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Abstract

North temperate coniferous forests are known to suffer from root and butt rot caused by Heterobasidion spp.,
resulting in severe economic losses. Since the mid-twentieth century, various intensities of fungus-inflicted damage have
been reported in Scots pine and Norway spruce stands first in the former Yugoslavia and later on in Serbia. Despite the
observed damage, the measures taken to protect tree stumps, which serve as an entry for basidiospore infections, have
been rare or absent. Sodium borate (borax) has been used at certain locations to prevent Heterobasidion infection following
damage caused by wind or snowstorms. This study aimed to compare the efficiency of sodium borate and Phlebiopsis
gigantea to control the establishment of new Heterobasidion infections and to assess the cost of stump protection using
these protective agents.

Two sites were chosen and both products were applied to the freshly cut stumps. Thirty stumps per treatment and
15 control stumps were analysed at both the sites after 3, 9 and 12 months; therefore, a total of 450 stumps were
included in the analysis. The percentages of infection in the borax- and P. gigantea-treated stumps and the untreated
stumps were 4, 7 and 20%, respectively. The efficiency of these treatments was very high and ranged from 78% (for
borax) to 94% (for P. gigantea).

The stump area occupied by P. gigantea ranged from 20-91%, and mycelia could be observed up to 50 cm inside
the stumps after 12 months of treatment.

The estimated costs of these treatments 5-5.7 Euro cents per stump, depending on the price of the product applied.
Thus, the results of this research reveal that stump protection is both ecologically and economically justified.

Key words: Picea abies, Heterobasidion spp., Phlebiopsis gigantea, chemical control, stump treatment, economic
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Introduction Newly cut stumps are the weakest link in the proc-
ess of disease management; this fact motivated re-
Root and butt rot disease in conifers is caused searchers to try to find a way to protect the stump
by the pathogenic fungus Heterobasidion annosum  surface from basidiospores infection (Korhonen et al.
sensu lato (s.l.), formerly known as Fomes annosus 1992, Korhonen et al. 1997, LaPorta et al. 1998, Wood-
(Fr.) Cooke. In the literature, this species is consid-  ward et al. 1998, Dai and Korhonen 1999). In the mid-
ered to be one of the most important pathogens in the  twentieth century, Rishbeth (1959) proved that 20% w/v
coniferous forests of the Northern Hemisphere (Tsope-  solution of disodium octaborate tetrahydrate
las and Korhonen 1996, Woodward et al. 1998, Skipars  (Na,B,O -4H O) could effectively protect stumps from
and Rungis 2011). The first recorded attack of Hetero- infection by Heterobasidion spp. spores. Further stud-
basidion annosum s.1. infection was in Kopaonik ies showed that application of 0.1 kg'm™ sodium tetra-
Mountain (Serbia) in 1963, where the degree of infec-  borate (borax) to stumps (Smith 1970, Pratt and Quill
tion in some stands was almost 30% (Marinkovi¢ 1978).  1996) could efficiently prevent the germination of ba-
During the same period, natural spruce forests in sidiospores. Borax Europe Ltd. registered this active
mountains Zlatar, Durmitor, and Jahorina Mountains  ingredient for use in forestry.
were also found to be infected by this species (Marink- However, freshly cut stumps contain nutrients that
ovi¢ et al. 1990). support the growth of many microorganisms (Holden-
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rieder 1984). Since tissues in the tree stump continue
to live after the tree is cut, they provide nutrients to
support the growth of organisms such as Heteroba-
sidion spp., Phlebiopsis gigantea (Fr.) Jiilich, Resin-
icium bicolor (Alb. & Schw.: Fr.) Parm., Fomitopsis
pinicola (Sw.: Fr.) P. Karst, and Bjerkandera adusta
(Willd.: Fr.) P. Karst (Holdenrieder and Greig 1998).
During his work, Rishbeth (1963) found that P. gi-
gantea colonised stumps that originated from a thin-
ning and it had the capability of killing and replacing
H. annosum from the roots of these stumps (Stenlid
1987). Thereafter, several studies have investigated the
efficiency of H. annosum control by P. gigantea (Greig
1976, Kallio and Hallaksela 1979, Korhonen et al. 1994,
Berglund and Ronnberg 2004). Mycelium fragments and
oidia of several P. gigantea species isolated from Fin-
land were used to make a product that was registered
under the name Rotstop® (Verdera Oy, Helsinki, Fin-
land). Recent studies have been trying to compare the
protection with fungi from the genus Trichoderma spp.
(Berglund et al. 2005).

