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Kirsal Yerlesimlerde Dogal Peyzaj Ozelliklerinin Belirlenmesi:
istanbul/Silivri Il¢cesi Kirsal Mahalleleri Ornegi
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OZET

Calisma konusunu; “Dogal peyzaj 6zellikleri, kirsal yerlesimler i¢cin ana kaynak degeri olup, yerlesim
birimi bazinda veri alt yapisinin olusturulmasi 6nemli ve gereklidir’ hipotezi olusturmustur. Bu
baglamda, ¢calismada, Istanbul ili Silivri ilcesi'nin Akéren, Bekirli, Danamandira, Kurfalli ve Sayalar kirsal
yerlesimlerinin dogal peyzaj ozelliklerinin belirlenmesi amag¢lanmistir. Bu amacla, dogal peyzaj
degerlerine yonelik CBS ortaminda veri tabani olusturulmasi hedeflenmistir. Yontem ana kurgusu;
literatiir verileri, arazi ¢alismalar1 ve biiro ¢alismalari ile desteklenerek CBS temelli haritalara dayal
olarak gelistirilen alan analizlerine dayandirilmistir. ArcGIS ve Adobe Photoshop programlan
araciligiyla, calisma alanlarinin her birine iliskin topografik yapi1 (yiikseklik, egim, baki), toprak
ozellikleri (bliytik toprak gruplari, arazi kullanim kabiliyet siniflar), jeolojik formasyonlar, su varhig ile
mescere tiplerine iliskin haritalar tretilmistir. Alansal dagilimlar % degerler seklinde karsilastirilmal
olarak cizelgelerle sunulmustur. Buna gore; kirsal yerlesimlerin dogal peyzaj o6zelliklerinde; diisiik
rakim, diiz ve hafif egim araligy, giiney, giineydogu ile dogu yonleri, tarimsal kullanima uygun toprak tipi
ve kullanim siniflar ile mese, fistik ¢am1 ve badem gibi orman agaglarinin baskinligi saptanmistir.
Calismadan elde edilen sonuglar; planlama ve turizm gelisimi ile kirsal gostergelere iliskin envanter
olusturulmasi, kaynaklarin etkin sekilde kullanimi asamalarinda etkili olacagi diisiiniilmektedir.

Anahtar Kelimeler: Kirsal yerlesimler, Dogal peyzaj ozellikleri, Cografi bilgi sistemlerti, Silivri


https://dergipark.org.tr/tr/pub/adibd
https://dergipark.org.tr/tr/pub/adibd
mailto:tkiper@nku.edu.tr
https://orcid.org/0000-0002-5282-9617
https://orcid.org/0000-0003-3396-5661

Atay ve Kiper, Akademia Doga ve Insan Bilimleri Dergisi/Academia Journal of Nature and Human Sciences, 10(1), 2024: 1-20

Determination of Natural Landscape Features in Rural Settlements:
Example of Rural Neighborhoods of Istanbul/Silivri District

ABSTRACT

The hypothesis "Natural landscape features are the main resource value for rural settlements and it
is important and necessary to create a data infrastructure on settlement unit basis" was the subject of
the study. In this context, the study aimed to determine the natural landscape characteristics of Akoren,
Bekirli, Danamandira, Kurfalli and Sayalar rural settlements of Silivri District of Istanbul Province. For
this purpose, it was aimed to create a database in GIS environment for natural landscape values. It is
aimed to determine the natural and socio-cultural landscape values of Kocayazi and Kula villages in
Kirklareli Province and to determine the unique characteristics of the place. The main method was based
on field analyses developed based on GIS-based maps supported by literature data, field studies and
office studies. Maps of topographic structure (elevation, slope, aspect), soil characteristics (great soil
groups, land use capability classes), geological formations, water availability and forest stand types for
each of the study areas were produced by ArcGIS and Adobe Photoshop programmes. Spatial
distributions were presented in comparative tables in the form of % values. Accordingly; low altitude,
flat and gentle slope range, south, southeast and east directions, soil type and use classes suitable for
agricultural use and the dominance of forest trees such as oak, pine and almond were determined in the
natural landscape characteristics of rural settlements. It is thought that the results obtained from the
study will be effective in the stages of planning and tourism development, creating an inventory of rural
indicators and effective use of resources.

Keywords: Rural settlements, Natural landscape features, Geographic information systems, Silivri
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1. GIRIS

Kirsal alanlar; cografik ozellikleri, dogal degerleri, kultiirel dokulari, sosyo-ekonomik yapilar1 ve
kentsel yerlesmelerle olan iliski ve erisilebilirlikleri ile farkhliklar géstermislerdir (Oksiiz vd., 2014).
Oyle ki Yao vd. (2023) calismasinda, kirsal yerlesimlerin; peyzaj desenleri, mekansal formlari, mimari
tarzlari, Giretim ve yasam bicimleri, tarihi ve kiiltiirel yonleri olmak tizere dogal cevreye ve yerel kiiltiire
0zgl deger tasidiklarini belirtmistir. Kirsal alanlar bu farkliliklara bagh olarak; mekansal, ¢evresel,
sosyolojik ve demografik 6l¢iitler cergevesinde gesitli bicimlerde tanimlanmislardir. Villodre vd. (2023)
calismasinda kirsal alanlari; doga ve kiultir arasindaki baglantiy: temsil eden sosyo-ekolojik sistemler
olarak tanimlamistir. Yangang ve Jisheng (2012) ise kirsal alanlari; karasal ekosistemin ana pargasi
olarak, kirsal yap, yerlesim, tarim arazileri ve dogal degerlerin olusturdugu, cografya, ekoloji ve sosyal
bilimlerin kesistigi bir alan olarak tanimlamistir. Bununla birlikte bir¢cok calismada da; kirsal
yerlesmelerin, geleneksel tarim toplumlarinin temel birimlerini olusturan, sakinlerin iiretim ve yasam
ihtiyaclarina gore olusturduklar: temel sosyal alanlar oldugu vurgulanmistir (Robinson, 2003; Jones,
2010; Palmisano, vd., 2016).

Yukaridaki tanimlar1 da destekleyecek sekilde bir¢ok calismada kirsal alanlarin dogal peyzaj
ozelliklerine vurgu yapilmistir. Oyle ki, Elagéz Timur ve Asiliskender (2024); kirsal alanlarin; dogal
cevre ile organik iligki icinde olduklarini ve miras degerlerinin olusumunda dogal unsurlarinin etkin
roliinlin 6nemini vurgulamislardir. Bununla birlikte; kirsal yerlesim diizenine iliskin tipoloji ve morfoloji
ile, mimari dokunun yapim sistemi, malzeme ve form olusumunda dogal peyzaj degerlerinin etkili
oldugu belirtilmistir. Oksiiz vd. (2014)’iin ¢alismalarinda da; kirsal tipoloji ¢alismalarinda kullanilan
gostergeler ve degiskenlere bagh olarak, kirsal yerlesim birimi bazinda veri alt yapisinin olusturulmasi
gerekliligine dikkat ¢ekilmistir. Erdogan vd. (2017) ile Zakariya vd. (2019)'nin ¢alismalarinda; nitelikli
ve yeterli bir veri altyapisi olusturulma siirecinin; kirsal alanlara y6nelik politikalarin gelistirilmesi veya
plan kararlarinin ortaya konulmasinda temel bir dayanak oldugu belirtilmistir. Kose ve Sahin (2017)'nin
calismasinda da bu durum desteklenmis ve dogal peyzaj ozellikleri ile kimlik iliskilendirilmistir.
Calismalarinda, kirsal yerlesimlerin peyzaj 6zelliklerinin, mekanlarin kimliklerini olusturduklar ve
bunlarin bilinmesi ve korunmasi gerekliligi vurgulanmis olup, topografik yapi, jeolojik durum, su
yuzeyleri, bitki dokusu, iklim gibi 6zellikler dogal kimlik bilesenleri olarak tanimlanmistir. Kog¢ ve Kog¢
(2024) da; kirsal yerlesim alanlarinda, tarim ve hayvancilik faaliyetlerinin etkin bir sekilde
surduriilebilmesine yonelik olarak, yerlesim yeri seciminde ekolojik 6zelliklerin etkili oldugunu
belirtmislerdir. Kabatas ve Kiper (2021)’in ¢alismasinda da, kirsal alanlarin; dogal ve sosyo-kiiltiirel
degerleri ile 6zgilinliik tasidig1 ve bu degerlerin tespitin planlama ve tasarim ¢alismalarinda etkili oldugu
belirtilmistir. Fornal-Pieniak ve Zarska (2022) de; peyzajin dogal kaynaklarinin degerlendirilmesinin,
cevresel modelleme, peyzaj planlamasi ve turizm gelisimi i¢in yararli olan temel bir ¢evresel arastirma
yontemi oldugunu vurgulamislardir. Bircok calismada da; kirsal yerlesimlerin dogal varliklarinin
turistik destinasyonlarin secimindeki 6nemine dikkat ¢ekilerek, turistleri ¢eken ana faktérlerden biri
oldugu vurgulanmistir (Priskin, 2001; Kowalczyk, 2001; Dupeyras ve MacCallum, 2013; Obinwanne ve
Okpoko, 2015; Rahayuningsiha vd., 2016; Mazur vd., 2021). An vd. (2019) ile Asmelash ve Kumar
(2019)'1n ¢alismalarinda da; kirsal yerlesimlerin turistik ¢ekiciliginin dogal ve kiiltiirel degerlerin
kalitesiyle iligkili oldugu belirtilmistir. De Aranzabal, Schmitz ve Pineda, (2009)'un calismalar1 da; kirsal
yerlesimlerin, turizm planlamasinda ana kaynak degeri tasidigina dikkat ¢cekmistir.
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Ulusal kirsal kalkinma planlar ile strateji belgelerinde de; “yere 6zgii kirsal alan envanterlerinin
hazirlanmasi ile koy envanter bilgi sistemi olusturulmasi ve dogal kaynaklarin siirdiirtlebilir yonetimi”
gibi dngoriiler gelistirilmistir (Anonim, 2006; Anonim, 2013a; Anonim, 2014, Anonim, 2019).

Buradan yola ¢ikilarak, ¢alisma “Dogal peyzaj 6zellikleri, kirsal yerlesimler i¢in ana kaynak degeri
olup, yerlesim birimi bazinda veri alt yapisinin olusturulmasi 6nemli ve gereklidir” hipotezi
cercevesinde kurgulanmistir. Bu cercevede Istanbul ili Silivri ilgesine bagh Akéren, Bekirli,
Danamandira, Kurfalli ve Sayalar kirsal yerlesimlerinin dogal peyzaj O6zelliklerinin belirlenmesi
amaclanmistir. Bu amagla, dogal peyzaj degerlerine yonelik CBS ortaminda veri tabani olusturulmasi
hedeflenmistir.

2. MATERYAL VE YONTEM

2.1. Materyal

Ana materyali olusturan ¢alisma alani; Istanbul Ili Silivri Ilcesi kuzey-kuzeydogu béliimiinde yer alan
Akéren, Bekirli, Danamandira, Kurfalli ve Sayalar yerlesimlerinden olusmaktadir. Ornek olarak secilen
alanlarin seciminde; 1/100.000 6lcekli istanbul il Cevre Diizeni Plan1 kapsaminda ilgili alanlarin, “kirsal
yerlesim alan1”, “tarimsal niteligi korunacak alanlar”, “cevresel siirdiriilebilirlik acisindan kritik

alanlar”, “dogal ve kirsal karakteri korunacak alanlar”, “ekolojik turizm ve tarim alanlar1” (Anonim,
2009) olarak 6ngoriilmesi etkili olmustur.

Sekil 1. Calisma alani

Tlum sayisal verilerin islenmesi ile tematik haritalarin olusturulmasi sirasinda ilgili kurum ve
kuruluslarin hazirlamis oldugu rapor ve haritalar ile Adobe Photoshop, Google Earth, ArcGIS, Microsoft
Office Excel programlarindan yararlanilmistir.

2.2. Yontem

Calisma kapsaminda Silivri Ilcesi 6zelinde secilen érnek yerlesimlerin dogal peyzaj ozelliklerine
iliskin CBS veri tabani temelinde envanterleri olusturulmustur. Dogal peyzaj o6zelliklerine dayah
envanter olusturma siirecini iceren yontem ana kurgusunu; literatiir verileri, arazi ¢alismalari ve biiro
calismalar1 ile desteklenerek CBS temelli haritalara dayali olarak gelistirilen alan analizleri
olusturmaktadir.

Literatiir taramasi ¢alismanin ilk asamasim olusturmustur. Ilgili asamada; ulusal ve uluslararasi
Olcekli calisma alani1 ve konusuna iliskin tez, makale, rapor ile kurumlardan temin edilen harita ve
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planlara iliskin genel degerlendirmeler yapilmistir. Elde edilen veriler calisma amaci ve hipotezinin
olusturulmasinda etkili olmustur.

Arazi calismalar ise; gozlem ve goOriisme esasina dayali olarak gerceklestirilmistir. Literatiir
taramalar1 ve arazi gozlemleri alan analizlerine dayanak olusturmustur.

Alan analizi asamasinda; ArcGIS ve Adobe Photoshop programlar araciligiyla, ¢alisma alanlarinin
her birine iliskin topografik yapi (ytikseklik, egim, baki), toprak 6zellikleri (biiytik toprak gruplari, arazi
kullanim kabiliyet siniflari), jeolojik formasyonlar, su varlig1 ile mescere tiplerine iliskin tematik
haritalar olusturulmus ve kapladiklar1 alansal dagilimlar karsilastirlmali olarak ¢izelgelerle
sunulmustur. Detaylar asagida maddeler seklinde verilmistir.

e Amerika Birlesik Devletleri Jeoloji Arastirma Kurumu (USGS) tarafindan hazirlanan sayisal

yukseklik modeli (DEM) haritas1 (Anonim, 2023a) althgindan; ytikseklik, egim, baki ve su varligi

haritalar1 olusturulmustur.

e istanbul Biiyiiksehir Belediyesi tarafindan hazirlanan “Istanbul Biiyiiksehir Alan1 ve Cevresinde

Tarim Sektorii Arastirmasi” (Anonim, 2008a) baslikli etiit raporundan yararlanilarak; biiytik toprak

gruplary, arazi kullanim kabiliyet siniflari, su varligi ile mescere tipleri haritalar1 olusturulmustur.

e [stanbul Biiyiiksehir Belediyesi Deprem ve Zemin Inceleme Sube Miidiirliigii’niin “Istanbul Kent

Jeolojisi Projesi Istanbul Il Alaninin Jeolojisi Yénetici Ozeti” (Anonim, 2011) isimli raporundan, jeoloji

formasyonlari haritasi olusturulmustur.

Calisma sonucunda, veri temelli tim haritalardan elde edilen bulgulara dayanarak genel
degerlendirmeler yapilmistur.

3. ARASTIRMA BULGULARI VE TARTISMA

3.1. Topografik Yapi

Ornek alanlarin topografik yapisi belirlenirken ArcGIS 10.1 programi aracilifiyla yiikseklik, egim ve
baki haritalari olusturulmustur.

Yiikseklik: Temel bir parametredir ve diinya ylizeyinde ve atmosferik siirecte, egim, baki ve spesifik
havza ve planin yani sira ¢evresel 6zelliklerin tliretilmesinde de 6nemli bir rol oynar (Gallant ve Wilson,
2000). Silivri Ilgesi'nin kuzey ve kuzeydogusunda yer alan Akéren, Bekirli, Danamandira, Kurfall ve
Sayalar’in ortalama yiiksekligi 120-240 metre araliginda yer almaktadir. Alanlar icerisinde en ytliksek
noktanin kilometre kareye oranla en fazla oldugu mahalle Akoren, en algak noktanin kilometre kareye
oranla en fazla oldugu mahalle Bekirli’dir. Bununla birlikte; yogun olarak 180 m alt1 rakimli alanlara
sahip olan yerlesim Akodren iken, 180 m tizeri rakiml alanlarin yogun bulundugu yerlesim ise Sayalar
olmustur (Sekil 2, Tablo 1).

Egim: Temel bir parametre olarak egim, cevresel 6zelliklerin tiiretilmesi icindir ve erozyon
potansiyeli, ylizeysel akis oranlar ile kara ve yer alti akis hiz1 gibi bircok 6nemli peyzaj siirecini
etkilemektedir (Jeong vd., 2013). Egim olarak incelendiginde; genel olarak diisiik egimli alanlarin
cogunlukla oldugu ve ¢alisma alanlarinin tamaminin ortalama % 80’lik bir alaninin % 0-8'lik bir egim
araliginda yer aldig1 saptanmistir. Yerlesim 6zelinde incelendiginde; Akéren ve Danamandira yogun
olarak % 0-6 araliginda yer alirken, Bekirli ve Kurfall1 daha engebeli bir arazi tizerinde konumlanmstir.
Sayalar’n kuzeydogu ve kuzeybati yonleri de cogunlukla diize yakin iken giineybati, gliney ve glineydogu
yoniinde ise egim miktar: giderek artarak %10,00’luk egimin tizerine dogru ¢iktig1 gértilmektedir (Sekil
3, Tablo 2).
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Sekil 2. Calisma alani kirsal yerlesimlerine iliskin ytlikseklik haritalar

Tablo 1. Calisma alani kirsal yerlesimleri yiikseklik gruplarinin alansal dagilim yiizdeleri

70

60

50

40

30

20

10

120 ve alti 120,01-150 150,01-180 180,01-210 210,01-240 240,01-270
Yikseklik Gruplari (m) ve kapladigi alan yuzdeleri (%)

—&— Akdren 33.51 25.85 25.6 15.04
—fl— Bekirli 15.03 26.9 35.23 21.42 1.42
=== Danamandira 9.51 19.43 58.19 12.86 0.01
=>= Kurfalli 9.57 23.8 32.63 25.46 8.54
== Sayalar 0.002 3.35 46.5 48.748 1.4
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Sekil 3. Calisma alani kirsal yerlesimlerine iliskin egim haritalari

Tablo 2. Calisma alani kirsal yerlesimleri egim gruplarinin alansal dagilim yiizdeleri

30
25
20
15
10
5
0
—4&— Akoren
—ll— Bekirli
=== Danamandira
== Kurfall
== Sayalar

0-2

12.59
16.03
19.13
16.08
22.1

2,01-4

20.75
23.48
26.19
22.94
28.28

4,01-6

19.93
24.39
20.61
20.72
22.83

6,01-8

19.21
16.8
15.13
16.44
15.11

8,01-10

13.8
10.53
9.29
11.94
7.21

10,01-12

8.67
6.01
5.06
7.12
3.57

12,01-14 l‘L_'Selr:’e
3.88 1.17
2.35 0.41
2.75 1.84
3.82 0.94
0.9
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Baki: Baki degerleri acisindan durum degerlendirildiginde giiney, giineydogu ile dogu yonlerinin
baskin oldugu saptanmistir (Sekil 4, Tablo 3).
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Sekil 4. Calisma alani kirsal yerlesimlerine iliskin baki haritalar

Tablo 3. Calisma alani kirsal yerlesimleri baki gruplarinin alansal dagilim ytizdeleri
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—>=Kurfall 9.04 10.55 15.87 17.79 10.87 11.05 13.47 11.85
=== Danamandira 13.75 11.41 12.85 15.16 13.88 10.46 9.19 133
—fl— Bekirli 8.72 13.22 16.74 17.67 16.33 13.87 6.86 6.59
—4— Akoren 15.88 13.47 15.36 14.53 12.61 8.69 6.29 13.18
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3.2. Toprak Yapisi

Ornek alanlarin toprak 6zelliklerine iliskin olarak; biiyiik toprak gruplari ile arazi kullanim kabiliyet
siniflarina iliskin tematik haritalar tiretilmistir.

