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ABSTRACT

Background and Purpose: In Greece, forest practice did not develop special silvicultural treatments for planted conifer
peri-urban forests where broadleaf trees appear as natural regeneration in the understory. The aims of this study are: a) to
analyze the new proposed selective silvicultural treatments for the planted peri-urban forest of Xanthi and for analogous
planted conifer forests, where broadleaf trees are naturally established in the understory b) to check the research
hypothesis that the new selective silvicultural treatments exhibited higher intensity in terms of the basal area of cut trees,
compared to that of traditional treatments in the studied peri-urban forest.

Materials and Methods: In the traditional treatments, in the pine overstory cuttings, apart from the dead trees, mainly the
malformed, damaged, suppressed and intermediate trees were cut. In the lower stories, the goal of the thinning was the
more or less uniform distribution of broadleaf trees. In the proposed selective treatments, the main aim of pine cuttings
is to release the broadleaf formations growing in the lower stories, while the treatments of the broadleaf trees will be a
form of “positive selection” thinning. Plots were established in areas where the two types of treatments were going to
be applied. In each plot, tree measurements and a classification of living trees into crown classes took place. After the
application of the treatments the characteristics of cut trees were recorded.

Results: In the established plots, before the cuttings (and thinning), total basal area was not statistically significantly different
between the two types of treatments. In selective treatments, the basal area of all cut trees was statistically significantly
higher than that of the results of traditional treatments. In the broadleaf cut trees there were statistical differences in the
ratios of dominant, intermediate and suppressed trees between the two silvicultural approaches.

Conclusions: The research hypothesis was verified. The intensity of treatments in terms of the basal area of cut trees was
higher in the selective approach, compared to the traditional treatments in the Xanthi peri-urban forest. However, the
overstory cutting intensity of the selective treatments depends on the spatial distributions and densities of broadleaved
and conifer trees. In the broadleaf trees, the different objectives of the two types of treatments resulted in thinning with
different qualitative characteristics. The proposed silvicultural treatments will accelerate the conversion of peri-urban
conifer forests having an understory of broadleaf trees into broadleaved forests, or into mixed forests of conifers and
broadleaf trees.
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INTRODUCTION

In the peri-urban forests of Greece, conifers were
artificially established in very dense spacings (1x1 m) for the
protection of forest soils in areas around cities and towns,
as well as for the protection of the health and property of
urban settlement residents [1].

In the north of Greece, within many peri-urban forests
broadleaf trees were gradually established as natural
regeneration under the canopy of conifers. This process
resulted in formations where conifers (mainly pines) form
the overstory, while broadleaf trees appearin the understory
(and in some cases in the middlestory). As the planted
conifer trees became older, exhibiting larger dimensions,
and the density of broadleaf trees increased as a result of
a continuous establishment, the competition among trees
increased. Moreover, the available organic fuels became
gradually higher, leading to a higher risk of wildfire. A
wildfire in a peri-urban forest can have catastrophic results
in many aspects. Apart from the destruction of the peri-
urban forest, urban infrastructures may be destroyed. The
most significant issue is that such fires may have huge costs
in human lives (like in Attica in 2018). At the present, the
component of broadleaf trees exhibits various densities,
ages, dimensions and species compositions.

Another concern that the Forest practice has to
incorporate in its design is their usage for recreation,
regarding the manipulation-treatment of stand structure of
peri-urban forests.

Areas with broadleaf trees are less vulnerable to forest
fires, and broadleaf trees can react through sprouting
against disturbances, such as wildfires or anything that
can kill the aboveground part of trees [2-5]. As a result,
the fast conversion of pine reforestations into broadleaved
forest or to mixed conifer-broadleaf forest will contribute
greatly to the reduction of forest fire risk, and also to the
improvement of ecosystem resilience. A forest fire event
can release a great amount of CO, in the atmosphere,
depending on the volume of the burned organic matter.
That conversion will contribute to the reduction of the
CO, release risk and thus, it will act against the climate
change process. Moreover, the ability of broadleaf trees to
resprout after a forest fire will reduce — eliminate the costs
of the vegetation re-establishment after the fire. Sprouts
and sprouting ability can be used for the preservation of
forest ecosystems during climate change period [6-8].

