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*Sorumlu yazarin e-posta adresi: barimdirmaktadir. Bu vejetasyon tipleri, genel olarak maki, orman ve

buraksurmen@gmail.com nemli dere vejetasyonu olarak ii¢ gruba ayrilmistir. Bu farklilik

. bolgede biyolojik cesitliligin yiiksek olmasini saglamaktadir. Calisma
Bu ¢aligmanin bir boliimii Ecology 2018 alani, Orta Karadeniz Béliimiinde yer alan Nebiyan Dag1 ve gevresidir.

sempozyumunda poster bildiri olarak Bu c¢aligmada biyolojik ¢esitliligin yiikseklik boyunca nasil degistigi
sunulmustur.

arastirilmigtir. Bunun i¢in toplam 150 6rnek parsel alinmis ve bitki
tiirlerinin yogunlugu Braun-Blaunget metoduna gore belirlenmistir.
Biyolojik ¢esitliligin hesaplanmasinda alfa ve beta ¢esitlilik indeksleri kullanilmistir. Elde edilen bulgulara gére; tiir
cesitliligi en yiiksek 750-900 m yiikseklikte yer alan Fago orientalis—Abietum nordmannianae Akman (1976) birliginde
bulunmustur. En diisiik tiir ¢esitliligi ise 30-100 m yiiksekliginde yer alan Salici albae—Platanetum orientalis Kutbay ve
Kiling (1995) birliginde bulunmustur. Sonug olarak yiikseklik arttik¢a tiir gesitliginin arttigi tespit edilirken, maki
toplulugu olan Phillyreo latifoliae—Lauretum nobilis Quézel ve ark. (1980) birliginin diisitk rakimda olmasina ragmen
tir cesitliligi burada yiiksek bulunmustur.

Anahtar Kelimeler: Biyogesitlilik, vejetasyon tipleri, alfa indeksi, beta indeksi.

Change of Plant Diversity along Elevation Gradient in the Nebiyan Forests
(Samsun/Turkey)

ABSTRACT

The forests in the Black Sea region comprise different vegetation types. These vegetation types are generally
divided into three groups as maquis, forest, and moist creek vegetation. This difference provides the high biodiversity.
The study area is the Nebiyan Mountain and its environs in the Central Black Sea Region. The variation of biological
diversity along the elevation from the sea level was investigated in this study. One hundred fifty parcels were taken and
the plant species density was determined according to the Braun-Blaunget method. Alpha and beta diversity indexes
were used in the calculation of biological diversity. Greatest diversity was found in Fago orientalis — Abietum
nordmannianae Akman (1976) plant association at 750-900 m. The lowest species diversity was found in Salici albae —
Platanetum orientalis Kutbay and Kiling (1995) plant association at 30-100 m. Finally, species diversity increased with
altitute, except Phillyreo latifoliae-Lauretum nobilis Quézel et al. (1980) plant association, which has high biodiversity
although it was located at low altitude.

Keywords: Biodiversity, vegetation types, alpha index, beta index.

Bu makaleye atif:

Kutbay, H.G., Siirmen, B., Kilig, D.D., 2019. Nebiyan Ormanlari’nda (Samsun/Tiirkiye) Yiikseklik Gradienti Boyunca Bitki
Cesitliliginin Degisimi. Anadolu Orman Aragtirmalar1 Dergisi 5(2): 71-78.
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1. Giris

Tiirkiye, iklimsel faktorlerin g¢esitliligi, c¢ok
degisken toprak tiplerinin bulunmasi, topografik ve
jeolojik yapisi dolayisiyla ¢ok zengin bir floraya
sahiptir (Giinal, 1994; Oztiirk ve ark., 2002; Aras ve
ark., 2003). Tiirkiye’nin sahip oldugu takson
sayisina bakildiginda Avrupa kitasi ile yakin oldugu
bilinmektedir (Kutbay ve ark., 2014).

Calisma alaninin  sahip oldugu farkli iklim
karakterleri 6zellikle bitki topluluklarimin dagilisim
ve bu topluluklarin hangi tiirlerden olusacagini
belirlemektedir. Svenning ve Skov (2005) tarafindan
iklimin bitki topluluklarinin  dagiliminda etkili
oldugunu ortaya konmustur. Bunun yani sira ii¢ ayr1
floristik bolgenin (Avrupa-Sibirya, Iran-Turan ve
Akdeniz) birlestigi yerde bulunmasi da c¢alisma
alaninin floristik ¢esitliligin en 6nemli sebeplerinden
biridir (Avel, 1993; Yaltirik ve Efe, 1996). Orta
Karadeniz ~ Boliimii, Avrupa-Sibirya  floristik
bolgesinin Oksin boliimiinde yer almaktadir. Orta
Karadeniz Boliimiiniin  vejetasyon Ozelliklerine
bakildiginda, farkli bitki Ortiisii katlarinin i¢ ige
gectigi ve birbirinden ayirt edilmesi zor olan bitki
topluluklarindan olustugu goriilmektedir. Ayrica
Orta Karadeniz Boliimiinde denizden yiiksekligin
bitki Ortiisiiniin degisimine neden oldugu o6nceki
calismalarda ortaya konmustur (Kutbay ve ark.,
2015). Kutbay ve ark. (1995) Orta Karadeniz
Boliimiinde yiikselti farkli bitki ortiileri tespit
etmistir. Bu bitki Ortiileri; Akdeniz tabakalari,
Akdeniz intrapontik tabakalari, {ist Akdeniz
prepontik tabakalari, daglik prepontik tabakalar,
diisiik dag Oksin tabakalari, yiiksek dag Oksin
tabakalar1 ve subalpin Oksin tabakalaridir (Quézel et
al., 1980; Kutbay ve ark., 1995).

Biyolojik  ¢esitlilik  hesaplamalari, sayisal
sonuglarin yani sira ekosistemlerin
degerlendirilmesinde ve farkliliklarin

aciklanmasinda kullanilmaktadir (Tiirkis et al.,
2017). Ciinkii tir cesitlili ekolojik faktorler ile

yakindan iligkilidir (Grime, 2001). Yapilan
biyogesitlilik  caligmalart  incelendiginde,  tiir
gesitliligi  ile birlikte ¢evresel faktorlerin  de

belirlendigi goriilmektedir (Giilsoy ve Ozkan, 2008).
Tiirkiye'de bitki biyogesitliligi ile ilgili bircok
floristik arastirma yapilmistir. Fakat yapilan
calismalarda bitki topluluklarinin veya habitatlarin
durumu hakkinda yeterli bilgiler verilmemistir
(Ozkan ve Negiz, 2011).

Cesitlilik hesaplamalarinda kullanilan Alfa ve
beta  ¢esitliligi  yaygin  olarak  kullanilan
yontemlerdir. Alfa ¢esitliligi habitat diizeyinde
oOlciiliirken, beta cesitliligi, tiirlerin kompozisyonu ve
habitatlar arasindaki farkliliklar1 gostermek ig¢in
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kullanilmaktadir (Negiz ve ark., 2015; Ghilishli et
al., 2015).

Bu c¢alismada Akdeniz iklim karakterli alanlari
iceren, Tirkiye’nin kuzeyinde, Avrupa-Sibirya
floristik bolgesinin Oksin béliimiindeki Nebiyan
Dag1 ve ¢evresindeki bitki topluluklarinin gesitliligi
yukseklik faktorii boyunca arastirilmistir. Boylece
(1) biyolojik ¢esitliligin yiikseklik boyunca nasil
degistigi belirlenerek (ii) ¢esitli indekslerle hangi
bitki topluluklarinin tahribattan etkilendigi yoniinde
aciklamalarin yapilmasi amaglanmustir.

2. Materyal ve Yontem

2.1. Calisma alaninin tanitimi

Calisma Orta Karadeniz Boliimiinde yer alan
Nebiyan Dag1 ve c¢evresinde deniz seviyesiyle 1400

m ylkseklige sahip, yiiksekligi kuzeyden glineye
dogru kademeli artan alanda yiirtitilmiistiir (Sekil 1).
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Sekil 1. Caligma alan1 (Nebiyan Dag1 ve ¢evresi) haritast.

Biyogesitlilik hesaplamalar1 i¢in Kutbay ve
Kiling (1995) tarafindan tespit edilen bitki
birliklerinin bulundugu alanlardan 20 x 20 m?



Kutbay ve ark. / Anadolu Orman Arastirmalari Dergisi 5 (2019) 71-78

biiyiikliigiinde toplam 150 6rnek parsel alinmugtir.
Alinan parsellerde bitki tiirlerinin yogunlugu Braun-
Blaunget metoduna gore belirlenmistir (Braun-
Blanquet, 1964).

2.2. Cesitlilik indekslerinin hesaplanmasi

Biyolojik  ¢esitliligin  hesaplanmasinda  tiir
zenginligi (species richness) ve tiirlerin yogunlugu
(species evenness) yontemlerinden yararlanilmustir.
Bunun igin yaygin olarak kullanilan alfa (o)) ve beta
(B) gesitlilik indeksleri tercih edilmistir. Bunlardan
alfa cesitlilik indeksi komiinitelerdeki tiir ¢esitliligini
ortaya koymaktadir (Magurran, 1988; Kiling ve ark.,
2006; Giilsoy ve Ozkan, 2008). Alfa cesitlilik icin
karasal komiinitelerde yaygin olarak kullanilan
Shannon - Wienner ve Simpson indekslerine gore tiir
zenginligi (species richness) ve tiirlerin yogunlugu
(Species evenness) hesaplanmustir.

Shannon - Wienner c¢esitlilik indeksi tiirlerin
ylzde bolluklarini oransal bir sekilde standardize
ettigi icin daha ¢ok kullanilmaktadir. Shannon -
Wienner ¢esitlilik indeksi (H) asagidaki formiille
hesaplanir (Magurran, 1988).

H =Y;_pixInpi Q)

H: Shannon - Wienner’in ¢esitlilik indeksi; s:
komiinitedeki toplam tiir sayisi (richness); pi: i
tiirline ait tim bireylerin orani; In: sayinin dogal
logaritmasi

Shannon - Weiner c¢esitlilik indeksine gore
tirlerin yogunlugu (J/evenness) asagidaki ifade ile
hesaplanir (Magurran, 1988).

J = (= Xi=1 pi x Inpi)/Ins 2

Bu formiilde s, tiir sayisini; pi, i tiriiniin ylizde
Ortis degerinin biitiin  tiirlerin  ylizde Ortiis
degerlerinin toplamina oranini; In, dogal logaritmayi
ifade etmektedir. Evenness 0-1 arasinda bir deger
alir ve 1 degeri tam esitlik (evenness) degerini ifade
eder. Shannon - Weiner (J) degeri ne kadar yiiksekse
bu bolgede bulunan tiirlerin birey sayisi diger
komiinitelere  gore  birbirine daha  yakindir
(Magurran, 1988; Kiling ve ark., 2006). Diger bir
ifade ile komiinite igerisinde tiirlerin yogunlugu
bakimindan bir homojenlik s6z konusudur.

Simpson (1949) tarafindan Onerilen gesitlilik
indeksine gore, bir kommiinitede farkli tiirlere ait
olan iki bireyin rastgele olarak birlikte bulunma
olasihigint gosterir (Magurran, 1988; Kiling ve
Kutbay, 2008). Buradan elde edilen deger ne kadar
biiyilkse oransallk o kadar biyiik demektir
(Magurran, 1988; Giilsoy ve Ozkan, 2008).
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Kommiinitelerde dominansinin varliginin
aragtirilmasi amaciyla yaygin olarak kullanilan bu
indeks asagidaki formiil araciligryla
hesaplanmaktadir.

D =Xi,pi® ®)

Bu formiilde D, Simpson ¢esitlilik indeksini; s,
tir sayisini; pi, i tiriinlin yiizde Ortiis degerinin
biitiin tiirlerin yiizde Ortlis degerlerinin toplamina
oranini ifade etmektedir (Magurran, 1988; Kiling ve

ark.,, 2006). Simpson indeksine gore esitlik
(evenness) derecesi asagidaki gibi hesaplanir.
1 D 1 1
Ep = 5 = b ~ T2 )

Bu formiilde Ep, Simpson indeksine gore esitlik
(evenness) derecesini; D, Simpson gesitlilik
indeksini; s, tiir sayisini; pi, 1 triiniin ylizde Ortiis
degerinin biitlin tiirlerin ylizde ortiis degerlerinin
toplamina oranini ifade etmektedir. Esitlik derecesi,
0 ile 1 arasinda bir deger alir ve yine burada 1 degeri
tam esitlik degeridir (Magurran, 1988; Kiling ve
ark., 2006).

B cesitlilik indeksi bolgeler veya kommiiniteler
arasindaki tir cesitliligindeki farkliliktir. Beta
cesitliligi ¢ok farkli bolgeler veya c¢evreler
arasindaki tiir kompozisyonundaki farkliliklart ve bu
habitatlarin degisme hizin1 ortaya koyar. Beta
cesitliligi habitatlar arasindaki gesitlilik modellerini
ifade eder ve tiirlerin adapte olabilme yetenekleri ve
gelisim ihtiyaglarina gore degisim oranlarini
gosterir. Yiiksek beta cesitlilik degerleri cevresel
gradiyentin bir fonksiyonu olarak tiir sayisinda
yiiksek orandaki degisimin gostergesidir (Kiling ve
ark., 2006). Whittaker (1972)’a gore beta ()
cesitliligi asagida verilen formiille hesaplanir.

B=S/a—1 (®)

B; beta gesitlilik, S; toplam tiir sayis1; o, ortalama
tiir zenginligi (Magurran, 1988; Giilsoy ve Ozkan,
2008) seklinde ifade edilmektedir.

Alfa gesitlilik indeksleri olan Shannon-Wienner
ve Simpson indekslerine gore tiir zenginligi (species
richness) ve tiirlerin yogunlugu (species evenness)
BioDiversity Pro (McAlleece, 1997) programiyla

hesaplanirken, beta cesitlilik indeksinin
hesaplanmasinda Excel programi kullanilmistir.
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3. Bulgular ve Tartisma

Yorede yapilan bu ¢alisma ise Kutbay ve Kiling
(1995) tarafindan tespit edilen bitki birliklerinin
yiikseklik dagilimi belirlenmistir. Buna gore 11 bitki

birliginin 30 1400 m arasinda degistigi
goriilmektedir. Bitki birliklerine bakildiginda sekiz
tanesinin orman tipinde oldugu, ikisinin maki ve bir
tanesinin ise nemli dere tipinde vejetasyonlar oldugu
gortilmektedir (Cizelge 1).

Cizelge 1. Bitki birliklerinin vejetasyon tipi, yiikseklik ve egim bilgileri.

Birlik Kod Vejetasyon tipi Yulas_ﬁ)k lik Egim (%)
Salici albae - Platanetum orientalis Sal alb - Pla ori Nemli dere 30-100 8.25
Phillyreo latifolia - Lauretum nobilis Phi lat - Lau nob Maki 60 - 150 28.67
Carpino orientalis - Quercetum cerridis Car ori - Que cer Orman 100 - 250 31.00
Carpino orientalis - Phillyretum latifoliae Car ori — Phi lat Maki 150 - 450 37.82
Carpino orientalis - Fagetum orientalis Car ori - Fag ori Orman 150 - 750 30.00
Querco infectoriae - Pinetum brutiae Que inf - Pin bru Orman 200 - 350 35.78
Fago orientalis - Castanetum sativae Fag ori - Cas sat Orman 250 - 800 36.54
Daphno ponticae - Pinetum sylvestris Dap pon - Pin syl Orman 700 - 900 39.62
Genisto tinctoriae - Pinetum nigrae Gen tin - Pin nig Orman 700 - 900 37.08
Fago orientalis - Abietum nordmannianae  Fag ori - Abi nor Orman 750 - 950 28.33
Rhododendro luteo - Fagetum orientalis Rho lut - Fag ori Orman 950 - 1400 38.46

Cizelge 1 incelendiginde; Bitki birliklerinin
bulundugu yerlerin egim 6zelliklerine baktigimizda;
%8.25 ile 39.62 arasinda degistigi tespit edilmistir.
En diisiik egime sahip nemli dere vejetasyonu tipi
olan Salici albae - Platanetum orientalis birligidir.
En yiiksek egime sahip olan birlik ise orman
vejetasyonu tipi olan Daphno ponticae - Pinetum
sylvestris birligidir. Diger birliklere ait ortalama
egim degerleri Cizelge 1’de verilmistir.

Caligma alaninda tespit edilen ve orman
vejetasyonuna ait Daphno ponticae — Pinetum
sylvestris Akman (1974), Genisto tinctoriae -
Pinetum nigrae Kutbay ve Kiling (1995) ve Fago
orientalis— Abietum nordmannianae Akman (1976)
bitki  birliklerinin ~ Tiirkiye’deki  yayiliglar
incelendiginde; Daphno ponticae Pinetum
sylvestris Akman, 1974 birligi, Ulkemizde Bati
Karadeniz Boliimii ve Marmara Bolgesinin Kocaeli
Boliimii ile Bursa, Bilecik, ve Yalova illerinde tespit
edilmistir (Kutbay ve Siirmen, 2011). Bununla
birlikte Akdeniz ikliminin yar1 kurak ve az yagmurlu
tipi goriilen Ispanya’mn Cazorla-Sagura bdlgesinde
yayilisa sahiptir (Gomez Mercado and Valle, 1990).
Genisto tinctoriae — Pinetum nigrae Kutbay ve
Kiling (1995) birligi Dogu Avrupa’da ozellikle
Macaristan’in vadilerinde (Balogh, 2001), Genisto
tinctoriae — Pinetum nigrae Kutbay ve Kiling (1995)
birligi Avrupa’daki dag siralarmin  bulundugu
Kosova, Sirbistan, Bosna-Hersek, Hirvatistan,
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Slovenya’da yayilis alanlarina sahiptir. Son olarak
Fago orientalis — Abietum nordmannianae Akman
(1976) birligi tilkemizde Artvin Karagol ¢evresinde
tespit edilmistir (Eminagaoglu et al., 2007). Akdeniz
vejetasyon tipine ait olan Phillyreo latifoliae—
Lauretum nobilis Quézel et al. (1980) birligi
{ilkemizde Inebolu - Abana arasinda tespit edilmistir
(Tire et al, 2005).

Bu c¢alismada tespit edilen bir ¢ok tiiriin
Avrupa’da benzer iklimin goriildiigii bolgelerde de
bulunmaktadir (Di Pietro et al., 2010). Ornegin;
nemli alanlar1 tercih eden Alnus glutinosa (L.)
Gaertner  subsp.  glutinosa  Italya’da  vadi
kenarlarinda bulunurken yiiksek kesimlerinde ise
Castanea sativa Milller. ve Fagus sp. tiirleri
bulunmaktadir. Akdeniz elementi olan Arbutus ve
Erica cinsine ait baz tiirlerin ise ¢alisma alaninda
oldugu gibi diisiik rakimli yerleri tercih etmektedir.

Bitki birliklerine ait alfa (a) ve beta (P)
cesitlilik indeksleri hesaplanmis olup Cizelge
2’de verilmistir. Calismada alfa indekslerinden
Shannon - Wienner ¢esitliligi (H) ve esitlik
derecesi (J) ile Simpson c¢esitlilik indeksi (D)
esitlik  derecesi (1/D) ile hesaplamalar
yapilirken, beta (B) cesitlilik indeksi olarak ise
Whittaker formiili kullanilmistir.
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Cizelge 2. Bitki birliklerine ait biyogesitlilik degerleri.

Birlik H J D 1/D B

Salici albae - Platanetum orientalis 0.71 0.95 0.18 6.43 3.13
Phillyreo latifolia - Lauretum nobilis 1.01 0.98 0.07 14.71 1.20
Carpino orientalis - Quercetum cerridis 0.90 0.94 0.12 8.63 2.84
Carpino orientalis - Phillyretum latifoliae 0.82 0.95 0.16 8.26 3.38
Carpino orientalis - Fagetum orientalis 0.95 0.95 0.11 10.34 2.92
Querco infectoriae - Pinetum brutiae 0.94 0.95 0.11 9.85 2.74
Fago orientalis - Castanetum sativae 0.89 0.93 0.13 9.04 2.99
Daphno ponticae - Pinetum sylvestris 0.87 0.94 0.13 8.37 3.23
Genisto tinctoriae - Pinetum nigrae 0.93 0.95 0.11 9.79 2.74
Fago orientalis - Abietum nordmannianae 1.04 0.96 0.08 13.58 2.52
Rhododendro luteo - Fagetum orientalis 0.86 0.92 0.14 7.90 2.28

Shannon - Wiener tiir ¢esitliligi indeksine gore H
degeri en yiiksek 750 - 900 m yiikseklikte yer alan
orman vejetasyonuna Fago orientalis—Abietum
nordmannianae Akman (1976) birliginde, en diisiik
H degeri ise 30 - 100 m yiiksekliginde yer alan
nemli dere vejetasyonuna ait Salici albae
Platanetum orientalis Kutbay ve Kiling (1995)
birliginde bulunmustur. Shannon - Wiener tiirlerin

yogunlugu (J) indeksine gore degeri en yiiksek 60 ila
150 m yiikseklikte bulunan maki vejetasyonuna ait
Phillyreo latifolia - Lauretum nobilis Quézel et al.,
(1980) birliginde hesaplanirken, en diisiik esitlik
(evenness) derecesi ise 650 ila 1400 m yiikseklikte
bulunan orman vejetasyonuna sit Rhododendro luteo
- Fagetum orientalis Kutbay ve Kiling (1995) bitki
birliginde bulunmustur (Sekil 2).
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Sekil 2. Bitki topluluklarinin Shannon-Wienner indeksine gore H (tiir ¢esitligi) ve J (esitlik/evenness) degerleri.

Bir diger alfa (a) ¢esitlilik indeksi olan Simpson
indeksine gore; tiir zenginligi (D) degeri en yiiksek
30 - 100 m yiikseklikte yer alan nemli dere
vejetasyonuna ait Salici albae Platanetum
orientalis Kutbay ve Kiling (1995) birliginde, en
disiik tiir zenginligi (D) degeri ise 60 - 150 m
yiiksekliginde yer alan maki vejetasyonuna ait
Phillyreo latifolia - Lauretum nobilis Quézel et al.
(1980) birliginde bulunmustur. Simpson indeksine
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gore esitlik/evenness (1/D) derecesi en yiiksek 60 -
150 m yiikseklikte bulunan maki vejetasyonuna ait
Phillyreo latifolia - Lauretum nobilis Quézel et al.
(1980) birliginde hesaplanirken, 30 100 m
yiikseklikte yer alan nemli dere vejetasyonuna ait
Salici albae - Platanetum orientalis Kutbay ve
Kilig (1995) birliginde hesaplanmustir (Sekil 3).
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Sekil 3. Bitki topluluklarinin Simpson indeksine gére D (tiir ¢esitligi) ve 1/D (esitlik/evenness) degerleri.

Birliklerin ~ beta  (B) indeks  degerleri
incelendiginde; en diisiik B deger 60 - 150 m
yuksekliginde yer alan maki vejetasyonuna ait
Phillyreo latifolia - Lauretum nobilis Quézel et al.
(1980) birliginde, en yiiksek B deger 150 - 450 m
yuksekliginde yer alan orman vejetasyonuna ait
Carpino orentalis - Phillyretum latifoliae Quézel et
al. (1980) bitki birliginde hesaplanmistir (Sekil 4).
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Sekil 4. Bitki topluluklarinin beta () indeksleri.

Shanon - Wienner H indeksi biyolojik g¢esitliligin
hesaplanmasinda en ¢ok kullanilan yontem olup,
hesaplanan deger ne kadar yiiksekse biyolojik
¢esitliligin de o kadar yiiksek oldugu kabul edilir.
Bitki birliklerinin Shanon - Wienner H degerleri
incelendiginde  yiikseklik arttitkca ve Fagus
orientalis’in karakter tiir oldugu bitki birliklerinde
biyolojik cesitliligin yiiksek oldugu bulunmustur.
Tirkis and Elmas (2018) ozellikle kaymn (Fagus
orientalis) agaclarmdan olusan orman
topluluklarinin  yiiksek biyoloji ¢esitlilige sahip
oldugunu ve bu cesitliligin yilikseklik ile beraber
arttigim belirlemislerdir.

Simpson (1949) tarafindan oOnerilen c¢esitlilik
indeksi ise Ozellikle iki tiiriin birlikte bulunma
oranlarimi ortaya koyar. Simpson D degeri ne kadar
yiksek iki birlikte bulunan iki tiiriin birlikte
bulunma oranmmin yiikksek oldugunu belirtir.
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Dolayisiyla benzerligin yiiksek ¢esitliligin diistik
oldugunu ifade eder. Bu durumda Simpson D
degerlerinin yiiksek olmasi tir ¢esitliliginin az,
diisilk olmasi ise tiir ¢esitliliginin fazla oldugu
anlamma gelir (Gliner ve ark., 2011). Buna gore
nemli dere vejetasyonuna ait Salici albae
Platanetum orientalis (30 150 m), maki
vejetasyonuna ait Carpino orentalis - Phillyretum
latifoliae (150 — 450 m) ve orman vejetasyonuna ait
Rhododendro luteo - Fagetum orientalis (950 - 1400
m) bitki birliklerinde tiirlerin birlikte bulunma
oranlariin yiiksek dolayisiyla tiir ¢esitliginin az
oldugu alanlar olarak tespit edilmistir. Ciinkii
Giilsoy ve Ozkan (2008) elde edilen degerin
bliylikliglinii tirlerin  birlikte bulunma oraninin
yiiksekligini ifade ettigini ayrica bu durumun
komiinitelerdeki dominantligi belirledigini ortaya
koymustur.

Bir diger c¢esitlilik indeksi olan tiirlerin
yogunlugu (species evenness) degerleridir. Gerek
Shannon Wienner (J) gerek Simson (1/D)
indekslerine gore deger 1’e ne kadar yakinsa tiirlerin
bulunduklar1 birliklerin toplam ortiis degerine
yaptiklar1 katkilarinin da birbirine yakin oldugunu
boylece esitlik (evenness) degerinin  yiiksek
oldugunu ortaya koyacaktir. Esitlik derecesi yliksek
olan komiinitede gesitlilik daha fazladir. Buna gore
750 900 m yikseklikte yer alan orman
vejetasyonuna Fago orientalis—Abietum
nordmannianae Akman (1976) ile 60 ila 150 m
yiikseklikte bulunan maki vejetasyonuna  ait
Phillyreo latifolia - Lauretum nobilis Quézel et al.
(1980) birliklerinde alan i¢in hesaplanan Simpson ve
Shannon - Wienner esitlik (evennes) degerleri en
yiiksek bulunmustur.

Son olarak tahribatin biyogesitlilik {izerine olan
etkisini belirlemek i¢in kullandigimiz Beta (J)
indekslerine baktigimizda en diisiik degerin 60 - 150
m ylksekliginde yer alan maki vejetasyonuna ait
Phillyreo latifolia - Lauretum nobilis Quézel et al.
(1980) birliginde, en yiiksek p deger 150 - 450 m
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yiiksekliginde yer alan yerlesim yerlerine yakin ve
orman vejetasyonuna ait Carpino orentalis
Phillyretum latifoliae Quézel et al. (1980) bitki
birliginde hesaplanmustir.

Aym bolgede yer alan fakat cesitli vejetasyon
tiplerine sahip olan bitki topluluklarimin farkli
biyogesitlilik degerlerine sahip oldugu belirlenmistir.
Tiirkis et al. (2017) yiikseklik, toprak 6zellikleri gibi
degiskenler ile birlikte egimin tiir g¢esitliligini
etkiledigini ortaya koymuslardir (Tang et al., 2012).
Bunula birlikte Akdeniz tipi bitki topluluklarinin
cevresel ve cografi oOzelliklere gore degistigi,
heterojen bir floraya sahiptir (Elmas and Kutbay,
2018). Yine bir¢ok ¢alismada, daglik bolgelerin bitki
Ortiisiiniin  topografya ile iliskili oldugu ortaya
konmustur. (Sanchez-Gonzalez and Lopez-Mata,
2005; Sherman et al., 2008; Kope¢ et al., 2010;
Ozkan and Berger 2014).

Daglik bolgeler bundan dolayr biyogesitlilik
yoniinden 6nemli bir yere sahiptir (Shaheen et al.,
2011). Bu alanlar yiiksek endemizm oranina sahip
oldugu gibi olumsuz ¢evresel faktorlere Kkarsi
direncleri de yiksektir (Ozkan, 2010; Negiz,
2013).Bu durum 6zellike orman tipi vejetasyonlarda
beta ¢esitliligi ile yakindan iliskilidir. Clinkii beta
cesitliliginin yiiksek olmasi o ekosistemdeki canli
zenginliginin algilanmasin1 saglar (Negiz ve ark.,
2015). Kutbay ve ark. (2014) tarafindan ayn1 alanda
yapilan baska bir ¢alismada 19 endemik ve nadir tiir
tespit edildigi dikkate alindiginda; ozellikle beta
gesitliliginin korunmasi gerekli alanlarda biiyiik
Ooneme sahip oldugu goriilmektedir (Quian et al.,
2005; Ricotta, 2007). Bu nedenle bu tiir alanlarin
korunmasi ekosistem dengesini korumak i¢in hayati
bir 6neme sahiptir.

4. Sonug ve Oneriler

Sonug olarak yiikseklik arttikga tiir gesitliginin
arttigin1 - sOyleyebiliriz. Fakat 0&zellikle Akdeniz
elementi olan tiirlerin olusturdugu topluluk olan
Phillyreo latifoliae — Lauretum nobilis Quézel ve
ark. (1980) birliginin disiik rakimda olmasina
ragmen biyogesitliligi yliksek bulunmustur. Bunun
nedenleri arasinda birligin bulundugu alandan alinan
ornek parsellerin floristik kompozisyon yoniinden
benzerlik oranlar1 karsilagtirildiginda diger birliklere
gore daha az olmasidir. Ayrica tahribatin daha az
olmasi H indeksinin yiiksek olmasinin bir diger
nedenidir. Ayrica bu birligin tahribattan daha az
etkilendigi beta (B) ¢esitlilik indeksi degerine
bakildiginda goriilmektedir.

Elde edilen tiim bu sonuglar bize biyolojik
cesitligin korunmasinda yapilacak uygulamalarin
baginda tahribatt Onleme c¢aligmalarinin gelmesi
gerektigini gostermektedir. Ayrica Nebiyan dagi gibi
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farkli floristik bolge elementlerini igeren alanlarin
ayrica korunmasi gerektigini de gostermistir. Ciinkii
bu alanlarda farkli floristik bolgelere ait tiirlerin
yogunlugunun az olmasi biyogesitlilik yoniinden
onemli oldugunu ortaya koymustur.
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amaglanmustir. Calisma alaninda her biri 400 m? biiyiikligiinde 55 adet
ornek alan secilmistir. Kesilecek agaclarin degisik cap ve boy kademesinde, farkli gelisim c¢aglarinda, degisik yetisme
ortamu ve kapalilik derecesinde, canli, tepesi saglam, tek govdeli ve saglikli olmasina dikkat edilmistir. Secilen agaglar
toprak seviyesinden kesilmis ve 2 m araliklarla boliimlere ayrilarak kesitler alinmustir. Ornek agaclar1 ve dallarini temsil
eden bir dal secilmistir. Dal ve yapraklardan 6rnekler alinarak polietilen torbalara konularak laboratuvara getirilmistir.
Ornekler iizerinde biyokiitle tayinleri yapilmistir. Yapilan bu ¢alisma sonucunda dogu kaymm agac bilesenlerine ait
ortalama biyokiitle degeri tek agacta en yiiksek 314,4 kg ile govde odununda tespit edilmistir. Bunu sirasiyla dal (54,2
kg), kabuk (30,2 kg) ve yaprak (7,46 kg) bilesenleri takip etmistir. Bu ¢alisma ile ormanlarda yapilan tiretim faaliyetleri
sonucunda alanda birakilan gévde odunu disindaki agag¢ bilesenleri miktarinin % 22,6 oldugu tespit edilmistir. Elde
edilen sonug, gelecek yillarda ormanda birakilan aga¢ bilesenlerinin degerlendirilmesinin ne kadar biiyilk 6nem
kazanacagini gostermektedir.

Anahtar Kelimeler: Agag bilesenleri, Biyokiitle, Dogu Kayini, Sinop.

Determination of Aboveground Biomass Amount in Pure Oriental Beech Stands
(A Case of Sinop-Tiirkeli)

ABSTRACT

This study was conducted to determine the biomass amounts in the aboveground tree componenets pure oriental
beech stands which are distributed within the borders of Sinop-Tiirkeli Forest Management Directorate. 55 sample plots
each with a size of 400 m? were selected in the study area. Trees with different diameter and height, in various
developmental stages, different growing environment and level of indoor ness, live, solid top, single body and healthy
have selected to cut at each plot. The selected trees were cut at the soil level and sections were taken by dividing them
into sections at an interval of 2 m. In addition, a branch, representing the sample trees and their branches was selected.
Wet weight of this sample branch was weighted then the leaves were separated from the branch and the weight of the
leaves and branches were weighted using a precise balance. Samples taken from branches and leaves were put into
polyethylene bags and transferred to a laboratory where biomass determinations were made. The highest mean biomass
value of oriental beech tree components was 314.4 kg in stem wood, followed by 54.2 kg in branch, 30.2 kg in bark,
and 7.46 kg in leaf. With this study, it was determined that the amount of wood components other than trunk Wood left
in the area was 22.6% as a result of the production activities carried out in the forests. The result shows how important
it will be to evaluate tree components left in the forest in the coming years.

Keywords: Tree components, Biomass, Oriental Beech, Sinop.
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1. Giris

Kiiresel iklim degisikliginin giderek Onem
kazanmas1 ve ormanlarin da atmosferdeki karbonun
depolandigi en 6nemli havuzlar arasinda yer almasi
biyokiitle ¢calismalarinin énemini arttirmigtir. Ciinki
orman  ekosistemlerindeki  agaclar  fotosentez
yaparak atmosferdeki karbonun cesitli agag
bilesenlerinde (yaprak, dal, kabuk, govde odunu,
kok) depolanmasini saglamaktadir. Dolayisiyla belli
bir alandaki bitkisel kiitlenin fazla olmasi orada daha
fazla karbon depolandigi anlamma gelmektedir
(Pehlivan, 2014).

