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ONSOZ

Doganin karmasikligina duyulan hayranlik, insanoglunu
ylizyillardir kesfetmeye ve anlamaya yonlendirmistir. Bitkiler, bu
dogal diinyanin 6nemli bir parcasini olusturur ve biyolojileri,
ekosistemlerin temel taslarindan biri olarak ¢esitlilik ve dayaniklilik
acisindan kritik bir rol oynar. Bu kitap, bitki biyolojisi ve arazi
bozulumu iizerine odaklanarak, bu temel unsurlarin anlagilmasi ve
stirdiiriilebilir bir gelecek icin 6nemli olan yenilik¢i yaklagimlari ele
almaktadir.Giiniimiizde, ¢evresel sorunlar giderek artmaktadir ve
arazi bozulumu, ekosistemlerin istikrarini tehdit eden ciddi bir sorun
haline gelmistir. Ancak, bilim ve teknolojideki hizli ilerlemelerle
birlikte, bu zorluklarin {istesinden gelmek i¢in yeni ve etkili
coziimler gelistirme potansiyeli artmistir. Bu kitap, bitki biyolojisi
ve arazi bozulumu konularindaki giincel arastirmalar1 ve yenilik¢i
yaklagimlar1 bir araya getirerek, bu alandaki bilgi bosluklarini
doldurmay1 amaglamaktadir.

“Zeytin (Olea Europaea L.)’de Déllenme Biyolojisi ve Meyve
Tutumunu Etkileyen Faktorler” bashikli acgilis  bdoliimiinde
okuyucular, zeytinin karmasik biyolojisine iliskin bilimsel bir
aragtirmaya davet ediliyor. Bu boliim, basarili giibrelemenin
esrarengiz siireclerini ve Olea Europaea L.'de meyve tutumunu
etkileyen sayisiz faktorii sistematik olarak aydinlatmaktadir.
Makale, bu ekonomik agidan karmasik iireme siireclerine iliskin
anlayisimizi gelistirmek isteyen arastirmacilar ve uygulayicilar i¢in
degerli bilgiler sunan kapsamli bir rehber gorevi géormektedir.

“Seker Pancan Yetistiriciliginde Kullanilan Uzaktan Algilama
Teknolojilerine Dayali Bitki Ortiisii Indeksleri: Bir Inceleme”
baslikli ikinci makaleye geg¢is yapan okuyucular, seker pancari
yetistiriciliginde uzaktan algilama teknolojilerinin uygulanmasina
odaklanan bu incelemede tarimsal uygulamalarin optimize
edilmesinde ileri teknolojilerin roliinii elestirel bir sekilde
incelemektedir. Bilim camiasi i¢in bu boliim, teknolojinin ¢agdas



tarim tizerindeki dondstiiriicii etkisini kabul ederek, en ileri bilim ve
tarimin entegrasyonuna iliskin incelikli bir bakis a¢is1 sunmaktadir.

“Collesme ve Toprak Erozyonu Degerlendirmelerinde Bulanik
Analitik Hiyerarsi Proses Uygulamalari: Bir Inceleme” bashg
altindaki son boliim seti, ¢cevre bilimi alanimi ve onun bulanik
mantikla kesisimini ele aliyor. iklim degisikliginin tarimsal
alanlarimizi tehdit ettigi bir ¢agda bu boltimler, ¢ollesme ve toprak
erozyonunun etkilerinin degerlendirilmesi ve azaltilmasinda Bulanik
Analitik Hiyerarsi Siirecinin (BAHP) pratik uygulamalarina iliskin
kapsamli bilgiler sunmaktadir. Bu boliim aragtirmacilara karmagsik
cevre  problemlerinin  yonetiminde  kullanilan  yenilik¢i
metodolojilere derinlemesine bir bakis sunmaktadir.

Kitabin her bolimii, alanindaki uzmanlarin katkilariyla
sekillenmistir ve giincel aragtirmalara dayanmaktadir. Okuyucular,
bitki biyolojisi ve arazi bozulumu konularinda énemli kavramlari
anlamalarina yardimci olacaklart gibi, ayn1 zamanda bu bilgileri
gilinliilk hayatta uygulama potansiyellerini de kesfedeceklerdir.
Kitap, bu ii¢ boliim dikkate alindiginda bitki biyolojisinin temel
prensiplerini anlamak isteyen 6grencilerden, arazi yonetimi ve gevre
koruma konularinda ¢alisan profesyonellere kadar genis bir okuyucu
kitlesini hedeflemektedir. Yazarlar, bu Kkitap boyunca, Dbitki
ortlisiiniin  ekosistemlerde oynadigi rolii vurgulayarak, arazi
bozulumunun nedenleri ve etkileri {izerinde derinlemesine bir analiz
sunmaktadir. Sonug olarak, Bitki Biyolojisi ve Arazi Bozulumunun
Degerlendirilmesinde Yenilik¢i Yaklasgimlar adli bu kitap, doga
sevgisiyle yan yana duran, bilimin giicii ve teknolojinin ilerlemesi
ile gelecek nesillere daha siirdiriilebilir bir diinya birakma
misyonuyla, bilgi ve ¢6zliim Onerileri sunmaktadir. Umarim bu kitap,
okuyuculara hem bitki biyolojisi hem de arazi bozulumu konularinda
genis bir perspektif sunar ve bu alanlardaki ileri ¢alismalar i¢in bir
ilham kaynagi olur.

Editor
Dr. Ogr. Uyesi Ebru GUL



ICINDEKILER

ICINDEKILER ........oooiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee et

Zeytin (Olea Europaea L.)’De Doéllenme Biyolojisi Ve Meyve
Tutumunu Etkileyen Faktorler.........cccooviiieiiiiiiie

Cemile KAPLAN ..o
Senay KARABIYIK .....cooviiiii e
Emine ACAR .....ooiiii e
NUrten KURT ..o
Yazgiil KAPLAN .....oooiiiiii s
Yildiz AKA KACAR ..o



Vegetation Indexes Based on Remote Sensing Technologies Used

in Sugar Beet Cultivation: A REVIEW..........cccccvveivivieiieie e 40
Nursag Serda KAYA ..o 40
Fuzzy Analytical Hierarchy Process Applications in Desertification
and Soil Erosion Assessments: A REVIEW .........ccccevererenvninninenn 63
Nursag Serda KAYA ..o 63
Orhan DENGIZ ........cccoveviniinieeeiesee s 63
Gavurdagi Yaban Hayat1 Gelistirme Sahasinin (Kastamonu/Tosya)
Collesme Hassasiyetinin Belirlenmesi™®...........cccccovcveiiiiiiiiennnen. 9
Derya DEMIRCI ......cocooviiiiiccicece e, 94
EBIU GUL ..o 94
Melda DOLARSLAN.......ccocsiitieeeeeee e, 94



BOLUM |

Zeytin (Olea Europaea L.)’De Dollenme Biyolojisi Ve
Meyve Tutumunu Etkileyen Faktorler

Cemile KAPLAN!
Senay KARABIYIK?
Emine ACAR?®
Nurten KURT*
Yazgiill KAPLAN®
Yildiz AKA KACARS®

GIRiS

Zeytin (Olea europaea L.) milattan 6nce 3000°li yillardan
itibaren yetistiriciligi yapilan degerli ve énemli bir bitki tiiriidiir.
Akdeniz bolgesinin tipik ve yaygin agaglarindandir ve maki bitki

1 Zeytincilik Arastirma Enstitiist Mudurlugi-Hatay
2 Cukurova Universitesi Ziraat Fakiiltesi Bahce Bitkileri Boliimii -Adana
3 Cukurova Universitesi Fen Bilimleri Enstitiisi Biyoteknoloji Anabilim Dali — Adana
* Dogu Akdeniz Tarimsal Arastirma Enstitisi Mudirligi-Adana
5 Harran Universitesi Ziraat Fakiiltesi Toprak Bilimi ve Bitki Besleme Boliimii- Sanlurfa
6 Cukurova Universitesi Ziraat Fakiiltesi Bahce Bitkileri Bolimii -Adana, Cukurova
Universitesi Fen Bilimleri Enstitiisii Biyoteknoloji Anabilim Dali — Adana
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ortiistiniin de bir iiyesidir (Loukas & Krimbas 1983). Zeytinin genom
blyiikliigii yaklasik olarak 1800 Mb ’dir ve kromozom sayisi
2n=46’dir (Rosa & ark., 2003). Zeytin, taksonomik siniflandirma
sistemine gore 20 - 29 cinsle temsil edilen Oleaceae familyasina
dahil bir tiirdiir (Morettini, 1972). Olea cinsi, yetistiricilige elverisli
olmayan kosullarina sahip alanlardan ¢ikan gesitli tiir ve alt tiirleri
icermektedir. Bunlarin ¢ogu calilar veya agaglar olmakla birlikte
yenilebilir meyvesi olan tek tiir, kiiltiir zeytinin de dahil oldugu Olea
europaea L.’dir (Morettini, 1972). Yetistirilme alaninin biyiik
cogunlugu Akdeniz havzasinda bulunmaktadir ve iiretilen {irtinlerin
%70’1 yine bu bdlgede tiiketilmektedir (Baldoni & Belaj 2010).
Zeytin, fenolik bilesikler ve antioksidanlar basta olmak tizere ¢esitli
fitokimyasallar agisindan zengin bir meyvedir (Ryan & Robards,
1998). Buna ilaveten yapisinda zeytine 0zgii verbaskosid,
ligastrosid, oleuropein gibi antioksidanlar da bulunmaktadir (Ryan
& ark., 1999). Yapilan bir¢ok c¢alismada zeytinin insan sagligi
iizerindeki olumlu etkileri vurgulanmistir (Keys, 1995, Pe’rez-
Jime’nez & ark., 2007). Zeytinin igeriginde bulunan ve diger
bitkilerde bulunmayan baz1 bilesikler insan sagligi iizerinde
dogrudan etkisi olan bilesiklerdir. Sekoiridoid adi verilen bu
maddeler zeytin fenoliklerinin en 6nemli sinifin1 olusturmaktadir ve
basta Olea europeae L. olmak {izere yalnizca Oleaceae familyasinda
bulunmaktadir (Minelli & ark., 2000).

Yabani zeytin ve kiiltiir zeytinleri ayn1 kromozom sayisina
sahiptir fakat zeytinde, cesitler arasinda tozlagsmayir miimkiin
kilmayan ve genetik cesitliligin olugsmasina olanak tanimayan
dollenme biyolojisini ve meyve tutumunu etkileyen uyusmazlik
problemi mevcuttur.

Tiim bitkilerde oldugu gibi zeytin bitkisinde de neslin
devamin siirdiiren ve genetik ¢esitliligi saglayan generatif organlar
bulunmaktadir ve ¢igekler bitkinin biyolojik dongiisiinde 6nemli bir
yere sahiptir. Kaliteli ve 1yi liriin elde etmek amaci ile bitkiler ¢igek
gelisim ve dollenme asamalarini saglikl bir sekilde tamamlamalidir.
Zeytinde eseysel iireme organi olan c¢icekler, vejetatif gelisim
asamasini  takiben olusan generatif gelisim asamasinin
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tamamlanmasiyla olugsmaktadir. Uzun siiren vejetatif gelisim
evresinin tamamlamasi sonucu generatif asamaya ulagmaktadir.
Generatif asamada olusan ¢igek tomurcuklarin fizyolojik, morfolojik
ve biyokimyasal degisim siirecinin tamamlamasiyla ¢icekler
meydana gelmektedir. Bu siire¢ boyunca uygun sicaklik, bitki besin
rezervi, beslenme durumu, hormonlar, tozlayici gesit gibi ¢evresel
ve genetik faktorler ¢igek yapisinin gelisimini ve dollenme
biyolojisini etkilemektedir (Eti, 1996).

Zeytinin Cicek Yapisi

Zeytin cigegi bir Onceki sezona ait slrglinler iizerinde
bulunan yaprak aksillerindeki ¢icek tomurcuklarin farklilagmasi
sonucunda somak (panikula) adi verilen salkimlar {izerinde
olusmaktadir. Zeytin, aym1 somak {iizerinde hem tam ¢icek
(hermafrodit) hem de erkek cigek (staminate) bulundurabilen, diklin
bitkiler grubunda yer alan andromonoik bitkilerdendir. Zeytin agaci
cevresel faktorlere ve fizyolojik degisimlere gore degismekle
birlikte yaklagik 500 000 kadar ¢icek agmakta ve bu ¢iceklerin
sadece %1-2’si meyveye doniismektedir (Martin,1990). Somaklarin
uzunlugu 10-70 mm ve bir somakta 5-60 adet ¢ok kiigiik boyutta
cigekler bulundurmaktadir. Somakta yer alan tam ¢igekte
(hermafrodit) distan i¢ce dogru 4 adet yuvarlak agik yesil renkli canak
yaprak, 4 adet beyaz-sarimsi tag yaprak, iri anterlere sahip iki erkek
organ bulunmaktadir. Disi organ ¢i¢egin ortasinda bir tane olup iki
karpelli, her karpelde 2 tohum taslagi yer alan yumurtalik, kisa bir
stil ve genisce stigmadan olusmaktadir. Erkek ¢icekte (staminate) ise
disi organ ya yoktur ya da yeterince gelismemistir (Seifi & ark.,
2008; Kaplan & ark., 2023).

Zeytinde, strgiinler iizerinde sadece cigek tomurcuklar
bulunmayip ayni zamanda yaprak tomurcuklar1 da bulunmaktadir.
Siirgiin lizerinde yer alan ¢i¢cek ve yaprak tomurcuklarn ilk
donemlerde benzer yapilar gosterirken, belirli kosullarin etkisi ile
ilerleyen donemlerde farklilasmalar gostermektedir. Siirgiin
iizerindeki tomurcugun ¢icek ya da yaprak tomurcuguna
doniismesinde; siirglin pozisyonu, o y1lin meyve yiiki, bitkinin besin
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rezervi, su dengesi, 151k agisi, sicaklik gibi ¢esitli faktorler belirleyici
olabilmektedir (Lavee & ark.,1996). Tomurcuklarin olusumu ve
gelisimi temmuz ayinda anatomik olarak tek tip seklinde goriiliirken,
takip eden aylarda yaprak tomurcuklarinda degisimler goriilerek
subat ayinda kubbe seklini almaktadir. Cigek tomurcuklarinda ise
kasim ayina kadar herhangi bir degisim gézlemlenmedigi, varsa da
cok az farklilik oldugu goriilmektedir. Cigek tomurcuklart kasim
ayinda aktif duruma ge¢mekte, ocak ayinda ise belirgin bir hal
almaktadir. Mart ayinda ¢icek farklilagmasinin ilk fazinin olustugu,
nisan ay1 sonrasinda da ¢i¢ceklenmenin basladig1 tespit edilmistir
(Fabbri & Alerci, 1999). Zeytinde goriilen periyodisitenin etkisi
cigek tomurcugunun farklilagma stirecinde tirliniin var yilinda ve yok
yilinda birikiminden kaynaklanmaktadir. Yapilan morfolojik ve
biyokimyasal analizlerde var yil1 veya yok yilindaki ¢i¢ek yapisinda
herhangi bir histokimyasal farklilik tespit edilememistir (Andreini
& ark., 2008). Manzanillo zeytin ¢esidinde ¢igek gelisimi hakkinda
detayli bilgi almak amaciyla Kasim ayindan itibaren ¢icek
tomurcuklar1 elektron mikroskop altinda incelemeye alinmistir
(Cuevas & Pinney,1999). Inceleme sonucunda, subat aymnin ortasina
kadar tomurcuklarda herhangi farklilasma goriilmedigi, ilk
farklilasmanin Subat ay1 ortasinda sepal primordiumu ile baslayip,
ardindan petallerin olustugu, ¢iceklenmeden yaklasik 7 hafta dnce
stamenlerin, 6 hafta 6ncesinde de pistil olusumunun gergeklestigi
gozlemlenmistir. Pistil aborsiyonunun ise ¢iceklenmeden yaklasik
bir ay once gergeklestigi tespit edilmistir. Pistil aborsiyonu ¢icek
farklilagsmasi boyunca meydana geldigi halde, yaygin olarak pistilin
hizli gelisim gosterdigi evrede gorilmiistiir. Erkek c¢igeklerin
olusmasina yol agan pistil aborsiyonunun temel nedeni olarak,
cigeklerin gelisim asamasinda meydana gelen besin rekabetinden
dolay1 pistile aktarilacak olan besinlerin diger gelismekte olan ¢icek
organlar1 tarafindan kullanilmasindan kaynaklanan yetersiz
beslenme sonucunda oldugu goriilmektedir. Bursa’da iki farkh
yorede Gemlik zeytin ¢esidinde ¢icek tomurcugu farklilagmasi
iizerine yapilan bir calismada ise, her iki yorede genel olarak
morfolojik ayrim periyodu baslangicinin subat ayinin ilk haftasinda
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meydana geldigi gorilmiistiir. Cicek tomurcugunda canak
yapraklarin olusumu subat aymin {i¢lincli haftasinda, tag yaprak ve
erkek organ taslaklarinin olusumu Mart ay1 ortalarinda, tohum
taslaklarmin ise Nisan ayimin ikinci haftasinda gorildiigi
saptanmistir (Barut & Ertiirk, 2002). Ulkemizde 40-60 yaslarindaki
Gemlik zeytin ¢esidi tizerine yapilan histolojik ¢alismada, bazi ¢igek
yapilarinda 3 veya 4 erkek organ ve 6 ta¢ yapraga rastlanilmistir.
Ayrica erkek organ yapilart normal gelisim gosteren ¢iceklerin
varlig1 ile birlikte anterlerde tek cicek tozu kesesi gibi farkli
anormallikler de tespit edilmistir. Anormal disi organ gelisiminde
kiiciik, sar1, bozulmus yumurtaliklar goriilmustiir. Tepecik (stigma)
ve boyuncuk (stil) ya olugsmaya basladig1 asamada kiiciik kalmis ya
da hi¢ olusmadan farklilasmanin sona erdigi One siirtilmistiir.
Ayrica, anormal ¢i¢ek olusumunda ¢evresel uyartilar ve bu asamada
bitkiye yapilan uygulamalarin 6nemli derecede etkileyici oldugu
bildirilmistir. Anormal ¢igek olusumunun kétii bakim kosullart ve
besin eksikliginden meydana gelmesi ayrica bu anormal ¢icek
oraninin fazla olmasi durumunda verimin olumsuz etkilenebilecegi
ifade edilmistir (Uysal, 2012). Zeytin bitkisinin ¢igcek
tomurcuklarinin daha ¢igeklenmeye gegmeden dnce kendi aralarinda
besinsel rekabet halinde oldugu ve zeytinde iireme organlarinin
gelisimin tim asamalarinda bu rekabetin rol oynadigir ifade
edilmistir. Bu besinsel rekabetten dolay1 erkek cicek ve tam ¢igek
olusumunda ¢esit ve yil agisindan degiskenlik olabildigi tespit
edilmistir (Rosati & ark., 2010a). Agac iizerinde bulunan fazla
meyve yiikil, bir sonraki yilin ¢igek olusumu iizerinde negatif bir
iliski oldugu, bunun da kismen agactaki besin rezervine bagl oldugu
degerlendirilmistir (Famiani & ark., 2019). Bununla birlikte, kiiltiir
zeytin gesitleri iizerinde yapilan 10 yillik bir ¢alisma sonucunda
zeytin ¢igegindeki erkek cigcek sayisinin meyve olusumu iizerinde
cok onemli bir etkisinin goriilmedigi analiz edilmistir (Lavee & ark.,
1996). Buna karsin, yapilan baska bir ¢alismada ise zeytindeki erkek
ciceklerinin sayisinin fazla olmasi meyve tutumunu etkiledigini,
zeytin agacinin verimliligi tam gelismis cicek sayisina ve ¢igek
tozlarmin ¢imlenme basarisina bagli oldugu belirtilmistir. Meyve
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tutumu tizerinde belirtilen tiim faktdrlerin yani sira gesitler arasinda
farkliliklarin goriilmesinde genetik faktorlerin de etkisi oldugu ifade
edilmistir (Vuletin & ark., 2012). Bu kapsamda otuz zeytin
genotipinde yapilan ¢alismada, bir somaktaki ¢igek sayisinin 7 ile 27
adet arasinda degisebilecegi (Kaymak, 2011), Gemlik zeytin
cesidinde somaktaki ¢igek sayisinin var yilinda ortalama 19 adet,
yok yilinda ortalama 15 adet oldugu, tam ¢iceklerin erkek cigeklere
oranla var yilinda % 63.63, yok yilinda ise bu oranin % 60.96 oldugu
tespit edilmistir (Uysal, 2012). Sirnak ilinde vyiiriitiilen 34 farkli
zeytin genotipteki somaklarda bulunan ¢igek sayisinin 8 ile 36 adet
arasinda degistigi (Sakar ve ark., 2017); Gaziantep’teki 25 zeytin
genotipinde 6-36 adet arasinda oldugu (Sakar, 2016); Derik halhali
zeytin ¢esidinde somaktaki ¢icek sayisi ortalama 18.07 adet (Ay,
2018); Gemlik zeytin ¢esidinin klonlarinda ise 16.63 ile 25.80 adet
arasinda, somaktaki tam ¢icek orant % 72.02 ile % 94.96 arasinda
olup, bir sonraki yilda 7.36-14.60 adet ¢igek olustugu ve somakta
bulunan tam ¢i¢cek oraninin % 83.56 ile % 97.18 arasinda oldugu
tespit edilmistir (Ozer, 2018). Yamalak saris1 zeytin cesidinde bir
somaktaki ¢icek sayisi ortalama 16.00 adet iken, aym agacin bir
sonraki yila ait bir somaktaki cicek sayisinin ortalama 12.93 adet
oldugu saptanmistir (Kaya, 2006). Bir bagka calismada 14 adet
zeytin ¢esidi iizerinde yapilan fenolojik gozlemler sonucunda tam
cicek oraninin % 22.39 ile % 76.78 arasinda dagilim gosterdigi
belirtilmistir (Giil, 2020). Yapilan bu ¢alismalarin degerlendirilmesi
sonucunda somaktaki ¢icek sayisi, somakta bulunan tam ¢icek ve
erkek cigek oranlarinin gesitten ceside ve yildan yila farklilik
gosterebilecegini acikca gdstermektedir.

iklimin Cicek Olusumu Uzerine Etkilerine Yonelik
Yapilan Calismalar

Bir bitkinin yetistirilmesinde sinirlayici etkilere sahip olan ve
var olan olumsuzluklara miidahalenin zor oldugu en Onemli
faktorlerden birisi iklimdir. Yasanacak bir iklim krizi siirecinde
etkilenebilecek kritik bolgelerden birisi Akdeniz havzas1 ve
Akdeniz’in geleneksel {iriinii olan zeytindir. Bu anlamada zeytin
liretimi biiyiik oranda risk altindadir. iklim degisikliklerinin ilk
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asamalarinda bir¢ok alanda {iretimde bir artis goriilse de sicaklik
veya yagista daha siddetli degisiklikler meydana gelmesi durumunda
tretim riski Onemli oOlgiide biiylik olacagi ileri siiriilmektedir
(Orlandi & ark., 2020). Akdeniz’de zeytin bitkisinin ¢i¢ceklenme
donemine ait olasi sicaklik artisinin oldugu giinlerdeki degisiklik ile
ilgili yapilan bir simiilasyon calismasinda, kiiresel iklim modeli
(general circulation model/ GCM)’ne gore 1990 ve 2099 yillari
arasinda yaklagsik 4.5 °C sicaklik artis1 olacagi ve sicakligin her 1°C
artisginda  ¢iceklenme zamaninda 6.2 giinliik ilerlemenin
gerceklesecegi, boylece 1990 dan 2030 yilina kadar gecen siirede
ciceklenme doneminde 3-23 giinlik ilerlemenin olacagi
belirtilmistir (Osborne & ark., 2000). Bu kapsamda, degisen iklim
kosullar1 ile birlikte siirdiiriilebilir  liretim  i¢in, zeytin
yetistiriciliginde kisa ve uzun vadeli stratejiler gelistirilmesi
dogrultusunda ciddi onlemlerin alinmasi ve uyum potansiyelinin
gelistirilmesi gerektigi one stirtilmektedir (Fraga & ark., 2021).

