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Abstract

Aim of study: In this study, relationships between ecological factors including topography, climate,
soil properties and site productivity of Crimean pine (Pinus nigra J.F. Arnold subsp. pallasiana (Lamb.)
Holmboe) stands in the Kastamonu region of Tiirkiye were investigated.

Area of study: The study was conducted in Crimean pine stands of Kastamonu region, northwestern
Tiirkiye.

Material and method: A total of thirty-six temporary sample plots inventoried from naturally
regenerated pure Crimean pine stands were used in this study.

Main results: Our results indicated that climatic factors including precipitation and temperature had
the greatest relationship between site productivity. Since climatic factors showed significant differences
between the low and high site index classes, they can be reliably used for site classification for this
species in the region. Besides, Principal Component Analysis (PCA) showed a strong separation between
the poor and high productive sites, considering these variables. The PCA explained 68.7% of the total
variation, with PC1 explaining 37.2% and PC2 explaining 31.5% of the data.

Research highlights: Crimean pine showed an abstemious characteristic in terms of soil requirements.
However, it was also concluded that it has higher growth potential with higher precipitation. The results
of this study shows not only an optimal site conditions of Crimean pine, but also additional insights for
ecologists and forest managers in determining the decision making for forest management and
afforestation applications.
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Kastamonu Bolgesi Karagam Mescerelerinin Yetisme Ortami
Verim Gucune Etki Eden Ekolojik Faktorler

Oz

Calismanmin amact: Bu ¢alisma kapsaminda, Kastamonu Bolgesi’nde yer alan Karagam (Pinus nigra
J.F. Armold subsp. pallasiana (Lamb.) Holmboe) mescerelerinin yetisme ortami verim giicii ile
topografya, iklim ve toprak 6zellikleri gibi ekolojik faktorler arasindaki iligkiler aragtirilmistr.

Calisma alani: Bu galisma, Kastamonu Bolgesi’ndeki Karagam mescerelerinde gergeklestirilmistir.

Materyal ve yontem: Caligma materyali olarak saf Karacam megcerelerinden alinmig 36 adet 6rnek
alan verisinden yararlanilmistir.

Temel sonuglar: Arastirma sonuclari, yagis ve sicaklik gibi iklim 6zellikleri ile yetisme ortami verim
giicii arasinda kuvvetli bir iliski oldugunu gdstermistir. Iyi ve fena bonitet siniflar1 igin iklim 6zellikleri
onemli farkliliklar gostermektedir ve bu Ozellikler bolgedeki Karagam mescerelerinin bonitet
smiflandirmasi igin kullanilabilecektir. Bunun yaninda, ekolojik faktorler kullanilarak uygulanan Temel
Bilesen Analizi (Principal Component Analysis, PCA) iyi ve fena bonitet smiflart igin kuvvetli bir
ayrisma oldugunu gostermistir. PCA toplam varyansin %68.7’sini agiklamistir (PC1: %37.2, PC2:
%31.5).

Arastirma vurgulari: Karagam toprak istekleri bakimindan olduk¢a kanaatkar bir tiirdiir. Buna
ragmen, yiiksek yagis alan bolgelerde yiiksek biiylime potansiyelleri gosterebilmektedir. Bu ¢alisma
sonuglar1 Karagam icin optimal yetisme ortam1 kosullar1 hakkinda 6nemli bilgiler sunmaktadir. Ayrica,
bu calisma 151¢inda orman yoénetimi ve agaclandirma c¢aligmalarinda uygun kararlarin alinabilmesi
acisindan orman ydneticilerine 6nemli ¢ikarimlar saglayacaktir.

