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Abstract. Forest edges created by silvicultural treatment influence micro-climatic conditions and
available light in forest stands. Studies regarding the impacts of forest edges on regeneration is limited in
mixed Oriental beech (Fagus orientalis Lipsky)-Scots pine (Pinus sylvestris L.) stands. In this study, the
influences of forest edges on height growth, root-collar-diameter growth and density of seedlings in an
adjacent stand of Oriental beech-Scots pine were observed. In addition, the effects of stand basal area and
height-to-crown on height growth, root-collar-diameter growth and seedlings density were monitored.
The study was conducted within Samatlar Forest Planning Directorate, in Kastamonu city, Turkey. In the
selected Oriental beech-Scots pine stand, twenty-five transects were installed perpendicular to the forest
edge, and all the measurements were taken within these transects. There were statistically significant
relationships between the distance from the forest edge and the growth of Scots pine seedlings (p<0.05),
while the stand edge did not have any effect on the growth of Oriental beech seedlings. Density of Scots
pine seedlings decreased, while Oriental beech seedling density increased from the edge into the intact
stand (p<0.05). Stand basal area and height-to-crown did not significantly change from the edge into the
intact stand (p>0.05). The differences in seedling growth and seedling density between the two species
can be associated with their dissimilar tolerance to shade. The initial results obtained in this study point
out the importance of forest edges on the regeneration of Oriental beech and Scots pine seedlings. Data
suggest that regeneration of mixed Oriental beech-Scots pine should be successful using group methods
rather than traditional shelterwood method within entire stand.
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Introduction

Forest canopy structure plays an essential role in energy fluxes between the
atmosphere and the land (Smith et al., 2008). Canopy structure influence understory
light availability, soil temperature and moisture, soil nutrients and several other factors
in a forest (Aussenac, 2000; Xue et al., 2011). Measurement of forest canopy structure
is crucial for prediction of forest productivity and development (Smith et al., 2008).
Forest canopy structure is manipulated by forest managers and landowners through
silvicultural practices to modify understory growth conditions (Lhotka and Stringer,
2013). Seedlings respond to natural and anthropogenic disturbances by various ratio of
growth and survival (Rubin et al., 2006). Silvicultural disturbances not only influence
the understory environment of the treated area, but also the microclimatic conditions of
the untreated adjacent forest areas by creating forest edges in between (Baker et al.,
2016).

Forest edge effect is due to the separation of the interaction between two adjacent
ecosystems with a sudden transition (Murcia, 1995). Forest edges include the edges
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formed by the forest roads, rivers, forestry practices and power lines, as well as the
natural openings such as rocks (Meister, 2007). Silvicultural treatments usually create
forest edges with an adjacent stand, and these edges influence micro-climatic conditions
within the stand (Baker et al., 2016). Factors such as air temperature, air humidity,
vapor pressure, soil moisture, soil physical and chemical properties and light intensity
vary between the outer and inner parts of the forest edges (Lhotka and Stringer, 2013;
Dov¢iak and Brown, 2014; Wekesa et al., 2018). Thus, understanding of the edge
effects is crucial in forest management and woodlands (Ouin et al., 2015). In order to
quantify the spatial scale at which stands are affected, the depth of forest edge effects
has been observed in several studies (Laurance, 2000; Ries et al., 2004; Lhotka and
Stringer, 2013). Research shows that the edge effects can extend at least ten meter into
the adjacent stand, and these differences usually disappear after the first fifty meters
from the edge towards interior stand (Murcia, 1995).