Biiyuk toprak gruplary; agisindan incelendiginde, kireg¢siz kahverengi orman topraginin her bir
yerlesim 0zelinde bulundugu saptanmistir. Bu toprak tipi, kireg¢siz olup, genellikle yapragini doken
orman Ortiisii altinda olusarak, asit, notr veya kalevi reaksiyon 6zelligine sahiptir (Palali, 1997; Anonim,
2008b). Akoren, Danamandira, Kurfalli'da ylizdesel olarak en fazla orani kaplayan toprak grubu
kahverengi orman toprag: iken, Sayalar ve Bekirli'de en fazla orani kaplayan toprak grubu kiregsiz
kahverengi orman topragi olmustur. Islemeye uygun olmasi ile tarima elverisli toprak grubunu
olusturan allivyal topraklar (Anonim, 2008b) ise diger yerlesimlere gore %5‘lik bir oranla en ¢ok
Akoren’de goriilmistir (Sekil 5, Tablo 4).
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Sekil 5. Calisma alani kirsal yerlesimlerine iliskin biiylik toprak gruplar: haritalar:
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Tablo 4. Calisma alani kirsal yerlesimleri biiyiik toprak gruplarinin alansal dagilim yiizdeleri

120
100 X
80
60
40
20
0 Ki iz Kah i | Kah io Ki iz Kah i
Altivyol Toprak iregsiz Ka verevngl a verenglu rman Vertisol iregsiz Kahverengi
Orman Topragi Topragi Toprak
Toprak Gruplari ve kapladigi alan ylizdeleri (%)
—— Akoren 5.01 1.48 61.21 31.47 0.83
—ll— Bekirli 0.65 51.82 40.97 6.56
Danamandira 2.72 95.82
== Kurfalli 1.69 13.37 74.68 9.72 0.54
== Sayalar 99.85
—&— Akoren == Bekirli Danamandira ===Kurfalli == Sayalar

Arazi kullanim kabiliyet siniflari; calisma alanlari arazi kullanim siniflary; L, IL, IIL, IV., VI. ve VIII.
sinif arazilerden olusmaktadir. Arazi kabiliyet siniflarinin dagiliminda, II. ve III. Sinif toprak tiplerinin
yogunluklu oldugu gériilmektedir. Ozellikle de Sayalar ve Danamandira II. sinif toprak tipinin en yogun
oldugu yerlesimler olarak yer almistir. Tarim acisindan en verimli topraklar olan I. sinif arazi en fazla
Akoren’de, en az Sayalar'da yer almaktadir. II. sinif arazi ise en fazla Sayalar’da, en az ise Bekirli'de yer
almaktadir. Calisma alani igerisinde V. sinif ve VII. sinif arazi hi¢ bulunmaz iken VIIL sinif arazi az da olsa
Danamandira’da yer almaktadir (Tablo 5, Sekil 6).

Tablo 5. Calisma alani kirsal yerlesimleri arazi kull. kabiliyet siniflarinin alansal dagilim ytizdeleri

250
200
150
100
50
0 i
I. Sinif . Sinif . Sinif IV. Sinif V. Sinif VI. Sinif VIIL Sinif
Arazi Kullanim Kabiliyet Siniflari  ve kapladigi alan yuzdeleri (%)
== Sayalar 92.34 7.55 0.11
== Kurfalli 0.47 10.94 35.54 45.54 7.51
Danamandira 2.75 54.92 3291 4.12 3.84 1.46
—ll— Bekirli 0.64 3.39 76.37 4.23 15.37
—&— AkOren 5.01 34.74 46.56 10.47 3.22
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Sekil 6. Calisma alani kirsal yerlesimlerine iliskin arazi kullanim kabiliyet siniflar1 haritalar

3.3. Jeolojik Yap1

Calisma alanlan jeoloji haritalar;; formasyonlar o6zelinde degerlendirilerek olusturulmustur.
Aliivyon, Istanbul Formasyonu (Kira¢ Uyesi, Sogucak Kirectasi), Istranca Birligi (Kizilaga¢ Metagraniti)
ve Danmismen Formasyonu (Sinekli Uyesi, Cantakdy Tiif Uyesi, Giirpinar Uyesi, Siiloglu Seyil Uyesi,
Sogucak Kiregtasi)’'ndan olusmaktadir. Dagilim incelendiginde; Akéren; Aliivyon, Kirag liyesi, Sinekli
lyesi, Gurpinar tiyesi, Siloglu seyil liyesi ve Sogucak kirectasindan, Bekirli; Aliivyon, Kirag tyesi ve
Silloglu seyil tlyesinden, Danamandira; Aliivyon, Kira¢ iiyesi, Sogucak Kkirectasi ve kizilagag
metagranitinden, Kurfall;; Aliivyon, Kirag tiyesi, Sinekli iiyesi, Cantakdy kiif liyesi, Glirpinar iyesi ve
Siiloglu seyil tlyesinden, Sayalar; Aliivyon ve Kira¢ iliyesinden olustugu saptanmistir. Aliivyon
formasyonu en fazla Danamandira, en az Bekirli'lde bulunurken, Kizilaga¢ metagraniti de sadece
Danamandira’da, Cantakoy Kiuf tiyesi de sadece Kurfalli’da bulunmaktadir (Sekil 7, Tablo 6).
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Sekil 7. Calisma alani kirsal yerlesimlerine iliskin jeolojik yap1 haritalar

Tablo 6. Calisma alani kirsal yerlesimleri jeolojik yapisinin alansal dagilim yiizdeleri

100
90
80
70
60
50
40
30 *
20
10 -
0
. .| Sogucak Kizilagag Suloglu Seyil _. ... Cantakdy | Gurpinar
Altwyon | Kirag Uyesi Kirectagi  Metagraniti Uyesi Sinekli Uyesi Kiif Uyesi Uyesi
Jeoloji Formasyonlari ve kapladigi alan yuzdeleri (%)
—— Akoren 7.02 13.49 0.68 28.5 15.18 35.13
—l— Bekirli 0.6 84.82 14.58
=== Danamandira 2.75 54.92 32.91 4.12
=>= Kurfalli 4.1 17.92 45.54 4.06 13.35 4.06 55.87
== Sayalar 8.1 91.9

12



Atay ve Kiper, Akademia Doga ve Insan Bilimleri Dergisi/Academia Journal of Nature and Human Sciences, 10(1), 2024: 1-20

3.4. Flora

Calisma alani sinirlar icerisinde dogal olarak yayilis gdsteren orman agaglari genel olarak mege,
fistik cami1 ve badem gibi agac¢lardan olusmaktadir. Akéren, Danamandira, Sayalar; ¢esitli mese sahalari
ile ziraat alanlarini; Bekirli, ¢esitli mese sahalari ile badem, fistik ¢amy, sahil cami ve ziraat alanlarini,
Kurfall, ¢esitli mese sahalari ile badem, fistik cami, giirgen ve ziraat alanlarini icermektedir (Sekil 8).
Dagilim oranlari agisindan degerlendirildiginde ise; basarili mese sahasinin en yogun oldugu yerlesim
%33,16’lik oranla Danamandira iken, %71-100 kapalilikta mese sahasinin en yogun oldugu yerlesim ise
%21,66’ik oranla Sayalar olmustur. Ziraat alanlarinin en yogun oldugu yerlesimler ise %93,57 ile
%67,95’lik oranlarla Akéren ve Kurfalli olarak yer almistir.
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Sekil 8. Calisma alani kirsal yerlesimlerine iliskin mescere tipi haritalari
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3.5. SuVarhgi
Calisma alani 6rnek koylerine iliskin su varhigi haritalar1 kapsaminda akarsu, sondaj ve kaynak
noktalari ile cesmeler gosterilmistir (Sekil 9).

Sekil 9. Calisma alani kirsal yerlesimlerine iligskin su varlig1 haritalari

Calisma alanlarinin su varligl degerlerine iliskin karsilastirilmali sonuglar Tablo 7. de verilmistir.
Buna gore; sondaj kuyusu, Danamandira ve Sayalar’da yer almazken, en fazla sayida Akoéren’de
bulunmaktadir.
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45 Su Varhgi
40
= 35
3 30
— 25
g 20
- 15
L"‘c 10
S 5
- 0 Sondaj
ondaj
Kaynak Cesme Kuyusu
@ Danamandira 17 3 0
e Sayalar 4 3 0
Bekirli 9 1 1
Kurfalli 18 7 5
Akoren 40 5 10

Tablo 7. Calisma alani kirsal yerlesimleri su varligi verilerine iliskin karsilastirmali sonuglar

Calisma alanm igerisinde Akoren, Beyciler ve Danamandira’da biyolojik aritma tesisleri
bulunmaktadir. Bunlardan Akéren ve Danamandira biyolojk aritma tesislerinin kapasitesi giinliik 500
m3 iken, Beyciler biyolojik aritma tesisinin glinliik kapasitesi ise 1.000 m3 tiir (Anonim, 2023 b).

4. SONUC
Calismada; “Dogal peyzaj 6zellikleri, kirsal yerlesimler icin ana kaynak degeri olup, yerlesim birimi
bazinda veri alt yapisinin olusturulmasi énemli ve gereklidir” hipotezi ¢cercevesinde, Istanbul Ili Silivri
llcesi'ne bagh Akoéren, Bekirli, Danamandira, Kurfalli ve Sayalar kirsal yerlesimlerinin dogal peyzaj
ozelliklerine iliskin mevcut durum ortaya konulmustur. Calismadan elde edilen sonuglar ile ilgili
sonuglarin olusturabilecegi katkilar asagida maddeler seklinde sunulmustur.
e Kirsal yerlesimler ile dogal peyzaj oOzellikleri arasindaki iliski ve 6nem durumu, ulusal ve
uluslararasi olgekli literatiir ¢alismalar: ile desteklenerek ortaya konulmustur. Bu durum, ilgili
konuda farkindalik olusturmak agisindan yarar saglayacaktir.
e Akoren, Bekirli, Danamandira, Kurfalli ve Sayalar kirsal yerlesimlerine iliskin ilgili kurumlardan
temin edilen veriler Arcgis 10.1 yazilim ile sayisallastirilarak dogal peyzaj ozelliklerine iliskin
tematik haritalar olusturulmustur. Bu durum, ilgili paydaslara veri destegi saglayarak plan
kararlarinda ve turizm gelisiminde 6nemli bir destek olusturacaktir. Bircok ¢alisma da bu durumu
destekler niteliktedir (De Aranzabal, Schmitz ve Pineda, 2009; Erdogan vd., 2017; Zakariya vd., 2019;
Kabatas ve Kiper, 2021; Fornal-Pieniak ve Zarska, 2022).
e Akoren, Bekirli, Danamandira, Kurfalli ve Sayalar kirsal yerlesimlerinin dogal peyzaj 6zelliklerini
iceren alansal miktarlar % degerler seklinde karsilastirilmali olarak c¢izelgelerle belirtilmistir. Bu
veriler, kirsal gostergelere iliskin envanter olusturulmasi, kaynaklarin etkin sekilde kullanimu ile
stratejilerin gelistirilmesi asamalarinda etkili olacaktir. lgili sonug; Oksiiz vd. (2014), Erdogan vd.
(2017) ile Zakariya vd. (2019)’'nin ¢calismalarini destekler niteliktedir.

Sonug olarak, dogal 6zellikler, kirsal alanlarin gelisiminde, planlanmasinda etkin bir rolii sahiptir ve
Zakariya vd. (2019)'nin de belirttigi gibi; herhangi bir gelismenin planlanmasi 6ncesinde peyzaj
degerlerinin belirlenmesi ve haritalanmasi 6nemlidir.

Not: Bu calisma, Tekirdag Namik Kemal Universitesi Fen Bilimleri Enstitiisii Peyzaj Mimarhg
anabilim dalinda ytiriitiilen ytliksek lisans tezinden yararlanilarak hazirlanmistir.
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EXTENDED ABSTRACT

Introduction and Research Questions & Purpose

This study was designed within the framework of the hypothesis "Natural landscape features are the
main resource value for rural settlements and it is important and necessary to create a data
infrastructure on settlement unit basis". In this framework, it was aimed to determine the natural
landscape features of Akoren, Bekirli, Danamandira, Kurfalli and Sayalar rural settlements of Silivri
District of Istanbul Province. For this purpose, it is aimed to create a database in GIS environment for
natural landscape values.

Methodology

Within the scope of the study, inventories of the natural landscape features of the sample settlements
selected in Silivri District were created on the basis of GIS database. The methodology consists of field
analyses developed based on GIS based maps supported by literature data, field studies and office
studies.

Firstly, general evaluations were made on theses, articles, reports, maps and plans obtained from
national and international scale theses, articles, reports and institutions related to the study area and its
subject. Field studies were carried out based on observation and interviews with local people.

Maps of topographic structure (elevation, slope, aspect), soil characteristics (great soil groups, land
use capability classes), geological formations, water availability and forest stand types for each of the
study areas were produced by ArcGIS and Adobe Photoshop programmes. Spatial distributions were
presented in comparative tables in the form of % values.

Results and Conclusions

Within the scope of the study, the relationship between rural settlements and natural landscape
features and their importance were supported by national and international literature studies.
Afterwards, the current situation regarding the natural landscape features of Akoren, Bekirli,
Danamandira, Kurfalli and Sayalar rural settlements of Silivri District of Istanbul Province was revealed.

It is thought that the results obtained from the study will be effective in the stages of planning and
tourism development, creating an inventory of rural indicators and effective use of resources.

As a result, natural features have an effective role in the development and planning of rural areas
and it is important to determine and map the landscape values before planning any development.
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OZET

Bu makale, Avrupa Birligi entegrasyon siirecinde Turkiye'de benimsenen kati atik yonetimi
uygulamalarin1 AB llerleme Raporlarina dayanarak analiz etmektedir. Tiirkiye'nin kat1 atik yonetimi
uygulamalar iizerindeki etki, 1998 yilindan bu yana AB ilerleme Raporlarinda sunulan kati atik
verilerinde acikca goriilmektedir. Ozellikle 1998 yilindan sonra baslatilan kati atik yonetimi
uygulamalari, takip eden her ilerleme raporunda tutarli bir gelisme gostermistir. Bu c¢alisma,
surduriilebilir kat1 atik uygulamalarinin gelismis tilkeler tarafindan kiiresel olarak benimsenmesini ve
Tirkiye'de yeni ve dontistiriicii degisikliklere duyulan ihtiyaci incelemektedir. Calismada, Avrupa
Birligi tarafindan Tirkiye icin yayinlanan ilerleme raporlar1 analiz edilmis ve nitel arastirma
yontemlerinden biri olan icerik analizi yontemi kullanilmistir. Arastirma sonuglari, Tiirkiye'nin kat1 atik
yonetimi politikalarinin ve uygulama araglarinin, degisen ihtiya¢ ve kosullara uyum saglamak amaciyla
AB ilerleme raporlarindan dogrudan etkilendigini gostermistir.

Anahtar Kelimeler: Kat1 atik yénetimi, Tiirkiye'de kati atik yonetimi, AB Ilerleme Raporlari
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Exploration of Turkey's Solid Waste Management in the Context of EU
Progress Reports

ABSTRACT

This article analyses the solid waste management practices adopted in Turkey during the European
Union integration process, based on the EU Progress Reports. The impact on Turkey's solid waste
management practices is evident in the solid waste data presented in the EU Progress Reports since
1998. In particular, solid waste management practices initiated after 1998 have shown a consistent
development in each subsequent progress report. This study examines the global adoption of
sustainable solid waste practices by developed countries and the need for new and transformative
changes in Turkey. The study analysed the progress reports published by the European Union for Turkey
and used the method of content analysis, one of the qualitative research methods. The research results
showed that Turkey's solid waste management policies and implementation tools are directly influenced
by the EU progress reports in order to adapt to changing needs and conditions.

Keywords: Management of solid waste; Management of solid waste in Turkey; EU Progress Reports
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1. INTRODUCTION

In the last century, with the rise of globalisation, affluence and urbanisation, the consumption culture
of societies has changed, leading to new consumption habits. The movement of rural populations,
formerly producers, into urban environments has increased the incentive for factory-produced goods.
Increasing amounts of waste have put additional pressure on environmental resources. Issues such as
population growth, unplanned urbanisation, industrialisation, consumption frenzy and natural disasters
have led to escalating environmental problems such as air, water, soil, noise and visual pollution (Zeytin
and Kirhoglu, 2014:239). Efforts to overcome these problems have included both local and international
solutions. In Turkey, which is considered a developing country, industrialisation and rising living
standards have led to an increase in waste. Waste, defined as materials produced and deemed unusable
by their producers, is a major source of environmental pollution. Among the different types of waste,
solid waste is the largest. Solid waste refers to solid materials and sludge from treatment processes that
must be disposed of regularly for public peace and environmental protection (Zengin and Ulutas, 2016:
27). The term solid waste generally includes materials that are not as fluid as water or other liquids and
are not gaseous. Solid waste generally refers to household food waste, plastic packaging, glass, metal,
etc., that are disposed of in dustbins.

Solid waste management is a critical issue because it threatens environmental resources such as soil,
air and water. It involves a series of processes, from waste generation to final disposal, including
collection, reduction, temporary storage, transfer, transportation, reuse and recycling, which are
assessed from economic, engineering, public health and aesthetic perspectives and include
administrative, financial, legal, engineering and planning functions (Bilgili, 2020: 92).

In the environmental policies of the European Union, it aims to reduce pollution in order to eliminate
pollution, to take measures, not to harm the ecological balance of natural resources while ensuring
sustainable development, to prevent environmental damage at the source, and to ensure harmonisation
with sectoral policies in terms of environmental protection (Erdem and Yenilmez, 2017:92). On the
other hand, environmental policies in Turkey, which is considered a developing country, are based on
the negotiated agreements reached in the EU harmonisation process. The European Union's
environmental policies are complex and thorough, playing an increasingly significant role in
negotiations as their scope expands annually. The Union's emphasis on environmental policies is clear
in the negotiation chapters, with a growing range of directives for candidate countries. This situation
has some consequences for Turkey (Yayli and Kaya, 2020: 674). To comply with EU environmental
policy, more legislation and implementation is needed.

As a result, aligned legal frameworks and principles in environmental matters, especially in solid
waste management, have emerged. Solid waste management gained momentum after the 1980s due to
the emphasis on environmental issues in EU accession policy. Solid waste is one of the key
environmental chapters for EU membership. Although solid waste practices and achievements vary
between EU Member States, the aim is to achieve a regional standard. This study examines how
Management of solid waste in Turkey has evolved in accordance with of the EU Progress Reports,
analysing each report to determine the status and progress of solid waste practices.
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2. MATERIAL AND METHODS

This article is an extended version of the conference paper titled "Analysing Solid Waste
Management in Turkey within the Framework of EU Progress Reports" published by the authors in
2020.Progress Reports are evaluation reports prepared by the EU Commission for countries applying
for membership. Turkey's first Progress Report was published in 1998 and has been published every
year since then. This study analyzes the progress made in the field management of solid waste in Turkey
in the context of the EU Progress Reports published annually since 1998. The analysis includes whether
recommendations in previous reports have been taken into account, what progress has been made and
where deficiencies. The aim is to reveal the development of solid waste management and the current
status of solid waste practices in Turkey in the context of EU Progress Reports. In addition, within the
framework of EU harmonization studies, legal regulations regarding solid waste are listed
chronologically.

Qualitative research; It includes various methods such as observation, interview, historical analysis,
document analysis and text analysis. In this study, qualitative research design was adopted and content
analysis method was used. Content analysis is a technique within the qualitative research method that
aims to analyse many different materials such as documents, texts and documents within certain rules
in order to reach objective, measurable and verifiable information (Metin ve Unal, 2022: 273). Content
analysis synthesises research that plays an important role in disseminating research knowledge and
shaping further research, policy, practice and public perception (Suri & Clarke, 2009: 396). In this study,
in addition to progress reports, literature and relevant legal regulations were also utilised.

3. THEORETICAL FRAMEWORK: SOLID WASTE MANAGEMENT

Conventional landfilling, incineration, composting and solid waste treatment are among the
commonly used methods of waste disposal (Abdel-Shafy and Mansour, 2018: 1280). Landfilling involves
the systematic disposal of both biodegradable and non-biodegradable waste in a designated landfill or
landfill site, away from the suburban areas of a municipality. This method has traditionally been a
common and profitable waste management strategy in many countries (Nanda and Berruti, 2021: 1440).