Orman ekosistemleri, karasal ekosistemlerin
disinda  kalan kisminin  en genis parcasini
olusturmaktadir.  Orman  agaclari da  bu

ekosistemlerin en 6nemli pargasidir ve canli bitkisel
kiitlenin en  biiyilk bolimiinii  biinyelerinde
barindirmaktadirlar. Diinya ormanlarmin  sahip
oldugu toplam bitkisel kiitle 677 petagramdir ve
bunun yaklastk % 80’1t orman agacglarmin
biinyesindedir (Lorenz and Lal, 2010).

Atmosferde biriken karbondioksitin (CO,), 2/3’
iinlin fosil yakit tiiketiminden, 1/3 {iniin de arazi
kullanim degisimi ve ormansizlagsmadan
kaynaklandig1 tespit edilmistir. Iklim degisikligi,
hava kirliligi gibi artan g¢evre sorunlarindan dolay1
tim diinyada, atmosfere daha az CO, salan, fosil
yakitlara alternatif, c¢evreyi daha az kirleten,

yenilenebilir enerji kaynagi olan Dbiyokiitledir
(OGM, 2009).
Tim biyokiitleler, yesil bitkiler tarafindan

fotosentez yoluyla iiretilirler (Hall et al., 1993).
Agaclar karbondioksiti bu yolla tutar ve
bilinyelerinde biyokiitle olarak depolarlar. Agag
biyokiitlesine iligkin veriler karbon tutma ve karbon
dongiisiinii anlayabilmek i¢in gereklidir (Karabiirk,
2011). Fotosentez ile depo edilmis giines enerjisinin
bir sonucu olarak biyokiitle, gesitli tiir ve bigimde
(yakma, biyogaz iiretimi, fermentasyon, pyroliz,
bitkisel  yaglar  vb.)  kullamm  enerjisine
doniistiiriilebilmektedir. Uygun teknolojik
olanaklarmm saglanmasi ile tiim agaglarin hasat
edilmesi sonucu govde odunu, dallar,
ibreler/yapraklar ve gereginde kiitiik ve koklerden
olusan biyokiitlenin endiistriyel degerlendirilmesi
s6z konusu olabilmektedir (Akalan, 1985 ; Ozkaya,
2004).

Orman ekosistemlerinde biyokiitle belirleme
amaclarinin en Onemlilerinden bazilar1; belirlenen
biyokiitle ile ortamdaki besin elementleri dongiisii,
topraklarda minerallerin ve organik maddenin kayb1
ya da birikmesi arasinda 6nemli bir iligkinin olmasi,
diinyadaki karbon donglisii ve dengesi iizerinde

80

O6nemli rol oynayan orman ekosistemlerinin ve
tiretimlerinin belirlenmesi, su anda bozulmak iizere
olan karbon dengesi ve onun etkilerini anlamada
yararli olmasi, orman alanlarinda birikebilecek
potansiyel biyokiitle miktarinin orman yanginlari
lizerine olacak etkisi olarak siralanabilir. Ayrica
orman biyokiitlesi terimi, bir orman ekosistemi
igerisinde yasayan organizmalarin miktarini kiitle
olarak aciklamaktadir. Fakat uygulama amaglar i¢in
bu terim Ozellikle aga¢ ve agagciklarin yasayan
odunsu madde bilesenlerini igermektedir. Eger
ormanlar biyokiitle {iretimi igin isletilirse ilk Once,
simdiki ve gelecekteki kapasitelerinin tahmin
edilmesi gerekir. Bu amag i¢in gerekli olan ilk kosul,
her bir aga¢ tiri i¢in agirlik tablolarmin
diizenlenmesidir (Brown, 1982).

Kayin, diinyada en ¢ok alan kaplayan ilk 25 agag
cinsi icerisinde 6. sirada yer almaktadir (OGM,
2006). Ayrica Kayin, kuzey yarimkiirenin iliman
yaprakli ormanlart igerisinde yayilig gosteren en
yaygin agactir (Fang and Lechowicz, 2006).
Ulkemizde ise yayilis gosterdigi alan olarak yaprakli
agaclar icerisinde 2. sirada yer almaktadir. Ayrica
iilkemizde endiistriyel odun iiretiminde % 15° lik
payt ile yaprakli agaclar icerisinde ilk sirada yer
almaktadir (Konukgu, 2001).

Dolayisiyla bu ¢alismanin da amaci, arastirma
alaninda yayilis gosteren kayin ormanlarinin
toprakiistii tim agag¢ bilesenlerindeki (gdvde, dal,
kabuk, yaprak) biyokiitle miktarlarint belirlemektir.

2. Materyal ve Yontem
2.1. Materyal
2.1.1. Arastirma alanminin genel tanitim

Bu c¢alismada kullanilan arastirma materyali,
Karadeniz Bolgesi’nin Bati Karadeniz Boliimii’nde
yer alan Sinop ili-Tiirkeli ilgesi smirlari iginde
bulunan saf Dogu Kayimi (Fagus orientalis Lipsky.)
mescerelerinden elde edilmistir. Tirkeli Orman
Isletme Miidiirliigii 45.834,3 ha biiyiikliigiinde olup
5 igletme sefligine sahip bulunmaktadir. Tiirkeli
Orman igletme Midiirliigiiniin kuzeyinde Karadeniz,
dogusunda Ayancik Orman Isletme Miidiirliigii,
giineyinde Taskdprii Orman Isletme Miidiirliigi,
batisinda ise Catalzeytin Orman Isletme Miidiirliigii
bulunmaktadir. Bu Isletme Miidiirliigii smirlari
icinde kalan calisma alam 41°44°42°°- 41°57°54”°
Kuzey Enlemleri, 34°16°25- 34°23°32’° Dogu
Boylamlari arasinda yer almaktadir (Sekil 1).
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Sekil 1. Arastirma alanina ait 6rnek noktalar1 gosteren harita.

Sinop ili, Dogu ve Bati Karadeniz iklim
ozelliklerinin i¢ ice gectigi bir yoredir. Ilde
mevsimler arasi sicaklik farklar1 pek biiyiik degildir.
Ilde, yil boyunca esen siirekli riizgarlar etkili
olmaktadir. Yazin belli bir donem diginda, biitiin y1l
nemli ve yagisli gecer. Sinop’un kuzey kesiminde
Karadeniz iklim tipi egemendir. Ilin giiney
kesiminde ise kiyiya kosut olarak uzanan daglar
nedeniyle, Karadeniz ikliminin giderek etkisi
azalmaktadir. Bu bolgede yagislar ve sicaklik diser,
bozkir ikliminin etkileri gortliir (URL-1).

Sinop’ta yagislar, aylara gore oldukga diizenlidir.
En ¢ok Aralik ve Ocak aylarinda, en az Temmuz ve
Agustos aylarinda yagis alan ilde yagish giin sayisi
ortalama 125-135 giin arasindadir. Yillik yagis
miktar1  ortalamast 686,36  mm’dir. {limizde
goriilmiis olan en yiiksek sicaklik 35,1°C, en diisiik
sicaklik -8,4 °C°dir (URL-1).

Sinop ili, kuzey riizgarlarina agik oldugundan,
siirekli riizgar alir. Ilin konumu, kuzey (yildiz)
riizgarlarinin zaman zaman ¢ok siddetli esmesine yol
acar. Ortalama deniz suyu sicakligi 15.9°C olan
Sinop’ta ortalama giineslenme siiresi ise 5,46
saat/giindiir. Nisbi nem ydniinden sahil kesimleri %
75 nem ortalamasinin iizerinde, i¢ kesimler ise % 60
nem oranin altindadir (URL-2).

Caligma alaninda; Kizilgam (Pinus brutia),
Karagam (Pinus nigra subsp. pallasiana), Saricam
(Pinus sylvestris), Sahilcami (Pinus pinaster),
Goknar (Abies nordmanniana subsp.
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bornmiilleriana), Ardig tiirleri (Juniperus sp.), Kayin
(Fagus orientalis), Mese tiirleri (Quercus sp.),
Giirgen (Carpinus betulus), Titrek kavak (Populus
tremula), Kizilaga¢ (Alnus glutinosa), Disbudak
(Fraxinus excelsior), Akcaagag tiirleri (Acer sp.),
Karaagac (Ulmus glabra), Kestane (Castanea sativa),
Ihlamur (Tilia rubra), Cmar (Platanus orientalis),
Ségiit tiirleri (Salix sp.), Uvez (Sorbus torminalis)
gibi agag tiirleri bulunmaktadir (Anonim,1990).

2.2. Yontem
2.2.1. Ornek alanlarin nitelikleri ve secimi

Arastirma alanindan segme 6rnekleme yontemine
gore 55 adet Ornek alan alinmustir. Secilen 6rnek
alanlar 3 kapalihginda olup biiyiikligi 400 m?
olarak belirlenmistir.

2.2.2. Ornek agaclarm nitelikleri ve se¢imi

Bu oOrnek alanlarin igerisine giren agaglardan
alan1 temsil edebilecek oOzelliklere sahip mescere
orta ¢capmna yakin 1 adet kaymn agact kesilmistir.
Kesilen agaglar 15,5-36,5 cm gogiis yiiksekligi cap
araligindaki  agaclardan segilmistir.  Biyokiitle
Olgiimleri kesilen bu agac tizerinde yapilmistir.
Secilen agaglarin canli, tepesi saglam, tek govdeli,
saglikli ve dogal dal budamasin1 yapmis 6zellikteki
bireylerden olmasina 6zen gdsterilmistir.
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2.2.3. Kesit orneklerinin alinmasi

Ornek alanlarda tespit edilen 6rnek agaclar gogiis
caplar1 Olciildiikten sonra toprak ylizeyine en yakin
yerden kesilmis ve boylar1 6lgiilmiistiir. Daha sonra
kesilen agaclarin dallar1 gévdeden ayrilmis ve gévde
iizerinde 0,30 m, 1,30 m ve 1,30 m den sonra 2’ser
m araliklarla govde c¢aplann Olgiilip, 5 cm
kalinliginda enine kesitler alinarak yas agirliklart
elektronik terazi ile belirlenmistir. Daha sonra
govdeye ait tiim dallarin dip ¢aplarn ve boylar
Olciilmiistiir. Ardindan agacinin gelisimini ve tepe
yapisini temsil edecek sekilde 6rnek bir dal alinarak
yapraklart ile birlikte tartilmistir. Bunu takiben
alman Ornek dalin yapraklari daldan ayrilarak
polietilen torbalara ve c¢uvallara konulmus ve yas
agirliklart ayr1 ayn tartilarak belirlenmistir. Bundan
sonra Ornek dal odunundan 5 cm. lik bir kesit
alinmustir. Polietilen torbalara ve ¢uvallara konulup
numaralandirilan ornekler laboratuvara
gOtirilmistiir.

2.2.4. Agac biyokiitlesinin belirlenmesi

2.2.4.1. Govde yas ve firin kurusu
agirhiklarinin belirlenmesi

Govde yas ve firm kurusu agirliklarinin
belirlenebilmesi icin her seyden Once Ornek
agaclarin govde hacminin hesaplanmas1

gerekmektedir.

Bu amaca yonelik olarak govde dip kiitiik (0 m-
0,30 m), gévde ve u¢ kisim olmak iizere li¢ kisma
ayrilmigtir. Dip kiitiik ¢ap1 (dg 39 m) ve yiikseklikten
(0,30 m) yararlanarak silindir formild ile
hacimlendirilmistir. Ug parcanin koniye
benzerliginden yararlanilarak  hacimlendirilmesi
yapilmigtir. Govde ise 0,30-2,30 m, 2,30-4,30 m,
...gibi dip kiitiikten tepeye kadar 2 m uzunlugundaki
seksiyonlara ayrilmis (dyz, Os3p,...gibi) seksiyon
ortasi ¢aplarindan yararlanarak Huber (orta yiizey)
formiilii ile hacimlendirilmistir. Sonunda dip kiitiik,
seksiyon ve uc¢ parga hacimleri toplanarak govde
hacmi hesaplanmistir.

Govde Tizerindeki kabuklu caplar yardimiyla
kabuklu govde hacmi, kabuksuz caplar yardimiyla
kabuksuz govde hacmi ve bu iki hacim degerinin
farki alinarak da kabuk hacmi hesaplanmigtir. Kuru
agirliklarin belirlenmesi igin araziden laboratuvara
getirilmis gévde odunu kesitleri kurutma firiina
koyularak 65 °C’ de 7 giin siire ile tam kuru duruma
getirilmis ve tartilarak her bir 6rnegin tam kuru
agirhig tespit edilmistir.
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2.2.4.2. Dal yas ve firin kuru agirhiklarinin
belirlenmesi

Her bir 6rnek agacin canli tiim dallarinin taban
caplart ve boylar1 Olgiiliip koni bigiminde oldugu
varsayilarak tiim dallarin hacimleri hesaplanmustir.
Daha sonra tiim dal hacimlerinin hepsi toplanarak
ornek agacin toplam dal hacmi bulunmustur.
Ardindan dallarin tiimiinii ve 6rnek agacin gelisimini
temsil edecek bir 6rnek dal secgilerek toplam agirligi
hesaplanmigtir.  Sonrasinda alinan Ornek dal
yapraklarimdan temizlenerek saf yaprak ve dal
agirliklart  belirlenmistir. Araziden laboratuvara
getirilen dal Orneklerinden alinan kesitler firina
konularak 65 oC’ de 7 giin siire ile sabit agirliga
getirilmis ve tartilarak her bir Ornegin tam kuru
agirhign bulunmustur. Ornek dalin hacmi toplam dal
hacmine oranlanip, o6rnek dal yas agirhigr ile
carpilarak bir agacin yas dal agirligi, benzer bigimde
ornek daldan alinan enine kesitin yas ve kuru agirlig
arasindaki oran degerinden yararlanarak da bir
agacin toplam dal kuru agirlig1 hesaplanmistir.

2.2.4.3. Kabuk yas ve firin kuru agirhiklarinin
belirlenmesi

Kaym agacinin kabuklarmin ¢ok ince olusu,
yasken govdeden ayrilma zorluklarindan dolayr ve
en Onemlisi de Orneklerin kuru halde de
hacimlendirilmesi yapilacagindan, her bir agaca ait
kuru kabuk agirligi; kuru kabuklu toplam govde
agirhigr ile kuru kabuksuz toplam govde agirlhigi
arasindaki farktan yola ¢ikarak hesaplanmistir.

2.2.4.4. Yaprak yas ve firin kuru agirhklarimin
belirlenmesi

Arazide yas agirliklar1 belirlenerek laboratuvara
getirilmig olan yaprak ornekleri kurutma firininda
65°C’de 48 saatlik bir siirede tam kuru duruma
getirilmis ve tartilarak tam kuru agirhiklan
belirlenmistir.

Daha sonra 6rnek agaca ait toplam yas ve kuru
agirliklarin belirlenebilmesi i¢in her bir 6rnek agacin
toplam yas yaprak agirligindan yararlanilmstir.
Agacin dallanmasimi temsil edecek sekilde segilen
ornek daldaki yaprak agirlign belirlenerek Ornek
agacin toplam dal hacmi ile carpilip 6rnek dalin
hacmine boliinmesiyle 6rnek agaca ait toplam yas
yaprak agirligi belirlenmistir. Ardindan 6rnek agaca
ait toplam yas yaprak agirhigr ornek dala ait kuru
yaprak agirligi carpilip drnek dala ait yas yaprak
agirligina boliinerek Ornek agaca ait toplam kuru
yaprak agirlig1 elde edilmistir.
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Yukarida belirtilen sekilde hesaplanan oOrnek
agaclarin her bir bileseni ve tiim agacin kuru

Cizelge 1. Toprakiistii agac bilegenlerine ait kuru agirliklar.

agirliklan Cizelge 1°de verilmistir.

d 130 Yaprak Kabuk Dal Govde Odunu Toplam Agirlik
(cm)  (kg/400m?)  (kg/400m?)  (kg/400m?)  (kg/400m?) (kg/400m?)
Avritmetik Ortalama 24,36 7,46 30,20 54,20 314,39 406,26
Minimum 15,50 0,45 5,73 577 90,06 120,84
Maksimim 36,50 20,45 137,65 200,75 902,99 1011,83
Standart Sapma 4,77 5,17 21,36 40,24 166,56 203,04
3. Bulgular ve Tartisma gergeklestirmis  olduklart ¢alismada; tek agag

Caligma alanindan alinan 15,5-36,5 cm araliginda
g0gls yiiksekligi ¢apina sahip 55 adet Dogu Kayini
agac bilesenine ait tek agacta ortalama en yiiksek
biyokiitle degeri 314,39 kg ile gbévde odununda
tespit edilmistir. Bunu sirasiyla dal (54,20 Kkg),
kabuk (30,20 kg) ve yaprak (7,46 kg) bilesenleri
takip etmistir. Tek agag bilesenlerine ait toprak iistii
biyokiitle degerlerinin toplamda 120,84 kg ile
1011,83 kg arasinda degistigi, ortalama olarak
406,26 kg’ lik bir degere ulastigi, bu degerlere en

biiyilk katkiy1 gévde odununun yaptigi, bunu

sirastyla  dal.kabuk ve yapragin takip ettigi

goriilmistiir (Sekil 2).

_ 406,26

& 400 314,39

< 300

E

% 200

A 54,21

glOO 746 30,20

= 0

g Yaprak  Kabuk Dal Govde  Toprak
Agac Bilesenleri ustu

Sekil 2. Toprakiistii aga¢ bilesenlerine ait Olgiilen
ortalama biyokiitle miktarlari.

Konu ile ilgili olarak kayin ekosistemlerinde
yapilan benzer bir ¢alismada, 14,5-47 cm gogiis
yiiksekligi ¢apina sahip 40 adet dogu kaymi agag
bilesenine ait ortalama biyokiitle degeri tek agacta
en yiiksek 508,047 kg (58,380 — 1358,284 kg) ile
govde odununda elde edildigi, bunu sirasiyla kabuk
31,295 kg (3,557 — 89,142 kg), dal 12,268 kg (0,719
— 44,452 kg) ve yaprak 1,016 kg (0,442 — 1,806 kg)
bileseninin takip ettigi belirtilmistir (Bulut, 2012).
Bizim c¢alismamizda en yiiksekten en aza dogru
takip edilen sirada dal odununa iligskin biyokiitle 2.
sirada yer alirken, yapilan benzer ¢alismada 3.sirada
yer almistir. Diger bilesenler arasinda siralama
yoniinden herhangi bir degisiklik gézlenmemistir.

Makineci ve ark. (2011) tarafindan Kirklareli ve
Vize bolgesindeki mese ekosistemlerinde
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biyokiitle bilesenlerinden biri olan kabuk orani
gruplar igerisinde en yiiksek % 16 ile Kurklareli
bolgesinde tespit edilmis, bunu ise % 15 ile Vize
bolgesi takip etmistir. Benzer durumun yaprak
oranlarinda da gozlendigine isaret edilmistir. Ayni
calismada kabuksuz goévde oranlarinin % 59 ile %
65 arasinda bir degisim gosterdigi belirtilmistir.
Diger taraftan saf mese mescerelerinin ortalama
toprakiistii toplam agac¢ biyokiitlesinin 80037,52
kg/ha oldugu tespit edilmistir.

Cienciala et al., (2006) sarigam mescerelerinde
gerceklestirmis olduklar1 c¢aligmada, toprak iistii
biyokiitledeki agac bilesenlerinin toplam
biyokiitleye oranlarini sirastyla kabuksuz govdede %
83,5, kabukta % 5,1, dalda % 7,2, ibrede % 2,1 ve
kuru dalda ise % 1,7 olarak tespit etmislerdir.
Belgika’da 10 yasindaki sarigam mescerelerinde
gerceklestirilen bir calismada, agacin govde, dal,
ibre ve kok biyokiitlelerinin toplam biyokiitleye
oranlar1 sirasiyla % 33,9, % 25, % 22 ve % 19,2
olarak belirlenmistir (Xiao and Ceulemans, 2004).

Amasya Orman Bolge Miidirligii smirlan
icerisinde yayilis gosteren saricam mescerelerinde
gergeklestirilen bir ¢alismada, tek aga¢ bilesenlerine
ait biyokiitle degerlerinin toplamda 131,40 kg ile
1725,04 kg arasinda degistigi, bu degerlere en biiyiik
katkiyr gévde odununun yaptigi, bunu sirasiyla dal
ve ibrenin takip ettigi ifade edilmistir (Ulker, 2010).

Ozkaya (2004) tarafindan Artvin — Genya dag1
ladin ormanlarinda gergeklestirilen caligmada, tek
agac biyokiitle bilesenlerinin kuru agirliklarinin tim
aga¢ icin 174,8 kg ile 1808 kg arasinda degisim
gosterdigi tespit edilmistir. Bu degisim, agac
biyokiitle bilesenlerinden gévdede 157 kg ile 1601
kg, dalda 9,2 kg ile 125,5 kg, ibrede ise 5,9 kg ile
80,9 kg arasinda yer aldigi belirtilmistir. Bu
sonuglara dayanilarak toprakiistii toplam kuru
biyokiitlenin % 87,83 tinlin govdeden, % 7,40’ min
dal odunundan ve % 4,77 sinin ise ibreden olustugu
ifade edilmektedir.

Toplam toprakiistii biyokiitlenin en Onemli
bolimini gévde odununun olusturdugu ifade
edilmektedir (Tolunay, 2009). Konu ile ilgili saf
kaym mescerelerinde yapilan bir ¢aligmada, toprak
iistli biyokiitlesi igerisinde gévde odununun pay1 %
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55,21 olarak tespit edilirken (Erkut, 2013), dogu
ladini tizerinde yapilan diger bir ¢alismada ise bu

deger ortalama % 87,83 olarak belirlenmistir
(Ozkaya, 2004).
Caligmamizda elde edilen degerler

incelendiginde; toplam toprakiistii biyokiitleye en
onemli katkiyr govde odununun (%77,5) yaptigi
goriilmektedir. Bunu sirasiyla dal (%13,3), kabuk
(%7,3) ve yaprak (%1,8) takip etmektedir (Sekil 3).

Yaprak Kabuk
% % "

1( 8‘;% 7(, 40)4) = Govde (%)

= Dal (%)
Dal (%) Yaprak (%)
13,3% Kabuk (%)

Govde

(%)
77,5%

Sekil 3. Agacta depolanan toplam toprakiistii biyokiitle
miktarinin agag bilesenlerine dagilimu.

4. Sonug ve Oneriler

Bu ¢alisma sonucunda, Sinop-Tiirkeli yoresinde
15,5-36,5 cm gogis yiiksekligi ¢ap araligindaki saf
kaym mescerelerinde bulunan toprakiistii biyokiitle
miktarlar1 belirlenmistir. Elde edilen degerler Sinop-
Tiirkeli yoresi ekolojik kosullarina yakin 6zellikteki
bolgelerde bulunan saf kayin mescerelerindeki
toprakiistii biyokiitle miktarlarin1 hesaplamak igin
kullanilabilir.

Atmosfere salinan CO, miktarinin artmasi sonucu
meydana gelebilecek kiiresel 1sinmaya bagli olarak
olusabilecek bir iklim degisikliginden etkilenmemek
kacinilmaz bir durum olacaktir. Mevcut agac
tiirlerimizin fotosentez ile birlikte en 6nemli karbon
yutaklari oldugunu varsayarak karbon depolama
kapasitelerinin ve dolayisiyla da biyokiitlelerinin
belirlenmesi bilyiik 6nem arz etmektedir.

Bu calismada, kabuksuz firin kurusu kerestelik
govde odunu disinda ormanda birakilan firm kurusu
agac bilesenleri miktarinin, toplam aga¢ agirliginin
% 22,6’s1n1 olusturdugu tespit edilmistir. Bu sonug,
gelecek  yillarda  ormanda  birakilan  agag
bilesenlerinin degerlendirilmesinin ne kadar biiyilik
onem kazanacagini gostermektedir.

Bu calismanin 6nemli sonuclarindan birisi de
biyokiitle = ve  karbon  depolama  tahmin
denklemlerinin ormanciligimiz agisindan biiyiik
oneme sahip olan, hasilat, amenajman, orman
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envanteri, isletme ekonomisi ve agag teknolojisi gibi
cesitli bilim dallarina 6nemli katkilar saglayacak
olmasidir.

Tesekkiir
_ Bu calisma, 5913 kodlu Karadeniz Teknik
Universitesi BAP projesi kapsaminda
desteklenmistir. Katkilarindan dolayr tesekkiir
ederiz.
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indagi (llgaz, Cankiri) Mese (Quercus sp.) Ormanlarinda Zarar Yapan Tortrix
viridana L. (Lepidoptera: Tortricidae)'nin Biyolojisi ile Zarar Durumu”®

Y. Kondur’, Z.Simsek

Cankir Karatekin Universitesi, Orman Fakultesi, 18200, CANKIRI

MAKALE KUNYESI 0z

Gelis Tarihi: 2 Temmuz 2019

Kabul Tarihi : 27 Aralik 2019 Indagi’nda (Ilgaz, Cankir1) yapilan calismalara gore, iilkemizin asli

*Sorumlu yazarin e-posta adresi: agac tiirlerinden olan megenin en dnemli zararlilarindan birisinin de

yalcinkondur@Kkaratekin.edu.tr Yesil Mese Biikiiciisii (Tortrix viridana L.) oldugu anlasildigindan bu

« ) ) calisma 2002-2003 yillarinda gergeklestirilmistir. Caligmalar, farkli
Bu makale sorumlu yazarm yiiksek lisans tez karigim (saf mese, mesetkaracam) ve topografik Ozelliklere sahip

galismasimin bir boliimtinden Uretilmistir. toplam alti orman alaninda yiiriitiilmiistiir. Periyodik olarak bu

alanlardan alinan dal ornekleri ftizerindeki T.viridana’nin farkl
biyolojik dénemleri (yumurta, larva, pupa) 6l¢iilmiis, tomurcuktaki zarar orani, yapraklardaki bulagsma oranlari (%) ayr1
ayr1 saptanmus, zararlinin biyolojisi izlenmistir. Aym ¢alismada, zararlinin larva donemlerinin belirlenmesinde, Dyar
kanununun uygulanabilirligi arastirilmistir. Laboratuvar ¢aligmalari, 22+1°C sicaklik ve %4045 neme ayarli iklim
odalarinda gerceklestirilmistir. Arazi calismalari, mese aga¢larindaki tomurcuklar agilmadan 6nce (Mart ayinda)
baslatilmis ve T.viridana ergin uguslarim tamamlanincaya kadar, genellikle haftada bir kez araziye ¢ikilarak
yiritilmiistiir. Elde edilen bulgulara gore; T.viridana’nin yumurta ¢apinin, olgun larva (5. donem) ile pupa
uzunlugunun sirastyla 0,788+0,011 mm, 10,039+0,547 mm ve 10,146+0,196 mm oldugu saptanmistir. Bag kapsiil
genisliklerinin dl¢lilmesiyle, zararlinin larva donemlerinin belirlenebilecegi anlagilmistir. Farkli yiikseltilerde yer alan
iic saf mese mesceresinde saptanan T.viridana’nin yumurta yogunlugu (yumurta sayisi/dal), tomurcuktaki zarar orani
(%), mese yapraklarindaki bulasma oranlart (%) ile yakalanan ergin sayisinin, 3 karigik mescerede elde edilen
degerlerden daha yiiksek oldugu tespit edilmistir. Ayni ¢alismada, iklimin, degisik mescere tipleri ve bunlarin bir birine
olan uzakhgi, yiikselti, kapalilik ve baki gibi faktorlerin T.viridana’nin biyolojisi ile bulasma ve zarari {izerinde etkili
oldugu belirlenmistir. Laboratuvar kosullarinda yapilan ¢alismada; zararli erginlerinin 4,08+0,169 giin yasadiklart ve bu
stire i¢erisinde ortalama 68 adet yumurta biraktigi; dogada ise kist yumurta doneminde gegirdigi ve yilda bir dol verdigi
tespit edilmistir..

Anahtar Kelimeler: Mese, Cankir1, Tortrix viridana, mescere yapisi, larva donemleri, zarar durumu.

Biology and Damage of Tortrix viridana L. (Lepidoptera: Tortricidae) in indag (llgaz,
Cankin) Oak (Quercus sp.) Forests

ABSTRACT

This study was carried out between 2002 and 2003 in order to determine the biology and damage of the Green Oak
Tortrix, Tortrix viridana L. which is an important pest of oaks, the most important native trees in Turkey, according to
studies conducted in Indag: (Ilgaz, Cankirr). Field studies were carried out in 6 sample plots (3 pure oak stands and 3
oak+pine mixed stands) and topographic properties. Periodically collected biological stages of T.viridana (eggs, larvae,
cocoon) and branch samples were measured, and damage on the buds and infection ratio (%) on the leaves were
calculated and the biology of the pest was investigated. Also, the applicability of the Dyar’s rule for determination of
the larval instars of T.viridana was investigated. Laboratory studies were carried out in a climate chamber that was set
to 22+1°C temperature and 40+£5% humidity. Field studies were started before the budburst (May) and carried out
weekly until the T.viridana flights completed.

Bu makaleye atif:

Kondur, Y., Simsek, Z., 2019. Indag1 (Ilgaz, Cankir) Mese (Quercus sp.) Ormanlarinda Zarar Yapan Tortrix viridana L.
(Lepidoptera: Tortricidae)’nin Biyolojisi ile Zarar Durumu. Anadolu Orman Arastirmalar1 Dergisi 5(2): 86-99.
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The results showed that the average egg diameter, mature larva length (5™ instar) and pupal length of T.viridana
were 0.788+0.011 mm, 10.039+£0.547mm, and 10.146+0.196 mm respectively. It is also determined that Dyar’s rule
may be used to the head capsule width values of T.viridana larvae in order to determine the larval instars. It was found
that the egg density (eggs/l m branch), damage on the buds (%), leave infection (%) and the captured moths at
pheromone traps were higher at pure oak stands at various altitudes than those of mixed (oak+pine) stands. The results
also showed that factors such as climate, stand composition, the distance between different stands, altitude, stand
closure and aspect affected the biology and damage levels of T.viridana. In addition, T.viridana adults lived 4.08+0.169
days and females laid 68 eggs in the laboratory on average, overwinter as eggs, and has only one generation.

Keywords: Oak, Cankir1, Tortrix viridana, stand composition, larval instar, damage.

1. Giris

Ulkemizin sahip oldugu 22.342.935 ha orman
varligimizin 5.886.195 hektarinin (%26,34) mese
ormanlarindan olustugu, bu alanlarda 18 mese
tiirliniin bulundugu ve yurdumuzun her bdlgesinde
yayilis gosterdigi bilinmektedir (Anonim, 2016).
Cankir1 ilinin ii¢ Orman Isletme Midiirliigi
(Cankiri, Ilgaz, Cerkes) sorumluluk alaninda ise
toplam olarak 80.610 ha normal koru, 76.268 ha
bozuk koru, 129 ha normal baltalik ve 5.661 ha da
bozuk baltalik alan bulunmakta olup orman
alanlarinin il  yilizOlglimiine oram %21,5°tir
(Anonim, 1996).

Mese agaglari, orman ekosisteminin Onemli
unsuru olup gerek yapacak gerekse yakacak odun
ihtiyacinin karsilanmasinda biiyiik paya ve Oneme
sahiptir. Mese odununun fig1 yapimi, soyma
sanayisi, kaplamacilik, mobilyacilik, gemi insaat1 ve
parke sanayisi gibi ¢ok genis kullamim alanlari
bulunmaktadir (Ansin ve Ozkan, 1997). Ozellikle
yasli mese agaclar1 zengin ve ozellesmis bir fauna ve
flora igin barinak olabilirler (Jansson ve ark., 2016).

Yapilan literatiir taramalarinda, mesenin Onemi
g6z Onilinde bulundurularak, zararlilar1 konusunda
uzun yillara dayali gerek Ulkemizde ve gerekse
diger iilkelerde baz1 c¢aligmalarm  yapildig:
anlagilmistir.  Ulkemizdeki calismalar genellikle
mese ormanlarindaki zararli tiirlerin tanimlanmasi ve
az sayidaki g¢alisma ise mese zararlilarinin
miicadelesi  konusunda yapildigr  anlasilmistir
(Canakgioglu, 1963, 1967, 1977; Selmi, 1983;
Ozkazang ve Yiicel, 1985; Oymen, 1987;
Canakgioglu ve Elicin, 1990; Kalkandelen, 1994;
Lodos ve Tezcan, 1995; Toros, 1996; Aslan ve
Ozbek, 1997; Tozlu, 1997; Canakcioglu ve Mol,
1998; Tuatay, 1999; Canak¢ioglu ve Mol, 2000;
Simsek 2000; Balct ve Halmsclager, 2003; Bellido
ve ark., 2003; GOk, 2003; Lodos ve ark., 2003;
Tezcan ve ark., 2004a, b; Kanat ve Akbulut, 2005;
Skuhrava ve ark., 2005; Simsek ve Kondur, 2006;
Denizhan, 2007; Toper Kaygin, 2007; Tavakoli ve
ark., 2008; Ulgentiirk ve ark., 2008; Toper Kaygmn
ve ark., 2008, 2009; Isiloglu ve ark., 2009; Sen ve
Gok, 2009; Yiiksel, 2010; Denizhan, 2011; Caliskan
ve ark., 2012; Sevim ve ark., 2012; Maral ve ark.,
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2013; Sevim ve ark., 2013; Yardibi ve Tozlu, 2013;
Ekiz ve ark., 2014; Kabaktepe ve Bahgecioglu,
2014; Sonmez ve ark., 2014; Sen ve GOk, 2014;
Tezcan ve ark., 2014; Tuncer ve Avci 2015; Jansson
ve ark., 2016; Torun ve Caliskan, 2016). Mese
ormanlarinin 6nemli zararlilarindan olan Yesil Mese

Biikiiciisti  [Tortrix viridana L. (Lepidoptera:
Tortricidae)] hakkinda yurt disinda yapilan
caligmalardan  tlirlin ~ Avrupa’nin  tamaminda

(Teleaga, 1968; Pascual ve ark., 1991; Pascual,
1994; Roversi ve DeSilva, 1994; Stocki, 1994;
Altenkirch, 1996; Friderichsen, 1996; Moraal, 1996;
Selikhovkin, 1996; Hunter ve ark., 1997; Ciornei ve
Mihalanche, 1998; Csodka, 1998; Hunter, 1998;
DuMerle, 1999; DuMerle ve ark., 1999; Ivashov,
1999; Markov, 2000; Selés, 2000; Ivashov ve ark.,
2002); Asya’nin bati kesiminde; Iran (Fazeli ve
Abai, 1990), Kirgizistan (Kosenko, 1991) ve Rusya
(Rubstsov ve Vomperskii, 1990; Markov, 1992;
lerusalimov, 1998)’da olduk¢a yaygin bir zararl
oldugu anlagilmistir.

