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Abstract
The damage caused by large herbivores feeding on forest trees is considerable. This study was carried out to determine
the reaction of Scots pine (Pinus sylvestris L.) trees to mechanical bark stripping that imitates the damage to tree stems
caused by moose (Alces alces L.). There was a significant difference between the height increment of control and damaged
trees during first year after treatment. However, damaged trees quickly recovered and resumed growth. The differences
among damage treatments (removing 30, 60, and 90% bark) were not significant. Tree size affects tree growth, which
means that the growth reduction after bark stripping will be compounded over future tree growth and may determine the
competition interrelations in stands.
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Introduction
Herbivores can alter the successional patterns of
forests by selectively browsing preferred species (Gill
and Beardall 2001, Rooney 2001, Akashi 2009). If the
preferred browse species are predominantly early-successional or seral in character, then browsing may
result in a reduction of light demanding species (Horsley et al. 2003, Månsson 2009). In boreal and hemiboreal ecosystems, herbivory by moose may be a major
reason for composition shifts as indicated by studies
in different parts of western Russia (Abaturov and
Smirnov 2002). Kuznetsov and Lozinov (1992) report
the 20-year-long impact of moose (Alces alces L.) that
led to gradual replacement of pine by hardwood species and Norway spruce (Picea abies (L.) Karst) in
Valdai Hills region of Russia. These changed patterns
of vegetation have also been reported by Connor et
al. (2000) and Edenius et al. (2001) who studied moose
in the boreal zone.
Moose is the most important and the largest ungulate in Estonia. The moose population peaked at the
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end of the 1970s in Estonia when the medium population density of moose was estimated at more than 10
individuals per 1000 ha (Tõnisson and Randveer 2003).
The situation was similar in Finland where the highest densities in southern Finland occurred during the
winter of 1977-1978 with average densities in some
districts exceeding 11 moose per 1000 ha (Lavsund et
al. 2003). In Sweden the peak densities were even higher, reaching 30-40 animals per 1000 ha in the mid-1970s
and early 1980s (Cederlund and Markren 1987).
Although it is difficult to estimate the financial
impact of such dense moose populations on the forestry sector, one attempt in Sweden (Lavsund 1987)
estimated an economic value of the damage at 20-50
million US dollars per year. This represents 2-5 % of
the total value of the annual harvest of lumber and
pulpwood. Glöde et al. (2004) reported that the annual income loss due to pine browsing by moose in
Sweden is predicted to be increased in the future to
about 70-190 million US dollars (500-1300 million SEK).
In Estonia, moose damage in young Scots pine (Pinus sylvestris L.) stands is significant (Örd and TõISSN 2029-9230
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nisson 1986, Vahter and Kaimre 2009) and the most
prevalent form of damage is browsing of young shoots.
Bark stripping, while occurring less frequently, can
nevertheless cause substantial damage. Bark stripping
by large ungulates has caused serious damage to several tree species worldwide (Gill 1992, Parks et al. 1998,
Keith and Pellow 2005). For example, in Sweden, where
stands of Scots pine are subject to bark stripping,
almost 5% of all trees are affected each year (Faber
1996, Faber and Edenius 1998). In Estonia, bark stripping by moose is more common in middle-aged Norway spruce stands than in pine stands (Randveer and
Heikkilä 1996). Nonetheless, the potential for damage
to one out of every twenty pine trees is a significant
issue in Estonian forests and warrants investigation.
In order to determine the effect of bark stripping,
we simulated moose damage by mechanically removing bark from Scots pine trees in Estonia. We hypothesized that bark stripping significantly reduced tree
height increment. We tested the effects of wound size
and repeated wounding on height growth to examine
the hypothesis that reduced height increment is a function of recent-year and cumulative stripped bark area. 

