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Fotogrametri Teknigi Kullanilarak Amit Agaclarin Dijital Belgelenmesi:

Mizik Cam Tabiat Anit1 Ornegi

Ahmet Uslu”
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Arastirma Makalesi

Oz — Dogal ve kiiltiirel mirasin yasayan temsilcileri olan anit agaglarin tespiti, tescili, korunmasi, gerceklige dayali
dijital belgelenmesi ve siirdiiriilebilir bir anlayisla gelecek nesillere aktarilmasi 6nem arz etmektedir. Anit agaglarin
gergeklige dayali dokiimantasyonunda fotogrametri teknigi giivenilir ve dogru bir yaklasim sunmaktadir. Bu
calismada, anit agaglarin korunmasi ve gorsellestirilmesi igin etkili ve diisiik maliyetli bir ara¢ olarak fotogrametri
teknigine dayah gercekei ve yiiksek dogrulukta ii¢ boyutlu (3B) modelinin olusturulmasi amaglanmugtir. Is akisi
Kiitahya ili, Domanig ilgesi, Domur Koyii’'nde yer alan Mizik Cami Tabiat Anitina uygulanmistir. Calismanin
sonuglari, anit agaclarin 3B dijital dokiimantasyonu ve analizi ¢aligmalarinda fotogrametri tekniginin dogruluk, hiz,
maliyet, verimlilik ve iriin ¢esitliligi acisindan bilyiik avantajlar sagladigmi goéstermistir. Calismada agiklanan
yaklasim kiiltiirel miras eserlerini daha erisilebilir ve kapsayici hale getirmek i¢in yeni firsatlar sunmaktadir.

Anahtar Kelimeler — Fotogrametri, kiiltiirel miras, anit agag, 3B model

Digital Documentation of Monumental Trees Using Photogrammetry
Technique: The Case of Mizik Pine Natural Monument

1Kutahya Dumlupinar University, Tavsanli Vocational School, Department of Architecture and Urban Planning, Kutahya, Turkey
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Research Article

Abstract — It is important to identify, register, protect monumental trees that are living representatives of natural and
cultural heritage, to transfer them to next generation with a digital documentation based on reality and a sustainable
understanding. The photogrammetry technique offers a reliable and accurate approach to the reality-based
documentation of monumental trees. In this study, it is aimed to create a realistic and highly accurate three-dimensional
(3D) model based on photogrammetry technique as an effective and low-cost tool for the preservation and visualization
of monumental trees. The workflow was applied to the Mizik Pine Natural Monument located in Domur Village,
Domanig district, Kltahya province. The results of the study showed that the photogrammetry technique provides
great advantages in terms of accuracy, speed, cost, efficiency and product diversity in 3D digital documentation and
analysis of monumental trees. The approach described in the study provides new opportunities to make works of
cultural heritage more accessible and inclusive.

Keywords — Photogrammetry, cultural heritage, monumental tree, 3D model
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1. Giris

Anit agaglar, yas, ¢ap ve boy bakimindan kendi tiiriiniin alisilagelmis Glgiileri iizerinde boyutlara sahip olan,
yorenin kiltiri ve tarihinde 6nemli yer tutan, insanligin ortak mirast olarak ge¢mis ile giiniimiiz ve gelecek
arasinda bag kurabilecek biiyiikliikte dogal dmre sahip tabiat varliklaridir (Asan, 1987). Doga tarihinin ve
kiiltiirel mirasin yasayan temsilcileri olarak ge¢misten giiniimiize ulasan anit agaglar, dogal zenginliklerimizin
basinda gelmektedir (Asan, 1991). Anit aga¢ arastirmalari, biyolojik kaynaklar, bitki dagilimi, ¢evresel
degisim, tiirlerin genetik 6zellikleri ve tarihi ve kiiltiirel mirasin incelenmesi agisindan biiyiik bilimsel degere
sahiptir (Briffa, 2020). Biiyiikk 6nemine ragmen anit agaclar hem dogal hem de beseri tehditler altinda yok
olma tehlikesiyle kars1 karsiyadir. Bu baglamda amit agaclarin tespiti, tescili ve gergeklige dayali dijital
belgelenmesi blylk 6nem arz etmektedir. Gergeklige dayali dokiimantasyon, objelerin olgiildiigi, 3B
modellendigi ve dijital ortamda saklandig1 bir uygulamadir (Remondino vd., 2010). Anit agaclarin gerceklige
dayali dokiimantasyonunda geometrik dogruluk bakimindan kullanim kolayligi, diisiik maliyet ve hassas veri
kalitesi saglayan popiiler yontemlerden biri fotogrametri teknigidir (Remondino vd., 2010).

Fotogrametri teknigi, iist tiste bindirmeli iki boyutlu (2B) goriintiilerden giivenilir, dogru ve ayrintili 3B
fotogercekci modelin Gretimi icin glcli bir yaklasim saglar (Remondino vd., 2010). Bu teknik, nesnenin
ozelliklerini nesneye temas etmeksizin 3B olarak yeniden olusturmayi saglayan bir yaklagim olmasi itibariyle
3B dijital dokiimantasyon uygulamalarinda siklikla tercih edilmektedir (Huang vd., 2015). Fotogrametri
teknigi hizli, verimli, ekonomik ve giivenilir veriler sagladigi i¢in kiiltiirel mirasin 3B dokiimantasyonu (Uslu
vd., 2016; Uslu, 2021; Uslu ve Uysal 2021), orman alanlarinin haritalanmasi (Liang vd., 2014; Rahlf vd.,
2017; Zhang vd., 2019), bireysel agaglarin 3B modellenmesi (Maravelakis vd., 2012; Uzun ve Giil 2017;
Torres-Sanchez vd., 2017), agag yiiksekligi (Zarco-Tejada vd., 2014; Wu vd., 2014; Zhou vd., 2020) ve tac
parametrelerinin (Diaz-Varela vd., 2015; Mohan vd., 2017) belirlenmesi g¢alismalarinda etkin bir teknoloji
olarak kullanilmaktadir. Fotogrametri teknigi kullanilarak agaglarin 3B modellenmesini konu alan ¢alismalarin
ana temalar1 asagida Ozetlenmistir. Maravelakis vd., (2012) Diinyanin en eski zeytin agaci olarak bilinen
Vouves Anitsal Zeytin Agacinin fotogrametri teknigine dayali olarak 3B modelini olusturmuslardir.
Arastirmacilar 3B dijital modeli optimize ederek anit agacin ayrintili rélove cizimlerini gergeklestirmisler ve
son olarak 3B yazici teknolojisi araciligiyla Vouves Anitsal Zeytin Agacinin baskisimni elde etmiglerdir. Uzun
ve Giil, (2017) Hareketten Olusum Fotogrametrisi (Structure from Motion / SfM) teknigi ile agaglarin 3B
modellenmesi olanaklarini arastirmiglardir. Dijital fotograf makinesi ile ¢ekilen fotograflar kullanilarak
Autodesk 123D Catch ve Agisoft PhotoScan yazilimlarinda agaclarin 3B dijital modellerini elde etmislerdir.
Elde edilen 3B dijital modeller 13 farkli kriter bazinda uzmanlarca degerlendirilmis ve Agisoft PhotoScan
yazilimi en uygun 3B aga¢ modelleme yazilimi olarak belirlenmistir. Torres-Sanchez vd., (2017) bir IHA
iizerine yerlestirilen diisiik maliyetli bir dijital kamera aracilifiyla elde edilen goriintiilere fotogrametrik
teknikler uygulayarak badem agaclarinin geometrik yapisini temsil eden 3B nokta bulutlarini olusturmuslardir.
3B nokta bulutlari, badem agaglarinin 3B 6zelliklerini (yiikseklik, alan ve hacim) karakterize etmek amaciyla
herhangi bir kullanicit miidahalesi olmaksizin nesne tabanli goriintii analizi (OBIA) algoritmast kullanilarak
analiz edilmistir. Arastirmada agiklanan yaklagimin, hassas tarim baglaminda aga¢ ve mahsul yonetimi
arasindaki baglantilari ilgili tarimsal-gevresel etkilerle anlamak i¢in 6nemli katkilar sagladigi belirtilmistir.

Literatiir taramasi neticesinde ililkemizde fotogrametri teknigi kullanilarak anit agaglarin 3B modellenmesi
alaninda yapilmis bilimsel bir arastirmaya rastlanilmamistir. Bu baglamda ¢aligmada, anit agaglarin dijital
olarak belgelenerek korunmasi ve gorsellestirilmesi i¢in etkili, diisiik maliyetli bir ara¢ olarak fotogrametri
teknigine dayal1 gercekei ve yiiksek dogrulukta bir anit agacin 3B modelinin olusturulmasi amaglanmstir.
Caligma, fotogrametri teknigi ile kiiltiir ve tabiat varliklarinin 3B modellenmesi alaninda ¢aligmalar yapan
arastirmacilara ulagsmay1 hedeflemekte, anit agaglarin korunmasi ve yonetimi, peyzaj planlamasi ve tasarimi
icin referans olusturabilecek bir yaklagim sunmaktadir. Calismada agiklanan yaklasim Kiitahya ili, Domanig
ilgesi, Domur Koyii’'nde yer alan Mizik Cami Tabiat Anitina uygulanmistir. Calisma dort boliim halinde
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diizenlenmistir. Girig boliimiintin (Bolim 1) ardindan, 2. bolimde Mizik Cami Tabiat Amitinin genel
ozellikleri, ¢alismada kullanilan materyaller ve ¢aligmanin yontemi sunulmaktadir. Boliim 3; fotogrametrik
degerlendirme, 3B nokta bulutu olusturma ve 3B modelleme uygulamalarini icermektedir. Son olarak Bolim
4’te ise; tartigma, calismanin sonuglari, oneriler ve gelecekteki ¢aligmalar belirtilmistir.

2. Materyal ve Yontem

2.1. Cahisma Alam ve Veri Kaynaklar

Calismada Kiitahya ili, Domani¢ il¢esi, Domur Koyii smirlari igerisinde yer alan Mizik Cami Tabiat Anitt
model olarak secilmistir (Sekil 1). Karagam tiiriinde Mizik Cami, Osmanli tarihiyle iligkisi bakimindan
oldukg¢a onemli anit agaglarimizdan biridir. Osmanli Devletinin kurucusu Osman Gazi'nin bebeklik besiginin
kuruldugu agac olarak rivayet edilmektedir. 876 yasindaki Mizik Cami, 1988 yilinda siddetli bir riizgar
neticesinde yikilmistir. Bursa Kiiltiir ve Tabiat Varliklarin1 Koruma Kurulu’nun 15.07.1988 tarih ve 83 sayili
karar1 geregi anit agac olarak tescil edilmistir. Ciirimeye yliz tutan aga¢ verniklenerek ve tizeri gati ile
kapatilarak koruma altma almmistir. 11.08 metre uzunlugundaki agac, kivrimlari, ahtapotu andiran yaygin
dallar1 ve doga harikasi estetik goriintiisii ile ziyaretcilerin ilgisini gekmektedir (URL-1).

PotN 7o o e wean
(g Ky

Sekil 1. Mizik Cami Tabiat Anit1 ve cografi konumu (URL-1)

Calismada materyal olarak, anit agacin fotograflarinin ¢ekiminde Samsung J7 model mobil telefon, agac
lizerinde belirlenen kontrol noktalarinin koordinat degerlerini 6lgmek igin Spectra Focus 6 reflektorsiiz
totalstation cihazi, fotogrametrik degerlendirme ve 3B modelleme i¢in lisansli Agisoft PhotoScan ve Autodesk
Meshmixer yazilimlar1 kullanilmastir. Tablo 1°de Spectra Focus 6 totalstation cihazinin teknik 6zellikleri yer
almaktadir.

Tablo 1
Spectra Focus 6 totalstation cihazinin teknik 6zellikleri (URL-2)
Ozellikler Deger
Isletim Sistemi Windows CE
Reflektorli okuma mesafesi 1.5 m 'den 3000 m ye kadar
Reflektorsiiz okuma mesafesi 200 m 'den 500 m ye kadar
Mesafe hassasiyeti (2+2ppm x D)mm
Batarya omr Siirekli mesafe/ag1 6l¢timiinde: 12 Saat
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Tablo 1
Devam ediyor
Ozellikler Deger
Olciim siiresi Hassas mod : 1.5 sn, Normal mod : 0.8 sn
Calisma sicakligi -20°C ile +50°C
Depolama sicakligi -25°C ile +60°C
Toz ve suya kars1 dayaniklilik 1P66
Bluetooth Var
Usb Var
2.2. Metot

Fotogrametri teknigi kullanilarak gerceklestirilen dijital belgeleme uygulamalari arazi ve biiro ¢aligmalarindan
olusmaktadir. Arazi ¢aligmalari; anit agaci ¢evreleyen lokal sistemde jeodezik bir agin olusturulmasi, resim
koordinat sisteminden arazi koordinat sistemine doniisiimiin gergeklestirilmesi amaciyla anit agag¢ tizerinde
kontrol noktalarinin belirlenmesi, belirlenen kontrol noktalarina iligskin koordinat degerlerinin (X, Y, Z) elde
edilmesi ve son olarak anit agacin tiim yonlerden fotograflarinin ¢ekilmesi islemlerini kapsamaktadir. Biiro
calismalar1 ise fotograflarin ve kontrol noktalarina ait koordinat degerlerinin dijital ortama aktarilmasi,
fotogrametrik degerlendirme ve 3B modelleme islemlerinden olugsmaktadir. Sekil 2° de ¢alismada uygulanan
is akig semasi gosterilmistir.

Planlama ve on hazirlik Programda genel ayarlarmn

yapilmasi
K.(!utrol u(_)ktal_a_u mm Fotograflarm eklenmesi
belirlenmesi ve dl¢iimii
C o Fotograflarin
Foripitazabic eslestirilmesi
Kontrol noktalarmin

programa girilmesi

Kamera ayarlarinin
yapilmasi

Yogun nokta bulutunun
olusturulmasi

3B kat1 ve dokulu modelin
olusturulmast

Sekil 2. Caligmanin is akis semasi (Celik vd., 2020)

2.3. Fotogrametri ve Hareket ile Nesne Olusturma (Structure from Motion/SfM)

Hareket ile nesne olusturma (SfM), 3B model iiretimi arastirmalarinda daha fazla esneklik ile 3B modelleme
prosedirini 6nemli 6lgiide kolaylastiran diigiik maliyetli fotogrametri teknigidir. SfM, oOrtiisen 2B goriinti
dizilerinden 3B modelleri tahmin etmek i¢in kullanilmaktadir. Kamera parametreleri hakkinda 6nceden bilgi
sahibi olmadan sirasiz ve heterojen goriintii kiimeleriyle basa ¢ikabilmesi nedeniyle son yillarda popiilerlik
kazanmistir (Westoby vd., 2012). SfM teknigi, fotograflarda ortak noktalar1 bularak ve bu ortak noktalar
eslestirerek calismaktadir. Sekil 3’te SfM algoritmasinin temel ¢alisma prensibi gdsterilmistir.
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Sekil 3. SfM algoritmasinin temel ¢aligma prensibi (URL- 3)

SfM siireci, goriintiilerdeki anahtar noktalarin (yani, ayirt edici kontrast veya dokuya sahip noktalar veya piksel
kiimeleri) otomatik olarak ¢ikarilmasiyla baglar. Anahtar noktalar tiim goriintiilerde tanimlanir ve ardindan yer
aldiklar1 goriintiler arasinda eslestirilir (Fonstad vd., 2012). Yeterli sayida goriintii ve anahtar nokta eslesmesi
saglandiginda SfM, kamera parametrelerini ve sahnenin seyrek bir 3B nokta bulutunu ayni anda hesaplamak
icin demet ayar1 gergeklestirir (Shum vd., 1999). Demet ayari, rastgele secilen eslesen anahtar noktalarin
dizilerinden elde edilen baglatma degerleri ve tamamlayici olarak kameralardan alinan parametreler
kullanilarak ¢oziiliir (Shum vd., 1999). Ardindan, SfM'nin ¢iktilari, yer kontrol noktalarina ve/veya kameradan
veya navigasyon cihazlarindan gelen verilere dayali olarak dlgeklenir ve cografi referansli hale getirilir (Iglhaut
vd., 2019). Son olarak SfM'den elde edilen kamera pozlari ve parametreler, MVS (Multi-View Streo)
algoritmalar kullanilarak yogunlagtirilmis bir nokta bulutu olusturmak i¢in uygulanir (Iglhaut vd., 2019).

3. Bulgular

3.1. Veri Toplama

Fotogrametri teknigi ile 3B modelleme igin planli bir sekilde jeodezik alim ve fotograf g¢ekimi
gerceklestirilmelidir (Remondino vd., 2010). Bu baglamda oncelikle anit agag {izerinde belirlenen kontrol
noktalarinin koordinat degerlerini elde etmek icin anit agaci ¢cevreleyen lokal koordinat sisteminde kapali bir
jeodezik ag olusturulmustur. Bu islemden sonra agag lizerinde homojen dagilimli 27 adet kontrol noktasi
belirlenmis ve bu noktalarin koordinat degerleri totalstation cihazi araciligiyla elde edilmistir. 17 adet kontrol
noktas1 3B dijital modelin koordinatlandirilmasinda, 10 adet kontrol noktasi ise 3B modelin konum
dogrulugunun analizi isleminde kullanilmak tizere tayin edilmistir. Kontrol noktalariin élgiimiinden sonra 13
MP ¢oziiniirliige sahip Samsung J7 mobil telefonun kameras1 kullanilarak kontrol noktalarmin tiim
fotograflarda goriiniir ve segilebilir olmasi kaydiyla anit agacin farkli agilardan ve bindirmeli olarak toplam
229 adet fotografi ¢ekilmistir.

3.2. Fotogrametrik Degerlendirme ve 3B Model Olusturma

Fotogrametrik degerlendirme ve 3B modelleme i¢in dncelikle 229 adet fotograf Agisoft Photoscan yazilimina
aktarilmistir. Agisoft Photoscan yaziliminda 229 adet fotografin tamami, 28,426 adet baglant1 noktasi ile
otomatik olarak hizalanmistir. Sekil 4’ te kamera konumlar1 ve yonleri gosterilmistir.
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Sekil 4. Kamera konumlari ve yonleri

3B modelin 6lgeklendirilmesi amaciyla arazi ¢aligmalari asamasinda koordinat degerleri dlgiilen 17 adet
kontrol noktasi nokta atmak suretiyle isaretlenmistir. Daha sonra kontrol noktalar1 ile birlikte Mizik Cami
Tabiat Aniti’nin sirasiyla 3B yogun nokta bulutu (Sekil 5) ve doku kapli 3B dijital modeli olusturulmustur
(Sekil 6).

Sekil 5. Mizik Cami Tabiat Anitinin 3B yogun nokta bulutu.
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Sekil 6. Mizik Cami1 Tabiat Anitinin 3B dokulu modeli

Dijital ortamda kaydedilen 3B kat1 model iizerinden obje biitiiniine ait istenilen yiikseklikte, istenilen sayida
yatay ve diisey kesitler, goriiniis ve planlar elde edilebilmektedir. Mizik Cami {izerinde ayrintili kesitlerin
iiretimi i¢in 3B dijital model “.obj” uzantili model dosyasi olarak kaydedilmis ve Autodesk Meshmixer
yazilimina aktarilmistir (Sekil 7).

Sekil 7. Mizik Cami Tabiat Aniti’nin boyutlar

3B model Autodesk Meshmixer yaziliminda optimize edilerek 2m, 4m, 6m ve 8m yiiksekliklerinde yatay ve
diisey kesitleri ortaya ¢ikarilmigtir (Sekil 8).
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Sekil 8. Farkl yiiksekliklerde detayli kesitler (A:2 m; B:4 m; C:6 m; D:8 m).

Mevcut verilere bagli olarak, rolove ¢izimleri ile Mizik Caminin istenilen bdlgeleri ayrintili olarak ¢izilebilir
ve Olgiilendirilebilir. Herhangi bir hasarin olusmast durumunda rélove 6lgiilerinden faydalanilarak, kesitlere
bagli hasar tespit paftasi olusturulabilir ve anit agacin aslina uygun restorasyonu saglanabilir.

3.3. Dogruluk Analizi

Belgeleme calismasi neticesinde olusturulan Mizik Cami Tabiat Anitinin 3B modeline yonelik konumsal
hatanin tespiti amaciyla dogruluk analizi yapilmistir. Dogruluk analizi, totalstation cihazi kullanilarak elde
edilen arazi koordinatlarinin ve 3B dijital model iizerinden alinan test verilerinin degerlendirilmesi ile
gergeklestirilmigtir. Koordinatlandirma igleminde kullanilmayan 10 adet kontrol noktasi test verisi olarak
secilmistir. Arazi ¢alismalar1 asamasinda totalstation cihazi ile Olciilen test verilerine ait koordinatlar kesin
deger olarak kabul edilmistir. Test verilerinin kesin koordinat degerleri, 3B dijital model iizerinden elde edilen
koordinat degerleri ile karsilastirilarak, 10 adet kontrol noktasinin x, y, z yoniindeki karesel ortalama hatalar
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hesaplanmigtir. Tablo 2°de test verilerine iligskin kesin koordinat degerleri ve 3B dijital model iizerinden elde
edilen koordinat degerleri gosterilmistir.

Tablo 2

Test verilerine iliskin kesin koordinat degerleri ile 3B dijital model iizerinden elde edilen koordinat degerleri
Nokta Kesin Koordinat Degerleri (X) 3B Dijital Model Uzerinden Elde Edilen
No Koordinat Degerleri (L)

X (m) Y (m) Z(m) X (m) Y (m) Z(m)

2 501.171 500.479 494.463 501.158 500.470 494.448
3 503.102 501.061 493.459 503.114 501.069 493.452
4 499.378 500.527 494.502 499.362 500.514 494511
8 495.131 502.059 494.392 495121 502.048 494.405
6 495.095 499.447 496.575 495.090 499.459 496.568
10 500.294 501.409 492.236 500.285 501.417 492.245
15 495.992 502.333 492.583 495.981 502.328 492.587
16 502.335 501.090 493.630 502.344 501.080 493.641
20 497.864 501.268 492.515 497.850 501.257 492.530
23 494.264 502.771 489.934 494.271 502.763 489.944

3B dijital model iizerinden elde edilen ait koordinat degerlerinden (L), totalstation cihaz ile 6l¢iilen (kesin
deger) koordinat degerlerinin (X) farklar alinarak Esitlik 3.1 yardimiyla hata degerleri hesaplanmistir. Tablo
3’te hata ve hatalarin karesine iliskin degerler gosterilmistir.

V=L-X (3.2)
Tablo 3
Hata ve hatalarin karesine iligkin degerler

Nokta No Vi Farklar (mm) Vi Vi Farklarin karesi (mm?)

VX Vy Vz VX VX Vy Vy VzVz

2 -13 -9 -15 169 81 225

3 12 8 -11 144 64 121

4 -16 -13 9 256 169 81

8 -10 -11 13 100 121 169

6 -5 12 -7 25 144 49

10 -9 8 9 81 64 81

15 -11 -5 4 121 25 16

16 9 -10 11 81 100 121

20 -14 -11 15 196 121 225

23 7 -8 10 49 64 100

3B dijital modelin x,y,z koordinatlarinda ortalama konum hatas1 farklarin karesi (ViVi) ve nokta sayisi (n)
dikkate almarak Esitlik 3.2 yardimiyla hesaplanmistir. Tablo 4’ te 3B dijital modele yonelik dogruluk
arastirmasi sonuglari gosterilmistir.

m=+= f% (3.2)
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Tablo 4

3B dijital modele yonelik dogruluk arastirmasi sonuglari
Karasel Ortalama Hata (mm)
n mx my mz mxyz
10 11.65 10.29 11.48 19.33

n: Nokta sayisi, mx: X koordinatinda karesel ortalama hata, my: Y koordinatinda karesel ortalama hata
mz: Z koordinatinda karesel ortalama hata, mxyz: x,y,z koordinatlarinda ortalama hata

Dogruluk analizi sonucunda 3B dijital modelin X yoniindeki karasel ortalama hatasi 11.65 mm, Y yoniindeki
karasel ortalama hatas1 10.29 mm, Z yoniindeki karasel ortalama hatas1 11.48 mm ve x,y,z koordinatlarindaki
ortalama konum hatasi £+ 19.33 mm olarak bulunmustur.

4. Tartisma, Sonuc ve Oneriler

Modern dijjital ¢agin 6nemli bir bileseni olan 3B modelleme teknolojisi, kiiltiirel mirasin belgelenmesi,
korunmasi, yeniden ingasi, 3B baskilarinin olusturulmasi ve sanal ortamlarda gorsellestirilmesi gibi farkl
amagclar i¢in 6nemli bir ilgi odag1 haline gelmistir. Bu ¢alismada anit agaclarin, fotogrametri teknigine dayal
olarak diisiik maliyetli bir 6l¢iim ve yiiksek ¢ozlniirliiklii dijital 3B modellerin elde edilmesini saglayan bir
yaklasim sunulmustur. Is akis1 Kiitahya ili, Domanig ilgesi, Domur Kéyii’'nde yer alan Mizik Cami Tabiat
Anitina uygulanmis ve anit agacin 3B dijital modeli yersel fotogrametri teknigi ile diisiik maliyet, yliksek
¢Oziiniirlik ve £19.33 mm konum dogrulugunda olusturulmustur. Dogruluk analizi sonuglar1 dikkate
alindiginda 3B dijital modelin, koruma uzmanlarca gerceklestirilebilecek restorasyon caligmalarinda ve
zamanla anit agac¢ {lizerinde meydana gelebilecek bozulmalarin belirlenmesinde referans bir altlik olarak
kullanilabilecegi diistiniilmektedir. Calismada veri kaynagi olarak akilli telefon ile ¢ekilmis fotograflar
kullanilmigtir. Akilli telefonlar nispeten ucuz, kiigiik ve taginabilirdir, bu da veri toplama verimliligini biiytik
0l¢iide arttirmaktadir. Bu baglamda c¢alisma iilkemizde bir ilki teskil etmekte olup, fotogrametri teknigi ile anit
agaclarin 3B modellenmesi lizerine ¢aligmalar gergeklestiren aragtirmacilara ulagsmayi1 hedeflemekte, anit
agaclarin korunmasi ve yonetimi, peyzaj planlamasi ve tasarimi igin bilimsel referans olusturacak bir ¢aligma
niteligindedir. Calismanin sonuglari, anit agaglarin 3B dijital dokiimantasyonu ve analizi ¢alismalarinda
fotogrametri tekniginin dogruluk ve iiriin ¢esitliligi agisindan biiylik avantajlar sagladigini, bununla birlikte
fotogrametrik yaklasimin farkli disiplinlere de ¢oziimler sunabilecegini ortaya koymustur.

Caligmada agiklanan yaklagim ve calismanin sonuglari dikkate alinarak gelecege yodnelik bazi Oneriler
getirilmistir:
e Mizik Cami Tabiat Anitinin dijital ortama aktarilarak kayit altina alinmasi, anit agacin gelecek nesillere

aktarilmasina ve ¢ok daha genis bir kitlelere tanitilmasina imkén saglayacaktir.

* Anit agac ilizerinde zamanla meydana gelebilecek deformasyonlarin tespitinde ve koruma uzmanlarinca
gergeklestirilecek restorasyon ¢alismalarinda fotogrametri teknigine dayali 3B dijital modelin referans
veri olarak kullanilabilecektir.

» Fotogrametik dijital modellerin, 3B sanal ortamlara entegrasyonu saglanarak kiiltiirel miras eserleri daha
erigilebilir ve kapsayici hale getirilebilecektir.

Gelecek galigmalarda kiiltiirel mirasin artirtlmis gergeklik, sanal gergeklik, web tabanl gorsellestirme ve 3B
baski teknolojilerine entegrasyonun saglandigi uygulamalar gergeklestirilecektir.
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1. Giris

Orman yollart; tiretilen odun hammaddesinin taginmasi, orman yanginlar ile miicadele gibi gorevleri yerine
getiren, bunun yam sira planlanmalar1 teknik, ¢evresel, sosyal ve ekonomik kosullar1 dikkate almay1
gerektiren miihendislik yapilaridir. Ayrica orman yol aglarinin tasarimi ve insasi, liretim operasyon planinin
en pahali ve en fazla zaman alan kismini1 kapsamaktadir (Sentiirk vd., 2018). Ormanlarin teknik standartlara
gore olusturulmasi ve siirdiiriilebilir orman altyapisinin gelistirilmesi goz oniine alindiginda planlama ve
yonetim asamalarinda orman yollarina 6zel dnem verilmesi gerekmektedir (Eskandri ve Hosseini, 2013).
Orman yollarinin uzun siireli, emniyetli ve ¢evresel agidan saglikli bir sekilde hizmet vermesi ¢cok énemlidir.

Orman yanginlariyla miicadelede yollar; yangin emniyet yol ve seritleriyle birlikte kullanilan ana tesislerdir.
Yollarin 6zellikle yangina hassas olan bolgelerde siirekli agik tutulmasi gerekmektedir. Tek bir kapali yolun
bile ulasim sistemi iizerinde etkisi olmasmin yaninda ormancilikla ilgili diger sosyal faaliyetleri de
etkileyebilir (Kalantari ve Folkeson, 2013).

Orman yollari, ylizeyine gelen yagmur / kar sularindan ve yollarin karsilastigi akarsu havzalarindan gelen
sulardan etkilenir (Bayoglu ve Hasdemir, 1991). Yol yiizeyinin yagis suyu nedeniyle siirekli 1slak kalmas1 ve
bu suyun drenajimin saglanamamasi durumunda, Ozellikle odun iiretim faaliyetleri sonrasinda agir
kamyonlarin gegisi ile yol yiizeyinde biiyiik deformasyonlar meydana gelmektedir. Bunun yaninda, akarsu
gecislerinde drenaj yapilarinin yapilmamasi da yolun akarsu oniinde bir set olusturmasina ve yol dolgusunun
zamanla ¢okmesine neden olmaktadir. Biiz, menfez, kasis ve koprii gibi drenaj tesisleri, suyun tiim olumsuz
etkilerine kars1 orman yollarim korumayi saglamaktadir (Oztlrk, 2020).

Orman yollar1 boyunca yolun kii¢iik dere havzalarini kestigi yerlerde; genellikle dairesel kesitli hazir biizler,

sepet kulplu biizler, tabliyeli menfezler ve plak menfezler dere akimimin yolun altindan gegmesi igin yeterli
olmaktadir. Dere debilerinin artmasi ile bazt durumlarda ciftli bliz veya iki gozlii kutu menfezler insa
edilebilir. Bunlarin da yeterli ve ekonomik olmadigi durumlarda biiyiik menfezler ve kopriler insa
edilmektedir. Orman yollarinda kopriiler; dere akimina, kullanim sekline ve bir yolun gegici veya devamli
kullanilip kullanilmadigina gore dizayn edilir (Turton vd., 2009). Orman yollarinda kopriiler zamansal akisa
gore farkli malzeme ve tekniklerle yapilmistir. Ormancilik ¢caligmalariin yeni gelistigi donemlerde, akarsu
gecislerinde ahsap kopriiler kullanilmigtir. Teknolojinin ve malzeme bilgisinin gelisimine paralel olarak
zamanla kopriilerde kullanilan malzemeler de degisiklik gdstermistir. Giiniimiizde iilkemizde orman
yollarinda betonarme kopriiler yogun olarak tercih edilmektedir. Bunun yaninda diinya genelinde; ahsap,
celik ve portatif kopriiler de kullanilmaktadir.

Portatif kopriiler; iiretim alanlarinda siiriitiiciiler ve kamyonlarin dere yataklarindan gegisini saglamak
amaciyla ¢elik, lamine ahsap gibi malzemelerden insa edilmektedir. Lamine ahsap kopriiler iizerinden 18000
kg’a kadar araclar gecebilmektedir (Taylor ve Murphy, 1992; Taylor vd., 1999). Portatif kopriilerin yapim
zamanlar1 olduk¢a kisadir. Bu kopriiller 10-15 m uzunlugunda birka¢ panelin yan yana konmasiyla
olusturulurlar (Sessions, 2007). Orman yollarinda kullanilan portatif ¢elik kopriiler ise dere yataginin her iki
tarafinda hazirlanan anrosman alanlan iizerine yerlestirilmektedirler. Kiigiik dere yataklarinda ayrica bir
koprii ayagi insa edilmeye gerek duyulmamaktadir. Celik prefabrik levhalar bu anrogmanlar {izerine
oturtularak araclarin gecisine olanak saglanmaktadir. Celik betonarme kopriiler lizerine ayrica ahsap kaplama
da yapilabilmektedir (Jani, 2000).

Bu calismada Istanbul Orman Bélge Miidiirliigii, Vize Orman Isletme Miidiirliigii'nde yer alan bir orman
yolu {izerinde yapilan ¢elik betonarme karigimi koprii yapimi incelenmistir. Bu koprii {ilkemizde orman
yollar1 iizerinde ilk kez yapilan bir kdprii tiiriidiir. Bu agidan kopriiniin yapim teknigi, teknik yapisi, orman
yollarma uygunlugu ve kullanim1 incelenmis, yapilan ¢alismalar sonucunda gesitli sonug ve dneriler ortaya
konmustur.

2. Orman Yollarinda Kullamilan Képriiler

Orman yollarinda insa edilen hidrolik sanat yapilarindan dayanak ag¢iklig1 6,00 m’ye kadar olanlar menfez,
blyuk olanlar ise kopri olarak adlandirilir. Karayollarinda ise akarsu, yol ve benzeri engelleri agmak i¢in inga
edilen ve dayanak acikligi koprii ekseni boyunca 10 m’den biiyiik olan yapilara koprii denilmektedir.
Kopriiler; malzeme, mekanik sistem, kullanis, kiris sekilleri, plandaki durum ve hizmet siiresi yoniinden farkl
siniflara ayrilabilir (Tablo 1) (Erdas, 1997; Ozgelik, 1982).
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Tablo 1
Kopriilerin siniflandirilmasi

Insa edildigi malzemeye gore kopriiler
Ahsap kopriiler Tas kopriler Celik koprtler Betonarme kopruler

Mekanik sistemlerine gore kopriler
Basit tek aciklikli kopriiler Stirekli agiklikli kopriiler Kemer kopriler

Kullanis amacina gore kopriiler
Demiryolu kopriileri Kanal kopriileri Yaya koprileri

Plandaki sekillere gore kopriiler
Dik kopriler Verev kopriler Kavis kopriler

Hizmet siiresine gore kopruler
Gegici kopruler Devamli kopriiler

Tabliyeli kopriiler harglitag veya beton ayaklar iizerine oturtulan ahsap, betonarme veya ¢elik seklindeki
tasiyict elemanlardan olugsmaktadir. Koprii yapt malzemesinin se¢iminde; dayanak acikligi ve yiiksekligi,
istenen dayanma siiresi, dolgu derinligi, yapim ve bakim masraflar1 gibi durumlar goz 6niine alimir. Tiim bu
kriterler dogrultusunda segilen yapi malzemelerine gore mukavemet hesaplar1 yapilarak koprii insaati
gergeklestirilir (Bayoglu, 1997).

Orman yollar1 i¢in koprii ingaatlari ile ilgili olarak genel esaslar asagidaki gibi agiklanabilir:

a) Kopriiler yeterli yiikseklikte ve dayanak agikliginda olmak iizere; bir dere mecrasini gecerken
kopruyu kullanacak olan arag yiklerine mukavemet edebilmelidir.

b) Kopriilerin maliyeti diisiik olmalidir.
c) Kenar ayaklari saglam zemine oturmalidir.

d) Koprii ingaatlarinda maliyet, kdprii boyutlarina bagl oldugu i¢in miimkiin oldugunca, kopriiler dar
mecralara yapilmalidir. Bu sayede koprii kenar ayaklarinin birbirine yakin olmasit ve kopri
yiiksekliginin az olmas1 saglanmalidir.

e) Koprii serbest agikligt maksimum debiyi gegirebilecek biiyiikliikte olmalidir.
f) Kopri ingaatlarinda dere yataginin tabani degistirilmemelidir.

g) Orman yollarinda uygulanan kopriiler akarsuyun akis yoniine dik olarak yapilmali ve boylece koprii
ayaklarinin akarsu akis yoniine paralel olmasi saglanmalidir.

h) Yol eksenine dik olmayan verev kopriilerin inga maliyetleri yiliksektir. Ciinkii bu yapilarin kenar
ayaklar1 ve tasiyici elemanlar1 daha uzun olarak insa edilmek zorunda kalmaktadir.

i) Orman yolu lizerinde bulunan kurplarda kdprii insasindan miimkiin oldugunca kaginmak gerekir. Bu
tiir alanlarda ara ayak sayisinin daha fazla olmasi yaninda ara ayaklarda dis kenarin yiikseltilmesi
gerekmektedir.

j) Orman yollarinda kullanilan kopriilerde egim %5°i gegmemelidir.

Koprii tabliyesinin alt kotu ile yiiksek su seviyesi arasindaki hava payr kok ve kiitiik siiriikleyebilen
akarsularda belirli boyutlarda olmalidir (Bayoglu, 1997).

2.1. Koprii Altyapisi

Yol iizerine insa edilen bir kopriide altyapi; tabliyenin tizerine oturdugu mesnet bandi ile kenar ayaklari, eger
kullanilmigsa ara ayaklar, kanat, ricat duvarlar1 ve tiim bunlarin temellerinden meydana gelmektedir. Akarsu
lizerine yapilan kopriiniin toprak tarafinda bulunan iki ayaga “kenar ayak” ismi verilmektedir. Cok agiklikli
kopriilerde kenar ayaklar arasinda yer alan ayaklara “ara ayak” denmektedir. Kopriilerde karsilikli iki ayak

15



Bartin Orman Fakiiltesi Dergisi 2022, Cilt 24, Say1 1, Sayfa: 13-24

arasindaki uzakliga “serbest agiklik (L1)”, tasiyici elemanlarin dayanak noktalari arasindaki uzaklik ise
“dayanak agikligi (L)” olarak anilmaktadir (Sekil 1). Kopriilerde serbest agiklik debusenin tayin edilmesinde,
dayanak acikligi ise mukavemet hesaplarinda géz Oniine alinmaktadir. Serbest agikliklar ile ara ayak
kalinliklarinin toplami kopriiniin uzunlugunu belirlemektedir.

e L 55 T O e e
l ' = 1—--i---?--;;=-éﬁ”_”'"*’*’~*»~;%;_ e . L

Lsrrrait

Yol dolgusu

Dayanak Aciklik (L) Temel

Sekil 1. Dayanak aciklig1 ve serbest acikligin belirlenmesi

3. Materyal ve Metot

3.1. Materyal

Arastirma alani olarak Istanbul Orman Bélge Miidiirliigii’ne bagl Vize Orman Isletme Miidiirliigii’'nde yer
alan Kislacik Orman Isletme Sefligi sinirlari icerisindeki 341 kod nolu orman yolu iizerinde insa edilen ¢elik
koprii secilmistir (Sekil 2). Vize Orman Isletme Miidiirliigii, Kirklareli ili smirlar icindeki Vize ilgesinde
kurulmustur. Kuzeyi Karadeniz ve Demirkdy Orman Isletme Miidiirliigii, dogusu Karadeniz ve Tekirdag
Orman Isletme Miidiirliigii; batis1 ve giineyi Kirklareli Orman Isletme Miidiirliigii ile gevrilidir. Vize Isletmesi
27.58.43-28.14.65, Dogu Boylamlari, 41.44.59-41.71.01 Kuzey Enlemleri arasinda yer almaktadir.

Vize Orman Isletmesinin kuzeyi Istranca Daglarmin kaymn ve mese karisik yaprakli ormanlari ile kaplidir.
Bolge cografi ve iklim bakimindan Marmara Bolgesi i¢inde yer alir. Ancak; genis bir saha oldugundan ig
kisimlarda yazlar sicak, kislari i¢ kisimlar daha soguk, sahile bakan kisimlar i¢ kisimlara nazaran ilimandir
(URL 1). Bolgenin yillik toplam yagis miktar1 580.3 mm olup, yillik en yiiksek sicaklik verisi 42,5 °C, en
diisiik sicaklik ise -15.8 °C°dir (URL 2).

3.2. Metot

Kislacik Orman Isletme Sefligindeki 341 nolu orman yolu iizerinde yapilan koprii insaat; orman yolu ile
Urgaz Deresinin kesistigi yerde planlanmis ve inga edilmistir. Havzanin sularini toplayan Urgaz Deresi yil
boyunca akan bir deredir. Bu akarsu yatagi ile kesisen orman yolunun akarsu yatagina dogru gelis egimi %13
olup, akarsudan ¢ikis egimi %14 diir. Akarsu yataginda yer alan kopriiye dogru gelis ve ¢ikis egimleri orman
yollar1 i¢in kabul edilebilir egim sinirlar1 disinda (%2 - %8) kaldig1 igin bu yolu 6zellikle agir tonajl araclarin
kullanimi oldukg¢a zordur. Bu amagla orman yolunun akarsu ile kesistigi yerde; tilkemizdeki orman yollarinda
ilk defa yapimi gergeklestirilen ¢elik koprii ve kopriiniin yaklagim dolgular1 yolun egimini istenen smirlar
igerisine ¢ekmistir.

Kopriiniin temel ve ayaklar1 betonarme olarak insa edilmistir. K&pril {ist yapisini olusturan tagiyici elemanlar
ViaCon firmasinm imal ettigi SuperCon celik yapilar ile yapilmistir. Koprii bir yandan betonarme diger
yandan da celik kemer koprii olarak adlandirilabilir. Bundan dolay1 orman yollarinda ilk defa kullanilan bu
yapi1 teknigine hibrit koprii ismi de kullanilabilir. Caligmada orman yolu iizerinde yapilan bu ¢elik kdpriiniin
tlm yapim agamalari incelenmis ve uygulanan bu koprii tipinin orman yollarina uygunlugu arastirilmstir.
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Sekil 2. Arastirma alani

4. Bulgular

Kislacik Orman Isletme Sefligi sinirlar1 icerisindeki 341 kod nolu orman yolunun akarsu havzasina dogru
gelen egimi %13 olup, akarsuyu gegtikten sonra yol sirta dogru %14 egimle yiikselmektedir. Akarsu yatagi
siirekli su tasiyan bir yapida olup, bu haliyle araglarin giivenli gecisi miimkiin degildir (Sekil 3). Ayni
zamanda, yiiksek tonajl araglar; kdprii yapilmadan 6nce egimi yiiksek bu orman yolunu kullanamamustir.

oy

Sekil 3. Celik koprii yapim yenin ingaat Oncesi gorintusu

Bu orman yolu iizerinde planlanan ve inga edilen gelik kopriiniin yapimi farkli asamalardan olusmustur.
Oncelikle temel ve kdprii ayaklar: betonarme olarak insa edilmistir. Képrii temelinin uzunlugu 8,70 m,
genigligi 4,00 m ve temel yiiksekligi 1,00 m olarak inga edilmistir. Temelin alt kismina 0,10 m yiiksekliginde
temel alt1 tesviye betonu atilmistir. Temel iizerine inga edilen betonarme ayaklarin uzunlugu 7,60 m, genisligi
0,60 m ve yiksekligi 4,60 m olarak yapilmistir. Kenar ayaklarmin hazirlanmasinda akarsu yatagi
degistirilmemis ve akarsu yatagina uygun bir sekilde kenar ayaklari yerlestirilmistir. Kenar ayaklar
betonarme olarak hazirlanmasi esnasinda i¢ kisimlarma dolgudan gelen suyun drenaji agisindan barbakanlar
yapilmistir. Kenar ayaklar bitirildikten sonra betonu suyun etkisinden korumak igin tizeri bitiimlii malzeme
ile kaplanmistir (Sekil 4). Celik kopriide alt yapiyr olusturan bdliimlerin kesiti detayli olarak Sekil 5’te
gosterilmistir. Celik koprii ile ilgili olan tiim boyutlandirma ve genel bilgiler Tablo 2’de verilmistir.
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@ - Beton kalitesi - C40/50 (1)

Sekil 5. Celik kdpriiniin betonarme temel ve kenar ayaklari

Betonarme kenar ayaklar tamamlandiktan sonra 0,60 m genisligindeki kenar ayaklarinin tam orta kismina
0,18 m genisliginde ¢elik U profiller monte edilmistir. Bu ¢elik profiller kdprii {ist yapisini olusturacak olan
SuperCor ¢elik yapinin betonarme kenar ayaklar lizerine monte edilmesi amaciyla yapilmaktadir. Bu ¢elik
yapt korilige bir sekilde imal edilmistir. Celik kalinligt 6 mm olup, koriige yapinin iizeri galvaniz ile
kaplanmistir (Sekil 6).

762
381 381

140

190,5 190,5 190,5 190,5 [mm]
838

Sekil 6. Kortige ¢elik yap1 ve betonarme ayak iizerine monte edilmesi

18



Bartin Orman Fakiiltesi Dergisi

2022, Cilt 24, Say: 1, Sayfa: 13-24

Tablo 2

Celik koprii boyutlari
Kopru Bilgileri Miktarlar
Koprii Ust Yap: Bilgileri
Koprii kaplama uzunlugu (m) 48,70
Koprii genisligi (m) 7,70
Koprii platform genisligi (m) 7,00
Dayanak agiklig1 (m) 17,00
Serbest aciklik (m) 16,40
Koprii bordiir genigligi (m) 0,35
Kopru bordir ortalama yiiksekligi (m) 0,25
Koprii yiiksekligi (m) 8,70
Koprii iistii boyuna egimi (%) 5
Koprti iist yapist dolgu yiiksekligi (m) 1,50
Yaklagim dolgularinin egimi (%) 2
Koprii giris yaklasim dolgusu uzunlugu (m) 77,10
Koprii giris yaklasim dolgusu ortalama genisligi (m) 15,0
Koprii ¢ikis yaklagim dolgusu uzunlugu (m) 43,10
Koprii ¢ikis yaklasim dolgusu ortalama genisligi (m) 10,0
Korkuluk yiiksekligi (m) 1,00
Koprii doseme kilit tasi boyutlari (uzun.xgen. x kal. (mm)) 200x160x80
Kopri dolgu drenaj borusu ¢ap1 (cm) 15,0
Tasiyic1 Celik Yapa Bilgileri
Koprii tagiyici elemani gelik yapinin kalinligi (mm) 6
Tastyic1 elaman ¢elik yapinin koriige boyutlari (mm) 381 x 140
Tasiyici gelik kaplama tipi Galvaniz
Celik ozelligi S355MC
Tasiyici gelik yapinin oturdugu celik plaka genisligi (mm) 180
Kopru Kenar Ayak Bilgileri
Kenar ayaklarinin yiiksekligi (m) 4,60
Kenar ayaklarinin uzunlugu (m) 7,60
Kenar ayaklarmin genigligi (m) 0,60
Temel Bilgileri
Temel yiiksekligi (m) 1,00
Temel uzunlugu (m) 8,70
Temel genisligi (m) 4,00
Temel alt1 tesviye beton kalinligi (m) 0,10
Toprakarme Bilgileri
Prekast cephe paneli yiiksekligi (m) 1,60
Prekast cephe paneli genisligi (m) 1,20
Kaya Blokaj Bilgileri
Koprii ayaklari koruma tas kaplama ort. yiiksekligi (m) 2,00
Koprii ayaklar1 koruma tas kaplama ortalama genisligi (m) 7,00

Koprii iist yapist olarak kullanilacak koriige ¢elik yapilar tek bir parca olarak degil farkli boyut ve agilarla
fabrikada hazirlanmis ve arazide monte edilmistir (Sekil 7). Celik kdpriiniin {ist yapisinin detayli bir kesiti
Sekil 8’de gosterilmistir. Celik koprii tist yapisinin sekli, akim acisindan ¢ok dnemlidir. 10, 25 ve 100 yil
tekerriir aralikli yagiglarin kopriiniin altindan sorunsuz gegebilmesi ve tehlike yaratmamasi i¢in bu yapi
teknigindeki kopriiniin kesit alan1 normal betonarme koprii kesit alanina yakindir. Yapilan hesaplamalarla
celik koprundn kesit alan1 113,10 m2, ayn1 akarsu ag¢ikligina betonarme bir koprii yapildigi diisiiniildiigiinde
bu betonarme kopriiniin kesitinin yaklasik olarak 124,00 m2 (17,00 m uzunlugunda, 7,30 m yiiksekliginde)

olacagi hesap edilmistir.
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Sekil 7. Galvanizli koriige ¢elikten ¢elik koprii tagiyict lamanlarln hazirlanmasi

Geotekstil kece min. 500g/m*

) [ bran PF yada HOPE 15mm F0cm tabakalar halinde
gﬂ.":;;”u"m a‘,’wz"m'“m Geofekstil kece min. 500g/m’ s;::;rm sgkgde a.ffb(:mef
) zemesi ile geridolgu
Olukly relik yapr SC-25NA DOrenaj Borusu
Yol iistyapisi @ i50mm

* + Yol dolgusu

" 4 4

. | . “ = . 3
1 .
- T g : 4/————“7
i P
4 a F‘) -

Sekil 8. Celik kopriiniin iist yapisinin detayli bir kesiti

ar

Tasiyict elemanlarin hazirlanmasindan sonra ¢elik kopriiniin sag ve sol tarafinda koprii genisligi kadar
toprakarme yapiy1 hazirlayabilmek igin prekast cephe panelleri ile koprii yaklagim dolgusunun yapilacagi
alanlar belirlenmistir. Orman yolunun mevcut egimi yiiksek oldugu ve bu egimin diisiiriilmeye ¢alisildig1 i¢in
koprii tabliye yliksekligine kadar dolgu yapilarak orman yolunun egimi diistiriilmiistiir. Koprii yaklagim
dolgusu ve ayrica kopriiniin ¢elik donatist iizerine yapilan dolgu; 30 cm kalinliginda tabakalar halinde ve
kopriiniin her iki yaninda simetrik olarak ayni zamanda yapilmistir. Tabakalar, silindir araciligiyla
sikigtirllmis ve dolgu malzemesi olarak yaklagik 12000,00 m3 malzeme kullanmildigi hesaplanmustir.
Kopriiniin tasiyict elemanlariin iizerinde 1,50 m yiiksekliginde dolgu yapilmis ve koprii yan yiizeyleri
prekast cephe panelleri ile kaplanarak dolgu giivenligi saglanmistir (Sekil 9).

Sekil 9. Toprakarme i¢in prekast cephe panellerinin ve koprii yaklasim dolgulari i¢in hazirlanmasi

Tiim bu ¢aligmalar bitirildikten sonra kdpriiniin iizeri beton kilit taglari ile kaplanarak kdprii yiizeyi ulasima
hazir hale getirilmistir. Celik kopriiniin kenarlar1 ortalama 0,25 m yiikseklik ve 0,35 m genisliginde bordiir
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ile yiikseltilmistir. Bordiirlerin iizerine 1,0 yiiksekliginde korkuluk yapilarak koprii giivenligi saglanmistir.
Korkuluklar ¢elik malzemeden yapilmistir (Sekil 10).

pr e

Sekil 10. Celik képrii

Celik kopriiniin iist kisminda tam orta noktadan boyuna olarak her iki yone dogru %5 egim verilmistir.
Kopriiniin kaplama uzunlugu 48,70 m ve platform genisligi 7,0 m’dir. Kopriiniin bir kenarindaki yaklagim
dolgusunun baslangigtan koprii girisine kadar olan mesafesi 77,10 m, diger tarafindaki yaklasim dolgusunun
uzunlugu ise 43,10 m olarak 6l¢iilmiistiir. Koprii ¢ikislarindan orman yoluna %2 egimle baglanilmistir. Diger
bir ifade ile kprii yapilmadan 6nce akarsuyun bir tarafindaki %13 egim ile diger tarafindaki %14 yol egimleri
%2’ye diisiiriilmiistiir. Egimin bu kadar diisiirebilmesi kdpriiniin kemer yapisinin yiiksekligine baglh olarak
koprii yaklasim dolgularinin yapilmasiyla saglanmustir.

Celik kopriiniin kenar ayaklarinin akarsudan gelen yagis sularindan ve su igerisindeki tasinti malzemeden
korunabilmesi i¢gin kenar ayaklarin 6niine tas blokajlar yapilmistir. Yapilan blokajdaki taslarin biyiiklikleri
0.40 — 1,20 m arasinda degismektedir. Kenar ayaklarmin korunmasi igin yapilan tas blokajlarin ortalama
uzunluklar1 7,0 m, ortalama yiikseklikleri ise 2,0 m’dir (Sekil 11). Celik kopriiniin kesiti Sekil 12°de
verilmistir. Ayni zamanda ¢elik kdpriiniin meveut durumu Sekil 13’de gosterilmistir. Glintimiizde kopri,
ulasima sorunsuz bir sekilde hizmet etmektedir. Yapim yil1 olan 2017 yilindan bu yana ¢elik kopriiniin alt ve
iist yapisinda herhangi bir deformasyon yasanmamustir.

Celik kopriiniin 2017 yilinda yapilan yaklasik maliyeti 439 521,00 TL olarak hesaplanmistir. Tirkiye
Cumhuriyeti Merkez Bankasi’nin 05.07.2017 tarihindeki doviz kuruna (1 $ = 3.5853 TL) gore hesaplanan
maliyet 122 590 $ olarak hesaplanmistir (URL-3).

TR
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Sekil 11. Képrﬁ-yaklaslm dolgusunﬁn ve tag blokaj larin hazirlanmasi
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Sekil 12. Celik kpriinin Kesit gorintiisii

Sekil 13. Celik kopriinin mevcut duru;nu

5. Sonug ve Oneriler

Ulkemizde orman yollarmin yeni yapildigi yillarda, kopriilerin insasinda uzun siire ahsap malzeme
kullanilmistir. Malzeme bilgisinin ve teknolojinin gelismesi ve ayni zamanda belli boyutlarda ahsap malzeme
tedarikinin gii¢liigi nedeniyle, uzun zamandir orman yollarinda betonarme kopriler yapilmaktadir.
Betonarme kopriiler; yapim kolayligi, uzun siireli hizmet vermesi, istenilen boyutta yapilabilmesi ve
dayaniklilig1 nedeniyle tercih sebebi olmaktadir. Bu ¢alismada insa edilen g¢elik koprii ise orman yollarinda
ilk defa kullanilan teknik ve malzeme se¢imi ile 6n plana ¢ikmaktadir.

Oncelikle makalenin konusunu olusturan kdprii, kemer koprii goriiniimiinde olup, tek bir malzemeden degil
betonarme ve celigin beraber kullanilmasi ile gelistirilmistir. Bu ¢elik koprii teknigi. karayollarinda son
yillarda kullanilmasina ragmen orman yollarinda ilk defa kullamilmistir. Ayaklarin betonarme olmasi suyun
yikicr etkisine kargt kopriiniin daha dayanikli olmasini saglamaktadir. Kemer seklindeki ¢elik yapi, koprii
kesit alanini arttirmaktadir. Bu durumda uzun vadede artabilecek debilerin kopriiye zarar vermesi Onlenmistir.
Tim bunlarin yaninda, orman yolu egimlerinin akarsu gegislerinde bu calisma alani gibi yiiksek oldugu
kesimlerde (%13 ve %14) kopriiniin kemer yapisi ile kazanilan yiikseklik sayesinde yaklasim dolgulart
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uzatilarak yolun egiminin diisiirilmesi saglanmistir. Bu durum dolgu miktarinin artmasina neden olmakla
birlikte; orman yolunun tiim araglar i¢in kullanilabilir olmasini saglamaktadir.

Bu ¢alismanin 15181nda asagidaki avantajlar ve dezavantajlar tespit edilmistir:

Uzun siiredir ormancilik c¢aligmalarinin fonksiyonlarina gére orman yollarinin standartlarinin
arttirilmasi giindemdedir. Orman yollarinin uzun siireli ve glivenli bir sekilde hizmet verebilmesi i¢in
celik kopriler gibi yeni yaklagimlarin uygulanmasi; farkli malzeme ve yapim tekniklerinin gelismesini
saglayacaktir.

Celik kopriiler, betonarme kopriilere gore daha kisa siirede yapilmaktadir.

Betonarme kopriilerde, tabliye tizerine dolgu yapilamadigindan, yiikseklikleri kadar yaklasim
dolgusunu karsilayabilirken, ¢elik kdpriilerde kemer yapinin iizerine de dolgu yapilarak kdpriintin iki
tarafindaki egimi diistirmek miimkiindiir.

Betonarme kopriilerin imalatinda betonda catlaklari 6nlemek igin sulama zorunlu iken; ¢elik
koprulerde sulama sorunu yoktur.

Celik koprtler betonarme kdprilere gore %10 daha maliyetli olmaktadir.
Celik malzeme ile 1-3 m agikliklarda kutu menfezler gibi sanat yapilar1 da insa edilebilir.

Celik kopriilerin kesit alanlar1, ayn1 boyuttaki betonarme kopriiye yaklasik olarak esittir. Betonarme
koprulerde tabliye ile ayaklarin birlestigi noktalarda kdse olusurken; ¢elik kopriilerin kemer seklinden
dolay1 kose bulunmamaktadir. Bdylece akarsuyun tasidigi kok, kiitiik, tas ve kaya gibi siiriintii
materyal kopriiye takilmadan rahatlikla gegmektedir.

Celik koprilerde kemer yapidan dolay1, betonarme kopriiye gore daha fazla hava pay1 kalmaktadir.

Betonarme kopriilerin kullanima gegmesi i¢in betonun en az 28 giinliik prizlenme siiresi beklenmesi
gerekirken; celik kopriilerde imalat bittigi anda kullanim miimkiindiir.

Betonarme koprilerde sicakligin sifirin altina diistiigi giinlerde don tehlikesine kars1 6zel ve maliyetli
yontemlerle insaata devam edilebilir iken; g¢elik kopriilerde dondan etkilenmeden insaata devam
edilebilmektedir.

Deprem yiikleri altinda ¢elik kopriiler daha fazla esneyerek, yikilmadan hizmet ederken; betonarme
kopriiler daha rijit oldugu igin yikilabilmekte, ya da esas kirisler ayaklarin tizerinden kayarak tabliyeyle
birlikte yere diisebilmektedir.

Betonarme kopriilerin imalatinda; 20 metreyi gecen agikliklarda; prefabrik 6n gerilmeli esas kiriglerin
orman yolu giizergahlarinda yer alan dar kurplardan taginarak kopriiye getirilmesi miimkiin degilken;
celik kopriiler modiiler yapida oldugundan tagima sorunu yoktur.

Celik kopriiler modiiler yapida oldugundan ¢iiriiyen, deforme olan malzeme sokillp yenisiyle
degistirilebilirken; betonarme kopriilerde catlayan bir esas kiristen dolay1 tiim iist yapinin yenilenmesi
gerekmektedir.

Betonarme kopriilerde tiim yiik esas kirigler vasitasiyla ayaklara binerken; ¢elik kopriilerin kemer
yapisi ve iizerine gelen dolgudan dolay: yiik, yaklasim dolgularina aktarilir.
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Oz — Canli bitki ve tohum ticareti, yabanc1 orijinli istilact tiirlerin farkli iilkelere kolaylikla tasinmasi ve yerli istilaci
tiirlerin farkli besin kaynagina ulagmasi yonleriyle 6nemli ekolojik sorunlardan biri haline gelmektedir. Diizce ili
merkezinde park ve bahgelerde bulunan peyzaj diizenlemelerinde ¢okga kullanilan egzotik tiirlerden biri olan Picea
pungens (Engelm)’lerde 2020-2021 yillar1 arasinda kurumalar oldugu tespit edilmistir. Zarar goren agaglarda
incelemeler yapilarak kabuk kisimlari ¢ok derin olmayacak sekilde bir bigak yardimiyla kaldirilarak kilitli naylon
buzdolab1 posetlerine konulmus ve laboratuvara getirilmistir. inceleme siirecince zarar géren agaglarin fotograflari
cekilmistir. Laboratuvara getirilen boceklerin teshis islemleri ilgili kaynaklara bakilarak gergeklestirilmistir. Picea
pungens, bu caligmayla Biiyiik géknar kabuk bocegi Pityokteines curvidens (Germ.)’in konukgusu olarak Turkiye’de
ilk kez tespit edilmistir. Pityokteines curvidens, park ve bahgelerde siis bitkisi olarak kullanilan Picea pungens’lerde
onemli bir zararli olma potansiyeli tasimaktadir. Bu nedenle, Pityokteines curvidens’e yonelik tarama faaliyetlerinin
devam edilmesi ve koruyucu dnlemlerin alinmasi gerekmektedir.

Anahtar Kelimeler — Diizce, Pityokteines curvidens, Picea pungens

First Record of the Silver Fir Bark Beetle Pityokteines curvidens (Germ.)
on Blue Spruce (Picea pungens Engelm.) in Turkey

Article History

Received: 15.10.2021
Accepted:  10.01.2022
Published:  15.04.2022

Research Article

¥Duzce University, Faculty of Forestry, Department of Forest Engineering, 81620, Duzce, Turkey

Abstract — Live plant and seed imports are becoming one of the important ecological problems in terms of
transportation of non-native invasive plant pest species to different countries and the reach of native invasive pest
species to different food sources. It has been observed drying on one of the exotic species Picea pungens (Engelm)
that is used as ornamental plants in city parks and gardens in Dlzce between 2020-2021. Damaged trees were observed
and the bark parts were removed with a knife, placed in locked bags and brought to the laboratory. Photos of damaged
trees were taken. Identification of insects was carried out. This is the first report of Pityokteines curvidens (Germ.) on
Picea pungens from Turkey. Pityokteines curvidens has a potential to be an important pest on Picea pungens which
used as an ornamental plant in parks and gardens. Therefore, periodic monitoring of the population of Pityokteines
curvidens should be continued and preventive measures should be taken.
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1. Giris

Kabuk bocekleri diinya genelinde oldukca genis yayilisa sahip, igne yaprakli ve bazen de genis yaprakli agac
tirlerinde zarar yapan 6000’den fazla tanimlanmuis tiir sayisi ile Coleoptera takiminin en kalabalik bécek
gruplarindandir (Eroglu vd., 2005; Hlasny vd., 2019).