Bitkiler olumsuz kis sartlarina adaptasyonu saglamak
amaciyla biinyelerinde bulunan hormonal mekanizmalarda
degisimler meydana getirerek ekolojik kosullarla miicadele
etmektedirler ve ekolojik kosullarin olumsuz etkilerini minimize
etmek icin dormansiye girmektedirler. Kisa giin siiresi ve havadaki
sicaklik diistisii ile birlikte bitkide ABA (Absisik asit) gibi
hormonlar dormansiyi tetiklemekte; artan sicaklik ve uzayan giin
stiresi ile birlikte sitokinin gibi hormonlar ise dormansiyi kirmada
etkili olmaktadir (Faust & ark.,1997). Dormansi indiiksiyonunun
fotoperiyot tarafindan degil, diisiik sicakliklar tarafindan kontrol
edilebilmesi ancak 1-2 hafta 1lik kosullara maruz birakilan
zeytinlerde dormansi etkisinin  kirilarak  kolayca  tersine
cevrilebilecegi belirtilmektedir. Zeytin agaclarinin don zararim
onlemek icin soguga dayaniklilig1 gelistirdigi ve i¢sel hormonlarin
bir kontroliiniin ortaya ¢ikmasi sonucunda dormansinin meydana
geldigi, nem veya giines radyasyonu gibi diger c¢evresel
degiskenlerin bu durum tiizerinde sinirli da olsa bir miktar etkiye
sahip olabilecegi ifade edilmektedir. Ayrica, agac yasinin da
dormansinin baslatilmas1 ve dormansiden ¢ikmasinda Onemli bir
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faktor olabi-lecegi de bildirilmektedir (Lopez-Bernala & ark., 2020).
Zeytin Dbitkisinde dormansinin ¢igek indiiksiyonundan ziyade
tomurcuk patlamasi iizerinde bir etkisi oldugu saptanmistir
(Rallo ve Martin, 1991). Zeytin bitkisinin yeterli soguklama
gereksinimini  karsilayamadigi  iklimlerde  yetistirildiginde,
cigeklenme fenolojisi tizerindeki ilk etki, ¢iceklenme eksikliginin
olmadigi ancak ¢icek tomurcuklarin patlama  siirecinde
senkronizasyon eksikligine sebep oldugu gozlenmistir bu durumun
ise verim ve Kkalite Tlizerinde olumsuz etkiler yarattigi One
stiriilmiistiir. Es zamansiz ¢igek tomurcuklarin patlamasi sonucunda
tek boyutta olmayan farkli biiytikliikkte meyvelerin olusmasina sebep
oldugu da goriilmiistiir (Medina-Alonsoa & ark., 2020). Zeytin
sirgiinlerindeki  ¢igek tomurcuklarinin  soguklama etkisinin
belirlenmesi amaciyla yapilan ¢alismada sera ortaminda kontrollii
sicaklik uygulamasi yapilmistir. Calisma sonucunda, zeytin
bitkisinin 7.2 °C’deki sicakligin soguklama ihtiyacini1 gidermek i¢in
en etkili sicaklik oldugu ve 12.5 °C’deki sicakligin ise tomurcuklarin
biliyiimesi i¢in gerekli optimum sicaklik oldugu tespit edilmistir
(Rallo & Martin, 1991). Yapilan bir bagka calismada da yiiksek
sicakliklarin zeytin somaklarimin gelisimini hizlandirdig1 ve erkek
cicek olusumunu tetikledigi, diisiik sicakliklarin ise pistil olusumunu
destekledigi goriilmistiir (Sayed & Hartmann, 1970).

Fizyolojik siiregler ve ekolojik parametreler zeytinin yasam
dongiisiinii  diizenlemesinde ve siirdiirebilmesinde ¢ok etkilidir.
Sicaklik parametreleri hem soguklama ihtiyacinin karsilanmasinda
hem de soguklamadan ¢ikmak i¢in metabolik reaksiyonlarin
aktivasyonunda oOnemlidir. Metabolik reaksiyonlarin etkisiyle
tomurcuklarin patlamasi gerceklesmektedir. Zeytin agaglarindaki
cicek fizyolojisi , zeytin yetistirilen alanlarin biyoiklim kosullart ile
giiclii bir sekilde baglantili oldugu ve zeytin ¢iceklenme baslangig
tarihlerinin soguklama periyodunda 1s1 birikimi ile yakin bir iligkisi
oldugu goriilmiistir (Rojo & ark., 2020). Kis sicakliklar1 ¢icek
olusumunu ve ¢icek somaklariin sayismi etkilerken, ciceklenme
sirasindaki sicakliklar tozlanmayi, meyve tutumunu ve meyve
gelisimini de etkiledigi ifade edilmistir (Brown, Campbell, &
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Schreader, 1962). Cigeklenmeye ait fenolojik parametrelerde tespit
edilen degiskenliklerin, ekolojik kosullar ile genetik faktdrlerden
etkilendigi bildirilmis fakat ekolojik kosullarin daha etkili oldugu
vurgulanmistir. Buna karsin ¢igeklenmede kalite parametrelerinin
degiskenliginde genetik faktoriin etkisinin daha yiiksek oldugu
ortaya koymustur. Her iki durumda da, genotip-cevre etkilesiminin
onemli oldugu cigeklenme olusumu ve kalitesinde ¢evre ve genetik
interaksiyonlarinin birlikte degerlendirilmesi gerektigi bildirilmistir
(Navas-Lopez & ark., 2019). Giiney italya’da sicaklik ve yagisin
zeytin bitkisinin ¢iceklenmesi iizerine etkisi ile ilgili calisma
yuritilmiistiir. Calismada meteoroloji degerlerine gore zeytin
bitkisinin biyolojik dongiisiiniin  sicakliktan  biiyiikk  dlgilide
etkilendigi gostermistir. iklim kosullar1 6zellikle cigeklenmenin
baslangig tarihini etkilerken, ¢igeklerin agilmasinda esas olarak cesit
ozelligi ve i¢ faktorlerin (endojen) de etkisi oldugu goriilmiistiir.
Calismada tiim izleme istasyonlarinda ¢igeklenme baslangici igin
ortalama sicaklik 16 °C degerinde oldugu tespit edilmistir. Bu
sonuclar fenolojik fazlarinin fotoperiyodik olgudan degil, esas
olarak sicakliktan etkilendigini dogrulamaktadir. Calismada 8 mm
yagis/giin degerine ulasildiginda, yagisin atmosferdeki ¢icek tozu
konsantrasyonunda maksimum % 80'e¢ kadar onemli bir diisiis
belirlendigi gosterilmistir. Genellikle ¢igeklenme doneminde kisa
sireli firtinal1 yagislarin tozlanma siirecini etkilemedigi, bu
meteorolojik olayin sona ermesinden birka¢ saat sonra ¢icek tozu
konsantrasyonu seviyesinde tekrar artis oldugu, ancak 8 mm’yi asan
uzun siireli firtinali yagisin tozlanma siireclerini engelleyerek
olumsuz etki ettigi ifade edilmistir (Bonofiglio & ark., 2008).
Kontrollii kosullarda zeytin agaclarina uygulanan sicakligin
cigeklenme i¢in optimum degerlerinin 10-13 °C oldugu, 18 °C’den
daha yiiksek ve 4°C den daha diisiik sicakliklarin gigeklenmeyi
tamamen engelledigi goriilmiistiir. Yiiksek ve diisiik sicakliklar
ayrica enzim aktivetelerinin diismesine sebep oldugundan ¢igek
yapisindaki gelisimlerin durmasina neden oldugu 6ne siiriilmiistiir
(Hackett & Hartmann, 1967). Cigek tomurcuklar1 ve ciceklerin
gelisim tarihleri bolgeler arasinda farklilik gosterebilir. Yeterli
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soguklama ihtiyacinin giderilmesi ve metabolik reaksiyonlarin
diizenlenmesinde rol oynayan hormonlarin aktif olabilmesi i¢in
optimum sicakliga gereksinim duyulmaktadir. Bu durum ¢icek olusu
ve gelisimi  tlizerindeki  bolgeler  farkliliklarin  nedenini
olusturmaktadir Tirkiye'de zeytinin yetisebildiginde Onemli
sahalardan segilen 6 meteoroloji istasyonuna (Gemlik, Edremit,
Milas, Antalya, Antakya ve Nizip) ait sicaklik verileri analiz edilerek
sicakligin  baz1 zeytin ¢esitlerinin 6zellikleri tizerine etkileri
karsilastirilmistir. Yapilan ¢alismaya gore kis sicakliklar diistik olan
bolgelerde zeytin agaglar1 soguklama ihtiyaglarin1 kisa silirede
tamamladigindan ¢igcek gozlerinin morfolojik farklilagsma agamasi
daha erken olugsmakta, kis sicakliklari biraz daha yiiksek olan
yerlerde ise morfolojik farklilagmanin daha ge¢ meydana geldigi
tespit edilmistir. Soguklama donemini erken bitiren ile ge¢ bitiren
arasindaki zamansal farkin kisalmasinda nisan ve may1s aylarindaki
sicaklik ortalamalarinin nispeten daha yiiksek olmasi sonucunda
fizyolojik aktivitelerini daha hizli ger¢eklesmesinden kaynaklandig:
goriilmistiir. Zeytin soguklama siireci, ¢esit 6zelliklerinden dolay1
farkli siirelere ihtiya¢c duymanin yani sira, soguklama ihtiyacim
tamamlamis olan ¢esitlerde sicaklik ortalamalarinin artmasi ile
cigeklenme ve cigek agma faaliyetlerinin de 6nemli 6l¢iide etkiledigi
belirtilmistir (Efe & ark., 2009). Aydin ilinde Yamalak saris1 zeytin
cesidinde, somaklanma tarihi 20-25 Mart (ortalama sicaklik 12°C),
cicek tomurcuklarin patlama tarihi 4-5 Mayis (ortalama sicaklik
20°C) oldugu gozlemlenmistir (Kaya, 2006). Mut yoresinde organik
Gemlik zeytin yetistiriciliginde ti¢ yillik verilere gore en erken
somaklanmanin 3 Nisan, en ge¢ somaklanmanin ise 9 Nisan oldugu
ve yillar arasinda 6 giinliik bir fark olustugu gorilmiistir.
Ciceklenme baglangici en erken 4 Mayista, en ge¢ 9 Mayista oldugu
ve yillar arasinda 5 giinliik bir fark ortaya ¢iktig1 tespit edilmistir
(Giir & ark., 2011). Yalova ilinde Gemlik zeytin klonlarinin
ciceklenme baglangici 2015 yilinda 12 Mayis (ortalama sicaklik
18.40°C) ve 2016 yilinda ise 19 Mayis (ortalama sicaklik 18.45°C)
oldugu, yillar itibariyle ¢iceklenme baslangicinda farkliliklarin
oldugu goriilmiistiir (Ozer, 2018). Aydm ilinde Memecik zeytin
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cesidinin 2017 yili somaklanma baslangici 4 Nisan ve ¢igeklenme
baslangict 10 Mayis iken, 2018 yilinda somaklanma baslangic1 22
Mart, c¢igeklenme baslangici ise 23 Nisan olarak gozlemlenmistir
(Tuncer, 2019). Aydin ilinin dogusunda bulunan 100 m ve 750 m’lik
iki farkli yiikseltide meteorolojik Sl¢iimler yapilmistir. Olgiimlere
gore 750 m yiikseklikteki ortalama sicakligin 100 m degerlerinden
2.0-3.9°C daha diisiik oldugu, nisbi nem degerlerinin ise % 0.1-12.5
oraninda daha ytiksek olan alanlarda ayni yaslarda Memecik zeytin
cesidi tizerinde fenolojik gozlemler yapilmistir. Yapilan gozlemlere
gore, 100 m rakimda ilk ¢igeklenme tarihleri 17 Nisan - 04 Mayss,
750 m rakimda ise ilk ¢igeklenme 12-22 Mayis tarihleri arasinda
gozlemlenmistir. Calisma sonucunda yiikseklikten kaynaklanan
sicaklik farklarindan dolay1 ¢igeklenme zamanlart arasinda yaklasik
20 giinliik bir fark oldugu ifade edilmistir (Ulubeli, 2019). Sanliurfa
kosullarinda zeytin somaklanma baslangicinin nisan ayinin
ortalarinda, ciceklenme baglangicinin ise mayis ayinin ikinci
haftasinda olusmaya basladig1 gériilmiistiir (Ilhan, 2019). Izmir
kosullarinda 13 zeytin ¢esidi ve 2 melez ¢esit adayinin ¢igeklenme
donemi 1ile ilgili yapilan goézlemlerde yillar itibariyle hava
sicakliginin bir sonraki yila gore daha 1lik gegmesi somaklanma ve
ciceklenme tarihlerinin yaklasik 10-17 giin arasinda farkliliklar
olugmasina neden oldugu tespit edilmistir. 2018 yilinda ¢igeklenme
27 Nisan tarihinde (ortalama sicaklik 25.39°C) 2019 yilinda
ciceklenme ise 15 Mayis tarihinde (ortalama sicaklik 27,12°C)
oldugu goriilmiistiir. Ayni ¢calismada gesitler arasinda ¢igeklenmeye
baslama tarihlerinde 6-7 giinliik farklar oldugu tespit edilmistir (Giil,
2020).

Zeytinde ¢igeklenme siireleri ¢esit ve ekolojik kosullara gore
yillar acisindan farklilik gostermektedir. Yalova kosullarinda
Gemlik zeytin klonlar1 ve bazi melez tiplerin yillar itibariyle
cigceklenme siireleri arasinda 10-20 giinliik farkliliklar oldugu
gozlemlenmistir (Ozer, 2018). Aydin kosullarinda Memecik zeytin
cesidinde yillar itibari ile ¢igeklenme siireleri arasinda 14 giin - 24
giin farklihik oldugu goriilmistir (Tuncer, 2019). Aydin ilinde
Memecik zeytin ¢esidinde 100 m rakim kosullarinda ¢igeklenme
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stiresinin yillara gore 8-14 giin slirdiigii, ayn1 ¢esitte 750 m rakimda
cigceklenme siiresinin 15-16 giin siirdigii belirtilmistir (Ulubeli,
2019). Sanlwrfa kosullarinda ise farkli zeytin cesitlerinde
ciceklenme siireleri 10-12 giinliik farkhiliklar gostermistir (ilhan,
2019). Izmir kosullarinda yapilan bir baska ¢alismaya gore Cilli
zeytin ¢esidinde ¢igceklenme siirelerinin yillar itibari ile 2018 yilinda
15 giin, 2019 yilinda ise 11 giin oldugu, ciceklenme siireleri
acisindan bazi ¢esitlerde yillar bazinda farkliklar goézlemlenirken,
bazi zeytin ¢esitlerinde ise farklilk gdzlemlenmedigi One
stiriilmiistiir (Giil, 2020).

Beslenmenin Etkileri

Zeytin bitkisinde cigeklenme donemi, tam ¢icek acilana
kadar gegen siire sekiz haftalik bir siireci kapsamaktadir. Zeytin
ciceklerindeki kuru agirlik/yas agirlik oranindaki degisiklikler tam
ciceklenmeden iki hafta Once yogun hidrasyon ile tam
cigeklenmeden bir hafta sonrasinda ¢igek organlarinin dokiilmesine
paralel olarak kurumalarin goériilmesi, kuru ve yas agirlik oraninm
onemli derecede diistiigii goriilmistir. Cigeklenme gelisimi
sirasinda kuru madde agirli§i-suda ¢oziiniir proteinler, makro ve
mikro besinler arasindaki gii¢lii pozitif dogrusal iliski oldugu
gorlilmiistiir. Bu elementlerin dagilimi ve yogunlugu ¢igeklenme
asamasinda erkek c¢icek ve tam ¢icek olusumuna etkili
olabileceginden bu maddelerin ¢igek gelisimi tlizerinde 6nemli bir
roli oldugu One siiriilmiistiir (Bouranis & ark.,1999). Cesitli
angiosperm tiirler lizerinde yapilan aragtirmalarda, ¢i¢ek aborsiyonu
ile nisasta icerigi arasinda bir iliski oldugu gosterilmistir. Nisasta
iceriginin zeytinde pistil gelisimini diizenlemede 6nemli bir roli
oldugu, erkek ciceklerde pistil gelisiminin megaspor ana hiicresinin
farklilasmasindan sonra kesintiye ugradigi goriilmiistiir. Bu
asamada, nisasta taneleri sadece hermafrodit ¢iceklerin yumurtalik,
stil ve stigmalarinda tespit edilmis, ancak staminate ¢iceklerin
pistillerinde tespit edilememistir. Bu bulgu, nisasta igerigi ile pistil
gelisimi arasinda siki bir iliski oldugunu gostermistir (Reale & ark.,
2009). Zeytin bitkisinde c¢icek tomurcuklarmin olusmasinda,
zeytinin var yilindaki yogun meyve olusumundan dolay1 sonraki yila
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aktarillan karbonhidrat rezervlerinin sinirli oldugu, bu rezervlerin
abiyotik ve biyotik streslerden dolay1 tiiketilebileceginden bir
sonraki ¢icek tomurcugu olusumunu olumsuz etkileyebilecegi ifade
edilmistir. Besin kontroliinlin, farkli zamansal fazlarda ve
organlardaki genlerin farkli ifadelerinde, besinin zeytinde
periyodisite lizerinde oOzellikle dikkate deger bir etkisi oldugu
belirtilmistir. Zeytin agacinda nisasta igeriginin kis aylarinda arttig1,
tomurcuk gelisimi sirasinda azaldigi tespit edilmistir (Turktas &
ark., 2013).

Makro besin elementlerinin ¢ogunun bitki fizyolojik
stireglerinde Onemli bir rolii bulunmaktadir. Zeytin bitkisinin
cigeklenmeden meyve hasat donemine kadar, bitkide makro besin
elementlerinden Azot (N), Fosfor (P) ve Potasyum (K) seviyelerinin
cigeklenme ve meyve tutumu {izerine etkileri arastirilmistir. Yapilan
calismada, sadece N, P ve K seviyelerinin 6nemli derecede
diisiisiinlin ¢igek farklilasmasimi olumsuz etkiledigi, yapraktaki N
seviyesinin %1.35'ten, P'un %0.09'dan ve K'un %0.26'dan diisiik
olmast durumunda ¢iceklenme diizeyinde Onemli azalmalar
gozlemlenmistir. Cigeklenme yogunlugu ve tam ¢icek sayisi artan P
seviyesi ile artma egiliminde oldugu belirtilmistir. N’un ¢iceklenme
yogunlugunu artirma egiliminde oldugu ve ¢icek kalitesini artirdigi,
K’un ise ¢igek oOzellikleri ve meyve iiretimi {izerinde en az etkiye
sahip oldugu, ancak uzun siireli ve siddetli K besin eksikliginin
ciceklenme yogunlugunu ve verimini azalttigir goriilmistiir (Erel &
ark., 2013). N’un c¢iceklenme ve meyve tesekkiil doneminde
yikseldigi, eylil ayinda ise N miktarinda azalma oldugu
goriilmistiir. Cigeklenme 6ncesinde P miktarinin en diisiik degerde
oldugu, P ve K iceriginin ¢igeklenme, meyve tesekkiilii ve meyve
gelisim asamalarinda ise artista oldugu tespit edilmistir. Fe igerigi
ciceklenme ve meyve gelisim doneminde diisiis goOsterirken, B
miktarinin ise ¢i¢ceklenme doneminde diisiis gosterdigi gorilmiistiir.
Mn degerinde de ciceklenme sonunda artis oldugu goriilmiistiir
(Aydogdu, 2011). Mg degerinde ciceklenme asamasinda minimum
iken, ¢iceklenmeden hasada dogru gecen siirede belirgin artis oldugu
goriilmistiir. Mn degerinin siirgiin ve ¢igeklenme doneminde stabil
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oldugu, Cu igeriginin ¢iceklenme baslangicinda en yiiksek degerde,
meyvelerin olgunlasmaya basladig1 donemde ise en diisiik degerde
oldugu goriilmiistiir (Bozkaya, 2009).

Bitkilerde azotun fizyolojik islevlerinden dolay1 bitkinin
biliylimesi ve gelisiminde dnemli bir rolii vardir. Odunsu bitkilerde
azot noksanlhiinda siirgiin biiyiimesini azalttifi ve yapraklarda
genellestirilmis kloroz semptomlari olusmasi sonucu bitki yeterli
besin liretemeyeceginden, organlarda yeterli gelisim
saglanamamaktadir. Yeterli besin iiretilememesinden dolayr da
zeytin agacinda pistil aborsiyonunun nedeni diisiik nitrojen ile
iliskilendirilmistir (Morettini, 1950). Azot fazlaliginin, tam ¢igek
oranin1 etkilemedigi, ancak azot eksikliginin oviil omriinii aym
olglide azalttig1, yeterli bir azot muhafaza edilmesi durumunda ise
ovillin yaslanmasini geciktirebilecegi ve potansiyel dollenme
sonucu meyve tutumunu iyilestirebilecegi ifade edilmektedir. Ancak
nitrojen fazlaligimin oviil Omriinii nitrojen eksikligi kadar
azaltabilecegi, potansiyel dollenme ve meyve tutumu icin yeterli
nitrojen bulunmast durumunda 6nemli etkisi olacag: ifade edilmistir
(Fernandez-Escobar & ark., 2008).