Oriental beech (Fagus orientalis Lipsky) and Scots pine (Pinus sylvestris L.) are
economically and ecologically important deciduous and conifer tree species with wide
distribution areas in Turkey (Boydak et al., 2011; Atik, 2013). Vast acreage of mixed
stands comprised of these tree species is also present in the country. The sustainability
of these mixed forests is possible through the successful regeneration of these tree
species. Oriental beech is known to be a shade tolerant species, while Scots pine is
intolerant to shade (Kara, 2018a, 2018b). Mixed Oriental beech-Scots pine stands have
been commonly managed using traditional shelterwood method in Turkey (Odabasi et
al., 2004). Shelterwood systems are high-forest systems in which seedlings are
established under the parent trees, and includes the systems of successive regeneration
(Matthews, 1991). However, due to the differences in their tolerance to shade, group or
group shelterwood methods are considered more appropriate to manage this forest type.
With group methods, the group clearings or the groups with relatively lower density
create edges with the intact stand. In general, Scots pine seedlings can be attained in
groups, while Oriental beech is regenerated using traditional shelterwood method within
the rest of the stands using relatively higher stand density. It is also likely to obtain
Scots pine seedlings outside the groups and close to edges created. Studies comparing
the edge of the forest with that of the inner forest have indicated that there is a higher
amount of light on the forest edge, and it usually increases tree growth and the density
of understory plants at or near the edges (Gehlhausen et al., 2000; Lhotka and Stringer,
2013). However, our knowledge on the influence of forest edge, and its extend on
mixed Oriental beech-Scots pine stands is limited.

Several studies have explored the effects of forest edges on understory plants within
interior parts of stands (Jiquan Chen et al., 1992; Gehlhausen et al., 2000; Burton, 2002;
Hamberg et al., 2009; Gatti et al., 2019). However, to improve our understanding
regarding the forest edges, it has been stated that more research on the forest edges is
need for different forest types in different regions (Salek et al., 2013). To our
knowledge, no such study has been conducted in mixed Oriental beech-Scots pine
stands. Moreover, recently, there has been a growing concern by Turkish forester on the
decreasing proportion of Scots pine trees in the mixed beech-pine stands, which would
result in the conversion of these mixed stands into pure beech stands in Turkey. Thus,
understanding of the forest edges in these forests will help forest managers develop
more appropriate management practices for the sustainability of these mixed forests in
Turkey. The determination of the edge effects will help improve the success of group
methods when naturally regenerating these mixed forests types as well. Understanding
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of the forest edges effects on the Oriental beech and Scots pine seedlings is essential for
the sustainability of mixed stands of these tree species. Therefore, in this study, the
influences of forest edges on the seedling density (ha™), height growth (cm) and root-
collar diameter growth (mm) of Oriental beech and Scots pine seedlings in a mixed
stand were observed. It is also aimed to examine how far the edge effect is from the
edge of the stand to the interior stand. Moreover, the effects of stand basal area (m? ha*)
and height-to-crown on the height growth and root-collar-diameter growth of seedlings
of both species, when moving from the edge to interior stand, were monitored.

Materials and Methods
Study area

This study was conducted in a mixed Oriental beech-Scots pine forest managed by
Samatlar Forest Directorate, within the boundary of Kastamonu Forest Regional
Directorate in Kastamonu, Turkey (Figure 1). The study area was located within the
compartment 90. Total forested area is 49.149 ha, which is approximately 74% of the
entire area within Samatlar Forest Directorate. Kastamonu is situated in the Euro-
Siberian fito geographic region (Colak et al., 2009). Study area is located within the
natural range of Oriental beech and Scots pine species. In addition to Oriental beech and
Scots pine, black pine (Pinus nigra subp. pallasiana), Calabrian pine (Pinus brutia),
Trojan fir (Abies equi-trojani), juniper (Juniperus sp.), oaks (Quercus sp.) and
hornbeam (Carpinus sp.) are other tree species of the region. Blackberry (Rubus spp.),
rockrose (Cistus laurifolius), heath (Erica sp.), cranberry (Cornus sp.) and ferns
(Pteridium aquilinum) are the common understory species within study region. Average
altitude of the study area is 1340 meter above the sea level, and average slope ranges
from 10 to 30% across the study area. Study area is in the transition zone between
Anatolian terrestrial and Black Sea temperate climates, therefore, cold/wet winters and
rainy/wet summers occur in the region. The average annual temperature is 10.9°C
within the study area ranging between -1.1 and 26.6. The average annual precipitation is
570 mm ranging from 250 to 689.5 m in the last twenty years. In the study region, the
vegetation period lasts approximately 137 days starting from late April through later
August. Sandy clay and loamy-clay soils are usually examined in the study region. The
dominant soil group is mostly brown calcareous in the study region.
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Figure 1. Boundary of Kastamonu Regional Forest Directorate, and location of study area
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Study Design