Scolytinae (Coleoptera: Curculionidae) alt familyasinin {iyesi olan bu zararli grubu bitkilerin odunlagmis
kisimlarinda (Canakgioglu ve Mol, 1998), 6lmiis agaglarda ve stres kosullar1 altinda direng mekanizmasi
zayiflamis olan canli agaclarda kolonize olmaktadirlar (Hlasny vd., 2019).

Kabuk boceklerinden kaynakli ekonomik kayip oranlari azimsanmayacak biiyiikliiktedir. Ornegin,
Dendroctonus frontalis (Zimmermann, 1868)’in 1977-2004 yillar1 arasinda Amerika’nin giineyindeki kereste
ticaretinde yaklasik 375 milyon dolarlik ekonomik kayba neden oldugu tahmin edilmektedir (Pye vd., 2011).
Cek Cumhuriyeti’nde 1993-1995 yillar arasinda yiiksek sicakliklardan kaynakli asir1 kuraklik nedeniyle
goknar agaglarinda ekonomik kayip meydana geldigi tespit edilmistir (Urban, 1994). Elde edilen verilere gore
kabuk bocekleri zararindan dolay1 kereste kaybi 1993-1995 yillart arasinda 9,000 m* olarak belirtilmistir.
Yapilan bir arastirmaya gore Avrupa’da 1950-2000 yillar1 arasinda meydana gelen agag 6liimlerinin % 8’ine
Ips typographus (Linnaeus, 1758)’un neden oldugu bildirilmistir (Schelaas vd., 2003). Simiilasyon modelleri
ile bu zararin 6ntiimiizdeki 100 y1l igerisinde kiiresel 1sinmanin da etkisiyle beraber Avrupa ormanlarini daha
fazla etkileyecegi tahmin edilmistir (Seidl vd., 2008). Bir bagka ¢alismada Amerika’nin Kolorado eyaletinde
Dendroctonus ponderosae (Hopkins, 1902)’nin neden oldugu ekosistem hizmetleri kaybinin yaklasik 140
milyon dolar oldugu tahmin edilmektedir (Cohen vd., 2016). En tehlikeli kabuk bdoceklerinden olan
Dendroctonus micans (Kug.)’mn, 1963 yilinda Giircistan’da 100.000 ha’dan fazla Picea orientalis (L.) Link.
mesceresine zarar verdigi bilinmektedir (Khobakhidze, 1967). Ulkemizde ilk kez 1966 yilinda tespit edilen
D. micans Dogu Karadeniz Boélgesi’'nde yaklasik 250,000 ha saf ve karisik ladin ormanini etkilemistir
(Canakcioglu ve Mol, 1998; Akinci vd., 2003). Artvin ormanlarinda 1992-1995 yillar arasinda D. micans’a
yonelik yapilan sorveylerde agaglarin yaklagik %36’°sinin bu zararh tarafindan istila edildigini gostermistir
(Eroglu, 1995). 1999-2002 yillar1 arasinda Slovenya’nin giiney bolgelerinde kabuk bocegi (I. typographus,
Pityogenes chalcographus (Linnaeus & C., 1760), Pityokteines spinidens (Reitter, 1894), Pityokteines
curvidens (Germ) ve Cryphalus piceae (Ratz.) popiilasyonlarinin artmasiyla birlikte agac¢ kesimlerinin de
artt1g1 rapor edilmistir (1999 yilinda; 102,590 m3, 2000 yilinda; 118,843 m3, 2001 yilinda; 132,732 m3, 2002
yilinda; 169,382 m3) (Titovsek, 1994; Anonim, 2002; Jurc vd., 2004).

Ormanlar {izerinde zarar yapan ve 6énemli ekonomik kayiplara neden olan boceklerden biri de Biiyiik goknar
kabuk bocegi (P. curvidens)’dir (Knizek, 1998; Sarikaya ve Avci, 2011). Ulkemizde esas olarak goknar
(Abies Mill., 1754) agaglarinda zarar yapmakla birlikte (Canakgioglu ve Mol, 1998) Cedrus sp. Duham.,
Pinus nigra Arnold ve P. brutia Ten.’da zararli oldugu tespit edilmistir (Wichmann, 1924; Schimitschek,
1937, 1944; Alkan, 1946; Defne, 1954; Canak¢ioglu, 1956; Bescgeli, 1969; Tosun, 1975; Sekendiz, 1982). P.
curvidens, 2002-2003 yillarinda Bolu ve Aladag Orman Isletmesi goknar ormanlarinda yiiriitiilen ¢alismada
etkin zarar yapan goknar kabuk bdceklerinden biri olarak rapor edilmistir (Serin vd., 2005). Sekonder zararl
olan bu tiir, kolaylikla ¢ogalarak primer zararli hale gelebilmektedir (Canakgioglu ve Mol, 1998; Toper,
1999). P. curvidens ilk kez 1929 yilinda Ayancik Orman Isletmesi Inatli ve Kepez Isletme Sefliklerinde
60,000 m? liikk gbknar odun serveti kaybina neden olarak yayilis alanin1 genisletmeye baslamistir (Defne,
1954; Toper, 1999). Zonguldak Orman Boélge Miidiirliigiinde 1995-1996 yillarinda 36,000 ha alanda 211,807
m? hasar meydana getirdigi rapor edilmistir (Toper, 1999).

P. curvidens genis bir ekolojik yelpazeye sahip olmakla birlikte 6zellikle orta Avrupa’da Abies alba (Mill.)
ve diger igne yaprakli tiirlerin yayilis yaptigi alanlarda tespit edilmistir. Abies cephalonica (Loudan) (Schedl,
1967), Abies nordmanniana (Stev.) Spach. (Schimitschek 1944), Abies borisii regis (Mattf.), Abies
bornmilleriana (Mattf.), Abies cilicica (Antoine et Kotschy) gibi bircok goknar tiiriinde bulunmustur (Schedl,
1959; Chararas, 1978; Sarikaya ve Avci, 2002). Ayrica, Japonya (Murayama, 1954; Nobuchi, 1974), Arjantin,
Giiney Afrika ve Gronland’da yayilis yaptig bilinmektedir (Kleine, 1913; Bruch, 1914).

Pityokteines cinsinin ¢ogu tiirii goknar iizerinde bulunurken, bir Nearktik bolge tiirli olan Pityokteines ornatus
(Sweine, 1916), Pinus ponderosa (Douglas ex C.Lawson) ve Picea pungens (Engelm.) (Mavi ladin) gibi
tirler Uzerinde bulunmustur (Wood, 1982; Wood ve Bright, 1992).
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Kuzey Amerika orijinli olan ve iilkemizde hemen her bolgede yetistirilmekte olan P. pungens, piramidal
formu ile park ve bahgelerde dekoratif amagli kullanilan peyzaj degeri yiiksek egzotik tiirlerdendir (Kirdar
vd., 2009). Kiiresel ticarette nemli olan birgok tiir de dahil olmak tizere genis konukgu yelpazesi olan kabuk
bocekleri kiiglik yapili olduklari i¢in uluslararasi ticaret yoluyla yeni iilkelere ¢ok ¢esitli konukgu dokular
icerisinde kolayca tagimabilmektedir (Haack, 2003).

Bu ¢alismada Diizce ili park ve bahgelerde bulunan peyzaj amagh kullanilan P. pungens tiiriinde 2020-2021
yillarinda bocek zarar1 oldugu tespit edilmistir. Zarar goren bitkiden alinan kabuk 6rnekleri laboratuvara
getirilerek stereoskopik mikroskop altinda incelenmis ve teshis islemleri yapilmistir.

2. Materyal ve Metot

Duzce ili park ve bahgelerde (40°50'26.52"N, 31°8'43.00"E; 40°5021.11"N, 31°8'58.99"E; 40°50'14.05"N,
31°9'11.74"E; 40°50'28.42"N, 31°9'7.88"E; 40°5023.71"N, 31°9'18.09"E; 40°49'44.57"N, 31°10'25.05"E;
40°50'50.24"N, 31°9'32.97"E; 40°50'36.88"N, 31°8'55.82"E; 40°49'48.79"N, 31°10'52.13"E; 40°50'32.55"N,
31°8'12.30"E; 40°51'39.5"N, 31°13'40.6"E) bulunan P. pungens turlerinde 2020-2021 yillarinda devam eden
survey ¢alismasiyla kurumalar oldugu tespit edilmistir (Sekil 1). Toplamda 41 adet P. pungens agacindan 15
adedinde kuruma tespit edilmistir. Zarar goriilen P. pungens’lerden 20 x 40 cm’lik kabuk 6rnekleri alinmig
ve birim alandaki yuva sayisi tespit edilmistir. Fotograflar1 cekilen ve ayri1 ayn flizerinde tanmimlayici
ozelliklerinin yazili oldugu kilitli buzdolabr posetlerine konularak Diizce Universitesi Orman Fakiiltesi,
Orman Entomolojisi ve Koruma Anabilim Dali Laboratuvarina getirilen orneklerin, bdcek yetistirme
odasinda sabit kosullar altinda (24-26 °C, %65-75 bagil nem) biyolojik evreleri takip edilmistir. Olympus
SZ-4045 marka mikroskop yardimiyla bocek ornekleri incelenmis ve ilgili kaynaklar kullanilarak teshis
edilmistir (Griine, 1979; Freude vd., 1981; Selmi, 1998).

Seil Pityokteines curvid

3. Bulgular ve Tartisma

Yapilan teshis islemleri sonucunda P. pungens’lerde kurumalara sebep olan zararlinin P. curvidens oldugu
belirlenmistir (Sekil 2). P. curvidens bu c¢alisma ile Diizce ilinden ilk defa P. pungens tiri Uzerinde rapor
edilmigtir.
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Sekil 2. Pityokteines curvidens ergin (a) ve geng ergini (b).

Laboratuvara getirilen P. pungens’lerden alinan kabuk 6rneklerinde 20’ser adet larva, pupa ve ergin bireyde
boy Ol¢iimii yapilmistir. Kabuk altindaki zararli bocegin birim alandaki yuva sayist 12,5 — 262,5 olarak
hesaplanmistir. Erginlerin boylar1 2,3-3 mm arasinda degigsmektedir. Koyu kahve renkli olan bu bocegin
tizerinde sarimsi kahverengi uzun killar mevcuttur. Geng erginler agik kahve renkli olup olgunlastik¢a koyu
kahverengine donmektedirler. Boylar1 1,5-2 mm olan larvalar beyaz ve agik krem renklidirler. Kambiyumda
krem renkli ve serbest pupa seklinde tespit edilen pupalar 2,5-3.04 mm olarak olgiilmiistiir (Sekil 3).

Sekil 3. Pityokteines curvidens’in larva (a) pupasi (b).

P. pungens’in literatiirde ki zararlilar1 arasinda dallarda kozalak benzeri gal olusturan Adelges abietis
(Linnaeus, 1758) ve Adelges cooleyi (Gill.) tiirleri yer almaktadir. Bu gal adelgidlerinin popiilasyonlar1 ¢ok
yogun olmadik¢a konukguyu 6ldurmedikleri bilinmektedir (Gilman ve Watson, 1994). Chionaspis pinifoliae
(Fitch) ve Choristoneura fumiferana (Clemens, 1865)’m P. pungens’in tomurcuk ve geng ibrelerinde zarar
yaptig1 rapor edilmistir. Sitospora kanseri (Leucostoma kunzei (Cytospora kunzei)) de P. pungens’in
dallarinda kanser olusumuna ve nihayetinde 6liimiine neden olan hastaliklardan biridir (Anonim, 1996).
Mevcut ¢alisma ile biiyiik goknar kabuk bdcegi (P. curvidens), P. pungens tiiriiniin yeni bir zararlis1 olarak
literatiire katki saglamustir.

4. Sonug ve Oneriler

Bu ¢aligsma ile Diizce ili park ve bahgelerde bulunan ve kuruma gozlemlenen P. pungens Uzerinde bocek
zarar1 oldugu tespit edilmistir. Tlgili literatiir kullanilarak yapilan teshis ile zararhnin P. curvidens oldugu
belirlenmistir. P. curvidens’in Turkiye’ de P. pungens’deki varligi bu ¢alisma ile ilk kez bildirilmektedir. Bu
tespit ile biiylik goknar kabuk bocegi, P. pungens tiiriiniin literatiirdeki zararlilar1 arasina girmistir.
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P. curvidens diisiik rakimlarda agresif olup kitle iireme potansiyeli daha belirgin oldugundan sadece iilkemiz
park ve bahcelerinde bulunan P. pungens’lerde degil ayn1 zamanda kiiresel diizeyde bu tiiriin yiiksek ve diisiik
rakimli yayilislarinda ve plantasyonlarinda 6nemli bir sorun olarak ortaya ¢ikabilecegi dngdrulmektedir.

P. curvidens genellikle kuraklig1 seven kabuk boceklerinden olup, 6zellikle 1000 m ve altindaki yiikseltilerde
yliksek sicakliklarin etkisi ile beraber her zaman kitle iiremesi yapabilecegi bildirilmektedir (Serin vd. 2005).
Dizce ilinde bulunan mavi ladin tiiriinde zararli bocegin varligina dair periyodik sérveylerin yiiriitiilmesi ve
kontrol 6nlemlerinin zamaninda alinmas1 gerekmektedir. Bu ¢aligmalar, zararlinin yayilis alanim ve zarar
miktarinin belirlenmesi agisindan 6nemlidir. Sérveyler sonucu P. curvidens tarafindan bulasik oldugu tespit
edilen mavi ladinlerin saglikli agaglara zarar vermemesi i¢in kabuk kisimlarinin soyularak yakilmasi bir
koruyucu Onlem olarak alinmalidir. Bocek zararimin tespit edildigi mavi ladinlerin etrafinda potansiyel
konukg¢u olabilecek bitkiler de feromon tuzaklari ile sérveylerin siirdiiriilmesi gerekmektedir. Ayrica bu
tiirlerin park ve bahgelerde kullaniminda ekolojik kosullarin dikkate alinmasi gerekmektedir.
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1. Giris

Porsuk (Taxus baccata L.) bitki taksonomisi bakimindan Taxaceae familyasi i¢erisinde yer alan herdem yesil,
uzun omarlt, 2000-3000 yil yasayabilen bir agag tiiriidiir (Ansin ve Ozkan, 1993; URL-1). Bu tlir(in tohumu
cevreleyen etli ve kirmizi renkli olan tohum ortiisii (arillus) disinda hemen her tarafi zehirlidir (Garland ve
Barr, 1998). Yaprak, surgin ve kabugundaki taxin ve taxol igerigi nedeniyle giiniimiizde kanser
arastirmalarinin konusunu olusturmaktadir (Nicolaou vd., 1996). Dogal yayilisint Kuzey Afrika’nin batist,
Azor adalari, Kuzey ve Orta Avrupa, Kafkasya ve Anadolu’da yapar (Ansin ve Ozkan, 1993; Sengdniil ve
Yilmaz, 2008). Dikey yayilisim lilkemizde 1000-1900 m araliginda gerceklestiren bu tiir, 6zellikle Trakya
Demirkdy ormanlarinda, Karadeniz Bolgesinde Diizce, Bolu, Karabiik, Ayancik ve Rize’de, Bat1 Anadolu’da
Kazdagi ve Sultan Daglari’'nda, Dogu Akdeniz’de Hatay’in Amanos Daglari’'nda bulunur (Yaltirik ve
Akkemik, 2011). Zonguldak ve Bartin ydrelerinde de yayilis yaptig1 bilinmektedir (Kaya ve Yaman 2017;
Akkemik vd., 2018). T. baccata’nin Zonguldak ve Bartin’daki yayilislarinda ¢aplar1 2 metrenin biraz
iizerinde, tahmini yaslar1 1900-2000 civarinda olan anit bireylerine rastlamak miimkiindiir (Kaya, 1998;
Akkemik vd., 2018).

T. baccata, odununun yogunluk-elastikiyet 6zellikleri iyi oldugu i¢in (Molinski vd., 2016), insanlik tarihi
boyunca bazi bolgelerde yay yapiminda kullanilan bir tiir olmustur (Giindiiz vd., 2013). Bu tiiriin yay
yapiminda kullanilmasna iliskin en eski kanitlar 1991 yilinda Otztal Alpleri’nde bulunan buz adam Otzi’nin
yaninda tespit edilen 1,82 m uzunlugundaki 5300 yillik yaydan gelmektedir (Junkmanns vd., 2019). T.
baccata Avrupa’da Orta Cag’da da yay yapmminda tercih edilen bir tiir olmustur (Grayson vd., 2007).
Diinyanin yasayan en yagh anit porsuk agaglar1 Fas, Birlesik Krallik ve Tiirkiye’de bulunmaktadir. Fas ve
Birlesik Krallik’ta tespit edilen s6z konusu anit porsuk agaclarinin tahmini yaslari sirastyla 2371 ve 2271 yil
olarak verilmektedir (URL-2). Tirkiye’de tespit edilen en yash anit porsuk agacinin ise 2016 yili itibariyle
4112 yasinda oldugu iddia edilmistir (URL-3), ancak Alapli-Giimeli’deki bu agacin govdesinden alinan artim
kalemi tlizerinde dendrokronologlar tarafindan gerceklestirilen yillik halka analizleri agacin iddia edildigi gibi
4112 degil yaklasik 2000 yasinda oldugunu gostermistir (Akkemik vd., 2018). Giimeli’de tahmini yaglari
1000-1500 civarinda olan baska anit porsuk agaclar1 da bulunmaktadir. Bat1 Karadeniz Bolgesi’ndeki diger
bir anit porsuk agaci Bartin’in Ulus il¢esi Kumluca Beldesi Yenisencay mevkiinde bulunan agagtir (Kaya,
1998). Prof. Dr. Burhan AYTUG tarafindan yillik halka lgiimleri yapilan s6z konusu porsuk agacinin
yarigap-ortalama yillik halka genisligi izerinden tarafimizca belirlenen tahmini yas1 2000°dir.

Simdiye kadar Bati Karadeniz Bolgesi anit agaglari iizerine birgok ¢alisma yapilmistir (Yaman ve Saribas,
2007; Saribas, 2015; Yaman, 2018; Akkemik vd., 2018; Yaman ve Koktiirk, 2021). Bu ¢aligsma ise Zonguldak
Gokgol Magarasi yakinlarinda Dogu kaymi (Fagus orientalis Lipsky), Anadolu kestanesi (Castanea sativa
Mill.) ve Adi gurgen (Carpinus betulus L.) tirlerinden olusan karigik bir mescerede 150 m rakimda miinferit
halde bulunan 4 adet yash T. baccata bireyinin anitsal 6zelliklerini belirlemek amaciyla gergeklestirilmistir.

2. Materyal ve Yontem

2.1. Materyal

Anitsal 6zellikleri incelenen 4 adet porsuk agact Zonguldak Gokgol Magarasi’na yaklasik 1 km uzaklikta
bulunmaktadir. Porsuk agaglariin bulundugu yerin koordinatlar1 41° 26' 04.65" K, 31° 50' 25.59" D olup,
denizden yiiksekligi 150 m’dir (Sekil 1). Bu noktada porsuk agaclari kayin, giirgen, kestane ve diger genis
yaprakli agaglarla birlikte miinferit halde karisima girmektedir (Sekil 2, 3 ve 4).

2.2. Yontem

Agaclarin anitsal 6zelliklerinin belirlenmesinde Oncelikle ¢ap, yas, boy ve tepe ¢ap1 gibi somut 6zellikler
tespit edilmektedir. Ayrica, soyut 6zellikler kapsaminda tarihi, folklorik ve mistik olgularla agaglarin iliskisi
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de arastirllmaktadir (Geng ve Giiner, 2003; Resmi Gazete, 2020). Boylece belirlenen somut ve soyut
ozellikler Anit Aga¢ Envanter Karnesine islenmektedir. Gogiis yiiksekliginden (d1.30) yapilan ¢evre olgimi
ile dogrudan cap degerini veren Ozellikli bir metre kullanilarak agacglarin kabuklu g¢aplar1 belirlenmistir.
Kabuklu ¢aplar 130 cm ile 185 c¢m arasinda degismektedir (Tablo 1). Yas tahmini i¢in TB-1 ve TB-2 kodlu
agaclarin g6giis yiiksekliginden artim burgusu ile birer adet artim kalemi (kabuksuz uzunluk TB-1 i¢in 226,4
mm, TB-2 i¢in 243,6 mm) alinarak pipet igerisinde yillik halka analizleri laboratuvarima getirilmistir.
Kalemler hava kurusu ortamda kurutulduktan sonra enine kesit yiizeyi Ustte olacak sekilde tahta altliklara
yapistirilmis ve yillik halka sinirlarinin belirgin olarak gériilmesi amaciyla sirasiyla 500 ve 800 kum numaral
zimpara ile zimparalanmaistir.

KARADENIZ

Karabiik

Sekil 2. Porsuk aag:lrlnln bulunugu habitat
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Sekil 3. TB-1 kodlu Taxus baccata’nin gévdesi

Sayim ve dl¢tim islemlerinden 6nce artim kalemlerinde gorsel eslestirme esliginde yillik halkalar 10’ar yillik
boliimler halinde isaretlenmis ve ardindan sayim ve 6l¢iim islemleri gerceklestirilmistir. TB-1 ve TB-2 kodlu
porsuk agaglari igin birikimli yillik halka genisliklerini gdsteren grafikler gizilerek en yiiksek R? degerini
veren dogrusal regresyon esitlikleri olusturulmustur (Sekil 5 ve 6). TB-1 ve TB-2 kodlu porsuk agac¢larinin
yaglar1 kendilerine ait bu regresyon esitlikleri kullanilarak belirlenmistir (Akkemik, 2004; Asan, 2018, Ya-
man, 2021). Bu iki esitlige dayanilarak olusturulan ortalama regresyon esitligi yardimiyla da artim kalemi
olmayan TB-3 ve TB-4 kodlu porsuk agaglarinin yaslari tahmin edilmistir. Somut ve soyut 6zellikler ile ilgili
elde edilen veriler Anmit Aga¢ Degerlendirme Formunda (ADF) belirtilen kriterler ¢ercevesinde degerlendiri-
lerek incelenen porsuk agaglarinin her biri i¢in Simdiki Anitsal Deger (SAD) hesaplanmis ve Taxus baccata
(porsuk) icin esik degeri olan Asgari Anitsal Deger (AAD) ile kiyaslanmistir. SAD>AAD olan porsuk agag-
lar1 i¢in boyutsal anit agag karar1 verilmistir.
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Sekil 4. TB-3 kodlu Taxus baccata’nin govdesi

3. Bulgular ve Tartisma

TB-1 ve TB-2 kodlu agaglar i¢in dogrusal regresyon esitlikleri sirastyla y = 0,5213x + 24,519 (R?= 0,9883)
ve 'y = 0,7959x + 19,481 (R%= 0,9869) olarak belirlenmistir (Sekil 5 ve 6). Bu esitliklere dayanilarak TB-1
ve TB-2 i¢in belirlenen yaslar sirastyla 1180 ve 1125, TB-3 ve TB-4 kodlu porsuk agaglari igin ortalama
dogrusal regresyon esitligine (y=0,6586x+22,0) dayanilarak hesaplanan yaglar ise sirasiyla 1075 ve 915°dir
(Tablo 1). Hesaplanan Simdiki Anitsal Deger (SAD) TB-1 igin 88, TB-2 igin 94, TB-3 igin 74 ve TB-4 igin
71°dir (Tablo 2). T. baccata tiirii igin Asgari Anitsal Deger (AAD) 40 olarak verilmektedir (Geng ve Gliner,
2003). Bu verilere gore incelenen dort porsuk agacinin da, SAD>AAD oldugu i¢in boyutsal anit aga¢ oldugu
sonucuna ulagilmistir.
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Sekil 5. TB-1 kodlu agacin birikimli y1llik halka genisligi ve hesaplanan dogrusal regresyon esitligi
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Sekil 6. TB-2 kodlu agacin birikimli y1llik halka genisligi ve hesaplanan dogrusal regresyon esitligi

Tablo 1

Adi porsuk agaclarina ait sayisal veriler
Aga¢  Kabuklu Kabuksuz Yillik Kapsanan Regresyon Ortalama Tahmini
No Cap Kalem Halka Yillar Esitligi Regresyon Yas*

(cm) Boyu (mm)  Sayis1 Esitligi

TB-1 130 226,4 386 1636-2021 y = 0,5213x+24,52 - 1180
TB-2 185 243,6 306 1716-2021 y = 0,7959x+19,48 - 1125
TB-3 148 - - - - y=0,6586x+22,0 1075
TB-4 127 - - - - 915

* Tahmini yas hesaplanirken ¢ift kabuk kalinligi 2 cm almmustir.

olarak alinmalidir.
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Tablo 2
Anit agag degerlendirme formuna gore Adi porsuk agaglarina verilen puanlar
SINIFINA GORE VERILEN PUAN
5 AGACA VERILECEK
M 2 PUAN
m &
S = DEGERLENDIRME BASA-
~ M 2 MAKLARI
35| Sp= B &
= 29 = Z Z
z = g z & @ < 9 9 T
S S z £ E B B BB
Boy (Bo) 20 050075 0 0 10
08,0-10,0 0 0 20
10,5-15,0 0 6 20 6 6
15,5-20,0 0 13 20
20,5-25,0 0 20 20 20 20
25,5-30,0 3 20 20
30,5-35,0 6 20 20
35,5-40,0 9 20 20
40,5-45,0 12 20 20
45,5-50,0 16 20 20
>50,0 m 20 20 20
Govde Capt 30 <50 0 0 10
(GC) 50-74 0 6 20
75-99 0 12 30
100-124 3 18 30
125-149 6 24 30 24 24 24
150-174 9 30 30
175-199 12 30 30 30
200-224 15 30 30
225-249 18 30 30
250-274 22 30 30
275-299 26 30 30
>300 cm 30 30 30
Tepe Cap1 10 <05,0 0 3
(TC) 05,0-09,5 2 6 2 2 2 2
10,0-14,5 4 10
15,0-19,5 7 10
>20 m 10 10
Tahmini 30 100-200 3
Yas 201-300 6
(Ya) 301-400 9
401-500 12
501-600 15
601-700 18
701-800 21
801-900 24
901-1000 27 27
>1000 Y1l 30 30 30 30
Bulundugu 10 » Ormanda [aZa¢lik cagindaki 2 2 2 2 2
Yer bir toplumda ve bulundugu alan
(BY) megcereden (1 ha) biiytik]
P Mescerede (kirsalda-kentte) 10
P Grupta (kirsalda-kentte) 9
P Kumede (kirsalda-kentte) 8
» Tek (kirsalda) 4

P Tek (kentte)
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Tablo 2
Devam ediyor
SINIFINA GORE VERILEN PUAN
Z AGACA VERILECEK
M D PUAN
M~ . .
8 b= DEGERLENDIRME BASA-
m 2 MAKILARI
& B2 “ =
A 27 & 2 z
e ” Z g % - 9 9 I
g = z & =5 F B F B
Diger Po- 10 P Agac icin zorunlu yetisme or- 10 10 10 10 10
zitif Ozel- tami faktSrlerinin korunmast
likler mimkiin
(PO) » Saglikl 6
P En az bir anitsal 6zelligi (boyu, 9
capt yagt gibi) bakimindan diin-
yada veya Tirkiye’de sayilt bir
agac olmast
» Ozellikli (dogal halinin disinda 3
kabuk, yaprak, cigek, meyve veya
kozalak, dallanma, ¢atallanma,
govde sekillenmesi vb. 6zellik-
lerce farklr)
» Hicbiri 0
Negatif -10 P Agag i¢in zorunlu yetisme ot- -10
Ozellikler tami faktSrlerinin korunmast
(NO) mimkiin degil
P Tepe Cokmesi
—lerlemis (tepede yogun ku- -8
ruma)
—Yeni -6
P Bocek-Mantar Zarart (Tepe -8
¢6kmesi yoksa degetlendirmeye
katlir)
» Govde kovuk
—Genisligi<1/5 © -2
—Genisligi=1/5-1/3 © -3
—Genisligi>1/3 © -4
[®=Kovugun bulundugu yerdeki
cevre|
» Govde ve/veya ana dallar ya-
ralt
—Genisligi<1/5 © -1
—Genisligi=1/5-1/3 © -2 2
—Genisligi>1/3 © -3
[®=Yaranin bulundugu yerdeki
cevre|
P Hicbiri 0 0 0 0

SIMDIKI ANTTSAL DEGER (SAD)=Bo+GC+TC+Ya+BY+POropium)

SAD = AADry ise incelenen agag anit agac olarak ayrilir. AADry, ile ilgili bilgiler 88 94 74 71
Geng&Giiner (2003)’den alabilir. Incelenen agaglarin tamami SAD (71-94) >

AADry, (40) oldugundan boyutsal anit agagtir.

4. Sonug ve oneriler

Diinya tizerinde kendi dogal yayilis alanlarinda 1500-2000°1i yaslara ulasmis ¢ok sayida T. baccata 6rnegine
rastlamak mimkindir (Akkemik vd., 2018; Kaya, 1998; URL-2). Bu ¢alismada inceledigimiz, Zonguldak
Gokgol Magarasi’na yaklasik 1 km uzaklikta bulunan ve yaslar1 915 ila 1180 arasinda degisen 4 adet T. bac-
cata bireyine ait SAD degerlerinin (sirasiyla 88, 94, 74 ve 71) bu tiir i¢in verilen AAD degerinden (40) biiyiik
olmasi incelenen agaglarin tamaminin boyutsal anit aga¢ oldugunu gostermektedir. Anit aga¢ oldugu tespit
edilen s6z konusu porsuk agaclarinin bulundugu yerin rakimi 150 m’dir. Dikey yayilisimi tilkemizde 1000-
1900 m yukselti araliginda gerceklestiren bu tiiriin 150 m. rakimda anit agaglarinin bulunmasi orman botanigi
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ve silvikiiltiir agisindan 6nem arz etmektedir. Gokgol Magaras1 ve anit porsuk agaglarinin bulundugu mevki
alt karbonifer kalker formasyonunun bir pargasidir (Genis ve Colak, 2015). Toplam uzunlugu 3350 m olan ve
875 metrelik kism1 2001 yilinda ziyarete agilan ve simdiye kadar on binlerce insanin ziyaret ettigi Gokgol
magarasi, yakin ¢evresi ile onemli bir turizm potansiyeline sahiptir (URL-4). Yeni tespit edilen 4 adet anit
porsuk agaciyla Gokgol magarasinin da i¢inde bulundugu tabiat parg¢asinin 6nemi daha da artmistir. Boyutsal
anit agac oldugu belirlenen 4 adet porsuk agaci ile Gokgol Magarasi’mi da igerisine alan bu tabiat parcasinin
“tabiat anit1” olarak ayrilmasi ve tescil edilmesi uygun olacaktir. Tabiat aniti; tabiat ve tabiat olaylarinin mey-
dana getirdigi 6zelliklere ve bilimsel degere sahip ve milli park esaslar1 dahilinde korunan tabiat pargalarini
ifade etmektedir (URL-5). Jeolojik zamanlarla baglantilt magaralarin da yer aldig1 bu tiir tabiat parcalarindaki
anit agaglar gecmis ile gelecegi bulusturarak doga tarihini kendi biinyesinde somutlastiran en 6nemli biyolojik
varliklardan birisidir. Ortalama 6mrii 70-80 y1l olan insan yiizlerce / binlerce yasindaki anit agaglardan yasa-
di1g1 ¢evrenin dogal siirecleri basta olmak iizere psikolojik ve sosyal agidan da ¢ok sey 6grenmektedir. Anit
agagclar ve anit ormanlar biitiin diinyada insanligin en énemli yasayan kiiltiir miraslarindan birisi olarak kabul
edilmektedir (Asan, 1992; Asan, 2015). Uzun 6miirleri ve heybetli duruglar ile anit agaglar dogaya en fazla
zarar veren tiir olan insana belki de varligiin doga i¢in dnemsizligini animsatmak istemektedir. O nedenle bu
tiirden anit niteligindeki agaclarin ve ormanlarin daha fazla korunmasi yoniinde ¢aba harcanmasi gereklidir.

Tesekkiir

Calisma i¢in gerekli izinleri veren Doga Koruma ve Milli Parklar Genel Miidiirligi’ne tesekkiirlerimizi
sunariz.
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1. Giris

Tiirkiye, bitki tiirii say1s1 bakimidan kita 6zelligi géstermektedir. Tiirkiye florasinda bulunan takson sayisi
Giiner’e gore 11707 olup bu saymin 3649 (%31)’u endemiktir (Giiner, 2012). Avrupa kita florasinin 2750’si
endemik toplamda 12000 adet egrelti ve tohumlu bitkiye sahip ve kitanin {ilkemizin yaklasik olarak 15 kat1
biiytikliginde oldugu diisiiniildiigiinde, yurdumuzun bitki ¢esitliligi anlasilmaktadir (Ekim ve ark., 2000).
Yapilan flora, vejetasyon, bitki sosyolojisi, revizyon ve monograf vb. ¢aligmalarla bu sayinin her gecen giin
daha da artmakta oldugu ve toplam sayinin 12354 taksona ulastigi belirtilmektedir (Terzioglu ve ark., 2021)

Ulkemiz biyolojik cesitlilikle ilgili cok sayida uluslararasi anlasma ve sozlesmelere taraftir. Biyogesitliligin
durumu, mevcut ve olasi riskler, korunmasi ve siirdiiriilebilir kullanimi1 konusunda bir¢ok ¢alisma yapilmistir
(Atik vd., 2010; Dilbirligi, 2007; Karagdéz vd., 2016; Sivri vd., 2008; Uzun, 2004). Flora ve vejetasyon
aragtirmalarini tamamlamak ve habitat cesitliligini ortaya koymak biyolojik ¢esitliligin korunmasinda biiytik
Oonem tagimaktadir.

“Diinya Ormancilik Orgiitii FAO’nun” diinya iizerinde belirledigi “Mutlak Korunmasi Gereken Alanlar”
icinde 100 adet sicak noktadan 9 tanesi de Tiirkiye’de bulunmakta olup, bunlardan birisi de Yenice
ormanlaridir. Andersson ve arkadaslarina gore; Biyolojik ¢esitliligin korunmasimi konu alan “Rio
Sozlesmesi”, her tilkenin biyolojik envanterini ¢ikarmasini ve bunlari korumak i¢in gerekli 6nlemleri almasini
zorunlu kilmaktadir (Anderson ve ark.’na atfen Oztiirk, 2016). Tiirk ekonomisi i¢in hepsi miisterek bigimde
hayati olan tarim, ormancilik, hayvancilik, balikgilik, ilag endistrisi ve turizm, kullanim ve dinlenme igin
iiriin, hammadde ve dogal habitatlar biyogesitliligin korunmasina baglidir. Dogrudan ekonomik degerlere ek
olarak, biyogesitliligin korunmasi dogal, ekolojik ve saglik hizmetlerinin ¢esitliligini saglar (Kaya ve Raynal,
2001). Bu nedenlerden dolay1 bitki biyocesitliliginin ortaya ¢ikarilmasinda flora ve vejetasyon ¢alismalarina
gerek vardir.

Biiyiik 6l¢iide nemli orman topluluklarindan olusan Yenice Ormanlari, en 6nemli dogal kaynak degerlerinden
biri olup iilkedeki 6nemli 122 Bitki Alani’ndan birisidir (Ozhatay, 2003). Tiirkiye'nin en bakir ve genis orman
alanlarindan biri olan Yenice Ormanlari, anit agaclari, derin vadi, akarsu ve igerdigi yaban hayati
zenginligiyle 305 Onemli Doga Alanlarindan biridir. Bugiin Yenice Ormanlari’nin bir kismi “Kavakli Tabiati
Koruma Alan1”, “Citdere Tabiat1 Koruma Alani” ve “Yenice Yaban Hayati1 Gelistirme Sahast (YHGS)”
olarak koruma altina alinmistir. Bélgede ormancilik ¢aligmalarinin yapilabilmesi i¢in “Karabiik-Blyukdiiz

Arastirma Ormani” ve “Yaylacik Arastirma Ormani” olmak iizere iki aragtirma ormani kurulmustur (Eken
vd., 2006).

Calisma alaninin i¢cinde bulundugu Bat1 Karadeniz bolgesinde ve ¢aligma alaninin yakin ¢evresinde daha 6nce
farkli arastirmacilar tarafindan floray1 tespit etmek i¢in bir ¢ok calisma yapilmistir (Ketenoglu, 1977;
Ketenoglu, 1981; Ketenoglu vd., 1983; Ketenoglu ve Aydogdu, 1986; Kutbay, 1993; Ozen, 1993; Korkmaz
ve Engin, 2001; Basaran ve Adigiizel, 2001; Korkmaz vd., 2005; Oner ve Abay, 2005; Aksoy, 2006; Demirors
ve Kurt, 2006; Koca ve Yildirimli, 2006; Aksoy, 2009; Arslan, 2010; Kanaoglu, 2011; Ozkan ve Aksoy,
2011; Ozen vd., 2013; Dikilitas vd., 2016; Aksoy vd., 2018; Tunckol ve Aksoy, 2018; Aytegin, 2019). Yenice
YHGS’ nin florasin belirlemeye yonelik bir ¢alisma olmadigindan ¢alisma alani olarak bu bolge secilmis ve
bolgenin florast detayli bir sekilde tespit edilmistir. Endemik bitki taksonlar1 ve tehlike kategorileri
belirlenmistir. Toplanan bitki 6rnekleri herbaryum materyali haline getirilerek bdlgesel herbaryuma katki
saglanmistir. Sonug olarak bu arastirma ile diger calisma ve ilgili disiplinlere katki saglanmas1 amaglanmistir.

2. Materyal ve Yontem

Yenice YHGS’nin floristik yonden arastirilmasit amaciyla; 2015-2017 yillarinda bitkilerin vejetasyon
donemleri gz Oniine alinarak yapilan floristik arastirmalar sirasinda toplanan bitki 6rneklerinde cicek,
meyve, yaprak (otsularda bitkinin tamamu), siirgiin, gévde, toprak alti kismi1 (sogan, yumru, rizom vs.) ile
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tomurcuk gibi teshis ve tamimada gerekli olan vejetatif ve generatif organlarin bulunmasina dikkat edilmistir.
Toplanan bitki 6rnekleri i¢in mevki, yetisme ortami Ozellikleri, yiikselti, baki, toplama tarihi, GPS
koordinatlar1 gibi bilgiler kaydedilerek fotograflar1 g¢ekilmistir. Herbaryum tekniklerine uygun olarak
kurutulmus olan bitki érnekleri; Kastamonu Universitesi Bilgehan Bilgili herbaryumunda, basta “Flora of
Turkey (Davis, 1965, 1985; 10. cilt Davis vd., 1988; 11. Cilt Giiner vd., 2000)” olmak tizere ¢esitli yakin
bolge floralarindan ve herbaryum koleksiyonlarindan faydalanilarak teshis edilmistir (Ketenoglu, 1977;
Ketenoglu, 1981; Ketenoglu vd., 1983; Ozen, 1993; Korkmaz ve Engin, 2001; Basaran ve Adigiizel, 2001;
Oner ve Abay, 2005; Aksoy, 2006; Aksoy, 2009; Arslan, 2010; Kanaoglu, 2011; Ozen vd., 2013; Aksoy, vd.,
2018; Tungkol ve Aksoy, 2018; URL-1, 2018; URL-2, 2018). Bitki 6rnekleri Kastamonu Universitesi Orman
Fakultesi Bilgehan Bilgili Herbaryumunda muhafaza edilmektedir. Calisma sonunda alanda bulundugu tespit
edilen bitkilerin floristik listesi Angiosperm Phylogeny Group” tarafindan 2016 yilinda yayimlanan APG IV
sistematigine gore, bitki adlar1 ve otérleri kontrol edilerek (URL-6; URL-7; 2018), IUCN, BERN ve CITES’a
gore koruma statiileri, tiirlerin fitocografik bolgeleri, endemik olup olmadig1 ve yagam formlar1 gibi bilgilerle
beraber verilmistir. (BERN Convention, 1979; Ekim vd., 2000; Inskipp ve Gillett, 2005; URL-3, 2018; URL-
4; URL-5, 2018).

2.1. Aragtirma Alammnin Tammi

2.1.1. Arastirma Alaninin Cografik Durumu

Caligma alani; Karabiik ili sinirlar i¢inde yer alan 26687,78 ha’lik Yenice YHGS dir. Karabiik, Karadeniz
Bolgesi’nin bat1 kesiminde yer almaktadir. Bartin, Bolu, Cankiri, Kastamonu ve Zonguldak illeri ile
komsudur. Calisma alani igerisinde yer alan Yenice YHGS, Karabiik’iin en batidaki ilgesi konumunda olan
Yenice’de, il merkezine 35 km mesafededir. Toplam 1150 km2’lik bir alana sahip olan ilgenin %85’i verimli
ormanlarla kapli olmakla birlikte Bat1 Karadeniz Bolgesi’nin karakteristik arazi dzelliklerini gostermektedir.
Deniz seviyesinden 130 metre yiikseklikte konumlanmis olan ilge, bitki ortlisii ve yaban hayati bakimindan
zengin bir yapiya sahiptir (Sekil 1).

Sekil 1. Yenice YHGS yer bulduru haritasi (Anonim, 2012)
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2.1.2. iklim

Arastirma alanma ait iklim verileri, Devlet Meteoroloji Genel Miidiirliigii Yenice Istasyonu 1989-2009
yillarina ait rasat kayitlarindan temin edilmistir.

Bati Karadeniz Bolgesi'nde yer alan Karabiik Ili’nde, ¢ogunlukla Karadeniz iklimi, denizden i¢ kisimda
kaldig1 ve Karadeniz’in nemli havasindan yeterli diizeyde yararlanamadig1 i¢in de kismen karasal iklimin
ozellikleri goriilmektedir. Karadeniz iklimi ile karasal iklim aras1 bolgede bulunan Karabiik ilinde gegis iklimi
etkilidir.

Aragtirma alan1 Karadeniz ikliminden dolay1 dort mevsim yagish olsa da civardaki kiy1 sehirlere gore daha
az yagis almakta ve Temmuz ve Agustos aylarinda kurak bir donem goriilmektedir. 1989-2009 yillar1 arasinda
elde edilen verilere gore Yenice’de yillik toplam yagis 533.3 mm miktarindadir.

DMI Genel Miidiirliigii tarafindan temin edilen Karabiik ili Yenice ilgesi’ne ait ortalama ve minimum nem
verilerine gore yillik ortalama nem, %73,6’dir. En diigiik nem %3 ile Temmuz ayinda, en yiiksek ortalama
nem ise %77,7 ile Kasim ayinda gézlenmektedir (Anonim, 2018).

Karabiik Yenice Istasyonu’na ait 20 yillik esme sayilar1 toplami goz 6niine alindiginda hakim riizgar yonii
Bat1 (W) bunu da sirasiyla, Kuzey (N) ve Kuzeybati (NW) takip etmektedir.

Karabiik Ili Yenice Ilgesi’ne ait sicaklik degerlerine gore yillik ortalama sicaklik 13,7 °C’dir. Aylik ortalama
sicaklik en yiiksek 23,50C ile Temmuz-Agustos aylarinda, en diisiik ortalama sicaklik ise 4,8 °C ile Ocak
ayindadir. En sicak ay Agustos olup maksimum sicaklik ortalamasi 31,4 °C, en soguk ay ise Ocak olup
minimum sicaklik ortalamasi 1,2 °C’dir (Anonim, 2018).

3. Bulgular ve Tartisma

3.1. Arastirma Alamnin Fitocografik Ozellikleri

Yenice YHGS, P.H. Davis’in Tiirkiye Haritas1 Kareleme (Grid) Sistemi’ne gore, A4 karesinde, Fitocografik
acidan ise; Holarktik Alemde; Avrupa Sibirya Fitocografik Bolgesinin Oksin (Euxine) provensinin bati
sektoriinde bulunmaktadir (Zohary, 1973).

YHGS’ nin kuzeye bakan alanlar1 Karadeniz’den gelen nemli havanin etkisi altinda bulundugundan bu
bolgelerde denizel iklimin 6zellikleri goriliir. Kuzeye bakan bu alanlarda kayin saf olarak ya da diger
ibrelilerle karigim halindedir. Giineye bakan alanlar ise kuzeye bakan alanlara gore daha kurak iklimin etkisi
altinda ve Mese (Quercus sp.) agag¢larmin hakim oldugu bozuk orman niteligindedir. Daha diisiik rakimli
alanlarda orman vejetasyonundan pseudomaki vejetasyonuna gecis elemanlari olan agaggik ve ¢ali formunda
tiirler hakimdir. Orman vejetasyonun en alt katinda da gélgeyi seven otsu tiirlerin bulundugu kat mevcuttur.

Yenice YHGS smuirlar igerisinde pseudomaki vejetasyonu biiyiik alanlar kaplamamakla beraber, yaprak
doken ve igne yaprakli ormanlarin tahrip oldugu asagi kesimlerde, baz1 vadi girisleri ve dere kenarlarinda saf
ya da diger orman ekosistemleriyle gegis/karisim halinde bulunmaktadir.

YHGS daglik ve egimli bir araziye sahip oldugundan icerisinde ¢ok sayida vadi ve akarsu bulundurmaktadir.
Dolayistyla bu bolgelerde de akarsu-dere ekosistemini karakterize eden tirler hakimdir.
3.2. Arastirma Alamnin Florasi

2015-2017 yillar1 aras1 Karabiik Yenice YHGS nda yapilan arazi ¢aligmalar1 sonucunda alanda dogal olarak
yetisen 83 familyaya ait 297 cins ve 445 tiir ve tiiralt1 takson tespit edilmis ve bunlara ait toplam 2225 bitki
ornegi toplanmustir. Bu taksonlardan 5 familyaya ait 6 cins ve bu cinslere ait 7 tir Peridophyta, 78 familya
ve 438 tiir ve tiralt1 takson ise Sermatophyta subesindendir. Bunlardan 3 familya, 4 cins ve 6 tiir
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Gymnospermae sinifina, 75 familyaya ait 432 tiir ve tiir alt1 takson ise Angiospermae sinifina aittir. Arastirma
alaninda saptanan tiirlerin biiyiik bitki gruplarina dagilimlar Tablo 1’de verilmistir.

Tablo 1
Aragtirma alaninda saptanan tiirlerin biiyiik bitki gruplarina dagilimlarn
Bolim Takson  Alt Bolim Takson  Simf Takson
Sayisi Sayisi Sayisi
Pteridophyta 7
Gymnospermae 6
Spermatophyta 438 Angiospermae 432 Dicotyledoneae 401

Monocotyledoneae 31

En zengin taksona sahip familyalar ve arastirma alaninda tespit edilen tiir ve tiiralt1 taksonlarin cinslere
dagilimi Tablo 2’de verilmistir.

Tablo 2
Aragtirma alaninda tespit edilen cins, tiir ve tiiralt1 taksonlarin familyalara dagilim1
Familya Cins Takson

Say1 % Say1 %
Asteraceae 33 11,1 41 9,2
Apiaceae 21 7,1 25 5,6
Rosaceae 20 6,7 32 7,2
Poaceae 20 6,7 29 6,5
Fabaceae 18 6,1 39 8,8
Lamiaceae 16 54 26 5,8
Brassicaceae 11 3,7 14 3,1
Caryophyllaceae 9 3,0 15 3,4
Orchidaceae 9 3,0 13 2,9
Boraginaceae 8 2,7 10 2,2
Diger (73 Familya) 132 44,4 201 45,2
Toplam (83 Familya) 297 100,0 445 100,0

Tablo 2 incelendiginde arastirma alaninda yapilan tespitlere gore en ¢ok cins igeren familyanin Asteraceae
(33) oldugu goriilmektedir. Bu familyay: sirasiyla Fabaceae (21), Rosaceae-Poaceae (20), Lamiaceae (18),
Apiaceae (16) familyalan takip etmektedir. En fazla cins sayisina sahip 10 familyanin toplam cins say1s1 165
olup tiim cins sayisina orani %55,55°dir. Ayrica; aragtirma alaninda en ¢ok tiir iceren familya Asteraceae (41)
olarak tespit edilmistir. Bu familyay: sirastyla Fabaceae (39), Rosaceae (32), Poaceae (29), Lamiaceae (26),
Apiaceae (25), familyalar1 takip etmektedir. En fazla tiir ayisina sahip 10 familyanin toplam takson sayis1 244
olup tlim tiirlerin sayisina oran1 %54,83dir.

Arastirma alaninda tespit edilen tiir ve tliralt1 taksonlarin cinslere dagilimi incelendiginde; en fazla tiir ve
tiralt1 takson iceren cinsler Trifolium (9), Galium (7), Campanula (6), Silene-Vicia-Geranium-Veronica-
Rumex (5) seklinde siralanabilir (Tablo 3).
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Tablo 3

Aragtirma alaninda tespit edilen tiir ve tliralt1 taksonlarin cinslere dagilima.
Cins Takson Sayis1
Trifolium
Galium
Campanula
Silene
Vicia
Geranium
Veronica
Rumex

o1 o1 o1 01 01 OO N ©

Arastirma alanindaki bitki taksonlarinin %49,7’sinin Raunkiaer’(1934) in hayat forumlarina gore
hemikriptofit oldugu tespit edilmistir (Tablo 4). Alanin genel formasyon tipi orman olup, fanerofitlerin orani
%17,3, terofitler %15,3, kriptofitler %7, geofitler %6,7, kamefitler %2,5, sarilici fanerofitler %0,9, parazitler
%0,4 ve hidrofitler %0,2 oraninda bulunmaktadir (Tablo 4). Arastirma alaninda bitki birliklerini olusturan
taksonlarin hayat formlarina bakildiginda; alanin genel formasyon tipi orman olmasma ragmen
hemikriptofitlerin sayica ¢ogunlukta oldugu gorilmektedir. Fanerofitler egemen bitki &rtUsini
olusturdugundan, alanda agikliklarin ve ¢ayir topluluklarinin az olmasindan dolay: terofitler sayica daha az
bulunmaktadir.

Tablo 4

Aragtirma alanindaki tiirlerin hayat formlarina gére dagilimlar
Hayat Formu Takson Sayisi %
Hidrofit 1 0,2
Parazit 2 0,4
Sarilic1 Fanerofit 4 0,9
Kamefit 11 2,5
Geofit 30 6,7
Kriptofit 31 7,0
Terofit 68 15,3
Fanerofit 77 17,3
Hemikriptofit 221 49,7
TOPLAM 445 100,0

Yenice YHGS, genellikle Avrupa-Sibirya flora bdlgesine ait taksonlarla karakterize edilmektedir. Avrupa-
Sibirya flora bolgesine ait toplam tiir sayis1 173 olup, toplam takson sayisinin %38,9’unu olusturmaktadir
(Tablo 5). Genis yayilish ve floristik bolgesi bilinmeyen tiirlerin orani ise %51,7’dir.

Tablo 5

Aragtirma alaninda saptanan taksonlarin fitocografik bolgelere dagilimlari
Fitocografik bolge Takson Sayisi %
Akdeniz 17 3,8
Dogu Akdeniz 10 2,2
Avrupa-Sibirya 173 38,9
Hirkaniyen-Oksin 9 2
[ran-Turan 6 1,4
Genis yayilish ve bilinmeyen 230 51,7
TOPLAM 445 100
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Alanda toplam endemik takson sayist 17 olup; bu da alandaki tiim bitkilerin yaklasik %3,8’ine tekabiil
etmektedir. Tiirkiye Bitkileri Kirmiz1 Kitabi’'na gore endemik taksonlar igerisinde 2 takson NT [Abies
nordmanniana (Steven) Spach subsp. equi-trojani (Asc. & Sint. ex Boiss.) Coode & Cullen, Rumex
gracilescens Rech.f.], 3 takson EN [Corydalis caucasica Adams ex Steud. subsp. abantensis Lidén, Erodium
absinthoides Willd. subsp. latifolium (P.H.Davis) P.H.Davis, Hieracium macrogonum (Zahn) P.D.Sell &
C.West], 9 takson LC [Galium fissurense Ehrend. & Schénb.-Tem., Phlomis russeliana (Sims.) Lag. ex
Benth., Stachys cretica L. subsp. anatolica Rech.f., Jurinea pontica Hausskn. & Freyn ex Hausskn.,
Crataegus tanacetifolia (Poir.) Pers., Lathyrus tukhtensis Czeczott, Iris kerneriana Asch. & Sint. ex Baker,
Arum hygrophilum Boiss. subsp. euxinum (R.R.Mill) Alpmar, Verbascum eriocarpum (Freyn & Sint.)
Bornm.], 1 takson VU [Seseli resinosum Freyn & Sint.] kategorisinde degerlendirilmektedir. 2 takson
[Galanthus plicatus M.Bieb. subsp. byzantinus (Baker) D.A.Webb, Astrantia maxima Pall. subsp.
haradjianii (Grintz.) Rech.f.] ise herhangi bir kategoride degerlendirilmemistir. 2 takson BERN [Cyclamen
coum Mill. subsp. coum, Vaccinium arctostaphylos L.], 17 takson ise CITES [Anacamptis pyramidalis (L.)
Rich., Cephalanthera damasonium (Mill.) Druce, Cephalanthera rubra (L.) Rich., Dactylorhiza saccifera
(Brongn.) So6 subsp. saccifera (Brongn.) So6 , Neottia nidus-avis (L.) Rich., Ophrys apifera Huds., Orchis
purpurea Huds. subsp. purpurea, Orchis simia Lam., Orchis pallens L., Epipactis helleborine (L.) Crantz
subsp. helleborine, Epipactis pontica Taubenheim, Limodorum abortivum (L.) Sw. var. abortivum,
Platanthera chlorantha (Custer) Rchb., Galanthus plicatus M.Bieb. subsp. byzantinus (Baker) D.A.Webb,
Cyclamen coum Mill. subsp. coum, Crocus speciosus M.Bieb. subsp. speciosus, Iris kerneriana Asch. & Sint.
ex Baker] tarafindan koruma altinda bulunmaktadir (Tablo 6, Tablo 7, Tablo 8).

Tablo 6
Yenice YHGS da BERN’e gore korunan taksonlar

Cyclamen coum Mill. subsp. coum
Vaccinium arctostaphylos L.

Tablo 7
Yenice YHGS’nda CITES’e gore korunan taksonlar

Anacamptis pyramidalis (L.) Rich.

Cephalanthera damasonium (Mill.) Druce
Cephalanthera rubra (L.) Rich.

Dactylorhiza saccifera (Brongn.) Soo subsp. saccifera
Neottia nidus-avis (L.) Rich.

Ophrys apifera Huds.

Orchis purpurea Huds.

Platanthera chlorantha (Custer) Rchb.

Galanthus plicatus M.Bieb. subsp. byzantinus (Baker) D. A. Webb
Cyclamen coum Mill. subsp. coum

Orchis simia Lam.

Orchis pallens L.

Epipactis helleborine (L.) Crantz subsp. helleborine
Epipactis pontica Taubenheim

Limodorum abortivum (L.) Sw. var. abortivum
Crocus speciosus M.Bieb. subsp. speciosus

Iris kerneriana Asch. & Sint. ex Baker
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Tablo 8
Yenice YHGS’nda IUCN’e gore bitkilerin koruma statiisu.

Abies nordmanniana (Steven) Spach subsp. equi-trojani (Asch. & Sint. ex Boiss.) Coode NT
&Cullen

Rumex gracilescens Rech.f. NT
Galanthus plicatus M.Bieb. subsp. byzantinus (Baker) D.A.Webb

Astrantia maxima Pall. subsp. haradjianii (Grintz.) Rech.f.

Corydalis caucasica Adams ex Steud. subsp. abantensis Lidén EN
Erodium absinthoides Willd. subsp. latifolium (P.H.Davis) P.H.Davis EN
Hieracium macrogonum (Zahn) P.D.Sell & C.West EN
Crataegus tanacetifolia (Poir.) Pers. LC
Lathyrus tukhtensis Czeczott LC
Iris kerneriana Asch. & Sint. ex Baker LC
Arum hygrophilum Boiss. subsp. euxinum (R.R.Mill) Alpinar LC
Galium fissurense Ehrend. & Schénb.-Tem. LC
Phlomis russeliana (Sims.) Lag. ex Benth. LC
Stachys cretica L. subsp. anatolica Rech.f. LC
Verbascum eriocarpum (Freyn & Sint.) Bornm. LC
Jurinea pontica Hausskn. & Freyn ex Hausskn. LC
Seseli resinosum Freyn & Sint. VU

Yapilan bu ¢alisma, arastirma alanina yakin ¢evrelerde diger arastirmacilar tarafindan yapilan galigmalarla,
takson sayisi, fitocografik bolgelere gore dagilim ve endemizm bakimindan karsilastirilmistir (Tablo 9).
Kargilagtirma yapilan ¢aligmalar sunlardir: 1- Yaylacik Arastirma Ormani (Yenice/Karabiik) (Arslan ve
Ketenoglu, 2000), 2- Kart dag:i (Kastamonu) (Ozen,2008), 3- Suliikligol (Bolu - Mudurnu, Goynik /
Adapazar - Akyazi) Cevresi (Kanaoglu,2011), 4- Bolu, Bartin ve Zonguldak illeri findik bahgeleri (Basaran
ve Adigiizel, 2001), 5- Armutlucayir (Kastamonu) (Ozen vd., 2013), 6- Kiire Daglar1 Milli Parki (Bartin
boluma) (Tungkol ve Aksoy, 2018), 7- Karadere (Dulzce-Bolu) vadisi (Aksoy vd., 2018), 8- Karakiris dag1
(Seben-Nallihan)(Aksoy, 2009), 9- Kavakli bolgesindeki (Yenice-Karabiik) dogal yasli orman mesgerelerinin
florast (Aytegin, 2019), 10-Ovacik (Karabiik) ve ¢evresi (Dikilitas vd., 2016).

Tablo 9
Arastirma alani ile karsilagtirma yapilan ¢aligmalar
Cahsma Familya Takson Avrupa- Akdeniz fran-Turan Genis Endemizm
No Sayisi Sibirya Yayilish ve Oram
Fitocografik  (%0)
Bolgesi
Bilinmeyen
1 73 526 %39,3 (207) %4,4 (23)  %1,5 (8) %54,8 (288) 4,21
2 72 351 %30 (104) %7 (24) %12 (42) %42 (148) 4
3 79 406 %26,35 (106)  %4,93 (20) %8,62 (35)  %60,10(244) 9,36
4 52 274 920,08 (55) %7,30(20)  %1,82 (5) %64,24 (176) 1,46
5 66 277 %37,18 (103)  %1,08 (3)  %2,16 (6) %59,58(165) 3,24
6 95 665 %27,37 (182)  %2,7 (18) %11 (74) %57,3(381) 3,36
7 72 327 %37 (121) %8,9 (29)  %2,1(7) %52 (170) 4,2
8 72 511 %13,50 (69) %7,83 (40) %26,22(134)  %52,44 (268) 13,50
9 75 416 %33,8 (141) %6,2 (26)  %1,9 (8) %58 (242) 6,5
10 58 237 %18 (43) %12 (29) %10 (24) %59 (141) 6,33

Karsilastirilma yapilan ¢aligsmalara bakildiginda; takson sayist bakimindan farkliliklar goriilmektedir. Her
nekadar kiyaslanan galigmalar A4 karesinde olsalar da, ¢aligma alanlarmin biyiikligi, konumlart ve
habitatlar1 takson sayisi ve endemizm agisindan farklililara neden olmustur. Calisilan alanlarda dogal olarak
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yayilig yapan bitkilerin fitocografik dagilimlarina bakildiginda; Karakiris dagi (Seben-Nallthan) (Aksoy,
2009) ve Kiire Daglar1 Milli Parki (Bartin boliimii) (Tungkol ve Aksoy, 2018) calismalar1 hari¢ diger
calismalarda tarafimizdan yapilan ¢alismaya benzer sekilde Avrupa Sibirya elementi bitkilerin ¢gogunlukta
oldugu goriilmektedir.

Yenice YHGS’nda, tarafimizdan yapilan ¢alismada, en fazla cins igeren familyalar sirasiyla Asteraceae,
Apiaceae, Rosaceae; en fazla takson iceren familyalar ise Asteraceae, Fabaceae, Rosaceae’dir. Yakin ¢cevrede
yapilan flora ¢aligmalarinda bu dagilima bakildiginda; hem en fazla cins iceren hem de en fazla takson iceren
familyanin tarafimizdan yapilan ¢alismaya benzer olarak Asteaceae oldugu goriilmektedir. Yakin bolge
calismalarinda; en fazla cins ve takson iceren familyalara bakildiginda, sirasinda farkliliklar olmakla birlikte
Rosaceae, Poaceae, Fabaceae ve Lamiaceae familyalarinin ilk tigte oldugu goriilmektedir.

Arastirma alaninda en fazla takson igeren cinsler, yakin bolgelerde yapilan ¢alismalarla kiyaslandiginda;
Kavakli bolgesindeki (Yenice-Karabiik) dogal yasli orman mesgerelerinin florast (Aytegin, 2019) ve Kart
dag1 (Kastamonu) (Ozen,2008) calismalarinda tarafimizdan yapilan ¢alismaya benzer olarak ilk sirada
Trifolium bulunmakla birlikte genel olarak fakliliklar oldugu gériilmektedir.