Composting is defined as "a biological process that decomposes and stabilises organic material
under conditions that promote the development of thermophilic temperatures due to biologically
generated heat, resulting in a final product that is sufficiently stable for storage and land application
without causing adverse environmental effects” (Wigneswaran et al., 2016: 408).

Solid waste treatment and incineration are other common methods. In both cases, waste must be
separated at source or immediately prior to treatment. The main problem encountered in the
management of almost all solid wastes is that they are complex mixtures and are often subjected to
unsuitable storage conditions, where they undergo degradation prior to collection and subsequent
treatment (Hamer, 2003: 73).

The organised storage of waste is crucial to prevent landfill gas leakage, which can lead to fire
hazards and contribute to long-term global warming due to high methane levels, and leachate drainage,
which causes permanent groundwater pollution (Nanda and Berruti, 2021: 1442). Regardless of their
characteristics, waste should not be directly disposed of in environments where human and living beings
reside without any precautions. This requirement was made a legal obligation in Turkey with the
Environmental Law enacted in 1983. Therefore, landfill and source separation methods are very
important to integrate solid waste management stages and ensure high efficiency.
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The importance Turkey attaches to waste management has progressed in parallel with the European
Union accession process. Turkey first joined the European Economic Forum on July 31, 1959, beginning
its candidacy process by applying to the community. At the Helsinki Summit in 1999, Turkey was granted
candidate status by the EU. Subsequently, it was decided to start negotiations at the Brussels Summit in
2004. After gaining participant status, Turkey was required to align with the EU in the environmental
field, as well as in many other areas (Gl and Yaman, 2021: 1271). In consequence of this decision and
in accordance with the report and recommendation of the European Commission dated 6 October 2004,
Turkey, which has the status of 'Participant Country', was required to set out short, medium and long-
term goals in the environmental strategy document to be prepared for alignment with the Accession
Partnership and to implement the environmental acquis accordingly. This was in line with the decision
of the European Commission dated 6 October 2004. Since 3 October 2005, the EU has been providing
guidance to Turkish environmental policy through the publication of several official documents
(Environmental Law, 1983).

The European Union and Turkey began accession negotiations, comprising 35 chapters, in 2005.
They opened the environment chapter for negotiations in 2009, incorporating harmonization efforts in
this field into the negotiation agenda. The European Commission annually organizes an examination of
candidate countries compliance with the acquis. The progress reports published highlight the
advancement of candidate countries in each chapter of the accession negotiations and are important
documents due to their evaluations. Although Turkey's accession negotiations began in 2005, the
progress reports started being published in 1998, with the environmental chapter included since the
beginning. Therefore, the environment chapter had been included in progress reports before its opening
for negotiations in 2009, and annual developments in the environment chapter, like other chapters, were
also evaluated in these reports (Yayl and Kaya 2020: 665). Waste management is a focal point within
the environmental chapter. The reports are structured into two sections: diagnoses and expectations
(Dagidir, 2020: 65). Within this framework, the primary aim of this study is to assess Turkey's
advancements in these domains by analyzing the assessments and projections concerning solid waste
management in the EU progress reports.

4. MANAGEMENT OF SOLID WASTE IN TURKEY ACCORDING TO THE EU PROGRESS REPORTS

4.1. Legal Framework Concerning Solid Waste

The origins of legal regulations regarding waste management in Turkey date back to ancient times.
The Municipality Law No. 1580 and the General Hygiene Law No. 1593, which came into effect in 1930,
include regulations on issues such as collecting and storing waste and taking necessary measures to
protect public health (Turkish Court of Accounts, 2007:12). Since then, other legislation has included
provisions directly or indirectly related to waste management in the context of protecting the
environment and human health. Regulation of solid waste increased after the establishment of the
Ministry of the Environment in 1991 and the issuance of solid waste regulations. The establishment of
the Ministry of Environment in 1991 led to the inclusion of cleaning services and solid waste
management within the ministry's purview. The legal arrangements prior to the first Regular Report on
solid waste management are as follows (Dagidir, 2020:36):

e Municipality Law No. 1580 (14 April 1930)
e General Public Health Law No. 1593 (24 April 1930)
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e Environmental Law No. 2872 (9 August 1983)

e Law on the Administration of Metropolitan Municipalities No. 3030 (27 June 1984)

e Regulation on Control of Solid Wastes (14 March 1991, Official Gazette No. 20814)

e Regulation on Control of Medical Wastes (20 May 1993, Official Gazette No. 21586)

e Regulation on Control of Hazardous Wastes (27 August 1995, Official Gazette No. 22387)

Municipality Law No. 1930, which was given to municipalities as the service area of solid waste, is
the first law that mentions solid waste and their collection. General Public Health Law, which came into
force in 1930, also contains various provisions regarding solid waste. According to this law, it is
mandatory for the streets of every settlement with a municipality to be kept clean by washing and
sweeping. Collected waste is spread around (General Rebuplic Health Law, 1930). The Environmental
Law enacted in 1983 is the first comprehensive legislation regarding solid waste. However, since there
were many deficiencies in the law regarding solid waste, the Solid Waste Control Regulation was issued
in 1991. This regulation aims to eliminate legal and technical deficiencies regarding solid waste. The first
five laws mentioned above did not elaborate on waste management, but included general definitions of
responsible institutions.

The Law on the Management of Metropolitan Municipalities No. 3030, dated 1984, held the
metropolitan municipalities responsible within the region they are responsible for determining the
collection places of waste and establishing the necessary facilities for their disposal (Law on the
Administration of Metropolitan Municipalities, 1984). In addition to these laws, regulations on medical
waste were issued in 1993 and on hazardous waste in 1995. The legislation adopted following the
progress reports is as follows:

e Regulation on Control of Waste Oils (Official Gazette No: 25353, dated 21.02.2004)

e Regulation on Control of Construction and Demolition Wastes (Official Gazette No: 25406, dated
18.03.2004)

e Law No. 5216 on Metropolitan Municipalities (10.07.2004)

e Regulation on Control of Packaging and Packaging Wastes (Official Gazette No: 25538, dated
30.07.2004)

e Regulation on Control of Waste Batteries and Accumulators (Official Gazette No: 25744, dated
31.08.2004)

e Regulation Amending the Regulation on Control of Waste Batteries and Accumulators (Official
Gazette No: 25744, dated 03.03.2005)

e Municipality Law No. 5393 (dated 03.07.2005)

e Regulation on General Principles of Waste Management (Official Gazette No: 26927, dated
05.07.2008)

e Regulation on Landfilling of Wastes (Official Gazette No: 27533, dated 26.03.2010)

e Regulation on Waste Management (Official Gazette No: 29314, dated 02.04.2015)

e Zero Waste Regulation (Official Gazette No: 30829, dated 12.07.2019)

All regulations concerning the control of waste oils, construction and demolition waste, the control
of waste batteries and accumulators and packaging waste were adopted in 2004. At this point, 2005 is
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important as the year when environmental negotiations with the EU started. The negotiations aimed to
bring Turkey into line with EU environmental legislation. The General Principles of Waste Management
were adopted in 2008 and the Ordinance on Waste Management in 2010. Regulations on The Storage
and Management of Waste were adopted in 2015, and finally the Zero Waste Regulation came into force
in 2019 (Dagidir, 2020: 16).

When all legislation enacted before and after the progress reports are compared, about seven legal
acts dealing with solid waste were enacted over a period of 70 years. Prior to the EU harmonisation
process, environmental issues were dealt with in a very limited manner and generally in development
plans, but it is seen that these plans did not elaborate on environmental issues and only expressed
superficially (Biyan and Gok, 2014: 298). Turkey's solid waste management process has been influenced
by the EU harmonisation process, especially since the 2000s, and legal frameworks have been
harmonised with EU directives. As a result, many EU environmental legislations have been implemented
in Turkey.

The Zero Waste project, launched by the Ministry of Environment and Urbanisation in 2017, is
important in terms of solid waste management (Alakas et al., 2018: 191). Zero waste is a whole systems
approach that aims to eliminate rather than rather than 'managing' waste (Curran and Williams, 2012:
3). A zero waste management system is a management system that considers both the benefits and costs
of waste management. It is a system that is designed to prevent waste generation, reduce waste, collect
it separately at the source, temporarily store it, separate it for collection, transport it and process it (The
Ministry of Environment, Urbanization and Climate Change, 2022). Furthermore, the regulations
enacted during the harmonisation process with the European Union also endorse the zero waste
approach. It is anticipated that Turkey will adopt more environmentally friendly approaches in the
future, including sustainable waste management, zero waste and integrated waste management, and will
be supported by legal regulations.

More detailed regulations on solid waste have emerged under the influence of EU Progress Reports.
The sections on solid waste within the framework of the progress reports are detailed below:

4.2. Solid waste management according to the European Union's Turkey progress reports from
1998 to 2023
The first progress report on Turkey's harmonisation process was published in 1998. While these
reports were called "Progress Reports" between 1998 and 2016, they were published as "Country
Reports/Turkey Reports" after 2016. In 2017, no progress report was published for 2017 due to the
pause in Turkey's EU accession process. From 1998 to 2023, a total of 24 reports were published by the
EU. According to the progress reports, solid waste issue is listed and detailed chronologically below:

1998 Progress Report: This report does not contain any information on solid and urban waste, but
only mentions the lack of acquis on waste (European Commission, 1998).

1999 Progress Report: The report states that the Ordinance on the Control of Medical Waste has
been partially amended in accordance with the EU Directive. This is the first mention of a waste-related
development. However, it also points out that no progress has been made on waste incineration, which
is one of the most commonly used waste disposal techniques (European Commission, 1999).
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2000 Progress Report: It is emphasised that there has been no progress on the waste acquis. It is
also noted that in the field of the environment, municipalities have been given responsibility for
collecting municipal waste, in addition to the Ministry of the Environment (European Commission,
2000).

2001 Progress Report: The report notes that there has been no progress on the waste acquis. Waste
management is identified as one of the most problematic areas, with 93% of household waste falling into
the category of illegally dumped and uncontrolled waste. Despite the fact that the Ministry of
Environment has 800 staff and the municipalities 500 staff, it is pointed out that waste collection and
disposal is left to the municipalities, which are understaffed, underfunded and underequipped. It is
suggested that environmental inspection committees be set up to impose penalties for negligence and
that municipal staff be trained in environmental policy (European Commission, 2001).

2002 Progress Report:_It is mentioned that there is a lack of waste disposal and that no progress
has been made in waste management compared to the previous year. According to the Environmental
Inspection Regulation, every company must provide data on its waste and prepare an inspection report.
The establishment of the Environmental Inspection Directorate at central level and the need to increase
efforts in waste management are emphasised. Although the legislation on waste management has been
aligned, there are shortcomings in its implementation and it is stated that a sufficient amount of financial
resources should be made available to the sector (European Commission, 2002).

2003 Progress Report: The provision of technical and financial assistance for the adoption of EU
standards in environmental areas such as waste management is emphasised. Although waste
management legislation is aligned, it is noted that further efforts are needed to harmonise with national
legislation and that financial resources should be made available to the sector. Limited progress in waste
management is highlighted (European Commission, 2003).

2004 Progress Report: The report criticises the failure to transpose the Packaging Waste Directive
into national law, but notes the following developments in waste management A law on the
transboundary shipment of hazardous waste in the Mediterranean has been adopted. Legislation has
also been adopted on the control of packaging waste, excavated soil, construction and demolition waste,
waste oils, port and harbour waste collection facilities and batteries and accumulators. Although
legislation on waste management has developed to some extent, it is stressed that a national strategy
and a waste management plan need to be prepared and that waste management is one of the most
critical issues (European Commission, 2004).

2005 Progress Report: There has been minimal advancement in the field of waste management,
with some developments in the transposition of waste management legislation. These developments
include the directive concerning medical waste management, an enforcement regulation for solid waste
and an implementing regulation on hazardous waste. It is emphasised that waste management
legislation is advanced in terms of transposition of directives into national law and that legislation on
electrical and electronic waste is in preparation. Further efforts are needed to fully transpose the
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directives on landfilling and incineration. In general, further implementation efforts are needed and the
national waste management plan needs to be adopted (European Commission, 2005).

2006 Progress Report: The implementation of the acquis is progressing well, with a significant
degree of compliance with the Waste Framework Directive and implementation of the Hazardous Waste
Directive. Further alignment is required in aspects such as routine waste storage and incineration, as
well as the development of a national waste management strategy, as emphasized in the preceding
report (European Commission, 2006).

2007 Progress Report: Alignment with the EU is necessary for energy recovery from waste, and a
directive on the regulation of used tires and waste imports has been implemented. However, the report
also highlights the absence of advancements in the adequate storage and incineration of waste, as well
as the lack of a national waste management strategy (European Commission, 2007).

2008 Progress Report: The report criticises the continued absence of a national strategy for waste
management. It notes minimal progress on end-of-life vehicles and electrical and electronic waste, no
progress on landfilling and limited progress overall (European Commission, 2008).

2009 Progress Report: Alignment with EU legislation on packaging waste has improved, but it is
stressed that no progress has been made on the proper storage of waste. Directives on waste
incineration have been harmonized, but are criticized on the grounds that the scope of application is
insufficient (European Commission, 2009).

2010 Progress Report: The law on waste incineration has been adopted and good progress has
been made in the area management of waste. Turkey has adopted the National Waste Management Plan
2009-2013 and legal legislation regarding hazardous waste management, the handling of waste from
ships and the regulation of waste have been revised to align with the acquis. Regulations concerning the
enduring storage of waste have also been enacted. It is underlined that all this progress is positive for
integration efforts (European Commission, 2010).

2011 Progress Report: The reception of waste from ships is identified as requiring closer
monitoring and legislation has been adopted on the incineration of solid waste, waste materials,
packaging waste and end-of-life vehicles. Efforts are being made to bring the storage of certain wastes,
such as waste oils and hazardous medical waste, up to EU standards and to collect different categories
of waste separately. However, it is emphasised that Turkey must formulate national, regional, and local
strategies for waste management that align with the EU Waste Framework Directive (European
Commission, 2011).

2012 Progress Report: The report notes that legislation on the control of electronic waste has been
adopted. It notes that regular storage facilities have been brought up to EU standards, that efforts to
improve the hazardous waste legislation are continuing, and that sorting and recycling capacity has been
increased. However, it criticises the fact that the requirements of the EU framework directive have not
yet been met (European Commission, 2012).
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2013 Progress Report: The report notes that efforts to bring permanent storage facilities up to EU
standards continue, but that no significant progress has been made in efforts to increase sorting and
recycling capacity. The report criticises the fact that the requirements of the EU Framework Directive
are still not being met (European Commission, 2013).

2014 Progress Report: Continued efforts are underway to align landfill facilities with EU standards,
and capacity for sorting, recycling, and managing medical waste has been enhanced. It is emphasised
that more needs to be done on separate collection and reducing biodegradability and that the
requirements of the EU Framework Directive are still not met (European Commission, 2014).

2015 Progress Report: More waste statistics on agricultural and construction waste are needed.
While environmental legislation has been aligned, implementation in the waste management sector
needs to be strengthened. It is highlighted that efforts to upgrade waste treatment facilities to EU
standards have been partially completed and are ongoing, and that capacity for sorting, recycling,
treatment of medical waste and recycling of hazardous waste has been increased. However, it is noted
that shortcomings remain in the separate collection and reduction of biodegradable waste and that
regional implementation of the EU Framework Directive remains insufficient (European Commission,
2015).

2016 Turkey Report: It is noted that data on agricultural and construction waste are still
incomplete. Waste management and industrial pollution prevention practices are criticised as still weak.
It is stressed that waste management legislation needs to be properly implemented and that economic
instruments to encourage and prevent waste generation are limited and need to be improved. In
addition, regional and local waste management plans need to be completed (European Commission,
2016).

In 2017, the progress report was not published due to decisions taken by the European Commission
and the deadline of April 2018 for the revitalisation of the accession process.

2018 Turkey Report: It highlights the need for more waste data on agricultural and construction
waste and that waste management practices are still inadequate. The Commission reiterates its 2016
recommendations, stressing the need for strategic planning, significant investment and improved
administrative capacity. The preparation of local waste management plans in line with the EU's Waste
Framework Directive is also positively highlighted (European Commission, 2018).

2019 Turkey Report: Waste statistics have improved, but the lack of data on agricultural and
construction waste is emphasised. Progress has been noted in waste management, such as the
implementation of a zero waste strategy, sustainable use of natural resources, reduction of landfilling,
and promotion of recycling and reuse. A law prohibiting the distribution of lightweight plastic bags for
free came into effect in January 2019, drawing public attention. Efforts to upgrade waste treatment
facilities to meet EU standards have continued. Despite increased efforts to separate, recycle and treat
medical waste, it was criticised that local and regional waste management plans are still not
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implemented. The economic instruments incentivising waste recycling have improved but are still
insufficient (European Commission, 2019).

2020 Turkey Report: Data on construction waste is still lacking and needs to be addressed. Some
progress is noted, such as partial alignment of waste management legislation with the EU acquis, the
adoption of a zero-waste approach in waste management, efficient use of natural resources, reducing
regular storage, promoting recycling, and reusing strategies. Additional progress includes the charge for
plastic bags, the zero-waste policy adopted for municipalities, buildings, and residential areas from July
2019 expected to be completed by 2023, and the deposit application for plastic bottles by 2021. Efforts
to bring waste treatment facilities to EU standards continue. Efforts to segregate, recycle, and treat
medical waste have increased. It is emphasized that local and regional waste management plans need to
be adopted and that economic incentives to promote recycling and prevent waste generation have
shown improvement but are still limited (European Commission, 2020).

2021 Turkey Report: It was highlighted that significant strides had been achieved in enhancing
capacity and adherence in waste management and wastewater treatment, but that there were still
shortcomings in the implementation and enforcement of legislation. It was noted that only a small
proportion of last year's recommendations had been implemented and that these recommendations
therefore remained relevant (European Commission, 2021).

2022 Turkey Report: Although there have been positive developments in terms of increased
capacity and compliance with legislation on waste management and waste water treatment, it was
emphasised that there are still shortcomings in the implementation of legislation. It was noted that a
more sustainable and coordinated environmental policy should be implemented, which would require
strategic planning, major investments and strengthened administrative capacity (European
Commission, 2022).

2023 Turkey Report: It is noted that the legislation on waste management is partially compatible
with the EU acquis and that the zero waste legislation adopted in 2019 continues to be implemented. In
this context, the recycling rate in Turkey has been increased to 27% by 2023. It was emphasised that
developments in the deposit management system for the recycling of one-way drinks packaging and in
the treatment of medical waste were continuing. However, it is noted that local and regional practices,
which are considered as one of the important actors in waste management, are insufficient and should
be strengthened. It is noted that Turkey does not accept the recycling legislation related to the EU Ship
Recycling Regulation and these facilities are criticised in terms of safety, effective waste management
and environmental hazards. As a result of the earthquakes that occurred in Turkey in February 2023,
the waste management systems, existing infrastructure and equipment of municipalities in the
earthquake region were seriously damaged. In addition, it is emphasised that various problems remain,
such as the management of debris removal, the release of asbestos and damage to the ecosystem into
which debris is thrown (European Commission, 2023).

The findings under the 'waste management' heading, which covers solid waste in the progress
reports, are presented in Table 1. In this context, the term 'no progress' is used for situations where
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there is no progress in the progress report, 'limited progress' is used for situations where there is limited
progress, and 'good progress' is used for situations where progress is reported at a high level.

Table 1. Waste Management Indicators According to Progress Reports 1998-2023
Year No Progress Limited Progress Good Progress
1998 v

1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2018
2019
2020
2021
2022
2023

CLKX
ANANAN ANANAN AN
AN AN

AN

KK X

A total of 25 progress reports were published in the period covering the years 1998-2023. The
progress reported under the title of ‘waste management’ in these reports is presented in Table 1.
Accordingly, it is seen that ‘no progress’ was reported 7 times, ‘limited progress’ 11 times and ‘good
progress’ 7 times.