Bat1 Palearktik bolgede meselerin en Onemli
zararlilarindan biri olan T.viridana; oligofag bir tiir
olup konukgular1 Quercus cinsi ile smirhidir
(Canakgioglu ve Mol, 1998; DuMerle ve ark., 1999;
Ivashov ve ark., 2002; Schroeder ve Degen, 2008).
Ancak, T.viridana’nin Azerbaycan’da 12 farkli agag
ve bitki tiirliyle beslendigi; bu bocegin polifag
beslenme davranisi gosterdigi rapor edilmistir
(Maharramova, 2010). Nitekim T.viridana’nin
kestane, kizilagag, 1hlamur, karaagag, kayin,
akcaagac, kavak, sogiit ve hatta gbknar ve ladin gibi
agaclarda  da  beslenebildigi  kaydedilmistir
(Canakc¢ioglu ve Mol, 1998; Ovcharov ve ark.,
2005; Maharramova, 2010). Indagi’nda (Ilgaz,
Cankir1) bulunan mese (Quercus sp.) orman
alanlarinda yapilan gozlemlerde, T.viridana’nin
bolgedeki onemli zararlilardan birisi oldugu ve mese
agacglarinin yapraklariyla beslendigi belirtilmistir
(Kondur, 2004).

Calismanin yiiriitildiigti alanin (Ilgaz, Cankir1)
gegmiste mese ormanlartyla  kapli  oldugu
bilinmektedir. Bu durum, mesenin Ulkemiz
ormanlarinin asli ve Yyerli aga¢ tiirlerinden biri
oldugu fikrini desteklemektedir. Ancak, caligma
alaninda saptanan T.viridana’nin mese ormaninin
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gelismesini olumsuz yonde etkiledigi gozlenmistir.
Bu zararlimin s6zii edilen ydredeki biyolojisi ile
zarar durumunun belirlenmesi amaciyla bu ¢aligma
2002 ve 2003 yillarinda yiiriitilmiistiir.

2. Materyal ve Yontemler
2.1. Ornekleme alanlarimin belirlenmesi

Caligma  alam1 Ankara  Orman  Bodlge
Miidiirliigii’niin, Ilgaz Orman Isletme Miidiirliigii,
Devrez Orman Isletme Sefligi smnirlari icerisinde yer
almaktadir. Calisma, Devrez Orman Isletme Sefligi
sinirlar1 icinde belirlenen o6rnekleme alanlarinda
yiiriitiilmiistir. Devrez Orman Isletme Sefligi’nin
genel alani 25.593 ha olup bu sahanin 11.958 hektari
ormanlik alandir (Anonim, 1996).

Ormnekleme alanlarinin arazideki konumu Sekil
1’de, mescere Ozellikleri ise Cizelge 1’de verilmistir.
Buna gore ornekleme alanlari; Cankiri-Kastamonu
karayolunun Indag: bélgesindeki eski yol iizerinde,
caligma alanimi ikiye ayiracak sekilde alinmis olup,
Kastamonu’ya gidis yonii esas alindiginda, yolun
saginda 3 adet (mesetkaragam), solunda ise 3 adet
(mese) olmak iizere toplam 6 alan olarak
belirlenmistir. Calismada; 1 (1215 m), 3 (1085 m) ve
5 (1003 m) olarak numaralandirtlan Ornekleme
alanlari, mese ile karagamin karigik; 2 (1194 m), 4
(1072 m) ve 6 (985 m) olarak numaralandirilan
ornekleme alanlar1 ise sadece mesenin bulundugu
alanlar olarak yer almstir.

Cankirt

oA

& Egyitkselti efrisi ®1  Deneme Alam

— Cankin-Kastamonu Karayolu

Sekil 1. Ornekleme alanlarmin (Ilgaz - Devrez Orman
Isletme Sefligi)’nin cografi mevkii haritast.

1 no’lu 6rnekleme alan1 Kuzeybati, 2 no’lu alan
Giineydogu, 3 ve 4 no’lu alanlar Kuzey, 5 ve 6 no’lu
alanlar ise Kuzeydogu bakida bulunmaktadir.
Ornekleme alanlarindaki arazi egimi %22-45
arasinda olup yiikseltileri 985—-1215 m arasindadir.
Ornekleme alanlarindaki  kapalilik;  %50-100
arasinda degismektedir. Karagamin karisima katilma
orani  %9,9-21,6’dir. Mesenin karisima katilma
orani ise %78,4—100 arasindadir (Cizelge 1).

Ornekleme alanlar1 yaklasik 4’er ha genisliginde
olup ti¢ grup (1-2; 3-4; 5-6) olusturulmustur (Sekil
1 ve Cizelge 1).

Cizelge 1. indag1 (Ilgaz, Cankiri1)’nda 20022003 yillarinda ¢alisilan 6rnekleme alanlarinin mescere 6zellikleri.

%ﬁgﬁk(lﬁlrg; Mescere Tipi Baki  Egim (%) Yiikselti (m) Kapalilik (%) Karisim Orani (%)
Mese 78,4
1 Karagam KB 31,5 1215 70 216
2 Mese GD 24,9 1194 60 100,0
Mese 90,1
3 Karagam K 34,4 1085 90 9.9
4 Mese K 45,6 1072 100 100,0
Mese 83,8
5 Karagam KD 22,0 1003 70 16.2
6 Mese KD 30,5 985 50 100,0
Yumurta, larva ve pupa sayimlari, Onceden
2.2. Tortrix viridana’nin biyolojik belirlenen 6rnekleme alanlarinda rasgele secilen bir
ozelliklerinin belirlenmesi mese agacindan alman dal  Orneklerinde
yiritilmiistir. Sec¢ilen mese agacinin 4 ana
Caligmalar,  2002-2003  wyillar1  arasinda  yoniinden (Kuzey, Dogu, Giiney, Bat1) ve 3 farkl

yliriitiilmiis olup ¢aligmalara mese tomurcuklarinin
acilmasindan 6nce (Mart ay1 sonunda) baglamis ve
T.viridana uguslar1 tamamlanincaya kadar devam
edilmistir. Calismalar genellikle haftada bir kez
araziye gidilerek ytriitiilmiistiir.
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yiikseklikte (tepe tacinin 1/3°lik iist kisminda,
1/3’lik orta kisminda ve 1/3’lik alt kisminda)
bulunan yash dallardan rasgele segilen yaklasik 20
cm’lik bir bolimii budama makasiyla kesilerek
ornekler almmustir. Kesilen dallar
numaralandirilarak plastik poset igerisine konulmus
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ve aym gin igerisinde buz kabinda laboratuvara
getirilerek  kesilen dallar  {izerinde  bulunan
T.viridana yumurtalar1 stereo mikroskop altinda
sayilarak (Serra ve ark., 1998; Gillio ve ark., 1999)
yumurta ¢aplar1 6l¢iilmiistiir.

Laboratuvara getirilen dal 6rneklerinde bulunan
T.iridana larvalar1 ile diger larvalar stereo
mikroskop altinda sayilmistir. Mese agaclarinda
tomurcuklarin agilmasi sirasinda meydana gelen
zarar; laboratuvara getirilen dal 6rnekleri tizerinde
bulunan tiim tomurcuklarin ve beslenme zarari1 goren
tomurcuklarin sayilmasiyla yapilmistir. Tomurcuk
zarart; zarar goren tomurcuk sayisinin dal tizerindeki
toplam tomurcuk sayisina boliinmesi yoluyla
hesaplanmustir.

Mese agaglarinda yapraklanmanin baslamasindan
sonra, laboratuvara getirilen dal orneklerinin
uzunluklar1 6lgiilmiig, her bir dal Ornegi iizerinde
bulunan tiim yapraklar ile T.viridana’nin zararina
ugrayan yapraklar sayilmistir. Bu  verilerden
yararlanilarak T.viridana zarar oram (%)=T.viridana
zararina ugrayan yaprak sayist / Toplam yaprak
sayis1 olarak hesaplanmistir. Zararli larvasi bulunan
tomurcuklar tamamen tahrip oldugundan bulagsma
orant, zarar orani olarak degerlendirilmistir.

Bazi literatiir bilgileri (Simsek, 1991; Ivashov ve
ark., 2002) dikkate alinarak dogal kosullarda
T.viridana’nin larva donemleri belirlenmistir. Bu
amagla, Ornekleme alanlarindan laboratuvara
getirilen T.viridana larvalarinin bas kapsiil genisligi,
aynt giin icerisinde stereo mikroskop altinda
Olgiilerek, Dyar (1890)’a gore, larva donemleri
belirlenmigtir.

Tim oOrnekleme alanlarinda 30 Mayis 2003
tarithinde yapilan sayimlarda 4-6 no’lu 6rnekleme
alanlarindan laboratuvara getirilen dal &rneklerinde
T.iridana pupalar1  saptanmustir.  Ornekleme
alanlarindan alinan dal 6rneklerinden elde edilen
T.viridana pupalart seffaf kavanozlarda kiiltiire
alinmis ve bu pupalardan ergin elde edilmistir.
Yukarida belirtilen 6rnekleme alanlarindan getirilen
T.viridana pupalarinin uzunluklari laboratuvarda,
stereco mikroskop altinda Ol¢lilmiis ve tabani
yumusak kagit ile kaplanmus seffaf, sert plastik
kavanozlarda laboratuvar kosullarinda (22+1°C
sicaklik ve %4045 orantili nem) kiiltiire alinarak
T.iridana erginleri elde edilmistir. Her bir
kavanoza, bir erkek ve bir disi birey verilip
eslestirilerek %5’lik sekerli suya batirilmig pamuk,
besin olarak yerlestirilmis (DuMerle ve ark., 1999),
iki giinde bir yenisi ile degistirilmistir. Yine bu
kavanozlara yaklasik 10 cm uzunlugundaki bir mese
dali, kesilen kismi 1slak pamuga sarili halde bos bir
film kutusuna konularak, kavanozlara
yerlestirilmistir. T.viridana disileri, 6ldiikten sonra,
kavanozla igerisindeki kagit havlu, mese dallar1 ve
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tiilbent bez alinarak birakilmis yumurtalar sayilmig
ve disilerin yumurta birakma tercihi belirlenmistir.
Olmiis disiler dissekte edilerek yumurtaliklarinda
bulunan yumurtalar da stereo-mikroskop altinda
sayillmistir. Boylece, T.viridana erginlerinin yasama
siireleri, disilerin koydugu yumurta sayist ve degisik
ortamlara (yumusak kagit, tiilbent bez ve mese dali)
yumurta koyma tercihi belirlenmistir.

Caligma alanlarindaki zararlinin ugus seyri ve
yogunlugunun belirlenmesinde Kondur (2004)
tarafindan 2003 yilinda yapilmis olan feromon
tuzaklarindaki  zararli ergin yakalamalarindan
yararlanilmustir.

2003 yili iklim verileri (sicaklik, nem ve yagis),
caligma alanma en yakin konumda bulunan Ilgaz
Meteoroloji Istasyonundan almmis ve calisma
alanina enterpole edilerek iklim verileri ile olan
iliskileri arastirilmustir.

3. Bulgular ve Tartisma
3.1. Morfolojisi ve biyolojik 6zellikleri
3.1.1. Yumurta

T.iridana yumurtalar1 ilk birakildiginda bal
saris1 renkte olup birakildiktan yaklasik 1 hafta sonra
koyulasarak sari-kahverengi renk almakta ve sekil
yoniinden degisiklige ugramamaktadir. Yumurtalar,
tistten bakildiginda daire bigiminde ve bir diski veya
mercimek danesini andirmaktadir Disi bireylerin
yumurtalarin iizerini abdomeninin alt yilizeyinde
biriktirdigi pullar ile kapladigr gozlenmistir (Sekil
2A).

Calismada, T. viridana disilerinin laboratuvar
kosullarinda yumurtlama periyodunca ortalama 68
adet yumurta biraktig1 saptanmigtir. Canakgioglu ve
Mol (1998), bir T.viridana disisinin ortalama 60
kadar yumurta biraktigini; DuMerle ve ark. (1999)
ise kafeslerde kiiltiire alinarak yapilan calismada
T.viridana erginlerinden ortalama 70 yumurta elde
edildigini belirtmektedir. Mevcut c¢aligmada elde

edilen bulgular bu iki ¢alisma ile benzerlik
gostermektedir.
Stereo-mikroskop altinda yapilan OSlglimler

sonucu T.viridana yumurtalarinin ¢apinin ortalama
0,788+0,011 mm oldugu belirlenmistir. Canak¢ioglu
ve Mol (1998), zararlinin yumurta ¢apimin 0,43-0,52
mm; DuMerle (1999) ise ortalama 0,80 mm olarak
bildirmektedir. Elde edilen sonuglarin; DuMerle
(1999)’nin  sonuglart ile benzerlik gosterdigi
sOylenebilir.
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Tiilbent bez
923,81

Yumusak kagit
%66,67

Sekil 2. Tortrix viridana L. yumurtalar1 (A) ile disilerinin
laboratuvar ortaminda sert, seffaf plastik kavanoz i¢inde
bulunan degisik ortamlarda yumurta koyma tercihi (B).

T.viridana erginlerinin laboratuvar kosullarinda
degisik ortamlara yumurta koyma tercihinin
belirlenmesi amaciyla yapilan ¢alismada seffaf, sert
plastik kavanoz iginde bulunan degisik ortamlara

biraktigt  yumurtalarin  sayilann  Sekil 2B’de
verilmigtir. S0z konusu sekil incelendiginde;
T.viridana disilerinin yumurtlama periyodunca

birakmig oldugu 68 adet yumurtanin ¢okluk sirasina
gore %66,67’sini yumusak kagit {izerine, %23,81’ini
kafesin tiilbent bezine ve %9,53’iinl de kiiltiir kafesi
igerisine yerlestirilmis olan mese dal ve yapraklarina
biraktiklart saptanmistir. Zararlinin, yumusak kagit
lizerine daha ¢ok yumurta birakmasi; dogal
kosullarda  yumurtalarini,  bitki  dokusundaki
cukurluklara (dal koltuklar1 ve yapraklarin kalin
damarlarinin ~ kenarlar1)  birakmay1  tercihinden
kaynaklanabilecegi diisiiniilmektedir. T.viridana’nin
yumurta birakma bakimindan tercih ettigi ortamlarin
belirlenmis olmasi; bu zararlinin laboratuvarda
kolonisinin kurulmas1 ve devamliligimin
saglanmasinda katki saglayabilecek bir bilgidir.
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3.1.2. Larva

Yumurtadan yeni ¢ikmis larvalar, agik yesil-agik
kahverengi renkte, viicudu silindirik bi¢imde ve
iizerinde c¢ok sayida beyazimsi renkte kil
bulunmaktadir (Sekil 3A). Bas, genellikle siyah,
nadiren kahverengi-siyah renktedir. Prothorax

arkasinda siyahimsi renkte iki pargali bir leke
bulunmaktadir.

: o § &oip. "
Sekil 3. Tomurcukta beslenmekte olan 1. donem Tortrix
viridana L. larvast (A) ile yaprakta beslenmekte olan
T.viridana larvasi (B).

Besinci (son) dénem T. viridana larvalari ise agik
yesil renkte olup, abdomen iizerinde ¢ok sayida
siyah renkli benek bulunmakta, ayrica bu beneklerin
her birinden kirli beyaz renkte bir kil ¢ikmaktadir.
Basg; genellikle, kahverengi, bazen kahverengi ile
siyah arasinda degisik tonlarda da olabilmektedir.
Pupa olmadan 1-2 giin oOnce besinci doénem
larvalarin bas kismindan baslayarak, abdomenin orta
kismina kadar parlak yesil renk almasi dikkat
cekmektedir. Birinci doénem T.viridana larvalan
mese tomurcuklarinda beslenmekteyken (Sekil 3A)
ikinci ve sonraki déonem larvalar mese yapraklarinda
beslenmektedir (Sekil 3B).

T.iridana larva donemlerinin Dyar (1890)
kanununa gore (artarda gelen iki larva donemi
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arasindaki bas kapsiil genisligindeki artis oraninin
1,4 oraninda olmasi) belirlenmesi amaciyla 1., 2., 3.,
4. ve 5. larva donemlerindeki 30ar adet larvanin bas
kapsiilii genisliginin sirasiyla 0,389+0,029 mm,
0,614+0,015 mm, 0,919+0,020 mm, 1,365+0,038
mm ve 1,616+£0,013 mm oldugu saptanmistir. Ayni
caligmada, zararlimin 1.’donemden 5.doneme dogru
gidildiginde, larva  uzunluklarinin  sirasiyla
3,583+0,182, 5,321+0,230, 7,711£0,290,
12,985+0,590 ve 15,311+0,484 oldugu saptanmistir
(Cizelge 2).

Cizelge 2. Indagi (Ilgaz, Cankiri)’nda 2003 yilinda
Tortrix viridana L. larva donemlerine ait bas kapsiil
genislikleri (mm), artis oranlari ile larva donemleri.

Larva Bas . .Kap.sulu Artis Larva Boyu
Donemleri Geniglikleri Orani Ort.+SH (mm)
Ort.£SH (mm) )
1 0,389 + 0,029 --- 3,583+0,182
2 0,614 +£0,015 1,579 5,3214+0,230
3 0,919 +£0,020 1,497 7,711£0,290
4 1,365+ 0,038 1,484 12,985+0,590
5 1,616+ 0,013 1,184 15,311+0,484

Yine Cizelge 2’de verilen bag kapsiil genisligi
esas almarak Dyar (1890) kanunu uyarlandiginda,
artis oranlarinin sirasiyla 1.-2., 2.-3., 3.-4. ve 4.-5.
larva donemleri arasinda sirasiyla 1,579; 1,497
1,484 ve 1,184 oldugu hesaplanmigtir. Buna gore T.
viridana’nin ard arda gelen ve bir biri ile
kesismeyen/ortiismeyen 5 larva dénemi oldugu 1.-
2., 2.-3. ve 3.-4. larva donemleri arasindaki bas
kapsiil artig oraninin 1,4’e yakin oldugu; 4.-5. larva
donemleri arasinda hesaplanan bas kapsiil genisligi
artis oranmin (1,184) 1,4’ten diisiik oldugu; bu
sonuglarin Dyar (1890) kanununa (birbirini izleyen

larva  donemlerinde, larvalarin bas  kapsiil
genisliklerinin 1,4 oramnda artis olmasina) oldukga
uyum  sagladigi  anlagilmaktadir.  Ornekleme

alanlarinda, larvalarin 5. donemde oldugu sirada
mese yapraklarinin asir1 sertlesmis olduklar1 dikkat
¢ekmistir. Bu durumun, 4.-5. larva donemi arasinda
bas kapsiil genigligi artig oraninin  (1,184)
azalmasinin nedeni olabilir. Taylor (1931), 28 bocek
tiriine ait larvalarda yapmus oldugu bas kapsiil
genisligi hesaplamalari ile ger¢ek 6lgiim degerlerinin
birbiri ile ayn1 oldugunu veya 0,1 mm saptigini; 0,2
mm’lik farkin ise degisik nedenlerden (ya sagliksiz
oldugundan anormal gelisme olarak larvanin kii¢iik
kalmas1 veya derisini degistirememe vb. veya
alisiimamig bigimde gelisme) ileri gelebileceginden
bu degerin dikkate alinmamasii Onermektedir.
Calismamizda, 4.-5. larva donemlerindeki bas
kapsiil degerinde saptanan farklilik, bu literatiir
bildirisiyle de izah edilebilir. Simsek (1991),
iilkemizde hububatin &nemi zararlist1 durumunda
bulunan Hububat Hortumlubdcegi [Pachytycius
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hordei (Brullé) : Coleoptera-Curculionidae]’nde de
art arda gelen iki larva doneminin bas kapsiil
geniglikleri arasindaki artis oraninin 1-2. larva
doneminde 1,64; 2-3. larva donemlerinde 1,83; 3-4.
larva donemlerinde 1,45 oldugunu; bu farkliligin
zararli larvasimin dane igerisindeki gelisiminden
kaynaklanabilecegini, ancak Dyar (1890) kanununun
bu bocekte de uygulanabilecegini kaydetmektedir.
Ivashov ve ark. (2002), T.viridana larvalarinin bas
kapsiilii genisliklerini 1., 2., 3., 4. ve 5. larva
déneminde sirastyla 0;3; 0,5; 0,7; 1,0 ve 1,7 mm
olarak oOl¢iildiiginii; bu rakamlara Dyar (1890)
kanunu uyarlandiginda, Olgiilen bas kapsiil
geniglikleri artig oranlarinin sirasiyla 1,67; 1,40; 1,43
ve 1,7 oldugunu bildirmistir. Ayrica, sozii edilen
larva donemlerinde T.viridana larvalarinin boylar
ise sirasiyla 3,583+0,182; 5,321+0,230;
7,7114£0,290; 12,985+0,590 ve 15,311+0,484 mm
olarak belirlenmistir. Canakg¢ioglu ve Mol (1998) ise
son donem larvalarin olgunlagsmis durumdaki
boylarini 17-20 mm oldugunu kaydetmektedir.

Mevcut calismanin bulgulari, yukarida verilen
arastiricilarin sonugclari ile birlikte
degerlendirildiginde; larva donemleri arasindaki bas
kapsiil artts oraninda bazi farkliliklar olmakla
birlikte, Taylor (1931) ve Ivashov ve ark. (2002)’un
caligmalart g6z  Oniinde  bulunduruldugunda
benzerlik gosterdigi ve Dyar kanunun T.viridana
larvalarinda  da  uygulanabilecegi  kanisina
varilmigtir.  T.viridana yumurtalarinin agilmasini
takiben mese agaclarindan periyodik olarak alinacak
dal ornekleri iizerinde bulunan yapraklarin
icerisindeki larvalarin bag kapsiilii genigligi o6l¢iiliip
Dyar kanunu uygulanmak suretiyle, zararlinin mese
ormanlarinda popiilasyon seyri izlenerek
bulunduklar1 larva donemlerinin belirlenebilecegi
anlagilmaktadir. Buna gore, zararlimin hayat
tablolarinin yapilmasinda, bu zararh ile ilgili diger
ekolojik calismalarda ve entegre miicadelede
yararlanilabilecegi diisiiniilmektedir. Yapilan
literatiir taramalarinda iilkemizde T.viridana’nin bas
kapsiil o6l¢iimleri ile ilgili herhangi bir kayda
rastlanilmamustir.

3.1.3. Pupa

T.viridana pupalari, biikiilmiis yapraklar iginde
ipegimsi ag icerisinde meydana gelmektedir (Sekil
4A). Pupalar kahverengi veya siyahimsi kahverengi
renkte olup abdomen segmentlerinin her birinin tist
yarisinda iki sira ve paralel halde, dikenimsi
cikintilar bulunmaktadir. Abdomen, 10 segmentten
olusmaktadir. Pupa, olusacak ergine ait izler
tagimaktadir (Sekil 4B). Canakgioglu ve Mol (1998)
pupalarin yapraklara ilave olarak bazen kabuk
catlaklar1 arasinda bulunabildigini bildirmektedir.
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Ancak caligsmalar sirasinda kabuk catlaklar1 arasinda
pupaya rastlanilmamugtir.

(B)

iy

1mm

Sekil 4. Indag1 (Cankiri-Ilgaz)’nda 2003 yilinda iginde
Tortrix viridana L. pupasi bulunan mese yapraklari (A)
ile Tortrix viridana L. pupasi (B).

Arazi c¢aligmalar1 sirasinda bazi  T.viridana
pupalarinin ikiye katlanmis yapraklarin ucundan
sallandiklar1  gbzlenmistir.  Ayrica baz1  ikiye
katlanmig yapraklarin  arasinda ipeksi madde
bulunmasina ragmen pupa bulunamamistir. So6z
konusu durum pupalarin bir kisminin predator
bocekler, kuslar, riizgar etkisi gibi etkenler ile
yapraklardan uzaklastirildig1 kanisint vermektedir.

Yapilan ¢alismada T.viridana larvalarinin
yumurtadan g¢iktiktan yaklasik 3 ila 5 hafta (21-36
giin) sonra pupa olduklart saptanmistir. Canakgioglu
ve Mol (1998) T.viridana larvalarinin yumurtadan
¢iktiktan ortalama 25-28 giin sonra; Avci (1997), 21-
24 giin sonra; Hunter ve ark. (1997) ile Hunter
(1998) ise 6 haftada; Mannai ve ark. (2018) ise
Tunus’un degisik bolgelerinde, konukguya bagl
olarak 24,92-29,03 giinde olgunlasarak pupa
oldugunu belirtmektedir. FElde edilen bulgular
literatiir bildirisleri ile birlikte degerlendirildiginde
sonuclarin benzerlik gosterdigi anlagilmaktadir.

Caligmamizda, pupa  uzunlugu  ortalama
10,146+0,196 mm olarak Sl¢iilmiistiir. Canakgioglu
ve Mol (1998) ise pupalarin 9-12 mm boyunda
oldugunu bildirmektedir.

Yapilan  gozlemlerde — T.viridana  pupa
periyodunun  2-5 hafta oldugu anlasilmistir.
Zararlinin pupa periyodu boyunca hava sicakligi
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10,8-27,0°C; nem ise %86,7-42,7 arasinda
degismektedir (25 Mayis-6 Temmuz 2003). Sozii
edilen periyotta kaydedilen toplam yagis 32,4
mm’dir. Hunter (1998) T.viridana pupa periyodunun
yaklagik 3 hafta oldugunu bildirmektedir. Elde
edilen bulgularin literatiir ile farkli olusunun nedeni
anlagilamamugtir.

Ornekleme alanlarindan alinan dal &rneklerinde;
25 Mayis 2003 tarihinde 4 ve 6 no’lu 6rnekleme
alanlarindan alindan dal 6rneklerinin laboratuvarda
incelenmesi sonucu T.viridana pupalari saptanmustir.
S6z konusu tarihte, her iki Ornekleme alanindaki
mese agaclarinin yapraklarinin 7-8 c¢m uzunluga
ulastig1 belirlenmistir. Buna karsin T.viridana pupasi
saptanamayan 1 no’lu ornekleme alaninda yaprak
uzunlugu 5-6 cm, 2 no’lu 6rnekleme alaninda 6 cm,
3 ve 5 no’lu Ornekleme alanlarinda ise 6-7 cm
oldugu belirlenmistir. 30 Mayis 2003 tarihinde 4, 5
ve 6 no’lu ornekleme alanlarinda ve 03 Haziran
2003 ve takip eden go6zlem tarihlerinde tiim
ornekleme alanlarindan alindan dal orneklerinin
laboratuvarda incelenmesi  sonucu  T.viridana
pupalart saptanmustir. 30 Mayis tarihinde 4, 5 ve 6
no’lu ornekleme alanlarinda mese yapraklarinin
uzunlugu 7-8 cm olarak belirlenmistir. 1, 2 ve 3
no’lu ornekleme alanlarindaki mese yapraklarinin
uzunlugunun ise 6-7 cm oldugu bulunmustur. 03
Haziran 2003 tarihinde ise tiim Ornekleme
alanlarindaki mese yapraklarmm 7-9 cm uzunlukta
olduklar saptanmigtir.

3.1.4. Ergin

T.viridana erginlerinin kanatlar1 agik yesil, bas
soluk sar1 ile acgik yesil arasi; gozler kahverengidir
(Sekil 5). Kanatlar kapali iken bir ¢ani
animsatmaktadir. Antenleri ip benzeri antendir. Arka
kanatlar1 6n kanatlara oranla daha kiiciik olup gri
renkte, sacaklari ise kirli beyazdir. Disi T.viridana
erginlerinin abdomeni erkeklere gore daha dolgun
olup son segment kahverengidir. Bu ozellik,
T.viridana erginlerinde erkek ve disilerininin
birbirinden ayrilmasinda yardimci olmaktadir.

Sekil 5. Tortrix viridana L. ergini.
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Laboratuvar kosullarinda, %5’lik bal serbetiyle
beslenen T.viridana erginlerinin 4,08+0,169 giin
stire ile canli kalabildigi ve erginlerin, ¢ikistan 1 giin
sonra yumurta koymaya basladigi belirlenmis
olmasina karsin bu veriler doga kosullarinda yapilan
caligmalarda belirlenememistir.

3.2. T.viridana’min farkh biyolojik
donemlerdeki bulasma ve zarar durumu

Ornekleme alanlarinda T.viridana’mn ilkbaharda
ergin uguslar1 baglamakta olup ¢aligma kapsaminda
6 ornekleme alanmin her birine yerlestirilen {iger
feromon tuzakta toplam 1861 adet T.viridana ergini
yakalanmigtir (Kondur ve Simsek, 2008). Ayni
calismada, Indag1 (Ilgaz, Cankir1) mese alanlarinda
T.viridana erginlerinin, hava sicakliginin ortalama
20°C, orantili nemin ise %52 oldugu sirada (haziran
ayinin ilk haftasinda); 2004 yilinda ise hava
sicakligin 15-17 °C, orantili nemin %55-73 arasinda
oldugu sirada (haziran aymmin ikinci haftasinda)
feromon tuzaklarda yakalanmaya basladigini tespit
edilmistir. Cankir1 (Ilgaz) mese alaninda 2003
yilindaki ¢aligmalarinda saf mese mescerelerindeki

feromon tuzaklarda en yiiksek yakalanma
ortalamasinin 4 nolu 6rnekleme alaninda (1079 m)
180,67 T.viridana/tuzak oldugu, buna karsin karigik
mescerelerde ise feromon tuzakta en yiiksek
yakalanmanin 3 nolu 6rnekleme alaninda (1079 m)
93,33  T.iridana/tuzak  yakalanmistir.  Tir
komposizyonu T.viridana popiilasyonu {izerinde
onemli bir etki yapmaktadir. Saf mese
mescerelerindeki T.viridana yogunlugu Mese ile
Karagam’in birlikte bulundugu karigik
mescerelerdeki  T.viridana yogunlugunun daha
yiiksektir. Degisik yiikseltilerdeki benzer
mescerelerdeki T.viridana yogunluklari arasindaki
fark da o6nemli bulunmustur (Kondur ve Simsek
2014).

3.2.1. Yumurta

Kondur (2004) ve Kondur ve Simsek (2008)
tarafindan zararli yogunlugu belirlenmis olan
arastirmanin devami niteligindeki bu ¢alismada; ayni
alanlardan alinan mese dal Orneklerinde saptanan
T.viridana yumurta sayisi Cizelge 4’te verilmistir.

Cizelge 4. indag1 (Cankiri-Ilgaz)’nda rnekleme alanlarinda 2002 yilinda alman dal érneklemelerinde sayilan Tortrix
viridana L. yumurtalari ile 1 m dal {izerinde bulunan zararlinin yumurta sayisi.

Yumurta Sayimi Yapilan Dal

T. viridana Yumurta Sayisi (Adet)

Ornekleme Alan No Uzunlugu (m) Toplam (Adet) Yumurta/ 1 m dal
1 11,02 12 1,09
2 10,72 20 1,87
3 9,75 28 2,87
4 11,45 73 6,38
5 10,15 42 4,14
6 9,49 66 6,95

Cizelge 4 incelendiginde; 1 m uzunlugundaki
mese dali {izerindeki T.viridana’nmin sayisinin
belirlenmesinde tek rakamlar (1-3-5)  karisik
mescereyi; c¢ift rakamlar (2—4-6) saf mescereyi
temsil edecek sekilde olusturulan ii¢ grubun her
birinde (1-2; 3-4; 5-6) diisiik yumurta yogunlugu ile
yiiksek yumurta yogunlugu (2,4-9,8; 7,6-14,6; 9,8-
16,3) ayn1 grupta yer aldig1 anlagilmaktadir. Yiiksek
yumurta yogunlugunun saf mescerede ve diisiik
yogunlugun ise karistk mescerede yan yana olan
ormekleme alanlarinda bulundugu aymi ¢izelgeden
anlasiimaktadir. Ornekleme alanlarinda  yumurta
yogunlugunun farkli olmasinda, yiikselti, mescere
tipi ile Ornekleme alanlarinin bir birine olan
yakinliginin  etkisinin  6nemli  payr oldugu
distiniilmektedir.

Yine Cizelge 4 incelendiginde; tek rakamlarin (1-
3-5) karigik mescereleri, ¢ift rakamlarin (2-4-6) saf
mescereleri temsil ederek olusturulan iki grubun her
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birinde (1-2;3-4;5-6), 1 m uzunlugundaki mese dali
tizerindeki T. viridana’nin diisiik yumurta sayisi ile
yiikksek yumurta sayisiin (1,09-1,87; 2,87-6,38;
4,14-6,95) ayn1 grupta yer aldig1 anlagilmaktadir.

3.2.2. Larva

Alinan dal orneklerinde yapilan incelemede ilk
kez larva cikiglarmin 3 Mayis 2003 giinii
gerceklestigi  anlagilmistir. 3 Mayis 2003 giinii
yapilan 6rnekleme sonucu larva zarar1 Cizelge 5°te
verilmistir.
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Cizelge 5. Indag1 (Cankiri-Ilgaz)’nda ornekleme alanlarindan 03 Mayis 2003 giinii alman dallar {izerindeki mese

tomurcuklarinda Tortrix viridana L. nin zarar orani.

Ornekleme  Dal Uzunlugu T.viridana Toplam Zarar Goren Tomurcuk Tomurcuklardaki
Alan No (cm) Larva Sayis1 - Tomurcuk Sayist Sayis1 (Adet) Zarar Orani (%)
(Adet) (Adet)

1 190 2 124 3 2,4

2 144 5 92 9 9,8

3 275 7 172 13 7,6

4 242 10 151 22 14,6

5 234 8 142 14 9,8

6 225 13 147 24 16,3

Omekleme alanlarindan 3 Mayis 2003  giinii
alinan oOrneklerde tespit edilen T. viridana
larvalarinin  ilk olarak ac¢ilmakta olan mese
tomurcuklarinda (yaklasik olarak bir hafta siireyle)
beslendigi  saptanmustir.  Beslenme  zararina
ugramayan tomurcuklardan yapraklarin ¢ikmaya
baglamas1 ile birlikte larvalarin gelismekte olan
yapraklara yoneldigi ve Yyapraklarda beslenmeye
basladiklar1 belirlenmistir (Sekil 3).

