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Abstract
The biological control agent Rotstop, composed of spores of Phlebiopsis gigantea, is used for treatment of conifer 
stumps to reduce the spread of Heterobasidion root rot in commercial forests. Two experiments were conducted to 
compare the antagonistic ability of the Rotstop isolate and nine Latvian isolates of P. gigantea against root rot fungus 
Heterobasidion, in wood of Scots pine and Norway spruce. Billets of conifer trees were first sprayed with a spore 
suspension of P. gigantea and then with Heterobasidion at different concentrations. The presence of fungi in billets 
was evaluated by morphological characteristics of mycelium. The Latvian isolates of P. gigantea showed similar 
or even higher values of efficacy against Heterobasidion (average efficacy 84% in spruce and 89% in pine) than 
the commercially manufactured Finnish preparation Rotstop (61% in spruce and 90% in pine). Latvian isolates of 
P. gigantea have a potential to be used for preparation of biological control agents in the future.
Key words: biological control, Norway spruce, Scots pine, Heterobasidion, Phlebiopsis gigantean.

Introduction
Annual economic losses caused by Heterobasidion 

root rot in the European Union comprise ca. 500 
million euros (Korhonen & Holdenrieder, 2005). In 
southern Finland annual financial losses in coniferous 
stands have been estimated to be around 35 million 
euros (Bendz-Hellgren et al., 1998). In Latvia, 
Gaitnieks et al. (2008) reported that losses due to root 
rot in final felling of spruce stands were 800-4790 
euros per hectare, depending on timber yield and 
infection frequency in the stand. As stands of spruce 
comprise 584 thousand ha (18.27%) of the total forest 
area of Latvia (Jansons, 2014), losses caused by root 
rot in spruce stands are considerable. Calculations 
made in Latvian State Forest Research Institute 
‘Silava’ show that total losses caused by root rot in 
spruce forests of Latvia are at least 7 million euros 
annually (unpublished data). Heterobasidion root rot 
causes considerable economic losses also in Scots 
pine stands, especially in young stands. In Lithuania, 
Heterobasidion root rot was present in 53% of 
surveyed young stands of pine (Василяускас, 1989). 

Spores of Heterobasidion infect fresh conifer 
stumps and wounds of growing conifers (primary 
infection). Mycelium of the fungus spreads along 
roots and moves from tree to tree via root contacts 
(secondary spread). Primary infection initiates 
development of new disease centres in stands where 
infection was not present before. Fresh conifer 
stumps cut during logging are the main source of 
Heterobasidion infection, but if growth conditions are 
favourable for spores, wounded roots in the soil can 
be infected as well (Redfern & Stenlid, 1998; Stenlid 
& Redfern, 1998). Sporulation of Heterobasidion in 
Northern countries and Latvia reaches its maximum 
in summer and autumn (Yde-Andersen, 1962; Kallio, 

1970; Brandtberg, Johansson, & Seeger, 1996; Brūna, 
Gaitnieks, & Vasaitis, 2015). Fresh stumps cut at this 
time can be protected against Heterobasidion infection 
by treating them with biological (or chemical) control 
agents (Holdenrieder & Greig, 1998; Thor, 2005). 
The biological control agent Rotstop® (‘Rotstop F’, 
Verdera Oy, Finland), composed of spores of the non-
pathogenic wood-decay fungus Phlebiopsis gigantea 
(Fr.) Jülich, is used for stump protection also in 
Latvia, where its efficacy is similar to efficacy in other 
countries (Kenigsvalde et al., 2011; Kenigsvalde et al., 
2016). However, research in Sweden has shown that 
sometimes native isolates of P. gigantea have higher 
efficacy than Rotstop, which contains a Finnish isolate 
of P. gigantea (Berglund et al., 2005). Moreover, 
large-scale use of a single genotype of fungus for a 
long time can negatively affect local populations 
of fungi in forest ecosystems (Vasiliauskas et al., 
2004). Therefore, native isolates of P. gigantea can 
potentially be used for stump treatment in the future 
if the isolates provide similar or better protection 
compared to Rotstop.