Thus far, there are no registered products for the
control of Heterobasidion spp. in Serbia. However, the
Ministry of Agriculture, Trade, Forestry and Water
Management of Serbia approves the use of products
such as borax (Na,B,0.-10H,0) or Rotstop® in certain
cases such as wind- and snowstorms and bark beetle
outbreaks (Lazarev et al. 2005). Most tree stumps re-
main without protection after they are cut, or are very
rare, and only in some areas, treated with borax.

The aim of this study was to (i) determine the ef-
ficiency of sodium tetraborate and P. gigantea in the
reduction of the number of stumps infected by Hetero-
basidion spp. in a selective Norway spruce forest, (ii)
monitor the colonisation and spread of Phlebiopsis
gigantea in the treated stumps, and (iii) calculate the
cost of stump treatment in a regular selection cutting.

Material and methods

Study site and experimental design

The experiment was established in August 2007
in two selective Norway spruce forests (Piceetum ex-
celsae oxalidetosum Mis. et Pop. 60). The forests were
located on two ridges approximately three kilometres
away from each other (Table 1). The sites were situat-
ed in a forest in Kopaonik Mountain (43°19° 5” N,
20°45° 55” E) at 1,200-1,600 m above sea level. The
studied sites were selected as they were deemed to
be the most productive spruce stands (Table 1) accord-
ing to a national forest inventory (Bankovi¢ et al. 2009).

Fresh stumps regardless of the presence or ab-
sences of root and butt rot were treated. The presence
of Heterobasidion infection was low.

Two products were tested:

(1) A suspension of P. gigantea mycelium and
oidia administered at 2 x 10° to 2 x 107 active parts
per gram (Rotstop®; Verdera Oy, Helsinki, Finland), and

(2) Borax-sodium tetraborate decahydrate
(Na,B,0.-10H,0).

The stumps were manually treated with a 5-L hand
sprayer less than 1 h after the trees were felled. Ap-
proximately 1 L-m2 P. gigantea was administered at a
layer thickness of 1 mm (as recommended by the man-
ufacturer). Borax was applied as a 10% w/v solution
or 100 g'm™2 A total of 1,479 stumps were treated with
borax or Rotstop, and 200 stumps served as the con-
trol and were sprayed with 1 L-m™? distilled water
(Table 2).

Table 1. Studied sites and stand characteristics

Number Stand

. Diameter Height Technical
Site Treatment  of (drsincm)  (m) volume wood (%)
treesiha = -3 (m%ha) ?
Study site 1 Rotstop 1 493 29 205 409.5 40
“Pa$ina bacista” Borax 1
Study site 2 Rotstop 2 522 32 214 5208 50
“Rudno” Borax 2

Sampling and laboratory analysis

Before treatment, each freshly cut stump (total
1679) was checked for root and butt rot (Table 2). The
stumps were sampled 3, 9 and 12 months after the
experiment was initiated. A total of 450 stumps were
analysed for the presence and spread of Heterobasid-
ion spp. and P. gigantea. Each stump was sampled
only once after 3, 9 or 12 months. Thirty stumps per
treatment (borax and Rotstop) and 15 control stumps
were randomly selected from each of the two sites, i.e.
a total of 150 stumps were analysed per sampling time.
Stumps with obvious Heterobasidion or Armillaria rot
were excluded from the sampling.

After three months, 30 stumps per treatment with-
out obvious symptoms of root and butt rot were se-
lected for sampling from each site. One 3-cm-thick disc
was cut from each stump after removing a disc of 2-
cm thickness from the top of the stump (Figure 1).
Thereafter, the stump was sawn using a chainsaw to
obtain a slice (approximately 3-5 cm thick) extending
from the bark to the centre of the stump (Figure 1).
These samples were immediately transferred into sterile
black plastic bags and sealed. The samples were then
transferred to the laboratory, and incubated for 14 days
at room temperature (approximately 22°C). Both sides
of the samples were analysed under a dissecting mi-
croscope for detecting the presence of conidial stag-
es of P. gigantea mycelium and Heterobasidion spp.
The areas colonised by P. gigantea or Heterobasidi-
on were measured using IMG Tool 2.0.
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The sampling procedure was repeated after 9 and
12 months. Only the spread of P. gigantea was esti-
mated in the samples collected after nine months. At
12 months, two 3-cm-thick discs and one vertical slice
were sawn from each stump 2 and 20 cm below the
treated surface (Figure 1). The discs were handled as

3 & 9 months

12 months

Figure 1. Stump sampling scheme at 3, 9 and 12 months
after treatment

described above. The areas of colonisation on the
discs by fungi other than P. gigantea and Heteroba-
sidion were recorded, and the fungi were isolated on
malt extract agar (MEA-1.5%).