Caligmamizda, mese agaglarmin fenolojisi ile
zararl arasinda bir iliskinin bulundugu dikkatimizi
¢ekmistir. Buna gore bir birine yakin konumda
bulunan 1-2 no’lu 6rnekleme alanindan (1215 m-
1194 m), daha asag kotta bulunan 3-4 (1085 m-
1072 m) ve 5-6 no’lu 6rnekleme alanma (1003 m-
985 m) dogru inildikge (Cizelge 5), mesenin

fenolojisinin  ileri olup c¢alisma alanin st
kesimlerindeki agaglarda heniiz  yapraklanma
olmamasina karsin asagi kesimlerde mese

tomurcuklariin agilmak iizere oldugu ve ozellikle
4-6 no’lu ornekleme alanlarinda (1072-985 m)
tomurcuklarin  yer yer agilmaya basladigi
saptanmistir. Bunun dogal sonucu olarak buralarda
zararli larvalarimin mese tomurcuklarinin igerisine
girip cigeklerine zarar verdigi goOzlenmistir. Bu
durum, zararli larvalarmin mese alanindaki
biyolojisi ile bitki fenolojisi arasinda iliski oldugu
kanisim  kuvvetlendirmistir. Nitekim T.viridana
yumurtalarinin, mese tomurcuklarinin agilmasini
takiben kishik yumurtalarin a¢ildigi; yumurtadan
cikan larvalarin  yaklagitk 1 hafta siireyle
tomurcuklarda beslenerek zarar verdikten sonra,
yeni olusan yapraklara gecerek beslenmelerine
buralarda devam ettigi, daha sonra pupa oldugu ve
2-5 hafta sonra kelebeklerin ¢iktigi, buna gore
caligma alaninda yilda bir dol verdigi belirlenmistir.
Avcr (1997), T.iridana’nin Marmara bdlgesinde
poplilasyonu ve zarart en fazla olan tiir oldugunu,
kis1 yumurta déneminde gegiren zararli larvalarinin

nisamn  ilk  haftasinda  ¢iktigimi, larvalarin
tomurcuklarin  patlamasiyla birlikte bir hafta
tomurcuklarda  beslendigini, daha sonra da
beslenmeye yapraklarda devam ettigini
bildirmektedir. Canakg¢ioglu ve Mol (1998) da
caligmalarinda benzer sonuglar rapor etmislerdir.
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Larvalarin beslenmeleri sirasinda yapragi ikiye
katlamas1 dikkat ¢cekmektedir. Katlanmis durumdaki
yapraklar acgildiginda T.viridana larvalari
bulunabilmektedir. Larvalarin barindiklar1 yapragi
genelde tamamen tiiketmeden terk ederek yakininda
bulunan yapraklara gectigi belirlenmistir. T. viridana
larvalarinin mese agaclarinda yaptiklar1 zarar; larva
donemi ilerledikge artmaktadir (Sekil 6). Benzer
bulgulari, Canak¢ioglu ve Mol (1998) ile DuMerle
ve ark. (1999) da kaydetmektedir.

T.viridana larvalarinin mese alanindaki biyolojisi
ile bitki fenolojisini regiile eden iklimle (sicaklik ve
nem) de iliskili oldugu kanisini vermistir. Nitekim,
T.iridana larvalarimin  mese tomurcuklarinin
actlmaya basladigi donemde kishik yumurtalarin
acilmasi; bu sirada hava sicakliginin 7,3°C’yi agmasi
(26 Nisan-03 Mayis 2003) bu kanmzi
kuvvetlendirmektedir. S6zii edilen tarihlerde sicaklik
artarken orantilt nem ise %76,7’den %44,7’ye dek
azalma gosterdigi saptanmistir. Bu durum, bocegin
popiilasyon gelismesini hizlandirmaktadir. Giinliik
ortalama sicaklik, larva doneminin tamamlanmasina
dek (30 Mayis 2003) 10,8°C-20,0°C; orantili nem
ise %42,7-%86,7 arasinda  degismektedir.
T.viridana’nin larva donemi boyunca (21 Mayis
2003 tarihine dek) yagis gerceklesmemistir. Buna
karsin 21 Mayis - 30 Mayis 2003 tarihleri arasinda
toplam 30,6 mm yagis kaydedilmistir. Dogal
kosullarda zararli pupalart ilizerinde yapilan
calismada, hava sicakliginin 13,2°C, orantili nemin
ise %69,0 oldugu donemde (25 Mayis 2003)
bulunmus olup hava sicakligini 10,8-13,2°C, orantilt
nemin ise %69-%81 arasinda oldugu sirada (25
Mayis-30 Mayis 2003) daha asagi kotta bulunan 4
no’lu (1072 m) ve 6 no’lu (985 m) Ornekleme
alanlarinda ilk kez hem larvalara hem de pupalara
birlikte rastlanmistir. Bu durum, en iist noktada
bulunan 1 no’lu (1215 m) 6rnekleme alani ile sozii

edilen ornekleme alanlart arasindaki yiikselti
farkliligindan da kaynaklanabilecegi
diistiniilmektedir.

Laboratuvarda yapilan incelemeler gore, biitiin
ornekleme alanlarinda T.viridana larvalarinin mese
yapraklarinda saf ve karisik mescerelerde 12 Mayis
2003-30 Mayis 2003 tarihleri arasinda farkli
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diizeyde beslendigi belirlenmistir (Sekil 6A,B).
Sekiller incelendiginde; kontrol tarihlerinde zaman
ilerledikce genellikle bulagma oraninin arttigs;
karisik mescerelerdeki (1, 3 ve 5) zarar durumunun
(Sekil 6A) saf mese mescerelerine (2, 4 ve 6) gore
(Sekil 6B) daha diisik seviyede kaldig
goriilmektedir. Buna gore, mese ile karagamin
karisitk durumda bulundugu 1 nolu O6rnekleme

alaninda T.viridana larvalarinin mese
tomurcuklarinda %?2,4 oraninda zarara neden oldugu
(03.05.2003), larvalarin mese yapraklarinda
beslenmeye  baglamasimi  izleyen 12.05.2003

tarithinde %0,5 diizeyinden baslayarak 30.05.2003
tarihinde ise en yiiksek diizeyde (%8.,8) zarar
gerceklestigi  goriilmektedir. 3 no’lu  6rnekleme
alaninda, T.viridana larvalarinin mese
tomurcuklarinda beslenmekte oldugu 03.05.2003
tarihinde meydana gelen zararin %7,6 diizeyinde
gergeklestigi, larvalarin  mese  yapraklarinda
beslenmeye  baslamasmi  izleyen  12.05.2003
tarihinde %3,5 diizeyinden baslayarak 30.05.2003
tarihinde en yliksek diizeyde (%14,6) gerceklestigi
anlagilmaktadir. 5 no’lu Ornekleme alaninda ise
T.viridana larvalarinin mese tomurcuklarinda %9,9

oraninda zarara neden oldugu (03.05.2003),
larvalarin  mese  yapraklarinda  beslenmeye
baslamasin1 izleyen 12.05.2003 tarihinde %5,3

diizeyinden baslayarak 30.05.2003 tarihinde ise en
yiiksek diizeye (%13,2) ulastigi Sekil 6A’da
goriilmektedir. Saf mese mescerelerinden 2 no’lu
ornekleme alaninda T.viridana larvalarinin mese
tomurcuklarinda beslenmekte oldugu 03 Mayis 2003
tarihinde meydana gelen zararin %9,8 diizeyinde
gerceklestigi;  larvalarin  mese  yapraklarinda
beslenmeye baslamasini izleyen 12 Mayis 2003
tarthinde %2,8 diizeyinden baslayarak 30 Mayis
2003 tarihinde %25,7°¢ ulastigi gorilmektedir. 4
no’lu Ornekleme alaninda, T.viridana larvalarinin
mese tomurcuklarinda beslenmekte oldugu 03 Mayis
2003 tarihinde meydana gelen zararin %14,6
diizeyinde gerceklestigi, larvalarin mese
yapraklarinda beslenmeye baslamasini izleyen 12
Mayis 2003 tarihinde %11,5 diizeyinden baglayarak
30 Mayis 2003 tarihinde ise en yliksek diizeye
(%35,0) ulastig1 anlasilmaktadir. 6 no’lu 6rnekleme
alaninda ise  T.wiridana larvalarmin  mese
tomurcuklarinda %16,3 oraninda zarara neden
oldugu (03.05.2003), larvalarin mese yapraklarinda
beslenmeye  baslamasimi  izleyen  12.05.2003
tarihinde %11,9 diizeyinden baslayarak 30.05.2003
tarihinde en yiiksek diizeye (%31,7) ulastigi aym
sekilden anlasilmaktadir.
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Sekil 6. Indagi (llgaz, Cankiri)’nda 2003 yilinda
ornekleme alanlarinda yiiriitiilen dal orneklemeleri

neticesinde hesaplanan Tortrix viridana L.’nin yapraktaki
bulasma durumu: mesetkaragam  mescerelerindeki
bulasma durumu (A) ile saf mese mescerelerindeki
bulasma durumu (B).

Meteorolojik  veriler ile iliskiler dikkate
alindiginda; 26.04.2003 tarihinden itibaren giinliik
ortalama sicakligin 6,6°C oldugu ve 04.05.2003
tarihine dek hizla artarak 19,6°C’ye ulastigi; soz
konusu tarihlerde orantili nemin %76,7°den
%44,7’ye  kadar dustigi, T.viridana’nin mese
yapraklarinda yaptig1 zararin en yiiksek oldugu 25
Mayis 2003-30 Mayis 2003 tarihleri arasinda 1,0 ila
13,4 mm yagis kaydedildigi ve bu tarihlerdeki bagil
nemin hizla yikselerek %78,0-86,7 arasinda
seyrettigi meteoroloji kayitlarindan anlagilmaktadir.

4. Sonuc ve Oneriler

indagi (Ilgaz, Cankir1)’da, T. viridana’nmn
biyolojisi ve zarar duarumunun belirlenmesi amaciyla
yapilan c¢aligmada elde edilen bulgular birlikte
degerlendirildiginde;
e T.viridana’nin popiilasyon gelisiminin agag
fenolojisinini diizenleyen iklimle iliskili oldugu,
T.iridana yumurta yogunlugu (1 m/dal);
tomurcuk ve yapraklardaki bulasma ve zarar
oraninda (%); bitki fenolojisi-bocek biyolojisi
arasindaki iligkileri belirleyen iklimin (sicaklik
ve nem), degisik mescere tipleri ve bunlarin bir
birine olan uzakligin, ylikseltinin, kapalilik,
baki gibi faktorlerin etkili oldugu,



Kondur ve Simgek / Anadolu Orman Arastirmalar1 Dergisi 5 (2019) 86-99

. dOéneminde

T.wiridana’min ~ kist  yumurta
gecirdigi ve yilda bir dol verdigi,
Birbirine yakin mescerelerde, T. viridana
erginlerinin ucarak bulagik olmayan ya da
zararin diisiik oldugu mescerelerde de yumurta
sayisinin, mese tomurcuklarindaki zarar oranini
ve nihayet mesedeki zarar durumunu
arttirabilecegi; bu parametrelerin saf
mescerelerde (sadece mese) diisiik degerlere
goriilmesine  karsin  karigik  mescerelerde
(Meset+Karagam) artabilecegi; bunda bitki
fenolojisi-bocek biyolojisini etkileyen iklimin
(sicaklik ve nem) de etkili oldugu,
T.viridana’nin, en fazla yumurtayr yumusak
kagitlara biraktigi  (%66,67), bunu tiilbent
bezinin (%23,81) izledigi ve en az yumurtay1 da
dal ve yapraklara biraktigi,

Dyar (1890) kanunu uygulanmak suretiyle,
T.viridana’nin mese ormanlarinda popiilasyon
seyri izlenerek bulunduklari larva donemlerinin
belirlenebilecegi; bu verilerin zararlilarin hayat
tablolarinin yapilmasinda, zararh ile ilgili diger
ekolojik c¢aligmalarda ve entegre miicadelede
yararlanilabilecegi,

T.iridana’nin mese tomurcuklarindaki zarar
durumu, yogunlugu ile yumurta sayisi vb. gibi
biyolojik parametreler; saf mescerede (sadece
mese) artmasma karsin  karigtk mescerede
(Mese+Karacam) daha diisiik diizeyde kaldig,
Feromon tuzaklarda yakalanan T.viridana sayisi
dikkate alindiginda; ergin sayist (adet/tuzak)
arttikca, mese dal Orneklerindeki yumurta
sayisinin, tomurcuklardaki zarar oraninin ve
yapraktaki bulasmalarin da genellikle artis
gosterdigi, bu durumun mescere yapisi farkli ve
bir birine yakin olan Ornekleme alanlari
arasinda ergin ucuslarmin/gegislerinin
olabilecegi,

Yiikseltinin ~ artmasinin ~ T.viridana  ergin
yogunlugunu olumsuz yonde -etkiledigi, saf
mese mescerelerinin zamanla  karigik
mescerelere dontstiiriilmesi yoluyla
T.viridana’nin yol a¢tig1 zararin en az diizeye
indirilebilecegi kanisina varilmistir.
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cultivation in the area to determine whether it is economically feasible.
Some information such as elements of cost of production, harvesting
and marketing opportunities and problems, competition with Chios and
data for the economic analysis were collected at first. At the second
stage, to determine the project’s cost, elements were collected using the average market prices and some economic
evaluation methods such as Net Present Value (NPV) method. To incorporate the time and value of money, more
complex cash flows were applied for the project, which can be achieved economically. At the end of the study, we
reached the conclusion that mastic tree cultivation projects are not feasible in the region because of the high rent prices
of land and that this is a touristic region of Turkey. Until 100 years ago, mastic tree was grown in the region. However,
after the local producers migrated to the island of Chios, mastic production disappeared in the region. Nowadays, the
attempts to revive this production system are not economically feasible due to land rent. Therefore, it is possible for
production to shift to natural forests and damage to forests.

Keywords: Economic evaluation, IRR, mastic, NPV, payback method.

Sakiz Agaci Yetistirme Projelerinin Ekonomik Analizi

0z

Sakiz agac1 cogunlukla Yunanistan’in Sakiz Adasinda (Chios) yetistirilmektedir. izmir’in yerli halkina gore eskiden
Tiirkiye nin Bat1 bdlgelerinde de yetistirilmekteydi. Bu ¢aligmanin amaci son yillarda izmir yéresinde kirsal ve ulusal
ekonomiye katki saglamak lizere sakiz iretimini yaygmlastirmak amaciyla yapilmak istenen projelerin ekonomik
analizini yatirim degerlendirme y&ntemlerine gore yapmaktir. ilk asamada sakiz agaci iiretimine yonelik iiretim
maliyetleri, hasat ve pazarlama firsatlar1 ve onlerindeki engeller, Sakiz Adas: ile rekabet ve ekonomik analize yonelik
veriler sahada yapilan ¢aligmalarla toplanmustir. Tkinci asamada projenin gelir ve giderleri pazar fiyatlar1 kullanilarak
belirlenmis, elde edilen bu verilerle paranin zaman degerini ve nakit akislarii dikkate alan Net Bugiinkii Deger ve i¢
karlilik Oran1 yontemleri kullanilarak projelerin ekonomiklikleri hesaplanmistir. Calismanin sonunda proje sahast olan
Cesme, Urla ve Karaburun bdlgelerinde turistik etkinliklerden kaynaklanana arazi rantinin ¢ok yiiksek olmasindan
dolay1 sakiz agaci yetistirme projelerinin ekonomik olarak yapilabilir olmadig1 saptanmistir. 100 y1l 6ncesine kadar
sakiz liretimi ¢alisma bolgesinde de yapilmaktaydi. Ancak Miibadeleden sonra bolgeden ayrilan iireticilerle birlikte bu
iiretim tarz1 yavas yavas yok olmaya baslamistir. Son zamanlarda devletin de destegi ile bu iiretim sistemini bolgede
yeniden canlandirmak igin yapilan girisimler vardir. Ancak yapilan bu ¢alisma ile bu iiretim sisteminin toprak rantinin
yiiksekliginden dolay1 ekonomik olmadig1 ortaya konmustur. Ayrica bu iiretim sisteminin bdlgede ormanlik sahalara
yayillma ve ormanlara zarar verme riski vardir.
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1. Introduction

The mastic tree (Pistacia lentiscus L.) is a plant
that with recognized importance by humankind since
ancient times. This species spreads naturally Chios
in Greece and western side of Turkey. The resin
derived from this tree’s chia variety has been
registered as originating from Chios according to
European Union (EU) legislations. However, this
plant also naturally grows in the west of Turkey.
However, mastic production is not common in
Turkey. So, almost the entire demand of the world
mastic gum is met by the Chios Island. Mastic is an
expensive agricultural product as it is rare and the
production on the island is kept under control by the
Council of the Union of Chios. Mastic is sold for
between € 100-125 / kg in the market based on its
quality. Each three produces 60-250 grams. € 22,500
gross annual incomes from a hectare can be obtained
assuming an average of 150 grams of the product
received. This project is planned for calculating
whether mastic cultivation is economical or not in
regions like Cesme, Urla and Karaburun, where land
rent prices are high.

Research was conducted in Cesme, Urla and
Karaburun on the western part of Turkey. The
province of Izmir is in the first socio-economic
development group in Turkey. Aliaga town of Izmir
is in the first development group, Cesme, Urla,
Karaburun, eleven other towns are in the second, six
towns in the third, and only Kiraz town is in the
fourth development group. There is no district in the
fifth or sixth group (Figure 1). As it can be
understood from this description, the study area is
located in the upper rows in the socio-economic
development scale in Turkey. Naturally, if the level
of development increases, land rent also increases.
In this case, the return of the project will be expected
to be higher than the land rent.

1.1. Botanical characteristics of mastic trees

Pistacia lentiscus L. belongs to Pistacia genus
of Anacardiaceae family of Sapindales section of the
plant kingdom. Other important members of the
same family are Pistacia atlantica (hackberry),
Pistacia terebinthus (turpentine tree) and Pistacia
vera (pistachio) (Nahida et al, 2012; ITIS, 2016).
Mastic resin has been used as raw material from the
leaves and fruits as a drug in many countries since
the very old times.
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Figure 1. Socio-economic development situation of the
regions in the study area.

Pistacia lentiscus is still an important raw
material today in the pharmaceutical and food
industries (Boztok, 2007). Mastic is a shrubby plant
that can grow up to five meters and it has evergreen,
long oval leaves. It is widely available in the sunny
southern slopes of Chios Island of Greece, as well as
Cesme, Karaburun and Urla districts of Izmir. It has
been reported that the Pistacia lentiscus L. var. Chia
plant, whose resin is valuable, is a cultivar
developed by selection rather than a variety
(Padulosi et al., 1995). The naturally growing type in
the region is not sufficient in terms of productivity.
It is projected that budding on these trees may
increase productivity.

Humanity has grown and protected the mastic
tree since the day it discovered the uses of its resin.
The information we have on mastic reaches back to
Heredotus and Hippocrates (Browicz, 1987).

Economically, the resin secreted by male
individuals is valuable. While females also secrete it,
males are preferred while establishing plantations as
resin of females is lower in quantity and quality. The
plant starts secreting mastic from the age of 5-6.
However, optimum production starts between the
ages of 12 and 15. The trunk is dashed in the middle
of summer and mastic is obtained.

1.2. The ecology of the mastic tree

Mastic tree spreads in the dry and hot regions in
southern parts of the Chios Island (Browicz, 1987).
It does not flourish under high groundwater levels as
they prevent its roots from aeration; high
groundwater levels may cause it to dry up (Perikos,
1993). These plants are usually seen in southern
slopes in Chios on well-textured and calcareous soils
(Theocharopouloset et al., 1996). It may reach up to
500 meters of altitude in humid southern slopes that
are closed to the Northeast Wind, and its yield
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decreases under temperatures that are too high or too
low. Slope of the trunk and the branches to sunlight
increases the yield of mastic (Parlak and Albayrak,
2011).

1.3. Usage areas of mastic

Mastic tree has a wide range of usage areas from
protection of soil from erosion to food industry, and
pharmaceuticals to cosmetics. Such plants are called
multi-purpose plants (Deidda and Mulas, 2004). It is
used especially in the Middle-East to protect teeth
and gums, as well as achieve a fresh breath. It is also
used in alcoholic beverages due to its aromatic
properties. It is used in the arts to wax painting, as
well as for medicinal purposes (Coppen, 1995). It is
seen in the literature that mastic is widely used in
medicine and pharmacy. It is used in dyspepsia
treatment, against anti-atherogenic microbes, as an
anti-mutagen, anti-oxidant, anti-fungal, against liver
fattening, to treat wounds, as a hypotensive, anti-
arthritis, and anti-gout (Nahida and Siddiqui, 2012).
Some studies report positive outcomes by mastic oil
in prevention and treatment of some types of cancer,
as well as treatments for peptic ulcer and
helicobacter (Chadzopulu et al., 2011)

Mastic tree may be economically utilized for an
average of 50 years. Mastic tree, which has been
produced in Chios for a very long time, has an
important place in the economy of the island. The
legislation in place in Greece contains provisions to
control mastic production and market. In the hands
of the producers’ union in the island which has
almost a monopoly in the world, mastic production
has increased exponentially, therefore leading to
growth in the island’s economy.

1.4. Mastic production process

Chios is a small island in the Aegean Sea 8 km
far from Cesme coast of Turkey. Tourism, maritime
and especially mastic production are important
economic sectors in the island. The island has an
850 km? of land with 50 km of the longest length
and 30 km of the widest width. The island has a
mountainous geography and limited fresh water
resources. The vegetation in the south of the island
usually consists of mastic trees. The north is covered
by Pinus brutia. Forests were considerable harmed
in the forest fire on the island in 2012. Mastic
production was under the control and supervision of
the state also in periods of Ottoman rule. As the new
generation prefers tourism and service sectors, there
are concerns in the island regarding the future of
mastic production.

Chios and the mentioned districts of Izmir were
visited in order to see mastic production on the scene
and converse with producers and local officials, and
some information was collected. The following
information was obtained as a result of meetings
with the producers and local residents:

While most trees provide 250 grams of the
product at most, a yield of 400-500 grams may be
obtained per tree from the trees in the southern part
of the island. Since 1997, the product has been
categorized among the products of Protected
Designation of Origin (PDO) by the EU. PDO is an
indicator belonging to an agricultural product or
food originating from a region, or exceptionally, a
country. PDO is a protective measure defining a
product whose quality or fundamental characteristics
originate partly or entirely from a specific
geographical region, natural conditions of that
region and its human capital, or a product whose
production, processing and preparation are achieved
in the same region. This indicator not only certifies
the quality of the product, but also provides price
advantages against competitor products.

Mastic production technique has not changed a
lot since the ancient times. As the mastic tree is a
complacent species, it is able to continue its
development in bad soil conditions, enduring dry
environment. Some studies report that it is resistant
against the salt in sea water. However, the tree is
sensitive against cold and frost. Therefore, mastic
trees are found rather on southern slopes that get
abundant sunlight.

Locals describe mastic production
following:

Mastic trees are pruned in winter months to give
shape to the tree and collect the dripping resin
easily. In the same periods, the area is superficially
plowed. As the tree’s roots are close to the surface,
deep plowing is avoided. In the beginning of the
summer, the area below the trees where the mastic
will drip is levelled and the soil is compressed. In
the next stage, in order to prevent the mastic from
falling on the soil and losing its quality, calcium
carbonate is spread under the tree (locals call it
white soil) (Figure 2). In July, the trunk and thick
branches are dashed in the length of 10-15 mm and
depth of 2-3 mm. Based on the tree’s age, 20-100
cuts are opened during 6-8 weeks. The mastic
leaking from these cuts are dried on the white soil
for up to 1 month. The dried drops of mastic are
collected in the early hours of morning starting from
the middle of August, and cleaned off dust and other
impurities. They are stored in a dry and chilled
environment in wide wooden containers. Drops
remaining on the ground and the trunk of the tree are
collected in the middle of September after the

like the
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weather cools down. Starting with November,
cleaning of the drops is done by small knives with
the contribution of family members, and the drops
are washed. After this stage, products are handed to
the Mastic Producers Union for sale.

- it 1% Sy
Flgure 2. Calcrum carbonate is spread under the tree.

B

2. Materials and Methods

This study was conducted in Cesme, Urla and
Karaburun, which are western districts of the
province of Izmir. The region was visited 4-5 times,
the data to be used in economic analysis were
collected and local residents and producers were
interviewed in the years 2015-2016. Up to date costs
were collected and availability of suitable land was
investigated in order to calculate production costs in
the field. With this purpose, cost factors such as m?
or 1000 m® cost of the land to be used for
production, land preparation, soil processing (by
1000 m?) and fencing costs, per 1000 m? cost if there
is a need for irrigation, fertilization costs, sapling
cost and planting distance, and annual labor cost
were collected.

Methods that account for the time value of
money were used for the economic analysis. These
methods are based on the principle of degrading
future cash inputs and outputs down to today based
on a certain rate of discount (Dagdemir, 2015, 2012;
Tiirker, 2013; Gedik et al. 2005; Klemperer, 1996;
Anbar and Alper, 2009). It was seen in the
interviews with relevant people that they expected at
least 20% annual profit from this investment.
Therefore, the discount rate was taken as 20%. This
investment would provide production for an average
of 50 years. At the same time, the discount interest
rate of the Central Bank of Republic of Turkey
(CBRT) is 9% in the year of the study. This ratio
was also used in the calculation.

In Discounted Payback Period Method, the
values of cash inputs this project will provide during
its life span discounted to the present based on a
certain discount rate, is matched with the amount of
investment. The year the discounted values are equal

to the amount of investment gives the Payback
Period (Anbar and Alper, 2009).

Z Cc NCLy, NCILy 4
LA+ A+l A+l
z": NCle oo C+Z NCI
—
LiA+k A+ k)t

Formula 1: Discounted Payback Period Method

In this formula;

C: Investment Amount
NCI: Net Cash Input
k: Discount Rate

t: Time

This method provides more reasonable results in
comparison to the Payback Period method that does
not account for the time value of money.

Net present value and equivalent annual cost are
two discounted cash flow criteria for comparing
investment proposals (Jones and Smith, 1982;
Dasdemir, 2012).

Ny =y Re R
T A+ 1+ k)2 1+ k)"
S
+m‘
S

(1+k)f a+rye !

Formula 2: Net Present Value (NPV) Method

Here;

Ri, Ry, ... R,= Net Revenues

k= Desired return rate or capital cost

I= Investment cost

n= Economic life-span of the investment
S= Salvage value.

Internal Rate of Return (IRR) Method is the ratio
that equalizes cash inputs and outputs in a project.
So, it is the discount ratio that makes the
investment’s NPV zero. The fundamental difference
of IRR from NPV is, while cash inputs and outputs
are degraded to a certain time in the NPV method
using a certain discount rate taken as information,
IRR method seeks the discount rate which equalizes
the present values of cash inputs and outputs (Anbar
and Alper, 2009, Dagdemir, 2012). Assuming a one-
year completion time for a project, the formula is
like the following:
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< S
fo = (Z 1 +r)i) Taion

Formula 3: Internal Rate of Return Method

Here;
r: Internal rate of return
I,= Initial investment amount
n= Economic life-span of the project
R;= The revenues the project will provide during its
economic life-span
S= Salvage value of the project at the end of its
economic life-span.

Depreciation was not calculated as no buildings
or machines were projected for the project.

3. Results and Discussion

An investment has to be made firstly to start
production in the study area and some costs should
be accounted for in this investment, just like every
other investment. In order to determine these costs,
the production process was analyzed, management
time of the tree was determined, and the costs and
revenues for this time were calculated. We will
analyze these under the sub-titles of costs and
revenues below.

3.1. Production costs
3.1.1. Land cost

1000 m? prices of land in the study field, in
districts of Urla and Cesme are around 30-50
thousand TL. This amount is lower in Karaburun.
The production will be made either in such lands, or
in public property or forested lands in scope of
special reforestation permits. Assuming in this study
that the production will be made in agricultural
areas, average hectare cost of land was taken as 400
thousand TL.

3.1.2. Field preparation and soil processing

Current digging cost for a field of one hectare for
50-60 c¢cm digging and preparation of the place is
8000 TL. As the hoeing process by a tractor costs
3000 TL per hectare, the total soil preparation and
processing costs become 11000 TL.

3.1.3. Fencing cost

Animal harm possibility of the mastic tree is low.
Fenced mastic tree gardens were not seen in Chios.
Therefore, this cost item was ignored in order to
avoid increasing the costs.

3.1.4. Irrigation cost

One of the factors increasing success is the
indispensable irrigation process in the first and
second vegetation periods after plantation. There is
no need for irrigation after this point. We did not see
a garden with an installed irrigation system in Chios.
In the first year, irrigation may be made once a week
from April to the end of August, and it may be
reduced to once in every ten days in the second year.
Thus, 20 occasions of irrigation in the first year, and
15 in the second year will be sufficient. Irrigation
will be made by a water tanker. As it will be done
for two years during the time of management,
digging a well is not economical. It is expected that
a tanker of 10-12 tons will be able to irrigate a 1000
m? of land. As the ton of water costs 10 TL, the total
cost of water will be 1000-1200 TL. As the tanker
will be kept busy during irrigation, this cost item is
projected to be around 2500 TL.

3.1.5. Sapling cost — planting distance

The planting interval was seen to be in the form
of 2x7 m, 2x5 m, and 3x4 m in Chios. More frequent
placement was seen in young stands, while less
frequent plantation was seen in old stands. Planting
the stand sparsely may be preferable as it increases
mastic yield and allows placement of a second
product between trees as an agroforestry
implementation. However, this requires an economic
analysis for a second product and is a subject of
another study. In this study, planting interval was
taken as 3x4 m. In this case, 825 saplings will be
used per hectare. Saplings are sold in the island for
10-15 € / piece. They are sold for 80-100 TL / piece
in our country, which makes the cost per 1000 m?
for an average 90 TL / piece price 74,250 TL.

3.1.6. Labor

Labors costs should be assessed under three
distinct categories in this production system. The
first is the labor costs in the stage of establishment;
the second is the annual costs of labor, and the third
is the seasonal costs of labor. The highest labor costs
are the ones in the stage of establishment. In this
stage, labor costs will be born from preparation of
soil, sapling plantation and irrigation. It was
calculated that a total of 90 days and two workers
will be needed in the stage of establishment. Current
daily cost of one worker is 100 TL. In this case,
90x2x100 = 18,000 TL is the labor cost in the
establishment stage. The second category of labor
costs includes the cost of yearly maintenance and

104



Ozden / Anatolian Journal of Forest Research 5 (2019) 100-107

product harvest. This will be done annually for a
month by two workers. In this case 30x2x100 =
6,000 TL is the annual labor cost. While produce
will start to come out by the sixth year, it was
projected that the same cost will be born starting
from the first year because of the increased intensity
of maintenance in these periods. Third labor cost
item is pruning costs. Pruning is recommended for
once every six years in order to achieve formation of
the tree, reach of sunlight to trunks and ease of
working with the tree for trees that are prone to dead
wooding. The first pruning will be done in the sixth
year where the product will be received, and it will
be repeated every six years from there on. The
pruning process may be dealt with in a week by a
worker who is an expert in this subject. Thus,
pruning labor cost is around 1,000 TL for once every
SiX years.

Table 1. Cash flow of the project.

3.2. Revenues

The fundamental revenue of this project is the
annual revenue that will be received from the mastic
starting with the sixth year. It is reported in the
literature that each tree provides 60-250 grams of
product annually. It was previously stated that 400-
500 grams may be reached in southern slopes and
good site index in the island. It is stated by
producers that 300-400 grams have been reached in
trial productions in the Cesme area. In this study, it
will be assumed that 300 grams of product will be
received from each tree. It was previously calculated
that there are 825 trees in a hectare. Accordingly,
cash flow accounts are shown in Table 1.

Revenue (TL/year/1000 m?)

Costs (TL/year/1000 m?)

81,000
6,000

Harvest revenue
Salvage value#
Land cost

Field preparation
Irrigation

Sapling cost

Labor
Establishment stage
Annual labor
Pruning

~ # Value of the wood obtained at the end of the time of management.

In this case 825x300 = 247500 grams, that is, 248
kg of product will be obtained from a hectare of
land. These products are called pitta, teardrop, small
teardrop based on their sizes. On average, every 100
grams contain 11 grams of pitta, 27 grams of
teardrop, and 62 grams of small teardrop
(Anonymous, Undated). As the quality and price of
the product changes based on its size, the product
price was taken as 100 € / kg, whereas the market
prices are between 100 and 125 €. Price by kg
sometimes reaches up to 180 € in Chios based on
demand. It may be projected that the price will
partly drop when production starts in our county and
the supply increases in competition with the
products of Chios. Therefore, the price was preferred
in the lower limit of 100 € / kg. 24,800 € revenue by
1000 m* will be achieved in this price point. The
value of this product is around 81,000 TL in the
current exchange rate. At the end of the time of
management, during the reforestation of the stand,
wood will also be obtained. An average of 25-30
tons of wood is obtained from 825 trees with a
diameter of 20 cm. The value of this wood is 5000-
6000 TL with market prices.

400,000 (only in establishment)
11000 (only in establishment)
2500+2500 (first two years)
74250 (at start of each period)

18000 (at start of each period)
6000 (starting with 6th year)
1000 (once in every 6 years)

Total costs in the beginning of the period amount
to 490 thousand TL. Net annual revenue was
calculated to be 75 thousand TL (74 thousand TL
with pruning costs every 6 years), and the net
present value was calculated as 374,455.97 TL with
the discount rate of 20%. (Table 2). This amount is
calculated for the minimum profitability expectation
of 20%. Net Present Value is calculated 820,752 TL
for CBRT Interest Rate of 9%.
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Table 2. Cumulative sum of cash flows based on the
discounted payback period method.