The aim of our work was to compare the efficacy of 
Rotstop and nine Latvian P. gigantea isolates against 
different spore concentrations of Heterobasidion in 
stem pieces of spruce and pine.

Materials and Methods
Field experiments

Two experiments were carried out: Experiment 
1 on 6th of July 2009, and Experiment 2 on 27th 
of October 2009. In each experiment two Norway 
spruce trees (Picea abies (L.) H. Karst.) and two 
Scots pine trees (Pinus sylvestris L.) were felled and 
cut into one meter long stem pieces. They were then 
transported to the site where experiments were carried 
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out. Immediately before treatment, the stem pieces 
(diameter 13 – 16 cm) were cut into ca. 30 cm long 
segments (billets), and the upper surface was divided 
into four sectors (Figure 1). 

Four Latvian P. gigantea isolates were tested in 
field Experiment 1 and five isolates in greenhouse 
Experiment 2. The sectors 1–3 were first sprayed 
with an oidial suspension of a P. gigantea isolate. One 
hour later the whole cut surface was sprayed with a 
suspension of Heterobasidion conidiospores. After 
another hour, sectors 2 and 3 were again sprayed 
with Heterobasidion (same suspension as before), 
and after another hour, sector 3 was sprayed with 
Heterobasidion for the third time. During the treatment 
other sectors were covered with a paper sheet. An 

empty space of 2 cm width was left between sectors 
to avoid cross contamination. In both experiments, 
four replicate billets of spruce and four billets of 
pine were treated with each isolate of P. gigantea. 
The billets were placed on folded garden fabric to 
avoid contamination from soil, and incubated 3 – 4 
weeks outdoors (Experiment 1) or in a greenhouse 
(Experiment 2). Experiment 2 was conducted in a 
greenhouse, as weather conditions in October were 
not suitable for incubation outdoors. The billets were 
watered regularly to provide suitable moisture content 
in the billet for development of the fungi. Mean daily 
air temperature during incubation outdoors was 17 °С 
(Experiment 1) and temperature during incubation 
in the greenhouse was 18 °С (Experiment 2) with 
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Table 1
Some properties of the Latvian P. gigantea isolates cultivated on malt extract agar medium in Petri 

dishes at room temperature

Isolate of 
P. gigantea Host

Growth rate on 
agar medium, 

mm day-1

Growth rate over Heterobasidion colony 
on agar medium, 

mm day-1

Number of spores 
produced in Petri 

dish, millions
H. annosum H. parviporum

G11 P. abies or 
P. sylvestris

7.1 0.9 1.4 47.3

K41 P. abies 8.6 0.9 1.2 21.5

J41 P. sylvestris 8.0 0.9 1.4 12.8

T207E1 P. abies 6.5 0.7 0.7 182.8

K107P2 P. sylvestris 5.9 0.6 0.7 22.2

Kn107E2 P. abies 6.5 0.7 0.8 18.5

Le107E2 P. abies 6.1 0.6 0.8 23.7

Le507P2 P. sylvestris 6.7 0.7 0.8 22.2

J207P2 P. sylvestris 5.1 0.5 0.7 24.7
 Mean 6.7 0.7 0.9 41.7

1isolates used in Experiment 1
2isolates used in Experiment 2

Figure 1. The cut surface of each billet was divided into four sectors and sprayed with two spore suspensions: 
a) P. gigantea suspension – asexual spores from one P. gigantea culture, b) Heterobasidion suspension – 
mixture of asexual spores from one H. annosum and one H. parviporum culture.  Sector treatments: (H) 
Heterobasidion only, (1) P. gigantea and Heterobasidion, (2) P. gigantea and Heterobasidion two times;  

(3) P. gigantea and Heterobasidion three times.
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relative humidity 30%. After incubation, four to six 
2 – 3 cm thick sample discs were cut from the billets 
and transported to the laboratory. 