Anahtar Kelimeler: Iklim, Ekolojik Faktorler, Cevresel Faktorler, Yetisme Ortami Verim Giici,
Yagis
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Introduction

Site quality generally refers to potential
site productivity and often described as the
ability of a stand to support tree growth
(Skovsgaard and Vanclay, 2008).
Information about the forest site productivity
allows to make correct decisions in forest
management process and to identify
appropriate silvicultural treatments (Vanclay
and Henry, 1988; Bravo-Oviedo et al., 2011;
Seki and Sakici, 2017; Ozgelik et al., 2019).
There is a strong relationship between site
productivity and environmental factors such
as soil properties, topography and climate
(Wang and Klinka, 1996). Therefore, an
effective forest management is possible by
accurate  determination of the site
productivity which is influenced by a
complex set of these factors (Weiskittel et
al., 2011). Methods based on the stand
variables correlated with site productivity are
more often preferred in practical forestry
applications for reasons such as; i) the time,
labor and cost required to measure the
variables in the model to be used, ii)
unsatisfactory level of relations to be
determined for contented species especially
in terms of soil and climate demands, iii)
complexity of multidisciplinary knowledge
necessary to explain the relationships
between a large number of ecological factors
and site productivity.

Since there is a significant correlation
between height growth and site productivity
(Bolat et al., 2022; Raptis et al., 2024), the
estimation of site productivity generally
depends on the variable height (Monserud,
1984). The most common variable used to
determine site productivity in even-aged
stands is site index (SI) which is calculated
by averaging height of dominant trees at a
specified base age (Payandeh and Wang,
1994; Barrio-Anta and Diéguez-Aranda,
2005). Even site productivity can be
estimated for a wooded forest area with a
suitable site index model and field
measurements, however, it is not possible to
determine the potential site productivity of
treeless areas for any species. The success of
the afforestation projects to be carried out in
such areas is related to the determination of
the tree species compatible with the

ecological conditions. Therefore, it is
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important for forest managers, decision-
makers and investors to define the
relationship between ecological conditions
and growth potential of tree species.

Studies examining the relationship
between site productivity and ecological
factors have gained great importance in the
last few decades. For example, in Tiirkiye,
relationships between ecological factors and
site productivity of Picea orientalis (L.) Link
(Ercanli et al., 2008), Pinus brutia Ten.
(Ozkan and Kuzugiidenli, 2010), Pinus
pinaster (Kahyaoglu and Giivendi, 2020;
Ozel et al., 2021), Pinus nigra J.F. Arnold
(Ozkan et al., 2008; Ozkan and Gulsoy,
2009; Ozkan, 2013; Giilsoy et al., 2014;
Oguzoglu and Ozkan, 2015; Giiner et al.,
2016; Giilsoy and Cinar, 2019), Pinus
sylvestris ssp. (Cepel et al., 1977; Giiner,
2008; Giiner and Yiicel, 2015), and Fagus
orientalis Lipsky (Guner, 2021) were
investigated. In all these studies carried out
on a regional or local scale, significant
relationships ~ were  detected  between
ecological factors and the site productivity.
However, more studies are needed for
country forests with a highly heterogeneous
topography and therefore high variation in
climate, especially for distribution of primary
tree species.

Forest  assets of  Tirkiye  are
approximately 23.1 million hectares, of
which 58% are productive and 42%
degraded. Pinus nigra J.F. Arnold is the third
most common tree species after Quercus spp.
and Pinus brutia Ten. in terms of total forest
areas (approx. 4.2 million ha), and it is the
second most common species after Pinus
brutia Ten. in terms of productive forest
areas (approx. 2.9 million ha) (GDF, 2021).
Besides, Crimean pine (Pinus nigra subsp.
pallasiana (Lamb.) Holmboe as a subspecies
of Pinus nigra J.F. Arnold) is the most
widespread species in the studied Karadere
and Taskoprii Forest Enterprises (FEs),
northwestern Tiirkiye. This species, which
has a wide distribution area both throughout
the country and in the study area, has also
been frequently preferred for afforestation
projects. Therefore, planning strategies and
success in afforestation projects highly
depend on the accurate determination of the
relationship of this species with ecological
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factors. The objective of this study was to
investigate the relationships between forest
site productivity of the Crimean pine stands
located in the Karadere and Taskoprii FEs
and ecological factors such as topographic,
edaphic and climatic conditions.

