (labelled as H.a.1, H.a.3,
H.a.4) and H. parviporum (respectively H.p.1, H.p.2,
H.p.3, H.p.4, H.p.5), and the strains of P.  gigantea from
Estonia (P.g.1) and from Finland (R - isolated from
Finnish preparation Rotstop®) were grown in dual
cultures in Petri dishes according to the standard pro-
tocols (e.g. Holdenrieder and Greig 1998) with the
purpose to evaluate the antagonistic effect of the
strains of P. gigantea towards the strains of H. anno-
sum and H. parviporum. Dual cultures were grown at
two different temperatures, corresponding in large scale
to the mean temperatures of forest ground floor in
Estonia during the warmest summer month July and
the full summer (period between June to August, i.e.
+22°C and +17°C, respectively). Dual inoculations of
the strains of Heterobasidion spp. and P. gigantea
were made onto the 1.5 % malt agar (OXOID, malt
LP0039, agar LP0013) into the centre areas of 90 mm
Petri dishes at the distance of 2 cm from each other,
each variant in 5 duplications (i.e. in 5 different dish-
es). Growth rate of both the colonies and barrier zone
characteristics were estimated, respectively, one and
three weeks after the inoculations.

Laboratory experiments on woodblocks
The aim of these experiments was to investigate

in in vitro conditions:
1) Ability of the colonies of the Estonian and Finn-

ish strains of P. gigantea to overgrow the Estonian
strains of Heterobasidion spp. on woodblocks (as the
growth and antagonistic relations may differ depend-
ing on the kind of medium � malt agar medium or con-
ifer wood).  Altogether 40 small wooden blocks, 20
blocks of the both conifer species (from a freshly cut
Norway spruce and a Scots pine tree) were placed into
the Petri dishes fully grown by the colony of P. gigantea
strain. During three weeks the fungus had colonized the
woodblocks. Thereafter the blocks were placed into the
new Petri dishes, where agar medium was occupied by
one of the Estonian strains of Heterobasidion spp (H.
annosum and H. parviporum, respectively). Two weeks
after that the woodblocks were investigated under the
stereomicroscope for the Heterobasidion  anamorphs.

2) Characteristic features of wood colonisation by
the both fungal species were verified for identification
of the two fungi in in vivo experiments in forest. Infect-
ed/rotting wood colour variation and characteristic su-
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perficial mycelium of P. gigantea, and appearance of the
anamorphic stage (Oedocephalum lineatum (syn. Spini-
ger meineckellus) of Heterobasidion spp. on blocks,
visible under the small-magnification stereomicroscope,
were used as the distinguishing characteristics.

Establishment of study sites in forests
The field sites for studies were previously unthinned

stands chosen by the forestry authorities. Cuttings and
immediate spraying of stumps were carried out from May,
the 17th until June, the 16th in 2005 and from June, the
19th until June, the 22nd in 2006, altogether in six (this way:
unthinned before) stands of Norway spruce (Picea abies)
and Scots pine (Pinus sylvestris). During the trials, the
stumps were identified according to numbered alumini-
um labels attached to the stumps.

Experiments in two spruce and two pine stands
were established in the spring and the first results
were analyzed already in the late autumn of the same
(first) year (signed later as: 2005_1). Thereafter, two
new spruce stands were left to be selected out for our
experiments by the local forestry authorities in the next
spring (signed as: 2006_1). Stumps on all the study
sites (incl. the sites, established in 2005) were analysed
in the late autumn of 2006, as well. Results of the ex-
periments, which lasted for two years, are later signed
as 2006_2. Three Norway spruce and one Scots pine
study sites were situated in North-eastern Estonia, one
Norway spruce and one Scots pine experimental stand
situated in South-eastern Estonia (Figure 1).

Thinnings were carried out as manual man-made
cuttings in South-eastern (Järvselja) experimental sites,
but in North-eastern Estonia (Triigi, Rava, Ahtme) by
single-grip harvester (Table 1). The stumps were left
about 30-40 cm high and sprayed with Rotstop® im-
mediately after the tree felling. Before the application
over stumps, the spore viability, but not the concen-
tration of the suspension was controlled in our exper-

 
Figure 1. Location of the experimental stands

* - For technical reasons the stump coverage with Rotstop®
suspension ranged between 70 and 100%

Table 1. Main characteristics of the experimental stands
(study sites)

iments. The viability of oidia in suspension was de-
termined, according to the Rotstop® instructions, a day
before the treatment.

Altogether 626 stumps were included into the
experiments (Table 2).