Kiiltiirel Islemlerin Ciceklenme ve Meyve Verimine
Etkisi

Zeytin bitkisinin ¢igek gelisiminde Gibberellinler ve Absisik
Asit (ABA) gibi hormonlarin bitki tizerindeki rollerine yo6nelik
yapilan bir calismada bitki siirgiinlerinde, kis ve ilkbahar
donemlerinde alinan 6rneklerde gibberellin gibi maddelerin kalitatif
ve kantitatif degisikliklerde yanal tomurcuklarda (¢igek
tomurcuklar) oldugu, ancak yaprak ve siirglin tomurcuklarinda
olmadig1 gozlemlenmistir. Yapraklardaki hormon degisiklikleri ile
cicek indiiksiyonu arasinda herhangi bir iliski tespit edilememistir.
Cicek tomurcuklarinda bulunan biiylime diizenleyiciler (GAs gibi
maddeler) ve engelleyici (ABA gibi maddeler) hormonlar arasindaki
denge sonucunda zeytin bitkisi kis dinlenmesinden ¢ikip ¢iceklenme
donemine ge¢meye basladigi belirtilmistir. Gibberellin benzeri
maddelerin nisanin ilk haftasinda maksimum seviyeye ulastigi ve
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sonrasinda giderek azaldig: tespit edilmistir. GAs hormonlar antesis
déneminden 10-13 giin 6ncesinde minimum seviyede oldugu ancak
antesis doneminde tozlanma olayindan dolay1 gibberellin benzeri
maddelerin salgilamalarinda hafif artis oldugu goriilmiistiir. Ayrica
cicek gelisimi sirasinda ABA gibi maddelerde artis gdzlemlenmistir.
Bu artis ¢icek veya cicek kisimlarin dokiilmesi sonucunda meydana
gelebilecegi gibi cigeklenme ve ¢igcek kisimlarinin biiyime hizin
kontrol etmede etkili olan GA benzeri maddeleri dengede tutmak
amaciyla da olabilecegi ifade edilmistir (Badr, Hartmann, & Martin,
1970). Memecik ve Tavsan yliregi zeytin gesitlerinde yapilan bir
calismada; yaprak, bogum, siirgiin ucu ve meyve ornekleri birer ay
araliklarla alinarak iki yil siireyle analizler yapilmistir. Caligsma
sonucunda, bitkinin var ve yok yillarinda i¢gsel ABA, GAs ve I1AA
hormon miktarlarinin istatiksel olarak %5 seviyede farkliliklar
gosterdigi, ABA ve GA3’lin ¢igek tomurcugu olusumuna dogrudan
etki ederken, IAA hormonu ise siirglin olusumunu dolayli yonden
tesvik ettigi tespit edilmistir. Cigeklenme doneminde ¢icegin oldugu
mayis ayinda GAz hormonu ve c¢igegin olmadigr yilda ise IAA
hormonu fazla iken, ABA hormonunun ¢icegin oldugu yilda oldukca
fazla oldugu goriilmiistiir. Temmuz ayinda GAs seviyesinin yiiksek
olmas1 durumunda bir sonraki yi1lda tomurcuklarin cogunun vejetatif
olacagi, kasim-ocak doneminde GA3/ABA dengesinde GA3 oraninin
yuksek olmas1 durumunda vejetatif, ABA yiiksek olmas1 durumunda
ise generatif gelisimin hizlandig1 tespit edilmistir. Uriiniin var
yilinda ilk uyart1 temmuz ayinda, fizyolojik uyartim ise kasim ayida
oldugundan; yok yilinda mart ayinda biliylimeyi yavaslaticilar
uygulayarak  biiylimeyi artiran hormonlarin etkisinin
azaltilabileceginden, periyodisitenin de azaltilabilecegi ifade
edilmistir. Cigek agiminda ve meyve tutumunda diisik GA3 seviyesi
ve yiiksek ABA ile IAA benzeri maddelerin etkili oldugu ayrica i¢sel
hormonlarin fizyolojik olaylar1 yonlendirmede tek baslarina hareket
etmediklerinden, belli hormon seviyelerinin olaylar1 yonlendirdigi
one siiriilmiistir (Ulger, Baktir & Kaynak, 1999). Antalya
kosullarinda; {i¢ yaslarinda Gemlik zeytin fidanlar1 5x5 m, 4x3 m ve
4x1.5 m dikim araliginda dikilen agaclarda; kontrol, goble ve dikey
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eksenli budama uygulamalari sonucu meyve tutum orani ve bitkisel
hormonlarin degisimi gozlemlenmistir. Yapilan ¢alisma sonucunda
yaprak ve bogum orneklerindeki IAA, GA3z, ABA ve Z hormonlarin
seviyesi denemenin ikinci yilinda daha yiiksek bulunmustur. En
yliksek seviyeyi gosteren dikim araligit 4x3 m, siirgiin ucu
orneklerinde ise 4x1.5 m mesafede dikilen agaglarda elde edilmistir.
Farkli budama uygulamalarinda ise en yiiksek IAA seviyesi kontrol
budamas1 uygulanmis agaclarin yapraklarinda, en yiiksek GAz ve Z
seviyeleri kontrol bitkilerindeki bogum ve siirgiin ucunda, en yiiksek
ABA seviyesi ise dikey eksenli budanmis agaclarda tespit edilmistir.
IAA miktarinin en yiiksek seviyesi yaprak ve bogum orneklerinde
mart - mayis aylarinda, siirgiin ucu 6rneklerinde ise haziran ayinda
tespit edilmistir. Nisan ayinda ise yaprak, bogum ve siirgiin ucunda
IAA miktarinin diistiigii goriilmiistiir. Mart ayinda tomurcuklarin
farklilasmaya basladigi donemde GA3 seviyesinde en yiiksek deger
elde edilmis, nisan ve mayis aylarinda GAsz seviyesinde diisiis
gozlemlenmistir. ABA seviyesinde ise subat-agustos aylarinda artis
oldugu goézlemlenmistir. Z seviyesi yaprak ve bogum 6rneklerinde
mart ve agustos aylarinda; siirgiin ucunda ise mart ve haziran
aylarinda saptanmistir (Atmaca, 2015).

Zeytinde bir yil sonraki ¢igek tomurcuklarinda ilk uyarti
endokarp sertlesmesi sirasinda meydana geldiginden, biliylimeyi
diizenleyici GAs gibi hormonlarin uygulanmasi ve meyve
seyreltmesi gibi islemlerin meyve verimine etkisini arttirmak i¢in bu
donemi g6z Oniinde bulundurarak uygulanmalidir. Zeytinde
endokarp sertlesmesi yillara bagl olarak genellikle 1 temmuz
civarinda yani tam c¢i¢ceklenmeden 7-8 hafta sonra meydana gelir.
Zeytin bitkisine meyve seyreltmesi endokarp sertlesmesinden 6nce
yapildiginda takip edilen yilin ¢iceklenmeye etkisi olabilecegi gibi
sonrasinda yapilan bu tiir islemlerin bir etkisi olamayacagi One
siriilmiistiir. Zeytin agaclarinin yok yilinda mayis ve kasim aylari
arasinda GAs uygulamas: bir sonraki yil ¢iceklenmeyi engelledigi;
mayi1s, haziran ve temmuz aylarinda uygulandiginda siirgiinlerini
arttirdig1; kasim ve subat aylarinda uygulandiginda ise ¢igeklenme
stiresini uzattig1r gorlilmistiir (Fernandez-Escobar & ark., 1992).
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Zeytin  Dbitkisinin  ¢icek somaklarinin  seyreltilme igleminin
siirgiinlerde ve toplam meyve olusumu iizerinde bir etkisi
gorlilememistir (Lavee & ark., 1999). Siirglin iizerinde meyve
seyreltmesinin bir sonraki sezonda ¢iceklenmede artis sagladigi
gozlemlenmistir. Siirglinlerdeki yapraklarin seyreltmesinde ise
cigeklenme oraninda %50 diizeyinde azalma goriilmiistiir. Dallara
uygulanan golgelemede de ¢icek olusumunda azalma gozlendigi,
boyle durumlarda yaprak seyreltmesi ve gdlgeleme uygulamasi
sonucunda yeterince seker ve nisasta iletilmedigi i¢in ¢igek
olusumunu etkilendigi ifade edilmistir (Tombesi & Proietti, 1996).
Kigiik meyveli zeytin ¢esitlerinin meyve biiyiikligi yapilan
seyreltmelere ragmen bliyiik meyveli ¢esitler kadar biiyiiyemedigi,
yumurtaliklarin da meyve biiyiikliigii ile dogru orantili oldugu ve
meyve iriliginin ¢ogunlukla genetik yapidan kaynaklandigi
belirtilmistir. Meyve tutumu zeytin bitkisinde ¢icek/meyve bliyiik
oraninin bir sonucu olup, bununla ters orantilidir. Say1 agisindan
meyve tutumu, agacin meyve kiitlesini yumurtalik/meyve biiyiik
oranindan bagimsiz olarak ayarlamasini saglayan bir dengeleyici
mekanizma oldugu, ayrica yumurtalik/meyve boyutunun gesitler
arasinda farkli meyve tutumuna nedeni oldugu one siiriilmiistiir
(Rosati & ark., 2010b). Aydin ilinde 4 yaslarindaki Yamalak saris1
zeytin ¢esidine ocak sonu ve mart ortasinda farkli toprak iyilestirici
organik materyal uygulanmistir. Deniz yosunu uygulamasinda ilk
somaklanma baslangici 1 Nisan’da, en ge¢ somaklanma ise kontrol
grubunda 9 Nisan’da goriilmiistiir. Yamalak saris1 zeytin ¢esidine
yapilan deniz yosunu uygulamasinda c¢igceklenme baslangict 24
Nisan’da, vermicompost uygulamasinda 26 Nisan’da, zeolit
uygulamasinda 27 Nisan’da ve perlit-curuf uygulamasinda ise 11
Mayis’da gorlilmistiir. Ciceklenme sonu ilk olarak zeolit
uygulamasinda 13 Mayis’ta diger tiim gruplarda ise 15 Mayis’ta
goriilmiustiir. Kontrol grubu ¢igeklenme 11 Mayis ve son ¢igeklenme
21 Mayis’ta goriilmiistiir. En yiilksek verim vermicompost
uygulamasinda en diisiik verim ise kontrol grubundan elde edilmistir
(Diindar, 2019). Farkl1 bilesimlerde Bor, Azot ve Potasyumlu yaprak
giibreleri Domat zeytin cesidinde cigceklenme Oncesi donemde
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yapraktan uygulanmig olup bu giibrelerin ¢igek tozu kalitesi ve
meyve tutumuna etkisinin belirlendigi ¢alisma sonucunda, kontrole
ve diger bilesimlere oranla ¢igek tozu canlilik, ¢igek tozu ¢imlenme
testi ve meyve tutumunda en yiiksek deger ‘sivi bor+ire+KNO3’
yaprak giibresi uygulamasi sonucu elde edilmis, iirliniin yok yilinda
da meyve tutumunda yiiksek diizeyde meyve elde edilmistir
(Acarsoy & ark., 2011). Gemlik zeytin ¢esidine farkli donemlerde
uygulanan bazi yaprak giibrelerinin meyve verim ve kalitesine
etkisini incelemek amaci ile 30 yaslarindaki Gemlik zeytin ¢esidine;
cigceklenme Oncesi, meyvelerin mercimek blyiikliigiine gelme
asamasinda ve hasat Oncesinde uygulama yapilmistir. Caligmada
verim iizerinde en etkili donem ¢igeklenme Oncesi uygulanan %1°lik
multi-mineral yaprak giibresinin (N(NH2)-%10, P20s-%33, K,0-
%21, B-%1.8) cigeklenmeyi tesvik ettigi, iceriginde diisiik azot,
yuksek fosfor, bor ve potasyumunda dolay1 etkinligi fazla oldugu
tespit edilmistir (Ozkaya, 2004). Gemlik zeytin ¢esidine nanofiber
bariyer yaprak giibresinin 13 yasinda herhangi bir kiiltiirel islem
uygulamayan agaclara; erken ilkbaharda (25 Subat), ¢igeklenme
oncesinde (20 Mart), meyve tutumundan sonra (15 Haziran) ve
meyve irilesme doneminde (25 Agustos) farkli donemlerde
uygulanmistir. Calismada ¢igeklenme Oncesi nanofiber bariyer
yaprak gilibresi ve kalsit giibre uygulamasinin, kontrol ve diger
uygulamalara oranla agaglardaki somak sayisini ve c¢icek
verimliligini ~ artirdigi  tespit  edilmistir  (Unalan, 2015).
Ciceklenmeden ti¢ hafta 6nce Gemlik zeytin ¢esidinin yapraklarina
farkli konsantrasyonlarda Bor besin elementi iki yil uygulanmistir.
Calismada 250 ppm ve 500 ppm B uygulamasi kontrol grubuna
oranla ¢igek verimliligini artirdigi ve meyve veriminde % 50
oraninda artis sagladigi goriilmistiir (Gilindesli & Nikpeyma, 2016).

Déllenme Biyolojisi ile Tlgili Calismalar

Zeytin yayilan cicek tozlarimin, agirlikli olarak riizgarla
(anemofil) tasinarak disicik tepesine ulagsmasi durumunda kendine
tozlanma veya yabanci tozlanma gerceklesmektedir. Dollenmenin
gergeklesebilmesi icin uygun kosullarin olmasinin yani sira saglikl
cicek tozu ve tohum taslagi (oviil) gelisiminin tamamlanmasi
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gerekir. Bazi ekolojik ve genetik faktorlerden kaynaklanan anormal
gelisimler sonucunda; ¢icek gelismesinde goriilen bazi morfolojik
noksanliklar, normal gelisim gosteren esey hiicrelerinin
fonksiyonlarin1 yerine getirememesinden kaynaklanan gamet
kisirlig, kendine ve farkli cesitler arasinda uyusmazlik
durumlarindan  kaynaklanan  dollenme  sorunlart meydana
getirmektedir (Agaoglu & ark., 1997). Bu sorunlar verim ve meyve
kalitesinin diigmesine ve hatta biiylik iiriin kayiplarina neden
olabilmektedir.

Ekolojik faktorlerden sicak ve kurak ekosistemler ¢icek tozu
gelisiminin azalmasina ve c¢icek kisimlarinda aborsiyonlarin
olusmasina neden olmaktadir (Ayerza & Coates, 2004).
Ciceklenme gelisimi sirasindaki su eksikliginde somak sayisi, ¢igek
sayisi, hermafrodit ¢igek sayisi ve orani ile oviil gelisimi dahil olmak
iizere bircok farkli c¢iceklenme parametresini azalttigi tespit
edilmistir (Rapoport & ark., 2012). Ayrica, ¢iceklenme doneminde
subat ayindaki ortalama sicakliklarin yiikselmesi ile birlikte bir
onceki yil indiiklenen tomurcuklarda ¢igek olusumuna yol agan
siirecin aktive olmasina neden olmaktadir. Cigeklenme siirecinin
aktif olmasi ile mayis ayindaki yagislarin yetersiz olmasi1 durumunda
diisiik ¢icek tozu iiretimine, tozlanma déneminde yagisin bol olmasi
durumunda ise giines radyasyon seviyesini diismesine ve c¢igek

tozlarmin yayilmasina engel oldugu ifade edilmistir (Fornaciari &
ark., 1998).

Zeytin bitkisinde ¢icek tozlarmin canliligt ve ¢imlenme
oranlar1 erkek ve tam c¢igeklerde her iki tiirde de benzer oldugu
(Cuevas & Polito, 2004), zeytin ¢igek tozu ¢imlenmesinin ve ¢igek
tozu ¢im borusu uzamasmin pistilde bulunan promotdr ve/veya
inhibitér konsantrasyonlarindaki farkliliklardan etkilenebilecegi
belirtilmistir. Cigek tozlarinin ¢imlenmesi i¢in optimum sicaklik
20°C-25°C arasinda oldugu, 25°C'nin lizerindeki sicakliklarda ¢igek
tozu ¢cimlenmesi ve ¢icek tozu ¢im borusu uzamasinin, 35°C ve lizeri
sicakliklarda ise ¢igek tozu aktivitesinin azaldigi tespit edilmistir
(Fernandez-Escobar & ark., 1983). Yerli ¢esit olan Hayat zeytin
cesidinin 3 yil siire ile serbest tozlanma, karsilikli tozlama ve
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kendileme uygulamalari sonucu ¢esidin verimlilik durumu ve uygun
tozlayici ¢esitleri incelenmistir. Cigek tozu canlilik ve ¢gimlendirme
testinde hem ¢esit hem de yillar arasinda farkliliklar saptanmistir. Ug
yilda en yiiksek meyve tutma orant % 2.81 ile serbest tozlanmadan,
en diisikk verim ise % 1.16 ile kendileme uygulamasindan elde
edilmistir. Karsilikli tozlamalarda, c¢i¢cek tozu ¢imlenme oram
digerlerine oranla diisiik oldugu halde, en yiliksek meyve tutumu
Gemlik ¢igek tozu ile yapilan tozlama sonucunda elde edilmis, ikinci
yilda ise bu kez Memecik zeytin ¢esidinin ¢igek tozu ¢gimlenme orani
digerlerine oranla diisiik olmasina ragmen en yiiksek meyve tutumu
elde edilmistir (Mete & ark., 2016). Yamalak saris1 zeytin ¢esidinde
kendileme ve serbest tozlanma yapilarak meyve tutma diizeyleri
incelendigi bir ¢alisma sonucunda kendileme ile serbest tozlanma
arasinda istatiksel olarak % 5 diizeyinde farkliliklar oldugu tespit
edilmistir. Yamalak saris1 ¢esidinde serbest tozlanma kosullarinda
meyve tutma orani daha yiiksek oldugundan kismen kendine verimli
bir cesit oldugu ifade edilmistir (Kaya, 2006). Kilis yaglk zeytin
cesidinde dollenme sorunu ile ilgili yapilan bir calismada 40
yasindaki agaglarda kendileme yabanci tozlama ve serbest tozlanma
caligsmalan yiiritiilmistiir. Kilis yaglik ¢esidinin kendine verimlilik
ve tozlayicilarin etkinligi bakimindan degerlendirildiginde yillar
itibari ile farkliliklar gézlemlenmistir bundan dolay1 tozlayici gesit
yoniinden bahge igerisinde birden fazla c¢esidin kullanilmasi
gerektigi belirtilmistir. Ayrica, Kilis yaglik zeytin c¢esidinde
boncuklu meyve olustugu, c¢iceklenme doneminde yapilan
gozlemlerde bazi cigeklerin tag yapraklarinin tam acilmadig tespit
edilmistir. Tam c¢igeklenmeden yaklasik 10 giin sonra bazi
ciceklerde disi organin kismen geliserek biiylidiigli ve tam agilmayan
ta¢ yapraklar ile anterlerin neden oldugu bu durumun disi organin
tozlanma olasiliginm1 azalttigi ve boncuklu meyve olusumunu
tetikledigi belirtilmistir (Mete & Cetin, 2016). Nizip yaglik, Saurani
ve Uslu zeytin g¢esitlerin dollenme biyolojisi ¢alismasinda 40
yaslarindaki agaclara; serbest tozlanma, kendileme ve karsilikli
tozlama uygulamalar ii¢ yil siire ile tekrarlanmistir. Calisma
sonucunda en yiiksek degerin serbest tozlanma sonucu elde edildigi,
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cesitlerin kendine verimligi ve yabanci tozlamada tozlayicilarin
etkinlik derecelerinin yillara gore degistigi gozlemlenmistir.
Calisma sonucunda ayrica, Nizip yaglik zeytin ¢esidinin kismen
kendine verimli oldugu, Memecik ve Kilis yaglik zeytin ¢esitlerinin
s06z konusu ¢esit i¢in uygun tozlayici olabilecegi tespit edilmistir.
Saurani ¢esidinin de yine kendine verimli bir ¢esit oldugu, bunun
yaninda Halhali, Celebi, Gemlik, Memecik ve Nizip yaglik zeytin
cesitlerinin Saurani i¢in uygun tozlayicilar olabilecegi belirtilmistir.
Calismada Uslu zeytin ¢esidinin kendine verimli oldugu, uygun
tozlayicilarinin ise Gemlik, Memecik ve Erkence zeytin cesitleri
oldugu saptanmistir (Mete & ark., 2019). Domat (8 yasinda),
Gemlik (11 yasinda) ve Sar1 Ulak (8 yasinda) zeytin gesitlerinde
farkli tozlayicilarin meyve ozellikleri iizerindeki etkileri ile ilgili
calismada; kendileme, serbest ve yabanci tozlama uygulamalar
yapilmistir. Yapilan ¢alisma sonucunda serbest tozlanmanin meyve
ozelliklerini artirdig1 gibi yabanci tozlamada meyve kalitesini
olumlu yonde etkiledigi tespit edilmistir. Caligmada yonlerin meyve
ozellikleri iizerine etkileri arastirilmig ancak belirli bir yoniin meyve
ozellikleri acisinda 6n plana ¢ikmadigi goriilmiistiir (Gencer &
Ozkaya, 2020). Bir baska calismada arazi kosullarinda 2 melez gesit
ve 13 ticari g¢esidin (Egriburun Nizip, Zoncuk, Melkabazi,
Marantelli, Sam (iznik), Gérvele, Butko, Sinop No:l, Cekiste,
Karayaprak, Karamiirsel Su, Cilli, Arsel (MG-11) kendine verimlilik
durumlan ile ilgili iki y1l slireyle kendileme ve serbest tozlanma
calismalar1 uygulanmis olup elde edilen veriler kendine verimlilik
indeksine gore degerlendirilmistir. Caligma sonucunda, 9 (Egriburun
Nizip, Zoncuk, Melkabazi, Cekicte, Sinop No:1, Marantelli,
Karayaprak ve Arsel) ¢esidin kendine verimsiz, 2 (Sam ve Cilli)
cesidin kendine verimli ve 3 (Gorvele, Butko ve Karamiirsel Su)
cesidin kendine kismen verimli oldugu saptanmustir. Yerli zeytin
cesit ve ¢esit adaylarinin genel olarak ¢igek tozu canlilik oranlarinin
yuksek seviyede bulunmasina karsin ciceklenme oranlar1 diisiik
bulunmustur (Gtil, 2020).
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SONUC

Genel olarak yapilan tiim g¢alismalarda ekolojik faktoriin
zeytinin ¢igek yapisini ve dollenme biyolojisini etkileyen 6nemli bir
faktor oldugu vurgulanmis ve bunun da dogrudan verimi etkiledigi
bildirilmistir. Degisen iklim kosullarindan kaynaklanan sicaklik
artis1 ile birlikte bitkinin su ihtiyacinin artmasindan dolay1 genel
fizyolojik reaksiyonlarin degisebilecegi, ¢icek tomurcuklarinin ve
ciceklerin metabolik  aktivitelerinin  etkilenerek c¢iceklenme
tarihlerinin degistirebilecegi, tozlanma siirecinin etkilenebilecegi ve
dollenme olaymi 6nemli Olglide etkilenebilecegi diisiiniilmektedir.
Bundan dolay1, Tiirkiye’de ekolojiye uygun yerli ¢esitlerin tiretimine
oncelik verilmesi ve iklimsel yonden kaynaklanan verim
diisiislerinin nlenmesi gerekmektedir. ~ Ulkemiz ekolojisinde
mevcut olan yerli ¢esitlerin yani sira, yabani zeytin bitkisi {izerinde
iklimsel degisikliklerin generatif organlarin olusumu ve gelisimi
tizerine etkileri ile ilgili ¢alismalara destek verilmelidir. Bu konuda
gerekli Onlemlerin alinmasi sonucu olas1 iklim krizinde verim
kaybini o6nlemek miimkiin olacaktir. Yerli zeytin c¢esitlerinin
dollenme sorunlarina, o6zellikle kendine ve g¢esitler arasindaki
eseysel uyusmazliga yonelik ¢alismalar, ekolojik kosullara ve olasi
iklim krizinde yasanacak sorunlara cevap verebilecek yeni cesitlerin
gelistirilmesine olanak tanityacak ve bu alanda yiiriitiilecek 1slah
calismalarina degerli katkilar sunacaktir. Bu ¢alismalarin molekiiler
calismalarla desteklenerek daha kisa siirede daha ¢ok c¢esidi
kapsayacak sekilde genisletilmesi ve elde edilen veriler
dogrultusunda 1slah programlarinin olusturulmasi bir zorunluluk
teskil etmektedir. Boylelikle gelecekte olusabilecek her tiirli
olumsuzluklarin 6nlenmesi ve tarimsal iiretimin arttirilmasina
yonelik hedefler gelistirilebilir.
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BOLUM II

Vegetation Indexes Based on Remote Sensing
Technologies Used in Sugar Beet Cultivation: A
Review

Nursa¢ Serda KAYA

Introduction

Today, because of the developments in the health field and
awareness by people, the world population is increasing, and lifetime
is getting longer. As a result of increasing the world population and
insufficiency in natural resources, measuring the agricultural lands
and monitoring has become an important situation. On the other
hand, in Tiirkiye, because of the climatic conditions are appropriate
for agriculture and having the productive soils, agriculture has an
important place.