In Greece, forest practice did not develop special
silvicultural treatments for planted conifer peri-urban
forests in general, and in particular in peri-urban forests,
where broadleaf trees appear as natural regeneration in the
understory. The up to now applied silvicultural treatments
are usually characterized by light intensity, while there
are cases with medium to high intensity treatments.
The cutting of dead trees and pruning are the common
characteristics of treatments in peri-urban forests.

In the context of The FoResMit Project (LIFE14 CCM/
IT/905 "Recovery of degraded coniferous Forests for
environmental sustainability Restoration and climate
change Mitigation"), new selective silvicultural treatments
were developed in Monte Morello peri-urban forest in
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Italy and in the peri-urban forest of Xanthi in Greece and
were applied together with the traditional silvicultural
approaches [9, 10]. In Xanthi, the proposed silvicultural
treatments target in the fast conversion of the peri-urban
forest in a broadleaf forest or in a mixed conifer-broadleaf
forest, and thus are expected to exhibit high intensity.

The aims of this study are: a) to analyze the new
proposed selective silvicultural treatments for the planted
peri-urban forest of Xanthi, and for analogous planted
conifer forests, where broadleaf trees are naturally
established in the understory and b) to check the research
hypothesis that the new selective silvicultural treatments
exhibited higher intensity in terms of the basal area of cut
trees compared to that of traditional treatments in the
peri-urban forest of Xanthi. Moreover, the characteristics of
the first application of selective treatments in comparison
to those of the traditional treatments, are given and
discussed.

MATERIALS AND METHODS

Study Area

The peri-urban forest of Xanthi (41°0927.3"N,
24°54'09.8"E) is located on the slopes around the town of
Xanthi in northeastern Greece. It covers an area of about
2400 ha, in an elevation range of 100 to 630 m. In the peri—
urban forest there are reforestations - plantations that began
in 1936 and lasted up to 2007. However, most of them were
established before 1973 [9, 10]. The reforestations cover a
great part of the peri-urban forest. They were established
mainly in degraded areas which were under grazing
pressure. In those areas bare land alternated by areas of
very sparse vegetation consisted of Carpinus orientalis L.,
Quercus coccifera L., Fraxinus ornus L., Quercus frainetto
Ten., Quercus pubescens Willd., Quercus petraea Liebl.
subsp. polycarpa (Schur) Soo etc. plants. In some cases,
reforestations were established in agricultural lands with
very small areas. The main species used in the reforestations
was Pinus brutia Ten. [11], while some other species were
also used. The main of them were Pinus maritima Mill.,
Robinia pseudoacacia L., Cupressus sempervirens L.,
and Pinus nigra J.F. Arnold. In the lower stories (mainly
understory) there are naturally established broadleaved
species like Carpinus orientalis, Quercus coccifera, Fraxinus
ornus, Quercus frainetto, Quercus pubescens, Quercus
petraea etc. In very few cases the tallest broadleaved trees
had analogous height of their adjacent pine trees that were
usually intermediate or codominant trees. In some areas,
individuals of Robinia pseudoacacia L. have been naturally
established under the pine overstory.

The deadwood in the reforestations of the peri-urban
forest of Xanthi is 9.21 m*ha* [12].

The mean annual precipitation in the area of Xanthi is
675 mm while the mean annual temperature is 15.5°C [13].
In the areas where the treatments that are analyzed in this
study were applied, the soil texture is sandy clay to sandy
clay loam [10]. The treatments were applied in a part of
reforestations that was established (mainly) in the decade
of 1950 (Figure 1).
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Silvicultural Treatments in the Peri-Urban Forest in
Xanthi
Traditional Treatments

In Xanthi, in the overstory cuttings of the traditional
treatments (Figure 2), apart from the dead, mainly the badly
formed, damaged, suppressed and intermediate trees were
cut. The first priority was the cutting of the badly formed and
damaged trees. The intensity of the cuttings depended mainly
on the density of the conifer overstory, and usually it was light.