    

Number of 
experimental 

(labelled) stumps  
Number of analyzed 

stumps 

Study site 
Tree 

species 
Treated 
stumps 

 
Untreated 
(control) 
stumps 

out of 
treated 
stumps 

out of 
untreated 
stumps 

    2005 

Järvselja (274, 
14) 

Picea 
abies 29 25 16 17 

Järvselja (244, 
13) 

Pinus 
sylvestris 52 15 46 10 

Ahtme (VF 221, 8) 
Pinus 
sylvestris 163 33 72 20 

Triigi (PX 068, 3) 
Picea 
abies 133 28 65 14 

    2006 

Rava 1 (RA222, 
19) 

Picea 
abies 40 15 30 15 

Rava 2 (RA222, 
20) 

Picea 
abies 52 15 36 13 

Järvselja (274, 
14) 

Picea 
abies     8 4 

Järvselja (244, 
13) 

Pinus 
sylvestris     7 5 

Ahtme (VF 221, 8) 
Pinus 
sylvestris     40 10 

Triigi (PX 068, 3) 
Picea 
abies     39 12 

 

Table 2. The number of stumps in the experiments on dif-
ferent study sites
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2005 

Location,           
forest district, 
compartment, 

subcompartment 

Geographical 
coordinates 

Tree 
species 

Stand 
age 

(years) 
Site type  

Average 
mean 
height 

(m) 

Treatment 
style 

South-eastern 
Estonia, 
Järvselja (274, 
14) 

58°31'06''N  
26°57'12''E  

Picea 
abies 35 Myrtillus 29.1 

Manually 
after cutting 
with chain 
saw 

South-eastern 
Estonia, 
Järvselja (244, 
13) 

58°16'41''N  
27°20'06''E 

Pinus 
sylvestris 49 

Oxalis-
Myrtillus  27.5 

Manually 
after cutting 
with chain 
saw  

North-eastern 
Estonia, Ahtme 
(VF 221, 8) 

59°17'63''N  
27°44'65''E  

Pinus 
sylvestris 35 

 
Recultivated 
oil-shale 
quarry  25 

Mechanically 
by the 
harvester* 

North-eastern 
Estonia, Triigi     
(PX 068, 3) 

59°12'18''N  
26°13'30''E 

Picea 
abies 41 Hepatica  28 

Mechanically 
by the 
harvester*  

2006 

North-eastern 
Estonia, Rava   
(RA222, 19) 

59°06'59''N  
25°49'81''E 

Picea 
abies 39 Hepatica  30.2 

Mechanically 
by  the 
harvester* 

North-eastern 
Estonia, Rava   
(RA222, 20) 

59°06'57''N  
25°49'83''E 

Picea 
abies 53 Hepatica  23.8 

Mechanically 
by the 
harvester* 
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Sampling and laboratory analysis
The discs for laboratory analyses were cut from

stumps (both � treated and untreated) ca 4-5 months
after treatments. In case there were signs of Hetero-
basidion decay in the butt region of the stump, this
stump was excluded from further analysis as already
infected. From each stump, after removal of the stump
surface (3-5 cm thick), the sample disc (3-4 cm thick)
was cut and immediately (the same day) transported
in plastic bag to the laboratory. After incubation for
5-7 days at room temperature the discs were analysed
under the stereomicroscope from both sides for the
presence of the agent of the biocontrol P. gigantea
(characteristic dark-orange wood surface discoloration
+ oidia) and of the pathogen Heterobasidion sp. (an-
amorphic fruitings). A small-magnification microscope
was used for the analysis of the discs in laboratory.
The surface area colonized by P. gigantea and/or
Heterobasidion spp. on analyse discs was transferred
to the white clean paper sheets using watercolour
markers Edding 40 and measured (in cm2) from the
paper lists by digital planimeter.

Calculations and statistics
Statistical analysis was conducted  with SAS (Sta-

tistical Analysis System). The procedure GLM (Gen-
eral Linear Models) was used for calculation of the
efficiency of Rotstop®. To compare average values the
T-test was used. The figures were prepared in Excel.

The effect of Rotstop® treatment to the amount
of mycelium coverage (cm2) on the total stump area (S)
was analysed as follows:

1.  The whole data set, classified in analysis as: a)
both tree species, b) treatment, and c) treatment year;

2.  The whole data set, classified in analysis as: a)
first year after the treatment (2005_1 and 2006_1, respec-
tively); and b) means of two years of treatments (2006_2);

3. The a) untreated and treated (with the suspen-
sion of Rotstop®) stumps after the first and second
year, respectively, and b) the treatment, and c) the tree
species;

4.  The difference between the results on the tree
species, classified in analysis: a) by treatment way, and
b) by the year of treatment.

Using the statistical tools, the mean results of
experiments were analysed, except Tables 3 and 4,
where the data from each experimental stand are point-
ed out separately.

Results

Laboratory experiments with pure cultures
Both, the mycelium growth rate of both the fungi

in cultures and the inhibiting effect of P. gigantea to

the growth of Heterobasidion spp. in dual cultures was
higher at +22°C than at +17°C.  In the control culture
where two inocula of the same Heterobasidion sp.
strain were placed on one plate, the colony had occu-
pied during the same time the total surface of the agar
medium. Both, Rotstop® and the Estonian strain of P.
gigantea inhibited the growth of the colonies of Het-
erobasidion sp. nearly by the same rate, i.e. without
statistical differences (p>0.05). Already in the course
of two first weeks the colonies of the both P. gigantea
strains overgrew the colonies of all the Heterobasid-
ion spp. strains in in vitro experiments, and their in-
fluence could be classified as strong antagonistic or
competitive activity against Heterobasidion spp.

Laboratory experiments on woodblocks
Ability of the both strains of P. gigantea (isolat-

ed from the preparation Rotstop® and from Estonia,
respectively) and Estonian strains of Heterobasidion
spp. to occupy spruce- and pinewood in mono-, and
dual cultures was evaluated and compared.