Years NCI PVofl PV ofNCls NCI
i=20% Cumulative
Sum
1 75000 0.833 62500
2 75000 0.694 52083 114583
3 75000 0.579 43403 157986
4 75000 0.482 36169 194155
5 75000 0.402 30141 224296
6 74000 0.335 24782 249078
7 75000 0.279 20931 270009
8 75000 0.233 17443 287452
9 75000 0.194 14536 301988
10 75000 0.162 12113 314101
11 75000 0.135 10094 324195
12 74000 0.112 8300 332495
13 75000 0.093 7010 339505
14 75000 0.078 5841 345346
15 75000 0.065 4868 350214
16 75000 0.054 4057 354271
17 75000 0.045 3380 357651
18 75000 0.038 2780 360431
19 74000 0.031 2316 362747
20 75000 0.026 1956 364703
45 75000 0.000 21
46 75000 0.000 17
47 75000 0.000 14
48 75000 0.000 12
49 74000 0.000 10 .
50 75000 0.000 8 374456

" NCI: Net Cash Input, PV: Present Value

Mastic growing is a traditional way of production
that had been followed for long years in the study
area of western districts of Izmir until the beginning
of the century. This production style was interrupted
as a result of international political developments in
the beginning of the century, and now production
does not exist in almost anywhere in our country.
There are recent attempts by the Ministry, civil
society organizations like TEMA and local
initiatives towards pursuing this production in the
region. As the market prices, demand and added
value of mastic products are high, some scientific
studies are being conducted in order to increase the
prosperity of local residents by producing this tree
from the slip. However, there are no studies focusing
on the economic analysis of this production form.
Land rent is considerably high as the region has an
economy based generally on tourism. Therefore, it is
important to investigate whether mastic production
is economical or not according to alternative usage
forms, in order to use resources economically and
efficiently.

According to the calculations made, the total
costs to be considered in the beginning of the period
would be 490 thousand TL; net annual revenue
would be 75 thousand TL (74 thousand TL
considering the pruning costs every 6 years), and net
present value with 20% discount rate would be

374,455.97 TL. Net Present Value is calculated
820,752 TL for CBRT Interest Rate of 9%. On the
other hand, according to the calculation made using
the internal rate of return method, the IRR was
found to be 15%. According to the Discounted
Payback Period method, it was determined that the
investment cannot reach its break-even point during
its economic life-span.

Although NPV seems to be acceptable for 9%
(820,752 >490,000) producers will not accept 9% as
they expect at least 20% profitability. Moreover the
IRR must be at least 15% as mentioned above.
Consequently, in the analyses conducted for the
districts of Cesme, Urla and Karaburun, which are
the fields of research here, it was seen that mastic
production in the region is not economically feasible
as the Net Present Value was found negative
(374,456 TL <490,000 TL) and the Internal Rate of
Return was found lower than expected.

4. Conclusions

The mastic product attracts demand in the
international market as a product with a high added
value. As the producers in Chios in Greece, which
may be counted as the only producer in the world,
are well-organized, and the rules of both production
and marketing are heavily regulated by the
Producers Union, the island’s position of monopoly
in mastic production continued up to our day.
Therefore, it may be argued that there is a price of
monopoly conditions on the product. As spreading
this production style in neighbor country will
increase the supply of the product, a decrease in
prices may be expected because of the disruption of
the monopolistic production form of Chios.
Increasing supply with a constant demand in
competition conditions leads to a decrease in price.
In this case, it should be expected that the existing
prices will fall after producing mastic in Turkey. The
product prices used in this study were current prices.
Therefore, the calculations were made using current
prices. Even in the current conditions, investment is
not economical due to the high land rent in the
regions that are the field of study. This is because
there is no possibility to decrease the cost of land,
which is the highest cost item, due to the tourism
activities in the region. It may be argued that land
rent will decrease as we move from the coast to the
inner areas. However, this will be ignored due to two
reasons. Firstly, forest areas start from the coastal
areas to the inner regions. Secondly, mastic tree does
not grow on every altitude and slopes because of its
ecological requirements. Mastic production has a
risk of new forest clearing or over utilization of
forests.
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msenyurt@karatekin.edu.tr yer alan kizilgam mescerelerindeki agaglarin hacim denklemlerini

modellemek iizere tek ve ¢ift girisli aga¢ hacim denklemleri
gelistirilmistir. Tek girisli hacim denklemleri i¢in 6 ve cift girisli aga¢ hacim denklemleri icin ise 27 farkli fonksiyon,
tahminin standart hatasi (S), ortalama hata (D), ortalama mutlak hata [(D)], toplam hata yiizdesi (TH) ve ortalama
mutlak hata ylizdesi (OMH) degerleri ve belirtme katsayist ( R? olmak {izere 6 adet basart Olgiitiine gore
kargilagtirilmistir. Bu Olgiitlere gore secilen en basarili tek girigli hacim fonksiyonuna iliskin uygunluk &lgiitleri, OH=
8,77x10"° m®, OMH= 0,0721 m®, R>= 0,9410, S, = 0,1197 m*’, OMHY= % 11,2465, THY= % 2,96x10° olarak
hesaplanmistir. En basarili ¢ift girisli hacim fonksiyonuna iligkin uygunluk olgiitleri ise; OH= 0,0052 m?, OMH =
0,0723 m®, R? = 0,9402, Syx = 0,1204 m?, THY = % 0,8142, OMH = % 11,2666 olarak hesaplanmistir. En basarili
denklem olarak belirlenen tek ve ¢ift girisli aga¢ hacim denklemlerinin ¢alismaya konu bélgedeki kizilgam agaglari igin
uygunlugu bagimsiz bir veri grubu ile test edilerek p<0,05 6nem diizeyi ile uygun oldugu belirlenmistir.

Anahtar Kelimeler: Tek girisli aga¢ hacim denklemleri, Cift girigli aga¢ hacim denklemleri, Regresyon modelleri,
Kizilgam.

Single and Double Entry Tree Volume Tables for Asarkaya Turkish Pine Stands

ABSTRACT

In this study, the single and double entry volume equations were developed for Turkish Pine [Pinus brutia Ten.]
trees located in Antalya Forest Enterprise, Antalya Forest District Directorate. The six functions for single entry volume
equations and twenty-seven functions for double entry volume equations were compared by using six fitting
performance criteria, i.e. standard deviation of residuals, average residuals or bias, average absolute residuals,
percentage total error, percentage of absolute mean error and the coefficient of determination. The performance criteria
for best fitted single and double entry tree volume equations were MSE= 8,77x10* m®, RMSE= 0,0721 m®, R= 0,9410,
Syx = 0,1197 m*, RMSE (%)= % 11,2465, PTE= % 2,96x10° for single entry voliime equation and MSE= 0,0052 m®,
RMSE = 0,0723 m®, R? = 0,9402, S,, = 0,1204 m®, PTE = % 0,8142, PAME = % 11,2666 for double entry voliime
equation. The best predictive single and double entry volume equations were decided to be appropriate at 0,05
significant levels for the studied Turkishs pine trees by testing independent data.

Keywords: Single entry volume equations, Double entry volume equations, Regression models, Calabrian pine.
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1. Giris

Kizilgam (Pinus brutia Ten.) lilkemizde orman
agaci tlrlerine gore, yayilis alan1 olarak 5,4 milyon
hektar ile ilk sirada gelmektedir. 270 milyon
metrekiip hacim ile de karagamdan sonra gelen asli
agac tliriimiizdiir. Ayrica, igne yaprakli ormanlarda
yillik toplam iiretimi igerisinde %39’luk odun
iiretimi ile 6n sirada yer almaktadir (Anonim, 2006;
Carus ve Catal, 2008).

Kizilgam Ormanlarininin  planlanmasinda ve
isletilmesinde, ilk asama orman envanterinin
gergeklestirilmesi ve ormanlar hakkinda sayisal
bilgilerin elde edilmesidir. Orman envanteri, belirli
bir zaman kesitinde {iretim siirecine katilan
faktorlerin ve olusan iiriin miktarinin sayim, 6l¢iim
ve degerlendirme yolu ile saptanmasi islemi olarak
tanimlanmaktadir (Kalipsiz, 1999). Agag¢ serveti
envaterinde, farkli tek aga¢ Ozellikleri 6lgiilmekte,
bu dl¢iimler yardimiyla mescere orta ¢api, orta boyu,
g06gls yiizeyi, aga¢ sayisi, hacmi ve artimi gibi
cesiti  mescere  Ozellikleri  hesaplanmaktadir.
Ormanin temel {irtinii olan odunun, 6zellikle hacim
veya agirlik birimi ile olgiilerek piyasaya sunulmasi
nedeniyle, mescere hacmi ve artimi, diger
Ozelliklerine gore One c¢ikmaktadir. Mescere hacmi
olarak Olgiilen aga¢ serveti, orman isletmelerinden
elde edilen ana {irlin olarak orman isletmelerinin
sermayesinin énemli kismini1 olusturmaktadir (Yesil,
1992; Yavuz ve Saragoglu, 1999; Kapucu, 2004).

Ormanlarin envanterinde, en oOnemli Ol¢lim
bilesenlerden birisi de ormanlarin ekonomik yoniinii
olusturan aga¢ serveti tahminidir. Ciinkii orman
isletmelerinin gelirinin biiyiik bir kismin1 agaglardan
elde edilen odun triinlerinin satis1 olusturmaktadir
(Firat 1973; Kalipsiz, 1999). Bu 6nemi ile birlikte
agaclarin hacimlerini tahmin etmek iizere ¢ok farkli
yontem ve yaklasimlar gelistirilmistir. Farkli bir ¢ok
yontem ve yaklasimarin gelistirilmesinin temel
nedeni ise; aga¢ govdelerinin silindir, parabolit,
koni ve nayloit gibi bilinen geometrik sekillerde
olmamasi ile standart yontemlerle aga¢ hacmini
dogrudan hesaplamanin miimkiin olmamasidir
(Yavuz ve ark., 2002). Tiim farkli yontemler i¢inde
uygulamada aga¢ hacim denklemleri ve tablolari;
pratik agidan daha elverisli olduklarindan tercih
edilmektedir (Kalipsiz, 1984; 1999).

Agac hacim denklemleri istatistik biliminin bir
konusu olan regresyon analizi ile elde
edilmektedirler. Aga¢ hacim denklemleri, i¢erdikleri
bagimsiz degisken sayisina gore; tek girisli (sadece
gbgiis capt igeren), cift girisli (gogilis cap1 ve agag
boyu igeren) ve cok girisli (gbglis ¢ap1 ve agag
boyuna ek olarak aga¢ boyunun belirli bir oranina
(6rnegin % 30) karsilik gelen yiikseklikteki govde
cap1 ya da yerden 7 metre yiiksekligindeki gévde

cap1 gibi {i¢ ya da daha ¢ok degisken igeren) olarak
ti¢ sinifa ayrilmaktadir (Kapucu ve ark., 2002). Agag
hacim denklemleri kullanildiklar1 alan bakimindan
ise “Yoresel (Lokal) Aga¢ Hacim Denklemleri”,
“Bolgesel Aga¢ Hacim Denklemleri” ve “Genel
Aga¢ Hacim Denklemleri” olmak {izere ii¢ gruba
ayrilmaktadir (Kapucu vd., 2002). Mescerelerdeki
hacim gelisimini temsil etmek iizere elde edilen
veriler kullanilarak aga¢ hacim denklemlerinin
diizenlenmesinde; agag¢larin hacimlerinin, g6giis ¢ap1
ya da boyuna gore modellenmesi séz konusu olup,
bunun i¢in ‘Grafik Yontem’ ya da istatistiksel bir
yontem olan ‘Regresyon Analizi’ yontemlerinden
yararlanilmaktadir (Yavuz ve Sentiirk, 1997).

Ulkemizde asli aga¢ tiirleri icin birgok agac
hacim denklemleri ve tablolar1 diizenlenmistir. Mese
(Eraslan, 1954), Anadolu karagami (Giilen, 1959;
Kalipsiz, 1963), Dogu kayini (Kalipsiz, 1962), Toros
sediri (Evcimen, 1963), Okaliptus (Firat ve Kalipsiz,
1963; Ozkurt, 2000) hacim  tablolarinin
olusturulmasinda grafik metotlar kullanilmustir.
Goknar (Miraboglu, 1955), Saricam (Erkin, 1956;
Alemdag, 1967; Pehlivan, 2010; Senyurt, 2011,
Olmez, 2018), Kizilgam (Alemdag, 1962), Dogu
ladini (Akalp, 1978), Karakavak (Birler ve Yiiksel,
1983), Kazdagi goknar1 (Asan, 1984), Goknar
(Saracoglu, 1988, Sakict ve Yavuz, 2003), Kizilagag
(Saragoglu, 1998), Disbudak (Yavuz ve Sentiirk,
1997), Sarigam-Uludag géknari-Dogu kayini degisik
yasli  karistk  mescereleri  (Durkaya, 2004),
Titrekkavak (Bayburtlu, 2007), Sahil Camui (Ercanli
ve ark., 2008), Kizilgam (Kahriman ve ark., 2017),
Sedir (Ozgelik ve Cevlik, 2017), Karagam (Sakic1 ve
ark., 2018) gibi gesitli agag tiirleri igin aga¢ hacim
denklemlerini istatistiksel bir analiz olan regresyon
analizi yontemi ile gelistirilmistir.

Bu calismada, Antalya Orman Isletme
Miidirligii smirlant igerisinde yer alan Asarkaya
Orman lsletme Sefligi’nde yayilis gdsteren Kizilgam
icin tek ve cift girigli yoresel aga¢ hacim tablolarinin
diizenlenmesi amaglanmustir.

2. Materyal ve Yontem

Bu galigmada, Antalya Orman Bolge Miidiirliigii,
Antalya Orman Isletme Miidiirliigi’ne bagh
Asarkaya Orman Isletme Sefligi simirlar1 igerisinde
yer alan Kizilgam mesgcerelerinden 206 adet ornek
agactan elde edilen veriler kullanilmistir. Agaglarin
farkli cap ve boy baamaklarinda olmalarina dikkat
edilmeye calisilmistir. Ornek agaclar dip kiitiik
yiiksekliginden (0,3 m) kesilmis ve 0,3 m, 1,3 m, 3,3
m gibi, 2 metre ara ile govde caplar1 Slgilmiistiir.
Govde boyunca, oncelikle dip kiitiik yiiksekligi (0,3
m) ve gogis yiksekligi (1,3 m) caplart 6l¢iilmiis,
daha sonra tepe ucuna kadar 2 m araliklarla (3,3, 5,3,
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73, ...

m’lerde) gévde capr Olglimleri yapilmustir.

Agaclarin  boyu da  seritmetre yardimiyla
Olciilmiistiir. Cizelge 1’de Ornek agaclarla ilgili
istatistiksel bilgiler verilmistir.

Cizelge 1. Ornek agaclara iliskin istatistiksel bilgiler.

Gogiis gapt Boy (m) Hacim (m°)
(cm)
Minimum 12,0 7,0 0,0709
Maksimum 56,0 22,8 2,0727
Ortalama 31,6 13,8 0,6516
Standart sapma 9,87 3,74 0,49
Veriler, agac hacim fonksiyonlarinin

parametrelerinin tahmininde ve bu fonksiyonlarin
mescereye uygunlugunun denetiminde kullanilan
veriler olmak tizere rasgele iki gruba ayrilmustir, I,
grupta, toplam verinin yaklasik % 85’1 (n=175), II,
grupta ise yaklasik % 15°i (n=31) bulunmaktadir, Bu
verilere ait ¢cap boy grafikleri sekil 1°de verilmistir.

25 -
o o0
g’ 2 [ ] 0:.0.
g ® e
-g 15 L:’..
SRR o™
[ ]
" /;&."
0 o r r )
0 20 40 60
Cap (cm)
251 ()
2
Eis .
E o’ ’
g 1- e
= o
05 ¢
0 o 0°® ‘.'...
0 20 40 60
Cap (cm)

Sekil 1. Hacim denklemlerinin gelistirilmesinde (a) ve
denetiminde (b) kullanilan verilerin g6giis c¢api-hacim
iligkisi.

Agaglarm hacimleri, dip kiitiik, seksiyon ve ug
parca  olmak lizere 1li¢ temel boliimde
hacimlendirilmis, bu boéliimlere iliskin  hacim
degerleri toplanarak toplam govde hacmi elde
edilmistir. Dip kiitiiglin silindir, u¢ par¢anin ise koni
seklinde oldugu varsayilarak hacim hesaplar
yapilmistir.  Seksiyonlar Smalian formiili ile
hacimlendirilmistir.
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Dip kisim i¢in; Vdip = g.d%s. 0,3 @
Ug kismu igin; Vug = g.%.dﬁg o 2
Smalian formiilii; Vseksiyon = %- (@) 1 (3)

Literatiir incelendiginde, tek ve ¢ift girisli pek
¢ok hacim fonksiyonu bulundugu goriilecektir. Bu
caligmada c¢esitli kaynaklardan (Sentiirk, 1997
Yavuz ve Saracoglu, 1999) saglanan tek girisli
hacim fonksiyonlar1 i¢in 6 (4-9 no’lu denklemler) ve
cift girisli aga¢ hacim fonksiyonlar1 igin 27 (10-36
no’lu  denklemler) farkli hacim fonksiyonu
kullanilmistir. Bu denklemlere iliskin katsayilar,
katsayillarin ~ 6nemlilik  diizeyleri ve  diger
istatistiklerin hesaplanmasinda SPSS 15,0 adli paket
program kullanilmigtir (SPSS 15.0 Inc, 2006).

Tek girigli aga¢ hacim fonksiyonlari;

V =b, +b,-d? 4)
V =b, +b,-d +b, -d? ®)
V =b,+b,-d?+b,/d (6)
logV =logb, +b, -logd (7)
logV =b, +b, -logd +b, -d * 8)
logV =b, +b, -logd +b, - (logd)* 9)
Cift girigli aga¢ hacim fonksiyonlari;

V=b-d?-h (10)
V =b,+b, -d*-h (1)
V =b,+b, -d?+b,h+b,-d?-h (12)
V =d?(b, +b,h) (13)
V =b,d? + (b,h +b,dh+b,d?)h (14)

V =b, +b,d +b,d® + (b, +b,d +b,d*)h (15)
V =b, +bd +b,d? +(b,d +b,d?)h  (16)
logV =h, +b, logd +b,(logd)® +b, logh +h, (logh)?

17
V =D, +b,d? +b,h? +b,dh? +b,dh ((18))
V =bd +b,d® +b,h+b,dh+b,d%h  (19)
V =b,d +b,d? +b,dh +b,dh (20)
V =b,d? +b,h? +b,dh? +b,d *h? (21)
V =b,dh+b,d?h (22)

logV =b, +b, logd +b, logh+b,(1/d) (23)
logV =b, +b, logd +b, logh+b,(logd)* (24)
logV =b, +b, logd +b,(logd)* +b, logh +b, (logh)*

(25)

logV =b, +b, logd +b,d? +b,logh  (26)
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logV' = b, +b,d +b,h+1,d? +b,h? +b,dh? + b,d*h

(27)
logV = b, + b, log(d 2h) (28)
logV =b, +b, -logd +b, -logh (29)
logV =b, +b, logd +b, logh +b,(logh)* (30)
logV =b, +b, logd +b, logh +b,(logh)* (31)
logV =b, +b, logd +b, logh + b, (1/h) (32)
logV =b, +b, logd +b, logh +b,d? (33)
logV =b, +b, logd +b, logh +b.d*h (34)
logV =b, +b, logd +b, logh +b;h? (35)
logV =b, +b, logd +h, logh +b,dh’ (36)

En iyi sonucu veren fonksiyonun belirlenmesi
i¢in, alt1 adet uygunluk ol¢iitiinden faydalanilmustir.
Bunlardan tahminin standart hatasi, ortalama hata,
ortalama mutlak hata, toplam hata yiizdesi ve
ortalama mutlak hata yiizdesi degerlerinin kiigiik,
belirtme Kkatsayisi degerlerinin ise biiyiilk olmasi
durumunda basarili  hacim  tahminleri elde
edilmektedir. Bu farkli hacim denklemlerinden,
agaclarin hacim tahminlerinde en basarili olan
denklemin  belirlenmesinde  tiim  Olglitlerinin
kapsayacak bi¢imde basar1 siralamasi yapilmuistir.
Tahminin standart hatasi, ortalama hata, ortalama
mutlak hata, toplam hata yiizdesi ve ortalama mutlak
hata ylizdesi degerlerine gore en kiigligiine, belirtme
katsayis1 degerlerinin en biiyiigiine 1 sira numarasi
verilmek suretiyle siralama yapilmis, sira numaralari
toplami, ilgili hacim fonksiyonu igin basari derecesi
olarak kabul edilmistir. En kiigiikk toplam sira
numarasina sahip fonksiyon, en iyi sonucu veren
hacim fonksiyonu olarak belirlenmistir, (Yavuz ve
Saragoglu, 1999).

Belirtme Katsayisi;

2 Z(V, _\ii )2
A Z(Vi _Vort)2

(37)
Tahminin Standart Hatas;
Sy.)( =
(38)
Ortalama Hata;
D
OH = L)
N (39)

Ortalama Mutlak Hata;

OMH =@T|D|)

(40)
Toplam Hata Yiizdesi;
>V, -3V
THY= 100. iz - i=1 (41)
2V
i=1
Ortalama Mutlak Hata Yiizdesi;
£y,
OMHY= 100.-=——
2V
i- (42)

N: veri sayis1, p: parametre sayist, D: Vi _Vi , Vi :
hacim fonksiyonu ile tahmin edilen hacim degeri, Vi :

olgiilen hacim degeri, Vort3 Olgiilen ortalama aga¢ hacim

degeri

Bu olgiitlere gbére en iyi sonucu veren hacim
denklemleri belirlendikten sonra, bu denklemin
caligma alanindaki kizilgam mescerelerine uygun
olup olmadigi, toplam verinin yaklasik % 15’sini
olusturan ve tesadiifi olarak belirlenen 6rnek agaclar
(31 adet) kullanilarak Bagimli iki Orneklem T Testi
(Paired t test) ile belirlenmistir.

3. Bulgular ve Tartisma

Tek ve cift girigli hacim fonksiyonlarma iligkin
parametrelerin tahmin degerleri, Cizelge 2’de,
hacim fonksiyonlar1 6lgiit degerleri ise Cizelge 3’te
yer almaktadir. Tim tek ve ¢ift girisli hacim
fonksiyonlari; p<0,05 oOnem diizeyi ile anlaml
olarak elde edilmistir. Bu fonksiyonlarin baz1
parametreleri p<0,05 6nem diizeyi ile anlaml iken,
bazilar1 ise anlamsiz elde edilmistir. Tek girisli
hacim denklemlerinde uygunluk Olgiitleri dikkate
alindiginda, en kiigiik sira numara toplamina sahip
olan 5 no’lu denklem hacim tahminlerinde basarili
sonuglar vermektedir. En basarili olarak belirlenen
tek girisli aga¢ hacim denklemi asagida verilmistir.

V =0,186967 — 0,0224d + 0,001062d>

En basarili tek girisli hacim fonksiyonuna iligkin
uygunluk 6lgiitleri, OH= 8,77x10"® m® OMH=

0,0721 m®, R*=0,9410, S, =0,1197 m’, OMHY=
% 11,2465, THY= %2,96x10° olarak hesaplanmustur.
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Cift girisli aga¢ hacim fonksiyonun elde
edilmesinde, regresyon analizi ile iretilen
denklemlerden en basarili denklem; 27 numaral
denklem olarak belirlenmistir. Ancak bazi
parametreleri anlamsiz ¢iktigi i¢in bu denklem
yerine, siradaki basari sirasina sahip denklem
degerlendirmeye alinmustir. Yine ayni sekilde
sirasiyla 20, 16, 15, 19, 12, 18, 14 ve 21 no’lu
denklemler degerlendirmeye alinmis, ancak bazi
parametreleri anlamsiz ¢iktigi i¢in kullanilmamustir.
Basar1 kriterlerine goére bu denklemlerden sonra
gelen 23 no’lu denkleminin tiim parametreleri
anlamli oldugu icin en basarili ¢ift girigli denklem
olarak secilmistir.

logV = —4,948181 + 2,86296 - logd + 0,163804 - logh + 5,846506/d

En basarili fonksiyon olarak secilen denkleme
iliskin basar 6l¢iitleri ise; OH = 0,0052 m*, OMH

=0,0723 m’, R’=0,9402, S =0,1204 m*, THY

=%0,8142, OMHY =%11,2666
hesaplanmustir.

Sekil 2°de, en basarili olarak belirlenen tek girisli
agac hacim denklemi ile elde edilen hacim
tahminlerinin, c¢apa gore degisimi gosterilmistir.
Sekil 3’te ¢ift girisli aga¢ hacim denkleminin ¢ap ve
boya gore degisimi yer almaktadir. Sekil 4 ve Sekil
5’te  oOrnek agaclar1 icin hesaplanan hacim
degerlerine gore tek ve cift girisli aga¢ hacim
denklemleri ile elde edilen tahmin degerleri yer
almaktadir.

olarak

2,5 -
2 i o0 .‘
| I 'o.
o ° 4
E15 - Fo
E s ’; "o Gergek
2 1 6 ° .
= L) + Tahmin
e -
0,5 - “'4
0 — ; .
0 20 40 60
Cap (cm)

Sekil 2. Tek girisli aga¢ hacim denklemi ile elde edilen
hacim tahminleri ve arazide gézlemlenen hacim gelisimi.

Sekil 3’te, cift girisli aga¢ hacim denkleminin ¢ap
ve boya gore degisimi yer almaktadir.

3
2,5
2
1,5
1
0,5
0 - 13
10 1g ’ Boy (m)

Hacim (m?3)

21

34
Cap (cm'/)‘2 50 sg

Sekil 3. Cift girisli aga¢ hacim denklemi ile elde edilen
hacim tahminlerinin degisimi.

2,5 -
[ )
an i [ )
E ? %
T o
315 - e e
S ° ° °
g 1- «Be
£ 2
£05 /.
O T T 1
0 1 2 3

Gozlem Degeri (m?)

Sekil 4. Tek girisli aga¢ hacim denklemlerine iliskin
tahmin degerlerine gore degisimi.

2,5 -
°
o 2 .0.0
é o 8 o
o= ° °
Eb 15 - o o. ®
_8 ° ° °
i @ o0
5! &
=}
S 05 /5;‘
0 T T 1

Gozlem degeri (m?)
Sekil 5. Cift girisli aga¢ hacim denklemlerine iligkin
tahmin degerlerine gore degisimi.
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Cizelge 2. Tek ve cift girisli denklemlere iligskin parametre tahminleri.

,':l";’de' by b, b, bs by bs be
Tek Girisli Aga¢ Hacim Denklemleri

4 -0,155"" 0,001

5 0,187 -0,022™" 0,001

6 0,472 0,001 5,941

7 3,966 2,464

8 -5,163™" 3,097 7,428

9 -3,229™" 1,778 0,055

Cift Girigli Aga¢ Hacim Denklemleri

10 - 3,52x10°

11 0,059 3,32x10°™

12 0,076™ 0,0004™" -0,013" 1,9x10°™"

13 0,0003™  1,9x10°™

14 0,0004™  -0,001"™ 1,38x10°"  1,54x107°"

15 0,359™ -0,019™ 0,001™ -0,031™ 0,001" 8,82x10°"™
16 -0,008™ 0,001™ 0,0004" -0,0005™ 2,2x107°"

17 3,140 0,485" 0,650 1,019™ -0,378™

18 0,015™ 0,0004™" -0,0001" 1,8x10°"  1,5x10°"

19 0,002"™ 0,0004"™ -0,004 " -0,0004 ™ 2,2x10°"™
20 0,0002" 0,0005™ -0,0005" 2,14x10°™

21 0,001 -0,001™ 2,03x10°"  3,69x10™

22 0,0002" 3,01x10°™

23 -4,948™" 2,863 0,164™ 5,847

24 -3,834™ 1,502 0,945 0,033"

25 -3,562" 1,762 0,048" 0,404" -0,040™

26 3,770 2,153 4,61x10°" 0,186

27 -2,052"" 0,058 0,044" 0,0003™ -0,003™ 5,61x10°"  -1,9x10°"™
28 -4,088"" 0,919

29 -4,020™" 2,329 0,223

30 -3,925 2,328 0,055"™ 0,074™

31 -3,9317 2,328 0,118" 0,017™

32 -4,011" 2,329 0,217" -0,035™

33 377 2,153 0,186 4,61x107°"

34 -3,845™ 2,25 0,149" 1,42x10°"

35 -3,929" 2,327 0,125" 0,0001"™

36 -3,868"" 2,29 0,119" 2,91x10°"
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Cizelge 3. Denklemlere iligkin hesaplanan basar1 dlgiitleri.
o

= £

§ 0« ¢ sz z £ ¥ £ 1T £ 3 £ %

x 7 7 o 7 o) 7 g 7 = 7 %‘-
a &

Tek girisli aga¢ hacim denklemleri

4 0,9356 5 01250 5  457x10® 20,0828 6 12,9092 6  2,96x10M 2 26

5 0,9410 2 01197 2 877x10® 3 00721 1 11,2465 1 296x10% 1 10

6 0,9412 1 01194 1 1,83x10® 10,0733 4 11,4266 4  296x10" 3 14
7 0,9373 3 0,1233 3 0,0123 6 00724 2 11,2844 2 1,9200 6 22

8 09361 4 01245 4 0,0053 40,0729 3 11,3641 3 0,8210 4 22

9 0,9336 6 01269 6 0,0053 5  0,0736 5 11,4776 5 0,8297 5 32

Cift girisli aga¢ hacim denklemleri
10 09166 27 01423 27 0,0234 27 01039 27 16,1988 27  3,6540 27 162
11 09223 25 01373 25  57x10% 2 01018 25 158764 25 2,96x10M 105
12 0,9446 1 01159 5  6,55x10'° 00754 19 11,7618 19 2,96x10" 5 53
13 09384 19 01222 19 0,0126 26 00841 23 13,1148 23  1,9706 26 136
14 0,9448 01157 4 0,0005 0,0756 20 11,7819 20  0,0819 9 66
15  0,9449 0,1156 8,6x10% 0,0747 17 11,6453 17 296x10" 1 44
16 0,9445 0,1160 8 5,3810'° 0,0741 16 11,5479 16 2,96x10% 4 53
17 09377 22 01229 22 0,0054 11 00723 10 11,2707 10  0,8440 11 86
18  0,9448 01157 3  6,37x10® 3 00756 21 11,7954 21 2,96x10% 2 53
19 0,9446 0,1159 0,0002 7 00748 18 11,6598 18  0,0289 7 64
20 0,9445 0,1160 344x10° 6 00739 15 115292 15  0,0054 6 60
21 0,9446 0,1159 0,0003 8 00765 22 11,9250 22  0,0508 8 72
22 09190 26 0,402 26 0,0094 19 01028 26 16,0237 26  1,4649 19 142
23 09402 18  0,1204 18 0,0052 10 0,0723 11,2666 0,8142 10 72
24 09424 12 01182 12 0,0098 21 0,0716 11,1635 1,5277 21 78
25 09374 23 01232 23 0,0060 12 00726 11 11,3133 11  0,8536 12 92
26 09382 20 01224 21 0,0060 14 00731 13 11,4016 13 0,939 14 95
27 0,9485 1 01117 1 0,0062 15  0,0682 1 10,6404 1 0,9714 15 34
28 09239 24 01358 24 0,0086 18 00984 24 153387 24  1,3365 18 132
29 09419 15 01187 15 0,0102 24 0,0715 11,1523 1,5873 24 84
30 09422 14 01184 14 0,0010 23 0,0716 11,1605 1,5556 23 82
31 09424 13 01182 13 0,0098 22 0,0716 11,1635 1,5277 22 84
32 09419 16 0,187 16 0,0102 25  0,0715 11,1512 1,5902 25 86
33 09382 21 01224 20 0,0060 13 00731 14 11,4016 14 0,939 13 95
34 09404 17 01202 17 0,0069 16 00729 12 11,3637 12  1,0710 16 90
35 09427 10 01179 10 0,0095 20 0,0716 11,1608 1,4859 20 70
36 09424 11 01182 11 0,0080 17 0,0723 11,2671 1,2433 17 74
En iyi sonucu veren hacim denklemleri hacim fonksiyonlarinin, 6rnek agaclarn alindigi

belirlendikten sonra, bu hacim fonksiyonlarinin
Asarkaya yoresindeki kizilgam mescereleri igin
uygun olup olmadiginin denetimi, tesadiifi olarak
secilen ve toplam verinin yaklastk % 15’ini
olusturan veriler (n=31) ile test edilmistir. Bunun
icin Bagimli Iki Orneklem T Testi (Paired t test)
uygulanmustir. Tek girisli denklem i¢in p = 0,121ve
cift girisli i¢in p = 0,094 olarak hesaplanmistir. Bu
bakimdan, bu ¢alismada elde edilen tek ve ¢ift girigli

Asarkaya Kizilgam mescereleri igin istatistiksel
olarak uygun oldugu kanaatine varilmustir.
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4. Sonuc ve Oneriler

Bu c¢alismada, Antalya Orman Bolge
Miidiirliigii, Antalya Orman Isletme Miidiirliigii’ne
bagli Asarkaya Orman Isletme Sefligi smurlari
igerisinde yer alan Kizilgam megcerelerinden dlgiilen
veriler yardimiyla tek ve ¢ift girisli aga¢ hacim
denklemleri gelistirilmistir. Bu amagla, farkli ¢cap ve
boylarda 206 adet agacta govde boyunca caplar
Ol¢lilmiis ve seksiyon yoOntemine gore hacimleri
hesaplanmustir. Hesaplanan bu hacimler ile tek ve
cift girisli aga¢ hacim denklemleri elde edilmistir.
Tek girisli aga¢ hacim denklemi igin 6 ve ¢ift girisli
aga¢c hacim denklemi icin 27 tane denkleminin
parametreleri regresyon analizi ile tahmin edilmis,
elde edilen sonuglar belirtme katsayisi, tahminin
standart hatasi, ortalama hata, ortalama mutlak hata,
toplam hata yiizdesi ve ortalama mutlak hata ytizdesi
basar1 Olgiitlerine gore karsilagtirilarak en basarili
hacim denklemleri belirlenmistir. Gelistirilen agag
hacim denklemlerinin verilerin alindig1 mescerelere
uygunlugu denetlenmis ve gelistirilen tek ve g¢ift
girisli aga¢ denklemlerinin Asarkaya Orman Isletme
Sefligi’ndeki kizilgam mescereleri icin uygun
oldugu kanaatine varilmustir.