However, in some cases, in areas with rather dense overstory,
where there were many badly formed trees, the intensity of
the cuttings was much higher. In the lower stories, the goal
of the thinning was the more or less uniform (if possible)
distribution of broadleaf trees. In most cases, in the broadleaf
tree thinning, the robust trees, as well as the trees with good
form, were not cut. On the other hand, mainly trees with
lower competitive abilities were removed. The intensity of the
thinning in the lower stories was, almost in all cases, low.
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Selective Treatments

In the following text Dafis [14], Oliver and Larson [15] and
Smith et al. [16] were used as a theoretical base in order to
develop the new proposed silvicultural treatments.

The so-called selective treatments include rather intense
cuttings in the overstory of pines (conifers) and thinning in the
broadleaf component of the lower stories.

The objective of the selective treatments is the fast
conversion of the peri-urban forest in a forest where broadleaf
trees will be the dominant element, and in later time in a
broadleaved forest (at least in the better sites). Only in the
worst sites Pinus brutia (conifers) will be the dominant
component of the stands, since the most broadleaf trees are
more site sensitive than pines [17-19].

The main aim of the overstory cuttings is the release of the
broadleaf formations (thickets or groups) growing under pines
(Figure 3). In the overstory cuttings, except for the dead, the
badly formed and damaged trees will be cut. The first priority
is the removal of the trees having large dimensions and bad
form (if there is a sufficient ground cover by broadleaf trees
or their regeneration). The trees having the best form will be
retained. Those pines are expected to exhibit high growth
rates. The intensity of the overstory cuttings will be higher in
areas with dense (or rather dense) formations of broadleaf
trees, or where there is rich regeneration of broadleaf trees.
In this context, if after the removal of the badly formed and
damaged trees, a tree (or trees) with rather good or even
best form must be cut, in order for a broadleaf formation to
be sufficiently released, then that tree (or those trees) has
to be cut. As mentioned above, the main target, which must
determine and guide the scheme of cuttings, is the release of
the broadleaf component of the stand. In areas totally covered
by dense or rather dense formations of broadleaf trees, all
the overstory pines have to be removed, if possible, in one
cutting application, if it is ensured that there will be no serious
damages in the broadleaf stories.

The proposed selective silvicultural treatments will
be applicable in peri-urban forest(s) having various spatial
distributions and densities of broadleaved and conifer trees

resulting in different needs of overstory cutting intensities.

Generally, the intensity of the pine overstory cuttings will
vary depending on the density of the overstory trees, as well
as on the density of the broadleaf trees of the lower stories
(and in the regeneration level) and the necessity for their
release.

In the new proposed selective silvicultural treatments,
the thinning of the broadleaf trees will be a form of "positive
selection" thinning. In the thinning, the main competitors
of the selected best broadleaved trees will be cut. In each
thinning application, in almost all cases, one (the primary)
competitor of each selected to be favored tree must be
cut [14]. As the best trees will be considered the trees (or
saplings) having strong growth vigor, symmetric and large or
rather large crown and, if it is possible, a good (straight, having
circular cross section, without deficiencies) bole form. An
essential feature, that all the selected best trees that are going
to be favored must have, is a vertical stance. The thinning
will provide more growing space to the most dynamic and
promising broadleaved trees. The individuals that are going to
be favored through that “positive selection” thinning must be
distributed in the total stand area, if it is possible, since they
are going to be the robust dominant having large dimensions
trees that will give strength and stability in the stand in the
future. In the locations where there are no broadleaf trees with
the aforementioned desirable features, the comparatively (to
the adjacent) better trees will be favored [14]. In areas where
the best trees do not confront rather significant competition,
no trees will be cut.

The production of quality wood must be considered as a
secondary service in a peri-urban forest [1]. That is why, even
though the good bole form is considered as a feature of the
best trees, it is not a necessary one. The "positive selection"
thinning of the broadleaf trees has to start when the best
trees with the aforementioned features are easily identified.

In the broadleaf component when there are groups
of sprouts, these must be gradually thinned so as the best
sprouts, having a vertical stance, finally remain. In this gradual
thinning, at first the sprouts having the worst form will be cut.

