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ABSTRACT

- - Factors affecting success in natural regeneration studies are important for healthy and sustainable
Art'FIe History management of the regeneration. The number, distribution, growth and development characteristics
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subsp. pallasiana) were investigated depending on the “Honowski Light Factor” values in the same

Keywords habitat conditions. In this context, four sample areas (50 m x 150 m = 7500 m?) were taken. A total
Aspect of four stands were divided into two groups as areas where final cutting was done and areas where
Growth final cutting was not done. One of these two groups of stands selected is located in a shady aspect,
Honowski Light Factor the other in a sunny aspect. While the values with well and under the good growth potential revealed
Natural regeneration statistically significant (p<0.05) relationships based on the joint interaction of aspect and stand
Pinus nigra structure, statistically insignificant (p>0.05) relationships emerged between the values with not good

and very low growth potential. In the study, the saplings with “well” and “under the good” growth
potential were found mostly in the shady aspect where final cutting was done. Saplings with “not
good” and “very low” growth potential were found mostly in sunny aspects where no final cutting
was made. The reasons for this distribution can be shown as the fact that saplings in the sampled
areas were not found in equal amounts in the area. Therefore, the high competition between saplings
in sunny aspects has been limiting in the growth and development of saplings. In this context, it was
revealed that the number of individuals in the stand should be taken into consideration while adjusting
the light intensity in silvicultural applications. The use of the Honowski Light Factor values in the
determination of the light needs of the saplings in Anatolian black pine natural regeneration studies
reveals that it can be useful in the numerical evaluation of the assessments. At the same time, it has
been revealed that the aspect factor should also be taken into account for the correct management of
the process of gaining biological independence of saplings. In this context, more research should be
conducted on regeneration biology and sapling dynamics evaluated within stand dynamics.
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1. Introduction by understanding the factors that ensure the successful renewal
of species (Chai & Wang, 2016). Obtaining the desired
efficiency in regeneration studies depends on bringing
sufficient number and quality of sapling to the area and
providing suitable growing conditions (Sivacioglu et al., 2008;

Natural regeneration studies play an important role in the
sustainable renewal of forests and the creation of long-lived
forest ecosystems (Chazdon & Guariguata, 2016). Protection
and sustainable management of forests are primarily achieved
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Caligkan et al., 2014). This requires the selection of methods
suitable for the biology and ecology of the species. Similarly,
defining the stand establishment and growing environment
conditions is also extremely important in determining
silvicultural interventions.

Stand structural features hold the most important place in
the examination, evaluation and planning of forest ecosystems.
Stand structural features are used in expressing the ecological
needs and regeneration features of all flora and fauna. Stands,
which are considered the smallest part representing the forest,
are very important in determining their structural status. Stand
establishment features are tree species, diameter, height and age
distributions, density, closure, and these features indicate the
existence, growth and development potential of the plants
forming the stand. As a result, the existence of any species in
the stand or its good or bad development depends on the
determination of how much it is related to these stand elements
(Oktan, 2015; Cui et al., 2022). Therefore, revealing the stand
establishment provides a theoretical basis for determining the
operation suitable for nature and for silvicultural applications
to be carried out in practice (Zhang et al., 2021).

Stand establishment reflects regeneration dynamics,
microclimate conditions (wind, humidity, precipitation),
ecological characteristics of the ecosystem (light, temperature,
water, soil nutrient status, water, etc. resource conditions) and
competitive power among species (Nguyen et al., 2022).
Therefore, when all changes that silvicultural interventions will
cause in the specified stand characteristics are evaluated, it is
revealed that the seedling is under the influence of many
factors. Light, together with water and nutrients, is an important
growth factor that determines the success of regeneration. Light
plays an effective role on the germination energy and duration
of fallen seeds and the development of emerging seedlings.
Light is well correlated with other important abiotic and biotic
factors (Grant, 1997, Madsen & Larsen, 1997; Balci, 2008;
Balandier et al., 2009; Gaudio et al., 2011). Juveniles of
different tree species require different amounts of light to
survive and grow successfully. Shade-tolerant species can
potentially regenerate better in the dark understory than less
tolerant ones. In this context, correct and nature-appropriate
silvicultural interventions in natural regeneration methods are
directly related to the light requirements of the species. Water,
temperature and soil nutrient status within the stand are other
important factors, but all of them are related to light availability
to some extent (Barbier et al., 2008). The most important factor
that controls the light in the overstory, intermediate and
understory of the stand (Barnes et al., 1998) and determines the
competition between plant species in the stand is the canopy
cover (Smith et al., 1997). The relationship between the canopy
cover and the temporal and spatial distribution of light reaching
the lower floor is important. Because this relationship can
change depending on the disturbance, succession, harvest and
silvicultural practices in the forest. In this sense, it is very