Analyses of the discs
In the laboratory, the discs were debarked, 

washed with a stiff brush under running tap water, 
and incubated 5 – 7 days in loosely closed plastic 
bags at room temperature. Both sides of the disc  
were examined. A grid consisting of 0.42 cm2 squares 
was fixed on each disc with pins. Each square 
was screened with a dissection microscope for the 
presence of Heterobasidion conidiophores, and the 
area, colonised by the fungus, was marked on the 
disc. Area colonised by P. gigantea was recognised on 
the basis of its typical orange brown colour in wood. 
The surface area occupied by Heterobasidion and by 
P. gigantea was redrawn on transparent paper and 
measured using a planimeter (PLANIX 10S ‘Marble’, 
Tamaya, Japan).

Fungal isolates
Four Latvian isolates of P. gigantea (G1, K4, 

J4, T207E) were used in Experiment 1 and five 
isolates (J207P, K107P, Kn107E, Le507P, Le107E) 
in Experiment 2. Rotstop was included in both 
experiments. The Latvian isolates had been previously 
tested in the laboratory for their growth rate on malt 
extract agar, production of asexual spores (oidia), 
and antagonistic ability against H. annosum and 
H. parviporum (Table 1), according to methods used 
by Sun et al. (2009a).

Treatment suspensions
Each P. gigantea isolate was cultured in several 

Petri dishes on malt extract agar medium for 3 weeks 
at ca. 20 °С. Spore suspensions were prepared by 
washing the asexual spores several times from one 
Petri dish with tap water, agitating the colony gently 
with a Drigalski spatula. The spore suspension 
obtained from the Petri dish was filled to one liter 
and 0.5 mL were transferred and spread evenly on a 
Petri dish containing malt extract agar medium. After 
24 hours, germinated spores of P. gigantea were 
counted under a microscope (magnification 100x) 
within 30 sight fields per dish. The number of spores 
per original Petri dish was calculated, taking into 
account the area of the sight field and the area of the 
Petri dish. Treatment suspensions were prepared 2 – 4 
hours before the treatment of billets from a replicate 
Petri dish culture, and the spore concentration in 
suspension was adjusted to ca. 5000 spores mL-1. 
Suspension of Heterobasidion conidiospores was 
prepared as a mixture from one heterokaryotic 
H. parviporum (Rb175) and one H. annosum (358Rv) 
isolate originating from Sweden. Heterobasidion 

spore concentration in suspension was ca. 500 spores 
mL-1.

Calculations and statistics
Efficacy of P. gigantea treatment was calculated 

by comparing the area occupied by Heterobasidion on 
treated sectors of the disc (sapwood and heartwood 
included) to the area of Heterobasidion on the control 
(H) sector. The efficacy was calculated from depths 
3 and 9 cm from billet surface, and the results were 
presented as means of the four billet replicates. The 
following formula was used to calculate the efficacy 
of different treatments: 
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where nt and nu represent percentages of area occupied 
by Heterobasidion in treated and control sectors. 

Control efficacy of P. gigantea and area occupied 
by both fungi were compared by the non-parametric 
Mann-Whitney test in RStudio (RStudio Team, 2015). 
Proportions were arcsine transformed before analyses.

Results and Discussion
Isolates of P. gigantea used in experiments were 

selected on the basis of previous tests in which the 
growth rate, spore production, and competitive 
ability against H. annosum and H. parviporum was 
measured in laboratory. Investigations by Sun et al. 
(2009a, 2009b) showed that efficacy of a P. gigantea 
isolate against Heterobasidion correlates mostly 
with its growth rate in wood. The growth rate of 
Latvian P. gigantea isolates on agar medium at room 
temperature varied from 5.1 to 8.6 mm day-1. Within the 
material investigated by Sun et al. (2009a), consisting 
of 64 P. gigantea isolates, the corresponding variation 
was from 3.8 to 10.8 mm day-1. Abundant sporulation 
of a P. gigantea isolate is a useful property for easy 
manufacture of the preparation for practical stump 
treatment; the spore production of the nine Latvian 
isolates varied from 12.8 to 182.8 million spores 
per Petri dish. In the material investigated by Sun et 
al. (2009a) the range was from 2.0 to 271.6 million 
spores per Petri dish.