Heterobasidion spp. were isolated from both sides
of each disc sampled for identification (Rénnenberg
and Cleary 2011). Identification was performed by
pairing the isolates with identified homokaryotic test-
er strains of three European Heterobasidion species
(donated by K. Korhonen, Finnish Forest Research
Institute, Vantaa, Finland) (Korhonen 1978).

treatment was expressed as a percentage of a working
day (Table 5).

Statistical analysis

The incidence of infections for treatment was
based on the number of stumps in which P. gigantea
and Heterobasidion spp. were found. The calculated
means of the areas and the number of Heterobasidi-
on infections per stump were expressed as the ratio
of the area of all infections to the area of the sampled
discs (Berglund and Ronnberg 2004). The calculations
of numbers, areas and relative areas were based on the
established Heterobasidion infections. The efficien-
cy of the treatment was calculated as the area of in-
fection by Heterobasidion on the protected and un-
treated stumps.

Data from the treatments were analysed using one-
way analysis of variance (ANOVA), and significant
differences among the treatments were separated us-
ing Tukey’s B test (p < 0.05).

Results

Presence of root rots at the experimental sites

The studied sites revealed the loss and damages
from both Heterobasidion and Armillaria spp. Of the
1679 stumps that were assessed, 16-33% (Table 2)
were found to be infected (average: 23%). At harvest,
the average incidence of Heterobasidion spp. at both
sites was close to 4% (Table 2).

Table 2. Overview of cut

. Study site 1 Study site 2

Overview Borax Rotstop  Control Borax Rotstop ~ Control z Average trees and treated stumps
Ttotranl number of 423 658 100 192 206 100 1679 with different treatments
Is\lll:mEZr of health and from different study

y 356 499 92 129 145 66 sites

stumps
Number of infected 67 159 16 63 61 26 302
stumps
Percentage of
infected stumps (%) 16 24 16 33 30 26 23
Percentage of stumps
infected by 3 6 2 3 5 1 4
Heterobasidion
Percentage of stumps
infected by Armillaria 13 18 14 30 25 25 20
Basalareaoftreated o479 95070 1757 4585 4149 2232

stumps

Estimation of stump protection costs

Treatment costs included the price of the prod-
uct and labour cost. The labour cost was estimated
directly in the field. The process of cutting and as-
sortment production was recorded for 5 days, and the
time spent for the preparation of the suspension and
application of both treatments was calculated. Based
on the data collected, the average time spent for the

Of the 27 Heterobasidion isolates obtained from
the sampled discs, 96% were identified as H. parvi-
porum, and only one isolate was identified as H. abi-
etinum.

Incidence of Heterobasidion
After 3 and 12 months, on average 20% and 14%
of the untreated control stumps, respectively, revealed
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the presence of Heterobasidion infection (Table 3).
After 3 months, the Rotstop- and borax-treated stumps
had an infection incidence of 6-9% and 3—6%, respec-
tively. After 12 months, the incidence of Heterobasid-
ion infection for the Rotstop-treated stumps slightly
decreased from 6% to 3% at Site 1, but the incidence
did not change at Site 2. The incidence of Heteroba-
sidion infection for the borax-treated stumps increased
to 6% and 9% at Sites 1 and 2, respectively. None of
these changes were statistically significant (p = 0.32).
The control efficacy ranged from 78-84% and 82-94%
after 3 and 12 months, respectively (Table 3).

Table 3. Frequency of Heterobasidion-infected stumps and
control efficiency of two samplings

Frequency of
Heterobasidion infected

Control efficiency
(reduced infected area

Location Treatment stumps on stumps)

3 months 12 months 3 months 12 months

(%) (%) (%) (%)

Site 1 Rotstop 1 6a' 3a 81a 94 a

Borax 1 3a 6a 78 a 85a

. Rostop 2 9a 9a 84 a 88a

Site 2 Borax 2 6a 9a 80 a 82a
Control 20b 14 b Not appl. Not appl.