Sugar, which is required for the main functions of the human
body, is an important food because of its high calorie and taste. Sugar
has statistical importance because of its contribution to the
employment, agricultural production and agriculture based on
industry as well as the essential ingredient of food.
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Sugar can be produced from only two plants: sugarcane and
sugar beet. Sugar beet is a plant that can grow in various regions of
Tirkiye, much like barley and wheat. The primary factor
contributing to this is the availability of suitable agricultural land and
climate zones in our country for obtaining sugar from sugar beet. As
a member of the Amaranthaceae family, this plant is cultivated in a
significant portion of our country. Tiirkiye is among the countries
where sugar can be produced only from the sugar beet and it’s in 5th
place after Russia, France, ABD and Germany with the 18.9-million-
ton sugar beet production. The contribution of sugar beet cultivation
to Tiirkiye agriculture and economy can be sorted in that:

1- In addition to economic value, sugar beet supports
employment and agriculture.

2- Provides an increased 20% vyield on the planted grain
after itself.

3- About 350000 farmers growing sugar beet on the 300000
hectares area.

4- A decare’s oxygen release through photosynthesis into
the air, equivalent to the oxygen which is consumed by 6
people in a year and produces oxygen more than 3 times
of a mountain’s forest area.

5- The molasses and pulp produced as a result of processing
sugar beets are used as animal feed and constitute
important raw materials for the production of alcohol and
the beverage industry (Estiirk, 2018).

In Tiirkiye, sugar beet cultivation covers approximately
330000 hectares, yielding an average of 6.10 tons per hectare. The
largest contribution to these statistics comes from the province of
Konya. Konya, with its 306,240 hectares of sugar beet cultivation in
173 villages, has the largest area among 54 provinces, achieving an
average yield of 6.88 tons per hectare (Anonymous, 2018). As in all
crop cultivation, the yield and quality of sugar beets correlate with
the adequate and balanced proportions of essential nutrients in the
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growing environment. Among these nutrients, nitrogen is
particularly crucial for sugar beet cultivation, playing a key role in
various metabolic functions, including the structure of chlorophyll
pigment, proteins, nucleic acids, amino acids, and enzymes that
regulate and catalyze plant growth (Gezgin et al., 1999).

However, relying solely on the soil's nitrogen content to
achieve high-quality and abundant yields in sugar beet cultivation is
not feasible. Studies on the effects of different doses of nitrogen
fertilizer applications have indicated a decrease in root system
development, yield, and sugar synthesis under nitrogen deficiency
conditions (Gezgin et al., 2001). Therefore, it is necessary to apply
nitrogen fertilizers to the soil at regular intervals and in sufficient
doses during the vegetation period.

Nitrogen fertilizers contain nitrogen in the forms of nitrate
(NO3), ammonium (NH4"), and urea (CH4N20) and are the most
widely consumed fertilizers in Tiirkiye and worldwide (Eyiipoglu,
2002). However, as with all chemicals added to the soil, including
nitrogen fertilizers, it is essential to apply them in a controlled
manner based on scientific principles to minimize both the cost to
the grower and environmental impact (Karacal and Tiifenkei, 2010).
Despite the significant effects of nitrogen on the lithosphere and
atmosphere, making it indispensable for all living organisms,
effective nitrogen fertilizer applications must be conducted at
optimum levels for plants and at minimal levels for the environment.
Hence, there is a growing interest in developing practical, rapid, non-
destructive, and environmentally friendly methods to determine
nitrogen levels in plants (Demotes et al., 2008).

In this regard, remote sensing studies utilizing the reflection
properties of certain leaf pigments, such as chlorophyll and
polyphenols, in the visible-near-infrared spectrum are being
conducted for agricultural purposes. These studies aim to provide an
alternative to traditional laboratory analyses and enable the early
detection of nitrogen deficiency stress conditions in plants (Basayigit
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et al., 2017; Kostrzewski et al., 2002; Vigneau et al., 2011,
Wojtowicz et al., 2016).

Early diagnosis of stress conditions related to nutrient
deficiencies in plants before visible symptoms such as chlorosis
occur is crucial. Such stress conditions, caused by biotic or abiotic
factors, negatively affect physiological and metabolic changes in
plants, leading to a loss of quality and quantity in yields and,
ultimately, plant death (Kacar et al., 2002). Nutrient element stress
in plants is a significant abiotic factor that has been studied for many
years (Ayala-Silva and Beyl, 2005; Basayigit et al., 2017). In cases
of nutrient deficiency or toxicity, especially nitrogen, chlorosis can
occur in plant leaves, but the perception of chlorosis varies among
individuals, and identifying the source of chlorosis depends on the
person's experience. Attempting to address nutrient deficiencies
through fertilizer applications based on morphological observations
without relying on numerical data leads to unnecessary fertilizer use,
resulting in salinization of soil, water pollution, accumulation of
substance in plants, and economic losses (Karagal and Tiifenkgi,
2010).

Given the direct or indirect adverse effects of these factors
on all living organisms, it is crucial to develop non-destructive and
environmentally friendly methods to determine nutrient element
stress conditions in plants. Remote sensing studies in this field have
become a significant branch, with researchers aiming to
mathematically correlate spectral reflections (spectral signatures)
obtained from different wavelengths with the chemical compositions
of plants (Basayigit et al., 2017; Li et al., 2008). Ground-based
measurement techniques involve employing handheld digital
cameras or spectroradiometers with hyperspectral sensing
capabilities to measure reflections from a specific length (canopy) or
through direct contact with plant tissue. Reflection values obtained
from these techniques have a positive and high correlation with
nutrient element concentrations in plants (Ayala-Silva and Beyl,
2005; Wojtowicz et al., 2016). For example, a study used
hyperspectral cameras to investigate the uptake of different amounts
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of nitrogen by sugar beet plants. The study found that sugar beet
plants evaluated individually based on hyperspectral images had low
nitrogen content in older leaves and high nitrogen content in younger
leaves. The nitrogen content was modeled using Partial Least
Squares Regression analysis (RMSECV = 1.72 G/KG; PLS-R? =
0.86) (Jay et al., 2014). Similarly, in China, a study found a
relationship of r? = 0.79 between nitrogen levels in winter wheat and
calculated Red Vegetation Index (RVI) values from hyperspectral
reflection measurements. The study suggested that RVI could be
used for predicting the nitrogen status of winter wheat (Li et al.,
2008). Reflecting on these studies and findings, it is evident methods
using hyperspectral instruments on the ground provide dependable
results for forecasting the nitrogen status of plants (Eitel et al., 2011;
Fitzgerald et al., 2010). However, further studies with different plant
patterns and ground-based hyperspectral measurement techniques
are needed to develop crop-specific models for determining nutrient
element concentrations (Fitzgerald et al., 2010; Haboudane et al.,
2008; Mee et al., 2017).

Nitrogen plays a key role in biochemical reactions which is
required for high quality and optimum plant yield, and an element
for the producers building the highest fertilizer input. Thus, for the
plant production in Tiirkiye, 7.3-million-ton nitrogen fertilizer has
been used and this amount constitutes 66% of the total fertilizer
input. Because nitrogen is an important element for both physiologic
and economic purposes, plant production is required to monitor the
leaves’ nitrogen content periodically (Zhao et al., 2019).

With the remote sensing technigues, monitoring the nitrogen
contents of the leaves can be monitored practically and without any
harm and. From the past to today, remote sensing and reflectance
spectroscopy studies have been focused on predicting the nitrogen
content of the plant’s green accent (Guo et al., 2016). Today, many
countries, including Tirkiye, have made significant progress in
agricultural remote sensing studies in coordination with their 596
civilian Earth observation satellites, in line with the advancements
in contemporary science and technology. At the forefront of these
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studies are applications aimed at the early detection of various plant
stress conditions (Basayigit et al., 2017, Maimaitiyiming et al.,
2017).

The studies have been made based on the association with
the spectral reflections obtained from the plant vegetation accent and
the plant’s chemical compositions as mathematical (Li et al., 2008;
Basayigit et al., 2017). The best spectrum intervals to define the
effects of stress conditions belonging to plants are red edge (680-760
nm), red and near infrared (NIR) (Min and Lee, 2005). Thus,
Quickbird satellite image’s bands between green (590 nm) and NIR
(880 nm), nitrogen amount of the maize can predict and the there is
a high correlation between the nitrogen amount and the NIR band’s
reflection ratios (Bausch and Khosla, 2010).

Today, there are many vegetation indexes (Damage Sensitive
Spectral Index, Effective Leaf Area Index, Healthy-Index, Leaf Area
Index, Green Normalized Difference Vegetation Index etc.)
especially NDVI to characterize all green plant’ biophysical
properties using the multispectral and high-resolution satellite
images. But in determining the chemical properties of the plants
using the vegetation index are limited with the plant type/stress
factor combinations (Bagheri et al., 2011; Fitzgerald et al., 2010;
Wojtowicz et al., 2016). For this reason, instead of developing the
models/index development studies to determine the nutrient levels
in plants, it’s better to directly monitor the key nutrient associated
with the reflection values obtained from canopy (green area)
belonging to strategic plant types (Mee et al., 2017). Besides, thanks
to spectral sensor technologies and different indicator applications,
determining the nitrogen amount in the agricultural areas is less
costly and short time has been reported comparing the Kjeldahl and
Gumas laboratory analysis methods (Hunt vet al., 2013).

Many studies rely on mathematically correlating the spectral
reflections (spectral signatures) of plants in different wavelength
ranges of the electromagnetic spectrum with the characteristics of
the plants (Esetlili et al., 2015; Li et al., 2008). The most useful
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wavelength ranges used to determine the biophysical properties from
the spectral reflection values of plants are red, green, blue, near-
infrared (NIR) and red edge (680-760 nm) spectrum. For instance, it
has been indicated that nitrogen content in corn plants can be
predicted using the Green (590 nm) - Near-infrared (880 nm) band
ranges of Quickbird satellite imagery, and the reflectance ratios in
the near-infrared band correlate highly with nitrogen content
(Bausch and Khosla, 2010). In this chapter, general description of
the F-AHP and the other developed different F-AHP methods in
assessing the desertification and soil erosion was given.

Literature Reviews Related with Remote Sensing
Applications

Zhang et al., (2021) evaluated ten standard spectral indices
picked from the literature to predict the relative chlorophyll content
of sugar beet vegetation. They compared these indices with a newly
modified chlorophyll index (MCI), which included an additional
parameter to enhance prediction accuracy. The Normalized
Difference Vegetation Index and chlorophyll index were optimized
using all possible spectral band combinations in the range of 390 nm
to 990 nm. They found that models obtained from the optimization
of band combinations were more exact according as those developed
using standard spectral indices. For the estimation of relative
chlorophyll content in sugar beet, the R? values for the proposed
spectral indices were 0.83 for MCI (R747, R839), 0.70 for MCI
(R861, R884), and 0.75 for MCI (R931, R770). The study concluded
that the suggested index could be applied for the estimation of sugar
beet relative chlorophyll content using proximal hyperspectral
sensors in large agricultural areas.

Cao et al.,, (2020) sought a vegetation index that best
monitors early sugar beet growth. The Wide Dynamic Range
Vegetation Index (WDRVI) demonstrated higher sensitivity,
yielding superior results in LAI ranges between 2 and 6 compared to
NDVI values. When WDRVI was employed to study sugar beets,
determination coefficients (R? values) for LAI, fresh leaf weight
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(FWL), and fresh root weight (FWR) models were 0.957, 0.950, and
0.963, respectively. Therefore, the researchers concluded that
WDRVI is a useful index for monitoring sugar beet growth.

In their study, Boegh et al., (2002) aimed to determine certain
physiological levels of vegetation in agricultural areas using the
Compact Airborne Spectral Imager (CASI), a multispectral
radiometer providing aerial data. Spectral reflectance ratios and
vegetation indices were identified and compared with leaf area index
and plant nitrogen concentrations in 16 regions. Differences in
vegetation diversity, due to leaf age and phenological status, did not
exhibit a strong correlation with leaf area index and plant nitrogen
concentrations. However, a strong correlation was found between
plant nitrogen concentration and reflectance ratios in the green and
near-red regions (r = -0.94 and r = -0.88, respectively). The study
also identified significant relationships between spectral vegetation
indices and leaf area index.

In their study, Carmona et al., (2015) evaluated the
relationship between the hyperspectral Normalized Area Over Curve
(NAOC) index, derived from remote sensing data for predicting
chlorophyll content, and a multispectral index called NAVI
(Normalized Area Vegetation Index). NAVI is obtained using only
two bands in the red and near-infrared regions of the spectrum. The
study utilized various crops such as clover, corn, garlic, onion,
poppy, potato, sugar beet, sunflower, vineyard, and wheat. The
results showed a correlation matrix between NAVI index values and
NAOC index values, demonstrating very good linear correlation
coefficients with values > 0.97. NAVI was found to be applicable
for predicting leaf chlorophyll from satellite data with moderate
spectral resolution.

In their study, Li et al., (2020) conducted research to clarify
the quantitative relationship between high-resolution images and
remote sensing for the total nitrogen content of sugar beet, establish
an optimal prediction model for the total nitrogen content of sugar
beet, and monitor the growth of sugar. They performed
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measurements with a spectroradiometer to determine the reflection
spectra of leaf clusters during the rapid leaf growth period, root
expansion period, and sugar accumulation period in sugar beet
cultivation areas in the Xinjiang Uygur Autonomous Region. After
analyzing the total nitrogen content, they evaluated the relationship
between the original spectral reflection values and the total nitrogen
content. A prediction model for total nitrogen content was
established based on the correlation between spectral reflection
obtained from the spectroradiometer and total nitrogen content. The
determination coefficient was found to be 0.747, indicating a good
ability to predict the total nitrogen content in sugar beet leaves. The
Vegetation Index had a better predictive ability, with a determination
coefficient of 0.794 for predicting leaf total nitrogen content.

Padilla et al., (2015) evaluated the capability of measuring
the soil cover rate of plants in the field and leaf chlorophyll with an
optical sensor to assess the nitrogen status of tomato plants.
Reflectance values of NDVI, Red Vegetation Index, and Nitrogen
Nutrition Index (NNI) were found to be good predictors of product
nitrogen content throughout the entire growth period. Leaf
chlorophyll readings and Green Normalized Difference Vegetation
Index (GNDVI) and Green Vegetation Index (GVI) were also
identified as good indicators of product nitrogen status, but
relationships were weaker at the end of the product’s development
period. The study concluded that adopting this approach to develop
threshold values for different products has the potential to optimize
and facilitate nitrogen management in the field using optical sensors.

According to Moran et al., (1997), satellite images provide
valuable information in examining the phenological stages of plants.
Pinter et al., (2003) explored the intrinsic connections among the
electromagnetic spectrum, fundamental agronomic factors, and
biophysical plant mechanisms. Furthermore, they furnished
instances of remote sensing applications encompassing irrigation
scheduling, nutrient administration, pest management, and crop
yield prognosis.
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The Plant Canopy Water Content (CWC) is a crucial
indicator of the plant’s physiological state. In a study conducted by
Pasqualotto et al., (2018), two water content indices were developed,
enabling the production of CWC maps on a broad spatial scale,
applicable to various crop types such as clover, corn, potatoes, sugar
beets, and onions. The dataset for the study consisted of water
content and other biophysical variables for the mentioned crop types,
derived from spectral reflection values obtained by the hyperspectral
HyMap aerial sensor. Commonly used water content index
formulations, when analyzed and validated, generally resulted in an
R? value lower than 0.6 for various crops. The first of the two
developed CWC indices, the Water Absorption Area Index (WAAL),
was created by taking the difference between the area under the plant
canopy reflection curve (reference line) and the area under the
measured plant canopy reflection between 911 and 1271 nm,
indicating zero water content. The Deep Aquatic Quotient (DAQ)
was formulated as a streamlined four-band metric grounded on the
spectral depths of fluid absorption gauged at 970 and 1200 nm and
two benchmark bands. Each Wading Aquatic Assessment Index
(WAAI) and DAQ showecased superior efficacy in projecting
Comprehensive Water Content (CWC) when employed in assorted
cultivated regions, exhibiting R? values of 0.8 and 0.7,
correspondingly. Nevertheless, these gauges exhibited suboptimal
results for varieties with minimal fractional vegetation coverage
(<30%). The results confirm that these indices have the potential for
generally applicable use in calculating CWC for various crops.

In a segment of Koksal’s study in 2006, the AAI (Annual
Accumulation Index) values were employed to evaluate the
sensitivity of spectral vegetation indices (NDVI, SR, and SAVI) in
areas where sugar beets were cultivated under two distinct irrigation
practices (rainfed and irrigated when 50% of the available moisture
in the soil up to a depth of 0-90 cm was depleted and supplemented
with irrigation water). The AAI values were determined as an annual
average of 3.8 and 1.0 in 2004 and 4.1 and 1.3 in 2005. The ratio of
AAI values to each other was calculated as 0.29 (the average of two
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years). Consequently, there is a 71% difference in vegetation
between the two different practices.

In a research study, the AAI (Annual Accumulation Index)
was derived from the SAVI (Soil-Adjusted Vegetation Index). The
investigation specifically examined the impact of the L correlation
coefficient in the SAVI formula on AAI for both green beans and
sugar beets. Optimal L coefficients were identified, with 0.08 being
most suitable for green beans when AAI ranged from 0.40 to 4.00,
and 0.00 when AAI ranged from 4.00 to 8. For sugar beets, the
optimal L coefficient was determined as 0.22 when AAI was below
3 and 0.03 when AAI was above 3. Correlation coefficients between
AAI and SAVI were calculated as 0.46 for green beans under the
condition of L = 0 (SAVI = NDVI) and 0.62 for sugar beets. The
computed AAI values using the optimal L value were 0.75 for green
beans and 0.78 for sugar beets. The study concluded that SAVI
should be calculated with the optimal L value in AAI computations
(Koksal, 2008).

General Descriptions for the Normalized Difference
Vegetation Index (NDVI)

Intensity of land cover is one of the most important indicators
of plant, soil and climate changes. To describe the land cover
intensity, in literature many land cover-based indexes have been
used.

In literature it can be found many vegetation indexes
to define the land cover using the satellite images. NDVI
(Normalized difference vegetation index), SAVI (Soil adjusted
vegetation index), OSAVI (Optimized soil-adjusted vegetation
index), EVI (Enhanced vegetation index) are some of these
vegetation indexes. The most used method in the vegetation index is
NDVI.

As it is known, plants absorb most of the energy in the red
wavelength and blue wavelength, while reflect most of the energy in
green and near infrared (NIR) bands and with this way plants can be
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determined easily among the other land covers. The differentiation
of areas without vegetation cover through the reflection of near-
infrared energy and absorption of red light by chlorophyll can be
formulated using NDVI (Normalized Difference Vegetation Index).
NDVI1 values take the values between -1 and +1.

NDVI value is calculated by the formula given below:
NDVI = (NIR — RED)/(NIR + RED) (1)

General Descriptions for the Soil Adjusted Vegetation
Index (SAVI)

SAVI is basically similar to NDVI. But differs from NDVI,
in SAVI the effects of the soil areas are much more. For this reason,
calculating the SAVI background arrange factor (L) is used, it’s
necessary to obtain information about land cover before.

To Huete (1988), the most appropriate value for the L is 0.5.
when the L factor is 0, SAVI value equals NDVI value. In modified
SAVI, the L factor changes to the amount of the land cover.

With red and NIR spectral bands, SAVI’s graphical
transformation incorporates alterations in the origin of reflection
from the red and NIR in vegetated canopies, effectively eliminating
the soil’s effects on the indexes.

SAVI value is calculated by the formula given below:
SAVI = (NIR — RED)/(NIR + RED) * (1 + L) (2)

where, NIR and RED are the reflectance in spectral bands, L
is the parameter which is constant value (Almutairi, 2013).

General Descriptions for the Landsat 8 OLI and Sentinel-
2A MSI

The Landsat 8 OLI satellite has been providing the
information since 2013. It has 11 bands including panchromatic,
multispectral and thermal. The spatial resolution of these bands are
15, 30 and 100 m. Thermal bands have 12-byte, and the other bands
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have 8-byte radiometric resolution. The technical information about
the Landsat 8 OLI satellite was given in Table 1.