Materials and methods
Estonian forests are in the hemi-boreal forest zone
(Ahti et al. 1968). The study was established in a Scots
pine stand in southern Estonia (58°09N, 27°07E).
Scots pine forests are not uncommon component of
the regions forests, usually situated on sites that
contain excessively well-drained sandy soils. The
stand was established in 1993 by direct seeding on
podzols. These are medium fertility soils in Estonian
conditions (site index H100 = 25 m). The study area was
250 m2. All trees were numbered and the experimental
area was fenced in order to avoid external influences.
Treatments were applied randomly to trees within the fenced exclosure. Three treatments were applied
in March 2004: stripping the bark at breast height with
wounding 30, 60 and 90% of the stem perimeter, representing the full range of potential damage. The level of damage corresponds to variation of damage in
real forest stand, where the degree of damage can vary
by its extent. An adjacent, untreated area was used
as a reference site to plan the treatments. A knife was
used to remove the bark to a vertical length of 20 
30 cm. The bark was stripped but the xylem was not
affected by treatment. Bark stripping damage was imitated on the trees with a height between 2-3 meters,
believed to be the most attractive to moose (Bergqvist
et al. 2001). Furthermore, the time of wounding  April
and May  matched the damage peak under natural
conditions (Faber 1996). We used visual estimation to
2013, Vol. 19, No. 1 (36)
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ensure that trees with comparable size were in each
damage class; subsequent analysis found no significant difference in heights between the control and
treatment populations (data not shown). In the spring
of 2005, an additional 30% of bark was removed on
two-thirds of the trees in 30% treatment and on half
of the trees in 60%, a continuous debarked area. The
trees receiving this second treatment were designated 30+30% and 60+30%. Table 1 provides a summary
of the treatment classes. The original number of trees
selected for different treatments (Control, 30%, 60%
and 90%) was 55-60. The final number of trees is somewhat different, because during the selection and marking of trees some of the trees died, primarily among
the 90% treatment class.
Table 1. Number of trees (n) and mean height (H) before
treatment at 2004 (with standard error) in different treatments of bark stripping experiment
n
H (cm)
SE

Control

30%

60%

90%

30+30%

60+30%

59
287.1
± 7.0

21
276.8
± 11.3

28
268.6
± 8.8

52
276.1
± 4.8

40
266.9
± 7.2

27
273.4
± 6.7

Total tree heights were measured with a telescopic
measuring rod (1 cm precision) at the beginning of the
study and after treatments each year in early spring
before the growing season for a total of five years.
Diameter was not used as a response variable because
it is confounded by stand density and the simulated
browsing-induced measurement inaccuracy.
Tree height and height increment by measurement
year were analyzed with the general linear model (GLM)
procedure of SAS software (version 9.1; SAS Institute,
Cary, NC). In the statistical analysis one-way ANOVA
and ANCOVA models were used with the following
formulas:
yij = m +t i + e ij ,
yij = m +t i + bhij + e ij,

(1)
(2)

where m denotes the intercept of model, ti denotes
effect of i th treatment, h ij denotes initial height of jth
tree for i th treatment in year 2004, b denotes the common slope for covariate h ij, eij denotes the error term,
assumed to be an independent normal random variate
with zero mean.

Results
There was a significant difference between the
height increment of the control and damaged trees
(average of all treatments). The analysis without initial tree height (Model 1) showed significantly higher
ISSN 2029-9230
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height increment values (4.87 ± 1.60 cm in 2004, P <
0.05 and 4.78 ± 2.00 cm in 2005, P < 0.05) for the control trees compared to the average of all treatments
during first two years after treatment (Table 2).