FIGURE 3. Broadleaf trees that were released from conifer competition in the context of selective silvicultural treatments

(arrows aim at the stumps of the cut pines).
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The conversion of a conifer dominated peri-urban forest
to a broadleaf dominated forest and finally to a forest of
broadleaf trees have to be implemented through a series
of cutting and thinning treatments, which gradually will
redistribute the growing space. The specific characteristics
of the treatments, the time period between treatments, and
their intensity will be assigned according to the conditions
that exist each time.

In areas where the density of broadleaf trees is low and
the density of pine overstory is high, the transition to the
broadleaf species’ dominance will delay, while in areas with
a high density of broadleaf trees and a sparse pine overstory
the transition will be immediate.

A significant issue that must be decisive in the selection
of appropriate silvicultural treatments that are going to be
applied in each case, is the protection of forest soil against
erosion. In this context, especially in areas with a high
inclination, the vegetation density and ground coverage
maintained by the tree crown projections have to be high, if
possible.

The next step in the areas of broadleaf forest, or in the
areas where the broadleaf trees will dominate, is to design
the future silvicultural treatment approach. This approach
has to incorporate services such soil protection and forest
recreation.

In areas with a low inclination, silvicultural treatments
must have as objective to create formations where the density
of broadleaf trees in some cases will be low, and trees with
large dimensions and crowns have to be grown. In general, in
recreational forests the tree spacings must vary [1].

On the other hand, in areas with high inclination, the
creation of dense formations of broadleaf trees for the
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protection of soils must be the objective. In cases of low
productivity areas (worst sites) with high inclination, it is
preferable a dense stratum of shrub form broadleaf trees with
a very sparse overstory of conifer trees (if applicable).

Application of the Two Different Silvicultural Appro-
aches in the Peri-Urban Forest of Xanthi

Each type of silvicultural treatments was applied in
three replicates of about 1.5 ha in the peri - urban forest of
Xanthi (Figure 4). In each replicate, two fixed area circular
plots having a radius of 13 m (area of 531 m?) were randomly
established in 2016. In each plot the breast height diameter
and total height of all trees (dead and living) of the plot
having a breast height diameter of 3 cm and above were
measured and registered. The most broadleaved trees were
in the understory. Very few of the tallest broadleaved trees
had an analogous height to their adjacent pine trees that in
most cases were intermediate or codominant trees. In the
present study (and analyses), the pines are considered to
grow in the overstory and the broadleaf trees are considered
to belong to lower stories. Moreover, in each plot, each
measured living tree was classified according to its crown
class to dominant, codominant, intermediate or suppressed
following the classification of Kraft [15, 16]. This classi-
fication was made separately in regard to the pine trees and
for the broadleaved trees. In the understory, apart from the
broadleaf trees, in a plot of traditional treatments there is a
small Juniperus oxycedrus L. tree. In the following analyses
(crown class classification, basal area calculation, etc.) this
tree was included in the broadleaved component of the plots.

In September of 2016, overstory pine cuttings and
thinning of the broadleaf trees in the lower stories took

§ Imagery 2019, NES  Altbus, European 5pece Imaging. g

FIGURE 4. The three replicates where the traditional and the selective treatments were applied (source: Imagery ©2019, CNES

/ Airbus, European Space Imaging, Maxar Technologies).
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place in the three replicates of each of the two types of
silvicultural treatments. In each plot the characteristics of
cut trees were recorded.

In the results section basal area data of all trees (dead
and living) and crown class data of living trees are analyzed.
This happened since the aim of result analysis was to highlight
the different approaches of the two types of treatments as
these are reflected in the amount of the removed basal area
of both dead and living trees and in the crown class of cut
living trees. The crown class distribution of trees provides
information that contributes to a better management of
forest stands [20]. Moreover, since both types of treatments
aim at the removal of dead trees, the incorporation of dead
trees in the basal area analysis provides a better insight into
the intensity of each silvicultural approach. However, before
the cuttings and thinning, only 9 dead trees (five pines and
four broadleaf trees) were found in the plots where the two
different types of treatments were applied.

In the plots where the traditional and the selective
treatments were applied, the ratio (proportion) of cut pines
or broadleaf trees belonging in a crown class is calculated
when the number of cut trees of the specific crown class is
divided by the total number of cut trees. In the comparisons
between ratios, the Z test was used [21], while in the
comparisons between basal areas the t test was used.

