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Bati Akdeniz Bolgesinde uygulanan siirdiiriilebilir orman yonetimi sosyo-
ekonomik fonksiyonlar olg¢iitiine iliskin orman miihendislerinin goriisleri

Ayse Esra Hakverdi®” 2, Ayhan Akyol®

, Ahmet Tolunay®

Ozet: Bu calismada, Bat1 Akdeniz Bolgesi’nde bulunan Mugla, Isparta ve Antalya Orman Bolge Miidiirliiklerindeki ormancilik
calismalariyla birlikte Siirdiiriilebilir Orman Yo6netimi sosyo-ekonomik fonksiyonlar dlgiitiiniin uygulanabilirligi arastirilmgtir.
Arastirmanin ¢alisma grubunu, Bat1 Akdeniz Bolgesi’nde gorev yapan 117 orman mithendisi olusturmustur. Arastirmada miihendis
goriislerinin belirlenmesi amaciyla 9 boliimden olusan anket formu uygulanmigtir. Elde edilen verilerin analizlerini yapmak igin,
SPSS 28.0 programi yardimiyla; frekans ve yiizde, ortalama, ikili grup karsilagtirmasinda t testi (independent samples t test) ikiden
fazla grup karsilastirmalarinda ise tek yonlii varyans analizi (one way anova) kullanilmistir. Tek yonlii varyans analizi sonucunda
gruplar arasi anlamli bir fark bulunmasi durumunda ise Tukey HSD (multiple comparisons) testleri uygulanarak farkliliklarin hangi
gruplardan kaynaklandigi belirlenmistir. Caligma sonuglarina gore, orman miihendisleri dlgiitii oldukga 6nemli bulmaktadirlar.
Olgiite yonelik bilgi ve farkindahik diizeyleri oldukca yiiksektir. Ancak, dlgiite yonelik algilanan 6lgme zorlugu da yiiksektir. Bu
nedenlerle 6lgiitiin dlgiilebilirlik diizeyini arttirmaya yonelik ¢aligmalar yapilmali, 6zellikle sosyal igerikli gostergelerde standartlar
gelistirilmeli ve izleme galigmalarina devam edilmelidir.

Anahtar kelimeler: Olgiit ve gostergeler, Ormanlar, Siirdiiriilebilirlik, Siirdiiriilebilir orman yénetimi

Opinions of forest engineers on sustainable forest management socio-economic

functions criteria applied in the West Mediterranean Region

Abstract: In this study, the applicability of the Sustainable Forest Management socio-economic functions criterion was investigated
together with the forestry studies in Mugla, Isparta and Antalya Regional Directorates of Forestry in the West Mediterranean
Region. The study group of the research consisted of 117 forest engineers working in the West Mediterranean Region. In the
research, a survey form consisting of 9 sections was applied to determine the opinions of engineers. To analyze the data obtained,
with the help of the Statistical Package 28.0 program for Social Sciences; frequency and percentage, mean, t test (independent
samples t test) was used for pairwise group comparisons, and one-way analysis of variance (one way anova) was used for
comparisons of more than two groups. If a significant difference was found between the groups as a result of one-way analysis of
variance, Tukey HSD (multiple comparisons) tests were applied to determine which groups caused the differences. According to
the study results, engineers find the criterion very important. Levels of knowledge and awareness about the measure are high, but
the perceived difficulty of measurement is high. For these reasons, studies should be carried out to increase the measurability level
of the Criterion, standards should be developed, especially in social content indicators, and monitoring studies should be continued.
Keywords: Criteria and indicators, Forests, Sustainability, Sustainable forest management

1. Giris

Diinyada en gelismis ve en yaygin bitki Ortiisiinii

ormanlar olusturmaktadir. Insan toplumlarinin gesitli
bicimlerde orman kaynaklarini  kullandiklar1  veya
tikettikleri, onlardan {iriin ve Thizmet ydnlerinden

yararlandiklari bilinmektedir (Ozdénmez vd., 1996).

Orman kaynaklari uzun yillar boyunca siireklilik anlayigi
ile isletilmislerdir. Ancak, bu siireklilik anlayis1 6zellikle
odun hammaddesi iiretiminin siirekliligi seklinde devam
etmis, ormanin karmagsik bir ekosistem oldugu gercegi hep
g6z ardi edilmistir. Gézden kagirilan bu hususlar, orman
kaynaklarmin giinden giine tahrip olmasina ve her gecen giin

diinyada orman alanlarinin azalmasina sebep olmustur
(Akyol ve Tolunay, 2014).

Bununla birlikte, tiim dogal kaynaklar ve ormanlar,
faydalanildig: siirece insanlar agisindan bir anlam ve éneme
sahip olmaktadir (Tirker vd., 2002). Bundan dolayidir ki,
ormanlardan dogrudan ya da dolayli bir faydalanma her
zaman i¢in s6z konusudur. Giiniimiizde yerel, bolgesel,
ulusal ve hatta kiiresel diizeyde orman kaynaklarina yonelik
cesitlenen ve artan talepler, orman kaynaklarinin
yenilenebilir dogal kaynaklardan olmasi, bu kaynaklarin
gelecek nesillerin  ihtiyaglarin1  da  gozetecek sekilde
stirdiiriilebilir bir yaklagimla yonetilmesini gerektirmektedir.
Bu gerekliligi doguran etmenlerin basinda, insanlarin orman
kaynaklarma yonelik ihtiyaglarindaki ve bu kaynaklarin
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yonetimine iligkin goriis, ilgi ve taleplerindeki artis
gelmektedir (Oztiirk ve Tiirker, 2005).

Orman kaynaklarinin ekosistem ve insan agisindan artan
Oneminin her gegen giin daha iyi kavranmasi nedeniyle
kaynak yonetimine iligkin yeni yaklagimlar gelistirilmekte ve
farkli  Olgeklerde Onlemler giindeme getirilmektedir.
Ulkemizde de bu gelismelere paralel olarak, siirdiiriilebilirlik,
stirdiiriilebilir kalkimma ve siirdiiriilebilir orman Yydnetimi
(SOY), ekosistem yaklagimi, sertifikasyon, katilimeilik,
biyogesitlilik koruma vb. yaklagimlarin mevcut ormancilik
anlayisina Dbiitiinlestirilmesiyle ilgili calismalar devam
etmektedir (Alkan ve Eker, 2005). Bu anlamda yapilacak
olan planlamalar bir firsat olarak degerlendirilebilir
(Korkmaz ve Adigiizel, 2021).

SOY, ulusal diizeyde belirlenen olgiitlerin yani sira
bolgesel veya orman yonetim birimi diizeyinde olusturulan
Olciitler ve gostergelerle uyumlu bir sekilde uygulanmalidir.
Bu yaklasim, orman ekosistemini biitiinciil bir perspektifle
ele alir ve Olgiitler ile gostergelerin ayrilmaz bir sekilde bir
arada degerlendirilmesini  gerektirir. Akyol'un (2010)
vurguladigi gibi, bu c¢aligmalar, siirdiiriilebilir orman
yonetimi hedeflerine ulagsmak i¢in biiyiik bir 6neme sahiptir.

Dogal dengenin korunmasi agisindan ormanlarin
sagladig1 ekonomik faydalarin yani sira, diinya genelinde ve
ilkemizde yasanan hizli niifus artisi, kentlesme, cevre
sorunlari ve ekosistemdeki  bozulmalar, toplumun
ormanlardan beklentilerini ¢esitlendirip degistirmektedir.
Tirkiye'de, dogal kaynaklarin siirdiiriilebilir ydnetimi
anlayis1 gelisme siirecindedir. Ormanlar, sadece odun
hammaddesi iiretimi ile smirli kalmayip, ayni zamanda
ekolojik ve sosyo-kiiltiirel fonksiyonlartyla da 6nem
tasimaktadir.  Orman  kaynaklarinin  sosyo-ekonomik
fonksiyonlari, toplum refahina ve yasam kalitesine 6nemli
katkilarda bulunmaktadir (OGM, 2023).

Orman kaynaklari, insanlarin hem maddi hem de manevi
ihtiyaglarin1 somut bir sekilde karsilarken, ayni zamanda
"goriinmez bir el" gibi tiim dogal sistemlerin dengesini
koruma ve gelistirmeye katki saglar (Geray, 1998). Orman
kaynaklarmnm milli ekonomiye, istthdama ve kirsal
kalkinmaya olan katkis, arz ve talep dengesi i¢indeki 6nemi,
kurumsal, mali, yasal ve aragtirma-gelistirme kapasitesi, bu
sektoriin  sosyo-ckonomik islevlerinin temel unsurlarini
olusturur. Bu unsurlarin iilke ¢capindaki gostergeleri, lilkenin
ormanciliginin siirdiiriilebilir yonetim ilkesine ne kadar
uygun oldugu hakkinda sektdre bilgi sunar. Ormanlarin
cevresel, sosyal ve ekonomik agilardan topluma fayda
saglayacak sekilde yonetilmesi, giiniimiiz orman yodnetimi
felsefesinin temelini olusturur (OGM, 2020).

2. Materyal ve yontem
2.1. Materyal

Arastirma alanini; Bati Akdeniz Bélgesi’nde bulunan
Mugla, Antalya ve Isparta Orman Bolge Miidiirliikleri (Sekil
1) olusturmaktadir. Bat1 Akdeniz bolgesi, Tiirkiye'nin 6nemli
orman kaynaklarna sahip bolgelerinden biridir. Bu bolge,
biyolojik ¢esitlilik, ekosistem hizmetleri, iklim diizenleme ve
su kaynaklar1 koruma gibi onemli ekolojik fonksiyonlar
yerine getirmektedir. Ormancilik ¢aligmalari, Bati Akdeniz
bolgesindeki orman kaynaklarmin siirdiiriilebilir yonetimi,
korunmasi, restorasyonu ve ekosistem hizmetlerinin en etkili
sekilde kullanilmasi iizerine odaklanmustir. Ormanlar, bu
bolgedeki ekosistemin 6nemli bir parcasidir ve biyogesitliligi

destekler. Bat1 Akdeniz Bolgesi, yaz aylarinda sicak ve kuru
bir iklimle kars1 karsiya oldugu i¢in orman yangnlari riski
yiiksektir  (TOB, 2023). Bu nedenlerle, ormanlarin
stirdiiriilebilir bir sekilde yonetilmesi Onemlidir. Ayrica,
bolge miidiirliiklerindeki sertifikasyon ¢alismalarinin varligi
veya yoklugu, oOl¢iit ve gostergelerin degerlendirilmesine
onemli katki saglamaktadir. Bu kapsamda, tez ¢alismasi igin
Bati Akdeniz bdlgesi, 6rnek alan olarak segilmistir.

2.2. Yontem

Caligmada  oranli  tabakali  Ornekleme  ydntemi
kullanilmustir. Ormeklem orani= n/N*100’diir. Burada; n=
calisan sayisi, N= ana kiitle biiyiikliigiidiir. Arastirmanin
evrenini 2021 yi1l1 Bat1 Akdeniz Bélgesi’nde bulunan orman
bolge midiirliikklerindeki ¢alisan orman miihendisleri
olusturmaktadir. 2021 y1l1 Bat1 Akdeniz Bolgesi’nde bulunan
OBM calisan orman miihendisleri sayisinin 624 oldugu
bilinmektedir. Orneklem biiyiikliigii Salant ve Dillman’nin
(1994) belirledigi formiil ile hesaplanarak 113 bulunmustur.
Oranli tabakali Ornekleme ile boélge midiirliiklerinden
ornekleme dahil edilecek katilimer sayilar belirlenmis ve
toplamda 117 katilimciya ulagilmistir. Katilimer sayilar
belirlendikten sonra anket uygulamasina gegilmis ve ¢aligma
verileri elde edilmigtir. Anket ¢alismasi, kisisel bilgi formu
ve SOY olglit ve gostergelerine yonelik Onermelerden
olugmaktadir. Kisisel bilgi formunda; bolge, yas, cinsiyet,
egitim diizeyi ve g¢alisma siiresi degiskenlerine yer
verilmistir. SOY 0lgiit ve gostergelerine yonelik 6nermeler
5°1i likert olgekten olusmaktadir. Onermeler 1- hig
katilmiyorum, 2- kismen katilmiyorum, 3- kararsizim, 4-
kismen katilmiyorum ve 5- tamamen katiliyorum olarak
derecelendirilmistir. Aragtirmada elde edilen verilerin analizi
icin SPSS (Statistical Package for Social Sciences) for
Windows  28.0 programi  kullamilmistir.  Verilerin
degerlendirilmesinde say1, yiizde, ortalama ve standart sapma
gibi tammlayict istatistiksel yontemler kullamlmstir. ki
bagimsiz grup arasinda niceliksel siirekli verilerin
karsilagtirilmasinda t-testi, ikiden fazla bagimsiz grup
arasinda niceliksel siirekli verilerin karsilastirilmasinda Tek
yonli (One way) Anova testi kullanilmigtir. Anova testi
sonrasinda farkliliklar1 belirlemek {izere tamamlayict post-
hoc analizi olarak Tukey HSD testi kullanilmistir.

KUZEY

1.10000000

LEJANT

1: Mugla OBM

2: Isparta OBM
3: Antalya OBM

Sekil 1. Aragtirma alani
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3. Bulgular

3.1. Anket ¢alismasina katilanlarin demografik ozelliklerine
ait bulgular

Aragtirma kapsaminda 117 katilimciya ulasilmistir.
Katilimcilarin bazi demografik 6zelliklerine gore dagilimlar
Cizelge 1°de verilmistir.

Cizelge 1 incelendiginde katilimcilarin 37'si (%31.6)
kadn ve 801 (%68.4) ise erkeklerin olusturdugu
goriilmektedir. Katilimeilarin yaslari en ok 41'i (%35.0) 26-
33 yas aralig1 ve en az 7'si (%6.0) 18-25 yas araligindadir.
Katilimeilarmn egitim durumlari; 79'a (%67.5) lisans ve 38'i
(%32.5) lisansiistii olarak dagilmaktadir. Calisma siiresine
gore en ¢ok 41'i (%35.0) 6-10 y1l arasi ve en az ¢aligma siiresi
ise 25'i (%21.4) 11-15, 25'i (%21.4) 16 yil ve iizeri olarak
dagilmaktadir. Katilimeilar 49'u (%41.9) Mugla, 25'i (%21.4)
Isparta ve 43"l (%36.8) Antalya Bolge Miidiirliiklerinden
katilim saglamislardir.

3.2. Anket verilerine ait puan ortalamalart

Katilimcilarin siirdiiriilebilir orman ydnetimine yonelik
alg1 ve bilgileri asagidaki hipotezler simanmis olup, anket
onermelerine verdikleri puan ortalamalari ve bunlarin
degerlendirilmesine ait bulgular Cizelge 2’de verilmistir.
Buna gore;

H:  hipotezi: Bati  Akdeniz  Boélgesi  orman
miithendislerinde siirdiiriilebilirlik algisi yiiksek diizeydedir.

Hz  hipotezi: Bati  Akdeniz  Bolgesi  orman
miithendislerinde siirdiiriilebilirlik bilgi ve farkindalik yiiksek
diizeydedir.

H3 hipotezi: Bati Akdeniz Bolgesi miihendislerinde
stirdiirtilebilir orman y6netimi sosyo-ekonomik fonksiyonlar
Olciitiinlin 6nemi yliksek goriilmektedir.

Hs hipotezi: Bati Akdeniz Bdlgesi miihendislerinde
stirdiiriilebilir orman y6netimi sosyo-ekonomik fonksiyonlar
Olciitliniin 6l¢iilebilirligi yliksek goriilmektedir.

H5 hipotezi: Bati Akdeniz Bolgesi miihendislerinde
stirdiirtilebilir orman y6netimi sosyo-ekonomik fonksiyonlar
Olglitiine ait verilerin alanda bulunma durumu yiiksek
goriilmektedir.

H6 hipotezi: Bati Akdeniz Bolgesi miihendislerinde
stirdiirtilebilir orman y6netimi sosyo-ekonomik fonksiyonlar
Olglitiine  iligkin  alanda yapilan planlama yiiksek
goriilmektedir.

H7 hipotezi: Bati Akdeniz Bdlgesi miihendislerinde
stirdiiriilebilir orman yonetimi 6lgiit ve gostergelerine yonelik
algilanan dl¢me zorlugu yiiksek goriilmektedir.

Seklinde olusturulmustur.

Cizelge 1. Katilimeilarin demografik 6zelliklerine ait frekans
ve ylizde degerleri

Frekans (N) Yiizde (%)
. Mugla 49 41.9
Mii‘ﬁrglggﬁ Isparta 25 21.4
Antalya 43 36.8
Cinsiyet Kadin 37 31.6
Erkek 80 68.4
18-25 7 6.0
26-33 41 35.0
Yas 34-41 38 325
42-49 17 145
50 ve {izeri 14 12.0
Egitim Lisans 79 67.5
durumu Lisansiistii 38 325
1-5 26 22.2
Calisma 6-10 41 35.0
stiresi (y1l) 11-15 25 21.4
16 ve lizeri 25 214

Cizelge 2. Katilimeilarin anket 6nermelerine verdikleri puan
ortalamalari

N Ort SS Min. Maks.

Siirdiiriilebilirlige yonelik
algilar

Siirdiiriilebilirlige yonelik bilgi
ve farkindalik
Sosyo-ekonomik fonksiyonlar
Olgiitiiniin 6Gnemi
Sosyo-ekonomik fonksiyonlar
Olgiitiintin 6lgtlebilirligi
Sosyo-ekonomik fonksiyonlar
Olgiitiine ait verilerin alanda 117 3.244 1.035 1.000 5.000
bulunma durumu

Sosyo-ekonomik fonksiyonlar

olgiitii igin alanda yapilan 117 3.487 1119 1.000 5.000
planlamalar

SOY olgiit ve gostergelerine
yonelik algilanan 6lgme
zorlugu

117 3.839 1.063 1.000 5.000

117 3.879 1.143 1.000 5.000

117 3.899 0.947 1.000 5.000

117 3.280 1.068 1.000 5.000

117 3.756 0.902 1.000 5.000

N: Orneklem sayis1 Ort: Ortalama SS: Standart sapma Min: En diisiik Maks: En
yiiksek

Cizelge 2 incelendiginde, katilimcilarin
“stirdiiriilebilirlige  yonelik alg1” ortalamasi  yiiksek
3.839+1.063 (Min=1; Maks=5) olarak saptanmistir. Burada
H1 hipotezi kabul edilmistir. Katilimcilarin, “siirdiiriilebilirlik
bilgi ve farkindalik” ortalamasi yiiksek 3.879+1.143 (Min=1,
Maks=5) olarak saptanmigtir. Burada H hipotezi kabul
edilmigtir. Katilimcilarin, “Sosyo-ekonomik fonksiyonlar
Olciitiiniin 6nemi’’ ortalamasi yiiksek 3.899+0.947 (Min=1;
Maks=5) olarak saptanmistir. Burada H3 hipotezi kabul
edilmistir. Katilimcilarm, “Sosyo-ekonomik fonksiyonlar
Olciitliniin  Olgiilebilirligi” ortalamasi orta 3.280+1.068
(Min=1; Maks=5) olarak saptanmistir. Burada H4 hipotezi
reddedilmistir. Katilimeilarin, “Sosyo-ekonomik
fonksiyonlar dlciitiine ait verilerin alanda bulunma durumu”
ortalamast orta 3.244+1.035 (Min=1; Maks=5) olarak
saptanmustir.  Burada H5  hipotezi  reddedilmistir.
Katilimeilarm “Sosyo-ekonomik fonksiyonlar dl¢iitii igin
alanda yapilan planlamalar” ortalamasi yiiksek 3.487+1.119
(Min=1; Maks=5) olarak saptanmustir. Burada H6 hipotezi
kabul edilmistir. Katilimeilari, “Sirdiiriilebilir orman
yonetimi 0Olglit ve gostergelerine yonelik algilanan 6lgme
zorlugu” ortalamasi yiiksek 3.756+0.902 (Min=1; Maks=5)
olarak saptanmustir. Burada H7 hipotezi kabul edilmistir.
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3.3. Tamimlayict demografik ozelliklere gore karsilastirmalar

3.3.1. Siirdiiriilebilirlige yonelik algi ve siirdiiriilebilirlik
bilgi ve farkindalik puanlarimin tamimlayict ézelliklere gére
farklilagsma durumu

Siirdiiriilebilir orman y6netimine yonelik algi ve bilgi ve
farkindalik  durumlarma yonelik asagidaki hipotezler
simanmigtir.

Hg: Gorev yaptiklar1 bolgeye gore siirdiiriilebilirlige
yonelik alg1 farklilik gostermektedir.

Ho: Cinsiyete gore siirdiiriilebilirlige yonelik alg: farklilik
gostermektedir.

Hio: Yas aralifina gore siirdiiriilebilirlige yonelik algi
farklilik gostermektedir.

Hua: Egitim durumuna gére siirdiiriilebilirlige yonelik algi
farklilik gostermektedir.

Hio: Calisma siirelerine gore siirdiiriilebilirlige yonelik
alg1 farklilik géstermektedir.

Hia: Gorev yaptiklar1 bolgeye gore siirdiiriilebilirlik bilgi
ve farkindalik farklilik géstermektedir.

His: Cinsiyete gore siirdiiriilebilirlik bilgi ve farkindalik
farklilik géstermektedir.

His: Yas araligma gore siirdiiriilebilirlik bilgi ve
farkindalik farklilik géstermektedir.

His: Egitim durumuna gore siirdiiriilebilirlik bilgi ve
farkindalik farklilik géstermektedir.

Hi7: Calisma siirelerine gore siirdiiriilebilirlik bilgi ve
farkindalik farklilik géstermektedir.

Siirdiiriilebilirlige yonelik algi ve siirdiiriilebilirlik bilgi
ve farkindalik ortalama puanlarinin tanimlayici 6zelliklere
gore farklilasma durumuna iliskin bulgular Cizelge 3’te
verilmektedir.

Cizelge 3 incelendiginde; katilimcilarin siirdiiriilebilirlige
yonelik alg1 ortalama puanlari bolgeye gore anlamli farklilik
gostermemektedir  (p>0.05). Burada Hs hipotezi
reddedilmistir. Katilimcilarin siirdiiriilebilirlige yonelik algi
ortalama puanlart cinsiyete gore anlamli farklilik
gostermemektedir  (p>0.05). Burada Hge hipotezi
reddedilmistir. Katilimcilarin siirdiiriilebilirlige yonelik algi
ortalama  puanlar1  yasa  gore anlamhi  farkhilik
gostermemektedir  (p>0.05). Burada Hip hipotezi
reddedilmistir. Katilimcilarin siirdiiriilebilirlige yonelik algi
ortalama puanlari egitim durumuna goére anlamli farklilik
gostermemektedir  (p>0.05). Burada Hi;  hipotezi
reddedilmistir. Katilimcilarin siirdiiriilebilirlige yonelik algi
ortalama puanlar1 calisma siiresine gore anlamli farklilik
gostermemektedir  (p>0.05). Burada Hi, hipotezi
reddedilmistir.

Katilimcilarin - siirdiiriilebilirlik  bilgi ve farkindalik
ortalama puanlar1 bdlgeye gore anlamli farklilik
gostermemektedir  (p>0.05). Burada Hiz hipotezi
reddedilmistir. Katilimcilarin  slirdiiriilebilirlik  bilgi  ve
farkindalik ortalama puanlari cinsiyete gore anlaml farklilik
gostermemektedir  (p>0.05). Burada His  hipotezi
reddedilmistir. Katilimcilarin  siirdiiriilebilirlik  bilgi  ve
farkindalik ortalama puanlar1 yasa gore anlamli farklilik
gostermemektedir  (p>0.05). Burada His hipotezi
reddedilmistir. Katilimcilarin — siirdiiriilebilirlik  bilgi  ve
farkindalik ortalama puanlar1 egitim durumuna gére anlamli
farklilik gostermemektedir (p>0.05). Burada His hipotezi
reddedilmistir. Katilimcilarin  siirdiiriilebilirlik  bilgi  ve
farkindalik ortalama puanlar1 ¢aligma siiresine gore anlamli
farklilik g6stermemektedir (p>0.05). Burada Hiz hipotezi
reddedilmistir.

Cizelge 3. Siirdiiriilebilirlige yonelik algi ve siirdiiriilebilirlik bilgi ve farkindalik ortalama puanlarinin tanimlayici 6zelliklere

gore farklilagma durumu

Demografik dzellikler n Siirdiiriilebilirlige yonelik alg Siirdiiriilebilirlik bilgi ve farkindalik
Bolge Ort+SS Ort+SS
Mugla 49 3.850+0.886 3.911+1.133
Isparta 25 3.830+1.010 3.943+1.023
Antalya 43 3.831+1.281 3.807+1.239
F= 0.004 0.141
p= 0.996 0.868
Cinsiyet Ort+SS Ort+SS
Kadn 37 3.840+1.042 3.985+1.124
Erkek 80 3.838+1.079 3.831+1.156
t= 0.006 0.677
p= 0.995 0.500
Yas Ort+SS Ort+SS
18-25 7 3.946+0.766 4.500+0.451
26-33 41 3.861+1.066 3.703+1.168
34-41 38 3.826+1.003 3.857+1.235
42-49 17 3.721+£1.182 4.151+0.680
50 ve Uzeri 14 3.897+1.306 3.817+1.434
F= 0.084 1.014
p= 0.987 0.403
Egitim Durumu Ort+SS Ort£SS
Lisans 79 3.934+1.001 3.777+1.220
Lisansiistil 38 3.641+1.171 4.092+0.944
t= 1.397 -1.402
p= 0.165 0.164
Caligma Siiresi Ort+SS Ort+SS
1-5 26 3.880+0.827 4.320+0.576
6-10 41 3.867+0.940 3.569+1.384
11-15 25 4.025+1.276 3.853£1.058
16 Y1l ve Uzeri 25 3.563+1.237 3.958+1.129
F= 0.838 2.425
p= 0.476 0.069

F: Anova Testi; t: Bagimsiz Gruplar T-Testi; PostHoc: Tukey, LSD; p<0.05; Ort: Ortalama; SS: Standart sapma
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3.3.2. Sirdiiriilebilir orman ydnetimi  S0Syo-ekonomik
fonksiyonlar  dlgiitiiniin -~ onemi  ortalama  puanlarinmin
tamimlayict ozelliklere gore farklilasma durumu

Sosyo-ekonomik fonksiyonlar 6lgiitiiniin 6nemine iligskin
asagidaki hipotezler stnanmigtir.

His: Gorev yaptiklar1 bolgeye gore siirdiiriilebilir orman
yoOnetimi  sosyo-ekonomik fonksiyonlar olgiitii  6nemi
farklilik gostermektedir.

Hig: Cinsiyete gore siirdiiriilebilir orman y6netimi sosyo-
ekonomik fonksiyonlar olciitl Oonemi farklilik
gostermektedir.

Hzo: Yas araligina gore siirdiiriilebilir orman yonetimi

sosyo-ckonomik fonksiyonlar o6lgiiti  6nemi  farklilik
gostermektedir.

Hzi:  Egitim durumuna gore siirdiiriilebilir orman
yoOnetimi  sosyo-ekonomik fonksiyonlar olgiitii  Onemi

farklilik gostermektedir.

Hz: Caligma siirelerine gore siirdiiriilebilir orman
yoOnetimi  sosyo-ekonomik fonksiyonlar olgiitii  6nemi
farklilik gostermektedir.

Sirdiiriilebilir  orman  yonetimi  sosyo-ekonomik
fonksiyonlar 6l¢iitii 6nemi ortalama puanlarinin tanimlayict
ozelliklere gore farklilagma durumuna iligkin bulgular
Cizelge 4’te verilmigtir.

Cizelge 4. Siirdiriilebilir orman yonetimi sosyo-ekonomik
fonksiyonlar Sl¢iitii 6nemi ortalama puanlarinin tanimlayici
ozelliklere gore farklilagma durumu

Demografik ozellikler n Sosyo-ekonomik fonksiyonlar
Bolge Ort+SS
Mugla 49 4.139+0.757
Isparta 25 3.916+0.795
Antalya 43 3.615+1.145
F= 3.673
p= 0.028

1>3
PostHoc= (p<0.05)
Cinsiyet Ort+SS
Kadin 37 3.821+1.053
Erkek 80 3.935+0.898
t= -0.607
p= 0.545
Yas Ort£SS
18-25 7 3.286+1.606
26-33 41 4.011+0.827
34-41 38 4.096+0.933
42-49 17 3.775+0.593
50 ve Uzeri 14 3.494+1.117
F= 2.076
p= 0.089
PostHoc=
Egitim Durumu Ort+SS
Lisans 79 3.832+0.955
Lisansiistii 38 4.038+0.928
t= -1.105
p= 0.272
Caligsma Siiresi Ort£SS
1-5 26 3.902+1.077
6-10 41 3.9734+0.829
11-15 25 3.876+1.118
16 Y1l ve Uzeri 25 3.796+0.843
F= 0.183
p= 0.908

F: Anova Testi; t: Bagimsiz Gruplar T-Testi; PostHoc: Tukey, LSD; p<0.05; Ort:
Ortalama; SS: Standart sapma

Cizelge 4 incelendiginde; katilimeilarin sosyo-ekonomik
fonksiyonlar 6nem ortalama puanlar1 bolgeye gore anlaml
farklilik gostermektedir (F=3.673; p=0.028<0.05;
1n2=0.061). Farkin nedeni Mugla bdlgesinde ¢alisanlarin
sosyo-ekonomik fonksiyonlar 6nem ortalama puanlarinin
Antalya bolgesinde ¢aliganlarin sosyo-ekonomik
fonksiyonlar 6nem ortalama puanlarindan yiiksek olmasidir
(p<0.05). Bolgeye sosyo-ekonomik fonksiyonlar 6lgiitii
anlaml sekilde farklilagmustir. Burada Hig hipotezi kabul
edilmistir.

Cinsiyete  gore;  katilmcilarin  sosyo-ekonomik
fonksiyonlar 6l¢iitii 6nem ortalama puanlar1 anlaml farklilik
gostermemektedir  (p>0.05). Burada His hipotezi
reddedilmistir.

Yas aralik gruplarma gore; katiimcilarin sosyo-
ekonomik fonksiyonlar 6l¢iiti 6nem ortalama puanlar
anlaml farklihik gostermemektedir (p>0.05). Burada H2o
hipotezi reddedilmistir.

Egitim durumuna gore; katilimcilarin sosyo-ekonomik
fonksiyonlar 6l¢iitii 6nem ortalama puanlar1 anlaml farklilik

gostermemektedir  (p>0.05). Burada H,;  hipotezi
reddedilmistir.

Calisma siiresine gore; katilimcilarin sosyo-ekonomik
fonksiyonlar Olgiiti 6nem puanlart anlamli  farklilik
gostermemektedir  (p>0.05). Burada Hz hipotezi

reddedilmistir.

3.3.3.  Sirdiiriilebilir orman yonetimi  S0Syo-ekonomik
fonksiyonlar él¢iitiiniin 6l¢iilebilirligi ortalama puanlarinin
tammlayict ozelliklere gore farklilagma durumu

Sosyo-ekonomik fonksiyonlar 6l¢iitliniin dlgiilebilirligine
iliskin asagidaki hipotezler sinanmustir.

Has: Gorev yaptiklar bolgeye gore siirdiiriilebilir orman
yoOnetimi sosyo-ekonomik fonksiyonlar 6l¢iitii 6l¢iilebilirligi
farklilik gostermektedir.

H2a: Cinsiyete gore siirdiiriilebilir orman ydnetimi sosyo-
ekonomik fonksiyonlar 6l¢iitii farklilik gostermektedir.

Hzs: Yas araligina gore siirdiiriilebilir orman yonetimi
Sosyo-ekonomik fonksiyonlar olciiti farklilik
gostermektedir.

Hzs: Egitim durumuna gore siirdiiriilebilir orman
yonetimi  sosyo-ekonomik fonksiyonlar &lgiitii farklilik
gostermektedir.

Hy7: Calisma siirelerine gore siirdiiriilebilir orman
yonetimi  sosyo-ekonomik fonksiyonlar o6lgiitii farklilik

gostermektedir.
Sirdiriilebilir  orman  yo6netimi  sosyo-ekonomik
fonksiyonlar Glgiitiiniin ~ Slgiilebilirligine  ait ortalama

puanlarin tanimlayici 6zelliklere gore farklilagma durumuna
iliskin bulgular Cizelge 5’te verilmistir.
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Cizelge 5. Strdirilebilir orman yonetimi sosyo-ekonomik
fonksiyonlar olgiitiinlin 6l¢iilebilirligi ortalama puanlarinin
tanimlayici dzelliklere gore farklilasma durumu

Demografik 6zellikler n Sosyo-ekonomik fonksiyonlar
Bolge Ort+SS
Mugla 49 3.486+1.047
Isparta 25 3.353+1.048
Antalya 43 3.002+1.068
F= 2.486
p= 0.088
PostHoc=
Cinsiyet Ort+SS
Kadin 37 3.233+1.246
Erkek 80 3.301+0.983
t= -0.318
p= 0.772
Yas Ort+SS
18-25 7 2.753+1.206
26-33 41 3.417+1.118
34-41 38 3.409+1.095
42-49 17 3.332+0.724
50 ve Uzeri 14 2.727+1.009
F= 1721
p= 0.150
Egitim Durumu Ort+SS
Lisans 79 3.138+1.109
Lisansiistil 38 3.574+0.924
t= -2.098
p= 0.038
Calisma Siiresi Ort+SS
1-5 26 3.213+1.057
6-10 41 3.421+1.049
11-15 25 3.542+0.993
16 Y1l ve Uzeri 25 2.855¢1.112
F= 2.158
p= 0.097
PostHoc=

F: Anova Testi; t: Bagimsiz Gruplar T-Testi; PostHoc:Tukey, LSD; p<0.05; Ort:
Ortalama; SS: Standart sapma

Cizelge 5 incelendiginde; katilimcilarin sosyo-ekonomik
fonksiyonlar 6l¢iitii dlgiilebilirlik ortalama puanlar1 bolgeye
gore anlaml farklilik gostermemektedir (p>0.05). Burada Hys
hipotezi reddedilmistir.

Cinsiyete  gore;  katithmcilarin ~ sosyo-ekonomik
fonksiyonlar 6l¢iitli 6l¢iilebilirlik ortalama puanlari anlaml
farklilik gostermemektedir (p>0.05). Burada H.s hipotezi
reddedilmistir.

Yas dagilimlarina gore; katilimcilarin sosyo-ekonomik
fonksiyonlar 6l¢iitli 6l¢iilebilirlik ortalama puanlari anlaml
farklilik gostermemektedir (p>0.05). Burada biitiin dlgiitler
icin Hys hipotezi reddedilmistir.

Egitim durumuna gore; lisans mezunlarinin sosyo-
ekonomik fonksiyonlar olgiitii  Olgiilebilirlik  ortalama
puanlart (x=3.138), lisansiistii mezunlarinin sosyo-ekonomik
fonksiyonlar Olgiitii 6lgiilebilirlik ortalama puanlarindan
(x=3.574) diisik bulunmustur (t=-2.098; p=0.038<0.05;
d=0.414; 1?=0.037). Burada Hy hipotezi kabul edilmistir.

Calisma siiresine gore; katilimcilarin sosyo-ekonomik
fonksiyonlar 6lgiitii 6lgiilebilirlik ortalama puanlart anlamli
farklilik gostermemektedir (p>0.05). Burada Hz; hipotezi
reddedilmistir.

3.3.4. Sirdiiriilebilir orman  yonetimi  S0Syo-ekonomik
fonksiyonlar olgiitiiniin alanda bulunma durumu ortalama
puanlarmmin tammlayici 6zelliklere gore farklilasma durumu

Sosyo-ekonomik fonksiyonlar dl¢iitiiniin alanda bulunma
durumuna iligkin agagidaki hipotezler sinanmustir.

Has: Gorev yaptiklar bolgeye gore siirdiiriilebilir orman
yonetimi sosyo-ekonomik fonksiyonlar olgiitii alandaki
varligi farklilik géstermektedir.

Hao: Cinsiyete gore siirdiiriilebilir orman yonetimi sosyo-
ekonomik fonksiyonlar oOlgiitii alandaki varlhigr farklilik
gostermektedir.

Hso: Yas araligina gore siirdiiriilebilir orman yonetimi
sosyo-ekonomik fonksiyonlar oOlgiitli alandaki varlifi
farklilik gostermektedir.

Hzi:  Egitim durumuna gore siirdiiriilebilir orman
yonetimi  sosyo-ekonomik fonksiyonlar 0lgiitii alandaki
varlig: farklilik gostermektedir.

Hs,: Caligma siirelerine gore siirdiir siirdiiriilebilir orman
yonetimi sosyo-ekonomik fonksiyonlar olgiitii alandaki
varligi farklilik gostermektedir.

Sirdiiriilebilir  orman  yo6netimi  sosyo-ekonomik
fonksiyonlar Sl¢iitiine ait alanda bulunma durumu ortalama
puanlarimin  tanimlayici  Ozelliklere gore farklilagma
durumuna iliskin bulgular Cizelge 6’da verilmistir.

Cizelge 6. Siirdiiriilebilir orman y6netimi sosyo-ekonomik
fonksiyonlar olgiitii alanda bulunma durumu ortalama
puanlarinin tanimlayici 6zelliklere gore farklilasma durumu

Demografik 6zellikler n Sosyo-ekonomik fonksiyonlar
Bolge Ort£SS
Mugla 49 3.139+1.082
Isparta 25 3.356+0.820
Antalya 43 3.298+1.101
F= 0.453
p= 0.637
Cinsiyet Ort+SS
Kadin 37 3.437+1.078
Erkek 80 3.155+1.009
t= 1.380
p= 0.170
Yas Ort+SS
18-25 7 3.818+1.024
26-33 41 3.131+1.010
34-41 38 3.160+1.067
42-49 17 3.663+0.659
50 ve Uzeri 14 3.007£1.278
F= 1.640
p= 0.169
Egitim Durumu Ort£SS
Lisans 79 3.298+1.042
Lisansistii 38 3.132+1.024
t= 0.813
p= 0.418
Calisma Siiresi Ort£SS
1-5 26 3.353+0.922
6-10 41 3.144+1.030
11-15 25 3.291+1.143
16 Y1l ve Uzeri 25 3.247+1.088
F= 0.236
p= 0.871

F: Anova Testi; t: Bagimsiz Gruplar T-Testi; PostHoc: Tukey, LSD; p<0.05; Ort:
Ortalama; SS: Standart sapma
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Cizelge 6 incelendiginde; katilimcilarin sosyo-ekonomik
fonksiyonlar 6l¢iitline ait alanda bulunma durumlarina iliskin

ortalama puanlar bolgeye gore anlamlh  farklihk
gostermemektedir  (p>0.05). Burada Hy hipotezi
reddedilmistir.

Cinsiyete  gore;  katilimcilarin  sosyo-ekonomik

fonksiyonlar 6l¢iitline ait alanda bulunma durumlarina iliskin
ortalama puanlar1 anlamli farklihk gostermemektedir
(p>0.05). Burada Hag hipotezi reddedilmistir.

Yasa gore; katithmcilarin sosyo-ekonomik fonksiyonlar
Olgiitiine ait alanda bulunma durumlarma iliskin ortalama
puanlart anlamli farklilik géstermemektedir (p>0.05). Burada
H3o hipotezi reddedilmistir.

Egitim durumuna gore; katilimcilarin sosyo-ekonomik
fonksiyonlar dlgiitiine ait alanda bulunma durumuna iliskin
ortalama puanlar1 anlamli farklihk gostermemektedir
(p>0.05). Burada Hs; hipotezi reddedilmistir.

Calisma siiresine gore; katilmcilarin sosyo-ekonomik
fonksiyonlar dlgiitiine ait alanda bulunma durumuna iliskin
ortalama puanlar1 anlamli farklihk gostermemektedir
(p>0.05). Burada Hs, hipotezi reddedilmistir.

3.3.5.  Sirdiiriilebilir orman yodnetimi  S0Syo-ekonomik
fonksiyonlar dlgiitiiniin alanda planlama yapilmasina ait

ortalama  puanlarvn  tammlayict  ozelliklere  gére
farklilagsma durumu

Sosyo-ekonomik  fonksiyonlar  Olgiitiiniin  alanda
planlama  yapilmasma iligkin  asagidaki  hipotezler
Smanmigtir.

Hss: Gorev yaptiklari bdlgeye gore siirdiiriilebilir orman
yonetimi sosyo-ekonomik fonksiyonlar olgiitiine ait alanda
planlama yapilmasi farklilik gostermektedir.

Hsa: Cinsiyete gore siirdiiriilebilir orman y6netimi sosyo-
ekonomik fonksiyonlar Olgiitiine ait alanda planlama
yapilmasi farklilik géstermektedir.

Hss: Yag araligina gore siirdiiriilebilir orman yonetimi
sosyo-ekonomik fonksiyonlar dlgiitiine ait alanda planlama
yapilmasi farklilik gostermektedir.

Hss:  Egitim durumuna gore siirdiiriilebilir orman
yonetimi sosyo-ekonomik fonksiyonlar olgiitiine ait alanda
planlama yapilmasi farklilik géstermektedir.

Hs;: Calisma siirelerine gore siirdiiriilebilir orman
yoOnetimi sosyo-ekonomik fonksiyonlar 6lgiitiine ait alanda
planlama yapilmas: farklilik gostermektedir.

Siirdiiriilebilir  orman  yonetimi  sosyo-ekonomik
fonksiyonlar dl¢iitiine ait alanda planlama yapilmasina iligkin
ortalama puanlarinin tanimlayici 6zelliklere gore farklilagsma
durumuna iliskin bulgular Cizelge 7°de verilmistir.

Cizelge 7 incelendiginde; katilimcilarin bolgeye gore
sosyo-ekonomik fonksiyonlar 6lgiitliniin planlama ortalama
puanlart anlamli farklilik géstermemektedir (p>0.05). Burada
Hss hipotezi reddedilmistir.

Cinsiyete  gore;  katilimcilarin  sosyo-ekonomik
fonksiyonlar dlgiitiiniin planlama ortalama puanlart anlamli
farklilik g6stermemektedir (p>0.05). Burada Hass hipotezi
reddedilmistir.

Yasa gore; katilimcilarin sosyo-ekonomik fonksiyonlar
Olgiitiiniin  planlama ortalama puanlar1 anlamli farklilik
gostermemektedir  (p>0.05). Burada Hss  hipotezi
reddedilmistir.

Cizelge 7. Surdiriilebilir orman yonetimi sosyo-ekonomik
fonksiyonlar Olgiitiiniin alanda planlama yapilmasina ait
ortalama puanlarinin tanimlayici 6zelliklere gore farklilasma
durumu

Demografik dzellikler n Sosyo-ekonomik fonksiyonlar
Bolge Ort£SS
Mugla 49 3.317+1.083
Isparta 25 3.651+1.076
Antalya 43 3.586+1.183
F= 0.998
p= 0.372
Cinsiyet Ort+SS
Kadin 37 3.369+1.255
Erkek 80 3.542+1.055
t= -0.778
p= 0.438
Yas Ort£SS
18-25 7 4.325+0.748
26-33 41 3.211£1.160
34-41 38 3.380+1.085
42-49 17 3.786+1.035
50 ve Uzeri 14 3.805£1.110
F= 2.386
p= 0.055
Egitim Durumu Ort+SS
Lisans 79 3.617+1.086
Lisanstistii 38 3.218+1.154
t= 1.824
p= 0.071
Calisma Siiresi Ort+SS
1-5 26 3.462+1.155
6-10 41 3.348+1.085
11-15 25 3.378+1.111
16 Y1l ve Uzeri 25 3.851+1.133
F= 1.180
p= 0.321

F: Anova Testi; t: Bagimsiz Gruplar T-Testi; PostHoc: Tukey, LSD; p<0.05; Ort:
Ortalama; SS: Standart sapma

Egitim durumuna gore; katilimcilarin sosyo-ekonomik
fonksiyonlar Slgiitiiniin planlama ortalama puanlart anlamli
farklilik géstermemektedir (p>0.05). Burada Hzs hipotezi
reddedilmistir.

Calisma siiresine gore; katilimcilarin sosyo-ekonomik
fonksiyonlar Slgiitiiniin planlama ortalama puanlart anlamli
farklilik gostermemektedir (p>0.05). Burada Hs; hipotezi
reddedilmistir.

3.3.6. Siirdiiriilebilir orman yonetimi 6l¢iit ve gostergelerine
yonelik algilanan o6lgme zorlugu ortalama puanlarinin
tammlayict ozelliklere gore farklilagma durumu

Siirdiiriilebilir orman yonetimi Olgiit ve gostergelerine
yonelik algilanan dlgme zorluguna iliskin agagidaki
hipotezler sinanmugtir.

Hss: Gorev yaptiklar bdlgeye gore siirdiiriilebilir orman
yonetimi Ol¢iit ve gostergelerine yonelik algilanan lgme
zorlugu farklilik gostermektedir.

Hag: Cinsiyete gore siirdiiriilebilir orman yonetimi 6lgiit
ve gostergelerine yonelik algilanan 6lgme zorlugu farklilik
gostermektedir.

Haso: Yas araligina gore siirdiiriilebilir orman yonetimi
olgiit ve gostergelerine yonelik algilanan 6lgme zorlugu
farklilik gostermektedir.

Hs: Egitim durumuna gore siirdiiriilebilir orman
yonetimi Olgiit ve gostergelerine yonelik algilanan 6lgme
zorlugu farklilik géstermektedir.
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Hs: Calisma siirelerine gore siirdiiriilebilir orman
yoOnetimi Ol¢iit ve gostergelerine yonelik algilanan dSlgme
zorlugu farklilik gostermektedir.

Siirdiiriilebilir orman y&netimi 6lgiit ve gostergelerine
yonelik algilanan 6lgme zorlugu ortalama puanlarinin
tanimlayic1 Ozelliklere goére farklilasma durumuna iliskin
bulgular Cizelge 8’de verilmistir.

Cizelge 8 incelendiginde; bolgeye gore; katilimcilarin
SOY olgiit ve gostergelerine yonelik algilanan 6lgme zorlugu
ortalama puanlar1 anlamli farklihk gostermemektedir
(p>0.05). Burada Hsg hipotezi reddedilmistir.

Cinsiyete gore kadinlarin SOY o0lgiit ve gostergelerine
yonelik algilanan 6lgme zorlugu ortalama puanlar1 (x=4.006),
erkeklerin SOY O0lciit ve gostergelerine yonelik algilanan
O6lgme zorlugu ortalama puanlarindan (x=3.640) yiiksek
bulunmustur (t=2.067; p=0.041<0.05; d=0.411; 1?=0.036).
Burada Hsg hipotezi kabul edilmistir.

Yasa gore; katilimcilarin SOY 0lgiit ve gostergelerine
yonelik algilanan 6lgme zorlugu ortalama puanlari anlamli
farklilik gostermemektedir (p>0.05). Burada Hao hipotezi
reddedilmistir.

Egitim durumuna gore; katilimecilarin SOY 6lgiit ve
gostergelerine yonelik algilanan 6lgme zorlugu ortalama
puanlart anlamli farklilik géstermemektedir (p>0.05). Burada
Ha1 hipotezi reddedilmistir.

Caligma siirelerine gore; katilimcilarin SOY 6lgiit ve
gostergelerine yonelik algilanan 6lgme zorlugu ortalama
puanlart anlamli farklilik géstermemektedir (p>0.05). Burada
Ha2 hipotezi reddedilmistir.

Cizelge 8. Siirdiiriilebilir orman yonetimi 0lgiit ve

gostergelerine yonelik algilanan 6lgme zorlugu ortalama

puanlarimin tanimlayici 6zelliklere gore farklilagsma durumu
SOY olgiit ve gostergelerine

Demografik 6zellikler n yonelik algilanan 6lgme
zorlugu
Bolge Ort£SS
Mugla 49 3.801+0.780
Isparta 25 3.773+0.808
Antalya 43 3.695+1.084
F= 0.160
p= 0.853
Cinsiyet Ort+SS
Kadn 37 4.006+0.923
Erkek 80 3.640+0.874
t= 2.067
p= 0.041
Yas Ort£SS
18-25 7 4.206+1.014
26-33 41 3.776+0.995
34-41 38 3.750+0.873
42-49 17 3.444+0.655
50 ve Uzeri 14 3.865+0.892
F= 0.999
p= 0.411
Egitim Durumu Ort+SS
Lisans 79 3.734+0.863
Lisansiistil 38 3.801+0.990
t= -0.375
p= 0.709
Caligsma Siiresi Ort£SS
1-5 26 3.919+0.826
6-10 41 3.721+0.829
11-15 25 3.636+1.188
16 Y1l ve Uzeri 25 3.764+0.789
F= 0.446
p= 0.721

F: Anova Testi; t: Bagimsiz Gruplar T-Testi; PostHoc: Tukey, LSD; p<0.05; Ort:
Ortalama; SS: Standart sapma

4. Tartisma ve sonu¢

Ormanlarin insanlik i¢in sagladig: ekonomik, ekolojik ve
sosyo-kiiltiirel hizmetler, biiylik boyutlar1 gbz Oniine
alindiginda, siirdiiriilebilirliginin  korunmasi Onem arz
etmektedir. 1990'larin baslarinda baslayan diinya genelindeki
orman koruma ve siirdiiriilebilir ydnetim c¢abalari,
giiniimiizde daha genig kapsamli bir boyuta ulagmistir. Bu
durumun en 6nemli nedenlerinden biri, iklim degisikliginin
etkileridir. Tklim degisikliginin yol agti1 etkilerle birlikte,
diinya genelinde alinmasi gereken Onlemler konusundaki
tartigmalar hiz kazanmis ve bu 6nlemlerin basinda ormanlarin
stirdiiriilebilir sekilde yonetilmesi gerekliligi 6n plana
cikmistir (Hakverdi, 2020).

SOY, orman ekosistemini biitiinsel bir yaklagimla ele
alarak, olgiitler ile gostergelerin bir arada degerlendirilmesi
gereken 6nemli bir kavramdir. SOY hedeflerine ulagmak igin
yapilan caligmalarin, ulusal seviyede belirlenen oOlgiitlerle
birlikte bolgesel veya orman ydnetim birimi diizeyinde
olusturulan olgiitler ve gostergelerle uyumlu bir sekilde
yiiriitiilmesi  biiyiikk bir &neme sahiptir (Akyol, 2010).
Diinyada, dogal kaynaklarin korunmasi ve verimliliklerinin
artirtlmasi amaciyla yiiriitiilen ¢caligmalar gegmis zamanlara
dayanmaktadir. Orman kaynaklarinin  sadece odun
hammaddesi degil, c¢ok yonli kullanimi uzun yillar
ormanciligin temel ilkesi olmustur. Ancak artan ¢evre bilinci,
insanlarin odun dig1 driinlerden faydalanma istegi,
teknolojinin ilerlemesi ve doganin sundugu firsatlar, orman
kaynaklariin yoOnetiminde yeni yaklagimlarin
gelistirilmesini kaginilmaz kilmistir (Yildirim ve Velioglu,
2006).

Ulkemizde orman kaynaklarinin neredeyse tamami kamu
miilkiyetinde olup, Tarim ve Orman Bakanlig1 tarafindan
yonetilmektedir. Bu teskilat icerisinde, toplumun orman
kaynaklarindan beklentilerini karsilamak ve toplum refahina
en yiksek katkiyr saglamak amaciyla orman kaynaklar
yonetilmektedir. Iste devlet orman isletmeleri, iilkemiz
ormanciliginda orman kaynaklariin yonetimi faaliyetlerinin
gerceklestirildigi temel birimlerden birisi olarak karsimiza
¢ikmaktadir. Siirdiiriilebilirlik agisindan 6z degerlendirme
yapmak, yonetimde siirekli iyilestirmeye, baska bir degisle
toplam kalite yonetimi anlayiginin gelismesine hizmet
edecektir. Siirdiiriilebilirlik degerlendirmesinin sonuclari ile
gelistirilecek olan stratejilerle, ormancilik uygulamalarinda
uyarlanabilir yonetim siirecleri gelistirilebilecektir (Durusoy,
2018).

Yapilan anket ¢aligmalari ile birlikte elde edilen bulgular
incelendiginde; SOY yonelik algi Onermelerinin ortalama
puanlart yiiksek bulunmustur. SOY kavraminin, orman
miithendisleri tarafindan genel olarak olumlu bir sekilde
degerlendirildigini  gostermektedir.  Oncelikle — orman
alanlarini bir odun kaynagi olarak gérmenin diginda ormani
bir ekosistem olarak diisiinmek ve bu ekosistemi olusturan
tiim bilesenlerin dengeli bir sekilde siirdiiriilebilmesinin
saglanmas1 gerekmektedir. Burada ekonomik, ekolojik ve
sosyal bilesenlere sahip orman kaynaklarinin koruma
kullanma dengesinin saglanarak, toplumun faydasina
sunulmasi, mal ve hizmetlerin iiretim faktorlerinin etkin
kullanilmasi, bu etkinligi saglayacak bilgi, beceri ve yetkinlik
acisindan yetigmis insan giicliniin varligina bagl olmaktadir
(Porsuk, 2021). Gerekli konuda egitimini almis bir birey,
yapacagl isi daha hizli, giivenli ve saglikli bir sekilde
yapmakta ve bununla birlikte ¢cevresel zararin olmadig1 hatta
cevresine ek faydalar olabilecegi yiiksek kaliteli bir is ortaya
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¢ikaracagini  sunabilmektedir  (Engiir, 2014). Yine
tanimlayict demografik ozelliklere gore yapilan ANOVA
testi sonucuna gore gruplar arasinda anlamli bir farklilik
gozlemlenmemistir. Gruplar arasinda SOY algisina yonelik
tutumlarinin homojen bir sekilde dagildigini sdyleyebiliriz.
Ayni zamanda siirdiiriilebilirlik konusundaki algimin genel
olarak tanimlayici farkliliklara dayanmadigi diisiiniilebilir.

Siirdiiriilebilirlige  yonelik  bilgi  ve  farkindalik
onermelerinin ortalama puan sonuclarina baktigimizda,
Onermelerin  ortalama puanlar1  yliksek bulunmustur.
Ortalama puanlar yiiksek olan farkindalik 6nermeleri,
stirdiiriilebilirlikle  ilgili  yapilan  egitimler  veya
bilinglendirme ¢alismalarinin  olumlu bir etkisi olarak
diisiiniilebilir. Bu tiir calismalarin, bireylerin siirdiiriilebilirlik
konusunda  bilinglenmelerine ve  olumlu  tutumlar
gelistirmelerine  katki  saglamis  olabilecegi  yorumu
yapilabilir. Ayn1 zamanda SOY ile ilgili politika, uygulama
ve projelere genel bir destek oldugu da ifade edilebilir. Yine
tanimlayict demografik ozelliklere gore yapilan ANOVA
testi sonucuna gore gruplar arasinda anlamli bir farklilik
gbzlenmemistir. Bu durum, tanimlayici gruplarin SOY
konusundaki algilarinin benzer oldugunu gosterir. Ankete
katilan orman miihendisleri arasinda SOY farkindalik
Onermelerine icin genel bir gorils birligi oldugu seklinde
degerlendirilebilir. Orman ekosistemleri ile iklim degisikligi
arasinda karmasik bir iligki bulunmaktadir. Giiniimiizde iklim
degisikliginin dogal sistemlere olan belirgin etkileri, kiiresel
anlamda yagis rejimlerini, hidrolojik sistemleri ve canlilarin
yasam alanlarmi degistirerek su kaynaklarna ve biyolojik
cesitlilige etki etmektedir (IPCC, 2014). Ormanlar, karbon
yutaklart  olusturarak atmosferdeki karbon miktarini
diizenlerken, aym1 zamanda arazi kullanim degisikligi ve
yangmlar gibi etkenlerle karbon salinimina da katkida
bulunurlar (Pachauri vd., 2014). Uygulayicilar, orman
alanlarin1 siirdiiriilebilir kilabilmek i¢in kiiresel ve yerel
diizeyde dogal kaynaklar ile toplum iligkilerini
degerlendirerek hedefler belirlemelidir (Kates vd., 2001).
Orman ydnetiminde uyarlanabilir bir yaklasim benimsemek,
miidahale etkilerini izlemek ve amaglar1 degerlendirmek,
orman alanlarinin  siirdiiriilebilirligini  saglamak ig¢in
o6nemlidir (Coté, 2003).

Diger bir sonu¢ SOY sosyo-ekonomik fonksiyonlar
Olgiitiiniin 6nemidir. Puan ortalama sonucuna goére Olgiit
ortalamasi1 yiiksek bulunmustur. Olgiitiin yiiksek puan
ortalamasi, orman miihendislerinin siirdiiriilebilir orman
yoOnetimine bilylik bir 6nem verdigini gosterir. Bu durum,
stirdiiriilebilirlik ilkelerine uygun uygulamalarin
benimsendigi ve desteklendigi anlamina gelir. Ayrica
olgiitlerin ~ SOY  hedefleriyle uyumlu oldugu ve
stirdiiriilebilirlik ilkelerine dayali olarak orman kaynaklarinin
etkili bir sekilde kullanilip korundugu bir yonetim anlayisinin
benimsendigi séylenebilir. Sonug olarak, dogru ve dengeli bir
yonetim yaklagimimin benimsendigini, c¢evresel, sosyal ve
ekonomik faktorlerin dikkate alindigmi ve orman
kaynaklarmin = siirdiiriilebilir  bir sekilde kullanildiginm
gosterir. Yine tamimlayict demografik ozelliklere gore
yapilan ANOVA testi sonucuna gore bdlge midiirligii
gruplar1 ve Olglit arasinda anlamli farklilik saptanmigtir.
Yapilan analiz sonucunda Mugla OBM miihendislerinin
olgiit konusundaki degerlendirmelerinin Antalya OBM
mithendislerine gére daha yiiksek ©Onem verdigini
gostermektedir. Bu durumun sebebinin Mugla OBM
sertifikasyon ¢alismalari oldugu disiiniilmektedir. SOY,
ormanlarin hangi islevlerinin muhafaza edilecegini ve

hangilerinden yararlanilacagini tanimlayan ve uzun vadede
planlayan bir kavramdir. Gegmisten giiniimiize ekolojik ve
toplumsal islevlere ait boyutlarm daha fazla dnem kazandig:
goriilmektedir (Durusoy, 2012). Ormanlari
sertifikalandirmak, ormancilik faaliyetlerinin SOY 6l¢iitleri
kapsaminda yiiriitlilmesini saglamak ve siirdiiriilebilir
kalkinmaya katki veren bir sistemdir. Ayrica sosyal ve
kiiltiirel gelisimler ile birlikte sertifikali iiriinlere yonelim de
artmaktadir (Durusoy, 2002; Komut, 2016).

Bir diger sonucu, SOY sosyo-ekonomik fonksiyonlar
Olciitiiniin  dlgiilebilirligi olusturmaktadir. Yapilan puan
ortalamasi sonucuna gore; orta seviyede Olgiilebilirlik
ortalama puanina sahip olmasi, bu 6l¢iit i¢in alanda belirgin
iyilestirme ve standartlagtirma gerekliligini gosterebilir.
Olgiitiin  dl¢iilebilirlik diizeyini arttirmak icin dlgiitte
iyilestirmeler yapilabilir, eksiklikler tespit edilerek stratejik
diizenleme ve izleme gerceklestirilebilir.  Olgiitiin
6lgtilebilirligini degerlendirmede paydaslarin aktif katilimlar
onem gostermekte olup, geri Dbildirimlerle birlikte
oOlgtilebilirlik siirecleri degerlendirilebilir. Bu baglamda,
SOY uygulamalarin1 daha etkili bir sekilde degerlendirmek
ve gelistirmek i¢in Olgiitteki oOlgiilebilirlik diizeylerine
odaklanmak gerekebilir. Bu da ormancilik g¢aligmalarinda
stirdiiriilebilirlik hedeflerine ulagma cabalarini
destekleyebilir. Yine tanimlayict demografik 6zelliklere gore
yapilan ANOVA testi sonucuna gore; sosyo-ekonomik
fonksiyonlar 6lgiitii 6l¢iilebilirligi ile egitim diizeyi arasinda
anlamli  farklilik  bulunmaktadir. Yapilan istatistiksel
sonuglara goére, lisansiistii egitim diizeyine sahip
katilmcilarin bu dlgiitiin 6lgiilebilirligi konusunda daha
olumlu degerlendirmelerde bulundugunu gésterir. Ozellikle
son yillarda toplum iklim degisikligi sebebiyle olusan
gevresel sorunlara onem vermektedir. Bu sorunlari en aza
indirmek i¢in dogal kaynaklarin ve ormanlarin korunmasi 6n
plana ¢gikmaktadir. Toplum bu kaynaklardan saglanan iiriin
ve hizmetler konusunda belirli bir algiya sahip olmakta ve
biling diizeyi artmaktadir (Pak vd., 2021). Genel olarak,
ormanlarin sosyo-ekonomik fonksiyonlari, ekonomik refahin
yani sira toplumlarm kiiltiirel ve sosyal baglamda nasil
etkilendigini  degerlendirmek  i¢in  Onemlidir.  Bu
degerlendirme, orman y6netimi politikalarinin daha kapsaml
bir perspektiften ele alinmasini saglar ve siirdiriilebilir
kalkinma hedeflerine uygun stratejilerin gelistirilmesine
katkida bulunabilir. Bu baglamda, lisansiisti egitim
seviyesinin toplumun gevresel konulardaki biling diizeyini ve
ormanlarin  sosyo-ekonomik  fonksiyonlarina  yonelik
oOlgiilebilirlik degerlendirmelerini artirdigi sdylenebilir. Bu
tiir bilgiler, orman ydnetimi politikalarinin ve siirdiiriilebilir
kalkinma stratejilerinin daha etkili bir sekilde tasarlanmasina
ve uygulanmasina yardimci olabilir.

