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Abstract: Wood-pastures are disappearing rapidly in the eastern Mediterranean basin due to changes in land use. Traditional
farming by means of goat husbandry and pollarding has allowed many trees to become old, creating valuable habitats for
biodiversity. Developing viable management schemes for habitats of conservation concern require studies aiming at identifying
relationships between habitat structure and associated species. In this study, the associations between habitat structure and bird
species diversity were studied on a fine scale, using data obtained from transect inventories in an oak wood-pasture in
southwestern Turkey. Almost all species were most abundant where trunk size, basal area or tree density peaked. Diversity of
ground-nesters was slightly and positively associated with an increase in basal area. Low canopy-nesters were positively
associated with an increase in shrub density, whereas there was a negative association for high canopy-nesters. Secondary cavity-
nesters were unrelated to the density of small trunk cavities but exhibited a positive association with basal area of trees.
Contrarily, primary cavity-nesters preferred trees with larger cavities, although this was most likely due to the presence of other
desirable attributes of the very same trees. The results of this study give important insights to the structural and spatial
organization of bird assemblages in a little studied but rich, culturally managed ecosystem in the Mediterranean.

Keywords: Assemblage, Conservation, Forest, Guilds, Management

Giineybati Tiirkiye'de yash mese ormaninda (Quercus spp.) kuslarin habitat

kullanimm

Ozet: Arazi kullanimindaki degisiklikler nedeniyle Dogu Akdeniz Havzasi’nda yer alan mera niteligi de tasiyan ormanlar hizla
yok olmaktadir. Geleneksel tarim ve hayvancilik faaliyetlerden keci yetistiriciligi ve yemlik dal yararlanmasi, bu sahalarda yer
alan agaglarin yaslanarak uzun yillarca hayatta kalmasini saglayarak biyolojik gesitlilik i¢in son derece degerli habitatlar
yaratmistir. Korunmasi gereken bu habitatlar igin etkili ve uygulanabilir yonetim planlarinin gelistirilmesi, habitat yapist ve ona
bagl tiirler arasindaki iligkileri tammlamay1 hedefleyen caligmalar1 gerektirmektedir. Bu ¢aligmada, Tiirkiye'nin giineybatisinda
yer alan yasl bir mese ormaninda transekt yontemi ile gerceklestirilen habitat envanterlerinden elde edilen veriler kullanilarak,
habitat yapisi ile kus tiirii ¢esitliligi arasindaki iliskiler detayli bir dlgekte ele alinmustir. Genellikle sahada tespit edilen kus
tiirlerinin yogunlugunun; agacin govde biiyiikliigii, gogiis yiizeyi veya sikligin artmasiyla dogru orantili oldugu tespit edilmistir.
Yerde yuvalanan kus tiirlerinin ¢esitliligi tizerinde agaclarin gogiis yiizeyi artist ile nispeten pozitif bir iliskisinin oldugu tespit
edilmis; ¢ali ve agaceik yogunlugundaki artigin, algak seviyelerde yuvalanan kus tiirleri iizerinde olumlu, ancak yiiksek
seviyelerde yuvalanan kus tiirleri agisindan olumsuz bir etkisinin oldugu belirlenmistir. Oyuk ve kovuklarda ikincil olarak
yuvalanan kus tiirlerinin, kiigiik govde oyuklarinin yogunlugu ile herhangi bir olumlu ya da olumsuz iligkisine rastlanmazken,
g6giis ylizeyi artigt ile olumlu bir iligkisinin oldugu tespit edilmistir. Bununla birlikte, oyuk ve kovuklarda birincil olarak
yuvalanan kus tiirlerinin daha biiyiik oyuklara sahip agaglar tercih ettigi goriilmistiir. Ancak bu durum muhtemelen bu agaglarin
diger olumlu 6zelliklerinden de kaynaklanmig olabilir. Bu galigmanin sonuglari, iizerinde az sayida galigma yapilmis ancak, tiir
cesitliligi bakimndan zengin olan ve isletilen Akdeniz ekosistemlerindeki kus topluluklarmin yapist ve dagilimi hakkinda 6nemli
bilgiler vermektedir.

Anahtar kelimeler: Topluluk, Koruma, Orman, Birlik, Y6netim

1. Introduction

Birds are commonly used as indicators and model
organisms to assess relationships between habitats and
species, seeking to identify structures and resources to be
highlighted in biological conservation and habitat

management. For most species data are too scant to clarify
relationships. Therefore, a common practice is to group
species sharing similar ecological functions into ecological
guilds and to analyse guild-wise data (e.g. Reinkensmeyer et
al., 2007; Caprio et al., 2009; Mammides et al., 2015;
Santamaria-Rivero et al., 2016). Such studies may be of
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significance where certain habitats have undergone recent
decline, and where it is important to prioritize conservation
efforts to develop viable management and maintain
biodiversity. This scenario may be applied to most of the
Mediterranean basin, where natural or near-natural habitats
and entire landscapes have been heavily altered by man as a
result of wildfires, overgrazing, exploitation and plantation
forestry using non-native tree species (Thirgood, 1981;
Bainbridge, 1985; Rackham and Moody, 1997; Kaniewski
et al., 2007). Examples of habitats of significant concern are
the ancient oak wood-pastures found in mountainous areas
where traditional farming is still being practiced (Hartel and
Plieninger, 2014; Schaich et al., 2015), for example in the
Mediterranean part of southern Turkey (Bergner et al.,
2016). In an economically improving country, many oak
wood-pastures of former importance for rural communities
are now at risk of being logged and transformed into
coniferous plantations (Kaya and Raynal, 2001; Sama et al.,
2011). The old oak habitats in Turkey have been shown to
be significant habitats for birds (Bergner et al., 2015;
Bergner et al., 2018) and also harbour an exceptionally rich
saproxylic invertebrate fauna (e.g. Jansson and Coskun,
2008; Novak et al., 2011). Effective protection and
management are crucial for the maintenance of the
biodiversity associated with old oak habitats, but still there
is a gap in knowledge of which habitat parameters
determines community structure (Hartel et al., 2014).
Regarding birds, previous research conducted in
Mediterranean oak habitats have pointed to several factors
positively related to bird species richness and community
structure, including patch size (Frank and Battisti, 2005),
stand age (Mentil et al., 2018), access to trunk cavities
(Robles et al., 2011) and presence of scrub and understory
vegetation (Camprodon and Brotons, 2006). Most studies
have focused on assessing differences in bird species
diversity and assembly among forest stands distributed over
large spatial scales. Less information is available about how
avian assemblages relate to habitat structure on a finer scale,
e.g. within a habitat patch. The fine-scaled relationships
observed in the field, however, are likely to be less clear as
birds are mobile and many also territorial.

In the present study, we set out to describe relationships
between habitat structure and bird assemblages using
transect inventories on a large isolated hill consisting of a
pasture with a varying density of trees (mainly oaks) and
shrubs. We considered species as well as nesting guilds, i.e.
guilds of species with similar nesting habitats or habits, and
the following variables to describe the habitat: 1) density of
shrubs, 2) density of trees, 3) basal area of trees, 4) average
trunk diameter, 5) density of trees with small cavities, and
6) density of trees with large cavities.

2. Material and methods
2.1. Study area

The study was carried out in the cultivated plain lands
located at the western range of the Turkish Taurus
Mountains (Figure 1). The region has a typical continental
climate with rainy winters and dry and hot summers. Mean
annual precipitation is 508 mm (Turkish State
Meteorological Service; http://www.mgm.gov.tr). The study
area consists of a larger hill (area ca. 150 hectare; altitude
960-1020 m.a.s.l.) overlooking the eastern shore of the lake

Egirdir. The hill is covered with mixed stands of oak
(predominantly Quercus ithaburensis and to a smaller extent
Q. infectoria while Q. coccifera is the most dominant shrub)
including both old hollow trees formerly utilized for
pollarding as well as younger trees more recently coppiced.
The area is currently heavily grazed by domestic goats.

2.2. Bird surveys

Birds were surveyed during the first three hours after
sunrise between April 13-23, 2015 using line transect
counts (Gregory et al., 2004). Eighteen line transects (150 m
to 775 m in length) were created, covering most of the oak
habitats on the hill. The lengths of each transect were
determined by the consistency of the vegetation structure. A
new transect started when the vegetation structure clearly
changed and remained as long as the vegetation was similar
to the beginning of the transect. Transects were located at
least 120 m apart from each other to avoid counting any bird
more than once. To track transects and measure their
individual lengths, a range finder (Garmin Etrex Vista) was
used. During the surveys, all birds seen or heard within a
distance of 50 m from each transect were noted. Surveys
were conducted by one observer to limit the risk of observer
bias, and not conducted on rainy and windy days since it
may negatively influence bird detectability (Sutherland,
2006). At the end of surveys, data on bird abundance of
each transect were recalculated into numbers as the density
of territories per hectare.

We used five nesting guilds (High-canopy nesters
(abbreviated HCN i Table 1), Low canopy-nesters (LCN),
Ground-nesters (GN), Primary cavity-nesters (PCN) and
Secondary cavity-nesters (SCN)), and data on Cuculus
canorus were discarded, which did not belong to any of
these guilds. For each transect, the density of the guilds
represented the mean density of all species included within
each guild.

Figure 1. The position of the study site in southwestern
Turkey (recessed) and the hill with all transects deployed.
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2.3. Sampling of environmental variables

Within 5 m on both sides of each transect the following
six parameters were sampled:

(1) The structure of understory vegetation (shrubs and small
trees < 2 m in height), henceforth denoted shrub density.
The shrub density was estimated every 20 m in a 10 m wide
band along each transect by using a handheld wooden frame
and estimate (in %/100) the proportion of the eyesight that
was covered by shrubs.

(2) The density of trees per hectare was calculated by
counting all trees within a 50 m wide band on each side of
transects.

(3) Basal area of individual trunks was calculated from the
diameter at breast height (DBH) using a caliper. An average
basal area per transect was calculated and used in the
analyses.

(4) Trunk diameter was measured at breast height
(approximately 130 cm above ground) using a caliper. This
was then recalculated to average trunk diameter per transect.
(5) The density of small trunk cavities (class 1-2 in Figure
2) and (6) large trunk cavities (class 3-4 in Figure 2),
derived from the number of trees having small and large
cavities, respectively. For each transect these numbers were
then recalculated into average number of trees with small
and large cavities per hectare.

2.4. Data analysis

We analysed how the density of territories per guild
could be explained by the explanatory variables listed above
using generalized linear models (GLM; STATISTICA 13).
More specifically, we conducted all possible combinations
of the explanatory variables in GLMs, then selected the
most economic model, i.e. considering both the model’s
explanatory power and the number of explanatory variables
used, using the the Akaike information criteria (AIC).

The species-wise data were evaluated with multivariate
analysis, using the CANOCO 5 software (Ter Braak and
Smilauer, 2012). The Principal Component Analysis (PCA)
was chosen, because of relatively low beta-diversity, and the
six explanatory variables were used as supplementary
variables. This means that the solution is driven only by
species-composition while the six other variables are added
to facilitate interpretation. To confirm that the patterns
identified were meaningful, we also conducted a Stepwise
Forward RDA (redundancy analysis). This analysis
considered only the part of composition data that one or
more explanatory variables can account for; by permuting
the variable(s), it is also possible to assess the statistical
significane of variable(s).

3. Results

Along the 18 transects, a total number of 355 bird
territories belonging to 27 species (Table 1) were identified.

The variation in density of trees and density of hollow
trees varied ten-fold among transects, while shrub density
and trunk diameter varied five-fold, and slightly less in
basal area (Table 2).

Table 1. The bird species included in the study and the
nesting-guild category for each species. HCN = High-
canopy nesters; LCN = Low-canopy nesters; SCN =
Secondary cavity-nesters; PCN = Primary cavity-nesters;
GN = Ground-nesters.
Scientific name

Guild category

Accipiter nisus HCN
Streptopelia decaocto LCN
Cuculus canorus none
Athene noctua SCN
Upupa epops SCN
Dendrocopus syriacus PCN
Lullula arborea GN

Luscinia megarynchos GN

Turdus viscivorus HCN
Turdus merula LCN
Sylvia curruca LCN
Phylloscopus orientalis GN

Parus major SCN
Cyanistes caeruleus SCN
Poecile lugubris SCN
Aegithalos caudatus LCN
Garullus glandarius LCN
Sturnus vulgaris SCN
Fringilla coelebs LCN
Linaria cannabina LCN
Carduelis carduelis HCN
Chloris chloris LCN
Serinus serinus LCN
Emberiza caesia GN

Emberiza cirlus GN

Table 2. Description of environmental variables describing
18 transects in the oak wood-pasture.
Average SD Min Max

Density of shrub (%/100) 0.38 0.21 0.10 0.80
Density of trees (ha) 214 134 57 441
Basal area (m? ha™) 108 35 53 179
Mean trunk diameter (cm) 275 123 14.0 55.1

Density of trees with small cavities (ha™) 17.3 114 47 467
Density of trees with large cavities (ha-1) 100 6.0 0.0 231

"R o ) (u/ \w\ i G ‘\ﬁ,}l . (;_,/
i 5y I ! [ ; i
) L . : /ﬂ\
¥ S bt / g //’ X
1 2 3 4
<10cm 10-30cm >30cm Large and at
ground level

Figure 2. The model used for classification of cavity stages
(1-4), following Jansson and Antonsson (2002). Entrance of
cavity’s diameter states the stage.

3.1. Bird-habitat associations at guild-level

The GLM failed to identify a significant model for
ground-nesters and primary cavity-nesters, the latter
possibly due to their low numbers in the data and hence, low
statistical power (Table 3). Density of secondary cavity-
nesters increased with basal area while low-canopy nesters
increased with shrub density (Table 3). In contrast, high-
canopy nesters decreased with shrub density (Table 3).
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Table 3. Summary of GLM (normal distribution, identity link) pf guild-wise data. The best models selected contained one or
two explanatory variables; these are indicated as + or — depending on whether it had a positive or negative effect; if the sign is
within parenthesis then the partial regression coefficient is NS (P > 0.05).

Model P-value Tree density Basal area Small cavities Large cavities Shrub density
Ground nesters NS 0.11 (+)
Primary cavity-nesters NS 0.07 (+)
Secondary cavity-nesters 0.0049 + )
Low-canopy nesters 0.0173 ) +
High-canopy nesters 0.0050 (+)

3.2. Bird-habitat associations at species-level

In the species-composition analyses, smaller trees and
less timber meant fewer species (Figure 3a), in fact almost
all species were most abundant where trunk size, basal area
or tree density peaked (Figure 3b). About one third of the
species peaked when trunk size was high (Figure 3b).
Furthermore, half a dozen species were most abundant in
transects with high tree density (but low trunk size, hence
dense, younger stands; Figure 3b). Density of small cavities
seemed a less important attribute while basal area was — as
expected — intermediate between tree density and trunk size
(the two latter define the basal area; Figure 3b). Among the
strongest species/environment associations were Sylvia
curruca and shrub density, Fringilla coelebs and tree
density, Dendrocopos syriacus and large cavities and
Carduelis carduelis and basal area (Figure 3b). The density
of trees with small cavities seemed unrelated to species
composition while density of trees with large cavities was
slightly positive for both primary cavity-nesters as well as
high canopy-nesters. On the other hand, there was a
tendency for secondary cavity-nester species to be related to
the density of large cavities.

The RDA with forward selection resulted in a model
with two significant, explanatory variables: Basal area and
Tree density.

4, Discussion

Grazing by domestic goats have been intense in the
study are for a long time. This management regime has
created a semi-open, oak-dominated wood-pasture with a
field layer of grasses, herbs and a mosaic of shrubs. The
study area is not homogenous in terms of structure but
contain patches dominated by a few larger trees interspersed
with shrubs as well as patches that are more forested with a
larger density of younger trees. Open habitats with a low
density of trees may potentially offer few suitable nest sites
for ground-nesting birds. While birds nesting in open grazed
grasslands may be negatively influenced by the presence of
trees and shrubs, thus generally place their nests concealed
in taller vegetation (Davis, 2005), the relationship between
ground-nesters and vegetation structure in semi-open wood-
pastures is little described. Our study suggests that ground-
nesters may benefit from an increase in basal area of tree
trunks. Where the basal area of woody vegetation is more
abundant the influences by grazing animals may be
somewhat obstructed by physical constraints. Thus, there is
a possibility that many ground-nesters in the study area
prefer to place their nests in proximity to trees since it help
reduce the risk of stomped nests or even predation. Pereira

et al., (2014) showed that, in heavily grazed montado
systems in Portugal, the guild of leaf-warblers (including
Western Bonelli’s Warbler Phylloscopus bonelli) decreased
with an increase in forest management which included
removal of understory vegetation. Western Bonelli’s
Warbler, a ground-nester, may benefit from retained shrubs
in the semi-open structure of grazed oak woodlands
similarly to ground-nesters in Turkish oak woodlands.
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Figure 3. PCA of bird data from the 18 transects in the
wood-pasture. Passive explanatory environmental variables
added. 3a) Sites and explanatory variables, size of the circle
proportional to number of species recorded in transect; 3b)
Species and explanatory variables.
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Overall, there was a positive association between the
density of forested vegetation and the number of bird
species. This is somewhat unexpected results that deviate
from findings in previously conducted studies within the
same Turkish province (Bergner et al., 2015), but similar to
results from e.g. Spanish Catalonia (Gil-Tena et al., 2007).
In the latter study, however, they found a lower number of
species in forests of higher canopy closure, suggesting that
there is a threshold in the association between forest density
and bird species richness. Since the study area is heavily
grazed and have a long history of both pollarding and
coppicing creating a rather semi-open forest, the vegetation
structure may only cover a minor gradient, thus resulting in
less prominent associations. Except for a few species, the
factor “tree density” was not a clear predictor for any of the
guilds. Instead, shrub density and to some extent basal area
of tree trunks were better explanatory variables for some of
the guilds. Low-canopy nesters were positively associated
with shrub density whereas high-canopy nesters were
negatively associated with shrub density. This is clearly an
indication of differences in the utilization of the habitats
between species belonging to the two guilds. While low-
canopy nesters, particularly songbirds of the genus Sylvia,
are well adapted to vegetation in earlier stages of succession
(Blondel and Farré, 1988) and benefit from retained shrubs
in the forest understory (Camprodon and Brotons, 2006), the
high-canopy nesters are more dependent upon developed
forests with taller vegetation in order to find suitable nesting
places.

Extrapolating the registered number of hollow oaks on
the hill (in average 27 hollow trees per hectare) reveals an
area offering an exceptionally large number of cavities. This
means that there are plenty of potential nesting places for
secondary cavity-nesting birds in particular. The
relationship between cavity occurrence and density of
cavity-nesting species, however, is less dependent upon the
actual number of cavities but rather depend on the quality
and suitability of the cavities as potential nesting places
(Camprodon et al., 2008; Robles and Martin, 2013). The
cavities in the study area varied in size, shape, height, and
presumably in suitability as nesting cavities. We therefore
grouped the hollow trees in two categories and tested their
relationships on guilds and species independently. While
several studies have suggested that the populations of
secondary cavity-nesting birds are limited by a shortage of
suitable cavities and that local cavity manipulations can
enhance populations of these species (e.g. Newton, 1994a;
Cockle et al., 2010; Robles et al., 2012; Segura, 2017, but cf
Wiebe, 2011), our study failed to confirm these results. The
secondary cavity-nesters did, however, exhibit a rather
strong, albeit nonsignificant, negative relationship with the
density of large hollows. This is likely due to the inability of
large hollows to function as suitable nest sites for secondary
cavity-nesting birds, particularly small passerines (e.g.
Parus major and Cyanistes caeruleus) that dominate the
guild. There was no clear relationship between the guild of
secondary cavity-nesters and the density of small trunk
cavities, which may be due to the approach for this study:
presuming that there is a shortage in suitable cavities which
acts as a limiting factor for the secondary cavity-nesters.
This scenario is probably applicable for most forests
subjected to any form of conventional management (e.g.
Politi et al., 2010; Robles et al., 2011), but may be of less
significance in forests that are not managed solely for the

purpose of timber production. Considering the unique
history of pollarding, a management that promotes the
formation of cavities (Sebek et al., 2013), the study area
may in fact offer more potential nesting cavities than there
are cavity-nesters to occupy them (Waters et al., 1990; Bai
et al., 2003; Wesotowski, 2007). Apart from nest avalability,
there are other factors that potentially pose a limitation in
the abundance of secondary cavity-nesters, such as
predation, parasitism and food supply (Newton, 1994b;
Newton, 1998; Nagy and Holmes, 2005). Furthermore, the
density of trunk cavities, like other habitat variables, may
also better explain bird assembly structure across larger
spatial scales unrelated to distinct verges between habitats
of different structure (e.g. Touihri et al., 2017).

Secondary cavity-nesters were positively related to the
basal area of tree trunks, either by preferring densely
forested habitats consisting of smaller trees or less densely
forested habitats consisting of fewer but larger trees. Since
there was no clear association with tree density we assume
that larger trees represent a better predictor for the density
of secondary cavity-nesters. Typically, larger trees exhibit a
higher abundance of complex microhabitats, such as snags,
dead wood and cavities (Regnery et al., 2013; Paillet et al.,
2017) that may be desirable for secondary cavity-nesting
species, not just for nesting but for e.g. foraging as well.
Correspondingly, primary cavity-nesters are considered
ecosystem engineers (Jones et al., 1994) since their
processing of wood gives rise to structures and
microhabitats that other organisms, including secondary
cavity-nesters, depend on or benefit from (Martin and Eadie,
1999). Interestingly, we found a rather strong, albeit
nonsignificant, positive relationship between the density of
large cavities and the density of primary cavity-nesters.
Since primary cavity-nesters generally manufacture their
own nesting cavities this relationship is most likely indirect,
suggesting that the very same trees that offer large cavities
also offer other structures desired by primary cavity-nesters.
Not all cavities used by secondary cavity-nesters are the
work of primary cavity-nesters. For European conditions
many cavities created by woodpeckers are typically short-
lived (Cockle et al., 2011), why most available cavities
rather originate from branch sheds and other types of
mechanical injuries to the tree trunks (Remm et al., 2006).
Still, while the creation of cavities from e.g. branch sheds is
a slow process that may occur irregularly, the primary
cavity-nesters annually create new cavities and thereby
provide a useful source of cavities for other species,
including secondary cavity-nesters. Furthermore, when such
cavities are no longer suitable as nesting sites for birds they
may provide important microhabitats for wood-living fungi,
bats and saproxylic invertebrates.

5. Conclusions and considerations for management

This study demonstrates the significance of various
habitat structures on bird assemblages on a fine scale. The
use of this approach generates a narrower spatial resolution
that may not necessarily be translatable to results from
studies based on data sampled from several locations.
However, it enables for careful analyses of the variation and
associations in both habitat structure and bird assembly
structure within a defined geographical area. In the current
study area, the variables basal area and tree trunk density
showed the highest explanatory power for bird assembly
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structure indicating that, for bird species diversity, it is
important to maintain large trees and sufficiently dense
forest habitats. In semi-open habitats that are being heavily
grazed, retaining a certain amount of understory will benefit
particularly low-canopy nesters, as well as ground-nesters
that can find suitable nest sites concealed near shrubs and
trees. Despite the large number of trunk cavities in the study
area there were no clear relationships between cavity
abundance and densities of secondary cavity-nesters. In
contrast to conventionally managed forests, cavities suitable
for nesting birds may not be a limiting factor in the study
area. We conclude that different birds are dependent upon
different structures and resources in their breeding
territories, and that the habitat management reflect the bird
assemblages on a finer scale. The results give important
insights to the structural organization of bird assemblages
and how different guilds or even species may be
codependent upon various structures. This knowledge may
be of significant interest for the development and targeting
of more cost-effective and viable management methods of
wood-pastures in the eastern Mediterranean.
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Abstract: In this study, Kiire Mountains National Park, Bartin Province in the rest of the border must macrofungi flora areas and
buffer zones between the years 2013 to 2015 inclusive were searched. The results of the field work space Macrofungal 284
samples were collected. A total of 284 macrofungi samples were collected. Laboratory analysis identified 68 species within 11
orders and 29 families. Of these, 3 taxa belong to Ascomycota, and 65 to Basidiomycota. Determined taxa were found to be
growing on four types of substrates: 51 from soil, 11 from branches or trunks, 4 from logs, and 2 from leaves. This study can lay
the groundwork for further biodiversity studies in the area, providing a basis for ensuring the continuity of the macromycota flora
and biological diversity within the national park.
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Tiirkiye’de Kiire Daglar1 Milli Parkinin Bartin Bolgesindeki Makrofunguslar:

Ozet: Bu calisma ile 2013-2015 yillar1 arasinda Kiire Daglar1 Milli Parki’min Bartin ili Sinirlarinda kalan béliimiinde mutlak ve
tampon zon dahilindeki alanlarda makrofungus tiirleri arastirilmistir. Yapilan arazi ¢aligmalari sonucunda alandan 284 adet
makrofungus 6rnegi toplanmigtir. Toplamda sahadan 284 makrofungus 6rnegi toplanmigtir. Labotatuvar ve teshis c¢aligmalari
sonucunda 10 takim ve 29 familyaya ait toplam 68 tiir tanimlanmigtir. Bu tiirlerden 3 tanesi Ascomycota, 65 tanesi ise
Basidiomycota boliimiine dahildir. Toplanan makro funguslardan 51 tanesi topraktan, 11 tanesi dal ve govdelerden, 4 tanesi
kiitiiklerden ve 2 tanesi de yapraktan olmak tizere 4 farkli substrat iizerinde toplanmigtir. Bu ¢aligma, bolgede yapilacak olan daha
fazla biyolojik c¢esitlilik ¢alismasi i¢in zemin hazirlayabilir ve milli parkta makromikota ve biyolojik c¢esitliligin stirekliligini
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saglamak i¢in bir temel olusturabilir.

Anahtar kelimeler: Makrofungus, Kiire Daglar1 Milli Parki, Bartin, Mikota

1. Introduction

Like all the living things in nature, fungi have certain
functions and importance within their life-time. For
example, 95% of soil formation is made up of saprophytic
fungi (Barutgiyan, 2012). Such as parasitic plants the fungi
in a forest, they weed out weaker plants and provide room
for the growth of higher quality plants. Some fungi act as
nets for various insect species, and mycorrhizal fungi help
plants gain mineral matter and water from soil (Palta et al.
2010), and other fungi have been used in medicine and
pharmaceuticals (Turp Yildiz and Boylu 2018).

Certain fungi, however, can threaten the economy and
also be lethal to humans. Eating poisonous fungi is one of
the most common health risks (Mat, 1998). Fungi also cause
disease in various species, agricultural and forest products,
humans and animals alike, which can lead to pecuniary and
non-pecuniary losses.

In 1991, a landmark paper estimated that there are 1.5
million fungi on the Earth. Because only 70000 fungi had
been described at that time, the estimate has been the
impetus to search for previously unknown fungi (Falandysz
and Borovicka, 2013). Today, the total number of species is
thought to be approximately 5.1 million (Blackwell, 2010).
In Turkey, this number is known to be about more than
2500 (Kaya ve Uzun, 2018).

Many mycological studies have been done on
macrofungi species in Turkey. Some examples of these
studies were presented in Table 1.

Despite the number of studies conducted on macrofungi
in Turkey, there is no research on the fungi at Kiire
Mountains National Park, other than Ozkazang and Yilmaz
(2017). Only Afyon et al. (2000), Afyon and Konuk (2002)
and Afyon et al. (2005) conducted research on the province
of Bartin and its vicinity, but did not focus in particular on
Kiire Mountains National Park. Ozkazang and Oguz (2017)
identified 45 species in the Kastamonu part of the national
park. The selection of Kiire Mountains National Park is
important for fulling this research gap and contributes to
creating a comprehensive inventory of macrofungi
distribution in Turkey.

Kiire Mountains National Park has a total floor area of
37.753 hectares, 52% of which (19.500 hectares) are located
within the boundaries of Bartin provience. Kiire Mountains
National Park hosts the best wildlife samples of the
endangered “Black Sea Humid Karstic Forest” and is among
the 100 forest ‘hot spots’ in need of protection in Europe. In
terms of forest birds, it hosts as many as 129 bird species,
the park has also been listed in the “Important Bird Areas”
(IBA), and due to the 1050 plant species hosted by the park,
it has also been listed as one of the “Important Plant Areas
in Turkey” (IPA). Furthermore, Kiire Mountains National
Park is the only place in the world where 43 plant species
live endemically (Gormiis et al. 2015).
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Table 1. Some examples of macrofungi studies in Turkey

Authors Year Site Total Species count New species count
Sesli 1993 Magka-Trabzon 40 23
Demirel and Isiloglu 1993 Ardanug-Artvin 56 11
Baydar and Sesli 1994 Akgaabat-Trabzon 40 14
Askun and Isiloglu 1997 Balya-Balikesir 56 9
Uzun and Demirel 1998 Senkaya-Erzurum 50 -
Stojchev et al. 1998 Thrace region 67 -
Demirel and Uzun 1999 Sarikamis-Kars - 4
Gezer 2000 Antalya 81 -
Afyon et al. 2000 Bartin 62 15
Isiloglu 2001 Sandras Mountain-Mugla 76 -
Kaya 2001 Bitlis 60 4
Demirel et. 2002 Agn 45 -
Afyon and Konuk 2002 Zonguldak 77 23
Solak and Yilmaz Ersel 2002 Manisa 36 -
Yabanli et al. 2004 Ula-Mugla 61 -
Afyon et al. 2004 Sinop 170 32
Yilmaz Ersel and Solak 2004 1zmir 55 3
Afyon et al. 2005 Black Sea region 80 7
Kaya 2005 Golbasi- Adiyaman 77 5
Dogan and Oztiirk 2006 Karaman 202 -
Uzun et al. 2006 Giimiishane 105 14
Aktas et al. 2006 Akseki-Antalya 85 -
Oskay and Kalyoncu 2006 Sultan Mountains 34 -
Kose et al. 2006 Bekilli-Denizli 61 -
Demir et al. 2007 Batman 50 3
Tiirkoglu and Gezer 2007 Hacer Forest-Kayseri 69 -
Alli and Isiloglu 2007 Aydm 19 -
Yiiksel et al. 2007 Diizce 31 -
Kaya et al. 2009 Goksun-Kahramanmaras 110 -
Tiirkekul and Ziilfikaroglu 2010 Camlibel-Tokat 51 -
Demirel et al. 2010 Hatila Valley National Park 126 -
Kiigiik et al. 2010 Bozyazi-Mersin 104 -
Kasik et al. 2010 Gevne Valley-Konya 34 -
Akgay et al. 2010 Malazgirt-Mus 50 -
Alkan et al. 2010 Derebucak-Konya 134 6
Gezer et al. 2011a Camlik-Denizli 42 -
Gezer et al. 2011b Campus of Pamukkale University 52 -
Kasik et al. 2011 Iskilip-Corum 54 -
All 2011 Kemaliye-Erzincan 106 3
Dogan et al. 2012 Cocakdere Valley-Mersin 186 4
Solak et. al. 2013 Burdur 35 -
Sen et. al. 2014 Bigadi¢ 48 -
Keles et. al. 2014 Ayder 127 -
Giingor et. al. 2015 Adan and Mersin 38 -
Demirel et. al. 2015 Van 122 -
Dengiz and Demirel 2016 Siravn-Siirt 53 -
Keles et. al. 2016 Kop Mountain 44 -
Unal et. al. 2016 Mugla 30 -
Demirel et. al. 2016 Lice-Diyarbakir 55 -
Akata et. al. 2016 Zigana Mountain-Giimiishan 182 6
Demirel ve Kogak 2016 Zilan Valley (Erzinca-Van) 96 -
Akata 2017 Belgrat Forest 280 -
Oztiirk et. al. 2017 Nallithan 68 -
Alli et. al. 2017 Yalova 91 -
Akata and Uzun 2017 Uzung6l Nature 215 -
Altuntas et. al. 2017 Kazdag National Park 207

2. Materials and methods

properties, morphological

structure

and ecological

In the fieldwork a polyethylene sack for collecting
species, knives, gloves, GPS for recording areas, camera,
field book for writing the data and sample field cards was
used. Stereo and binocular microscopes were used for
macro/micro examinations of species which that were
collected through field work under proper climate
conditions between the years 2013-2015. Photos of the
macrofungus species were taken, and their GPS location
coordinates were noted, before collected. Geographical

properties of the specimens were recorded into the field
cards. The specimens were brought into the laboratory and
identified via macro/micro  examinations.  Species
identification draw upon previous publications from
Petersen 1999, Montag 2000, Seo and Kikr 2000, Williams
2001, Huffman et al. 2008, Lamaison and Polese 2011, and
Laux 2012.
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Study sites

In order to monitor the project and coordinate sample
collection, the study field was divided into five main sites
and each site as divided into sub-sites based on geographical
properties. Table 2 provides GPS data of the five main sites
and their sub-sites.

3. Results
The identified species are given in Table 3 according to
mycobank systematic criteria.

The study identified the following: 68 macrofungus
species from two phyla (Ascomycota, Basidiomycota), 11

Table 2. GPS data of the main and sub-sites of the study field

orders and 29 families. Figure 1 provides species
distribution based on their families.

Identified macrofungi were collected from four different
substrates: 51 from the soil, 11 from branches or trunks, 4
from logs, and 2 from leaves. The macrofungi were
collected from trunks, branches and logs of generally dead
or fallen trees, thus imposing no economic loss.

The fourth site (Amasra) yielded the highest number of
macrofungus species. Since this area has a large number of
broad-leaved forest trees, the moisture and temperature
values necessary for the growth and development of macro-
mushrooms are very suitable in this field. Figure 2 provides
the number of identified macrofungi species in the research
field sites.