En basarili tek girigli hacim fonksiyonuna iligkin
uygunluk 6lgiitleri, OH= 8,77x10" m® OMH=

00721 m®, R*=0,9410, S

% 2,96x10° OMHY - o, 11,2465 olarak
hesaplanmistir. En basarili fonksiyon ¢ift girisli

hacim fonksiyonuna iliskin basar1 6lgiitleri ise; OH
= 0,0052 m’,OMH = 00723 m®, R”= 0,9402,

Syx=0,1204 m’, THY = 0608142, OMHY = g4
11,2666 olarak hesaplanmstir.

Toplam Hata Yiizdesinin, -%1 ile +%]1 arasinda
ve Ortalama Mutlak Hata Yiizdesi degerinin ise %10
ve daha kiiciik olmasi istenmektedir (Kalipsiz,
1999). Calisgmamizda olusturulan tek ve ¢ift girisli
hacim denklemlerinin THY degeri %-1 ile %1
arasindadir. Her iki denklem de OMHY degerleri
%10’un biraz iizerindedir. Bu ¢alismada oldugu gibi
Ozellikle tek girisli hacim tablolarinda Onerilen
ortalama mutlak hata yiizdesinin saglanmasi oldukga
zordur. Ciinkli gogis caplart esit olan agaglarda, boy
ve govde sekli farkliliklar1 hacim iizerinde 6nemli
degisimlere neden olmaktadir.

Tek girisli aga¢ hacim denklemleri ve aga¢ hacim
tablolarmin kullaniminda sadece govde c¢apina
ihtiyag  varken, ¢ift girisli aga¢  hacim
denklemlerinde govde c¢apina ek olarak agac
boyunun da o6l¢iilmesi gerekmektedir. Dolayisiyla
cift girisli aga¢ hacim tablolarindan yararlanmak i¢in
tek girisli aga¢ denklemleri ve hacim tablolarina

yx=0,1197 m*, THY =

gére aga¢ boyunun da 6Slgiilmesi gerekmekte ve bu
durum da, cift girisli denklemin uygulanabilirligini
kisitlamaktadir. Bu ¢aligma kapsaminda gelistirilen
tek ve ¢ift girisli aga¢ hacim denklemlerinin basar1
durumlar1 degerlendirildiginde, tek ve ¢ift girisli
aga¢ hacim denklemlerinin basari durumlarinin,
ozellikle belirtme katsayis1 (R?) ve OMHY
degerlerinin,  birbirine ¢ok  yakin  oldugu
gorilmektedir, Bu sonug ¢alisma alan1 olan
Asarkaya Orman Isletme Sefligi’nde, yetisme ortami
farkliligin ~ belirgin =~ olmamasi1 ile  kizilgam
agaclarinda ayni ¢apa karsilik gelen boy degerlerinin
farklilik gostermemesi ve bu bakimdan da hacim
tahminlerinde boy degiskenin etkisinin sinirh
kalmasi ile agiklanabilir.
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heights (DBH) with the stand variables. The H20 package with an
h20.deeplearning function, which have been coded in R software language, was used to train these DLA models and
obtain the ITH predictions. To determine best predictive input variables, various input variable alternatives were
evaluated based on the statistical fitting criteria. From these fitting statistics for the training data set, the DLA model,
which includes the input variables with the DBH, dominant diameter (cm), dominant height (m), number of trees per
hectare and basal area (m*/ha) resulted in the best predictive statistics with a RMSE value of 0.7173, RMSE% value of
4.5986, the AIC value of -291.3037, BIC value of 1158.4564, FI of 0.9785 values, AAE value of 0.4311, Bias value of
0.0438 and Bias% value of 0.2805. Similar to the fitting statistics in training data, the DLA model which includes the
input variables with the DBH, dominant diameter (cm), dominant height (m), number of trees in hectare and basal area
(m?/ha) for the validation data set gave the best predictive statistics with a RMSE value of 1.8217, RMSE% value of
10.2151, the AIC value of 99.9615, BIC value of 331.3772, FI value of 0.8334, AAE value of 1.2051, Bias value of -
0.0985 and Bias% value of -0.5521. The R software platform, which is free and open for all, was used to train these
DLA models, and also this network model was shared with various stakeholders and other users in forest management.
Thus, besides the modeling studies including the comparison of various network models with classical regression
models, the opportunity to share other forest practitioner to use artificial intelligence model developed in this study can
be achieved by downloading this best predictive DLA model from Google Drive Link
(https://drive.google.com/open?id=10D9IHVFqrur8bXQOgt2Rprn5vfhZEHq1f).

Keywords: Individual Tree Height, Deep Learning Algorithms, R software, H20 package.

Tek Agac Boylarini Tahmin Eden Derin Ogrenme Algoritmasi Temelli R Yazilim
Modellerinin Diger Kullanicilar ile Paylasiimasina iligkin Bir Uygulama

0z

Bu calismada, mescere 6zellikleri ile birlikte agaglarin gogiis ¢aplar: ile boylar1 arasindaki iliskileri modellemek
iizere Derin Ogrenme Algoritmalarina dayanan Yapay Zeka Modelleri gelistirilmistir. Tek aga¢ boylarmin elde
edilmesinde ve Derin Ogrenme Algoritmalarinin egitilmesinde, R yazilim dili ile kodlanmis h20.deeplearning
fonkisyonunu iceren H20 paketi kullanmistir. Tahminlerin elde edilmesinde en basarili olan girdi degiskenlerinin
belirlenmesinde, c¢esitli istatistiksel basar1 kriterlerine dayanarak degisik girdi degiskeni alternatifleri karsilagtirlmistir.
Egitim seti i¢in elde edilen basar1 kriterleri degerlendirldiginde; gégiis ¢api, dominant ¢api, dominant boyu, mescere
agac sayisinl ve mescere gogiis yiizeyini giris degiskeni olarak iceren Derin Ogrenme Algoritma Modeli en bagarili
sonuglart vermigtir (RMSE = 0.7173, RMSE% = 4.5986, the AIC = -291.3037, BIC = 1158.4564, FI = 0.9785, AAE =
0.4311, Bias = 0.0438, Bias% = 0.2805). Egitim verilerine benzer olarak, bagimsiz verilerle yapilan analiz sonuglarina
gore Derin Ogrenme Algoritma Modeli en basarili sonuglar elde edilmistir (RMSE = 1.8217, RMSE% = 10.2151, AIC
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= 99.9615, BIC = 331.3772, FI = 0.8334, AAE = 1.2051, Bias = -0.0985, Bias% = -0.5521). Bu derin Ogrenme
Algoritma Modellerinin egitiminde, iicretsiz ve herkesin kullanimina acik R yazilim platformu kullanilmis ve en basarili

yapay zeka modeli gesitli paydaslar ve orman amenajmani planlayicilarina sunulmustur. Boylece,

klasik  regresyon

modelleri ile degisik yapay sinir ag modelleriyle karsilastirlmasini iceren ¢alismalarin tesinde, Google Drive Linki
(https://drive.google.com/open?id=1 ODIHVFqrur8bXQOgt2RprnSvthZEHq1f) olarak sunulan R dosyasi indirilerek bu
calismada gelistirilen yapay zeka modelinin diger orman miihendisligi kullanicilari ile paylagilma firsati saglanmustir.

Anahtar Kelimeler: Tek Aga¢ Boyu, Derin Ogrenme Algoritmast, R yazilimi, H20 Paketi.

1. Introduction

Individual tree heights are important individual
tree measurements used for total and merchantable
volume predictions, growth and yield modeling, and
site index predictions (Clutter et al., 1983; Van Laar
and Akga, 2007). Obtaining individual tree total
heights (ITH) is complex, tedious, and time-
consuming in forest inventory application.
Therefore, the ITH is generally measured in a
limited number of trees in sample plots (Van Laar
and Akga, 2007; von Gadow and Hui, 1999). The
ITH of other trees which are not measured in forest
inventory can be predicted by using statistical
models including easy-to-measure DBH variable. In
forest inventory practices, many statistical equations,
which have been developed to model the
relationships between tree height and diameter at
breast height by using the regression analysis have
been used to estimate these individual tree heights
from DBH measurements (Martin and Flewelling,
1998; Huang et al., 1992).

These statistical ITH-DBH equations have been
developed by using various statistical regression
model forms from nonlinear regression models to
nonlinear mixed effect models. These statistical
regression models have been used and evaluated to
acquire accurate height predictions which are
considered as effective forest inventory tools for the
prediction of height by using DBH as the predictor
variable (Nanos et al., 2004). Beyond these
statistical regression models, of which their
limitation due to statistical assumptions have been
criticized  continuously,  Artificial Intelligence
Techniques have become their alternatives as they
need no statistical assumption and their flexibility in
modeling nonlinear relations. Deep Learning
Algorithms (DLA), which is an application of
Acrtificial Intelligence (Al) Techniques, have become
more pronounced since 2010. In recent years, Deep
Learning Algorithms (DLA) have offered an
advanced modeling approach with innovative
modeling abilities to obtain the predictions of some
of tree and stand attributes. However, the structure
of Artificial Neural Networks (ANNSs) with one or
two hidden layers may be insufficient in modeling
complex nonlinear data structure. DLAs can
comprise more layers, especially greater number of

hidden layers, which makes them more efficient
modeling techniques. The network models based on
the DLAs contain their advanced computational
systems based on the Graphical Processing Units
(GPU) embedded processors. The DLAs have been
introduced first in 2010s, in agriculture, plant
disease diagnosis, and the plant pattern recognition
(Lee et al., 2015; Mohanty et al., 2016; Sladojevic et
al., 2016; Carranza-Rojas et al., 2017; Sun et al.,
2017; Ferentinos, 2018; Ubbens et al., 2018). Forest
modeling literature suggest that more studies are
needed evaluating DLAs’ performance to predict
tree and stand attributes.

The comparison of artificial intelligence models
with traditional regression models has been
frequently carried out in previous modeling studies.
The studies with the Al models have showed
significant improvements in the prediction of forest
and tree attributes compared to those by traditional
regression models. However, the question of how
these developed Al models can be used by other
forest practitioner has always been ignored. The
issue about these Al models will be put into practice
appears will be unlikely. Thus, the most important
problem in these Al models is that artificial
intelligence models, consisting of a large number of
parameters, hundreds or even thousands of
parameters, cannot be given in page-bound journal
publications. The best effective solutions to this
problem can be achieved with open source R
software. Especially, the R software platform, which
becomes prominent with its applications and usage
nowadays, will allow the forest planners and other
forest practitioners to use the DLA and other Al
models. The DLA models, which have trained by
various researchers and forest practitioners, should
be prepared in R software platform, which is free
and open at free of charge. Subsequently, these Al
models can be shared and presented to various forest
practitioners and other users in forest management.
By the way, the presentation of the DLA models,
which were developed by R software, as additional
files in journal publications will be great opportunity
to predict tree and stand variables by the forest
planners and other forest practitioners. This study
aims providing a network model based on Deep
learning Algorithms, which predicts relationship
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between ITH and DBH and other stand variables and
this model can be used forest practitioners, as well.

2. Materials and Methods
2.2. Material

In this study, 124 temporary sample plots were
used as the research material to predict the
relationship between ITH and DBH and other stand
variables. These sample plots were obtained from
the forest management inventory of Turkish General
Directorate of Forest in even-aged and pure Oriental
beech (Fagus orientalis Lipsky) stands located in the
Kestel forests, Northwestern Turkey. These
inventory plots were sampled to represent various
stand conditions such as site quality, age, and stand
density of the even-aged Oriental beech stands. The
size of circular sample plots ranged from 400 to 800
m? to include a minimum of 30-35 trees in sample
plots. In each sample plot, DBH was measured to
0.1 cm precision using calipers for every living tree
with a DBH > 8 cm. The individual tree total heights
(ITH) were measured on a subset of trees created by
selecting two-three trees for each 4 cm diameter
class using Blume-Leiss Altimeter (0.1 m
precision). In addition to the tree level
measurements, the number of stems per hectare
(N/ha), stand basal area (m“ha), quadratic mean
diameter (cm), dominant diameter (cm), and
dominant height (m) were calculated as part of the
plot level information for each sample plot.
Dominant height and diameter were calculated by
averaging the height and diameter of the dominant
and co-dominant trees.

In total, 1057 pairs of height-diameter
measurements in 124 sample plots were used to
analyze the relationships among ITH, DBH, and
stand variables, and to predict the relationship
between ITH and DBH and other stand variables.
Approximately 85% (907 trees in 104 sample plots)
were used to train the DLA models, and the
remaining 150 trees in 20 sample plots were
allocated for the evaluation of performance of these
DLA models in different validation data, which were
not used in training these DLA models.

2.2. Methods

2.2.1. Deep learning algorithms and training
codes

In this study, the network models based on the
Deep Learning Algorithms (DLAS), which is a type
of Artificial Intelligence, were used to obtain the
ITH predictions from the predictor variables

including the DBH and the best predictive stand
variables. In order to determine the input variables in
DLA model structure, the trial and error method
were used by comparing some alternatives including
various independent variables such as the DBH and
stand variables. The stand variables used in these
alternatives as the input variables including the
number of stems per hectare (N/ha), stand basal area
(m?/ha), dominant diameter (cm), and dominant
height (m), quadratic mean diameter (cm) were
evaluated to determine the best predictive input
stand variables in the model structure of DLA
models. These input variable alternatives are (Al)
the DBH, dominant diameter (cm) and dominant
height (m), (A2) the DBH, dominant diameter (cm),
dominant height (m), number of trees in hectare and
basal area (m2/ha), (A3) the DBH, dominant
diameter (cm), dominant height (m), number of trees
in hectare, basal area (m2/ha) and quadratic mean
diameter (cm) (A4) the DBH, dominant diameter
(cm), dominant height (m), number of trees in
hectare, basal area (m2/ha), quadratic mean diameter
(cm) and stand density and (A5) the DBH, dominant
height (m), number of trees in hectare, basal area
(m2/ha) and stand density.

From various artificial intelligence software, the
H,0 package (R Development Core Team, 2018),
which have been coded in R software language, was
used to train these DLA models and obtain the ITH
predictions. H,O package includes  an
h,0.deeplearning function, which was coded on Java
and is suitable to train multilayer feedforward deep
learning neural networks. The h,0.deeplearning
function in H,O package comprised by R was used
to train these DLA models. This h,o0.deeplearning
function provides multi-layer feedforward neural
network models, which comprise the supervised
training protocol to predict ITH from the DBH and
the best predictive stand variables.

The DLA models, such as other Al models,
require effective determination of network
architecture including the number of hidden layers,
type of activation function, the number of neurons in
hidden layers, and other parameters such as epochs,
type of distribution functions, rho, and epsilon. This
h,0.deeplearning function utilizes adaptive learning
rate algorithm ADADELTA (Zeiler, 2012), which
includes the learning rate annealing and momentum
training, enabling fast converge of the DLAs (H,O.ai
Team, 2018). The rho describes the degree of
ADADELTA and epsilon outlines learning rate
strengthening during preliminary training. The
value of 0.999 for rho and 1x10-8 for epsilon were
used to train DLAS. Also, the value of 1000 for the
epochs, the number of iterations to be carried out in
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training networks, was applied in the training of
these DLA models.

In addition to these network structure parameters,
the number of hidden layers, type of activation
function and the number of neurons in the hidden
layers are significant attributes of network including.
In some of our preliminary analyses, Tanh and
Maxout activation functions resulted in extremely
poor predictions of ITH. Therefore, rectifier function
was selected as an activation function to train the
DLA models. As other network parameters, the
number of 9 hidden layers and 100 neurons gave the
best predictive results for ITH in in training DLA
models. Thus, the DLA model structure with 9
layers and 100 neurons were chosen to train these
DLA models and obtain the ITH predictions.

To overcome the overfitting problem, which
may be noticeable in that the training and validation
datasets differ substantially in their fitting statistics,
the cross-validation method was used by regulating
some parameters in h,0.deeplearning function in H,0
package. When this cross-validation method was
applied to the DLA models, the K=10-fold cross-
validation resampling techniques with nfolds=10 in
h,0.deeplearning function were used in this study.

In training this DLA model with 9 layers and 100
neurons to predict the ITH, the H,0 package coded
on the R software were implemented as shown
below.

To train DLA models, install “H20” package
from “The Comprehensive R Archive Network™ site
by using following R code:

> install.package(“h20”)

After installing this package, this package must
be activated:

> library(h20)

Establish the IP and PORT parameters in H20
package on your local machine:

> h2o0.init()
Load your data to H2o from your local machine:

> yourmodelingdata <-
as.h2o(dataonyourlocalmachine)

To train DLA model with 9 layers and 100
neurons, these h2o.deeplearning functions with
“rectifier” activation function, 100 number of
neurons, 9 number of layers and “Gaussian of
distribution function was used:

> DLA9L100N <- h2o.deeplearning(x = 2:4,y =
5, training_frame = yourmodelingdata, epoch=1000,
nfolds=10, distribution="gaussian",
variable_importance=T, hidden=c(100, 100, 100,
100, 100, 100, 100, 100, 100), activation =
"Rectifier")

To obtain the ITH predictions from this trained
DLA model, following R code should be used:

>predictDLA9L100N<-
as.data.frame(h2o.predict(DLA9L 100N,
yourmodelingdata))

To use this DLA models and then obtain the ITH
prediction for other data sets from this DLA models,
this trained DLA models should be saved in a local
machine:

> model_path <- h2o.saveModel(object =
DLA9L100N, path=getwd(), force = TRUE)

2.2.2. R codes of network model for future use
of other forest practitioner

In this study, besides training of DLA models, it
is aimed to present these trained DLA models to
other forest practitioners. For this purpose, the best
predictive DLA model, which was trained by using
“H20” package of R software in the first stage of
this study, was saved to present other forest
practitioners. This network model as R syntax file
can be downloaded from Google Drive Link, which
was presented in the discussion section of this study.
This DLA model can be downloaded and used to
obtain the ITH predictions of other studied forest
areas or other validation data set by other forest
practitioner. In this study, this saved network model
was used to predict the ITH of 150 trees in 20
sample plots, which were reserved as the validation
data set for the evaluation of the best predictive
DLA model. In later usage of this DLA model to
predict the ITH, this saved model can be loaded with
the R codes shown in the steps below:

1.) activating H20O package on a local machine
using all available cores for deep learning
Algorithms:

>libray(h20)

2.) establishing the IP and PORT parameters in
H20 package on a local machine:

>h2o0.init()

3.) loading data to H2o from a local machine

>yourdata <- as.h2o(dataonyourlocalmachine)

4.) loading the best predictive DLA model with 9
layers and 100 neurons trained in this study from a
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local machine, which this DLA model may be
downloaded from the Google Drive Link of this
study:

>DLAmodel<-
h20.loadModel(*"C:/Userss GROWTH/Desktop/the
best predictive DLA model with 9 layers and 100
neurons")

5.) predicting a individual tree height by using
input variables including diameter at breast height
(cm), the dominant height (m) (ho) and dominant
diameter (cm) (do) from the best predictive DLA
model in this study.

>predicts<-as.data.frame(h2o.predict(DLAmModel,
yourdata))

6.) loading xIsx package to obtain ITH
predictions

>library(xlsx)

7.) saving ITH predictions to a local machine as

Excel worksheet
>write.xIsx(predicts, file = "predictions.xIsx"™)

2.2.3. Nonlinear regression model

In this study, the Schnute (1981)’s model, the
nonlinear regression model as the traditional
prediction method, which presented successful
results for predicting ITH, was compared with the
DLA models. This Schnute (1981)’s model, which is
the most flexible and adaptable function for
modeling this relation (Bredenkamp and Gregoire,
1988; Lei, 1998), was used to model the
relationships between the ITH and DBH with the
dominant diameter (cm) and dominant height (m).
Ercanli (2015) predicted the parameters of Schnute
(1981)’s model by using NLIN procedure available
in SAS/STAT® 9 software (SAS Institute Inc.,
2004). The Schnute (1981)’s model has the form:

1
_p,—by1d B
h'i = (1.3170 + (H(l;o _ 1'3b0)w)b1 (1)

(1—e~b1Do)

where, by and b; are model parameters, h; is the
observed height of the ith tree in the sample plots, d;
is DBH of the ith tree the sample plots, H, is the
dominant height of the sample plot, Dy is the
dominant diameter of the sample plot.

2.2.4. Criteria of comparisons for different
DLA models

To compare different DLA models including
input variable alternatives including various stand
attributes and the Schnute (1981)’s nonlinear
regression model, eight fitting criteria were used to
choose the best predictive model. The following
criteria were considered: (1) average absolute error

(AAE), (2) the root mean squared error (RMSE), (3)
percent root mean squared error (percent RMSE),
(4) the average Bias (Bias), (5) percent average Bias
(shortly, percent Bias), (6) the fit index (FI), (7)
Akaike’s information criterion (AIC), and (8)
Bayesian information criterion (BIC) to compare
prediction performance of DLAs. These criteria are
calculated as follows:

AAE = 3 |h — | /n )
RMSE = /3 (h, — h)?/(n— k) ©)

RMSEY% = ([\/ZL,(h — &)?/(n = )] /R;) - 100
(4)
Bias = i (h; = h;)/n 5)
Bias% = ([Xf,(h; — h,)/n]/R;)100 (6)

— _ Z?=1(hi_ﬁ:)2

Fr=1 Zit,(hi=hy)? )
AIC = nin(RMSE) + 2k (8)
BIC = nin(RMSE) + nin(k) 9

Where, h, is the predicted height of the ith tree in
the sample plots, k; is the observed height of the ith
tree in the sample plots, h, is the average of
observed height values, k is the number of
independent variables in the models. Smaller values
of AAE, RMSE, RMSE%, Bias, Bias%, AIC, BIC
and higher values of FI indicate better prediction
performance of the models. To evaluate these eight
criteria together and their general predictive ability
for the ITH, the relative rank values, which were
proposed by Poudel and Cao (2013) for DLAs
model were calculated. The model with lowest sum
of relative rank was recognized as the best predictive
ITH model.

3. Results and Discussion

For training data set, Table 1 presents the fit
statistics of AAE RMSE, RMSE%, Bias, Bias%, Fl,
AIC and BIC for the DLA models including
different input variable alternatives and the
nonlinear regression model of Schnutte (1981). The
relative rank values (Poudel and Cao, 2013) for this
DLA models and Schnutte (1981)’s nonlinear model
is given in Table 2. From these fitting statistics for
training data set, the DLA model which includes the
input variables with the DBH, dominant diameter
(cm), dominant height (m), number of trees per
hectare and basal area (m%ha) in A2 input
alternative resulted in the best predictive statistics
with a RMSE value of 0.7173, RMSE% value of
4.5986, the AIC value of -291.3037, BIC value of
1158.4564, FI of 0.9785 values, AAE value of
0.4311, Bias value of 0.0438 and Bias% value of
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0.2805. When compared the fitting statistics of the
DLA models with those by nonlinear regression
model of Schnutte (1981), the DLA models provided

important improvements in fit statistics for the
prediction of the ITH.

Table 1. The goodness-of-fit statistics of AAE RMSE, RMSE%, Bias, Bias%, FI, AIC and BIC for the DLA models
including different input variable alternatives and nonlinear regression model of Schnutte (1981) for training data set.

The DLA

modelsand )\ ,op  Percent AIC BIC FI AAE Bias Percent Bias

regression RMSE

model

Nonlinear o509 175445 5395550 15209963 08639 1.0517  0.1767 1.1324

Regression

Al 14334 9.1887 332.5461 1322.9874 09138 0.8607  0.1825 1.1697
A2 07173 45986 -291.3037 11584564 0.9785 0.4311  0.0438 0.2805
A3 06383 4.0919 -395.1821 1217.9437 0.9830 0.3724  0.0349 0.2239
Ad 07879 5.0508 -202.2373 15487032 0.9741 0.4415  0.0751 0.4813
A5 0.8562 54889 -130.7782 1318.9820 0.9693 05028  0.1673 1.0727

AAE: average absolute error, RMSE: the root mean squared error, percent RMSE: percent of root mean squared error,
Bias: the average Bias, percent Bias: percent average Bias, FI: the fit index, AIC: Akaike’s information criterion and

BIC: Bayesian information criterion.

Table 2. The rank values for the DLA models including different input variable alternatives and nonlinear regression

model of Schnutte (1981) for training data set.

The DLA

models and Percent

Percent

reqreseion RMSE el AIC BIC FI  AAE  Bias b 5
model

F'e\le%r;gsnsfi:] 6000  6.000  6.000 5760  6.000 6.000 5.803 5.803 47.36
Al 4419 4419 3468 3108 3905 4504  6.000 6.000 35914
A2 1340 1340  2.963 1.000 1189 1432  1.300 1300  11.864
A3 1000  1.000  4.234 1762 1.000 1.000  1.000 1.000  11.996
A4 1643 1643 1874 6000 1373 1509  2.361 2361  18.765
A5 1937 1937 1000 3057 1574 1960 5.487 5487  22.439

AAE: average absolute error, RMSE: the root mean squared error, percent RMSE: percent of root mean squared error,
Bias: the average Bias, percent Bias: percent average Bias, FI: the fit index, AIC: Akaike’s information criterion and

BIC: Bayesian information criterion.

Besides the evaluation of prediction performance
of DLA models for training data set, the prediction
ability of these DLA models in different validation
data sets, which are not used in training stage is an
important evaluation process in modeling studies. In
Table 3 and 4, the goodness-of-fit statistics for the
DLA models and the nonlinear regression model of
Schnutte (1981) were presented for the validation
data set. For these validation data set, DLA models
gave better predictive results likewise in the training
data than those by the nonlinear regression model of

Schnutte (1981). Similar to the fitting statistics in
training data, the DLA model which includes the
input variables with the DBH, dominant diameter
(cm), dominant height (m), number of trees in
hectare and basal area (m?%ha) for the validation data
set gave the best predictive statistics with a RMSE
value of 1.8217, RMSE% value of 10.2151, the AIC
value of 99.9615, BIC value of 331.3772, FI of
0.8334 values, AAE value of 1.2051, Bias value of -
0.0985 and Bias% value of -0.5521.
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Table 3. The goodness-of-fit statistics of AAE RMSE, RMSE%, Bias, Bias%, FI, AIC and BIC for the DLA models
including different input variable alternatives and nonlinear regression model of Schnutte (1981) for validation data set.

The DLA

T:gﬂee':sﬁ)”r? RMSE Fl;e,\r/fggt AIC BIC FI AAE  Bias Pgicaesnt
model

F'Q\'e‘;’;'e':;g; 20838 116853 1161324  274.9242 07790  1.3685 0.1544  0.8656
Al 22050  12.3645  124.6062  283.3980  0.7526  1.3565  0.0562 0.3150
A2 1.8217 102151  99.9615  331.3772  0.8334 12051 -0.0985 -0.5521
A3 20416 114482  119.0568 3758208 07922 12391 -0.1357 -0.7607
A4 21077 118192 1258403  403.7268  0.7801 12857 -0.0931 -0.5221
A5 21354  11.9743 1237959 3552115 07711 11778 04651 2.6078

AAE: average absolute error, RMSE: the root mean squared error, percent RMSE: percent of root mean squared error,
Bias: the average Bias, percent Bias: percent average Bias, FI: the fit index, AIC: Akaike’s information criterion and

BIC: Bayesian information criterion.

Table 4. The rank values for the DLA models including different input variable alternatives and nonlinear regression

model of Schnutte (1981) for validation data set

The DLA

Teog‘ﬁi%“: RMSE F;zel{/fg’ét AIC BIC FI.  AAE  Bias PeBriCaeS“t 5
model

F'z\'e(;?(';:;i; 4420 4420 4124 1000 4365 6000 2201 2201 28.73
Al 6000 6000  5.762 1329  6.000 5684 1000  1.000 32.775
A2 1.000  1.000  1.000 3191 1000 1715 1517 1517 11.940
A3 3.860  3.869 4689 4917 3548 2608 1972  1.972 27.443
A4 4731 4731  6.000 6.000 4299 3.828 1452  1.452 32.493
A5 5002 5092 5605 4117 4854 1000 6000  6.000 37.760

AAE: average absolute error, RMSE: the root mean squared error, percent RMSE: percent of root mean squared error,
Bias: the average Bias, percent Bias: percent average Bias, FI: the fit index, AIC: Akaike’s information criterion and

BIC: Bayesian information criterion.

The Fig.1 shows the relationships obtained
between residual values and predicted ITH values by
the nonlinear regression model of Schnutte (1981)
and the best predictive DLA model including the
input variables with the DBH, dominant diameter
(cm), dominant height (m), number of trees per
hectare and basal area (m?ha) and the nonlinear
regression model of Schnutte (1981) for training
data and validation data. When these residuals from

this DLA model is compared with those from
nonlinear model, the residuals associated with the
DLA model are closer to the X axis and have a more
collective trend. Thus, it can suggest that the DLA
model provides more precise and effective ITH
predictions than those by the nonlinear regression
model of Schnutte (1981).
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Figure 1. Relationships between predicted (x-axis) and residuals ITH (y-axis) obtained by the best predictive deep
learning network model including the input variables with the DBH, dominant diameter (cm), dominant height (m),
number of trees in hectare and basal area (m2/ha) and the nonlinear regression model of Schnutte (1981) for training

data and validation data.

In this study, besides the use of deep learning
algorithms, which is an innovative technique in
forest and tree growth model studies, the best
predictive network model based on the DLA is
presented in the Google Drive Link, which other
forest practitioner can download and use this
network model to predict the ITH sampled from
their forest areas. In many artificial intelligence
modeling studies, it is limited to the comparison of
various network models with classical regression
models, however the presentation of these artificial
intelligence models has been generally ignored for
future usage of other forest practitioner for
predicting individual tree height. In this respect, this
study stands out from other artificial intelligence
studies by providing a tool that can be used by forest

practitioner to obtain ITH predictions for their forest
areas.

Before presenting an artificial intelligence
module, it is necessary to train this network model.
In the first stage of this study, various artificial
intelligence models based on deep learning
algorithms were trained by using by using “H,0”
package which was codded in R software. The five
input variable alternatives including various stand
attributes were evaluated based on the statistical
criteria with AAE, RMSE, RMSE%, Bias, Bias%,
FI, AIC and BIC and their integrated assessment
calculated according to Poudel and Cao (2013)’s
relative rank values. The input variable alternatives
considered are: (Al) the DBH, dominant diameter
(cm) and dominant height (m), (A2) the DBH,
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dominant diameter (cm), dominant height (m),
number of trees per hectare and basal area (m2/ha),
(A3) the DBH, dominant diameter (cm), dominant
height (m), number of trees in hectare, basal area
(m?/ha) and quadratic mean diameter (cm), (A4) the
DBH, dominant diameter (cm), dominant height (m),
number of trees per hectare, basal area (m2/ha),
guadratic mean diameter (cm) and stand density and
(A5) the DBH, dominant height (m), number of trees
in hectare, basal area (m2/ha) and stand density.
From these alternatives, the DLA model with A2
input alternative presented the best predictive
statistics with a RMSE value of 0.7173, RMSE%
value of 4.5986, the AIC value of -291.3037, BIC
value of 1158.4564, FI of 0.9785 values, AAE value
of 0.4311, Bias value of 0.0438 and Bias% value of
0.2805. Thus, this best predictive DLA model
accounted for over 97 % of the total variance in ITH
predictions.

In addition to the success of artificial intelligence
models in training data, the evaluation process needs
special attention in comparisons of predictive ability
of these network models for the validation data. For
this purpose, the predictive DLA model with A2
input variable alternative was used to obtain the ITH
predictions of 150 trees that were not used in the
training of network models. The most important
problem encountered in artificial intelligence models
is that the network model, which is quite predictive
for training data, provides highly unsuccessful and
irrelevant predictions for the validation data or
independent data. This problem is called the
“overfitting” problem in artificial modeling studies.
However, the best predictive DLA model which was
trained in this study gave significant account with
over 83% in the total variance of ITH predictions.
Therefore, we can say that this “overfitting” problem
remains quite limited in the ITH predictions by the
network model, because if this problem was
excessive, this DLA network model would have
been quite unsuccessful for the ITH predictions for
validation data.

In this study, the R syntax file of the best
predictive DLA model with A2 input variable
alternative can be downloaded so that other forest
practitioner can use this best predictive DLA model,
which a similar application was applied for
validation data of 150 trees in this study. The best
predictive DLA network model with 9 layers and
100 neurons as the Google Drive Link were
presented in this study. This best predictive DLA
model from Google Drive
(https://drive.google.com/open?id=10D9HVFqrur8b
XQOgt2Rprn5vfhZEHQ1f) can be downloaded, and
so other forest practitioner can use this best
predictive DLA model, which some similar

applications was applied for validation data of 304
trees in this study. This DLA model can be
downloaded and used by others to obtain the ITH
predictions. As this present study have shown by
training the DLA models and providing R syntax
codes of the best predictive DLA models, artificial
intelligence studies should provide more proper
network tools for different users, as well as
including comparisons with other classical methods.
This study provides a presentation of R syntax code
file for artificial intelligence models to give the
opportunity to other forest practitioners to use
artificial intelligence model developed in this study.

4. Conclusions

This study presented the artificial intelligence
models based on the deep learning algorithms
predicting the individual tree heights (ITH) from the
diameter at breast heights and some stand variable
for Oriental beech (Fagus orientalis) in Kestel,
Northwestern Turkey.In  future studies, it is
necessary to investigate the success of the deep
learning algorithms to test their performance in
predicting of forest stand characteristics such as
stand volume, basal area, biomass and carbon, and
individual tree variables such as diameter, height,
volume and growth. As an innovative prediction
technique, previous studies about artificial
intelligence models offering successful predictive
results have underlined to be an important
requirement for further studies on the evaluation of
the artificial intelligence models based on the deep
learning algorithms as an alternative to classical
statistical methods in the predictions of stand and
single tree characteristics. In addition, it will be
important to evaluate whether the artificial
intelligence models provide estimates of growth
laws for single tree and stand which are important in
forestry practices, as well as in terms of success in
accordance with statistical model success criteria.
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warming. The aim of this study was to predict the carbon storage of
mixed stands (MS) of coniferous and broadleaf by supervised classification generated from Sentinel-2 satellite image
and to calculate the total carbon storage (TCS) of the MS using carbon coefficients. The results demonstrated that the
TCS values of the MS in the study area varied between 50.52 and 175.32 ton/ha. The TCS values per hectares of the
pure coniferous stands, pure broadleaf stands and MS were 173.52, 143.52 and 74.21 ton/ha, respectively. Carbon
storage amounts per hectare of MS were found to be low because the tree species included in the mixture decreased the
growing stock volume value per hectare. The structure of the MS in the study area played an effective role in obtaining
these results. As a result of this study, calculating the carbon amounts of MS with remote sensing techniques will make
a contribution to the interpretation of the carbon capacities of different stand structures.