Considerable differences were noted in the 
colonisation of spruce wood by different P. gigantea 
isolates in Experiment 1 – area occupied by 
P. gigantea isolates varied from 5.0 to 58.8% at the 
level (depth of) 3 cm below billet surface, and from 
0 to 50.8% at the level of 9 cm. Comparable variation 
has been observed also in other investigations (Sun et 
al., 2009b; Berglund et al., 2005). As noted by other 
researchers (Webber & Thorpe, 2003), P. gigantea 
colonises more effectively pine wood than spruce 
wood. In Experiment 1, the colonisation of pine wood 
by different P. gigantea isolates varied from 79.1 to 
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89.9% at the depth of 3 cm, and from 69.4 to 97.7% at 
the depth of 9 cm. 

In Experiment 1, started at the beginning of July 
and incubated in the field, mean control efficacy of 
Latvian isolates of P. gigantea in spruce wood at the 
depth of 3 and 9 cm from billet surface was 77% 
and 79%, respectively. Corresponding values for 
the Rotstop isolate were 79% and 19%. Berglund 
& Rönnberg (2004) noted that the efficacy values 
of biological control agents were higher in the 
surface layers of a spruce stump, probably because 
Heterobasidion grows faster than P. gigantea in spruce 
wood (Holdenrieder & Greig, 1998). It is possible that 
the Rotstop isolate did not reach the depth of 9 cm 
during the incubation time (Sun et al., 2009a) – mean 
area occupied by Rotstop isolate at the depth of 9 cm 
was 1%, whereas the occupation of the four Latvian 
isolates varied from 6 to 35%. In pine billets of 
Experiment 1, the efficacy of all analysed P. gigantea 
isolates (including Rotstop) was 99 – 100%, and the 

mean area occupied by P. gigantea in depths of 3 and 
9 cm was 87% and 89%. 

In Experiment 2, started at the end of October and 
incubated in a greenhouse, Rotstop and P. gigantea 
isolate K107P had the lowest values of control efficacy 
and occupied area in depth of 3 cm in spruce billets 
(Figure 2 and Table 2). 

In wood of spruce in depth of 9 cm, there was no 
correlation between area occupied by P. gigantea and 
efficacy values although occupation of Rotstop and 
P. gigantea isolate K107P were rather small compared 
with occupation of other isolates (Table 2).

P. gigantea isolates K107P and Le507P had 
lowest efficacy values in wood of pine in depth of 9 
cm: 61.1% and 61.8%, respectively, despite the fact 
that the latter isolate had occupied a big part of wood  
(68.7 – 82.3%) (Table 3). 

Calculations of control efficacy of P. gigantea 
against Heterobasidion can be based on two kinds of 
data: the number of stumps infected by Heterobasidion, 

Figure 2. Mean efficacy of P. gigantea isolates in depth of 3 and 9 cm in billets (Experiment 2).

Table 2
Area occupied by P. gigantea on sample discs cut from spruce billets (Experiment 2)

Number of treatments 
with Heterobasidion spore 

suspension (500 spores 
mL-1)