Site Names Sub-Sites Sign North East Altitude
Oren la 41°39'53" 32°32'25" 228 m
1. Site (Ant ) Ségiitlii 1b 41°39'53" 32°3121" 316 m
Copbey 1c 41°39'32" 32°31'23" 287 m
Drahna Valley 2a 41°42'90" 32°48'49" 519 m
2. Site (Ulus) Kemerli Cave 2b 41°4224" 32°49'23" 535 m
Ulukaya 2¢C 41°40'31" 32°46'28" 398 m
Sipahiler Cave 3a 41°39'32" 32°31'23" 300 m
3. Site (Sipahiler) Dari6ren 3b 41°39'31" 32°31'22" 295 m
Come Gorge 3c 41°39'33" 32°3124" 264 m
Karadere Valley 4a 41°43'53" 32°34'22" 487 m
4. Site (Amasra) Yukarisal 4b 41°43'33" 32°34'26" 666 m
Saridere 4c 41°43'40" 32°3425" 594 m
Meryemler 5a 41°43'56" 32°34'21" 470 m
5. Site (Kurucasile) Baskdy 5b 41°43'58" 32°34'24" 550 m
Komeg 5¢c 41°43'60" 32°34'26" 651 m
16
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Figure 1. Family-based distribution of the identified species
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Tablo 3. The list of identified macrofungi species of Kiire Mountains National Park in Bartin
S ) )
:g Family Species Substrate Width Height Site
= (cm) (cm)
[a}
S Discinaceae Gyromitra esculenta (Pers.) (Fr.) soil 4-10 5-10 4a
§ Helvellaceae Helvella crispa Bull. soil 3-7 6-15 2b
g Hymenoscyphus calyculus (Sowerby) W. trunk 2 4 3b
2 Helotiaceae Phil.
<
Bovista aestivalis (Bonord.) Demoulin soil 4 4 1b-4c
Agaricaceae Bovista plumbea Pers. soil 1-3 1-3 1b
Coprinus comatus (O.F. Miill.) Pers. soil 6-15 4-7 2¢c
Lycoperdon perlatum Pers. soil 4-5 4-5 1b-1c-4a
Lycoperdon pyriforme Willd. soil 4-5 4-5 1b
Amanita muscaria (L.) Lam. soil 10-20 10-20 2c
Amanita phalloides (Fr.) Link. soil 6-12 5-8 4b
Amanitaceae Amanita pantherina (DC.) Krombh. soil 6-10 6-10 1b
£ Amanita rubescens Pers. soil 10-20 10-20 1b
3 Amanita velosa (Peck) Lloyd soil 5-11 4-11 4b
E Entolomataceae Entoloma griseocyaneum (Fr.) P. Kumm. soil 2-5 4-7 3a
2 Entoloma sericellum (Fr.) P. Kumm soil 1-2 2-6 3b
@ Fistulinaceae Fistulina hepatica (Schaeff.) With. trunk 10-12 3-5 4b
Hygrophoraceae Hygrophorus agathosmus (Fr.) Fr. soil 5-7 3-7 4c
Inocybaceae Inocybe asterospora Quel soil 7 5 4a
Marasmiaceae Marasmius androsaceus (L.) Fr. soil 0,5-1 5-6 4c
Marasmius oreades (Bolton) Fr. soil 3-7 6-7 3a
Mycenaceae Mycena crocata (Schrad.) P. Kumm. on litter 1-2 10-12 4a
Physalacriaceae Armillaria mellea (Vahl) P. Kumm. bottom ofst(:iulnk and on 4-7cm 10-15 1c-4c
Pluteaceae Pluteus cervinus (Schaeff.) P. Kumm. on soil 5-10 2-7 4a
Coprinellus disseminatus (Pers.) J.E. on dead wood 1-2 2-4 3a
Psathyrellaceae Lange
Schizophyllaceae Schizophyllum commune Fr. on dead wood block 4 0,3-0,5 la-1b-2c
Strophariaceae Pholiota squarrosa (Oeder) P. Kumm on wood 4-10 1-2 2c
Collybia cirrhata (Schumach.) Quel. dead foliage 1-5 3c
Collybia conigena (Pers.) P. Kumm. on litter and dead 1-3 2-4 4b
Tricholomataceae foliage
Collybia ocior (Pers.) Vilgalys & O.K. on litter and dead 1,5-5 2c
Mill. foliage
Boletaceae Boletus erythropus Pers. soil 10-13 12-18 3a-4b
Boletus luridus Schaeff. soil 6-15 5-14 4c
Boletus smithii Thiers soil 10-16 5-17 4c
Paxillaceae Paxillus rubicundulus P.D. Orton soil 10 4c
Suillaceae Suillus luteus (L.) Roussel soil 8-10 5-8 3a
P Hydnaceae Hydnum repandum L. soil 8-20 5-15 4c
8 Clavariadelphus occidentalis Methven soil 3-5 5-20 4c
g Clavariadelphus pistillaris L. (Donk) soil 2-6 8-20 4c
% Clavariadelphus sachalinensis (S. Imai) soil 7 4c
f2 Corner
@ Gomphaceae Clavariadelphus truncatus (Quel.) Donk. soil 10-13 4c
Ramaria aurea (Schaeff.) Quel soil 7-14 4b
Ramaria flava (Schaeff.) Quel soil 7-15 10-20 4a
Ramaria formosa (Pers.) Quel soil 8-20 4a
Ramaria stricta (Pers.) Quel soil 5-10 2c
Phallaceae Clathrus ruber P. Micheli ex Pers. soil 3-5 10-15 3a
Fomitopsidaceae Daedalea quercina (L.) Pers. trunk 3-12 4-5 la
Lentinus strigosus Fr. wood 2-10 1-4 2b
Lenzites betulina (L.) Fr. trunk 10 1-2 2c
Polyporus mori (Pollini) Fr. trunk 2-6 2-6 2a
Polyporaceae Trametes hirsuta (Wulfen) Pilat trunk 10 6 2a
Trametes ochracea (Pers.) Gilb. & trunk 1,5-5 4a
Ryvarden
Trametes versicolor (L.) Lloyd trunk 2-8 2-8 2¢-4b
Hericiaceae Creolophus cirrhatus (Pers.) P. Karst. trunk 6-8 5-13 2a




12 Turkish Journal of Forestry 2019, 20(1): 8-14

Table 3. Continunes The list of identified macrofungi species of Kiire Mountains National Park in Bartin

c
o - .
2 . . Width Height :
= Family Species Substrate (cm) (cm) Site
a
Lactarius barrowsii Hesler & A.H. Sm. soil 5-10 5h
Lactarius controversus Pers. soil 10-20 8-18 3a
Lactarius deliciosus (L.) Gray soil 10-15 3-6 1b
Lactarius sanguifluus (Paulet) Fr. soil 10-15 5-7 4a
Lactarius vellereus (Fr.) Fr. soil 10-25 10-20 1b
P Russula aquosa Leclair, Bull. soil 5-15 3-7 3a
3 Russulaceae Russula cyanoxantha (Schaeff.) Fr. soil 5-15 6-10 4c
g Russula delica Fr. (1838) soil 2-20 25 1b
2 Russula drimeia Cooke soil 5-12 4-10 4a
3 Russula emetica (Schaeff.) Pers.; soil 5-10 4-8 4a
«a Russula fageticola (Romagn.) Bon soil 6-10 4-10 4a
Russula lepida Fr. soil 10-12 5-10 la-1b-1c
Russula sanguinea (Bull.) Fr. soil 4-10 4-10 4a
Russula turci Bres. soil 4-8 4-10 1b
Stereaceae Stereum hirsutum (Willd.) Pers. trunk 2-5 4b
Tremellaceae Tremella mesenterica (Schaeff.) Retz. dead; trunk 3-12 3-12 2a
14
12
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2 6
ol
| I
| I I
. I I [
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Site
Figure 2. Ditribution of the determined taxa to the assigned sites
4. Discussion also identified in our research. In comparison, the remaining

Afyon et al. (2000) identified 62 macrofungus taxa
belonging to 19 families in a study they conducted in the
province of Bartin, 15 of which were taxa newly recorded
for the macrofungi of Turkey. In other research, Afyon et al.
(2005) identified macrofungi of the western Black Sea
region, including two sites from the Bartin region, which
yielded two different species from their previous research.
In our research, 69 macrofungus taxa were identified solely
in Kiire Mountains National Park and recorded for the
province of Bartin. Afyon et al. (2000) identified only one
species belonging to the class Ascomycetes. Our research
increases this number to four. Only six of the species
identified in the study that Afyon et al. (2000) conducted
(Suillus luteus, Trametes hirsuta, Ramaria aurea, Lactarius
controversus, L. deliciosus, Schizophyllum comune) were

62 taxa were new recordings for the province of Bartin.

In light of the aforementioned information, it seems
possible that new studies, whether in the province of Bartin
or Kiire Mountains National Park, can lead to an increase in
the identified number of species and new recordings for the
macrofungus flora of Turkey.
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The effects of growing density and fertilization on morphological seedling
characteristics of crimean juniper (Juniperus excelsa Bieb.)

Yunus Eser®” (@, Siileyman Giilcii®

Abstract: In this study, the effects of growing density and fertilization on the morphological characteristics of the Crimean
Juniper (Juniperus excelsa Bieb.) seedlings were investigated. For this purpose, four different growing densities [150, 250, 350
and 600 (= control) seedlings per square meter] and three different fertilizer doses [0 g N (= control), 10 g N and 20 g N per
square meter] were studied. In this context, the effects of the treatments on the height (SH), root collar diameter (RCD), number
of sub branches (NSB), the longest lateral root length (LRL) and shoot:root ratio (S:R) of the seedlings, which are among the
important morphological characteristics, were examined. The data were evaluated in SPSS software. Results showed that the
main factor affecting the root collar diameter of the seedlings was growing density. Similarly, it was found that the main factor
working on the seedling height was fertilization dose. As a conclusion; it was suggested that cultivation of barerooted Crimean
Juniper seedlings in the Egirdir Forestry Nursery should be carried out with 150-350 seedlings per square meter and 10 g/m? N
application.

Keywords: Growing density, Fertilization, Crimean Juniper (Juniperus excelsa Bieb.), Seedling quality

Boylu Ardi¢ (Juniperus excelsa Bieb.)’ ta yetistirme sikhigi ve giibrelemenin

fidan morfolojik ozellikleri iizerine etkileri

Ozet: Bu calismada, yetistirme siklig1 ve giibrelemenin boylu ardig (Juniperus excelsa Bieb.) fidanlarimin morfolojik 6zellikleri
lizerine etkileri arastirilmugtir. Bu amagla, dort farklh siklik derecesi [metrekarede 150, 250, 350 ve 600 (=kontrol) fidan] ve ti¢
farkl giibre dozu [metrekareye 0 g N (=kontrol), 10 g N ve 20 g N] denemeye alinmigtir. Bu baglamda, uygulanan islemlerin
6nemli fidan morfolojik 6zelliklerinden olan fidan boyu, kdk bogazi ¢api, yan dal sayisi, en uzun yan kdk boyu ve govde/kok
kuru agirlik oram iizerine olan etkileri incelenmistir. Denemeye alinan islemler sonucunda elde edilen veriler SPSS paket
programinda degerlendirilmistir. Buna gore; fidanlarin kdk bogazi ¢api iizerine etkili olan temel faktdriin yetistirme sikligi
oldugu ortaya ¢ikmistir. Ayni sekilde, fidan boyu tizerine etkili olan temel faktoriin ise giibreleme dozu oldugu tespit edilmistir.
Sonug olarak; Egirdir Orman Fidanliginda yiiriitiilen boylu ardi¢ fidani yetistirme ¢alismalarinin, metrekarede 150-350 fidan

olacak sekilde yapilmasi ve metrekareye 10 g N verilmesi uygun olacaktir.
Anahtar kelimeler: Yetistirme siklig1, Giibreleme, Boylu ardig (Juniperus excelsa Bieb.), Fidan kalitesi

1. Introduction

92 % of the juniper forests covering 1.1 million hectares
in Turkey, are in a condition which cannot provide the
benefits expected both qualitatively and quantitatively
(Giltekin et al., 2003). Furthermore, in these unfavorable
forest lands, the soil has lost its biologic activity and it is
under the danger of erosion, as well. As junipers can grow
in extreme site conditions and are usually the last tree
species remaining in the deforestation process, they are the
most suitable ones for the mentioned degraded lands to be
afforested. In addition, the use of high quality seedling is
one of the most important factors effecting the success of
the afforestation in unfavourable sites (Urgeng, 1986; Negiz
et al., 2015).

Since they are practicable and easy to be used, seedling
morphological characters are used much more than
physiological characters in quality classification (Larsen et
al., 1986; Long and Carrier, 1993; Jelin et al., 2013).

Some such factors as fertilization, irrigation, shading,
seedling age, root cutting and transplantation effect the
morphological characters. Another important factor is
seedling density and it is thus crucial to determine the
cultivation density of the species. It is known that growing
density in seedbeds effects the seedling height, root collar
diameter and dry weight positively and those seedlings
which were cultivated on the seedbed thinly are more
successful in the field than the ones which were cultivated
densely (Gezer, 1986; Tetik, 1995; Jacobs et al., 2005).

In addition to seedbed density, fertilization also plays a
crucial role in the change of morphological features. A
significant part of the nutrients taken by the plants are stored
in fresh shoots, sprouts and leaves, and they are used
actively in times of need (blooming, root development etc.)
(Puttonen, 1997; Trubat et al., 2010). Therefore, fertilization
positively effects the post-planting development of the
seedlings. For example, it increases their cold and drought
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tolerances (Fisher and Mexal, 1984; Sharma and Singh,
2011).

The main aim of the study is to identify the effects of
growing density and fertilization on some morphological
seedling quality attributes for Crimean Juniper (Juniperus
excelsa Bieb.).

2. Material and methods

Bare root Crimean Juniper seedlings (1+0) originating
from the seeds, which were collected in Isparta/Camdag
locality and grown in Egirdir Forest Nursery under open
field conditions, were used in this study. Four different
growing densities and three different fertilizer dosages, in
total 12 combinations, were applied with three replications
in completely randomized design. As a control, a growing
density of 600 seedlings per square meter were used. These
seedlings were thinned to various density levels (150, 250,
350 seedlings per square meter) at the end of May. During
the thinning process, we ensured that the remaining
seedlings were distributed homogeneously (Cicek et al.,
2010; Gond et al., 2013).

As the total nitrogen concentration was low (0.1 %) and
pH was high (7.8) in the soil analyses which were
performed in the studied nursery, ammonium sulphate
[(NH,),SO,] fertilizer containing 21 % nitrogen, was used in
the fertilization test. The fertilizer, diluted in equal amounts
of water, was applied to the seedbeds at the end of June and
irrigation was performed following the fertilization. In the
fertilization test, two different dosages (10 and 20 g N per
square meter) were applied in addition to the control (0 g N
per square meter). Measurements were performed on a
sample of 30 seedlings in each repetition for every
treatment, in total 1080 seedlings, at the end of October.
Morphological attributes such as the seedling height (cm),
root collar diameter (mm), number of sub branches (pieces),
the longest lateral root length (cm) and shoot: root ratio (g)
of the seedlings were all measured.

The obtained data was analysed by the SPSS 10.0
software. We examined whether the data for the measured
parameters show normal distribution before the analyses,
and the outliers were removed accordingly (Kalipsiz, 1981;
Yildiz and Bircan, 1991; 1994). Furthermore, square root

transformation was applied for the number of sub branches,
which were obtained by counting. The statistical model used
in the variance analyses (ANOVA) performed for the data
evaluation is given below.

Yiikm= p + R+ Dj + F+ RiD; + RiFy + DiFy + RiDjFy + ey

Where Yijm is the measurement on the m™ seedling of
the k™ dose of fertilizer from the j"" seedling density in the i"”
replication; m is the overall mean; R; is the effect of it
replication (i = 1, 2, 3); D; is the effect of j" seedling density
(j = 150, 250, 350 and Control); F, is the effect of K"
fertilizer dose (0, 10 ,20); RD; is the interaction effect
between i replication and j" seedling density; RiFy is the
interaction between i™ replication and k™ fertilizer dose;
D is the interaction between j" seedling density k"
fertilizer dose; RDjF¢ is the interaction between i
replication, and j™ seedling density and k™ fertilizer dose
and em(ijk) are the residuals.

3. Results

According to the results of the variance analysis, the
fertilizer dosage significantly acted on seedling height and
number of sub branches. The growing density increased root
collar diameter and shoot: root ratio considerably. The main
effects of the treatments did not have any effects on the
longest lateral root height while their combined effects were
statistically significant. The observed differences of
shoot:root ratio is dramatically worked on by the growing
density and fertilizer dosage and their interaction (Table 1;
Figure 1).

A height of 18.5 cm for the highest average seedling was
measured for the application of 20 g N per square meter,
while a height of 15.9 cm for the lowest average seedling
was measured in the control (Table 2). In addition, as
growing density increases, the need for fertilizer also goes
up (Figure 1). The highest average root collar diameter of
2.8 mm was obtained in the application represented by 150
seedlings per square meter while the lowest average
diameter of 2.1 mm was measured in the application
represented by 600 seedlings per square meter (Table 2).

Table 1. Results of variance analysis of the important morphological characteristics

Source of variation Degrees of Seedling Root collar Number of The longest Shoot:root
§ height diameter sub branches lateral root ratio
reedom ;
(mm) (pieces) length (cm) (9)

Seedling density 3 0.845 ns 0.000*** 0.052 ns 0.096 ns 0.003**
Fertilizer dose 2 0.006** 0.255ns 0.032* 0.131ns 0.266 ns
Replication 2 0.815 ns 0.453 ns 0.806 ns 0.248 ns 0.822 ns
Seedling density x Fertilizer dose 6 0.509 ns 0.228 ns 0.364 ns 0.125ns 0.313 ns
Seedling density x Replication 6 0.650 ns 0.345ns 0.227 ns 0.189 ns 0.741ns
Fertilizer dose x Replication 4 0.740 ns 0.545ns 0.803 ns 0.274 ns 0.005**
Seedling density x Replication x Fertilizer dose 12 0.000*** 0.001*** 0.000*** 0.027* 0.000***
The residuals 983

*: Significant at P < 0.05; **: significant at P < 0.01; ***: significant at P < 0.001; ns: insignificant
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Figure 1. Average values and standart deviations of seedlings morphological attributes at different growing densities and

fertilizer doses

Table 2. Results of duncan test of the important
morphological characteristics

r Average Average Average f Average
Dos_e§ 0 seedling root collar number o shoot:root
Fertilizer - . sub :
height diameter ratio
(9) (cm) (mm) branches ©
(pieces)
0 15.9° 2.6ns 16° 2.3ns
10 17.6° 2.5ns 17° 2.5ns
20 18.5° 2.5ns 18° 2.7ns
Seedling Densities (pieces)
150 17.3ns 2.8% 19 ns 2.7%
250 17.7ns 2.5 19ns 2.7%
350 17.3ns 2.3° 16 ns 2.4°
600 17.2ns 2.1° 15ns 2.3°

*The values expressed in the same letters (a,b,c,d) indicate
homogeneous groups; ns: insignificant

The highest average number of sub-branches (18) was
counted in the treatment with 20 g/m’ of nitrogen while the
lowest average number of sub- branches (15) was counted in
the control. Therefore, by applying of 20 g/m® of N, it is
possible to increase the number of sub-branches
approximately by 16 %. This positive effect is stronger with
the increase of growing density (Figure 1).

For the shoot: root ratio, the highest average value (2.7)
was measured at the growing density of 150-250 seedlings
per square meter while the lowest average value (2.3) was
measured at growing density of 600 seedlings per square
meter.
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4, Discussion and Conclusions

As already known, the main purpose of nursery
production is to plant as many seedlings as possible which
are healthy, qualified and convenient to be able to be
planted. In accordance with this purpose, firstly, the amount
of seed to be sown per unit area should be determined
according to tree species and habitat conditions. Since one
of the most important factors effecting the quality of the
seedlings to be used in reforestation efforts is the growing
density. As a result of the studies carried out in different tree
species, it is stated that as the growing density increases the
root collar diameter decreases and the root collar diameter
increases as the growing density decreases (Ozdemir, 1971;
Saatgioglu, 1976; Simsek, 1987; Mexal and Landis, 1990;
South, 2000; Rose and Ketchum, 2003). Therefore,
considering the economy of the business, especially in the
arid and semi-arid areas where the root collar diameter is an
important criterion of success, higher biological success will
be achieved (Yahyaoglu and Geng, 2000).

However, in addition to the growing density to be
applied to the seedlings in their seedbeds, fertilization is one
of the most important factors working on seedling quality.
Because, the nutrient deficiencies in the soil, which are
caused from consumption by millions of seedlings grown
every year, may only be alleviated by appliying some
amount of fertilizer. In this context, those seedlings grown
with the adequate fertilizer are found to be more successful
in the field (Tacenur and Efeoglu, 1979; Oner et al., 2010;
Oliet et al., 2011). As a result of this study, it is observed
that fertilization is the most important factor effecting
especially seedling height and number of sub branches.
Similarly, in the conducted studies, it is stated that the
seedling height is one of the best observation tool which
shows the potential of afforestation, and the tall seedlings
are more successful than the short ones in living covered
and sloping and humid areas (Ozdemir, 1971; Eyiiboglu,
1988).

Shoot:root ratio is the ratio of the dry weight of plant
system above the collar root to the dry weight of the root
system under the root collar (Ritchie, 1984; Ericsson, 1995;
Jiménez et al., 2005; Haase, 2008). According to some
research results, it is reported that the most effective criteria
on the seedlings survival ratio on the land is the shoot:root
ratio (Van den Driessche, 1991; Bernier et al., 1995;
Tsakaldimi et al., 2012). As a result of this study, it was
concluded that both growing density and fertilization have
positive effects in terms of this character.

With all these reasons, the effects of growing density
and fertilization were determined only on seedling
morphological characteristics. Because, morphological
characteristics are more preferable in classification of
seedling quality in terms of ease of application of today
(Mattsson, 1997; Semerci, 1997).

As a result of the assessment, the effect of growing
density per unit on seedling height is statistically
insignificant; however, the dose of applied fertilizer has
proved to be more effective than growing density. In the
meantime, when density levels and fertilizer doses were
compared in terms of root collar diameter of seedlings, the
observed differences in terms of quality emerged due to the
growing density. In other words, the growing density effects
root collar diameter more than the fertilization itself. The
obtained results are similar to the previously conducted

research results (Brissette et al., 1991; Simpson, 1991;
South, 1993; Jinks and Mason, 1998; Williams and Stewart,
2006).

Based on the results of this study, we can recommend
the growing density of 150-350 seedlings per square meter
for production of Crimean juniper seedlings targeted for
afforestation in arid and semi-arid areas, where root collar
diameter is an important attribute for success. Because, it
was observed that when the number of seedlings decreased
from 600 to 150 per square meter, a 32% of rise; a 19%
increase when the number of seedlings were 250, and a 10%
raise when the number of seedlings were 350.

Although the Crimean juniper is a tree species suitable
for the extreme conditions in arid and semi-arid areas,
application of at least 10 g nitrogen per square meter is
recommended for the seedlings targeted to be planted at
sites with dense competitive vegetation and adequate rain.
Because, while the seedlings, to which 20 g N were given
per square meter, grew longer 16% on average compared to
those to which no fertilizers were given, those to which 10 g
N were granted grew longer 11% on average. Therefore,
increasing the fertilizer dose from 10 grams to 20 grams
only results in an average increase of 5%. Based on this
reason, considering the economy of the business, it is
thought that 10 g N per square meter will be more
beneficial.
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Toros sediri (Cedrus libani A. Rich) fidanlarinin fizyolojik durumu iizerinde
sokiim zamaninin etkisi

Sevde Sari® ¥, Ayse Deligoz®

Ozet: Orman fidanliklarinda fidan sokiim zamam tiir, orijin ve yetistirme tekniklerine bagli olarak degisebilmektedir. Uygun
sOkiim zamanim sadece morfolojik ozellikleri dikkate alarak belirlemek telafisi imkansiz hatalara neden olabilir. Bu nedenle,
sokiim zamanini dogru belirlemek i¢in fidanin fizyolojik durumunu da belirlemek sarttir. Bu galismada, iki farkli orijinden
yetistirilmis 2+0 yasl Toros sediri (Cedrus libani A. Rich.) fidanlarinda uygun sékiim zamamm belirleyebilmek amaciyla fidanin
fizyolojik durumu tizerinde so6kiim zamammn etkileri incelenmistir. Kapidag ve Bucak orijinli fidanlarin sékiimii 2016 yili1 ocak
aymdan mayis ayma kadar belirli araliklarla 7 farkli zamanda gerceklestirilmistir. Her bir 6l¢im doneminde, basing-hacim egrisi
teknigi yardimiyla su potansiyeli bilesenlerinden solma noktasindaki osmotik potansiyel (\ynTLP), doygun haldeki osmotik

potansiyel (y 100)’ solma noktasindaki serbest su igerigi (FWCTLP), solma noktasindaki nispi su igerigi (RWCTLP), relatif su igerigi
(RWC), birim kuru agirlik basina diisen simplastik su miktar (VO/DW), apoplastik su oran1 (V /VT) ve kuru agirlik oran1 (DWF)
a

belirlenmistir. Ayrica, kok gelisme potansiyeli ile igne yaprak ve kok orneklerinde toplam karbonhidrat igerigi belirlenmistir.

Calisma sonuglaria gére y w0 Voo igne yaprak ve kok orneklerinde toplam karbonhidrat igerigi ve kok gelisme potansiyelinde

mevsimsel bir degisim gorilmiistiir. y e Vo0 her iki orijinde es zamanli olarak ocak sonundan subat sonuna kadar
e e
yiikselmis, sonrasinda mart baginda bir diisiis gosterdikten sonra mayis ayma dogru tekrar yiikselmistir. FWCTLP ve RWC’de

6lgtim donemleri arasinda 6nemli bir farklilik belirlenmemistir. Kok ve igne yapraklarda toplam karbonhidrat igerigi her iki
orijinde ocak sonundan mayis basina dogru yavas yavas azalmigtir. Kok gelisme potansiyeli Kapidag orijininde subat sonu,
Bucak orijininde mart baginda maksimum degere ulastiktan sonra diisiise gecmistir. Ocak, subat ve mart basinda sokiilen
fidanlarin stres dayanikliligi, mart sonu, nisan veya mayis aymda sokiilen fidanlardan daha yiiksektir. Egirdir Orman Fidanlig1
kosullarinda giivenli sokiim zamani ocak- mart basit donem olarak tespit edilmesine karsin, sokiim veya dikim i¢in hava kosullari
uygun degil ise, sokiim zamani mart sonuna kadar ileriye ¢ekilebilir.

Anahtar kelimeler Toros sediri, Osmotik potansiyel, Kok gelisme potansiyeli, Coziinebilir seker

Effect of lifting date on physiological condition of Taurus cedar (Cedrus libani A.
Rich) seedlings

Abstract: In forest nursery, the optimal lifting period can be change according to species, origin and growing techniques.
Determining the optimal lifting period by the use of morphological characteristics may cause irreparable errors. Thus, it is also
necessary to determine the physiological conditions of the seedling to accurately identify lifting period. In this study, effects of
lifting date on physiological condition of the seedling were examined in order to determine the optimal lifting period in 2+0 aged
Taurus cedar (Cedrus libani A. Rich) seedlings grown from two different provenances. Seedlings from Kapidag and Bucak
provenances were lifted at 7 different dates from January to May in 2016. In each measurement time, water relations parameters
by the pressure — volume (P-V) curve technique were estimated, including osmotic potential at full turgor (\VMOO), osmotic

potential at turgor loss point (‘Vmp)’ free water content at turgor loss point (FWCTLP), relative water content at turgor loss point
(RWCTLP), relative water content (RWC), symplastic water at saturated point per dry weight of the shoot (VO/DW), apoplastic
water fraction (VaNT) and dry weight fraction (DWF). In addition, root growth potential and total carbohydrate content in root
and needle samples were determined. According to the results of this study, VooV total carbohydrate content in needle and
roots, and root growth potential showed a seasonal change. In both provenances, Vo, and Voo increased from late January to

late February, then decreased early March and increased again to May. No significant differences were determined between
measurement dates in FWCTLP and RWC. Total carbohydrate content in root and needles decreased gradually from late January

to early May in both provenances. The root growth potential reached the maximum value on late February to Kapidag
provenance and on early March to Bucak provenance and then fall. Seedlings lifted from January to early March had greater
stress resistance than seedlings lifted in the late March, April or May. In Egirdir forest nursery, although the safe period for lifting
season are late January to early March, if weather conditions are adverse for lifting or planting, lifting period might be delayed
until late March.

Keywords: Taurus cedar, Osmotic potential, Root growth potential, Soluble sugar
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1. Giris

Dikim caligmalarindaki biitiin yatirimlar fidan iizerinde
toplanmaktadir. Yapay genglestirme ve agaglandirma
calismalarinda kullanilan fidanlarin bilyiik ¢ogunlugu ciplak
kokliidiir. Kalitesiz fidan kullanimi veya yetisme ortami
kosullarmin yeterince dikkate alinmamasi gibi nedenlerle
¢iplak koklii fidanlarla yapilan agaglandirma ¢aligmalarinin
zaman zaman basarisizlikla sonuglandigi goriilmektedir
(Deligoz ve Geng, 2010). Fidan Kkalitesi, fidanlarin
dikildikleri c¢evrede karsilastiklari uzun siireli ¢evresel
stresler altinda yasayabilme ve kuvvetli biiyiime yapabilme
kapasitesi olarak tanimlamaktadir (Puttonen, 1997).

Fidan kalite smiflamasinda morfolojik ozelliklerden,
fidan boyu ve kok bogazi ¢apt kombinasyonunun, fidan
kalitesinin belirlenmesinde genelde en ¢ok kullanilan 6zellik
oldugunu, ancak bunun dikim sonrasi performans i¢in %
30’dan fazlasina cevap veremeyecegi, kalan % 70’lik
kismin  ise  fizyolojik  Ozelliklerin  belirleyecegi
belirtilmektedir (Semerci, 1994). Bugiine kadar tespit
edilmis, kullanilmis ¢ok sayida fizyolojik karakteristik
vardir. Bu karakteristiklerden, arazi performansinin
belirlenmesinde kullanilabilecek en Onemlileri; bitki su
potansiyeli, kok gelisme potansiyeli, fidanin karbonhidrat
rezervi, yapraklarmm klorofil igerigi, soguga dayaniklilik,
uyku hali, bitki bilyiime hormonlarimin miktarinin 6lglimii
ve stres direncidir (Semerci, 2002).

Dikim c¢alismalarinda yogun olarak kullanilan ¢iplak
kokli fidanlar, s6kiim-dikim stireci ve bu siiregteki cesitli
islemlerin etkilerine bagli olarak yeni dikim ortaminda bir
adaptasyon giicliigii ile karsilasmaktadir. Ciinkii sokiim-
dikim siirecinde fidanlarin kokleri zarar gormekte, su
potansiyelleri diigmekte, hatta fidanlar dona veya sicakliga
maruz kalabilmektedir. Fidanlarin bu olumsuz etkileri en az
zararla atlatabilmesi i¢in uygun donemde sokiilmesi gerekir
(Geng ve Yahyaoglu, 2007). Bu donemin saglikli bir sekilde
belirlenebilmesi igin fidanlarin morfolojik ve fizyolojik
ozelliklerinin  dikkate almmasi  gerekir.  Fizyolojik
degerlendirmeler, uyku hali, bitki su potansiyeli, kok
gelisme potansiyeli ve stres etmenlerine dayaniklilik
tespitinde kullanilan elektrolit sizintt miktar1 iizerinde
yogunlagmistir.

Calismamiza konu olan Toros sediri (Cedrus libani
ARich), kurakliga dayanikli ve uyum yetenegi de
(plastitesi) yiiksektir. FAO, Toros sedirinin zor kosullara
kolay adapte olabilen, dona, asir1 sicakliga, yangina
dayanikli ve kaliteli odunu nedeniyle Akdeniz yoresinde,
gerek kendi yayilis alaninda gerekse dogal yayilis alanlari
disinda verimsiz ve bozuk orman alanlarinin yerine
yenilerinin kurulmasinda yaygm olarak kullanilan bir tiir
oldugunu belirtmistir (Gen¢ ve Yahyaoglu, 2007). Asli
tirlerimizden olan Toros sediri, Tirkiye’de 463.521
hektarlik bir alanda yayilis gostermektedir. Bu alanin
220.328 hektarinda kapalilik 0.4 ve daha fazladir (Anonim,
2015). Toros sediri, dogal olarak Giiney Anadolu ve
Liibnan’da yayilmakta olup, bati smir1 Fethiye ve
Koycegiz’den baglar. Doguya dogru Toroslar iizerinde
uzanmakta, Goksun ve Kahramanmaras yorelerinde ve
giineyde Amanos daglarinda bulunmaktadir. Bu yayiligin
disinda Kuzey Anadolu'da Kelkit ve Yesilirmak Vadisinde,
Erbaa ve Niksar yoresinde 100 hektar civarinda adaciklar
halinde bulunmaktadir. Ayrica Bati Anadolu'da Afyon'un
Cay kazasinin Deresinek kdyii yakininda izole bir sedir

mesgeresi de bulunmaktadir. Ancak optimal yayiligini Bati
Toroslarda  ozellikle Elmali (Ciglikara) ve Bucak
(Katrandag1 ve Susuz Dagi) ormanlarinda yapmaktadir
(Evcimen, 1963).

Uzun yillardan beri dogal yayilis alani i¢inde ve disinda
genis agaclandirma ¢aligsmalart yapilan Toros sediri, Goller
bolgesi agaclandirma ¢aligmalarinda da yogun olarak tercih
edilmektedir. Bu kapsamda Egirdir Orman Fidanhiginda
uzun yillardir farkli orijinlerde sedir fidanlar iiretilmektedir.
Bununla birlikte Egirdir Orman Fidanlig1 kosullarinda sedir
fidanlarinin sokiim zamanina iliskin kapsamli bir ¢aligma
heniiz yapilmamistir. Kuskusuz fidanlik kosullarinda tiirler
hatta orijin bazinda uygun sokiim zamaninin tespiti,
iizerinde durulmasi gereken en 6nemli konulardan birisidir.
Bu c¢alisma kapsaminda Egirdir Orman Fidanligi
kosullarinda yetistirilen iki farkli orijine ait 2+0 yash ciplak
koklii Toros sediri fidanlarinda sokiim zamanmin fidan
fizyolojik kalite ozellikleri iizerindeki etkisi tespit edilmis
ve elde edilen bilgiler 1s18inda ¢alismaya konu orijinler
bazinda uygun sokiim zamanina iliskin saglikli onerilerde
bulunulmustur.

2. Materyal ve yontem
2.1. Materyal

Arastirma materyali olarak, Egirdir Orman Fidanlik
Miidirligi’nde ¢izgi ekimi yontemiyle 8 Subat 2014
tarihinde ekilen ¢iplak koklii Bucak orijinli ve 22 Subat
2014 tarihinde ekilen ¢iplak kokli Kapidag orijinli 2+0
yasindaki Toros sediri (Cedrus libani A. Rich) fidanlar
kullanilmistir (Cizelge 1).

2.2. Yontem

Egirdir Orman Fidanligi’'nda Kapidag ve Bucak orijinli
Toros sediri fidanlarinda 2016 yilinin ocak aymndan mayis
ayma kadar 7 farkli zamanda baz: fizyolojik ve morfolojik
Olciimler gerceklestirmek icin fidan sokiimleri yapilmustir.
Kok zayiatin1 en aza indirmek amaciyla sokiimler, toprak
tav halinde iken bel kiirek yardimiyla gergeklestirilmistir.
Morfolojik 6zelliklerin tespiti igin her iki orijinden 20 adet
fidan iizerinde kok bogaz ¢apt ve fidan boyu oOlgiimleri
yapilmistir. Kok bogaz ¢api, milimetrik elektronik ¢ap dlger
ile 0.01 mm hassasiyetle, fidan boyu cetvel ile 0.5 cm
duyarlilikta l¢tilmiistiir.

Cizelge 1. Arastirmaya konu Toros sediri orijinlerine ait
bilgiler (Dagdas, 2012)

Isletme Isletme Rakim
Midiirliigi.  Sefligi Enlem Boylam (m)

Isparta Kapidag 38°05°23” 30°42°20”  1400-1600

Elmali Bucak 36°33°25” 29°48° 00” 1500
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Su potansiyeli ve bilesenlerinde olugan donemsel
degisimin tespiti i¢in her bir sokiim zamaninda her orijin
icin rastgele 6 adet fidan segilmistir. Segilen her bir fidan
kok bogazindan kesilmis ve siirglin Orneklerinin taze
agirliklar1 0.0001 g hassasiyetindeki terazide Olciilmiistiir.
Siirglin 0rnekleri saf su igcinde 24 saat bekletilerek doygun
agirliklart belirlenmistir. Siirglin 6rneklerinden tam doygun
oldugu (6lgiilen ilk su potansiyeli degeri - 0.15 MPa’dan
daha biiyiik ise) kabul edilen 3 siirgiinde 0.3 MPa’lik basing
kademeleri ile gerektiginde 25 nokta alinincaya kadar
Ol¢limler tekrarlanmis ve basing-hacim egrisi
olusturulmustur. Bu egri yardimiyla, solma noktasindaki
osmotik potansiyel (osmotic potential at turgor loss point,
\Vmp) ve tam doygun haldeki osmotik potansiyel (osmotic

potential at full turgor, y lOO) hesaplanmistir. Ayrica agagida

verilen formiiller yardimiyla solma noktasindaki serbest su
icerigi (free water content at turgor loss point, FWCTLP),

solma noktasindaki nispi su igerigi (relative water content at
turgor loss point, RWCTLP), relatif su icerigi (relative water

content, RWC), birim kuru agirlik bagina diisen simplastik
su miktar1 (symplastic water at saturated point per dry
weight of the shoot, VOIDW), kuru agirlik orani (dry weight

fraction, DWF) ve apoplastik su orani (apoplastic water
fraction, V/VT) degeri hesaplanmustir  (Geng, 1992;
a

Semerci, 1994; Dirik, 2000).

Solma noktasindaki serbest su icerigi (%)= F WCTLP
FWCq p=[(Vo-Ve)/V0]*100 1)

Solma noktasindaki nispi su igerigi (%)=RWCTLP
RWCq p=[(Vt-Ve)/Vt]*100 2)

Relatif su igerigi (%)= RWC
RWC=[(TaA-KuA)/(DoA-KuA)]*100 3)

Birim kuru agirlik bagina diisen simplastik su
miktari= Vo/DW
Vo/DW= Vo/KuA 4)

Kuru agirlik orani
DWF=KUA/DoA ®)

Apoplastik su orani
Apoplastik su orani=ValVt (6)

Yukarida formiillerde Vo, simplastik su miktarini; Ve,
dokulardan solma noktasina ulasincaya kadar preslenen su
miktarini; Vt, dokulardaki toplam su miktari; DOA,
doygun agirhigi; KuA, Kuru agirlhiy; TaA, taze agirhigy; Va,
apoplastik su miktarini gostermektedir.

Toplam karbonhidrat igeriginin tespiti i¢in her orijinden
15’er adet fidann siirgiinleri saf suda hizlica temizlendikten
sonra 65 °C’de 48 saat kurutulmustur. Sonrasinda igne
yapraklar kahve égiitiicii yardimryla dgiitiilmiistiir. Ogiitiilen
orneklerin  toplam  karbonhidrat icerigi Dubois ve
arkadaglarina (1956) gore fenol siilfiirik asit yontemine gore
yapilmistir. Kok gelisme potansiyelinin tespiti i¢in her bir
sokiim zamaninda her orijinden 24 fidanda caligilmistir.
Oncelikle fidan kokleri, kok bogazi hizasmin asagisindan
yaklasik 20 cm’den budanmisg, kok sistemi iizerindeki yeni
olusmus beyaz kok uglart makas yardimiyla uzaklastirmig

ve daha sonra bu fidanlar, koklerinin kolayca gelismesine
uygun bir ortam (humus:perlit; 3:1 hacim olarak) ile 24°1ik
saksili tepsilere dikilmistir. Dikimin ardindan hemen
sulanmig ve kontrollii kosullarda (giindiiz 20 £1°C, gece 17
+1 °C, % 65-90 bagil nem ve 16 saat fotoperiod) bitki
biliyiitme odasina yerlestirilmistir.  Diizenli  sulama
uygulanan fidanlar 30. giin sonunda sokiilmiistiir. Sokiimiin
ardindan yeni olusan lcm’den bilylikk beyaz kok uclari
sayilmistir.