Arastirma alanindaki tiirler hayat formlar1 bakimindan yakin bolgelerde yapilan ¢alismalarla kiyaslandiginda;
Kavakli bolgesindeki (Yenice-Karabiik) dogal yash orman mesgerelerinin florasi (Aytegin, 2019), Karadere
(Duizce-Bolu) vadisi (Aksoy vd., 2018) ve Siliikltgol (Bolu - Mudurnu, Goyniik / Adapazari - Akyazi)
Cevresi (Kanaoglu,2011) c¢alismalarinda tarafimizdan yapilan calismaya benzer olarak ilk sirada
hemikriptofitler ve ikinci sirada da fanerofitler bulunmaktadir. Kiire Daglar1 Milli Parki (Bartin boliimii)
(Tunckol ve Aksoy, 2018) ve Yaylacik Arastirma Ormam (Yenice/Karabiik) (Arslan ve Ketenoglu, 2000)
calismalarinda ise ilk sirada benzer sekilde hemikriptofitler ancak ikinci sirada terofitler yer almaktadir.

4. Sonug

Arastirma alani, cografi acidan Bat1 Karadeniz Bolgesi’'nde Karabiik ili sinirlar igerisinde ve iilkenin en
blylk blok ormanlarim1 igererek genis ormanlik alanlari kapsayan Yenice ilgesinde bulunmaktadir.
Turkiye’nin en dogal orman habitatlar1 arasinda yer alan Yenice ormanlari, ¢ok genis alanlar kaplayan el
degmemis, igne yaprakli ve yaprak doken karisik dogal yasli ormanlari ve birgogu anitsal boy ve kalinliga
ulagmis agag bireyleri ile yer yer alan igerisinde yapilan ormancilik faaliyetleri, dogal afetler ve gesitli
zararlara ragmen “dogal yasli orman” 6zelligini korumaktadir. Yenice ormanlari, WWF tarafindan Avrupa
6lgeginde korunmasi gereken 100 Sicak Noktadan biri olup, cografi sinirlar1 2003 yilinda tescil edilmis olan
Yenice YHGS ise, sicak noktanin biiyiik bir kismini olusturmaktadir. Arastirma alani, 4915 Sayili Kara
Avciligit Kanununun 4. maddesine gore tescil edilmis olup, toplam 26.687,78 hektarlik bir alanda
yayilmaktadir. Sicak noktanin en dogusu hari¢ biiylik bir bolimii ulu geyik ve karacanin korunmasi i¢in
YHGS olarak koruma altina alinmistir.

Yenice YHGS, biyocografik agidan Avrupa Sibirya Fitocografik Bélgesi’nin Oksin (Euxine) provensinin bati
sektori igerisinde yer almaktadir. Euxine provensi, kendi igerisinde Karadeniz’den i¢ Anadolu’ya dogru eu-
euxine, subeuxine ve ksero-euxine olmak iizere ii¢ alt bolime ayrilmaktadir. Sub-euxine bolimd, i¢ kesimlere
dogru daha kurakga ksero-euxine ile nemli kosullarin ve Kaym (Fagus orientalis) klimaks ormaninin hakim
oldugu (Karadeniz kiy1 kesimleri) eu-euxine boliimii arasinda uzanmaktadir (Zohary,1973).

Aragtirma alaninda iklimsel ve topografik degiskenliklere bagli olarak vejetasyonda, alan icersinde
farkliliklar gosteren genel bir tabakalasma goriilmektedir. Karadeniz bolgesi kendi igerisinde Akdeniz
bolgesine, Avrupa Sibirya fitocografik bolgesine ve ¢ok az da olsa Iran Turan bdlgesine ait bitki tiirleri
barindirmakta olup heterojen bir yap1 gostermektedir.

Arastirma alaninda dogal yayilisa sahip 83 familyaya ait 297 cins ve 445 takson tespit edilmistir. Caligma
alan1 400-1600 metre arasinda degisen yiikseltilerde ve farkli bakilardadir. Bu 6zelligi farkli habitatlarin ve
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bu habitatlarda farkli bitki topluluklarinin olugsmasina imkén saglamaktadir. Arastirma alanmi floristik agidan
farkli elementlere sahip tiirleri igeren genis bir bdlgedir. Bu durum bdlgenin farkli habitat tiplerini de
bilinyesinde bulundurdugunun gdstergesidir. Alanda tespit edilen bitki gruplarma ait taksonlarin floristik
bolgelere dagilimina bakildiginda Avrupa Sibirya kokenli tiirlerin, 38,9’luk bir oranla ¢ogunlukta oldugu
gorulmektedir. Bu durum da fitocografik agidan bulundugu bolge ile uyum gostermektedir. Alanda genis
yayilisa sahip ve floristik bolgesi bilinmeyen tiirlerin sayis1 da oldukca fazladir.

Caligsma alaninda yer yer orman igi agiklik icerisinde cayir vejetasyonu bulunmakla beraber ¢ok belirgin bir
yap1 gostermemektedir. Dere vejetasyonu da benzer sekilde kiigiik alanlarda yer almaktadir. Calisma alaninin
hakim vejetasyon tipi orman olup igerisinde yerlesim yeri bulunmamaktadir. Korunan alan olmasindan dolay1
ormancilik faaliyeti disinda ciddi bir etkiye maruz kalmamakla beraber dogal yapisinda bozulma
gorilmemektedir.

EK- Yenice YHGS na Ait Floristik Liste

EQUISETACEAE

Equisetum hyemale L., 30.08.2016, A.OZTURK 1001, Kriptofit.

ASPLENICEAE

Asplenium adiantum-nigrum L., 23.11.2015, A.OZTURK 1002, Kriptofit.

Asplenium trichomanes L., 23.11.2015, A.OZTURK 1003, Kriptofit.

CYSTOPTERIDACEAE

Cystopteris fragilis (L.) Bernh., 11.08.2015, A.OZTURK 1004, Kriptofit.

DENNSTAEDTIACEAE

Pteridium aquilinum (L.) Kuhn, 11.08.2015, A.OZTURK 1339.

DRYOPTERIDACEAE

Dryopteris filix-mas (L.) Schott, 02.06.2017, A.OZTURK 1005, Kriptofit.

Polystichum aculeatum (L.) Roth, 02.07.2015, A.OZTURK 1006, Kriptofit.

POLYPODIACEAE

Polypodium vulgare L.var. vulgare, 23.11.2015, A.OZTURK 1007, Kriptofit.

GYMNOSPERMS

PINACEAE

Abies nordmanniana (Steven) Spach subsp. equi-trojani (Asch. & Sint. ex Boiss.) Coode & Cullen,
11.08.2015, A.OZTURK 1008, Karadeniz, Fanerofit.

Pinus brutia Ten. var. Brutia, 30.08.2016,A.0ZTURK 1009, D. Akdeniz, Fanerofit.

Pinus nigra J.F.Arnold subsp. pallasiana (Lamb.) Holmboe var. pallasiana, 02.07.2015, A.OZTURK 1010,
Kriptofit.

Pinus sylvestris L. var. hamata Steven, 30.08.2016, A.O0ZTURK 1011, Avrupa-Sibirya, Fanerofit.
TAXACEAE

Taxus baccata L., 30.08.2016, A.OZTURK 1012, Fanerofit.

CUPRESSACEAE

Juniperus oxycedrus L. subsp. oxycedrus var. oxycedrus f. oxycedrus, 30.08.2016, A.OZTURK 1340, Fanerofit.
MAGNOLIIDS

ARISTOLOCHIACEAE

Aristolochia pontica Lam., 04.04.2016, A.OZTURK 1013, Karadeniz, Hemikriptofit.
ARACEAE

Arum hygrophilum Boiss. subsp. euxinum (R.R.Mill) Alpiar, 04.04.2016, A.OZTURK 1341, Karadeniz,
Hemikriptofit.

MONOCOTS

DIOSCOREACEAE

o1
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Dioscorea communis (L.) Caddick & Wilkin, 04.04.2016, A.OZTURK 1342, Hemikriptofit.
COLCHICACEAE

Colchicum speciosum Steven, 30.08.2016, A.OZTURK 1343, Avrupa-Sibirya, Hemikriptofit.
LILIACEAE

Fritillaria pontica Wahlenb., 02.07.2015, A.OZTURK 1014, Avrupa-Sibirya, Geofit.

Gagea bohemica Schult.f., 04.04.2016, A.OZTURK 1344, Hemikriptofit.

SMILACACEAE o
Smilax aspera L., 02.07.2015, A.OZTURK 1015, Fanerofit.

Smilax excelsa L., 30.08.2016, A.OZTURK 1016, Akdeniz, Fanerofit.

ORCHIDACEAE

Anacamptis pyramidalis (L.) Rich., 09.06.2016, A.OZTURK 1017, Geofit.

Cephalanthera damasonium Druce, 02.06.2017, A.OZTURK 1018, Avrupa-Sibirya, Geofit.
Cephalanthera rubra (L.) Rich., 02.06.2017, A.OZTURK 1019, Geofit.

Dactylorhiza saccifera (Brongn.) So6 subsp. saccifera, 02.06.2017, A.OZTURK 1020, D.Akdeniz, Geofit.
Epipactis helleborine (L.) Crantz subsp. helleborine, 09.06.2016, A.OZTURK 1345, Geofit.
Epipactis pontica Taubenheim, 02.07.2015, A.OZTURK 1346, Karadeniz, Geofit.

Limodorum abortivum (L.) Sw. var. abortivum, 02.06.2017, A.OZTURK 1347, Geofit.

Neottia nidus-avis (L.) Rich., 02.06.2017, A.OZTURK 1021, Avrupa-Sibirya, Geofit.

Ophrys apifera Huds., 24.05.2016, A.OZTURK 1022, Geofit.

Orchis pallens L., 24.05.2016, A.OZTURK 1348, Avrupa-Sibirya, Geofit.

Orchis purpurea Huds., 24.05.2016, A.OZTURK 1023, Avrupa-Sibirya, Geofit.

Orchis simia Vill., 24.05.2016, A.OZTURK 1349, Akdeniz, Geofit.

Platanthera chlorantha (Custer) Rchb., 24.05.2016, A.OZTURK 1024, Geofit.

IRIDACEAE

Crocus speciosus M.Bieb. subsp. speciosus, 10.10.2016, A.OZTURK 1350, Geofit.

Iris kerneriana Asch. & Sint. ex Baker, 02.06.2017, A.OZTURK 1351, Avrupa-Sibirya, Geofit.
Iris sintenisii Janka subsp. sintenisii, 24.05.2016, A.OZTURK 1025, Avrupa-Sibirya, Geofit.
AMARYILLIDACEAE

Allium jubatum J.F.Macbr., 02.07.2015, A.OZTURK 1026, Karadeniz, Geofit.

Galanthus plicatus M.Bieb. subsp. byzantinus (Baker)D.A.Webb, 26.03.2015, A.OZTURK 1027, Karadeniz,
Geofit.

ASPARAGACEAE

Muscari neglectum Guss. Ex Ten., 26.03.2016, A.OZTURK 1028, Geofit.

Ornithogalum oligophyllum E.D.Clarke, 26.03.2016, A.OZTURK 1029, Geofit.

Ornithogalum wiedemannii Boiss. var. wiedemannii, 01.06.2017, A.OZTURK 1030, Geofit.
Polygonatum orientale Desf., 02.06.2017, A.OZTURK 1031, Karadeniz, Geofit.

Ruscus hypoglossum L., 04.04.2016, A.OZTURK 1032, Avrupa-Sibirya, Geofit.

Scilla bifolia L., 24.05.2016, A.OZTURK 1352, Akdeniz, Geofit.

COMMELINIDS

JUNCACEAE

Juncus effusus L. subsp. effusus, 02.06.2017, A.OZTURK 1033, Avrupa-Sibirya, Hemikriptofit.

Luzula forsteri DC. subsp. caspica (Rupr. Ex Bordz.) Novikov, 24.05.2016, A.OZTURK 1034, Hemikriptofit.
CYPERACEAE

Carex remota L. subsp. remota, 01.06.2017, A.OZTURK 1035, Avrupa-Sibirya, Hemikriptofit.

Carex spicata Brot. ex Kunth subsp. spicata, 31.05.2017, A.OZTURK 1353, Avrupa-Sibirya, Hemikriptofit.
Carex sylvatica Huds. subsp. sylvatica, 31.05.2017, A.OZTURK 1036, Avrupa-Sibirya, Hemikriptofit.
POACEAE

Agrostis stolonifera L., 02.07.2015, A.OZTURK 1354, Avrupa-Sibirya, Hemikriptofit.
Brachypodium pinnatum (L.) P.Beauv., 02.07.2015, A.OZTURK 1355, Avrupa-Sibirya, Hemikriptofit.
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Brachypodium sylvaticum (Huds.) P.Beauv., 02.07.2015, A.OZTURK 1037, Avrupa-Sibirya, Hemikriptofit.
Briza media L., 02.07.2015, A.OZTURK 1356, Hemikriptofit.

Bromus sterilis L., 24.05.2016, A.OZTURK 1038, Hemikriptofit.

Chrysopogon gryllus Trin. subsp. gryllus, 24.05.2016, A.OZTURK 1039, Hemikriptofit.

Cynodon dactylon (L.) Pers. var. villosus Regel, 02.07.2015, A.OZTURK 1040, Hemikriptofit.
Cynosurus cristatus L., 02.07.2015, A.OZTURK 1041, Avrupa-Sibirya, Hemikriptofit.

Cynosurus echinatus L., 02.07.2015, A.OZTURK 1042, Akdeniz, Terofit.

Dactylis glomerata L. subsp. glomerata, 23.11.2015, A.OZTURK 1043, Avrupa-Sibirya, Kriptofit.
Dactylis glomerata L. subsp. hispanica (Roth) Nyman, 09.06.2016, A.OZTURK 1044, Kriptofit.
Echinochloa crus-galli (L.) P.Beauv., 11.08.2015, A.OZTURK 1045, Terofit.

Elymus hispidus (Opiz) Melderis subsp. hispidus, 02.07.2015, A.OZTURK 1357, Hemikriptofit.
Eragrostis collina Trin., 09.06.2016, A.OZTURK 1046, Terofit.

Festuca drymeja Mert. & W.D.J.Koch, 02.07.2015, A.OZTURK 1358, Avrupa-Sibirya, Hemikriptofit.
Festuca gigantea (L.) Vill., 02.07.2015, A.OZTURK 1359, Avrupa-Sibirya, Hemikriptofit.

Festuca heterophylla Lam., 02.07.2015, A.OZTURK 1360, Avrupa-Sibirya, Hemikriptofit.

Holcus lanatus L., 24.05.2016, A.OZTURK 1047, Avrupa-Sibirya, Hemikriptofit.

Hordelymus europaeus (L.) Jess. ex Harz., 09.06.2016, A.OZTURK 1048, Avrupa-Sibirya, Hemikriptofit.
Hordeum bulbosum L., 09.06.2016, A.OZTURK 1361, Hemikriptofit.

Melica uniflora Retz., 26.03.2015, A.OZTURK 1049, Avrupa-Sibirya, Hemikriptofit.

Setaria verticillata (L.) P.Beauv. var. ambigua (Guss.) Parl., 23.11.2015, A.OZTURK 1050, Terofit.
Phleum montanum K. Koch subsp. montanum, 09.06.2016, A.OZTURK 1362, Hemikriptofit.

Phleum phleoides H.Karst., 02.07.2015, A.OZTURK 1363, Avrupa-Sibirya, Hemikriptofit.

Poa angustifolia L., 24.05.2016, A.OZTURK 1051, Hemikriptofit.

Poa nemoralis L., 02.07.2015, A.OZTURK 1364, Hemikriptofit.

Poa pratensis L., 24.05.2016, A.OZTURK 1052, Hemikriptofit.

Poa trivialis L., 09.06.2016, A.OZTURK 1053, Hemikriptofit.

Rostraria cristata (L.) Tzvelev var. cristata, 09.06.2016, A.OZTURK 1365, Hemikriptofit.
EUDICOTS

PAPAVERACEAE

Chelidonium majus L., 31.05.2017, A.OZTURK 1054, Avrupa-Sibirya, Hemikriptofit.

Corydalis caucasica Adams ex Steud. subsp. abantensis Lidén, 04.04.2016, A.OZTURK 1055, Karadeniz, Kriptofit.
Corydalis integra Barbey&Major, 26.03.2015, A.OZTURK 1056, Kriptofit.

Papaver rhoeas L., 24.05.2016, A.OZTURK 1057, Terofit.

RANUNCULACEAE

Actaea spicata L., 31.05.2017, A.OZTURK 1058, Hemikriptofit.

Clematis vitalba L., 02.07.2015, A.OZTURK 1059, Sarilic1 Fanerofit.

Clematis viticella L., 24.05.2016, A.OZTURK 1060, Sarilic1 Fanerofit.

Helleborus orientalis Lam., 26.03.2015, A.OZTURK 1061, Karadeniz, Kriptofit.

Ranunculus brutius Ten., 09.06.2016, A.OZTURK 1366, Avrupa-Sibirya, Hemikriptofit.

Ranunculus constantinopolitanus d’Urv., 04.04.2016, A.OZTURK 1062, Hemikriptofit.

Ranunculus neapolitanus Ten., 24.05.2016, A.OZTURK 1063, Hemikriptofit.

Ranunculus repens L., 09.06.2016, A.OZTURK 1367, Hemikriptofit.

PLATANACEAE

Platanus orientalis L., 11.08.2015, A.OZTURK 1064, Fanerofit.

BUXACEAE

Buxus sempervirens L. subsp. sempervirens, 26.03.2015, A.OZTURK 1065, Avrupa-Sibirya, Fanerofit.
CRASSULACEAE

Sedum album L., 11.08.2015, A.OZTURK 1368, Hemikriptofit.

Sedum pallidum M.Bieb., 24.05.2016, A.OZTURK 1066, Karadeniz, Terofit.

SAXIFRAGACEAE

Saxifraga adscendens L. subsp. adscendens, 26.03.2015, A.OZTURK 1067, Terofit.

Saxifraga cymbalaria L., 02.06.2017, A.OZTURK 1068, Terofit.

Saxifraga rotundifolia L. subsp. rotundifolia, 11.08.2015, A.OZTURK 1069, Avrupa-Sibirya, Kriptofit.
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ROSIDS,

FABID/ROSID I

CELASTRACEAE

Euonymus latifolius Mill. subsp. latifolius, 11.08.2015, A.OZTURK 1070, Avrupa-Sibirya, Fanerofit.
OXALIDACEAE

Oxalis corniculata L., 24.05.2016, A.OZTURK 1071, Terofit.

HYPERICACEAE

Hypericum androsaemum L., 11.08.2015, A.OZTURK 1072, Avrupa-Sibirya, Fanerofit.

Hypericum bithynicum Boiss., 02.07.2015, A.OZTURK 1073, Karadeniz, Hemikriptofit.

Hypericum montbretii Spach, 02.07.2015, A.OZTURK 1074, Hemikriptofit.

Hypericum perforatum L. subsp. veronense (Schrank) H.Linb., 02.07.2015, A.OZTURK 1075, Hemikriptofit.
VIOLACEAE

Viola arvensis Murray, 02.06.2017, A.OZTURK 1369, Terofit.

Viola odorata L., 04.04.2016, A.OZTURK 1075, Hemikriptofit.

Viola sieheana W.Becker, 24.05.2016, A.OZTURK 1370, Hemikriptofit.

Viola suavis M.Bieb., 26.03.2015, A.OZTURK 1076, Hemikriptofit.

SALICACEAE

Populus tremula L. subsp. tremula, 11.08.2015, A.OZTURK 1077, Avrupa-Sibirya, Fanerofit.

Salix alba L. subsp. alba, 24.05.2016, A.OZTURK 1371, Avrupa-Sibirya, Fanerofit.

Salix caprea L., 26.03.2015, A.OZTURK 1078, Avrupa-Sibirya, Fanerofit.

EUPHORBIACEAE

Euphorbia amygdaloides L. subsp. amygdaloides, 04.04.2016, A.OZTURK 1079, Avrupa-Sibirya, Kamefit.
Euphorbia macroclada Boiss., 02.06.2017, A.OZTURK 1372, Iran-Turan, Hemikriptofit.

Euphorbia seguieriana Neck. subsp. niciciana (Borbas ex Novéak) Rech. f., 09.06.2016, A.OZTURK 1080,
Hemikriptofit.

Euphorbia stricta L., 09.06.2016, A.OZTURK 1081, Avrupa-Sibirya, Terofit.

LINACEAE

Linum aroanium Boiss. & Orph., 02.06.2017, A.OZTURK 1082, Hemikriptofit.

N-FIXING CLADE

FABACEAE

Anthyllis vulneraria L. subsp. boissieri (Sagorski) Bornm., 02.07.2015, A.OZTURK 1373, Hemikriptofit.
Argyrolobium biebersteinii P.W.Ball, 11.08.2015, A.OZTURK 1083, Hemikriptofit.

Astragalus depressus L. var. depressus, 02.06.2017, A.OZTURK 1374, Hemikriptofit.

Astragalus glycyphylloides DC., 11.08.2015, A.OZTURK 1084, Avrupa-Sibirya, Hemikriptofit.
Astragalus microcephalus Willd. subsp. microcephalus, 02.07.2015, A.OZTURK 1375, iran-Turan, Kamefit.
Bituminaria bituminosa (L.) C.H.Stirt., 02.07.2015, A.OZTURK 1376, Akdeniz, Hemikriptofit.

Colutea cilicica Boiss. & Balansa, 24.05.2016, A.OZTURK 1085, Fanerofit.

Cytisus hirsutus L., 04.04.2016, A.OZTURK 1086, Fanerofit.

Cytisus pygmaeus Willd., 02.06.2017, A.OZTURK 1377, Avrupa-Sibirya, Kamefit.

Dorycnium graecum Ser., 02.07.2015, A.OZTURK 1087, Karadeniz, Fanerofit.

Galega officinalis L., 11.08.2015, A.OZTURK 1088, Avrupa-Sibirya, Hemikriptofit.

Genista januensis Viv. subsp. lydia (Boiss.) Kit Tan & Ziel., 02.06.2017, A.OZTURK 1089, D.Akdeniz, Fanerofit.
Genista tinctoria L., 02.07.2015, A.OZTURK 1090, Avrupa-Sibirya, Fanerofit.

Lathyrus aphaca L. var. biflorus Post, 22.06.2017, A.OZTURK 1091, Akdeniz, Terofit.

Lathyrus aureus (Steven) Bornm., 02.06.2017, A.OZTURK 1092, Karadeniz, Hemikriptofit.

Lathyrus laxiflorus (Desf.) O.Kuntze subsp. laxiflorus, 02.07.2015, A.OZTURK 1093, Hemikriptofit.
Lathyrus tukhtensis Czeczott, 02.06.2017, A.OZTURK 1378, Hemikriptofit.

Lotus corniculatus L. var. corniculatus, 24.05.2016, A.OZTURK 1094, Hemikriptofit.

Medicago arabica (L.) Huds., 24.05.2016, A.OZTURK 1095, Terofit.

Medicago lupulina L., 24.05.2016, A.OZTURK 1096, Hemikriptofit.

Melilotus albus Desr., 11.08.2015, A.OZTURK 1097, Terofit.

Melilotus officinalis Pall., 02.07.2015, A.OZTURK 1098, Terofit.
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Pisum sativum L. subsp. elatius (M.Bieb.) Aschers. & Graebn. var. elatius, 24.05.2016, A.OZTURK 1099, Akdeniz,
Terofit

Robinia pseudoacacia L., 02.07.2015, A.OZTURK 1100, Fanerofit.

Securigera varia (L.)Lassen., 02.07.2015, A.OZTURK 1379, D.Akdeniz, Hemikriptofit.

Trifolium arvense L. var. arvense, 02.07.2015, A.OZTURK 1101, Terofit.

Trifolium badium Ledeb. subsp. rytidosemium (Boiss. & Hohen.) Hossain var. rytidosemium, 02.07.2015, A.OZTURK
1442, Hirkanya-Karadeniz, Hemikriptofit.

Trifolium campestre Schreb. subsp. campestre var. campestre, 02.07.2015, A.OZTURK 1102, Terofit.

Trifolium medium L. var. medium, 02.07.2015, A.OZTURK 1380, Hemikriptofit.

Trifolium nigrescens Viv. subsp. petrisavii (Clementi) Holmboe, 02.07.2015,A.0ZTURK 1103, Terofit.
Trifolium ochroleucum L., 02.07.2015, A.OZTURK 1381, Hemikriptofit.

Trifolium patens Schreb., 02.07.2015, A.OZTURK 1104, Terofit.

Trifolium pratense L. var. pratense, 02.07.2015,A.0ZTURK 1105, Hemikriptofit.

Trifolium repens L. var. repens, 02.07.2015, A.OZTURK 1106, Hemikriptofit.

Vicia cassubica L., 09.06.2016, A.OZTURK 1107, Avrupa-Sibirya, Kriptofit.

Vicia cracca L. subsp. cracca, 09.06.2016, A.OZTURK 1108, Avrupa-Sibirya, Hemikriptofit.

Vicia cracca L. subsp. stenophylla (Velen.) C.D.Preston, 24.05.2016, A.OZTURK 1109, Hemikriptofit.

Vicia sativa L. subsp. nigra (L.) Ehrh. var. segetalis (Thuill.) Ser. ex DC., 24.05.2016, A.OZTURK 1110, Terofit.
Vicia sepium L., 02.07.2015, A.OZTURK 1111, Avrupa-Sibirya, Hemikriptofit.

POLYGALACEAE

Polygala anatolica Boiss. & Heldr., 19.06.2017, A.OZTURK 1112, Kamefit.

Polygala pruinosa Boiss. subsp. pruinosa, 19.06.2017, A.OZTURK 1382, Kamefit.

ROSACEAE

Agrimonia eupatoria L. subsp. asiatica (Juz.) Skalicky, 02.07.2015, A.OZTURK 1113, Hemikriptofit.

Agrimonia repens L., 02.07.2015, A.OZTURK 1383, Hemikriptofit.

Alchemilla surculosa Fréhner, 02.07.2015, A.OZTURK 1384, Hirkan-Karadeniz (Dag), Hemikriptofit.
Amelanchier ovalis Medik. subsp. ovalis (Boiss. & Hohen.) Bornm., 24.05.2016, A.OZTURK 1385, D.Akdeniz,
Kamefit.

Cerasus avium (L.) Moench, 02.07.2015, A.OZTURK 1114, Fanerofit.

Cotoneaster nummularius Fisch. & C.A.Mey., 24.05.2016, A.OZTURK 1386, Kamefit.

Crataegus microphylla K.Koch subsp. microphylla, 11.08.2015, A.OZTURK 1115, Hirkan-Karadeniz, Fanerofit.
Crataegus pentagyna Waldst.& Kit. ex Willd., 11.08.2015, A.OZTURK 1116, Avrupa-Sibirya, Fanerofit.
Crataegus monogyna Jacg. var. monogyna, 11.08.2015, A.OZTURK 1117, Fanerofit.

Crataegus tanacetifolia Pers., 19.06.2017, A.OZTURK 1387, Kamefit.

Filipendula vulgaris Moench, 24.05.2016, A.OZTURK 1118, Avrupa-Sibirya, Hemikriptofit.

Fragaria vesca L., 02.07.2015, A.OZTURK 1119, Avrupa-Sibirya, Hemikriptofit.

Geum rivale L., 02.07.2015, A.OZTURK 1120, Hemikriptofit.

Geum urbanum L., 02.07.2015, A.OZTURK 1121, Avrupa-Sibirya, Hemikriptofit.

Lauro-cerasus officinalis M.Roem., 11.08.2015, A.OZTURK 1122, Fanerofit.

Malus sylvestris Miller subsp. orientalis (A. Uglitzkich) Browicz var. orientalis, 02.07.2015, A.OZTURK 1388,
Fanerofit.

Mespilus germanica L., 11.08.2015, A.OZTURK 1123, Hirkan-Karadeniz, Fanerofit.

Potentilla argentea L., 23.11.2015, A.OZTURK 1124, Hemikriptofit.

Potentilla inclinata Vill., 09.06.2016, A.OZTURK 1125, Hemikriptofit.

Potentilla micrantha Ramond ex DC., 26.03.2015, A.OZTURK 1126, Hemikriptofit.

Potentilla recta L., 02.07.2015, A.OZTURK 1127, Hemikriptofit.

Prunus divaricata Ledeb. subsp. divaricata, 04.04.2016, A.OZTURK 1389, Fanerofit.

Pyracantha coccinea M.Roem., 04.04.2016, A.OZTURK 1390, Kamefit.

Pyrus communis L. subsp. communis, 04.04.2016, A.OZTURK 1391, Fanerofit.

Pyrus elaeagnifolia Pall. subsp. elaeagnifolia, 04.04.2016, A.OZTURK 1128, Fanerofit.

Rosa canina L., 02.07.2015, A.OZTURK 1129, Fanerofit.

Rubus canescens DC. var. glabratus (Godr.) P.H.Davis & Meikle, 02.07.2015, A.OZTURK 1392, Avrupa-Sibirya,
Kamefit.
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Rubus hirtus Waldst.& Kit., 02.07.2015, A.OZTURK 1130, Avrupa-Sibirya, Fanerofit.

Rubus ibericus Juz., 11.08.2015, A.OZTURK 1131, Fanerofit.

Rubus idaeus L. subsp. idaeus, 02.07.2015, A.OZTURK 1393, Kamefit.

Sanguisorba minor Scop. subsp. balearica (Nyman) Mufioz Garm. & C.Navarro, 02.07.2015, A.OZTURK 1443,
Hemikriptofit.

Sorbus torminalis (L.) Crantz var. torminalis, 02.07.2015, A.OZTURK 1132, Fanerofit.

ULMACEAE

Ulmus glabra Huds., 11.08.2015, A.OZTURK 1133, Avrupa-Sibirya, Fanerofit.

MORACEAE

Ficus carica L. subsp. carica, 11.08.2015, A.OZTURK 1134, Fanerofit.

URTICACEAE

Urtica dioica L. subsp. dioica, 26.03.2015, A.OZTURK 1135, Avrupa-Sibirya, Hemikriptofit.
DATISCACEAE

Datisca cannabina L., 11.08.2015, A.OZTURK 1136, Hemikriptofit.

FAGACEAE

Castanea sativa Mill., 02.07.2015, A.OZTURK 1137, Avrupa-Sibirya, Fanerofit.

Fagus orientalis Lipsky, 11.08.2015, A.OZTURK 1138, Avrupa-Sibirya, Fanerofit.

Quercus petraea (Matt.) Liebl. subsp. iberica(Steven ex M.Bieb.)Krassiln., 11.08.2015, A.OZTURK 1139, Fanerofit.
Quercus pubescens Willd. subsp. pubescens, 11.08.2015, A.OZTURK 1394, Fanerofit.
JUGLANDACEAE

Juglans regia L., 02.07.2015, A.OZTURK 1140, Fanerofit.

BETULACEAE

Alnus glutinosa (L.) Gaertn. subsp. glutinosa, 02.07.2015, A.OZTURK 1141, Avrupa-Sibirya, Fanerofit.
Carpinus betulus L., 02.07.2015, A.OZTURK 1142, Avrupa-Sibirya, Fanerofit.

Corylus avellana L. var. avellana, 02.07.2015, A.OZTURK 1143, Avrupa-Sibirya, Fanerofit.

Corylus colurna L., 02.07.2015, A.OZTURK 1445, Avrupa-Sibirya, Fanerofit.

Ostrya carpinifolia Scop., 11.08.2015, A.OZTURK 1144, Akdeniz, Fanerofit.

MALVID/ROSID Il

GERANIACEAE

Erodium absinthoides Willd. subsp. latifolium (P.H.Davis)P.H.Davis, 02.07.2015, A.OZTURK 1145,Karadeniz,
Hemikriptofit.

Geranium asphodeloides Burm. f. subsp. asphodeloides, 02.07.2015, A.OZTURK 1146, Avrupa-Sibirya, Hemikriptofit.
Geranium columbinum L., 09.06.2016, A.OZTURK 1147, Terofit.

Geranium lucidum L., 24.05.2016, A.OZTURK 1148, Terofit.

Geranium pyrenaicum Burm. f., 02.07.2015, A.OZTURK 1149, Hemikriptofit.

Geranium robertianum L., 02.07.2015, A.OZTURK 1150, Terofit.

ONAGRACEAE

Circaea lutetiana L., 11.08.2015, A.OZTURK 1151, Hemikriptofit.

Epilobium angustifolium L., 11.08.2015, A.OZTURK 1152, Kriptofit.

Epilobium hirsutum L., 11.08.2015, A.OZTURK 1153, Kriptofit.

Epilobium lanceolatum Sebast. & Mauri, 02.07.2015, A.OZTURK 1395, Hemikriptofit.

Epilobium montanum L., 11.08.2015, A.OZTURK 1154, Avrupa-Sibirya, Hemikriptofit.
STAPHYLEACEAE

Staphylea pinnata L., 11.08.2015, A.OZTURK 1155, Karadeniz, Fanerofit.

ANACARDIACEAE

Pistacia palaestina Boiss., 02.07.2015, A.OZTURK 1156, Dogu Karadeniz, Fanerofit.

Rhus coriaria L., 11.08.2015, A.OZTURK 1157, Fanerofit.

SAPINDACEAE

Acer campestre L. subsp. campestre, 02.07.2015, A.OZTURK 1158, Avrupa-Sibirya, Fanerofit.

Acer heldreichii Boiss. & Heldr. subsp. trautvetteri (Medw.) A.E.Murray, 31.05.2017, A.OZTURK 1159, Karadeniz,
Fanerofit.

Acer negundo L., 11.08.2015, A.OZTURK 1160, Fanerofit.

Acer platanoides L., 02.07.2015, A.OZTURK 1161, Avrupa-Sibirya, Fanerofit.
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RUTACEAE

Dictamnus albus L., 02.07.2015, A.OZTURK 1162, Hemikriptofit.

THYMELAEACEAE

Daphne pontica L. subsp. pontica, 11.08.2015, A.OZTURK 1163, Karadeniz, Fanerofit.

CISTACEAE

Cistus creticus L., 04.04.2016, A.OZTURK 1164, Omni-Akdeniz, Fanerofit.

Cistus salviifolius L., 09.06.2016, A.OZTURK 1165, Fanerofit.

Helianthemum nummularium (L.) Mill. subsp. nummularium, 24.05.2015, A.OZTURK 1166, Kamefit.
MALVACEAE

Alcea biennis Winterl, 11.08.2015, A.OZTURK 1167, Hemikriptofit.

Malva alcea L., 11.08.2015, A.OZTURK 1168, Hemikriptofit.

Malva neglecta Wallr., 09.06.2016, A.OZTURK 1169, Terofit.

Tilia rubra DC. subsp. caucasica (Rupr). V.Engl., 02.07.2015, A.OZTURK 1170, Karadeniz, Fanerofit.
BRASSICACEAE

Alliaria petiolata (M.Bieb.) Cavara & Grande, 04.04.2016, A.OZTURK 1171, Hemikriptofit.

Alyssum trichostachyum Rupr., 24.05.2016, A.OZTURK 1172, Hemikriptofit.

Arabidopsis thaliana (L.) Heynh., 26.03.2015, A.OZTURK 1173, Terofit.

Arabis sagittata (Bertol.) DC., 04.04.2016, A.OZTURK 1174, Hemikriptofit.

Barbarea plantaginea DC., 04.04.2016, A.OZTURK 1175, Terofit.

Calepina irregularis Thell., 24.05.2016, A.OZTURK 1176, Terofit.

Capsella bursa-pastoris (L.) Medik., 24.05.2016, A.OZTURK 1396, genis yayilisl, Terofit.
Cardamine bulbifera Crantz, 09.06.2016, A.OZTURK 1177, Avrupa-Sibirya, Kriptofit.

Cardamine hirsuta L., 04.04.2016, A.OZTURK 1178, Terofit.

Cardamine impatiens L. subsp. pectinata (Pall. ex DC.) Stoj. & Stef., 24.05.2016, A.OZTURK 1179, Avrupa-Sibirya,
Terofit.

Cardamine quinquefolia (M.Bieb.) Benth. & Hook.f. ex Schmalh., 26.03.2015, A.OZTURK 1180, Avrupa-Sibirya,
Kriptofit.

Microthlaspi perfoliatum (L.) F.K.Mey., 04.04.2016, A.OZTURK 1397, Terofit.

Sisymbrium officinale (L.) Scop., 02.06.2017, A.OZTURK 1181, Terofit.

Turritis glabra L., 24.05.2016, A.OZTURK 1398, Terofit.

SANTALACEAE

Thesium arvense Horv., 24.05.2016, A.OZTURK 1399, Avrupa-Sibirya, Hemikriptofit.
POLYGONACEAE

Polygonum aviculare L., 11.08.2015, A.OZTURK 1182, Kozmopolit, Terofit.

Polygonum persicaria L., 11.08.2015, A.OZTURK 1183, Terofit.

Rumex acetosella L., 02.07.2015, A.OZTURK 1400, Kozmopolit, Hemikriptofit.

Rumex crispus L., 02.07.2015, A.OZTURK 1184, Hemikriptofit.

Rumex gracilescens Rech. f., 09.06.2016, A.OZTURK 1185, Karadeniz, Hemikriptofit.

Rumex obtusifolius L. subsp. subalpinus (Schur) Celak., 24.05.2016, A.OZTURK 1186, Hemikriptofit.
Rumex tuberosus L. subsp. tuberosus, 24.05.2016, A.OZTURK 1401, Hemikriptofit.
CARYOPHYLLACEAE

Cerastium dubium(Bastard) O.Schwarz, 04.04.2016, A.OZTURK 1187, Terofit.

Cerastium pumilum Curtis subsp. pumilum, 04.04.2016, A.OZTURK 1188, Terofit.

Dianthus giganteus d'Urv., 02.07.2015, A.OZTURK 1189, Avrupa-Sibirya, Hemikriptofit.

Dianthus orientalis Adams, 02.07.2015, A.OZTURK 1190, Hemikriptofit.

Moehringia trinervia (L.) Clairv., 31.05.2017, A.OZTURK 1191, Terofit.

Moenchia mantica Bartl.Cat.Sem.Hort.Gotting. ex W.D.J.Koch, 04.04.2016, A.OZTURK 1192, Terofit.
Myosoton aquaticum Moench, 11.08.2015, A.OZTURK 1193, Avrupa-Sibirya, Hemikriptofit.
Saponaria glutinosa M.Bieb., 02.06.2017, A.OZTURK 1194, Hemikriptofit.

Scleranthus annuus L. subsp. annuus, 02.06.2017, A.OZTURK 1195, Terofit.

Silene compacta Fisch. ex Hornem., 11.08.2016, A.OZTURK 1196, Hemikriptofit.

Silene coronaria Clairv. ex Rchb., 09.06.2016, A.OZTURK 1197, Avrupa-Sibirya, Hemikriptofit.
Silene italica (L.) Pers. subsp. italica, 02.06.2017, A.OZTURK 1198,Akdeniz, Hemikriptofit.
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Silene latifolia Poir., 11.08.2015, A.OZTURK 1199, Hemikriptofit.

Silene vulgaris (Moench) Garcke subsp. vulgaris, 11.08.2015, A.OZTURK 1402, Hemikriptofit.
Stellaria media (L.) Vill., 24.05.2016, A.OZTURK 1200, Terofit.

AMARANTHACEAE

Chenopodium murale L., 23.11.2015, A.OZTURK 1201, Terofit.

PHYTOLACCACEAE

Phytolacca americana L., 11.08.2015, A.OZTURK 1202, Kamefit.

CORNACEAE

Cornus mas L., 11.08.2015, A.OZTURK 1203, Avrupa-Sibirya, Fanerofit.

Cornus sanguinea L. subsp. australis (C.A.Mey.) S06, 11.08.2015, A.OZTURK 1204, Avrupa-Sibirya, Fanerofit.
BALSAMINACEAE

Impatiens noli-tangere L., 11.08.2015, A.OZTURK 1205, Avrupa-Sibirya, Terofit.
PRIMULACEAE

Anagallis arvensis L. var. arvensis L., 02.07.2015, A.OZTURK 1206, Terofit.

Cyclamen coum Mill. subsp. coum, 26.03.2015, A.OZTURK 1207, Geofit.

Lysimachia verticillaris Biehler, 11.08.2015, A.OZTURK 1208, Hirkan-Karadeniz, Hidrofit.
Primula acaulis(L.) subsp. acaulis, 24.05.2016, A.OZTURK 1209, Avrupa-Sibirya, Hemikriptofit.
ERICACEAE

Arbutus andrachne L., 26.03.2015, A.OZTURK 1210, Fanerofit.

Erica arborea L., 26.03.2015, A.OZTURK 1211, Fanerofit.

Monotropa hypopithys L., 02.07.2015, A.OZTURK 1403, Hemikriptofit.

Orthilia secunda (L.) House, 02.07.2015, A.OZTURK 1404, Hemikriptofit.

Pyrola chlorantha Sw., 02.07.2015, A.OZTURK 1405, Hemikriptofit.

Rhododendron ponticum L., 02.07.2015, A.OZTURK 1212, Karadeniz, Fanerofit.

Vaccinium arctostaphylos L., 11.08.2015, A.OZTURK 1213, Karadeniz, Fanerofit.
EUASTERIDS

LAMIID/ASTERID I

RUBIACEAE

Asperula involucrata Wahlenb., 09.06.2016, A.OZTURK 1214, Karadeniz, Hemikriptofit.
Asperula taurina L., 31.05.2017, A.OZTURK 1215, Hirkan-Karadeniz, Hemikriptofit.

Galium album Willd. subsp. prusense (K.Koch) Ehrend. & Krendl, 11.08.2015, A.OZTURK 1216, Hemikriptofit
Galium aparine L., 09.06.2016, A.OZTURK 1406, Terofit.

Galium fissurense Ehrend. & Schénb.-Tem., 24.05.2016, A.OZTURK 1217, Karadeniz, Hemikriptofit.
Galium odoratum Scop., 09.06.2016, A.OZTURK 1218, Avrupa-Sibirya, Kriptofit.

Galium paschale Forssk., 02.07.2015, A.OZTURK 1219, Dogu Akdeniz ( Dag), Hemikriptofit.
Galium rotundifolium L., 02.07.2015, A.OZTURK 1407, Avrupa-Sibirya, Hemikriptofit.

Galium verum L. subsp. verum, 02.07.2015, A.OZTURK 1220, Avrupa-Sibirya, Hemikriptofit.
Sherardia arvensis L., 24.05.2016, A.OZTURK 1221, Akdeniz, Terofit.

GENTIANACEAE

Centaurium erythraea Rafin subsp. erythraea, 02.07.2015, A.OZTURK 1408, Avrupa-Sibirya, Hemikriptofit.
Gentiana asclepiadea L., 11.08.2015, A.OZTURK 1222, Avrupa-Sibirya, Hemikriptofit.
APOCYNACEAE

Vincetoxicum speciosum Boiss. & Heldr., 24.05.2016, A.OZTURK 1223, Dogu Akdeniz, Hemikriptofit.
CONVOLVULACEAE

Calystegia silvatica (Kit.) Griseb., 02.07.2015, A.OZTURK 1224, Hemikriptofit.

Convolvulus arvensis L., 02.06.2017, A.OZTURK 1225, Hemikriptofit.

Convolvulus cantabrica L., 02.07.2015, A.OZTURK 1226, Akdeniz, Hemikriptofit.

Cuscuta europaea L., 11.08.2015, A.OZTURK 1227, Parazit.

SOLANAECAE

Atropa bella-donna L., 11.08.2015, A.OZTURK 1228, Avrupa-Sibirya, Hemikriptofit.

Physalis alkekengi L., 11.08.2015, A.OZTURK 1229, Hemikriptofit.

Solanum americanum Mill., 23.11.2015, A.OZTURK 1230, Terofit.

Solanum dulcamara L., 02.07.2015, A.OZTURK 1231, Avrupa-Sibirya, Terofit.
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BORAGINACEAE

Aegonychon purpurocaeruleum(L.) Holub, 24.05.2016, A.OZTURK 1232, Avrupa-Sibirya, Hemikriptofit.
Anchusa leptophylla Roemer & Schultes subsp. leptophylla, 02.07.2015, A.OZTURK 1409, Hemikriptofit.
Cerinthe minor L. subsp. auriculata (Ten.) Domac, 02.07.2015, A.OZTURK 1410, Hemikriptofit.
Cynoglossum montanum L., 31.05.2017, A.OZTURK 1233, Avrupa-Sibirya, Hemikriptofit.

Echium vulgare L. subsp. vulgare, 11.08.2015, A.OZTURK 1234, Avrupa-Sibirya, Hemikriptofit.
Myosotis alpestris F.W.Schmidt subsp. alpestris, 09.06.2016, A.OZTURK 1235, Kriptofit.

Myosotis ramosissima Rochel, 24.05.2016, A.OZTURK 1236, Terofit.

Myosotis sylvatica Hoffm. subsp. cyanea (Hayek) Vestergr., 02.07.2015, A.OZTURK 1237, Hemikriptofit.
Onosma heterophylla Griseb., 24.05.2016, A.OZTURK 1238, Avrupa-Sibirya, Hemikriptofit.
Trachystemon orientalis (L.)G.Don, 02.07.2015, A.OZTURK 1239, Karadeniz, Kriptofit.

OLEACEAE

Fraxinus excelsior L. subsp. excelsior, 02.07.2015, A.OZTURK 1240, Avrupa-Sibirya, Fanerofit.
Ligustrum vulgare L., 24.05.2016, A.OZTURK 1241, Avrupa-Sibirya, Fanerofit.

Phillyrea latifolia L., 02.07.2015, A.OZTURK 1242, Akdeniz, Fanerofit.

PLANTAGINACEAE

Digitalis ferruginea L. subsp. ferruginea, 11.08.2015, A.OZTURK 1243, Avrupa-Sibirya, Hemikriptofit.
Plantago lanceolata L., 09.06.2016, A.OZTURK 1244, Hemikriptofit.

Plantago major L. subsp. major, 11.08.2015, A.OZTURK 1245, Hemikriptofit.

Veronica chamaedrys L., 24.05.2016, A.OZTURK 1246, Avrupa-Sibirya, Geofit.

Veronica officinalis L., 02.06.2017, A.OZTURK 1247, Avrupa-Sibirya, Hemikriptofit.

Veronica pectinata L. var. pectinata, 24.05.2016, A.OZTURK 1411, Hemikriptofit.

Veronica persica Poir., 26.03.2015, A.OZTURK 1248, Terofit.

Veronica serpyllifolia L., 12.05.2017, A.OZTURK 1249, Kamefit.

SCROPHULARIACEAE

Scrophularia scopolii Hoppe ex Pers. var. scopolii, 11.08.2015, A.OZTURK 1250, Hemikriptofit.
Verbascum speciosum Schrad., 09.06.2016, A.OZTURK 1251, Hemikriptofit.

LAMIACEAE

Ajuga orientalis L., 09.06.2016, A.OZTURK 1412, Hemikriptofit.

Clinopodium grandiflorum Kuntze, 02.07.2015, A.OZTURK 1252, Avrupa-Sibirya, Hemikriptofit.
Clinopodium nepeta (L.) Kuntze subsp. glandulosum (Req.) Govaerts, 23.11.2015, A.OZTURK 1253, Hemikriptofit.
Clinopodium vulgare L. subsp vulgare, 02.07.2015, A.OZTURK 1254, Hemikriptofit.

Galeopsis bifida Boenn., 11.08.2015, A.OZTURK 1255, Avrupa-Sibirya, Terofit.

Lamium maculatum L., 09.06.2016, A.OZTURK 1413, Avrupa-Sibirya, Hemikriptofit.

Lamium purpureum L. var. purpureum, 04.04.2016, A.OZTURK 1256, Avrupa-Sibirya, Terofit.

Leonurus quinquelobatus Gilib., 11.08.2015, A.OZTURK 1257, Avrupa-Sibirya, Hemikriptofit.

Melissa officinalis L. subsp. officinalis, 11.08.2015, A.OZTURK 1258, Karadeniz, Kamefit.

Mentha longifolia (L.) L. subsp. longifolia, 11.08.2015, A.OZTURK 1259, Karadeniz, Hemikriptofit.
Mentha pulegium L., 11.08.2015, A.OZTURK 1414, Hemikriptofit.

Origanum vulgare L. subsp. viridulum (Martrin-Donos) Nyman, 11.08.2015, A.OZTURK 1260, Hemikriptofit.
Phlomis russeliana Lag. ex Benth., 24.05.2016, A.OZTURK 1261, Avrupa-Sibirya, Hemikriptofit.
Prunella vulgaris L., 11.08.2015, A.OZTURK 1262, Avrupa-Sibirya, Hemikriptofit.

Salvia forskahlei L., 02.07.2015, A.OZTURK 1263, Karadeniz, Hemikriptofit.

Salvia glutinosa L., 11.08.2015, A.OZTURK 1264, Hirkan-Karadeniz, Hemikriptofit.

Salvia tomentosa Mill., 02.07.2015, A.OZTURK 1265, Akdeniz, Kamefit.

Salvia virgata Jacq., 23.11.2015, A.OZTURK 1266, fran-Turan, Hemikriptofit.

Scutellaria albida L. subsp. velenovskyi (Rech. f.) Greuter & Burdet, 02.07.2015, A.OZTURK 1415, D.Akdeniz,
Hemikriptofit.

Sideritis taurica Willd., 11.08.2015, A.OZTURK 1267, Avrupa-Sibirya, Hemikriptofit.

Stachys annua (L.) L. subsp. annua var. annua, 24.05.2016, A.OZTURK 1268, Hemikriptofit.

Stachys byzantina K.Koch, 02.07.2015, A.OZTURK 1269, Avrupa-Sibirya, Hemikriptofit.

Stachys cretica L. subsp. anatolica Rech. f., 24.05.2016, A.OZTURK 1270, iran-Turan, Hemikriptofit.
Stachys sylvatica L., 09.06.2016, A.OZTURK 1271, Avrupa-Sibirya, Hemikriptofit.
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Teucrium chamaedrys L. subsp. chamaedrys, 02.07.2015, A.OZTURK 1272, Avrupa-Sibirya, Kriptofit.
Thymus longicaulis C. Presl subsp. longicaulis, 02.07.2015, A.OZTURK 1416, Avrupa-Sibirya, Hemikriptofit.
OROBANCHACEAE

Euphrasia pectinata Ten., 24.05.2016, A.OZTURK 1273, Avrupa-Sibirya, Terofit.

Melampyrum arvense L. var. arvense, 24.05.2016, A.OZTURK 1274, Avrupa-Sibirya, Terofit.

Odontites vulgaris Moench, 02.07.2015, A.OZTURK 1275, Avrupa-Sibirya, Terofit.

Orobanche minor Sm., 02.07.2015, A.OZTURK 1276, Parazit.

Pedicularis condensata M.Bieb., 02.07.2015, A.OZTURK 1417, Karadeniz, Hemikriptofit.

Rhinanthus angustifolius C.C.Gmel. subsp. grandiflorus (Wallr.) D.A. Webb, 02.07.2015, A.OZTURK 1418, Terofit.
VERBENACEAE

Verbena officinalis L. var. officinalis, 02.07.2015, A.OZTURK 1277, Hemikriptofit.
CAMPANULID/ASTERID Il

AQUIFOLIACEAE

Ilex colchica Pojark., 12.04.2017, A.OZTURK 1278, Avrupa-Sibirya, Fanerofit.

CAMPANULACEAE

Campanula glomerata L. subsp. hispida (Witasek) Hayek, 02.07.2015, A.OZTURK 1279, Avrupa-Sibirya,
Hemikriptofit.

Campanula latifolia L. subsp. latifolia, 02.07.2015, A.OZTURK 1280, Avrupa-Sibirya, Hemikriptofit.
Campanula lyrata Lam. subsp. lyrata, 24.05.2016, A.OZTURK 1281, Hemikriptofit.

Campanula olympica Boiss., 02.07.2015, A.OZTURK 1282, Karadeniz, Hemikriptofit.

Campanula persicifolia L. subsp. persicifolia, 09.06.2016, A.OZTURK 1283, Avrupa-Sibirya, Hemikriptofit.
Campanula rapunculoides L., 02.07.2015, A.OZTURK 1284, Avrupa-Sibirya, Hemikriptofit.

ASTERACEAE

Achillea millefolium L. subsp. millefolium var. millefolium, 02.07.2015, A.OZTURK 1285, Avrupa-Sibirya,
Hemikriptofit.

Anthemis cotula L., 02.07.2015, A.OZTURK 1419, Terofit.

Anthemis cretica L. subsp. pontica (Willd.) Grierson, 02.07.2015, A.OZTURK 1286, Hemikriptofit.

Arctium minus(Hill)Bernh., 11.08.2015, A.OZTURK 1287, Avrupa-Sibirya, Hemikriptofit.

Bellis perennis L., 26.03.2015, A.OZTURK 1288, Avrupa-Sibirya, Hemikriptofit.

Carlina vulgaris L., 02.07.2015, A.OZTURK 1420, Hemikriptofit.

Carpesium cernuum L., 11.08.2015, A.OZTURK 1289, Hemikriptofit.

Centaurea phrygia L. subsp. stenolepis (Kerner) Gugler, 02.07.2015, A.OZTURK 1290, Hemikriptofit.
Chondrilla juncea L., 11.08.2015, A.OZTURK 1291, Hemikriptofit.

Cichorium intybus L., 11.08.2015, A.OZTURK 1292, Hemikriptofit.

Cirsium arvense (L.) Scop., 02.07.2015, A.OZTURK 1293, Hemikriptofit.

Cirsium hypoleucum DC., 24.05.2016, A.OZTURK 1294, Karadeniz, Hemikriptofit.

Cirsium ligulare Boiss., 11.08.2015, A.OZTURK 1295, Hemikriptofit.

Conyza canadensis (L.) Cronquist, 11.08.2015, A.OZTURK 1296, Terofit.

Cota tinctoria (L.) J.Gay var. discoidea (All.) Ozbek&Vural, 02.07.2015, A.OZTURK 1297, Hemikriptofit.
Crepis foetida L. subsp. rhoeadifolia (M.Bieb.) Celak., 09.06.2016, A.OZTURK 1298, Terofit.

Doronicum orientale Hoffm., 26.03.2015, A.OZTURK 1299, Kriptofit.

Echinops sphaerocephalus L. subsp. sphaerocephalus, 11.08.2015, A.OZTURK 1421, Avrupa-Sibirya, Hemikriptofit.
Eupatorium cannabinum L., 02.07.2015, A.OZTURK 1300, Avrupa-Sibirya, Hemikriptofit.

Hieracium macrogonum (Zahn) P.D.Sell & C.West, 23.11.2015, A.OZTURK 1301, Karadeniz, Hemikriptofit.
Hieracium pannosum Boiss., 02.07.2015, A.OZTURK 1422, D.Akdeniz (Dag), Hemikriptofit.

Inula conyzae (Griess.) Meikle, 02.07.2015, A.OZTURK 1302, Avrupa-Sibirya, Hemikriptofit.

Inula ensifolia L., 02.07.2015, A.OZTURK 1423; Avrupa-Sibirya, Hemikriptofit.

Jurinea pontica Hausskn. & Freyn ex Hausskn., 11.08.2015, A.OZTURK 1303, iran-Turan, Hemikriptofit.
Lactuca muralis (L.) Gaertn., 02.07.2015, A.OZTURK 1304, Avrupa-Sibirya, Hemikriptofit.

Lapsana communis L. subsp. intermedia (M.Bieb.) Hayek var. intermedia, 02.07.2015, A.OZTURK 1305,
Hemikriptofit.

Leontodon hispidus L. subsp. hispidus, 23.11.2015, A.OZTURK 1306, Avrupa-Sibirya, Kriptofit.

Petasites hybridus (L.) G.Gaertn., B.Mey. & Scherb., 26.03.2015, A.OZTURK 1307, Avrupa-Sibirya, Kriptofit.
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Pilosella piloselloides (Vill.) Sojak subsp. magyarica (Peter) S.Braut. & Greuter, 02.07.2015, A.OZTURK 1308,
Hemikriptofit.

Pulicaria dysenterica (L.) Bernh. subsp. dysenterica, 11.08.2015, A.OZTURK 1424, Hemikriptofit.
Pulicaria odora (L.) Rchb., 11.08.2015, A.OZTURK 1309, Akdeniz, Hemikriptofit.

Senecio vernalis Waldst. & Kit., 04.04.2016, A.OZTURK 1310, Terofit.

Solidago virgaurea L. subsp. virgaurea, 11.08.2015, A.OZTURK 1311, Avrupa-Sibirya, Hemikriptofit.
Sonchus asper (L.) Hill subsp. glaucescens (Jord.) Ball, 11.08.2015, A.OZTURK 1312, Hemikriptofit.
Tanacetum parthenium Sch. Bip., 02.07.2015, A.OZTURK 1313, Hemikriptofit.

Tanacetum poteriifolium (Ledeb.) Grierson, 02.07.2015, A.OZTURK 1425, Karadeniz, Hemikriptofit.
Taraxacum macrolepium Schischk., 12.05.2017, A.OZTURK 1314, Hemikriptofit.

Telekia speciosa (Schreb.) Baumg., 11.08.2015, A.OZTURK 1315, Avrupa-Sibirya, Hemikriptofit.
Tragopogon coloratus C.A.Mey., 02.07.2015, A.OZTURK 1426, iran-Turan, Hemikriptofit.

Tragopogon dubius Scop., 09.06.2016, A.OZTURK 1427, Hemikriptofit.

Tussilago farfara L., 11.08.2015, A.OZTURK 1316, Avrupa-Sibirya, Kriptofit.

ARALIACEAE

Hedera colchica (K.Koch) K.Koch, 02.07.2015, A.OZTURK 1317, Karadeniz, Sarilic1 Fanerofit.

Hedera helix L., 02.07.2015, A.OZTURK 1318, Karadeniz, Sarilic1 Fanerofit.

APIACEAE

Aethusa cynapium L., 02.07.2015, A.OZTURK 1319, Avrupa-Sibirya, Terofit.

Angelica sylvestris L. var. sylvestris, 02.07.2015, A.OZTURK 1320, Avrupa-Sibirya, Hemikriptofit.
Anthriscus nemorosa Baker & S.Moore, 02.07.2015, A.OZTURK 1428, Hemikriptofit.

Astrantia maxima Pall. subsp. haradjianii (Grintz.) Rech. f., 02.07.2015, A.OZTURK 1429, Hemikriptofit.
Caucalis platycarpos L., 02.07.2015, A.OZTURK 1430, Terofit.

Chaerophyllum angelicifolium M.Bieb., 02.07.2015, A.OZTURK 1431, Karadeniz, Hemikriptofit.
Chaerophyllum aureum L., 02.07.2015, A.OZTURK 1432, Hemikriptofit.

Chaerophyllum byzantinum Boiss., 02.07.2015, A.OZTURK 1321, Karadeniz, Hemikriptofit.

Conium maculatum L., 02.07.2015, A.OZTURK 1433, Terofit.

Eryngium giganteum M.Bieb., 02.07.2015, A.OZTURK 1322, Karadeniz, Hemikriptofit.

Heracleum sphondylium L. subsp. montanum (Schleich. ex Gaudin) Brig., 11.08.2015, A.OZTURK 1323, Avrupa-
Sibirya, Hemikriptofit.

Laser trilobum Borkh. ex Gaertn., 02.06.2017, A.OZTURK 1324, Hemikriptofit.

Laserpitium hispidum M.Bieb., 11.08.2015, A.OZTURK 1325, Avrupa-Sibirya, Hemikriptofit.

Oenanthe pimpinelloides L., 09.06.2016, A.OZTURK 1326, Hemikriptofit.

Orlaya daucoides (L.) Greuter, 24.05.2016, A.OZTURK 1327, Akdeniz, Terofit.

Pastinaca sativa L. subsp. urens (Req. ex Gren. & Godr.) Celak, 11.08.2015, A.OZTURK 1328, Hemikriptofit.
Peucedanum aegopodioides (Boiss.) Vandas, 11.08.2015, A.OZTURK 1434, Avrupa-Sibirya, Hemikriptofit.
Peucedanum caucasicum K.Koch, 02.07.2015, A.OZTURK 1435, Hirkan- Karadeniz, Hemikriptofit.
Peucedanum longifolium Waldst. & Kit., 11.08.2015, A.OZTURK 1436, Avrupa-Sibirya, Hemikriptofit.
Physospermum cornubiense DC., 02.07.2015, A.OZTURK 1329, Hemikriptofit.

Sanicula europaea L., 24.05.2016, A.OZTURK 1330, Avrupa-Sibirya, Hemikriptofit.

Seseli resinosum Freyn & Sint., 23.11.2015, A.OZTURK 1331, Avrupa-Sibirya, Hemikriptofit.

Smyrnium perfoliatum L., 24.05.2016, A.OZTURK 1437, Hemikriptofit.

Tordylium maximum L., 24.05.2016, A.OZTURK 1438, Terofit.

Torilis japonica DC., 11.08.2015, A.OZTURK 1332, Terofit.

ADOXACEAE

Sambucus ebulus L., 02.07.2015, A.OZTURK 1333, Avrupa-Sibirya, Hemikriptofit.

Sambucus nigra L., 31.05.2017, A.OZTURK 1334, Avrupa-Sibirya, Fanerofit.

Viburnum lantana L., 02.07.2015, A.OZTURK 1439, Avrupa-Sibirya, Kamefit.

CAPRIFOLIACEAE

Dipsacus fullonum L., 02.07.2015, A.OZTURK 1335, Hemikriptofit.