important to determine how changes that may occur due to
silvicultural practices affect the number and distribution of
seedlings in the substrate and their growth and survival
potential (Wright et al., 1998).

In natural regeneration studies, the status of seedling
depends on many biotic and abiotic factors (Lv et al., 2023).
For instance, regeneration is strongly associated with local
topography (Redmond & Kelsey, 2018). Elevation, slope and
aspect affect species composition, regeneration density and
survival (Kerr, 2000). Again, soil nutrients affect species
regeneration (Bharathi & Prasad, 2017). Species composition
of forest canopy directly affects species richness and
regeneration composition and indirectly through canopy
structure (Adam et al., 2013). The relative importance of
influencing factors on natural forest regeneration is uncertain
and inconsistent across different field conditions. Therefore, it
is very important to elucidate the characteristics of forest
regeneration and determine the response of saplings to the
influencing factors.

Anatolian black pine is an important tree species that
spreads over a very wide area in Tiirkiye due to its ability to
survive in difficult conditions. It is the species that can enter
steppe areas the most within its wide distribution area in
Tirkiye. Anatolian black pine establishes pure and mixed
stands in Tiirkiye. Anatolian black pine is semi-light tree and
can remain under shelter for a long time in good sites (Yilmaz
& Kalkan, 2019). Regeneration success and seedling growth in
Anatolian black pine forests are generally achieved by the
shelter method (K6seoglu & Kara, 2019; Odabasi et al., 2004).
Due to its wide distribution area and economic value, many
studies have been conducted on its silvicultural, ecological and
biological properties (Kalipsiz, 1963; Saatcioglu, 1979; Eruz,
1984; Polat et al., 2014; Ertugrul & Bilir, 2020; Ayan et al.,
2021). However, although there are many studies on the
regeneration of Anatolian black pine (Ertugrul & Bilir, 2020;
Giiner, 2001; Koseoglu & Kara, 2019), there are not many
studies on the relationship between light and the sapling based
on their growth and development period. In the studies
conducted, how much light should be given at which stage in
natural regeneration studies has been revealed based on general
evaluations. On the other hand, a numerical criterion that
reveals how light affects the growth and development of
saplings has not been clearly established. However, due to the
biology of Anatolian black pine, light demand should be
evaluated very well in natural rejuvenation studies. The
Honowski Light Factor (HLF) is mostly used as a measure of
the growth potential of seedlings under pressure in coniferous
trees. Therefore, in this study, the effects of the Honowski Light
Factor and aspect change were investigated based on the growth
and development status of natural saplings of Anatolian black
pine.
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2. Materials and Methods
2.1. Material
2.1.1. Study area

This study was carried out in a total of 24.2 hectares of pure
Anatolian black pine natural regeneration area within the
borders of Korucuk Forest Sub-district Directorate of Simav
Forestry Operation Directorate in Kiitahya province in the Inner
Aegean Region of Tirkiye (Figure 1). The research area
consists of 13.9 hectares of final cutting was not made and 10.3

BULGARIA

M

)

Clhanbeyl & C AL

i .
seA{ { MEDITERRANEAN
SEA

Figure 1. Location of study area in Tiirkiye (A) .

