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Abstract

This research aims to determine the e� ect of weed management intensity and brow-
sing by wild, even-toed hoofed mammals and on the growth of young trees in se-
lected areas in the highlands of Drahanská vrchovina, the Czech Republic. Measu-
rements were carried out in the stands of Norway spruce (Picea abies) and European 
beech (Fagus sylvatica) on an extensive forest clearing after a major wind throw (wind 
calamity). Treatments were applied to the area to control weeds (mowing and her-
bicide spraying) in various degrees of intensity (total, strips, spot). For comparison, a 
control area was left without any action against weeds.  Height and thickness growth, 
mortality, and presence of game damage were recorded across the experiment. A 
rather high ground cover of weed (50%+) signi� cantly slowed growth. Surprisingly, 
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more frequent damage by game was encountered on areas with a greater presence 
of weeds. For beech, the results were not clear in terms of growing bigger. A signi-
� cant extent of browsing was located on areas where there was less weed, i.e. areas 
with total treatment. Here, the positive in� uence of visibility of seedlings on the hig-
her rate of browse was attested. The mortality was also more pronounced in areas 
with treatment carried out.

1. Introduction

Regeneration of a forest stand is dependent on the ability of tree seedlings to survive 
and resist the competition from the neighbouring plants (BROWN et al 1998). The 
colonisation by weeds is often gradual, but after 2-3 years the area can be completely 
overgrown by grasses - which under this country’s circumstances generally includes 
Deschampsia � exuosa and Calamagrostis arundinacea, and herbs - Rubus idaeus and 
Chamaenerion angustifolium with ferns - Pteridium aquilinium. On the regenerated 
areas, mutual competition of aerial vegetation may a� ect soil moisture, the space for 
the roots of trees, the nutrient content, light penetration and soil temperature, thus 
reducing the growth and success of the seedlings (GJERSTAD et al. 1984; WALSTAD & 
KURCH 1987; GROSSNICKLE & HEIKURINEN 1989). 

The in� uence of weeds is thought to a� ect seedling growth in two ways, the � rst 
e� ect is the negative impact of competition for light, water, and nutrients on the 
growth and survival of woody species, potentially leading to increased mortality (e.g. 
KESSL et al. 1957; POSARIĆ 2010; LÖF & WELANDER 2004; SWEENEY et al. 2002; BUR-
DETT 1990; NILSSON & ORLANDER 1995). In such cases, reduction of aerial vegetation 
is necessary for the required growth of woody species (e.g. MARGOLIS & BRAND 1990; 
COATES et al. 1991). The second e� ect is that an adequate level of weed competition 
may lead to the positive e� ect on growth if certain other pre-conditions are met. 
Woody plants strive for the earliest possible acquisition of competitive advantage 
through the apical dominance (ČERMÁK et al. 2011), thus exhibiting an increased 
height increment. The presence of weed may also lead to reduced damage by brow-
sing through increasing food supply and partially hiding the young trees from game.

Availability of water in soil is a limiting factor a� ecting the relationship between 
weeds and the growth of woody species. A number of studies have concluded that 
stress due to lack of water is the factor that most limits the growth of woody plants 
(CONARD & RADOSEVICH 1982; SANDS & NAMBIAR 1984; COLE & NEWTON 1986; 
PETERSEN et al. 1988). Newly planted seedlings are particularly vulnerable becau-
se of their root distribution is limited when compared with seedlings originating 
from natural regeneration (BURDETT 1990). Suppression of unwanted vegetation is 
done through either site preparation prior to planting operations or chemical cont-
rol through the use of herbicides; mowing after planting is also an option. Reducing 
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competition for water with caused by other ground vegetation can then initiate an 
increase in growth of the target species (e.g.  BÄRRING 1967; MARGOLIS & BRAND 
1990; COATES et al. 1991). For instance, NILSSON et al (1995) found lower growth and 
higher mortality of seedlings in control areas without weed control in comparison to 
treated areas just during dry periods; this occurred on areas newly a� orested with 
spruce in Sweden. 

In the Czech Republic, while conventional manual mechanical treatment -  mowing 
- still prevails (around 60% of the area), the extent of treatment by a brush cutter is 
gradually on increase, whether it is total or stripe-wise treatment, up to 20% of the 
area. Treatment of areas using herbicides has also increased by 10% approximately 
over the past 20 years; in 2002 it was about 9%, and in 2009 it was about 20% (CUDLÍN 
2009). In connection with these changes, solution of problems with proportionali-
ty and necessity of spot control methods as well as assumption of the bene� ts and 
drawbacks of these methods is very important (ČERMÁK et al 2011). 