2.3. Verilerin degerlendirilmesi

Elde edilen veriler SPSS 22.0 paket programi
kullanilarak degerlendirilmistir. Her orijin ig¢in Olgiilen
fizyolojik ozelliklerin tarihsel degisimini ortaya koymak
amaciyla Varyans analizi yapilmis ve Ol¢iim tarihleri
arasinda istatistik agidan O6nemli fark bulunmasi halinde
Duncan testi uygulanmistir. Ayrica orjinler arasinda, 6l¢iim
donemlerinde anlamli farkin olup olmadigini belirlemek
amaciyla “t testi” yapilmustir. Ozellikler arasindaki iliskileri
belirlemek amaciyla korelasyon analizi yapilmigstir. Oransal
degerler, istatistiki analizler 6ncesi arcsin doniisiimiine tabi
tutulmustur.

3. Bulgular

Olgiim tarihlerinde fidanlarin kok bogazi capi ortalama
degerleri Bucak orijininde 2.65 mm ile 3.94 mm arasinda,
Kapidag orijininde 3.88 mm ile 4.24 mm arasinda
degismistir. Fidan boyuna ait ortalama degerler Bucak
orijininde 11.90 cm ile 17.19 cm arasinda, Kapidag
orijininde 14.66 cm ile 18.11 cm arasinda degismektedir
(Cizelge 2).

Basing-hacim (P-V) egrisi yontemiyle elde ettigimiz su
potansiyeli bilesenlerinden Vo Vo RWCTLP, VO/DW,

\Y /VT ve DWF lizerinde sokiim zamani etkilidir (sirasiyla,
a
P<0.01, P<0.05, P<0.05, P<0.001, P<0.05, P<0.001). v i

Ve
‘llnl 00

tarihinden 24 Subat tarihine kadar yiikselmis, sonrasinda 9
Mart tarihinde bir diisiis gosterdikten sonra mayis ayina
dogru tekrar ylikselmistir (Sekil 1). T- testi sonuglarina
gore, sadece 9 Mart tarihinde yapilan Sl¢limde \ymo’nin

her iki orijinde es zamanli olarak 20 Ocak

orijinler arasinda farklilastigi tespit edilmistir (t= 6.018,
P<0.01).

Cizelge 2. Kok bogazi ¢ap1 ve fidan boyuna iliskin ortalama
degerler

Kok bogazi ¢ap1 (mm) Fidan boyu (cm)

Sokiim tarihi

Bucak Kapidag Bucak  Kapidag

20 Ocak 2016 2.89 3.92 11.90 15.57
9 Subat 2016 3.94 4.06 14.24 15.39
24 Subat 2016 343 4.06 13.18 16.63
9 Mart 2016 2.92 4.24 13.36 15.31
27 Mart 2016 2.65 391 13.28 14.66
8 Nisan 2016 2.90 3.88 15.87 17.02
9 Mayis 2016 3.18 391 17.19 18.11
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Bucak orijininde RWCrp degeri % 83.23 ile % 92.01
arasinda, FWCrp degeri 48.21 ile % 61.10 arasinda ve
RWC degeri % 96.91 ile % 92.44 arasinda degismistir
(Cizelge 3). Kapidag orijininde ise RWCq p degeri % 81.31
ile % 91.44 arasinda, FWCrp degeri % 48.98 ile % 62.04
arasinda ve RWC degeri %97.42 ile %90.58 arasinda
degismektedir (Cizelge 4). Sokiim donemlerinde orijinler
arasindaki farklilik sadece FWCy p’de ve sadece 24 Subat
tarihinde tespit edilmistir (t=-6.551, P<0.001).

Bucak orijininde ocak-mart arasi dénemde diisiik olan
Vo/DW degeri nisan ve mayis ayinda ylikselmistir. Kapidag

orijininde de Vo/DW degeri diger aylara gore mayis aymda
daha yiiksektir (Cizelge 3-4). Mayis ayinda Vo/DW degeri
bakimindan orijinler arasinda da bir farklilik belirlenmistir
(t= -3.062, P<0.05). Apoplastik su fraksiyonuna (Va/VT) ait
ortalama degerler incelendiginde ise Vo/DW degerinin tam
tersi bir durum s6z konusudur. En diisiik Va/VT degeri 9
Mayis tarihinde tespit edilmistir (Cizelge 3-4).

Her iki orijinde kuru agirlik oranmn en yiiksek oldugu
tarih 27 Mart, en diisiik oldugu tarih ise 9 Mayistir. Kuru
agirhik oraninda 27 Mart tarihinden 9 Mayis tarihine dogru
belirgin bicimde azalma tespit edilmistir (Cizelge 3-4).

Sokiim Tarihi
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Sekil 1. Toros sediri orijinlerinde doygun haldeki (y oo osmotic potential at full turgor) ve solma noktasindaki (y - osmotic
s T il
potential at turgor loss point) osmotik potansiyelinin mevsimsel degisim

Cizelge 3. Bucak orijini fidanlarinin fizyolojik 6zelliklerine ait verilerin mevsimsel degisimi

Ozellikler 20 Ocak 9 Subat 24 Subat 9 Mart 27 Mart 8 Nisan 9 Mayis

FWCrp (%) 59.94+7.34a 61.10+3.89%a 51.49+0.36a 48.21+2.79 50.30+3.50a 56.27+2.65a 51.57+6.67a
RWCr.p(%) 91.20+1.14ba 91.91+0.63a 92.01+0.68a 89.14+0.56ba 87.50+1.71ch 87.77+1.0b 83.23+2.40c
RWC(%) 95.73+0.86a 96.91+1.30a 93.54+1.68a 96.74+1.50a 95.29+0.56a 92.44+1.81a 95.95+0.70a
Vo/DW 0.36+0.04ch 0.31+0.02dc 0.23+0.02d 0.3120.04dc 0.33+0.03dc 0.45+0.06b 0.64+0.03a
Va/Vit 0.77+0.03b 0.79+0.02ba 0.84+0.01a 0.79+0.02ba 0.75+0.02b 0.72+0.04cb 0.65+0.01c
DWF 0.39+0.01c 0.41+0.00ch 0.41+0.00ba 0.40+0.01cb 0.43+0.00a 0.38+0.00c 0.35+0.01d

FWCTLP: Solma Noktasindaki Serbest Su Icerigi (Free water content at turgor loss point), RWCTLP: Solma Noktasindaki Nispi Su Icerigi (Relative
water content at turgor loss point), RWC: Relatif Su Igerigi (Relative water content), VO/DW: Birim Kuru Agirliga Diisen Simplastik Su Miktar1
(Symplastic water at saturated point per dry weight of the shoot), Va/VT: Apoplastik su oram (Apoplastic water fraction), DWF: Kuru Agirlik Orani

(Dry weight fraction).

Cizelge 4. Kapidag orijini fidanlarinin fizyolojik 6zelliklerine ait verilerin mevsimsel degigimi

Ozellikler 20 Ocak 9 Subat 24 Subat 9 Mart 27 Mart 8 Nisan 9 May1s
FWCrir (%) 62.04+5.51a 56.41+1.82a 57.51+0.85a 61.81+4.59a 57.63+1.73a 55.99+2.69a 48.98+15.28a
RWCr.p(%) 89.26+0.66a 91.44+0.61a 90.23+1.03a 90.06+0.97a 90.84+0.80a 88.66+0.86a 81.31+4.89b
RWC(%) 90.58+2.25a 93.67+1.93a 97.42+0.86a 97.39+1.30a 96.51+0.49a 91.56+6.25a 93.93+1.50a
Vo/DW 0.45+0.06b 0.31+0.03c 0.33+0.04cb 0.40+0.07cb 0.30+0.03c 0.38+0.01ch 0.74+0.01a
Va/Vit 0.70+0.05ba 0.80+0.02a 0.77+0.03a 0.73+0.05ba 0.78+0.02a 0.74+0.01a 0.63+0.02b
DWF 0.39+0.01b 0.39+0.01b 0.41+0.00ba 0.41+0.00ba 0.42+0.00a 0.40+0.01ba 0.34+0.01¢c

FWCTLP: Solma Noktasindaki Serbest Su Igerigi (Free water content at turgor loss point), RWCTLP: Solma Noktasmdaki Nispi Su Igerigi (Relative

water content at turgor loss point), RWC: Relatif Su Igerigi (Relative water content), VO/DW: Birim Kuru Agirliga Diisen Simplastik Su Miktar

(Symplastic water at saturated point per dry weight of the shoot), Va/VT: Apoplastik su oran1 (Apoplastic water fraction), DWF: Kuru Agirlik Orani

(Dry weight fraction).
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Igne yaprak ve kok toplam karbonhidrat igerigi sokiim
zamanlarinda 0.001 o6nem diizeyinde anlamli farklilik
gostermistir. Her iki orijinde ocak ve subat aylarinda yiiksek
olup, sonrasinda mayis ayma dogru azaldig1 tespit edilmistir
(Sekil 2). Ortalama degerler goz oniinde bulunduruldugunda
en yiiksek igne yaprak toplam karbonhidrat icerigi Bucak
orijininde 20 Ocak tarihinde; Kapidag orijininde 9 Subat
tarihinde tespit edilmistir. Her iki orijinde en yiiksek kok
toplam karbonhidrat igerigi 20 Ocak tarihinde, en diisiik
degerler ise 9 Mayis tarihinde tespit edilmistir (Sekil 2).
Bununla birlikte toplam karbonhidrat icerigi bakimindan
orijinler benzer bulunmustur.

Kok gelisme potansiyeli bakimindan sokiim tarihleri
arasinda onemli farklilik tespit edilmistir (Bucak orijininde
P<0.05, Kapidag orijininde P<0.001). Bucak orijininde 9
Mart, Kapidag orijininde 24 Subat tarihinden itibaren kok
gelisme potansiyeli azalmistir. Kok gelisme potansiyeline
iligkin t testi sonuglarina gore; 24 Subat ve 8 Nisan
tarihlerinde kok gelisme potansiyelinin orijinler arasinda
farklilagtig1 tespit edilmistir (Sekil 3).

4. Tartiyma ve sonug

Su potansiyeli bilesenlerinden solma noktasindaki
osmotik potansiyel bir hiicrede turgor basincinin tamamen
yok oldugu, ¢eperle hiicre zarinin birbirinden ayrilarak
plazmolizin basladig1 andaki su potansiyeli degeridir. Bu
nedenle fidan kalitesinin belirlenmesinde ©nemli bir
fizyolojik karakteristik olarak kabul edilmektedir (Ducrey,
1984; Aussenac vd., 1988’ne atfen Dirik, 1999). Toros
sediri fidanlarinda 20 Ocak tarihinden 9 Mayis tarihine
kadar belirli araliklarla yapilan su potansiyeli bilesenlerine
ait tespitlerimizde, Bucak orijininde solma noktasindaki ve
tam doygun haldeki osmotik potansiyelde mevsimsel bir
degisim belirlenmistir. 20 Ocak tarihinde diisiik olan
degerlerin 9 Mart tarihindeki bir diisiis disinda may1s ayina
dogru yavasca yiikseldigi goriilmiistiir. Kapidag orijininde
de Bucak orijinine benzer mevsimsel bir degisim
belirlenmistir. Solma noktasindaki osmotik potansiyel
bakimidan her iki orijin benzer bulunurken, doyma
noktasindaki osmotik potansiyel bakimindan sadece 9 Mart
tarihinde orijinler arasinda onemli fark tespit edilmistir.
Orijinler arasinda belirgin farklarin  bulunmamasinda
orijinlerin temsil ettigi bolgenin nemli (Kapidag) ve yari
nemli (Bucak) olmasi ve yiikseltilerinin hemen hemen
benzer olmasinin bir etkisi olabilir.
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Sekil 2. Toros sediri orijinlerinde toplam karbonhidrat ieriginin (mg g™) mevsimsel degisim, TIK: igne yaprak toplam ibre
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Sekil 3. Toros sediri orijinlerinde kok gelisme potansiyelinin mevsimsel degisim
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Yiiriitillen birgok c¢alismada da, solma noktasindaki
osmotik potansiyelinin mevsimsel bir degisim gosterdigi
belirlenmistir (Doi vd., 1986; Dirik, 1993; Semerci, 1994;
Deligoz, 2011; Deligoz 2012). Toros goknar1 (Abies cilicica
subsp. isaurica) fidanlarinda kasim aymdan nisan ayma
kadar aylik periyotlarda yapilan tespitlerde solma
noktasindaki osmotik potansiyel en diisiik degeri ocak
aymda en yiiksek degeri nisan ayinda almistir (Deligoz ve
Gur, 2017). Kizilgamda solma noktasindaki osmotik
potansiyel degerlerinin kis aylarinda daha disiikk oldugu
tespit edilmigtir (Dirik, 1991).

Osmotik potansiyel veya diger doku su iligkilerindeki
mevsimsel degisiminin ¢igeklenme, siirglin uzamasi ve
yaprak gelisimini i¢eren fenolojik olaylarla iligkili oldugu
belirtilmistir (Tyree vd., 1978; Parker vd., 1982; Kubiske ve
Abrams, 1991). Doi vd. (1986) tarafindan yapilan bir
caligmada, Cryptomeria japonica D. Don. fidanlarinda en
yiiksek osmotik potansiyel (solma noktast1 ve doygun
haldeki osmotik potansiyel) degerlerinin yaprak gelisim
periyodunda belirlendigi, en diisiik degerlerin ise hava
sicaklilarinin en diisiik oldugu periyot siiresince tespit
edildigi belirtilmistir. Bu ¢alismada da her iki orijinde solma
noktasindaki ve doygun haldeki osmotik potansiyelin kis
ortasinda (20 Ocak) oldukea diisiik olmasi1 hava sicakliklari
ile ilgilidir. Muhtemelen her iki orijin kis ortasina dogru
diisen hava sicakliklarina bagli olarak soguga uyum
stirecinde osmotik ayarlamay1 gergeklestirmek ig¢in osmotik
potansiyellerini diigtirmiistiir. Deligéz (2007), Anadolu
karagami1  fidanlarinda solma noktasindaki  osmotik
potansiyel ile tam doygun haldeki osmotik potansiyelin
mayis aymdan baslayarak kisa dogru gittikge azalan
degerlerinin, hiicre i¢i  konsantrasyondaki  artistan,
ilkbaharda  yiikkselen  degerlerinin  ise  hiicre  i¢i
konsantrasyondaki azaligtan kaynaklanmis olabilecegini
belirtmistir. Corcuera vd. (2002), mese tiirlerinde yapmis
oldugu ¢alismasinda, solma noktasindaki osmotik potansiyel
ile doygun haldeki osmotik potansiyel arasinda pozitif bir
iligkinin oldugunu belirlemistir. Toros sediri tiiriiniin iki
orijininde yapilan bu c¢alismada da solma noktasindaki
osmotik potansiyel ile doygun haldeki osmotik potansiyel
arasinda her iki orijinde de pozitif yonde bir iliski tespit
edilmistir (Bucak orijini, r= 0.79; P < 0.01; Kapidag orijini,
r=0.91; P<0.01).

Birim kuru agirlik basina diisen simplastik su miktar1 ve
apoplastik su miktar1 degerlendirildigi zaman, gelisme
doneminde simplastik su miktar1 daha fazla, apoplastik su
miktar1 ise daha diistiktiir. Kig ortasinda ise, simplastik su
igerigi disiik, apoplastik su igerigi yiiksektir (Deligdz,
2007). Calismamizda birim kuru agirhk basma diisen
simplastik su miktart (Vo/DW) ve apoplastik su oranmin
(Va/VT) sokiim donemleri bazinda degisimi incelendiginde,
genel olarak her iki orijinde de Vo/DW’nin mayis ay1
degerleri oldukga yiiksek iken, Va/VT’nn ise disiik oldugu
ve mevsimsel bir degisim gosterdigi belirlenmistir. Ayrica,
Vo/DW degerleri bakimindan her iki orijin sadece 9 Mayis
tarihinde farkli bulunurken, Va/VT bakimindan orijinler
benzerdir. Dogu ladininde de Vo/DW ‘nin mayis ay1 degeri
oldukca yiiksek iken, ocak ay1 degeri diisiik bulunmustur.
Vo/DW  tomurcuklarin  sismeye baglamasiyla artiga
gecmektedir (Semerci, 1994). Dirik (1999) yaptig
aragtirmada Vo/DW oraninin aralik, ocak ve subat aylarinda
en disik seviyede oldugunu ve bu durumun, osmotik
diizenleme ile ilgili olabilecegini belirtmistir.

Calismamizda sokiim tarihlerinde FWCrp, RWCqyp,
RWC ve DWF’nin degisimi incelendigi zaman, genel olarak
Bucak ve Kapidag orijinde sokiim donemlerinin etkisi
FWCsp ve RWC iizerinde istatistiksel anlamda Onemsiz
iken, RWC.» ve DWF iizerinde 6nemli bulunmustur.
RWCTLP’nin Bucak orijininde 9 May1s ve 27 Mart, Kapidag

orijinin de 9 Mayis degerleri diger aylara gore daha diisiik
bulunmustur. RWCTLF> degerleri bakimindan orijinler tiim

sokiim tarihlerinde benzerdir. Birgok ¢aligmada da FWCTLP

degerlerinde belirgin bir mevsimsel degisim
belirlenmemistir (Freyman vd. 1986). Calismamizda en
diisiik kuru agirlik orani degeri mayis ayinda, en yiiksek
kuru agirlik orami degeri ise 27 Mart tarihinde tespit
edilmigtir. Ritchie (1984), Duglas fidanlarinda yapmig
oldugu bir c¢alismasinda, kuru agirlik oraninin sonbahar
baslangicindan itibaren arttigini, ocak ayinda en yiiksek
degere ulastigini, ilkbahara dogru ise giderek distiigiinii
belirtmistir.

Kok karbonhidrat muhtevasi, fidanlarin rezerv besin
elementi icerigini ve dolayisiyla gelisme potansiyelini
ortaya koyan belirteglerden birisidir (Geng ve Yahyaoglu
2007). Calismamizda kok toplam karbonhidrat igeriginde
sokiim zamanlar etkili olup, 20 Ocak tarihinden 9 May1s
tarihine dogru bir diistis s6z konusudur. Orijinler arasinda
ise farkhihk bulunmamaktadir. Igne yaprak toplam
karbonhidrat igeriginde de benzer bulgular elde edilmistir.
Nitekim dogal kosullar altinda bitkilerin diisiik sicakliklara
maruz kaldig1 kis mevsiminde ¢dziinebilir sekerlerin arttigi,
ilkbaharda ise azaldigi bildirilmistir. Osmotik ayarlama
maddeleri olarak bilinen ¢dziinebilir sekerler, soguk stresin
neden oldugu hasardan bitki hiicrelerinin korunmasinda
onemli rol oynarlar (Yuanyuan vd., 2009). Nitekim
calismamizda da toplam karbonhidrat icerigindeki artisa
bagli olarak osmotik potansiyelde bir diisiis belirlenmistir
(Kok orneklerinde, Bucak orijini, r= -0.671; P < 0.01;
Kapidag orijini, r=-0.567; P <0.01) .

Kok gelisme potansiyelinde her iki orijinde mevsimsel
bir degisim tespit edilmigtir. Ydritiilen bir¢ok caligmada
kok gelisme potansiyelinin  mevsimsel bir degisim
gosterdigi  belirlenmigtir. Pinus taeda fidanlarinda kok
gelisme potansiyeli sonbaharda diisiik, subat sonu-mart
baginda en yiiksek seviyededir (Feret vd., 1985). Bu
caligmada da subat sonu-mart bas1 donemde her iki orijinde
kok gelisme potansiyeli diger sokiim tarihlerine gore daha
yiiksek bulunmustur.

Dikim ¢alismalarinda kullanilacak fidanlar fizyolojik
bakimdan da kaliteli olmali ve stres kosullarina da dayanikli
olmalidir (Deligdz, 2007). Sokiim-dikim c¢aligmalari,
fidanlarin stres kosullarina karst dayanikliligin  yiliksek
oldugu tam uyku halinde iken yapilmalidir (Deligdz ve
Geng, 2010). Ritchie (1984)’in ¢alismasinda, fidanlarin tam
uyku halinde her tiirlii abiyotik zararlara karsi dayanikli
oldugunu belirtmistir. Tam uyku hali veya sokiim igin
uygun uyku hali, iklim kosullarina gore degismekle birlikte
genellikle kasim ayr ortalarindan veya sonlarindan
baglayarak, subat ay1 ortalarina veya sonlarina kadar olan
donemde goriilebilecegi belirtilmektedir.

Solma noktasindaki osmotik potansiyel ne kadar diisiik
olursa, ele alinan tiiriin stres etmenlerine kars1 dayamkliligi
o kadar fazla olmaktadir (Deligdz, 2007). Bu nedenle uygun
sokiim zamanim belirlenmesinde olduk¢a ©nemli bir
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gostergedir. Calismamizda solma noktasinda osmotik
potansiyelin en diisiik oldugu 20 Ocak ve 9 Mart
tarihlerinde her iki orijinin stres etmenlerine dayanikliligi en
iist diizeydedir ve bu donemler sokiim i¢in uygun
zamanlardir. Bununla birlikte diger fizyolojik 6zelliklerinde
imkanlar dahilinde birlikte incelenmesi daha net sonuglara
ulasmamiza yardimei olacaktir. Ornegin fidan sokiimlerinin
kok gelisme potansiyelinin en yiiksek seviyede oldugu
donemlerde yapilmasi muhtemelen dikim basarisi iizerinde
etkili olacaktir. Calismamizda kok gelisme potansiyeli en
yiiksek degerlerini Kapidag orijininde 24 Subat tarihinde,
Bucak orijininde ise 9 Mart tarihinde almigtir. Ayrica, ocak-
subat doneminde hem igne yaprak hem de kok drneklerinde
toplam karbonhidrat icerigi daha yiiksektir. Dolayisiyla
Egirdir Orman Fidanligi kosullarinda Bucak ve Kapidag
orijinli Toros sediri fidanlar i¢in ocak-subat donemi sokiim
icin uygundur. Bununla birlikte 6zellikle kis ortasi (20
Ocak) donemde fidanlarin stres etmenlerine dayamkliligi
daha yiiksek olsa da sokiim veya dikim i¢in arazi kosullari
uygun olmayabilir. Bu durumda sokiim tarihi biraz 6ne veya
ileriye ¢ekilmek durumunda kalinabilir. Mart sonuna kadar
sokiimlerin yapilmasi uygun olabilir, fakat sokiim-dikim
calismalar1 agisindan olduk¢a hassas dénem olan nisan
ayma kesinlikle birakilmamalidir. Toros sediri orijinlerinde
uygun sokiim zamaninin belirlenmesinde kig ortast ve
ilkbahar donemi c¢aligilmistir. Bu g¢alismada bir eksiklik
olarak gordiigiimiiz sonbahar déonemine iligkin uygun sokiim
zamaninin belirlenmesi de uygulamaya katki agisindan
bliyilk 6nem tasimaktadir. Bu nedenle bundan sonra
yapilacak uygun sokiim zamaninin tespitine iliskin
calismalarin sonbahar doneminden ilkbahar dénemine kadar
birlikte calisilmasinin uygulamaya katkisinin daha yiiksek
olacagi asikardir.
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Barajlarin Anadolu karacam (Pinus nigra Arn.) agaclarinda yillik ¢cap artimina
etkileri: Isparta-Uluborlu 6rnegi

Niliifer Yazicr” ©, Yilmaz Catal®

Ozet: Cesitli amaglar i¢in yapilan golet ve baraj gibi biiyiik su haznelerinin; bulunduklar1 blgenin siiregelen iklim faktorlerini
etkileyerek degistirdigi ve bolgeye farkli bir iklim yapis: kazandirdig: bilinmektedir. Bundan dolay1 barajlar ve gollerde agaglarin
biiylimesi tizerinde etkili olmaktadir. Bu etkiyi ortaya koymak igin yapilan arastirmada ¢alisma alani olarak Uluborlu baraji
secilmistir. Uluborlu baraj havzasi Tiirkiye’nin Isparta ilinde yer almaktadir. Uluborlu baraji 1977-1984 yillar1 arasinda insa
edilmis ve 1985 yilinda su toplamaya baslamistir. Bu ¢aligmada Uluborlu baraj goliiniin neden oldugu lokal iklim kosullarinin
alanda yer alan karagam ormanlarimin ¢ap artimi iizerindeki etkileri incelenmistir. Bu nedenle baraj etkisi ve kontrol bolgesi
olarak adlandirilan iki farkli yerden 6rnek alan se¢ilmistir. Artim burgulari yardimiyla her bir agagtan bir birine dik 2 adet olmak
lizere her bir 6rnek alandaki 30 Anadolu karagamm agacinin g6giis yiiksekliginden artim kalemleri alinmustir. Yillik ¢ap
artimlarmin Slgiilmesinde ¢ift okiilerli mikroskop kullanilmigtir. Baraj ve kontrol alanindaki agaglarin yillik ¢ap artimlart SPSS
22.0 istatistik programi kullanilarak bagimsiz t-testi ile karsilastirilmugtir. Yillik ¢ap artimi ile sicaklik ve yagis gibi iklimsel
faktorler arasindaki iliskiler Pearson korelasyon analizi ile incelenmistir. Sonuglara gore, yillik ortalama ¢ap artimi agisindan
baraj etkisi alan1 ile kontrol alan1 arasinda istatistiksel olarak anlamli bir farklilik tespit edilmis olup, baraj Anadolu karagami
agaclarinin yillik ortalama ¢ap artimu iizerinde olumlu bir etkiye sahiptir. Baraj alaninda bulunan agaglarin yillik ortalama cap
artim degerleri kontrol alanindaki degerlere nazaran oldukga yiiksektir.

Anahtar kelimeler: Uluborlu baraji, Yillik ¢ap artimi, Karagam, Yagis, Sicaklik

The effects of dams on the annual diameter increment of black pine (Pinus nigra
Arn.) trees: Example of Isparta-Uluborlu

Abstract: Large water reservoir ponds and dams such as those made for various purposes; It is known that the region changes the
climate by affecting the climate factors and provides a different climate structure to the region. Therefore, dams and lakes also
affect the growth of trees. Uluborlu dam was chosen as the study area for this effect. This study was carried out in Uluborlu
watershed dam located in Isparta-Turkey. Uluborlu dam was established during 1977-1984 and water deposition started in 1985.
The purpose of this study was to investigate the local climate effects on diameter increments resulted by Uluborlu Dam Lake on
the distributed Black pine (Pinus nigra Arn.) forests. Therefore, sampling areas were chosen from two different places namely as
dam effect area and control area. Increment cores were taken from 30 Pinus nigra trees using increment borer at breast height
(2.30 m) in each sample plots and two increment cores were taken from each tree. Double ocular microscope was used on the
measurement and determination of annual diameter increment. Annual diameter increment of trees in dam effect area and control
area were compared with independent t test using SPSS 22.0 statistical program. The relationships between annual diameter
increment and climatic factors such as temperature and precipitation were evaluated using Pearson correlation analysis.
According to results, there is a statistically significant difference between average annual diameter increment in dam effect area
and control area and dam influenced forest areas positively with respect to annual diameter increment. The values of the mean
annual diameter increment of the trees in dam effect area are greatly higher than trees in the control area.

Keywords: Uluborlu dam, Annual diameter increment, Black pine, Rainfall, Temperature

1. Giris

Barajlar genellikle nehirlerin gegtigi derin vadiler
tizerine toprak dolgu, kaya dolgu ya da beton agirlikli olarak
insa edilen, nehir ve yagmur sularm biriktirerek yapay bir
g6l olusumuna imkéan veren, ayrica tabii gollerin kenarina
da yapilabilen biiyiik yapilardir. Yapilma gayeleri ya
hidroelektrik enerji iiretmek, ya yagmurlu mevsimlerde su
depolayarak kurak mevsimlerde kentler ve zirai alanlarin su
ihtiyacin1 karsilamak, ya da taskinlari kontrol etmektir
(Gedik, 2015).

Cesitli amaglar icin yapilan golet ve baraj gibi biiyiik su
haznelerinin; bulunduklar1 bdlgenin siiregelen  iklim
faktorlerini etkileyerek degistirdigi ve bolgeye farkli bir
iklim yapis1 kazandirdigr bilinmektedir. Ciinkii hazne iizeri
yiizeyinden gecen hava kiitlesi ile ylizey arasinda 1s1 ve
kiitle aligverisi olmaktadir. Bunun bir sonucu olarak, biiyiik
yiizeye sahip olan goller ve biiyiik su tutma hazneleri yerel
iklimi degistiren onemli bir etken olmaktadir (Giildal ve
Agiralioglu, 1994). Biiyiik 6l¢ekli durgun bir su kiitlesinin
olugsmas1 nedeniyle baraj golii gevrelerinde havanin nem
yiizdesi, sicakligi, kiitlesel hava hareketlerinde degismeler
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goriilebilir. Ancak, baraj géllerinin meydana getirdigi iklim
degisiklikleri genis ¢apli olmayip, mikroklimatik 6lgektedir.
Ornegin; sert iklim kosullarna sahip yorelerde, kiglarin
daha 1lik gectigi, bahar aylarinda yagis miktarmin arttig1 ve
daha ¢ok konveksiyonal tipte yagislarin artig gosterdigi, yaz
aylar sicaklik ortalamalarinin diistiigii gozlenmistir (Koger,
1994).

Agaclarin ortalama yillik halka genisligi; once genetik
ozelliklerine, sonra da yetisme ortamima baghdir. Yillik
halka genisligini etkileyen c¢evresel etmenlerin basinda
rakim ve enlem dereceleri gelir. Ayni tlirlin diisiik rakim ve
enlem derecelerinde yetisenlerinin yillik halkalar1 genis,
yiiksek rakim ve enlem derecelerinde yetisenlerinin yillik
halkalar1 ise dardir. Yetisme ortami disinda, iklim
etmenlerinin seneden seneye degismesi de yillik halka
genisligini etkilemektedir (Merev, 2003). Yillik halka
genisligine olumlu ya da olumsuz etkiler yapan baslica
etkenler sunlardir: Cografi konum, denizden yiikseklik,
baki, agaglarin sikligi-seyrekligi, riizgar, zararli bocekler ve
mantarlar, agaclarin yasl, formu, silvikiiltiirel
uygulamalardir (Akbulut ve Ozkan, 2004).

Agaclarin  dogal yetisme ortamlarinda yillik halka
genislikleri, i¢inde bulunduklari ortamin iklim fakt6rlerinin
etkisine bagl olarak biiyliik degiskenlikler gdstermektedir
(Fritts, 1976). Yillik halka genisliginde bir yildan digerine
meydana gelen degisimlerin en onemli sebebi sicaklik ve
yagistir. Ayrica sicaklik ve yagis degerlerinin sayisal olarak
ifade edilebiliyor olmasit yillik halka genislikleriyle
aralarindaki iligkinin ortaya konmasmi saglamaktadir
(Dagdeviren vd., 2004). Sicaklik, fotosentez miktarini
belirleyen bitki metabolizma oranini kontrol etmektedir. Su,
fotosentez igin en 6nemli faktdr olup, bir¢ok bitki hiicresinin
temel kimyasal bilesenidir. Kurak bolgelerde, su miktarinin
artmasiyla net ana iiretimde dogrusal bir artis goriilmektedir.
Yagis ve sicaklik degerleri almabilir suyu etkilediginden
yillik sicaklik ve yagisin yillar itibariyle degisimleri ayni
zamanda agaglarin yillik halka genisligini de etkilemektedir.
Sicaklik ve yagis miktarindaki degisimler, net ilk {iretim i¢in
onemli bir faktdr olan vejetasyon doneminin uzunlugunu da
degistirebilir. Kiiresel 1smma ve iklim degisikliginde
ozellikle yagis ve sicaklik gibi degiskenler, Akdeniz
bolgesindeki ormanlarin iklim tepkisinin bir sonucu olarak
agac biiyiime modellerinde degisikliklere neden olmaktadir.
Sicaklik ve yagis gibi iklimsel degiskenlere dayali agag
biliyiimesi ile ilgili bircok c¢alisma bulunmaktadir. Bu
caligmalar, agac¢ bliyliimesinin biiyiik 06lgekli iklimsel
degiskenlere nasil tepki verdigi konusunda bilgi vermektedir
(Feliksik ve Wilczynski, 2009; Rybnicek vd., 2009;
Kazmierczak ve Zawieja, 2014; Reis vd., 2018).

Agaclarin bu ozelliklerini kullanan Dendrokronoloji,
kisaca yillik halkalara dayanarak yas saptama bilimi olarak
tanimlanmaktadir. Dendrokronoloji bilim dali yardimiyla
Tiirkiye'de, basta karacam (Pinus nigra Arn.) (Touchan vd.,
2003, 2005; Akkemik ve Aras, 2005; Kdse, 2007; Akkemik
vd., 2008; Giiner, 2010; Kara, 2011; Kose vd., 2011 ve
2013) olmak iizere, 6nemli orman agaglarina ait iklime
duyarli kronolojiler olusturulmustur. Karagam, g¢evresel
kosullara ve bu kosullarda meydana gelen degisikliklere
tepki veren bir agactir. Degisen ¢evre kosullarina gore yillik
halka genislikleri de degismektedir.

Yapilan bu aragtirmanin amaci, Isparta ydresinde yer
alan Uluborlu barajinin Karagam agag tiirlinde yillik cap
artimi lizerinde etkisinin olup olmadiginin yillik cap
artimlar1 ~ analiz  edilerek istatistik  yontemler ile

karsilastirilmasidir. Bununla birlikte, agaclarin yillik ¢ap
artim1 {izerinde iklim (sicaklik ve yagis) degisikliginin
etkisinin olup olmadigi, etkisi var ise yonii belirlenmeye
calisilmustir.

2. Materyal ve yontem
2.1. Materyal

Uluborlu baraji Ispartanin Uluborlu ilge merkezinin
giineybatisinda Pupa Cay1 {iizerinde, sulama ve tagkin
kontrolii amaciyla 1977-1984 yillar1 arasinda insa edilmis
bir barajdir. Salgamlik, Karatavuk ve Kurucaymn sularmnin
toplanmasiyla olusmustur. Baraj 2010 yilinda rehabilite
edilmigtir. Toprak gdvde dolgu tipi olan barajin gdvde
hacmi 1.80 hm®, akarsu yatagindan yiiksekligi 56,5 m,
normal su kotunda g6l hacmi 21,392 hm®, normal su
kotunda gol alani 1,10 km”dir. Havzada karagam ile taskin
ve heyelan onlemek iizere agaclandirma yapilmistir. Havza
genel olarak Paleosen-Eosen flis iizerinde yer alan Mesosoik
kireg taglarindan olusan bir jeolojik yapiya sahiptir. Alanin
topragi kumlu-kil topraktir. Toprak 6zelligi bakimindan; az
tagli, kuru derin ve organik maddece zengindir. Topragin
gegirgenligi iyi olup, pH degeri 5.8-6.4 arasindadir (DSI,
2015).

Alanda Akdeniz ardi iklim tipi hiikkiim siirmektedir.
Goller Bolgesi ikliminin karakteristik 6zelliklerinden olan
ilkbahar kisa, sonbahar ve kis1 diger mevsimlere gore biraz
daha uzun olan bir iklim 6zelligi tasir. Yazlart sicak ve
kurak, kig aylar1 ise soguk ve yagishdir. Kisin en soguk
giinlerin ortalamasi (-15°C) ve yazin en sicak giinlerin
ortalamasi (+31°C) derece oldugu tespit edilmistir. Yagislar
en cok ilkbahar aylar1 basinda ve sonbahar aylarinda
yagmakta olup, yagiglar eckseriyetle bati ve giiney
kesiminden gelmektedir (Seyman, 2005).

Ornek alanlarin secildigi yerler Isparta ili Uluborlu ilgesi
baraj havzasi ¢evresindedir (Sekil 1). Baraj etkisi alan1 1164
metre yliksekliginde olup 38 03°25” kuzey enlemleri ile 30°
25°06” dogu boylamlar1 arasinda olup, kontrol drnek alani
ise 1242 metre yiiksekliginde olup 3803°42” kuzey
enlemleri ile 30° 25°16” dogu boylamlar1 arasinda yer
almaktadir. Havza asli agag tiirii olan karagamla 2 m aralikla
gecirilen teraslarin  iizerine 1m mesafeyle dikilerek

agaclandirilmigtir. Her iki alan agaglandirma ile elde edilmis
olup, yaslar1 40 civarindadir.

f 7 : ik PRRE e
Sekil 1. Calisma alanindaki 6rnek alanlar



30 Turkish Journal of Forestry 2019, 20(1): 28-34

2.2. Yontem

Bu ¢alismanin amaci, Tirkiye’nin Goller bolgesinde
bulunan Isparta ilinde yer alan Uluborlu barajimnin karagam
agaclarinin  yililk  ¢ap artimi  iizerindeki etkisinin
arastirtlmasidir. Uluborlu Baraji 1985 yilindan itibaren su
tutmaya baslamigtir. Bu nedenle 1989-2015 yillan
arasindaki 26 yillik donem arastirmaya konu olmustur.
Yillik halka gelisimleri iizerinde iklim etkilerini dogru bir
sekilde ortaya koymak i¢in, Ornek alanlarinin insan
etkisinden uzak olmasina 6zen gosterilmistir. Bir tanesi
kontrol, digeri ise baraj etkisinde bulunan 2 6rnekleme alani
almmistir. Hem kontrol alan1 hem de baraj etkisinde
bulunan alanlar ayni mescere yapisindan secilmistir ve
mescere tirli, kapalilik, bonitet, ylikseklik ve baki
parametreleri bakimindan aym ozelliklere sahip olmasina
dikkat edilmistir. Baraj etkisi alani ile kontrol alani bir
birine kus ugusu yaklasik bir kilometre mesafededir. Ornek
agaclarin se¢imi i¢in 50m X 50m genisliginde olmak tizere
2500m°  biiyiikliigiinde kare seklinde Smek  alan
belirlenmistir. Bu Ornek alan i¢inde deforme olmamus,
catalli yap1 goOstermeyen, egri olmayan ve tam bagimsiz
olarak biiyiime 6zelligi gésteren agaglar drnek aga¢ olarak
secilmistir.