It was checked up whether the mycelium of P.
gigantea was able to overgrow the Heterobasidion
spp. colonies and how abundantly these two fungal
species had colonised the wood. Visible changes on
spruce- and pinewood surfaces were investigated. No
formation of conidial stage of Heterobasidion (Oedo-
cephalum lineatum) was found on the woodblocks,
overgrown before with P. gigantea. Approximate cov-
erage of the blocks by the colonies of both fungi was
visually evaluated (Figure 2).

Both P. gigantea strains (R and P.g.1) colonized
in in vitro experiments spruce- and pinewood effec-
tively, the commercial (Finnish) strain being somewhat
faster.
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Figure 2. Growth rate of different Estonian strains of Hetero-
basidion spp. (H. annosum - H.a. and H. parviporum - H.p.)
and of Phlebiopsis gigantea (Finnish R and Estonian P.g.1, re-
spectively) on spruce-, and pine woodblocks in in vitro exper-
iments, as evaluated one week after the inoculation (in percent-
ages, which concern the occupied by Heterobasidion spp. or P.
gigantea area from the total area, visually estimated)
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Experiments on study sites in forests
Table 3 represents the results of the first year

experiments (2005_1 and 2006_1 respectively), i.e. ca
4-5 months after the treatment.

Table 4 represents the data of second year
(2006_2), i.e. 18 months after the treatment.

Comparison of the total stump area and occupied
by Phlebiopsis gigantea area shown statistically sig-
nificant (P<0.0001) difference. According to the results
of this study the efficiency of Rotstop® could be eval-
uated effective: majority of the treated stumps was
protected.

Location 
of field 
area 

Tree 
species 

Year of 
experiment Treatment 

Average 
area of 
stumps 
(cm2) 

Number of 
stumps 
colonized by 
Heterobasidion 
sp. 

Average stump 
area colonized 
by 
Heterobasidon 
sp. (cm2) 

Stump area 
colonized by 
Heterobasidion 
sp. in the trial 
variant (%) 

Number of 
stumps 
infected by 
P. gigantea 

Average 
stump area 
infected by 
P. gigantea 
(cm2) 

Stump area in 
the trial variant 
infected by P. 
gigantea (%) 

Järvselja 
Picea 
abies 

2005 
treated 216.7 0 0 0 16  11 

      
untreated 206.4 14 5.4 3 6 2.1 1 

Järvselja 
Pinus 

sylvestris 
2005 

treated 216.0 1 0.1 0 46 135.7 63 

      
untreated 118.1 1 1.0 1 6 40.4 34 

Ahtme 
Pinus 

sylvestris 
2005 

treated 175.7 0 0 0 72 143.7 82 

      
untreated 153.8 5 5.7 4 4 10.0 6 

Triigi 
Picea 
abies 

2005 
treated 219.0 23 1.1 1 57 56.6 26 

      
untreated 222.9 5 3.0 1 4 10.8 5 

Rava 1 
Picea 
abies 

2006 
treated 267.7 6 0.9 0.3 29 178.8 67 

      
untreated 184.8 13 12.1 7 3 7.1 4 

Rava 2 
Picea 
abies 

2006 
treated 241.9 10 0.5 0.2 31 153.8 64 

      
untreated 118.1 13 8.5 7 5 6.6 6 

 

Table 3. Results of the experiments ca 4-5 months after the treatment

Location 
of field 
area 

Tree 
species 

Year of 
experiment Treatment 

Average 
area of 
stumps 
(cm

2
) 

Number of 
stumps 
colonized by 
Heterobasidion 
sp. 

Average 
stump area 
colonized by 
Heterobasidon 
sp. (cm

2
) 

Stump area 
colonized by 
Heterobasidion 
sp. in the trial 
variant (%) 

Number of 
stumps 
infected by 
P. 
gigantea 

Average 
stump area 
infected by 
P. gigantea 
(cm

2
) 

Stump area 
in the trial 
variant 
infected by 
P. gigantea 
(%) 

Järvselja 
Picea 
abies 

2006 
treated 169.9 3 0.4 0.2 6 28.6 17 

      
untreated 204.5 2 1.2 0.6 2 2.4 1 

Järvselja 
Pinus 

sylvestris 
2006 

treated 295.9 0 0 0 7 244.2 83 

      
untreated 223.0 0 0 0 2 98.4 44 

Ahtme 
Pinus 

sylvestris 
2006 

treated 188.1 0 0 0 30 125.6 67 

      
untreated 185.1 1 0.9 0.5 3 10.0 5 

Triigi 
Picea 
abies 

2006 
treated 213.1 1 5.6 3 37 115.3 54 

      
untreated 210.7 5 3.0 1.4 4 10.8 5 

 

Table 4. Results of the experiments 18 months after the treatment

Efficiency of Rotstop® in preventing the Hetero-
basidion root rot infection in treated stumps was es-
timated and compared to the natural infection by the
pathogen in untreated stumps Figure 3). For that pur-
pose average areas of the colonies of P. gigantea and
Heterobasidion spp. on stump surfaces were used,
calculations were made separately for the both tree
species (spruce, pine) and treatments  (treated/untreat-
ed with Rotstop®).