Area occupied by isolates of P. gigantea, % from total sector area

J207P Le107E Le507P Kn107E Rotstop K107P

analysed depth: 3 cm

1 14.2  ±  7.5 29.7 ± 15.9 31.0 ± 12.6 40.4 ± 15.2 8.4 ± 1.4 0.0

2 29.5 ± 4.2 20.5 ± 4.3 37.8 ± 14.9 49.6 ± 7.6 17.9 ± 8.6 0.5 ± 0.5

3 33.0 ± 8.7 22.8 ± 7.9 37.7 ± 13.3 48.6 ± 12.4 25.4 ± 6.4 0.3 ± 0.3

analysed depth: 9 cm

1 17.9 ± 12.2 21.5 ± 9.2 28.3 ± 14.6 44.8 ± 13.5 7.3 ± 2.4 0.0

2 22.7 ± 9.7 21.7 ± 12.0 36.5 ± 10.0 46.4 ± 12.8 5.1 ± 3.8 8.7 ± 8.7

3 9.3 ± 5.5 21.3 ± 12.6 28.0 ± 11.3 33.3 ± 6.0 3.7 ± 2.1 2.3 ± 1.5
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or wood area colonised by it in stumps (Kenigsvalde 
et al., 2016). The results obtained with these two 
methods can differ more than two times (Thor & 
Stenlid, 2005). We consider that occupied area is a 
better indicator of control efficacy of a P. gigantea 
isolate, because infection frequency of stumps can be 
affected by stump size and amount of spores in the 
stand (Redfern & Stenlid, 1998).

Efficacy of P. gigantea isolates is affected by 
properties of wood and isolates (Berglund et al., 2005). 
In some earlier investigations Rotstop was shown to 
have higher values of efficacy in spruce (Korhonen 
et al., 1994; Korhonen, 2003) than in the experiments 
presented above. It is possible that Latvian isolates of 
P. gigantea are more adapted to local conditions. Also 
in Sweden, Rotstop showed lower efficacy values 
compared to native isolates of P. gigantea (Berglund et 
al., 2005). However, in Experiments 1 and 2 in depths 
of 3 and 9 cm, mean efficacy values of Rotstop (mean 
from all analysed sectors) in spruce (61.5%) and pine 
(90.5%) were rather similar to values obtained in 
previous investigations conducted in Latvia: 89% in 
spruce and 95% in pine - efficacy values calculated 
based on wood occupied by Heterobasidion 
(Kenigsvalde et al., 2016). Mean efficacy of Latvian 
isolates of P. gigantea in Experiments 1 and 2 in 
depths of 3 and 9 cm (mean from all analysed sectors) 
was 83.6% in spruce and 88.7% in pine.

In our experiments, the efficacy of P. gigantea 
isolates was not affected by increasing number of 
Heterobasidion spores applied to billet surface. 
Meredith (1960) and Rishbeth (1963) found that if 
the spores of Heterobasidion and P. gigantea are 
mixed together in one suspension, then even a low 
concentration of P. gigantea spores can significantly 
reduce the development of Heterobasidion.  
Moisture content of wood is very significant for  

the growth of Heterobasidion and P. gigantea in  
wood (Redfern, 1993; Sun et al., 2009a). In our 
experiments, one sector on the billet surface was  
treated twice and one three times with Heterobasidion 
spore suspension. Together with higher number of 
spores, more water was applied to these sectors. 
Increased moisture content of wood may have  
inhibited the development of Heterobasidion 
in these sectors. In the greenhouse Experiment 
2, surprisingly, P. gigantea isolates showed 
lower values of colonisation and efficacy in 
pine than in spruce, especially in depth of 9 cm  
(Table 3). A possible explanation is the absence of 
wind in greenhouse; it slows down or even prevents 
the drying of billet surface. This may have, for 
example, favoured the growth of mould in wood, and 
affected the interaction between Heterobasidion and 
P. gigantea more in pine than in spruce billets.

Conclusions
1. Efficacy of biological control agent Rotstop 

against Heterobasidion spp. was 61% in spruce 
and 90% in pine.

2. Latvian isolates of P. gigantea showed similar 
(89% in pine) or even higher values (84% in 
spruce) of efficacy against Heterobasidion spp. 
comparing to the Rotstop isolate. 

3. Latvian isolates of P. gigantea Le107E and 
Kn107E can potentially be used for preparation of 
a biological control agent in the future.
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