‘Control efficiency’ means a relative reduction of the total
infected disc surface area in relation to the total infected disc
surface area on the untreated stumps, including the uninfected
stumps. Figures within the columns with different letters are
significantly different. /p<0.05 compared with ‘100%’

Heterobasidion colonies

The number of established Heterobasidion colo-
nies was higher in the untreated stumps than in the
treated stumps at both sampling sites (Table 4). The
observed differences were not statistically significant.
The number of colonies in borax-treated stumps in-
creased after 12 months.

The size of colonies ranged from 2—-6 cm?, and was
significantly higher for the untreated stumps (p = 0.05)
(Table 4). The highest protective efficiency was observed
in the P, gigantea-treated stumps at Site 1 (Table 4). There
was a significant difference in the size of colonies be-
tween the untreated and treated stumps (p < 0.01).

Table 4. Mean number, size and relative infected area (area
of Heterobasidion infection/total disc surface area of the
infected stumps) of Heterobasidion infections in infected
stumps at two sampling times

Area of H./total disc
surface area of

Mean size of H.
colonies in infected

Mean number of H.
colonies in infected

stumps stumps infected stumps

3 12 3 12 3 12
Treatment months  months  months  months  months  months

(nos.) (nos.) (cm?) (cm?) (%) (%)
Site 1 Rotstop 1 2a 1a 233a 241a 0.56 a 0.60 a
Borax 1 1a 2a 3.92a 277 a 0.83a 0.73a
Site 2 Rostop 2 3a 3a 250a 3.05a 0.78 a 0.95a
Borax 2 2a 3a 3.04a 396ab 101ab 1.22ab
Control 6 ab 4a 523b 6.67 b 2.02b 3.02b

Figures within the columns with different letters are signifi-
cantly different (p<0.05)

Efficiency of the treatments

Only two untreated stumps were colonised with
P. gigantea, while 98% of the treated stumps were
colonised with P. gigantea. A change in the wood
colour observed after three months indicated good
colonisation, and on average 19% of the disc area was
colonised (Figure 2). First, the fungus colonises sap-
wood, after which it spreads into the heartwood. The
colonisation was much slower in the central part of
the stump. P. gigantea was found to have spread at
least 5 cm below the stump surface (Figure 2).

Average stump surface colonization
(%)60

40

20
Months
0 3 9 12

after
- treatment
20 -

40

(cm)60
Average depth of colonization

Figure 2. Average stump surface area colonized by Phlebi-
opsis gigantea and average depth of the mycelium spread
inside the stump at different time points after treatment

One year after the treatment, 20-91% of the stump
surface (average: 58%) showed P. gigantea colonisa-
tion (Figure 2). P. gigantea mycelia were observed up
to 50 cm inside the stumps. Approximately 48% of the
total area was colonised by the fungus up to 15 cm
from the top of the stump. The fungus actively colo-
nised the surface of the stumps, but it should be point-
ed out that it had a higher prevalence in sapwood than
in heartwood.

P gigantea formed a strong reaction zone on
several stumps that had been previously occupied with
Heterobasidion mycelia.

Estimated stump protection costs

The treatments of freshly cut stumps with Rot-
stop and borax cost 5.7 and 5.0 Euro cents per stump,
respectively. The estimated labour cost is 0.8 euro cents
per stump, i.e. 5% of the working hours per day (ap-
proximately 30 minutes per day) is spent on this task
(Table 5).

Discussion
It is well-known that natural stands have a lower

incidence of Heterobasidion infection than artificial-
ly established plantations (Woodward et al. 1998, Ol-

I 2012, Vol. 18, No. 2 (35) I, (SSN 2029-9230

250



BALTIC FORESTRY

I THE EFFICIENCY OF ROTSTOP AND SODIUM BORATE TO CONTROL PRIMARY INFECTIONS /.../ I N. KECA, L. KECA I

Table 5. The costs involved for treating freshly cut
stumps with borax and Rotstop