Artim  kalemleri  karagcam  agaglarindan  gdgiis
yiiksekliginden (d;3 m) alinmistir. Artim kalemleri baraj
etkisi olan 30 agagta ve kontrol amagl alanda 30 agagta
olmak {izere toplam 60 agactan almmistir. Artim kalemleri
her agag lizerinde birbirine dik iki yonde alinmistir. Artim
kalemleri etiketlenerek ve kapali kap icinde laboratuvara
getirilmistir. Artim kalemlerinin yillik halka genislikleri ¢ift
okiilerli mikroskop ile 0.01 mm hassasiyetinde Sl¢iilmistiir.

Istatistik coklu Kkarsilastirmalar i¢in SPSS 22.00
kullanilmigtir (SPSS Guide, 2013). Baraj etkisi olan ve
kontrol alanlarinin birbiri ile karsilastirilmasinda bagimsiz
iki orneklem t-testi kullanilmistir. Yapilan t-testi ile baraj
etkisi alan ve kontrol alan: arasinda yillik ¢ap artimlarinin
ve biiylimelerinin kargilagtirilmas1  yapilmigtir.  Ayrica,
yoreye iligkin yagis, sicaklik degerleri ile artim arasindaki
iligkinin belirlenmesi i¢in Pearson korelasyon yontemi
kullanilmigtir.

3. Bulgular ve tartiyma

Caligma alanlarimi ve ornek verilerini tanimlayict bazi
bilgiler 6zet halinde Cizelge 1’de verilmistir.

Cizelge 1’den goriilecegi lizere baraj etkisinin oldugu
alanlarda ¢ap artimi en diigiik 0,008 mm, en yiiksek 1,21
mm olmustur. Buna kars1 kontrol alaninda ise en kiigiik
0,12 mm, en yiiksek 1,41 mm olmustur.

Ortalama cap artimi degerleri yillara gore kontrol ve
baraj etkisi alanlar i¢in Sekil 2’de verilmigtir. Sekilden

Cizelge 1. Ornek alanlarin bazi tanimlayici 6zellikleri

anlagilacagi gibi her yil icin artim degerleri, baraj ve
kontrol grubu i¢in farkliliklar goriilmektedir.

Baraj sahasindaki agaclarin yillik ortalama cap artiginin
degerleri, kontrol sahasindaki agaglardan oldukca
yiiksektir. Sonuglara gore, yillik ortalama cap artislari baraj
sahasinda 0,55 mm, kontrol sahasinda ise 0,46 mm mm'dir.
Tiim yillarin degerlerine bakildigr zaman baraj etkisindeki
alanda minimum ¢ap artim degeri 2015 yilinda 0,311 mm
olarak elde edilirken, maksimum ¢ap artim degeri ise 1993
yilinda 0,816 mm olarak belirlenmistir. Yine kontrol
degerleri i¢in minimum ¢ap artim degeri 2015 yilinda 0,223
mm olarak belirlenirken, en yiiksek ¢ap artim degeri 1993
yilinda 0,718 mm olarak elle edilmistir. Bu degerler baraj
etkisi ve kontrol alanlari i¢in aymi yillarda ayni ekstrem
degerler elde edildigini gostermektedir.

Sekil 2’den goriilecegi gibi ¢ap artim miktarlart yillara
gore degisiklik gostermektedir. Yillara gore ortalamalar
izlendigi iizere degisik yillarda baraj etkisi alanlar ile kontrol
alanindaki aga¢ c¢ap artimi degerleri paralel degerler
gostermektir. Cap artimi degerlerinin biiylime degerlerine
doniistiiriilmesi ile Sekil 3 elde edilmistir.
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Sekil 3. Baraj etkisi ve kontrol alanlarindaki agaglarin
biiyiime miktarlari

Yiikselti Egim  Ortalama gogiis Ortalama y1llik En kiiciik y1llik En biiyiik y1llik Standart
Baki
(m) (%) capi (cm) cap artimi (Mm)  ¢ap artimi (mm) cap artimi (mm) sapma
Baraj etkisi alan 1164 Bat1 15 15,9 0,55 0,08 1,21 0,184
Kontrol alan 1242 Bat1 12 12,7 0,46 0,12 1,41 0,208
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Cap artim1 degerleri kullanilarak elde edilen Sekil 3’den
goriilecegi gibi ¢ap biiylimesi bakimindan baraj etkisi
alanlar her yilda kontrol alanma gore daha fazla yiiksek
deger ile biiyiime seyri izlemektedir. Agaclar bliyiime egrisi
bakimindan agik bir “S” biiylime gostermektedir (Kalipsiz,
1982). Bundan dolayr agaclar biiylime enerjilerini heniiz
devam ettirmekte, biiyiime ivmelerinin yakin gelecekte
diismesi beklenmemektedir.

Baraj etki alanindaki agaclarin ¢ap artim ile kontrol
alindaki agaglarin c¢ap artimi degerleri kullanilarak artim
fazlalig1 oransal olarak Sekil 4’de verilmistir.

Sekil 4’den de goriilecegi gibi baraj etkisi alanlarinda
agaclarin yapmis oldugu artim kontrol alanindaki agaglara
gore her yil fazla olmustur. En fazla artim orani degeri 1995
yilinda yaklasik %34 oraninda elde edilirken, en diisiik
artim orani ise 2009 yilinda %3 orani ile elde edilmistir. Bu
sonuglara gore, ¢ap artimi hacmin artiminin temel bileseni
oldugu icin (Kalipsiz, 1982) hacim artimi da dogrudan
etkilenecektir.

Baraj etkisi alan ile kontrol alani arasinda ¢ap artimi
iligkisi grafiksel ve oransal olarak karsilastirildiktan sonra
istatistik analiz ile de karsilagtirillmistir. Bu amag ile yapilan
t-testi ile kontrol ve baraj etkisi gruplar arasinda 6nemli
farkliliklar bulunmustur. Istatistik analiz testi sonucu
Cizelge 2°de verilmistir.
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Sekil 4. Baraj etkisi alaninda yer alan agacglarda artimin
kontrol alanina gore oransal degisimi

Cizelge 2. Baraj etkisi ve kontrol degerlerine iligkin t-testi
sonucu

Ortalama Standart t-degeri p-Orant
sapma

Baraj etkisi 0,5452 0,14161 9,515 0,000
Kontrol 0,4563 0,13003

Cizelge 4. Korelasyon analizi sonucu

Yapilan t-testi sonuglarina gére kontrol ve baraj etkisi
alanlar arasinda istatistiki olarak %99,9 giiven diizeyinde
fark bulunmustur. Artim bakimindan iki veri grubu igin t
degeri 9,515 (p<0,001) olarak bulunmustur. Bu deger kritik
t degerinden daha biiylik bir deger oldugu ig¢in iki veri
grubunun ortalamalarinin farksiz oldugu hipotezi kabul
edilemez. Ayrica yillara gore kontrol ve baraj etkisi veri
grubu i¢in yapilan t-testi sonuglari Cizelge 3’de verilmistir.

Cizelge 3’den de goriilecegi lizere baz1 yillarda gruplar
arasinda istatistiki olarak fark olmasina ragmen, bazi
yillarda gruplar arasinda fark bulunamanustir. Ozellikle son
yillarda baraj etkisinin ¢ap artimu {izerindeki etkisi daha agik
istatistiksel olarak goriilebilmektedir. Baraj etkisi alan ile
kontrol alani i¢in yillik artim degerleri kullanilarak iklim
verileri olan yagis ve sicakliga gore degisimleri ve birbirleri
ile iligkileri Pearson korelasyon analizi ile test edilmistir.
Korelasyon analizi sonuglar1 Cizelge 4’te verilmistir.

Cizelge 3. Yillara gore kontrol ve baraj etkisi alanlar i¢in t-
testi sonuglari

Yillar t-degeri Onem diizeyi (p degeri)
1989 0,519 0,626
1990 2,270 0,179
1991 3,914 0,048
1992 3,973 0,017
1993 3,618 0,039
1994 1,233 0,232
1995 0,313 0,757
1996 0,737 0,468
1997 1,201 0,142
1998 1,490 0,146
1999 1,134 0,265
2000 1,887 0,068
2001 1,691 0,100
2002 2,503 0,016
2003 0,576 0,569
2004 0,486 0,630
2005 1,523 0,105
2006 1,897 0,167
2007 1,216 0,233
2008 1,482 0,148
2009 3,877 0,000
2010 3,527 0,025
2011 2,766 0,039
2012 2,415 0,181
2013 3,721 0,014
2014 2,010 0,092
2015 2,365 0,024

Baraj etkisi alani

Ortalama sicaklik ortalama cap artimi

Ortalama yagis

Ortalama vag: Pearson korelasyon Katsayis 0,305
yagls Onem diizeyi (p degeri) 0,122
R Pearson korelasyon katsayisi -0,210 0,250
Baraj etkisi alan1 ortalama ¢ap artimi Onem diizeyi (p degeri) 0,016 0,014
Pearson korelasyon Katsay1si -0,213 0,460 0,939
Kontrol alant ortalama cap artim: Onem diizeyi (p degeri) 0,006 0,001 0,000
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Korelasyon analizi sonucu baraj alani ve kontrol alanin
cap artimlarina ortalama yagis daha etken deger olarak
karsimiza c¢ikmaktadir. Benzer sonu¢ Reis vd., 2018
tarafindan da elde edilmistir. Kontrol alani i¢in yagisin
etkisi daha yiiksek diizeyde iken (%46), baraj etkisi olan
alanda yillik ortalama ¢ap artimi {izerinde yagisin etkisi
daha diisiik seviyede (%25) kalmaktadir. Sicaklik ise baraj
etkisi olan alan ile kontrol alani i¢in yillik ortalama g¢ap
artimi  tizerinde negatif yonlii bir etki etmekte olup,
sicakligin etkisi diizeyi ve yonii her iki alan i¢inde ayni
diizeyde oldugu goriilmektedir. Artan sicaklik yillik ¢ap
artisini olumsuz yonde etkileyen kuraklik sorunlarina neden
olabilir. Yapilan diger ¢aligmalarda; Sapsiz mese agaci igin
bes agacin ortalama biiyiime miktarlart ile bir dnceki 10
giinliilk donemdeki ortalama iklim degiskenleri arasindaki
korelasyon katsayilar1 incelendiginde yagis degerleri ile
biiylime arasinda belirgin sekilde pozitif bir korelasyon elde
edilirken sicaklik degerleri negatiftir. Kayin agaci icin ise;
genel olarak yagis degerleri ile ortalama kambiyum faaliyeti
arasinda negatif bir iliski varken sicaklik degerleriyle pozitif
bir iligki ortaya ¢ikmistir. Bu sonucun ortaya ¢ikmasinda,
hizli biiyiime doénemi olan ilkbaharda sicakligin diisiik
olmas1 ve ilkbaharin ge¢ baslamasi bunun sonucu olarak da
kambiyum faaliyetinin gecikmesi etkili olabilir. Yillik
biiylime oranlar1 da bir yildan digerine, sicaklik ve yagisa
gore onemli degisiklikler gostermektedir. Yagislarin yiiksek
ve sicakligin daha iliman oldugu 2010 yilindaki toplam
biiyiime, daha kurak ve sicak gecen 2009 yilina gore daha
yiiksektir (fnan, 2015).

Genel olarak aylik yagislardaki degisimler, yar1 kurak
ortamlardaki agaclarin yillik halka genisligi ile genel olarak
dogrudan iliskilidir (Akkemik, 2004). Fizyolojik faaliyetleri
sinirlandiran diigiik yagis, diisiik toprak nemi ve agagta su
noksanlig1 baskisi ile halka genisligi arasinda ¢ok agik bir
iliski vardir. Yagis ¢ok yiiksek olursa eger, toprak nemi
artar; bilyime donemi ne kadar uzun olursa, biiyiimeyi
sinirlandiran  dénem, o oranda gecikir ve dolayisiyla
agaclarda gelisim artar (Dagdeviren vd., 2004; Fritts, 1976).
Bu yiizden agaglarin yillik gap artimlari ile yagis arasindaki
korelasyon da goriildiigii igin grafiksel olarak karsilastirma

s KONFOl e Bairaj

yapilmigtir. Baraj etkisi olan alan, kontrol alan1 ve yillik
ortalama ya8is degerleri standart degerler haline
doniistiiriilerek karsilastirilmasi grafiksel olarak Sekil 5’te
verilmistir.

Sekil 5’den de anlasilacagi gibi; yillik toplam
yagislardaki 6nemli artis ve azalma kontrol sahasinda yillik
cap artisinda baraj etkisi alanina kiyasla daha Onemli
degisikliklere neden olmaktadir. Bu durum yerel iklim
etkilerinin yagis ve sicakliktaki onemli degisiklikleri tolere
ettigi ile aciklanabilir. Yillik ortalama yagis verileri ile baraj
etkisi olan alan ve kontrol alaninda gerceklesen artimlarda
pozitif bir etkilesim s6z konusudur.

Yillik ¢ap artisini belirleyen tek faktér yagis miktar
degildir. Aga¢ biiylimesini etkileyen diger bir faktor ise
yiiksek sicakliktir. Evapotranspirasyonun fazla olmasi
kuraklik stresini artirir ve topraktaki su kullanilabilirligini
azaltir. Diislik rakimlarda ise agac¢ gelisimini etkileyen en
o6nemli faktor yagistir (Reis vd., 2018; Larcher, 1988;
Franco, 1979).

Yapilan diger caligmalarda da Karacam agaglarinin
yillik halka genislikleri de genelde yaz aylarindaki yagislar
ile pozitif, ortalama sicakliklar ile negatif iliski gdsterdigi
tespit edilmistir (Liphschitz vd., 1979; Akkemik, 2000;
Lebourgeois, 2000). Yine benzer Seyitomer’de yapilan
calismada ise; termik santralin tiim birimleriyle ¢alistirildig:
ve hava kirliliginin en yogun oldugu ii¢iincii donemde yillik
halka genislikleri yaz yagislariyla negatif, sicaklikla pozitif
iligski gostererek, dogal karacam gelisiminden farkl bir seyir
gostermektedir. Olumsuz yetisme ortami 6zeliklerine sahip
Karacam ormanlari uzun donemdir Kkirleticilerin etkisi
altindadir. Bu etkiler sonucunda Karagam ormanlarinin
biiyiimeleri yavaslamigtir (Makineci ve Sevgi, 2005).
Sarigamlarda yapilan ¢aligmada ise; yillik halka geniglikleri
Temmuz yagislarinin az oldugu yillarda dar, fazla oldugu
yillarda daha genis oldugu belirlenmistir (Yaman ve
Saribas, 2005).

Baraj etkisi alani, kontrol alani ve yillik ortalama
sicaklik degerleri standart degerler haline doniistiiriilerek
karsilastirilmasi grafiksel olarak Sekil 6’da verilmistir.
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Sekil 5. Baraj etkisi ve kontrol alanlarinin yillik ortalama yagis ile iliskisi
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Sekil 6. Baraj etkisi ve kontrol alanlarinin yillik ortalama sicaklik ile iliskisi

Sekil 6°dan da anlasilacag: gibi; yillik ortalama sicaklik
verileri ile baraj etkisi alan ve kontrol alaninda gerceklesen
artimlarda negatif bir iligki bulunmaktadir. Sicakligin etki
diizeyi ve yoniiniin her iki alan i¢inde ayni diizeyde oldugu
goriilmektedir.

Halka genisligi ve yaz sicakligi arasindaki direkt iliskiler
¢ogunlukla st yetisme ortamindaki agaglar iizerinde
goriilmektedir. Bu iligkiler 6zellikle kuzey bakilardaki {ist
yetisme ortamlarinda ve soguk mikro iklimlerin yasandigi
yetisme ortamlarinda daha ¢arpici bir sekilde goriilmektedir.
Diisiik sicakliklar bundan baska, biiyiime mevsiminin daha
ge¢ baglamasina ve sonbaharda normal siiresinden daha
once durmasmma neden olarak dar yillik halkalarin
olusmasina yol agmaktadir. Bu nedenle ilkbaharda yiiksek
sicakliklar ile halka genisligi arasinda dogrusal bir iligki
oldugu tespit edilmistir (Dagdeviren vd., 2004).

Douglas goknarmin yillik ¢ap artis1 temel olarak yari
kurak bolgelerde yagisa baglidir. Bununla birlikte, asiri
yiiksek bir sicaklik, artan terleme nedeniyle aga¢ biiylimesi
iizerinde olumsuz bir etkiye sahiptir (Fritts, 1974; Biondi,
1997). Sicaklik, daglik alanlarda aga¢ biiylimesini etkileyen
ana faktordiir (Rybnicek vd., 2009). Kurakliga bagh asiri
diisiik sicakliklar, en yiiksek dag kotlarinda yillik cap
artigini olumsuz yonde etkileyebilir (Cermak, 2007).

4. Sonuclar

Bu c¢aligmada yillik halka genislikleri kullanarak
Karagam agaglan iizerinde Isparta-Uluborlu barajimin neden
oldugu ¢ap artislarindaki yerel iklim etkileri arastirilmugtir.
Aym1 zamanda cap artiglarinin zamansal degiskenligi ve
sicaklik-yagis etkileri gibi iklim degiskenleri analiz
edilmistir. Yapilan degerlendirmelere gore; baraj etkisinin
oldugu alanlarda cap artimi en diisiik 0,008 mm, en yiiksek
1,21 mm olmustur. Buna kars1 kontrol alaninda ise en kiigiik
0,12 mm, en yiiksek 1,41 mm olmustur.

Yapilan Pearson Korelasyon analizi sonucu baraj alani
ve kontrol alanin ¢ap artimlarina ortalama yagis daha etken
deger olarak karsimiza ¢ikmaktadir. Kontrol alani igin

yagigin etkisi daha yiiksek diizeyde iken (%46), baraj etkisi
olan alanda yillik ortalama ¢ap artimi {izerinde yagisin etkisi
daha diisiik seviyede (%25) kalmaktadir.

Sonuglara gore, yillik ortalama ¢ap artimi agisindan
baraj alani ile kontrol alani arasinda istatistiksel olarak
anlamli bir farklilik vardir ve baraj, karagam ormanlarinin
yillik ortalama c¢ap artimi iizerinde olumlu bir etkiye
sahiptir. Baraj alaninda bulunan agaglarin yillik ortalama
cap artim degerleri kontrol alanindaki degerlere nazaran
oldukca yiiksektir. Korelasyon analizi sonuglarina gore,
sicaklik ise baraj etkisi olan alan ile kontrol alani i¢in yillik
ortalama ¢ap artimi iizerinde negatif yonlii bir etki etmekte
olup, sicakligin etkisi diizeyi ve yonii her iki alan iginde
ayni diizeyde oldugu goriilmektedir. Yillik toplam yagistaki
O6nemli diizeydeki artiy veya azalmalar, baraj alaniyla
karsilastirildiginda kontrol alanindaki yillik ¢ap artiminda
daha 6nemli degisikliklere neden olmaktadir.
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Diizce Odayeri yaylasinda bazi 1slah yontemlerinin kuru ot verimi iizerine

etkileri

Hasan Gedikli® @, Refik Karagiil” 7, Mehmet Ozcan""

Ozet: En 6nemli dogal kaynaklarimizdan biri olan yaylalar, {ilkemizin hemen hemen her bdlgesinde bulunmakta ve hayvanciligin
kaba yem ihtiyacinin en ucuz karsilanabilecegi alanlar olarak tilke hayvanciligina énemli katkilar sunmaktadir. Ancak yayla
meralarinda yillardir siire gelen bilingsiz otlatma baskisi bugiin birgok yaylanin klimaks bitki 6rtiisiinden uzaklagarak ¢ali ve
yabanci otlarla kaplanmasina neden olmustur. Ancak, bu alanlarin hayvancilik iiretimine olan katkisi, mera durumu ve yapisina
uygun rehabilitasyon ydntemlerinin uygulanmasiyla arttirilabilir. Ulkemizde diisiik rakimli mera alanlarinmn 1slahi konusunda
bir¢ok ¢aligma yapilmusken, yaylalarda (dag merasi) pek fazla ¢alisma yapilmamustir. Bu baglamda ¢aligmada yem verimi
bakimindan orta mera sinifina giren Odayeri yaylasinda farkli 1slah yontemlerinin yaylamin kuru ot verimi {izerine etkileri
aragtirtlmigtir. Caligma 2016-2017 yillarinda, 1200 m rakimda ve Tiirkiye yayla ortalamasina yakin olan Diizce ili sinirlar
icerisinde yer alan Odayeri Yaylasinda gergeklestirilmistir. Aragtirma rastlant1 parselleri deneme desenine gére 6 islem (kontrol,
tohum ekimi, herbisit, giibreleme, giibreleme+herbisit, tohum ekimi+giibreleme) 3 tekrarli olarak 30 m? biiyiikliginde 18 adet
parselde uygulanmigtir. Calisma sonuglarma gore Odayeri yaylasinda giibre (390,0 kg/da) ve herbisit+giibre (325,4 kg/da)
uygulamalarindan elde edilen kuru ot verimleri, kontrol parseline gore (196,3 kg/da) onemli derecede yiiksek bulunmustur. Elde
edilen sonuglara gore Odayeri yaylast ve benzer ekolojik kosullara sahip yaylalarda giibreleme ve herbisit+giibreleme islah
yontemlerinin uygulanabilecegi, boylece kuru ot veriminde 6nemli bir artisin saglanabilecegi diistiniilmektedir.

Anahtar sozciikler: Yayla, Mera 1slahi, Kuru ot verimi, Giibreleme

The effect of certain rehabilitation methods on forage yield of Diizce Odayeri

rangeland

Abstract: Mountain rangelands are one of the most important natural resources of Turkey. Rangelands are located almost every
region of the country and they provide the cheapest source of forage for livestock. Uncontrolled grazing has increased the
pressure on mountain rangelands, and today many rangelands have been covered with shrubs and weeds away from the climax
vegetation cover. However, the contribution of these areas to livestock production can be increased by rehabilitation methods
appropriate to rangeland situation and structure. While there are many studies on the improvement of lower rangelands in Turkey,
there few researches on upland rangelands. In this study, the effects of different rehabilitation methods on the yield of rangelands
were investigated in an upland rangeland with medium feed efficiency. The study was conducted in 2016 and 2017 in Duzce,
Odayeri rangeland with an altitude of 1200 m, is close to the average altitude of upland average of Turkey. The research consists
of 18 parcels of 30 m? size; randomly selected by applying 6 treatments (control, seed cultivation, herbicide, fertilizer,
fertilizer+herbicide, seed cultivation+fertilizer) with 3 replicates. The study revealed that forage yields of fertilizer (390,0 kg/da)
and herbicide+fertilizer (325,4 kg/da) were significantly higher than that of control parcel (196,3 kg/da). Results suggested that
rehabilitation methods such as fertilizer and herbicide+fertilizer can be applied to Odayeri rangeland and other rangelands with
similar ecological conditions in order to increase forage yield significantly.

Keywords: Mountain rangeland, Rangeland rehabilitation, Forage yield, Fertilization

1. Giris

Ulkemizin en &nemli dogal kaynaklarindan olan
meralar, hayvanciligin besin gereksiniminin %60-65’ini
olusturan kaba yem ihtiyacinin en ucuz karsilanabilecegi
yerlerdir. Bu ihtiyacin karsilanmasinda meralar kadar
yaylalar da biiyiikk bir paya sahiptir. Yaylalar ve yayla
meralar1  hukuki ac¢idan, yilin Dbelirli doénemlerinde
geleneksel yaylacilik maksadiyla yaylak ve otlak olarak
kullanilan ve 31.12.2011 tarihinden Once iizerlerinde
yerlesim yeri bulunan alanlar ile bir veya birka¢ kdy veya
kasaba halkina, hayvanlar ile birlikte ¢ikip yazi gegirmek
ve hayvanlarini otlatmak tizere tahsis edilmis yiiksek rakimli

arazilerdir (Resmi Gazete, 2011). Yaylalar genel olarak koy
ve kasaba gibi topluluklara tahsis edilmistir (Sozer, 1972).
Cografi agidan dag silsileleri iizerinde bulunan genis
alanlara yayla adi verilmekte olup sekil itibariyle yiiksek
daglarin iizerinde bulunan, akarsularmn actif1 vadilerle yer
yer pargalanmus olan diizlikklerdir (Alagoz, 1941).
Ulkemizde bircok yayla alaminda orta mali olmanim
dezavantajiyla koruma ve bakim islemlerinin yapilmamasi,
zamansiz ve tagsima kapasitesinin iizerinde otlatma gibi
nedenlerle  klimaks bitki  ortiisinden  uzaklasildig:
goriilmektedir. Klimaks bitki ortiisiinden uzaklasan, ¢ali ve
dikenlerle kaplanan yaylalarin kaba yem iriin kaynagi
olarak hayvanciliga katkisi da azalmaktadir. Ancak bu
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alanlarin durumuna ve vejetasyon yapisina gore secilecek
uygun 1slah yontemlerinin uygulanmasi alanlarin veriminde
iyilesmelere neden olabilecek boylece hayvansal yem
ihtiyacini karsilamada en uygun seviyeye ¢ikabileceklerdir.
Toprak neminin bitki biiylimesi ve gelismesi igin

kisitlayict  olmadigi  yagish  bolgelerde, meralarin
giibrelenmesinden iyi  ve en ekonomik sonuglar
alinabilmektedir. Ozellikle yeterli yagism bulundugu

bolgelerde veya sulanabilen meralarda giibreleme, bol ve
yiiksek kaliteli yem iiretiminin en énde gelen kosullarindan
birisi olmustur. Son zamanlarda, diinyanin hemen her
tarafinda yapilan birgok arastirmalar, giibrelemenin mera
vejetasyonu lizerindeki bir¢ok olumlu etkisini ortaya
koymus ve bu bilgilere dayanilarak genis alanlarda
uygulamalara baslanilmigtir. Bununla beraber meralarimizin
giibrelenmesi konularinda daha ¢ok yerel arastirmalara
ihtiya¢g duyulmaktadir (Bakir, 1985). Diizce ovasinda yer
alan Koépriibasi Omerfendi dogal merasinda yapilan bir
caligmada; ortalama olarak 4387 kg/ha kuru ot verimi
almirken, ortalama kuru ot, kuru madde, ham protein ve
ham kiil veriminde 75 kg/ha P,Os+100 kg/ha N uygulamasi
ile yiiksek degerler (sirasiyla 5175,3 kg/ha, 4814,3 kg/ha,
615,1 kg/ha ve 467,8 kg/ha) elde etmistir. Bu ¢alismada ot
verimi ve kalitesinde yiiksek degerlerin elde edilmesi, artan
verimle Dbirlikte yabanci ot tiirlerinin azalmasi, verime
baklagillerin katilma miktarlarinin artmasi ve mera alaninin
stirdiiriilebilirligi dikkate alindiginda giibreleme yonteminin
en uygun 1slah yontemi olabilecegi bildirilmektedir (Yavuz,
2013). Meralarimizda iyi yOnetim ile birlikte zararli ve
verimsiz  tlrlerin  herbisit ~ kullanarak ~ ortamdan
uzaklagtirilmasi, bu alanlarda verimli tiirlerin ve dolayisiyla
daha yiiksek ot veriminin elde edilmesini saglayabilecektir.

Yayla ve meralarda yapilan ¢aligmalarda farkli ekolojik
kosullarda ve farkli zamanlarda uygulanan herbisit
islemlerine bitkilerin verecegi tepkilerin de farklilik
gosterebilecegi bildirilmektedir (Raymond ve James, 1977).
Teksas kosullarinda yapilan bir ¢alismada ii¢ farkli yerde,
cali kontrolii amaciyla kullanilan picloram, bromacil,
dicamba, 2,4,5- trichlorophenoxy asetik asit (2,4,5-T) ve
bunlarin kombinasyonlarini denenmis, bu uygulamalar
sonucunda meranin ot veriminin onemli diizeyde arttigim
bildirilmistir (Lym, 2000; Ansley vd., 2004; Jacoby vd.,
1990). Bunun yaninda picloram, 2,4-D, izopiropilamin,
atrazin, etilaminon, simazinin graniil veya sprey olarak
223,9 gr/da dozundaki uygulamalara otsu vejetasyonun
tolerans gosterdigi ve her li¢ merada da verimin diismedigi
belirtilmistir (Bovey vd., 1972).

Bilingsiz kullanim ve iklim degisimi gibi sebeplerden
yayla ve meralarin mevcut durumu bozulmus, ortamda
bulunan tiirler yok olmus veya istenmeyen tiirler ortamda
¢ogalmig olabilir. Boyle durumlar alanin siiriilerek ekim
yapilmasi 1slah yonteminin uygulanmasini zorunlu hale
getirmigtir. Verim giigleri diismiis ya da bozulmus tabii
cayir ve mera vejetasyonlarmin siriilerek ekim yapilma

uygulamasindan bagka 1slahiin  mimkiin olmadig1
durumlarda ekim yontemi yapilmaktadir (Tosun ve Altin,
1986).

Plansiz otlatma, iilke genelinde oldugu gibi Diizce ili
yaylalariin da klimaks bitki ortiistiniin kaybolmasinda ve
zararll tirlerin ¢ogalmasinda ve sonugta meralarin ot
kalitesinde ve veriminde Onemli azalmalarin ortaya
¢ikmasinda baslica etmenlerden biridir. Bununla birlikte bu
bolgede yayla meralarin verimliligini arttirmaya yonelik
mera 1slah1  yOntemlerinin yararli olup olmayacagi

konusunda gerekli arastirmalarin yapilmanmis olmasi 1slah
caligmalarinin ~ uygulamaya  aktarirminda  sakincalar
dogurabilmektedir. Bu da bu tiir alanlarda 1slah bakim ve
koruma c¢aligmalarinin istenen diizeyde yapilamamasina
neden olmaktadir. Bu durum en ucuz kaba yem kaynagi olan
meralarimizin ve Ozellikle daglik kesimlerde yaylarimizin
potansiyelinden yararlanmay1 asgari seviyeye indirmistir.
Bu calismada yem verimi ve kalitesi bakimindan orta
nitelikte sayilabilecek Odayeri yaylasinda farkli 1slah
yontemlerinin yaylanin kuru ot verimi {izerine etkilerinin

arastirilmas1  ve elde edilen sonuglarin uygulamaya
aktarilmast  bakimindan  bir  althk  olusturulmasi
amaglanmstir.

2. Materyal ve yontem
2.1. Calisma alaninin tanitimi

Diizce Merkez Cinardiizii Koyl sinirlari igerisinde bulunan
Odayeri Yaylasi Diizce’ye 28 km mesafededir. Odayeri
yaylasi, 8,5 ha biiyliklikte olup 1200 m yiikseklikte
bulunmaktadir.  Toprak  yapist  kolliviyal  toprak
birikintileriyle olusmus orman topragidir. (Diizce Il Gelisim
Plan1, 2013). Tipik Karadeniz iklim 6zellikleri gésterip yaz
aylarinda serin ve bol yagis alan etrafi giir ormanlarla cevrili
bir yayladir. Calisma alani, 40° 40" kuzey enlemi ile 31° 09'
dogu boylamlarinda yer almakta olup Diizce Orman Isletme
Miidiirliigii'ne bagli Odayeri Orman Isletme Sefligi
smirlarindadir (Sekil 1).

2.2. Yontem

Calismada, Odayeri yaylasinda 5 adet 1slah yontemi ve 1
adet kontrol olmak iizere toplamda 30 m®lik 6 adet islem
rastlant1 parselleri deneme desenine gore 3’er tekrarli olarak
uygulanmigtir.  Alanda  yapilan iglemler ve alana
uygulanmasi Cizelge 1’de sematik olarak gosterilmistir.

Sekil 1. Odayeri yaylasi
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Cizelge 1. Calismada uygulanan islah iglemlerinin deneme alanindaki yatay plani

Ekim Ekim Giibre+Herbisit Giibre Herbisit Herbisit
Herbisit+Ekim Herbisit+Ekim Giibre Giibre+Herbisit Kontrol Giibre+Herbisit
Ekim Kontrol Herbisit+Ekim Kontrol Giibre Herbisit
Sahada uygulanan suni tohumlama isleminde 6ncelikle Cizelge 2. Ekim yonteminde kullanilan 6’li ¢im
alan 2016 Ekim ay1 sonlarinda ve 2017 yili mart ayinda karigimindaki tiir karigim oranlari
pullukla siiriilmis, tirmik ve bel kiiregiyle tesviye edilerek Latince- Adi Icerik  Tiirkge Ad
toprak ekime hazir hale getirilmistir. Ekim yapilacak Lolium perenne (Kokomo) %40  Cok yillik ¢im
parsellerde ikili pulluk ile arazi siiriimii yapilmistir (Sekil 2). '(:&Sglggﬁn t;llt;ra rubra %15  Rizomlu kirmizi yumak
Piyasadan satin alma yolu ile temin edilen tohumlar her Festuca rubra rubra .
parsele 720 gr. olacak sekilde (650 gr. altili ¢im karigimi+70 (Galahad) %15 Rizomlu kirmizi yumak
gr. Trifolium repens) elle serpme yontemi ile ekilmistir. Festuca arundinacea
Calismada kullanilan altili ¢im karisimi ve oranlart Cizelge (Tomcat1) %15 Kamisst yumak
2°de verilmistir. Festuca arundinacea %10 Koyun yumag!
Odayeri yaylasinda uygulanan giibreleme isleminde ise (Galetea)
Poa pretensis (Miracle) %5 Cay1r Salkim otu

Altin  vd. (2005)’nin Marmara Bélgesi i¢in Onermis
olduklar1 giibreleme miktar1 olan 7,5-10 kg/da N ve 5-7,5
kg/da P,0Os5 ve Karadeniz Bolgesinin i¢ kesimleri ig¢in 57,5
kg/da N ve 5-7,5 kg/da P,Os oranlari kullanilmistir.

Odayeri  yaylasinda  Klimaks  bitki  Ortiisiinden
uzaklagilmig olmasi ve tiir kompozisyonunda istenmeyen
tirlerin o6zellikle kartal egreltisi (Pteridium aquilinum var.
latiusculum)’nin  miktarmin artmis  olmasindan  dolay1
calismada mera 1slahinda segici herbisit kullanimi da
denenmistir. Bu islem 2017 yili nisan aymin baginda
gerceklestirilmistir. Arastirmada herbisit uygulamadan 6nce
gerekli 6l¢iimleme islemleri yapilmig ve her parsele 1,5 litre
su ve 4,44 ml herbisit kullanilarak ilag¢ piiskiirtme kabi ile
elle piiskiirtme seklinde uygulanmistir. Caligmada kullanilan
herbisit; etkin maddesi dichlorophenoxyacetic acid ve
Dimethyl Amin Tuzu 0,4 herbisit grubu olan suda ¢6zilen
konsantredir.

Bununla birlikte Sekil 3’te goriildiigii gibi hayvanlardan
korunmak amaciyla otlatma mevsimi basinda tel ihatasi
yapilarak tabela ¢akilmistir. Yapilan bu iglemlerin ardindan
biiyiime mevsimi sonunda 10.07.2017 tarihinde 0,25 m” (50
cm X 50 cm) biiyiikligindeki kuadrat (Babalik, 2004)
yardimiyla her islem parselinden 3 tekrarli olmak iizere
toplamda 54 adet 6rnek alanda otlar otlatma seviyesinden
bigilerek kdgida sarilmig ve laboratuvara taginmustir.