Lonicera orientalis Lam., 02.07.2015, A.OZTURK 1440, Kamefit.

Scabiosa atropurpurea L., 02.06.2017, A.OZTURK 1336, Hemikriptofit.

Scabiosa columbaria L. subsp. ochroleuca (L.) Celak var. ochroleuca, 02.07.2015, A.OZTURK 1441, Hemikriptofit.
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Valeriana alliariifolia Adams, 02.06.2017, A.OZTURK 1337, Hemikriptofit.
Valerianella carinata Loisel., 04.04.2016, A.OZTURK 1338, Terofit.
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Abstract — In this study, two-year-old bare-root Acer negundo and Acer pseudoplatanus seedlings were grown
indoors (control vs. drought-stressed) and outside the hoop house to examine leaf gas exchange parameters in the late
growing period. Besides morphological features, several gas exchange parameters, such as net photosynthetic rate
(Anet), transpiration rate (E), stomatal conductance (gs), intercellular CO, to ambient CO, (Ci/Ca), water use
efficiency (WUE=Anet/E), intrinsic water use efficiency (iWUE=Anet/gs) were measured. As a result, A.
pseudoplatanus seedlings had a higher stem height growth. A. negundo had a higher Anet, and a lower iWUE and
Ci/Ca than A. pseudoplatanus. Seedlings grown under control treatment had a higher Anet, gs, E, and a lower iWUE,
WUE, and Ci/Ca values than other treatments. In conclusion, there was no significant difference between the two Acer
species in terms of gas exchange parameters. However, it can be said that A. negundo and A. pseudoplatanus are
drought resistant.
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Oz — Bu calismada, iki yasinda ¢iplak koklii Acer negundo ve Acer pseudoplatanus fidanlarinin biiyiime dénemi
sonundaki yaprak gaz aligveris parametrelerini incelenmek igin sera i¢inde (kontrol vs. kuraklik stresi altinda) ve
disinda agik alan kosullari altinda yetistirilmistir. Morfolojik 6zellikler yaninda, net fotosentez (Anet), terleme orani
(E), stoma iletkenligi (gs), hiicreler aras1 CO,’in ortamdaki CO,’ye oram (Ci/Ca), anlik bitki su kullanim etkinligi
(WUE=Anet/E) ve i¢sel (gercek) su kullanim etkinligi (IWUE=Anet/gs) 6l¢iilmiistiir. Sonug olarak A. pseudoplatanus
fidanlar1 A. negundo’ya gore daha fazla boy biiyiimesi yapmustir. A. negundo’nun A. pseudoplatanus’tan daha yuksek
Anet ve daha diisik IWUE ve Ci/Ca’ya sahip oldugu tespit edilmistir. Kontrol uygulamasi altinda yetisen fidanlar,
diger uygulamalara gore daha yiiksek Anet, gs, E ve daha diisiik IWUE, WUE ve Ci/Ca degerlerine sahip oldugu tespit
edilmistir. Sonug olarak, gaz degisim parametreleri agisindan iki akgaaga¢ tiirli arasinda Onemli bir fark
bulunmamustir. Ancak, A. negundo ve A. pseudoplanus’un kurakliga dayanikli bir agag tiirii oldugu sdylenebilir.
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1. Introduction

The world has faced many calamities, such as volcanic eruptions, wildfires, earthquakes, pollution, melting
ice in the Arctic, and global warming resulting from climate change. Extreme weather events’ frequency started
to increase with the Industrial Revolution due to heavy usage of natural resources resulting in changing climate
and increased pollution, especially in urban areas (Kog, 2021a). Under the social pressure caused by the in-
creasing world population, forest ecosystems and climate change are negatively affected (Kaptan et al., 2021).
Climate change has become one of the irreversible critical problems worldwide. Global climate change affects
plant compositions as well as land cover change (Kaptan, 2021). As a result of climate change, the temperature
has been increased by almost 1 °C in the last century and keeps increasing (IPCC, 2014a), and drought events
have become more frequent and severe worldwide (Kog, 2019; Kog, 2021b, c; Kog et al., 2021; Kog and
Nzokou, 2022). Elevation can play a critical role in the effect of drought events on plant species distribution
in their natural areas (Ozel et al., 2021). Urban areas are about 10 °C warmer than adjacent rural environments
because of heat islands (Zhou et al., 2017). Plants may face some positive or negative consequences from
warmer air temperatures and relations between heating, drought stress, and air pollution.

The intensity and frequency of drought will likely be more usual recently due to global warming because of
increased greenhouse gases concentration in the air (IPCC, 2014a; Varol et al., 2021) that more likely to be
related to a decrease in soil moisture (Xu et al., 2020). Based on the future climate change projection scenarios,
the temperature may increase 2.5 °C by 2050 and 5.4 °C by 2100 in the world (IPCC, 2014b) as well as in the
cities of Turkey (Canturk and Kulag, 2021; Kog, 2021d, €). Increasing air temperature accelerates the evapo-
ration and may decrease or increase the precipitation (rain, snow) in some regions that trigger global warming,
which tree species will face drought stress in their natural forests and plantation sites. Remarkably species in
temperate forests commonly responded positively to increases in temperature in their natural habitat (Sendal
et al., 2015; Lahr et al., 2018); however, the responses of these tree species found in urban areas are incon-
sistent.

As a result of global warming, plants have been faced drought in their natural and plantation areas (Kog, 2019;
Kog, 2021b, c; Kog et al., 2021). Drought stress in plants is caused by increased temperature and evaporation
in the air, and reduced precipitation. Drought stress is critical abiotic stress that limits tree growth, develop-
ment, biochemical activities, physiology (Sevik and Erturk, 2015; Li et al., 2020; Guo et al., 2021; Kog, 2021b,
c; Kog et al., 2021; Seleiman et al., 2021; Kog and Nzokou, 2022), even germination (Koc and Nzokou, 2018).
However, each plant species has different response mechanisms to drought stress due to genetic differences
and environmental factors.

The anatomical, morphological, and phenotypic features of tree species result from the combination of genetic
and environmental conditions (Kog, 2021a; Ozel et al., 2021). Within environmental factors, water is one of
the essential compounds for all processes in plants started with seed germination (Koc and Nzokou, 2018; Kog,
2021b), followed by growth, development, physiological and biochemical reactions such as photosynthesis
and carbon assimilation (Yildiz et al., 2014; Kog, 2021b, c; Seleiman et al., 2021; Ko¢ and Nzokou, 2022). All
these processes are directly and indirectly associated with water use efficiency in woody plants (Soba et al.,
2020; Wang et al., 2020) that may differ under various environmental conditions, such as heavy metal con-
tamination, salt stress, and cold and drought stress. Water use efficiency in plants is described as the quantity
of water used to produce a unit of fixed carbon or biomass unit throughout the process of photosynthesis (Maier
et al., 2019). Water use efficiency is a key index that uncovers the plant physiological adaptation to arid and
semi-arid regions.

Plants are hindered water and nutrient uptake in arid and semi-arid regions (Fageria et al., 2016), marginal
lands (Shults et al., 2020), and urban areas, resulting in drought (Seleiman et al., 2021), which restricts many
biochemical processes in plants. A decline in turgor pressure triggers stomatal closure with a signaling mech-
anism that reduces transpiration under drought (Dayer et al., 2020; Seleiman et al., 2021; Yang et al., 2021).
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Among biochemical processes in plants, leaf gas exchange is used to determine whether the plants are affected
by drought. Gas exchange measurement in plants occurs instantly from their fully grown leaves that reflect the
status of plants.

The Li-Cor portable photosynthesis system (Li-Cor Biosciences, Lincoln, NE, USA) has recently gained fame
in measuring leaf gas exchange parameters due to proving robust, reliable instant responses excepts time de-
lays. The recent model of Li-Cor 6800 is a closed system that controls relative humidity, IRGA, CO-, and light
intensity; that whole measured is based on a unit area on the broad leaves. This instrument provides information
from the plant, such as net photosynthetic (assimilation) rate, stomatal conductance to water vapor, transpira-
tion rate, intrinsic water use efficiency, and water use efficiency. Water use efficiency is indicated the ratio of
net photosynthetic rate and transpiration, while intrinsic water use efficiency reflects the proportion of net
photosynthetic rate and stomatal conductance (Lambers et al., 2010). Robust stomatal control induces to im-
prove long-period (de Miguel et al., 2012) and short-period water use efficiency (Comstock, 2002). Besides
stomatal conductance and net photosynthesis, these two gas exchange parameters have been usually used to
determine the correlation between plant status and plant physiology under drought.

Among deciduous species, the maple (Acer) species is an important tree species consisting of over 150 species
globally, primarily distributed in the northern hemisphere and distributed in Asia, Europe, North America, and
North Aftrica (Yaltirik, 1971). About 10 maple species are naturally found in Turkey (Yaltirik, 1967, 1971;
Davis et al., 1988). Besides the natural maple trees, exotic maple species have been used in Turkey’s many
cities” landscapes. Within maple trees, Acer negundo (L.) (Ash-leaved maple) and Acer pseudoplatanus (Syc-
amore maple) are one of two species primarily seen in many urban landscaping in Turkey due to desired color
and resistance to environmental stress such as heavy metal (Turkyilmaz et al., 2018) and drought stress. A.
negundo is considered an invasive species in seminatural regions in Eurasia (Gusev et al., 2017; Veselkin et
al., 2021). It is also a transformer species that significantly changes its ecosystem's conditions (Richardson et
al., 2000). Conversely, A. pseudoplatanus is also an invasive species, but it is also a critical silvicultural and
ecological role in European forests (Beikircher et al., 2021). Besides these, Acer species as urban plants provide
ecosystem services that range from carbon sequestration and heavy metal accumulation to shading urban sur-
roundings and improving urban life quality.

Plant species can adapt under distinct arid and semi-arid regions (Allen et al., 2010; Seleiman et al., 2021).
The easiest way to determine the physiological changes in plants is by monitoring the gas exchange parameters.
The results will provide some information to improve our understanding of the gas exchange mechanism in
these two plant species under drought conditions. It also provides farm managers and landscapers with better
knowledge for preparation under future global warming conditions. So, this study aimed to determine the effect
of drought stress on the A. negundo and A. pseudoplatanus seedlings gas exchange parameters.

2. Material and Method

This experiment was conducted at the Diizce University Forestry Department hoop house, Turkey. A layer of
clear plastic was used to cover the hoop house. Two long sides of the hoop house were kept open between 0.5
- 1.5m above the surface level to allow unrestricted airflow circulation and prevent increased temperatures due
to a greenhouse effect. During the experiment period (June-September), the minimum and maximum
temperatures were approximately 20 and 45 °C in the hoop house during the experiment period (May-late
September 2021).

2.1. Plant Material and Containerization Substrates

Two-year-old bare-root A. negundo (L.) and A. pseudoplatanus (L.) tree species seedlings were obtained from
Sakarya-Hendek and Ordu Forest Enterprise nurseries, respectively, on the second week of December 2021.
Then, their roots were pruned approximately in 15-20 cm length to fit into plastic tubes. The potting mix
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consisted of soil, peat moss, and perlite (1:1:1 volume). The seedlings were planted in the plastic tubes as soon
as possible (1% week of February) after receiving seedlings. A total of 30 seedlings from each species were
potted into plastic tubes and well-watered until the beginning of May 2021.

The initial stem height (+ S.D) were 89.00 (+12.26), 80.70 (+17.56) cm, and root collar diameters (+ S.D) were
10.68 (+1.90), 9.87 (+1.76) mm for A. negundo and A. pseudoplatanus, respectively.

2.2. Irrigation Treatment

The three-irrigation treatment methods were assigned in each tree species as follows. Ten seedlings were
subjected to well-watered (every other day) and drought stress treatment (well-watered once in two weeks)
separately in the hoop house, while 10 containerized seedlings were move outside and grown there. The
irrigation treatments were started at the beginning of May 2021. The seedlings outside did not receive any
water artificially. They just received water when it rained. The precipitation in the study area in May, June,
July, August, and September were about 62.9, 69.5, 44, 47.5, and 47.8 mm, respectively. The minimum and
maximum temperatures within every month during the experiment period were 0.4-39.5, 6.6-38.9, 8.8-42.4,
7.6-40, and 4.5-38.7, respectively.

2.3. Relative Height Growth and Relative Root Collar Diameter

Seedling's height and diameter growth were measured using a tape measurer and caliper, res-pectively, at the
beginning and end of the treatment period. Root collar diameter was measured at the soil surface. Relative
growth for root collar diameter (RRCD) and height (RHG) was calcula-ted as the change between the final and
the initial growth divided by initial values.

2.4. Gas Exchange Measurement

In the study, ten seedlings were chosen on gas exchange measurements from each treatment using Li-Cor broad
leaf chamber (6 cm?) (LI-6800, Lincoln, NE, USA) with an attached small light source (6800-02 - red, blue,
light). The calibration was done as recommended by the manufacturer. Then, the airflow rate, the
photosynthesis photon flux density (PPFD), and reference CO; were set and maintained automatically at 500
umol s, 500 umol s, 400 pmol mol? s, respectively. Three readings were taken on each seedling on the
measurement days on September 26, 2021.

Numerous gas exchange variables, particularly the net photosynthetic (assimilation) rate (Anet, umol m2s?),
transpiration rate (E, mmol m2 s1), stomatal conductance (gs, pmol H,O m s), intercellular CO; to ambient
CO; (Ci/Ca, (umol mol?)) water use efficiency (WUE=Anet/E, (umol mol?)), intrinsic water use efficiency
(IWUE=Anet/gs, (umol mol)) were directly measured and calculated.

2.5. Statistical Analysis

A complete randomized design was used in this study consisting of two species and three treatment levels. Ten
seedlings (considered as replication) for each treatment and a total of 60 containerized seedlings were used.
SAS 9.1 statistical software (SAS Institute Inc., Cary, NC, USA) was used to analyze all gas exchange and
growth data. The function of PROC UNIVARIATE was used for normality, while PROC MIXED function
was used to perform an analysis of variance (ANOVA). For the mean separation, Tukey’s adjustment was
used.

3. Results

3.1. Relative Height Growth (RHG) and Relative Root Collar Diameter (RRCD)

Species, treatment, and their interaction were significant (p<0.05) on RHG and RRCD except for species on
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RRCD (p>0.05). In the current year, A. pseudoplatanus statistically had a higher RHG than A. negundo. Alt-
hough A. pseudoplatanus had a higher RRCD than A. negundo seedlings, it was not statistically significant
(p>0.05). When we examined the treatment factors, plants are grown outside (90.50 cm), and control treatment
had a higher RHG than drought-stressed seedlings. There were no statistical differences between control seed-
lings and seedlings grown outside (p>0.05). The seedlings grown outside had a statistically highest RRCD
followed by control treatment when drought-stressed seedlings had the lowest RRCD. Lack of irrigation de-
creased RHG and RRCD that the control and plants grown outside treatments had a higher RHG and RRCD
growth than drought-stressed seedlings for both Acer species.

Table 1
The mean of relative height and root collar diameter growth by the interaction of species and treatment
Height (cm/cm) Root Collar Diameter (mm/mm)
Treatment  Acer Acer pseudoplatanus  Mean  Acer negundo  Acer pseudoplatanus  Mean
negundo
Control 86.60 72.20 79.40 541 2.16 3.78
Outside 64.10 116.90 90.50 4.44 9.35 6.90
Drought 44.20 47.07 4564 1.20 1.04 1.12
Average 64.97 78.72 3.68 4.19

3.2. Gas Exchange Parameters at The Leaf Level

The analysis of variance (ANOVA) of gas exchange parameters, such as Anet, gs, E, iWUE, WUE and Ci/Ca
among species and treatments are given in Table 2.

Table 2
Degrees of freedom (df), F-values of ANOVA for Anet, gs, E, iWUE, WUE and Ci/Ca among two species
and three treatments

Source of df Anet gs E iWUE WUE Ci/Ca
variation

Species (S) 1 51.83™ 1.65ns 1.67ns 16.59** 12.60%* 148.39%**
Treatment (I) 2 89.70™" 69.07*** 93.16*** 247 55*** 1267.12*** 79.91%**
ST 2 18.76*** 6.05** 5.25** 57.45%** 34.11%** 53.26***

** p <0.001. *** p <0.0001. ns: not significant.

Among the gas exchange parameters, all single (species and treatment) factors and their interaction were sig-
nificant except species for gs and E.

The mean values and Tukey’s test results of Anet rate in terms of the interaction of species and treatment are
presented in Table 3.

As a result, species (S), treatment (T) as a single factor, and the interaction of SXT were significant (p<0.05)
for Anet (Table 2). A. negundo seedlings had a higher Anet value than A. pseudoplatanus (Table 3). The seed-
lings under control treatment had a higher Anet, followed by seedlings grown outside, and the drought-stressed
seedling had the lowest values. Under the interaction of species and treatment, A. negundo seedlings under
control treatment had the highest values, while drought-stressed A. pseudoplatanus seedlings had the lowest
values (Table 3).
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Table 3
The average of Anet Rates (umol m s?) by the Interaction of species and treatment
Species

Treatment Acer negundo Acer pseudoplatanus Average
Control 5.56 A 497 A 526 a
Outside 580 A 247B 4.14b
Drought 2.19B 1.58B 1.88¢c
Average 451a 3.00b

Note: The lowercase letter horizontally indicates the significance of species, whereas the lowercase letter vertically indicates the sig-
nificance of treatment. The uppercase letters indicate the significance within the interaction of species and treatment.

The mean values and Tukey’s test results of gs rate in terms of the interaction of species and treatment are
presented in Table 4.

Table 4
The mean of gs (umol H,O m? s1) by the Interaction of species and treatment
Species

Treatment Acer negundo Acer pseudoplatanus Average
Control 0.060 A 0.071 A 0.065a
Outside 0.023B 0.010C 0.016 ¢
Drought 0.017BC 0.033B 0.025 b
Average 0.033a 0.035a

Note: The lowercase letter horizontally indicates the significance of species, whereas the lowercase letter vertically indicates the sig-
nificance of treatment. The uppercase letters indicate the significance within the interaction of species and treatment.

As a result, only T and SXT interactions were significant (p<0.05) on the gs (Table 2). Seedlings under the control treat-
ment had a higher gs, followed by drought treatment, and seedlings grown outside had the lowest gs values
(Table 4). A. pseudoplatanus seedlings had the highest gs while A. pseudoplatanus seedlings grown outside
had the lowest values under the interaction of SxT (Table 4).

The mean values and Tukey’s test results of E rate in terms of the interaction of species and treatment are
presented in Table 5.

Table 5
The mean of E (mol m s™) by the interaction of species and treatment
Species

Treatment Acer negundo Acer pseudoplatanus Average
Control 0.0021 A 0.0025 A 0.0023 a
Outside 0.0007 B 0.0003 C 0.0005 c
Drought 0.0008 B 0.0012 B 0.0010 b
Average 0.0012 a 0.0013 a

Note: The lowercase letter horizontally indicates the significance of species, whereas the lowercase letter vertically indicates the sig-
nificance of treatment. The uppercase letters indicate the significance within the interaction of species and treatment.

As a result, only T and SXT interactions were significant (p<0.05) on the E (Table 2). Seedlings under the
control treatment had a higher E, followed by drought treatment, while the seedlings grown outside had the
lowest gs values (Table 5). A. pseudoplatanus seedlings had the highest E while A. pseudoplatanus seedlings
grown outside had the lowest values under the interaction of SXT (Table 5).

The mean values and Tukey’s test results of IWUE (Anet/gs) rate in terms of the interaction of species and
treatment are presented in Table 6.
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Asaresult, S, T as a single factor and the interaction of SxT were significant (p<0.05) for iIWUE (Table 2). A.
negundo seedlings had a lower iWUE value than A. pseudoplatanus (Table 6). The seedlings grown outside
had a higher iWUE, followed by seedlings under drought-stressed and control treatment had the lowest values.
There was no statistical difference between control and drought-stressed seedlings. Under the interaction of
species and treatment, A. pseudoplatanus seedlings grown outside had the highest values, while drought-
stressed A. pseudoplatanus seedlings had the lowest values (Table 6).

Table 6
The mean of iWUE (Anet/gs) (umol mol?) by the interaction of species and treatment
Species

Treatment Acer negundo Acer pseudoplatanus Average
Control 92.52CD 75.55CD 84.03 b
Outside 33357B 653.64 A 493.61 a
Drought 156.94 C 59.87 D 108.40 b
Average 195.68 b 248.35 a

Note: The lowercase letter horizontally indicates the significance of species, whereas the lowercase letter vertically indicates the sig-
nificance of treatment. The uppercase letters indicate the significance within the interaction of species and treatment.

Species, T, and ST were significant on WUE (Table 2). A. negundo had a higher WUE than A. pseudoplatanus.
Seedlings grown outside had the highest WUE compared to control and drought-stressed seedlings. Under the
interaction of species and treatment, A. pseudoplatanus seedlings grown outside had the highest values, while
drought-stressed A. pseudoplatanus seedlings had the lowest values (data not shown).

The mean values and Tukey’s test results of Ci/Ca in terms of the interaction of species and treatment are
presented in Table 7.

Table 7
The mean of Ci/Ca (umol mol?) by the interaction of species and treatment
Species

Treatment Acer negundo Acer pseudoplatanus Average
Control 0.55BC 0.66 B 0.61b
Outside 0.59BC 1.76 A 1.17a
Drought 0.39C 0.73B 0.56 b
Average 0.51b 1.05a

Note: The lowercase letter horizontally indicates the significance of species, whereas the lowercase letter vertically indicates the sig-
nificance of treatment. The uppercase letters indicate the significance within the interaction of species and treatment.

As aresult, S, T as a single factor and the interaction of SXT were significant (p<0.05) for Ci/Ca (Table 2). A.
negundo had a lower Ci/Ca than A. pseudoplatanus. Seedlings grown outside had the highest Ci/Ca values
than control and drought-stressed seedlings. There was no statistical difference between control and drought-
stressed seedlings. Under the interaction of species and treatment, A. pseudoplatanus seedlings grown outside
had the highest values, while drought-stressed A. negundo seedlings had the lowest values (Table 7).

4. Discussion

4.1. The Effect of Drought Stress on Seedlings RHG and RRCD

Under water deficit (drought) conditions, plant growth and development are restricted due to various drought
response mechanisms (Yigit et al., 2019; Kog, 2021b, c; Seleiman et al., 2021), such as drought resistance,
alleviation, and avoidance (Kog, 2019; Liu et al., 2020; Kog et al., 2021; Seleiman et al., 2021). Under these
mechanisms, some plant species grow their roots while others increase their shoot growth under unfavorable
climates (Pang et al., 2018). In this study, A. pseudoplatanus seedlings had a higher RHG and RRCD than A.
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negundo under each treatment factor. Under severe drought-stressed, A. pseudoplatanus seedlings had higher
RHG and a lower RRCD growth than A. negundo seedlings. Lack of water availability declines cell elongation,
especially in the shoot and cambium, which results in declined RHG and RRCD in seedlings. The RHG of
control seedlings increased almost 2-fold in A. negundo seedlings while 1.5-fold in A. pseudoplatanus com-
pared to drought-stressed seedlings. The RRCD of control seedlings increased almost 4-fold in A. negundo
seedlings and a 2-fold in A. pseudoplatanus compared to drought-stressed seedlings.

4.2. Drought Stress Effect on Gas Exchange Parameters

In recent decades, drought stress has become the most irreversible environmental calamity for plants due to
lack of precipitation and increased mean temperature worldwide (Kog et al., 2021; Seleiman et al., 2021).
Water is essential for plants due to development and many physiological processes such as carbon assimilation
and photosynthesis. Water deficit causes drought stress in plants; increasing temperature increases drought
severity and prevents plant gas exchange (Kog, 2021b; Kog, 2021c). Moreover, declining water availability in
the root zone reduces stem xylem pressure potential causing a reduction in Anet, gs, and E in plant leaves
similar to the present study. The aperture of stomata is regulated by water potential and hormonal activities
such as abscisic acid (Hsu et al., 2021) that reduces carbon dioxide assimilation resulting from hindered gas
exchange under drought stress (Song et al., 2020). Under prolonged drought stress, seedlings had a declined
Anet, gs, and E in the current study, which was observed in A. saccharum ssp. saccharum and ssp. nigrum
(Hauer et al., 2021).

In contrast, if the water in the soil becomes a limiting factor, plant iWUE and WUE values usually increase
either due to elevated Anet values and low stomatal conductivity or under the effect of both (Kog, 2019; Kog,
2021b, c). Reduced stomatal aperture declined gs in the leaf level that reduced the transpiration rates; conse-
guently, this will increase the WUE in seedlings (Belmecheri et al., 2021) in line with the current study. When
drought stress is exacerbated, seedlings increase their growth with more efficient water use mechanisms (Li et
al., 2020). Seedlings with higher iWUE and WUE values enhance growth and development, especially under
drought stress settings (Xu et al., 2020).

In this study, we expected to see that the seedlings in control and sit outside treatment had a higher Anet, gs,
and E while lower iWUE and WUE values than drought-stressed seedlings. However, A. pseudoplatanus seed-
lings grown outside had the lowest gs and E values and highest iWUE and WUE values than seedlings under
drought stress. This may be caused by a couple of reasons, such as genetic differentiation on plant species,
container type, wind factor, and leaf structure. The genetic differences and environmental conditions play a
crucial role in the response of plant physiology (Lahr et al., 2018; Kog et al., 2021). Some species develop
different strategies to withstand drought stress. Some plants are called ‘isohydric’ or ‘water savers’ due to
strong stomatal reduction when soil water potential decrease. However, some plants species maintain relatively
high gs and are less sensitive to low soil water potential is called ‘anisohydric’ or ‘water spenders’ (Kunz et
al., 2016). A. negundo is acted more likely water spenders than A. negundo. In addition, the use of plastic
materials on containerized Acer seedlings in this study may have been caused by an increased soil temperature
and evaporation from soil level that reduced available soil water for A. pseudoplatanus seedlings. Also, the
wind can increase the evapotranspiration that may lead seedlings to close their stomata results in reduced E
rates. A. pseudoplatanus leaves are thick and leathery, while A. negundo has a compound leaf, so this plays a
critical role in terms of the process of gas exchange.

5. Conclusion and Suggestion

Water is an essential compound for all living organisms. In water deficit conditions, plant species are exposed
to drought stress. Drought stress inhibits a plant’s growth, development, and all biochemical processes in the
plant. In conclusion, the control seedlings in this study had a higher growth (height and root collar diameter)
than drought-stressed seedlings of A. negundo and A. pseudoplatanus. Due to adaptive mechanisms, some
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plant species have drought resistance, such as closing their stomata and reducing transpiration via their leaves.
The effects of drought stress can detect using leaf gas exchange measurements. As a result of this study, it is
concluded that there was no significant difference between the two Acer species in terms of gas exchange
parameters. However, it can be said that A. negundo is a drought resistance while A. pseudoplatanus is partic-
ularly drought resistant in line with the literature. In addition, it can be said seedlings for both Acer species
under control treatment generally had higher Anet, gs, and E and lower iWUE than the other two treatments.
There was no clear separation in gas exchange parameters between the two treatments (seedlings grown under
drought stress and outside). Also, seedlings under drought treatments had lower Anet, E, iWUE, and Ci/Ca and
higher gs and E than seedlings grown outside. If one of these two species is to be preferred in afforestation
practices in urban areas, it is more appropriate for this species to be Acer negundo in terms of gas exchange
parameters and morphological data. Having irrigation systems in the areas where these seedlings are planted
is a critical issue in seedling growth and less exposure to drought.

The adverse effect of global warming is visible in daily life, especially in urban areas. The severity of global
warming will affect urban sites more than surrounding environments, so both species can be useful for planting
in urban areas due to providing ecosystem services, reducing air pollution and heavy metals, resistance to
drought stress, and particular leaf traits, such as size and color. Moreover, these species can improve the urban
life quality with a well-organized landscape design. So, future studies are necessary to test all the varieties of
Acer species and other species seen in the urban environments in terms of how they respond under drought
stress. The results of future studies will improve our knowledge of which species are better grown in urban
areas where the air temperature was higher than its surroundings under future climate change scenarios.
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1. Introduction

Forest fires are the primary problem for all forests in the world. If the geographical conditions not suitable for
the forest fires monitoring, various methodology can be used to monitoring the fire in the forest. Forest fires
affect the sustainability of forests, especially in arid regions where fire-sensitive tree species are concentrated.
(Demir et al., 2009; Kumari and Pandey, 2020). Forest fires have devastating effects on forest ecosystems
(Bilici, 2009). Forest fires generate too much greenhouse gas (CH4 and CO2), as well as causing trees to lose
their value's and people to lose their lives. As a result of this greenhouse gas effect, forest fires cause changes
in the carbon cycle and atmospheric composition (Van Der Werf et al., 2004).

Forest fires occur depending on many factors (Carmel et al., 2009). Topographic and climatic features, forest's
vegetation are the main factors for the fire risk. The types of trees in the forest, the growth period characteristics
of the trees and the closure of the wind that will come to the forest area, are other factors affecting the severity
and growth of forest fire (Gao et al., 2011; Gazzard, 2012). For example, some studies (Bilgili, 2003) show
that deciduous trees are more resistant to fire, while coniferous trees are more susceptible to fire. There is a
similar relationship between the growth period of trees and the risk of fire. The fire risk is very low in the first
growth stages of a tree (Saglam et al., 2008). The risk of fire, on the other hand, will rise over time. Because
the buildup of surface and crown fuels upsurges when it approaches stand age, this risk will reduce as the trees
mature (Bilgili, 2003).

Topography is one of the factor that increase or decrease the fire risk in a region (Erten et al., 2004). The higher
the height in an area, the higher the risk of forest fire, because there are factors such as wind. Winds cause
make the fire move faster in high areas (Jaiswal et al., 2002). Along with the topography, the aspect also affects
the fire risk. South facing areas have higher fire risk. Temperatures are higher and humidity is lower in certain
areas than in other areas (Lin and Sergio, 2009). Factors such as these caused by land structure can change
forest fire risk, as well as climatic characteristics such as precipitation, temperature and wind have an effect
on fire risk. To reduce the damaging impacts of forest fires on forests, the boundaries of areas at danger of
fire should be defined and mitigation measures applied. Identifying regions at danger of forest fire is critical
for fire prevention. Because regions with forest fire risk are the place where the fire started, they also cause
the fire to spread to other regions (Erten et al., 2004). Therefore, determining the areas with fire risk is also
beneficial in evaluating the deficiencies in prevent the fire. Forest fire risk maps are created by combining
many layers of data that can cause fires (Jaiswal et al., 2002).

The advanced method Geographical Information System (GIS) in conjunction with the Multi-Criteria Decision
Analysis (MCDA) approach allows for quick and effective explanations of complicated geographical issues
(Jaiswal et al., 2002; Carmel et al., 2009; Kumari and Pandev, 2020). Today, the determination of the forest
fires using GIS has become very important for precautions and plans. Monitoring the stages before, during and
after the fire is a difficult task that must be done in the most accurate and earliest way. GIS with the satellite
technologies is considered as an important software in fulfilling this difficult task. Detection of forest fires,
surveillance, examination of the damages, and calculation of the burning area can be done with the help of the
developing satellite technologies and the GIS.

One of the most extensively utilized multi-criteria decision support systems for detecting forest fires is the
Analytic Hierarchy Process (AHP). There are studies (Mohammadi et al., 2010; Eugenio et al., 2016) to
determine forest fire risk using the AHP method. Forest fires are an indispensable part of forest ecosystems in
the Mediterranean, also they play an important role in ensuring ecological balance. Considering the number of
forest fires that occurred in 1937-2009; the total number of fires is 86,769, and the total burning area is
1,617.701 hectares (Ozkazang and Ertugrul, 2011). In other words, approximately 1,200 fires occur every
year, and 22,000 hectares of forest area disappear (Ozkazang and Ertugrul, 2011). Although the temporal
course of forest fires displays non-linear graphic in our country, it is observed that there is an increase in the
amount of burning areas, and the number of fires, especially in forest fires in recent years. This situation can
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be associated with the growth of the factors (such as reduction of water resources, unplanned urban
development, degradation of forest texture) that cause fires together with the population increase. 91% of forest
fires in our country occur as a result of human activities (Atesoglu et al., 2015). When the studies (Pradhan et
al., 2007; Malik et al., 2013; Eugenio et al., 2016; Gigovic et al, 2018) conducted to date are analysed, it has
been determined that various methods are used to created forest fire risk maps. It has been determined that the
studies are generally carried out in different climate types and land cover classification Therefore, how the risk
of forest fire changes under different climate type and factors can be determined by these studies.Whereas,
there are a few studies (Dilekgi et al., 2009; Karabulut et al., 2013; Bingdl, 2017) on forest fire risk in Turkey.
These studies are generally conducted with similar climate types or factors. However, this study differs from
other studies because it was made in area that have different climate types, and it makes statistical analyses
using more factors. The purpose of this study is to identify forest fire risk areas using Remote Sensing and GIS
technique. This study would contribute to interventions and planning in forest fire management.

It is thought that this study conducted to determine the forest fire risk will be a resource for the region, can be
developed in terms of fire-related studies and will contribute to forestry activities. In addition to the main
purpose of the study, its sub-goals are as follows;

e To demonstrate the application of remote sensing and GIS in disaster management, especially forest
fires,

e To explain the benefits of Landsat satellite images, which are available free of charge, in many areas,
especially in forestry applications.

e To investigate the factors causing forest fires,
e To analyses the advantages of AHP (Analytic Hierarchy Process)

In this context, the study focused on two main questions:

e What are the main factors increasing forest fires in Nigde?
e Which strategies will help to decrease the forest fires in urban and building scale in Nigde?

Nigde is a city with historical, social, cultural, and economic activities. Because of the rapid increase in the
population living in the Nigde, there are significant changes in the land cover types. Natural landscapes in the
city are transformed into stone and concrete surfaces and are pushed further away from the city centre. The
biggest problem for is the unplanned and uncontrolled development of the city. Therefore, forest areas are
under pressure due to human use. Forest fires occur in areas where agricultural activities are close. Therefore,
creating a risk map for forest fire is important for the protection of the forests of the region. The size of the
forest areas of Nigde is quite small compared to other regions of Turkey. Despite this, the fact that residential
and agricultural areas are close to forest areas and the Adana - Nigde highway passes close to forest areas
increases the risk of forest fire in the region. In addition, the planning of residential, traffic and industrial areas
close to these areas also increases the risk of forest fires. When the literature is reviewed, it is determined that
the studies about the fire risks are carried out in countries where precipitation or green areas are high. These
study aims to determine the forest fire risk using GIS.

2. Material and Method

The study area includes the city of Nigde as a whole (Fig. 1). In the summertime, Nigde has a hot and dry
climate, while the winters are cold and snowy. Nigde is between 34°30'10" and 34°45'00" east longitude and
37°54'00" and 38°06'30" north latitude. Nigde is 7,795.22 km? in size. The average annual temperature ranged
from -1.0 to 22.4 °C, with yearly rainfall ranging from 5.2 to 48.7 mm. (General Directorate of Meteorology,
2019). In the study, the satellite image of Landsat 8 OLI dated 08.08.2019, was used to create the land cover
classification map. Downloaded from (https://earthexplorer.usgs.gov/) (Table 1). The features of the bands of
Landsat 8 are given in Table 2.
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Table 1
The bands and their dates that were used in the study
City Landsat Time Season

Nigde LCO8L1TP176034201908042019082001 August8, 2021 Dry

Table 2

Features of a Landsat-8 OLI/TIRS image (Estoque, 2017; Soydan 2020)
Landsat 8
Electromagnetic region

(o8]

and Wavelength (um)

Coastal aerosol 1 0.43-0.45
Blue 2 0.45-0.51
Green 3 0.53-0.59
Red 4 0.64 - 0.67
Near infrared (NIR) 5 0.85-0.88
Short wave infrared (SWIR) 1 6 1.57-1.65
Short wave infrared (SWIR) 2 7 211-2.29
Panchromatic 8 0.50 - 0.68
Cirrus 9 1.36-1.38
Thermal infrared (TIR) 1 10 10.60 - 11.19
Thermal infrared (TIR) 2 11 11.50-1251

Figure 1. Location of Nigde in Turkey
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Maps of aspect and slope were created using DEM (digital elevation model) data. The DEM has a resolution
of 30 meters. The data was gathered from https://www.eorc.jaxa.jp/ALOS/en/aw3d30/data/index.htm. The
information belong to Nigde was obtained from the Nigde Municipality. The climate data of Nigde province
were obtained from the General Directorate of Meteorology. Data of the roads and settlements were obtained
from the website https://www.openstreetmap.org/. The study consists of 7 stages. ArcGIS 10.3 software was
used to organize the data used, classification, slope, aspect, altitude maps, and to create road and settlement
distances in the study. "Raster Calculator” in software was used in obtaining the final map. In order to
determine the factors causing forest fire in Nigde and to determine where the fire occurred mostly, the fire data
of the study area during the years of 2010-2019 were examined. For this, the relevant documents were obtained
from the Ministry of Agriculture and Forestry. A total of 15 forest fire information was obtained. Locations of
previous forest fires were marked on the satellite image with their coordinates (Figure 2). In the study, a total
of eight important factors, such as land use/land cover type, slope, aspect, altitude, settlement, road,
temperature and precipitation, which are thought to be effective in forest fires, were determined. Maps of land
use/land cover, slope, aspect, altitude, precipitation, temperature, distance to road and settlement distance were
done according to the values given in Table 3. Within the scope of the study, forest fire risk map was created
using the Analytical Hierarchy Process (AHP) method. The previous studies (Nuthammachot and Stratoulias,
2019; Van Hoang et al., 2020; Coban and Erdin, 2020) were used while creating the weight values of the
factors for forest fire risk.
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Figure 2 Previous Forest Fire Locations in Nigde
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Table 3
Weightages and factors in determination of fire risk modelling
Factors Classification Value
Land Cover Forest
Other
Slope (%) 0-15
15-25
25-35
35-45
>45
Aspect N, NE, NW, and FLAT
E
SE
SW and W
S
Altitude (m) <900
900 - 1,200
1,200 - 1,500
1,500 - 1,800
> 1,800
Distance to settlements (m) < 500
500-2000
> 2000
Distance to roads (m) <100
100 - 300
> 300
Precipitation (mm) <15
15-18
18-21
21-23
> 23
Temperature (°C) <20
20-24
24 - 28
28 — 32
> 32

O A WDNREFRPEFEPNMNWPAONPPOWNROPRRWONEPOPRWODNDNRERORRWOWDNRREFER N

2.1. Analytical Hierarchy Process (AHP)

AHP is a mathematical strategy that considers the group or individual's priorities while evaluating both quali-
tative and quantitative characteristics (Dagdeviren and Tamer, 2001; Toksar, 2007). It is an often utilized strat-
egy among multi-criteria decision-making techniques because it is a straightforward, easy-to-use, and under-
stood method. Saaty (1997) developed the following steps for applying the AHP:

Step 1:
The necessary elements and sub-factors are determined by the decision maker. At this point, a survey study or
expert comments on the matter can be done.

Step 2:

Construct a set of pair-wise comparison matrices (size n x n) for each of the lower levels with one matrix for
each element in the level immediately above by using the relative scale measurement shown in Table 4. The
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pair-wise comparisons are done in terms of which element dominates the other (Al-Harbi, 2001).

Table 4
Pair-wise comparison scale for AHP preferences
Numerical Verbal judgments of prefer- Numerical Verbal judgments of prefer-
rating ences rating ences
9 Extremely preferred 5 Strongly preferred
8 Very strongly to extremely 4 Moderately to strongly
7 Very strongly preferred 2 Equally to moderately
6 Strongly to very strongly 1 Equally preferred

The values given in this scale are used in the comparison of the criteria with each other. For example, criteria
1 is located in row part, criteria 2 is located in the column part. If criteria 1 is "strongly preferred” according
to criteria 2, its value will be "5". However, when the criteria 2 is located in row part and the criteria 1 is
located in column part, the situation will be the opposite, and the value will be 1/5. Because criteria 2 will be
preferred at the rate of 1/5 according to criteria 1. This way “A” matrix is created (Table 5).

Table 5
Matrix A
Criteria “1” Criteria“2” ... Criteria “(n)”
Criteria “1” W1/W1 wiwz2 W1/Wn
Criteria *2” W2/W1 wa2/w2 W2/Wn
Criteria “(n)” Wn/W1 Wn/wW2 Wn/Wn
Step 3:

Hierarchical synthesis is now used to weight the eigenvectors by the weights of the criteria and the sum is
taken over all weighted eigenvector entries corresponding to those in the next lower level of the hierarchy (Al-
Harbi, 2001).

Step 4:

Having made all the pair-wise comparisons, the consistency is determined by using the eigenvalue, Amax, to
calculate the consistency index, CI as follows (Al-Harbi, 2001) (2.1):

Cl = (2.1)

The matrix size is represented by the value of "n" in the formulae. The consistency ratio (CR) of CI with the
proper value in Table 6 can be used to assess judgment consistency. If the CR does not exceed 0.10, it is
acceptable (Al-Harbi, 2001). If it's higher, the judgment matrix is skewed. Judgments should be examined and
revised in order to establish a consistent matrix (Al-Harbi, 2001). Finally, the CI value is divided by the stand-
ard correction value, known as the Random Indicator (RI), as given in Table 6, to yield the CR value, also
known as consistency ratio (2.2).

_a

== 2.2)

CR

The value corresponding to the number of factors is selected from Table 6. For example, the RI value to be
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used in a 3-factor comparison will be 0.58 according to Table 6.

Table 6

Random indicator
“n” “RI” “n” “RI” “n” “RI”
1 0.00 6 1.24 11 151
2 0.00 7 1.32 12 1.53
3 0.58 8 1.41 13 1.56
4 0.90 9 1.45 14 1.57
5 1.12 10 1.49 15 1.59

AHP Method in This Study

Pair-wise comparison matrix was created. Numerical rating was made between criteria according to table 4
(Table 7). The calculations for these items will be explained next for illustration purposes. Synthesizing the
pair-wise comparison matrix is performed by dividing each element of the matrix by its column total. For
example, the value 0.10 (C1-C1) in Table 8 is obtained by dividing 1 (from Table 7) by 10.31, the sum of the
columnitemsin Table 7 (1 + 1/3+1/5+ 1/4+ 1/5+ 1/3 + 5 + 3). The priority vector in Table 8 can be obtained
by finding the row averages. For example, the priority of contractor A with respect to the criterion “experience’
in Table 8 is calculated by dividing the sum of the rows (0.10 + 0.21 + 0.22 + 0.22 + 0.22 + 0.21 + 0.08 + 0.06)
by the number of contractors (columns), i.e., 8, in order to obtain the value 0.16. The priority vector for

experience, indicated in Table 8, is given below.

Table 7

Pair-wise comparison matrix
Factors C1 C2 C3 C4 C5 C6 C7 Cc8
Land cover (C1) 1 3 5 4 5 3 1/5 1/3
Slope (C2) 1/3 1 3 2 3 1 1/5 1/3
Aspect (C3) 1/5 1/3 1 1/2 1 1/3 1/5 1/3
Altitude (C4) 1/4 1/2 2 1 2 1/2 1/5 1/3
Settlement (C5) 1/5 1/3 1 1/2 2 1/3 1/5 1/3
Road (C6) 1/3 1 3 2 3 1 1/5 1/3
Precipitation (C7) 5 5 5 5 5 5 1 3
Temperature (C8) 3 3 3 3 3 3 1/3 1

Table 8

Synthesized matrix for experience
Factors C1 C2 C3 C4 C5 C6 C7 C8 Priority

vector

Land cover (C1) 0.10 0.21 0.22 0.22 0.22 0.21 0.08 0.06 0.16
Slope (C2) 0.03 0.07 0.13 0.11 0.13 0.07 0.08 0.06 0.08
Aspect (C3) 0.02 0.02 0.04 0.03 0.04 0.02 0.08 0.06 0.04
Altitude (C4) 0.02 0.04 0.09 0.06 0.09 0.04 0.08 0.06 0.06
Settlement (C5) 0.02 0.02 0.04 0.03 0.04 0.02 0.08 0.06 0.04
Road (C6) 0.03 0.07 0.13 0.11 0.13 0.07 0.08 0.06 0.08
Precipitation (C7) 0.48 0.35 0.22 0.28 0.22 0.35 0.40 0.50 0.35
Temperature (C8) 0.29 0.21 0.13 0.17 0.13 0.21 0.13 0.17 0.18

Amax =8.71, Cl1 = 0.10, RI = 1.41, CR = 0.07 <0.1 OK.
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The model was created specifically for this study and is based on the statistical weights established in the
preceding item for each variable (2.3).

IR=(0.35 X Prec + 0.18 X Temp. + 0.16 X Cover + 0.08 X Slo. + 0.08 X Road + 0.06 X Alti + 0.04
X Asp. +0.04 X Set.) (2.3)

When the importance of the factors is compared in terms of forest fire risk, precipitation was the highest with
a value of 35% ((Eqg. 3, (0.35 x 100 = 35)). Then there was temperature (C8) with 18%, and land cover (C1)
with 16%. Now, estimating the consistency ratio is as follows (2.4):

r1.007 r3.007 r5.007 r4.007 r5.007 r3.007 r0.207
0.33 1.00 3.00 2.00 3.00 1.00 0.20
0.20 0.33 1.00 0.50 1.00 0.33 0.20
0.25 0.50 2.00 1.00 2.00 0.50 0.20
=0.16 0.20 +0.08 033 +0.04 100 + 0.06 0.50 0.04 500 +0.08 033 +0.35 0.20
0.33 1.00 3.00 2.00 3.00 1.00 0.20
5.00 5.00 5.00 5.00 5.00 5.00 1.00
13.00- 13.000  13.00 13.00- 13,00/ 13.00- L0.33 (2.4)

0.33 1.40

0.33 0.70

0.33 0.32

0.33 0.47

+0.18 0.33]~ |0.36

0.33 0.70

3.00 3.20

11.00d  L1.70

Dividing all the elements of the weighted sum matrices by their respective priority vector element, we obtain:

1.40 0.70 0.32 0.47 0.36
016" 8.75 008" 8.75 004" 8.00 006" 7.84 004" 9.00
0.70 3.20 1.70
008" 8.75 035 = 9.14 018~ 9.44

(8.75+8.75+8.00 + 7.84 + 9.00 + 8.75 + 9.14 + 9.44)
Amax = 8 =8.71

Now, we find the consistency index, Cl, as follows:

For statistical purposes, forest fire risk for the state was represented in five classes divided into natural break
as follows: low risk, moderate risk, high risk, very high risk, and extreme risk. It should be remembered that
this study was conducted in an area where the temperature values were not high and the amount of green areas
was low. Parameters which are used in studies, may change according to climate types and land uses and land
cover.
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3. Results and Discussion

The map that was created within the scope of the study, are given in Figure 3-4 and. The areas and percentages
of the factors are given in Table 9. Finally, all factors were used as stated in Equation 3, and the forest risk
map of the study area was obtained. The study area has approximately 835.65 km? of area at low risk, 2,199.03
km? at moderate risk, 3,390.92 km? at high risk, 1,142.0 km?at very high risk, and 227.62 km? at extreme risk,
representing 10.72%, 28.21%, 43.50%, 14.65%, and 2.92% of Nigde, respectively (Figure 5).
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Figure 3. a) land cover, b) slope, c) aspect, d) altitude
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Figure 4. a) distance to settlements, b) distance to roads, c) precipitation, d) temperature
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Table 9
The areas and percentages of the factors in the study area
Factors Classification Value Percent Factors Classification Value Percent
(%) (%)

Land Cover  Forest 7 29.69 Slope (%) 0-15 1 55.75
Other 1 70.31 15-25 2 14.46

Distance to <100 6 20.25 25-35 3 10.98

roads (m) 100 - 300 4 16.27 35-45 4 7.97
> 300 2 63.49 >45 5 10.83

Aspect N, NE, NW, 1 8.91 Altitude (m) <900 1 0.02
and FLAT
E 2 26.95 900 - 1,200 2 13.99
SE 3 28.54 1,200-1,500 3 36.58
SW and W 4 6.21 1500-1,800 4 24.61
S 5 29.39 > 1,800 5 24.80

Precipitation <15 5 9.87 Temperature <20 1 0.20

(mm) 15-18 4 13.97 (°C) 20-24 2 5.81
18-21 3 34.85 24 - 28 3 66.94
21-23 2 23.71 28 - 32 4 26.17
>23 1 17.60 > 32 5 0.88

Distanceto < 500 1 1.31

settlements ~ 500-2000 7 10.77

(m) > 2000 3 87.92

Figure 5. Forest fire risk map of Nigde

In quantitative terms, the largest portion of the study area (27.24%) was classified as very high and extreme
risk, which is shown in Figure 6. Lower and upper limit values of fire hazard indices which were calculated
for forest fire risk areas, are given in Table 10.
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Table 10

Lower and upper limit values for forest fire risk
Risk Lower Limit Upper Limit
Low 1.27 2.08
Moderate 2.08 2.90
High 2.90 3.71
Very High 3.71 4,52
Extreme 4.52 5.33

The areas in which 15 fires (see Figure 2) that occurred before in Nigde, were determined on the forest fire
risk map. In this way, it was determined how accurate the risk map was. Accordingly, 6 of fires were in extreme
risk areas, 2 of fires in very high risk areas, 3 of the fires in high risk areas, 2 of fires in moderate risk areas,
and 2 in low risk areas (Table 11). 11 of the previous fires occurred in high, very high and extreme fire risk
areas. This shows that the map gives almost accurate results, even if not completely. The forest fire risk of the
districts of Nigde was determined (Table 12).

Table 11

Previous fires for control fire risk map
Number X (m) Y (m) Risk Value Description
1 651788.043 4161741.211 491 Extreme
2 652770.255 4173164.446 4.76 Extreme
3 655922.544 4150597.626 5.20 Extreme
4 615540.740 4216452.737 3.70 High
5 604469.879 4217183.416 3.26 High
6 638951.094 4214547.191 4.26 Very High
7 676309.412 4193590.553 4.75 Extreme
8 620870.283 4218308.284 5.43 Very High
9 660392.512 4190208.839 3.58 High
10 668267.781 4173813.433 491 Extreme
11 684379.035 4184231.182 5.26 Extreme
12 623958.386 4181212.259 2.85 Moderate
13 628649.304 4174123.210 2.76 Moderate
14 666559.986 4226943.907 1.40 Low
15 668522.730 4242834.430 1.95 Low
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Table 12
Forest fire risk in Nigde

Districts of Nigde  Risk Percent (%) Area (km2) Total Area (km2)

Center Low 15.84 362.95 2,291.43
Moderate 70.67 1,619.34
High 13.49 309.14

Bor Low 22.43 357.08 1,591.93
Moderate 62.90 1,001.31
High 14.67 233.54

Ulukisla Low 4213 621.95 1,476.26
Moderate 57.47 848.43
High 0.40 5.88

Altunhisar Low 10.09 63.00 624.58
Moderate 62.30 389.12
High 27.61 172.47

Ciftlik Low 55.49 290.24 523.09
Moderate 44.00 230.16
High 0.51 2.69

Camardi Low 45.75 589.21 1,287.94
Moderate 53.77 692.56
High 0.48 6.17

Total 100.00 7,795.22 7,795.22

According to the results of the analysis, the lowest forest fire risk is in Ciftlik and Camard: districts, and the
highest forest risk is in Center and Bor district. Especially the volcanic Melendiz Mountains, located in the
northwest of Nigde, attract attention as the areas with high fire risk. In these areas, most of which are covered
with steppe vegetation such as Astragalus angustifolius Lam., A. microcephalus Willd., A. acmophyllus Bunge,
Thymus sipyleus Boiss., Salvia absconditiflora Greuter & Burdet., Festuca valesiaca Schleich. ex Gaudin.,
Eremogone ledebouriana (Fenzl) Ikonn., Bromus tomentellus Boiss. and herbaceous species such as Dactylis
glomerata L., Stipa pulcherrima K.Koch and Poa bulbosa L. are common (Kenar, 2014). The vegetation type
of the area is one of the main factors affecting the fire, and plants with aromatic essential oils such as Thymus
sipyleus and Salvia absconditiflora can be burn quickly and easily. Likewise, Poaceae members such as
Festuca valesiaca, Bromus tomentellus, Dactylis glomerata, Stipa pulcherrima and Poa bulbosa, which spread
in the area, can burn very quickly and easily, especially in dry periods. Astragalus species, which have
branched woody stems, are among the plants that cause fire in steppe vegetation as a result of the deliberate
burning by sheep herders. Quercus pubescens Willd., Q. trojana Webb, Q. cerris L., Q. vulcanica Boiss. &
Held. ex Kotschy and Quercus ithaburensis subsp. macrolepis Hedge & Yalt. the remnant forests formed by
the taxa spread in small communities between 1500-2000 meters. Although Quercus species are resistant to
fire, Juniperus oxycedrus L. seen among these relic Quercus communities shows an easy and fast burn feature
due to the aromatic oils it contains.

The most relevant parameters in terms of forest fire risks in the formula utilized within the scope of the study
(Eg. 3.) were temperature, precipitation, and land use. According to the results of the study conducted by the
Nigde Forestry Directorate in 2019, the highest forested area in Nigde is in Ulukisla district (Nigde Forestry
Directorate, 2019). Most of these forests are “coppice forest”. The reason why Ulukisla district is less risky
than other districts in the study is that it receives too much rain and the temperature is low. Although forested
areas in Merkez and Bor districts are less than other districts, fire risk is high in this district. The reason for
this is high temperature, little rainfall and proximity to roads and settlements. Excessive forest areas did not
affect the fire risk as much as some of the factors used in this study. Rainfall and temperature are more
important in terms of fire risk than land use. As a result of the changes in precipitation and temperature values
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in the districts of the study area, forest fire risk results differed. Climatic factors are the most important factors
in terms of forest fire risk. Among the physical factors, the most important factor is land use/land cover
because forest fire risk changes according to the land use type. Areas which have high forest presence and
forest areas close to the road, have a high risk of forest fire. However, the risk of forest fire is lower in areas
which have low forest presence or high urban structure. These factors are followed by slope, road, altitude,
aspect and settlements, respectively. It should not be forgotten that the factors were used in Nigde where the
temperature is not high, and the green areas and the amount of precipitation are low.

Weight coefficients of these factors may vary depending on regional characteristics. Topographic features are
among the high environmental physical factors in fire formation and fire behaviour. Especially the altitude,
slope and aspect conditions of the topography play a determining role in this context. These factors are seen
as a critical parameter since the probability of forest fires decreases due to the increase in altitude. It is observed
that 96% of forest fires are at altitudes lower than 1700 m. (Ozsahin, 2014). These reasons for this study can
be listed as follows:

e Increasing precipitation with increasing altitude,
e The temperature decreases with increasing altitude,

o Very few settlements in high areas (they are used only at certain times of the year; mostly as a summer
residence),

o Most of the areas defined as forest are degraded forest lands.

Other topographic features that are effective in forest fires, are slope and aspect. In areas with high slope
values, fire progression is faster, while in areas with slope decreases, the rate of fire progression is slower
(Ozsahin, 2014; Bingdl, 2017). Therefore, it should be more sensitive to the risk of fire, especially in high
slope forest areas. Another reason for the occurrence of forest fires, especially those of human origin, is roads.
Because the movements of people and vehicles on the roads, these areas are the main reason for this situation.
For this reason, in the studies on forest fire sensitivity analyses, the sections of forests close to the road have
been defined as areas with high fire sensitivity. AHP method was used in the study. The method was found
suitable for determining the risk of forest fire. The positive properties of the method are the qualitative concepts
turn into the quantitative concepts, the evaluation of the data in a certain hierarchy. The prequalification
criterion may be prioritized using the AHP, and a descending-order list of contractors can be created to find
the best contractors for the job. To test the sensitivity of final conclusions to modest changes in judgments, a
sensitivity analysis can be undertaken (Al Harbi, 2001). However, with the increase in the number of factors
which is preferred in the study, we can say that the method has problems in classification. Therefore, it can be
suggested to be used in a study with a maximum of 8 factors. However, in general, the method should be
preferred because it can be verified and provable in such studies.

Studies which use this method, were examined. Dilekgi et al. (2019) used AHP method in their study which
was named "Zonguldak and Eregli Forest Management Directorates of Forestry Fire Risk Areas
Determination”, tested the method. Kovacs et al. (2004) in their study which was named “Examining Local
Ecological Knowledge of Hurricane Impacts in a Mangrove Forest Using an Analytical Hierarchy Process
(AHP) Approach”, used AHP method. They examined the observations of fishermen regarding the impact of
a hurricane on a mangrove forest of the Mexican Pacific, twenty-two structured interviews using an Analytical
Hierarchy Process (AHP) approach were conducted in four villages of the Teacapan-Agua Brava lagoon-
estuarine system. Ljubomir et al. (2019) used AHP method in the study which was named “Modeling the
Spatial Variability of Forest Fire Susceptibility Using Geographical Information Systems and the Analytical
Hierarchy Process”. Vadrevu et al. (2010) stated that AHP is an important decision making matrix that
determines the causative factors of forest fires and can be easily used in such studies. Mahdavi et al. (2012)
and Soydan (2021) emphasized that GIS and AHP are useful method to understand important factors in the
management of forest fires.
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The Remote Sensing and Geographic Information Systems techniques are widely and effectively used by many
countries. The use of Remote Sensing and Geographic Information Systems techniques will provide significant
contributions to the planners by providing effectiveness in our country's fire management plans. Especially, it
is important to establish and monitor fire safety zones as soon as possible in settlements with high fire risk in
the forest and adjacent forests and to prevent possible loss of life and property. Nigde is a region with more
agricultural activities. Although there are many historical sites in the region, they are far from forested areas.
This reduces the risk of forest fire due to human activities. However, many fire events occur in the region
caused by agricultural activities. Therefore, it is necessary to raise awareness of agricultural producers in this
area and to increase measures against forest fires in the Nigde region.

4. Conclusion and Recommendations

In this study, the effect of some geographic parameters on the distribution of forest fire sensitivity was analysed
in Nigde. The analysis was carried out according to AHP method with GIS technigues. In the analysis, factors
affecting the risk of forest fire (land use/land cover, altitude, slope, aspect, distance to settlement, distance to
road lines, precipitation, and temperature) were mapped. According to the AHP method of the study, the most
dominant factor which was used among the parameters for determining forest fire risk, was precipitation. In
the formula for determining the fire risk created using the AHP method (Eg. 3), precipitation was the highest
factor with a factor of “0.35”. This was especially the determining factor in obtaining the final risk map.
Because areas with high forest area but less rainfall are less risky than areas with less forest area but high
rainfall.

In urban planning, the multifaceted effects of population values, which are an important indicator in the
formation of cities, should be taken into consideration. In addition to inputs such as population, transportation,
green tissue, and building typology, microclimatic results should also be considered. The world's largest
source of natural wealth are forests, and they must be well protected in terms of providing ecological and
environmental benefits, as well as being vital in ensuring natural balance. As in the rest of the world, forest
fires are the leading damages to forests in our country. Especially in the Mediterranean region, which has the
most conditions for the occurrence of forest fires, the necessary measures should be taken to determine fire
management and fire damage detection systematically. On the other hand, forests, especially in developing
countries, are under great pressure. These countries are cutting their forests at an extreme level in order to find
the necessary financial resources for them and thus destroying them. In Turkey, deliberate fires occur in forest
areas. These areas are desired to be removed from forest characteristics. These areas are transformed into
accommodation areas such as hotels, hostels and hostels due to their natural wealth. Such activities for
economic gain cause reduced forest areas in Turkey. When the causes of forest fires between 1997-2006
occurring in Turkey examined; It was determined that 57.86% of forest fires were the result of negligence-
carelessness-accident, and 13.40% of them were the result of intent (Hasdemir et al., 2009). A comprehensive
fight plan should be prepared against large forest fires that occur periodically in our country. In order to meet
this plan, equipment and other needs should be completed as soon as possible. The exchange of information,
technology, experience and equipment between countries in combating forest fires will be the most accurate
and effective way to succeed in this fight. Under the different climatic, vegetation and topography conditions
of the world, it will be known in advance how to deal with similar types of fires by examining various forest
fires. To this end, exchange of fire fighting personnel and scientists between countries will enable the existing
information to grow and spread.
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Oz — Tek agag ve mescere gelisimleri ekolojik faktorlere bagl olarak degisim gosterebilmektedir. Bu galigmada,
Kastamonu ve Sinop yo6resi saf ve dogal sarigam (Pinus sylvestris L.) mescereleri i¢in ekorejyon tabanli tek agag cap
arttm modeli gelistirilmistir. Bu amagla, ¢esitli ekolojik faktorlerin birlikte degerlendirilmesiyle olusan ekolojik
bolge siniflamast modellerde altlik olarak kullanilmis ve tek agaglardaki ¢ap artimlarinin ekorejyonlar arasindaki
farkliliklar1 arastirilmistir. Calisma alanmin yer aldigi Karadeniz Iklim Bélgesi 5 alt ekolojik bélgeyi (ekorejyon)
barindirmakta olup, ¢alisma kapsaminda sarigam agag tiiriiniin yogunluk gosterdigi Ekorejyon 1 Ekorejyon 2 ve
Ekorejyon 3’te arazi ¢alismalari stirdiiriilmistiir. Caliyma materyali olarak 292 6rnek alandan elde edilen 2318 adet
ornek agac verisi kullamlmustir. Kanigik etkili modelleme teknigi ile gelistirilen ¢ap artim modeline iligkin
tahminlerin ekorejyonlar arasindaki farkliligi Dogrusal Olmayan Ekstra Kareler Toplami yontemi ile test edilmistir.
Tek aga¢ cap artim modeli, agaca iliskin gogiis ¢ap1 yaninda mescere yasi, bonitet endeksi, siklik derecesi ve
mescere orta ¢apt gibi mescere dzellikleri ile yarisma endekslerine bagli olarak son 5 yillik ¢ap artimlarini tahmin
etmek {izere gelistirilmis olup R? degeri 0,691°dir. Istatistiksel ve grafiksel incelemeler sonucunda gap artiminin
ekorejyonlar arasindaki farkliliklari ortaya konulmus olup Kastamonu ve Sinop yoresi dogal sarigam mescerelerinde
ekorejyon tabanli modellerin kullanilmasi uygun bulunmustur.
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Abstract — Individual tree and stand development may vary depending on ecological factors. In this study,
ecoregion-based individual tree diameter increment model were developed for Scots pine (Pinus sylvestris L.) stands
of Kastamonu and Sinop regions. For this purpose, ecoregion classification, which is formed by evaluating various
ecological factors, was used in the models and the differences between ecoregions were investigated. The Black Sea
Climatic Region, where the study area is located, contains 5 sub-ecological regions (ecoregion), and area studies
were carried out in Ecoregion 1, Ecoregion 2 and Ecoregion 3, where Scots pine are densely distributed. The data of
2318 sample trees obtained from 292 sample plots were used as study material. The estimations made with the
mixed-effects modeling approach were compared using the non-linear sum of extra squares test. Individual tree
models for each ecoregion have been developed to estimate the diameter increments of the last 5 years, and its R?
value is 0,691. As a result of statistical and graphical examinations, it was revealed that there were differences
between ecoregions and found appropriate to use ecoregion-based models for Scots pine stands in Kastamonu and
Sinop regions.
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1. Giris

Ormanlar, topluma g¢esitli sosyal, kiiltirel ve ekonomik faydalar saglayan dogal kaynaklarin en
onemlilerinden birisidir. Insanoglunun var olusuyla baslayan insan-orman iligkisi ilk zamanlar ormanlarin
barinma ve gida kaynagi olarak kullanilmasi seklinde kendini géstermistir. Sonrasinda ise, insanligin gelisip
insan nifusunun artmaya baslamasiyla ormanlardan yararlanma g¢esitlilik kazanmugtir. Niifus artis1 ve
teknolojinin gelisimine bagl olarak bir yandan ormanlardan saglanan sosyal, kiiltiirel ve ekonomik olarak
¢ok amagli yararlanmanin saglanmasi, diger yandan da orman ekosistemlerinin siirekliliginin garantiye
alinmasi i¢in bu yararlanmanin bir plan dahilinde yapilmasi gerekliligi ortaya ¢ikmistir (Eraslan, 1982;
Asan, 1999; Eler, 2001; Kose vd., 2001; Kapucu, 2004; Eler, 2013). Ormanlarin rasyonel bir sekilde
planlanarak, etkin ve verimli bir sekilde isletilebilmesi i¢in de ormanlarin artim ve biiylime
potansiyellerinin dogru ve giivenilir bir bigimde tahmin edilmesi gerekmektedir (Akalp, 1978; Misir, 2003;
Misir ve Yavuz, 2013).