Bir diger sonucu, SOY sosyo-ekonomik fonksiyonlar
lgiitiiniin  alandaki varligi olusturmaktadir. Olgiit icin
ortalama puana baktifimizda orman miihendislerinin orta
diizeyde bir degerlendirme yaptiklar1 goriilmektedir. Burada
katilimcilarin homojen bir goriige sahip oldugu ya da bu 6l¢ii
icin farkli derecelerde 6nem verdikleri sdylenebilir. Olgiit
icin katilimcilar, farkli deneyimlerine, egitim seviyelerine
veya mesleki uzmanlhk alanlarma  gore  farkh
degerlendirmelerde bulunmus olabilirler. Katilimcilarin
tanimlayict  Ozelliklerine gore yapilan ANOVA testi
sonucuna gore ise anlamli farklilik gézlemlenmemistir. Bu da

tamimlayict  Ozelliklere  bagli  olarak  katilimcilarin
degerlendirmelerinde  benzer bir egilim  oldugunu
gostermektedir.
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Bir diger sonucu, SOY sosyo-ekonomik fonksiyonlar
Olciitliniin  planlanmas1 olusturmaktadir. Yapilan puan
ortalamast sonucuna gore Olgiitlin ortalamas: yliksek
bulunmustur. Burada SOY sosyo-ekonomik fonksiyonlar
Olciitliniin  planlanmas1 siirecinde basarili bir uygulama
yapildiginm1 diisiindiirebilir. Yapilan planlamada belirlenen
hedeflerin etkili bir sekilde uygulandigini, kaynaklarin dogru
bir sekilde yonetildigini ve siirdiiriilebilirlik ilkelerinin
dikkate alindigim1 gosterebilir. Ayni zamanda orman
kaynaklarinmn siirdiiriilebilir kullanildigin1 ve ekosistemlerin
korundugunu ifade edebilir. Ulkemiz dogal kaynaklarinmn
varliginin devam etmesi, genetik kaynaklarinin varligiyla
mimkiin olmaktadir. Var olan bu kaynagi korumak ve
stirdiiriilebilirligini saglamak icin SOY planlarin1 entegre
etmek ve bununla birlikte yasal politikalar gelistirmek ve
uygulamak 6nemlidir (Hakverdi, 2020). Gegmis zamanlarda,
yapilan tek bir planlama ile ormanlarin iiretmis oldugu mal
ve hizmetler yonetilirken, giliniimiizde ise her bir orman
pargasinin  barindirdigi  olanaklar ile birlikte iligkili
toplumlarin talepleriyle birlikte ¢cok asamali bir planlama
yaklagimi tercih edilmelidir (Ok, 2000). Bir planlama ile
desteklenen ve yeterli diizeyde uygun amaglar ve kaynaklar
olusturmak etkili bir alan yonetimi i¢in gerekli olmaktadir
fakat planlamada ama¢ ve kaynaklar iyi tanimlanamazsa,
etkili bir alan yonetiminden s6z edilemez (Hockings, 2006).

Bir diger sonucu, SOY 0l¢iit ve gostergelerine yonelik
algilanan 6lgme zorlugu olusturmaktadir. Yapilan puan
ortalamalar1 sonucuna goére dlgme zorlugu ortalama puanlari
yliksek bulunmugtur. Ortalama puanin yiiksek olmasi
katilimcilarin SOY o0lgiit ve gostergelerinin dlgiilmesinde
zorlandiklarin1 gostermektedir. Ormancilik isleri genellikle
acik alanlar iizerinde yapilmaktadir. Bununla birlikte uygun
olmayan iklim kosullari, engebeli arazi durumlari, yerlesim
yerlerinden uzak olmasi, su kaynaklarinin saglikli olmamasi,
giivenligin yeterli olmamasi1 gibi etkenler nedeniyle gogu
tehlikeye agik konumda olmaktadir (Menemencioglu, 2012).
Yine orman oOrgiitlenmesindeki ¢alisma yapisiyla ilgili
yapilan iyilestirme kosullarina ragmen sorunlar yasandigi
goriilmektedir. Ormancilik mesleginin kendine has ¢aligma
kosullarindan kaynaklanan belirgin olmayan ¢aligma saatleri,
is yiikii gibi faktorler mithendislerin etkinligini azaltmaktadir
(Alkan, 2014; Alkan ve Ugur, 2016; Alkan, 2018; Akyol vd.,
2022). Ulkemizde ormancilik orgiitlerinin zorlu calisma
kosullart ve iilke yeryiiziiniin farkli arazi ortiisiiyle kapli
olmasi sebebiyle SOY c¢alismalarinda aksamalar oldugu
sOylenebilir.

Yapilan ANOVA testi sonucuna gore ise, tanimlayici
ozelliklerden cinsiyet anlamli sekilde farklilagmistir. Kadin
orman miihendislerinin SOY 6lgiit ve gostergelerini 6lgme
zorlugu daha yiiksektir. Ormancilik ¢alismalari, farkli
faydalanma bigimlerini konu alan birim olup, bu faydalarin
bolgeye gore farklilik gostermesi olagandir. Her bdlgenin
kendine 0Ozgii iklimi, cografi yapisi, toplumsal anlayisi,
sosyo-ekonomik durumu gibi dzellikleri bolgesel farkliligin
temelini olusturmaktadir (Geray, 1993; Pak vd., 2021).
Ormancilik sektoriinde ¢alisan kadin orman miihendislerinin
uzun ve belirsiz ¢alisma saatlerinin olusu, arazi sartlari, temel
ihtiyaclar gidermeye yonelik sosyal imkanlarin bulunmayisi,
aile hayatina yeterli vakti ayiramama ve 6zellikle toplumdan
kaynakl1 6nyargilara maruz kalma gibi sorunlar (Yildirimalp,
2021), mihendislerin SOY 6lgiit ve gostergelerini
degerlendirme konusundaki algilarini etkiliyor olabilir.

SOY  sosyo-ekonomik  fonksiyonlar  Olgiitiiniin
degerlendirilmesinin temel amaci, list diizey karar alicilar

bilgilendirmektir. Ayni zamanda, yerel diizeyde veya kurum
icinde ¢oziilebilecek sorunlart tespit etmek ve bu sorunlarin
¢Ozlimi i¢in paydaslarla is birligi yapmaktir (OGM, 2023).
Nihayetinde ormancilik, cesitli kullanim bigimlerini igeren
bir alan olup, bu kullanim bi¢imlerinin bolgesel olarak
farklhilik gostermesi dogaldir. Her bolgenin kendine 6zgii
iklimi, cografi yapisi, toplumsal normlari, sosyo-ekonomik
kosullar1 gibi ozellikleri, bolgesel farkliliklarin temelini
olusturur (Geray, 1993; Pak vd., 2021).

SOY sosyo-ekonomik fonksiyonlar &lgiitii iizerine
gerceklestirilen anket sonuglarmma dayanarak elde edilen
verilere gore, orman miihendislerinin genel goriisii, dlgiitiin
orman ekosistemlerinin siirdiiriilebilir yonetimi agisindan
onemli bir katki sagladigi yoniindedir. SOY sosyo-ekonomik
fonksiyonlar 6lgiitii, bir toplumun genel refah durumunu
degerlendirmek ve siirdiiriilebilir kalkinma igin stratejik
planlamada kullanilan 6nemli araglardir. Bu fonksiyonlar,
politika yapicilarina, sosyal bilimciler ve toplum liderlerine,
daha adil, siirdiiriilebilir ve saglikli toplumlar olugturmak igin
rehberlik etme konusunda onemli bilgiler saglar. Ayrica,
SOY sosyo-ekonomik fonksiyonlar o6lgitiiniin -~ orman
planlamasi, izleme ve degerlendirme siireglerine entegre
edilmesinin, uzun vadeli orman yOnetimi stratejilerinin
olusturulmasinda kritik bir rol oynayabilecegi soylenebilir.
Bu sonuglar, orman kaynaklarinin siirdiiriilebilir kullanimi
konusundaki karar alma siireglerinde SOY olglit ve

gostergelerin ~ benimsenmesinin ~ ve  uygulanmasinin
gerekliligi  konusundaki  genel ortak bir  goriisii
yansitmaktadir.
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Cevre ve doga koruma gerekliligi yaklasimu ile yesil orgiitsel davrams arasindaki

iliskinin incelenmesi: Orman miihendislerine yonelik bir arastirma

Gokhan Topaloglu®”

Examining the relationship between the environmental and nature protection
necessity approach and green organizational behavior: A research on forest

, Murat Ozen"

Ozet: insanlari gevreye karst takindiklar1 tutum ve davranislar cevresel yaklasim olarak nitelendirilmektedir. Cevrenin hizla 5nem
kazanmasi bireylerin ¢evreye karsi olumlu tutum gostermesini tetiklemistir. Olumlu bir yaklagimi benimseyen bireyler ayni
zamanda ¢evreyi koruma diisiincesiyle olumlu davranislar sergilemektedirler. Bu arastirma g¢evre ve doga koruma gerekliligi
yaklagiminin yesil 6rgiitsel davranis iizerindeki etkisini tespit etmek amaciyla gergeklestirilmistir. Verilerin elde edilmesinde anket
tekniginden yararlanilmigtir. Cevrimi¢i (online) olarak kamuda c¢alisan orman miihendislerine yonelik yiiriitiilen ankete 120 kisi
katilmugtir. Verilerin analiz edilmesinde SPSS 22 programindan yararlamlmigtir. Verilerin analizinde Faktor Analizi, Mann-
Whitney U testi ve Kruskal Wallis-H testleri ile Korelasyon analizinden yararlanilmistir. Arastirma bulgularina gére orman
miithendislerinin egitim durumlaria gore yesil orgiitsel davraniglarinin anlamli farklilik gosterdigi saptanmistir. Ayrica gevre ve
doga koruma yaklagimlarinin yesil 6rgiitsel davranis tizerinde istatistiksel olarak anlamli ve pozitif etkisinin oldugu tespit edilmistir.
Anahtar kelimeler: Cevre koruma, Cevresel biling, Orman mithendisi, Yesil orgiitsel davranig

engineers

Abstract: The attitudes and behaviors of people towards the environment are described as environmental approach. The rapid
importance of the environment has triggered individuals' positive attitudes towards the environment. Individuals who adopt a
positive approach also exhibit positive behaviors with the idea of protecting the environment. This research was carried out to
determine the effect of the environmental and nature protection necessity approach on green organizational behavior. Survey
technique was used to obtain the data. 120 people participated in the survey conducted online for forest engineers working in the
public sector. SPSS 22 program was used to analyze the data. Factor Analysis, Mann-Whitney U test and Kruskal Wallis-H tests
and Correlation analysis were used to analyze the data. According to the research findings, it was determined that the green
organizational behaviors of forest engineers differed significantly according to their educational status. Additionally, it has been
determined that environmental and nature protection approaches have a statistically significant and positive effect on green

organizational behavior.

Keywords: Environmental protection, Environmental awareness, Forest engineer, Green organizational behavior

1. Giris

Insanoglu yasanilabilir temiz bir cevreye her zaman
ihtiya¢ duydugu igin yasadiklari ortami daima korumak
zorundadir. Ancak, giniimiizde kiiresellesme, bilgi-teknoloji
alanindaki ilerlemeler vb. ile birlikte degisen sosyolojik yap1
neticesinde insanoglunun ihtiyaclar1 her gegen giin
¢esitlenmekte ve artmaktadir. Buna toplumun bazi
kesimlerinin ihtiyaglari ile ihtiraslarini karistirir hale gelmesi
de eklenince tiikketim kiiltliri ve davraniglart degiserek
tiikketim toplumunu ortaya ¢ikarmistir. Nitekim Hiikiimetler
Aras: Iklim Degisikligi Paneli (IPCC)’nin raporunda da iklim
degisikligine neden olan sicaklik artislarinin temel nedeninin
insan kaynakli oldugu belirtilmistir (Demirbas ve Aydin,
2020). Tiketim odakli davramiglar koruma kullanma
dengesini bozmus ve ¢evre iizerindeki bu baski giiniimiiziin

en 6nemli problemlerinden olan ¢evresel problemleri ortaya
cikarmigtir (Kardas ve Cebe, 2018). Bunlardan en onemlisi
de yanli arazi kullanimi, ormansizlagsma, tarim arazilerinin
bilingsizce tahrip edilmesi, yenilenebilir enerji yerine fosil
yakitlarinin kullanilmasi gibi nedenlere dayandirilan kiiresel
iklim degisikligidir (Boz vd., 2020). Bu gevre sorunlarinin
insan yasamini tehdit eder hale gelmesiyle ciddiyeti giin
gectikce anlagilmaktadir (Bowonder, 1986). Bu ciddiyet
sadece bireysel olarak degil kurumsal olarak da bazi
faaliyetlerin yapilmasini zorunlu kilmistir. Bu faaliyetlerin en
giizel Orneklerinden biri olarak, iklim degisikligi ile
miicadele noktasinda OGM tarafindan yapilan ormancilikta
sertifikalandirma faaliyetleri oldukc¢a onemlidir.
Sertifikasyon, bir tiriiniin hammaddesinin sosyal, ekonomik
ve ekolojik olarak uygun sekilde iiretildigini ifade etmektedir
(Akyol ve Tolunay, 2014). Bu faaliyetler, OGM biinyesinde
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gbrev yapan orman miihendisleri basta olmak iizere ilgili
teknik personel araciligi ile gergeklestirilmektedir.

Cevre ve doganmm korunmasi noktasinda insanlarin
olumlu yaklasim sergilemesi oldukca énemlidir. Insanlarin
cevresel biling kazanmasi g¢evreye karsi duyarliliklarinin
artmasina ve g¢evresel problemlerin ¢dzliimiiniin bir pargasi
olma  konusundaki istekliliginin = olusmasina  katki
saglayacaktir. Yesil davranis, insanlarin ¢evreye en az zarar
verme gayesiyle sergiledikleri  davramiglar  olarak
tanimlanmaktadir (Ozalp, 2019). Yesil orgiitsel davranis ise
belli gevresel farkindalik diizeyi ve ¢evreci bir anlayis ile
davranislarin sekillenmesi olarak ifade edilebilir (S6nmez,
2020). Yesil orgiitsel davranis, cevresel konulara kars ilgili
olma ve ¢evresel problemlerin ¢oziimiindeki istekliligi olarak
ifade edilen ¢evresel duyarlilik (Cabuk ve Karacaoglu, 2003),
cevre dostu uygulamalar1 destekleme seklinde tanimlanan
cevresel katihm (Simgekli, 2004), kaynaklarin tasarruflu
kullanilmasini ifade eden ekonomik duyariilik (Erbasi, 2018),
cevreye duyarli {irlinlerin iretim siireclerinin destekleme
olarak tanimlanan teknolojik duyariilik (Kiling, 2019) ve
cevresel sorunlara karsi duyarli olarak geri doniisiime uygun
¢evre dostu triinlerin satin alinmasini ifade eden yesil satin
alma (Min ve Galle, 2001; Sarkis, 2001) gibi unsurlari
bilinyesinde barindirmaktadir. Temelde bu kavramlarin
tamamu yesil orgiitsel davranigi ifade etmektedir.

Sanayilesme ve niifus artigina paralel olarak cevre
tizerindeki baski giin gectikge artmaktadir. Bununla birlikte
¢evre duyarliligi kazanmus tiiketicilerin artmasi 6rgiitlerin de
bu konuda hassas olmasmi zorunlu kilmistir. Orgiitler
gevresel sorunlarina karst onlem almak ve {istesinden
gelebilmek igin ¢evre dostu kavramlar, yesil satin alma
davranig1 ve siirdiiriilebilirlik konularina odaklanmiglardir
(Weerarathna vd., 2017). Nitekim g¢evrenin korunmasi ve
gelecek nesillere aktarilmasi noktasinda yesil davraniglar ve
stirdiiriilebilirlik olduk¢a dnemlidir. Ancak orgiitlerin isleyis
stratejilerini yesil odaginda belirlemesinin yani sira galigan
bireylerinde yesil kavramini benimseyip bu c¢ercevede
davraniglarini sergilemesi gerekmektedir (Boiral vd., 2015).

Cevre bilincinin artmast ile yesil kavrami da giin gectikce
daha fazla 6nem kazanmaya baslamistir. Literatiirde egitim
(Sonmez, 2020), saglik (Aslan vd., 2023) tekstil (Yigit,
2022), turizm (Yasar, 2023) gibi farkli sektorlerde yesil
orgiitsel davraniglarin arastirildigi eserler bulunmaktadir.
Ancak ormancilikta yesil Orgiitsel davranig {izerine
arastirmalarin  sinirlt oldugu goriilmektedir. Ekosistemin
o6nemli bir unsuru olan ormanlarin korunmasi ve dogru
igletilmesi yesil kavrami ile iliskilendirildiginde goéz ardi
edilemeyecek alanlardir. Cevre yonetimi ve doganin
korunmasinda 6nemli roller iistlenen orman miihendislerinin
cevresel yaklagimlari ve davraniglart da bu nedenle oldukga
onemlidir. Bu diisiinceden hareketle arastirmada Orman
Genel Midirliigi (OGM)’nde gbrev yapan orman
miihendislerinin ¢evre ve doga koruma gerekliligi yaklagimi
(CDGY) ile yesil orgiitsel davrams (YOD) arasindaki iliski
incelenmistir.

2. Materyal ve yontem

Aragtirmada OGM’de  goérev  yapan orman
mithendislerinin ¢evre ve doga koruma yaklasimlar ve yesil
orgiitsel davranig arasindaki iligki ile bu kavramlarin
demografik  Ozelliklere gore farkliik  durumlarinin
incelenmesi  amaglanmaktadir. Bu amagla arastirma
kapsaminda asagidaki hipotezler olusturulmustur:

Hi:CDGY ve YOD cinsiyete gore anlamh farklilik
gostermektedir.

Hx:CDGY ve YOD goreve gore anlamh farklilik
gostermektedir.

H:3:CDGY ve YOD vyasa gore anlamh farklilik
gostermektedir.

Hs: CDGY ve YOD medeni duruma gére anlamli farklilik
gostermektedir.

Hs: CDGY ve YOD egitim durumuna gére anlamh farklilik
gostermektedir.

Hes: CDGY ve YOD arasinda istatiksel olarak anlamli ve
pozitif yonde bir iligki vardir.

Arastirma verilerinin toplanmasinda anket tekniginden
yararlanilmistir. Anket formunun tasarlanmasinda 6ncelikli
olarak literatiir taramasi yapilip konu ile ilgili kaynaklardan
yararlanilmistir. Anket formlarinin uygulanmasi i¢in Isparta
Uygulamali Bilimler Universitesi Bilimsel Arastirma ve
Yaym Etigi Kurulu’nun 182/05 no’lu karari ile etik kurul izni
almmigtir.  Literatlir taramasi sonucunda; CDGY olcegi
Yilmaz (2009), YOD &lcegi ise Erbasi (2019) tarafindan
gelistirilen Bulut (2022)’un  g¢alismasinda  kullandig:
Olgeklerden yararlanilmistir. Anket formu 3 bolimden
olusmaktadir. Birinci boliim katilimcilarin profil 6zelliklerini
belirmeye yénelik sorulardan olusmaktadir. ikinci boliim
cevre ve doga koruma gerekliligi yaklasimina yo6nelik
onermelerden olusmaktadir. Son bolim ise yesil oOrgiitsel
davranigsa yonelik Onermelerden olusmaktadir. Cevre
lizerindeki olumsuz baskilar nedeniyle yasanilabilir bir
cevreye gilinden giine daha fazla ihtiyag duyulmaktadir.
Ozellikle bu gevresel problemlerin ¢dziimiinde katilimer bir
yaklasimla bireysel farkindaligin artirilmas: ve olumlu
yaklasgimlarin desteklenmesi gerekmektedir (Chapman ve
Sharma, 2001). Bu nedenle ¢evre ve doga koruma gerekliligi
yaklasimi Slgeginde cevresel biling ve tutumu belirleme
amacina yonelik ifadeler yer almaktadir. Cevreye karsi
duyarli ve olumlu tutum sergileyen bireylerin davraniglarinin
da bu dogrultuda sekillenmesi beklenmektedir. Yesil orgiitsel
davranig, ¢evreye duyarli tiiketicilerin davraniglarini
sekillendiren eylemler olarak ifade edilmektedir (Sonmez,
2020). Yesil orgiitsel davranis 6lgeginde de katilimcilarin
yesil davraniglarini 6lgmeye yonelik ifadeler yer almaktadir.
Anket formunda 5°1i likert tipi 6lgek kullanilmistir (1: Hig
katilmiyorum, 2: Katilmiyorum, 3: Ne katiliyorum ne
katilmiyorum, 4: Katiliyorum, 5: Tamamen katiliyorum).

Calismanin evrenini OGM’de gérev yapan orman
miithendisleri olusturmaktadir. OGM’de 2023 yili itibari ile
farkli pozisyonlarda goérev yapan yaklagik 12000 orman
mithendisi bulunmaktadir (OGM, 2023). Buna gore 6rneklem
biiyiikligii 96 olarak hesaplanmistir. Ancak arastirmada
giivenirligin artirilmasi amaciyla 120 orman miihendisi ile
¢evrimigi (online) olarak anket ¢aligmasi gergeklestirilmistir.
Omeklem biiyiikliigiiniin hesaplanmasinda asagidaki (1)
numarali denklemden (Ozdamar, 2013) yararlanilmustir.

zszq
n —
Nd2+z2pq

@)

n: ornek biyikligi

z: giiven katsayisi (%95°1ik giiven i¢in bu katsay1 1,96
alinmaktadir)

N: ana kiitle biiyiikligi
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p: Olgmek istenilen o©zellifin ana kiitlede bulunma
ihtimali (Calisma c¢ok amach oldugu i¢in bu oran %50
almmugtir.)

q: 1-p

D: kabul edilen 6rnekleme hatasi (Calisma i¢in %10°luk
bir 6rnekleme hatas1 ongoriilmiistiir.)

Arastirma kapsaminda elde edilen veriler SPSS 22.0
istatistik paket programi yardimiyla degerlendirilmistir.
Verilerin normal dagilima sahip olup olmadigin test etmek
i¢in Kolmogorov-Smirnov testi yapilmigtir. Kolmogorov-
Smirnov testinde p degeri 0,05’ten kiigik oldugu igin
verilerin normal dagilim géstermedigi tespit edilmistir (Efek
vd., 2018; Efek ve Yigiter, 2021). Bu nedenle arastirmada
veri analizi i¢in parametrik olmayan testler uygulanmistir.
Ikili karsilagtirmalarda (cinsiyet ve medeni duruma gore
farklilik durumlarmin tespiti i¢in Hl1 ve H4 hipotezleri
kapsaminda) Mann-Whitney U testi, ikiden fazla grubun
bulundugu degiskenlerin karsilastirilmasinda (yas, egitim
durumu ve goreve gore farklilik durumlarinin tespiti igin H2,
H3 ve HS5 hipotezleri kapsaminda) Kruskal Wallis-H
testinden yararlamilmistir (Tozluoglu vd., 2020). iki sayisal
degisken arasindaki iliskiyi ve bu iligkinin yoniini ve
siddetini  belirlemek  amaciyla  korelasyon  analizi
yapilmaktadir. Bu nedenle arastirmada CDGY ve YOD
degiskenleri arasindaki iligkinin tespiti i¢in korelasyon
analizinden yararlanilmistir. Arastirmada veriler normal
dagilima sahip olmadig1 i¢cin He hipotezi kapsaminda
Spearman korelasyon analizi kullanilmistir (Kalayci, 2008).

Olgeklerin giivenilirligini ve gegerliligini test etmek ve
¢ok fazla degiskenin tanimlanabilir belli sayida degiskenle
temsil edilmesine iligkin agiklayici faktor analizi (AFA)
(Biiyiikoztirk, 2002) kullanilmistir.  Faktor yapilar
belirlenirken her bir dnermenin faktor yikiiniin 0,30 ve
iizerinde olmasi1 gerekmektedir (Neale ve Liebert, 1980;
Harrington, 2009). AFA’da 6lgeklerin giivenirligini ortaya
koymak i¢in crochbach’s alfa katsayisindan yararlanilmistir.
Bu katsay1 0,40 ve altinda ise 6lgek giivenilir degil, 0,41-0,59
arasinda ise Olgek diigiik giivenilir, 0,60-0,79 aras1 giivenilir
ve 0,80 iizerinde ise Ol¢ek oldukga giivenilir olarak kabul
edilmektedir (Ozdamar, 2002; Nunnually ve Bernstein,
1994). Arastirmada CDGY olgegi crochbach’s alfa katsayisi
0,539 YOD crochbach’s alfa katsayis1 ise 0,952 olarak tespit
edilmistir.

Faktor yapilar belirlenirken dikkat edilmesi gereken bir
hususta binisik deger ve toplam agiklanan varyans orani
(AVO)’dir. Binigik deger ayni anda birden fazla faktorii
temsil eden ve bu faktor yiikleri arasindaki degeri 0,10’dan
az olan onermedir (Cokluk vd., 2012). Binisik deger olan
onermelerin  analizden  ¢ikarilmasi  gerekmektedir.
Biiyiikoztirk (2012) ve Eroglu (2008)’na gore davranig
bilimleri agisindan AVO’nun %40 olmast yeterlidir.
Verilerin faktor analizine uygun olup olmadigini test etmek
icin ise Kaise-Meyer-Olkin (KMO) ve Bartlett testi
yapilmistir (Keklik, 2023). KMO degerinin 0,50 ve {izerinde
olmasi, Bartlett kiiresellik testinin ise anlamli olmas1 verilerin
faktor analizine uygun oldugunu géstermektedir (Field, 2000;
Ergin vd., 2023). Olgeklerin KMO ve Bartlett testinin
degerlerinin yeterli diizeyde oldugu goriilmektedir.

3. Bulgular
3.1. Katilimcilart tanmimlayan bazi ozellikler

Katilimcilar1 tanimlayan bazi ozellikler Cizelge 1’de
gosterilmistir. Buna gore anket caligmasina katilanlarin
%12,5’1 kadin %87,5’1’erkektir. Katilimeilarin yaklasik
dortte gt lisans (%76,7) ve %23,3’i ise lisansiistii
mezunudur. Yine katilimcilarim  %60,9’u  25-35  yas
araliginda, %62,5’i evli ve %37,5’1 ise bekardir. Aragtirmaya
katilan orman miihendislerinin %44,2’si orman isletme sefi,
%35,3’t mithendis, %9,2’si ise Agaclandirma ve Toprak
Muhafaza (ATM) sefi olarak gérev yapmaktadir.

3.2. Cevre ve doga koruma gerekliligi yaklasimi dlgegine ait
bulgular

3.2.1. Cevre ve doga koruma gerekliligi yaklasimi olcegine
yonelik katilimci goriisleri

Cizelge 2’de orman miihendislerinin CDGY 6l¢egindeki
likert tipi Olglimlere gore yapilan Onermelere yonelik
degerlendirmeleri yer almaktadir. Cizelgeye gore “Dogal
kaynaklar tiim insanligin  ortak maldwr. Bu nedenle
kaynaklart kullanan ve kirleten isletmeler "kirleten dder
diisiincesiyle, zarart karsilamak kosuluyla kullanabilir”
Onermesine orman miihendislerinin %10,8’i kesinlikle
katilmadigini %29,2’si katildigim1 %41,7’si ise kesinlikle
katildigini, “Dogal kaynaklardan ekonomik bir yararin elde
edilmesi s6z konusu ise, oncelikle kullanilmasi on planda
olup, korunmasi ikinci planda olmalidir” Onermesine ise
katilimcilarin %19,2’si kesinlikle katilmadigimi %10,8’1 ise
katilmadigint  belirtmislerdir.  “Dogal  kaynaklar  tiim
insanlhigin ortak maldw. Bu nedenle kullanimi da ortak
olmalidir. Bireylere satilamaz ve kiralanamaz” 6nermesine
orman milhendislerinin %#4,2’si kesinlikle katilmadigini
%42,4’0 kesinlikle katildigin1 belirtmiglerdir.
“Stirdiiriilebilir kalkinma hedefleri dogrultusunda kusaklar
arasi esitlik olmalidir. Gelecek kusaklara bozulmamis bir
gevre birakilmalidir” O6nermesine katilimcilarin %23,3’0
katildigin1 %69,1°1 ise kesinlikle katildigini ifade etmislerdir.

3.2.2. Cevre ve doga koruma gerekliligi yaklagimi olgcegine
ait faktor analizi bulgular

Cevre ve doga koruma gerekliligi yaklagimi 6lgegine
iliskin AFA sonuglart Cizelge 3’te verilmistir. Cizelge 3’te
goriildiigii tizere CDGY 6l¢egi 6 maddeden olusan 2 faktorlii
yapiya sahiptir. Olgegin faktor yiikleri 0,408-0,731 arasinda
degismektedir. Olgekte 1, 4 ve 5. maddeler 1. faktor 2, 3 ve
6. maddeler 2. faktor altinda toplanmugtir. Olgegin 1.faktore
ait Cronbach alfa katsayis1 0,664 2.faktore ait Cronbach alfa
katsayis1 0,603 Slgegin tamamina ait ise 0,539 olarak tespit
edilmistir. Olgegin KMO degeri 0,567 Bartlett kiiresellik testi
ise 0,000 diizeyinde anlamli olarak tespit edilmistir. Olcegin
aciklanan varyans orani ise %359,622 olarak bulunmustur.
Olgege iliskin Cronbach alfa katsayis1 ve KMO degeri
Olgegin giivenilir ve faktérlesmeye uygun oldugunu
gostermektedir. Cevre ve doga koruma gerekliligi yaklagimi
6lcegi faktorleri CDGY 1 ve CDGY?2 olarak adlandirilmigtir.
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Cizelge 1. Katilimcilar1 tanimlayan bazi 6zellikleri

Ozellikler Deger Say1  Yiizde
Cinsiyet Kadin 15 12,50
Erkek 105 87,50
18-24 7 5,80
Yas 25-35 73 60,90
36-44 33 27,50
45 ve lizeri 7 5,80
Egitim Lisans 92 76,70
Lisanstistii 28 23,30
. Bekar 45 37,50
Medeni durum Evii 75 62,50
Miihendis 46 38,30
Orman Isletme Sefi 53 44,20

Agaglandirma ve Toprak
Gorev Muhafaza Sefi u 9.20
Kadastro Sefi 3 2,50
Isletme Miidiirii/Isletme 7 5.80

Miidiir Yardimcisi

3.3. Yesil orgiitsel davranis élgegine ait bulgular

3.3.1. Yesil drgiitsel davranis 6lcegine yonelik katilimci
gortisleri

Cizelge 4’te orman miihendislerinin YOD &lgegindeki
onermelere likert tipi Olglimlere goére yapilan Onermelere
yonelik degerlendirmeleri yer almaktadir. Cizelgeye gore
“Isyerinde kiiciik bir not almam gerekirse, biiyiik kdgit yerine
bloknot gibi kiigiik kagitlart veya miisvedde kdgitlar: tercih
ederim” 6nermesine mithendislerin %25°1 katildigin1 %70’
ise kesinlikle katildigmi belirtitken, “Isyerinde artan

kagitlarr atmam, bir sekilde kullanirim” 6nermesine %69,1°1
kesinlikle  katildigin1  ifade  etmektedir. Orman
miihendislerinin “Isyerinde elektrigi tasarruflu kullanmaya
dikkat ederim” Onermesine %71,7’si, “Cevre dostu
igyerlerinde ¢aliymayt tercih ederim” Onermesine %601,
“Calisma arkadaslarimi ¢evre dostu iiriinlere ve ¢evreye
duyarli davramglara yonlendiririm” Onermesine %54°1,
“Isyerinde tek kullammhk iiriinler yerine,  siirekli
kullamilabilir iiriinler tercih ederim” Gnermesine %49,2’si
“Isyerinde geri doniistiiriilebilir malzemeleri geri doniisiim
kutusuna atarum veya baska bir amagla kullanmak i¢in
ayiririm” Onermesine %63,3°l kesinlikle katildigimi ifade
etmislerdir.

3.3.2. Yesil orgiitsel davranis olgegine ait faktor analizi
bulgular

Yesil orgiitsel davranig dlgegine iliskin AFA sonuglari
Cizelge 5’te verilmistir. YOD &lgegine uygulanan faktor
analizi neticesinde faktdr yikleri 0,572-0,905 arasinda
degisen 2 faktorlii bir yapi elde edilmistir. Olcekte 1,2,3,4,5,6
ve 7. maddeler 1. faktor altinda 8,9,10,11 ve 12. maddeler 2.
faktor altinda toplanmaktadir. 1. faktére ait Cronbach alfa
katsayis1 0,952 2. faktore ait Cronbach alfa katsayis1 0,884
olarak tespit edilmistir. Olcegin tamamina ait Cronbach alfa
katsayis1 0,952 ve KMO degeri 0,929 ve AVO %74,955
olarak bulunmustur. Olgege iliskin Cronbach alfa katsayis1 ve
KMO degeri o6lgegin, giivenilir ve faktdrlesmeye uygun
oldugunu gostermektedir Yesil oOrgiitsel davranis Olcegi
faktorleri YODI1 ve YOD2 olarak adlandirilmustir.

Cizelge 2. Cevre ve doga koruma gerekliligi yaklasimi 6l¢egi ifadelerine yonelik yiizdesel dagilim

Cevre ve Doga Korumanin Gerekliligi

1%)  2(%)  3(%)  4(%) _ 5(%)

Dogal kaynaklar tiim insanligin ortak malidir. Bu nedenle kaynaklar1 kullanan ve kirleten

isletmeler "kirleten 6der diisiincesiyle, zarari kargilamak kosuluyla kullanabilir. 108 125 58 292 ALt
ngal kaynaklar tiim ms;mllgm ortak malidir. Bu nedenle kullanimi da ortak olmalidir. 42 142 6,7 325 424
Bireylere satilamaz ve kiralanamaz.

Insan karismadig: siirece cevre ve doga kendi isleyisine bozulmadan devam edebilir. 5,8 13,3 3,3 28,3 49,3

Dogal kaynaklardan ekonomik bir yararin elde edilmesi sz konusu ise, 6ncelikle

kullanilmasi 6n planda olup, korunmasi ikinci planda olmalidir.

19,2 10,8 12,5 35,8 21,7

Ulkelerin cevre sorunlarindan daha énemli sosyo-ekonomik sorunlari olabilir. Bu nedenle

sosyo-ekonomik sorunlarin ¢éziimiine dncelik verilmelidir

75 8,3 6,7 30,8 46,7

Siirdiiriilebilir kalkinma hedefleri dogrultusunda kusaklar arasi esitlik olmalidir. Gelecek

kusaklara bozulmamus bir ¢evre birakilmalidir.

1,7 42 1,7 233 69,1

1:Kesinlikle katilmiyorum, 2:Katilmiyorum, 3: Ne katiliyorum ne katilmiyorum, 4:Katiliyorum, 5:Kesinlikle katilryorum

Cizelge 3. Cevre ve doga koruma gerekliligi yaklasimi 6lcegi dondiiriilmiis faktor analizi bulgulari

ifadeler Madde Yiikleri
CDGY1! CDGY?2?
Cevre ve Doga Koruma Gerekliligi Yaklagimi Olcegi
1. Dogal kaynaklar tiim insanligin ortak malidir. Bu nedenle kaynaklari kullanan ve kirleten isletmeler 0637
"kirleten oder diisiincesiyle, zarar1 kargilamak kosuluyla kullanabilir. '
4 Dogal kaynaklardan ekonomik bir yararin elde edilmesi s6z konusu ise, dncelikle kullanilmas: 6n 0855 _ «: 0,664
planda olup, korunmasi ikinci planda olmalidir. ' Ozdeger; 1,866
5. Ulkelerin gevre sorunlarindan daha énemli sosyo-ekonomik sorunlari olabilir. Bu nedenle sosyo- 0815
ekonomik sorunlarin ¢éziimiine 6ncelik verilmelidir '
2. Dogal kaynaklar tiim insanligin ortak malidir. Bu nedenle kullanimi da ortak olmalidir. Bireylere 0755
sat}lamaz ve kiralanamaz. ' . 0.603
3. Insan karigmadigi siirece ¢evre ve doga kendi igleyisine bozulmadan devam edebilir. 0,705 Ozge;ge’r'l 711
6. Surdirtilebilir kalkinma hedefleri dogrultusunda kusaklar arasi esitlik olmalidir. Gelecek kusaklara 0,807 >

bozulmamus bir ¢evre birakilmalidir.

KMO?; 0,567 o: 0,539 AVO*%59,622

! Cevre ve Doga Koruma Gerekliligi Yaklagimil
2 Cevre ve Doga Koruma Gerekliligi Yaklagimi2
3 Kaiser-Meyer-Olkin

4 Agiklanan Varyans Orani
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Cizelge 4. Yesil orgiitsel davranis 6l¢egi ifadelerine yonelik yiizdesel dagilim

Yesil Orgiitsel Davranis Olgegi 1(%) 2(%) 3(%) 4(%) 5(%)
1$Aywerinde kiigiik Pir not aln}ﬁlm gerekir_se, bﬁ)_/iik kagit yerine bloknot gibi kiigiik 08 17 25 25.0 70,0
kagitlar1 veya miisvedde kagitlar tercih ederim.
Isyerinde gereksiz yanan ampul gordiigiimde hemen sondiiriiriim. 1,7 0,8 1,7 19,2 76,6
Is_yerlnde geri donustu_ru_leblhr malzemeleri geri doniisiim kutusuna atarim veya bagka 17 17 50 28.3 633
bir amagcla kullanmak i¢in ayirirm.
Isyerinde artan kigitlar1 atmam, bir sekilde kullanirim. 1,7 3,3 1,7 24,2 69,1
1$yerinde elektrigi tasarruflu kullanmaya dikkat ederim. 1,7 1,7 1,7 23,3 71,7
Isyerinde suyu tasarruflu kullanmaya dikkat ederim. 1,7 1,7 2,5 27,5 66,7
Cevre dostu igyerlerinde ¢aligmayi tercih ederim. 25 0,8 42 32,5 60,0
1$yerinde cevre dostu faaliyetlere katilirim. 0,8 5,0 25 31,7 60,0
Cfihsma. qufadaslarlml cevre dostu tiriinlere ve ¢evreye duyarli davraniglara 08 25 6.7 358 54,2
yonlendiririm.
Isyerinde kullanilan tiiketim iiriinlerinde son kullanma tarihine dikkat ederim. 0,8 0,8 2,5 35,8 60,0
Ofis malzemelerinin se¢iminde ¢evre dostu lirtinleri tercih ederim. 0,8 0,8 13,3 40,8 44,2
1$yerinde tek kullanimlik {iriinler yerine, siirekli kullanilabilir {iriinler tercih ederim. 25 1,7 5,8 40,8 49,2
1:Kesinlikle katilmiyorum, 2:Katilmiyorum, 3: Ne katiliyorum ne katilmiyorum, 4:Katiltyyorum, 5:Kesinlikle katiliyyorum
Cizelge 5. Yesil orgiitsel davranis 6l¢egi dondiiriilmiis faktdr analizi bulgular
ifadeler _ Mgdde Yiikleri
YOD1®  YOD2°
Yesil Orgiitsel Davranis Olcegi
1. Isyerinde kiigiik bir not almam gerekirse, biiyiik kagit yerine bloknot gibi kiigiik kagitlar veya miisvedde 0701
kagitlari tercih ederim. '
2. Isyerinde gereksiz yanan ampul gordiigiimde hemen séndiiriiriim 0,903
3. Igyerinde geri déniistiiriilebilir malzemeleri geri doniisiim kutusuna atarim veya baska bir amagla 0765 )
kullanmak i¢in ayiririm. ’ L 0,952
~anmak lin ay1na — Ozdeger;1,050
4. Igyerinde artan kagitlar1 atmam, bir sekilde kullanirim. 0,792 Y
5. Isyerinde elektrigi tasarruflu kullanmaya dikkat ederim. 0,874
6. Isyerinde suyu tasarruflu kullanmaya dikkat ederim. 0,842
7. Cevre dostu isyerlerinde ¢aligmayi tercih ederim. 0,715
8. Isyerinde cevre dostu faaliyetlere katilirim. 0,774
9. C.a11$ma arkadaglarimi ¢evre dostu iiriinlere ve ¢evreye duyarli davraniglara yonlendiririm. 0,797 o 0.884
10. Igyerinde kullanilan tiikketim iiriinlerinde son kullanma tarihine dikkat ederim. 0,644 Oz de.ge’r'7 944
11. Ofis malzemelerinin se¢iminde ¢evre dostu iiriinleri tercih ederim. 0,843 >
12. Isyerinde tek kullanimlik iiriinler yerine, siirekli kullanilabilir iiriinler tercih ederim. 0,686

KMO; 0,929 «: 0,952 AVO;%74,955
3.4. Hipotez testlerine yonelik bulgular

Cizelge 6 ve Cizelge 7’de degiskenlerin cinsiyete ve
medeni duruma gore farklilik olup olmadigini test etmek igin
yapilan Mann-Whitney U testi bulgular1 yer almaktadir. Buna
gore, CDKG ve YOD degiskenleri hem cinsiyete gore hem
de medeni duruma gore anlamli farklilik gdstermemektedir.
Yani katilimcilarin kadin ve erkek ya da bekar ve evli olma
durumuna gore ¢evre ve doga konusundaki yaklagimlari ve
yesil oOrglitsel davraniglart durumlart arasinda farklilik
gozlenmemektedir.

Cizelge 8’de degiskenlerin katilimeilarin yas gruplarina
gore farklilik durumlarina iligkin Kruskal Wallis-H testi
bulgulari yer almaktadir. Cizelge 8’de goriildiigii iizere
CDGY ve YOD degiskenleri yas gruplarina gére anlamlh
farklilik gostermemektedir.

® Yesil Orgiitsel Davrams]
® Yesil Orgiitsel Davranis2

Cizelge 6. Degiskenler ile cinsiyet arasindaki farkliliga
iliskin Mann-Whitney U Testi

Cinsiyet N Ort. U Z p
Erkek 105 62,76

CDKG Kadin 15 44,67 550,00 -1,891 0,059
Toplam 120
Erkek 105 58,71

YOD Kadin 15 73,03 599,500 -1,520 0,129
Toplam 120

lf<0,05 CDGY; Cevre ve Doga Koruma Gerekliligi Yaklasimi YOD; Yesil
Orgiitsel Davranig

Cizelge 7. Degiskenler ile medeni durum arasindaki farkliliga
iliskin Mann-Whitney U Testi

Medeni durum N Ort. U z p
Bekar 45 55,89

CDKG Evli 75 63,27 1480,00 -1,128 0,259
Toplam 120
Bekar 45 62,42

YOD  Evli 75 59,35 1601,00 -0,478 0,633
Toplam 120

I?<0,05 CDGY; Cevre ve Doga Koruma Gerekliligi Yaklasimi YOD; Yesil
Orgiitsel Davranig
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Cizelge 9’da  degiskenlerin katilimcilarin  egitim
durumlarina gore farkliik durumlarina iligkin Mann-
Whitney U testi bulgular1 verilmistir. Katilimeilar egitim
durumlarina gére CDGY istatistiksel olarak anlaml farklilik
gostermezken (p;0,886), YOD’leri egitim durumlaria gore
anlamli farklilik gostermektedir (p;0,044). Egitim diizeyi
lisans olan katilmeilarm YOD sira ortalamalart 57,03
lisansiistii egitim diizeyine sahip katilimcilarin YOD sira
ortalamalar1 ise 71,89 olarak tespit edilmistir. Bulgular
incelendiginde YOD agisindan lisansiistii egitim diizeyine
sahip katilimcilarin lehine bir durum oldugu goriilmektedir.

Cizelge 10°da degiskenlerin katilimcilarin {istlendikleri
gorevlere gore farklilik durumlarina iliskin Kruskal Wallis-H
testi  bulgular1  verilmistir.  Katilimcilarin -~ kurumda
iistlendikleri gdreve gére CDGY ve YOD arasinda anlamh
farkliliga iliskin yapilan analiz sonucunda istatistiksel olarak
anlamli farklilik bulunmamaktadir.

Cizelge 8. Degiskenler ile yas gruplari arasindaki farkliliga
iligkin Kruskal-Wallis H Testi

Yas N Ort. H sd’ p

18-24 7 55,21

25-35 73 56,97 2,746 3 0,432
CDKG 36-44 33 68,26

45 ve tizeri 7 66,00

Toplam 120

18-24 7 64,50

25-35 73 60,90 0,402 3 0,940
YOD 36-44 33 60,24

45 ve uizeri 7 53,50

Toplam 120

P<0,05 CDGY; Cevre ve Doga Koruma Gerekliligi Yaklasimi YOD; Yesil
Orgiitsel Davranis

Cizelge 9. Degiskenler ile egitim durumu arasindaki
farklihiga iligkin Mann-Whitney U Testi

Egitimdurumu N Ort. U Y4 p
Lisans 92 60,75

CDKG Lisansiistii 28 59,68 1265,00 -0,143 0,886
Toplam 120
Lisans 92 57,03

YOD  Lisansiistii 28 71,89 969,00 -2,016 0,044
Toplam 120

P<0,05 CDGY; Cevre ve Doga Koruma Gerekliligi Yaklasimi YOD; Yesil
Orgiitsel Davranig L: Lisans LU: Lisansiistii

Cizelge 10. Degiskenler ile gérev arasindaki farkliliga iligkin
Kruskal Wallis-H Testi

Gorev N Ort. H sd p
Miihendis 46 56,27
Orman Isletme Sefi 53 62,68 2,694 4 0,069
ATM Sefi 11 74,23
CDKG Kadastro Sefi 3 13,50
isletme Mdr./Yrd. 7 70,36
Toplam 120
Miihendis 46 66,23
Orman Isletme Sefi 53 61,21 5,175 4 0,270*
- ATM Sefi 11 44,77
YOD Kadastro Sefi 3 42,00
isletme Mdr./Yrd. 7 5014
Toplam 120

’:P<0,05 CDGY; Cevre ve Doga Koruma Gerekliligi Yaklasim YOD; Yesil
Orgiitsel Davranig

7 Serbestlik Derecesi

Cizelge 11 incelendiginde CDGY ile YOD (r: 0,181
p<0,05) arasinda pozitif yonlii ve istatistiksel olarak anlaml
bir iliski oldugu gériilmektedir. CDGY ile YOD arasindaki r
katsayisina (+1 ile -1 arasinda deger alir) bakildiginda pozitif
yonlii, anlamli ve zayif bir iliskinin oldugu sdylenebilir. Yani
ankete katilim saglayan orman miihendislerinin CDGY
artttkca YOD’leri artmaktadir.

4. Tartisma ve sonug¢

Yasanilabilir, temiz ve kaliteli bir ¢cevre insanlar i¢in her
zamankinden daha fazla 6nemli hale gelmeye baslamgtir.
Tiirkiye’de ve diinyada meydana gelen iklim degisikligi ve
sonuglari ¢evrenin korunmasini zorunlu kilmistir. Bu durum
cevre farkindaligmin gelismesine katki saglayarak yesil
kavraminin ortaya ¢ikmasina zemin hazirlamigstir. Doga dostu
anlamina gelen yesil kavrami 6zellikle ¢evrenin dogru ve
stirdiiriilebilir ~ sekilde yonetilmesini gerekli kilmustir.
Doganin 6nemli pargasi olan ormanlar ise yesil kavraminin
onemli bir unsuru olarak karsimiza ¢ikmaktadir. Literatiirde
yesil oOrgiitsel davranis ile oOrgiitsel adalet, is doyumu, is
performansi, siirdiiriilebilir tiiketici davranislari ve toplam
kalite yonetimi uygulamalari arasindaki iliskinin incelendigi
caligmalar (Akbaba, 2019; Bulut, 2022; Mert ve Arikan
Saltik, 2023; Salepgioglu ve Kirca, 2023; Tuna ve Yildiz,
2023) bulunmaktadir.

Arastirmada katilmcilarin  CDGY  06lgegine yonelik
goriisleri incelendiginde orman miihendislerinin biyiik
¢ogunlugunun ¢evrenin ortak miras oldugunu ve
stirdiiriilebilir kullanim ilkesi gozetilerek gelecek nesillere
aktarilmasi gerektigini belirttigi goriilmektedir. Literatiirde
benzer sekilde iiniversite  dgrencilerinin  gevresel
farkindaliklarin1  belirlemeye yonelik yapilan arastirma
bulgularinda katilimcilarin gevresel konulara karst duyarsiz
olmadiklarmi (Ozbebek Tung vd., 2012), katilimcilari yesil
orgiit iklim algisi ile yesil orgiitsel davranis diizeylerinin
yiiksek oldugunu (Ozalp ve Erbas1, 2021), otel isletmelerinin
yesil Orgiit ikliminin yesil satin alma davranigi iizerinde
anlaml bir etkiye sahip oldugunu (Mert ve Arikan Saltik,
2023) ifade eden aragtirmalar bulunmaktadir. Ayrica, Yilmaz
(2009) tarafindan yapilan arastirmada Edirne’de yasayan
insanlarin ¢evre bilinci irdelenmis ve katilimcilarin %87’si
cevrenin siirdiiriilebilir bir sekilde korunarak gelecek
kusaklara aktarilmasi gerektigini ifade etmistir. CDGY ve
YOD o6lgegi orman miihendisleri goriisleri literatiirdeki
aragtirma bulgulari ile benzerlik gostermektedir.

Cizelge 11. CDGY ve YOD Spearman korelasyon analizi
CDKG YOD oOrt  sd

l*f‘"e'asy"” 1,000 0,181*
atsayisi
CDGY Anlamlilik
(Cift Yonlii) 0,048 3,93 0,68
\ N 120 120
Spearman'’s rho Korelasvon
e 8y 0,181* 1,000
atsayisi
YOD  Anlamlilik
(Cift Yonlii) 0,048 . 449 0,63
N 120 120

*.0,05 dnem diizeyinde anlamli iliski (2-yonlil). CDGY; Cevre ve Doga Koruma
Gerekliligi Yaklagimi YOD; Yesil Orgiitsel Davranis
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Arastirmada bir diger bulguda, orman miihendislerinin
¢evre ve doga koruma yaklagimlarinin yesil orgiitsel davranig
lizerinde istatistiksel olarak anlamli ve pozitif etkisinin
oldugu ve “Hs: CDGY ve YOD arasinda istatiksel olarak
anlaml ve pozitif' yénde bir iligki vardw” hipotezinin
desteklendigi goriilmektedir. Literatiirde, yesil davranislarin
sergilenmesinde ¢evresel tutkunun etkili bir unsur oldugu ve
gevresel yaklagimlarinin yesil orgiitsel davranig {izerinde
anlamli ve pozitif etkiye sahip oldugunu (Afsar vd., 2016;
Saifulina ve Carballo-Penela, 2017; Akandere, 2019; Ng vd.,
2019; Saleem vd., 2021), gevre tutkusunun ve yesil Orgiit
ikliminin ¢alisan davraniglar iizerinde istatistiksel olarak
anlamli ve pozitif bir etkiye sahip oldugunu (Coskun, 2022)
ve siirdiiriilebilir tiiketim davramiglart ile yesil Orgiitsel
davranis arasinda anlamli bir iligki oldugunu (Bulut, 2022)
ifade eden benzer bulgulara sahip  arastirmalar
bulunmaktadir.

Arastirmada ¢evre ve doga koruma yaklagimi ile yesil
orgiitsel davraniglarin demografik 6zelliklere gore farklilik
durumlar1 incelenmis ve orman miihendislerinin yesil
orgiitsel davraniglarinin egitim durumlarina gore istatistiksel
olarak anlamli farklilik gésterdigi saptanmistir. Bu durumda
“Hs: CDGY ve YOD egitim durumuna gore anlamli farklilik
gostermektedir” hipotezinin desteklendigi ve Hy, Ho, Hzve Ha
hipotezlerinin  reddedildigi ~ goriilmektedir.  Egitim
durumlarindaki bu farklilik lisansiistii egitime sahip orman
miithendislerinin yesil orgiitsel davranig egilimi géstermeye
daha yatkin olmasindan kaynaklanmaktadir. Literatiirde
kisilik Ozelliklerinin yesil Orgiitsel davranis {izerinde
istatistiksel olarak anlamli ve pozitif bir etkiye sahip
oldugunu (Erbasi vd., 2022), orman miihendislerinin ¢evresel
tutumlarmin egitim durumlara goére farklilik gosterdigini
(Topaloglu ve Alkan, 2023a) ifade eden benzer bulgulara
ulasilan arastirmalar bulunmaktadir.

Daha 6nce de deginildigi lizere duyarlilik, tutum ve yesil
satin alma kavramlar1 yesil Orgiitsel davranigi olusturan

unsurlar arasinda yer almaktadir. Nitekim yapilan
aragtirmalarda cevresel kayginin ormancilikta
sertifikalandirma  bilgisini  pozitif yonde etkiledigi

(Topaloglu ve Alkan, 2023b) ayni zamanda bir diger
aragtirmada gevresel kayginin yesil iriinlere kars1 tutumu ve
yesil satin alma niyetini de pozitif yonde etkiledigi
(Topaloglu ve Alkan, 2023c¢) saptanmigtir. Bunun yan1 sira
orman miihendisleri iizerine yapilan diger bir aragtirmada
ormancilikta sertifikasyon bilgisinin yesil satin alma
davranigini olumlu yonde etkiledigi ve yesil satin alma niyeti
ile yesil satin alma davranisi arasindaki iliskide ormancilikta
sertifikasyon bilgisinin ayirt edici bir unsur oldugu
saptanmistir (Topaloglu ve Alkan, 2023d). Ormancilikta
sertifikasyon ¢aligsmalar1 hakkinda bilgi ve yaklasimin yesil
davranislar tizerinde etkili oldugu goriilmektedir. Bu nedenle
ormancilik kurumlarinin ¢evre ve doga konusundaki
yaklasim ve uygulamalar ile kazandiklar yesil davraniglar
¢evrenin korunmasi ve yasanilabilir kaliteli ¢evrenin
olugmasinda oldukg¢a dnemlidir.

Cevrenin ve c¢evreci anlayisin hakimiyet kazanmaya
basladig1 giiniimiizde sadece sosyal ortamda degil ¢aligma
ortamlarinda da insanlar yesil davraniglar sergilemeye
baslamaktadir. Bu aragtirmanin ekosistem yonetiminde etkili
ve sOz sahibi olan orman mihendisleri G6zelinde
gerceklestirilmis olmasi ¢alismanin ayri bir degerini ortaya
koymaktadir. Arastirma bulgularinda da goriildiigi tzere
Ozellikle orman  mihendislerinin  ¢evre  koruma,
sertifikalandirma vb. konularda lisansiistii egitimlerinin

desteklenmesi ve tesvik edilmesi c¢evreye karsi olan
yaklagimlarinda olumlu yonde katki saglamaktadir. Ayrica
kurumsal olarak g¢evre-doga yonetimi ve Onemi ile ilgili
seminer ve egitimlerin diizenlenmesi, orman miihendislerinin
farkindalik diizeylerinin artmasina ve yesil orgiitsel davranis
kazanmimlarma  olumlu  yonde  katki  saglayacagi
diistintilmektedir.

Cevre-doga egitim ve seminerlerinde yesili sev, dogay1
koru gibi klasiklesmis soylemlerin 6gretilmesinden ziyade
cevre bilincinin gelistirilmesi ve farkindaligin artirilmasi
amaglanmalidir (Celikkiran, 1995). Bu amagla ¢evre ve doga
korumaya yonelik biling ve farkindalik olusturulurken atik
sorunu, ormanlardan elde edilen kagit hammaddesinin
onemi, ¢Ollesme ve toprak erozyonu ile miicadele, igilebilir
ve kaliteli suyun stirdiiriilebilir bir sekilde saglanmasi, iklim
degisikligi ve ¢evre Kkirliliginin Onlenmesi noktasinda
ormanlik ve sulak alanlarin korunmasi hususuna dikkat
edilmesi faydali olacaktir (Kiziroglu, 2023). Korkmaz ve
Adigiizel (2021) tarafindan yapilan aragtirmada orman
mithendislerinin, orman kaynaklart yoénetiminin iklim
degisikligine uyumu konusunda teknik bilgi eksikliginin
onemli bir kisitlarinin oldugu ifade edilmistir. Benzer sekilde
cevre ve doga korumaya yonelik, 6ncelikle bilgi diizeyi daha
sonra biling ve farkindaliklarinin artirilmasina yo6nelik
programlarin yapilmast olduk¢a Onemlidir. Bu egitim
programlarinin, orman miihendislerinin, ¢evre farkindaligi
yiikksek ve ¢evreye karsi olumlu davramig sergilemesi ve
davraniglarinin da bu dogrultuda sekillenmesinde etkili
olacaktir.
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Kastamonu yoresi karacam mescerelerinde sekil katsayilarimin cesitli tek agac ve

mescere ozelliklerine gore degisimi

Elif Seyda Kesik?

Variation of form factors in black pine stands of Kastamonu region according to

, Oytun Emre Sakicr®”

Ozet: Bu galismada, Kastamonu Orman Bolge Miidiirliigii sinirlart ierisindeki esit yasli, saf ve dogal karagam mescerelerindeki
(Pinus nigra J.F.Arnold) agaglara iligkin sekil katsayilarinin incelenmesi amaglanmigtir. Aragtirma materyali olarak farkli bonitet
sinifl, kapalilik, gelisim ¢ag, ekorejyon, siklik ve yastaki mescerelerden alian 120 drnek alandan ve her bir 6rnek alanda megcere
orta capma yakin ¢apa sahip en az 1 6rnek agac olmak iizere toplam 145 6rnek agactan elde edilen veriler kullanilmistir. Ornek
agaclar tizerinde yapilan 6l¢limlerden yararlanilarak g6giis boyu sekil katsayisi (f1.3), mutlak sekil katsayisi (fo), dogal sekil katsayisi
(fo.1) ve yapay sekil katsayisi (fos) hesaplanmig ve bunlara iliskin ortalama degerler sirastyla 0,489, 0,317, 0,504 ve 0,481 olarak
belirlenmistir. Sekil katsayilarinin gesitli tek agag, mescere ve yetisme ortami 6zellikleri ile olan iligkileri istatistiksel analizlerle
irdelenmistir. Sonuglar, Kastamonu yoresinde yetisen karagamlara iligkin sekil katsayilarimin gerek tek agag ozelliklerine ve
gerekse mescere ve yetisme ortami 6zelliklerine gore degisim gosterdigini ortaya koymustur. Bu sonuglara gore; gogiis boyu sekil
katsayisinin tiim tek agag ozellikleri ve mescere siklig1 disindaki mescere 6zellikleri ile korelasyon gosterdigi ve bonitet siniflari
ile gelisim ¢aglar1 bakimindan farklara sahip oldugu, mutlak sekil katsayisinin tepe uzunlugu ve agag yast ile korelasyon gosterdigi
ve bonitet siniflar1 ile ekorejyonlar bakimindan farklara sahip oldugu, dogal sekil katsayisinin tepe uzunlugu digindaki tiim tek agag
ozellikleri ve tiim mescere Ozellikleri ile korelasyon gosterdigi ve gelisim ¢aglar1 bakimimdan farklara sahip oldugu ve yapay sekil
katsayisinin da yalnizca mescere yasi ile korelasyon gosterdigi belirlenmistir. Ayrica, sekil katsayilarinin hacim hesaplamalarindaki
basarilar1 da degerlendirilmeye ¢alisilmis ve en basarili tahminlerin mutlak sekil katsayisiyla yapilabilecegi belirlenmistir.
Anahtar kelimeler: Gévde formu, Sekil katsayisi, Aga¢ hacmi, Pinus nigra

various single tree and stand characteristics

Abstract: The aim of this study was to examine the form factors of black pine (Pinus nigra J.F.Arnold) trees in even-aged, pure and
natural stands of Kastamonu region. Data obtained from 120 sample plots taken from different site classes, canopy, development stage,
ecoregion, density and age, and a total of 145 sample trees, including at least 1 sample tree with the diameter closest to the mean
diameter in each sample plot, were used, and the breast height form factor (f1.3), absolute form factor (fo), natural form factor (fo.1) and
artificial form factor (fos) were calculated with averages of 0.489, 0.317, 0.504 and 0.481, respectively. The relationships of form
factors with various tree and stand characteristics were determined by statistical analysis. The results revealed that the form factors
vary according to both tree and stand characteristics. The breast height form factor is correlated with all tree and stand characteristics
except stand density and has differences in terms of site classes and development stages. The absolute form factor correlates with crown
length and tree age and has differences in terms of site classes and ecoregions. The natural form factor correlates with all tree and stand
characteristics except crown length and has differences in terms of development stages. The artificial form factor is only correlated
with stand age. The success of form factors in volume calculations was also evaluated, and it has been determined that the most
successful volume estimations can be achieved with the absolute form factor.

Keywords: Stem form, Form factor, Tree volume, Pinus nigra
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1. Giris

Bir agacin hacmi (V) teorik olarak o agacin ¢apinin,
boyunun ve govde seklinin bir fonksiyonudur ve c¢ap
degerinden elde edilen gogiis yiizeyinin (g), aga¢ boyunun (h)
ve sekil katsayisinin (f) birbirleri ile ¢arpilmasiyla elde edilen
v=g.h.f denklemi yardimiyla hesaplanabilir (Kalipsiz, 1984;
Eler, 2003; Carus ve Catal, 2012; Baytas ve Seki, 2023). Bu
denklemden de anlagilacag iizere ¢ap ve boylari esit olmasina
karsin govde sekilleri farkli olan agaglarin hacimleri de
birbirinden farkli olacaktir. Bu nedenle, dikili halde bulunan

edilebilmesinde govde sekli biiyiik dneme sahiptir (Da Silva
vd., 1994; Van Laar ve Akga, 2007; West, 2009). Agag
caplarinin (d) kolay 6lgiilebilir olmasi nedeniyle denklemde
yer alan gdgiis yiizeyini (g=(n/4)d?) elde etmek de oldukga
kolaydir. Denklemin bir diger bileseni olan aga¢ boyu da
boydlgerler yardimiyla dogru sekilde olgiilebilmektedir.
Ancak, sekil katsayisinin canh (dikili) bir agag¢ lizerinde
dogrudan 6l¢iilmesi oldukg¢a zordur.

Bir agacin govde sekli o agacin tiird, yasi, boyu, gévde
profili ve tepe boyutlar gibi 6zelliklerinin yaninda, i¢inde
bulundugu mescerenin siklik, bonitet ve silvikiiltiirel

agaclarin  hacimlerinin  gilivenilir ~ sekilde  tahmin miidahale durumu gibi 6zellikleri ve yetisme ortaminin
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klimatik, edafik ve fizyografik 6zelliklerin de etkisi altinda
oldugundan sekil katsayis1 da bu ozelliklere bagli olarak
degisim gostermektedir (Larson, 1963; Kalipsiz, 1984;
Muhairwe, 1994). Bu nedenlere bagli olarak mesceredeki
agaclarin her birinin gdvde formu birbirinden farkli
olabileceginden, bir agaca iliskin gergek sekil katsayisinin
belirlenebilmesi i¢in o agacin 6ncelikle kesilmesi ve ardindan
hacminin belirlenmesi gerekmektedir (Kalipsiz, 1984; Carus
ve Catal, 2012). Sekil katsayisi belirlenmek istenen her
agacin kesilerek hacimlendirilmesi ise pratik agidan zor
oldugu gibi aga¢ hayatiyetini kaybedeceginden envanter
amaglar1 ile de oOrtiismemektedir. Dolayisiyla, yukarida
aciklanan teorik hacim denkleminin mescereyi olusturan
agaclarin her birinin kendine ozgii sekil katsayilarn
kullanilarak uygulanmasi miimkiin degildir. Bunun yerine,
varsa ilgili agag tiirii igin gegerli ortalama sekil katsayisindan
yararlanilmas: yoluna gidilmekte, ancak bu durumda da
mesceredeki tiim agaclarin gévde formlariin benzer oldugu
varsayildigindan hacim hesaplamalarinda bazen Onemli
hatalara neden olunabilmektedir (Kalipsiz, 1984).