Treatment

Borax Rotstop
Number of treated stumps 615 864
Area of treated stumps 130.64 137.41
Amount of product spent (Borax- 14 140
kg, Rotstop-g)
Applied amount (g-m‘j) 100 5.0
Price of product €-kg" (Borax)
and €-g'P(Rotstop) ) 183 1.50
Product price per m of the stump 0.18 0.30
Labour cost (€-day ') 10 10
Price of product per stump (in
euro cents) 42 4.9
Price of treatment per stump (in
euro cents) 5.0 5.7

iva et al. 2008). This is primarily because there are fewer
stumps in natural stands, resulting in reduced possi-
bility for infection, since stumps increase the possi-
bility for the establishment of infection and enable
rapid spread into the root systems of neighbouring
trees. Regular management of stands involving activ-
ities such as cutting and thinning results in an in-
creased number of stumps and can consequently in-
crease the incidence of infection and accelerate dis-
ease development (Keca and Keca 2011).

This study aimed to determine the natural infec-
tious potential of Heterobasidion species in freshly cut
stumps and to compare the efficiency of chemical and
biological treatments to control the infection. Both borax
and P. gigantea treatments showed an acceptable re-
duction in stump protection when the infection poten-
tial was low or medium. Stumps treated within 1 hour
of cutting tended to be more likely to remain uninfect-
ed (Hiittermann and Haars 1987, Korhonen 2003).

The incidence of H. parviporum in the treated
stumps ranged from 4-7%. This was 15% less than that
observed in the untreated stumps. Expectedly, since
most of the study area was covered with pure Nor-
way spruce forests, most infections were caused by
H. parviporum.

Norway spruce stands in Sweden treated with urea
were reported to have Heterobasidion infection at an
incidence of 2.7% 15 years after the treatment (Oliva
et al. 2008). Chemical treatments can change species
composition colonizing the stump (Vasiliauskas et al.
2004) and influence the environment if used on a large
scale, but they are efficient in protecting stumps from
Heterobasidion infection. In an Estonian study with
Rotstop, Drenkhan et al. (2008) reported very good
protection with average areas of 75.2 cm? and 4.3 cm?
colonised by P. gigantea and Heterobasidion, respec-
tively, similar to the findings reported in our study.

The number of basidiospores, according to the
number of infections controlled (14% and 20%), was

considerably lower than the results of Berglund and
Roénnberg (2004), who had found that the percentage
of infected stumps was as high as 80% in the control
stumps after three months. These differences are prob-
ably the result of a higher inoculum potential in the
surrounding area and environmental conditions (e.g.
humidity and average temperature), which are more in
favour of disease in Scandinavia.

At the same time, favourable conditions during
September and October enabled fast colonisation of
the stumps by P. gigantea (Berglund and Ronnberg
2004). The samples collected after 12 months showed
intense colonisation, but visual inspection also re-
vealed the presence of decay. This is very important,
since large stumps are a repository of mycelia that can
potentially infect the roots of surrounding trees (Rish-
beth 1951, Redfern and Stenlid 1998) and since Het-
erobasidion can survive even in small stumps (approx-
imately 30 cm) for up to 40 years (Keca 2008, Panti¢
et al. 2011) or 50 years in Finland (Piri 1996). Moreo-
ver, the ecological aspects of a stand, such as the
efficiency in suppression of Heterobasidion and de-
composition of stumps, are in favour of treatment with
P gigantea.

Economic analysis revealed that stump treatments
are justified (Thor and Stenlid 2005, Thor et al. 2006),
but our results revealed that the expenses are justi-
fied not only during regular cuttings but also during
thinning, when the value of the timber is very low. The
two-worker team required for sawing wood, in which
one wields the chainsaw and the other provides sup-
port, enables maintenance of stump treatment costs at
a considerably low level.

Thus, an appropriate combination of protection
and good management practices can effectively main-
tain the level of H. parviporum infection at around
10%. A similar level of infection was reported in natu-
ral stands such as in strict reserves undisturbed by
cutting and other man-made interventions (Garbelot-
to et al. 1999, Keca and Keca 2011).

Further studies should account for the establish-
ment of new experiments that will test novel products
such as Rotstop® S (Ronnberg et al. 2006), which con-
tains a mixture of P. gigantea strains isolated from
spruce trees in Sweden. Furthermore, it would also be
useful to test the protective efficiency of P. gigantean
isolates from Serbia.