Table 1. Landsat 8 OLI satellite image specifications
Landsat 8 OLI Image

i Spatial

Bands Electromagnetic ~ Wavelength Spatial

Area (nm)
(m)

o Blue (B) 450-515 30

o Green (G) 525-600 30

o Red (R) 630-680 30
Near Infrared

55 (NIR) 845-885 30
Short Wave

% Infrared (SWIR 1) 1560-1660 30
Short Wave

o Infrared (SWIR 2) 2100-2300 30

BS Black-White £00-680 .

(Panchromatic)

The Sentinel satellites, part of the European Space Agency’s
Copernicus program, form a constellation designed to fulfill diverse
roles, such as contributing to food security management, aiding
agricultural and forestry practices, facilitating environmental
management, assessing climate change impacts, and proposing
solutions. Specifically, Sentinel-2 satellites employ two units to
capture images of land and coastal areas between 56° south and 83°
north latitudes every five days (Handbook and Tools, 2015).

Notably, Sentinel-2A  MSI  demonstrates enhanced
capabilities for plant examination compared to other satellites
(Aghlmand et al., 2019).

Sentinel-2A is a next-generation remote sensing platform
that offers:

1- A temporal resolution of less than one week,

2- Multispectral spatial resolution ranging from 10 m to 60
m, and
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Sentinel-2 satellite imagery are presented in Table 2.

3- Narrow bands in the red and red-edge spectral regions,
providing reliable insights for agricultural monitoring
research (Pasqualotto et al., 2019).

Additionally, it provides Level-2A images, including top-of-
atmosphere reflectance values, with geometric and atmospheric
corrections applied (Drusch et al., 2012). The band specifications for

Table 2. Characteristics of the Sentinel-2A satellite sensor

Band Band Name Wavelength Band width Spatial _
(nm) (nm) Resolution (m)
B1 Coastal Aerosol 443 20 60
B2 Blue 490 65 10
B3 Green 560 35 10
B4 Red 665 30 10
B5 Vegetation Red-Edge 705 15 20
B6 Vegetation Red-Edge 740 15 20
B7 Vegetation Red-Edge 783 20 20
B8 Infrared 842 115 10
B8A Vegetation Red-Edge 865 20 20
B9  Water vapor 945 20 60
B10 Cirrus 1380 30 60
Shortwave Infrared
B11 (SWIR)1 1610 90 20
B12 SWIR2 2190 180 20

increased reliability in delineating plant biomass.

Red Edge-Optimized Soil Adjusted Vegetation Index
(RE-OSAVI)

RE-OSAVI represents a refined iteration of the SAVI (Soil
Adjusted Vegetation Index) lineage, originally developed by
Rondeaux et al., (1996). In this enhanced version, the red edge band
at 705 nm replaces the traditional red band at 670 nm. The
incorporation of the red edge band mitigates the influence of the sub-
mass on red wavelength reflection, endowing RE-OSAVI with

RE-OSAVI value is calculated by the formula given below:
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RE — OSAVI = (1 + 0.16) X [(NIR — REdge)/NIR +
REdge + 0.16)] (3)

Red Edge-Normalized Difference Vegetation Index
(Redge-NDVI)

The Red Edge Normalized Difference Vegetation Index
(Redge - NDVI) can employed to determine the traceability of sugar
beet leaf nitrogen content using Sentinel-2A satellite imagery
(Fernandez-Manso et al., 2016). NDVI has been widely used in
various research studies, including predicting temporally varying
nitrogen content of different plant species (Cabrera-Bosquet et al.,
2011), determining green canopy density, monitoring plant
development (Mezera et al., 2017), yield predictions, and vegetation
classification studies.

While NDVI traditionally relies on calculations based on red
and near-infrared reflection values, recent studies have reported
more satisfactory results using the red-edge band instead of the red
band (Fernandez-Manso et al., 2016).

Redge-NDVI value is calculated by the formula given below:
Redge — NDVI = (NIR — REdge)/(NIR — REdge) (4)
Conclusion

In conclusion, remote sensing technologies, utilizing satellite
imagery and spectral reflectance analysis, offer valuable insights
into sugar beet cultivation. The literature underscores the importance
of nitrogen monitoring for optimal yield and sustainability. Spectral
indices like NDVI, SAVI, RE-OSAVI, and Redge-NDVI, derived
from satellites like Landsat 8 OLI and Sentinel-2A MSI, enable
efficient and non-destructive assessment of sugar beet health. These
technologies provide timely and large-scale information on crop
physiology, contributing to sustainable agricultural practices.

As global challenges increase, integrating remote sensing
into agriculture management becomes crucial for precision farming,
enhancing productivity, and mitigating environmental impact.
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Ongoing research and technological advancements are key to
addressing evolving global challenges in sugar beet cultivation and
agriculture overall.
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Desertification and Soil Erosion Assessments: A
Review
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Introduction

Developed and in developing countries are using the natural
resources in a certain plan and meticulously in the face of population
growth. If the countries cannot assess their lands which are one of
the natural and limited resources appropriately, they also cannot
have a healthy community and cannot escape dependence on other
countries. Besides, the environmental problems threatening the
human future would be inevitable. The problems emerging with the
wrong land use is a worldwide issue and last of all, most of the
natural resources such as water and soil resources and wildlife are
affected negatively (Hurni 1997).
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Especially, the certain increase in the world population after
the industrial revolution threatens the soil, water and air resources’
quality and their natural regulator features. This situation may cause
land degradation and desertification which obstruct the opportunities
and flexibilities in nature with its dynamic and complexity structure
(Turan, Dengiz & Ozkan, 2019).

Worldwide, land degradation which is a global problem in
large areas is expressed as the loss of biological productivity
qualification of the soil and the resistance to degradation with the
effects as natural and human based factors (Mutlu, 2015). At the
same time land degradation includes wind and the water erosion
which cause desertification long term loss in natural land cover
(Warren, 2002). Some researchers define desertification as a process
happening in the last stages of the land degradation and permanent
loss of biological and economical (Kosmas et al., 1999; Aksoy,
2016). Global climate change directs researchers to take a precaution
against desertification, determine and monitor the current situation
of the desertification because of the increase in the desertification
within the loss of land cover rate and land degradation.

Drought has taken the place in the priority field of every
country because of threatening agricultural production and causing
land degradation and desertification. With the desertification in the
lands, agricultural lands have become insufficient to support the
human, animal, wildlife as biological and the economical way.
Desertification and land degradation are not having the same
meaning while they cause an inefficiency in soils totally or partially.
United Nations Convention to Combat Desertification (UNCCD)
expressed the degradation of land as a decrease in biological and
economical productivity, terrestrial ecosystems where the soil, land
cover and the other live organisms ecological are exist, biodiversity
and bio-geochemical and hydrological processes ongoing this
terrestrial ecosystem. Desertification is expressed as the tip point of
the land degradation seen in semi-arid and semi rainy areas with the
effects of diverse factors. Land degradation, such as soil erosion, is
intricately linked to the socio-economic activities of individuals
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directly affected by land degradation. For this reason, examining the
distribution and temporal changes of desertification has become a
significant subject for scientists.

In latest years diverse touches and models have been
developed to assess the sensitivity of an area against to
desertification and land degradation (Wijitkosum, 2016; Zakerinejad
and Masoudi, 2019; Pishyar et al., 2020; Imbrenda et al., 2022).
Specifically, researchers all over the world have made lots of works
to examine the situation and the indicators of local desertification
(Wangetal., 2008; Gao and Wang, 2019; Tiirkes et al., 2020; Uzuner
and Dengiz, 2020). Dastorani, (2022) pointed out that to describe the
desertification minimum data and effort has to be considered. This
situation has directed the researchers to search and use the more
complex techniques. Besides, in these studies, geographical
information systems (GIS) and remote sensing have been exploited
also in active to assess fast and correctly of the natural events (Kuang
et al., 2020; Silva et al., 2020; Jafari and Abedi, 2021). However,
before using remote sensing and geographical information systems,
there are improvement processes that need to be done on data sets.
The most frequently used method in remote sensing and
geographical information systems for the purpose of preparing data
sets, combining them and evaluating the characteristics of the study
area is the Multi-Criteria Decision Making (MCDM) approach
(Jafari Shalamzari et al., 2019; Akbari et al., 2021).

In recent years, one of the MCDM approaches which is
called Analytical Hierarchical Process (AHP) is actively used in the
desertification studies from the researchers. Including more of the
indicators and effects of these indicators are not the same are the
advantages of the AHP and that’s why AHP presents both
quantitative and qualitative approaches. Firstly, introduced by Saaty
(1977), solving the MCDM procedures, easily understandable and
applicable, AHP method is an analytic method generally accepted by
the researchers that is applied in many fields. But the AHP model is
criticized because using the integer numbers and insufficiency takes
the inattentiveness in binary comparing processes (Kargin, 2010).
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For this reason, the first F-AHP (Fuzzy Analytical Hierarchical
Process) basis has been started using by Van Laarhoven and
Pedrycz, (1983) in comparing the fuzzy ratio which is defined by the
triangular membership function (Pala, 2016).

Soil erosion is a global problem that affects the sustainable
development of the agricultural lands as well as affects the
environment, economy and society on a serious level. Soil
erodibility has been examined by the researchers since 1920 which
described as the notion of the sensitivity of the soils to erosion and
it’s becoming a serious problem with the increase in global warming
and the world population (Kajembe et al., 2005). Soil erosion can
cause a decrease in soil productivity. It destroys water reservoir areas
and waterways, causes pollution and affects the environment in a
negative way. Also, erosion cause a surface runoff which cause the
loss in productivity of the topsoil.

Erosion includes a process degraded the soil particles by the
wind and the water forces and carried to the different locations. This
process is dependent on the factors such as organic matter, texture,
slope and precipitation and environment (Dede et al., 2022). For this
reason, Nciizah and Wakindiki, (2015) described the soil erodibility
which is so crucial and how sensitive it is to prevent soil degradation
and manage the soil resources. Many quantitative and qualitative
erosion sensitivity models have been developed to assess the soil
sensitivity to erosion (Demirag Turan et al., 2020).

USLE (Universal Soil Loss Equation) is a method used to
assess the soil erodibility (Devatha, Deshpande & Renukaprasad,
2015). The equation predicts the annual average soil loss rate
because of crust and runoff erosion is caused by precipitation and
surface runoff. USLE takes into consideration a series of elements
such as precipitation erosivity, slope steepness and length, soil
erodibility, erosion and land cover control applications (Alewell et
al., 2019). In recent years, different versions and approaches are
known as updated soil erodibility factor (USLE-K) of USLE to
express the effects of the administration of soil applications on soil
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erosion and sensitivities (Sadeghi et al., 2004). In the studies made
by researchers has pointed out that soil erosion can be understood
appropriately, soil erosion can decrease, healthy decision can be
made in protecting the health, quality and productivity using the
USLE-K (Lu et al., 2004; Gitas et al., 2007; Prasannakumar et al.,
2012; Wang, Zheng & Guan, 2016).

On the other hand, remote sensing and GIS are used in active
to assess fast and accurate of natural phenomenon (Gilizin and
Karaca, 2021; Jafari and Abedi, 2021). But because of the needs of
improvement processes in GIS and remote sensing, MCDM method
is used data preparing to assess the study area properties (Akbari et
al., 2021). F-AHP has been started to use by many researchers in
recent years (Asakereh et al., 2017; Dengiz, Safli, Pacci &, 2023;
Kilig et al., 2022; Mosadeghi et al., 2015; Rajasekhar et al., 2019;
Shao et al., 2020). In this chapter, general description of the F-AHP
and the other developed different F-AHP methods in assessing the
desertification and soil erosion and related literature reviews was
given.

General Descriptions of the F-AHP and the Other
Different F-AHP Methods in Assessing the Desertification and
Soil Erosion

Fuzzy-Analytical Hierarchical Process

AHP is evolved to solve the complex decision-making
problems by Saaty, (1997) which includes multiple criteria. AHP
decision theory is a strong and understandable method which has the
ground applications providing the combination of the quantitative
and qualitative factors. For pairwise comparison to prioritize the
criteria in AHP, Saaty scale is used which is displayed in Table 1
below:
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Table 1. Saaty Scale for Pairwise Comparison

Numerical Value Definition

Equal Importance

Equal to Moderate Importance
Moderate Importance

Moderate to Strong Importance
Strong Importance

Strong to Very Strong Importance
Demonstrated Importance

Very to Extremely Strong
Absolute Importance

©Co~~NOOOTh, WN -

In addition to this, even if the AHP method takes the expert’s
information, it cannot reflect the humanistic way of thinking. This
defect has been overcome by proposing the Fuzzy-AHP method. The
F-AHP method, initially introduced by Zadeh in 1965, is grounded
in fuzzy set theory. Within this theoretical framework, a component
is categorized as either an element of a set or not, and partial
belonging is not permissible. Fuzzy set theory employs linguistic
terms such as low, high, and moderate to model data, and these fuzzy
sets are characterized by membership functions. The membership
function, denoted as u;(x), assigns values within the range of [0, 1],
encapsulating the degree of membership or relevance of an element
to the set. If uz(x) = 1, x is precisely an element of the set, while
wi(x) = 0, x element is definitely not the element of the set.

In one of their studies, Turan et al., (2020) has aimed to
define the erosion sensitivity classes using the F-AHP method for
the lands located in the Sinop province and produce the erosion
sensitivity maps applying the geographical information systems. The
flow of the study is given as follows:

1. Processes of collecting data and data input with GIS
technology,

2. Determining the notional importance of the levels of the sub
criteria with the MCDM for total data set and applying the
TFN which is one of the F-AHP method in determining the
relative importance of criteria for the total data set,
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3. Creating the erosion risk map for the total data set operating
the linear combination technique

4. Creating the minimum data set exploiting the analysis of
principal component,

5. Determining the relative importance of sub criteria with the
MCDM method for minimum data set and using the TFN
which is one of the F-AHP method in determining the
relative importance of criteria for the minimum data set,

6. Creating the erosion risk map and assessing the results for
the total data set using the linear combination technique.

In this study, to create the erosion sensitivity maps, the total
data set includes 7 criteria that have been taken into consideration
such as land use, land cover, precipitation, slope, soil depth,
erodibility and geology.

Every parameter in creation of erosion sensitivity maps for
the total and the minimum data set have been classified as divided
into the sub parameters.

The classes associated with the specified sub-parameters
range from 1 to 4. In instances of high erosion sensitivity, the
parameter is assigned the value 4, while in cases of low erosion
sensitivity, the parameter is assigned the value 1. The values between
the value 1 and value 4 are changing according to the degrees of the
parameters’ sensitivity to erosion.

Five step method committed by Sun, (2010) has been used
based on the Geometric Average practice propounded by Buckley
(1985) to figure out each parameter’s weights. The steps belonging
to this model has been given as summarize in the below:

1- An A pairwise matrix of comparison is created by
opinions of the experts.

2- The linguistic term in A matrix is converted to TFN
(Triangular Fuzzy Number) Table 2).
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3- Every row’s geometric average is calculated to calculate
the weights of fuzzy.

4- Afterwards of the calculation of the row’s geometric
average, fuzzy weights are calculated.

5- Defuzzification process is applied to the weights created
by TFN.

In an A number which is described with I, m, u and they
expressed the lower limit, up limit and the possible value,
respectively. The TFN function is given as (Laarhoven and Pedrycz,
1983):

(x—-D/(m—-D,1<x<m, (1)
uix)=u—-x)/u—m)ym<x<u, 0, otherwise))

In the situation where the information is represented by the
fuzzy numbers, the arithmetical processes have to be made by using
the fuzzy numbers arithmetic. For the two TFN which is given as
M; = (I, my,u;) and M, = (I,,m,,u,) basic arithmetical
processes were given below:

Addition: My+M, = (I, + I, my+my, uy + uy) (2)
Subtraction: M; x M, = (I; X I,,my X My, uy X uy) (3)
Multiplication: My /M, = (1, /15, m; /my, uy /u,) (4)
Division: M; — M, = (I, — I,,my —myu; —u,)  (5)

Trapezoidal Process: (M;)™* = 1/uy,1/mq,1/14 (6)
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Table 2. Triangular fuzzy number scale (Cheng, 1999)

Triangular Reciprocal
Grade Linguistic Scale Fuzzy Number Triangular Fuzzy
Scale Number Scale
Equally
! important (111 (1,11
Weakly
2 advantage (1,2.3) (113,112, 1)
Not a bad
3 advantage (2.3,4) (1/4, 113, 1/2)
. Preferred (3,4,5) (115, 1/4, 1/3)
5 Good advantage (4, 5, 6) (116, 1/5, 1/4)
Fairly good
° advantage (5.6.7) (1/7, 1/6, 1/5)
Very good
! advantage (6.7.8) (1/8, 1/7, 1/6)
Absolute
8 advantage (7.8,9) (149, 18, 1/7)
Perfect
S advantage (8,9, 10) (1/10, 1/9, 1/8)

Specifying the prioritizes of the criteria and the sub criteria,
the AHP was operated, to determine the erosion sensitivity classes
consisting of 4 classes, linear combination technique is used. The
mathematical equation of this technique is expressed as:

S = Z?=1(Wi- Xi) (7)

where, S represents total erosion sensitivity point, W;
represents the value of i feature, Xi represents the sub criteria point
of i feature and n is the total numbers of the considered criteria.

Land cover parameters are assessed as the most important
parameter with the weight value of 0.280 in determining the erosion
sensitivity areas. Turan et al., (2020) has interpreted this result as
higher land cover percentage decreases the level of possibility of
erosion even if the land is sloppy. The parameters’ final weights used
in determining erosion sensitivity areas for total and minimum data
set were given for this study in Table 3.
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Table 3. Weight values of parameters used in determining erosion
sensitivity areas for total and minimum data set

. Weight for the

Criterion Twoila%hlg:l(t); g;i Criterion g/leitnimum Data
Erodibility 0.056 Erodibility 0.143

Slope 0.173 Slope 0.345

Land use 0.237 Land cover 0.512

Land cover 0.280

Geology 0.056

Soil depth 0.087

Precipitation 0.112

To sum up, they have concluded that the erosion risk maps
created by both total and minimum data set have similarities. They
also pointed out that in the situations of slope is high, the land cover
is weak, in the areas such as agricultural land and pasture lands have
the highest erosion risk potential.

Besides, this study, along with the spatial distribution
patterns of sensitivity classes on the current erosion susceptibility
map of Sinop province, are considered to provide decision-makers
and local practitioners with a comprehensive foundation for effective
administration and sustainable land use in the study area.

Neutrosophic Fuzzy-Analytical Hierarchical Process
(NF-AHP)

Neutrosophic sets, unlike interval-valued intuitionistic fuzzy
sets and intuitionistic fuzzy sets, manifestly express indeterminacy.
This unique trait empowers neutrosophic sets to adeptly handle both
indeterminate and inconsistent information (Kaya et al., 2022).
These advantages underscore the practicality of neutrosophic sets in
managing data of such nature.

A neutrosophic set is comprised of three components: (T)
represents the level of truthfulness-membership function, (1)
represents the indeterminacy-membership function, and (F)
represents the falsehood-membership function. The required
arithmetic operations for two independent neutrosophic numbers can
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be referenced in previous studies (Ye 2014; Kaya et al., 2022). The
process belonging to Neutrosophic Analytic Hierarchy Process (NF-
AHP) utilized are delineated as follows:

1- Initially, a systematic framework of standards was
developed to address the problem of decision-making. The problem
was defined, and the alternatives, sub-criteria and criteria relevant to
the decision-making issue were depicted.

2- Subsequently, a matrix of paired comparisons was
generated utilizing the scale recommended by Radwan et al., (2016),
as presented in Table 4.

3- In the third step, the evaluations provided by the experts
are processed through the The operator for aggregating neutrosophic
numbers through a weighted arithmetic average, as introduced by Ye
(2014), to formulate the group neutrosophic evaluation.

1- T, (1 = Taj )™, ®)
FW(AliAZJ ""Al‘l) = 1 - Hﬂ=1(1 - IAj(x))Wj’

W
1- Hﬂ=1(1 - FAj(x)) "

where W = (wy, W, ..., wy) is the weight vector of A; (j =
1,2,...,n), wie[0,1] and X, w; = 1.

4- In the fourth step, to verify the consistency of the matrix,
the formula called Consistency Ratio (CR) proposed by Xu et al.,
(2014) was applied.

5- In the fifth step, the method devised by Saaty, (1977) was
utilized to standardize the consistently paired matrix, facilitating the
identification of criteria for soil quality.

6- Following that, comparison matrix to which the
normalization process is applied was divided by the quantity of the
features, taking a step toward determining the final priority weights
for the soil quality criteria.
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7- Subsequently, the weights of neutrosophic of the soil
quality criteria were converted into crisp values (Kaya et al., 2022).

8- Finally, the denotrosofied weights underwent a
normalization process (Kaya et al., 2022).

Table 4. Linguistic variants and significance weight based on
neutrosophic values

Neutrosophic

Reciprocal

Linguistic Term Linguistic Term

Set Neutrosophic Set
Extremely Highly (0.90, 0.10, .
Preferred 0.10) Mildly Lowly Preferred (0.10, 0.90, 0.90)
Extremely Preferredéo'lsgg’ 0.20, Mildly Preferred (0.15, 0.80, 0.85)
Very Stronglyto  (0.80, 0.25, Mildly preferred to
Extremely Preferred0.20) Very Lowly Preferred (0.20,0.75, 0.80)
Very Strongly (0.75, 0.25,
Preferred 0.25) Very Lowly Preferred (0.25, 0.75, 0.75)
Strongly Preferred (()032(; 030, Lowly Preferred (0.30, 0.70, 0.70)
Moderately Highly (0.65, 0.30 Moderately Lowly
to Strongly 0 55)’ A Preferred to Lowly (0.35, 0.70, 0.65)
Preferred ' Preferred
Moderately Highly (0.60, 0.35, Moderately Lowly
Preferred 0.40) Preferred (0.40, 0.65, 0.60)
Equally to
Moderately (0.55, 0.40, Moderately to Equally (0.45, 0.60, 0.55)
0.45) Preferred
Preferred
Equally Preferred 805%(; 050, Equally Preferred (0.50, 0.50, 0.50)

The recommended method for calculating the level of
consistency, proferred by Xu et al., (2014), is also utilized for
computing the Consistency Ratio (CR). The algorithm developed by
Xu et al., (2014) is used to establish a perfectly coherent
neutrosophic choice relation, where (T4, I'xk F'xx) forms an
admissible coherent neutrosophic choice relation, as follows:
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1. Fork > x+1, let Ny = (T'g0 U'sk F'xi), Wherey = x +

1
T, k_X_1\/Txy*Tyk*Tx k-1*Tk-1k (9)
xk="7 "~ k-x-1
X Ty ¥ Ty Ty ke * Tkt k + J(l_Txy)*(l_Tyk)*(l_Txk—1)*(1_Tk—1 1)
r kX T T Ty ke Tkt k (10)
xk=7 " k—x—-1
KX My Ty T ko1 1 & + J(l—lxy)*(l—lyk)*(l—lxk_l)*(l—lk_lk>
k—-x-1
Fxy*Fyr*Fx k—1*Fk—1k
F e Vi (11)
xk=

—X— k—-x-1
X Py Py Fy k1" Fi—1 k + J(l_ny)*(l_Fyk)*(l_Fx k-1)*(1-Fg_1 1)

2. Fork = x + 1, let Nyy = (Txw Iz Fxk), Wherey = x +

1
3. Fork < x, let Ny = (Fyo1 — I'yo T/, Where y =
x+1
~ 2 1)(n Ty L1 L= (IT'xk — Txk| + |I'xk — Ixk| +

|F'xk — FxKk|) (12)
Should be less than 0.1.