Table 1. General information about sample areas.
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hectares of final cutting was made areas. The research area is
located between 39°18'35'" - 39°32'23"" north latitudes and
28°55'26"" - 29°06'56"" east longitudes. While selecting the
research area, natural regeneration areas in the same slope
group and elevation levels were taken into consideration with
the help of management and silviculture plans. The study was
carried out in four sample areas with a total size of 50 m x 150
m (7500 m?) to best represent the area (Table 1). The
determined areas were divided into two group groups as
regeneration areas with final cutting and regeneration areas
without final cutting, and potential areas were revealed.
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Sample areano  Sub-district Directorate

Main tree species

Area (m?) Elevation (m) Aspect Slope (%) Location

1 Korucuk Pinus nigra 7500 1375 W 46 Yayla Tepe
2 Korucuk Pinus nigra 7500 1365 NE 44 Yayla Tepe
3 Korucuk Pinus nigra 7500 1315 NE 41 Eskiyurt
4 Korucuk Pinus nigra 7500 1325 NW 42 Eskiyurt
2.2. Method were separated as areas where final cutting not made Again,
. these two groups of stands were separated as one of them was
2.2.1. Sampling

The locations and sections where the pure Anatolian black
pine natural regeneration areas where the study was carried out
were determined using the ESRI ArcGIS10.5 program from the
geographic information system (GIS) programs. Sample areas
were selected in the sections where the pure Anatolian black
pine natural regeneration areas were located with the conscious
sampling method. A total of 4 (four) stands were selected, 2
(two) of which were final cutting made and the other 2 (two)

shaded and the other was sunny. Accordingly, 1 of the four
sample areas was selected as cut and shaded, 1 was not cut and
shaded, 1 was cut and sunny, and 1 was not cut and sunny.
Sample areas were taken as 50 m x 150 m (7500 m?) in size,
taking into account parameters such as diameter, height and age
of individuals and sapling in the tree layer forming the stand.
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2.2.2. Determination of stand establishment
characteristics

Forest establishment characteristics, in a very general
definition, are the distribution of biomass in the horizontal and
vertical directions in the area. This distribution is the vertical
and horizontal spatial distribution of plant species, diameter,
height and age distributions that form the overstory,
intermediate and understory layers. However, considering that
the plans to be made according to this general definition will

are given below (Schiitz, 2001, referring to Fabijanowski et al.,
1974) (Figure 2).
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also be very general, the establishment of stands, which are l T <«—} Terminal Shoot Length
considered to be the smallest part of the forest, should be T‘ L <— Lateral Shoot Length
revealed in detail in order to determine the components of the v
forest in a more detailed and quantifiable way. i . BhoxihpoisdlisiEwei
In order to determine the individual characteristics of trees 12H20.5 - Growth potential “under the good”
and natural saplings in the sample areas, measurements (breast 0.5>H>0.25 - Growth potential “not good”
0.25>H - Growth potential “very low”

height diameter (d1.30), root collar diameter (do.30), age, height
(h), species characteristics, crown starting height, branch
lengths (E-W-N-S), coordinates (abscissa and ordinate values),
double bark thickness, main shoot length (length of main
shoot), side shoot lengths (Iengths of side shoots in East, West,
North, South directions) were recorded in the land purchase
report cards. In order to reveal stand establishments, horizontal
and vertical stand profiles were drawn for each sampling area.

2.2.3. Determination and classification of Honowski
Light Factor

Honowski Light Factor (HLF) was used to present the
growth potential measure of seedlings. The ratio of the main
shoot (terminal) (T) length to the lateral shoot (L) length, as
revealed by Fabijanowski et al. (1974), has been used as a
measure of the growth potential of sapling under pressure in
mostly coniferous trees. This factor is called H=T/L “Honowski
Light Factor”. Honowski Light Factor and evaluation measures

Figure 2. Honowski Light Factor (Schiitz, 2001).

3. Results and Discussion

In the study, measurements were carried out in a total of 4
sample areas of 50 m x 150 m (7500 m?), and the findings
obtained from each sample area (diameter distribution, height
distribution, age distribution, tree species, mixture, number of
trees and saplings per hectare, closure rates) are given in table
2.