Comparison of the total stump area with the area
occupied by Heterobasidion spp. area shown statis-
tically significant difference (P<0.05), as well. Phlebi-
opsis gigantea had suppressed the pathogen. Hetero-
basidion rot had occupied only a very small part of
the area on pine stumps, but the coverage of the path-
ogen was somewhat larger on the treated spruce
stumps. Difference between the treatment and untreat-
ment variants was statistically significant (P<0.0001).
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Average stump coverages by  P. gigantea and
Heterobasidion spp., respectively, in the first (2005_1
and 2006_1) and second (2006_2) years were compared
(Figure 4). At the same time the treatment (treated,
untreated) and tree species (spruce or pine) were not
distinguished. The occupation of stumps by P. gi-
gantea in different years had no statistically signifi-
cant difference (P>0.05). P. gigantea had occupied
treated and untreated, respectively, stumps similarly
in the first year, as well as in the second year. At the
same time the results were different concerning the
occupation of stumps by the Heterobasidion spp.: the
year as a characteristic differed significantly (P<0.05),
and in the first years (both: in 2005_1 and 2006_1) there
were more Heterobasidion spp. infections detected
than in the second year (2006_2).

The effect of treatment to the mean area of stump
surface occupied by P. gigantea and Heterobasidion
spp., respectively, was analysed over tree species and
experimental year (Figure 5). Concerning area occupied

by P. gigantea, the treatment had statistically signif-
icant difference (P<0.0001) between the tree species,
but the treatment year had not (P>0.05). Concerning
Heterobasidion spp., the treatment and the experimen-
tal year were statistically significantly different
(P<0.0001 and P<0.05, respectively).

The area occupied by P. gigantea in untreated
stumps was statistically different between tree species
(P<0.05) but it did not differ, between years (P>0.05).

In difference to that, concerning Heterobasidion
spp., as the treatment (with Rotstop®) variant as well
the year occurred to be statistically different (P<0.05).
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Figure 3. Efficiency of Rotstop® in preventing the Hetero-
basidion spp. infection in the treated stumps, compared to
untreated (control) stumps (Phl.g. - Phlebiopsis gigantea;
Het. - Heterobasidion sp.; treated � treated with suspension
of Rotstop®; untreated � control, i.e. without treatment)
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Figure 4. Stump occupation levels by P. gigantea and Het-
erobasidon spp., respectively, in the first (cutting) and sec-
ond (after-cutting) year, expressed as the occupied areas on
stump surfaces
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Figure 5. Efficiency of treatment of conifer stumps with
biopreparation Rotstop®
(Phl.g. � Phlebiopsis gigantea colonies; Het. � Heterobasid-
ion spp. colonies)

In case of the tree species the treatment and years
were also compared. The treatment (treated, untreat-
ed), concerning the tree species (spruce and pine), and
not depending of the fungus species (Heterobasidi-
on spp. or P. gigantea), differed significantly
(P<0.0001). Comparing the tree species (spruce and
pine) the year in case of P. gigantea did not differ
statistically (P>0.05). Comparing Heterobasidion spp.
and the spruce, the infection differed statistically
(P<0.05), but in case of pine no difference was found
(P>0.05). As shown before, the natural infection level
of pine stumps by Heterobasidion spp. was much
lower than of spruce, and it might influence the result.

Discussion

Laboratory experiments
Laboratory experiments with pure cultures of fungi

as on malt agar, as well on woodblocks, demonstrated
that P. gigantea strain Rotstop® had a strong control-
ling effect against the Estonian strains of Heteroba-
sidion spp., even somewhat stronger than had the
tested Estonian strain of the same species (P. gi-
gantea). On Pinus sylvestris and Picea abies wood-
blocks it assured complete protection against the path-
ogenic rot agent over wood surface area. Similar in
vitro tests on stem pieces of Pinus pinea, carried out
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by  Annesi et al. (2005) in Italy showed that the prep-
aration Rotstop® provided a full protective effect as
well against an Italian strain of Heterobasidion anno-
sum after artificial inoculation of wood with the fun-
gi. Both of the P. gigantea strains, a native strain from
Italy and the Rotstop® strain were effective in in vit-
ro experiments, preventing the following infection of
woodblocks of P. pinea by the local strains of Het-
erobasidion spp.

Field experiments, rather effective
During two consequtive years field treatments

with the biopreparation Rotstop® in Estonia were found
to be effective, even in the spruce stands with the
high infection level of Heterobasidion parviporum.
Before that, good results were obtained from the in-
vestigations in Finland, Denmark and Italy.

In Finland the use of Rotstop® exhibited practi-
cally complete prevention against Heterobasidion spp.
infection in Scots pine stumps, whereas in Norway
spruce stumps the competitiveness of the saprotro-
phyte was somewhat lower (Vainio et al. 2001). The
results in Finland showed that the stump treatment
with Rotstop® is an effective preventive controller of
Heterobasidion spp. in forests during the summer
cuttings. In the field trials performed in southern Fin-
land, the surface of the untreated (control) stumps had
approximately ten-fold larger area occupied by Hetero-
basidion spp. than in treated stumps (Kasanen, un-
published).