Cesitli agac tiirlerini iceren orman ekosistemleri; degisen iklim, toprak, bitki oOrtiisii vb. 6zelliklere sahip
genis bir cografi alan1 kapsamaktadir. Cesitli iklim ve yetisme ortami kosullarinda yer alan mescerelerin
artim ve biiylimesinin tahmin edilmesi, ekolojik tabanli planlama yaklasimlar1 ve stratejilerinin ortaya
konulmasinda kritik 6neme sahiptir (Klos vd., 2007). Ekolojik faktdrler mescere artim ve biiyiimesi
tizerinde 6nemli bir etkiye sahip olmaktadir. Artim ile biiylime tahminlerinde ekolojik faktorleri dikkate
alarak gelistirilen ekolojik tabanli modellerin kullanilmasi daha basarili ve giivenilir sonuglar sunmaktadir
(Huang, 1994; Xu, 2004; Klos vd., 2007; Seki ve Sakici, 2022). Ekolojik farkliliklar dikkate alinmadan
¢esitli modellerin kullanilmasi, mescere ve tek agaglara iligkin tahminlerde yiiksek hatalara sebep
olabilmektedir (Huang vd., 2000). Bir mescereye iliskin artim ve biiyiime iliskileri biiyiik dlclide gevre
kosullarina bagli olarak degisiklik gosterdiginden, iklim, topografya, toprak ve fizyografik ozelliklerin
etkileri de dikkate alinmalidir (Ozgelik vd., 2016).

Mescere igerisinde yer alan agaglarin artim ve biiylime potansiyellerini etkileyen en temel faktorlerden
birisi agaclar arasindaki rekabet diizeyidir (Curtis, 1970). Agaglar 151k, su, bitki besin elementleri ve
mevcudiyetlerini sitirdiirdiikleri alan da dahil olmak tizere gesitli kaynaklar icin rekabet ederler (Ford ve
Sorrensen, 1992). Agaglar biiyiidiikkge, cevrelerini ve ayrica komsularinin da biiyiime yeteneklerini
etkilerler. Dolayisiyla, bireyler arasindaki rekabet hem konumsal hem de zamansal olarak olduk¢a dinamik
bir yapiya sahiptir (Weiskittel vd., 2011). Her agacin komsularindan ne kadar etkilendigini ifade eden
rekabetin sayisal degeri Yarisma Endeksi (Competition Index) olarak adlandirilmakta ve gesitli
matematiksel esitlikler ile hesaplanmaktadir (Yavuz, 1997; Burkhart ve Tomé, 2012). Yarisma endeksleri
komsu agaclarin konu agaca olan uzakliklarini dikkate alip almama durumuna gore iki gruba ayrilmaktadir.
Komsu agaglara olan uzakliklar dikkate alan yarigsma endeksleri “uzakliga bagh (distance-dependent veya
position-dependent)” ve bu uzakliklar1 dikkate almayan yarisma endeksleri ise “uzakliktan bagimsiz
(distance-independent veya position-independent)” yarisma endeksleri olarak adlandirilmaktadir (Vanclay,
1994; Gadow ve Hui, 1999; Pretzsch, 2009; Weiskittel vd., 2011; Burkhart ve Tomé, 2012).

Ulkemizde, Misir (2003) tarafindan karagam agaglandirmalari igin tek agaca iliskin cap, gogiis yiizeyi ve
hacim artim modelleri, yapay sahilgami mescereleri (Ozdemir, 2005), dogal ve yapay kizilgam ve karagam
mescereleri (Carus, 2005), disbudak agaclandirmalar (Carus ve Cigek, 2007), dogal kizilgam mescereleri
(Catal, 2009) ve yapay kizilgam mescereleri (Carus ve Giilden, 2014; Catal vd., 2014) igin tek aga¢ ¢ap
artim modelleri, Dogu ladini-sarigam karigsik mescereleri igin uzakliga bagli ve uzakliktan bagimsiz tek
agac¢ artim modelleri (Ercanli, 2010), karisik saricam mescereleri i¢in uzakliga bagli ve uzakliktan bagimsiz
tek agag¢ ¢ap artim modelleri (Yavuz vd., 2010), saricam, goknar ve kayin karisik mescereleri i¢in uzakliga
bagh tek aga¢ cap artim modeli (Ozdemir, 2011), Dogu Karadeniz goknari-dogu ladini karisik mescereleri
icin tek agag¢ ¢ap arttmi1 modelleri (Kahriman ve Yavuz, 2012), karagam mescereleri i¢in tek aga¢ ¢ap artim
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modelleri (Seki, 2020; Bolat, 2021) ve mese i¢cin uzaklia bagh tek agac gogiis yiizeyi artim modeli
(Ozdemir, 2021) gelistirilmistir.

Saricam, iilkemizde yayilis yaptig1 alanlarda iklim, topografya, toprak ve ana materyale bagli olarak bonitet,
kapalilik, floristik bilesim ve cografl varyasyon bakimindan farkli 6zellikler gostermektedir (Atalay, 2012).
Bu ¢alismada, Kastamonu ve Sinop Orman Boélge Miidiirliiklerinde (OBM) yayilis gosteren saricam agag
tlrd icin tek agag ozellikleri, mescere yasi, bonitet ve mescere siklig1 gibi mescere dzellikleri ve uzakliktan
bagimsiz yarigma endekslerinin yaninda ¢esitli ekolojik faktorlerin biitiinlesmesiyle olusan ekorejyonlarin
da modellemeye dahil edilerek tek aga¢ ¢ap artim modelinin gelistirilmesi amaglanmistir.

2. Material and Method

2.1. Cahisma Alam

Caligma alanmi olarak belirlenen Kastamonu ve Sinop OBM’leri sarigam mescerelerinin 6nemli yayilig
alanlarindandir. Toplam 1,91 milyon hektar yiizél¢limiine sahip olan Kastamonu ve Sinop OBM’lerinin
yaklagsik olarak %65’i (1,24 milyon hektar) ormanlik alanlardan olusmaktadir (OGM, 2021). Caligma alani
icerisinde yaklasik 51 bin ha saf ve verimli sarigam mesceresi bulunmaktadir. Calisma alaninda, yerylizii
sekli, yetisme ortami, yiikselti, baki ve ¢esitli ekolojik faktérler bakimindan farkli 6zelliklerde sarigam
mescereleri bulunmaktadir. Bu amagla, yapilan ¢alismada Atalay (2014) tarafindan gelistirilen ekolojik
smiflandirma sonucunda olusturulan alt ekolojik bolgeler (ekorejyonlar) dikkate alinmistir. Atalay (2014),
iklim, toprak, ana materyal, topografya ve biyotik faktorleri dikkate alarak Turkiye’yi ekolojik bolgelere
ayirmistir. Bu siniflandirmaya gére, calisma alani olan Kastamonu ve Sinop yoresi “Karadeniz iklim
Bolgesi” igerisinde bulunmakta ve bu iklim bolgesi de bes ekorejyona ayrilmaktadir (Sekil 1). Calisma
alaninda yer alan ekorejyonlar asagida verilmistir:

» Ekorejyon 1. Nemli-Iliman Genis Yaprakli Orman Boliimd,

* Ekorejyon 2. Karadeniz Kiy1 Daglar1 Nemli-Soguk igne Yaprakli Orman Béliimii,
* Ekorejyon 3. Karadeniz Ardi Plato ve Daglar Soguk Yarmemli Orman Bolim,

* Ekorejyon 4. Karadeniz Ard1 Kurak¢il Orman-Cali Boliimdi,

» FEkorejyon 5. Karadeniz Dag Cayirlar1 Bolimii

Ekorejyonlarda verimli sarigam mescerelerinin alansal dagilimlart sirasiyla Ekorejyon 3 (%71,5),
Ekorejyon 1 (%13,1) ve Ekorejyon 2 (%12,5) seklindedir. Ekorejyon 4 (%2,7) ile Ekorejyon 5°te (%0,2)
yayilis gosteren saf ve verimli sarigam mescerelerinin alansal biiyiikliikleri ise oldukca azdir. Bu sebeple,
modellerin  gelistirilmesinde  kullanilacak veriler ilk {i¢ ekorejyonda yayilis gosteren saricam
mescerelerinden elde edilmistir.

2.2. Materyal

Calisma alan1 igerisinde yayilis gosteren saf saricam mescereleri amenajman planlar1 ve plan verilerine
iligkin sayisal altliklar yardimiyla tespit edilmistir. Saricam mescerelerinden farkli mescere yasi, siklik ve
bonitet smiflan ile ekorejyonlara (Ekorejyon 1, Ekorejyon 2 ve Ekorejyon 3 olmak iizere 3 ekorejyon)
dagitimi saglanmaya caligilarak alinan toplam 292 adet 6rnek alandan ve 2318 adet 6rnek agag verisi bu
calismanin materyalini olusturmustur. Ornek alanlardan 68’i Ekorejyon 1, 73’ Ekorejyon 2 ve 151’
Ekorejyon 3’ten alnmistir. Ornek alanlarin galisma alanina ve ekorejyonlara dagilimlart Sekil 1°de
verilmistir.
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L B (i *  Omek Alanlar

Sarigcam Mescereleri

Sekil 1. Ornek alanlarmn galisma alanima ve ekorejyonlara dagilimlart

Ornek alanlar daire bigiminde alinmis olup biiyiikliikleri mescere kapalilig1 ve igerisine diisen drnek agag
sayis1 dikkate alinarak 200 m? ile 1200 m? (200, 400, 600, 800, 1000 veya 1200 m? olarak) arasinda
degismistir. Ornek alan icerisinde gdgiis cap1 8 cm ve daha biiyiik olan tiim agaclarin gogiis yiiksekligindeki
caplar1 (di30) 0,1 cm hassasiyetinde ve ¢ift kabuk kalinliklart (CKK) 1 mm hassasiyetinde 6l¢iilmiistiir.
Ornek alanlarda her bir cap basamagindan secilen 2-3 agacta (6rnek alan igerisinde 8-12 agag) artim
burgusu yardimiyla gogiis yiiksekliklerinden artim kalemleri alinmistir. Artim kalemleri {izerindeki yillik
halkalar sayilmis ve ardindan son 5 yillik halka kalinliklar1 0,5 mm hassasiyetinde 6lgiilmiistiir. Mescere
sikliginin hesaplanmasinda kullanilmak tizere, her bir drnek alana iligkin gogiis yiizeyi orta ¢ap1 (dq) ve
mescere gogiis yizeyi (G) hesaplanmistir. Mescere yasmin belirlenmesi amaciyla her bir 6rnek alanda
mescere orta ¢apma yakin 4-5 agactan artim kalemi alinmistir. Bonitet endekslerinin belirlenmesinde
kullanilmak {izere de 6rnek alanlarda hektarda 100 aga¢ hesabina gore (6rnek alan biylkliigiine bagl
olarak 400 m? i¢in 4 agag, 600 m? i¢in 6 agac vb. gibi) drnek alan igerisine diisen en uzun boylu agaclarin
boylar1 0,1 m hassasiyetinde 6lgilmiistir.

2.3. YOntem

Tek agaglara iliskin ¢ap artim tahminlerine olanak saglayan tek aga¢ cap arttm modellerinde bagimli
degisken olarak c¢ap arttmi ya da gogiis ylizeyi artimi kullanilabilmektedir (Burkhart ve Tomé, 2012).
Ancak, yapilan ¢alismalarda ¢ogunlukla ¢ap artimi tercih edilmektedir (Huang ve Titus, 1995). Bu ¢alisma
kapsaminda tek agac¢ boyutlar1 (g6giis ¢ap1 ve boy gibi), mescere ozellikleri (yas, siklik, bonitet endeksi
gibi) ve agaglara iliskin rekabet durumlar (yarisma endeksleri) gibi degiskenlerin bir fonksiyonu olarak
yillik ortalama cap artimini tahmin eden tek aga¢ ¢ap artim modeli gelistirilmesi amaglanmis olup
modelleme calismasi i¢in izlenen yontem asagida agiklanmustir.

Cap artim modellerinin gelistirilmesinde 6rnek agaclara iliskin son 5 yillik ¢ap artimlarina ve 5 yil 6nceki
cap degerlerine ihtiya¢ duyulmaktadir. S6z konusu artim degerlerinin hesaplanmasinda ornek agaclara
iliskin kabuklu ve kabuksuz gogiis caplari, kabuk kalinligi, kabuk faktorii ve artim kalemlerinden elde
edilen son 5 yila ait kabuksuz cap artim degerlerinden yararlanilmaktadir. Kabuksuz gogiis ¢api; kabuklu
g6giis capt (cm) degerinden kabuk kalinliginin (cm) ¢ikarilmasi ile elde edilmektedir. Kabuk faktorii;
kabuklu gogiis cap1 degerinin kabuksuz gogiis ¢apr degerine oranlanmasti ile hesaplanmaktadir. Elde edilen
bu veriler yardimiyla 6rnek agaca iliskin 5 yil Onceki kabuklu c¢ap degerleri; kabuksuz goégiis capi
degerinden son 5 yillik artim degerlerinin ¢ikartilmasi ve bu degerin kabuk faktorii ile ¢arpilmasi sonucunda
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hesaplanmaktadir. Kabuklu ve kabuksuz gogiis caplart arasindaki iliskileri ortaya koymada kullanilan
kabuk faktoriiniin konu agaca iliskin donem sonu ve donem basi kabuklu gogiis cap1 degerlerinin
hesaplanmasinda degismedigi kabul edilmistir.

Cap artim modellerine iliskin uzakliktan bagimsiz yarigma endeksleri {ilkemizde ¢esitli arastirmacilar
tarafindan yapilan ¢alismalardan saglanmistir (Yavuz, 1997; Misir, 2003; Ercanli, 2010; Kahriman, 2011;
Ozdemir, 2011; Seki, 2020). Calisma kapsaminda tercih edilen bes adet uzakliktan bagimsiz yarigma
endeksine iliskin denklem yapilar1 asagida verilmistir:

- Konu agag g6gis ¢capmin mescerenin gogis ylizeyi orta agacinin ¢apina oranlandigi yaklasim:

d;
YE, = T (2.2)
q

- Konu aga¢ g6gis ¢capinin mescerenin en kalin ¢apli agacinin gogiis ¢apina oranlandigi yaklasim:

d;

dmax

- Konu agaca iliskin gogiis yiizeyi degerinin mescerenin ortalama gogiis yilizeyine oranlandigi yaklasim:

Q

YE; = 2 (2.3)

Ql|

- Konu agaca iliskin gogiis ylizeyi degerinin mescerenin en kalin ¢apli agacinin gogiis ylizeyine oranlandigt
yaklagim:

i

gmax

YE4 =

(2.4)

- Konu agagtan daha kalin ¢apli agaglarin gogiis yiizeyleri toplamini yarisma endeksi olarak kabul eden
yaklasim:

n
1

Bu esitliklerde; YE: yarisma endeksini, di: konu agacin gogiis ¢capini, dq: mescereye iliskin gogiis yiizeyi
orta agacinin ¢apini, Omax: mesceredeki en kalin ¢apli agacin gogiis ¢apini, @i konu agacin g6gis yiizeyini,
g: mescerenin ortalama gogiis yilizeyini, gmax: mesceredeki en kalin ¢capli agacin gogiis yiizeyini ve gj: konu
agactan daha kalin capl agacglarin gogiis yiizeylerini ifade etmektedir.

Rekabetin ortaya konulmasi amaciyla yukarida agiklanan yarisma endeksleri incelendiginde, YE;-YE4 nolu
yarigma endekslerine iligkin degerin artmas1 durumunda ilgili agacin mescere igerisinde komsu agaclardan
gordiigii baskinin azaldig1 yani rekabet konusunda baskin duruma gectigi anlagilmaktadir. YEs nolu yarigma
endeksine (BAL) iliskin sayisal degerin artmasi durumunda ise konu agacin mescerede gordiigii baskinin
arttig1 anlagilmaktadir.

Mescere yasinin belirlenmesi amaciyla alinan artim kalemlerindeki yillik halkalar sayilarak 6rnek agaglarin
gogis yiiksekligi yaslari belirlenmis ve ilgili 6rnek alan igin agaglarin 1,30 m yiikseklige ulagma siireleri
(mescerede bulunan 1,30 m boyundaki fidanlarin siirgiin sayis1 yardimiyla; genel olarak 1. Bonitet i¢in 6 yil,
II. Bonitet i¢in 8 yil, IIl. Bonitet igin 10 yil) gogiis yiiksekligi yasma eklenerek agaglarin yaslari
hesaplanmigtir. Agaglara iliskin yaglarin aritmetik ortalamasi alinarak da ornek alanlara iligkin mescere
yaglar1 belirlenmistir.
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Mescere sikliginin  hesaplanmasinda Curtis vd. (1981) tarafindan gelistirilen siklik 6lgiitiinden
yararlanilmigtir. Bu yontem kullanilarak mescere siklik derecesi (SD) asagidaki esitlik yardimiyla
hesaplanmugtir:

Sp = = (2.6)

Bu esitlikte; SD siklik derecesini, G hektardaki gogiis yiizeyini (m%/ha) ve dq ise gogiis yiizeyi orta agacinin
capini (cm) ifade etmektedir.

Artim iizerinde Onemli bir etkiye sahip olan yetisme ortami ozellikleri, ilgili muhitin iklim, toprak,
topografya ve mevki gibi faktorlerin etkisiyle olusur (Eler ve Carus, 2006). Belli bir yasta bir mescerenin
yapacagi iretim miktarini tahmin etmek, orman isletmelerini teknik ve ekonomik olarak planlayabilmenin
onemli bir agamasidir (Giinel, 1981). Belli bir standart yasta mescerenin alacagi iist boy degeri olarak
isimlendirilen “bonitet endeksi” megcere verimliliginin ortaya konulmasinda énemli olmaktadir (Kalipsiz,
1998; Cieszewski ve Strub, 2008). Calisma kapsaminda bonitet endekslerinin (BE) hesaplanmasinda
Saglam (2021) tarafindan gelistirilen dinamik bonitet endeks modelleri kullanilmigtir.

Tek aga¢ modellerinin gelistirilmesi ve gelistirilen modellerin uygunlugunun test edilmesi amaciyla tim
veriler (2318 adet) rastgele bir sekilde model gelistirme (%75 = 1736 adet) ve kontrol (%25 = 582 adet)
verileri olmak Gzere iki gruba ayrilmistir. Tek aga¢ c¢ap artim modellerinin gelistirilmesinde, 5 yillik
ortalama ¢ap artimlar1 bagimli degisken ve tek agag¢ 6zellikleri, mescere 6zellikleri (mescere yasi, bonitet
endeksi, siklik derecesi, orta ¢ap) ve yarigsma endeksleri (5 farkli dlgiite bagl olarak hesaplanan uzakliktan
bagimsiz yarisma endeksleri) ile bu degiskenlerin ¢esitli kombinasyonlar1 da bagimsiz degisken olarak
kullanilmistir. ilgili modellerin gelistirilmesinde ilk olarak IBM SPSS 20 (2011) paket programi yardimryla
Asamal1 Regresyon yontemi kullanilmigtir. Analiz sonucu basarili bulanan tek aga¢c modeline Karigik Etkili
Regresyon Analizi uygulanmigtir. Tek aga¢ gelisimleri yukarida bahsedilen bagimsiz degiskenler yaninda
cesitli ekolojik faktorlere gore de degisim gostermektedir. S6z konusu degisimlerin incelenebilmesi
amaciyla tek aga¢ modelleri ekolojik tabanli modeller seklinde gelistirilmeli ve ekolojik farkliliklar
incelenmelidir. Bu sebeple, modellerin gelistirilmesinde ekorejyonlar arasinda ¢ap artim iliskileri
bakimindan anlaml farkliliklarin olup olmadigi incelendiginden ekorejyonlar rastgele etki (subject) olarak
degerlendirilmistir. Karigik etkili tek aga¢c modellerinin gelistirilmesinde R programindaki “nlme” paketi
kullanilmistir (R Core Team, 2021). Modellerin degerlendirilmesinde Akaike Bilgi Kriteri (AIC) ve
Bayesian Bilgi Kriteri (BIC) dikkate alinmistir. Model gelistirme grubuna ait veriler kullanilarak gelistirilen
tek aga¢ modeli ile kontrol veri grubu igin yapilan tahmini ve ayni zamanda Ol¢iilen yillik ortalama cap
artim degerleri “Student’in Eslestirilmis t-testi” kullanilarak karsilastirilmistir. Olciilen ve tahmin edilen cap
artim degerleri arasinda %5 Onem diizeyinde istatistiksel olarak anlamli bir fark olmamasi durumunda
modelin ¢alisma alan1 i¢in uygun oldugu sonucu ortaya ¢ikmaktadir.

2.4. Ekolojik Tabanh Tek Aga¢ Cap Artim Modeli ve Ekorejyon Farkliliklarinin Test Edilmesi

Arttim modellerinin tahmin basarilar1 ekolojik farkliliklarin dikkate alinmasiyla artmaktadir. Bu sebeple
ekolojik tabanli modellerin gelistirilmesi amaglanmis olup, bu modellerin sundugu tahminler bakimindan
ekorejyonlar arasinda farklilik olup olmadiginin belirlenmesinde “Dogrusal Olmayan Ekstra Kareler
Toplami Testi”, diger adiyla F-testi kullamlmistir (Esitlik 2.7). Bu testin uygulanmasi asamasinda “tam
(full)” ve “indirgenmis (reduced)” model yapilarina ihtiyag¢ vardir. Farkliliklari arastirilan tiim ekorejyonlar
icin ayn1 parametre degerlerini kullanan model yapist “indirgenmis model”, her bir ekorejyon i¢in farkli
parametre degerlerini kullanan model yapis1 da “tam model” olarak isimlendirilmektedir (Pillsbury vd.,
1995). Tam model yapilart genellikle kukla degiskenler (dummy variables) kullanilarak ortaya
konulmaktadir. Fakat bu ¢alismada farkli bir yol izlenmis olup tam model yapilarinin ortaya konulmasinda
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karigik etkili modelleme yaklasimi kullanilmigtir. S6z konusu yaklasim literatiirde olduk¢a yer bulan,
modellemeye konu topluma ve bireye 6zgii parametre tahminleri sunan ve ormancilikta elde edilen verilerin
yapisi geregi ihtiva ettigi otokorelasyon problemine ¢6ziim sunan bir teknik olmasi sebebiyle One
¢ikmaktadir (Calama ve Montero, 2004; Ercanli vd., 2012; Ercanli, 2015). Ekolojik farkliliklarin ortaya
konulabilmesi amaciyla karisik etkili modelleme yaklasiminda ekorejyonlar modellere “subject” olarak
tanitilmistir. Modellere iligkin en basarili tesadiifi etkiye sahip parametreler “random.effects” fonksiyonu
yardimiyla 3 farkli ekorejyon i¢in tahmin edilerek ekorejyonlar arasindaki farkliliklarin test edilmesi
amaciyla kullanilacak tam model yapisi elde edilmistir (Pinheiro ve Bates, 2000; Mehtétalo, 2013).
Modellerde sabit etkili parametreler 3 bolge icin de ayn1 degerleri almaktadir. Artim modellerine iliskin
tahminlerin ekorejyonlar arasindaki farkliliklarinin test edilmesinde kullanilan dogrusal olmayan ekstra
kareler toplamina iligkin test istatistigi asagidaki gibidir (Pillsbury vd., 1995; Neter vd., 1996):

o _ (HKT; — HKTy)/(DF; — DFy)
(HKTr/DFr) (2.7)

Bu esilikte HKTj ve HKTy sirasiyla indirgenmis ve tam ¢ap artim modeline iliskin hata kareler toplamin,
DFjve DF; ise sirastyla indirgenmis ve tam cap artim modeline iligskin serbestlik derecelerini ifade
etmektedir.

Ekolojik farkliliklar1 ortaya koymada F degerinin yorumlanabilmesi i¢in F-dagilimi temel alinmis ve
ekorejyonlara 6zgii tahminler arasinda istatistiksel olarak anlamli fark bulunmasi durumunda (p<0,05)
indirgenmis modeller yerine her bir ekorejyon i¢in farkli parametre degerlerine sahip olan tam model
yapilarimin kullanilmasi gerektigi anlagilmaktadir.

3. Bulgular ve Tartisma

Tek aga¢ cap artim modelinin gelistirilebilmesi amaciyla sarigam mescerelerinden alinan 6rnek alanlarda
secilen agaglara iligkin (n=2318) cesitli tek aga¢ Ozellikleri ile 6rnek alanlar (n=292) ic¢in hesaplanan
mescere Ozellikleri ve yarisma endekslerine iliskin bazi istatistikler Tablo 1°de verilmistir.

Tablo 1
Tek agaglara iliskin tanimlayici istatistikler
Degisken Minimum Maksimum Ortalama Standart Sapma
Ids (mm) 2,0 30,0 8,5 4,0
Tek agag ozellikleri d1,30 (cm) 8,0 80,5 28,2 11,2
dsiw (CM) 4,8 79,4 26,0 11,5
dq (cm) 9,2 48,9 25,8 9,4
G (m?%ha) 11,6 109,5 39,3 15,3
Mescere dzellikleri T (y1l) 19 149 68 29
SD 2,5 19,6 8,0 3.1
BE (m) 12,3 38,2 24,6 49
YE:1 0,5 2,1 1,1 0,2
YE2 0,3 1,0 0,7 01
Yarisma endeksleri YE3 0,2 4.2 1,2 0,5
YE4 0,1 1,0 0,6 0,2
YEs (BAL) 0,0 87,9 19,2 13,9

Tek aga¢ ¢ap artim modelinin gelistirilmesinde, 5 yillik ortalama ¢ap artim degerleri bagimli degisken
olarak modellerde yer almis ve tek agac oOzellikleri, mescere ozellikleri ve yarigsma endeksleri bagimsiz
degisken olarak Asamali Regresyon Analizi’ne tabi tutulmustur. TUm parametreleri istatistiksel olarak
anlamli (p<0,05) ve en yiiksek belirtme katsayisi ile en diisiik hata degerine sahip olan model en basaril
model olarak se¢ilmistir. Se¢ilen en basarili uzakliktan bagimsiz ¢ap artim modeli Esitlik 3.1’de verilmistir:
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e

c
Id5=a+blnT+5dlndq+BE

+flnd, 50 + g BAL + h YE, (3.1)

Bu esitlikte;

Ids: 6rnek agaca iligkin son 5 yillik ortalama ¢ap artimini (mm)

di,30: 0rnek agaca iliskin gogiis cap1 (cm)

dg: 6rnek agacin ait oldugu mescerenin gogiis yiizeyi orta agacinin ¢apini (cm)
T: 6rnek agacin ait oldugu mescerenin yasini (yil)

SD: 6rnek agacin ait oldugu mescerenin siklik derecesini

BE: 6rnek agacin ait oldugu mescerenin bonitet endeksini (m)

BAL: 6rnek agaca iligkin 5. yaklagima gore hesaplanan yarigma endeksini

YE:: 6rnek agaca iligskin 1. yaklasima goére hesaplanan yarisma endeksini

a, b, c, d, e, f, g ve h: model parametrelerini ifade etmektedir.

En basarili tek aga¢ cap artim modeli secildikten sonra ekolojik farkliliklar1 ortaya koyabilmek ve
ekorejyonlara iligkin parametre tahminlerini yapmak iizere en basarili olarak se¢ilen modele karisik etkili
modelleme yaklagimi uygulanmistir. Bu baglamda a, b, c, d, e, f, g ve h parametrelerine iligkin biitiin
kombinasyonlar denenmis ve ¢oziime ulasan ve tiim parametreleri anlamli olan kombinasyonlar rolatif
siralamaya tabi tutulmustur. En basarili tesadifi etkili parametre (TEP) kombinasyonlar1 Tablo 2’de
verilmistir.

[IP%4)

Tablo 2 incelendiginde en bagarili tesadiifi etkili parametre segeneginin “c” parametresi oldugu
goriilmektedir. Karigik etkili model yapilar Esitlik 3.2’de ve parametre tahminleri ile basar 6lgiitleri Tablo
3’te verilmistir.

c+uy e

Idsc =a+blInT + D dlndq+BE

+flnd, 50 + g BAL + h YE, (3.2)

Bu esitlikte u4: tesadiifi parametre olup diger degiskenler yukarida agiklanmigtir.

Calisma alaninda yayilis gdsteren saricam i¢in tek agac¢ c¢ap artimlari bakimindan ekorejyonlar arasinda
anlamli farkliliklarin olup olmadig: arastirilmistir. Bu amagla modellere iligkin en basarili tesadiifi etkiye
sahip “c” parametresi “random.effects” fonksiyonu yardimiyla 3 farkli ekorejyon icin tahmin edilerek
ckorejyonlar arasi farkliliklarin test edilmesi amaciyla kullanilacak tam model yapisi elde edilmistir. Diger
parametreler 3 ekorejyon icin de ayni degerleri almaktadir. Tek aga¢c modeline iliskin her bir ekorejyona
0zgli parametre tahminleri Tablo 4’te verilmistir.
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Tablo 2
Tek agag cap artim modeline iliskin TEP kombinasyonlari
TEP AIC BIC Rolatif Siralama Toplam Genel
AIC BIC Siralama
a 4563,73 4618,32 7,15 2,34 9,49 4,75
b 4564,13 4618,72 8,12 2,55 10,67 5,34
c 4561,18 4615,77 1,00 1,00 2,00 1,00
d 4563,55 4618,55 6,72 2,46 9,18 4,59
e 4564,18 4618,77 8,23 2,57 10,81 5,40
f 4563,56 4618,15 6,75 2,25 9,00 4,50
g 4565,33 4619,92 11,02 3,18 14,20 7,10
h 4562,72 4617,31 4,72 1,81 6,53 3,26
a, b 4564,40 4629,92 8,78 8,43 17,22 8,61
ad 4564,17 4629,68 8,21 8,31 16,51 8,26
ae 4567,66 4633,17 16,65 10,14 26,79 13,39
a,f 4561,78 4627,30 2,46 7,05 9,51 4,76
b, e 4568,12 4633,64 17,76 10,39 28,15 14,08
b, f 4562,22 4627,73 3,50 7,28 10,78 5,39
¢, h 4565,18 4630,69 10,66 8,84 19,50 9,75
d, e 4567,95 4633,47 17,35 10,30 27,65 13,83
e, g 4562,90 4628,41 5,16 7,64 12,80 6,40
f. g 4561,31 4626,82 1,31 6,81 8,12 4,06
f,h 4563,41 4628,92 6,39 7,91 14,30 7,15
a, b, h 4568,36 4650,25 18,34 19,12 37,46 18,73
a,de 4570,14 4652,03 22,64 20,05 42,69 21,34
a, d,h 4568,19 4650,08 17,93 19,03 36,95 18,48
aef 4567,77 4649,66 16,92 18,81 35,72 17,86
b,c,g 4565,95 4647,84 12,51 17,85 30,35 15,18
b,d,f 4567,73 4649,62 16,81 18,78 35,59 17,79
b,g,h 4567,23 4649,12 15,60 18,52 34,13 17,06
¢, dg 4565,87 4647,76 12,31 17,81 30,12 15,06
e f g 4567,21 4649,10 15,55 18,51 34,06 17,03
f,g,h 4563,39 4645,28 6,35 16,51 22,85 11,43
b,cdg 457351 4677,23 30,76 33,30 64,06 32,03
b,ceg 4573,94 4677,67 31,82 33,52 65,34 32,67
b,e, g,h 4574,85 4678,57 34,00 34,00 68,00 34,00
c,deg 4573,83 4677,55 31,53 33,46 65,00 32,50
e, f,g,h 4570,51 4674,24 23,54 31,72 55,26 27,63
Tablo 3
Karigik etkili tek aga¢ modeline iligkin parametre degerleri ve basari dlgiitleri
Parametre Tahmin R2 AlC BIC
a -17,2568 0,691 4561,180 4615,773
b -1,0634
c 1,4993
d 18,4162
e -14,1553
f -16,1266
g -0,0094
h 16,3934
a2, 0,4904
a? 0,8937
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Tablo 4
Ekorejyonlara iliskin tek aga¢c model parametreleri
Parametre Tahmin Ekorejyon 1 Ekorejyon 2 Ekorejyon 3

a -17,2568 -17,2568 -17,2568 -17,2568
b -1,0634 -1,0634 -1,0634 -1,0634
c 1,4993 1,8973 0,8936 1,7071
d 18,4162 18,4162 18,4162 18,4162
e -14,1553 -14,1553 -14,1553 -14,1553
f -16,1266 -16,1266 -16,1266 -16,1266
g -0,0094 -0,0094 -0,0094 -0,0094
h 16,3934 16,3934 16,3934 16,3934

9

Karigik etkili tek aga¢ cap artim modeli gelistirilip ii¢ ekorejyona ait “c” parametreleri tahmin edildikten
sonra, ekorejyon farkliliklarinin test edilmesi amaciyla hesaplanan F degerleri Tablo 5’te verilmistir. Cap
artim modellerine iliskin F-istatistikleri incelendiginde ise tiim ekorejyonlar arasinda anlamli farkliligin
oldugu (p<0,001) belirlenmistir. Bu nedenle her bir ekorejyon i¢in farkli parametre tahmini sunan
ekorejyon tabanli ve karisik etkili modellerin kullanilmasi uygun olacaktir.

Tablo 5
Tek aga¢ modeli igin F-testi sonuglari
. indirgenmis Model Tam Model L.
Model Ekorejyonlar HK'?’ DE AKT DE n F degeri p
1-2-3 1450 1728 1385 1726 1736 40,971 <0,001
Idsc 1-2 634 817 621 816 825 16,324 <0,001
1-3 1129 1317 1081 1316 1325 58,883 <0,001
2-3 1138 1314 1067 1313 1322 86,957 <0,001

Gelistirilen karisik etkili tek aga¢ modeline iligkin tahmin ve hata degerleri Sekil 2’de incelenmistir.
Tahmin edilen degerler ve Glgiilen degerler ile tahmin grafikleri olusturulurken, tahmin edilen ¢ap artimina
iligkin degerler ve hata degerleri ile de hata grafikleri ¢izilmistir. Sekil 2 incelendiginde, ekolojik tabanli ve
karigik etkili modeller ile yapilan tahminlere iliskin hata degerlerinin herhangi bir trende sahip olmadigi
anlagilmaktadir. Yine tahmin grafikleri bakimimdan da oldukg¢a basarili sonuglarin elde edildigi goriillmekle
birlikte bu modeller ile yapilan tahminlerin dlgiilen degerler ile yakin degerler aldig1 goriilmektedir.

Tek aga¢ ¢ap artimlarinin mescere yasi, bonitet endeksi, siklik derecesi ve yarisma endeksine (BAL) gbre
degisim grafikleri Sekil 3, 4 ve 5’te verilmistir. Grafikler incelendiginde ¢ap artiminin yasa bagh olarak
azaldig1 goriilmektedir. Benzer degisim siklik derecesinin artisiyla da gdzlenmekte olup sik mescerelerde
cap artiminin az oldugu ve seyrek mescerelerde ise ¢ap artiminin daha fazla oldugu goriilmektedir. Bu
degisim Ekorejyon 1 (Sekil 3) ve Ekorejyon 3’te (Sekil 5) belirgin olarak gozlenmekte iken Ekorejyon 2°de
(Sekil 4) siklik derecelerine gore ¢ap artimlarinin degisimi daha az belirgindir. Cap artimlar1 yetisme ortami
verim giiciiniin artmasiyla birlikte artis gostermektedir. YUksek bonitetlerde ¢ap artimi fazla iken diisiik
bonitetlerde artim miktar1 az olmaktadir. Her 3 ekorejyonda da ayni degisim ve egilim gdzlenmektedir.
BAL’a gore cap artim degisimleri incelendiginde, tum ekorejyonlar icin benzer olarak yarisma endeksinin
artmasiyla ¢ap artimlarinin azaldigi, yarisma endeksinin azalmasiyla ise ¢ap artim degerlerin daha fazla
oldugu gozlenmektedir. Grafiklerin ortaya koydugu sonuglar siklik derecesinin katsayisi olan “c”
parametresinin en bagarili tesadiifi etkili parametre olmasi ile paralellik gostermektedir. Cap artimlarmin
siklik derecesine baglh olarak degisimleri ekorejyonlar arasinda daha belirgin farkliliklar gdstermekte iken,
bonitet endeksi ve yarisma endeksine bagl olarak ¢ap artimlarindaki farkliliklar daha az belirgindir.
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Sekil 2. Tek aga¢ modeline iliskin tahmin ve hata grafikleri
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Sekil 3. Tek agaclarda cap artiminin BE, SD ve BAL’a gore degisimi (Ekorejyon 1)
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Sekil 4. Tek agaclarda cap artiminin BE, SD ve BAL’a gore degisimi (Ekorejyon 2)
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Sekil 5. Tek agaglarda cap artiminin BE, SD ve BAL’a gore degisimi (Ekorejyon 3)

Grafiksel incelemeler sonucunda model tahminleri ile modelde yer alan bagimsiz degiskenler arasindaki
iligskilerde biyolojik kanuniyetler bakimindan uyumlu sonuglar mevcuttur. Bu iliskilerin diizeyi ekorejyonlar
arasinda farklilik gosterebilmektedir. Bonitet endeksi ve yarisma endeksine gore ekorejyonlar arasindaki
cap artiminin degisimi (grafiklerdeki egrilerin trendi) nispeten daha az olmakla birlikte siklik derecelerine
gore bu degisimin daha fazla oldugu goriilmektedir. Soyle ki, yukarida da bahsedildigi lizere Ekorejyon 1
ve Ekorejyon 3’e iliskin siklik derecelerinin ¢ap artimini etkileme orami birbirine yakin ve ayni trendi
gosteriyor iken Ekorejyon 2’de siklik derecelerinin ¢ap arttmimi daha az etkiledigi goriilmektedir.
Ekorejyonlarin iklim, topografya ve ¢esitli ekolojik faktdrler bakimindan farkli yapidaki mescereler ihtiva
etmesi, bu mescerelerde yer alan agaglarin ortami kullanma derecelerinin farklilik gdstermesi ve bunun
sonucunda mescerelerdeki agaclarin cap artimlarinin farklilik gostermesine neden olabilmektedir. Atalay
(2014) tarafindan da ifade edildigi lizere Ekorejyon 1’de yiikseklik O ile 1000 m arasinda degismekte ve
vejetasyon siiresi daha uzun siirmekte iken (200 giin), diger ekorejyonlarda yiikseklik 1000 m tizerinde
olmakta ve vejetasyon siiresi de 120 giinliin altina diismektedir. Fizyografik, edafik ve klimatik
ozelliklerdeki bu farkliliklar ekorejyonlar arasinda ¢ap artimlar1 bakimindan farkliliklarin olugsmasina sebep
olmaktadir. S6z konusu farkliliklar 6l¢iilemeyen ve modellere dahil edilemeyen gesitli degiskenlerin etkisi
altinda da gerceklesebilmektedir.

Grafiksel ve istatistiksel degerlendirmeler sonucunda ekolojik farkliliklart modele dahil eden karisik etkili
tek aga¢ modelinin bagarili oldugu ortaya konulmustur. Basarili tahminler sunan modele iliskin model
kontroliinii saglamak iizere bagimsiz veri grubunda cap artim tahminleri yapilmistir. Modele iliskin tahmin
degerleri ile arazide oOlgiilen cap artim degerleri arasinda anlamli farklilik olup olmadigi Student’in
Eslestirilmis t-testi kullanilarak test edilmis ve farksiz olduklari sonucu elde edilmistir (p>0,05).
Degerlendirmeler sonucunda basarili bulunan ekolojik tabanli ve karigik etkili tek aga¢c modeline iliskin
model yapilarn Ekorejyon 1, 2 ve 3 i¢in sirasiyla Esitlik 3.3, Esitlik 3.4 ve Esitlik 3.5’te verilmistir.

Ekorejyon 1 icin;

[dSC = —17;2568 - 1,0634 lnT =+ % + 18,4162 lndq + _1‘;;1::553

16,3934 YE,

— 16,1266 Ind, 5 — 0,0094 BAL +

(3.3)
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Ekorejyon 2 icin;

Idsc = —17,2568 — 1,0634InT + 2% 1 18,4162 Ind, + ——=— — 16,1266 Indy 50 — 0,0094 BAL +
16,3934 YE,
(3.4)
Ekorejyon 3 igin;
Idsc = —17,2568 — 1,0634 InT + 2222 + 18,4162 Ind,, + ——=>>% _ 16,1266 Ind, 3, — 0,0094 BAL +
SD q BE ,

16,3934 YE,
(3.5)

4. Sonug ve Oneriler

Calisma kapsaminda 292 6rnek alandan alinan 2318 6rnek agag verisine dayanarak uzakliktan bagimsiz tek
agac modeli gelistirilmistir. Daha anlamli sonuglar vermesinden dolay1 5 yillik ortalama ¢ap artim degerleri
bagimli degisken olarak ve O6rnek agaca iliskin gogiis ¢api, mescerenin gogiis yiizeyi orta agacinin ¢api,
mescere yasi, siklik derecesi, bonitet endeksi, BAL ve YE; yarigsma endeksleri bagimsiz degiskenler olarak
modelde yer almislardir. Modele iliskin basar1 6lgiitleri R>= 0,629 ve AIC=-140,015 seklindedir. Ekolojik
farkliliklar1 ortaya koyabilmek ve ekorejyonlara iliskin parametre tahminlerini yapmak iizere tek agag ¢ap
arim modeline karigik etkili modelleme yaklagimi uygulanmistir. En basarili tesadiifi etkiye sahip “c”
parametresi (AIC=4561,18 ve BIC=4615,77) 3 farkli ekorejyon i¢in tahmin edilmis ve her ii¢ ekorejyon igin
farkli parametre degerlerine sahip modeller ve indirgenmis modellere F-testi uygulanmistir. F-
istatistiklerine gore tiim ekorejyonlar arasinda anlamli farkliligin oldugu (p<0,001) ve her bir ekorejyon igin
farkli parametre tahmini sunan ekorejyon tabanli ve karisik etkili modellerin kullanilmasinin uygun oldugu
anlasilmistir. Ayrica gelistirilen kanisik etkili ve ekolojik tabanli modele iliskin R? degeri 0,691’¢
ylikselmistir. Ekolojik tabanli ve karisik etkili modeller ile yapilan tahminlere iliskin hata degerlerinin
herhangi bir trende sahip olmadigi goérilmiistiir. Yine tahmin grafikleri bakimindan da oldukca basarilt
sonuglar elde edilmistir. Modele iliskin tahmin degerleri ile arazide olgiilen ¢ap artim degerleri arasinda
anlamli farklilik olup olmadigi test edilmis ve sonug olarak farksiz (p>0,05) olduklar1 gorilmiistir.

Caligma sonucunda elde edilen biiyiime modelleri 6zellikle yasli mescerelerde daha dikkatli kullanilmalidir.
Ciinkii ¢aligma kapsaminda incelenen mescerelerin yas dagilimlar: dikkate alindiginda hata miktar1 yash ve
¢ok gen¢ mescerelerde yiiksek olmaktadir. Modellerin tahmin yetenegi drnek alanlarin alindigi mescere yasi
araliginda (20-150) daha guvenilirdir.
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Abstract — In this work, the laboratory-made handsheets having different grammages were obtained at certain
production conditions. The tensile characteristics of the laboratory-made handsheets were analysed by using two
measuring techniques. The main method for determining tensile behaviour was performed on the universal testing
machine, which is a generally accepted conventional testing machine. A rheometer device was used as a second and
alternative method for measuring the tensile properties of handsheets. The given data were investigated and compared
with the data of conventional tensile tester. Linear least square regression was applied to analyse the association of
the data from the Instron 5564 Universal Testing Machine and Hybrid Rheometer Discovery HR-2 Machine with
examined tensile characteristics depending on the various grammage range. The experiments on the handsheets having
different grammage groups showed that the methods give results in reasonable agreement. These results showed that
there are acceptable differences in the tensile index and elastic modulus values of the samples as a function of their
basis grammages.
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Oz — Bu calismada, belirli iiretim kosullarinda farkl1 gramajlara sahip laboratuvar yapimi el yapraklari elde edilmistir.
Laboratuvarda iiretilen el yapraklarmin ¢ekme ozellikleri iki 6l¢im teknigi kullanilarak analiz edilmistir. Cekme
davranigini belirlemek i¢in ana yontem, genel olarak kabul edilen geleneksel bir test makinesi olan evrensel test
makinesinde gergeklestirildi. El yapraklarinin ¢ekme 6zelliklerini 6l¢mek igin ikinci ve alternatif bir yontem olarak
bir reometre cihazi kullanildi. Reometre cihazindan alinan veriler incelendi ve geleneksel gekme test cihazi verileriyle
karsilastirildi. Instron 5564 Universal Test Cihaz1 ve Hibrit Discovery HR-2 Reometre Cihaizndan alman verilerin
cesitli gramaj araligina bagli olarak incelenen ¢ekme ozellikleriyle iligkisini analiz etmek i¢in dogrusal en kiigiik
kareler regresyonu uygulandi. Farkli gramaj gruplarina sahip kagitlar izerinde yapilan deneyler, yontemlerin makul
bir uyum iginde sonuglar verdigini gostermistir. Bu sonuglar, numunelerin temel gramajlarinin bir fonksiyonu olarak
¢ekme indeksi ve elastik modiil degerlerinde kabul edilebilir farkliliklar oldugunu gostermistir.
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1. Introduction

Testing of raw materials, finished products and intermediates in manufacturing processes is a common feature
of all industrial processes. While a product is being manufactured, or after manufactured is qualified with
several forms of testing. Efficient and relevant testing becomes more important as industrial processes become
more sophisticated and tolerances for fluctuations in product characteristics become more stringent. All test
methods attempt to numerically describe a particular relevant characteristic or characteristic of a product
(Gullichsen et al. 1999). These tests measure parameters that correlate well with the properties of the product
in question. Itis important to evaluate the results of paper tests to determine the suitability of the paper material
for the area of application and to check whether it meets the expected product requirements (Mark 2002).

Determining the strength of a paper is an intensive research topic in paper physics. The strength changes of
paper property were examined by the studies of Page (Page 1969) and Seth (Seth 1995). Tensile testing has
become a fundamental strength test for understanding the structural dynamics of paper materials. The tensile
test is used to find out how strong a material is and also, how much it can be stretched before it breaks. In the
literature, different attempts have been made to describe the behaviour of paper under stress using
experimental, semi-empirical and computer modelling methods (Cox 1952; Page 1969; Seth 1995; Van den
Akker 1962; Perkins and Mark, 1976; Nilsen et al. 1998; Heyden 2000; Miettinen et al. 2007). Also, the
influence of paper grammage on its tensile strength has been investigated by many researchers (Burgess 1970;
Mohlin 1992; Retulainen and Nieminen 1996; Winters et al. 2002; Giilsoy et al. 2016; Giilsoy and Simsir
2017)

The purpose of this study is to show that the rheometer device is an alternative measurement technique that
can be safely used in the absence of access to a universal testing machine for the tensile testing of paper
materials. Evaluation of the results of tests performed on both devices using the same group of samples proves
the applicability and reliability of the force-elongation curve obtained with a rheometer to determine the tensile
properties of the paper material.

In this work, the load and extension curves of handsheets made in laboratory conditions were measured with
a Universal tensile tester device and a rheometer device. Essentially, a laboratory rheometer can be used to
measure how a liquid and suspension flows in response to an applied force. It cannot be determined from a
single viscosity value, so it is used for liquids that need to set and measure more parameters than is the case
with a viscometer. The goal is to measure the paper material with a rheometer device and compare the obtained
data with the data from a Universal test device. Hence, the question of whether the rheometer device could be
used as an alternative device in paper material tensile testing was the subject of this work.

2. Materials and Methods

2.1. Raw Material and Pulp Evaluation

Spruce softwood bleached kraft pulp was used in papermaking. The bleached pulp was initially soaked in 5
liters of distilled water for at least 4 hours to prepare it for beating. The beating time was applied for 200
minutes using a Valley Beater following 1SO 5264-1:2019. Before making laboratory-made handsheets, the
pulp was fractionated using a Somerville fractionator (Tappi T 275 - 2018) equipped with an 80 mesh screen.
This procedure was used to control the length of the fibres and to exclude fine particles from the pulp furnish.
Before and after the fractionation steps, the drainage resistance of the selected pulp and the amount of water
retained in the wet pulp mass was characterized by Schopper-Riegler values according to 1SO 52671: 2021
and water retention values according to Tappi UM 256 (2015). The morphological characteristics of the above-
mentioned cellulose fibers without fine particles were determined with a Metso FS5 fiber analyzer.
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2.2. Handsheet Making Process

The principles of TAPPI T 205 (2018) were applied in the formation procedure. The handsheets were formed
with predetermined grammages, namely 10, 20, 30, 40, 50 g m ™. The required amount of pulp for the target
grammages was calculated precisely and determined systematically in accordance with another related work
(Engin 2017). After the forming procedure, a laboratory type hydraulic press was operated and the pressure
was gradually increased for formed handsheets webs according to the standards. The pressed handsheets were
dried at room conditions (22° C~ and 65% relative humidity) for 48 hours.

2.3. Physical Testing of Handsheets

The samples were conditioned according to the ISO 187:1990 standard before the physical and mechanical
tests. An electronic micrometer was used to determine the sample thickness according to the ISO 534: 2011
standard. Five layers of laboratory-made handsheet samples were stacked and the measurements at various
points were statistically evaluated. These thickness measurements were determined in terms of a micron (um).
Each handsheet was produced as having a 200 cm? surface area. The grammages of the handsheets were given
as the unit of gem-? and these were determined regarding the ISO 536:2012 standard with a balance sensitive
to 0.001 g. When determining the physical properties of the handsheets, the grammage groups of the specimens
were examined separately and evaluated in this way. The density of handsheets was specified as the units of
gecm-* and these were calculated as in conformity with the Standard ISO 534:2017.

2.4. Mechanical Testing of Handsheets

Mechanical testing was performed on two different devices; Hybrid Rheometer Discovery HR-2 Machine and
an Instron 5564 Universal Testing Machine (Figure 1). Sample sizes were prepared in two different sizes.
These were defined as 15 cm x 1.5 cm for the Universal device and 4 cm x 0.4 cm for the rheometer device,
respectively.

Figure 1. The devices used for tensile testing; a) the Instron 5564 Universal Testing Machine and b) the
Hybrid Rheometer Discovery HR-2 Machine.

The ISO 19242: 2018 standard was taken into account in the calculation of the tensile index value. In addition,
each sample was weighed individually to calculate confidence intervals for all samples (1" Anson and Sampson,
2007). The elastic modulus was estimated from the slope of the steepest part of the load-extension curves.

The tensile strength, the tensile index (specific tensile strength), the elastic modulus and the specific elastic
modulus of specimens were calculated by the following Equations (2.1-2.5), where TS is tensile strength (N
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m'), F is breaking load (N), wsp is specimen width (m), T is the tensile index (N m g™*), Bsp is specimen
grammage (g m 2), SMax is the maximum slope of the curve (Nm ™), AF is the force increment (N), Ag is the
elongation increment (m), E is the elastic modulus of paper (N m™), Isp is specimen width (m) and Es is the
specific elastic modulus of paper (Nm g™).

TS = l 2.1
= Wep (2.1)
Bsp '
AF
= (— 2.3
SMax = ( Ae YMax (2.3)
Max *
. SMax * lsp 2.4)
wsp
Es = — 2.5)
s=—-— .
Bsp

The Least-squares regression was used to analyze tensile index data from two measures where the sequential
grammages of handsheets were consistently correlated.

3. Results and Discussion

3.1. Fiber and Pulp Characteristics

The information of the quantity of retained water within the beaten and fractionated fines-free pulps and their
water retention values are given in Table 1.

Table 1
The values of Schopper-Riegler (°SR) and water retention (WRV) for Whole pulp(WP) and fines-free (FF)

pulp

°SR WRYV (g/g)
Beating Time (min)  Whole Pulp Fines-free Pulp Whole Pulp Fines-free Pulp
200 54 17 3.43 3.15

The changes in the values of Schopper-Riegler (°SR) and water retention value (WRV) of pulps have been
seen by the fractionation of the beaten pulp. These differences have been occurred due to the existence of fine
fibres (Ferreira et al. 2000; Hubbe and Heitmann, 2007; Guo et al. 2009; Winter et al. 2021) and their tendency
of water absorption. The morphological characteristics of the pulp used to make the sheets are shown in Table
2.

Table 2
The morphological parameters of fines-free pulp
Beating Time Fiber Length, Fiber Width, ® Fiber Coarseness,
(min) (mm) (pm) & (mg/m)
200 2.39 21.6 0.153
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Fiber length is considered an important variable among fiber parameters. The effect of fibre length has been
discussed previously (Clark, 1962; Page, 1969; Wangaard and Woodson, 1972; Seth, 1995; Nordstrom, 2014).
It is known that the increase in fiber length positively affects the tensile strength of the paper (Page 1969;
Nordstrom 2006; Nordstrdom 2014). The variation in the fibre length affects paper formation, fibre-fibre
bonding mechanisms and consequently the strength efficiency between fibres (Nordstrdém 2006). For this
reason, the length-frequency distribution of fibres was taken into account. In this experimental work,
meticulously fractionated fibres were used as pulp furnish. The length-frequency distribution of utilized fibre
furnish is presented in Figure 2. The average fibre length was measured around 2.4 mm. The frequency
distribution of fibres having 2.5 mm length is more distinct as seen in Figure 2.

0.5 4

0.3 4

Frequeancy

0.z 4

0.1 4

1 1,5 1.8 2 .5 2.8 3 3.2 3.5
Filere bemgth (mm)

Figure 2 The fibre length frequencies for the fines-free pulp
3.2. Handsheet Characteristics

The paper density value of a paper determines its structure and hence its mechanical characteristics
(Ingmanson and Thode, 1959). In Figure 3, the density values of handsheets are shown according to considered
grammages.

0,5 T

o 6 o

03 + O

Density (g/em?)

0,2 1

0,1 +

0,0

o 10 20 30 40 50 60

Grammage (g/m?)

Figure 3 Density values of laboratory-made handsheets

The increase in the paper grammage has been caused that the paper density values for given handsheets have
increased. This is because the increase in paper size and thickness is not a constant ratio. The paper is a porous
material. During the paper forming section, the fibres settle down in the available spaces in the fibre network
and its surface layers. The thickness of a paper shows a nonlinear increase as the grammage of paper (Bloch
et al. 2019). Concordantly, the fundamental characteristics of a paper such as structural and mechanical
properties are affected due to this change in density values (Ingmanson and Thode, 1959; I’ Anson et al. 2008).
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The measurement of tensile strength is expressed with the loading of a strip of a paper specimen in an axial
direction until it breaks. The tensile testing machine displays load and tensile data. It also includes an omittable
initial stage. At the start of a tensile test, as the jaws separate, slack in the specimen is arranged and aligned
vertically before the load cell re-applies a significant load. The load and strain curves for all analyzes have
been normalized and thus zero load and strain points have been determined (in Figures 4 and 5) at a load of
0.01 Fmax.
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Figure 4 Load and extension curves plotted from the data of the Instron 5564 Universal Testing Machine
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Figure 5 Load and extension curves plotted from the data of the Hybrid Rheometer Discovery HR-2 Machine

The calculated tensile index and specific elastic modulus values of the handsheets are plotted as bar charts in
Figures 6 and 7. The tensile index and specific elastic modulus values are influenced by the interactions of
fibres in the paper network. This issue is closely related to stress-transfer efficiency among fibres, as explained
previously (I'Anson and Sampson, 2007). The findings in Figures 6 and 7 can mainly have been characterised
the mechanical behaviour of paper and also exhibit a dependence on grammage, they increase with grammage.
In this experimental work, the increasing tendency of tensile data is seen as a continuous logarithmic function,
but indeed this increasing tendency is limited (I"Anson and Sampson, 2007). Similarly, other previous studies
have shown that tensile strength values are affected by tests performed on different grammages and paper types
(Retulainen and Nieminen 1996; Winters et al. 2002; Giilsoy et al. 2016; Giilsoy and Simsir. 2017). However,
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rather than understanding the overall trend of tensile characteristics of paper, this study has been performed
only on limited grammage groups to confirm the coherence of the two measurement methods.
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25 T

Tensile Index (Nmg')

Figure 6 Comparison of tensile index values of paper groups obtained from two measurement ways
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Figure 7 Comparison of elastic modulus values of papers in given different grammages obtained from two
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Figures 6 and 7 show that the obvious differences in the bar charts are primarily due to the differences in
grammages of the handsheets. In Figures 6 and 7, the error bars have been given to the standard deviation of
measurements of individual handsheets at given grammages according to the defined measurement methods.
The total number of fibres bonded in the thickness direction of the handsheet influences the force distribution
behaviour within the network. As the number of bonded fibres increases, the layer structure becomes clearer
and the tensile stress can be better transferred among fibre layers. The same Figures (Figure 6 and 7) have been
also demonstrated that the differences in the values of the tensile index and elastic modulus are minimal for a

Grammage of test samples (gm~2)

given grammage of handsheets with two measurement techniques.
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Figure 8 Applied least squares regression analysis for two measurement methods

The least-squares regression method has been employed for the analysis of the data of two measurement
methods in which successive grammages are serially correlated (in Figure 8). The data has been collected from
the Instron 5564 Universal Testing Machine and Hybrid Rheometer Discovery HR-2 Machine as previously
explained.

Results are shown for a range of tensile indices of several handsheets at a given grammage. These indicated
that a good agreement has been achieved between measurements using two different devices. The gradient is
0.24 which is the coefficient of a linear regression of the data of tensile index and grammage. A large positive
linear association has been seen accordingly in the equation in Figure 8. The R? is found as the 0.94 this means
that the points are close to the linear trend line.

