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Variations within and among populations depending on some leaf characteristics of oriental beech
(Fagus orientalis Lipsky)
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Abstract

At the beginning of the tree breeding programs, it is started over investigations of genetic variations. Thanks to
the genetic variation investigations it is proved how does the scape of variations among populations and trees in
populations change according to the variations like altitude, distance from sea and rain.

Oriental beech is a very important tree species in the forestry. It is aimed in this study to determine variations
on the seedling which are grown from seeds picked from 11 different Oriental beech populations (Sinop-Merkez, Sinop-
Ayancik, Samsun-Kunduz, Samsun-Karapmar, Karabiik-Yenice, Diizce-Cicekli, Trabzon-Magka, Trabzon-Caykara,
Giresun-Kulakkaya, Ordu-Akkus and Kahramanmaras-Andirin) in terms of leaf width, leaf length, leaf area, leaf vein
angle and leaf moisture. By making these measurements on the seedlings belong to the all populations, variations
among populations connected to these characteristics are determined. Besides, measurements on tree basis was done by
using 6000 leaves in 6 populations, ten trees from per populations, 10 seedlings from per tree, 10 leaves from per
seedlings and differences within populations were determined by looking these characteristics.

As a result of the variance analysis which is done connected with leaf width, length, area and leaf vein angle it
was determined that there are statistical differences among populations for all these characteristics. As a consequence of
the variance analysis belong to the leaf measure, significance level is over 0.05. According to this result it is determined
that 11 populations became homogenous depending leaf moisture. All the characters except for leaf moisture showed
differences within 6 separate populations. Although populations are homogenous in terms of leaf moisture it is
understood that trees within populations showed variations for these characters. According to the hierarchical cluster
analysis Sinop-Merkez, Sinop-Ayancik and Karabiik-Yenice populations are at the same group in terms of all leaf
characters and other populations created other group.

Key words: Oriental beech, leaf length, leaf area, leaf moisture, variation, origin

*

Dogu kayminda (Fagus orientalis Lipsky) baz1 yaprak karakterlerine ait populasyonlar arasi ve i¢i varyasyonlar

Ozet

Islah (tree breeding) programlarinin baglangicinda tiir i¢i genetik ¢esitlilik (varyasyon) aragtirmalar: iizerinde
durulmaktadir. Genetik cesitlilik arastirmalar1 sayesinde, ¢esitliligin populasyonlar arasi ve populasyon ici agaclar arasi
kapsami, bunun rakim, denizden uzaklik, yagis gibi degiskenlere gore nasil degisim gosterdigi ortaya konulmaktadir.

Dogu Kayini iilkemiz ormanciliginda 6nemli bir agag¢ tiirlidiir. Bu ¢alismada, 11 farkli dogu kayimni
popiilasyonundan (Sinop-Merkez, Sinop-Ayancik, Samsun-Kunduz, Samsun-Karapinar, Karabiik-Yenice, Diizce-
Cigekli, Trabzon-Macgka, Trabzon-Caykara, Giresun-Kulakkaya, Ordu-Akkus ve Kahramanmaras-Andirin) toplanan
tohumlardan yetistirilen 2+0 yagindaki fidanlarda yaprak eni, yaprak boyu, yaprak alani, yaprak damar agis1 ve yaprak
nemi bakimindan meydana gelen varyasyonlar1 belirlemek amaglanmistir. Bu Olgiimler tiim populasyonlara ait

i Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +904623772877; Fax.: +904623257499; E-mail: d_guney61l@hotmail.com
© 2008 All rights reserved / Tiim haklar1 saklidir BioDiCon. 570-0716
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fidanlarda yapilarak, bu ozelliklere bagli, populasyonlar arast varyasyonlar ortaya konulmustur. Ayrica, 6
populasyonda, her populasyondan 10 agac, her agactan 10 fidan ve her fidandan 10 yaprakta olmak iizere toplam 6000
yaprak kullanilarak aga¢ bazinda Olgiimler yapilmis ve bu Ozelliklere bagli olarak populasyon igi farkliliklar
belirlenmistir.

Yaprak eni, yaprak boyu, yaprak alani ve yaprak damar agisina iligskin olarak gergeklestirilen varyans analizi
sonucunda bu karakterlerin hepsi i¢in populasyonlar arasinda istatistiksel olarak farkliliklar oldugu belirlenmistir.
Yaprak nemine ait varyans analizi sonucunda ise onem diizeyi 0.05’ten biiyiik ¢ikmuistir. Bu sonuca goére calisilan 11
populasyonun, yaprak nemine bagli olarak homojen bir yap1 gosterdikleri belirlenmistir. 6 populasyonun her birinin
kendi igerisinde ise yaprak nemi disindaki tiim karakterlerin farklilik gosterdigi belirlenmistir. Yaprak nemi bakimindan
populasyonlar homojen bir yap1 gosterse de, populasyonlar igerisindeki agaclar ise bu karakter bakimindan
varyasyonlar gosterdigi anlagilmistir.

Hiyerarsik kiimeleme analizi sonucu olusan gruplandirmaya gore; dl¢iilen tiim yaprak karakterleri bakimindan
Sinop-Merkez, Sinop-Ayancik ve Karabiik-Yenice populasyonlart ayni grup igerisinde yer almig olup diger
populasyonlar ise diger grubu meydana getirmistir.

Anahtar kelimeler: Dogu Kayini, yaprak eni, yaprak boyu, yaprak alani, varyasyon, orijin
1. Introduction

In forests of our country have 54 % conifer forests and 46 % deciduous forests. Beech represented by 10
species in the Northern Hemisphere is one of the most important types of deciduous forests. There are two types
including Oriental beech (Fagus orientalis Lipsky.) and European beech (Fagus sylvatica L.) in Turkey. Oriental beech
has a wider spread than the other type. Oriental beech in our country is spreading in 1.961.660 ha area, including
1.621.257 ha forest in normal structure and 340.403 ha forest in discontinuous structure (Anonymous, 2014; Ertekin
et.al., 2015).

As is known, afforestation efforts are expensive and long-term investments. It is required to use seeds and
seedling which have superior genetic qualities in order to guarantee the future of these investments. To determine the
genetic quality of the seedlings, it is essential to know the genetic variation of the trees in the population (Yahyaoglu
and Geng, 2007). Today, it can be made in a more sensitive manner origin certification by genetic variation researches.
Thus, it can be possible to do afforestation efforts through actual origins and without causing genetic contamination.
Results obtained from this study are intended to contribute to the realization of these matters.

Each population, in order to adapt to different environmental conditions which are effective in its region, is
considered genetically unique (Isik and Yildirim, 1990). Therefore, use of other biological information together with
population genetic principles in management of these populations is even more important (Namkoong, 1989).

It is expressed that the best way to determine the genetic variation for a species will be by comparison of
populations in different habitats (Chmura, 2002). Species which are spread very wide areas have very much
geographical variation and local races in the same time (Isik, 1981; Zobel and Talbert 1984; Kaya, 1990). Broken
geographical structure, changing climate and soil characteristics over short distances of Turkey have encouraged the
formation of local races even short distances in forest tree populations (Isik, 1988; Kaya 1989). Due to the showing
spread in such a geographic region of oriental beech, it may has genetically variations.

In this study, it is aimed to investigate of variations in populations in natural distribution areas in our country
for oriental beech (Fagus orientalis Lipsky.), one of main tree species in our country, depending on some
morphological characters belong to leaf.

2. Materials and methods

In this study, as the study material has been selected 11 natural oriental beech populations that represented the
natural range of oriental beech in Turkey. Leaves belong to seedlings that grown by seeds collected from a total of 225
trees including average of 20 pieces from each of these populations have been used.

2.1. Determination of sample populations

In accordance with to the research objectives, 11 oriental beech populations, which are able to represent
Turkey, have been selected. Accordingly, it has been made measurements on leaves of seedlings that grown by seeds
collected from Sinop-Merkez, Sinop-Ayancik, Samsun-Kunduz, Samsun-Karapinar, Karabiik-Yenice, Diizce-Cigekli,
Trabzon-Magka, Trabzon-Caykara, Giresun-Kulakkaya, Ordu-Akkus and Kahramanmaras-Andirin populations. Some
informations related to sites of populations collected seed material have been given in Table 1, and the geographical
location of the populations have been given in Figure 1.

Deniz GUNEY et al., Variations within and among populations depending on some leaf characteristics of oriental beech (Fagus orientalis Lipsky)
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Figure 1. The geographical location of the populations collected seed material

Table 1. Information on the sample plots

Tree
Pop Name of *East *North -
No Population Nu(m;) er Longitude Latitude Altitude Aspect Groups
Sinop N, NW, E,
1 Merkez 21 646426-645002 4530786-4531627 90-140 S, SW
Sinop N, NE, NW,
2 Ayancik 26 644126-647212 4633190-4635389 605-745 E. S, SW
Samsun
3 Kunduz 20 666533-665881 4559311-4559075 1300-1390 N, NE, NW
4 Samsun 20 685470-685433 | 4549004-4549406 | 1250-1360 N, NE
Karapinar
5 | Karabik 20 452653-457710 | 4566618-4576555 | 610-1100 | eNE NW.
Yenice E, S, SW
Trabzon N, NE, NW,
6 Macka 19 536104-537264 4502315-4502863 1510-1650 E SW. W
Trabzon NE, E, S,
7 Caykara 18 602433-603016 4504412-4506099 920-1485 SW. SE, W
Giresun
8 18 442625-452537 4503642-4504163 455-1460 N, NE, W, S
Kulakkaya
Ordu N, NE, NW,
9 Akkus 23 331483-331845 4519805-4520234 1200-1315 ES, SE. SW
10 (]3)12212?1 20 853080-855918 4507317-4508900 1310-1405 N, NE, NW
K.Maras ) ) . N, NE, NW,
11 Andirin 20 269188-272115 4175208-4185518 1395-1740 E SE,W

* The coordinates of the sample plots have been taken by the UTM coordinates system.
2.2. Measurements related to leaf

Leaf width, leaf length, leaf area, leaf vein angle and leaf moisture values have been measured in 2+0 years-old
oriental beech seedlings. Variations among populations have been revealed with measurements made in seedlings
belong to all populations in terms of these features. Also, measurements on the basis of tree have been performed using
a total of 6,000 leaves, included 10 trees from each population, 10 seedlings from each tree and 10 leaves from each
seedlings, in Diizce-Cigekli, Trabzon-Magka, Trabzon-Caykara, Giresun-Kulakkaya, Ordu-Akkus and Kahramanmaras-
Andirin populations. And, differences within population have been determined depending on these features.

Leaf vein angle has been obtained by measuring 3 different parts included bottom, middle and upper parts of
leaf in each leaf.

Measurements related leaves were performed using the ImageJ (Image Analysis Software) program. This
program were used in various scientific studies carried out to examine the variation in leaf (Bayramzadeh et al., 2008)

Deniz GUNEY et al., Variations within and among populations depending on some leaf characteristics of oriental beech (Fagus orientalis Lipsky)
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Figure 2. Measurement of leaf length, leaf width, leaf vein angle and leaf area using ImageJ (Image Analysis Software)
software.

2.3. Data analysis

Data were analyzed using the SPSS 20.0 statistical program. The analyses conducted included ANOVA,
Duncan’s Test and Cluster.

3. Results

Leaf width, leaf length, leaf area, leaf vein angle and leaf moisture have been measured by using leaf samples
obtained from seedlings belong to populations under study.

The average leaf width, leaf length, leaf area, leaf vein angle and leaf moisture values for all populations have
been given with standard deviations in Table 2.

Analysis of variance has been performed to determine whether the differences in terms of measured these
characters belong to leaf among populations. Duncan test has been conducted to determine groups. And then, the
results have been given in Table 2. As can be seen from the table, as a result of analysis of variance carried out related
to leaf width, leaf length, leaf area and leaf vein angle has been determined that there are differences as statistically for
all these characters. Significance level is greater than 0.05 as a result of analysis of variance performed related to leaf

moisture. According to this result, it can be said that 11 populations under study show a homogeneous structure in terms
of leaf moisture.
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Table 2. The results of the analysis of variance and Duncan test concerning leaf width, leaf length, leaf area, leaf vein

angle and leaf moisture values among populations
Avg.
Pop. ﬁc\a/agf Width (cm) ﬁ:e% Length (cm) ﬁe\:/gf Area (cm?) L. g Vein  Angle ﬁv I%Ioisture (%)
(Degree)
Sinop 3.45+0.51 f 5.70+0.72¢ 13.61+3.47 ¢ 44.92+9.36 a 67.20+7.45
S.Ayancik 3.23+0.52d 5.36+0.88de 12.20+£3.89 ¢ 47.60+8.58 bc 67.60+6.96
Kunduz 2.51+0.54 ab 4.32+0.88 a 7.69+ 3.30 ab 47.60+10.06bc 68.60+5.74
Karapinar 2.59+0.33 ab 4.67+0.56 b 8.50+1.90 bc 43.9619.57 a 68.50+7.44
Yenice 2.93+1.10 ¢ 5.35+2.01de 12.2249.65 ¢ 46.48+9.22 b 68.60+6.55
Magka 2.88+0.65¢c 5.15+1.02cd 10.63+4.55d 48.24+4.05d 64.80+5.77
Caykara 2.72+0.61 bc 4.84+0.98 bc 9.78+4.02 cd 47.18+5.40 bc 64.04+6.69
Kulakkaya 2.72+0.64 bc 4.84+1.06 bc 9.34+4.43 cd 47.88+5.80 d 65.90+4.50
Akkus 2.84+0.62 c 4.99+1.03bcd 10.10+4.33 d 47.10+5.80 bc 63.76+10.4
Cicekli 2.3440.60 a 4.07+£0.89 a 7.05+3.04 a 46.11+441a 66.95+8.08
Andirin 2.41+0.61a 3.99+1.05a 7.38+3.66 ab 45.1545.84 a 66.04+5.77
Avg. 2.66+0.66 4.66+1.10 9.08+4.31 46.5515.82 66.30+1.85
Anova F:70.250 F:122.814 F:78.669 F:44.144 F:1.697
P: 0.000** P: 0.000** P: 0.000** P: 0.000** P:0.133

** There is difference as statistically. Significance level P<0.01

As a result of Duncan test conducted to determine different groups have formed in terms of leaf length. When
we examine to composed groups, Sinop-Merkez population has had the highest values in terms of leaf width, leaf length
and leaf area. Additionally, Diizce-Cigekli population and K.Maras-Andirin population have had the lowest values in
terms of these characters. Sinop-Merkez population, having the highest value, has formed alone a group in terms of leaf
width and leaf length. Sinop-Merkez population has taken place in the same group with Sinop-Ayancik and Karabiik-
Yenice populations in terms of leaf area. Diizce-Cigekli population, having the lowest value, has formed alone a group
in terms of leaf area. Diizce-Cigekli population has taken place in the same group with K.Maras-Andirin population in
terms of leaf width and, has taken place in the same group with K.Marag-Andirin and Samsun-Kunduz populations in
terms of leaf length. When we look at Duncan test results, populations forming other groups show a similar ranking
according to measured characters. Unlike the previous groupings, Sinop-Merkez population has taken place in the same
group with Diizce-Cicekli, K.Maras-Andirin and Samsun-Karapinar populations in terms of leaf vein angle. Trabzon-
Magka population, which has the largest vein angle, has formed alone a group in terms of leaf vein angle.

Graphical distribution of populations, in terms of leaf width, leaf length, leaf area, leaf vein angle and leaf
moisture values, has been given in Figure 3 and Figure 4.

# Leaf width
M Leaf length

M Leaf area

Figure 3. According to populations, leaf width (cm), leaf length (cm) and leaf area (cm?)
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Figure 4. According to populations, leaf moisture (g) and leaf vein angle (degree)

As can be seen from Figure 3, leaf width, leaf length and leaf area show a parallel change according to
populations. Leaf vein angle is not in the same direction with these features. According to conducted correlation
analysis, leaf vein angle has not showed a significant correlation with other leaf characteristics. This situation supports
the results obtained. It has been determined that leaf moisture has taken very close values one another, and has not
exhibited a statistically change according to population.

It has been tested by analysis of variance to determine whether difference with regard to measured leaf
characteristics within populations. Whether 6 populations, in terms of the average leaf width, leaf length, leaf area, leaf
vein angle and leaf moisture, show a variation, and average values for these populations have been given with standard
deviations in Table 3. The results of analysis of variance and averages leaf width, leaf length, leaf area, leaf vein angle
and leaf moisture values belong to seedlings that grown by seeds obtained from populations have been given in Table 3.
As can be seen from table, the result of analysis of variance conducted in terms of leaf moisture, it has been determined
that Trabzon-Magka and Ordu-Akkus populations have exhibited differ within themselves with % 95 confidence level,
and Giresun-Kulakkaya and Kahramanmaras-Andirin populations have exhibited differ within themselves with % 99
confidence level. It has been determined that Trabzon-Caykara and Diizce-Cicekli populations have not displayed
variation within population in terms of this character. Each population has had smaller than significance level of 0.01 in
terms of leaf width, leaf length, leaf area and leaf vein angle characters. According to this result, it has been determined
that each population has exhibited differ within themselves related to these characters.

A statistical analysis has been made with hierarchical cluster analysis as using leaf width, leaf length, leaf area, leaf vein
angle and leaf moisture values in order to determine how populations involved in graphically a grouping. And then, the
significance of this groupings has been tested by discriminant analysis.

0 3 10 15 20 25
+o—————— +o———— o ————— +———————— +om———— +
Pop.
T.Cavkara :l—
C.hkkug
T.Magka

G.Fulakkaya
D.Cigekli J

F.hndirin

Sm.Funduz

Sm.Farapinar
S.hyancik
E.Yenice —i

S.Merkez

Xsa

Figure 5. Dendogram obtained with Cluster analysis related to leaf width, leaf length, leaf area, leaf vein angle and leaf
moisture
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Table 3. The results of the analysis of variance and averages concerning leaf width, leaf length, leaf area, leaf vein angle and leaf moisture values within populations

Tree Trabzon-Magka Trabzon-Caykara Giresun-Kulakkaya

No LW (cm) LL (cm) LA(cm?) LVA () LM(%) LW (cm) LL (cm) LA(cm?) LVA (") LM(%) LW (cm) LL (cm) LA(cm?) LVA (") LM(%)
1 3.14+0.75 5.38+1.23 12.4145.73 | 49.10+3.8 62.88+4.5 2.56+0.55 4.62+0.82 8.73+£3.27 | 46.93+4.5 59.7444.0 2.22+0.43 4.03+0.83 6.29+2.38 | 46.204£5.8 68.81+3.8
2 3.00+0.48 5.45+0.79 11.54+3.43 | 47.60+3.4 65.61+10.1 2.87+£0.54 4.93+0.83 10.30+3.63 | 46.69+5.2 68.55+2.1 3.12+0.84 5.49+1.26 12.06+6.69 | 48.33+6.5 67.50£3.6
3 3.15+0.79 5.58+1.24 12.66+6.14 | 48.24+4.2 63.82+3.6 2.66+0.46 4.52+0.74 8.91+3.02 | 49.35+4.3 66.33£3.6 2.91+0.54 5.04+0.87 10.21+£3.72 | 47.95+5.4 65.88+2.7
4 3.09+0.58 5.44+0.91 11.63+3.93 | 48.32+3.5 67.86%4.2 2.67+0.63 4.89+0.81 9.67+£3.86 | 45.40+6.3 63.31+2.2 2.90+0.50 4.92+0.81 9.92+3.25 | 47.01+4.8 62.05+2.5
5 2.53+0.50 4.68+0.82 8.32+3.13 | 47.7944.0 62.83+2.6 2.77£0.57 5.18+1.06 10.66+4.05 | 47.30+4.9 63.21+1.7 2.67+0.50 4.75+0.90 8.87+£3.28 | 47.4145.0 64.59+3.2
6 3.02+0.69 5.18+1.09 11.44+4.88 | 48.03+4.3 63.7348.2 3.12+0.58 5.46+0.84 12.56+4.31 | 48.18+4.4 64.33t£1.3 2.67+0.66 4.96+1.07 9.24+4.90 | 48.21£7.0 63.05£3.2
7 2.48+0.47 4.57+0.83 7.94+2.92 | 47.75£3.8 66.14+2.3 2.82+0.60 4.99+1.07 10.52+4.26 | 45.8446.5 64.39+£2.5 2.24+0.45 4.08+0.68 6.47+2.31 | 48.9146.1 64.05£2.6
8 2.73+£0.57 4.99+0.95 9.70+£3.98 | 46.95+4.4 62.85+2.9 2.48+0.58 4.41+0.88 8.27£3.50 | 47.0846.1 67.13+£2.6 3.02+0.47 5.44+0.89 11.55+3.45 | 48.98+4.4 71.2745.6
9 2.80+0.58 5.13+0.86 10.30+£3.72 | 48.85+3.7 69.37+7.8 2.86+0.61 5.07+0.90 10.45+3.85 | 46.81+4.7 59.64+7.7 2.56+0.69 4.88+0.78 8.17£3.02 | 47.114+6.4 65.72+4.8
10 2.87+0.60 5.10+0.81 10.43+£3.92 | 49.77+4.2 63.21+2.7 2.47+0.60 4.39£1.06 8.15+3.78 | 47.7345.3 63.12+9.1 2.98+0.66 5.14+0.53 9.99+5.91 | 48.87£5.0 63.14+3.6

Avg. | 2.88+0.65 5.15+1.02 10.63+4.55 | 48.24+4.1 64.80+5.7 2.72+0.61 4.84+0.98 9.78+4.02 | 47.18454 64.04+6.6 2.72+0.44 4.84+1.06 9.34+4.43 | 47.8845.8 65.90+4.5
F 15.709 11.713 13.852 4.148 1.698 11.279 12.965 11.212 4.038 1.815 35.988 34.638 10.575 2.741 7.672

S <0.00 <0.00 <0.00 <0.00 <0.101 <0.00 <0.00 <0.00 <0.00 0.067 <0.001 <0.001 <0.001 <0.008 <0.008

Tree Ordu-Akkus Diizce-Cigekli Kahramanmaras-Andirmn

No LW (cm) LL (cm) LA(cm?) LVA () LM(%) LW (cm) LL (cm) LA(cm?) LVA () LM(%) LW (cm) LL (cm) LA(cm?) LVA () LM(%)
1 2.9340.60 5.10+1.00 10.82+4.84 | 49.43+4.7 68.42+2.2 4.56+1.00 2.5340.59 8.15+3.47 | 44.97+4.2 69.30£3.4 1.86+0.43 3.2610.78 457+1.94 | 43.8145.6 67.53+1.8
2 2.4040.58 4.16+0.83 7.30£3.12 | 48.18154 63.45+4.3 4.06+0.71 2.2040.45 6.16+2.24 | 43.2413.6 63.67+1.9 2.27+0.68 3.40+0.99 6.11+3.36 | 46.11+5.2 62.5945.1
3 3.19+0.68 5.52+1.10 12.654£5.19 | 51.8145.5 64.68+1.6 3.39+0.87 2.00+0.55 5.08+£2.67 | 44.83+3.7 57.64+16.8 2.35+0.47 3.74+0.85 6.73+2.80 | 45.7746.5 65.13£2.6
4 2.83+0.61 4.83£0.89 9.73+4.11 | 45.0045.5 62.25+2.5 4.10+0.61 2.37£0.43 6.87+2.21 | 41.98+4.3 62.30£2.2 2.16+0.54 3.86+0.88 6.26£2.94 | 43.69t4.1 |67.30t£2.4
5 2.68+0.57 4.68+0.99 9.00+£3.46 | 45.6545.3 58.81+8.8 3.86+0.78 2.31+0.54 6.53+2.99 | 43.88+4.7 65.24+2.4 2.41+0.63 4.31+1.54 8.15+4.78 | 41.554£5.7 68.35£3.7
6 3.27+0.50 6.07+£1.12 14.06+£4.57 | 44.3845.4 67.18+1.6 3.91+0.87 2.10+0.46 5.93+2.52 | 45.48+4.0 65.94+1.7 2.52+0.58 4.03+0.83 7.67£3.61 | 47.8845.6 63.70£2.5
7 2.71+0.49 4.74+0.76 9.02+£3.09 | 48.97+4.9 73.35£13.5 4.28+1.18 2.78+0.92 8.32+4.15 | 43.20+3.6 65.01£6.5 2.25+0.44 3.65+0.69 6.25+2.27 | 43.13+4.4 61.66+6.9
8 2.76+0.58 4.91+0.88 9.36+£3.93 | 46.33145.2 61.65+2.0 3.85+0.90 2.42+0.67 6.87+£3.25 | 45.2145.5 65.7414.1 2.93+0.59 4.58+0.77 10.06+£3.49 | 44.4645.8 66.12+3.4
9 2.62+0.48 4.731£0.84 8.57+£3.04 | 46.0045.7 60.44+2.4 4.45+0.53 2.52+0.35 7.84+1.96 | 43.63+4.1 64.32+£3.3 2.61+0.57 4.64+1.02 9.01+3.95 | 46.5345.8 69.50£3.0
10 3.00+0.49 5.31+£0.70 11.01+£3.14 | 47.7045.9 62.49+2.6 3.86+0.67 2.28+0.44 6.36+2.29 | 43.67£3.9 64.79+2.4 2.53+0.53 4.29+0.84 8.03+3.03 | 47.81+4.9 68.56+1.7

Avg. | 2.84+0.62 4.99+1.03 10.10+4.33 | 47.1045.8 63.76+10.4 4.07+0.89 2.34+0.60 7.05+3.42 | 46.11+4.9 66.95+1.5 2.41+0.61 3.99+1.05 7.38+£3.66 | 45.15+5.8 66.04+4.35
F 21.735 33.207 26.414 20.731 2.485 13.851 13.270 22.636 7.721 1171 24523 23.477 21.421 13.830 5.298

S <0.00 <0.00 <0.00 <0.00 <0.018 <0.001 <0.001 <0.001 <0.001 0.321 <0.00 <0.00 <0.00 <0.00 <0.00
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As a result of hierarchical cluster analysis, 2 groups have formed in terms of grouping. Sinop-Merkez, Sinop-
Ayancik and Karabiik-Yenice populations have taken place in the same group in terms of measured all leaf characters,
and other populations have created the other group. Formation of two different groups can statistically significant, but
according to results of cluster analysis given in Figure 5, 9 different groups can form in terms of leaf characteristics.
Distribution on the map of this 9 different groups formed has been given in Figure 6. As can be seen from Figure 6,
Diizce-Cigekli and K.Marag-Andirin populations have taken place in the same group, another group have been formed
by Trabzon-Caykara and Ordu-Akkus populations. And remaining 7 groups have been created by other populations.

Populations

_ Natural Distribution of
Liagus oreintalis

Figure 6. Distribution on the map of groups‘formed by cluster analysis in terms of leaf width, leaf length, leaf area, leaf
vein angle and leaf moisture

4. Conclusions and discussion

In this study, variations within and among populations have been tried to put forward by measuring leaf width,
leaf length, leaf area, leaf vein angle and leaf moisture in oriental beech seedlings. Result of the study, it has been
determined that leaf width ranged from 2.36 cm to 3.45 cm, leaf length ranged from 3.99 cm to 5.70 cm and leaf area
ranged from 6.87 cm? to 13.61 cm?, leaf vein angle ranged from 43.96 degrees to 48.24 degrees. It has been determined
that leaf moisture having values close to each other ranged from % 63.76 to % 68.60.

Variations related to leaf morphology depending on populations has been investigated in another study carried
out in Fagus sylvatica Lipsky and Fagus orientalis L. Result of study carried out by sampling trees in different ages, it
has been determined that average of leaf width, leaf length and leaf area respectively 5.16 cm, 8.84 cm and 34.2 cm?in
Fagus sylvatica Lipsky, 4.91 cm, 7.73 cm and 28.8 cm? in Fagus orientalis L. Variations in terms of measured traits
have been detected in both species. This finding has shown a harmony with results obtained in our study. Another study
carried out in Fagus grandifolia Ehrh., it has been indicated that leaf width ranged from 2.5 cm to 7.5 cm and leaf
length ranged from 6 cm to 15 cm (Robert and John, 2004). This result obtained in terms of leaf length in Fagus
grandifolia Ehrh. has similarity with result obtained in oriental beech.

Sinop-Merkez population has the highest averages in terms of leaf width, leaf length and leaf area. In a study
carried out related to production of oriental beech seedlings, it has been reported that total leaf surface is an important
factor for growth and it affects positively growth (Tengiz, 1986).

There are numerous studies about variations determined depend on morphological and genetic characteristics
of leaf. 13 years old seedlings that grown from seeds collected from 7 different populations have been used in order to
investigate morphological and physiological variations related to leaf in Fagus crenata. It has been determined that
there are significant differences in terms of some traits such as vein elements, the number of veins in mm2, average vein
area, transpiration rate, leaf area, leaf thickness, leaf dry weight among origins in study. In addition, it has been revealed
that meaningful relationships between morphological and physiological properties related to leaf in the study
(Bayramzadeh et al., 2008). Variations belong to leaf have determined in other studies made for the same species. And
it has been reported that this difference originates from differences in the origins. Additionally, it has been indicated
that maximum photosynthesis rate has a positive correlation with leaf thickness (Hiura et al., 1996; Koike, and
Maruyama, 1998).

Hiura et al. (1996), in their study made for Fagus crenata, have indicated that variations related to leaves of
seedlings, obtained from different origins and planted in the same field, result from genetic variation of seed resources.
These findings have shown a consistence with findings obtained from our study. Accordingly, for leaf lengths
depending on determination of variations within and among populations can be said that closely related with growth and
development of seedlings.
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Suggestions

An efficient tree breeding program is aimed that knowing of genetic structures of existing forest trees in nature.
For this aim, it is firstly necessary to determination of geographical variations. And then, it is required that detection of
genetic structure. Thus, superior and different individuals are protected for future use. On the other hand, with seed and
seedling material obtained from these, it is intended to be used in afforestation efforts by going to mass production.

Determination of variations of species should be made as soon as possible to achieve mentioned objective. For
this reason, for species should be done measures on some qualitative and quantitative characters. Recently, isoenzyme,
DNA, etc. methods has been used in determination of genetic structure together with developing technology. However,
such studies cannot be made without laboratory facilities. And they are expensive studies and require attention.

In this study, determination of variation within and among populations of oriental beech, has been carried out
based on the measurement of morphological characters of leaves. Result of study, for oriental beech having optimal
distribution among 700-1800 m altitudes, both in optimal distribution areas and outside these areas for natural
populations, it has been revealed that show variations within and among populations.

For selected populations in this study, it has been determined that variation within populations is greater than
among populations. Therefore, source of variation should be sought within populations rather than among populations.
For this objective, populations having variation should be examined in detail with DNA, isoenzyme etc. on the basis of
individual. And so, the main source of variation should be identified and continuity should be ensured.

Sinop-Ayancik population and especially Sinop-Merkez population remain outside the optimal natural range in
terms of altitude for oriental beech and they have had clearly variations. For this reason, conservation of genetic
resources is important in terms of the continuity of variation, and therefore the preservation of biodiversity. The
continuation of genetic variation should be provided ensuring protection of existing populations.

References

Anonymous 2014. Turkey Forests, Republic of Turkey, General Directorate of Forestry, Ankara.

Bayramzadeh, V., Funada, R. and Kubo, T. 2008. Relationships between vessel element anatomy and physiological as
well as morphological traits of leaves in Fagus crenata seedlings originating from different provenances, Trees, 22,
217-224.

Chmura, D. J., Rozkowski, R. 2002. Variability of beech provenances in spring and autumn phenology, Silvae Genetica
51, 2-3.

Ertekin, M., Kirdar, E., Ayan, S. 2015. The Effects of Exposure, Elevation and Tree Age on Seed Characteristics of
Fagus orientalis Lipsky. South-east Eur for 6 (1): 15-23. DOI: http://dx.doi.org/10.15177/seefor.15-03

Hiura, T., Koyama, H. and Igarashi, T. 1996. Negative trend between seed size and adult leaf size throughout the
geographical range of Fagus crenata, Ecoscience, 3, 226-228.

Isik, K. 1981. Domestication of plants and exotic species in terms of domestication, Symposium of Industrial
Afforestation with Fast Growing Species in Turkey Kefken-izmit, 249-254.

Isik, K. 1988. Importance of local races and genetic contamination problems in our forest tree species, Journal of Forest
Engineering, 25, 11, 25-30.

Isik, K., Yildirnm, T. 1990. Strategies for Conservation of Forest Gene Resources and Some Recommendations on
Cedrus libani. (in: Proc. Of International Cedar Symposium), Supported by FAO and Turkish Forest Service, 22-27
October 1990, Antalya-Turkey, 342-352.