The study was established along a mixed Oriental beech-Scots pine forest matrix that
surrounded a forest opening of approximately 0.3 ha in size (Figure 2) in the spring of
2016. The study site is located at Longitude of 33.167075, and Latitude of 41.302296.
About 90% of the stand basal area (m? ha) composed of Oriental beech and Scots pine
trees. The opening has been untreated to serve as a foot plot for wildlife animals for a
prolonged time. The stand has been managed using the traditional shelterwood method.
The topography of the opening was relatively flat, with a slope less than 10 %. This
study used the edge environment around a forest opening to examine whether distance
from the edge affected the root-collar-diameter growth and height growth of Oriental
beech and Scots pine seedlings in a mixed stand of these tree species.

Forest Opening

Figure 2. Study area and a sample transect

As suggested by Lhotka and Stringer (2013), the stand edge was determined as the
border between the two nearest trees growing along the boundary of the forest opening.
First, twenty-five sampling locations were chosen every ten meter along the perimeter
of the forest opening (Figure 2) in the spring of 2016. Next, at each sampling location,
twenty-five transects were installed perpendicular to the forest edge, and they extended
10 meter from the edge into the opening, and 40 meter from the edge into the stand
(Figure 2). The width of transects was 1 meter, and there was not any canopy gaps
along transects. Moreover, due to a recent understory control treatments, there was not
any other species rather than Oriental beech and Scots pine understory of the study
stand.

Measurements and Analysis

Measurements were taken in the summer (July and August) of 2016. Each transect
was divided into five sections; one section within the opening (S1) and four sections
within the stand (i.e., S2, S3, S4 and S5 for intervals of 0-10, 10-20, 20-30 and 30-40 m,
respectively). In each section, all trees larger than 5 cm in diameter at breast height
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(d.b.h.) were measured. Using the d.b.h. measurements, basal area of each tree was
determined using the formula below, and then, it was converted to basal area per
hectare.

Tree basal area= d.b.h.? (0.0000785) (Eq.1)

Number of seedlings for each species was counted in each section, and it was
converted to calculate number of seedlings for unit area (i.e., one ha). Within each
section, five-year old Oriental beech and Scots pine seedlings were individually selected
in 2017. It should be noted that seedlings’ age were determined by counting the whorls
following DeYoung (2016). Small single branches between major whorls were not
included when counting age as suggested (DeYoung, 2016). Root-collar-diameter (mm)
of selected seedlings was measured with a digital caliper to monitor total root-collar-
diameter growth of seedlings of both species over five-year period. For each seedling,
one root-collar-diameter measurement was taken first, and next, the second
measurement, which was perpendicular to the first one, was conducted. Two
measurements were averaged to attain the root-collar-diameter of each seedling.

In addition, height (cm) of selected seedlings was determined with a ruler to attain
the total height growth of seedlings at age five. Distance (m) of each selected seedlings
to the edge border was measured using a measuring tape height-to-crown, which refers
to the vertical distance (m) from the surface to the first living branch of tree (Lhotka and
Loewenstein, 2008), was measured every two meter in each section with a TruPulse
Laser Rangefinder (Laser Tech Inc.). Height-to-crown measurements taken in each
section were averaged to obtain average height-to-crown for each section.

Lhotka and Stringer (2013) stated that the study design used in this study is not
manipulated by nature, thus, each transect can be treated as “replicate” because they are
treated identically. Thus, there was 25 replicates of edge effects in this study. Root-
collar-diameter of seedlings at age five were averaged for each categorized distance
intervals (i.e., sections). Same procedure was repeated for seedling height for each
section. Log-transformation was utilized for five-year root-collar-diameter growth and
height growth data to enhance residual homogeneity and normality (Mcdonald, 2013).