Sekil katsayisinin aga¢ hacminin silindir hacmine
oranlanmasi ile hesaplandigi diisiiniiliirse, sozii edilen silindir
hacmindeki ¢ap ve boy degerlerinin neler olacagi sorusu ile
kars1 karsiya kalinmaktadir. Silindirin boyunun agag¢ boyu ile
ayni  olacagi agiktir.  Ancak, silindir  hacminin
hesaplanmasinda farkli ¢cap degerleri dikkate alinabilmekte
ve sekil katsayilar1 da kullanilan ¢ap degerine bagl olarak
farkli isimler almaktadir. Ornegin; mutlak sekil katsayisinmn
(fo) hesaplanmasinda silindir ¢ap1 agacin taban ¢apma (do)
esit almirken, gogiis boyu sekil katsayisinda (fr3) gogiis
yiiksekligi ¢ap1 (di13) ve dogal sekil katsayisinda (fo1) agag
boyunun %10’u kadar yiikseklikteki goévde c¢apt (do1)
degerleri dikkate alinmaktadir. Literatiirde, soz konusu sekil
katsayilarindan hangisinin gercek sekil katsayisi olarak kabul
edilebilecegi ile ilgili net bir kabul bulunmamakla birlikte
genellikle gogiis boyu sekil katsayist gergek sekil katsayisi
olarak dikkate alinmaktadir (Ahmadi vd., 2008; Fadaei vd.,
2008; Giirocak, 2011; Carus ve Catal, 2012; Sarikaya, 2012;
Adekunle vd., 2013; Petrin ve Bogdanov, 2017; Subedi vd.,
2021). Gogiis boyu sekil katsayisini gergek sekil katsayisi
olarak kabul eden bu arastirmalarin aksine, gdvdenin farkli
yiiksekliklerine iliskin ¢ap degerleri kullanilarak elde edilen
silindir hacimlerine gore hesaplanan sekil katsayilarmin
gercek sekil katsayisi olarak kabul edildigi calismalar da
mevcuttur (Socha ve Kulej, 2005; Socha ve Kulej, 2007;
Inoue vd., 2011; Suga vd., 2011; Inoue vd., 2012). Son
yillarda da govde yiizey alanina ve govde profiline dayali
sekil katsayilari gibi yeni katsayilarin gelistirilmesine yonelik
calismalar yapilmistir (Inoue, 2006; Inoue, 2012; Inoue vd.,
2021).

Ulkemizde sekil katsayilari konusunda yapilan giincel
calismalar Dogu kayini (Giirocak, 2011; Carus ve Catal, 2012)
ve kizilgam mescereleri (Sarikaya, 2012) ile sinirhidir ve bu
calismalar arasinda karagama yonelik bir arastirmanin
bulunmadig1 sdylenebilir. Karagam, 2,8 milyon ha normal kapali
ve 1,3 milyon ha bosluklu kapali olmak iizere toplam 4,1 milyon
ha’lik yayilis alani ile lilkemizin en genis yayilis alanma sahip
agag tiirlerinden biri olup, iilkemiz toplam orman varligmn
(23,2 milyon ha) yaklasik %]18’ini olusturmaktadir ve igne
yaprakl tiirler arasinda da orman varligi bakimindan kizilgammn
ardindan ikinci sirada yer almaktadir (OGM, 2023). Kastamonu
Orman Bolge Miidiirliigii’niin toplam orman alan1 yaklagik 876
bin ha olup, %79’u (695 bin ha) normal kapali ve %211 (180 bin
ha) bosluklu kapali ormanlardan olugmaktadir (OGM, 2023).

Kastamonu Orman Bolge Miidiirliigii smurlan igerisindeki
orman igletme sefliklerinin amenajman planlarindan elde edilen
verilere gore de normal kapali ormanlarin yaklagik %281 (197
bin ha) saf karagam mescerelerinden olugmakta ve bu yayilis
alani ile karagcam Kastamonu Bolge Miidiirliigli’niin en genis
yayilis alanina sahip agag tiirii olmaktadir. Karacamn gerek iilke
genelinde gerekse Kastamonu yoresindeki genis yayilisi dikkate
alindiginda, bu tiire 6zgii sekil katsayilarmin aragtirilmasima
yonelik ¢aligmalarin gerekliligi anlasiimaktadir.

Bu ¢aligmada, karagam tiiriiniin Kastamonu Orman Bolge
Midiirligii siirlan igerisinde yayilig gosteren esit yasli, saf
ve dogal mescerelerine iliskin sekil katsayilar1 ortaya
konulmaya ve degerlendirilmeye ¢aligilmigtir. Caligma
kapsaminda, caligma alaninda alinan 6rnek agaclara iliskin
gercek hacim degerlerinden yararlanilarak mutlak, gogiis
boyu, dogal ve yapay sekil katsayilar1 belirlenmis ve sz
konusu sekil katsayilarinin agaglarin ¢ap, boy, yas, tepe
baslangic yiiksekligi ve tepe uzunlugu gibi 6zellikleri ile olan
iligkileri incelenmistir. Ayrica, Ornek agaclar1 icerecek
sekilde alinan oOrnek alanlarda yapilan o6lgiim ve
degerlendirmeler sonucu elde edilen bonitet sinifi, kapalilik
smifi, gelisim cagi, ekorejyon, mescere yasi, mescere orta
cap1, mescere gogiis ylizeyi, mescere hacmi ve mescere
sikligt ile sekil katsayilar1 arasindaki iligkiler belirlenmeye
calisilmistir. Bunlara ek olarak, ¢alisma sonucunda elde
edilen sekil katsayilarmmin hacim tahminlerindeki basari
diizeyleri de incelenmistir.

2. Materyal ve yontem
2.1. Materyal

Kastamonu Orman Boélge Midiirliigii sinirlari igerisinde
yaklasik 197 500 ha saf karagam mesceresi bulunmakta olup,
karagam Kastamonu Bolge Midiirliigii’nlin en genis yayilis
alanma sahip agag¢ tiiriidiir. Caligma, Kastamonu Orman
Bolge Miidirliigi sinirlart igerisinde yayilis gosteren esit
yasli, saf ve dogal karagam (Pinus nigra J.F. Arnold)
mescerelerinden alinan 6rnek alan ve 6rnek agaclardan elde
edilen verilerle yiiriitiilmistiir. Bu amagla; farkli megcere ve
yetisme ortamu Ozelliklerini yansitacak sekilde 120 adet
ornek alan alinmig ve her bir 6rnek alanda da mescere orta
capina en yakin ¢apa sahip en az 1 Ornek agag¢ segilerek
toplam 145 &rnek agac kesilmistir. Ornek agaclarin kesimi
sirasinda ek alanlarm yer aldigi Orman Isletme Seflikleri
ile iletisime gegcilip tretim ve silvikiiltir programlari
Ogrenilerek arazi caligmalart bu programlara gore
diizenlenmeye calisilmis ve boylelikle kesilen ornek
agaclarin halihazirda isletmenin kesecegi agaglar arasindan
secilmesine 6zen gosterilmistir.

Omek alanlar daire seklinde tesis edilmis ve 6rnek alan
biiyiikliikleri de mescere kapaliligi dikkate alinarak kapaliligi
%11-40 aras1 olan mescerelerde 800 m?, %41-70 aras1 olan
mescerelerde 600 m? ve %70’ten yiiksek olan mescerelerde
de 400 m? olacak sekilde uygulanmustir. Ornek alanlarda
asagida agiklanan ol¢iim ve hesaplamalar yapilmistir:

+ Ornek alanlarin konumsal koordinatlari GPS yardimiyla
belirlenmistir.

» Ornek alan igerisinde kalan ve gégiis cap1 8 cm veya daha
fazla (d1.30>8 cm) olan tiim agaglarin g6giis ¢aplart (d1 .30,
cm) capdlcer yardimiyla 0,1 cm hassasiyetinde
Ol¢iilmiistiir.
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* Mescere orta gapi, gdgiis ylizeyi orta agacinin ¢api (dg, €M)
olarak belirlenmistir. Ornek alanin bulundugu mescerenin
gelisim ¢ag1 da orta ¢apa gore kararlastirilmastir.

Ornek alan igerisindeki agaglarin gogiis yiizeyleri (g, m?)

toplanip hektara cevrilerek mescere gogilis yiizeyi (G,

m?/ha) belirlenmistir.

Ornek alan icerisinde ¢aplar1 Slciilen agaclara iliskin boy

(h, m) degerleri Seki ve Sakict (2022a) tarafindan

Kastamonu yoresi karagam mescereleri icin gelistirilmis

olan ¢ap-boy denklemleri yardimiyla belirlenmistir.

Ornek alanlardaki agaclarin hacimleri (v, m®), Sakic1 vd.

(2018) tarafindan Kastamonu yoresi karagam mescereleri

icin gelistirilmig olan ¢ift girisli aga¢ hacim denklemi

(v=0,000037d13?h) yardimiyla tahmin edilmis ve elde

edilen hacim degerleri toplanip hektara gevrilerek mescere

hacmi (V, m¥ha) hesaplanmistir.

Ornek alanlara iliskin  bonitet endekslerinin

belirlenebilmesi amactyla hektarda 100 aga¢ hesabina gore

ornek alana diisen sayida (6rnegin, 600 m? biiyiikliigiindeki
ornek alanda 6 adet) en uzun boylu agaclarin boylar

Olciilmiis ve bu boylarin ortalamasi alinarak mescere

tistboyu (N100) hesaplanmistir. Omek alanlarm bulundugu

mescerelerin bonitet siniflarinin belirlenmesinde Kalipsiz

(1963) tarafindan gelistirilen karacam bonitet endeks

tablosundan yararlanilmig ve 6rnek alanlar i¢in hesaplanan

bonitet endeks (BE) degerleri yardimiyla bonitet smiflart
belirlenmistir.

Ornek alan igerisinde mescere yagmi belirlemek amactyla

mescereyi temsil eden 5-6 agacin yasi () Olgilmistiir.

Yaglar, artim burgusu yardimiyla agaglarn gogiis

yiiksekliginden (1,30 m) ve kabuk ile 6z arasindaki tim

yillik halkalar1 igerecek sekilde alinan artim kalemleri
iizerinde Olgiilen yillik halka sayisina agacin gogiis
yiiksekligine ulasma yas1 eklenerek hesaplanmistir. Gogiis
yiiksekligine ulagsma yag1 ise Ornek alan igerisinde veya
yakin g¢evresinde bulunan 1,30 m boyundaki 4-5 fidanin
yaglarinin ortalamasinin alinmasi suretiyle elde edilmistir.

Her bir 6rnek alanda yas tayini yapilan agaglarin yas

ortalamalar1 alinarak mescere yasi (T) hesaplanmustir.

» Ornek alanlarin  bulundugu mescerelerin kapaliliklari
amenajman planlarindan alinmis ve mescerelerin aktiiel
durumlarina uygunluklar1 arazi c¢aligmalar1 sirasinda
kontrol edilmistir. Ornek alanlar igin uygun bulunmayan
kapalilik simiflar1 uygun degerlerle revize edilmistir.

» Siklik 6lgiitli olarak Curtis vd. (1982) tarafindan gelistirilen
rolatif siklik (RD) esitliginden (RD=G/d,>®) yararlanilmis
ve her bir 6rek alanin siklik degeri hesaplanmigtir.

+ Ornek alanlarin konumsal koordinatlar1 dikkate alinarak
Atalay (2014)’a ait ekolojik bélge smiflandirmasina gore
her bir 6rnek alanin dahil oldugu ekorejyon belirlenmistir.

Her bir 6rnek alanda orta ¢apa en yakin 1 ya da 2 6rnek
agac dip kiitiik yiiksekliginden (0,30 m) kesilerek ornek
agaclar lizerinde asagida agiklanan 6lgiim ve hesaplamalar
yapilmistir:

+ Ornek agaclari boylar1 (h, m) seritmetre yardimiyla 0,01
m hassasiyetinde l¢tilmiistiir.

* Tepe boyutlarim1 belirlemek amaciyla canli dallarin
basladigi govde yiiksekligi Olgiilerek tepe baslangig
yiiksekligi (Ch, m) belirlenmis ve toplam aga¢ boyundan
tepe baglangi¢ yiiksekliginin ¢ikarilmasiyla da tepe
uzunlugu (Cl, m) hesaplanmistir.

+ Ornek agaclarin gogiis caplar1 (d1.30, cm), dip kiitiik caplar
(do.30, €M), taban ¢aplari (do, cm), agag boyu 10 esit pargaya
boliinerek ilgili yiiksekliklerdeki govde ¢aplart (do, doz,

..., dog, cm) ve ayrica hacim hesaplamalarinda kullanilmak
tizere 1,30 m yiikseklikten baslamak lizere agacin tepe
ucuna kadar 1 m araliklarla gévde ¢aplari (d2.30, U330, ..., di,
cm) c¢apoleer yardimiyla 0,1 cm hassasiyetinde
Olctilmiistiir.

Ornek agaglarin hacimleri bdliimleme y&ntemine gore

hesaplanmigtir. Bu yonteme gore agaglar dip kiitik,

seksiyonlar ve u¢ parga olmak iizere li¢ boliime ayrilarak
hacimlendirilmis ve bu boliimlere iliskin hacimlerin
toplanmasi ile de toplam gdvde hacmi (v, m®) elde
edilmigtir. Hacim hesaplarinda seksiyonlarin hacimleri ise

Smalian hacim denklemine gore belirlenmis, dip kiitiigiin

silindir ve u¢ parganin ise koni bi¢iminde oldugu

varsayilmigtir.

» Ornek agaclarin yas1 (t) lciilmiistiir. Yas, agacin dip kiitiik
yiiksekliginden (0,30 m) kesilmesi sonucu goriiniir hale
gelen yillik halkalarin sayilmasi ile belirlenen dip kiitiik
yasina agacin dip kiitiik yliksekligine ulagma yas1 eklenerek
hesaplanmistir. Dip kiitiik yiiksekligine ulagma yagsi ise
yakin ¢evrede bulunan 0,30 m boyundaki 4-5 fidanin
yaslariin ortalamasinin alinmasi suretiyle elde edilmistir.

2.2. Yontem

Omek agaclar  iizerinde yapilan  dlgiimlerden
yararlanilarak her bir 6rnek agag i¢in asagidaki esitlikler (1-
4) yardimyla 4 farkli sekil katsayisi (gogiis boyu sekil
katsayisi (f1.3), mutlak sekil katsayisi (fo), dogal sekil katsayist
(for) ve vyapay sekil katsayisi (fos)) hesaplanmis ve
aralarindaki benzerlikler Eslestirilmis t Testi yardimiyla
incelenmistir.

Gogiis Boyu Sekil Katsayisi (f13):
v v

fis== Tarah 1)
Mutlak Sekil Katsayist (fo):
fo= = @
Dogal Sekil Katsayisi (fo.1):
for = vls = ﬁ ©))
Yapay Sekil Katsayisi (fos):
fos = ;;:;2 4)

Bu esitliklerde; v: 6rek agaglarin gergek hacmini, vs:
silindir hacmini, diso: gogiis yiiksekligi ¢apini, do: toprak
seviyesindeki  ¢ap1, doi: agag boyunun  %I10’u
yiiksekligindeki ¢api, dos: agag boyunun yarisindaki ¢api, h:
agac¢ boyunu ifade etmektedir.

Ornek agaclar igin hesaplanan sekil katsayilarinin bu
agaclara iligkin ¢esitli 6zellikler (¢ap, boy, yas, tepe baslangic
yiiksekligi ve tepe uzunlugu) ile olan iliskileri Korelasyon
Analizi ile belirlenmeye ¢alisilmistir. Bu amagla, 6ncelikle
sekil katsayilarinin ve tek agag¢ 6zelliklerinin normal dagilim
gosterip gostermedikleri Kolmogorov-Smirnov Testi ile
ortaya konulmus ve sonrasinda normal dagilim gosteren sekil
katsayilari ve tek agac 6zellikleri arasindaki iligkiler Pearson
Korelasyon Analizi ile, normal dagilim gostermeyen sekil
katsayilar1 ve tek aga¢ Ozellikleri arasindaki iliskiler de
Spearman Korelasyon Analizi ile belirlenmistir.
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Sekil katsayilarinin bonitet smifi, kapalilik sinifi, gelisim
cagl ve ekorejyonlar bakimindan farkliliklarinin ortaya
konulmas amaciyla normal dagilim gosteren sekil katsayilari
i¢cin Basit Varyans Analizi ve normal dagilim gostermeyen
sekil katsayilar1 i¢in ise Kruskal-Wallis Testi’nden
yararlanilmigtir. Gruplar aras1 farkliliklarin belirlenmesinde
ise Basit Varyans Analizi uygulanan karsilastirmalar i¢in
Duncan Testi ve Kruskal-Wallis Testi uygulanan
kargilagtirmalar i¢in de Mann-Whitney U Testi kullanilmustir.
Sekil katsayilarinin mescere yasi, mescere orta ¢api, mescere
gbgiis yiizeyi, mescere hacmi ve mescere sikligi ile iligkileri
ise Korelasyon Analizi ile belirlenmeye ¢alisilmistir. Normal
dagilim gosteren sekil katsayilart ve mescere ozellikleri
arasindaki iligkiler i¢in Pearson Korelasyon Analizi ve
normal dagilim gostermeyen sekil katsayilart ve mescere
Ozellikleri arasindaki iligkiler i¢in Spearman Korelasyon
Analizi uygulanmistir.

Sekil katsayilarinin hacim hesaplamalarindaki basar1
diizeyleri de c¢alisma kapsaminda ortaya konulmaya
calisilmistir. Bu amagcla, sekil katsayilar1 teorik hacim
denkleminde (v=g.h.f) yerine konarak ornek agaclarin
hacimleri tahmin edilmistir. S6z konusu hesaplamalarda sekil
katsayilar1 olarak her bir sekil katsayisina iligkin olarak bu
calisma kapsaminda elde edilen ortalama degerler ve yiizey
alani (@) icin de ilgili sekil katsayisina iligkin gévde ¢aplar1
(f1_30 lg)ll’l dl,go, fo 1g:1n do, fo_1 1@11’1 dO.l ve f0,5 lg)ll’l d0,5) dikkate
alinmustir. Elde edilen hacim degerleri Eslestirilmis t Testi
yardimiyla gercek hacim degerleri ile kargilagtirilarak sekil
katsayilar1 yardimiyla elde edilen hacim degerlerinin gercek
hacim degerlerine benzerlikleri belirlenmistir. Ayrica, sekil
katsayilar1 yardimiyla hesaplanan hacim degerlerine iliskin
ortalama hata (OH), ortalama mutlak hata (OMH) ve hata
kareler ortalamasinin karekokii (HKOK) hesaplanmustir.

Cizelge 1. Omek agaclara iliskin agiklayici istatistikler

Ortalama Hata:
on =2 (5)

Ortalama Mutlak Hata:
OMH = W (6)

Hata Kareler Ortalamasinin Karekokii:
2

HKOK = [ ;") @)

Bu esitliklerde; vs: sekil katsayilar yardimiyla hesaplanan
hacim degerlerini, v: gercek hacim degerlerini, n: 6rnek agag
sayisini ifade etmektedir.

Calisma kapsaminda uygulanan tim istatistik analizler
IBM SPSS 23 paket programi yardimiyla ve %35 dnem diizeyi
ile gergeklestirilmistir.

3. Bulgular ve tartisma

Alman Ornek agaglara (n=145) iliskin o6l¢lim ve
hesaplamalar ile elde edilen degerler Cizelge 1’de ve 6rnek
alanlara iligkin istatistiksel degerler de Cizelge 2’de
verilmistir. Bu degerlere gore Ornek agaclarin gdgiis
yiiksekligi caplarn 11,1-58,5 cm, boylarn 6,4-32,9 m,
hacimleri 0,051-4,339 m® ve yaslar1 da 20-180 arasinda
degerlere sahiptir. Ornek alanlara (n=120) iliskin degerler ise
orta ¢ap i¢in 11,1-53,7 cm, agag sayist i¢in 88-3750 adet/ha,
mescere gdgiis yiizeyi igin 3,592-125,893 m?ha, mescere
hacmi i¢in 10,715-1563,070 i¢in m¥ha, rolatif sikhik icin
1,00-18,92 ve mescere yasi i¢in de 20-184 arasindadir.

Omek agaclar icin hesaplanan sekil katsayilarmna iliskin
cesitli istatistiksel degerler Cizelge 3’te verilmistir. Elde
edilen sonuglara gore Kastamonu yoresi karagam megcereleri
icin ortalama gogiis boyu sekil katsayisi (f1.3) 0,489, ortalama
mutlak sekil katsayist (fo) 0,317, ortalama dogal sekil
katsayisi (fo1) 0,504 ve ortalama yapay sekil katsayisi (fos)
0,481 olarak belirlenmistir. Gogiis boyu sekil katsayis1 ile
diger sekil katsayilar1 arasindaki farkliliklarin belirlenmesi
amaciyla yapilan Eslestirilmis t Testi sonuglarina gére gogiis
boyu sekil katsayist ile mutlak ve dogal sekil katsayilari
arasinda anlamli farklilik bulunurken (p<0,05), yapay sekil
katsayist ile istatistiksel olarak fark bulunmamustir (p>0,05).

Ortalama Standart sapma Minimum Maksimum
Gogiis yiiksekligi ¢api (dq .30, cm) 29,6 111 111 58,5
Taban ¢api (do, cm) 36,6 13,2 14,9 71,9
Agag¢ boyunun %10’ undaki ¢ap (do1, cm) 28,8 9,9 12,1 54,2
Agag boyunun yarisindaki ¢ap (dos, €m) 20,5 7.9 8,0 47,0
Agag boyu (h) 16,6 4.9 6,4 32,9
Tepe baslangig yiiksekligi (Ch, m) 9,2 44 0,9 25,3
Tepe uzunlugu (Cl, m) 7,3 2,1 2,1 14,7
Gévde hacmi (v, m®) 0,714 0,689 0,051 4,339
Yas (t) 80,7 31,1 20 180

Cizelge 2. Omek alanlara iliskin aciklayici istatistikler

Ortalama Standart sapma Minimum Maksimum
Mescere orta ¢api (dg, cm) 29,5 11,5 11,1 53,7
Agag sayisi (N, adet/ha) 612,3 520,9 88 3750
Mescere gogiis yiizeyi (G, m?/ha) 33,043 20,019 3,592 125,893
Mescere hacmi (V, m¥ha) 302,615 265,335 10,715 1563,070
Mescere sikligi (RD) 6,08 3,17 1,00 18,92
Mescere yasi (T) 79,6 30,8 20 184
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Cizelge 3. Sekil katsayilarina iligkin aciklayici istatistikler

Sekil Katsayilari n Ortalama Standart Sapma Minimum Maksimum p?
Gogilis boyu sekil katsayisi (fy.3) 145 0,489 0,066 0,349 0,892

Mutlak sekil katsayist (fo) 145 0,317 0,051 0,189 0,554 <0,001"
Dogal sekil katsayist (fo.1) 145 0,504 0,066 0,366 0,926 0,005
Yapay sekil katsayisi (fos) 145 0,481 0,080 0,321 0,905 0,226™

a: 13 ile olan farklihiklar igin yapian Eslestirilmis t Testi sonuglar, *: p<0,05, ": p>0,05

Ulkemizde sekil katsayilari ile ilgili diger giincel
aragtirmalar incelendiginde; Giirocak (2011), Bat1 ve Orta
Karadeniz Bolgesi Fagus orientalis mescereleri i¢in gogiis
boyu, mutlak, dogal ve yapay sekil katsayisi ortalamalarini
sirasiyla 0,449, 0,305, 0,479 ve 0,353 olarak belirlemis ve
g6giis boyu sekil katsaysi ile diger sekil katsayilar1 arasinda
istatistiksel olarak anlamli farklarn bulundugunu (p<0,05)
ifade etmistir. Carus ve Catal (2012) tarafindan yine Fagus
orientalis mescereleri i¢in yapilan bir baska arastirmada
gbgiis boyu, mutlak, dogal ve yapay sekil katsayisi degerleri
sirasiyla 0,462, 0,312, 0,423 ve 0,404 olarak verilmis ve
g6giis boyu sekil katsayisi ile diger sekil katsayilar1 arasinda
istatistiksel olarak anlamli farklilik oldugu (p<0,05)
belirtilmistir. Sarikaya (2012) tarafindan Mugla yoresi Pinus
brutia mescereleri i¢in yapilan bir ¢aligmada ise gogiis boyu,
mutlak, dogal ve yapay sekil katsayisi ortalamalar1 sirasiyla
0,474, 0,319, 0,439 ve 0,409 olarak belirlenmis ve bu
calismada da gogiis boyu sekil katsayismnin diger sekil
katsayilardan anlamli farklilik gosterdigi (p<0,05) ifade
edilmistir. Uluslararas1 ¢aligmalarda ise; ortalama gogiis
boyu sekil katsayisinin Polonya’daki Abies grandis ve Larix
decidua mescereleri i¢in sirasiyla 0,502 (Socha ve Kulej,
2005) ve 0,460 (Socha ve Kulej, 2007), Hindistan’daki 25
dogal agag¢ tiiri ig¢in 0,520 (Adekunle vd., 2013) ve
Nepal’deki Shorea robusta mescereleri i¢in de 0,430 (Subedi
vd.,, 2021) oldugu belirlenmistir. Iran’da  yapilan
aragtirmalarda ise ortalama gdgiis boyu, dogal ve yapay sekil
katsayilarinin Cupressus sempervirens mescereleri igin
sirastyla 0,453, 0,457 ve 0,505 (Ahmadi vd., 2008) ve Pinus
taeda agaclandirmalar igin 0,472, 0,500 ve 0,462 (Fadaei
vd., 2008) oldugu ifade edilmistir. Bu ¢alismalarin ilkinde
(Ahmadi vd., 2008) gogiis boyu ve yapay sekil katsayilart
arasinda ve ikincisinde (Fadaei vd., 2008) ise gogiis boyu ve
dogal sekil katsayilar1 arasinda anlamli farkliik oldugu
(p<0,05) belirtilmistir.

Sekil katsayilarinin agaglarin ¢ap, boy, tepe baslangic
yliksekligi, tepe uzunlugu ve yas gibi Ozellikleri ile olan
iligkilerinin ~ belirlenmesi  amaciyla  Oncelikle  sekil
katsayilarinin ve s6z konusu tek aga¢ 6zelliklerinin normal
dagilim gosterip gostermedikleri test edilmigtir. Analiz
sonuglarina gore; goglis boyu, mutlak ve dogal sekil
katsayilarinin normal dagilim gostermedigi (p<0,05), yapay
sekil katsayisinin ise normal dagilim gosterdigi (p>0,05)
belirlenmistir. Diger taraftan, agaclara iliskin boy ve yas
degiskenleri normal dagilim gosterirken (p>0,05), ¢ap, tepe
baslangic yiiksekligi ve tepe uzunlugu normal dagilim
gostermemistir (p<0,05). Bu sonuglara gore; yapay sekil
katsayist ile boy ve yas degiskenleri arasindaki iliskiler
Pearson Korelasyon Analizi yardimiyla ve c¢ap, tepe
baslangic yiiksekligi ve tepe uzunlugu degiskenleri
arasindaki iligkiler de Spearman Korelasyon Analizi ile
belirlenmistir. Diger tiim sekil katsayilar1 (gogiis boyu,
mutlak ve dogal) ile tim tek aga¢ Ozellikleri arasindaki
iliskiler i¢in de Spearman Korelasyon Analizi uygulanmistir.
Korelasyon analizlerine iliskin sonuglar Cizelge 4’te
verilmistir. Elde edilen sonuglar; gégiis boyu sekil katsayist

ile tim tek agag 6zellikleri arasinda, mutlak sekil katsayisi ile
tepe uzunlugu ve yas arasinda ve dogal sekil katsayisi ile de
tepe uzunlugu disindaki tiim tek aga¢ Ozellikleri arasinda
anlamli korelasyon bulundugunu gostermistir (p<0,05).
Yapay sekil katsayisi ile tek aga¢ Ozellikleri arasinda ise
anlamli korelasyon bulunamamustir (p>0,05). Bu sonuglara
gore; gogiis boyu sekil katsayist ile ¢ap, boy ve tepe baglangig
yiiksekligi arasinda negatif yonlii ve orta diizeyli bir iligki
mevcutken, tepe uzunlugu ve yas arasinda negatif yonlii ve
zay1f bir iligki bulunmaktadir. Mutlak sekil katsayisinin tepe
uzunlugu ile iliskisi negatif yonlii ve zayif, yas ile olan iliskisi
ise pozitif yonlii ve zayiftir. Diger sekil katsayilarinin aksine
dogal sekil katsayisinin cap, boy, tepe baslangi¢ yliksekligi
ve yas ile iligkileri pozitif yonlii olup, s6z konusu iliskiler
boy, tepe baslangi¢ yiiksekligi ve yas i¢in orta ve ¢ap igin de
zay1f seviyededir.

Bu c¢aligmada elde edilen sonuglara benzer olarak
iilkemizde yiiriitiilen baz1 aragtirmalarda da sekil katsayilari
ile gogiis ¢ap1 ve boy arasinda anlaml iliskiler bulunmustur
(Giirocak, 2011; Sarikaya, 2012). Suga vd. (2011) tarafindan
Japonya’daki Phyllostachys pubescens mescereleri igin
yiiriitiilen ¢aligmada ise dogal sekil katsayisi ile ¢ap ve boy
arasinda anlamli iliski gozlemlenmezken (p>0,05), yapay
sekil katsayisi ile cap ve boy arasindaki iliski anlamli
(p<0,05) bulunmustur. Japonya’daki Phyllostachys nigra
mescereleri i¢in yapilan bir diger arasgtirmada ise tam tersi bir
durum s6z konusudur (Inoue vd., 2012).

Sekil katsayilarinin bonitet sinifi, kapalilik sinifi ve
gelisim ¢ag1 gibi megcere Ozellikleri ve ekorejyonlar
bakimindan farkliliklarinin belirlenmesi amaciyla yapay
sekil katsayis1 igin Basit Varyans Analizi ve g6giis boyu sekil
katsayisi, mutlak sekil katsayisi ve dogal sekil katsayisi i¢in
de Kruskal-Wallis Testinden yararlanilmis ve elde edilen
sonuglar Cizelge 5’te verilmistir.

Ornek alanlarm yer aldig1 mescerelerin bonitet siniflari
Kalipsiz (1963) tarafindan 6nerilen simiflandirmaya gore (I.
Bonitet: BE>29,5 m, II. Bonitet: BE=24,5-29,4 m, Il
Bonitet: BE=19,5-24,4 m, IV. Bonitet: BE=14,5-19,4 m, V.
Bonitet: BE<14,5 m) belirlenmis olup, sekil katsayilarinin
bonitet siiflar1 bakimindan karsilastirilmasiyla elde edilen
sonuglara gore; gogiis boyu ve mutlak sekil katsayilart
bakimindan anlamli farklilik bulunurken (p<0,05), yapay ve
dogal sekil katsayilari bakimindan anlamli farklilik
bulunmamaktadir (p>0,05). Gogiis boyu sekil katsayisi 1.
bonitet siifinda en diisiik degere sahipken (f; 31=0,462), V.
bonitet sinifinda en yiiksek degeri almigstir (ﬁ_3(v)20,507).
Mutlak sekil katsayist ise I. bonitet sinifinda diger bonitet
siiflarina gore daha diisiik degerler alirken ( fo(,):O,277), I,
I, IV ve V. bonitet siniflar1 igin benzer degerlere
(foan=0,324; foin=0,318, fyu)=0,326; fy4,=0,336) sahip
olmustur (Cizelge 5; Sekil 1).

Kapalilik siiflart (I kapali: %11-40, 2 kapali: %41-70,
3 kapali: >%70) igin elde edilen sonuglara gore; kapalilik
siiflarn arasinda tiim sekil katsayilar1 bakimmdan anlaml
farklilik bulunmamaktadir (p>0,05) (Cizelge 5; Sekil 2).
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Gelisim ¢aglar1 (b: dg=8-19,9 cm, c: dg=20-35,9 cm, d:
dg>36 cm) bakimindan yapilan karsilastirmada g6giis boyu ve
dogal sekil katsayilarinin gelisim ¢aglar1 bakimimdan anlaml
farklhiliklar gosterdigi (p<0,05), mutlak ve yapay sekil
katsayilarinin ~ ise  anlamli  farkliik  gostermedigi
belirlenmistir (p>0,05). Elde edilen sonuglara gore; gogiis
boyu sekil katsayisi igin en yiiksek deger “b” gelisim ¢aginda

elde edilirken (ﬁ3(b)=0,536), ayni gelisim c¢aginda dogal
sekil katsay1s1 en diisiik degeri (f;, 1(b)=0,489) almustir. Bunun
aksine, goglis boyu sekil katsayisinin en diisiik oldugu
(f1.3()=0,462) “d” gelisim ¢aginda dogal sekil katsayis1 en
yiiksek degere (f;, 1(ay=0,521) sahiptir (Cizelge 5; Sekil 3).

Cizelge 4. Sekil katsayilari ile tek agac ozellikleri arasindaki iligkiler

Sekil katsayilart Cap (cm) Boy (m) liiﬁ;ﬁ%ﬁﬁ; ;; Tepe uzunlugu (m) Yas
ot | A & as  am
Mutlak sekil katsayisi (o) F: o?égii O?éggi O(’)égi?s 0(?61:372§ 3 ’&ff*
et G gmomomom
Yapay sekil katsayist (fos) r -0,087 -0,021 -0,029 -0,116 0,156
Pay s yist tos p 0,296™ 0,802™ 0,727 0,165™ 0,061™
" p<0,05, ™: p>0,05
Cizelge 5. Sekil katsayilari ile mescere dzellikleri arasindaki iligkiler (I)
Bonitet Smifi f p Kapalilik f p Gégﬁgllm f p Ekorejyon f p
fis I (n=25) 0,462° 0,022" 1 (n=37) 0483 0,361 b(n=35) 0,536* <0,001" 1 (n=12) 0,462  0,240™
11 (n=37) 0,484%® 2 (n=52) 0,493 c(n=69)  0,482° 3 (n=91) 0,491
111 (n=28) 0,487%® 3 (n=56) 0,488 d (n=41) 0,462° 4 (n=42) 0,491
IV (n=26)  0,499%®
V (n=29) 0,5072
fo I (n=25) 0,277°  <0,001" 1 (n=37) 0,307 0,421™ b (n=35) 0,328 0,738™ 1 (n=12) 0,305"  <0,001"
11 (n=37) 0,3242 2 (n=52) 0,321 c (n=69) 0,313 3 (n=91) 0,307°
111 (n=28) 0,318% 3 (n=56) 0,320 d (n=41) 0,315 4 (n=42) 0,343%
IV (n=26) 0,326*
V (n=29) 0,336%
fo1 1 (n=25) 0,507 0,777™ 1 (n=37) 0,494 0,152 b (n=35) 0,489° 0,021" 1(n=12) 0,541 0,544
11 (n=37) 0,510 2 (n=52) 0,506 c (n=69) 0,502 3 (n=91) 0,502
111 (n=28) 0,500 3 (n=56) 0,509 d(n=41) 05212 4 (n=42) 0,498
IV (n=26) 0,507
V (n=29) 0,495
fos I (n=25) 0,469 0,815 1 (n=37) 0,460  0,172™ b (n=35) 0,480 0,520™ 1 (n=12) 0,492  0,640™
Il (n=37) 0,485 2 (n=52) 0,485 ¢ (n=69) 0,488 3 (n=91) 0,476
111 (n=28) 0,486 3 (n=56) 0,491 d (n=41) 0,470 4 (n=42) 0,488
IV (n=26) 0,470
V (n=29) 0,490

*: p<0,05, ™: p>0,05, *°: Homojen gruplar.
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Sekil 1. Sekil katsayilarinin bonitet siniflarina gore degisimi
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Sekil 2. Sekil katsayilarinin kapalilik siniflarina gére degisimi
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Sekil 3. Sekil katsayilarinin gelisim ¢aglarina gore degisimi

Atalay (2014), iklim, topografya, ana materyal, toprak ve
biyotik faktorleri dikkate alarak Tiirkiye’yi 8 ekolojik
bolgeye ve her bir bolgeyi de kendi icerisinde alt boliimlere
ayrrmistir. Bu smiflandirmaya gore calismanin yiiriitiildiigi
Kastamonu Orman Bélge Midiirliigii Karadeniz Iklim
Bolgesi simirlart igerisinde yer almaktadir. Karadeniz Tklim
Bolgesi; Nemli-Iliman Genis Yaprakli Orman Bolimii
(Ekorejyon 1), Karadeniz Kiy1 Daglar1 Nemli-Soguk gne
Yaprakli Orman Bolimii (Ekorejyon 2), Karadeniz Ardi
Plato ve Daglar Soguk Yarinemli Orman B6liimii (Ekorejyon
3), Karadeniz Ardi Kurak¢il Orman-Cali Boliimii (Ekorejyon
4) ve Karadeniz Dag Cayirlar1 Boliimii (Ekorejyon 5) olmak
iizere bes farkli ekolojik alt boliim (ekorejyon) icermektedir.
Calisma kapsaminda alinan 6rnek alanlar ti¢ ekorejyona (1, 3
ve 4) dagilmakta olup, sekil katsayilarinin ekorejyonlar
bakimindan karsilastirilmasina iligskin sonuglara gore; mutlak
sekil katsayis1 ekorejyonlar arasi anlamli farkliliklara
sahipken (p<0,05), ekorejyonlar arasinda g6giis boyu, yapay
ve dogal sekil katsayillarnn  bakimindan  farklihk
bulunmamaktadir (p>0,05). Sonuglar; tiim ekorejyonlarda
gbgiis boyu, dogal ve yapay sekil katsayilarimin “0,5”
civarinda oldugunu gosterirken, mutlak sekil katsayisi
ekorejyonlara gore farkli degerler (fo(1)20,305; 5(2)20,307,
fg(3)20,343) almistir (Cizelge 5; Sekil 4). Literatiirde sekil
katsayilarinin ekorejyonlar arasi karsilagtirmasina yonelik bir
calismaya rastlanmamig olmakla birlikte bu caligmanin
ylritildigii Kastamonu yoresi karagam mescerelerinde
yapilan ¢aligmalarda ¢ap ve boy iliskilerinin (Seki ve Sakici,
2022a) ve mescere gelisiminin (Seki ve Sakici, 2022b)
ekorejyonlara gore anlamli farkliliklar gosterdigi ifade
edilmistir.

Caligma kapsaminda mescere yasi, mescere orta ¢api,
mescere gogiis ylizeyi, mescere hacmi ve mescere siklig gibi
mescere Ozellikleri gecici Ornek alanlar yardimiyla

belirlendiginden mescere ozelliklerine iliskin degerler de
Olciim anindaki degerleri ifade etmektedir. Bu nedenle,
incelenen mescere 6zelliklerinin zamana bagli degisimlerinin
sekil katsayilar1 tizerindeki etkileri analiz edilememekle
birlikte sekil katsayilar1 ile aktiiel mescere Ozellikleri
arasindaki iliskiler incelenmistir. Sekil katsayilarmin sz
konusu mescere Gzellikleri ile iliskilerinin arastirilabilmesi
i¢in Oncelikle mescere dzelliklerinin normal dagilim gosterip
gostermedikleri analiz edilmis ve calismaya konu tiim
mescere  Ozelliklerinin - normal dagilim  gostermedigi
belirlenmistir (p<0,05). Mescere oOzelliklerinin normal
dagilm gostermemesi sebebiyle sekil katsayilart ile
aralarindaki iligkiler Spearman Korelasyon Analizinden
yararlanilarak belirlenmis ve elde edilen sonuglar Cizelge
6’da verilmistir. Sonuglar; gogiis boyu sekil katsayisi ile
mescere yasl, mescere orta ¢api, mescere gogiis ylizeyi ve
mescere hacmi arasinda negatif yonlii, dogal sekil katsayisi
ile tim megcere Ozellikleri arasinda pozitif yonlii ve yapay
sekil katsayisi ile mescere yasi arasinda negatif yonlii iligkiler
oldugunu gostermistir (p<0,05). Mutlak sekil katsayisi ile
hicbir megcere Ozelligi arasinda ise anlamli korelasyon
bulunamamigtir ~ (p>0,05).  Sonuglar  genel olarak
degerlendirildiginde uygulamada en ¢ok tercih edilen gogiis
boyu sekil katsayisinin mescere sikligi digindaki megcere
ozellikleri ile iliski gosterdigi ve yine cesitli bilimsel
arastirmalarda ve ormancilik uygulamalarinda genis yer
bulan dogal sekil katsayisinin degerlendirilen tiim mescere
ozellikleri ile korelasyon igerisinde oldugu anlagilmaktadir.
Mescere sikliginin agaglarin gévde sekilleri iizerinde etkili
olmasi beklenen bir durumken, hesaplanan mescere sikligimnimn
Olciim anindaki degeri yansitmasi ve mescerenin ge¢cmis
yillardaki siklik degerleri hakkinda bilgi sahibi olunmamasi
bu c¢alisgmada bulunan sonuglarin olasit sebepleri olarak
diistiniilmektedir. Bununla birlikte, agaglarin gévde sekilleri
iizerinde mescerelerin anlik siklik degerlerinin  degil,
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gecmisten bugiine seyreden siklik degerlerinin etkili oldugu
ve mescerelerin gliniimiizdeki sikliklarinin gegmis yillardaki
siklik degerleri ile farkliliklar gosterebildigi gergeklerinin
gbz oniinde bulundurulmasi gerekmektedir. Oyle ki, geng
yaslarda az sayida aga¢ bulunduran mescereler ileriki
yaslarda sik mescerelere doniisebilmekte veya geng yaslarda
agirt stk yapida olan mescereler ileriki yaglarda seyrek
mescerelere  doniisebilmektedirler (Yavuz, 1988). Bu
caligmada ulagilan bulgulara paralel olarak Socha ve Kulej
(2007) tarafindan Polonya’daki Larix decidua mescereleri
icin yapilan ¢aligmada da sekil katsayilarinin mescere sikligi
ile iligki gdstermedigi ifade edilmistir.

Sekil katsayilarinin  hacim tahminlerindeki basar
diizeylerini ortaya koymak iizere sekil katsayilarinin teorik
hacim denkleminde (v=g.h.f) kullanilmasiyla elde edilen
hacim degerleri ile Ornek agaclarin gercek hacimleri
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0,60 1 T
0,55 1
0.50 .
0,45 1

0,40 A

M Ekorejyon |
M Ekorejyon 3

[ Ekorejyon 4
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0,35 1 -
0,30 -
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0,60 - T
0.55 - M Ekorejyon 1

0,50 [ Ekorejyon 3

045 7 [ Ekorejyon 4
0,40 -
0,35 1

0,30 -

Dogal sekil katsayisi (f;, ;)

Eslestirilmis t Testi yardimiyla karsilastirilmigtir. Analiz
sonuglari Cizelge 7°de verilmis olup, bu sonuglara gore gogiis
boyu sekil katsayis1 yardimiyla elde edilen hacim degerleri
gercek hacim degerlerinden istatistiksel olarak farkli
bulunurken (p<0,05), mutlak, dogal ve yapay sekil katsayilari
kullanilarak elde edilen hacimler gercek hacim degerleri ile
benzer bulunmustur (p>0,05). Sonuglar; gergek hacimlere en
yakin tahminlerin mutlak sekil katsayis: ile yapilabildigini
(OH=0,008 m3, OMH=0,084 m?® HKOK=0,144 md)
gostermektedir. Bununla birlikte, uygulamada en ¢ok tercih
edilen sekil katsayisi olan gogiis boyu sekil katsayisi ile
hesaplanan hacimler gergek hacimlerden istatistiksel olarak
farkli bulunmug olsa da bu sekil katsayisi ile elde edilen
hacimlerin de gercek hacimlerden Onemli bir farklilik
gostermedigi (OH=0,029 m®, OMH=0,059 m?®, HKOK=0,101
m®) sdylenebilir.
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Sekil 4. Sekil katsayilarinin ekorejyonlara gére degisimi

Cizelge 6. Sekil katsayilari ile mescere 6zellikleri arasindaki iligkiler (I1)

Mescere orta gap1

Mescere gogiis Mescere hacmi

Sekil katsayilart Mescere yast yiizeyi (m?/ha) (m¥/ha) Mescere siklig1
. . r -0,166 -0,420 -0,222 -0,362 -0,076
Gogiis boyu sekil katsayisi (f1.3) D 0,046 <0.001" 0,007" <0.001" 0,365™
. r 0,153 -0,037 0,058 -0,038 0,096
Mutlak sekil katsayist (fo) D 0,067 0,660 0,487™ 0,646" 0,249™
N . r 0,317 0,317 0,312 0,293
Dogal sekil katsayist (fo.1) D <0,001" 0,002" <0,001" <0,001" <0,001"
. r 0,167 -0,120 0,060 0,009 0,137
Yapay sekil katsayist (fos) p 0,044° 0,150™ 0470" 0919" 0,100"
"1 p<0,05, ™: p>0,05
Cizelge 7. Sekil katsayilar1 ile hesaplanan hacimlerin ger¢ek hacimlerle karsilastiriimasi
. Ortalama hacim degerleri 3 3 3
Sekil Katsayilart Gergek (m?) Tahmin (M) p OH (m?) OMH (m°) HKOK (m?)
Gogiis boyu sekil katsayisi (f1.3) 0,714 0,743 <0,001" 0,029 0,059 0,101
Mutlak sekil katsayist (fo) 0,714 0,722 0,486" 0,008 0,084 0,144
Dogal sekil katsayisi (fo.1) 0,714 0,696 0,065™ -0,018 0,058 0,117
Yapay sekil katsayisi (fo5) 0,714 0,730 0,298™ 0,016 0,068 0,188

*: p<0,05, ™: p>0,05, OH: Ortalama Hata, OMH: Ortalama mutlak Hata, HKOK: Hata Kareler Ortalamasinin Karekokii
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Ulkemizde, Giirocak (2011) tarafindan Fagus orientalis
mescereleri icin yapilan ¢alismada gogiis boyu sekil katsayisi
ile hesaplanan hacim degerleri ile mutlak ve yapay sekil
katsayilari ile tahmin edilen hacim degerleri arasinda ve
Sarikaya (2012) tarafindan Pinus brutia mescereleri igin
yapilan c¢alismada ise gogiis boyu sekil katsayisi ile
hesaplanan hacim degerleri ile diger sekil katsayilarinin
tamamu ile tahmin edilen hacim degerleri arasinda anlaml
farkliliklar gozlemlenmistir. Hacim hesaplamalarinda gogiis
boyu sekil katsayisi yerine kullanilabilecek en uygun sekil
katsayis1 olarak Giirocak (2011) tarafindan yapay sekil
katsayist ve Sarikaya (2012) tarafindan dogal sekil katsayisi
onerilmistir. Benzer sekilde, Fadaei vd. (2008) tarafindan da
Iran’daki Pinus taeda yapay mescerelerinde yetisen agaclara
iliskin hacim hesaplamalarinda dogal sekil katsayisinin
kullanilabilecegi ifade edilmistir. Bu sonuglarin aksine,
Adekunle vd. (2013) ise gogiis boyu sekil katsayisinin hacim
hesaplamalarinda basarili oldugunu belirtmislerdir.

4. Sonuglar ve oneriler

Bu ¢alisma, 6rnek agaclar {izerinde yapilan &lglimlere
dayali olarak Kastamonu ydresi karagam mesgcereleri igin
g6giis boyu, mutlak, dogal ve yapay sekil katsayilart olmak
iizere 4 farkli sekil katsayisinin hesaplanmasi ve sdz konusu
sekil katsayilar izerinde anlamli etkiye sahip agac, mescere
ve yetisme ortamn Ozelliklerinin belirlenmesi amaciyla
ylritilmistiir. Calisma sonucunda, gogiis boyu, mutlak,
dogal ve yapay sekil katsayilari i¢in ortalama degerler
sirasiyla 0,489, 0,317, 0,504 ve 0,481 olarak belirlenmistir.
Goglis boyu sekil katsayisi ile mutlak ve dogal sekil
katsayilar1 arasinda anlamli farkliliklar bulunmustur. S6z
konusu bu farkliliklarin, 6rnek agaglarin ¢ap, boy, hacim ve
yas bakimindan olduk¢a genis varyasyona sahip
olmalarindan kaynaklandig1 sdylenebilir.

Sekil katsayilarinin gesitli tek agag 6zellikleri (¢ap, boy,
tepe baslangi¢ yiiksekligi, tepe uzunlugu ve yas) ile olan
iliskileri incelendiginde; g6giis boyu sekil katsayisi ile tiim
tek agag¢ Ozellikleri arasinda, mutlak sekil katsayisi ile tepe
uzunlugu ve yas arasinda ve dogal sekil katsayisi ile de ¢ap,
boy, tepe baslangic yiiksekligi ve yas arasinda anlaml
korelasyon bulunmustur. Calisma kapsaminda elde edilen bu
sonuglarin diginda, sekil katsayilarinin agag tiirleri ve belirli
bir agag tiirliniin farkli yayilis alanlar1 arasindaki farkliliklar
da incelebilir.

Sekil katsayilarinin bonitet siniflari, kapalilik siniflari,
gelisim ¢aglart  ve ekorejyonlar arast  farkliliklari
incelendiginde; gogiis boyu sekil katsayisinin bonitet siflar
ve gelisim ¢aglar1 bakimindan, mutlak sekil katsayisinin
bonitet simiflar1 ve ekorejyonlar bakimmdan ve dogal sekil
katsayisinin - da gelisim ¢aglar1  bakimindan anlamli
farkliliklara sahip oldugu gozlemlenmistir. Bu sonuglar, sekil
katsayilariin  Ozellikle bonitet smiflart  ve gelisim
caglarindan etkilendigini gostermektedir. Sekil katsayilarinin
cesitli mescere ozellikleri (mescere yasi, mescere orta ¢api,
mescere gogiis ylizeyi, mescere hacmi ve mescere siklig) ile
olan iligkileri incelendiginde ise; gogiis boyu sekil
katsay1sinin mescere yasi, mescere orta ¢api, mescere gogiis
ylizeyi ve mescere hacmi ile negatif yonld, dogal sekil
katsayisinin tiim mescere ozellikleri ile pozitif yonli ve
yapay sekil katsayisinin da mescere yasi ile pozitif yonlii
iliskiler gosterdigi belirlenmigtir. Mutlak sekil katsayisi ile
mescere Ozellikleri arasinda ise anlamli bir iliski mevcut

degildir. Mescere Ozellikleri baglaminda elde edilen bu
sonuglar gegici drnek alanlarda elde edilen aktiiel verilere
dayanmaktadir. Mescere Ozelliklerinin sekil katsayilari
iizerindeki etkilerinin zamansal olarak ortaya konulabilmesi
i¢in yliriitiilecek arastirmalarda, daha duyarli sonuglarin elde
edilebilmesi i¢in devamli 6rnek alanlardan elde edilen
verilerin kullanilmasi onerilebilir.

Sekil katsayilarinin  hacim tahminlerindeki basari
diizeyleri, gergek hacim degerleri ile sekil katsayilar
kullanilarak elde edilen hacim degerleri arasinda yapilan
karsilagtirmalara gore analiz edildiginde; gogiis boyu ve
yapay sekil katsayilar1 yardimiyla elde edilen hacim
degerlerinin gergek hacim degerlerinden istatistiksel olarak
farkli oldugu, mutlak ve dogal sekil katsayilari kullanilarak
elde edilen hacimlerin ise gergek hacim degerleri ile benzer
oldugu gozlemlenmistir. Bu sonuglara gore; dikili agac
hacimlerinin tahmininde aga¢ hacim tablolarinin kullanimi
gibi yaygin bir uygulamaya ek olarak gogiis boyu sekil
katsayis1 yardimiyla teorik hacim denkleminin kullanilmasi
da alternatif bir yontem olsa da Kastamonu yoresi karagam
mescerelerinde gogiis boyu sekil katsayisi yerine mutlak veya
dogal sekil katsayilarinin kullanilmasi hacim tahminlerindeki
basariy1 artiracaktir.
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Natural plants of the Sandras Mountain (Koycegiz-Mugla) traditionally

employed for therapeutic purposes
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, Serhat Davran?

Abstract: This study was carried out between 2022 and 2023 in Yayla, Cayhisar, Sazak and Otmanlar neighborhoods located at
the foothills of Sanras Mountain (Koycegiz-Mugla). The main material of the study consists of plants determined as a result of
surveys conducted with people living in these neighborhoods. A total of 73 people were interviewed in the survey. 41 of them are
men and 32 are women. As a result of the interviews, it was determined that the local people benefit from 46 plant taxa growing
naturally in the environment for therapeutic purposes. Among all plants evaluated; Salvia fruticosa Mill. and Origanum onites L.
are seen as the most preferred by the local people. They use these plants through infusion in village coffeehouses and homes.
Keywords: Ethnobotany, Mugla, Natural plants, Traditional medicine

Sandras Dagi'nin (Koycegiz-Mugla) geleneksel olarak tedavi amach kullanilan

dogal bitkileri

Ozet: Bu galisma 2022-2023 yillar1 arasinda Sandras Dag1 (Kéycegiz-Mugla) eteklerinde yer alan Yayla, Cayhisar, Sazak ve
Otmanlar mahallelerinde gergeklestirilmistir. Aragtirmanin ana materyalini bu mahallelerde yasayan insanlarla yapilan anketler
sonucunda belirlenen bitkiler olusturmaktadir. Anket ¢aligmast igin toplam 73 kigiyle goriisiildii; bunlarin 41'i erkek, 32'si kadindir.
Yapilan gorismeler sonucunda yore halkinin ¢evrede dogal olarak yetisen 46 bitki taksonundan tedavi amacgli yararlandigt
belirlenmistir. Degerlendirilen tiim bitkiler arasinda; Salvia fruticosa Mill. ve Origanum onites L. yore halkinin en ¢ok tercih ettigi
tiirler olarak goriilmektedir. Bu bitkiler kdy kahvelerinde ve evlerde, infiizyon yoluyla kullanilmaktadir.

Anahtar kelimeler: Etnobotanik, Mugla, Dogal bitkiler, Geleneksel tip

1. Introduction

Plants have been used for healing purposes for centuries,
and the intensity of their use has been increasing since ancient
times. Medicines derived from herbal products form an
important part of the traditions of rural people in developing
countries. In times when modern medicine was not
developed, people collected and used plants that grew
naturally in natiire (Berber et al., 2013). Plants have been
used in the treatment of many diseases throughout human
history, thanks to the specific or broadly effective compounds
they contain. For this reason, approximately 3.5-4 billion of
the world's population receives support from therapeutic
plants. Most of the people, especially those living in rural
areas, benefit from local plants in the treatment and
prevention of diseases (Sargin, 2021). Local people use
medicinal plants for many system diseases. Main; in
cardiovascular diseases (blood pressure, cholesterol, blood
thinners); in endocrine system disorders (such as goiter,
diabetes); in urinary system diseases (kidney and urinary tract
inflammations, prostate, sand and stone abortus); In
respiratory system diseases such as lung diseases (asthma and
bronchitis, breath-opening) and upper respiratory tract
diseases (cold, flu, sore throat, cough); internal diseases such
as stomach disorders (gastritis, reflux, ulcer); In digestive

system diseases such as intestinal diseases (abdominal pain,
diarrhea, constipation); in dermatological diseases (wounds,
burns); Plants are used in muscle and joint diseases (joint
pain, theumatism, arthritis) and cancer (Bak and Cifci, 2020).

Today, as in the past, we see that plants are used mostly
for medicinal purposes. In addition, their use for food
purposes also attracts attention. When we look at other uses
of plants; the wood of some plants is used in furniture
making, the construction industry, the paper industry, and to
obtain substances such as glue and resin. Dyes are obtained
from different parts of some plants such as roots, stems and
flowers. Some plants, their trunks and branches are shaped to
make items such as brooms, spoons, ladles, baskets, amulets
and mats. Some of them are used to decorate parks, gardens
and places. Plants are not only used in these ways; They are
given various meanings and values specific to our culture,
beliefs or place of residence. It is believed that some of them
protect against the evil eye and bad events and bring good
luck and abundance (Sayar et al., 1995).

When we look at the latest studies on our country's flora,
there are approximately 12 000 plant taxa in species and
subspecies categories. Approximately 1 000 of these plant
taxa are used for therapeutic purposes (Yildirimli, 2004).
Mugla is one of the leading regions of our country in terms
of plant diversity, with approximately 1 500 taxa (Giil et al.,
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2023). Therefore, many studies have been conducted to
identify medicinal and aromatic plants in Mugla (Ertug,
2004; Kazan, 2007; Uysal, 2008; Giirdal and Kiiltiir, 2013;
Sagiroglu et al., 2013; Sicak et al., 2013; Akan et al., 2018,
Kincal et al., 2021; Glineri et al., 2023).

With the ethnobotanical studies that have been carried out
and will be carried out, it is tried to ensure that this traditional
knowledge is preserved and transferred unchanged from
generation to generation.

2. Material and methods
2.1. Research area

Sandras Mountain, which was determined as the research
area, is located in Kdycegiz district of Mugla province. Four

neighborhoods at the foothills of Sandras Mountain and its
surroundings were determined as the study area. These

33

neighborhoods; Yayla (Agla), Sazak, Cayhisar and Otmanlar.
The dominant vegetation consists of Red Pine (Pinus brutia
Ten.), Black Pine (Pinus nigra J.F.Arnold) and maquis
communities. There are also phrygana communities settled in
the area as a result of the destruction of maquis communities
(Figure 1).

Traditions of local uses of plants inherited from the past
cannot be kept alive due to developing medicine and industry.
Information about the uses of plants is known by a limited
number of people, and the number of these resource people is
decreasing day by day.

With this study we carried out in four neighborhoods
located on Sandras Mountain and its immediate surroundings
in Koycegiz district of Mugla province, it was determined for
what purposes and in what way the local people living in the
surrounding neighborhoods benefit from the medicin al
plants found in the natural flora of the region.

1:1 000 000
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Figure 1. Satellite image of the study area
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2.2. Survey study

Face to face interviews were held with people of different
ages, cultures and educational backgrounds in order to
determine the plant species with medicinal and aromatic
values that grow naturally in the research area and how these
plant species are used by the local people. The sample survey
used in the interviews is given in “Appendix-A”. Since the
danger of the COVID-19 continued during the study, the
decisions of the Provincial Hygiene Board regarding the
application of the survey were strictly followed. The survey
was carried out in open areas and the survey duration didn’t
exceed 10 minutes (Figure 2).

In addition to the questions asked in the content of the
surveys, data such as the purpose and use of the plants used,
the local name of the plant, the location where the plant
sample was obtained, characteristics of the person surveyed
such as age, gender, educational status and occupation
information were also determined.

2.3. Field study

The plants whose use was determined as a result of the
surveys were collected from their natural habitats, pressed,
and herbarium samples were prepared, in accordance with the
information received from the surveyed people, markets,
herbalists, or local people, and it was determined which
species they belonged to.

The materials we used in the field work for the plants to
be collected from their natural areas as a result of the surveys;
hoes and similar digging tools, altimeter for height
measurement, bags of various sizes, press boards for pressing
plants, compression belts, drying cardboards and papers, GPS
and camera. During the field study, color pictures were taken
to determine the vegetation types of the research area. These
pictures were also used in naming the families and some
genera of plants.

Plant samples were collected in the research area at
different times and from different localities throughout the
project. While collecting the plants, the characteristics
required for determination were taken into consideration, and
the points to be taken into consideration for each family and
the parts that must be removed were collected without
damaging them. Collected plant samples are recorded in the
field notebook; It was recorded by writing down its number,
date, morphological features, altitude where it was collected,
locality and habitat features.

Figure 2. Survey study at Agla (Yayla) neighborhood

2.4. Laboratory study

The plant samples, which were placed in separate bags in
the field, were brought to the laboratory and pressed
appropriately so that all parts could be examined easily
during determination. Drying cartons were changed regularly
to prevent the plants from rotting and infesting insects.

The collected and dried plant samples were classified first
at the family level, then at the genus and species level.
Trinocular light microscope, forceps, dissection needles and
ruler were used to examine the samples. After these samples
were separated into their families, Davis (1 965-1 988)'s work
named "Flora of Turkey and the East Aegean Island" and the
works named Illustrated Flora of Turkey Volume 2 and 3-a
(Giiner et al., 2018; Giiner et al., 2022) was identified using.
The work called "English-Turkish Botanical Guide" was also
used to find the meanings of some Latin words (Baytop,
1998).

3. Result and discussion

A survey was conducted with 73 people in 4
neighborhoods included in the research area. In the survey
study, 41 of the interviews were conducted with men and 32
with women. The proportion of men is slightly higher
because the work is mostly done in public areas such as
coffeehouses and squares (Figure 3).

Among the people interviewed, 21 people are between the
ages of 21-40, 36 people are between the ages of 41-60, 12
people are between the ages of 61-80 and 4 people are
between the ages of 81 and over. The rate of individuals over
the age of 40 is 71% (Figure 4).

Gender

®Man ®Woman

Figure 3. Gender distribution of survey participants

W21-40 m41-60 61-80 81
Figure 4. Age distribution of survey participants
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Among the people interviewed, 8 people (11%) did not
receive any education, 53 people (73%) were primary school
graduates, 5 people were high school (7%) and 7 (9%) people
were educated at university level (Figure 5).

As a result of surveys conducted with local people, 46
plant taxa were identified and 2 of these plants are endemic
to Turkey; Sideritis albiflora Hub.-Mor. and Teucrium
sandrasicum O. Schwarz (Appendix-B).

Plant families with the most taxa used by the local people
are Lamiaceae; (13 taxa), Apiaceae (4 taxa), Asteraceae (2
taxa), Pinaceae (2 taxa) and Rosaceae (2 taxa) (Figure 6).

Consistent with our study, in other studies conducted in
Mugla, the plant family with the most used taxa by the local
people is Lamiaceae (Kazan, 2007; Uysal, 2008; Giirdal and
Kiiltiir, 2013; Sagiroglu et al., 2013; Sicak et al., 2013; Akan
etal., 2018, Kincal et al., 2021; Giineri et al., 2023). This is a
natural consequence of the Lamiaceae family being the
second largest family with the most taxa in our country and
containing many species with medicinal value.

Origanum onites L. and Salvia fruticosa Mill. are often
used to keep in the cold and in the stomach. Consistent with
our study, in other studies conducted in Mugla, the plant
taxon most used by local people is Origanum onites L.
(Kazan, 2007; Uysal, 2008; Giirdal and Kiiltiir, 2013;
Sagiroglu et al., 2013; Sicak et al., 2013; Akan et al., 2018,
Kincal et al., 2021; Giineri et al., 2023). Similar uses have
been reported from other regions of Turkey (Ertug, 2004;
Honda et al., 1996; Tuzlaci, 2005; Uysal, 2008). At the same
time, local people consume these plants daily in coffeehouses
and homes.

University Uneducated
9% 11%

High school
7%

Primary school
73%

= Uneducated = Primary school

Figure 5. Educational status of survey participants
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Figure 6. Plant families with the most taxa used for medicinal
purposes in the Sandras mountain

One of the most used plants in the research area is
Sideritis libanotica subsp. linearis (Benth.) Bornm. Local
people use this plant for colds and stomach ache. Same uses
of the it for stomach protection and colds are recorded in the
literature (Fakir et al., 2009).

While the traditional uses of plants in the research area
are significantly similar to other studies, information about
the medicinal use of the Teucrium sandrasicum O. Schwarz
taxon has been revealed for the first time. Local people
prepare tea by infusion from the flower and leaf parts of this
plant and use it for prostate and stomach pain (Figure 7).