Kaya, Z. 1989. Genetic Compatibility, Seed Resource and Seed Transfer, Journal of Seedling, General Directorate of
Forestry, Journal of Occupational Officers Association, 17, 3-8.

Kaya, Z. 1990. Our Forest Genetic Resources: Our National Heritage, Journal of Seedling, General Directorate of
Forestry, Journal of Occupational Officers Association, 28, 2-6.

Koike, T., Maruyama, Y. 1998. Comparative ecophysiology of the leaf photosynthetic traits in Japanese beech grown in
provenances facing the Pacific Ocean side and the sea side of Japan. J Phytogeogr Taxon, 46, 23-28.

Namkoong, G. 1989. System of Gene Management. In: Breeding Tropical Trees: Population Structure and Genetic
improvement Strategies in Clonal and Seedling Forestry. (Proc. IUFRO Conference, Pattaya, Tailand.) Gibson,
G.1., Griffin, G.1., Griffin, A.R. and Matheson, A.C. (Editors). Oxford Forestry Institute, Oxford, U.K.

Robert, R., John, P. 2004. The Ecology and Silviculture of American Beech (Fagus grandifolia Ehrh.): An Overview,
Improvement and Silviculture of Beech, Proceedings from the 7th International Beech Symposium IUFRO
Research Group, 10-20 May, Tehran, Iran.

Tengiz, E. 1986. Some Features of Oriental Beech (Fagus orientalis Lipsky.) and shelter demand in seedling
production, Journal of Forest Engineering, 23, 3.

Yahyaoglu, Z., Geng, M. 2007. Seedling Standardization, Siileyman Demirel University, Faculty of Forestry, Issue No.
75, Isparta.

Zobel, B. and Talbert, S., 1984. Applied Forest Tree Improvement. North Carolina State University. Wiley and Sons.
Inc. NY.

(Received for publication 14 March 2016; The date of publication 15 August 2016)

Deniz GUNEY et al., Variations within and among populations depending on some leaf characteristics of oriental beech (Fagus orientalis Lipsky)



www.biodicon.com Biological Diversity and Conservation

ISSN 1308-8084 Online; ISSN 1308-5301 Print 9/2 (S1) (2016) 10-18

Research article/Arastirma makalesi
Comparison of differently originated oriental beech (Fagus orientalis Lipsky) seedling growth in field
Deniz GUNEY ™, Ibrahim TURNAZ, Ali BAYRAKTAR !, Erhan SEYIS 2, Ebru ATAR !

! Department of Forestry, Karadeniz Technical University, 61080, Trabzon, Turkey
2 Department of Forestry, Yenice Vocational High School, Canakkale 18 Mart University, 17550, Canakkale, Turkey

Abstract

It is not possible to make artificial regeneration and afforestation areas optimum totally because of the fact that
site area conditions have very different characteristics regionally. Based on these ecological conditions where seed
origins and application area should be considered. Within the study, it is aimed to examine the land performances of
seedlings grown from different origins. For this purpose, 11 natural populations were chosen from natural distribution
oriental beech. The seedlings were sowed appropriate to the randomized blocks design with 3 replications.

After grown along two vegetation period in nursery, Trabzon-Macka, Trabzon-Caykara, Diizce-Cigekli,
Giresun-Kulakkaya, Ordu-Akkus and Kahramanmaras-Andirin populations were planted in the 1230 meters altitude
experimental forest in Tonya-Kalingam. Sinop-Merkez, Sinop-Ayancik, Samsun-Kunduz, Samsun-Karapinar and
Karabiik-Yenice populations were grown in Of forest nursery for along three vegetation period and then they were
planted on the same area. After a vegetation period in the area conditions, morphological measurements such as
seedling height, root collar diameter and branch number were made on population and tree basis.

By making variation analysis with the SPSS 20 statistic program, it was determined that these measurements
variations within and among populations. It was found that variations in populations are more than variations among
populations in terms of morphological characters. On the other hand, populations were grouped with hierarchical cluster
analysis.

Key words: Oriental beech, field performance, variation, origin, seedling

*

Farkh orijinli dogu kaymm (Fagus orientalis Lipsky) fidanlarinin arazideki biiyiimelerinin karsilastirilmasi

Ozet

Yetisme ortami kosullarinin yoresel olarak ¢ok farkli 6zelliklere sahip olmasi nedeniyle yapay genclestirme ve
agaclandirma sahalarinin biitiiniiyle optimum hale getirilmesi miimkiin olmamaktadir. Buna bagli olarak tohumun
toplandig1 alanlar ile fidanin tretildigi ve dikildigi alanlarinin ekolojik kosullart dikkate alinmalidir. Bu ¢alisma
kapsaminda Dogu Kayminin (Fagus orientalis Lipsky.) farkli orijinlerinden toplanan tohumlardan yetistirilen fidanlarin
arazi performanslarini incelemek amaglanmigtir. Bunun igin tilkemizdeki dogal yayilis alanlari temsilen segilen 11
dogal populasyon kullanilmigtir. Tohumlar Of Orman Fidanliginda raslanti bloklar1 deneme desenine uygun olarak 3
tekrarl ekilmistir.

Trabzon-Magka, Trabzon-Caykara, Diizce-Cigekli, Giresun-Kulakkaya, Ordu-Akkus ve Kahramanmarag-
Andirm populasyonlar: iki vejetasyon donemi boyunca fidanlikta yetistirildikten sonra Tonya-Kalingam mevkiindeki
1230 metre yiikseltideki deneme alanina populasyon bazinda dikilmiglerdir. Sinop-Merkez, Sinop-Ayancik, Samsun-
Kunduz, Samsun-Karapmar ve Karabiik-Yenice populasyonlari ii¢ vejetasyon dénemi Of Orman fidanliginda
yetistirildikten sonra aga¢ bazinda ayni araziye dikilmiglerdir. Arazi kosullarinda bir vejetasyon donemi gectikten sonra
fidanlarda populasyon ve aga¢ bazinda; fidan boyu, kok bogazi ¢apr ve yan dal sayisi gibi morfolojik olgtimler
yapilarak populasyon i¢i ve arasi varyasyonlar belirlenmeye galisilmistir.

Elde edilen verilerle, SPSS istatistik programi ile varyans analizi yapilarak 6lgiilen karakterler bakimindan
populasyonlar i¢inde ve arasinda genetik varyasyonlarin oldugu belirlenmistir. Caligma sonucunda 6lgiilen karakterlerin
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bir¢cogu bakimindan populasyonlar icerisindeki varyasyonun, populasyonlar arasindaki varyasyondan daha fazla oldugu
tespit edilmistir. Bunun yaninda dlgiilen degiskenlere iliskin olarak olusan gruplarn ortaya koymak igin hiyerarsik
cluster analizi yapilmistir.

Anahtar kelimeler: Dogu Kayini, arazi performansi, varyasyon, orijin, fidan
1. Introduction

A large part of Turkey's forests is unable to provide the benefits expected from them in terms of both quantity
and quality, because of the fact that they have been exposed to various forms of degradation until today.

Oriental beech (Fagus orientalis Lipsky) is an important tree species for forestry in our country. Thus, the
ecological characteristics of planting areas and seedlings to be used in afforestation efforts should be well known
(Ertekin et. al., 2015).

The need for forest products is increasing in our country, but it is becoming harder for our existing forests to
meet this need. Economy of our country is adversely affected ensuring these needs through imports from other
countries. It will be needed more afforestation to overcome deficit of wood raw material, to prevent water and wind
erosion that substantially threatening agricultural areas, to ensure the continuity of these areas, to make efficient
unproductive forest areas in our country, also to eliminate soil and water pollution occurred as a result of
industrialization. Afforestation efforts have intensified in order to eliminate these disadvantages especially since the last
25 years in our country (Sakict and Ayan, 2016).

The most effective way to increase the effectiveness of forestry in the national income is to make productive
many efficient forest areas that are still no producing and degraded. According to some calculations, it is possible to
increase the current efficiency several times more in this way.

Afforestation investments are expensive and long-term investments. It should be used seeds and seedlings that
have superior genotypic characteristics in order to guarantee the future of these investments. Besides, regarding
selection of the area to use this material needs care in determining seeding and planting methods. Afforestation
investments that require great financial devotion must be given great importance in terms of ecologically and
technically healthy, socially acceptable and economically reliable. Quality nursery works are of great importance in
order to conduct the most economic afforestation efforts and to obtain the highest success especially in unproductive
areas.

Within this study it is aimed to examine the land performances of seedlings grown by seeds collected from
different origins of Fagus orientalis. For this purpose, 11 natural populations were chosen from natural distribution
areas of oriental beech in Turkey.

2. Materials and methods

In this study, 11 natural oriental beech populations, represented the natural range of oriental beech in Turkey,
were selected as the study material. Seedlings grown by seeds collected from a total of 225 trees including average of
20 trees from each of these populations were used.

2.1. Determination of sample populations

In accordance with to the research objectives, 11 oriental beech populations, which are able to represent
Turkey, were selected. Accordingly, it was made measurements on seedlings grown by seeds collected from Sinop-
Merkez, Sinop-Ayancik, Samsun-Kunduz, Samsun-Karapimnar, Karabiik-Yenice, Diizce-Cigekli, Trabzon-Macka,
Trabzon-Caykara, Giresun-Kulakkaya, Ordu-Akkus and Kahramanmaras-Andirin populations. Some informations
related to sites of populations collected seed material were given in Table 1, and the geographical location of the
populations were given in Figure 1.

2.2. Measurements related to seedlings

After grown along two vegetation period in nursery, Trabzon-Magka, Trabzon-Caykara, Diizce-Cigekli,
Giresun-Kulakkaya, Ordu-Akkus and Kahramanmaras-Andirin populations were planted in the 1230 meters altitude
sample plot in Tonya-Kalingam. Sinop-Merkez, Sinop-Ayancik, Samsun-Kunduz, Samsun-Karapmnar and Karabiik-
Yenice populations were grown in Of forest nursery for along three vegetation period and then they were planted on the
same area. After a vegetation period in the area conditions, variations within and among populations were tried to
determine as made morphological measurements such as seedling height, root collar diameter and number of side
branch have been done on population and tree basis..

Deniz GUNEY et al., Comparison of differently originated oriental beech (Fagus orientalis Lipsky) seedling growth in field
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Figure 1. The geographical location of the populations collected seed material

Table 1. Information on the populations
Tree "
Pop Name .Of Number * East Longitude Nprth Altitude Aspect
No Population (N) Latitude Groups
Trabzon N, NE, NW,
1 Macka 19 536104-537264 4502315-4502863 1510-1650 E SW. W
Trabzon NE, E, S,
2 Caykara 18 602433-603016 4504412-4506099 920-1485 | g 'SE W
3 gl‘éili‘fl 20 853080-855918 4507317-4508900 1310-1405 | N, NE, NW
4 Giresun 18 442625-452537 4503642-4504163 455-1460 | N,NE,W,S
Kulakkaya
Ordu N,NE,NW,E
5 Aldus 23 331483-331845 4519805-4520234 12001315 | "ol g
K.Marag N, NE, NW,
6 P 20 269188-272115 4175208-4185518 1395-1740 E SEw
Sinop N, NW, E,
7 Merkos 21 646426-645002 4530786-4531627 90-140 S SW
Sinop N, NE, NW,
8 Ayanak 26 644126-647212 4633190-4635389 605-745 E S sw
9 i"tﬂj‘d’z‘ 20 666533-665881 4559311-4559075 1300-1390 | N, NE, NW
10 Samsun 20 685470-685433 4549004-4549406 1250-1360 N, NE
Karapinar
Karabiik N, NE, NW,
11 Venice 20 452653-457710 4566618-4576555 610-1100 E S sw

* The coordinates of populations were taken by the UTM coordinates system.

3. Results

After grown along two vegetation periods in nursery, Trabzon-Magka, Trabzon-Caykara, Diizce-Cigekli,
Giresun-Kulakkaya, Ordu-Akkus and Kahramanmaras-Andirin populations were planted for field experiments as tree
based in sample plot. The average seedlings height (SH), root collar diameter (RCD) and number of side branch (NSB)
values in the 2 + 1 years-old seedlings grown on the land during a vegetation were given together with the standard
deviation in Table 2. It was tested by analysis of variance whether difference with regard to measured morphological
characteristics in among populations of 2 + 1 years-old seedlings. And then, grouping was performed by Duncan test
(Table 2). According to analysis of variance, it was determined that statistically (with % 99 confidence level)
differences related to seedling height, root collar diameter and number of side branch in among populations. After these
differences were determined, groupings formed by populations were exhibited by Duncan test. As a result, 5 different
groups occurred in terms of seedling height. Ordu-Akkus population was had the highest value with 38.7 cm, and
Diizce-Cigekli population was had the lowest value with 19.4 ¢cm in terms of the average seedling height, and so they
occurred two different groups. At the same time, Trabzon-Magka and Trabzon-Caykara populations were located in the
same group in terms of seedling height. K.Maras-Andirin and Giresun-Kulakkaya populations were taken place in the
other groups.
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Table 2. The results of the analysis of variance and Duncan test related to characteristics of 2 + 1 years-old seedlings in
among populations

Avg. RCD Avg. NSB

Pop. No Avg. SH (mm) | Groups (mr%l) Groups (pigces) Groups
Trabzon-Magka 33,6+11,0 b 7,1£2.3 b 4,242 4 bc
Trabzon-Caykara 34,3+13,3 b 6,8+2,1 bc 4,4+2.9 b
Diizce-Cicekli 19,4462 e 49+1,6 e 3,142.3 e
Giresun-Kulakkaya | 28,1+11,1 c 6,5+2,3 c 3,9+2.7 cd
Ordu-Akkus 38,7+11,8 a 7,8+£2,0 a 6,4+2.8 a
K.Maras-Andirin 22,6+9,7 d 6,1+2,2 d 3,7+2,1 d
Avg. 30,4+12.8 6,642.3 44428
Anova results F:114.59 F :53.453 F:51.241

(P): 0.000** (P): 0.000** (P): 0.000**

** There is difference as statistically. Significance level P <0.01

Six different groups occurred in terms of root collar diameter. Ordu-Akkus population was had the highest
value with 7.8 c¢cm, and Diizce-Cigekli population was had the lowest value with 4.9 ¢cm, and so they occurred two
groups just as seedling height. Additionally, same situation arose in terms of the number of side branches having 6
different groups. Ordu-Akkus population was had the highest average number of side branch with 6.4 and Diizce-
Cicekli population was had the lowest average number of side branch with 3.1.

After grown during three vegetation periods in nursery, Samsun-Kunduz, Samsun-Karapinar, Karabiik-Yenice,
Trabzon-Magka and Giresun-Kulakkaya populations were planted as population based in the sample plot. The average
seedlings height, the average root collar diameter and the average number of side branch values and Duncan test results
with analysis of variance in the 3 + 1 years-old seedlings were given in Table 3.

Table 3. The results of the analysis of variance and Duncan test related to characteristics of 3 + 1 years-old seedlings in
among populations

Pop. No l(AnYr%) SH Groups '(An\]/%) RCD Groups '(Ap\i/g(;es) NSB Groups
Sinop-Merkez 74.4+15,4 a 11.4+3.3 b 9,2+4.0 a
Sinop-Ayancik 82,5+25.6 a 13.6+£3.4 a 9.5+4.4 a
Samsun-Kunduz [ 42.9+13.6 c 8.1£3.2 c 6.0+3.0 b
Samsun-Karapinar | 53.4+18.0 b 10.742,8 b 9.7+3.9 a
Karabiik-Yenice 56.2+16.3 b 10.2+3.4 b 8.6+4.4 a
Avg. 61.9+23.1 10.843.7 8.6+4.1
Anova results F:23.55 F:11.32 F:4.40

(P): 0.000** (P): 0.000** (P): 0.002**

** There is difference as statistically. Significance level P <0.01

According to analysis of variance, it was determined statistically differences related to seedling height, root
collar diameter and number of side branch in 3 + 1 years-old seedlings. Groupings occurred by populations were
revealed by the Duncan test. As a result, 3 different groups occurred in terms of seedling height. Sinop-Ayancik and
Sinop-Merkez populations were taken place with regard to seedlings height with values of 82.5 cm and 74.4 cm,
respectively, in the same group. Samsun-Kunduz population was had the lowest average value with 42.9 cm. Samsun-
Karapinar and Karabiik-Yenice populations were taken place in the same group, and they constituted the third group.
Three different groups occurred in terms of root collar diameter. Sinop-Ayancik population was had the highest value
with 13.6 cm and Samsun- Kunduz population was had the lowest value with 8.1 cm, and so they occurred two different
groups with these root collar diameter values. And then, Sinop-Merkez, Samsun-Karapinar and Karabiik-Yenice
populations were taken place in the same group.

Two groups occurred in terms of number of side branches. Sinop-Merkez, Sinop-Ayancik, Samsun-Karapinar

and Karabiik-Yenice were taken place in the same group by taking values close to each other. Samsun-Kunduz
population with the lowest average in terms of number of side branches occurred second group.
Within Trabzon-Magka, Trabzon-Caykara, Diizce-Cicekli, Giresun-Kulakkaya, Ordu-Akkus and K.Maras-Andirin
populations transferred as tree based to area, the averages related to characteristics of 2 + 1 years-old seedlings were
given in Table 4. It was tried to determine variations within population depending on the results of analysis of variance
related each population evaluated in itself (Table 4).

Significance level as shown in Table 4, in the results of analysis of variance was determined to be smaller than
0.01 for each population. Accordingly, it can be said that each population shown statistically differ in terms of seedling
characteristics in 2 + 1 years-old seedlings within populations as well as among populations.
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Table 4. The results of analysis of variance belong to 2 + 1 years-old seedlings characters within populations

Pop | Trabzon-Magka Trabzon-Caykara | Diizce-Cigekli E:Jrlea sl?l?&l-ya Ordu-Akkus iil;’;llrlrllanmaras
Tree | sh rcd | nsb | sh rcd | nsb | sh rcd | nsb | sh rcd | nsb | sh rcd | nsb | sh rcd | nsb
1 39, |86 |58 |21, |59 [32 |19, |55 |24 |28 |61 |31 |42 |72 |51 |21, |58 |36
2 §9, 85 |57 ?l, 6,0 |22 }8, 46 |15 ?4, 56 | 34 {17, 93 |80 25, 6,7 | 4,2
3 ?7, 59 |28 32, 6,8 | 5,0 }7, 49 |33 ?9, 69 | 3,7 53’8, 85 | 47 }4, 35 |23
4 29, 6,4 | 3,7 ‘_11, 76 |70 20, 46 | 4,2 }8, 46 |25 §3, 72 | 6,6 }6, 58 | 3,2
5 {53, 93 |42 {17, 81 |54 }8, 53 | 2,7 ?9, 7,7 | 44 43, 6,8 | 6,7 18, 57 |23
6 ?5, 6,3 | 3,6 ?5, 74 |48 }9, 58 | 3,7 {15, 90 |75 f«2, 77 |68 %7, 42 |26
7 §9, 73 |50 ?8, 6,7 |44 }8, 42 119 2_7, 74 |43 §7, 78 |73 ‘_11, 95 |59
8 f:"l, 58 | 4.2 §2, 6,3 |44 }5, 37 |19 ?3, 58 | 3,1 41, 85 |75 }9, 52 | 2,3
9 frO, 6,9 | 45 31, 66 |29 }6, 35 |22 29, 71 |55 2_7, 76 |51
10 ?7, 6,3 | 2,7 ?9, 71 |55 ?6, 6,7 |53 53’2- 77 |54 ?5, 6,2 | 3,9
11 30, |61 |29 |19 |45 |34

Avg. | 34, |72 |42 |34, |68 |44 |19 |49 (31 |28 |65 |39 |38 |78 |64 |22 |61 |36
F 6 10. |67 |3 33 |84 |4 10. |66 |1 14. |11 |7 48 |50 |5 21. | 9.1
P 90 | 6 9 94 | 4 7 55 | 8 9 23. |3 3 75 | 6 7 26. | 8 4
Gro |7 00 |00 |1 00 {00 |O 00 |00 |7 00 |00 |3 00 |00 |9 0.0 | 00

** There is difference as statistically. Significance level P <0.01; Group: The number of groups formed as a result of Duncan test

After determining differences within populations, with Duncan test, it was determined how many different groups exist
according to seedling height, root collar diameter and number of side branch. According to this, Trabzon-Magka
population occurred 6 different groups in terms of seedling height, 4 different groups related to root collar diameter and
5 different groups concerning number of side branch. Trabzon-Caykara population formed 7 different groups in terms
of seedling height, 5 different groups related to root collar diameter and 7 different groups concerning number of side
branch. Diizce-Cicekli population created 2 different groups in terms of seedling height, 8 different groups related to
root collar diameter and 11 different groups concerning number of side branch. Giresun-Kulakkaya population formed 5
different groups in terms of seedling height, 7 different groups related to root collar diameter and 4 different groups
concerning number of side branch. Ordu-Akkus population occurred 5 different groups in terms of seedling height, 4
different groups related to root collar diameter and 6 different groups concerning number of side branch.
Kahramanmaras-Andirin population created 6 different groups in terms of seedling height, 7 different groups related to
root collar diameter and 5 different groups concerning number of side branch.

A statistical analysis was made by hierarchical cluster analysis as using averages of seedling height, root collar
diameter and number of side branch in order to determine how populations involved in a grouping. It was given
groupings of 2 + 1 years-old seedlings, with cluster analysis, in Figure 2.

While Trabzon-Magka, Trabzon-Caykara and Ordu-Akkus populations were taken place in the same group,
Diizce-Cigekli and K.Marag-Andirin populations occurred another group. Giresun-Kulakkaya population alone created
third group. Distribution on the natural distribution areas of oriental beech for these groups was given in Figure 3. It
was shown populations into the same group with the same color.

1 | Il 1 1

1

|

4

1: Trabzon-Magka, 2: Trabzon-Caykara, 3: Diizce-Cigekli, 4: Giresun-Kulakkaya, 5: Ordu-Akkus 6: K.Maras-Andurn

Figure 2. Groups occurred by cluster analysis in terms of seedling height, root collar diameter and number of side
branch in 2 + 1 years-old seedlings.
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Figure 3. Distribution on the map of groups occurred by cluster analysis in terms of seedling height, root collar diameter
and number of side branch in 2 + 1 years-old seedlings

4

It was shown groupings of 3 + 1 years-old seedlings, with hierarchical cluster analysis, in Figure 4.

2

1: Sinop-Merkez, 2: Sinop-Ayancik, 3: Samsun-Kunduz, 4: Samsun-Karapinar, 5: Karabiik-Yenice

Figure 4. Groups occurred by cluster analysis in terms of seedling height, root collar diameter and number of side
branch in 3 + 1 years-old seedlings

As it can be seen from Figure 4, whereas Samsun-Kunduz, Samsun-Karapmar and Karabiik-Yenice populations were
taken place in the same group, Sinop-Merkez and Sinop-Ayancik populations occurred second group. Distribution on
the map of these groups was given in Figure 5.
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Figure 5. Distribution on the map of gro

ups occurred by cluster analysis in terms of seedling height, root collar diameter
and number of side branch in 3 + 1 years-old seedlings
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4. Conclusions and discussion

It was determined genetic variations in terms of characters measured by making analysis of variance with the
SPSS 20 statistic program within and among populations. On the other hand, populations were grouped with
hierarchical cluster analysis in order to reveal groups in relation to measured variables.

As a result of Cluster analysis made for 2 + 1 years-old seedlings, Trabzon-Magka, Trabzon-Caykara and
Ordu-Akkus populations were occurred first group, Diizce-Cigekli and K.Maras-Andirin populations were generated
second group and Giresun-Kulakkaya population was created third group. Then, as a result of Cluster analysis made for
3 + 1 years-old seedlings, Samsun-Kunduz, Samsun-Karapinar and Karabiik-Yenice populations were occurred first
group, Sinop-Merkez and Sinop-Ayancik populations were generated second group.

There are many studies revealed variation within and among populations related to seedling properties. It was
investigated that variations among origins depend on soil moisture content in Fagus sylvatica L. seedlings which are
represented, grown in greenhouse, 14 different origins. As a result of this study, it was determined that morphological
characters such as seedling height and root collar diameter and physiological properties such as starting time and length
of the growing period were had differences among origins (Nielsen and Jorgensen, 2003).

Cause of genetic variations in this study can be explained with the fact that oriental beech spread very wide
geographic areas in our country and ecological factors in these geographic areas within and among populations
(topography, climate, environmental factors, etc.). In other respects, in many studies made in Fagus sylvatica L., natural
selection and genetic isolation together with differences in environmental factors depending on wide geographical
distribution of this species were explained as a cause of genetic variation in beech stands (Belletti, 1996; Thiebaut et al.,
1982; Barriére et al., 1985; Cuguen et al., 1985). This situation supports our results.

Studies indicate that wind-pollinated species, such as beech, have high genetic variation. For this species,
variation within population is generally higher. But variation among populations does not generally exceed 5% (Larsen,
1996; Leonardi and Menozzi, 1995; Paule et al., 1995). In another study, made by sampling 20 populations with
isoenzyme analysis in Fagus sylvatica L., it was determined that total genetic variation originated from diversity within
population by % 98 and originated from diversity among population by % 2 (Konnert, 1995). In a similar study made
by 16 populations in Fagus japonica, it was stated that variation among populations was low, but variation within
population was high (Hiraoka and Tomaru, 2009b).

Each population was generated by subpopulations generated itself because forest trees can carry a large amount
of their seeds to confined area (Isik, 1988). Because of the fact that subpopulation was occurred by different individuals
unique to specific environmental conditions of microhabitat and local environmental differences, genetic diversity
within population is high here. So, different races and sub-races can occur even in a very short distance. In our country,
there are studies revealed existence of different local races in a short distance (Boydak, 1977; Isik, 1979; Aslan and
Ugurlu, 1986; Ayan et. al., 2016). This situation is similar with oriental beech investigated in this study. Beech seeds
are big, and they can germinate under its own shelter. So, beech can create a micro-environment in a very small area.

It is stated that genetic structure of beech stands is attached to natural selection besides gene flow and genetic
drift. Furthermore, it was reported in several studies that these factors cause differences within and among populations
(Kim, 1979; Miiller-Starck, 1985, 1989; Cuguen, 1988; Gregorius, 1986).

The existence of the genetic diversity in a population is considered as an important factor related to adaptation
to place where existed the species in the population (Stern, 1974; Hamrick, 1985).

In any time period, interventions made to living populations have genetic effects that continue for tens of
thousands of years in further generations. Therefore, rehabilitation efforts and genetic planning are required as a
precaution against especially in terms of ensuring the continuity of local races and genetic contamination (Giiney,
2009). To effective protection and use of gene resources in sustainable forestry studies, structure and dimension of
genetic diversity in natural stands should be well known (Kaya 1990; Millar and Marshall, 1991).

Suggestions

Determination of variations within and among populations for oriental beech was made by measurements of
the morphological characteristics of the seedlings grown under field conditions. In result of the study for oriental beech,
it was revealed that, in optimal distribution areas and outside these areas for natural populations, there are variations
within and among populations.

Both altitudinal zones and protection of variation value should be taken care in afforestation efforts made for
oriental beech. Using the material that has uncertain origin in afforestation efforts will cause genetic contamination and
corruption of high genetic base identified in oriental beech.

Sinop-Ayancik population and especially Sinop-Merkez population showed clearly variations, and remained
outside optimal natural distribution areas in terms of elevation of oriental beech. For this reason, conservation of genetic
resources in its own place is important for continuity of the variation and consequently preservation of biodiversity.
With protection of existing population should be provided continuation of genetic variation.
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In the result of this study, Sinop-Ayancik population and especially Sinop-Merkez population have the highest
values concerning both root collar diameter and seedling height. These populations were separated itself from other
populations by creating a different group in the groupings. Determination of superior properties in terms of seedling
characters in Sinop-Merkez population, which is outside natural distribution areas of oriental beech and grown at
elevations close to see level in terms of especially elevation, shows that genetic variation is more here. Accordingly,
particularly in these populations, the use of materials unknown origin and therefore genetic base will lead to
deterioration of existing genetic wealth in afforestation efforts to do in this region.

The results belonging to applications carried out in particularly forestry activities reveal in the long-term, so
using the material having uncertain origin and uncontrolled activities will cause genetic contamination in populations
having a rich genetic structure without rehabilitation activities. Individuals, planted in afforestation area by bringing
from populations in another region, show various adjustment disorders and even die.
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Abstract

In order to study the quality of the Beech tree diameter at breast height and its fit through the statistical
distribution two one hectare sample pieces were randomly selected in a lozenge shape of Fagus orientalis Lipsky of
natural stand forests in the northern slope of Iran's north forests. In these pieces all trees with more than 7.5 cm diameter
were measured according to full callipering. The Beta, Gamma, Weibull, Normal, Lognormal, Exponential and Power
statistical models were used in order to fit the data. The results obtained from chi-square test y? revealed that the Beta
distribution in west and east directions and also exponential distribution in the west direction have produced a good fit
for trees diameter distribution. But the other distributions didn't show much capability in explaining the studied trees
diameter distribution.

Key words: fit, statistical distributions, diameter, beech
1. Introduction

An essential programming on the field of natural resources needs qualitative and quantitative data which is
usually obtained by measuring the stand's characteristics (Zobeiri, 2000). Diameter at breast height of trees is one of the
most essential characteristics or external sized of forest trees which can be studied from different aspects; for instance
the diameter distribution of the trees of a stand or a forest can be determined and considered in which this distribution
itself shows the diameter structure of the stand or forest (Mohamed Alizadeh et. al., 2009). In this direction various
statistical models are used, because statistical models are among the factors that are used to prepare the growing models
for estimating the site's future situation (Mataji et. al., 2000).

The quantity distribution evaluation in a forest's diameter classes by desirable probability theories is
not only important for product type evaluation but also it could be beneficial for forest programming (Nanang, 1998).
The first effort for modeling the diameter data were done by F.de Licourt in 1898 (Bailey, 1980). In order to do this he
used geometrical progression terms with the general term of a,= ag’ ". In 1933, also Mayer used the y= k™ exponential
function for modeling the diameter data (Gardiner, 1968). Almost after the sixtieth decade A.D using statistical
distributions in forest studies became customary (Namiranian, 1999.). During his studies in 1988 Shiver in order to fit
the Weibull distribution to the diameter information of Pinus elliottii (Slash pine) used the three following methods
maximum likelihood, modified moments and percentile (Shiver,1988). In the study in Ghana by Nanang (1998), used
three distributions Weibull, Lognormal, Normal, to fit the data related to Azadirachta indica. The results obtained from
Kolmogorov-Smirnov experiment proved the preference of lognormal distribution to fit the data (Nanang, 1998). In
another study that was done on Pinus teada (Loblolly pine) the data were collected from 20 sample pieces of 0.62
hectares. In this survey the trees diameter distribution description was made by the help of three parameter Weibull
distribution and for forecasting distribution parameters variables such as number of trees in a hectare, prevailing height,
stand age and the tree's pertaining distances were used (Cao, 2004). In another study, a model was made for Fagus trees
diameter distribution by the use of Weibull distribution. This model was based on distribution function parameters and
it was made by the use of non-linear least square method (Fallah et al, 2005). In Iran the first studies that were done in
this case refer to the tree diameter distribution studies in Noshahr's Khairoud Kenar forest (Namiranian, 1999). In this
study the three Beta, Weibull and negative binomial distributions were used. The results obtained from accomplishing
goodness fit and Kolmogorov-Smirnov test revealed that the two Weibull and Beta distributions have the ability to
describe the trees diameter distribution. Also, Mataji et al. (2000) studied the trees diameter distribution in stands with
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different ages in Khairoud forest near Noshahr and got to the result that the tree Beta, Weibull and normal distributions
have exciding capability in explaing trees diameter distribution (Mataji et al., 2000). In another study by Fallah et al.
(2015) used various regression models to study Fagus trees' diameter structure in un-even aged stands. Also, in this
study in order to consider the trees' diameter data distribution Beta, Gamma, Weibull, Power Exponential, Normal and
Lognormal statistical models were used so that the capability and similarity of these distributions would be revealed for
the fit of the diameter data (Nord-Larson Cao, 2006).

2. Materials and methods
1.1. Study area

Optimum growth conditions for oriental beech are on the north-facing slopes in natural distribution areas (Ertekin et.
al., 2015). The under study area is located in the north slope of Dorfak peak in iran's north forests and it is situated in
36°, 54', 22" latitude till 49°, 36', 58" longitude with a minimum 350 meters and maximum 2720 meters height above
the sea level. Its entire measurement is 5383 hectares and its central parts have a relatively excessive slope and it is
covered with pure Fagus forests along with other species. Geologically it belongs to the second and the early third
geology periods. Pedagogically it contains forest brown soil type with an origin of calcareous mother rock which Py is
neutral to weak acidic with a fluctuation between 6.4-6.9. The average annual rain fall of the under study area is 903.7
millimeters and its annual temperature is 16.2 degree centigrade. The relative humidity of this area fluctuates between
74-86 percent. Its climate type according to Emberger's method is temperate humid.