The annual progress reports published by the European Commission on the level of harmonisation
of candidate countries with the EU acquis play an important role in the negotiation process. In the
reports, the EU assesses the harmonisation and readiness of the candidate country for each of the 35
chapters negotiated (Yayli and Kaya, 2020: 664). Among the negotiation chapters opened between the
EU and Turkey, the ‘Environment’ chapter ranks 27th (Republic of Turkey Ministry for EU Affairs). In
Chapter 27, Environment is assessed in the context of horizontal legislation, air quality, water quality,
waste management, nature protection, industrial pollution control and risk management, chemicals,
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noise, climate change, administrative capacity and civil protection. EU Progress Reports, which are taken
into account in Turkey's EU integration process, have been published every year since 1998 (except
2007).

It is observed that there was no progress or limited progress between 1998-2002 due to the first
years of integration and the existence of political and economic instability in the country. In 2003 and
2004, itis seen thatlimited progress was made as a result of the work carried out by the new government
as aresult of the EU integration policies, and in 2005-2006, good progress was made with the regulations
made due to the reforms made as a result of the promise of full membership to the EU. In 2007, there
was a partial progress in legislation and the lack of regulations on landfill, incineration and electrical-
electronic waste was emphasised. In 2008, some of the shortcomings in the previous year's report were
addressed, but the lack of a national waste management plan and regulations for various special waste
types were emphasised. In the 2009 report, some legislative arrangements were made and the
deficiencies regarding landfill and mining waste were mentioned. For the years 2010-2011, it is seen
that good progress has been achieved in the waste management chapter with activities such as
increasing the number of storage facilities, increasing sorting and recycling capacity and establishing
waste plans.

In the 2012, 2013 and 2014 progress reports, limited progress and insufficient alighment with the
EU Waste Framework Directive were emphasised. In 2015 and 2016, it was emphasised that good
progress was made with regulations in various areas such as mining waste, biodegradable waste,
hazardous waste and landfill in line with the EU Waste Framework Directive. According to the 2018
Progress Report, it is stated that limited progress has been made as well as shortcomings in various
areas such as separate collection of different types of waste, recycling and hazardous waste. In 2019, it
was emphasised that good progress was made as strategies were adopted to promote landfilling,
reduction, recycling and reuse. Limited progress was made in 2020, 2021 and 2022, emphasising the
lack of regulations for recycling and special waste, as well as the need to develop waste management
plans of local and regional nature. The progress report published in 2023 highlighted partial progress
with the EU acquis, the lack of local and regional waste management plans, shortcomings in legislation
on ship recycling, as well as shortcomings with regard to textile waste and shipyard waste. On the other
hand, the waste problem that emerged after the February 6 earthquake in Turkey in February 2023,
which affected 11 provinces, was mentioned.

As indicated in the table, it is noteworthy that no progress was made for Turkey in the years when
the earliest progress reports were published and limited and good progress was made in the following
period. Considering the issues raised in the EU accession process and the findings in the progress reports
published before, it can be said that studies on waste management have been carried out in Turkey and
waste management policies and implementation tools have been adopted.

5. CONCLUSION

The issue of solid waste constitutes an environmental problem for all countries. However, countries
vary in their waste management processes. In addition to individual countries, international
organizations also set numerous targets regarding environmental regulations. In other words,
environmental regulations have found their place among the regulations of many international bodies,
notably the EU.
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The European Union plays a decisive role in the countries with which it negotiates on environmental
policy. The importance given by the Union to environmental policies is reflected in the negotiation
chapters and directives for candidate countries are gradually increasing. Like other candidate countries,
Turkey also has to harmonise with EU environmental policies. Regulations on solid waste in Turkey have
gained momentum after 1990 and especially after 2000 with the EU membership process. Turkey's
attitude towards environmental policies has progressed by prioritising economic motives. This is also
seen in the progress reports. When the issue of waste management is considered, the level of progress
in a comparison made before and after the negotiations is behind the expected level. The fact that the
phrase ‘partial progress’ is mostly used in the progress reports confirms this.

This study concludes that Turkey's solid waste management practices have benefited significantly
from the EU harmonisation process. Harmonisation with EU directives has not only improved the
infrastructure and legal framework, but also increased public awareness and participation in sustainable
waste management practices.

The main concerns highlighted in the reports can be summarised as follows: alignment with the
acquis, problems in transposition of directives into national legislation, problem of providing statistical
data, standards to be achieved gradually such as landfilling, incineration, preparation and
implementation of waste management plans at national, regional and local level, need to adopt special
provisions for special waste, lack of human resources, resources and equipment, insufficient progress in
the implementation of recovery, recycling and sorting processes, the need to adopt special rules for
waste of certain nature, insufficient human, financial and equipment resources, insufficient progress in
recovery, recycling and sorting activities, absence of measures to prevent and minimise waste
generation. These issues constitute shortcomings in waste management, which are common to all
progress reports. Turkey has endeavoured to address these shortcomings over time. It can thus be
concluded that the regulations pertaining to environmental protection and solid waste management in
Turkey are significantly influenced by the EU Progress Reports.
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EXTENDED ABSTRACT

Introduction and Research Questions & Purpose

Solid waste management includes various stages from waste generation to disposal. These stages
consist of waste prevention, reduction, reuse, recycling, recycling, reuse and final disposal processes.
This study aims to address solid waste management in Turkey within the framework of the progress
reports published by the EU by emphasising the importance of ‘recycling, recovery and reuse, which are
more environmentally friendly activities in solid waste management’. In this framework, based on the
hypothesis that Turkey is influenced by the EU progress reports, the questions ‘What are the deficiencies
in solid waste management in Turkey?’ and ‘Which of the deficiencies have been improved over time?’
are sought to be answered.

Methodology

Content analysis method, one of the qualitative research methods, was used in the study. In this
framework, in order to reveal Turkey's solid waste management practices, legal regulations as well as
the progress reports organised by the EU for Turkey were examined. Progress reports have been
published every year since 1998. Each progress report focuses on whether the directives requested in
the previous year have been fulfilled and what the new deficiencies are. Accordingly, the progress made
according to the progress reports is presented in a general table.

Results and Conclusions

It has been determined that the legal regulations on solid waste management in Turkey have been
shaped in line with the EU recommendations within the framework of harmonisation with the EU acquis.
On the other hand, harmonisation with EU directives has not only improved the infrastructure and legal
framework, but has also increased public awareness and participation in sustainable waste management
practices.
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OZET

Bu calismanin odak noktasi, Artemia salina (tuzlu su karidesi) instar IV larvalar tizerindeki farkl
Rhododendron tiirlerinin (Rhododendron luteum ve Rhododendron ponticum) farkli konsantrasyonlarda
toksisitelerini karsilastirmali arastirmaktir. Ciinkii, Rhododendron tiirleri biyoaktif bilesiklerce zengin
bir familyaya aittir ki bu da onlar1 oldukga zehirli hale getirmektedir. Iki farkli Rhododendron tiirlerinin
instar [V larvalarin 6liimii orani lizerinde etkisini, oksidatif stres olusturma potansiyelini ve larvalarin
savunma kapasitesini arastirdik. Larvalar hiicre kiltir plaklarinda 48-96 saat boyunca yapay deniz
suyunda Rhododendron 6ziitlerine farkli konsantrasyonlarda maruz birakildi. Stereomikroskop altinda
her bir konsantrasyonda olim oran1 ve morfolojik degisklikler degerlendirildi. Calismamizda,
Rhododendron tiirlerinin A. salina instar IV larvalari iizerinde oldukca toksik oldugu ve yine R. ponticum
tiriiniin R luteum'a gore daha toksik etkili oldugu goriilmiistiir. Ozellikle, 200 pg/mL ve iistii
konsantrasyonda her iki Rhododendron tiirtinde hiicre hasarin1 gostren MDA seviyesi anlamili bir
sekilde artmistir (P<0.05). Buna karsin oksidatif stresin etkisini azaltmak i¢cin savunma stratejisi olan
SOD seviyesi Rhododendron tiirlerinde artan konsantrasyonla azalmakla birlikte sadece 800-3200
pg/mL konsantrasyon araliginda anlamlidir (P<0,05).

Anahtar Kelimeler: MDA, oksidatif stres, Rhododendron sp., SOD, toksisite
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Comparative Assessment of Potential Toxicity and Biochemical
Properties of Rhododendron luteum and Rhododendron ponticum
Flower Extracts on Artemia salina

ABSTRACT

The focus of this study was to comparatively investigate the toxicity of different Rhododendron
species (Rhododendron luteum and Rhododendron ponticum) at different concentrations on instar IV
larvae of Artemia salina (Brine shrimp). Because Rhododendron species belong to a Ericaceae family rich
in bioactive compounds, which makes them highly poisonous. We investigated the effect of two different
Rhododendron species on the mortality rate of instar IV larvae, the potential to induce oxidative stress,
and the defense capacity of the larvae. Larvae were exposed to different concentrations of Rhododendron
extracts in artificial seawater for 48-96 h in cell culture plates. Mortality rate and morphological changes
were evaluated at each concentration under a stereomicroscope. In our study, Rhododendron species
were found to be highly toxic to A. salina instar IV larvae and R. ponticum was more toxic than R. luteum.
Particularly, the level of MDA, which indicates cell damage, increased significantly in both
Rhododendron species at a concentration of 200 pg/mL and above (P<0.05). On the other hand, the level
of SOD, which is a defense strategy to reduce the effect of oxidative stress, decreased with increasing
concentration in Rhododendron species, but was significant only in the concentration range of 800-3200
pug/mL (P<0.05).

Keywords: MDA, oxidative stress, Rhododendron sp. SOD, toxicity
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1. GIRIS

Rhododendron species are the biggest genus of the Ericaceae family and are perennial plants with a
wide distribution (Clinton &Vose, 1996; Neary et al., 1980; Colak, 1997). Rhododendron species have a
wide distribution on the northern coasts of Turkey. The two most common species in Turkey are
Rhododendron luteum and Rhododendron ponticum. R. luteum contains the poisonous substance
grayanotoxin in its leaves and flowers. It is also used in traditional medicine as a pain reliever for
rheumatic pain, a diuretic, and fungal foot infections, and it also has strong antioxidant and anticancer
effects (Popescu & Kopp, 2013). R. ponticum is a species with allelopathic effects and contains ericolin
and grayanotoxin glycosides in its flowers. It significantly affects the elements of the soil in the region
where itislocated and reduces the pH value of the soil. In addition, it has two types of invasion strategies:
slow invasion by vegetative means and rapid invasion by generative means (Kulag, 2004). In general,
the main components of Rhododendron species are hydrocarbons, esters, alcohols and ketones
(Tasdemir et al., 2023). Studies to date have shown the antimicrobial, antioxidant, anti-inflammatory,
analgesic, antidiabetic, hepatoprotective, immunomodulatory and antineoplastic effects of
Rhododendron species (Demir & Aliyazicioglu 2016; Popescu and Kopp, 2013). For example, one study
evaluated the cytotoxic effects of R. ponticum L. extract on prostate carcinoma and adenocarcinoma cell
lines (Bilir et al., 2018a). Also, the cytotoxic and anti-proliferative effects of R. ponticum L. extract on rat
glioma cell line were investigated (Bilir et al.,, 2018b).

In the present study, the toxic effect of Rhododendron species was evaluated on the aquatic
zooplankton Artemia salina. A. salina is the indispensable test organism for aquatic ecotoxicity tests. It
has been used in aquatic ecotoxicity studies so far and will continue to be used in the future (Nunes et
al,, 2006; Daghoglu & Celebi, 2015; Daglioglu et al., 2016a,b; Daglioglu et al., 2023). The A.salina lethality
analysis was chosen in this study because it is a very suitable test system for monitoring the biological
activities of various plant species. This method is very useful for the preliminary assessment of toxicity
of plant extracts. Some of its most important advantages are that it is a fast and simple method and that
laboratory requirements are relatively low. However, there are some important points to consider,
namely that optimized experimental conditions such as pH of the environment, temperature, ventilation,
salinity and light must be at optimum levels.

The aim of this study was to assign the toxic effects of R. [uteum and R. ponticum extracts gathered
from Ordu province on the aquatic indicator organism A.salina in a comparative manner.

2. MATERIAL AND METHODS

2.1. Preparation of the Plant Extract

Rhododendron luteum (yellow rhododendron) and Rhododendron ponticum (purple rhododendron)
flowers were collected from Turnalik plateau in Ordu province and dried in an oven at 25 °C for one
week and then turned into powder.Next, it was mixed with 6 g of plant powder and 60 mL of ethanol
and then vortexed. It was incubated at 50 °C and 150 rpm on a shaker for 36 h. After incubation, these
samples were centrifuged at 4000 rpm for 10 minutes and the supernatant was drained with Whatman
filter paper (Whatman, No. 3, Sigma-Aldrich) and the ethanol was removed in the evaporator. The
obtained plant extracts were dissolved by adding 6 mL dH20. The acquired product was stored at -20°C
for use in experiments.
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2.2. Acute Toxicity Test

For the experiments, A. salina cysts, which are primary consumer zooplankton species living in
artificial seawater environment, were supplied by a commercial companyLarvae were hatched by
adding 4 g of A. salina cysts to 1 L of filtered and sterilized artificial natural seawater and incubating at
28°C, pH 7.6, under continuous aeration for 24 h. The toxicity of Rhododendron extracts on A.salina
larvae was determined in the concentration range of 0, 25, 50, 100, 200, 400, 800, 1600 ve 3200 pg/mL.
Experiments were performed in 24-well cell culture dishes with 10 individuals per well in 3 replicates.
Continuous ventilation was provided during the experiment. The number of dead and living organisms
was enumerated under a binocular microscope at 48 and 96 hour time periods, and the arithmetic
average of the values was taken. As a result of the 48 and 96 hour experiment, the number of individuals
dying and the percentage of deaths for each concentration were determined.

2.3. Biochemical Analyses
For each biochemical analysis, approximately 1800 A. salina larvae were exposed to R. luteum and R.
ponticum extracts at the specified concentrations.

2.4. Super Oxide Dismutase (SOD) Activity

SOD activity was performed with reference to the protocol represented by Ates et al., (2013). The
collected larvae were homogenized in 1 mL of 0.5 M potassium phosphate buffer (pH 7.5) using a glass
homogenizer (ILDAM, Turkey). Homogenized specimens were centrifuged at 15,000 rpm for 15 minutes
and the supernatant was gathered. Then, 50 mM (1.3 mL) Na2COs buffer (pH 10), 100 pL Triton X-100,
20 mM (100 pL) hydroxylamine hydrochloride and 96 mM (500 pL) NBT were joined to 70 pL of the
supernatant to initiate the reaction. These solution was incubated for 20 min at 37 °C in the presence of
light. After incubation, it was measured at 540 nm in UV-VIS spectroscopy. The decrease in absorbance
at 540 nm is a measure of the reduction of nitro blue tetrazolium chloride (NBT) by the SOD enzyme
(Sugantharaj David et al., 2017).

2.5. Malondialdehyde (MDA) Activity

MDA activity, which is one of the lipid peroxidation products, is based on the reaction of
thiobarbituric acid (TBA) and MDA to form a red colored compound. The obtained red-pinkish pigment
was measured in a spectrophotometer at 532-535 nm. Tetramethoxypropane was used as standard.
MDA activity was performed according to the protocol described by Ates et al,, (2013a). The collected
larvae were homogenized in 2 mL of 0.5 M potassium phosphate buffer (pH 7.2) with a glass
homogenizer (ILDAM, Turkey). Homogenized samples were centrifuged at 6000 rpm for 10 minutes and
the supernatant was collected. Then, 10 puL of BHT, 0.25 mL of phosphoric acid reagent and 0.25 mL of
TBA reagent were added to 0.25 mL of the supernatant in a sterile bottle. The obtained reaction mixture
was incubated at 90°C for 1 hour and centrifuged after cooling at 13,000 rpm for 10 minutes to sediment
the suspended tissue. These mixture was measured at 532 nm in UV-VIS spectroscopy.

2.6. Statistical Analyzes

The obtained data were recorded as standard deviation + mean. SPSS version 26 was applied to
comparatively evaluate the effects of Rhododendron sp. flower extracts on the toxicity of A. salina. Data
were examined according to normal distribution, and data that did not conform to normal distribution
were normalized using the Kolmogorov-Smirnov test. One-way ANOVA was performed using Tukey's
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multiple range test to compare significant mean differences between the control and treatment groups.
Significant differences in mortality rate, MDA and SOD tests were accepted at P<0.05.

3. RESULTS

3.1. Biochemical Results

In this study, test organism Artemia salina instar IV (4th stage) larvae were used to reveal the toxic
effects of Rhododendron Iuteum (Rl) and Rhododendron ponticum (Rp) flower extract (Fe). Fig. 1
indicates concentration-dependent increases in mortality of instar [V larvae following exposure to RIFe
and RpFe solutions. No deaths were observed in the control groups throughout the experiment.
Mortality rates following exposure to RlIFe and RpFe solutions varied greatly depending on exposure
duration and exposure concentration. Overall, R. ponticum exhibited more toxic effects at both 48 and
96 h exposure compared to R. luteum. When looked at individually, high mortality was observed even
at low concentrations of RpFe. At 96 h of exposure, 100% mortality occurred at the highest RpFe
concentration (3200 pg/mL) and 30% mortality occurred at the lowest concentration (25pug/mL) (Fig.
1). No mortality was observed at 25ug/mL over 48 hours of exposure. The mortality rate of larvae
exposed to different RpFe concentrations for 48 and 96 h increased significantly with increasing
concentration (P<0.05). In R. luteum, no death was observed in the concentration range of 0-200 pg/mL
after 48 h of exposure. The death rate was 70% at 3200 pg/mL. Increasing the RIFe concentration from
400 to 3200 pg/mL increased the mortality rate of larvae, but this rate was not significant at higher
concentrations (P>0.05). There was a significant difference in mortality among concentrations at 96
hours of exposure (P<0.05). This difference was present among all concentration groups.

When we evaluate all these data, it is seen that the extracts of Rhododendron species prepared at
the same concentration have quite different toxic effects from each other, but R. ponticum species is more
toxic than R. luteum.
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Figure 1. Mortality rates of R. luteum and R. ponticum flower extract depending on exposure times
A) R. luteum and B) R. ponticum. The values are expressed as mean * standard deviation (SD). Values
significantly different from the control group are shown in lower case letters. (ANOVA, P<0.05).

Changes in the morphology of instar IV larvae exposed to R. luteum and R. ponticum flower extract
were observed. In Fig. 2A, we see that the control group A. salina larvae have a very healthy morphology.
However, the morphology of larvae exposed to RIFe and RpFe solutions changed. In Fig. 2B, the
extremities of larvae exposed to RlFe for 48 h were damaged. As the red arrow indicates, the intestine is
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full, indicating that it is feeding on RlFe. Also, the green arrow shows the damaged antenna of the larva.
In Fig. 2C, the morphology of larvae exposed to RpFe for 48 h is quite distorted. Even though the intestine
is fragmented, it is seen to be full.

Figure 2. Phase-contrast microscopy image of larvae exposed to
A) control B) Rhododendron luteum and C) Rhododendron ponticum flower extract.
Red arrow indicates the intestine, green arrow indicates the antennae.