Another important question is whether young trees in areas with reduced weeds ex-
hibit the same compensatory growth behaviour (in reaction to the ungulate brow-
sing) as in areas with weed not reduced. KESSL (1957) found that if there was brow-
sing damage in woody species which were simultaneously exposed to the impact of 
denser and higher weed (more heavily weeded areas with no treatment), the morta-
lity of these was higher than on areas treated against weed. However, other studies 
show that apart from the in� uence of weed competition, easy visibility of seedlings 
by browsing animals, the ease of movement on treated and untreated areas and the 
total amount of available food for browsers can play an important role. The areas with 
present weed can thus be damaged to the lesser extent, in some cases, than those 
with suppressed weed, particularly for heavy total treatment (ČERMÁK et al. 2011). 

Our basic hypothesis for the present study was: (i) total treatment to control weed 
can lead to increased damage by browsing that outweighs, through its impact on the 
growth of woody plants, the negative e� ects of competition from weed; (ii) the com-
petition from weed may be compensated of positive e� ect, for example, by shading 
on extremely hot days. 

2. Materials and methods

2.1 Study sites and experiment design

The research was conducted in the highlands of Drahanská vrchovina north-east of 
Brno (Fig. 1) on a large clearing reforested in the spring of 2010 by two-year, contai-
ner-grown seedlings of Norway spruce (Picea abies), 3,000 plants per hectare, and 
bare planting  seedlings of European beech (Fagus sylvatica), 10,000 plants per hec-
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tare. The area is located in Training Forest Enterprise Masaryk Forest Křtiny, Habrůvka 
Forest District (49º 32.629' E; 16º 71.709' E).

It was a homogeneous area in terms of both habitat (an acidic site, 4 K 3 sets of fo-
rest types; the oligotrophic cambisol as the soil type, northern exposure, identical 
lighting conditions throughout the area) and the type and ground cover of weeds. 
Species and ground cover of weeds were recorded using phytosociological relevés; 
the repetition of the relevés was carried out in the late summer of the second year 
of measurements. Eudominant weed species (over 10%) occurring on clear cuts after 
treatment involved Rubus idaeus (average proportion of 37%), present on 30 plots 
out of the total of 35, Calamagrostis epigeios (16.5 %), which occurred on 22 plots, 
and Senecio sylvaticus which had eudominant representation on 2 plots with spruce 
planting. In addition, 21 more species of weeds were recorded, existing mainly in 
subrecedent representation (1% or below). 

The area was split into plots with various treatments against weeds: total mowing 
with a brush cutter, mowing with a brush cutter in the strips with plants, brush cutter 
mowing around trees (spot treatment), total herbicide application, herbicide appli-
cation in the strips with plants, herbicide application around trees (spot treatment). 
Plot 7 was a control plot with no action against weeds. A total of 3 series of plots 
were monitored areas for spruce, i.e. 21 plots, and 2 series of areas were surveyed for 
beech, i.e. 14 plots.

Fig. 1. Locations of experimental areas

Chemical treatment made use of Roundup Classic, at a concentration of 3%. The rea-
son for this choice was imitation of concentration of application across the majority 
of forestry applications in the Czech Republic. Each of the plots contained perma-
nent, marked squares of 20 × 20 m (400 sq m) for autumn and spring surveys of brow-



Weeds and weed control as factors for game damage Seite 185

se and  measurement of height - after the end of the growing season in the autumn, 
and after winter browse in the spring. Height and thickness of the root neck of the key 
woody species were determined after the end of the growing season in the autumn 
of 2013, after winter browse in the spring of 2014, and, eventually, in the autumn of 
2014 so that one could evaluate the di� erence in growth between individual years. 
Mortality was checked within the same dates (the rate of dead individuals).

Browse by game was measured for all woody species within a permanent square with 
height from 10 cm to 150 cm in the second half of April 2014 according to the me-
thodology of ČERMÁK & MRKVA (2003). The presence/absence of the current damage 
was evaluated, with respect to the preceding winter / growing season; damage to the 
terminal and to the lateral shoots was classi� ed separately. 