Mixed-effect Analysis of Variance (ANOVA) model of was utilized to define the
relationships between the distance from the edge and seedling root-collar-diameter and
height growth (0=0.05). The test incorporated the transects as as random effect, while
the distance from the edge was treated as fixed effect. The “Imer” function of “nlme”
package in R-Statistical software (R Development Core Team, 2010) was used for this
analysis. Tukey’s pairwise comparison method for testing statistical significance of
seedling density, root-collar-diameter and height growth among the categorized distance
intervals (i.e., sections) was used (0=0.05). The categorized distance intervals (i.e.,
sections) were the experimental units for the mixed-effect ANOVA model as suggested
(Lhotka and Stringer, 2013). In addition, the influences of the distance from the edge on
the number of seedlings was found using poisson regression with the “glmer” funtion in
R-Statistical software, since this test is recommended for the count data such as number
of seedlings per hectare. Moreover, the influences of stand basal area and height-to-
crown on the total root-collar-diameter growth and total height growth of seedlings over
five years were determined using the mixed-effect linear regression method for each
species, in which the transect was incorporated as as random effect, while basal area
and height-to-crown were treated as fixed effects. The “Ime” function of “nlme”
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package in R-Statistical software (R Development Core Team, 2010) was used for this
analysis. Normality and homogeneity of variance were tested with residual analysis. R-
Statistical software (R Development Core Team, 2010) was utilized for all statistical
analyses.

Results and Discussion
Canopy Structure

Stand basal area and height-to-crown were measured to examine canopy structure
across transects. Basal area ranged from 4.73 to 65-m? ha across all transects (Table
1). Tukey’s pairwise comparison test showed that there was not significant differences
between S2-S3 (p=0.99), S2-S4 (p=0.99), S2-S5 (p=0.92), S3-S4 (p=0.99), S3-S5 (p=
0.85) and S4-S5 (p= 0.59) pairs in terms of stand basal area. Due to few trees within S1,
basal area was lower in this section. Basal area of S1, which was located inside the
opening, was significantly different from the basal areas of sections located inside the
stand (i.e., S2, S3, S4 and S5) (p<0.05). Even though not statistically significant
(p>0.05), the furthest section from the edge (i.e., S5) had relatively lower basal area
(26.67 m?ha*) than the other sections located interior stand (i.e., 32.33, 32.89 and 35.47
m? ha! for S2, S3 and S4, respectively). This is likely due to the decreasing amount of
light from the edge towards to interior stand.

Our findings on the basal area among the sections seem to be consistent with
previous studies. Previous researches, which compared the edge of the forest with that
of the inner forest, have found out that there were higher amount of light close to the
forest edge, and it usually increased tree growth at or near the edges (Gehlhausen et al.,
2000; Lhotka and Stringer, 2013). It has been also stated that amount of light in open-
field conditions is usually higher than it is inside forests (Heithecker and Halpern,
2007), as we observed in this study. We found that basal area started to decrease in S5
that is at least 30 m away from the edge suggesting that forest edge had influence on
overstory trees within 30 m range from the edge into the intact forest in Oriental beech-
Scots pine forests. This is also supported with previous studies such as Heithecker and
Halpern (2007), and Lhotka and Stringer (2013) since they revealed that the edge
effects could extend 10-30 m into the adjacent stand.

Table 1. Descriptive statistics for basal area (m? ha™*) and height-to-crown (m). SD refers to
the standard deviation of the variables

Variables Min. Max. Mean SD
Basal area 47 65 31.6 17.9
Height-to-crown 0.7 17.2 6.99 3.34