4. Conclusions

Traditional uses of 46 plant taxa belonging to 27 families
were revealed in the research area. Traditional uses in our
study area were also compared with other ethnobotanical
studies in our country.

Among all plants evaluated; Salvia fruticosa Mill. and
Origanum onites L. are seen as the most preferred by the local
people. They use these plants through infusion in village
coffeehouses and homes. Lavandula stoechas L. subsp.
stoechas, Mentha pulegium L., Hypericum perforatum subsp.
veronense (Schrank) H.Linb., Thymbra spicata L. subsp.
spicata, Sideritis libanotica subsp. linearis (Benth.) Bornm.
is also widely used.

The most common preparation of plants among the local
people is infusion and decoction. Other uses include;
Chewing, external application, grinding into powder, adding
to food, soaking in olive oil, poultice and poultice. Parts of
plants used in treatment; leaves, flowers, seeds, fruits, resin,
roots and bulbs.

Local use traditions of plants inherited from the past
cannot be kept alive due to developing medicine and industry.
The aim of ethnobotany is to bring to light information about
the plants used by the people living in a certain region, the
local names of these plants, the purposes for which they use
the plants and the ways in which they are used.

With this study, information about the traditional uses of
medicinal plants in the research region was revealed. As a
result of our interviews with the local people, we see that
plants are still widely used for medicinal purposes in their
daily lives. However, we believe that there is a gradual loss
of this traditional knowledge. Therefore, it is of great
importance to transfer information about the traditions of
these regions to written sources before they are lost.

Figure 7. Teucrium sandrasicum O. Schwarz
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Appendix-A. Survey form used in the study.

The study titled " Natural Plants of The Sandras Mountain (Kdycegiz-Mugla) Traditionally Employed for Therapeutic Purposes” was
planned by Merve CITAKOGLU to determine the plant species with medicinal and aromatic values that are used by the local people living
in the neighborhoods determined at the foothills of Sandras Mountain.

Participating in this research is on a voluntary basis. Even if you have started filling out the data collection form after agreeing to participate
in the study, you can give up participating in the study if you do not want to. Filling out the form completely and sending it to the researcher
means that you are willing to participate in the research.

All this information obtained from you will be used in a scientific research. The research results will not contain any name or sign to identify
you. All records kept about you in this investigation will remain confidential. Therefore, it is of great importance that you answer all the
questions accurately and completely.

The study form consists of 20 sections / questions. It will take approximately 10 minutes to complete the survey. If you have any questions
about the study, you can contact the responsible researcher Merve CITAKOGLU, whose contact information is given below, without
hesitation. Thank you for your contribution to the world of science by sparing time for our study...

Responsible Investigator

Title, Name and Surname: Merve CITAKOGLU

E-mail: zeynepceren2804@gmail.com

Person from whom information was
received:
Name-Surname
Address:
Age:
Gender:
Education Status:
Local name
The plant used Scientific name
Family
Source from which the plant is obtained Collection Spice seller | Market
Location or address where the plant was
obtained
Purpose of use of the plant
Part used
Explanation on usage
What disease is it used against?
Use of the plant Solitary | Mixture
Direct
Infusion
Usage-preparation method Decocsion
Mush
Moxibustion
Other
Explanation regarding preparation, if any
How to use Internally | Externally
Usage time
Dosage (how many times a day and in
what quantity)
From whom did she/he learn this Family elders Neighbor Spice seller Other
information?
Other explanations, if any
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Appendix-B. Medicinal uses of plants in Sandras mountain (Koycegiz, Mugla, Turkey).

Familia

Scientific name Local name

Parts of plants used

Purpose of usage

Preparation

Pistacia terebinthus

The herbal part is thrown into boiling

Anacardiaceae L. subsp. terebinthus Menengig Fruit Cold water and left to brew for 5 minutes on
) P low heat. It is then filtered and drunk.
The fruits of the plant are ground into
Anacardiaceae Rhus coriaria L. Sumak Fruit Stomache ache powder. It is consumed with honey or
mixed with warm water.
Conium maculatum The herbal part is thrown into boiling
Apiaceae L Baldiran otu  Aerial parts Pain and spasm relief water and left to brew for 5 minutes on
) low heat. It is then filtered and drunk.
Api Ferula communis L. . Calming the nerves and The herbal part is thrown |nt0.b0|llng
piaceae subsp. Communis Caksir otu Flowers and pedicels Sedative water and left to brew for 5 minutes on
p. low heat. It is then filtered and drunk.
Apiaceae Pimpinella anisum L. Yabani anason Leaves Stomache ache I::ZJS;VGS of the plant are chewed
Scandix pecten- The herbal part is thrown into boiling
Apiaceae veneris IE) Dag sirasi otu Aerial parts Stomache ache water and left to brew for 5 minutes on
) low heat. It is then filtered and drunk.
Dracunculus vulaaris The fruits of the plant are crushed until
Araceae Schott 9arS v 1jan bigag1r  Fruits Hemorrhoid they reach a paste consistency and
applied to the affected area.
The herbal part is thrown into boiling
Asteraceae Anthemis chia L. Papatya Flowers Sedative water and left to brew for 5 minutes on
low heat. It is then filtered and drunk.
. L The herbal part is thrown into boiling
Asteraceae ?ﬁgﬁpa%s?[n ) Gaertn Altin otu Leaves :s;sslgg dkllgr?:z s;?rr:es water and left to brew for 5 minutes on
) ) ' P low heat. It is then filtered and drunk.
The herbal part is thrown into cold water
. . . and allowed to boil. After the water boils,
Berberidaceae Berberis cretica L.  Karamuk Roots Cough it is left to brew for another 5 minutes. It
is then filtered and drunk.
- . The herbal part is thrown into cold water
Microthlaspi . .
Brassicaceae perfoliatum Akga otu Flowers Stomache ache, prostat gn_d allowed to boil. After the water boils,
(L) F.K.Me it is left to brew for another 5 minutes. It
) FIVEY. is then filtered and drunk.
The herbal part is thrown into cold water
. . . and allowed to boil. After the water boils,
Cistaceae Cistus creticus L. Pamuklu Leaves Cough it is left to brew for another 5 minutes. It
is then filtered and drunk.
. Syrup is prepared by mixing the fruits of
Cornaceae Cornus mas L. Kizileik Fruits Cold the plant with sugar and water.
. Ecballium elaterium . . The fruits of the plant are sliced and
Cucurbitaceae (L) A.Rich. Egek huyan — Fruits Alopesi applied to the area with ringworm.
The herbal part is thrown into cold water
Fagaceae Quercus coccifera L. Piynar Leaves Diabete and allowed to boil. After the water boils,

it is left to brew for another 5 minutes. It
is then filtered and drunk.

Hypericaceae

Hypericum
perforatum subsp.
veronense (Schrank)
H.Linb.

Kantaron

Oil is prepared with
flowers and leaves

Ulcer, Hemorrhoid and
wound treatment

St. John's wort flowers are placed in a
bottle and enough olive oil is added to
cover the plant. The oil, which is kept in
the sun for about 1 month, becomes
ready for use after it turns red.

Lavandula stoechas

The herbal part is thrown into boiling

Lamiaceae L. Karabas otu ~ Flowers and leaves Cardiovascular diseases water and left to brew for 5 minutes on
subsp. stoechas low heat. It is then filtered and drunk.
Melissa officinalis L The herbal part is thrown into boiling
Lamiaceae . * Ogul otu Flowers and leaves Sore throat water and left to brew for 5 minutes on
subsp. officinalis . h
low heat. It is then filtered and drunk.
Yarouz The herbal part is thrown into boiling
Lamiaceae Mentha pulegium L. (narp uz) Flowers and leaves Cold, Stomache ache water and left to brew for 5 minutes on
P low heat. It is then filtered and drunk.
) ) _ o . Cold, Stomache ache and The herbal part is thrown |nto_b0|I|ng
Lamiaceae Origanum onites L.  Izmir kekigi ~ Flowers and leaves indigestion water and left to brew for 5 minutes on
Y low heat. It is then filtered and drunk.
Rosmarinus The herbal part is thrown into boiling
Lamiaceae ST Biberiye Flowers and leaves Stomache ache water and left to brew for 5 minutes on
officinalis L. . h
low heat. It is then filtered and drunk.
The herbal part is thrown into boiling
Lamiaceae Salvia fruticosa Mill. Adagay1 Flowers and leaves Cold, Stomache ache water and left to brew for 5 minutes on

low heat. It is then filtered and drunk.
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Sideritis albiflora

Liver and intestinal

The herbal part is thrown into boiling

Lamiaceae Hub.-Mor. Endemic Akgay Flowers and leaves disorders, Cold water and Ie_ft to breyv for 5 minutes on
low heat. It is then filtered and drunk.
Sideritis libanotica The herbal part is thrown into boiling
Lamiaceae subsp. linearis Dag ¢ay1 Flowers and leaves Cold, Stomache ache water and left to brew for 5 minutes on
(Benth.) Bornm. low heat. It is then filtered and drunk.
The herbal part is thrown into boiling
Teucrium a a water and left to brew for 5 minutes on
Lamiaceae divaricatum Sieber  Bodur mahmut Flowerﬁ and leaves,  Cough, Sore thﬁoa‘ ' low heat. It is then filtered and drunka,
subsp. divaricatum Leaves Stomache ache The leaves of the plant are chewed
directlyb
) Teucrium polium L. The herbal part is thrown into_boiling
Lamiaceae subsp. polium Actyavsan  Flowers and leaves Stomache ache water and Ie_ft to breyv for 5 minutes on
) low heat. It is then filtered and drunk.
Teucrium The herbal part is thrown into boiling
Lamiaceae sandrasicum O. Akgaotu Flowers and leaves Stomache ache water and left to brew for 5 minutes on
Schwarz, Endemic low heat. It is then filtered and drunk.
) Thymbra spicata L Karakekik, The herbal part is thrown intolboiling
Lamiaceae subsp. spicata " Zahter, Esek  Flowers and leaves Stomache ache, Cold water and left to brew for 5 minutes on
) kekigi low heat. It is then filtered and drunk.
The herbal part is thrown into cold water
Lamiaceae Vitex agnus-castus L. Hayit Seeds Di_arrhea, Stqmache ache, gn_d allowed to boil. After the water boils,
urinary burning it is left to brew for another 5 minutes. It
is then filtered and drunk.
The herbal part is thrown into boiling
Malvaceae Malva sylvestris L.  Ebe giimeci  Leaves Stomache ache water and left to brew for 5 minutes on
low heat. It is then filtered and drunk.
Ficus carica L ) ~ Theleaves of the plant are boiled and
Moraceae S Incir Leaves Snake and Scorpion bite turned into porridge and applied to the
subsp. carica bi
ite area.
Tincture is made by keeping the leaves of
Myrtus communis L. . Yapraklart', Asthma- bronchitis’, the plant in alcohol or vinegar for a
Myrtaceae . Mersin b b . oa
subsp. communis Fruits and leaves , Eye pain while,, N
It is consumed raw
The herbal part is thrown into boiling
Oleaceae soull(jsa EL;LOrEaZZ;" Zeytin Leaves Diabetes water and left to brew for 5 minutes on
P P low heat. It is then filtered and drunk.
Epilobium The herbal part is thrown intolboiling
Onagraceae o Yaki otu Leaves Stomache ache, headache water and left to brew for 5 minutes on
angustifolium L. | ; -
ow heat. It is then filtered and drunk.
Pine resin is applied directly to the
. injured areaa,
Pinaceae Pinus brytla Ten. Kizlgam Resin, Wound treatment , Joint ) _ )
var. brutia Fresh shoots painb The cone is crushed and boiled with
water to make the decoction. It is
prepared and consumed as teab
The tar obtained from its resin is applied
Pinus nigra subsp. directly to the painful area 1-2 times a
. pallasiana . day. . .
Pinaceae var, pallasiana Cam Tar Aches and pains Th_e_deco_ctlon prep_ared by crushing and
(La.mb ) Holmboe bqlnqg pine cones is consumed _by
' drinking 1 tea glass in the morning and
evening until the discomfort disappears.
Platanus orientalis - The herbal part is thrown into_boiling
Platanaceae L Cmar Leaves Arthritis water and left to brew for 5 minutes on
) low heat. It is then filtered and drunk.
The herbal part is thrown into boiling
Polygonaceae Rumex crispus L. Labada Seeds Diarrhea water and left to brew for 5 minutes on
low heat. It is then filtered and drunk.
The herbal part is thrown into cold water
Crataegus monogyna - . and allowed to boil. After the water boils,
Rosaceae Jacg. var. monogyna Ahg Fruits Neck hernia it is left to brew for another 5 minutes. It
is then filtered and drunk
The herbal part is thrown into boiling
water and left to brew for 5 minutes on
Foot paina low heat. It is then filtered and drunka,
Rosaceae Rosa canina L. Kusburnu Fruits ' The herbal part is thrown into cold water

. . b
vitamin C supplement

and allowed to boil. After the water boils,
it is left to brew for another 5 minutes. It

is then filtered and drunkb
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Rubiaceae Galium aparine L.

Epirci, yavsak

Flowers and leaves
otu

Blood pressure, Diabete

The herbal part is thrown into boiling
water and left to brew for 5 minutes on
low heat. It is then filtered and drunk.

Viscum album L.

Santalaceae subsp. album

Okse otu Flowers and leaves Cough and Cold

The herbal part is thrown into cold water
and allowed to boil. After the water boils,
it is left to brew for another 5 minutes. It
is then filtered and drunk

Scrophulariaceae  Verbascum sp.

Sigir kuyrugu Flowers and leaves Wart

The herbal part is thrown into boiling
water and left to brew for 5 minutes on
low heat. It is then filtered and drunk.

Urtica membranacea

Urticaceae Poiret ex Savingy

Isirgan Seeds Stomache ache

The herbal part is thrown into boiling
water and left to brew for 5 minutes on
low heat. It is then filtered and drunk
or

The seeds of the plant are boiled and
consumed directly by adding them to
meals.

Asphodelus aestivus

Xanthorrhoeaceae
Brot.

Cirig Bulbs Stomach bleeding

The herbal part is thrown into cold water
and allowed to boil. After the water boils,
itis left to brew for another 5 minutes. It
is then filtered and drunk

Zygophyllaceae  Tribulus terrestris L.

Coban

cokerten Aerial parts

Blood pressureon

The herbal part is thrown into boiling
water and left to brew for 5 minutes on
low heat. It is then filtered and drunk.
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Abstract: This study was conducted to compare the results of in situ and in vitro methods that can be used for measuring gas
exchange parameters in two pine species. The study was carried out in a mixed Pinus nigra Arn. subsp. pallasiana (Lamb).
Holmboe and Pinus brutia Ten. plantation in Kemer/Burdur, which has a semi-arid climate type located in the Western
Mediterranean Region of Tiirkiye. In the first method, gas exchange parameters (net photosynthetic rate-Anet, Stomatal conductance-
gsand transpiration rate-E) were measured directly on the tree using a mobile scaffold to reach to the tree canopy (in situ conditions).
In the second method, branches were cut at approximately 50 cm and gas exchange parameters were determined in the same needles
after the branch was immediately submerged in water (in vitro conditions). Measurements were taken between June and October
2022. Student’s t-test was conducted to compare the results of in situ and in vitro photosynthesis measurement methods. No
statistically significant differences were found between the results of the compared methods in terms of gas exchange parameters
for both species. The results of the study showed that in vitro measurements of photosynthesis can be preferred to in situ
measurements of photosynthesis in P. nigra and P. brutia under field conditions where access to the canopy of tall trees is not
possible.

Keywords: Anatolian black pine, Branch cutting, Gas exchange, In situ measurement, Mediterranean forest, Turkish red pine

kosullarda olgiilen fotosentetik gaz degisim parametrelerinin karsilastirilmasi

Ozet: Bu calisma, iki ¢am tiiriinde gaz degisim parametrelerini belirlemede kullanilabilecek in situ ve in vitro metotlarin
sonuglarinin karsilagtirilmasi amaciyla yapilmustir. Calisma, Tiirkiye'nin Bat1 Akdeniz B6lgesi’nde yer alan yar kurak iklim tipine
sahip Kemer/Burdur orman alanindaki Pinus nigra Arn. subsp. pallasiana (Lamb). Holmboe ve Pinus brutia Ten. karisik
plantasyon sahasinda gergeklestirilmistir. Birinci yontem olarak her iki tiirde gaz degisim parametreleri (net fotosentez hizi- Anet,
stoma iletkenligi-gs ve terleme orani-E) kurulan bir iskele yardimiyla dogrudan aga¢ iizerinde Olgiilmiistiir (in situ kosullar
temsilen). Tkinci yontemde, 6l¢iim yapilan ibrelerin bulundugu dallar yaklasik 50 cm’den kesilip suya daldirilarak aym ibreler
tizerinde gaz degisim parametreleri belirlenmistir (in vitro kogullar1 temsilen). Caligma 2022 yilinin Haziran-Ekim aylari arasinda
gerceklestirilmistir. In situ ve in vitro fotosentez 6l¢iim yontemlerinin sonuglarim karsilagtirmak i¢in Student t testi uygulanmustir.
Ornekleme giinlerinde, iki tiirde de gaz degisim parametreleri bakimindan uygulanan metotlarin sonuglar1 arasinda istatistiksel
olarak anlamli bir farklilik belirlenmemistir. Caligma sonuglari, boylu agaglarin dallarina erisimin miimkiin olmadig: arazi
kosullarinda P. nigra ve P. brutia tiirlerinde in situ fotosentez 6l¢iimleri yerine in vitro fotosentez 6l¢tiimlerinin tercih edilebilecegini
gostermistir.

Anahtar kelimeler: Anadolu karagami, Dal kesme, Gaz degisimi, Yerinde 6l¢iim, Akdeniz Ormanlari, Kizilgam

1. Introduction

Photosynthesis is the main source of oxygen, food and
energy on earth that provides sustainability of life; therefore,
it is one of the most important bio-chemical processes
(Fligge et al., 2016; Yin et al., 2022). During photosynthesis,
higher plants convert sunlight energy to chemical energy via
fixing CO; and releasing O, while coping with water loss
(Millan-Almaraz et al., 2009). Due to its role in ecosystem
functioning, research on photosynthesis has been of interest
for more than 350 years (Huzisige and Ke, 1993). Up to date
photosynthesis continues to be measured by researchers for
various purposes such as plant growth, biomass allocation,

species competition, ecosystem functioning and climate
change mitigation (Field et al.,, 1989; Saxe, 1991,
Hattenschwiler and Koérner, 1997; Karnosky et al., 2003;
Nunes et al., 2020; Sazeides et al., 2021; Schonbeck et al.,
2022).

Several types of methods are available to measure or
estimate gas exchange parameters at different plant levels,
from leaves to entire stands (Hunt, 2003; Millan-Almaraz et
al., 2009; Siebers et al., 2021). Measuring leaf gas exchange
in situ conditions, where the petiole of the leaf is attached to
the branch, is of crucial importance in the analysis of
photosynthetic processes in plants among all methods
(Gauthier and Jacobs, 2018). All commercially available
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portable photosynthesis measurement systems use a similar
operating method, enclosing a part of the leaf or entire leaf in
a chamber or cuvette (Haworth et al., 2018). Many studies
have been conducted in which gas exchange parameters (net
photosynthetic rate, stomatal conductance and transpiration
rate) have been measured in seedlings under in situ conditions
(Jafarnia et al., 2018; Deligéz and Bayar, 2021; Ko¢ and
Nzokou, 2023). Gas exchange measurements are relatively
easy to obtain in seedlings because leaves are easily
accessible compared to mature trees (Gauthier and Jacobs,
2018). However, for tall trees, in situ measurements usually
require building up a permanent or a mobile elevated
platform such as a ladder, a lift, or a scaffold to ensure that
the portable photosynthesis measurement system remains
stable during the measurement (Loewenstein and Pallardy,
1998; Gauthier and Jacobs, 2010; Gauthier and Jacobs, 2018;
Bayar and Deligoz, 2020; Akalusi et al., 2021). It is difficult
to carry an elevated mobile platform, especially in forest
areas with steep slopes, rough or rocky terrain, or when
branches that allow measurement exceed the platform’s
maximum height. In addition, such efforts may limit the
sample size, can be time consuming and require more
advanced security equipment for researchers (Gauthier and
Jacobs, 2018; Akalusi et al., 2021). Therefore, researchers
conducted different methods to eliminate the effect of
unfavourable terrain conditions during photosynthesis
measurements, i.e., branch beveling, leaf detaching, cracking,
splitting, and girdling (Tang and Wang, 2011; Gauthier and
Jacobs, 2018; Meng et al., 2019).

In this study, we chose an in vitro method that is currently
used in field conditions and has been tested on various species
in previous studies (Miyazawa et al., 2011; Tang and Wang,
2011; Meng et al., 2019; Verryckt et al., 2020; Akalusi et al.,
2021). In this method, the piece of the branch containing the
leaves to be measured is cut off from the tree with a sharp
scissors, submerged into water without wasting any time,
then it is once more cut under water to prevent cavitation
(Koike, 1986; Pérez-Harguindeguy et al., 2013; Verryckt et
al., 2020).There is still lack of information in the literature
about whether in vitro measurements of photosynthesis can
be conducted in pine trees. Therefore, comparing in situ and
in vitro measurements of photosynthesis has become
necessary for forested areas of the Mediterranean Region of
Tiirkiye, where accessing the canopy of tall trees is a
challenge and carrying a height adjustable platform is not
reasonable due to unfavourable field conditions i.e. steep
slopes, diverse topography, and rocky terrain.

The most common and ecologically important pine
species of Tiirkiye, Pinus nigra Arn. subsp. pallasiana
(Lamb). Holmboe (Anatolian black pine) and Pinus brutia
Ten (Turkish pine) (Atalay, 2002) has been selected as
research materials in the study. Moreover, these two species
totally cover almost 45% of the forested areas of Tiirkiye
(General Directorate of Forestry, 2022). The study aims (1) to
compare the results of the gas exchange parameters measured
under in situ and in vitro conditions in P. nigra and P. brutia
trees and (I1) to test if it is possible to use in vitro
measurements especially in forests where carrying a platform
is impractical. We hypothesized that there would be no
statistically significant difference between the two methods
in P. nigra and P. brutia growing under semiarid climate
conditions.

2. Material and methods
2.1. Location of the study site and environmental conditions

The study site is located in Kemer/Burdur forest district
in the western Mediterranean region of Tiirkiye (37° 21" N,
30° 8' E; Figure 1). The forest stand is a mixed P. nigra- P.
brutia plantation established in 1991 and the seedlings of
both species were obtained from Golhisar Forest Nursery.
The height of both P. nigra and P. brutia trees were
approximately 10 m, and the diameter at breast height varied
between 23.90 cm + 1.44 cm and 26.20 cm + 2.17 cm for P.
nigra and P. brutia trees, respectively.

According to the nearest meteorology station (Tefenni)
that provides 20 years of climate data, the study area has
semi-arid characteristics in the Erinc climate index.
Consistent with long-term climate data, the annual total
precipitation in 2022 was recorded as 331.40 mm, and the
average annual temperature and average annual relative
humidity were recorded as 1240 °C and 59.90%,
respectively.

Soil water content was determined according to the
gravimetric method monthly between June and October at
fifteen locations randomly selected for homogeneous
representation of the study site. Soil samples were taken from
a depth of 0-20 cm and placed in sealed glass jars to prevent
loss of soil moisture through evaporation. They were brought
to the laboratory as soon as possible and their moist weight
was determined on a 0.01 g precision balance. After that, the
samples were placed in the oven and dried at 105°C for 24
hours. Soil water content was determined according to the
ratio of the dry weight and wet weight records.

2.2. Experimental design

Ten individuals from each species were randomly
selected. In selecting sample trees, care was taken to ensure
that they were of similar diameter and height, had smooth
trunks, were healthy, had no damage to their canopy, and had
no visible disease. Measurements were always taken from
the south-facing branches of the same sample trees
approximately at the same height. Two different methods
were applied to determine gas exchange parameters. In the
first method: the gas exchange parameters were measured
directly on the selected branch of each tree by using a mobile
scaffold to reach to the canopy (Figure 2a). The measured
needles were marked with a permanent ink pen after the
measurement. In the second method, the piece of branch
carrying the marked needles was cut to a length of
approximately 50 cm from the apex with a sharp scissors. To
prevent air insertion into the xylem vessels and damaging
water absorption by causing cavitation, the cut branches were
immediately immersed in water and their ends
(approximately 5 cm) were cut again under water (Figure 2b)
as recommended in previous studies (Miyazawa et al., 2011;
Verryckt et al., 2020; Missik et al., 2021). Then, the same
needles (marked) were placed in the chamber of a portable
photosynthesis device and gas exchange parameters were
measured again. The first method was referred as 'in situ' for
the measurements made directly on the tree, and the second
method, which was measured by cutting the branch, was
referred as 'in vitro' in this study. The study period covered
June to October 2022 and measurements were repeated at
least once a month.
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2.3. Gas-exchange measurements

Gas exchange measurements were carried out on clear
days to minimise the effects of radiation. A portable
photosynthesis measurement device, LI-6400XT (Lincoln,
USA) was used for leaf-level gas exchange measurements.
All measurements were completed between 09:00-16:00
o’clock with a 6 cm? chamber and an attached light source
(6400-02B-red/blue/light). The calibration was performed as
recommended by the producer for field conditions. Light

/

curve was measured in the field and the photosynthesis
photon flux density (PPFD) was determined. The PPFD, air
flow rate, and reference CO, were set and held automatically
at 1300 umol m? s, 500 pmol s and 400 ppm, respectively.
The leaf temperature is set depending on the air temperature
during the measurement. From a south-facing branch of ten
trees, sun exposed and fully developed five needles of one-
year-old shoots were randomly selected and the needles were
ordered in the cuvette in a flat plane without overlapping each
other. Net photosynthetic rate (Anet, pmol CO, m2 s,
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stomatal conductance (gs, mol H,O m™2 s7%) and transpiration
rate (E, mmol H,O m™2s™) were recorded on the device when
they became stable (after 5 minutes on average) and they
determined using the needle's total surface area (Svenson and
Davies, 1992).

2.4, Statistical analyses

The statistical evaluation of the recorded data was
performed with SPSS 25.0 Windows package programme.
Initially, normality of error and homogeneity of variance
were checked. Differences between the two applicated
methods were analysed with Student’s t test separately both
for the two species (P. nigra and P. brutia) and the gas
exchange parameters (Anet, gs, E). The data are presented as
mean and standard error of the mean in two methods for both
species.

3. Results

Total monthly precipitation during the sampling dates
varied between 1.2 mm and 29.3 mm. Total precipitation was
58.40 mm during the summer period. Soil water content
ranged from 8.70 % to 11.17 % (Figure 3). The average
temperature values between 09:00 and 16:00 hours on the
measurement days were recorded as 21.4 °C in June, 29.2 °C
in July, 28.1 °C and 28.9 °C in August, 27.1 °C in September
and 20.6 °C in October. Average relative humidity between

15,0 -
12,0 A

3,0 A
0.0

S
O 6,0 A
=
n

measured hours was 62.4% in June, 19.8% in July, 52.0% and
28.6% in August, 19.7% in September and 41.6% in October.

As shown in Table 1 and 2, there was no statistically
significant difference between in situ and in vitro
measurements in the gas exchange parameters according to
sampling dates in P.nigra trees at 95% confidence level.
During all sampling dates, the results for A, gs, and E were
similar for both the in situ and in vitro measuments.
According to the results gas exchange parameters were
higher in early June, they decreased during the summer and
slightly increased again in the fall (Figure 4a).

The in vitro Ane, gs and E values of P. brutia samples were
not significantly different from the in situ Anet, gs, and E values
(Table 1). A similar seasonal variation in the gas exchange
parameters of P. brutia was determined as in P. nigra (Figure
4b).

Although Ane: values were slightly higher in vitro
measurements in general, they were not statistically
significant. While the in situ net photosynthetic rate of P.
nigra in June was 10.12 pmol CO; m2 st and in vitro Anet
was 10.45 umol CO, m2 s, these values decreased in August
and recorded as 3.22 umol CO, m2 s and 3.37 umol CO,
m~2s7L. Similarly, while the in situ net photosynthetic rate of
P. brutia in June was 10.37 umol CO, m2 st and in vitro
Anet 9.70 umol CO, m™2 s, it was determined as 3.61 pmol
CO, m2 s and 3.94 in August, respectively (Table 1 and
Table 2).
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Figure 3. Temporal pattern in soil water content (SWC) and total precipitation (P) during the study period at the study site

Table 1. Comparison of gas exchange parameters in situ and in vitro methods (Anet: net photosynthetic rate, umol CO, m2s%;
gs: stomatal conductance, mol H,O m2s™) and transpiration rates (E, mmol H,O m~2s™) in P.nigra

Gas exchange

Sampling dates

Methods

parameters 07.06.2022 06.07.2022 09.08.2022 23.08.2022 15.09.2022 12.10.2022
A Insitu 10.12(0.25)° 4.94(0.63)° 3.87(0.22)° 3.22(0.25)° 3.31(0.51)° 4.91(0.38)°
net In vitro 10.45(0.14)* 5.69(0.48)" 4.35(0.29) 3.37(0.24)° 3.79(0.44)* 5.33(0.34)®
Insitu 0.10(0.00) 0.04(0.00)® 0.03(0.00)® 0.02(0.00)® 0.02(0.00)® 0.04(0.00)®

9 In vitro 0.11(0.00)® 0.04(0.00)® 0.03(0.00)* 0.02(0.00)* 0.03(0.00)* 0.05(0.00)®
e Insitu 2.03(0.06)* 1.55(0.19)° 1.05(0.05)° 1.02(0.06) ® 0.80(0.10) 0.92(0.06)¢
In vitro 2.07(0.05)* 1.78(0.19)* 1.15(0.06)° 1.17(0.06) ® 1.08(0.10) ® 1.04(0.07)*

The same superscript letters in the same line indicate there are not significant differences (p > 0.05). Mean and the standard error values of the measured gas exchange

parameters in P. nigra samples (n=10).
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Table 2. Comparison of gas exchange parameters measured in situ and in vitro methods (Anet: net photosynthetic rate, pmol
CO,; m2s%; gs: stomatal conductance, mol H,O m2 s™) and transpiration rates (E, mmol H,O m2s ™) in P. brutia
Gas exchange Sampling dates

parameters Methods 07.06.2022 06.07.2022 09.08.2022 23.08.2022 15.09.2022 12.10.2022
A In situ 10.37(0.42)° 6.59(0.57)° 4.53(0.55)° 3.61(0.17)° 4.12(0.44)° 4.84(0.24)°
net In vitro 9.70(0.38)* 6.77(0.30)® 5.09(0.51)2 3.94(0.16) 4.40(0.51)2 5.20(0.19)
In situ 0.12(0.01)® 0.05(0.00)* 0.04(0.00)* 0.03(0.03)* 0.02(0.00)* 0.04(0.00)*

9 In vitro 0.12(0.01)* 0.06(0.00) 0.04(0.00)2 0.02(0.03)* 0.03(0.00)* 0.04(0.00)
E In situ 2.39(0.12)* 2.16(0.13)® 1.46(0.13)° 1.22(0.04)* 0.96(0.10)* 1.08(0.04)°
In vitro 2.44(0.12)* 2.33(0.20) 1.55(0.26) 1.17(0.04)* 1.06(0.13)° 1.17(0.05)°

The same superscript letters in the same line indicate there are not significant differences (p > 0.05). Mean and standard error values of the measured gas exchange
parameters in P. brutia samples (n=10).
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Figure 4. Variation of gas exchange parameters (Anet: net photosynthetic rate, pmol CO, m™2s%; gs: stomatal conductance, mol
H,0 m2 s %) and transpiration rates (E, mmol H,O m2 s™) according to the method applied (solid line: in situ; dashed line: in
vitro) during the study period in a) P.nigra b) P. brutia.
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4, Discussions and conclusions

Studies on gas exchange measurements facilitate the
understanding of the response of trees to changes in
environmental conditions (Shinde et al., 2018; Gauthier and
Jacobs, 2018). In this regard, it is also important to know the
details of the measurement methods used to obtain the gas
exchange parameters. In this study, we focused on comparing
the results of in situ and in vitro photosynthesis
measurements in P.nigra and P. brutia growing under semi-
arid climate conditions in Burdur province of Tirkiye.

According to the results, no statistically significant
difference was found in net photosynthetic rate, stomatal
conductance, and transpiration rate between in situ and in
vitro measurements (Table 1 and 2) for both tree species.
Seasonality, sampling dates and soil water content did not
alter the results between in situ and in vitro methods on gas
exchange parameters. The results of the study are consistent
with the results of previous research where branch excision
had no significant effect on A in various tree species
(Miyazawa et al., 2011; Verryckt et al., 2020; Akalusi et al.,
2021). After branch excision and re-cut under distilled water,
Miyazawa et al. (2011) found that gas exchange rates and
stomatal control of the excised leaves in response to
environmental conditions did not change in Lithocarpus
edulis Nakai trees. Akalusi et al. (2021) compared
photosynthetic parameters and stomatal conductance in
attached and detached foliage of Abies balsamea (L.) Mill.
trees and they did not observe a significant effect of branch
detachment on the results. Verryckt et al. (2020) measured
leaf net photosynthetic rate on intact and cut branches in
seven tree species from Malvaceae, Burceraceae,
Lecythidaceae and Fabaceae families. They concluded that
the branch cutting method was practical when the branch was
re-cut under water and the leaves were given sufficient time
to acclimate to the new environmental conditions. On the
other hand, there are also reports indicating that the net
photosynthetic rate significantly decreased after branch
detachment (Santiago and Mulkey, 2003; Gauthier and
Jacobs, 2018; Missik et al., 2021). Santiago and Mulkey
(2003) reported a significant reduction in net CO;
assimilation rates ranging from 14% - 87% for ten species
from nine families. Similarly, Gauthier and Jacobs (2018)
observed a sharp decrease in net photosynthesis (41% - 74%)
within ten minutes after cutting the branches in Quercus
rubra, Q. alba and Juglans nigra trees. Missik et al. (2021)
also stated that branch excision immediately reduced
photosynthesis and stomatal conductance by 27% to 62% in
Q. alba L., Acer saccharum Marsh. and Liriodendron
tulipifera L. trees.

One of the reasons that the results of photosynthesis
measurements conducted on the intact branches and excised
branches vary depending on the species could be the
differences in the length of the vessels, therefore it is
recommended cutting branches much longer than the species-
specific vessel lengths (Missik et al., 2021). Another reason
could be the isohydric or anisohydric behaviour of the
species, since isohydric species tend to close their stomata in
mild water stress and limiting their photosynthesis capacity
whereas anisohydric species tend to maintain their
photosynthetic activity under water stress conditions
(Aguadé et al., 2015). Moreover, it is reported that wood
anatomy is also a factor that can affect the results of in vitro

measurements. Koike (1986) stated that the photosynthesis of
diffuse porous trees can be easily measured by harvested
shoots, whereas that of ring porous trees cannot be
determined by the same method. Nevertheless, Tang and
Wang (2011) found that in vitro photosynthesis
measurements via cut shoots practicable for coniferous,
diffuse porous and ring porous species.

Another possible factor affecting the results of in vitro
photosynthesis measurements is the measurement time
following the leaf detachment from the tree in case the leaves
quickly lose their photosynthetic activity (Koike, 1986;
Voronin and Fedoseeva, 2012; Gauthier and Jacobs, 2018;
Akalusi et al., 2021). In this context, varying results from 3
minutes to 1 hour have been reported for various species by
researchers. For example; Voronin and Fedoseeva (2012)
observed that stomatal control of photosynthesis was retained
within first 3-5 min after leaf excision in herbaceous and
woody plants. Akalusi et al. (2021) reported that leaf gas
exchange measurements can be obtained up to 30 minutes
after leaf detachment in balsam fir. Koike (1986) found that
leaf water supply and photosynthetic activity was effectively
maintained for one hour following detachment of the leaves
including both ring porous and diffuse porous tree species.

The main pursuance to pay attention to in all physical in
vitro photosynthesis measurements is to ensure that water
transport to the leaves continues at an adequate level after
deteriorating in situ conditions. Thus, in order to eliminate
the embolism effect that occurs when cutting a branch from a
tree and to remove the embolized part of the branch, it is
recommended to re-cut the cut branch under water before the
leaf gas exchange measurements (Dang et al., 1997; Santiago
and Mulkey, 2003; Verryckt et al., 2020; Missik et al., 2021).
In this context, there are reports with bilateral results on
whether re-cutting branches while the tension continues
under water causes a significant decrease in hydraulic
conductivity that can affect the gas exchange parameters or
not. For instance, Wheeler et al. (2013) and Torres-Ruiz et al.
(2015) emphasized that severing the branches even under
water can still introduce embolism to the xylem that can
affect the hydraulic conductivity. In response, Scoffoni and
Sack (2015) and Venturas et al. (2015) reported that they
could not determine an impact of such an artificial embolism
on the xylem hydraulic conductance when the branches cut
with native tension under the water. In our study, excising the
branch and immediately re-cut with natural tension under
water did not affect the net photosynthetic rate of the studied
species. It is thought that the short length and narrow
diameter of the tracheids, which provide water transmission
in coniferous species, as well as the low water transmission
rate, played an important role in obtaining this result
(Akkemik, 2018).

Apart from the species-specific variations that affect the
results of photosynthesis measurements in vitro conditions,
differences in detail among the physical in vitro methods can
also cause alteration in the results. For instance, Meng et al.
(2019) compared several methods to find out the best method
to measure photosynthesis in vitro conditions including
“branch beveling” (the same method we applied in this
study), cracking, splitting, girdling, and immersion in
salicylic acid solution. According to the results of this
research, it is proven that cracking has given the best results
and the branch beveling underestimated net photosynthetic
rate by values ranging from 9% to 65%. On the other hand,
Tang and Wang (2011) indicated that girdling (instantly
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inserting the twigs into water after detaching, girdle phloem
about 3 cm from the cut and remove all leaves except the
target ones) is a more feasible method than branch beveling
for a variety of tree species. In this study we found that the in
vitro measurements (cutting the branch, immediately
immersing to the water and re-cut under the water) gave
slightly higher results than in situ measurements in P. nigra
and P. brutia species, however the differences between the
results were not statistically significant.

Carrying out photosynthesis measurements in conditions
where the land and the plants to be measured are convenient
for in situ measurements ensure the most reliable results
(Gauthier and Jacobs, 2018). However, in vitro
photosynthesis measurements are needed, especially in tall
trees where it is difficult to reach the branches and in areas
where setting up or transporting a platform is not possible.
The results of the study supported the initially established
hypothesis and provided a practical, time and cost-effective
methodology to measure gas exchange parameters in the
most widespread pine species (P. nigra and P. brutia) of
Tiirkiye where in-situ measurements are not practical due to
unfavourable terrain and stand conditions. There is a
necessity for further in vitro photosynthesis measurement
experiments, especially in Tiirkiye, which has a generous tree
species diversity, heterogenous stand characteristics and
variable terrain texture. Further experiments will help to
picture if such methods are applicable for a variety of tree
species with different physiological characteristics.
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Ozet: Bu calismada kizilgamin verimliligi ile bitki tiir cesitliligi arasindaki iligkiler ortaya konulmustur. Veriler Mugla ve
Antalya’da 101 adet dogal kizilgam mesceresinde gerceklestirilen envanter ¢aligmalarindan temin edilmistir. Her bir 6rnek alanda
plus agag olarak secilen 3 kizilgam igin yas ve boy degerleri kaydedilmistir. Ayn1 zamanda 6rnek alanlara Braun-Blanquet skalasina
gore bitki tiirleri kaydedilmistir. Elde edilen yas ve boy degerleri 75 yasa endekslenerek bonitet degerleri hesaplanmis ve bonitet
degerlerinin ortalamasi alinarak her bir 6rnek alana ait ortalama bonitet degerleri hesaplanmistir. Daha sonra bonitet degerlerine 1
ile 5 arasinda bir verimlilik degeri atanmistir. Cesitlilik 6l¢imlerinin yapilabilmesi i¢in kaplama alani degerleri Westhoff ve Maarel
(1973)’e gore 1 ile 9 arasinda bir degere karsilik gelecek sekilde diizenlenmistir. Cesitlilik hesabi i¢in BICEB yazilimi kullanilarak
Shannon ve Simpson alfa gesitlilik degerleri hesaplanmustir. Ayrica verimlilik ve cesitlilik degerleri ile iligkilendirilmek {izere
yiikselti, egim, radyasyon indeksi, yillik ortalama sicaklik ve yillik toplam yagis degiskenleri temin edilmistir. Istatistik analiz
agsamasinda ilk olarak veri matrisine Kolmogorov-Smirnov normallik testi uygulanmistir. Normallik varsayiminin saglanmadigimmn
(p<0.05) tespit edilmesinden Otiirii bonitet indeksi gruplarina yonelik olarak gesitlilik degerlerinin arasinda anlamli fark olup
olmadigmin tespit edilebilmesi i¢in non-parametrik bir yontem olan Kruskal-Wallis testi kullanilmistir. Analiz neticesinde gesitlilik
degerleri arasinda istatistik agidan anlamli bir fark (p<0.05) oldugu goriilmiistiir. Daha sonra temel bilesenler analizi yontemi
kullanilarak gesitlilik degerleri ile ¢evresel degiskenler iligkilendirilmigtir. Ayn1 zamanda bonitet indeksi gruplari da smif verisi
olarak temel bilesenler analizine dahil edilmistir. Sonug olarak Shannon ve Simpson gesitlilik degerlerinin yiikselti ve egim ile
negatif, yillik toplam yagzs ile pozitif bir iliskiye sahip oldugunu ortaya konulmustur.

Anahtar kelimeler: Biyocesitlilik, Bonitet indeksi, Kruskal-wallis testi, Pinus brutia, Temel bilesenler analizi

Determination of relations between plant species diversity and productivity in

Brutian pine stands

Abstract: This study examines the relationship between Brutian pine productivity and plant species diversity, focusing on its
potential as a valuable resource. Data was collected from 101 natural Brutian pine stands in Mugla and Antalya through inventory
studies. Age and height values were recorded for three selected Brutian pine trees in each plot, along with plant species diversity
using the Braun-Blanquet scale. Site index values were used to assign productivity scores between 1 and 5 for each plot. Diversity
values were adjusted to a scale of 1 to 9 according to Westhoff and Maarel (1973) to calculate alpha diversity indices (Shannon and
Simpson) using BICEB software. Environmental variables such as elevation, slope, radiation index, annual mean temperature, and
annual precipitation were also collected for further analysis. The Kolmogorov-Smirnov normality test was first applied to the data
matrix. Since it was determined that the normality assumption was not met (p<0.05), the Kruskal-Wallis test, which is a non-
parametric method, was used to determine whether there is a significant difference between the diversity values for the site index
groups. Results indicated a statistically significant difference (p<0.05) in diversity values among these groups. Then, diversity
values and environmental variables were correlated using principal component analysis method (PCA). At the same time, site index
groups were also included in the PCA as class data. As a result, it was revealed that Shannon and Simpson diversity values have a
negative relationship with elevation and slope and a positive relationship with total annual precipitation.

Keywords: Biodiversity, Site index, Kruskal-wallis test, Pinus brutia, Principal components analysis

1. Giris

Ekosistemler, canli organizmalar ile fiziksel gevreleri
arasindaki etkilegimlerin karmagik bir agidir. Bu etkilesimler,
ekosistemde bulunan tiim canli organizmalarin (bitkiler,
hayvanlar, mikroorganizmalar) ve cansiz ¢evre faktorlerinin
(hava, su, toprak, iklim) bir arada ¢aligmasi sonucu meydana

gelir (Weiskopf vd., 2020). Ekosistemler, kendine has
benzersiz 6zelliklere sahiptir ve iklim, bitki ortiisii, toprak tipi
ve canli organizmalarla karakterize edilen ¢esitli ekosistem
tiirleri bulunmaktadir (Adner, 2017; Giilsoy vd., 2022).
Ekosistem tiirleri kendi igerisinde karasal ve sucul
ckosistemler olmak iizere iki alt baghk altinda
gruplanmaktadir. Karasal ekosistemler; orman, ¢ayir-mera,

Meslek Yiiksekokulu, Siitgiiler, Isparta

Miihendisligi Bolimii, Isparta

¢ Burdur Mehmet Akif Ersoy Universitesi, Golhisar Meslek Yiiksekokulu,

Burdur

Isparta Uygulamali Bilimler Universitesi, Siitciiler Prof. Dr. Hasan Giirbiiz

Isparta Uygulamali Bilimler Universitesi, Orman Fakiiltesi, Orman

Citation (Atif): Negiz, M.G., Ozdemir, S.,
Erfidan, O., Civga, A., Sentiik, O., 2024.
Kizilgam mescerelerinde bitki tiir ¢esitliligi ile
verimlilik arasindaki iliskilerin belirlenmesi.
Turkish Journal of Forestry, 25(1): 49-55.

DOI: 10.18182/tjf.1376666

Corresponding author (iletisim yazar1): erfidanoguzhan@gmail.com

v Received (Gelis tarihi): 16.10.2023, Accepted (Kabul tarihi): 09.01.2024



http://dx.doi.org/10.18182/tjf.1376666
https://orcid.org/0000-0002-6338-3307
https://orcid.org/0000-0002-9425-3724
https://orcid.org/0000-0002-5497-6864
https://orcid.org/0000-0003-4975-8878
https://orcid.org/0000-0002-1841-7213

50 Turkish Journal of Forestry 2024, 25(1): 49-55

dag ve ¢ol ekosistemleri olarak ifade edilmektedir (Yu vd.,
2013). Sucul eckosistemler ise tatlh su ve tuzlu su
ekosistemleri olarak iki sinifta degerlendirilmektedir. Her bir
ekosistem tiirii sahip oldugu karakteristik 6zellik agisindan
ekolojik ve/veya ekonomik anlamda deger ihtiva etmektedir.
Ozellikle karasal ekosistemler sahip oldugu biyolojik
cesitlilik ve su kaynaklarinin yani sira iklim diizenleme,
erozyon kontrolii, ekonomik kaynak gibi parametrelerden
Otlirii 6nem arz etmektedir. Ayrica ormanlarin karbon
depolama islevi de sahip oldugu bu 6nemi arttirmaktadir
(Algeo vd., 2011; Webb, 2012).

Ekolojik ve ekonomik faktorler beraber diisiiniildiigiinde
ormanlar karasal ekosistemler igerisinde ayrica Gnem
tagimaktadir (Seddon vd., 2016). Bu Onemin temel
gercevesini siirdiiriilebilirlik olusturmaktadir. Ciinkii karasal
ekosistemlerin en Onemli bilesenlerinden olan ormanlar
sirekli ve siddetli bir sekilde antropojenik etkilere maruz
kalmaktadir. Son yillarda iklim krizinin kendini giderek daha
¢ok hissettirmesi ormanlari sahip olduklari tiim unsurlari ile
beraber siirdiiriilebilirlik agisindan tehdit etmektedir (Ozkan,
2010; Ozdemir vd., 2020). Bu sebeplerden 6tiirii ormanlardan
faydalanmanin siirdiiriilebilir bir zeminde yiiriitiilebilmesi
icin siirecin ve siiregten etkilenen fonksiyonlarin etraflica
incelenmesi gerekmektedir. Orman ekosistemleri
degerlendirilirken  dikkate  alinabilecek en  Gnemli
faktorlerden birisi biyolojik ¢esitliliktir. Cesitlilik birgok
diger kosulun degerlendirilmesinde dogrudan veya dolayli
olarak gosterge olabilmektedir. Ciinkii bir toplumun yiiksek
cesitlilik degerine sahip olmast o toplumu yangin, bocek
zarar1, iklim degisikligi gibi disaridan etkileyebilecek olan
parametrelere karsi daha direngli kilmaktadir (Siiel vd.,
2021).

Biyolojik ¢esitlilik; ekosistem ¢esitliligi, fonksiyonel
cesitlilik, genetik ¢esitlilik taksonomik ¢esitlilik, tiir
cesitliligi ve yapisal cesitlilik kavramlarn ile ifade
edilmektedir. Ekoloji ve ormancilik gibi doga bilimleri
alanlar igerisinde ozellikle tiir gesitliligi iizerine yapilmis
calismalar nispeten daha fazladir. Yapilan ¢alismalar
incelendiginde tiir g¢esitliligi hesaplamalarinin alfa, beta ve
gama olmak iizere ii¢ bilesene ait olarak gergeklestirildigi
goriilmektedir. Alfa tiir ¢esitliligi 6rnek alan i¢i cesitliligi
ifade ederken beta cesitliligi 6rnek alanlar arasindaki
benzemezlige atfedilmektedir. Gama ise tiim alan gesitliligine
karsilik gelmektedir (Ozkan, 2016). Bu bilesenlerden alfa tiir
cesitliliginin hesaplanmasina yodnelik olarak gelistirilmis
bir¢ok indeks yer almaktadir. Shannon ve Simpson ¢esitlilik
indeksleri bunlarin arasinda en yaygin olanlar1 olarak ifade
edilmektedir (Ozkan, 2016; Siiel vd., 2021). Cesitlilik iizerine
yapilan c¢alismalar hem bitki tiirlerine hem de yaban
hayvanlarina yonelik ekolojik agindan 6nemli sonuglar
ortaya koymaktadir. Ozellikle cesitlilik modellemesi iizerine
gerceklestirilen  caligmalar  siirdiiriilebilir ~ kullanimin
saglanabilmesi adina koruma ve planlama caligmalaria
yonelik olarak dnem arz etmektedir.

Orman  ekosistemlerinden  siirdiiriilebilir  sekilde
faydalanma noktasinda dikkate alinmasi gereken en 6nemli
faktorlerden birisi de odun hammaddesi kullanimidir. Odun
hammaddesi agisindan verimli bir mescerede yetisen bireyler
ekonomik agindan daha ¢ok tercih edilmektedir. Dolayist ile
ekolojik (gesitlilik) ve ekonomik (verimlilik) agidan ortaya
koyulan bu iki kavramin iligkilendirilmesinin faydal bilgiler
ortaya koyabilecegi diisiiniilmektedir. Bu noktadan hareketle,
gergeklestirilen calismada kizilgam tiiriine ait olarak
hesaplanan verimlilik degerleri ile her bir 6rnek alan i¢in elde

edilen cesitlilik degerleri iliskilendirilmistir. Kizilgam tipik
bir Akdeniz agacidir ve Italya'nin Kalabriya Yarimadasi'ndan
batida baslayarak, doguda Irak'in kuzeyindeki Zavita Atrush
bolgesine kadar uzanan bir dagilima sahiptir (Selik, 1963).
Tiirlin dagilimi kuzeyde Kirim'a kadar uzanirken, giineyde
Liibnan ve Filistin'e kadar yayilis gostermektedir (Neyisei,
1987; Keten ve Giilsoy, 2020; Kuzugiidenli, 2022). En genis
yayilist  Akdeniz ¢ukurunun dogusunda ve Ozellikle
Anadolu'da olan kizilgam Tiirkiye'de 5 milyon hektar1 asan
bir dagilima sahiptir (OGM, 2013). Bahsi gegen genis
yayilisi, nispeten hizli gelisen bir tiir olmasi ve c¢ali
formasyonu ile beraber asil Akdeniz kusagi vejetasyonunu
temsil eden tiir olmast bu tiire yonelik verimlilik cesitlilik
iligkilerinin arastirilmasin1 6nemli kilmaktadir (Berberoglu
ve Ertirk, 2020). Bu dogrultuda elde edilen bilgiler
ormancilik agisindan koruma, planlama, yetistirme ve tiir
rehabilitasyon calismalarina altlik olusturabilecek faydali
bilgiler sunmustur.

2. Materyal ve yontem
2.1. Calisma alani, veri toplama ve hazirlama

Tiirkiye'nin Akdeniz bélgesinde yer alan Antalya ilinde
100x100 metre boyutlarinda 101 o6rnek parselde saha
caligmalar1 yapilmigtir. Her bir 6rnek alanda kaplama alani
verileri Blaun-Blanquet skalasina gore kaydedilmistir.
Kaplama alani verileri Westhoff ve Maarel'e gére (Westhoff
ve Van der Maarel, 1973) taksonomik cesitlilik degerlerini
hesaplayabilmek maksadiyla 1 ile 9 arasinda bir degere
karsilik gelecek sekilde diizenlenmistir (r=1, +=2, %1-5=3,
%6-12=4, %13-18=5, %19-25=6, %26-50=7, %51-75=8,
%76-100=9). Ornek alanlarda bitki tiirlerine yonelik elde
edilen kaplama alani verilerinin disinda belirlenen {i¢ plus
agactan artim burgusu ile yas 6l¢limil yapilmis, boy 0lger ile
de iist boy belirlenmistir. Ardindan ise ii¢ plus agactan elde
edilen degerlerin ortalamasi alinmistir. Daha sonra bonitet ve
cesitlilik degerlerinin iligkilendirilmesinde kullanilmak tizere
her bir 6rnek alana ait yiikselti, egim, radyasyon indeksi,
yillik ortalama sicaklik (biol), ve yillik toplam yagis (bio12)
degiskenleri elde edilmistir. Yiikselti verisi EarthData veri
tabanindan 30 m ¢oziliniirliige ait olarak indirilen Sayisal
Yiiksek Modelinden (SYM) elde edilmistir. Egim degiskeni
ise ArcMap yaziliminda yiikselti althigi kullanilarak elde
edilmigtir. Radyasyon indeksi degiskeni ise asagida ifade
edilen Denklem 1 kullanilarak hesaplanmustir.

Radyasyon indeksi= (1)

1-cos((755) x (Q-30))
2

Denklemde Q baki degerine karsiik gelmektedir.
Radyasyon indeksi degerleri 0 ile 1 arasinda bir deger
almaktadir. Kuzey ve kuzeydogu yoniindeki alanlara ait
degerler 0’a yaklagirken, giiney ve giineybati yoniindeki
degerler 1’e yaklagmaktadir. Caligmada Radyasyon indeksi
degiskeni baki degeri yerine kullanilmak tizere iiretilmistir.
Baki degeri istatistiksel agidan kullanilmak istendiginde elde
edilen  sonuglarin  degerlendirilmesi  hata  ortaya
cikarabilmektedir. Soyle ki, 1 derece ve 359 derece kuzey
yoniinii ifade eden degerler olmasina karsin matematiksel
olarak aralarindaki sonuglarm yanlis degerlendirilmesine
olanak tanimaktadir. Bu sebepten siirekli formattaki verilerin
degerlendirildigi analiz siireglerinde derece cinsinden baki
degiskeni  yerine radyasyon indeksi degiskeninin
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kullanilmasi tavsiye edilmektedir (Ozdemir, 2022; Ozdemir
ve Cinar, 2023).

2.2. Istatistiksel analizler

[statistiksel analiz siirecinde ilk olarak, diizenlenen
kaplama alani verileri kullanilarak Shannon (Shannon, 1948)
ve Simpson (Simpson, 1949) c¢esitlilik degerleri
hesaplanmistir (Ozkan vd., 2020). Daha sonra her bir érnek
alandan elde edilen iist boy ve yas degerleri kullanilarak
bonitet indeksleri hesaplanmistir. Bu hesaplama igin bonitet
indeksleri 75 yasa endekslenmistir. Hesaplama islemlerinin
ardindan ¢esitlilik ve bonitet indeksi degerlerine Kolmogrov-
Smirnov normallik testi (Smirnov, 1948; Kolmogorov, 1993)
ve Kruskal-Wallis (Kruskal-Wallis, 1952) testi uygulanmustir.
Son olarak bonitet indeksi ile gesitlilik degerlerinin ¢evresel
degiskenler ile olan iligkilerinin belirlenebilmesi igin temel
bilesenler analizi (Pearson, 1901; Ozdemir ve Cinar, 2023)
kullanilmuistr.

3. Bulgular ve tartisma

Calismada 101 ornek alanda gergeklestirilen arazi
caligmalari neticesinde odunsu ve ¢ok yillik otsu olmak iizere
72 takson tespit edilmistir. Taksonlarin toplamda 65 cins, 33
familya, 20 takim ve 4 sinifta gruplandig1 goriilmiistiir.

Calismada kizilgam verimliligi ile ¢esitlilik iliskisine
bakildigindan orneklemeler kizilgam alanlarinda
gerceklestirilmistir. Bulunma yiizdesi olarak kizilgamdan
sonra en ¢ok tespit edilen tiirler Quercus coccifera L. ve
Cistus creticus L.’dir. En az tespit edilen tiirler ise Allium
cepa L., Ampelopsis orientalis (Lam.) Planch ve Ballota
nigra L.’dir. Taksonlar igerisinde bulunma ylizdesi en fazla
ve en diisiik olan 10 tiir Sekil 1°de sunulmustur.

snif [l 4
Takam [N 20
Familya | 33

cins [ 5

o 10 20 30 40 50 60 70
Sekil 1. Ornek alanlarda tespit edilen taksonlarin taksonomik
seviyelerinin sayilar (adet)

Ornek alanlarda tespit edilen tiirlere ait olarak Shannon
ve Simpson g¢esitlilik hesaplamalari gergeklestirilmistir.
Cesitlilik indeksleri itibariyle minimum, maksimum ve
ortalama ¢esitlilik degerleri Cizelge 1°de sunulmustur.

Cesitlilik degerlerinin hesaplanmasinin ardindan bonitet
degerleri 75 yasa endekslenerek hesaplanmistir ve 5 bonitet
grubuna gore smiflandirilmistir (Erkan, 1996; Carus ve Catal
2007; Sonmez vd., 2015). Bonitet siiflarinin 6rnek alanlara
gore ylizdesel dagilimlari ile her bir bonitet grubunun
ortalama ¢esitlilik indeksi degeri Cizelge 2°de verilmistir.

Cizelge 2 incelendiginde Shannon ¢esitlilik indeksi
bakimindan en yiiksek ¢esitlilik degerine sahip grubun II.
bonitet oldugu, onu sirastyla V, III, IV ve 1. bonitet alanlarin
takip ettigi tespit edilmistir. Simpson ag¢isindan ise ortalama
cesitlilik degerinin en yiiksek oldugu alanin benzer sekilde I1.
bonitet oldugu onu sirasiyla V, III, I ve IV. bonitet alanlarin
takip ettigi goriilmiistiir. Kruskal-Wallis testi, istatistiksel bir
hipotez testi yontemidir ve bagimsiz gruplar arasinda
istatistiksel olarak anlamli farklar olup olmadigini belirlemek
icin kullanilir. Bu test, grup dagilimlarma ait medyanlar
arasinda fark olup olmadigini degerlendirmek amaciyla ve
gruplarin normal dagilima sahip olmadig1 veya gruplarin
varyanslar1 esit olmadigi durumlarda tercih edilen bir
yontemdir (McKight ve Najab, 2010; Uysal ve Kilig, 2022).
Bonitet gruplar arasindaki gesitlilik indeksi degerleri i¢in
uygulanan analiz neticesinde hem Shannon (p=0.041) hem de
Simspon (p=0.031) cesitlilik indeksi degerleri bakimmdan
gruplar arasinda istatistiksel acidan anlamli farkliliklar
oldugu (p<0.05) goriilmiistiir (Sekil 3).

Cizelge 1. Minimum, maksimum ve ortalama cesitlilik
degerleri

Minimum Maksimum Ortalama
Shannon 1.709 2.987 2.422
Simpson 0.765 0.945 0.890

Cizelge 2. Bonitet siniflarinin yiizdesel dagilimlari ile bonitet
siniflarina karsilik gelen ortalama cesitlilik indeksi degerleri

Bonitet Ornek alan sayis1 __ Ortalama gesitlilik indeksi degerleri
siniflar Adet Yiizde Shannon Simpson

| 36 % 36 2.284 0.879

1 20 % 20 2.582 0.91

11 18 % 18 2.381 0.888

\Y 17 % 17 2.346 0.877

\Y 10 % 10 2.449 0.891
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%1.98
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Sekil 2. Ornek alanlardaki bulunma yiizdesi en yiiksek (a) ve en diisiik (b) olan 10 tiir

Sitelndex E3 1 " mE w v

Shannon

Simpson

Sitelndex E3 1 = 0 wElw v b

0.95

0.90

0.80

I } v v

n
Site Index Value

I I v v

1]
Site Index Value

Sekil 3. Bonitet siniflarma ait Shannon (a) ve Simpson (b) cesitlilik indeksi degerleri i¢in uygulanan Kruskal Wallis testi

sonuglari

Sekil 3 incelendiginde hem Shannon hem de Simpson
cesitlilik indeksi degerleri bakimindan IV. bonitete ait grup
ortalamalariin nispeten daha farkli oldugu goriilmiistiir.
Sekil 3a itibariyle Shannon c¢esitlilik indeksi i¢in V. grup
ortalamalarinin da grup ortalamalari bakimindan farkliliga
sahip oldugu tespit edilmistir.

Temel bilesenler analizi sonuglarina gore 6zdeger ve
varyans degerleri itibariyle 1, 2 ve 3. bilesenler iizerinden
degerlendirmelerin yapilabilecegi goriilmistiir. Soyle ki,
bilesenler lizerinden yorumlarin yapilabilmesi i¢in 6zdegerin
% 1’den varyans agiklama oranmin ise %10 dan yiiksek
olmasi beklenir. Dolayisi ile sadece ilk ii¢ eksen bu kosullari
saglamaktadir (Cizelge 3).

Bilesenlerden ilk iigiiniin gerekli kosullart saglamasina
kargin Shannon ve Simpson ¢esitlilik degerlerinin en yiiksek
korelasyonu bilesen 1 ile gosterdigi tespit edilmistir (Cizelge
4). Dolayist ile gesitliliklere ait degerlendirmeler bilesen 1
iizerinden yapilmistir.

Cizelge 3. Temel Bilesenler Analizi’ne ait varyans ve 6zdeger
sonuglari

Ozdeger Varyans Kiimiilatif varyans
Bilesen 1 2.362 33.745 33.745
Bilesen 2 1.541 22.020 55.765
Bilesen 3 1.143 16.323 72.088
Bilesen 4 0.902 12.880 84.968
Bilesen 5 0.815 11.638 96.606
Bilesen 6 0.200 2.857 99.463
Bilesen 7 0.038 0.537 100

Cizelge 4. Cesitlilik ile gevresel degiskenlerin bilesenler ile
korelasyon degerleri

Bilesen 1 Bilesen 2 Bilesen 3
Shannon 0.925 0.061 -0.215
Simpson 0.921 -0.003 -0.196
Egim -0.315 0.261 0.237
Radyasyon indeksi -0.018 0.265 0.746
Yiikselti -0.587 -0.501 -0.391
Biol -0.008 0.922 -0.177
Biol2 0.464 -0.546 0.512
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Cizelge 4’ten goriildiigii lizere bilesen 1 ile en yiiksek
korelasyon gosteren degiskenler yiikselti, Biol2 ve egimdir.
Bu degiskenlerden yiikselti ve egim cesitlilik degerleri ile
negatif iliskiye sahipken, Biol2 pozitif iliski gostermistir.
Degiskenleri ¢esitlilik indeksleri {izerinden yorumlarken ayni
zamanda  bonitet  indeksi  gruplarina  gére  de
degerlendirebilmek icin temel bilesenler analizine bonitet
indeksi degerleri sinif degiskeni olarak aktarilmistir (Sekil 4).