Keywords: Supervised classification, Total carbon storage, Mixed forest, Sentinel-2 satellite image.

Karnisik Mescerelerde Sentinel-2 ve Cografi Bilgi Sistemleri Kullanilarak
Toplam Karbon Depolamasinin Belirlenmesi

0z

Karasal ekosistemlerde, ormanlar karbon depolamasi agisindan biiyiikk 6neme sahiptir. Karbon depolama
miktarlarinin belirlenmesi, kiiresel iklim degisikliginin ve kiiresel 1sinmanin izlenmesi ig¢in 6nemli bir parametredir. Bu
¢aligmanin amaci, igne yaprakli ve genis yaprakli karigik mescerelerin Sentinel-2 uydu goriintiisii ile gercgeklestirilen
kontrollii siniflandirma ile karbon depolamasini tahmin etmek ve karbon katsayilarin1 kullanilarak karigik mescerelerin
toplam karbon depolama kapasitelerini hesaplamaktir. Elde edilen sonuglar, ¢alisma alanindaki karigik mescerelerin
toplam karbon depolama degerlerinin 50.52 ve 175.32 ton ha™ arasinda degistigini gostermistir. Saf igne yaprakli
mescerelerin, saf genig yaprakli mescerelerin ve karigik mescerelerin hektardaki toplam karbon depolama degerleri
sirastyla 173.52, 143.52 ve 74.21 ton ha’dur. Karigima dahil olan agac tirlerinin hektardaki hacim degerlerinin
diismesi nedeniyle karisik mescerelerin hektardaki karbon depolama miktarlart daha az bulunmustur. Ayrica, ¢aligma
alanindaki karigik mescerelerin yapist bu sonuglarin elde edilmesinde etkili bir rol oynamistir. Bu ¢aligmanin sonucu
olarak, karisik mescerelerin karbon miktarlarinin uzaktan algilama verileri ile hesaplanmasi, farkli mescere yapilarinin
karbon kapasitelerinin yorumlanmasina katkida bulunacaktir.

Anahtar Kelimeler: Kontrollii siniflandirma, Toplam karbon depolama, Karisik orman, Sentinel-2 uydu goriintisii.

1. Introduction demand for natural resources has increased rapidly.
Many problems have arisen, such as the destruction

As a result of rapid population growth, of forest ecosystems, climate change, desertification
industrialization and urbanization in the world, and degradation of biodiversity, in response to
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increasing and increasing demand over time. Global
climate change is one of the most important
problems facing the world in the last century. As a
result of the destruction of forest ecosystem for
agriculture and urbanization by opening of new
settlements and destroying forests for firewood need,
greenhouse gases in the atmosphere and especially
CO, amount increased (IPCC, 2001). Forest
ecosystem is the most important carbon pool in
terms of keeping 82.5 % of organic carbon in
terrestrial ecosystem (Cusack et al., 2014; Kauranne
et al., 2017; Hao et al. 2019). Therefore, the forest
ecosystem plays an important role in mitigating
negative impact of global warming and maintaining
climate stability (Watson et al. 2000). The amount of
carbon in a forest ecosystem is determined
accurately by ground measurements. However, it is
very difficult and time consuming to compute the
amount of carbon in wast forest areas with ground
measurements  (Lu  2007). Country specific
coefficients are used to calculate the amount of
carbon that the forest are stored in Turkey. These
coefficients were determined separately for pure
coniferous stands (PCS), pure broadleaf stands
(PBS) of productive and degraded forests
(Asan,1995; Asan, 1999; Sivrikaya et al., 2007;
Yolasigmaz and Keles, 2009; Tolunay, 2011;
Kadiogullar1 and Karahalil, 2013; Misir, 2013;
Gonzales et al.,, 2014; Karahalil et al., 2018).
Although the coefficients have been developed for
coniferous and deciduous forests, no coefficient has
been developed for mixed forests. There have been
some studies on the amount of carbon stored ground
measurements of mixed stands with Turkey
(Durkaya et al., 2012; Kaptan et al.,, 2019).
However, there are not many studies in which
remote sensing data for estimating the amount of
carbon stored in mixed stands are evaluated together
with ground measurements. Remote sensing
methods can accurately reflect the distribution
characteristics of the amount of carbon stored in
forest ecosystems on a regional scale due to real-
time, low-cost, continuous and large area data

acquisition. Thus, it can improve the accuracy of
estimating the amount of carbon stored by the forest
ecosystem. In this respect, remote sensing has
become a significant tool for predicting carbon
storage capacity (Safari et al., 2017; Van et al.,,
2018). Therefore, remote sensing data has been
widely used in conjunction with ground
measurements to determine the amount of carbon
stored in forest ecosystems (Gonzalez et al., 2010).
The aim of this study was to determine coniferous
and broadleaf areas in the mixed stands (MS) by
supervised classification generated from Sentinel-2
satellite image and to calculate the total carbon
stocks (TCS) of the MS using carbon coefficients in
Ilgaz Forest Management Enterprise.

2. Material and Methods
2.1. Study area

llgaz Forest Management Enterprise, which is
selected as a case study area, is located in the
Ankara Regional Directorate of Forestry (Figure 1).
It is bounded by 498234-572705 on the East
longitudes and 4496441-4548108 on the North
latitudes (WGS 1984, UTM Zone 36N). The study
area is 205169.61 ha. Total of productive forest area
is 41527.16 ha. and covers 20% of the study area.
The PCS, PBS and MS area are 36118.22, 3235.14
and 2170.80 ha., respectively. PCS and PBS are
covered by pure stands of Pinus nigra (Ck), Pinus
sylvestris (Cs), Abies (G), Quercus (M), Populus
(Kv), Fagus (Kn) and Carpinus (Gn). MS in the
region consist of Ck-Gn-M, Ck-Kn, Ck-Kv, Ck-M,
Cs-Kn-Gn, Cs-Gn, Cs-Kv, Cs-Kn and G-Kv. Forests
dominated by broadleaved trees consist of M-Ck,
Kv-Ck and Kn-Cs. Elevation ranges from 533 to
2541 m and average slope is 19.92%. Annual mean,
minimum and maximum temperatures in the region
are 10.6, -25.0 and 42.4 °C, respectively. Annual
total mean precipitation is 418.59 mm.
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Figure 1. Location of the study area.

2.2. Remote sensed data and processing

The Sentinel-2 satellite image (acquired date 15
June 2018), was freely downloaded from the United
States Geological Survey Earth Explorer data portal
(USGS, 2000), was used in this study. The four
bands of (Band 2, 3, 4 and 8) of Sentinel-2 satellite
image with 10 m spatial resolution were used. The
atmospheric and geometric corrections were made to
make the image ready for analysis. The satellite
image was cut according to the outer boundary of
the study area.

2.3. Supervised classification

The supervised classification method (maximum
likelihood technique) was used in this study. The
forest cover type map was used as ground data in
supervised classification. Ground data were
collected as signatures for Sentinel-2 satellite image.
Then, the training signature polygons were equally
distributed to coniferous, broadleaf and other area
(opened, settlements, agriculture etc.) classes with
15 points. Image processing and classification were
carried out using Erdas Imagine (2014). A vector
layer for MS was generated from the stand map.
Using this layer, MS were extracted from the
classified image. As a result of this process, the
coniferous and broadleaf areas in MS were
determined (Figure 2).

3

-~

Legend
Areas other than mixed stands
Mixed stand
I Broadleaf
Il Coniferous
Il Other

Figure 2. Coniferous and broadleaf areas within the MS.
2.4. Calculation of carbon storage capacity

In order to determine the carbon storage capacity
of the forest ecosystem, it is necessary to determine
the existing biomass in the forest ecosystems. The
most practical and best approach to determine
biomass is use of inventory data. First, the growing
stock volume (GSV) per hectare of the stands was
obtained from  forest ~management  plans
(Anonymous, 2018). Then biomass (aboveground
and belowground) were calculated with conversion
coefficient depending on GSV and then the carbon
storage capacity was calculated with biomass
conversion coefficient (Asan,1995; Asan, 1999;
Yolasigmaz and Keles, 2009; Tolunay, 2011;
Sivrikaya and Bozali, 2012; Degermenci and
Zengin, 2016; Seki et al., 2017). The forest cover
type maps were used to obtain spatial attribute data
of PCS, PBS and MS. For this study, GSV data of
8184 PCS, 739 PBS and 481 MS were used. TCS
amounts of 9404 stands were calculated by Eq. 1
(Table 1).
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Table 1. TCS coefficients (Tolunay, 2011).

Parameter PCS PBS

AGB GSV x 0.446 x 1.212 GSV x 0.541 x 1.310
BGB AGB x 0.29 AGB x 0.24
AGC AGB x 0.51 AGB x 0.48
BGC BGB x 0.51 BGB x 0.48
DWB AGB x 0.01 AGB x 0.01
DWC DWB x 0.47 DWB x 0.47

LC Area (ha) x 7.46 Area (ha) x 3.75
FSC Area (ha) x 76.56 Area (ha) x 84.82

" TCS: total carbon stocks, PCS: pUre coniferous stands, PBS: pure broadleaf stands, AGB: above ground biomass, BGB:
below ground biomass, AGC: above ground carbon, BGC: below ground carbon, DWB: dead wood biomass, DWC:
dead wood carbon, LC: litter carbon and FSC: forest soil carbon.

Total carbon storage = AGC + BGC + DWC + LC + FSC

1)

The process steps performed in this study are as
follows (Figure 3). Firstly, coniferous and broadleaf
areas in the MS were determined by supervised
classification. Then, GSV of coniferous and
broadleaf areas in each MS was separately obtained
from forest management plan. Finally, TCS amounts
of MS were calculated through these carbon
coefficients.

Composite bands
(Band2. Band3.
Band4 and Band8)

Atmospheric
correction

Sentinel-2 II

Supervised
classification

Stand map

|

* Coniferous
* Broadleaf
* Other

Classified image
(Coniferous and
Broadleaf areas)

O —
| Mixed forests

from stand map
\CEaeedie R i

Spatial overlay

Extraction
from the
mixed forest

Carbon coefficient
for coniferous
forest

Carbon coefficient
for broadleaf
forest

Total carbon storage of
mixed forest

Figure 3. Flowchart for calculation TCS amount of the
MS.

3. Results and Discussion

In the first stage of the study, the Sentinel-2
satellite image was classified using maximum
likelihood method. Therefore, coniferous, broadleaf
and other (opened, settlements, agriculture etc.)
areas were successfully mapped. These classes were
estimated using supervised classification with a 0.97
kappa statistics value and 98.95% overall accuracy
assessment (Table 2).

In the second stage, the TCS capacity of each
stand type in the study area was calculated using the
stand volume and carbon coefficients (Table 3). TCS
for MS was calculated by collecting the amount of
coniferous and broadleaf carbon inside MS. In
addition, TCS values of PCS and PBS were
calculated. Therefore, TCS capacity amounts maps
for PCS, PBS and MS were generated by GIS
(Figure 4). The TCS amounts of each class were
divided by their total area and the mean carbon
values per hectare were calculated. The results
obtained from this study showed that MS were the
least carbon storage amount (74.21 ton/ha).
Although the TCS amounts of the PCS and PBS
found close to each other, PCS was 30 tons more
than PBS per hectare. According to these results,
PCS was the capacity to store the highest amount of
carbon in the unit area and MS was low carbon
storage capacity.

In order to better analyze the relationships
between forest types in terms of carbon amounts,
TCS amounts were calculated at stand level (Table
4-5). Since the coefficients used in the calculation of
carbon depend on the GSV, carbon amounts of
stands were directly related to GSV value. The
structure and form of MS did not contain as GSV as
PCS and PBS in the study area. The cause of these
results that GSV of the MS in the study area was low
compared to PCS and PBS.
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Table 2. Confusion matrix for broadleaf, coniferous and other classes.

Class Broadleaf Coniferous Other Total
Broadleaf 22898 (97.49%) 286 (0.88%) 99 (0.06%) 23283
Coniferous 369 (1.57%) 31519 (96.51%) 517 (0.31%) 32405
Other 221 (0.94%) 853 (2.61%) 165440 (99.63%) 166514
Total 23488 32658 166056 222202
Overall accuracy 98.95%
Kappa coefficient 0.97
Table 3. Descriptive statistics for carbon storage amounts of different forest cover types.
Forest cover type Min Max Mean S.D. Variance C (ton/ha)
PCS 31.28 15830.71 804.12 1235.09 1525441.33 173.52
PBS 49.08 9521.65 1076.78 1554.06 2415100.45 143.52
B MS 057 383287 = 33117 = 496.48 246496.62 74.21
PCS: pure coniferous stands, PBS: pure broadleaf stands, MS: mixed stands.
a 0 510 20km|| C 0 510 20km
L 1|

Legend
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Figure 4. TCS amount maps of the forest cover types a) PCS, b) PBS and ¢) MS
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Table 4. TCS amounts at stand level for PCS.

PCS Area (ha) TCS (ton) TCS (ton/ha) PCS Area (ha) TCS (ton) TCS (ton/ha)
Ckbl 120.56 11266.88 93.46 CsCke3 248.44 41795.40 168.23
Ckb2 690.51 70489.15 102.08 CsCkedl 213.37 27915.93 130.83
Ckb3 818.00 94585.27 115.63 CsCked2 368.45 66615.70 180.80
Ckb3Y 3.17 359.74 113.49 CsCked3 263.32 58234.35 221.15
Ckbel 1335.30  134934.96 101.05 CsCkd2 63.45 11204.31 176.59
Ckbc2 1688.65  197154.34 116.75 Csd/a 2.77 255.45 92.27
Ckbc2Y 6.42 753.51 117.37 Csd/be3 21.27 3344.22 157.21
Ckbc3 1216.16  196011.77 161.17 Csd/Gbc3 32.21 6477.77 201.12
Ckc2 935.83  128611.82 137.43 Csdl 158.01 22033.15 139.44
Cke2Y 12.14 1918.13 158.06 Csdl/a0 83.12 9861.66 118.65
Ckc3 1709.65  319918.32 187.13 Csdl/ab2 42.60 6646.16 156.02
Ckedl 2039.20  277093.91 135.88 Csd1/Gbc2 57.58 11462.30 199.06
Ckedl/a 12.03 1750.71 145.55 Csd1/Gbce3 89.61 22798.37 254.41
Cked2 314250 532194.80 169.35 Csd2 602.74 140659.64 233.37
Cked3 2052.42  485086.41 236.35 Csd2/Gbc3 135.15 34946.60 258.58
CkCsbc2 128.97 16831.36 130.51 Csd3 61.55 14878.98 241.72
CkCsbc3 16.09 2436.56 151.46 Csel 58.11 8954.14 154.09
CkCsc2 74.52 10766.61 144.48 CsGbc3 53.90 8856.07 164.31
CkCsc3 148.39 24655.51 166.16 CsGe3 76.93 14759.85 191.85
CkCscd2 511.88 96897.47 189.30 CsGedl 212.02 29950.15 141.26
CkCscd3 457.73 96467.97 210.75 CsGed2 586.31 104411.49 178.08
CkCsdl 202.93 27885.79 137.42 CsGed3 987.80 192055.30 194.43
CkCsd2 112.41 19707.88 175.32 CsGd2 60.91 14751.93 242.19
CkCzbc2 172.45 20404.95 118.32 CsGd3 36.77 10193.26 277.20
CkCzbc2-T 16.33 1931.67 118.32 Czbc2 164.04 17331.06 105.65
Ckd/a0 66.61 6569.05 98.62 Czedl 36.51 4274.53 117.08
Ckdl 375.58 52171.75 138.91 Gbhc2 172.59 20399.46 118.20
Ckdl/a 56.50 7848.94 138.91 Gbc3 105.74 18269.70 172.79
Ckdl/a0 25.63 3560.54 138.91 Gc2 33.99 6247.19 183.77
Ckd1/bc2 233.27 35921.18 153.99 Gc3 242.08 52754.10 217.92
Ckd2 779.14 160068.14 205.44 Gedl 213.31 28598.41 134.07
Ckd3 440.72  110833.78 251.49 Gced2 418.51 74706.41 178.51
CkGed2 18.20 3461.07 190.16 Gced3 591.26 142459.87 240.94
CkGed3 79.85 17087.06 214.00 GCsbc3 88.25 13833.97 156.75
Csab3 8.31 853.06 102.66 GCsc2 56.64 8924.85 157.58
Csb2 483.18 52649.19 108.96 GCsc3 177.94 31342.36 176.14
Csb3 205.03 23703.32 115.61 GCscd2 313.54 65601.05 209.23
Csbel 178.12 19205.49 107.82 GCscd3 874.83 203342.02 232.43
Csbe2 308.33 36896.97 119.67 GCsd3 27.50 8875.39 322.71
Csbe3 241.06 32922.16 136.57 Gd2 31.88 7497.14 235.20
Csc2 187.22 27871.50 148.87 Gd3 52.63 18539.41 352.29
Csc3 308.14 51181.87 166.10 GA 801.05 204622.13 255.44
Cscdl 829.54  101659.47 122.55 GC 699.18 152854.54 218.62
Cscdl/a0 20.90 2730.55 130.62 GCkA 15.64 3086.29 197.37
Cscd2 1489.50 268558.28 180.30 GCsA 399.78 93516.85 233.92
Cscd3 823.46  171859.23 208.70 GCsC 280.22 50665.53 180.81
CsCkb3 131.25 15469.45 117.86 GCsD 174.77 49331.83 282.26
CsCkbc3 56.10 8684.03 154.79 GD 538.05 127833.78 237.59
CsCkc2 122.01 17476.12 143.24 Total 36118.22  6267327.76 173.52

IPCS: pure coniferous stands, PBS: pure broadleaf stands, MS: mixed stands

%In table 4, crown closure was classified into three classes; 1 (low coverage of 11-40%), 2 (medium coverage of 41-
70%) and 3 (full coverage of 71-100%). The development stage was classified into four classes; a (regenerated area,
average dbh <8 cm); b (immature area, average dbh 8-19.9 cm); ¢ (mature area, average dbh 20-35.9 cm) and d (over
mature, average dbh 36-51.9 cm).
*Ck: Black pine, Cs: Scots pine, G:Fir, Cz: Red pine, 1.2.3: Crown closure classes, a. b. c. d: Development stages, Y:

Fire, T: Stony and rocky, Csc2: Scots pine stand, mature development stage (20-35.9 cm), medium coverage. (41-70%).
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Table 5. TCS amounts at stand level for PBS and MS.

MS Area(ha) TCS(ton) TCS (ton/ha) PBS Area(ha) TCS(ton) TCS (ton/ha)
Ckbc2/GnMcra3 22.95 1791.76 78.09 GnKnab3 116.18 14792.63 127.33
Ckc2/GnMza3 37.81 3807.46 100.71 Knab3 258.55 27519.29 106.44
Cked1/GnMza3 20.94 1655.31 79.04 Knb2 40.09 4626.22 115.41
Ckcd1/Kna3 12.04 759.63 63.11 Knb3 611.20 82323.99 134.69
Ckcd1/KnGnab3 34.36 6023.45 175.32 Knbc2 194.05 26044.07 134.21
Ckcd1/MzGna 14.93 2415.09 161.73 Knbc3 1034.98 165971.92 160.36
CkKvbc3 17.47 1753.81 100.40 Knc2 58.97 9425.64 159.83
CkMmb2 51.39 5357.16 104.25 Knc3 79.67 14414.64 180.93
CkMmb2 299.01 15106.24 50.52 Kncd3 81.23 17285.50 212.81
CkMmbc2 41.58 3158.21 75.95 KnGnab3 70.82 7644.00 107.94
CkMzbc2 221.79 11759.16 53.02 KnGnbc3 35.75 6527.24 182.57
Cscd1/Knab3 14.52 768.81 52.94 Kvbc3 212.41 30140.06 141.90
Cscd2/Gnab3 20.06 2357.70 117.51 Kvc3 77.39 14156.20 182.91
Csd/Knb3 28.21 3832.87 135.88 Mzh2 57.35 5956.54 103.86
Csd2/KnGna 18.98 2970.50 156.54 MzGnab3 189.96 19152.86 100.83
CsKnbc3 83.72 5487.25 65.55 MzGnb3 50.33 8296.93 164.85
CsKned2 62.38 6210.95 99.57 MzGnbc2 44.33 7126.08 160.76
CsKvbe2 28.57 2471.83 86.52 MzMcrbc?2 21.87 2892.02 132.21
CsKvbc3 53.13 6187.06 116.45 Total 3235.14  464295.84 143.52
CsKvc3 50.43 6008.91 119.15

GKvc3 27.26 1593.64 58.46

KnCsbc2 90.87 7997.88 88.02

KnCsbc3 38.53 2536.46 65.84

KvCkbe3 291.04 24542.26 84.33

MmCkab?2 588.85 34549.63 58.67

Total 2170.80  161103.02 74.21

IPCS: pure coniferous stands, PBS: pure broadleaf stands, MS: mixed stands

’In table 5, crown closure was classified into three classes; 1 (low coverage of 11-40%), 2 (medium coverage of 41-
70%) and 3 (full coverage of 71-100%). The development stage was classified into four classes; a (regenerated area,
average dbh <8 cm); b (immature area, average dbh 8-19.9 cm); ¢ (mature area, average dbh 20-35.9 cm) and d (over

mature, average dbh 36-51.9 cm).

3Ck: Black pine, Cs: Scots pine, Gn: Hornbeam, Kn: Beech, Kv: Poplar, Mz: Sessile oak, Mcr: Hungarian oak, Mm:
Gall oak, 1.2.3: Crown closure classes, a. b. c. d: Development stages, CkMzbc2: Black pine-Sessile oak mixed stand,
mature development stage (8-35.9 cm), medium coverage. (41-70%).

Walle et al. (2001) compared the mixed
broadleaved stands in terms of carbon pools. TCS
values were calculated 324.8 (ton/ ha) in the oak
(Quercus robur L.)-beech (Fagus sylvatica L.) stand
and 321.4 (ton/ha) in the ash (Fraxinus excelsior L.)
stand. Lee et al. (2009) estimated carbon content in
pure and MS of pine (Pinus densiflora) and oak
(Quercus spp.) species. Total carbon contents of the
pine, oak and MS were 199.6, 192.5 and 169.1 (Mg
C/ha), respectively. In natural forests, mixed stands
had low carbon retention than pure stands. The
results obtained from these studies were consistent
with our results. However, the findings of studies in
plantation areas were not consistent with these
results.

Redondo-Brenes and  Montagnini  (2006)
estimated the TCS amounts of pure and mixed
plantations in 3 different areas. Carbon content
values were 47.7-55.3 (Mg C/ha™) for pure-mixed in
first plantation, 66.2-90.8 (Mg C/ha™) for pure-
mixed in second plantation and 35.8-47.3 (Mg C/ha”
1) for pure-mixed in third plantation. Wang et al.

(2013) assessed carbon storage of coniferous,
broadleaved and mixed plantation areas. Carbon
storage values were 71.0, 73.3 and 83.7 (ton/ha) for
the coniferous, broadleaved and mixed plantation,
respectively. It was clear from these results that the
natural structure of MS has certain effects on the
amount of carbon stored. While the MS in plantation
areas yields higher amounts of carbon storage than
pure stands, the MS store lower levels of carbon
storage in natural forests.

In some studies, it was seen that mixed plantation
areas showed better development than pure
plantation areas (Piotto et al., 2003; Alice et al.,
2004). As a result of this, MS in plantation areas
accumulates more aboveground biomass and carbon
compared to pure plantation areas (Montagnini and
Porras, 1998; Kanowski and Catterall, 2010).
Redondo-Brenes and Montagnini (2006) reported
that the MS in plantation areas demonstrated higher
diameter values, better site conditions, nutrition of
trees and less insect damage, biomass and carbon
sequestration than pure plantation areas. Especially

133



Bulut and Giinlii / Anatolian Journal of Forest Research 5 (2019) 127-135

in plantation areas, MS improve the carbon stocks in
soil and litter (He et al. 2013). This enhancing effect
contributed to the increase of total carbon in MS.
Various studies indicated that MS in plantation areas
was likely to generate more fertility and improve
soil properties (Forrester et al. 2006; Wang et al.,
2009; Richards et al. 2010). Stand types,
composition of species and site characteristics
greatly affect carbon stored in forest ecosystems
(Zhou et al., 2000). Owing to limited studies on
natural MS, evaluating the success of MS was
especially hard with regards to biomass production
and carbon stock.

4. Conclusions

The carbon storage capacities of MS were
determined in this study. Sentinel-2 satellite image
was used to obtain coniferous and broadleaf areas in
MS. This process was successfully performed using
supervised  classification  technique  (Kappa
coefficient = 0.97). When the results obtained are
evaluated, the TCS values of the MS in the study
area vary between 50.52 and 175.32 ton/ha. Since
the spatial resolution of the satellite image used in
the study is not very high, it can cause errors in
determining the areas of the tree species in the MS.
This may affect the value of the total amount of
carbon calculated for MS. Because, if the mixture is
based on the individual trees and not in groups or
clumps, it will hard to distinguish the softwoods or
hardwoods especially stands at the development
stage “a” or “b”. The structure of the mixture will
not effectively have determined, due to the
minimum mapping unit of 100 m?. Therefore, the
use of high resolution satellite images with different
classification techniques in future studies will
increase the success results. In addition, this study
should be expanded for different regions, natural and
plantation forest areas help to interpret the carbon
amounts of MS. Also, we need to observe and assign
the long-term changes stand structure, biomass
generation and carbon storage in forest areas.
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Saf Dogu Kayini (Fagus orientalis Lipsky.) Ormanlarinin Ekolojik Tabanli
idare Siirelerinin Belirlenmesi (Sinop Ornegi)

E. Giivendi’, N. Kahyaoglu

Gumdushane Universitesi, Kurtin Meslek Yiksekokulu, Ormancilik Boluma, 29810, GUMUSHANE

MAKALE KUNYESI 0z

Gelis Tarihi: 14 Kasim 2019

Kabul Tarihi : 31 Aralik 2019 Bu calismada iilkemiz ormanlarmin % 9’unu, Sinop Orman Isletme
*Sorumlu yazarin e-posta adresi: Midirliigi ormanlarinin  ise % 23,2°sini kaplayan asli agag
eguvendi28@gumushane.edu.tr tiirlerimizden olan saf Dogu Kaymi mescerelerinde ekolojik tabanl

mutlak idare siirelerinin belirlenmesi amaglanmistir.  Arastirma
materyalini, topografik haritalar (1/25.000 6l¢ekli), mescere tipi haritalart (1/25.000 6lgekli), iklim verileri, belirlenen
98 adet 6rnek alanin verileri, arastirma alaninda kesilen 196 adet agagtan gdvde analizi i¢in alinan enine kesitler, her bir
ornek alandaki agaglarda yapilan cap, iist boy ve yas 6lgliim degerleri olusturmaktadir. Aragtirma alanindaki ormanlar
ile ilgili mutlak idare siireleri ve dzciiriikliigii baslama yaslar1 belirlenmistir. Sinop Orman Isletme Miidiirliigii 0-800 m.
basamagindaki alanlar i¢in ortalama mutlak idare siiresi 87 ve ortalama 6z¢lirtikliigii baslama yast 60 olarak, 800-1000
m. basamagindaki alanlar igin ortalama mutlak idare siiresi 90 ve ortalama Ozgiiriikligii baslama yasi 87 olarak
bulunmustur. Yapilan gévde analizleri ile mevcut ya da yeni kurulacak ormanlarin mutlak idare siireleri hakkinda bilgi
verilebilecek ve orman isletme midirliikleri piyasa ihtiyaclarin1 dikkate alarak kesim yasin1 kendileri
belirleyebilecektir. Dogal yayilis alanlart diginda (800 m’nin altindaki mescereler) kalan dogu kaymi ormanlarinin
verimlilik degerlerinin diisiik oldugu, mutlak idare siirelerinin kisa oldugu ve dz¢iirtikliigii baglama yaginin daha kiigiik
yaglarda bagladigi sonuglarina varilmistir. Bu sonuglar dogrultusunda bu mescerelerde dogu kaymni ile bagka tiir
agaclarla karisim yapilabilir, egimin ¢ok yiiksek oldugu yerlerde koruma ormani olarak veya yerlesim yerlerine yakin
olanlar rekreasyon amagl isletilebilir. Arastirma alanindaki mescereler i¢in idare siiresi olarak patolojik idare siiresi
yani 6z¢iiriikligiiniin basladigt yas alinmalidir.

Anahtar Kelimeler: Fagus orientalis (Lipsky.), Idare Siiresi, Yiikselti, Ozciiriikliigii, Sinop.

Determination of Ecological-Based Management Periods of Pure Oriental Beech (Fagus
orientalis Lipsky.) Forests (A Case of Sinop)

ABSTRACT

In this study, it is aimed to determine the ecological based absolute management periods in pure Oriental Beech
stands which is one of our main tree species covering 9% of forests of Turkey and 23.2% of forests of Sinop Forest
Management Directorate. Topographic maps (1 / 25,000 scale), stand-type maps (1 / 25,000 scale), climate data, data
from 98 sample areas identified, wheels taken from trunk analysis of 196 trees cut in the research area, diameter, upper
height and age. Topographic maps and management plan stands of the research region were obtained from Sinop Forest
Management Directorate. Absolute management periods and age of onset of self-determination related to forests in the
study area were determined. Sinop Forest Management Directorate 0-800 m. The average absolute management time
for the areas in step 87 and the average age of onset of self-determination is 60, 800-1000 m. The mean duration of
absolute management was 90 and the mean age of onset was 87 years. The trunk analysis will provide information
about the absolute management periods of the existing or newly established forests and forest management directorates
will be able to determine the age of slaughter by taking into consideration the market needs. It has been concluded that
the efficiency of the eastern beech forests remaining outside the natural distribution areas (stands below 800 m) is low,
the duration of absolute management is short and the age of onset of self-determination starts at a younger age. In

Bu makaleye atif:
Giivendi, E., Kahyaoglu, N., 2019. Saf Dogu Kaymi (Fagus orientalis Lipsky.) Ormanlarmin Ekolojik Tabanl Idare Siirelerinin
Belirlenmesi (Sinop Ornegi). Anadolu Orman Arastirmalar1 Dergisi 5(2): 136-145.
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accordance with these results, it can be mixed with eastern beech and other types of trees in these stands, it can be kept
as a protection forest where the slope is very high or the ones close to the settlements can be operated for recreation
purposes. For the stands in the research area, the duration of the pathological management, i.e., the age at which the

self-diagnosis begins, should be taken.

Keywords: Fagus orientalis (Lipsky.), Rotation age, Altitude, Heart rot, Sinop.

1. Giris

Uygarligin gelismesine kosut olarak, plan ve
planli calisma giindeme gelmis, giderek gelisip,
uygulamada ©n plana geg¢mistir. Teknolojinin
ilerlemesi ve her alana girmesi sonucu, ormancilik
caligmalarinda da oOnemli gelismeler meydana
gelmistir. Bunun sonucu olarak ormancilik bilimleri
dogmus, teknik ormancilik ¢aligmalart baslatilmistir.
Plan ve planli ¢alisma Onem kazanmistir. Orman
alanlarmin azalmasi ve birim alanda verimin
diismeye baglamasi, buna karsilik niifusun hizla
cogalmasi, orman {iriinlerine talebin c¢esitlenerek
artmasi sonucu, goriiniir gelecekte dar bogazlarin
dogacagi anlasilmistir. Bu durum plan ve planl
calismay1 daha da 6nemli kilmistir (Eler, 2006).

Agac tiirlerinin gelisimini etkileyen en Onemli
faktorler arasinda aga¢ tiirliniin genetik yapisi,
mescere sikligt  ve yetisme ortami  kosullari
gelmektedir. Yetisme ortami; belirli bir mevkide,
yeryiizii sekli, iklim, anakaya/toprak ve canlilar
faktorlerinin ortak etkisi altinda olugmus ekolojik bir
birimdir (Kantarci, 2005a; Kantarci, 2005b). Bu
ekolojik faktorler (klimatik, fizyografik, edafik,
biyolojik) agacin gelisimini ve olusan odunun
yapisini etkilemektedir (Wodzicki, 2001). Ortalama
sicaklik ve yagis miktar1 gibi klimatik faktorler,
agacin yillik halka genisligini ve ¢ap artimini
etkilemektedir. Klimatik faktorler, agacin hayati
boyunca sabit kalmadigi i¢in yillik halka yapisinda
degismeler meydana gelmektedir. Yillik halka
yapisindaki  degisiklik  odun  yogunlugunda
farkliliklar meydana getirmektedir. Yogunluk ise
odunun diren¢ Ozelliklerini ve kullanim alanlarini
etkileyen en  Onemli  faktdrdiir.  Ekolojik
arastirmalarda “denizden ylikseklik” ya da “rakim”
canlilarin yagsam alanlarim1 etkileyen en Onemli
faktorlerden biridir (Korner, 2007). Denizden
yiikseklik; bir yerin iklimi, toprak ozellikleri ve
vejetasyon yapist iizerinde etkili olmaktadir (Irmak,
1970). Cesitli bolgelere gore denizden her 100 m
yiikselis icin hava sicakligt 0,4-0,6 °C arasinda
azalmaktadir. Bunun sonucunda vejetasyon siiresi
kisalmaktadir. Denizden yiikseklik arttik¢a belirli bir
yiikseklige kadar (iilkemizde 2000-2500 m) yagislar
da artar. Bu artig, her 100 m yiikseklik i¢in yaklagik
olarak yilda 50 mm dir (Atalay, 1983; Cepel, 1988).