In this context, sample areas 1 and 2 were separated as
rejuvenation areas where no final cutting was done, and sample
areas 2 and 3 were separated as regeneration areas where final
cutting was done. When the data in Table 2 is evaluated, there
are significant differences in terms of stand structure (canopy
closure rates, number of trees and saplings per hectare,
diameter-height and age distribution for trees and saplings, etc.)
in the four sample areas (Table 2).

Table 2. Results regarding stand characteristics in sample areas.

Number of Number of Tree floor Sapling Saplin Tree
Main : diameter Tree floor diameter ping Sapling floor
Sample Stand treesper  sapling per height
tree - (d1.30) age (do.30) age canopy
area no . Mmixture hectare hectare frequency
species frequency  frequency frequency frequency closure
(number)  (number) (cm)
(cm) (mm) (%)
1 P. nigra Pure 97 3199 24.10-72.20 34-118 6-82 10-350 1-20 0.29
2 P. nigra Pure 87 1293 24.40-64.30 68 -152 3-90 30-405 3-32 0.37
3 P. nigra Pure 4 4003 28.20-56.10 58-98 4-82 4-600 1-19 -
4 P. nigra Pure 3 2850 52.10-54.20 85-88 5-92 19-300 3-18 -

After seed cutting; when we look at the findings in the
stands where the final cutting was done and not done, it is
revealed that there are differences especially between the
number of Anatolian black pine saplings and the growth
potentials of the saplings in each sample area. In this context,
vertical and horizontal stand profiles were drawn to determine

the spatial distribution of saplings in the sample areas within
the area (Figure 3). When the stand profiles are taken into
consideration, it is revealed that these distributions are not
homogeneous and in this sense, the growth potentials of the
saplings in the area are different.
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Figure 3. Vertical and horizontal stand profiles of all sample areas: Sample area 1 (a), Sample area 2 (b), Sample area 3 (c), Sample

area 4 (d).

When the stand measurement values (Table 2) and stand
profiles (Figure 3) in sample areas taken from points
representing the stands in the study areas were evaluated; in
sample area 1, the diameter (d1.30) distribution of individuals in
the tree layer varies between 24.10 cm and 72.20 cm and the
age distribution varies between 34 years and 118 years. The
root collar diameters (do.30) of the saplings vary between 6 mm
and 82 mm, their heights vary between 10 cm and 350 cm and
their ages vary between 1 year and 20 years. The number of
saplings in the shrub layer is 3199 per hectare. In sample area
2, the diameter (d1.30) distribution of individuals in the tree layer
varies between 24.40 cm and 64.30 cm and the age distribution

varies between 68 years and 152 years. The root collar
diameters (do.30) of the saplings range from 3 mm to 90 mm,
their heights range from 30 cm to 405 cm and their ages range
from 3 years to 32 years. The saplings in the bush layer are 1293
per hectare. In sample area 3, there are 4 individuals in the tree
layer and the diameter (di30) distribution of the individuals
varies between 28.20 cm and 56.10 cm and the age distribution
varies between 58 years and 98 years. The root collar diameters
(do.30) of the saplings range from 4 mm to 82 mm, their heights
range from 4 cm to 600 cm and their ages range from 1 year to
19 years. The saplings in the bush layer are 4003 per hectare.
In sample area 4, there are 3 individuals in the tree layer and the
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diameter (di.30) distribution of the individuals varies between
54.20 cm and 52.10 cm and the age distribution varies between
85 years and 88 years. The root collar diameters of the saplings
(do30) range from 5 mm to 92 mm, their heights range from 19
cm to 300 cm and their ages range from 3 years to 18 years.
There are 2850 saplings per hectare in the shrub layer. While
the tree layer closure degree was 0.29 in sample area 1, it was
found to be 0.37 in sample area 2.