In Denmark, six months after the nearly simulta-
neous artificial infection of fresh stumps of Norway
spruce with the conidiospores of the S-type of H.
annosum (= Heterobasidion parviporum?) and spray-
ing of the stumps with Rotstop®, the level of Hetero-
basidion infection in treated with Rotstop® and un-
treated (control) stumps was 15% and 88%,
respectively.(Thomsen 2003). The same series of ex-
periments in Denmark resulted in the conclusion, that
the efficiency of stump treatment with biopreparation
Rotstop® was even somewhat higher than an alterna-
tive treatment with urea and the treatment with Rot-
stop® had inhibited the rate of distribution of the path-
ogen to the neighbouring trees.

Annesi et al. (2005) carried out stump treatment
experiments in Italy, in a coastal Pinus pinea forest
close to Rome with comparable research methods as
were used in Estonia. Phlebiopsis gigantea had colo-
nized there 100% of the surface area of subsamples,
taken from the treated stumps, whereas H. annosum
could be never recorded in the stumps protected this
way. In Estonia, as in Italy, similarly some natural in-
fection of P. gigantea occurred in control stumps, but
the inocula was too scarce and few to naturally con-

trol the pathogen. In another Italian study the bioprep-
aration Rotstop® demonstrated high effectiveness (70-
90%, cf. La Porta et al. 2001), as well, on Norway spruce
(Picea abies), whereas the local P. gigantea strain (as
in Estonia) and the use of urea were less effective.

Field experiments, rather less effective
Thor and Stenlid (2005) compared the efficiency of

different methods of stump treatment during the summer
cuttings in large-scale experiments in Sweden, altogeth-
er with 1,246 Norway spruce stumps on 14 different ex-
perimental areas. They concluded, that all the control
measures used during summer cuttings, similarly to the
winter cuttings, decreased the infected by Heterobasid-
ion stump area. Among these methods, including the use
of biopreparation Rotstop®, the highest efficiency was
achieved using urea. As well in Sweden, some other ex-
perimental treatments of Norway spruce stumps with
Rotstop®,  had resulted in only a small difference in the
occurrence of the pathogen Heterobasidion as on treat-
ed, as well on untreated stumps (e.g. 76.2% and 85.7%,
cf. Lygis 2005), this way showing much lower efficiency
than in most other countries. Berglund and Rönnberg
(2004) and Berglund et al. (2005), the both as well in
Sweden, concluded after the similar experiments as we
carried out in Estonia, that the use of the biopreapara-
tion Rotstop® did not essentially decrease the number
of spruce stumps infected by the Heterobasidion root
rot in the course of summer cuttings.

Efficiency variation in Phlebiopsis gigantea
In different countries several local strains of P.

gigantea have already been investigated, genetically
compared between each other (e.g. Webber and
Thorpe 2003) or evaluated in comparison with the
Rotstop® strain (La Porta et al. 2001, Rönnberg et al.
2005). In southern Sweden two series of experiments
were carried out (Berglund 2005 and Rönnberg et al.
2006) with different P. gigantea preparations, contain-
ing P. gigantea strain from Finland (Rotstop F) and
several others from Sweden (e.g. Rotstop S). Two of
the local (Swedish) P. gigantea strains showed the
best control against airborne Heterobasidion infection.

Treatment efficiency depending on the surface
coverage of stumps

In the evaluations of the biocontrol efficiency the
stump surface area, occupied by P. gigantea mycelium,
is one characteristic of the Rotstop® efficiency. In
order to achieve the best control, the stump surface
must be fully covered by the suspension (Berglund
2005). Mechanical treatment of stumps with incomplete
coverage failed to control the infection by Heteroba-
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sidion root rot (Rönnberg et al. 2006). In our experi-
ments in North-eastern Estonia, although the stump
coverage by the suspension was not total (varying
from 70 to 100%), the efficiency of treatment was ful-
ly acceptable.

Efficiency, depending on the conifer species
In our experiments, as well in other investigations

the efficiency of treatment turned out to be different
in different conifer species. In Estonia it was obvious
that the natural occurrence of P. gigantea was higher
in Scots pine than in Norway spruce, which is in full
accordance with the data from the literature (e.g. Lygis
2005). It is not known why P. gigantea is more actively
colonising stumps of pine, but forms more abundant
fruitbodies on stumps of spruce. Our investigations
resulted principally in the same conclusion which was
made by several other researchers (e.g. Vainio et al.
2001), that treatment of stumps of Scots pine shows
higher biological efficiency than of Norway spruce
stumps. However, there were some differences between
the coverage of stumps. Pine stumps were more cov-
ered by P. gigantea and thereby more protected
against Heterobasidion spp. infection by the suspen-
sion of Rotstop® than spruce stumps, which proba-
bly means that the vegetative growth of the P. gi-
gantea mycelium was faster in the wood of pine than
of spruce. As well, Heterobasidion spp. infection in
the untreated spruce stumps was more dispersed than
in pine stumps. Probably, pine stumps are already
naturally more protected (e.g. by the resin) than spruce.
The scanter growth of P. gigantea on the stump sur-
face on the second year could be caused by the weath-
er conditions, as the summer of 2006 was hot and dry
(Hanso and Drenkhan 2007), therefore the stump sur-
face analyses might betray smaller than actually ex-
tent of stump colonisation.