1.2. Study method

In order to study the quality of Beech tree diameter at breast height distribution and its fit by means of
statistical distributions two one hectare sample pieces with 100x100 meters dimensions in a lozenge shape were
randomly selected in the under study area in 1200 meters height above the sea level. These areas are pedagogically and
geologically similar and their forests are un-even aged. In these pieces all trees with 7.5 centimeters diameters were one
hundred percent measured.

1.3. Statistical distributions

In this study Beta, Gamma, Weibull, Normal, Lognormal, Exponential, and Power statistical models (distributions)
were used that their probability density function would be introduced here.
Beta distribution:
This distribution is a continuous distribution and it is represented as an integral and its formula is as follows:

jol X" (1 - x)""dx

B(m,n)=
In this formula X is the considered feature and m and n are the distribution parameters.

Gamma distribution:
Even this distribution is a continuous distribution and it almost has a good flexibility and its frequency curve in all
modes has a lean towards right (Zwillinger and Kokoska, 2000). Its mathematical process is as follows:

I': Gamma function symbol

Xt - X
TeXp(_) 0
F(X) = BT (a) B 0< x<+ 0 a,p>

Weibull distribution:
Weibull distribution is also presented as an cumulative frequency in which a is the starting point and b presents the
curve's concavity degree, and c is the curve's factor form or shape index and its mathematical process is as follows:
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b
F (x) = 1-exp a,b,c >0

Normal distribution:

Another continuous distribution is Normal distribution which many natural phenomenon's if measured have a close
distribution to it as the trees quantity distribution in different diameter classes in a even-age forest stand which has
almost a normal distribution. The density function of this distribution is as follows:

2

1 1 X —
————exp 2| AT H
F(X): 5\/272' 5 _oo<X<+oo,,UER,5>O
Lognormal distribution;

As the other distribution this is also a continuous distribution and its natural logarithm has a normal distribution. This
distribution is in traduced through the following density function:

1 1 2
exp| ——=(Inx—
F(x):\/27f5x p( 252( IU)] 0>0 x>0 O<pu<+oo

Exponential distribution:
This distribution is also known as the time expecting distribution which is a continuous distribution and its
mathematical process is as follows:

F(X):/lexp(—/lx) A>0 0<X<+w

Power distribution:
This is another continuous distribution which density function is as follows:

F(X):b'xibi 0< X< +o0

Goodness of fit study:

In order to choose the best fit it is essential that each of the Beta, Normal, Exponential, Power, Gamma, Weibull and
lognormal models to be tested by goodness of fit that in this study chi-square was used as goodness of fit and its
mathematical Process is as follows:

(0-Ef
= E O: Observe Frequency E: Expected Frequency
3. Results
Also the tables 1 and 2 show the distribution's accounts results of 411 single trees in 5 cm diameter classes in
west direction, and 462 single trees in the east direction of the under study area along with the evaluations obtained
from the utilized probability distributions.

Figures 1 and 2 also show the comparison of the observed frequencies and the evaluated frequencies of the
probability distributions in the east and west geographical directions.
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Table 1. The quantity distribution in the observed diameter levels and their evaluation with probability distribution in
west direction

10 99 91.47 83.13 91.23 174.20 62.45 102.79 30.24
15 65 63.23 74.10 71.27 84.54 77.52 93.24 38.87
20 50 50.32 60.52 55.67 50.61 68.62 61.46 45.7
25 40 41.53 47.85 43.49 34 54.95 41.05 49.19
30 37 34.69 37.11 33.97 24.56 41.91 28.42 48.38
35 31 29.04 28.42 26.53 18.66 31.03 20.32 43.52
40 25 24.21 21.55 20.73 14.70 22.55 14.97 35.77
45 16 19.99 16.17 16.19 11.92 16.15 11.28 26.9
50 11 16.25 12.11 12.65 9.88 11.45 8.68 18.49
55 7 12.94 8.98 9.88 8.33 8.05 6.79 11.62
60 8 9.99 6.68 7.72 7.13 5.63 6.79 6.69
65 9 7.37 4.88 6.03 6.19 3.92 4.34 3.53
70 4 5.08 3.59 4.71 5.42 2.70 3.53 1.68
75 4 3.11 2.62 3.68 4.79 1.87 2.90 0.74
80 3 1.49 1.90 2.87 4.27 1.29 241 0.30
85 2 0.31 1.38 2.24 3.83 0.88 2.02 0.11

Table 2. The quantity distribution in the observed diameter classes and their evaluation with the probability distributions
in the east direction

10 152 129.12 122.79 92.86 215.79 84.31 154.41 35.99
15 88 70.17 86.65 72.58 97.17 93.16 102.81 43
20 50 50.80 63.46 56.72 55.17 77.71 61.53 47.85
25 29 39.92 47.09 44.33 35.56 59.63 39.20 49.51
30 22 32.54 35.22 34.64 24.84 43.95 26.43 47.66
35 28 27.02 26.48 27.08 18.34 30.60 18.60 42.70
40 19 22.67 20 21.16 14.10 22.36 13.56 35.59
45 10 19.07 15.13 16.54 11.19 15.65 10.15 27.58
50 12 16.02 11.49 12.92 9.09 10.85 7.78 19.91
55 11 13.39 8.74 10.10 7.54 7.48 6.09 13.36
60 11 11.07 6.65 7.89 6.35 5.12 4.84 8.36
65 8 9.02 5.08 6.17 5.42 3.50 3.90 4.85
70 8 7.18 3.88 4.82 4.69 2.39 3.19 2.62
75 6 551 2.96 3.77 4.09 1.61 2.63 1.32
80 3 4.02 2.27 2.95 3.60 1.09 2.18 0.616
85 3 2.66 1.74 2.30 3.20 0.436 1.83 0.27
90 1 1.46 1.34 1.80 2.86 0.496 1.55 0.107
95 1 0.41 1.03 1.40 2.57 0.333 1.32 0.04
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Figure 1. The comparison of observed frequencies and evaluated frequencies of probability distributions in west
direction
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Figure 2. The comparison of the observed frequencies and evaluated frequencies of probability distribution in east
direction

As mentioned in order to consider the fit capability of the utilized probability distributions in this study chi-
square test was used which the amounts resulting from accomplishing this test are shown in table 3.

Table 3. x> amounts for the utilized probability distribution in

Distribution
type
Beta aElxponentl Power Weibull | Gama :_ognorma Normal ¥
irection
W ns ns ** ** ** ** ** 2 df _ 26 296
est 18.640 6.899 64.330 14.413 47.889 36.231 277.915 X 6= 20
ns ** ** ** ** ** ** 2 f
East 21.90 63.127 46.473 37.444 145.395 45.951 561.714 X » df1s= 26.296
* It is significant in 5% level. ns is no significant. ns = non - significant

According to the quantities that were the outcome of this test (Table 3) it was specified that Beta distribution in
the two west and east direction hasn't been significant with the observed frequencies. In other words the observed
distributions in the under study area has been a random sample from the community which characteristics are explained
through Beta distribution. Therefore since Beta distribution has a lesser 2 in comparison to the %2 of the table it can be
considered as a model with a better fit for describing the area's forests. Figures 1 and 2 also show the models for the
distribution quantity in different geographical directions. It is observed that Beta model has made a fine fit in
distributing the main parts in west and east directions. Of course the Weibull and Exponential models especially
exponential model for having lesser x> has made a very appropriate distribution in west direction and this fit isn't seen
in the other direction. Concerning the other probability distributions it has been observed that the difference among
Power, Gamma, Lognormal and Normal distribution with real quantities is significant and this means that these
distributions don't have high accuracy in order to demonstrate the manner of the trees distribution in different diameter
classes.

4. Conclusions and discussion
According to the importance of diameter at breast height as the main biometric variable of the forest trees, the
studies on it have a great importance. On the other hand the frequency distribution or the distribution of this variable is

also mostly used for determining the stand or forest diameter structure but it can also have other usage such as growing
models. In this case, Nanang (1998) think that the usage of appropriate probability distributions is important for the
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forecast of trees distribution state in a forest stand. These studies are the same as Namirian (1999) studies in Iran since
they explain that Weibull and Beta probability distributions have a greater capability for showing the manner of the
trees distribution in different diameter classes. Mataji et. al. (2000) studies also show that the Normal, Weibull and Beta
probability distributions have a greater capability to explain the trees diameter distribution. Cao (2004) studies on Pinus
teada diameter information also explains that using Weibull probability distribution is appropriate. Nord-Larson & Cao
(2006), have also used Weibull distribution model in studying Fagus diameter distribution. These comparisons show
that for achieving an appropriate model for an un even-aged structure in a forest special attention should be given to the
site situations and features. Finally, it is necessary to mention that the results obtained from this study is influenced by
its information and necessarily they may be different in order studies.
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Abstract

Mixed forest ecosystems are important to human life. In general, there are many positive aspects of mixed stands
compared to pure stands biologically and ecologically. In forestry, the importance of mixed stands has increased in recent
decades due to the potential benefits which can be gained, such as increased production, greater diversity, improved nutrient
cycling or reduced risk of biotic and abiotic damage. Scots pine (Pinus sylvestris L.) and Oriental beech (Fagus orientalis
Lipsky) are two of the most important tree species in Turkey. Mixed Oriental beech and Scots pine stands with different forest
structures and biodiversity are widespread in Black Sea Region, Turkey. The management of mixed stands of these species is
of increasing importance to foresters in Turkey, and a crucial factor is knowledge of the growth and yield relationship for the
sound management of these stands.

This study aimed to determination of the growth and yield relationship for Scots pine and Oriental beech mixed
stands in different mixture ratios in Black Sea Region. The data were obtained from 162 temporary sample plots with ranging
stand ages, site index, density and mixture percentages. The diameter at breast height of all trees, height and age of a sufficient
number of trees for each sample plots were measured and the average age, site index, density and mixture percentage were
estimated by these data. The sample plots have 31-150 years for Scots pine and 33-117 years for Oriental beech of stand age
range, 16.2-34.9 m Scots pine and 14.7-32.3 m for Oriental beech of site index range, 0.10-0.76 of Scots pine mixture ratio
range, 2.9-10.0 of stand density range.

With the generated equation systems, stand age, site index, density and mixture ratio of the four such as age, site
index, density and mixture percentage main factors in Oriental beech - Scots pine mixed stands, including the effects on the
stands were determined numerically. Volume of main stand and mean annual volume growth show irregular depending on the
mixture ratio for the same average age, site index, density and mixture percentage. The number of Oriental beech trees are
increasing, while number of Scots pine trees and total number of trees are decreasing depending on the mixture ratio for the
same average age, site index, density and mixture percentage. Average height for both species is increasing when mixture
ratio is increased to 0.4 to 0.8 for the same average age, site index, density and mixture percentage. The results were in
arrangement with the acknowledged growth rules.

Key words: mixed stands, yield, mixture percentage, oriental beech, scots pine, black sea region in Turkey
1. Introduction

For the last about 35 years the growth and yield of monocultures vs. mixed-species forests has been the subject of
studies by forest managers and ecologists. In the last few years, mixed stands dynamics returned into the focus of forest
science (Forrester et al., 2006; Pretzsch et al., 2013). In forestry, the importance of mixed stands has increased in recent
decades due to the potential benefits which can be gained, such as increased production, greater diversity, improved nutrient
cycling or reduced risk of biotic and abiotic damage (Cannell et al., 1992; Man and Lieffers, 1999; Rio M., and Sterba, 2009).

Mixed stand definition is as follows; forests including a second tree species with a basal area of at least 10 per cent,
in addition to the most abundant species, were defined as mixed forests (Bravo-Oviedo et al., 2014). The advantages of mixed
stands are as follows: are more resistant to biotic and abiotic damage, show a maximum total volume production that does not
decrease with stand density approaching the maximum but remains constant (Pretzsch, 2002), are more stable due to their sub-
dominant and co-dominant trees (Pretzsch, 2002), are able to compensate for impacts on the stand density (windthrow, heavy
thinnings) much better than pure stands through an accelerated increment of the residual stand (Pretzsch, 2002), provide a
wider range of size classes and timber products, contribute to a greater diversity and therefore provide more habitats, are more
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appealing to visitors (Jensen, 2000), help to reduce risks in the case of climate change. In addition, mixed stands reduce the
risk of insect and disease outbreaks, support a more diverse habitat for flora and fauna, and are considered to have more visual
appeal to the general public than monocultures (Steinbeck and Kuers, 1996).

The mixture percentage and the mixture percentage of the essential items such as volume, basal area varies by
country. In order to speak of mixed stands, the species mixture must be represented in a certain mixture percentage. Although
there is no value has been adopted as a general on this mixture percentage in the world, a species participate in mixture in
different proportions is sufficient. The mixture percentage limits as basal area ratio are taken as 30% in Switzerland, as 10% in
Germany, as 10% in Central America and as 25% Southeast Europe (Linden and Agestam, 2003). In Central Europe the limit
is usually 10% of either basal area or volume (Burkhart and Tham, 1992). According to the forest management regulations in
Turkey, 10% mixture percentage by volume is sufficient to be considered as a mixed stand (General Directorate of Forestry,
2008).

Mixtures of conifers and broadleaves are developing on many sites in upland forests and are favoured by current
policies designed to diversify conifer plantations. The mixed stands of Oriental beech and Scotch pine have many biologically
and ecologically positive features compared to pure Oriental beech and Scotch pine stands. These mixed stands provide proper
conditions for the production of higher-quality, longer, and more well-formed stems; enable an increase in harvest due to
having different species; provide mull humus soil composition by accelerating decomposition of soil litter; supply an optimal
utilization of soil potential and habitat via different root systems; and are more resistant to wind, snow, and ice damage owing
to their diversity, structure, and species combinations (Atay, 1990; Duchiron, 2000).

Oriental beech (Fagus orientalis Lipsky) and Scots pine (Pinus sylvestris L.) are two of the most economically and
ecologically important forest tree species for Turkey (Ertekin et.al., 2015), with a wide range of commercial uses. Oriental
beech grows naturally in Turkey and is located in the Black Sea, Marmara, Aegean, and East Mediterranean regions, as well
as in many other regions of the world (Davis 1982; Ertekin et. al., 2015). Oriental beech forests in Turkey cover 1,899,929 ha
and compose nearly 8.5 % of the country’s total forest area (General Directorate of Forestry, 2015). Scots pine grows in
Turkey (38°34’ N to 41°48' N and 28°00" E to 43°05' E), from Eskisehir in the west to the country’s border in the east,
occupying the northern part of the country (Ansin and Ozkan, 2006). Scots pine occupies about 1,518,929 ha (6.8 %) in
Turkey, growing mainly in the Black Sea coastal mountains (General Directorate of Forestry, 2015). Scots pine grows from
sea level up to 2700 m (mainly 1000-2500 m) in Turkey.

The mixtures of these tree species, resulting in diverse forest structure and biodiversity, are widespread in the north
of Turkey. Based on a 2015 inventory by the General Directorate of Forestry, the total forest area of Turkey is 22,342,935 ha,
of which 8,394,788 ha (38.0%) is mixed stands and 4,367,251 ha (52.02%) of the mixed stand is coniferous and deciduous
mixed stand, of which 32,927 ha (1.40%) is mixed stand of Oriental beech and Scotch pine (General Directorate of Forestry,
2015).

Early studies about mixed stands of Oriental beech and Scotch pine, which are a mix of coniferous and deciduous
trees and intolerant and tolerant trees, were carried out in Germany from Bonnemann (1939) (Pretzsch, 2009). In this study by
Bonnemann (1939), it is stated that the number of stems per hectare for Beech is much greater in comparison with pine and
that pine trees are taller at every age in comparison with beech. Whereas beech falls behind in growing in height during its
youth, it later reaches pine and stays in the upper layer. Mean diameter of beech is thinner in comparison with pine; however,
this difference decreases with increasing age. It was determined that the basal area of beeches is equal to those of pines at the
age of 140 — 150. In addition, the total volume efficiency of Pine-Beech stand per hectare is greater in comparison with that of
pure Scots Pine stand. Weck (1955) determined that the total stand volume of pine-beech mixed stand is greater in comparison
with those of pure pine and beech stands. Wiedemann (1949) determined that the increment is greater in equal age Scots Pine
— Beech mixed stands both during the youth and the old periods in comparison with pure stands. In addition, Erteld and
Hengst (1966) have determined that the mean volume increment for old pure beech stands is greater in comparison with those
of pine-beech mixed stands (Firat, 1972).

In recent years, studies about the planning of mixed stands have become popular, resulting in an increasing trend in
these studies worldwide. Changes in silvicultural planning approaches from pure stands to mixed stands increase the need for
growth models to determine the effects of silvicultural activities applied in mixed stands. The management of mixed stands of
these species is increasingly important for foresters in Turkey. A crucial factor for the sound management of these stands is
knowledge of the growth at the individual tree level of each different species. The objective of this study is to develop a site
conversion equation for mixed stands of Scots pine and Oriental beech in the Black Sea Region in the north of Turkey.

This study aimed to determination of the growth and yield relationship for Scots pine and Oriental beech mixed
stands in different mixture ratios in Black Sea Region.

2. Materials and methods

The study area is in the Black Sea Region, the North of Turkey. The study area covers the Forest Districts of
Zonguldak, Kastamonu, Sinop, Ankara and Amasya. This study area ranges in latitude (North) from 40°15'28" to 41°46'15"
and in longitude (East) from 32°28'02" to 37°32'56" (Figure 1). These sampled mixed stands were naturally regenerated and
uniformly stocked stands (55-97% tree layer cover), without any evidence of historical damage such as fire or storms. Located
between 750 m and 1750 m altitude, the study area is characterized geomorphological by high mountainous land, with
moderate steep slopes ranging between 5% and 60% (30 % of the whole area). The mean annual temperature is between -5.8
C° and 14.6 C° and minimum and maximum temperatures are -8.4 C° and 22.67 C°, respectively. The climatic regime is of
typical Black Sea climate characterized by a mild winter, a cool summer and relatively homogeneous precipitation as high as
1000 and 1250 mm.
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In this study, the data were obtained from 162 temporary sample plots with ranging stand age, site index, density and
mixture percentage in mixed stands Scots pine (Pinus sylvestris L.) and Oriental beech (Fagus orientalis Lipsky). The 162
regional-level sample plots obtained by Kahriman (2011) were used in this study. These studied beech/pine mixed stands were
selected to have uniform stratification when both two species have been in the upper stratum, such that there are site trees of
both species in the plot. The size of circular plots ranged from 600 to 1200 m?, depending on stand density in order to achieve
a minimum of 30-40 trees per these species in sample plots. Within each plot, tree species and the diameter at breast height
(d.b.h.) of trees > 6 cm were recorded in the inventory. The diameters at breast height, stump diameter, total height, crown
height, crown diameter, age, diameter increment and spatial coordinate were measured in trees of sample plots. In each plot
altitude, aspect and slope were also measured.

MEDITERRANEAN SEA

Figure 1. Map showing the locations of the regional administrative forest districts in which mixed Scots pine-Oriental beech
were studied in the north of Turkey.

Descriptive statistics including mean, minimum, maximum and standard deviation of the plot characteristics such as
stand age, site index, quadratic mean diameter, mean height weighted by basal area, stand basal area, stand volume, number of
trees per hectare, stand density and mixture percentage are listed below (Table 2).

Table 1. Minimum, maximum, mean and standard deviation (SD) of main characteristics of the study material.

Species  Variable Mean Min. Max. SD
A (year) 84.2 314 150.1 27.4
Sl (m) 25.9 16.2 34.9 43
dg (cm) 34.9 16.6 51.1 8.3
Scots -
pine g (M) 225 8.2 35.1 6.7
G (m?/ha) 20.1 6.1 42.9 8.3
V (m¥ha) 218.0 32.0 535.3 120.6
N (number/ha) 230.8 62.5 600.0 117.9
A (year) 71.9 33.2 117.0 19.5
Sl (m) 24.3 14.7 323 36
. dg (cm) 20.1 8.8 39.7 5.7
Oriental -
beech g (M 18.3 9.2 28.7 5.0
G (m?/ha) 13.0 18 336 6.2
V (m¥ha) 116.8 6.5 335.8 76.7
N (number/ha) 436.7 60.0 1025.0 200.0
G (m?/ha) 33.1 127 55.9 10.9
V (m?/ha) 334.8 52.3 717.9 169.0
Sum N (number/ha) 667.6 180.0 1520.0 241.8
RD 6.5 2.9 10.0 1.8
Prine 0.61 0.24 0.90 0.14

A age, Sl site index, Eg quadratic mean diameter, Eg mean height weighted by basal area, G basal area, V stand volume, N number of stems per
hectare, RD relative density (stand density according to Curtis, 1982), Ppire mixture percentage according to Scots pine tree.

When analyzing the effect of interspecific interaction on stand growth in mixed species forests, the definition of
species proportions plays an important role. Mixture is expressed as percentage and shown with the numbers between
10 %- 90 %. Species proportions can be defined in many different ways, by crown cover, stem number, basal area,
volume, or biomass; depending on the objective of the study (Bravo-Oviedo et al., 2014). For a given mixed stand, the
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species proportion may differ considerably depending on species proportion definition, and, consequently, different net
effects on stand growth were reported (Pretzsch, 2009). The most common way to define species proportion is by basal
area (Légaré et al., 2004; Perot and Picard, 2012; Groot et al., 2014). Besides, participation rate of the species to the
canopy cover is based on the determination of the mixture ratio on the aerial photo.

Although mixture percentage can be identified by taking into account of various stand parameters such as the
number of trees, basal area and volume, it can be determined generally depending on basal area values of species.
Because basal area can be determined easily and is in relation with a high level of stand volume. The mixture
percentage is calculated depending on basal area of pine — beech species in this study. Mixture percentage of mixed
stands of Oriental beech and Scotch pine is calculated by the proportion of the total basal area of Scots pine trees in
stands to the total basal area of the stands.

G.Pirm
F, Ping —

G“.I'umt
where Ppine is mixture percentage of Scots pine in stands, Gpine is total basal area of Scots pine trees in stands and Grotal
is the total basal area of the stands.

The data evaluated within the scope of this study were obtained from the study by Kahriman (2011). In the
study carried out by Kahriman (2011), stand models related to Scots pine-Oriental breech mixed stands was developed
as density-variable yield tables. The mean diameter (&H), mean height (Eg), tree density (N), basal area (G) and stand

volume (V) of main stand were calculated in density-variable yield tables as functions of stand age (A), site index (SI),
stand density (RD) and mixture ratio (Ppine) Via regression equations. Afterwards, the change in the main and removed
stand elements of the density-variable yield tables as well as the other elements of the yield table were calculated for
both Scots pine and Oriental breech separately on the basis of stands. Growth values of Scots pine-Oriental breech
mixed stands were put forth in this study for different mixture percentages using the data acquired from the study
carried out by Kahriman (2011).

3. Results

162 samples were taken in this study that will reflect the variety in age, site index, stand densities and mixture
percentages. The distributions of sample areas according to age, site index, stand density and mixture percentages was
given in Figure 2.
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Figure 2. Distribution of sample plots by age (a), stand density (b), site index class (c) and mixture percentage (d) (SP:
Scots pine, FOR: Oriental beech)
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The sample plots distribution for Scots pine according to the age classes of 40, 60, 80, 100 and 120 were
respectively 24, 20, 49, 49 and 20 whereas for Oriental Breech it was 28, 37, 73, 21 and 3 (Figure 2a). 18 of the sample
plots are in the stand density of 3, 49 are in the stand density of 5, 61 are in the stand density of 7 and 34 are in the stand
density of 9 (Figure 2b). The distribution of sample plots according to site index for Scots pine from good site index to
bad site index was 51, 35, 29, 37 and 10 respectively whereas for Oriental Breech it was 50 46, 38, 24 and 4 (Figure
2¢). When the distributions of sample plots according to the mixture percentages of Scots pine are examined, it was
observed that of the 162 sample sites, the mixture percentages were 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 for 1, 2, 25, 36, 32, 38
and 28 respectively (Figure 2d).

The change of total stand volume based on mixture percentage for the same age, site index class and stand
density were given in Table 2 and Figure 3. Total stand volume shows an irregularity based on the mixture percentage
for the same age, site index class and stand density (Table 2, Figure 3). Namely; the total yield shows a general decrease
in stands that are younger than 40 years for the same stand density and site index from a mixture percentage of 0.8 to
0.6 and 0.4. Total stand volume increases towards 0.6, 0.4, 0.8 mixture percentage for the low densities of 1. Sl stands
aged 40-60 and towards 0.4, 0.6, 0.8 for the stands in the IlI. I1l. IV. and V. Sl and the moderate and high densities of the
I. Sl stands. Total stand volume increase is observed in the I. SI and Il. SI low density stands at the age of 60-80
towards a mixture percentage of 0.6, 0.4, 0.8 respectively; whereas the mean stand volume increases towards the 0.4,
0.6, 0.8 mixture percentage respectively for Ill., IV., V. Sl and the moderate and high density stands of the II. SI. An
increase in the total stand volume is observed towards 0.6, 0.4, 0.8 mixture percentages respectively for the 1., Il. SI of
stands older than 80 and the lower stand density of the I1l. SI; whereas an increase in the total stand density is observed
towards 0.4, 0.6, 0.8 mixture percentages respectively for the IV., V. Sl and the moderate and higher density stands of
the I11. SI.
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Figure 1. The change of Total Stand Volume according to index site class, stand density and mixture
percentage (stand age=80 year)
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Figure 2. The change of Mean Annual Volume Increment for Total Stand according to site index class, stand
density and mixture percentage (Stand age=80 year)
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Whereas total stand volume is 634.1, 566.3 and 559.4 m®ha for the 8.5 stand density 1. Sl stands aged 80 with
respective mixture percentages of 0.8, 0.4 and 0.6 respectively; it is 480.5, 415.0 and 418.0 m%ha for the IIl. SI and
303.0, 246.4 and 257.3 m®/ha for the V. SI. Whereas total stand volume is 229.7, 193.6 and 185.9 m®ha for the 8.5
stand density I11. SI stands aged 40 with respective mixture percentages of 0.8, 0.6 and 0.4; it is 480.5, 418.0 and 415.0
mé/ha for 80 year stands with respective mixture percentages of 0.8, 0.6 and 0.4 and 554.4, 485.0 and 483.8 m3%ha for
120 year old stands with respective mixture percentages of 0.8, 0.6 and 0.4 (Table 2).

Table 2. The change of Total Stand Volume and Mean Annual Volume Increment for Total Stand (m®ha) according to
stand ages, site index, density and mixture percentage

Total Stand Volume Mean Annual VVolume Increment for Total Stand
SD Ppine A l. Sl 111. Sl V. S| SD Ppine A l.SI 11. Sl V. S|
45 0.4 40 140.9 102.3 59.6 45 0.4 40 3.52 2.56 1.49
45 0.4 80 314.3 229.9 136.1 45 0.4 80 3.93 2.87 1.70
45 0.4 120 366.5 268.4 159.2 45 0.4 120 3.05 2.24 1.33
45 0.6 40 142.3 105.2 63.3 45 0.6 40 3.56 2.63 1.58
45 0.6 80 307.7 229.8 141.2 45 0.6 80 3.85 2.87 1.77
45 0.6 120 356.8 266.9 164.6 45 0.6 120 2.97 2.22 1.37
45 0.8 40 165.1 123.6 76.2 45 0.8 40 4.13 3.09 1.90
45 0.8 80 346.4 262.6 165.7 45 0.8 80 4.33 3.28 2.07
45 0.8 120 399.5 303.5 192.3 45 0.8 120 3.33 2.53 1.60
6.5 0.4 40 198.7 1445 84.2 6.5 0.4 40 4.97 3.61 2.11
6.5 0.4 80 440.7 322.6 191.2 6.5 0.4 80 5.51 4.03 2.39
6.5 0.4 120 513.4 376.1 223.4 6.5 0.4 120 4.28 3.13 1.86
6.5 0.6 40 202.3 149.7 90.2 6.5 0.6 40 5.06 3.74 2.25
6.5 0.6 80 433.4 323.7 199.0 6.5 0.6 80 5.42 4.05 2.49
6.5 0.6 120 501.9 375.5 231.6 6.5 0.6 120 4.18 3.13 1.93
6.5 0.8 40 236.1 176.9 109.1 6.5 0.8 40 5.90 4.42 2.73
6.5 0.8 80 489.8 371.1 233.9 6.5 0.8 80 6.12 4.64 2.92
6.5 0.8 120 563.9 428.2 271.0 6.5 0.8 120 4.70 3.57 2.26
8.5 0.4 40 255.5 185.9 108.5 8.5 0.4 40 6.39 4.65 2.71
8.5 0.4 80 566.3 415.0 246.4 8.5 0.4 80 7.08 5.19 3.08
8.5 0.4 120 659.7 483.8 288.0 8.5 0.4 120 5.50 4.03 2.40
8.5 0.6 40 261.6 193.6 116.8 8.5 0.6 40 6.54 4.84 2.92
8.5 0.6 80 559.4 418.0 257.3 8.5 0.6 80 6.99 5.23 3.22
8.5 0.6 120 647.8 485.0 299.5 8.5 0.6 120 5.40 4.04 2.50
8.5 0.8 40 306.5 229.7 141.8 8.5 0.8 40 7.66 5.74 3.54
8.5 0.8 80 634.1 480.5 303.0 8.5 0.8 80 7.93 6.01 3.79
8.5 0.8 120 730.1 554.4 351.1 8.5 0.8 120 6.08 4.62 2.93
9.5 0.4 40 283.6 206.4 120.6 9.5 0.4 40 7.09 5.16 3.01
9.5 0.4 80 629.0 461.1 274.1 9.5 0.4 80 7.86 5.76 3.43
9.5 0.4 120 732.8 537.8 320.5 9.5 0.4 120 6.11 4.48 2.67
9.5 0.6 40 291.0 215.4 130.0 9.5 0.6 40 7.27 5.39 3.25
9.5 0.6 80 622.5 465.4 286.7 9.5 0.6 80 7.78 5.82 3.58
9.5 0.6 120 721.1 540.0 333.9 9.5 0.6 120 6.01 4.50 2.78
9.5 0.8 40 341.6 256.0 158.0 9.5 0.8 40 8.54 6.40 3.95
9.5 0.8 80 706.6 535.5 337.8 9.5 0.8 80 8.83 6.69 4.22
9.5 0.8 120 813.7 618.2 391.7 9.5 0.8 120 6.78 5.15 3.26

A age, Sl site index, RD relative density (stand density according to Curtis, 1982), Ppine mixture percentage according to Scots pine tree.

Mean annual volume increment for total stand is irregular based on the mixture percentage of the same age, site
index and stand density (Table 2, Figure 4). The mean annual volume increment values for stand in the 8.5 stand density
aged 80 in the I. Sl are 7.93, 7.08 and 6.99 m%ha for respective mixture percentages of 0.8, 0.4 and 0.6; whereas the
values are 6.01, 5.19 and 5.23 m%ha for the Ill. SI and 3.79, 3.08 and 3.22 m%ha for V. SI. Whereas the mean annual
volume increment values for total stand are 5.74, 4.84 and 4.65 m3/ha respectively for 111. SI 8.5 stand density stands
aged 40 with respective mixture percentages of 0.8, 0.6 and 0.4; for those aged 80 with mixture percentage values of
0.8, 0.6 and 0.4 they are 6.01, 5.23 and 5.19 m®%ha respectively and 4.62, 4.04 and 4.03 m3/ha for mixture percentage
values of 0.8, 0.6 and 0.4 aged 120 (Table 2).

Volume and volume increments for the same stand density and site index have the highest values for the 0.8
mixture percentage in the density-variable yield tables for Scots pine-Oriental beech mixed stands. Whereas volume and
volume increments decrease from a mixture percentage of 0.8 to 0.6 and 0.4 for young stands, it generally decreases
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from 0.8 mixture percentage to 0.4 and 0.6 for the fine site indexes of old stands. The total volume of the stand
increases in good site index in which the growing energy of the beech trees with wolf tree feature is given to stem
growth instead of branching. This is observed in old stands with good site index. Mixture percentage of 0.6 in stands
where Oriental beech individuals are generally overgrown and 0.4 mixture percentage in stands with shapelier stems
which are not overgrown are ranked second. The fact that volume is greatest in the 0.8 mixture percentage can be
explained by the facts that the Scots pine which is a light tree has higher volume since it is located at the upper layer
and has greater diameter. The fact that volume is smaller when the mixture percentage is % 40-60 can be explained by
the facts that the diameter and heights of Scots pine individuals are % 80 lower in comparison with the mixture and that
the number of beech per unit area is smaller. That is, the diameters of Scots pine trees decrease depending on their
diameter and height when the ratio of both species in the stand is equal while the total volume decreases since the
number of beech trees is smaller. It can be concluded that the change in the volume and volume increase depending on
the mixture percentage is natural for the Scots pine and Oriental beech mixed stands. The fact that volume and volume
increase values are greater in stands with greater ratio of Scots pine in Scots pine-Oriental beech mixed stands shows
that the volume and volume increase values are greater is greater as we move towards pure Scots pine stands. Caliskan
(1989) has determined that the stand volume and basal area is greater in stands with greater number of Scots pines in the
Karabiik Biiyiikdiiz research forest with Scots pine, fir and beech mixed stands.