Sekil +’ten goriildiigii tizere bilesen 1 {izerinde egim ve
yiikselti degiskenleri g¢esitlilik degerlerinden ters yonde
konumlanmustir. Ayni zamanda bu degigkenler I. ve I1. bonitet
indeksi degerlerine sahip alanlar ile aym bolgede
konumlanmistir. Dolayist ile bu sonuglar caligma alani
icerisinde verimliligin yiikselti ile pozitif korelasyon
gosterdigini isaret etmektedir. Tiir cesitliligi ile verimlilik
arasinda pozitif iliski oldugunu ortaya koyan yapilmis
calismalar bulunmaktadir. Ornegin Giiner vd. (2011a)
tarafindan yapilan ¢alismada da sarigam tiirliniin verimliligi

PCA - (Bilesen1 and Bilesen2: 55.765%)

Bilesen2 (22.020%)

Bilesen1 (33.745%)

ile bitki tiir gesitliligi arasinda pozitif bir iliski tespit
edilmigtir. Yine Giiner vd. (2011b) tarafindan karacam
lizerine yapilan ¢alismada da karagam tiirli verimliligi ile
odunsu tiir zenginligi arasinda pozitif bir iliski tespit
edilmigtir. Daha 6nce Grace vd. (2007) tarafindan yapilan
calismada ise tiir ¢esitliliginin verimlilik ile pozitif iligkiye
sahip olabilecegi ancak ¢evresel etkilerin verimlilik ¢esitlilik
lizerinde ne Olciide etkili olabileceginin belirsizligini
korudugu belirtilmistir. Sekil 3 incelendiginde yiikselti ve
egim ile negatif korelasyon gosteren yillik toplam yagis
(Bio12) degiskeni Kruskal-Wallis testi sonuglarina gore
bonitet indeksi degerleri bakimindan diger gruplardan
istatiksel olarak farkli gruplanan IV. ve V. bonitet ile ayni
bolgede konumlanmistir. Bagka bir ifade ile ¢aligma alan
icerisinde yillik toplam yagisin yiiksek oldugu alanlarin
kizilgam tiirli i¢in daha verimsiz alanlar1 temsil ettigi
gOriilmiistiir.

- - -
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4. Sonug ve oneriler

Asli orman agaci tiirlerinin verimlilikleri ile tiir ¢esitliligi
arasinda yapilan ¢alismalardan ortaya cikan genel kani
iligkilerin  pozitif ydnde oldugudur. Ancak yapilan
calismalardan tespit edilen iliskilerin istatistiksel anlamda
¢ok yiiksek olmadigr dikkat ¢ekmektedir. Tiir ¢esitliligi
ekosistemlerin verimliligi noktasinda nis bir fonksiyona
sahiptir. Bu iligkilerin temel c¢ercevesini ekosistemler
icerisindeki rekabetci yaklagim olusturmaktadir. Bu rekabetgi
yaklasim dogrultusunda verimlilik ¢esitlilik iliskilerinin
kiiciik Olcekli alanlarda veya Orneklemlerde sorgulanmasi
belirsizligin tam anlamiyla ¢o6ziilmesini kisitlamaktadir.
Ancak gergeklestirilen bu ¢aligmada endiistriyel anlamda
onemli bir tiir olan kizilgamin verimliligi ile ¢esitliliginin
yliksek oldugu tespit edilmistir. Dolayis: ile tiiriin odun
hammaddesi olarak kullanimi1 sebebiyle gerceklestirilecek
olan silvikiiltirel ¢aligmalarda ¢esitliligin  mutlaka
gozetilmesini  zaruri  kilmaktadir. Bu noktada ise
kullanilabilecek en etkili araglar modelleme ¢alismalaridir.
Modelleme c¢alismalar1 ile elde edilecek ¢esitlilik
haritalarinin orman ekosistemlerine yonelik planlamalara
dahil edilmesinin ekolojik anlamda uygulanabilecek en etkili
¢Oziimlerden birisi oldugu diisiiniilmektedir.
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A bibliometric evaluation on furniture joints studies

Samet Demirel*” 2, Hande Eyiiboglu®

Abstract: Furniture joint one of the most critical point in furniture construction and it is one of the most governor part of the
furniture construction. Therefore, many studies focuses on furniture joint from USA to China. This study aims to reveal the current
structure of studies conducted in the literature on furniture joints. The study is structured in three basic stages. Firstly, a
comprehensive literature study on furniture joints was carried out. Then, the sample of the study was determined as 253 articles
with the keyword furniture joint in the Web of Science database. In the third stage, bibliometric analyzes were carried out.
VOSviewer and Biblioshiny programs were used in the analysis, and the sample group was determined according to some
parameters such as country, author, study year, university and study name. The results indicated that 2018 was the year for the
highest numbers of furniture joint studies. Eckelman, Zhang, and Erdil were the pioneers authors on furniture joints studies. USA
and Canada were the first countries where furniture joints studies initiated. Currently, Tiirkiye is the leading country on furniture
joint studies, and China is getting popular country in the subject of the study. Besides, Purdue University and Mugla Sitki Kocman
University is the accommodations which published the highest number studies on furniture joints. Additionally, the biometric
analisys of the study showed that Forest Products Journal published the highest number furniture joint papers.

Keywords: Furniture joints, Bibliometric analysis, Tiirkiye

Mobilya birlesim ¢alismalari iizerine bibliyometrik bir degerlendirme

Ozet: Mobilya birlestirmeleri, mobilya yapimindaki en kritik noktalardan biri olup mobilya yapimimin en gok dikkat edilmesi
gereken kisimlardan biridir. Bu nedenle, ABD'den Cin'e kadar birgok ¢aligma mobilya birlestirmelerine odaklanmaktadir. Bu
calisma, literatiirde mobilya birlestirmeleri iizerine yapilan ¢aligmalarin mevcut yapisini ortaya koymay1 amaglamaktadir. Caligma
iic temel agamada yapilandirilmustir. Tk olarak mobilya birlestirmeleri iizerine kapsamli bir literatiir galismasi gerceklestirilmistir.
Ardmdan ¢alismanin 6rneklemi Web of Science veri tabaninda mobilya birlestirmeleri anahtar kelimesi ile 253 makale olarak
belirlenmistir. Ugiincii asamada ise bibliyometrik analizler gergeklestirilmistir. Analizlerde VOSviewer ve Biblioshiny programlari
kullanilmig ve 6rneklem grubu iilke, yazar, calisma yili, iiniversite ve ¢alisma adi gibi bazi parametrelere gore belirlenmistir.
Sonuglar, 2018 yilinin en fazla mobilya birlestirme ¢aligmalarinin yapildig: yil oldugunu gostermistir. Eckelman, Zhang ve Erdil
mobilya birlestirmeleri ¢aligmalar1 konusunda 6ncii yazarlar olmuslardir. ABD ve Kanada mobilya birlestirme ¢aligmalarinin
bagladig1 ilk iilkeler olmustur. Su anda, Tiirkiye mobilya birlestirme c¢alismalarinda lider iilke konumundadir ve Cin ¢aligma
konusunda popiiler bir iilke haline gelmektedir. Ayrica Purdue Universitesi ve Mugla Sitki Kogman Universitesi mobilya
birlestirmeleri konusunda en fazla ¢aligma yaymlayan kuruluglardir. Ayrica, ¢aligmanin biyometrik analizi, Forest Products

Journal'n en fazla sayida mobilya birlestirme makalesi yaymladigini gostermistir.
Anahtar kelimeler: Mobilya birlestirme, Bibliyometrik analiz, Tirkiye

1. Introduction

Furniture, an integral part of human existence, has
evolved over millennia to meet customers’ ever-changing
needs for comfort, aesthetics, and functionality. While the
basic raw material of the furniture industry has been solid
wood as furniture elements for years, developing technology
has enabled the use of wood-based composite materials such
as particleboard, MDF (medium density fibreboard) and
plywood in furniture production (Kaya, 2018; Koksal and
Kelleci, 2020).In joining furniture elements to each other,
traditional techniques such as dowel and mortise-tenon joints
have begun to be replaced by Ready-to-Assembly joints with
mechanical fasteners, which are installed in houses or offices
and their use is rapidly becoming widespread (Kasal, 2004;
Karaman et al., 2020). Typically, furniture is made using

either the frame (skeleton) approach, the case (panel-type)
technique, or a blend of both, referred to as the enrich method
(Kasal et al., 2020). Similar to everything that has changed
since history, furniture also changes (Yi1lmaz Aydin, 2022).
The crucial aspects of furniture construction revolve
around the joints. In contemporary industrialized nations, the
application of all-wood joints is predominantly confined to
the production of high-end custom furniture. Conversely,
joints employed in mass-produced furniture predominantly
rely on adhesives or fasteners manufactured from steel or
diverse polymers. These alternatives demand less complex
manual work, making them generally more straightforward
and cost-effective to manufacture and assemble compared to
traditional methods. Commonly utilized joints in modern
industrial furniture contain adhesives, dowels, screws, nuts
and bolts, and cam connectors (Braun, 2021). These joints
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can be established using various types of joints, including
glued and unglued varieties. Examples of glued joints include
dowels and mortise and tenon joints, while non-glued joints
encompass nails, screws, metal fasteners, and plastic
connectors. Fasteners for ready-to-assemble (RTA) furniture
joints are gaining popularity steadily, particularly for their
convenience in shipping and transportation (Kasal et al.,
2023).

Throughout history, an array of joint types have been used
(Segovia and Pizzi, 2009), each with its own merits and
shortcomings. These joints range from dovetail and mortise-
and-tenon joints to metal fasteners such as screw or staple.
The choice of joint type is influenced by factors such as the
intended use of the furniture, material selection, aesthetic
considerations, and production methods. As a result, the
science and art of furniture joint design have witnessed
continuous evolution.

Furniture joints play crucial roles in furniture
construction, serving essential purposes related to strength,
technology, and the operational and aesthetic aspects. This
has been affirmed through extensive literature, which has
examined how various factors affect the strength of
constructional furniture joints. These factors include the type
of joint, the materials used in the composite, the adhesive
employed, and their effects on the distribution of stress
(Kociszewski, 2005; Smardzewski and Papuga, 2004).

People live in the digital age, therefore furniture industry
also move trend of using computer technology. The new
furniture production is based on computer numerical control
(CNC), computer aided-design (CAD) and so on (Ke and
Ruimin, 2009). Besides, the field of furniture joint research
has experienced a resurgence of interest, driven by a
confluence of factors such as advances in materials science
CAD, and the growing emphasis on sustainable and eco-
friendly furniture production. Moreover, the increased
demand for furniture with superior strength, stability, and
adaptability has necessitated the exploration of novel joint
designs and the refinement of traditional ones (Hidayetoglu
and Yildirim, 2017).

Furniture joint studies contribute to the ongoing discourse
on design and durability. They presents a comprehensive
review of existing joint types, highlighting their strengths and
weaknesses, and explores emerging trends in joint
technology. Furthermore, this research investigates the
impact of various factors, including material properties,
environmental conditions, and load-bearing requirements, on
the performance of furniture joints. By combining theoretical
analysis with practical experimentation, these studies seek to
provide a holistic understanding of the key considerations in
optimizing furniture joint design.

Bibliometric analyses enable the identification of present
patterns in research and the exploration of connections
between different research domains. Conversely, these
analyzes reveal tendencies in the field by allowing a broader
perspective on the field of study (Samiee and Chabowski,
2012; Verma and Gustafsson, 2020). Bibliometric analysis
studies conducted on large data sets provide information
about developments in the field of research, scientific
productivity, country/author collaborations, and global and
local contributions (Baker et al., 2021).

In this paper furniture joint studies were evaluated
according to some parameters such as years of study, authors
name, author citation, country, university, and publishing
journal. Therefore, a bibliometric evaluation was carried out

on furniture joint in order to see who is working what around
the world. Through this extensive analysis, it is aimed to
provide a valuable resource for reader, designers, craftsmen,
engineers, and researchers involved in furniture design and
manufacturing. This scientific paper also aimed to provide a
comprehensive analysis of advancements in furniture joint
design.

2. Material and methods

Figure 1 shows the bibliometric analysis and three basic
steps. In the first step, a comprehensive literature review was
conducted regarding furniture and furniture joints details.
The literature review was used to create the conceptual
framework and identify the limitations of the study. The
second step was to determine the sample and design in four
stages. First, the database was determined. In bibliometric
analyses, data was downloaded from various databases such
as Web of Science, Scopus, Dimension, and PubMed. In
selecting the database within the scope of the study, care was
taken to include a data set that represents the literature. Web
of Science was chosen as the database within the scope of the
study, considering its widespread use, comprehensive
indexing speed, user-friendly interface, ease of access to
current research data, and wide documentation and search
options. Web of Science, one of the oldest and most widely
used databases in the world, is a daily updated database
containing studies conducted since the 1900s. Then, in order
to obtain the studies in the literature on the subject of the
study, "furniture joint" was determined as the keyword group
that best expresses the literature. Afterwards, a search was
carried out in the title, abstract and keywords of the studies in
the Web of Science database. As a result of the search, 568
studies were found. Considering that the studies found are
related to various different disciplines, the search result was
limited to the categories "Forestry" and "Material Science
Paper Wood" in order to obtain reliable and directly related
data. Then the search was repeated and 280 studies were
identified. Finally, the results obtained were limited to
"article" and "review article", which are thought to be a more
effective publication type in guiding the academic field, and
253 articles were determined as the sample of the study.

In the third step of the study, bibliometric analyzes of the
sample group were conducted. Bibliometric analysis is
defined as the evaluation of studies on a determined field
using statistical and mathematical techniques (Pritchard,
1969; Borgman and Furner, 2002; Andrés, 2009). On the
other hand, bibliometric analysis determines the conceptual,
social and intellectual structure of the field by measuring
various research components such as author, year, keyword,
citation, country and the relationships among these
components (Aria and Cuccurullo, 2017; Gutiérrez-Salcedo
et al., 2018). In addition, it allows to reveal the evolution of
the research subject over time and the current situation
dynamics. The main purpose of bibliometric analysis, which
allows looking at the research topic from a broad perspective,
is to recognize, understand and evaluate the literature in the
field (Samiee and Chabowski, 2012). In addition,
bibliometric analysis of the obtained data can be done
manually or through various programs such as VOSviewer,
Biblioshiny, CiteSpace, Pajek, due to the rapid increase in
scientific information production in recent years.
Bibliometric analyzes are more preferred today, considering
the ability to analyze large data sets quickly, low margin of
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error, and saving time and resources. On the other hand,
analysis programs offer various network analyzes and
visualizations (Cobo et al., 2011; Chadegani et al., 2013;
Baker et al., 2021; Donthu et al., 2021). In this study,
bibliometric analyzes were carried out in two stages:
performance analysis and science mapping in VOSviewer
and Biblioshiny programs, which are compatible with the
Web of Science database and have various visualization
possibilities. As a performance analysis of the data set
specifically for the study, the contribution of year, author,
country, university and journal to the field was revealed using
metrics. On science maps, network visualizations were made
for author and country collaborations.

3. Results and discussion

Figure 2 shows furniture joint studies according to the
years. Based on the figure, the dissipation according years on
the furniture joint studies has increased at recent years.
Maximum furniture publication was reached in 2018 until
Covid-19 pandemy which is right before 2019. Covid-19
pandemy may have negatively effected the studies based on
due to decrease after 2018 as shown in Figure 2.

Figure 3 shows the name of authors who have been
working on furniture joint studies. As shown in the Figure 3,
C.A. Eckelman is the author who started furniture joint
studies first and he was followed by J. Zhang who got started
publishing such papers at the beginning of 1990’s.
Smardewski started furniture joints studies at the end of
1990’s. Figure 3 illusrates that most of studies started
publishing these studies in the beginning of millenium. Dr.
Demirel, author of this study, started his furniture joint
studies in 2014.

Figure 4 shows the citations of authors who studied on
furniture joints. Based on the figure, Eckelman, Zhang and
Erdil are earliest authors who were cited by other studies.
These are followed by Mohammad, Kasal, Haviarova, Quin,
Tankut, Ertan, Frederiksson, Kamperidou, Kouzimu, Madriz-
Quiros. The lastest authors who have been cited recently on
furniture joint studies are Wengang, Demirel, Zhu, Genchev,
Milch, Gric, Bayatkashkoli, Zhu, Polacik. Figure 5 illustrates
furniture joints studies according to countries around the
world.

As shown in Figure 5, Tiirkiye is the number one country
where the most furniture joint studies has been carried out
and published so far. This is being followed by USA, China,
Poland, Czech Republic, Iran and so on. Figure 6 also shows
the connection among countries on furniture joint studies.
Based on the figure, Tirkiye seems a bridge similar to its
georaphical location between the continents of Europe and
Asia. Then USA and China seems the other bigger countries
where most of furniture joints studies have been carried out.

As shown in Figure 7, the studies on furniture joints has
been started around 2000’s in USA, Canada based on time
scale in left corner of Figure 7. Later Tiirkiye, Poland, Iran,
Crotia, Slovakia, Bosnia and Herseg, France, England
showed up based on the scale in the figure. Chine seems the
lastest and recent country where furniture joints studies have
become popular among the colleagues or scientists. Figure 8
illustrates furniture joint studies based on university names
around the world.
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As seen in Figure 8, Mugla Sitki Kocman University in
Tiirkiye and Purdue University in USA are the universities
where most of published work on furniture joints is observed.
All these are followed by Mississippi State University,
Nanjing University, Gazi University, Poznan University of
Life Science, University of Tehran, Bulent Ecevit University,
Czech University of Life Science, Ege University, University
of Zagrep, Karadeniz Technical University, Laval University,
Akdeniz University, Bartin University, Technical University
Zloven, Mendel University in Brno, Annui Agricultural
University, Karabiik University, Kastamonu University,
Yalova University, Buckinghamshire New University. For

61

overall consideration, ten universities from Tirkiye are the
intitutions where the most furniture studies has been carried
out and published. Additionally, two universities from USA,
one universities from China, Poland, Iran, Crotia, Canada,
Check Republic, Slovakia, Finland, and England published
such studies. Figure 9 shows the journal names where the
furniture joint studies are published.
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As shown in Figure 9, Forest Products Journal with 58
papers is the most furniture joint study publishing journal so
far. This is followed by BioResources, Wood Reserach,
Drvna Industrija, Wood and Fiber Science, and Kastamonu
University Journal of Forestry Faculty with the publication
number of 47, 22, 19, 15 and 10, respectively. The other
journals with the name of Holz Als Roh Und werkstoff,
Maderas Ciencia Y Tecnologia, Eurpoean Journal of Wood
and Wood Products, Wood Science and Technology, Acta
Facultatis Zilologiae Zloven, Wood Material Science,
Forests, Journal of Forest Research, Journal of Wood
Science, Mokuzai Gakkishi, Drewno, Bamboo the Multi
Purpose Plant, Drewno Wood, Forest Ecology and
Management, Holzforshung, Innovation ForestryTerritorial
and Value Chain Realtionship have published several
funiture joint studies.

Figure 10 shows keywards related the topic on the right,
the authors in the middle and keywards assigned by database
on the left. As shown in the figure, the main keyward is
furniture joint on the right top and strength is the main
keyward in the left top. This results also showed that how
furniture joints is related with strength in a furniture
construction because the strength performance of an
upholstered furniture frame depends heavily on the joints that
hold its structural members together (Zhang et al., 2001; Erdil
et al., 2003; Demirel et al., 2018).

4. Conclusions

In this study, a bibliometric evaluation of the furniture
joint studies were considered according to years of study,
authors name, author citation, country, university, publishing
journal. With this study, the important parameters were
highlighted. Accordingly, following outputs were revealed
with the bibliometric analysis of current researches.

e The most of furniture-related publications was achieved in
2018.

e The earliest authors cited by other studies are Eckelman,
Zhang, and Erdil.

e Tiirkiye stands out as the leading country in terms of
conducting and publishing the most studies on furniture
joints. Notably, research on furniture joints appears to have
gained momentum around the 2000s, with the United States
and Canada being among the earliest contributors, followed
by Tiirkiye, Poland, Iran, and Croatia. China appears to be
the most recent entrant to the field of furniture joint studies

e Mugla Sitki Kocman University in Tirkiye and Purdue
University in the USA have produced a significant portion
of the published work on furniture joints among other
countries.

e Among the all journals, the Forest Products Journal has
emerged as the primary publication journal for research on
furniture joints.

e This study revealed that how furniture joint is strongly
related to strength.

e This study showed that how the insterest of the science such
as focusing on furniture joint studies started to move from
western countries to eartern countries.
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Perde duvarlarin yanal yiik dayanim iizerine kaplama elemani ve yahtim

malzemesinin etkKisinin arastirilmasi

Duygu Yiicesoy?

, Okan ilhan® ©, Abdullah Ugur Birinci®* 2, Cenk Demirkir?

Ozet: Hafif karkas ahsap yap1 sistemlerinde perde duvarlar; masif malzemenin genellikle kullanildig: iskelet sistemi, kaplayici ya
da ortiicii eleman ve baglanti elemanlarindan olugmaktadir. Kaplama eleman olarak, deprem ve riizgér gibi yapinin yer degistirerek
ugradig yatay deformasyona direng gostererek ¢okmesini engelledigi igin kontrplaklar kullanilmaktadir. Perde duvarin yapisal
ozelliklerini ve kontrplaklarin teknolojik dzelliklerini etkileyen birgok faktdr bulunmaktadir. Agag tiirii, levha kalinliklari, 1if yonii,
kusurlar, baglant1 elemanlarinin tiirli, konumu ve aralarindaki mesafeler gibi faktorler, perde duvarin dayanikliligi, mukavemeti ve
yatay deformasyon miktari lizerinde etkilidir. Bu faktorlerin bir araya gelmesi, perde duvarin genel performansini ve yatay
deformasyon miktarini belirlemektedir. Bu ¢alismada, yanal yiik altindaki perde duvarlardaki yatay deformasyon miktarlarinin
belirlenmesi amaglanmstir. Caligma, karacam ve ladin agag tiirlerinden yapilan kontrplak kapli perde duvarlarda yapisal ve
teknolojik faktorlerin etkisini incelemektedir. Arastirmada, agag tiirii (karagam ve ladin), kontrplak levha kalinliklari, lif yonelimi
(liflere dik ve paralel), kusurlar, baglanti elemani 6l¢iisii (6d ve 8d) gibi bir dizi degisken degerlendirilmektedir. Perde duvarlarda
kullanilan yalitim malzemeleri (Ekstriide Polistiren (XPS), Ekspande Polistiren (EPS) gibi) de dikkate alinmig ve yanal yiik
altindaki yatay deformasyon miktarlari belirlenmistir. Aragtirma sonuglari, karagam kontrplaklarla kaplanan perde duvarlarin genel
olarak ladinlere gore daha fazla yatay deformasyona ugradigini ve liflere paralel olarak iiretilen perde duvarlarin genellikle daha
yiiksek yatay deformasyon degerlerine sahip oldugunu gostermistir.

Anahtar kelimeler: Kontrplak, Perde duvar, Yatay deformasyon

Investigation of the effect of cladding element and insulation material on lateral
load resistance of shear walls

Abstract: Shear walls in lightweight carcass timber construction systems; The skeleton system, in which solid material is generally
used, consists of covering or covering elements and fasteners. As a covering element, plywood is used because it resists the
horizontal deformation of the structure, such as earthquake and wind, and prevents it from collapsing. There are many factors that
affect the structural properties of the curtain wall and the technological properties of plywood. Factors such as wood type, board
thicknesses, fiber direction, defects, type of fasteners, location and distances between them are effective on the durability, strength
and amount of horizontal deformation of the shear wall. The combination of these factors determines the overall performance of
the shear wall and the amount of horizontal deformation. In this study, it was aimed to determine the amount of horizontal
deformation in shear walls under lateral load. The study examines the impact of structural and technological factors on plywood
shear walls made of black pine and spruce wood species. The research evaluates a number of variables such as wood type (black
pine and spruce), plywood board thicknesses, fiber orientation (perpendicular and parallel to the fibers), imperfections, fastener
size (6d and 8d). Insulation materials used in shear walls (such as Extruded Polystyrene (XPS), Expanded Polystyrene (EPS)) were
also taken into consideration and the amount of horizontal deformation under lateral load was. The results of the research showed
that shear walls covered with black pine plywood generally undergo more horizontal deformation than spruce, and shear walls
produced in parallel with the fibers generally have higher horizontal deformation values.

Keywords: Plywood, Shear wall, Horizontal deformation

2024, 25(1): 64-70 | Research article (Arastirma makalesi)

1. Giris

Depremler; dogal afetlerin en yikici bigimlerinden birisi
olup, yasamlar, altyapilar ve halk saghigini etkileyen en
o6nemli doga olaylarindan birisidir (Ghamry vd., 2023;
Mavrouli vd., 2023). Tiim diinyada oldugu gibi iilkemizi de
tehdit eden en onemli dogal afetler arasindadir (Ozer ve
Kusak, 2021). 1999 yilinda iilkemizde meydana gelen
deprem, biiyiik bir can ve mal kaybma sebep olmustur. Bu
olaymn ardindan, deprem bilincinin artirtlmasi ve depreme
dayanikli yapilarin gelistirilmesi i¢in ¢aligmalara biiyiik

onem verilmistir. Bagbakanlik Afet ve Acil Durum Y 6netimi
Bagkanligi, 2012-2023 Deprem Stratejisi ve Eylem Plan
kapsaminda, depreme dayanikli binalarin tasarimi, malzeme
kullanim1 ve standartlariyla ilgili ¢aligmalari destekleme
karar1 alinmigtir. Bu plan, ulusal diizeyde depreme dayanikli
yapilarin ingas1 ve gelistirilmesine yonelik ¢esitli tedbirlerin
ve yonergelerin belirlendigi bir stratejiyi icermektedir. Bu
caligmalar, 6zellikle deprem riski yiiksek bolgelerde yasayan
insanlarin giivenligi ve yapilarm dayanikliligini artirmayi
hedeflemektedir (AFAD, 2013). 6 Subat 2023’te tilkemizde
¢ok fazla can (resmi rakamlara gore 50 000’den fazla 6liim)
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ve mal kaybina sebep olan iki bilyliikk deprem meydana
gelmistir (Jiang vd., 2023). Depremin etki alani i¢inde kalan
bolgede toplamda 2 618 697 bina bulunmakta ve Tirkiye
ekonomisi tizerindeki yiikii yaklasik 103,6 milyar dolar
diizeyindedir (Akgiil ve Etli, 2023). 6 Subat 2023
Tiirkiye’nin Giliney Bolgesi’'nde meydana gelen depremde,
bolgede betonarme tastyict sisteme sahip yapilarin %86,7’si
binalardan %95,4°1i dairelerden, celik tasiyici sisteme sahip
yapilarin  %2,4’4 binalardan %0,4’i dairelerden, yigma
tastyic1 sisteme sahip yapilarm %3,5’1 binalardan %1,3’1
dairelerden, prefabrik tastyici sisteme sahip yapilarin %3,6°s1
binalardan %0,6’s1 dairelerden ve ahsap, karma veya
tanimlanamayan  tastyict  sisteme  sahip  yapilarin
%3,9’u.binalardan %2,3’ii dairelerden olugsmaktadir. Deprem
sonunda 35 355 bina yikilmig ve 179 786 bina agir hasarl
olarak belirlenmistir (T.C. Cumhurbagkanligi Strateji ve
Biit¢e Bagkanligi, 2023). Deprem bolgelerindeki binalarin
tastyic1 Ozelligi betonarme agirlikli olup yiizdelik dilimin
biiyiik bir boliimiinii kargilamaktadir. Ahsap tastyici sisteme
sahip binalarm yiizdelik kismu cok kiiglik degerlerde
kalmistir. Fakat ABD, Kanada, Japonya ve Avustralya gibi
deprem riski tasiyan iilkeler, ilerleyen teknoloji
imkanlarindan faydalanarak ahsap yapi ingasina devam
etmislerdir (Gezer vd., 2021).

Ulkemizde depremler sonucunda biiyilk can ve mal
kayiplar1 yasanmis ve bu nedenle gelecekte benzer kayiplarin
onlenmesi amaciyla ahsap yapilar tercih edilmesi gerektigi
vurgulanmigtir  (Demirkir, 2012). Hafif ¢ergeveli ahsap
yapilar, Kuzey Avrupa ve Kuzey Amerika'da diisiik katli
konutlardan kamu binalarina, ticari ve endiistriyel yapilara
kadar genis bir alanda deprem ve riizgar gibi ani yanal
yiiklerle basa ¢ikabilme kabiliyetleri nedeniyle yaygin olarak
tercih edilmektedir (Liu vd., 2021). Fakat, iilkemizde ahsap
yapilar ¢ok eski bir tarihe sahip olmalarina ragmen terk
edilmistir. Son donemde ise ahsap yapilar, insaat sektdriinde
karbon ayak izini azaltmaya yonelik cabalara, deprem
riskine, ¢evresel kaygilara, iklim degisikligi ile miicadeleye
ve ahsap yapi endiistrisindeki teknolojik gelismelere bagli
olarak onemli bir alternatif yap1 malzemesi olarak yeniden
degerlendirilmektedir. Ayrica devlet desteklerindeki artis da
ahsap yapilarin tercih edilmesini tesvik etmektedir.

Deprem bolgesinde, sismik yiikleri absorbe etmek ve
biiyiik yer degistirmeleri engellemek amaciyla perde
duvarlar, tasiyici sistem olarak tercih edilmektedir (Garip ve
Eren, 2022). Depreme dayanikli yapi tasariminda tercih
edilen perde duvarlar, deprem ve riizgér gibi yatay yiiklerle
basa ¢ikabilme yetenekleri nedeniyle yapisal tasiyici eleman
olarak kullanilmaktadir (Deger vd., 2023). Perde duvarlarda
deprem sonrasi goriilen hasarlar genellikle kesme, egilme ve
kayma hasar1 seklindedir. Perde duvarlar, c¢ercevelere
yerlestirilen boyutsal kerestelerin kolon ve kirig olarak
kullanildig1 yapr1 sistemleridir. Bu gergevelere ¢esitli baglanti
elemanlariyla monte edilen kontrplak veya OSB gibi yapisal
ahsap levhalar, perde duvarlara siineklik ve rijitlik
kazandirarak yapmin dayanikliligini artirir ve ani kuvvetleri
biitiin yapiya dagitarak etkisini azaltmaktadir (Van De Lindt
ve Walz, 2003). Ozellikle ¢at1 ve zeminlerde olusabilecek
yanal yiikler, perde duvarlar sayesinde kontrol altina alinir ve
cati veya zemin pargalarinin desteklerinden ayrilmasini
engellemektedir ~ (Shadravan ve Ramseyer, 2018).
Aragtirmalar, kontrplak kapli perde duvarlarin ¢imento, algi
ve OSB levhalara gore daha fazla yanal yiike dayanikli
oldugunu ortaya koymustur (Demirkir, 2012). Bu nedenle,
kontrplak kapl: perde duvarlar deprem durumunda yapiyi

¢okmeden tutarak daha fazla deformasyon ve yer degisimi
saglar ve yapiya ek rijitlik katmaktadir (Bott, 2005; Demirkir
vd., 2013). Perde duvarlarin yanal dayanimi, kirilma direnci,
egilme direnci, rijitlik ve siineklik gibi faktorlerden
etkilenmektedir (Demirkir, 2012).

Ulkemizde enerji tiiketimi basta sanayi olmak iizere
konutlarda ve diger alanlarda her yil giderek artmaya devam
etmektedir. Ozellikle konutlarda bu tiiketim daha gok 1s1tma
ve sogutma ihtiyaclarini karsilamada daha fazladir (Ozel ve
Cakmak, 2023). Enerjinin daha verimli kullanilmasi i¢in bina
dis duvarlarina 1s1 yalittiminin uygulanmasi onemli bir
parametredir. Binalarda 1s1 yalitimi sayesinde yaz ve kis
sartlarinda 1s11 konforu saglamak icin tiiketilen enerji
azaltilmis olur. Is1 yaliimi, bir binanin inga agamasindaki
maliyetinin genellikle %1 ile %3 arasinda olmasina ragmen,
uzun vadede enerji tasarrufu ve isletme maliyetlerinde
azalma saglayarak ekonomik bir yatinm olarak
degerlendirilebilir. Yapilan 1s1 yalitimi yatirimi, binanmn
ozelliklerine bagl olarak saglanan enerji tasarrufu ile 2-5 y1l
icinde kendisini amorti edebilir (izoder, 2017). Yapilarda
yaygin olarak kullanilan yalitim malzemeleri arasinda cam
ylini, tag yiinii, genlestirilmis polistren (EPS), ekstriide
polistren (XPS), poliiiretan kopiigii, ahsap yiini, polietilen
kopugii, elastomerik kauguk kopiigii, poliolefin kopigi,
fenol kopiigli, cam kopiigl, genlestirilmis perlit levhalar,
genlestirilmis mantar ve ahsap lifli levhalar bulunmaktadir
(Ozen, 2016). Bu calismada perde duvarlara 2 farkli EPS ve
XPS yalitm malzemesi eklenerek test gruplar
olusturulmustur. EPS, ilk kez 1952 yilinda Alman BASF
firmasi tarafindan retilmis ve 'Styropor' adi altinda diinyaya
tanitilmig yapay bir organik 1s1 yalitim malzemesidir.
Styropor, termoplastik bir malzeme olup, giiniimiizde diinya
genelinde ve Tiirkiye'de ingaat sektoriinde en ¢ok kullanilan
yalitm malzemelerinden biridir (Akinci, 2007). XPS,
polistiren sert kopiigiin banttan cekilerek iiretildigi 6zel bir
tiirdiir. Bu malzemenin hiicre yapilar1 ve dagilim: homojen
bir karaktere sahiptir. Isil iletkenlik katsayilari, EPS'ye
kiyasla daha diisiiktiir. Levhalarin kapali hiicre yapilari, su
emme durumlarini daha da azaltir. Yogunluklar1 25-45 kg/m?
arasinda degisiklik gosterir. Bu malzemenin 6nemli bir
ozelligi, yiiksek basinca kars1 direng gosterme kabiliyetidir.
Ek olarak, su buhari direng faktorleri de yiiksektir. Isil
iletkenlik acisindan; 33 kg/m® yogunlugundaki XPS, A=
0,026 W/mK degerine sahiptir (Akinci, 2007).

Ahsap malzeme kullanilarak insa edilen hafif ¢erceveli
yapilar ve perde duvarlarin yapisal Ozellikleri {izerine
literatiirde birgok ¢aligma bulunmaktadir (Shadravan ve
Ramseyer, 2018; Bagheri ve Doudak, 2020; Way vd., 2020;
Liu vd., 2021).

Bu ¢aligmada, yalitim uygulanan karacam ve ladin agac
tiirlerinden iiretilen kontrplak kapli perde duvarlarin statik
yanal yiik altinda meydana gelen yatay deformasyonlarini
belirlenmesi amaglanmigtir. Bu amag¢ dogrultusunda, farkli
agagc tiirleri, lif yonleri, ¢ivi olgiileri ve yalitim malzemeleri
kullanilarak perde duvarlar tasarlanmis ve bu degiskenlerin
perde duvarlarim yatay deformasyon miktarlart iizerindeki
etkileri incelenmistir.

2. Materyal ve yontem
2.1. Materyal ve kontrplak iiretimi

Bu ¢alismada agag tirleri olarak kontrplak imalatinda
cogunlukla tercih edilen, iilkemizde yetisen igne yaprakl



66 Turkish Journal of Forestry 2024, 25(1): 64-70

agag tiirlerimizden Karagam (Pinus nigra) ve Dogu ladini
(Picea orientalis) agag tiirii olarak se¢ilmistir. Kontrplaklarin
dretimi igin ortalama 40 cm c¢apt olan kaplama iiretim
tomruklart temin edilmistir. Kontrplak endiistrisinde dig
mekanlarda kullanilan fenol formaldehit (FF) tutkal tiirii
olarak tercih edilmistir.

Tomruklar1 soyma islemi, soyma makinesinin yatay
acikliginin kaplama kalinligina oram1 %851 olacak sekilde
ayarlanip, diisey agikligin ise 0,5 mm olarak ayarlanmasi ile
2 mm kalmhgmda ve 1,20x2,40 m boyutunda kaplamalar
dretilmigtir. Daha sonra kaplamalar 110 °C sicaklikta
kurutma islemine tabi tutulmustur. Bu ¢alismada, dort
silindirli bir tutkallama makinesi kullanilarak kaplamalarin
bir yiizeyine 160 g/m? olacak sekilde tutkal c¢ozeltisi
uygulanmistir. Perde duvarlarda kullanilacak kontrplak
kaplama malzemesinin Eurocode 8 (2004) standardina gore
minimum 9 mm kalinlik gerekliligi esas alinmistir. Bu
dogrultuda, 7 tabakali ve 14 mm kalinliginda kontrplak levha
taslagi liretimi gergeklestirilmistir. Levha taslaklari, ¢ok katli
hidrolik pres makinesi kullanilarak preslenmistir. Kontrplak
levhalariin boyutlar1 1,20x2,40 m olarak belirlenmis olup,
presleme iglemi igin sicaklik 140 °C ve pres basinci 8 kg/cm?
olarak ayarlanmigtir. Presleme siiresi, levha kalinlig1 esas
alinarak hesaplanmig ve 7 tabakali, 2 mm'lik kaplamalardan
olusan kontrplaklar i¢in toplamda 14 dakika olarak
uygulanmigtir.

2.2. Yalitim malzemeleri

Bir malzemenin “is1  yaliim malzemesi” olarak
isimlendirilebilmesi i¢in CEN ve ISO standartlar1 geregi 1s1
iletim katsayist (A) degerinin 0,065 W/mK’dan daha kiigiik
olmasi gerekmektedir (Koken ve Kanik, 2022). Buna bagh
olarak 0,065 W/mK degerinin altindaki malzemeler 1s1
yalitm malzemesi, iizerinde olan malzemeler de yap1
malzemesi olarak tanimlanmaktadir (TS 825, 2009; TS EN
13171, 2010).

Bu c¢alismada yalitm malzemesi olarak EPS
(Genlestirilmis polistren) ve XPS (Ekstriide polistren)
kullanilmistir. EPS ve XPS, aym1 temel malzeme olan
polistren recineden {iiretilmis kapali hiicreli sert bir yalitim
malzemesidir (Voith vd., 2023). EPS bir binanin duvarlari
i¢in uzun siireli, kapali hiicre yapis1 sayesinde neme karsi
mitkemmel bir koruma saglamaktadir. XPS de kapali
hiicreler aras1 bosluk yoktur ve bu sayede yapist homojen
olup kolaylikla parcalara ayrilmaz, basinca ve neme karsi
direnglidir (Lassen vd., 2019). EPS ve XPS yalitim
malzemelerinin en fazla kullanim alani insaat sektoriidiir.
Cizelge 1°de EPS ve XPS’nin teknik 6zellikleri verilmisgtir.

Cizelge 1. EPS ve XPS teknik 6zellikleri

Teknik 6zellik EPS XPS
Yogunluk (kg/m®) 16 30
Termal iletkenlik (W/mK) 0,039 0,03
R degeri (Yaklasik 24 °C, m?K/W) 41 5,0
Basing direnci (kPa) 50 100

Levha ebatlar1 (cm) 60x120x3 60x120x3

2.3. Perde duvarlarn iiretimi

Perde duvarin montaji i¢in 0,5x0,1x2,4 m boyutunda
ladin  keresteleri  kullanilarak  ¢erceve  elemanlar
olusturulmustur. Ust ve kenar kisimlarinda ise ikiser keresten
olusan kirigler eklenmigstir. Her bir levha grubunun
gercevesini test etmek i¢in 12 adet kereste kullanilmuis ve her
bir levha grubuna 2 tekrarli sekilde 2 ¢ergeve sistemi
olusturulmustur. Olusturulan her ¢ergeve sistemi, lizerine
1,2x2,4 m boyutunda 2 adet kontrplak levha ¢ivilenerek
tamamlanmigtir. Bu sekilde, 2,4x2,4 m 6lgiilerine sahip perde
duvarlar olusturulmustur. Perde duvarin zeminle olan
baglantisi, beton zeminler i¢in uygun olan baglanti
elemanlariyla saglanmistir. Sekil 1'de perde duvarin deneysel
tasarimi APA (2007) tarafindan gosterilmistir.

Kontrplak levhalart perde duvarlara baglamak i¢in 6d ve
8d civi gibi baglanti elemanlar1 kullanilmistir. Bu ¢iviler,
celikten yivli olarak iretilmis ve hava tabancasiyla rulo
halinde tel dizili olarak temin edilmistir. Civilerin
bagliklarinin ¢aplari 6 mm ve 8 mm'dir. Perde duvarlarin
kaplanmasi igin kontrplak levhalar iki farkl lif yonlendirme
tasarimu kullanilarak uygulanmigstir. Bu tasarimlar Sekil 2'de
gosterilmektedir.

Perde duvarlar {iretildikten ve zemine montaj
tamamlandiktan sonra, kaplanmayan yiizeydeki cerceve
bosluklarina EPS ve XPS levhalar yerlestirilmis ve testleri
gerceklestirilmistir.  Duvarlarin  arka yiizeyini kaplayan
yalitim malzemelerine ait gérseller Sekil 3'te sunulmustur.

Bu calisma kapsaminda, toplamda 2 agac tiirii ig¢in 16
perde duvar grubu olusturulmustur. Her bir aga¢ tiirii igin 2
farkli 1if yonii, 2 farkli ¢ivi Olglisii ve 2 farkli yalitim
malzemesi kombinasyonlar1 kullanilarak bu  gruplar
olusturulmustur. Cizelge 2, ¢alismanin bir pargast olarak

olusturulan  levha  gruplarin1  detayli bir  sekilde
gostermektedir.
Kontrplak panel Civi baglanti noktalan

N I

Sekil 1. Perde duvar deneysel gosterimi (APA, 2007)
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Sekil 2. Kontrplak lif yoniine gore tasarimi yapilan perde
duvarlarin gdsterimi

Sekil 3. Perde duvarlarin yalitim malzemesiyle kaplanmasi.

Cizelge 2. Calisma kapsaminda olusturulan test gruplari

Grup Agag e Civi Yalitim
no tiiri Lif yonii oOleiisii malzemesi
: Dik 6d S
j Paralel 8d )E(Ez
Karagam
: Dik 6d S
; Paralel 8d )E(llzg
E Paralel 8d )E(Ez
3 Ladin o o EPS
14 XPS
15 EPS
16 Paralel 8d XPS

Cizelge 3. Perde duvarlarin yatay deformasyon miktarlart (mm)

2.4. Ahsap ¢ergeve perde duvar analizi testi

Bu calisma kapsaminda, olusturulan perde duvarlarin
yanal yiik altindaki dayanikliliklart ASTM E 72 (2014)
standardina gore analiz edilmistir. Perde duvarlara sirasiyla
3,5kN, 7,0 kN ve 10,5 kN'lik dogrusal yiikler uygulanmis ve
geri ¢ekilme islemleri gergeklestirilmistir. Sonrasinda, duvar
basarisizlifa ugrayana kadar veya toplam yer degistirme
miktar1 100 mm'ye ulagana kadar maksimum yiikleme
uygulanmistir. Her asamada, perde duvarlardaki yer
degistirmeler, Sekil 4'te goriildiigii gibi 4 farkli noktadan
LVDT (Dogrusal Degisken Diferansiyel Transformatorler)
kullanilarak 6l¢iilmiistiir.

Analiz sonuglarina gore, maksimum yiike maruz kalan
duvarlarin yatay deformasyonlart (Ah), LVDT'lerin 6l¢tiigii
yer degistirme miktarlarina bagli olarak asagidaki formiille
hesaplanmigtir:

Ah= A1- A,- (Ag - A4) mm (1)
3. Bulgular ve tartisma
Calisma  kapsaminda  olusturulan  perde  duvar

modellerinin maksimum yiike ulastiktan sonraki dl¢iimleri ve
hesaplanan yatay deformasyonlar1 Cizelge 3’te verilmistir.

Sekil 4. Perde duvarin LVDT &l¢limleri

[ Grupno | Al | A2 A3 A4 Ah
1 48,7727 14,5944 27,2334 1,74848 8,69338
2 57,598 10,016 29,9021 4,29451 21,97441
3 60,4518 19,4428 34,7672 7,22705 13,46885
4 61,2558 18,154 44,2028 3,93255 2,83155
5 67,2519 2,22168 12,3559 1,12271 53,79703
6 71,4804 4,14877 12,2516 1,4724 56,55243
7 69,6515 3,40617 18,9204 1,73621 49,06114
8 65,4414 7,64086 29,8653 4,04298 31,97822
9 57,8374 8,9972 35,2334 5,65035 19,25715
10 54,8608 9,62933 30,1168 6,72398 21,83865
11 38,8671 6,63436 23,0309 2,91413 12,11597
12 35,2278 5,83038 19,1781 1,63192 11,85124
13 40,4137 5,34554 6,60742 5,38041 33,84115
14 51,0066 3,15454 8,52154 2,98775 42,31827
15 61,0287 1,91482 30,2702 2,71168 31,55536
16 66,2147 2,4549 36,4972 2,72395 29,98655

*A1-A2-A3-A4. Farkli noktalardaki LVDT'lerin 6lgtiigii yer degistirme miktarlarini ifade etmektedir.
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Analizler sonucunda, ASTM E 72 (2014) standardina
gore perde duvarlarda meydana gelen yatay deformasyonlara
ait sonuglar Cizelge 3'te incelenmistir. Bu sonuglara goére
asagidaki tespitler yapilmustir:

e Karacam kontrplaklarmn liflere paralel olarak 6d civilerle
birlestirildigi durumda, XPS eklenen grup (Grup 6), en
yiiksek yatay deformasyon degerlerini gostermistir.
Ladin kontrplaklarda ise liflere paralel olarak 6d ¢ivilerle
birlestirilen ve XPS kullanilan grup (Grup 14), en yiiksek
yatay deformasyon degerlerine sahip ¢ikmustir.

e En diisiik yatay deformasyon degerleri ise her iki agac
tiirti icin de liflere dik yonde, XPS ile birlestirilen perde
duvarlardan elde edilmistir (Grup 4-12). Bu durum,
yapilarin  rijitliklerini  artirarak  dayanikliliklarini
etkileyen bir faktor olan stabilite agisindan olumlu bir
sonug olarak degerlendirilebilir.

Perde duvarlarin olusturulmasinda dikkate alinan
degiskenlerin (agac tiirii, lif yonelimi, ¢ivi 6l¢iisii ve ¢ivi
aralig1) yatay deformasyon miktari iizerindeki etkilerini daha
iyi gbérmek igin sonuglar Sekil 5'te grafiksel olarak
sunulmustur. Bu grafikler, degiskenlerin perde duvarlarin
yatay deformasyonuna olan etkilerini gorsel olarak analiz
etmek i¢in kullanilmigtir.

Calisma kapsaminda agag tiiriiniin perde duvarlarin yatay
deformasyon degerlerine etkisi analiz edilmistir. Elde edilen
sonuglar genel olarak iki aga¢ tiirli arasinda benzer
deformasyon degerleri gosterse de karagamdan iiretilen perde
duvarlarda genellikle ladin ile iiretilen gruplara kiyasla daha
yiiksek deformasyon degerleri tespit edilmistir. Bu durum,
karagamin mekanik 6zellikleri, yogunlugu ve lif yapisiin
ladin ile farkli olabilecegini gostermektedir. Bu sonuglar,
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agac turiinin perde duvarlarin performansina etkisini
anlamada ve yapisal tasarim siirecinde dogru malzeme se¢imi
yapmada 6nemli bir bilgi saglamaktadir.

Perde duvarlarda kullanilan yalitim malzemesinin yatay
deformasyon {izerindeki etkisi incelenmistir. Elde edilen
sonuglara gore, kullanilan iki farkli yalitim malzemesinde
benzer yanal deformasyon degerleri tespit edilmistir. Bu
durum, incelenen yalittim malzemelerinin benzer mekanik
Ozelliklere sahip olabilecegini veya perde duvarmn genel
yapisal ozellikleri iizerinde yalitim malzemesinin etkisinin
sinirli  oldugunu  gostermektedir. Bu sonuglar, perde
duvarlarin  yanal deformasyon performansinin yalitim
malzemesi  segimiyle dogrudan iligkili olmadigim
gostermektedir. Ancak, diger performans 6zellikleri ve enerji
verimliligi gibi faktorler yalitim malzemesi se¢iminde dnemli
olabilir ve ileri caligmalarda daha detayli incelenmesi
oOnerilir.

Perde duvarlarda kullanilan kontrplak levhalarin
montajinda lif yoniiniin etkisi incelenmistir. Hem karagam
hem de ladin kontrplaklarla kaplanmis perde duvarlarda,
levhalarin gergeveye liflere paralel olarak
konumlandirilmasinin, liflere dik olarak konumlandirilanlara
gore duvarlarda daha yiiksek yatay deformasyonlara neden
oldugu belirlenmistir. Benzer ¢aligmalarda da liflere paralel
olarak {iretilen perde duvarlarin yer degistirme miktarinin,
liflere dik olarak imal edilenlere gore daha biiyiik oldugu
bulunmustur (Han vd., 2018; Demir vd., 2021). Kho (2018)
tarafindan yapilan bir ¢alismada, liflere dik olarak monte
edilen baglantilarin, kontrplaklarin yarilma egilimi nedeniyle
onemli dl¢iide daha diisiik yer degistirme degerlerine sahip
oldugu ve bu nedenle liflere paralel olarak c¢ivilenen
baglantilara gore %12-45 daha diisiik siineklik gosterdigi
belirtilmistir.
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Sekil 5. Uretim degiskenlerinin perde duvarlarin yatay deformasyon degerlerine etkisi
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Perde duvarlarda kullanilan ¢ivi tiirlerinin kontrplagin
montaji  lizerindeki etkileri incelenmistir.  Arastirma
sonuglarina gore, her iki agag¢ tiirli i¢in de 6d ¢ivilerin
kullanilmasi, 8d ¢ivilerden daha yiiksek yatay deformasyon
degerlerine yol agmistir. Bu sonuglar, daha 6nce yapilan bir
calismada da desteklenmektedir, burada 6d civilerin
kullaniminin perde duvarlarin yer degistirmelerini artirdigi
belirtilmistir (Philip vd., 2008).

4. Sonuclar ve Oneriler

Bu caligma, iilkemizde yetisen karacam ve ladin agag
tiirlerinden {iretilen kontrplak kapl perde duvarlarin yanal
yik altindaki yatay deformasyonlarmi belirlemeyi
amaclamaktadir. Test sonuglarina goére, perde duvarlarin
yanal yiik altindaki performansi degerlendirilmistir. Karagam
kontrplaklarla kaplanmis perde duvarlar arasinda en yliksek
stineklik 6zelligine sahip grup, Grup 6 olarak belirlenmistir.
Bu grup, liflere paralel olarak 6d ¢ivilerle monte edilen ve
XPS yalitim malzemesinin eklenmis oldugu perde duvarlari
icermektedir. Benzer sekilde, ladin kontrplaklarda en yiiksek
stineklik Grup 14 tarafindan gosterilmistir. Bu grup da liflere
paralel olarak 6d civilerle monte edilen ve XPS yalitim
malzemesi eklenen perde duvarlar igermektedir. Caligmada
kullanilan XPS yalitim malzemesi EPS yalitim malzemesine
gore daha iyi performans gosterdigi tespit edilmistir. Buna
gore, yaliim malzemesi olarak XPS tercih edilmesi
onerilmektedir.

Perde duvarlarin iiretim parametrelerinin  yatay
deformasyon degerleri iizerindeki etkisini inceledigimizde,
her iki agag tiirlinde de liflere paralel perde duvar {iretiminin
deformasyonlar1 arttirdigt agik¢a goriilmiistiir. Buna gore,
perde duvar iiretimi yapilirken kontrplaklarin liflere paralel
olarak perde duvar iiretimi yapilmasi 6nerilmektedir.

Civi Olciisiinlin etkisi incelendiginde ise her iki agac
tiiriinde de benzer sekilde yiiksek bulunmustur. Ozellikle 6d
¢ivi Ol¢iisili, deformasyonlar artiran bir etkiye sahip oldugu
belirlenmistir. Perde duvar iiretiminde 6d ¢iviler kullanilmas1
onerilmektedir.

Agag tiirii olarak genel olarak karagam perde duvarlarin
daha fazla yatay deformasyona maruz kaldigi
gbzlemlenmistir. Buna gore, tretilecek perde duvarlarin
kontrplak se¢iminde karagam tercih edilmesi 6nerilmektedir.

Elde edilen sonuclar, hafif karkas ahsap yap:
sistemlerinin depreme dayanikliligini artirmak igin tasarim
parametrelerinin belirlenmesi agisindan 6nemli bir deger
tagidig1 diistiniilmektedir.
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Abstract: Facility layout planning plays a pivotal role in manufacturing system design, impacting vital metrics such as lead time,
handling costs, and space optimization. While a significant portion of research has been invested in refining existing facility layouts,
there is a noticeable research gap in devising optimized layouts for new establishments, especially in the value-added wood products
domain. Addressing this lacuna, this research focused on designing an efficient department-level layout for a wooden cable drums
manufacturing facility in an area of 4150 m?2. This facility included both office and production areas. The investigative process was
segmented into four distinct phases: Deciding the strategic positioning of the facility on the available plot, defining the functional
and spatial requirements for each department, establishing the intricate relationship dynamics between these individual units, and
rigorously documenting the most optimal department-level facility layout. For precision in layout creation, the ALDEP algorithm
was employed, which was further visualized to offer a comprehensive three-dimensional representation. The final layout seamlessly
organized seven departments within the 1st Floor Office Area, eight in the 2™ Floor Office Area, and thirteen within the Production
Floor. Efficiency evaluation of these areas yielded scores of -811, 184, and -318, respectively. Conclusively, this research furnished
actionable insights for manufacturers within the wood products sector and was expected to be an invaluable reference for academics
delving into facility planning and value-added wood products manufacturing.

Keywords: Facility Layout Planning, Wood Products Industry, ALDEP Algorithm

Ahsap kablo makaras1 endiistrisinde ALDEP Yontemi ile tesis yerlesim

planlamasi

Ozet: Tesis yerlesimi planlamasi, iiretim sistemi tasariminda énemli bir rol oynamaktadir ve teslimat siiresi, tagtma maliyetleri ve
alan optimizasyonu gibi 6nemli metrikleri etkilemektedir. Mevcut tesis yerlesimlerini iyilestirmek i¢in onemli sayida arastirma
yapilmis olsa da ozellikle katma degerli orman firiinleri alaninda yeni kuruluslar i¢in optimize edilmis yerlesimler tasarlama
konusunda belirgin bir arastirma ag1g1 bulunmaktadir. Bu ¢alisma kapsaminda 4150 m?'lik bir alana sahip ahsap kablo makaralar
iiretim tesisinde boliimler diizeyinde verimli bir yerlesim plani tasarlanmasina odaklanilmistir. Yerlesim planlamasi gergeklestirilen
tesis hem ofis hem de iiretim alanlarim icermektedir. Inceleme siireci dort farkli agamaya ayrilmustir: Tesise uygun arazi {izerinde
stratejik konumun belirlenmesi, her boliim i¢in islevsel ve mekansal gereksinimlerin tanimlanmasi, bu ayrisik birimler arasindaki
karmasik iligki dinamiklerinin olusturulmasi ve en uygun tesis yerlesiminin boliim diizeyinde titizlikle olusturulmasi. Tesis yerlesim
planinin isabetli bir sekilde gergeklestirilmesi icin ALDEP algoritmast kullanilmis olup, bu algoritma sonucunda elde edilen
sonuglar daha sonra kapsamli {i¢ boyutlu temsiller sunacak sekilde gorsellestirilmigtir. Nihai tesis yerlesim planinda 1. Kat Ofis
Alani'nda yedi departman, 2. Kat Ofis Alani'nda sekiz departman ve Uretim Kati'nda on ii¢ departman sorunsuz bir sekilde organize
edilmistir. Bu alanlarin verimlilik degerlendirmesi sirasiyla -811, 184 ve -318 skorlarini almistir. Sonug olarak, bu arastirma, orman
riinleri sektoriindeki ireticiler igin eyleme doniistiiriilebilir iggoriiler sunmustur ve tesis planlamasi ve katma degerli orman
irtinleri tiretimi alanlarinda arastirma yapan akademisyenler i¢in degerli bir referans olmasi beklenmektedir.

Anahtar kelimeler: Tesis Yerlesim Planlamasi, Orman Uriinleri Endiistrisi, ALDEP Algoritmast

1. Introduction

The rapid increase in world population implies increased
consumers, demand, and potential labor force. These factors
lead to further growth and development of businesses and
allow them to seize market opportunities. The advent of
Industry 4.0, which entails the digitization of manufacturing
industries, has significantly shifted how manufacturing
processes are perceived and executed. New productivity and

efficiency policies and strategies have been implemented to
improve business processes, reduce costs, and achieve a
robust production flow. Greater productivity means
companies could produce more goods or services and
generate more income. On the other hand, such policies and
strategies allow companies to optimize their production
processes, enhance labor productivity, and ensure effective
resource and area utilization. This results in lower costs and
higher profit margins.
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One of the manufacturing sectors that the new industrial
trends have impacted is the wood products industry, and there
has been an increasing trend towards value-added
manufacturing in the wood products industry, including the
production of wooden cable drums. Value-added wood
products, such as wooden cable drums, offer higher profit
margins and create more jobs per unit of wood used compared
to commodity-level products. The global cable drums market
is expected to grow at a CAGR of 4.1% from 2019 to 2026,
with wooden cable drums having the largest market share.
The market's growth has been driven by the increasing
demand for wooden cable drums in the oil and gas,
construction, telecommunications, and manufacturing
industries (Amar and Onkar, 2020). Wooden cable drums are
a sustainable and cost-effective alternative to plastic and
metal cable drums. In recent years, like any other
manufacturing industry, the growth potential and global
industrial trends have brought the industry into focus for
facility layout planning research to adjust for the changing
market conditions and become more flexible.

Facility layout planning is a strategic decision that could
directly influence lead time, material handling costs, and
effective space utilization; therefore, it is regarded as one of
the most critical aspects of the manufacturing system design.
The facility layout determines the arrangement of existing
departments, the movement areas of machines, equipment,
and workers within these departments, and the arrangement
of individual work centers or stations. Arrangement of
individual work centers or workstations within the
departments involves ergonomics, work, and motion studies,
and a layout plan is prepared based on the results of these
studies (Eryigit, 2000). Businesses with a good layout plan
could effectively regulate operational flow, optimize business
processes, increase worker productivity, and aim to increase
efficiency by preventing unnecessary movements and
associated costs. Ergonomically sound workstations and
arrangements allow workers to perform tasks more efficiently
and effectively. As a result, employee satisfaction increases,
and productivity rises. Additionally, it may also have an
impact on the quality of customer service of the company. A
good layout plan enhances the ability to provide fast and
effective service to customers.

On the other hand, businesses could face wvarious
problems when they disregard the layout plan. A poorly
planned layout could affect the business’s operations and
negatively impact productivity. When workstations,
warehouses, or office spaces are haphazardly arranged,
business processes may become unclear and congested,
which could cause a disrupted workflow. The natural result
of such a disruption could be increased lost time, rework, and
errors. In addition, a poorly planned layout hinders the
effective use of space. Businesses could face additional costs
due to unnecessary space requirements. An unplanned
arrangement could also have adverse effects on worker
productivity. Workstations without ergonomic adjustments or
a disorganized work environment could reduce employee
performance and affect employee satisfaction. Furthermore,
from the perspective of customers, enduring long delivery
times and the inability to easily access desired products could
reduce customer satisfaction and even lead to customer loss.

Over the years, several methodologies have been
proposed to address the facility layout problem, such as SLP
(Systematic Layout Planning), CORELAP (Computerized
Relationship Layout Planning), ALDEP (Automated Layout

Design  Program), CRAFT (Computerized Relative
Allocation of Facilities) and BLOCPLAN (Computerized
Block Layout Algorithm). Each method offers unique
advantages and could be used in different contexts. In the
next section of the study, evidence found in the literature
regarding the theory and applications of facility layout
planning methods was reviewed.

A review of previous scholarly articles revealed many
articles on optimizing in-plant arrangement. Various methods
related to such agreements have been adopted throughout the
history of this academic pursuit. An overview of notable
contributions to this field was provided as follows.

Turkmen and Ogulata’s 2008 work capitalized on the
LayOPT software to enhance layout plans, achieved through
a detailed analysis of the flow and placement issues within a
hospital context (Tirkmen and Ogulata, 2008). Ak’s 2009
study focused on assessing optimal and heuristic approaches
to workplace arrangement, intending to compile a helpful
reference source by applying a real-world problem (Ak,
2009). In 2013, Lee explored how Amazon’s surging sales
growth and expanded product range amplified the intricacy
of warehouse storage management. Lee noted the lack of
comprehensive data on warehouse storage type allocations as
a factor contributing to inefficient allocations and escalated
costs. Consequently, a cost model was constructed to suggest
cost-efficient warehouse storage type allocations for
Amazon’s North American Shipping Center network and
prospective centers (Lee, 2013).

Andryzio et al. (2014) underscored the importance of
thoroughly evaluating factory layouts for seamless operations
within a machine manufacturing and industrial equipment
company. The evaluation procedure involved the ALDEP
algorithm for developing new layout plans and comparing the
material handling costs associated with the existing and
proposed layouts (Andryzio et al., 2014). Prasad et al. (2014)
designed an innovative plant layout utilizing the CRAFT
method. The layout was specifically tailored for a typical
manufacturing facility that needed to be interlinked with
units, necessitating communication facilities in the era of
modern industrial technology (Prasad et al., 2014).

The study of Deshpande et al. (2016) featured a case
within the alloy steel industry, wherein the CRAFT and
ALDEP methodologies were implemented for plant layout.
Their findings showed a 0.10% improvement with the
CRAFT technique over the existing layout, while the ALDEP
technique resulted in a 23% enhancement of the layout,
proving superior (Deshpande et al., 2016). In a 2017 study,
Suhardini et al. strived to address the cross-traffic issue
induced by unsuitable factory layouts to augment a
company's production capacity. Their results highlighted a
37.5% increase in production capacity by adding machinery
and operators and a 10.98% reduction in material handling
cost through layout enhancement (Suhardini et al., 2017).

Tambunan et al. (2018) evaluated two layout planning
algorithms, BLOCPLAN and ALDEP, to optimize the
production floor layout of a company producing rubber and
rubber compounds for retreading tires with hot and cold
cooking systems. The paper aimed to discern the most
efficient layout by comparing moment displacement and flow
patterns. Both algorithms demonstrated their capacity to
decrease moment displacement and enhance material flow
patterns. Notably, ALDEP resulted in a smaller displacement
value than the original layout, although it was larger than that
achieved with BLOCPLAN (Tambunan et al., 2018). In their
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study, Gutta et al. (2018) presented a review of the plant
layout design of Automated Guided Vehicles in a Flexible
Manufacturing System. The article covered many topics,
such as layout design, location of loading and delivery points,
and flow path design. In addition, results obtained from
different models and publications in the literature were
classified (Gutta et al., 2018).