Table 4. Effect of treatments on first year height
increment by Model 1 (different variants without
initial tree height  2004)

Table 2. Effect of bark stripping on annual tree
height increment (control vs. average of all treatments) in case of Model 1 (without initial tree
height  2004)



2004
2005
2006
2007
2008

Estimate
(cm)

Standard
error of
estimate
(cm)

t-value

4.87
4.78
2.92
0.84
0.81

1.60
2.00
1.91
2.69
3.22

3.05
2.39
1.53
0.31
0.25

P-value



When the initial tree height was included in the
analysis (Model 2) there were significantly greater
height-increment values (3.21 ± 1.32 cm in 2004,
P < 0.05) for the control trees during the first year after
treatment (Table 3). However, damaged trees quickly
recovered and resumed growth. The differences between damage treatments (removing 30, 60, and 90%
bark) were not significant. Furthermore, the repeated
bark stripping did not result in significant differences
in height increment.
Table 3. Effect of bark stripping on annual tree
height increment (control vs. average of all treatments) in case of Model 2 (with initial tree height
 2004)



Year

Estimate
(cm)

Standard
error of
estimate
(cm)

t-value

P-value

2004
2005
2006
2007
2008

3.21
2.73
1.73
-0.09
0.81

1.32
1.81
1.85
2.66
3.24

2.44
1.51
0.93
-0.03
0.25

0.0157
0.1329
0.3527
0.9727
0.8027

The analysis of treatments on first year height
increment in 2004 (Model 1) revealed significant differences (P < 0.05) between the height increment of
the control and damaged trees (Table 4). Bark stripping was found to have a significant relationship with
the height increment but not between the different
levels of damage. When analysis with the initial tree
height (Model 2) was applied (Table 5), the first year
height increment on the control trees was significantly higher than the increment on trees with bark damaged at the 60% (3.32 ± 1.62 cm, P < 0.05) and 90%
(4.16 ± 1.61 cm, P < 0.05) levels. There was no significant difference in the first year height increment between the different treatments.
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Parameter

Estimate
(cm)

Standard
error of
estimate
(cm)

J-value

2-value

control vs. 30%
control vs. 60%
control vs. 90%
30% vs. 60%
30% vs. 90%
60% vs. 90%

4.15
5.30
5.45
1.15
1.29
0.15

1.92
1.96
1.96
1.95
1.95
1.99

2.16
2.70
2.78
0.59
0.66
0.07

0.0318
0.0075
0.0060
0.5567
0.5072
0.9417

Table 5. Effect of treatments on first year height
increment by Model 2 (different variants with initial tree height  2004)

0.0026
0.0180
0.1273
0.7551
0.8029



Parameter

Estimate
(cm)

Standard
error of
estimate
(cm)

J-value

2-value

control vs. 30%
control vs. 60%
control vs. 90%
30% vs. 60%
30% vs. 90%
60% vs. 90%

2.62
3.32
4.16
0.70
1.54
0.84

1.58
1.62
1.61
1.60
1.59
1.63

1.66
2.05
2.59
0.44
0.97
0.52

0.0983
0.0413
0.0103
0.6615
0.3336
0.6049

Although the height of the control trees was
greater than the height of wounded trees, the differences were not significant (data not shown). The
height increment of wounded and the control trees
increased from year to year, as evidenced by significant differences within a treatment between tree
heights in consecutive years. Thus, our simulated bark
stripping of Scots pine did not result in a significant
reduction in the height increment of later years (data
not shown).
The repeated damage influence was analysed by
comparing the height increments between treatment
years (Figure 1). Repeated wounding of the same tree
in a subsequent year did not affect the tree height
70
Height increment, cm yr -1

Year
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60%
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30+30%

20

60+30%
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0
2004

2005

2006

2007

2008

Year

Figure 1. Height increment of trees with different bark stripping treatments during observation period 2004-2008
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A
y = 0,1726x - 0,4388
R2 = 0,5969

Height increment 2004, cm yr

80
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0
0
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300

-1

90

Our study was confined to individual tree observations on a medium site. Damage can be worse on
poor sites as was demonstrated by shoot browsing
simulation studies (Danell et al. 1991). In addition,
trees on sites with different water regimes may exhibit differing susceptibility to damage risk by moose
(Heikkilä and Härkönen 1993).
Trees can react to herbivory by compensatory
physiological mechanisms in the case of browsing

Height increment 2004, cm yr

-1

increment when the total damage was 60% or 90%.
Nonetheless, a year effect could still be detected.
The relationship between the initial tree height
influence and the first year height increment as a function of different treatments is displayed in Figure 2.
Initial height of the tree was not of overwhelming
importance; including it in the model only eliminated
significant differences between the control and the
30% damage level (Table 5).