The change of stand volume with mixture percentage is given in Figure 5. When Figure 5 is examined, it is
observed that there is no data related negativity that might cause the low values of the observed actual volume values in
the sample areas for the mixture percentage.
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Figure 5. The change of Scots pine and Oriental beech Stand Volume according to Scots pine mixture
percentage

The quadratic mean diameter (Figure 6a), mean height weighted by basal area (Figure 6b), total stand volume
(Figure 7a), mean annual volume increment for total stand (Figure 7b), tree density (Figure 8a) and mean annual
increment (Figure 8b) values related with the density-variable yield tables prepared for Scots pine-Oriental beech mixed
stands for both species were compared at a stand density of 8.5 and the site indexes in all mixture percentages.

The quadratic mean diameter and mean height weighted by basal area values are greater for the Scots pine in
comparison with the Oriental beech for stand density of 8.5 and Ill. SI (Figure 6a and 6b).Whereas Scots pine mean
height increases as we move from mixture percentage of 0.4 to 0.6 and 0.8 until the age of 80, it increases from mixture
percentage of 0.8 to 0.6 and 0.4 for ages above 80. Oriental beech quadratic mean diameter increases as we move from
mixture percentage of 0.8 to 0.6 and 0.4 (Figure 6a). Mean height weighed by basal area values increase from mixture
percentage of 0.8 to 0.6 and 0.4 for both species (Figure 6b). Total stand volume and mean annual volume increment for
total stand values increase from mixture percentage of 0.4 to 0.6 and 0.8 for Scots pine, whereas for Oriental beech it
increases from a mixture percentage of 0.8 to 0.6 and 0.4 (Figure 7a and 7b). Whereas volume and increment values for
the 0.4 mixture percentage are greater in Scots pine until the age of 55, after the age of 55 these values are greater for
Oriental beech. Whereas mean annual increment increases for Scots pine from a mixture percentage of 0.4 to 0.6 and
0.8, it increases from a mixture percentage of 0.8 to 0.6 and 0.4 for Oriental beech (Figure 8b). Mean annual increment
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at the mixture percentage of 0.4 is greater in Oriental beech in comparison with Scots pine. Whereas tree density
increases for Scots pine from a mixture percentage of 0.4 to 0.6 and 0.8, it increases from a mixture percentage of 0.8 to
0.6 and 0.4 for Oriental beech (Figure 8a). The total tree density in the stand is greatest for the mixture percentage of
0.4, whereas it is smaller for the mixture percentage values of 0.6 and 0.8.
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Figure 6. The compare of mean diameter (6a) and mean height (6b) based on mixture percentage for both species at a
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The density-variable yield tables prepared as part of our study were compared with the normal yield tables
prepared by Alemdag (1967) and Batu (1971) for pure Scots pine and by Carus (1998) for pure Oriental Beech. The
normal stand density value of Scots pine-Oriental beech mixed stands was taken as 8.5 considering the density of the
areas where measurements were carried out. The comparison of yield tables were carried out using the volume and
volume increment values at the stand density of 8.5 which is considered as normal in this study. In addition, values in
the yield tables for stands of tree species grown under the best conditions, meaning the values for the stands in the first
site index for all species were compared in order to get better results. The total stand volume, mean annual increment
and mean increment values for total stand for Scots pine and Oriental beech as well as the Scots pine-Oriental beech
stands in this study with good site index and normal density are given in Figure 9a, 9b and 10.
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Figure 9. The change of Total Stand Volume (9a) and Total Stand Mean Annual VVolume Increment (9b) of SP-FOR,
Scots pine (Alemdag, 1967 and Batu, 1971) stands at normal stand density value and good site index
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Figure 10. The change of Mean Annual Increment of SP-FOR, Scots pine (Alemdag, 1967 and Batu, 1971) and Oriental
beech (Carus, 1998) stands at normal stand density value and good site index

Total stand volume and mean annual volume increment values are ranked first for Oriental beech (Carus, 1988)
until the age of 45, for Scots pine (Alemdag, 1967) between the ages of 45-100 and for Scots pine (Batu, 1971) after
100 years of age (Figure 9a and 9b). Total stand volumes at 100 years are ranked as; 917.4 m3/ha Scots pine (Batu,
1971), 912.2 m®¥/ha Scots pine (Alemdag, 1967), 800.0 m*/ha Oriental beech (Carus, 1988), 693.4 m3/ha SP-FOR stands
(0.8 mixture percentage) and 607.5 m®/ha SP-FOR stands (0.5 mixture percentage). Mean annual volume increment for
total stand at 100 years of age are ranked as; 9.20 m%ha Scots pine (Batu, 1971), 9.12 m%/ha Scots pine (Alemdag,
1967), 8.0 m%ha Oriental beech (Carus, 1988), 6.93 m%/ha SP-FOR (0.8 mixture percentage) and 6.07 m%ha SP-FOR
stands (0.5 mixture percentage).
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Mean annual increment is highest until the age of 60 in SP-FOR stands (0.8 mixture percentage stands) and in
Scots pine stands (Batu, 1971) after the age of 60 (Figure 10). Stands at SP-FOR stands (0.8 mixture percentage) have
higher mean annual increment than Scots pine stands (Batu, 1971), Scots pine (Alemdag) and Oriental beech (Carus,
1988) until the age of 60 and higher than Oriental Beech (Carus, 1988) between 60-75 years of age. Stands at SP-FOR
(0.8 mixture percentage) have higher mean annual increment than Scots pine (Batu, 1971), Scots pine (Alemdag, 1967)
and Oriental beech (Carus, 1988) until the age of 55 and higher than Oriental Beech (Carus, 1988) between the ages of
55-70. Mean annual increment at the age of 100 is ranked as; 8.30 m3/ha Scots pine (Batu, 1971), 4.40 m%/ha Oriental
beech (Carus, 1988), 3.66 m®/ha Scots pine (Alemdag, 1967), 2.57 m%ha SP-FOR (0.8 mixture percentage) and 2.40
m3/ha SP-FOR (0.5 mixture percentage).

4. Conclusions and discussion

Quadratic mean diameter in Scots pine decreases from 0.8 mixture percentage to 0.4 and 0.6 for I. Sl at the same
age and lower stand densities, whereas it decreases from 0.8 mixture percentage to 0.6 and 0.4 in moderate and high
stand densities; from 0.4 mixture percentage to 0.6 and 0.8 in stands with low stand density in II. SI and from 0.8
mixture percentage to 0.6 and 0.4 in moderate and high stand densities. Quadratic mean diameter generally decreases
from 0.8 mixture percentage to 0.4 and 0.6 for stands younger than 100 years of age at all stand densities in Il1., IV and
V. Sl and at all stand densities, whereas it decreases from 0.4 mixture percentage to 0.6 and 0.8 for stands older than
100 at all stand densities. Whereas quadratic mean diameter for Oriental beech, decreases from 0.6 mixture percentage
to 0.4 and 0.8 in the same site index and same age as we move to lower stand densities and it decreases from 0.6
mixture percentage to 0.8 and 0.4 at moderate and high stand densities.

Total stand volume and increment is irregular for the same age, site index and stand density depending on the
mixture percentage. Total yield and its increment decreases from 0.8 mixture percentage to 0.6 and 0.4 for stands
younger than 40 years of age at the same stand density and site index. Total stand volume and its increment of aged 40-
60 increases towards 0.6, 0.4, 0.8 mixture percentage for the low stand densities of stands in the I. SI and towards 0.4,
0.6, 0.8 mixture percentage in stands included in Il., I1l., IV. and V. SI with moderate and high stand densities of 1. SI.
There is an increase in total stand volume of 60-80 years old in the low stand densities I. SI and II. Sl stands
respectively as we move towards 0.6, 0.4, 0.8 mixture percentage and towards 0.4, 0.6, 0.8 mixture percentage
respectively for I1l., IV., V. Sl and the moderate and high density stands of Il. SI. There is an increase in total stand
volume and increment that are over the age of 80 towards 0.6, 0.4, 0.8 mixture percentage for in the 1., 1I. SI and the
low stand densities of stands in the I11. SI and towards 0.4, 0.6, 0.8 mixture percentage in stands included in IV. and V.
Sl with moderate and high stand densities of [ll. SI. he portion of cumulated removed stand based on mixture
percentage increase from 0.8 mixture percentage to 0.4 and 0.6 same age, site index and stand density.

The density variable yield tables prepared as part of this study were compared by the normal yield tables
prepared by Alemdag (1967) and Batu (1971) for Scots pine and by Carus (1998) for pure Oriental beech. It was
determined that the total stand volume and mean increment values of SP-FOR mixed stand with 0.8 mixture percentage,
I. SI and normal stand density (8.5 stand density) were highest for Oriental beech (Carus, 1988) until the age of 45, for
Scots pine (Alemdag, 1967) during the ages of 45-100 and for Scots pine (Batu, 1971) after the age of 100. It was
determined that the mean annual increment was highest in SP-FOR mixed stand with a mixture percentage of 0.8 until
the age of 60 and for Scots pine (Batu, 1971) stand after the age of 60.

The volume and volume increment values related with the density variable yield tables prepared for Scots pine-
Oriental beech mixed stands were compared for both species at 8.5 stand density and site indexes in all mixture
percentages. It was determined that the volume and volume increment values increased from 0.4 mixture percentage to
0.6 and 0.8 for Scots pine and from 0.8 mixture percentage to 0.6 and 0.4 for Oriental beech. It was put forth that the
volume and increment values at 0.4 mixture percentage were highest in Scots pine until the age of 55, whereas it was
highest for Oriental beech after 55 years of age. It was determined that the mean annual increment value increased from
0.4 mixture percentage to 0.6 and 0.8 for Scots pine and from 0.8 mixture percentage to 0.6 and 0.4 for Oriental beech
(Figure 8b).

It will be possible to continue the existence of Scots pine- Oriental beech mixed stands that are economically
and biologically important for the Middle and Western Black Sea Regions only via the arrangement of forest
management plans that take into consideration the growth relations of these forests as well as their stand structures.
Hence, it is important for the development of forest management plans to have knowledge about the growth relations of
species in Scots pine-Oriental beech mixed stands. This study will enable the development of growth models required
for both management plans and civil culture applications by determining the production potentials related with Scots
pine — Oriental beech mixed stands. The ecological, economic and social functions of Scots pine — Oriental beech
mixed stands will be used most effectively by determining the growth legalities for both species separately and as a
whole.
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Abstract

As a matter of fact, beech wood is one of the most important commercial hardwood species in southeastern
Europe. Beech is utilized mainly as round wood and fuel wood. Overall harvest of beech wood is comparable to those
of pine and oak forests. Effective and maximum value use of small-diameter hardwood timber has long been of interest
to forest managers and researchers. Gluing or bonding wood has been widely used for many centuries. Moreover, a
wide variety of adhesives types is utilised, due to their extensive use in many different applications with wood. Beech
wood (Fagus sylvatica L.), was used in order to investigate the bond ability of beech wood. For the bonding the used
adhesives were PVAc and casein glue, both of D3. The adhesives were applied to one or two surfaces and the half of
them were immersed in water in order to investigate the influence of moisture on bonding strength. According to the
results, the average modulus of rapture was influenced by the type of adhesive. The samples of beech wood bonded
with PVAc had higher modulus of rapture compared to the samples of beech laminated with glue Casein-gap from 1.03
to 2.2 N/mm?. Additionally, the highest average modulus of rapture rate recorded in beech samples coated with PVAc
on both bonding surfaces reaches 21.05 N/mm?. The statistical analysis of the results revealed that the average bonding
strength of those samples only air-conditioned, did not show any statistically significant difference from the average
bonding strength of the samples immersed in water.

Key words: beech wood, bonding, casein, PVAc, shear strength
1. Introduction

Effective and maximum value use of small-diameter hardwood timber has long been of interest to forest
managers and researchers. In addition to being a significant component of the standing forest base, small-diameter
hardwoods often are available after thinning or other tending operations. Although the use of this material is important
to achieving healthy and sustainable forests and other ecosystem management objectives, finding economical uses is
sometimes difficult (Wiedendeck et. al., 2003)

Beech forests indigenously grow in central Europe, in the Balkan peninsula, from Greece and Bulgaria up to
the Caucasus along the Black sea region and Turkey. As a matter of fact, beech wood is one of the most important
commercial hardwood species in southeastern Europe (Ertekin et. al., 2015). Beech forests in Greece mainly grow at
high altitudes on mountains; from mountain Oxia (Central Greece) up to the northern boarders. Furthermore, beech
wood has an economic importance for Greece along with fir, pine and oak species. Beech is utilized mainly as round
wood and fuel wood. Overall harvest of beech wood is comparable to those of pine and oak forests, that is, 300.000 m3
per year; 75 % of that comes from the public forests. In the Greek market, beech wood is utilized as sawn timber in
furniture production, but a large amount is also used for fuel wood, boxes, top benches, pallets, toys and wood-based
panels (particleboard, fibreboard). In the past, beech wood used to be treated with oil preservatives. In overall, beech
wood is classified as a medium-high density hardwood (Skarvelis and Mantanis, 2010).

Gluing or bonding wood has been widely used for many centuries and it has been estimated that 70% of wood
products are adhesive bonded in industrial practice (Gardner, 2006). Moreover, a wide variety of adhesives types is
utilised, due to their extensive use in many different applications with wood (Frihart, 2005). Early glues used in
furniture manufacturing were made from animals although, initially, they were supported and reinforced by wooden
dowels and nails. Synthetic adhesives, qualified to hold parts of furniture even without any assistance, were discovered
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in the early 19th century due to the industrial development (Tout, 2000). However, a major disadvantage of the above
adhesive was the considerable amount of time it took to harden in ambient conditions. Thus, a new category of
adhesives, polyvinyl acetate (PVAc), was developed in 1950’s replacing animal glues and a large proportion of the
urea- formaldehyde used for almost 300 years. Adhesives used in construction and furniture assembly usually have long
set times and are room-temperature cured. Furniture adhesives, in particular, are light-colored, of low-viscosity, and
generally do not need much moisture resistance. On the other hand, construction adhesives, possibly being dark-colored
generally have high viscosity and need flexibility (Frihart, 2005). Urea- formaldehyde, polyvinyl acetate (PVAC), casein
glue, hot melts and polyurethanes are currently used as adhesives in furniture production (Tout, 2000).

Polyvinyl acetate (PVAC) is a thermoplastic adhesive, widely used in furniture, and has the crucial advantage
of being harmless to human health and the environment. Casein glue, made from natural raw materials (milk), may
contain calcium hydroxide and sodium which improve its properties though nowadays, its use is limited despite its
strength and the fact that it shows no creep (Rowland, 1998). Burdurlu et. al. (2007) studied the effect of the wood
surface, to be bonded, and the shear strength of beech and pine wood bonded with PVAc and urea formaldehyde.
Consistent with the research results, higher shear strength was found in beech bonded with PVAc at bonding pressure
0.9 MPa. In general, PVAc offered better results in all samples, either radially or tangentially planed, compared to urea
formaldehyde.

Konnerth et al. (2006) studied the behaviour and durability of beech wood bonded with casein, PVAc and other
adhesives in accordance with EN 301-1:2004 standard. Researchers concluded that although PVAc provided better
results than casein glue, the resistance did not show any statistically significant differentiation. Shear strength is a
frequently used reference parameter for the evaluation of the adhesive bond strength in bonded wood products, as it is
the most common interfacial stress under service conditions (Pizzo et. al., 2003).

2. Materials and methods

For the preparation of samples, beech wood (Fagus sylvatica L.), was used obtained from the market,
conditioning in the laboratory for about 1 year under 20 + 2° C and 65 + 5 % relative humidity. Wood samples were
weighed and then dried in the oven at 103 ° C+2 for 24h and reweighed, according to ISO 3130:1975, in order to
estimate the mean moisture content and the density of the material. The average density (oven dry weight/volume at
current moisture content) and the average moisture content (Eq. 1) of the timber used was 0.63 (0.01) g/cm?® and 8.8
(0.46) %. For the bonding the used adhesives were PVAc polyvinyl alcohol type D100 DUROSTICK manufactured six
months before the test was carried out and casein glue powder AURO, both of D3 Class. In accordance with the
specifications, the PVAc pH was 2.5 to 3.5, its density was 1.00 + 0,10 Kg / L and its viscosity ranged between 8000 -
15000 mPa * s. The components of casein glue were: casein milk, lime, potash, chalk, borates, carbonates, silicates, and
caseinates. The blending ratio of the glue powder and water is (1:1). On the sawn timber used, pairs of plates were
prepared 1 cm thick, 12.5 cm wide and 34 cm long. Prior to bonding process, the plates had been planned and lightly
smoothed with sandpaper No. 220. The glue spread out with the help of a special comb to the surface of one plate for
every pair of plates for half the number of pieces, and for the other half it spread out on both plates. The amount of glue
applied to each surface was 13 + 1 g and it was calculated by weighing each plate separately before and immediately
after applying it. Then, each pair of samples was placed in a press applying pressure (0.9 Mpa) for 3 hours. Before the
formulation of the final samples (Figure 1, 2), the bonded plate was conditioned for a day until the adhesive’s hardening
was completed. The final specimens were conditioned for 7 days before the tests at 20°C and 65% relative humidity.
Half the number of the samples was immersed in water at 20 ° C for three hours and then they were conditioned for
seven days at 20+ 2° C and relative humidity 65+ 5 % according to EN 204:2001 standard. The tests were carried out
according to standard EN 205:2003 on a universal testing machine (SHIMADZU UH-300kNA). The loading continued
until a break or separation occurred on the surface of the test samples and the load speed was 5 mm/min. Fifteen
replicated specimens were measured for the each test. Moreover solid wood samples were constructed as testifiers.
Statistical analysis of the results was conducted by SPSS (PASW, 18) statistical program and specifically one way
analysis of variance (ANOVA) was used to compare the differences of means at the 0.05 level, and determine any
significant differences in the effect of the treatment combinations on the bonding strength.

3. Results

The measurement results of the tensile shear strength of bonded samples are presented in table 1. According to
the results, regarding conditioned samples, the higher strengths were recorded in beech wood samples bonded with
PVAc and with double-face glue application. Samples prepared with PVAchad higher bonding strength than 10 N/mm?
as required by the EN 204:2001. The statistical analysis of the results indicated that the average bonding strength of
solid wood samples did not show any unsignificant difference. According to the results (Table 1), the average bonding
strength was influenced by the type of adhesive. In most cases, PVAc adhesive gave higher values compared to casein.
Specifically concerning double glue application, the PVAc adhesive gave the highest strength in comparison with
casein adhesive.
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Figure 2. Configuration of the Sample 1SO 6238:2001

Table 1. Mean values of tensile shear strength of beech wood

Bonding Strength N/mm?

Wood PVACc Casein
species

Conditioned Immersed Conditioned Immersed Solid
wood

1 2 1 2 1 2 1 2

Beech 13.83* 1579 1131 1267 1430 1479 1237 1326 1513
(225 (0.63) (1.11) (1.78) (312) (1.05) (241) (3.04)  (1.40)

* Mean values of 15 samples with standard deviations are referred in parentheses. 1: Single surface glue application, 2: Double surface glue
application, Conditioned: Specimens conditioned at 20°C and 65% relative humidity, Immersed: Specimens immersed in water
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On the other hand, it was found that the samples tested after the immersion, in most cases, retained their strength
higher than 10 N/mm?. According to the statistical analysis of the results given, the beech wood samples bonded with
PVAc in single glue application differed statistically compared to solid wood. The statistical analysis of the results
revealed that the average bonding strength of those samples only air-conditioned, did not show any statistically
noticeable difference from the average bonding strength of the samples immersed in water. As seen from the results
(Table 1) the average bonding strength was influenced by the choice of the adhesive coating either on one of the two or
both bonding surfaces of the samples. It was observed that the samples coated on both surfaces with PVAc and casein
have greater bonding strength compared to one side coated ones for most types of wood samples while statistical
analysis shows that the average bonding strength of samples did not differ statistically significantly. Ozcifci et al.
(2008) studied the influence of mechanical surface treatment of wood to be bonded with phenol formaldehyde, PVACc,
urea formaldehyde and polyurethane, using beech, oak, pine and poplar woods. According to results, the higher strength
samples were recorded in beech bonding with PVACc (14.83 N/mm?) in comparison with oak wood presented slightly
lower values (13.68 N/mm?) and they concluded that beech bonded with PVAc is a great option for wooden
constructions production.

Table 2. Mean values of shear strength of beech wood

Bonding Strength N/mm?

Wood species PVACc Casein Solid
wood

1 2 1 2
Beech 19.98 21.05 17,78 20.02 19.93
(1.36)* (3.19) (1.65) 1.72) (0.81)

* Mean values of 15 samples with standard deviations are referred in parentheses. 1: Single surface glue application, 2: Double surface glue
application

According to the results (Table 2) the average modulus of rapture was influenced by the type of adhesive. The
samples of beech wood bonded with PVAc had higher modulus of rapture compared to the samples of beech laminated
with glue Casein-gap from 1.03 to 2.2 N/mm?. It was also found that the laminated beech samples recorded higher
modulus of rapture than those of solid wood except from the single-face glue application samples bonded with casein,
which showed a decrease of 2.15 N/mm?2. According to the statistical analysis of the results given the two types of
adhesive did not present an important difference statistically. Finally, it should be noted that the highest average
modulus of rapture rate recorded in beech samples coated with PVAc on both bonding surfaces reaches 21.05 N/mm?.
The statistical analysis of results shows that the average modulus of rapture of samples coated with adhesive on one
surface do not significant differ statistically by the average modulus of rapture of samples coated in both bonding
surfaces.
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Abstract

Beech is an important tree species in natural and managed forests in Europe. Beech natural forests in Greece
have a great ecological and economic importance and represent a very valuable species with respect to its potential of
wood production and utilization. The aim of this work was to analyze the wood production potential of beech (Fagus
sylvatica L.) natural forests on a quantitative and qualitative basis with respect to the forest site quality conditions. For
this analysis, the wood production potential of 228 beech trees growing under different site qualities at the
Aspropotamos forest district, Trikala, western-central Greece, was evaluated. For the quality grading of 787 produced
beech logs, the EN 1316-1:1997 CEN standard was employed. The results showed that there is a very good potential of
both quantitative and qualitative wood production in the natural beech forest as well as that the site quality has an
influence on quantity and quality of wood production. It was recorded that beech trees grown under the better site
quality, have attained the highest mean ring increment and produced the highest quantities of wood. Particularly, higher
production and better quality of beech wood was produced in the better site quality, while in the inferior site quality the
quantity of round wood produced was less and the quality was inferior.

Key words: beech, wood production, quality of wood, site quality
1. Introduction

Tree as a living biological unit of a forest, appears in a variety of forms and characteristics regarding stem
morphology as well as wood properties, due to a combination of genetic and environmental factors, as long as it grows.
Hence, the qualitative features and characteristics created by this procedure determine the potential value of the tree
stem and its wood products, according to market and productive process requirements. Wood shows a large variation in
properties, between species and trees, under different growth conditions, as well as within each tree. The variability of
wood as raw material is necessary to be taken into account and, hence, improved procedures are needed to predict
properties of trees and logs, in order to allocate the wood in an optimal way to different products of better quality.
Qualitative defects cannot only primarily derive from tree’s growth rate and growth conditions but also, secondarily,
from harvesting conditions and management systems in the forest and mechanical processing conditions in forest
industries (Voulgaridis, 2002; Tombaziotis and Voulgaridis, 2006; Ayan et. al., 2012).

The site where trees grow refers to a geographic location that is considered homogeneous in terms of its
physical and biological environment. Forest site is defined by the location’s potential to maintain tree growth, often
with a view to site-specific silviculture. It may be classified into site types according to their similarity regarding soil,
topography, climate and vegetation. Site classification can provide a range of management aims, including ecological
stratification for optimizing the evaluation of forest site productivity. In that sense, site productivity is defined as the
potential of a particular forest stand to produce aboveground wood volume, and is related to the site quality (Skovsgaard
and Vanclay, 2008). When growth conditions deteriorate in natural forest ecosystems (e.g., through a reduction in soil
fertility) a forest community adapts to the new environmental conditions with slower growth and species’ substitution.
However, this change does not imply an inevitable decrease in productivity because nutritionally more efficient species
can increase in dominance (Goncalves et al., 2004). A study by Kirdyanov et al. (2013) revealed the dependence of tree
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growth on local site conditions, as soil factors dramatically influenced tree ring formation and therefore wood
productivity changed. Dafis (1969) reported that in the better site qualities beech species show the maximum productive
capacity, in the intermediate site qualities beech presents less but sufficient productivity, while in the inferior site
qualities beech stands indicate small productivity and low timber quality.

The relationships between wood quality, silvicultural system and environmental conditions (i.e., site quality)
are established through biological (i.e., height growth, stem radial growth), environmental (i.e., competition for
resources) and biomechanical processes and limitations (Kelloméki et al., 1999). In this context, the relation between
the growth conditions of forest trees and the structural characteristics of their wood produced has been examined by
several investigators. Tsoumis and Panagiotidis (1980) investigated the effect of geographical location, social position
of trees in a forest stand and site quality and found that wood produced in high or intermediate site qualities exhibited
greater quality characteristics. Gutierrez-Oliva et. al. (2006) also concluded that site quality had considerable influence
on the wood density values, where the highest values were found in the best site qualities. Farrelly et al. (2009)
investigated the effect of forest site conditions on the productivity of Sitka spruce. Their study revealed that the highest
productivities occurred on forest sites with deep, moist, well-aerated soils, of moderate to rich nutrient status, whereas
the lowest growth potential was on poor sites, due to poor drainage and low nutrient level. Houllier et al. (1995)
reported on a project modelling the influence of site quality on individual tree growth, on stand yield and on wood
quality of Norway spruce. They claim that this framework can be used either to establish statistical relationships
between growth and wood quality or to model some of the processes that determine wood quality. Liu et al. (2005)
studied the variation of color in trees under different growing conditions and management practices. Their study
revealed a significant effect of site conditions on color variation and red heartwood development, which devaluate
beech timber.

Quality grading of forest products and particularly of round wood is of great importance to the timber market,
since it specifies the usage, constitutes the base for trading and finally greatly influences market prices. Standards are
applied to the quality classification of round wood. European countries apply their national standards or European
standards where they exist. Quality classification of round wood in state forests in Greece is based on visual appearance
of logs and their dimensions (length and diameter). Both softwood and hardwood species are assorted into three main
quality classes: A (superior quality timber, top quality sawn timber), B (normal or less valuable quality timber) and C
(inferior quality timber) (Tsoumis, 1991; Voulgaridis, 2002).

The quality and quantity of wood production from different sites of beech natural forests have been the subject
of limited research so far, and, in Greece, such research is lacking. The aim of this work was to analyze the wood
production potential of beech (Fagus sylvatica L.) natural forests on a quantitative and qualitative basis with respect to
the forest site quality conditions. Such investigations are expected to better evaluate the influences of growth conditions
on the quantity and quality of the timber produced, and to improve existing timber quality assessment procedures with
respect to final product requirements.

2. Materials and methods

2.1 General information of the stands and tree selection

As experimental area, the stands numbered 11b and 28d of the forest sites “Elatos” and “Kastania”,
respectively, at the Aspropotamos forest district of Kalampaka, western-central Greece, were selected according to
their corresponding forest management plans. These two forest stands are characterized by variable landscapes and
environmental conditions. General information of the stands selected and the number of the investigated trees per site
quality are shown in Table 1.

In total 228 marked beech trees, which were scheduled to be cut and logged in summer 2012, were
investigated. According to the forest management plan of the investigated forest district, the study focused on site
qualities 11 and I11. The distinction of the different site qualities in the selected forest stands was conducted using the
site quality maps of the management plan. Additionally, tree height and breast height diameters were measured in the
two experimental forest stands, in order to confirm the existing map data for site qualities (Dafis, 1969). In addition,
quality data of standing trees like stem crook, forked stem, sweep, vertical position, irregular perimeter, branchless
height, health condition, etc., were taken.

Table 1. General information on forest stands and number of trees per site quality investigated

Site quality/Exp. area Number of trees

Species Stand Area(ha) Elevation (m) Orientation  Slope (%) (ha)
1 11 ] 11
Beech 11b 31,69 1190-1510 N-NE 40-70 12,00 12,00 93 65
28d 33,4 1200-1400 N-NE 50-70 17,00 14,00 38 32
Total beech trees investigated per site quality 131 97
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Trees were classified into 8 diameter classes based on their stem diameter at breast height. Tree diameter ranged
from 29 to 60 cm and a 4 cm scale was used for the classification of the above mentioned classes (Table 2). When trees
were cut, tree height, crown height, and unbarked diameter at the middle of the tree stem were measured. Each log of
the tree obtained was given a serial number. Based on the tree height and the diameter of the stem, tree volume was
calculated. Additionally, the age of each tree was measured at the tree base that is the surface of stump cross section.
Based on the diameter at the base of the tree and the number of annual rings, mean ring width was calculated.

Table 2. Classification of investigated trees into 8 diameter classes and distribution of trees per diameter class and site
quality

Class 1 2 3 4 5 6 7 8

Diameter [cm] 29-32  33-36 37-40 41-44 45-48 49-52 53-56 57-60
Beech

I 10 11 16 26 25 17 15 11
al 8 8 11 18 21 12 10 9
Total 18 19 27 44 46 29 25 20

2.2. Roundwood quality assessment

Trees were cut and converted to (produced) 787 beech logs. All sides of the logs were inspected, and all
features were checked, recognized, classified and measured manually. The diameter, volume and defects of each log
were recorded in detail on special forms. Sorting criteria for appearance evaluation were based on determination of size
and quantity of individual logs characteristics such as type and size of knots, rate of growth, spiral grain, eccentric pith,
shakes, taper and sweep of logs, tension wood, red heart, fungal and insect attacks, rot, discoloration (stain), double
pith, ovality, fluting, checks, splits (Tsoumis 1961; 1991) and formation and level of the heart rot (Ayan et. al., 2012).
Furthermore, images from 787 beech freshly cut logs and their butt ends, were taken with a digital camera (Sony DSC-
W115) and were processed on a PC using digital camera analysis software (Adobe Photoshop). These images were used
to check the accuracy of the visually estimated defects in the field. For grading of beech produced logs, EN 1316-1
(1997) was employed to set the threshold values for four quality grades: A — an exceptional quality class, B — a normal
quality class, C — a less valuable quality class and D — a quality class which includes long pole, log or portion of long
pole not permitted in the other quality classes (for all the characteristics in class D more than 40% of the volume of the
wood shall be usable). Quality classes are not applied to small sized timber (wood 1 m long, used for particleboards,
fiberboards and pulpwood) and fuelwood of short length (used as a fuel). The assessment followed the log grading
standards in full terms.

3. Results
1.1. Quantitative production

From the total number of 228 beech trees, 131 were present in site quality Il and 97 in site quality I11. The produced
beech round wood varied between 3, 4 and 5 m long. Based on Skovsgaard and Vanclay (2008) the maximum mean
annual volume increment is considered a more suitable measure of site productivity than an index based on stand height
or height growth. An index that represents volume production allows for direct and meaningful comparisons across
species, site types and growth regions compared to an index based on stand height at a certain age. Tree ring width is an
indicator of volume production. The results of the mean ring width calculated from the 228 beech stump cross sections
in relation to diameter class of the studied trees and site quality, are shown in Figure 1.
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Figure 1. Mean ring width of investigated trees in relation to diameter class and site quality

The mean ring width of beech trees of site quality Il is approximately 7 % higher than the mean ring width of the
inferior site quality 111 (Table 3). This difference was confirmed as significant from the ANOVA-test. Hence, the better
site quality was directly connected with the higher mean annual volume production than in poorer site quality and
therefore with the site productivity. Thus, certain differences in growth potential were evident among beech trees of the
same diameter class growing under different site conditions. It turned out that beech tree species growing in the rich site
quality Il attained the highest mean ring increment. According to Spanos (2011), the wood production of beech stands
in Greece is lower than that of fir (Abies spp.) and Norway spruce (Picea abies) and only under proper silviculture
conditions, beech can produce higher amount of round wood, in comparison to other broadleaves and conifers.