Duration of the efficiency of Rotstop ® treatment
In our experiments in the stumps (both spruce and

pine) which were analysed twice (i.e. during two succes-
sive autumns), less P. gigantea occupation was found
in the first year than in the second year, but the differ-
ence was not statistically significant. Vainio et al. (2001)
succeeded in isolating P. gigantea a year after the treat-
ment with Rotstop® from 77% of the total number (alto-
gether 53) of treated Scots pine stumps, whereby the area
of stump surface colonisation was visually evaluated
from 0 to 70% (with 20% as the mean). It means that the
extent of the actual stump colonisation by the fungus
mycelium is even larger than it can be evaluated by the
investigation of the stump surface. In Estonia a year after
the treatment only 10 stumps (4.6% from the 219 treated

pine stumps) were characterised as not infected by P.
gigantea, and all these 10 stumps were found in one year
(2006) and from one experimental area (Ahtme). Six years
after the inoculation Vainio et al. (2001) did not succeed
in finding any fruitbodies of the fungus from the pine
stumps inoculated with it. At the same time Vainio et al.
(2001) succeeded to isolate P. gigantea from 64% of the
Norway spruce stumps inoculated a year before. The cov-
erage of the spruce stumps by the rot of P. gigantea,
evaluated visually, was only 0-10%, and, as a mean, less
than 5%. In contrast to pine, six years after the treat-
ment the basidiocarp abundance on the Norway spruce
stumps treated with Rotstop® was impressive: 53% of
stumps were carrying basidiocarps of P. gigantea.

Treatment method
Thor (2005) found in Sweden, that the efficiency of

manual treatment by Rotstop® was more effective than
mechanical treatment. Different experimental areas were
treated differently, or manually or mechanically, in our
investigations, which may have affected the results.

The influence of other fungi
Also other xylophilic fungi may have effect to the

results of field experiments with control agents. In this
investigation the natural fungal community structure
of stumps was not determined. In total 47 species of
fungi were found, from pure cultures of fungi isolated
from 402 wood samples, cut from 63 stumps in Swe-
den (Vasiliauskas et al. 2004). In Lithuania the fungal
community in stumps of Norway spruce (Picea abies)
was investigated (Vasiliauskas et al. 2002). Fruiting
bodies were recorded and determined on 3,294 coni-
fer stumps. Among others, also P. gigantea and H. an-
nosum were often found. In stumps, treated 4 years
before with Rotstop®, the fungal community was dom-
inated by P. gigantea, both in terms of isolated strains
and observed fruitbodies. In 6-year-old stumps, both
treated and untreated, P. gigantea was detected sel-
dom and no fruitbodies were observed (Vasiliauskas
et al. 2005).

In stumps treated with Rotstop® in Italy many
fungal taxa, altogether 49, were isolated (Varese et al.
2003), surprisingly close to the number of taxa in
Sweden (47, cf. Vasiliauskas et al. 2004). As well abun-
dant bacteria can colonize the upper parts of the
stumps, particulary in the first 2-3 years after felling
of trees (Woods et al. 2005).

The relations of other (incl. xylophilic) fungi to
the Heterobasiodion spp. and P. gigantea are less
known. They may have some influence to the results
of the biocontrol of the pathogen, too. In the earlier
experiments in Estonia, a total of 76 strains of differ-
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ent fungal species were tested as potential biocontrol
agents (Hanso 1992, Hanso and Hanso 1985, 1992).
Intense antagonistic or competitive activity was found
in 8 of them, including P. gigantea.

Conclusions

Biological efficiency of the use of Rotstop® in
Estonia during two years of experiments was fully
acceptable. However, as in other countries before, the
treatment with Rotstop® was more effective in pine than
in spruce. In pine stumps the effect of Rotstop® was
higher in the first year, but in spruce stumps the ef-
fect lasted longer and was even higher in the second
year after the treatment. In our experimental areas the
natural infection level of stumps by Heterobasidion
spp. was much higher in spruce than in pine stumps
and undoubtedly it might have some influence to the
results. A clear conclusion was made: conducting the
stump treatment was necessary and effective in all the
six of our experimental stands, selected for the exper-
iments by the forest authorities and not by the authors
of this article. The results of this study suggest more
extensive use of biological control against Heteroba-
sidion root rot in Estonia.

Acknowledgements

The study was supported by the Estonian Envi-
ronmental Investments Centre. We thank as well the
Estonian State Forest Management Centre for tech-
nical assistance in our experiments in North-Eastern
Estonia. Valuable suggestions to the manuscript were
made by Risto Kasanen (University of Helsinki, Fin-
land). We thank as well Ene Kiudsoo from Tallinn,
Regino Kask and Rein Drenkhan from Tartu.

References

Annesi, T., Curcio, G., D�Amico, L. and Motta, E.  2005.
Biological control of Heterobasidion annosum on Pinus
pinea by Phlebiopsis gigantea. Forest Pathology, 35: 127-
134.

Asiegbu, F.O., Adomas, A. and Stenlid, J.  2005. Conifer
root and butt rot caused by Heterobasidion annosum (Fr.)
Bref. s.l. Molecular Plant Pathology, 6: 395-409.