Deneme sahasindan laboratuvara tasinan Ornekler ilk
Oonce parsel bazinda simiflandinlmig daha sonra her
parselden alinan &rnekler drnek sirasina gore bugdaygiller,
baklagiller ve diger familya bitkileri olarak ayrilmis ve hava
kurusu hale gelmeleri i¢in kdgitlarinin iizerine serilmistir.
Daha sonra 6rnekler, Diizce Universitesi Orman Fakiiltesi
Havza Yonetimi Anabilim Dali laboratuvarindaki kurutma
firmlarinda 70 °C de 24 saat siireyle firn kurusu hale
getirilmigtir. Firin kurusu haline getirilen 6rnekler hassas
terazide Olciimleri yapilarak islem bazinda ot verimleri
belirlenmistir. Islemler arasinda kuru ot verimi agisindan
fark olup olmadig1 %95 giiven diizeyinde tek yonli varyans
analizi ile degerlendirilmis ortalamalar Duncan testi ile
karsilastirilmigtir.

s

Sekil 2. Traktor ile topragin siiriilmesi
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Sekil 3. Parsel ihatast ve meranin goriiniimil

3. Bulgular ve tartisma

Arastirma sonucunda islemlere gore elde edilen toplam
kuru ot wverimi ile bugdaygiller, baklagiller ve diger
familyalara ait kuru ot verimleri ayr1 ayn
degerlendirilmistir. Calismada kullanilan kuadratin alani
0,25 m® olmasi nedeniyle elde edilen degerler 4 ile
garpilarak kuru ot verimleri gr/m*ye déniistiiriilmiis daha
sonra bu degerler dekara kuru ot verimi olarak
hesaplanmustir.
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3.1. Toplam kuru ot verimi

Calismada uygulanan 1slah ydntemlerinin yaylanin

toplam kuru ot verimi iizerine olan etkisini ortaya koymak
amaci ile familya ayrimi yapilmaksizin elde edilen kuru ot
verimleri incelenmistir. Yapilan istatistik analiz sonucunda
uygulanan 1slah ¢aligmalarinin yaylanin kuru ot veriminde
O6nemli bir artisga neden oldugu belirlenmistir (P<0,05).
Nitekim ¢alismada en yiiksek kuru ot verimleri 858 kg/da ile
giibre uygulamasinda ve 822,4 kg/da ile gilibret+herbisit
uygulanan parsellerden elde edilmis olup, bu degerler
kontrol parselinde elde edilen 482,8 kg/da’a gore 6nemli
miktarda yiiksek ¢ikmistir Her ne kadar giibre ve giibre
+herbisit uygulamasindan elde edilen kuru ot verimleri
kontrol parseline gore dnemli derecede yiiksek ¢ikmig olsa
da burada kuru ot veriminin artiginda giibre uygulamasinin
daha etkili oldugu sdylenebilir. Nitekim yalnizca herbisit
uygulamasi yapilan parselde kontrol parseline oranla 6nemli
bir artig saptanmamuistir (Sekil 4).
Gilibre uygulamasi ile kontrol uygulamasina gore kuru ot
verimindeki artis Wedin (1974), Altin (1978), Belido vd.
(1985) ile Kog vd. (2003) tarafindan yapilan ¢aligmalarla
elde edilen degerlerle benzerlik tasimaktadir. Herbisit +
giibre uygulamasi ile kuru ot veriminde meydana gelen
goreceli azalig ise herbisitin diger familya tiirlerine olan
etkisinden kaynaklanmis olabilir. Nitekim bu sonug
herbisitlerin diger familya tiirlerinin oranmi azalttigini
bildiren Kuefeld (1977), Gokkus ve Altin (1986) ve Cinar
vd. (2010) ile uyusmaktadir.

3.2. Bugdaygiller familyasina ait kuru ot verimleri

Bugdaygiller familyasina kuru ot verimi bakimindan
islemlerin etkisi incelendiginde en yiiksek kuru ot verimi
581,5 kg/da ile giibretherbisit uygulanan parselde
belirlenirken, en diigiik verim 264,44 kg/da ile tohum
ekimi+therbisit ~ uygulanan  parselde  belirlenmistir.
Arastirmada uygulanan islemlerin kuru ot verimi agisindan
kendi aralarindaki ve kontrol parseline gore durumlar1 Sekil
5’de verilmistir.
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Sekil 4. Islemlere gore toplam kuru ot verimleri
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Sekil 5. Islemlere gore bugdaygil familyas1 kuru ot verimleri

Arastirmada herbisit ve giibre birlikte uygulandiginda
elde edilen bugdaygiller kuru ot verimi artist daha once
Nicholas ve McMurphy (1969) tarafindan yapilan aragtirma
ile uyum gostermektedir. Giibre kullanilmayan yalniz
herbisit uygulanan parsellerde bugdaygiller familyas1 kuru
ot verimi kontrol parseline gore nispi bir artig gostermistir.
Bu da bu parsellerde diger familya bitkilerinin azalmasi ve
buna bagli olarak onlarin yerine bugdaygiller familyasi
bitkilerinin gelismesi ile acgiklanabilir. Ancak g¢aligmada
Ozellikle gilibre uygulanan parsellerde kontrole gore
bugdaygiller familyas1 kuru ot veriminin 6nemli oranda
artmas1 bugdaygiller familyas1 bitkilerinin giibrelemeye
daha hizli tepki vermesi ile agiklanabilir. Nitekim giibre
uygulamasi ile kontrol uygulamasina gore kuru ot verimine
bugdaygillerin katilma miktarinda elde edilen artis Wedin
(1974), Altin (1978), Belido vd. (1985), Kog¢ vd. (2003),
tarafindan yapilan c¢aligmalarla elde edilen degerlerle
benzerlik tasimaktadir. Yine Ozaslan (1996), giibrelemenin
kuru ot verimini arttirdigini, bugdaygillerin baskin oldugu
meralarda 7,5 kg/da azotlu giibrelemenin yeterli oldugunu
bildirmistir.

Ekim uygulamasindan elde edilen verim (336,3 kg/da)
ile herbisit uygulamasindan elde edilen verim arasinda
istatistiki olarak fark bulunmamustir. Bu arastirmanin en az
verimleri ise kontrol (325,2 kg/da) ve ekim + herbisit (264,5
kg/da) uygulamalarindan elde edilmistir. Kontrol ve ekim +
herbisit uygulamalar1 arasindaki fark istatistiki olarak
6nemli bulunmamis ancak diger uygulamalarla aralarindaki
fark 6nemli bulunmustur.

3.3. Baklagiller familyas: ait kuru ot verimleri

Bu arastirmada uygulanan iglemlere gore baklagiller
familyast kuru ot verimleri agisindan en yiiksek verim
herbisit (97,1 kg/da) uygulanan parselde elde edilmistir.
Daha sonra sirasiyla giibre+herbisit (81,2 kg/da), giibre
(73,5 kg/da) ve kontrol (56,9 kg/da) uygulamalarindan elde
edilmistir. Islemlerin kendi igerisinde ve kontrol parseline
gore kuru ot verimleri ile istatistiksel olarak farkliliklari
Sekil 6’da verilmistir.

Ekim (25,4 kg/da) uygulamasinda kuru ot verimine
baklagillerin katilma miktarmin en az oldugu belirlenmis
olup, ekim+herbisit (37,2 kg/da) uygulamasinda elde edilen
degerle arsindaki  fark istatistiki olarak  Onemli
bulunmamigtir.
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Sekil 6. Islemlere gdre baklagil familyas1 kuru ot verimleri

Baklagil familyas1 agisindan en diisiik kuru ot verimi
ekim uygulamasindan elde edilmis olmasi ve en yiiksek
verimim herbisit uygulamasindan elde edilmis olmasi
Bovey vd. (1972) tarafindan yapilan ve ¢esitli dozlarda,
farkli herbisit uygulamalarina otsu vejetasyonun tolerans
gosterdigini ve verimin diigmedigini bildiren ¢alismalariyla
uyum gostermektedir. Ancak Kufeld (1977) ile Gokkus ve
Atin (1986) tarafindan herbisit uygulamasinin baklagiller
familyasimin  kuru ot verimini diisiirdiiglinii  belirttigi
¢aligmalariyla uyusmazlik igermektedir. Bu durum botanik
kompozisyonu olusturan tiirler ve iklim farliliklarindan
kaynaklanmisg olabilir.

3.4. Diger familyalara ait kuru ot verimleri

Arastirmada uygulanan 1slah iglemleri agisindan diger
familya kuru ot verimleri karsilastirildiginda en yiiksek
verim 234 kg/da ile giibre uygulamasindan, en diisiik ise
84,1 kg/da ile ekim isleminde elde edilmistir. Yapilan
analizde giibre ile giibre+herbisit uygulamasinin kontrol
parseline gore yiiksek miktarda diger familya kuru ot
verimine sahip oldugu ve bunun istatistiksel olarak 6nemli
oldugu belirlenmistir (Sekil 7).

Calismada giibret+herbisit uygulamasinda diger familya
kuru ot veriminin yiliksek ¢ikmasinin giibreden kaynakli
olabilecegi diisiiniilmektedir. Uygulanan diger islemlerin ise
kontrol parselinden elde edilen diger familya kuru ot
verimlerinden farkli olmadigi belirlenmistir. Ancak diger
familya kuru ot veriminin herbisitin kullanildig1 parsellerde
kontrol parseline gore nispeten diisik ¢ikmasi, Yine
herbisit+giibre parselinin veriminin de giibre parseline gore
nispeten diigiik ¢ikmasi kullanilan herbisitin ¢ogunlugu
zararl1 bitki niteliginde olan diger familya bitkileri iizerinde
fazla etkili olmadigimi gostermektedir. Bu sebeple
arastirmada elde edilen bulgular herbisitlerin diger familya
tiirlerini azalttigini bildiren Kufeld (1977), Gokkus ve Altin
(1986) ve Cimnar vd. (2010) ile uyusmamaktadir. Bu durum
yaylanin iklim, ozellikle yagis ve sicaklik kosullarindan
kaynakli olarak kullanilan herbisitin tam etkisini
gosterememesinden kaynaklanmis olabilir. Nitekim Altin
vd. (2005), bitki yapragina uygulanan herbisit girisi ile
taginmasiin ¢evre ve iklim kosullarindan 6nemli derecede
etkilendigini ve giindiiz hava sicakhgnin 21 °C’nin altinda
kalmasi, gece hava sicakligmin da 5 °C’nin altinda kalmas:
durumunda  herbisitin etkinliginin azalabilecegini
belirtmislerdir. Caligma yapilan alanin yiiksek rakimda
olmasi bu durumun ortaya ¢ikmasina neden olmus olabilir.
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Sekil 7. Islemlere gbre diger familyalar kuru ot verimleri

4. Sonug¢

Arastirmada giibre ve giibre+herbisit uygulamalarindan
elde edilen kuru ot miktarlariin kontrol parseline gore daha
yiikksek c¢ikmasi Odayeri yaylasinda uygulanacak uygun
islah  yontemi ile kuru ot veriminin artirtlabilecegini
gostermektedir. Nitekim Odayeri yaylasinda uygulanan
1slah yontemlerinden herbisit+giibre uygulamast
bugdaygiller familyas: kuru ot verimi bakimindan, herbisit
uygulamasi baklagiller familyasi kuru ot verimi agisindan ve
giibre uygulamasi da diger familya kuru ot verimi agisindan
en yiiksek miktarlarin elde edilmesini saglamistir. Bununla
birlikte 1slah yontemlerinden giibre+herbisit uygulanmasinin
hem bugdaygiller familyasinin hem de baklagiller
familyasinin kuru ot verimini artirmasi bunun yaninda diger
familya bitkilerinin kuru ot veriminde de fazla bir artisa
neden olmamasi nedeniyle alanda uygulanabilecek en uygun
1slah yontemi olarak diisiiniilebilir. Alanda yalnizca giibre
uygulamasi yapilmasi durumunda hayvanlarin otlamaktan
kag¢indig1 diger familya bitkilerinin kuru ot verimini de
artiracagl  disiiniilmektedir. Nitekim yalnizca giibre
uygulamasi yapilan parsellerde diger familya bitkilerine ait
kuru ot verimleri en yiliksek miktarda bulunmustur. Ekim ve
ekim+herbisit uygulamalarinda ise her {i¢ familyaya ait kuru
ot verimlerinin de kontrol parseline gére 6nemli bir degisim
gostermedigi saptanmig olup her iki 1slah y‘(:')nteminin de
Odayeri yaylasinda uygulanmasinin gerek ekonomik yonden
gerekse 1slah bakimindan uygun olmayacagi sdylenebilir.
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Tiirkiye’deki ormana dayah sektorlerin dis ticaret rekabet giicii analizi
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1. Giris

Ozet: Bu calisma, Tiirkiye ekonomisinde dikkate deger bir yeri olan ormana dayali sektorler (forest-based sector)”in Tiirkiye
Istatistik Kurumu (TUIK) tarafindan agiklanan 1995-2009 arasi yillik ihracat ve ithalat verileri kullanilarak hesaplanan baslica
rekabetgilik endeksleri yardimiyla sektoriin dis ticaretteki rekabet giictinii analiz etmistir. Sektérler Standart Uluslararas: Ticaret
Siniflandirmasi (SITC) Rev.3 ¢ergevesinde 2 haneli olarak 5 alt sektérde incelenmistir. Bu sektorler sirasiyla; agag mantari, odun
ve kereste (SITC kodu: 24), kagit hamuru ve kullanilmig kagit (SITC kodu: 25), aga¢ mantar ve ahsap mamul (SITC kodu: 63),
kagit-karton (SITC kodu: 64) ve mobilya (SITC kodu: 82) olarak ele alimmustir. Rekabet giicii endeksleme sonuglari
gostermektedir ki Tiirkiye’de mobilya sektorii, artan kiiresel rekabete ragmen dis ticarette dikkate deger diizeyde rekabetgi bir
durumdadir. Levha iiretimi agirlikli aga¢ mantar ve ahsap mamul sektoriiniin ise rekabet giicti ¢ok yiiksek olmamakla birlikte bu
gii¢ yillar itibariyle giderek belirginlesme egilimindendir. Aga¢ mantari, odun ve kereste sektorii, kagit hamuru ve kullanilmis
kagit sektorii ve kagit-karton sektorlerinde ise rekabet giicii bulunmamaktadir. Calismanin son kisminda orman dayali sektorlerin
dis ticarette rekabet giiciinii artirmaya yonelik ¢esitli onerilerde bulunulmustur.

Anahtar kelimeler: Dis ticaret, Rekabet indeksi, Ormana dayali sektorler, Tiirkiye ekonomisi

An analysis of foreign trade competitiveness of the forest-based sector in Turkey

Abstract: This study analyzes by major indices of competitiveness the foreign trade competitiveness of the Turkish forest-based
sector which occupies a notable place in the country’s economy. The analysis uses the annual export and import data for the
period between 1995 and 2009 provided by Turkish Statistical Institute (TURKSTAT/TUIK). Here the forest-based sector is
specified to consist of 5 subsectors at two-digit coding level in Standard International Trade Classification (SITC) Rev.3, namely
of cork and wood (SITC code: 24), pulp and waste paper (SITC code: 25), cork and wood manufactures (SITC code: 63), paper
and paperboard (SITC code: 64), and furniture (SITC code: 82), respectively. Results of competitiveness indexing show that the
furniture sector appears, despite the increasing global competition, to be notably competitive in foreign trade. In addition,
although it does not stand that competitive, the cork and wood manufactures sector, dominated by wood-based panels, does
display a tendency to set more noticeable level of foreign trade competitiveness over the years. Meanwhile, it should be noted
that the remaining sectors of cork and wood, pulp and waste paper, and paper and paperboard are evidently not competitive in
foreign trade to any extent. In the final part of the paper some recommendations are propounded in favor of strengthening the
foreign trade competitiveness of the forest-based sector in Turkey.

Keywords: Foreign Trade, Competitiveness index, Forest based sectors, Turkish economy

boylece  yatinmlarda  hizlanmaya  ve
geniglemesine etki  etmektedir. Ticaretin

isttihdamin

giderek

Kiiresellesme siireci, uluslararasi piyasalarda mal ve
hizmet tiiketimini artirarak treticiler arasinda da rekabeti
yogunlastirmistir. Bu yogunlasma rekabet edebilirlik ve
rekabet giicli gibi kavramlarin daha da 6nemli bir boyut
kazanmasi sonucunu dogurmustur. Kiiresellesme
nimetlerinin ve getirdigi yiikiin esit olmayan bir bigimde
paylasilmadig:r asikdrdir. Bu noktada gelisme yolundaki
iilkelerin ekonomik olanaklarin1 maksimum imkanlarla
destekleyerek  kiiresellesmenin  olumsuz  etkilerinden
korunmay1 amag edinmeleri, uluslararasi piyasada ve diinya
ekonomisinde yasanan hizli donilisim siirecini  kendi
menfaatlerine uygun kontrol etme gayreti igerisine
girmelerine yol agmaktadir. Ulkenin rekabet giiciiniin
artmast iilke ekonomisinde zincirleme bir reaksiyonun
olusmasina yol agmaktadir. Bu artig, liretim ve ihracatta
genislemeye neden olmakta; bu durum karhihigmn artmasina,

serbestlesmesi sonucu iilkeler kendilerini giderek daha zorlu
bir rekabet ortaminda bulmaktadirlar. Bu baglamda
giniimiizde bir {lkenin en Onemli amaglarindan biri
uluslararast alanda rakiplerine kars1 rekabet giici saglamak
ve bunu korumaktir. Bu sekilde dis ticaretten kazangh
cikarak uluslararasi alanda rekabet giiciinii artirmak s6z
konusu olabilmektedir. Uluslararas1 alanda her konuda
rakipleriyle miicadele edebilecek konumda olabilmek ve
bunu koruyabilmek her iilkenin basarmayr hedefledigi bir
durumdur. Rekabet iistinligiinii elinde tutan bir iilke
ekonomisinde zincirleme bir etki meydana gelerek iiretim ve
ihracattin gelismesi, yatinmlarin hizlanmasi ve katma
degerin artmasi beklenecektir.

Uluslararas1 rekabet olgusunun Onemi bakimindan
“ormana dayal sektorler (forest-based sector)” de kesinlikle
bir istisna degildir. Genel itibarla odun hammaddesi iireten
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isletmeler, odun igleyen ve mobilya iireten fabrika/atdlyeler
ile kagit sanayini iceren ormana dayali sektorler toplu olarak
Avrupa’nin  en Onde gelen  endistriyel  sektori
pozisyonundadir (FTP, 2018).

Hem odun hammaddesi iireten ormancilik sektdrii hem
de bu hammaddeyi isleyen orman {iriinleri sanayi beraber
degerlendirildiginde  Tiirkiye’de de ormana dayali
sektdrlerin hem bazi bolgeler hem de iilke dlgeginde iiretim,
istihdam ve dis ticaret bakimindan 6ne ¢iktig1 sylenebilir.
Dolayisiyla ormana dayali sektorlerin uluslararasi rekabet
diizeyi de dikkate deger bir aragtirma ve inceleme konusu
olarak karsimiza ¢ikmaktadir.

Tiirkiye’deki ormana dayali sektorlerin dis ticareti ve
iilke i¢indeki gelisiminin incelenmesi ve uluslararasi rekabet
giiclinlin belirlenmesi somut olarak dnem arz etmektedir.
Sektorlerin Tiirkiye ekonomisi igindeki toplam payr ve
girdi-¢ikti baglantilarinin birgok sektorii geride birakmug
olmasina ragmen, uluslararasi piyasalarda yeterli avantaj ve
giice sahip olmadigi sik sik dile getirilmektedir (Kayacan,

2004).
Genel olarak ormana dayali sektorler diinya
piyasalarinda ticaret hacimleri olduk¢a fazla olan

sektorlerdir. S6z konusu sektorlerin uluslararasi rekabet
giiclerinin sayisal olarak ortaya konulup karar vericilere 151k
tutabilmek amaciyla 1995-2009 yillari arasinda sektorlerin
rekabet giicleri analiz edilmistir. Bu ¢alismada s6z konusu
sektorlerin  uluslararasi rekabet giigleri sayisal olarak

birbirleri ile karsilastirmali olarak ortaya konulup
yorumlanmis ve karar vericilere bazi  Onerilerde
bulunulmustur. Bu noktada ormana dayali sektorler

Uluslararas1 Ticaret Siniflandirmasida (SITC) ve TUIK
veritabanlarinda oldugu gibi bu ¢alismada da “aga¢ mantari
ve odun Kkereste”, “kagit hamuru ve kullanilmig kagit”,
“aga¢ mantar ve ahgap mamuller”, “kagit, karton ve kagit
hamurundan esya” ile “mobilya ve mobilya pargalar1”
olarak degerlendirilmiglerdir.

Uluslararasi diizeyde rekabet ve rekabet giiciine yonelik
yaklasimlar, rekabet giicii 6l¢glim yontemlerinden 6ne ¢ikan
ve en cok tercih edilen belli bash kantitatif yontemler
calisma iceriginde degerlendirilerek dis ticarette 1995-2009
yillar1 arasindaki seyir degerlendirilmistir. Rekabet giiciinii
Olcen ve One ¢ikan bir takim rekabet giiclinii 6l¢en kantitatif
endeksler yardimiyla ormana dayali sektdrlerin ¢alisma
kapsami belirlenmistir. Bu noktada c¢alisma kapsaminda
Birlesmis Milletler (BM) ve TUIK gibi istatistiki veri
saglayicilarindan elde edilen dis ticaret verileri ile ¢aligma
sinirlart tayin edilmistir.

Tiirkiye’de ormana dayali sektorler lizerine yapilan belli
basli caligmalar incelendiginde ormancilik ve orman
drtinleri sanayi gibi genel ya da mobilya, levha, kereste,
kagit sanayi gibi spesifik adlandirma ve kapsamlarda cesitli
caligmalara rastlanmaktadir.  Sektorlere iligkin ilgili
caligmalara g6z atildiginda gerek rekabet giiclerinin hali
hazir durumu gerek gelecegine yonelik giindem olusturacak
birtakim ¢esitli analiz ve 6neriler sunuldugu goriilmektedir.

Orman  driinleri  sanayinin  temel  hammaddesi
durumundaki yuvarlak odunun (roundwood) dis ticareti
hakkinda Tiirkiye’nin 1980’lerin ikinci yarisindan beri odun
hammaddesi bakimindan agik ara net ithalat¢1 olageldigi, bu
durumun da tlkedeki orman sahalarinin genisligine ragmen
goreli disiik verimliligi ve hizla artan ahgap iiriinleri
talebiyle iliskilendirilebilecegi, 1990’lardan bu yana yillik
ithal edilen odun hammaddesinin iilkede iiretilen endiistriyel

odun hammaddesinin yillik bazda %25-65’ine Kkarsilik
geldigi ifade edilmektedir (Kayacan vd., 2013).

Diger yandan Orman drlinleri sanayi ic¢indeki
isletmelerin dig ticarette kalite yetersizligi ve girdi
tedarikindeki istikrarsizligina sik¢a dikkat gekilmistir.
Ayrica sektorde modern isletmecilik anlayisinin ve son
teknolojilerin  mutlaka takip edilmesi geregine vurgu
yapilmustir (Kurtoglu vd., 1998a).

Tiirkiye ahsap mobilya endiistrisiyle ilgili olarak 1990
ve 1996 wyillar1 arasindaki disg ticareti incelendiginde
sanayideki biiyiimenin, Avrupa Birligi tilkeleri ve Amerika
Birlesik Devletleri gibi gelismis tlkelerde pazar paymi
artirdig1 yoniinde goriis belirtilmistir (Kurtoglu vd., 1998b).
Tiirkiye orman triinleri dis ticareti ¢esitli {iriinler nazarinda
TUIK verileri ile degerlendirilmesi sonucunda ihracatta
kereste, aga¢ dograma iirlinleri ve agagtan sandik, ithalatta
ise, yuvarlak odun, kereste ve lif levha 6nde gelen tiriinlerdir
(Kog ve Aksu, 1999).

Yonga levha dis ticareti igin 1990 ve 1998 yillart
arasinda ihracata doniik ¢alismalarin arttifi, ic talebin ve
tilketimin artmasi sonucu ithalatta ihracata benzer sekilde
yiikselis olduguna dikkat ¢ekilmistir (Kog ve Aksu, 2000).

Tiirk mobilya sanayinin yapisi, tiretim, ihracat ve ithalat
sekilleri 1996 ile 2001 yillart arasinda bircok soruna
ragmen, hatiri sayilir bir gelisme igerisinde olmus ve ihracat
ithalat dengesi arti yonde bir trend izlemistir (Yazici ve
Karayilmazlar, 2001).

Levha sanayinde ise, yonga levha, MDF ve kontrplak
sanayisinin 2001 ile 2002 ve 2003 senesi iiretim, ithalat ve
ihracat diizeyleri, 25 AB iilkesi ve Tirkiye bazinda
degerlendirildiginde Tiirkiye’nin, 2001’den 2003 yilina
kadar levha sanayinde pozitif yonde en fazla gelisim
gosteren iilke durumunda oldugu, iilkemizin levha iriinleri
alaninda Avrupa ve diinya genelinde 6nemli bir yere sahip
oldugu diistincesi hasil olmustur (Yildirim vd., 2005).

Tiirkiye mobilya sanayinin durumunun giderek artan
teknolojik imkanlar, hedef pazarlara dogru ihracat
caligmalarinin  yogunlagtirilmasi,  sektoriin  isgiicliniin,
Avrupa Birligine girme istegi ve zorlayict kogullart sektoriin
sahip oldugu istinliikleri; pazarlama noksanligi, teknoloji
ve tasarim, kapasite kullanim yiizdesi, yonetim problemleri
ise sektoriin sahip oldugu zayifliklar1 meydana getirdigi dile
getirilmistir (Giirpinar ve D6ven, 2008).

2001 ve 2006 yillar1 arasinda Tiirk Mobilya sektorii
ithalat ve ihracat degerleri yararlanilarak birtakim
endekslerle degerlendirildiginde  sektoriin  uluslararasi
ticarette rekabet gilici yorumlanmis, sektoriiniin yiikselen
kiiresel rekabete ragmen rekabetgi konumunun zaman
icerisinde giderek arttigia dikkat c¢ekilmistir (Glirpinar ve
Altay, 2008).

Tirkiye ve AB iilkelerinde kagit iretim, ithalat ve
ihracat verilerinin incelendigi bir bagka c¢alismada, AB
biinyesinde yer alan 25 {ilkenin kagit ve kagit iriinleri
sanayilerinin 2001-2003 yili verileri, sanayide en ¢ok tercih
edilen ve yiiksek diizeyde kullanim alanma sahip olan
kimyasal odun hamuru, mekanik odun hamuru ve atik kagit
iiriin ¢esitleri bazinda iiretim, ithalat ve ihracat degerlerine
bagl olarak ele alinmis, Tiirkiye’nin kagit liretiminde AB
iilkeleriyle rekabet edebilecek konumda oldugu ancak
ozellikle gelismis tilkeler ve kagit iiretimi konusunda diinya
capinda hakim konumda bulunan {ilkeler ile rekabet
edebilecek bir yapilanmaya sahip olmadigi belirlenmistir.
Ulkemizin sanayi yapilanmasinda &nemli bir konumda
bulunan ve belirli iiretim alanlarinda diinya piyasalarinda
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s6z sahibi olabilecek yapida bulunan kagit sanayi
sektoriiniin 6zellikle teknolojik olarak desteklenmesi ve AB
icerisinde Turkiye’'nin etkili oldugu sektdrlerden biri
konumuna yiikseltilmesi gerektigi savunulmustur (Gedik
vd., 2005).

Tirkiye Ahsap Levha sanayisinin Avrupa Birligi
iilkeleri ile rekabeti hususunda Tirkiye ve Avrupa Birligi
iilkelerinde bazi yontemlerle analizler yapildiginda
Tirkiye’nin aralarinda yer aldigi grup itibariyle biitiin
degiskenler dikkate alindiginda ahsap levha sanayinde
Avrupa Birligi iilkeleri ile rekabeti oldugu yoniinde bir
goriis dile getirilmistir (Y1ildirim vd., 2005).

1990-2009 yillar1 arasindaki tiretim ve dis ticaretinin ele
alindign  bir baska c¢alismada Tiirkiye’nin  ODOU
ihracatindan Onemli gelirler elde ettigi ancak Diinya
ilkeleriyle karsilagtirildiginda bu gelirin  ¢ok diisiik
seviyelerde kaldigi, yuvarlak odun dis ticaretinde ise daha
¢ok ithalatgr bir konumda oldugu sonucu ortaya ¢ikmustir.
Odun dis1 orman {irlinleri ve yuvarlak odun dis ticaret
degerleri sonucu Odun dig1 orman iiriinlerinden elde edilen
gelirin yuvarlak oduna oranla daha fazla oldugu goériilmiistiir
(Rifat vd., 2011).

Tiirkiye’de ormana dayali sektorlerin dis ticaret yapisini
ve ormana dayal1 sektorlerin rekabet giicliniin analiz edildigi
bir bagka calismada ormana dayali sektorde endiistri-igi
ticaretin yiiksek oldugu sonucuna ulasilmis, rekabet giicii
analizi neticesinde ise sektorde rekabet giiciiniin diisiik
oldugu vurgulanmistir (Sahin, 2016).

Odun esasli levhalar, tomruklar, kagit hamuru ve kagit-
karton {irlinlerinin yer aldig1 bir bagka ¢alismada 2005-2014
yillart arasindaki Tirkiye genel dis ticareti iginde orman
triinlerine yonelik alt gruplar ve her bir grup igin Tiirkiye
dis ticareti iginde orman iriinleri degerlemeye alinmistir
(Alevli ve Yildirim, 2016).

2010-2015 yillan arasinda yapilan bir bagka ¢aligmada
Tiirkiye’de ahsap esashi levha sektorii incelenmis, ahsap
levha sektoriimiiziin giiclii ve zayif yonleri ile firsat ve
tehditlerinin neler olabilecegi {izerinde durulmustur.
Tiirkiye’nin ahgap esasli levha sektoriinde diinyada 6nemli
bir yerinin oldugu, ahsap kaplama, kontrplak ve OSB iiretim
degerlerinin piyasa talepleri karsilayamadiginin ve ithalatgi
kimligin arttigina vurgu yapilmstir (Istek vd., 2017).

2. Materyal ve yontem
2.1. Ormana dayal: sektorlerin tanim ve kapsami

Dis ticarette rekabet giicline odaklanan bu c¢alismada
ormana dayali sektorlerin tanim ve kapsamlar1 SITC esas
alinarak belirlenmigtir. Buna gore, SITC sisteminin iki
haneli kodlama seviyesindeki bes sektér ormana dayali
sektorler olarak karsimiza g¢ikmaktadir. Sektore yonelik
kullanilan dig ticaret verilerinin giivenilir olmas1 ve TUIK
veri tabaniyla ortiismesi ¢alisma igin kolaylik saglamaktadir.
S6z konusu bes sektoriin tanim ve kapsamlari su sekildedir:

Agac mantari, odun ve kereste sektorii (SITC Rev.3
Kod:24): Bu sektor ig¢inde agac¢ tabii mantar1 ve agag
dokiintii mantarlar, yakmaya mahsus agaglar ve odun
komiirii, yakmaya mahsus yonga halinde agaclar ve testere
talasi, yuvarlak agaclar, ahsap demiryolu ya da tramvay
traversleri,

Kagit hamuru ve kullanilmis kagit sektorii (SITC Rev.3
Kod:25):Bu sektor igerisinde odun veya diger lifli seliilozik
maddeler; hamurlari, dékiintii ve kirpintilart,

Agac mantar ve ahsap mamul sektorii (SITC Rev.3
Kod:63): Bu sektér iginde aga¢ mantarindan esya,
kaplamalik agaclar, levhalar, kontrplak, sirik, kazik vs. ile
agag yiinii, agactan muhafazalar, kutu, kafes sandik, ve buna
benzer ingaat ve marangozluk tirtinlerini,

Kagit, karton ve kagit hamurundan esya sektorii (SITC
Rev.3 Kod:64): Bu sektor kagit ve karton, kagit, kagit
hamuru, karton ve seliilozik liflerden mamulleri,

Mobilya ve mobilya pargalar1 sektorii (SITC Rev.3
Kod:82): Oturmaya mahsus mobilyalar vb. aksam-pargalari,
somyalar, yataklar, yazihanelerde kullanilan tiirde metal ve
aga¢ mobilyalar, mutfak ve yatak odalarinda kullanilan
tiirde ¢esitli ahsap mobilyalar ve mobilyalara ait diger
aksamlar ele alinir (BM, 2010).

2.2. Veriler, veri kaynaklar: ve verilerin elde yontemleri

Dis ticaret verileri uluslararasi smiflamalara gore
kullanima agilmaktadir. Harmonize sistem kodlar1 ile bu
siiflamalar arasindaki gegis BM istatistik ofisi ve
EUROSTAT (European Union Statistical Office) web
sitelerinden faydalanilarak her sene ele alinmaktadir.
Tirkiye’nin dig ticaret istatistikleri; HS (Harmonize
System), SITC (Standard International Trade
Classification), ISIC (International Standard Industrial
Classification), BEC (Broad Economic Categories), CPA
(Statistical Classification of Product by Activity in
European Community) gibi kiiresel mal ve sektor ¢esitlerine
gdre ifade edilmektedir (TUIK, 2008).

TUIK, BM ve Diinya Bankasi gibi merciler karar
vericilerin, aragtirmacilarin ve tiim istatistik faydalanicilarin
ihtiyaglart olan istatistiksel verileri, uluslararasi standartlara
uyumlu olarak giivenilir, tutarh, tarafsiz, istatistiki gizlilik,
giincellik ve seffaflik  gayelerinde iretmekte ve
yayimlamaktadir. Caligma icerisinde verilerin  analiz
edilmesinde ve sektdrlere yonelik degerlendirmelerde TUIK
ve BM veri tabanindan da istifade edilmistir.

Calisma kapsaminda TUIK tarafindan agiklanan 1995-
2009 arast yillik ihracat ve ithalat verileri kullanilarak
hesaplanan baglica rekabetgilik endeksleri yardimiyla
sektoriin dis ticaretteki rekabet giicii analiz edilmistir. TUTK
veri tabanlar1 kullanilarak, sektor i¢in verilen 2-haneli mal
smiflandirmasindan ~ faydalamlmistir.  TUIK  tarafindan
sektorlerin kolaylikla anlagilabilir bir bigimde ele alinmasi
ve ihracat-ithalat rakamlarimin uluslararasi piyasasi ve
ormana dayali sektorlerin diinya iilkelerinin toplam ithalat-
ihracat verileri BM veri tabaninda Amerikan Dolar ($)
cinsinden kullanildigindan endeks formiillerinde Dolar
degerleri lizerinden degerlendirme yapilmustir.

2.3. Rekabet ve rekabet giicii kavrami, uluslararasi rekabet
giicti ve kantitatif él¢iim yontemleri

Rekabet, piyasada gaye ve ¢ikarlar1 yerine getirebilmek
i¢in ekonomik birimlerin arasinda ortaya ¢ikan yarig olarak
ifade edilebilir (Uysal, 2000). Rekabet giicli ise kisa bir
bicimde, diinya standartlarinda mal iretip, diinya igin
gecerli bedeller {izerinden, diinya piyasasinda onu satabilme
yetenegidir. Rekabet giicii, bir ekonomide biiylime ve
gelisme artis1 saglamanin, hayat sartlarimi ylikseltmenin
baslica kosuludur. Rekabet giiciiniin artmasiyla, bir taraftan
yurti¢i pazarda satilacak ve ihrag edilecek mal grubunun
iiretimi ve arkasindan istihdam oran: artarken, bir yandan da
karlillk ve yatinmlar artmaktadir. Rekabet giiciiniin
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gerilemesi ise bu sonuglarin tam tersini doguracaktir (Tére,
1996).

Rekabet giiciiniin tayininde kapsam ve formiilleriyle bir
takim kantitatif endekslerden yararlanilmistir. Endeks
seciminde veri tabanlarindan kolaylikla istifade etmek,
isleme koymak ve net degerlerin tedarik edilebilirligi
dahilinde Net Ihracat Oran1 Endeksi (Ratio Of Net Exports
Index), Thracat-ithalat Oran1 Endeksi (Export-Import Ratio
Index), Goreli Ihracat Avantaji Endeksi (The Relative
Export Advantage Index), Goreli Ithalat Niifuz Endeksi
(The Relative Import Penetration Index), Goreli Ticaret
Avantaji Endeksi (The Relative Trade Avantage Index),
Ihracat Paylar1 Endeksi (Rate Of Export Shares Index) ve
Sektor I¢i Ticaret Endeksi (Intra Industry Trade Index)
kullanilmustir.

Goreli ihracat avantaji endeksi (The relative export
advantage index): Belirli bir iriinde herhangi bir {ilkenin
diinya piyasalarinda sahip oldugu ihracat paymin diger
biitiin mallarda diinya ihracatinda sahip oldugu paya oranini
ifade eder. Goreli Thracat Avantaji Endeksi (GIAE) asagida
verilmistir (1);

GIAR; = (%, /D X)) /C Y Xg/ D Y Xa) (D)

1% Ik k=i LI%

Burada; X= ihracat; i ve k= Uriin Kategorileri; j ve 1=
Ulkeleri ifade etmektedir. Endeks degerinin 1°den daha
bliyik olmasi ilgili iriin  kategorisinde {ilkenin
karsilastirmali avantaja sahip olduguna; 1’in altindaki
degerler ise, karsilastirmali bir dezavantaja isaret etmektedir
(Frohberg ve Hartmann, 1997).

Goreli Ithalat Niifuz Endeksi (The Relative Import
Penetration Index): Goreli Ithalat Niifuz Endeksi (GINE),
GIAE’ye benzer. Aralarindaki temel farklihik ihracat yerine
ithalatin denklemde yer almasi ve tam tersi bir yorumla
yorumlanmasidir (Frohberg ve Hartmann, 1997). Bu endeks
asagida verilmistir (2);

GINE, = My /D M) /() Mg/ D > M) ()

L1#j kk=#i kk#i Ll1#i

Burada; M: fthalati; i ve k: Uriin kategorilerini; j ve I:
Ulkeleri gostermektedir.