The stand structure (with and without final cutting) has
created differences between the growth potentials of the
saplings, especially in terms of diameter. The areas where final
cutting was made showed a good development with more
individuals in the higher diameter level compared to the areas
where final cutting was not made. However, in terms of
distribution to height levels, the situation is in favor of the areas
where final cutting has not been done. Therefore, it was
understood that possible light starvation on sapling in sample
areas where final cutting was not done triggered height
competition and caused more tall sapling to be obtained. In fact,
Balc1 (2008) stated in his study that plants need light to perform
sufficient photosynthesis and that in order to meet their needs,
they sometimes turn to light to grow in height and sometimes
to direct their leaves towards light to achieve the necessary
growth. In the study investigating the effect of different degrees
of precommercial thinning applied to Anatolian black pine on
growth, it was stated that the interventions were effective on the
development of the trees except for height increment (Bayar &
Delig6z, 2019). Again, Carus and Catal (2010) determined that
different thinning degrees in a young Taurus cedar stand
established by planting had a statistically significant effect on
diameter and volume increase, but were not effective on height
increase. The availability of resources and suitable
microclimate in forests depend on sufficient light conditions
and affect the development and survival of seedlings (Barbier
et al., 2008). The fact that diameter development is good and
the number of living individuals is high in the areas where final
cutting is done also shows this situation. On the other hand,

when it is considered that a proportional growth-development
course between diameter and height is required for correct
sapling development, it is also possible to say that possible
delays in final cutting time will negatively affect sapling
quality. When it is accepted that the intervention intensity in
stands where the cutting was done is higher than in stands
where the cutting was not done, the results obtained from the
study are consistent with the literature.

The average period of abundant seed year repetition
detected in the Anatolian black pine stands where the study was
carried out is three years. When the distributions of sapling age
levels are examined, it is concluded that the sapling age
frequencies coming to the area show quite significant
relationships with the abundant seed year repetition process. In
fact, it has been determined that the weighted age frequencies
increase significantly with sapling coming to the area in the
abundant seed year and the second abundant seed year
experienced after the seed cutting, both in the areas where the
final cutting was made and in the areas where the final cutting
was not made. Giiner (2001) stated that more than one abundant
seed year experienced during the regeneration works process
makes significant contributions to the regeneration success.

The Honowski Light Factor was calculated by measuring
the main shoot (terminal) and lateral shoot of all saplings in the
sample areas. The Honowski Light Factor values calculated for
all sample areas in the study ranged from 0.05 to 13.
Accordingly, the Honowski Light Factor; It varies between
0.05and 13 (x =1.19, 6 = 0.469) in sample area 1, between 0.05
and 13 (x =1.23, o = 0.509) in sample area 2, between 0.05 and
13 (x=1.16, o = 0.408) in sample area 3, and between 0.05 and
13 (x=1.19, c = 0.438) in sample area 4. The calculated values
are classified into four groups as well (1), under the good (2),
not good (3) and very low (4) according to their growth
potential. The findings regarding the growth potentials of the
saplings in the sample area determined based on the Honowski
Light Factor are given in Figure 4 below.
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Figure 4. Distribution of growth potentials of sample areas (1: Growth potential is well; 2: Growth potential is under the good; 3:

Growth potential is not good; 4: Growth potential is very low).

The calculated values were classified as well (1), under the
good (2), not good (3) and very low (4) according to their
growth potential. Chi-square test was performed to determine
whether this distinction changed according to aspect and stand
structure. According to the test results, values with well and
under the good growth potential were found to be statistically
significant (p<0.05) based on the joint interaction of aspect and
stand structure. However, individuals with not good and very
low growth potential were found to be statistically insignificant
(p>0.05) based on the joint interaction of aspect and stand

structure. In the classifications made according to the
Honowski light factor, comparisons were made in four sample
areas according to whether individuals with “well, under the
good, not good and very low” growth potential were final
cutting or not final cutting and whether these areas were in
shady or sunny aspects (Figure 5). The comparisons made were
queried as follows: sunny and shady aspects without final
cutting, sunny and shady aspects with final cutting, shady
aspects with final cutting and without final cutting, sunny
aspects with final cutting and without final cutting.
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Figure 5. Aspect distribution of sapling with well (a), under the good (b), not good (c), very low (d) growth potential according to stand

structure.