2.2 Data analyses

Analysis of weed communities was tested by Permutation Multivariate Analysis of 
Variance (PERMANOVA) using the Bray-Curtis distance. Bray–Curtis distance is a nor-
malization method that is commonly used in botany, ecology and environmental 
sciences. Bray–Curtis indices take values from zero to one. In a similarity index, a va-
lue of 1 means that the two communities you are comparing share all their species, 
while a value of 0 means they share none. In a dissimilarity index the interpretation 
is the opposite: 1 means that the communities are totally di� erent. A multi-dimen-
sional method similar to the Fisher F test, PERMANOVA compares the intra-group 
variability against that between groups (ANDERSON, 2001); 100 permutations were 
used per test. The results were shown using Non-metric Multidimensional Scaling 
(NMDS), a non-parametric two-dimensional graph, through the meta MDS function 
and the Bray-Curtis distance (OKSANEN et al. 2012). NMDS ordination can be used 
to plot samples using a community dissimilarity matrix based on species composi-
tion.  Communities that have very similar species composition will appear as points 
near each other whereas communities that have very di� erent species compositi-
ons will be further away from each other on the plot.  Points can be color coded 
by categorical factors so you can see the grouping of samples based on categorical 
environmental factors.  In order to determine whether samples are signi� cantly dif-
ferent by one of the categorical environmental factors you can perform a permuta-
tional ANOVA (PERMANOVA) on your presence/absence matrix.   NMDS ordination 
was conducted using the function ‘metaMDS’ (OKSANEN et al. 2012). The e� ect of 
each treatment on major forestry-economic parameters (growth, damage) was ana-
lysed using a linear model with a log-normal distribution (LM). Mortality in the in-
vestigated species of trees in relation to the treatment being done against weeds 
was assessed using a generalised linear model with a binomial distribution (GLM) 
with a logit link. Statistically signi� cant analysis (H0 rejected) was supplemented by 
multiple comparisons between the spot treatments carried out using Tukey's range 
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test with Bonferroni correction. The relationship between damage, height, thickness, 
weed ground cover and the type of treatment was analysed using analysis of cova-
riance (ANCOVA) with log transformed values [log (N + 1)]. Tree height was assessed 
as a dependent variable; the basal diameter and weed ground cover were covaria-
tes and treatment was used as categorical variable. Data analysis was carried out 
using the R program (THE R CORE TEAM 2015) with a level of signi� cance of p < 0.05.

3. Results

3.1 The in� uence of the type of treatment against weeds on the growth of 
woody species

Both the type and the intensity of the treatment carried out were presented as a fac-
tor in� uencing the growth of woody plants. Picea abies reached the greatest height 
and thicknesses in plots with total/strip treatment, while the smallest increase was 
recorded in plots with spot mowing and control plots, where appropriate (Fig. 2 A, 
B). Comparing the height of trees in plots with variant treatments and control strip 
treatments resulted in statistically signi� cant positive di� erence for all the three vari-
ants of herbicide spraying and a signi� cant negative di� erence for spot mowing. For 
thickness, only positive signi� cant di� erences were found against the control plot, 
which occurred for the all variants of treatment except spot mowing. 

Fig. 2. Height (A) and thickness of woody plants (B) in relation to the type of treatment (October 2014)
Treatment: C = control plot, HT = herbicide total treatment, HS = herbicide strip treatment, HI = herbicide 
spot treatment of individual trees, MT = mowing total treatment, MS = mowing strip treatment, MI = 
mowing spot treatment of individual trees. Signi� cance levels: *, p < 0.05; **, p < 0.01; ***, p < 0.001
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For Fagus sylvatica the di� erence between the treated plots and the control plot was 
less conclusive; the smallest increase was measured for beeches between areas trea-
ted individually by mowing around the seedlings. Comparing the height of woody 
species in spot treatment variants with the control plot were found statistically signi-
� cant negative di� erences for both the treatment types, i.e. for both the spot herbi-
cide treatment and spot mowing. For thickness, positive signi� cant di� erences were 
found against the control for both the total operations (both herbicide and mowing); 
and a negative signi� cant di� erence was found for spot mowing. 

When comparing herbicide application and mowing, both of the woody species 
grew bigger on plots treated by spraying than on the areas treated by mowing. Di� e-
rences were found even when comparing the total treatment against the spot treat-
ments. For mowing, signi� cant di� erences were found between these two levels of 
treatment intensity at a high level of statistical signi� cance for both of the woody 
plants as well as the other parameters monitored - in the case of total treatment, the 
woody species height and root neck thickness were greater. For herbicide spraying, 
only a signi� cantly greater thickness of root collar was found on spruce in the plots 
receiving the total treatment (Tab. 1).

Tab. 1. In� uence of selected weed control technologies on growth of woody species