Height-to-crown was ranged from 0.7 to 17.2 m across all transects in Oriental
beech- Scots pine forests (Table 1). There was not statistically significant relationships
among sections in terms of height-to-crown (p= 0.218, F= 1.476), that is, height-to-
crown did not significantly change from the open field conditions to the interior stand.
Tukey’s pairwise comparison test showed that there was not any significant differences
between S2-S3 (p= 0.63), S2-S4 (p= 0.88), S2-S5 (p=0.74), S3-S4 (p= 0.98), S3-S5 (p=
0.99) and S4-S5 (p= 0.99) pairs in terms of height-to-crown. When comparing height-
to-crown among sections, we attained the lowest height-to-crown (3.85 m) in S1, which
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was located inside the opening. Average height-to-crowns were 6.02, 7.68, 7.10 and
7.43 m for S2, S3, S4 and S5, respectively. This is likely because the trees inside the
forest opening have grown under open-grown conditions and deprived of self-pruning,
and consequently, developed branches that are lower to the ground. In a similar study,
Lhotka and Stringer (2013) monitored the changes in the canopy height (i.e., height-to-
crown) from open-field conditions into the intact forest in a mixed deciduous forest, and
discovered that height-to-crown was lowest inside the opening, and did not significantly
change from edge into the stand. Given the findings in the literature, our findings
regarding stand basal area and vertical canopy structure seem to be logical.

Seedling Density

The number of Oriental beech seedlings increased from open field conditions into the
intact forest (Table 2). There was a statistically significant relationships between
number of Oriental beech seedlings and distance to the stand edge (p<0.001). However,
Tukey’s pairwise comparison test showed that there was not any significant differences
between S2-S3 (p= 0.98) and S4-S5 (p= 0.97) pairs in terms of number of Oriental
beech seedlings per ha. In other words, only the number of Oriental beech seedlings in
S1, which was located inside the opening, was significantly different from the sections
located inside the stand (i.e., S2, S3, S4 and S5) (p<0.05). Increasing density of Oriental
beech towards into the intact stand could be associated with Oriental beech’s tolerance
to shade, since this species can survive under overstory trees for a prolonged time
(Odabas et al., 2004). Previous research has showed that Oriental beech seedlings can
establish better under canopy than open-field conditions (Szwagrzyk et al., 2001;
Parhizkar et al., 2011). Parhizkar et al. (2011) examined the effects of varying light
intensities on Oriental beech stands, and reported that there was no significant
differences in seedling density across the light intensities at age five. Stand basal area
and height-to-crown had no significant effect on the density of Oriental beech seedlings
(p>0.05).

Table 2. Average number of seedlings per hectare for each species in each section

Sections Oriental beech Scots pine
S1 400 7160
S2 5040 4080
S3 5320 1880
S4 7560 1240
S5 7720 680

Contrary to Oriental beech, the number of Scots pine seedlings decreased from open-
field conditions towards to interior stand (Table 2). There was a statistically significant
relationships between number of Scots pine seedlings and distance to the stand edge
(p=0.001). It was likely that light transmittance through canopy decreased from open-
field conditions to interior stand. Therefore, data showed the importance of light for
Scots pine existence, which is an intolerant species to shade (Barbeito et al., 2009).
Moreover, it is likely that Scots pine seedling could not compete with Oriental beech
seedlings for light and nutrients under the shade of overstory trees. Previous research
have explored the influence of light on the presence of Scots pine seedlings under forest
canopy, substantiating the decreasing number of Scots pine seedlings attained in deeper
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part of the stand (Barbeito et al., 2009; Pardos et al., 2007). Stand basal area had no
significant effect on the density of Scots pine seedlings either (p>0.05).