Phase-contrast microscopy image of larvae exposed to control Rhododendron luteum and
Rhododendron ponticum flower extract. In this study, MDA, which we investigated as a biomarker, is a
metabolite produced from lipid peroxidation and was used as an marker of oxidative damage in the cell
membrane. The SOD antioxidant enzyme is an antioxidant that catalyzes the decomposition of reactive
oxygen species (ROS) and protects organisms from the negative effects of oxidative stress (Cazenave et
al,, 2006). In our study, in general, when A. salina instar IV was treated with RIFe and RpFe, MDA activity
increased and SOD activity decreased with increasing extract concentrations. When examined
separately, after 48 h of exposure to RIFe, MDA production in the concentration range of 0-200 ug/mL
was not produced at a significant grade compared to the control group (P>0.05). MDA content increased
significantly at concentrations of 400 pg/mL and above, and a significant difference was sighted between
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the concentration groups (P<0.05). At 96 h of exposure, MDA production at 0-100 pg/mL concentration
was not at a significant difference compared to the control group (P>0.05). Above 200 ug/mL, MDA
content increased significantly and a significant difference was observed between the concentration
groups (P<0.05). SOD activity generally decreased with increasing concentration, and a significant
difference was observed compared to the control group at 25, 1600, 3200 pg/mL at 48 h (P<0.05).In 96
h application, a significant difference was observed only at 1600 and 3200 pg/mL (P<0.05). After 48 and
96 h of RIFe exposure, MDA content increased significantly and significant differences were observed
among the concentration groups (P<0.05). After 48 and 96 h of RpFe exposure, MDA content increased
significantly with increasing RpFe concentration (P<0.05). However, MDA production in the range of 50-
100 pg/mL was not significant at both exposure times (P>0.05). SOD activity decreased with increasing
concentration, but this decrease was significant only in the concentration range of 800-3200 pg/mL
(P<0.05).
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Figure 3. SOD and MDA contents determined in A. salina instar IV a exposure to RlIFe and RpFe for 48
and 96 h.
A) MDA activity of R. luteum, B) SOD activity of R. luteum C) MDA activity of R. ponticum
D) SOD activity of R. ponticum. The values are expressed as mean * standard deviation (SD).
Values significantly different from the control group are shown in lower case letters.
(ANOVA, P<0.05).

45



Ozkan Daghoglu, Akademia Doga ve Insan Bilimleri Dergisi/Academia Journal of Nature and Human Sciences, 10(1), 2024: 39-50

4. DISCUSSION

The selection of indicator organisms for toxicity tests is a very important factor. In these tests, the
morphological changes observed in adults and larvae, their movement abilities and most importantly,
mortality rates are the most indispensable evaluation criteria. The use of A. salina as an indicator in
ecotoxicology, the practicality of laboratory culture and the easy obtainment of cysts make toxicity tests
highly successful and reproducible. The aim of the present study was to compare the toxicity of
Rhododendron species (R. luteum and R. ponticum), known to be poisonous, on the aquatic indicator
organism A. salina. Rhododendron species have been characterized for their toxic components in
previous studies (Gunduz et al., 2008; Jansen et al., 2012). So far, 208 compounds, mostly flavonoids and
terpenoids, have been isolated from Rhododendron species. Some of these compounds are quercetin,
hyperoside, farrerol and polistachoside (Hu & Xiao, 1989). Therefore, Rhododendron species create
different toxicities with their rich contents. In this study, the toxicity of two different Rhododendron
species growing in the plateaus of Ordu (Tiirkiye) was investigated and compared with each other.

Mortality rates of A. salina instar IV larvae were observed to be considerably higher in R. ponticum
compared to R. luteum. This increase occurred depending on concentration and time. Previous studies
have also noted that mortality increases depending on the concentration of the substance exposed and
the time. Wang et al. (2017) observed that the increase in mortality rate increased in a concentration-
dependent manner when they exposed instar I, II, and Il larvae of A. salina to a-Fe203 nanoparticles. In
another study, concentrations causing 50% mortality were detected in A. salina larvae exposed to
mycotoxins such as aflatoxin, diacetoxysirpenol, gliotoxin, ochratoxin, and sterigmatocystin for 16 h
(Harwig & Scott, 1971). The toxicity of Iranian medicinal plants (Plantago major, Artemisia maritima,
Mentha piperata ve Borrago officianalis) was tested A. salina and A. uramiana lethality tests. All plant
extracts except B. officinalis caused 100.0% mortality in both Artemia at 1000 pg/ml (Mirzaei & Mirzaei,
2013).

Plant bioactive compounds such as phenolics and flavonoids, which are abundant in Rhododendron
species, can cause toxicity to cells (George & Abrahamse, 2019). Some studies have reported that toxic
effects on A. salina are due to oxidative stress (Ates etal., 2013a; 2013b). The main indicators of oxidative
stress are the changing levels of some metabolites, namely MDA and ROS, and antioxidant enzyme
amounts in the cells (Mesaric et al., 2015; Ates et al., 2015; Zhu et al,, 2016). MDA is a metabolite derived
from lipid peroxidation and has been on a large scale used as an indicator of oxidative damage and
oxidative stress in membranes (Ates et al., 2013a; 2013b; 2015). In the present study, both R. luteum
and R. ponticum flower extracts caused cell damage in A. salina instar IV larvae. RpFe caused much more
cell damage than RIFe when evaluated at the same concentrations. However, this damage increased
significantly at 96 h of exposure compared to 48 h. Furthermore, cell damage increased at 48 and 96 h
with increasing concentration in both extracts. Results parallel to our study have been recorded in other
studies. For example, MDA content in A. salina instar III larvae exposed to a-Fe203-NP suspensions
increased significantly depending on the a-Fe203-NP dose, suggesting that the toxic effects were
through by oxidative stress (Wang et al.,, 2017). MDA biomarkers were used as sign of oxidative stress
in A. salina exposed to zinc oxide nanoparticles (ZnO NPs) and the amount of MDA increased with
increasing zinc concentration (Ates et al., 2020). The toxicity of polystyrene nanoplastics (PSNPs) in A.
salina exposed to nanopermethrin (NPER) was demonstrated by the MDA content and at high
concentration, a very high MDA level was reported (Kamalakannan et al, 2024). In this study,
determination of SOD activity is of great importance for the evaluation of the antioxidant capacity of the
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test organism. The decrease in the activity of antioxidant enzymes is the first sign of oxidative stress
(Varé et al., 2019). In our study, induction of oxidative stress by RpFe and RIFe was detected by a reduce
in the amount of SOD. The amount of SOD decreased significantly with increasing concentration,
especially in R. ponticum flower extract. At high concentrations, this reduce was significant compared to
the control group (P<0.05). It also decreased with increasing concentration in R. luteum. However, this
reduce is less than that of R. ponticum flower extract. Similar results were observed in toxicity studies
with A. salina. For example, in A. salina exposed to PSNPs, SOD activity decreased with increasing
concentration (Kamalakannan et al, 2024). For A. salina Instar [ and II larvae exposed to Fe304
nanoparticles, a gradual increase in SOD activity was noted followed by a decrease. Researchers
reported that SOD activity can be inhibited by high ROS levels (Zhu et al., 2017).

5. CONCLUSION

In this study, brine shrimp toxicity results showed that Rhododendron species showed quite
different toxic effects on A. salina at the same concentration and 48 and 96 h treatment. However,
Rhododendron ponticum species has a much higher toxic effect than Rhododendron luteum. This situation
was clearly seen in both mortality rates and biochemical analyses. SOD activity decreased in cells that
could not cope with the increase in MDA, which caused oxidative stress. This toxic effect may be caused
by plant bioactive compounds such as phenolics and flavonoids, which are abundant in Rhododendron
species. Additionally, A. salina is a very suitable test organism for evaluating the toxicity of plant extracts.
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OZET

Kurutma, iirtinler icerisindeki suyun tiriinden uzaklastirilmasi hedefiyle gerceklestirilen bir kiitle ve
enerji transferi islemidir. Tarimsal tirtinlerin kurutulmasinin hedefleri, raf émriiniin uzatilmasi, besin
degerlerinin korunmasi ve ekonomik degeri yiiksek yeni {liriinler ve hammaddelerin tliretilmesi olarak
siralanabilir. Kurutma isleminde kullanilan teknik ve triintin 6zelliklerine bagli olarak zamanla degisen
seviyelerde su alimi islemi gerceklesmektedir. Bu dogrultuda, iirtinlerin nem seviyesinde zamana bagh
bir degisim ortaya ¢ikmaktadir.

Arastirmacilar, kurutma siirecinde nem degisimini tahmin etmek i¢in kurutma parametrelerini
kullanarak modeller gelistirmekte ve bu modellerin farkli kurutma kosullar1 ve tirtinler igin iterasyon
yoluyla model sabitlerini hesaplamaktadirlar. Sabitleri hesaplanan kurutma tahmin modelleri,
ureticilerin ayn1 kosullarda kurutma yapmalari durumunda iriniin nem icerigi hakkinda 6lgim
yapmadan bilgi sahibi olmalarini saglamaktadir. Arastirmacilar, kurutma verilerinin modellemesinde
cesitli yazihmlar (MATLAB, Excel Solver, SigmaPlot, vb.) kullanmaktadir. Ancak, bu yazilimlarin kurutma
prosesine 0zel tasarlanmamis olmasi bir¢ok soruna neden olmaktadir. Bu baglamda, ATATEK (Akill
Tarim Teknolojileri) calisma grubu tarafindan ATATEK-Drying yazilimi gelistirilmistir. Yazilim igerisine
kurutma verileri aktarildiginda, kiitiiphanesinde yer alan 14 modeli farkh iterasyon teknikleriyle
cozerek model sabitlerini hesaplamaktadir. Daha sonra gercek verilerle istatistiksel karsilastirmalar
yaparak en basarili modeli raporlamaktadir.

Bu ¢alismada, makale yazarlar1 tarafindan gelistirilen ATATEK-Drying yaziliminin ¢alisma ilkeleri,
araylizii ve modelleme basarisi degerlendirilmistir.

Anahtar Kelimeler: ATATEK-Drying, kurutma modelleri, model ¢éziicti
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Development of ATATEK-Drying Software for Drying Models

ABSTRACT

Drying is a mass and energy transfer process aimed at removing moisture from products. The
primary objectives of drying agricultural products are to extend shelf life, preserve nutritional value,
and produce new high-value products and raw materials. Depending on the technique used and the
properties of the product, water absorption rates change over time, leading to a time-dependent
variation in the moisture levels of products.

Researchers develop models using drying parameters to predict moisture changes during drying
processes and calculate model constants through iterative methods for different drying conditions and
products. These calibrated drying prediction models enable producers to gain insights into the moisture
content of products without measurements under identical drying conditions. Various software tools,
including MATLAB, Excel Solver, and SigmaPlot, are employed for modeling drying data; however, these
general-purpose software programs are not specifically designed for drying processes, leading to
multiple challenges. In this context, the ATATEK (Smart Agricultural Technologies) working group has
developed the ATATEK-Drying software. When drying data is input, the software calculates model
constants by solving a library of 14 models using different iteration techniques. It then performs
statistical comparisons with real data to identify and report the most successful model.

This study evaluates the operational principles, interface, and modeling accuracy of the ATATEK-
Drying software developed by the authors.

Keywords: ATATEK-Drying, drying models, model solver
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1. GIRIS

Kurutma bir tirtin i¢erisindeki suyun bir dizi 1s1 ve kiitle transferi islemi sonucunda uzaklastirilmasi
islemini ifade etmektedir. Tarim ve endiistriyel islemlerde ¢ok farkli iirtinler kurutma islemine tabi
tutulmaktadir. Bu baglamda; ahsap kurutmadan tarimsal uirtinlerin kurutulmasina kadar ¢ok genis bir
kullanim alani oldugu soéylenebilir. Tarimsal irtinlerin kurutulmasi; trtnlerin raf o6miirlerinin
arttirtlmasi, ekonomik degeri yuksek yeni triinlerin elde edilmesi ve tarima dayal bazi endiistrilerin
hammadde ihtiyag¢larinin karsilanmasi gibi amaglarla gergeklestirilebilmektedir.

Kurutma, kullanilacak triintin karakteristik 6zellikleri, teknik ve ekonomik kosullara bagl olarak
farkl tekniklerle gerceklestirilebilmektedir. Temel ilkesi; liriin ve ortamin buhar basinglar1 arasinda
fark yaratilmasina baglh olarak trtiniin icerisindeki suyun disariya alinmasidir. Bu baglamda basing ve
sicaklik degiskenleri iizerinde yapilan ayarlamalarla islem gerceklestirilebilir. Ornegin dondurarak
vakum ortaminda kurutma yapilabildigi gibi, mikrodalga yoluyla tiriin igerisindeki suyun 1sitilmasi veya
sicak hava uygulayarak iiriin icerisindeki suyun havaya aktarilmasi gibi ilkeler kullanilabilmektedir.
Tarimsal iriinlerin kurutulmasinda geleneksel yontemler gilines altinda sererek veya asarak kurutma
yaparken, modern kurutma sistemlerinde mikrodalga, siiblimasyon kurutma ve tambur sistemlerinde
kurutma gibi teknolojik cihazlar kullanilabilmektedir.

Kurutma sistemlerinde kullanilan teknik ve iiriin 6zelliklerine bagl olarak iiriinde zamana bagh su
kaybi gerceklesmektedir. Kullanilan teknik ve tiriintin karakteristik 6zellikleri zamana bagh su kaybinin
degisim hizin1 etkilemektedir. Ancak biitiin kurutma islemlerinde karakteristik olarak benzer bir
kuruma egrisinin ortaya ¢iktig1 sdylenebilir. Sekil 1'de kapya biberin mikrodalga ile kurutulmasinda 5.4
W.g1 mikrodalga giicii yogunlugunda turiiniin kuru baz nem degerindeki azalmanin zamana bagh
degisimi gosterilmektedir.
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Sekil 1. Uriiniin kuru baz nem oranindaki degisim
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Kurutma c¢alismalarinda siirecin herhangi bir aninda iriinden ayrilabilir nem oranini tahmin
edebilmek icin MR (ayrilabilir nem orani) parametresi hesaplanmaktadir. Uygulanan modellerde MR
parametresinin zamansal degisimi tahminlenmektedir. MR asagidaki esitlik yardimiyla
hesaplanmaktadir. Birinci esitlikteki Me denge anindaki nem igerigidir ve ¢ok kii¢lik oldugundan ihmal
edilerek, 2 numarali esitlik kullanilir. Bu esitlikler MR ayrilabilir nem orani, Mtt anindaki nem oranini ve
Mo baslangi¢c nem oranini ifade eder (Unal vd., 2024).

_ Mi—M,

MR = pYR— (1)
_ M

MR = e (2)

Sekil 2’de kirmiz1 biberin kurutulmasi 6rnegi icin hesaplanan MR degerlerinin zaman gore degisimi
gosterilmistir. Kurutma modelleri Sekil 2’de egriyi olusturan her 6l¢iim noktasini tahminleyerek,
deneme yapilmadan ayni kosullarda yapilan kurutma islemleri i¢in deger tahmini yapilmasini
saglamaktadir.
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0.7
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0.4
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0.1

MR

30
90
150
210
270
330
390
810
870
930
990
1050
1110
1170

Zaman (sn)
Sekil 2. Ayrilabilir nem icerisindeki degisim
Ancak, kurutma isleminin ve turiintin karakteristiklerine bagh olarak MR degerinin zamana bagh
degisimi farkli profiller izlemektedir. Bu nedenle farkli matematiksel modeller kullanarak tahminleme

islemi gerceklestirilmektedir. Bu baglamda kurutma islemlerinde kullanilan tahmin modelleri Tablo
1’de gosterilmistir.

54



Siislii ve Kiilcii, Akademia Doga ve insan Bilimleri Dergisi/Academia Journal of Nature and Human Sciences, 10(1), 2024: 51-61

Tablo 1. Kurutma isleminde MR degerinin tahminlenmesinde kullanilan modeller

Model No Model Adi1 Matematiksel Formiil Kaynak
1 Newton MR = exp(—c;t) Lewis (1921)
2 Page MR = exp(—c,t€2) Page (1949)
3 Logarithmic MR = ¢y exp(—c,t) + ¢3 Yaldiz ve Ertekin (2001)
4 Two Term MR = exp(—c;t) + exp(—c,t) Henderson (1974)
5 Verma MR = ¢, exp(—cyt) + (1 — ¢1) exp(—c3t) Verma vd. (1985)
6 Midilli MR = ¢y exp(—c,t) + ¢yt Midilli vd. (2002)
7 Henderson-Pabis MR = ¢, exp(—c,t) Henderson ve Pabis (1961)
8 Otsura MR =1 — exp(—(c,t)¢2) Otsura vd. (1975)
9 Diffusion MR = ¢, exp(—cyt) + (1 — ¢1) exp(—c,c3t) Kassem (1998)
10 Jena-Das MR = ¢, exp(—czt + c3\/f) +cy Jena ve Das (2007)
11 Demir MR = ¢y exp(—c,t)% + ¢, Demir vd. (2007)
12 Alibas MR = ¢y exp(—cyt© + cy4t) + c5 Alibas (2012)
13 Kulcu MR = szexpsit—cgt”) +ce Kiilcii vd. (2024)
5
14 AMD MR = c; exp(—c;t) (1 + ¢4 sin(cst)) + ¢(1 — exp(—c,Vt)) g;i(;}lg&llai;?fsammda

2. MATERYAL VE YONTEM

2.1. ATATEK-Drying Programinin Yazilimsal Arkaplani

ATATEK-Drying programi, PHP dili kullanilarak web tabanli olarak gelistirilmis olup su an i¢in yerel
Apache sunucusunda (localhost) ¢alismaktadir. Program ilerleyen siirecte internet iizerinden erisime
acillacak sekilde planlanmistir. Program iterasyon yoluyla model katsayilarini hesaplamakta ve
modellerin RMSE ve R? parametrelerini kullanarak model basarisini belirlemektedir.

Sekil 3’'de ATATEK-Drying programinin kurutma verisi giris sayfas1 goriilmektedir. Sayfanin sol
kismindaki siitunda 6ncelikle girilecek veri noktasi sayisi se¢ilmelidir. Kirmizi biber kurutulmasi 39 adet
veri icerdiginden burada 39 veri noktasi secilmistir. Bu secim sonrasinda alt kisimda veri hiicreleri 39’a
kadar agilmaktadir. Ardindan veri isleme programi (6rn Microsoft Excel) den kopyalanan veriler bu
hiicrelere yapistirilabilmektedir. Veriler sisteme aktarildiktan sonra sag tarafta otomatik olarak grafik
olusturulmaktadir. Grafigin iist kisminda optimizasyonda kullanilan metotlar secilebilmektedir.
Yazilimin birinci versiyonunda 14 model ve 3 adet ¢6ziim yontemi kullanilabilmektedir. 14 numarali
“Advanced Moisture Diffusion” modeli program gelistirme ¢alismasi kapsaminda gelistirilmistir. Mavi
vurgulu analizi baslat tusuna basildiginda sistem modellerin optimizasyonunu gerc¢eklestirmektedir.
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==RVEURETMM |~ Analiz Sonuclan .l Model Grafikleri

Kurutma Verileri Analiz Ayarlan
Veri Noktasi Sayisi: Optimizasyon Metodu: Baslangig Noktasi Sayisi:
39 < Tiim Metodlar ~ 5 5

@ Excel'den kopyalanan nem orani (MR) degerlerini » Analizi Baglat

dogrudan tabloya yapistirabilirsiniz. Her MR degeri 0-1
arasinda olmahidir.
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Sekil 3. ATATEK-Drying programinin kurutma verisi ekleme sayfasi

Model optimizasyonlar1 gergeklestirildikten sonra analiz sonuglar1 sekmesine gecilmektedir. Sekil
4’de gosterilen bu sekmede modelleme islemi sonucunda elde edilen parametreler ve istatistiksel
degerlendirmeler sunulmaktadir. Parametreler kisminda virgiille ayrilarak verilen sayilar modelde
kullanilan sabitlerin degerlerini gostermektedir. RMSE ve R2 degerleri modellerin hata ve korelasyon
parametreleridir ve RMSE degerinin diisiik R? degerinin yliksek olmas1 modelin tahmin basarisinin da
yuksek oldugu ifade etmektedir. Tablonun sonunda ise modellerin her biri i¢in uygulanan t¢ farkh
¢6ziim yonteminden hangisinin daha basarili sonug trettigi belirtilmistir.