3.2 Weed ground cover and species composition

When changing the treatment intensity, the weed ground cover also changed as ex-
pected. The average weed ground cover ranged from 44% on plots with total herbici-
de treatment to 87 % for control plots with no treatment after the implementation of 
the treatment. On plots that received strip treatment, the average weed ground co-
ver was 50%; on plots treated individually around the seedlings the average ground 
cover was 62%. Prior to the treatment, weed ground cover matched the values indi-
cated on the control plots - an average of 87%.  
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The technology of the treatment signi� cantly in� uenced the weed species compo-
sition (Fig. 3 A, B). For Picea abies plantations, there was a predominance of dicoty-
ledonous plants growing after total spraying, proliferating mostly by seeds (mainly 
Senecio sylvaticus, Impatients parvi� ora, Erechtites hieraciifolius and Epilobium angusti-
folium). Senecio sylvaticus occurred in a total of 16 plots, the representation was 0.9%; 
Epilobium angustifolium in 19 plots, the representation was 0.2%; Impatiens parvi� ora
in 11 plots, the representation was 0.1%; and Erechtites hieraciifolius occurred in 4 
plots, the representation was 0.05 %. At a lower treatment intensity, i.e. when spray-
ing in strips, the relative representation of Rubus idaeus and Calamagrostis epigeios
was found to be higher, but species present after the total spraying still occurred as 
well, although the representation was minor. These two variants of treatment pro-
duced a separate group in the NMDS analysis results (Fig. 3). Conversely, the variants 
of herbicide around seedlings, all the three variants of mowing and the control plot 
form a cluster in the NMDS results, with di� ering levels of mutual overlapping (Fig. 3 
A). Semi-shrubs and grasses clearly prevailed in the plots after the treatment. Rubus 
idaeus and Calamagrostis epigeios were reaching the largest abundance, and species 
such as Luzula nemorosa and Juncus conglomeratus occurred increasingly. Dicotyle-
donous herbs were missing almost entirely. 

For Fagus sylvatica the representation of individual weed species was slightly di� e-
rent, although the NMDS results displayed individual variants similarly as with spruce 
(Fig. 3B). The species mostly represented after total spraying included Rubus idaeus
followed by Calamagrostis epigeios and Senecio sylvaticus. Species such as Cirsium ar-
vense, Petasites albus and Fragaria vesca also appeared. Rubus idaeus and Calamagros-
tis epigeios clearly dominated after strip spraying; dicotyledonous herbs disappeared. 
For spraying around the seedlings, the species composition was similar to the plots 
with spruce in all the mowing treatments and the control plot – Rubus idaeus, Cala-
magrostis epigeios, Luzula nemorosa, and Juncus conglomeratus.
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Fig. 3: Weed community Picea abies (A), Fagus silvatica (B) Non-metric multidimensional scaling (NMDS) 
Treatment: C = control plot, HT = herbicide total treatment, HS = herbicide strip treatment, HI = herbicide 
spot treatment of individual trees, MT = mowing total treatment, MS = mowing strip treatment, MI = mo-
wing spot treatment of individual trees. 

3.3 Browsing damage

Both species of trees su� ered browsing damage almost equally; 4.4% of Fagus sylva-
tica individuals and 4.2% of Picea abies individuals were damaged. For Fagus sylvatica 
the damage was signi� cantly di� erent (higher) from the control only on the plot that 
received total treatment with herbicide (Fig. 4). For Picea abies the situation was quite 
di� erent. Trees on plots with total and strip treatment su� ered signi� cantly less da-
mage than those on the control plot. 
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Fig. 4: Browsing damage
Treatment: C = control plot, HT = herbicide total treatment, HS = herbicide strip treatment, HI = herbicide 
spot treatment of individual trees, MT = mowing total treatment, MS = mowing strip treatment, MI = 
mowing spot treatment of individual trees. Signi� cance levels: *, p < 0.05; **, p < 0.01; ***, p < 0.001.

Tab. 2. ANCOVA relationship between damage, height, thickness, weed ground cover and type of treatment  

When comparing the e� ect of height, thickness, weed ground cover and  treatment, 
the height of woody species had a signi� cant e� ect on the abundance of browsing 
damage in particular - this was signi� cant in both of the species (Tab. 2). For Fagus 
sylvatica the height of seedlings damaged most often was 40 cm to 95 cm; for Picea 
abies the damage concentrated to a� ect trees from 60 cm to 100 cm high. Woody 
species with a height lower or higher than the above were damaged only excep-
tionally. For Picea abies a signi� cant relationship was also found between the weed 
ground cover and the percentage of trees damaged by game – as weed ground cover 
was reduced, the damage from the game increased. 
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3.4 Mortality

The mortality was higher for Fagus sylvatica compared with Picea abies, with numbers 
of seedlings lost over two years being 157 and 70, respectively. The type of treatment 
a� ected mortality in both woody species (LM, df = 8.122, p < 0.001). Beeches had the 
highest mortality on plots treated with herbicide (over 100 individuals). The lowest 
mortality was found for control plots (only 8 individuals). Lost specimens of spruce 
were mostly recorded for plots where weeds were eliminated in the immediate vici-
nity of the seedling (HT, HI, MT). Somewhat higher mortality was recorded on control 
plots (Fig. 5).

A statistically demonstrable deviation was mostly found for Fagus sylvatica only when 
comparing the control plot with each of the treatments.  For Picea abies, there were 
marginal di� erences when comparing the control plot with each of the treatments, 
except spraying in strips. Here, the mortality was only 4 specimens compared with 
the control, where 11 were lost.