Material and Methods
Study Area

The study was carried out in pure and
even-aged Crimean pine stands of Karadere
and Taskoprii Forest Enterprises (FEs) in the

northwest of Tiirkiye (Figure 1). These FEs
are among the most important ones in the
Kastamonu Regional Directorate of Forestry
(RDF) in terms of forestry activities and
wood production. Forests cover
approximately 90 and 177 thousand hectares
in Karadere and Tagkoprii FEs, respectively.
Crimean pine is the most widespread species
in the region, which covers approximately
34.7% and 39.4% of the total surface area of
the Karadere and Taskdprii FEs, respectively
(in both pure and mixed-species stands).

Karadere FE ‘T}Wk()pl'ﬁ FE

N

w@ E

S

375

Kilometers

Figure 1. Study area

Data and Analysis

A total of thirty-six temporary sample
plots (SPs) were inventoried from Karadere
(sixteen SPs) and Taskoprii (twenty SPs)
FEs. The SPs were selected to represent
available range of site conditions. When the
history of the sampled stands was
investigated, there was no evidence of
harmful effects such as forest fire, insect, etc.

Circular sample plot sizes were set as 400,
600 and 800 m? for crown closures of >71%,
41%-70%, and 11%-40%, respectively.
Dominant height (hg) of each sample plot
was determined by averaging the heights of
the 100 tallest trees per hectare (e.g., 4 trees
in 400 m?, 8 trees in 800 m?). The site index
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model by Seki and Sakici (2022) was used to
estimate site index value of each sample plot,
using dominant height and stand age. Then,
sample plots were divided into three site
index classes (low, moderate and high) based
on the range of estimated site index values.

In each sample plot, soil samples were
taken at 0-15 cm soil depth. Then, the soil
samples were air dried and sieved through 2
mm screen. Soil properties including soil
acidity (pH), electric conductivity (EC),
hygroscopic moisture (HM), organic matter
(OM), sand%, silt% and clay% were
determined in laboratory studies.

Topographic features such as altitude,
slope aspect and slope angle of the
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investigated stands were identified using the
digital elevation model (DEM) in the
ArcGIS® software. Aspect values were
converted to radiation index (RI) using the
following formula (Eq. 1) (Moisen and
Frescino, 2002; Ozel et al., 2021).

[1—cos((r/180)(aspect—30))]
2

RI =

1)

The data on the climatic features the
stands were obtained by using the data of the
meteorology station closest to each sample
plot (Turkish Meteorological Service, TMS).
In order to interpolate the data of these
meteorological stations to the sample points,
the assumption is adopted that the
temperature decreases by 0.5 °C and the
precipitation increases by 54 mm per 100 m
in altitude as recommended by Schreiber.
The climatic variables investigated in this
study were annual precipitation, precipitation
in spring (from March to May), precipitation
in  summer (from June to August),
precipitation in the driest month, mean
annual temperature and mean temperature of
the coldest month.

Relationships between site index and
ecological variables (topographic, edaphic
and climatic) were investigated separately,
using partial correlation analysis (controlling

altitude) to avoid possible spurious
correlations.
Since all data did not satisfy the

assumptions of parametric tests (Shapiro-
Wilk test, p-value < 0.05), they were
described by medians and mean absolute
deviations. Differences in these variables
among site classes were investigated by
Kruskal-Wallis test and applying the Mann-
Whitney U post-doc test. Ecological
(topographic, edaphic and climatic) variables
that are thought to affect the site productivity
(site index class) were also examined using
principal component analysis (PCA). The
PCA provides uncorrelated variables, called
principal components (PCs), transforming
correlated variables. So, this technique has
been commonly used such of studies
examining various variables which are
thought to be correlated with each other.
Statistical analyses were performed using R
studio version 4.0.2.
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Results

Descriptive statistics of the sample plots
and ecological variables are given in Table 1.
A total of 36 sample plots were taken from
the study area, 8 from the high site index
class (SI=24.5-30.0 m), 16 from the
moderate site index class (S1=19.0-24.5 m),
and 12 from the low site index class
(SI=13.5-19.0 m). The sample plots were
taken from the study area to represent the
available range of site classes and ecological
factors including altitude. As seen in the
table, altitudes of the sample plots vary from
836 to 1452 m, and slope ranges between 5%
and 51%. Depending on the altitude, the
climatic values also varied considerably.