RESULTS

In the following section, the basal area data are referred
to both dead and living trees.

In the six plots of traditional treatments the total basal
area, from 12.41 m? (38.96 m*ha?), before the cuttings
(and thinning) became 9.85 m? (30.93 m*ha?) after the
cuttings (and thinning). The basal area of pine overstory of
11.96 m? (37.54 m>ha') became 9.44 m? (29.64 m*ha?),
exhibiting a reduction of 21.05%, while the basal area of
broadleaf trees of 0.45 m? (1.42 m*ha?) became 0.41 m?

12

10

Basal area (m?)
[e)}

(1.29 m?-ha?), exhibiting a reduction of 8.93% (Figure 5).
On the other hand, in the six plots of selective treatments
the total basal area of 12.51 m? (39.27 m*ha), before the
cuttings (and thinning) became 7.58 m? (23.81 m*ha™) after
the cuttings (and thinning). The basal area of pine overstory
from 11.45 m? (35.93 m%*ha?) became 6.69 m? (20.99
m*ha?), exhibiting a reduction of 41.57%, while the basal
area of broadleaf trees of 1.06 m? (3.34 m?-ha) became 0.90
m? (2.82 m?ha), exhibiting a reduction of 15.77% (Figure
5). In the established plots, before cuttings (and thinning),
total basal area was not statistically significantly different
(p>0.05) between the two types of silvicultural treatments
(t-test, t=-0.087 and p=0.933). After cuttings (and thinning),
the plots of selective treatments had statistically significantly
lower (p<0.05) total basal area than those of traditional
treatments (t-test, t=2.611 and p=0.027). In addition, in the
plots of selective treatments, basal area of all cut trees was
statistically significantly greater (p<0.05) than that of the
plots of traditional treatments (t-test, t=-3.997 and p=0.003).

In the Figures 6 and 7, the number of living trees in
the different crown classes before and after the cuttings
(and thinning), in the plots where traditional and selective
treatments were applied, is presented. There were no
differences (p>0.05) in the ratios (proportions) of cut
pine trees in each of the three crown classes (dominant,
codominant and intermediate trees) between the two
different types of silvicultural treatments, in the measured
plots. There were no suppressed pine trees in the plots
were the traditional treatments were applied (Table 1).
In the case of broadleaf trees, the ratios (proportions)
of cut trees belonging in the dominant and suppressed
trees in the selective treatments were higher, compared
to the corresponding ratios in the traditional treatments.
In the traditional treatments the ratio (proportion) of
cut intermediate trees was higher (p<0.05) than that of
selective treatments, while there was no difference (p>0.05)
in the ratios of cut codominant trees in the plots of the two
different types of treatments (Table 1).

B Before cuttings
After cuttings

2

0 | -
Basal area Basal area of Basal area Basal area of
of pines in broadleaf trees  of pinesin  broadleaf trees
traditional in traditional selective in selective
treatments treatments treatments treatments

FIGURE 5. Basal area of pines and broadleaf trees before and after the cuttings (and thinning), in the plots where traditional

and selective treatments were applied.

112 SEEFOR10(2): 107-116

https://www.seefor.eu


http://www.seefor.eu

New Silvicultural Treatments for Conifer Peri-Urban Forests Having Broadleaves in the Understory - The First Application in the Peri-Urban of Xanthi in Northeastern Greece

TABLE 1. Ratios (proportions) of living pines and broadleaf trees of different crown classes that were cut (out of the total
number of trees that were cut) in the plots where traditional and selective treatments were applied.