4. Conclusions

Paper specimens with a given grammage value were evaluated among themselves. It has been found that the
tensile index and modulus values obtained by the measurements from the Rheometer Discovery HR-2 and the
Tensile Instron 5564 device were very close to each other. The mean and standard deviation of the measured
specimens have also been supportive of these results. The tensile characteristics of handsheets have been
different due to the change in their grammages and thus their density. However, it has been confirmed that
both tensile tester and rheometer are required sensitive machines for data acquisition. These particular
measurement techniques can be accepted as appropriate for the measurements of tensile behaviours of all
grammage groups.
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Abstract — In this study, it was found that the addition of wood had a reducing effect on water absorption (WA) and
thickness swelling (TS) properties in gypsum-based boards. The lowest WA value of 41.56% was found sample
prepared with cedrus’s bark/needle mixture (Kals; 3:2 by weight). It has also been realized that experimental boards
made only bark-gypsum (SKag), cone-gypsum (SKos) and needle-gypsum (Sls) proportions show Thickness Swelling
(TS) values of 33.70%, 21.70% and 18.85%, respectively. However, the surface hardness (Shore D) has usually
correlated with wood content but natural weathering negatively effects hardness that lowering from -6.9% (SKa;) to
-30.3% (SKa,) in all typse experimental boards. It was found that panels produced with cedrus wood/cone (SKo);
cedrus wood/needle (SI) and cedrus cone/needle (Kol) proportions have no higher values than standard Internal Bond
(1B) value of 0.28 N/mm?. But the highest IB value of 0.48 N/mm? was observed for a sample of SKas that produced
with a ratio of 1:4 by cedrus wood/bark proportions (w/w). Moreover, the highest bending strength (MOR) values of
1.32 N/mm? were calculated with SKa, sample that produced with ratio of 4:1 by cedrus wood/bark proportions (w/w).
These mechanical properties are probably related to experimental board manufacturing process, which consists of
multi stage processing (slushing, soaking, formation, pressing and drying) may effect hindering reinforcement
elements to develop the network matrix strength properly.

Keyword — Cedrus wood, cone, needle, gypsum board, internal bond, MOR, MOE

Sedir Agacinin (Cedrus libani) Farkh Kisimlarindan Uretilmis Alg
Esash Levhalarin Ozellikleri. 1. Boliim. Fiziksel ve Mekanik Ozellikler

12 |sparta Uygulamali Bilimler Universitesi, Orman Fakiiltesi, Orman Endistri Mithendisligi Bélimi, Isparta, Tiirkiye

Makale Tarihgesi
Gonderim:  04.02.2022

Kabul: 10.03.2022
Yayim: 15.04.2022
Arastirma Makalesi

Oz- Bu ¢alismada, odun ilavesinin, alg1 esasli levhalarda su alma (WA) ve kalinligina sisme (TS) 6zelligini azaltict
etki gosterdigi bulunmustur. En diisiik su alma oran1 %41,56 ile sedir kabuk/ibre karigimindan (Kals; 3:2, agirlik:
agirlik) tretilmis levhalarda gozlemlenmistir. Sadece kabuk-alg1 (SKag) ve kozalak-algt (SKog) ve ibre-alg1 (Sls)
karisimmdan dretilmis deneme levhalarinin kalinhigima sisme oranlan sirasiyla %33,70, %21,70 ve %18,85,
hesaplanmustir. Ayrica, yiizey sertlik (Shore D) degerleri genellikle levha karisimindaki odun orani ile pozitif, fakat
dogal yaslandirma iglemine tutulmus levhalarda ise negatif iliskisi oldugu ve % -6.9 (SKa) ile %-30.3 (SKa,) arasinda
azalmalar belirlenmistir. Sedir odun/kozalak, (SKo); sedir odun/ibre (SI) ve sedir kozalak/ibre (KoI) karigimlarindan
iiretilmis levhalarin yapigma direng degerleri (IB), standart deger olan 0.28 N/mm? den daha diisiik hesaplanmistir.
En yiiksek yapisma direnci 0.48 N/mm? olarak 1:4 (agirhik/agirhk) oraninda sedir odun/sedir kabuk (SKas) drneginde
belirlenmistir. En yiiksek egilme direnci ise (MOR) 1.32 N/mm? olarak 4:1 (agirlik/agirlik) oraminda sedir odun/sedir
kabuk (SKas) 6rneginde belirlenmistir. Bu mekanik degerler deneysel levha hazirlama asamalari ile yakindan iligkili
oldugu zira ¢ok basamakli proseslerde (islatma, taslak olusturma, presleme ve kurutma), ilave edilen giglendirme
elamanlarinin etkisini engelleyerek matris yapida uygun direng olusumunu etkileyebilirler.
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1. Introduction

Since gypsum-based boards began to use in the construction industry in 1950s, there has been growing interest
in that composite manufacturing worldwide. However, a significant portion of recent literature on those prod-
ucts has focused on natural fillers to determining effects of variables (Cam, 2019; Herhandez et. al. 1999; Van
Elten, 1996). It has been reported by several scientist that the use of bio-material as reinforcement element in
gypsum network has been beneficial in many aspects (Cam, 2019; Shiroma et al. 2016; Youngquist, 1999). De
Araujo and his group (2011) studied the feasibility of gypsum- and cement-based composites made from bam-
boo species. It has been reported that the bamboo-cement boards presented higher bending strength and lower
moisture content than bamboo-gypsum boards. Dai and Fan (2015) prepared a bio-composite from wood saw-
dust and gypsum. They proposed that there was a positive effect of sawdust on gypsum was achieved by the
addition of an antifoam agent. They reported that water-based epoxy (WEP) could be coated on the surface of
sawdust, which resulted in a reduction of the water absorption up to 25.6% and water content inside composite
up to 35.8%. They suggested that 20% sawdust addition into gypsum gave reasonable flexural- and compres-
sive strength values of the composite are 4.59 MPa and 13.25 MPa, respectively. Morales-Conde and his
friends (2016) prepared a composite material from wood shavings and sawdust from wood waste mixed in
various proportions with gypsum. It was found that increasing wood proportions in mixture reduced density
and Shore C hardness while slightly lowered thermal conductivity. In addition, wood content and mechanical
properties of the composite material were correlated to each other that lowered with increasing wood content
in the mixture. In more recent study, the effects of red pine wood/rice straw particles in the mixture up to 60:40
(ratio, w/w) in gypsum-water mixture were investigated. It has been reported that the addition of rice straw to
the wood/gypsum mixture has a lowering effect on the thickness swelling, internal bond (IB) and bending
strength (MOR) properties of experimental boards at some level (Sahin et al. 2019). The similar results were
also realized with post-consumer waste paper, old corrugated container (OCC) and secondary fiber addition
(cellulosic additives) to gypsum in panel structure negative impact on Thickness Swelling values in water.
Interestingly, the addition of all three cellulosic sources to the gypsum structure increases the bending strength
properties on some level (Sahin and Demir, 2019). Cedrus libani, commonly known as the Lebanon cedar, is
an evergreen conifer that is native to the mountains of the Eastern Mediterranean basin. Cedar wood is very
prized for its fine grain, attractive yellow color, and fragrance. It is exceptionally durable and immune to insect
ravages.

The aim of the complimentary laboratory-scale investigations is to study the effects of cedrus tree’s compo-
nents (bark, cone, needles, wood) as reinforcenent elements on gypsum-based boards. In this respect, experi-
mental composite panels were produced from a combination of various proportions with cedrus tree’s compo-
nents in controlled conditions. Thus, it is possible to produce gypsum-lignocellulosic based (cedrus tree com-
ponents) experimental panels by selecting the most suitable processing conditions. In order to limit the study
to a certain level and to investigate the effects of lignocellulosic reinforcement elements to gypsum structure,
it is not considered to include any other substance rather than cedrus tree components and gypsum, since only
the effect of gypsum/lignocellulosic compatibility is considered.

2. Material and Method

The reinforcement filler materials used in gypsum-based boards are cedrus tree (Cedrus libani) and its com-
ponents. The cedrus wood, bark, cones, and needles used in the study were collected from a local forest office
in Isparta, Turkey. All these raw materials were turned into particles through a hammer mill and screened.
Particles remaining on the 2-3 mm were used in gypsum-based experimental panel production. The particles
were then dried at atmospheric conditions until air dried (12-15%) moisture content. Commercially available
gypsum that carried TS EN 13279-1 B4/20/2 standard form as provided and without further processing was
used. Some reported specification of that Gypsum material as follows; initial hardening time:> 20 min; full
hardening time: 150 min; useability time after mixture prepared, 60 min; water (It)/gypsum content (gr): 6.0-
6.5/10; heat coefficient: 0.34 W/mK; Fire performance: Al; Bending strength (at least): 10 kgf/cm?; Crushing
strength (at least 4x4 block): 25 kgf/cm?. After 15 to 20 minutes of mixing gypsum with cedrus tree’s compo-
nents in water, the paste was screened onto a metal plate that had been covered with wax paper. The mat was
evenly distributed to provide as uniform a density as possible. Cold pressing took place under a pressure of 5.0
MPa, to reach 10 mm thickness, after which the boards were retained in compression for 24 hours. The target
densities of the manufactured boards were; 1.2 (+ 0.5) gr/cm3. A total of 62 (31x2) experimental gypsum-
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based boards were made. Six different types of boards were prepared with various proportions with 1000 gr
(constant) gypsum and 500 gr (constant) lignocellulosic additives. The experimental boards were prepared
with given codes in this study was summarized in Table 1. The experimental procedure for manufacturing
experimental particle boards as;

« Press temperature (°C): Ambient temperature,

» Pressing and curing time (day): up to 28,

Press pressure (N/mm?): 0.1-1.0,

e Gypsum-cedrus’s wood/bark/cone/needle ratio (gr): 1000 gr/500 gr.

« Board dimensions (mm): 400x400x10 cm.

Table 1
Code numbers and mixture proportions (gr) of reinforcement elements (S: cedrus wood, Ka: cedrus bark, Ko:
cedrus cone, I: cedrus needle).

Board Wood Bark Cone Needle
Code (gr) (gr) (gr) (gr)
Type 1 (Gypsum-cedrus’ wood/bark based boards)

SKa1 500 0 0 0
SKaz 400 100 0 0
SKas 300 200 0 0
SKas 200 300 0 0
SKas 100 400 0 0
SKas 0 500 0 0
Type 2 (Gypsum-cedrus’ wood/cone based boards)

SKoz 500 0 0 0
SKoz 400 0 100 0
SKos 300 0 200 0
SKog4 200 0 300 0
SKos 100 0 400 0
SKos 0 0 500 0
Type 3 (Gypsum-cedrus’ wood/needle based boards)

Sh 500 0 0 0
Sl2 400 0 0 100
Sls 300 0 0 200
Sl4 200 0 0 300
Sls 100 0 0 400
Sle 0 0 0 500
Type 4 (Gypsum-cedrus’ bark/cone based boards)

KaKo: 0 500 0 0
KaKo: 0 400 100 0
KaKos 0 300 200 0
KaKos 0 200 300 0
KaKos 0 100 400 0
KaKos 0 0 500 0
Type 5 (Gypsum-cedrus’ bark/needle based boards)

Kal: 0 500 0 0
Kal: 0 400 0 100
Kals 0 300 0 200
Kals 0 200 0 300
Kals 0 100 0 400
Kals 0 0 0 500
Type 6 (Gypsum-cedrus’ cone/needle based boards)

Kol 0 0 500 0
Kol: 0 0 400 100
Kols 0 0 300 200
Kol 0 0 200 300
Kols 0 0 100 400
Kols 0 0 0 500
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After manufacturing, the experimental panels, were conditioned at 23 °C and 65% relative humidity and sam-
ples were cut to determine the IB (Internal Bond), MOE and MOR (Modulus of Elasticity and Rupture), TS
(Thickness Swelling after 2- and 24-hours immersion in water) and The Water Absorption (WA, %), in ac-
cordance with TS EN 310 (1999), TS EN 319 (1999) and TS EN 317 (1999) standards, respectively. The
natural weathering tests were conducted on 50x50x10 mm samples were exposed to natural outdoor process
for two months, the surface color changes and surface hardness were determined with X-Rite SP68 Spectro-
photometer using CIE L*, a*, b* standard (1976), and a Shore Hardness (Scale D) instrument, according to
the test method of ASTM D2240 standard. An ANOVA general linear model procedure was employed for data
to interpret principal and interaction effects on the properties of the panels manufactured. Duncan test was
used to make comparison among board types for each property tested if the ANOVA found significant.

3. Result and Discussion

Although many variables and mechanisms effects liquid uptake, the water absorption experiments are valuable
in predicting moisture absorptiveness regardless of the mechanisms (Khazaei, 2008). The comparative water
absorption (WA) properties of six different types of gypsum based boards are presented in Table 2.

Table 2

Water absorption (%) properties of boards
Board WA (%) WA ratio (%) WA
Codes (2 h) (2124 h) (24 h, %)
SKa: 56.74 95.3 59.49 (1.42) A
SKaz 51.62 90.3 57.18 (1.57) A
SKas 48.64 83.9 57.89 (0.48) A
SKas 40.00 78.8 50.76 (3.30) B
SKas 42.06 78.6 53.51 (3.92) C
SKas 32.58 69.4 46.93 (3.93) D
SKo2 47.08 84.1 56.04 (5.35) A
SKos 43.24 86.5 50.04 (0.99) B
SKO04 46.38 94.4 49.12 (1.49) B
SKos 48.13 96.5 49.96 (3.62) B
SKos 44.45 90.8 48.91 (4.42) B
Sl 50.70 94.1 53.89 (5.25) AB
Sls 43.15 74.1 58.03 (4.31) A
Sls 49.17 93.9 52.39 (3.16) B
Sls 49.80 82.2 59.59 (6.16) A
Sle 50.24 86.5 58.08 (3.79) A
KaKo2 39.33 85.5 46.01 (2.32) A
KaKos 37.07 76.1 48.73 (0.04) A
KaKos 34.65 74.5 46.52 (2.09) A
KaKos 40.94 86.1 47.54 (5.32) A
KaKos 41.43 84.7 48.91 (4.42) A
Kal, 36.80 76.8 47.94 (6.07) B
Kals 35.80 86.1 41.56 (2.24) A
Kals 37.36 87.9 42.48 (0.84) AB
Kals 43.87 77.2 58.63 (1.64) C
Kals 54.33 93.5 58.08 (3.79) C
Kol 33.48 74.6 44.85(3.33) B
Kols 33.85 81.2 41.69 (1.35) C
Kol4 37.10 72.6 50.97 (2.72) A
Kols 36.04 81.2 44.39 (0.53) B
Kols 39.22 67.7 58.08 (3.79) D

*The numbers in parenthesis are standard deviations. Values sharing the same capital letter (s) within a column are not statistically
different at a 0.05 level of confidence.
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The boards made with wood in proportions (Type 1-3) exhibited an initial high rate of moisture sorption fol-
lowed by lowering trend while the other components (bark, cone and needle) increases in the mixture. How-
ever, boards made without wood show various levels of WA properties. The highest WA value of 59.49% was
found for the SKal sample that was only made with cedrus wood-gypsum. But the lowest WA value of 46.93%
was found with a sample made only with cedrus’ bark-gypsum for Types 1-3 boards. Moreover, the lowest
WA value of 41.56% was found sample made with cedrus’s bark/needle mixture (Kal3; 3/2 by weight) in

gypsum.

It is clear that lignocellulosic fillers in gypsum rather than wood lowering effects on WA of experimental
boards. It could also be realized that boards prepared with various proportions with wood/bark, cone and needle
show lowering water absorption as wood content reduced in proportions. It may be expected considering these
non-wood substrates has usually higher hydrophobic constituents (lignin and extractives) rather than wood. It
may effect lowering water intake. It has well known that the rate of water absorption depends on the difference
between the saturation moisture content and the water content at a given time, which is called the driving force.
As hydration proceeds, the water content increases, decreasing the driving force and consequently the sorption
velocity. The water absorption process ceases when the sample attains the equilibrium in water content (Siau,
1995). It may be another evidence that cone, bark and needle particles could be better alignment in the gypsum
network resulting in resistance against water diffusion in some level. Moreover, Wilson and his group (1995 a
and b) proposed that the absorption of water into a composite (two different materials) was due to hydraulic
contact that the absorption of water into two-layer composites is ultimately controlled by the properties of the
second material.

Table 3 shows the comparative Thickness Swelling (TS, %) properties of experimental boards. Except for the
boards of SKas and Sl which shows the 33.70% and 30.34% TS values, the lowering wood content and/or
increasing bark (Type 1), cone (Type 2) and needle (Type 3) proportions in the mixture have usually lowering
effects on TS properties of experimental boards in water. The lowest TS values have been observed at the
lowest cedrus wood content (100 gr) while the highest amount of bark (10.69% for SKas, in Type 1); cone
(7.67% for SKos, in Type 2) and needle (9.48% for Sls, in Type 3) reinforcement particles with in gypsum. On
the other hand the lowest TS values of 12.34% (KaKO-, in Type 4); 11.03% (Kala, in Type 5); and 9.9% (Kol,
in Type 6) were found, respectively. Although boards made only bark-gypsum (SKag), cone-gypsum (SKog)
and needle-gypsum (Sls) show TS values of 33.70%, 21.70% and 18.85%, respectively. It can be hypothesized
that although cedrus’s tree components rather than wood have higher hydrophobic constituents that lowering
effects on hydrophilic properties of gypsum boards (Table 2), it is very difficult to predict the TS values for
proportions to each other with in gypsum network. In addition, it has already predicted that water diffusion is
the process by which a fluid migrates and spreads itself through openings (capillaries, vessels and cellular
walls) of network structure. In this way, a difference in concentration between the various cellular layers effects
water migrations from the more concentrated medium towards the less concentrated one.

Sahin et al. (2019) found that the addition of rice straw to red pine/gypsum-based boards negative impact on
thickness swelling (TS) properties of boards in water. They reported the highest TS value of 47.66% for the
board that produced from 60:40 (ratio) (w/w) wood/rice straw mixture. It was also found that the addition of
post-consumer waste paper, old corrugated container (OCC) and secondary fiber to gypsum in panel structure
negative impact on Thickness Swelling (TS) values in water (Sahin and Demir, 2019). Contrary to these re-
sults, we found that increasing bark (Type 1), cone (Type 2) and needle (Type 3) proportions in the mixture
have usually lowering effects on TS properties of experimental boards.

Figure 1 show the comparative hardness (Shore D) properties of both control and naturally, two months weath-
ered samples. It could be seen that surface hardness has usually correlated with wood content that it decreased
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while cone (Type 2) and needle (Type 3) content increased in the mixture. Similar trend is also found for Type
4 and 5 boards that increase cone and needle content while decreasing bark positively effects hardness value
of samples. However, there is no correlation was observed with Type 6 boards (cone/needle boards).

Table 3

Thickness Swelling (%) properties of boards
Board TS TS TS
Codes (2h) (2/24 h ratio %) (24 h, %)
SKa: 13.69 61.2 22.35(5.88) A
SKa 4.86 24.8 19.56 (2.20) A
SKas 7.00 58.4 11.98 (6.11) B
SKas 3.92 33.3 11.75 (1.59) B
SKas 3.22 30.1 10.69 (2.69) B
SKas 4,56 135 33.70 (8.35) C
SKo02 8.88 70.4 12.61 (4.14) AB
SKos 542 254 21.34 (5.25) CD
SKO4 7.49 44.2 16.95 (5.21) BC
SKos 5.99 78.1 7.67 (2.19) A
SKo0s 8.17 37.6 21.70 (4.10) CD
Slz 6.49 333 19.49 (4.76) C
Sls 12.47 41.1 30.34 (6.79) D
Sly 9.11 69.0 13.20 (2.51) AB
Sls 4.40 46.4 9.48 (7.19) A
Sle 9.78 51.9 18.85 (6.34) BC
KaKo2 6.91 55.9 12.34 (1.19) A
KaKos 5.32 40.1 13.01 (5.41) AB
KaKo4 8.13 62.2 13.08 (4.99) AB
KaKos 8.07 44.4 18.17 (11.92) AB
KaKos 8.17 37.6 21.70 (4.10) B
Kalz 3.35 25.1 13.37 (2.20) A
Kals 7.24 62.7 11.54 (2.66) A
Kals 5.37 48.6 11.03 (4.18) A
Kals 4.82 38.7 12.44 (5.87) A
Kals 9.78 51.9 18.85 (8.35) A
Kol 3.19 31.9 9.99 (5.48) A
Kols 4.32 30.2 14.29 (2.87) AB
Kol 5.48 52.4 10.46 (6.30) A
Kols 6.44 40.1 16.08 (2.78) B
Kols 9.78 51.9 18.85 (8.35) BC

*The numbers in parenthesis are standard deviations. Values sharing the same capital letter (s) within a column are not statistically
different at a 0.05 level of confidence.

The highest shore hardness value of 51 (metric9 was found for the SKa5 sample while the lowest value of 21
(metric) was found in KaKog boards. However, as expected two month weathering negatively effects all ex-
perimental boards’ hardness properties. It reduced from -6.9% (SKay) to -30.3% (SKa) in all types of experi-
mental boards. It has been noted that boards made with only wood (SKas), bark (SKas), cone (SKos and needle
Sle) show approximately lowering hardness of-6.9%; -10.6%; -14.3% and -14.6%, respectively. The hardness
properties deteriorated with the progress of weathering is probably due to the deformed and loosening of par-
ticles in board structure. This is an important finding, in regard to weathering performance of composite
materials.
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As mentioned above, increasing wood shavings and sawdust proportions in gypsum-based mixture impact on
reducing Shore C hardness (Morales-Conde et al. 2016). However, the natural weathering of boards made
with some cellulosic filler in gypsum had shown lowering hardness (Shore D) properties (Sahin and Demir,
2019). The results found in this study show similar results that addition of some lignocellulosic fillers (rein-
forcement elements) on gypsum has no any improvement effects for hardness properties of experimental
boards.
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Figure 2. Color (CIE L,a,b) properties of experimental boards
Figure 2 show the weathering modified lightness (AL), redness (Aa) and yellowness (Ab) of colour coordinates.

However, it appears that outdoor exposure marginally effects on lighter tone (AL) of samples in all manufac-
turing conditions. It is usually changed of 0.01-0.15 level of increasing (reducing darkness). Moreover, it looks
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like both green-red (a*) and yellow-blue (b*) colour coordinates better correlated with weathering. Interest-
ingly all samples show increasing redness (+a) and yellowness (-b) colour coordinate values in all conditions.
The highest redness of Aa=1.1, 0.32 and 0.34 and yellowness of Ab=-1.26, -0.16 and -0.15 were observed in
Types 1-3 boards that made from without cedrus’s wood that only cedrus’s bark (Skas), cone (SKos) and needle
(Sle) particles in experimental boards, respectively. It is interesting to note that boards made with needle/wood
and needle/cone in proportions (Type 3 and 6) in gypsum show only marginally changed color values. These
marginal changes in those boards may be attributed to the chemical constituents of filler (lignocellulosic ele-
ments). It could also be hypothesed that among fillers even with the same level of extractive content, different
levels of resistance against weathering could be possible. This should be case for gypsum-cedrus tree compo-
nents’ compability that the chemical composition and types of fillers particularly different one to another. The
comparative three important mechanical strength (1B, MOR, and MOE) properties of experimental samples
are shown in Table 4.

Table 4.
The strength properties of experimental boards

Board  Density 1B A MOR A MOE A

Code (g/cmd) (N/mm?) (Std. %) (N/mm?) (Std. %)  (N/mm2) (Std%o)
SKay 1.29 0.22 (0.07)B -21.4 1.06 (0.13) AB -91.57 206.72 -88.5
SKaz 1.33 0.27 (0.06) B -3.6 1.32(0.27) C -89.4 348.64 -80.6
SKas 1.30 0.33(0.05) A 17.9 1.13(0.19) B -90.9 337.92 -81.2
SKas 1.28 0.41(0.04) A 31.7 0.9 (0.22) A -92.3 505.68 -71.9
SKas 1.29 0.48 (0.04) A 714 1.03(0.25) A -91.8 312.77 -82.6
SKas 1.23 0.44 (0.06) C 57.1 1.05 (0.17) AB -91.6 513.84 -715
SKo2 143 0.19 (0.05) AB -32.1 1.09 (0.30) C -91.3 325.37 -81.9
SKos 1.12 0.18 (0.02) CD -35.7 0.97 (0.21) C -92.2 274,72 -84.8
SKo4 1.08 0.17 (0.02) BC -39.3 0.65 (0.10) B -94.8 < 150%* -
SKos 1.22 0.06 (0.03) A -78.6 0.4 (0.08) A -96.8 < 150%* -
SKos 1.30 0.1(0.02) CD -64.3 0.5 (0.04) A -96.0 < 150%* -
Sl2 1.37 0.27 (0.07) C -3.6 0.98 (0.13) CD -92.2 293.77 -83.7
Sls 1.45 0.13 (0.02) D -53.6 0.81(0.14)B -93.5 < 150* * -
Sly 1.26 0.17 (0.07) AB -39.3 0.79(0.22) B -93.7 314.9 -82.5
Sls 1.27 0.15(0.01) A -46.4 0.88 (0.16) BC -92.9 330.64 -81.7
Sls 1.19 0.05 (0.05) BC -82.2 0.55 (0.10) A -95.6 < 150* * -
KaKoz 1.19 0.31(0.01) A 10.7 0.84 (0.25) BC -93.3 < 150* * -
KaKos 1.24 0.27 (0.01) AB -3.6 0.88 (0.22) C -92.9 582.04 -67.7
KaKos 1.41 0.27 (0.03) AB -3.6 0.71 (0.15) B -94.3 < 150** -
KaKos 1.10 0.26 (0.06) AB -7.1 0.73 (0.07) BC -94.4 < 150** -
KaKos 1.30 0.1(0.02) B -64.3 0.5 (0.04) A -96.0 < 150* * -
Kal2 1.13 0.35(0.05) A 25.1 1.26 (0.37) C -89.9 188.6 -89.5
Kalsz 1.24 0.42 (0.07) A 50.1 1.02 (0.50) BC -91.8 294.42 -83.7
Kals 1.27 0.27 (0.03) A -3.6 0.95 (0.44) B -92.4 < 150** -
Kals 1.10 0.12 (0.03) A -57.1 0.55 (0.09) A -95.6 < 150** -
Kals 1.19 0.05 (0.02) A -82.2 0.55 (0.10) A -95.6 < 150%* -
Kol 1.23 0.19 (0.05) A -32.1 0.33(0.16) A -97.4 < 150** -
Kols 1.37 0.15 (0.04) AB -46.4 0.33(0.11) A -97.4 < 150** -
Kola 1.15 0.2 (0.03) A -28.6 0.79 (0.17) C -93.7 < 150** -
Kols 1.20 0.28 (0.02) B 0.0 1.11(0.38) D -91.1 535.42 -70.3
Kols 1.19 0.05 (0.02) BC -82.2 0.55 (0.10) B -95.6 < 150* * -

According to EN 312 standard For Type 1 boards

0.28 125 1800
*The numbers in paranthesis are standard deviations. * *measurement limit of instrument, Values sharing the same capital lette(s)
within column are not statistically different at 0.05 level of confidence.

For IB properties, it can be seen that only a few samples (SKas-6; Kal,; Kakoz; Kalz-3) show higher IB values
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than standart values of 0.28 N/mm?. The highest IB value of 0.48 N/mm? was found for sample SKas that
produced with ratio of 1/4 by cedrus wood/bark proportions (w/w). It was also found that panels produced with
cedrus wood/cone (SKo); cedrus wood/needle (SI) and cedrus cone/needle (Kol) proportion have no any higher
values than standard. The results might not be surprise, when considering the structure of gypsum. One could
be said that most of the gypsum might be absorbed by this bulky matrix elements and that not sufficient glue
remains in reinforcement elements (cedrus’s tree) in strucuture. Thereby, the amount of glue used in this study
(1000 gr by weight) probably is not sufficient for this type of boards.

For Bending strength (MOR) and Modulus of Elasticity values (MOE) of the six types boards, in general, it
has been understood that the both MOR and MOE values of the mixture produced with the cedrus tree and its
components considerably lower than standard value of 12.5 N/mm? for MOR and 1800 N/mm?for MOE. The
highest MOR values for Type 1 boards was calculated as 1.32 N/mm? (SKa,); 1.09 N/mm? for Type 2 boards
(SKo02); 1.26 N/mm? for Type 5 (Kaly); and 1.11 N/mm? for Type 6 (Kols) boards, respectively. These values
approximately -89.4%; -91.3%; -89.9% and -91.1% lower than standard value of 0.28 N/mm?,

Like MOR properties, the similar results was also found for MOE values of boards. The MOE values of the
all six types boards were found to be significantly lower in all proportions and conditions. This situation was
expected when considering the properties of experimental boards. This is because, the gypsum boards pro-
duced in the industry generally have lower elastic properties. It can be seen that increasing lignocellulosic
additives in panel matrix for all type panels effects strength and elastic properties. It has already well presented
that although strength properties are dependent on the size and distribution of fibers within the matrix system,
low adhesive ratio or insufficient mixing procedure might lowering effects on the strengths of experimental
panels. Inaddition, these non-wood substance that has considerably lower self strength and flexible than wood
fibers that may resulting lowering strength properties. In addition, loss in fibre flexibility could also happen
because of loss in bonding agents of fibre. For instance, loss in hemicelluloses component of fibre wall results
in poor fibre swelling, thus fibre stiffness. It has alreday reported by Sahin and et al (2019) that the addition of
rice straw to the red pine/gypsum mixture has a lowering effect on the internal bond (IB) and bending strength
(MOR) properties of experimental boards some level. In contrast, the experimental boards produced by sec-
ondary fiber/gypsum mixture increases the IB and bending strength properties some level. However, the
strengths are sensitive to fillers that the flexible fillers conform well on the plane of board, and by doing so
flexible fillers contribute in enhancing the relative bonded area. This may a clear evidence that fibrous filler
or reinforcement elements (secondary fibers) has better align and/or adopt to gypsum in network structure than
lignocellulosic particles (wood, cone, bark, needle) resulting better strength properties as reported in literature
(Sahin and Demir, 2019).

Figures 3-4 show the Internal Bond (IB) and Bending strength (MOR) properties of boards respectively. The
dependence of IB strength to reinforcement element as a function of proportions shows that IB strength has a
directly proportional to filler type and content. It is interesting to note that boards made with cedrus wood/cone
(Type 2), cedrus wood/needle (Type 3) and cedrus cone/needle proportions have lower IB values that standard
of 0.28 N/mm? (Figure 3).
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Figure 4. The Bending Strength (MOR) properties of boards

The bending strength is a important property to describe the general strength of materials. As seen in Figure 4,
experimental boards manufacturing in all conditions show lower MOR values than standard value of 12.5
N/mm?. Boards made with only wood (SKay), bark (SKas), cone (SKos) and needle (Sls) show the MOR values
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of 1.06 N/mm?; 1.05 N/mm2; 0.5 N/mm? and 0.55 N/mm?), respectively. It has already well established that
the bending strength of hybrid materials (composites) related to the bonding potantial of reinforcement ele-
ments and bonded area, which originates from the surface properties of fillers and the fibre flexibility, assum-
ing that the other properties (fibre- length, strength) remain intact. As mentioned above, due to bulkiness of
lignocellulosic reinforcement elements in gypsum mixture, the gypsum content (1000 gr constant by weight)
may not sufficient for this type of raw materials. However, during gypsum drying, network shrink laterally
creating drying stresses in the structure. If reinforcement element is not compatible with gypsum or some
chemical that against hydration properly, these stresses could not be straighten segments enough to enhance
the network load carrying capacity. Because during experimental board manufacturing process, which consists
of slushing, soaking, formation, pressing and drying may effects hindering reinforcement elements to develop
the network strength properly. The results found in this study consisted with these suggestions.

4, Conclusion

Gypsum-based boards have been a common material and can be used various type of construction purposes.
However, those have usually utilized non-strength required areas due to their specific structural properties.
There have been many approaches have already predicted with valuable results, but there is no standardized
method to produce gypsum/lignocellulosic hybrid products that suitable to all wood species. In this study, the
useability of cedrus tree’s components (wood, bark, cone, needle) as reinforce elements with gypsum as min-
eral bonding agent in matrix composite system was investigated. The measured results clearly indicates that
the selected lignocellulosic components have influenced boards mechanical properties some level. Although,
experimental board’s MOR strength properties are lower than standard value, but it is possible to find some
level of mechanical properties at certain conditions. Moreover, these products could be utulized in not strength
necessity applications. In general, the results of this study on the effect of cedrus tree components as reinforce
element on gypsum bonded experimental boards are compatible with the findings in the literature.
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1. Introduction

Ormanlarin ekolojik yapilarindan fayda saglanmasi, insanlarin yasamu siiresince sadece odun hammaddesi elde
etmesi ile smirli kalmamustir. Ayn1 zamanda besin, ilag, barinma ve diger nedenlerle her tirlii bitki ve bitki
pargalarmin toplanmasi ve kullanilmasi ise ormanlardan elde edilen diger faydalardandir. Odun Dis1 Orman
Uriinleri seklinde ifade edilen, orman igi ve agikliklarinda, dolayistyla orman ekosistemlerinde yetisen, ticari
ve ticari olmayan amaglarla hasat edilen ya da toplanan, agaggik, ¢ali, her tiirlii bitki ve bunlarin pargalarin
kapsamaktadir (Altunel, 2012). Orman; mobilya, kagit, yakacak, tel ve maden direkleri, ingaat malzemesi gibi
kullanilan tiriinlerin hammaddesini olusturmakta birlikte ayn1 zamanda havay1 temizlemesi, saglikli bir ekoloji
meydana getirmesi, canlilarin yagami i¢in vazgecilmez olmasi, erozyonun meydana gelmesini 6nleyen énemli
unsurlardan biri olmas1 ve ¢ok fazla sayida odun dis1 orman {iriinlerinin kullanilabilmesi insanlara sadece or-
manlar sayesinde ulasmaktadir (Alevli ve Yildirim, 2016).

Gelismekte olan tilke ekonomilerinin giiclii bir yapiya sahip olabilmesi i¢in siirdiiriilebilir ekonomik biiyiimeyi
gergeklestirmeleri gerekir. Bunu saglamak i¢in ekonomik biiylimenin unsurlarina sahip olunmasi ve bu unsur-
lar1 rasyonel bir sekilde kullanip gelistirmeleri onem arz etmektedir. Ulkelerdeki ormancilik sektori,
ekonomilerin uzun siireli ekonomik performans gostergesi olan biiyiime kavramina etki eden etkili dina-
miklerden biridir. Diinyada tiim varliklarin yagam kaynagi olarak vazgecilmez bir yapiya sahip ormanlarin
iilke ekonomilerine para ile ifade edilen ve edilemeyen pozitif etkileri mevcuttur. Bu etkilerden bazilari, orman
iiriinleri kapsaminda istihdamin artmasi, bunun sonucu olarak insanlarin kdyden kente gb¢ etmesinin azalmasi
ve iretilen {riinler ile birgok sektore girdi saglamasidir. Bu sayede iilke ekonomilerin ilgili makro hedeflere
ulasabilmesinde ve iilkelerdeki sosyo-ekonomik yapiyr gelistirmede énemli bir rol oynar (Onder ve Onder,
2009). Ulkelerde orman iiriinleri endiistrisi ihracat ve ithalat unsurlar1 bakimindan énemli bir konuma sahiptir.
Ormanlardan saglanan yuvarlak odun, islenmesinden sonra pek ¢ok endiistri koluna girdi olabilmektedir. Elde
edilen girdiler diger tilkelerde farklt maliyet unsurlarini da ortaya ¢ikarmaktadir. Farkli iilkelerde maliyeti
yiiksek olan bir iiriin diger bir iilkede daha diisiik olarak ortaya ¢ikabilmektedir. Uretimde kullanilan tiim un-
surlarin maliyetlerinin birbirinden farkli olmas1 da ilgili iilkelerin kendi arasinda ticaret yapmasina neden
olmaktadir (Alevli ve Yildirim, 2016).

Diinyada orman iriinleri alaminda uluslararasi ticaretin artmasi, endiistride dis ticaret hacminin hizla
yiikseldigini ortaya koymaktadir. Diinya iizerinde orman {iriinlerinin ihracat miktarindaki artigin énemli se-
beplerinden biri, gelisen ahsap malzeme teknolojileri ile birlikte iilkelerde ahsap iirlinlerine olan ilginin artmasi
ve ahsap yap1 unsurlarinin diinyada kullaniminin artmasidir. Orman iriinleri alaninda uluslararasi ticaretin
artmasi ve gelismesi ile birlikte Tirkiye’ de de sektoriin yapisal olarak degisim ve doniisiim gergeklestirdigi
ve orman lrlinleri sektoriiniin ihracat miktarinin giderek yiikselmesinin bir sonucu olarak bir¢ok orman iiriinii
unsurlarindaki hammadde talebi de yiikselmektedir (T.C. Kalkinma Bakanligi, 2018).

Tirkiye’ de ormanlar bir¢ok sektoriin ihtiyacini karsilamak adina 6ncelikle odun ve odun disi orman iiriinleri
ile ekonomik, ekolojik ve sosyal fonksiyonlar1 vasitasiyla parayla olgiilen veya ol¢iilemeyen ¢ok sayida
mal/hizmet liretimi sunmaktadir. Ormancilik sektorii, diger sektorler i¢in ¢ok Onemli bir altyapi ortaya
¢ikarmakta ve onlara bircok alanda girdi olusturmaktadir. Ayrica siirekli ve giivenli is olanaklar1 saglamasi
acisindan orman sektorii onemli bir yapiya sahiptir(Tarim Orman Surasi, 2019). Tiirkiye’de orman endiistrisi,
imalat sanayine dahil, teknoloji ve isletmecilik alanlarinda iistiin uygulamalara sahip sektorlerden biridir. Bu
unsurlardan elde edilen gelismelerde 6zellikle, Tiirkiye agac isleme makinalar sektoriinde uygulanan CNC
tezgah tliretimleri, otomasyon sistemleri gibi yiiksek teknolojik unsurlarin 6nemli bir etkisi vardir. Bu baglamda
kereste ve mobilya gibi alt sektorlerde bir¢ok ulusal makina kalite ve fiyat agisindan uluslararasi diizeyde
rekabet edebilmektedir (Kog vd, 2017).

134



Bartin Orman Fakiiltesi Dergisi 2022, Cilt 24, Say: 1, Sayfa: 133-144

Tiirkiye Ihracatgilar Meclisi (2021) ihracat raporuna gore, Tiirkiye’de mobilya, kdgit ve orman iiriinleri kiiresel
ithalatin sektor i¢indeki payr (1.000 dolar ) diizeyinde, 2019 yilinda 390.956.041 dolar ve 2020 yilinda ise
354.696.326 dolar olarak gerceklesmistir. 2019 yilindan 2020 yilina giderken ithalat diizeyinde % 9,3 ‘liik bir
diislis yaganmustir.

Kiiresellesme ile birlikte iletisim teknolojilerinin artmasi, diinya genelinde finansal piyasalara ulagilmasini
daha olanakli hale getirmistir. Bu piyasalarda faaliyet gosteren yatirimcilar, ¢ok ¢esitli bilgilere ulasabilmekte
ve finansal enstriimanlara yatirim yapabilmektedirler. Bu baglamda finansal araglarin deger olusumunda ara-
larinda meydana gelen nedensellik iliskilerinin ve bu araglarin degerlerinin birlikte hareket edip etmedigini
tespit eden esbiitiinlesme iligkilerinin bilinmesi sermayedarlar, yatirrmcilar ve diger ilgili kisi ve kurumlar
tarafindan ¢ok 6nemlidir Ulkelerin hisse senetleri piyasalarmn, diger iilkelerin hisse senetleri piyasasi ile
iligkileri, tiirev {irlinler ile iligkileri ve doviz kurlan ile iligkileri akademik literatiirde kendine yer bulan
konulardandir.

Calismada kullanilan BIST Orman Kagit Basim (XKAGT) endeksi ile Vadeli Kereste Islemleri (LBcl),
Avrupa Orman- Kagit endekslerinden Helsinki Forestry & Paper (HX551010PI), Stockholm Forestry & Paper
(SX551010PI) ve doviz kurlar1 olarak da Dolar, Euro ve Sterlin degiskenlerini ve bu degiskenlerin
esbiitiinlesme ve nedensellik iligkilerini iceren ulusal ve uluslararasi literatiire rastlanmamis olup literatiirde
orman ve orman lriinleri ve diger degiskenleri iceren ulusal ve uluslararasi diizeyde yapilan yakin bir takim
caligmalara bakildiginda;

Apan ve Oztel (2020) BIST Orman Kagit Basim Endeksi’nde islem goren 15 adet firmanm 2011-2018 do-
nemini kapsayan nakit akim odakli finansal performanslar Biitlinlesik Entropi-EDAS yontemi kullanilarak
incelemislerdir. Calisma sonucunda Entropi agirhklari ortalamalarina gore, isletme Faaliyetlerinden Nakit
Akiglari / Duran Varliklar orani, 6nem miktar1 en biiyiik kriter olarak bulmuslardir. Ayrica EDAS yo6ntemiyle
yapilan performans siralamalarinda, KARTN firmasini en basarili firma olarak tespit etmislerdir. Kurt vd.,
(2021) Tirkiye kagit tiriinleri, orman {irlinleri ve mobilya sektorlerinde yer alan on bes isletmenin finansal
performansini 2018-2019 pandemi dncesi ve 2020 pandemi donemi igin Entropi temelli PROMETHEE yont-
emiyle incelemislerdir. Analiz sonucunda ALKA ve SUMAS hissesinin en iyi performansi gosterdigini tespit
etmislerdir. Yildiz ve Erdogan (2020) BIST Orman Kagit Basim Endeksi’nde islem goren firmalarin 2014-
2018 tarih araliginda finansal performanslarini finansal oranlar kullanarak TOPSIS y6ntemi ile incelemislerdir.
Inceleme sonucunda 2014-2016 tarih araliginda en iyi performansi gosteren {i¢ firmanin siralamasimin
degismedigi, diger yillarda ise farklilik gosterdigini tespit etmislerdir.

Karadeniz vd., (2021) Tiirkiye’de kagit ve kagit {irlinleri imalat sektdriindeki isletmelerin 2009-2019 yillar
arasindaki finansal performanslarini oran analizi kullanarak ve finansal basarisizlik risklerini de Altman Z skor
ve Springate Z skor modelleriyle dl¢cek temelinde incelemislerdir. Calisma sonucunda firmalarin 6lgekleri
biiytidiikge likidite, finansal yap1 ve karlilik performanslarinin arttigini, faaliyet performansinin ise degiskenlik
gosterdigini bulmuslardir. Ugiincii vd., (2018) BIST’ da islem goren kagit sektoriindeki 7 firmanin 2016 yil
verileri ile 10 adet finansal oran vasitasiyla Cok Kriterli Karar Verme yontemlerinden TOPSIS yontemi ile
finansal performanslari incelenmistir. Arastirma sonucunda firmalarin finansal performans siralamasi ALKA,
KARTN, VKING, BAKAB, TIRE, OLMIP ve KAPLM olarak tespit edilmistir.

Onder ve Onder (2009) Orman iiriinleri sanayi ve biiyiime arasinda iliskiyi 1996-2007 donemi arahiginda iiger
aylik veriler kullanarak Engle-Granger nedensellik testi ve Johansen esbiitiinlesme testi ile arastirmiglardir.
Analiz sonucuna gore, degiskenler arasinda uzun donemli iliski olmadigin1 ve orman {iriinleri ihracati ile
GSYIH arasinda nedensellik iliskisinin olmadigini tespit etmislerdir.
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Akylz vd., (2018) BIST’ de yer alan kagit ve kagit iirlinleri basim ve yayin sektoriine ait 14 firmanin 2012 —
2017 dénemlerindeki finansal performanslar1 finansal oranlar yardimi ile Cok Kriterleri Karar Verme tekni-
klerinden TOPSIS, PROMETHEE ve COPRAS y&ntemi ile incelenmistir. Arastirma sonucunda TOPSIS ve
PROMETHEE yonteminin yakin sonuglara sahip oldugu, COPRAS yonteminin ise 2013 ve 2017 yillari
arasinda diger iki yontemle geliskili sonuglar oldugu goriilmistiir. 2016 yilinda biitiin yontemlerde DGZTE
firmasimin finansal performans olarak en iyi bulunurken, HURGZ en koétii performans gosterdigi tespit
edilmistir. Smyth ve Nandha (2003) Banglades, Hindistan, Pakistan ve Sri Lanka’da déviz kurlan ile hisse
senedi fiyatlar1 arasindaki iliskiyi 1995-2001 tarih araliginda giinliik veriler kullanarak incelemislerdir. Analiz
sonuclarina gore, Engle-Granger iki asamali test ve Johansen esbiitiinlesme yontemlerine gére degiskenler
arasinda uzun donemli esbiitiinlesme iliskisi bulamamistir. Granger nedensellik testine gére Hindistan'da ve
Sri Lanka’da doviz kurlarindan hisse senedi fiyatlarina dogru tek yonlii nedensellik iliskisi bulunmus olup
Banglades ve Pakistan'da herhangi bir iliski bulunamamustir. Tripathi ve Sethi (2010) ¢alismalarinda, Hin-
distan borsasinin Japonya, ingiltere, ABD ve Cin borsalari ile entegrasyonunu 1 Ocak 1998 - 31 Ekim 2008
tarih araliginda Engle - Granger esbiitiinlesme testi ve Granger nedensellik testi kullanarak incelemistir. Analiz
sonuglarina gore, Hindistan borsasinin ABD disinda bu piyasalarin higbiriyle entegre olmadigimi tespit
etmislerdir.

Bu ¢aligmanin amaci BIST Orman Kagit Basim (XK AGT) endeksi ile vadeli kereste islemleri (LBc1), Avrupa
orman- kagit endekslerinden Helsinki Forestry & Paper (HX551010PI), Stockholm Forestry & Paper
(SX551010PI) ve doviz kurlari olarak da Dolar, Euro ve Sterlin’ in esbiitiinlesme ve nedensellik iliskilerini
ortaya koymaktir. Bu calismada yer alan degiskenlerin birlikte yer aldigi, esbiitiinlesme ve nedensellik iliskile-
rini igeren ulusal ve uluslararasi literatiire rastlanmamis olup bu durum c¢alismanin 6zgiinliiglinii olusturmak-
tadir.

2. Material and Method

2.1. Materyal

Caligmada BIST Orman Kagit Basim (XKAGT) endeksi ile vadeli kereste islemleri (LBc1), Avrupa orman-
kagit endekslerinden Helsinki Forestry & Paper (HX551010PI), Stockholm Forestry & Paper (SX551010P1)
ve doviz kurlar1 olarak da Dolar, Euro ve Sterlin’ in esbiitiinlesme ve nedensellik iligkileri Engle Granger
Esbiitiinlesme testi ve Granger Nedensellik testi ile analiz edilmistir.

Borsa Istanbul’da faaliyette bulunan BIST Orman Kagit Basim (XKAGT) endeksi ile vadeli kereste islemleri
(LBc1), Avrupa orman- kagit endekslerinden Helsinki Forestry & Paper (HX551010PI), Stockholm Forestry
& Paper (SX551010P]) ve doviz kurlart olarak da Dolar, Euro ve Sterlin’ in esbiitiinlesme ve nedensellik
iligkilerinin arastirildigi ¢alismada, 2.1.2015-22.10.2021 ddnemlerinde ilgili degiskenlerin giinliik ac¢ilig
degerleri kullanilmigtir. Calismada degiskenlere ait seriler investing veri tabanindan elde edilmistir (URL 1,
2021). Ayrica tim degiskenlerin logaritmalar1 alinmigtir. Caligmada kullanilan Augmented Dickey-Fuller bi-
rim Kok testi, Engle Granger Esbiitiinlesme testi ve Granger nedensellik testi analizleri igin Eviews
ekonometrik programi kullanilmigtir. BIST Orman Kagit Basim (XK AGT) endeksine dahil olan Borsa Istanbul
blinyesinde yer alan 16 sirketin isimleri Tablo 1°de verilmistir.

Tablo 1
BIST Orman Kagit Basim (XKAGT) Endeksi
BIST Orman Kagit Basim (XKAGT) Hisseleri

Viking Kagit ve Seliiloz A.S. Bak Ambalaj San. Dogan Burda Duran Dogan
Olmuksan Gentag Hirriyet Gazete Prizma Pres
Kaplamin Ambalaj Ihlas Gazetecilik A.S  Kelebek Mobilya Mondi Tire
Europap Tezol Kagit Sanayi  Kartonsan San. ve Alkim Kagit San.
ve Ticaret A.S. Tic. A.S. Saray Matbaacilik ve Tic. A.S.
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2.2. Metot
Caligmada kullanilan regresyon modeli su sekilde olusturulmustur (Ciitcii ve Kan, 2018);

BISTOK B,=By+f; VADKER+,STOCK+B;HEL+B,DOLAR+B;EURO+B,STERLIN+¢,

2.2.1. Engle- Granger Esbiitiinlesme Testi

Aragtirmacilar tarafindan en sik kullanilan esbiitiinlesme testi Engle- Granger (1987)’ dir. Bu test kalintilara
sayesinde yapilan bir testtir. Engle- Granger testinin ilk asamasinda birinci dereceden duragan olan iki degis-
ken arasinda asagidaki belirtilen gibi bir regresyon olusturulmaktadir (Y1ilanci, 2009).

Ye=Qota X U

Ikinci asamada ise bu regresyondan olusturulan kalintilarla asagida gosterilen bir otoregresif model kurulup,
kalintilarin duragan olup olmamasi incelenmektedir.

Aue=+ pue_q +eq

Bu modelde p = 0 olursa, kalintilarin birim kdke sahip oldugu, bu yiizden iki degisken arasinda esbiitiinlesme
iligkisinin olusmadig1 seklinde agiklanabilir (Yilanci, 2009).

Iki degisken arasinda uzun dénemli iliskiyi agiklayabilmek i¢in Engle Granger Esbiitiinlesme testi yapilmustir.
Bu yonteme gore degiskenlerin ayni seviyede duragan olduklar1 varsayilmaktadir. Duraganlik diizeyi belli
olan degiskenlerle ilgili yeni regresyon olusturulur ve regresyona ait kalintilarin yani hata diizeltme modelinin
diizey degerinde duraganlig: arastirilir. Eger diizey degerinde duragan olursa degiskenler arasinda esbiitiin-
lesme iliskisinden bahsedilir (Dilber ve Kilig, 2018). Engle Granger esbiitiinlesme testi, ayn1 seviyede biitiin-
lesik degiskenleri igeren iki denklemin hata terimlerine yapilan Genisletilmis Dickey-Fuller birim kok testidir
(Kustepeli ve Bilman, 2009).

2.2.2. Granger Nedensellik Testi

Degiskenler arasindaki nedensellik iliskisi ve bu iligkinin yoniinii belirleyebilmek adina Granger (1969) tara-
findan gelistirilmis olan nedensellik testi yapilacaktir. Granger nedensellik testi su sekilde olusturulmugtur
(Oztiirk ve Sezen, 2018).

Y= Xitg a; Yeo 1+ 2002 Bi Xe—pHue 1)

Xe= 2i21 Vi Xe—1+ 2121 8; Y1 vy 2

Denklemde m optimal gecikmeyi agiklamaktadir. Bu gecikme, birtakim bilgi kriterleri vasitasiyla
olusturulabilmektedir. Granger nedensellik testi, bagimsiz degiskene ait gecikme seviyelerinin, belirli bir
anlamlilik diizeyinde, sifira esit olmasinin test edilmesiyle olusturulmaktadir. (1) no’ lu denklemde belirtilen
Bi katsayilarinin belirli bir anlamlilik diizeyinde sifirdan farkli bir deger bulundugu takdirde, X’ in Y nin
bir nedeni oldugu seklinde agiklanabilmekte, (2) no’ lu denklemde de §; katsayilarinin da belirli bir
anlamlilik diizeyinde, sifirdan farkli bir deger bulunmasi da Y’nin X’in bir nedeni oldugu seklinde
aciklanabilmektedir (Oztiirk ve Sezen, 2018).

3. Bulgular ve Tartisma

Tablo 2°de (XKAGT), (LBc1), (HX551010PI), (SX551010PI), Dolar, Euro ve Sterlin fiyatlarina ait
tanimlayici istatistikler verilmistir.
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Tablo 2
Degiskenlerin getiri serilerine ait tanimlayici istatistikler
(XKAGT) (LBcl) (HX551010PI) (SX551010P1) Dolar Euro Sterlin

Ortalama  6.378183 6.002903 7.463348 7.696752 1510747 1.639606 1.808745
Medyan  6.158799 5.909983 7.495025 7.667673 1.438721 1.623242 1.764320
r'\:jr';s" 7752537  7.424762 7.877462 8.362339 2253279 2.403733 2.574831
Minimum 5.770225 5.376204 6.928920 7.213459 0.824965 0.964967 1.242193
g;?)”rg:“ 0543917 0.389394 0.239664 0.287774 0.392486 0.410517 0.366630
Carpiklik  1.173895  1.219699 -0.267592 0.517201 0130527 0.150263 0.364696
Basiklik  3.025989  4.337100 2.002605 2.380825 1.659070 1.729429 1.832485
éagﬂa“e' 367.2899 5155778 85.36115 96.83062 124.3385 1135734 126.2614
Olasthk  0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Gozlem ) 5qq 1599 1599 1599 1599 1599 1599
Sayisi

Calismada kullanilan degiskenlerin duragan yapida olmasi igin birim kok testleri yapilir. Eger bir veri birim
kok igeriyorsa, bu durum ilgili verinin duragan olmadigi anlamina gelmektedir. Augmented Dickey-Fuller
(1979) birim kok testi sonuglar1 Tablo 3’°te gosterilmistir.

Tablo 3

ADF Birim Kok Testi sonuglari
Degiskenler Duraganlik seviyesi ~ ADF Test Istatistigi  Olasilik
(XKAGT) 1.Fark -37.56119 0.0000
(LBc1) 1.Fark -39.22704 0.0000
(HX551010P1) 1.Fark -38.27120 0.0000
(SX551010P1) 1.Fark -39.32960 0.0000
Dolar 1.Fark -20.42136 0.0000
Euro 1.Fark -20.58646 0.0000
Sterlin 1.Fark -20.14289 0.0000

Tablo 3’te yer alan Augmented Dickey-Fuller birim kok testi sonuglarina gore (XKAGT), (LBcl),
(HX551010PI), (SX551010PI), Dolar, Euro ve Sterlin degiskenlerinin 1. fark degerlerinde duragan oldugu
gorulmektedir. Engle Granger Esbiitiinlesme testi sonuglari i¢in ilgili degiskenlerin regresyon denklem de-
gerleri ve regresyon analizi i¢in hata teriminin ADF olasilik degerleri olusturulmusgtur. (XKAGT) ve (LBcl)
degiskenleri regresyon denklemi degerleri Tablo 4’te gdsterilmistir.

Tablo 4.

(XKAGT) ve (LBc1l) degiskenlerinin regresyon denklemi degerleri
Regresyon Denklemi Degerleri F istatistik olasilig1 degeri Olasilik degeri
(XKAGT) ve (LBcl) Degiskenleri  0.113561 0.1136

Tablo 4’te belirtilen, BIST Orman Kagit Basim (XKAGT) ve Helsinki Forestry & Paper (HX551010PI) en-
deks degiskenleri regresyon denklemi degerlerine gore F istatistik olasiligi1 ve denklemin genel olasilik degeri
0,05’ ten biiyiik oldugu i¢in (XKAGT) ve (LBcl) regresyon denklemi kurulamamakta olup degiskenler ara-
sinda herhangi bir egbiitiinlesme iliskisinden bahsedilememektedir. (XKAGT) ve (HX551010PI) degiskenleri
regresyon denklemi degerleri Tablo 5°te gosterilmistir.

Tablo 5

(XKAGT) ve (HX551010P1) degiskenlerinin regresyon denklemi degerleri
Regresyon Denklemi Degerleri F istatistik olasiligi degeri  Olasilik degeri
(XKAGT) ve (HX551010PI) Degiskenleri  0.000007 0.0000
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Tablo 5’te belirtilen, BIST Orman Kagit Basim (XKAGT) ve Helsinki Forestry & Paper (HX551010PI) en-
deks degiskenleri regresyon denklemi degerlerine gore F istatistik olasilig1 ve denklemin genel olasilik degeri
0,05’ ten kiigiik oldugu i¢in regresyon denklemi kurulmus olup (XKAGT) ve (VADKER) regresyon analizi-
nin hata terimi degerleri Tablo 6’da gosterilmistir.

Tablo 6
(XKAGT) ve (HX551010PI) degiskenlerinin regresyon analizinin hata terimi degerleri

%g&%& \fngﬁ?li?r} (lzlg[lgl_)ré)rieng]liskenlerl t Istatistik Degeri ADF Olasilik Degeri (Diizey)

Sabit terimli -38.26948 0.0000
Sabit terimli ve Trendli -38.29869 0.0000
Sabit terimsiz ve Trendsiz -38.28147 0.0000

Tablo 6’ ya gore BIST Orman Kagit Basim (XKAGT) ve Helsinki Forestry & Paper (HX551010P1) endeks
degerleri, sabit terimli, sabit terimli ve trendli, sabit terimsiz ve trendsiz durumlarda, ADF olasilik degeri
diizeyde 0,05’ ten kii¢iik oldugu i¢in degiskenler arasinda esbiitiinlesme iliskisinden bahsedilmekte olup bu
degiskenler uzun donemde birlikte dengeye gelmektedir. (XKAGT) ve (SX551010PI) degiskenleri regresyon
denklemi degerleri Tablo 7°de gosterilmistir.

Tablo 7

(XKAGT) ve (SX551010PI) degiskenlerinin regresyon denklemi degerleri
Regresyon Denklemi Degerleri F istatistik olasilig1 degeri Olasilik degeri
(XKAGT) ve (SX551010PI) Degiskenleri  0.000021 0.0000

Tablo 7°de belirtilen, BIST Orman Kagit Basim (XKAGT) ve Stockholm Forestry & Paper (SX551010PI)
endeks degiskenleri regresyon denklemi degerlerine gore F istatistik olasiligi ve denklemin genel olasilik
degeri 0,05’ ten kiigiik oldugu i¢in regresyon denklemi kurulmus olup (XKAGT) ve (SX551010PI)) regres-
yon analizinin hata terimi degerleri Tablo 8’de gosterilmistir.

Tablo 8
(XKAGT) ve (SX551010P1) degiskenlerinin regresyon analizinin hata terimi degerleri

(RXKAGT) ve (SX55 1010PT) De_gi_skenleri ¢ Istatistik Degeri AD"F Olasilik Degeri
egresyon Analizinin Hata Terimi (Diizey)

Sabit terimli -38.15337 0.0000

Sabit terimli ve Trendli -38.17716 0.0000

Sabit terimsiz ve Trendsiz -38.16533 0.0000

Tablo 8’e gore BIST Orman Kagit Basim (XKAGT) ve Stockholm Forestry & Paper (SX551010PI) endeks
degerleri sabit terimli, sabit terimli ve trendli, sabit terimsiz ve trendsiz durumlarda, ADF olasilik degeri
diizeyde 0,05’ ten kiiciik oldugu i¢in degiskenler arasinda esbiitiinlesme iliskisinden bahsedilmekte olup bu
degiskenler uzun dénemde birlikte dengeye gelmektedir. (XKAGT) ve Dolar degiskenleri regresyon denk-
lemi degerleri Tablo 9’da gosterilmistir.

Tablo 9

(XKAGT) ve dolar degiskenlerinin regresyon denklemi degerleri
Regresyon Denklemi Degerleri F istatistik olasiligi degeri  Olasilik degeri
(XKAGT) ve Dolar Degiskenleri ~ 0.000021 0.0000

Tablo 9°da belirtilen, BIST Orman Kagit Basim (XKAGT) ve Dolar degiskenleri regresyon denklemi deger-
lerine gore F istatistik olasiligi ve denklemin genel olasilik degeri 0,05 ten kiiciik oldugu i¢in regresyon
denklemi kurulmus olup (XKAGT) ve Dolar degiskenleri regresyon analizinin hata terimi degerleri Tablo
10°da gosterilmistir.
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Tablo 10
(XKAGT) ve dolar degiskenlerinin regresyon analizinin hata terimi degerleri

(XKAGT.) ve Dolar Deg.i skpnleri Regres- t Istatistik Degeri AD..F Olasilik Degeri
yon Analizinin Hata Terimi (Dizey)

Sabit terimli -37.61309 0.0000

Sabit terimli ve Trendli -37.64292 0.0000

Sabit terimsiz ve Trendsiz -37.62488 0.0000

Tablo 10’a gore BIST Orman Kagit Basim (XKAGT) ve Dolar degerleri sabit terimli, sabit terimli ve trendli,
sabit terimsiz ve trendsiz durumlarda, ADF olasilik degeri diizeyde 0,05’ten kiigiik oldugu i¢in degiskenler
arasinda esbiitiinlesme iliskisinden bahsedilmekte olup bu degiskenler uzun dénemde birlikte dengeye gel-
mektedir. (XKAGT) ve Euro degiskenleri regresyon denklemi degerleri Tablo 11°de gosterilmistir.

Tablo 11

(XKAGT) ve euro degiskenlerinin regresyon denklemi degerleri
Regresyon Denklemi Degerleri F istatistik olasilig1 degeri  Olasilik degeri
(XKAGT) ve Euro Degiskenleri 0.000000 0.0000

Tablo 11°de belirtilen, BIST Orman Kagit Basim (XKAGT) ve Euro degiskenleri regresyon denklemi deger-
lerine gore F istatistik olasiligr ve denklemin genel olasilik degeri 0,05’ ten kii¢iik oldugu i¢in regresyon
denklemi kurulmus olup (XKAGT) ve Euro degiskenleri regresyon analizinin hata terimi degerleri Tablo
12°de gosterilmistir.

Tablo 12
(XKAGT) ve euro degiskenlerinin regresyon analizinin hata terimi degerleri
(XKAGT.) ve Euro Degiskenleri Regres- t Istatistik Degeri AD..F Olasilik Degeri
yon Analizinin Hata Terimi (Dlzey)
Sabit terimli -37.53870 0.0000
Sabit terimli ve Trendli -37.56931 0.0000
Sabit terimsiz ve Trendsiz -37.55047 0.0000

Tablo 12’ye gore BIST Orman Kagit Basim (XKAGT) ve Euro degerleri sabit terimli, sabit terimli ve trendli,
sabit terimsiz ve trendsiz durumlarda, ADF olasilik degeri diizeyde 0,05°ten kiigiik oldugu i¢in degiskenler
arasinda esbiitiinlesme iligskisinden bahsedilmekte olup bu degiskenler uzun dénemde birlikte dengeye gel-
mektedir. (XKAGT) ve Sterlin degiskenleri regresyon denklemi degerleri Tablo 13’te gosterilmistir.

