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Bursa, Karacabey subasar orman kizilaga¢ mescerelerinde yillik dokiim
miktari ve bu yolla ekosisteme giren karbon ve besin maddesi

Tem

el Sariyildhz®”

Ozet: Bu galismanin temel amaci, Bursa Karacabey subasar ormanlarinda, iki farkli ortamdaki (sulak ve karasal) dogal kizilagag
(Alnus glutinosa L.) Kzc3 (d1,3=20-35,9 cm) ve Kzd3 (d1,3=36,0-51,9 cm) mescere gelisim ¢aglarinda, agag bilesenlerinin (yaprak,
dal, tohum ve diger) yillik dokiim miktar1 ve dokiim ile 6lii Grtiiye ulagan karbon ve makro (N, P, K, Ca, Mg ve S) ve mikro (Fe,
Mn, Na, Cu, Zn, CI, Ni ve Co) besin elementi miktarini belirlemektir. Calisma 2021, 2022 ve 2023 yillarinda yiiriitiilmiistiir.
Bulgulara gore, yillik ortalama dokiim miktari, sulak ortamdaki Kzc3 i¢in hektarda 10407 kg, Kzd3 i¢in 7678 kg iken, karasal
ortamdaki Kzc3 ve Kzd3 i¢in bu degerler daha diisiik olup sirastyla 8157 ve 5907 kg olarak tespit edilmistir. Toplam dokiintiiye,
yaprak miktarinin katki orani, sulak ortamdaki Kzc3 ve Kzd3 mescerelerinde sirasiyla %45 ve %47 iken, bu oranlar karasal ortamda
%37 ve %41 olarak belirlenmistir. Dokiintii miktari mescere tipine gore farklilik géstermis ve genel olarak mescere yasi ve ortalama
capi arttikca dokiintii miktar1 azalmistir. Sulak ortamda, dokiintii ile ekosisteme giren yillik ortalama karbon ve diger makro ve
mikro besin maddesi miktarlari, genel olarak karasal ortamdan daha yiiksek bulunmustur. Ornegin, sulak ortamda Kzc3 igin C, N,
P, K, Ca, Mg ve S girdileri sirastyla 4154; 130; 15; 48; 244; 48 ve 24 kg/ha/yil olarak hesaplanirken, karasal ortamda bu degerler
sirastyla 3051; 104; 27; 49; 202; 38 ve 32 kg/ha/yil olarak hesaplanmistir. Calisma ile kizilagag mescerelerinin dokiintii tiretimi ve
besin maddesi girisinin sulak ve karasal ortam ile mescere gelisim ¢aglarina gore farklilik gésterdigi ortaya konulmustur.
Anahtar kelimeler: Alnus glutinosa, Karacabey subasar ormanlar1, Dokiintii miktari, Karbon ve besin maddesi stoku

Annual litterfall and carbon and nutrient inputs into alder stands in Bursa,
Karacabey forested wetlands

Abstract: Annual litterfall and the amount of carbon and macro (N, P, K, Ca, Mg and S) and micro nutrients (Fe, Mn, Na, Cu, Zn,
Cl, Ni and Co) reaching into the forest floor by litterfall were determined in Kzc3 (d1,3=20-35,9 cm) and Kzd3 (d1,3=36,0-51,9 cm
stand development stages of natural alder stands (Alnus glutinosa L.) growing at two different sites (floodplain and terrestrial) in
Bursa Karacabey forested wetlands. The study covers the years of 2021, 2022 and 2023. Results showed that annual litterfall in the
floodplain site was 10407 kg/ha for the Kzc3 and 7678 kg/ha for the Kzd3 stands, while, it was 8157 and 5907 kg/halyear in the
terrestrial site respectively. The foliage contribution to the total litterfall was 45% for the Kzd3 and 47% for the Kzd3 in the
floodplain site, while it was 37 and 41% in the terrestrial sites respectively. The litterfall varied with the stand type, and it increased
with the diameter and age of the stands. The annual carbon and macro- and micro-nutrients inputs into the forest floor litter through
by the litterfall in the floodplain site were generally higher than in the terrestrial site. For example, annual C, N, P, K, Ca, Mg and
S inputs into the floodplain sites were 4154; 130; 15; 48; 244; 48 and 24 kg/ha/yr respectively, while they were 3051; 104; 27; 49;
202; 38 and 32 kg/ha in the terrestrial sites, respectively. This study indicates that litterfall production and nutrient inputs into the
alder stands significantly vary with water condition and stand development stages in the forested wetland ecosystems.

Keywords: Alnus glutinosa, Karacabey forested wetlands, Litterfall, Carbon and nutrient stocks

1. Giris

Sulak alanlara, Antartika harig, tropik alanlardan tundra
alanlarina kadar farkli iklim 6zelliklerine sahip bolgelerde
rastlanmaktadir (Hu vd., 2017). Yeryiizii karasal alanlarinin
yaklasik %6’s1 (ortalama 800 milyon hektar) kaplayan sulak
alanlarin, %60’ mm  subasar ormanlardan  olustugu
bildirilmistir (Matthews ve Fung, 1987). Karasal alanlarin
kiigiik bir kismini olugturmalarma ragmen, bolgesinde ve
kiiresel 6lgekte oynadigi rol, bulundugu alandan ¢ok daha
onemlidir. Ornegin, sulak alanlar karasal toprak organik

azaltilmasinda 6nemli rol oynamaktadir (Xia vd., 2022;
Lausch vd., 2019).

Yeryiiziiniin en iiretken ekosistemleri arasinda yer alan
subasar ormanlar, bulundugu bolgede organik maddenin ve
besin elementlerinin kaynagi, stoku ve ayni zamanda su
akistyla Dbitisik ekosistemlere transferini saglayabilen
ekosistem hizmetleri sunabilmektedir (Tesfay vd., 2020).
Karasal orman ekosistemlerinde oldugu gibi, subasar
ormanlarda da dokiintii, agag bilesenlerindeki (yaprak, dal,
tohum, kabuk ve diger kisimlari) organik maddenin, ayrisma
ve ardindan besin elementlerinin saliverilmesiyle topraga

karbonun  %20-30’unun stoku olup, kiiresel iklim kazandirilmasin1 saglayan Onemli bir biyolojik siiregtir
degisikligiyle miicadelede ve atmosferdeki COz’nun (Rogers, 2002; Dawoe vd., 2010; Kim vd., 2010; Demessie
5
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vd., 2012). Dokiintii, enerji ve besin transferinde ve toprak
verimliliginin korunmasinda 6nemli bir rol {istlenmektedir
(Lindsay ve French, 2005; Sayer ve Tanner, 2010). Ayrica,
dokiintii, orman yiizeyindeki o©lii Ortintin miktar1 ve
gelisiminde de (ayrismasi veya birikmesinde) aktif rol
oynamaktadir (Giweta, 2020).

Toprak yiizeyinde, dokiintiiden beslenen 6lii 6rtii, besin
elementleri i¢in gegici bir havuz gorevi géormektedir (Gautam
ve Mandal, 2018). Orman ekosistemlerinde 6lii 6rtiintin en
o6nemli kaynagimi dokiim olusturdugundan ve ozellikle 6lii
ortiiniin miktarmi1 ve kimyasal Kkalitesini etkilediginden,
orman ekosisteminde meydana gelen biyojeokimyasal
olaylarin 6nemli bilesenlerinden sayilmaktadir (Pitman vd.,
2010). Orman ekosistemlerinde besin elementlerinin
biyojeokimyasal dongiisiinde, dokiinti, besin havuzlari
iginde tiglincii sirada yer almaktadir (Nordén, 1994; Barlow
vd., 2007; Oziegbe vd., 2011). Boylelikle, dokiintii, orman
ekosisteminde, aga¢ bilesenlerinin  besin  elementi
konsantrasyonlarini ve yillik tretimlerini de
etkileyebilmektedir (Flower-Ellis ve Olsson, 1978).

Dokiintti iiretimi ve etki eden faktorler, karasal orman
ekosistemlerinde ¢aligmalar yiiriiten aragtirmacilar tarafindan
orman ekosistemlerindeki biyokiitle verimliliginin bir
gostergesi ve Olciisii olarak yaygin sekilde g¢alisilmig ve
kullanilmustir (Tam vd., 1998; Celentano vd., 2011; Tonin
vd., 2017; Koray ve Tolunay, 2020; Kiracioglu vd., 2023).
Bununla beraber, subasar ormanlarin dokiim miktar1 ve bu
yolla ekosisteme kazandirilan karbon ve besin miktar1 ve
stoklar1 konusunda c¢aligmalarin olduk¢a sinirli oldugu
anlagilmaktadir (Muzika vd., 1987; Tabacchi ve Planty-
Tabacchi, 2003). Bilgimiz dahilinde, Tiirkiye subasar
ormanlarimda konu ile ilgili disbudak megcerelerinde
tarafimizdan gergeklestirilen bir g¢aligma disinda (yaym
degerlendirme asamasinda) baska bir calisma
bulunmamaktadir. Hidrolojinin, ozellikle dokiilme zamani
iizerinde (siddetli kuraklik sartlarinda doékiilme siirecini
baglatarak) bir rol oynadig1 bildirilmistir (Lake, 1995; Rood
vd., 2000). Ispanya subasar orman alanlarinda (kavak,
giirgen, digbudak ve sdgiit tiirlerinin baskin oldugu subasar
ormanlik  alanlarda), Gonzalez (2012) tarafindan
gerceklestirilen bir calismada, subasar ormanlarin yillik
toplam dokiintii miktarinin (ortalama 5630 kg/ha/yil)
Akdeniz ve Iberya nehirlerinin kiyilarinda yetisen
ormanlardan (ortalama 5510 kg/ha/yil) daha yiiksek oldugu
bildirilmigtir. Fakat caligmada, toplam dokiintii miktarina,
yapragi katki oranmin (%57), diinya geneli nehir kiyist

orman ekosistemleri i¢in bildirilen %70’den (Bray ve
Gorham, 1964; Meentemeyer vd., 1982) daha diisiik oldugu
tespit edilmistir.

Burada sunulan c¢alismanin amaci, Karacabey subasar
ormanlarinda, iki farkli gelisim ¢ag1 (¢ ve d mescereleri) ve
iki farkli ortamdaki (sulak ve karasal) dogal kizilagag (Alnus
glutinosa L.) mescerelerinin, agag¢ bilesenlerinin (yaprak,
dal, tohum ve diger) yillik dokiim miktar1 ve dokiim ile
ekosisteme giren karbon ve makro (N, P, K, Ca, Mg ve S) ve
mikro (Fe, Mn, Na, Cu, Zn, CI, Ni ve Co) besin elementi
konsantrasyonlarini ve stoklarini ortaya koymaktir.

2. Materyal ve yontem
2.1. Calisma alaninin tanitimi

Calisma, Bursa Karacabey Subasar (Longoz) dogal
kizilagag megcerelerinde gerceklestirilmistir (40°23'38"-
40°21'43" Kuzey enlemleri ile 28°23'02"-28°5221"-
28°34'01" Dogu boylamlar1) (Sekil 1). Calisma alan1 konum
itibariyle kus ucusu Karacabey ilce merkezine 16 km,
Mudanya ilge merkezine 33 km, Bandirma ilge merkezine 43
km, Bursa il merkezine 51 km uzakliktadir. Karacabey iklimi,
Akdeniz ikliminin, az da olsa Karadeniz iklimine gecis
ozelligi gosteren seklidir. Yillik sicaklik ortalamasinin 13,2
°C oldugu bdlgede, en yiiksek sicaklik degeri agustos ay1 igin
38,5 °C, en diisiik sicaklik ise subat ay1 i¢in — 9,7 °C olarak
bildirilmigtir (Aygiin, 2021). Karacabey' in yillik yagis
miktari ortalama 562 mm’ dir.

Akay vd. (2017) tarafindan orman amenajman haritasi
kullanilarak  hazirlanmis  detayli arazi kullanim tipi
haritasinda, Karacabey Subasar ormanlarinin toplam alam
yaklastk 3800 ha olarak bildirilmigtir. Orman Genel
Midiirliigii’niin  alana ait e-mescere haritasinda, genis
yaprakli ormanlarin ¢ogunlugunu disbudak ve kizilagag saf
veya karigik mescereleri olusturmaktadir. Karacabey subasar
ormanlarin ylizey sekli kendi i¢inde tepelik bir arazi ylizeyi
olusturmasi yaninda denizden ve ¢evrede bulunan iki lagiin
goliinden (Dalyan ve Arapgiftligi lagiinleri) beslenen subasar
ormanlarinda, yilin ¢ogu aylarinda (9-10 ay) suyun toprak
ylizeyinde kaldig1 alanlar yaninda yilin sadece birkag ayinda
(2-3 ay) suyun toprak yiizeyinde kaldigi alanlar1 gérmek
mimkiindiir. Calismada, suyun toprak yilizeyinde uzun
donem kaldig: alanlar sulak ortam, kisa siire kaldig1 alanlar
ise karasal ortam olarak isimlendirilmistir.

Sekil 1. Karacabey subasar ormanlarinin konumu ve kizilagag ¢aligma sahasi sulak ve karasal ortam gorselleri
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Karacabey subasar ormanlarinda kizilaga¢ igin
birbirinden en az 200 m uzaklikta 3’er adet 20 m x 20 m (400
m?) genisliginde deneme alanlar1 hem sulak ortamda hem de
karasal ortamda Dbelirlenmigtir. Mescere gelisim ¢ag
smiflarida  dikkate alinarak yapilan tespitler sonunda
toplamda 12 deneme alaninda [3 deneme alani x 2 mescere
¢ag smifi (¢ x d) x 2 farklh ¢aligma alani (sulak ve karasal
alan) = 12 adet deneme alani] ¢caligma yapilmustir.

2.2. Mescere ozelliklerinin belirlenmesi

Deneme  alanlarindaki  tim  agaglarin  gogiis
yiiksekligindeki (di30 cm) caplart kumpas yardimiyla
Olciilmiis ve ilgili cizelgelere not edilmistir. Dijital boy dlger
yardimiyla agaglarim  ortalama boylar1  belirlenmistir.
Agagclarinin ortalama yasi, deneme alaninda secilen 3 farkl
agacta artim burgusu kullanilarak yapilmig ve olglimlerin
ortalamast olarak belirlenmistir. Calisma alan1 mescere
kapaliliginin ~ belirlenmesinde  mescere  haritasindan
yararlanilmis olup, arazide agaglarin toprak yiizeyini rtme
durumlari incelenerek ayrica teyit edilmistir.

2.3. Dékiintiiniin belirlenmesi ve analizi

Sulak ve karasal ortamda yetigen kizilaga¢ agaclarindan
dokiilen ve 6lii ortiiye katilan miktar, araziye yerlestirilen olii
ortli yakalama tuzaklar1 yardimiyla aylik/yillik olarak
orneklenmistir. Bu amagla, 1 m yiikseklikte, ¢itadan
yapilmig. 0,5x0,5=0.25m? alana sahip dokiintii yakalama
kapanlar1 kullanilmistir. Her bir deneme alanina, 5’er adet
kapan yerlestirilmistir. Deneme alanlarina yerlestirilen 6li
ortii kapanlarina diisen 6li kisimlarinin (yaprak, dal, tohum,
kabuk vb.) orneklenmesi 2021, 2022 ve 2023 yillarinda
yapilmistir.

Laboratuvara getirilen dokiintii 6rnekleri etiivlerde 65°C
sicaklikta sabit agirliga ulasincaya kadar kurutulmustur
(Anderson ve Ingram, 1993). Orneklerin yas ve kuru
agirliklart arasindaki farktan elde edilen nem degerleri
kullanilarak dokiilen 6lii ortii bilesenlerinin kuru agirhiklari
belirlenmis ve sonrasinda miktarlari hektarda kilogram veya
ton olarak hesaplanmistir (Makineci, 1999).

Sonrasinda, dokiintii 6rneklerinin bir kismi tiim bilesenler
dahil (yaprak, ince dal, tohum, kabuk) birlikte 6giitiilmiis
(karma ornek) ve kimyasal analize hazir hale getirilmistir.

Ogiitiilen o6rnekler, posetlere konularak analize kadar
buzdolabinda muhafaza altina alinmustir.

Birlikte o6giitiilen olii Ortiiniin icerdigi karbon, azot ve
diger makro ve mikro besin miktari i¢in analizleri yapilmstir.
Karbon ve azot miktar1 analizi, Eurovector EA3000-Single
CNH-S elementel analiz cihazinda, diger makro ve mikro
besin miktar1 Spectro markali Xepos II modeli olan XRF (X-
Isini Floresans Spektormetresi) yardimiyla tayin edilmistir.

2.4. Istatistiksel analiz

Calismada Ornekleme alanlarindan toplanan dokiintii
bilesenlerinin miktari, karbon ve besin maddesi, bu yolla 6lii
ortiiye giren karbon ve besin maddesi stoku bakimindan
mescere gelisim ¢aglari (¢ ve d) ve yetisme ortamu (sulak ve
karasal ortam) arasindaki farkliliklar ile dokiintii miktar
bakimindan &rnekleme yillari arasindaki farkliliklar tek
yonlii varyans analizi ile degerlendirilmistir. Varyans analizi
sonucunda anlamli farkliliklar bulunmasi durumunda,
ortalamalarin karsilastirilmas1 Duncan testi ile yapilmigtir.
Istatistik islemler SPSS istatistik paket programi (IBM SPSS
20.0) kullanilarak bilgisayar ortaminda yapilmistir.

3. Bulgular
3.1. Calisma alani mescere ozellikleri

Calisma alanindaki sulak ve karasal ortamda yetisen
kizilaga¢ ¢ ve d gelisim cagindaki mescerelerinin bazi
silvikiiltiirel 6zellikleri Cizelge 1’de verilmistir.

Sulak ortamda, O6rnekleme alanlarindaki kizilagag
agaclarinin ortalama yaslart ¢ ve d gelisim caglar1 igin
sirastyla 49 ile 57 yil, boylar1 26,8 m ile 29,7 metre ve ¢aplari
26,2 cm ile 46,2 cm arasinda belirlenirken, karasal ortamda,
ortalama yaslar1 43 ile 52 yil, boylar1 29,4 m ile 32,2 m ve
caplar1 24,2 cm ile 39,4 cm olarak belirlenmistir.

3.2. Dékiintii miktar

Calisma alanindaki sulak ve karasal ortamda yetisen
kizilagac ¢ ve d gelisim cagindaki mescereleri igin belirlenen
2021-2022 ve 2023 yillar1 ile bu yillara ait ortalama degerler
Cizelge 2’de verilmistir.

Cizelge 1. Karasal ve sulak ortamda, ¢ ve d ¢aginda kizilaga¢ deneme alanlarindaki 6rnek agaglarin ortalama ¢ap, boy, yas ve

kapalilik degerleri
Yetisme Ortami Mescere Tipi g::p i(csm S) ggyi(sms) g?glsl) Tepe Kapalilig
Sulak ortam Kzc3 26,2+ 1,56 26,8 +1,51 49 +3,12 Kapali ve Tam kapali
Kzd3 46,2 +2,67 29,7+ 1,07 57+1,21 3 (%71 - %100)
Karasal ortam Kzc3 24,2 £ 0,56 29,4 +2,11 43+1,12 Kapali ve Tam kapal1
Kzd3 394+1,17 32,2+247 52+333 3 (%71 - %100)
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Cizelge 2. 2021, 2022 ve 2023 yillar1 arasinda sulak ve karasal ortamda, ¢ ve d mescere gaglarinda kizilagagta yillik dokiinti

miktari (kg / ha)
Yetisme o Dékiilme Dokiintii yili ve miktart (kg /ha)
ortami Mescere tipi bilesenleri Ort+5.S.
2021 2022 2023 Ortalama
Yaprak 4314cA+501 5036cC+358 4543cAB+268 4631dB+249
Dal 1880cB+107 1974bB+100 1365aA+87 1740bB+99
Kzc3 Tohum 1254bC+64 628aB+78 436aA+56 773aB+78
Diger 1086cA+113 1492cC+150 1146cA+£117 1241cB+111
Sulak ortam Toplam 10555dB+627 11152cC+437 9513cA+423 10407dB+349
Yaprak 3351bA+375 3042bA+271 4365cC+312 3586cB+267
Dal 1660bA+66 1984hB+85 1956bB+94 1867bB+73
Kzd3 Tohum 1004bA+51 1146bA+29 1655cB+66 1268cA+33
Diger 1351dC+79 937bB+41 584bA+102 957bB+56
Toplam 7366bBA+441 7110bA+344 8560bC+389 7678bB+279
Yaprak 3203bB+384 2797bA+275 2979bA+217 2993bAB=168
Dal 1641baA+103 1536aA+132 1456aA+112 1544aA+97
Kzc3 Tohum 978bA£55 1375cB+66 1567cC+78 1307cB+87
Diger 307aBx111 277aA+£83 288aA+67 291aAB+67
Karasal Toplam 8129cA+509 8007bA+328 8313bB+435 8157cA+345
ortam Yaprak 2675aB+299 2231aA+214 2345aA+245 2417aAB+187
Dal 1590aA+77 1431aA+61 1894bB+69 1638aAB+83
Kzd3 Tohum 697aA+31 1066bB+47 1133bB+55 965bB=+55
Diger 871bB+78 811bA+36 978cC+29 887bBCx46
Toplam 5833aB+399 5539aA+256 6350aC+379 5907aB+349

Siitunlardaki ayni kiigiik harfler, dokiintii bilesenlerinin mescere tipleri arasinda fark bulunmadigini (P>0,05), yataydaki ayni biiyiik harfler ise dokiim bilesenlerinin yillar

arasinda fark bulunmadigini (P>0,05) gostermektedir.

Calismada son 3 yila ait toplam dokiinti miktarinin
(yaprak, dal, tohum, kabuk ve diger kisimlara) ortalamasi
sulak ortamda ¢ ¢ag1 mescereleri i¢cin 10407 kg/ha, d ¢ag1
mescereleri i¢cin 7678 kg/ha iken, karasal ortamda bu degerler
daha diisiik olarak sirasiyla 8157 kg/ha ve 5907 kg/ha olarak
belirlenmistir. ~ Mescere  gelisim  ¢aglar1  birlikte
degerlendirildiginde, sulak ortamda yetisen kizilagag
mescerelerinde ortalama yillik dokiim miktart 9043 kg/ha
iken, karasal ortamda bu deger 7032 kg/ha olarak
hesaplanmustir.

Yillar arasinda bir degerlendirme yapildiginda, yillik
dokiinti miktarmmn yetisme ortamia (sulak ve karasal) ve
mescere  gelisim  ¢agina gore degisiklik  gosterdigi
belirlenmistir. Ornegin, karasal ortamda en yiiksek dokiintii
miktar1 her iki gelisim ¢agi iginde 2023 yilinda belirlenirken,
sulak ortamda Kzc3 megcerelerinde en yiiksek dokiim miktar:
2022 yili, Kzd3 mescerelerinde ise 2023 yili olmustur
(Cizelge 2).

3,0
25 —@— d ¢ag1 Sulak alan

2,0 —— c ¢agi Sulak alan

15

Toplam Dokiintii Miktari (t/ha)

1,0

05

Toplam dokiilme bilesenleri iginde yaprak dokiintiilerinin
orani sulak ortamdaki Kzc3 mescerelerinde %45 olup, bunu
%17 ile ince dal, %7 ile tohum ve %12 ile diger dokiintiiler
takip ederken, karasal ortamda ayni mescere tipinde
yapraklarin oran1 %37 olup, yapraklart %19 ile dal, %16
orani ile tohum ve %4 ile diger dokiintiiler takip etmistir.

Sulak ortamdaki Kzd3 mescerelerindeki yaprak dokiintii
orant ise % 47 olup, bunu %24 ince dal, % 17 tohum ve %12
diger dokiintiiler olustururken, karasal ortamda ayni mescere
tipinde yapraklarn oran1 %41 olup, bunu %28 dal, %16
tohum ve %15 diger dokiintiiler takip etmistir. Dokiinti
bilesenleri birlikte degerlendirildiginde, toplam dokiintii
miktar1 subat aylarinda en diigiik miktar1 gosterirken, ekim
ay1 en yiiksek degerlere ulagsmistir (Sekil 2).

Genel olarak, hem sulak hem de karasal ortamda yillik
yaprak ve toplam dokiintii miktarinin ¢ ¢agi mescerelerinde d
¢ag1 mescerelerine gore daha yiiksek miktar gosterdigi tespit
edilmistir (Sekil 2).

---0--- d ¢ag1 Karasal alan

- —=0- - c ¢ag1 Karasal alan

0,0

| I 1 v \ Vi VIl Vil IX X XI XI
Aylar

Sekil 2. Kizilagag toplam dokiintii miktarinin aylara gore degisimi
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3.3. Dokiintii makro ve mikro besin konsantrasyonu

Sulak ve karasal ortamda yetisen kizilagag ¢ ve d gelisim
cagindaki kizilaga¢c mescerelerindeki dokiintii bilesenlerinin
icerdigi karbon ve makro besin konsantrasyonu Cizelge 3,
mikro besin konsantrasyonu ise Cizelge 4’te verilmistir.

Genel olarak dokiintii bilesenlerinin tiimii birlikte
degerlendirildiginde, sulak ortamda yetisen kizilagag
dokiintiisiiniin makro besin konsantrasyonu karasal ortama
gore daha diisiik bulunmustur (Cizelge 3). Dokiintii karbon
yogunlugu ise iki ortam arasinda Onemli bir degisiklik
gostermemistir. Sulak ortamda, ¢ gelisim ¢ag1 mescerelerinin
dokiintiisiiniin ortalama N, Ca, Mg ve K konsantrasyonu, d
gelisim ¢agina gore daha yiiksek belirlenirken, karasal
ortamda, c¢ gelisim c¢ag1 mescerelerinin dokiintiisiiniin
ortalama Ca, P ve S konsantrasyonu d gelisim ¢agma goére

daha yiiksek belirlenmistir (Cizelge 3). Bununla beraber,
dokiintii bilesenlerinin makro besin konsantrasyonlarinin
genel olarak ¢ gelisim c¢agi mescerelerinde daha yiiksek
oldugu goriilmiistiir (Cizelge 3).

Mikro besin elementlerinden Fe ve Mn haricindeki diger
mikro besin elementleri, makro besin elementlerine tezat, en
yiiksek konsantrasyonlari ¢ogunlukla sulak ortamdaki
dokiintiide gostermistir (Cizelge 4). Bununla beraber, sulak
ortamda mikro besin elementleri konsantrasyonu (Na ve Cl
hari¢) genel olarak c¢ gelisim ¢agi mescerelerindeki
dokiintiide, d gelisim cagindaki mescerelere gore daha
yiiksek konsantrasyon gostermistir (Cizelge 4). Karasal
ortamda ise tezat olarak, (Cu, Zn ve Ni hari¢) d gelisim
cagindaki mescerelerde mikro besin konsantrasyonu daha
yiiksek olma egilimindedir.

Cizelge 3. Sulak ve karasal ortamda, ¢ ve d gelisim ¢agindaki kizilagag mescerelerinin dokiintii bilesenlerinin karbon ve makro
besin konsantrasyonu (%)

Yetisme

Dokiintii

Mescere tipi . . C N Ca Mg P K S
ortami bileseni
Yaprak 45,4 2,105 3,163 0,6885 0,1180 0,2874 0,2362
Dal 57,8 1,024 2,518 0,2065 0,2347 0,7463 0,2096
Kzc3 Tohum 51,2 0,678 2,363 0,5038 0,4037 1,1880 0,5269
Diger 52,4 0,736 2,883 0,6975 0,2055 0,9723 0,4049
Sulak ortam Ortalama 51,7 1,136 2,732 0,5241 0,2405 0,7985 0,3444
Yaprak 46,9 1,899 2,458 0,4326 0,4711 0,4015 0,6455
Dal 58,4 1,124 2,247 0,2547 0,1647 0,5641 0,1973
Kzd3 Tohum 51,8 0,547 2,133 0,4897 0,3468 0,7894 0,4311
Diger 52,7 0,815 2,648 0,5316 0,1687 0,8324 0,3544
Ortalama 52,5 1,096 2,372 0,4272 0,2878 0,6469 0,4071
Yaprak 46,6 2,310 3,345 0,7869 0,5311 0,3654 0,5224
Dal 53,2 1,242 3,015 0,3154 0,29781 0,9457 0,4125
Kzc3 Tohum 52,1 0,945 3,594 0,6104 0,4302 1,5130 0,6702
Diger 52,9 1,102 2,938 0,5807 0,2094 1,2870 0,4279
Karasal Ortalama 51,2 1,400 3,223 0,5734 0,3671 1,0278 0,5083
ortam Yaprak 48,5 2,150 3,268 0,9546 0,4239 0,8835 0,6425
Dal 55,2 1,387 2,737 0,4215 0,2973 0,8760 0,3365
Kzd3 Tohum 52,8 0,987 3,277 0,5477 0,4122 1,3442 0,5883
Diger 53,4 1,124 2,470 0,5377 0,1876 1,0773 0,3843
Ortalama 52,5 1,412 2,938 0,6154 0,3303 1,0453 0,4879

Cizelge 4. Sulak ve karasal ortamda, ¢ ve d gelisim ¢agindaki kizilaga¢c mescerelerinin dokiintii bilesenlerinin mikro besin

konsantrasyonu (ppm)

Yetisme Me§c.ere D f’kumy Fe Mn Na Cu Zn Cl Ni Co

ortami tipi bileseni

Yaprak 2790 205 3310 15,7 48,5 1273 17,1 11,4

Dal 458 487 2100 21,5 98,5 367 13,7 10,6

Kzc3 Tohum 1214 98 7896 34,0 34,0 2243 21,0 13,0

Diger 1076 142 11234 27,0 52,0 3217 32,0 8,9

Sulak Ortalama 1385 233 6135 24,6 58,3 1775 21,0 11,0

ortam Yaprak 2310 110 8550 17,9 31,3 8220 94 9,4

Dal 971 210 4680 19,8 41,6 532 71 5,6

Kzd3 Tohum 654 78 10453 21,0 42,0 1622 11,0 7,0

Diger 1254 66 9876 17,0 23,0 1987 22,0 33

Ortalama 1297 116 8390 18,9 34,5 3090 124 6,3

Yaprak 3130 260 2460 9,7 23,7 1206 75 10,9

Dal 537 568 1210 145 254 265 2,2 2,0

Kzc3 Tohum 2123 132 2456 23,0 45,0 987 25,0 10,4

Diger 1876 176 3217 32,0 55,0 1237 21,0 79

Karasal Ortalama 1917 284 2336 19,8 37,3 924 13,9 78

ortam Yaprak 5380 458 2660 71 20,0 1245 4,6 78

Dal 648 746 1550 12,5 48,8 355 2,6 13,3

Kzd3 Tohum 1421 103 2345 17,0 33,0 1256 16,0 75

Diger 1973 155 2973 19,0 21,0 1533 18,0 52

Ortalama 2356 366 2382 13,9 30,7 1097 10,3 8,5
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3.4. Dékiintii makro ve mikro besin stoku

Sulak ve karasal ortamda yetisen kizilagag ¢ ve d gelisim
cagindaki mescerelerindeki dokiintiiniin i¢erdigi makro besin
stoku Cizelge 5, mikro besin stoku ise Cizelge 6’da
verilmigtir.

Sulak ortamdaki kizilaga¢ mescerelerinin dokiintii karbon
ve makro besin stoku genel olarak karasal ortama gore daha
yiiksek bulunmustur (Cizelge 5). Her iki yetisme ortaminda
da c gelisim ¢agi mescerelerindeki makro besin stoku
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degerlerinin ¢ogunlugu d gelisim ¢agi mescerelerine gore
daha yiiksek belirlenmistir.

Sulak ortamdaki dokiintii mikro besin elementi stoku (Fe
ve Mn harig) karasal ortamdakinden daha yiiksek deger
gostermistir (Cizelge 6). Makro besin elementi stokunda
oldugu gibi, her iki yetigme ortaminda da c gelisim ¢agi
mescerelerindeki mikro besin stoku degerlerinin ¢ogunlugu d
gelisim ¢ag1 mescerelerine gore daha yiiksek belirlenmistir
(Cizelge 6).

Cizelge 5. Sulak ve karasal ortamda, ¢ ve d gelisim ¢agindaki kizilagag¢ mescerelerinin dokiintii karbon ve makro besin stoku

(kg/ha)
YEUSMe  \fegcere tipi [l:ﬁl;;‘:ﬁ c N Ca Mg P K s
Yaprak 2102d 97,5¢ 146,5¢ 31,9¢c 5,46a 13,3b 10,9a
Dal 1006b 17,8a 43,8a 3,6a 4,08b 13,0b 3,65a
Kzc3 Tohum 396a 5,2a 18,3a 3,9a 3,12a 9,18a 4,07a
Diger 650c 9,1b 35,8¢c 8,7c 2,55¢ 12,1c 5,03c
Toplam 4154b 129,7c 244,3c 48,0c 15,2a 47,5b 23,7a
Sulak ortam
Yaprak 1682c 68,1b 88,1a 15,5a 16,9¢ 14,4b 23,1c
Dal 1090b 21,0b 41,9a 4,8b 3,07a 10,5a 3,68a
Kzd3 Tohum 657c 6,9a 27,1b 6,2b 4,40a 10,0a 5,47b
Diger 505b 7,8b 25,4b 5,1b 1,62b 7,97b 3,39
Toplam 3933b 103,8b 182,5a 31,6a 26,0c 42,9a 35,7c
Yaprak 1395b 69,1b 100,1b 23,6b 15,9¢c 10,9a 15,6b
Dal 822a 19,2ab 46,6b 4,9b 4,60b 14,6b 6,37b
Kzc3 Tohum 681c 12,3b 47,0d 8,0a 5,62¢ 19,8¢ 8,76¢
Diger 15a4 3,2a 8,5a 1,7a 0,61a 3,74a 1,24a
Karasal Toplam 3051a 103,9b 202,2b 38,1b 26,7c 49,1b 32,0b
ortam Yaprak 1172a 52,0a 79,0a 23,1b 10,3b 21,4¢c 15,5b
Dal 904a 22,7b 44,8ab 6,9¢ 4,87b 14,4b 5,51b
Kzd3 Tohum 510b 9,5b 31,6¢c 5,3b 3,98a 13,0b 5,68b
Diger 473b 10,0b 21,9b 4,8b 1,66b 9,55b 3,41b
Toplam 3060a 94,2a 177 4a 40,0b 20,8b 58,2¢c 30,1b

Siitunlardaki aym kiigiik harfler, dokiintii bilesenlerinin megcere tipleri arasinda fark bulunmadigim (P>0,05) géstermektedir.

Cizelge 6. Sulak ve karasal ortamda, ¢ ve d gelisim ¢agindaki kizilagag mescerelerinin dokiintii mikro besin stoku (kg/ha)

Yetisme Mescere

Daokiintii

> . . Fe Mn Na Cu Zn Cl Ni Co
ortami tipi bileseni

Yaprak 8,27ab 0,608b 9,81b 0,047b 0,144c 3,77a 0,051d 0,034b
Dal 0,80a 0,847b 3,65b 0,037b 0,171b 0,64a 0,024c 0,018b
Kzc3 Tohum 1,75¢ 0,141b 11,4b 0,049c 0,049b 3,23c 0,030b 0,019b
Diger 2,41b 0,318d 25,2d 0,061c 0,117d 7,21c 0,072c 0,020c
Sulak Toplam 13,2b 1,914b 50,0c 0,193c 0,481c 14,9b 0,176¢ 0,091c
ortam Yaprak 7,51a 0,358a 27,8¢c 0,058b 0,102b 26,7b 0,031c 0,031b
Dal 1,81c 0,392a 8,74c 0,037b 0,078a 0,99b 0,013b 0,010a
Kzd3 Tohum 0,83a 0,099a 13,3b 0,027b 0,053b 2,06b 0,014a 0,009a
Diger 1,62a 0,085a 12,7c 0,022a 0,030b 2,56b 0,028b 0,004a
Toplam 11,8a 0,934a 62,6d 0,144b 0,262b 32,4c 0,086b 0,054b
Yaprak 9,37b 0,778b 7,36a 0,029a 0,071b 3,61a 0,022b 0,033b
Dal 1,37b 1,445d 3,08ba 0,037b 0,065a 0,67a 0,006a 0,005a
Kzc3 Tohum 2,77d 0,172b 3,21a 0,030b 0,059b 1,29 0,033b 0,014b
Diger 2,42b 0,227c 4,15b 0,041b 0,071c 1,60a 0,027b 0,010b
Karasal Toplam 15,9¢ 2,623c 17,8b 0,137b 0,265b 7,17a 0,088b 0,061a
ortam Yaprak 13,0c 1,107c 6,43a 0,017a 0,048a 3,0la 0,011a 0,019
Dal 1,06a 1,222¢ 2,54a 0,020a 0,080a 0,58a 0,004a 0,022b
Kzd3 Tohum 1,37b 0,099 2,26a 0,016a 0,032a 1,21a 0,015a 0,007a
Diger 1,75a 0,137b 2,64a 0,017a 0,019a 1,36a 0,016a 0,005a
Toplam 17,2c 2,566¢ 13,9a 0,071a 0,179a 6,16a 0,047a 0,052a

Siitunlardaki aym kiigiik harfler, dokiintii bilesenlerinin mescere tipleri arasinda fark bulunmadigini (P>0,05) gdstermektedir.
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4. Tartisma

Bursa, Karacabey Subasar ormanlarinda, iki farkli
gelisim ¢ag1 (c ve d mescereleri) ve iki farkli ortamdaki (sulak
ve karasal) dogal kizilaga¢ (Alnus glutinosa L.)
megcerelerinin dokiim miktari ve dokiim ile ekosisteme giren
karbon, makro ve mikro besin elementleri konsantrasyonu ve
stoklarin1 ortaya koymayi amaglayan g¢alisma sonuglarina
gore, yillik dokiim miktar1 sulak ortamda, karasal ortamdan
daha fazla gergeklestigi belirlenmistir. Hem sulak hem de
karasal ortamda, yillik d6kiim miktari, ¢ gelisim gagindaki
mescerelerde, d gelisim c¢agindaki mescerelere gore daha
fazladir.

Son ti¢ yillik ortalama sonuglara goére, sulak ortamdaki
Kzc3 mescerelerindeki dokiintii miktar1 10407 kg/ha/yil,
Kzd3 mescereleri i¢in 7678 kg/ha/yil bulunurken, karasal
ortamdaki Kzc3 ve Kzd3 c¢agi mescereleri i¢in bu degerler
daha diigiik olup sirasiyla 9043 ve 7032 kg/ha/yil olarak tespit
edilmistir.

Ayni calisma alaninda, ii¢ kapali digsbudak ¢ (Dsc3) ve d
(Dsd3) mescerelerinde gergeklestirdigimiz  ¢aligmadaki
sonuglarla (heniiz yayinlanmamis veri) karsilastirdigimizda,
kizilaga¢ mescerelerindeki dokiim miktarimin digbudak ile
benzer Ozellikler gosterdigi, yani sulak ortamdaki ve c
gelisim ¢ag1 mescerelerindeki dokiim miktarinin daha yiiksek
oldugu belirlenmistir. Bununla beraber, hem sulak hemde
karasal ortamdaki kizilaga¢ mescerelerindeki yillik dokiim
miktarlarinin, disbudak mescerelerinden daha yiiksek oldugu
tespit edilmistir.

Sulak ortamdaki Dsc3 mescerelerindeki dokiintii miktar:
(3 yil ortalamast) 8837 kg/ha/yil, Dsd3 mescereleri igin 6384
kg/ha/y1l bulunurken, karasal ortamdaki Dsc3 ve Dsd3 ¢agi
mescereleri i¢in bu degerler sirasiyla 6793 ve 4737 kg/ha/yil
olarak tespit edilmistir (heniiz yayinlanmamis veri).

Sulak ortamlarda yetisen agaglarin dokiintii miktarinin
karasal ortamlara gore daha yiiksek olduguna dair ¢aligmalar
literatiirde yer almaktadir. Ornegin, Shure ve Gottschalk
(1985) sulak ortamdaki yillik toplam dékiim miktarinin
hektarda 5750— 7000 kg arasinda degistigini, bu degerlerin
Bray ve Gorham (1964) tarafindan iliman ormanlar igin
bildirilen yillik ortalama degerden (5500 kg/ha) daha yiiksek
oldugunu bildirmistir. Toplam dokiintii i¢indeki yaprak
miktar1 bakimmdan Shure ve Gottschalk (1985), Bray ve
Gorham  (1964) tarafindan yapilan  c¢alismalar
kargilagtirildiginda, sulak ortamda dokiilen yillik yaprak
miktarinin 4200 ile 5400 kg/ha arasinda degistigi, 1liman
ormanlarda dokiilen y1llik yaprak miktari ise cok daha diisiik
miktarda oldugu (3600 kg/ha) anlasiimaktadir.

Shure ve Gottschalk (1985) ayni ¢alismasinda disbudakta
(Fraxinus pennsylvanica) yillik dokiilen yaprak miktarini
nehirden uzaklastikga Once arttigini sonrasinda hizlica
azaldigmi (nehir yakiminda ortalama 1835 kg/ha, 30 m
uzaklikta 2890 kg/ha, 60 m uzaklikta 1345 kg/ha ve yiiksek
alanda 200 kg/ha) belirlemistir.  Alliiviyal yagmur
ormanlarinda meydana gelen mevsimsel sel ortaminda, yillik
dokiintii miktarinin hektarda 4980 kg ile 10400 kg arasinda
degistigi Camargo vd. (2015) tarafindan rapor edilmistir. Sel
olayinin yasandigi mevsime bagli olarak dokiintii miktarinin
daha fazla oldugu ¢aligmada ifade edilmistir.

Sulak  alanda yapilan ¢alisma  sonuglart ile
kargilagtirdigimizda, hem kizilagag hem de disbudak igin
toplam dokiintii miktarina ait bulgularimizin, Shure ve
Gottschalk (1985) tarafindan bildirilen dokiintii degerleri
(5750— 7000 kg/ha/yil arasinda) ile Camargo vd. (2015)

tarafindan alliiviyal yagmur ormanlari i¢in bildirilen dokiintii
degerleri (4980— 10400 kg/ha/y1ll arasinda) oldugu
bulunmustur.

Sulak alanlarda, su baskinlarmin sikligt ve siiresi,
bitkilerde fizyolojik bir fayda m1 yoksa stres mi yarattigina
baglh olarak, ilksel tiretimi (6rnegin yaprak, siirgiin, tohum,
ince kok, ¢ap) artirabildigi veya azaltabildigi rapor edilmistir
(Venterink vd., 2002; Torres vd., 2018). Genis subasar
ortamlarda ve delta alanlarindaki sulak alanlarin, yukari
havzalardan gelen ve besin elementlerince zengin olan
sedimentlere sahip olduklarindan, daha verimli olduklari
(Fennessy vd., 2019) ve toprak katyon degisiminin ana su
kaynagindan etkilendigi bildirilmistir (Infante-Mata vd.,
2011). Bu nedenle, sulak alan ekosistemlerini karakterize
etmek ve anlamak i¢in topragm kimyasal dzelliklerinin daha
detayli olarak analiz edilmesi yaninda, bu alanlardaki tagkin
rejiminin ve yeralti su kalitesinin izlenmesi gerekmektedir.

Karasal orman ekosistemlerinde, konu ile ilgili yapilan
calismalarda, aga¢ tiirliniin, yetistigi ortamin fizyografik,
edafik ve iklim 6zelliklerinin dokiintii miktarlarinda énemli
etkilerinin oldugu ifade edilmektedir. Bununla beraber,
caligmamizda oldugu gibi genel olarak sulak ortamlarda
agaclarin dokiintii miktarinin karasal ortamdan daha yiiksek
oldugu anlasilmaktadir. Ornegin, Avrupa’da 1liman kusaktaki
(35°— 55° N enlemleri) ibreli ve yaprakli ormanlarda yapilan
aragtirma sonuglarina gore; yillik yaprak dokiimii ibreli
ormanlarda ortalama 3470 kg/ha/yil (41 mesceredeki
Olciimler), yaprakli ormanlarda 4420 kg/ha/yil (34
mesceredeki Ol¢limler) olarak bulunmustur (Liu vd., 2004).
Meksika’da farkli yaprakl tiirlerdeki dokiimii 3 yi1l boyunca
arastiran Williams-Linera vd. (1996), iliman ve tropikal agag
tiirlerinin baskin oldugu orman ekosisteminde, y1llik toplam
dokiim miktarin1 8450 kg/ha/yil olarak tespit etmistir. Fagus
sylvatica (Avrupa kaymi) igin hektarda yillik dékunti
miktarmi Dimitrova vd. (2023) Bulgaristan i¢in 1683 ile 5373
kg arasinda, Yunanistan i¢in Kavvadias vd. (2001) 4000 kg
ve Ispanya icin Regina ve Tarazona (2000) 4682 kg olarak
bildirmistir. Hansen vd. (2009) tarafindan Danimarka’da
yapilan bir ¢alismada, kayin ve mesede yillik dokiintiiyi
sirastyla 3186, 3334, kg/ha/yil olarak tespit edilmistir.

Tiirkiye’de konu ile ilgili son yillara ait g¢aligmalar
incelendiginde, o6rnegin Kiracioglu vd. (2023), Fagus
orientalis (dogu kaymni) igin mescere gelistikge dokiintiiniin
arttigini ve yillik miktarin hektarda 3959 ile 5698 kg arasinda
degistigini bildirmistir. Sarginci vd. (2021) dogu kayininda
tiim dokiintii miktarin1 Diizce i¢in hektarda 5190 kg olarak
belirlemistir.

Caligmamizda kizilagag mescerelerinin toplam dokiintii
miktarina ait bulgularimiz genel olarak Tiirkiye’de karasal
ekosistemlerde genis yaprakli tiirler igin bildirilen yillik
ortalama degerler ile Avrupada iliman kusaktaki genis ve
igne yaprakli agag tiirleri i¢in bildirilen ortalama degerlerden
daha fazla, Williams-Linera vd. (1996) tarafindan iliman ve
tropikal agag tiirleri igin bildirilen degerlere yakin ve daha
fazla bulunmustur.

Sulak ve karasal ortamda, kizilagag mescerelerindeki
toplam dokiintii miktarina yaprak miktarim katkisi genel
olarak literatiirde bildirilen degerlerden (%60-75 arasinda)
(Barnes vd., 1998) daha diisiik bulunmustur. Sulak ortamda
yaprak kati oran1 %46 iken karasal ortamda bu deger %39
olarak hesaplanmigtir. Williams-Linera vd. (1996), iliman ve
tropikal agag tiirleri igin yaprak katkisimi %70 olarak
bildirirken, Camargo vd. (2015) mevsimsel sel olaylarmin
meydana geldigi ortamlarda yaprak katkisinin %56 oldugunu
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rapor etmigtir. Kiracioglu vd. (2023) Fagus orientalis
mescereleri i¢in, yaprak katkisini %73 olarak ifade ederken,
Regina ve Tarazona (2000) Fagus sylvatica mescereleri igin
bu degeri, yaprak i¢in %62 olarak bulmustur. Yaprak
miktarinin toplam dokiinti ic¢indeki oranmin ¢aligmalar
arasinda farklilik gostermesi, diger dokiintii bilesenlerindeki
farkliliklara da baglanmistir. Ornegin, Fagus sylvatica
mescerelerinde, bol tohum yilinda, yaprak katki orani %47
iken, bu deger normal sezonda %80’e kadar ¢ikmaktadir
(Jonczak, 2013).

Calismada, hem sulak hem de karasal ortamda, daha geng
olan c gelisim ¢ag1 kizilagag mescerelerindeki dokiim miktari
daha yaglt olan d gelisim ¢ag1 mescerelerine gore daha
yliksektir. Yani yas ilerledikge kizilagag mescerelerinin
dokiim miktarinda bir azalma meydana gelmektedir. Yasa
baghh olarak dokiim miktarindaki azalma tarafimizdan
disbudak mesgcereleri i¢in de tespit edilmistir. Yas ilerledikge
dokiim miktarinda azalma oldugunu ortaya koyan ¢aligmalar
oldugu kadar artis oldugunu bildiren c¢alismalar da
bulunmaktadir. Ornegin, Kiracioglu vd. (2023) Fagus
orientalis i¢in mescere gelisim ¢aglarina (b ¢ag1 44 yasinda,
C ¢ag1 67 yasinda ve d ¢ag1 90 yasinda) gore yillik dokiintii
miktarin1 hektarda sirasiyla 3959, 5183 ve 5696 kg olarak
artis yoniinde bildirirken, Cakir vd. (2019) karagam igin
mescere gelisim c¢aglarma (ab, b ve c¢) gore yillik dokiintii
miktarin1 hektarda sirasiyla 4814, 3578 ve 3882 kg olarak
azalma yoOniinde bulmustur. Ryan vd. (1997) yasa bagh
olarak agaclarda ve mescerede meydana gelen fizyolojik
degisiklikleri derledigi ¢alismada, yasa bagh degisiklikleri,
(1) mescere gelisimi ile fotosentezde meydana gelen
degisiklik (yaprak alaninin ve fotosentez kapasitesinin
azalmasi), (2) besin tedariginde degisiklik, (3) solunumda
degisiklik, (4) karbon dagiliminda degisiklik ve (5) hidrolojik
isleyiste degisiklik olarak detayli bir sekilde agiklamusgtir.
Smith ve Long (2001), yapisal degisikliklerin, 6zellikle de
kapaliligin ve buna baglh olarak yapraklarin kapalilik igindeki
dizilimindeki degisikliklerin (giines ve golge yapraklari gibi),
orman ekosistemindeki iiretiminin yasa bagl azalmasindan
sorumlu olabilecegini ifade etmistir. Sunulan ¢aligmamiz,
yasa bagli olarak dokiim miktarinin artma veya azalmasina
olast etkileri arastirmaya yonelik planlanmadig1 igin,
kizilagag mescerelerindeki yasa bagli olarak dokiim
miktarindaki azalmanin temel nedenini elde edilen bulgularla
aciklamak miimkiin olmamistir. Gelecekte yapilacak
caligmalarda, bu konunun detayli olarak arastirilmasina
ihtiya¢ duyulmaktadir.

Caligmada,  mescere  gelisim  ¢aglart  birlikte
degerlendirildiginde, sulak ortamda yetisen kizilagag
mescerelerinde yillik dokiim ile kazanilan hektardaki C
miktar1 4044 kg, N 117 kg, Ca 213 kg, Mg 40 kg, P 21 kg, K
45 kg ve S 30 kg iken, karasal ortamda bu deger sirasiyla
3055, 99, 190, 39, 24, 54 ve 31 kg olarak hesaplanmustir.
Ayni alandaki digsbudak i¢in bu degerler, sulak ortamda
sirastyla 3742, 99, 218, 44, 18, 75 ve 38 kg iken, karasal
ortamda sirastyla 2857, 83, 184, 33, 13, 58 ve 28 kg olarak
tespit edilmistir.

Kiracioglu vd. (2023) tarafindan dogu kayini
ormanlarinda gergeklestirilen ¢aligmada, toplam dokiilme ile
oli ortiiye giren C stogunun gelisim c¢aglart birlikte
degerlendirildiginde ortalama 2483 kg (b ¢caginda 1988 kg, ¢
caginda 2606 kg, d ¢aginda 2857 kg) olarak bildirilmisgtir.
Cakir ve Akburak (2017) Fagus orientalis mescereleri igin
dokiintii ile kazanilan yillik karbon miktarin1 hektarda
ortalama 2189 kg oldugunu bildirmistir. Jonczak (2013)

Fagus sylvatica mescereleri i¢in bu degerin yillara gore
hektarda 1322 ile 2611 kg arasinda degisiklik gosterdigini
rapor etmistir. Dimitrova ve Damyanova (2023), Fagus
sylvatica mescereleri igin dokiintii ile kayn ekosistemine
giren karbon miktarini daha diisiik olarak (764,6 ile 1274,4
kg/ha arasinda) bildirmistir. Kim vd. (2009) Giiney Kore’de
kizilaga¢ agaclandirmalarinda yaptiklart bir arastirmada 6li
ortii dokiilmesiyle topraga yilda yaklasik 2700 kg ha™ C girisi
oldugunu hesaplamiglardir. Cakir vd. (2019) karagam i¢in
dokiintii ile y1llik kazanilan karbon ve azot miktarini ortalama
olarak sirasiyla 1700 ve 59.1 kg/ha olarak bildirmistir. [rmak
ve Cepel (1968) yillik dokiim ile 6lii ortiiye katilan dokiintii
azot miktarini 26,5 kg/ha olarak bildirmistir.