Table 3. Calculated mean values and variances of the tree ring width and height for statistical evaluation (ANOVA)

Ring width Tree Height
Mean value Std. Deviation Mean value SFd'.
Deviation
Beech 1 1,84 0,22 27,46 3,42
Il 1,72 0,26 24,43 3,07

[ : Statistically significant differences at 5% level of significance

The results of the mean tree height measurements in relation to diameter class of the studied trees and site
quality are shown in Figure 2. The highest mean tree height of beech was found in site quality Il. The mean tree height
for beech in site quality Il is approximately 12.5 % higher than the mean tree height in site quality Il1. This difference
was confirmed as significant from the ANOVA-test (Table 3). Skovsgaard and Vanclay (2008) suggest that the use of
height or height growth as a site productivity indicator relates to the fact that, in many situations, stand height or current
height growth seems to correlate well with stand volume growth. In addition, they claim that height is a simple variable,
easy and inexpensive to measure and generally not much affected by management practices. The mean volumes of
round wood and small sized timber plus fuelwood production in relation to diameter class and site quality are shown in
Figure 3. The volume of each log was calculated, all volumes of the same diameter class were added and the mean
volume was calculated. The round wood production appears to be higher in better site quality, while the differences of
small sized timber plus fuelwood production between the site qualities were found to be small.
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Figure 2. Mean tree height of investigated trees in relation to diameter class and site quality
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Figure 3. Mean stem volume production (roundwood and small sized timber plus fuelwood) for beech, in relation to
diameter class and site quality

1.2. Qualitative production

The quality assessment according to EN 1316-1 (1997) grading standard classified the round wood by a range of
different characteristics and properties which had to meet particular limits. In this way, the parameter which presented
the lowest quality of the log determined the overall classification of the log. However, there were some exceptions
where an extremely benign performance in one characteristic compensated a small deviation from the required limit in
another characteristic. This work revealed that the main defects that cause most downgrading of beech round wood
were knots, red heart and to a small extent tension wood. All volumes of the same quality class were added and the total
volume of each quality class was expressed as a percentage of the total round wood production.

Figure 4 shows the qualitative classification of the round wood obtained from 228 beech trees, separately for the
investigated site qualities Il and I11. In site quality I1, the percentages of beech round wood produced as A and B quality
classes were significantly higher (24 % for A and 53 % for B) than those in site quality 111 (9 % for A and 45 % for B).
On the contrary, the percentages of round wood produced as C and D quality classes increased from 11 to 111 site quality,
from 22 to 39 % (class C) and from 1 to 7 % (class D). Wood production analysis per tree diameter class showed that by
increasing the tree diameter, the percentages of the produced beech round wood corresponding to four quality classes A,
B, C and D did not follow any consistent trend from |1 to 11 site quality.

Site quality Il Site quality lll
1% 7% g4

[ FaN VAN
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Figure 4. Qualitative production of beech round wood in relation to site quality

4. Conclusions and discussion

The conclusions of the present investigation on qualitative and quantitative wood production of beech natural
forests can be summarized as follows:
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Certain differences in growth potential were found to exist among beech trees of the same diameter class grown
in different site qualities. It was recorded that beech trees grown in site quality 11, have attained the highest mean ring
increment and produce the highest quantities of wood when compared with the inferior site quality I11.

The natural beech forests exhibit a potential to produce more timber of higher wood qualities (A and B class) in
the better site quality Il (77 % of the total wood volume produced) than in the inferior site quality I11 (54% of the total
wood volume produced). The round wood production of inferior quality (C and D classes) was increased from the better
site quality (11) to inferior site quality (I11).

The results of this work indicate that, under the specific experimental conditions, natural beech forests produce
higher quantities of better quality round wood when they are grown in better site qualities than in inferior ones. The
application of proper silvicultural measures, training of forest workers and application of roundwood quality grading
standards is expected to increase the percentages of beech round wood production of better quality in all site qualities..
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Abstract

Beech breeding is mostly directed to the conservation of genetic resources, the selection of the corresponding
provenances for different sites, enhanced production and trade of planting stock, study of the species evolution
development, and the establishment of live archives and seed orchards. The biochemical and molecular analyses based
on the selected population and individuals of different beech stands in Serbia concluded that the adaptation and survival
at population level are favored by higher genetic diversity whereas at the individual level it is favored by higher degree
of heterozygosis. Breeding of beech in Serbia, depending on the current requirements of forestry and on the state of
forests, should be performed in two directions: in the direction of improving the natural populations and in the direction
of obtaining the new selected beech genotypes and hybrids, which will have superior target characteristics than the
existing types. The previous research shows that there are genetic differences between beech populations in Europe and
Serbia. This requires the programs of closer research and of directed application of beech genetic variability.

Key words: beech, variability, breeding, Serbia
1. Introduction

The economic significance, as well as the general biological-ecological characteristics of beech (Ertekin et. al.,
2015) has made this species in its range the subject of interest of a great number of scientists and professionals for more
than a hundred years. Based on the study results of bioecological, production and technical-physics characteristics of
beech wood, it was decided to investigate the cause of the recorded ecological, morphological and physiological
variability also by the methods of genetics and plant breeding (Isajev, 2005). The choice of basic methods and the
corresponding variants of the basic methods of beech breeding in Serbia depended on: 1. the study of its bioecological
characteristics; 2. coeno-ecological characteristics of its populations; 3. assignments that are to be worked out; 4.
importance of their solution for economy.

The general ecological features of the region in Serbia where pure and (or) mixed beech populations occur
spontaneously in interaction with their gene pool, condition the occurrence of the expressed variability of a major
number of its morphological and genetic-physiological characteristics. As Moesian beech - (Fagus moesiaca/Domin,
Maly/ is distinguished by high individual and group variability, and as it has numerous intraspecific taxa — varieties,
biotypes and ecotypes, this requires a multidisciplinary and complex approach in further work on the research and the
directed use of group and individual variability.

This paper surveys the results of the study of genetic potential and variability of beech in Serbia. The presented
results are based on longterm analyses of individual and group variability of beech morphological and physiological
characters; comparative studies by provenance tests; the review of experiences in the implementation of the results of
biochemical and molecular analyses at the level of the selected populations and individuals of different provenances.

2. Materials and methods

The protection and directed use of the most valuable beech genetic resources is realised mostly:

in situ - by the selection of the best beech natural populations and by the revision of the existing and the
selection of the new seed stands, groups, individual trees, and

ex situ — by the establishment of provenance tests, live archives, clonal and seedling seed orchards.
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By the implementation of the method of simple mass selection, 19 beech seed stands were designated with the
total area of 137.57 ha. Parallel with the mass selection, individual selection was also undertaken, the selection of test
trees for the initial material in the application of synthetic methods of breeding. In this aim, on 17 sites in the central
region of Serbia, 74 test trees were selected, of which one was in the sub-alliance Fagenion moesiacae submontanum
Jov., 1976, 40 individuals were in the sub-alliance Fagenion moesiacae montanum Jovanovi¢ M. 1976, and 33 trees
were in the sub-alliance Abieti-Fagenion moesiacae Jovanovi¢ M., 1976. The test trees were merely evaluated based on
their phenotypes. The more precise insight into their genotypes was to be attained in the later phase of research by early
tests on the generative progeny. In this way it will be checked if really the best specimens of this species in Serbia have
been selected. In the aim of their conservation, it was decided to protect them from felling and to propagate them
asexually in a sufficient number so that the produced vegetative copies, which contain the same genetic base as parent
trees from which they originate, could be used in further breeding. Therefore, four methods of grafting were researched
comparatively, Jovanovi¢ M. 1971:

a) method of side grafting on overtopped rootstocks, using normal buds;

b) method of side grafting on overtopped rootstocks, using dormant buds;

c) method of side grafting on non-overtopped rootstocks using normal buds and
d) method of wedge grafting, using normal buds (Figure 2).

In auto-vegetative propagation of beech with air layering (Figure 8), using growth stimulators such as beta-
indole acetic acid at therates of 0.5 and 1.0% and beta-indole butyric acid at 0.5%;

Genetic variability of common beech was studied using genetic markers in six autochthonous populations,
aging from 110 to 160 years which represented the cross section of the stands at the altitude (550-960 m). The samples
for these analyses were the protein markers from beechnut, and the applied method was electrophoresis, which is a
simple and fast analytic method. The genetic component of the research is based on the analysis of RAPD markers from
bulk samples, using 28 primers. The spatial component of the research is based on the geographical position of the
studied populations. Grouping of the studied populations in the regions, as well as their separation, was performed using
the Monmonier’s algorithm of maximum differences. To visualize the results and mapping the regions of beech
provenances in Serbia, GIS was used, with database included the results of this study.

3. Results

Group variability of beech in Serbia was studied in detail by mass selection. Seed stands were designated and
the quality of phenotype characteristics of trees was evaluated and studied (Glisi¢, 1960; Jovanovi¢, 1961; 1971; Mari¢
et al., 1961, 1962; Tucovi¢, 1970, 1976; Isajev et al., 2003). These papers improved the basic guidelines for the
evaluation, selection and management of seed stands. The number of selected beech seed stands depended on the
phenotypic characters of the trees and the ecological diversity of the sites of beech forests. The species with an
extensive range of distribution, such as beech, have a greater genetic differentiation of the population which
spontaneously occur at different localities. When the species is characterised by a marked variability of continuous and
discontinuous characters, it is necessary to select a greater number of seed stands. Based on the method of simple mass
selection, 19 beech seed stands were selected, total area 137.57 ha, Figure 1.

Figure 1. Seed stand of beech in MU Kukavica, compartment 54
Vladi¢in Han (By photo V. Iveti¢, 2001).
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The spatial pattern of the seed stand localities reflects almost completely the coeno-ecological, ecological and
population diversity of beech in Serbia. The results of spatial analysis of genetic diversity have practical application in
the definition and delineation of regional provenances of forest trees (Iveti¢ et al. 2008; 2010; 2012). Research was
based on the material from 27 natural populations of beech in Serbia. The genetic component of the research is based on
the analysis of RAPD markers from bulk samples, using 28 primers. The spatial component of the research is based on
the geographical position of the studied populations. Grouping of the studied populations in the regions, as well as their
separation, was performed using the Monmonier’s algorithm of maximum differences, Monomonier, M.S., 1973. To
visualize the results and mapping the regions of beech provenances in Serbia, GIS was used, with database included the
results of this study. Combining of GIS tools with molecular genetics technology increases the strength of results, by
using the spatial dimension of information they provide and thus provides an alternative perspective that may lead to a
better understanding of genomic functions. Visualization (spatial analysis research) and presentation (mapping) the
spatial distribution of genetic data is likely to emphasize the patterns of diversity and thus further improve the
interpretation of results. This map was used to compare genetic to geographic barriers, as well as drawing maps of
regions of provenances map 1. Furthermore, spatial analysis may allow the detection of relations between the regions of
the genome, and habitat characteristics which surrounding the populations.

Layer 8 - Map of regions
of provenances
of beech in Serbia

Map 1. Delineation of regions of beech provenances in Serbia, based on Monmonier’s geographical barriers obtained
from corrected genetic distance (lvetic et al., 2012).

Based on the above, it can be expected that the collected seeds and the produced planting material will
encompass the genetic potential of beech in Serbia. Our previous experience, gained by the beechnut collection and
trade, indicates that the best results are achieved when its collection, processing and trade are organised at the local
level.

In each beech seed stand the following is organised and executed:

1) short-term and

2) long-term activities, which include also the planning of the adequate structure of personnel, equipment and
material.

The isoenzymatic analysis resulted in the information on the genetic base of the adaptation of common beech
populations to the sites at different altitudes. There are different genetic structures among the populations, and the
frequency of individual alleles changes significantly from the lower towards the higher altitudes. The results of the
above studies indicate that the reproductive material from beech stands from the lower altitudes, before the transfer to
the higher altitudes, should be controlled by tests and vice versa. The above genetic specificities of beech populations
should be taken into account in the activities directed to the conservation beech genetic resources.

The study results support the hypothesis that beech during the ice age was present in the micro-refuges in the
south-east Alps and in a part of Slovenia. The populations from Central and Southeast Europe can be divided into two
different groups: the first and greater group consists of the populations from the northwest part of the study area, while
the second group consists of the populations from the east Balkan Peninsula. The differentiation in that part could
confirm the existence of a special taxon on Balkan, the subspecies Fagus sylvatica subsp. moesiaca (Maly) Czeczott.,
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Gomory et al., 1999. Based on the results of biochemical and molecular analyses at the level of the selected populations
and individuals of different beech provenances in Europe, it can be concluded that, in the changed ecological
conditions, the ability of adaptation and survival at the level of populations, was favoured by a higher genetic
variability, and at the individual level, by a higher degree of heterozygosis.

The analysis of genetic potential of test trees also used the methods of heterovegetative and auto-vegetative
propagation. The most frequently applied method was the heterovegetative propagation — grafting, mostly performed in
the glasshouses of the Institute of Forestry and the Faculty of Forestry in Belgrade.

In grafting, special attention was focused on the following properties: quality of rootstock and scions, time of
taking, length and method of keeping the scions till the moment of grafting, age of wood for scions, as well as the
grafting method.

The grafting (Figure 2) in the glasshouses started in the middle of March and in the open in the first half of
April. It ended by the end of April, more rarely at the beginning of May. During the summer grafting in the open, when
the budding method was applied, the optimal time for grafting was the beginning or the middle of the second half of
August, and it lasted for 7-10 days. .

3

Figure 2. One- year- old grafts of beech :b'roduced by triangu'l'ation '(By photo: M. Jovanovié)

In auto-vegetative propagation of beech by air layers, Figure 3, using growth stimulators such as beta-indole
acetic acid in concentrations 0.5 and 1.0% and beta-indole butyric acid in concentrations 0.5; 1.0 and 2.0%, the results
were excellent, i.e. the percentage of rooting was from 90 to 100%,(Jovanovi¢, 1971). Somewhat poorer results -
success 65-85% - were achieved by alpha-naphthyl acetic acid in concentrations 0.1 and 0.2%. The test of the
significance of differences shows a significant difference at the level of 1.0% between 0.5% concentration of beta-
indole acetic acid, in which rooting was 100%, and 0.1% concentration of alpha-naphthyl acetic acid, in which the
percentage of rooting accounted for 65%.

Figure 3. Developed root system on an air layer (By photo M. Jovanovi¢)
4. Conclusions and discussion

The aims of the analysis of group and individual variability of beech in Serbia were the following: to
understand and conserve the genetic resources of this species, to select the adequate provenances at different sites, to

enhance the production and trade of seed and planting material, to explain the evolution development of the species, and
to establish the live archives and seed orchards.
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Grouping of the studied populations in the regions, as well as their separation, was performed using the
Monmonier’s algorithm of maximum differences. To visualize the results and mapping the regions of beech
provenances in Serbia, GIS was used, with database included the results of this study.

Based on the study results of the biochemical and molecular analyses at the level of the selected populations
and individuals of different beech provenances, it can be concluded that the adaptation ability and survival ability at the
level of populations was favoured by the higher genetic variability, and at the individual level — by the higher degree of
heterozygosis.

In hetero-vegetative propagation of beech test trees, the best results were achieved by the method of side
grafting on overtopped, non-overtopped rootstocks, and by the method of wedge grafting, using normal buds.

In auto-vegetative propagation of beech by air layering, using growth stimulators, such as beta-indole acetic
acid in concentrations 0.5 and 1.0% and beta-indole butyric acid in concentrations 0.5; 1.0 and 2.0%, the results were
very good, i.e. the percentage of rooting was from 90 to 100%.

The information on the genetic variability of beech is important for the more precise study of:

- intra-population and inter-population differentiation in its range of distribution,

- adaptation ability, and

- existence and the degree of divergence of individual beech provenances at  different sites.
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Definition of Fagus orientalis Lipsky. dominated biotopes in Giizelcehisar, Mugada and Kizilkum region of
Bartin province
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Abstract

Oriental beech makes its best spread and physical development on slopes of hills extending paralel to Black
Sea shoreline in Turkey. Pure and mixed Fagus orientalis Lipsky. forests are particularly located northern slopes. Study
area covers slopes facing to Black Sea within coastal areas of the settlements of Gilizelcehisar, Mugada and Kizilkum,
Bartin Province. The route formed by these settlements represents the part of Northwest Euxine Broadleaved forests of
European-Siberian Region. The study area, at the same time, is located in the ‘Eu-Euxine’ part that is the most humid
belt close to seaside. Euxine Beech forests intensely take part in this area and spread to the sea. This study was carried
out in two stages. Initially abiotic and biotic components of study area were defined and data belong to them were
collected and stored in a GIS geodatabase. Then, with help of the most recent satellite images and contemporary land
use map, abiotic and biotic components of Beech dominated biotopes and land use properties evaluated together. In this
way, spread of biotopes dominated by Fagus orientalis in and around Gilizelcehisar, Mugada ve Kizilkum, habitat
characteristics and structural changes due to land uses were determined. According to the result of study, the most
intense spread of Beech communities takes place around hilly areas of Giizelcehisar where Yemislicay formation
consisting of sandstone, sheyl and limestone exists. Beech communities disappear in low elevated areas around Mugada
and Kizilkum. It was determined that the most effective factors on spread of species are elevation, aspects and geologic
characteristic of habitats. It was also determined that Fagus orientalis often forms mixed forests with Carpinus betulus,
Castanea sativa and Quercus petraea ssp. iberica. And also, with field works it was determined that Beech biotopes
were adversely affected by man based factors such as grazing, deforestation for agricultural use, road networks and
rural settlements. Definition of Beech forests which take place in habitat classification of EU and contribute to
biodiversity will be a preliminary assessment for protection and sustainable use of Euxine beech forests located in
coastal areas of the Province of Bartin.

Key words: Fagus orientalis biotopes, habitat classification, Giizelcehisar, Mugada, Kizilkum

k

Bartin ili Giizelcehisar, Mugada ve Kizilkum bélgesinde Dogu kaymminin hakim oldugu biyotoplarin
tammmlanmasi

Ozet

Dogu kaymi, Tiirkiye’de en genis yayilisini ve en iyi gelisimini Karadeniz kiyisina paralel uzanan daglik
yamagclarda yapmaktadir. Saf veya karigik Fagus orientalis Lipsky. (Dogu kayini1) ormanlari 6zellikle kuzey yamaglarda
konumlanmigtir. Caligma alani, Bartin ili kiyr kesiminin Giizelcehisar, Mugada ve Kizilkum boliimiinde Karadeniz
sahiline bakan yamaglar1 kapsamaktadir. Bu hat Avrupa-Sibirya Bolgesi’nin Kuzeybat1 6ksin yaprakli ormanlarimin
bulundugu boliimii temsil etmektedir. Ayn1 zamanda alanin, Karadeniz’in denize yakin ve en nemli kusagi olan ‘Eu-
Euxine’ béliimiinde yer aldig1 goriilmektedir. Oksin Kayin ormanlari, bu kesimde yogun olarak yer almakta ve denize
kadar ulagmaktadir. Caligma iki asamada yiiriitiilmiistiir. Ilk asamada alana ait abiyotik ve biyotik potansiyele ait say1sal
harita katmanlari, ArcGIS ortaminda bir araya getirilmistir. Daha sonra giincel uydu goriintiileri ve alan kullanim
haritas1 araciligiyla Kaym biyotoplarina ait abiyotik ve biyotik Ozellikler ile alan kullanimlar1 bir arada
degerlendirilmistir. Bu sekilde Fagus orientalis Lipsky (Dogu kayini)’nin hakim oldugu biyotoplarin, Giizelcehisar,
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Mugada ve Kizilkum Bolgesinde alan i¢indeki dagilimi, yetisme ortami 6zellikleri ve alan kullanimlari sonucu olusan
degisimleri tanimlanmigtir. Arastirma sonucunda Kayin toplumlarimin biiyiik ¢ogunlugunun Giizelcehisar ¢evresindeki
volkonajenik kumtasi, seyl, kiregtas1 iceren Yemislicay formasyonu ilizerindeki yiiksek kesimlerde yayilis gosterdigi
belirlenmistir. Mugada ve Kizilkum g¢evresinde yiikseltinin azaldigi mekanlarda ise Kaym toplumlari ortadan
kaybolmaktadir. Abiyotik ozelliklerden en fazla yiikseklik, baki ve jeolojik 6zelliklerin tiiriin dagilimina etki ettigi
goriilmektedir. Arazi ¢alismalari sonucunda Fagus orientalis’in ¢ogunlukla Carpinus betulus, Castanea sativa ve
Quercus petraea ssp. iberica ile karisik ormanlar olusturdugu tespit edilmistir. Ayrica, Kayimn biyotopunun otlatma ve
tarim amagl agmalar, ulasim baglantilar1 ve kirsal yerlesim gibi insan etkileri sonucunda olumsuz etkilendigi arazi
calismalan ile ortaya konulmustur. Avrupa Birligi Habitat siniflandirmasinda yer alan, biyogesitlilige katki saglayan
Kaym ekosistemlerinin arastirma alani iginde tanimlanmasi, Bartin ili kiy1 kesimindeki 6ksin kaym ormanlarimin
korunmasi ve siirdiiriilebilir kullanimi a¢isindan yararli bir 6n degerlendirmeyi olusturacagi diisiiniilmektedir.

Anahtar kelimeler: Fagus orientalis biyotoplari, habitat siniflandirmasi, Giizelcehisar, Mugada, Kizilkum
1. Introduction

The protection of biological diversity for today and tomorrow requires the correct analysis and interpretation of
the ecological and biological relations as well as processes that take place in the ecosphere. Data regarding these
relationships and processes are acquired by defining ecotopes and/or biotopes which make up the smallest units in the
ecosystem (Sar1 Nayim, 2010).

Biotope can be described as a geographical area that has a uniform biological environment and a uniform
distribution of organisms (Dahl, 1908; Ayasligil, 1997; Ayaslgil, 2008). Biotopes provide habitats for living
communities that come together characteristically. On the other hand, interference on biotopes threatens living
environment and adversely influences biodiversity. This fact makes biotope mapping that has a fundamental role in
nature conservation and landscape planning process, inevitable.

Black Sea Region is an important biogeographical region. This region which needs to be studied and which has
a different biotope potential, incorporates such ecosystems as various forests, pseudomaquis, meadows, grasslands,
rocky areas, sand dunes which lies parallel to the Black Sea and requires protection.

Black Sea forest biotopes have a significant place in various European habitat/biotope classification systems
such as Natura 2000 and CORINE Biotopes. These forest types are mentioned in European potential natural vegetation
map which forms the basis of habitat classification systems. Here they are included under ‘F-Mesophytic deciduous
broadleaved and mixed coniferous-broadleaved forests’ topic. In this vegetation map, Fagus orientalis Lipsky. forests
are given under F5-Beech and mixed beech forests, F6-Oriental beech subgroups (Bohn et al., 2007).

Oriental beech makes its best spread and physical development slopes of hills extending parallel to Black Sea
shoreline in Turkey. The routes formed by these settlements represent the part of Northwest Euxine Broadleaved forests
of European-Siberian Region (Zohary, 1973; Mayer and Aksoy, 1998; Ertekin et. al., 2015). The study area, at the same
time, is located in the ‘Eu-Euxine’ part that is the most humid belt close to seaside. Euxine Beech forests intensely take
part in this area and spread to the sea (Zohary, 1973; Yaltirik and Efe, 1996).

Mayer and Aksoy (1998) name Western Black Sea Fagus orientalis Lipsky. forests as silicate Fagus orientalis
mixed forests at coline-submountain level and Rhododendron ponticum. Unfortunately, North Anatolian/Black Sea
coast ecosystems where important Fagus orientalis ecosystems exist, have been negatively effected from the change in
the utilization of area in the last 50 years and continues to be effected. Black Sea coastal zone is under the intense
impact of agriculture, industry, energy production, mining, maritime transportation, urban development and of course
tourism (European Commission, 2009).

This study aims to identify biotopes in Giizelcehisar, Mugada and Kizilkum where natural and semi-natural
important Fagus orientalis is dominant and to map them in ArcGIS and thus, to contribute to the protection of the
species and ecosystem diversity in Bartin province coastal line.

2. Materials and methods

The study was carried out on the coastal line of Bartin province which is located in Western Black Sea Region
in Turkey. Particularly, the study area was the slopes of Giizelcehisar, Mugada and Kizilkum areas overlooking the
Black Sea coast (Figure 1).

When the 10-year forest management plan of Bartin province covering 2001-2010 years is examined, it is seen
that such main species as Fagus orientalis, Carpinus betulus, Quercus spp., Castanea sativa, Tilia argentea, Ostrya
carpinifolia, Pinus brutia are dominant ecosystems in the study area (Bartin Provincial Department of Forestry, 2001).

Identification of Fagus orientalis biotopes in the study was carried out using the CORINE Biotope Project
(European Communities, 1991). In identifying CORINE Biotopes, classification of vegetation was focused on, and
those communities which could be distinguished as a result of the interaction between flora and abiotic environment
were defined using ArcGIS tools ((European Communities, 1991; Oudheusden, 2005).
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Figure 1. Location of the research area.

Initially abiotic and biotic components of study area were defined and data belong to them were collected and
stored in a GIS geodatabase. Then, with help of the most recent satellite images and contemporary land use map, abiotic
and biotic components of Beech dominated biotopes and land use properties evaluated together. In this way, spread of
biotopes dominated by Fagus orientalis Lipsky. (Oriental beech) and around Giizelcehisar, Mugada and Kizilkum,
habitat characteristics and structural changes due to land uses were determined..

3. Results

According to the results from digital maps of all the study area covering a 3665 ha area, 58% (2112 ha) is
composed of forest biotopes. And of the forest communities, 55% (1160 ha) is composed of forest biotopes dominated
by Beech trees. The overall expansion, floristic structure, human activities and effects are defined below.

1.1. Expansion

Fagus orientalis expands in the mid and high mountainside slopes of the area overlooking the Black Sea just
purely or together with other deciduous trees such as Oak, Chestnut, Hornbeam and Lime. When their amounts of
expansion are considered, it is seen that Fagus orientalis and Quercus spp. have the largest expansion with 254 ha. and
these two are followed by Fagus orientalis and Castanea sativa covering an area of 185 ha, pure Fagus orientalis
covering 177 ha, Fagus orientalis and Carpinus betulus covering an area of 171 ha. Fagus orientalis combines with
Tilia argentea at a very small area of 1.6 ha (Figure 2, Figure 3).

It was determined that the most effective factors on spread of species are elevation, aspects and geologic
characteristic of habitats. When the heights they expand are examined, it is found that Fagus orientalis biotopes are
found at 91-348 meter height.

When geology and plant cover breakdown are examined together, it is seen that the largest amount of Fagus
orientalis biotopes that is 71% are found on Yemisligay formation which includes volcanogenic sandstone, tuff,
andesite and basalt. And the remaining 12.5% are found in Yilanli formation which includes sandstone and dolomite
limestone; and other 12.5% are found in Akveren formation which includes sandstone, shale and conglomerate.

According to the result of study, the most intense spread of Beech communities takes place around hilly areas
of Giizelcehisar where Yemislicay formation consisting of sandstone, sheyl and limestone exists. The only pure Fagus
orientalis community in the area is found at Giizelcehisar around 279-348 meter height and on Yemigligay formation.

Beech communities disappear in low elevated areas around Mugada and Kizilkum. The Fagus orientalis
community is the lowest height is found around Kizilkum and at 91 meters. Around the areas close to the coast between
Kizilkum and Filyos valleys such deciduous trees as Carpinus betulus, Quercus spp. and Castanea sativa accompany
Fagus orientalis (Figure 2).
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It was also determined that Fagus orientalis often forms mixed forests with Carpinus betulus, Castanea sativa
and Quercus petraea ssp. iberica.
In the shrub layer of the forest, high moisture resistant evergreen plants such as Laurocerasus officinalis,
Rhododendron ponticum s.str., llex colchica, Rubus ideaus, Corylus avellana s.str., Vaccinium arctostaphylos and in the
herbaceous species as Hedera colchica, Primula vulgaris ssp. sibthorpii, Trachystemon orientalis, Polystichum

setiferum, Astragalus glycyphyllos s.str.,
calycinum, Phyllitis scolopendrium are dominantly located.

Fragaria vesca, Dryopteris filix-mas, Cardamine quinquefolia, Hypericum
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Table 1. The amount of the areas that Fagus orientalis communities expand

Area
Wood Type Area (m?) (ha)
Kn 1772541 177,2
KnGn 1711871 171,1
KnGnKs 249295 25
KnGnM 1381535 138,1
KnlhDy 15756 1,60
KnKs 1847827 184,8
KnKsDy 311504 31,1
KnKsGn 232777 23,2
KnKsM 321726 32,2
KnM 2543967 2543
KnMGn 1053633 105,4
KnMKs 159645 16
Toplam 11602077 1160

1.3. Human activities and their impact

With field works it was determined that Beech biotopes were adversely affected by man based factors such as
grazing, deforestation for agricultural use, road networks and rural settlements. Fertile hazelnut gardens and agriculture
lands expands through the deep and slimy soil between Giizelcehisar-Kizilkum areas where there are Fagus orientalis
forests.

4. Conclusions and discussion

Karabiik-Yenice forests which is an important and protected area in Western Black Sea, Bolu-Yedigéller
National Park and Kastamonu-Bartin Kiire Mountains National Park forests are protected areas close to Bartin province
and the study area. These three areas can be considered as important reserve areas best representing the Western Black
Sea Euxine Fagus orientalis community character (Mayer and Aksoy, 1998; Ministry of Forestry and Water Affairs,
2016).

Fagus orientalis biotopes in Bartin province are delicate ecosystems and they should be protected. In the
biotope map prepared by Sari Nayim (2010) covering the area between Inkum and Amasra, Fagus orientalis
ecosystems are determined as delicate biotopes in terms of the important species they consist.

The delicate Fagus orientalis biotopes between Gilizelcehisar-Kizilkum together with other Fagus orientalis
ecosystems in Bartin province should be connected with the aforementioned protected areas. At the same time, the main
elements of landscape ecology which are almost natural corridors and step stones should be evaluated and biotope
inventory towards forming new protected areas in existing empty spaces should be created.

In this study, it was seen that in steep slopes where the land is not convenient for use and in areas where
transportation infrastructure is either weak or completely destroyed, natural Fagus orientalis ecosystems close to the
coast are better protected. It can be said that the protection and management of the biological diversity in the region are
related to accessibility and level of infrastructure. This should be considered as an opportunity in the coastal planning
stated in the 1/25000 scale Bartin province Environmental Plan.

Defining Fagus orientalis ecosystems, which contribute to biodiversity and is included in the European Union
Habitat Classification, within the study area will be a useful pre-assessment for the protection and sustainable use of
Euxine Fagus orientalis forests in Bartin.
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Abstract

Beech wood is widely available across Europe, and one of the most important commercial hardwood species in
European, as well as Greek, forestry. The scope of this research was to enlighten the production of Greek beech forests,
the conditions of wood sawmills and the range of utilization possibilities of beech wood, by determining mechanical
properties such as, bending strength, modulus of elasticity, radial and tangential hardness of beech wood and compare
them with the respective values of previous researches results. Indicatively, the production of beech wood referring to
lumber, materials for wood based panels and fuelwood in Greece the year of 2011 was 51.297, 7.472 and 219.653 m?,
respectively. Beech wood is classified as a medium density hardwood and it is a material of low price and low cost of
machining. There is a big range of applications of this species with the most common application to be flooring,
furniture, brushes, blocks, handles, veneers and woodenware. In Greece beech lumber was intended mainly for the
construction of furniture as steamed wood in the apparent parts of the structure, as well as the upholstered furniture
frames, boxes and pallets, as not steamed wood. Generally, the quality of the sawn beech logs in Greece is not quite
satisfying, a fact proved by the low percentage of the produced beech lumber of the quality class A (approximately
10%). The financial crisis of the last years decreased the demand of wood and wood products in the market and as a
result, many of the wood and furniture industries in Greece have been closed. Nowadays, there is not enough demand of
beech round wood and annually large quantities of this material conclude to be used plainly as fuelwood, reducing the
added value of beech wood. In a period of such an economical crisis as the current one, the use of domestic beech
wood, which is a material of good price, of low machining cost, while parallel is characterized by satisfying mechanical
and physical properties, could be increased and its utilization possibilities could be extended in a big range of
applications, as solid wood or glued products.

Key words: beech, bending, hardness, mechanical strength, MOE
1. Introduction

Beech wood is a species that grows at an altitude of 500 m. up to 1800 m. In Greece beech is found mainly in
the northern and central part of the mainland. It appears in the mountains of the northern border in north central and
north eastern Greece, in the mountains of Eastern Central Greece, Holomontas in Halkidiki and the Mountain of Pindos.
It dominates in the lowland, hilly and semi-mountainous zone and displays high competitiveness, forming extensive
forests, pure or mixed with other hardwood and softwood species (Strid and Kit Tan, 1997).