Berglund, M. and Rönnberg, J.  2004. Effectiveness of
treatment of Norway spruce stumps with Phlebiopsis gi-
gantea at different rates of coverage for the control of
Heterobasidion. Forest Pathology, 34: 233�243.

Berglund, M.  2005. Infection and growth of Heterobasidion
spp. in Picea abies. Control by Phlebiopsis gigantea
stump treatment. Doctoral thesis. Acta Universitatis Ag-
riculturae Sueciae. Swedish University of Agricultural
Sciences 36: 41 p. + append.

Berglund, M., Rönnberg, J., Holmer, L. and Stenlid, J.
2005. Comparison of five strains of Phlebiopsis gigantea

and two Trichoderma formulations for treatment against
natural Heterobasidion spore infections on Norway spruce
stumps. Scandinavian Journal of Forest Research, 20: 12-
17 .

Hanso, S. 1992. Natural antagonists to Heterobasidon anno-
sum. In: Jalkanen, R., Aalto, T. & Lahti, M-L. (eds.).
Forest pathological research in northern forests with a
special reference to abiotic stress factors. Extended SNS
meeting in forest pathology in Lapland, Finland, 3-7
August. Metsäntutkimuslaitoksen tiedonantoja, 451: 162-
166.

Hanso, M. and Drenkhan, R.  2007. Metsa- ja linnapuud il-
mastiku äärmuste vaevas (Trees in forests and towns are
suffering for the extreme weather conditions). Eesti Lood-
us (Estonian Nature) 58 (4): 6-13.

Hanso, M. and Hanso, S.  1985. Search for antagonists to
Heterobasidion annosum (Fr.) Bref. /Juurepessu (Hetero-
basidion annosum (Fr.) Bref.) antagonistide otsing. Ïîèñê
àíòàãîíèñòîâ êîðíåâîé ãóáêè/. - Forestry Studies /Met-
sanduslikud uurimused/ 20: 122-152. (in Russian, sum-
mary in Estonian and in English).

Hanso, M. and Hanso, S.  1992. Search for antagonists to
Heterobasidion annosum (Fr.) Bref. II. /Juurepessu (Het-
erobasidion annosum (Fr.) Bref.) antagonistide otsing. II/
. Ïîèñê àíòàãîíèñòîâ êîðíåâîé ãóáêè, II). Forestry
Studies /Metsanduslikud uurimused/, 25: 124-142. (in Rus-
sian, summary in Estonian and in English).

Hanso, M. and Hanso, S.  1999a. On the root rot fungi in
the forests of Estonia. /Andmeid juuremädanike tekita-
jate kohta Eesti metsades/. Forestry Studies  /Metsandus-
likud uurimused/  XXXI. Tartu, 141-161. (in Estonian,
summary in English).

Hanso, M. and Hanso, S.  1999b. Spread of Heterobasidion
annosum in forests of Estonia. /Juurpessu levimisest Ees-
ti metsades/. Forestry Studies  /Metsanduslikud uurimused/
XXXI. Tartu, p. 162-172. (in Estonian, summary in Eng-
lish).

Holdenrieder, O. and Greig, B.J.W. 1998. Biological meth-
ods of control. Chapter 13, in: Woodward, S.; Stenlid, J.;
Karjalainen, R.; Hüttermann, A., (eds.). Heterobasidion
annosum. Biology, ecology, impact and control. CAB In-
ternational, p. 235-258.

Korhonen, K. and Stenlid, J.  1998. Biology of Heteroba-
sidion annosum. Chapter 4, in: Woodward, S., Stenlid, J.,
Karjalainen, R., Hüttermann, A. (eds.). Heterobasidion
annosum: Biology, Ecology, Impact and Control. CAB In-
ternational, Cambridge, p. 43-71.

Lygis, V. 2005. Root rot in North-temperate forest stands:
Biology, management and communities of associated fun-
gi. Doctoral thesis, Swedish University of Agricultural Sci-
ences, Uppsala, 39 p. + append.

Porta, N. la, Grillo, R., Ambrosi, P. and Korhonen, K.
2001. Stump treatment experiments against Heterobasid-
ion in the Italian Alps. In: Laflamme, G.; Berube, J. A.
Bussieres, G. (Eds.) Root and butt rots of forest trees.
Proceedings of the 10th International Conference on Root
and Butt Rots, Sept. 16-22, 2001, IUFRO Working Party
7.02.01, Quebec City. Natural Resources Canada, Canadi-
an Forest Service, p. 176-180.

Rönnberg, J., Sidorov, E. and Petrylaite, E. 2006. Effica-
cy of different concentrations of Rotstop® and Rotstop®S
and imperfect coverage of Rotstop®S against Heteroba-
sidion spp. spore infections on Norway spruce stumps.
Forest Pathology, 3-6: 422�433.