When Figure 5 is examined, different relationships emerged
in the comparisons made according to the stand structure and
aspect factor on the growth potentials of saplings in four sample
areas. The development of saplings with “well” growth
potential in shady and sunny aspects where final cutting was
performed was compared (Figure 5a). In final cutting areas, the
growth potential, number of individuals per hectare, diameter
and height developments of most saplings in shady aspects
were found to be better than in sunny aspects. In final cutting
areas, shady aspects created more humid growth environments
and positively affected the development of the sapling. Ertugrul
and Bilir (2020) reported that the height development of
Anatolian black pine seedling changed depending on the
altitude and aspect and that development was better in the
northern aspect. Yilmaz and Kalkan (2019) observed that there
were more seedlings coming from living seeds in shady aspect
in the natural regeneration method of seed trees. Ata (1995)
stated that in areas where shelter is insufficient, the seedlings
are affected by summer drought. In sunny aspects, the soil
moisture rate decreases with the increase in temperature.
Therefore, although sufficient light conditions are provided for
the growth and development of Anatolian black pine seedlings,
factors affecting growth and development such as soil moisture

should also be evaluated. In this context, it can be said that in
areas where the young trees are completely exposed, in
southern exposures or in sunny exposures, more moderate
silvicultural interventions can yield better results. Again,
saplings with “well” growth potential were compared as shaded
and sunny aspects where no final cutting was made (Figure 5a).
However, the growth potential of saplings in sunny aspects
where final cutting was not made was found to be better than in
shaded aspects. However, the number of sapling with not good
and very low growth potential is higher in this area than in all
other areas. In sunny areas where no final cutting is done, there
is intense competition for resources such as light, water and
nutrients between trees in the overstory and saplings in the
understory. However, limited resources can create an
environment in the understory where some sapling can better
exhibit their growth potential. Sunny aspect provides good light
intake, but this light may only be sufficient for some saplings.
Therefore, while some saplings grow well, others grow poorly
due to lack of resources. This situation can cause saplings with
both well and very low growth potential to exist in the lower
layer at the same time.

In similar growing environments, reducing the intensity of
canopy closure at the tree level increases the growth potential.
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In the study, in areas where final cutting was done, the growth
potential of saplings in shady aspect was found to be higher
than in sunny aspect. In addition, in areas where final cutting
was not done and the canopy is at relatively high values, sunny
aspect is more effective in having good growth potential than
in shady aspect. In this case, it shows that Anatolian black pine
needs a shady aspect along with its light requirement in its first
years. It is an indication that Anatolian black pine is a semi-
light tree. Therefore, it shows that the degree of cutting should
be adjusted very well in silvicultural interventions to be made
in Anatolian black pine. At the same time, it is revealed that the
aspect factor should also be taken into consideration in the
correct management of the process of gaining seedling
biological independence. All these situations show that the
temporal and technical processes of silvicultural processes
applied in regeneration studies should not be subject to
synthesis in general terms. The fact that Anatolian black pine
can stay under shelter for a long time without losing its growth
energy in good growing environments on the north does not
indicate that it needs shelter at the seedling age. Its resistance
to shade decreases in arid and poor growing environments
(Yilmaz & Kalkan, 2019). Therefore, shade tolerance may be
affected by site quality. Therefore, the response of species to
different light levels needs to be investigated in more detail.

Since the numbers of saplings with “well” growth potential
in the sample areas with and without final cutting in the sunny
aspect were very close to each other, no significant difference
was observed. In the shaded aspect, the number of saplings with
well growth potential in the final cutting area was considerably
higher than the number of saplings with “well” growth potential
in the sample area without final cutting, a significant difference
was observed (Figure 5a). In final cutting, more light reaches
the lower layer and provides better development of the seedling
in the lower layer. In the shaded aspect, the development of
seedlings is limited by other sources due to low light conditions.
In light and semi-light tree species, the amount of light entering
the stand generally positively affects the number of seedling
and growth potential (Noemie et al., 2011). Késeoglu and Kara
(2019) stated that the amount of light entering the stand is the
most important determinant of the root collar diameter and
height values of seedling in Anatolian black pine stands.
Similarly, some previous studies have shown that the light
entering the stand is considered the most effective factor
affecting the growth of Anatolian black pine seedling (Tiscar &
Linares, 2014). In the area where no final cutting is done, the
number of individuals with well growth potential is the least,
and it can be said that the competition of all individuals above
and below the soil in terms of light, water, nutrients and
growing environment reveals this relationship. In a natural
environment, the seedling habitat is shared with other subsoil
vegetation, and this situation can delay seedling development.
Augusto et al. (2003) stated that the understory directly and
indirectly affects the forest structure by competing with new