The most famous tree of this species history was that of beech oracle of Dodoni from which the priests took the
oracles interpreting rustling in combination with other sounds in their environment, although there is still a small doubt
if that tree was indeed beech or oak tree. In some areas where the beech was not in abundance, prevailed to be called as
“beech oak” or a kind of “oak™ and generally, in the past there was a confusion over the name of beech and oak. Both
'oak' and 'beech’ are ‘fruit-bearing trees, offering food source for animals, so this confusion seems quite conceivable.
Therefore, the Latin got the word “Fagus” (which word was used as the botanical name of genus of beech tree) from the
Greek word “®@nyog” (phegos), with a ground sense of “edible” and is connected with the root of Greek word “®@dayswv”
(phagein) meaning “to eat”.
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It is classified as a medium density hardwood and thus, it is quite heavy (specific gravity of 0.75), hard, strong,
odorless, of high resistance to impact strength forces and fine texture, available in large dimensions, which cannot
usually be achieved with other species and additionally, is a material of low price and low cost of machining. Its
heartwood does not normally differ from the sapwood part, but in many logs appears a coloration of the core, which is
known as red heartwood of beech wood. Beech wood can be planed, coloured, polished and glued satisfactorily and
bent extremely well even in very small radii. Also, the seeds of beech are rich in starch and oily substances, and are
food for animals (pigs etc.). Important is also the use of its oil in the pharmaceutical as expectorant bacteriostatic,
obtained by dry distillation of beech wood (Molnar et al., 2001).

Some of the most common applications are in flooring, furniture, brushes, blocks, handles, veneers, carvings
and other woodworks. It is suitable for furniture construction that requires turning process. In Greece beech lumber was
traditionally intended mainly for the construction of furniture, as the most basic species, in the obvious parts of the
structure as steamed wood, as well as in the upholstered furniture frames, boxes and pallets, as not steamed wood, as the
most basic wood species together with populous wood. It can be used also as fuel, since it produces excellent charcoal
(Molnar et al., 2001).

The history of sawmills in Greece dates back to 1836 when it was founded the first saw which was working
with water, which was the main method of sawing until 1950. The first modern mechanical mill, powered by steam, was
founded by the University of Thessaloniki in Pertouli University Forest in 1936, followed by the establishing of four
state sawmills in 1938 and 1939. In the decade of 1950 two more state sawmills were founded and since then the
development of the sawn wood industry was great (Philippou, 1981a). Philippou (1981b) refer that two sawmills in
Greece that produce beech wood recorded a recovery percentage of logs in lumber, relative to the logs diameter, 54.5%
and 55.2%.

After a survey that took into account the market needs in Greece and the most common uses of sawn beech
wood led the state sawmill of Litohoro to the production of lumber in certain combinations of dimensions: Depending
on the length of the boards, they are classified into 3 categories:

e Category A: Length from 1.8 meters and over.
e Category B: Length from 1 meter to 1.7 meters.
e Category C: Length from 0.5 to 0.9 meter.

While depending on the existing defects, the lumber is classified into three quality classes: A, B and C. The
defects that play decisive role in the classification of wood quality are: the size and number of knots, size of false
heartwood, length and width of cracks of the edges, fissures, missing pieces from the processing and non-uniform
texture (FSP, 1978). For the machining of timber numerous small sawmills were used, while in some of them there
were also steaming equipment. These industries were using in great extent domestic wood and only a small amount of
imported timber.

Generally, the quality of the sawn beech logs in Greece was not quite satisfying, a fact proved by the low
percentage of the produced beech lumber of the quality class A, which ranged approximately to 10%. The quality
classification of the sawn beech coming from sawmills in Greece is not based in official international standards, but
each manufacturer establishes and follows their own criteria, which comply with the consumer’s requirements and they
show confidence on them (FSP, 1978). The state sawmill of Litohoro region (North Greece) was the largest one of the
country in the production of sawn beech wood, recording up to 16.000 m® of round beech wood in the year of 1977
with a recovery percentage of this amounts in lumber up to 60%, of which the percentage of 9% was classified in A
quality class, while the year of 1978 it processed 11037 m® of beech round wood with a recovery percentage of this
amounts in lumber up to 64%, of which the 9% was again classified in A quality class (Prefecture of Pieria, Forest
Department, 1979). The specific sawmill occupied 12 water reservoirs for the storage of round wood (Figure 1), for the
rest of wood amounts the method of water spraying was used for its protection and preservation and also, this sawmill
covered an area of 167,000 m2. Generally, the region of Pieria Prefecture covers an area of 1548000 acres, while the
73996 of these acres are covered with beech species, which corresponds to 32.25% of the whole area and as it is
mentioned before about the whole country, this species covers the largest area between the other indigenous species
(Prefecture of Pieria, Forest Department, 1979). The 97% of produced lumber of excellent quality was destined to be
steamed using the 12 steaming ovens of the plant and then stacked and left to dry naturally and gradually under the
protection of shelters. Generally, steaming process makes beech wood to acquire an infrared staining (darker color) and
additionally, makes it easier to be processed and properly dried. Additionally, steaming prepares wood to be processed
for the construction of curved parts and contributes to the extinction of live microorganisms in wood (Voulgaridis and
Tsoumis, 1982). Litohoro plant all these years was absorbing almost the entire round beech wood production amounts
coming from the forest complexes that were exploited through direct labor by the Forest Service of Larissa, Aridaia and
Pieria regions. The products of Litohoro plant were exclusively channeled in the market of Greece, they were known for
their high and stable quality and those years these materials used to achieve very high prices, exceeding the production
costs appreciably and leaving a high gain to the sawmill (FSP, 1978). Unfortunately, this sawmill was one of the
numerous sawmills that stopped functioning due to the financial crisis almost five years ago.

In 1982 the actual number of sawmills in Greece was 642, of which 252 processed around 100-1000 m?® of
round timber and 303 were of 1000-5000 m?® capacity in round timber, while all together processed a total of 567461 m?
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round wood based mainly on Greek species. Only the amount of 72872 m® was covered by imported round wood.
Approximately the 40% of the Greek sawmills, referring to the number of them, as well as their production and total
capacity of them, were located in Macedonia region, where the massive productive forests of the country are situated
(Kavouras, 1985).

v

Figure 1. Pond-stored beech logs and steamed lumber in Litohoro sawmill '

With the exception of a very small number of sawmills that have modern equipment, the Greek sawmills
generally have old machinery, do not have furnaces for artificial drying of timber, facilities for natural drying and
facilities for the protection of wood from the effects of weather conditions. Very few sawmills are equipped with
facilities of steaming of timber (beech) or are equipped with facilities for further working out of timber (parquet, pallets,
doors, furniture etc.) (Philippou, 1981a). Some of the main problems that wood industry in Greece faces are the lack of
raw material, poor employment and exploitation of the machinery, high production costs, quite poor quality of products
and weakness to promote and dispose the produced products (Philippou, 1981a). To the low quality of Greek sawn
wood, contributed the poor quality of domestic raw materials, which was further deteriorated due to the poor harvesting
and trafficking methods in the distances from the forest to the factory. As a result of that, the timber becomes available
at lower prices in order to face the acute competition against the imported qualitative sawn timber (Philippou, 1981a). A
large percentage of beech wood and its high value become lost in the circuit of activities of Logging-Processing-Use of
wood, because of the poor organization and nonproper undertake of these activities, as well as non-adequate and proper
utilizing of the currently established scientific knowledge and existing technology in the exploitation of wood.

The previous decades in Greece, an increase in the production of beech round wood and a decrease in fuel
wood were observed, attributed partly to the gradual improvement of forest quality that had taken place (Philippou,
1981a). Despite this wood production increase, our country remained to a large extent a country based in imports,
because our needs in wood could not be covered by the domestic production amounts. The financial crisis of the last
years strongly decreased the demand of wood and wood products in the market and as a result many of the wood and
furniture industries in Greece and especially the industries of larger capacity have been closed.

Therefore, nowadays there is not enough demand of beech round wood and annually large quantities of this
material onclude to be used plainly as fuel wood, reducing the added value of beech wood. Nevertheless, in a period of
an economical crisis such as the current one, the demand of low cost construction materials such as wood, is expected to
be increased, compared to other building construction materials. Especially the use of domestic beech wood, which is a
material of good price, that requires low cost to be machined, while at the same time is characterized by satisfying
mechanical and physical properties, could be increased and its utilization possibilities could be extended in a big range
of applications, as solid wood or glued products.

Instead of large wood industries that face more difficulties in their survival through this economical crisis,
several smaller local enterprises could be established, in order to cover the needs of the market in qualitative wood of
affordable price, especially in Greece which is a country deficit in wood quantities and base mainly on imports. Finally,
as our study showed, the wood industries that adopted an orientation in commerce based on exports, managed to survive
and maintain their profits and regular function inside these difficult economical conditions and this example could be
characterized as one of the proper utilization tactics of beech wood in Greece. Indicatively, one of the wood industries
of small size processes around 2000 m® of beech logs that have been previously qualitatively selected, presenting a
lumber recovery percentage of 45% in qualitative (quality class A) lumber, the whole of which is destined for exports,
and a percentage of 20% of B and C quality class lumber, which is channeled mainly in domestic market. The length of
lumber pieces that this industry produces is between 2.10-3 m and the thickness mainly 25, 50 and 80 cm. He has been
implementing exports since 8 years before and the only difficulty that his business faced came from the capital controls
of the last months in the frame of this financial crisis in the country (Tzevelekos, 2015).

Several research works have been implemented so far on the mechanical properties of beech wood, some of
whom are summarized in the following. Guntekin et al. (2014) investigated the bending properties of beech wood
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(Fagus orientalis), while an attempt was made to predict them using stress - wave method and compare them with static
bending tests. Skarvelis and Mantanis (2013) examined the physical and mechanical properties of two beech species
(Fagus sylvatica L. and Fagus orientalis Lipsky) on samples originating from four different natural forests located in
the central, northwest and northeast Greece and dry density, shrinkage (axial, radial, tangential), Janka hardness, static
bending, longitudinal and cross-sectional compression, shear, cleavage and impact strength were investigated.
Voulgaridis and Tsoumis (1982) determined mechanical properties of beech wood (Fagus sylvatica L.) such as
Modulus of Rupture, Elasticity of wood, compression, hardness and toughness of wood, revealing the satisfying
mechanical performance of this species. Lo Monaco et al. (2015) used two aged coppices of beech of Italian origin and
analyzed several physical and mechanical properties, such as dry and basic density, radial, tangential and volumetric
shrinkage, axial compression strength, static bending strength and Brinell hardness. Barboutis and Vasileiou (2013)
studied the effects of the PVAc and PU adhesives and finger length (4.5 mm, 6.5 mm and 9.0 mm) on bending strength
of finger-jointed steamed and unsteamed beech wood (Fagus sylvatica) and also examined some basic mechanical
properties of solid beech wood.

2. Materials and methods

Beech wood (Fagus sylvatica L.) used in this research was obtained from a local wood industry in Pindos
region (Central Greece) and it has been naturally desiccated for 8 months. The boards of beech wood were cut parallel
to grain and were placed into a conditioned room at 20 + 2°C temperature and 60 + 5% relative humidity and were
allowed there to attain a nominal equilibrium moisture content (EMC) of 9.32%. The mean density (oven-dry
mass/volume, measured at 9.32% moisture content) of wood was found to be 0.722 g/cm3.

These boards were cut in final cross section dimensions for the measurement of mechanical properties,
according to the respective standards (Bending Strength-Modulus of Elasticity: 1SO 3133:1975, Hardness (Janka): 1SO
3350:1975). For each property test 10 replicate specimens were prepared, except for the hardness test where 15 replicate
specimens were used. Specimens were weighed before the tests, dried in the oven at 103 + 2°C for 24 hours and
reweighed in order to estimate the mean moisture content of the specimens during the tests.

Bending tests were carried out on a universal testing machine (SHIMADZU UH- 300kNA), and the rate of
crosshead-movement was adjusted at 5 mm/min, so that the maximum load was reached within 1.5 £ 0.5 min
throughout the test. The loading continued until a break of the specimen occurred. Tests of hardness in tangential and
radial direction of wood specimens were also accomplished on an Amsler Universal Wood Testing machine, adjusting
the respective ancillary equipment for this test on the machine.

3. Results

In Table 1, several physical and mechanical properties of beech wood were derived from the bibliography and this
research work and are all presented, in order to be easily compared and measurement units were converted when
necessary.

The results (Table 1) revealed that, the values of physical and mechanical properties of beech wood coming from
the specific research are quite similar to those of the literature. More specifically, beech wood of Greek origin presented
quite higher density, compared to other researches, which explains the quite higher values of the most mechanical
properties. These small differences between the mechanical properties values of beech wood of different origins
normally emerge and they could be attributed to each tree quality (genetic background), the environment where it
develops, as well as the age and several other factors. Generally, this satisfying mechanical behavior of beech wood in
the specific research increases even more the utilization possibilities of this species in Greece. These qualitative
characteristics suggest more profitable use of this species than fuel wood and its mechanical properties make this
material very attractive for industrial applications.
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Table 1. Physical and mechanical properties of beech wood derived from this study (first column) and from the

literature
This Voulgaridis Skarvelis Lo S Barboutis Bektas | .. Molnar
- - and Cividini and Pohler et
Property experiments | and Tsoumis, . Monaco o et al. et al.
Mantanis, 1969 Vasileiou, al.2006
results 1982 et al. 2015 2002 2001
2013 2013
Basic density 0.722 0.585- 0.605 0.658-
glcm3 (0.024)* j 0.600-0.660 | 4564 0.669 (0.052) 0.716 0.695 i
MOR 119.547 105.49 100.9- 108.71 1204 kg
(N/mm?) 13671) | 104404 (16.6) 108.4 118 (5.77) em2 | ¥ -
(kp/m?)
(MOE) 13419.826 102732 11163.8
) - - - -
(N/mm?) (995.074) (17199) (1246.6)
Compression
parallel to - “Eio /(nizz)) 55.43 (4.5) | 54.7-54.4 61 - K ?:(r)rfz 63.6
grain (N/mm?) P g '
. i (kp/m?) ) ) ; . -
Hardness axial 770 (117)
2
Hardness 5(k9’:1]23 (kp/m?) (N/mm?) i i ) i (';mg:l)
radial (0.272) 570 (93) 48.54 (12.4) 24 46
(N/mm?) 2 2
Hardness 5(k9’\6!>)1 (kp/m?) (N/mm?) Brinel i ) (';mg:l) (';mg:l)
tangential (0.313) 502 (111) 48.54 (12.4) | 29.8-27.7 26.87 o5 1
Toughness ) ) ) ) ) )
(kpm/cm?) 0.44 (0.19)

*Numbers in parentheses represent the standard deviation
4. Conclusions and discussion

The scope of this research was to focus on the production of Greek beech forests, the conditions of wood
sawmills and the range of utilization possibilities of beech wood, by determining mechanical properties such as,
bending strength, modulus of elasticity, radial and tangential hardness of beech wood and compare them with the
respective values of previous researches results. Beech wood (Fagus species) is a species widely available across
Europe, one of the most important commercial hardwood species in European and also in the World (Ertekin et. al.,
2015), as well as Greek forestry and is classified as a medium density hardwood of low price, low cost of machining
and is characterized by satisfying mechanical and physical properties. In Greece, beech lumber was intended mainly for
the construction of furniture as steamed wood in the apparent parts of the structure, as well as the upholstered furniture
frames, boxes and pallets, as not steamed wood. Generally, the quality of the sawn beech logs in Greece is not quite
satisfying, a fact proved by the low percentage of the produced beech lumber of the quality class A (approximately
10%).

The financial crisis of the last years decreased the demand of wood and wood products in the market and as a
result, many of the wood and furniture industries in Greece have been closed. Nowadays, there is not enough demand of
beech round wood and annually large quantities of this material conclude to be used plainly as fuelwood, reducing the
added value of beech wood. Beech wood shows interesting qualitative characteristics, suggesting a more profitable use
than fuelwood and its mechanical properties make this material theoretically very attractive for industrial applications.

The use of beech wood could be increased and its utilization possibilities could be extended in a big range of
applications, as solid wood or glued products. Generally, in the future the wood industries should focus on wood
exports, including solid wood or glued wood products. Especially the construction of glued products offers the
opportunity to exploit material of low quality, as is the quality of the largest percentage of Greek timber, through the
process of the defects removal from the lumber, contributing in that way in the construction of clear products of high
added value..
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Abstract

In Serbia, The Balkan beech, Fagus moesiaca (Domin, Maly) Czeczott is one of the most important and
commercial broadleaf tree species. Beech is mainly regenerated naturally; however, for different silvicultural demands
and afforestation needs, it is necessary to provide good quality planting material. To supply good quality seed and as a
form of beech gene pool conservation in situ, 19 seed stands of this species were designated in Serbia. Selected seed
stands are distributed throughout all types of beech communities in Serbia. This paper presents their characteristic,
significance and direction of further beech seed and seedling production.

Key words: beech, seed stands, genetically potential, Fagus moesiaca
1. Introduction

One of the most abundant and economically important hardwood genera in northern hemisphere temperate
forests is Fagus. The species in the Genus Fagus —Fagus sylvatica L., Fagus moesiaca (Domin, Maly) Czec Zott and
Fagus orientalis Lipski are among the most widely distributed and economical the most important broadleaf species in
Eurasia (Ertekin et. al., 2015). Also, in Serbia beech Fagus moesiaca is one of the most commercial broadleaf species.

Beech is mainly regenerated naturally, however for different silvicultural demands and afforestation it is
necessary to provide the good quality planting material. To supply good quality seed and as a form of beech gene pool
conservation in situ, 19 seed stands of this species were designated in Serbia.

These papers are the main guidelines for the assessment, designation and management of beech seed sources.
As this activity is most significant in the organisation of modern seed and seedling production, it must be studied in
detail from the aspect of specificities of individual stands and provenances, so that practical instructions are provided
for the implementation of selection in the designation and management of seed sources. The number of designated seed
stands depends on beech significance in forestry and genetic differentiation of the populations. The beech with a wide
range of distribution, which is also disjunctive, has a greater genetic differentiation of populations which occur
spontaneously at various sites. In such cases, a greater number of seed stands are necessary, especially for the beech
whose variability has not been sufficiently studied in Serbia. This paper presents their characteristic, significance and
direction of further beech seed and seedling production.

2. Materials and methods

Beech is distinguished by high individual and group variability, of a major number of its morphological and
genetic-physiological characteristics (Isajev, 2007; Lavadinovi¢ and Isajev 2001; 2002). This requires a
multidisciplinary and complex approach in further work on the research and the directed use of group and individual
variability. The protection and directed use of the most valuable beech genetic resources is realised mostly by the
selection of the best beech natural populations and by the revision of the existing and the selection of the new seed
stands, groups and individual trees

Parallel with the mass selection, individual selection was also undertaken, for the initial material in the
application of synthetic methods of breeding. In this aim, on 17 sites in the central region of Serbia, 74 «test» trees were
selected, of which 1 is in the sub-alliance Fagenion moesiacae submontanum Jov., 1976, 40 in the sub-alliance
Fagenion moesiacae montanum Jov. 1976, and 33 trees are in the sub-alliance Abieti-Fagenion moesiacae Jov., 1976.
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The test trees were evaluated only based on their phenotype characteristics. The more precise insight into their genotype
was started in the actual research by early tests on the generative progeny. In this way it will be checked if really the
best specimens of this species in Serbia have been selected.

3. Results

Selected seed stands are distributed through all types of beech communities in Serbia. Spatial distribution of
beech seed stands in Serbia (Figure 1).

Group variability of beech in Serbia was studied in detail by mass selection. Seed stands were designated and
the quality of phenotype characteristics of trees was evaluated and studied (Glisi¢, 1960; Jovanovi¢, 1961; 1971; Mari¢
and Jovanovi¢, 1961; Mari¢, 1962; Tucovi¢, 1970; 1976; Isajev et al., 2000; 2003). Based on the method of simple mass
selection, 19 beech seed stands were selected, total area 137.57 ha (Table 1). Table 1 presents seed sources of beech
according to the data of the Ministry of Agriculture and Forestry of the Republic of Serbia. The number of beech seed
stands has been determined based on the calculation of actual demands: nursery production resulting from the planned
scope of all aspects of afforestation, reclamation, establishment of special-purpose plantations for a five-year period at
least, capacity and conditions of storage and finally export demands. Each seed stand requires the organization and
implementation of: 1) short-term and 2) long-term activities which imply the planning of the adequate structure of
personnel, equipment and material.

Table 1. Seed sources of beech according to the data of the Ministry of Agriculture and Forestry of the Republic of
Serbia

o
Species Area
Location of Seed Stand | Number of (ha)
Seed Stands
Fagus sylvatica WEBTERN SERBIA 5 29,24
Fagus moesiaca, 4
Abies alba CENTERAL SEEBIA

49,16

Fagus meesiaca EASTERN SEEBIA o 50.50
TOTAL AREA OF BEACH SEED STANDS 137,57

g

| LN

Figure 1. Spatial distribution of beech seed stands in Serbia
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In planting beech stock production and trade, advantage is given to seedlings produced from the seed
provenances which are, based on site characteristics, similar to those which are planned for afforestation or
establishment of specific-purpose plantations. In Serbia, forest nurseries production is usually oriented to: (a)
production of seedlings for the afforestation and (or) reclamation programme, (b) for the open, domestic market, i.e. for
the unknown buyer, and (c) for export (Table 2).

Table 2. Beech seedling production in PE “SERBIASUME” in Serbia, in the period 2007-2012

YEAR]
2008 2009 2010 2011 2012
Number of seedlings
Produced 171000 0 199000 120000
Planted 138000 0 143000 110000

Planted productions of beech seedling in the period 2005 — 2015 are: for states forests - 5.641.599; for private
forests-3.925.400, total - 9.566.999

The spatial pattern of the seed stand localities reflects almost completely the coenological, ecological and
population diversity of beech in Serbia. Based on the above, it can be expected that the collected seeds and the produced
planting material will encompass the genetic potential of beech in Serbia. In the designated seed sources average yield
is about 10 tons of seed of beech/annual, which is the initial nursery stock for the production of about 5 million quality
seedlings for domestic and foreign market.

Our previous experience, gained by the beechnut collection and trade, indicates that the best results are
achieved when its collection, processing and trade are organised at the local level.

In each beech seed stand the following is organised and executed:

1) short-term and

2) long-term activities, which include also the planning of the adequate structure of personnel, equipment and
material.

The immediate tasks of short-term activities are:

= removal of inferior trees around and in seed stands;
= candidature, quality evaluation and marking of seed trees;

recording the abundance of flowering and yield,
stimulation of seed yield by thinning and fertilising;
protection of seed stands against pests and diseases;
professional control of harvesting and health of fruits and seeds;
control of seed quality pursuant to the regulated norms.

Long-term activities which run simultaneous with the use of the registered seed stands include:

= analyses of individual variability;

= analyses of generative system of propagation;

= criteria for the selection of seed trees;

= method of mass and individual selection;

= the study of the effect of the seed stand size on seed quality;

= categorisation of seeds depending on the quality of parent trees;

= experimental zoning of seed use by progeny tests.
The utilization of the genetic potential of seed sources is directed through the organized seed production.
Seed bearing frequency is every three to five years.

4. Conclusions and discussion

The orientation to desired properties of seeds and nursery stock for the afforestation programmes requires the
abandoning of the technology of seed and nursery stock production at the species level, because their quality is difficult
to guarantee. Beech seed and seedling production is organised at the level of provenance, i.e. seed stands. The revision
of the existing seed stands and the candidacy of the new seed stands are the activities of permanent character, one of the
primary and priority tasks of forestry profession. These are synchronised with the work of forest estates and scientific
institutions, because while some stands become too old and are destroyed by unfavourable climate, storms or insects,
diseases and anthropogenic factors, some new young stands which satisfy the prescribed criteria should be given the
status of seed sources. The number of seed stands should be determined based on the calculation of actual demands:
nursery production resulting from the planned scope of all aspects of afforestation, reclamation, establishment of
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special-purpose plantations for a five-year period at least, capacity and conditions of storage and finally export
demands.

Each seed stand requires the organisation and implementation of: 1) short-term and 2) long-term activities
which imply the planning of the adequate structure of personnel, equipment and material.
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Abstract

In this study regeneration diversity from the aspects of evenness and richness were compared and examined in
the managed and unmanaged Nave-Asalem forests in north of Iran. In order to perform this survey, two parcels -
managed and unmanaged ones- were chosen for the reason that they had identical species and physiography. A random-
systematic inventory was done with a 100 mx 100 m inventory network and 7R (700 m) sample pieces. For analyzing
the data, different indexes of tree species regeneration in each sample piece was computed, and for the examination of
considerable difference, the differences among the indexes means were used in two parts of the t-test. The results
revealed that among the diversity mean of Shannon-wiener, N Hiill and N Mc-Arthur indexes in managed and
unmanaged stands a considerable difference in a 5% level exists. Also among Brillouins's diversity index mean in two
stands was a considerable difference in the levels of 1% and 5%. In this case the most increases were observed in N
Hiill index with the amount of 1.973 and N Mc-Arthur index with the amount of 2.127 in the managed stand.

Key words: diversity, regeneration, beech, richness, evenness
1. Introduction

Biodiversity is essential for human's life continuation, economical issues, ecosystems resistance and function
(Singh, 2002). So species diversity index is one of the most important bio diversity indexes that is used in evaluating the
habitations and its quantity depends on the stability of its environment. A great biodiversity confirms that since there's a
favorable environmental condition numerous species can settle in that area (Ardakani, 2004). In area that has been
influenced by human intervention for along period, the transformed forest structure is considered as a biodiversity
essential threatening factor (Battles et. al., 2001).

The forest management quality and method is also a kind of human intervention which will have a great
influence on species diversity, competition, stand structure and forest ecosystem's functions (Nagaik et. al., 2005). Up to
now a lot of studies have been done about biodiversity but studies about the comparison of tree species diversity
regeneration in managed and unmanaged areas are just a few. For example; In a research have studied the wooden
plants species diversity from the view point of diversity indexes in some parts of the managed and unmanaged areas of
Arasbaran forests in Iran and have concluded that the indexes of richness, evenness and species diversity in the stands
of the managed forest areas compares to the unmanaged areas have a great difference (Alijanpour et. al., 2004). Also
studied and compared the estimation methods of forest tree biodiversity indexes in Neka-Zalem Roud Forest
management plan and concluded that the best index in calculating the heterogeneousness in parcelle level is Shannon-
wiener index and in calculating evenness the best index is Nee's modified index (Dastanghou, 2004). Pour Reza's
(2004) studies in Darbandam located in Kermanshah province related to the forest quantitative situation in the managed
and unmanaged areas reveals that generally the stand's qualitative and quantitative conditions are better in the managed
area compared to the unmanaged area. Qomi Ovili et. al. (2006) evaluated the quantitative characteristics in the two
managed plant communities in Noshahr's Khairoud Kenar forest, The results of this study revealed that in the Fagetum
community during different periods, remarkable differences haven't been made in the quantitative characteristics, while
in Fageto- carpinetum community these changes have been considerable. Fallahchai and Marvie Mohadjer (2005) study
in Siyahkal forests in north of Iran, also show that as the height from sea level increases the amount of species (species
richness) decreases but the species frequency (Evenness) increases, and the most species diversity is found in 100 to
700 meters above the sea level and the least species diversity is found in 700 meters altitude above. In another research
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the influence of different forest management systems on plants species diversity in the central parts of Japan's Fagetum
forests was studied (Nagaik et. al., 2005).

The results of this research showed that difference that was found in the species compositions among the
primary forests and exploited forest isn't very considerable by shelter-wood method, while among the primary and
afforestation forests and secondary forests has been a remarkable difference this is due to the dominance of regeneration
trees renewal. Also in India, Parthasarathy (1999) studied the tree diversity in the ever green forest inter vented and non
intervened sits. The results showed that species diversity, species type, species richness and their abundance is referred
to human interference. In this way another study considered the plant diversity and general structures and concluded
that there is a greater evenness in natural stands compared to the intervened ones. Also the flora species compounds, the
covering percentage of each species and Simpson diversity index are appropriate indexes in order to assume the under
study area's heterogeneousness. Rodringuez et. al. (2004) studied forest biodiversity indexes in the area of Anders in
Colombia.

The output of the study showed that factor of being above the sea level and geomorphologic differences are
some of the most important factors in causing biodiversity. And population density and economical activities are
introduced as the negative elements for biodiversity. Thus management based on protection can be a suitable technique
for preserving the forest species diversity. So the aim of this research is to consider and compare the tree species
regeneration of forest stands in the managed and unmanaged areas with a resembling physiographic and species
compounds.

2. Materials and methods

2.1. The under study area

One of the most abundant and economically important hardwood genera in northern hemisphere temperate
forests is Fagus (Ertekin et. al., 2015). This study has been carried in Asalem Forests. Asalem forests are located in
north of Iran in 37°, 38" northen latitude and 48°, 52" eastern longitude and its 800 meters above the sea level. The
accomplishment locality of this study is the first series forests of Nave-Asalem that belongs to the seven Nove Anjiz
district (figure 1) in which since 1969 the management plan has began in it. Generally this set is divided in to 48
parcelles and since the beginning its 23 parcelle was managed as the testifier parcelle and up to now no intervention
has taken place in it. The recent study is carried out in parcelle 23 (as the managed parcelle) and 12 (as the unmanaged
parcelle). These tow parcelles are placed beside each other and many of their regional, edaphic, physiological
characteristics are identical. Geologically they belong to the second geological era, and pedagogically the soil type is
attritive humus and their mother rock is slate clay. The average annual rain in the project area is about 945 millimeters
and the average annual heat temperature is 12.4 degree centigrade and the regions climate according to (Emberge)
method is chilly humid.

. -
¥
*y .
Parcell 12"+

Figure 1. The under study area position in Guilan province
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2.2. Inventory method

For this research parcelle 12 (unmanaged) with a 63 hectares measurement and parcelle 23 (managed) with a
43 hectares measurement were selected in Nave-Asalem series 1. Since in this area the stand form was harmonious and
homogenous and carrying out the sample pieces was convenient and accurate the random — systematic sampling was
used. The sample piece measurement was considered 7Rs (700 m) so that the tree inventory error placed on the sample
piece border would be minimized. Generally 75 sample pieces (disconnectedly 32 sample pieces in the managed area
and 43 sample pieces in the unmanaged area) were carried out in the area with the 100 x 100 network inventory and by
noticing this case in this study the inventory intenseness was calculated as 5.2 percent.

2.3. Species diversity Indexes

Species diversity is a function of richness (number of species) and also the Evenness (Krebs, 1989). For the
purpose of assuming species diversity, several indexes are available and in this research the most common ones are used
in order to account the sample pieces species diversity.

Simpson Index (1949);
This index formula is as follows (Krebs, 1989)

>\ ni(ni—1)
1-D=1- ;[N(N —1)}

In this 1-D is Simpson diversity index formula, s is the species quantity (richness), n;; is the abundance of i
species and N is the abundance of all species. This index has a greater sensitivity towards the general covering species

1L

in the community and its amplitude changes is between 0 to S :

2 Hiill (1973);
Hiill by means of Simpson index (Krebs, 1989) introduced the following formula which specifies species
quantity with more frequency.

1 1

i
In this formula, N, is the number of species in great supply, p  consanguineous abundance of i species, and

amplitude changes of 2isonetoS (species quantity).
Shannon-Wiener Index (1949);

This index has a greater sensitivity to rare species in the community and its formula is as follows (Krebs,
1989).

H'=->" p,log,p,
i=1

In which H" is Shannon-wiener's function, s and p  in sequence are species quantity and consanguineous
abundance of i species.

: _ lo
The amount of H changes is among Iog[N /(N S)] to gs in which Mc-Arthur in 1965 by the
means of Shannon-wiener function and through another formula calculated the number of the abundant species that is as
follow (Krebs, 1989).

N, =2"
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!
In this formula L is the number of abundant species and H is the Shannon-wiener's function.
Brillouins Index;
As Shannon-wiener function this index is sensitive to the rare species abundance in the community or sample
and its formula is as follows (Krebs, 1989).

1 N!

In which H is Shannon-wiener's index, N the abundance of all species and n1, n2, ns,... is related to the
abundance of different species.

2.4. Statistical analysis
For the purpose of the data related to species diversity indexes Ecological Methodology Software was used in
two areas and the remarkable difference between the means of the indexes was accounted by the t statistical test
(Bihamta and Zareh, 2008) by the use of SPSS software.
3. Results

Comparing the diversity indexes regarding to tree species regeneration in the managed and unmanaged areas
reveals that the amount of all indexes in the managed areas is more than unmanaged areas and these differences are

more obvious in Shannon-wiener index, 2 Hiill and Mc Arthur (table 1).