Tablo 13

(XKAGT) ve sterlin degiskenlerinin regresyon denklemi degerleri
Regresyon Denklemi Degerleri F istatistik olasiligi degeri  Olasilik degeri
(XKAGT) ve Sterlin Degiskenleri  0.000001 0.0000

Tablo 13’te belirtilen, BIST Orman Kagit Basim (XKAGT) ve Sterlin degiskenleri regresyon denklemi de-
gerlerine gore F istatistik olasilig1 ve denklemin genel olasilik degeri 0,05’ ten kiigiik oldugu i¢in regresyon
denklemi kurulmus olup (XKAGT) ve Sterlin degiskenleri regresyon analizinin hata terimi degerleri Tablo
14°te gosterilmistir.

Tablo 14
(XKAGT) ve sterlin degiskenlerinin regresyon analizinin hata terimi degerleri

(XKAGT) ve Sterlin Degiskenleri Regres- . . . .. . ADF Olasilik Degeri
yon Analizinin Hata Terimi t Istatistik Degeri (Dizey)

Sabit terimli -37.46938 0.0000

Sabit terimli ve Trendli -37.50006 0.0000

Sabit terimsiz ve Trendsiz -37.48113 0.0000
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Tablo 14’¢ gore BIST Orman Kagit Basim (XKAGT) ve Sterlin degerleri sabit terimli, sabit terimli ve trendli,
sabit terimsiz ve trendsiz durumlarda, ADF olasilik degeri diizeyde 0,05°ten kiigiik oldugu i¢in degiskenler
arasinda esbiitiinlesme iliskisinden bahsedilmekte olup bu degiskenler uzun déonemde birlikte dengeye gel-
mektedir

Degiskenler arasinda nedensellik iligkisi i¢in Granger nedensellik testi ile analiz edilecektir. Granger neden-
sellik testine gegmeden &nce seriler igin uygun gecikme uzunluklari belirlenir. BIST ORMAN KAGIT BA-
SIM (XKAGT) endeksi ile vadeli kereste islemleri (LBcl), Avrupa orman- kagit endekslerinden Helsinki
Forestry & Paper (HX551010PI), Stockholm Forestry & Paper (SX551010PI) ve déviz kurlari olarak da Do-
lar, Euro ve Sterlin arasindaki uygun gecikme uzunluklar tablo 15°te gosterilmistir.

Tablo 15

Serilerin uygun gecikme uzunluklari

Lag LogL LR FPE AIC SC HQ

0 8787.599 NA 3.90e-14 -11.01016 -10.98657 -11.00140
1 3375459  49683.53 1.05e-27 -42.25529 -42.06659* -42.18521
2 33874.48 237.5256 9.61e-28 -42.34418 -41.99036 -42.21278*
3 33926.53 102.6515 9.58e-28 -42.34800 -41.82907 -42.15527
4 33979.18  103.3912* 9.53e-28* -42.35258* -41.66853 -42.09853

Tablo 15’e gore (XKAGT), (LBcl), (SX551010PI), (HX551010PI), Dolar, Euro ve Sterlin serileri arasindaki
uygun gecikme uzunluklar1 Akaike bilgi kriterine gére 4 gecikme olarak bulunmustur. Uygun gecikme uzun-
lugu bulunduktan sonra ilgili gecikme uzunluguna gore olusturulan Granger nedensellik testi yapilmustir.

Tablo 16

XKAGT degiskeninin Granger Nedensellik Testi
Bagimli Degisken XKAGT Ki-Kare df Olasilik
VADELI KERESTE 1.219735 2 0.5434
STOCKHOLM 7.948861 2 0.0188
STERLIN 5110787 2 0.0777
HELSINKI 8.019533 2 0.0181
DOLAR 1.331591 2 0.5139
EURO 1.162226 2 0.5593
Tiim Degiskenler 64.05732 12 0.0000

Tablo 16’ya gore, bagimli degisken olarak (XKAGT) endeksi ile Stockholm Forestry & Paper (SX551010PI)
ve Helsinki Forestry & Paper (HX551010PI) endeksi arasinda %5 6nem seviyesinde nedensellik iligkisine
rastlanmistir. Stockholm Forestry & Paper (SX551010PI) ve Helsinki Forestry & Paper (HX551010PI) en-
deksinden (XK AGT) endeksine dogru bir nedensellik bulunmustur.

Tablo 17
Vadeli Kereste (LBcl) degiskeninin Granger Nedensellik Testi
Bagimli Degisken Vadeli Kereste  Ki-Kare df Olasilik

XKAGT 7.779674 2  0.0204
STOCKHOLM 0.097030 2  0.9526
STERLIN 3.539766 2  0.1704
HELSINKI 0.947638 2  0.6226
DOLAR 0.590522 2  0.7443
EURO 2.022051 2  0.3638
Tim Degiskenler 2252531 12 0.0320

Tablo 17°deki sonuglara gore, bagimli degisken olan Vadeli Kereste endeksi ile (XKAGT) endeksi arasinda
%35 onem seviyesinde nedensellik iligkisine rastlanmistir. (XK AGT) endeksinden Vadeli Kereste endeksine
dogru bir nedensellik bulunmustur.
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Tablo 18
Stockholm Forestry & Paper (SX551010PI) endeks degiskeninin Granger Nedensellik Testi
]?g%}glcl:lp?ﬁ (gjlls_ll{\jll)l Ki-Kare df  Olasilik
XKAGT 2.086248 2 0.3524
VADELI KERESTE 4811114 2 0.0902
STERLIN 4.333758 2 0.1145
HELSINKI 4.806922 2 0.0904
DOLAR 0.516637 2 0.7723
EURO 1.443205 2 0.4860
Tiim Degiskenler 28.32859 12 0.0050

Tablo 18’e gore, bagiml degisken olarak Stockholm Forestry & Paper (SX551010PI) endeksine dogru %5
6nem seviyesinde bir nedensellik iligkisi bulunamamugtir.

Tablo 19
Helsinki Forestry & Paper (HX551010PI) endeks degiskeninin Granger Nedensellik Testi
?ﬁ%?é}g;‘%sken Ki-Kare df Olasilik
XKAGT 4589085 2 0.1008
VADELI KERESTE  5.600902 2 0.0608
STOCKHOLM 18.92063 2 0.0001
STERLIN 10.30273 2 0.0058
DOLAR 1.918379 2 0.3832
EURO 4.264363 2 0.1186
Tiim Degiskenler 46.81260 12 0.0000

Tablo 19°da bulunan sonuglara gore, bagimli degisken olarak Helsinki Forestry & Paper (HX551010PI) en-
deksi ile Stockholm Forestry & Paper (SX551010PI) endeksi ve Sterlin arasinda %35 dnem seviyesinde ne-
densellik iliskisine rastlanmistir. Sterlin ve Stockholm Forestry & Paper (SX551010PI) endeksinden Helsinki
Forestry & Paper (HX551010PI) endeksine dogru bir nedensellik bulunmustur.

Tablo 20

Sterlin degiskeninin Granger Nedensellik Testi

Bagimli Degisken

STERLIN Ki-Kare df Olasilik
XKAGT 11.58710 2 0.0030
VADELI KERESTE  0.146556 2 0.9293
STOCKHOLM 4100301 2 0.1287
HELSINKI 1.054358 2 0.5903
DOLAR 6.703742 2 0.0350
EURO 4444054 2 0.1084
Tiim Degiskenler 33.24449 12 0.0009

Tablo 20’ de bulunan sonuglara gore, bagimli degisken olarak Sterlin ile (XKAGT) endeksi ve Dolar arasinda
%S5 onem seviyesinde nedensellik iliskisine rastlanmistir. (XKAGT) endeksi ve Dolar degiskenlerinden Ster-
lin degiskenine dogru bir nedensellik bulunmustur.
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Tablo 21
Dolar degiskeninin Granger Nedensellik Testi
Bagimli Degisken DOLAR  Ki-Kare df Olasilik

XKAGT 19.37312 2  0.0001
VADELI KERESTE 0.663956 2  0.7175
STOCKHOLM 3.182588 2  0.2037
STERLIN 2504343 2 0.2859
HELSINKI 0.431384 2  0.8060
EURO 1.050240 2  0.5915
Tiim Degiskenler 31.80720 12 0.0015

Tablo 21’de bulunan sonuglara gore, bagimli degisken olarak Dolar ile (XKAGT) endeksi arasinda %5 6nem
seviyesinde nedensellik iligkisine rastlanmistir. (XKAGT) endeksinden Dolar degiskenine dogru bir neden-
sellik bulunmustur.

Tablo 22
Euro degiskeninin Granger Nedensellik Testi
Bagimli Degisken EURO Ki-Kare df Olasilik

XKAGT 13.30992 2  0.0013
VADELI KERESTE 0.782536 2  0.6762
STOCKHOLM 4763081 2  0.0924
STERLIN 2.901561 2  0.2344
HELSINKI 2.366639 2  0.3063
DOLAR 12.63322 2 0.0018
Tiim Degiskenler 60.73894 12 0.0000

Tablo 22’de bulunan sonuglara gore, bagimli degisken olarak Euro ile (XKAGT) endeksi ve Dolar arasinda
%S5 Onem seviyesinde nedensellik iliskisine rastlanmistir. (XKAGT) endeksi ve Dolar degiskeninden Euro
degiskenine dogru bir nedensellik bulunmustur.

4. Sonug ve Oneriler

Hisse senetleri piyasalart ve bu piyasalarla iliskili oldugu diisliniilen diger finansal yatinm araglan
yatirimeilarin ¢ok fazla ilgisini ¢gekmektedir. Yatirimeilarin finansal araclar ve iligkili oldugu tiim unsurlar
hakkinda daha fazla bilgi sahibi olmasi yatirnm kararlarini etkileyebilecektir. Giiniimiiz ekonomilerinde
iilkelerdeki orman endiistrisi ve sirketleri ¢ok 6nemli bir konuma gelmistir. BIST’ te yer alan Orman Kagit
Basim (XKAGT) endeksi de yatirim yapilan hisse senedi piyasalari arasinda yer almaktadir. Caligmada BIST
Orman Kagit Basim (XKAGT) endeksi ile vadeli kereste islemleri (LBc1), Avrupa orman- kagit endekslerin-
den Helsinki Forestry & Paper (HX551010PI), Stockholm Forestry & Paper (SX551010PI) ve doviz kurlari
olarak da Dolar, Euro ve Sterlin’ in esbiitiinlesme ve nedensellik iliskileri Engle Granger Esbiitiinlesme testi
ve Granger Nedensellik testi ile analiz edilmistir. Calismada ilk olarak arastirmanin modeli kurulmus olup
daha sonra tanimlayici istatistikler, birim kok testi yapilmis ve ilgili degiskenler arasindaki esbiitiinlesme ve
nedensellik iliskilerini ortaya koymak adina Engle Granger Esbiitiinlesme testi ve Granger Nedensellik testi
kullanilmigtir. Ulusal ve uluslararasi literatiir incelendiginde BIST Orman Kagit Basim (XKAGT) endeksi ile
ilgili degiskenlerin yer aldigi, esbiitiinlesme ve nedensellik iliskilerinin incelendigi arastirmalara rastlanil-
mamustir. Bu anlamda ¢aligmanin 6zgiinliik sunabilecegi ve literatiire katki olusturmasi diistintilmektedir.

Caligmada elde edilen bulgulara gore, (XKAGT) endeksi ile (HX551010PI), (SX551010PI), Dolar, Euro ve
Sterlin arasinda Engle Granger esbiitiinlesme iliskisi bulunmus olup, (LBcl) ile egbiitiinlesme iliskisi
bulunamamustir. Degiskenlerle ilgili VAR Granger nedensellik testine gore; (SX551010PI) ve HX551010P1)
endeksinden (XKAGT) endeksine, (XKAGT) endeksinden (LBc1) endeksine, (SX551010PI) endeksinden ve
Sterlin degiskeninden (HX551010PI) endeksine, (XKAGT) endeksi ve Dolar degiskeninden Sterlin
degiskenine, (XKAGT) endeksinden Dolar degiskenine, (XKAGT) endeksi ve Dolar degiskeninden Euro
degiskenine dogru tek yonlii bir nedensellik iliskisine rastlanilmistir.
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Calismada elde edilen sonuglarin, BIST Orman Kagit Basim (XKAGT) endeksi ile yatirim yapmak isteyen
yatirimcilara, ilgili sirketlere ve diger ilgili unsurlara yatirnm karari konusunda yardimci olabilecegi
diisiiniilmektedir. Ayrica bu ¢alisma, bagimsiz degisken olarak farkli makroekonomik faktorlerin eklenmesi
ile yeni yapilacak aragtirmalar igin yol gosterici olabilir.

Kaynaklar

Akyiiz F., Yesil T., Kara 1. ve Ersoy G., (2018). BIST’de islem géren Kagit ve Kagit Uriinleri Basim ve Yayin isletme-
lerinin Topsis, Promethee ve Copras yontemleriyle finansal performanslarinin belirlenmesi, Business & Mana-
gement Studies: An International Journal, (2018), 6(3): 293-314.

Apan, M, ve Oztel, A. (2020). Biitiinlesik Entropi-EDAS yéntemi ile nakit akim odakl1 finansal performans analizi: BIST
Orman, Kagit, Basim Endeksi’nde islem goren firmalarin 2011-2018 donem verisinden kanitlar. Bartin Orman
Fakdltesi Dergisi, 2020, 22 (1), 170-184.

Alevli, C. ve Yildirim, 1. (2016). Tiirkiye’deki baz1 orman iiriinleri dis ticaretinin karsilastirmali analizi. Ormancilik Der-
gisi, 12(1), 83-95.

Altunel, T. A. (2012).0dun dis1 orman iiriinlerinin toplayici/iiretici agisindan sosyoekonomik énemi. Journal of the Fa-
culty of Forestry, 62(1), 85-99.

Ciitcii, 1. ve Kan, E. (2018). Dogrudan yabanci sermaye yatirimlarini etkileyen faktorler: Tiirkiye drnegi. Sakarya Iktisat
Dergisi, 7(3), 1-21.

Dickey, D. A. and Fuller, W. A. (1979). Distribution of the estimators for autoregressive time series with a unit root,
Journal of the American Statistical Association, 74(366), 427-431.

Dilber, 1. ve Kilig, J. (2018). Tiirkiye’de turizm gelirleri ile ekonomik biiyiime iliskisi: ENGLE GRANGER esbiitiinlesme
testi ve VAR model. TESAM Akademi Dergisi, 5(2), 95-118.

Engle, R. F. and Granger, C. W. J. (1987). Co-Integration and error correction: Representation, estimation, and testing.
Econometrica, 55(2), 251-276.

Granger, C. W. J. (1969). Investigating causal relations by econometric models and cross-spectral methods, Economet-
rica, 37 (3) 424-438.

Kurt, R., Imren E. ve Karayilmazlar, S. (2021). Tiirkiye orman endiistri sektorii altinda faaliyet gosteren kagit, orman ve
mobilya firmalarinin finansal performanslarinin Entropi Temelli PROMETHEE yontemiyle analizi. Bartin Orman
Fakltesi Dergisi, 2021, 23 (2), 545-554.

Karadeniz, E., Iskenderoglu, O. ve Ocek, C. (2021). Kagit ve kagit iiriinleri imalat sektdriiniin finansal performansinin
Olcek temelinde analizi: Tiirkiye Cumhuriyet Merkez Bankasi sektor bilangolarinda bir arastirma. Bartin Orman
Fakiltesi Dergisi, 23 (1), 160-171.

Kog, K. H., Dilik, T. ve Kurtoglu, A. (2017). Tiirkiye orman iiriinler endiistrisine stratejik bir bakis, IV. Ulusal Ormancilik
Kongresi, 483-495.

Kustepeli, Y. ve Bilman, M. (2009). Tiirkiye’de vergiler ve biiyiime arasindaki uzun dénem iliskisi. Dokuz Eyliil Univer-
sitesi Isletme Fakiiltesi Dergisi, 10(1), 119-130

Onder, K. ve Onder, E. (2009). Ormancilik sektoriiniin ekonomik biiyiime iizerine etkisi: Tiirkiye 6rnegi. II. Ormancilikta
Sosyo-Ekonomik Sorunlar Kongresi, 444-450.

Oztiirk, S. ve Sezen, S. (2018). Ekonomik biiyiime ile issizlik arasindaki iliskinin analizi: Tiirkiye rnegi. Mustafa Kemal
Universitesi Sosyal Bilimler Enstitiisii Dergisi, 15(41), 1-14.

Smyth, R. and Nandha, M. (2003). Bivariate causality between exchange rates and stock prices in South Asia. Applied
Economics Letters, 10(11), 698-704.

Tarim Orman Surasi (2019). Orman kaynaklarindan faydalanma grubu ¢alisma belgesi, Ankara, 1-31. https://cdniys.tari-
morman.gov.tr/api/File/GetGaleriFile/330/DosyaGaleri/956/21%200rman%20Kaynak-
lar%C4%B1ndan%20Faydalanma%20Grubu%20%C3%87al%C4%B1%C5%9Fma%20Belgesi.pdf

Tripathi, V. and Sethi, S. (2010). Integration of Indian stock market with world stock markets. Asian Journal of Business
and Accounting, 3(1), 117-134.

T. C. Kalkinma Bakanlig1 On Birinci Kalkinma Plani. (2019-2023). Ormancilik ve orman iiriinleri ¢aligma grubu ra-
poru. ANKARA, 1-87. https://www.sbb.gov.tr/wpcontent/uploads/2020/04/Ormancilik_ve_Orman_UrunleriCa-
lismaGrubuRaporu.pdf

Tiirkiye Thracatgilar Meclisi. (2021). Thracat 2021 Raporu, 1-145. https://tim.org.tr/files/downloads/Strateji_Rapor-
lari/TIM_lhracat_2021_Raporu.pdf

URL 1. www.investing.com, (Erigim Tarihi: 2021)

Uglinct, T., Akylz, K. C., Akyiiz, 1., Bayram, B. C. and Ersen, N. (2018). Evaluation of financial performance of
paper companies traded at BIST with TOPSIS method. Kastamonu Universitesi Orman Fakiiltesi Dergisi, 18
(1): 92-98.

Yilanci, V. (2009). Fisher hipotezinin Tiirkiye i¢in sinanmasi: Dogrusal olmayan esbiitiinlesme analizi. Atatiirk Univer-
sitesi Iktisadi ve Idari Bilimler Dergisi, C23(4), 205-213.

Yildiz, B. ve Erdogan, M. (2020). Orman, kagit ve basim sektoriinde faaliyet gosteren isletmelerin finansal performans-
larinin lgiilmesi: Borsa Istanbul’da bir TOPSIS uygulamasi. Isletme Arastirmalar: Dergisi, 12 (1), 938-954.

144


https://cdniys.tarimorman.gov.tr/api/File/GetGaleriFile/330/DosyaGaleri/956/21%20Orman%20Kaynaklar%C4%B1ndan%20Faydalanma%20Grubu%20%C3%87al%C4%B1%C5%9Fma%20Belgesi.pdf
https://cdniys.tarimorman.gov.tr/api/File/GetGaleriFile/330/DosyaGaleri/956/21%20Orman%20Kaynaklar%C4%B1ndan%20Faydalanma%20Grubu%20%C3%87al%C4%B1%C5%9Fma%20Belgesi.pdf
https://cdniys.tarimorman.gov.tr/api/File/GetGaleriFile/330/DosyaGaleri/956/21%20Orman%20Kaynaklar%C4%B1ndan%20Faydalanma%20Grubu%20%C3%87al%C4%B1%C5%9Fma%20Belgesi.pdf
https://www.sbb.gov.tr/wpcontent/uploads/2020/04/Ormancilik_ve_Orman_UrunleriCalismaGrubuRaporu.pdf
https://www.sbb.gov.tr/wpcontent/uploads/2020/04/Ormancilik_ve_Orman_UrunleriCalismaGrubuRaporu.pdf
https://tim.org.tr/files/downloads/Strateji_Raporlari/TIM_Ihracat_2021_Raporu.pdf
https://tim.org.tr/files/downloads/Strateji_Raporlari/TIM_Ihracat_2021_Raporu.pdf
http://www.investing.com/

Bartin Orman Fakiiltesi Dergisi | Journal of Bartin Faculty of Forestry

2022, 24(1): 145 - 156 | DOI: 10.24011/barofd.1065643

BAROFD

Alkali Konsantrasyonunun Odun Unu Dolgulu PVC Kompozitlerin

Mekanik Ozelliklerine Etkisi

Nasir NARLIOGLU

{zmir Katip Celebi Universitesi, Orman Fakiiltesi, Orman Endiistri Miihendisligi Béliimii, izmir, Tiirkiye

Makale Tarihgesi

Gonderim:  03.02.2022
Kabul: 23.03.2022
Yayim: 15.04.2022

Arastirma Makalesi

Oz — Bu ¢alisma, modifiye edilmis odun ununun termoplastik kompozitler iizerindeki etkisini belirlemek amaciyla
yapilmustir. Bu amagla, farkli konsantrasyonlarda (%0-3-6-12) alkali (sodyum hidroksit (NaOH)) ile muamele edilmis
odun unu, polivinil klortr (PVC) polimerine ilave edilerek odun-PVC kompozitleri tiretilmistir. Alkali muamelesinin
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alkali muamelesinin kompozit malzemelerin termal kararlilifinda artisa sebep oldugunu géstermistir..
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Abstract — This study was carried out to determine the effect of modified wood flour on thermoplastic composites.
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1. Giris

Lignoseliilozik dolgu maddeli kompozitler, hafif ve diisiik maliyetli olmalarinin yani sira ¢evre dostu olmalar
nedeniyle hem bilimsel hem de ticari olarak biiyiik ilgi gérmiislerdir (Ashori, 2008; Lu vd., 2008; Kallakas
vd., 2015). Cam, kil, tas yiinii vd. inorganik dolgu maddelerine kiyasla, kenevir, jiit, odun unu gibi
lignoseliilozik dolgu maddelerinin yiiksek 6zgiil dirence sahip olmalari, gesitli polimerlerle karisabilir
olmalari, yenilenebilir bir kaynaktan elde edilmeleri ve ucuz olmalari sebebiyle polimer kompozit tiretiminde
dolgu maddesi olarak kullanim olduk¢a yaygindir.

Polivinil kloriir (PVC), en yaygin kullanilan termoplastiklerden biridir. Ornegin pencere ve kap1 gergeveleri,
dis cephe kaplamasi, borular, elektrik telleri, pencere profilleri ve diger dis mekanlar i¢in bina ve insaatta
bir¢cok uygulama yerleri vardir (Ge vd., 2004; Wirawan vd., 2009; Khalil vd., 2013). PVC, cesitli agindiric
sivilara kars1 olaganiistii kimyasal dirence sahiptir ve diger termoplastiklerin cogundan daha fazla direng ve
sertlik sunar (Wirawan vd., 2009). PVC, esas olarak yaygin kullanilan tuzdan (NaCl) tretilen klora ihtiyag
duyar. Agirlik bazinda, klor toplam agirligin %56,8'ini olusturur. Bu nedenle, PVC petrol ve dogal gaz
fiyatlarindan diger polimerlere gore daha az etkilenir (Nass, 1985; Wirawan vd., 2009). PVC polimerinin,
poliolefin (polietilen ve polipropilen gibi) polimerlerine kiyasla daha ucuz olmasi, farkl direng isteklerine
cevap verecek tiirlere sahip olmasi ve gesitli katki maddeleriyle 6zelliklerinin gelistirilebilir olmasi gibi
birtakim avantajlarindan dolay1 ¢ogu plastik ve polimer kompozit {ireticileri PVC’yi diger polimerlere tercih
etmektedirler. Son zamanlarda, odun lifi takviyeli PVC kompozitler, makul mekanik 6zellikleri yani sira
diisiik rutubet, biyolojik direng, uzun Omiir, ahsap benzeri yilizey performansi ve geri doniistiiriilebilirlik
nedenleriyle oldukca ilgi ¢ekicidirler (Clemons, 2002; Clemons ve Ibach, 2004).

Dogal lifler: odun dist lifler ve odun lifleri olarak iki kategoride siniflandirilabilir. Odun unu seklindeki dogal
lifler, dogal lif takviyeli kompozitlerin hazirlanmasinda siklikla kullanilmistir (Wirawan vd., 2009). Dogal
liflerin polimerlere katki saglayan birtakim 6zelliklere sahip olmalarinin aksine bazi dezavantajlar1 da vardir.
Dogal liflerin en belirgin dezavantajlari, lif ve polimer matris arasindaki zayif uyum ve liflerin rutubet
hassasiyetidir (Faruk vd., 2012; Oladele vd., 2019). Diger yandan, dogal liflerin yapisinda bulunan seliiloz ve
lignindeki hidroksil (OH) gruplari nedeniyle bu lifler, kimyasal muamele i¢in iyi bir potansiyele sahiptir. OH
gruplarinin reaksiyonu, dogal liflerin yiizey enerjisini ve polaritesini degistirebilir (Ghasemi ve Farsi, 2010).
Yiiksek hidrofilik odun lifleri ile hidrofobik polimerler arasindaki zayif uyumluluk, mekanik 6zelliklerin
kaybryla iligkilidir. Bu nedenle, polimer matris ve odun unu arasindaki ara-ylizey yapismasini gelistirmek
icin, odun ununun kimyasal modifikasyonu uygun bir ¢oziimdiir (Kallakas vd., 2015). Dogal liflerin
ozelliklerinin gelistirilmesi i¢in birgok lif modifikasyonu yontemleri mevcuttur. Bu modifikasyon yontemleri
arasinda 1s1l iglem, plazma ve korona muamelesi gibi fiziksel yontemlerin yaninda asetilasyon, silan ve alkali
muamelesi gibi kimyasal yontemler yaygin modifikasyon yontemleridir (Hill, 2006; Rowell, 2006; Faruk vd.,
2012). Merserizasyon olarak da adlandirilan seliilozik liflerin alkali ile muamele islemi, mikrofibril yapisini
degistirmek, hidrojen baglarini bozmak, ylizey piiriizliiliiglinii artirmak, safsizliklar gidermek, yiiksek kaliteli
lifler Gretmek ve Uretilen bu liflerle polimer matrisi gliglendirmek, ¢ogu arastirmacilar tarafindan siklikla
bagvurulan yontemlerden biridir (Ray vd., 2001; Siregar vd., 2010; Cuebas vd., 2020). Alkali muamele ile
seliilozun kristalitesi artar, odun liflerinin safsizliklar1 ve sismesi azalir, bu da daha az sayida OH grubu ile
sonuclanir (Kallakas vd., 2015). Alkali muamelesi veya merserizasyon islemi, termoplastikleri ve
termosetleri gliclendirmek i¢in dogal liflere uygulanan yaygin kimyasal muamele yontemlerden biri olup, bu
yontemle hiicre duvarinin dis yiizeyini kaplayan belirli miktarda mum, yag ve lignin giderilebilmektedir
(Faruk vd., 2012). Ayrica, alkali muamele yontemi diger kimyasal muamele yontemlerine kiyasla daha ucuz
bir yontemdir (Aziz ve Ansell, 2004).

Bu ¢alisma, farkli konsantrasyonlardaki alkali muamelesinin odun-PVC kompozitlerin mekanik ézelliklerine
etkisini belirlemek amaciyla yapilmistir. Bu amagla ilk dnce sarigam odun unu sodyum hidroksit (NaOH) ile
muamele edilmis, ardindan PVC polimerine eklenerek kompozit malzemeler iiretilmistir. Bu calisma,
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literatiirde sinirhi sayida bulunan modifiye edilmis lignoseliilozik madde dolgulu PVC kompozitlerle ilgili
yapilan ¢alismalardan farkli olarak, NaOH ile muamele edilmis sarigam odun ununun PVC polimerine
eklenmesiyle iiretilen kompozit malzemelerin baz1 6zelliklerinin incelenmesi agisindan diger ¢calismalardan
farklilik gostermektedir.

2. Materyal ve Ydntem

2.1. Materyal

Kompozit malzeme iiretimi i¢in dolgu maddesi olarak sarigam (Pinus sylvestris) odun unu kullanilmstir.
Sarigam odunu Pakis Kereste sirketinden (Kahramanmaras, Tirkiye), odun ununun alkali muamelesi igin
kullanilan sodyum hidroksit (NaOH) Merck firmasindan temin edilmistir. Ayrica, kompozit iiretimi i¢in
kullanilan PVC (polivinil kloriir - K65) polimeri Petkim’den (Petrokimya Holding A.S.) temin edilmistir.
PVC polimeri, poliolefinlerden (polietilen, polipropilen) farkli olarak islenmeleri esnasinda yiiksek
sicakliklara maruz kaldiklarinda termal olarak stabil olmamalari sebebiyle bazi katki maddelerine gereksinim
duymaktadirlar. Bu ¢alismada PVC’nin renk ve 1s1 stabilizasyonu icin titanyum dioksit (TiO), ¢inko stearat
(CH3(CH2)16C00).Zn) ve epoksitlenmis soya yagr (ESBO) kullanilmistir. ESBO (Drapex 39), Polivinil
Plastik Sanayi ve Tic. Ltd. Sti.’den (Istanbul, Tiirkiye), kalsit, titanyum dioksit ve ¢inko stearat ise Aker
Kimya firmasindan (Istanbul, Tiirkiye) temin edilmistir.

2.2. Metot

2.2.1. Dolgu Maddesi Hazirhig ve Alkali Muamelesi

Dolgu maddesi olarak kullanilan sarigam odununun, kompozit liretimine uygun hale getirilmesi i¢in ilk 6nce
keser yardimiyla yongalama islemi yapilmistir. Ardindan, odun yongalari laboratuvar tipi Ogiitliciide
ogiitiilmistiir. Daha sonra, 6giitilmiis odun unu sarsak elek vasitasiyla pargacik boyutlarina gore
siniflandirilmistir. Bu ¢alismada kompozit malzeme {iretimi i¢in 40 — 60 mesh parcacik araligindaki odun unu
kullanilmustir. Elenerek tasnif edilmis odun unu oda sicaklifinda 6 saat siiresince ayri ayri i¢ farkli
konsantrasyonda (%3-6-12) NaOH ¢ozeltisi ile muamele edilmistir. NaOH ¢6zeltisi hazirligi igin destile su
kullanilmistir. 6 saat sonunda odun unu ve alkali (NaOH) karigimi saf su ile yikanarak siiziilmiis, ardindan
103 °C’ye ayarli firinda tam kuru hale gelinceye kadar kurulmustur. Dogal liflerin alkali ile muamelesi
isleminde, alkali (NaOH, KOH vb.) konsantrasyonunun %0,03 ile %40 arasinda, islem siiresinin ise birkag
dakika ile 48 saat arasinda oldugu bildirilmistir (Bartos vd., 2020).

2.2.2. Kompozit Malzeme Uretimi

Katki maddeleri (%5 ESBO, %2 c¢inko stearat, %2 kalsit ve %] titanyum dioksit) PVC polimerine ilave
edildikten sonra iyice karigtiritlmistir. Ardindan, odun unu ve katki maddeli PVC polimeri Tablo 1’de verilen
oranlara gore kovan sicaklik profili sirasiyla; 100-120-140-160-175 °C’ye, vida hizi 50 d/d’ye ayarh
laboratuvar tipi ¢ift vidali ekstruder vasitasiyla karistirilarak, bir adet muamele edilmemis odun unu dolgulu
(kontrol), ti¢ adet farkli konsantrasyonlarda alkali muameleli odun unu dolgulu, toplam dort adet farkli
kompozit karisim parametrelerinde odun-PVC kompozit peletleri iiretilmistir. Daha sonra, iiretilen
peletlerden hidrolik pres yardimiyla sicak pres kaliplama teknigine uygun (ASTM D4703-10), 250 x 250 x 3
mm ebatlarinda levhalar iiretilmistir. Uretilen levhalar mekanik testler icin standart boyutlara getirilmis,
ardindan %50 = 5 bagil nem ve 23 + 2 °C’de bir hafta siiresince sartlandirilmistir.
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Tablo 1
Kompozit malzeme karisim oranlari
NaOH konsantrasyonu Odun unu PVC

Numune kodu

(%) (%) (%)
PWO 0
PW3 3
PW6 6 23 &
PW12 12

2.2.3. Mekanik Ozelliklerin Belirlenmesi

Kompozit malzemelerin mekanik 6zelliklerinin belirlenmesi igin sirastyla, gekme direnci, egilme direnci ve
sertlik testleri yapilmistir. Cekme ve egilme direnci testleri 2 kN kapasiteli elektromekanik {iniversal test
makinesinde, sertlik testi ise dijital Shore D sertlik testi cihazinda yapilmistir. Cekme direnci ve egilme
direnci testleri sirasiyla ASTM D638 ve ASTM D790 standartlarina gore, sertlik testi ise ASTM D2240
standardina gore yapilmustir.

2.2.4. Termal Ozelliklerin Belirlenmesi

Kompozit malzemelerin termal analizleri, termogravimetrik analiz (TGA) cihazi (Shimadzu TA60)
kullanilarak, oda sicakligindan 600 °C’ye kadar, 10 °C/dk'lik 1sitma hiz1 ve 50 mL/dk'lik akis hizina ayarl
azot gazi atmosferinde gergeklestirilmigtir.

2.2.5. Fourier Doniisiimlii Kizilotesi Spektroskopisi (FTIR) Analizleri

Alkali muamelesi sonrasi odun ununun yapisinda meydana gelen degisiklikleri incelemek i¢in FTIR analizleri
yapilmistir. FTIR analizlerinden énce numuneler tam kuru hale gelinceye kadar kurutulup, fosfor pentaoksit
bulunan desikatorde soguyuncaya kadar bekletilmistir. Kurutulmus numuneler potasyum bromiir (KBr) ile
agat havanda karigtirildiktan sonra KBr/numune peletleri elde edilmistir. Numunelerin FTIR analizleri,
Shimadzu 8400s FTIR spektrofotometresi kullanilarak yapilmistir.

2.2.6. istatistiksel Analizler

Mekanik test sonuglarinin birbirleriyle karsilastiriimasi igin SPSS programinda (IBM SPSS Statistics-Version
22) varyans analizi (ANOVA) ve Duncan testi yapilmistir. Test sonuglarina gore ornekler arasindaki
istatistiksel anlamlilik (p<0,05) grafikler (Sekil 1-2-3) lizerinde belirtilmistir.

3. Bulgular ve Tartisma

Kompozit numunelerinin gekme direnci ve cekmede elastikiyet modiilleri Sekil 1’de verilmigtir. Numunelerin
¢ekme direngleri karsilastirmalarina gore en diisiik ¢ekme direnci degeri alkali muamelesiz kompozit
orneginde (PWO0) 26,14 MPa olarak olciilmiistiir. Alkali muamelesi sonrasi kompozit numunelerinin ¢ekme
direnci degerlerinde artis goriilmiistiir. Kompozit 6rnekleri arasinda en yiiksek ¢ekme direnci degeri %6 alkali
muameleli kompozit 6rneginde (PW6) 28,63 MPa olarak tespit edilmistir. Ayrica alkali muameleli kompozit
orneklerinin ¢ekme direnci degerlerinin birbirlerine yakin degerler sergiledikleri goriilmiis ve cekme direnci
degerleri aralarindaki farklarin istatistiksel olarak anlamsiz oldugu tespit edilmistir (p>0,05). Numunelerin
¢cekme modiilleri karsilagtirmalarina gore, alkali muameleli odun unu igeren kompozitlerin daha yiiksek
¢ekme modiilii degerleri sergiledikleri goriilmiigtiir. Alkali muamelesiz kompozit rneginin (PW0) ¢ekme
modiilii degeri 1,17 GPa olarak ol¢iilmiistiir. Bunlara ek olarak, %3-6-12 konsantrasyonlarda alkali ile
muamele edilmis odun unu igeren; PW3, PW6 ve PW12 kompozit numunelerinin ¢cekme modiilii degerleri
ise sirastyla 1,41 GPa, 1,42 GPa ve 1,50 GPa olarak dlglilmiistir.
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Sekil 1. Kompozit numunelerinin ¢ekme direnci ve ¢ekmede elastikiyet modiilleri

Alkali ile muamele edilmis liflerin, muamele edilmemis liflerden daha iyi ¢ekme direncine sahip oldugu
bildirilmistir (Mylsamy ve Rajendran, 2010; Reddy vd., 2013). Rout vd., (2001) yaptiklar ¢alismada, %2
alkali muameleli Hindistan cevizi lifi eklenmis polyester kompozitlerin ¢ekme direnglerinde onemli
gelismeler oldugunu bildirmigler. Alkali muameleli ve muamelesiz muz lifi takviyeli PLA kompozitlerin
mekanik 6zelliklerinin incelendigi baska bir ¢alismada, liflerin alkali ile muamelesinin kompozitlerin gekme
direnglerini %18,4 ile %33,5 arasinda artirdigini bildirmislerdir (Pannu vd., 2021). Diger bir caligmada
henequen (Agave fourcroydes) lifinin alkali muamelesi sonrasinda lif ve matris arasindaki etkilesimin
gelistirilmesine katki yaptigi rapor edilmistir (Valadez-Gonzalez vd., 1999). Ghasemi ve Farsi, (2010)
calismalarinda, kaym odun lifinin NaOH ile muamelesi sonrasi polipropilen (PP) matrise eklenmesi
sonucunda Uretilen kompozitlerin, ¢ekme direnci ve modiiliiniin, muamele edilmemis odun lifi takviyeli
kompozitlerinkine kiyasla daha yiiksek degerler sergilediklerini bildirmisler. Kompozitlerin iistiin ¢ekme
direnci sergilemeleri, alkali muamelesinin liflerdeki safsizliklar1 ortadan kaldirarak, lif yiizeyinin tutunma
ozelliklerini gelistirmesine ve piiriizlii bir yiizey yapisinin agiga ¢ikarilmasina baglanmistir (Siregar vd.,
2010). Ayrica, alkali muamelesi sonrasi lif demetlerinin daha kiigiik liflere ayrilmas1 sebebiyle olusan etkili
yiizey alaninin, polimer matris ile uyumlulugu artirdigi bildirilmistir (Mohanty vd., 2000). Bunlara ek olarak,
alkali muamelesinin seliiloz sarmal acisinda azalmaya ve seliiloz zincirinin molekiiler yoneliminde artisa
neden olabilecegi belirtilmistir (Gassan ve Bledzki, 1999). Jiang vd., (2018) sorgum sapini farkli
konsantrasyonlarda (%0,5-2,5-4,5-6,5) NaOH ile muamele ettikten sonra PVC polimerine ekleyerek
kompozit iiretmigler ve irettikleri kompozitlerin ¢ekme direnci ve ¢ekme modiiliinde, muamele
edilmemislerinkine kiyasla sirasiyla %31,8 ve %27,7 oranlarinda gelisme goriildiigiini bildirmigler. Bu
gelismeyi, alkali muamelesi sonrast liflerin yeniden diizenlemesinin yani sira hemiseliiloz, lignin ve diger
safsizliklarin yapidan uzaklastirilmasina baglamislar. Benzer sekilde bu g¢alismada, odun ununun alkali
muamelesi sonrasi PVC polimerine eklenmesiyle kompozitlerin gekme direnglerinde goriilen artigin, odunun
hemiseliiloz bilesenindeki azalisa ek olarak, liflerin tekrar diizenlenmesi, lif demetlerinin daha kiigiik liflere
ayrilmasi sonucunda lif polimer matris arasindaki etkilesimin artmasindan kaynaklandig: diisiiniilmektedir.

Kompozit numunelerinin egilme direnci ve egilmede elastikiyet modiilleri Sekil 2°de gosterilmistir. Alkali
muameleli odun unu iceren numunelerin egilme direnci degerlerinin, muamele edilmemis odun unu igeren
numunelerinkine kiyasla daha yiiksek oldugu goriilmiistiir. Alkali muamelesi sonras1 kompozitlerin egilme
direnci degerlerindeki artig egilimi %6 alkali muamelesine kadar olmus, daha sonra %12 alkali muamelesi
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sonrasi bir miktar azalmistir. Ayrica alkali muameleli kompozitlerin egilme direnci degerlerinin istatistiksel
olarak benzer olduklar1 goriilmiistiir (p>0,05). Kompozit numuneleri arasinda en diisiik egilme direnci degeri,
alkali muamelesiz odun unu igeren PW0 kompozit numunesinde 61,66 MPa, en yiiksek egilme direnci degeri
ise %6 alkali muameleli odun unu iceren PW6 kompozit numunesinde 68,99 MPa olarak Glgiilmiistiir.
Bunlara ek olarak, alkali muamelesi sonrasinda kompozit 6rneklerinin egilme modiillerinde kayda deger
artislar gorilmiistiir (p<0,05). En diisiik egilme modiilii degeri alkali muamelesiz odun unu i¢eren kompozit
numunesinde (PW0) 1,48 GPa olarak, en yiiksek egilme modiilii degeri ise %6 alkali muameleli odun unu
iceren kompozit 6rneginde (PW6) 1,94 GPa olarak dl¢iilmiistiir. Ayrica, %3 alkali muameleli odun unu igeren
kompozit numunesinin (PW3) egilme modiilii degeri 1,70 GPa olarak, %12 alkali muameleli odun unu igeren
kompozit numunesinin (PW12) egilme modiilii degeri ise 1,87 GPa olarak 6l¢iilmiistiir. Bu ¢aligmada, alkali
konsantrasyonundaki artiga bagli egilme direnci ve elastikiyet modiiliinde goriilen azalislar ise yiiksek alkali
konsantrasyonu sebebiyle odun liflerinin daha fazla sismesi sonucu lignin bileseninin odun yapisindan
uzaklagmasina baglanmustir.
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Sekil 2. Kompozit numunelerinin egilme direnci ve egilmede elastikiyet modiilleri

Alkali muamelesi, lif yilizeyinin piiriizliliglni arttirir, bu da mekanik kilitleme ve kimyasal baglama yoluyla
odun plastik kompozitlerin (OPK) mekanik 6zelliklerini iyilestirmeye yardimci olur (Gwon vd., 2010).
Siregar vd., (2010) calismalarinda, ananas yaprak liflerini fakli konsantrasyonlarda NaOH ile muamele
ettikten sonra polistiren (high impact polystyrene) matrisine ilave etmisler. Calisma sonucunda alkali
muamelesiz lif iceren kompozitin egilme direnci degerinin 31,66 MPa, %2 ve %4 alkali muameleli lif igeren
kompozitlerin egilme direnglerinin ise sirasiyla 34,37 MPa ve 40,78 MPa oldugunu bildirmisgler. Ayni
calismada kompozitlerin egilme modiillerinin 4,29 GPa’dan, 4,46 GPa ve 4,55 GPa’ya yiikseldigini tespit
etmisler. Ray vd., (2001) yaptiklar1 ¢alismada, farkl: stireler (2, 4, 6, 8 saat) boyunca %5 konsantrasyonda
NaOH ile muamele ettikleri jiit lifini, agirlik¢a farkli oranlarda (%0-8-15-23-30-35) vinilester recinesine
ekledikten sonra kompozit malzeme iiretmisler. Urettikleri kompozitlerin egilme direnglerinde ve elastikiyet
modiillerinde alkali muamelesi sonrasi gelisme goriildigiini bildirilmislerdir. Ayni ¢alismada, 6 saat
stiresince alkali ile muamele edilmis jit lifi igeren (agirlik¢a %30) kompozit numunesinin egilme direnci
degerinin 180,6 MPa’dan, 195,9 MPa’ya yiikseldigi, elastikiyet modiiliiniin ise kontrol numunesine kiyasla
yaklagik %25 artis sergiledigini rapor etmisler. Diger bir ¢alismada, hus odun ununun alkali ile
muamelesinde, NaOH konsantrasyonunun %5'ten %17,5'e ¢ikarilmas1 durumunda, egilme direnci degerinin
33,1 MPa'dan 36,9 MPa'ya yiikseldigi bildirilmistir. Baska bir ¢alismada, dolgu maddesi olarak piring sap1
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kullanilan PVC matrisli kompozitlerde, piring sapinin 80 °C’de 1 saat siiresince %5 ve %10 NaOH ile
muamelesinin kompozitlerin direng 6zellikleri tizerinde kayda deger gelismelere sebep oldugu bildirilmistir
(Kamel, 2004). Alkali konsantrasyonunun %10'dan fazla olmasi durumunda, asir1 alkalinin odun ununun
yiizeyini zayiflattig1 ve odun lifleri arasindaki asindirici etkilesimlerin bir sonucu olarak kompozitlerin egilme
direncinin hafifce azaldig1 6nceki ¢aligmalarda bildirilmistir (John vd., 2008; Gwon vd., 2010). Bu nedenle,
OPK’lerde 0stiin mekanik 6zellikler elde etmek igin optimum konsantrasyonda NaOH secimi énemlidir
(Kallakas vd., 2015). Bu ¢alismada, odun ununun alkali ile muamelesi sonras1 kompozitlerin egilme direnci
ve modiilii, %6 alkali konsantrasyonuna kadar artmis, %12 alkali konsantrasyonunda ise yavasc¢a azalmstir.

Kompozit malzemelerin Shore D sertlik degerleri Sekil 3’te verilmistir. Odun ununun alkali ile muamelesi
sonras1 kompozitlerin sertliklerinde kayda deger bir degisiklik goriilmemistir (p>0,05). Alkali ile muamele
edilmemis kompozit numunesinin (PW0) Shore D sertlik degeri 75,68 olarak 6l¢iilmiistiir. Bunlara ek olarak,
%3-6-12 konsantrasyonlarinda NaOH ile muamele edilmis kompozit 6rneklerinin (PW3, PW6 ve PW12)
sertlikleri ise sirasiyla 75,78, 75,48 ve 76,08 olarak ol¢iilmiistiir. Shore sertlik 6l¢egi siniflandirmalarina gore,
bu caligmada {iretilen kompozit malzemelerin ekstra sert malzemeler smifinda oldugu goriilmiistiir. Bir
kompozitin sertligi, dolgu maddesinin matris i¢indeki dagilimina baglidir. Odun unu gibi sert dolgu
maddelerinin termoplastik polimer matrisle homojen bir sekilde karistirilmast sonucunda, polimer matrisin
sertligi artmaktadir. Genellikle, daha esnek matrisin varligi, elde edilen kompozitlerin daha diisiik sertlik
sergilemesine neden olur (Premalal vd., 2002; Siddika vd., 2014). Dolgu pargaciklarinin kauguk veya plastige
eklenmesi, polimer zincirlerinin esnekligini veya elastikligini azaltarak daha sert bir kompozit elde
edilmesine olanak saglar (Jamil vd., 2006). Saini vd., (2010) yaptiklar1 ¢calismada, seker kamis1 kiispe tozunu
oda sicakliginda 30 dakika siiresince %1 konsantrasyonda NaOH ile muamele etmisler ve ardindan, muamele
edilmis ve edilmemis seker kamis1 kiispe tozunu ayr1 ayr1 PVC matrisine ekleyerek iirettikleri kompozitlerin
sertliginin alkali muamelesi ile onemli degisiklik gostermedigini (muamele edilmemislerin Shore D sertligini
73, muamele edilmislerinkini ise 72) bildirmisler.
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Sekil 3. Kompozit numunelerinin Shore D sertlikleri

Kompozit numunelerinin termal analiz (TGA) sonuglarindan elde edilen 1. ve 2. asama bozunma degerleri
Tablo 2’de verilmistir. Odun ununun alkali ile muamelesi sonrasinda kompozit malzemelerin 1. asama
bozunma sicaklig1 derecelerinde genel olarak artig, agirlik kaybr oranlarinda ise birbirine yakin (yaklagik
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%357) degerler gorilmiistiir. Odunun, termal analiz sonuglarinda 400 °C’nin altindaki bozunmalarin odunu
olusturan seliiloz, hemiseliiloz ve lignin bilesenlerinden kaynaklandigi bildirilmistir (Kim vd., 2006). Bunlara
ek olarak, 2. asama bozunma sicakliklarinin biitiin numunelerde benzer oldugu ve agirlik kaybi oranlarinin
da birbirlerine yakin degerler sergiledikleri gorilmiistiir. Zhang vd., (2019) okaliptiis odun lifi takviyeli PVC
kompozitlerle ilgili yaptiklar1 c¢aligmalarinda, odun liflerinin 100 °C’de 1 saat siiresince farkli
konsantrasyonlarda (%1-3-5-7) NaOH ile muamele edilmesinin, PVC kompozitlerin bozunma sicakliklarinda
artisa sebep oldugunu bildirmisler. Baska bir ¢alismada ise PVC polimerine alkali muameleli seker kamisi
kispe tozu eklenmesi sonucunda kompozitlerin termal stabilitesinin %10 oraninda arttig1 rapor edilmistir
(Saini vd., 2010).

Tablo 2

TGA sonuglarindan elde edilen 1. ve 2. asama bozunma degerleri

Numuneler 1. asama bozunma 1. asama agirlik 2. asama bozunma 2. asama agirlik
sicakligi (°C) kayb1 (%) sicakligi (°C) kayb1 (%)

PWO 315,83 56,55 483 20,94

PW3 324,04 57,45 482,42 20,39

PW6 324,38 57,13 483,60 20,12

PW12 323,14 57,05 483,03 20,41

Kompozit numunelerine ait termogram egrileri Sekil 4’te gdsterilmistir. Alkali ile muamele edilmemis odun
unu dolgulu kompozit numunesine (PWO0) ait bozunma egrisi (kirmizi egri) diger kompozitlere ait bozunma
egrilerinden Once gorilmiistiir. Bunun nedeni, PWO0 numunesinin diger kompozit numunelerinden farkli
hemiseliiloz igermesine baglanmistir. Odun bilesenleri arasinda hemiseliiloz en az termal stabiliteye sahip
olan bilesendir. Odun bilesenlerinden lignin ise yiiksek sicakliklarda tamamen bozunan son bilesendir
(Hosseinaei vd., 2012). Bu ¢alismada, alkali muameleli odun unu igeren kompozit numunelerinin bozunma
sicakliklarinin, alkali muamelesiz numuneninkinden daha yiiksek olmasi sebebiyle bozunma egrileri gec
goriilmistiir. Ayrica, alkali muameleli odun unu i¢eren kompozit numunelerinin birbirine yakin sicakliklarda
bozulmasi sebebiyle TGA egrilerinin birbirine yakin oldugu goriilmektedir.
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Sekil 4. Kompozit numunelerinin termogram egrileri
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Alkali muamelesiz ve muameleli odun unlarina ait FTIR spektrumlar Sekil 5’te gosterilmistir. Bu ¢aligmada,
odun unlarinin alkali muamelesi sonrasinda 3400 cm™ bolgesindeki bant yogunluklarinda hafif bir azalma
goriilmiistiir. Bazi arastrmacilar, bunun nedeninin hidroksil (OH) gruplarindaki azalmalardan
kaynaklandigim bildirmisler (Owen ve Thomas, 1989). Alkali ile muamele edilen liflerin 3400 cm
bolgesindeki FTIR spektrumundaki azalma, merserizasyondan sonra liflerin hidrofobik hale gelmesine
baglanmistir (Cuebas vd., 2020). Baska bir ¢alismada, selillozun OH gruplarinin ve hemiseliillozun C-O
gruplarinin  gerilme titresimlerine atfedilen 3400 cm™ ve 1052 cm™’deki piklerin siddetlerinin alkali
muamelesi sonrasi azaldig1 belirtilmis (Barreto vd., 2011; Ikhlef vd., 2012). Diger bir ¢calismada, 1740 cm
Y'deki pikin, hemiseltilozun karbonil grubuna (C=0) veya ligninin ferulik ve p-kumarik asidinin karboksilik
grubunun ester bagina karsilik geldigi belirtilmistir (Parre vd., 2019). Alkali muamelesi sonras1 hemiseliiloz
ve ligninin kismen uzaklastirilmasi sebebiyle 1740 cm™'deki karbonil grubunu karakterize eden bandin
siddetinin azaldig1 veya kayboldugu 6nceki ¢alismalarda rapor edilmistir (Madhuban vd., 1985; Ikhlef vd.,
2012; Cuebas vd., 2020). Benzer sekilde bu ¢alismada, alkali muamelesi sonras1 1740 cm™deki pikin
kayboldugu goriilmistiir. Ayrica, hemiseliilozun asetil grubuna ait C=0 gerilmesi ve adsorbe edilmis su ile
iliskili oldugu &ne siiriilen 1644 cm™deki pik yogunlugunun azalmasi, alkali muamelesi sonrasi
hemiseliilozlarin kismen uzaklagmasina baglanmistir (Sgriccia vd., 2008; Ikhlef vd., 2012). Yaklasik 1232
cml'deki (C-O) bant yogunlugunun alkali muamelesinden sonra yavas yavas azaldigi ve NaOH
konsantrasyonunun %5'ten yiiksek oldugu durumda kayboldugu bildirilmistir (Liu vd., 2017). FTIR
spekrumlarina ait 1030 cm 'deki bantlar, seliilloz ve hemiseliilozlardaki C—O—C gerilmesine atfedilmistir
(Faix, 1992; Rodrigues vd., 1998). Bu calismada, 1100 cm ™ ve 1030 cm Ylerdeki pik siddetlerinde goriilen
azalmalar, alkali muamelesi sonras1 hemiseliiloz ve ligninin odun yapisindan uzaklastirilmasina baglanmustir.
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Sekil 5. Alkali muamelesiz (a) ve alkali muameleli (b: %3, c: %6, d: %12) odun unlarina ait FTIR
spektrumlari
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4. Sonug ve Oneriler

Bu c¢alismada, farkli konsantrasyonlarda alkali (NaOH) ile muamele edilmis odun unu dolgulu PVC
kompozitlerin ¢ekme direnci, egilme direnci ve elastikiyet modiilii degerlerinde artis tespit edilmistir.
Kompozitler arasinda en yiiksek direng degerleri genel olarak %6 alkali muameleli odun unu i¢eren kompozit
omeginde goriilmiistiir. Bunlara ek olarak, alkali muamelesinin kompozitlerin sertlik degerleri iizerinde
istatistiksel olarak 6nemli bir etkisinin olmadig1 tespit edilmistir. Odun ununun alkali muamelesi sonrasi
yapisinda bulunan hemiseliiloz bileseninin uzaklasmasi sebebiyle, alkali muameleli odun unu igeren
kompozitlerin termal kararliliginda, alkali muamelesiz odun unu iceren kompozitlerinkine kiyasla gelisme
gOrilmiistiir.

Bu calisma, alkali muameleli odun unu dolgulu poliolefin matrisli kompozitlerle ilgili yapilan
caligmalarindan farkli olarak, sarigam odun ununun NaOH ile farkli konsantrasyonlarda 6 saat siiresince
muamelesi sonrasi PVC polimerine ilave edilerek yapilmistir. Bu ¢alisma neticesinde, alkali muamelesinin
kompozitlerin ozelliklerini gelistirdigi goriilmistiir. Sonraki caligmalarin, degisik lignoseliilozik dolgu
maddelerinin farkli muamele yontemleriyle yapisinin degistirilmesi ve ardindan cesitli polimerlerle
karigtirllarak iiretilecek kompozitlerin ozelliklerinin incelenmesi {izerine yapilmasi, bu konuya katki
saglayacagi diistiniilmektedir.
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Abstract — The most prominent principles related to the component and moral values are historical and architectural
characteristics. These features and values are identities gained from the journey of history. The concept of Urban
identity refers to the impact of elements on people. Urban identity is classified into two main groups: environmental
identity and social identities. The methodology of this research is summarized into two stages. In the first stage, a
literature survey was conducted about the identity of cities, elements, and establishment of the identity components
of cities. The second stage is based on questioning. Some visual analyses (photographs, maps, observations) were
conducted for this goal. This study is trying to answer this question: "What are the identity components of the
cities?". In this framework, the city should be a rich historical and spatial context to examine urban identity in the
development process. For this purpose, Erbil Ancient City and the historic city of Erbil were chosen as the study
topic. The study is based on the hypothesis that "Erbil citadel / Tajeel, Mustawfi Araban and Khanaga district fulfils
the components of the urban identity of the Erbil". Cities can have common characteristics such as history, culture,
architecture, and identity. However, there are differences in natural resources, humanity settlement, cultural
backgrounds, historical cores, and physical aspects like shapes. These variations define different identities. In other
words, the diverse characteristics of a city create a unique identity of that city. Therefore, it assumed that this study
would help understand the city's identity. It thought that examining the citadel / big Bazar area regarding identity
components would facilitate the application of planning and decision making. Also, there is a common belief that
identity will increase awareness level about the city's brand value.

Keywords — Identity, urban identity, cultural values of a town, Erbil, Erbil citadel, historical zones

Kentsel Kimligin ve Bilesenlerinin Degerlendirilmesi: Erbil Ornegi

Makale Tarihgesi

Gonderim:  01.07.2021
Kabul: 22.02.2022
Yayn: 15.04.2022

Arastirma Makalesi

L*Karabiik Universitesi, Lisansiistii Egitim Enstitiisii, Peyzaj Mimarlig1 Boliimii, Karabiik, Tiirkiye

Karabiik Universitesi, Mimarlik Fakiiltesi, Peyzaj Mimarligi Boliimii, Karabiik, Tiirkiye

Oz — Bilesen ve ahlaki degerlerle ilgili en belirgin ilkeler tarihi ve mimari 6zelliklerdir. Bu 6zellik ve degerler, tarih
yolculugundan kazanilan kimliklerdir. Kent kimligi kavrami, unsurlarin insanlar {izerindeki etkisine atifta
bulunmaktadir. Kentsel kimlik, gevresel kimlik ve sosyal kimlikler olmak iizere iki ana gruba ayrilir. Bu
aragtirmanin metodolojisi iki asamada 6zetlenmistir. Birinci asamada, kentlerin kimligi, unsurlar1 ve kentlerin kimlik
bilesenlerinin olusumu hakkinda literatiir taramasi yapilmustir. ikinci asama ise sorgulamaya dayali asamadir. Bu
amagla bazi gorsel analizler (fotograflar, haritalar, gozlemler) yapilmistir. Bu ¢alisma, “Kentlerin kimlik bilesenleri
nelerdir?” sorusuna yanit bulmaya calismaktadir.Bu cercevede, kent kimligini gelisme siirecinde incelemek igin
kentin zengin bir tarihsel ve mekansal baglami olmalidir. Bu amagla, calisma konusu olarak Erbil Antik Kenti ve
tarihi Erbil kenti secilmistir. Calisma, "Erbil kalesi / Tajeel, Mustawfi Araban ve Khanaga semtinin Erbil'in kentsel
kimliginin bilesenlerini yerine getirdigi" hipotezine dayanmaktadir. Sehirler tarih, kiiltiir, mimari ve kimlik gibi
ortak ozelliklere sahip olabilir. Ancak, dogal kaynaklar, insanlik yerlesimi, kiiltiirel arka planlar, tarihi ¢cekirdekler ve
sekiller gibi fiziksel yonlerde farkliliklar vardir. Bu varyasyonlar farkli kimligi tanimlar. Bagka bir deyisle, bir sehrin
farkli Ozellikleri o sehrin benzersiz bir kimligini olusturur. Bu nedenle, bu c¢alismanin kentin kimliginin
anlagilmasina yardimci olacagi varsayilmustir. Kale/Biiyik Carst  alanmm  kimlik bilesenleri agisindan
incelenmesinin planlama ve karar verme uygulamalarimi kolaylastiracagi diisiniilmiistiir. Ayrica, kimligin kentin
marka degerine iligkin farkindalik diizeyini artiracagina dair yaygin bir kani vardir.
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1. Introduction

The quality of the urban environment is a complex topic that includes subjective values and attitudes that
differ depending on social groups and individuals (Oztiirk ve Isinkaralar, 2019). Consequently, various
researchers have extensively studied the physical, social and psychological aspects of the impact of
uncontrolled and rapid urban change on urban identity and image (Okesli and Giirginar, 2012; Ozturk et al.,
2020). Initial research, beginning with Lynch (1960), focused on the perception of residents, architectural
photos, and the analysis of the physical structure of the urban environment. However, more recent research
has focused on sustainability and has begun to discuss urban identity and image about social components
(Birnur and Dénmez, 2021).

Nowadays, living difficulties and development issues are widespread in cities of the World (Ozturk et al.,
2018). In developing countries such as Irag, problems with unplanned construction activities and many
infrastructure project challenges are caused by economic, technological, and political along with
uncontrollable population growth (Jarah et al., 2019; Ozturk et al. 2021). In this case, some rapid restoration
methods have been implemented (Duhl and Sanchez, 1999). However, these techniques are proved to hurt
the public and historical backgrounds of cities (Zineb and Dénmez, 2021). Therefore, the article aims to offer
components to prevent the development of unidentified cities. The term "identity" is usually described as a
set of qualifies and characteristics of an object. Generally, urban identity is specified as the natural and
artificial foundations of the city in terms of its social, cultural, and historical characteristics (Rifaioglu and
Sahin 2007, Dénmez and Tirkkmen, 2015). Therefore, a city's most prominent and lucid feature is
"identity". To put it in other words, the feature that distinguishes one city from another would be considered
a component of that city's identity (Zineb and Dénmez, 2021).