Goreli Ticaret Avantaji Endeksi (The Relative Trade
Avantage Index): Goreli Ticaret Avantaj Endeksi (GTAE)
GIAE ile GINE arasindaki farka esittir. Bu endeks asagida
verilmistir (3);

GTAE= GIAEijGiNEij 3)

Formiil 3’e gore islem sonucu pozitif bir deger ise
rekabetgi bir avantaja, negatif bir deger ise karsilastirmali
bir dezavantaja karsilik gelmektedir (Frohberg ve Hartmann,
1997).

Ihracat Paylar: Endeksi (Rate of Export Shares Index):
Bir tilkenin belli bir mal grubunda yapmis oldugu ihracatin,
ilkenin toplam ihracati igindeki oranini gostermektedir.
Endeks degeri 1’¢ yaklastikca o mal grubunun {ilkenin
ihracatindaki onemi artmaktadir. Endeks asagida verilmistir

(4);
Ihracat Paylar1 Endeksi = ( Xij / Xi) 4

Burada; Xij, j tirtintiniin (tirtin grubu, {irtin kategorisi ya
da sektor) i tilkesindeki degerini, Xi ise o iilkenin toplam

ihracat degerini gostermektedir (Filiztekin ve Karaata,
2010).

Net Thracat Oram1 Endeksi (Ratio of Net Exports Index):
Net fhracat Oram1 Endeksi (NETIHR), net ihracatin goreli
biyiikliigiinii  gosteren bir degiskendir (Demir, 2002).
Endeks asagida verilmistir (5);

Xi—M;

1 X 100 (5)

Xj+Mj

NETIHR; =

Formiil 5

Burada; Mi: i sektoriindeki toplam ithalati, Xi: i
sektoriindeki toplam ihracat: gostermektedir.

Sektor I¢i Ticaret Endeksi (Intra- Industry Trade Index):
Sektor Ici Ticaret (SIT) endeksi, aym sektordeki cift yonlii
ticareti gosterir. Endeks sifir ve 100 arasinda degisir. Eger
bir tilkenin bir sektdrde ithalat ve ihracati birbirine oldukga
yakin miktarlarda ise SIT endeksi 100’¢ yaklasir. SIT
endeksi her bir sektdrdeki sektor igi ticareti dlgmek igin
kullanilmaktadir. Endeks asagida verilmistir (6);

(Xj+M;)-IX;—M;l
x-m) X100 (6)
Burada; Xi, o iilkenin toplam ihracat degerini, M; ise

ithalat degerini gostermektedir (Demir,2002).

Thracat-ithalat Oram1 Endeksi (Export-lmport Ratio
Index): Bir sektoriin dig ticarette uzmanlasma diizeyini
Olgmek amaciyla kullanilmaktadir (Demir, 2002). Endeks
asagida verilmistir (7);

Ihracat — Ithalat Oran1 = (Xi / Mi) x100 @)

Burada; Xi: i sektori ihracati, Mi: i sektorti ithalatim
gostermektedir.

3. Bulgular

Asagida Sekil 1’de aga¢c mantari, odun ve kereste
sektoriine  iliskin  hesaplanan  endeks  degerleri
goriilmektedir.

Sektorlerin rekabet giiciiniin 6lgiilmesinde yardimci
olan bu endekslerden, oncelikle dikkat edilmesi gereken
GINE’dir. GINE ithalat degerlerinin géz oniine alindig1
rekabet giicli Olgiim yaklagimidir. Bu nedenle diger
endekslerle tam tersi bir trend izlemektedir. 1995-2009
yillar1 arasmnda GINE sektoriin ihracatta dezavantajli
kimligini  ortaya ¢ikarmaktadir. NETIHR  endeks
sonuglarinda ise sektore ait goreli degisimin siirekli sifirin
altinda kaldig1 goriilmiistiir. Thracat-ithalat oram1 endeksi
sonuglari  acisindan  sektér uzmanlasma potansiyeli
tagimaktadir. 2001 yilindan sonraki zaman diliminde sektor
azalan bir trend izlemis, 2006 yilina kadar ithalat agirlikli
bir seyir izlemistir. 2008 yilindan sonra ise sektdr ihracatta
artis yoniinde kirilma gdstermistir. Ayrica SIT endeksinde
de gorildigi iizere bu zaman diliminde ihracat-ithalat
arasindaki fark da ihracat lehine kapanmaktadir. Bu
noktada Thracat avantaji endeksi, Thracat paylar1 endeksi ve
Goreli ticaret avantaji endeksi ise ileriki yillarda sektoriin
rekabet giicli agisindan avantajli olabilecegi yoniinde
sonuglari ortaya ¢ikarmistir.

Kagit hamuru ve kullanilmis kagit sektoriine iliskin
hesaplanan endeksler Sekil 2°de verilmistir.
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Sekil 2. Kagit hamuru ve kullanilmig kagit sektdriine ait endekslerin yillar itibariyle goriiniimii

Bu sektore iliskin hesap edilen endeks degerlerinin
seyrinin goriindigi Sekil 2°de o6zellikle ihracat paylari
endeksi, GIAE, ihracat paylar1 oran1 endeksi ve SIT endeksi
degerlerinin sayisal anlamla ¢ok kiigiik degerlerde yer
almast 1995-2009 yillar1 arasindaki trendi yorumlamada
aldatic1 bir yaklasima mahal vermemelidir. NETIHR oram
diger sektorlere gore bu sektdriin ihracatta goreli bitylikliik
agisindan geride kaldigini gdstermektedir. Thracat-ithalat
orani endeksi sonuglart 2000 yili itibariyle ihracatta ve dis
ticarette uzmanlagsmaya yoneldigini gostermistir. Genel
anlamda Thracat avantaji endeksi ise 1995-2009 yillarinda
dezavantajli durumu gdz 6niine sermistir. Thracat paylari
endeksi sektoriin istenen ihracat potansiyeli tagimadigini
gostermektedir. Sektor endeks degerleri 1995-2009 yillari

arasinda siirekli olarak dalgali bir trend izlemis ithalattaki
maksimum degere GINE yardimiyla baktigzimizda 1995’te
ulagsmigtir. Bu nokta ayrica ihracattaki minimum degerdir.
Sektoriin dalgali bir bigimde trend izledigi yillar igerisinde
GTAE endeksi yardimiyla goriilmektedir ki maksimum
rekabet¢i avantaja ulasilan yi1l 2004 olmustur. 2004-2006
yillar1 arasinda sektor ithalat agirlikli bir duruma gelmis,
2006-2008 yillar1 arasinda ise ihracata yonelik bir ivme
kazanmustir. Ayrica goriilmektedir ki SIT endeksinde
ithalat-ihracat oranlar1 birbirine yaklagmus, ithalattaki artis
orani ihracattaki artis oranindan iistiin gelismistir. Bu durum
da sektorii ithalat agirlikli bir duruma getirmistir. Sekil 3°de
aga¢c mantar ve ahsap mamiil sektoriine iligkin endeks
degerleri Sekil 3 lizerinde goriilmektedir.
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Sektor endeks degerleri 1995-2009 yillar1 arasinda
dalgali bir trend izlemektedir. Sektor 1995-1998 yillar
arasinda ithalat agirlikli bir durumdayken, 1998-1999°’da
ihracatta iistiinliige gelmistir. 2000 yilindan 2005’e kadar
tekrar ithalatgr kimlige kavusan sektor, 6zellikle 2005°ten
giliniimiize kadar stirekli olarak ihracattaki artis1 ile diizenli
bir trend yakalamistir. Sektdr i¢in goriilmektedir ki rekabet
giicliniin ve avantajin maksimum oldugu yil 2009°dur.
2009 yilinda NETIHR endeksi de ilk kez géreli olarak
zirve degerine ulasmustir. Genel anlamda NETIHR
sonuclart sektoriin ihracatinda goreli degisimin olmadigini
ortaya koymustur. Sektor ithalat seyri igerisindeki en
agirlikli durumuna ise 2000 yilinda ulasmistir. Genel

"
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anlamda sektdr igin yapilacak olan kisa degerlendirmede
goriilmektedir ki son yillarda sektoriin ihracattaki artig
oran1 ithalat artisgindan fazladir. Thracat-ithalat oram endeksi
ve Thracat avantaji endeksi sonuglarina goére uzmanlasma
potansiyeli vardir. Sektor icin ayrica goriilmektedir ki
2005°ten sonra siirekli olarak ihracat-ithalat oranindaki
biiyiikliik siirekli olarak artmakta, sektdrii piyasada
ihracat¢1 olarak gérmemizde ve rekabet giiciinii avantajli
konumda elinde bulundurdugunu sdéylememiz yeterli
olabilmektedir. SIT endeksi degerleri bu noktada sektdriin
umut vaat eden bir kimlik tagidigini gostermektedir.

Kéagit hamuru ve kullanilmig kagit sektoriine iliskin
endeks verileri Sekil 4’de gosterilmigtir.
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Sekil 4. Kagit, karton ve kagit hamurundan esya sektoriine ait endekslerin yillar itibariyle goriinimi
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Sektore ait endeks degerlerinin 1995-2009 yillar
itibariyle izledikleri trend diger sekillerde ve diger
sektorlerde oldugu gibi siirekli bir artis ve azalis
halindedir. Burada trendin artis ve azalis egimi oldukca
hassas sekilde seyretmektedir. Bu da sektor i¢in kimi yilda
bu degisimi yorumlamakta ¢ok ufak rakamsal degerlerle
miimkiin olmaktadir. Genel olarak sektor, 1995-1997
yillar1 arasinda ihracat, 1997-1999 arasinda ithalat ve
1999-2000 arasinda yine ihracat agirlikli konumda
kalmistir. Sektoriin ihracat payr da son yilarda o6zellikle
2006’dan sonra artma egilimindedir. Sektordeki ithalat
degeri 2007-2009 arasinda artmig olmasina ragmen,
ihracat degeri de 2006-2009 arasinda ciddi boyutta bir artis
igerisinde seyretmektedir. Sektdr, genel anlamda son
yillarda ihracatta belli bir biiyiikliige ulagsmis, ozellikle
2006’dan sonra rekabet¢i konuma dogru bir trend
izlemistir. NETIHR endeks sonuglar sektoriin ihracatta
gbreceli olarak geride kaldigina, GINE sonuclarinin
sektoriin ithalatg1 kimligine vurgu yapmaktadir. Thracat-
ithalat oran1 endeksi, ihracat avantaji endeksi, SIT ve goreli
ticaret endeksi ise bu sonuglara ragmen sektoriin dis
ticarette uzmanlagsma potansiyeli tasiyabildigi sonuglarini
ortaya ¢ikarmistir.

Mobilya ve mobilya pargalari sektoriine ait endeks
degerleri Sekil 5°de gosterilmistir.

Sektorler igerisinde 6zellikle rekabet giicii yaklagiminin
ve ihracattaki degisimin en istikrarli oldugu sektor,
mobilya ve mobilya pargalari sektoriidiir. 1995-2009 yillari
arasinda bu durumdan net bir bi¢imde s6z edilebilmektedir.
Sektor ozellikle 1997°den 2009’a kadar siirekli olarak
ihracat oranlarinda artis egilimindedir. Bu sektoriin
ozellikle GTAE endeksi sektoriin son yillarda ihracat
artisinin  ithalat artisindan fazla oldugu ve bunun da
ozellikle 2006-2009 arasinda ihracat agirlikli sektor olarak
&n plana ¢ikmasinda rol oynadigini sdyleyebiliriz. Oyle ki
bu durum bir baska endeks olan SIT endeksinin trendinde
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de gdzlemlenebilmektedir. NETIHR, ihracat-ithalat orani
endeksi, ihracat avantaji endeksi sonuglar1 en istikrarli ve
ticarette uzmanlasma egilimi olan sektdr olarak bu sektorii
diger dort sektdriin Oniine ¢ikarmistir. Sektoriin  son
yillarda 6zellikle 2006°dan sonra ihracatci kimligi net bir
sekilde ortaya c¢ikmistir.  Sektdriin  2006-2009 yillar
arasinda ihracat-ithalat oranina bakildiginda ise, ihracatin
ithalat karsisinda neredeyse 1,5-2 misli bir oran iginde
oldugu goriilebilmektedir. Ozellikle bu oran saptanan
2,65°1ik bir oransal degerle 2003 yilinda maksimum oranda
gerceklesmis ve ayrica ayni yil sektér, 1995-2009 yillar
arasindaki ihracat-ithalat oraninda ihracat agirliginin en
ciddi gozlemlendigi yil olmustur. Sektdr ayrica ihracat
paylar1 orani igerisinde de ciddi olarak bir artis trendi
yakalamistir.

4. Tartisma ve sonuc¢

Tiirkiye’de ormana dayali sektorlere yonelik yapilan bu
calisma 1s18inda, s6z konusu sektorlerin tiimii i¢in dig
ticarette rekabetci bir kimlikten bahsedilmesi miimkiin
goriinmemektedir. Bulgular mobilya ve mobilya pargalari
sektoriiniin  diger sektorlerin Oniinde oldugunu ve dis
ticarette digerlerine nazaran dikkate deger bir rekabet giicii
varliginin oldugunu gostermistir. Yazici ve Karayilmazlar
(2001) tarafindan 1996-2001 yillar1 zaman dilimini konu
alan c¢alismada mobilya sektdriiniin ihracatgr kimligi
vurgulanmistir.  Giirpimnar ve Doéven (2008) tarafindan
yapilan g¢alismada mobilya sektdriiniin durumu hakkinda
sektore yonelik getirilen Oneriler bu ¢alismayla benzerlik
gostermistir. Giirpinar ve Altay (2008) ise caligmalarinda
2001-2006 donemini igeren dilimde mobilya sektdriiniin
kiiresel rekabete ragmen rekabet¢i konumunun zaman
icerisinde giderek arttif1 bulgularina ulagsmis, mobilya
sektoriinii diger sektorlerden bir adim One c¢ikaran bu
caligma ile Ortiigen sonuglara dikkat gekmislerdir.
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Bulgular 1s1ginda goriilmiistiir ki; aga¢ mantar ve ahgap
mamul sektorii de ahsap levha agirliklidir ve dis ticarette
rekabet giicli ¢ok yiiksek olmamakla birlikte bu giiciinii
artirma egiliminde ve mobilya ve mobilya parcalari
sektoriniin arkasindan gelmektedir. Genel anlamda tim
sektorlere iliskin ithalat degerlerinin yiiksek rakamlara
ulastigi ¢aligmada goriilmiistiir. Kayacan (2004) yilindaki
calismasinda belirttigi gibi uluslararasi piyasalarda ormana
dayal1 sektorlerin yeterli avantaj ve giice sahip olamamustir.
Kayacan’in (2013) bir diger ¢alismasinda ise iilkenin odun
hammaddesi bakimindan agik ara net ithalatgi olageldigi
dile getirilmistir. Sahin (2016) ilgili ¢alismasinda ormana
dayali sektorde endiistri-igi ticaretin yiiksek oldugunu buna
ragmen rekabet giicii analizi neticesinde sektérde rekabet
giiciiniin diisiik oldugunu vurgulamistir. Bu noktada ithalat
kimlikli bir tlke konumundan ¢ikabilecek ve diinya
ihracatinda etkili bir pozisyona yiikseltilerek iilke gelisimine
yiiksek diizeyde katki saglayacak cesitli 6neriler ve stratejik
uygulamalar elbette giindeme getirilebilir. Bu noktada
Kurtoglu vd. (1998a) ilgili ¢alismada orman tiriinleri sanayi
icindeki isletmelerin dis ticarette kalite yetersizligi ve girdi
tedarikindeki istikrarsizligina yonelik Onerileri dikkate
almmalidir. Sektorlere genel anlamda ¢esitli Oneriler
getirilebilir. Bu oneriler dis ticarette tiim bu sektorlerin
avantajli  konuma gelmesinde, rekabet giiclinii eline
gegirmesinde ve var olan potansiyeli kendi lehinde daha da
gelistirmesine katki saglayabilir. Oyle ki; FTP’nin (2018)
belirttigi gibi odun hammaddesi treten isletmelerin
ekonomik katma degerleri vardir.

Son i¢ il (2016-2018) TUIK verileri
incelendiginde; aga¢ mantari, odun ve kereste sektorii, kagit
hamuru ve kullanilmis kagit sektorii ve kagit, karton ve
kagit hamurundan esya sektoriiniin halen ciddi rakamlarda
dis ticaret acgigr verdigi ve ithalat agirlikli bir sektor
konumunda kaldiklar1 gériilmektedir. Aga¢ mantar ve ahsap
mamul sektoriiniin 2016 yilinda dis ticaret agigi vermesine
ragmen 2017 ve 2018 yillarinda dis ticaret agig1 vermedigi,
mobilya ve mobilya parcalar1 sektdriiniin ise son 3 yilda
ihracat rakamlarinin ithalat rakamlarmna gore oldukca
yiiksek rakamlara ulastigi goriilmektedir (TUIK, 2019). Bu
veriler gostermektedir ki; giiniimiizde mobilya ve mobilya
pargalart sektorii diger dort sektoriin oldukca oOniinde ve
rekabet giiciinii elinde tutan tek sektor olarak yine karsimiza
cikmaktadir. Tleriki donemlere iliskin ormana dayali
sektorlerin geligimleri ve dig ticarette pozitif yonlii bir ivme
kazanabilmeleri icin elbette ¢esitli oneriler getirilebilir.

Aga¢ mantari, odun ve kereste sektoriiniin
uluslararasi pazarlarda rekabet giicline sahip olabilmesi i¢in
sektorde faaliyet gosteren isletmeler arasinda stratejik
ishirligi olusturulmali, devletin denetleme ve destekleme
gorevini gerceklestiren birimleri ile sektor arasindaki
isbirligi ve iletisim giiclendirilmelidir. Istek vd. (2017)
caligmalarinda vurguladigi gibi Tiirkiye’nin ahsap esash
levha sektdriinde diinyada 6nemli bir yerinin oldugu, ahsap
kaplama, kontrplak ve OSB iretim degerlerinin piyasa
talepleri kargilayamadigi da bir gergektir.

Kagit hamuru ve kullanilmis kagit sektoriiniin
sektoriinde oncelikle kagit hamur sektoriiniin gelecegi igin
diinya ile rekabet edebilir kdgit hamuru {ireten fabrikalarin
kurulmasinin gergeklestirilmesi gerekmektedir. Gedik vd.
(2005) ilgili ¢aligmalarinda Tirkiye’nin kagit iiretiminde
AB iilkeleriyle rekabet edebilecek konumda oldugunu ancak
ozellikle gelismis tilkeler ve kagit iiretimi konusunda diinya

capinda hakim konumda bulunan {ilkeler ile rekabet
edebilecek bir yapilanmaya sahip olmadig: belirtilmistir. Bu
noktada sektoriin rekabetgi kimlik kazanabilmesi igin tilke
ormanlarinin  dncelikle iilke sanayine hizmet etmesi
gerekmektedir. Devlet isletmeciliginin ormanciliktaki tekel
durumu sorgulanmali, 6zel sektor bu alanda tesvik edilmeli
ve bu alanda yeni bir yapilanmaya gidilerek iilke i¢inden
birgok sektorle ilgili bilginin temini igin ciddi, kalict ve
stireklilik arz eden bir organizasyon yapist olusturulmalidir.
Kullanilmis (atik) kagit sektorii i¢in 6zellikle geri kazanim
oranmnin artirilmast ve buna bagl olarak sektdriin dis
ticarette arzu edilebilir bir konuma gelmesi i¢in, devlet yeni
modern  yatirimlara  bilingli  bir tesvik  politikasi
uygulamalidir.

Aga¢ mantar ve ahsap mamul sektoriiniin 6zellikle
kiiciik isletmeleri bir araya toplanarak daha biiyik 6lgekli
firmalar halinde {iretim yapmalart desteklenmeli, tesvik
sisteminde alinacak tedbirler ile diisiik kapasitedeki ve eski
teknoloji  kullanan isletmelerin  benzerlerinin  olugmasi
onlenmelidir.

Kagit, karton ve kagit hamurundan esya sektdriiniin
rekabet giiclinii artirmak igin, kagit iiretimi igerisinde
6nemli bir maliyet kalemi olan enerji fiyatlar1 AB iiyesi
ilkeler ile rekabet edebilecek diizeylere c¢ekilmeli,
teknolojik olarak daha hizli ve yiiksek verim giiciine sahip
makinelerin kullanimi ve bu alanda olusabilecek finansal
sorunlar devlet destekli ¢ozlilmelidir.

Mobilya ve mobilya pargalart sektoriiniin rekabet
giiciinii artirmak i¢in, AB fonlarinca sektore tesvik
saglanmali ve pazar alanlari iyi degerlendirilmeli,
mobilyalarin  kalite ve standart denetimleri yapilmali
tiretilen mobilyalarin diinya standartlarina ve ithalatct
ilkelerin 6zel isteklerine uygun olmasi saglanmalidir.
Mobilya sektoriinde faaliyet gosteren firmalarin i¢ pazara
dontik yapilanmalari degistirilmeli, dis pazar konusundaki
bilgi sikintisinin  ¢éziimlenmelidir. Mobilya sektoriinde
faaliyet gosteren firmalarin bir araya gelerek dis ticaret
faaliyetlerinde etkin bir gii¢ birligi olusturmak amaci ile
sektorel dis ticaret sirketleri kurulmahdir.
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Determination of modulus of elasticity and bending strength of wood material

iImpregnated with nanoparticle silicon dioxide (SiO,)

Abdurrahman Karaman?

Nanoparc¢acik silisyum dioksit (SiO,) ile emprenye edilmis ahsap malzemenin

, Mehmet Nuri Yildirnim® @, Sekip Sadiye Yasar®”

Abstract: The purpose of this study is to determine the effects of the nano-particulate silicon dioxide (SiO2) material on the
bending strength and modulus of elasticity in bending of some wood species. Oriental beech (Fagus orientalis L.) and sessile oak
(Quercus petrea L.) woods species which are commonly used in the furniture industry were used in this study. Impregnation was
carried out with the preparation of SiO, at concentrations of 1% and 3% according to ASTM-D 1413-76 (1976) standards.
According to the results, while solution concentration was increasing in both wood species, total retention (kg/m?) and percentage
retention (%) values increased; air dry density (12%), bending strength and modulus of elasticity in bending decreased. The
maximum mean values of bending strength and modulus of elasticity was in control samples of oriental beech and the minimum
were in sessile oak wood with 3% concentration. These results can be related to the fact that the higher density of oriental beech
wood (0.630-0.685 g/cm?). In both species of wood, impregnation with SiO, resulted loss of about 3-5% in bending strength and
0.6-9% in modulus of elasticity.

Keywords: Impregnation, Silicon dioxide (SiO,), Bending strength, Modulus of elasticity in bending

elastikiyet modiilii ve egilme dayanimi tayini

Ozet: Bu galismanin amaci, nano tanecikli silisyum dioksit (SiO;) maddesinin bazi odun tiirlerinde egilme direnci ve egilmede
elastikiyet modiiliine etkilerini belirlemektir. Odun tiirii olarak mobilya endiistrisinde yaygm olarak kullanilan dogu kayini
(Fagus orientalis L.) ve sapsiz mese (Quercus petrea L.) odunlari tercih edilmistir. ASTM-D 1413-76 (1976) esaslarina gore %1
ve %3 konsantrasyonlar hazirlanmig olan SiO, maddesi ile emprenye islemi ger¢eklestirilmistir. Deney sonuglarina gore; her iki
agag tiirlinde de ¢ozelti konsantrasyonu artarken toplam retensiyon (ka/m®) ve yiizdesel retensiyon degerleri artmus; hava kurusu
yogunluk (%12), egilme direnci ve elastikiyet modiilii degerleri azalmustir. En yiiksek ortalama egilme direnci ve egilmede
elastikiyet modiilii degerleri dogu kayini kontrol 6rneklerinde ve en diisiik %3 konsantrasyonlu sapsiz mese odunundadir. Bu
sonuglar, dogu kaymni odununun agacinin yogunlugunun (0.630-0.685 g/cm?) daha yiiksek olmasi ile ilgili olabilir. Her iki odun

2019, 20(1): 50-56 | Research article (Arastirma makalesi)

tiiriinde de SiO; ile emprenye uygulamalar egilme direncini %3-5, elastikiyet modiilinii %0.6-9 oraninda azaltmistir.
Anahtar kelimeler: Emprenye, Silisyum dioksit (SiO>), Egilme direnci, Egilmede elastikiyet modiilii

1. Introduction

The wood material which stays in natural conditions can
get destroyed in under 5 years (except some certain wood
species) (Ors and Keskin, 2001; Ozcifci, 2009; Tan and
Peker, 2015a; Tan and Peker, 2015b; Keskin and Daglioglu,
2016). The service life of wood can increase with
impregnation with wood preservative materials (Archer and
Lebow, 2006; Hill, 2006; Tondi et al., 2012, Sandberg et al.,
2017, Yasar and Altunok, 2019). Impregnation is the
process of penetrating wood with substances with different
contents with the purpose of preventing rotting, burning and
dimensional work in wood material (Kurtoglu, 2000; Hill,
2006, Ayar, 2008; Akgul and Apay, 2014a; Akgul and
Apay, 2014b; Esteves et al., 2014. Sandberg et al., 2017).

The effectiveness of impregnation process depends on
toxicity of preservative substance, penetration depth and

retention amount, anatomic structure of the wood, slitting
and drying processes conducted before impregnation
(Bozkurt et al., 1993; Yalinkilic et al., 1996; Baysal, 2003;
Baysal et al., 2003; Archer and Lebow, 2006; Tan and
Peker, 2015a; Tan and Peker, 2015b). However, it is
expected that today's wood preservatives do not harm the
humans and the environment (Zabel and Morrell, 1992;
Reinprecht, 2016). EPA, has proposed label changes of
some wood preservatives (chromated arsenicals,
pentachlorophenol and creosote) to avoid creating human
health and environmental concerns (US. EPA, 2016).

A decline was found in the bending strength values of
the beech and spruce woods impregnated with water-soluble
salts (Kollman, 1959). In the study which Stabnikov (1957)
performed, 10-22% increase in bending strength of pine,
spruce, fir, beech and poplar woods impregnated with
anthracene was reported. Salty impregnation substances
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were identified to reduce bending strength by 2.9-16%
(Wazny, 1973). While the bending strength of the wood
material impregnated with CCA was found to decrease
about 12%; a decline of 5% was observed in test samples
impregnated with ACQ (Temiz et al., 2014).

The impregnation process with vacuum pressure by
using Tanalith C and Vascol WR impregnation materials
has been stated to decrease bending strength, to increase the
specific weight, to reduce hardness in scots pine and to raise
it in Calabrian pine (Gur, 2003). Certain effects of
impregnation materials on the mechanical features of scots
pine was investigated. In samples impregnated with
Wolmanit CX-8 of 2.8% and Tanalith E-3491 of 2%,
modulus of elasticity increased more in comparison with
control samples; however, samples impregnated with other
chemicals were detected to remain the same or decrease. In
samples impregnated with Wolmanit CX-8 of 2.8% and
ACQ-1900 of 7%, bending strength was found to increase in
comparison with control samples, the samples impregnated
with other chemicals were found to remain the same or
decrease (Yildiz et al., 2003). Mountain ash was
impregnated with boron compounds, Vascol, Azure,
Immersol-Aqua and Tanalith-E  with double vacuum
method and then effects of impregnation substances on
compressive strength, bending strength and modulus of
elasticity in bending were investigated. According to test
results, the highest bending strength values were found in
samples impregnated with Tanalith-E (Keskin et al., 2013).

A rise in density and thermal conductivity values was
observed in poplar, linden, and chestnut woods impregnated
with borax and boric acid and a decline was observed in the
bending strength and modulus of elasticity values (Aytaskin,
2009). The heat treatments usually reduce the mechanical
properties of wood (Srinivas and Pandey, 2012; Bal and
Bektas, 2013; Percin and Altunok, 2017). That waste boron
oil decreases the mechanical properties of wood material by
2-5% is found to be statistically insignificant (Ozcifci,
2009). A decrease in bending and compressive strength of
scots pine and Oriental beech wood impregnated with boron
compounds was stated and an increase was stated in
deterioration strength (Simsek, 2009). In beech wood
samples impregnated with certain tannins and boron
compounds, a decline in bending strength and modulus of
elasticity was determined (Adanur, 2015). Since boron
compounds have a crystalline structure, they cause some
decrease in bending strength parallel to grain and modulus
of elasticity after they were penetrated wood material,
nevertheless this ratio was reported to be too little (Cicek,
2015).

The nanotechnology has been successfully applied in
many fields (coating, rubber, adhesives, and plastics) (Wu et
al., 2005; Ozcifci et al., 2018). In recent years, increasing
interest in nanotechnology has offered alternative use of
nanoparticles to improve properties of wood (Moon et al.,
2006). Nano-SiO, is an active nanoparticle against fire and
weather conditions that can create a large surface area (Devi
and Maji, 2013; Yan et al., 2015; Reinprecht, 2016).

In a study, the leachate amount was lower in wood
impregnated with nano-TiO, with respect to control
samples. (Marzbani and Mohammadnia-afrouz, 2014). The
results of the study investigating effect of nano-TiO, and
nano-SiO, on bonding performance and structural properties
of PVAc, showed that thermal stability of PVAc blends was
largely improved (Bardak et al., 2016).

The impact of nanofillers (TiO,, SiO, and nanoclay)
were also reported to be effective in improving flame
retardancy, water resistance, anti-swelling efficiency in the
wood polymer nanocomposite (WPNC) simul wood
(Bombex ceiba, L.) (Devi and Maji, 2013).

The effects of SiO, and TiO, nanoparticles at different
concentrations on the mechanical and morphological
characteristics of polypropylene nano composites were
investigated. The increase in nanoparticles from 0 to 3%
resulted in increased mechanical strength, but the addition
of more nano-filler resulted in a significant reduction in
mechanical strength (Ismaeilimoghadam et al., 2016).

The effect of SiO, and TiO, nanoparticles on the
bending strength of poly (methyl methacrylate) acrylic
resins was examined, the maximum bending strength (43.5
MPa) belongs to the control group. In addition, as the
amount of SiO, increased (0.5-1%), this value decreased
(Sodagar et al., 2013).

Nano-SiO, has been added to different materials to
increase their strength, flexibility, aging resistance and
mechanical properties in many researches (Bauer et al.,
1996; Wang and Cheng, 2002; Lei et al., 2006; Chaichana et
al., 2007; Jo et al., 2007; Flores et al., 2010).

This study was conducted with the intent of
determination of changes occurring in bending strength and
modulus of elasticity in bending values after the protective
process with silicon dioxide (SiO,) of oriental beech (Fagus
orientalis L.) and sessile oak (Quercus petraea L.) which
are widely used in the furniture industry.

2. Material and methods
2.1. Material

In the study, oriental beech (Fagus orientalis L.) and
sessile oak (Quercus petraea L.) woods, which are widely
used in Turkish woodworking industry, were chosen as test
samples. Wood materials were supplied from lumber
managements located in Karabuk province Yenice district
with random selection method and during selection lumbers
were paid attention to be flawless, with smooth fibres, not
decayed, without reaction wood and not damaged by fungi
and pests.

SiO, substance utilized in impregnation process in
pulverulent state was obtained from TIMED (Timed, 2018).
Silicon dioxide nanoparticles are commonly used in areas
like agriculture, textile, electronics, cosmetics, paint
industry and medicine (Comelekoglu et al., 2017).

2.2. Method

Wood samples were cut up in dimensions of 5x5x80 cm
according to TS 2470, 1976 principles, they were kept in the
conditioning chamber, which was in conditions of
temperature of 20+2°C and relative humidity of 654+5%,
until they reached to a constant weight and then they were
impregnated with vacuum method. After the impregnated
samples were waited in a setting with air circulation for 15-
20 days for evaporation of the solvent, samples were kept
until they reach to the 12% humidity in a temperature of
20+£2°C and in 65+£5% relative humidity. Total of 60 test
samples (2x3x10) were prepared, containing two wood
material species (beech and oak), two experiment type
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(bending strength and modulus of elasticity) + 1 control and
10 recurrences.

As the impregnation method, vacuum-pressure method
(empty cell method), one of the methods to exert pressure,
was applied. The impregnation process was conducted
according to ASTM D 1413-76, 1976. Accordingly, the
samples, which will be impregnated, were left at diffusion
inside a solution under 4 atmospheric pressure for 60
minutes after a pre-vacuum for 60 minutes. To avoid post
impregnation deformations occurring because of fast
evaporation, samples were kept in the conditioning chamber
until they reached to an air-dry state gradually. The weights
of test samples measured at an analytic scale with a
sensitivity of 0.001 g, total retention (adhesion) amount (R,
kg/m*) and percentage retention (R, %) was calculated
through the following equations.

R= % x 10% g/fem® )
Here;

G=T2-T1
T1 = Pre-impregnation weight (g)
T2 = Post-impregnation sample weight (g)
V = Sample size (cm®)
C = Solution concentration (%)
R — Moes—Mpes
(%) T )
M,es= Oven dry weight after impregnation (g).
M,es= Oven dry weight before impregnation (g)

Solution and treatment temperature were applied at 20 +
2 °C during the impregnation application. After
impregnation, the specimens weighed and dimensioned at
full age were conditioned until relative humidity of 60+3%
and humidity of 20+2 % at 20 + 2 °C.

Air dry and oven dry density of the wood materials used
in the preparation of test sample were determined in
accordance with TS 2472, 1972. In compliance with this;
samples, which were prepared at dimensions of 20x30x30
mm for air dry density specification, were kept in the
temperature of 20+2 °C and relative humidity of 65 + 5% till
they reached to a constant weight. At this state, their
weights were measured in an analytic scale with a
sensitivity of £0.01g and their dimensions were measured
with a digital caliper (+0.01 mm) following this, their sizes
and air-dry densities (8;,) Wwere calculated with the
following equation.

- A ]

6,,=—= g/em’
12, ®)

My,: Air dry weight (g)

V1,0 Air dry volume/size (cm?)

The samples used for determination of bending strength
and modulus of elasticity were prepared with respect to TS
EN 326-1, 1999. TS 2474, 1976 principles were followed
for bending strength at 3 point, the principles stated in TS
2478, 1976 was complied with in modulus of elasticity in
bending. According to these standards, the samples were
prepared in dimensions of 20x20x360 mm for each of two
experimental groups (Figure 1).

Fmax

015
50 150
-
- |
75
L = 300 mm

Figure 1. Bending Strength and Elasticity Modulus in
Bending Test (Keskin, 2003)

Experiments were conducted in a computer driven static
test machine with 50 KN capacity. In experiments, the load
implemented at the exact center of test specimens. The
maximum force (Fmax) in the instant of failure for the
bending strength (c,) was calculated with the formula
below.

_ ¥Fmax.L

g, =——= (N/mm?%) 4)

g 2bR*

Here;

L: The gap between fulcrums (mm)

b: section width (mm)

h: section height (mm) dir.

In determination of modulus of elasticity, the samples,
which were used in bending strength, were utilized. The
strength difference applied to elastic deformation area (AF)
was measured with bending amount difference in samples
(Af) and modulus of elasticity (E) by following this
equation:

__ AFL?
abhEAF

(N/mm?) ®)

Here;

AF: The force equal to the difference between the
arithmetic means of lower and upper limits of the load at
elastic deformation area (N)

L: The gap between fulcrums (mm)

Af: The difference between arithmetic means of results
belonging to deflection at net bending area and deflections
at lower and upper limits of the load (mm);

b: section width (mm)
h: section height (mm).

Statistical evaluation of the test results were analyzed
with SPSS 22.0 (2013) statistical package software. In case
of mutual interactions of sources of variance being
significant according to (P< 0.05) for which factors are the
differences important was identified by Duncan test.

3. Results and discussion

Air dry and oven dry density values are given in Table
1. When the Table 1 is examined, the maximum value for
air-dry and oven-dry density was in beech wood control
samples (0.685-0,630 g/cm®), the minimum was in oak
wood with silicon dioxide solution of 1% (0.658-0,584
g/lcm?). The variety n air dry density values of impregnated
wood material can be stated to originate from solution
concentration, chemical compounds, participation level of
earlywood and latewood, annual ring width, cell lumen
diameter, cell wall thickness and air void ratio depending on
the anatomic structure of wood materials.
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Ors et al., (1999) stated that the oven dry and air-dry
density values of impregnated samples assigned higher
values in comparison with control samples, and oven dry
and air-dry density values of Oriental Beech samples were
higher than the Calabrian pine wood samples. As the
solution concentration (0-6%) increased in boron
compounds, retention ratio and amount increased, too.
Therefore, the densities of wood material showed an
increase in parallel with the solution concentration (Adanur,
2015). Retention values (total and percentage) of wood
samples are given in Table 2.