Kruskal-Wallis test and Mann-Whitney U
post-doc tests (Table 1) revealed significant
differences in the climatic variables among
site index classes. While, it also revealed no
significant differences in the topographic and
edaphic variables among the site classes.
Significant differences of climatic variables
were between low and high-moderate sites,
except mean annual temperature which
differed only between high and low
productive sites. According to these results,
poor sites in terms of site productivity are
easily distinguished from the moderate and
high classes by having lower precipitation
rates and a cold climate. It’s also seen from
the table that radiation index changed
considerably from high to low site classes,
however, this difference was not found
significant at the 0.05 level.

Partial correlation analysis (Figure 2)
revealed that climatic variables and altitude
were significantly (p<0.01) correlated with
site index. As seen from the figure,
precipitation and altitude showed positive
correlation, meaning site index as an
indicator of site productivity increased with
increase of altitude and precipitation. And,
negative significant correlations were found
between temperature and site productivity.
Besides, there was no significant
relationships were detected between site
index and edaphic and topographic variables
except altitude.

The results of the PCA analyses (Figure
3) are as follows: the first two components
account for a total of (PC1l: 37.2%, PC2:
31.5%) 68.7% of the total variance (Figure
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3a and Figure 3b). The first PC was consisted except a few sample plots (Figure 3e). This

of climatic variables except C6 (Figure 3c), discrimination was mainly due to the PC1
while the second PC was consisted of the which consisted of climatic factors. These
other variables including C6 (Figure 3d). results also support partial correlation

Besides, it’s seen that low and high site index analysis and Kruskal-Wallis test.
classes were separated with each other,

0.547 (525 0.547 0.544
0,446 0518 0515

0.252
0203 0.160
0.043 : 0.055

-0.062 -0.048

-0.111

Correlation with SI
o

TL T2 T3 E1 E2 E3 E4 E5 E6 E7 Cl1 C2 C3 C4 C5 C6
Variables

Figure 2. Relationships between site index (SI) and ecological variables including altitude (T1),
radiation index (RI), slope (T3), pH (E1), EC (E2), hygroscopic moisture (E3), organic matter
(E4), sand% (E5), silt% (E6), clay% (E7), annual precipitation (C1), precipitation in spring
(C2), precipitation in summer (C3), precipitation in the driest month (C4), mean annual
temperature (C5) and mean temperature of the coldest month (C6). Correlation coefficients are
presented above the columns. Bold column indicates significant correlation at the 0.01 level.
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Table 1. Variables used in forest site productivity evaluation

Site index class

The High Moderate Low
Variables code (SI=24.5-30.0 m)  (SI1=19.0-24.5 m) (S1=13.5-19.0 m)
median (MAD) median (MAD) median (MAD)
min — max min — max min — max
Stand
o 27.2 (1.3) 20.4 (1.4) 16.3 (1.1)
Site index (m) S| 24.830.0 19.5-24.0 135186
Topographic
. 12975 (125.6) A 11885 (115.3) A 1120.0 (97.5) A
Altitude (m) Ik 1000 - 1452 988 — 1434 836 — 1283
o 0.84 (0.36) A 0.59 (0.37) A 0.28 (0.36) A
Radiation index T2 0.00—1.00 0.00 — 0.98 0.02 - 0.98
20 (7) A 16 (9) A 25 (8) A
Slope (%) T3 535 5- 39 13-51
Edaphic
H 1 5.99 (0.62) A 5.94 (0.55) A 5.92 (0.80) A
P 5.25-7.34 5.31-7.35 5.21-741
EC Eo 62.2 (40.6) A 85.6 (45.71) A 85.8 (54.69) A
30.6 -141.9 26.8-172.4 29.8-195.1
N 0.74 (0.25) A 1.18 (0.36) A 1.18 (0.42) A
Hygroscopic moisture E3 0.40-1.18 0.45 - 2.35 0.58 - 1.92
. 4.60 (1.38) A 5.63 (1.80) A 5.65 (2.00) A
Organic matter E4 273752 268 9.61 228931
75.3 (10.59) A 70.5 (8.00) A 735 (7.41) A
0,
Sand (%) ES 619805 436 - 84.4 437-80.8
. 10.7 (1.88) A 11.8 (3.71) A 10.6 (2.05) A
Silt (%) E6 9.1-158 6.0-19.7 79-165
11.6 (9.81) A 20.9 (6.51) A 14.1 (6.99) A
0,
Clay (%) E7 8.6—25.0 9.6-38.8 9.8-39.9
Climatic
o 7775(39.2) A 732.4 (31.8) A 651.8 (41.6) B
Annual precipitation (mm) cl 702.8 - 848.6 628.9- 816.2 588.4 - 741.1
Precipitation in spring c2 393.3(47.6) A 321.3(38.3)A 250.3(35.6) B
(March+April+May) (mm) 282.7 4285 227.4— 402.6 186.9 —321.0
Precipitation in summer c3 377.8(37.8) A 337.7(33.9)A 246.4 (45.6) B
(June+July+August) (mm) 310.1 -455.9 2235-4235 183.0 - 348.4
o . 250.3 (51.8) A 169.7 (42.4) A 81.7 (41.7) B
Precipitation in the driest month (mm) C4 133.2- 2880 588_ 2686 1831715
. 13.4 (1.4) A 11.8 (1.5) A8 8.8(15)®
Mean annual temperature (°C) C5 98_14.4 83-14.2 80-11.9
Mean temperature of the coldest month c6 1.3 (0.6) A 1.3(1.4)A 20017A
(°C) -0.9-27 -24-24 2.7-17