Programa ytklenen kirmizi biber kurutma verileri modellendiginde, bu veriler icin en dogru
tahminleri Kulcu modeli tarafindan gerceklestirildigi tespit edilmistir. Modelin RMSE degeri 0.004052
ve R? degeri 0.999863 olarak hesaplanmistir.
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B Veri Girisi |~ Analiz Sonuglan atll Model Grafikleri

Model Analiz Sonuclar

No Model Parametreler RMSE R? En iyi Metod
1 Kulcu 1.007567, 2.717644, 0.000950, 2.282831, 1.011014, -0.003449 0.004052  0.999863  nelderMead
2 Midilli 0.997375, 0.002589, 2.013798, -0.000308 0.005051  0.999787  nelderMead
3 Advanced Moisture Diffusion Model 0.993117, 0.002293, 2.060779, 0.052704, 0.000100, 0.000000, 0.369572 0.006036  0.999696  nelderMead
4 Page 0.002502, 2.034413 0.006413  0.999657  nelderMead
5 Alibag 0.949584, 0.014182, 1.619931, 0.037242, 0.000000 0.012445 0.998709  patternSearch
6 Jena-Das 0.861040, 0.107186, 0.347281, -0.139957 0019225 0.996919  nelderMead
7 Demir 1.793642, 0.139571, 0.209900, -0.637567 0.043053  0.984549  patternSearch
8 Logarithmic 1.791573, 0.029360, -0.635234 0.043053  0.984548  patternSearch
9 Henderson-Pabis 1.277958, 0.068025 0.083907 0.941312  patternSearch
10 Newton 0.053590 0.119872  0.880218  nelderMead
11 Verma 0.106564, 0.053585, 0.053590 0.119872  0.880218  nelderMead
12 Diffusion 0.000000, 1.999781, 0.026798 0.119872  0.880218  nelderMead
13 Two Term 0.053700, 2.000000 0.119961  0.880040  nelderMead
14 Otsura 0.000100, 0.100000 0.370951  0.000000  nelderMead

Model Performans Grafigi
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Zaman (1)

Sekil 4. Programin analiz sonuglari sayfasi

Sekil 5’de programin model grafikleri sayfasi gosterilmektedir. Bu sayfanin sol kisminda
optimizasyonu yapilan model secildiginde sag tarafta bu modele ait tahmin verileri ve 6l¢ililen verilere
ait grafik olusturulmaktadir. Bu grafikleri PNG (transparan zemin) ve JPG olarak kaydedilebilecek
butonlar bulunmaktadir. Ornekte tahmin ve élgiilen degerlerin biiyiik oranda birbiriyle ortiistiigii
gorilmektedir. Ayrica grafigin alt kisminda modelin matematiksel ifadesi ve iterasyon islemi sonucunda
hesaplanan model katsayilarinin degerleri gosterilmektedir. Tahmin sonuglar1 kisminda ise tiim veri
noktalar1 icin, Olglilen ve tahmin edilen degerler ile bu degerlerin fark:i ile bagil hata degerleri
sunulmaktadir.
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~ Analiz Sonuglar 4l Model Grafikleri

Model Secimi Model Detaylari
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:
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Henderson-Pabis RMSE ]
o @ 2717eu
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Tahmin Sonuglan
Zaman (t) Olgiilen MR Tahmin MR Fark Bagil Hata (%)
1.00 0.9984 1.0052 0.006 0.68
2.00 0.9905 0.9905 0.009
3.00 09772 09728 .0044 0.459
4.00 0.9571 0.9518 0.0053 0.56
5.00 0.9318 0.9273 0.0045 0.489
Sekil 5. Programin model grafikleri sayfasi

Bu calismada kurutma isleminde, kuruma siirecinin herhangi bir aninda tirtiniin MR (Ayrilabilir Nem
Orani) parametresinin tahminlenmesinde kullanilan matematiksel modellerin iterasyon yoluyla
coziimlenmesi icin gelistirilmis ATATEK-Drying programinin yapisi ve isleyisi anlatilmistir. Program
kurutma modellemesine 6zel tasarlanmis ve ¢alisma igerisinde yapilan drnekte kirmizi biber kurutma
verileri icin modelleme islemini basarili bir sekilde gerceklestirebilmistir. Bu baglamda birden fazla
programla yapilan islemleri tek bir yazilim altina toplamayir basarmistir. Ayrica yazilimin yerli
imkanlarla hazirlanmis olmasinin, alternatif programlar i¢cin yurt disina kaynak transferini azaltici bir
etkisinin olmasi beklenmektedir.
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EXTENDED ABSTRACT

Introduction and Research Questions & Purpose

Drying is a fundamental process in agricultural and industrial applications that involves removing
moisture from products through heat and mass transfer operations. While various software tools like
MATLAB, Excel Solver, and SigmaPlot are currently used for modeling drying data, these general-
purpose programs present challenges as they are not specifically designed for drying processes. This
research addresses this gap by introducing ATATEK-Drying, a specialized software developed by the
ATATEK (Smart Agricultural Technologies) working group. The primary purpose of this study is to
evaluate and present the operational principles, interface design, and modeling capabilities of the
ATATEK-Drying software, which has been specifically developed to analyze and model agricultural
drying processes.

Methodology

The ATATEK-Drying software was developed using PHP language as a web-based application,
currently operating on a local Apache server (localhost) with plans for future internet accessibility. The
software implements an iterative approach to calculate model coefficients and determines model
success using RMSE and R? parameters. The program features a data input interface allowing users to
specify the number of data points and input drying data. It includes implementation of 14 different
drying models, including traditional models and a newly developed "Advanced Moisture Diffusion”
model, along with three different solution methods for optimization. The software provides automatic
graphical representation of input data, statistical analysis capabilities for model evaluation, and export
functionality for graphs and results. The software's effectiveness was demonstrated through a case
study involving red pepper drying data, which was used to test and validate the modeling capabilities of
the program.

Results and Conclusions

The study demonstrated that ATATEK-Drying successfully accomplishes its intended purpose of
providing a specialized tool for drying process modeling. The software effectively consolidated multiple
modeling operations that previously required several different programs into a single, specialized
platform. Testing with red pepper drying data showed that the Kulcu model provided the most accurate
predictions, achieving an RMSE value of 0.004052 and an R?* value of 0.999863. The program
successfully generates comprehensive analysis outputs, including model parameters and constants,
statistical evaluations through RMSE and R? values, comparative analysis of different solution methods,
visual representations of measured vs. predicted values, and detailed error analysis for each data point.
The development of this locally-produced software is expected to reduce dependency on foreign
software solutions, potentially decreasing international resource transfer while providing a specialized
tool for drying process modeling in agricultural applications. The successful implementation and testing
of ATATEK-Drying demonstrates its potential as a valuable tool for researchers and practitioners in the
field of agricultural drying processes.
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OZET

Gilines enerjisi hesaplamalari, atmosfer disina kadar ¢esitli esitlikler yardimiyla biiyiik bir dogrulukla
gerceklestirilebilmektedir. Ancak, yeryiiziine disen 1sinim miktarinin hesaplanmasi olduk¢a zordur.
Bunun nedeni, atmosfer igerisindeki 1s1nimin; topografik 6zellikler, bulutluluk ve nem gibi kosullardan
etkilenmesidir. Bu etmenlerin zamanla degismesi, esitlikler yoluyla hesaplamay: zorlastirmaktadir. Bu
baglamda, global giines radyasyonu hesabinda rasat cihazlariyla o6lciim ve tahmin modelleri
kullanilmaktadir. Giines rasat cihazlarinin kurulmasi ve isletilmesi maliyetli bir siire¢ oldugundan, bu
cihazlar meteoroloji istasyonlari, havaalanlar: ve tniversiteler gibi alanlarda kullanilmaktadir. Ancak
genis bir cografi alana gelen global giines radyasyonunun tahmin edilmesinde tahmin modelleri daha
etkin bir rol oynamaktadir. Bununla birlikte, tahmin modellerinin validasyonlarinin meteoroloji
istasyonlarindan alinan verilerle yapilmasi gerekmektedir. Bu dogrultuda, tahmin yapilan her bélge icin
ayr1 dogrulama yapilmasi zorunlu hale gelmektedir.

Global 1s1n1m tahmin modellerinde kullanilan sabitler, meteorolojik 6l¢iim istasyonlarindan elde
edilen veriler kullanilarak iterasyon yoluyla belirlenmektedir. Model sabitleri belirlendikten sonra
tahminler gerceklestirilmekte ve hesaplama yapilan il i¢cin en dogru tahminleri veren model
belirlenmektedir. En basarili modelin belirlenmesinde istatistiksel hata parametreleri kullanilmaktadir.
Arastirmacilar modellerin iterasyonla ¢oziimiinde farkli yazihmlar kullanmaktadir (MATLAB, Excel
Solver, SigmaPlot, vb.). Ancak bu yazilimlarin global giines radyasyonu hesabina 6zel tasarlanmamis
olmasi bir¢ok soruna neden olmaktadir. Bu baglamda, ATATEK (Akilli Tarim Teknolojileri) ¢alisma
grubu tarafindan ATATEK-Solar yazilimi gelistirilmistir. Yazilim, Turkiye icin genis icerige sahip
kitliiphanesiyle modellerde kullanilan tiim degiskenlerin yillik degerlerini saglamakta, ayrica kullaniciya
veri ekleme imkani sunmaktadir. Yazilim, optimizasyon asamasinda iterasyonla modelleri 3 farklh
yonteme gore cozmekte ve her model icin en uygun ¢6zlim yoluna gore global giines radyasyonu
degerlerini hesaplamaktadir. Ardindan, istatistiksel analiz sonuglarini raporlamaktadir.

Bu ¢calismada, makalenin yazarlari tarafindan gelistirilen ATATEK-Solar yaziliminin ¢alisma ilkeleri,
kullanim arayiizii ve kullaniciya sundugu sonuclar incelenmistir.

Anahtar Kelimeler: ATATEK-Solar, global giines radyasyonu, 1sinim tahmini
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Development of ATATEK-Solar Software for Global Solar Radiation
Prediction Models

ABSTRACT

Solar energy calculations can be performed with high accuracy up to the outer atmosphere using
various equations. However, calculating the amount of radiation reaching the earth’s surface is quite
challenging due to factors like topographical features, cloud cover, and humidity affecting radiation
within the atmosphere. The variability of these factors over time complicates equation-based
calculations. Thus, global solar radiation calculations often rely on measurements from observation
instruments and prediction models. Since the installation and operation of solar observation
instruments are costly processes, they are typically used in locations such as meteorological stations,
airports, and universities. Prediction models, however, play a more effective role in estimating global
solar radiation over extensive geographical areas. Nonetheless, validation of prediction models requires
data from meteorological stations, making it essential to perform separate validations for each region.

In global radiation prediction models, constants are determined iteratively using data from
meteorological measurement stations. After determining these model constants, predictions are made,
and the model providing the most accurate estimates for a specific location is identified. Statistical error
parameters are employed to select the most successful model. Researchers use various software, such
as MATLAB, Excel Solver, and SigmaPlot, to solve models iteratively. However, since these tools are not
specifically designed for global solar radiation calculations, they often present challenges. In this context,
the ATATEK (Smart Agricultural Technologies) working group developed the ATATEK-Solar software.
With a comprehensive library tailored to Turkey, the software provides annual values for all variables
used in the models and allows users to add data. During the optimization phase, the software solves
models using three different iterative methods and calculates global solar radiation values based on the
optimal solution for each model. It then reports the statistical analysis results.

This study examines the operational principles, user interface, and outcomes offered by the
ATATEK-Solar software developed by the authors.

Keywords: ATATEK-Solar, global solar radiation, radiation prediction
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1. GIRIS

Glines enerjisi, elektrik tretiminden 1s1l enerji liretimine kadar ¢ok yaygin bir sekilde kullanilan
yenilenebilir ve enerji doniisiimii sonucunda emisyon liretmeyen bir kaynaktir. Bu nedenle son yillarda
kullanim1 yayginlasmakta ve o6zellikle buyik olgekli glines enerjisi santrallerinin sayis1 hizla
artmaktadir. Glines enerjisi sistemlerinden iiretilecek enerji miktar1 dogrudan global radyasyon
degerine bagl olarak degismektedir. Bu nedenle glines enerjisi sistemleri veya santralleri kurulmadan
once ayrintili fizibilite calismalarinin gergeklestirilmesi gerekmektedir. Bu fizibilite calismalarinda yillik
simiilasyonlar gerceklestirilerek, tesisten tiretilecek enerji miktarlar1 hesaplanmakta ve ekonomik bir
projeksiyon ortaya konulmaktadir.

Fizibilite calismalarinda ve bolgesel 6ngorii faaliyetlerinde baslangi¢ noktasi tesis kurulacak cografi
koordinatin yillik global giines radyasyonu miktari ve bu miktarin aylara gore degisimidir. Bu islem i¢in
giines rasat cihazlar kullanilabildigi gibi radyasyon tahmin modelleri de kullanilabilmektedir. Giines
rasat cihazlar bir alana kuruldugunda en az bir yil boyunca 6l¢iim yapilmasi gerekmektedir. Bu islem
hem zaman hem de ekonomik ac¢idan bir maliyet ortaya ¢ikartmaktadir. Global glines radyasyonu
tahmin modelleri ise meteorolojik istasyon verilerinden elde edilen uzun siireli 6lciim verileri
kullanilarak gelistirilmis ampirik modellerdir. Bu modellerde 6ncelikle bélgesel validasyon islemleri
gerceklestirilmeli ve bu islem dogrultusunda en uygun model ve model katsayilar1 belirlenmelidir.

Bu calismada global glines radyasyonunu tahminlemesinde kullanilan modellerin validasyonu ve
sabitlerinin hesaplamasini iterasyon yoluyla hesaplayan ve istatistiksel analiz sonuglariyla raporlama
yapan ATATEK-Solar yazilimi tanitilmistir. Makale yazarlari tarafindan gelistirilen yazilim, kullaniciya
veri ekleme imkani saglamasi, glines radyasyonu modellemesine uygun optimizasyon segenekleri ve
istatistiksel degerlendirme arayiiziiyle farkli programlarda yapilarak birlestirilen analizleri tek ¢ati
altinda gergeklestirmektedir.

2. MATERYAL VE YONTEM

2.1. ATATEK-Solar Programinin Yazilimsal Arkaplani

ATATEK-Solar yazilimi, optimizasyon motorunda literatiirde yaygin olarak kullanilan Nelder-Mead
Simplex (Nelder ve Mead, 1965), Pattern Search (Hooke ve Jeeves, 1961) ve Simulated Annealing
(Kirkpatrick vd., 1983) algoritmalarini barindiran JavaScript tabanli modiiler bir yapi lzerine insa
edilmistir. Bu algoritmalar su avantajlari sunmaktadir:

¢ Nelder-Mead Simplex: Tiirevsiz optimizasyon problemlerinde etkili performans gostermesi
ve yerel minimumlara hizli yakinsama 6zelligi.

e Pattern Search: Giriltilii verilerde kararli sonuglar tlretmesi ve paralel hesaplama
uygunlugu.

e Simulated Annealing: Global optimum noktay1 bulma yetenegi ve yerel minimumlara
takilmama ozelligi.

Bu algoritmalarin kombinasyonu, yazilimin farkl kosullar altinda giivenilir sonuglar iiretmesini
saglamaktadir. Yazilimda tanimlanan her bir model i¢cin optimizasyon algoritmalari, eszamanl ¢alisan is
parcaciklar1 (worker thread) iizerinde calistirlmakta ve 107® hassasiyetle iteratif coéziimler
uretmektedir. Meteorolojik veriler MySQL veritabaninda sehir ve aylik olciim degerleri olarak
saklanmaktadir. AJAX teknolojisi kullanilarak sunucu tarafina aktarilan optimizasyon sonuclari, PHP dili
ile gerceklestirilen kapsaml istatistiksel analizler yardimiyla degerlendirilmekte ve en diisiik hata
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oranina sahip algoritma-model kombinasyonu tespit edilmektedir. ATATEK-Solar yazilimi1 atmosfer
disina gelen 151n1m miktarinin hesaplanmasinda asagidaki esitlikleri kullanmaktadir.

Atmosfer disina bir glinde gelen 1sinim miktar1 1 ve 2 numarali esitlikler kullanilarak hesaplanmistir
(Duffie ve Beckman, 2006; Mengec ve ark., 2006).

Hy = m [1 + 0.033cos (%)] [coscpcosSsinws + %Wssin(psinéi] (D

1 numaral esitlikte kullanilan Deklinasyon agis1 (8) 2 numarali esitlikle, giin batimi saat agis1 (wy) 3
numaral esitlikle hesaplanmistir (Ertekin ve Yaldiz, 2000; Bakirci, 2009; Duffie ve Beckman, 2006;
Ertekin ve ark., 2008).

8 = 23.45sin[360 (=0)| (2)
w, = arccos[—tan(@)tan(6)] (3)

Modellerde kullanilacak olan bulutluluk katsayis1 S/S, degeri i¢in S meteorolojik veriler dlgtimlere
gore belirlenirken, S, degeri 4 numarali esitlikle hesaplanmistir (Duffie ve Beckman, 2006).

25 Arc cos(—tgé tgl) (4)

SO = 1_

ATATEK-Solar yazilimi giines 1sinim1 modellemesinde 15 ayr1 model kullanmaktadir. Bu
modellerden 14 tanesi literatiirde yer alan ¢alismalardan derlenmis, bir tanesi ise yazilimin olusturulma
asamasinda yapay zeka araci kullanilarak gelistirilmistir. ATATEK-Solar yazilimi tarafindan kullanilan
tahmin modelleri Tablo 1’de sunulmustur.

Tablo 1. Yazilimin kullandig1 modeller

Model No  Model Kaynak
H S
1 —=c+0 (—) Angstrom (1924); Prescott (1940)
Hy So
H S5\
2 —=c+c (—) Elagib ve Mansell (2000)
Hy So
H 1
3 = ¢, ) El-Metwally (2005)
0
S
H |@ (Q) -
4 el + c3wg Kiilcii (2015)
H S S\? S\?
5 Tt <5_0) o, <5_0) ) <S_0) Bahel ve ark. (1987)
H S S
6 —=cq+c (—) + c3log (—) Ampratwum ve Dorvlo (1999)
Hy So So
H S
7 H_o =1 + cexp <5_o) Almorox ve Hontoria (2004)
H S S
8 H_o =c + [cz <5_0) + C3] @ +c3 (5—0) Dogniaux ve Lemoine (1983)
S
H S S o
9 Hy ¢ +clog e +c3 (5_0) Kiilcii (2019)

Tablo 1. Yazilimin kullandig1 modeller (Devami)
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Model No Model Kaynak
H
10 = = ¢, (AT)%5 + ¢, Hargreaves ve ark. (1985)
0
H
11 7= In(AT) + ¢, Coppolino (1994)
0
H
12 == c1[1 — exp — ¢, (AT)] Bristow ve Campbell (1984)
0
H S
13 T cilog [(Cz S_) + (c3AT)] +cy Ersan ve Kiilcii (2024)
0 0
H
14 —= cilog(caws) + (c3AT)] + ¢y Ersan ve Kiilcii (2024)
0
H S ‘2 2nn
15 o= c (S_ Ws) + c3logq1o(1 + AT) + cusin(p)cos (E) + cg Bu calisma kapsaminda olusturulmustur.
0 0

2.2. ATATEK-Solar Programinin Kullanici Arayuzii

ATATEK-Solar programi, PHP dili kullanilarak web tabanli olarak gelistirilmis olup su an icin yerel
Apache sunucusunda (localhost) ¢calismaktadir. Program ilerleyen stirecte internet iizerinden erisime
acilacak sekilde planlanmistir. Gelistirme asamasinda olan programin kullanici arayiizi Sekil 1'de
gosterilmistir.

Guines Isinimi Modelleme Sistemi

Sehir Listesi Modeller Optimizasyon
Turkiye'deki tim sehirlere ait gtines isinimi verilerini Farkli gtines 1sinimi tahmin modellerini inceleyin ve Model parametrelerini optimize edin ve performansi
gorintuleyin. karsilastirin. artirin.
Gelismis Analiz
Toplam Sehir Sayisi Aktif Model Sayisi Son Giincelleme
4 15 04.11.2024

Sekil 1. ATATEK-Solar programinin ana ekrani

Programin ana ekraninda ii¢ segenek bulunmaktadir. Bunlar; sehir listesi, modeller ve
optimizasyondur. Ayrica ana ekranda aktif model sayisi, toplam sehir sayisi ve son gilincelleme
bilgilendirmeleri bulunmaktadir.