Verilen Orneklerden anlasilacag: iizere, dokiim ile
ekosisteme giren besin stoku agac tiirli, mescere gelisim
caglari, caligmanin gergeklestigi ortamin iklim ve toprak
ozelliklerine gore Onemli degisklikler gostermektedir.
Bununla beraber, ¢ogu calisma sonuglarinda genel olarak
ortak sonug, yillik yagis miktarinin fazla oldugu ortam
sartlarinda, dokiintii ile orman ekosistemine giren karbon ve
besin stokunun daha yiiksek olma egiliminde oldugudur.
Ornegin, Park vd. (2020) Kore’de yillik yagisin 1299 mm ile
1883 mm arasinda degistigi farkli alanlardaki yaprakli ve
herdem yesil agag tiirlerinden olusan mescerede dokiim ile
ekosisteme kazandirilan miktarlar1 C i¢in 4000 ile 6000, N
icin 70 ile 140, P i¢in 4 ile 10, K i¢in 7 ile 14, Ca igin 35 ile
90 ve Mg icin 12 ile 28 kg/ha/yil arasinda degisiklik
gosterdigini bildirmistir.

Calismamizda, makro besin stokunda oldugu gibi, mikro
besin stoklarida (Fe ve Mn hari¢) yine sulak ortamdaki
dokiintiide daha yiiksek bulunmustur. Calismada, mescere
gelisim ¢aglar1 birlikte degerlendirildiginde, sulak ortamda
yetisen kizilaga¢ mescerelerinde yillik dokiim ile kazanilan
hektardaki Fe miktar1 12,5 kg, Mn 1,42 kg, Na 56,3 kg, Cu
0,169 kg, Zn 0,37 kg, ClI 23,7 kg, Ni 0,131 kg ve Co 0,073 kg
iken, karasal ortamda bu deger sirasiyla 16,6 kg, 2.59 kg, 15,9
kg, 0,104 kg, 0,22 kg, 6,7 kg, 0,068 kg ve 0,057 kg olarak
hesaplanmigtir. Bilgimiz dahilinde, su ana kadar yaptigimiz
literatiir taramalarinda, konu ile ilgili sulak ortamlar i¢in
ulusal ve uluslararasi ¢alismaya rastlanmadigindan,
bulgularimiz1 karsilastirma yapma imkan1 bulunamamustir.
Ayni alandaki digbudak igin bu degerler, sulak ortamda
sirastyla 20,0 kg, 1,05 kg, 105,4 kg, 0,481 kg, 0,70 kg, 29,4
kg, 0,297 kg ve 0.080 iken karasal ortamda sirastyla 18,4 kg,
0,98 kg, 20,8 kg, 0,095 kg, 0,23 kg, 17,3 kg, 0,107 kg ve
0.043 kg olarak belirlenmistir (heniiz yaymlanmamig veri).

5. Sonug¢

Sonug olarak, ihiman kusakta yer alan Bursa, Karacabey
Subasar ormanlarinda gergeklestirilen ¢alismada, dokiintii
miktarinda ve bu yolla ekosisteme kazandirilan karbon ve
besin maddesi miktarlarina yonelik ¢alisma sonuglarina gére,
literatiirde bildirilen agag tiirii, iklim ve toprak faktorlerine ek
olarak, sulak ortamlarin agaglarin dokiintii miktarini1 6nemli
derecede etkiledigi (¢aligmamizda arttirdigi), makro ve mikro
besin elementi konsantrasyonlarin1 degistirdigi ve bu
durumun ekosisteme giren karbon ve makro ve mikro besin
elementi miktarim1 ve stokunu onemli derecede etkiledigi
sonucuna varilmistir. Bu c¢alisma Tirkiye’den ilk defa
konusunda subasar orman ekosisteminde yetisen kizilagag
icin veri saglayan bir ¢alisma olmasi bakimindan Gnem
kazanmaktadir.



164

Turkish Journal of Forestry 2024, 25(2): 156-165

Aciklama

Bu galigma, TUBITAK 1001 projesi kapsaminda (Proje No
1210702) desteklenmistir.

Kaynaklar

Akay, A.E., Gencal, B., Tas, 1., 2017. Spatiotemporal change
detection using landsat imagery: The case study of Karacabey
flooded forest, Bursa, Turkey, ISPRS Annals of the
Photogrammetry, Remote Sensing and Spatial Information
Sciences, 4th International GeoAdvances Workshop, 14-15
October, Safranbolu, Karabuk, Turkey, pp. 31-35.

Anderson, J.M., Ingram, J.S.1., 1993. Tropical Soil Biology and
Fertlity: A Handbook for Methods (2nd edition). Wallingford,
Oxfordshire: CAB International.

Aygiin, D., 2021. Arazi kullanim degisikliginin Bursa, Karacabey
Longoz ormanlarinin toprak organik karbon ve toplam azot stok
oranlarina etkileri. Yiksek Lisans Tezi, Bursa Teknik
Universitesi, Fen Bilimleri Enstitiisii, Bursa.

Barlow, J., Gardner, T.A., Ferreira, L.V., Peres, C.A., 2007.
Litterfall and decomposition in primary, secondary and
plantation forests in the Brazilian Amazon. Forest Ecology and
Management, 247: 91-97.
https://doi.org/10.1016/j.foreco.2007.04.017

Barnes, B.V., Zak, D.R., Denton, S.R., Spurr, S.H., 1998. Forest
Ecology. 4 th ed. John Wiley and Sons, New York.

Bray, J.R., Gorham, E., 1964. Litter production in forests of the
world. Advances in Ecological Research, 2: 101-157.

Camargo, M., Giarrizzo, T., Jesus, A., 2015. Effect of seasonal
flooding cycle on litterfall production in alluvialrainforest on the
middle Xingu River (Amazon basin, Brazil). Brazilian Journal
of Biology, 75: 250-256. doi: 10.1590/1519-6984.00514BM

Celentano, D., Zahawi, R.A., Finegan, B., Ostertag, R., Cole, R.J.,
Holl, K.D., 2011. Litterfall dynamics under different tropical
forest restoration strategies in Costa Rica. Biotropica, 43: 279—
287. https://doi.org/10.1111/j.1744-7429.2010.00688.x

Cakir, M., Akburak, S., 2017. Litterfall and nutrients return to soil
in pure and mixed stands of oak and beech. Journal of the
Faculty of Forestry Istanbul University, 67(2): 178-
193.http://dx.doi.org/10.17099/jffiu.301602

Cakir, M., Akburak, S., Sarginci, M., 2019. Cankir1 bolgesi karagam
(Pinus nigra Arnold.) mescerelerinde 6lii ortii ayrigmasi ile
mikroeklembacaklilar ve mikrobiyal aktivitenin zamansal
degisimi ve topraga verilen besin maddeleri. TUBITAK Proje
Sonug Raporu, Proje Numarasi, 2150572, Ankara.

Dawoe, E.K., Isaac, M.E., Quashie-Sam, J., 2010. Litterfall and litter
nutrient dynamics under cocoa ecosystems in lowland humid
Ghana. Plant and Soil, 330: 55-64.
https://doi.org/10.1007/s11104-009-0173-0

Demessie, A., Singh, B.R., Lal, R., Strand, L.T., 2012. Leaf litterfall
and litter decomposition under Eucalyptus and coniferous
plantations in Gambo District, southern Ethiopia. Acta
Agriculture Scandinavica, Section B- Soil and Plant Science, 62:
467-476. https://doi.org/10.1080/09064710.2011.645497

Dimitrova, V., Damyanova, S., 2023. Chemical composition of
litterfall in beech (Fagus sylvatica L.) forests. Wseas
Transactions on Environment and Development, 19: 412-417.
https://doi.org/10.37394/232015.2023.19.38

Dimitrova, V., Dimitrov, D., Malchev, D., 2023. Litterfall in beech
forest (Fagus sylvatica L.). V. International Halich Congress on
Multidisciplinary Scientific Research, 15-16 January, Istanbul,
Tiirkiye, pp. 702-706.

Fennessy, M.S., Ibafiez, C., Calvo-Cubero, J., Sharpe, P., Rovira, A.,
Callaway, J., Caiola, N., 2019. Environmental controls on
carbon sequestration, sediment accretion, and elevation change
in the Ebro River Delta: Implications for wetland restoration.
Estuarine, Coastal and Shelf Science, 222: 32-42.

Flower-Ellis, J.G.K., Olsson, L., 1978. Litterfall in an age series of
scots pine stands and its variation by components during the
years 1973-1976. Swedish Coniferous Project, Technic Report,
15: 1-62.

Gautam, T.P., Mandal, T.N., 2018. Storage and flux of nutrients in
disturbed and undisturbed tropical moist forest of Eastern Nepal.
International Journal of Forerstry Research, 2018: 1-12.
https://doi.org/10.1155/2018/8516321

Giweta, M., 2020. Role of litter production and its decomposition,
and factors affecting the processes in a tropical forest ecosystem:
A review. Journal of Ecology and Environment, 44(11).
https://doi.org/10.1186/s41610-020-0151-2

Gonzalez, E., 2012. Seasonal patterns of litterfall in the floodplain
forest of a large Mediterranean river. Limnetica, 31(1): 173-186.
DOI: 10.23818/limn.31.16.

Hansen, K., Vesterdal, L., Schmidt, I.K., Gundersen, P., Sevel, L.,
Bastrup-Birk, A., Pedersen, L.B., Bille-Hansen, J., 2009.
Litterfall and nutrient return in five tree species in a common
garden experiment. Forest Ecology and Management, 257:
2133-2144.

Hu, S., Niu, Z., Chen, Y., Li, L., Zhang, H., 2017. Global wetlands:
Potential distribution, wetland loss, and status. Science of Total
Environment, 586: 319-327. doi:
10.1016/j.scitotenv.2017.02.001. Epub 2017 Feb 9. PMID:
28190574.

Infante-Mata, D., Moreno-Casasola, P., MaderoVega, C., Castillo-
Campos, G., Warner, B.G., 2011. Floristic composition and soil
characteristics of tropical freshwater forested wetlands of
Veracruz on the coastal plain of the Gulf of Mexico. Forest
Ecology and Management, 262: 1514-1531.

Irmak, A., Cepel, N., 1968. Belgrad Ormani’nda secilen birer kayn,
mese, karagam mesceresinde yillik yaprak dokiimiiniin miktar
ve bu yolla topraga verilen besin maddelerinin tespiti {izerine
aragtirmalar. Istanbul Universitesi Orman Fakiiltesi Dergisi,
A18(2): 53-76

Jonczak, J., 2013. Dynamics, structure and properties of plant
litterfall in a 120-year old beech stand in Middle Pomerania
between 2007-2010. Soil Science Annual, 64(1): 8-13.

Kavvadiasa, V.A., Alifragisa, D., Tsiontsisb, A., Brofasc, G.,
Stamatelosd, G., 2001. Litterfall, litter accumulation and litter
decomposition rates in four forest ecosystems in northern
Greece. Forest Ecology and Management, 144: 113-127.
https://doi.org/10.1016/S0378-1127(00)00365-0

Kim, C., Jeong, J., Cho, H.S., Son, Y., 2010. Carbon and nitrogen
status of litterfall, litter decomposition and soil in even-aged
larch, red pine, and rigitaeda pine plantations. Journal of Plant
Reserach, 123: 403-409. https://doi.org/10.1007/s10265-010-
0317-6

Kim, Y.S, Yi, MJ., Lee, Y.Y., Kobayashi, M., Son, Y., 2009.
Estimation of carbon storage, carbon inputs, and soil CO: efflux
of alder plantations on granite soil in central Korea: comparison
with japanese larch plantation, Landscape and Ecological
Engineering, 5: 157-166.

Kiracioglu, O., Giiner, S.T., Karatas, R., 2023. Marmara
Bolgesi’ndeki dogu kayini ormanlarinda gelisim ¢aglarina gore
dokilme miktarinin ve bu yolla 6li Ortilye giren karbon
stokunun belirlenmesi. Tirkiye Ormancilik Dergisi, 24(3): 213-
222. DOI: 10.18182/tjf.1318425

Koray, E.§., Tolunay, D., 2020. Tirkmen Dag karacam
mescerelerinde dokiim ile ekosisteme giren besin maddesi
miktarlari. Tiirkiye Ormancilik Dergisi, 21(3): 201-214.

Lake, P.S., 1995. Of floods and droughts: River and stream
ecosystems of Australia. In: River and Stream Ecosystems.
Ecosystems of the World, (Ed: Cushing, C.E., Cummins K. W.,
Minshall, G.W.), Elsevier, Amsterdam, The Netherlands, pp.
659-694.



Turkish Journal of Forestry 2024, 25(2): 156-165 165

Lausch, A., Baade, J., Bannehr, L., Borg, E., Bumberger, J.,
Chabrilliat, S., Dietrich, P., Gerighausen, H., Glisser, C.,
Hacker, J.M., Haase, D., Jagdhuber, T., Jany, S., Jung, A.,
Karnieli, A., Kraemer, R., Makki, M., Mielke, C., Moller, M.,
Mollenhauer, H., Montzka, C., Pause, M., Rogass, C.,
Rozenstein, O., Schmullius, C., Schrodt, F., Schron, M., Schulz,
K., Schiitze, C., Schweitzer, C., Selsam, P., Skidmore, A.K.,
Spengler, D., Thiel, C., Truckenbrodt, S.C., Vohland, M.,
Wagner, R., Weber, U., Werban, U., Wollschlager, U.,
Zacharias, S., Schaepman, M.E., 2019. Linking Remote Sensing
and Geodiversity and Their Traits Relevant to Biodiversity—
Part I: Soil Characteristics. Remote Sensing, 11(20): 2356.
https://doi.org/10.3390/rs11202356

Lindsay, E.A., French, K., 2005. Litterfall and nitrogen cycling
following invasion by Chrysanthemoides monilifera ssp.
rotundata in coastal Australia. Journal of Applied Ecolology, 42:
556-566. https://doi.org/10.1111/j.1365-2664.2005.01036.x

Liu, C., Westman, C.J., Berg, B., Kutsch, W., Wang, G.Z., Man, R.,
Ilvesniemi, H., 2004. Variation in litter climate relationships
between coniferous and broadleaf forests in Eurasia. Global
Ecology and Biogeography, 13: 105-114.

Makineci, E. 1999. Istanbul Universitesi Orman Fakiiltesi arastirma
ormanindaki baltaliklarin koruya doniistiiriilmesi islemlerinin
&lii ortii ve topraktaki degisime etkileri. Doktora Tezi, Istanbul
Universitesi, Fen Bilimleri Enstitiisii, {stanbul.

Matthews, E., Fung, I., 1987. Methane emissions from natural
wetlands:  Global distribution, area, and environmental
characteristics of sources. Global Biogeochemical Cycles, 1: 61-
86, doi:10.1029/GB001i001p00061.

Meentemeyer, V., Box, E.O. Thompson, R., 1982. World patterns
and amounts of terrestrial plant litter production. BioScience,
32:125-128.

Muzika, R.M., Gladden, J.B., Haddock, J.D., 1987. Structural and
functional aspects of succession in Southeastern floodplain
forests following a major disturbance. The American Midland
Naturalist, 117: 1-9.

Nordén, U., 1994. Leaf litterfall concentrations and fluxes of
elements in deciduous tree species. Scandinavian Journal of
Forest Research, 9: 9-16.
https://doi.org/10.1080/02827589409382807

Oziegbe, M.B., Muoghalu, J.I., Oke, S.O., 2011. Litterfall,
precipitation and nutrient fluxes in a secondary lowland rain
forest in lle-1fe, Nigeria. Acta Botanica Brasilica, 25: 664-671.
https://doi.org/10.1590/s0102-33062011000300020

Park, B.B., Rahman, A., Han, S.H., Youn, W.B., Hyun, H.J.,
Hernandez, J., An, J.Y., 2020. Carbon and nutrient inputs by
litterfall in evergreen and deciduous forests in Korea. Forests,
11(2), 143. https://doi.org/10.3390/f11020143

Pitman R., Bastrup-Birk A., Breda N., Rautio P., 2010. Part XIlII:
Sampling and Analysis of Litterfall. In: UNECE ICP Forests
Programme Co-ordinating Centre (ed.): Manual on methods and
criteria for harmonized sampling, assessment, monitoring and
analysis of the effects of air pollution on forests. Thiinen
Institute for Forests Ecosystems, Eberswalde, Germany, 14 p. +
Annex http://icp-forests.net/page/icp-forests-manual

Regina., I.S., Tarazona, T., 2000. Nutrient return to the soil through
litterfall and throughfall under beech and pine stands of sierra de
la Demanda, Spain. Arid Soil Research and Rehabilitation,
14(3): 239-252. http://dx.doi.org/10.1080/ 089030600406653

Rogers, H.M., 2002. Litterfall, decomposition and nutrient release in
a lowland tropical rain forest, Morobe Province, Papua New
Guinea. Journal of Tropical Ecology, 18: 449-456.
https://doi.org/10.1017/S0266467402002304

Rood, S.B., Patino, S., Coombs, K., Tyree, M.T., 2000. Branch
sacrifice: cavitation-associated drought adaptation of riparian
cottonwoods. Trees, 14: 248-257.

Ryan, M.G., Binkley, D., Fownes, J.H., 1997. Age-related decline in
forest productivity: Pattern and process. Advances in Ecological
Research, 27: 213-261.

Sarginci, M., Yildiz, O., Tolunay, D., Toprak, B., Temiir, $., 2021.
Leaf litter dynamics in Western Black Sea mountainous forest
ecosystems. Canadian Journal of Forest Research, 51(12): 1821-
1832. https://doi.org/10.1139/cjfr-2020-0489

Sayer, E.J, Tanner, E.V.J., 2010. Experimental investigation of the
importance of litterfall in lowland semi-evergreen tropical forest
nutrient cycling. Journal of Ecology, 98: 1052-1062.
https://doi.org/10.1111/j.1365-2745.2010.01680.x

Shure, D.J., Gottschalk, M.R., 1985. Litterfall patterns in a
floodplain forest. The American Midland Naturalist Journal,
114:98-111.

Smith, F.K., Long, J.N., 2001. Age-related decline in forest growth:
an emergent property. Forerst Ecology and Management, 144:
175-181.

Tabacchi, E., Planty-Tabacchi, A.M., 2003. Recent changes in
riparian vegetation: Possible consequences on dead wood
processing along rivers. River Research and Applications, 19:
251-263.

Tam, N.F.Y., Wong, Y.S., Lan, C.Y., Wang, L.N., 1998. Litter
production and decomposition in a subtropical mangrove swamp
receiving wastewater. Journal of Experimental Marine Biology
and Ecology, 226: 1-18. https://doi.org/10.1016/S0022-
0981(97)00233-5

Tesfay, F., Kibret, K., Gebrekirstos, A., Hadgu, K.M., 2020.
Litterfall production and associated carbon and nitrogen flux
along exclosure chronosequence at Kewet district, central
lowland of Ethiopia. Environmental Systems Research, 9, 11.
https://doi.org/10.1186/s40068-020-00172-7

Tonin, A.M., Gongalves, J.F., Bambi, P., Couceiro, S.R.M., Feitoza,
L.AM., Fontana, L.E., Hamada, N., Hepp, L.U., Lezan-
Kowalczuk, V.G., Leite, G.F.M., Lemes-Silva, A.L., Lisboa,
L.K., Loureiro, R.C., Martins, R.T., Medeiros, A.O., Morais,
P.B., Moretto, Y., Oliveria, P.C.A., Pereira, E.B., Ferreira, L.P.,
Pérez, J., Petrucio, M.M., Reis, D.F., Rezende, R.S., Roque, N.,
Santos, L.E.P., Siegloch, A.E., Tonello, G., Boyero, L., 2017.
Plant litter dynamics in the forest-stream interface: precipitation
is a major control across tropical biomes. Scientific Reports, 7:1-
14. https://doi.org/10.1038/s41598-017-10576-8

Torres, J.R., Barba, E., Choix, F.J., 2018. Mangrove productivity
and phenology in relation to hydroperiod and physical-
chemistry properties of water and sediment in Biosphere
Reserve, Centla wetland, Mexico. Tropical Conservation
Science, 11, 1-14.

Xia, S., Song, Z., Van Zwieten, L., Guo, L., Yu, C., Wang, W., Li,
Q., Hartley, I.P., Yang, Y., Liu, H., Wang, Y., Ran, X, Liu, C.,
Wang, H., 2022. Storage, patterns and influencing factors for
soil organic carbon in coastal wetlands of China. Global Change
Biology, 28, 6065-6085. DOI: 10.1111/gcb.16325

Venterink, H.O., Davidsson, T.E., Kiehl, K., Leonardson, L., 2002.
Impact of drying and rewetting on N, P and K dynamics in a
wetland soil. Plant and Soil, 243(1), 119-130.

Williams-Linera, G., Tolome, J., 1996. Litterfall, temperate and
Tropical dominant trees, and climate in a Mexican lower
montane forest. Biotropica, 28: 649—-656 DOI 10.2307/2389051.


https://doi.org/10.1038/s41598-017-10576-8

Turkish Journal of Forestry | Tiirkiye Ormancilik Dergisi

2008

ISPARTA
UYGULAMALI BILIMLER

UNIVERSITESI

Yiiksek hassasiyetli dendrometreler kullanilarak Cedrus libani, Juniperus excelsa

ve Pinus brutia’da radyal biiyiime ve aga¢ su aciginin degerlendirilmesi
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Ozet: Yiiksek hassasiyetli dendrometrelerin siirekli 6lgiimlerinden elde edilen veriler, radyal govde biiyiimesi ve aga¢ su iliskileri
hakkinda yiiksek ¢oziiniirliikte bilgi sunar. 2022 yilinda, "DenTRo" girisiminin bir parcasi olarak Antalya'da iki uzun vadeli izleme
sahas1 kurulmustur: Elmali Sedir Aragtirma Ormani'ndaki bir Cedrus libani A. Rich (Toros sediri)- Juniperus excelsa (Boylu ardig)
karisik mesceresi ve Biik Liitfii Biiyiikyildirim Aragtirma Ormani'ndaki saf bir Pinus brutia (kizilgam) mesceresinde saatlik govde
yarigap degisimlerini 6lgmek i¢in nokta dendrometreler kullanilmistir. Bu ¢aligma, 2022 biiyiime sezonunu kapsayan govde yarigap
degisimi Ol¢limlerinin ilk sonuglarini sunmaktadir. Radyal biiyiimenin yil igerisindeki seyri Gompertz biiyiime fonksiyonu ile
modellenmistir. Ayrica, radyal gévde biiylimesi (GRO) ve gévde ¢apinin daralmasina sebep olan agag su agi1g1 (TWD) saatlik govde
yarigap degisimi Olglimlerinden hesaplanmistir. GRO ve TWD’nin yil icerisindeki seyri tiirler arasinda karsilastirilmistir ve
korelasyon analizi ile meteorolojik degiskenlerle iliskilendirilmistir. Kizilgamda radyal gévde biiytimesi, sedir ve boylu ardica gore
yaklagik ii¢ hafta once, Nisan ayimin ilk haftasinda baslamigtir. Kizilgam ayrica maksimum GRO degerlerine de daha erken
ulagmustir. Her {i¢ tiirde de ana gévde biiylimesi temmuz ayindan 6nce ger¢eklesmis, ardindan artan TWD ile dl¢iildiigi iizere hepsi
uzun siireli su kisitlamalar1 yasamstir. Bagil nem sedir ve boylu ardigta GRO {izerinde daha giiglii bir pozitif etkiye sahipken,
kizilgamda GRO ve TWD sirasiyla yagis ve yiiksek sicakliklarla giiclii pozitif korelasyon gostermistir. Agaclarin iklim
degisikliginden nasil etkilendigi hakkinda daha ayrintili ve kapsamli bilgiler edinilmesine olanak saglayabilmek i¢in, farkli orman
ekosistemlerinde dendrometre gibi ekofizyolojik yontemler kullanan uzun siireli izleme sahalarinin kurulmasina ihtiyag vardir.
Anahtar kelimeler: Boylu ardig¢, Gévde yarigap degisimi, Kambiyum faaliyeti, Kizilgam, Kuraklik stresi, Toros sediri

Assessment of radial growth and tree water deficit in Cedrus libani, Juniperus
excelsa, and Pinus brutia using high-precision dendrometers

Abstract: Data obtained from continuous measurements of high-precision dendrometers offer information about radial stem growth
and tree water relations in high resolution. In 2022, two long-term monitoring sites were established in Antalya as part of the
“DenTRo” initiative: Point dendrometers were installed to measure stem radius changes in a mixed Cedrus libani (Taurus cedar)-
Juniperus excelsa (Greek juniper) stand in the Elmali Cedar Research Forest and in a pure Pinus brutia (Turkish pine) stand in the
Biik Liitfii Biiyiiky1ldirim Research Forest. This work presents the first results of stem radius change measurements covering the
growing season of 2022. Seasonal dynamics of radial growth were modeled by Gompertz functions. Further, radial stem growth
(GRO) and tree water deficit-induced stem shrinkage (TWD) were extracted from hourly stem radius change measurements,
investigated for their patterns, and correlated with environmental variables. Radial stem growth in Turkish pine started in the first
week of April, approximately three weeks earlier than cedar and juniper. Maximum GRO was also reached earlier in Turkish pine.
In all three species, main stem growth happened before July after which all experienced longer periods of water limitations as
measured by increasing TWD. Relative air humidity had a stronger positive effect on GRO in cedar and juniper, while in pine GRO
and TWD were strongly positively correlated with precipitation and high temperatures, respectively. To provide more detailed and
comprehensive information on how trees are affected by climate change, long-term monitoring sites in different forest ecosystems
using ecophysiological methods such as dendrometers are needed.

Keywords: Greek juniper, Stem radius change, Cambial activity, Turkish pine, Drought stress, Taurus cedar

2024, 25(2): 166-175 | Research article (Arastirma makalesi)

1. Giris

Agaglarin biiylime davranisi ve ¢evresel kosullara tepkisi
lizerine yapilan ekofizyolojik caligsmalar, agac tiirlerinin ve
ormanlarin gelecekte beklenen iklim senaryolari altinda artan
sicakliklara ve su kitligina nasil tepki verebilecegini tahmin
etmeye yardimci olmaktadir (Anderegg vd.,2015; Rigling
vd., 2013; Salomén vd., 2022). Gelecekteki iklim degisikligi
etkilerini daha iyi anlama ve orman ekosistemlerinin buna

nasil uyum saglayabilecegini degerlendirme agisindan da bu
caligmalar ormancilik igin  kritik Oneme sahiptir.
Ekofizyolojik c¢aligmalarda yaygin olarak kullanilan
yontemlerden bazilart; agag¢ su durumunun bir géstergesi olan
ksilem su potansiyelini Olgen basing odasi teknigi
(Scholander vd., 1965), fotosentez cihazlar1 gibi agaglarin
gaz alig verigini ve transpirasyonunu Olgebilen sistemler
(Deligéz vd., 2019), transpirasyonu belirlemek i¢in bitki
ozsuyu akis olgiim yontemleri (Ozgelik vd., 2016), ksilem
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kanallarinda emboli olugmasi ve bu esik degerlerinin hidrolik
yontemleriyle belirlenmesi (Balekoglu vd., 2023) ve odun ve
kabuk olusumunu hiicre bazinda izlenebilmesini saglayan
anatomik yontemlerdir (Rossi vd., 2006). Degisen g¢evre
kosullarina kars1 agag tepkilerini arastirmanin diger bir yolu
ise yiiksek hassasiyetli dentrometreler kullaniimasidir.

Yiiksek hassasiyetli dendrometreler genelde agaglarin
govdesine takilmakta ve govde ¢apindaki degisimleri
mikrometre boyutunda ve yiiksek zamansal ¢oziiniirliikte
(genellikle 10 dakika- 1 saat arasinda) siirekli olarak
izleyerek agaclarin radyal biiyiime ve igsel su durumu
hakkinda bilgi saglamaktadir (Zweifel vd., 2000). Gévde gap1
genigleme ve daralma donemleri boyunca giinliik olarak
degismektedir (Herzog vd., 1995). Captaki daralmalar
genellikle 6gle saatlerinde, transpirasyon oranlarimnin yiiksek
olup bitki kokleri ile alinan suyun transpirasyonla verilen
suyu karsilamadigi durumlarda goriilmektedir. Gece
saatlerinde ise transpirasyon hizi azalirken bitki kokleri
tarafindan alinan suyla birlikte gévde ¢ap1 tekrar genigler.
Dendrometrelerin ¢aptaki degisimleri 6l¢mek i¢in kullandigi
calisma prensibi dogrusal potansiyometrelere veya dogrusal
degisken diferansiyel transformatorler (LVDT)’e
dayanmaktadir (Clonch vd., 2021). Goévde genisleyip
daraldikca, sensorlere bir sinyal iletilmektedir. Giliniimiizde
“nokta dendrometre” (point dendrometer) ve “serit
dendrometre” (band dendrometer) olmak iizere iki farkli tip
dendrometre mevcuttur. iki tip arasindaki temel fark nokta
dendrometrelerin govdenin tek bir noktasinda yaricap
degisimlerini 6l¢mesi, digerinin ise agacin biitiin gévdesini
sararak cevresel cap degisimlerini 6lgmesidir. Bu tip serit
dendrometre ile elde edilen veriler genelde veri analizi
asamasinda ¢ap hatta yarigapa doniistiiriilmektedir.

Bu ¢aligmada nokta dendrometreler kullanilarak “gévde
yarigap degisimleri” (GYD) (stem radius changes)
6l¢lilmiistiir. Bu GYD farkli olaylarin bir kombinasyonundan
olusmaktadir: (1) elastik dokularin (kabuk, kambiyum ve
olgunlasmamis  ksilem) geri doniisiimlii  daralmasi
(shrinkage) ve genislemesi (swelling); (2) iletken ksilemin
geri donlisimlii daralmasi ve genislemesi; (3) geriye
doniisiimii olmayan govde biiyiimesi (odun ve kabuk
artimlar1 dahil); ve (4) termal genlesme ve biiziilme (Daudet
vd., 2004; Downes vd., 1999; Herzog vd., 1995; Zweifel vd.,
2000). Geriye doniisiimii olan siiregler (1+2) esas olarak agac
icindeki su iletim dinamikleri tarafindan belirlenir. Bu
nedenle, govde daralmasi ve genisleme dinamikleri, kuraklik
stresini (Giiney vd., 2020; Vieira vd., 2013; Zweifel vd.,
2000), tepe su durumunu (Dietrich vd., 2018), bitki
hidroligini (Daudet vd., 2004; Ehrenberger vd., 2012) ve
hatta osmoregiilasyonu (Barraclough vd., 2019; Lazzarin vd.,
2018) oOlgmek igin  kullanilabilir. Goévde c¢apindaki
azalmalarma sebep olan “agac¢ su agig1” (TWD= tree water
deficit) transpirasyon ve su alimi arasindaki dengesizlik
nedeniyle elastik dokulardan su kaybini nicellestirir ve birkag
giin siiren kuraklik donemlerinde de artan su agigini yansitir
(Dietrich vd., 2018). Kuraklik stresi i¢in bir gosterge olarak
kullanilabilir (Zweifel vd., 2005). Yiksek hassasiyetli
dendrometre ¢alismalarinda (Giiney vd., 2020; Salomén vd.,
2022; Zweifel vd., 2016) geriye doniigiimii olmayan govde
biiylimesi  (3) genellikle GRO (biiylime) olarak
adlandirilmaktadir ve yalnizca radyal boyut artisini (radial
size increase) igerir. Biiylimeye atfedilebilecek diger
stiregleri (6rn. odunlagma siiregleri) icermez (Cuny vd.,
2015).

Hem TWD hem de GRO yiksek ¢oziniirliiklii
dendrometre verilerinden hesaplanabilir ve agacin sicaklik,
toprak su igerigi ve yagis gibi g¢evresel kosullardaki kisa
vadeli degisikliklere verdigi tepki hakkinda bilgi
saglamaktadir (Deslauriers vd., 2007; Giiney vd., 2019).
GYD‘nin zaman serileri bir bitylime mevsimi boyunca gévde
radyal biiylimesinin seyirlerini ve kritik zamanlamalarini
(6rnegin, biiylimenin baslangici, maksimum biiylime hizinin
zamanlamasi) tanimlamak i¢in Gompertz fonksiyonu gibi
biliyiime modelleri ile de modellenebilir (Rossi vd., 2003;
2006). Boylece, yiiksek hassasiyetli dentrometrelerin
kullanim giinliik gévde yarigap degisimlerinin, mevsimsel
govde Dbiiylime seyirlerinin ve aga¢ su iliskilerinin
izlenmesine olanak saglamaktadir.

Son yillarda, bu konuda o6nemli uluslararasi bir¢ok
calisma yaymlanmig olup asirt iklim kosullarinin agag
bliyiimesi iizerindeki etkileri hakkinda yeni bilgiler
saglanmistir (Scharnweber vd., 2020; Martinez-Sancho vd.,
2022). Ornegin Salomén vd. (2022) Avrupa ¢apinda, 53
alanda ve 21 farkli agag tiiriinde yapilan caligmada siddetli
bir sicak hava dalgasinin agag biiylimesi/kurumasi iizerindeki
etkilerini ve ayni zamanda hangi tiirlerin asir1 iklim
kosullarina karsi daha dayanikli oldugunu belirlemeye
caligmiglardir. Bu gibi calismalar ormancilikta agaglarin
biiyiime ve gelisimini izleme, su kullanimi lgiimleri, iklim
degisikligi arastirmalari, yangin sonrasi zarar tespiti gibi
farkli birimler tarafindan c¢esitli alanlarda kullanilmaktadir
(Drew ve Downes 2009; Dukat vd., 2024). Bu sayede
ormancilikta siirdiiriilebilir kaynak yonetimi ve ekosistem
sagligini izleme konusunda etkili ve degerli birer arag olarak
one ¢ikmaktadir. Bu tiir ¢aligmalar genelde kalici olarak
kurulmus sahalarda elde edilen uzun siireli dendrometre
Olglimlerine dayanmaktadir. Bildigimiz kadariyla, bugiine
kadar Tiirkiye'de dendrometre yontemini uygulayan ¢aligma
sayis1 oldukga diisiik (Akkemik vd., 2007; Giiney vd., 2017)
ve kalici olarak izlenmesine yonelik kurulmus sahalar yoktur.
Diinyanin bir¢ok iilkelerinde, 6zellikle de Avrupa iilkelerinde
(6rnegin Isvigre, Fransa, Almanya, Cek Cumhuriyeti), birkag
yildir bliylime ve agag¢ su acig1 verilerini toplayan yiiksek
¢Oziintirliklii  dendrometreler kullanan kalici  izleme
sahalarinin sayisi giderek artmaktadir. Bu uzun siireli izleme
sahalar1 arasindaki dendrometre aglari da genis bir mekansal
Olcekte analiz yapilmasina olanak saglamaktadir (Salomén
vd., 2022). 2022 yilinda tarafimizdan baglatilan "DenTRo"
girisimi ad1 altinda Tiirkiye'nin farkli orman ekosistemlerinde
de uzun siireli izleme sahalar1 kurularak yiiksek ¢oziiniirlikli
bir dendrometre ag1 olusturulmasi amaglanmistir. Bu
calismada 2022 yilinda Antalya’da kurulan ilk iki DenTRo
sahasinda 6lgiilen ilk y1lin verileri analiz edilmistir. Tiirkiye
icin 6nemli olan {i¢ igne yaprakli agag tiirli olan Toros sediri
(Cedrus libani A. Rich), Boylu ardig¢ (Juniperus excelsa M.
Bieb) ve Kizilgam (Pinus brutia Ten.)‘da radyal gdévde
biiyiime dinamiklerini ve aga¢ su ac¢igmi analiz etmek icin
yiiksek ¢oziiniirliiklii nokta dendrometreler kullanilmigtir ve
(i) Ug¢ tir arasinda radyal govde biiylime dinamiklerini
karsilagtirmak ve (ii) govde yarigap degisimleri (GRO ve
TWD) iizerindeki meteorolojik degiskenlerin (sicaklik, bagil
nem, buhar basinci agigi ve yagig) etkisini belirlemek
amaglanmstir.
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2. Materyal ve yontem
2.1 Caligma sahasi ve agag se¢imi

2022 yili, subat aymnda Antalya’da iki ¢alisma sahasi
kurulmustur. flk calisma sahasi (ELM1350) Elmali Sedir
Arastrma Ormani'nda (36°34'39.89"K, 29°59'22.44"D),
1350 m yiikseklikte, olgun bir dogal sedir-ardi¢ mesceresi
icinde yer almaktadir (Sekil 1). Bu saha, yazlar kurak ve
kislar1 soguk gegen Akdeniz dag iklimi ile karakterize
edilmektedir. Yillik ortalama sicaklik 7.4 °C ve yillik
ortalama toplam yagis 725 mm'dir (Basaran vd., 2008) ve
yagislar cogunlukla kis aylarinda gerceklesmektedir. ikinci
caligma sahas1 (BUKS10), BUK Liitfi Biiyiikyildirim
Aragtirma Ormani'nda (36°57'56.58"K, 30°25'43.45"D), 510
m yiikseklikte, olgun ve saf bir kizilgam mesceresi icinde yer

Q BUKS510

Google Earth % N

e
022 Me 2 600.m

almaktadir. Calisma alani, yazlar sicak ve kurak gegen yari
kurak bir iklim ile karakterize edilir. Yillik ortalama sicaklik
14.1°C ve yillik ortalama toplam yagis 398 mm'dir (Basaran
vd., 2011).

Her iki sahada da agaglar, sahanin ortasina yerlestirilen
kayit cihazinin (logger) etrafindaki yarigap: 30 m’lik dairesel
bir alan iginde secilmistir. Goriiniir bir patojen ve zararl
hasar1 ya da istilasi olmayan agacglar secilmistir. Secilen
agaclarinin boylan elektronik boy 6lcer (Haglof) ve gaplart
cap Olger ile Olgiilmiistiir (Cizelge 1). Agac boyutlari, caligma
sahalarindaki orman mesceresini temsil etmektedir.

Baslangigta sensor ve cihaz sayisimnin az olmasi nedeniyle,
dendrometreler ii¢ kizilgam agacina ve dorder sedir ve ardi¢
bireylerine yerlestirilmistir. Eyliil 2022'de bu say1 her tiir i¢in
altiya ¢ikarilmigtir.

— »-

Sekil 1. a) Antalya, Tiirkiye'deki "DenTRo" izleme sahalarinin konumu. b) ELM1350 izleme sahasi Elmalt Sedir Arastirma
Ormani iginde, sedir-ardi¢ karisik mesceresinde yer almaktadir. ¢) BUK510 izleme sahas1, BUK Liitfi Biiyiikyildirim Arastirma
Ormani iginde saf kizilgam mesceresinde yer almaktadir. 18305 ve 18015 Tirkiye Devlet Meteoroloji Isleri Genel

Miidiirliigii'niin meteoroloji istasyonlarini gostermektedir.
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Meteorolojik  veriler, c¢alisma  sahalarma  yakin
meteoroloji istasyonlarindan (Meteoroloji Genel Miidiirliigii)
alinmistir.  Meteoroloji istasyonlar1 ile c¢alisma sahasi
arasindaki mesafe BUK510 i¢in 670 m ve ELM 1350 i¢in 600
m’dir (Sekil 1). Analizlerimiz i¢in gilinliikk ortalama sicaklik,
giinliik ortalama bagil nem ve giinliik toplam yagis
kullanilmistir (Sekil 2). Buhar basinci agiginin (VPD =vapor
pressure deficit) giinliik ortalamalari, sahaya 6zgii sicaklik,
bagil nem ve hava basinct degerlerinden hesaplanmigtir.
Veriler Kasim 2022 baginda elde edildiginden, bu ¢aligmada
kullanilan meteorolojik veriler 1 Ocak- 10 Kasim 2022
donemini kapsamaktadir.

2.2 Radyal biiyiime ve aga¢ su agigimin dendrometreler
kullanarak izlenmesi

Govde yaricap degisimi (GYD) nokta dentrometreler
(MMR 10 _11 R5 K, MEGATRON Elektronik AG & Co.,
Almanya) kullanilarak kaydedilmistir. Dendrometreler
paslanmaz ¢elik ¢ergevelere monte edildikten sonra gdvdenin
g6giis hizasina ve kuzeye bakan tarafina takilmigtir (Sekil 3).
Celik cerceveler, ksilemin yaklasik 5 cm derinliginde iki vida
ile govdeye tutturulmustur (Herzog vd., 1995).
Dendrometrenin basligi, canli dokuya zarar vermeden
kabugun biiyiikk bir kismi keski ile kaldirildiktan sonra
korteks yiizeyine yerlestirilmistir (Zweifel vd., 2006).
Dendrometreler aliiminyum folyoyla sarilmis ve dogrudan
giines radyasyonundan ve yagistan korumak igin straforla
kaplanmistir. Dendrometreler tarafindan &lgiilen goévde
yaricap degisimleri veri kaydediciler (Campbell CR23X
Micrologger ve Loguino) kullanilarak 10 dakikada bir
kaydedilmistir. Bu ¢aligmada kullanilan dentrometre verileri
2022 yili subat aymdan kasim aymn sonuna kadar olan
periyodu kapsamaktadir.

10 dakikada bir kaydedilen GYD verilerin saatlik
ortalamalar1 hesaplandiktan sonra Zweifel vd. (2016)’nin
konseptine dayali olarak bu saatlik GYD verilerinden iki
parametre hesaplanmistir: (1) GRO= geriye doniisiimii
olmayan govde biiylimesi (Sekil 4) ve (2) TWD= gdvdenin
daralmasina sebep olan agag su agigl. TWD, son maksimum
govde yarigap1 ile mevcut govde yarigapr arasindaki fark
olarak hesaplanir. Sonug olarak GRO, TWD'nin sifir oldugu
(GRO periyodu) ve gdvde yaricapinin son maksimum gévde
boyutunu (yarigap olarak) astig1 donemlerle sinirlidir. Mutlak
TWD degerleri agag biiyiikliigi, kabuk kalinlig1 ve esnekligi,
odun 6zellikleri ve yerel ¢evre kosullari gibi bir dizi faktore
baghdir (Salomon vd., 2022; Zweifel ve Hésler, 2000). Bu
nedenle, TWD verileri, tiirler arasindaki TWD seyirleri
kargilagtirmak i¢in normalize edilmistir (=TWDn)
(Brinkmann vd., 2016). Bu normalizasyon islemi TWD
verilerini 0 ve 1 arasinda yeniden 6l¢ekler. Normallegtirme,
her bir aga¢ i¢in tim TWD degerlerinin ilgili maksimum
degere boliinmesiyle gergeklestirilmistir (bu deger, tim
6l¢lim donemi boyunca dl¢lilen mutlak maksimum degerin
%95'1 olarak tanimlanmistir). Normallestirmeden sonra her
tiir icin GRO ve TWDn’nin ortalamasi alinmistir.

Cizelge 1. Calisma sahalarindaki tiirlere gore secilen
agaclarin sayisi (n), ¢cap ve boylari

Saha ELM1350 BUKS510

Tiir Celi Juex Pibr

Say1 (n) 4 (6) 4 (6) 3(6)

Cap (cm) 41.6+11.1 32.2+14.7 324+28
Boy (m) 17.242.9 11.0+2.8 19.3+2.3

Celi: Cedrus libani; Juex: Juniperus excelsa; Pibr: Pinus brutia; Cap ve boy igin
verilen ortalama ve standard sapmalar bu analizler kapsaminda kullanilan agaglar
(n= 3-4) i¢in gecerlidir. Parantez igindeki aga¢ sayilari Eylil 2022°den itibaren
gecerlidir.
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Sekil 2. Calisma sahalarinda 2022 yilinda Slgiilen giinliik

ortalama sicaklik, giinliik ortalama buhar basinci agig1 (VPD)
ve giinliik toplam yag1s
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Nokta dendrometrenin montaj prensibi. a)
Dendrometre ¢elik bir ¢ergeve iizerine monte edilir ve ksilem
i¢ine iki vida ile gdvdeye tutturulur. b) Kabugun ¢cogunlugu

Sekil 3.

korteks

kaldirldiktan ~ sonra  gdvdenin yiizeyine

dendrometrenin baslig1 yerlestirilir
2.3. Biiyiime dinamiklerinin modellenmesi

Radyal biiyliime, odun olugumu ve siirgiin biiyiimesi gibi
simmirli biiyiime siireglerini modellemek i¢in mevcut olan
¢esitli sigmoid modeller arasinda, esnekligi ve asimetrik sekli
nedeniyle Gompertz fonksiyonu en tercih edilenidir (Zeide,
1993; Rossi vd., 2003; Oberhuber vd., 2015; Ziaco vd.,
2018). Radyal govde bityliime dinamikleri, SigmaPlot yazilim
paketinde (Systat Software, San Jose, CA, USA) bulunan
nonlinear regresyon prosediiri  kullanilarak  Gompertz
fonksiyonu (1) ile modellenmistir (Sekil 5):

y=Aexp [ -exp ¥ ] M

Burada y biiylimenin kiimiilatif toplami, 4 yillik toplam
govde yarigapi artigini temsil eden iist yatay asimptotu, 5 x-
ekseni konum parametresi, k egrinin zaman ekseni boyunca
degisim orani parametresi ve ¢ yilin giinii olarak zamandir
(Cheng ve Gordon, 2000).
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Sekil 4. Dendrometrelerle 6l¢iilen a) govde yarigap degisimi
verilerinden hesaplanan saatlik b) GRO (gdvde biiylimesi) ve
¢) TWD (agag su ac131). Ustteki mavi ¢izgi gévde yaricapinin
son maksimumunu gostermektedir. GRO (gri gdlgeli alanlar)
periyodu donemlerinde TWD (sar1 golgeli alanlar) sifirdir.

Gompertz fonksiyonunun parametrelerinden, biiyiime
egrisinin doniim noktasi #p = f3/k olarak hesaplanabilir ve
GRO'mun maksimum hiza ulastigt zamana karsilik
gelmektedir. Ayrica, yillik halkanin tamamina yakin bir
kisminin olusmast igin gereken siire d= 4/k olarak
hesaplanabilir. Bilylimenin baslangici (Kambiyum faaliyetin
baglamasi= KFB) govde yarigap degisimi egrinin artmaya
basladig1 zaman olarak tahmin edilebilir.

2.4. Istatistiksel analizler

Tire 0Ozgli govde yaricap degisimlerinin iklimsel
duyarliligin degerlendirmek i¢in, GRO ve TWDn ile giinliik
meteorolojik degiskenler (ortalama sicaklik, ortalama bagil
nem, toplam yagis ve ortalama VPD) arasinda korelasyon
katsayilar1 hesaplanmistir. Degiskenlerin normal dagilimini
kontrol etmek i¢in Kolmogorov-Smirnov testi uygulanmustir.
Degiskenlerin ¢ogu (Bagil nem-BUKS510 hari¢) normal
dagilmadigi  i¢in  Spearman  korelasyon katsayilar
hesaplanmistir. Gompertz fonksiyonu bilyiime egrilerinden
elde edilen parametreler (4, tp, KFB ve d) tek yonlit ANOVA
kullanilarak tiirler arasinda karsilastirilmigtir.
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Sekil 5. 2022 yilinda Elmali sahasinda bir sedir agacinda

(Celi3) olgiilen govde yarigap degisimi verilerinin Gompertz
modeli biiyiime egrisi (kirmizi ¢izgi)

3. Bulgular

Meteorolojik verilere bakildiginda 2022 yilin ilk 3 ayinin
yagisli ve yazinin sicak ve kurak gectigi her iki saha i¢in de
goriilmektedir (Sekil 2). En kurak ve sicak Temmuz ve
agustos aylar1 gegmigtir. ELM1350'de 1 Ocak-10 Kasim 22
donemi igin y1llik ortalama sicaklik 10.69 °C, ortalama bagil
nem %67.3, VPD 0.54 kPa ve toplam yagis 719.4 mm'dir.
BUKS510'da ayni donem igin yillik ortalama sicaklik 16.02
°C, ortalama bagil nem %62.4 ve VPD 0.83 kPa'dir. Toplam
yagis 506.1 mm olup uzun donem ortalamasi olan 398
mm'den daha yiiksektir. Genel olarak, iklim kosullari
BUKS10'da ELM1350'ye gore daha kuru ve daha sicak
gerceklesmistir.

Tim agaglarin dendrometre verilerine bakildiginda kis
doneminde dendrometre egrisinin nerdeyse ayni seviyede
kaldigini ancak biiyiime mevsiminde ise neredeyse dogrusal
bir govde yarigap artisi oldugu goriilmektedir (Sekil 6). Her
iki donemdede tipik gilinlik govde yarigap daralmasi ve

genislemesi dalgalanmalar izlenmektedir. Govde yaricap
artiglart haziran ay1 civarinda yavaglamaya baglar ve Temmuz
aymda govdeler daralmaya baglar. Govde yarigapindaki bu
daralma ozellikle ardig ve kizilgamda belirgindi. Ekim ay1
ortalarinda tim tiirlerde gévde yarigapinda kisa bir artig
gozlenmistir. Teknik sorunlardan dolayi, Mayis ortasindan
Temmuz ortasina kadar olan zaman diliminde iki kizilgam
agacinda govde yarigap degisimleri kaydedilememistir.

KFB diger tiirlerle kiyasla kizilgamda yaklasik 3 hafta
erken baglamistir (Cizelge 2). Kizilgam i¢in Nisan ortasinda,
sedir ve ardi¢ i¢in may1s ayinda baglayan agaclarin en fazla
GRO gerceklestigi donem yaklagik olarak Temmuz ayina
kadar slirmiistiir (Sekil 6). Bu siire zarfinda TWD tiim agaglar
icin ¢ok diisiik ve sifira yakindi. GRO’nun maksimum hiza
ulastigr giin (¢p) kizilgam igin diger tiirlere gore daha erken
gerceklesmistir (Cizelge 2). En yiikksek GRO, giinde 0.07
mm’ye ulasan degerlerle sedir i¢in kaydedilmistir (Sekil 6).
Ayrica, istatistiksel olarak anlamli bir fark bulunmasa da
ortalama 4 1.4 mm ile sedir i¢in en yiiksek ¢ikmistir (Cizelge
2). Yillik halkanin tamamina yakin bir kisminin olusmast igin
gereken ortalama siire (d) 46 ila 63 giin arasinda degismekte
olup en kisa siire ardigta, en uzun siire ise sedirde
gergeklesmistir.

Temmuz ay1 civarinda ana GRO periyodu sona ermis ve
TWD tiim agaglarda gézlenen keskin bir artis gostermistir
(Sekil 6). Ardindan TWD sedir ve ardi¢ i¢in Ekim ortasina
kadar artmaya devam ederken, kizilgam i¢in 6nce Ekim
ortasina kadar azalir ve ondan sonra 6l¢giim déoneminin sonuna
kadar tekrar artmaya devam eder. Ekim ortasi/sonu civarinda
biitiin agaglarda TWD’deki bilyiik bir azalis gézlemlenmistir.
Biiyiime doneminden 6nceki TWD degerleri ELM1350'de
BUKS10'a kiyasla daha yiiksek ¢ikmistir. Bunun nedeni
muhtemelen mart ortasinda ELM1350'de hava sicakliginin -
5°C’nin altina diismesi ve kabukta don kaynakli
daralmalardir (Zweifel ve Hésler, 2000).