Comparison of the ratios

Ratios
z p
Dominant pine trees that were cut in the traditional Dominant pine trees that were cut in the selective
treatments treatments
0.49 0.53 -0.391 0.698
Codominant pine trees that were cut in the traditional ~ Codominant pine trees that were cut in the selective
treatments treatments
0.14 0.25 -1.166 0.252
Intermediate pine trees that were cut in the traditional Intermediate pine trees that were cut in the
treatments selective treatments
0.37 0.23 1.476 0.149
Dominant broadleaf trees that were cut in the traditional Dominant broadleaf trees that were cut in the
treatments selective treatments
0.00 0.20 -2.371 0.027
Codominant broadleaf trees Codominant broadleaf trees
that were cut in the traditional treatments that were cut in the selective treatments
0.29 0.15 1.468 0.156
Intermediate broadleaf trees Intermediate broadleaf trees
that were cut in the traditional treatments that were cut in the selective treatments
0.67 0.28 3.358 0.003
Suppressed broadleaf trees Suppressed broadleaf trees
that were cut in the traditional treatments that were cut in the selective treatments
0.04 0.37 -3.051 0.006

In the comparisons between ratios, the Z test was used. In the plots were the traditional and the selective treatments were applied, the ratio
of cut pines or broadleaf trees belonging in a crown class is calculated when the number of cut trees of the specific crown class is divided by
the total number of cut trees.

130 Traditional treatments
120
110 After cuttings

[l Before cuttings

100
90
80
70
60
50
40
30
20
10

Number of trees

Dominant Codominant Intermediate Suppressed Dominant Codominant Intermediate Suppressed
pines pines pines pines broadleaf  broadleaf  broadleaf  broadleaf
trees trees trees trees

FIGURE 6. Number of pines and broadleaf trees in the different crown classes before and after the cuttings (and thinning), in
the plots where the traditional treatments were applied.
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pines pines pines pines broadleaf  broadleaf  broadleaf  broadleaf
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FIGURE 7. Number of pines and broadleaf trees in the different crown classes before and after the cuttings (and thinning), in

the plots where the selective treatments were applied.

DISCUSSION

The intensity of treatments was higher in terms of the
basal area of cut trees in the selective silvicultural approach,
compared to the traditional treatments in the peri-urban
forest of Xanthi. In selective treatments all cut trees had
greater (p<0.05) basal area compared to that of traditional
treatments. Moreover, it must be mentioned that before the
application of treatments there was no difference (p>0.05)
in the total basal area between the plots where the two
different types of treatments were applied. The higher
amount of basal area of cut trees in the selective treatments
is related to the need for the release of the broadleaved
formations from the overstory pine competition, that results
in more intense overstory pine cuttings in areas with dense
(or rather dense) formations of broadleaf trees. However, as
mentioned in the description of the selective treatments,
their overstory cutting intensity depends on the spatial
distributions and densities of broadleaved and conifer trees.

Thinning can be a satisfactory method for the restoration
of hardwood species under conifer plantations [22, 23]. In
a Criptomeria japonica plantation of 20 years old, Seiwa et
al. [24] applied thinning treatments of two intensities. In
intensive thinning the 60.5% of the tree volume was cut,
while in the week thinning the 28.3% of the tree volume was
cut. They found that a mixed at the level of canopy conifer —
hardwood forest is more possible to be developed and occur
more quickly after the intensive thinning, compared to the
week thinning. Harmer et al. [25], after a study in a Pinus
nigra — Pinus sylvestris plantation, they mentioned that in the
conversion of pine plantations in a woodland of broadleaf
trees, an extensive reduction of canopy may be applied.
However, they referred that this treatment is the proper
approach in areas where the ground flora species can have
a negative effect on regeneration, while fast growing species
is likely to be naturally established quickly. Mercurio and
Spinelly [26] recommend the creation of gaps for the natural
regeneration establishment of native species under the

114  SEEFOR 10 (2): 107-116

Mediterranean softwood plantations. They also refer that the
size of the gap depends on the species and the management
goals. On the other hand, Alday et al. [27] mentioned that for
the conversion of Pinus radiata plantations to native forest
using natural regeneration clear cutting treatments can be
used.

There were not differences (p>0.05) in the ratios
(proportions) of the three crown classes (dominant,
codominant and intermediate) of cut pine trees between the
two different types of treatments. The main difference in the
overstory cuttings between the two silvicultural approaches
is the release of the lower stories of broadleaf trees, aimed in
the selective treatments, while in the traditional treatments
the first priority is the gradual removal of the badly formed
tress and damaged trees. Badly formed trees and damaged
trees are not connected to a particular crown class, and
they can also have great dimensions. As a result, the ratios
(proportions) of the removed pine trees that belonged in
dominant, codominant and intermediate crown classes were
not different in the two types of treatments.