Table 1. the results of tree species regeneration diversity index in managed and unmanaged areas

Feature Managed area Unmanaged area

Standard  Standard Standard 2tandar
Diversity index mean of of mean of

. . of
deviation  error deviation
error

Simpson Index 0.574 0.191 0.034 0.449 0.279 0.042
Shannon-Wiener 1.077 0.420 0.074 0.788 0.509 0.077
N, Hiill 1.973 0.699 0.123 1.506 0.930 0.141
Brillouins 0.774 0.326 0.058 0.531 0.361 0.055
NlMC Arthur 2.127 0.732 0.129 1.597 0.974 0.148

Figurers 2 to 6 also show the mean and the Confidence limits of tree species regeneration diversity indexes in
the managed and unmanaged areas. As seen except Simpson diversity index the other diversity indexes after 40 years
managed management accomplishment and stand exploitation have a considerable difference with each other and
considerably unmanaged areas wooden species regeneration diversity. Sapling and thicket have decreased in

germination stage and in this case N, Hiill index with the amount of 1.973 and MC Arthur index with the amount of

2.127 have had the greatest increase in the managed stand.
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Figure 5. The mean and confidence limits of Brillouins diversity index in managed and unmanaged stands
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Figure 6. The mean and the confidence limits of MC Arthur's diversity Index in managed and unmanaged stands

In order to compare the tree species regeneration diversity means of different indexes the analysis result of

managed and unmanaged areas are presented in table 2. Among Shannon-wiener diversity index, N, Hiill and N, MC
Arthur as noticed within the two stands is a considerable difference in a 5% level. Also among Brillouins diversity
index mean within the two stands a considerable difference in 1 and 5% level is noticed. But among Simpson's diversity
index no considerable difference has been noticed within the two stands in 1 and 5 percent level.

Table 2. The comparison of tree species regeneration diversity indexes in managed and unmanaged areas by t
examination

Feature Managed area Unmanaged area t
Simpson Index mean 0.574 0.449 171™
Shannon-wiener Index mean 1.077 0.788 261 *
N2 Hiill Index mean 1.973 1.506 2.38
Brillouins Index mean 0.774 0.531 2.997 **
N, MC Arthur Index mean 2.127 1.597 2.57

ns = non-significant * = jtis significant at 0.05 level ** =t is significant at 0.01 level
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4. Conclusions and discussion

From tree species regeneration biodiversity point of view in the stage of sapling and thicket, the species

diversity volume according to N, Hiill index, Shannon-wiener, Brillouins and N, MC Arthur within the two managed
and unmanaged stands is a great difference, and in all cases the diversity index within the two managed stands have
greater amounts compared to the unmanaged stand. In Qomi Ovili's (2006) studies regeneration diversity in Fageto-
Carpinetum stand was more pure than Fagetum. In Alijanpour et. al. (2004) studies in Arasbaran region management
based on protection lead to the growth of tree species regeneration diversity in the area. In the same case considering the
regeneration diversity situation within the two stands indicates that management based on exploitation in the
unmanaged area has decreased the regeneration accumulation in this stand. Smith (1996) tells the main reason of natural
resource management is biodiversity protection and regeneration continuance, in Pour Reza's studies (2004)
management based on protection has the stand's regeneration quantity. In this study the main reason for the decrease in
the stand's regeneration accumulation was known as Fagetum stand's shade tolerant and over opening of the crown in
exploited areas. In Tabari et. al. (2003) studies this reason has clearly been shown. In this course (Elliottand and swank,
1994; Schuler and Gillespie, 2000; Crow et. al., 2002; Brashears et. al., 2004) in their researches about exploitation's
effect and result on regeneration accumulation and species element have obtained similar results. Thus unmanaged
stands from the respect of many indexes have an undesirable condition compared to managed stands, and we can point
out to the main factors as marking desirable and high quality trees in unmanaged stands, exploitation detriments,
domesticated animals grazing and inaccurate management in these stands.
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Abstract

Previous studies have shown that magnetic field (MF) can affect the germination process in some seeds of
agricultural crops and influence on some seed characteristics. Therefore, in the present study, the effects of MF
applications on the seed of Fagus orientalis were investigated. The unstratified seed were exposed to different treatment
periods as 20, 60 and 120 min. and varied MF intensities as 200 and 400 mT. Accordingly, total protein, glucose,
fructose, sucrose, starch content and a-amylase activity level, in the seeds were investigated. MF applications had
affected total protein, a-amilaz activitiey level, glucose, fructose, sucrose, and starch contents at significant levels. MF
had negative effects on soluble protein content and a-amylase activity level in the seeds. Soluble starch content
increased as the MF treatment progressed, except the treatment of 200 mT at 20 min. as well control treatment.

Key words: magnetic field, germination, Oriental beech, seed, strees factors

*
Magnetik alan uygulamalarinin dogu kaymm (Fagus orientalis Lipsky.) tohumunun kimyasal icerigine etkisi

Ozet

Onceki galismalar magnetik alanin, bazi tarimsal iiriin tohumlariin ¢imlenme siirecini etkileyebildigini ve bazi
tohum karakterleri iizerine etkileri oldugunu gostermistir. Bu sebeple bu c¢aligmada; magnetik alan uygulamalarinin
dogu kayini tohumlari {izerine etkileri arastirilmigtir. Katlama 6n iglemine tabi tutulmayan tohumlar; farkli siirelerde
(20, 60, 120 dakika) ve 200 ile 400 mT yogunluktaki magnetik alan uygulamasina maruz birakilmistir. Magnetik alan
uygulamasina maruz birakilan tohumlarda; toplam protein, glukoz, fruktoz, sukroz, nisasta igerigi ve a-amilaz akitivite
seviyesi analiz edilmistir. Magnetik alan uygulamalari, toplam protein, a-amilaz akitivite seviyesi, glukoz, fruktoz,
sukroz ve nisasta icerigini dnemli dl¢iide etkilemistir. Magnetik alan uygulamasi, tohumdaki ¢6ziinebilir protein icerigi
ve a-amilaz akitivite seviyesini negatif etkilemistir. 200 mT yogunluk ve 20 dakika siireli magnetik alan uygulamasi
harig, diger magnetik alan islemlerinde ¢oziinebilir nisasta igerigi artmustir.

Anahtar kelimeler: magnetik alan, ¢gimlenme fizyolojisi, Dogu kayini, tohum, stres faktorleri
1. Giris

Dogu kayini (Fagus orientalis Lipsky) 1,7 milyon ha yayilig alani ile Tiirkiye ormanlarinda en genis yayilisa
sahip dordiincii tiirdlir (Anonim, 2006). Dogu kaymnmin dikey yayilist Balkan’larda 10-800 m’ler arasindadir.
Tiirkiye'de ise, Karadeniz Bolgesi'nin vadi iglerinde 1500-1700 m’ye ve Ege Bolgesi daglarinda ise 2000 m’ye kadar
cikmaktadir. Dogu kayini; Tiirkiye'deki genis yayilis alan1 ile hem ekolojik ve silvikiiltiir agidan énemli yer tutmakta,
hem de agag servetinin yillik etasi ile ekonomiye dnemli katki saglamaktadir. Ayrica, Dogu kayini, Milli Agag Islaht
Programi’na dahil olan genis yaprakli tek agac tiiriidiir (Saatgioglu, 1969; Atay, 1987; Atalay, 1992).
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Manyetik alan (MA), bir abiyotik ¢evre faktorii olarak, bitki tohumlarinin dormasisinin kirilmasinda,
cimlenmesinde, bitki biiylime ve gelismesi iizerine olan etkileri ve bu etkilerin uygulamada kullanilabilmesi iizerine
yiitiilen ¢aligmalar, uzun zamandan beri yapilmaktadir (Garcia ve Arze, 2001; Esitken, 2006; De Souza vd., 2006;
Pintilie vd., 2006; Agustrina vd., 2012).

Degisik bitki tiirli ve gesitleri ile yapilan ¢aligmalarda, MA uygulamalarinin, bitkilerde gigek sayisi, verimi
(Matsuda vd., 1993; Danilov vd., 1994; Samy, 1998), ¢cimlenme yiizdesi ve hizina (Amaya vd., 1996; Namba, 1996;
Namba vd., 1998; Torres vd., 1999; Novitsky vd., 2001; Aladjadjiyan and Teodora, 2003; Podlesny vd., 2005; Criveanu
ve Taralunga, 2006; Vashist ve Nagarajan, 2010; Pourakbar ve Hatami, 2012), topraktan mineral maddelerin alinmasina
ve taginmasina, fide bilylime hizina (Florez vd., 2007; Vashisth ve Nagarajan, 2010; Agustrina vd., 2012), a-amilaz
aktivitesi dahil olmak {izere diger proteolitik ve hidrolitik enzimlerin aktivitelerine (Pintilie vd., 2006; Atak vd., 2007,
Pourakbar, 2013), klorofil icerigine (Novitsky vd., 2001; Atak vd., 2007) ve geng bitkilerde parankimatik hiicrelerin,
iletim demetlerinin ve stoma hiicrelerinin boyutlarini olumlu yonde etki sagladig: rapor edilmistir (Agustrina vd., 2012).
Ayrica, yapilan ¢alismalarda; MA uygulamalarinin, ¢imlenme kapasitesi, siiresi ve orani, fide gelisimi, protein sentezi,
enzim aktivitesi, niikleik asit icerigi, solunum hizi, fotokimyasal aktivite gibi fizyolojik ve kimyasal islevler, taze ve
kuru agirlik, kok ve gévde boyu, bitkinin meyve verimi ve ortalama meyve agirligi gibi morfolojik 6zelliklerini de
olumlu yonde etkiledigi bildirilmektedir (Lebedev vd., 1975; Namba vd., 1995; Phirke vd., 1996; Levin ve Ernst, 1997;
Aladjadjiyan and Teodora, 2003; Stange vd., 2002; Esitken, 2002; Rochalska ve Orzeszko 2005; De Souza vd., 2006;
Pourakbar, 2013).

MA uygulamalrimin bitki bliylime ve gelismesi iizerine etkili olmadigi (Magnusson, 1984) ya da olumsuz
yonde etki ettigi de ifade edilmektedir (Dunlop ve Schmidt, 1965). Bu nedenle, MA uyarmminin dogasima iliskin
arastirmalarin yiiriitiilmesine ihtiyag duyulmaktadir. Bitkilerin MA’a cevaplart MA’1n sikligina, maruz kalma siiresine,
tohum hazirlama yontemlerine, tiire ve tohumlarin 6zelliklerine bagli olarak degisebilmektedir (Dhawi vd., 2009).

Tohum kalitesi, plantasyon ormanciliginin bagarisi i¢in hayati d6neme sahiptir. Tohumun kimyasal igerigi ise en
onemli kalite markdriidiir (Gliney vd., 2013). Tohumun kimyasal igerigini olusturan bilesikler, fotosentez ve onun
uzantist olan biyosentez tepkimelerinde iiretilmektedir. Yaprak gibi 6menli kaynaklarda sentezlenen sekerlerin bir kismi
floem araciliiyla sentezlendikleri yerler olan ve havuz olarak nitelendirilen koklere, gelismekte olan yapraklara,
meyvelere, tohuma, rizom ve sogan gibi depo organlara tasinirlar. Sentez iiriinlerin kalan kismu da solunum
reaksiyonlarinda pargalanarak ATP firetimi, biiylime ve gelismede kullanilacak karbon iskeletleri, aminoasitler,
niikleotidler, porfirin pigmentleri, lipitler, steroller, karotenoitler, antosiyaninler, alkaloitler, hormonlar ve g¢esitli
aromatik bilesiklerin 6nciilerini olustururlar (Plaxton, 1996; Dennis ve Blakeley, 2000).

Tohumun kimyasal igerigi, tohumda biriken depo maddelerine ve bunlarin miktarlarina baglidir. Bu yoniiyle
orman agaglarinin tohum depo maddelerinin kimyasal igerigi tizerine MA uygulamalarinin etkileri ve 6zellikle de o-
amilaz enzim aktivitesi degisimi gibi konular yok denecek kadar azdir. Bu g¢aligmada fizyolojik derin dormansi
gosteren Dogu kayini tohumlarina (Yilmaz, 2005; Gezer ve Yiicedag, 2006; Rezaei vd, 2011; Ertekin vd., 2015) yapilan
farkli MA uygulamalarinin tohumun kimyasal igerigine (protein, nigasta, ¢dziinebilir seker vb.) ve a-amilaz aktivitesine
olan etkisi arastirilmistir.

2. Materyal ve yontem

orientalis Lipsky) tohumlar1 kullanilmistir. Tohumlar herhangi bir 6n igleme tabi tutulmadan 200 ve 400 mT
olmak tizere farkli MA siddetine 20, 60 vel20 dk siireyle maruz birakilmistir. Kontrol ve uygulama grubuna ait
tohumlarda protein, nisasta, glukoz, fruktoz ve sukroz igerigi belirlenmis ve a-amilaz enzim aktivitesi 6l¢tilmiistiir.

2.1. Tohumlarin ¢oziinebilir protein i¢eriginin belirlenmesi

Tohumlarm ¢o6ziinebilir protein igerigi Bradford (1976) yontemine gore biraz degistirilerek belirlenmistir.
Yaklagik 0,5 gr tohum 5 mL 50 mM KH>PO4 (pH 7) tamponu ile 6ziitlenmistir. Eppondorf tiiplerinde +4°C’de 15,000
rpm’de 20 dakika siireyle santrifiijlenen 6rneklerden 10 xL alinarak {izerine 2,5 mL Coomassie Brillant Blue G-250
(CBB) ilave edilmistir. Bu haldeki 6rnekler 10 dakika inkiibe edildikten sonra UV-vis spektrofotometrede 595 nm’de
BSA ile hazirlanan standart grafik yardimiyla absorbanslari 6l¢iilmiis ve tohum protein icerigi mg/g taze agirlik (TA)
belirlenmistir.

2.2. Tohumlarin glukoz, fruktoz, sukroz ve nisasta i¢eriginin belirlenmesi

Glukoz, fruktoz ve sukroz miktarinin belirlenmesi anthron ayiraci kullanilarak Pearson vd. (1976) yontemine
gore yapilmugtir. 1 g 6rnek 50 ml %80’lik etanolde, +4 °C'de 24 saat inkiibe edilmis ve siiziilmistiir. Siiziintii glikoz
tayini i¢in ayrilirken, kalan posa +4 °C'de 24 saat 50 ml saf suda inkiibe edilmis ve tekrar siiziilmistiir. Bu siiziint{i de
fritktoz tayini i¢in kullanilirken kalan posa +4 °C'de 24 saat 15 ml perklorik asit ile inkiibe edilerek siiziilmiis ve elde
edilen son siiziintii de sakkaroz tayini i¢in kullanilmistir. Siiziintiilerin evaporasyonda (60°C su banyosunda) etanolii
ucurulmustur. 2 ml 6rnek iizerine 4 ml anthron ayiraci eklenerek 10 dk sicak suda bekletilmis ve oda sicakligina
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sogutmustur. Spektrofotometrede glikoz ve frikktoz 6rneginin 630, sakkaroz orneginin ise 620 nm’de absorbanslari
kaydedilmistir. Glikoz standartlarindan elde edilen egriden glikoz ve toplam nisasta miktari, friikktoz standart egrisinden
frilktoz ve sakkaroz standart egrisinden de sakkaroz miktart belirlenmistir (mg/g doku). Nisasta miktar1 (toplam
karbohidrat), glikoz standart egrisinden elde edilen denklemden toplam karbohidrat miktarlar1 belirlenmistir.

2.3. a-Amilaz enzim aktivitesinin belirlenmesi

a-amilaz enzim aktivitesi mg protein basina hidrolizlenen nisasta miktar1 olarak, BSA’in standart olarak
kullanildig1 Bradford (1976) yontemine gore hesaplanmistir.

2.4. Istatistiki analiz

Denemeler, ii¢ tekrarli yapilmistir. Calisma sonucunda elde edilen verilerin istatistiki analizleri, SPSS for
Windows 20.0 Evaluation Version istatistik programi kullanilarak gerceklestirilmistir. Kontrol ve uygulama gruplari
arasindaki farkliliklar tek yonlii varyans analizi (one-way ANOVA) ile analiz edilmistir. Varyans analizi sonrasi
P<0,05 6nemlilik degerinde farkliliklar1 belirlemek i¢in Tukey ¢oklu testi uygulanmistir.

3. Bulgular

On isleme tabi tutulmamis Dogu kayini tohumlarina uygulanan farkl siire ve siddetlerdeki MA uygulamasinin,
tohumlardaki toplam protein igerigi, a-amilaz aktivitesi, glukoz, fruktoz, sukroz ve nisasta icerigine etkilerine iligkin
veriler Tablo 1’de verilmistir. Tablo 1'e gore; MA uygulamalarinin toplam protein igerigi, a-amilaz aktivitesi, glukoz,
fruktoz, sukroz ve nisasta igeriklerine etkileri, MA’ nin siddeti ve siiresine bagh olarak istatistiki olarak (P<0.05)
farklilik gostermistir.

Tablo 1. MA’nin farkli uygulama siiresi ve siddettinin tohumun ¢oziinebilir seker ve nisasta igerigi ile a-amilaz
aktivitesine olan etkisi'

Siddet Siire Protein* Glukoz** Fruktoz** Sukroz** Nisasta*** a-Amilaz****
(mT) (dk)
Kontrol 90.505+0.027¢ 30.58+0.24° 7.65+0.0605° 37.4+0.003¢ 91.16+0.0004° 21.7+0.0079
20 84.85+0.0405° -185.24+0.5032 -46.3+0.19° 38.13+0.0034 -550.05+0.0022 7.57+0.0053¢
200 60 56.9+£0.0405° 54.314+0.439 13.58+0.11¢ 37.26+0.002° 159.84+0.0011¢ 5.63+0.0072
120 90.05+0.027° 230.44+0.19f 57.61+0.046 37.06:0.003° 688.04+0.002f 9.56+0.00405f
20 61.52+0.027° 249.8+0.379 62.44+0.0929 38.36:0.00559 746.72+0.0059 7.15+0.007°
400 60 89.18+0.027¢ -43.7+0.37° -10.93+0.092° 30.93+0.004 132.37+0.001° 7.4840.027¢
120 85.83+0.027¢ 58.43+0.32¢ 14.61+0.08° 37.9+0.005¢ 173.57+0.002¢ 7+0.0015°

Ystatistiksel olarak p<0.05 giiven diizeyi ile anlamli farklilik vardir (Tukey Testi); *mg/g TA; ** ng/g TA; ***ug/g TA; **** EU/mg Protein

3.1. Céziinebilir protein icerigi degisimleri

Tohumlarin toplam ¢6ziinebilir protein igerigi MA’nin artan siire ve siddetine bagli olarak kontrole kiyasla
istatistiki olarak belirgin bir azalma gostermistir. Kontrole kiyasla en diisiik protein igerigi degeri MA ugulamalarinin
200 mT 60 dk (%37,14) ve 400 mT 20 dk (%32) dozlarinda belirlenmistir (P<0.05) (Tablo 1, Sekil 1).

Z 70 / 56.9 61.51 / /
S w0 / , 7 / /
12 Kontrol I 200%0 dk I 200%0 dk IZOO mT/120 dkl 400%0 dk I 400é0 dk I400 néo dkl

Sekil 1. Farkli siire ve siddetlerdeki MA uygulamasinin tohum toplam ¢6ziinebilir protein igerigine etkisi
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3.2. Coziinebilir seker icerigi (glukoz, fruktoz ve sukroz) degisimleri

Tohumlarin glukoz igerigi 200 mT’de 20 dk ve 400 mT’de 60 dk MA uygulamalarinda negatif olarak
belirlenmistir. Kontrole kiyasla en yiiksek glukoz igerigi 400 mT’de 20 dk (8,17 kat) ve 200 mT’de 120 dk (7,54 kat)
stireyle olan MA uygulamalarinda bulunmustur (Tablo 1, Sekil 2, P<0.05).

Tohumlarin fruktoz igerigindeki degisim glukoz degerleriyle benzerlik gostermistir. 200 mT’de 20 dk ve 400
mT’de 60 dk MA uygulamalarinda fruktoz icerigi negatif olarak belirlenmistir. Kontrole kiyasla en yiiksek fruktoz
igerigi 400 mTde 20 dk (8,17 kat) ve 200 mT’de 120 dk (7,54 kat) MA uygulamalarinda kaydedilmistir (Cizelge 1,
Sekil 2, P<0.05).

Tohumlarin sukroz igerigi, MA uygulamalarindan istatistiki olarak onemli olmakla birlikte, glukoz ve fruktoz
iceriklerinde oldugu gibi yiiksek degisimler saptanmamistir. Kontrole kiyasla en diisiik sukroz igerigi ve 400 mT’de 60
dk (%17,3) siireyle olan MA uygulamasinda, en yiiksek sukroz igerigi ise 400 mT’de 20 dk siireylse olan MA
uygulamasinda elde edilmigtir (Tablo 1, Sekil 2).

B Glikoz @Fruktoz A Sukroz
2498

5843

15761 | 2

37.06 :—'é 38.36 379

/60 dk 400 mT/120
dk

Cozinebilir geker (Hg/g doku TA)

-10.93
-43.7

-200 - -185.2
Sekil 2. Farkli siire ve gsiddetlerdeki MA alan uygulamasinin ¢oziinebilir seker icerigine etkisi

3.3. Toplam ¢oziinebilir nisasta icerigi degisimleri

Nisasta (%) icerigi, 200 mT’de 20 dk MA uygusamasi hari¢, diger uygulama gruplarinda kontrole kiyasla
oldukga yiiksek bulunmustur. Kontrole kiyasla en yiiksek nigasta igerigi 400 mT’de 20 dk (8,2 kat), 200 mT’de 120 dk
(7,55 kat), 400 mT’de 120 dk (%90,41), 200 mT’de 60 dk (%75.35) ve 400 mT’de 60 dk (%45.21) siireyle olan MA
uygulamalarinda belirlenirken, en diisiik nigasta igerigi ise 200 mT’de 20 dk (6 kat) siireyle olan MA uygulamasinda
belirlenmistir (Tablo 1, Sekil 3, p<0.05).
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Sekil 3. Farkli siire ve siddetlerdeki MA alan uygulamasinin toplam nisasta igerigine etkisi
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3.4. Tohumlarin a-Amilaz enzim aktivitesi degisimleri

Tohumlarin toplam a-amilaz (EU/mg Protein) enzim aktivitesi tiim uygulama gruplarinda kontrole kiyasla
onemli Olgiide azalmistir. MA uygulamalar1 kontrole kiyasla o-amilaz aktivitesini sirasiyla 200 mT’de 60 dk
uygulamasinda 3,86 kat, 400 mT’de 120 dk uygulamasinda 3,1 kat, 20 dk'da 3 kat ve 60 dk'da 3,1 kat, 200 mT’de 20 dk
uygulamasinda 2,87 kat ve 120 dk'da 2,27 kat azaltmustir (Tablo 1, Sekil 4, P<0.05). Mevcut analizler dogrultusunda
400 mT MA uygulamalar1 genel olarak tohumlarin enzim aktivitesini daha ¢ok diisiirdiigii soylenebilir.
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18 -~
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— 15 -~
2, 13.5 4
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2; 105 - 7.57 7.15 745 7
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Sekil 4. Farkli siire ve siddetlerdeki MA uygulamalarinin a-amilaz enzim aktivitesine lizerine etkisi.
4. Sonuclar ve tartisma

Farkli siire ve siddetlerde manyetik alan uygulamasinin; Dogu kayimi tohumlarinin a-amilaz enzimi aktivitesi,
toplam ¢0ziiniir protein miktari, nigasta, sukroz, fruktoz ve glukoz igerigi iizerine etkileri arastirildigi bu caligmada; MA
uygulamalarinin Dogu kayini tohumlarinin kimyasal igerigi iizerine genel olarak olumsuz etki yaptig1 tespit edilmistir.
Protein igerigine gore, 200 mT de 60 dk ve 400 mT de 120 dk MA uygulamalr1 a-amilaz aktivitesi ve nisasta igerigine
gére tim tiim uygulamalarda, glukoz ve fruktoz degerlerine goére, 200 mT’de 20 dk ve 400 mT’de 60 dk MA
uygulamalari, sukroz degerlerine gore, 400 mT’de 60 dk ve tiim veriler esas alindiginda ise 200 mT’de 60 dk ve 400
mT’de 60 dk MA uygulamalari, Dogu kaymi tohumlarinin kimyasal igerigi ve enzim aktivitesini en ¢ok etkileyen
uygulamalar oldugu belirlenmistir.

Endosperm ve kotelidonlarin nisasta, lipit ve protein igerigi ¢imlenme, dormansi, embriyonun biiyiimesi ve
gelismesi gibi fizyolojik olaylar1 kontrol eder. Bu bilesiklerin tohumda bulunma orani, bitkinin genetik yapisi, bitkinin
yas1, iklim, yiikselti, topragin fiziksel ve kimyasal 6zellikleri, floemin metabolitleri tagima kapasitesi ve hizi, tohumun
gelisme safthasi ve metabolitler igin rekabet giicii gibi etmenlere bagli olarak degismektedir (Zimmermann, 1975;
Dornbos ve Mullen, 1992; Prasad vd., 2000; 2002; Minchin ve Lacointe, 2005; Porch, 2006; Garcia vd., 2006;
Hammond ve White, 2008; Giiney vd., 2013). Bitkilerde biiyiime ve gelismenin, fotosentez ve solunum
metabolizmasinin dengesine bagli olarak gergeklestigi bilinmektedir (Roper vd., 1988). Aktif biiylimenin baskin oldugu
erken sathada katabolizma hizli oldugu, gelismenin ilerledigi olgunlasma fazinda ise katabolizma ve anabolizmanin
dengelendigi fakat, gelismenin tamamen tamamlandig1 ve yaslanmanin basladigi evrede ise katabolizmanin diistiigii,
anabolizmanin ise arttig1 bildirilmistir (Komnrink ve Kruger, 1984; Krugger, 1997; Hamilton vd., 2001; Hammond ve
White, 2008). Bilindigi gibi ¢imlenme, bitki biiyiime ve gelisim safthasinin birinci basamagini olusturmaktadir. Bu
sahfada tohumda bulunan organik bilesiklerin solunum reaksiyonlari ile yikima ugramasiyla olusan ATP ve metabolitler
embriyonun biiylime ve gelismesinde, azot, kiikiirt, karbon ve enerji kaynagi olarak kullanmaktadir. Nitekim bir¢ok
aragtirict ¢imlenmenin erken safhalarinda solunum hizinin yiikseldigini ve buna bagli olarak da hiicrelerde glikoz ve
fruktoz miktarinda artig oldugunu bildirmislerdir (Bewley and Black, 1994; Bewley, 1997; Subbarao vd., 1988; Ficher,
1989; Holdsworth vd., 1999; Debeaujon ve Koornneef, 2000; Guglielminetti vd., 2000; Kaneko vd., 2002).

Caligmada; farkli siire ve siddetlerde manyetik alan uygulanmig, katlama islemine maruz birakilmamis
tohumlarin, toplam ¢dziinebilir protein igerigi, tiim uygulama gruplarinda kontrole kiyasla diisiik bulunmustur (Tablo 1,
Sekil 1). Bu sonuglarin, sadece MA uygulamalarindan kaynaklanmadigi, olasilikla kayin tohumlarmin yag iceriginin
protein miktarindan daha fazla olmasindan, soguk soku uygulamasinin yapilmamasindan ve MA’nin proteinlerin
hidrolizinden sorumlu enzimlerin aktivasyonunu baskilamasindan kaynaklanmig olabilecegi diistiniilmektedir. Elde
edilen bu bulgular, Dogu kaymni tohumunun kimyasal igerigini ilgili yapilan diger caligmalar ile uygunluk
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gostermektedir. Ayaz vd. (2011) Dogu kaym tohumlarinin %45 yag asidi,%22,5 protein, Yilmaz (2005) ise, %48,69
yag ve %29,04 protein icerdigini rapor etmislerdir.

Glukoz, nisasta sentezinde ve hiicresel solunumun baslangi¢ tepkimelerinde rol oynayan bilesiktir (Plaxton,
1996; Zeaaman vd., 2007; Winter ve Huber, 2000). Glukoz, ¢imlenme iizerine etkisini ABA ile birlikte yiiriitmektedir
(Dekkers vd., 2004; Gibson, 2005). Bununla birlikte tohum ¢imlenmesinde ABA ile glukoz, fruktoz, sukroz ve mannoz
gibi sekerler arasindaki iliski heniiz netlik kazanmamistir (Arenas-Huertero vd., 2000). Bu ¢alismada, 200 mT 20 dk ve
400 mT 60 dk MA uygulamalarinda glukoz degeri negatif bulunmustur. Glukoz miktarina iligkin elde ettigimiz degerler
yapilan farkli ¢alismalar ile 6rtiismektedir (To vd., 2002; Price vd., 2003; Rolland vd., 2006; Dekkers ve Smeekens,
2007). Arbidopsis thaliana tohumlarinin doku kiiltiirii ortaminda ¢imlendirme ¢aligmalarinda, yiiksek derigimlerde (300
mM) glukoz uygulamasinin tohumlarinda ABA birikimine neden oldugu ve tohum ¢imlenmesini engelledigi, aksine
diisiik derisimlerde (27,8 mM) glukoz uygulamalarinin ABA sentezini uyarmadigi ve buna bagli olarak da ¢imlenmeyi
baskilamadigi belirlenmistir. ABA’nin sekerle, lipit ve protein gibi tohum depo kaynaklarinin birikimini ve
metabolizmasini engelledigini de rapor edilmistir (Jang ve Sheen, 1997; Garciarrubio vd., 1997; Finkelstein ve Lynch,
2000; To vd., 2002; Price vd., 2003; Rolland vd., 2006; Dekkers ve Smeekens, 2007). Jang vd. (1997) ise 110 mM’dan
diisiik derisimlerdeki glukoz miktarinin ¢imlenmeyi etkiledigini ve hipokotil uzunlugu ile glukoz miktar1 arasinda
negatif bir iliski oldugunu ortaya koymustur. Fruktoz, glukoz gibi nisasta sentezinde rol oynayan bir bilesiktir. Ayrica,
fotosentezde fikse edilen her bir karbonun kloroplastlarda nisastaya mi yoksa sitozolde sukroza mi doniistiiriilecegi
fruktoz tarafindan kontrol edilmektedir. Eger sitozolde fruktoz miktar yiiksek ise sukroz igerigi diisiiktiir (Huber, 1986;
Schulz, 1994; Huber ve Huber, 1996; Barker vd., 2000; Nielsen vd., 2004; Minchin ve Lacointe, 2005; Stitt, 2007;
Hammond ve White, 2008). Yiiriitiilen bu arastirmada, fruktoz miktar1 200 mT’de 20 dk ve 400 mT’de 60 dk siireyle
olan uygulamalarinda negatif olarak belirlenmistir. Ayrica, 400 mT’de 20 dk ve 200 mT’de 60 ve 120 dk olarak verilen
MA uygulamlarinda ise fruktoz igerigi kontrol ve diger uygulamalara gore yiiksek bulunmustur (Cizelge 1, Sekil 3).
Fruktoz miktarinin yiliksek oldugu uygulama gruplarinda sukroz igeriginin diisiik, nisasta igeriginin yiiksek olmasi
yukarida adi gecen aragtiricilarin (Hammond ve White 2008; Geigenberg vd., 2002; Huber ve Huber, 1996)
calismalariyla ile uygunluk gdstermektedir.