youth or saplings during the establishment phase, changing the
microclimate conditions in which the saplings grow and
affecting the nutrient cycle. Nilsson and Wardle (2005) showed
that the understory influences the overstory in various ways.
They stated that the understory shrub layer's competition for
nutrients and light may determine the regeneration potential and
the eventual dominance of overstory trees. Comparisons made
for individuals with “under the good” growth potential revealed
a similar distribution to those defined as “well” growth
potential (Figure 5b).

As a result of the comparisons made on saplings defined as
“not good” and “very low” growth potential, a single
assessment was made for these two classifications because the
distributions of saplings with both growth potentials (not good
and very low) overlapped with each other (Figure 5¢ and Figure
5d). In the sample areas with sunny aspect without final cutting,
the number of individuals with not good and very low growth
potential was higher than the number of sapling with not good
and very low growth potential in the sample areas with shady
aspect. On the other hand, in the sample area with shady aspect
with final cutting, the number of sapling with not good and very
low growth potential was higher than in the sunny aspect.
However, since the numbers of not good and very low sapling
were very close to each other in these sample areas, no
statistically significant difference was observed. Again, since
the numbers of sapling with not good and very low growth
potential were very close to each other in the sample areas with
shady aspect with and without final cutting, no statistically
significant difference was observed. Since the number of
sapling with not good and very low growth potential in the
sunny aspect without final cutting was considerably higher than
the number of saplings with not good and very low growth
potential in the sample areas in the sunny aspect with final
cutting, a statistically significant difference was observed. In
the closed stand, the competition for resources increases and the
growth and survival of the seedling in the lower layer becomes
difficult (Coban, 2007).

The total number of sapling measured in the shaded and
sunny areas where no final cutting was done was 3692, while
6853 individuals were measured in the sample areas where final
cutting was done, which is approximately twice as many. At the
same time, the number of sapling with “well” growth potential
(5776) in the final cutting areas is approximately twice as much
as the sapling ones in the sample areas where final cutting was
not done (3052). In natural regeneration studies in areas with
similar growing environments, it is understood that the two
most important factors in terms of the growth potential and
vitality (living power) of the sapling are light and canopy
closure. Therefore, it has been determined that the growth
potential of the sapling is clearly related to the stand
characteristics. It is possible to say that the competition of all
individuals above and below the soil in terms of light, water,
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nutrients and growing environment (Coban, 2007) reveals this
relationship.

4. Conclusion

In natural regeneration studies, understanding the effects of
the light factor on the development and survival of the seedling
provides important data for sustainable forest management. The
healthy development of forests requires the most suitable light
conditions for the species. Therefore, it has been revealed in
many studies and applications that the light demand of
Anatolian black pine should be evaluated very well due to its
biology. This study reveals that using the Honowski Light
Factor values to determine the light needs of the saplings can
be useful in numerically presenting the evaluations. According
to the results obtained in this study, it can be said that if the
canopy closure is 0.2-0.3 in the first light cutting stage in the
natural regeneration studies of Anatolian black pine, the
diameter-height development rates of the saplings can be better.
At the same time, in addition to meeting the light needs in
advance in the first years, it can also shorten the natural
regeneration period. Therefore, revealing the light needs of
saplings with numerical values such as the Honowski Light
Factor can be beneficial in planning time and developing the
stand in natural regeneration studies. Improving natural
regeneration processes provides significant benefits for
sustainable forestry studies by supporting the long-term
protection and maintenance of forest ecosystems. It is revealed
that the aspect factor should also be taken into account for the
correct management of the process of gaining biological
independence of the saplings. Similar studies using Honowski
Light Factor values can be carried out on Anatolian black pine
and other species with similar requirements, and the degrees of
canopy density can be re-established, especially in the seed
cutting and post-seed cutting stages.
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