Spearman korelasyon analizinden elde edilen sonuglar,
meteorolojik faktdrlerin GRO ve TWD {izerindeki etkisinde
tiirler arasinda onemli farkliliklar oldugunu gdstermistir
(Cizelge 3). Genel olarak, bagil nem sedir ve ardi¢ i¢in hem
GRO hem de TWD iizerinde en Onemli etkiye sahipti.
Yiiksek bagil nem degerleri yiiksek GRO ve diisiik TWD
degerleriyle iliskiliydi. Bagil nemin TWD {izerindeki 6nemi
sedirde ardigtan daha yiiksek c¢ikmistur. Buna karsilik,
kizilgamda GRO vyagisla en yakin pozitif korelasyona
sahipken, TWD sicaklik ile giicli bir pozitif korelasyon
gostermistir.
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Sekil 6. Y1l boyunca sedir, ardi¢ ve kizilgam i¢in dendrometrelerle 6l¢iilen a) saatlik ¢oziiniirliikteki gévde yarigap degisimi b)

giinliik ortalama GRO (radyal biiyiime) ve c) giinliik ortalama TWDn (normalize edilmis aga¢ su agig1)

Cizelge 2. Calisma sahalarindaki her bir agag i¢in ayri ayr1 hesaplanmig Gompertz fonksiyonunun parametreleri

Saha Agac A ¥ k R? KFB tp d
(mm) (y1ilin giinii) (y1ilin giinii) (giin)
ELM1350 Celil 1.453 9.22 0.063 0.99 124 (4 Mayis) 147 (27 Mayis) 64
Celi2 1.500 8.79 0.064 0.98 114 (24 Nisan) 139 (19 Mayis) 63
Celi3 1.936 8.58 0.058 0.99 121 (1 Mayis) 148 (28 Mayis) 69
Celi4 0.726 9.13 0.070 0.97 112 (22 Nisan) 131 (11 Mayis) 57
Ortalama 1.404 118 (28 Nisan)* 141 (21 Mayis)* 63
Sd 0.501 6 8 5
ELM1350 Juex1 0.950 13.23 0.102 091 116 (26 Nisan) 130 (10 Mayis) 39
Juex2 0.516 14.80 0.110 0.87 124 (4 Mayis) 135 (15 Mayis) 36
Juex3 0.579 9.86 0.079 0.90 109 (19 Nisan) 125 (5 Mayis) 50
Juex4 0.961 8.61 0.067 0.92 108 (18 Nisan) 128 (8 Mayis) 59
Ortalama 0.751 114 (24 Nisan)* 129 (9 Mayis)™ 46
Sd 0.237 7 4 11
BUKS510 Pibr2 0.465 12.09 0.104 0.81 99 (9 Nisan) 116 (26 Nisan) 38
Pibr5 0.928 7.99 0.065 0.96 95 (5 Nisan) 124 (4 Mayis) 62
Pibr6 1.042 6.22 0.054 0.97 90 (31 Mart) 115 (25 Nisan) 74
Ortalama 0.812 95 (5 Nisan)® 118 (28 Nisan)® 58
Sd 0.306 5 5 18

A: Biiytime doneminin sonunda ulasilan yillik toplam govde yarigapr artisi (mm)’n1 temsil eden iist yatay asimptot parametresi, 3: x-ekseni konum parametresi, k: egrinin
zaman ekseni boyunca degisim oran1 parametresi, KFB: Kambiyum faaliyetlerinin basladig giin, zp= doniim noktasi (radyal biiyiimenin (GRO) maksimum hiza ulastig1 giin),
d= yillik halkanin tamamina yakin bir kismimin olusmasi i¢in gereken siire. Farkli harfler tiirler arasindaki anlaml fark oldugunu gostermektedir (ANOVA).
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Cizelge 3. Giinlik GRO ve TWDn ile meteorolojik
degiskenlere uygulanan Spearman korelasyon analizi

Bagimli Sicaklik Bagilnem  Yagis VPD
degiskenler (°C) (%) (mm) (kPa)
GRO_Celi .128%* 240%* .043 -.042
GRO _ Juex -.088 314%* 197 - 199%*
GRO_Pibr -.180%* 262%* 301%* - 249%*
TWDn_Celi .066 - 435%% -.075 273
TWDn_Juex 25]%* -369%* -.099 347%*
TWDn_Pibr .509%* - 274** -327*%  470**

Korelasyon 0,05 seviyesinde dnemli; ** Korelasyon 0,01 seviyesinde 6nemli;
GRO: Biiyiime; TWDn: Normalize edilmis agag su ag181; Celi: Cedrus libani; Juex:
Juniperus excelsa; Pibr: Pinus brutia; VPD: Buhar basinci ag1g1; N= 262 giin. Her
degisken i¢in en yiiksek korelasyon katsayisi gri renkle vurgulanmistir.

4. Tartiyma ve sonu¢

Bu caligma, Tiirkiye'nin ii¢ 6nemli orman agaci tiirli igin
bir yillik yiiksek ¢o6ziiniirliikli dendrometre zaman serisi
verilerini kullanarak radyal biliyiime ve aga¢ su acifi
hakkinda bilgiler sunmaktadir. Yiiksek ¢oziintrlikli
dendrometre kayaitlari, yil i¢i ve yillar aras1 gévde biiyiime
dinamiklerinin  yan1 sira  giinlik gdévde yarigapi
degisimlerinin, kambiyal ve odunsu dokularda Onemli
zararlar olusturmadan siirekli olarak izlenmesine olanak tanir
(Giiney vd., 2017; Herzog vd., 1995). Biiylime siireclerini
birka¢ haftadan bin yila kadar uzanan bir zaman araliginda
inceleyen dendrokronolojik c¢aligsmalarinin aksine, yiiksek
¢Oziiniirliikli dendrometre verileri KFB gibi kambiyum
faaliyetlerinin ve yillik halka olusumunun Gnemli
zamanlamalar1 hakkinda da bilgi saglamaktadir (Kécher vd.,
2012; Rossi ve Deslauriers, 2007). Cesitli calismalar, kis
donemi dinlenme periyodundan sonra KFB'nin Kuzey
Yarimmkiire igne yaprakli tiirlerinde sicaklik ve fotoperiyot
tarafindan tetiklendigini (Huang vd., 2020) ve dolayisiyla
daha sicak olan ilkbahar mevsiminin aga¢ tiirlerinde
kambiyal faaliyetlerin daha erken baglamasina neden
oldugunu gostermistir (Deslauriers vd., 2008; Rossi vd.,
2007). Bu nedenle, sedir ve ardica kiyasla kizilgamda
KFB'nin yaklasik ii¢ hafta daha erken gergeklesmesi, biiyiik
olasilikla BUKS510'da vejetasyon donemin bagindaki
sicakliklarin daha yiiksek olmasiyla ilgilidir. Ardig¢ ve sedir
i¢in KFB'de 6nemli bir fark bulunmamistir. Bunun nedeni de
muhtemelen ayni bdlgede yetismeleri ve yerel ilkbahar
sicakligina benzer kambiyal tepki gostermeleridir (Huang
vd., 2020). Ayn tiirler bile daha diisiik rakimlarda ve daha
yiksek sicakliklarda daha erken biiylime baslangici
gostermektedir. Bu durum, rakimsal bir gradyan boyunca yer
alan birden fazla sahada yapilan g¢esitli c¢alismalarda
gosterilmistir (Giiney vd., 2017; Saderi vd., 2019).

Radyal govde biiyiimesi, en erken kizilcamda ve en geg
sedirde olmak lizere yaz giindoniimiinden birkag¢ hafta dnce
maksimuma ulagmigtir. Bu siire zarfinda, agac tiirlerinin
biiylimesi {izerine etkisi olan ¢evre kosullarinin optimal
durumda oldugu meteorolojik kayitlardan anlagilmaktadir
(Sekil 2). Kuzey yarimkiirenin soguk bdlgelerinde yetisen
igne yaprakli tiirlerde maksimum GRO, bitkilerin kistan dnce
sekonder hiicre duvart odunlagmasini giivenli bir sekilde
tamamlamasma olanak tantyan bilylimeyi kisitlayict bir
fotoperiyodik sinyal olarak hareket ettigine inanilan yaz
gilindoniimii civarinda gergeklestigi gosterilmistir (Rossi vd.,
2006). Sonuglarimiz, incelenen agaglarda maksimum GRO’a
erken ulagilmasinin (yaz giindéniimiinden birkag hafta 6nce),
¢aligma alaninda hiikiim siiren asir1 gevresel kosullarla, yani
tekrarlayan kuraklik donemleriyle basa c¢ikmak igin bir
adaptasyon oldugunu gostermektedir. Benzer bir davranis,

kuru bir i¢ alpin vadisinde yetisen saricam (Pinus sylvestris
L.)'da da gozlenmistir (Gruber vd., 2010).

Kurak ve sicak mevsimin baslamasiyla (Sekil 2, temmuz
basi) incelenen agaclarin govde yaricaplari daralmaya
baglayarak TWD'de artisa neden olmustur. TWD’ye bagh
gdvde daralmasi, transpirasyon yoluyla su kaybi ile topraktan
su alim1 arasindaki dengesizlikten kaynaklanir (Zweifel vd.,
2016). Kurak mevsimin (yagis kithigi, yiiksek VPD)
baslamasiyla govdede depolanmig olan su rezervleri
tilkkenmeye baslar ve agaglarin kuraklik stresi artar. TWD ve
atmosferik kogullar arasindaki yakin iligki, korelasyon analizi
sonuglarinda (Cizelge 3) ve diger ¢alismalarda gosterilmistir
(Giiney vd., 2019; Zweifel vd., 2006). Giiney vd. (2020)
tarafindan daha dnce yapilan bir calismada da gozlemlendigi
gibi, TWD artis1 6zellikle ardigta hizli ger¢eklesmistir. Daha
kanaatkar (conservative) bir biiylime stratejisine sahip olan
ardicin, en sicak ve kurak donemlerde fizyolojik siiregleri
diisiik tutarak yaz kurakligi tarafindan daha fazla
siirlandirildigi 6ne siiriilmiigtiir. Ancak bu strateji, genel
olarak daha diisiik bir bilylime performansi pahasina daha
agir1 kosullar altinda hayatta kalma olasiligini artirabilir
(Genc vd., 2005; Moran vd., 2017). Kizilgamda da hizli bir
TWD artis1 gdzlenmistir, ancak kritik bir zaman diliminde ii¢
agactan ikisinde veri kayb1 olmasi nedeniyle, yaz aylarinda
kizilgamdaki TWD artis1 hakkinda anlamli bir tartisma bu
noktada miimkiin degildir. Buna ragmen, sedir ve ardi¢in
aksine, tiim kizilgcam agaglarinin Eyliil ay1 civarinda baglayan
ve analiz edilen dl¢iim déneminin sonuna dogru devam eden
govde yaricapinda yavas ama istikrarl bir artis gosterdigi
gozlemlenmistir. Analiz edilen 6l¢iim doneminin Gtesinde bu
artisin - devam etmis olmasi muhtemeldir. Akdeniz
bolgesindeki yetisen bazi agag tiirlerin biiyiime i¢in yeniden
uygun kosullar saglayan ge¢ sonbahar-erken kis doneminde
tekrar govde yarigapinda artis gosterdikleri bilinmektedir
(Vieira vd., 2014). Yaz kurakligt boyunca kambiyum
faaliyetlerinin duraklamasi ve yaz sonrast yagislarin
basladig1 ve sicakliklarin diismesiyle kambiyumun tekrar
faaliyete gegmesi, iki tepeli dagilim gésteren (bimodal) bir
biiylime seyri ile sonuglanir (Camarero vd., 2010). Agaglarin
gosterdigi bu biiyliime plastisitesi (growth plasticity), daha
yagish gegen iki 1liman donem olan ilkbahar ve sonbahardan
faydalanabildikleri i¢in, kuraklik stresi altindaki bolgelerde
yetigen tiirler i¢in bir avantaj saglayabilir.

Tiim agaclarda Ekim ay1 ortalarinda Olgiilen govde
yarigapindaki biiyiik artis ve TWD'deki diisiis, topraktaki su
mevcudiyetini artiran ve govdelerde 6zellikle de kabugun
elastik dokularinda hizli bir rehidrasyona neden olan yaz
kurakligindan sonraki ilk Onemli yagis olaylarindan
kaynaklanmaktadir (Vieira vd., 2013; Zweifel vd., 2005).

Cevresel degiskenlerin giinliik gévde yaricapi degisimleri
(GRO ve TWD) iizerindeki etkilerinin analizi, agaglarin hava
kosullarindaki kisa vadeli degisikliklere verdigi tepkiye
iligkin bilgiler vermektedir (Urrutia-Jalabert vd., 2015).
Korelasyon analizi, bagil neminin sedir ve ardigin govde
biiyiimesini destekleyen en Onemli meteorolojik faktor
oldugunu ve ardigin GRO'sunun yagisla da pozitif iliskili
oldugunu ortaya koymustur. Bu durum, ardicin farkh
fizyolojisi nedeniyle daha kanaatkar bir bilylime stratejisi
gosterip yagisa daha duyarli oldugu gostermektedir ve dnceki
caligmalarin sonuglariyla uyumludur (Giiney vd., 2019;
Giliney vd., 2020; Moran vd., 2017). Korelasyon analizi
sonuglarina  gore, kizilgamda sedir ve ardig ile
kiyaslandiginda GRO ve TWD ile yagis arasinda daha giiglii
bir baglant1 gostererek nemli dlciide farklilik gostermistir.
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Bunun bir nedeni, kizilgamin genellikle biiyiime
mevsimlerinin daha sicak ve daha kuru kosullar altinda
olmas1 ve agaglarin bu ylizden yagis olaylarina karsi daha
duyarli olmas1 olabilir. Bu varsaymm, kizilgamin Eyliil ve
Ekim aylarinda ELM1350'den daha yiiksek miktarda yagis
almas1 (BUKS510'da Eyliil ve Ekim aylar1 i¢in toplam yagis=
65.8 mm; ELM1350'de= 30.9 mm) ve kizilgamda GRO'nun
bu yagis olaylarin sirasinda ve hemen sonrasinda
gozlemlenmis olmasiyla desteklenebilir. Ancak yaz
donemindeki eksik veriler nedeniyle bu varsayim su anda
kesin olarak kanitlanamamaktadir.

Yiiksek ¢oziiniirliiklii dendrometre verilerinin birkag yili
kapsayan daha uzun zaman serileri, mevcut gévde yarigap
degisimi  verilerinin  ge¢mis  yillardaki  verilerle
iligkilendirilmesine ve daha kapsamli analizlere olanak
saglayacaktir. Olgiimlerin devam ettigi dniimiizdeki yillarda
olaganiistii kuraklik, yagis, ge¢ don vb. gibi asir1 iklim
olaylart meydana geldiginde, g¢evresel kosullarla iligkili
olarak govde biiyliimesi ve aga¢ su agiginin daha fazla
yorumlanmasi miimkiin olacaktir. Bu bilgi, agag tiirlerinin ve
ormanlarin  gelecekteki iklim senaryolarmma nasil tepki
verebilecegini tahmin etmeye yardimci olabilir. Ayrica
dendrometrelere ek olarak ekofizyoloji ¢alismalarinda
kullanilan diger yontemler (6rnegin, bitki 6zsuyu akig 6lglim
yontemleri) eklenebilir ve bdylece iklim degisikliginin
agaclarin diger fizyolojik siireclerinin iizerindeki etkileri
hakkinda daha detayli ve kapsamli bilgi saglanabilir. Bu
yiizden, "DenTRo" girisimi kapsaminda kurulan ELM1350
ve BUKS510 sahalarinin ve oniimzdeki yillarda kurulmasi
planlanan yeni sahalarin uzun siireli izleme sahalar1 olarak
kullanilmas1 hedeflenmektedir. Amacimiz, diger
aragtirmacilarla is birligi i¢inde Tiirkiye'nin ¢esitli orman
ekosistemlerindeki farkli orman agacx tiirleri igin birbirinden
farkli ¢evresel kosullara sahip genis bir ulusal dendrometre
ag1 kurmaktir. Bu hedef gelecekteki uluslararasi dendrometre
verilerine dayali is birliklerine ve ortak c¢alismalara
katilmamiza da olanak saglamig olacaktir.

Sonug olarak, kizilgam, sedir ve ardica kiyasla KFB’ nin
onemli Olclide daha erken gerceklestigini gdstermis ve
incelenen tiim tiirlerde radyal biiylimenin biiyiikk bir kismi
temmuz ayimdan dnce gergeklesmistir. Ardindan tiim tiirlerin
govde caplarinda Olgiilen ve birka¢ ay devam eden
daralmalarin  (TWD), uzun siireli maruz kalinan su
eksikliginden kaynaklandigi belirlenmistir. Ayrica GRO ve
TWD’in iklimsel duyarlilik agisindan sahalar arasinda
anlamli farkliliklar gostermistir. Burada ve diger bazi
caligmalarda gosterildigi gibi (Giiney vd., 2020; Salomoén vd.,
2022; Zweifel vd., 2016), yiiksek ¢oziiniirliklii dendrometre
verileri fizyolojik olarak anlaml biiylime (GRO) ve kuraklik
(TWD) gostergelerine ayrilabilir. Bu gostergeler agac ve
mescere diizeyinde ve hatta tiim orman ekosistemleri i¢in
kullanilabilir (Zweifel, 2016) ve ormancilara erken uyari ve
miidahale imkani1 saglayarak orman yonetimi stratejilerini
belirlemede, agaclarin genel sagliginin degerlendirmesinde
ve orman planlamasinda bilimsel temelli ve siirdiiriilebilir
karar alma siire¢lerine dnemli katkilarda bulunabilir.
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Spatiotemporal forest and land cover change in Tiirkiye: The role of economic
factors in driving environmental transformations
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Abstract: Industrial advancements, urbanization, climate change, economic developments, and numerous other factors
significantly influence land use preferences, subsequently causing changes in land cover. However, these changes are not
homogeneus at the country scale. In this study, we aim to determine the total and provincial-based land cover changes in Tiirkiye
between 2006 and 2018 and the impacts of macroeconomic variables on these changes. The land cover status for 2006 and 2018
and the changes occurring during this period were determined according to the Coordination of Information on the Environment
(CORINE) system. For this purpose, five land cover classes were used. Correlation analysis was utilized to identify relationships
between macroeconomic variables and cover changes and regression analysis was used to develop models aiming to predict future
changes in land cover based on macroeconomic variables. Research findings indicate that 5.31% of forest areas, 2.9% of agricultural
areas, and 7.19% of shrub and/or herbaceous vegetation associations have been converted to other uses. During this period, forest
cover increased in 38 provinces in Tiirkiye, decreased in 41 provinces, and remained unchanged in two provinces. The province
with the highest percentage increase in forest areas was Igdir, at 19.98%, while the province with the most significant percentage
decrease in forest areas was Ordu, at 0.62%. There was a statistically significant negative correlation between changes in forest
areas and certain macroeconomic factors: gross domestic product (-0.310), number of automobiles (-0.308), number of motor
vehicles (-0.326), and the number of buildings according to the building use permit (-0.287).

Keywords: Land use, Macroeconomic factors, CORINE, Tiirkiye

Tiurkiye’de orman ve arazi ortiusi degisimi:
yonlendirilmesinde ekonomik faktorlerin rolii

cevresel donitisiimlerin

Ozet: Endiistriyel gelismeler, kentlesme, iklim degisikligi, ekonomik gelismeler ve diger birgok faktor arazi kullanim tercihlerini
onemli dlciide etkileyerek arazi ortiisiinde degisikliklere neden olmaktadir. Ancak bu degisimler iilke 6l¢ceginde homojen degildir.
Bu calismada, Tirkiye'de 2006-2018 yillar1 arasinda toplam ve il bazinda arazi ortiisii degisimlerinin ve makroekonomik
degiskenlerin bu degisimler iizerindeki etkilerinin belirlenmesi amaglanmaktadir. 2006-2018 yillarina ait arazi ortiisii durumu ve
bu donemde meydana gelen degisimler Cevresel Bilginin Koordinasyonu (CORINE) sistemine gore belirlenmistir. Bu amagla bes
arazi ortiisii sinift kullanilmistir. Makroekonomik degiskenler ve ortii degisiklikleri arasindaki iligkileri belirlemek igin korelasyon
analizi ve makroekonomik degiskenlere dayali olarak arazi ortiisiinde gelecekteki degisiklikleri tahmin etmeyi amaglayan modeller
gelistirmek i¢in regresyon analizi kullanilmustir. Arastirma bulgulari, orman alanlarinin %5,31'inin, tarim alanlarinin %2,9'unun ve
cali ve/veya otsu bitki birliklerinin %7,19'unun diger kullanimlara doniistiiriildiiglinii gostermektedir. Bu donemde Tiirkiye'de 38
ilde orman alanlar artmuis, 41 ilde azalmis, 2 ilde ise degismemistir. Orman alanlarinin yiizde olarak en fazla arttig il %19,98 ile
Igdir, en fazla azaldig: il ise %0,62 ile Ordu olmustur. Orman alanlarindaki degisim ile gayrisafi yurtici hasila (-0,310), otomobil
sayist (-0,308), motorlu tasit sayisi (-0,326) ve yap1 kullanim iznine gore bina sayis1 (-0,287) arasinda istatistiksel olarak anlaml
bir negatif korelasyon belirlenmistir.
Anahtar kelimeler: Arazi kullanimi, Makro-ekonomik faktorler, CORINE, Tiirkiye

1. Introduction the causes of this transformation have gained significant

importance in current research (Winkler et al., 2021).

Anthropogenic activities have caused changes to Forests, as one of the most critical ecosystems on

approximately three-quarters of the Earth's land surface over
the last millennium despite numerous studies aiming to
protect ecosystems at both global and local levels (Luyssaert
et al., 2014; Arneth et al., 2019; Isinkaralar et al., 2024). In
particular, the rapid increase in demand for raw materials
following the Industrial Revolution has led to humans'
destruction of natural resources, the effects of which are
currently being experienced in climate change (Walter et al.,
2003; Emmott, 2013). As a result, monitoring land cover
status, its spatiotemporal change dynamics and identifying

terrestrial surfaces, play a vital role for humans and other
living organisms due to their products and services (FAO,
2010). In addition to these characteristics, forests are central
to efforts to achieve the goals outlined in the Paris Agreement
to combat climate change (Grassi et al., 2017). However,
numerous studies have shown that forest ecosystems are
significantly degraded or endangered in many parts of the
world (Winkler et al., 2021). Understanding the changes in
these resources and the human impacts that largely influence
them is crucial for protecting and managing forest resources
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and their biodiversity. As a result of human interventions, the
dominant land cover and/or land use type in an area can be
transformed into a different type, leading to consequences
such as deforestation, desertification, habitat fragmentation,
biodiversity loss, and ultimately, global warming (Noss,
2001; Sherbinin et al., 2007). This can also reduce
environmental services (Lele and Joshi, 2009).

Identifying the specific human factors at play is crucial
for planning appropriate measures, while the causes of land
cover changes are generally human-induced. Population
status, structure, migration, population change, countries'
socio-economic goals, development strategies, implemented
policies, and social and economic structures can significantly
impact land cover. Additionally, agricultural policies and
practices are particularly influential in driving changes in
land cover (Winkler et al., 2021). In Tirkiye, a shift from
agriculture to the service sector and industrialization began in
conjunction with the development push initiated in the 1980s
(Kastan, 2016). Rural-to-urban migration that started after
this period led to rapid changes in the natural structure of
cities. These changes have primarily affected forests and
agricultural fields for the purpose of settlement and
industrialization, particularly in the urban peripheries. In
contrast, rural areas have experienced a decline in livestock
and agricultural activities due to depopulated villages,
leading to the reforestation of these areas (Toksoy etal., 2011;
Sen et al., 2018).

Determining the changes in land cover due to
anthropogenic and natural factors is particularly important for
environmental studies. In this context, numerous studies have
been conducted worldwide, including in Tiirkiye (Turner et
al.,, 1993; Lambin et al., 2003; Sen et al., 2015; Sen and
Glingor, 2018; Akturk and Guney, 2021; Roy et al., 2022;
Dogan et al., 2023; Lagarias and Stratigea, 2023; Zeren Cetin
et al., 2023; Isinkaralar, 2024). These studies have gained
momentum and diversified with advancements in geospatial
computing and remote sensing techniques (Wulder et al.,
2018). Initial studies on the land cover were primarily
focused on determining the cover of the Earth's surface or
monitoring changes over specific time intervals. However,
over time, these studies have evolved to concentrate on
identifying the causes of these changes, enabling predictions
of potential futufre changes (Huang et al., 2020). In such
research, the focus is often on local and small-scale land
cover change study sites. In contrast, some of the most
influential factors in land cover change are a country's social,
economic, cultural, and other characteristics, which vary
significantly between countries. In this context, conducting
studies at a national scale to examine land cover changes,
determine the influential factors, and identify the
relationships between them is important for management
planning and future projections.

Another important consideration is the fact that the social,
economic, cultural, and other variables within countries are
not homogeneously distributed. Countries are divided into
subunits based on various characteristics (A¢ikgdz, 2011). In
this regard, provinces emerge as units that can distinguish
areas with similar features and provide accurate data. Thus,
examining land cover change at the provincial level,
encompassing the entire country, and investigating the
influencing factors will yield valuable results. A literature
review reveals a limited number of studies conducted in this
scope.

In light of the reasons mentioned above, this study aims
to investigate the impacts of economic variables on land
cover changes in Tiirkiye between 2006 and 2018 and to
identify predictive models that can foresee potential changes
in land cover due to these economic variables. The outcomes
of this research hold the potential to significantly contribute
to the understanding of land cover change dynamics and their
underlying driving factors, ultimately benefiting decision-
makers in predicting land cover changes, thereby promoting
the conservation of forest resources and related natural
resources, establishing a balance in resource use, and
informing planning and project development in related areas.
Moreover, the findings of this study will provide a valuable
reference for future research on land cover change and its
connections with socio-economic factors, fostering the
development of more targeted and effective management
strategies. Additionally, the predictive models obtained from
this study can serve as a foundation for further research in
similar countries, enhancing the applicability and value of the
findings for a broader range of contexts. Overall, this study
addresses a crucial gap in the existing literature and aims to
advance our understanding of the complex relationship
between land cover change and economic factors, paving the
way for more sustainable and informed land management
practices.

2. Materials and Methods
2.1. Study area

Tiirkiye is located at the confluence of Asia, Europe,
Africa, and the Middle East, between the latitudes of 36° -
42° north and longitudes of 26° - 45° east (Figure 1). Among
the region's countries; it is one of the largest in terms of area
and population. The country, forming a peninsula, is
surrounded by the Black Sea to the north, the Aegean Sea to
the west, and the Mediterranean Sea to the south. Tiirkiye is
predominantly characterized by mountainous terrain, with
limited plains and coastal areas. About a quarter of the
country's surface is elevated above 1,200 meters, with steep
slopes prevalent across the nation and flat or gently sloping
lands comprising only one-sixth of the total area.

The study area's climate is diverse, significantly
influenced by the presence of seas to the north, south, and
west, as well as the mountains that cover most of the country.
Certain regions exhibit the Mediterranean climate's
characteristic maximum winter precipitation, and summer
droughts are prevalent. However, due to Tiirkiye's elevation,
winters tend to be substantially colder than those typically
encountered in Mediterranean climates, resulting in notable
temperature variations between the winter and summer
months (Sensoy et al., 2008).

Owing to its strategic position as a bridge between three
continents, its location on crucial migration routes, its unique
topographic features and varied climatic patterns, and its
position at the intersection of distinct floristic regions (Euro-
Siberian, Mediterranean, and Irano-Turanian), Tiirkiye is
recognized as one of the world's most vital gene centers in
terms of plant biodiversity (Aksoy et al., 2014). According to
the Angiosperm Phylogeny Group (APG) system, the Turkish
Flora comprises 11707 taxa, including 11466 native, 171
foreign, and 70 agricultural plants. Moreover, 3649 of these
plant taxa are endemic to Tirkiye, yielding an endemism rate
of 31.8%. Recent investigations have increased these figures,
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demonstrating that 12975 of the 374000 plant taxa
documented globally (Christenhusz and Byng, 2016) are
present within Tirkiye's borders. The number of endemic
plant taxa stands at 4157 (Ozhatay et al., 2013; 2015; 2017;
2019), and the endemism rate has been updated to 32%.
These values are anticipated to continue their upward
trajectory with each new study (Karakose, 2020).

2.2. Dataset & CLC change analyzing

The Coordination of Information on the Environment
(CORINE) Land Cover (CLC) products provide land cover
data for the European continent at a 100-meter spatial
resolution for five different years (1990, 2000, 2006, 2012,
and 2018) (Copernicus Land Monitoring Service, 2020).
Initiated by the European Union in 1985, the primary aim of
this project was to establish a standardized land cover dataset
for environmental research across European countries
(Heymann et al., 1994).

CLC offers users 44 distinct land cover classes within five
main categories, enabling a detailed examination of changes
between these numerous classes (Bossard et al., 2000). The
'Land Cover Classification Project' was launched in 1988 as
part of the adaptation process with the European Union,
making Tiirkiye one of the European countries included in the
CLC products (Atesoglu, 2016). Since the first CLC product
release, these datasets have been widely used and continue to
be employed in various studies in Tiirkiye (Vural et al., 1997;
Ikiel et al., 2013; Atesoglu, 2016; Sari and Ozsahin, 2016;

S00TE SIE

Konukgu et al., 2017; Aktiirk et al., 2020; Akturk and Guney,
2021). The frequent use of CLC products in academic
research can be attributed to their free access, providing
information on numerous sub-land cover classes, and data
availability at an acceptable spatial resolution of 100 meters.
In this study, the 2006 and 2018 CLC products were used due
to the variety of land cover classes they provide and their
coverage of the study area. Using these datasets enables an
in-depth investigation of land cover changes in Tiirkiye and
contributes to understanding the driving factors behind these
shifts. Although data from the CLC for the years 1990 and
2000 are available for the study area, they were not included
in the study due to the unavailability of all relevant economic
data for these periods. Furthermore, the CLC data for the year
2012 is not deemed suitable for use in the study, in order to
avoid an increase in data processing capacity and an increase
in the temporal coverage time.

Geographical operations for this study were performed
using ArcMap version 10.8.1. First, spatial alignment was
ensured, and all CLC raster and province borders vector
datasets used in the study were transformed into the ETRS89
LAEA geographic coordinate system. Then, the cell
resolutions of the CLC maps were kept constant at 100
meters, and the level 3 CLC land cover classes were re-
categorized according to the study objectives and grouped
under six main classes based on the study’s purposes (Table

1.
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Figure 1. National country and city boundaries of the study area
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Table 1. CLC Level 1 and Level 3 land cover classes and their new re-categorized classes according to the aims of the study
(AS: Attificial surfaces, AA: Agricultural areas, FA: Forest Areas, SH: Shrub and/or herbaceous vegetation associations, OS:

open spaces, W: Wetlands)

CORINE Level 1 CORINE Level 3 Re-categorized Class
111 - Continuous urban fabric AS
112 - Discontinuous urban fabric AS
121 - Industrial or commercial units AS
122 - Road and rail networks and associated land AS
123 - Port areas AS
Artificial surfaces 124 — Airports AS
131 — Mineral extraction sites AS
132 — Dump sites AS
133 — Construction sites AS
141 — Green urban areas AS
142 — Sport and leisure facilities AS
211 — Non-irrigated arable land AA
212 — Permanently irrigated land AA
213 — Rice fields AA
221 — Vineyards AA
222 — Fruit trees and berry plantations AA
Agricultural areas 223 — Olive groves AA
231 — Pastures SH
241 — Annual crops associated with permanent crops AA
242 — Complex cultivation patterns AA
243 — Land principally occupied by agriculture, with significant areas of natural vegetation AA
244 — Agro-forestry areas AA
311 - Broad-leaved forest FA
312 — Coniferous forest FA
313 — Mixed forest FA
321 — Natural grasslands SH
322 — Moors and heathland SH
Forest and semi 323 — Sclerophyllous vegetation SH
natural areas 324 — Transitional woodland-shrub SH
331 — Beaches, dunes, sands oS
332 — Bare rocks oS
333 — Sparsely vegetated areas oS
334 — Burnt areas oS
335 — Glaciers and perpetual snow oS
411 — Inland marshes w
412 — Peat bogs w
Wetlands 421 — Salt marshes w
422 — Salines \%
423 — Intertidal flats w
511 — Water courses \%
512 — Water bodies \%
Water bodies 521 — Coastal lagoons w
522 — Estuaries \%
523 — Sea and ocean W

In addition to the spatial change analysis of land cover
classes, temporal transitions between cover types were also
examined. These changes were conducted based on the land
cover classes specified in Table 1, taking the years 2006-2018
as a reference. Furthermore, Tiirkiye's annual deforestation
rate was determined at the national and provincial levels.
Although this rate can be calculated using several formulas
(Liu et al., 1993; FAO, 1995; Menon and Bawa, 1997,
Armenteras et al., 2006; Lele and Joshi, 2009), the widely
used Formula (1) (Puyravaud, 2003) was employed in this
study. That is:

= (;ln:—j) £100 (1)

tr—t;

where P is the percentage of forest loss per year, and Al
and A2 are the amount of forest cover at time t1 and t2,
respectively.

2.3. Analysis of macro-economics factors-land cover change
relations

As specified in the study objectives, macroeconomic
factors causing land cover change between 2006 and 2018
were determined by identifying macroeconomic variables. In
determining these economic variables that could affect land
cover change, attention was given to the availability of data
for the relevant years for each province provided by the
Turkish Statistical Institute or other institutions. If data for
the relevant year were unavailable, data from the nearest one
or two years were used. Within this scope, 18 variables were
identified for use in the analyses. These include (1) plant
production value (1000 TL/year) (PPV), (2) production
quantity of cereals and other plant products (tons/year) (PQ),
(3) total cultivated agricultural land size (year/hectares (ha))
(CAL), (4) production quantity of greenhouse vegetables and
fruits (year/tons) (PGV) , (5) the number of large livestock
(NLL), (6) total value of animal products (TL) (VAP), (7)
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number of small livestock (NSL), (8) gross domestic product
(GDP) (TL), (9) GDP per capita (TL) (GDPC), (10) the
number of automobiles (NA), (11) number of motor vehicles
(NM), (12) the number of motor vehicles per capita (NMC),
(13) total electricity consumption per capita (kWh) (TEC),
(14) number of buildings according to occupancy permits
(BOP), (15) number of buildings according to construction
permits (BCP), (16) export revenues (TL) (ER), (17) export
revenues per capita (TL) (ERC) (TUIK, 2023), and (18)
development levels of provinces (DLP) (STB, 2023).

A correlation analysis was applied to reveal the
relationship between the changes in land cover and the
economic factors that influenced these changes between 2006
and 2018. If the correlation value is between (+-)0.00-0.25,
the correlation level is very weak, between (+-) 0.26-0.49
weak, between (+-) 0.50-0.69 moderate, between (+-) 0.70-
0.89 high, and between (+-) 0.90-1.00 it is considered very
high (Ozdamar, 2002; Biiyiikoztiirk, 2010). The analysis used
12 dependent and independent variables (economic
variables) mentioned above. The dependent variables in the
correlation analysis are the changes in artificial surfaces
(AS), agricultural areas (AA), forest areas (FA), shrub and/or
herbaceous vegetation associations (SH), open spaces with
little or no vegetation (OS), and wetlands (W) land cover
classes between 2006 and 2018 and their values per square
kilometer (psq).

2006 _
»

pi. ~ Pome

Legend

The stepwise method from multiple regression techniques
was employed in the analysis aimed at estimating the changes
in land cover due to economic variables (Ozdamar, 2002;
Biiytikoztiirk, 2010). Independent variables that did not show
a normal distribution and had multicollinearity issues were
removed from the analysis. The first 15 independent variables
and the 12 dependent variables mentioned above were used
in the modeling.

3. Results and Discussion

As a results of this study, produced land cover maps of
Tiirkiye for the years 2006 and 2018 are given in Figure 2,
and the area-based land cover results are shared in Table 2
below. According to the results, the total area of Tiirkiye's the
FA class in 2018 was 11522103 ha. This area represents
approximately 15% of Tiirkiye's total land area. Between
2006 and 2018, the AS class experienced an increase of
20.42% (263461 ha), the AA class grew by 0.15% (47716 ha),
the SH class increased by 0.87% (169176 ha), and the W class
expanded by 4.39% (76932 ha). Conversely, the FA class
decreased by 0.96% (111932 ha), and the OS class declined
by 3.78% (445353 ha).

Changes in LULC and transitions between land use
classes between 2006-2018 are presented in Figure 3 and
Table 3, and the provincial basis is presented in Table 4.

:’ City Boundaries of Turkiye [ ] SH -Shrub andior herbaceous vegetation associations

[T As- Artificial Surfaces
|:| AA - Agricultural areas

- W - Wetlands
- FA - Forest Areas

D 0S - Open spaces with little or no vegetation

0 875 175 350 5256 708

Figure 2. 2006 and 2018 land cover maps of Tiirkiye and its cities derived from CLC.
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Table 2. Area coverage of land cover classes for 2006 and 2018 and cover change within 12 years
Area (ha)
Change (%
2006 2018 ge (%)
Artificial Surfaces (AS) 1290342 1,553805 20.42
Agricultural areas (AA) 32017143 32064930 0.15
LULC Classes Forest Areas (FA) 11634050 11522103 -0.96
Shrub and/or herbaceous vegetation associations (SH) 19531874 19701165 0.87
Open spaces with little or no vegetation (OS) 11775822 11330566 -3.78
Wetlands (W) 1750661 1827620 4.39
Total 77999892 78000189
N
Legend
[T Boundaries of Tarkive [T from FAt0 08
[ fromFAtoAs Bl onFatow
[ omFatoaa [ ~o Change 0 65 130 260 390 520
[ fromFAtoSH -——
Figure 3. Forest Areas (FA) land cover class change map of Tiirkiye from 2006 to 2018
Table 3. The change matrix of land cover classes for Tiirkiye from 2006 to 2018
2018
AS AA FA SH 0S W Total
Area(ha) % Area(ha) % Area(ha) % Area(ha) % Area(ha) % Area(ha) %  Area(ha) %
AS 44678 3.46 2779 0.22 19013 1.47 5112 0.40 4589 0.36 76171 5.90
AA 205151 0.64 118151 0.37 400597 1.25 137402 0.43 66429 0.21 927730 2.90
2006 FA 23724 0.20 148781 1.28 422723  3.63 15834 0.14 7186 0.06 618248 5.31
SH 78759 0.40 552007 2.83 365842 1.87 377078 1.93 30123 0.15 1403809 7.19
(ON) 29138 0.25 211538 1.80 18396 016 718173  6.10 15696 0.13 992941 8.43
W 286 0.02 18442 1.05 1148 6.22 12479 0.71 12162 0.69 44517 2.54
Table 4. City-level status of the land cover classes for 2006 and 2018 based on CLC
Land Cover Change (ha) Transition matrix of Land Cover Classes (ha) Deforestation
City AS AA  FA SH OS W FA-AS FA-AA FA-SH FA-OS FA-W AS-FA AAFA SH-FA OS-FA wopa o rate(forFA) Coastal
Change (%) or Not
Adana 7888 22720 183 13274 -2554 3929 1001 4155 25275 566 1309 130 10978 20424 885 72 1250598  0.006 +
Adryaman 2359 317 629 2334 860 -l 15 2 217 53 0 0 107 792 104 3 703011 0514 -
Afyonkarahisar 3009 1885 2009 -8296 948 445 163 335 1561 128 2 18 394 3674 111 1 1361346 0183 -
Agn 3971 6420 0 -6214 -4666 517 0 0 0 0 0 0 0 0 0 0 1075077 0.000 -
Aksaray 1143 5354 135 1909 -6462 1739 0 8 16 1 0 0 3 238 19 0 727829 0504 -
Amasya 929 451 964 5724 8385 317 144 1189 3830 434 37 6 1243 4989 353 7 531150 0.061 -
Ankara 17618 -11524 303 8743 -17846 2706 13 287 2245 48 4 17 270 2558 53 2 2473675 0.018 -
Antalya 6896  -1734  -4585 =573 -2001 1997 983 3333 29939 2138 413 126 2965 28566 526 38 1914548 -0.069 +
Ardahan 1232 10454 253 -5327 2175 -4413 76 97 588 38 0 1 56 945 48 0 464332 0.069 -
Artvin 589 2485 315 3144 3642 2730 272 1775 4261 4ll 89 174 1928 3964 406 12 710223  -0.008 +
Aydin 2794 2378  -5753 2591  -2661 651 142 1342 7173 37 30 43 713 2090 115 10 782250 -375 +
Balikesir 7504  -3068 -5109 -1155 231 1597 1103 3410 14152 35 344 40 2976 10843 53 23 1394204 -0.106 +
Bartin 355 -883 399 115 -1 15 162 1118 426 2 35 15 1777 331 2 17 228511 0.027 +
Batman 1201 803 1145 22517 -25676 10 1 12 282 14 0 0 78 1281 95 0 415167 1.204 -
Bayburt 200 -719 83 33673 -33630 393 0 71 221 69 0 1 40 337 66 0 331010 0.060 -
Bilecik =313 6280 -899  -1003  -4325 260 352 2724 3693 16 47 42 2277 3589 25 0 385597 -0.052 -
Bingol 1304 -1427 4095  -4977 63 942 129 340 2726 538 71 6 595 6508 770 20 771055 0.337 -
Bitlis 1336 1099 -12520 17987 -7715  -187 49 160 13651 1758 2 3 164 2061 889 3 789941  -1228
Bolu 2006  -1411 -109  -1777 61 1230 200 1641 2771 39 46 31 1457 3061 35 4 812697 -0.002 -
Burdur 2120 1235 -3938 2475 -2599 707 203 490 7795 106 66 7 437 4132 122 24 694162 -0.255 -
Bursa 7664 2027 8539 2606  -188 1642 1329 7086 8109 90 353 65 2720 5608 17 18 1036093  -0.197 +
Ganakkale 1067 1699 -7187 2997 9 1433 233 2259 14500 21 307 48 1753 8296 11 25 942955 -0.177 +
Cankirt 1788 -976 809 6551  -8462 290 70 128 1194 96 62 0 211 1993 153 2 727288 0.078 -
Corum 951 451 579 -2703  -6780 7502 143 2049 1823 188 204 8 1129 3591 257 1 1191319 0.023 -
Denizli 3142 1134 -1396 2011 -4576 =315 36 2527 15714 217 75 21 2273 14574 296 9 1148009 -0.042 -
Diyarbakir 6881 5053 209 -12161  -514 532 0 69 546 89 4 0 43 814 60 0 1453932 0.081 -
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Table 4 continued

Land Cover Change (ha) Transition matrix of Land Cover Classes (ha) Deforestation
City AS  AA  FA SH  0S W FA-AS FA-AA FA-SH FA-OS FA-W AS-FA AA-FA SH-FA OS-FA W-pA N rate(forFA) Coastal
Change (%) or Not

Diizce 1518 -1727 -788 865 T 131 63 526 936 1 8 5 644 94 0 3 244393 -0.055 ¥
Edirne 1911 1075 607 -4629  -137 1173 29 605 2368 82 77 4 546 3204 0 14 595170  0.099 -
Elazig 2555 6430 992 955 -10365  -567 2 40 225 41 19 4295 969 45 6 901333 0.537 -
Erzincan 3558 -3877 -2998 3420 954 851 S8 465 4884 798 2 1 402 2309 495 2 2390649 -0.202 -
Erzurum 3518 167 -1454 7666 -10609 712 37 887 4603 37 5 16 975 3061 56 7 1349033 -0.083 -
Eskisehir 10449 -25537 1183 10733 2925 268 104 261 1138 20 4 68 515 2114 13 0 622438 0.426 -
Gaziantep 2255 -1966  -973 13240 -12391  -165 8 162 1602 440 4 0 135 979 126 31127010 -0214 -
Giresun 2779 2252 -117 4643 -5408 355 148 4377 1919 146 14 10 3421 2863 189 4 671246 -0.005 +
Giimiishane 944 3457 10027 -6438 2009 933 215 456 1483 227 194 9 2277 9798 515 3634503 0.672 -
Hakkari 1204 4577 3764 18930 -27906  -650 0 338 1974 669 0 0 74 6270 401 0 628335  1.523

Hatay 1712 1653 -6266 3729 -1220 420 229 2866 6171 73 12 42 653 2367 46 1 529485 0372 +
Igdir 1118 3370 350 -2408 -1637  -779 0 0 0 1 0 0 33 307 2 9 351335 19.982 -
Isparta 2242 799 1543 2685 -2351 452 297 754 3835 130 66 20 364 5831 384 26 869866  0.116 -
Istanbul 14164 -4247 -1075 -8850 37 29 6946 1369 5275 33 230 693 1078 10801 13 193 498524  -0.041 +
izmir 5851 -2245 -12741 10382 -2275 1028 950 2192 21795 193 48 233 2570 9390 221 23 1124985  -0.447 +
Kahramanmaras 5396 -S111 7716 -1008 -9533 2540 66 1417 3733 111 127 52365 10552 210 38 1397440 0356 -
Karabiik 889 2965 653 1389  -50 84 144 758 3333 3312 42696 2272 34 37 397336 0.024 -
Karaman 865 1641 4719 7792 22449 7432 10 445 1680 582 635 4 423 M35 209 0 777816 0.754 -
Kars 3850 859  -555 -5300 935 255 0 86 1224 34 0 3 36 729 21 0 963091  -0.150 -
Kastamonu 1499 8095 2568 -8907 -3618 363 446 6996 4835 297 41 24 5687 9175 264 33 1258314  0.031 +
Kayseri 5996 10415  -825 -17756 840 1330 88 127 1480 313 71 0 362 816 76 0 1596848  -0.290 -
Kirikkale 1465 -1825 132 3578 -3479 129 0 48 301 5 0 0 40 439 7 0 465521  0.086 -
Krklareli 714 146 7399 9746 -107 1594 67 717 2284 1 37 5 672 9793 8 37 624957 0305 +
Kirsehir 718 <395 111 =700 -1821 2087 2 39 81 8 3 1 44 189 2 8 641282 0.092 -
Kilis 409 218 238 156 -568  -18 0 28 49 0 1 0 31 272 14 0 136250  0.602 -
Kocaeli 3579 3761 -8974 1410 65 289 690 5512 7105 0 55 55 1386 2939 2 6 313187  -0.597 +
Konya 9592 9845 8239 -44194 19100 -2582 85 577 3836 175 13 8 710 12008 188 11 3889023  0.686 -
Kiitahya 3436 18480 1812 -5748 -14941 585 666 3500 6773 105 68 59 2122 6893 224 21094072 -0.047 -
Malatya 2088 2521 219 -5704 719 595 18 86 388 47 0 0 28 251 41 0 1160180  -0.169 -
Manisa 3773 536 -14054 8410 497 838 392 3266 17646 60 66 44 2225 5027 72 8 1284202 -0.512 -
Mardin 3498 -8611  -74 -19215 24573 -166 0 32100 0 0 0 1 57 0 0 805825  -0.259 -
Mersin 8571 2177 -44160 50486 -18314 1240 1044 7012 72435 584 134 120 9681 26443 790 15 1358465  -1.119 +
Mugla 2980 -6255 -8841 16257 -5217 1076 819 2041 17595 181 98 188 3232 8027 380 66 1208272  -0.167 +
Mus 2711 -3557 2936 4949 9764 8597 7 85 4835 168 6 0 92 1789 284 0 812093  -0.755 -
Nevsehir 2636 -4669 0 -1458 2374 1117 0 0 0 0 0 0 0 0 0 0 526608  0.000 -
Nigde 2937 6962 -161 -19858 10021 99 18 54 532 50 0 0 73 371 49 0 670706  -0.177 -
Ordu 602 14166 -12709 -2053  -283 277 229 17641 3669 34 23 84 5244 3523 32 4 539345 -0.620 +
Osmaniye 2610 -2157 2776 2586 -315 52 239 2229 5456 37 48 12 1576 3575 38 32 311678 -0.209 -
Rize 159 1476 -1690 2887 2728  -104 27 1963 654 32 30 1 497 464 24 30 374826 -0.083 +
Sakarya 5699 -6979 1061 235 425 879 282 3299 2594 8 49 13 3389 3863 0 28 457510  0.050 +
Samsun 1551 12620 -8315 -3443 3389 976 214 16867 2350 228 401 5§ 6727 4548 315 97 920268  -0211 +
Siirt 1506 6491  -833  -6045 -2063 944 0 345 1429 219 0 0 42 98 132 0 552403 -0.165 -
Sinop 5041 4591 2664 26774 -40746 776 83 650 4344 595 1 9 827 6978 520 32648775 0.196 +
Sivas 1483 -4057 2211 1795 -3974 2542 389 2246 5560 39 606 26 4699 6230 62 34 536214  0.063
Sanhurfa 10793 12404 863 6878 -34457 3520 0 10 18 1 0 2 21 745 124 0 1840244  4.949 -
Sirnak 2947 2631 2121 -6294 -1478 91 7 30 2383 125 0 1 13 3787 866 0 668382 0314 -
Tekirdag 3183 1904 3801 -11269  -107 2488 108 1171 905 3 48 14 458 5552 8 4 594754 0.447 +
Tokat 4916 8895 2100 -6634 -5155 78 430 9076 6529 325 75 55008 7946 1351 25 931468  -0.056 -
Trabzon 1419 426 731 1425 -1516  -171 139 3128 1509 5 4 28 2594 1418 9 S 448266 -0.034 +
Tunceli 21 -5726 3755 34382 -34526 2136 82 609 6567 1090 172 8 1084 8088 3081 14 682059  0.199 -
Usak 2415 -5066 1731 1259  -487 148 199 1029 2941 60 11 6 1282 4580 94 9 525039 0.174 -
Van 4101 -10733 87 59669 -53508 643 0 10 189 25 0 0 89 33 15 0 1955614  -0.381 -
Yalova 956 338 2634 1137 0 203 479 1015 2103 0 13 21 264 688 0 372905 -0.499 +
Yozgat 3245 13065  -354 -8675 -10516 3235 57 1274 1719 219 1 12 663 1368 872 11309635 -0.023 -
Zonguldak 854 338 -588 6 7 71 293 1368 543 2 24 52 1199 377 113 328490 -0.031 +

*Area based calculations are given in hectares.

As shown in Table 3, and Figure 3 between 2006 and
2018, 0.2% (23724 ha) of FA class converted to AS class,
1.28% (148781 ha) to AA class, 0.14% (15834 ha) to OS
class, and 3.63% (422723 ha) to SH class. The highest
conversion rate occurred from FA to SH classes, indicating
structural degradation of forests. The subsequent significant
change occurred due to deforestation for agricultural land
conversion, aimed at generating higher income.

Regarding AA class, 0.64% (205151 ha) of AA converted
to AS land cover class, 0.37% (118151 ha) to FA class, 1.25%
(400597 ha) to SH class, and 0.43% (137402 ha) to OS class.
The primary reason for AA class transitions to FA and SH
classes can be attributed to the transformation of agricultural
lands back to forest areas due to rural-to-urban migration.

During the same period, 0.4% (78759 ha) of SH class
converted to AS class, 2.83% (552007 ha) to AA class, 1.87%
(365842 ha) to FA class, and 1.93% (377078 ha) to OS class.
Since the SH class is much easier to convert into agricultural
land, approximately four times more area was converted to
the AA class than the FA class.

In addition, 1148 ha of W class area changed to FA class
within the same period. If this trend continues, it could
exacerbate future water shortages resulting from climate
change.

When examining coastal and non-coastal regions, forest
areas increased by 25.9% in coastal regions while decreasing
in the others. In non-coastal provinces, forests increased by
55.6% and dropped in the rest. These results indicate a higher
rate of forest decline in coastal regions, with tourism being a
significant contributing factor.