When comparing the technology of spraying against mowing statistically signi� cant 
di� erence was found only for Fagus sylvatica (LM, df = 6.255, p < 0.001). Mortality for 
treatment by spraying was far higher than for mowing (101 individuals when spray-
ing, 48 plants for mowing). For Picea abies the di� erence between spraying and mo-
wing was not signi� cant (34 plants when spraying, 25 trees when mowing). The e� ect 
of tree browsing on mortality was not demonstrated.

Fig. 5. Comparing mortality for di� erent types of treatment
Treatment: C = control plot, HT = herbicide total treatment, HS = herbicide strip treatment, HI = herbicide 
spot treatment of individual trees, MT = mowing total treatment, MS = mowing strip treatment, MI = 
mowing spot treatment of individual trees. Signi� cance levels: *, p < 0.05; **, p < 0.01; ***, p < 0.001.

When comparing the e� ect of the treatments on Picea abies growing bigger in ge-
neral, the best result occurred for total herbicide treatment. Trees on such plots exhi-
bited the highest thick and height growth and average damage by game while sho-



Seite 192 Michal Bureš, Petr Čermák

wing the biggest rate of mortality. For Picea abies, the worst growth rate was found 
on control plots – the smallest growth, average mortality rate, and the highest degree 
of damage by game were observed on the plots. 

For Fagus sylvatica the results are not as clear as with Picea abies. Beeches reached 
the greatest height on plots with strip spraying; the biggest thickness was found for 
total mowing by brush cutter. On the other hand, these very areas with reduced weed 
showed the greatest extent of damage by game. Mortalities were mostly recorded 
for the spot spraying treatment. Beeches prospered the most on plots without weed 
control; while these showed average height growth, there was no damage by game 
and even no signi� cant mortality. 

Based on this survey, particularly strip treatment can be recommended in terms of 
forestry practice in that it appears to be an acceptable/safe trade-o�  from the per-
spective of risk, time and material expense as well as in terms of the growth rate. 

Tab. 3: Total summary of the parameters compared to control plot for individual woody species and 
variants of treatment in the form: the lower than control plot – the higher than control plot.
Treatment: C = control plot, HT = herbicide total treatment, HS = herbicide strip treatment, HI = herbicide 
spot treatment of individual trees, MT = mowing total treatment, MS = mowing strip treatment, MI = 
mowing spot treatment of individual trees. The bold words de� ne signi� cant di� erence on signi� cance 
level p < 0.05.

4. Discussion

4.1 Growth and mortality in various types of treatment 

The results of our experiment con� rm that competition for light leads to a signi� cant 
limitation of the growth of woody plants, under certain circumstances. For Picea abies, 
more than 50% coverage of weeds signi� cantly retarded the growth of trees. In areas 
where there were less weeds, spruce normally reached about 30 cm greater height 
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and 10 mm greater thickness than in plots where weeds covered more than 50% of 
the area. Similar di� erences were established by NILSSON et al. (1996), where they 
recorded almost 20 cm more height for spruce on areas treated with total spraying 
compared with the control. Similar research by JYLHÄ & HYTÖNEN (2008) carried out 
on spruce plantations found that spruce trees were growing better in direct propor-
tion with increasing intensity of weed control; other signi� cant negative in� uences 
on seedlings were only exhibited when the vegetation cover exceeded 70% of the 
area. In an earlier survey of Pinus sylvestris, JYLHÄ & HYTÖNEN (2006) demonstrated 
a statistically signi� cant correlation between the density of ground vegetation and 
the parameters monitored: trunk diameter, height, trunk volume, and pine mortali-
ty. Mortality, height and trunk volume of pine signi� cantly correlated with increased 
ground cover of weeds. The trend was con� rmed in the present survey when compa-
ring the intensity of total treatment against spot treatment. Under the high-intensity 
treatment, weeds covered 20% less than areas with spot treatment and seedlings 
grew faster.

When spraying herbicide our survey found a signi� cantly greater thickness of the 
root collar of Picea abies in plots that experienced the total weed control treatment 
(Fig. 2B). The expected result that conifers responded to reduced weed competition 
through increased thickness was evidenced by a number of other studies, e.g. for 
Picea abies (JYLHÄ & HYTÖNEN 2006) - increased weeds caused trunk volume per 
hectare to reduce within growing season 2 for Pinus strobus and Picea glauca (BRAND 
& JANAS 1988) or even for Picea mariana (MORRIS et al. 1990) and Pinus resinosa (EL-
LIOTT & WHITE, 1993). 

Picea abies has a surface root system and the young seedlings have the greatest dis-
tribution of the roots above a soil depth of 10 cm (NILSSON et al. 1996) where the 
most of weed roots also occurs. Consequently, spruce trees respond to weed com-
petition and other stressors with reduced vigour usually far more than other woo-
dy plants (JOBIDON et al. 1998, SANDS & NAMBIAR 1984). In this case, the increased 
growth following the total or strip treatment was most likely caused by minimising 
weed competition in the immediate vicinity of the root systems of the spruce trees. 
This phenomenon, however, may not be mandatory; for example, in plantations of 
Picea engelmanii from British Columbia, weed removal close to the seedlings did not 
in� uence their growth in any manner (COATES et al. 1991). 