Seedling Growth

Average height growth of Oriental beech seedlings ranged from 9.5 to 178 cm with
an average of 78.34 cm, while root-collar-diameter growth ranged between 1.65 and
20.8 mm (average 10.52 mm) across all sections over five year period. In a similar
study conducted in Iran, it was concluded that average seedling height and root-collar-
diameter growth were 67.85 cm and 10.56 mm, respectively (Abkenar and Keshavarz,
2005). Parhizkar et al. (2011) monitored the influence of varying light intensities on
Oriental beech seedlings, and found that average seedling growth ranged from 57.3 to
150 cm, while root-collar-diameter ranged from 8 to 19 mm. Our findings also fall
between the ranges presented by Parhizkar et al. (2011). The distance from the stand
edge did not any statistically significant influence on the height growth of Oriental
beech seedlings following five year period (p=0.12) (Figure 3). Average height of
Oriental beech seedlings did not significantly change from open-field conditions into
the intact stand. In addition, there was not any statistically significant relationships
between the root-collar-diameter growth of Oriental beech seedlings and the distance
from the stand edge (p= 0.25) (Figure 3). Moreover, stand basal area had no significant
influence on the height growth (p= 0.08) and root-collar-diameter growth (p= 0.13) of
Oriental beech seedlings over five year period. Height-to-crown did not significantly
affected the height growth (p= 0.6) and root-collar-diameter growth (p= 0.09) of
Oriental beech seedlings either.
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Figure 3. The means of the height and root-collar-diameter (RCD) growth of Oriental beech
seedlings under varying distances to the stand edge. Bars represent the standard deviations for
the amounts of needle removal while the dots indicate the potential outliers

The mean seedling height was 43.86 ranging from 13.3 to 98.85 cm for Scots pine
seedlings, while root-collar-diameter growth ranged between 4.35 and 26.5 mm
(average 10.03 mm) across all sections at age five. The growth rates of Scots pine
seedlings observed in this study were consistent with previous studies. In a study
conducted in Sweden, it was found that Scots pine seedlings planted under a canopy
reach an average height of 40 cm at the end of the five growing seasons (Egnell and
Valinger, 2003). In a different study, which monitored the effects of varying stand
density on root-collar-diameter growth of Scots pine seedlings, an average of 13 mm in
root-collar-diameter was determined (Gerelbaatar et al., 2015). The distance from the
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stand edge had statistically significant effect on the height growth of Scots pine
seedlings following five year period (p= 0.0001) (Figure 4). Average height of Scots
pine seedlings decreased with increasing distance from the stand edge. In addition, there
was statistically significant inverse relationships between the root-collar-diameter
growth of Scots pine seedlings and the distance from the stand edge (p= 0.001) (Figure
4). Moreover, since stand basal area did not significantly change from the edge into the
stand, it had no significant effect on the height growth and root-collar-diameter growth
(p>0.05) of Scots pine seedlings over five year period. Height-to-crown had also no
significant effect on the height growth and root-collar-diameter growth (p>0.05) of
Scots pine seedlings.
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Figure 4. The means of the height and root-collar-diameter (RCD) growth of Scots pine
seedlings under varying distances to the stand edge. Bars represent the standard deviations for
the amounts of needle removal while the dots indicate the potential outliers

Understanding of the relationship between edge effects and seedling growth is
essential for the establishment of understory seedlings when natural regeneration is
aimed. Forest edges affect the understory light environment (Lhotka and Stringer,
2013). This study support the notion that the amount of light under the forest canopy
affect seedling growth of intolerant tree species such as Scots pine. Even though stand
density (i.e., basal area) and height-to-crown did not significantly change from the stand
edge into the stand, Scots pine seedling growth significantly decreased towards interior
stand. Thus, the decreasing seedling growth from the edge into the stand can be
associated with the edge effect. Our finding suggests that forest edge was effective for
light environment, within 40 m from edge, in Oriental beech- Scots pine forests. In
previous research, Carus (2004) and Pardos et al. (2007) also found out that understory
light is usually the most limiting factor which influence the growth of Scots pine
seedlings. In a similar study, Gerelbaatar et al. (2015) examined the growth of Scots
pine seedlings under varying intensities, and found higher seedling growth under higher
light intensity.