Sekil 2’de sehir listesi sekmesinden ulasilan arayiiz gosterilmistir. Bu sayfadan yazilim

kiitiiphanesindeki veriler ¢agrilabildigi gibi, kullanic tarafindan veri eklemesi yapilarak kiitiiphanede
olmayan verilerle de modelleme islemi gerceklestirilebilmektedir.
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Sehir Listesi

Sehir Diizenle ID  Sehir Ad Enlem Boylam iglemler
2 lIstanbul 410082000 28.9784000 m
Sehir Ad: Enlem Boylam: i
Usak 38,6690000 12,0000000 E lzmir 38.4237000 27.1428000 m
I i | Gl | Wakse | WinSe I oo | i
1 167 3.7000 . 700C -
B - 4 Usak 38.6690000 12.0000000 m
3
4
5 2
6 2
8 20.8
5 .
10 28
n B 0
12 Asabk 68313 31,6000 8.7000 0.6000

Isimim Degerleri Grafigi

Aylik Isinim Degerleri

Sekil 2. ATATEK-Solar programinin sehir se¢imi sayfasi.

Sekil 3'de programin giines 1sinimi1 tahmininde kullandigi modeller gosterilmektedir. Program
icerisinde toplam 15 model tanimlanmistir. Sol meniiden model seg¢ildiginde ekranin sag tarafindaki
pencerede modelin acilimi ve modelde kullanilan parametrelerin aciklamalari gosterilmektedir.

Guines Isinimi Tahmin Modelleri

Modeller Angstrom-Prescott Model

Q  Modelara .
Model Denklemi:

Model 1 2 parametre H/HO = c1 + c2 * (5/50)
Angstrom-Prescott Model

Parametre Sayisi:

Model 2 3 parametre
Elagib and Mansell Model 2 adet (c1, c2)
Model 3 1 parametre Degiskenler:
El-Metwally Model 5 (Gineslenme stiresi)
o S0 (Maksimum giineslenme siiresi)
Model 4 3 parametre
Kilci Model
Model 5 4 parametre

Bahel et al. Model

Model 6 3 parametre

Ampratwum and Dorvio Mode

Model 7 2 parametre
Almorox and Hontoria Model

Model 8 4 parametre
Dogniaux and Lemoine Model

Model 9 4 parametre
Kiilcii Log Model

Sekil 3. Programin modeller sayfasi

Sekil 4'te programin optimizasyon sayfasinin arayiizii gosterilmistir. Bu sayfa "On Hesaplama
Sonuglar1”, "Analiz Sonuglar1” ve "Model Grafikleri" olmak iizere li¢ ana sekmeden olusmaktadir. Sol
panelde sehir secimi, optimizasyon metodu ve baslangi¢c noktasi gibi analiz ayarlar1 yer almaktadir.
Birinci sekmede gosterilen 6n hesaplama sonuglar tablosunda giineslenme stiresi, atmosfer disi 1s1nim
hesabi1 ve modellerde kullanilan temel parametreler (giin uzunlugu agisy, sicaklik farki, deklinasyon agis;,
enlem) gosterilmektedir.
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Analiz Ayarlan On Hesaplama Sonuglan  Analiz Sonuglan Mode! Grafikleri
gehir: Ay S(saat) S0(saat) H (MJ/m/giin) HO (MJ/m?*/giin) ws () AT (°C)  Deklinasyon ()  Enlem (*)
Usak v Ocak 37000 96253 76715 16,0293 721900 T7.8000 -208170 36,6890
Supat 44000 105856 59777 212945 793921 87000 -12.9546 36,6890
Optimizasyon Metodu:
Mart 54000 117418 13.0529 28,0404 880637  10.4000 2477 38,6690
Tum Metodlar ~ _
Nisan 66000  13.0167 18.2904 349762 97.6254  11.5000 9.4148 36,6650
Baslangi Moktas: Mays 86000 141069 22,5054 397926 1058015 12.5000 187913 36,6650
5 Haziran 107000 146593 255336 417241 109:9444  13.8000 230859 36,6650
Temmuz 11.5000  14.4080 265281 406925 108.0676  14.8000 211837 36,6890
Analiz Et Adustes 111000 134717 208730 367773 101.0381 | 150000 134550 36,6890
Eyiii 94000  12.2367 18,1440 30,3006 917733 144000 22188 36,6890
Ekm 71000 109629 12,8845 232393 822214 123000 9,599 36,6690
@ sistem hazir Kasm 51000 98783 81390 172437 740870 10,3000 -189120 38,6890
Aralik 36000 93436 68313 143811 700921 81000 -23.0496 38,6890

Sekil 4. Programin 6n hesaplama sonuclari sekmesi

Sekil 5’de programin analiz sonuglar1 sekmesi gosterilmistir. Bu sayfanin sol kisminda modellerin
iterasyonu sonucunda hesaplanan model katsayilar1 ve istatistiksel degerlendirme parametreleri
gosterilmistir. Istatistiksel analiz parametreleri kisminin sonunda her model i¢in en bagarih ¢éziimi
sunan analiz yontemi de gosterilmektedir. Yapilan analizler sonucunda Usak ili icin en basarili tahminler,
program gelistirme c¢alismalar1 kapsaminda gelistirilen 15 numarali model tarafindan
gerceklestirilmistir. Bu modelin yaptig1 tahminler icin hesaplanan RMSE (Root Mean Square Error - Kok
Ortalama Kare Hata) degeri 0.7569958129 ve R? (Belirlilik Katsayis1) degeri ise 0.987949586 olarak
hesaplanmistir. RMSE degerinin 1'in altinda olmasi modelin tahmin hatalarinin diisiik oldugunu, R?
degerinin 1'e ¢ok yakin olmasi ise modelin gercek degerleri ylksek dogrulukla aciklayabildigini
gostermektedir. Bu degerler, gelistirilen modelin giines radyasyonu tahminlerinde giivenilir sonuglar
urettigini kanitlamaktadir.

Model Analiz Sonuglan

No Model ] 2 a ot 3 RMSE (H) 3 Ortalamal  Enlyi Metod
1 Advanced Combined Model by Al 19991335191 01248517511  -DA644727215 -0.1083508382 -0.8256174786 07560055129 09870405368 158107030474  nelderMead
2 Bahel et 2l Madel 01725027202 04720277451 0.8974391169  -1,0000000000 08323298769 09836289342 158851399500
3 Ampratwumand Dorvie Model 11916120461  -D.3610764503  1.3257597715 08266399258 08818433575 138833120418
4 Hargreaves Model 01912175091 -0.1168701233 00481113021 | 09810063540 | 158529328110
5 erstowand Campbell Modsl 09999999366 Q.0794BT9M4S  0.8252932658 (9503559626 | 09610072654 | 155450462841

s 930614 8457855

6 Chen Mode! 03240168091  -0.2565506944 QSGTEEHES | (S0GATIM | 1SHSTSES68

09603824011 0.9806039684 159153750517
7 Elagib and Mansel Mode! 10000000000 16762064186  0.1535541896

10051645253 09787534075 15.9373409434
] Angstrom-Prescott Mocel 03112712527 03861432676

10051645721 09787534055 15.9372566439
9 Dogniauxand Lemoine Model  -0.2776068386 00074535328 00152326230  D.1000001908

10486151240 09768660170 159542021515
10 Amorox and Hontoria Mode! 01710420356 0.2029094170
11497776516 09722001336 156506038827 simu
il Kiiled Mode! 25134725475 06852661466 0.0034662995 e
12543337518 09669142320 160712980540  simu
i (Kiici 0. 3 70 4743135 1 4
12 Linear Logarithmic Mode! by Kiici  0.3631737916 67995870320 14743133417~ D.0717924346 EATIT6521 | (433609900 | 161576205090 | s

13 Hour Angle Based Model by KUicU 02281360657 07692740473 10869992514 0.1219677513 \T790464955 | 09334436373 | 155298911415

14 El-Metwally Model 00104465738 106464632909 0.0000000000 220213532497 | simu

15 Kilcii Log Model 01567738185 0.6893370609 3.9367251160  0.5661974051

Model Performans Grafigi [ png | e |

Gergek vs Tahmin Edilen Degerler

Sekil 5. Programin analiz sonuglar1 sekmesi
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Sekil 6’da programin model grafikleri sekmesi gosterilmistir. Bu sekmede sol kisimdan secilen
model icin hesaplanan degerler, bagil hata ve RMSE degerleri gosterilirken, list kisimda se¢ilen modelin
tahmin ettigi degerler ile Olglilen degerlerin oldugu grafik sunulmaktadir. Grafikte model kiigiik
sapmalar olusturmasina ragmen biiyiik oranda 6lgiilen verilerle uyumlu tahminler yaptig1 gorsel olarak

sunulmaktadir.

On Hesaplama Sonugiar
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3. SONUC

ATATEK-Solar programi global giines 1sintim1 modellemesinde kullanilmak amaciyla gelistirilmis 6zel bir
yazilimdir. Yazilim segilen cografi koordinatlarin giines 1s51nim miktarlarinin tahmininde kullanilan modellerin
iterasyon yoluyla analizini gerceklestirmektedir. Bu kapsamda yayin igerisinde Usak ili 6rneginde yapilan
testler ve elde edilen sonuglar kullanict dostu bir tasarim oldugunu ve ¢éziimleme basarisinin yiiksek oldugunu
gostermistir.

Yazilim, yaygin kullanilan genel amacgl programlara (MATLAB, Excel Solver, SigmaPlot vb.) kiyasla su
avantajlar1 sunmaktadir:

e (iines radyasyonu hesaplamalarina 6zel tasarlanmis olmasi
e Coklu optimizasyon algoritmalarinin eszamanli kullanimi1

e Kapsamli veri tabani ve kolay veri girisi imkant

e Gergek zamanli analiz ve gorsellestirme yetenekleri

Yazilimin gelecek versiyonunda web tabanli bir platforma doniistiiriilerek daha genis bir kullanici kitlesine
ulagmasi planlanmaktadir.

SIMGELER
G, : Glines sabiti (1367 W/m?)
H : Yeryiiziine ulasan giinliik global giines radyasyonu (M]/m?.giin)
H, : Atmosfer disi radyasyon (M]/m?.giin)
w : Glin batimi saat agis1
s : Gun uzunlugu (saat)
S, : Glineslenme siiresi (saat)
AT : Gilinliik maksimum ve minimum sicaklik farki (°C)
¢ : Enlem agis1
n : Yilin giini (1-365)
¢, €2, €3, 4y cs - Model katsayilari
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EXTENDED ABSTRACT

Introduction and Research Questions & Purpose

Solar energy calculations can be performed with high accuracy up to the outer atmosphere using
various equations. However, calculating the amount of radiation reaching the earth's surface presents
significant challenges due to the complex interplay of factors such as topographical features, cloud cover,
and humidity affecting radiation within the atmosphere. The variability of these factors over time makes
equation-based calculations particularly challenging.

While solar observation instruments can be used for direct measurement, their installation and
operation are costly, limiting their use to specific locations such as meteorological stations, airports, and
universities. Prediction models have emerged as a more practical solution for estimating global solar
radiation over extensive geographical areas. However, these models require validation using data from
meteorological stations, necessitating separate validations for each region.

The purpose of this research was to develop specialized software (ATATEK-Solar) that addresses
the limitations of existing tools used for global solar radiation calculations. The research aimed to create
a comprehensive solution that could handle model validation, constant calculation, and statistical
analysis within a single platform, specifically designed for solar radiation prediction models.

Methodology

The ATATEK-Solar software was developed using a JavaScript-based modular architecture to create
a comprehensive solution for solar radiation prediction. The software's core functionality is built around
three powerful optimization algorithms: Nelder-Mead Simplex, Pattern Search, and Simulated
Annealing, which work concurrently to achieve high-precision iterative solutions with 1078 accuracy.

The development framework integrates a robust MySQL database system for managing
meteorological data, organizing measurements by city and monthly values. This data management
system is seamlessly connected to the optimization engine through AJAX technology, enabling efficient
server-side processing and real-time data analysis. The software architecture allows for dynamic data
handling while maintaining high performance and reliability.

The system incorporates 15 different solar radiation prediction models, including both established
models from the literature and a newly developed model created specifically for this software. Each
model utilizes comprehensive equations for calculating extraterrestrial radiation, with the calculations
validated through extensive testing. The statistical analysis tools, developed using PHP, provide detailed
evaluation metrics for model performance assessment.

The user interface was designed with a focus on accessibility and functionality, featuring a web-
based platform that allows for intuitive navigation through the software's key features. Users can easily
manage city data, select and configure models, and perform optimization and analysis tasks. The
interface provides real-time visualization of results and allows for custom data input, making it a
versatile tool for both research and practical applications.

Results and Conclusions

Testing of the ATATEK-Solar software using data from Usak province demonstrated significant
success in solar radiation prediction and analysis capabilities. The software's performance was
particularly notable through the newly developed Model 15, which was created during the software
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development process. This model achieved remarkable accuracy with an RMSE value of 0.7569958129
and an R? value of 0.9879495868, indicating exceptional precision in solar radiation predictions.

The software's comprehensive approach to solar radiation modeling proved highly effective,
successfully integrating multiple optimization methods while providing detailed statistical analysis
capabilities. The user interface demonstrated excellent functionality in data visualization and analysis,
allowing researchers and practitioners to easily interpret and utilize results. The system's ability to
accommodate custom data input and expand its existing library provides valuable flexibility for various
research and practical applications.

Through extensive testing and validation, ATATEK-Solar has established itself as a specialized
solution that offers significant advantages over general-purpose software tools commonly used in solar
radiation modeling. The high accuracy of its predictions, combined with its comprehensive analysis
capabilities, positions it as a valuable tool for both research institutions and practical applications in the
solar energy sector. The software's success in handling complex calculations while maintaining user
accessibility suggests its potential for wide adoption in solar energy planning and research applications.
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OZET

Tarim ve hayvancilik, iklim degisikliginden etkilenen en biiytlik sektoér aglarindan biridir. Kiiresel
1sinma, sera gazlarinin (GHG) atmosferde birikmesiyle olusan 1sinin Dinya'nin sicakligini artirmasi
nedeniyle meydana gelmektedir. Ote yandan karbon ayak izi, canlilarin faaliyetlerinden salinan
karbondioksit gibi sera gazlarinin neden oldugu cevresel zarari ifade eder. Sigirlar, sindirim stiregleri ve
gibre yonetimi yoluyla metan (CHa4), azot dioksit (N20) ve karbon dioksit (COz) gibi sera gazlar1 yayarak
kiiresel 1sinmaya katkida bulunur. Turkiye stit sigirciiginda ¢ok énemli bir konuma sahiptir. Burdur,
kiltir sigir1 populasyonu ve giinliik bin tonun tizerinde ¢ig siit tiretimi ile 6nemli bir tarim ve hayvancilik
kentidir. Bu calismada, Burdur'da gerceklestirilen siit sigircihginin karbon ayak izi TUiK'ten elde edilen
verilere dayanarak hesaplanmistir. Hesaplamada Hiikiimetlerarasi iklim Degisikligi Paneli (IPCC, 2006)
rehberinde yer alan Tier 1 yaklagimi kullanilmistir.

Anahtar Kelimeler: Karbon Ayakizi, Glibre Yonetimi, Enterik Fermantasyon
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Carbon Footprint of Manure Management and Enteric Fermentation in
Dairy Cattle Farming: The Case of Burdur, Tiirkiye

ABSTRACT

Agriculture and animal husbandry are one of the largest sector networks affected by climate change.
Global warming occurs as a result of the heat generated by the accumulation of greenhouse gases (GHG)
in the atmosphere, increasing the temperature of the Earth. On the other hand, carbon footprint refers
to the damage caused to the environment by GHGs, such as carbon dioxide released from living beings'
activities. Cattle contribute to global warming by emitting GHG such as methane (CH4), nitrogen dioxide
(N20) and carbon dioxide (COz) through their digestive processes and manure management. Ttrkiye has
a very important position in dairy cattle farming. Burdur is an important agricultural and animal
husbandry city with a cultured cattle population and daily raw milk production of over a thousand tons.
In this study, the carbon footprint of dairy cattle farming carried out in Burdur was calculated based on
data obtained from TUIK. The Tier 1 approach included in the guide of the Intergovernmental Panel on
Climate Change (IPCC, 2006) was used in the calculation.

Keywords: Carbon Footprint, Manure Management, Enteric Fermentation
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1. INTRODUCTION

Across the world, factors such as pandemics, droughts, and unemployment are forcing people to
migrate, while the rapidly growing population poses a major threat to food security. With the industrial
revolution, the rapid spread of factories, demands for more products, and waste problems caused by
mass production have led to the depletion of natural resources (Viena et al.,, 2022).

The rapid increase in population growth and food demand has made it inevitable to make mandatory
policies and investments to solve food problems at the international level. Human interventions in
nature have consequently led to one of our time's most serious environmental problems, known as the
“global climate crisis” (Koyuncu and Akgiin, 2018; Ahmet, 2019).

The rapid depletion of natural resources has created serious international food production and
distribution challenges. This has necessitated international cooperation and the development of new
strategies to ensure food security and transition to sustainable agriculture. Climate change has
profoundly affected agriculture, livestock production, and food supply, causing major global
environmental and economic crises. It is known that there is a reciprocal relationship between climate
change and the livestock sector (Yayh ve Kilig, 2020; Erzurum, 2024).

The agricultural sector in Turkiye is important in various aspects, such as providing food production,
having a share in exports, providing capital to the food industry, and creating employment. According to
TUIK data, there are 17850543 cattle animals in 2021. 2021 The number of dairy cattle enterprises is
1062547. In 2021, milk production from cattle species was 21370116 tons. The provinces with the
highest number of milk-giving cows are Konya, Erzurum, and izmir, and the provinces with the highest
milk production are Konya, izmir, and Erzurum, respectively. The provinces with the highest cow milk
yield per animal are Denizli, Tekirdag, and Burdur (Ulusal Siit Konseyi, 2021).

GHG emissions from milk production mainly consist of CH4 emissions from the digestion of feed and
N20 emissions from the fertilizer used to grow the feed. It is reported that about 65% of GHG emissions
from livestock activities are from cattle. In most developing countries such as Tiirkiye, 39% of GHG
emissions from the livestock sector come from enteric fermentation and 26% from manure management
(IPCC, 2006; Herrero et al. 2013). While the livestock sector significantly contributes to climate change
with the greenhouse gases it produces, it also directly feels the consequences of climate change.
Temperature increases in the atmosphere, sudden weather events, and climate instability can seriously
impact livestock activities. The release of greenhouse gases such as CHs, N20, CO2, and fluorinated gases
during farm operations, processing industry, and marketing processes indirectly triggers climate
change. However, climate change challenges the sector through greenhouse gases and affects
agricultural and animal production. While temperature changes in the atmosphere and sudden weather
events directly impact the health, growth, and productivity of animals, they also affect the sector through
indirect effects such as reduced water resources, reduced feed quality, and reduced soil fertility. In this
case, the livestock sector has become a sector that contributes to climate change and is negatively
affected by these changes (Kumas and Akytiz, 2021).

Climate change adaptation and mitigation efforts in the agricultural sector in Tiirkiye started in the
early 2000s under the leadership of governmental institutions and continue rapidly and effectively
today (Arslan et al., 2024). However, it can be said that studies for the livestock sector have not reached
a sufficient level (Dellal et al. 2024; Pence et al. 2024).
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Carbon footprint is used to monitor the outputs of production and consumption processes. In the
context of global warming, the concept of carbon footprint is used to express the environmental impact
of activities carried out to meet the needs of living things (Kumas ve Akyiiz, 2021).

Burdur is an important province of our country in dairy cattle breeding, with 98% of its cattle being
cultivated breeds and producing over a thousand tons of raw milk daily (Ulusal Siit Konseyi, 2021).

In this study, the carbon footprint of dairy farming in Burdur was calculated based on the data
obtained from TUIK. The Tier 1 approach in the guidelines of the Intergovernmental Panel on Climate
Change (IPCC, 2006) was used in the calculation.

2. LITERATURE REVIEW

The studies on the topic in the last five years were presented chronologically.