Between 2006 and 2018, the most substantial increase in
AS occurred in Aydin (17618 ha), Usak (14164 ha), and Rize
(10,793 ha). Only two cities experienced a decrease in AS:
Diyarbakir (313 ha) and Ordu (21 ha).

Similar results were found in a study conducted in Mount
Bambouto Caldera in Cameroon. Between 1980 and 2016,
croplands increased by 4%, settlements by 0.43%, and bare
lands by 5.7%, while savanna/grassland areas decreased by
4.4% and natural forests by 5.8%. The study highlights an
increasing trend in bare lands, buildings, and agricultural
lands due to anthropogenic activity, with a decline in
savannas and dense woody vegetation. The primary cause is
the increased use of land resources, particularly the
conversion of grasslands and natural forests to agricultural
areas, settlements, and agroforestry (Toh et al., 2018).

Another study in Tanzania found a decreasing trend in
forests, shrublands, and wetlands from 1990 to 2016.
Between 1990 and 2010, forest areas decreased by 2752 km?,
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with 56% of these forests converting to shrublands, 23.2% to
grasslands, and 18.9% to agricultural lands. Between 2010
and 2016, forest areas decreased by 377 km?, with 39.5%
converting to grasslands, 30.5% to shrublands, and 27.0% to
agricultural lands. However, from 2010 to 2016, 1359 km? of
shrubland areas were converted back to forests. During the
same period, 72.6% of wetlands were converted to grasslands
and 18.9% to agricultural lands, resulting in a decrease of 705
km? (Msofe et al., 2019).

When examining Table 4, between 2006 and 2018, the top
three provinces with the highest deforestation rates were seen
Bitlis (-1.23%), Mersin (-1.12%), and Mus (-0.76%)
respectively. The top three provinces with the highest
afforestation rates were Igdir (19.98%), Sanlurfa (4.95%),
and Hakkari (1.52%). The deforestation rate in Tiirkiye
during the same period was -0.08%. In addition, the
deforestation rate in 63% of all provinces (54 provinces) was
higher than the national average. Between 2006 and 2018, the
percentage of provinces with increasing forest areas was 47%
(38 provinces), decreasing forest areas was 51% (41
provinces), and unchanged forest areas were 2% (2
provinces).

Between 2000 and 2021, the global tree cover loss was
calculated as 11% (WRI, 2023). According to FAO data, the
global deforestation rate between 2015 and 2020 was 10
million ha per year (0.25%) (FAO, 2022). In this context,
Tiirkiye's situation appears relatively favorable. However,
when comparing our findings with data from the General
Directorate of Forestry (GDF), which manages Tiirkiye's
forests, it is stated that forest areas increased by 1.7 million
ha between 2004 and 2020 (GDF, 2020). This contradicts this
study’s findings. The discrepancy may be attributed to GDF's
definition of forested areas, which considers both productive
and degraded areas together and does not include forest losses
due to mining, tourism, and construction within the official
forest area boundaries (Plieninger et al., 2016).

3.1. Impacts of macro-economic factors on land cover change

In Tiirkiye, significant transformations have occurred in
rural and urban areas after the development of
industrialization and tourism, particularly in the post-1980
period. Especially after incentives provided by the
government, excessive and irregular construction in the
provincial centers and increased income levels led to higher
utilization and degradation of natural resources (Cekirge,
2013; Dokuyucu, 2023). Forests, in particular, have been
structurally damaged and spatially reduced due to various
reasons, such as construction, clearing land for agriculture,
usage as fuel, illegal logging, opening up to tourism, and
mining (Sen and Toksoy, 2006; Sen, 2022).

Looking at the changes in the Turkish average of
macroeconomic variables that we believe could be effective
in this transformation between 2006 and 2008, the value of
plant production increased by 191.9%, the production amount
of cereals and other plant products increased by 49.1%,
greenhouse vegetable, and fruit production increased by
80.6%, the number of large cattle increased by 57%, the value
of animal products increased by 106%, the number of small
cattle increased by 43%, the GDP ($) increased by 44.3%, the
GDP per capita ($) increased by 23.5%, the number of
automobiles increased by 101.9 percent, the number of motor
vehicles increased by 87%, the number of motor vehicles per
capita increased by 74.3%, and the total -electricity

consumption per capita (kWh) increased by 56.4%. In
contrast, it was determined that the entire cultivated
agricultural land decreased by 14.2%, the number of
buildings according to the building permits decreased by
8.5%, export revenues ($) decreased by 41.6%, and export
revenues per capita ($) decreased by 35.8%.

A correlation analysis was conducted to determine
whether the changes in macroeconomic indicators were
effective on land cover. The results of correlation analyses at
the provincial level and per square kilometer between the
changes in land cover and the changes in macroeconomic
variables during the 2006-2018 period are presented in Table
5.

According to the results of the correlation analysis
conducted for the 2006-2018 period (Table 5), the following
relationships  have been identified between the
macroeconomic variables and the spatial changes in the
provinces:

* In agricultural land (AS), statistically significant positive
relationships were found with the values of plant
production (0.506: moderate intensity), production
amounts of cereals and other plant products (0.360; weak
intensity), the number of large cattle (0.548: moderate
intensity), greenhouse vegetable and fruit production
(0.315: weak intensity), total animal product value
(0.288: weak intensity), the number of small cattle (0.442:
weak intensity), Gross Domestic Product (GDP)
(moderate intensity), the number of automobiles (0.589:
moderate intensity), the number of motor vehicles (0.624:
moderate intensity), export revenues (0.506: moderate
intensity), and export revenues per capita (0.267: weak
intensity). A statistically significant negative relationship
was found with the change in the total cultivated
agricultural land (-0.422: weak intensity).

* In residential areas (AA), a statistically significant positive
relationship was found with the change in total animal
product value (0.228: weak intensity), and a statistically
significant negative relationship was found with the
change in export revenues per capita (-0.228: weak
intensity).

* In forest areas (FA), statistically significant negative
relationships were found with the change in Gross
Domestic Product (-0.310: weak intensity), the number of
automobiles (-0.308: weak intensity), the number of
motor vehicles (-0.326: weak intensity), and the number
of buildings according to building usage permits (-0.287:
weak intensity).

* In wetlands (W), no statistically significant relationship was
found between the spatial changes and macroeconomic
variables.

* In open and green spaces (OS), statistically significant
positive relationships were found with the change in total
animal product value (0.02), Gross Domestic Product
(0.037: very weak intensity), the number of buildings
according to building usage permits (0.035: very weak
intensity), export revenues (0.011: very weak intensity),
and export revenues per capita (0.009: very weak
intensity).

* In the spatial changes of agricultural land (AS) per square
kilometer, statistically significant positive relationships
were found with export revenues (0.346: weak intensity)
and export revenues per capita (0.333: weak intensity).



184

* In the spatial changes of residential areas (AA) per square
kilometer, a statistically significant negative relationship
was found with the change in the number of buildings
according to building usage permits (-0.222: very weak
intensity).

* In the spatial changes of forest areas (FA) per square
kilometer, statistically significant positive relationships
were found with the number of buildings according to
building usage permits (0.223: very weak intensity) and
the number of buildings according to building permits (-
0.254: very weak intensity), while a statistically
significant negative relationship was found with the
change in total electricity consumption per capita (-0.223:
very weak intensity).

* In the spatial changes of wetlands (W) per square kilometer,
statistically significant positive relationships were found
with the change in total electricity consumption per capita
(0.228: very weak intensity) and the change in export
revenues per capita (-0.257: very weak intensity), while a
statistically significant negative relationship was found
with the change in total animal product value (-0.292:
very weak intensity).

*In the spatial changes of open and green spaces (OS) per
square kilometer, no statistically significant relationship
was found with the changes in macroeconomic variables.
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The changes occurring in Artificial Surfaces (AS)
generally increase in parallel with the value increases of
economic variables at the provincial level. This could
particularly be associated with the augmentation of housing
stock and infrastructure due to economic development.
Conversely, the same increase in AS demonstrates an inverse
relationship with the amount of cultivated agricultural land.
Additionally, migrations caused by urbanization and the
aging of the rural population could be factors reducing the
amount of cultivated agricultural land.

The change in the amount of animal products, directly
proportional to changes in agricultural areas, is significant as
it reveals the intertwined nature of agriculture and animal
husbandry. The complementarity of these two sectors is vital
for planning efforts to prevent the reduction of agricultural
areas.

When we examine the variables where meaningful
relationships are found between changes in forest areas and
economic indicators, they are generally related to Gross
Domestic Product (GDP), automobiles, and buildings, all of
which are indicators of affluence. This pattern of behavior is
prevalent worldwide and is similarly observed in Tiirkiye. As
people's income increases, they have built more roads and
buildings. Furthermore, when commercial structures,
Renewable Energy Resources (RES), Hydroelectric Power
Plants (HPS), and particularly highways constructed for
transit transportation are added to the mix, it becomes
inevitable to mitigate impacts on forests. This is because, in
general, new tourism, energy, and other government-
supported investments are primarily implemented in forested
areas owned by the state.

Table 5. Correlation analysis results between land cover changes (2006-2018) and macroeconomic variables

PPV__PO___CAL PGV __NLL VAP __NSL__GDP_GDPC__NA __NAC_NMV_NMVC TEC _BOP___BCP___ER__ ERC _ DLP
Land
cover N 81 81 81 81 81 81 81 81 81 81 81 81 81 81 81 81 81 81 81
change
AS gggﬂi:‘;‘t‘ 0506 0360 -0422 0315 0548 0288 0442 0.683 0075 0589 -0.013 0624 -0.186 0014 0419 0152 0506 0267 0.093

Sig. (2-tailed) 0 0.001 0 0.004 0 0.009 0 0 0504 0 091 0 0097 0898 0 0177 0 0016 0408
AA 82;2‘;‘:;’1‘: 0.113  0.041 -0032 0029 0.121 0228 0.192 -0.019 -0.177 -0.008 -0.038 0.008 -0.018 -0.113 0075 0.166 -0.184 -0.228 0.006

Sig. (2-tailed) 0317 0717 0776 0799 028  0.04 0086 0868 0.115 0944 0735 0944 0874 0316 0507 0139 0101  0.04 0.956

Correlation 20207 -0.066 0.161 -0.112 -0.087 -0.03 -0.047 -031 -0.188 -0.308 -0.057 -0.326 0.3 0.103 -0287 -0.106 -02 -0.126 -0.16
FA  Coefficient

Sig. (2-tailed)  0.064 056 0.5 032 0442 0793  0.68 0.005 0094 0.005 0.614 0003 0247 0362 0.009 0344 0074 0264 0.155
SH ggffeﬁl:‘cf"t‘ 20.01 -0.024 0095 0112 -0.077 -0.019 -0.063 -0.02 0088 -0.013 -0072 -0.01 -0.047 -0.021 -0.054 -0.056 -0.03 -0.034 -0.015

Sig. (2-tailed) 093 0834 0398 0322 0493 0863 0575 0858 0436 0909 0525 093 0676 0856 0631 0617 0791 0762 0.895
os gggﬂi:‘;‘t‘ 0.061 -0.004 -0.094 -0.181 0082 -0259 0018 0232 0.195 0215 0124 0203 -0.098 0.132 0234 0078 0283 029 0012

Sig. (2-tailed)  0.586  0.975 0405 0.107 0464 0.2 087 0.037 0081 0054 0271 0069 038 0241 0.035 049 0.011 0009 0915
W 82;2‘;‘:;’1‘: 0319 0241 -0256 0.199 023 0089 0154 0.8 0143 0249 0236 0249 -0.072 0.102 0.056 -0.102 0.7 -0.007 0.012

Sig. (2-tailed)  0.004  0.03 0.021 0075 0.039 043 017 0097 0202 0.025 0.034 0.025 0523 0364 0617 0363 0533 0952 0914
AS gg:;:i:le(t’ll: 0.098 0052 -0.079  0.13 0.1 0077 009 0208 0201 0174 0001 0177 -0.127 0.122 0.094 0083 0346 0333 -0225

psq

Sig. (2-tailed)  0.383  0.647 0485 0249 0373 0494 0394 0062 0073 0.2 0994 0115 0259 0277 0404 0461 0.002 0.002 0.044

Correlation 0.005 -0.063 0.033 0006 0064 0209 0079 -0.087 -0.124 -0.125 -0.073 -0.111 -0.188 -0.087 -0.222 -0.048 -0.175 -0216 -0.06
AApsq Coefficient

Sig. (2-tailed)  0.967 0.579 0769 0954 0573 0061 0481 0438 027 0267 0518 0322 0.094 0442 0.046 0674 0119 0.053 0.592

Correlation 0.082 0.078 -0.052 0041 -0.013 -0.059 -0.077 0206 -0.027 0.187 -0.194 0193 -0.099 -0223 0223 0254 0146 0019 0.022
FApsq Coefficient

Sig. (2-tailed) 0469 0486 0.645 0716 0909 0598 0496 0065 081 0095 0083 0084 038 0.045 0.045 0022 0194 0866 0.842

Correlation 20.093 -0.078 -0.081 -0.067 -0.007 -0.292 0.142 -0.019 0.131 0.001 0.144 -0011 0042 0228 0.4 -0.001 0.126 0257 -0.061
SHpsq Coefficient

Sig. (2-tailed) 0408 0488 0474 055 0949 0.008 0207 087 0244 0994 02 0923 0712 0.041 0213 0992 0262 0.021  0.59

Correlation 0.101 0.116 -0.047 0.107 -0.028 0.197 -0.054 0021 -0.115 -0.041 -0.097 -0.008 002 -0.028 -0.148 0.092 -0.064 -0.129 0.043
OSpsq  Coefficient

Sig. (2-tailed) 037 0302 068 0342 0801 0078 0634 0854 0308 0719 0391 0945 0861 0.805 0187 0415 0572 025 0.704
W 0279 005 -0203 0204 0227 0.166 0.191 0.157 0.147 0215 0153 0203 0059 -0.005 0084 0076 0181 0127 0.081
P 0.012 0.659  0.068 0.042  0.138 0087 0162 0191 0054 0.172 0069 0598 0.963 0457 0499 0.106 0259 0.473

Significance level: p<0,05
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Similar results have been observed in various other
studies. A study conducted in Thailand noted that the
transition from subsistence farming to manufacturing and
service sectors, mainly due to tourism development in the
context of agricultural and economic development, has lifted
many people from poverty to the middle-income level. This
has, in turn, helped maintain the forest cover at approximately
31-32%, thus staving off deforestation. However, it is also
mentioned that forested areas have decreased due to the
expansion of agricultural activities, particularly rubber
plantations. However, it is anticipated that a decline in rubber
prices could potentially lead to an increase in forest areas
again (Trisurat et al., 2019). In the changes in land use that
occurred in Tanzania between 1990 and 2016, economic
variables, such as increasing market demand and price
incentives for agriculture and forestry products, is stated to
have been influential (Msofe et al., 2019). In another study
conducted in India, it is asserted that the fundamental
challenges faced by the country's environmental resources
are, in many ways, connected to poverty and economic
growth. In rural fields of India, the per capita agricultural land
has declined from 0.638 ha in 1950-51 to 0.271 ha in 1998-
99, while the per capita forest area has shrunk from
approximately 0.113 ha to 0.071 ha. These figures are
considerably low by global standards. It is reported that in
India, 270 million people in rural areas rely on forests for
their livelihood, and forests provide these individuals with
employment and income. This high dependence has led to the
unsustainable exploitation of forests and, ultimately, their
degradation (Nagdeve, 2007). These findings demonstrate
that land cover or land use changes are closely related to

economic changes. However, these relationships vary
depending on the conditions of countries, societies, and
settlements.

3.2. Formulating land cover change prediction models for
land use policies

The formation of land use policies necessitates the
reliable collection of existing inventory data and the
importance of predictive models based on these data in
planning. In this context, change models have been
developed for each land use class in this study, taking
macroeconomic variables as a basis to determine possible
changes in LULC. Regression analysis results (Tables 6, 7, 8,
9) and developed equations are given below.

According to the regression analysis results, the
prediction model between the change in AS in 2006-2018 and
macroeconomic variables (Formula 2) is as follows;

ASChange = 1805.632 — 0.017 NMVChange+0.001 PPVChange +
0.01 BBH + 0.048 NAchange — 0.001 POchange — 13685.657
NACchange (R2:0.768, p<0.000) 2
According to the regression analysis results, the
prediction model between the change in FA in 2006-2018 and
macroeconomic variables (Formula 3) is as follows;
FA change = -760.727-0.015PGV change (R2:0.165, p<0.000) (3)
According to the regression analysis results, the
prediction model between the change in AS in 2006-2018 and
macroeconomic variables (Formula 4) is as follows;
SHchange = 9894.689 + 0.063 CALchange T 0.02 PGV change —
101164.432 (R2:0.227, p<0.000) 4)

Table 6. Regression analysis results between change in AS in 2006-2018 and macroeconomic variables

ANOVA Model Summary
Model Sum of squares df Mean square F Sig. R R square Adjusted R square Std.ee;zr(;ra(t);the

Regression 445922446.758 1 445922446.758 93.998  0.000  0.737 0.543 0.538 2178.062
1 Residual 374772402.131 79 4743954.457

Total 820694848.889 80

Regression 554389637.530 2 277194818.765 81.190  0.000  0.822 0.676 0.667 1847.747
2 Residual 266305211.359 78 3414169.376

Total 820694848.889 80

Regression 589274932.033 3 196424977.344 65.356  0.000  0.847 0.718 0.707 1733.624
3 Residual 231419916.856 77 3005453.466

Total 820694848.889 80

Regression 618576957.411 4 154644239.353 58.149  0.000  0.868 0.754 0.741 1630.781
4 Residual 202117891.477 76 2659445.940

Total 820694848.889 80

Regression 633145961.429 5 126629192.286 50.638  0.000  0.878 0.771 0.756 1581.345
5 Residual 187548887.459 75 2500651.833

Total 820694848.889 80

Regression 644801572.895 6 107466928.816 45.212  0.000  0.886 0.786 0.768 1541.732
6 Residual 175893275.994 74 2376936.162

Total 820694848.889 80

Regression 657668675.129 7 93952667.876 42.070  0.000  ,0.895 0.801 0.782 1494.401
7 Residual 163026173.760 73 2233235257

Total 820694848.889 80

Significance level: p<0,05

Table 7. Regression analysis results between change in FA in 2006-2018 and macroeconomic variables

Anova Model summary
Model Sum of squares  df Mean square F Sig. R Adjusted R Std. error of the
square square estimate
Regression ~ 562759772.125 1 562759772125 15.557 0.000 0.406 0.165 0.154 6014.419
1 Residual 2857685182.566 79 36173230.159
Total 3420444954.691 80

Significance level: p<0,05
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Table 8. Regression analysis results between change in SH in 2006-2018 and macroeconomic variables

Anova Model Summary

Model Sum of squares df Mean square F Sig. R Sqlfl{are ﬁ?:s;erg ts}:(ei.e(;irﬁlra(t):

Regression 2027043486.606 1 2027043486.606 11.896  0.001 0.362 0.131 0.120 13053.572
1 Residual 13461263724.381 79 170395743.347

Total 15488307210.988 80

Regression 2855120028.686 2 1427560014.343 8.814  0.000  0.429 0.184 0.163 12726.505
2 Residual 12633187182.301 78 161963938.235

Total 15488307210.988 80

Regression 3521166465.115 3 1173722155.038 7.552 0.000 0477 0.227 0.197 12466.652
3 Residual 11967140745.873 77 155417412.284

Total 15488307210.988 80

Significance level: p<0,05

Table 9. Regression analysis results between change in OS in 2006-2018 and macroeconomic variables

Anova Model Summary
Model Sum of squares df Mean square F Sig. R Adjusted R Std. error of
square square the estimate
1 Regression 636074576.769 1 636074576.769 4.977 0.029 0.243 0.059 0.047 11304.602
Residual 10095728502.219 79 127794031.674
Total 10731803078.988 80
2 Regression 1236610472.905 2 618305236.453 5.079 0.008 0.339 0.115 0.093 11033.279
Residual 9495192606.083 78 121733238.540
Total 10731803078.988 80

Significance level: p<0,05

According to the regression analysis results, the
prediction model between the change in OS in 2006-2018 and
macroeconomic variables (Formula 5) is as follows;

OSchnge = - 12729,241 + 97427,412 NACChange — 0,033
CALchange (R2:0,115, p<0,008 )

No statistically significant relationship was found
between the change in AA and macroeconomic variables.

The AS change model has shown the highest success in
modeling land cover changes based on provinces. Upon
examination of the models, it is mainly determined that the
increase in grains and other plant species leads to a decrease
in AS areas. In the change of forest areas, the decrease in
undergrowth fruit and vegetable production was found to be
influential. Indeed, forest areas are generally decreasing.

Various studies are being conducted to predict the future
status of land uses depending on socio-economic variables.
In this context, a simulation for Beijing predicts that in a rapid
development scenario between 2010-2020, a 60.7%
reduction in water areas could lead to a water shortage in
Beijing, construction land would increase by 31.4% primarily
from cultivated land, waters, and unused land, while the
changing trend of forests and pastures would be lower. In a
scenario where a dominant cultivated land protection policy
is observed, it is anticipated that forest areas would increase
slightly, the increase rate of construction area would be
17.2%, water areas would decrease by 20.9%, and cultivated
areas would decrease by 11% (Han et al., 2015). A predictive
study in the United States estimates that by 2030, developed
use areas will increase by approximately 70 million acres,
and the most significant percentage will be deflected from
forests. The primary reason for this is stated to be the increase
in population and personal incomes (Alig and Plantinga,
2004).

The study results also show that FA and SH areas, which
are concentrated in rural areas, will decrease, especially with
the increase in agricultural activities.

4. Conclusions

The findings of this study demonstrate that land cover in
Tiirkiye underwent substantial alterations between 1998 and
2018, with a noteworthy change of approximately 30.6%.
Regrettably, this transformation has been characterized by a
significant expansion of artificial surfaces (AS) and a decline
in forest areas (FA), a development that is cause for concern.
While the increase in shrubland (SH) areas can be considered
positive, the rise in water bodies in Tirkiye, in light of
climate change and the consequent reduction in water
resources, can also be interpreted favorably. During times of
prevalent food crises, the importance of agricultural lands is
continually escalating. Hence, converting these lands into
artificial surfaces or open spaces (OS) indicates potential
deficiencies in management and planning. Notably, recent
regulations permitting construction in non-forest and
agricultural lands suggest that such degradation may persist
in the future. This situation necessitates prompt and efficient
policy intervention.

This research underscores the need for a comprehensive
and sustainable land use policy. It calls for new measures that
can effectively minimize the loss of critical resources such as
agricultural lands, forests, and water bodies. Such a policy
should involve strategic planning and management that
prioritize the conservation of these critical land use classes
while facilitating economic development. Moreover, it is
essential to mitigate pressures, particularly from the
construction, mining, and energy sectors, on these vital areas.
This could be achieved through more rigorous regulation of
these sectors and the implementation of sustainable practices,
as well as through the promotion of alternative or less
damaging land use models. In the face of rapid economic
development and population growth, our study further
implies that efficient land use practices can provide a
practical path to achieve a balance between ecological
sustainability and economic development. As we move
forward, it becomes increasingly crucial to understand and
consider the impacts of macroeconomic factors on land cover
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changes to facilitate better-informed decision-making
processes in land use planning and policy.

In conclusion, this research is a pertinent reminder of the
urgent need for careful consideration and strategic planning
in land use policies to protect our vital land resources from
further degradation. The interplay between land use, socio-
economic factors, and sustainability is complex and dynamic,
underscoring the need for ongoing research and proactive
management in this important area.
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Istanbul Orman Bélge Miidiirliigiindeki isletme ve fidanhklarin ekonomik katma
degerleri

Giiven Kaya®” 2, Kenan Ok? 2, Tuncay Porsuk®

Ozet: Orman isletmeleri, tamamen kar amagl olmamalari yaninda, sermayesinin isletmeden isletmeye cok farklilasmasi,
calismalarinin ¢ok yillik niteligi vb. nedenlerle kolayca degerlendirilebilen kurumlar degildir. Tiirkiye’de orman isletmelerinde
rasyonellik temelli ¢ok sayida arastirma yapilmis fakat bu alandaki arayislarda bir uzlasi saglanamamigtir. Temel mali tablolardan
tiretilen ve donem net karina dayanan analizler, isletmelerin ¢ok yillik yatirim harcamalariyla tiretilen degerleri 6lgmekte basarisiz
olmaktadir. Bu baglamda, ormancilik dis1 sektorlerde firmalarin gergek karliligini hesaplamak tizere kullanilan Slgiitlerden biri
ekonomik katma degerdir (EVA). Bu ¢alismanim amaci; Istanbul Orman Bolge Miidiirliigiiniin on orman isletme ve iki fidanlik
miidirliigiintin, 2018-2022 yillar1 i¢in EVA’sin1 hesaplayarak, farkliliklari analiz etmek, isletmelerin durumunu degerlendirmek
i¢in bu 6l¢iitiin uygunlugunu tartismak seklinde belirlenmigtir. Bolge midiirligii genelinde hesaplanan ortalama EVA degerleri,
ortalama donem net karlarindan genelde daha yiiksek bulunmustur. Arastirma dénemi igerisinde, neredeyse her yil dsnem net zarar1
veren fidanliklar i¢in, pozitif EVA degerlerinin hesaplanabildigi goriilmiistiir. Demirkdy isletmesi, yillik ortalama net kar ve EVA
degeri en yiiksek isletme olurken, Istanbul isletmesi siirekli zarar ve eksi EVA degeriyle one ¢ikmistir. Isletmenin sahip oldugu
orman alan1 ve agac servetinin hesaplanan net kar ve EVA degerlerini etkiledigi goriilmiistiir. Demirkoy, Istanbul ve Kirklareli
isletmelerinin donem net kar1 ve EVA degeri arasinda %99 giiven araliginda anlamli fark saptanmustir. Donem net kart degiskeni
acisindan Demirkdy igletmesi, tim isletme ve fidanliklardan 0,05 anlamlilik diizeyinde farklidir. EVA degiskeni agisindan ise
Demirkéy ile birlikte, Istanbul isletmesinin de diger isletme ve fidanliklarm ¢ogu ile arasinda istatistiksel olarak anlamli fark oldugu
belirlenmistir. Sonug olarak, EVA degiskeninin dénem net karindan farkli bir degisken oldugu isletme bazinda kanitlanmis, orman
isletmelerinin ¢ok yillik yatirimlarmin cari yil kar veya zararina etkisini daha iyi gosterebildigi anlasilmistir.

Anahtar kelimeler: Ekonomik katma deger, EVA, Dénem net kari, Orman Isletmeleri

Economic value added of enterprises and nurseries in the Regional Directorate of
Forestry in Istanbul

Abstract: Forest enterprises are not institutions that can be easily evaluated due to the fact that their capital varies greatly among
enterprises, the perennial nature of their work, etc., as well as the fact that they are not entirely profit-oriented. Many rationality-
based studies have been conducted in forest enterprises in Turkey, but no consensus has been reached in this field of research.
Analyses based on net profit for the period, derived from basic financial statements, fail to measure the values generated by the
multi-year investment expenditures of enterprises. In this context, economic value added (EVA) is one of the measures used to
calculate the real profitability of firms in the non-forestry sector. The aim of this study was to calculate the EVA values of ten forest
enterprises and two nursery directorates of Istanbul Regional Directorate of Forestry for the years 2018-2022, to analyze the
differences, and to discuss the suitability of this criterion to evaluate the status of the enterprises. Average EV A values calculated
across the regional directorates were generally higher than average net profits for the period. During the research period, it was
observed that positive EVA values could be calculated for nurseries that had a net loss almost every year. The Demirkdy enterprise
had the highest annual average net profit and EVA, while the Istanbul enterprise stood out with continuous losses and negative
EVA. It was determined that the forest area and volume of the enterprise affected the calculated net profit and EVA values. There
was a significant difference between net profit for the period and EVA values of the Demirkdy, Istanbul and Kirklareli enterprises
at 99% confidence interval. In terms of the net profit for the period variable, the Demirkdy enterprise was found to be different
from all enterprises and nurseries at the 0.05 significance level, and in terms of the EVA variable, the Demirkdy and Istanbul
enterprises were found to be significantly different from most of the enterprises. As a result, it has been proved that the EVA
variable is a different variable than the net profit for the period on an enterprise basis, and it is understood that it could better show
the effect of multi-year investments of forest enterprises on the current year profit or loss.
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1. Giris

Tiirkiye’de orman igletmelerinin basarilarinin 6lgiilmesi,
bu dogrultuda olgiitler gelistirilmesi, farkli konum ve
ozelliklerdeki isletmelerin kargilagtirilmasi, yerel kosullar ile
iilke ormancilik politikalarina uygun isletme amaclarinin
belirlenmesine olanak verecek siniflandirmalarin yapilmas,
aslinda uzun bir siiredir arastirmacilarin ve uygulamacilarin
ilgisini gekmektedir.

Tiirk orman isletmelerinin ekonomilerinin irdelendigi
kapsamli ilk akademik ¢alisma Miraboglu (1958) tarafindan
yapilmistir. O dénem Tiirkiye’de var olan tiim orman
isletmelerinin bilangolarini ayr1 ayri inceleyerek, 6zellikle
iiretim maliyetleri ile satiglar1 irdeleyen Miraboglu (1958),
iktisaden iyi ve kotii durumdaki isletmelerin belirlenmesini
ve benzer yapidaki isletmeleri biitiinlestirebilen politikalar
gelistirilmesini Onermistir. Miraboglu’nun ardindan Peker
(1973), sayilart artan orman isletmelerinin sorunlarinin
oldugunu ve igletmeleri rasyonalize ederek problemlerinin
¢Oziilmesi gerektigini belirtmistir.

Bu calismalar aslinda bir yandan iilkedeki orman isletme
miidiirliigii sayisi artarken, diger yandan bu alandaki gozlem
ve deneyimlerin de arttigini ve daha iyi bir isletme
yonetiminin nasil saglanabilecegine yonelik arayislarin
¢ogaldigin1 gostermektedir. OGM Fen Heyeti’nin benzer
isletmeleri gruplandirma cabasi iilke ve bolgesel diizeyde
yeni (Miraboglu, 1958; Geray, 1982; Tiirker, 1996)
aragtirmalara konu olsa, isletme biiylkligii (Yazici, 1982)
veya amag ve stratejileri (Oztiirk, 2003) konularinda yapilmis
caligmalar bulunsa da orman isletmeciligi konusunda yapilan
bilimsel ¢alismalar icerisinde en fazla basar1 degerlendirme,
ekonomik analiz ¢aligmalarina odaklanildig1 goriilmektedir
(Ok, 2023).

Bu kapsamda, Tiirkiye’de orman igletmelerinde etkenlik
ve verimlilik (Caglar ve Oncer, 1990), Trabzon Orman
Isletme Miidiirliigiiniin mutlak ve nispi ekonomik basar1
analizi (Toksoy, 1992), Dogu Anadolu ve Dogu Karadeniz
Bolgesinde 32 orman isletmesinde biyofizik, ekonomik,
teknik ve yonetsel sosyo-ekonomik degiskenlerle basari
lgiimii (Dasdemir, 1996), Artvin ve Ardanug Orman Isletme
Miidiirliikleri nispi ekonomik basar1 analizi (Oztiirk, 1997),
Demirkdy Orman Isletmesinde mali tablo analizi (A¢ikgdz-
Altunel, 2003), Istanbul Orman Bolge Miidiirliigiine bagh
sekiz orman isletmesinde iktisadilik ve verimlilik analizi
(Sentiirk, 2005), Edremit ve Dursunbey orman igletmelerinde
verimlilik ve iktisadilik analizi (Oktay, 2005), Kilis Orman
Isletme Miidiirliigiinde iktisadilik analizi (Tugrul, 2008),
Tiirkiye’de orman ddner sermaye isletmelerinin etkinlik
analizi (Basar vd., 2009), Arag ve Bartin orman
isletmelerinde verimlilik ve iktisadilik analizi (Demirdégen,
2009), Bati Akdeniz Bolgesinde 37 orman isletmesinde
verimlilik analizi (Korkmaz, 2011), Isparta ve Antalya
Orman Bolge Miidiirliiklerine bagli 19 orman isletmesinde
iktisadilik analizi (Korkmaz, 2012), Denizli, Izmir ve Mugla
Orman Bolge Midiirliigiindeki 164 orman isletme sefliginin
etkinlik analizi (Safak vd., 2012), Diizce, Golyaka, Akgakoca
ve Yigilca Devlet Orman Isletme Miidiirliiklerinin etkinlik
analizi (Kara vd., 2013), Dogu Karadeniz bdlgesi orman
isletmelerinin etkinlik diizeylerinin Olgiilmesi ve optimal
isletme biiyiikligii (Bayramoglu, 2013) konulu arastirmalar
gerceklestirilmistir. Orman bdlge miidiirliiklerinde etkinlik
calisan bir 6rnek (Alim, 2004) ¢ikmigsa da asil iktisadi iinite
isletme  oldugundan ¢alismalar isletmeler iizerine
odaklanmustir.

Bununla birlikte, yukarida siralanan orman isletmesi
ekonomik analiz ¢aligmalarinin, iktisadi basar1 olgiitlerinin
genellikle rasyonellik, etkenlik ve etkililik analizleri
cergevesinde  tasarlandigi  goriilmektedir.  Tktisadilik,
verimlilik ve karlilik ilkeleri isletmelerin basarili ¢alisip
calismadigini farkli yonlerden ele alan akilcilik ilkeleri olarak
bilinir (Tiirker, 2020). Orman isletmelerinde bu alanin ¢ok
calisgilmis olmasima, Ulusal Ormancilik Programi, Orman
Genel Midiirliigii Stratejik Plan1 (2019-2023) veya XI.
Kalkinma Plan1 (2019-2023) gibi iist politika belgelerinde
rasyonellik ilkelerine  vurgu yapilarak, performans
Olgtimlerinin uygulamaya aktarim yoniinde niyet beyan
edilmesine ragmen, iktisadilik, verimlilik ve karlilik
Olciitlerini  kullanarak orman isletmelerinin basarisinin
Olciilmesi yoniinde bir isteksizligin oldugu gézlenmektedir.
Siiphesiz pek ¢ok faktor bu isteksizlige neden olmus olabilir.
Ancak, orman isletmeciligiyle ilgili akademi ve uygulama
cevrelerince, basariyr aciklama ve isletme amacini ifade
edebilme yetenegi acilarindan kabul goérmiis 6lgiit veya
Olciitler setinin ortaya konmasi veya heniliz konamamis
olmasi da etkili bir faktor olarak goriilmelidir. Gergekten de
agaclandirma, bakim, genglestirme gibi ¢ok y1llik harcamalar
yapan bir isletmenin, tek yillik bir bilango verisine gore
basarili veya basarisiz kabul edilmesi, bu alanda yapilmis
¢alismalarin ¢iktilarinin uygulama tarafindan
benimsenmesini de giiclestirmektedir. Ancak, diinya
lizerinde, orman isletmeleri gibi, tek bir yilin bilangosuna
gore degerlendirilmesi sakincali bagka sektorlerde faaliyet
gosteren bagka isletmeler de bulunmaktadir ve bu alanlardaki
benzer tartismalardan iilke ormancilig1 i¢in ¢ikarilabilecek
derslerin olmasi olasidir.

Bu ¢erg¢evede ve ormancilik dis1 sektorlerde, temel mali
tablolardan temin edilen donem net kar1 verisine dayanan
karlilik analizlerinin, igletmelerin yatirim harcamalari ile
gelecege deger yaratan performanslarmi ihmal ettigi
bilinmektedir. Diger bir ifadeyle, muhasebe kari, isletme
basarisini tek boyutlu yansitmakta ve sermaye yatirimlarinin
firsat maliyetlerini dikkate almamakta, dolayisiyla igletme
performansmni  saghikli  6lgmemektedir. Bu baglamda
ormancilik dis1 sektorlerde, muhasebe verilerine dayal
olarak firmalarin gercek karliligini hesaplamak iizere siklikla
kullanilan, yapisi itibariyle deger odakli ve Tirkgeye
“ekonomik katma deger (Economic Value Added, EVA)”
olarak gevrilebilecek bir dlgiitiin kullanildigi bilinmektedir.
Uluslararast literatiirde kisaca EVA olarak anilan bu 6l¢iit, bir
Amerikan danismanlik sirketi olan Stern Stewart & Co.
tarafindan 1980’lerde gelistirilmistir (Tiirk, 2010). EVA, bir
isletmenin belirli (normal) bir yildaki, diizeltilmis vergiler
sonrast net isletme kazanci ile toplam sermaye maliyeti
arasindaki fark olarak tanimlanmaktadir (Otlu ve Karaca,
2006). Ekonomik katma degeri pozitif ise, isletmede bir
katma deger yaratildig1; negatif ise, isletme sermayesinde bir
erozyon oldugu diisiiniilmektedir (Gokgen, 2004; Unlii ve
Saygin, 2014).

Ekonomik Katma Deger:

— Isletmenin yarattigi degerdeki degisimler {izerinden
performansin dl¢lilmesini saglar (Tiirker, 2005).

— Bir isletmenin en azindan sermaye maliyeti kadar kar
etmesi diisiincesine dayanir (Tiirker, 2005; Otlu ve
Karaca, 2006).
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— Yatirmmlarin gelecekteki harcama ve faydalarini dikkate
alir (Glirbiiz ve Ergincan, 2004; Giimiis ve Tasdemir,

2016).
— Diizeltmelerle muhasebe verilerinin — siibjektifligini
azaltir, gercek ekonomik performansa doniistiiriir

(Ertugrul, 2009; Ozalp, 2016).

Bir finansal olgiit olarak EVA, isletmelerin gercek
karliligina dayali olarak gelistirildigi i¢in, finans uzmanlari
tarafindan ¢ok c¢abuk kabul gormiistir (Tirk, 2010).
Diinya’da EVA §lgiitiiniin ~ 6zel sirketlerin  finansal
performansinin dlglimiinde danigman firmalar tarafindan
yaygin olarak kullanildigi bilinmektedir. Amerika Birlesik
Devletleri’nde Fortune 500 listesindeki sirketlerin Ekonomik
Katma Degeri 6lcen bir ¢alisma (Abdeen ve Haight, 2002)
ornek olarak verilebilir. Bununla birlikte, basta borsada islem
gorenler olmak tizere, farkli sektorlerden sirketlerin EVA
degerlerini 6lgmeye yonelik; otomotiv yan sanayi firmasi
(Y1lmaz, 2012), turizm isletmesi (Onal ve Karadeniz, 2004)
ve sektorii (Unlii ve Saygin, 2014), BIST’te islem géren
seramik (Akyliz, 2013) ve ¢imento firmalari (Giimiis, 2018),
metal egya ve makine firmalar (Sentiirk, 2015) seklinde pek
¢ok aragtirma Ornek verilebilir. Diger yandan bazi
aragtirmalarda (Erdogan, 2010; Yelgen ve Okutmus, 2019;
Figankaplan, 2020) EVA ile sirketlerin piyasa degeri
arasindaki iligki simanirken, bazilarinda (Kiigiikkapili, 2011;
Yilmaz, 2013; Horasan vd., 2019) ise sirketlerin EVA degeri
ile piyasa katma degeri arasindaki iligki arastirilmistir. Akgiin
ve Giinay (2020) ise, EVA ile borsa performans 6lgiitleri
arasindaki iliskiyi sorgulamistir.

EVA Olgiitiiniin, yatirnm niteligindeki giderler ile kar
diizeltmeleri yapmasi ve bu giderleri aktiflestirmesi, aslinda
orman igletmeleri igin de bir sorun olan geleneksel muhasebe
kari ile performans 6l¢iimii noktasinda bir firsat sunmaktadir.
Baldzova ve Luptakova (2016), Slovakya’da Banska Bystrica
bolgesinin  giiney-batisinda yer alan bir devlet orman
isletmesinin finansal performansimni1 Ekonomik Katma Deger
Endeksi  gelistirmek  suretiyle = 6lgme  olanaklarim
aragtirmigtir. Tlrkiye’de ise, ormancilik muhasebesi alaninda
yapilmig bazi ¢alismalar (Tirker, 2015; Yesilyurt, 2016)
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bulunsa da orman isletmelerinde finansal performans 6l¢timii
amaciyla EVA o6l¢iitiiniin kullanimina ydnelik bir arastirma
bulunmamaktadir. Bu nedenle orman isletmelerinin
performans analizlerinde Ekonomik Katma Deger, EVA
Olgiitiiniin ~ kullanim  olanaklarmin test edilmesi ve
arastirllmas1 gerekmektedir. Bu gerekcelerden hareketle
makalenin amac1; Istanbul Orman Bélge Miidiirliigiine bagl
10 orman isletme miidiirliigii ile iki Orman Fidanlik
Midirligi’ntin, 2018-2022 yillarn  Ekonomik Katma
Degerleri (EVA) ve donem net kérlarin1 hesaplamak, elde
edilen bulgular arasindaki farklar1 analiz etmek ve EVA
Olciitliniin orman isletmelerinin basarisin1 degerlendirmeye
uygunlugunu tartigmak seklinde belirlenmistir.

2. Materyal ve yontem
2.1. Calisma alam

Arastirmanin  ¢aligma alani1 Istanbul Orman Bélge
Miidiirligiine (OBM) bagli on orman isletme miidirligi
(OIM) ve iki orman fidanlhik miidiirliigiidiir (OFM).

Istanbul OBM, Orman isletme miidiirliiklerinin konumu
Sekil 1’de, sahip olduklar1 orman alanlan ise Cizelge 1’de
verilmistir.

Cizelge 1. fstanbul OBM’ne bagli OIM’ler ve orman varlig
(ha)

Orman isletme

Orman varlig1 (ha)

miidiirlikleri Normal kapali Bosluklu kapali  Toplam
Bahgekdy 10.766 399 11.165
Catalca 101.649 3.570 105.219
Demirkdy 74.581 1.657 76.238
Edirne 28.791 15.614 44.405
Istanbul 19.757 2.166 21.923
Kanlica 41.380 1.191 42.571
Kirklareli 79.772 26.130 105.902
Sile 51.861 7.949 59.810
Tekirdag 92.439 8.735 101.174
Vize 68.979 3.005 71.984

Toplam 569.975 70.416 640.391

Sekil 1. Istanbul Orman Bélge Miidiirliigii ve Isletme Miidiirliikleri
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Istanbul OBM’ne bagli, Istanbul ve Liileburgaz
(Kirklareli) Orman Fidanlik Miidiirliikleri seklinde iki ayri
yOnetim birimi daha bulunmaktadir. Fidanliklarin muhasebe
hesaplarinda yer alan ve orman isletmelerinden oldukga
farklilik gosteren yatirim niteligindeki harcamalarinin EVA
hesaplanmasina etkisini gérebilmek iizere, bu kurumlar da
caligma kapsamina alinmistir.

Calisma alanindaki orman isletmelerinin 2017-2022
yillar1 arasinda doner sermaye gelir tablolari, bilangolar1 ve
mizan cetvelleri, 6zel biitge gelir ve gider tablolart ile iiretim
cetvelleri, satis cetvelleri ve faaliyet raporlari arastirma
materyali olarak kullanilmigtir. Caligma 2018-2022 yillarini

kapsamakla birlikte, 2017 yil1 verilerinden EVA hesaplarinda
amortismanlara temel olarak faydalanilmistir.

Aragtirma alamindaki OIM ve OFM’lerin 2017-2022
yillar1 arasindaki doner sermaye kar veya zararlar1 Eyliil 2023
reel degerleriyle Cizelge 2’de verilmistir.

Calisma alanindaki OIM’lerin toplam ve birim alandaki
agac serveti degerleri ise Cizelge 3’te sunulmustur. flk
siralarda agac servetine Demirkdy ve Kirklareli OIM’leri
sahipken, birim alandaki aga¢ serveti Demirkdy ve Bahgekoy
isletmelerinde en yiiksek diizeylerdedir.

Cizelge 2. Aragtirma alanindaki OTM ve OFM’lerin dénem reel net kir ve zararlari (TL)

OIM/OFM 2017 2018 2019 2020 2021 2022 Ortalama
Bahgekdy OIM 39.464.154 43.058.766 27.813.186 21.620.156 30.913.728 31.437.368 32.384.559
Catalca OIM 1.154.258 33.677.410 34.099.490 48.163.399 52.993.997 55.404.421 37.582.162
Demirksy OIM 82.086.144 169.968.538 243.898.566 175.778.501 227.880.595 254.200.319 192.302.111
Edirne OIM -6.246.643 -7.464.939 -7.270.491 -202.569 71.134.441 -6.751.404 7.199.733
Istanbul OFM -12.799.516 -25.619.340 -17.527.359 -11.979.007 -8.658.664 -14.218.169 -15.133.676
Istanbul OIM -132.440.441 -210.036.337 -146.266.191 -118.207.619 -76.300.312 -234.102.457 -152.892.226
Kanlica OIM 18.716.452 44.042.224 53.778.386 58.713.191 69.854.571 4.523.967 41.604.799
Kurklareli OIM 42.402.936 32.994.246 77.667.368 67.815.154 107.410.767 166.169.711 82.410.030
Liileburgaz OFM -10.297.511 -12.466.707 -6.632.010 -7.078.549 4.498.204 -8.063.282 -6.673.309
Sile OIM 19.669.522 -483.345 24.521.077 21.061.972 20.515.650 15.801.422 16.847.716
Tekirdag OIM -10.804.455 -1.681.447 11.434.063 4.348.789 23.833.157 21.625.710 8.125.970
Vize OIM -8.744.156 30.461.781 56.578.112 86.136.197 82.769.221 48.380.375 49.263.588
Ortalama 1.846.729 8.037.571 29.341.183 28.847.468 50.570.446 27.867.332 24.418.455

Cizelge 3. Orman Isletme Miidiirliiklerinin agac serveti yatirimlar, stok maliyeti ve degerlemesi, devam eden insaat
Orman isletme Toplam agag serveti Birim alandaki isleri, devam etmeyen faaliyetler, karsilifi kalmayan
midiirliikleri (m°) agag serveti (m°/ha) alacaklar, serefiye degeri, marka, patent ve haklar,
Ba?glekoy ggg;g;g lgg amortismanlar seklinde verilmektedir (Tiirk, 2010). Orman
gz;;ﬁ oy 17.148.331 295 i§letmelgr?ni11. faaliyetleri ile katla.lndllkl'arl hqrcamg ve yfitlrlm
Edirne 892,511 20 giderlerinin isletme amaglar1 icerisindeki yerini dikkate
Istanbul 1.356.951 62 alinarak yapilmasi gerekenlerle ilgili, bu aragtirmadan dnce
Kanlica 2.706.612 64 konmus herhangi bir kural veya Oneri bulunmamaktadir.
Kirklareli 12.311.812 116 Buna karsilik, orman isletmelerinin Tirkiye ormanciligi
Sile 885.309 15 L. . . . .
Tekirdag 3.195.745 32 icerisindeki yeri ve konumu dl.kkate alinarak, gerekli
Vize 5.194.488 72 diizeltmeler asagida agiklandig: sekilde yapilmistir.

2.2. Ekonomik katma deger hesabi

Ekonomik katma deger (EVA) tanimina uygun olarak
formiil 1 ile hesaplanmistir.

EVA = NOPAT — (NOA x WACC) (1)

Formiil 1°de; NOPAT diizeltilmis vergi sonrasi faaliyet
karmni, NOA toplam sermaye yatirimini1 ve WACC, agirlikl
ortalama sermaye maliyetini gostermektedir.

EVA hesaplanirken, isletmenin net faaliyet kar ve
sermayesinde bazi diizeltmeler yapilmasi gerekmektedir.
EVA’y1 gelistiren Stern Stewart & Co. Sirketine gore, EVA
hesaplanirken 164 maddede diizeltme yapma olanagi
bulunmaktadir (Stewart, 1991). Ancak isletmenin faaliyet
alanina gore degismekle birlikte, on maddelik bir diizeltme
de yeterli goriilmektedir (Yilmaz, 2012). Bu diizeltme
noktalarindan bazilari; aragtirma-gelistirme giderleri, pazar
olusturma ve gelistirme giderleri, egitim giderleri, finansman
giderleri, faaliyet kiralamalari, yeniden yapilanma
maliyetleri, uzun vadede getiri saglayan diger stratejik

NOPAT hesabinda muhasebe kari,
diizeltilmistir.

formil 2 ile

NOPAT = Vergi sonrast donem net kart +

Vergi sonrast diizeltilmis yatirim niteligindeki giderler +
Vergi sonrast 6zel biitgeye katkt +

Vergi sonrast genel biitgeye katkt —

Diizeltilen giderlerin amortismant +

Yillik amortisman giderleri 2

Donem net karinda yapilmasi gereken vergi diizeltmesi
formiil 3 yardimiyla yapilmustir.

Vergi sonrast donem net kdrt = Doénem net kart x (1 —

t) 3)

Formiil 3’deki donem net kari, orman isletmesi doner
sermaye bilangosunda 590 veya 591 numarali hesaplarin
kalanlaridir. t ise kurumsal vergi oranini temsil etmektedir.
Bu islem sonrasinda yatinm niteligindeki giderler
belirlenerek, vergi diizeltmesi formiil 4’de gosterildigi gibi
yapilmigtir:
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Vergi sonrast diizeltilmis yatirim niteligindeki giderler =
Diizeltilecek giderler x (1 —t) 4)

Yatirim niteligindeki giderler ve yatirim Omiirleri hem
doner sermaye, hem de 6zel biit¢ede belirlenmistir. Her bir
orman isletme miidiirliigii ve fidanlhik miidiirliigiiniin doner
sermaye biitgesinde; 750 Arastirma Giderleri, 760 Pazarlama
Satis ve Dagitim Giderleri ve 770 Genel Yonetim Giderleri
taranarak, yatirim niteliginde olanlar tespit edilmistir. Ayrica
Istanbul Orman Bélge Miidiirliigii 6zel biitce saymanhginin
her bir orman isletme ve fidanlik midiirliigline dagitimini
yaptig1 yatirim niteligindeki giderler saptanmstir.

5520 sayil1 Kurumlar Vergisi Kanunu’nun 10. Maddesi
birinci fikrasinin (a) bendinde diizenlenen Ar-Ge indiriminde
5746 sayili Arastirma ve Gelistirme Faaliyetlerinin
Desteklenmesi Hakkinda Kanun ile yapilan degisiklikle, Ar-
Ge harcamalan iizerinden hesaplanacak vergi indirim orani
%100’e ¢ikartilmistir (Tiirk, 2010). Bu nedenle Ar-Ge
giderleri aktiflestirilirken, vergi kesintisi yapilmamus,
tamami NOPATa eklenmistir.

Ozel biitceye katkmin diizeltilmesi islemi, Genel Gegici
Tali  Mizan  Cetvelindeki  770.05.08.02.15  kodlu
Agaclandirma fonu hesabinin kalani kullanilarak Formiil 5
yardimiyla yapilmustir.

Vergi sonrast 6zel biitgeye katkr =
Agaglandirma fonu payt x (1 —t) (5)

Isletmelerden ayrica bes yilda bir genel biitceye katki
olarak hazine hissesi gonderilmektedir. Bu katkinin
diizeltilmesinde de agaglandirma fonu pay1 ile ayni islem
yapilmistir.

Gider diizeltmelerinin  amortismani  igin  yatirim
niteliginde olan ve muhasebe karina eklenen giderlerin yillik
amortismanlari  yatirimin  getiri  verebilecegi  siireler
kullanilarak hesaplanmistir. Giderler siirelerine boliinmiis ve

sire  boyunca yillik amortismanlar1 (Formiil 6)
hesaplanmustir.