In another study, Suhardini and Rahmawati (2019) used
computerized algorithms, CRAFT and ALDEP, to improve an
existing layout and found that ALDEP provided 23% lower
material handling cost than CRAFT. ALDEP was used to
achieve an optimal arrangement, which was then improved
with CRAFT. The improved layout outperformed the layout
initially created by ALDEP by 6.24% in material handling
cost and 15 minutes in processing time. This study
demonstrated that combining computerized layout design
algorithms could yield better results (Suhardini and
Rahmawati, 2019). Tarigan et al. (2019) observed that the
material flow was disrupted due to cross movements and
distant stations in the production area layout of a rubber
gasket manufacturer. This problem has been addressed by
improving the production area layout using the CORELAP
and ALDEP methods and simulating it with Flexsim software
(Tarigan et al., 2019).

In a recent study, Budianto et al. (2020) optimized the
layout for a furniture manufacturing company to avoid
common project delays. Systematic Layout Planning (SLP)
method and the Automated Layout Design Program
(ALDEP) methods were comparatively evaluated in this
context. The results indicated an improvement of 6.92% in
material handling costs with SLP, whereas with the ALDEP
method, a gain of 11.14% in material handling cost was
achieved. The authors recommended implementing the
layout plan developed with the ALDEP method. In addition,
among this study's findings, evidence suggesting the
applicability of the ALDEP method to the value-added wood
products industry was present (Budianto et al., 2020).
Burggrif et al. (2021) stated that identifying action fields is a
pre-requirement for developing a functional and integrated
system for automatic layout design that could be used in
practice. For this purpose, they conducted a systematic
literature review. They identified the need for actions in
multicriteria optimization, the layout evaluation and selection
process, the existing implemented algorithms, and the
integration of the human planner (Burggrif et al., 2021).

As could be interpreted from the literature review
outlined above, different facility layout optimization methods
were effectively used to achieve better-performing facilities
in manufacturing and service industries. However, most of
the past studies primarily focused on improving an existing
layout, and the studies aiming to develop an optimized layout
plan for a new facility were scarce. Moreover, the facility
layout optimization studies address the problem from the
value-added wood products industry perspective was absent.
Though niche, the wooden cable drum industry presents
unique challenges for facility layout planning. The size and
variety of wooden cable drums could necessitate a flexible
yet efficient layout to ensure smooth, productive, safe, and
cost-effective operations. The industry’s distinct features
require a specialized approach to designing the facility
layout. Therefore, this study explored using the ALDEP
method for facility layout planning in a newly established
wooden cable drum manufacturing facility. ALDEP was
developed at IBM and presented by Seehof and Evans

(Seehof et al., 1966). ALDEP was considered an ever-
developing foundational algorithm and a program due to the
evaluation process of accepting or rejecting a given layout
plan. ALDEP could be used to design layouts from scratch
without needing a layout plan prepared with preliminary
programs. However, it also allows comparison of the
solutions that arise, like the method used in a developmental
algorithm (Ozden, 2016). The ALDEP algorithm could
accommodate up to 63 departments or activities in a layout
that could cover up to 1 500 area units of 30x50 dimensions
and could be used to develop multi-story layout plans up to 3
stories. In addition, it allows constraints to be imposed on the
solution; for example, passages that need to be placed,
elevator voids, staircase voids, and entrances could be
designed around the existing departments. Such capabilities
of the method made it suitable for the purposes of this study.

The study’s main objective was to develop an efficient
and logical department-level facility layout that accounts for
the significance of relationships among the departments and,
therefore, would have the potential to enhance operational
efficiency, reduce material handling and transportation costs,
and ultimately contribute to improved company profitability.

2. Materials and method
2.1. Materials

The facility layout planning methodology was deployed
onto a new wooden cable drums manufacturing plant planned
to be established in Mudanya, Bursa. A wooden cable drum,
also commonly known as a cable reel, is a round, drum-like
object that carries various types of electrical wires, fiber optic
cables, or other kinds of wire products. These drums make
transporting and dispensing cable more manageable and
efficient. The drum has two main parts: the flanges and the
barrel. The flanges are the two circular flat parts at each end
of the drum, and the barrel is the cylinder that connects the
flanges and onto which the cable is wound (Sydor et al.,
2017). Wooden cable drums are often preferred for their cost-
effectiveness, ease of availability, and ability to be reused or
recycled. After the cable has been used, the wooden drums
can be returned to the cable manufacturer for reuse or
recycled into other wooden products, thus reducing waste.

The company’s target annual production capacity was
reported to be one hundred thousand wooden cable drums.
The company owners required the production area to consist
of 3 sections: the first- and second-floor office areas and the
production floor. All three facility sections involved various
departments with different functions and varying degrees of
relationships. All units were also required to be
interconnected with multiple access points. Company
executives, the architectural team, and the researchers
worked together to identify the name and area requirements
of the departments required to form a complete
manufacturing facility that would have the ability to produce
the planned annual output.

The size of the selected plot, comprised of 4 parcels, for
establishing the wooden cable drum manufacturing facility
was approximately 14 800 m2, and 3 895 m? of the total land
size shown in Figure 1 was used for the manufacturing
facility. Since the office area section of the facility had a two-
story structure, the total floor area of the manufacturing
facility added up to 4 150 m? The remaining land area was
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spared for other functional units required to conduct business
and was deemed out of scope for the purposes of this study.

2.2. Methods

The study was completed in four phases. The definition
of the phases, the objective, and the methods used in each
phase were summarized in Table 1. In the first phase, the
architectural team contoured the allowable construction
boundaries of the plotted land size and identified the optimal
positioning for the manufacturing facility based on the land
characteristics of the four parcels forming the entire lot,
especially considering the slope of the parcels. In the second
phase, the name and the area requirements of the departments
and other functional units to be placed within the facility were
determined. In the third phase, the relationships of the
departments and other functional units to be placed within the
same facility section were identified. Finally, in the last phase
of the study, the optimum layout of the departments and the
other functional units were carried out consecutively, starting
with the 1% Floor Office Area and ending with the Production
Floor through the ALDEP algorithm. All 3D illustrations
were created using SketchUp 3D Design Software.

2.2.1. ALDEP Method

Despite many different applications of ALDEP, the
random selection method was used in this study. The basis of

Total Area = 14800 m?>
tion Permitted Area

ALDEP and this method was the random selection of a
department and the start of the design by placing it in the
layout plan. Then, examining the relationship diagram (REL
Chart), a department showing high proximity was placed in
the plan. This process continued until all departments were
placed or no departments were left suitable for placement
with a high degree of proximity relationship with the
previously placed departments. In such a case, one of the
remaining departments or other functional units was
randomly selected and placed in the layout. The selection
process continued until all departments and other functional
units were placed in the layout plan. While creating the
placement order, the “E” relation was chosen as the cut-off
point (Minimum Closeness Preference-MCP) in conjunction
with the standard practice. The sweep width was set to 2 br?
for the 1% Floor Office Area and three br? for the 2" Floor
Office Area, where 1 br equaled 5 m% For the Production
Floor, the sweep width was three br?, where 1 br equaled 10
m?. Then, the total score of the layout was determined by
adding the numerical values given according to the proximity
degrees assigned for neighboring departments.

The numerical values of the proximity degrees in the
ALDEDP algorithm were as follows:

A=4=64 0=4"=1
E=4=16 U=0
1=4'=4 X = 45=-1024

Land Contouring
for the 3D Model

Figure 1. Aerial view of the parceled land and drawing of the land boundaries.

Table 1. Flow diagram of study’s phases.

Ph .. o
ase Phase definition The objective Method(s)
number
1 Positioning of the Manufacturing Facility Proper and logical .posmom'ng of the facility The fexpert opinion provided by the
based on the technical requirements. architectural team.
Determination of the name and the area Brainstorming among company
2 requirements of the departments and other . . executives, the architectural team, and the
. . Developing the optimum department-level
functional units. facility layout considering sectoral researchers.
3 Identification of the relationship degrees. ‘e uirzme}; (s and resourci constraints
4 Creation and documentation of the d ’ The ALDEP Algorithm

optimum department-level facility layout.
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3. Results and discussion

In this study, the layout of a new wooden cable drums
manufacturing facility to be established in Bursa was
addressed. The total size of the plot for the new establishment
was approximately 14 800 m?, 4 150 m* of which was used
for the manufacturing facility. The firm’s architectural team
concluded that the manufacturing facility was to be
positioned on the third and fourth parcels of the plotted land
due to the increasing slope in parcel two and insufficient land
area in parcel one, as shown in Figure 2. The target
manufacturing facility was designed to include 1% Floor
Offices, 2™ Floor Offices, and Production Floor, as illustrated
in Figure 2.

Firstly, the company managers, the architectural team,
and the researchers determined the name and the area
requirements of the departments and other functional units of
the 1%- and 2™-floor offices and the production floor. As for
the 1* Floor Offices, the agreed-upon departments and other
functional units with corresponding area requirements were
R&D (40 m?), Project Unit (55 m?), Human Resources (30
m?), Meeting Room (55 m?), Restrooms (Female-Male) (20
m?), Reception (25 m?), and Customer Greeting Room (30
m?). Afterward, the relationship diagram to determine the
placement order of the departments and the other functional
units was created, as given in Figure 3. Each proximity degree
was assigned at the end of deliberate discussions moderated
by one of the researchers.

Figure 2. 3D illustration of the manufacturing facility
positioned on the plotted land.

According to the relationship diagram presented in Figure
3, a placement order was assigned for each department. To
develop the determined placement order, a random initial
selection was made for the first department to be placed
(R&D Department), and the subsequent department was
selected by looking at its relationship with the department
chosen initially. The priority was on the A relationship; if
there was no department or other functional units with an A
relationship with the previous department, a department with
an E relationship was chosen. If a department with an E
relationship could not be found, a random department was
selected again, and the process was repeated until all the
departments were placed in the 1% Floor Office Area. Such a
repetitive iteration resulted in the placement order
documented in Table 2.

Based on the determined relationship diagram, sweep
width of 2 br?, and the department placement order for the 1st
Floor Office Area, the optimum layout for seven departments
and other functional units covering an area of 255 m? was
created. Subsequently, the rough layout plan was smoothened
to adjust the indentations and protrusions of the placed
departments, resulting in the final layout of the 1% Floor
Office Area as given in Figure 4. Before moving on to the
next section of the facility, the created layout plan was
transferred to the facility's 3D model to double-check
whether or not it contained any boundary violations, as
illustrated in Figure 5. For the 1* Floor Office area, a total
layout score of -811 was calculated based on the relationship
degrees and corresponding numerical values of these degrees.
The main decisive factor of the negative score obtained is the
X (-1024) relationship defined for the Human Resources and
Customer Greeting Room department pair. The negative total
score does not hinder the validity of the created layout plan
but is used for comparative evaluation when multiple plans
are created for the same area.

Table 2. Department placement order for the 1* floor office
area.
Order Department OR Functional Unit

1 R&D Unit

2 Project Unit

3 Meeting Room
4 Reception Area
5
6
7

Selection Reason
Random

A Relationship with 1
E Relationship with 2
E Relationship with 4
A Relationship with 6
E Relationship with 7
The Last Department

Customer Greeting Room
Restrooms (Women-Men)
Human Resources

Number | Department OR Functional Unit [
1 R&D Unit 40

2 Project Unit 55

3 Human Resources | 30

4 Meeting Room 55

5 Restrooms (Female-Male) | 20

6 Reception 25

7 Customer Greeting Room 30
Total| 255

Figure 3. Relationship diagram of 1* floor office area.

NI S|SB
[
£~
7
/'J\J/

NN (o (o

70 a

NIN(R (R (==
]

6
6
- 6
7
7

uivniwiw w

,.VQ/NH........-
v,
m\{ww

2 =7 2 7

Figure 4. Department placement of 1* floor office area.
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Unit Room Aty Human
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Project Unit [ e Restrooms
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Figure 5. (A) Arranged department placement for the 1* floor office area. (B) Placement of the 1* floor office area layout into

the 3D model of the facility.

As for the 2" Floor Office Area, the name and area
requirements of the departments and other functional units
were Purchasing (25 m?), Marketing (25 m?), Secretariat (15
m?), Executive Offices (65 m?), Executive Meeting Room (55
m?), Accounting (25 m?), Restrooms (Male and Female-15
m?), and Production Planning and Quality Control (30 m?).
Starting from the Purchasing Department, the relationship
degrees of all departments and other functional units with
each other were determined, and the relationship diagram
shown in Figure 6 was constructed.

Once the department placement order for the 2™ Floor
Office Area was created, the first department to be chosen for
creating the department placement order was randomly
selected using the MCP value of the “E” relationship. The
random selection of the first department resulted in Executive
Offices. Afterward, the following department to put in the
placement order was identified as the Secretariat since it had

Using the department placement order, area requirements,
and sweep width of 3 br? for the 2™ Floor Office Section, the
department placement process was conducted, and the final
layout was created, as shown in Figure 6. As can be seen in
the same figure, the last sweep of the placement process
consisted of 2br? since it coincided with the boundaries of the
construction design. The total layout score of the 2™ Floor
Office Area was 184 without any X relationship.

The department placement given in Figure 7 was placed
within the walls of the second-floor office area of the 3D
model of the manufacturing facility for the final confirmation
and was shown in Figure 8.

Table 3. Department placement order for the 2™ floor office
area.

Order  Department OR Functional
Unit

Selection Reason

an “A” relationship with the Executive Offices, as shown in ; Egsrcelg'xgtomces ialg(ej:)arpionshi with 4
Figure 6. The department to be chosen was expected to 3 Purchasing Department EReIationshig with 3
primarily have an “A” relationship with the previously 4 Accounting Department A Relationship with 1
chosen one. If not, a department with the “E” relationship, the 5 Production Planning and Random
cut-off point, was chosen. A random department was selected Quality Control Dept.
if no department had these two relationships. Following these 6 Marketing Department E Relationship with 8
rules, consecutive selections of the 2™ Floor Office Area ; Eggﬁ%ﬂﬁsyﬁ;mgf&z& ?ﬁgdfgt Department
departments have occurred in the order of Purchasing
Department, Accounting, Production Planning and Quality
Control, Marketing, Executive Meeting Room, and a a a 5 5 =58 5
Restrooms. The result of the department placement order 2 2 2 2 57 5 EN 5
process with corresponding selection reasons was given in 2 2 2 2 Ay 2 51 5
Table 3. 2 2, 2 3 Y 2 7 7
Number | Dep OR Functional Unit o’ 8 4 \3\ 3 8 ? &A 8 7

: Vretng = : -, -

3 Sccretariat 15 1 1 1 k-és//{ 6 6

1 e < . Figure 7. 2" floor office area layout.

6 Accounting 25 [¢]

R (Male and Female) 15 (6]

%[

Production Planning and Quality Control | 30
Total| 255

Figure 6. Department relationship diagram for 2" floor office
area.
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Figure 8. (A) Arranged department layout of the 2™ floor office area. (B) Placement of the 2™ floor office area layout into the

3D model of the facility.

After the optimum layout planning of the office sections
of the facility was completed, the process moved on to
creating the optimum layout plan for the Production Floor.
The departments and other functional units to be placed on
the Production Floor were decided to be the Asakai Meeting
Room (50 m?), Restrooms (Female and Male - 30 m?),
Dressing Room (60 m?), Cafeteria and Dining Hall (100 m?),
Accessories Warehouse (100 m?), Maintenance Room (30
m2), Tools and Equipment Room (30 m?), Raw Materials
Warehouse (1000 m?), Heat Treatment Oven (40 m?),
Production Line (1 500 m?), Assembly (300 m?), Sanding-
Finishing Workshop (100 m?) and Shipping and Finished
Goods Warehouse (300 m?), resulting in a total of 13
departments and adding up to 3640 m? of coverage area.

To place the thirteen departments and other functional
units that needed to be on the Production Floor within the
designated area, a relationship diagram highlighting the
degrees of relationship between the job functions of those
departments was created and documented in Figure 9.

Following the assignment of relationship degrees, the
department placement order for the Production Floor was
conducted using the MCP value of the “E” relationship.
Accordingly, the first department placed in the area was
randomly selected. This random selection pointed out the
Finished Good Warehouse and Shipping department. The
following department was identified as the Sanding-
Finishing Workshop since it had an “A” relationship with the
previously selected department. The second selection was
followed by the sequential selection of the departments of
Assembly, Production Line, Maintenance Room, and Tools
and Equipment Room, all having “A” relationships with
those selected before them. As the seventh selection,
Accessories Warehouse made its way to the list based on its
“E” relationship with the Tools and Equipment Room. The
process was continued with two random selections, resulting
in Restrooms and Dressing Rooms. Even though random
selections are independent of the relationship diagram, these
selections were also the products of some logic based on the
judgment of the experts trying to achieve practicality and
feasibility. The tenth and eleventh orders were determined as
Heat Treatment Oven and Raw Material Warehouse as a
function of their “A” relationships with Dressing Rooms and
Heat Treatment Oven, respectively. The twelfth selection was

again made randomly, resulting in the Asakai Meeting Room.
At the same time, the only remaining functional unit, the
Cafeteria and Dining Hall, had the thirteenth order on the list.
The complete list of department placement orders for the
Production Floor was documented in Table 4.

The sweep width used in placing the Production Floor
departments was three br?, and the area corresponding to each
unit cell was determined to be 10 m?. According to these
parameters, the departments and other functional units were
laid out over the space allocated for the Production Floor, as
depicted in Figure 10. The developed layout plan of the
production floor had a total layout score of -318.

As performed for the 1* and 2™ Floor Office Areas, the
arranged and adjusted version of the Production Floor
department layout plan was transferred into the 3D modeling
software for final confirmatory controls, as shown in Figure
11.

Number | Department OR Functional Unit w 1
| Asakai Meeing Room 50
Restrooms (Femal and Male) 30
3 Dressing Room 60
4 Caleteria and Dming Hall 100

= [=|A|n

e |=|ce

||| =[=]a

> ||| 0| =<
m| x| —=]|Ae

B R P N P P P B

=

== fm|m | | = [m

10 Production Line 1500
1
12 Sanding: Finishing Workshop 100
13| Shipping and Finished Goods Warchouse | 300

Total] 3640 |

Figure 9. Production floor relationship diagram.
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Table 4. Department placement order for the production floor

Order Department OR Functional Unit Selection Reason

1 Shipping and Finished Goods Warehouse Random

2 Sanding-Finishing Workshop A Relationship with 13
3 Assembly Department A Relationship with 12
4 Production Line A Relationship with 11
5  Maintenance Room A Relationship with 10
6 Tools and Equipment Room A Relationship with 6
7 Accessories Warehouse E Relationship with 7
8  Restrooms (Women-Men) Random

9 Dressing Room Random

10  Heat Treatment Oven A Relationship with 3
11  Raw Materials Warehouse A Relationship with 9
12 Asakai Meeting Room Random

13  Cafeteria and Dining Hall The Last Department
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Figure 11. (A) Arranged department layout of the production floor. (B) Placement of the production floor layout into the 3D

model of the facility.

As can be interpreted from the detailed documentation of
the study results, facility layout optimization could
significantly improve any manufacturing process, including
wooden cable drum manufacturers. Optimizing the facility
layout using methods such as ALDEP could have numerous
benefits and implications. In this study, the ALDEP method
was employed to determine the layout of a newly established
facility for a company producing wooden cable drums. When
simultaneously evaluated with the findings of previous
studies, the ALDEP method was proven effective and
functional in developing a layout plan for a newly established
facility. A Review of earlier publications in the field showed
that the ALDEP method was a commonly preferred method
for studies with similar objectives. Andryzio et al. (2014)
created a new facility layout using the ALDEP method in
their research, resulting in 1098 proximity degrees and
245.526 Rp material handling costs. This resulted in a
32.74% improvement over the existing layout (Andryzio et
al., 2014). Deshpande et al. (2016) observed a 0.10%
improvement with the CRAFT method and a 23%
improvement with the ALDEP method compared to the
existing layout. Therefore, they have concluded that the
layout created with the ALDEP method was better
(Deshpande et al., 2016). In their study, Tambunan et al.
(2018) calculated material handling costs in the
rearrangement of the XYZ company using BLOCPLAN and
ALDEP methods. Even though the layout created with

BLOCPLAN yielded better results than that developed with
the ALDEP method, the authors recommended the use of the
layout made with the ALDEP method since it did not require
a change in the architectural design of the building and was
able to maintain a straight-line production flow (Tambunan et
al., 2018). As can be interpreted from the findings of this
study and the studies mentioned above, the results of the
previous studies and our study are parallel and
complementary to each other.

On the other hand, Suhardini and Rahmawati (2019) used
ALDEP and CRAFT techniques to arrange a newly
established facility. It was found that ALDEP provided a 23%
lower material handling cost compared to CRAFT. Then, the
layout created with the ALDEP method was further improved
through an optimization stage involving the CRAFT method.
(Suhardini and Rahmawati, 2019). Tarigan et al. (2019)
compared CORELAP and ALDEP methods in their study.
They increased the distance efficiency within the company
from 53.67% to 93.74% using the CORELAP algorithm and
to 78.18% using the ALDEP algorithm. After simulation to
find the best method, the recommended layout, covering 1.9
km/day, resulted from the CORELAP algorithm (Tarigan et
al., 2019). It was also evident in the previous studies that the
ALDEP method has not always provided the best or optimal
internal facility layout results. However, it has never fallen
extremely short of the other alternatives and was able to
populate acceptable and satisfactory layout plans. Although,
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due to some sector and case-specific factors, the ALDEP
method could be outperformed by other algorithms in some
previous studies, within the facility layout planning research
stream, the ALDEP method has been accepted as a
foundational algorithm and known as one of the best methods
for determining the internal layout of newly established
facilities. Since this study focused on the internal layout of a
newly established facility, using the ALDEP method was
logical, suitable, and practical.

Furthermore, discussing the potential cost savings
associated with such systematic layout plan development
activities is essential. Suhardini and Rahmawati (2019) found
that the improvement provided by ALDEP compared to the
CRAFT technique reduced annual material handling costs by
23%. Their study aimed to obtain the optimal layout plan for
CV Aji Jaya Mandiri using ALDEP and then to improve it
with CRAFT. The new layout obtained with ALDEP was
compared with the final layout improved with CRAFT by
using material handling cost taken from the MHES (material
handling evaluation sheet) and the production provision time
or processing time using Promodel simulation. The layout
plan obtained with CRAFT reduced material handling costs
by 6.24%, meaning CRAFT effectively improved the layout
plan. The simulation results also showed that the improved
layout plan reduced the production delivery time by 23
minutes. The layout evaluation using Adjacency Based
Scoring for the CRAFT layout showed a 15% increase
compared to the original layout. Therefore, it was selected as
the best layout (Suhardini and Rahmawati, 2019). In another
study, Suhardini et al. (2017) produced four layout
alternatives, and each alternative was to be evaluated based
on two criteria: material handling cost and simulation-based
processing time. The results showed that with the addition of
machines and operators, production capacity increased by up
to 37.5%, and material handling costs decreased with the
improvement of the layout plan. The systematic layout
planning method reduced material handling costs by 10.98%,
equivalent to 1229813.34 Rp, compared to the initial layout
plan (Suhardini et al., 2017). Moreover, Andryzio et al.
(2014) found that the layout design created using the ALDEP
method resulted in an alternative with a total of 1098
proximity degrees and a material handling cost of 245.526
Rp. The developed layout plan had a 32.74% lower material
handling cost than the existing one (Andryzio et al., 2014).
As can be interpreted from the findings of the previous
studies focusing on developing facility layouts through the
employment of the ALDEP method, material handling cost
savings could vary in the range of 6 to 32%, with an average
value of 16.65%. Since this study dealt with a facility design
problem of a wooden cable reel manufacturing facility that is
yet to be built, it was not possible to calculate the material
handling cost savings associated with the developed plan.
However, the developed plan is expected to meet the ALDEP-
method-enabled historical average of material handling cost
savings (16.65%) reported in the previous studies based on
empirical evidence.

The context of the study's implications could be
summarized under three main themes: scientific, practical,
and social, as detailed in the following paragraphs.

Scientific implications of the study could be summarized
as advancements in layout optimization, cross-industry
applicability, and efficiency modeling and algorithms. The
study contributed to the body of knowledge in layout
optimization, particularly in the wooden cable drum

manufacturing sector. ALDEP has been a popular algorithm
used in many manufacturing setups, but its application has
varied widely in different industries. By focusing on this
specific industry, the study set a particular example of
ALDEP’s applications and revealed unique opportunities for
optimization. In the means of cross-industry applicability, the
scientific community could potentially apply the findings and
methodologies from this study to other similar industries or
scenarios, paving the way for broader research. Moreover,
this and similar studies could also lead to the development of
new models or algorithms for improving efficiency,
contributing to the scientific understanding of production
efficiency since the deployment of each optimization
algorithm onto a sector-specific case had pieces of evidence
about the method’s ability and competency to conform
sectoral dynamics and requirements.

The study’s practical implications could be explained
under three main frames: operational efficiency, space
utilization, and inventory management. First, an optimized
facility layout such as the one created in this study could
reduce the time taken for the manufacturing process,
minimize material handling, improve worker safety, and
increase overall productivity. Moreover, efficient use of
available space is crucial in manufacturing. An optimized
layout would better utilize space, potentially reducing the
need for expensive expansion or relocation. Furthermore,
optimizing the facility layout could improve storage and
retrieval efficiency, leading to better inventory management
and reduced warehousing costs.

Social implications of the study were expected to be seen
in the long term in the areas of employment, environment,
and local economy. An increase in efficiency might result in
the need for fewer workers to produce the same output.
However, it could also lead to upskilling opportunities, where
workers learn to operate new, more sophisticated machinery
or learn new, more efficient processes. Optimized layouts
often mean less waste in terms of materials, energy,
movement, and transportation. The current focus on
sustainability and climate change could result in a lower
carbon footprint, a significant social benefit. As for the local
economy, if the wooden cable drum manufacturer becomes
more efficient and profitable, it could positively impact the
local economy in Tiirkiye. Increased profitability could lead
to more taxes paid, more local supplies purchased, and
potential job creation in the area.

Regarding future research directions in this research area,
it could be elaborated into countless possibilities. While
ALDEP is a powerful tool, other layout optimization
algorithms exist, such as CORELAP (Computerized
Relationship Layout Planning) and CRAFT (Computerized
Relative Allocation of Facilities Technique). Future research
could focus on a comparative study of these techniques in the
specific context of wooden cable drum manufacturing or
different manufacturing sectors. Moreover, this study focused
on department-level layout optimization. Future research
could be channeled into more micro-level optimization
issues, such as machinery and equipment layout optimization
within the production line. In addition, as technologies like
artificial intelligence, machine learning, and the Internet of
Things (IoT) continue to advance, studies could investigate
how these tools could be integrated with ALDEP to enhance
layout optimization. This study was designed to tackle a
wooden cable manufacturer’s initial facility layout planning
problem. Future studies could investigate layout
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optimization’s long-term impacts and benefits using ALDEP
in the wooden cable drum manufacturing sector. These
analyses could include effects on worker satisfaction,
business profitability, environmental footprint, and supply
chain robustness.

4. Conclusions

Although facility layout studies may seem simple, and
even in some cases, one could mistakenly think that if the
arrangement was done wrong, it may seem like it would not
pose a problem. However, one small mistake made out of lack
of experience, not thoroughly following the methodology, or
a moment of inattention could lead to significant, irreversible,
and expensive consequences. Facility layout studies have
proven beneficial for businesses and employees when done
correctly. A diligently and precisely created facility layout
could aid enterprises in preventing the costs arising from
unnecessary movements and transportation of material and
personnel and increase efficiency. At the same time, it could
contribute to creating safer and leaner workplaces.

This study aimed to develop the optimum department-
level facility layout of a newly established wooden cable
drums manufacturing facility and successfully met the
objectives with documented results. The company had
purchased 14800 m? of land in Bursa, Tiirkiye, and
approximately 4150 m? of the total land area was reserved for
the manufacturing facility. The optimum layout plan was
successfully achieved by systematically arranging seven
departments within the Ist Floor Office Area, eight
departments within the 2™ Floor Office Area, and thirteen
departments within the Production Floor of the
manufacturing facility through the ALDEP algorithm. The
results also indicated that the ALDEP algorithm could be
effectively used for optimized layout planning of hybrid
buildings involving interconnected single- and multi-story
sections. The total layout scores of the 1* and 2™ Floor Office
Areas and the Production Floor were determined to be -811,
184, and -318, respectively.

The results of the study depicted a successful example of
developing an efficient and logical layout that would have the
potential to enhance operational efficiency, reduce material
handling and transportation costs, and ultimately improve
profitability in the wooden cable drums manufacturing
process. While this study focuses on the plant layout
optimization of a wooden cable reel manufacturer in Tiirkiye,
it can have far-reaching implications beyond the company's
immediate benefits. It can also serve as a case study for
similar industries looking to optimize their production
processes. It could also be a good reference for academics
researching facilities planning and value-added wood product
manufacturing processes.
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1. Introduction

dwich panels

, Ergiin Giintekin?®

Abstract: Sandwich panels are favorable materials for structural or non-structural components due to durability, lightness, and
longevity in service life. This study aimed to predict screw withdrawal resistance of the plywood laminated medium-density
fiberboard and particleboard, and sandwich panels. In predicting the screw withdrawal resistance, withdrawal load capacity,
density, and withdrawal stiffness of the materials in each layer, screw penetration depth, and screw diameter were considered.
Moreover, the screw withdrawal strength of the panels was examined. Screw withdrawal tests of panels were conducted according
to TS EN 13446 standard. The test results showed a proportional correlation between the density and screw withdrawal strength of
the panels. The highest screw withdrawal strength was obtained for sandwich panels made of plywood and medium-density
fiberboard (12.51 MPa). Furthermore, the difference between experimental and predicted screw withdrawal resistance changed
from 0.20% to 24.86%. Besides, there was no statistically significant difference between the screw withdrawal strength of the top
and bottom face-laminated panels. The test results showed that both face laminated panels (sandwich panels) had higher screw
withdrawal strength, density, and experimental and predicted screw withdrawal resistance compared to one face laminated panels.
Keywords: Screw withdrawal resistance, Screw withdrawal strength, Sandwich panels, Plywood, Medium-density fiberboard,
Particleboard.

min edilmesi

Ozet: Sandvig paneller dayaniklilig1, hafifligi ve servis hayatinin uzun olmasi nedeniyle yapisal veya yapisal olmayan elemanlar
icin uygun malzemelerdir. Bu ¢aligmada, kontrplak ile lamine edilmis MDF ve yonga levha panelleri ile sandvi¢ panellerin vida
tutma Kapasiteleri tahmin edilmistir. Bu malzemelerin vida tutma kapasiteleri tahmin edilirken, panellerin her bir katmaninda
bulunan kontrplak, MDF ve yonga levha malzemelerinin vida tutma kapasiteleri, yogunlugu ve vida ¢ekme rijitligi ile vida
penetrasyon derinligi ve vida ¢ap1 dikkate alinmustir. Ayrica, panellerin vida tutma dayanimlar1 da belirlenmistir. Tiim testler TS
EN 13446 standardma gore yapilmistir. Deney sonuglar1 panellerin vida tutma dayanimlari ve yogunlugu arasinda dogrusal bir
iligki oldugunu gdstermistir. Vida tutma dayanimi en yiiksek olan panel kontrplak ve MDF kullanilarak hazirlanan sandvig
panellerde elde edilmistir (12,51 MPa). Caligma sonuglarina gére malzemelerin deneysel ve tahmin edilen vida ¢ekme kapasiteleri
arasindaki fark %0,20 ile %24,86 arasinda degigsmektedir. Bununla birlikte alt veya iist yiizii lamine edilmis panellerin vida tutma
dayanimlar arasinda istatiksel olarak bir farklilik olmadigi gozlemlenmistir. Calisma sonuglari, sandvig panellerin tek yiizii lamine
edilmis panellere gore daha yiiksek vida tutma dayanimi ve yogunlugu gostermektedir. Ayrica, sandvig paneller i¢in hem deneysel
hem de tahmin edilen vida ¢ekme kapasiteleri de tez yiizli lamine edilmis panellerden daha yiiksektir.

Anahtar kelimeler: Vida ¢ekme kapasitesi, Vida ¢gekme dayanimi, Sandvig paneller, Kontrplak, MDF, Yonga levha

mechanical properties. The significant

advantage of

In governing the regulation and the environmental issues
regarding energy consumption and resource depletion,
materials with more durability, lighter, longer service life,
less carbon footprint, and sustainability have been raised for
structural application (Basha et al., 2022). Therefore,
sandwich panels have increasingly become prominent in
construction as structural or non-structural components.
Sandwich panels consist of a face layer with high stiffness
and durability, and a core layer with low density, thermal
expansion, etc. (Lakreb et al., 2015). According to structural
purposes, the core material may differ. Core material would
be made of lighter material to propose acoustic isolation and
thermal expansion or denser material to propose higher

sandwich panels is their high stiffness/strength ratio to weight
(Susainathan et al., 2017). On the other hand, the damage
tolerance at the low-velocity impact is the major drawback of
the sandwich panel due to fiber breakage, delamination, etc.
(Basha et al., 2022).

Lakreb et al. (2015) stated that an increase in the number
of core layers, correspondingly, an increase in layers made of
veneer, improved the mechanical properties of the sandwich
panels, and most of the failure in bending occurred on cork
agglomerate due to its low stiffness. Basha et al. (2022)
highlighted that the fiber direction of the core material in
regarding to those of the face material is crucial. However,
the density and strength of the core material are less.
Smardzewski (2019) studied sandwich panels with auxetic
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core and oval cells made of wooden honeycomb, resulting in
the sandwich panels being considered a lightweight material
and a better substitution compared to medium-density
fiberboard (MDF) and particleboard (PB) in the furniture
industry. Edgars et al. (2017) depicted that the strength-to-
density ratios for sandwich panels were 60-80% higher than
plywood, although they had less flexural strength than
plywood. Peliniski et al. (2020) stated that an increase in the
thickness of outer layers improved the overall strength of the
sandwich panels. Although material properties, layer
thickness, and number of layers are vital for the sandwich
panels, these materials would come together to construct a
frame or walls for structural or non-structural purposes.
Therefore, joinery systems have come into prominence, and
screw-based joints are widely used joinery systems to join
structural members.

Screw withdrawal resistance (SWR) is a significant
mechanical property for wood-based structural materials due
to the connection properties of the material. Besides, a
designer should understand the fundamental design
principals; namely, structural integrity and load-carrying
capacity for connections of the wood-based structure should
be maintained in service (Guo et al., 2018). SWR of the
material depends on the density of the material, screw
withdrawal orientation, screw type, screw diameter, screw
threads, pilot hole diameter, and depth. Guo et al. (2018)
examined the SWR of the conventional PB and oriented
strand board (OSB) made of bamboo. They resulted that OSB
had a higher SWS compared to PB due to different density,
and an increase in screw diameter from 4 to 5 mm improved
the SWR, but those of 5 to 6 mm reduced. In addition, an
increase in pilot hole diameter adversely affected the SWS of
the materials. Per¢in and Uzun (2022) examined the effect of
heat treatment on the SWR of laminated veneer lumber
(LVL) reinforced with carbon fiber, and glass fiber. It was
stated that an increase in temperature in heat treatment
decreased the SWR of the LVL. However, SWR increased
with the use of reinforcement, but there were no statistical
differences to reinforce LVL with either glass-fiber or
carbon-fiber. Birinci and Kaymakci (2023) ascribed that
external weather conditions negatively affected the SWR of
the plywood (PW), and there is no statistically significant
difference between screwing samples before and after
Freeze-Thaw Cycling.

(b)
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Moreover, predicting SWR of materials have been
studied. Eckelman (1975) predicted the SWR of the
particleboards by considering density, internal bond strength,
screw dimensions, and penetration depth. Conversely,
Semple and Smith (2005) predicted the internal bond strength
of PBs by using their SWR. Erdil et al. (2002) presented
equations to predict the SWR of the PW and OSB from edge
and face withdrawal; namely, the coefficient of determination
in the expressions ranged from 0.57 to 0.78, so the prediction
of the withdrawal resistance for wood-based composite
material was somewhat variable. However, it could be
acceptable in the design of screw-based joints. Pang et al.
(2020) estimated the SWR of the hybrid cross-laminated
timber (CLT) by using the SWR and density of the materials
in each layer. They concluded that the differentiation between
predicted and experimental values was around 13-14%. Darzi
et al. (2018) defined ultra-light composite timber sandwich
panels; namely, bamboo core sandwich and peeling core
sandwich, to predict their strength and benchmarked their
performance with commercial CLT by using finite element
analysis.

This study aimed to predict the SWR of PW laminated
MDF and PB panels. In doing so, the objectives were to (i)
determine the screw withdrawal strength (SWS) of the PW,
MDF, PB, and PW laminated panels and sandwich panels and
(ii) predict the SWR of the PW laminated panels and
sandwich panels.

2. Materials and methods
2.1. Materials

In this study, PW, MDF, and PB were used to determine
screw withdrawal strength and predict the failure load of PW
laminated panels and sandwich panels, respectively. For this
purpose, the PW laminated MDF and PB panels and the
sandwich panels were prepared by using PW with a thickness
of 4 mm, MDF with a thickness of 12 mm, and PB with a
thickness of 14 mm (Figure 1). Commercial PB, MDF and
PW panels were obtained from local store in Bursa, Turkey.
The nominal thickness of sandwich panels was different
because of the core-materials. A DIN 7505 4.50 x 45 mm
single threaded chipboard screw was used in the specimens
(Figure 2). Polyurethane (PU) adhesive was used to glue
layers.

Figure 1. Wood composite materials used in sandwich panels

sy

3

a S 6

J45mm

Figure 2. Screws used in specimens
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2.2. Specimen Construction

PW, MDF, and PB were cut into 600 mm by 600 mm
dimensions. The panels were prepared with two and three
layers, and 200 g/m? adhesive was used between layers.
Cemil Usta SSP-180 T press was used with a temperature of
35 °C, a pressure of 4 atm, and a duration of 150 min.

According to TS EN 13446 (2002), all specimens (5
replications for each sample group) were cut into 50 mm by
50 mm nominal dimensions from all panels (Figure 3 and 4a).
Pilot holes were drilled as of 80% of the major screw
diameter, and specimens were constructed in which the entire
tip of the screw protruded from the specimen (Figure 4b).

2.3. Density

According to TS EN 323 (1999), a total of 5 test
specimens for each sample group with dimensions of t x
50x50 (t is the thickness of the panels in Figures 1 and 3) were
prepared. All specimens were acclimatized at 20+2 °C and 65
+ 5% relative humidity according to TS-EN 326-1 (1999) and
weighed with a 0.01 g precision scale. Their dimensions were
measured with a 0.01 mm precision caliper. The density of
the sandwich panels was calculated by using Equation 1.

P12 = % 1)

where, p1, is the density (g/cm®), my, is the weight of the
material (g), and V12 is the volume of the material (cm?).

16 mm
PW{

(b)

2.4. Screw withdrawal strength

All tests for the SWS were conducted on the SHIMADZU
universal test machine according to TS EN 13446 (2002).
Withdrawal load capacities were obtained by applying a
withdrawal load parallel to the screw axis from the face of
specimens with a rate of 2 mm/min and continued until the
ultimate load reached (Figure 5). Equation 2 was used to
calculate the SWS (o, MPa) of panels.

Fmax (2)

T 2 xmxrxd

where, Frnax is the ultimate withdrawal load (N), r is the radius
of the screw (mm), and d is the penetration length (mm).

2.5. Statistical Analysis

Data collected for the presence of statistical significance
among all sample groups through one-way ANOVA and
Tukey pair-wise comparisons were examined in SPSS.

®
Figure 3. PW laminated panel; a) PW-MDF, b) MDF-PW, c) PW-PB and d) PB-PW, and sandwich panels; €) PW-MDF-PW

and f) PW-PB-PW

50 mm

50 mm

@

Figure 4. a) Pilot hole position on specimen and b) Specimens with tip protruding
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Specimen—"

Bottom jig—

Machine bed —__ 2 %

Figure 5. Test configuration for screw withdrawal strength
from face

2.6. Prediction of screw withdrawal resistance

The screw withdrawal resistance of the sandwich panel
was predicted by using Equation 3 (Pang et al., 2020).
Although the equation was derived from hybrid CLT panels
and screws were not protruded from specimens. However,
screws were protruded from specimens, and sandwich panels
consisted of two or three layers in this study. Therefore, the
equation was revised by considering the total thickness of
panels and the number of layers. Equations 4 and 5 were used
for panels with two and three layers, respectively.

G;xd;

(m+1)p2x2><n><r><d2,

Rpredice = min (szd,

Gde']+1)p,><2><7T><r><d,

®)

where G, are the withdrawal stiffness of the first and
second layer materials used in panels (N/mm?®), d; are the
depth of penetration for the first and second layer materials
(mm), p1. are the density of the material in the first and
second layers (g/cm?), r is the radius of the screw major
diameter (mm - 4.5 mm).

( GpwXxdpw

+1)pMDFPB X2XmTXTrXdgp,
GMDF,PBXAMDF,PB !

Rpredict =min

] 4)

G xd
( MDF.PWXAMDFPE | 1) Pow X 2 X T X1 X dgp
Gpwxdpw
2XGpwxd
(M+1)pmwmx2xnxrxd&u,
R _ . GMDF,PBXAMDF,PB ’ (5)
TRpredice = MiN GMDF,PWXdMDF,PB
(é+2)ppwx2><nxrxds,,
2XGpwXdpw

where, dsp is the screw penetration for the sandwich panels.

The withdrawal stiffness of the material was calculated
by using the following equation;

Fo4=Fo.
G= g ————r (6)
2XmXrxdx(agq4—ag. ;)

where, Fo4is 40% of the ultimate failure load (N), Fo1is
10% of the ultimate failure load (N), ao.4is the deformation at
the 40% of the ultimate failure load (mm), and ao; is the
deformation at the 10% of the ultimate failure load (mm).

3. Results and discussion
3.1. The screw withdrawal strength and the density

The results of the SWS and the density of the specimens
were given in Figure 6. Results showed a correlation between
SWS and density of materials but except MDF. Even though
its SWS decreased compared to the SWS of the PW, it is
denser compared to PW.

The highest average SWS was 12.51 MPa for the PW-
MDF-PW panel with a standard deviation of 1.03 MPa. Then,
the average SWS of the panels with top-face laminated MDF
(PW-MDF) was 10.53 MPa with a standard deviation of 0.57
MPa. Those of PW-PB-PW were 9.36 MPa and 1.41 MPa,
respectively.

Moreover, in the case of the top-face laminated MDF and
PB for panels with two layers, SWS was 19.93% and 9.88%
higher compared to those of the bottom-face, respectively.
SWS of the panels with MDF and PB laminated PW on the
top-face increased by 45.64% and 104.35% compared to
MDF and PB, respectively. The increase in those of the
bottom face was 21.44% and 71.18%, respectively.
Regarding panels for both laminated faces (sandwich panels),
SWSs for PW-MDF-PW and PW-PB-PW were 73.03% and
139.39% greater compared to MDF and PB, respectively.
Screws penetrate each of the plywood layers and core layer
of MDF/PB in screwing in face orientation, so screw treads
held in each layer in the panel, and SWS was enhanced by an
increase in the number of layers (Birinci and Kaymakci,
2023). Besides, failure on specimens in the screw withdrawal
test occurred on the top-face of the panels, so the top-face
laminated specimens had higher SWS compared to those of
the bottom face.

One-way ANOVA was performed to examine the
significant effect of the panel types on SWS (0=0.05).
Besides, Tukey pair-wise comparison analysis was conducted
to examine whether there was a significant difference among
sample groups at the confidence level of 95%. According to
statistical analysis, panel types (p-value = 0.000) significantly
influenced the SWS of panels (Table 1). According to Tukey
pair-wise analysis, there is no evidence to prove that the SWS
of the PW-MDF-PW and PW-MDF were statistically
different as shown in Table 2. Furthermore, the SWS of the
PW-MDF, PW, PW-PB-PW, and MDF-PW cannot be proved
to be statistically different. Moreover, the top face of MDF
and PB laminated with PW and those of the bottom-face were
not statistically different, respectively.
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Figure 6. Screw withdrawal strength and density of the sandwich panels (PW: Plywood, MDF: Medium density fiberboard, PB:
Particleboard, PW-MDF: Top face PW laminated MDF panel, MDF-PW: Bottom face PW laminated MDF panel, PW-PB: Top
face PW laminated PB panel, PB-PW: Bottom face PW laminated PB panel, PW-MDF-PW: Sandwich panel with MDF core

and PW-PB-PW: Sandwich panel with PB core

Table 1. One-way ANOVA for SWS of the sandwich panels

single layer (Pang et al., 2020). Hence, the predicted SWR of

Sumof  Degreof  Mean Sig. the PW-MDF and MDF-PW (2163.62 N) and PW-PB and

squares  freedom  square PB-PW (1515.77 N) were identical. The highest predicted
Doiieen Sroups - 290.52 o D 2450 0000 SWS was 3303.64 N for PW-MDF-PW and differentiated
Total e 28505 2 - from 1.66% to 14.74% from the experimental values.

Table 2. Tukey mean comparison for SWS of the sandwich

The density of the material is a characteristic of wood and
wood-based products. Therefore, it is quite significant to
predict SWR of the panels. In addition, difference in density

anels - X - . e
pMaterial n Mean Grouping profl_le_for materials may causes hl_gher dlfferentlatlon_ in the
PW-MDF-PW 5 1251 A prediction of SWR of panels. Besides, withdrawal stiffness
PW-MDF 5 1053 A B of the material used in layers obviously affected predicted
PW 5 9.72 B C SWR of panels. In the case of that the number of layers
PW-PB-PW 5 936 B C D penetrated by the screws in single- or both face laminated
MDF-PW 5 8.78 B C D E :

PW-PB 5 7.9 ¢ D E panels decreased (from 3-7 layers to single layer), test values
MDE 5 793 D E in SWRs were higher than predicted values (Pang et al,
PB-PW 5 6.83 E 2020). In this study, specimens were screwed with tip
PB 5 3.81 F protruding, so predicted values were mostly higher than test

3.2. Prediction of the screw withdrawal resistance

Table 3 shows the average and standard deviation of the
ultimate screw withdrawal load and the withdrawal stiffness
for PW, MDF, and PB. The load-deformation curves of PW,
MDF, and PB were given in Figure 7 and used to calculate
the withdrawal stiffness (G, MPa) of the specimens (Table 3).

By using equations 4 and 5, the SWR of the panels with
two layers and three layers were predicted in columns a and
b (Table 4). In column ¢ (Table 4), the minimum predicted
SWRs of the panels in either column a or b were compared
with the experimental values of the SWR. According to the
results, the ratios between predicted and experimental values
varied from 0.20% to 24.86%. It does not matter which face
was laminated for MDF and PB because the predicted SWR
for panels with two layers was obtained by using the
experimental SWR and the density of the materials with a

values. Furthermore, if the density and the withdrawal
stiffness of material in the top layer was higher than those of
core or bottom layers, differences between test and predicted
values were higher (PW-PB, PB-PW and PW-PB-PW sample
groups in Table 4). It was resulted that the estimation of the
SWR panels made of core material with a low-density and
withdrawal stiffness would be higher than test values. On the
other hand, it would provide a sight to estimate SWR of panel
with high-withdrawal stiffness utilizing for structural
purposes.

The SWRs of PW, PB and MDF in Table 3 were
benchmarked those SWRs in various studies (Table 5). The
SWR increase with an increase in penetration depth and
screw diameter. SWR of the materials used in this study
compensate results in literature. Moreover, results of the
SWS for the veneer laminated panels (Popovska et al., 2019)
and those of PW-MDF-PB and PW-PB-PW sandwich panels
(Figure 6) were close to each other.
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Table 3. Sample statistics for the SWR and the withdrawal stiffness of PW, MDF, and PB

Ultimate screw withdrawal load (N)

Withdrawal stiffness (N/mm®)

Material Average SD CoV Average SD CoV
PW 602.19 165.21 27.43% 10.09 1.38 13.73%
MDF 1248.75 42.29 3.39% 13.87 1.84 13.29%
PB 708.13 28.59 4.04% 6.26 0.40 6.40%

SD: Standard Deviation and CoV: Coefficient of Variation
800 PW 1400 MDF
700 o0 | e
_ 600 e 1000
\% 500 ’,""“ﬂ ,,,,,,,,, P PW1 é so0 | A T MDF1
3 400 i PW2 & 600 MDF2
S 300 e S
200 L PW3 400 MDF3
108 o PW4 208 MDF4
SRBBREIBBREIS PW5 SURBYRINR8ERYS MDF5
OO0 O0OO0O0O0OdArAAAANN OO0 0000000
Deformation (mm) Deformation (mm)
800 PB
600
| £ e PB1
400
B PB2
-
200 PB3
0 PB4
[N eNelNeo)Ne)Ne)Ne)NerNerRecolooReolooRe o PBS
SANNMINLORRS O AN
[eNeolololoNoNeoNeNeNoNoll ool
Deformation (mm)
Figure 7. Load-deformation curves
Table 4. Results of the experimental and predicted SWR of panels
Material Sample No Ultimate SWR (N) pes PredlctedbS*WR () o Difference
1 2434.38 11.12%
2 2264.06 4.44%
PW-MDF 3 2353.13 11061.56 2163.62 2163.62 8.05%
4 2298.44 5.87%
5 2492.19 13.18%
1 2200.00 1.65%
2 1732.81 -24.86%
MDF-PW 3 1864.06 2163.62 11061.56 2163.62 -16.07%
4 2153.13 -0.49%
5 2300.00 5.93%
1 1860.94 18.55%
2 1987.50 23.73%
PW-PB 3 1939.06 7019.60 1515.77 1515.77 21.83%
4 1998.44 24.15%
5 1904.69 20.42%
1 1518.75 0.20%
2 1782.81 14.98%
PB-PW 3 1706.25 1515.77 7019.60 1515.77 11.16%
4 1498.44 -1.16%
5 1778.13 14.75%
1 3562.50 7.27%
2 3359.38 1.66%
PW-MDF-PW 3 3875.00 8444.95 3303.64 3303.64 14.74%
4 3812.50 13.35%
5 3454.69 4.37%
1 3084.38 17.27%
2 2673.44 4.55%
PW-PB-PW 3 2239.06 5908.84 2551.83 2551.83 -13.97%
4 2939.06 13.18%
5 3206.25 20.41%

*a: First calculation in equations 4 and 5, b: Second calculation in equations 4 and 5, and c¢: Minimum of the a and b.
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Table 5. SWRs of the materials in the various studies

Penetration depth Screw SWR
Material P Diameter (N) Test Standard Reference
(mm)
(mm) Face Edge
Beech 1279 943 Birinci and K i
Ozigo 12 35 726 563 EN 13446 (2'5;‘5)' and raymaxcl
Okoume 691 487
24 6.5 5430 -
PW Larch 85 6100 ) KS F ISO 9087 Pang et al. (2020)
24 6.5 5426 -
Larch 8 6100 ) KS F 1SO 9087 Ahn et al. (2021)
10- 35 2265 1573
Beech 4 2993 2096 TS EN 13446 Yorur et al. (2017)
- 35 1048 335
4 1167 201 TS EN 320 Yorur et al. (2020)
4 1149 1066 " Wolpiuk and Sydor
15 6.3 1651 1620  Undefined (2016)
MDF 338 1037 865
15/19 4 1191 1106 EN 320 Pour et al. (2022)
16/28 35 658 893
16/30 45 681 1052 TS EN 13446 Uysal et al. (2023)
4 548 254
10 5 488 324 EN 320 Guo et al. (2018)
6 452 208
- 35 1007 476
PB 4 1053 620 TS EN 320 Yorur et al. (2020)
4 675 462 " Wolpiuk and Sydor
15 6.3 964 704 Undefined (2016)
16/28 35 495 675 TS EN 13446 Uysal et al. (2023)
16/30 4.5 511 830
Veneer Beech-Pine 12.81* 2.04*
Laminated Poplar-Pine 11.31* 2.65* -
Wood based Poplar- Undefined Popovska et al. (2019)

panel (Core:PB)  Beech

13.24* 3.24*

* Values in N/mm? for SWS of materials
4. Conclusion

In this study, the SWS of the PW laminated panels and
sandwich panels were determined, and their SWR was
estimated by using the SWR, the withdrawal stiffness, and
the density of the material used in each layer.

e The results showed that laminated panels and sandwich
panels could be designed for screw-based joints by
considering the SWR of the material used in panels as core
and face layers.

e The highest average density was obtained for MDF.
However, PW-MDF-PW had the highest SWS. It showed
that sandwich panels could be lighter due to a higher
strength/density ratio. Besides, there is no statistically
significant difference in which face of MDF or PB
laminated, but top face laminated panels had a higher
strength.

In the prediction of the SWR of laminated panels and

sandwich panels, experimental values and predicted values

were differentiated between 0.20% and 24.86%. It was
around from 1.66% to 20.41% for sandwich panels, which
roughly satisfied the predicted values in literature, around

13-14% (Pang et al., 2020).

The procedure gives better prediction for panels with

bottom- or core-layers having higher withdrawal stiffness

compared to those of top layers.
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kullanilmasina ragmen gelistirilmesi ve kompozit yay formunu almas: gégebe Orta Asya kiiltiirlerinde olmustur. Kompozit yaym
imalinde ana bilesenlerin en Onemlisi Olan hayvansal tutkallarin iglevini vurgulamak gerekir. Ahsap, boynuz ve hayvan
tendonlarindan olusan malzemeleri giiglii bir sekilde bir arada tutan tutkallarin imali ve kullanimi kompozit yaylarm yapimini
miimkiin kilmigtir. Bu makalede yay yapiminda kullanilan geleneksel tutkallar ile yeni nesil tutkallarin yapisma performanslari
¢ekme testi ile kargilagtirilmistir. Caligmada Tatar ak¢aagacindan (Acer tataricum L.) hazirlanan ahsap yapisma 6rnekleri 10 farkli
tutkalla 5 bar basing altinda sicaklik uygulanmadan yapistirilip hazirlanmigtir. Cekme testlerinde elde edilen verilere gore en yiiksek
yapisma mukavemeti deri tutkalindan elde edilmistir. Hayvansal tutkallarin kimyasal yapilari, yapisinda bulunan fonksiyonel
gruplar ve fakliliklar1 FTIR analizi ile incelenmistir. Elde edilen spektruma gére hayvansal proteinler i¢in karakteristik pikler
belirlenmistir. Ancak farkli kaynaklardan elde edilen orneklerin amid pik siddeti farkliliklar1 ve dalga boyu kaymalari ortaya
konulmustur. Ayrica lap shear yapigma testi 6rneklerinin yapigsma hatti 191k mikroskobu altinda tutkal penetrasyonu ve ahgap tutkal

etkilesimi agisindan incelenmistir.

Anahtar kelimeler: Yay, Protein tutkali, FTIR, Yapigma performanst

Comparison of the adhesion performances of traditional and new generation
adhesives used in the making of Turkish bows

Abstract: From primitive societies to today's modern armies, mankind has engaged in competition and warfare since its existence,
developing various weapon systems for prevailing in these conflicts. Although it remains unclear when and where the bow and
arrow, among the earliest weapons used and developed, were first employed, they have consistently been one of the most effective
war instruments. The development of bows and arrows, particularly the transition to composite bows, is notably associated with
nomadic Central Asian cultures. It is crucial to highlight the significance of animal adhesives, which are pivotal components in the
production of composite bows. The utilization of adhesives to bind materials such as wood, horn, and animal tendons facilitated
the creation of composite bows. This article compares the adhesion performances of traditional animal protein-based adhesives
used in bow production and new-generation commercial adhesives with the tensile test. Tatar maple (Acer tataricum L.) wood
adhesion samples were employed in the study, bonded with ten different adhesives under 5-bar pressure without applying heat. The
tensile test results indicate that hide glue has the highest adhesion strength. The chemical structures of animal adhesives, the
functional groups within the structure, and their variations were analyzed through FTIR analysis. Characteristic peaks for animal
proteins were identified in accordance with the obtained spectrum. Furthermore, differences in amide peak intensities and
wavelength shifts were detected among samples obtained from various sources. Additionally, the adhesion line of the lap shear
adhesion test samples was examined under a light microscope to assess adhesive penetration and the interaction between wood and

adhesive.

Keywords: Bow, Protein adhesive, FTIR, Adhesion performance

1. Giris

Diinya tarihinde askerlik ve harp sanati agisindan dikkat
¢eken milletlerin basinda Tirkler gelmektedir (Eralp, 1993).
Zorlu cografyada hayatta kalmanin tek yolu saglam bir ordu
ve Ustiin silahlara sahip olmaktir. Bu bakimdan silah yapimi
Tiirklerde en iist diizeyde gelisme gdstermis, milkemmel yay
iiretmeleri ve bunlari maharetli bir sekilde kullanmalarindan
dolay1 “ok¢u/kemankes millet” sifati ile amilmuslardir

(Goksu, 2013; Kiigiik, 2018). Bir savas aleti olarak ok ve yay
Tiirk kavimlerinin giinlilk yasaminda 6nemli bir rol oynamis
(Bir vd., 2006) ve Tiirk tarihinde degerli izler birakmigtir
(Cetin, 2011).

Kazanilan zaferlerde okgular her zaman basat rol
oynamislardir. Diigmanla gogiis gogiise gelmeden etkili
olabilmeleri, ustalikla kullandiklar1 uzak mesafe silah1 olan
ok ve yaya bagldir (Yicel, 1999). Yaylarin kisa olusu,
giiciinil ve atig mesafesini artirdig1 gibi siivarilere at iistiinde
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daha rahat hareket kabiliyeti ve her yone manevra yapip ok
atabilme imkani1 saglamistir (Karpowicz, 2008; Goksu, 2013;
Metin, 2014; Randall, 2016; Dogan, 2017).

Tiirk yaylarinin da dahil oldugu kompozit yaylar, ahsap
bir iskelet, boynuz, sinir ve hayvansal tutkallardan
olugmaktadir (Asbell vd., 1993). Kompozit yay, teknolojik
olarak en sofistike olanidir ve yapimi yiiksek diizeyde beceri
gerektirir (Knecht, 1997). Kompozit yaylar, boynuz-ahsap-
sinir-tutkal gibi farkli malzemelerin elastik ve mekanik
mitkemmelligini birlestiren en iyi ve en kullanish yaylar
temsil etmektedir (Latham ve Paterson, 1970; Klopstek,
1987; Kooi, 1994; Grayson vd., 2007). Kompozit yaylarda,
sinir kapl dig ylizeyi gerilme, boynuz kapli i¢ yiizey ise
sitkisma kuvvetlerine maruz kalir (Randall, 2016). Uzun
cekisli, kisa ve hafif yay kollari, kompozit bir yayin yiiksek
miktarda enerji depolamasini ve oka diger yay tiirlerinden
daha verimli aktarilmasini saglar (Knecht, 1997). Boynuz ve
sinir birim kiitlede ahsaptan daha fazla enerji depolanmasini
saglar. Dosenen sinir esneklik saglayarak yayin giiclinii
artirirken boynuz sikisma kuvveti sayesinde kirilmaya karsi
direnci artirir (Grayson vd., 2007; Karpowicz, 2008).

Bir¢ok millet, boynuz ve sinirden yapilan kompozit
yaylar1 kullanmasina ragmen, yiiksek giicii, etkinligi ve ayn1
zamanda kiiglik, zarif ve hafif yaylarin yapiminda higbiri
Tiirkler kadar uzmanlasmamistir (Klopsteg, 1934). ideal yay,
kollar1 kisa ve hafif olan yaylardir ve kompozit yaylarin
icerisinde en gelismis olani Tiirk yaylaridir (Klopsteg, 1987;
Karpowicz, 2008). Yayda enerji depolanmasinda prensip,
yay kollarinda en az materyalin kullanilmasi ve ayni zamanda
saglamligin elde edilmesidir. Diger kompozit yaylardan
tasarim farliliklari, malzeme ve yapim teknikleri Tiirk
yaylarinin performansimi artirmaktadir (Karpowicz, 2008).
Bu miikemmellige yiizyillar siiren deneme ve arastirmalarin
neticesinde ulagilmig, maliyetli ve temini gii¢ olsa da daima
en uygun ve kaliteli malzeme kullanilmistir (Yiicel, 1999;
Parlak, 2020). Kisa Tiirk yaylarinda birim kiitle bagina
depolanan enerji miktar1 bu yaylarin istiin performansini
meydana getirmistir (Kooi, 1994).

Ahsap tutkallart Iran, Cin ve Misir gibi eski
uygarliklardan buyana kullanilan, muhtemelen insanoglunun
bildigi en eski yapistiricilardir (Petrie, 2007). MO 3000
yillarinda Stimerler’in hayvan derilerinden tutkal iirettikleri
bilinmektedir (Mikhail, 2009). Hayvansal kokenli ahsap
tutkallar1 epitel, bag, kas ve sinir olmak iizere dort ana
dokudan elde edilebilir (Haupt vd., 1990; Harrison vd., 2005;
Schellmann, 2007; Tousi vd., 2014). Bu hayvansal tutkallar
ahsap yiizeyler arasinda esnek ve yiiksek mukavemetli baglar
olusturmakta, tamamen kuru tutulduklarinda ise uzun siire
yapigma giiciinii koruyabilmektedir (Pizzi ve Mittal, 2003).
Tutkallar yapistirilan elemanlar arasinda yiikii dagitarak ve
transfer ederek ahsap elemanlarin gerilimini azaltir. Protein
bazli tutkallar yogunlugu yiiksek ahsaplarda uzun siireli suya
veya siirekli yliksek neme maruz kalmaya dayanikli degildir
(Frihart ve Hunt, 2011). Yapistirilacak yiizeyin tam ve esit bir
sekilde 1slanmasi, gii¢lii bir yapigsma i¢in 6nemli bir 6n
kosuldur. Tutkalm iyi yapisma 6zelliginin bir gostergesi de
temas agisidir. Temas agisinin kiigiik olmasi, daha az yiizey
gerilimi, daha iyi yayilim ve yapisma Ozellikleri gosterir
(Habenicht, 2009; Kumar ve Pizzi, 2019). Hayvansal
tutkallarda yavas jellesme ve daha diisiik viskozite, tutkalin
diizgiin bir sekilde yayilarak yiizeyin yeterli derecede
1slanmasi sonucunda diizgiin film olugumu saglar. Tutkal
¢Ozeltisinin yiizey gerilimindeki azalma islatma &zelligini
iyilestirmektedir  (Schellmann, 2007). Sivinin yiizey

iizerindeki 1slanma davranisi sadece viskozitesine degil, ayni
zamanda yiizey gerilimine de baglidir (Habenicht, 2009).
Yay yapiminda kullamlan hayvansal kokenli tutkallar boynuz
ve ahsap gibi yiizey Ozellikleri ve piriizliiliikleri farklr iki
maddeyi miikemmel derecede yapistirabilmektedir. Ahsap
ylizeyler, dogas1 geregi eskime ve oksidasyon ile degisir.
Agacin 6zsuyu, ekstraktifler, recineler veya koruyucular da
yapisma giiciinii etkiler. Genel olarak yeni kesilmis ahsap
ylizeyler gozenekli yapisi nedeniyle yapistirma igin idealdir
(Adams ve Wake 1986; Petrie 2007).