Seedlings of Picea abies in plots with total treatment, however, exhibited the highest 
mortality rate, with no di� erence between the treatment technologies used (Fig. 5). 
The probable cause was, once again, the changed availability of water - while weed 
removal led to reduced competition bene� tting well-rooted spruce trees, it also cau-
sed excessive drying of the upper layers of the soil. The damage done to the seedlings 
by the weed control operation alone had probably some in� uence on mortality as 
well. 
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The relatively high mortality of Picea abies on control plots was probably chie� y cau-
sed by weed competition. A similar result was attained by JYLHÄ & HYTÖNEN (2008), 
when the mortality they recorded on the control plot was up to 40% higher than 
in the weed control treatment. In this case, spruce trees were dying out to the least 
extent on medium-intensity treatment (HS, MS, MI), where some weed presence pro-
vided partial shading of the area, thus lessening evaporation (BENAYAS et al. 2005).

Results for Fagus sylvatica are ambiguous in general - the growth was relatively ba-
lanced on plots with various technologies and intensity of weed control treatment. 
This may be due to the fact that beeches can withstand drought better and are not so 
responsive to temperature � uctuations as other woody plants rooted in the top soil 
layers (BACKES & LEUSCHNER 2000, GARCÍ-PLAZOLA & BECERRIL 2000). Beech roots 
grow deeper than those of weeds, so they are not as in� uenced by weeds as other 
competitors (BURCH et al. 1997). Since young oak trees are quite tolerant of shading, 
they can do well under competition for light, too (ELLENBERG 1988). The positive 
e� ect of weeds on height observed another literature (e.g. WILLLOUGHBY et al. 2004, 
ŠPULÁK 2008) was not encountered on the study plots. 

The type of treatment also had an in� uence on mortality of beech. The highest rate 
of mortality was observed on plots treated with herbicide, while the lowest rate was 
achieved on control plots (Fig. 5), which is di� erent from spruce, which showed more 
than doubled mortality on control plots. For spraying technology the rate of mortali-
ty was signi� cantly higher than for mowing (Fig. 5), which can be chie� y attributed to 
the weed control operation alone. Spraying with glyphosate is a non-selective treat-
ment and can damage the signi� cant proportion of the woody plant when hit (JYLHÄ 
& HYTÖNEN 2006). 

4.2 Comparing herbicide treatment and mowing treatment

When comparing herbicide application and mowing, Picea abies grew better on plots 
treated by spraying. This fact can be related to the species composition of the weeds. 
Spraying destroys the entire plant including the root system. Mowing may result in 
weed propagation or develop the root system of the weeds; the roots may remain 
operational and are still able to compete for water. After herbicide application, sur-
faces thus prepared are often colonised by dicotyledonous herbs which have a di� e-
rent structure of the root system than e.g. grasses, such as Calamagrostis epigeios. The 
roots of dicotyledons compete with the seedling to a lesser extent enabling it to grow 
better. A similar phenomenon was seen previously by SIIPILETHO (2001) or JYLHÄ 
& HYTÖNEN (2008), where intense treatment by herbicide made grasses disappear, 
replaced by species such as e.g. Ranunculus repens. 

Fagus sylvatica also grew better on herbicide-treated areas than on mowed areas, alt-
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hough di� erences in height were very small (Fig. 2). This conclusion has been demon-
strated by other studies repeatedly as well; BENAYAS et al. (2005) even found that oak 
seedlings grew better on control plots than on mowed plots.

4.3 Browsing damage across treatments

Both woody species were damaged by browsing almost equally, about 4% on ave-
rage, which is a relatively small extent and is not assumed to a� ect the growth of cul-
tures. For Fagus sylvatica the damage was signi� cantly higher than on the control plot 
only in the area treated with herbicide. On the treated plots, seedlings were far more 
noticeable for game than on areas with the presence of weed. In winter, when brow-
sing pressure is highest, game can also move better when weeds are not present, 
and there are almost no other available food sources. The in� uence of high seedling 
visibility had been con� rmed in previous research by ČERMÁK et al. (2011) in spruce 
plantations at three sites in the Czech Republic. In all the cases they found signi� cant 
damage by browsing on plots treated with herbicide regardless of the intensity of the 
action in comparison with the control plot. 

For Picea abies the situation was di� erent. Young trees on plots with total and strip 
treatment were signi� cantly less damaged than those on the control plot, which is 
not usual. ANOVA identi� ed a signi� cant e� ect of height on the frequency of brow-
sing damage for both woody species. On control plots spruce trees had the smallest 
height gain di� erential compared with other plots, which was probably the reason 
for them attracting browsers, especially for being more visible than broadleaves in 
weeds. 