Cities have their characteristics and identity, like every person. Urban identity is a meaningful entity unique
to each city; it exists on different scales, takes shape due to physical, cultural, socio-economic and historical
factors, and is shaped by the images of its inhabitants (Birnur and Dénmez, 2021). The different features of
cities are explained in terms of urban identity and urban image (Birnur and Dénmez, 2021): Urban identity is
a wholeness that is formed by elements that add meaning and value to a city. And distinguish this city from
others (Zineb and Dénmez, 2021).

Its geography, history, cultural values, architecture, past civilizations, local traditions, way of life,
inhabitants, stages from the first settlement to the present day, topography, vegetation, geopolitical position,
state of a southern or western city, sea and road connections (Okesli and Giirginar, 2012). The state of being
open or closed to other cultures, the economic structure, the living organisms it contains, past occupations
and wars, earthquakes and its state, whether the city was capital or not, are elements of urban identity
(Yilmaz and Isinkaralar, 2021). Differences in these characteristics give cities a unique character (Okesli and
Giirginar, 2012). On the other hand, the urban image consists of the elements observed in the built-up
environment of the city (Donmez and Turkmen, 2018). In his study, based on definitions of numerous
residents in three American cities (Los Angeles, New Jersey, and Boston), Lynch (1960/2010) argued that an
urban image has five main elements: paths, districts, boundaries, nodes, and landmarks. Urban identity
formation can be analyzed as natural, human or artificial.

Urban Identity Concepts

The identity of a city depends on the following factors: geographic features such as the Bosporus and
Venice, a historical structure such as Erbil and Aleppo, a monumental element such as Istanbul mosques and
the Parisian Eiffel Tower (Fig. 1), urban features such as Moscow Red Square and London's Hyde Park,
socio-cultural features such as the Viennese Waltzes and the Rio Carnival (Saglik and Kelkit, 2017).
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Figure 1. Istanbul mosques and Paris Eifel Tower (Saglik and Kelkit, 2017)

Identity creation occurs in certain steady conditions. Some of these conditions are listed below.

o Cultural heritage or traditions

e The quality and nature of the needs of society.

e Factors caused by geographic, climatic, and topographic conditions.
e Technologies produced by the nation

e Ability to adapt to changing conditions (Saglik and Kelkit, 2017).

The identity of a city informs architectural engineers if any of the city's planning is appropriate, sufficient,
and genuine. Moreover, from ancient times till this contemporary time, cities have been acquiring a specific
personality. As a result, in each city, it is also likely that the identity (a historical phenomenon shaped by
physical, cultural, socio-economic, historical, and formal factors) of a city with its unique qualities can be
shaped and changed over time (Ozaslan, 1996).

It is the city's identity that tells us whether any city planning is appropriate, sufficient and correct. However,
in each city, it is also possible that the identity (a historical phenomenon shaped by physical, cultural, socio-
economic, historical and formal factors) of a city with its unique qualities is shaped over time and changes
over time (Rifaioglu and Sahin, 2007).

To preserve the identity and development of cities. Therefore, there is a need to create a holistic urban plan
that includes environmental, social, cultural and aesthetic aspects with financial requirements (Hussein et al.,
2020).

Components of Urban Identity: The city's identity belongs to the city itself, which distinguishes it from
others and increases the value of this city, and is also a set of components characteristic of the city. These
components are also essential elements in shaping the identity of this city (Saglik and Kelkit, 2017). The
concepts that make up urban identity are collected under two main headings: ecological and social identity.
The relationships and interactions of these concepts that shape urban identity are shown below (Fig 2)
(Yaldiz et al. 2014).
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Figure 2. Components of urban 1dentity (Yaldiz et al. 2014)

The urban identity elements could consider under three headings as elements derived from natural, built, and
built environment/landscape (Ibrahim, 2020):

o Elements of identity originating from the natural environment form topography conditions, climate,
water element, geological and general situation (Ibrahim, 2020).

e Elements of identity originating from the environment of people are composed of individuals and
society. They are also sub-elements belonging to demographic, institutional, and cultural structures
(Ibrahim, 2020).

e Elements of identity originating from a manufactured landscape are composed of elements of the
built environment, areas of action arising from the person's current needs in the city, and objects
made by human hands (Ibrahim, 2020).

Several attributes identified with a city can add symbolic meaning to the identity of the corresponding city
(Saglik and Kelkit, 2017). In this context, Dutch windmills and bicycles can serve as an example for
identifying symbolic elements (Saglik and Kelkit, 2017).

Figure 3. The identity at symbolized elements scale (Saglik and Kelkit, 2017)

Today, some cities are associated with the functions that provide life to this city and give life to this city. In
cities with one type of function and field of activity, identity is formed by function. Examples are some cities
in northern Iraq Erbil (trade city), Kirkuk city (petroleum city), Dukan city (tourist city), Sulaymaniyah
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(cultural city) and Halabja (monumental city). Some examples of these city functions in north Iraq are Erbil
with business, Kirkuk with petrol, Dukan with tourism and Halabja with monument victim of revolution.

The symbols of the city that come to mind when rendering make up the image of the city. Lynch's "Good
Urban Structure” (1960), which states that these images (urban images) can be divided into three parts,
namely identity, structure and meaning, corresponds to or refers to the dimension of feelings (sense of space
or identity) of townspeople (Mironowicz, 2011). It is shown that the elements of the image that Lynch
defines are dominant characters following the points/landmarks of triangulation and the connections of
others. These elements also play a role in forming, perceiving, and expressing identity (Pinho and Oliveira,
2010).

Lynch (1960) classifies urban depictions as districts, paths, nodes, edges, and landmarks (Figure 4). Lynch
(1960) emphasizes that urban texture is a complex structure and, in addition, the city must be rendered to be
able to work on it (Pinho and Oliveira, 2010). This will make it easier to see, understand and comment on the
challenges and opportunities in the city. According to the urban image theory, the urban environment is
visualized through five essential elements (Pinho and Oliveira, 2010).

PATHS EDGES DISTRICTS NODES LA ARKS

1 I

Figure 4.The elements of a city (Pinho and Oliveira, 2010)

This study attempts to define urban identity in the case of the city of Erbil and explores its components
through Lynch’s imageability analysis and questionnaires conducted with the residents. The core aim of the
study is to examine sustainable qualities of urban image and identity and develop suggestions to improve
urban environmental quality.

2. Material and Method

2.1. Material

The study was conducted in Erbil, which is the capital city of the Kurdish Region/Irag. Erbil is located north
of Iraq on 36,19° North 44,01° East (Figure 1). According to UNESCO (2010), historically, Erbil is
considered one of the oldest uninterruptedly dwelled in cities worldwide. It is believed that Erbil's urban life
dates back to at least 6000 BC. At the heart of the city is the ancient Citadel of Erbil, which is estimated to be
close to 7000 years old. (Rasul et al., 2016). The surface area of Erbil is approximately 130 km?2. The
population of Erbil urban area was 1,025,000 in October 2008, which makes it one of the biggest cities in
Irag (Jawhar, 2018). Erbil is located in a comparatively plain area. Moreover, Erbil is elevated about 426
meters above sea level (figure 5) (Rasul et al., 2016).
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Figure 5.Displays the map of the study area (author)

2.2. Method

A multistage methodology was developed for the study. The first stage involves the imageability analysis for
the around citadel districts of Erbil, which are (Mustawfi, Araban, Tajeel and Khanaga), following the five
elements suggested by Lynch. While the imageability analysis enables the identification of artificial
attributes in an urban environment, it has limitations for this study in determining the residents' changing
perceptions. Therefore questionnaires were used to support physical analysis in the second stage. The
questionnaires were taken online in google form due to covid19. The study will focus on districts around
Erbil citadel, which are a historical zone of the city.

Figure 6.The study district of Erbil city center(author)

The Findings of the Questionnaire: This stage of investigation focuses directly on the residents' perception
and examines how the identity and image of Erbil city are described. The questionnaires were prepared and
undertaken in the city of Erbil to discuss residents' perceptions in terms of urban image elements. Five
questions in total were asked to the academic teachers and people, which are as follows:

What is the identity of the city of Erbil?

Which three buildings do you like most in the city?

Which building recurs first in your mind about Erbil?

How do you see the connection between city centre buildings and the identity of the whole city his-

> w e
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torically?
5. How do you see the connection between the new city centre buildings and the identity of Erbil?

3. Findings and Discussion

3.1. Identity and Character of Erbil

Erbil has been viewed as one of the traditional undergrowing resident cities in the world for over six
thousand years. The city is the most important centre of administration of the independent Erbil city region.
Erbil is placed about 350 km north of Baghdad (URL1). After Baghdad and Mosul, this autonomous city is
the third biggest city in Iraq (Al-Raw1,2015). The urban zone of Erbil city has entailed 130 cities, about 80%
of the total Kurdish population lives in the citified areas, and only 20% lives in the countryside (KRG, 2007).
In the modern era, most of the cities of the Erbil city region in northern Iraq are command in their way of
architecture that general upkeep characteristics and local aspects (Ibrahim et al., 2014).

T T

Figure 7.Erbil citadel with city center

It is underscored by the Erbil citadel and old quarters adjacent to this town. The implications of perfect city
construction about harmony outlasted forms and am adhesive structure has been broken down by severing
regulations in projecting and design. Some of them were formulated according to religious principles of
Islam based on unity, assimilation and intimacy (Ibrahim et al., 2014). (Erbil) Generally, Human beings' way
of living has had a prominent impact on the identity of the structures and environment of the Erbil city
Region and exclusively on its centre of administration (Erbil). The anatomy of Erbil's texture has been
changed by up-to-date modern architecture, urban design trends, and schemes (Al-Raw1,2015).

Figure 8.Left Erbil Citadel in 1950 and right 1920 (Nooraddin, 2012)

It creates novel diagonal forms of streets in the citadel grid patterns in the surrounding quarters. Moreover« it
replaces decrepit buildings with modern towers. This can happen based on the new town's plans, codes and

163



Journal of Bartin Faculty of Forestry 2022, Volume 24, Issue 1, Pages:157-176

rules. Furthermore, it remains evident that urban development stages can fail to ignore historical places that
shaped their authentic urban texture for many years.

Figure 9. Changed identity between history and nowadays (URL2)

3.1.1. Erbil Citadel

The Citadel Town of Erbil lies in the middle of the larger city of Erbil; Erbil Citadel Town is on the top of an
artificial earthen hill, 28 to 32 meters high, dominating the sprawling modern city on the plain below. The
town is supposed to have existed uninterruptedly for more than 6000 years. It is considered the oldest
permanently inhabited settlement worldwide. Archaeological surface studies have brought to light potshards
dating from the Ubaid period, 5500-4000 BC. Because of its past as a fortress and the steep hill, the town has
survived countless fierce attacks and sieges. The slope surrounding the citadel is between 35 and 60 degrees,
with the Northwestern slope being steeper than the other sides (HCECR) 2012; Progetti, 2011).

Figure 10. Erbil citadel (author)
The Citadel has the form of an ellipse and, with a surface area of 430 by 340 meters, extends over more than
10 hectares and exactly 102.000 square meters. The average height above sea level is 430 meters, and it is 32

meters higher than the new city. The urban structure mainly consists of houses built from ochre-coloured
bricks around traditional courtyards.
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There are also several critical public buildings, such as three mosques, including one large house of prayer
where lessons were taught about the people’s creed. Next to this, there was a prison, a public bath
(hammam), seven historic burial places, three gates and several areas with open urban spaces. Historically
the citadel is divided into three Mahallas or districts. The division is not physical, but each district had a
different character and housed other functions. From east to west, they are (1) Serai, (2) Takaya and (3)
Topkhana (Abbas, 2014; Al Yaquooby, 2012).

Figure 12.The big Hamam (bath) in Erbil citadel (author)

1. Serai is on the eastern side of the town and is named after the southern gate of the same name. This
Mahala was mainly inhabited by wealthy families (Chalabi), civil servants and dignitaries (Afghans).

2. Takyai is the central and northern part of the town. It is so-called because it contains several Takyas
for dervishes.

3. Topkhana is the western part of the town and is primarily inhabited by artisans and peasant families.
The name suggests there must have been cannons to protect the town from invaders.

Nowadays, there are 330 houses left that are of cultural and architectural value in the whole of the Citadel
from about 500... Of those 330 houses, there are 180 in such a condition that they can be renovated. The
houses, public buildings and urban spaces have authentic cultural elements and show the remarkable
ingenuity and competence of the local architectural traditions in several places (Yaraly, 2008).
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Figure 13.Erbil citadel houses (Chalabi) (author)

3.1.2. Mustawfi District

Figure 14. Mustawfi district map (author)

A series of old architectural buildings was built about 60 years ago. These buildings are a combination of
three parts; some parts are destroyed to create car parking. Other parts have pure, and the ancient style of
Erbil have remained intact in the past 60 years ago. And the rest parts are modern buildings. Finally, there
are open spaces left for new projects. The project would be about creating a new museum.

e MR, — 2 A
Figure 15.1ragi old-style buildings photo (1&2) from district map (author)
A rehabilitated building located at the northwestern of Erbil citadel for low making and political decisions.
These buildings have accurate security systems. A Bazar called Bata is one of the most expensive places to

purchase goods. People from upper social classes live and buy their needs in this sector of Erbil. 2 little parks
and a beautifully built mosque can be found there.places to purchase goods. People from upper social classes
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live and buy their needs in this sector of Erbil. Needless to say, 2 little parks and a nice built mosque can be
found there.

B o,

SheEs b E =T

Figure 16. Open space and buildings photo (3&4) from district map (author)

3.1.3. Araban District

Figure 17.Arban district map (author)

Since the Arabs migrated to this area, this place has been called the Arab Quarter. There are two types of
streets within this historic quarter: old ones that are not inverted enough, and the new one called sultan
Mozafar. Sultan Mozafar street is a very famous centre of computer and electronic purchases all over Erbil
and Irag. In other words, Sultan Mozafar Street is a distribution centre of goods to all over Iraq cities.

Figure 18. Sultan Muzafar street in Araban district photo (1&2) from map district (author)
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At the back of this street, homes are abandoned by the government for applying projects like creating car
parking. In the middle of the Arab quarter, there is Qeshla for soldiers and the army, closed without any

rehabilitation. There are homes for selling, an old and disordered mosque, Khanaga and a public bathroom,
and a primary school.

Figure 19. Left khanaga right Ottoman Qeshla in Araban district photo (3&4) from districtmap (author)

Qaysary Bazar is, known as covered Bazar has rich archaeological and historical backgrounds. This Bazar is
built by the Ottoman empire around the citadel in Erbil. All parts of this huge Bazar are covered. However,
this Bazar was rehabilitated. But there are still parts with old and intact architecture. The central part of this
Bazar is specified to sell and sew Kurdish clothes. Gold markets, sweet home markets, herbal markets and
many other markets include this masterpiece of art Bazar.

Figure 20.Qaysari in Araban district photos (1&2) from map (author)
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This Bazar is built covered because all businesses and buyers are protected from strong sunlight and
unfavourable weather conditions, as well as the security of the rooms at the time of replacement. Becomes.
The materials used in them, like the budget and the first goal, was the strength of the building. For example,
columns and walls are made of stone and brick, plaster and brick are used to cover the roof, and the outer
layer of the roofs also acts as straw as moisture-proof thermal insulation. The floor of the bazaars was also
dirt that was hammered over time due to traffic, and sometimes it was a brick and stone floor.

Figure 21.Inside the Qayasari bazar photo (3&4) from map (author)

Qaysary traditional Bazar is one of the country's most beautiful and eye-catching markets. However, some
parts of this Bazar have been prefabricated over the years and need to be repaired and taken care of by the
people, and they have also disappeared in this case. The covered Qaysary Bazar with its dome-shaped roof is
unique from the symmetry so that all its ways are regular. It has hundreds of shops, some of the houses and
teams in the market are at the exit, and in the domestic market, it is a form that people want to get away from
the scene of the accident. It is worth mentioning that there are many traditional restaurants to provide a sense
of purity and tranquillity in this Bazar; Qaysary Gold Market can be considered as an economic, artistic and
historical manifestation of Erbil. Many jewellery deals are done in this market every day. The jewellery
markets of old cities like Erbil are primarily located in historical places like this Bazar.

Machko café is one of the famous cafés in Iraq. It shows the identity of Erbil. This café located at the
entrance of Erbil citadel brings Past to the present because it was established around 80 years ago by Majid
Ismael Maaroof. People can sit on a traditional seat, enjoy the fresh air, and order a nice traditional Kurdish
drink. Despite well-known people coming to this café for many years, young people and women enjoy
spending a beautiful day of life and hearing its historical narrate. The community who visits this café are
artists, architectures, lower, and many others.

Figure 22.Machko coffeeshop near Erbil citadel entrance photo (5) from map (author)
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The grandson of Machko’s founder now is the manager of the chaykhana. This place is a tourism attraction
spot. Every year, many tourists from all over the world spend their time in this café. Moreover, foreign
tortoises enjoyed drinking a cup of dark tea in this café. It was their first experience of visiting Erbil. They
were strolling in Bazar; suddenly they saw this café. Even they had no information about this place, they
were sure it was a historical place. So, they decided to have tea. They wanted to visit a historically rich place
where he could drink a cup of tea, communicate with other journalists, and smoke. So, he has suggested this
place. As a result, this place is considered historically rich, an identity symbol and spirit of Erbil city.

3.1.4. Tajeel District

The north part of this quarter is historical; it has many wholesale fabric markets. In the middle of this quarter,
there is a traditional home called sheikh Choli. There is also an ancient cheap market for selling phones
called Coiter Salam. Unfortunately, homes are mostly destroyed, and the government doesn't support people
in rebuilding their own homes.

Figure 23.Tajeel district with the shops in Kotri Salamphoto (1&2) from map (author)

There is another street full of restaurants for eating kababs of birds, especially in winter. Moreover, there is a
mosque known as Korechi. Additionally, we can find some government buildings. Streets and alleys are
narrow. There is a famous food which is very special in Erbil, and it's well-known very delicious in thus
restaurants around citadel and Tajeel district.

Figure 24.Falafl and other traditional food shops in Tajeel photo (3) from map (author)

This quarter was an old cemetery, but it was replaced with markets. The wall covers the new cemeteries.
This quarter is not matched with the pure identity of Erbil. This market is called Nishtiman. Also, there is the
Nishtiman bank and museum and archive of education Erbil.
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Figure 25. Left the old cemetery changed to bazar right Nishtiman bank in Tajeel district photo (4) from map
(author)

3.1.5. Khanaga District

Figure 26. Khanga district map photo (1) from map (author)

The covered Bazar is surrounded by vast green space. There was an old market called Dalal Khana instead of
this green space in the past. But this market was ruined and instead created a green zone. So that people and
tourists could use this space as a resting place. There is a castle on the north side of this green space; on the
south side of the bazaar (called Nishtima), on the east side, there is another bazaar, and on the left, there is
another bazaar is a Qaysary Bazar. Besides, there is a clock tower on the east side of this green space. Clock
towers are a specific type of building that house a turret clock and have one face on the upper exterior walls.

Figure 27. Place of Dalal khana changed to parki shar green open space photo (1&2) from map (author)

There is another Bazar located at one of the sides of Castel. It doesn't have any unique architectural
symmetrical forms and orders. Instead, it has used a narrow street surrounded by shops all around. All you
have to do is walk through the back of these shops to get acquainted with the other world of this local
market. It is easy to purchase second-hand products like carpets, sofa, etc. Also, the construction Bazar is
near to this second-handed markets. At the back of this Bazar, old abandoned homes remain.
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Figure 28. Map and place of second-hand bazar around citadel photo (1&2) from map (author)

Findings shortly: firstly, it must be mentioned that one of the Erbil' markets called Dalal Khanda Bazar
located in a local quarter was ruined and replaced with a novel open space park. This is one of the massive
changes accrued in Erbil. Besides, some markets are rehabilitated or supplanted by a new one. However, the
point is that there are no functionality changes in these new structures. They were just shifted in sizes and
appearances. Moreover, the most significant upheaval in this area is the series of changes in the buildings
around this market. These variations have obscured the actual value and price of these homes. Only one
market called Qaysari has remained unchanged and intact from any recent changes for many years.
Furthermore, there are areas in Erbil adjacent to these markets that are wrecked because the government
forced the people to migrate to other sites. But it has left these areas unprotected. There is a hypothesis that
these neglected areas will be turned into car parking. No need to say that these new structures do not
resemble the original identity of Erbil. It can be said that the purpose of building these unique structures was
to destroy the original identity.

Figure 29.Dalal khana place between past and now photo (3) from map (author)

The second finding is that a circular city remains a future destination. Cities today want to get more and
more environmentally sound, more fun, and more beautiful. This is why they are looking for circular
concrete and patterns.

Erbil city is like a perfect circular city. This natural geography design is divided into many sectors. These
parts start from the city centre and end to citadel and castle. Each zone plays a unique role. For instance, a
sector is donated to Big Bazar; another sector is allocated to computer and electric goods.

As a result, the shape of cities can unleash the power of these cities and impact sustainability. Efforts to
create circular cities need laser-focus systemic change at the local level, seeking to reinvent urban centres as
living demonstration projects of sustainability at scale.
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Erbil Castle Bazaar's identity and pure historical background of districts were revealed in this article. The
survey targeted 50 architecture department students in the age segment of 26_35 and 40 professors around
36-45-year-old. Twelve participants were civil engineering, but 28 were architecture engineering teachers in
different universities in Erbil and 50 people from Erbil residence.

Around 95% of participants mentioned that Erbil's identity is historical fabric (or classic style or Citadel).
46% of local community declared that they like Citadel, Jalil khayat mosque and Divan hotel, 28% said
Shiraton hotel, Shirin place and MRF Quatro are prominent to them, 26% mentioned Erbil government
building, Justice tower and Family mall are lovable. So, the government must pay attention to these three
places by making the right plans.50% mentioned Citadel in the first part recursion their mind, 15% choose
Manara choli, 20% Shiraton hotel mentioned, 15% stated Divan hotel. According to a survey filled by 140
individuals<, people believe Erbil's historical buildings mentioned in this research must be protected and
invested in keeping them away from destruction. According to this survey done by 140 persons, Erbil's local
community believes that more new parts in Erbil's city centre are growing and rehabilitating. The reason is to
save the identity of historical places and retain the city from losing its pure identity.

| ST N Eoat 0 A O e AR

Figure 30.The three buildings selected by participations showing on Erbil map (author)
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Figure 31.The three buildings selected by participations (author)

There are many reasons that cause a place to be ruined. One of them is physical factors. Physical changes
deteriorate both appearance and socio-cultural values. Some buildings have been destroyed entirely because
of a lack of information on specific typologies and building stock. So, the government should physically
invest money to evaluate Erbil's historical constructions. A survey filled by 140 individuals reveals that
people believe Erbil's historical buildings mentioned in this research must be protected and invested in
keeping them away from destruction.

4. Results

Erbil Castle Bazaar's identity and pure historical background of districts were revealed in this article. This
study is carried out to present Erbil's identity and keep its lost identity from ancient times till this
contemporary time. Both of these goals keep Erbil City growing. The result of visual analysis methods
clarified that the identity of a city is based on historical knowledge. According to this fact, identity
components of Erbil were started from the very first and historically riches city, citadel and its adjacent
areas.

Historical places are significant to people, especially the local community. However, the lack of protection
made many historical places destroyed or disappear. It is valid for Erbil Castel, Qaysari, and many other
neighbourhoods that formed Erbil's identity as a whole. According to a survey done by this research, many
reasons cause a place to be ruined. One of them is physical factors. Physical changes deteriorate both
appearance and socio-cultural values. A series of documents prove Erbil has flourished since its
establishment. However, instead, it lost identity elements and components during historical fluctuations.

There are many reasons that cause a place to be ruined. One of them is physical factors. Physical changes
deteriorate both appearance and socio-cultural values. In addition, some buildings have been destroyed
because of a lack of information on specific typology and building stock. So, the government should
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physically invest money to evaluate Erbil's historical constructions. A survey filled by 140 individuals
reveals that people believe Erbil's historical buildings mentioned in this research must be protected and
invested in keeping them away from destruction.

The last but not most minor result of this research is that a series of documents prove that Erbil has
flourished since its establishment. However, instead, it lost identity elements and components during
historical fluctuations. Thus, according to this survey done by 140 persons, Erbil's local community believe
that new and more parts in the city centre of Erbil are growing and rehabilitating. The reason is to save the
identity of historical places and retain the city from losing its pure identity. Some believe that lack of proper
planning stops the city centre buildings from getting better in appearance. Others said that Erbil's identity of
city centre places must be preserved. It means that people know the rule of historically core constructions
rehabilitation.

Plus, some hold the opinion that lack of right planning stops the city center buildings from getting better in
appearance. Others said that Erbil's identity of city center places must be preserved. It means that people are
aware of the rule of historically core constructions rehabilitation.

Another significant result of this research is that the Lack of proper management, Lack of awareness of
historical sites and unawareness of the identity values of Erbil has caused the government to destroy the
structures that symbolize the identity of Erbil and build systems that do not reflect the identity of Erbil.
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1. Giris

Akilli kent tanimlamalarinda, etkin kentsel hizmetler ve verimli kent sistemleri (Goodspeed, 2015:83) ana
temalar1 gergevesinde iki onemli nitelik goze carpmaktadir. Ik olarak, kentsel alt sistemlerin parcalarinin
birlestirilmesi ve koordinasyonunda teknoloji kullanilarak ekonomik gelisme, servet olusturma ve yeni is
imkanlar1 i¢in daha akilli ¢oziimler getiren ortam olmalaridir (Lin, Rivano, ve Le Mouél, 2017). Ikinci nitelik
olarak da daha fiitiiristtik bir tanimla, yasanmis tecriibelerin yeni gergekligi -¢coklu konsept- (Komninos,
2015:19) cagristiran kentsel mekanlar olmalaridir (Glasmeier ve Christopherson, 2015:6). Endiistrilesme
stireci, mekansal ve toplumsal yapiy1 6nemli dlglide etkilemistir. Bu siiregle birlikte, i giicii ihtiyacina bagh
olarak yasanan go¢, kent merkezlerinde niifus yogunlugunun artmasina neden olmustur (Onur, 2021). Artan
niifus ile birlikte teknolojik gelismelerin hizli ve pratik ¢oziimlemeleri karsisinda, tasarimcilar mekanlara
iliskinde ¢oziim Onerileri getirebilme noktasinda farkli arayis icerisine girmislerdir. Ozellikle 21 yy.
icerisinde akill1 sehirlere yonelik arayislar 6n plana ¢ikmaktadir.

Giiniimiizde diinya niifusunun yaklasik %55°1 kentsel mekanlarda yasamaktadir. 2050 yilinda ise bu oraninin
%70'lere ulasacagi (Velibeyoglu vd., 2018) dngdriilmesi sebebiyle, XXI. yiizyil sehirlesme yiizyili olarak
goriilmektedir (Kayapinar, 2017). Giiniimiizde kentler son derece dinamik, iiretken, yenilik¢i, olmalarinin
yant sira, kentlere yogun go¢ nedeniyle kayit disilik, saglik, enerji, trafik, atik yonetimi, hava ve su kirliligi,
plansiz kentlesme, kaynaklara erisim ve su¢ oranlarinda artig gibi bir takim olumsuz problemlerle karsi
karsiyadirlar (Bilici ve Babahanoglu, 2018). Bu kadar biiyiik niifus yogunlugu sonucu milyarlarca akilli
cihaz da birbirleriyle iletisim kurmaya baslayacak ve veri yogunlugu ortaya ¢ikacaktir (Rathore vd., 2016).

Akgiil (2017)'e gore; bilgi ve iletisim teknolojileri kent hayatini, kiiltiiriinii ve kentlilerin aligkanliklarini ¢ok
hizli bir sekilde degistirmekte ve donistiirmektedir. Bu doniisiimiin sonucunda kentin kullanim sekilleri;
vatandaglarin istek ve beklentileri tamamen farkli boyutlara taginmaktadir. Bugiin kentler oldukg¢a canli,
hareketli, tiretken, maruz kaldig1 yogun niifus akimlar1 nedeniyle trafik, saglik, atik, su ve hava kirliligi gibi
bircok sorunla yiiz yiizedir (Orselli ve Akbay, 2019). Bu sebeple planlama ve tasarimda akilli stratejilerin de
akilli yerlesme boyutunda siirece dahil edilmesi, gelisim stratejileri agisindan 6nem arz etmektedir. Bu
noktada bahsi gegen “akilli yerlesme” kavrami genel anlamda kentlerin insan ve doga igin en ¢ok verimi
temin edebilecek bir bicimde kapsayici bir bakis agisiyla yeniden yapilandirmay1 amaglamaktadir (Sinmaz,
2013).

Kentlesme ve teknolojik gelismelerle beraber artan niifusun bir getirisi de artan ara¢ yogunlugu olmustur. Bu
ara¢ yogunlugu ile kentin mekénsal iliskisi depolama faaliyetine yarayan otopark mekanlaridir (Kaplan &
Yildiz, 2001). Kent i¢i otopark sistemleri 6zellikle niifusun yogun olarak yasandig: yerlerde kendilerine 6zgii
tasarimlar1 ile hayati kolaylastirici ¢oziim pratikleri olarak kargimiza ¢ikmaktadir. Akilli otomasyon
sistemleri, cok katli asansorlii sistemler ve dikey olarak tasarlanan 6rnekler bu konuda 6nemli tasarimlar
olarak giiniimiizde kendilerini gdstermektedir. Ozellikle trafige ¢ikan ara¢ sayisimin her gecen giin arttigi
glinimiizde, hayat1 kolaylastirici akilli ¢oziimler konusunda mimarlar, miihendisler gibi ¢esitli meslek
gruplar1 da kentlerde arays icine girmislerdir (Fraifer ve Fernstrdm, 2016). Insan hayatinin artik vazgecilmez
araglarindan biri olan cep telefonlarr, sundugu programlar vasitasi ile hayati kolaylastirict ¢oziimler
iretmektedir. Bunlardan bir tanesi de otopark bulma, rezerv etme ve kullanma imkanlarinin sunulmasidir.
Boylelikle bulunuldugu yerden gidilecek yere, uygun alanlarda otopark alanlarimin bosluk-doluluk
durumlarinin goriilmesi ve istenilmesi halinde rezerv etme imkanlarinin olusmasi saglanilmasidir. Park yeri
rezervasyonu ile siiriiciilerin yer arama siiresini dnemli 6l¢iide azaltmak ve park etme esnasinda yasanan
karmagikligin 6niine gegmek (Wang ve He, 2011) amaciyla gelismis algilama ve mobil teknoloji ile entegre
rezervasyon tabanli bir ¢éziim Onerilmektedir. Bdylece giiniimiizde yayginlasan akilli ¢oziimler ile
olusabilecek trafik sorunlarinin 6niine gegilebilecek, otopark sorununa ¢6ziim bulunabilecektir.

Safranbolu, 1994 yilinda kiiltiirel ve dogal peyzaj zenginligiyle UNESCO tarafindan “Diinya Miras Kenti”
olarak ilan edilmistir (Bogeng, 2016). Turistik acidan kentin ¢ekici giicii artmis, kentteki kalic1 ve gecici
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nifus artmistir. Kentteki yogun turistik faaliyetler, artan egitim birimleri ve yeni yerlesimler ile park

sikintilarinda artis goézlemlenmistir. Bu ¢aligmada, olusan otopark sikintilaria akilli otopark ¢oziimleriyle
kentteki sorunlarin azaltilmasi amaglanmistir. Tarihi ¢arst ile yeni yerlesim alanlarimi birbirine baglayan
Sadri Artung Caddesi c¢alisma alani olarak secilmistir. Literatiirden elde edilen bilgiler ile, alanda yapilan
gozlemler sonucunda ortaya ¢ikan sorunlara 6neri bir yaklasim sunulmustur.

2. Akilh Kent ve Otoparklar

Akillr kentler, kent niifusunda hizla artis sebebiyle ortaya c¢ikan (Talari vd.,2017) sorunlara ¢dziim amaclh
ortaya ¢ikmakta, teknoloji ile sehrin biitliinliglinii anlatmaktadir. Akilli kentlerin genel amaci, kaynak
bozunumunu azaltmak ve biitiin kent ile ilgili maliyetleri en aza indirmek i¢in modern teknolojileri
kullanarak kentin biitiin kullanicilarinin yasam kalitesini artirmaktir (Washburn vd., 2010). Harrison vd.
(2010) “akilli” sifatin1 gergek zamanli verileri kullanma, biitiinlestirme ve paylasma olarak tanimlamistir. 20.
Yiizyil itibariyle sehirlerde hizli niifus artis1 sonucu dogal kaynaklarda fazla tiikketim, trafik sikintilar1 ve
sonrasinda cevre kirliligi gibi sorunlar ortaya ¢ikmaya baslamistir (Kim ve Han, 2012; Onur and Tuna
Kayili, 2021). Motorlu tasitlarin sebep oldugu zararli gazlar, sehirlerdeki hava kirliliginin énemli sebepleri
arasina girmistir (Ahlgren, Hidell ve Ngai, 2016). Her ne kadar artan ara¢ sayist nedeniyle sehirlerde trafik
sikisikligi daha yaygin hale gelmis olsa da kentsel hareketlilik, akilli kentlerin en 6nemli bilesenlerinden
birisi olarak kabul edilmektedir (Tekouabou, Cherif ve Silkan, 2020). Bu yiizden, bu sorunlar1 azaltmak,
kaynaklar1 optimize etmek, etkin ve adil yonetimi ile siirdiiriilebilirli§i saglamak amaciyla sehirlerde
yenilik¢i teknolojiler kullanilmaya baslanmistir. Teknolojinin gelismesiyle kentlerin de bu ¢aga uygun olarak
verileri insan yasaminin konforunu ve verimini artirmaya yonelik degerlendirmesi gerekmektedir (Dal &
Ozdemir, 2020; Tuna Kay1li, 2020). Bu siirece ayak uydurmak ve siirekli devinim, degisim icinde olmas igin
cesitli faktorler vardir. Chourabi vd. (2012) bu faktdrleri yonetim ve organizasyon, teknoloji, politika,
insanlar ve toplumlar, ekonomi, altyapi ve dogal cevre bilesenleri olarak tanimlamistir. Bu bilesenler
cer¢evesinde kentlerin tasarimi ve planlamasi yapilarak saglik, enerji ve su tiikketimi, afet yonetimi, trafik,
ulasim gibi cesitli kentsel sorunlara ¢oziimler iiretilmeye baslanmustir. Ornegin; otopark sorununu ortadan
kaldirmak amaciyla verileri gergek zamanli paylasilarak daha etkin bir yonlendirme ile kullanicilar kisa
stirede araglarini kalabalik ortamlarda park edebilmektedir. Kullanicilar arasinda kurulan bu veri entegrasyon
sayesinde turizm, sanayi, egitim gibi ¢esitli nedenlerle kent niifusu yiiksek olan yerlerde ulasim sorunsuz
¢oziilebilmektedir. Temelde bu ¢6ziimler biiyiik veri, veri madenciligi, nesnelerin interneti, bulut bilisim ve
endiistri 4.0 akilli sehirlerle iligkisi baglaminda degerlendirilmektedir. Sekil 1 ile biiyiik veri ve bulut bilisim
iizerinden akilli sehircilik sistemi anlatilmaktadir.
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Sekil 1. Akilli kent ve biiyiik veriye dayali teknolojiler (Késeoglu ve Demirci, 2018'den uyarlanmustir.)

Genel anlamda bakildiginda akilli sehircilikte entegre caligan sistemler ve bilgi paylasimi 6n plana
cikmaktadir. Biiyiik veri setlerini islemek i¢in paralel algoritmalar ve programlama kullanilmakla beraber, bu
verilerden deger iiretmek icin de veri madenciligi teknolojileri kullanilarak veri analitigi yapilmaktadir
(Hashem vd., 2016). Veri toplayan bu araglar internet araciligiyla senkronize calisarak veri aligverisi
yapabildigi ve iletisime gecebildigi uygulamalar ise nesnelerin interneti olarak tanimlanmaktadir. Sanayi
devriminin dordiincii evresi olarak adlandirilan Endiistri 4.0 ise, makine ve iiriinlerin insan kontrolii disinda
iletisime gecebildigi akilli sistemleri temsil etmektedir (Koseoglu ve Demirci, 2018). Tiim bu sitemler
sayesinde kentsel hizmetler daha ekonomik, verimli ve etkili sunulmaktadir. Hem ¢evre kirliligi azaltilmakta
hem de trafik sorunlarinin 6niine gegilebilmektedir.

Karayollar1 Trafik Yonetmeligi’nde park yeri veya otoparklarin tanimi, araglarin park etmesi amaciyla
kullanilan agik veya kapali alanlar olarak ge¢mektedir (Anonim, 2021a). Otoparklar park edilis bigcimlerine
gore “yol boyu park” ve “yol dis1 park” olmak {izere ikiye ayrilir (Kaplan & Yildiz, 2001).

2.1. Yol Boyu Park

Yol boyu park, yaya kaldirimlarindan ayri bir bi¢imde arag yollari tizerindeki ceplerde veya orta refiijlerde
olmak {iizere yol kenarinda yapilan park alanlar olarak adlandirilmaktadir. Bu tip otoparklarin kullanim
stiresi smirlt veya kullamimi siiresiz olabilmektedir. Yol boyu park etme diizenlemeleri ii¢ sinifa
ayrilmaktadir (Kaplan & Yildiz, 2001).

I.  Paralel park (0°)

6,7 6,7 6,7 6,7

[ ] [ ]

55

2,4

Sekil 2. Paralel park gosterimi
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Il.  Egik acili park (genelde 30 °, 45 °, 60 °)

37 3.7 3,7 3,7

Sekil 3. 30°-45°-60° park gosterimleri

Ill.  Dik agil1 park (90 °)

2,5 25 25 2,5

5.5

2,5

Sekil 4. Dik acil1 park gosterimi
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Bunun yani sira yol kenar1 parki igin izin verilmis alanlarda engelli bireylerin de park edecegi yeterli sayida

otopark yerleri tesis edilmelidir (Tiirk Standardi TS 12576, 1999).

2.2. Yol Dis1 Park

Yol dis1 park, arag yolu disinda, sokak ve caddelerden ayri bir alanda 6zel olarak diizenlenen agik veya
kapal1 park yerleridir. Yol dis1 parklarda park yerlerinin agilari, yukaridaki gibi birden fazla egik a¢ili veya
dik ac¢ili diizenlemeyi igerebilmektedir. Ancak genellikle manevra alani dahil her ara¢ i¢in 25-30 m? yer
diisiiniilmekte, park bélmelerinin  genisligi 2.20-3.00 m alinmaktadir (Gokdag& Yarbasi, 2004).

2.3. Akillh Otopark Sistemleri

Akilli otopark uygulamalar1 kapsaminda iilkemizde ve diinya genelinde cesitli Ornekler mevcuttur.
Ulkemizde en yaygin olani, istanbul Kart ile entegre olarak hizmet veren Istanbul Park (ISPARK) sistemi
incelenmistir. Otopark ve ulasimda ayni kart kullanilarak veri biitiinliigii saglanmis olup, 6deme kolayliginin
yani sira dolu-bos bilgisi gosteren mobil uygulamalar destegiyle akilli sehircilige Onemli katkisi
bulunmaktadir. Bu hizmeti saglayabilmek i¢in Oncelikle sahadaki tiim donanimlarda veri entegrasyonunu
saglayacak teknolojik altyap: olusturulmustur. Yol iistii park isleminde el terminalleri sayesinde isleyis
kontrol edilmekte ve siiriiciiler park dncesi veya sonrasinda akilli 6deme sistemi ile ddemesini yapmaktadir
(Giingdr ve Oztiirk, 2017).

Bir diger 6rnek ise Android tabanli olarak gelistirilen akilli otopark sistem 6rnegidir. Bu caligma ile kentin
farkli otoparklarinda park yeri bilgisinin kullanicilar ile anlik paylasiimasi hedeflenmistir. Akilli otopark
sistemi sayesinde uygun park yerinin bulunmasinin yani sira zaman kaybinin onlenmesi ve maliyetin
diisiiriilmesi amaglanmistir (Kili¢ ve Tuncer, 2017). Hareket sensorii ile park yerine gelen arag tespiti yapilip
giris ¢ikislar kontrol edilmektedir. Veri depolama ise internet iizerinden yapilarak kullanici
uygulamalarindan erisilerek es zamanli olarak bilgi aktarimi saglanmaktadir.

San Francisco ve Los Angeles bolgeleri icin gelistirilmis bir bagka akilli park sistemi ise tahmini varig
siiresini de hesaba katarak hem zamansal hem mekansal bir hesaplama yapilmaktadir (Rajabioun ve loannou,
2015). Boylece park kullanilabilirligini yiiksek dogrulukla tahmin ederek kullaniciya tavsiye park yeri
sunulmaktadir. Onerilen modelde, ge¢mis ve ger¢ek zamanli veriler birlikte kullamlmaktadir. Islenen veri
sonucunda siiriiciiniin park etmeyi planladigi alanda park yeri olup olmadigna iliskin ¢evrimigi tahminlerde
bulunulmaktadir.

Becchini vd. (2013) ise iki asamal1 bir sistem dnermistir. Ilk asama, farkli renkler kullanilarak kategorize
edilmis park rezervasyonlarini veya mevcut park doluluk oralarmi belirlemek i¢in bir mobil GPS sistemi
kullanilmaktadir. Dort farkl renk kullanilmaktadir:

Yesil: Miisait park yeri;

Mavi: Miisait ve rezerve edilebilir park yeri;

Sar1: Bagka bir kullanici tarafindan rezerve edilen park yeri;
Kirmizi: Mevcut degil.

Kullanicr ilk olarak, park edecegi konumu ve bu konumun g¢evresinde bir “tolerans” ¢api belirtmektedir.
Ornegin, Sekil 5'de kullanici, Pisa'nin merkezindeki park yerlerinin durumuyla ilgilenmektedir, yaklagik 3
km ise kullanicinin park yeri mesafe toleransidir. Sistem, tiim alanin durumunu (Sekil 5) “P” harfi ile
tanimlanan farkli renkler araciligiyla gostermektedir.
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£ ParkUp & ParkUp

Pisa

Cap (m) [Radius (m)] 3000
—— e

Ara (Search)

Temizle (Clear)

Sekil 5. Konum, park alanlar1 ve ayrintili park konumu bilgisi ekrani (Becchini ve ark., 2013'den
uyarlanmustir.)

Yesil, ilgili sokakta en az bir bos park yeri bulundugu anlamina gelirken kirmizi, tiim park yerlerinin dolu
oldugunu belirtmektedir. Kullanici, Sekil 5'de oldugu gibi daha ayrintili bir harita goriintimiine sahip olmak
icin yakinlagtirabilmektedir.

Ikinci asama, siiriicii park yerinin dniindeki QR kodunu okutarak araci park ettiginde baslar ve bu durum
otomatik olarak giincellenerek bir bilgi sistemi araciligiyla kullaniciya cep telefonu araciligiyla
gonderilmektedir. Bu asamada, doluluk siiresinin bagladiginin bildirimi gergeklestirilir. Bu, park yerine ait
QR kodunu okuyarak yapilabilmektedir (Sekil 6). O andan itibaren, kullanici, yonetim ekranina eriserek,
park yeri ile ilgili uygun park yeri, park siiresi ve simdiye kadar Odenecek tutar gibi bilgileri
izleyebilmektedir.

h

E k"i’ . . RS
Sekil 6. QR kod sistem gorseli (Becchini vd. (2013)

Sistem ayrica uzaktan park yeri rezerve edebilme olanagi da saglamaktadir. Kullanici, mavi kii¢iik noktaya
dokundugunda, rezervasyon yapma firsati veren bir acilir pencere belirir (Sekil 7). Kullanicinin bir park
stiresi belirtmesi gerekir ve rezervasyon bilgilerinin onaylanmasi ile rezervasyon yapilmaktadir (Sekil 7).
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Sonra kullanici, yonetim ekranmindan rezervasyonla ilgili bilgilere erigebilir ve beklenmedik bir olayin

meydana gelmesi durumunda rezervasyonu iptal etmeye veya uzatmaya karar verebilmektedir. Onceki
durumda oldugu gibi, park yerine yol tarifi almak miimkiindiir.

£ ParkUp £ ParkUp

Rezervasyon Ozeti Rezervasyon islemi
(Reservation Summary) (Reservation Handling)
Buonarroti Uzerinden Buonarroti Uzerinden
(Via Buonarroti) (Via Buonarroti)
Lucca’daki Porta Bélgesi Lucca’daki Porta Bélgesi
(Zona Porta a Lucca) (Zona Porta a Lucca)
Lucca’daki Porta Bolgesi Pisa pisa
(Zona Porta a Lucca)
19:00:00 - 20:00:00 arasi 19:00:00 - 20:00:00 arasi
Rezerve Et Yol Tarifi (From 19:00:00 To 20:00:00) (From 19:00:00 To 20:00:00)
(Book it) (Directions) Park Alanini Tut  (Occuppy Parking)

Onayla (Confirm)

Cik (Cancen Rezervasyonu Uzat(Extend Booking)

Yol Tarifi Al (Get Direction)

Rezervasyondan Cik(Cancel Booking)

Sekil 7. Rezervasyon bilgisi ve yonetim ekrani (Becchini ve ark., 2013'den uyarlanmistir.)

Bunlarin yami sira giiniimiizde otoparklarda kaybedilen zaman ve yakitin 6niine gegmek amaciyla sadece
park yerlerini akilli sisteme entegre etmenin Gtesinde biitiin park etme eylemi akilli olmaya baglamistir.
Trafik {izerine yapilan arastirmalar dogrultusunda, sikisik kentsel alanlardaki trafigin ortalama %30'unun
park yeri arayan seyir halindeki siiriiciilerden kaynaklandig1 saptanmistir (Nawaz, Efstratiou ve Mascolo,
2013). Thomas ve Kovoor (2018) 6érneginde oldugu gibi alisveris merkezlerinde ¢okga vakit alan park etme
islemini artik insanlar tarafindan yapilmamaktadir. Bu alanlarda ortaya ¢ikan sorunun sebebi park yeri
olmamasi degil, araglarin park alaninda etkin bir zamanlama yapamamisindan ve siiriiciilerin senkronize
olmamasindan kaynaklanmaktadir (Babic vd., 2019). Problemin ¢6ziimii igin iyi bir optimizasyon teknigi
olan genetik algoritma kullanilmigtir. Akilli otopark sistemi Sekil 8’de gosterildigi gibi Android uygulamast,
bulut veri tabani ve otonom aragtan olusmaktadir. Kullanicilar bir kimlik numarasina sahiptirler ve bu
numara ile park yeri rezerve edebilmektedirler. Arag park edildikten sonra miisteriye araca ait goriintii
giderek dogru bir bigimde park edilip edilmedigini 6grenmektedir. Bu sistem iizerinden Odemeler
gergeklestirilebilmektedir. Park siiresi asildiginda uygulama araciligiyla kullaniciya uyari mesaji gider ve
cikista ekstra {icrete tabi tutulur. Bu sayede planli ve sistemli bir bigimde islemektedir. Ancak bu uygulama
Safranbolu kenti igin biiyiik dlgekli kalmaktadir. istanbul gibi metropol sehirlerde trafik ve parkin biiyiik
sorun oldugu boélgeler i¢in uygulanabilir.
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Sekil 8. Thomas ve Kavoor otopark sistemi (Thomas ve Kovoor, 2018'den uyarlanmistir.)
3. Materyal ve Yontem

3.1. Materyal

Safranbolu, (Sekil 9) Bat1 Karadeniz Bolgesinde Karabiik ilinin niifus bakimindan en biiyiik ilgesidir. Kent
kuzeyden baslayarak Ulus (Bartin), Eflani (Karabiik), Ara¢ (Kastamonu), Ovacik (Karabiik) ve Karabiik
merkez ilgeleriyle cevrilidir. Ilgenin toplam yiizdl¢iimii 1013 km?’dir (Anonim, 2021b).

EFLAN

SAFRANBOLL

YENICE
MERKEZ

OVACIK

ESKIPAZAR

Sekil 9. Safranbolu Kenti

Safranbolu, 1994 yilinda UNESCO Diinya Miras Listesiyle 6nemli tarihi ve kiiltiirel bir yer haline gelerek
onemli bir destinasyona donmiistiir. Korumanin baskenti olarak adlandirilan ve bir Osmanli kenti olan
Safranbolu, sahip oldugu bir¢ok degerleriyle yerli ve yabanci turistlerin ilgi odagindadir. Tarihi evleri,
hanlari, hamamlari, eski ¢arsisi ile adeta agik hava miizesi konumunda olan kent 2019 yil1 itibariyle (Covid-
19 pandemisi dncesi) 318.866 yerli ve yabanci turistleri misafir etmistir (Khan, 2020; Anonim, 2021c¢).

Caligma alan1 odak noktas1 ise Sadri Artung Caddesi se¢ilmistir (Sekil 10). Bunun sebebi tarihi merkezde
yasanan turizm kaynakli yogun kullanim ile olusan sikisiklik yeni yerlesim yerlerini de etkilemektedir. Eski
ve yeni yerlesim yerlerini baglamasmin yani sira, Karabiik Universitesi’nin cesitli fakiiltelerini de
barindirmasiyla iiniversite personeli ve 6grenciler ile yogunluk artmaktadir. Turizm ve egitimin yani sira
ticaret aks1 olarak da goriilen bu cadde ¢ok ¢esitli kullanim sebebiyle ara¢ yogunlugu olugmakta ve park
sikintist yasanmaktadir.
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Sekil 10: Sadri Artung Caddes1

Sadri Artung Caddesi bu makalede 3 bdlge iizerinden incelenmistir. Turizm bolgesi (A), ticaret bolgesi (B)
ve egitim bolgesi(C) olarak temel kullanimlar1 dogrultusunda cadde bolgelere ayrilmigtir (Sekil 11).

G?)b‘gle.Eanvw

Sekll 11 Sadri Aﬂung: Caddesi bolgeleme har1t351

Yapilan hesaplamalar ile cadde boyu yaklasik 1,35 km, cadde genisligi bazi alanlarda degisiklik gostermekle
beraber, hakim cadde genisligi ise 10 m olarak saptanmigtir. A bolgesi 320 metre, B bolgesi 610 metre ve C
bolgesi 420 metre olarak yaklasik uzunluklari Slgiilmiistiir. Yaya gegitleri dahil edilmeden o&lgiilen bu
uzunlukta -yukarida verilen 6.7 metrelik paralel park otopark uzunlugu baz alinarak- cadde boyunca kag adet
aracin park edilebileceginin hesaplamasi ile caddenin ara¢ kapasitesi bulunabilir. Bu durumda Sadri Artung
Caddesi’nde paralel park yapildig1 takdirde caddenin iki yami toplamda yaklasik 202 ara¢ kapasitesine
sahiptir. Bolgesel olarak hesap yapildiginda ise turizm bolgesinde (A) 48 arag, ticaret bolgesinde (B) 91 arag
ve egitim bolgesinde (C) ise 63 araglik kapasite hesaplamasi yapilmistir.

3.2. Yontem

Bu ¢alismada 3 agsamali bir yontem kullanilmigtir:
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1. asama: Alan ile ilgili yerinde gbzlem yapilarak sorunlarin tespiti,

2. asama: konu ile ilgili yerli ve yabanci kaynaklarin arastirilmasi ve alana uygun otopark modellerinin tespit
edilmesi,

3. asama: yerinde gozlem teknigi ve literatiirden elde edilen bilgiler dogrultusunda ¢alisma alanina uygun
otopark ¢0ziim Onerilerinden olusmaktadir.

4. Arastirma Bulgular:

Sahada yapilan gozlemler ve yapilan literatiir taramasi ile Sadri Artung Caddesi ticaret, egitim ve turizm
kaynakli yogun kullanima sahiptir. Bu sebeple hem akan trafik hem de diizensiz bir sekilde park edilmis
araglarin yol agtig1 karmagiklik géze carpmaktadir (D6nmez vd., 2016). Yapilan arastirmalar sonucunda yeni
bir otopark alani da kent icinde miimkiin degildir. Bu sebeple mevcut diizensiz alanin daha etkili bir bigimde
kullanilmas1 gerekmektedir. Coziim olarak var olan yol boyu parklarin akilli bir sistem ile birlestirilerek
anlik veri sayesinde park alanlarinin yonetiminde bir yenilik saglanacaktir.

Saha arastirmalari ile, cadde boyu ticaret alanlarinda olusan ara¢ yogunlugunun (Sekil 12), konut ve egitimin
yogunlastigi bolgeye (Sekil 13 ve 14) gore daha fazla oldugu saptanmistir. Fakat ticari alandaki araglarin
park stireleri, egitim ve konut alanlarindaki park etme siirelerinden daha kisadir. Bu gézlem dogrultusunda,
olusturulacak akilli sistemde kullanicilara Oneri park yeri sunulurken Rajabioun ve Ioannou (2015)
modelindeki gibi ara¢ sahibinin park etmek istedigi yere gore Onerilerde bulunabilecektir. Bdylelikle hem
zaman hem yakit tasarrufu saglanmis olacaktir. Yani sira, caddenin belirli yerlerinde olusan yogunluk
dagitilmis olacaktir.

Sekil 13. Egitim-konut yogunluklu alandan ¢ekilmis fotograf-1
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Sekil 14. Egitim-konut yogunluklu alandan ¢ekilmis fotograf-2

Bir diger mevcut durum ise, tarihi merkezde var olan sikisik doku sebebiyle olusan otopark sorunudur. Tarihi
merkezdeki yetersiz park alam1 sonucu Sadri Artung Caddesi’nde ara¢ yogunlugu artmakta ve yaya
gecitlerine dahil park yapilmaktadir (Sekil 15 ve 16). Buna ¢oziim olarak ilk asamada akilli sistemler
iizerinden veri paylasimi sayesinde hangi saatlerde hangi bolgelerin yogun olduguna bakilabilir ve ayrica
Becchini vd. (2013) orneginde oldugu gibi rezervasyon sistemi uygulanirsa, gelece saatlerde de arag otopark
yeri kontrol edilebilir.

Sekil 16. Tarihi merkeze yakin (Turizm) bolgede ¢ekilmis fotograf-2
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5. Sonug ve Oneriler

Kentsel alanlarinda smirli sayida park alanlar1 vardir. Kentler planlanirken niifus projeksiyonlar1 g6z éniinde
tutularak planlama yapilir. Ancak kentlerin niifusu arttik¢a kentlerin siirdiiriilebilir olmas1 amaciyla zor olsa
da trafik sikigikligi, trafikte zaman kaybi, CO2 emisyonu, fazla yakat tiiketimi ve trafik kazas1 gibi sorunlara
coziim bulmak gerekmektedir. Bu soruna c¢oziim olarak yeni park yonetim sistemleri sunulmasi
gerekmektedir. Teknolojinin ilerlemesi, sehir alanlarindaki park alanlariin daha iyi yonetimi i¢in akilli park
sistemleri gibi yeni olanaklar saglanmaktadir. Akilli park, araglarin ¢ogu zaman bosta kaldiklari siire
boyunca daha hizli, daha kolay ve daha yogun park etmelerini saglamak i¢in miimkiin oldugunca az kaynak
(yakit, zaman ve alan gibi) kullanmak amaciyla teknoloji ve insami birlestiren bir park etme stratejisi olarak
tanimlanmaktadir (Glaab, 2017).

Akall park teknolojisi ile kullanicilar yer miisaitligini kolayca kontrol etmek, trafik durumunu kontrol etmek,
varacagl yere gelmeden park yeri rezervasyonu yapmak, alan ile ilgili giincel veriye ulasabilmek gibi
faydalar saglamaktadir. Bu sistemler, park yeri bulmak icin gereken siireyi azaltarak trafigi ve bunun
sonucunda ortaya ¢ikan ara¢ emisyonlarinit 6nemli 6l¢iide azaltmaktadir.

Sadri Artung Caddesinde olusan otopark sikintist ve bu sebeple ortaya ¢ikan sorunlar saptanarak Tablo 1°de
¢Oziim Onerileriyle beraber 6zetlenmistir.

Tablo 1
Mevcut durum ve Oneriler
Mevcut Durum Oneriler

Sadri Artung Caddesi boyunca park yeri yeterli olmasina Yukarida 6rnek olarak verilen GPS sistemleri gibi nes-

ragmen, park yeri arayan arag¢ sahipleri sikisikliga sebep nelerin interneti teknolojisi sayesinde veriler toplanabi-

olmaktadir. lecek ve senkronize bir bicimde 6neri park yerleri sunu-
labilecektir.

Bu sikisiklik sebebiyle ve senkronize bir bigimde park Endiistri 4.0 teknoloji ile park yerlerinde bulunan ma-

edilememesi sonucu yakit tiiketimi artmaktadir. kinelerin birbiriyle iletisimi ile zaman ve yakit tiiketimi
en aza indirilebilecektir.

Olusan trafik ile caddede CO2 emisyon miktar1 fazladir.

Konut alanlar1 gibi daimi ve uzun siireli park etme degil Ornek olarak verilen QR kod teknoloji sayesinde hangi
turizm, egitim ve ticaret gibi park etme siirelerinin gérece park yerinin ne kadar isgal edilecegi 6lgiilebilecek ve
daha kisa siireli ve devinimin yiiksek oldugu bir bolge bdylece veri senkronizasyonu ile ¢oziim saglanabile-

olmasi sebebiyle karigikliklar olusmaktadir. cektir.

Plansiz ve kuralsiz park etme saptanmistir. Bu yiizden Alana yerlestirilecek makineler ve entegre olmusg uygu-

park edilmemesi gereken yaya yollarinda bile araglar lamalar sayesinde park yerleri belirlenmis olacaktir.

mevcuttur. Belirlenmis park yerleri diginda, park etmek miimkiin
olmayacagindan bu soruna ¢éziim bulunmus olunacak-
tir.

Sadri Artung caddesi i¢in Onerilen akilli otopark sistemine iliskin gorsel sekil 17'de, akis semasi sekil 18'de
verilmistir. Oneri dahilinde sistemin ¢alisma prensibi su sekildedir:

e Kullanic, park yerine gelmeden internet araciligryla anlik veri paylasimi sayesinde hangi bolgede ne
kadar bos park yeri oldugu bilgisine ulasmaktadir.

e Istenen varis siiresine gore, her park yeri i¢in ayr olusturulan QR kod sayesinde park yerini rezerve
edebilmektedir.

e Arag park edildikten sonra, QR kodu okutularak sisteme park bilgileri tamimlanmaktadir.

e Park yerinden ayrilirken, yine QR kodu okutularak 6deme yapabilmekte ve sistemde anlik veri ente-
grasyonu saglanmaktadir.

e Sistem araciligiyla saglanan veri aligverisinin yam sira alana gelen kullanicilarin arag¢ park yerlerinin
yaninda bulunan 1siklar ile park yerlerinin rezerve, bos veya dolu durumu renkler araciligiyla an-
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lasilmaktadir. Dolu alanlar kirmizi, rezerve alanlar sar1 ve bos alanlar yesil olabilecek sekilde
kullanicilar bilgilendirilebilmektedir.

'y | g

Sekil 17. Oneri akilli otopark sistemlere ait gorseller.

Alana gelmeden park yerlerinin doluluk bosluk durumu
internet aracihiyla (nesnelerin interneti sistemi) kontrol edilir.

> istege bagli uygulamadan yol tarifi alinarak
alana daha mzh ulagim saglanabilir.

[stege bagh park alanina <
ulagmadan park yeri rezerve edilebilir.

Tahmini varig siiresini ve aracin kag saat park yerini kullnacagini hesaba katarak
sistemde hem zamansal hem mekansal bir hesaplama yapilmaktadir.

!

Bos park alanina ulasildiginda, park alanina ait QR kod okutularak park edilir.
Bu sayede sistemde park alam dolu konuma gelir.

T

Uygulamanmmn yam sira park yerlerinde dolu (kirmizi), bos (yesil) ve
rezerve (sart) durumu park alanina ait 1s1klardan anlasilabilir.

T

Kullanmlan park alani bu sirada bagkalar tarafindan rezerve edilmediyse
park saati uygulama tizerinden uzatilabilir.

Park bittikten sonra QR kod okutularak,
uygulama iizerinden 6deme yapihr.

Sekil 18. Oneri otopark sistemi akis semasi
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Bu ¢aligmada, giiniimiizde tasarim ve miihendislik diinyast i¢in kilit pozisyonda yer alan akilli kentlerin

onemli bir parametresi olan akilli otopark sistemleri lizerinde bir aragtirma yapilmistir. Gelecekte 6nemli rol
oynayabilecek bazi yenilik¢i ¢ozlimler arastirilmis olup, Safranbolu kentinde bulunan Sadri Artung Caddesi
ornegi ile anlatilmistir. Sadri Artung Caddesi ticaret, egitim ve turizm agisindan farkli kimlikleri biinyesinde
barindiran bir cadde olmasiyla yogun arag¢ trafigine sahiptir. Incelenen ornekler ve sunulan oneri ile
teknolojik otopark sistemleri {izerinde durulmustur. Sunulan yeni teknoloji sayesinde anlik veri entegrasyonu
ile trafik ve arag yogunlugu kontrol altna alarak zaman ve yakit tasarrufu da saglanmis olacaktir. Onerilen
bu sistem sadece Safranbolu 6zelinde degil, diger biitiin kentler i¢in de uygulanabilecektir. Sonug¢ olarak
akilli kentler, hizli niifus artis1 nedeniyle ¢ikan birgok sorun ve talebin karsilanabilmesi igin sinirh
kaynaklarin, bilgi ve iletisim teknolojilerinin destegi ve vatandaslarin katilimi ile akilli kombinasyonlar
yaparak etkin ve verimli kullanilarak yasamlarda bir¢ok kolaylig1 beraberinde getirecektir
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