Sogutulduklarinda hayvansal tutkal sulu ¢6zeltilerinin
jellesmesi onemli bir ozelliktir (Pizzi ve Mittal, 2003). Bu
tutkallarin  sertlesme siiresi, jellesme sicakligina, jel
kuvvetine, ortam sicakligmma ve bagil neme baghdir.
Hayvansal tutkallarda jellesme sicakliginin biraz tizerindeki
sicaklikta kurutuldugunda dogal olarak oldukg¢a kararli ve
elastik filmler gelistirir (Schellmann, 2007). Bu bakimdan
yayin halkaya g¢ekilmesinden sonra en az 6 ay siireyle
kurumaya birakilmasi yapigsma &zelliklerini en iist diizeye
¢ikardig1 soylenebilir. Karpowicz (2008) tutkalin daha fazla
siireyle kurumaya birakilmasinin sertlestirmeyi sagladigini
ve yayin verimligini artirdigini bildirmektedir. Yaya Sinir ve
tutkal vurulduktan sonra her iki malzeme de nem kaybindan
dolay1 kurumaya baslar ve birbirine iyice yapisir. Tutkal
molekiilleri bu asamada hidrojen bagi olusturur ve
malzemeler her yonden biiziilmeye baslar. Tutkalin bu
kuruma ve bizilme o6zelligi yaya refleks yapi
kazandirmaktadir (Karpowicz, 2008).

Tutkalin  esneyebilme ozelligi sayesinde yaydaki
gerilimlerde, hem malzeme hem de hayvansal tutkallar
birbirlerine ¢ok iyi uyum saglamaktadir. Ozellikle yaym
cekisi esnasinda sinir kisminda olusan asir1 gerilimlere
dayanma ve yay birakildiginda olusan kuvvetlere karsi
koyabilme saglam yapisma ve esneme Ozelliginden
kaynaklanmaktadir.

Kompozit yaylarin iskeletini olugturan ahsapta aranilan
ozellikler; tutkalin kolayca yapisabilmesi ve sert fakat
kirilgan olmamasi, esnek ve kolay biikiilebilir ve yayin
caligmasi esnasinda burkulmalara kargi koyabilecek kadar
siki dokulu ve yogunlukta olmasidir (Knecht, 1997).
Yizeyine kolay tasin ¢ekilebilmeli, tutkal kolay penetre
olmali ve gerilimlere dayanabilmelidir. Yayda kullanilan
ahsap gerilme ve sikisma kuvvetlerinden daha fazla, boyuna
olusan makaslama kuvvetlerine dayanacak 06zellikte
olmalidir. En iyi agaglar yillik halkalarin rahatlikla secildigi
gozenekli agaglardir. Tatar akcaagaci da Tirk yaylarn
yapiminda kullanilmigtir  (Karpowicz, 2008). Akgaagac
ahsap kisimlarin ve boynuzun yapistirilmasinda giiglii
yapisma 0zelligi gostermektedir (Loades, 2016).

Lif haline getirilmis sinirlerin ahsaba désenmesinde
kullanilan tutkal, lifleri bir arada tutmaktan ziyade, ahsap
iskelete yapistirma islevi agisindan daha Onemlidir.
Hayvansal tutkallar sinir (kolajen) ile ayni bilesime sahip
oldugundan, vurulan sinirlerle son derece homojen bir tabaka
haline gelir ve tutkalin bu islevi essizdir (Klopstek, 1934).
Ahsap, boynuz, sinir ve tutkal gibi dort farkli malzemeden
yapilan kompozit yaylarda en Onemli bilesen tutkaldir
(Knecht, 1997; Karpowicz, 2008). Yay yapiminda deri, balik
ve sinirden elde edilen hayvansal tutkallar kullanilmaktadir
(Schellmann, 2007). Sadece deri ve balik tutkallari, sinir ve
boynuzu ahsap bir malzemeye yapistirma giiciine ve
esnekligine sahiptir. Bu tutkallarin esnekligi ayn1 zamanda
kompozit yaylarin genel dayaniklilik ve esnekligine de katki
saglamaktadir (Loades, 2016). Yayda kullanilan malzemeleri
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biiyiik gerilimlere ragmen bir arada tuttugundan tutkal
kalitesi ¢ok onemlidir (Klopstek, 1987). Pizzi ve Mittal
(2003) hayvansal tutkallarin ahsaptan daha yiiksek gerilme
mukavemetine sahip oldugunu belirtmektedir. Bu bakimdan
biikiilmenin maksimum oldugu noktalarda ahsapta meydana
gelen siiriikklenme (Bergman, 2011) ve gerilme kuvvetlerine
kars1 mitkkemmel uyum saglamaktadir. Iyi bir tutkal yiiksek
kirilma mukavemetine ve esneklige sahip olmalidir (Allely
vd., 1992). Tutkalin daha esnek olmasi i¢in yogunlugunun
azaltilmasi gerekir. Fakat yogunlugun azaltilmasi ¢ekme
mukavemetini de azaltir (Petrie, 2006). Hayvansal tutkallarda
uygulamanin dort temel esasi, ylizeylerde ince bir film
olusturma, olusturulan bu filmin yapigskan hale gelmesini
saglama, yiizeyler arasinda tam temas saglama ve esit ve
yeterince uzun siire basing uygulamadir (Pizzi ve Mittal,
2003).

Yay yapiminda hayvansal tutkallarin 6nemli avantajlar
oldugu gibi bazi dezavantajlart da bulunmaktadir. Baslica
dezavantajlari, kullanimlarinda hassas sicaklik kontrolii
gerekmesi ve yapigma yiizeylerinin diisiik nem direncidir. Bu
bakimdan hayvansal tutkallarin higbiri neme, suya, kiife ve
glirimeye karst direngli degildir (Pizzi ve Mittal, 2003;
Schellmann, 2009; Mikhail, 2009) ve yiiksek nem hayvansal
tutkallarin yapisma giiciinii etkileyebilir (Bridarolli vd.,
2022). Bu nedenle yaym kompozit yapisi, olduk¢a nemli
iklime sahip yerler i¢in uygun degildir (Randall, 2016).
Yayin 1slanmasi veya uzun siire nemli havaya maruz kalmasi
durumunda, sinir nemi emip gerildiginden performans
diismekte ve yay kirilabilmektedir (Allely vd., 1992). Yaylar
ve kirisin 1slanmasi ve kullanilmaz hale gelmesi nedeniyle
savasin kaybedildigi 6rnekler vardir (Goksu, 2013).

Mekanik kuvveti saglamanin en iyi yolu sogudugu zaman
jellesen bir tutkal tiretebilmektir. Hayvansal tutkallar ahsaba
sicak ve viskoz olarak uygulandiklarinda, hizla soguyarak jel
mukavemeti gelistirirler. Kurudugunda ahsaptaki gozenekli
yapiya niifuz ederek esnek ve yiiksek dayanikli baglar
olusturur (Asbell vd., 1993; Pizzi ve Mittal, 2003). Sicak suda
daginik halde bulunan protein mokekiilleri sogudugunda ag
yapist gelistirerek jellesir. Jellesme protein molekiillerinin
kismen tekrar sekil degistirmesi sonucu meydana gelir.
Hidrojen baglar1 sonucu olusan jellesme kuruduktan sonra
sert ve giiglii hale gelir. Jel ne kadar kuvvetli olursa yapigma
da o oranda giiglii olur. Yogun tutkalda molekiiller birbirine
yakin oldugundan daha hizli jellesme goriiliir (Karpowicz,
2008). Tutkalin daha iyi niifuz etmesi igin diigiikk yogunluklu
tutkal sicak halde uygulanmasina ragmen, nihai yapistirmada
daha yogun tutkal tercih edilmektedir. Klopsteg (1987) bu
orani kuru tutkalin agirlik¢a iki kisim tutkal ve bes kisim su
ile karistirllarak elde edilebilecegini bildirmektedir. Fakat
tutkal jellesmeden rahat galisabilmek igin agirlik¢a dort kisim
tutkal ve bir kisim su oraninda karistirilmasi ve ¢ozeltilerin
60°C civarinda hazirlanmas: tavsiye edilmektedir (Klopsteg,
1987; Schellmann, 2009).

Hayvansal tutkallar, memeli hayvan veya balik
kolajenindan elde edilen dogal biyopolimerlerdir. Memeli
hayvanlardan elde edilen jelatinler yaklagik 30-35 °C'ye,
soguk su baliklarinin jelatinleri ise yaklagik 8 °C'ye kadar
jellesmeden kalabilmektedir. Ancak, tutkalin imalati
asamasinda sicaklig1 onemli 6l¢lide agilirsa jellesme sicakligi
diismektedir  (Schellmann, 2007, 2009). Hayvansal
tutkallarin genis bir kismini olusturan, memeli hayvanlardan
elde edilen jelatinler, balik derisi, kemigi, yilizgecinden elde
edilen deniz kaynakli jelatinlerden daha giicli yapisma
ozelligine sahiptir ve daha yumusaktir (Allely vd., 1992).

Kolajenin tutkal olarak kullanilabilen jelatine doniigmesi
icin denatiirasyon siireci gereklidir. Memeli hayvan kolajeni
40-41°C'de denatiire olurken, balik tutkallar: ve diger balik
kolajenleri daha diisiik sicakliklarda denatiire olur. Kolajen
bazli tutkallarin hazirlama sicakliklariin genellikle 55-63 °C
civarinda olmas1 tavsiye edilir. Baliklardan elde edilen
tutkallar, kimyasal yapilar1 nedeniyle memeli hayvan
tutkallarina gore 1sitildiginda daha kolay pargalanir
(Schellmann, 2007, 2009). Memeli hayvan kolajenleri, balik
kolajenindeki molekiiller aras: stabilize edici baglarin azhig
nedeniyle, daha giiglii tutkallar verme egilimindedir
(Schellmann, 2007, 2009). Deri ve sinir tutkallarinin
ozellikleri benzerdir. Hizli jellesirler ve yapisma daha giiglii
meydana gelir. Bu tutkallarin iyi islatma ozelligi igin sicak
ortamlarda  diisiik  yogunluklu  olarak  hazirlanirlar
(Karpowicz, 2008).

1.1. Deri tutkallar

Farkli hayvanlarin derilerindeki kolajen dokularindan
elde edilmektedir. Memeli hayvan kolajenleri daha giiclii
tutkallar verme egilimindedir (Schellmann, 2007, 2009). Deri
ve sinir tutkallarinin 6zellikleri benzerdir. Hizli jellesirler ve
yapisma daha giiclii meydana gelir. Bu tutkallarin iyi 1slatma
6zelligi igin sicak ortamlarda diisiik konsantrasyonlu olarak
hazirlanir (Karpowicz, 2008). Memeli hayvan jelatinlerinin
termal ve ultraviyole etkisiyle gerilme mukavemetinin arttigi,
ancak degisken bagil nem ve sicaklikta daha sert ve kirllgan
hale geldigi belirlenmistir (Schellmann, 2007).

1.2. Balik Tutkallar (isinglass)

Farkli tiirdeki baliklarin hava kesesinden elde edilen
tutkallardir. Saf beyaz, yari seffaf, kuru, sert dokulu ve
kokusuzdur. 35-50 °C arasindaki suda bir kalinti birakmadan
¢oziinilir ve sogutuldugunda neredeyse renksizdir. Hazar ve
Karadeniz'de yasayan birka¢ mersin baligi (Acipenser)
tiirlinden elde edilir. Géksu (2013) yay yapiminda kullanilan
balik tutkalinin en gok talep edileni, Tuna, Dinyeper ve Volga
nehirlerinin  denize dokiildigi yerde yasayan Mersin
Morinasinin damak derisi veya hava kesesinden imal
edildigini bildirmektedir. Balik tutkallar giiclii ve esnektir
(Allely vd., 1992). Bu tutkallarin yavas jellesmesi, 1slatma
6zelliginin daha iyi olmasini saglar ve hidrojen baglarindan
dolay1r kurudugunda yiizeylere daha iyi yapisma ozelligi
gosterir. Deri tutkallari kurudugunda 1siya karsi daha
dayanikli hale gelmektedir. Bu bakimdan yay yapiminda
sicak iklimlerde deri tutkali, daha nemli iklimlerde balik
tutkalr kullanimi daha uygundur (Karpowicz, 2008).

1.3. Balik jelatini
Baligin derisinden, kemiklerinden veya pullarindan elde

edilen tutkallardir. Genelde morina baligmin derisinden
yapilir (Petrie, 2007).
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1.4. Kemik tutkallart

Kemiklerden elde edilen tutkallardir. Suda deri
tutkallarindan daha fazla ¢oziiniirler. Kemiklerden elde
edilen tutkallar, yiiksek inorganik maddeler ve yag
igeriginden hayvan derilerinden elde edilen tutkallara gére
daha kalitesizdir (Pizzi, 1994) ve bundan dolay1 yapisma
mukavemetinin deri veya balik tutkalinin yarisi oldugu ifade
edilmektedir (Karpowicz, 2008).

1.5. Sinir tutkali

Gelibolu yakinlarindaki Caga adli kdyde iiretildiginden
Cega veya Caga tutkali olarak bilinmektedir. Sinir liflerinin
uzun siire kaynatilmasi ile elde edilmektedir. Tiirk yay
ustalar1 sadece sinir tutkali kullanarak da yay imal etmislerdir
(Kani, 1847).

1.6. Polivinil asetat (PVA)

"Beyaz tutkal" olarak bilinir. Ugucu bilesikler
buharlagarak PVA tutkalin sertlesmesini ve gerilme
mukavemeti kazanmasini saglar. Bu su bazli tutkallar aninda
yapistirma kabiliyetine ve kiirlendiginde, solvent bazli
yapistiricilar kadar nem direncine sahip degildir. Capraz
baglanmada bile agir yiik altinda siinme egilimindedir.
Tekrarlanan donma-¢6ziilme dongiileri ile bozulabilir ve raf
omrii genellikle sinirhidir. Polivinil asetat yapistirici, 6zellikle
diisiik sicakliklarda nispeten esnektir. Ahsabi yapistirmak
icin 20 C%de 10 bar basing uygulama ve 10 dakika ile 3 saat
arasinda kuruma stiiresi ve iyi yapisma i¢in 1-7 giin arasinda
sartlandirma Onerilmektedir (Oliver, 1981; Pizzi ve Mittal,
2003; Petrie 2007; Habenicht, 2009).

1.7. Iki bilesenli epoksi recine tutkallar:

Caligma kapsaminda kullanilan iki bilesenli epoksi
reginelerden ticari ismi Pattex Kraft-Mix (Henkel, Germany)
ve lamine yaylarin yapiminda kullanilan tutkal (Smooth-on
EA-40) kullanmilmistir Soguk sertlesen iki bilesenli epoksi
recine tutkallar1 giliglii ve fonksiyonel birlestirmeler
saglamaktadir. Tki bilesenli tutkallarda bir bilesen digerine
cogunlukla ekzotermik bir reaksiyonla c¢apraz baglanir.
Sicaklik muamelesi kiirleme siiresini kisaltir, ancak mutlaka
yapilmasi gerekmez (Gierenz ve Karmann, 2001; Habenicht,
2009; Mikhail, 2009). Epoksi reginelerin tistiin fiziksel
ozellikleri; kiirlenmede diisiik biiziilme, ugucu madde
yaymamasi, ¢ok sayida malzeme ile uyumluluk, mukavemet
ve dayaniklilik, yapisma, korozyon ve kimyasallara direng,
elektrik yalitimi, bosluklart iyi doldurma, viskozite ve
sertlesme siiresinin ayarlanabilmesidir. Epoksi regineler kuru
halde ahsapla giiglii baglar olusturur. Suda tekrar 1slatmaya
ve kurumaya maruz kaldiklarinda, dis ortamda kullanilan
ahsap yapistiricilar kadar dayanikli degildir (Kumar ve Pizzi,
2019). Uzun raf 0dmriine sahiptir. Ayrica, epoksi re¢ine hem
ortam sicakliginda hem de yiiksek sicakliklarda kiirlenebilir

ve kiirlenmede minimum basing gerektirir (Allely vd., 1992;
Petrie, 2006).

Yay yapiminda kullanilacak agaclarin tasimasi gereken
fiziki niteliklere ilaveten, botanik ve mekanik 6zellikleri de
onem tagimaktadir (Parlak, 2020). Kompozit yaylarin
iskeletini olugturan ahsapta aramlan ozellikler; tutkalin kolay
penetre olmasi, kirilgan olmamasi, kolay tasin ¢ekilebilmesi,
esnek, kolay biikiilebilir ve yaymn c¢aligmasi esnasinda
burkulmalara kars1 koyabilecek kadar siki dokulu ve yogun
olmasidir (Knecht, 1997; Karpowicz, 2008). Yay yapiminda
farkli agaglar kullanilsa da en fazla tercih edilen ince dokulu
akgaagactir (Klopstek, 1934; 1987; Karpowicz, 2008).
Arkeolojik bulgular kompozit yay yapiminda akgaagacin
kullanildigina dair bilgiyi desteklemektedir (Balogh, 2016).
Kirik bir yaydan alinan pargada, kullanilan agacin ova
akgaagaci (Acer campestre L.) oldugu belirlenmistir (Giindiiz
vd., 2013). Bu tercihte, rahat islenebilme, kolay biikiilebilme
gibi ozelliklerin yaninda, tutkalin iyi derecede penetre
olmasi, tutkala yatirildiginda esneklik kazanmasi gibi
ozellikler etkili olmaktadir (Klopstek, 1934; irtem, 1939;
Goksu, 2013). En iyi yaylik agag¢larin Kastamonu ve Gerede
civarinda yetisen akcaagaglardan elde edildigi ve bu
akgaagacin tutkali iyice “i¢tigi” belirtilmektedir. Laboratuvar
testlerinde de tutkalin akgaagaca iyi penetre oldugu
bildirilmektedir (Klopstek, 1934, 1987; Yicel, 1999).
Akgaagag, ahsap kisimlarin ve boynuzun yapistiriimasinda
da giiclii yapisma ozelligi gostermektedir (Loades, 2016).
Ova akgaagacinin yaninda Tatar akgaagaci (A. tataricum
L.)’da Tiirk yaylar1 yapiminda kullanilmistir (Karpowicz,
2008).

2. Materyal ve yontem
2.1. Materyal

Calismada, bocek ve mantari etmenlerin zarar vermesini
onlemek i¢in, vejetaston donemi diginda Trakya Bolgesinden
kesilen Tatar akc¢aagaglar1 (A. tataricum L.) kullanilmustir.
Kesilen tomruklar dalsiz ve budaksiz gévde kisimlarmdan
alimmig ve 20-25 cm ¢aplari arasinda degisen kalinliktadir.

Caligmada kullanilan ticari iriin hayvansal tutkallar; deri
(Kramer, 63020), balik, balik hava kesesi (Isinglass-Kremer
Fish Glue blend, 63080), kemik (Yerel iireticiden) ve jelatin
(Merck 1.04078.1000) tutkalidir (Cizelge 1). Sinir tutkali ise
laboratuvar ortaminda hazirlanmigtir. Sinir vurmak igin
ayiklanan sinirlerden artan lifler tutkal yapiminda
kullanilmigtir. Bu liflendirilmis sinirler 24 saat siireyle saf
suda bekletilip birka¢ kez yikanarak durulanmistir. Daha
sonra bir kap icerinde konan sinirlerin iizerine saf su
doldurularak dogrudan ates iizerine konulup 8 saat siireyle
kaynatilmigtir. Buharlagmayla su azaldiginda siirekli saf su
ilavesi yapilmigtir. Kaynayan ve yumusayan sinirler blendirla
parcalanmigtir. Karigima saf su ilave edilerek bir saat siireyle
tekrar kaynatilmistir. Viskozitesi artarak bal kivamina gelen
karisim 1-2 mm kalinlikta plastik kaliplara dokiilmiis ve iig
giinlik kuruma siiresinden sonra plakalar halinde sinir tutkali
elde edilmistir.
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Cizelge 1. Tutkal gruplan ve dzellikleri

Grup Tutkal tipi Formiilasyon / Ozellik
T1 Smooth-On Epoxy- EA 40 (Karisim orani: 1/2.44)
T2 Smooth-On Epoxy- EA 40 (Karisim orani: 1/1)
T3 Deri protein tutkal (%30 oraninda) (Kramer hide glue-63020)
T4 iki bilesenli epoksi tutkall (Pattex)
T5 Jelatin balik protein tutkali (%30 oraninda) Kremer Fish Glue blend (63080)
T6 Balik protein tutkali (%30 oraninda)
T7 Analitik kalite jelatin Merck CAS- 9000-70-8 (%30 oraninda)
T8 Kemik protein tutkali (%30 oraninda) (Yerel iireticien temin edilmistir)
T9 Tanen tutkal (Kizilgam kabuk taneni)
T10 PVA tutkali (Wincell-ticari marka)
T11 Sinir protein tutkali (%30 oraninda) (Laboratuvar sartlarinda imal edilmistir)
T12 Deri protein tutkali-iki agamali uygulama* (%30 oraninda) (Kramer hide glue-63020)

*Ardisik 10 kat %10°luk ve 1 kat %30’luk son tutkallama
2.2. Yontem
2.2.1. Lap shear érneklerinin hazirlanmast

Tatar akgaagaglart (A. tataricum) kis doneminde
kesilmig, hemen kabuklar1 soyularak catlamamasi icin bag
kisimlar1 beyaz tutkala (PVA-polivinil asetat) batirilmig
gazete kagidi ile kaplanmustir. En iyi tutkal performansi, nem
iceriginin %6-14 arasinda elde edildiginden (Mikhail, 2009;
Frihart ve Hunt, 2011) tomruklar yaklagik iki yil siireyle
kurutulmug ve lif dogrultusunda yarilarak dort pargaya
ayrilmigtir. Lif doniikligii, nokta budak olusumu gibi
kusurlar1 olanlar ayrilarak yay yapimina uygun olanlar lata
haline getirilmis ve iki yil siireyle kurutulmustur. Bu
latalardan da Sekil 1°de verilen 6lgiilerde lap-sheear 6rnekleri
hazirlanmigtir. Basit, ucuz olmasi, standart bir ¢ekme test
makinesi kullanmasi ve karsilastirma i¢in ¢ok sayida verinin
mevcut olmasi gibi avantajlart (Adams ve Wake, 1986)
nedeniyle galigma kapsaminda hazirlanan tutkallarin yapisma
performanst lap shear testi ile belirlenmistir. Optimal
yapismay1 saglamak i¢in ¢alismada kullanilan ahsap iki yil
stireyle kurutulmus ve 30 lap shear 6rneginde ortalama nem
%8,8 olarak belirlenmistir.

Lap shear ornekleri ahsap serit testeresinde (Makita LB
1200) kesilmis ve kesim yiizeylerine herhangi bir islem
yapilmamustir. Orneklerin  kalmhgim 6lgmek igin  bir
mikrometre (Micrometer Mitutoyo, model: M317-25; 6l¢iim
araligi 0-25 mm; derecelendirme 0,01 mm) kullanilmugtir.
Ahsabin kesim yonii de yapistirmada onemli rol oynar.
Govdenin radyal simetrisi ve seliiloz liflerinin yonii mekanik
ve yapisma Ozellikleri iizerinde &nemli bir etkiye sahiptir
(Mikhail, 2009). Tutkal hiicreye dik uygulandiginda daha az
nifuz etmekte, hiicre limenlerine penetrasyona imkan
verecek liflere paralel kesim yapildiginda daha fazla
baglanma yiizeyi olusturdugundan daha iyi bir yapigsma
saglanmaktadir (Lucas vd., 2012). Bu ozellikler dikkate
alinarak lap shear oOrneklerinin kesimleri radyal kesitler
seklinde hazirlanmistir. Bunun igin BS 1204 (1993)
standardina uygun sekilde 3 mm kalinlik, 25 mm genislik ve
115 mm uzunlugunda kusursuz Tatar akgaagact (A.
tataricum) kaplamalar kullanilmigtir. Kaplama ornekleri
kullanilmadan 6nce iki hafta siire ile 20 °C sicaklik ve %65
bagil nemde bekletilerek klimatize edilmistir.

HEE/

25 mm
'\4

115 mm

13 mm

Sekil 1. Lap shear drnek boyutlari
2.2.2. Hayvansal tutkallarin hazirlanmasi

Islatma ozelliklerinin iyi olmasi ve ahsabin kapiler
bosluklarina akabilmesi i¢in tutkal uygun akicilikta olmalidir
(Frihart ve Hunt, 2011). Bu bakimdan genellikle kabza ve
boynuzun yapistirtimasinda ve sinir vurulmasinda %30 kati
madde oranma sahip tutkal kullanilmaktadir (Karpowicz,
2008). Kargilagtirma yapabilmek icin hayvansal tutkallarin
tiimii %30 kat: madde oraninda hazirlannmstir. Orneklerin
yapistirilmasi igin tutkallarin hazirlanmasinda; deri, balik,
kemik, sinir ve jelatin tutkallari bir giin 6nceden 30 g tutkala
70 ml saf su eklenerek 12 saat siireyle buzdolabinda
bekletilmistir. Suyu emen ve sisen tutkalin &zelliginin
bozulmamasi i¢in Benmari usulii (dogrudan ates iistiinde
kaynatmak yerine, bir kabi sicak suya oturtarak i¢indekini
1sitma yontemi) isitilarak sivi hale getirilmistir. Genellikle 60
°C civarinda tutkal ¢ozeltilerinin hazirlanmasi tavsiye
edildiginden (Schellmann, 2009) kullanim esnasinda
sicaklig1 ayarlanabilen elektrikli ocak tizerinde bekletilerek
uygun sicaklikta sivi halde kalmalar1 saglanmigtir.

2.2.3. Tutkallama ve basing uygulama

Akgaagag kaplamalarin tek yiizlerinde 25x25 mm alana
yaklasik 0,019-0,024 g/cm? sicak halde tutkal siiriilmiis ve
tutkal uygulanmamis kaplama ile birlestirilmistir. Hayvansal
tutkallar koptiklenme ve hava kabarciklari olusturdugundan
(Schellmann, 2007) daha iyi yapisma saglamak igin at
kuyrugundan yapilmis firga ile tutkal uygulanmistir. Epoksi
ve polivinil asetat (PVA) uygulamalar1 ise spatula ile
yaptlmigtir. Tutkal yapisma hattina uygulanan basing
yapismay1 olumlu veya olumsuz etkilemektedir. Uygulanan
basincin ¢ok yiiksek olmasi yapisma hattindaki tutkali
azaltacagindan yeterli yapisma saglanamamaktadir (Frihart
ve Hunt, 2011). Pizzi ve Mittal (2003) 6,9-10,3 bar basing
uygulamay1 yeterli gormektedir. Bu nedenle tutkallar
stiriildiikten hemen sonra, iki tabakali test 6rnegi laboratuvar
tipi (Carver, 3969 Bench Top) pres kullanilarak 5 barlik
basing altinda 10 dakika siireyle sicaklik uygulanmadan
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preslenmistir. Islem sonunda &rnekler iki ay boyunca 20
°C’de %65 bagil nemde klimatize edilmistir. Orneklerde
¢ekme mukavemeti degerleri 3 mm/dak ¢ekme hizinda
tiniversal test makinesinde (Shimadzu AG-IC) belirlenmistir.
Her 6rnek igin 10 adet testin ortalama degerleri verilmistir.

2.2.4. ATR-FTIR Analizi

Tutkal ornekleri 50 °C’deki etiivde 12 saat boyunca
kurutulmustur. Ardindan oOgiitiilerek toz haline getirilen
orneklerin yapisindaki fonksiyonel gruplar incelemek igin
FTIR spektrumlar1 Bruker Tensor 37 cihazi ATR modiilii
kullanilarak alimmustir. 4000-400 cm* dalga boyu aralifinda,
4 cm? ¢oziiniirlikte, 32 olglim seklinde yapilmustir.
Spektrumlarin  degerlendirilmesi Bruker OPUS yazilimi
kullanilarak gergeklestirilmistir.

2.2.5. Istk mikroskobu (LM)

Isik mikroskobu ¢aligmasi i¢in lap shear yapigsma testi
drnekleri yapisma hattindan kesilerek 1 cm? biiyiikliigiinde
ornekler hazirlanmistir. Bu 6rnekler laktofenol mavisi boya
ile boyanmis ve ardindan Irmeco IM SZ550-T-ST5-H Stereo
Zoom mikroskobu kullanilarak incelenmistir. Goriintiiler
Toupview 3.7 yazilimi kullanilarak ¢ekilmis ve islenmistir.

3. Bulgular ve tartisma

Yaylar, hammadde ve yapim yontemlerine gére sadece
ahsaptan yapilan basit yay, sinir takviyeli yay, kompozit yay
ve lamine yay olarak ayrilmaktadir (Knecht, 1997).
Kompozit yaylar digerlerine gore daha fazla enerji depolar ve
oka c¢ok daha iyi transfer eder (Latham ve Paterson, 1970;
Kooi, 1994; Grayson vd., 2007). Ciinkii boynuz ve sinir birim
kiitlede ahsaptan daha fazla enerji depolamasimi saglar.
Doésenen sinir daha fazla esneklik saglayarak yayin giiciinii
artirirken boynuz sikistirma kuvveti saglar ve kirilmaya karsi
direnci artirir (Charles vd., 2007; Karpowicz, 2008). Turk
yaylarinda bi¢im milkemmelligi, malzeme kalitesi ve yapim
Ustiinliigi bir arada goriilmektedir. Bu miikemmellige
ulagabilmek i¢in yiizyillar siiren yorucu bir deneme ve
aragtirma c¢abasi harcanmig, maliyetli ve temini gii¢ olsa da
daima en uygun ve kaliteli malzeme kullanilmigtir. Tiirk
yaylarinin diger kompoziyt yaylardan form farklarinin
yaninda malzeme ve yapim teknikleri bakimindan da farklar
bulunmaktadir (Yiicel, 1999).

3.1. Tutkallar ve ¢ekme dayanimi degerleri

Deri tutkallarinin gerilme mukavemeti yaklagik 39
MPa’dir  (Schellmann, 2007). Allely vd. (1992) deri
tutkalinin 4,5 N/mm?’den fazla gerilme mukavemetine sahip
oldugunu bildirmektedir. Cekme testleri uygulanan alt1
hayvansal, bir bitkisel ve {i¢ modern tutkalin maksimum
¢ekme kuvveti ortalamasi Sekil 2’de goriilmektedir. En
yiiksek gekme degerini ortalama 6,03 N/mm? ile deri tutkali
vermistir. Degisen c¢evresel kosullarinda deri tutkali kemik
tutkalina gore daha stabil davranmaktadir. Deri tutkali
mekanik yapigma bakimindan balik tutkali ile ayni, kemik
tutkalindan daha iyi yapigma saglamaktadir. Esneklik
bakimindan ise hava kesesinden elde edilen (isinglass)
tutkallarin deri tutkalina gore daha esnek Ozellige sahip
oldugu, kemik tutkalinin deri tutkalindan esnek olmasina
ragmen daha kirilgan bir 6zellik gosterdigi bilinmektedir

(Schellmann, 2007). Hayvansal tutkallarin yapisma
kuvvetleri kiyaslandiginda balik tutkali 15 kg, sinir tutkali 16
kg, kemik tutkal1 16 kg, deri tutkali 17 kg, balik hava kesesi
tutkali 18 kg’lik yapisma kuvveti gosterdigi bilinmektedir
(Allely vd., 1992).

Yapilan tek yonlii varyans analizinde tutkallarin ¢ekme
mukavemetleri arasinda istatistiki fark bulunmustur (Cizelge
2). Calismada, deri tutkalindan (T3) alinan 6,03 N/mm?
cekme dayaniminin ardindan en yiiksek deger 5,60 N/mm?ile
kemik ve analitik kalite jelatin tutkalindan (T8) elde
edilmistir. Memeli hayvan jelatini, deniz tiirlerinden daha
yiiksek jel kuvvetleri iiretmektedir. Yapilan testlerde, deri
tutkalinda (T3), balik tutkalina gore (T5), %30 daha fazla
¢ekme dayanimi elde edilmigtir. Tiirk yaylarinda boynuz
yapigtirtlmasinda hem ahsaba hem de boynuza %10 gibi
diisik yogunluklu tutkal 8-10 kat siiriilmektedir. Bunun
amac1 inceltilmis tutkalin kiigiik bosluklar1 doldurmasi ve
agacin gdzeneklerine penetre olmasinin saglanmasidir. Tlging
bir sonug olarak bu uygulamada, tek seferde uygulanan deri
tutkalindan %25 daha diisiik mukavemet degeri elde
edilmigtir. Bunun nedeni ince siiriilen film katmanlarinin
sertlesmesi sonucu son kat siiriilen kivamli tutkal ile
yeterinde kaynagsmamasi olabilir. Diger tutkallarin ¢ekme
mukavemetleri Cizelge 3’te verilmistir.

Deri tutkali daha yiiksek yapisma mukavemeti
degerlerine sahip iken, kemik tutkali diisiik gerilme
mukavemetine ve daha kirilgan Ozelliklere sahiptir
(Schellmann, 2007, 2009). Melia-Angulo vd., (2016)’de
Kramer (63020 -BS: 230-280) deri tutkalinin, Kramer 63010
(BS:240 +20) balik tutkalindan iki kat daha giiclii ve yaklasik
iki kat daha fazla uzama Ozelligine sahip oldugunu
bildirmektedir. Deri ve kemik tutkallarindan sonra jelatin
(Merk) tutkalindan (T7) ortalama 5,33 N/mm? c¢ekme
dayanimi elde edilmistir (Sekil 2).

Cizelge 2. Cekme mukavemet degerleri tek yonlii varyans
analizi sonuglari

Kareler -
Kareler toplami  df ortalamast F Sig.

Gruplar
arasi
Gr;’g'ar 6688478354 107

Toplam 101486891,953 118

94798413,599 11  8618037,600 137,868 0,000

62509,143

Cizelge 3. Duncan testine gore tutkallarin ¢ekme
mukavemetleri gruplari
Cekme
Tutkal cinsi Ornek say1st  mukavemeti
(Newton)

Deri protein tutkali 10 3771,55502
Kemik protein tutkali 10 3501,4210°
Analitik kalite jelatin 10 3331,2200°
PVA tutkali 10 2857,4000°
Deri protein tutkali-iki agamali uygulama* 10 2851,2322°
Jelatin balik protein tutkali 10 2942,2360°
Sinir protein tutkali 9 2447,7122¢
Balik protein tutkali 10 2216,6040¢°
Iki bilesenli epoksi tutkali 10 2209,2450°
Smooth-On Epoxy- EA 40 10 1774,1621f
(Karigim orani: 1/1)
Smooth-On Epoxy- EA 40 .
(Karigim orani: 1/2.44) 10 1562,2026
Tanen tutkali 10 463,0158¢

*Ardisik 10 kat %10’luk ve 1 kat %30’luk son tutkallama
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Balik tutkallarinda ise deri ve kemik tutkallarindan daha
diistik ¢ekme dayanimi elde edilmistir. Jelatin balik tutkali
(T5) (Kremer Fish Glue blend (63080) ve balik protein tutkali
(T6) sirastyla ortalama 4,71 ve 3,55 N/mm? gekme dayanimi
elde edilmistir. Yay yapiminda balik tutkallar1 jellesmenin
geciktirilmesi ve ¢aligma siiresinin uzatilmasi i¢in deri veya
sinir tutkalma %10 oraninda ilave edilmektedir. Fakat balik
jelatinleri diger hayvansal tutkallarla kiyaslandiginda
genellikle daha zayif ve daha kirilgan (Allely vd., 1992;
Alfaro vd., 2014) oldugundan ilavesi uygun degildir. Cekme
testlerinde memeli hayvan tutkallarinin balik tutkallarindan
(Fish 080'in, Sturgeon ve Fish 550) daha yiiksek bir gerilime
ve kopma mukavemetine sahip oldugu belirlenmistir. Baligin
hava kesesinden elde edilen tutkal ise gii¢lii ve esnektir. Sinir
ve deri tutkallart kemik tutkalindan daha giiclii yapisma
saglamaktadir (Allely vd., 1992). Kemiklerden elde edilen
tutkallar, yiiksek inorganik maddeler ve yag icerdiginden deri
tutkallarina gore daha kalitesizdir (Pizzi, 1994).

Epoksi (Smooth-On, EA-40) tutkalinda bilesenlerin
hacmen 1/1 karigimi 6nerilmektedir. Bu karisim diginda yay
yapimcilarinin kullandii hacmen 1/ 2,44 karisim orani da
caligma kapsaminda test edilmistir. EA-40 epoksi tutkalinin
1/1 ve 1/ 2,44 karisim oranlarindan sirasiyla 2,84 ve 2,50
N/mm? cekme dayamimi elde edilmistir. EA-40 epoksi

tutkallar1 deri tutkalinin yarisindan daha diisiik bir ¢ekme
dayanimi vermistir. iki bilesenli tutkal (T4) (Pattex) ise EA-
40 tutkalindan daha iyi ¢ekme dayanimi gostermistir. En
diisiik ¢ekme dayanimini ise tanen tutkali (T9) vermistir.
Sinir tutkalindan (T11) 3,98 N/mm? ¢ekme dayaninu, &n
tutkallama yapilan deri tutkalindan (T12) ise 4,56 N/mm?
¢ekme dayanimi elde edilmistir (Sekil 2). Kuvvetli ¢ekme
mukavemetine  sahip tutkallarin  ¢ekme  testlerinde
kopmalarin bir kism1 ahsaptan meydana gelmistir (Sekil 3).

Kuru Dayamim

Makaslama direnci (N/mm?2)

1,00 0,74

T T2 T3 T4 T5 T6 T7 T8 T9 TI0 T11 T2
Sekil 2. Lap shear yapisma testi sonuglari

Sekil 3. Cekme testinden Once ve testten sonra drneklerin goriiniimi
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3.2. Tutkal hatti kalinligi ve yapisma

Cekme testlerinde en iyi dayamim degeri deriden elde
edilen protein tutkali (T3) vermistir. Deri tutkalinin hemen
ardindan kemik tutkali gelmektedir. Jelatin (Merck) (T7) ve
jelatin balik (T5) sirastyla en kuvvetli yapigsma ozelligi
gosteren tutkallar olmustur. Sinir tutkalinin  ¢ekme
mukavemeti balik tutkalindan daha yiiksek, deri ve kemik
tutkalindan daha diisiik bulunmustur. Kullanilan tutkallarin
yapigma hatt1 resimleri Sekil 4’te gosterilmistir. Cekme
dayanim ilk siralarda yer alan tutkallarin yapisma hattinin
¢ok ince oldugu goriilmektedir. EA40 epoksi tutkali en kalin
yapigma hattina sahiptir. Deri tutkalinin kesitinde yapigma
hattinin alt ve ist kisimlarinda minik tutkal damlaciklar
olustugu ve uygulanan basing ile ahsabin gdzeneklerine
girerek mekanik olarak da yapisma sagladigi gozlenmistir
(Sekil 4-b).

Gozenekli malzemelerin  yapistirilmasinda  yiiksek
viskoziteye sahip tutkal yeterli penetrasyonu saglayamayip
yapisan ve yapigmayan ylizeyler arasindaki stres gelismesine
neden olabilmektedir (Schellmann, 2007). Eski yay
ustalarinin uyguladigi usulde, %10’luk deri tutkali ile 10 kat
On tutkallamadan sonra %30’luk tutkalla (T12) yapistirma
yapilmistir. Bu yondemde amag¢ tutkalin daha akici
oldugunda odundaki gozeneklere daha kolay penetre
olabilmesi ve bu sayede daha iyi yapisma 06zelligi gosterip
gostermediginin test edilmesidir. Fakat ¢ekme testlerinde
sadece bir kat %30 tutkal (T3) uygulanan &rneklerin ¢gekme
dayanimi daha yiiksek bulunmustur.

EA-40 epoksi tutkallarinda yapisma hattinin daha kalin
oldugu goriilmektedir. Bu tutkalin orta derecede ¢ekme
mukavemetine sahip oldugu belirlenmistir. Hayvansal
tutkallarin tamami diger tutkallardan daha giiclii gekme
dayanimui géstermigtir. Polivvinil asetat (PVA) tutkali (T10)
ise jelatin balik tutkalina yakm bir ¢ekme mukavemeti
gOstermisgtir.

Yapistirilan  yiizeylerdeki tutkal kalinlig1 yiiksek
mukavemet gerektiginde 6nemli bir parametre olabilmekte
ve en yiiksek ¢ekme ve makaslama mukavemeti degerinin
tutkal film kalinligi minimum oldugu durumlarda elde
edildigi bildirilmektedir. Tutkal film kalinliginin fazla olmasi
islatma  ozelliklerini  azaltmakta ve bag olusumunu
zayiflatmaktadir (Allely vd., 1992). Optimum kalinlik
kullanilan tutkal tipine baglidir. Optimum yapigsma
mukavemeti genellikle tutkal kalinlig1 0,05 mm ile 0,15 mm
oldugunda elde edilir. 0,15 mm'nin {izerindeki tutkal
kalinliklarinda, gerilim dagilimi esit olmayacagindan
ayrilmalar olabilecektir. 0,025 mm'nin altindaki tutkal
kalinliginda, alt tabakalarin diizglinligiine ve bosluk
toleransina bagli olarak yapisma mukavemeti genellikle
azalmaktadir (Petrie, 2007; Dillard, 2010; Frihart ve Hunt,
2011). Klopsteg (1987) yetersiz tutkal yapigsma hatti
kalmliginin buna bagl olarak da zayif yapismaya neden
oldugu ifade etmektedir. Yapigsma hattinin ince olmasi
ozellikle nem kaybindan dolayr meydana gelen boyutsal
degisikliklere karg1 stresleri yeterince transfer edemez.
Maksimum soyulma ve yarilma mukavemeti icin elastik
tutkallar se¢ilmelidir. Bunun nedeni, daha biiyiik bir yapisma
alani iizerinde olusan stresin elastik dagilimidir (Petrie, 2007,
Frihart ve Hunt, 2011).

Ayn1 mukavemet ve uzama oranina sahip iki tutkaldan,
yiiksek yogunluklu olan daha fazla yiik tasima kapasitesine
sahiptir (Petrie, 2007). Viskozite ¢ok diisiikse, tutkal alt
tabakaya daha fazla niifuz edebilir. Tutkalin fazla

sulandirilmasi yeterli bag olusturamadigindan zayif bir
yapisma gergeklesir. Ayrica asir1 seyreltilmis tutkal, suya
duyarli malzemede alt tabakanin sismesine ve akmasina
neden olabilir. Bu gibi durumlarda, daha diisiik jel kuvvetine
sahip bir tutkal tercih edilmelidir (Schellmann, 2007).
Yiiksek viskositeli tutkallar akarak bosluk olusmasina, tutkal
acligma ve temas yiizeyinin azalmasina ve sonugta zayif
yapismaya neden olur (Petrie, 2007). Cok kalin tutkaldaki i¢
gerilimler, tutkalin kuruma ve sertlesme Ozelliklerini
degistirebilir, boylece kisa ve uzun vadede yapisma
performansini azaltir (Dillard, 2010). Tutkalin koyu veya
kuru olmasi kalin bir yapigma hatti1 olusturur ve yapisma zayif
gerceklesir, tutkal esnekligini kaybeder ve daha kirilgan hale
gelir (Frihart ve Hunt, 2011).

Tutkalin makaslama ve ¢ekme Ozelliklerini, sicaklik ve
nem, termal genlesme katsayisi, zaman, yiikiin siirekliligine
bagli olarak siiriiklenme, kimyasallara kars1 diren¢ ve bagil
nem gibi faktorler etkilemektedir (Mittal ve Panigrahi, 2020).
Bir tutkalin  yiizeylere yapismasi fiziko-kimyasal
etkilesimlere ve mekanik yapismaya baghdr. Gozenekli
ylizeylerde daha biiylik bir yapigsma ylizeyi olusur ve
bosluklar, tutkalin yilizeyden alt katmanlara niifuz etmesini
saglar (Mikhail, 2009). Mekanik yapisma, tutkalin yiizeyde
bulunan mikro yapilara (gbzenekler, ¢atlaklar, bosluklar, vb.)
dolmasiyla meydana gelir. Ahsap yiizey aslinda diiz degildir
ve mikro Olcekte kiiciik girinti ve ¢ikintilardan olusur. Bu
yapi, tutkal ile yapistirllan maddenin yapisma yiizeyini
genigletir. Tutkal bu bogsluk kisimlara girerek, mekanik
yapismay1 saglayan efektif ylizey alani geniglemis olur
(Kumar ve Pizzi, 2019). Ahsabin yapisma performansini
etkileyen en 6nemli 6zellikleri, gozenekli yapisi, yiizeyinin
piiriizliiliigli, kimyasal bilesimi ve hidroskopik yapisidir.
Ayrica tutkalin niifuz etme modeli, ahsaptaki baglarin
performansini dogrudan etkiler (Wilkinson ve Ordonez,
2011). Mekanik yapigsma ahsap gibi piriizli ve/veya
gbzenekli yiizeylerde meydana gelir (Habenicht, 2009).
Tutkal agagta bu mikro bogluklari doldurup daha esnek
oldugu igin kirllmay1 engeller (Karpowicz, 2008; Mittal ve
Panigrahi 2020). Ahsap elemanlarin goézenekli yapisi
nedeniyle tutkallar hem mekanik hem de kimyasal olarak
yapistirma Ozelligi gosterir. Odun dokusunun gdzenekli
yapisi, tutkalin bu kisimlara girerek mekanik olarak da
yapigmayi saglar. Tutkal yaklagik 6-10 hiicre ¢ap1 (yaklasik
100 mikron) kadar odun dokusuna penetre olur ve bu sayede
¢ok daha saglam bir mekanik yapisma elde edilir (Frihart ve
Hunt, 2011; Kumar ve Pizzi, 2019) (Sekil 4).

Yay imali bakimindan degerlendirildiginde tutkalin ince
ve esnek olmasi ve ¢cok kuvvetli yapisma saglamasi beklenir.
Karpowicz ~ (2008)’¢  gbére boynuz ve  ahsabin
yapistirilmasinda tutkal hatti kalinligi 0.05 mm’den daha
fazla olmamalidir. Kullanilan tutkalin esnek ve yapigma
hattinin ince olmasi gerilmelerde boynuz gibi davranmasini
saglar. Allely vd. (1992)’de genel olarak kuruyarak sertlesen
tutkallarda daha ince tutkal hatti olmasi gerektigini
vurgulamakta ve nihai yapistirmadan 6nce boynuz ve ahsaba
ince tutkal uygulanmasini tavsiye etmektedir. Soyulma veya
yarilma gibi dis yiliklemeler, termal genlesme farkliliklar
veya biiziilme gibi i¢ stres nedeniyle yiiksek gerilimli
diizensiz yiik dagilimlarinda sert fakat esnek yapistiricilar
genellikle daha kirilgan olanlardan daha iyi performans
gosterir. Ayrica esnek tutkallar daha diizgiin stres dagilimi
saglar. Yiksek elastikiyetli tutkallarin yorulma Omri,
kirilgan olanlardan ¢ok daha yiiksektir. Bunun nedeni hem
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diizgiin stres dagilimi hem de daha esnek tutkallarda yiiksek
dahili enerji soniimlemesidir (Petrie, 2007).

Yay yapilan ahsabin esnek olmasi yaninda, kullanilan
tutkal yiiksek yapisma mukavemetine sahip olmalidir (Allely
vd., 1992). Modern tutkallarin higbiri yeterince esnek
olmadigindan sinir vurmak i¢in tatmin edici degildir
(Klopstek, 1987). Islak sinir kurudukea yaklasik %4 kiiciiliir
ve bir yay1 refleks haline getirir (Allely vd., 1992). Kompozit
yaylarin {istiin taraflarindan biri, sinir vurulduktan sonra
tutkal ve sinirin kuruma esnasinda biiziilmesi ve bu suretle
yayda 6n gerilim ile daha refleks bir yap1 olugsmasidir. Epoksi
tutkallarda %4-5 oranindaki biziilme (Petrie, 2006) ve kisa
kiirlenme siireleri bu refleks yapmin olusmasinda yeterli
olmayacaktir.

Kompozit yaylarda hem imalat hem de timarlama
esnasinda sicaklik uygulanmaktadir. Hayvansal tutkalin en
degerli oOzelliklerinden biri istenildigi zaman sivi hale

getirilebilmesidir. Bu nedenle kullanilan tutkalin sicaklikla
bozulmamasi ve ozelliklerinin degismemesi gerekir. Fakat
bir¢ok kez kiirlenmis ve modifiye edilmis epoksi bilesimleri
kirilgan bir 6zellik gosterdiginden (Dillard, 2010) kompozit
yaylarin yapim agamalarinda ve kullaniminda uygun nitelikte
olmayacaktir.

Kompozit yaylarda enerjinin ¢ok biiyiik bir kismi
boynuzun sikigtirtlmasit ve sinirin esnemesi sayesinde elde
edilmektedir. Yay yapimina kullanilan tutkallarin yaym
¢ekilmesi ve birakilmasi esnasinda olusan gerilme ve
esnemelere dayanikli ve uyumlu olmasi gerekir. Sinir
ahsaptan yaklasik 10 daha esnektir (Allely vd., 1992) ve
birim kiitle bagina daha fazla enerji depolayabilir. Hayvansal
tutkallarin  film halindeyken ¢ok iyi esneme Ozelligi
gostermesi kompozit yaylarin yapiminda diger tutkallara
gore listiin dzelliklerinden biri olarak goriilmektedir.

Sekil 4. Yapisma hatti 151k miktroskobu goriintiileri (a: balik; b: deri; c:g balik; d:jelatin; e:kemik; f:PVA; g: EA40 1/1; h:EA40

1/2.44; 1:epoksi; i: sinir)
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3.3. Tutkallarin FTIR testleri

Farkli ¢alismalardan elde edilen protein drnekleri igin
karakteristik FTIR spektrumlari incelendiginde; 3 283-3 357
cm™ bolgesi amid-A ve serbest su, 2 850-2 980 cm? bolgesi
amid-B, 1 633-1 651 cm™ bolgesi amid-1, 1 522-1 548 cm'*
bolgesi amid-1l ve 1 228-1 259 cm? bolgesi de amid-1lI
bolgeleri olarak tanimlanmaktadir (Kaewprachu vd., 2016;
Baty vd., 1996; Fant vd., 2010; Farhat vd., 1998; Saraswathy
vd., 2001). Bu bolgelerin tamami bu galigma orneklerinde
belirlenmistir. Bu bolgeler incelendiginde amid-A, hidrojen
bagi ile birlestirilmis —NH gerilmesini temsil eder. Amid-B,
C-H esnemesine ve NHs gruplarini ifade eder. Amide-l, -
COO ile birlestirilmis C=0 esneme gerilimi ve hidrojen
bagin1 temsil eder. Amid-1l, N-H gruplarinin egilme
titresimlerinden ve C—N gruplarinin gerilme titresimlerinden
kaynaklanir. Amid-III, bagl amidin C—N ve N-H gruplarinin
diizlemindeki titresimlerle veya glisinin CH; gruplarinin
titresimleriyle ilgilidir (Kaewprachu vd., 2016). Calisma
kapsaminda incelenen farkli protein 6rnekleri benzer FTIR
spektrumlarina sahiptir. Protein Orneklerdeki farkliliklar
genellikle amid piklerinin biiyiikligii ve dalga boyu
farkliliklart seklinde gergeklesmistir. Bu farkliliklarin
sebeplerinin ekstraksiyon asamasinda kullanilan organik
asidin etkisi ve kolajendeki bozunma oldugu bildirilmektedir
(Khiari vd., 2011).

2930 cm? belirlenen pik CH, gerilim piki olarak
bilinmektedir. Khiari vd. (2011) tarafindan bu pikin daha
kiicik bir pik halinde diizleserek amid A piki ile
birlesmesinin protein komponentlerinin stabilitesinin daha
iyi  oldugunu gosterdigi  bildirilmektedir. Bu  pik
incelendiginde deri tutkali ve jelatin 6rneklerinde oldukga
kiigiik olarak neredeyse amid A piki ile birlesik olarak
belirlenmistir. Bu durum lap shear yapisma testi sonuglari ile
de Ortiismektedir.

Amid 1 band pikinin daha diisiik dalga boyunda dogru
kaymasi ve soz konusu pikin daha dar bir pik halinde
belirlenmistir. Bu daralma, protein zincirlerinin esnekliginin
azaldiginin ve dolayisiyla diizenli yapilarinin arttiginin
gostergesi  oldugu Claussen vd. (2013) tarafindan
bildirilmektedir. Calisma kapsaminda en iyi yapisma
dayanimi gosteren Ornekler olan jelatin ve deri tutkali
orneklerinde en diigiik amid 1 band piki degerleri jelatin
drneginde 1 629 cm™ ve deri protein tutkal 6rneginde 1 630
cm? olarak belirlenmistir (Sekil 5).
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Sekil 5. Tutkal 6rnekleri FTIR spektrumu
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4. Sonuclar

Yay yapiminda kullanilan alti hayvansal, bir bitkisel ve
¢ modern tutkalin yapisma ozellikleri ¢ekme testleri
yardimiyla incelenmistir. Cekme dayanimi testine gore en
yiiksek yapisma dayanimi degeri deri tutkalinda 6,03 N/mm?
olarak bulunmustur. Bu 6rnegi kemik tutkali ve analitik kalite
jelatin Orneginden hazirlanan tutkal formiilasyonlar: takip
etmistir. Organik bilesikler olmas1 nedeniyle nem ve suya
dayaniksiz olma gibi bazi zayif yonleri bulunmasina ragmen
hem yapisma performansi hem de yay yapim ve kullaniminda
istenilen 6zellikler nedeniyle geleneksel kompozit yaylarin
yapiminda hayvansal tutkallarmn hatirn sayilir diizeyde
iistiinliikleri bulunmaktadir. Yapisma dayanimi degerleri ile
bu durum net bir sekilde ortaya konulmustur. FTIR
analizinden elde edilen spektrumlar incelendiginde protein
ornekleri i¢in karakteristik amid pikleri belirlenmistir. Ancak
protein tutkalinin hazirlanmasinda kullanilan proteinin
eldesinde kullanilan organik asit farklilig1 ve kolajendeki
farkli bozunma o6zelliklerinden kaynakli pik siddetleri ve
dalga boylarinda kaymalar goriilmiistiir. Spektrumlar detayli
incelendiginde protein komplekslerinin  stabilitesi ile
iligkilendirilen 2930 cm™ pikinin lap shear yapisma testi
sonuglari ile Ortiisen pik degeri verdigi goriilmistiir.
Kompozit yaylar ahsap bir iskelet {izerine boynuz ve sinir
gibi farkli malzemeleri bir araya getiren ve esneme ve
stkisma oOzellikleri ile enerji depolayan silahlardir. Bu
bakimdan yaylarin kullanimi esnasinda bu malzemeleri bir
arada tutan tutkalin maruz kaldi1 kuvvetlere dayanikli
olmasi gerekir. Yay yapiminda kullanilacak tutkallarin kolay
calismaya imkéan vermesi, ahsap ile gii¢lii baglar yapabilmesi
icin etkili bir penetrasyon 6zelligi gostermesi, ayrica istenilen
vizkositede hazirlanabilmesi kritik O6nemdedir. Modern
tutkallarin rutubet dayanim oOzellikleri gibi istiin yonleri
olmasina ragmen performans 6zellikleri agisindan hayvansal
protein tutkallarinin gerisinde olduklar1 ortaya konulmustur.
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The performance of 3d printed dowel with three different surface designs in

furniture joints
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Abstract: The shear strengths of the joints produced by using Poly Lactic Acid (PLA), PLA+ Thermoplastic Polyurethane (TPU),
and resin (Acrylic Photopolymer) with three different surface design of the dowels including, grooved, straight, and cross were
investigated compared, wood and plastic dowels. The Results indicated that among L-type furniture joints, those manufactured
from PLA and conventional wood dowels displayed the highest shear resistance, followed by L-type furniture joints with dowels
made from PLA+TPU, resin, and plastic. Generally, differences in dowel patterns did not have a statistically significant impact on
the shear resistance of L-type joints, except for the straight pattern dowels made of resin, which exhibited a statistically higher
shear resistance than the grooved pattern dowels. Regarding the failure mode results, only PLA, PLA+TPU, and wooden dowels
showed signs of elongation and crushing within the dowel holes. Conversely, in joints using dowels produced from resin and plastic,
the dowels broke under shear stress, without displaying elongation, and did not leave any evidence of crushing in the dowel holes.
Overall, the results of the study indicated that dowels made only PLA exhibited similar shear resistance compared to conventional
wood dowels. Additionally, the study demonstrated that 3D-printed dowels were stronger than conventional plastic dowels.
Keywords: Dowel, Furniture joint, 3D printing, PLA, TPU, Resin

Uc farkh yiizey tasarimma sahip 3d baskih kavelalarin mobilya birlesme
yerlerindeki performanslari

Ozet: Yivli, diiz ve capraz olmak iizere ii¢ farkli yiizey tasarimima sahip kavelalarin sadece PLA, PLA+TPU, Regine (Akrilik
Fotopolimer) kullanilarak iiretilen birlesim yerlerinin makaslama (kesme) mukavemetleri ahsap ve plastik kavelalarla
karsilastirilarak incelenmistir. Sonuglar, L tipi mobilya birlesme yerlerinde PLA ve geleneksel ahsap kavelalardan iiretilenlerin en
yiiksek kesme direncini sergiledigini, bunu PLA+TPU, regine ve plastikten yapilan kavelalardan iiretilen L tipi mobilya birlesme
yerlerinin izledigini gostermistir. Genel olarak, yivli desenli kavelalarmn istatistiksel olarak daha yiiksek kesme direnci sergileyen
recineden yapilmis diiz desenli kavelalar disinda, kavela desenlerindeki farkliliklar L tipi birlesme yerlerinin kesme direnci {izerinde
istatistiksel olarak anlaml bir etkiye sahip olamamugtir. Kirilma modu sonuglarina iligkin olarak, yalmzca PLA, PLA+TPU ve
ahsap kavelalarda, kavela deliklerinde uzama ve ezilme belirtileri goriilmiistiir. Bunun tersine, regine ve plastikten iiretilen
kavelalarin kullanildig1 birlesme yerlerinde kavelalarin kesme gerilimi altinda uzama gostermeden kirllmis ve kavela deliklerinde
herhangi bir ezilme izi birakmamustir. Genel olarak ¢alismanin sonuglari, yalnizca PLA'dan yapilan kavelalarin, geleneksel ahsap
kavelalarla karsilastirildiginda benzer kesme direnci sergiledigini gostermistir. Ayrica ¢aligma, 3D baskili kavelalarin geleneksel
plastik kavelalardan daha giiclii oldugunu gostermistir.

Anahtar kelimeler: Kavela, Mobilya birlesme yeri, 3D baski, PLA, TPU, Regine

1. Introduction

Mostly, furniture consists of three basic constructions:
box, frame, and combined ones. Furniture made of panels
such as MDF or particle board is called box construction,
furniture made of solid timber is called frame construction,
and furniture made of any kind of forest products is called
combined construction (Ors and Efe, 1998). In frame
construction furniture, especially in the frame parts of
furniture such as upholstered armchairs and sofas, frame
elements are attached to each other at various points with
different joining methods such as mortise-tenon, dowel, nail,
screw, staple, etc. Among these joining methods, dowel is a
solid wood pegs that has been used for years in furniture

industry (Efe and Kasal, 2003; Chen et al.,2019). They are
still one of the popular wood connectors in furniture joints. A
shear load is one the common force actions on dowel
connection in furniture frame. Therefore, the shear behavior
of a dowel with different materials is needed to be researched.

Three-dimensional (3D) printing also known as Additive
Manufacturing (AM), is a technique for constructing parts by
layering the material. This process, often referred to as rapid
prototyping (Dul et al., 2016, Kuo et al., 2016; Zou et al.,
2016, Skorski et al., 2016, Levenhagen and Dadmun, 2018,
Sagias et al., 2018; Hamzah et al., 2019; Maciag et al., 2019),
emerged in the 80s alongside the development of computer
technology (Sagias et al., 2018; Maciag et al., 2019). On
contrast to the traditional subtractive production methods
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involving cutting, engraving, and material removal (Kariz et
al., 2017), AM offers the advantage of producing highly
intricate  geometries that would be impractical or
prohibitively expensive to create using conventional
techniques (McCullough and Yadavalli, 2013; Carutasu et
al., 2015; Raj et al., 2018). As a result, 3D printers have
gained widespread adoption across various fields, including
decorative (Chen et al., 2018), industrial, automotive, and
medical fields (Alaboodi and Sivasankaran, 2018; Vlasceanu
et al., 2018; Hossain et al., 2021). Furniture production
always follows fashion trends and innovations in technology.
Three-dimensional printing is one of the new manufacturing
techniques. Therefore it is always useful to get into furniture
manufacturing world with 3D printing method.

Furniture joint techniques have traditionally relied on
mechanical fasteners such as screws and nails. These
methods can be time-consuming and can result in weak or
unsightly joints. In recent years, there has been an increase in
the use of 3D printing technology in various industries,
including furniture manufacturing. The ability to create
custom-fit fasteners using 3D printing allows for the creation
of stronger and more aesthetically pleasing furniture
connections (Aydin, 2015; Yilmaz Aydin, 2022).

In this study, it is aimed to investigate the shear
performance of 3D printed dowel furniture joints. The
specific aim of the study: 1) Three different surfaces designed
for dowel were determined to see differences in shear
strength. 2) Five different dowel material performances were
determined to see differences on shear strength. Additionally,
determination of the ratio of proportional limit to ultimate
load of each different type of dowel material was specifically
aimed.

=

N \ —

2. Material and methods
2.1. Materials
2.1.1. Preparation of samples

Three different materials were used in the production of
the dowel which are Poly Lactic Acid (PLA, PLA+
Thermoplastic Polyurethane (TPU, and Resin (Acrylic
Photopolymer). The dowels were produced in the Research
Center Laboratories at Karadeniz Technical University.

Three dimensioned printed dowels are in the same size
with commercial ones.

Dowel pins were produced using FFF type Creality brand
CR-6 SE model 3D printer. Specimens produced using PLA
and a mixture of 50% TPU with a hardness value Shore 80A
and 50% PLA thermoplastic filaments.

The designed dowels were saved in STL (Standard
Triangle Language) format and then transferred to a slicer
program called Cura, which allows the production parameters
of 3D printers to be controlled. 3D printed parts show
orthotropic properties, so the infill pattern and direction of the
prints should be directly effective in terms of mechanical
properties (Aydin and Yilmaz Aydin, 2022). In this context,
lines were chosen as the filling pattern in the production of
the samples and the print angle [0°] was chosen to be
perpendicular to the load to be applied as shown in Figure 1.

The printing parameters used in the production of the
samples are given in Table 1.

L-type joints were prepared from beech wood (Fagus
orientalis) which is mostly used in furniture frame production
(Demirel and Kalayci, 2019; Demirel and Bas, 2021), and this
beech wood was attached by using produced PLA,
PLA+TPU, and resin dowels and commercially supplied
wooden and plastic dowels. The dimensions of each beech
member were 52 mm in width and 152 mm in length.