Minor browsing may not a� ect the woody species survival and growth; indeed, it 
may have a positive e� ect on the growth; e.g. O'DEA et al. (2000) found that minor 
browsing damage to woody species on plots with reduced weeds made the plants 
grow faster out of reach of the game and recover better after damage. 

5. Conclusions

Our results show that a higher presence of weeds in Picea abies caused seedlings 
to grow slower and increase their mortality rate. No other considerable damage by 
browsing occurred on plots with reduced weeds. Picea abies was the fastest to grow 
on plots with total chemical treatment, where, removal of a large proportion of the 
weeds caused high water evaporation, which also caused higher mortality of seed-
lings. The medium-intensity treatment appeared to be the best option for spruce un-
der these conditions of habitat and climate.
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For Fagus sylvatica the competition between seedlings and weeds did not have a 
signi� cant, observable in� uence on the capability of growing out or growth of the 
mortality. While total herbicide treatment led to a slightly better capability of beech 
seedlings to grow, it occurred at the expense of mortality, which was considerably 
higher in this case. Total treatment also leads to an increase in the visibility of seed-
lings, which led to increased damage by browsers. Therefore, the medium-intensity 
treatment could also be recommended for beech.

References

BACKES, K., LEUSCHNER, CH., 2011. Leaf water relations of competitive Fagus sylvatica 
and Quercus petraea trees during 4 years di� ering in soil drought. Canadian Jour-
nal of Forest Research, 30 (3): 335–346.

BARRING, U., 1967. Studies of methods in the planting of Picea abies (L.) Karst, and 
Pinus sylvestris L. on farm land in southern and central Sweden. Studia Forestalia 
Suecica, 50: 274—311.

BRAND, D.G., JANAS, P.S., 1988. Growth and acclimation of planted white pine and whi-
te spruce seedlings in response to environmental conditions. Can. J. For. Res., 18: 
320–329.

BROWN, J.R., SCANLAN, J.C., MCIVOR, J.G., 1998. Competition by berbs as a lifting fac-
tor in shrub invasion in grassland: a test with di� erent growth forms. J. Veg. Sci., 9: 
829–836.

BURDETT, A.N., 1990. Physiological processes in plantation establishment and the    
development: Physiological processes in plantation establishment and the de-
velopment of speci� cations for forest planting stock. Canadian Journal of Forest 
Research, 20: 415—27.

BURCH, G.H., et al.,  1997. Tenascin-X de� ciency is associated with Ehlers-Danlos syn-
drome. Nat Genet., 17 (1): 104–8.

COATES, K.D., EMMINGHAM, W.H., RADOSEVICH, S.R. 1991. Conifer-seedling success 
and microclimate at di� erent levels of herb and shrub cover in a Rhododendron-
VacciniumMenziesia community of south central British Columbia. Canadian Jour-
nal of Forest Research, 21: 858–66.

COLE, E.C., NEWTON, M., 1986. Nutrient, moisture, and light relations in 5-year-old 
Douglas � r plantations under variable competition. Canadian Journal of Forest Re-
search, 16: 727—32.

CONARD, S.G., RADOSEVICH, S.R., 1982. Growth responses of white � r to decreased 
shading and root competition by montane chaparral shrubs. Forest Science, 28: 
309–20.

CUDLÍN, P., et al., 2009. Dopady různých způsobů potlačování buřeně na lesní ekosys-
tém. Research Report, 34 pp (in Czech).

ČERMÁK, P., et at., 2011. Impact of ungulate browning on forest dynamics. Folia     Fo-
restalia Bohemica, 80 s. 



Weeds and weed control as factors for game damage Seite 197

ELLENBERG, H., 1988. Vegetation ecology of Central Europe, 4 edition. Cambridge: 
Cambridge University Press. 731 pp.

ELLIOTT, K.J., WHITE, A.S., 1993. E� ects of competition from young northern hard-
woods on red pine seedling growth, nutrient use e�  ciency, and leaf morphology. 
For. Ecol. Manage., 57: 233–255.

GARCIA-PLAZOLA, J.I., BECERRIL, J.M., 2000. E� ects of drought on photoprotective me-
chanisms in European beech (Fagus sylvatica L.) seedlings from di� erent provenan-
ces. Trees, 14 (8): 485–490.

GJERSTAD, D.H., NELSON, L.R., DUKES, J.H., RATZLAFF, S.A., 1984. Growth response and 
physiology of tree species as a� ected by weed control. Pp.247—57 in DURYEA, 
M.L., BROWN, G.N. (Ed.) "Seedling Physiology and Reforestation Success". Martinus 
Nijho� /Dr W. Junk Publishers, Dorchrecht, The Netherlands.