Diizeltilen giderlerin amortismant =

Diizeltilen gider/Yul (6)

NOPAT hesabinda son olarak ise, yillik amortisman
giderlerinin diizeltilmesi igin, Genel Gecici Tali Mizan
Cetvelinde yer alan 770.25 kodlu Maddi Duran Varliklar
Amortismanlar1 ve 770.26 kodlu Maddi Olmayan Duran
Varliklar Amortisman1  gider kalemlerinin kalanlarinin
toplami hesaplanmigtir. 750, 760 ve 770 bagliklar1 altinda
gider amortismanlari toplanmigtir.

Toplam sermaye yatirnmi, NOA hesabi, Formiil 7
kullanilarak yapilmistir.

NOA = Doénen varliklar —
Kisa vadeli yabanct kaynaklar + Duran varliklar +
Gider diizeltmeleri @)

Gider diizeltmesi = Onceki yilin gider diizeltmesi —
Cari yilin gider diizeltmelerinin amortismant +
Cari yilin gider diizeltmesi (8)

Bu verilerin tamami, yillik bilangolar, gelir tablolar ve
kesin tali mizan cetvelleri ile NOPAT hesabindan alinmustir.

Bu diizeltmeler yapilirken, aym1 zamanda sermaye
tarafinda da aktiflestirme dogrultusunda diizeltmeler
gerekmektedir. Bu diizeltmelerden hangilerinin yapilacagi
isletmenin faaliyet alan1 ve muhasebe yapisina gore
degismektedir. Diger taraftan, yatirllan sermayenin
maliyetine ulasmak i¢in agirhkli ortalama sermaye
maliyetinin hesaplanmasina ihtiya¢ duyulmaktadir. Bunun
i¢in farkli yontemler olmakla birlikte, sektorel risk priminin
6zkaynak maliyetinin bilesenlerinden biri olarak bilinmesi
gerekmektedir.

Agirlikli ortalama sermaye maliyeti (WACC) formiil 9 ile
hesaplanmustir.

WACC = (Ozkaynak maliyeti x Ozkaynak orant) +
(Yabanct kaynak maliyeti X Yabanct kaynak orant)(9)

Formiil 9°daki WACC hesabinda kullanilan bilesenlerin
hesaplanma bigimi agagida yer alan Formiil 10 — 13’de ayr1
ayr1 gosterilmigtir.

Ozkaynak maliyeti =
10 yullik devlet tahvili faiz orani + Sektorel risk primi
(10)

Ozkaynak orant = Ozkaynaklar /Toplam kaynaklar (11)

Yabanct kaynak maliyeti = Yabanct kaynak faiz orani X
(1-1) (12)

Yabanct kaynak orani =
Yabanct kaynaklar/Toplam kaynaklar (13)

EVA hesabinda kullanilan verilerin biiylik boliimii mali
tablolardan alinirken, WACC hesabinda kullanilan 6zkaynak
ve yabanci kaynak orami disindaki veriler, bu arastirma
sirasinda hesaplanmig temel verilerdir ve Cizelge 4’de
verilmistir. Sektor risk primi olarak ormancilik sektorii clizi
faiz haddi kullanilmistir.

Bu noktada bir diizeltme de kisa vadeli yabanci
kaynaklarda yapilmistir. 393 Merkez ve Subeler Cari Hesabi
pasif karakterde bir hesaptir. Isletme, diger orman
isletmelerine  bor¢landiginda  alacaklandirilir, alacakli
oldugunda ise bor¢landirilir. Ancak, alacagi fazla oldugunda
negatif bakiye verebilmektedir. Bu durum gerek NOA
hesabinda gerekse WACC hesabinda kaynaklarin oldugundan
farkli etkiler gostermesine neden olmaktadir. Biiyiiktas
(2014), Merkez ve Subeler Cari Hesabinin, ara donemlerde
kullanilmakta oldugunu ve yil sonlarinda merkez ile
subelerinin  finansal  tablolar1  konsolide  edilerek
kapatilmasini; hesap kapatilmamigsa, ayni subeye ait olmasi
kaydiyla, karsilikli  mahsup  edilmesi  gerektigini
belirtmektedir. Biiyiiktag (2014), ayrica serbest bdlgelerde
veya yurtdisginda subesi veya irtibat biirosu, santiyesi,
temsilciligi  vb. bulunan igletmelerde yilsonu kesin
bilangolarda da s6z konusu hesapta bakiye bulunabilecegini;
bakiye olmasi durumunda, 6deme zamani ve hareket goriip
gbrmedigi g6z Oniine alinarak, kisa veya uzun vadeli Diger
Borglar hesap grubundaki Bagli Ortakliklara Borglar
hesabina aktarilmasi gerektigini bildirmektedir.
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Cizelge 4. EVA hesabinda kullanilan temel veriler

Bilesenler 2017 2018 2019 2020 2021 2022

Vergi Orani (t) %20,00 %20,00 %22,00 %22,00 %25,00 %23,00
10 yillik devlet tahvili faiz orani %15,27 %15,27 %15,01 %12,40 %17,41 916,90
Sektorel risk primi %3,00 %3,00 %3,00 %3,00 %3,00 %3,00
Yabanci kaynak faiz orani %24,08 %24,08 %21,33 %12,76 %20,79 %21,62
UFE Endeksi (2003=100) 316,48 422,94 454,08 568,27 1022,25 2021,19
UFE Oram 8,68927 6,50206 6,05616 4,83921 2,69012 1,36057
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Istanbul OBM isletme ve fidanlik bilangolarda, hem
alacak hem de bor¢ kalanlari mevcuttur ve mahsup
edilmemistir. Bor¢ kalani verenlerin kisa veya uzun vadeli
yabanci kaynaklar i¢cinde baska bir hesaba nakledilmesi de
EVA hesabindaki sorunu ¢6zmemektedir. Bu nedenle soz
konusu hesabin borg kalan1 vermesi halinde aktiflestirilerek
kapatilmasina; her hesap doneminde farkli sonuglarla
kargilagildigi, hesapta hareket oldugun da ise Donen
Varliklar altinda yer alan Diger Alacaklar hesap grubundaki
baghh ortakliklarla ilgili hesabin kullanilmasina karar
verilmigtir. Diger bir ifadeyle, 393 Merkez ve Subeler Cari
Hesabinda alacak kalami varsa, Kisa Vadeli Yabanct
Kaynaklar altindaki Diger Bor¢lar hesap grubundaki 333
Bagh Ortakliklara Borglar hesabina, bor¢ kalani varsa
Donen Varliklar altindaki Diger Alacaklar hesap grubunda
yer alan 133 Baglh Ortakliklardan Alacaklar hesabina
aktarilmustir.

2.3. Veri toplama

EVA hesabimin gerektirdigi mali tablo verileri orman
isletme  midiirliikklerinden temin edilmistir.  Orman
isletmelerinde yatirim niteligindeki harcamalarin bir boliimii,
doner sermayede yer almamakta, 6zel biitce kapsaminda
gerceklesmektedir. Orman igletmeleri, doner sermayeleri ile
isletme niteligi kazanmakla birlikte, kar/zarar icermeyen,
denklik esas olan 06zel biitgelerinde de doner sermaye
getirileri tizerinde etkili giderler bulunmaktadir. O nedenle
EVA hesabinda isletmelerin doner sermaye ve 6zel biitgeleri
birlikte ele alinmistir. Ancak, Catalca, Kirklareli, Sile,
Tekirdag, Vize OIM’lerinin &zel biitce giderleri temin
edilememistir. Bahgekdy OIM’de ise arastirma doéneminde
ozel biitce gideri bulunmamaktadir.

Bununla birlikte, EVA hesabinin gerektirdigi orman
isletmelerinin yatirim niteligindeki giderlerinin faydal dmiir
siireleri, OGM’nin ilgili Daire Baskanliklarinin ydneticileri
ile odak grup gorlismeleri yapilarak elde edilmis, sonra
aragtirmacilar tarafindan bazi diizeltmeler yapilmustir.
analizler  ve

24. Matematik  hesaplari, istatistik

degerlendirme

EVA hesabinda, isletme diizeyinde MS Excel’de
hazirlanan altliklar ve hesap sayfalari kullanilmgtir.
Analizlerde TUIK’in 2003 = 100 bazli UFE endeksi
kullanilarak hesaplanmis Eyliil, 2023 reel degerleri esas
almmugtir.

Doénem net karn ve EVA Kkarsilagtirmalari hem bu
oOlciitlerin ortalama degerleri arasinda, hem de her bir 6lgiit
icin isletmeler arasinda fark testleriyle gergeklestirilmistir.
Bu testleri gergeklestirmek tizere istatistik yontem se¢imi
i¢in, verilerin normallik testleri yapilmistir. Her bir isletme
i¢in dénem net ka1 ve EVA degiskenlerinin hemen hemen
tamaminin ¢arpiklik ve basiklik katsayilarinin beklenen
araligin (-1,5 — 1,5) icinde oldugu, Shapiro-Wilk testinde

neredeyse tamaminin %95 giiven araliginda anlamli fark
olmadig1 (p > 0.05) ve normal dagilima uygun olduklar
belirlenmistir. Bu nedenle isletme bazinda donem net kar1 ve
EVA karsilastirmasinda veri yapisina uygun olarak bagimsiz
iki ornek t testi kullanilmistir. Orman isletmelerinin dénem
net karlann ve EVA karsilastirilmas:t igin tiiretilen
degiskenlerin ise biiyiikk bolimiiniin carpiklik ve basiklik
katsayilarinin beklenen araligm (-1,5 — 1,5) disinda ve
Kolmogorov-Smirnov testinde neredeyse tamaminin %95
giiven araliginda anlamli fark gosterdigi (p < 0.05) ve normal
dagilmadiklart belirlenmistir. Bu nedenle bu fark testinde
Kruskal-Wallis testi, farklarin hangi isletmeler arasinda
oldugunun  belirlenmesi  igin  varyanslar1  homojen
olmadigindan (Levene istatistigi p < 0,05) post-hoc testi
olarak Tamhane testi kullanilmustir.

3. Bulgular
3.1. Ortalama EVA degerleri

Istanbul OBM’ne bagli OIM ve OFM’lerin arastirma
donemi EVA degerleri hesaplanarak, Cizelge 5’te verilmistir.
Doénem yillik ortalama degerlere bakildiginda, en yiiksek
EVA degerinin Demirkdy OIM’de, en diisiik degerin ise
Istanbul OIM’de oldugu gériilmektedir. Diger, OIM ve
OFM’ler i¢in ortalama degerler -3,49 milyon TL ile 70,64
milyon TL arasinda degismektedir. Bolge Miidirligi
ortalamasi ise, 30,3 milyon TL’dir. EVA degerleri genellikle
pozitiftir. Demirkdy OIM siirekli pozitif, Istanbul OIM ise
strekli negatif EVA degerleriyle diger birimlerden
ayrilmaktadir.

Istanbul OBM’ne bagli OIM ve OFM’lerin ortalama
EVA degerleri, donem net karlariyla karsilastirmak tizere
Sekil 2’de gosterilmigtir. Ortalama degerlerle dénem net
karmin Bahgekdy, Demirkdy, Kanlica, Kirklareli, Sile ve
Vize OIM’lerde EVA degerlerinden yiiksek oldugu
goriilmektedir. Buna karsim iki orman fidanhiginda, Istanbul,
Catalca, Edirne ve Tekirdag OIM’lerde ortalama EVA degeri
donem net karindan yiiksek bulunmustur.

Diger yandan, Ozel biitce giderleri temin edilebilen
OIM’ler igin, bu giderler dahil edilerek, EVA degerleri
yeniden hesaplanmistir. Cizelge 6’da 6zel biitge giderleri
temin edilen isletmeler ig¢in hesaplanan EVA degerleri yer
almaktadir. Tekirdag OIM’de &zel biitce giderleri dahil
edildiginde EVA  degerleri kayda deger sekilde
yiikselmektedir.

3.2. Donem net kari ve EVA degerlerinin degisimi

Bahgekdy OIM’nin yillara gore dénem net kar ve EVA
degerleri Sekil 3’te sunulmustur. Sekil 3’e gore EVA, 2018
ve 2022 yillarinda donem net karina gore daha yiiksekken,
aradaki yillarda daha diisiiktiir. En biiyiik fark 2021 yilinda
gerceklesmistir. Bahgekdy OIM’nin arastirma doéneminde
6zel biit¢e harcamalar1 bulunmamaktadir.
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Cizelge 5. Istanbul OBM’ne bagli OIM ve OFM’lerin EVA degerleri (TL)

OIM/OFM 2018 2019 2020 2021 2022 Ortalama
Bahgekoy OIM 44.095.186 23.783.989 19.010.529 17.337.816 34.470.397 27.739.583
Catalca OIM 37.917.803 31.462.624 47.664.144 32.102.305 66.627.178 43.154.811
Demirkdy OIM 153.098.973 162.928.554 138.259.993 136.668.663 209.870.129 160.165.262
Edirne OIM -1.575.912 150.027 7.104.598 48.069.810 11.722.772 13.094.259
Istanbul OFM -8.075.803 -3.600.621 -890.632 -2.444.784 -2.458.707 -3.494.110
Istanbul OIM -96.846.638 -84.081.307 -75.072.685 -34.053.311 -39.932.613 -65.997.311
Kanlica OIM 32.901.842 34.741.718 53.336.847 48.203.937 25.849.678 39.006.805
Kirklareli OIM 38.168.104 56.932.393 61.364.888 64.558.225 132.154.870 70.635.696
Liileburgaz OFM -3.078.584 2.812.918 65.609 2.336.930 -799.277 267.519
Sile OIM 10.187.138 14.926.731 14.865.542 10.990.304 23.748.864 14.943.716
Tekirdag OIM 11.513.455 13.993.745 9.136.370 17.677.139 38.192.838 18.102.710
Vize OIM 30.526.851 37.898.668 62.332.227 46.107.868 53.283.854 46.029.894
Ortalama 20.736.035 24.329.120 28.098.119 32.296.242 46.060.832 30.304.070
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Sekil 2. OIM ve OFM’lerin ortalama EVA ve dénem net karlar
Cizelge 6. Bazi isletmelerde dzel biitge harig (OB Hari¢) ve ézel biitge dahil (OB Dahil) EVA degerleri (milyon TL)
2018 2019 2020 2021 2022
Isletme OB OB OB OB OB OB OB OB OB OB
Harig Dahil Harig Dahil Harig Dahil Harig Dahil Harig Dahil
Catalca 37,92 42,07 31,46 38,68 47,66 50,33 32,10 32,31 66,63 68,27
Kirklareli 38,17 47,80 56,93 62,92 61,36 63,22 64,56 68,03 132,15 133,02
Sile 10,19 13,08 14,93 19,27 14,87 15,94 10,99 11,55 23,75 23,29
Tekirdag 11,51 22,00 13,99 22,61 9,14 9,38 17,68 26,41 38,19 41,01
Vize 30,53 37,35 37,90 37,22 62,33 60,86 46,11 45,58 53,28 53,57
50
< 45
240
Z 35
30 ~o
20
15
10
0
2018 2019 2020 2021 2022
—&— Bahgekoy OIM Donem Net Kan (Reel) —8— Bahgekoy OIM EVA (Reel)

Sekil 3. Bahgekdy OIM dénem net kar1 ve EVA degerlerinin degisimi
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Catalca OIM’de ise EVA degerleri yine 2018 ve 2022
yillarinda dénem net karindan yiiksek, 2020 yilinda hemen
hemen esit ve diger yillarda daha diisiiktir (Sekil 4).

Demirkdy OIM’nin arastirma dénemi net kar1 ve EVA
degerlerinin degisimi Sekil 5’te verilmistir. Bu donemde
EVA degerlerinin donem net karindan diisiik seyrettigi
goriilmektedir.

Edirne OIM’de dénem net kir1 ve EVA degerlerinin
degisimi incelendiginde (Sekil 6), Bahgekdy, Catalca ve

=]
(==

[=.)
o
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Demirkoy isletmelerinden farkli olarak, ¢gogu yillarda donem
net zararinin oldugu ve ayni yillarda EVA degerlerinin daha
yiiksek, hatta pozitif alanda seyrettigi belirlenmistir. Donem
net karmin pozitif ve yiiksek oldugu 2021 yilinda ise EVA
degeri daha diistiktiir.

Istanbul OFM’nde ise arastirma dénemi boyunca dénem
net kar1 negatiftir ve EVA degerleri de daha yiiksek olmakla
birlikte, negatif bolgededir (Sekil 7).
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Sekil 4. Catalca OIM dénem net kar1 ve EVA degerlerinin degisimi
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Sekil 6. Edirne OTM donem net kar1 ve EVA degerlerinin degisimi
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Istanbul Bslge Miidiirliigiiniin en fazla dénem net zarari
veren isletmesi olan Istanbul OIM’nin EVA degerlerinin,
stirekli eksi ve donem net zararindan diisiik oldugu
goriilmektedir (Sekil 8).

Sekil 9°da goriildiigii gibi, Kanlica OIM’de 2022 yih
harig, aragtirma donemi EVA degerleri, donem net karindan
diistiktiir. Donem net karinin disiik gergeklestigi 2022
yilinda ise EVA degeri daha yiiksektir.

0
2018 2019 2020

n
=]

Milyon TL

0 ———

—&— Istanbul OIM Dénem Net Kér1 (Reel)
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Kirklareli OIM’de, 2018 yili hari¢, dénem net karmmn
EVA degerlerinden yiiksek oldugu saptanmigtir (Sekil 10).

Liileburgaz OFM’de dénem net kar1 ve EVA degerlerinin
degisimi Sekil 11°de verilmistir. Sekil 11°den, Liileburgaz
fidanliginda, Istanbul OFM’nin degerleriyle benzer, ancak
daha yiiksek seviyede bir egilimin  gergeklestigi
goriilmektedir.
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Sekil 8. Istanbul OIM dénem net kar1 ve EVA degerlerinin degisimi
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Sile OIM’de arastirma déneminin ilk ve son yillar1 haric,
donem net kart EVA degerlerinden yiiksektir (Sekil 12).

Sekil 13, Tekirdag OIM’de sadece doner sermayeyi esas
alan EVA degerlerinin genellikle donem net karindan yiiksek
oldugunu gostermektedir. Ozel biitge dahil edildiginde ise
tim EVA degerleri, net karlardan daha yiiksektir.

Vize OIM’de ise, genellikle donem net kérinin EVA
degerlerinden yiiksek oldugu gézlenmektedir (Sekil 14). Vize
isletmesinde 06zel biitge dikkate alinsa dahi, EVA
degerlerinde 6nemli degisim olmamustir.

Milyon TL
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10

0

2018 2019 2020 2021
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Sekil 12. Sile OIM dénem net kar1 ve EVA degerlerinin degisimi
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3.3. Birim alan ve servete gore hesaplanmis degerler

Orman isletmelerinin sorumluluk alanlar1 ile bu
alanlardaki orman varliginin farklilik goéstermesi donem
karlar1 ile EVA degerlerinin de bu farkliliktan etkilenmesine
neden olmaktadir. Bu durumun yarattigi karsilastirma
sorununa ¢oziim olmak iizere, OIM’lerin bir hektar orman
alani bagina donem net kari ve EVA degerleri ayrica
hesaplanmis ve Cizelge 7°de verilmistir. Degerler hem
normal kapali hem de tiim orman alani i¢in hesaplanmig
donem net karinda Bahgekdy ve Demirkdy isletmelerinin,
donem net zararinda ise Istanbul OIM’nin digerlerinden
ayristigini gostermektedir.

5 N
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Sile OIM EVA (Ozel biitge dahil,
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Sekil 13. Tekirdag OIM dénem net kar1 ve EVA degerlerinin degisimi
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Cizelge 7. Birim orman alani basina donem net kér1 ve EVA degerleri
Donem net kart EVA
Isletmeler ve Bolge Miidiirliigii Normal kapali Tiim orman Normal kapali Tiim orman
TL/ha TL/ha TL/ha TL/ha

Bahgekoy 2.877 2.774 2577 2.485
Catalca 441 426 425 410
Demirkoy 2.874 2.812 2.148 2.101
Edirne 343 223 455 295
istanbul -7.946 -7.161 -3.340 -3.010
Kanlica 1.116 1.085 943 916
Kirklareli 1.133 854 885 667
Sile 314 272 288 250
Tekirdag 129 118 196 179
Vize 882 846 667 639
Istanbul Orman Bélge Miidiirliigii 647 576 53 47

Sahip olunan agag serveti basina hesaplanmis dénem net
kar1 ve EVA degerleri ise Cizelge 8’de verilmistir. Birim alan
bagina bulunan degerlerde oldugu gibi, birim servet bagina
hesaplanmis degerlerde de /stanbul OIM negatif degerli tek
isletme olmustur. Sile OIM ise, agac serveti basina elde
edilen degerlerde en yiiksek diizeyi yakalayarak Bahgekoy ve
Demirkoy isletmelerini gecen isletme halini almugtir.

3.4. Donem net karit ve EVA arasindaki fark

Caligma alanindaki her bir orman isletmesi igin
hesaplanan donem net kar1 ve EVA arasinda farkliligin t test
degerleri ve anlamlilik diizeyleri Cizelge 9’da verilmistir. Bu
acidan sadece iic OIM’de (Demirkdy, Istanbul ve Kirklareli)
donem net kar1 ve EVA degeri arasinda %99 giiven araliginda
anlamli fark vardir.

3.5. OIM/OFM leri arasindaki farkliliklar

Kruskal-Wallis testi sonuglari, isletmeler arasinda donem
net karlart1 ve EVA degerleri acisindan fark oldugunu
gostermektedir (Cizelge 10).

Bu durumda hangi isletmeler arasinda fark oldugu 6nem
kazanmistir Tamhane testi sonuglarina gore iki degisken
acisindan aralarinda anlamli fark bulunan isletme ikilileri
Cizelge 11°de sunulmustur. Doénem net kari degiskeni
acisindan Demirkdy isletmesinin tiim OIM ve OFM’lerle
0,05 anlamlilik diizeyinde farkli oldugu belirlenmistir. Bu
degisken acisindan diger OIM ve OFM’ler genellikle
Istanbul OFM, Istanbul OIM ve Liileburgaz OFM ile
farklidir. EVA degiskeni agisindan ise Demirkéy OIM ve
Istanbul OIM diger isletmelerin cogundan anlamli olarak
farklidir. Bu degiskenle yapilan analizler, fidanlik
miidiirliiklerinin farkli olduklar1 OIM sayismin dénem net
kar1 degiskenine gore daha az oldugunu gostermistir.

Cizelge 8. Birim agag serveti basina donem net kari, EVA ve
verimlilik degerleri

: .. R, Donem net kari EVA
Isletmeler ve Bolge Mudirlagi TL/m? TL/m3
Bahgekoy 14,98 13,42
Catalca 12,18 11,72
Demirkoy 12,50 9,34
Edirne 11,08 14,67
istanbul -115,69 -48,64
Kanlica 17,06 14,41
Kirklareli 7,34 5,74
Sile 18,39 16,88
Tekirdag 3,73 5,66
Vize 11,72 8,86
Istanbul Orman Bolge Miidiirliigii 7,46 7,42

Cizelge 9. OIM’lerde dénem net kari ve EVA degerleri
arasindaki fark testi sonuglari

Isletmeler t test degeri
Bahgekoy 1,123
Catalca 0,32
Demirkoy 3,902**
Edirne -0,461
istanbul -3,155**
Kanlica 0,934
Kirklareli 2,256**
Sile 0,304
Tekirdag -1,537
Vize 1,929

* %95 giiven araligina anlamli; ** %99 giiven araliginda anlaml1

Cizelge 10. Isletmeler arasinda fark testi sonuglar

Degiskenler N Kruskal-Wallis Testi (p)
Donem net kar1 60 0,000
EVA 60 0,000
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Cizelge 11. Tamhane testi Sonuglarina gore yonetim birimleri arasi anlaml farklar

Donem net kari EVA
OoiM OoiM p OoiM OoiM p

Bahgeksy OIM Demirkdy OIM 0,022 Bahgekdy OIM Demirkdy OIM 0,014
Bahgekoy OIM Istanbul OFM 0,001 Bahgekoy OIM Istanbul OIM 0,046
Bahgekoy OIM Liileburgaz OFM 0,003 Catalca OIM Demirkdy OIM 0,017
Catalca OIM Demirkdy OIM 0,025 Catalca OIM Istanbul OIM 0,014
Catalca OIM Istanbul OFM 0,001 Demirkéy OIM Bahgekoy OIM 0,014
Catalca OIM Liileburgaz OFM 0,003 Demirkdy OIM Catalca OIM 0,017
Demirkdy OIM Bahgeksy OIM 0,022 Demirksy OIM Edime OIM 0,002
Demirkdy OIM Catalca OIM 0,025 Demirkéy OIM Istanbul OFM 0,015
Demirkdy OIM Edirne OIM 0,002 Demirkéy OIM Istanbul OIM 0
Demirkdy oM istanbul OFM 0,01 Demirkdy OiM Kanlica OIM 0,021
Demirkdy OIM Istanbul OIM 0,001 Demirkéy OIM Liileburgaz OFM 0,017
Demirkdy OIM Kanlica OIM 0,006 Demirkéy OIM Sile OIM 0,02
Demirkdy OIM Liileburgaz OFM 0,012 Demirksy OIM Tekirdag OIM 0,009
Demirkdy OIM Sile OIM 0,013 Demirkéy OIM Vize OIM 0,025
Demirkdy OIM Tekirdag OIM 0,011 Edirne OIM Demirkdy OIM 0,002
Demirkdy oM Vize OIM 0,012 istanbul OFM Demirkdy oM 0,015
Edirne OIM Demirkdy OIM 0,002 istanbul OFM Sile OIM 0,033
Istanbul OFM Bahgekoy OIM 0,001 Istanbul OFM Vize OIM 0,042
Istanbul OFM Catalca OIM 0,001 Istanbul OIM Bahgeksy OIM 0,046
istanbul OFM Demirkdy OIM 0,01 istanbul OIM Catalca OIM 0,014
Istanbul OFM Sile OIM 0,036 istanbul OIM Demirkdy OIM 0
istanbul OIM Demirkdy OIM 0,001 istanbul OIM Kanlica OIM 0,026
istanbul OIM Kurklareli OIM 0,013 istanbul OIM Kurklareli OIM 0,013
Kanlica OIM Demirkdy OIM 0,006 Istanbul OIM Vize OIM 0,016
Kurklareli OIM istanbul OIM 0,013 Kanlica OiM Demirkdy oM 0,021
Liileburgaz OFM Bahgeksy OIM 0,003 Kanlica OIM Istanbul OIM 0,026
Liileburgaz OFM  Catalca OIM 0,003 Kirklareli OIM Istanbul OIM 0,013
Liileburgaz OFM Demirkdy OIM 0,012 Lileburgaz OFM Demirkéy OIM 0,017
Sile OIM Demirkéy OIM 0,013 Sile OIM Demirkéy OIM 0,02
Sile OIM Istanbul OFM 0,036 Sile OIM stanbul OFM 0,033
Tekirdag OIM Demirkdy OIM 0,011 Tekirdag OIM Demirkéy OIM 0,009
Vize OIM Demirkdy oM 0,012 Vize OIM Demirkdy oM 0,025

Vize OIM Istanbul OFM 0,042

Vize OIM istanbul OIM 0,016

4. Tartiyma ve sonuclar

Istanbul Orman Boélge Miidiirliigiine bagli OIM ve
OFM’lerin 2018-2022 yillar1 arasinda ortalama dénem net
kart 24,42 milyon TL’dir. Yillara ve isletmelere gore
degismekle birlikte, en yiiksek ortalama donem net kar1 2021
yilinda elde edilmistir. Isletme diizeyinde en yiiksek kar,
2022 yilinda Demirkdy isletmesinde, en yiliksek donem net
zarar1 ise, yine 2022 yihnda Istanbul isletmesinde
gerceklesmistir. Istanbul ve Liileburgaz OFM, genellikle
donem net zarar ile karsilagan kurumlardir. Arastirma
doneminde ortalama karlilik degeri pozitif oldugu halde,
Edirne ve Tekirdag OIM’leri gibi, bazi1 yillarda dénem net
zararl ile bilango kapatan isletmeler de vardir. Diger taraftan,
donem net karlar1 ve EVA serisinde reel degerlerle bazi
isletmelerde duraganligin, bazilarinda ise dalgali bir yapinin
s6z konusu oldugu sdylenebilir.

Fark testleri, isletmeler arasinda en ¢ok farkla karsilagilan
degiskenlerden birinin, donem net kari olduguna isaret
etmektedir. Bir bagka ifadeyle, donem net kar1 bakimindan
aragtirma alanindaki isletmeleri benzer kabul etmenin
olanakli olmadig1 anlasilmaktadir. Nitekim orman yapilari,
isletmelere verilen gorev ve sorumluluklarin farklilasmasi
nedeniyle bdylesi bir sonucun ¢ikmasi normal kabul
edilmelidir. Demirkdy OIM pozitif, Istanbul OIM ise negatif
taraftaki uglar1 temsil etmektedir. Donem net kar agisindan
farkliliklar, Bolge Midirligi iginde isletmelerin mali
yapilart  acisindan  olduk¢a  heterojen  olduklarimi
gostermektedir. Bu durum, isletmelerin Istanbul Orman
Bolge Midiirligi oOlgeginde dahi, gruplandirilmasinin

O6nemine ve yonetimlerinde uygulanmasi gereken strateji
farkliliklarina ~ duyulan  bdlgesel — gereksinime  isaret
etmektedir.

Istanbul Orman Bolge Miidiirliigiine bagli OIM ve
OFM’lerin 2018-2022 yillar1 arasinda ortalama EVA degeri
reel olarak 30,3 milyon TL’dir. En yiiksek EVA degeri hem
ortalama hem de yillar itibariyle, Demirkdy OIM’dedir.
Istanbul OIM ve Istanbul OFM i¢in dénem net kar ile EVA
degerlerinin her ikisinin de negatif hesaplanmis olmasina
ragmen donem net kari negatif olan Liileburgaz OFM’nin
ortalama EVA degerinin pozitif olarak hesaplanmig olmasi,
net kar odakl bir degerlendirmenin bu gibi kurumlarda neden
olabilecegi hatali degerlendirmeye bir 6rnek olusturmaktadir.

Mutlak degerler temel alinarak ortaya konan donem net
kart ve EVA degerleri igin yukarida agiklanan durum
saptanmisken, “birim alan basina” bir analiz yapilarak,
gerekli degerler hesaplandiginda, Bah¢ekoy OIM pozitif
anlamda One ¢ikmakta, hatta EVA degerinde ilk siraya
yerlesmektedir. Demirkéy OIM’nin toplam orman alaninin
1/7°si kadar orman alanma sahip Bah¢ekdy OIM’nin bu
performansi, orman kaynaklarinin ve yonetiminin verimliligi
ile agiklanabilir. Bir diger ifadeyle, toplam orman varlig
veya orman iriinii Uretim hacmi agilarindan Onlere
cikamayan Bahgekéy OIM, birim alanda gosterilen
performans dikkate alindiginda, en yiiksek EVA degeriyle,
Istanbul OBM’nin en basarili isletmesi halini almaktadir. Bu
durumu, Bahgekéy OIM’nin, odun hammaddesi iiretiminden
rekreasyonel hizmetler ile koruma degerleri agilarindan
gosterdigi degisim acgisindan da degerlendirmek gereklidir.
Bah¢ekoy OIM, odun hammaddesi iiretiminden onemli
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diizeyde tavizler vermigse de bu haliyle dahi birim alanda en
yiiksek EVA diizeyine erisebilerek, isletme olarak halen
onemli ve gerekli bir deger iretim islevi gordiigilinii
kanitlamugtir.

Ortalama EVA degeri, Bolge Miidiirliigli genelinde ve
ortalama donem net karindan, beklendigi gibi yiiksek
gerceklesmistir. Altr isletmede degisim pozitif yondeyken,
altisinda negatif yonde olmustur. Bununla birlikte, sadece
OiM’ler dikkate alindiginda yapilan t testi, sadece ii¢
isletmede (Demirkéy, Istanbul ve Kirklareli) donem net kari
ile EVA degerleri arasinda %95 giiven araliginda anlamli
fark oldugunu gostermektedir.

Ormancilik  sektoriinde EVA  hesaplanmasinin  ana
motivasyonu, Ozellikle yatirim niteligindeki ¢ok yillik
harcamalarin yogunlugunu dikkate alarak, iiretim diizeyi
diisiik ve yatirim harcamalar1 nispeten yiiksek isletmelerin
donem net karmin, aslinda daha yiiksek oldugunu
gosterebilmektir. Sekil 8, 9 ve 12 incelendiginde Istanbul ve
Liileburgaz OFM’leri ve Istanbul OIM icin bu durumun
kanitlanabildigini séylemek miimkiindiir. Ayrica isletmeler
arasindaki  farklihgin ~ Tamhane  testi de  bunu
dogrulamaktadir. Bu testte anlamli fark belirlenen {i¢
isletmeden ikisi, Demirkéy ve Kirklareli OIM’dir ve bu
isletmelerde ortalama EVA, ortalama donem net karindan
diisiiktiir. Ayrica Tekirdag ve Edirne OIM gibi, agaclandirma
caligmalar1 nispeten yogun isletmelerde, EVA degerlerinin
donem net karindan yiiksek olmasi ve istatistiksel olarak
ayrigmast beklenirken, degisim pozitif olmustur, ancak
anlaml1 bir fark belirlenmemistir.

EVA degerleri alt1 isletmede donem net karindan diisiik
bulunmustur. Bu durumun iki nedeni olabilir. Birincisi,
agaclandirma gibi yatirimlar 6zel biitceden karsilanmaktadir
ve Ozel biitce cari ve yatirim harcamalart isletmelerin
¢ogunda temin edilemediginden, fark testlerine dahil
edilmemistir. Tekirdag OIM igin temin edilen 6zel biite
giderleri dahil edildiginde, tim EVA degerleri donem
karmdan daha yiiksek olarak hesaplanmistir. Bu tespit,
ormancilik igletmelerinin EVA degerlerinin hesaplamasinda
ozel Dbitce giderlerinin dahil edilmesinin  Onemini
gostermektedir.  Ikinci neden, isletmelerin  yatirim
niteligindeki giderlerinin diisiik olmasidir ki, 6zel biitge
giderleri temin edilen Catalca, Sile ve Vize isletmeleri bu
etkeni dogrulamaktadir. Bu igletmelerde &zel biitce
giderlerinin dahil edilmesi fark yaratmamistir.

Bu aragtirmada orman igletmelerinde tek diizen hesap
planina goére Ozellikle maliyet kalemlerinde diizeltmelerle
EVA olgiitiiniin  gelistirilmesinin en onemli katkisi, ¢ok
Ol¢iitlii caligmalarda muhasebe karina dayanan karlilik yahut
sermaye verimliligi ol¢iitii yerine kullanilabilecek bir 6lgiit
ortaya koymaktir. Tekirdag OIM 6rneginde oldugu gibi,
tiretime gore yatirim niteligi agirlikli olan bir isletmede, 6zel
biitge dahil edildiginde EVA hesab1 fark yaratmigtir ve
muhasebe kér1 yerine kullanilmasi, kargilagtirmalarda
etkinlik saglayabilir. Benzer sekilde, neredeyse her yil donem
net zarart veren fidanliklarin EVA degerinin genel olarak
pozitif oldugu goriilmiistiir. Bu 6zelligi, yatirnm harcamalari
nispi olarak yogun olan orman isletmelerinde ve ozellikle
orman fidanliklarinda EVA’nin donem net karina gére daha
aciklayici bir dl¢iit oldugunu gostermektedir.

Orman arazisi alim satima konu olmadigi, dolayisiyla
piyasa fiyati olmadig1 i¢in Tirkiye’deki devlet orman
isletmelerinin bilangolarinin aktifinde varlik olarak yer
verilmemekte, pasifinde de karsiligi gosterilmemektedir.
Ayrica Tirkiye’de devlet orman isletmelerinin toplam

varliklart i¢inde duran varliklarin oraninin %95 ve duran
varliklar iginde dikili aga¢ servetinin oraninin %75-85
arasinda degismesine ragmen, aga¢ servetinin degerinin sabit
kaldig1 varsayimiyla orman isletmelerinin bilangolarinin
aktifinde agag serveti degerine yer verilmemekte, pasifinde
de bu varligin karsilig1 gosterilememektedir (Tiirker, 2017).
Oysa orman isletmelerinde muhasebe sermayesi yerine,
gercek sermaye olan afa¢ serveti ve arazi degerinin
bilesiminden olugmus bir orman degerinin kullanilmasi
gerekmektedir. Ancak hesaplanmasindaki giiclik hem
karliligin (Kar/Sermaye) hem de EVA’nin hesaplanmasinda
zaafa yol agmaktadir.

Sermaye olarak aga¢ serveti ve arazi degerinin
yansitilmasina ek olarak, EVA’nin orman isletmeleri i¢in
gelistirilmesi gereken bir bagka yonii de orman isletmeciligi
ile tretilen ve pazar fiyati olmayan cevresel ve sosyal
faydalarin  muhasebe sistemiyle biitiinlestirilmesidir.
Geleneksel muhasebe sistemlerinde dikkate alinamayan bu
faydalarin, ¢evresel, kaynak muhasebesi sistemleriyle
baglantili olarak ve gdlge hesaplarla takip edilmesi,
boylelikle EVA hesaplarina degisken olarak eklenmesi
oOnerilebilir.

Bazi isletmeler i¢in EVA degerinin dénem net karindan
diisiik olmasi, bu isletmelerin sermayelerini tiikettikleri
anlamina gelmese de harcamalari i¢inde yatirim niteligindeki
giderlerinin ~ oranmmin  nispeten  diisik  oldugunu
gostermektedir. Bu durumdaki isletmeler, gelecege yatirim
yerine, mevcut aga¢ servetini tiiketmektedir. Buna karsin
EVA degeri donem net karindan yiiksek olan isletmelerde,
yatirim  niteligindeki harcamalar sermaye maliyetine
katkidan yiiksektir.

Sonug olarak, EVA degiskeninin dénem net karindan
farkli bir degisken oldugu isletme bazinda da olsa
kanitlanmig, orman isletmelerinin ¢ok yillik yatirimlarinin
cari y1l kar veya zararina olan etkisini daha iyi gosterebildigi
anlagilmigtir. EVA bulgulart gdstermektedir ki, OGM ve
isletmelerinin tek diizen muhasebe anlayisina uyum
kapsaminda alinan kararlarin, sadece iilke muhasebe
sistemine uyumla ilgisi bulunmamakta, orman isletmeleriyle
ilgili daha agiklayici ekonomik analizler i¢in gerekli ortami
da degistirmektedir. Bilindigi gibi “ydnetim muhasebesi”
isletmelerin sadece vergi veya maliyeye Kkarsi tutmasi
gereken kayitlar ¢ergevesinden konuya yaklagsmamakta, daha
iyi bir isletmecilik igin gerekli verilerin tiretilmesi, analiz ve
yorum  ortamimin  olusturulmasini  hedeflemektedir.
Gergekten de OGM ve isletmelerinde yonetim muhasebesi
anlayisia gecilmesi gerekmektedir. Ozellikle uzun yillara
yayilan yatirimlar1 dikkate alabilme yetenegiyle EVA, donem
karma gore daha agiklayici stiinliikler icermekte ve yonetim
muhasebesine ge¢is i¢in yarayish gorinmektedir.

Gerek yonetim muhasebesinde kullanmak, gerekse bir
performans Olgiitii olarak yararlanabilmek ig¢in EVA’nin
orman isletmelerinde yaygim kullanim esaslarinin bir an dnce
belirlenmesi gereklidir. Hangi yatirim ve harcamalarin, kag
yillik bir donemde dikkate alinacagina yonelik temel
standartlar gelistirilmeli ve kolay, hizl1 ve karsilastirilabilir
bulgular elde edebilmek lizere OGM, Orman Bilgi Sistemi
(ORBIS) kapsaminda bir modiil tasarlanmalidir. Bu modiiliin
orman igletmelerinin  doner sermaye ve  bolge
miidirliklerinin 6zel biitge hesaplariyla baglantist kurulmali
ve etkin ¢aligmasi saglanmalidir.



Turkish Journal of Forestry 2024, 25(2): 190-204 203

Aciklama

Bu makale Orman Genel Miidiirliigiiniin bir ARGE birimi olan,
Marmara Ormancilik  Arastirma  Enstitiisinde  sonuglanan
10.5307/2021-2022-2023 numarali, “Orman Isletmelerinde Isletme
Katma Degeri, Karlilik, iktisadilik ve Verimlilik iliskileri” bashkl
proje sonug raporundan iiretilmistir.

Kaynaklar

Abdeen, A.M., Haight, T., 2000. A fresh look at economic value
added: empirical study of the fortune five-hundred companies.
The Journal of Applied Business Research, 18(2): 27-35.

Acikgdz Altunel, T., 2003. Orman isletmelerinin etkinliklerine
iliskin finansal ¢oziimlemeler (Demirkdy Orman Isletmesi
ornegi). Yiksek Lisans Tezi, Istanbul Universitesi, Fen
Bilimleri Enstitiisii, Istanbul.

Akgiin, A.I, Giinay, B., 2020. Ekonomik katma deger (EVA) ile
borsa performans olgiitleri arasindaki iliski: BIST finansal
endeksine yonelik bulgular. Muhasebe Bilim Diinyasi Dergisi,
22(3): 405-425.

Akyliz, Y., 2013. Ekonomik katma deger (EVA) ve pazar katma
deger (MVA) analizi: IMKB’de islem géren seramik
isletmelerinde bir uygulama. Siileyman Demirel Universitesi
Iktisadi ve Idari Bilimler Fakiiltesi Dergisi, 18(2): 339-356.

Alim, E., 2004. Veri zarflama analizi ve orman yonetiminde bir
uygulama. Yiiksek Lisans Tezi, Gazi Universitesi, Fen Bilimleri
Enstitiisii, Ankara.

Altunel (Ac¢ikgo6z), T., 2003. Orman isletmelerinin etkinliklerine
iliskin finansal ¢oziimlemeler. Yiiksek Lisans Tezi, Istanbul
Universitesi, Fen Bilimleri Enstitiisii, Istanbul.

Balazova, E., Luptakova, J., 2016. Application of the economic
value added index in the performance evaluation of forest
enterprise. Journal of Forest Science, 62(5): 191-197.

Bagar, M., Tosunoglu, S., Kiligarslan, M., 2009. Tiirkiye’de Orman
Doner Sermaye Isletmelerinin Etkinlik Analizi: Sorunlar,
Coziimler ve Politika Onerileri. TUBITAK Arastirma Projesi
Sonug Raporu, Proje Numarasi: 107K552, Eskisehir.

Bayramoglu, M.M., 2013. Devlet orman isletmelerinin etkinlik
diizeylerinin olglilmesi ve optimal isletme biyikligiinin
belirlenmesi (Dogu Karadeniz Bolgesi 6rnegi). Doktora Tezi,
Karadeniz Teknik Universitesi, Fen Bilimleri Enstitiisii,
Trabzon.

Caglar, Y., Oncer, M., 1990. Devlet Orman Isletmelerinde Basar
Diizeylerinin  Belirlenmesi. Milli  Prodiiktivite Merkezi
Yaymlari, Ankara.

Dasdemir, 1., 1996. Orman Isletmelerinin Basar1 Diizeylerinin
Belirlenmesi (Kuzeydogu Anadolu ve Dogu Karadeniz Bolgesi
Ornegi). Dogu Anadolu Ormancihik Arastirma Miidiirliigii,
Teknik Biilten, No:1, Erzurum.

Demirdogen, C., 2009. Ara¢ ve Bartin Orman Isletmelerinde
verimlilik ve iktisadilik analizi. Bitirme Tezi, Bartin
Universitesi, Orman Fakiiltesi, Bartin.

Erdogan, E., 2010. Ekonomik katma deger ve piyasa degeri
arasindaki iliski: IMKB’de islem goren firmalar iizerine bir
uygulama. Yiiksek Lisans Tezi, Zonguldak Karaelmas
Universitesi, Sosyal Bilimler Enstitiisii, Zonguldak.

Ertugrul, M., 2009. Degere dayali performans Olgiisii olarak
ekonomik katma degerin kuramsal temelleri: Diinyada ve
Tiirkiye'de uygulamalari. Dumlupinar Universitesi Sosyal
Bilimler Dergisi, 24: 207-218.

Figankaplan, T., 2020. Bankalarin piyasa degeri ile ekonomik katma
degeri arasindaki nedensellik iliskisi: Panel nedensellik analizi.
BDDK Bankacilik ve Finansal Piyasalar Dergisi, 14(1): 39-67.

Geray, U., 1982. Planlamanin Hazirlik Asamasinda Cok Boyutlu
Analizler (Akdeniz Bélgesi Ornegi), Istanbul Universitesi
Yayimnlari, Istanbul.

Gokgen, G., 2004. Ekonomik katma deger. Muhasebe ve Finansman
Dergisi. 24:105 — 109.

Giimis, U.T., Tagdemir, B., 2016. Ekonomik katma degerde finansal
performansin Slgiilmesi: BIST100’de islem géren ¢imento
sektoriindeki firmalar iizerine bir uygulama. Uluslararasi
Isletme, Ekonomi ve Yonetim Perspektifleri Dergisi, 1(5): 14-
36.

Glimiis, U., 2018. Firma performans dlgiimiinde ekonomik katma
deger: BIST100’de islem goéren cimento sektorii firmalari
lizerine bir uygulama. Yiiksek Lisans Tezi, Adnan Menderes
Universitesi, Sosyal Bilimler Enstitiisii, Aydin.

Giirbiiz, A.O., Ergincan, Y., 2004. Ekonomik katma deger
(Economic value added) (EVA) ve net kar: IMKB’deki hisse
senedi fiyatlarinm analizi (1995-2000). Oneri Dergisi, 6(21): 33-
42.

Horasan, E., Meydan, C., Yilmaz, T., 2019. Sahiplik yapisinin deger
odakli performans olgiitleri iizerindeki etkisi: BIST imalat
sektorii {izerine bir uygulama. Isletme Aragtirmalari Dergisi,
11(1): 720-731.

Kara, O., Kayacan, B., Eratilla, M., 2013. Diizce ili devlet orman
isletme mudiirliikklerinin parametrik olmayan yontemlerle
etkinliginin analizi. Ekonomik ve Sosyal Arastirmalar Dergisi,
9(1): 97-123.

Korkmaz, M., 2011. Measuring the productive efficiency of forest
enterprises in Mediterranean Region of Turkey using data
envelopment analysis. African Journal of Agricultural Research,
6(19): 4522-4532.

Korkmaz, M., 2012. Orman isletmelerinde iktisadilik diizeyinin
TOPSIS yontemi ile analizi. SDU Orman Fakiiltesi Dergisi, 13:
14-20.

Kiigiikkapili, N., 2011. Isletme performansinin belirlenmesinde
ekonomik katma deger (EVA) ve pazar katma deger (MVA)
yontemleri ve aralarindaki iligki: IMKB 100 6rnegi. Yiiksek
Lisans Tezi, Yildiz Teknik Universitesi, Sosyal Bilimler
Enstitiisii, [stanbul.

Miraboglu, M., 1958. Devlet Orman Isletmelerinin Isletme Tktisad
Bakimindan Tetkiki. Istanbul Universitesi Yaylari, [stanbul.

Ok, K., 2023. Tiirkiye’de Devlet Orman Isletmeciligi. Cumhuriyetin
100. Yilinda Tirkiye Ormanciligi ve Gelecegi, Tirkiye
Ormancilar Dernegi Yayinlari, Ankara.

Oktay, M., 2005. Edremit ve Dursunbey orman isletmelerinde
verimlilik ve iktisadilik analizi. Bitirme Tezi, Bartin
Universitesi, Orman Fakiiltesi, Bartin.

Otlu F., Karaca S., 2006. Faaliyet temelli maliyet sistemine gore
ekonomik katma deger analizi. Muhasebe ve Finansman
Dergisi, 29: 140-151.

Onal, Y.B., Karadeniz, E., 2004. Firma degerinin ekonomik katma
deger (EVA) yontemiyle tespit edilmesi: IMKB’ye Kkote bir
turizm isletmesi {izerine uygulama. Anatolia: Turizm
Aragtirmalar Dergisi, 15(2): 139-157.

Ozalp, O., 2016. Tedarik zinciri performansinin dlgiimii: ekonomik
katma deger yonteminin analizi. Yiiksek lisans tezi, Dokuz Eyliil
Universitesi, Sosyal Bilimler Enstitiisii, Izmir.

Oztiirk, A., 1997. Artvin ve Ardanug¢ Devlet Orman Isletme
Miidiirliikleri karsilagtirmali 6rnekleri yardimu ile devlet orman
isletmelerinde ekonomik basarinin belirlenmesi. Yiiksek Lisans
Tezi, Karadeniz Teknik Universitesi, Fen Bilimleri Enstitiisii,
Trabzon.

Oztiirk, A., 2003. Devlet orman isletmelerinde isletme amag ve
stratejilerinin belirlenmesi (Dogu Karadeniz Bolgesi 6rnegi).
Doktora Tezi, Karadeniz Teknik Universitesi, Fen Bilimleri
Enstitiisii, Trabzon.

Peker, H., 1973. Tiirkiye’de Orman Isletmeciligi ve Isletme
Ekonomisi Bakimindan Rasyonalizasyonu. Karadeniz Teknik
Universitesi Yayinlari, No:61, Orman Fakiiltesi, Yayin No: 2,
Caglayan Basimevi, Trabzon.

Stewart, G.B., 1991. The Quest for Value. Harper Collins, New
York.



204 Turkish Journal of Forestry 2024, 25(2): 190-204

Safak, I., Giil, A.U., Akkas, M.E., Gediklili, M., Portakal, S.U.,
Kanat, S. M., 2012. Orman Isletmelerinin Etkinliginin Bulanik
Veri Zarflama Yontemi fle Belirlenmesi (Denizli, Izmir ve
Mugla Orman Boélge Miidiirliigii Ornegi). TUBITAK, Proje
Sonug Raporu, Proje Numarasi: 1100126, [zmir.

Sentiitk, A.F., 2015. Isletmelerde finansal performans
degerlendirme araci olarak ekonomik katma deger (EVA) ve
BiST'te bir uygulama. Yiiksek Lisans Tezi, Balikesir
Universitesi, Sosyal Bilimler Enstitiisii, Balikesir.

Sentiirk, G., 2005. Devlet orman isletmelerinde verimlilik ve
iktisadilik analizi (Istanbul Orman Bélge Miidiirliigii drnegi).
Yiiksek Lisans Tezi, Zonguldak Karaelmas Universitesi, Fen
Bilimleri Enstitiisii, Bartin.

Toksoy, D., 1992. Devlet orman igletmelerinde ekonomik analiz.
Yiiksek Lisans Tezi, Karadeniz Teknik Universitesi, Fen
Bilimleri Enstitiisii, Trabzon.

Tugrul, G., 2008. Devlet orman isletme miidiirliiklerinde iktisadilik
analizleri ve igletmecilik agisindan g¢ikarsamalar [Kilis Devlet
Orman Isletme Miidiirliigii 6rnegi (2000-2005)]. Yiiksek Lisans
Tezi, Kahramanmaras Siitcii imam Universitesi, Fen Bilimleri
Enstitiisti, Kahramanmaras.

Tiirk, M., 2010. Ekonomik katma deger (EVA) yaklasimima gore
sermaye maliyetlerinin hesaplanmasi ve EVA hesaplamasinda
muhasebe diizeni. Yiiksek Lisans Tezi, Marmara Universitesi,
Sosyal Bilimler Enstitiisii, Istanbul.

Tirker, A., 2015. Tirkiye’de ormancilik orgiitiindeki doner
sermayeli igletmelerin biitgesi ve muhasebe sistemi. V.
Ormancilikta Sosyo-ekonomik Sorunlar Kongresi, 15-17 Ekim,
Trabzon, s. 425-433.

Tiirker, A., 2017. Ormancilik Muhasebesi. Istanbul Universitesi
Orman Fakiiltesi Yaynlari, Istanbul.