In assessing the erosion risk classes of Sinop province, Kaya
and Dengiz, (2022) employed the Neutrosophic Fuzzy-AHP hybrid
model. They established a statistical relationship between values of
RE-OSAVI extracted off a dated Sun Aug 21st, 2022 image of
satellite and erosion susceptibility index values. The study
concluded that RE-OSAVI values effectively represented the soils
of Sinop province. The researchers highlighted the utility of
vegetation indexes, particularly in areas with high slopes and
challenging ground control, for predicting erosion risk.

In one of their study, Dengiz and Demirag Turan, (2023)
aimed to assess the Soil Quality Index (SQI) for the micro-basin
concerning land degradation and desertification through three key
objectives. First, the Best-Worst Method (BWM) was employed to
assign weighting scores to each parameter for the determination of
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SQI values. Second, various geostatistical models and Geographical
Information System (GIS) techniques were applied to generate
spatial distributions of soils. Third, the SQI values obtained were
validated by comparing them with biomass reflectance values. The
researchers conducted these steps to comprehensively evaluate the
soil conditions and understand the impact of various factors on land
quality in the micro-basin. Hence, the study investigated the
correlation between the Red-Edge Optimized Soil Adjusted
Vegetation Index (RE-OSAVI) and the Normalized Difference
Vegetation Index (NDVI), off Sentinel-2A satellite imagery across
various time sequences, together with quality of soil.

Figure 1 illustrates the interconnections among the
methodologies applied in this soil quality study, which comprises a
systematic four-step process.

1. The initial step involves constructing the modeling
framework and gathering data for the database.

2. Afterwards, the distinguishing of pivotal and influential
indicators of soil quality.

3. Moving on to the third step, the process encompasses de-
unitization, scoring, and weighting of the selected
indicators. This data is then processed to generate a spatial
distribution representing changes in soil quality. The
combination of Geographical Information System (GIS) and
validated satellite images enhances the accuracy of this
spatial analysis.

4. The final step of the study revolves around the assessment
of results obtained from the comprehensive data analysis.

These sequential steps collectively contribute to a thorough
understanding of soil quality dynamics and its spatial variations
(Figure 1).
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Results Assessment and recommendation ‘

Figure 1. Flow chart belonging the study

The study involved collecting a sum of 107 soil samples from
the study area at a 20 cm depth between September and October
2019. These samples underwent drying and sieving through a 2-mm
sieve before being subjected to soil physicochemical analysis in the
laboratory. Texture analysis applying the hydrometer method,
CaCOs analysis via Scheibler’s calcimeter, soil pH measurement
with a pH meter, organic matter (SOM) determination using the
Walkley-Black method and electrical conductivity (EC)
measurement in saturated soil paste were performed. Additionally,
the slope feature was derived from a 10 m resolution DEM (digital
elevation model).

For the calculation of the Soil Quality Index (SQI), the study
employed the Best-Worst Method (BWM) involving the selection of
worst and best indicators, followed by a paired comparison based on
decision-makers’ preferences. The BWM process included steps
such as making a set of choice indicators, identifying best-worst
indicators, and assigning values among 1 and 9 to characterize
relative importance.
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The Standard Scoring Function (SSF) was employed for
unitizing different soil indicators. Nine chemical and physical soil
features were taken into account, categorized as "more is better"
(MB) and "less is better” (LB) functions based on their relationship
with soil quality. SSF equations were applied for unitization,
assigning scores between 0 and 1 (Table 5).

Table 5. Standard scoring functions belonging to soil quality

parameters
iSn?iliIcators Function Type Lower Upper SSF Equation
Sand LB 8.25 55.41
Silt LB 16.17 44.61 Nf(x) = {1 -
BD LB 1.17 1.50 o1
WP LB 11.80 29.10 0.9 x %=Ly
pH LB 5.68 7.96 1
x<L
01 L<x<U
EC LB 0.12 1.87 13
(13)
AS MB 27.17 80.45
Slope MB 1.0 11.0
Pf(x) = {0.9 X
0.1
f’f—i +
FC MB 19.67 41.50 i<l
01 L<x<U
x=>U
(14)

N exhibits a negative linear relationship, whereas P
demonstrates a positive linear correlation.

The Soil Quality Index (SQI) and its spatial distribution were
determined using the Weighted Linear Combination (WLC) method.
Utilizing WLC method, SQI values are figured out by the pursuing
formula:

SQL = Yhoiwray (15)
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where SQI; represents the value of soil quality index of area
i; Wk represents the relative importance degree of the feature and
standard value of area aix under feature k; and | represents the sum
number of features (Elalfy et al., 2010).

To generate maps of distribution belonging to soil
features and soil quality across the study area, interpolation models
were utilized. These models are utilizied to map distance-dependent
alterations and point data (Goovaerts, 1998; Mulla and McBratney,
2000). In the determination of spatial distribution, various
interpolation methods, including inverse distance weighting (IDW),
a widely used model, as well as simple and universal kriging
methods, and radial basis function (RBF), were enforced. The
correlation of the distribution maps was assessed using metrics like
Mean Absolute Error (MAE) and Root Mean Square Error (RMSE).
These measures provide insights into the accuracy and dependability
of the spatial interpolation outcomes.

RMSE = /2% (16)

where Z; represents the estimated value; z;- represents the
observed value; and n represents the number of observation.

The study employed vegetation indices to assess reflectance
of biomass, with NDVI being the most extensively applied index
(Matton etal., 2005; Skakun et al., 2018). NDVI values lines up from
-1.0 to 1.0, where water bodies are symbolized by values near to -
1.0, settlements, rocky terrain, bare ground, snow and sand by values
near to 0.0, and values close to 1.0 indicate the presence of tropical
rainforests, temperate zones or regions with dense and healthy
vegetation. NDVI among 0.2 and 0.4 correlates to areas of
grasslands or scrub.

The NDVI is calculated using the equation:
NDVI = (NIR — RED)/(NIR + RED) (17)
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Another index used in the study is the Red-Edge Optimized
Soil-Adjusted Vegetation Index (RE-OSAVI), an updated version of
SAVI advanced by Rondeaux et al., (1996). The RE-OSAVI
modifies the model by incorporating the red edge (705 nm) band
instead of the red band (670 nm), ensuring it lot delicate to the green
field, especially in areas with low vegetation density.

The RE-OSAVI is calculated using the formula:

RE — OSAVI = (1 4+ 0.16) x [(NIR — REdge)/NIR +
REdge + 0.16)] (18)

Following the assessment of soil quality, ESA-SNAP
(European Space Agency-SeNtinel Application Platform) v.8.0 was
utilized to figure out vegetation indexes (NDVI and RE-OSAVI) off
Sentinel-2A satellite imagery and establish their relation together
with vegetation.

The study aimed to evaluate Soil Quality Index (SQI) for
desertification and land degradation, utilizing nine parameters. The
Best-Worst Method (BWM) was employed to assign weights to each
parameter, with soil depth considered the most important and sand
the least. The BWM results indicated depth as the most crucial
indicator, chased by clay, slope, SOM, pH, EC, silt, CaCOs3, and
sand. Scores were assigned to each parameter based upon their
impacts on soil quality within optimal ranges. Using the weighted
linear combination technique, SQI was estimated for each soil
sample. Spatial distribution maps of SQI were generated through
interpolation models, with the simple exponential kriging model
identified as the most appropriate. The study produced a soil quality
distribution map for the study area based on the chosen interpolation
model.
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Figure 2. Distribution maps belonging to the criteria of the
soil quality. a, b, c, d, e, f, h and i represents the soil organic matter
(SOM), pH, CaCOs, electrical conductivity (EC), soil depth, slope,
silt, clay and sand, respectively.

In the study, the R? values representing the statistical
correlation among Soil Quality Index (SQI) and NDVI (Normalized
Difference Vegetation Index) off Sentinel-2A satellite images were
determined for diverse time series in May, June, July, and August
2021. The obtained R? values were 0.802, 0.724, 0.694, and 0.631,
respectively, with the highest correlation observed in May and June
(Fig. 4). This aligns with the periods of high vegetation density,
indicating a parallel distribution pattern between NDVI and SQI.
The study identified a lower distribution of soil quality on sloped
terrains where NDVI values were low within the basin.

Additionally, the study employed the Red-Edge Optimized

Soil Adjusted Vegetation Index (RE-OSAVI) to enhance the

promote for the relation amongst soil quality and reflectance of

biomass. The R? values representing the statistical relationship
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between RE-OSAVI values and SQI off Sentinel-2A satellite
images in May, June, July, and August 2021 were stated as 0.795,
0.685, 0.647, and 0.631, respectively (Fig. 5). These results further
contribute to understanding the association amongst soil quality and
vegetation reflectance of biomass across different time periods.

Soil quality index
P High: 0.85
L Low: 0.31

Figure 3. Spatial soil quality index distribution map belonging the
study area

(b) June

0
[E—

(d) August

02 04
NDVI

Figure 4. R? values among NDVI (normalized difference vegetation
index) values and soil quality index (SQI) values by distinct time
series. a, b, ¢ and d represent the months as May, June, July and

August, respectively.
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Figure 5. R? values among RE-OSAVI (red-edge optimized soil-
adjusted vegetation index) values and soil quality index (SQI)
values by distinct time series. a, b, ¢ and d represent the months as
May, June, July and August, respectively.

The study focused on assessing Soil Quality Index (SQI) in
arid and semi-arid soils, specifically in the Corum Basin, Central
Tiirkiye. Key indicators, including soil physical properties (particle
size distribution, soil depth) and chemical characteristics (CaCOs3,
SOM, pH, EC), were considered. The attributes of slope and
topography were crucial for evaluating land degradation. The study
exploited the Best-Worst Method (BWM) to state all of the
parameter’s weight and determine SQI. Results indicated that soil
quality varied across the basin, with higher SQI in flat areas with
clay-rich soil and greater depth, while sloping lands with poor
vegetation and sandy texture exhibited lower SQI. Biomass
reflectance values from satellite images correlated with SQI,
emphasizing the importance of following vegetation periods for
accurate soil quality assessment. The study contributes valuable
insights for planning sustainable soil management strategies in semi-
arid ecosystems. Future studies are recommended to incorporate
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additional biophysical parameters and land management practices
for enhanced accuracy.

Conclusion

In conclusion, the comprehensive exploration of soil quality
dynamics in arid and semi-arid ecosystems reveals the intricate
interaction of factors contributing to land degradation and
desertification. The body of research underscores the global
importance of carefully managing natural resources, especially land,
in response to population growth and escalating environmental
challenges.

Researchers worldwide are making concerted efforts to
enhance the precision and scope of soil quality assessments through
the integration of advanced methodologies. These include Multi-
Criteria Decision Making (MCDM) methods like Fuzzy Analytical
Hierarchical Process (F-AHP), Analytical Hierarchical Process
(AHP) and Neutrosophic Fuzzy-Analytical Hierarchical Process
(NF-AHP), in conjunction with geostatistical models, remote
sensing technologies, and Geographical Information System (GIS).

The studies elucidate the broader implications of soil
degradation, emphasizing the interconnectedness of socio-economic
activities with environmental health. As soil erosion and
desertification pose threats to agricultural productivity, water
resources, and overall ecological balance, understanding and
mitigating these issues become paramount. The urgency of
collaborative efforts in addressing this multifaceted challenge is
underscored by the global nature of land degradation.

Furthermore, the exploration of assorted models of soil
erosion, like the Universal Soil Loss Equation (USLE), and their
adaptations like the updated soil erodibility factor (USLE-K),
highlights the significance of predictive tools in assessing and
managing soil erosion. Worthy insights inside the relation among
soil quality and vegetation dynamics emerge through the application
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of vegetation indices, such as the NDVI and RE-OSAVI, ensured
from satellite images.

In essence, the climax of these studies emphasizes the
imperative for sustainable land use practices and the proactive
preserving of soil resources. The integration of scientific findings
into policy frameworks is essential for addressing the global
environmental challenges posed by soil degradation. As we navigate
the complexities of a changing climate and a growing population,
these research endeavors underscore the crucial role of informed
decision-making in securing the health, productivity, and resilience
of our lands for the well-being of current and future generations.

Developed and developing countries alike are utilizing
natural resources in a specific and meticulous manner in response to
population growth. Failure to appropriately manage limited
resources, such as land, not only hinders the development of healthy
communities but also fosters dependence on other countries.
Additionally, environmental issues that threaten the oncoming of
humanity become inevitable. The worldwide issue of problems
arising from improper land use negatively affects crucial natural
resources, including water, soil, and wildlife. The increase in the
world population after the industrial revolution particularly
jeopardizes the quality and natural regulatory functions of soil,
water, and air resources.

Drought has become a priority for every country due to its
threat to agricultural production and its role in causing land
degradation and desertification. With desertification, agricultural
lands become insufficient to support human, animal, and wildlife
populations in both biological and economic aspects. The United
Nations Convention to Combat Desertification (UNCCD)
characterizes degradation of the land like a decrease in biological
and economic productivity, affecting terrestrial ecosystems,
biodiversity, and bio-geochemical and hydrological processes.
Desertification is considered the final stage of land degradation,
resulting in permanent loss of biological and economic productivity.
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Researchers have developed various models to assess areas’
sensitivity to desertification and land degradation. As a MCDM
approach, AHP is actively used, with Fuzzy Analytical Hierarchical
Process (F-AHP) addressing the limitations of integer numbers. Soil
erosion, a global problem affecting agricultural lands and the
environment, has been studied since the 1920s. Soil erodibility, the
sensitivity of soils to erosion, becomes a significant issue with global
warming and population growth, impacting soil productivity, water
reservoirs, and the environment. Various quantitative and qualitative
erosion sensitivity models have been developed to assess soil
sensitivity to erosion.
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BOLUM IV

Gavurdagi Yaban Hayati Gelistirme Sahasinin
(Kastamonu/Tosya) Collesme Hassasiyetinin
Belirlenmesi*

Derya DEMIRCI*
Ebru GUL?
Melda DOLARSLAN?

GIRIS

Gilinlimiiz ¢evre proplemlerinin en 6énemlilerinden biri olan
collesme kavramsal olarak 1950 li yillarda Aubreville (1949)
tarafindan “Afrika’nin tropik ormanlarinda ¢ollesme” adli raporda
kullanilmigtir.  Collesme ile ilgili bircok tanimlama yapilmis
olmasina karsin bu calismalarin ortak noktasi ¢dllesmenin dogal
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faktorlerin (iklim, jeoloji ve hidroloji gibi) ve insan faaliyetlerinin
(kaynaklarin yanlis yoOnetimi, asir1 kullanim ve uygunsuz su
yonetimi gibi) birlesiminden kaynaklanan kiiresel bir olgu
oldugudur (El-Karouri, 1986; Perry, 1986; Wang & ark., 2008;
Laureano, 2011; Shoba & Ramakrishnan, 2016; Azzouzi, Vidal-
Pantaleoni & Bentounes, 2017; Becerril-Pina & Mastachi-Loza,
2021). Bu kapsamda c¢ollesme, diisiik kurak arazi verimliligi ile
insanlarin artan maddi ve sosyal talebi arasindaki g¢atigmadan
kaynaklanmaktadir. Kurak topraklar Diinya kara yiizeyinin % 41’ini
kaplamakta olup (Gaur & Squires, 2018), bu alanlar Dogu Asya,
Kuzey Amerika, Orta Dogu ve Orta Asya gibi bolgelerde (Anarbaev,
2013; Kimura, 2017) kurak toprak ekosistemi hizmetlerine bagimli
olan ve diinya hayvanciliginin %350'sini destekleyen yaklasik 2,5
milyar insana ev sahipligi yapmaktadir (Gaur & Squires, 2018). Bu
durum kiiresel 6lgekte cevresel problem olan ¢ollesme ve kurakligin
boyutunu vurgulamakta ve ¢ollesme ile miicadelede uluslararasi
isbirligi ve c¢oziim odakli politikalarin 6nemini artirmaktadir.
Bununla birlikte hizla artan niifus artisiyla paralel olarak dogal
kaynaklara yonelik artan talep ise ¢evresel tahribatin artis gosterdigi
bir diger 6nemli boyuttur.

Collesme toprak ozellikleri ve bitki Ortiisiiniin bozulmasina,
erozyonla toprak taginmasina, toprakta tuzlanmaya ve verimlilik
kaybina, topragin sikismasina ve topragin kabuklanmasina (Dregne,
1986) ekosistem hizmetlerinin kaybina (D’Odorico,2013) ve yer
iistii net birincil Uretkenligin azalmas1 anlamina gelebilir ve bitki
ortiistiniin yagistaki degisikliklere karsi duyarliligini degismesine
(Veron & Paruelo, 2010) neden olmaktadir. Bu bozulmalar dogal
olarak meydana gelebildigi gibi Ozellikle insan etkisi sonucunda
artmaktadir. Topraklarin  fiziksel, kimyasal ve biyolojik
ozelliklerinde meydana gelen bozulmalarin yanisira tarim
alanlarindaki yanlis kullanim ve arazi bozulumu sonucunda olusan
coraklagsma, ormanlik alanlarda yanlis otlatma ve amag dis1 turizm
yapilmasi, mera alanlarindaki yapinin bozulmasi sonucunda olusan
olumsuzluklar ¢6llesme riskini daha da artirmaktadir.
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Bir bolge vera yore de c¢ollesme risk durumunu tespit
edilmesinde ¢ok sayida model gelistirilmis olsada ulussal ve
uluslararasi  diizeyde en fazla kullanilanlan MEDALUS
(Mediterranean Desertification and Land Use, Akdeniz Collesme ve
Arazi Kullanimi) ve DISAME (Desertification Indicator System for
Mediterranean Europe (Akdeniz Avrupasi i¢in Collesme Gosterge
Sistemi) modelleridir. MEDALUS modelinde iklim, toprak, bitki
ortiisii, arazi kullanimi, yeralti suyu, riizgar erozyonu ve gevresel
kosullarla  agirliklandirilarak  ¢ollesmeyi  belirlemek  igin
kullanilmaktadir (Kosmas, Kirkby & Geeson, 1999; Sepehr & ark.,
2007; Farajzadeh & Egbal, 2007; Boali, Bashari & Jafari, 2019;
Aliero, 2021). DIS4ME modelinde ise ¢dllesmeyi belirlemek icin
ylizey kosullari, iklim degisikligi, arazi kullanim dinamikleri, sosyo-
ekonomik faktorler ve biyofiziksel parametreler gibi faktorlerin yanm
sira bitki Ortiisli, toprak nemi gibi ¢oklu gostergeleri kullanarak
cOllesmeyi belirlemek i¢in kullanimaktadir (Xue & Shukla, 1993;
Symeonakis & Drake, 2004; Ibafiez, Valderrama & Puigdefabregas,
2008; D’Odorico & ark., 2013). Cankar (2014), Kazova ile kuzey ve
giiney yamagclarinda yer alan egimli arazilerin MEDALUS (Akdeniz
Collesme ve Arazi Kullanimi) modelinin kullanimi ile bozulmaya
hassas alanlarim1  belirleyebilmek amaci1 ile gerceklestirdigi
caligmada 451 noktadan ¢esitli  fiziksel ve  kimyasal
karakteristiklerin belirlenmesi i¢in toprak Orneklerini almis ve
analizlerini yapmis ve ¢ikan sonuglart degerlendirdiginde, arastirma
alaninda yer alan arazilerin biiyilik bir kisminda, toprak islemenin
yapiliyor olmasinin arazileri bozulmaya kars1 daha kirillgan hale
getirdigini gozlemlemistir. Budak (2015), Dicle havzasinin kuzey-
batt boliimiinde yiriittigli ¢alismada 22 adet Orneleme hatti
belirleyerek 452 noktadan 0-20 cm derinlikten toprak Ornekleri
almistir. Caligma sahasinin degerleri sirasi ile; %1,95’inin yiiksek,
% 55,17’sinin orta ve % 21,64’tniin ise disiik kritik diizeyde
cOllesmeye hassas oldugu tespit edilirken geriye kalan alanin tamami
bozulmaya kars1 kirilgan (% 11,64’ yliksek, % 6,64 orta ve % 2,75°1
diisiik diizeyde kirilgan) olarak belirlerken Dicle havzasinin arazi
bozulumunu ve ¢ollesmesinin nedenlerini yorumlamistir. Giil &
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Ersahin (2019), Cankin ili Yaprakli-Sarikaya ¢evresinde ¢ollesme
durumunu belirlemek amaciyla tarim, mese ve ¢cam ormaninda
yapmis oldugu calismada, Desertification Indicator System for
Mediterranean Europe (DIS4ME) metodunu kullanarak tarim, mese
ormani ve ¢am ormanindan belirledigi 632 noktada ¢alisarak herbir
noktanin ¢6llesme riskini hesaplamistir. Calisma alaninin yaklagik
350 ha’lik kisminda ¢ollesme riski bulunmazken, 310-330 ha’lik
alanda diisiik, 70-75 ha’lik alanin orta ve yaklasik 250 ha’lik alanda
ise collesmenin yliksek risk smifinda oldugunu hesaplamis ve
calisma sonucunda araziyi kullanma yonteminin ¢ollesme riski
tizerindeki artiric etki yapan etkileri oldugunun kanaatine varmistir.
Délarslan et al. (2015), Cankiri ili Eldivan ilgesinde bulunan farkli
ana materyaller lizerinde yer alan mera alanlarinda toprak 6zellikleri
ile bitki cesitliligi ve zenginlik indeksleri arasindaki karsilikli
etkilesimlerinin incelenmesi amaciyla DIS4ME sisteminde yer alan
collesme kriter ve gostergeleri kullanilarak c¢ollesme riskini
hesaplamiglardir. 34 noktada toprak ve bitki 6rneklemesi yapilmis
ve ¢ollesme etiit formlar1 doldurularak ¢alisma alaninda ¢ollesme
riskini en diisiik 5,33 ile orta risk ve en yiiksek 7,05 ile ytiksek risk
olarak smiflandirmiglardir. Mutlu (2015), Tokat ili sinirlarindaki
arazilerde ¢ollesme riskinin belirlenmesi amaci yiirtittiigii calismada,
578 adet toprakta pH, elektriksel iletkenlik, kire¢, organik madde ve
diger fiziksel ve kimyasal analizlerini yapmis ve MEDALUS
modelini kullanarak ¢alisma alaninin toprak kaliteve iklim kalite
indekslerini orta derecede ve kaliteli olarak belirlemistir. Arastirma
alan1 ¢ollesme agisindan kritik ve kirillgan olarak tespit edilirken
tarim alanlarmin biiyiik yer kapladigi sahada kritik degerlerin
yiiksek¢ikmasinin sebebini tarimsal olarak yapilan uygulamalarda
sorunlar olabilecegine vurgu yapmistir. Giil, Délarslan & ve Ulug
(2019), Cankir1 Karatekin Universitesi Orman Fakiiltesi Prof. Dr.
Abdiilresit BROHI Arastirma ve Uygulama Orman’nimi da
DIS4AME kullanilarak yaptiklart hesaplamalar sonucunda ¢ollesme
hassasiyetinin ¢evresel duyarli alan (CDA) tipine bagl olarak 1,35-
1,52 arasinda degisen degerler aldigin1 ve alanin kritik ve kirilgan
hassaslik sinifinda oldugunu tespit etmislerdir.
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Bu bilgiler 1s18inda ¢ollesme siireglerinin  belirlenmesi,
izlenmesi ve degerlendirilmesi agisindan en uygun alanlar insan
etkisinin daha az oldugu korunan alanlardir. [IUCN (1994) korunan
alanlar1, biyolojik cesitliligin, dogal ve kiiltiirel kaynaklarin
stirekliligini ve korunmasini saglamak amaciyla kurulan, yasalarla
ve diger etkili araclarla yonetilen kara ve deniz parcalari olarak
tanimlamistir. Diger bir ifade ile korunan alan (biyolojik ¢esitlilik ile
cesitli flora ve fauna tiirlerinin korunmasini amaglayan, 6zel koruma
ve koruma mevzuatina sahip arazi veya sulak alandir (Lockwood,
Worboys & Kothari, 2006; Rannow & ark., 2014; Kim & ark., 2014;
Worboys &Trzyna, 2015). Korunan alanlar devamliligin
saglanabilmesi agisindan yasamsal oneme sahiptir. (Kuvan, 1999).
Bu baglamda bu tip alanlar ¢dllesme siireclerinin izlenmesi ve
degerlendirilmesinde Onemli alanlardir. Korunan alanlarda tehdit
olusturan etmenler; yanlis otlatma, istilac tiirlerin varligi, yasak av,
amacina uygun olmayan turizm faaliyetleri ve daha fazlasi olarak
siralanmaktadir. Bu tehdit edici faktorlere tiirlerin ve ekosistemin
koruma altina alinmasi gerekmektedir ve biyolojik ¢esitlilik, yaban
hayatinin korunmasinda fonksiyonel olarak 6nemli alanlardir. Bu
nedenle gerek biyolojik ¢esitlilik gerekse yaban hayatinin
devamhiliginin saglanabimesi agisindan korunan alan sayisim
fazlalastirma konsunda c¢aligmalarin yapilmast gerekmektedir
(Kiigiik & Ertiirk 2013).