GROSSNICKLE, S.C., HEIKURINEN, J., 1989. Site preparation: Water relations and growth 
of newly planted jack pine and white spruce. New Forests, 3: 99–123.

JOBIDON, R., CHARETTE, L. & BERNIER, P.Y., 1998. Initial size and competing vegetation 
e� ects on water stress and growth of Picea mariana (Mill.) BSP seedlings planted in 
three di� erent environments. Forest Ecology and Management, 103: 293–305.

JYLHÄ, P., HYTÖNEN, J., 2006. E� ect of vegetation control on the survival and growth 
of Scots pine and Norway spruce planted on former agricultural land. Canadian 
Journal of Forest Research, 36 (10): 2400–2411

KESSL, J., FANTA, B., HANUŠ, S., MELICHAR, J., ŘÍBAL, M., 1957. Ochrana proti škodám 
zvěří. SZN, Praha. 203 pp. (in Czech).

LÖF, M., WELANDER, N.T. 2004. In� uence of herbaceous competitors on early growth 
in direct seeded Fagus sylvatica L. and Quercus robur L. Annals of Forest Science, 
61 (8): 781–788. 

MARGOLIS, H.A., BRAND, D.G., 1990. An ecophysiological basis for understanding plan-
tation establishment. Canadian Journal of Forest Research 20 (4): 375–390.

MORRIS, D.M., MACDONALD, G.B., MCCLAIN, K.M., 1990. Evaluation of morphologi-
cal attributes as response variables to perennial competition for 4 - year old black 
spruce and jack pine seedlings. Can. J. For. Res., 20: 1696–1703. 

NILSSON, U., GEMMEL, P., HALLGREN, J-E., 1996. E� ects of competing vegetation on 
initial growth of planted Picea abies. New Zealand Journal of Forestry Science, 26 
(1/2): 84–98.

NILSSON, U., ORLANDER, G., 1995. E� ects of some regeneration methods on drought 
damage of newly planted Norway spruce seedlings. Canadian Journal of Forest Re-
search, 25: 790–802.

O'DEA, M.E., NEWTON, M., COLE, E.C., GOURLEY, M., 2000. The in� uence of weeding on 
growth of browsed seedlings in douglas-� r plantations. Western Journal of Applied 
Forestry, 15 (3): 163–168.

OKSANEN J., et al., 2012. Vegan: community ecology package, R Package Version 2.1-17 
edn.

PETERSEN, T.D., 1988. E� ects of interference from Calamagrostis rubescens on size dis-
tributions in stands of Pinus ponderosa. Journal of Applied Ecology, 25: 265—72.

POSARIĆ, D., 2010. The most important reasons for the loss of pedunculate oak (Quer-



Seite 198 Michal Bureš, Petr Čermák

cus robur L.) from forest stands up to � rst thinning. [Najvažniji razlozi gubitka hras-
ta lužnjaka (Quercus robur L.) iz sastojina do dobi prvih proreda]. Sumarski List, 134 
(3-4): 151–158. 

R CORE TEAM, 2012. A Language and Environment for Statistical Computing. R Foun-
dation for Statistical Computing, Vienna, Austria, URL http://www.R-project.org/.

REY BENAYAS, J.M., NAVARRO, J., ESPIGARES, T., NICOLAU, J.M., ZAVALA, M.A., 2005. Ef-
fects of arti� cial shading and weed mowing in reforestation of Mediterranean ab-
andoned cropland with contrasting Quercus species. Forest Ecology and Manage-
ment, 212 (1–3): 302–314.

SANDS, R., NAMBIAR, E.K.S., 1984. Water relations of Pinus radiata in competition with 
weeds. Canadian Journal of Forest Research, 14: 233—7.

SIIPILETHO, J., 2001. E� ect of weed control with fibre mulches and herbicides on the 
initial development of spruce, birch and aspen seedlings on abandoned farmland. 
Silva Fennica, 35 (4): 403–414.

SWEENEY, B.W., CZAPKA, S. J. B., YERKES, T. B, 2002. Riparian forest restoration: Increa-
sing success by reducing plant competition and herbivory. Restoration Ecology, 10 
(2): 392–400.

ŠPULÁK, O., 2008. Natural regeneration of beech and competition from weed in the 
summit part of the Jizerské hory Mts. (Czech Republic). Austrian Journal of Forest 
Science, 125 (1): 79–88.

WALSTAD, J.D.; KUCH, P.J. (Ed.) "Forest Vegetation Management for Conifer Production". 
John Wiley and Sons Inc. New York.

WILLOUGHBY, I., JINKS, R.L., KERR, G., GOSLING, P.G., 2004. Factors a� ecting the success 
of direct seeding for lowland a� orestation in the UK. Forestry, 77 (5): 467–482.