400
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B
y = 0,1092x + 14,777
R2 = 0,2478
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0
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y = 0,0954x + 17,739
R2 = 0,2392
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0
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Initial height 2004, cm

Discussion
Our results with Scots pine suggest that the effect of bark stripping by moose was not great in terms
of tree growth during the observation period. As was
stated above, the simulated damage mimicked the
height and seasonality of natural bark stripping by
moose. One possible difference between our simulated browsing and natural browsing damage was that
our study limited damage to the phloem and browsing under natural conditions may cause damage into
the xylem. Although the wounded trees demonstrated
reduced growth, the differences were relatively small
and temporary. Most surprisingly, the effect on the
height increment of trees with 60+30% treatment did
not differ significantly from the controls. Spatially
defined locations were not available for the study trees,
but the selection was random and the sample size was
large, so neighbor influences should not have been
an influential factor.
2013, Vol. 19, No. 1 (36)
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Figure 2. The effect of
initial tree height in 2004
to first year height increment in 2004.
A  control, B  30%
damage of bark, C  60%
damage of bark, D  90%
damage of bark
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wounds such as bark stripping. Wounds that completely encircle a tree (complete girdling) usually kill the
tree (Gill 1992, Côté et al. 2004). Simulating the browsing of Scots pine shoots resulted in no significant effect
on height increment within three years of treatment
(Persson et al. 2005). The effect of bark stripping is
not only a loss of phytomass but also may cause a
reallocation of carbon from the height increment to
defence. Forest pathogens can attack trees by infecting the exposed sapwood after mechanical wounding
of the cambial zone (Johansson et al. 2004) and cause
lowered wood quality by stain and rot (Welch and
Scott 2008). However, small wounds can be quite effectively closed by callus tissue, which protects the
sapwood and contributes to formation of new cambium
(Oven and Torelli 1999). Scots pine can be relatively
resistant in regard of infections through wounds (Vasiliauskas 2001); largely through resin flow over the
wound that protects the tree. At the same time resin
flow can cause considerable carbon cost to the tree.
ISSN 2029-9230
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A repeated browsing study was reported by
Bergqvist et al. (2003) where they found that bark stripping was positively correlated with height of the trees
and length of the apical leader, a surrogate for height
growth. Although the height increment in our study
was not greatly affected, the effect of bark stripping
may be a trigger for competitive differentiation of trees.
Size-growth relationships have been included in basic tree and stand development models (Jõgiste 1998)
where often the disturbance component related to
herbivores or pathogens is responsible for such a triggering impulse. In our study, the initial height influenced growth of first and following periods more than
the treatment.
The age structure of tree populations within a
region is influenced by silvicultural strategies and
management activities. Such data are recommended to
be considered in forest and landscape conservation
planning. In addition natural disturbances shape stand
structure and forestry decisions made after disturbances can have complex interrelationships with animal
populations (Krueger and Peterson 2006, de Chantal
and Granström 2007). Altered food acquisition patterns
of herbivores have been related to long-term population processes of the animals and stand development
patterns of the trees (Faber and Thorson 1996,
Bergqvist et al. 2001). The differences between food
supply in naturally and artificially regenerated stands
are considerable. The main reason for bark stripping
has been attributed to food quality of forage and animal needs in terms of their biochemical background
(Edenius 1993, Jia et al. 1995, Faber 1996, Bergqvist et
al. 2003).
Our results do not allow the economic evaluation
of moose damages. At the same time it is possible to
include the results of the study in the analysis of
necessity of protection investments.
In conclusion, simulated moose browsing had a
significant effect on the first year height increment
after treatment. However, the differences among damage intensities were not significant. Furthermore, the
repeated damage did not result in significant differences in the height increment. The first year differences disappeared in subsequent years, regardless of
whether or not the trees were treated.