Calisma kapsaminda korunan alan statiisiinde bulunan
Gavurdagi Yaban Hayati Gelistirme Sahasi’nda ¢ollesme riski
belirlenerek, ¢ollesme egilimi ile ekolojik o6zelliklerden iklim,
topografya, toprak ve vejetasyon oOzellikleri arasindaki karsilikli
etkilesim incelenmistir. Gavurdagi Yaban Hayati Gelistirme Sahasi
korunan alan statiisiinde olup, 6zellikle arazi bozulumunun en aza
indirilmesi (yanlis arazi kullanimi, asir1 otlatma vb. nedenlerle),
ekosistem hizmetlerinin ve kiiltiirel degerlerin siirdiirebilirliginin
saglanmasinda olumsuz yonde etkisi fazla olan insan faktoriiniin
devre dis1 birakildigi alandir. Bunun yaninda bulundugu lokelite
bakimindan Karasal iklim ile Karadeniz iklimi arasinda gecis
kusaginda yer alan bolgede olmast bakimindan iklimsel olarak da
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onemli bir alandir. Hem korunan alan olmasi hem de gecis kusaginda
bulunmas1 bakimindan c¢ollesme egiliminin en iyl sekilde
degerlendirebilecegi bir bolgede olusu bu alanda yapilan
calismalarin Onemini artirmaktadir. Collesme egiliminin
belirlenmesinde; ¢ollesme gosterge ve kriteri olan iklim 6zellikleri,
topragin fiziksel ve kimyasal icerikleri ile bitki Ortlist
karakteristikleri (ortii ile kapl alan, alanin florasi vb.) kullanilacak
ve belirlenen risk durumu ve derecesine gore ¢ollesmeye karsi
aliabilecek onlemler hakkinda bilgi verilmek amaci ile yapilan bu
calisma daha sonra bolgede ve benzer kosullarda yapilacak diger
caligsmalara referans olabilecegi diisiiniilmektedir.

MATERYAL VE METOT

Bu ¢alisma Kastamonu ili Tosya ilgesi’nde bulunan korunan
alan statiisiine giren Gavurdag1 Yaban Hayati Gelistirme Sahasi’nda
gerceklestirilmistir.

3.1. Arastirma Alaninin Tanitimi

Calisma alani1 yaklasik 9262 ha olup, karagam, sarigam ve
mese ormanlart ile tarim alanlari ve orman ig¢i agiklik (mera)
olarak¢alisma alanindaki arazi kullanimlarim1 olusturmaktadirlar
(Sekil 1). Arazi ¢aligmalarinda materyal olarak 1/25000 oOlcekli
topografik harita, jeoloji haritasi, toprak Ornekleme ekipmanlari,
pusula, egimdlcer ve GPS (Global Positioning System)
kullanilmistir. Kastamonu Tosya Gavurdagi Yaban Hayati
veGelistirme Sahasi Kastamonu-Tosya miilki smirlar igerisine
girmektedir. Tosya ilgesine 10 km, Kastamonu iline 77 km
uzakliktadir. Alanin toplam yiiz 6l¢timii 9.261,6 ha olup, denizden
yuksekligi 1040 m ile 2380 m (Karatas Tepe) arasinda
degismektedir. Arazi ¢cok engebeli ve sarp bir yapiya sahiptir. Alan
icerisinde ulagimin rahat saglanabilecegi iyi bir yol agi
bulunmamaktadir. Ozellikle Ilgaz-Hacet kismia bakan yamaglara
arazi sartlar1 sebebi ile ulasim ¢ok zordur. Oldukga egimli ve kirikli
bir arazi yapist hakim olup ortalama egim %50-60 civarlarindadir.
Diiz acik alanlar genellikle ytliksek rakimli tepelerin oldugu yerlerde

--99--



bulunup az bir alana sahiptir. Saha igerisinde hi¢gbir orman kdyii veya
mahallesi bulunmamaktadir (OGM 2015).

KASTAMONU TOSYA GAVURDAGI N
YHGS MESCERE HARITASI " @F

Sekil 1. Gavurdagi yaban hayat gelistirme sahasi mescere haritasi
(OGM,2015)

Arastirma Alaminin Biyolojik Cesitliligi ve Ekolojik
Ozellikleri

Gavurdag1 Yaban Hayati Gelistirme Sahas1 Avrupa-Sibirya
bitki cografyasini temsil eden tiirlerce zengin bir bolgede yer alip
konumu geregi Iran-Turan bitki cografyasina komsu bir bdlgede
bulunmasindan dolay1 bu alana ait bitki tiirlerine de rastlanmaktadir.
Kastamonu Tosya Gavurdagi Yaban Hayat1 Gelistirme Sahasi i¢ginde
yapilan arastirma sonuclarina gore bolgede 20 aga¢ ve agagcik
formunda takson, 27 ¢ali ve sarilic1 formunda takson, 566 otsu
formda takson tespit edilmistir. Tespit edilen toplam 613 taksonun
97’si endemiktir. IUCN kriterlerine gore 23 tiir asgari endise
duyulacak yaygin tiirlerdendir (OGM 2015).
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Kastamonu Tosya Gavurdagi YHGS, igesinde barindirdig
su kaynaklari, dogal ibreli ve yaprakli ormanlariyla yaban hayatina
onemli katkilar1 bulunan bir alandir. Ancak yaban hayatinda
ozellikle memeli tiirler agisindan zenginliginin ¢ok One ¢iktigini
sOylemek miimkiin degildir. Alan daha ziyede kus tiirleri ve bitki
tiirleri agisindan zenginlik gostermektedir. Alanda dogal ya da
herhangi bir nedenle bozulmus dogal kaynak degeri
bulunmamaktadir ve ¢ogunlukla ydreye ait yaban hayvanlar1 ve
kemirgenler goriilmektedir (OGM 2015).

Yaban hayat1 gelistirme sahasi iginde besin rezervuari
olusturan odunsu tiirler tivez (Sorbus torminalis (L.) Crantz), ahlat
(Pyrus elaeagnifolia Pallas subsp. elaeagnifolia), ali¢ (Crataegus
microphylla C. Koch.), Findik (Corylus avellana L. var. avellana),
mese tiirleri (Quercus petraea (Mattuschka) Liebl. subsp. iberica
(Steven ex Bieb.) Krassiln. - Quercus pubescens Willd. ), ¢alimsi
tiirler; kugsburnu (Rosa pulverulenta Bieb. Rosa canina L.), bogiirtlen
(Rubus canascens DC. var. canescens), Tavsan elmasi (Cotoneaster
nummularia Fisch. & Mey.), hanim tuzlugu (Berberis vulgaris L.),
karamuk (Berberis crataegina DC.), Vaccinium myrtillus L.,
Vaccinium arctostaphylos L., Lonicera caucasica Pallas. subsp.
caucasica, Ribes biebersteinii Berl. ex DC.’dir. Cevre kdylerdeki
insanlara da gecim kaynagi olan tibbi bitkiler de alanda yer sahibi
olmaktadir (Giiney & ark., 2017).

Arastirma Alamimin iklimi

Calisma alaninin iklim tipi Thornthwaite (1948) yontemi
kullanilarak tespit edilmistir (Kiling & ark., 2006). Thorntwaite
yonteminde ortalama sicaklik ve yagis paratemtereleri kullanilmakta
olup, bolgenin enlem derecesini kullanarak yagis etkenliginin grafik
seklinde gosterilmesi Thorntwaite yontemini diger yontemlerden
ayirmaktadir (Kiling & ark., 2006). Calisma alaninin bulundugu
bolgeye en yakin meteoroloji istasyonu Kastamonu ili Tosya
ilgesinde oldugundan rasat siiresi 32 yil olan Tosya il¢esi meteoroloji
biilteninde (Anonim, 2021) bulunan veriler kullanilmistir. Calisma
alaninda minimum sicaklik 0,1 °C (Ocak) ve maksimum sicaklik
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22,4°C (Agustos) olup ortalama sicaklik 11,6 °C’dir. Yillik toplam
yagis 481,50 mm olup en diisiik yagis 22,4 mm ile Agustos ayinda
en yiiksek yagis ise 54,0 mm ile Nisan ayindadir. Thorntwaite
yonemine gore ¢alisma alani iklimi; C1B'1db'3 simgeleri ile ifade
edilen Kurak-Az nemli, Mezotermal, Su fazlas1 yok veya pek az,
Okyanusal iklim etkisine yakin 6zellik gdstermektedir. (Sekil 2)

Kastamonu/Tosya @

YAGIS
NOASYHIIS NVHLOdVAS "d

25 (B 70 ©)
[5) 60
<20
E .50
%15 Eau
] %’"au
@ ’
20
3 B
35 10
z 0+ttt
go R T I T R I ]
AYLAR
AYLAR

Sekil 2 Caligsma alani iklim diyagrami
3.2.Yontemler

Calisma alaninda 6rnekleme yontemlerinin ve é6rnekleme
alanlarimin belirlenemsi

Calisma alaninda alinmasi gereken Ornek alan sayisini
hesaplamak igin, herbir arazi kullanimdan temsili toprak 6rnekleri
aliarak, toprak drneklerinde toprak organik madde (TOM) igerigi
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belirlenerek oranlara ait bulgular Denklem (1)’de hesaplanarak
alinmasi gereken 6rnek sayilart (n) belirlenmistir.

z2a?
n= ( a2 ) @)
Esitlikte yer alan; z:0nem seviyesi i¢in z —tablo degeri”, o:

degiskenlere iliskin standart sapma degerini ve d:giiven araliginin
yarisidir (Ott & Longnecker 2015; Ercan, 1997, Wehner, 2000).

Hesaplamalar sonucunda Kastamonu Tosya Gavurdagi
YHGS Kastamonu ili Tosya ilgesi miilki sinirlari i¢erisinden rastgele
ornekleme yapilarak Cam ormanlari i¢in 70 adet, tarim alanlar1 i¢in
55 adet, mese sahalar1 i¢in 60 adet, mera alanlarindan 65 adet olmak
tizere toplam 250 6rnekleme noktasinda 0-30 cm derinlikten toprak
ornegi alinmis ve her bir arazin kullanimi i¢in ¢6llesme etiit formlari
doldurulmustur (Sekil 3)

Sekil 3 Gavurdagi Toprak orneklerin alindigi alanlarin tanitimi
(1:Cam ormani, 2: mese sahasi, 3: tarim alani, 4: mera)
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Toprak érneklerinin alinmasi ve analizi

Toprak orneklemesi 2021 yili Kasim ayinda toprak
ylizeyinden 0-30 cm derinlikten rastgele ornekleme yontemi ile
ornek noktalarinin bulundugu her noktadan birer adet olmak {izere
yaklasik 1,5-2 kg’lik agirliginda 6rnekler alinmistir. Araziden alinan
ornekler 6rnek numarasi ile birlikte torbalara konularak labaratuvara
gotiiriilmek lizere agzi kapatilmigtir. Calisma sahasindan getirilen
250 adet 6rnek analizlere hazir edilmek {izere labaratuvar ortaminda
hava kuru haline getirildikten sonra doviilerek 2mm’lik elekten
gecirilmis ve analize hazirlanmistir. Toprak 6rneklerinde;

e Toprak Tekstiirii: Hidrometre yontemi ile topraklarin %
kil, toz (silt) ve kum igerikleri belirlenmistir (Gee and Bauder
1979).

e Toprak Reaksiyonu (pH):1/5 oraninda hazirlanan toprak su
karistmindan olusan numuneler cam elektrotlu prob ile
Ol¢tilmiistiir (McLean 1983).

e Elektriksel iletkenlik (EC):1/5 oraninda hazirlanan toprak
su kartstmindan olusan numuneler gerekli cihaz ile
Ol¢tilmiistiir (McLean 1983).

e Organik Madde: (Bashour and Sayegh 2007) tarafindan
belirtildigi lizere Wakley-Black yontemi kullanilarak
belirlenmistir.

e Kire¢ (CaCOs3): Scheibler kalsimetresi kullanilarak (Pansu
and Gautheyrou 2007)’a gore tayin edilmistir.

Desertification indicator System for Mediterranean
Europe (DIS4ME)

Collesmenin tespitinde kullanilan Desertification Indicator
System for Mediterranean Europe (DIS4ME) web tabanli bir sistem
olup, 2004 yilinda politikacilar, bilim insanlar1 ve ¢ift¢ilerin yani
Akdeniz’in Avrupa Ulkelerinde yasayan her kesimden insana
collesme kriter ve gostergeleri hakkinda bilgi vermek amaciyla
DESERTLINKS arastirma projesi kapsaminda tasarlanmistir
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(Desertlink 2004). Yaklasik olarak 150 ¢ollesme kriteri baz alinarak
arazi alanlarinda meydana gelen bozulumlarimi goz Oniine alarak
Akdeniz iilkelerinde degisik arazi kullanimlarinda ¢o6llesme
kriterlerini betimlemislerdir. Bu gostergeler Fiziksel ve ekolojik,
ekonomik ve sosyal olarak katagorize dilmis olup genel olarak iklim,
su, toprak, tarim, arazi kullanimi1 ve yoOnetiminden olusmaktadir
(Desertlink 2004). DIS4AME sisteminde ¢ollesme riski ve gevresel
hassaslik  derecesinin  belirlenmesinin  temeli  istatistiksel
parametrelere dayanmakta olup her bir arazi kullanimi igin farkl
coklu regresyon modeli kullanilmaktadir (Sekil 4).

a0 = T e Vit

[

Sekil 4. Arazi kullanip tipine gore ¢ollesme kriter ve gostergeleri
(Desertlinks, 2004)

Calisma alaninda baskin orman agaglar1 Pinus nigra subsp.
nigra var. Caramanica, Pinus bruti, Quercus robur L. subsp. robur
ve Quercus petraea (Matt.) Liebl. subsp. iberica tiirleri yayilig
gostermektedir. Bu kapsamda ¢alisma alaninda DIS4ME sisteminde
yer alan ¢gam ormani, mese ormani, mera alanlar1 ve tarim arazileri
bulundugu igin tarim arazileri igin ¢ollesme etiit formlari
doldurulmustur. Bu dort arazi kullanip tipi i¢in alanda tespit edilecek
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kriter ve gostergeler Cizelge 1 de yer almaktadir. Daha sonra web
tabanli sistem olan DIS4ME de ¢6llesme riski hesabi yapilmstir.
Collesme riski DIS4ME sisteminde ¢am ormanlart i¢in denklem 2,
mese ormanlart i¢in denklem 3, mera alanlari icin denklem 4 ve
tarim arazileri i¢in denklem 5 kullanilarak hesaplama yapmaktadir.
Hesaplamalar tamamlandiktan sonra Cizelge 2 ve 3 kullanilarak tiim
alan i¢in ¢ollesme riski hesaplanmistir.

CR= (7,94)-(0,56xbitki ortiisii)-(0,62xderinlik)+(0,38xegim
derecesi)-(0,32xTekstiir)-(0,53xTaslilik)-
(2,26xyagis)+(1,13xKuraklik indeksi)+(0,65xmaruz kalinan egim)”

(2)

CR=(9,11)- (0,44xtoprak miilkiyeti)+(0,09xhayvan sayis1)-
(0,50xbitki ortiisii)-(0,83xderinlik)+(0,39xyamacg egimi)-

(1,81xyagis)+(1,09xmaruz kalinan egim)+(0,13xteraslarin
varligi)+(0,20xkontrollii otlatma)-(0,65xorman yangini
koruma)+(0,77xpolitika uygulamalarr)

©)

CR= ((4,94)+(0,39xparsel bliyiikliigii)-(0,15xisleme yonii)-
(0,11xderinlik)+(0,22xTekstiir)-(0,26xTaslilik) -(2,94x

Yagis)+(0,14xsu  kantitesi)+(3,31xarazi kullanim yogunlugu+
(1,03xpolitika uygulamalar1)

(4)
CR=(9,11)- (0,44xtoprak miilkiyeti)+(0,09xhayvan sayisi)-
(0,50xbitki ortiisii)-(0,83xderinlik)+(0,39xyamacg egimi)-

(1,81xyagis)+(1,09xmaruz kalinan egim)+(0,13xteraslarin
varligi)+(0,20xkontrollii otlatma)-(0,65xorman yangini
koruma)+(0,77xpolitika uygulamalarr)

()
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Cizelge 1. Collesme riskinin belirlenmesinde kullanilan indeks
degerlerinin parametrelerine iliskin skorlar (Desertliks, 2004)

indeksler | Parametreler Parametre Sinifi Skorlar indeks Araliklar
Sinifi
Seyl, sist, bazik, ultrabazik, 1.0
Ana konglomeralar, killer
Materyal Kiregtasi, granit, riyolit, gnays, 17
kumtasi, dolamit
Marl, Proklastik 2.0
Tin, Kumlu Killi T, Kumlu Tin, 1.0
Tl Kum, KilliTin
Tekstiir Kumlu Kil, Siltli Tin, Siltli Killi Tin 1.2
Silt, Kil, Siltli Kil 1.6
) 0 To | Vil ;
Topral o alite <1.1
Kalite | Tk ] 20-60 2% | onakalite | >=113<=1.46
indeksi Derin 575) 1'0 Diisiik >1.46
Toprak Orta (75-30) 2.0 kalite
?Ce;;‘]‘g‘ S1g (15-30) 3.0
Cok S1 (<15) 4.0
Drenaj Tyi 1.0
Orta 12
Zayif 2.0
<6 1.0
Egim (0 | 555 15
>35 2.0
Yagis >650 1.0
(mm/y1l) 280-650 2.0
<280 4.0
Kuraklik <50 1.0 "
idim | Indeksi 50-75 11 Yiheck “is
Kalite (Bagnouls& | 75-100 1.2 . A
indeksi | Gaussen) 100-125 14 or];a..kf*"te >=1.15<=1.81
125-150 18 tisiik >181
>150 20 kalite
Baki Kuzey, Kuzeybati, Kuzeydogu, 1.0
Diizliik 2.0
Giiney, Giineybati, Glineydogu
Bitki Ortisii | 000 o
%) <10 20
Bahgecilik 1.0
Yangm Cok Yillik meralar, tek yillik 13
Riski meralar, Yaprakli Orman, ¢alilik
Akdeniz Makisi 1.6
Cam ve diger igne yaprakli ormanlar 2.0
Herdem yesil orman(Yaprakli 1.0
. Akdeniz Makisi, gne yapraklilar, 13 Yiiksek
Ve:f;laist)elon Cok yillik mera, ¢aliliklar kal ite_ <1.13
indeksi Erozyon Yaprakli ormanlar 1.6 Orta kalite | >=1.13<=1.38
i koruma Badem bahgeleri 1.8 Diisiik >1.38
Bahgecilik, tek yillik iiriinler (piring, 2.0 kalite
Yulaf vb.)
Cok diisiik vejetasyon, ¢iplak toprak.
Herdem yesil orman, Akdeniz 1.0
makisi, ¢iplak Toprak.
Yaprakli orman, igne yaprakli 1.2
Ié?rr:;{;ilk orman, zeytinlik
Badem bahgeleri 1.4
Cok y1llik mera, ¢ayur, ¢alilik 1.7
2.0
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Cizelge 2 Collesme riski siniflamasi (Desertlinks, 2004)

Risk Simifi Sinif Deger Arahgi
Risk Yok CR<1,49

Diistik Risk 1,50<CR<2,49

Orta Risk 2,50<CR<5,49
Yiiksek Risk CR>5,50

Cizelge 3 Cevresel hassasligin belirlenmesinde kullanilan siniflama
(Desertlinks, 2004)

TiP ALT TiP CDA
ARALIGI
C3 >1,53
Kritik
C2 1,42-1,53
C1 1,38-1,41
F3 1,33-1,37
Kirilgan
F2 1,27-1,32
F1 1,23-1,26
Potansiyel N 1,17-1,22
Tehdit P <1,17
Olmayan

CDA: Cevresel Duyarli (hassas) Alan, N: Araziler
bozulmadan etkilenmemis, P: Potansiyel olarak etkilenmis, F:
Kirilgan ¢evrsel hassaslik, C: Kritik ¢evresel hassaslik
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BULGULAR VE TARTISMA
Calisma Sahasiin Toprak Ozellikleri

Calisma alanininda tespit edilen baslica ana materyal sisttir.
Calisma alaninda farkli arazi kullanim tiirlerine gore toprak
ozelliklerinin tanimsal istatistikleri Cizelge 4 de yer almaktadir.
Toprak tekstiirii bakimindan topraklar degerlendirildiginde arazi
kullanimina gore alanlarda kum ve kil miktarlarinda ¢ok fazla
degiskenlik goriilmezken toz miktarlarinda hafif degiskenlik
gozlemlenmistir. Tarim arazilerini temsil eden topraklarin tekstiir
siniflart agirlik olarak Kumlu Killi Bal¢ik ve Killi Balgik, ¢am
ormanlarinda Kumlu Killi Bal¢ik ve Killi Bal¢ik, mera alanlarinda
Kumlu Killi Balgik, Killi Bal¢ik ve Balgik, mese alanlarini ise temsil
eden tekstiir siift Kumlu Killi Balgiktir. Kireg (CaCOs3) igerigi
bakimindan degerlendirildiginde her arazi kullaniminda da kireg
icerigi distk olup, Ergene (1993)’ e gore kiregsiz sinifina
girmektedir. Bunun sebebi anakayanin kireg igeriginin diisiik olmasi
ve yagistan dolay1 yikanmanin fazla olmasi ile agiklanabilmektedir.