Tiirker, 1., 2005. Ekonomik katma degerin (EVA) hesaplanmasi ve
gerekli muhasebe diizeltmeleri. Muhasebe ve Denetime Bakis,
15: 125-150.

Tiirker, M.F., 1996. Acik Artirmali Orman Uriinleri (Tomruk)
Satislarinda Fiyat Olusumunun Aragtirilmasi (Dogu Karadeniz
Bolgesi Ornegi), Karadeniz Teknik Universitesi Arastirma
Fonu, Proje Sonu¢ Raporu, Proje Numarasi: 93.115.002.01,
Trabzon.

Tiirker, M.F., 2020. Ormancilik Isletme Ekonomisi. Ormancilik ve
Tabiat1 Koruma Vakfi Yaymlari, Trabzon.

Unlii, U., Saygm, O., 2014. Arindirilmis ekonomik katma deger
(REVA) yontemiyle performans oOl¢iimi: turizm sektorii
uygulamasi. Muhasebe ve Finansman Dergisi, 63: 139-150.

Yazici, K., 1982. Orman isletmesinin ekonomik biiyiikliigiine iliskin
aragtirmalar (Dogu Karadeniz Bolgesi 6rnegi). Dogentlik Tezi,
Karadeniz Teknik Universitesi Orman Fakiiltesi, Trabzon.

Yelgen, E., Okutmus, E., 2019. Ekonomik katma deger yonetimi ile
sirket degeri belirleme. Jass Studies-The Journal of Academic
Social Science Studies, 74: 441-454.

Yesilyurt, E., 2016. Orman Genel Miidirligii ve bagl tasra
kuruluglarinin  ekonometrik yontemler yardimiyla iktisadi
¢oziimlemesi. Yiksek Lisans Tezi, Karadeniz Teknik
Universitesi, Fen Bilimleri Enstitiisii, Trabzon.

Yilmaz, C., 2012. Ekonomik katma deger yontemi ile biitge
iizerinden deger tabanli sirket yonetimi uygulamasi. Yiiksek
Lisans Tezi, Istanbul Ticaret Universitesi, Sosyal Bilimler
Enstitiisii, Istanbul.

Yilmaz, T.E.B., 2013. Ekonomik katma deger (EVA) ve piyasa
katma degerine (MVA) dayali performans analizi: IMKB
ornegi. Yonetim ve Ekonomi Arastirmalar1 Dergisi, 21: 82-105.



Turkish Journal of Forestry | Tiirkiye Ormancilik Dergisi

2018
ISPARTA
UYGULAMALI BiLIMLER
UNIVERSITESI

2024, 25(2): 205-212 | Research article (Arastirma makalesi)

Tiirk findigr (Corylus colurna)’min dogal yayihsinda yeni alanlar: Dagakca ve
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Ozet: Tiirk findigmm (Corylus colurna L.), Tiirkiye'de Karadeniz, Marmara, Ege ve I¢ Anadolu bblgelerinde ¢ok sayida birbirinden
kopuk ve birgogu tehlike altinda olan popiilasyonlar: bulunmaktadir. Tiirk findiginin Bursa ilinde Dagak¢a-Osmangazi ve Cakallar-
Mustafakemalpasa yorelerinde bulundugu yeni dogal yayilis alanlar ilk kez tespit edilmistir. Osmangazi ilgesine bagli Dagake¢a
kdyiiniin bati1 ve kuzey bati kisimlarinda Tirk findig1 yayilis yapmaktadir. Alacakaya tepesi, Calpmar mevki, Kocakir tepesi,
Toprakli tepelerinde mescere kurdugu ve 800-1000 metre yiikselti araliginda bulunan 590 hektarlik bir alanda dogal yayilis yaptigi
belirlenmistir. Mustafakemalpasa ilgesine bagl Cakallar kdyiiniin kuzeyinde bulunan Kale ve Diidar tepelerinin yamaglarinda (650-
900 m) ve giineyinde yer alan Kiigiikgal ve Sakaribasgi tepelerinin yamaglarinda (800-975 m) miinferit ve kiime halinde Tiirk
findig1 dogal yayilis gostermektedir. Tirk findigi, genellikle IUCN Kirmizi Listesi'nde "Diisiik Risk" kategorisinde yer alsa da
sinirlt yayilis alanlar1 ve habitat kaybi1 nedeniyle bazi bolgelerdeki popiilasyonlar: tehlike altindadir. Tiirk findiginin dogal yayilis
yaptig1 Bursa’daki popiilasyonlarinin gen kaynagi bakimindan korunmasi ve ¢ogaltilmasi biiyiik 6neme sahiptir. Bu yeni yayilig
alanlarinin koruma altina alinmasti ve siirdiiriilebilir orman yonetimi uygulamalariyla desteklenmesi gerekmektedir.
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New natural distribution areas of Turkish hazelnut (Corylus colurna): Dagakca

and Cakallar (Bursa)

Abstract: The Turkish hazelnut (Corylus colurna L.) has numerous isolated and endangered populations in Tiirkiye, particularly
in the Black Sea, Marmara, Aegean, and Central Anatolia regions. New natural distribution areas of the Turkish hazelnut have been
identified for the first time in the Bursa province, specifically in the Dagak¢a-Osmangazi and Cakallar-Mustafakemalpasa areas.
In the Dagakga village of the Osmangazi district, the Turkish hazelnut is distributed in the western and northwestern parts. Its
natural distribution is determined in a 590-hectare area, including the Alacakaya hill, Calpinar locality, Kocakir hill, and Toprakli
hills, at an elevation range of 800-1000 meters. In the Cakallar village of the Mustafakemalpasa district, the Turkish hazelnut is
naturally distributed on the slopes of Kale and Diidar hills (650-900 m) in the north and the slopes of Kiiciikgal and Sakarinbasi
hills (800-975 m) in the south, both individually and in group. Although Turkish hazelnuts are generally listed in the "Least
Concern" category on the IUCN Red List, populations in some regions are threatened due to their limited distribution areas and
habitat loss. The conservation and propagation of these Bursa populations of Turkish hazelnut, due to their genetic resource
importance, are of great significance. These new distribution areas need to be protected and supported with sustainable forest

management practices.

Keywords: Ethnobotanical, Gene conservation forest, Habitat, Population, Turkish filbert

1. Giris

Tiirkiye, cografi konumu, degisken topografyasi ve farkli
toprak ve iklim tipleriyle zengin bitki Ortiisiine sahiptir.
Meseler, kizilgam, karagam, kaymn, sarigam gibi yaygin
agaclar genis alanlarda ormanlar kurarken, bazilar1 da daha
dar alanlarda ve farkli noktalarda mesgere halinde veya
serpili olarak bulunmaktadirlar. Genis alanlarda yayilis
gostermeyen orman agaglari ile ilgili sinirl sayida arastirma
bulunmakta olup, yer yer s6z konusu tiirlerin yeni yayiliglari
ile kargilagilabilmektedir. Bu tiirler yiiksek ekolojik islevleri
ile icinde bulunduklar1 ekosistemin ayrilmaz essiz
bilesenleridirler. Goreceli olarak az bulunan ve goriilen
orman agaci tiirlerinin 6ncelikle daha yakindan taninmasi ve
dogal popiilasyonlarinin 6zenle korunmasi gerekmektedir.
Tirk findig1 (Corylus colurna L.) da bu tiirlerden biridir.

Tirk findig1 (Corylus colurna) ve adi findik (Corylus
avellana L.) iilkemizde dogal olarak yetisen tiirlerimizdendir
(Yaltirik, 1997). C. avellana ¢ali ve agag¢ik formunda iken
C. colurna 15-25 m boylarinda tek govdeli bir agagtir. Tiirk
findig1 diinya literatiirinde aga¢ findig1, ay1 findigi, Balkan
findig1 ve kaya findig1 gibi adlarla da ifade edilmektedir
(Yaltirik, 1993). C. colurna geng siirgiinleri ve yaprak saplari
kiremit kirmizisi (soluk pas) renginde olan sigilli tiiylerle
kaplidir. Yapraklar genis yumurtamsi bigiminde, dip tarafi
yiregimsi, ucu ise sivridir. C. colurna’nin yapraklar1 C.
avellana’nin yapraklarindan biraz daha kiigiik (8-12 cm uzun,
6-8 cm genis), kenarlar1 keskin disli ya da kaba, bazen de
hafif lobludur. Yaprak tabani sap kisminda belirgin sekilde
genis girinti olusturmustur. Yapraklar kisin dokiiliir (Sahin
vd., 2020).
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Tirk findigmin diinyadaki yayilisi, giineydogu Avrupa,
Kafkaslar, Anadolu ve Bati Himalayalar olmakla birlikte,
ylizyillardir Avrupa ve ABD'de siis agaci olarak yaygin
olarak yetistirilmektedir. Tiirkiye’deki yayilis1 Kazdaglari,
Bolu, Kastamonu, Ankara-Nallihan ve Zonguldak-Yenice
yorelerinde yapmaktadir (Aksoy, 2014; Temel vd., 2017). C.
colurna’nin diisey yayilisgin1 Palashev ve Nikolov (1979)
100-1400 m, Yaltirik (1993) ise 800-1700 m arasinda
yaptigin1 belirtmiglerdir. Yillik ortalama 5-13 °C arasinda
degisen sicaklifa ve yillik minimum 500 mm yagisa ihtiyag
duydugu belirtilmektedir (Palashev ve Nikolov, 1979). Tark
findig1, yetisme ortami istegi bakimindan kanaatkar olup
balgikli topraklari seven, 151k ve nem istegi yiliksek bir tiirdiir.
Kuvvetli kok yapisini hem dikey ve hem de yatay yonde
olusturur (Yilmaz, 1998; Polat ve Giiney, 2015).

Tiirk findiginda tozlasma subat-mart, tohum olgunlagma
agustos-eyliil, hasat ise eyliil-ekim aylarinda gergeklesir. Cok
uzun yillar yasayan Tiirk findiginin vejetasyon siiresi 117-
176 giin arasinda degismektedir (Ozpay Palazoglu vd., 2013;
Polat, 2014). 3-8 meyvenin bir arada bulundugu kupula
(meyve Ortiisii) seritsi yapida, iizeri yapiskan tiiylerle kapli,
ug kismu ince seritler halinde diizensiz yirtilmistir. Kupulanin
sivri uglart geriye dogru kivrik olmasiyla diger findik
tiirlerinden kolayca ayrilir. Nuks genis yumurta seklinde,
isten hafif basik 15-20 x 10-18 mm boyutlarindadir. C.
colurna igin karakteristik ozelliklerinden biri de findigin
(nuks meyve) kupulaya baglandig: dip taraftaki “mat kisim”
findigim hemen hemen yari boyuna kadar ulasir. Ayrica
perikarp diger findik tiirlerine kiyasla ¢ok kalin ve serttir
(Ansin ve Ozkan, 1993; Yaltirik, 1993).

Kuvvetli kok yapisi, kok ve kiitiik siirgiinii vermemesi
sayesinde erozyon kontrolii ve sosyal problemli sahalarin
agaclandirmasinda  kullanilabilecek bir tlirdiir. Hava
kirliligine kars1 direnci, egzoz gazina dayanikli olusu ve
giizel goriiniisiiyle Avrupa ve Amerika’da peyzaj ve gevre
diizenleme ¢aligmalarinda siis bitkisi olarak yaygm bir
sekilde kullanilmaktadir. Anadolu’da sinirhi yayilig gosteren
Tiirk findig1 hakkinda son yillarda yapilan ¢aligmalarin sayisi
artmistir (Arslan, 2009; Balik ve Balik 2016; Kabak vd.,
2020).

Bu ¢alismada, Tiirk findiginin Bursa’da yeni tespit edilen
iki yeni dogal yayilisi tanitilmigtir. Bdylece tiir iizerine
yapilan aragtirmalara ve literatiire katki saglanmasi
amaglanmigtir.  Calismanin = Tiirk  findigmin ~ bolgede
korunmasit ve ydnetimi igin daha etkili stratejilerin
gelistirilmesine yardimci olmasi beklenmektedir.

2. Materyal ve yontem

Bursa’da 2021 yilinda gergeklestirilen arazi ¢alismalart
sirasinda, Tiirk findiginin dogal yayilig yaptigi iki alan tespit
edilmistir. Tir ilk olarak Osmangazi ilgesine baglh Dagak¢a
koyliniin tist kistmlarinda ve daha sonra Mustafakemalpasa
ilgesine bagh Cakallar koyii ¢evresinde belirlenmistir (Sekil
1, Sekil 6). Tiriin yayilistyla ilgili genis bir literatiir taramasi
yapilmis olup yeni tespit edilen popiilasyonlarin varligina
dair mevcut herhangi bir yaymn bulunamamuistir. Yeni dogal
yayilig alanlarinin yakindan taninmasi, herbaryum o6rnegi
alinarak uluslararasi nitelikte bir herbaryuma kaydinin
yapilmasi, literatiire eklenmesi ve korunarak devamliligi
6nem arz etmektedir.

Tiriin dagilis yaptig1 sahalarda Garmin (Map 64s) marka
GPS ile koordinat ve yiikselti degerleri tespit edilmistir.
Avrazinin jeolojik, jeomorfolojik ozellikleri, toprak yapisi ve

mescere Ozellikleri ile ilgili gozlemlerde bulunulmustur.
Tiriin  tespit edilen alanlarina ait orman amenajman
planlarina gére yayilis yaptig1 sahanin biiyiikliigii ve mescere
tipi haritasina gore karisimda bulundugu tiirler hakkinda
bilgiler elde edilmistir. Ayrica yore halki tarafindan Tiirk
findiginin kullanim alanlar1 ve etnobotanik &zellikleri
derlenmistir.

3. Bulgular
3.1. Dagak¢a-Osmangazi

Dagakea, Bursa’nin Osmangazi il¢esine bagl olup halk
gecimini hayvanciik ve mangal komiirii iretimiyle
saglamaktadir. Uludag’a karsi bakan bir tepenin iizerine
kurulmus bu koyiin iist kisimlarinda Tiirk findiginin yayilis
yaptig1 alanlar tespit edilmistir (Sekil 1a). Bursa Orman
Bolge Miidiirliigii, Bursa Isletme Miidiirliigii, Uludag Orman
Isletme Sefligi orman smirlarinda olan Dagakca
popiilasyonu, mescere tipi haritasinda 81, 109, 111, 112, 113
ve 114 No.lu bélmeler igerisindedir (Sekil 1b). Tiirk findig1
Dagakga’da yayilis gosterdigi alanlarda hakim agag tiirii sagh
mese (Quercus cerris L.) ile karigima girmektedir.

Tiirk findiginin tam kapali, orta kapali ve yer yer bosluklu
kapali seklinde mescere kurulusuna girdigi yaklasik 590
hektarlik saha; Alacakaya tepesi, Calpinar mevki, Kocakir
tepesi, Toprakli tepelerinden olusmaktadir (Sekil 2).
Diimenkirt tepesi, Yapagigcam tepesi ve Kapikaya yamaci
civarlarinda da miinferit ve kiime halinde Tiirk findig1
bulunmaktadir. Deniz seviyesinden 800-1000 m yiikseltiler
arasinda yer alan bu alanlarda orman yolu iizerinde Tiirk
findig1 fertleri 40.074289°K-28.968357°D koordinatlarinda
gozlemlenmeye baglamaktadir (Sekil 3). Gelisim c¢aglar
bakimindan mescere tipi haritasinda “cd” ¢aginda olan Tiirk
findig1 bireylerinin govde c¢apt cogunlukla 20 cm ile 70 cm
arasinda olup yeni gelen genglikler de bulunmaktadir.
Agagclarin boyu 6-15 m arasinda degismektedir.

Dagakg¢a popiilasyonunda Tiirk findigi aym zamanda
sacli mese (Quercus cerris), adi findik (Corylus avellana),
Dogu kaymi (Fagus orientalis L.), Macar mesesi (Quercus
frainetto Ten.), adi giirgen (Carpinus betulus L.), sapsiz mese
(Quercus petraea (Matt.) Lieb.), karagam (Pinus nigra
Arnold.), ¢igekli disbudak (Fraxinus ornus L. subsp. ornus)
ve kizilcik (Cornus mas L.) tiirleriyle birlikte yayilis
gostermektedir.

Dagakga popiilasyonunun iizerinde bulundugu anakaya
ylizeye ¢ikmig durumdadir (Sekil 3, Sekil 4). Dagakga
formasyonu olarak adlandirilan anakaya Jurasik yasli olup
kumlu kiregtasi ve marn ardalanmali yapidadir (Oggiin,
2022). Sahanin yakiinda mescere tipi haritasinda “Oc” ile
kodlanan mermer ocag1 bulunmaktadir (Sekil 1b). Bu ocagin
literatiirde Dagakga formasyonunun iizerine ¢okelen “Bursa
Bej Mermeri” olarak tanimlanan (Yalginkaya ve Avsar,
1980). Erken Kretase yash Inatlar kirectasi yapisindan
faydalandig1 diistiniilmektedir (Sekil 5).

Dagak¢a ve cevresinin jeolojik yapist daha detayli
incelendiginde Orta Jura — Kretase yash neritik kirectasi;
Permo — Triyas yasli kirintililar ve karbonatlar (yer yer bloklu
ve volkanitli); Ust Paleozoyik — Triyas yasl sist, fillit,
mermer, metabazit; Ust Kretase yash ofiyolitik melanj ve
Miyosen yasl karasal kirintililar bolgenin anakaya yapilarini
olusturmaktadir (Sekil 5).
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3.2. Cakallar-Mustafakemalpasa

Mustafakemalpasa ilgesine bagli Cakallar koyii niifusu
TUIK 2022 yili verilerine gére 93'tiir. K&y halki gecimini
¢ogunlukla tarim ve hayvanciliktan elde etmektedir. Koyiin
1,5 km kuzeyinde yer alan Kale ve Diidar tepelerinin
yamaglarinda; 2 km giineyinde bulunan Kiigiikgal ve
Sakarinbasi tepelerinin yamaglarinda Tiirk findiginin yayilig
yaptig1 tespit edilmistir (Sekil 6a). Cakallar popiilasyonu,
Bursa Orman Bélge Miidiirliigii, Mustafakemalpasa Isletme
Miidiirliigii, Devecikonak Orman Isletme Sefligi orman
sinirlarinda yer almakta olup mescere tipi haritasinda 216,
218, 256 ve 257 No.lu bélmeler igerisindedir (Sekil 6b).

Cakallarda tespit edilen Tiirk findigr miinferit ve kiime
seklinde tam ve orta kapali mescere igerisinde serpili olarak
dagilis yapmaktadir. Bireyler Kale ve Diidar tepelerinin
yamaglarinda yiikselti olarak 650-900 m araliginda
39.80386-28.53817 ve 39.80311-28.52810 koordinatlarinda,
Kiigiikgal ve Sakarinbasi tepelerinin yamaglarinda ise 800-
975 m yikseltide 39.77275-28.51788 ve 39.77360-28.50298
koordinatlarinda gézlemlenmistir  (Sekil 7; Sekil 8).
Yamaglarin bitiminde yer alan dere kenarlarinda geng Tiirk
findig1 bireyleri bulunmaktadir.

Tiirk findiginin Cakallar’da yayilis yaptigi yaklasik 250
hektarlik sahalarda hakim agag tiirleri Dogu kaymi (Fagus
orientalis), sacli mese (Quercus cerris), Macar megesi
(Quercus frainetto) ve sapsiz mese (Quercus petraea)’dir.

Ayrica mescerede miinferit olarak karagam (Pinus nigra), adi
giirgen (Carpinus betulus), tvez (Sorbus L.), digbudak
(Fraxinus L.) ve akcaagac (Acer L.) tirleri karigima
girmektedir. Mescere igerisindeki Tiirk findiginin boylari 7
metreden 20 metreye kadar uzanmaktadir. Tirk findig:
bireylerinin ¢ogu, gévde ¢aplar1 20 cm ile 70 cm arasinda
degisen, gelisim c¢aglarina gore "cd" Kkategorisinde
smiflandirilan bir yapida olup alt tabakada yeni gelen
genglikler de bulunmaktadir.

Cakallar popiilasyonunun {izerinde bulundugu anakayalar
Permo — Triyas yash kiritililar ve karbonatlar (yer yer bloklu
ve volkanitli); Ust Kretase yash ofiyolitik melanj; Jura —
Kretase ve Permiyen yagli mermer; Paleozoyik yash sist ve
Ust Senoniyen yash flis yapilarindan olusturmaktadir (Sekil
9).

Bursa ili, toprak gruplarina gore cogunlugu kiregsiz
kahverengi orman topraklarindan (%45,1) olusmaktadir. Bu
toprak grubunu, kahverengi orman topraklart (%22,8) ile
allivyal topraklar (%10,9) takip etmektedir (Bantchina vd.,
2017; BBB, 2022). Dagak¢a popiilasyonunun bir bolimi
kahverengi orman topraklar1 ve kiregsiz kahverengi orman
topraklar1 iizerinde, bir boliimi de kirmizi kahverengi
Akdeniz toprak grubu iizerinde yer almaktadir. Cakallar
popiilasyonu da benzer sekilde kahverengi orman topraklari
ve kire¢siz kahverengi orman topraklart {izerinde gelisim
gostermektedir.
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Turk findig: yayihig alan
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- Sekil 8. Mescere igerisindeki Tiirk findig1 bireyleri, Cakallar-Mstafakemalpasa (Foto: M. Kalkan) ‘
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Sekil 9. Cakallar ve ¢evresinin jeoloji haritas1 (MTA, 2023)

Genis yaprakli tiirlerden olusan ormanlarin altinda
siklikla bulunan kahverengi orman topraklari ve kiregsiz
kahverengi orman topraklarini Bursa'nin tiim ilgelerinde
gormek miimkiindiir. Kahverengi orman topraklari
Yenisehir, Inegél ve Mudanya ilgeleri; kirecsiz kahverengi
orman topraklar1 Orhaneli, Osmangazi ve Mustafakemalpasa
ilgeleri {izerinde yaygm olarak bulunmaktadir. Kirmizi
kahverengi Akdeniz topragi: kireg kayalari lizerinde 600 mm
ve daha fazla yagis altinda olugan kirmizi1 Akdeniz topragi ile
yiiksek kire¢ icerige sahip ana kaya iizerinde olusan
kahverengi orman topraginin karisik halidir. ABC profilli
kirmizi kahverengi Akdeniz topragi, iyi gelismis ve orta
derecede organik madde iceren Al horizonuna sahiptir.
Organik ve mineral maddelerin karigimiyla olusmus bu
toprakta, daha az belirgin bir A2 horizonu ve kil zarlari
iceren, agir biinyeli, blok veya prizmatik yapili, illit ve
kaolinit killeri iceren B horizonu bulunur. Karacabey,
Osmangazi ve Mustafakemalpasa ilgelerinin biiylik bir
kisminda, Iznik, Orhaneli, Orhangazi ve Gemlik ilgelerinin
ise kiigiik bir boliimiinde kirmizi kahverengi Akdeniz topragi
goriilmektedir (Celik, 2006).

Tiirk findig1 Dagakga ve Cakallar kdylerinde kaya findigi
ve ay1 findig1 isimleriyle bilinmektedir. Odununun dayanikli
olmas1 sebebiyle el aletleri yapiminda kullanildigi yore
halkindan  6grenilmistir.  Ancak odunundan ziyade
meyvesinden (findik) faydalanilmaktadir. Meyvesinin yag
igerigi ortalama %64,1 olup, kalori degeri yiiksektir (Kalkan
vd., 2023). Uzun bir sirik yardimiyla toplanan meyveler,
kuruyemis olarak tiiketilmelerinin yani sira 6zellikle her iki
yorede ekmek, kek, borek ve tath yapiminda da
kullanilmaktadir. Kalori degeri yliksek olan findik kabuklar
ise yakacak olarak degerlendirilmektedir.

4. Tartisma ve sonu¢

Bu ¢alismada, Tirk findiginin Bursa ilindeki Dagakga-
Osmangazi ve Cakallar-Mustafakemalpasa yorelerindeki iki
yeni yayilis sahasi tanitilmistir. Arastirma, bu bdlgelerdeki
popiilasyonlarin  yetisme ortanmu Ozelliklerinin - mevcut
literatiirdeki bilgilerle uyumlu oldugunu gostermektedir.
Calisma alanindaki Tirk findig1 popiilasyonlarmm hem
floristik kompozisyonu hem de bazi ekolojik 6zellikleri tiiriin
genel dagilim karakteristikleriyle ortiismektedir.

Sanmustafalar

3 Kinntihlar ve karbonatlar

] Ofiyolitik melanj
] Mermer
== Sist
== Flig

L 23 Tark findidh yayihs alani

! R —

Tirk findig1, ekonomik ve o6zellikle ekolojik degeri
bakimindan O6nemli bir tirdiir. Bu nedenle, dogal
popiilasyonlarin korunmasi, devamliligi ve restorasyonu
biiyiilk Onem tasimaktadir. Bu c¢alisma, Tiirk findiginin
bolgedeki dogal yayiliglarinin daha iyi anlagilmasi ve
korunmasina yonelik stratejilerin gelistirilmesine ve ileride
yapilacak calismalara altlik olusturmasina katki saglamasi
beklenmektedir.

Calisma kapsaminda tespit edilen Tirk findigi
popiilasyonlari, genel olarak literatiirde belirtilen diger
yayilis alanlariyla benzer ekolojik sartlara sahiptir. Tiirk
findig1 6zellikle nemli ve kalkerli (kiregtast) topraklari tercih
eden ve 800-1800 m arasi yiiksekliklerde yayilig gbsteren bir
tiirdiir (Arslan, 2005; Ozpay Palazoglu vd., 2013; Polat,
2014; Polat ve Giiney, 2015; Ayan vd., 2016; Temel vd.,
2017; Kabak vd., 2020). Bu bilgiler, Tirk findigmin ekolojik
dagilimi ve habitat tercihleri hakkinda onemli bilgiler
saglamaktadir. Dagak¢a popiilasyonunda yiizeye ¢ikmis
kumlu kiregtagi ve mermer olusumlu karstik yap1 {izerinde,
taglik ve kayaliklar arasindaki catlaklarda ve sig toprak
yapisinda Tirk findig1 bireyleri gormek miimkiindiir.
Cakallar yayilis sahasi yiiksek egime sahip olup, Tiirk findig1
bireylerinin anakayanin mermer ve kalkerli (kiregtasi) yapida
oldugu alanlarda yayilis gosterdigi belirlenmistir. Nitekim,
Diidar tepesinin yiizeyinde kiregtasinin goriildiigii kisimlarda
Tiirk findig1 bireyleri daha yaygindir.

Tirk findig1 tiizerine yapilan ¢alismalarda, toprak
Ozellikleri 6nemli bir faktor olarak géze ¢arpmaktadir (Polat,
2014; Polat ve Giiney, 2015; Ayan vd., 2016; Kabak vd.,
2020). Calisma kapsaminda belirlenen alanlarda, Tiirk findigi
genellikle kahverengi orman toprag: ve kirmizi kahverengi
Akdeniz topraklarinda yayilis yapmaktadir. Bu topraklar,
ozellikle Bursa ili genelinde siklikla bulunan yaprak doken
ormanlarin altinda yer almaktadir ve iyi gelismis organik
madde iceren Al horizonuna sahiptir. Ayan vd. (2016)
yaptigi c¢aligmada, Tirk findiginin yayilis gosterdigi
alanlarda hakim toprak tipi olarak kahverengi orman
topraklar belirtilmistir. Bu topraklar genellikle nemli-1liman
iklim bolgelerinde, genis yaprakli orman Ortiisiiniin
bulundugu alanlarda gelisim gdstermektedir. Kabak vd.
(2020) Tiurk findigmmin Saphane Dagi'nin kuzeyinde hakim
olan kahverengi orman topraklarinda yetistigi belirtmistir. Bu
topraklar da kire¢ igerikli olup, hafif alkalin reaksiyon
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gostermekte ve kil ile balgikli kil topraklarindan
olugmaktadir. Tirk findiginin Bursa’daki yeni tespit edilen
alanlar ile daha Once yapilan ¢alismalar goz Oniinde
bulunduruldugunda, Tiirk findiginin 6zellikle kireg icerikli ve
iyi drene edilmis topraklarda saglikli bir sekilde biiyiime
gosteren bir tlir oldugu sdylenebilir.

Bursa’da Tiirk findiginin yayilis yaptig1 sahalarda Dogu
kayimni (Fagus orientalis), sagli mese (Quercus cerris), Macar
mesesi (Quercus frainetto) ve sapsiz mese (Quercus petraea)
gibi hakim agag tiirleri ile karigima girdigi belirlenmistir.
Tirk findiginin bulundugu bazi alanlardan Bolu’da Kafkas
thlamuru (Tilia rubra DC. subsp. caucasica), adi giirgen
(Carpinus betulus), ak¢aagaclar (Acer trautvetteri Medw., A.
platanoides L.) ve Dogu kayn tiirleriyle (Arslan vd., 2013);
Bulkaz Dagi’nda (Usak) ardig tiirleri (Juniperus oxycedrus L.
subsp. oxycedrus, J. excelsa Bieb., J. foetidissima Willd.),
Anadolu karacami (Pinus nigra), titrek kavak (Populus
tremula L.) ve mese tiirleriyle (Quercus coccifera L., Q.
ithaburensis Decne. subsp. macrolepis, Q. pubescens Willd.)
(Polat ve Giiney, 2015); Agl’da (Kastamonu) Uludag
gbknar1 (Abies nordmanniana subsp. equi-trojani (Asc. &
Sint. ex Boiss.) Coode & Cullen), Dogu kayimni, mazi mesesi
(Quercus ilex L.) ve adi giirgen tiirleriyle (Ayan vd., 2016);
Saphane Dagi’nda (Kiitahya) giimiisi 1hlamur (Tilia
tomentosa Moench), Dogu kayini, Anadolu karagami ve
titrek kavak tiirleriyle (Kabak vd., 2020) birlikte yayilis
yaptig1 belirtilmektedir. Tirk findigimin dogal dagilist
incelendiginde farkli aga¢ ve c¢ali tiirleriyle birlikte
bulundugu goriilmektedir. Bu durum, Tiirk findiginin farkli
tirlerle degisik yetisme ortamlarinda birlikte bulunabilen
genis bir ekolojik salinima sahip oldugunu gostermektedir.

Tir ile ilgili 6zellikle yenilebilen findigindan dolay1 yerel
etnobotanik bilgiler mevcuttur. Tiirk findig1 tohumlar
toplandig1 tiim yorelerde tiirii taniyan insanlar tarafindan
kuruyemis olarak tiiketilmektedir. Bursa’da, Dagakca ve
Cakallar koylerinde lezzet ve besin degeri katmasi igin yil
boyu ekmek igerisinde degerlendirilmektedir. Ayrica gikolata
ve kek katki maddesi olarak kullanildigi yerel insanlardan
kaydedilmistir. Ozellikle daha eski donemlerden beri odunu
kiiglik sandik ve tahta kagik gibi ¢esitli ev aletleri yapiminda
kullanilagelmistir. Tiriin ilkemizde bulundugu diger
yorelerde de meyve ve odunu benzer amaglar dogrultusunda
(Arslan, 2005; Polat, 2014; Polat ve Giiney, 2015; Ayan vd.,
2016; Kabak vd., 2020) kullanilmaktadir.

Tiirk findig1, genellikle [IUCN Kirmizi Listesi'nde "Diisiik
Risk" kategorisinde yer alsa da sinirli yayilis alanlari ve
habitat kaybi nedeniyle bazi bolgelerdeki popiilasyonlari
tehlike altindadir. Bu c¢alisma, Bursa’da tespit edilen
popiilasyonlarin korunmasi, devamlili§i ve restorasyonu
bakimindan degerlidir. Isletme ormanlarinda yer alan bu yeni
yayilig alanlar1 korunmasi ve siirdiiriilebilir orman y&netimi
uygulamalartyla desteklenmelidir. Ayrica, yerel halkin
bilgilendirilerek  bilin¢lendirilmesi  koruma ¢abalarini
giiclendirecektir.

Tiirk findig1 kuraklik stresine karsi toleransh olup yari-
kurak alanlarin agaglandirilmasinda  degerlendirilebilir
(Ghimessy, 1980; Tosun, 2012). Tirk findigi, giiclii kok
yapisi sayesinde erozyon kontrolii, sosyal problemli sahalarin
iyilestirilmesi, sel felaketinin yasandig1 sahalarda da basarili
bir sekilde kullanilabilecek bir tiirdiir. Tiriin farkli
popiilasyonlari kuraklik ve don gibi degisik ¢cevre baskilarina
kars1 incelenerek yari-kurak alanlarin agaglandirmasinda
degerlendirilebilecek gen kaynaklar belirlenmelidir.

Tiirk findig1 altin saris1 renklere biirlinen yapraklar ile
sonbaharda gorsel agidan cekici Ozelliklere sahiptir.
Meyveleri yaban hayvanlarini cezbetmektedir. Tiirlin dolgun
govdesi ile gérkemli bir yapisi vardir. Basta yayilis alanlarina
yakin yerler olmak tizere kent bitkilendirmelerinde ve
kirsaldaki agaglandirmalarda mutlaka degerlendirilmelidir.

Bursa'da Tirk findigi bulunan ormanlarda, orman
isletmecilik faaliyetlerinde Tirk findigmin lehine olacak
sekilde bakim ve genglestirme caligmalart yapilmalidir. Bu

mildahalelerde, mevcut Tirk findig1 popiilasyonunun
korunmast  ve  restorasyonuna  yonelik  islemler
gerceklestirilmelidir. Nispeten genis alanda mescere

formunda olan Dagakca popiilasyonu gen koruma ormant
olarak ayrilmalidir. Mescere igerisinde bulunan Cakallar
popiilasyonuna ait bireylerin yararina yapilacak bakim
islemleri de tiirlin alandaki devamhilifi ve sayisinin
arttirilmasi bakimindan dnem arz etmektedir.
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Abstract: This study aims to optimize dissolved oxygen levels in treating wastewater generated during the sawmill drying process,
using response surface methodology (RSM). The experimental approach, employing three independent variables centrifuge time,
centrifuge RPM, and microwave power, evaluates their impact on the effectiveness of wastewater treatment based on dissolved
oxygen levels. Parameter ranges are set at 5-20 minutes for centrifuge time, 15-35 for centrifuge RPM, and 100-250 Watts for
microwave power. Optimization results reveal the highest dissolved oxygen value with a centrifuge time of 20.00 minutes,
centrifuge RPM of 35.00, and microwave power of 100.00 Watts, yielding a maximum value of 9.85 mg/L. ANOVA analysis of
the obtained data confirms the compatibility of the proposed model with experimental results (p<0.05), with R? and R? (ad)) values
calculated at 98.53% and 95.90%, respectively. These findings authenticate the reliability of the proposed model and its alignment
with experimental data. In addition, the Lack of fit value obtained as a result of ANOVA analysis was found to be 0.075. Ultimately,
response surface methodology (RSM) demonstrates potential contributions to optimizing dissolved oxygen in wastewater treatment
experiments.

Keywords: Wastewater, Response surface methodology, Dissolved oxygen, Sawmill, Centrifuge

Kereste fabrikasinda olusan atiksuyun gideriminde ¢oziinmiis oksijenin yanit

yiizey metodolojisi (RSM) kullanilarak optimizasyonu

Ozet: Bu galisma, kereste fabrikasindaki kurutma islemi sirasinda olusan atik suyun aritilmasinda ¢oziinmiis oksijenin yanit yiizey
metodolojisi (RSM) ile optimize edilmesini amaglamaktadir. U¢ bagimsiz degisken olan santrifiij siiresi, santrifij RPM ve
mikrodalga giicii kullanilarak yapilan deneysel yaklasim, ¢6ziinmiis oksijen seviyelerinin atiksu aritma etkinligi tizerindeki etkisini
degerlendirmektedir. Parametre araliklari sirastyla santrifiij siiresi 5-20 dakika, santrifiij RPM 15-35 ve mikrodalga giicii 100-250
Watt olarak belirlenmistir. Optimizasyon sonucunda, en yiiksek ¢6ziinmiis oksijen degeri santrifiij stiresi 20.00 dakika, santrifiij
RPM 35.00 ve mikrodalga giicii 100.00 Watt ile belirlenmistir. Bu parametrelerle en yiiksek ¢6ziinmiis oksijen degeri 9.85 mg/L
bulunmustur. Elde edilen veriler sonucunda yapilan ANOVA analizi, 6nerilen modelin deneysel verilerle uyumlu oldugunu (p<0.05)
ve R? ile R? (adj) degerlerinin sirastyla %98.53 ve %95.90 oldugunu belirtmektedir. Bu bulgular, onerilen modelin giivenilirligini
ve deneysel sonuglarin modelle uyumunu dogrulamaktadir. Sonug olarak, yanit ylizey metodolojisi (RSM), atiksulardaki ¢oziinmiis

oksijenin optimize edilmesine yonelik yapilan deneylerde katki saglayabilecegini gostermektedir.
Anahtar kelimeler: Atiksu, Yanit yiizey metodolojisi, Coziinmiis oksijen, Kereste fabrikasi, Santrifiij

1. Introduction

Wood, a crucial natural asset in the forestry industry, is
extensively utilized across various sectors. Through timber
processing, a wide range of wood-based materials are
obtained to serve industrial purposes. Activities such as
harvesting, processing, drying, and cutting wood to required
dimensions are typically carried out in plants involved in this
process. However, these operations also lead to the
generation of environmental pollutants (Adeoye et al., 2014;
Lietal., 2022). Particularly in sawmills, the use of chemicals,
including inorganic salts and organic compounds, poses
significant pollution risks (Qiu et al., 2022). These chemicals
are applied to enhance wood durability and protect against
issues like blue staining, rot, and insect damage. The potential
toxicity of these treatment materials to humans through

inhalation, ingestion, or skin contact is a concern (ILO,
1991).

Furthermore, the environmental impact of such facilities
cannot be overlooked. Wastewater produced during wood
drying processes is a major concern due to its chemical and
organic composition. Discharges of this wastewater have the
potential to cause significant environmental damage.
Moreover, the disposal of wastewater originating from
industrial operations encounters obstacles in meeting
rigorous environmental standards. This challenge arises from
the potential adverse environmental impacts resulting from
the release of untreated contaminants into the environment
through wastewater, which could potentially affect human
settlements (Huang and Logan, 2008; Kamali and
Khodaparast, 2015; Izadi et al., 2018; Bayram et al., 2024).
The environmental repercussions stemming from such
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wastewater can manifest across various aspects. Mainly, the
presence of chemical compounds within the wastewater may
contaminate water sources and pose a threat to aquatic
ecosystems. Thus, it is need to prioritize adequate treatment
of wastewater for environmental conservation. Additionally,
enhancing the efficiency and efficacy of water utilization in
industrial processes holds significant importance (Natarajan
et al., 2018; Bayram et al., 2023).

During the evaluation of aquatic habitats, the parameter
that receives consistent attention and is given top priority in
each assessment is dissolved oxygen. Dissolved oxygen
serves as an indicator of the ongoing biological, biochemical,
and organic material load present in the aquatic ecosystem
(Wetzel et al., 1979). Throughout this procedure, a range of
technologies has been devised for the treatment of
wastewater. Within these methodologies, the centrifugal
effect and coagulation stand out as the prevailing techniques
utilized for eliminating particles, reducing turbidity, and
extracting natural organic substances (Chandegara and
Varshney, 2014; Majekodunmi, 2015).

For optimization purposes, the response surface
methodology (RSM) stands out as a frequently utilized
experimental framework. Relying on experimental design
principles, RSM serves as a statistical and mathematical
approach aimed at optimizing the impacts of various process
variables. Numerous researchers have extensively
documented the capability of RSM to reduce the requisite
number of experiments while acknowledging the influence of
process parameters Hence, scientists widely adopt RSM to
refine processes and improve equipment designs through the
identification of optimal parameter configurations (Bezerra et
al., 2008; Aziz et al., 2014; Yolmeh and Jafari, 2017; Ohale
et. al.,, 2017; Behera et. al, 2018). Nevertheless, the
optimization process with RSM comprises three primary
stages:  initially, conducting statistically  designed
experiments; subsequently, estimating coefficients within a
mathematical model; and finally, predicting the response and
evaluating the model's adequacy within the experimental
context (Bezerra et al., 2008; Aziz et al., 2014; Yolmeh and
Jafari, 2017; Behera et al., 2018).

The main objective of this study is to examine how the
chosen experimental factors such as centrifuge duration,
centrifuge revolutions per minute (RPM), and microwave
power influence the dependent output parameter of dissolved
oxygen levels in wastewater produced during the drying
phase in sawmills.

2. Material and methods
2.1. Material

In the study, wastewater generated during the kiln drying
process of red pine wood in a sawmill was utulized. As one
of the pre-treatment steps, a Beko household microwave oven
(with a capacity of 20 litres and dimensions of 42.5 cm wide
X 26.2 cm high x 32.5 cm length) was used. The microwave
oven is based on the 90-360 Watt irradiation principle. There
is also a manually adjustable time. Microwave pre-treatment
was carried out to break down and modify the organic matter
present in the wastewater and aimed to improve its
processability in the subsequent treatment stages (Ozkan et
al., 2023).

Following the microwave treatment, a centrifuge
instrument was used to separate the precipitate and solution.

This device works on the principle of rapid rotation to
separate solid and liquid components in wastewater. The
centrifuge device operates between 1000-4000 RPM. It also
has a manually adjustable time. After centrifugation, the
sediments were separated from the solution for dissolved
oxygen analysis.

The dissolved oxygen content in the solution allocated for
qualitative analysis of the wastewater was determined. This
serves as an indicator of the oxygen level in the wastewater
and hence its quality. The measurement of dissolved oxygen
using a HACH brand dissolved oxygen device (Pocket
Colorimeter II) was utilized as a significant parameter to
assess the environmental impacts of the wastewater and
evaluate the effectiveness of treatment processes.

As the working principle of dissolved oxygen, firstly, the
water sample to be measured is prepared and placed in the
reservoir of the device. The device optically measures the
sample in the chamber via sensors. This measurement is
converted into a numerical value by an electronic circuit. The
resulting numerical value is displayed on the instrument's
screen or on a digital panel. This value indicates the amount
of dissolved oxygen in the sample and is usually expressed in
milligrams of oxygen per liter (mg/L).

2.2. Methods

The obtained wastewater was carefully measured and
transferred into a 100 ml glass beaker before the start of the
experiment. Subsequently, this beaker was positioned at the
center of a microwave oven. The microwave oven was
operated under 2.4 GHz conditions, and all samples were
irradiated continuously for a period of 30 seconds to ensure
homogeneous processing. Following the microwave
pretreatment, a 20 ml portion of wastewater was transferred
to a centrifuge tube. The centrifuge was then operated at
appropriate RPM and duration to facilitate the separation of
precipitates and solution (Ozkan and Sahin, 2023).

In the final stage of the experiment, dissolved oxygen
(DO) values were meticulously measured and recorded
before each sample measurement, ensuring accurate
calibration of the instrument. The samples underwent
processing for varying durations ranging from 5 to 20
minutes for microwave treatment. Additionally, centrifuge
rotation speeds ranged from 15 to 35 RPM, while microwave
power levels were adjusted between 100 and 250 Watts.

To enable more detailed analyses and achieve efficient
outcomes, the Minitab program was employed utilizing the
response surface methodology (RSM). This methodology
facilitated the optimization of interactions between
experiments and variables, thus contributing to the effective
processing of wastewater and improvement of results. The
value ranges of the samples are given in Table 1.

Table 1. Ranges of variable values for experimental design

No Name Low High
1 Centrifuge time (Min) 5 20
2 Centrifuge (RPM) 15 35
3 MW power (Watts) 100 250
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RSM is a combination of statistical and mathematical
techniques proper for modeling and analyzing situations
where a response of interest is motivated by multiple factors.
The goal is to maximize this response. The goal of the RSM
approach is to model and optimize the output, which depends
on several important aspects (Montgomery, 2017). It is a
collection of mathematical and statistical attempts. Square or
linear polynomial equations are used to identify the case
study in order to do this. Because of this, the RSM's initial
step is to identify an approximation function between the
input and the output. The approximation function is the first-
order model if the function establishes a linear function
relationship between the input and the output (Kiran et al.,
2016). Equation 1 illustrates the most basic model that may
be utilized in RSM based on a first-order polynomial.

k
y:ﬂ0+Zﬂixi+g (1

A three-factor three level design is the most basic type of
experiment design. A factor in this type of design can have
one of three values: + 1, — 1, or 0, which correspond to a
maximum, minimum, and the so-called center or mid-point,
respectively. The following equation displays the design
matrix (Box and Behnken, 1960):

1 +1 0

2
1 0 +1 2)
0 +1 #1
0 0 0

In a single experiment, factor values that are all at their
maximum or minimum level are not suggested by Box-
Behnken experimental designs. This avoids doing trials in
harsh environments that can produce disappointing
outcomes. According to Ferreira et al. (2007), the following
equation determines the number of runs in advance:

N=2k(k-1)+C 3)

Where C denotes the number of central points, and k denotes
the number of components. Three layers of the three-factor A
single block of 15 runs, comprising 12-factor code variations
and three additional center values of the factor range, were
formed using the Box—Behnken experimental design (Table
2) (Box and Behnken, 1960).

3. Result and discusion

Experimental treatment of wastewater generated during
the drying process at a sawmill was conducted using three
independent variables. The identification of these variables is
crucial for enhancing the quality of wastewater as wastewater
management poses a critical environmental concern for
industrial establishments. In this context, dissolved oxygen
values serve as significant indicators for evaluating
wastewater treatment efficiency. Response Surface
Methodology (RSM) is a statistical technique widely

employed for optimizing such complex processes. The
utilization of RSM provides an appropriate approach to
analyze dissolved oxygen levels during wastewater treatment
processes and correlate these values with specific
independent variables. Equation 7 shows the dissolved
oxygen values obtained from the analysis.

Dissolved Oxygen = 2.194 + 0.322 Centrifuge Time-
0.2694 Centrifuge RPM+ 0.01802 Microwave Power-
0.01000 Centrifuge Time*Centrifuge Time+ 0.00984
Centrifuge RPM*Centrifuge RPM+ 0.000103 Microwave

Power*Microwave Power+ 0.01161 Centrifuge
Time*Centrifuge RPM- 0.001252 Centrifuge
Time*Microwave Power- 0.001673 Centrifuge
RPM*Microwave Power 4)

The experimental response and the estimated values from
Equation 1 are presented in Table 3. The experimental
dissolved oxygen values obtained from the optimized
procedure closely match the estimated values. The lowest
dissolved oxygen value was achieved with a centrifuge time
of 5 minutes, centrifuge RPM of 35.00, and microwave
(MW) power of 175.000 Watts. Conversely, the highest
dissolved oxygen value was determined with a centrifuge
time of 20 minutes, centrifuge RPM of 25.00, and MW power
of 100.00 Watts. It has been observed that increasing the
centrifugation time significantly affects the dissolved oxygen
values.

Furthermore, this study emphasizes the importance of
optimization in wastewater treatment. By utilizing the
identified optimal parameters, it is possible to enhance
wastewater treatment efficiency and mitigate environmental
impacts. Therefore, further research and development efforts
in wastewater treatment can contribute to the advancement of
sustainable environmental practices.

The ANOVA test applied to the experimental results is
presented in Table 4 with thorough detail. The ANOVA
analysis has shown that the model obtained is statistically
significant (p<0.05), indicating compatibility between the
proposed model and the experimental data. The values of R?
and R? (adj) are calculated as 98.53% and 95.90%
respectively, indicating a strong fit of the model to the
experimental data. However, a significant nonlinearity
(p<0.05) has been detected through the linearity test. This
suggests that the model may not fully meet certain linearity
assumptions. Nonetheless, the insignificance of the
nonlinearity value at 0.075 (p>0.05) implies that the
nonlinearity is not practically significant. This suggests a
close correspondence between the proposed model and the
experimental data.

These findings support the reliability of the proposed
model and the accuracy of the experiments. However,
considering the limitations identified in the linearity test, it
may be worthwhile to explore conditions under which the
model can be better tailored or improved. Therefore, future
studies could focus on enhancing the accuracy of the model
through additional analyses or exploring new methodologies
for its refinement.



216

Table 2. Box-Behnken Experimental Design with Three Factor
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Box-Behnken experimental design

No A B C No A B C
1 -1 -1 0 9 0 -1 -1
2 1 -1 0 10 0 1 -1
3 -1 1 0 11 0 -1 1
4 1 1 0 12 0 1 1
5 -1 0 -1 13 0 0 0
6 1 0 -1 14 0 0 0
7 -1 0 1 15 0 0 0
8 1 0 1

Table 3. RSM experimental design and variable values

Standart run Centrzlf\t;l?ﬁ)Tlme Ctzgt;':‘/l:)ge Mlcro(\vx;i;/tztes)Power Dissolved Oxygen (Experimental)  Dissolved Oxygen (Predicted)
1 12.50 35.00 250.00 4.80 477
2 12.50 15.00 100.00 3.70 3.76
3 12.50 25.00 175.00 3.90 3.96
4 20.00 25.00 100.00 5.90 5.99
5 12.50 25.00 225.00 4.20 4.05
6 5.00 25.00 250.00 3.30 3.37
7 20.00 15.00 175.00 3.80 3.83
8 5.00 35.00 175.00 3.20 3.18
9 12.50 15.00 100.00 3.70 3.76
10 20.00 25.00 250.00 4.10 4.10
11 15.00 35.00 250.00 5.10 5.12
12 17.50 20.00 100.00 4.90 4.67
13 12.50 25.00 225.00 4.00 4.05
14 5.00 15.00 175.00 3.50 3.43
15 12.50 25.00 175.00 3.90 3.96
Table 4. Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
Model 9 7.56090 0.84010 37.36 0.000
Linear 3 5.17679 1.72560 76.74 0.000
Centrifuge Time 1 3.95274 3.95274 175.78 0.000
Centrifuge RPM 1 1.92153 1.92153 85.45 0.000
Microwave Power 1 0.18514 0.18514 8.23 0.035
Square 3 0.24906 0.08302 3.69 0.097
Centrifuge Time*Centrifuge Time 1 0.09242 0.09242 411 0.098
Centrifuge RPM*Centrifuge RPM 1 0.17307 0.17307 7.70 0.039
Microwave Power*Microwave Power 1 0.06743 0.06743 3.00 0.144
2-Way Interaction 3 2.15702 0.71901 31.98 0.001
Centrifuge Time*Centrifuge RPM 1 1.58241 1.58241 70.37 0.000
Centrifuge Time*Microwave Power 1 0.86751 0.86751 38.58 0.002
Centrifuge RPM*Microwave Power 1 0.09572 0.09572 4.26 0.094
Error 5 0.11243 0.02249
Lack-of-Fit 2 0.09243 0.04622 6.93 0.075
Pure Error 3 0.02000 0.00667
Total 14 7.67333
S R? R2(adj)
Model Summary 0.15 98.53% 95.90%
ANOVA analysis was tested at 95% confidence level and the results were found to be significant (p<0.05)
The normal probability plot, constructed to enhance the ®
reliability of the study and ensure the validity of the results, . .
demonstrates that the dissolved oxygen levels exhibit a .
homogeneous distribution, with minimal random variation >
observed during the analysis process. The normal probability £
plot, based on the examination of dissolved oxygen values, is 3
presented in Figure 1. The observed straight line in the graph
indicates that the residuals closely follow a normal
distribution,  confirming the  statistically  reliable
measurement of dissolved oxygen levels. This reinforces the
02 01 0.0 01 02

credibility of the analysis and supports the accuracy of the
obtained data. Moreover, the proximity of dissolved oxygen
levels to a normal distribution allows researchers to better
comprehend and interpret the data.