Superscript letters of A, B and C are homogeneous subsets of post-hoc test results following Kruskal-Wallis test (p<0.05). If

ecological variables have the same letter A, it means no significant difference among the site classes (p>0.05).
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Figure 3. Results of PCA including; a) percentage of variances explained by each principal
component, b) graph of variables: positive correlated variables point to the same side of the plot
and negative correlated variables point to opposite sides of the graph., ¢) contribution of
variables to PC1, d) contribution of variables to PC2, e) discrimination of sample plots based on

the two PCs
Discussions

There was significant positive correlation
(p<0.01) between altitude and site

productivity of Crimean pine stands in this
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study. It was expected that an increase in
altitude would cause an increase in
precipitation, ensuring a humid habitat (Ozel
et al., 2021). Although altitude commonly
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shows positive correlation between site
productivity of Crimean pine, various results
for different species have been reported
regarding relationship between altitude and
site  productivity. Our result supports
previous studies conducted for Pinus
sylvestris (Giiner and Yiicel, 2015) and Pinus
nigra J.F. Arnold (Ozkan et al., 2008; Giilsoy
and Cinar, 2019), while negative correlations
were reported for Picea orientalis (L.)
(Ercanli et al., 2008), Pinus pinaster (Bravo-
Oviedo et al., 2011) and Pinus patula (Nava-
Nava et al., 2022). Besides, no significant
relationship between site productivity and
altitude for Abies nordmanniana (Stev.)
Spach. subsp. nordmanniana (Yener and
Duman, 2022), Pinus pinaster Ait. (Ozel et
al., 2021) and Fagus orientalis Lipsky
(Guner, 2021) was indicated. Superscript
letters of A, B and C are homogeneous
subsets of post-hoc test results following
Kruskal-Wallis test (p<0.05). If ecological
variables have the same letter A, it means no
significant difference among the site classes
(p>0.05).

In this study, correlation between site
productivity and slope (%) of the Crimean
pine stands was insignificant at the 0.01
level. Opposite findings have been reported
of this relationship. Some studies found
negative correlations between slope% and
site productivity of Picea orientalis (L.)
(Ercanli et al., 2008), Pinus brutia Ten.
(Ozkan and Kuzugiidenli, 2010) and Pinus
patula (Quichimbo et al., 2017). Besides,
Atalay and Efe (2012) stated that Pinus nigra
J.F. Arnold stands with high site productivity
are more common in flat areas (well
drained), and with low site productivity on
steep slopes. However, positive correlations
between slope% and site productivity of
Pinus nigra J.F. Arnold (Ozkan and Gulsoy,
2009; Giiner et al., 2016), Pinus sylvestris
ssp. hamata (Giiner and Yiicel, 2015) and
Pinus pinaster (Ozel et al., 2021) were also
reported. Our result supports findings of
previous study by Guner (2021), which
emphasized insignificant relationship
between these variables. Actually, it is an
expected situation that there will be a
negative correlation between the degree of
slope and site productivity, since it has a
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positive effect on soil water and nutrient
conditions.