Calisma alani topraklarinda ortalama organik madde icerigi
diisiikten yiiksege dogru sirasiyla tarim (%7,20), mera (%10,23),
cam (%10,76) ve mese de (%13,31) olup, Kacar (2009)’ a gore
organik madde icerigi bakimindan zengindir. Bulunan bu degerler
literatiir ile uyum gdstermektedir (Dindaroglu & Canbolat (2012).
Toprak organik maddesinin (TOM) ayrisma derecesi biiyiik 6lglide
bitki tiirti, 6lii ortii miktar1 ve dal, kozalak gibi organik girdilerin
kimyasal bilesimine baglidir (Almendros & ark., 2000; Gunina &
ark., 2017). Mese tiirleri genis yaprakl tiirler olup, kisin yapragini
doken tiirlerdir. Toprak yiizeyine ulasan yapraklar ayrigsma ile
topraga niifuz etmekte ve toprakta TOM igeriginin artisina neden
olmaktadir. Bu durum mese alanlarinda TOM igeriginin yiiksek
olusunu aciklamaktadir. Topraklarin ortalama pH degerleri
incelendiginde, pH degerlerinde ¢ok fazla farklilik goriislemis olup
pH degerleri hafif asidik o6zellik gostermektedirler. Arazi
kullanimina gore ortalama pH degerleri sirasiyla tarim (6,36), mese
(6,71), cam orman (6,02) ve mera alanlarinda (6,19) seklindedir.
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Calisma alanm1 Karadeniz bolgesine gegis hatti {izerinde yer almakta
olup, yillik yagis miktar1 yiiksektir. Tozsin & ark. (2015) yillik
yagisin yiiksek oldugu bolgelerde genellikle topragin pH degeri
diisiik ve asidik karakterli oldugunu belirtmistir. Calisma alani
topraklarinin tamami tuzsuzdur.

Cizelge 0. Calisma alamnda farkly arazi kullamim tiirlerine
gore toprak ozelliklerinin tanimsal istatistikleri
Arazi Std.

kullamm Parametreler Min. Mak. AO Sapma Carpiklik Basiklik

Cam Kum(%) 36,00 62,00 49,74 8,169 0,083 -1,370

Ormam Kil (%) 19,00 36,00 27,26 4,782 -0,288 -0,907

Toz (%) 12,00 36,00 22,81 5,896 0,392 -0,504

pH 480 6,99 6,02 0,472 -0,118 0,569

EC (dS/m) 0,05 0,24 0,11 0,046 0,898 0,667
CaCO3(%) 0,64 6,85 2,12 0,962 4,042 20,855
TOM (%) 085 29,10 10,76 7,251 0,851 0,109

Mera Kum(%) 31,00 74,00 4890 10,540 0,456 -0,153
Alam Kil (%) 15,00 41,00 26,81 6,590 0,576 0,088
Toz (%) 8,00 35,00 2423 6,217 -0,778 0,507

pH 553 7,02 6,19 0,485 0,349 -1,130

EC (dS/m) 0,04 051 0,11 0,096 3,271 11,407
CaCOs(%) 1,75 7,25 2,50 1,146 3,278 11,364

TOM (%) 056 2485 10,23 7,403 0,495 -1,065

Mese Kum(%) 3400 6900 52,62 8,854 -0,084 -0,303
Ormani Kil (%) 17,00 42,00 26,59 6,484 0,721 -0,066
Toz (%) 9,00 32,00 20,69 4,638 -0,081 1,259

pH 583 7,30 6,71 0,386 -0,390 -0,400

EC (dS/m) 0,04 0,30 0,12 0,059 1,152 1,515
CaCO3 (%) 1,12 14,550 3,90 3,238 1,922 3,176
TOM (%) 0,79 4513 13,31 11,364 1,276 1,050

Tarim Kum(%) 21,00 57,00 4154 9,948 -0,285 -0,538
Alam Kil (%) 22,00 54,00 31,29 6931 1,477 3,807
Toz (%) 17,00 39,00 27,04 5,229 0,438 -0,129

pH 569 7,35 6,36 0,458 0,490 -0,708

EC (dS/m) 0,02 0,26 0,09 0,054 1,383 2,734
CaCO3(%) 1,75 4,30 2,33 0,558 2,264 6,217
TOM (%) 229 1413 720 3762 0,327 -1,090
KB: KilliBalgik, K: Kil, B: Bal¢ik, KuK: Kumlu Killi,
KuKB: Kumlu Killi Bal¢ik

~110-



Collesme Egiliminin degerlendirilmesi (DIS4ME)

Yapilan arastirmada ¢6llesme risk haritasinin olusturulmasi
amaciyla calisma alanindan rastgeledrnekler alinarak farkli arazi
kullanim tiplerinin ¢ollesme risk durumlar1 belirlenmistir. Toprak
orneklerinin alindig1 250 noktanin herbirinde arazi kullanimina gore
¢cOllesme etiit formu doldurulmustur. Calisma sahasinda Cevresel
Duyarl1 Alanlar toprak, vejetasyon, yonetim ve iklim kalite
indekslerinin degerlendirilmesi sonucunda elde edilmistir. Iklim
kalite indeksinde kullanilan yillik yagis miktari aym degere sahip
oldugundan dolay1 biitlin noktalarda ayni degeri almistir.

Cam arazilerinde collesme riski ve cevresel duyarh
alanlar

Web tabanli DIS4ME modeli kullanilarak ¢alisma alaninda
cam tlrlerinin yayilis gosterdigi alanlarda en diisiik ¢ollesme riski
1,44 (risk yok) en yiiksek 4,30 (orta risk) olarak hesaplanmis ve
ortalama 2,19 ile ¢am tiirlerinin yayilis gosterdigi alanlar ¢ollesme
riski orta risk sinifindadir (Cizelge 5). Orta risk sinifinda olan ¢gam
arazileri degerlendirildiginde bu tiirlerin yayilis gosterdigi alanlar
cOllesmeye karst hassastir. Cevresel duyarli alanlar (CDA)
degerlendirildiginde 1,16-1,64 arasinda degisen degerler almistir.

Cizelge 5. Cam ormanlarinda ¢ollesme riski ve ¢evresel duyarl

alanlar

Min. Mak. A.O. Std. Var. Car. Bas.
Parametreler Sapma
CR 1,44 430 2914 0,747 0,558 0,097 -0,114
HS 1,30 1,47 6,532 26,175 685,127 5,500 30,453
VKI 1,33 1,58 1,505 0,088 0,008 -1,532 0,577
TKI 1,16 1,44 1,293 0,060 0,004 0,211 0,342
IKI 1,30 164 1,487 0,172 0,030 -0,204 -2,098
YKI 1,41 1,41 1,410 0,000 0,000 0,000 0,000

CR: Collesme riski, HS: Collesme hassaslik skoru, VKI:
vejetasyon kalite indeksi, TKI: Toprak kalite indeksi, IKI: Iklim
kalite indeksi, YKI: Yonetim kalite indeksi, Min: Minimum, Mak:
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Maksimum, A.O: Aritmetik Ortalama, Std. Sapma: Standart Sapma,
Var: Varyans, Car: Carpiklik, Bas: Basiklik

Mera arazilerinde c¢ollesme riski ve cevresel duyarh
alanlar

DISAME modeli araciligiyla yapilan hesaplamalar
neticesinde alaninda mera alanlarinda en diisiik ¢ollesme riski 3,97
(orta risk) ve en yliksek 6,49 (yiiksek risk) sinifinda olup ortalama
5,23 ile orta risk sinifindadir (Cizelge 6). Mera alanlarinin biiyiik bir
kismi orta risk sinifinda yer almakta olup bu durum ¢alisma alaninin
collesmeye kars1 hassas oldugunu gostermektedir. CDA tiperi 1,08-
1,64 arasinda degerler almistir.

Cizelge 6. Mera topraklarinda ¢6llesme risk dagilimlar

. Std.

Parametreler Min. Mak. A.O. Sapma Var. Car. Bas.

CR 3,97 6,49 5,2394 68709 472 -0,304 N
L L ) L y ) 0,991

HS -
1,28 150 11,3925 ,06319 ,004 -0,222 0,834

VKI -
1,30 155 14206 ,10851 ,012 -0,238 2,030

TKI -
1,08 1,46 1,2666 ,09820 ,010 0,069 0,429

IKI -
1,30 1,64 14913 17137 ,029 -0,265 2,063
YKI 141 1,41 14100 ,00000 ,000 0,000 0,000

CR: Collesme riski, HS: Collesme hassaslik skoru, VKI:
vejetasyon kalite indeksi, TKI: Toprak kalite indeksi, IKI: Tklim
kalite indeksi, YKI: Yonetim kalite indeksi, Min: Minimum, Mak:
Maksimum, A.O: Aritmetik Ortalama, Std. Sapma: Standart Sapma,
Var: Varyans, Car: Carpiklik, Bas: Basiklik

Mese arazilerinde c¢ollesme riski ve cevresel duyarh
alanlar

DIS4ME modeli araciligiyla yapilan hesaplamalar
neticesinde mese tiirlerinin yayilis gosterdigi alanlarinda en diigiik
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collesme riski 2,63 (diistik risk) ve en yiiksek 5,94 (yiiksek risk)
sinifinda olup ortalama 5,23 ile orta risk smifindadir (Cizelge 7).
Calisma alaninda mese tiirlerinin yayilis gosterdigi alanlarinin
onemli bir boliimii orta risk siifinda yer almakta olup bu durum
caligsma alaninin ¢dllesmeye karsi hassas oldugunu gostermektedir.
CDA tipleri 1,17-1,64 arasinda degerler almistir.

Cizelge 7. Mese alanlarinda c¢ollesme riski ve cevresel
duyarli alanlar

. Std.
Parametreler Min. Mak. A.O. Sapma Var. Car. Bas.
CR 2,63 594 4,1500 ,85916 ,738 -,427 -,269
HS 1,29 1,47 14055 ,05262 ,003 -1,051 ,500
VKI 1,26 1,49 1,4041 ,09909 ,010 -,817 -1,354
TKI 1,17 1,44 1,2934 ,07603  ,006 429 -,853
IKI 1,30 1,64 15462 ,15465 ,024  -1,059 -,950
IKI 1,41 1,41 1,4100 ,00000 ,000 ,00000 ,000

CR: Collesme riski, HS: Collesme hassaslik skoru, VKI:
vejetasyon kalite indeksi, TKI: Toprak kalite indeksi, CIKI: Iklim
kalite indeksi, YKI: Yonetim kalite indeksi, Min: Minimum, Mak:
Maksimum, A.O: Aritmetik Ortalama, Std. Sapma: Standart Sapma,
Var: Varyans, Car: Carpiklik, Bas: Basiklik

Tarim arazilerinde collesme riski ve cevresel duyarh
alanlar

DISAME modeli araciligiyla yapilan hesaplamalar
neticesinde c¢aligma alaninda tarim arazilerinin  bulundugu
ornekleme alanlarinda en diisiik ¢ollesme riski 7,13 ile 8,13 arasinda
degisen degerler almis ve yiiksek risk sinifinda yer almaktadir.
Tarim arazilerinde ortalama 7,51 ile ¢ollesme riskinin ytiksek risk
sinifindadir (Cizelge 8). CDA tipleri 1,16-1,64 arasinda degerler
almigtir.  Tarim  arazilerinde  ¢ollesme  riskinin  yiiksek
hesaplanmasinin nedenleri arasinda yanlis ekim yontemleri 6nemli
bir etkiye sahiptir.

Cizelge 8.Tarim arazilerinde ¢oOllesme riski ve cevresel
duyarl alanlar
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Std.

Parametreler Min. Mak. A.O. Sapma Var. Car. Bas.

CR 7,16 8,13 7,5113 ,20829 ,043 1,084 2,006
HS 1,37 1,53 1,4500 ,04969 ,002 ,161  -1,535
VKI 1,51 1,80 1,7408 ,09226 ,009 -2,103 3,298
TKI 1,16 1,39 1,2346 ,06474 ,004 775  -,055
IKI 1,30 1,64 1,4700 ,17366 ,030 ,000 -2,190
YKI 1,41 1,41 1,4100 ,00000 ,000 ,000 ,000

CR: Collesme riski, HS: Collesme hassaslik skoru, VKI:
vejetasyon kalite indeksi, TKI: Toprak kalite indeksi, IKI: Tklim
kalite indeksi, YKI: YoOnetim kalite indeksi, Min: Minimum, Mak:
Maksimum, A.O: Aritmetik Ortalama, Std. Sapma: Standart Sapma,
Var: Varyans, Car: Carpiklik, Bas: Basiklik

Calisma alam1 genelindeki ¢ollesme riski ana risk
faktorlerini;

* (Cok yiiksek yangin riski ve distk bitki Ortlisii ile
karakterize edilen bitki Ortiisii tiirii

* Tagliligin ¢ok az bulundugu toprak

* Glineye bakan bir yamacta, y1llik yagisin diisiik oldugu
iklim.

*  Yillik yagisin az oldugu bir iklimle iligkili, giineye bakan
bir yamagta yliksek yangin riski tasiyan bitki ortiisii tiirii

» Kurakliga kars: diisiik direng ile karakterize edilen bitki
ortiisti

* Erozyon korumasi diisiik ve orta diizeyde, kurakliga kars1
belirli bir hassasiyet ile karakterize edilen bitki Grtiisti

*  Sig toprak olusumu olusturmaktadir.
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SONUC VE ONERILER

Collesme, ekosistem dengesinin bozulmasi ve dogal
kaynaklarin siirdiiriillemez sekilde kullanilmasi sonucunda ortaya
¢ikan ciddi bir sorundur. Collesme riskinin yiiksek oldugu alanlarda
yapilan plansiz aga¢ kesimleri, asir1 otlatma, yanlis tarimsal
uygulamalar ve su kaynaklarinin bilingsizce kullanilmasi, yerel bitki
ortiistiniin ve toprak yapisinin zarar gérmesine neden olur. Koruma
altindaki ekosistemlerin, bolgesel iklimin ve biyogesitliligin
stirdliriilebilirligi  agisindan hayati O6nem tasiyan bu alanlarda
¢Ollesme, erozyonun artmasina, toprak verimliliginin azalmasina ve
su kaynaklariin tiikenmesine yol acar. Boylece, ekosistemdeki canli
tiirleri lizerinde olumsuz etkiler meydana gelir, biyogesitlilik azalir
ve ekonomik kaynaklar tehlikeye girer. Bu nedenle, korunan
alanlarda  ¢ollesmeyle  miicadelede  siirdiiriilebilir  tarim
uygulamalari, su kaynaklarinin etkin yonetimi ve ormansizlagsmanin
onlenmesi gibi tedbirlerin alinmasi hayati bir 6neme sahiptir. bazi
aratirmalar korunan alanlardaki ¢éllesmenin ¢esitliligi korudugunu,
ancak c¢ollesmenin kendisinin bitki Ortiisii ve toprak sorunlarina,
biyolojik ¢esitlilik degisikliklerine neden oldugunu ve yerel
ekonomileri olumsuz etkiledigini 6ne stirmektedir (Si, Ren & Zhu,
2006; Adeel, 2011). Ayrica, toplumlarin bu konuda bilinglenmesi ve
cevresel siirdiiriilebilirligi destekleyen politikalarin benimsenmesi,
korunan alanlarda ¢o6llesmenin Onlenmesinde kritik bir rol
oynamaktadir. Korunan alanlarinda ¢ollesme riski tasiyabilecegi ve
bu konu hakkinda ¢alismalarin yapilmasi gerektigi hakkinda dikkat
cekmek amaciyla Kastamonu ili Tosya ilgesi Gavurdagi Yaban
Hayati Gelistirme Sahasinda yapilan calismada DIS4ME modeli
kullanilarak alanin ¢ollesmeye karsi hasaasiyeti ve risk seviyesi
hesaplanmuistir.

Web tabanli DIS4ME modeli kullanilarak yapilan
hesaplamalar neticesinde alanda en diisiik 1,44 (risk yok) ve 8,13 ile
en yiiksek (yliksek risk) ¢ollesme riski hesaplanmistir ve calisma
alaninda en yiiksek risk tarim arazilerinde en diisiik risk ise ¢am
ormanlarinda hesaplanmistir. Calisma alanin tamaminda ¢ollesme
degeri birlikte degerlendirildiginde alaninin (%34,91) boliimii risk
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yok, (%32,29) boliimii diisiik risk, (%7,02) boliimii ise orta risk ve
(%25,78)’lik boliimii ise yiiksek risklidir. Calisma alaninin risk yok
olarak siiflandirildigi %34,91'lik kismi1 disinda kalan %65,08'i yani
5.850 ha lik kismi c¢ollesme tehdidi altindadir. Biitlin arazi
kullanimlan birlikte degerlendirildiginde, ¢alisma alaninin yaklagik
6,000 hektarlik biiyiik bir bolimiiniin kirilgan hassaslik sinifinda ve
2,500 ha ile kritik hassaslik alt siniflarindadir. Bu durum arazi
gozlemleryle birlikte degerlendirildiginde her ne kadar toprak iistii
bitki Ortiisii yeterli goriinse de yapilan hesaplamalar alanda
¢cOllesmenin sesiz sekilde ilerledigini gostermektedir. Bu kapsamda
gerek alanda bulunan bitki Ortiisiiniin korunmasi gerekse arazi
uygulamalarimi saglikli sekilde takip edilmesi ile ileri seviyede
hassaslik sinifinda bulunan ¢alisma alaninda ¢ollesme hassasiyeti
azaltilabilecektir.
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Bitki Biyolojiglive
Arazi Bozulumunun

Degerlendirilmesinde Yenilikci Yaklasimlar

Doganin karmasikligina duyulan hayranlik, insanoglunu yuzyillardir kesfetmeye ve anlamay;
yonlendirmistir. Bitkiler, bu dogal dinyanin &nemli bir parcasini olusturur ve biyolojileri,
ekosistemlerin temel taslarlndan biri olarak cesitlilik ve dayaniklilk acgisindan kritik bir rol
oynar. Bu kitap, bitki biyolojisi ve arazi bozulumu tizerine odaklanarak, bu teme
anlasiimasi ve surdurulebilir bir gelecek icin 6nemli olan yenilikgi yakla§|mlar| eleal
Gunumuzde, cevresel sorunlar giderek artmaktadir ve arazi bozulumu, ekosiste
rini tehdit eden ciddi bir sorun haline gelmistir. Ancak, bilim ve teknolojideki hizlti
birlikte, bu zorluklarin Gstesinden gelmek icin yeni ve etkili ¢coziimler gelistirme pote
artmistir. Bu kitap, bitki biyolojisi ve arazi bozulumu konularindaki giincel ara§t1rmala | VE
yeglllk(;l yaklasimlari bir araya getirerek, bu alandaki bilgi bosluklarini doldurmayi amaclamak-
tadir.

“Zeytin (Olea Europaea L.)’de Déllenme Biyolojisi ve Meyve Tutumunu Etkileyen Faktorler”
baslikli acilis bolimiinde okuyucular, zeytinin karmasik biyolojisine iliskin bilimsel bir arastir-
maya davet ediliyor. Bu bolim, basarili gibrelemenin esrarengiz stireglerini ve Olea Europaea
L.'de meyve tutumunu etkileyen sayisiz faktoru sistematik olarak aydinlatmaktadir. Makale,
bu ekonomik agidan karmasik treme sireclerine iligkin anlayisimizi gelistirmek isteyen arastir-
macnar ve uygulayicilar icin degerli bilgiler sunan kapsa hber gorevi gormektedir.
“Seker Pancari t|§t|r|C|I|g|nde K aktan Al olojilerine Dayali Bitki Ortiisu
indeksleri: Bi eleme” baslikli ikinci ma y cular, seker pancari yetisti-
riciliginde uza algilama teknolojilerinin bu incelemede tarimsal
uygulamala imize edilmesinde ileri tekhplojilefin'rolinii elestirel bir sekilde incelemek-
tedir. Bilim € 51 icin bu bolim, teknolojini agda§ tanim Uzerindeki donusturtict etkisini

oprak Erozyonu Degerlendirmelerinde Bulanik Analitik Hiyerarsi Proses Uygula-
celeme” ba§llg| altindaki son bolim seti, cevre bilimi alanini ve onun bulanik
gisikliginin tarimsal alanlarimizi tehdit ettigi bir cagda bu

un etkllerlnln degerlendirilmesi ve azaltilmasinda

i uygulamalarma iliskin kapsamli bilgiler
onenmlndekullanllan

) ukavramlan
a uygulama
potanswe . i

temel prensiple

nedenleri ve etkllen uze
jisi ve Arazi Bozulumunun D
sevgisiyle yan yana duran, bilimin gUed'Y ;m e

surdurulebilir bir diinya birakma mlsyon I} bilgi ve coziim onerileri sunmaktadlr
kitap, okuyuculara hem bitki biyolojisi hem de arazi bozulumu konularinda genis b
sunar ve bu alanlardaki ileri galismalar igin bir ilham kaynagi olur.