Acknowledgements
This study was supported by the Estonian Ministry of Education and Science grant No.
SF0170014s08, by the Estonian Science Foundation
grant No. 8496. We are very grateful to Drs. John A.
Stanturf, Lee Frelich, Zhaofei Fan, and Songlin Fei
for their valuable comments on earlier versions of this
2013, Vol. 19, No. 1 (36)

manuscript. We thank Anton Kardakov for his assistance with the Russian-language abstract. Prof. Andres Kiviste is acknowledged for providing important
advice regarding the statistical analysis. We thank
Siim Randveer, Lauri Randveer, Timo Palli, Sandra
Metslaid, Floortje Vodde and Karli Ligi for their
assistance with the field measurements.

References
Abaturov, B.D. and Smirnov, K.A. 2002. Effects of moose
populations density on development of forest stands in
central European Russia. Alces Supplement 2: 1-5.
Ahti, T., Hämet-Ahti, L. and Jalas, J. 1968. Vegetation
zones and their sections in northwestern Europe. Annales Botanici Fennici 5: 169-211.
Akashi, N. 2009. Simulation of the effects of deer browsing
on forest dynamics. Ecological Research 24: 247255.
Bergqvist, G., Bergström, R. and Edenius, L. 2001. Patterns of stem damage by moose (Alces alces) in young
Pinus sylvestris stands in Sweden. Scandinavian Journal
of Forest Research 16: 363-370.
Bergqvist, G., Bergström, R. and Edenius, L. 2003. Effects of moose (Alces alces) rebrowsing on damage development in young stands of Scots pine (Pinus sylvestris). Forest Ecology and Management 176: 397-403.
Cederlund, G. and Markren, G. 1987. The development of
the Swedish moose population, 1970-1983. Swedish Swedish Wildlife Research. Viltrevy Suppl. 1 Part 1: 55-61.
Connor, K.J., Ballard, W.B., Dilworth, T., Mahoney, S.
and Anions, D. 2000. Changes in structure of boreal forest community following intense herbivory by moose.
Alces 36: 111-132.
Côté, S.D., Rooney, T.P., Tremblay, J., Dussault, C., and
Waller, D.M. 2004. Ecological impacts of deer overabundance. Annual Review of Ecology, Evolution and Systematics 35: 113-147.
Danell, K., Niemelä, P., Varvikko, T. and Vuorisalo, T.
1991. Moose browsing on Scots pine along a gradient of
plant productivity. Ecology 72: 1624-1633.
de Chantal, M. and Granström, A. 2007. Aggregations of
dead wood after wildfire act as browsing refugia for seedlings of Populus tremula and Salix caprea. Forest Ecology and Management 250: 3-8.
Edenius, L. 1993. Browsing by moose on Scots pine in relation to plant resource availability. Ecology 74: 22622269.
Edenius, L., Bergman, M., Ericsson, G. and Danell, K.
2001. The role of moose as a disturbance factor in managed boreal forests. Silva Fennica 36: 57-67.
Faber, W.E. 1996. Bark stripping by moose on young Pinus
sylvestris in south-central Sweden. Scandinavian Journal
of Forest Research 11: 300-306.
Faber, W.E. and Edenius, L. 1998. Bark stripping by moose
in commercial forests of Fennoscandia  a review. Alces
34: 261-268.
Faber, W.E. and Thorson, E.M. 1996. Bark stripping of young
Pinus sylvestris by Alces alces on the individual, stand,
and landscape level in Sweden. Canadian Journal of Forest Research 26: 2109-2114.
Gill, R.M.A. 1992. A review of damage by mammals in north
temperate forests: 3. Impact on trees and forests. Forestry 65: 363-388.
Gill, R.M.A. and Beardall, V. 2001. The impact of deer on
woodlands: the effects of browsing and seed dispersal on
ISSN 2029-9230