In the study, relationships between
edaphic factors and Crimean pine site
productivity were not significant (p > 0.05).
Actually, this result is not surprising
considering that Crimean pine is abstemious
tree species with respect to soil requirements
(Giilsoy and Cinar, 2019). The productivity
of this species can vary depending on the
weathering degree of the soil (Atalay and
Efe, 2012). Similar to the results obtained in
this study, there was a weak relationship
between site productivity and edaphic
factors, and a strong relationship between
climate were obtained for Pinus pinaster
(Bravo-Oviedo et al., 2011). As a result of
our study, climatic factors (especially
precipitation) were the main drivers of site
productivity of Crimean pine stands located
in the Kastamonu region. This is the most
common result reported in previous studies.
For example, Ozel et al. (2021) underlined
that the site index of Pinus pinaster
plantations was highly positively correlated
with precipitation. Besides, the study by
Gilner et al. (2016) also stated that annual
precipitation and precipitation of the driest
month had positive effect on site productivity
of Crimean pine forests. However, Nava-
Nava et al. (2022) did not found a significant
correlation between mean annual
precipitation and site index of Pinus patula
stands.

As seen from the previous studies and the
current one, diverse results have been
obtained for different species and locations.
The comparisons focused on the correlations
between site productivity and individual
ecological variables. However, as mentioned
above, these ecological variables including
edaphic, topographic and climatic factors
have also integrated and complex effects on
site  productivity. Besides, ecological
demands of each tree species stated above
are different from each other. This truth can
lead variations in the results. Crimean pine,
investigated in this study, is an abstemious
tree species with respect to ecological
conditions such as edaphic factors. We
therefore possibly resulted insignificant
relationships between site productivity of this
species and most of these factors including
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edaphic and topographic (except altitude).
The datasets obtained in such studies are
very important for the results to be achieved.
In fact, the distribution and range of data
obtained within the scope of the study on
ecological factors and stand productivity
have a direct effect on the results. For
example; if this type of a study is carried out
for a tree species with an optimal growth
altitude and the sampled stands are generally
obtained from above this altitude range, a
positive correlation would be detected
between site productivity and altitude, and in
the opposite case, a negative correlation
would be detected. Besides, the same will be
true for climatic and edaphic factors that are
directly and/or indirectly affected by altitude.
The possible reasons for the above-
mentioned and contradictory results of
studies in different regions may also be due
to this sampling design.

Conclusion

Crimean pine is a very conscientious
species in terms of ecological demands.
However, it still grows at higher potentials in
humid environments with high rainfall. For
these reasons, it is important to prefer
Crimean pine in afforestation studies to be
carried out in regions with these
characteristics.  Alternatively, it seems
reasonable to manage the Crimean pine
stands in areas with such characteristics for
the purpose of wood production, and to
establish other stands to purify drinkable
water, stabilize inclined soil to erosion,
improve air quality and recreational facility.
Management strategies are very important
here, as trees have low growth ability at low
altitudes, and so they are vulnerable to other
external pests. In these regions, it is crucial to
prioritize forest management for ecological
rather than economic purposes, and to take
measures against other pests such as insects.

Forest scientists are in search of a solution
to climate change, especially in the last few
decades. The results of such studies will
enable the development of alternative
decision-making and management strategies
in parallel with climate change forecasts.

In this study, site index values were
obtained from the temporary sample plots.
Besides, since there are no meteorological
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stations in the sampled stands, climate data
were obtained by interpolating the nearest
station data. Then, the relationships between
the site index values and ecological variables
including the meteorological variables were
investigated. In order to obtain the most
consistent results, permanent sample plots
and meteorological stations established
within these plots and obtaining continuous
data are needed.
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