Agag tiirlerinin uygun yetisme ortamlarindan
uzaklagsmast sonucunda odun yapisinda baz
olumsuzluklar meydana gelmektedir. Yaprakli

tiirlerin odununun 6zodun kismi diri oduna nazaran
mantarlarin gelismesine daha elverigli oldugundan
cabuk ciiriir ve tomruklarda bir¢ok hallerde 6zodun
clriikligli gosterir. Aga¢ govdelerinde goriilen
clriikliiklerde  c¢esitli  mantarlar rol  oynar.
Curukliklerin bariz etkisi odunda genellikle rengin
degismesidir. Ciiriklik agac yasi ile artar; yani
zamanla hem genisler ve hem de asagidan yukariya
yahut yukaridan asagiya veyahut da her yone dogru
ilerler. Bu sebepten dolay1r odun kisminin saghigini
tespit etmek tlizere arastirma alanlarinda agaglar
kesilerek seksiyonlar ayr1 ayr1 incelenmelidir.
Ciirtikliik baslangici olan renk degisimi esas
alinarak, govdede nereden basladigi ve nerelere
kadar ¢iktigi hususlar1 iizerinde durulmalidir.
Ciirtikliigiin govdede ne kadar yiikseldigini tayin
etmek icin agaglar 2 ser metrelik seksiyonlara
boliinmelidir (Acatay, 1961).

Dasdemir (1987), Tiirkiye'deki Dogu Ladini
ormanlarinin yetisme ortami faktorleri ile verimlilik
arasindaki iligkileri ortaya koymak amaciyla
regresyon analizi, faktor analizi ve diskriminant
analizlerini kullanmigtir. Sonu¢ olarak toprak
derinligi ile boy artimi arasinda pozitif bir iligki
bulmustur. Ayrica mikroorganizma faaliyetlerine
miisait olan asidik topraklarin da Dogu Ladini' nin
gelisimiyle pozitif iligkili oldugunu saptamigtir.

Corona et al (1998) tarafindan yapilan bir
aragtirmada Douglas Goknar1 plantasyonlarinda
verimlilik gostergesi ile ¢evresel etmenler arasindaki
iliskiler incelenmistir. Iklimin, topografyanin ve
toprak ozelliklerinin verimlilik gdstergesi iizerinde
etkilerini ortaya koymak amaciyla 71 6rnek alanda
derlenen veriler ¢ogul regresyon analizi ile
degerlendirilmistir. Verimlilik gdstergesi yillik
yagis, yuzeysel akis, topraklarim kil ve kalsiyum
karbonat miktarlar1 ve arazinin bakisit regresyon
modeline katilmistir (R?=0.58).

Jokela et al, 1988, Orman topraklari ve orman
yetisme ortami verimliligi arasindaki iligkiler
arastirilmis; topragin fiziksel ve kimyasal 6zellikleri
ve topografyanin yetisme ortamu  verimlilik
gostergesi ile yillik cap artimi iizerindeki etkileri
regresyon denklemleri yardimiyla ortaya
konulmustur ((R?=0.53-R*=0.82).

Carus (1998), dogal yoldan meydana gelmis,
miidahale gérmemis, normal, saf ve ayniyasli Dogu
Kayimi1 mescerelerinin artim ve biiyliimesinin yasa ve
yetisme  ortamina bagli  olarak  degisimini
incelemistir. Bu amagla Istanbul, Zonguldak, Sinop,
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Kastamonu ve Bolu orman bélge miidiirligi sinirlart
icerisinde yer alan dogu kaymi mescerelerinden 116
adet 6rnek alan alinmisgtir.

Kaym odunu sert ve agir olup ¢ok c¢esitli
kullanim alanlar1 bulunmaktadir. Kolay yarilir,
islenmesi ve cilalanmasi kolaydir (Bozkurt ve
Goker, 1996). Mobilya, parke, kaplama, kontrplak,
ayakkabi kalibi, oyuncak, ambalaj sandigi, alet
saplari, ayakkabi topuklari ve emprenye edilmek
suretiyle  demir yolu  traversi  {iretiminde
kullanilmaktadir. Ayrica maden diregi ve yakacak
odun olarak da degerlendirilmektedir (Bozkurt ve
Goker, 1996).

Bu c¢alismanin amaci; yatay yayilisint Sinop
Isletme Miidiirliikleri  sinirlarn  iginde, dikey
yayiligint ise 21 m ylkseltiden 1044 m yikseltiye
kadar yapmakta olan Dogu Kayin1’ nin yetisme yeri
faktorlerinden denizden yiikseklik  faktoriiniin
Ozglriikliigii tizerine etkisini aragtirmaktir. Elde
edilen sonuglar ile yoredeki saf kayin ormanlari igin
en uygun idare siiresini belirlemektir.

2. Materyal ve Yontem
2.1. Arastirma alaninin tanitimi

Dogu Kaym (Fagus orientalis Lipsky.) 30-40
m.” ye kadar boylanabilen, bir metrenin {izerinde ¢ap

yapabilen dolgun ve diizgiin govdeli birinci simf
orman agacidir. Ulkemizde asil yayilisint ve en iyi
gelisimini  Karadeniz sahillerinde  yapmaktadir.
Sinop ilindeki saf Dogu Kayini ormanlari yetisme
ortami Ozellikleri bakimindan 6nemli yerlerdendir.
Bu nedenle yayilis gosterdigi yiikselti — iklim
kusaklar1 (0-800 m. ve 800-1200 m.), potansiyel
kullanim ozellikleri ve yasa bagli olarak govdede
meydana gelen olumsuzluklar ile bu arastirma,
Sinop ili sinirlari igerisinde gergeklestirilmistir.

Aragtirma, Karadeniz Bolgesi’nin Bati1 Karadeniz
Bolimii’'nde yer alan Sinop ili sinirlar iginde
bulunan saf Dogu  Kaymmi  ormanlarinda
gergeklestirilmistir. Sinop Orman Isletme
Miidiirliigii 180.336,3 ha biiyiikliigiinde olup 8
isletme sefligi bulunmaktadir (Sekil 1). Bu Isletme
Miidiirliigii sinirlart i¢inde kalan calisma alan1 41°
27 00 —42° 05 33" Kuzey Enlemleri, 34° 46 37 —
35° 24 34" Dogu Boylamlar1 arasinda kalmaktadir.

Aragtirma alani Tiirkiye nin 3 biiyiik bitki ortiisii
(flora) alanindan Euro-Siberian (Avrupa-Sibirya)
bitki (flora) bolgesinin Euxine (Oksin) kesiminde
yer almaktadir. Ayrica arastirma alan1 Davis' in
“Tirkiye Florasi” adli eserinde Tirkiye igin
hazirlamis oldugu Kkarelaj sistemine gore A5
karesinin icerisinde yer almaktadir.

TURKIYE

Oprian Bolge Miidiirliigii

Lejant
. Ornek Alanlar

Sinop Orman Iyfatme MOdOr0g0

Sekil 1. Sinop Orman Isletme Miidiirliigii stnirlar1 igerisinde kalan 98 adet 6rnek noktalar1 gosteren harita.
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Sinop 1li, Dogu ve Bati Karadeniz iklim
ozelliklerinin i¢ ige gectigi bir yoredir. Ilde
mevsimler arasi sicaklik farklar1 pek biiyiik degildir.
Yazin belli bir donem disinda, biitiin yil nemli ve
yagish gecer. Sinop’un kuzey kesiminde Karadeniz
iklim tipi egemendir. Ilin giiney kesiminde ise kiyrya
kosut olarak uzanan daglar nedeniyle, Karadeniz
ikliminin etkisi giderek azalmaktadir. Bu bolgede
yagislar ve sicaklik diiser ve bozkir ikliminin etkileri
gOriiliir. Sinop ili yar1 kurak, az nemli bir iklime
sahiptir. Ilde kislar1 serin, yazlar1 1lik, sicaklik ve
yagis parametrelerine goére mevsimler arasi sicaklik
farki fazla olmayan, yagislar diizenli, sahil kesimi
mutedil, i¢ kesimlerde Karadeniz iklimi ile I¢
Anadolu Tklimi arasinda gecis bolgesi iklimi
hakimdir. Sinop’ta yagislar, aylara goére oldukga
diizenlidir. En ¢ok Ekim ayinda, en az Mayis ayinda
yagis alan ilde yillik ortalama yagis miktar1 685,7
mm’dir. Sahil seridinde ortalama yagis miktar1 679-
1077 mm. olup, yagish giin sayisi ortalama 125-135
giin arasindadir. I¢ kesimlerde ise ortalama yagis
388- 473 mm., yagisli giin sayisi ise 66- 87 giin
arasindadir. Ilin hakim riizgar yonii Bat1, Kuzeybati
(karayel) yoniinde olup, uzun yillar (1960-2015
yillar1 aras1) yapilan 6l¢iim neticesinde % 13,7°lik
oranla riizgar bu yénden ortalama 76652 saat olarak
esmistir. Bu riizgarlarin hiz1 saniyede 20-25 metreye
dek ulagabilir. Ortalama deniz suyu sicaklig1 15.9 °C
olan Sinop’ta ortalama giineslenme siiresi ise 4,75
saat/giindiir (URL-1).

2.2. Ornek alanlarin belirlenmesi

Arastirma amacina uygun olarak Sinop Orman
Isletme Miidiirliigii Smirlar1 igerisinde kalan saf
Dogu Kayin1 mescerelerinden farkli yiikseltilerden
(21 — 1044 m.) 98 adet 6rnek alan bilingli drnekleme
yontemi ile belirlenmistir. Ornek alanlarin her
birinde O6z¢iirikligiiniin baglama yagini belirlemek
amaciyla 2’ ser adet agac kesilmistir. Kesilen ilk
agac olarak mescere orta capma yakin olan ve
mescereyi temsil eden bir birey sec¢ilmis ve
kesilmistir. Kesilen ilk agagta 6z¢uriikligl ve/veya
Ozgiiriikligiine neden olan renklenmeler belirlenirse;
kesilecek olan ikinci agag daha ince c¢apli,
Ozgiriikliigii belirlenmemis ise daha kalin ¢apl
bireylerden segilmistir. Kesilen agaglardan dip
kiitiikten itibaren 2’ ser metrelik araliklarla govde
analizi i¢in kesitler alinmistir. Alman Kesitlerde
laboratuvar ortaminda govde analizi yapilmistir.
Ayrica bu kesitlerde 6z¢iiriikliigii baglama yaslar1 da
belirlenmeye ¢alisilmistir.

2.3. Degerlendirme (biiro) asamasinda
yapilan calismalar

Arazide toplanan ve laboratuvarda elde edilen
veriler, oncelikle 6rnek alan numaralari sirasina gore
envanter tablolarina kaydedilmistir. Elde edilen
bulgular bilgisayara ortaminda uygun paket
programlara veri olacak sekilde aktarilmistir.
Boylece, bilgisayara yiiklenmis olan bu verilerin
degerlendirme  ¢alismalarinda  ve  istatistiksel
analizlerde kullanilabilirligi kolaylasmustir.

2.4.Yetisme ortam verimliligi (bonitet endeks)
tablosunun diizenlenmesi

Bu ¢alismada bonitet endeks tablolart anamorfik
egriler yontemine gore belirlenmistir. TUBITAK-
TOVAG 1070752 kod nolu proje kapsaminda
Sinop, Ayancik ve Tiirkeli Orman Isletme
midiirligl smirlar igerisinde toplam 238 adet gegici
ornek alandan elde edilen iistboy ve yas verileri ile
bonitet endeks degerleri elde edilmistir. Bu aragtirma
kapsaminda kullanilan veriler, Sinop Orman Isletme
Miidiirliigii  smirlart  igerisinde belirlenen 06rnek
alanlardan alinan 98 adet gegici deneme alanindan
elde edilmistir.

Anamorfik egriler yontemine gore, ¢esitli yas ve
cesitli bonitetteki mesgerelerde yas ve boy 6lgmeleri

yapilmis, boy degerleri yasa gore koordinat
eksenlerine taginarak noktalara dagilimi elde
edilmistir. Bu noktalar arasinda, noktalar

ortalayacak sekilde bir egri gecirilip kilavuz egri
elde edilmistir (Sekil 2). Bu kilavuz egri ortalama
verim giicli sinifin1 temsil etmekte olup diger egriler
bu kilavuz egri yardimiyla elde edilmistir (Eraslan,
1982).

Ust Boy (m)

35+

T T T T
20 40 60 80 100 120 140
Yas (y11)

Sekil 2. Ornek alanlardan belirlenen iistboy-yas dagilim.
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Cizelge 1°de o6rnek alanlarin  yas, gogis
yiiksekligi ¢api, bonitet endeksi ve bonitet siniflart
verilerinin minimum,  maksimum,  aritmetik

ortalama, standart hata, varyans, ¢arpiklik ve
basiklik gibi tanimsal istatistik bilgileri verilmistir.

Cizelge 1. Ornek alanlarin yas, gbgiis cap1, bonitet endeksi ve bonitet simiflar1 verilerinin tanimsal istatistikleri.

Ortalama

Ornek . Standart

sayist Min.  Maks. Deger Stzr;i ;j ;rt sapma Varyans Carpiklik Basiklik
Yas 98 31 98,00 67,0408 1,65025 16,33661 266,885 -227 -673
Gogis 08 11 3343 22,0421 42452 4,20254 17,661 303 221
Cap1 (cm)
Bonitet

. 98 18 34,04 26,4635 38115 3,77323 14,237 159 -,588

Endeksi
Sﬁﬂge‘ 98 1 500 28673 11662 115444 17333 -023 -826

2.5. Verimlilik (BE) endekslerinin belirlenmesi

Ornek alanlardaki verimlilik (BE) endekslerinin
tayini i¢in, mescere yasli ve mescere iist boyunun
belirlenmesi gerekmektedir. Bu amagla her bir 6rnek
alanda hektarda yiiz aga¢ yontemine gore belirlenen
sayida en boylu agaclarin yas ve boylarinin
ortalamasi almarak ortalama yas ve iist boylar
bulunmustur. Daha sonra bu ortalama yas ve st
boylar gelistirilen Bonitet Endeksi Tablosu
kullanilarak her bir 6rnek alan ic¢in bonitet endeksi
hesaplanmustir.

2.6. idare siiresinin belirlenmesi

Genellikle  idare siiresi; hacim  artuminin
maksimum oldugu yas olan, genel ortalama artim ile
periyodik ortalama artimin ¢akistigit ve genel
ortalama artimin maksimum oldugu donemde alinir.
Bu idare siiresi mutlak idare siiresi olarak
adlandirilmaktadir.

Calismamizda idare siiresinin belirlenmesinde,
agaclarin hacim artimlarinin (G.O.A ve P.0O.A)
gelisimleri dikkate alinarak, genel ortalama artim ile
periyodik ortalama arttmin c¢akistigi ve genel
ortalama arttmin maksimum oldugu yas, idare siiresi
olarak alinmstir (Kalipsiz, 1998).

2.7. Ozgiiriikliigii baslama yasinin
belirlenmesi (patolojik idare siiresi)

Agac tiiriine bagli olarak, belli yaslardan sonra,
agaclarda hastaliklar, ¢iliriimeler olur. Tirlerin
hastaliklara en fazla direngli olduklar1 yas ve cag
patolojik idare siiresi olarak almir. Bu siireden
sonrasit  rizikolu  (zarara ugrama tehlikesi)
olacagindan, diger idare siirelerinden  biri
kararlastirilirken, Patolojik idare siiresinin sinirlayici
etkisi dikkate alinmali, bu siirenin asilmamasina
dikkat edilmelidir(Eler, 2006).

Arastirma alanlarindan kesilen agaglardan alinan
kesitler iizerinde govde analizi caligmalari

yiiriitiiliirken, ¢lirikliiglin baslamis oldugu yas kayit
altina alinmustir.

3. Bulgular ve Tartisma

3.1. Bonitet endeks ve siniflarinin
belirlenmesine iliskin bulgular

Dogu Kaymi wuzun idare siireli olarak
isletildiginden standart yas 100 yil alinmistir.
Standart yastaki en biiyilkk ve en kiiciik boy
degerlerinin farklar1 dikkate alinarak, Dogu Kayini
icin 3’er metre olmak tlizere 5 bonitet sinifi
olusturulmustur (Sekil 3). Buna gore diizenlenen
bonitet siiflarinin sinir degerleri Dogu Kayim
icin Cizelge 2’de verilmistir.

35 | |
-2 7 200V
g /
520 1 ~ 23,0 IV
@ i
26,0
% 15 1 / '
) /// ——290 Il
10 H
// 320 |
5 -
0 4
0 50 100 150

Yas (Yil)

Sekil 3. Dogu Kayimi i¢in olusturulmus bonitet siniflarina
iligskin bonitet endeks egrileri.
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Cizelge 2. Dogu Kaymni igin bonitet endeks smifi
degerleri ve sinirlart.

Bonitet smniflar1  Smuf orta degeri  Alt ve iist siur

(m) degerleri (m)
| 32,0 30,5-33,5
I 29,0 27,5-30,5
1l 26,0 245 -275

v 23,0 215-245
\Y 20,0 185-215

Bonitet smiflarina iliskin yas-boy arasindaki
iligkiyi gosteren denklem ve bu denklemin Belirtme
Katsayis1 ve Standart hatasi asagida verilmistir.
Ayrica regresyon modeli a=0.05 6nem diizeyi ile
anlamli bulunmustur (p<0.01).

Quadratik model
R% 0.717 Syx: 1.873 F:241.222
huo: 8,730292195424 + 0,2482810076201 (t) -0,0007143258953764 (t?)

3.2.1dare siiresinin belirlenmesine iliskin
bulgular

Idare siiresinin belirlenmesinde; isletme amaci,
aga¢ tiirli, bonitet, isletme biiyiikliigl, miilkiyet
durumu, isletme sekli, odun fiyatlar1 ve isletmenin
icinde bulundugu sosyal ve ekonomik kosullar vb.
degiskenler Onemli rol oynamaktadir (Eraslan,
1982).

Yapilan gévde analizleri sonucunda her bir 6rnek
alan i¢in yas ile hacim artimi arasindaki iligkiyi
ortaya koyan grafikler olusturulmustur. Sinop,
Ayancik ve Tirkeli Isletme Miudiirliigii smirlar
igerisinde kalan alt (800 m. nin altinda kalan) ve {ist
(800 m. nin ustiinde kalan) yiikselti kusaklari igin
elde edilen grafiklerden bazilar1 o6rnek olmasi
amactyla agsagida gosterilmistir (Sekil 4, 5).

0,012
0010 /P\
0,008 - \
0,006 ﬂ =4=—HACIM
GOA
0,004
== HACIM
0,002 POHA
0,000 - —_—
? 00050 % 00D 47 255, 57,

Sekil 5. Sinop Orman Isletme Miidiirliigii sinirlar:
igerisindeki 64 nolu 6rnek alandaki 6rnek agacin yas-
hacim artimu iligkisini gdsteren grafik (Sinop 0-800 m).

Sekil 4 incelendiginde 14 nolu 6rnek alandaki
periyodik ortalama artim ile genel ortalama artimin
70’li yaslarda halen artmaya devam ettigi
goriilmektedir. Sekil 5 incelendiginde 64 nolu 6rnek
alanda ise periyodik ortalama artimin 70’li yaslardan
sonra diismeye bagladigi ve genel ortalama artimin
ise artmaya devam ettigi goriilmektedir. 64 nolu
ornek alanda periyodik ortalama artim ile genel
ortalama artimin ¢akistig1 ve genel ortalama artimin

0,030
0,025 r’

0,020

0.015 / == HACIM
’ GOA
0.010 == HACIM
0,005 POHA
0,000-4-#..

O 709 %,95,0,) Gl >l
O~0“0 7070 "0 07070 Q) )~ %

maksimum oldugu yas olarak 87’li yaslar
goriilmektedir.
0,0180
0,0160
0,0140
0,0120
0,0100 ——HACIM
0,0080 GOA
0,0060 s=fii==HACIM
0,0040 POHA
0,0020
0,0000 - — T

C 00050 % 00D 47 55, 57,

Sekil 4. Sinop Orman Isletme Miidiirliigii sinirlart
igerisindeki 14 nolu 6rnek alandaki ornek agacin yas-
hacim artinu iligkisini gdsteren grafik (Sinop 0-800 m).

Sekil 6. Sinop Orman Isletme Miidiirliigii smirlar
icerisindeki 43 nolu Ornek alandaki 6rnek agacin yas-
hacim artimu iligkisini gosteren grafik (Sinop 800-1200
m.)
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0,0300
0,0250
0,0200
—o—HACIM
0,0150 GOA
0,0100 =@=—HACIM
J POHA
0,0050
0,0000 - T T—T—T—T
O O~0Y0 %0 % 000 01 /25,

Sekil 7. Sinop Orman Isletme Miidiirliigi siirlart
icerisindeki 73 nolu Ornek alandaki 6rnek agacin yas-
hacim artimu iligkisini gosteren grafik (Sinop 800-1200
m.)

Sekil 6 incelendiginde 43 nolu 6rnek alandaki
periyodik ortalama artim ile genel ortalama artimin
70’li yaslarda halen artmaya devam ettigi
goriilmektedir. Sekil 7 incelendiginde 73 nolu 6rnek
alanda ise periyodik ortalama artimin 90’11 yaslardan
sonra diigmeye basladigi ve genel ortalama artimin
ise artmaya devam ettigi goriilmektedir. 73 nolu
ornek alanda periyodik ortalama artim ile genel
ortalama artimin ¢akistig1 ve genel ortalama artimin
maksimum oldugu yas olarak 95’li yaslar
gorlilmektedir.

3.3. Ozciiriikliigii baslama yaslarina iliskin

bulgular
Aragtirma  alanlarindaki  saf dogu kaym
mescerelerinde  Ozguriikligli baglama yast ile

yuksekligin ortak etkisi incelendiginde iki grup
ortalamast  arasindaki farkin  6nemlilik  testi
(independent T testi) analizinde su sonuglar ortaya
¢tkmaktadir.

Sinop Orman Isletme Miidiirliigii’ nde 800 m.
nin altinda yiikseltiye sahip saf dogu kayim
mescerelerinde ozgliriikliigli baglama yas1 57 ile
67 yaglart arasinda ortalama olarak 62 yasinda
baslamaktadir. Ayni isletme miidiirliigiinde 800
m. nin lizerindeki yiikseltiye sahip saf dogu
kayinit mescerelerinde 6z¢iirtikliigii baglama yasi
71 ile 95 yaslarn arasinda ortalama olarak 83
yasinda baglamaktadir (Cizelge 3).

Cizelge 3. Ozgiiriikliigii baslama yasi ile denizden
ylkselti etmeninin varyans analizi sonucu ortalama
degerleri.

% 95 giiven aralig1

Yiikselti Standart

basamaklari Ortalama hata Alt Smir Ust Smir
1 61,581 2,558 56,535 66,628
2 83,000 5,858 71,443 94,557

3.4. Denizden yiikseklik etmenine iliskin
korelasyon analizi bulgulari

Sekil 8 incelendiginde anlasilacagi iizere Ornek
alanlar i¢in yapilan korelasyon analizine gore
aragtirma alanlarinin mescere bonitet endeksi ile
denizden yiikseklik arasinda o = 0.05 diizeyinde
onemli ve zayif pozitif bir iligki vardir.

40.00 ¥ =0.0027%+25.122
i 00 RE=0.0529
* * . * [ 2 ,t
% 30.00 ?&_ * I ve o * qﬂ"
= = —
§ 2500 THGES Y, g (A
g ¢ *o Pt e’ ¢
000 @ b &
~ * *
E 1500
2 1000
5.00
0.00
0 200 400 600 800 1,000 1,200
Yilkselti

Sekil 8. Yiikselti ile verimlilik arasindaki iliski.

Sekil 9 incelendiginde anlasilacagi lizere ornek
alanlar i¢in yapilan korelasyon analizine gore
arastirma alanlarinin mutlak idare siireleri ile
denizden yiikseklik arasinda o = 0.01 diizeyinde
onemli ve zayif negatif bir iliski vardir.

160

140 *
= 120 “. * y=‘-0.0359x+100.93
v RE=0.1145
2 100 L‘:______{ .‘._0 * o LW
g b  * e *

3 8 o e ————
x L X J .. o ¢ *
£ 60 A I SN, o
2 40 * @
20
o
000 20000 40000 60000 80000 100000  1200.00

Denizden Yikseklik

Sekil 9. Yiikselti ile mutlak idare siiresi arasindaki iligki.

3.5. Ozciiriikliigii baslama yaslarina iliskin
korelasyon analizi bulgular

Sekil 10 incelendiginde anlasilacagi iizere 6rnek
alanlar i¢in yapilan korelasyon analizine gore
aragtirma alanlarimin mutlak idare siireleri ile
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Ozgliriikliigii baslama yas1 arasinda o = 0.01
diizeyinde 6nemli ve zayif pozitif bir iliski vardir.

160 y=0.727x+ 5213
R*=0.3158
140 &
& +
5 120 AR T
= i
Z 100 oo P Do 0
@ o __ovHe *
£ 80 — FS
1 *
£ 60 * ¢
=1
Z 40
20
4]
0.00 20.00 40.00 G0L00 20,00 100.00 120,00
OzclirlkIGED Baslama Yas

Sekil 10. Ozgiiriikliigii baslama yas1 ile mutlak idare
siiresi arasindaki iligki.

3.6. Arastirma alamindaki mescerelerde
belirlenen oz¢iiriikliigii baslama yasi ve
mutlak idare siireleri ile ilgili bulgular

Aragtirma alanindan alman aga¢ Ornekleri
iizerinde yapilan govde analizleri yapilmistir.
Yapilan govde analizleri sonucunda o6rnek alanlarin
bazilar1 i¢in mutlak idare siiresi belirlenirken bazilart
icin biiylime devam ettigi i¢cin mutlak idare siiresi
belirlenememistir (Cizelge 4).

Cizelge 4. Arastirma alanindan alinan agac¢ ornekleri {izerinde yapilan govde analizi sonucunda mutlak idare siiresi

belirlenen ve belirlenemeyen 6rnek alanlari dagilima.

Mutlak Idare

Isletme Yiikselti Ornek Alan Siiresi M utlak Idare .
e et . Siiresi Belirlenen Yiizde (%)
Miidiirliikleri Basamaklari Sayisi Belirlenemeyen =
- Ornek Noktalar
Ornek Noktalar
_ 0-800 m 78 25 53 67,9
Sinop
800-1200 m 20 6 14 70,0
Cizelge 4 incelendiginde Sinop Isletme idare siiresi belirlenirken 6 (% 30,0) adetinde mutlak
Miidiirliigli  smurlar1  igerisine  giren  O0rnek  idare siiresi belirlenememistir.

noktalardan aliman aga¢ Orneklerinin 0-800 m
yiikselti basamagina giren 78 adetinin 53 (% 67,9)
adetinde mutlak idare siiresi belirlenirken 25 (%
32,1) adetinde mutlak idare siiresi belirlenememistir.
Aym aga¢ Orneklerinden 800-1200 m yiikselti
basamagina 20 adetinin 14 (% 70,0) adetinde mutlak

Aragtirma alanindan alinan aga¢ Ornekleri
tizerinde  Ozglirikliigii baglama yas1i  tespiti
yapilmigtir. Yapilan tespitler sonucunda Ornek

alanlarin bazilar1 i¢in Ozglriikligli baslama yasi
belirlenirken bazi 6rnek alanlarda ise 6zglriikliigiine
rastlanilmamistir(Cizelge 4).

Cizelge 5. Arastirma alanindan alinan aga¢ 6rnekleri tizerinde 6zgiiriikliigii baglama yagi tespiti sonucunda 6zgiiriikligi
baslama yas1 belirlenen ve 6z¢iiriikliigline rastlanilmayan 6rnek alanlarin dagilima.

isletme Yiikselti Ornek Ozgiiriikliigiine Ozgiirl'ik'liigii ba§lama )
T et alan rastlanilmayan yasi belirlenen 6rnek Yiizde
Miidiirliikleri basamaklari N
aayisi ornek noktalar noktalar
Sino 0-800 m 78 43 55,1
P 800-1200 m 20 10 50,0
Cizelge 5 incelendiginde Sinop Isletme 50,0) adetinde  Ozgiiriikliigii  baslama  yast
Mudirliigli  sinirlart  igerisine  giren  O0rnek  belirlenmistir.

noktalardan alman aga¢ Orneklerinin 0-800 m
yiikselti basamagina giren 78 adetinin 35 (% 44.9)
adetinde Ozgiiriikligiine rastlanilmaz iken 43 (%
55,1) adetinde  Ozglirikliigi  baslama  yasi
belirlenmistir. Ayn1 aga¢ 6rneklerinden 800-1200 m
yiikselti basamagma 20 adetinin 10 (% 50,0)
adetinde Ozgiiriikligiine rastlanilmaz iken 10 (%

Arastirma alaninin tamamindaki 6rnek alanlardan
alinan odun ornekleri tlizerinde gévde analizi sonucu
mutlak idare siiresi ve Ozgiiriikkliigi baslama yasi
tespiti yapilmigtir. 0-800 m ve 800-1000 m yiikselti
basamaklari i¢in ortalama idare siireleri ve
Ozgiiriikliigii baglama yaslar belirlenmistir.

Cizelge 6. Arastirma alanindan alinan odun ve gdvde analizi 6rneklerinin ortalama idare siireleri ve ozgiirikligii

baslama yaslari.

Isletme Yiikselti Ornek alan Ortalama mutlak ~ Ortalama 6z¢irikligi
e . . Fark
miidirliikleri basamaklari say1s1 idare siiresi baslama yas1
Sinop 0-800 m 78 87 60 27
800-1200 m 20 90 87 3
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Cizelge 6 incelendiginde Sinop Orman Isletme
Midirliigii sinirlart  igerisine giren tiim o6rnek
noktalardan 0-800 m. yiikselti basamagina girenlerin
ortalama mutlak idare siiresi 87 yas ve ortalama
Ozgliriikliigii basglama yas1 60 yas, 800-1000 m.
yiikselti basamagina girenlerin ortalama mutlak
idare siiresi 90 yas ve ortalama 6zciiriikliigii baslama
yast 87 yas olarak belirlenmistir.

3.7. Bonitet endeks ve simiflarinin
belirlenmesine iliskin bulgularin
tartisilmasi

Arastirma alaninin igerisinde bulunan 98 adet
omek alanin % 14,3’ @ (14 adeti) 1. verimlilik
sinifinda, % 23,5’ 1 (23 adeti) II. verimlilik sinifinda,
% 30,3’ 1i (30 adeti) III. verimlilik sinifinda, % 24,6’
s1 IV. verimlilik smifinda ve % 7,3° i V. verimlilik
sinifinda bulunmaktadir. Ornek alanlarin % 68,1
yani 67 adeti en iyi, iyi ve orta verimlilik siniflarinda
bulunaktadir. Bu bulgular arastirma konusu olan
dogu kayini mescerelerinin verimliliklerinin kabul
edilebilir derecede oldugunu gostermektedir. Bu
mescerelerin yetisme ortami kosullarinin iyi oldugu
kabul edilebilir.

4. Sonug¢ ve Oneriler

Arastirma konusu olan Dogu kaymi ormanlarinin
yiikseltiye gore dagilimi incelendiginde, yiikselti 2
gruba ayrilmistir. ilki 0-800 m arasindaki mescereler
ve ikincisi ise 800-1000 m arasindaki mescerelerdir.

Sinop orman isletme midirligi 0-800 m
basamagindaki alanlar i¢in ortalama mutlak idare
siiresi 87 ve ortalama Ozgiiriikliigii baslama yas1 60
olarak,800-1000 m basamagindaki alanlar igin
ortalama mutlak idare siiresi 90 ve ortalama
Ozciiriikliigii baslama yas1 87 olarak bulunmustur.

1. Yapilan govde analizleri ile mevcut yada yeni
kurulacak ormanlarin mutlak idare siireleri
hakkinda bilgi verilebilecek ve orman igletme
miidiirliikleri piyasa ihtiyaclarina dikkate alarak
kesim yasini kendileri belirleyebilecektir.

2. Yapilan Ozclriikligli baslama yasi tespitleri
sonucunda mevcut dogu kaymi ormanlarinda
Ozgliriikliigii ortalama baglama yas1 belirlenerek
orman isletme miidiirliikleri iiriin degerinin
kaybolmasini 6nlemek maksadiyla 6zglrikligi
agaca fazla deger kaybina ugratmadan kesimi
yapilabilecektir.

3. Dogal yayilis alanlar1 disinda (800 m’nin
altindaki mescereler) kalan dogu kayini
ormanlarinin  verimlilik degerlerinin  diisiik
oldugu, mutlak idare siirelerinin kisa oldugu ve

Ozglirtikligii baslama yasmmin daha kiigiik
yaslarda basladigr sonuclarina varilmistir. Bu
sonuglar dogrultusunda bu mescerelerde dogu
kayin1 ile bagka tiir agaglarla karisim
yapilabilir, egimin ¢ok yliksek oldugu yerlerde
koruma ormami olarak saklanabilir veya
yerlesim yerlerine yakin olanlar rekreasyon
amagh olarak isletilebilir.

4. Arasgtirma alanindaki mescereler igin idare
stiresi olarak patolojik idare siiresi yani
Ozciirtikliigiiniin basladig1 yas alinmalidir.

5. Asli aga¢ tlrlerimizin gelisim ile yetisme
ortami etmenleri arasindaki iligkilerin ortaya

konulmasi, iilke ormanciligimizin  temel
calismalari  olup bu g¢aligmalar1  heniiz
yapilmayan aga¢ tiirlerinde bir an Once

yapilmali, yoresel ve bolgesel olarak agag
tiirlerinin ~ gelisimini  etkileyen  ozellikler
belirlenmeli,  yetisme  ortamu  etmenleri
yardimiyla gercek verim giiclerini gosteren
yetisme ortami verimliligi (bonitet) haritalari
hazirlanmalidir. Bu tip haritalar ormancilik
uygulamalarina yon verecek sekilde her yore ve
bolge i¢in ayri ayri diizenlenmelidir. Ortamin
verim giiclinli yetisme ortam1 etmenleriyle
belirlemek 6zellikle bos arazilerin verimlilik
siniflarimin belirlenmesinde yardimci olacak ve
bu sahalarin agaglandirilmasindaki yatirimlarin
planlanmasi kolaylasacaktir.

Tesekkiir

Bu ¢alisma TUBITAK TOVAG 1070752 kod
nolu proje tarafindan desteklenmistir. Katkilarindan
dolay1 tesekkiir ederiz.
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