In the broadleaf trees, the different objectives of the
two types of treatments resulted in thinning with different
qualitative characteristics. In selective treatments, more
dominant trees (p<0.05) were proportionally cut (higher
ratio) than in the traditional treatments. In fact, in traditional
treatments no dominant trees were cut. This was predictable
since, as it is referred above, in the traditional treatments,
in most cases, in the thinning of broadleaf trees the robust
trees were not cut, while mainly trees with lower competitive
ability were removed. In this context, in the thinning of
traditional treatments more intermediate trees (p<0.05)
were proportionally cut, compared to selective treatments.
However, in the selective treatments, more suppressed trees
(p<0.05) were proportionally cut, compared to the traditional
treatments. In this case, this was the result of the existence of
groups of sprouts, in the plots where the selective treatments
were applied. In the present treatments, in these groups,
badly formed sprouts that were in parallel characterized as
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suppressed, since they had a curved form, were cut, leading
in the high number of suppressed trees that removed in the
plots where the selective treatments were applied.

A high intensity of the thinning of broadleaf trees in the
selective treatments is not an inherent feature. The intensity
of thinning of the broadleaf trees in the selective treatments
depends on the competition imposed in the best trees, and
secondarily on the density of formations of broadleaf trees.

In the proposed selective silvicultural treatments, there
is a fast conversion of the peri-urban forest in a broadleaved
forest (atleastin the better sites) through the fast releasement
of broadleaf trees, and only in the worst sites, conifers will
be the dominant component of the stands. Moreover, in
the thinning of the broadleaf trees in the lower stories, the
best trees that are going to be favored are going to be the
robust dominant having large dimensions trees, which will
give strength and stability in the stand in the future. In Great
Britain, it is considered that the fast conversion of conifer
plantation to woodlands of native broadleaved species
through clear cutting treatments under certain ecological
conditions can be more preferable compared to the gradual
removal of plantation trees [25, 28, 29].

Regarding the traditional silvicultural treatments, there
is no acceleration of forest dynamics in the direction of
broadleaf species dominance, with all the advantages of
this fast conversion. Cuttings are not targeted at the release
of broadleaf species and only by chance, in the case of
removal of one (or two proximate) badly formed pine tree
having large dimensions, there will be a release of a group
of broadleaf trees (if there were such a group under the pine
tree that was cut). Moreover, in the traditional treatment,
the broadleaf trees are not strengthened through the
favoring of their most dynamic elements. The redistribution
of the growing space does not give a significant advantage in
a specific category of trees.

According to Doukalianou et al. [10], both types of
silvicultural treatments reduced the potential of global
warming. However, they mentioned that there is an
indication that the selective treatments, which were
high-intensity treatments, exhibit a high potential for the
mitigation of global change.

The new proposed selective silvicultural treatments
can be applied in peri-urban forests having a similar stand
structure and analogous ecological conditions with the peri-
urban forest of Xanthi.

CONCLUSIONS

The research hypothesis was verified. The intensity
of treatments was higher in terms of the basal area of cut
trees in the selective silvicultural approach, compared to
the traditional treatments in the peri-urban forest of Xanthi.
However, the overstory cutting intensity of the selective
treatments depends on the spatial distributions and densities
of broadleaved and conifer trees.

There were not differences (p>0.05) in the ratios
(proportions) of the three crown classes (dominant,
codominant and intermediate) of cut pine trees between the
two different types of treatments. In the broadleaf trees of
the lower stories, the different objectives of the two types
of treatments resulted in thinning with different qualitative
characteristics.

The proposed selective silvicultural treatments will
accelerate the conversion of the peri-urban forests having
an understory of broadleaf trees into broadleaved forests or
into mixed forests of conifers and broadleaf trees and will
strengthen the most dynamic elements of broadleaf trees.
Thus, in the future peri-urban forests, the risk of wildfires will
be reduced, there will be an increased ability of the forest
ecosystem to react after disturbances, and new abilities of
stand structure manipulation in the direction of usage of
peri-urban forests, for recreation and soil protection, will be
created.
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