Print settings

Profile Dynamic Quality * v
P Search settings =
L Infill Density S |1000
Infill Line Distance 04
Infill Pattern Lines
Connect Infill Lines
Infill Line Directions o o

K Infill X Offset 00
Infill Y Offset 00
Randomize Infill Start
Infill Line Multiplier 1
Extra Infill Wall Count 0
Infill Overlap Percentage 300
X Infill Overlap 00
- A Infill Wipe Distance 0.0
Infill Layer Thickness 02
Gradual Infill Steps 0
Infill Before Walls
Minimum Infill Area 0.0
Infill Support
Skin Edge Support Thickness 00

S N Skin Edge Support Layers 0

Figure 1. Infill line directions of 3 D printéd dowels
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Table 1. Printing parameters of the dowel specimens

. Value
Parameters Unit PLA PLATTPU
Nozzle temperature °C 205 230 N
Bed temperature °C 60 80 /
Layer thickness mm 0.1 0.1 \
Printing speed mm/s 30 30 \
Infill ratio % 100 100 \
Infill pattern - Lines [0°] Lines [0°] ) \
2.1.2. Dowel design !
Dowel pins were designed using SolidWorks, a CAD . \

program, in three different surface geometries: cross, straight
and groove (dome), and in the same dimensions as shown in ‘
Figure 1. The depths of the geometries used on the surface

are designed to be 2 mm. The shapes of the designed dowels

are shown in Figure 2.

2.1.3. Shear test
Figure 2. Designed Dowels
MTS Universal testing machine was used to measure the
shear performance of L-type joints manufactured with dowels
printed with 3D technology. The test samples were subjected
to shear test in order to find the maximum load occurring in
the joints according to the type of dowel used. Loading was
done at 2.5 millimeters/minute. As a result of the test, the
maximum load (N) and the failure mode were determined,
recorded, and illustrated. The MTS Universal testing
machine, on which the shear test was performed, is shown in
Figure 3.

2.1.4. Experiment design

A SAS statistical analysis 5x3 factors with 3 replicates
per group was performed to evaluate the importance of the
factors on the shear test of the joints created using dowels
produced with 3D printers. Factors were determined as the
materials used (PLA, PLA+TPU, Resin, Wood, Plastic) and
the type or pattern of dowel (grooved, straight, cross).

3. Results and discussion

L-type furniture joints obtained by using dowels made of
different materials were subjected to the shear test. Table 2
shows the average maximum shear resistance values of L-
type dowel joints according to different material types (PLA,
PLA+TPU, Resin, Wood, Plastic) and dowel types (grooved,
straight, cross).

The least significant difference (LSD) was determined as
290 N as a result of multiple comparison procedure at the 5
percent significance level. Statistical differences were

Figure 3. MTS Universal testing machine

Table 2. Average maximum shear resistance values in N of
L-type dowel joints

determined by comparing the value with the average results. Material type Grngle ggﬁqe) MaXImuni i\é%r?% o)
Accordingly, this two-way interaction was analyzed and PLA Straight 1627 (A)
results showed that the material type was found statistically Cross 1663 (A)
significant. Therefore, this factor was analyzed. Grooved (dome) 774 (CB)
PLA+TPU Straight 946 (B)
Cross 918 (B)
Resin Grooved (dome) 412 (D)
Straight 752 (CB)
Plastic Straight 603 (CB)
Wood Straight 1503 (A)

Note: For Plastic and wood dowels, no grooved and cross dowels are available due
to their commercial supplication not being produced. G: grooved, S: straight,
C:cross, the letter A,B,C,D shows statistical differences.
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3.1. Material type effect

When the difference between the values obtained as a
result of the shear test of PLA, PLA+TPU, resin, wood, and
plastic materials used in the production of dowels were
examined statistically, L-type joints with dowels produced
from only PLA and wood yielded the highest shear resistance
values. Accordingly, dowels produced from only PLA can be
used as a substitute for wooden dowels that have been used
traditionally for years. Then, L-type joints consisting of
dowels produced using PLA+TPU have the second-highest
shear resistance values. The dowels produced from resin and
plastic dowels used in the market have the lowest shear
resistance values. Here, in fact, it can be said that the shear
resistance values of the joints obtained from the dowels made
of resin are mathematically higher than those produced from
plastic, but as stated above, this value was not statistically
significant.

3.2. Dowel type effect

The dowel pattern effect does not have a statistical
significance. Likewise, the shear resistance values of L-type
furniture joints produced from PLA dowels were
mathematically the highest in cross-type dowels, followed by
straight-type and grooved-type dowels. However, the shear
resistance values of L-type furniture joints produced from
PLA+TPU dowels were mathematically highest in straight-
type dowels, followed by cross-type and grooved-type
dowels. Finally, the shear resistance values of L-type
furniture joints constructed from resin dowels were

mathematically higher in straight-type dowels, but lower in
grooved-type dowels. However, as stated before, these
rankings were not statistically significant. Considering all
different dowel type joints (PLA, PLA+TPU, Resin), the
straight type dowel yielded mathematically the highest value
compared to the others, followed by the cross type and
grooved type. On the other hand, seeing the significant
difference among surface designs of the dowel could be
possible by using glue in dowels joint which allows to
separate fixing ability of different dowel surfaces.

3.3. Joint failure modes

Figure 4 shows the failure modes encountered as a result
of the shear test of L-type furniture joints printed from only
PLA with dowel designs of the grooved, cross, and straight.

Figure 5 shows the failure modes encountered as a result
of the shear test of L-type furniture joints printed from
PLA+TPU with dowel designs of the grooved, cross, and
straight.

Figure 6 shows the failure modes encountered as a result
of the shear test of L-type furniture joints obtained from
dowels made of plain-patterned wood.

Figure 7 shows the failure modes encountered as a result
of the shear test of L-type furniture joints produced from
dowels made of resin.

Figure 8 shows the failure modes encountered as a result
of the shear test of L-type furniture joints made of plain-
patterned plastic and obtained from commercially available
dowels.

Figure 4. a) The failure mode of grooved (Dome) PLA dowel joint, b) The failure mode of straight PLA dowel joint, ¢) The

failure mode of cross-PLA dowel joint.
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Figure 5. a) The failure mode of straight PLA + TPU (Tough) dowel joint, b) The failure mode of cross PLA + TPU (Tough)
dowel joint, c) The failure mode of grooved (Dome) PLA + TPU (Tough) dowel joint.

‘:\‘,& 2 }i~ . -“
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- &
Figure 6. Wood Dowel Joint Failure

Figure 7. Resin Dowel Joint Failure
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Fig'jure 8. Plastic Dowel Failure

When the failure modes of L-type furniture joints are
examined under shear test, the dowels produced from PLA
showed elongation under load and were destroyed by
crushing in the dowel holes. The dowels made from
PLA+TPU were destroyed by elongation more than those
made from only PLA ones, but the joint failure mode was
similar to that of only PLA ones as shown in Figures 4 and 5.
Similarly, wooden dowels showed a similar failure mode,
showing slight shear and less elongation than PLA TPU
dowels as shown in Figure 6. However, resin rupture was
observed in the L- type furniture joints obtained from resin
dowels, but no damage was observed in the dowel holes as
shown in Figure 7. Actually, the resin dowels were more
fragile compared to PLA and TPU ones. Additionally, cross
ones were mostly broken compared to straight and grooved
ones. A similar failure mode was observed in commercially
available plastic dowels in Figure 8. Kasal (2008)
investigated the effects of corner support element size on
shear force carrying performance in T-type dowel-glued
furniture joints were examined. In shear tests, dowel breakage
(shear/ rupture) was observed in T-type joints made out of
beech wood. This failure mode is consistent with the ones in
this study.

3.4. Load-displacement curves for 3d printed dowel joints

The typical load-displacement curve for L-type furniture
joints is shown in Figure 9.

The proportional limit is the highest point of the linearity
(Vaidya and Pathak, 2019). After this point, plastic behavior,
sharp breaks, or failure are monitored (Niklas, 1996). The
curves showed that the addition of TPU to PLA increased the
proportional limit of the load-displacement curve in Figure
8b compared to the one in Figure 8a. Additionally, as seen in
Figure 4, the elongation of the PLA+TPU dowel was more
than the only PLA dowel as seen in Figure 3. Demirel and
Kalayci (2019) investigated that the ratio of proportional
limit to ultimate load of stapled furniture joint made of solid
wood is around 0.5. A Similar to that ratio was obtained with
the PLA+TPU dowel joint in this study as seen in Figure 8b.
In the joints with resin dowel, a sharp cut was observed after
the ultimate load in Figure 8c. On the other hand, the joints
with wood dowel did not show a sharp cut similar to resin
dowel. They still hold the joint member for a while as seen in
Figure 8d.
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Figure 9. Typical load-displacement curve for L-joint a) with
only PLA dowel, b) with PLA + TPU dowels, ¢) with resin

dowel, d) with commercially available wood dowels e) with
commercially available plastic dowel.

Displacement (mm)

4, Conclusions

Within the scope of this study, the shear resistance values
of the joints produced by using only PLA, PLA+TPU, resin,
wood, and plastic dowels with the grooved, straight, and cross
patterns were investigated.

e The results showed that only L-type furniture joints
obtained from dowels made of PLA and wood showed
statistically the highest shear resistance. Then it was
followed by L-type furniture joints obtained from dowels
made of PLA+TPU, resin, and plastic.

e In general, the difference in dowel pattern did not
statistically affect the shear resistance of L-type joints, but
only straight pattern dowels made of resin showed
statistically higher shear resistance than grooved pattern
dowels.

o Considering the results as the failure mode, the dowels were
destroyed by showing elongation and crushing effect in the
dowel holes only in the furniture joints made of PLA,
PLA+TPU, and wooden dowels. However, in the dowel
joints produced from resin and plastic, the dowels broke off
with the shear effect without showing any elongation and
did not leave a crushing effect on the dowel holes. As seen
in the results of this study in general terms, the dowels
produced from only PLA showed similar shear resistance
compared to the conventional wood dowels. Additionally,
this study showed that 3-D printed dowels were stronger
than the conventional plastic dowels.

e The results of this study demonstrated the potential of 3D
printing technology in the field of furniture manufacturing
with different designs such as surface design for the dowel.
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In addition, the use of 3D printing can significantly reduce
the time and effort required for installation, leading to
increased efficiency and productivity in furniture
production. 3D printed connectors provide a strong and
aesthetically pleasing alternative to traditional furniture
connection methods. Further research is needed to fully
understand the capabilities and limitations of 3D printing in
furniture joints.
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Effect of ternary deep eutectic solvents on delignification of stone pine cone
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Abstract: Due to their cost-effectiveness and environmentally friendly nature, deep eutectic solvents (DESs) hold great potential
for applications in biomass conversion and the production of green chemicals. In this study, the delignification of the stone pine
(Pinus pinea L.) cone was performed using seven different ternary deep eutectic solvents (TDESs). TDES treatments of stone pine
cone samples were carried out in a microwave for 30 min. at 150 °C. The two-based components of TDESs were choline chloride
(ChCI - 1 mol) and lactic acid (LA - 9 mol). The formic acid (FA — 2 mol), boric acid (BA — 1 mol), acetic acid (AA — 2 mol),
sorbitol (S — 1 mol), triethylene glycol (TEG — 2 mol), ethylene glycol (EG — 2 mol), and glycerol (G — 2 mol) were used as third
component of TDES. ChCI:LA:BA gave the lowest solid residue yield (57.90%) and highest lignin purity (86.89%). Klason lignin
content of control was 35.08%. The lowest lignin content (19.42%) and highest delignification (68.89%) were obtained with
ChCI:LA:FA treatment. The lowest and the highest L* values were obtained from ChCI:LA:BA and ChCI:LA:EG treatments with
21.76 and 37.36, respectively. This results showed that the third component of TDES affects the delignification efficiency of stone
pine cone.

Keywords: Delignification, Lignin color, Lignin purity, Stone pine, TDES

Uclii derin étektik coziiciilerin fistik cami kozalaginin delignifikasyonuna etkisi

Ozet: Uygun maliyetli olmalar1 ve ¢evre dostu dogalar1 nedeniyle derin 6tektik ¢oziiciiler (DOC), biyokiitle doniisiimii ve yesil
kimyasallarin tiretimindeki uygulamalar i¢in biiyiik potansiyele sahiptir. Bu ¢alismada, Fistik ¢camu1 (Pinus pinea L.) kozalaklarinin
delignifikasyonu yedi farkl iiclii derin &tektik ¢oziicii (UDOC) kullanilarak gerceklestirildi. Fistik ¢ami kozalagi &rneklerinin
UDOC islemleri mikrodalgada 150 °C'de 30 dakika siireyle gergeklestirildi. UDOC lerin iki bazli bilesenleri kolin kloriir (ChCl -
1 mol) ve laktik asittir (LA - 9 mol). UDOCin iigiincii bileseni olarak formik asit (FA — 2 mol), borik asit (BA — 1 mol), asetik asit
(AA — 2 mol), sorbitol (S — 1 mol), trietilen glikol (TEG — 2 mol), etilen glikol (EG —2 mol) ve gliserol (G - 2 mol) kullanild1.
ChCIL:LA:BA en diisiik kat1 kalint1 verimini (%57,90) ve en yiiksek lignin safliin1 (%86,89) verdi. Kontroliin Klason lignin igerigi
%35.08 idi. En diisiik lignin igerigi (%19,42) ve en yiiksek delignifikasyon (%68,89) ChCl:LA:FA islemiyle elde edildi. En diisiik
ve en yiiksek L* degerleri sirasiyla 21,76 ve 37,36 ile ChCL:LA:BA ve ChCI:LA:EG islemlerinden elde edildi. Bu sonuglar, UDOC

'lin Tiglincii bileseninin fistik ¢gam1 kozalaginin delignifikasyon verimini etkiledigini gostermistir.
Anahtar kelimeler: Delignifikasyon, Lignin rengi, Lignin saflig1, Fistik gami, UDOC

1. Introduction

The stone pine (Pinus pinea L.) stands out as one of the
distinctive tree species in the Mediterranean landscape due to
its unique umbrella-like shape and the historical consumption
of its sizable, nut-like seeds as food by humans (Mutke et al.,
2012). The stone pine covers around one million hectares in
countries surrounding the Mediterranean e.g. 193 000 ha in
Portugal and 176 732 ha in Tirkiye (Mutke et al., 2017,
OGM, 2021; Costa et al., 2023). Spain accounts for around
half of the spread of stone pine worldwide. It also spreads in
Italy, France, Lebanon, Algeria, Tunisia, and Morocco
(Mutke et al., 2019).

Cones, the reproductive organs of coniferous species, are
regarded as forest waste and, over time, get mixed with the
soil on the forest floor (Gulsoy and Ozturk, 2015). The
average cone production in stone pine stands is between 200
and 1000 kg/ha, which equates to 36 to 180 kg/ha of kernels
and 8 to 40 kg/ha of pine nuts per year (Sbay and Hajib,
2016). The most significant edible seed and one of the most

important non-wood products acquired from the
Mediterranean woodlands are pine nuts from stone pine. Pine
nuts are a highly expensive crop, with current retail values
surpassing 100 €/kg and a growing market outside of the
region (Calama et al., 2016). Pine nuts are extracted from
cones and sold due to their economic importance. The
remaining woody part of the cone is often burnt to generate
heat and energy. The use of these parts in the manufacturing
of wood-based composites was examined (Ayrilmis et al.,
2009; Buyuksari et al., 2010). Also, the suitability of cone
fibers for pulp and paper production was evaluated by Giilsoy
etal., 2017.

Lignin is a complex polymer found in the cell walls of
plants, particularly in woody tissues. It acts as a binding
agent, providing structural support and rigidity to the plant.
After cellulose, lignin ranks as the second most prevalent
natural polymer on Earth. Lignin is an important component
in several industrial processes. It is a major byproduct of the
pulp and paper industry, where lignin is separated from
cellulose fibers during the production of paper (Fengel and
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Wegener, 1989). Lignin can be used in binders and adhesives,
concrete additives, dispersants and emulsifiers, carbon fiber
production, fuel and energy, specialty chemicals (vanillin),
agricultural applications (biostimulants), water treatment
(flocculants). Cones contain more lignin than many wood
species (Donmez et al., 2012; Gonultas and Balaban Ucar,
2013; Gulsoy and Ozturk, 2015).

DESs were discovered at the beginning of the century by
combining two or more components. DESs with two
components are referred to as binary DES (BDES), while
those with three components are referred to as ternary DES
(TDES). DESs are low-cost, non-toxic, ecologically friendly,
and biodegradable (Zhang et al., 2012). These benefits make
them potential solvents for biomass pretreatment or
extraction (Sumer and Van Lehn, 2022). Therefore, DES is a
growing significant interest. The rising importance of DES
can be observed from the increasing publication number in
the last decade from the Web of Science (2023) (Figure 1).
During the last decade, DESs have been extensively studied
in biomass fractionation (Li et al., 2017; Pan et al., 2017; Xu
et al., 2018; Lyu et al., 2018; Kwon et al., 2020; Yan et al.,
2023) and pulping (Choi et al., 2016a; 2016b; Smink et al.,
2019; Giilsoy et al., 2022a; 2022b; Giilsoy, 2023).

There are several factors in biomass DES treatment, such
as treatment temperature, treatment time, solid/liquid ratio,
DES components and their mole ratios, etc. DES components
are a key factor that influences DES efficiency in biomass
pretreatment. ChCl is extensively studied HBA (Hydrogen
Bond Acceptor) in DES treatments. Alanine, betaine, proline,
histidine, and ethyl ammonium chloride are other HBAS used
compound to prepare DES. The most commonly used HBDs
(Hydrogen Bond Donor) in DES preparation are amides
(urea, acetamide, etc.), acids (lactic acid, acetic acid, etc.),
alcohols (ethylene glycol, glycerol, etc.), carbohydrates
(glucose, xylose, etc.).

There have been limited studies on the use of TDESs in
biomass treatment, despite the fact that BDESs have received
a lot of attention. Yan et al. (2023) synthesized lignin
nanoparticles from rice straw using microwave-assisted
lignocellulose fractionation with TDESs (ChCI, OA, and LA
in a 1:0.5:1 ratio). The TDES efficiently fractionated rice
straw under microwave irradiation (680 W) in about 4
minutes, and 63.4% of lignin was removed from the rice
straw with 86.8% purity. Ee et al. (2023) investigated the
effect of two different TDESs on delignification of rice husk.
They discovered that at 100 °C and 3 hours, the
delignification rate of alanine/lactic acid/ethylene glycol was
79.3%, whereas the delignification rate of lactic acid/tartaric
acid/choline chloride was 71.6%. In their study, Ji et al.
(2020) subjected garlic skin and green onion root to TDES
treatment for the purpose of lignocellulose fractionation and
cellulose enzymatic hydrolysis.

To the best of our knowledge, the effect of DES
components on Scots pine cone TDES treatment efficiency
has not previously been evaluated. Scots pine cone was
treated with seven TDESs (ChCL:LA:FA, ChCLLA:AA,
ChCI:LA:BA, ChCI:LA:S, ChCLLA:TEG, ChCIL:LAEG,
and ChCl:LA:G) at 150 °C for 30 min. The effects of the third
component of the TDES on solid residue vyield,
delignification, lignin yield, lignin purity, and lignin color
were studied.
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Figure 1. The number of research using DES published from
2012 to 2022 according to the Web of Science Database
Platform (Web of science, 2023)

2. Materials and methods
2.1. Materials

Stone pine cones were obtained from Izmir Province,
Tiirkiye. Nuts were removed before it was grounded. A Wiley
mill was used to grind the cone samples, and a Retsch AS 200
sieve shaker was used to screen it. Samples remaining on a
60 mesh sieve were used. ChCl (CAS: 67-48-1, Sigma
Aldrich), LA (CAS: 79-33-4, Sigma Aldrich), FA (CAS: 64-
18-6, Merck), AA (CAS: 64-19-7, Merck), G (CAS: 56-81-
5, Merck), EG (CAS: 107-21-1, Merck), TEG (CAS: 112-27-
6, Merck), S (CAS: 50-70-4, ZAG Chemistry, Tiirkiye), and
BA (CAS: 10043-35-3, Eti Mine, Tiirkiye) were purchased
from relevant suppliers.

2.2. Preparation of TDES

The two components of TDES mixture were prepared
with a molar ratio of 1:9 of ChCl and LA. The third
components and their molar ratios of TDESs are given in
Table 1. The mixture was heated at 70 °C with continuous
stirring for 30 minutes until a clear solution formed. To
minimize moisture absorption, it was then cooled to room
temperature in a glass desiccator.

2.3. Characterization of TDESs

The viscosity of TDESs at 25 °C was measured with a
AND SV-10 viscometer. Milwaukee MW805 was used to
measure the electrical conductivity of TDESs at 25 °C. The
density of TDESs at 25 °C was determined via a pycnometer.

Table 1. TDES components and their molar ratios

HBA HBD1 HBD2 Molar ratios
ChCl LA FA 1:9:2
ChClI LA BA 1:.9:1
ChCl LA AA 1:9:2
ChCl LA S 1:9:1
ChClI LA TEG 1:.9:2
ChClI LA EG 1:9:2
ChClI LA G 1:.9:2




Turkish Journal of Forestry 2024, 25(1): 107-112 109

2.4. TDES treatment of stone pine cone

In all TDES treatments of stone pine cone sample, a
microwave (Milestone Start D, Italy) was used. The TDES
treatments were carried out using a mixing ratio of 1:15 (3.0 g
of dry biomass and 45.0 g of TDES) in a Teflon® sample
holder of 100 mL capacity. To reduce temperature variations,
the sample holders were rotated around a central axis within
a carousel. Additionally, the microwave utilized a fiber optic
temperature sensor to ensure precise temperature control. The
pretreatment temperature was raised from room temperature
to 150 °C over 10 min and held for 30 min. After the TDES
pretreatment, the sample holder was filled with 50 mL of
ethanol. The solid residue was then filtered through a medium
porosity (2 number) Gooch crucible and washed twice with
ethanol. The solid residue was then dried in a 103 °C oven.
To recycle ethanol, the filtrate was evaporated in a rotatory
evaporator at 45 °C. Following that, the remaining solution
was supplemented with 500 mL of deionized water to
facilitate the separation of lignin. The lignin samples were
filtered using a Whatman No. 42 filter paper and washed with
a 1/9 ethanol/distilled water (v/v) solution. Finally, the lignin
samples were dried in a freeze-dryer.

2.5. Determination of Klason lignin and solid residue yield

The Klason lignin content in both the control and TDES-
treated samples was determined using the TAPPI T 222
standard method. After TDES treatment, the solid residue
yield was calculated as a percentage of the original weight.

2.6. Determination of lignin purity and delignification ratio

Lignin purity was calculated as a percentage of the mass
of the extracted lignin sample using Klason lignin. The
delignification ratio was calculated according to the
following formula 1 (Liu et al., 2019).

Delignification (%) = [1 — 22| « 100 (1)

where m1 denotes the dry weight of the sample used in
the DES treatment (g), c1 denotes the Klason lignin ratio of
the control sample (%), m2 denotes the dry weight (g) of the
remaining sample after DES treatment (g), and c2 denotes the
Klason lignin ratio of DES-treated sample (%).

2.7. Color of lignin

The color of lignin samples was evaluated using a Konica
Minolta CM-700d spectrophotometer and three replicates
according to the CIE Lab system. The color coordinates
include the lightness L* (ranging from O for black to 100 for
white), redness a* (with negative values for green and
positive values for red on the green-red axis), and yellowness
b* (with negative values for blue and positive values for
yellow on the blue-yellow axis).

3. Results and Discussion
3.1. Physical properties of TDES

The viscosity, density, and electrical conductivity values
of prepared TDES are listed in Table 2. Lower viscosity and

density of DES allow better penetration into the
lignocellulosic material during DES treatment (Jablonsky et

al., 2019). Thus, the delignification efficiency of DES
increases. On the other hand, DESs have poor conductivity
(lower than 2 mS/cm) (Zhang et al., 2021). Microwave-
assisted DES treatment is generally used to increase
delignification. In microwave heating, DESs with high
electrical conductivity cause the effective delignification of
lignocellulosic material (Muley et al., 2019; Kohli et al.,
2020). ChCI:LA:S had the highest viscosity (151.0 cp) and
density (1.2338 g/cm?®), and the lowest ionic conductivity
(565 pS/cm). ChCI:LA.TEG had lowest viscosity (27.0 cp)
and density (1.1757 g/cm?®). The highest ionic conductivity
determined in ChCI:LA.AA with 2 955 pS/cm.

3.2. Klason lignin and solid residue yield

Figure 2 depicts the influence of TDES treatment time on
the Klason lignin content of a cone sample. It was observed
that the third component used in TDES treatment had a
significant effect on the Klason lignin values of the cone
sample. The Klason lignin content was reduced after all
TDES treatments. The lowest Klason lignin content observed
in ChCL:LA:FA treatment with 19.42%. ChCI.LA:EG
treatment resulted in the highest Klason lignin content
(27.83%). Acids (FA, AA, and BA) delignified better than
polyols (S, TEG, EG, and G) when utilized as the third
component in TDES (Figure 2). Klason lignin content of
stone pine cone (control) determined as 35.08%. This value
was agree with literature. Donmez et al. (2012) noted that
Klason lignin content of stone pine cones was 39.29%.
Gonultas and Ucar, (2013) reported that Klason lignin
contents of stone pine cones grown in different regions are
between 33.47% and 37.23%.

Table 2. Physical properties of TDESs (at 25 °C)

TDES Molar Viscosity Density  lonic Conductivity
ratios (cp) (g/cm®) (uS/cm)
ChCIL:LA:FA 1:9:2 28.0 1.1990 1915
ChCI.LA:BA 1:9:1 45.2 1.1872 1079
ChCI.LA:AA 1:9:2 59.6 1.2105 2955
ChCI:LA:S 1:9:1 151.0 1.2338 565
ChCI.LA:TEG 1:9:2 27.0 1.1757 1590
ChCI:.LAEEG 1:9:2 34.7 1.1902 1574
ChCI:LA:G 1:9:2 47.3 1.2063 1230
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Figure 2. Effect of TDES type on Klason lignin content
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Figure 3 depicts the influence of TDES treatment on solid
residue yield in cone sample. It was observed that the third
component used in TDES treatment had a significant effect
on the solid residue yield of TDES treatment. The lowest and
highest solid residue yield values were observed in
ChCI:LA:BA and ChCI:LA:TEG with 57.90% and 74.50%,
respectively. Solid residue yield shows the effectiveness of
TDES treatment. High value means low efficiency, low value
means high efficiency. In this context, ChCI:LA:BA is the
most effective TDES treatment, while ChCI:LA:TEG is the
least efficient TDES treatment. According to Lu et al. (2022),
the residual solid yield of corn stover treated with TDES
(ChCl: FA, and maleic acid) was reduced with longer
treatment time (1, 1.5, 2, 2.5, and 3 h) and higher temperature
(90, 100, 110, 120, and 130 °C).

3.3. Lignin purity and delignification ratio

Figure 4 depicts the influence of TDES treatment on
lignin purity. It was observed that the third component used
in TDES treatment had a significant effect on the purity of
lignin. The purity of lignin obtained from different TDESs is
between  77.63%  (ChCLLLA:TEG) and  86.89%
(ChCI:LA:BA). Lu et al. (2022) reported that lignin purity of
corn stover treated with TDES (ChCI: FA, and maleic acid)
was increased with longer treatment time and higher
temperature.
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Figure 3. Effect of TDES type on solid residue yield
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The effect of TDES treatment on the delignification ratio
was shown in Figure 5. It was observed that the third
component used in TDES treatment had a significant effect
on the delignification. The highest delignification ratio was
obtained in ChCI:LA:FA treatment with 68.89%, while the
lowest delignification ratio was determined in ChCI:LA:TEG
treatment with 45.55%. When acids (FA, AA, and BA) were
used as the third component in TDES, they delignified better
than polyols (S, TEG, EG, and G) (Figure 5). Lu et al. (2022)
noted that the highest delignification ratio of corn stover
TDES (ChCI: FA, and maleic acid) treatment was obtained in
130 °C for 3 h (79.4%).

3.4. Color of lignin

Figure 6 indicates lignin samples obtained from TDES-
treated stone pine cone. Figure 7 depicts the L*, a*, and b*
values of lignin samples. The L*, a*, and b* values of lignin
samples affected from third component used in TDES
treatment. The lowest and the highest L*, a*, and b* values
were 21.76 (ChCI:LA:BA) and 37.36 (ChCI:LA:EG), 5.26
(ChCI:LA:BA) and 11.81 (ChCL:LA:S), and 1.59
(ChCI:LA:G) and 11.85 (ChCI:LA:EG), respectively. Lu et
al. (2022) noted that the L* values of lignin samples obtained
from TDES (ChCl: FA, and maleic acid) treatment at 110 °C
of corn stover samples were 62.96, 57.66, and 52.14 for 1
hour, 2 hours, and 3 hours TDES treatment times,
respectively. Wu et al. (2023) have recently examined how
different organic solvents (methanol, ethanol, and acetone)
affect the separation of alkali lignin. Their findings revealed
that the alkali lignin (control) has L*, a*, and b* values of
46.09, 10.27, and 17.84, respectively. Moreover, the most
lightly colored lignin (L*: 59.27) was obtained from the
lignin fractions extracted using acetone.
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Figure 6. Lignin samples obtained from TDES-treatment of stone pine cone
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Figure 7. Optical properties of lignin samples

4, Conclusions

The results demonstrated that the third component used
in TDES treatment of stone pine cone had a significant effect
on solid residue yield, delignification, lignin yield, lignin
purity, and lignin color. ChCI:LA:BA treatment exhibited the
lowest solid residue yield (57.90%) and the highest lignin
purity (86.89%). The control sample had a Klason lignin
content of 35.08%. The ChCI:LA:FA treatment yielded the
lowest lignin content (19.42%) and the highest
delignification efficiency (68.89%). The ChCI:LA:BA and
ChCI:LA:EG treatments produced the lowest (L*: 21.76) and
highest (L*: 37.36) L* values, respectively. Obtaining light-
colored lignin in less time is critical, particularly for lignin
uses in the cosmetic sector. These results indicate that the
third component of the TDES has an impact on the
delignification efficiency of stone pine cone.
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Abstract: Lavender and lavender oils have been used as traditional herbal medicines for centuries. Nowadays, lavender and its
essential oil are valuable materials used in many industries, e.g., food, cosmetics, perfume, sanitary products, and pharmace uticals.
Since the components of valuable oil differ depending on the growing region, these components must be identified to ascertain the
oil's quality and potential uses. The essential oil composition was obtained from the stemmed fresh flowers of Kastamonu, Tiirkiye
cultivars of lavandin (Lavandula x intermedia var. Super) via a Clevenger-type hydrodistillation apparatus. Then, the essential oil
was analyzed by gas chromatography-mass spectrometry (GC-MS), and 14 components were identified. Linalool and linalyl acetate
were the main components, with 28.44% and 17.12%, respectively. In this study, we aimed to evaluate our results by comparing
them with Pharmacopoeia Europaea and I1SO standards to determine the quality of the essential oil and its possible areas of use.
The findings of this study showed that lavandin essential oil is a high-quality essential oil as it contains high levels of linalool and
is free of camphor. In addition, while the linalool, terpinen-4-ol, and camphor contents of the variety complied with the lavender
oil standards set by 1SO 3515:2002, the linalyl acetate content was found below this. Due to its high linalool content and lack of
camphor, the extracted lavandin oil can be predicted to be suitable for use in the food, beverage, aroma, pharmaceutical, perfume
and aromatherapy industries.

Keywords: Hydrodistillation, Lavandula sp., Linalyl acetate, Linalool

Kastamonu'da yetisen lavantadan elde edilen ucucu yagin kimyasal bilesimi

Ozet: Lavanta ve lavanta yaglan yiizyillardir geleneksel bitkisel ilag olarak kullanilmaktadir. Giiniimiizde lavanta ve esansiyel
yagi1 gida, kozmetik, parfiim, sihhi iiriinler ve ilag gibi birgok endiistride kullanilan degerli malzemelerdir. Degerli yagin bilesenleri
yetistirme bolgesine bagl olarak farklilik gosterdiginden, yagin kalitesini ve potansiyel kullanim alanlarim belirlemek igin bu
bilesenlerin belirlenmesi gerekir. Esansiyel yag bilesimi, Kastamonu, Tirkiye lavanta gesitlerinin saph taze ¢igeklerinden
(Lavandula x intermedia var. Super) Clevenger tipi hidrodistilasyon cihazi kullanilarak elde edildi. Daha sonra ugucu yagin gaz
kromatografisi-kiitle spektrometresi (GC-MS) ile analizi sonucu 14 bilesen tanimlanmigtir. Linalool ve linalil asetat sirasiyla
%28,44 ve %17,12 ile yagin ana bilesenleridir. Bu ¢alismada elde edilen yagin kalitesini ve olasi kullanim alanlarini belirlemek
icin sonuglarimizi Avrupa Farmakopesi ve ISO standartlari ile karsilastirarak degerlendirmeyi amagladik. Analiz sonuglari,
lavandin esansiyel yaginin yiiksek diizeyde linalool igermesi ve kafur icermemesi nedeniyle yiiksek kaliteli bir esansiyel yag
oldugunu gostermistir. Ayrica, linalool, terpinen-4-ol ve kafur igerikleri ISO 3515:2002'de belirtilen lavanta yagi standartlarina
uygun iken, linalil asetat icerigi standard degerin altinda bulunmustur. Calismada ekstrakte edilen lavandin yaginin yiiksek linalool
icerigi ve kafur icermemesi nedeniyle gida, igecek, aroma, ilag, parfiim ve aromaterapi endiistrilerinde kullanima uygun oldugu
ongoriilebilir.

Anahtar kelimeler: Hidrodistilasyon, Lavandula sp., Linalil asetat, Linalool

2024, 25(1): 113-117 | Research article (Arastirma makalesi)

1. Introduction

Tiirkiye has an important place in the world trade of
medicinal and aromatic plants thanks to its geographical
location. Medicinal and aromatic plants are used to prevent
and treat disease and maintain health. The global use of
aromatic plants and their essential oils (EOs) is increasing
due to consumer demand for natural ingredients and concerns
about synthetic additives. The World Health Organization
(WHO) stated that more than 80% of the world's population
uses herbal medicines. These plants and their EOs represent
a diverse and unique source of natural products and are used

in many industries, such as cosmetics, perfume, sanitary
products, and pharmaceuticals. Additionally, EOs have
potential applications in food products due to their strong
antimicrobial and antioxidant activities. They are volatile and
aromatic oils extracted from plants and named after their
parent plants. The quality and quantity of EO components are
affected by different factors, such as the genotype of the
plant, the environmental conditions of the plant's growing and
harvesting season, drying conditions, and the extraction
method (Baydar, 2009; Avci, 2010; Pinto et al., 2007).
Among the plants containing essential oils, lavender
(Lavandula sp.), which belongs to the Lamiaceae family, is a
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very valuable and profitable plant because it contains high-
quality EOs. The Food and Drug Administration (FDA)
recognizes it as safe for use in food (Bethesda, 2006). Thus,
lavender essential oil (LEO) has become a popular ingredient
in the food industry due to its beneficial properties and
pleasant fragrance. While its antimicrobial activity is well
known, including against Candida albicans, Escherichia coli,
and Staphylococcus aureus, its antioxidant properties have
captured the attention of many researchers (Hammer et al.,
1999; Moon et al., 2004; Giilcin et al., 2004; Topal et al.,
2008; Hui et al., 2010; Danh et al., 2013). Therefore, it is
mainly used in food, perfume, sanitary products, cosmetics,
and medicine. Lavenders consist of 25-30 species of
flowering plants (Hui et al., 2010). The most commonly used
lavender species for oil extraction are lavender (Lavandula
angustifolia Mill.) and lavandin (Lavandula intermedia
Emeric ex Loisel.). Although lavender has the most beautiful
scent and high quality, its oil production is much lower than
that of high-camphor lavandin (Adam, 2006). For this reason,
oils derived from lavandin are often blended with lavender
oil or other commercially available EOs to create a pleasant
aroma. Lavender oil exhibits analgesic, sedative, disinfectant,
bactericidal, fungicidal, and antidepressant activities as well
as alleviates depression and anxiety, improves mood, and
induces sleep (Smigielski et al., 2011). The main components
in LEO are linalyl acetate (20-60%) and linalool (20-35%).
On the one hand, while linalool is commonly used in food,
beverages, flavorings, and pharmaceuticals, linalyl acetate is
found to be a valuable component used in cosmetics and
perfumes. On the other hand, LEOs rich in camphor and 1,8-
cineole are used in the pharmaceutical and insecticide
industries (Katar et al., 2020). Lavender flowers can contain
as much as 3% EO, which varies by genotype, climate, soil
structure, extraction method, etc. (Adaszynska-Skwirzynska
and Szczerbinska, 2019).

Oil production from lavender is commonly carried out
using various methods such as hydrodistillation, Soxhlet
extraction, and supercritical carbon dioxide extraction.
Hydrodistillation is a traditional technique where plant
material is boiled in water with direct contact between the
two. Depending on the region of cultivation, it is necessary to
identify the valuable components of the extracted lavender oil
to assess the oil's quality and potential applications. The most
important components determining the quality of LEO are
linalool and linalyl acetate (Kara and Baydar, 2013).
However, as the camphor content increases, the smell of the
EO deteriorates (Adam, 2006). On the one hand, camphor-
rich lavender oils are valuable to the pharmaceutical and
pesticide industries (Baydar, 2013). On the other hand, the
absence or scarcity of camphor in EO indicates high quality
and makes it ideal for perfume and aromatherapy (Adam,
2006; Kara and Baydar, 2013).

Gas chromatography-mass spectrometry (GC/MS) is an
effective method for identifying the volatile composition of
distilled EOs due to its fast and comprehensive separation and
detection capabilities. Additionally, commercially available
MS libraries identify these compounds' mass spectra.

This study aimed to obtain EO from a lavandin variety
grown in Kastamonu by the hydrodistillation method and to
understand the quality and usage areas of the oil by
determining the volatile components of this oil by GC-MS.

2. Material and method
2.1. Plant material

The stemmed fresh lavandin (Lavandula x intermedia
var. Super) flowers were collected from Kastamonu province,
Tiirkiye in May 2022 and used to acquire EO.

2.2. Essential oil isolation

A Clevenger-type hydrodistillation apparatus was used to
obtain EO from the stemmed, fresh lavandin flowers.
However, sample preparation is required before
hydrodistillation. For this purpose, a 500 g lavandin sample
and 500 mL of water were blended via a blender. While the
blending process continued, another 2500 mL of water was
slowly added to this mixture to obtain a 6:1 ratio of water to
the lavender sample (Sintim et al., 2015). Then, the mixture
was taken into the hydrodistillation flask and steam-distilled
for 3 hours (h) for the extraction of the EO. Lastly, the
isolated EO was stored in amber-colored, airtight, sealed
vials at 4 °C before analysis.

2.3. Essential oil component determination

The gas chromatography-mass spectrometer (GC-MS)
technique (GCMS-QP 2010 Ultra, Shimadzu, Japan) was
used to identify LEO components. A modified version of the
method used by Kammoun et al. (2021) was employed as the
analysis protocol. Principally, the EO samples must be
prepared for GC-MS analysis. Therefore, the LEO sample
was diluted at 1:100 in hexane (Sigma-Aldrich, Canada). All
components of the EO were separated on an Rtx-5MS fused
silica capillary column (30 m x 0.25 mm x 0.25 pum) utilizing
helium as a carrier gas at a flow rate of 3 mL/min, split ratio
of injection 1/25 with a 250 °C injector, and detector
temperature. Oven program: 40 °C for 3 min; from 40 °C to
240 °C at 4 °C/min. The mass selective detector was operated
with a set mass scan for the acquisition from 40 to 450 (m/z)
to obtain total ion chromatograms. Individual chemical
compounds in the analyzed samples were determined using
the commercial mass spectra library (W9N11) by comparing
the achieved mass spectra of each volatile compound. The
quantification of the relative abundance of all volatile
compounds in the sample was done based on the relative area
of the total ion chromatogram peaks.

3. Results

According to the 3 h hydrodistillation results, 1% EO was
extracted from the lavandin used in the study. It has been
reported that lavender flowers can contain up to 3% EO,
which varies by genotype, climate, soil structure, extraction
method, etc. (Adaszynska-Skwirzynska and Szczerbinska,
2019). Some researchers claimed that the lavandin plant
contains from 1% to 1.5% of its total weight in EO in fresh
stemless flowers and from 5.0% to 6.0% in dried stemless
flowers (Kara and Baydar, 2013; Kara and Baydar, 2011;
Baydar, 2009). In terms of the EO from fresh stem flowers,
our results are consistent with previous findings.

Volatile components of the LEO were revealed via the
GC-MS technique. In Table 1, the percentage composition of
a total of 14 individual components found in LEO can be
seen. The main ones are linalool (28.44%), linalyl acetate
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(17.12%), trans-p-ocimene (8.33%), lavandulyl acetate
(6.11%), o-terpineol (5.94%), geranyl acetate (5.66%),
terpinen-4-ol (5.12%), and caryophyllene (3.07%) as seen in
Table 1.

Lavender essential oil is characterized by a high level of
linalool and linalyl acetate in its chemical composition (Kara
and Baydar, 2013; Pokajewicz et al., 2021). It also contains
moderate amounts of terpinen-4-ol, lavandulyl acetate, and
lavandulol (Kara and Baydar, 2013; Pokajewicz et al., 2021).
Additionally, there are varying levels of eucalyptol (1,8-
cineol) and camphor (Kara and Baydar, 2013; Pokajewicz et
al., 2021). These are just a few of the many other components
found in oil that contribute to its physical, chemical, and
biological properties. The essential oil of L. angustifolia can
have a highly varied chemical composition, which is mainly
determined by the plant's genotype. However, environmental
and ontogenetic factors, as well as the region, conditions of
cultivation, post-harvest processing procedures, and even the
part of the plant used, can also influence the chemical
composition of the essential oil. The quality of lavender oil
can vary depending on its intended use and has been
classified by mainly the International Organization for
Standardization (ISO 3515:2002) and the European
Pharmacopoeia (Ph. Eur.). While the Ph. Eur. has set
maximum limits for the EO components for pharmaceutical
and perfume use, the 1SO has defined specific characteristics
of LEOs from different origins to simplify the assessment of
their quality (1SO 3515:2002; Pokajewicz et al., 2021). The
quality of lavender oil can be determined by two main factors:
the pleasant aroma, which is a subjective characteristic, and
the desired combination of ingredients (Pokajewicz et al.,
2021). In this study, we aimed to evaluate our results by
comparing them with standards to determine the quality of
the essential oil and its possible areas of use. On the one hand,
according to the 1ISO 3515:2002 standard, the percentages of
linalool, linalyl acetate, cymene, terpinen-4-ol, and camphor
should be between 25.0-38.0%, 25.0-45.0%, 4.0-10.0%, 2.0-
6.0%, and 0-0.5%, respectively (ISO 3515:2002). On the
other hand, the Ph. Eur. 10" edition defines the limits of
linalool, linalyl acetate, cymene, terpinen-4-ol, and camphor
as 20.0-45.0%, 25-47%, no limits, 0.1-8.0%, and maximum
1.2%, respectively (Katar et al., 2020; Pokajewicz et al.,
2021). In this study, the linalool, terpinen-4-ol, and camphor
contents of the cultivar complied with the LEO standards set
by ISO 3515:2002 and the Ph. Eur. 10" edition (1SO
3515:2002). However, the linalyl acetate content was below
these standards. By the way, it is also worth noting that the
values specified in these standards are based on GC analysis
with a flame ionization detector (FID) (Pokajewicz et al.,
2021). However, currently, the most commonly used method
for quantitative sample analysis in scientific studies is GC-
MS, with its greatly improved detection of small chemical
components in EOs (Pokajewicz et al., 2021; Aparicio-Ruiz
etal., 2018; Shellie et al., 2002). Generally, GC-MS is useful
for qualitative analysis; GC-FID, on the other hand, provides
a more accurate quantitative measurement of many
components (Pokajewicz et al., 2021; Aparicio-Ruiz et al.,
2018). Therefore, based on the GC-MS results obtained, we
can conclude that the amount of linalyl acetate, the main
component of lavender oil, is not within the range of the
specified standards.

Table 1. Determined volatile compositions of LEO via GC-
MS

Chemical name Content (%)
Linalool 28.44
Linalyl acetate 17.12
Trans-p-ocimene 8.33
Lavandulyl acetate 6.11
a-Terpineol 5.94
Geranyl acetate 5.66
Terpinen-4-ol 5.12
Caryophyllene 3.07
3-Octyl acetate 2.79
B-Farnesene 2.56
3-Octanone 1.49
Myrcene 148
Caryophyllene oxide 112
Nerol 0.92
Total content 90.15

The table does not include compounds whose concentrations are below
the detection limit.

There have been other studies on the LEO from different
regions in Tirkiye. For instance, Katar et al. (2020) reported
in their study that the samples of Afyon and Isparta locations
had linalool contents of 51.10% and 48.84%, respectively.
They also found that at 53.10%, the Eskisehir location had
the highest linalool content, while the Usak location had the
lowest at 41.34%. The group of Katar (2020) determined the
rate of linalyl acetate at 23.54% for the Isparta location, and
the lowest value was obtained at 1.83% for the Eskisehir
location. Additionally, they also examined the linalyl acetate
ratio, which was 21.58% for the Usak location and 3.14% for
the Afyon location. In this study, while the linalool content
of LEO obtained from the Kastamonu location was lower
than the study results of Katar et al. (2020) it was determined
that the linalyl acetate content was almost five times higher
than the value obtained from the Usak region. Many
researchers have stated that the EO composition of lavender
and lavandin varies based on genotype, harvest time, and
extraction method (Pinto et al., 2007; Baydar, 2009; Avci,
2010; Kara and Baydar, 2013).

B-ocimene is a common volatile substance released in
significant amounts from the leaves and flowers of many
plants. This component may play a role in some biological
functions in plants (influencing flower visitors, defense
response). This component, which is abundant in most plants,
serves to attract pollinators to flowers. It has two
stereoisomers: cis- and trans-f-ocimene. The trans isomer is
more common and more abundant in floral fragrances than
the cis isomer (Farré-Armengol et al., 2017). In our study, the
trans-B-ocimene amount was determined to be 8.33% (Table
1). The amount of B-ocimene in lavender essential oil grown
in Afyon, Eskisehir, Isparta, and Usak regions was
determined to be 0.51%, 0.53%, 2.44%, and 1.219%,
respectively (Katar et al., 2020). In the study conducted to
develop a new approach to determining the quality of
lavender essential oil, the amount of trans-B-ocimene was
determined to be 5.18% (Marincas and Feher, 2018). In a
study examining Polish and Bulgarian lavender, trans-p-
ocimene was detected only in Polish lavender, and its amount
was 0.26%. (De¢bczak et al., 2022).

Lavandulyl acetate has generally been noted to be active
against Gram-positive bacteria and yeasts and may have a
bactericidal or bacteriostatic effect depending on the type of
bacteria. It is also in high demand in cosmetics and perfumery
(Dg¢bczak et al., 2022). In our study, the amount of lavandulyl
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acetate was determined to be 6.11% (Table 1). In another
study, Polish and Bulgarian lavenders were examined, and
the amounts of lavandulyl acetate were determined to be
5.17% and 3.02%, respectively (Dgbczak et al., 2022). In a
study comparing two Czech lavender varieties, the average
amount of lavandulyl acetate was found to be 8.62% in
Krajova' lavender and 8.88% in Beta lavender (Duskova et
al., 2016). In lavenders in the Afyon, Eskisehir, Isparta, and
Usak regions, lavandulyl acetate was detected only in the
Usak region, and its amount was 2.47% (Katar et al., 2020).
In another study, the amount of lavandulyl acetate was found
to be 0.07% (Marincas and Feher, 2018).

Terpineols are monocyclic monoterpenoid tertiary
alcohols. There are four most commonly known isomers of
terpineols: a-, B-, y-, and d-terpineol. a-terpineol is widely
found in nature and has been detected in more than 150
essential oils. Other isomers are not commonly found in
nature. Studies have shown that a-terpineol, in addition to its
traditional use, has many biological properties such as
antioxidant,  anti-inflammatory,  antimicrobial,  and
anticarcinogenic (Sales et al., 2020). In our study, the amount
of a-terpineol was determined to be 5.94% (Table 1). The
amount of a-terpineol in lavender essential oil grown in
Afyon, Eskisehir, Isparta, and Usak regions was determined
to be 0.48%, 0.45%, 2.96%, and 3.30%, respectively (Katar
et al.,, 2020). In a study examining Polish and Bulgarian
lavender, a-terpineol was detected only in Polish lavender,
and its amount was 0.31% (Debczak et al., 2022). In another
study, the amount of a-terpineol was found to be 1.03%
(Marincas and Feher, 2018).

Geranyl acetate, an ester of geraniol, represents a flavor
with different odor characteristics. It is also the main
component of many essential oils (such as lime oil) that have
high economic value. Geranyl acetate is considered the most
valuable geranyl ester for its color, flavor, and aroma
properties, and it has been used as a flavoring agent in food,
cosmetics, and fragrance production (Zeferino et al., 2021).
In our study, the geranyl acetate amount was determined to
be 5.66% (Table 1). The amount of geranyl acetate in
lavender essential oil grown in Afyon, Eskisehir, Isparta, and
Usak regions was determined as 0.49%, -, 1.25%, and 1.28%,
respectively (Katar et al., 2020).

It is stated that linalyl acetate and linalool, the main
components of LEO, have a calming effect, while camphor
has a stimulating effect on humans (Tomi et al., 2018). Due
to the stimulant effect of camphor on sympathetic nerves, the
higher amount of camphor in lavandin oil may counteract the
relaxing effects of linalool and linalyl acetate in true lavender
(Tomi et al., 2018). Additionally, as the camphor content
increases, the LEOs scent deteriorates, so it is not preferred
in the perfume industry (Kara and Baydar, 2013).

In the Katar group's study (2020), the camphor content in
EO samples varied from 4.48% to 7.60% in Afyon, Isparta,
Eskisehir, and Usak locations. According to the values
obtained from this study, camphor wasn’t determined from
the LEO used. The fact that LEO obtained from a lavandin
variety grown in Kastamonu does not contain camphor shows
high quality. This EO is therefore suitable for use in the
perfume and aromatherapy industries. Additionally, as stated
in the Ph. Eur., the camphor content is required to be at most
1.2% for being used in the perfume and pharmaceutical
industries (Katar et al., 2020; Pokajewicz et al., 2021).

4. Conclusion

Plant-derived EOs have various applications in the food,
pharmaceutical, and cosmetics industries. Different factors,
such as the environmental conditions, the plant's growing
season, and the extraction method of its oil, affect the quality
and quantity of EO components. Essential oils must be
characterized by reliable techniques to ensure quality in
pharmaceutical, cosmetic, and food products. This study
revealed the volatile composition of LEO via the GC-MS
technique. The key constituents of the LEO were identified
as linalool (28.44%) and linalyl acetate (17.12%). In addition,
the high values of linalool and the absence of camphor in the
LEO used in this study indicate its high quality and make it
suitable for wuse in the food, beverage, flavorings,
pharmaceutical, perfume, and aromatherapy industries.
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Abstract: In this study, it is aimed to reveal the bibliometric profile of graduate (master's and doctorate) studies written on
"Medical and Aromatic Plants" in Tirkiye in terms of various criteria. For this purpose, the thesis search engine of the Council of
Higher Education (CoHE) was searched with the keywords "medical and aromatic plants, aromatic plants and medical plants” in
Turkish. As a result of the scanning, 149 graduate theses were identified and 7 of these theses are not open to access. Of the 142
theses, 118 are master's thesis, 23 are doctoral thesis, and 1 is a specialization in medicine. 42% of the graduate theses were
conducted under the advisor of professors. The theses were written in many different universities and departments. It has been
determined that biology is the subject most covered in graduate theses. Four graduate theses were written in English. 36% of the
graduate theses used between 51-100 references. Foreign references were used more in the majority of theses. 77% of the theses
were written in the range of 51-150 pages. Quantitative method was used as a method in the majority of theses. In terms of
keywords, there is not keywords were used in 8 theses. The most frequently used keywords are medicinal plant(s), medicinal and
aromatic plant(s) and aromatic plant(s), respectively. This study guides scientists who want to work on medicinal and aromatic
plants.

Keywords: Bibliometrics, Doctoral, Medical and aromatic plants, Master

Tiirkiye'deki “Tibbi
bibliyometrik profili

ve aromatik bitkiler”

konulu lisansustii tezlerin

Ozet: Bu calismada, Tiirkiye'de "T1bbi ve Aromatik Bitkiler" tizerine yazilan lisansiistii (yiiksek lisans ve doktora) ¢alismalarin
cesitli kriterler agisindan bibliyometrik profilinin ortaya konulmasi amaglanmistir. Bu amag¢ dogrultusunda Yiiksekogretim
Kurulu'nun (YOK) tez arama motorunda Tiirkce "tibbi ve aromatik bitkiler, aromatik bitkiler ve tibbi bitkiler" anahtar kelimeleri
ile arama yapilmigtir. Yapilan tarama sonucunda 149 adet yiiksek lisans tezi tespit edilmis ve bu tezlerden 7'si erisime agik
degildir. 142 tezin 118" yiiksek lisans tezi, 23'i doktora tezi ve 1'i tipta uzmanlik tezidir. Lisansiistii tezlerin %42'si profesorlerin
danismanliginda yiriitiilmistir. Lisansiisti tezlerin farkli tiniversite ve boliimlerde tamamlanmustir. Lisansiistii tezlerinde en gok
biyoloji konusunun islendigi tespit edilmistir. Tezlerden sadece dort adet yiikseklisans tezi ingilizce olarak yazilmigtir. Lisansiistii
tezlerin %36'sinda 51-100 arasi referans kullanilirken, tezlerin ¢ogunlugunda yabanci referanslardan daha fazla yararlamldig:
belirlenmistir. Tezlerin %77'si 51-150 sayfa araliginda yazilmistir. Tezlerin biiyiik ¢ogunlugunda nicel yontem kullanilmistir.
Anahtar kelime agisindan 8 tezin dzetinde anahtar kelime kullanilmamustir. En sik kullanilan anahtar kelimeler ise sirasiyla tibbi
bitki(ler), tibbi ve aromatik bitki(ler) ve aromatik bitki(ler)dir. Bu ¢aligma tibbi ve aromatik bitkiler tizerinde ¢aligmak isteyen
bilim insanlarina yol géstermektedir.

Anahtar kelimeler: Bibliyometri, Doktora, Tibbi ve aromatik bitkiler, Yiiksek lisans

1. Introduction

A medicinal plant is any plant that contains substances
in one or more of its organs that can be used for therapeutic
purposes or are precursors in the synthesis of useful drugs
(Sofowora et al., 2013). Aromatic plants are defined as
plants that have a pleasant smell and taste. These two
concepts, which differ in terms of function and use, have
started to be mentioned together as medicinal and aromatic
plants in recent years (Temel et al., 2018; Boztas et al.,
2021). Medicinal and aromatic plants are botanical raw
materials, known as herbal medicines that mostly used for
therapeutic, aromatic and/or culinary purposes (Devika,

2021). They are used for many purposes such as nutrition,
sanitation, cosmetics, incense, taste, fragrance and spices
(Pakdemirli et al., 2021).

There are 422 000 known flowering plant species in the
world, and 72 000 of these are medicinal and aromatic plant
species.The highest number of medicinal and aromatic plant
species is China with 4 941, followed by India with 3 000,
the USA with 2 564, Vietnam with 1 800, Malaysia with 1
200 and Indonesia with 1000 (Schippmann, et al., 2002;
Schippmann, et al., 2006). More than 2 000 medicinal and
aromatic plants are used for different purposes in Europe.
The main source countries of these plants are Bulgaria,
Poland, Hungary and Tiirkiye (Giiney, 2019). Tiirkiye is
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very rich in terms of flora, with 174 families, 1251 genera
and approximately more than 12 000 species and subspecies
(Aktop and Cagatay, 2022). It is known that out of 500 plant
species used in Tiurkiye and having economic importance,
approximately 200 plant species have export potential
(DOKAP, 2020).

In addition, medicinal and aromatic plants contribute to
both the country's economy and the welfare of forest
villagers. The annual market value of medicinal and
aromatic plants in the world is approximately 110 billion
USD and according to the World Health Organization
(WHO) report, this value is estimated to be 5 trillion USD
by 2050 (Celik and Giil, 2022). China and India are the
leading exporting countries (Kartk and Tungtiirk, 2019).
Thyme, poppy, anise, sage, red pepper and cumin are the
most preferred medicinal and aromatic plants in world trade
(Can, 2021). Tirkiye exports medicinal and aromatic plants
worth at least 100 million US dollars annually (Ozkan,
2019). Medicinal and aromatic raw plants and processed
semi-finished products are exported from Tiirkiye to nearly
100 countries. Among these countries, the USA, Canada,
Vietnam, Germany, the Netherlands, Brazil, Italy, Belgium,
France, Spain and Poland are at the top of the list. The
medicinal and aromatic plants that Tiirkiye exports the most
are thyme, bay leaf, cumin, anise, sage, carob, fennel,
licorice and mint, respectively (DOKAP, 2020).

Universities are the most important institutions in
acquiring  scientific  knowledge and ensuring the
development of society. Scientific information produced as
a result of research at universities contributes to the country
socially and economically (Haydaroglu, 2022; Yagmuroglu
and Per, 2022). The graduate education process contributes
to these responsibilities of universities. Graduate education
provided by universities contributes to the training of
experts in a certain branch of science and future academics.

The studies carried out during postgraduate education have
an important place in the production of scientific
knowledge. Graduate theses reveal the development, change
and trends of a subject in a certain field (Haydaroglu, 2022).

The development and trends of an academic field can
also be determined by analyzing the publications and
graduate studies carried out in that field. Analyzing graduate
theses written in a field allows us to have more detailed
information about the depth and prevalence of that field. It
also allows us to reveal the general view of the subject
under investigation. Such studies are called bibliometric
analysis in the literature (Karadag, 2009; inceoglu, 2014).
Bibliometric analysis is an approach that uses a range of
quantitative methods to measure, track and analyze
scientific literature. With bibliometric studies, publications
by authors, prominent journals, methodologies used and
results obtained are identified (Rojas-Sanchez et al., 2023).

As a result of the literature review, no study was found
regarding the bibliometric profile of master's and doctoral
theses published on medicinal and aromatic plants in the
national literature. With this study, bibliometric analysis
used in different subjects and disciplines will be applied to
graduate theses on medicinal and aromatic plants in
Tiirkiye. When the study is evaluated from this perspective,
this deficiency in the literature will be tried to be eliminated
and this study will support new research on medicinal and
aromatic plants.

When studies using the bibliometric analysis method on
documents in the field of medicinal and aromatic plants are
examined in international literature, it is seen that the
documents are mostly based on publications indexed in Web
of Science or Scopus. Studies on the bibliometric analysis of
documents (article, review, conference paper, book, etc.)
published on medicinal and aromatic plants are summarized
in Table 1.

Table 1. Some of the bibliometric analysis studies of documents on medicinal and aromatic plants in the literature

Author-year Purpose of the study

Scientific production of medicinal plants in the Latin American and Caribbean region was identified using

Alarcon-Ruiz et al. (2023)

bibliometrics and common word analysis for 14 397 articles published between 1970 and 2020. Data were

retrieved from Web of Science, Scielo and LILACS databases.

Leechon and Kabmala (2023)

741 research articles published between 2004 and 2022 on medicinal plants for cosmetic purposes were examined
using the hibliographic analysis method.

Trivedi et al. (2022)

The 100 most cited articles related to medicinal plants research are determined by the Web of Science database
and a bibliometric analysis of 100 articles is performed using VOSviewer software.

Seo et al. (2022)

463 published articles on the use of herbal medicines in obesity research were analyzed using bibliometric
method. For this research, the search terms "herbal" and "obesity" were used in the Web of Science database.

The medicinal plant research results of Indian scientists from 2012 to 2021 were examined with scientometric

Rohit (2022)
VOSviewer.

analysis. 12 281 publications downloaded from the Scopus database were evaluated with Excel, Bibliometrix and

The research outputs of Indian researchers on medicinal plants from 1977 to 2020 were analyzed. 3 911 high

Rahaman et al. (2021)

quality academic publications were obtained from the Web of science database. Bibexcel, VOSviewer, and

Biblioshiny (R Studio) software were utilized to analyze the data obtained Web of Science.

Salmeron-Manzano et al.

(2020) bibliometric method.

More than 100 000 studies on medicinal plants indexed in the Scopus database were analyzed using the

Kulak (2018)

A bibliometric analysis of 113 documents containing the subjects of rural development and medicinal aromatic
plants was carried out, and the data were retrieved from the Scopus database.

Singh et al. (2017)

In the research, 622 documents on the Tulsi plant, which is an aromatic shrub in the basil family Lamiaceae, were
downloaded using Scopus database between 1914 and 2017 and their bibliometric analysis was carried out. .

Dissanayake (2015) out using the Scopus database.

A scientometric analysis of the research conducted by a Sri Lankan researcher on medicinal plants was carried

Thirumagal and

Sivasubramanian (2014) of Science database

Studies conducted by Indian authors and institutions on medicinal and aromatic plants between 2008 and 2012
were examined from a bibliometric perspective. For this purpose, the necessary data was extracted from the Web
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2. Material and method

Document review data collection method, one of the
qualitative research methods, was used to collect the data
needed for the research. Bibliometric technique was used to
analyze the data obtained by the document review method.
The aim of the study is to determine the bibliometric
properties of master's and doctoral theses published between
1995 and 2023, which have access to the Higher Education
Institution National Thesis Center database on medicinal
and aromatic plants. For this purpose, a search was made in
the thesis search engine of the Council of Higher Education
(YOK) with the keywords "medicinal and aromatic plants,
aromatic plants and medicinal plants" in Turkish. In the
research, 149 graduate theses published between 1984 and
2023 constitute the population of the research. Graduate
theses that cannot be accessed digitally through the National
Thesis Center database are not included in the scope of
research. In this respect, the sample of the research consists
of 142 master's and doctoral theses with access permission.
There is no access permission for 7 master's theses. The
theses that do not have access permission were completed in
1984, 1993, 2000, 2001, 2002, 2005 and 2014. The data
collection process of the research was carried out between
25 June and 5 July 2023.Thirteen parameters have been
used in the bibliometric analysis of master's and doctoral
theses in the field of medicinal and aromatic plants. The
parameters used in the study are as follows; thesis type,
thesis year, university, institute, department, subject of
study, writing language, author gender, advisor gender,
advisor title, number of pages, number of references,
reference type, research method, keywords.In evaluating the
data, frequency and percentage values were calculated with
the help of the Excel program. Moreover, a word cloud was
created using the RapidMiner program to determine the
prominent words in the keywords used in the theses.
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3. Results and discussion

In this section, graduate theses published in the field of
medicinal and aromatic plants were examined within the
scope of various parameters, and the findings obtained
through bibliometric analysis were included. In the YOK
THESIS database, 142 theses prepared on me