Residual
Figure 1. The normal probability plot of dissolved oxygen
data
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Table 5 is based on a multiple response modeling aimed
at predicting dissolved oxygen levels. The experiments were
conducted to investigate the effects of different centrifuge
times, centrifuge RPMs, and microwave power levels on
dissolved oxygen. The results indicate that under conditions
of 20 minutes of centrifuge time, 35 RPM centrifuge
revolutions per minute, and 100 Watt microwave power, the
dissolved oxygen level was estimated to be 9.85 mg/L. This
prediction was found within a 95% confidence interval of
(7.08 to 12.62 mg/L), with a 95% prediction interval (95%
PI) ranging from 7.06 to 12.64 mg/L. These findings
demonstrate that multiple response modeling is an effective
tool for understanding the impact of specific processes on
dissolved oxygen levels. This data could serve as a valuable
guide for optimizing water treatment processes and
improving water quality.

The contour plots presented in Figure 2 illustrate the
interaction between centrifuge time, centrifuge RPM, and
microwave power. The curved shape of the plots suggests the
significance of interaction among these factors. Upon
examining the interaction between centrifuge RPM and
centrifuge time, it is observed that an increase in both RPM
and time leads to an increase in dissolved oxygen levels.
Particularly, an increase in centrifuge time contributes to
higher dissolved oxygen values, as it enhances mixing and
promotes a more homogeneous distribution of dissolved
oxygen in the liquid. On the other hand, in the interaction
between microwave power and centrifuge time, an increase
in centrifuge time is associated with higher dissolved oxygen
levels. However, the increase in microwave power does not
seem to significantly affect the effectiveness, indicating that
higher microwave power does not substantially impact
dissolved oxygen levels.

Table 5. Multiple Response Prediction

Variable Setting

Centrifuge Time (Min) 20

Centrifuge (RPM) 35

Microwave Power (Watts) 100

Response Fit | SEFit 95% CI 95% PI
Dissolved Oxygen | 9.85 | 1.08 | (7.08;12.62) | (7.06; 12.64)

Lastly, when examining the interaction between
microwave power and centrifuge RPM, it is noted that the
highest dissolved oxygen levels are achieved with an increase
in centrifuge RPM. This suggests that higher RPM values
provide better mixing, thereby encouraging a more
homogeneous distribution of dissolved oxygen in the liquid.

These findings highlight the complexity of factors
influencing dissolved oxygen levels and underscore the
importance of considering these interactions for optimizing
water treatment processes and enhancing efficiency.

When Figure 3 is examined, the Pareto chart of
standardized effects demonstrates the significance of factors
A (centrifuge time), B (centrifuge RPM), and C (microwave
power) on the dissolved oxygen response variable. When the
alpha value is set to 0.05, factors exceeding the critical
threshold of standardized effects are considered statistically
significant.

Upon inspection of the Pareto chart, it is evident that
factor A (centrifuge time) possesses the largest standardized
effect, indicating its substantial influence on dissolved
oxygen levels. This suggests that variations in centrifuge time
significantly impact the concentration of dissolved oxygen in
the treated wastewater.

Following factor A, factor B (centrifuge RPM) also
exhibits a notable standardized effect, albeit slightly smaller
than factor A. This suggests that changes in centrifuge RPM
also play a significant role in affecting dissolved oxygen
levels, although to a slightly lesser extent than centrifuge
time.

| Centrifuge RPM*Centrifuge Time

200

25|

20

5 10 15 20 5 10

Microwave Power*Centrifuge RPM

“Microwave Power*Centrifuge Time

Dissolved
Oxygen
<

EREN
ouhw
[}
N~Nouhw

Hold Values
Centrifuge Time 12.5
Centrifuge RPM 25
Microwave Power 175

Figure 2. The contour plots of dissolved oxygen
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Factor C (microwave power) demonstrates the smallest
standardized effect among the three factors. While still
statistically significant according to the Pareto chart, its
impact may be comparatively weaker than factors A and B.

In summary, based on the Pareto chart of standardized
effects, centrifuge time (factor A) emerges as the most
influential factor affecting dissolved oxygen levels, followed
by centrifuge RPM (factor B), with microwave power (factor
C) exhibiting a smaller yet still significant effect. These
findings provide valuable guidance for optimizing the
process and enhancing dissolved oxygen levels in wastewater
treatment.

The main effects plot in Figure 4 visually illustrates the
effects of centrifuge time, centrifuge RPM, and microwave
power, which are the focal parameters of the study, on
dissolved oxygen levels. The graph serves as an important
tool to understand the effects of each factor on dissolved
oxygen levels and demonstrates how these effects vary.

Upon examining the graph, it is observed that an increase
in centrifuge time leads to an increase in dissolved oxygen
levels. This suggests that longer centrifuge processes

Term 257
T

contribute to a more homogeneous distribution of dissolved
oxygen in the liquid, consequently resulting in higher
dissolved oxygen levels.

When analyzing the effect of centrifuge RPM, it is
observed that initially, an increase in RPM leads to a decrease
in the average, but beyond a certain point, as RPM increases,
the average also increases. In the analysis of microwave
power, it is noted that an increase in microwave power leads
to a decrease in the average dissolved oxygen levels.
However, it is observed that after approximately 240 Watts,
the average begins to rise again.

These findings emphasize the importance of considering
specific parameters such as centrifuge time, centrifuge RPM,
and microwave power in optimizing water treatment
processes and increasing dissolved oxygen levels.
Particularly, the optimization process implemented through
response surface methodology, as demonstrated in various
statistical analyses, can play a crucial role in improving
efforts to remove pollution from wastewater.
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A Centrifuge Time
B Centrifuge RPM
C Microwave Power
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Figure 3. Pareto chart of standardized effects of factors (a=0.05)
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Figure 4. Main effects plot for dissolved oxygen
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Conclusions

In conclusion, response surface methodology (RSM) was
employed to optimize dissolved oxygen levels in the
treatment of wastewater generated in a sawmill. Three main
factors were examined: centrifuge time (minutes), centrifuge
RPM, and microwave power (Watts). Through a series of
experiments conducted using RSM, the interactions of these
factors on dissolved oxygen levels were analyzed.

The obtained data indicate that centrifuge time emerges
as the most influential factor affecting dissolved oxygen
levels, followed by centrifuge RPM and microwave power.
These findings provide a valuable roadmap for optimizing the
process and may contribute to enhancing dissolved oxygen
levels in wastewater treatment.

Furthermore, this study, which identified optimal
conditions through the application of RSM, can lead to
improving the efficiency and effectiveness of wastewater
treatment processes in similar industrial environments.
Future research endeavors may explore additional factors and
interactions to further refine the optimization process and
enhance overall wastewater treatment performance.

It is suggested that RSM could be used in future studies
to determine the optimal conditions for the treatment of
sawmill effluent. The finding that centrifugation time affects
dissolved oxygen levels more than any other factor may
identify an area of focus to improve the process. This
approach could improve wastewater treatment efficiency in
similar industrial settings. Furthermore, future research
studies could examine additional factors and interactions to
further enhance the optimization process and improve the
overall wastewater treatment performance.
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Orman yanginlar sonrasinda agaclarin canhilik durumlarimin tahmin edilmesi
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Ozet: Bir orman yangmindan sonra, farkli derecelerde yanmis alanlardan olusan mozaik bir yap1 meydana gelmektedir. Kismen
yanmis ve yasama ihtimali olan agacglarin Oliip 6lmeyeceginin tahmin edilmesi, yangin sonrasi odun iiretimi ve silvikiiltiirel
planlamalar i¢in dnemlidir. Yangin sonrasi agaglarin canlilik durumlarmin dogru sekilde tahmin edilebilmesi ise yanginin meydana
gelme siireglerinin ve sonrasinda agaglara nasil zarar verdiginin iyi bilinmesine baglidir. Tahminler yapilirken agacin farkli
kisimlarindaki zarar derecesi, morfolojik 6zellikler, yangin davranisi 6zellikleri ve ikinci dereceden 6liim etkenleri dikkate
alabilir. Genellikle lojistik regresyon yontemi kullanilarak modellenmektedir. Bu modeller belirli dogruluk diizeyinde canlilik
durumu tahminleri saglamaktadir ve bireysel agaclar igin olusturulabilecegi gibi mescere diizeyinde de degerlendirilebilir. Bu
derlemenin amaci, yangin sonrasi canlilik durumu modelleme ¢aligmalari igin kilavuz nitelinde bilgiler sunmaktir. Bu amagla,
orman yanginlari sonrasindaki aga¢ 6lim mekanizmalari, canlilik durumu modellemelerinde kullanilan degiskenler ve 6lgme
yontemleri, modellerin olusturulmasi ve olugturulan modellerin nasil kullanilabilecegi hakkinda bilgiler verilmis, bundan sonra
yapilacak ¢aligmalar i¢in literatiir 6zetlenerek konunun iyi ve eksik yonleri tartigilmustir.

Anahtar kelimeler: Yangin ekolojisi, Yangin hasari, Yangin zarari, Kambiyum zarar1, Lojistik regresyon

Predicting post-fire tree mortality

Abstract: After a forest fire, a mosaic structure of areas burned to varying degrees is created. Predicting whether partially burned
and potentially viable trees will die is crucial for post-fire timber production and silvicultural planning. A good understanding of
the processes of fire occurence and fire damage to trees is essential for precise prediction of post-fire tree mortality. The degree of
damage to different parts of the tree, morphological characteristics, fire behavior characteristics, and secondary mortality factors
can be taken into account when making predictions and are usually modeled using logistic regression. These models provide
mortality estimates at a certain level of accuracy and can be used for individual trees or stand level. The aim of this review is to
provide guidelines for post-fire mortality modeling research. To this end, our review provides information on the mechanisms of
post-fire tree mortality, variables and measurements used in mortality modeling, model construction and application, summarizes

the literature for future studies, and discusses the strengths and weaknesses of the topic.
Keywords: Fire ecology, Fire damage, Fire injury, Cambium damage, Logistic regression

1. Giris

Yangin, Akdeniz havzasindaki aga¢ Oliimlerinin en
yaygin nedenidir (Quevedo vd., 2007). Orman yanginlari,
agaclarin  Olmesine sebebiyet vererek ekosistemlerin
tiretkenligini smirlamak, kaynak kullanilabilirligini, bitki
oOrtiisliniin yapisint ve bilesimini degistirmek bagta olmak
tizere birgok sekilde ekosistemleri etkilemektedir (Bond ve
Keeley, 2005). Bu etkilerin karbon depolama, biyogesitliligin
korunmasi, hidrolojik siirecler ve ekonomik/sosyal hizmetler
tizerinde hem olumlu hem de olumsuz sonuglar1 olabilir
(Bowman vd., 2009). Yangina adapte olmus ve yangina
bagimli ekosistemlerde, yangim; aga¢ yogunlugunu ve tiir
hakimiyetini kontrol ederek, yangin olmadiginda uzun siireli
yasam dongiisiinde devamlilik saglayamayacak gesitli bitki
ve hayvan tiirlerini destekleyen bir yagam alan1 yaratmaktadir
(Hood ve Varner, 2019). Diger yandan, yangina adapte olmus
ekosistemler son yillarda iklim degisikligiyle ortaya ¢ikan bir
tehdit olarak artan yangin biyilikligl, yangin sikligi ve
yanma derinligi (ing: fire severity) nedeniyle savunmasiz

olabilirler (Flannigan vd., 2009). Yangm siklig1 ve yanma
derinligindeki iklim kaynakli artiglarin ormanlik alanlarda
meydana gelen kayiplar nedeniyle karbon stoklarinda ve
biyocesitliliginde biiyiik diistislere sebep olacagi tahmin
edilmektedir (Liang vd., 2017). Yangin rejimlerindeki bu
degisikler orman alanlarini ormansiz alanlar haline
doniistiirebilirler (Fairman vd., 2016). Yangin etkilerini
tahmin etmek icin yerel Olgekten kiiresel Olgege kadar
yanginin neden oldugu aga¢ Oliimlerinin nedenlerinin
anlasilmasi gereklidir (Hood ve Varner, 2019).

Yangin sonrasi agaclarda canlilik durumunun tahmin
edilmesi planlama ve yangin sahalarindaki kiymetli alanlart
(agaclandirma sahasi, dogal yasam alani, su ve toprak
koruma, erozyonu dnleme sahasi, vb.) kurtarma se¢eneklerini
degerlendirme adina 6nemlidir (Regelbrugge ve Conard,
1993). Bu tahminler, kiigiik alanlarda gerceklesen ortii
yanginlart sonrast bir kesime gerek olup olmadigi, biiyiik
yanginlarin kenarlarindaki az zarar gérmiis agaglarin kesilip
kesilmeyecegi konularinda ve ekosistemin yeniden
yapilanma siirecinde 6nemli islevler gorebilecek olan yangin
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sonrast sahada kalacak agaglara karar vermede yardimci
olacaktir (Giiney vd., 2021). Ormanlarin planlanmasina
yonelik yoneticiler tarafindan kontrol edilebilir degiskenler
ile yangin sonrasi canlilik durumu modellerinin kullanilmasi,
farkli yonetim alternatiflerinin sonuglarini tahmin etmeye
yardimer olabilir ve bdylece belirsizligi azaltabilmektedir.
Ayrica; bu modeller yangin nedeniyle beklenen kayiplar
azaltacak yo6netim alternatiflerinin belirlenmesine yardimci
olmaktadir (Von Gadow, 2000).

2. Yangin sonrasi agac 6liilm mekanizmalari

Agagclarin yangin sonrasinda canli kalip kalmayacagini
dogru bir seklide tahmin edebilmek igin dncelikle yanginin
meydana gelme siireclerinin ve sonrasinda agaclara nasil
zarar verdiginin iyi bilinmesine ihtiya¢ vardir. Yangin genel
olarak ii¢ asamada gerceklesir. Bu asamalar sirasiyla 6n
1sinma, alevli yanma ve kor halinde yanmadir (Heikkila vd.,
2010). Yanict maddeler genellikle 300-400 °C (tutusma
sicakligi) arasinda alev almaya bagslarlar (Giiney vd., 2022).
Yangin aninda sicaklik 1300 °C’lere kadar ¢ikabilir (Satio,
2001) ancak genellikle ortalama olarak 500-1000 °C arasinda
gerceklesmektedir (Butler vd., 2004). Birbirine izleyen bu ii¢
agsamada gergeklesen yanma olaymda, ayn1 zamanda 1s1
iletimi gergeklesir (radyasyon, konveksiyon ve kondiiksiyon)
ve yangin genis alanlara yayilabilir. Yanici madde,
topografya ve hava halleri yangini etkileyen faktorlerdir. Bu
faktorlerin degiskenligi nedeniyle yangmn karmasik bir

¢, aé,
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yapidadir ve yangin davranisi siirekli degisebilmektedir. Bu
degiskenlik nedeniyle yangin toprak, ortii ve tepe gibi farkl
tiplerde gergeklesebilir ve cogu zaman bu ti¢ yangin tipi kesin
sinirlar ile birbirlerinden ayrilmaz ve birbiri ile gegiskenlik
icerebilir. Bunun sonucunda da agaclar farkli sekillerde
yangindan zarar gorebilir ve yanginda farkli derecelerde zarar
gormiis agaclarin bir kombinasyonu seklinde mozaik bir yap1
olusabilmektedir (Sekil 1).

Yanict maddelerin su igerigi, diizeni ve birikimi, yangin
davranigini giiglii bir sekilde etkilemektedir (Bond ve Keeley,
2005). Yiksek siddetli tepe yanginlari, canli ve 6lii tepe
yanict maddelerini tiiketir ve aga¢ tepesindeki tiim
yapraklarin ve meristemlerin yanmasi nedeniyle (agag isiya
dayanikli organlardan yeniden filizlenmedigi siirece) ani
6limlere neden olabilir (Pausas ve Keeley, 2017). Buna
karsilik, diisiik ila orta siddetteki yanginlar genellikle olgun
agaclar i¢in dogrudan oliimciil bir tehdit olusturmaz, bunun
yerine daha sonra tiim agacin isleyisini etkileyen gesitli
yaralanmalara neden olabilir (Bér vd., 2019).

Agaclar lizerindeki yangm etkileri birinci ve ikinci
dereceden etkiler olarak siniflandirilabilir (Bar vd., 2019).
Birinci dereceden etkiler, 1s1 transferinin bitkinin kok, govde
ve tepe tact dokulart lizerindeki ani etkilerini igermektedir.
Oliimciil olmayan birinci dereceden yangin zararlari, agag
fizyolojisindeki smirlamalar veya bocek gibi biyotik
etmenlerinin saldirilarina karsi artan duyarlilik gibi ikinci
dereceden etkileri tetikleyebilmektedir (Michaletz ve
Johnson, 2007; Michaletz ve Johnson, 2008).
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Sekil 1. Agaglarin 1s1 transferleri sonucu aldig1 zararlar (Hood ve Varner, 2019)
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Yangin, 1s1 transferi nedeniyle bitkilerde birinci
dereceden yangin zarar1 olan doku nekrozuna sebebiyet
vermektedir (Sekil 2). Bitkilerde dokularin zarar gorebilmesi
icin 60 °C sicaklik yeterlidir (Michaletz ve Johnson, 2006).
Fakat dokunun bu sicakliga ne kadar siire ile maruz kaldigina
gore etki derecesi degiskenlik gdstermektedir. Ornegin, doku
60 °C sicakligin altinda uzun siire kalirsa dlebilirken, 60
°C’nin stiindeki sicakliklara kisa siire maruz kaldiklarinda
canliligini koruyabilmektedir (Dickinson ve Johnson, 2004).
Bir yangin aninda 1s1 transferi nedeniyle agaglarin kokleri,
govdeleri ve dal, yaprak ve tomurcuklardan olusan tepeleri
zarar gorebilmektedir.

Tepe tacina 1s1 transferi radyasyon ve agirhikli olarak
konveksiyon yoluyla ger¢eklesmektedir (Sekil 1) (Cruz vd.,
2006). Tepe tacinin 1s1 transferine maruz kalmasiyla yaprak
ve tomurcuk nekrozunun yani sira dallarda da kambiyum ve
floem hasarina sebep olabilir (Sekil 2, b11). Tepe tacindaki
zararlarin derecesi tepe tacinin termofiziksel O6zellikleri,
yangin siddeti (ing: fire intensity), yanginin kalig siiresi ve
tepe alt1 yiiksekligi ile ilgilidir (Wagner, 1973; Michaletz ve
Johnson, 2007). Yapraklarin morfolojik oOzellikleri 1s1
akiglarmi kontrol ederken, kiitle, su igerigi ve 06zgil 1s1
kapasitesi gibi diger ozellikler ne kadar enerji gerektigini,
dolayisiyla hangi sicakliklardan zarar gorebileceklerini
belirlemektedir (Michaletz ve Johnson, 2006). Biiyiik
tomurcuklara sahip tiirler, nispeten kiigiik tomurcuklara sahip
tiirlere gore tomurcuk nekrozuna ¢ok daha az duyarlidir
(Michaletz ve Johnson, 2006). Bir¢ok kozalak ve meyve,
tohumdaki embriyo dokularini 1s1 nekrozuna karsi yalitabilir.
Bu tohumlarini tepe tacindaki tohum bankalarinda depolayan
serotin tiirlerde yaygin olarak kabul edilmistir (Pounden vd.,
2014).

Agaglarin  gévdelerine radyasyon ve konveksiyon
nedeniyle gerceklesen 1s1 transferi, agaclarin govdelerini
kaplayan kabuktan itibaren iceriye dogru etki ederek
kambiyuma zarar verebilmektedir. Kambiyumun aldig1 zarar
derecesi; sicakligin derecesine, 1sitma siiresine ve kabuk
ozelliklerine baglidir (Dickinson ve Johnson, 2001). Esas
olarak kabugun kalmligi, yogunlugu ve nem igerigi gibi
ozellikleri kabugun 1s1iletkenligini belirler (Van Mantgem ve
Schwartz, 2003). Yeterli kabuk yalitimi olmazsa kritik
sicakliklar agilarak floem, kambiyum ve ksilemde nekrozlar
olusabilir (Sekil 2, al) (Chatziefstratiou vd., 2013).

Yiizeyde veya toprak yiizeyine yakin konumda bulunan
kokler de kondiiksiyon seklinde gergeklesen 1s1 transfer
siireclerinden etkilenebilir ve ince kok nekrozuna ve
biyokiitlesinin 6nemli 6l¢iide azalmasina sebep olabilir (Sekil
2,a7). Bir agacin kokleri, gdvdesi ve tepe tact ayni yangindan
farkli sekillerde zarar gorebilir ve hayatta kalmasi veya
Olmesi bu zararlarin bileskesi olabilir (Michaletz ve Johnson,
2006). Ayrica, gergeklesen bu 1s1 transfer mekanizmalarindan
farkli agag tiirleri ve ayn1 agag tiirii bile olsa agag¢ boylar1 ve
yasglar1 arasindaki farklardan dolayr farkli sekillerde
etkilenebilirler.

Ikinci dereceden yangmn etkileri daha karmasiktir ve
mekanizmalar1 birinci dereceden yangin etkileri kadar iyi
anlagilmamistir. Ikinci dereceden yangin etkileri genellikle
dolayl1 8liimlere sebep olmaktadir. Ornegin, yiiksek derecede
yaprak nekrozu (Sekil 2, bll) sonucu fotosentez
oranlarindaki azalmayla birlikte, kalan yapraklar tiim agacin
karbonhidrat ihtiyacim1 karsilayamayabilir ve bu da
biliyiimenin azalmasina veya karbonhidrata bagli savunma
mekanizmalarinda ve bdcek istilasina karst direncin
azalmasina neden olabilir (McHugh vd., 2003; Wallin vd.,
2003; Reed ve Hood, 2024). Yangin zararlarinin tetikledigi
ikinci  dereceden  etkilerin  Sliim  oranmi  nasil
etkileyebilecegine dair iki ana hipotez vardir (Michaletz,
2018). Kambiyum nekrozu hipotezi, yangma bagh
kambiyum ve floem nekrozunun karbonhidrat iletiminde
sinirlamalara  ve  bdylece karbon ac¢hgmi (karbon
yetersizliginden kaynaklanan 6liim) baslattigini
varsaymaktadir. Hidrolik islev bozuklugu hipotezi ise orman
yanginlarinin 1sisinin agaglarin ksilem dokularinda hidrolik
islev bozukluguna neden olabilecegini varsaymaktadir.
Ornegin, ince kok nekrozlari su alimini azalttigindan kokteki
yangin zararlar1 potansiyel olarak hidrolik sinirlama yoluyla
agac¢ Oliimlerine aracilik edebilir (Bar vd., 2019). Karbon
achigr (Sekil 2, a4) ve hidrolik igslev bozuklugu (Sekil 2, b3)
tiim bitki islevini etkileyen fizyolojik kaskadlar tetikleyebilir
ve bagimsiz olarak veya birlikte aga¢ Oliimlerine neden
olabildigi disiiniilmektedir (Bér vd., 2019).

Buna ek olarak, biyotik 6liim etkenleri ve kuraklik gibi
zorlayict ¢evre kosullar1 her iki mekanizma icin de
giiclendirici olarak hareket edebilir ve tam tersi, karbon agligi
ve hidrolik yetersizlik, bitki savunma sistemini zayiflatarak
bocek  saldirilarini  veya  patojenik  enfeksiyonlari
kolaylagtirabilir (McDowell vd., 2011; Anderegg vd., 2015).

Bocekler ve patojenler, biiyiimeyi yapisal olmayan
karbonhidrat rezervlerini azaltarak ve hidrolik iletkenligi
bozarak yangin Oncesi stresi artirabilir ve ayrica yangindan
yaralanmig ancak kurtulabilecek agaglarda ek 6liimlere neden
olabilir. Kabuk bocekleri iiremek i¢in saglikli floem igeren
canli agaclara ihtiyag duydugundan genel olarak orta ve
yiiksek diizeyde hem tepe zarar1 hem de kambiyum hasari
olan agaglara saldirir ve onlar1 6ldiirebilir. Yangindan sonra
kabuk bocegi faaliyeti dliimlerde kisa siireli bir artisa neden
olabilir ancak genellikle salginlara yol agmaz veya bocek
kaynakli aga¢ olumleri siireklilik arz etmez. Bir yandan
yangindan kurtulan agaclar, fizyolojik islevselliklerinden
6diin verebilir, biiyiimeleri yavaglayabilir ve gecikmis 6liime
yenik diisme olasiliklar1 daha yiiksektir (Lambert ve
Stohlgren, 1988; Thompson vd., 2017). Ote yandan, zarar
gormiis agaclarin da azalan rekabetten kisa ve orta vadede
fayda saglayabilecegi bilinmektedir (Valor vd., 2018).

Sonunda, aga¢ fizyolojisindeki degisimler ve biyotik
etmenlere karsi zayiflamig bir savunma mekanizmasi, uzun
vadede tiim bitki islevinin yerine getirilememesine yol
acabilir ve nihayetinde yangin sonrasi gizli aga¢ 6liimlerine
neden olabilir (Bar vd., 2019).
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Sekil 2. Yangin sonrasi zararlardan kaynaklanan olasi
fizyolojik tepkilerin kademeleri. Gri renkteki kutular 1s1
transferinden kaynaklanan birinci dereceden yangin etkilerini
gostermekte, beyaz kutular ise ikinci dereceden yangin
etkilerini gostermektedir. Kirmizi ¢erceveli kutular (a)
kambiyum ve floem dokularindaki yaralanmalardan
etkilenen siiregleri, mavi ¢ergeveli kutular (b) ksilem
hidroligi iizerindeki yangin etkileriyle ilgili siirecleri ve yesil
cergeveli kutular (c) doku nekrozlarindan ve hidrolik islev
bozuklugundan etkilenen siiregler iizerinde gii¢lendirici bir
etkiye sahip olabilecek yangin sonrasi biyotik etmenleri
gostermektedir. C= karbon. (Bér vd., 2019).

3. Kullanilan degiskenler

Yangin sonrasi canlilik durumu ¢alismalarinda kullanilan
kolayca gozlemlenebilir iki olgu vardir. Bunlar agacin tepe
tacinda olusan hasar durumu ve kambiyumun 6liimiine sebep
olabilecek govde hasaridir ve bunlar agagta yangin hasar
tanimlayicilart  olarak kullanilmaktadir (Ryan, 1982b;
Peterson, 1985; Stephens ve Finney, 2002). Daha &nce
yapilan arastirma c¢alismalarinda tepe ve govde zararini
6lgmek i¢in farkli isimlerde ¢ok sayida degisken
kullanilmigtir. Bunlarin bir kismi ayni degisken olmakla
birlikte farkli sekillerde isimlendirilmislerdir. Bu durum,
calismalarin  anlasilmasini, degerlendirilmesini  ve
kargilagtirilmasini ~ zorlagtirmaktadir.  Yangindan sonra
genellikle tepede en ¢ok zarar goren kisim yapraklardir. Ryan
(1982a) ise, tomurcuklarin 6lmesinin yapraklarin §lmesinden
daha kritik bir konu oldugunu ve genellikle yangin sonrasini
takip eden bahar aylarinda tomurcuklarm &li olup
olmadiginin belirlenene kadar agaclarin oliip 6lmedigine
karar verilmemesinin 6nemini vurgulamaktadir.

Tepe zarari, hem radyasyondan etkilenmis yapraklari
(kahve renginde kavrulmus yapraklar) hem de alev ile temas
edip tiiketilmis yapraklar icerir. Tepe zarari canli tepe orani
tahmini degildir. Daha ziyade, yangin dncesi yasayan tepenin
ne kadarinin yangm tarafindan oOldirildiigiine dair bir
tahmindir. Daha 6nce yapilan arastirma c¢aligmalarinda tepe
zararini Olgmek igin farkli isimlerde ¢ok sayida degisken
kullanilmistir (Cizelge 1.) Tepe zararii 6lgen bu degiskenler
3 isim altinda toplanabilir. i1k ikisi gérsel olarak ya yangin
Oncesi tepe hacminin bir ylizdesini ya da yangmdan etkilenen
tepe uzunlugunun yiizdesini tahmin etmektedir. Hem hacim
hem de uzunluk tahminleri yapilabilir ancak birbirinin yerine
gecemez ve kullanilan degisken yangin sonrasi canlilik
durumu ¢alismalarinda toplanan verilere baghdir. Tepe
zararini Olgen 3. degisken ise tepe kavrulma yiiksekligidir ve
tepe zararinin meydana geldigi noktanin yerden yiiksekligini
ifade eder. Tepe zaran Olgiiliirken sadece yaprak zararina
bakilarak zarar tespiti yapilmasi 6zellikle biiyiik tomurcuklu
agaclarda hatali tespitlere sebep olabilir. Ornegin, sadece
yaprak zararina gore tepe zarart %100 olan (sadece
kavrulmus, tiiketilmis degil) bir agag¢ eger tomurcuklari zarar
gormediyse sonraki vejetasyon doneminde tekrar siirgiin
vererek hayatim1 devam ettirebilir (Giiney vd., 2021). Bu
ylizden o6zellikle sadece kavrulan ama tiiketilmeyen tepe
zararlarinda tomurcuklarin zarar goriip gormemesi 6nemlidir.
Eger yapraklar tiiketildiyse tomurcuklarinda zarar gordiigii
varsayilabilir.

Aga¢ govde zarari; floem, kambiyum ve diri odun
zararindan olugmaktadir. Bu zararlara neden olabilecek
govde hasarinin degerlendirilmesinin yolu yangin siddetinin
etkisi olarak komiirlesme yiiksekligi veya goévdedeki
komiirlesmis  ¢evrenin  Olgiilmesini  degerlendirmektir
(Cizelge 2). Ancak, bunlar gdévdenin 1s1nma siiresinin etkisini
tam olarak ifade etmediklerinden kambiyum zararinin zayif
gostergeleridir. Yangin siddetinin etkisini belirleyebilmenin
daha iyi bir yolu kambiyum zararinin direkt 6l¢iilmesi veya
govdedeki komiirlesme derinliginin  gézleme dayali
Olgiimlerle degerlendirilmesidir (Ryan, 1982b).



224 Turkish Journal of Forestry 2024, 25(2): 220-232

Cizelge 1. Agaclarin tepe zararini belirlemede kullanilan degiskenler

Degisken ad1

Kaynak

Crown scorch volume
Crown scorch length

Tepe kavrulma hacmi
Tepe kavrulma uzunlugu

Tepe kavrulma yiiksekligi Crown scorch height
Yaprak kavrulma yiiksekligi Foliage scorch height
Tepe tiiketimi Crown consumption

Percent crown death

Crown scorch class

Percent crown volume scorched
Percent crown length scorch
Total crown damage

Crown consumed volume

Bud kill proportion

Live crown proportion

Percent crown length killed

Tepe Oliim yiizdesi

Tepe kavrulma sinifi

Kavrulan tepe hacmi yiizdesi
Kavrulan tepe uzunlugu yiizdesi
Toplam tepe zarari

Tiiketilen tepe hacmi

Olii tomurcuk orani

Canli tepe orani

Olmiis tepe uzunlugu yiizdesi

(McHugh ve Kolb, 2003a; Rigolot, 2004; Hull Sieg vd., 2006)
(Harrington, 1993; Schwilk vd., 2006)

(Stephens ve Finney, 2002; Raymond ve Peterson, 2005)
(Ryan ve Reinhardt, 1988)

(McHugh ve Kolb, 2003a)

(Outcalt ve Wade, 2004)

(Mantgem ve Schwartz, 2004)

(Raymond ve Peterson, 2005; Hood vd., 2007b)

(Keyser vd., 2006)

(Kobziar vd., 2006)

(Hull Sieg vd., 2006; Catry vd., 2010b)

(Thies vd., 2006)

(Thies vd., 2006)

(Hood ve Bentz, 2007)

Cizelge 2. Agaclarin gdvde zararini belirlemede kullanilan degiskenler

Degisken Adi

Kaynak

Kambiyum 6liim orani
Kambiyum durumu
Olii kambiyum 6rneklerinin sayisi

Cambium kill rating
Cambium condition
Number of dead cambium samples

Kabuk komiirlesme derinligi Bark char depth
Kabuk komiirlesme yiiksekligi Bark char height
Govde komiirlesme yiiksekligi Bole char height

. . i Bole scorch height
Govde kavrulma yiiksekligi Stem scorch height

Govde kararma yiiksekligi

Kabuk kémiirlesme kodu

Govde komiirlesme derinligi puant
Kabuk kémiirlesme ¢evresi

Go6vde komiirlesme yiizdesi
Govde kavrulma orani

Height of stem blackening
Bark char code

Bole char severity rating
Bark char circumference
Percent bole char

Bole scorch proportion

Agag taban ¢evresinin kavrulma yiizdesi Percent basal circumference scorched

Charred stem ratio
Percent of bole char height

Komiirlesmis govde orant
Govde komiirlesme yiiksekligi yiizdesi

(Hood ve Bentz, 2007)

(Ryan ve Reinhardt, 1988; Peterson ve Arbaugh, 1989)
(Raymond ve Peterson, 2005)

(Peterson ve Arbaugh, 1989; Rigolot, 2004)

(Brown ve Debyle, 1987; Regelbrugge ve Conard, 1993; Hély vd., 2003)
(Schwilk vd., 2006)

(Catry vd., 2010a)

(Mantgem ve Schwartz, 2004)

(Beverly ve Martell, 2003)

(Hood vd., 2008)

(McHugh ve Kolb, 2003b; Kobziar vd., 2006)

(Brown ve Debyle, 1987)

(Outcalt ve Wade, 2004)

(Thies vd., 2006)

(Hull Sieg vd., 2006)

(Sidoroff vd., 2007)

(Catry vd., 2010a)

Agagclarin yangina kars1 gosterdikleri tepkiler tiirlere gore
farklilik gostermektedir. Bunun en onemli sebebi tiirlerin
birbirleri arasindaki morfolojik farkliliklardir. Ornegin
kabugu daha kalin olan agag 1s1y1 gévdedeki hayati dokulara
daha az ileteceginden kabuk kalinligi oOnemli hale
gelmektedir (Ryan ve Reinhardt, 1988; Mantgem ve
Schwartz, 2004; Keyser vd., 2006;). Bircok tiirde ¢ap ile
kabuk kalinlig1 arasindaki iliskiler belli oldugundan kabuk
kalinlig1 yerine uygulamalarda siklikla 6l¢iilen ¢apta kabuk
kallig1 yerine kullamlabilir (Cansler vd., 2020). Olgiilmesi
kolay ve zaten ormancilik uygulamalarinda siklikla
olciildiigiinden caligmalarda en ¢ok kullanilan degisken ¢ap
olmustur (Kobziar vd., 2006; Thies vd., 2006; Hood ve
Bentz, 2007). Diger yandan organik madde ve diri 6rtii gibi
yanici maddeler ortiide ¢ikan yangini tepeye tagtyabilirler. Bu
ylizden agacin boyu ve tepe alt1 yiiksekligi ne kadar yiiksekse
tepe tact bundan daha az zarar alabilir. O ylizden bazi
aragtirmacilar aga¢ boyunu da bir degisken olarak
kullanmistir (Kobziar vd., 2006; Thies vd., 2006).

Bazi aragtirmacilar yangin sonrasinda 6lmemis ama
zayiflamig agaglara kabuk boceginin gelebilecegini ve
epidemiye sebep olabilecegini diisiinerek kabuk bdcegi
varligini da bir degisken olarak belirlemistir (Hood ve Bentz,
2007). Diger yandan yangmm hangi mevsimde meydana
geldigi de agaclarin  yangin sonrasinda kurakliktan
etkilenebilecegi diislincesiyle bazi calismalarda dikkate
almmistir. Bu anlamda bazi yagissiz gegen gilin sayisi,

sicaklik ve nem gibi iklim degiskenleri de Onem
kazanabilmektedir.
Yangindan sonra agagta meydana gelen zararlar

genellikle yangin aninda yangin davraniginin  nasil
gerceklestigi ve ortaya ¢ikan enerji miktar ile iligkilidir. Bu

ylizden bazi arastirmacilar alev uzunlugu, yayilma orant,
yanic1 madde tiiketimi ve yangin siddeti gibi yangin davranisi
parametreleri  ile  agaglarin  canlilk  durumlarini
iligkilendirmislerdir (Finney ve Martin, 1993; Higgins vd.,
2000; Stephens ve Finney, 2002; Rodriguez-Trejo vd., 2007).
Bu parametrelerin kontrolsiiz bir yanginda ol¢iimii zor
oldugundan daha ¢ok kontrollii olarak gergeklesen
yanginlarda bu Olgiimleri yapmislardir. Birbirine benzeyen
kontrollii yanginlar ile kontrolsiiz yanginlardan kaynaklanan
benzer seviyelerdeki aga¢ zararinin birbirine yakin agag
Olimleriyle  sonuglanmasi  muhtemel  gdriinmektedir
(Rodriguez-Trejo vd., 2007).

4. Degiskenleri 6lcme yontemleri

Agag¢ Oliimlerinin en 6nemli faktérlerinden olan tepe
zararini tespit edebilmek icin en ¢ok kullanilan degiskenler
kavrulan tepe hacmi yiizdesi, kavrulan tepe uzunlugu yiizdesi
ve tepe kavrulma yiiksekligidir (Cizelge 1).

Kavrulan tepe hacmi yiizdesi, yanginda zarar géren tepe
hacminin ylizdesinin gorsel olarak tahmin edilmesidir.
Tepenin yangindan Onceki haline gore ne kadar zarar
gordiigli yiizde olarak belirlenmektedir (Sekil 3) ve denklem
(1) ile hesaplanir (Hood vd., 2020):

Canl1 tepenin yangindan
zarar gorme ylizdesi
Yangin oncesi tepe hacmi
(her zaman %100 )

Kavrulan tepe hacmi yiizdesi =

1)

Kavrulan tepe uzunlugu yiizdesi, yangindan zarar géren
tepe uzunlugunun yangin dncesi canli tepenin uzunluguna
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oranlanmasi ile hesaplanmaktadir (Sekil 3). Gorsel olarak
tahmin edilebildigi gibi bir boy o&lger yardimiyla da
oOlgiilebilir. Kavrulan tepe uzunlugu yiizdesi denklem (2) ile
hesaplanir (Hood vd., 2020):

Yangindan zarar gormiis
tepenin uzunlugu
Yangin 6ncesi
tepe uzunlugu

x100(2)

Kavrulan tepe uzunlugu yiizdesi =

Tepe kavrulma yiiksekligi bir ortii yanginindan iiretilen
1s1n1n bir sonucu olarak bir agacin tepe tacindaki yapraklarin
olimciil sekilde kavrulmasinin meydana geldigi yerden dikey
mesafeyi temsil eder (Alexander vd., 2020). Tepe kavrulma
yiiksekligi, kontrollii bir yanginin planlanmasinda énemli bir
husustur ve ayni zamanda bir¢ok orman agaci tiiriinde
yangindan sonra canlilik durumunu belirlemek igin bir
kriterdir (Peterson ve Ryan, 1986; Hood, 2007) (Sekil 3).

Kambiyum  zararmin  belirlenmesinde  kabugun
kaldirilmasindan sonra kambiyum durumunun gorsel olarak
belirlenmesi en yaygin yontemdir (Hood vd., 2020). Bu
yontem, canli ile 6lii kambiyumu ayirt etmek bazen zor
olabildiginden tecriibe gerektirebilir. Canli kambiyum ve
floem dokusu pembemsi ya da ten rengine benzeyen acik
renkli, nemli ve esnektir (Ryan, 1982b) (Sekil 4). Kambiyum
6li oldugunda bu dokularin rengi daha koyudur, dokusu
kuru, sert veya sakizimsi olabilmektedir. Ayrica, olii
kambiyum dokusundaki degisimlerden dolay1 hiicreleri, dig
kabuktan ve odundan daha kolay ayrilabilmektedir.
Kambiyum zararmi net bir sekilde belirlemek ig¢in Hare
(1965)’in  6nerdigi orthotolidin ¢dzeltisi ile kambiyum
ornekleri iizerinde kimyasal test uygulanabilir. Bu ¢ozelti
uygulandiginda ¢ok kisa bir siire sonra canli hiicreler mavi
rengi alirken, 6li hiicrelerde herhangi bir renk degisimi
gozlemlenmemektedir (Sekil 4). Kambiyum zararimi kabugu
kaldirarak gorsel olarak (Hood vd., 2020) ya da kambiyum
tabakasma orthotolidin ¢dzeltisi uygulanarak belirlenebilir
(Sekil 4A). Ancak, Giiney ve Giliney (2020) kambiyum
zararini belirlerken agacin ¢ok zarar gormemesi i¢in agacin
gbovdesinden mikro artim burgusu yardimiyla kambiyumu da
igeren Ornekler alinabilecegini gostermistir. Bu drneklere de
orthotolidin ¢dzeltisi uygulanabilir (Sekil 4B). Yeterli gorsel
tecriibeye erisildiginde 6lii kambiyum ile canli kambiyum
arasindaki renk ve sekil farkliliklar1 gézle ayirt edilebilir hale
geldiginden sonraki asamalarda mikro artim burgusuyla

Ortalama tepe kavrulma yiiksekligi f

Yangin oncesi 6lii dallar

«

alman kiigiik 6rneklerde bile kimyasal ¢ozelti kullanilmadan
gozlem ile karar verilebilir. ~ Kambiyum zarart g¢ogu
calismada agacin dip yani govdenin zemin ile birlestigi
kisimdan alimmaktadir (Hood vd., 2007a). Bunun sebebi
zemindeki Oli Ortiinlin - yanmasi ile olusacak 1smin
kambiyuma daha ¢ok zarar verebilecegi diisiincesidir. Bunun
haricinde uygulamacilar tarafindan c¢ap Olciilen gogiis
yiiksekliginden (1.30 m) de kambiyum zarar1 Ol¢limleri
yapilabilir (Giliney ve Giiney, 2020).

Kambiyumun canlhiligin1 daha kolay ve daha hizh
belirleyebilmek igin govde komiirlesme derinligi gibi
kabugun renk ve sekil degistirmesinin gorsel olarak
belirlenebildigi yontemler kullanilmaktadir. Ornegin; Ryan
(1982b)’1n gelistirdigi yangindan sonra gévde zararini temsil
eden kabuk komiirlesme kodu (ing: bark char code) siklikla
kullanilmaktadir (Cizelge 3 ve Sekil 5). Ozellikle topraga
yakin kisimlarda gévdede meydana gelen kambiyum
zararmin kolay bir gostergesi olarak kullanilmaktadir. Bazi
caligmalarda her agag i¢in yanan gévdenin en dip kismindan
olciilebildigi gibi 1.30 m’de de dlgiilebilmektedir (Giiney vd.,
2021). Agag govdesinde 4 yonlii olarak tespit edilir ve
ortalamast alinarak kullanilmaktadir. En ¢ok kullanilan
govde zarar1 degiskenlerinden birisi de govde (kabuk)
komiirlesme yiiksekligidir (Sekil 3). Agacin 4 yoniinde ayr1
ayrt  Olgiilir ve daha sonra ortalamasi alinarak
kullanilmaktadir.

Bir yangindan sonra agaglarda meydana gelen 6lim
orani, yanma derinliginin bir 6l¢iisii olarak yogun olarak
kullanilmaktadir. Ryan ve Noste (1985) ve Ryan (2002)’1n
onerdigi revize edilmis tanimlama kilavuzu, ekolojik
caligmalarda agaclarin  bireysel olarak, Orneklenen
kuadratlarda veya yangin alaninda toplu olarak yanma
derinligi diizeyini smiflandirmak icin bir yaklasim saglar.
Yanma derinliginin belirlenmesinde birgok aragtirmact
birbirine benzer ancak birbirlerinden farkli siniflandirmalar
yapmiglardir. Keeley (2009)’in yapmis oldugu derleme
caligmasinda verilen smiflar ile Ryan vd. (2012) ve Hood
(2010)’un yapmis oldugu detayl siniflandirmalara gore genel
olarak; yanmamus, az, orta derecede ve ¢ok yanmis olmak
lizere 4 yanma derinligi sinifi kullanilmaktadir. Bu siiflarin
neler ifade ettikleri Cizelge 4’de Ozetlenmis ve Sekil 6’te
gosterilmisgtir.

«— Maksimum tepe kavrulma yiiksekligi

~ Ortalama tepe hacmi veya uzunlugu

= Yangin oncesi canl tepe baslangici

Maksimum govde (kabuk) komiirlesme yiiksekligi

- == Ortalama goévde (kabuk) komiirlesme yiiksekligi

+— Dip kismma yakin yerdeki kabuk kémiirlesme kodu

Sekil 3. Tepe ve govde zarari degiskenlerinin bir agag izerindeki 6rnek gosterimi (Hood vd., 2020)
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Sekil 4. a) Agag iizerinde orthotolidin ¢6zeltisi uygulanmasi. Agikta olan kambiyumun canli olan kismi orthotolidin ¢6zeltisi
uygulandiktan kisa bir siire sonra mavi rengi alirken 1s1 etkisinden 6len kambiyumun rengi degismemektedir. b) Mikro artim
burgusu yardimiyla alinan 6rnekte ortotolidin ¢dzeltisi uygulanmasi. Floem, kambiyum ve diri odunundaki canli hiicrelerin
rengi maviye doniigmiistiir (Giliney ve Giiney, 2020).

Cizelge 3. Kabuk kdmiirlesme kodlari ve kabuk goriiniimiiniin tanimlanmasi Ryan (1982b); Hood vd. (2008)’den uyarlanmustir.
Kabuk komiirlesme kodu Kabuk gériiniimii

0  Yanmamig Komiirlesme yoktur.
Hafif kémiirlesmenin gostergesi olarak tiirlerin karakteristik kabuk 6zellikleri hala belirlenebilir ve kabuk
plakalarinin kenarlar1 komiirlesmis ancak tamamen kararmamigtir.
Kabuk, muhtemelen i¢ ¢atlaklar diginda tekdiize siyahtir; tiiriin karakteristik kabuk ozellikleri hala ayirt
edilebilir.
Kabuk oduna dogru yanmistir, ancak oduna kadar yanmasi sart degildir. Tirlerin karakteristik dis kabuk
ozellikleri kaybolur.

1 Az yanmis

2 Orta derecede yanmis

3 Cok yanmis

- } P :4.4 ARy .
Sekil 5. Agag gévdesinde kabuk komiirlesme kodlariin tanimlanmasi (1.30 m yiiksekliginde kizilgam 6rnegi) a) Yanmamisg b)
Az yanmis ¢) Orta derecede yanmig d) Cok yanmis

-
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Cizelge 4. Yanma derinligi siniflart

0  Yanmamig

Bitkinin yapraklar yesil, hi¢ degismeden durmaktadir ve 1sidan dogrudan etkilenmemistir. Yanmamis fakat yayilan
1sidan dolayi kavrulan yapraklarda kayiplar mevcut olabilir.

Agaclarim tepe tac1 yesil oldugu halde govdesi kavrulmustur.

1 Az yanmis

Yiizeydeki dokiintii, yosun ve otlar komiirlesmis ve tiiketilmistir.

Zemindeki organik tabaka biiyiik 6l¢iide bozulmamig ve birkag mm derinlige kadar komiirlesmistir.

Agagclarm tepe tacinin bir kismi 6lmiis ama ibreler tamamen tiiketilmemistir.

2 Orta derecede yanmis

Ara ve alt tabakadaki biitiin bitkiler yanmus ve tiiketilmistir.

Yangin 6ncesi toprakta bulunan organik tabaka biiyiik él¢iide tiiketilmistir.

Agaglar 6lmiis ve ibreler tiiketilmistir.
3 Cok yanmis

Yiizeyde bulunan tiim ebatlardaki dokiintii ve organik madde tabakasi biiyiik oranda tiiketilmistir.

Beyaz kiil birikimi ve birka¢ cm derinlikteki komiirlesmis organik madde mevcuttur.

Sekil 6. Yanmis alanlarda her agac¢ igin bireysel yanma derinliginin tanimlanmasi (kizilgam 6rnegi) a) Yanmamis b) Hafif

yanmis ¢) Orta derecede yanmig d) Cok yanmis

Yangindan zarar gdrmiis agaclarda kabuk bocegi ve odun
delici bocek istilas1 orman yangini olaylarindan sonra yaygin
olarak goriilebilmektedir (Lowell, 2010). Yangindan zarar
gormiis agaclar genel olarak 2-3 yil siliren bocek
kolonizasyonu i¢in uygun bir yasam alan1 kaynagi
olusturmaktadir (Davis vd., 2012). Cok sayida calisma,
yangindan zarar gormiis agaglarda kabuk bocegi ve odun
delici bocekleri varligimmin oliim olasiligini énemli dlgiide
artirdigini belirtmistir (DeNitto vd., 2000; Hood ve Bentz,
2007). Yangmndan sonra meydana gelen zarar miktarina
bakilarak hayatta kalacagi tahmin edilen agaclarda kabuk

bdocegi ve odun delici bdceklerin istila miktart 6lim
potansiyelini belirlemektedir (Hood vd., 2020).

Agaclardaki yangin sonrasi zarar degiskenlere ait veriler
toplanirken standart bir sekilde olgiilmesi ve kullanilmasi
hem degiskenin dogru sekilde anlasilmasi hem de diger
caligmalarin  sonuglart ile kiyaslanabilmesi acisindan
onemlidir. Govdede dort yonlii dlgililen kambiyum zarari,
kabuk komiirlesme kodu, yanma derinligi smiflarn ve
govdede var-yok seklinde belirlenen bdcek zararmin 6lgiim
standartlar1 6rnegi Cizelge 5’te gosterilmistir.
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Cizelge 5. Bazi zarar degiskenlerinin dl¢lim standartlari..
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Kambiyum zarari (var:1-yok:0)

Kuzey Dogu Giiney Bati Toplam K
1 0 0 1 2
Kabuk komiirlesme kodu (0,1,2,3)
Kuzey Dogu Giliney Bati Ortalama B 8 D
0 2 1 3 1,5 )
Yanma derinligi (0,1,2,3) \ /
Kuzey Dogu Giiney Bati Ortalama L &9‘) g
0 2 1 3 1,5 G

Bocek zarar (var:1-yok:0)

Agacin gdvdesinde dort yonlii olarak belirlenen kambiyum zararinin toplami hesaplanirken, kabuk komiirlesme kodu ve yanma
derinliginde dort yonlii belirlenen siniflarinin ortalamalari hesaplanmaktadir. Agacta bocek zararmin varligi ise var (1)-yok (0)

seklinde belirlenmektedir

5. Aga¢ canhlik durumu tahmin modellerinin

olusturulmasi ve kullanilmasi

Yangin sonrasi planlamalarin yapilabilmesi ve ormanin
gelecekte nasil bir yapida olabilecegini tahmin etmek igin
yangin sonrasi agaglarin Oliip Olmeyeceginin Olgiilii bir
belirsizlikle dogru olarak tahmin edilmesi gerekmektedir.
Yangin sonrasi canlilik durumunu tahmin etmek i¢in yaygin
kullanilan teknik lojistik regresyon yontemidir. Kontrolsiiz
ve kontrollii yanginlari takiben bir¢ok tiiriin yangin sonrasi
canlilik durumlarini tahmin etmek icin 100'den fazla lojistik
regresyon modeli gelistirilmistir (Woolley vd., 2012). Model
uygulamalar1 bireysel aga¢ Olceginden biiyilk orman
alanlarina kadar degisebilmektedir. Mescere seviyesi canlilik
durumu tahminleri kontrollii yanginlarin planlamalarini
gelistirmek ve yangin sonrasi orman yapisini tahmin etmek
i¢cin kullanilirken, peyzaj seviyesindeki tahminler degisen
yangm rejimleriyle birlikte bitki ortiisii tiirii ve karbon
stoklar1 hakkinda bilgi saglamaktadir (Hood vd., 2018).