As in the literature and shown in Table 2, retention
amount increased with the increase in solution concentration
(Ors et al., 2005; Bal, 2006; Atar and Keskin, 2007; Toker,
2007; Tan and Peker, 2015a; Adanur, 2015; Aydin, 2015).
Accordingly, the highest retention amount was attained as in
beech wood samples treated with solution of 3% silicon
dioxide (36 kg/m®), the lowest retention amount was in oak
wood samples treated with a silicon dioxide solution of 1%
(3.6 kg/m®). The maximum retention rate was obtained in
beech wood with 3% solution concentration (0.06%), the
minimum retention rate was in beech wood with 1%
solution concentration of oak (0.01%). This situation can
stem from reasons like solution characteristic, wood species,
high permeability of beech wood etc. In this study, silicon
dioxide concentration increases in direct proportion to
retention amount, too.

Toker, (2007) impregnated Oriental beech woods with
borax and boric acid in various concentrations in the study
he conducted. He determined retention values as 4.95 kg/m’
in 1% boric acid concentration, as 13.86 kg/m? in boric acid
in concentration of 3%, as 26.69 kg/m® in 5% boric acid
concentration, as 5.03 kg/m® in 1% borax, as 15.20 kg/m* in
3%, borax and as 25.22 kg/m® in 5% borax concentration. In
the beech impregnated with Tanalith-E, the retention rate
was 2.11%, total retention rate was 9.90 km/m® while in
Scots pine, % retention rate was 1.60% and total retention
was 4.85 km/m? (Peker et al., 1999). In fir wood, retention
rate was 12 kg/m?® in borax and 12 kg/m?® in boric acid at
vacuum pressure method for borax and boric acid (Atar and
Keskin, 2007).

The bending strengths of test samples impregnated with
silicon dioxide (SiO,) are given in Table 3. The results of
variance analysis conducted to determine differences
between bending strength values are shown in Table 4.

As shown in Table 3, bending strength values decreased
with the increase in solution concentration. Accordingly, the
highest average bending strength values was attained in
beech wood control samples (124 N/mm?), the lowest values
in oak wood treated with solution of 3% silicon dioxide
(106.6 N/mm?).

According to Table 4, except the binary interaction of
wood species and solution concentration, comparison values
on bending strength was found to be statistically significant
with margin of error (P<0.05). Duncan test results of

Table 4. Variance Analysis of bending strength values.

bending strength values with solution
concentration are given in Table 5.

As shown in Table 5, as solution concentration was
increasing, bending strength decreased. Therefore, the
highest bending strength value was obtained as 118.1
N/mm? in control samples. The lowest bending strength
change was identified as 111.45 N/mm? in samples
impregnated in 3% concentration. T test results of bending
strength values of test samples impregnated with silicon
dioxide (SiO,) according to wood species are shown in
Table 6.

In accordance with Table 6, the bending strength values
was obtained in beech as 120.17 N/mm” and in oak as
109.27 N/mm?. Keskin and Daglioglu, (2016) stated that the
bending strength of impregnated wood materials with
Tanalith-E was lower at a rate of 6.83% in Oriental beech, at
5.12% in ash and at 5.93% scotch pine wood with respect to
control samples.

The modulus of elasticity in bending values and
statistical rates of impregnated wood materials and control
samples are given in Table 7. The variance analysis results
conducted to determine differences modulus of elasticity in
bending values are shown in Table 8.

respect to

Table 1. Air dry and oven dry density values

Wood Solution Air dry density Oven dry
material  concentration (%) (g/em?) density (g/cm?)
Control 0.685 0.630
Beech 1 0.674 0.620
3 0.678 0.625
Control 0.665 0.590
Oak 1 0.658 0.584
3 0.660 0.587

Table 2. Total and percentage retention (%) values of wood

samples
Wood Solution Total retention Retention
material  concentration (%) (kg/m?) (%)
Beech 1 7.2 0.02
3 36 0.06
1 3.6 0.01
Oak 3 216 0.04

Table 3. Descriptive statistics of bending strength values

[N/mm?]

Wood Solution .
species concentration (%) Xmin  Xmax  Xavg SE
Control 122 125 124 4.03
Beech 1 118 121 120 3.46
3 114 118 116 3.09
Control 110 113 112 181
Oak 1 106 110 108 1.05
3 104 108 106 1.26

SE: Standart Error

Source Sum of squares Degrees of freedom  Mean of squares F Value P
Wood Species (A) 1782.150 1782.150 244.440 0.000*
Solution Concentration (B) 442.633 221.317 30.356 0.000*
Interaction A*B 11.700 5.850 0.802 0.454
Error 393.700 54 7.291

Total 792225.000 60
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Table 5. Duncan test results of bending strength according
to solution concentration [N/mm?].

Table 6. Bending Strength T test results according to wood
species [N/mm?]

Solution concentration (%) Xavg Homogenous Group Wood species Xavg SD SE P
Control 118.10 A Beech 120.17 4.684 0.855 0.000*
1 114.60 B Oak 109.27 2.709 0.494 0.000*
3 111.45 C SD: Standart Deviation, SE: Standard Error

Xavg: Average Values

Table 7. Statistical analysis of modulus of elasticity values in bending [N/mm?]

Wood species Solution concentration (%) Xmin Xmax Xavg SE
Control 12974 13364 13169 410.78
Beech 1 12888 13278 13083 269.56
3 12569 12960 12765 230.97
Control 12406 12796 12601 283.47
Oak 1 11705 12095 11900 291.21
3 11331 11721 11526 328.21

SE: Standart Error

Table 8. Variance Analysis of modulus of elasticity values in bending

Source Sum of squares Degrees of freedom Mean of squares F Value P
Wood species (A) 14891198.017 1 14891198.017 157.403 0.000*
Solution concentration (B) 5474393.233 2 2737196.617 28.933 0.000*
Mutual interaction A*B 1385110.433 2 692555.217 7.320 0.002*
Error 5108685.300 54 94605.283

Total 9413588053.000 60

As shown in Table 7, modulus of elasticity in bending
values decreased with the increase in solution concentration.
Accordingly, the highest average modulus of elasticity in
bending value was attained in beech wood control samples
(13169.2 N/mm?), the lowest values were in oak wood
treated with solution of 3% silicon dioxide (11526.8
N/mm?).

According to Table 8, all interactions of wood species
and solution concentration, on modulus of elasticity in
bending were found be significant (P<0.05). Duncan test
results of modulus of elasticity in bending are shown in
Table 9 according to the solution concentration.

When Table 9 is analyzed, modulus of elasticity values
decreased with the increase in the solution concentration.
Accordingly, the maximum modulus of elasticity in bending
value was obtained as 12885.3 N/mm? in control samples.
The minimum modulus of elasticity in bending amount was
obtained as 12145.9 N/mm? in samples impregnated with
concentration of 3% in terms of solution concentration. T
test results of modulus of elasticity in bending values of test
samples impregnated with silicon dioxide (SiO,) according
to wood species are shown in Table 10.

Table 9. Duncan test results with modulus of elasticity in
bending according to solution concentration [N/mm’]

Solution concentration (%) Xavg Homogenous group
Control 12885.30
1 12492.25 B
3 12145.90 C

Xavg: Average values

Table 10. T test results of modulus of elasticity in bending
according to wood species [N/mm?]

Wood species Xavg SD SE P
Beech 13006.00 350.39 63.97 0.000*
Oak 12009.63 538.44 98.31 0.000*

SD: Standart Deviation, SE: Standard Error, P<0.05

According to Table 10, the modulus of elasticity values
were obtained in beech wood as 13006 N/mm?, and in oak
as 12009.63 N/mm?’. With respect to impregnated wood
material, modulus of elasticity in bending values of non-
impregnated control samples were found to be higher than
oak wood with a ratio of 7.15% and ash wood with a ratio of
6.58%. Impregnation substance affects the modulus of
elasticity in bending values of oak and ash wood adversely
(Keskin and Daglioglu, 2016).

4, Conclusion

This study is to determine the effects of the nano-
particulate silicon dioxide (SiO,) material on the bending
strength and modulus of elasticity in bending of oriental
beech and sessile oak woods. While impregnation with the
application of silicon dioxide revealed favorable results on
total retention (kg/m?), percentage retention (%) and air-dry
density values, it yielded adverse results on bending strength
and modulus of elasticity.

Retention values are compared with the literature, it
demonstrated positiveness and parallelism. The highest total
retention value was obtained in beech wood with 3% silicon
dioxide solution. The highest % retention value achieved at
beech wood with 3% solution concentration.

The air-dry density value was identified to be highest in
beech wood control samples, to be lowest in oak wood
processed with a solution concentration of 1%. The oven
dry density value was found to be highest in beech wood
control samples, lowest in oak wood treated with a solution
of 1% concentration.

The average value for bending strength occurred highest
in beech wood control samples, the lowest was in oak wood
treated with a solution concentration of 3%. The bending
strength of impregnated wood materials with was lower at a
rate of %3-6 in oriental beech, at 3-5 % in oak wood with
respect to control samples. The modulus of elasticity of
impregnated wood materials with was lower at a rate of 0.6-
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3% in oriental beech, at 5.5-9% in oak wood with respect to
control samples.
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Determination of the phytochemical profile, in vitro the antioxidant and
antimicrobial activities of essential oil from Arbutus andrachne L. wood growing

in Turkey

Yusuf Sicak®” @, Elif Ayse Erdogan Eliuz”

Abstract: This study aimed to determine the chemical composition, antioxidant and antibacterial activities of the essential oil of
Arbutus andrachne L. wood, collected from Koycegiz region of Mugla. According to GC-MS results 25 compounds were
identified, accounting for 80.5 % of the wood oil. The predominant compounds were cinnamyl alcohol (21.97 %), 4-tert-
butylcyclohexyl acetate (16.59 %) and isobornyl acetate (15.37 %). The investigated wood oil showed significant bioactivities.
Furthermore, this study showed that A. andrachne L. essential oil with preferential constituents can be used as potential
antioxidant and antibacterial agents for food, perfume and pharmaceutical industries.

Keywords: Arbutus andrachne L., Essential oil, Phytochemical profile, Antioxidant activity, Antimicrobial activity

Tiirkiye’de yetisen Arbutus andrachne L. odununun ug¢ucu yaginn fitokimyasal
profili, in vitro antioksidan ve antimikrobiyal aktivitelerinin belirlenmesi

Ozet: Bu galismada, Mugla'min K6ycegiz bolgesinden toplanan Arbutus andrachne L. odununun esansiyel yagmin kimyasal
bilesimi, antioksidan ve antibakteriyel aktiviteleri belirlenmesi amaglanmigtir. GC-MS sonuglarina gore, odun yaginin % 80.5'ini
olugturan 25 bilesik tanimlandi. Baskin bilesikler, sinnamil alkol (% 21.97), 4-tert-butilsikloheksil asetat (% 16.59) ve izoboril
asetat (% 15.37) idi. Incelenen aga¢ yaglar1 6nemli biyoaktiviteler gosterdi. Ayrica, bu calisma, tercih edilen bilesenlere sahip A.
andrachne L. ugucu yaginin gida, parfim ve ilag endiistrileri i¢in potansiyel antioksidan ve antibakteriyel maddeler olarak

kullanilabilecegini gostermistir.

Anahtar kelimeler: Arbutus andrachne L., Esansiyel yag, Kimyasal bilesen, Antioksidan aktivite, Antimikrobiyal aktivite

1. Introduction

Arbutus andrachne L. (Greek or Eastern strawberry tree)
is among the two species of Arbutus genus which belongs to
the family Ericaceae (Serge et al., 2010). It is an evergreen
small tree which is native to the Mediterranean region and
southwestern Asia (Markovski, 2017; Bertsouklis and
Papafotiou, 2013; Doénmez et al., 2016). The red coloured
edible berries of strawberry tree have traditionally been used
for human consumption in many countries (Molina et al.,
2011; Tardio et al., 2006; Cavusoglu et al., 2015). The
Arbutus andrachne L. is called as "Sandal" tree (D6nmez,
2018) and the berries of Arbutus species are called as
"Davulga" or "Kocayemis" in Turkey (Seker and Toplu,
2010). Many food products can be prepared from berries in
a wide range including alcoholic beverages (liqueur spirits
and wine), jam, fruit jelly and marmalades (Ayaz et al.,
2000; Pallauf et al., 2008; Oliveira et al., 2009).

Screening natural plants based essential oils and extracts
for biological activity has been a historically significant
research field that has resulted in the development of several
phytopharmaceuticals, perfumes and natural
antioxidant&antibacterial agents in food industry (Abu-rish

et al., 2016; Djouahri et al., 2015; Sicak et al., 2017). In this
context, there is an increasing demand on the medicinal
plant studies with the essential oils composition and their
bioactivity potentials. A. andrachne L. is also a special plant
used in folk medicine due to many medicinal properties of
its fruits and leaves (e.g. astringent, antidiarrheal,
depurative, laxative and urinary antiseptic etc.) (Mostafa et
al., 2010; Oliveira et al., 2009). Indeed, the composition and
potent antioxidant activity of the extracts of A. andrachne L.
fruits and leaves has been verified in the preliminary studies
(Serge et al., 2010; Seker and Toplu, 2010).

To the best of our knowledge there is no comparative
work has been published on the evaluation of chemical
composition and bioactivity properties of A. andrachne L.
wood essential oil from Koycegiz. The aim of the present
study was to evaluate chemical composition, antioxidant
and antibacterial activity of A. andrachne L. wood branch
oil obtained by hydrodistillation method. For this purpose,
in vitro antioxidant activities were evalauted by using four
complementary assays, namely, pg-carotene/linoleic acid
assay, cation radical scavenging activity (ABTS assay), free
radical scavenging activity (DPPH assay) and cuprac
reducing power (CUPRAC assay). In vitro antimicrobial
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activities were determined by using broth microdilution
method againsts Escherichia coli (ATCC 25293), Bacillus
subtilis (ATCC 6633), Staphylococcus aureus (ATCC
25925), Pseudomonas aureginosa, Candida albicans and
Candida parapsilosis.

2. Material and methods
2.1. Plant material and Essential oil extraction

A. andrachne L. wood were collected from Koycegiz
region of Mugla, Turkey in 2017. It was identified at the
Herbarium of Biology, Faculty of Science, Mugla Sitki
Kog¢man University, Turkey. The plant sample was
confirmed by comparing it with the specimen located at the
stated herbarium.

The essential oil extraction was performed via
hydrodistillation which is generally known to be one of the
most extensively used techniques to extract volatile
compounds from several matrix (Golmakani and Rezaei,
2008). The essential oil was obtained from approximately
100 g of the dried A. andrachne L. wood by
hydrodistillation method for 2 hours. The resulting mixture
was taken to the separation funnel and liquid-liquid
extraction was performed by adding hexane to the water-oil
mixture. Anhydrous magnesium sulphate was added to the
organic phase and the water in the mixture was filtered to
remove the salt. Finally, the solvent of the organic phase
was removed using the rotary evaporator under vacuum.

2.2. Chemical composition

The qualitative and quantitative composition of essential
oil analysis were conducted at Giresun University central
Research Laboratories Application and Research Center by
GC-MS 7890A-(5975C inert MSD) instrument equipped
with an Agilent 19091S-433 column (30m X 250 pm film X
0.25 um thickness). Helium was used as a carrier gas. The
temperature was raised from 50°C to 270°C by an increase
of 5°C / minutes and then 25 minutes of waiting time were
implemented during the analysis. Injection port and detector
temperatures were 250°C and 260°C, respectively.
Characterization of essential oil components was based on
the library (Wiley and NIST) comparison with the mass
spectra of the injected essential oil samples.

2.3. Antioxidant activity

Solutions of essential oil of A. andrachne L. were
prepared at four different concentrations as 400-200-100-50
ppm in EtOH. EtOH was used as a control, while BHA and
a-tocopherol (a-TOC) were used as antioxidant standards
for comparison of the activity tests. The results were given
as 50% concentration (ICs,) for ABTS™ scavenging activity,
p-carotene-linoleic acid and DPPH" assay while in the
CUPRAC assay are expressed as Ags.

The spectrophometric analysis of antioxidant activities
were performed according to the literature procedures as
follows: ABTS™ scavenging activity (Re et. al., 1989), -
carotene-linoleic acid (Marco, 1968; Oztiirk et. al., 2011),
CUPRAC assay (Apak et. al., 2004) and DPPH'" scavenging
activity (Blois, 1958).

2.4. Antimicrobial activity

The antimicrobial activity of essential oil of A.
andrachne L. were researched on several pathogens, namely
Escherichia coli (ATCC 25293), Bacillus subtilis (ATCC
6633), Staphylococcus  aureus (ATCC  25925),
Pseudomonas aureginosa, Candida albicans and Candida
parapsilosis using modified spectrophotometric
microdilution technique. Firstly, the inoculums of
microorganisms were prepared in 4 mL Triptic Soy Broth
for bacteria, 4 mL Sabouraud Dextrose Broth for yeasts and
incubated at 37°C, overnight. After 24 hours, the culture
suspensions were adjusted to 0.5 McFarland Standard
Turbidity (~ 10* for bacteria, (~ 10° for yeasts) and stored at
+4°C until use (McFarland, 1987).

The 50 pL (415 pg/mL) of A. andrachne oil were
dissolved at 1 mL with dimethyl sulfoxide (10 % DMSO).
The experiment were performed on 96-well microtiter plates
and firstly 50 uL of Mueller Hinton Broth (MHB) medium
were added into all wells. Two-fold serial dilutions of 50 pL
oil was made on all x-axis along of elisa plate. Columns 11
and 12 were used as negative and positive controls. Finally,
10 pL culture of microorganisms was inoculated on all wells
except medium control wells. All of the plates were
incubated at 37°C for 24 hours, the growth (turbidity) was
measured at 600 nm for bacteria, 415 nm for yeasts. For
MIC analysis, the optical density was read both before, TO
and after 24 hours-incubation, T24. For each plate, MIC
were calculated using the following formula: The OD for
each replicate at TO was subtracted from the OD for each
replicate at T24. The Percent growth = (ODtest /OD
control)x100. Percent Inhibition = 1-(OD test well/OD of
corresponding control well)x100 for each row of the 96-well
plate.

The dose-response curves obtained from plotting the
linear of the concentration of the oils against the resulting
percent inhibition of microbial growth were obtained with
the regression analysis, giving an R value. MIC (the lowest
concentration of test material which results in 99.9% or 50%
inhibition of growth) were calculated using the R? formula
on inhibition curve (Patton et al., 2006; Erdogan et al.,
2017).

2.5. Statistical analysis

All data on biological activity assay studies were the
averages of triplicate analysis. All the results are
presented as 50% concentration (ICs,) (%). Data were
recorded as mean + SEM (standard error of the mean).
Significant differences between means were determined
by Student’s-t test and p values < 0.05 were regarded as
significant.

The SPSS-one way ANOVA, Tukey test were
performed for between MICs and % Cell viability values.
The experiment was repeated at least 3 times. Differences
were considered significant at p < 0.05.

3. Results and discussion
3.1. Chemical composition
The components of essential oil from A. andrachne L.

were detected by comparing the relative retention times and
mass spectra from data library. The results of the chemical
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composition of the essential oil are presented in Table 1. It
was reported that the A. andrachne L. oil were mainly
composed of cinnamyl alcohol (21.97%), isobornyl acetate
(15.37%) and also containing 4-tert-butylcyclohexyl acetate
(16.59%), isoamyl salicylate (7.44%). The dihyrdocoumarin
(5.75%), acetylcedrene (5.06%), santolina epoxide (4.70%),
ancistronaphthoic acid (3.16%) and 6-(2-methylcyclohexyl)-
2,4-xylenol (1.66%) were presented in smaller quantities.

3.2. Antioxidant activity

The in vitro antioxidant activity of essential oil obtained
from the wood of A. andrachne L. collected from Koycegiz-
Turkey was reported in this study for the first time. The
antioxidant activity results of A. andrachne L. essential oil
given Table 2. According to the p-carotene/ linoleic acid
assay results, the oil exhibited better lipid peroxidation
inhibitory activity value of (ICsy) 3.22+0.18 pg/mL than
standard a-TOC (ICs,=4.48+0.17 pg/mL). In the ABTS "
assay, essential oil (ICsy: 3.47+0.22 pg/mL) showed better
cation radical scavenging activity than standard a-TOC
(1C50=54.97+0.99 ng/mL). The essential oil demonstrated
activity 1Csy value of 48.314+0.13 pg/mL in DPPH free
scavenging activity, than standard BHT (IC5,=54.80+0.78
pg/mL). The essential oil indicated better the CUPRAC
activity with an Ags value of 27.25+0.01 pg/mL, than a-
TOC (Ay5=40.55+0.04 pg/mL) using as a pharmaceutical
standard.

It is prominent to point out that the antioxidant activity
of the essential oils depends on the species, harvest time
and geographical attitude (Mechergui et al., 2016) which
can be explained by fact that the oils chemical composition
varies because of extrinsic and intrinsic factors (Dutra et al.,
2019). The determined antioxidant activities were related to
compounds, such as cinnamyl alcohol, isobornyl acetate and
4-tert-butylcyclohexyl —acetate which are commonly
presented in the essential oils. It was shown that cinnamyl
alcohol have significant DPPH scavenning potential
(Suryanti et al., 2018).

The 4-tert-butylcyclohexyl acetate extracted from
Decalepis hamiltoni was also found to be an effective
antioxidant agent (Rayar and Manivannan, 2015).

3.3. Antimicrobial activity

The 24 hours incubation of A. andrachne L. oil with
microorganisms was found to be statistically significant in
terms of the resultant cell viability (p<0.05) (Table 3).
Accordingly, the lowest cell viability value 24-time
incubation with A. andrachne L. oil were obtained in C.
parapsilosis culture (48.28%), while the highest cell
viability was in P. aureginosa (90.2%).

Generally, all tested microorganisms were sensitive to A.
andrachne L. oil at MICg, range of 8.3-18.9 ug/mL. The
MICgy 4 and MICs, of A. andrachne L. oil results for E. coli
was 9.7 and 5.8 pg/mL, B. subtilis 12.1 and 7.03 pg/mL, S.
aureus 18.9 and 11.7 pg/mL, C. albicans 13.4 and 7.2 pg/L,
C. parapsilosis 8.3 and 5.3 ug/mL and P. aureginosa 10.1
and 7.5 pg/mL (Figure 1). Therefore, the maximum
antimicrobial activity were determined against C.
parapsilosis (8.3 pg/mL) while the minimum activity were
determined against S. aureus (18.9 pg/mL).

MICgyg 4 (blue column) and MICy, (red
column) of A. andrachne L. essential oil

20 -
15 A
10 A
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. [
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Figure 1. The comparison of MICgy4 and MICs, (ng/mL)
values of A. andrachne L. oil against B. subtilis, C.
albicans, C. parapsilosis, E. coli, P. aureginosa and S.

aureus
Table 1. Chemical composition of A. andrachne L. essential oil
RT® Quantity® RT® Quantity”
(min) Component %) (min) Component %)
10.606 D-Limonene 1.76 24.979 Dihydrocoumarin 5.75
13.381 2-Propanol,1,1'-oxylbis 0.58 25.883 a-Bulnesene 1.08
18.410 Citronellol 1.07 27.949 Isoamyl salicylate 7.44
18.702 1,8-Iridadiene 0.45 30.140 Patchouli alcohol 1.35
19.303 Geraniol 1.00 32252 Z'memoxy"‘*‘l'd'mgitgg_'ﬁﬁze”y'Cyc'c’hexa'z'5' 0.58
20.058 Isobornyl acetate 15.37 32378 226-trimethyl-1-(2-methyl-cyclobut-2-enyl)- 0.33
hepta-4,6-dien-3-one

21.872 Cinnamyl alcohol 21.97 32.692 Acetylcedrene 5.06
22.462 4-tert-butylcyclohexyl acetate 16.59 32.961 4,5,6,7-tetrahydro-3-indolinone 0.98
23.600 Caryophyllene 0.20 33.099 6-(2-methylcyclohexyl)-2,4-xylenol 1.66
23.926 Vanilline 0.47 33.202 Bicyclopentylidene 0.55
24.069 a-Guaiene 0.77 33.253 Ancistronaphthoic acid 3.16
24.213 Seychellene 0.38 34.106 Santolina epoxide 4.70
24.562 a-Patchoulene 0.29

2RT: Retention time, P Quantity (%): more than 0.2.
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Table 2. Antioxidant activity of A. andrachne L. essential oil®

Antioxidant Activity

f-carotene/ linoleic acid

Sample assay ABTS™ assay DPPH' assay CUPRAC assay
ICs (ng/mL) ICso (ng/mL) ICso (ug/mL) Aoso (ug/mL)
Essential oil 3.22+0.18 3.47+0.22 48.31+0.13 27.25+0.01
BHT® 2.3140.11 2.9740.05 54.80+0.78 3.92+0.04
a-TOC" 4.48+0.17 4.95+0.30 12.21+0.06 40.44+0.03

*Value represent the means + standard deviation of three parallel measurements (p<0.05)

PReference compound

Table 3. Statistical analysis of average % cell viability
variation of microorganisms incubated with A. andrachne
L. oil for 24 hours according to spectrophotometric
microdilution method. The difference between the
average MIC and % cell viability of microorganism
groups were compared according to the SPSS_ANOVA
(Tukey) test.

MICgo 9 MICs Cell Vlablllty %
B. subtilis 12.1*%+0.2 7.03*+0.02 64.99+10.6
C. albicans 13.4*+0.5 7.2%+£0.01 69.14+8.6
C. parapsilosis 8.3+1.5 5.3£1.7 48.28*%+16.12
E. coli 9.7*+0.3 5.8*+0.5 54.14+12.33
P. aureginosa 10.1*+0.01 7.5*+0.1 90.2*+20.2
S, aureus 18.9+6.2 11.7+3.3 92.4+10.9

*: Differences were considered significant at p < 0.05.

Although there is a few information in literature about
A. andrachne L. oil’s antimicrobial performance, extracts
prepared from A. unedo, another type of Arbutus genus,
leaves were showed antimicrobial effeciency against many
microorganisms B. cereus, B. subtilis, S. aureus and S.
epidermis, E. coli and P. aeruginosa and C. albicans, C.
krusei, C. parapsilosis and C. glabrata at range of 0.1-20
mg/mL (Malheiro et al., 2012). In the study of Orak et al.
(2011), antimicrobial and antioxidant activities of ethanol
and methanol extracts of Arbutus unedo leaves were
investigated to detemine a correlation between the extract
and activity. The extracts showed no inhibitory effect
against Escherichia coli, while the extracts exhibited
antibacterial activity against S. aureus at concentration of
250 mg/mL. In the antioxidant assay, the ECs, values of
extracts were found between 0.42 mg/mL and 0.65 mg/mL
(Orak et al.,, 2011). In another study, the methanolic,
ethanolic, ethyl acetate and n-hexanic extracts from the
leaves of Arbutus unedo exhibited an antibacterial activity
against Escherichia coli, Staphylococus aureus, Listeria
monocytogenes and Pseudomonas aeruginosa between the
MIC of 0.2 mg/mL and 8 mg/mL (Bouyahya et al., 2016). In
Kahraman and coworkers's study, the major component of
essential oil extracted from Arbutus unedo flower and fruit
were reported to be terpineol (16.3%) and hexadecanoic
acid, respectively. In addition, they were showed moderate
antibacterial activity against Listeria monocitogenes and
Enterococcus faecalis (Kahraman et al., 2010).

These findings indicate that the antimicrobial and
antioxidant activity of A. andrachne could be mainly
attributed to its major compounds as given in previous
studies. For example, Cinnamomum zeylanicum (cinnamon),
rich in cinnamyl alcohol (8.21%), was reported to have
strong antimicrobial and antioxidant activity (El-Baroty et
al., 2010; Chang et al., 2001). The essential oil obtained
from the leaves of Chamaecyparis obtusa, rich in isobornyl
acetate, were found to have strong antibacterial activities
against Gram (+) bacteria such as S. aureus, Bacillus cereus

and some fungi such as C. albicans, C. tropicalis (Yang et
al., 2007).

4, Conclusion

The wood essential oils have shown to have significant
bioactivities including antibacterial, antioxidant, antiviral,
antifungal and insecticide. The essential oil of A. andrachne
after successive extraction were analysed by GC-MS. The
cinnamyl alcohol, 4-tert-butylcyclohexyl acetate and
isobornyl acetate was determined in the chemical
characterization of the essential oil of A. andrachne as
major compounds. The antimicrobial activity of essential oil
was effective in the control of B. subtilis, C. albicans, C.
parapsilosis, E. coli, P. aureginosa and S. aureus, which
may be related to the well antioxidant activity of the
components present in oil, such as cinnamyl alcohol,
isobornyl acetate and 4-tert-butylcyclohexyl acetate. This
study showed that A. andrachne L. essential oil with
preferential constituents can also be used as potential
antioxidant and antibacterial agents for food, perfume and
pharmaceutical industries. Moreover, the findings obtained
from biological activity assays showed that A. andrachne L.
essential oil have been a promising candidate for the
discovery of new drugs and the preparation of new natural
products for aromatherapy and phytotherapy applications.
However, furture in vivo studies should be carried out to
verify such actions in different matrices.
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Abstract: Botanical gardens were first established only for scientific reasons, however, later they have been started to be used for
educational and recreation reasons. Since the 1980s it has been used to preserve natural resources and increase the biological
variety. Botanical gardens are used as a tool all around the world to create environmental awareness, preserve natural resources
and increase biological variety via educational activities. However, the botanical gardens which are important all over the world,
are behind the world standards in Turkey when compared to other countries. However, 11.707 plant taxa including 3649 endemic
varieties found in Turkey. Turkey seems to be richer in flora, compared with the continent of Europe, which is about 15 times
larger than Turkey with 12,000 plant taxa. Turkey already deserves a sample equivalent to the botanical gardens in the world.
Within the context of this study, Siileyman Demirel University Botanical Garden, which was started to establish in 1997 and not
completed entirely, was determined as the study area. In the project, the main circulation system and the lateral roads reaching to
the plant collections are not clearly perceived. There is no circulation hierarchy that visitors can follow. In addition, the botanical
gardens are defined not only areas where collections are exhibited, but also areas where environmental consciousness and
ecological awareness can be raised. So, new plan decisions were taken for Siileyman Demirel University Botanical Garden by
using the data obtained from literature researches and field studies related to the Lakes Region, Isparta, and the study area. Within
the framework of these plan decisions, a new design approach for Siileyman Demirel University Botanical Garden has been
developed that includes plant collections such as healing garden, discovery garden, sensory garden, and local plant materials.
Keywords: Botanical garden, Isparta, Planting design, Thematic garden

Siileyman Demirel Universitesi Botanik Bahcesi icin yeni bir tasarim yaklasim

Ozet: Botanik bahgeleri, baglangicta sadece bilimsel amaglarla kurulan zamanla egitsel ve rekreasyonel islevlerin yaninda 1980°1i
yillardan itibaren dogal kaynaklar1 koruma, biyogesitliligi artirma gibi goérevleri de iistlenen kuruluslardir. Diinyanin bir¢ok
iilkesinde egitsel faaliyetlerle toplumun her kesiminde c¢evre bilinci olusturulmasi, dogal kaynaklarin korunmasi ve
biyogesitliligin arttirilmast konusunda botanik bahgeleri bir ara¢ olarak kullanilmaktadir. Ancak biitiin diinyada 6nem tasiyan
botanik bahgeleri, Tiirkiye’de diinya standartlarinin gerisinde kalmistir. Oysaki 3649’u endemik, 11.707 civarinda bitki taksonu
bulunan Tiirkiye, 12.000 bitki taksonuna sahip kendisinden yaklasik 15 kat biiyilk Avrupa kitasi ile kiyaslandiginda flora
bakimindan daha zengin oldugu ve diinya 6rneklerine denk bir botanik bahgesini ¢oktan hak ettigi goriilmektedir. Bu ¢aligma
kapsaminda 1997 yilinda kurulug g¢aligmalarina baslanan ve giiniimiize kadar tamam tamamlanamayan Siileyman Demirel
Universitesi Botanik Bahgesi galigma alani olarak belirlenmistir. Projede ana sirkiilasyon sistemi ve koleksiyon bahgelerine giden
tali yollar net olarak algilanamamaktadir. Ziyaretgilerin takip edebilecegi bir sirkiilasyon hiyerarsisi bulunmamaktadir. Bunun
yam sira, gelisen ve degisen botanik bahgesi kavramiyla, botanik bahgeleri yalnizca koleksiyonlarin sergilendigi alanlar degil,
ayni zamanda cevre bilinci ve ekolojik farkindaligin yaratilabilecegi aktivitelerin yer aldig1 alanlar olarak da tanimlanmaktadir.
Goller Yoresi, Isparta ve ¢aligma alami ile ilgili literatiir arastirmalari ve arazi caligmalarindan elde edilen verilerden
yararlanilarak Siileyman Demirel Universitesi Botanik Bahgesi igin yeni plan kararlari alnarak icerisinde sifali bahge, kesif
bahgesi, duyusal bahge gibi bitki koleksiyonlarinin ve yoreye 6zgii bitki materyalinin bulundugu yeni bir tasarim yaklagimi
gelistirilmistir.

Anahtar kelimeler: Botanik bahgesi, Isparta, Bitkisel tasarim, Tematik bahge
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1. Introduction

Botanical gardens are a part of the urban open-green
space system and are the areas where biodiversity in the
world is exhibited. According to the Botanic Gardens

Conservation International, botanical gardens are
organizations that hold documented living plants’
collections for the purposes of scientific research,

conservation, exhibition and education (Ward, et al., 2010).

Botanical gardens play a pioneering role in the
development of plant taxonomy, systematic and
horticulture. In the past, scientific studies have been carried

out in botanical gardens such as plant-based medicines,
economically important plants, and fruit trees. Today,
however, the mission of many botanical gardens is focused
on conservation of biodiversity and education (Donaldson,
2009; Williams, et al., 2015). The overall role of botanical
gardens in plant protection has been widely accepted since
the 1970s. And, today, documented living collections of
many endangered plant species have been preserved in seed
banks and botanical gardens (Oldfield, 2009). Since the
1990s, the global environmental agenda has focused on the
destruction of species and the loss of biological diversity.
Apart from its conservation function, botanical gardens
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fulfill different functions in terms of scientific, educational
and recreational. Botanical gardens are the gardens that
focus on native plants in the region and conduct public
education in response to the need to protect native plants.

In addition to its scientific mission, botanical gardens
that respond the public space requirement are also an
educational institution. Botanical gardens are important
sources for the development of educational programs
because they encourage people to think deeper about
ecology, plants and their relationship. When considering
public image and educational potential of these gardens,
botanical gardens provide an opportunity to promote
ecology to humans by fulfilling their functions as a link
between the social environment and ecological systems
(Kumble and Houston, 2009). Botanical gardens are not
only areas of scientific research but also urban green spaces
that respond to the recreational needs of the city residents.
Botanical gardens allow the city residents to gain experience
that affect their movements, behavior and social values by
moving away from the daily stress of life with a relaxing
natural environment (Willison, 1997, Var and Karasah,
2010). Because botanical gardens carry scientific,
educational and recreational functions together, they require
a different planning and design from other parks and
gardens. Conservation, education and scientific research
functions should be adopted and multi-faceted approaches
and planning decisions should be taken when botanical
gardens are planning. And each garden should be planned
and evaluated within its own special conditions (Konakli,
2003).

Siileyman Demirel University Botanical Garden was
designed and started to establish in 1997 in Isparta, Lakes
Region. The existing plant material in the garden consists
mainly of natural species collected from the Lake Region
and species obtained as a result of the grant or donation.
Plant materials in the botanical garden are located in
arboretum, greenhouses (Greenhouse of Tropical Plants,
Exhibition and Production of Native Plants), plots of
evergreen and deciduous forest trees, medicinal and
aromatic plants garden, rosarium (native and exotic rose
varieties) systematic and geographical garden, geophyte
(bulbous plants) garden, coniferous forests, natural and
cultural ground covers, wild fruit trees garden, rock garden,
fence and ivy plants, endemic plants (those grown only in
Turkey), such as aquatic areas which are drawn in the
architectural project (Ozgelik et al., 2006).

When evaluated in line with the developing and
changing design approach; the main circulation system of
Stileyman Demirel University Botanical Garden project
cannot be detected. In addition, areas where visitors can
gain ecological awareness and perform recreational
activities were found to be insufficient.

Within the scope of this work, it was aimed to develop a
new design approach for Siileyman Demirel University
Botanical Garden in the light of the field studies carried out
on the sample area by examining the studies about botanical
gardens from past to present day.

2. Material and methods

The main material is Siileyman Demirel University
Botanical Garden, which is located in Isparta. Isparta, which
is located between Burdur, Afyonkarahisar, Konya, and
Antalya provinces in the Mediterranean Region and has a

surface area of 8933 km’, lies between 30° 20" and 31° 33'
East longitudes and 37° 18' and 38° 30" Northern latitudes.
As a result of the long-term observations being examined in
climatology terms, the characteristics of both climates can
be seen in Isparta province, which is located in the
transitional zone between Mediterranean and Continental
climate. Due to the Mediterranean climate is seen in the
south of the province, the summers are hot and dry while the
winters are cold and rainy. The climate gets terrestrial as it
goes northwards within the provincial borders (Anonymous,
2011).