Conclusions

In conclusion, this analysis revealed that both
Rotstop® and borax could efficiently protect the tree
stumps against infection by Heterobasidion spp. The
inoculum potential during the summer cutting was low,
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but the number of Heterobasidion spp.-infected tree
stumps was significantly different between unprotect-
ed and treated stumps. In addition to protecting the
stumps from Heterobasidion colonisation, P. gigantea
accelerated the decomposition of wood and reduced
the opportunity of Heterobasidion to survive and
produce sporophores. Further, the colonisation of
sapwood by P. gigantea was more intense than that
of heartwood. The calculated costs of stump treatment
revealed that these treatments are acceptable and jus-
tifiable for preventing infection in Norway spruce
stands.
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IOOEKTUBHOCTDb POTCTOIIA U BOPATA HATPUS B KOHTPOJIE ITEPBUYHBIX
WH®EKIIA HETEROBASIDION HA EJIOBBIX ITHSIX: HCCJIEJOBAHUE B CEPBUM

H. Keua u JI. Keua

Pezome

Bpen, HaneceHsbli Bunamu komiiekca Heterobasidion 3amedeH Ha Genoii cocHe | ey emié B cepenunae XX BeKa, IPekK/Ie
Bcero B ObiBmed FOrocmasum, a mo3zxe U B CepObun. Bonpexku 3HaunTeNbHOMY Bpeny, 3alllUTa ITHEH, 3apa)XeHHBIX
uH(peKMuOa3u a0 CIIopaMy, MIPOBOIUIACE U3PENKA, MM BOBCE HE NMPOBOAMIACH. TONBKO Ha HEKOTOPBIX ydyacTKax, Mocie
BETpOBajia MJIM CHEroBaja B LENX HNPEAYHNPEXJACHUs pacuIMpeHus MHPEeKIuH BUAaMU KoMmiuiekca Heterobasidion—a
MpUMeHsJICS 6opaT HaTpusl (Oopakc)

Ilenpio manHoTrO HMcciuenoBaHUs ObLIO cpaBHeHHEe dddexkTuBHOCTH Oopara Hatpus u Phlebiopsis gigantea B
IpeayNnpeXAeHIN BO3HUKHOBEHUSI HOBBIX MH(EKNMI BumaMu KoMiuiekca Heterobasidion, a Takxke OIEHKAa SKOHOMHIECKHX
paccxoJ0B 3alIUThI MTHEH.

BriOpaHHBI [1Ba y4acTka, Il Ipenaparsl IPUMEHAINCh HAa HeJaBHO BBIKOpYEeBaHHBIX MHAX. Crycrs 3 u 12 Mecsues
NpoaHaIM3UPoBaHHO 1o 30 IMHeH, Ha KOTOPBIX MPUMEHSJINCH Ipenaparsl, H CTOJIBKO e KOHTPOJIBHEIX, Bcero 150 oOpasnos
nHeil. CooTHOIEeHNe BO3HUKIIEH H(EKIMs BUAaMH KoMIutekca Heterobasidion Ha MHSX, rae npuMeHsuicst 6opaxc Phlebiopsis
gigantea 1 Ha HeOOPaOOTAHHBIX ITHAX B MPOIEHTAX COCTABILUIO COOTBETCEeBEHHO 4%, 7% 1 20%. Db heKTHBHOCT TPUMEHEHHS
npemnapaTa ObUTa OYeHb BBICOKAs U cocTaBisina 78% (ms 6opakca) u 10 94% (i poTcTomna).

[ToBepxHOCTH MHEH, 3aceneHHas Phlebiopsis gigantea coctapisina ¢ 20 1o 91%, a BHyTpH nHe# nHpEKIus 3aMeueHa Ha
ry6oune 50 cM ciycts 12 MecsieB Hocie NOSBICHUS TPUOHUIIBI (MUIISITHS )0

CrouMocTh Takoi 00paboTKu mHei coctarimsuia ¢ 5 1o 5,7 EUR 1o meHb, B 3aBUCHMOCTH OT IICHBI IPUMEHSBIICTOCS
npemnapata. V3 BeICIIEIPHBEIEHHOTO MOXHO C/IeJIaTh BBIBOJ, YTO 3aIUTA ITHEH Ienecoodpas3Ha Kak B HKOIOTHIECKOM, TaK U B
SKOHOMUYECKOM aCTIEKTaXx.

KurwueBblie ciioBa: Picea abies, Heterobasidion spp., Phlebiopsis gigantean, XAMA4eCKHI KOHTPOJIb, 00pabOTKa MHEIA.
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