65

BALTIC FORESTRY
THE EFFECT OF SIMULATED BARK STRIPPING BY MOOSE ON SCOTS PINE HEIGHT GROWTH /.../
vegetation structure and composition. Forestry 74: 209218.
Glöde, D., Bergström, R. and Pettersson, F. 2004. Intäktsförluster på grund av älgbetning av tall i Sverige (Income
losses caused by moose browsing of pine in Sweden). Skogforsk, Uppsala, Sweden. Arbetsrapport 570, (in Swedish).
Heikkilä, R. and Härkönen, S. 1993. Moose (Alces alces
L.) browsing in young Scots pine stands in relation to the
characteristics of their winter habitat. Silva Fennica 27:
127-143.
Horsley, S.B., Stout, S.L. and DeCalesta, D.S. 2003. Whitetailed deer impact on the vegetation dynamics of a northern hardwood forest. Ecological Applications 13: 98-118.
Jia, J., Niemelä, P. and Danell, K. 1995. Moose Alces alces bite diameter selection in relation to twig quality on
four phenotypes of Scots pine Pinus sylvestris. Wildlife
Biology 1: 47-55.
Jõgiste, K. 1998. Productivity of mixed stands of Norway
spruce and birch affected by population dynamics: a model
analysis. Ecological Modelling 106: 77-91.
Johanssson, S.M., Ludgren, L.M. and Asiegbu, F.O. 2004.
Initial reactions in sapwood of Norway spruce and Scots
pine after wounding and infection by Heterobasidion parviporum and H. annousum. Forest Pathology 34: 194-210.
Keith, D. and Pellow, B. 2005. Effects of Javan rusa deer
( Cervus timorensis) on native plant species in the JibbonBundeena Area, Royal National Park, New South Wales.
Proceedings of the Linnean Society of New South Wales
126: 99-110.
Krueger, L.M. and Peterson, C.J. 2006. Effects of whitetailed deer on Tsuga canadensis regeneration: evidence of
microsites as refugia from browsing. American Midland
Naturalist 156, 353-362.
Kuznetsov, G.V. and Lozinov, G.L. 1992. The estimation
of the impact of moose ( Alces alces) on the succession
of vegetation of broad-leaved and taiga formations of the
European part of the USSR. In Proceeding of the International symposium Ongulés/Ungulates 91. F. Spitz,
G. Janeau, G. Gonzalez and A. Aulagnier (eds.). Société
Française pour lEtude et la Protection des Mammifères,
Paris, p. 523-526.
Lavsund, S. 1987. Moose relationships to forestry in Finland,
Norway and Sweden. Swedish Wildlife Research. Viltrevy.
Suppl. 1 Part 1: 229-244.