Sukroz, glukoz ve fruktoz molekiillerinin kondenzasyonu (dehidrasyonu) ile sentezlenen, fotosentez, solunum,
cimlenme olaylar1 ve hiicre i¢i ozmotik basincin diizenlenmesinde rol oynayan 6nemli bir bilesiktir (Kimberly, 1998;
Francisco Arenas-Huertero, 2000; Rita vd., 2005; Pintilie vd., 2006; Atak vd., 2007). Bu ¢alismada; sukroz icerigi 200
mT’de 120 dk ve 400 mT’de 60 dk disik, 200 mT’de 120 dk ve 400 mT’de 20 dk uygulamalarinda yiiksek
derisimlerde bulunmustur. Nisastanin igeriginin diisiik oldugu derisimlerde glukoz ve sukroz icerigi degerlerinin diistk,
fruktoz igerigi degerlerinin ise yiiksek olmasi ise, nisastanin enzimatik parcalanma siirecinin yavas ilerlemesinde
kaynaklanmis olabilir. Nisastanin par¢alanmasindan a-amilaz, lipitlerin yikimindan ise lipazlar sorumludur. Lipitlerin
Once yag asitlerine sonra da sukroza doniigsmesi farkli enzimlerle kontrol edilmektedir (Lin vd., 1983; Rahamatalla vd.,
2001; To vd., 2002). Kayin tohumunlarinda yaglarin yikimindan sorumlu lipaz enziminin MA uygulamasindan olumsuz
etkilenmesi sukroz miktarmin diisiikk olmasinda katkisi olabilir. Ayrica, 200 mT’de 20 dk MA uygulamasinin tohum
nisasta igerigi degerini diger uygulama ve kontrol grubuna gore negatif gostermistir. Bunun yaninda diger
uygulamalarda nisasta igerigi degerleri kontrol grubuna gore yiiksek bulunmustur. Bu sonug¢ glukoz, fruktoz ve sukroz
icerigindeki degisiminden kaynaklanmaktadir. Nisasta, glukoz ve fruktoz monomerlerinden sentezlenmektedir. Bu
nedenle c¢aligmada glikoz konsantrasyonunun diisiik oldugu uygulamalarda nisasta igerigi disik, fruktoz
konsantrasyonunun yiiksek oldugu uygulamalarda ise yiiksek ¢ikmaktadir. Ciinkii ¢imlenmenin erken safhalarinda
solunum hizinin artmasi, nisastanin ve sukrozun yikimini uyardmakta ve boylelikle glikoz ve fruktoz birikimine neden
olmaktadir (Krugger, 1997; Bewley ve Black, 1994; Bewley, 1997; Finscher, 1989).

a-Amilaz, nisasta molekiillerini basit sekerlere kadar pargalayan enzimdir (Bewley, 2001; Rita vd., 2005; Xu
vd., 2010). Vanisth ve Nagaraja (2010), misir tohumlarinin suyun almasiyla birlikte a-amilaz enzim aktivitesini
uyarrildigin1 ve uyarimin nisastanin daha basit sekerlere pargalandigini rapor etmislerdir. Palmiano ve Juliano (1972),
piring bitkisi tohumlarinda o- ve B-amilaz enzimi aktivitelerinin ¢imlenme esnasinda arttigini ve bu artigla birlikte
mevcut nisastanin biiylik ¢ogunlugunun glukoz, az bir kisminin ise maltoz gibi indirgen sekerlere ve sukroz gibi
indirgen olmayan sekerlere pargalandigini belirlemislerdir. Nomura vd., (1969) ise endospermdeki glukozun skutelluma
taginarak orada sukroza doniistiiriildiigiinii belirtmislerdir. MA uygulamalarinin, tohumlardaki a-amilaz ve diger
hidrolitik enzimlerin aktivitelerini uyardigi birgok arastirmaci tarafindan rapor edilmistir (Palmiano ve Juliano, 1972;
Pintilie vd., 2006; Atak vd., 2007; Vashist ve Nagarajan, 2010; Pourakbar ve Hatami, 2012). Oysa mevcut arastirmada,
kontrol grubundaki tohumlarinin a-amilaz enzimi aktivitesinin diger tiim uygulamalara kiyasla daha yiiksek oldugu
tespit edilmistir. Kontrol grubu ile karsilastirildiginda, 200 mT’de 60 dk ve 400 mT’de 120 dk yapilan
MAuygulamasiin o-amilaz enzimi aktivitesi degerleri sirastyla 3,8 ve 3 kat daha az bulunmustur (Cizelge 1, Sekil 2,
P<0.05). Calismada a-amilaz aktivitesi sonuglart bu alanda yapilan diger calisma verileri ile uygunluk gostermektedir.
Tohumlarin o-amilaz aktivitesi diisiikligii, MA’nin bir abiyotik faktor olarak olumsuz etkisinden ve tohumun farkli
kimyasal igeriginden kaynaklanabilir (dormansi durumu, su igerigi, hasat durumu, nisastanin polimerizasyon durumu
vb.). Bununla birlikte, farkli hasat yillari, degisik saklama kosullari ve popiilasyonlara ait tohumlarla gerceklestirilecek
ileri ¢aligmalar ile Dogu kayini tohumlarinda manyetik alan uygulamalarinin etkilerinin belirlenmesine yonelik daha
kesin ve aciklayict sonuglar saglanabilecektir.
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Abstract

Heat shock proteins (Hsps) are a group of proteins found in all living organisms. They play key roles in
regulating the stress response to salinity, drought, and extreme temperature changes in plants. Hsps also act as
molecular chaperones that provide favorable conditions for the correct folding of other proteins, thus preventing protein
aggregation. Many studies have been performed to identify molecular functions of individual family members.
However, there is a limited study on genome-wide identification and characterizations of Hsp70s in Fagaceae family
(American beech, American chestnut, Chinese chestnut, European chestnut, Japanese chestnut, Oak, Red oak and White
oak). In this study, we have identified 13, 17 and 15 Hsp70 genes in beech, oak and chestnut, respectively.
Phylogenetic, conserved motifs and 3D protein structure analysis of identified Hsp70 genes were also performed.
According to phylogenetic analysis, Hsp70 genes could be classified into different groups. Specific motifs were found
in all predicted Hsp70 proteins and were relatively conserved in beech, oak and chestnut genomes. The protein 3D
structure of a total of thirteen Hsp70s “(FagHsp70-03(68%) / FagHsp70-08(65%) / FagHsp70-09(71%) / FagHsp70-
13(80%) / QuerHsp70-03(65%) / QuerHsp70-04(68%) / QuerHsp70-09(71%) / QuerHsp70-14(77%) / CasHsp70-
03(65%) / CasHsp70-04(67%) / CasHsp70-11(65%) / CasHsp70-14(65%) / CasHsp70-15(61%)” were modelled at >
90% confidence and the percentage residue varied from 65 to 80. These results provide characterization and functional
information of Hsp70 proteins for Fagaceae family. This genome-wide identification will enable researcher to open
new perspectives for further studies to improve stress tolerant forest trees.

Key words: bioinformatics analysis, heat shock protein, Fagaceae, genome-wide identification

*

Fagaceae familyasinda 1s1 soku protein 70 gen ailesinin (Hsp70) tanimlanmasi ve biyoinformatik analizleri

Ozet

Ist soku proteinleri (Hsps: Heat Shock Proteins), canli organizmalarda bulunan bir grup protein ailesidir. Is1
soku protein genleri stres aninda 6rnegin tuzluluk, kuraklik ve ekstrem sicaklik degisimlerinin diizenlenmesinde anahtar
bir rol istlenmektedirler. Bu proteinler hiicresel saperonlar gibi fonksiyon goriirler, protein sentezinde proteinlerin
dogru katlanmasinda ve tagimmmasinda rol oynarlar. Hsp70 gen ailesinin molekiiler islevlerine ait bazi g¢aligmalar
yapilmistir. Fakat Fagaceae familyasi (Amerikan kaymi, Amerikan kestanesi, Cin kestanesi, Avrupa kestanesi, Japon
kestanesi, Mese, Kirmiz1 mese ve Ak mese) Hsp70 gen ailesinin genom analizi ve gen karakterizasyonuna ait sinirl
calisma mevcuttur. Bu c¢alismada Tanimlanan HsSp70 gen ailesi dizilerinin genomdaki dagilimlari, korunmus
motiflerinin tanimlanmasi ve tahmini li¢ boyutlu protein yapilarinin belirlenmesi hedeflenmistir. Hsp70 gen ailesine ait
Kayin, Mese ve Kestane’de sirasiyla 13, 17 ve 15 gen tamimlanmigtir. Filogenetik analiz sonucuna gére Hsp70 genleri 3
farkli grup olusturmustur. Yapilan motif analizine goére Hsp70 proteinlerinin genom igerisinde (kaym, mese ve
kestanede) nispeten korundugu goriilmiistiir. Proteinlerin ii¢ boyutlu modellemesi yapildiginda toplam Fagaceae
familyasina ait 13 Hsp70 geni >90% giiven diizeyinde test edilmigtir. Bu on ti¢ protein “(FagHsp70-03(%68) /
FagHsp70-08(%65) / FagHsp70-09(%71) / FagHsp70-13(%80) / QuerHsp70-03(%65) / QuerHsp70-04(%68) /
QuerHsp70-09(%71) / QuerHsp70-14(%77) / CasHsp70-03(%65)/ CasHsp70-04(%67) / CasHsp70-11(%65) /
CasHsp70-14(%65) / CasHsp70-15(%61)” data bankta bulunan proteinlerle yaklasik %65-%80 arasinda {i¢ boyutlu
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homoloji modellemesi gostermistir. Bu sonuglar Fagaceae familyasinda Hsp70 gen ailesinin karakterizasyonu ve
fonksiyonel islevleri hakkinda bilgi saglamaktadir. Bu ¢alisma ile bitkilerde stres toleransinin gelistirilmesine ait birgok
arastirma i¢in yeni bir perspektif saglanacaktir.

Anahtar kelimeler: biyoinformatik analizler, 1s1 soku proteinleri, Fagaceae familyasi, Genom analizi
1. Giris

Is1 soku proteinlerini kodlayan genlerin bulundugu gen ailelerinin evrim siirecinde fonksiyon ve yap1
bakimindan en fazla korunmus gen ailesi oldugu bilinmektedir (Sorensen ve ark., 2004). Bu grup proteinlere 1s1 soku
proteinleri (Heat shock protein; Hsp), stres proteinleri, saperon gibi farkli isimler verilmistir ve molekiil agirliklarina
gore siiflandirilmiglardir. Bu proteinler biitiin prokaryot ve okaryotlarda korunmustur (Liberek ve ark., 2008). Ayrica
bu proteinler bir kalip gorevi gorerek sentez sirasinda veya sentezden hemen sonra proteinlerin dogru katlanmalarini
saglamaktadir.

Hsp70 evrim siiresince korunmus olan en dnemli stres uyarimli proteindir. Hiicredeki sentezi en fazla yiiksek
181 ve agir metal etkisinde artmaktadir. Hsp70 ilk olarak Ritossa adli arastirici tarafindan 1962 yilinda Drosophila
melanogaster (Sirke sinegi) tiikrilk bezi hiicrelerinde tammmlanmustir. Yiiksek bitkiler birgok gevresel stresle karsi
karstya kalirlar. Hiperterm stres bitkinin biiylime ve gelisimini olumsuz etkileyen bazi morfolojik, fizyolojik,
biyokimyasal ve molekiiler degisikliklere sebep olmaktadir. Bitkiler yiliksek sicaklik stresine cevap olarak Hsp
proteinlerini sentezler (Ritossa, 1996).

Sentezlenen protein zincirini olusturan polipeptid zinciri ribozomun dar yapist nedeniyle ribozomun iginde
katlanamaz. Ancak 50-300 aminoasitlik zincir ribozomdan tamamen ¢iktiktan sonra katlanabilir hale gelir. Olusan
protein zincirine baglanan Hsp’ler (trigger faktdr, Hsp70, prefoldin) ribozomdan uzayarak sentezlenen zincirleri
diizgiince stabilize ederler. In vitro ortamda kiigiik proteinler kendiliginden katlanirken biiyiik proteinler kismen veya
hatali katlanirlar ve genelde ¢okelme egilimi gosterirler. Sitozollin yogun yapist dogal olmayan zincirin agregasyonunu
arttirarak makromolekiiler yigilma adi verilen durumu olusturur. Makromolekiiler yigilma, katlanma sirasinda zincirin
biiziismesi ve dogal olmayan zincir-saperon etkilesimini ortaya cikarir (Thomas ve ark., 2005). Tim tiirlerde
mitokondrial Hsp 70 proteinleri normal kosullarda belirlenmistir ve bu nedenle, zorunlu bir protein oldugu
diistiniilmektedir. Kontrol ve stres kosullar1 altinda agregasyonun 6nlenmesi ve dogal yapist bozulmus proteinlerin
tekrar katlanmasinda zorunlu fonksiyon iistlenmistir (Frydman, 2001). Hsp 70 proteinlerinin birkag iiyesi, katlanmis
regiilator proteinlerin biyolojik aktivitesinin kontroliinii saglamakta ve transkripsiyon ile ilgili sicaklik soku faktoriiniin
negatif baskilayic1 olarak fonksiyon gosterebilmektedir (Hartl, 1996; Morimoto, 1998). Hsp 70 proteinlerinin ATP
hidrolizi ve protein katlanmasini kolaylastirdigi, hiperterm stresi sirasinda denatiire olan proteinlere baglandigi ve 6nciil
ribozomlar1 denatiirasyondan korudugu ileri siiriilmiistiir (Pelham, 1986).

Fagaceae familyasi igerisinde yer alan; Kaymn (Fagus), Tiirkiye’de Dogu kaymi (Fagus orientalis Lipsky.) ve
Avrupa kaymi (Fagus sylvatica L.) olmak tizere iki tiirle temsil edilmektedir. Fakat {ilkemizde esas yayilist Dogu kayini
yapmaktadir (Atalay, 1992). Dogu Kayini, Mayr'in Orman basamaklarina gore, Castanetum zonunun serin basamagi
(250-500 m) ile Fagetum zonu igerisinde (500-1000 m) yer almaktadir. Ancak, yetisme ortamlarina gére 150 m'ye kadar
inip (Ak¢akoca), 2000 m'ye kadar ¢ikabilen (Simav) bir tiirdiir (Atay, 1982a). Dogu Kaymi agirlikli olarak kuzey ve
kuzey-bat1 bakilarda karsimiza ¢ikmaktadir. Drenaji iyi yerlerden hoslanmasi ve durgun sudan kagmasi sebebiyle ¢ok
egimli ve dik yamaglar tercih etmektedir. Bu tip sahalarda da genellikle orta ve {ist yamaglarda bulunmaktadir. Dogu
kayini, yagisin yil i¢inde dagiliminin diizenli, oransal nemin yiiksek ve sicaklik ekstremlerinin fazla olmadig1 yetisme
ortamlariin agacidir (Atay, 1982b). Meseler taksonomik yonden karmasik bir yap1 olusturmalarinin yaninda ¢ok fazla
melez olusturma 6zelligine sahip olan tiirlerdendir. Tiirkiye orman alanlari iginde igne yaprakli tiirlerden sonra en fazla
alan1 % 22.78 ile yayvan yaprakli agac tiirlerinden olan meseler kaplamaktadir. Meselere Tiirkiye nin hemen biitiin
bolgelerinde rastlamak miimkiindiir. Dogal 18 adet farkli mese tiiriiyle diinyada 6nemli mese iilkelerinden biri olarak
bilinen iilkemizde bazen saf bazen de karisik ormanlar kurmaktadir ve hemen biitiin toprak sartlarinda yetismeye uygun
bir tir durumundadir (Efe ve ark., 2011). Kestaneler, Fagaceae familyasinin Castanea cinsine mensupturlar.
Kestanelerin dogal yayilma alanlar1 6zellikle Kuzey Yarim Kiirenin iliman boélgeleri olan Cin, Kore, Japonya, Tiirkiye,
Avrupa ve Kuzey Amerika ile birlikte Bolivya’dir. Kestane degerli bir agagtir. Kabuklari, odunu, yapragi ve komiirii
degisik amaglarla endiistride kullanilmaktadir. Ekonomik agidan meyveleri bilyiikk 6neme sahiptir. (Delen, 1992).

Hsp70 gen ailesinin molekiiler islevlerine ait bazi ¢aligmalar yapilmistir. Fakat, Fagaceae familyasi (Amerikan
kayimni, Amerikan kestanesi, Cin kestanesi, Avrupa kestanesi, Japon kestanesi, Mese, Kirmizi mese ve Ak mese) HSP70
gen ailesinin genom analizi ve gen karakterizasyonuna ait ¢ok smirli ¢aligma mevcuttur. Bu ¢alismada; Tanimlanan
HSP70 gen ailesi dizilerinin genomdaki dagilimlari, korunmus motiflerinin tanimlanmasi ve tahmini ii¢ boyutlu protein
yapilarinin belirlenmesi hedeflenmistir.
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2. Materyal ve yontem
2.1. Hsp70 genlerinin analizi ve tanimlanmasi

Fagaceae familyasina ait Kayin, Mese ve Kestane tiirlerinde potansiyel Hsp70 genlerini tanimlamak i¢in “Heat
Shock Protein Database Information Resource” (http://pdslab.biochem.iisc.ernet.in/Hspir/index.php) veri tabani
kullanilmustir. Farkli bitkilerde tanimlanmasi yapilmig olan tiim Hsp70 genlerinin (20 farkli bitki tiiri/290 aminoasit
sekansi) taramasi yapilarak ilgili sekanslar veri tabanindan indirilmistir. Kaym, Mese ve Kestanede belirlenen Hsp70
proteinleri Fagaceae Blast veri tabani (http://www.fagaceae.org/node/318861) kullanilarak varsayilan veya
tamimlanmamig proteinler ile eslestirilmistir. Eslestirilen sekanslar (www.fr33.net) translator kullanilarak intron
bolgeleri cikartilip, ekzon bolgeleri elde edilmistir. EXPASY veri tabani kullanilarak
(web.expasy.org/decrease redundancy) tekrar eden sekanslar elimine edilmistir. Kalan tiim sekanlar igin SMART
(http://smart.emblheidelberg.de) (Letunic ve Bork, 2011) ve Pfam (http://pfam.sanger.ac.uk) veri tabanlar1 kullanilarak
Hsp70 gen ailesi ile eslesme olup olmadig1 dogrulanmistir.
2.2.Dizi hizalamast, filogenetik analizler ve korunmugs motiflerin belirlenmesi

Aminoasit dizileri, MEGA 7 (Tamura vd., 2011) programina yiiklenmistir. Coklu dizi hizalamalari, ClustalW
programu kullanilarak yapilmistir. Hizalanan dizi dosyasi, komsu birlestirme (Neighbor Joining) yontemi ile 1000
tekrarl onylikleme sekmesi (Bootstrap: 1000) secilerek filogenetik aga¢ olusturulmasinda kullanilmistir (Saitou ve Nei,
1987). Protein dizi motifleri ise DNA motif tarama araci (MEME) (http://meme.nbcr.net/meme3/meme.html) (Bailey ve
Elkan, 1994) veri tabanina yiiklenerek belirlenmistir. Analizler i¢in maksimum motif sayisi 20, optimum motif
genislikleri >2 ve <300°diir.

2.3. Hsp70 proteinlerinin homoloji modellemesi

Fagaceae familyasinda tanimlanan tim Hsp70 genleri, benzer dizi ve bilinen {i¢ boyutlu yapiya sahip en iyi
ornegi belirlemek icin BLASTP yapilarak Protein Data Bank’da (PDB) (Berman vd., 2000) taranmistir. Elde edilen
bilgi i¢in SWISS-MODEL Homology https://swissmodel.expasy.org programi kullanilarak homoloji modellemesi
ile protein yapist tahmin edilmigtir (Benkert, 2011).

3. Results
3.1. FagHsp70, QuerHsp70 ve CasHsp70 Hsp70 proteinini kodlayan sekanslarin karakterizasyonu

Aday Hsp70 genlerini tanimlamak igin; veri tabaninda mevcut olan tiim bitkilerde daha dnceden tanimlanmis
olan sekans bilgileri BLAST yapilnustir. Hidden Markov Model (HMM) yontemi uygulanmis ve bir karsilagtirma
yapilmistir. Bulunan sekanslarin Hsp70 ile iliskisini tekrar degerlendirmek iizere sekans bilgileri Pfam ve SMART veri
tabanlarina girilmistir. Toplamda 136 adet gen dizisi belirlenmistir. Bu genlerin genom {izerinde korundugu diisiinerek,
birbirlerini igeren tekrar bdlgeleri expasy veri tabani sonuglarina gore elimine edilmistir. Sonugta Fagus spp. genomuna
ait 13 adet Hsp70 gen dizisi tamimlanmustir. FagHsp70-01'den FagHsp70-13’a kadar bir isimlendirme yapilmustir.
Quercus spp. genomuna ait 17 adet Hsp70 gen dizisi tanimlanmistir. QuerHsp70-07" den QuerHsp70-17’¢ kadar bir
isimlendirme yapilmistir. Castanea genomuna ait 15 adet Hsp70 gen dizisi tamimlanmistir. CasHsp70-01 den
CasHsp70-15’e kadar bir isimlendirme yapilmistir.

Bireysel olarak Hsp70 genleri misir da (Rochester vd., 1986), arpada (Chen vd., 1994) ve nohutta (Dhankher
vd., 1997) tanimlanmig olmasina ragmen, genomik seviyede ilk Arabidopsis’de 18 Hsp70 gen ailesi (Lin vd., 2001;
Sung vd., 2001) tanimlanmugtir. Son yillarda yapilan ¢aligmalarda piringte 32 Hsp70 genin karakterizasyonu yapilmigtir
(Jung vd., 2013). Kavakta 34 Hsp70 geni bulunmustur (Yer vd. 2016). Yaptigimiz ¢alismada benzer gekilde Hsp70 gen
ailesine ait Fagaceae familyasinda (Kayin 13, Mese 17 ve Kestane 15) toplam 45 adet gen tanimlanmigtir.

3.2. FagHsp70, QuerHsp70 ve CasHsp70 geninin filogenetik Analizleri ve korunmus motiflerin belirlenmesi

Korunmus Hsp70 proteinlerinin yapisinin evrimsel olarak dagilimmi anlamak icin detayli filogenetik
siniflandirma yapilmstir. 13 FagHsp70, 17 QuerHsp70 ve 15 CasHsp70 proteinleri i¢in filogenetik agac olusturulurken
“komsu birlestirme (Neighbour-Joining, NJ) yontemi” kullanilmigtir. 1000 tekrarli bootstrap analizinden dolayi, dallar
arasinda yiiksek bootstrap degerleri elde edilmistir. Boylece, yiiksek ‘bootstrap’ degeri ile gruplandirmalar i¢in homojen
ve giivenilir bir sonug elde edilmistir. Kayin, Mese ve Kestane igin yapilan filogenetik analiz sonucunda 3 ana grup
olusmustur (Grup-1, Grup-2, Grup-3). Sirastyla her grupta kayin igin 6, 4 ve 3 - mese i¢in 11, 5 ve 1 - kestane i¢in 10, 3
ve 2 protein bulunmaktadir (Sekil 1). Tiim gruplar kendi igerisinde farkli alt grup olusturmustur. Gruplarin kendi
arasinda olusturdugu alt gruplari da farkli oranlarda kiimeleme gdstermistir.
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Filogenetik agag¢ yapist Arabidopsis ve piring ig¢in de benzer bir yapi olusturmustur. Arabidopsis’de Hsp70
proteinleri 2 ana grup altinda 7 alt grup olusturmustur (Lin vd. 2001). Piringte ise 4 ana grup olusturmustur (A-B-C-D)
bu gruplarda farkli alt gruplara ayrilmigtir (Sarkar vd., 2013).

Filogenetik agacin dogrulugunu kontrol edebilmek igin korunmus motiflerin analizi yapilmistir. MEME veri
tabanina Hsp70 proteinlerinin tim aminoasit sekanslart yiiklenmistir. Hsp70 ig¢in 10 farkli korunmus motif
tamimlanmistir. Filogenetik agacta yer alan ¢ogu Hsp70 proteinin benzer motif yapisina sahip oldugu belirlenmistir.
Bazi motiflerin ise farkli gruplarda oldugu belirlenmistir. Tanimlanan motifler ile Fagaceae familyasina 6zgii bir yap1
olusturulmustur. Hsp70 proteinleri kendi igerisinde korunmus bolgeler icermektedir (Sekil 2; Tablo 1).

Piring de Sarkar vd. (2013) C u¢ bolgesinde ve ATP baglanmalarinda yiiksek motif benzerliginin oldugunu
bulmuslardir. Ayrica, Hsp70 proteinleri icin filogenetik agacda goriilen yakinlik incelendiginde, sekanslarin motif
yapist olarak benzerlik gosterdigini belirlemislerdir (Sung vd., 2001). Arabidopsis de N ug bolgesinin baglangict ATP
baglanmalarinda yiiksek oranda korunmustur. Arabidopsis’de ATP baglanmasinda islev alan motif yiiriitiilen bu
calismada motif 2 olarak tanimlanmistir. Dolayisiyla bu ¢aligmadan elde edilen sonuglar ile literatiirde bulunan sonuglar
benzerlikler gostermektedir. Hsp70 gen ailesi iiyeleri evrimsel agidan korunmus motif bdlgeleri icermesinden dolay,
farkli bitkilerde ve orman agaclarinda filogenetik agidan benzer dagilimlar gosterdigi diistintilmektedir.

3.3. FagHsp70, QuerHsp70 ve CasHsp70 Proteinlerinin homoloji modellemesi

Homoloji modellemesi i¢in Fagaceae veri tabani igerisinde BLAST taramasi yapilmistir. Yiiksek dogruluk
belirleyebilmek igin SWISS-MODEL Homology programina aminoasit sekanslari yiiklenmistir. Belirlenen proteinin
modellenme yiizdesi >90% giiven diizeyinde 65 den 80 e kadar degisiklik gosteren benzerlik orani tespit edilmistir.
Toplamda 4 FagHsp70, 4 QuerHsp70 ve 5 CasHsp70 proteinleri yliksek homoloji gostermektedir (Sekil 4). Hsp70
proteinlerinin molekiiler fonksiyonlarinin anlasilabilmesi i¢in protein yapisinin bu sekilde tahmin edilmesi yiiksek
dogruluk belirlemektedir (Sekil 3; Sekil 4; Sekil 5).

4. Sonuclar ve tartiyma

Ist soku proteinleri (Hsps: Heat shock proteins), canli organizmalarda bulunan bir grup protein ailesidir ve ayni
zamanda literatiirde stres proteinleri olarak da isimlendirilmektedir. Is1 soku protein geni 70 (Hsp70) ailesi iiyeleri
molekiiler saperonlar olarak bilinmektedirler. Stres aninda (6rnegin tuzluluk, kuraklik ve ekstrem sicaklik degisimleri)
proteinlerin dogru katlanmasinda ve dokularin korunmasinda énemli bir rol iistlenmektedirler. Bir¢ok ¢aligsma, bireysel
aile tiyelerinin molekiiler fonksiyonlarini belirlemek i¢in yapilmis olsa da, Fagaceae familyasi Hsp70’lerin yapisal
genomlarinin belirlenmesi ve karakterizasyonu iizerine sinirli bir ¢aligma bulunmaktadir.

Bu ¢alismada; Hsp70 gen ailesine ait kayin, mese ve kestanede sirastyla 13, 17 ve 15 olmak iizere Fagaceae

ailesine ait toplam 45 adet gen tamimlanmustir. Filogenetik analiz sonucuna gore; Hsp70 genleri 3 farkli grup
olusturmustur. Yapilan motif analizine gore Hsp70 proteinlerinin genom igerisinde (kayin, mese ve kestanede) nispeten
korundugu goriilmiistiir. Proteinlerin {i¢ boyutlu modellemesi yapildiginda toplam Fagaceae familyasina ait 13 Hsp70
geni >%90 giiven diizeyinde test edilmistir. Bu on {i¢ protein “(FagHsp70-03(%68) / FagHsp70-08(%65) / FagHsp70-
09(%71) / FagHsp70-13(%80) / QuerHsp70-03(%65) / QuerHsp70-04(%68) / QuerHsp70-09(%71) / QuerHsp70-
14(%77) | CasHsp70-03(%65)/ CasHsp70-04(%67) / CasHsp70-11(%65) / CasHsp70-14(%65) / CasHsp70-15(%61)”
data bankta bulunan proteinlerle yaklasik %65-80 arasinda {i¢ boyutlu homoloji modellemesi gostermistir. Bu sonuglar
Fagaceae familyasinda Hsp70 gen ailesinin karakterizasyonu ve fonksiyonel islevleri hakkinda bilgi saglamaktadir.
Ayrica, Fagaceae familyas: igin kuraklik stresi toleransi mekanizmasinin belirlenmesinde temel bir ipucu
gostermektedir.
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Sekil 1. FagHsp70, QuerHsp70 ve CasHsp70 proteinlerinin filogenetik siniflandirmasi
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Sekil 2. FagHsp70, QuerHsp70 ve CasHsp70 genlerinin motif dagilimlarinin gdsterimi
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Tablo 1. FagHsp70, QuerHsp70 ve CasHsp70 aminoasitlerinin motif kompozisyonu

Motif | Motif E- . . . . Uzunluk
No. Sayis1 | degeri FagHsp70 Aminoasit Sekanslarinin Motif Kompozisyonlari (aa)
Motif 4 1.3e- IDLGTTYSCVGVWQ DRVEIHANDQGNRTT SWVAFTDSERLIGDAAKNQ 50
1 083
Motif 7 1.5e- IDSLYEGI ' FYSTITRARFEELNMDLFRKCME VEKCLRDAKMDKSSV' D 50
2 076
Motif 8 9.3e- A RGV QIEVCFDIDANGI 21
3 065
Motif 7 8.6e- AVVTV AYFNDSQRQATKDAGVI 23
4 062
Motif 8 7.8e- RNTTI TKKSQVFSTYSDNQ 21
5 057
Motif 8 4.5e- CKSIN DEAVAYGAAVQCAIL 21
6 043
Motif 10 2.3e- IDAKNALENYVYNMRN 16
7 030
Motif 7 1.5e- LESICN [HAKMYQ 14
8 022
Motif 5 3.1e- NVLIFDL TFDVSILTIEEGIFEVKA SGDT L 37
9 031
Motif 6 1.8e- LNVSAEDKTTGQKNKITITNDK 23
10 022
Motif | Motif E- . . . . Uzunluk
No. | Sayisi | degeri QuerHsp70 Aminoasit Sekanslarinin Motif Kompozisyonlari (aa)
Motif 8 7.9e- 50
1 168 QTQVLIQVYQGERTMTRDNNLLGKFELSGI A RGM QIEVCFDIDAN
Motif 7 5.26- 50
2 133 VKNAVVTV AYFNDAQRQATKDAGRIAGL VMRIINE TAAALAYGMDKK
Motif 7 1.9e- 50
3 125 EGNEDVQDLLLLDVT LSLGLETLGGVMTRLI RNTTI TKKSQVFST
Motif 8 9.2e- 50
4 111 TRARFEELNMDLFRRCME CENCLRDAKMTKSTI EVVLVGGSTRI KVQ
Motif 8 4.6e- 50
5 105 QITITNDKGRLSQDEIEKMVQEAEKYASEDQE  KEKIDAKNSLETY1YNM
Motif 7 3.0e- 50
6 094 FDL TFDVSILTISNGVFEVKATNGDT! LGGEDFDNRLMD YFVQEFKR

i 6.1le-
'7\"°t'f 8 068 | KNKIDISKN RALQRLRTACERAKRTLSST 'QTTINI FL 41
Motif 5 4.9e- 50
8 066 KKKIEDAIDQAIQWLDGNQLAEADEFEDKMKELESICN HAKMYQGS

- 1.7e-
2"°“f 6 060 | VIGIDLGTTYSCVGVWQ G VEIIANDQGNRTT SWVAF 39

. 1.le-
%m'f 8 043 KE CKSIN DEAVAYGAAVQ 2
Motif | Motif E- . . . . Uzunluk
No. | Sayisi | degeri CasHsp70 Aminoasit Sekanslarinin Motif Kompozisyonlar: (aa)
Motif 6 2.9¢- 50
1 106 QTTVLIQVYEGERTLTRDCNLLGKFELSGI A RGV QIEVCFDIDAN
Motif 6 2.2¢- 50
2 097 LNATVVNCCITV AYENDSQRQATKDAGTIAGL ' VLRIINE TAAALA

i 3.7e-
2"°t'f 7 077 | LLWLDVT LSLGLETLGGVMTVLIE RNTTI TKKSQVFST 4
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Tablo 1. Devam ediyor

: 1.2¢-
2"°t'f 5 065 | WLDGNQLAEADEFEDKMKELESICN 1IAKMYQGSGGDM 41
Motif 6 6.0e- 411
c 059 LGGEDFDNRMFN ' FVAEFKRQYKIDIFQN RACQRLRTAC
Motif 4 1le- 50
6 054 | MN KNSIFQIKRLIGRKYND SVQRDMQSW FKVI MIVNYL
Motif 10 2.0e- 29
7 054 ALEDRE' ' KETIDAKNALENYVYNMRNQI
Motif 7 8.3e- 50
g 084 | TRARFEELNMDLFRRCMQ VEKCLRDAGLTISNV MVVLVGGSTRI KVQ
i 9.4e-
3"°t'f 7 053 | FFCKD CKTMN DECVAYCGCAVQCAILS 29
. 9.3e-
'I’(')Ot'f ! 025 | ILNVSAEDKWTCQKQKITITN 21

G

Sekil 3. Sirasiyla FagHsp70-03/ FagHsp70-08/FagHsp70-09/FagHsp70-13genlerinin protein yapisi

Sekil 5. Sirastyla CasHsp70-03/CasHsp70-04/CasHsp70-11/CasHsp70-14/ CasHsp70-15 genlerinin protein yapist
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