Mevcut lojistik regresyon modelleri, bazi tiirler i¢in 6liim
oranin1 dogru bir gekilde tahmin edebilmesine ragmen,
yangmn sonrasinda hemen ve gecikmeli sekilde 6liime neden
olan fizyolojik ve ekolojik siirecleri ifade edemeyebilirler
(Hood ve Lutes, 2017). Ampirik modellerden farkli olarak
yangin sonrasi agaglarin canlilik durumlarini tahmin etmek
igin slire¢ tabanli modellerinin gelistirilmesi aktif bir
aragtirma alanmidir (Bér vd., 2019). Kambiyum zararinin
govde cevresi ve yiksekligindeki farkli durumlan
(Chatziefstratiou vd., 2013) ile tepe zarari ve tomurcuk
Olimlerinin farkliliklarint (Michaletz ve Johnson, 2006)
tahmin etmek i¢in bagimsiz, agacin farkli dokularina 6zgii
modeller mevcuttur. Siire¢ temelli yaklagimlar giiclii bir
teorik temele sahiptir ve bir agacin yangin sebebiyle nasil
oldiiglinii anlamamiza katkida bulunurken, bu modellerin
karmasikligi yoneticilerin yaygin olarak bu modelleri
kullanmasint engellemistir (Woolley vd., 2012). Ayrica,
siire¢ tabanli bu modeller yangindan sonraki 1-5 yil i¢erisinde
gecikmis 6liimlere sebep olan biyolojik ve ekolojik siirecleri
yakalayamamaktadir (Ryan ve Amman, 1996). Ampirik
lojistik regresyon modelleri ise canlilik durumunun ekolojik
stireglerin temsilinden yoksun olsa da bunlarin basitligi ve
yangin sonrasindaki kisa ve uzun siireli 6liim siireglerinin
ortilii entegrasyonu nedeniyle yangin sonrast canlilik
durumlarini modelleyebilmek i¢in hem aragtirmacilar hem de
uygulayicilar ig¢in en pratik ve en erisilebilir ara¢ haline
getirmigstir (Hull Sieg vd., 2006; Grayson vd., 2017).

Canli bitkinin fizyolojik o6zelliklerine dayali olarak
fiziksel 1s1 transferini, bunun sonucunda ortaya ¢ikan yangin

etkilerini ve dolayisiyla yangin kaynakli aga¢ oliimii ve
biiyiimesinin tahminini yapmak i¢in birlestirilmis bir fiziksel-
fizyolojik model gereklidir. Bununla birlikte bdyle bir model
hala bir dizi sinirlamaya ve belirsizlige sahip olacaktir ve
heniiz mevcut degildir (Adams vd., 2013; Hood ve Varner,
2019). Ampirik yangin sonrasi canlilik durumu tahmini ile
ilgili kapsamli uygulamalar genele uyabilecek tek bir
yaklasima uygun degildir. Model karmasikligi ile model
uygulamasin1  dengeleme ihtiyact nedeniyle ampirik
modellerin degistirilmesi pek olasi goriinmemektedir. Bunun
yerine ampirik modellerin yakin vadede arazi yonetimi
uygulamalarinda kullanilmak iizere modifiye edilmesi
gerekirken ayni zamanda 1s1 iletimi ve fizyolojik siire¢
modellerinin de dahil edilerek hibrit tabanli bir yaklagim
olusturulmasi gerekmektedir (Hood vd., 2018).

Canlilik durumu modelleri yangin 6ncesinde potansiyel
yangin etkilerini degerlendirmek ve yangin sonrasinda
restorasyon faaliyetlerini planlamak i¢in kullanilir. Ancak, bu
modellerin yangin 06ncesinde kullanilmasindaki zorluk
yangin sonrasi parametrelerin Olgiilmesi zorunlulugudur
(Furniss vd., 2019). Genellikle bu zamana kadar gelistirilen
modeller igerisinde yangin dncesi aga¢ 6zelliklerine dayanan
bir model bulunmamaktadir. Bunun nedeni, yangin zararinin
yangina bagl dliimlerin en dnemli belirleyicisi olmasidir. Bu
ylizden bu modellerin yangin 6ncesi  kullanimlari
kisitlanmaktadir. Kabul edilebilir yangin sonrasi dogru
canlilik durumu modelleri olusturulabilmesi igin yangin
zarar1 degiskenlerinin 6l¢timii gerekli oldugu diisiiniilmiistiir.
Ancak, bu degiskenler ¢ap gibi yangin oncesi 6l¢iilebilen
agac ozellikleri ile ilgilidir. Bu iliskiler géz dniine alindiginda
capa, tlire veya yangin Oncesi yanici madde ozelliklerine
dayali bir yangm oncesi kullanilabilecek bir model yangin
sonrasi canlilik durumunu dogru bir sekilde tahmin edebilir
ve uygulayicilar i¢in yararl olabilir (Furniss vd., 2019).

Yangin sonrast aga¢ canlilik durumu lojistik regresyon
modellerinde yaygin kullanilan agiklayici degigkenler tepe ve
govde zaran Olgiimleridir. Yangin sonrasi canlilik durumu
tahmini tepe ve gdvde degiskenleri toplu olarak
kullanildiginda daha da iyilesmektedir. Yangn sonrasi
canlilik durumunu tahmin eden lojistik regresyon modelleri
uygulamacilarin sahada kullandiklar1 temel modellerdir ve
daha biiyiikk yangin etkisi modellerine katkida bulunur
(Woolley vd., 2012). Bireysel aga¢ ve mescere seviyesinde
tahmin modelleri, yangmin daha biylik etkilerinin
modellenmesinde bir bilesen olarak kullanilmaktadir
(Reinhardt vd., 1997; Reinhardt ve Crookston, 2003;
Andrews vd., 2008) ve yangm yonetimi senaryolart
gelistirilmesinde kullanilmaya devam etmektedir (Hull Sieg
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vd., 2006). Modeller, aga¢ veya mescere Sliimiini tahmin
etmenin yani1 sira yangin sonrasi bitki topluluklarinin yapisi
ve bilesimi (Agee, 1993) ve dolayisiyla ekosistem siiregleri
ve islevi (Regelbrugge ve Conard, 1993) iizerindeki yangin
etkilerini anlamamiza katki saglamaktadir.

Ortii  yangin1  gegirmis veya kontrollii  yangm
gerceklestirilmis ormanlarda yangin sonrasinda canli kalan
agaclarin sayismin 6len agaglarin sayisindan muhtemelen
daha fazla olmasi beklenir. Bu tiir durumlarda smiflar
arasinda (6len-canli kalan aga¢ sayilarinda) dengesizlikler
olabilir. Lojistik regresyon analizi smiflar var-yok verileri
arasinda bir dengesizlik varsa sayis1 fazla olan taraf adma
daha dogru tahminler yapar. Ornegin; bu durumda dlen
agaclarin sayis1 az oldugundan Olecek agaglar ile ilgili
yetersiz tahmin yapacak ve canli agaclar adina tarafli
olacaktir. Bu sorunun ¢o6ziimii i¢in Shearman vd. (2019)
yaptiklart ¢aligma sonucunda rastgele orman ydntemini
onermislerdir.

Gelistirilen modeller, 0 (canli) ile 1 (6lii) arasinda siirekli
bir Olim olasilifi olarak degerler verir. Bu nedenle,
kullanicilarin hangi agaglarin 6lii sayilacagina dair bir kesme
seviyesi gerekir. Bu durum modellerin uygulanmasini
karmagiklastirabilir, ancak ayni zamanda kullanicilara
yonetim hedefleri i¢in en uygun esigi se¢me esnekligi saglar.

Genellikle dlme olasilig1 %50’ nin iizerinde olan agaglar
6lii kabul edilir. Bu esikleri asan agaclar yesil yapraklari olsa
bile 6lii kabul edilir. Ciinkii muhtemelen birkag yil i¢inde
6leceklerdir. Canlilik durumu olasiligt (Pcp) seviyeleri,
secilen bir Pcp seviyesini kargilayan veya asan tiim agaclarin
kesilmek {izere isaretlendigi esik degerlerdir. Bir yanan
sahadan 6len ve dolayisiyla kesilecek agag¢ sayisi genellikle
farkli Pcp seviyelerine gore degisir. Daha yiiksek Pcp
seviyelerinde kesilmek icin daha az agac isaretlenecektir
(daha ihtiyatli bir se¢im) ve daha diisiik Pcp seviyelerinde ise
daha ¢ok agac isaretlenecektir (daha az ihtiyath bir se¢im).
Pcp seviyeleri arasindaki farkin miktar1 yanan alanda
yangindan zarar gormiis agaglarin popiilasyonuna baglhdir.
Ornegin, yanan saha ¢ok siddetli derecede yanmis alanlardan
olusuyorsa, kesilmek iizere secilen aga¢ sayist farkli Pcp
seviyeleri ile onemli Olgiide degismeyecektir (Hood vd.,
2020). Yoneticiler yangindan zarar géren ormanin kosullarini
ve yangin sonrasi hedeflerini belirledikten sonra isletme
amacina uygun sekilde Pcp seviyelerini belirlemelidirler.

6. Sonug ve oneriler

Caligmalar sonucunda bir yandan olusturulan modeller
araciligiyla yangin sonrasi canliik durumu olasiliklar
hesaplanirken diger yandan canlilik ile ilgili en fazla iliskili
olan acgiklayic1 degiskenler belirlenmektedir. Bireysel olarak
agag seviyesinde veya megcere diizeyinde canli kalacak veya
Olecek agaglar miimkiin oldugu kadar dogru bir sekilde
tahmin edilmektedir. Agacin hayatta kalmasini tahmin etmek
icin gelistirilen bu modeller beklenen yangin sonrasi hasarin
6l¢tilmesine ve hayatta kalma olasilig1 en yiiksek agaclarin
belirlenmesine olanak tanir.

Yangindan hemen sonra olen agaglarin ticari degeri
vardir ve en kisa siirede sahadan ¢ikarilip ekonomiye
kazandirilmalidir. Diger yandan nesli tiikenen tiirlerin
korunmasi, sahalarin milli park, su koruma, toprak koruma
veya yaban hayati koruma sahasi olmasi gibi sebeplerle
agaclarin sahada kalmasini gerektiren durumlar ile
kargilagilabilir. Yangin sonrasi hangi agaglarmn sahadan
¢ikarilacagr hangilerinin ise ¢ikarilmayacagi gibi yonetim

kararlar1 yangin sonrasinda hizli bir sekilde alinmalidir.
Yoneticiler hangi agaclarin 6ldiigiinii gézlemlemek igin
birka¢ yil bekleyemezler. Bu yilizden yangin sonrasinda
agaclarin canliik durumlarm tahmin eden modeller
kullanilmalidir. Bu modellerin kullanimi iki farkli yerde
6nem kazanmaktadir. Bunlardan biri biiylik yangmlarin
icinde blok halde yanginin ortii yangini olarak seyrettigi
alanlarda veya sondiirme miidahaleleri gormiis kenar
kisimlarda yanma derinliginin az oldugu yerlerdir. Digeri ise
kiigiik alanlarda gergeklesen ve yanma derinligi az olan ortii
yanginlaridir. Bu tiir alanlarda zarar gérmiis olan ormanin
kesilip kesilmeyecegine yangindan sonra en kisa siirede karar
verebilmek i¢in bu tahmin modelleri kullanilmalidir.

Yangin sonrast canlilik durumu tahmin modellerinin
ozellikleri yangin riskinin orman yonetimi planlamasina
entegrasyonu ile ilgili ¢cok sayida calisma ve uygulamada
kullanilmasina izin vermektedir. Ornegin; kontrollii
yangmnlarin planlanmasinda ve yanma derinliginin tahmin
edilmesinde kullanilabilmektedir. Bu sayede yoneticilerin
farkl1 yonetim politikas1 alternatiflerini degerlendirmelerini
saglar. Bu modeller yoneticilere daha bilimsel tabanli yangin
sonras1 yonetim kararlarini1 vermede ve ekolojik olarak daha
saglam yangin sonrasi yonetim operasyonlari tasarlamada
yardimci olacaktir.

Bu tahminlerin en yiiksek dogrulukla canlilik durumunu
tahmin etme gerekliliginin 6nemi kadar uygulamacilar
tarafindan kolay 6l¢iilebilir degiskenleri icermesi ve basit bir
sekilde uygulanabilir olmas1 da onemlidir. Ornegin, tepe
zararint Olgmek kambiyum zararini 6lgmekten daha kisa
zaman alir ve daha kolaydir. Modelin dogrulugunu arttirmak
icin ek degisken 6l¢me zorunlulugu olabilir ve modelin
uygulanmasint  zorlagtirabilir. Cogu durumda bu ek
degiskenleri degerlendirmek igin gereken ekstra siire tahmin
dogrulugundaki az bir iyilestirme i¢in harcanan cabaya
muhtemelen degmez. Bu yiizden kabul edilebilir dogrulukla
en az sayida ve en kolay 6l¢iilebilir degiskenler ile modeller
olusturmak amaglanmalidir. Diger yandan yoneticiler icin
biiyiik yanginlardan sonra bireysel aga¢ tahminlerinden ¢ok
mescere bazli tahminler daha kullamsh olabilir. Ozellikle
yanginlarin igerisinde daha az ancak homojen yanma
derinligine sahip blok alanlarda sahada bir kesime gerek olup
olmadigina karar verilebilmesi i¢in yapilacak tahminin her
agacin Olg¢lilmesine gerek kalmadan mescere diizeyinde
yapilmast isleri daha da kolaylastirabilir. Bu yiizden 6zellikle
yangin sonrasinda homojenlik gosteren farkli yanma
derinligine sahip farkli mescereler i¢in tahmin modelleri
gelistirilebilir veya bu tip alanlar igin zarar degiskenlerinin
esikleri belirlenebilir.

Bu ¢aligmalar her tiiriin morfolojik ozelliklerine gore
degiskenlik gostereceginden yangindan en ¢ok etkilenen
tirlerden baslanmak iizere farklh tiirler igin yapilmalidir.
Boylece agaglarin yangindan nasil etkilendikleri ile ilgili
bilgi diizeyimiz artabilir hatta bu sayede tiirlerin yangina
adaptasyon yetenekleri ile ilgili degerlendirmeler yapilabilir.
Bir veya birden fazla yangin sahasindan toplanan veriler ile
olusturulan modeller baska yangin sahalarinda denenerek
mutlaka  test  edilmelidirr. Bu  husus, modelin
uygulanabilirligini gérebilmek i¢in dnemlidir.
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Kiyr bitki ortiisiiniin genis kapsaml ekosistem hizmetlerinin kiiresel olcekte

Abstract: Riparian vegetation, as an integral part of river systems, provides various socio-ecological functions by strengthening
the link between aquatic and terrestrial ecosystems. They provide comprehensive ecosystem services in physical, chemical,
biological and social terms, establishing a critical link between humans and the environment. This study highlights the growing
importance of riverine riparian vegetation and ecosystem services through a bibliometric analysis of scientific publications between
2000 and 2023. In the 494 publications analyzed in the study, 72% regulating (water quality, erosion prevention, climate regulation)
and 43% supporting (habitat provision) ecosystem services were predominantly evaluated, while provisioning and cultural services
were not sufficiently addressed. In addition, although various methods such as statistical analysis, GIS and model-based approaches
were used in the reviewed studies, the lack of standardized assessment methods was identified. In conclusion, this study highlights
the gaps in informed decision-making and planning in riparian areas. It emphasizes that protecting, managing and restoring riparian
vegetation is critical for the sustainability of water resources, biodiversity, human well-being and overall ecosystem health.
Keywords: Riparian vegetation, Riparian zone, Ecosystem services

arastirillmasi

Ozet: Kiy1 bitki ortiisti, nehir sistemlerinin ayrilmaz bir pargast olarak sucul ve karasal ekosistemler arasinda baglantiy:
giiclendirerek cesitli sosyo-ekolojik islevler sunar. Fiziksel, kimyasal, biyolojik ve sosyal agidan kapsamli ekosistem hizmetleri
sunarak insanlar ve gevre arasinda kritik bir bag kurarlar. Bu ¢alisma, 2000-2023 yillar1 arasinda yapilan bilimsel yayinlarin
bibliyometrik analizi yoluyla nehir kiy1 bitki Ortiisiiniin ve ekosistem hizmetlerinin artan énemini vurgulamaktadir. Caligmada
analiz edilen 494 yayinda, %72 diizenleyici (su kalitesi, erozyon dnleme, iklim diizenleme) ve %43 destekleyici (habitat saglama)
ekosistem hizmetleri agirlikli olarak degerlendirilmis, tedarik ve kiiltiirel hizmetler ise yeterince ele alinmamustir. Ayrica, incelenen
calismalarda istatistiksel analiz, CBS ve model tabanli yaklasimlar gibi cesitli yontemler kullanilmis olmasma ragmen,
standartlastirilmis degerlendirme yontemlerinin eksikligi tespit edilmistir. Sonug olarak, bu ¢alisma nehir kiy1 alanlarinda bilingli
karar alma ve planlama konusundaki eksiklikleri vurgulamaktadir. Nehir kiy1 bitki 6rtiistiniin korunmasi, yonetilmesi ve restore
edilmesinin su kaynaklarinin siirdiiriilebilirligi, biyogesitlilik, insan refahi1 ve genel ekosistem sagligi i¢in kritik oldugunu

belirtmektedir.

Anahtar kelimeler: Kiy1 bitki ortiisii, Kiy1 zonu, EKosistem hizmetleri

1. Introduction

Riparian zones are transition zones and ecotones, forming
the interface between the river channel and the terrestrial
ecosystem adjacent to water bodies (Naiman et al., 2010;
Hanna et al., 2018; Singh et al., 2021). These regions are
acknowledged as among the most productive and biodiverse
landscapes globally, facilitating the transfer of vital energy,
inorganic and organic materials, and life forms. The regions
also significantly impact sustaining livelihoods and
preserving traditions, offering many advantages to the local
population (Hanna et al., 2018). Although river coastal zones
cover a relatively small area, they provide many ecological
functions due to their interaction with their environment
(Singh et al., 2021). Riparian vegetation, a vital component
of fluvial systems, is defined as a complex of vegetation units
that have functional connections with other elements of
fluvial systems and the adjacent areas bordering streams,

river networks, and lakes (Naiman et al., 2010; Dufour and
Rodriguez-Gonzalez, 2020). A riparian zone is a land
adjacent to and directly and indirectly affected by a water
body (Price and Tubman, 2007). These regions serve as
transition zones at the intersection of aquatic and terrestrial
ecosystems, characterized by unique biotic and abiotic
features that are heavily influenced by the presence of water
(Naiman et al., 2010; Riis et al., 2020; Pedraza et al., 2021).
Riparian vegetation is of great importance to the ecosystems
around them. The riparian vegetation zone displays
heterogeneity, marked by significant spatial and temporal
variations, primarily attributed to changing bioclimatic,
geomorphological, and topographic conditions influenced by
human activities and natural factors (Riis et al., 2020).
Therefore, they cannot be easily identified. Pedraza et al.
(2021) define riparian vegetation as vegetation established in
the floodplain. These environments include surface and
subsurface hydrology, floodplains, and adjacent slope areas
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ecologically connected to the water body (Pedraza et al.,
2021). Riparian vegetation is also vital to river ecosystems
(Muller, 1997). They are highly significant regions within
ecosystems, given their susceptibility to numerous direct and
indirect stresses resulting from human activities, which affect
their functioning (Naiman et al., 2010). Riparian zones are
transition areas between aquatic and terrestrial environments
(Betz et al., 2018). They span the area from the low-flow
water level to the highest water mark, where vegetation is
influenced by floods, elevated water tables, and soil
characteristics (Gonzalez et al.,, 2017). Coastal zones
encompass the riverbed, banks, vegetation, surrounding land,
and floodplain (Maraseni and Mitchell, 2016).

Coastal zones and their constituents typically exert
substantial influence on ecosystems and human welfare, as
they offer crucial ecosystem services (ES) such as coastal
stabilization, the supply of living and decaying organic
materials, habitats for both aquatic and terrestrial life,
seasonal water flow, sediment retention, nutrient capture and
processing, water storage, potable water, erosion
management, flood control, recreational opportunities, and
mitigation of heatwave effects (Riis et al., 2020; Singh et al.,
2021; Urbani¢ et al., 2022). Singh and Singh (2020) describe
these areas as ecological engineers that provide multiple ES
and maintain and improve river health. These functions arise
from natural processes that entail intricate interactions
between biotic and abiotic environments (De Groot et al.,
2002). At the same time, vegetation along these areas affects
river processes by altering water flow, trapping sediment, and
influencing riverbank erosion sensitivity and morphology
through flow-vegetation-sediment feedback mechanisms.
The growth rate, diversity, and productivity of river
vegetation also influence biogeochemical processes in rivers
(Pedraza et al., 2021). Coastal zones and vegetation are
recognized as areas of vital importance for nature and people.
Still, their degradation tends to increase in the absence of a
coherent policy to guide sustainable management efforts. In
recent years, an increasing body of literature has emphasized
the significance and difficulties associated with conserving
biodiversity in riverine coastal vegetation habitats (Dufour et
al., 2019; Riis et al., 2020; Fonseca et al., 2021; Pedraza et
al.,, 2021; Singh et al., 2021; Urbani¢ et al., 2022). In
particular, the studies draw attention to improving
biodiversity and ES in river coastal vegetation areas and
holistic and sustainable landscape management.

The complex interaction of riparian zones with rivers and
upland habitats makes the vegetation in these areas more
sensitive to environmental changes (Hoppenreijs et al.,
2022). Generally, the degradation of these areas starts with
forest clearing as a result of human activities on riparian
vegetation. As river coastal areas are at the interface between
water and land, they are affected by different stressors and
pressures, including agriculture, population growth,
urbanization, river engineering works, pollution, river flow
modification, and biological invasions (Urbani¢ et al., 2022).
Although riparian zones play a multifunctional and
fundamental role in providing ES, especially in recent
decades, they are significantly affected by anthropogenic
pressures in the process of urbanization, where riverbanks are
prioritized for settlement and coastal vegetation is eliminated
or reduced (Prado et al., 2022). In addition to this,
deforestation and dam-building activities are gradually
increasing in these areas. When these degradations are
combined with global problems such as climate change in

recent years, the effects on river vegetation are gradually
reaching negative dimensions (Nilsson et al.,, 2013).
According to Riis et al. (2020), 80% of natural riparian
habitats have been lost in Europe in the last 200 years, mostly
in developed countries.

Riparian areas provide important ES in river systems
regarding the multiple socio-ecological services they provide
to society. Riparian vegetation can provide a large amount of
ES thanks to its ecotone characteristics and the ecological
functions offered by the vegetation (Sweeney and Newbold,
2014). They are often important for provisioning, regulating,
and cultural ecosystems. In terms of service provision, fuel
and energy can be extracted from coastal forests and
vegetation and can also be providers of genetic resources.
Regulating services include water quality regulation through
filtration of pollutants and sediments, carbon sequestration
and  microclimate  regulation, pollination, habitat
maintenance, water flow regulation, and erosion control.
Riparian areas and vegetation also provide cultural services,
providing opportunities for environmental education,
identity, aesthetics, recreation, etc. (Pedraza et al., 2021).

Riparian vegetation is an important area of research due
to its ecological and societal importance. In recent years,
many reviews have summarised and discussed the scientific
literature on the importance of riparian vegetation and the
services it provides, stream restoration efforts, and
vegetation. Dufour et al. (2019), investigated the literature
from a global perspective, focusing on definitions for riverine
riparian vegetation by addressing the scientific trajectory of
studies focusing on riparian vegetation over many years. The
work also states that studies on river regions change over time
and vary according to river systems and geographical regions.
Urbani¢ et al. (2022) discuss the critical priorities and
measures that must be considered to successfully develop
policies and manage riparian zones. This direction examines
the degradation, restoration, and conservation concepts
related to wetland management. Singh et al. (2021) discuss
riparian zones' concepts, characteristics, functions, and
threats and propose an integrated approach for river health
improvement in the context of coastal zone management.
Verdonschot and Verdonschot (2022), provide an overview
of the ES provided by rivers and discuss the challenges and
opportunities for improving ecosystems through integrated
river basin restoration targeting both biodiversity and ES.
Hanna et al. (2018), reviewed publications that quantify river
ecosystems and present their global distribution and types of
ES. The work highlighted the importance of having clear
indicators, data sources, and methods for quantifying river ES
that accurately reflect the services intended to measure. Their
work underscores the significant potential of the ES concept
in informing river ecosystem management and decision-
making.

Riparian zones and riverine vegetation have been studied
by many disciplines spanning numerous scientific and
applied disciplines such as hydrology, geography, biology,
management and restoration, and remote sensing. Therefore,
knowledge on the topic is scattered across various fields and
disciplines (Dufour et al., 2019; Riis et al., 2020; Prado et al.,
2022), bringing different methodological approaches to
assessing riparian areas. Quantitative evaluation of ES,
functions, and fluxes is crucial for preserving the ecological
functions offered by riparian areas (Fu et al,
2016). Nonetheless, it seems that assessments of ES in
riparian areas are fragmented, and there are deficiencies in
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terms of comprehensive methodological approaches that
emphasize landscape, multi-scale analysis, and economic
valuation aspects because riparian zones are ecosystems
characterized by a high degree of interaction and complexity
(Prado et al., 2022).

In addition to the many ES provided by river coastal
areas, they are also threatened by serious anthropogenic
impacts such as conversion of land into agricultural areas,
alteration of river flows, wrong restoration works, and
climate change. Therefore, despite their great importance for
human welfare, the degradation and destruction of riparian
areas have been increasing in recent years. These areas are
important for maintaining riparian vegetation and ecological
functions, which are part of the management of riparian areas,
and the sustainability of related benefits. It is very important
to know and define the ecological functions of these areas in
making the right decisions. For this reason, there is still a lack
of studies on a global scale within the scope of revealing the
importance of riparian areas, understanding the current
situation, and determining the trends on the subject. In this
context, the main objective of this study is to explore the
critical role of riparian vegetation in ES. The importance of
riparian vegetation, definitions, ES, and methods commonly
used in the assessment of ES are also evaluated. Therefore, it
aims to reveal the scientific literature on ES provided by
riparian vegetation in 2000-2023 through bibliometric-based
analyses. The current study provides an opportunity to
systematize the information on ES provided by riparian
vegetation and to fill the knowledge gaps in the literature.
Ultimately, it may help to identify knowledge gaps to assist
decision-making and planning processes for river coastal
areas.

2. Material and methods

The literature review on riparian vegetation was done by
querying Scopus and Web of Science (WoS) databases. Both
databases provide access to various databases to collect
bibliometric data of published material in multiple fields of
knowledge. Data searches in bibliometric reviews in the
literature are generally based on Scopus and WoS (Mongeon
and Paul-Hus, 2016). In general, bibliometric analysis is used
to assess both research trends and scientific networks in
different research disciplines. Bibliometric analyses
encourage and guide researchers to conduct further studies
(Zhang et al., 2019). It is an important approach to identifying
global trends and knowledge gaps.

The search criteria were initially applied to both Scopus
and WoS within the scope of the study. First, reviews were
conducted within a timeframe covering approximately 23
years, from 2000 to July 2023, encompassing the scientific
literature. Document types searched included articles, books,
book chapters, and reviews, representing the most important
categories of peer-reviewed research materials. The
provisioning, regulating, supporting, and cultural ES were
used in the categorization of ES, as specified by MEA (2005).
The goods and benefits provided by each ecosystem service
were identified. The characterization of ES was obtained
using relevant scientific literature. Provisioning ES is defined
as benefits that can be directly extracted from nature,
consumed, and have a specific market value (such as water,
food, wood, and biofuels). Regulating ES can be defined as
benefits derived from ecosystem processes that alter the
current state (carbon storage, soil fertility, etc.). Supporting

ES encompasses the fundamental processes of the ecosystem,
such as photosynthesis and nutrient cycling, and is a vital
service provided by the ecosystem. Cultural ES are abstract
benefits that people derive from nature and contribute to the
identity of the landscape (recreation, aesthetics, heritage, etc.)
(Deeksha and Shukla, 2022).

The study used a systematic method to conduct a
literature review in three stages. International databases,
Scopus and WoS, covering the period from 2000 to July
2023, were utilized for searching, encompassing journals,
books, and reviews. In the first stage, the search index was
conducted as follows: searches were performed in the titles,
abstracts, and keywords of studies using the terms (“riparian
area" OR 'riparian zone" OR 'riparian vegetation” OR
"riparian forest"). The initial stage aimed to determine the
trends in coastal areas and coastal vegetation studies. In the
second search, studies containing the term “ecosystem
services" were associated with the first search results,
allowing for identifying publications that examined ES in
studies related to riparian areas and vegetation. The
classification of ES was based on the grouping established by
MEA (2005). In the third stage, ES-related benefits were
searched and examined to identify specific studies on ES.
This stage was carried out using the Scopus database. Scopus
was chosen over WoS for its recognition as the largest
database of peer-reviewed literature containing more indexed
journals (Mongeon and Paul-Hus, 2016; Kandel et al., 2021)
and for identifying a greater number of publications in the
second search. It is noted that Scopus represents the topic of
ES more comprehensively in research (McDonough et al.,
2017). Therefore, in the search conducted in the Scopus
database, the 664 records obtained in the first and second
stages were re-evaluated, focusing on publications containing
one or more ES values. In this context, 494 publications
addressing the ES value provided by riparian areas or
vegetation were considered. The scientific literature related
to the ES offered by riparian areas or vegetation was
examined through bibliometric analyses. Non-statistical
meta-analysis was performed to analyze the data. An
assessment was made regarding the temporal status,
geographical distribution, research area, research type,
publication sources, and keywords of the publications.
VOSviewer was used to analyze the bibliometrics of
keywords (https://www.vosviewer.com). VOSviewer is a
widely used social network tool for creating academic
network maps in similar studies (Kandel et al., 2021).

3. Results and discussion
3.1. Definitions related to riparian area and vegetation

Definitions of riparian vegetation often include keywords
used to describe a subject expressed with various terms.
Various names are given to riparian vegetation in river
systems. The diversity in these definitions varies depending
on geographical regions, subjects under investigation, and
purposes, sometimes leading to misunderstandings (Dufour
et al., 2019). Therefore, it is essential to establish the
definitions of these concepts. Most definitions of the riparian
zone use a functional approach and highlight the two-way
influences of hydrological, morphological, chemical, and
biological processes between aquatic and terrestrial systems.
Riparian zone definitions generally describe them as
"transitional between terrestrial and aquatic ecosystems and
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distinguished by gradients in biophysical conditions,
ecological processes, and biota. They are areas through which
surface and subsurface hydrology connect water bodies with
their adjacent uplands. They include those portions of
terrestrial ecosystems that significantly influence exchanges
of energy and matter with aquatic ecosystems" (National
Research Council, 2002). When examining the literature,
various definitions made for these areas are compiled by
Dufour et al. (2019) in Table 1. Riparian vegetation
emphasizes the effects of hydrological, morphological,
chemical, and biological processes between aquatic and
terrestrial systems. Riparian vegetation is defined as "a
complex of communities found in the river region and
distinguished by gradients in biophysical conditions and
ecological processes and biota between terrestrial and aquatic
ecosystems".

3.2. Quantitative analysis of studies on riparian vegetation
and ES

From 2000 to July 2023, 15,304 publications were found
in Scopus and 7,067 in WoS using the search terms "riparian
zone, riparian area, riparian vegetation, and riparian forest".
When these publications were searched with the term
""ecosystem services", 664 publications in Scopus and 395
publications in WoS were obtained using similar terms. In
2018 and afterwards, a gradual increase was observed in the
number of studies on these terms. In 2022, it was determined
that there was a significant increase in the number of studies
(Figure 1).

The temporal trend in the number of publications has
shown a remarkable increase, particularly since 2005,
following the publication of the Millennium Ecosystem
Assessment (MEA) and a sharp increase after the
establishment of IPBES in 2012 (Martin-Lopez et al., 2019).

The scientific fields on which these studies are based are
shown in Figure 2. Environmental Science (503),
Agricultural and Biological Sciences (339), and Social
Sciences (87) are the most popular subject categories (Figure
2). Studies related to riparian areas and ES have steadily
developed within their subject categories. In studies
concerning ES (McDonough et al., 2017; Zhang et al., 2019)
the Environmental Science category consistently ranks at the
top. The diversity of scientific fields reflects the inherently
multidisciplinary nature of the concept of ES.

Between 2000 and 2023, the types of studies related to
the search terms included articles (574), book chapters (33),
reviews (33), and conference papers (21). An assessment of
the sources/publications where these studies were published
reveals that most were published in journals. The journals
include Science of The Total Environment (32), Ecological
Indicators (19), Ecological Engineering (19), and Forest
Ecology and Management (18) (Figure 3). It is evident from
Figure 3 that studies published in the most prolific journals
are closely related to the field of environmental science.
Additionally, as noted in the studies by Martin-Lopez et al.
(2019) and Aznar-Sanchez et al. (2018) there is less focus on
ES in the social sciences. Therefore, globally, there is a need
to create more interdisciplinary studies on riparian areas and
ES.

Table 1. Definitions associated with riparian vegetation (Dufour et al., 2019)

Expression Definitions

Riparian "Refers to land adjacent to a body of water."

“Zone of direct interaction between terrestrial and aquatic environments.”
“Encompasses the stream channel between the low and high water marks and that portion of the terrestrial landscape from
the high water mark toward the uplands where vegetation may be influenced by elevated water tables or flooding and by the

Riparian zone ability of the soils to hold water.”

“Transitions between terrestrial and aquatic ecosystems are distinguished by gradients in biophysical conditions, ecological
processes, and biota. These are areas through which surface and subsurface hydrology connect water bodies with their

adjacent uplands.”

“Three-dimensional ecotones of interaction that include terrestrial and aquatic ecosystems, that extend down into the

Riparian area

groundwater, up above the canopy, outward across the floodplain, up the near-slopes that drain to the water, laterally into

the terrestrial ecosystem, and along the watercourse at a variable width.”

Riparian forest

“Floodplain vegetation or vegetation directly adjacent to rivers and streams. The riparian forest extends laterally from the
active channel to include the active floodplain and terraces.”

Riparian vegetation the [...] river regime.”

“Hydrophytic vegetation growing near a [...] river close enough so that its annual evapotranspiration represents a factor in
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Figure 1. Number of studies annually from 2000 to 2023 applying all terms and ES
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Figure 3. Journals in which the studies were published

Among the most active countries in research on coastal
areas and the ES provided by vegetation, the United States
(33%), China (11%), Brazil (10%), Germany (9%), the
United Kingdom (8%), Australia (7%), and other countries
(21%) stand out (Figure 4). The study by Prado et al. (2022),
states that 53% of river coastal areas in the United States were
destroyed in the 1980s. Therefore research was encouraged
to reduce and regulate degradation in coastal areas. Other
studies also indicate that the United States is at the forefront
of ES research (Zhang et al., 2019).

When examining the keywords used in riparian areas and
ES studies, "ecosystem services" is the most commonly used
keyword. Other frequently used keywords include "riparian
vegetation, riparian zone, riparian forest, biodiversity,
restoration, water quality, climate change, floodplain, and
conservation" (Figure 5). A word cloud generated from the
prominent keywords in the study is presented in Figure 6.

In ES research, the prominent keywords often align with
terms like biological diversity, conservation, and ES (Pauna
etal., 2018; Kandel et al., 2021). As noted in the study by Xu
et al. (2019), keywords such as climate change and land use
change are also prominently feature in the research.

According to the evaluation conducted using VOSviewer,
recent studies in ES and riparian vegetation/forest research
have seen the emergence of keywords such as "remote
sensing, land use change, nature-based solutions, and river
management."” This trend suggests that riparian areas are
significantly affected by rapid changes in the ecosystem, and
researchers are focusing on examining the impacts on these
valuable areas. Bibliometric analyses can contribute to a
comprehensive assessment of ES studies conducted globally,
regionally, and in different ecosystems, helping to identify
knowledge gaps in this field.

3.3. ES provided by riparian zones and assessment methods

Studies available in the Scopus database were reviewed
to assess the ES provided by riparian vegetation, and 664
publications up to July 2023 were scanned. This scanning
process included all publications, such as articles, books, and
conference papers. The studies were considered regardless of
the language in which they were published. Studies that did
not explicitly focus on evaluating ES during the research
process were excluded. All studies directly examining ES
(articles, books, and conference papers) were included in the
evaluation process. As a result of the scanning, it was
determined that ES provided by riparian vegetation was
identified in the reviewed 494 studies. Quantitative data were
obtained for each study, including keywords, the location of
the study, the journal it was published in, assessed ES, and
the methods used to measure these services.

According to the obtained results, among the scanned 494
publications, the most evaluated ecosystem service categories
were as follows: regulating (72%), supporting (43%), cultural
(6%), and provisioning (5%). During the scanning process, it
was determined that regulating ES was assessed in 356
publications, supporting services in 210 publications, cultural
services in 30 publications, and provisioning services in 26
publications (Figure 7). Overall, it was observed that
regulating and supporting ES were more frequently measured
compared to other categories, while cultural and provisioning
services were less frequently measured. The primary reason
is that cultural ES are abstract, making the measurement
processes more challenging.
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Hanna et al. (2018) evaluated riparian vegetation ES and
examined studies conducted until 2017. According to the
results of their study, it was determined that the most
frequently measured ES were provisioning and regulating
services. However, this study observed that the number of
studies conducted on riparian areas and ES increased after
2018. This increase has led to more studies focusing on
categories other than regulating services, resulting in
increased assessments of supporting services. Therefore, the
findings obtained are consistent with the existing literature.
In the study by Mengist et al. (2020), a general assessment of
ES was presented, with regulating (36) and provisioning
services (27) being highlighted as the most discussed
services. However, when evaluating the ecological functions
provided by riparian areas, the prevalence of supporting ES
in these areas sets this study apart from others. The current
study is in line with the findings of Prado et al. (2022). In the
study, ES provided by the keywords identified in the relevant
literature, based on the categories and indicators of the MEA,
are provided in Table 2.

In the examined 494 studies, a total of 622 measurements
of ES were conducted, evaluating 23 ES in total (Table 2).
The most commonly assessed ES in the research were
identified as water quality, habitat provision, erosion
retention, climate regulation, biological control, carbon
sequestration, and flood mitigation (Figure 8). It has been
observed that these evaluations are generally measured more
frequently because they can be measured more easily with the
GIS and model approaches on which the evaluation methods
are based.

Based on the classification according to MEA (2005)
categories, the most studied services were provisioning (raw

Table 2. ES provided by riparian vegetation

material production, food provision), regulating (water
quality, erosion prevention, climate regulation, biological
control, and carbon sequestration), supporting (habitat
provision, primary production, and soil formation), and
cultural (recreation & tourism and aesthetics). However, the
least studied services were energy, genetic material,
education, heritage, nursery & refugia, and pollination. The
findings are consistent with other studies on ES in the
literature (Hanna et al., 2018; Mengist et al., 2020; Prado et
al., 2022).

River ecosystems are interconnected with their
surroundings, which is why the ES they provide are
interrelated. Liu et al. (2019) stated that net primary
production, soil conservation, and habitat quality are
associated with elevation and vegetation cover. River
ecosystems also have important habitat functions both locally
and in landscapes. De Groot et al. (2002) mentioned that river
ecosystems tend to increase the diversity of species pools at
regional scales (Clarke et al., 2008). Moreover, the
heterogeneous structure of river ecosystems is essential for
providing habitat functions and associated goods and
services. Therefore, habitat provision, evaluated within the
supporting service category in the examined studies, is
extensively studied in the literature.

There is no standard framework for assessing river
ecosystems, making it challenging to evaluate the ES
provided by riparian vegetation (Hanna et al., 2018; Mengist
et al., 2020). Methodological uncertainties can negatively
affect the reliability of the findings. Typically, depending on
the research objectives and scope, one or several ES are
evaluated using tools such as Geographic Information
Systems (GIS), statistical analysis, and models (e.g., SWAT,
INVEST model, etc.) (Table 3) as observed in the literature.
Hanna et al. (2018) stated that statistical analysis is the most
frequently used method for measuring ES. According to the
assessment conducted in the study, statistical analysis, GIS,
and various modeling tools are utilized. In the work by
Mengist et al. (2020), the analysis of ES literature generally
identifies bio-physical, empirical, GIS-based, INVEST, and
mixed (economic, etc.) models as the most commonly used
methods.

ES category ES indicator
Provisioning Water supply (freshwater), raw material production, food provision, energy, genetic material
. Climate regulation (air quality, gas regulation), carbon sequestration & storage, biological control, nutrient regulation,
Regulating L - . - ISR
pollination, water quality, waste treatment, erosion control/prevention, flood mitigation
Supporting Primary production, nutrient cycling, habitat provision, soil formation, nursery & refugia
Cultural Recreation & tourism, aesthetics, heritage, education
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Figure 8. ES assessed in riparian vegetation studies

Table 3. Methods for assessing ES provided by riparian areas

Methods

Objectives

Integrated valuation of ES and tradeoffs (INVEST)

It is a tool for assessing ES and sustainable management of natural capital. It
quantitatively assesses ES in areas such as water quality improvement, water regime
regulation, erosion control, and biodiversity support.

Soil and Water Assessment Tool (SWAT)

Riparian area/vegetation assessments are used to understand and manage environmental
and ecological processes. In particular, it assesses ES in areas such as water quality and
erosion control.

Qualitative Habitat Evaluation Index (QBR), Riparian
quality index (RQI), Stream visual assessment
protocol (SVAP), River Habitat Survey (RHS)

Models assess the habitat quality of wetlands.

Normalized difference vegetation index (NDVI)

Models enable monitoring and assessment of the state of vegetation in wetlands.

Normalized difference water index (NDWI)

The model enables the assessment of aguatic ecology and water resources in wetlands.

Green Normalized Difference Vegetation Index
(GNDVI)

The model allows assessing the health status of vegetation in wetlands.

USLE (Universal Soil Loss Equation), RUSLE
(Revised Universal Soil Loss Equation)

The models allow for predicting and managing soil erosion in riparian areas.

WaterGAP3 (Global Assessment and Prognosis for
Water Resources)

Understanding the water regimes and the health of water ecosystems in riparian areas is
critical for the sustainable management of water resources. To achieve this goal, it also
analyzes the state of water resources, assesses the relationships between water supply
and demand, and creates projections for how future water resources may be affected.

i-Tree Eco Model

The model is used to understand the ES and value of trees in riparian areas.

Structural Equation Modeling (SEM)

The model is used as a statistical analysis method to analyze and understand the
complex relationships of various social and ecological factors in wetlands.

Stream Evolution Model (SEM)

It is a hydromorphological model used to understand the evolution and shaping of river
systems in riparian areas. The model also analyzes how rivers change over time and
how fluvial processes affect riparian areas.

DSPIR (Disturbance, Sensitivity, Productivity,
Intactness, Resilience)

It is an analytical tool for ecosystem assessment and management in riparian areas. The
framework offers an assessment approach where different components are taken into
account to assess the condition and health of riparian ecosystems.

Econometric model (Random Utility Model (RUM))

An econometric model is a statistical model used for analyzing and quantifying
economic relationships and behaviors.

Analytic Hierarchy Process (AHP)

It is a multi-criteria decision analysis method used in complex decision-making
processes in riparian areas. It provides a structured framework for decision-making
processes, enabling the evaluating and weighing of different factors and criteria.
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When examining keywords, it becomes evident that the
use of models such as SWAT and INVEST, as well as remote
sensing and practical images like Landsat, contributes to the
assessment and mapping of ES (Martin-Lopez et al., 2019).
GIS has been predominantly used in studies to identify
hydrological networks, evaluate relationships between land
use and water quality in the surrounding environment, and
conduct temporal-spatial analyses. Depending on the
research objectives, meteorological, hydrological, soil, and
other data sets are also employed (Haase et al., 2014). In
assessing  river ecosystems' vegetation, specialized
evaluations can be conducted using habitat assessment
methods for rivers, such as QBR, SVAP, and RHP models,
customized based on the area's uniqueness through factors
like quantitative and  qualitative  characteristics,
morphological structure, and water properties. These
methods play a significant role in evaluating the ecological
health of rivers and habitat quality, and they are taken into
account in the planning and implementation of water
management and conservation projects.

Model-based studies are commonly used to assess
riparian areas' water, erosion, and climate regulation. In
recent years, scenario-based studies looking into the future,
combining GIS and modeling, have gained importance
(Vihervaara et al., 2019). Using models like SWAT and
INVEST is a growing trend in various studies (Sil et al.,
2016). These models also understand and manage
environmental and ecological processes in riparian
areas/vegetation. Therefore, these models play a crucial role,
particularly in areas such as water quality, erosion control,
habitat health, and the assessment of ES (Wang et al., 2017),
and can also provide valuable information for understanding
the ecological functions of riparian areas, planning their
management, and conserving them. In this regard, the related
models can contribute to decision-making processes related
to the sustainability of water resources and ecosystems.

Furthermore, specific models are used to assess certain
services. Models like the Revised Universal Soil Loss
Equation (RUSLE) and the Universal Soil Loss Equation
(USLE) can be employed to estimate stream and sheet
erosion (Bogdan et al., 2016). Erosion prevention has
frequently been measured in the literature on river vegetation,
and ES can be a constructive tool in making decisions related
to erosion prevention (Hanna et al., 2018).

The number of studies using search terms related to river
areas, such as "riparian vegetation, riparian forest, riparian
area, riparian zone," has steadily increased from 2000 to
2023. The majority of studies also include assessments
related to ES. Prado et al. (2022), attribute the increase in
studies related to ES in riverine areas to the significant
influence of the MEA, supported by the graph provided in
Figure 2.

In general, ES assessments enable the evaluation of the
capacity of different ecosystems, which are part of the
landscape, to provide services and assess land use and
management. These approaches provide an opportunity to
understand how complex ecosystems like riparian areas and
changes in these areas affect the supply of ES, which
enhances the understanding of the importance of conserving
and using riparian vegetation for ecosystems' ecological and
social functions. Each indicator of ES provides different
information. The results demonstrate the variability in
indicators, data sources, and methods used to measure ES in

river habitats. The wide variety of methods reflects the
flexible nature of the concept of ES, which is one of its
strengths. Nevertheless, using valid methods for measuring
ES to yield useful results for river ecosystem management is
important. The most critical characteristics of an ES indicator
are that it should be clearly defined and accurately represent
the service and direction it intends to quantify. These findings
suggest that more attention should be given to evaluating
various ES in river ecosystem service research, covering all
categories, alongside individual studies.

4. Conclusion

In the 21st century, coastal ecosystems play a critical role
in determining the vulnerability of natural and human
systems to climate change and the impact on their adaptive
capacity. Riparian vegetation, found in semi-terrestrial
regions bordering water bodies and influenced by freshwater,
stands as one of the world's most dynamic and vulnerable
ecosystems. River ecosystems are crucial for their services to
humans and the environment. Due to anthropogenic activities
(land use changes, pollution, etc.), alterations in hydrological
regimes, or the invasion of non-native species, these areas are
rapidly deteriorating and becoming less resilient and more
susceptible to degradation. Since interactions between
terrestrial and aquatic ecosystems characterize river
ecosystems, most of their ecological processes affect the
wetland and the surrounding landscape, making these areas
increasingly sensitive. Consequently, in recent years, riparian
vegetation and its functions, depending on various
definitions, have attracted the attention of many researchers.

The concept of ES is a crucial tool for river ecosystem
management. However, when examining the literature over
many years, it becomes evident that the number of studies on
this subject is still insufficient. Conducting comprehensive
reviews in the Scopus database covering all languages and
categories helps address the gaps in the existing literature.
The current study, an analysis of studies conducted from
2000 to July 2023 in the Scopus database revealed that the
most studied ES category associated with riparian vegetation
is regulating ES. Within this category, issues such as water
quality regulation, climate regulation, and erosion control
have been studied extensively. Water supply is studied in
provisioning services, habitat provision in supporting
services, and recreation and tourism in cultural services.
Other ES are underrepresented due to unclear assessment
methods and data availability issues. The fact that these
services are often provisioning and cultural ES may be related
to a lack of interest in studying ES services and
methodological challenges. Among these studies, very few
studies have considered methodological approaches to ES
assessment. Therefore, more comprehensive studies are
needed to analyze the ES provided by riparian zones and
vegetation. Although there are some remarkable studies in the
world trying to explain the interactions and functions of river
coastal areas and vegetation with their environment, there are
limited studies. In Turkey, the number of studies in this field
is almost non-existent. Analyses of riparian studies often
focus on single features or functions of riparian areas.
Specifically, studies focus on habitat function and water
dynamics. Since ecosystems work as a whole, that is, they are
interrelated. However, studies focusing on one or a few
services do not help fully understand river ecosystems. Very
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few studies in the literature evaluate all components of ES.
Future research should adopt an integrated multidisciplinary
approach and focus on the combined assessment of the many
ES provided by river ecosystems. Considering the climate
and land cover change processes, it will be important to
examine the effects of these changes on river coastal
vegetation today and in future projections and to consider
landscape and spatial scale approaches. Developing more
integrated approaches to river coastal areas and vegetation
will help to understand the comprehensive assessment of the
services provided by the ecosystem (de Sosa et al., 2018). At
the same time, river bank vegetation is an important indicator
for assessing the condition of the river bank. It should be
taken into account for successful river restoration efforts.

Riparian vegetation plays a critical role in the
conservation and sustainability of water resources and
aquatic ecosystems, along with the important ES provided by
natural ecosystems. These areas are important for the
functionality and richness of aquatic ecosystems and the
natural life around them. The ES provided by riparian
vegetation have great importance in a wide range of areas
such as ensuring the functioning of aquatic ecosystems,
supporting biodiversity, protecting water quality, combating
climate change, and protecting water resources. Protection
and restoration of riparian areas should be considered an
important step in ensuring the sustainability of water
resources and the natural environment. Conservation of
riparian vegetation is an urgent need for the sustainable
development of ecosystems and societies, and therefore
protecting and improving these areas can play a key role in
the conservation and management of wetlands and
vegetation.

Even with "high-level" policy and legal measures
[European Green Deal (UN, 2019), UN Decade of Ecosystem
Restoration (UN, 2019)] to address issues related to the
ecological functions of riparian vegetation, there is little or
no basic knowledge of riparian vegetation. Therefore, clear
recognition and sustainable management are urgently needed
to protect and restore important wetland functions and
services for current and future generations. Especially in
recent years, there has been a contrast between the
establishing of important frameworks such as the European
Green Deal, the UN Decade of Ecosystem Restoration, and
the targets for 2050 to restore ecosystems and the lack of
emphasis on these areas. The targets of the UN Decade of
Ecosystem Restoration for the restoration of all European
rivers by 2050 require an increase in the importance of these
areas and a clearer definition of the assessment procedures.
In this respect, understanding the importance of riparian
vegetation, which provides many services with its ecological
functions, will be important in ensuring the sustainability of
the ecosystem.

Despite high-level policies and legal measures to address
issues related to the quality and current condition of aquatic
habitats, there is little or no designation of riparian zones. The
European Union Water Framework Directive (WFD) also
aims to improve river coastal health in the European Union
by promoting the sustainable use of ES provided by
watercourses (Singh et al., 2021). The UN Decade (2021-
2030) (UN, 2019) establishes a common vision of ecosystem
restoration as "a process of halting or reversing degradation
with improved ES and restored biodiversity to halt the
degradation of ecosystems and restore terrestrial, freshwater
and marine ecosystems”. The European Green Deal (EC,

2019) is a holistic document that aims to improve the well-
being and health of citizens and future generations. The 2030
EU Biodiversity Strategy includes legally binding EU nature
conservation targets for restoring degraded ecosystems. The
main objective of these processes is to restore degraded river
areas through restoration activities, and the most important
indicator of this is riparian vegetation. In restoring ecosystem
health, the improvement of vegetation cover and the
sustainability of ES should be ensured. Therefore, clear
recognition and sustainable management are urgently needed
to protect and restore important wetland functions and
services for present and future generations. Despite the
critical role of riparian zones for freshwater ecosystems, there
is still a need to clarify the key priorities and actions for
developing and managing effective policies. Demonstrating
the importance of riparian areas and mitigating their
vulnerability to land use and climate change, preventing
biodiversity loss, and ensuring the sustainability of ES will
be important for building resilient and sustainable ecosystems
in the future.
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