Siileyman Demirel University Botanical Garden (37° 50'
40.37" N and 30° 31' 44.61" E) is located on the Isparta-
Ankara highway and located at approximately 11 km far
away from lIsparta city center. A total of 39 ha area were
allocated for the Botanical Garden in 1996. For the
botanical garden to be built on this area, the project was
drawn by faculty members of Cukurova University Faculty
of Agriculture Department of Landscape Architecture.
Based on the first project, which is adapted to 26 ha by the
Governorship, the project was drawn by the technical staff
of Isparta Provincial Directorate of Public Works and
Settlement. Approximately 800 plants are transferred to the
garden, 170 of them are bulbous, 100 of them are medicinal
and aromatic plants, 80 of them are wetland plants, about 50
of them are fruit trees and the rest of them are flowers and
forest trees. Approximately 150 of these 800 plants were
planted in the first establishment phase of the garden (Figure
1) (Ozgelik et al., 2006). However, the project could not be
applied except for the entrance section. The botanical
garden, which was designed in 1996, has been out of date
due to the changing design concept and the lack of direct
access to plant collections.

A hierarchical order was established by changing the
existing circulation and determining the main axis which
circulates the whole area and lateral axis which circulates
plant collections, within the scope of the study. Besides,
botanical gardens are accepted not only as areas where the
plant species are exhibited and protected, but also the areas
where different themes are used. In this context, thematic
areas such as sensory gardens and color gardens were
designed by considering the plant collections.

Analysis sheets were prepared for the current situation in
order to evaluate the works carried out in accordance with
the preliminary project. For the evaluation of the current
situation, site-specific climatic factors and vegetation
texture, and the close environmental relations and
transportation characteristics of the area were determined
and transferred to analysis sheets. In addition, climatic data
were also evaluated on the field in terms of directing the
planning of SDU Botanical Garden. The consideration of
climatic data in the framework of the new plan is
particularly important in terms of planting design.

The soil of SDU Botanical Garden is clay in terms of
texture, has a very high lime content, is salt-free, has a
slightly alkaline property and the organic matter is low. The
amount of potassium and calcium is very high, but the
phosphorus is low. The amount of chemicals such as
nitrogen, magnesium, copper, manganese, iron, and zinc in
the soil is moderate.
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Figure 1. The landscape plan of Siileyman Demirel University Botanical Garden (Ozgelik et al., 2006).

Studies, photographs, and projects on botanical gardens
in the world and in Turkey have been used and examined.
Topographical maps, geological maps, soil analyzes and the
current plan of 1/1000 scale drawn by the technical staff of
Isparta Provincial Directorate of Public Works and
Settlement were wused in the research area. The
meteorological data obtained from the Provincial
Meteorology Directorate has been taken into consideration
in order to assist in planning. A new design approach has
been developed by performing an area analysis in the
direction of the obtained data.

3. Results and discussion
Site analyzes

As the infrastructure works are completed in the
botanical garden, an unplanned planting is noticed. Plant
groups in plant plots divided by roads and called arboretum,
rock garden, medicinal and aromatic plants garden,
systematic and geographical garden have not been planted
in the garden considering a specific planting design. For
example, although the arboretum in the garden contains
woody plant species, no systematic or ecological scheme is
observed.

It has also been found that the vast majority of plants in
the botanical garden do not have label plates. Plant label
plates which are resistant to external conditions and in
standard sizes including information such as Latin and

Turkish name of species, origin, and date of planting, are
very important in terms of introducing the plants. The
absence of plant label plates does not serve the purpose of
the establishment of the botanical garden.

It can be said that if the Botanical Garden is evaluated
on the field studies, the existing plants are mostly planted
without paying attention to the plant systematics and plant
sociology. The field studies show that the existing plantation
studies are intense in the completed parts of the sub-
structure at the entrance of the area. Climatic factors and the
analysis sheets showing the existing vegetation texture
identified in botanical garden are given in Figure 2. One of
the factors that are effective in the site selection and
planning of botanical gardens is the relationship with the
close environment. Factors such as the present settlement
situation around the botanical garden, the possibility of
encirclement with constructions in the near future, the
presence of factory-like structures in the near future and
water availability are very important in terms of planning.

Planning by evaluating the close environment of the
SDU Botanical Garden will affect the design criteria in the
botanical garden. According to field analysis, Ankara-
Isparta highway is located to the west of the botanical
garden and it is determined that it is a noise source for the
area. Despite the presence of only the Technocity in the
south and the Dormitories in the north, the botanical garden
is adjacent to the campus of the university, indicating that it
may be possible to construct new settlements in the near
future due to the development of the university. For this
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reason, this possibility should be taken into consideration
when creating a new plan.
Isparta Mensucat Inc., located in the north of the area, is
a spinning factory established in 1987 and still operating. It
has been determined with studies and surveys that the
factory does not cause serious environmental pollution
excluding noise and bad view source for the botanical
garden. When a new plan is being developed, structural or
planting solutions should be introduced that will prevent
noise and bad view. When the transportation possibilities of
SDU Botanical Garden are examined, it is seen that the
botanical garden is about 11 km away from the city center
and 28 km away from Siileyman Demirel Airport. The
garden located on the Isparta-Ankara Highway can be easily
reached by taxi or private vehicles. Public transport buses
which go to the Dormitories in the north of the area passes
in front of the botanical garden. If evaluated in terms of
accessibility, SDU Botanical Garden, which is not far away

65
from the city, is a place where public transportation can
easily operate, visitors can easily reach the area.

When the vehicle and pedestrian circulation in the
botanical garden is evaluated over the existing plan, it is
seen that the circulation system is weak in terms of
functionality and aesthetics. The circulation system in the
garden is more of a cage texture, the transportation axes are
perpendicular to each other and there are square or
rectangular plant parcels among the axes. In the circulation
system where the formal transport axes are located, the main
axes and the lateral axis cannot be perceived clearly, the
roads are not defined as vehicles or pedestrian circulation.
In addition, the guidance characteristics of the axes
providing direct or indirect access to the functions in the
area are weak. Analysis of the close environment and

transportation system of Siileyman Demirel University
Botanical Garden are given in Figure 3.
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Figure 2. Climatic data and analysis of vegetation texture of SDU Botanical Garden
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3.1. Development of a new design approach for Siileyman
Demirel University Botanical Garden

A new design approach for a 26 ha garden area has been
developed, taking into consideration area analyzes and the
current situation of Siileyman Demirel University Botanical
Garden and design features of the world's leading botanical
gardens. The facilities that need to be found in SDU
Botanical Garden can be grouped as entrance and parking
lots, management building, education-research centers,
recreational areas, plant collections, greenhouses and
nurseries and water surfaces. In all these facilities within the
botanical garden, plant collections are planned on different
themes that are interesting to look at, with visual aesthetics
and pleasant presentations, along with being based on
scientific grounds.

Circulation System and of SDU Botanical Garden: New
plan of Siileyman Demirel University Botanical Garden
consists of the main circulation route which provides direct
access to all the plant collections and two lateral roads
which make it easy to see the plants in each collection. In
addition, approximately 2 km of service road has been
established in order to be used by garden staff and to enable
visitors to access the parking lot in the entrance of the
garden. The main road starting from the entrance in the
northwest and the secondary entrance in the north of the
area and extending in the northeast direction is 1.2 km long.
One of the lateral roads is a seasonal circulation axis, which
is 900-meter-long and connected to the main axis, forming
an axis in itself and departing from the point where it
intersects the main road coming from the entrances. The
other is the thematic garden axis, which is about 1.6 km
long, which goes out from two different points on the main
road and lies between the different plant collections and
intersect to the main road. The planned circulation system
within the new project is given in Figure 4.

Plant collections and recreation areas in SDU botanical
garden: New plan of Silleyman Demirel University
Botanical Garden has been included in plant collections and
recreation areas due to the circulation system. While
locating the plant collections within the area, climatic
factors, facilities in the immediate vicinity of the garden,
and the purposes served by the plant collections are
considered. In addition, plant collections are located by
relating to each other and to the environment. The parking
area near the main and secondary entrances is planned to
serve the visitors and garden staff. The parking area, which
is located on the edge of the Isparta-Ankara Highway may
include shade trees and plant species that will create a noise
barrier.

The first meeting area, which is in the entrance was
planned as a rosarium. It was thought that it would reflect
the economic importance as much as the aesthetic
importance of Rose for Isparta. An ornamental pool is
planned in the area where the circulation system intersects
and form a center. This center is surrounded by healing
garden, the collection of Lamiaceae, the collection of
bulbous plant species, the collection of endemic and rare
plants, lawns, and exhibition greenhouses. That is why it is
important to draw attention to the important and valuable
plant species of the Lake region, which forms the center of
the botanical garden of these parts, and to ensure that these
species are protected by cultivation. The aim is to draw

attention to the important and valuable plant species of the
Lake region which constitute the center of the botanical
garden of these sections and to ensure that these species are
protected by cultivation. In connection with the circulation
system that goes through this center, plant collections are
planned in different temples such as four-season garden, the
collection of coniferous plants, discovery garden, sensory
garden, aquatic garden and rock garden, respectively (Unlii,
2016).

The thematic gardens and plant collections which exist
in the concept plan are given below.

a) Rosarium: It is known that about 25 species of roses,
which are thought to have 150-200 species growing
naturally in the world, grow naturally in Turkey. Oil-bearing
rose (Rosa damascena) production is made only in the
Lakes Region for industrial purposes, in Turkey. For this
reason, at the entrance to the Botanical Garden of SDU,
Rosarium was preserved in order to emphasize the
importance of the rose, which has an economic value and
become the image of the city, rather than the visual value
for Isparta. Table 1 shows a list of sample plants for
Rosarium.

b) The collection of medicinal and aromatic plants
(Healing Garden): A medicinal and aromatic plant garden
that reflects the region should be planned in a botanical
garden to be established in the Lakes Region which is rich
in terms of medicinal and aromatic plants. Woody (Tilia sp.,
Rubus sp., etc.) and herbaceous (Mentha sp., Papaver sp.,
etc.) plants species are planned to be exhibited with the
theme of ‘Healing Garden’ in the Botanical Garden of SDU
(Table 2).

c) The collection of Lamiaceae: Lamiaceae family is
one of the biggest and oldest families of the world and can
be found in all habitat types. While it is represented by
approximately 250 genus and 7000 species in the world,
there are 46 genus and 755 taxa belonging to this family in
Turkey (Hedge, 1992; Karabacak, 2009). The In addition to
being an important center for biodiversity and endemism,
the Lakes Region also has important species such as Salvia
sp., Thymus sp., Origanum sp., and Lavandula sp.
Therefore, planning was made with the necessity of creating
Lamiaceae collection in a botanical garden to be established
in this region. Table 3 shows a list of sample plants for
Lamiaceae.

d) The collection of bulbous plants: Influenced by
religious and ethnic diversity in Turkish culture, the flower
culture which has emerged in its own way is quite
developed. Thus, a period in the Ottoman state was called as
‘Tulip Era’. The gardens, palaces, pavilions were planted
with tulips in this era. 2718 bulbous plant species grow in
the Lakes Region (Karakas, 2007; Kilicarslan and Donmez,
2016). For this purpose, bulbous plant species collection is
planned in the botanical garden. Some species that can be
used in this garden are given in Table 4.

e) The collection of endemic and rare plants: The region
is the Mediterranean region, which has a total of 3649
endemic plants of 11,707 taxa (species, subspecies, and
variety). Approximately 750 endemic plant species are
distributed in this region (Avci, 2005). Isparta, which is
located in the Lakes Region in the Mediterranean region, is
also important in terms of plant diversity and the number of
endemic species. Therefore, it will be important to



Turkish Journal of Forestry 2019, 20(1): 62-71 67

understand the importance of the endemic species of the
region and protection of this species by planting endemic
plant species of Isparta and the Lakes Region dominantly in
the collection of endemic plants in the botanical garden of
SDU.

f) Four-season garden: This garden, which includes the
seasonal circulation axis, is planned as a garden that will be
enjoyed by people of all ages and which will be the
excitement and curiosity of the four seasons. The basic
principle in the planning of this garden is to draw attention
to the visual impact and the changes in plants according to
the seasons with spring, summer, autumn and winter
gardens. It is thought that the compositions created with
plants such as Acer spp., Quercus spp., Lagerstroemia
indica, and Liriodendron tulipifera with attractive leaf
colorations in autumn, Cercis siliquastrum, Magnolia spp.,
Forstyhia spp., Erica spp., and Rhododendron spp. with
attractive flowers in spring and the conifers, which make the
green dominant in the place the whole year, will have a
different effect on the visitors depending on the season.
Some suggested plants for Four-season Garden given in
Table 5.

g) The collection of coniferous plants: Close
environment analysis and climatic data analysis were taken
into consideration in the selection of the location for the
coniferous collection in the garden area. An area was chosen
for the collection of coniferous plants with an existing
vegetation texture where the cold air can be absorbed and
the danger of frost can be reduced and barriers, which
prevent bad view and noise, can be placed between the
botanical garden and Isparta Mensucat Inc. The main
coniferous plants found in forests of Isparta are Pinus nigra
subsp. pallasiana, Pinus brutia, Cedrus libani, Abies
cilicica, Juniperus excelsa, and Juniperus oxycedrus subsp.
oxycedrus (Anonymous, 2011). Establishing a coniferous
plant collection in a botanical garden in Isparta is important
in terms of reflecting the natural vegetation of the region
and introducing the conifers which grown in the region
(Table 6).

h) The discovery garden: The discovery garden is
planned as a garden aiming to raise children and young
people's awareness about plants, ecology and environmental
protection with the focus of greening the urban environment
through education, sustainable practices, and management.
Thanks to this garden, children of all ages will discover
habitats, recognize the mysterious world of plants, and learn
about the wild life of the garden in a fun way. Children and

young people will have access to more and more permanent
information about the plants and at the same time receive
practical training in fruit and vegetable gardens. Table 7
shows a list of sample plants for Lamiaceae.

1) The sensory garden: The sensory garden is planned to
stimulate the five senses and includes selected plants and
other design elements to offer visitors the experience of
sight, smell, hearing, touch, and taste. The natural
characteristics of the sensory garden are positioned and
planned considering the relationship between the other plant
collections planned in the botanical garden. For example;
The aquatic garden in close to this garden supports the
sensory garden in this direction by addressing hearing. In
addition to plants that stimulate a single sense in the garden,
plant species that stimulate several or all of the senses are
also considered, such as Laurus nobilis, Pelargonium spp.,
Buddleja davidii. In Table 8, the species that can be used in
this garden and the sense that it is directed is given.

j) The aquatic garden: The aquatic garden is a garden
where water is formed in accordance with the planning and
application techniques of the plants in accordance with the
landscape characteristics of the area. It is inevitable to use
the water element, the hydrophyt and the hygrophyt plant
species in a botanical garden established in the Lakes
Region, which takes its name from the lakes that are large
and small (Table 9).

k) The rock garden: A rock garden was planned based
on the field studies and the topographical structure of the
area in the new plan of SDU Botanical Garden. The visual
quality of the landscape will be increased with the rock
garden, which will also benefit from the acoustic
characteristics of the water. This rock garden is planned to
break the effect of the cold air coming down from the slopes
to the garden. Living and non-living materials in the alpine
zone in the Lakes Region should be preferred in the
establishment of the rock garden. Some suggested plants for
The Rock Garden given in Table 10.

In addition, the observation terrace was created by using
the difference in level in the area where the main road is
over. An education and research area, which is located close
to the university is planned in the south of the botanical
garden. Why the education and research area is planned in
this section is that it divides this area where scientific
activities are carried out partly from the open sections of the
garden. The concept plan of the Siileyman Demirel
University Botanic Garden is shown in Figure 4.

SULEYMAN DEMIREL UNIVERSITY BOTANICAL GARDEN 1

TECHNOCITY

LEGEND

\
P

A Thematic Garden Avis
@ = ~Sessonsl Circulation Aun

oo D sarvice way

SHEET NAME
Concept Plan

SCALL
—_—

EAST CAMPUS OF SOU e -

Figure 4. Concept plan of SDU Botanical Garden
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Table 1. Some suggested plants for Rosarium

Latin name

Latin name

Latin name

Rosa agrestis

Rosa arvensis

Rosa arvensis x phoenicia
Rosa beggeriana

Rosa damascena

Rosa dumalis

Rosa dumalis var. antalyensis
Rosa dumalis var. boissieri
Rosa elymaitica

Rosa foetida

Rosa foetida x hemisphaerica
Rosa gallica

Rosa gallica x canina
Rosa heckeliana
Rosa heckeliana subsp. orientalis
Rosa hemisphaerica
Rosa hirtissima

Rosa horida

Rosa iberica

Rosa jundzillii

Rosa micrantha

Rosa montana

Rosa multiflora

Rosa odorata

Rosa phoenicia

Rosa phoenicia x arvensis

Rosa pimpinellifolia

Rosa pisiformis

Rosa pulverulenta

Rosa sempervirens

Rosa sicula

Rosa tomentosa

Rosa villosa subsp. millosa
Rosa villosa subsp. villosa

Table 2. Some suggested plants for Healing Garden

Latin name Latin name Latin name
Achillea sp. Helichrysum sp. Pimpinella sp.
Anthemis sp. Juniperus sp. Pistacia terebinthus
Ballota sp. Laurus nobilis Plantago sp.

Calamintha sp.
Cerotonia sliqua
Cichorium intybus
Cistus sp.

Digitalis sp.
Echinophora tournefortii
Epilobium sp.

Gysophila sp.

Lavandula officinalis
Malva sp.

Melissa officinalis
Mentha sp.

Ocimum basilicum
Origanum sp.
Papaver sp.

Rhus coriaria

Ruscus aculeatus var. angustifolius

Rosmarinus officinalis
Rubus sp.

Salvia sp.

Thymus sp.

Tilia sp.

Ziziphus jujuba

Table 3. Some suggested plants for the Collection of Lamiaceae

Latin name Latin name Latin name
Clinopodium vulgare Nepeta sp. Scutellaria sp.
Cyclotrichium origanifolium Origanum sp. Sideritis sp.
Lamium sp. Phlomis sp. Stachys sp.
Marrubium sp. Prasium majus Teucrium sp.
Mentha spicata subsp. tomentosa Prunella orientalis Thymus sp.

Micromeria cristata subsp. Phrygia

Salvia sp.
Satureja thymbra

Ziziphora clinopodioides

Table 4. Some suggested plants for the Collection of Bulbous Plant Species

Latin name Latin name Latin name

Allium sp. Fritillaria sp. Orchis sp.

Anacamptis pyramidalis Gagea sp. Ornithogalum montanum
Barlia robertiana Galanthus sp. Pancratium maritimum
Bellevalia sp. Gladiolus sp. Romulea sp.

Bellevalia trifoliata Hyacinthella heldreichii Scilla sp.

Chionodoxa forbesii Lilium candidum Serapias sp.
Colchicum sp. Merendera sp. Sternbergia sp.

Crocus sp. Muscari sp. Tulipa sp.

Cyclamen sp. Narcissus sp. Urginea maritima
Dactylorhiza sp. Ophrys sp.

Table 5. Some suggested plants for Four-season Garden

Latin name Highlights Season

Abelia sp. Flower Summer

Abies sp. Form and color Autumn/Winter

Acer sp. Leaf Spring/Summer/Autumn
Aesculus sp. Flower Spring

Albizzia julibrissin Form and flower Summer

Berberis sp. Leaf Summer/Autumn

Betula sp. Form and trunk Spring/Summer/Autumn/Winter
Buddleia davidii Flower Summer

Catalpa sp. Form and flower Spring/Summer

Cedrus sp. Form and color Autumn/Winter

Cercis sp. Flower and fruit Spring/Summer/Autumn
Chaenomeles sp. Flower Spring

Cornus sp. Trunk and leaf Autumn/Winter
Euonymus sp. Leaf Spring/Summer/Autumn
Forsythia sp. Flower Spring

Hibiscus syriacus Flower Summer

Hydrangea sp. Flower Summer

Juniperus sp. Form and color Autumns/Winter
Koelreuteria sp. Flower Summer/Autumn
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Latin name Highlights Season

Lagerstroemia indica Flower, leaf and trunk Summer/Autumn
Liriodendron tulipera Flower and form Summer/Autumn

Malus sp. Flower Spring

Nandina domestica Leaf Autumn

Quercus sp. Form and leaf Summer/Autumn
Parthenocissus sp. Leaf and color Autumn

Picea sp. Form and color Autumn/Winter

Pinus sp. Form and color Autumn/Winter
Platanus sp. Form and leaf Summer/Autumn
Prunus sp. Leaf Spring/Summer/Autumn
Pyracantha sp. Fruit Autumn/Winter

Rhus sp. Leaf and color Autumn

Salix sp. Form Spring/Summer/Autumn
Sophora japonica Form Summer/Autumn

Spirea sp. Form and flower Spring

Syringa sp. Flower Spring

Sytrax officinalis Flower and leaf Summer/Autumn
Tamarix sp. Flower Summer/Autumn

Thuja sp. Form and color Spring

Viburnum sp. Flower and leaf Summer/Autumn/Winter
Weigela floribunda Flower Spring

Wisteria sinensis Flower Spring

Table 6. Some suggested plants for the Collection of Coniferous Plants

Latin name

Latin name

Abies cilica subsp. cilicica
Abies cilica subsp. isaurica

Cedrus libani

Cedrus libani var. libani
Cupressus sempervirens
Juniperus communis var. saxatalis

Juniperus drupacea
Juniperus excelsa

Juniperus excelsa subsp. excelsa

Juniperus foetidissima

Juniperus oxycedrus subsp. macrocarpa
Juniperus oxycedrus subsp. oxycedrus
Juniperus oxycedrus subsp. oxycedrus var.oxycerus

Juniperus sabina

Pinus brutia var.brutia

Pinus brutia var.pendulifolia

Pinus nigra

Pinus nigra subsp. pallasiana
Pinus nigra subsp. pallasiana var. fastigiata
Pinus nigra subsp. pallasiana var. seneriana

Juniperus oxycedrus Pinus pinea
Table 7. Some suggested plants for The Discovery Garden
Latin name Latin name
Abies cilicica Myriophyllum verticillatum

Alisma gramineum
Arenaria leptocladus
Astragalus micropterus
Astragalus mesogitanus
Astragalus plumosus
Bellis perennis
Campanula involucrata
Campanula stricta
Carex halleriana
Cedrus libani

Cistus laurifolius
Crataegus monogyna
Cyperus longus
Cyperus rotundus
Dianthus anatolicus
Equisetum arvense

Equisetum ramossissium

Inula heterolepis
Juniperus excelsa
Juniperus foetidissima

Juniperus oxycedrus subsp. oxycedrus

Lythrum salicaria

Nuphar lutea
Nymphaea alba

Pinus nigra subsp. pallasiana

Pistacia terebinthus
Poa bulbosa

Polygonum amphibium

Polygonum lapathifolium

Potamogeton crispus
Potamogeton lucens
Potentilla reptans
Ranunculus repens

Ranunculus sceleratus

Ranunculus trichophyllus

Rosularia chrysantha
Rumex crispus
Rumex patientia
Quercus cerris
Quercus coccifera
Quercus libani
Sedum album

Sedum amplexicaule
Typha angustifolia

Table 8. Some suggested plants for The Sensory Garden

Latin name Sense Latin name Sense

Abelia grandiflora Smell Origanum spp. Smell and taste
Briza media Hearing Pelargonium spp. Smell and touch
Buddleia davidii Smell, sight Phlomis fruticus Touch

Celtis australis Taste Philadelphus spp. Smell

Celtis caucasica Taste Populus tremula Hearing

Celtis glabrata Taste Prunus spp. Taste

Cerasus avium Taste Phyllostachy bambusoides Hearing
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Table 8. (continued)
Latin name Sense Latin name Sense
Cupressus macrocarpa Smell and touch Punica spp. Taste
Cornus mas Taste Pyrus spp. Taste
Crateagus spp. Taste Rosmarinus officinalis Smell and taste
Cydonia spp. Taste Rubus “black satin * Taste
Eleagnus spp. Smell and taste Rubus idaeus Taste
Fragaria vesca Taste Salvia spp. Smell, taste and touch
Juniperus foetdissima Smell Santolina chamaecyparissus Smell
Laurus nobilis Smell and taste Syringa spp. Smell and sight
Lavandula officinalis Smell Stachys byzantina Touch
Lonicera spp. Smell Styrax officinalis Smell
Mentha spp. Smell and taste Sempervivum ispartae Touch
Morus spp. Taste Sempervivum pisidicum Touch
Nigella damascene Hearing Thymus spp. Smell and taste
Ocimum basilicum Smell and taste Tilia spp. Smell

Table 9. Some suggested plants for The Aquatic Garden

Latin name

Latin name

Latin name

Acer palmatum

Acer platanoides

Acorus calamus

Alisma gramineum
Alisma plantago-aquatica
Alnus glutinosa

Apium nodiflorum

Arum detruncatum var. detruncatum
Barbarea plantaginea
Bellis perennis

Blysmus compressus
Calamagrostis pseudophragmites
Calla palustris

Canna indica

Carex halleriana

Carex muricata

Carex otrubae

Carex riparia
Ceratophyllum demersum
Cortaderia selloana
Crenosciadum siifolium
Cyperus longus

Cyperus rotundus
Dactylorhiza saccifera
Eleocharis uniglumis
Epilobium hirsitum
Epilobium minutiflorum
Equisetum arvense

Equisetum ramossissium

Geum urbanum
Groenlandia densa
Iris pseudacorus
Isolepis setacea
Lemna gibba

Linum catharticum
Lysimachia punctata
Lythrum salicaria
Melica penicillaris
Mentha spicata subsp.

tomentosa

Myriophyllum spicatum
Myriophyllum verticillatum

Nuphar lutea
Nymphaea alba
Oenanthe aquatica

Ornithogalum umbellatum

Phragmites australis
Phragmites communis
Platanus orientalis
Polyganum bellardii

Polyganum pulchellum
Polygonum amphibium

Polygonum bistorta su

bsp. bistorta

Polygonum lapathifolium

Potamogeton crispus
Potamogeton crispus
Potamogeton lucens

Potamogeton panormitanus
Potamogeton perfoliatus
Potentilla detommasii
Potentilla recta

Potentilla reptans

Primula auriculata
Prunella orientalis
Ranunculus gueneri
Ranunculus repens
Ranunculus sceleratus
Ranunculus sphaerospermus
Ranunculus trichophyllus
Ranunculus velutinus
Rumex crispus

Rumex patientia

Salix alba

Salix babylonica

Salix caprea ‘pendula’
Scirpoides holoschoenus
Scirpus lacustris

Tamarix parviflora
Tetragonolobus maritimus
Typha angustifolia

Typha domingensis
Utricularia vulgaris
Veronica anagallis-aquatica

Table 10. Some suggested plants for The Rock Garden

Latin name

Latin name

Latin name

Acantholimon ulinicum
Aethionema sp.

Alyssum aurantiacum

Anthemis cretica

Arabis caucasica subsp. Brevifolia
Arenaria sp.

Aster alpinus

Astragalus angustifolia
Aubrieta pinardii

Berberis crataegina

Berberis cretica

Campanula sp.

Cerastium banaticum
Cotoneaster nummularia
Daphne oleoides subsp. oleoides

Dianthus sp.
Erodium amenum

Erodium pelargoniiflorum

Festuca spp.
Fibigia eriocarpa

Genista lydia var. lydia

Glacium leicarpum
Hypericum ternatum
Inula heterolepis
Iberis sempervirens
Juniperus excelsa
Juniperus foetidissima
Marrubium sp.
Matthiola montana
Minuartia leucocephal

a

Onorbrychis cornuta
Onorbrychis hypargyrea
Pelargonium endlicherianum
Pinus mugo

Ranunculus brevifolius
Ranunculus cadmicus
Ribes orientale

Sedum spp.
Sempervivum ispartae
Sempervivum pisidicum
Silene compacta
Valeriana oligantha
Vavilovia formosa
Ziziphora clinopodioides

4. Conclusion except for some educational and scientific studies, for both
regional and national use.

Within the scope of this study, it is aimed to create a From all these suggestions,
botanical garden in Isparta in the Lakes Region in a real
sense. For this reason, a new design approach has been
foreseen with the plan decisions that will enable SDU

Botanical Garden, which is available, but not actively used

e The right to develop and manage SDU Botanical Garden
in order to be able to make structural and planting
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applications must be left to the SDU Rectorate, and the
inadequacy of financing should be resolved, in this regard,
the assistance and support of central and local authorities
should be provided.

A management group with different occupational
groups in the field should be established to start works.
Detailed structural and plant application sheets should be
drawn for each of the plant collections in the direction of
the concept plan generated from on-site observations.
Priority should be given to plants specific to the Lakes
Region in plant collections. Thus, the botanical garden
will gain an identity while providing economic and
ecological advantages.

In order to draw attention to the people to the botanical
garden and to raise awareness among the local people,
studies on the collection of medical aromatic plants,
geophyte plants, endemic and rare species which form the
focus of the garden and reflect the region should be
started.

Because of the success of germinating and short-term
results in geophyte plants, educational courses for the
public and students to participate should be opened for
some periods, garden exhibitions should be arranged and
introductions should be made to the universities,
municipalities and various institutions with introduction
brochures.

The public should be educated about the cultivation,
collection, storage, and consumption of medicinal and
aromatic plants in the region and training should be
organized in this regard.

Educational programs in the botanical garden should be
organized for the students in the primary and secondary
schools in the province, and contributions should be made
to the education of generations who love and protect
nature.

Thanks to the training and introductions given in the
botanical garden, a botanical garden, which is integrated
with the local people and adopted by the local people will
be created from the establishment stage.

As a result; in the new design approach, a new
circulation system has been developed which can be easily
reached by the users and increase the recognition of the
plant collection areas. In addition, the thematic areas that
increase the participation of users have been developed and
the area has become more usable. In this context, Siileyman
Demirel University Botanic Garden will be an important
value for Turkey in terms of introducing and preserving
plant diversity, conducting scientific research and
educational activities, and responding to recreational needs.
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gegmemelidir. Konu bagliklar1 1., 1.1., 1.1.1., seklinde
numaralandirilmalidir.

Dipnotlar: Metin igerisinde dipnotlardan olabildigince
kaginilmalidir. Cizelge ve sekillerde ise gerekli olmasi
halinde ilgili objenin altinda kullanilabilir.

Semboller ve kisaltmalar: Birim sembolleri Uluslararasi
Birimler Sistemine (The International System of Units; SI)
uygun olmalidir. Kisaltmalar ise metin icerisinde ilk gectigi
yerde parantez i¢inde agiklanmalidir.

Kaynaklar: Metin iginde gecen kaynaklar yazarlarin
soyadlar1 ve yaym yili ile birlikte verilmelidir (Ornek:
Oliver vd., 1996; Geray, 1998). Metin sonundaki kaynaklar
once alfabetik sonra kronolojik siraya gore siralanmalidir.
Bir yazarin ayni yilda birden fazla yayinina atif yapilmissa,
bu kaynaklar yayin yilindan sonra gelecek a, b, c...
harfleriyle ayrilmahdir (Ornek: Jensen, 1998a; 1998b;
1999). Kaynaklar hakkinda detaylar igin Ek 1’e bakiniz.

Cizelgeler ve sekiller: Biitin ¢izelge ve sekiller (grafik,
fotograf, harita vb.) metin igerisinde atif siralarmma gore
ardigtk olarak numaralandirilmali  ve metnin  sonuna
eklenmelidir. Cizelgelerin iizerinde ve sekillerin altinda
basliklar1 yer almalidir. Cizelge ve sekiller miimkiin oldugu
kadar sade olmali, igerilerindeki metin, rakam, sembol vb.
unsurlar net olarak goriintir ve anlagilabilir olmalidir.
Sekiller en az 300 dpi ¢oziinirliigiinde ve 8.15 ya da 17 cm
genigliginde  hazirlanmalidir.  Sekillerde  kullanilan
karakterler Times New Roman yazi tipinde ve 8 punto
biiyiikliigiinde olmalidir.

Makalenin gonderilmesi: Dergimizin tiim hakemlik ve
yayincilik faaliyetleri online olarak DergiPark Akademik
tizerinden yiriitilmektedir. Yazarlarin oncelikle dergimize
“kayit” olup sisteme “giris” yaptiktan sonra, makaleleri ile

copyright transfer form”.

birlikte “ist vaz1 ve telif devir” formunu sisteme
yiiklemelidirler.



http://dergipark.gov.tr/tjf
http://dergipark.gov.tr/register
http://dergipark.gov.tr/login
http://dergipark.gov.tr/uploads/files/04c3/c1c0/408c/585a183c6262a.doc
http://dergipark.gov.tr/uploads/files/04c3/c1c0/408c/585a183c6262a.doc
http://dergipark.gov.tr/tjf
http://dergipark.gov.tr/register/
http://dergipark.gov.tr/login
http://dergipark.gov.tr/uploads/files/04c3/c1c0/408c/585a183c6262a.doc

Appendix 1. References

In accordance with generally accepted principles; author,
publication year, title, publisher, page numbers and other
appropriate information should be given for each reference.

Electronic references: Ordinary internet sites sources with
limited credibility and permanence should not be used as an
electronic reference. If a publication exists in both print and
electronic versions, the print version should be preferred as
a reference.

If used, electronic sources should be treated as printed
sources; author, year of publication, title of the article or
web page, publisher’s name and place should be given. DOI
numbers should be included at the end if an online-only
publication is used as reference.

Ek 1. Kaynaklar

Genel kabul gormiis ilkelere uygun olarak, her bir yaymm
yazari, yayin Yyili, bashgi, yayincisi, sayfa numarasi ve
gerekli diger bilgileri verilmelidir.

Elektronik kaynaklar: Siradan bir internet sitesi gibi
giivenilirligi ve devamliligi siipheli olan elektronik
kaynaklar tercih edilmemelidir. Eger bir kaynagin hem
elektronik hem de basili hali mevcutsa, basili olan1 referans
gosterilmelidir.

Eger kullanilacaksa, elektronik kaynaklar da basih
kaynaklar gibi diisliniilmeli; yazar, yayin yili, makale veya
internet sayfasinin basligi, yayinci adi ve yeri verilmelidir.
Sadece cevrimigi yaym yapan dergilerde DOI numarasi da
kaynagin sonuna eklenmelidir.

Article in periodical journals / Periyodik dergilerde makale

Binkley, D., Stape, J.L., Ryan, M.G., 2004. Thinking about efficiency of resource use in forests. Forest Ecology and
Management, 193: 5-16.

Sarikaya, A.G., Fakir, H., 2016. The morphological and distribution areas characteristics of native Phlomis L. (Lamiaceae)
taxa in the Lakes District, Turkey. Turkish Journal of Forestry, 17(2): 85-93, DOI: 10.18182/1jf.45620.

Book / Kitap
Oliver, C.D., Larson, B.C., 1996. Forest Stand Dynamics. John Wiley and Sons, New York.

Geray, A.U., 1998. Ekonomi. Istanbul Universitesi, Orman Fakiiltesi, Yaym No: 3870/430, Istanbul.

Reference to a chapter in an edited book / Kitapta boliim

Little, C.H.A., Pharis, R.P., 1995. Hormonal control of tree stem growth. In: Gartner, B.L. (Ed.), Plant Stems: Physiology and
Functional Morphology, Academic Press, New York, pp. 281-319.

Alkan, H., 2007. Devlet orman fidanlik isletmeleri (DOFI)’nde maliyet yonetimi ve pazarlama. Yahyaoglu, Z., Geng M. (Ed.),
Fidan Standardizasyonu, Siilleyman Demirel Universitesi, Orman Fakiiltesi, Yayin No:75, Isparta, s. 493-548.

Thesis and dissertation / Tez

Gurlevik, N., 2002. Stand and soil responses of a loblolly pine plantation to midrotation fertilization and vegetation control.
PhD Dissertation, North Carolina State University, NC, USA.

Ok, K., 1997. Aym1 yash ormanlarda kesim diizeninin ekonomik analizi. Doktora Tezi, Istanbul Universitesi, Fen Bilimleri
Enstitiisii, Istanbul.

Conference proceedings / Konferans bildirisi

Erkan, N., 2002. Growth performance of Turkish red pine (Pinus brutia Ten.) in natural forest and plantation in Turkey.
Proceedings of IUFRO Meeting: Management of Fast Growing Plantations, 11-13 September 2002, izmit, Turkey, pp. 67-74.

Erdin, K. , Sentiirk, N., Yesil, A., Kog, A., Selik, C., Yener, H., Yilmaz, Y., Atici, E., 1994. Nasil bir orman bilgi sistemi
(ORBIS)? 1.Ulusal Cografi Bilgi Sistemleri Sempozyumu, 18-20 Ekim 1994, Trabzon, s. 136-141.

Electronic reference / Elektronik kaynak

FAO, 2011. Fact and figures: Forest cover. Food and Agriculture Organization of the United Nations, Rome,
http://www.fao.org/forestry/28808/en/, Accessed: 22.12.2012.

OGM, 2015. Bal ormanlart. Orman Genel Midiirliigi, Odun Dist Uriin ve Hizmetler Dairesi Baskanligi, Ankara,
http://www.ogm.gov.tr/ekutuphane/Dokumanlar/Bal%200rmanlar%C4%B1.pdf, Erigsim: 06.03.2015.
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