The opposite pattern in Oriental beech seedlings (i.e., increasing growth of seedlings
from the edge into the stand) may be related to its competition with Scots pine
seedlings. Scots pine seedlings are more light-demanding species than Oriental beech
seedlings. Thus, under open-field conditions, Scots pine seedlings’ rapid growth likely
suppressed Oriental beech seedlings, and became denser. On the other hand, Scots pine
seedlings could not compete with Oriental beech seedlings interior stand due to lower
amount of light, therefore, Oriental beech seedlings had more growing space and
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nutrients inside stand, and presented higher density. Data suggested that decreasing light
through the edge effects did not have any negative influence on the growth of Oriental
beech forests. Similarly, Abkenar and Keshavarz (2005) observed the height growth of
Oriental beech seedlings under canopy and in canopy opening, and found that seedling
growth did not significantly differ between the two conditions. In another study,
Parhizkar et al. (2011) observed the growth of Oriental beech seedlings under varying
light intensities, and revealed that there was not any relationship between light intensity
and seedling growth. Given the data in previous research, our findings regarding
Oriental seedling growth seem to be acceptable.

Traditional shelterwood method has been widely used in Oriental beech-Scots pine
forests in Turkey Odabasi et al. (2004), including the study area. Approximately 5000-
7000 seedlings per ha at age five for each species are recommended for natural
regeneration of these forests in this method (Odabas et. al., 2004; Calama et al., 2015).
Given these numbers in the literature, our data showed that there was insufficient
number of Scots pine seedlings when moving more than 10 m from the edge into the
stand in the study stand. Therefore, the results suggest that shelterwood method within
the entire area may be unsuccessful in these forests. Instead, Scots pine seedlings could
be obtained in open-field conditions and near the edges. Groups could be created with
complete clearing of vegetation, or using group shelterwood with a canopy closure of
40% in this stand type in favor of Scots pine (Odabas: et. al., 2004). Data also showed
that adequate number of Oriental beech seedlings could be obtained under the shade of
overstory seedlings, thus, any partial cutting such as shelterwood or singletree selection
methods outside the groups may be successful for the natural regeneration of Oriental
beech in these stands. Mean height and root-collar-diameter growth of Scots pine
seedlings after 10 m from the edge were lower that what observed in previous studies
(Egnell and Valinger, 2003; Gerelbaatar et al., 2015) (Figure 4), that is, stand edge has
negative effects on Scots pine seedlings after 10 m from the edge. Therefore, the size
and number of groups when conducting group methods should be decided taking the
range of edge effects (i.e., 10-40 m) into account in mixed Oriental beech-Scots pine
stands.

Conclusions

This study presented the relationships between the distance from stand edge and
growth of Scots pine seedling, while no effect of the edge on Oriental beech seedlings
was observed. Data showed that the edge effect on Scots pine seedlings was present
after 10 m from the edge into stand, and may extend up to 40 m into the stand adjacent
to a forest opening. Study results add knowledge to the scientific understanding of the
edge effects in mixed Oriental beech-Scots pine stands. Initial results suggest that Scots
pine seedling can be established in canopy gaps or group clearing, while Oriental beech
should be successfully attained under canopy within the rest of the stands. Traditional
shelterwood method has been commonly used to regenerate mixed Oriental beech-Scots
pine stands in Turkey; however, our results indicate that Scots pine seedlings may not
well develop under overstory trees, and the stands may turn into pure stands of Oriental
beech in long term. The influence of edges created by silvicultural treatments should be
taken into account when group methods are aimed in this forest type. The data presented
in this study will be helpful for forest managers who aim to enhance seedling
development and establishment in mixed Oriental beech-Scots pine forests. However,

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(2):2219-2231.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1702_22192231
© 2019, ALOKI Kft., Budapest, Hungary



Topagoglu — Geng: Edge effects in beech-pine forests
- 2229 -

more research should be conducted on the use of group selection method in the mixed
Oriental beech-Scots pine stands. In addition, this study was conducted on a single
forest opening; thus, forest edge effects along varying gap sizes should be considered in
the future studies. Moreover, direct light measurements thorough the sections of the
lines should be taken in further research. We also stated that there has been a growing
concern on the decreasing proportion of Scots pine trees in the mixed beech-pine stands
and other mixed stands that contain Scots pine; therefore, similar studies should be
conducted in mixed stands of Scots pine and other tree species such as oak (Quercus),
fir (Abies) and spruce (Picea) in Turkey.
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