Thomsen, I. M.  2003. Effect of stump treatment on transfer
of Heterobasidion annosum  root rot in Norway spruce.
Laflamme, G.; Berube, J. A.; Bussieres, G. (Eds.). Root

24

T. DRENKHAN ET AL.

BALTIC FORESTRY

EFFECT OF THE STUMP TREATMENT /.../



ISSN 1392-13552008, Vol. 14, No. 1 (26)

ÝÔÔÅÊÒ ÎÁÐÀÁÎÒÊÈ ÊÎÐÍÅÉ ÏÐÎÒÈÂ ÊÎÐÍÅÂÎÉ ÃÓÁÊÈ (HETEROBASIDION
SPP.) ÔËÅÁÈÅÉ ÃÈÃÀÍÒÑÊÎÉ (PHLEBIOPSIS GIGANTEA) Â ÝÑÒÎÍÈÈ
Ò. Äðåíêõàí, Ñ. Õàíñî, Ì. Õàíñî
Ðåçþìå

Ýôôåêòèâíîñòü ïðåïàðaòà áèîëîãè÷åñêîé áîðüáû Rotstop® ïðîòèâ ñïîðîâîé èíôåêöèè ïàòîãåííûìè
áàçèäèîìèöåòàìè ñ ðîäà Heterobasidion áûëà èññëåäîâàíà â Ýñòîíèè â òå÷åíèé äâóõ ëåò. Â íà÷àëå ëàáîðàòîðíûå
ýêñïåðèìåíòû áûëè ïðîâåäåíû in vitro äëÿ ñðàâíåíèÿ ýôôåêòèâíîñòè øòàììà ãðèáà Phlebiopsis gigantea â ïðåïàðàòå
Rotstop® ñ Ýñòîíñêèì øòàììîì òîãî æå âèäà ïðîòèâ ðÿäà Ýñòîíñêèõ øòàììîâ Heterobasidion spp. Òàêæå áûëè
ïðîâåäåíû ïðåäâàðèòåëüíûå ëàáîðàòîðíûå èñïûòàíèÿ âûøåóêàçàíûõ ãðèáîâ íà êóñî÷êàõ ñâåæåé äðåâåñèíû êàê åëè
(Picea abies), òàê è ñîñíû (Pinus sylvestris) ñ öåëüþ èçó÷åíèÿ õàðàêòåðíûõ ïðèçíàêîâ ãíèëè, âûçûâàåìîé ãðèáîì
Phlebiopsis gigantea è äèàãíîñòè÷åñêèõ ïðèçíàêîâ Heterobasidion spp. ía ïîâåðõíîñòè äðåâåñèíû. Ïîñëåäóþùèå
ýêñïåðèìåíòû â ïðåæäå íeïðîéäåííûõ ðóáêàìè óõîäà ëåñàõ â ÷åòûðåõ åëüíèêàõ è äâóõ ñîñíÿêàõ â Þæíî-âîñòî÷íîé è
Ñåâåðî-âîñòî÷íîé Ýñòîíèè, ñîîòâåòñòâåííî, âêëþ÷èëè â ñðåäíåì 83 îáðàáîòàííûõ ñóñïåíñèåé Rotstop® è 21
íåîáðàáîòàííûõ (ò.å. êîíòðîëíûõ) ïíåé íà êàæäîì ó÷àñòêå.

Rotstop® îñîáåíío óñïåøíî êîíòðîëèðîâàë cïîðîâóþ èíôåêöèþ H. annosum s. str. â íàñàæäåíèÿõ ñîñíû (ñðåäíèå
îêóïèðîâàííûå îáåèìè èññëåäîâàííûìè ãðèáàìè ïîâåðõíîñòè îáðàáîòàííûõ ïíåé: ñîîòâåòñòâåííî P. gigantea 113,3 cì2

è H. annosum s. str. 0,6 cì2).
Çàìåòíàÿ åñòåñòâåííàÿ èíôåêöèÿ ñ ëîêàëüíûìè (ïðèðîäíûìè) øòàììàìè P. gigantea áûëà òàêæå ðåãèñòðèðîâàíà,

íî îíà áûëà ñëèøêoì îãðàíè÷åííîé äëÿ ðåàëüíîãî èñêëþ÷åíèÿ ïàòîãåíà îò ïíåé âî âðåìÿ ðóáîê ëåñà. Â åëîâûõ
íàñàæäåíèÿõ Rotstop® áûë ýôôåêòèâíûì (ñðåäíèå îêóïèðîâàííûå îáåèìè ãðèáàìè ïîâåðõíîñòè ïíeé 75,2 cì2 è 4,3
cì2, ñîîòâåòñòâåííî), õîòÿ ìåíüøå, ÷åì â ñîñíîâûõ íàñàæäåíèÿõ, âîçìîæíî, ïî ïðè÷èíå ÷ðåçâû÷àéíî âûñîêîãî
åñòåñòâåííîãî èíôåêöèîííîãî óðîâíÿ H. parviporum â íàøèõ ýêñïåðèìåíòàëüíûõ åëîâûõ íàñàæäåíèÿõ (äî 85%
íåîáðàáîòàííûõ ïðåïàðàòîì åëîâûõ ïíåé çàðàæàëèñü ïàòîãåíîì).

Êëþ÷åâûå ñëîâà: áèîëîãè÷åñêàÿ áîðüáa, Rotstop®,  Phlebiopsis gigantea, Heterobasidion spp., ñîñíà
îáûêíîâåííàÿ, åëü åâðîïåéñêàÿ
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