M. METSLAID ET AL.

Lavsund, S., Nygren, T. and Solberg, E. 2003. Status of
moose populations and challenges to moose management
in Fennoscandia. Alces 39: 109-130.
Månsson, J. 2009. Environmental variation and moose Alces
alces density as determinants of spatio-temporal heterogeneity in browsing. Ecography 32: 601-612.
Oven, P. and Torelli, N. 1999. Response of the cambial zone
in conifers to wounding. Phyton  Annales Rei Botanicae 39: 133-137.
Örd, A. and Tõnisson, J. 1986. Povrezhdenije losem sosnovykh molodnyakov v Estonskoj SSR i vozmozhnosti
umenshenija povrezhdenija [Elk-damage to young pine
stands in the Estonian SSR. Possibilities of decreasing this
damage.] Metsanduslikud Uurimused 21: 7-25, (in Russian with English summary).
Parks, C.G., Bednar, L. and Tiedemann, A.R. 1998. Browsing ungulates  an important consideration in dieback and
mortality of Pacific yew (Taxus brevifolia) in Northeastern Oregon stand. Northwest Science 72: 190-197.
Persson, I.-L., Danell, K. and Bergström, R. 2005. Different moose densities and accompanied changes in tree
morphology and browse production. Ecological Applications 15: 1296-1305.
Randveer, T. and Heikkilä, R. 1996. Damage caused by
moose (Alces alces L.) by bark stripping of Picea abies.
Scandinavian Journal of Forest Research 11: 153-158.
Rooney, T.P. 2001. Deer impacts on forest ecosystems: a
North American perspective. Forestry 74: 201-208.
Tõnisson, J. and Randveer, T. 2003. Monitoring of mooseforest interactions in Estonia as a tool for game management decisions. Alces 39: 255-261.
Vahter, T. and Kaimre, P. 2009. Method for evaluation of
moose damage in cultivated pine forests of Estonia. Baltic Forestry 15(2): 262-267.
Vasiliauskas, R. 2001. Damage to trees due to forestry operations and its pathological significance in temperate
forests: a literature review. Forestry 74: 319-336.
Welch, D. and Scott, D. 2008. An estimate of timber degrade
in Sitka spruce due to bark stripping by deer in a Scottish
plantation. Forestry 81: 489-497.

Received 08 August 2011
Accepted 07 June 2013

ÂËÈßÍÈÅ ÏÎÂÐÅÆÄÅÍÈÉ ÊÎÐÛ ÑÎÑÍÛ ÎÁÛÊÍÎÂÅÍÍÎÉ ËÎÑÅÌ ÍÀ ÏÐÈÐÎÑÒ
ÏÎ ÂÛÑÎÒÅ: ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÛÉ ÏÎÄÕÎÄ
Ì. Ìåòñëàéä, Ê. Ê¸ñòåð, Ê. Éûãèñòå, Ò. Ðàíäâååð, Ê. Âîîëìà è Ó. Ê. Ìîñåð
Ðåçþìå
Óùåðá, íàíîñèìûé ëåñíûì íàñàæäåíèÿì êîðìëåíèåì êðóïíûx ðàñòèòåëüíîÿäíûx äîñòèãàåò áîëüøèõ ðaçìåðîâ.
Äàííîå èññëåäîâàíèå áûëî ïðîâåäåíî äëÿ îïðåäåëåíèÿ ðåàêöèè ñîñíû îáûêíîâåííîé (Pinus sylvestris L.) íà
ìåõàíè÷åñêîå óäàëåíèå êîðû, èìèòèðóþùèå ïîâðåæäåíèå ñòâîëîâ äåðåâüåâ ëîñåì (Alces alces L.). Çíà÷èòåëüíàÿ
ðàçíèöà ïðèðîcòà ïî âûñîòå íàáëþäàåòñÿ ìåæäó ïîâðåæäåííûìè è êîíòðîëüíûìè äåðåâüÿìè â òå÷åíèå ïåðâîãî ãîäà
ïîñëå ïîâðåæäåíèé. Håñìîòðÿ íà ýòî, ïîâðåæäåííûå äåðåâüÿ áûñòðî âîññòàíàâëèâàëèñü è ïðîäîëæàëè ðîñò. Ðàçëè÷èå
ìåæäó ñòåïåíüþ ïîâðåæäåíèé (óäàëåíèå 30, 60 è 90% êîðû) áûëî íåçíà÷èòåëüíî. Ïîñêîëüêó ðàçìåð äåðåâà âëèÿåò íà
åãî ðîñò, çàìåäëåíèå ðîñòà ïîñëå óäàëåíèÿ êîðû ïîâëèÿåò íà ïîñëåäóþùèé ïðèðîñò è ìîæåò îáóñëîâèòü êîíêóðåíöèþ
â äðåâîñòîÿõ.
Êëþ÷åâûå ñëîâà: óäàëåíèe êîðû, ïîâðåæäåíèe, ïðèðîcò ïî âûñîòå, ëîñü, ñîñía îáûêíîâåííaÿ
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