Frank et al. modeled energy and GHG flows in dairy farming and aimed to develop GHG mitigation
strategies. They calculated an average emission of 995 g CO2 equivalent (COze) per liter for organic farms
in Germany and 1.048 g COZ2e per liter for conventional farms. Organic farms have increased carbon
storage in the soil, while conventional farms have higher GHG emissions due to high energy consumption
and land use change (Frank et al. 2019).

Wattiaux et al. studied the biophysical drivers of the major GHG emission sources on farms: enteric
CH4, and N20 from manure, N20 from cropland, and CO2z emissions. The impact of selected management
practices on emission reductions was investigated. In addition, findings from life cycle assessments of
dairy production systems in the US Midwest are summarized (Wattiaux et al. 2019).

Ibidhi and Calsamiglia estimated the GHG emissions and carbon footprint of twelve dairy farms in
Spain. CH4 emissions were the largest contributor to total GHG emissions, with an average carbon
footprint of 0.84 kg COze per 1 kg of milk. Management changes were more effective in reducing the
carbon footprint than dietary changes by up to 27.5% (Ibidhi and Calsamiglia, 2020).

Thakuri et al. first estimated enteric CH4 emission factors for local and improved cattle breeds in
Nepal using IPCC Tier 2 methodology. Local cattle's annual CH4 emission factor was calculated as 33 kg
and 46 kg for improved cattle. Using country-specific emission factors can improve the accuracy of
national GHG inventories, reduce uncertainties, and contribute to combating climate change (Thakuri et
al. 2020).

Tongwane and Moeletsi investigated the causes of CH4 and N20 emissions from cattle in nine
national regions of South Africa. In 2019, cattle in South Africa produced 35.37 million tons of CO2e
emissions, 64.54% of which were from CHs. The Eastern Cape has the highest emissions, with
commercial beef and traditional livestock farming responsible for the majority of total emissions
(Tongwane and Moeletsi, 2021).

According to Sahu and Agarwal, the dairy sector is a major source of anthropogenic greenhouse gas
emissions measured by carbon footprint. In studies using various international standards and
methodologies, enteric CH4 stood out as the main source of emissions, followed by manure management
and fertilizer production. To reduce emissions, balanced feed rations, the reduction of nitrogen-based
fertilizers, and the use of alternative energy sources such as biogas are recommended (Sahu and
Agarwal, 2021).

Gross et al. argued that converting milk production to organic farming can reduce the carbon
footprint by eliminating synthetic manures and production based on on-farm nutrient cycling. A study
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in Germany found that in the first year of the transition to organic milk production, the carbon footprint
per energy-adjusted milk decreased by 9% (Gross et al. 2022).

The study in the Mekelle dairy district in Ethiopia investigated the carbon footprint of urban and
semi-urban dairy farms in milk production. The average carbon footprint of urban farms was calculated
as 3.2 kg COz2e/kg and 2.2 kg COze/kg for semi-urban farms. It was emphasized that climate-friendly milk
production methods should be adopted to reduce greenhouse gas emissions in milk production (Balcha
etal. 2022).

Kumar et al. aimed to estimate the carbon footprint for cattle milk produced in Hisar district,
Haryana, India. A carbon footprint of 2.13 kg COze per cow's milk was calculated using life cycle
assessment based on the latest methodologies of IPCC. Enteric fermentation was identified as the largest
source of GHG emissions at 35.5%, followed by manure and land management (Kumar et al. 2023).

Salsabil et al. aimed to determine CH4 and N20 gas emissions from ruminant livestock in Jember.
According to IPCC 2006 methodology, CH4 emissions from enteric fermentation were determined as
103.321 tons COze per year, while CH4 emissions from manure management were determined as 4.510
tons COze per year. Indirect N20 emissions from manure management were higher than direct N20
emissions with 0.0763 tons COze (Salsabil et al. 2023).

Wang et al. conducted a study to assess carbon emissions in a large-scale dairy farm in northeast
China and examined various mitigation scenarios for a zero-carbon target. According to the results,
enteric fermentation contributes 38.2%, and manure management contributes 29.4% of carbon
emissions in dairy farms. The integrated insemination system reduced the carbon footprint by 10.6%
compared to the non-integrated system, and emission reductions of up to 61% were achieved in various
scenarios (Wang et al. 2024).

Dagliooglu et al. analyzed Izmir's GHG emissions from livestock production according to IPCC 2019
guidelines. The total carbon footprint was calculated as 2826.5 thousand tons COze, of which 53% comes
from enteric fermentation, 39% from CHs from manure management and 8% from N20. It was
emphasized that the carbon footprint could be reduced by 30% with sustainable manure management
methods such as biogas production from manure (Daghoglu et al. 2024).

3. MATERIALS AND METHOD

Burdur is located in the Western Mediterranean region. With its ecological structure, animal
production is carried out economically all year round. Two-thirds of its population is active in
agriculture and animal husbandry. With 40% of its economy based on milk production, Burdur has an
important share in this field with 99% of its cattle, 99% of which are cultivated cattle, and daily raw milk
production of over a thousand tons (www.burdur.tarimorman.gov.tr). Burdur, which is known as the
capital of the Teke Region, has started a major transformation in the livestock sector, which started with
small family farming, has reached 4860 cattle enterprises and approximately 192 thousand cattle by
2023, and has started a major transformation with its modern and technological farms
(www.data.tuik.gov.tr).

Tier methods (Tier 1, Tier 2, Tier 3) determined by IPCC are used for carbon footprint calculations.
In this study, the Tier 1 approach is preferred. The Tier 1 approach is a simpler and more predictive
model. The emission factors in the IPCC guidelines are organized according to animal species and climate
zones (temperature conditions). Equation 1-2 was used to calculate the carbon footprint (IPCC, 2006).
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The number of animals in the TUIK Dairy cattle category in Burdur province between 2019-2023 is given
in Table 1 (www.data.tuik.gov.tr).

Table 1. Number of animals

Altinyayla Aglasun Bucak Gdélhisar Karamanli Kemer Merkez Tefenni Yesilova Cavdir (Celtikgi

2019 | 1674 4545 20240 11607 9556 5626 52387 6445 13945 9020 4840
2020 | 1512 3460 22369 10124 8850 5551 52408 7197 13536 9905 4661
2021 | 1437 3324 22467 9878 7301 5978 46659 6466 13897 8343 4843
2022 | 1244 2779 20389 10226 7299 5939 43735 6511 16117 7602 4595
2023 | 1265 2774 21710 10441 8415 5632 45794 6759 14349 7788 4869
CH4€TLt == Eftx Ntx 10_6 (1)
— -6
CH,, =Y Efix Nox 10 2)

CH,,, .- methane emissions from manure (Gg CH4 year-1)

CH,,,,: methane emission from enteric fermentation (103 tons CH* year-1)
Ef; : Emission factor (kg CH4 head! year1)

N;: total number of animals

t: refers to the animal species.

The value of Eft from manure is based on Table 10.14 of the IPCC 2006 guidelines. Tirkiye is
considered as a developing country (IPCC, 2006). The average air temperature of Burdur for many years
(1932-2023) was assumed to be 13.3°C (www.mgm.gov.tr). The emission factor 2 kg CHs4 head!
corresponding to 13.3°C for dairy cattle in Table 10.14 of the IPCC 2006 guidelines was used to calculate
methane emissions from manure. Table 10.11 of the IPCC 2006 guidelines was used for Ef: from enteric
fermentation. Since Tiirkiye is located in Eastern Europe, 99 was accepted for dairy cattle (IPCC, 2006).
In converting CH4 emission to COze, the multiplication coefficient was taken as 25 (Erzurum, 2024).

4. RESEARCH AND RESULTS

This study determined the methane emissions from dairy cattle and its COze for Burdur districts
covering 2019-2023. The amount of CH4 emissions from manure and enteric fermentation are given in
Table 2 and Table 3, respectively. In 2019-2023, the highest CH4 emission from manure was in the
central district and the lowest in the Altinyayla district. It was observed that CH4 emissions decreased in
Altinyayla, Aglasun, Golhisar, Karamanl, Merkez, and Cavdir districts and increased in other districts. In
the five years used in the study, the highest amount of CH4 emission in 2020 occurred in the central
district with 0.104816 Gg in 2020, while the lowest amount of CH4 emission in 2022 occurred in
Altinyayla district with 0.022488 Gg. When the total amount of emissions by years is analyzed, it is
0.27977 Gg in 2019 and 0.259592 Gg in 2023. The percentage distribution of the total amount of CH4
emissions from manure between 2019 and 2023 by districts is given in Figure 1. The total amount of
emissions between 2019-2023 is given in Figure 2.
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Table 2. CH4 emissions from manure (GgCH4/year)

Year Altinyayla Aglasun Bucak Gélhisar Karamanli Kemer  Center Tefenni Yesilova Cavdir  Celtikci
2019 | 0.00334 0.00909 0.04048 0.02321 0.01911 0.01125 0.10477 0.01289 0.02789 0.01804 0.00968
2020 | 0.00302 0.00692 0.04473 0.02024 0.01770 0.01110 0.10481 0.01439 0.02707 0.01981 0.00932
2021 | 0.00287  0.00664 0.04493 0.01975 0.01460 0.01195 0.09331 0.01293 0.02779 0.01668 0.00968
2022 | 0.00248  0.00555 0.04077 0.02045 0.01459 0.01187 0.08747 0.01302 0.03223 0.01520 0.00919
2023 | 0.00253 0.00554 0.04342 0.02088 0.01683 0.01126 0.09158 0.01351 0.02869 0.01557 0.00973
Table 3. CH4 emissions from enteric fermentation (tons CH4 year-1)
Year Altinyayla Aglasun Bucak Golhisar Karamanli  Kemer Center Tefenni  Yesilova Cavdir  Celtikci
2019 | 165.726 449955  2003.76  1149.093 946.044 556.974 5186.313 638.055 1380.555 892.98 479.160
2020 | 149.688 342,54  2214.531 1002.276 876.15 549.549 5188392 712.503 1340.064 980.595 461.439
2021 142.263 329.076  2224.233  977.922 722.799 591.822 4619.241 640.134 1375.803 825.957 479.457
2022 | 123.156 275.121 2018.511 1012.374 722.601 587.961 4329.765 644.589 1595.583 752.598 454.905
2023 125.235 274.626 2149.29 1033.659 833.085 557.568 4533.606 669.141 1420.551 771.012 482.031
Celtikci Altinyayla Aglasun
Cavdir 4% _\ I_ ( 3%
6%
Yesilova
11%
Tefenni
5%

Center
36%

4%

Karamanlh

6%

Kemer

Figure 1. Distribution of total CH4 emissions from manure by districts for 2019-2023

Figure 2. Change in total CH4 emissions from manure by years 2019-2023
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Between 2019 and 2023, the highest CH4 emissions from enteric fermentation occurred in the
central district, while the lowest amount was recorded in Altinyayla district. When the emission amounts
of the districts by years are analyzed, Altinyayla, Aglasun, Karamanli in 2019; Merkez, Tefenni, Cavdir in
2020; Bucak, Kemer in 2021; Yesilova in 2022 and Cavdir in 2023 reached the highest emission
amountWhen the change in the amount of CH4 emission from enteric fermentation between 2019 and
2023 is examined; it is seen that it decreased in Altinyayla, Aglasun, G6lhisar, Karamanli, Merkez and
Cavdir districts and increased in other districts. In the relevant years, the highest CH4 emission occurred
in the central district, with 5188.39 tons in 2020, and the lowest in Altinyayla district, with 123.16 tons
in 2022. When the total amount of emissions by years is considered, it is 13848.62 tons in 2019 and
12849.80 tons in 2023. The percentage distribution of the total amount of CH4 emissions from manure
between 2019 and 2023 by districts can be seen in Figure 3. The total amount of emissions between
2019-2023 is given in Figure 4. The global warming potential caused by CH4 emissions from enteric
fermentation and manure was 353209 tons of COze in 2019, while this value decreased to 327735 tons
of COze in 2023. When the change in global warming potential by the district in 2019-2023 is analyzed,
the highest decrease was in the Aglasun district, with 38%, and the lowest was in the Kemer district,
with 1%.

Celtik¢i  Altinyayla Aglasun
Cavdir 4% 1% 3%

Bucak
6%
Yesilova ° / 16%
11% '
‘ Golhisar
Tefennl /_ 8%
5%
Karamanll
6%
Center
36% Kemer
4%

Figure 3. 2019-2023 Distribution of total CH4 emissions from enteric fermentation by districts

Figure 4. Yearly change in total CH4 emissions from enteric fermentation
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5. CONCLUSION

The negative impacts of global warming on agriculture and livestock further deepen food security
concerns. Since animal production plays an important role in greenhouse gas emissions, sustainable
policies should be developed to reduce harmful greenhouse gases such as CH4, N20, CO2 etc. The content
of feed rations of dairy cattle is an important factor in enteric CH4 formation. In addition, emissions into
the air from manure management of dairy cattle farms significantly impact global warming. In order to
reduce CH4 emissions from manure, low-emission manure management systems need to be
implemented, and scientists need to focus more on this issue. To reduce N20 and CH4 emissions from
manure, low-emission manure management systems need to be implemented, and more work needs to
be done by scientists in this field.

Furthermore, this study allows the comparison of GHG emissions from the dairy cattle sector with
other sectors and agricultural systems in different countries. In this way, important information can be
provided to analyze emission differences in the agricultural sector and develop more sustainable global
practices. A better understanding of emissions from dairy cattle production can guide the development
of new strategies to minimize environmental impacts.
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EXTENDED ABSTRACT

Introduction and Research Questions & Purpose

Around the world, pandemics, droughts, and unemployment are causing people to migrate, while
rapidly growing populations pose a major threat to food security. The depletion of natural resources has
made food production and distribution more difficult, necessitating the development of international
strategies for sustainable agriculture. Climate change deeply affects agriculture, livestock, and food
supply, creating global crises. In 2021, 17.850.543 cattle and 21.370.116 tons of milk production were
recorded in Tiirkiye. The highest milk production was realized in Konya, [zmir and Erzurum provinces.
GHG emissions from milk production come from CH4 from animal digestion of food and N20 from
manure. In developing countries, 39% of emissions from livestock activities come from enteric
fermentation and 26% from manure management. In Tiirkiye, climate change adaptation efforts in the
agriculture sector started in the 2000s, but these efforts are insufficient for the livestock sector. Burdur
is an important dairy cattle breeding center, with 98% cultivated cattle and more than a thousand tons
of milk produced daily. In this study, the carbon footprint of dairy farming in Burdur was calculated
using the Tier 1 method in IPCC 2006 guidelines.

Methodology

Burdur is located in the Western Mediterranean region, and its ecological structure and economic
animal husbandry activities are carried out throughout the year. While two-thirds of the population is
engaged in agriculture and animal husbandry, 40% of the economy is based on milk production. In
Burdur, 99% of the cattle are of cultivated breeds, and over a thousand tons of raw milk is produced
daily. Burdur has undergone a major transformation with 4860 livestock enterprises and approximately
192 thousand cattle as of 2023. It has significantly progressed from small family farming to modern and
technological farms. Tier 1, Tier 2, and Tier 3 methods determined by IPCC are used in carbon footprint
calculations. In this study, the Tier 1 method was preferred. The Tier 1 method is a simpler and more
predictive model. The emission factors in the IPCC guidelines are organized according to animal species
and climate zones. The carbon footprint calculation used the number of animals in the TUIK Dairy cattle
category in Burdur province between 2019-2023. In the Tier 1 approach, the equations presented in
IPCC (2006) guidelines were used.

Results and Conclusions

This study determined methane (CH4) emissions and their COze from dairy cattle in Burdur districts
for 2019-2023. Between 2019 and 2023, the highest CH4 emissions from manure occurred in the central
district and the lowest in Altinyayla. While the central district had the highest emission in 2020 with
0.104816 Gg, Altinyayla had the lowest in 2022 with 0.022488 Gg. Emissions from enteric fermentation
were similarly highest in the central district and lowest in Altinyayla. In 2020, the central district had
the highest CH4 emissions, with 5188.39 tons. Global warming potential decreased from 353209 tons
C02¢in 2019 to 327735 tons COze in 2023. The highest reduction was realized in Aglasun, with 38%, and
the lowest in Kemer, with 1%. Dairy cattle diets and manure management are important in reducing CH4
and N20 emissions. Implementation of low-emission manure management systems and further scientific
studies are needed.
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OZET

Calismanin amaglar1 iiniversite 06grencilerinin ¢evre okuryazarlik duzeylerini etkileyen
degiskenlerin belirlenmesi ve ¢evre okuryazarlik diizeyi ile organik iiriin satin alma davranislari
arasinda bir iliski olup olmadiginin arastirilmasidir. Calisma Mersin liniversitesinin egitim, miihendislik
ve fen-edebiyat fakiiltelerinde o6grenim goren 300 itgciinci smif o6grencisinin katihmi ile
gerceklestirilmistir. Katilmci 6grencilerden es zamanli olarak demografik bilgi formunu, yetiskinler i¢in
cevre okuryazarlk 6lcegini ve organik iiriin satin alma anketini doldurmalar istenmistir. Ogrencilerin
ogrenim gordukleri boliimler, liniversiteye giris puanlar1 ve puan tiirleri, genel not ortalamalari, ¢evre
dersi veya kursu alip almadiklary, aile gelir durumlari gibi degiskenler bakimindan ¢evre okuryazarlik
diizeyleri ve organik Uriin alma durumlar degerlendirilmistir. Cevre okuryazarlik 6lcegi puanlar
kadinlarda 83.4, erkeklerde 80.0 olarak hesaplanmistir. Universiteye giris puanlan ile cevre
okuryazarlik puanlar1 arasinda pozitif bir korelasyon belirlenmistir (r=0.13). Cevre okuryazarlik puani
70’den Kkii¢iik olan 6grencilerin %66.7’si, 90’dan biiylk olan 6grencilerin %96’s1 organik iiriin satin
aldiklarini belirtmistir. Universite égrencilerinin cevre okuryazarhk diizeyleri arttikga organik iiriin
satin alma egilimlerinin de arttig1 sonucuna ulasilmistir.

Anahtar Kelimeler: Cevre egitimi, Cevre farkindaligi, Organik tiriin
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Factors Affecting the Environmental Literacy Levels of University
Students and Their Relationship With Organic Product Buying Status

ABSTRACT

The study aims to determine the variables affecting the environmental literacy levels of university
students and to investigate whether there is a relationship between environmental literacy level and
organic product buying behavior. The study was carried out with the participation of 300 third-year
students studying at the education, engineering, and science-art faculties of Mersin University.
Participating students were asked to simultaneously fill out the demographic information form, the
environmental literacy scale for adults, and the organic product buying survey. Students' environmental
literacy levels and buying organic products were evaluated regarding variables such as the departments
they studied in, university entrance scores and score types, general grade point averages, whether they
took environmental courses and, family income status. Environmental literacy scale scores were
calculated as 83.4 for women and 80.0 for men. A positive correlation was determined between
university entrance scores and environmental literacy scores (r = 0.13). 66.7% of the students with an
environmental literacy score below 70 and 96% of the students with an environmental literacy score
above 90 stated that they bought organic products. It has been concluded that as university students'
environmental literacy levels increase, their tendency to buy organic products also increases.
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Makale Bilgisi / Article Info

Almis tarihi
:29.08.2024
Received date
Diizeltilme tarihi
:04.12.2024
Revised date
Kabul tarihi : 04.12.2024
Accepted date
Atfic 0guz, K.G. ve Keles, Y. (2024). “Universite Ogrencilerinin Cevre Okuryazarlk Diizeylerini
Htl 1(,‘1nC' Etkileyen Faktorler ve Organik Uriin Satin Alma Durumu ile iliskisi”, Akademia Doga ve Insan
ow to Cite Bilimleri Dergisi, 10(1), 2024: 87-101.
Dipnot Bu makale yiiksek lisans tezinden iiretilmistir.
Footnote This article is derived from a master's thesis.

88



0Oguz ve Keles, Akademia Doga ve Insan Bilimleri Dergisi/Academia Journal of Nature and Human Sciences, 10(1), 2024: 87-101

1. GIRIS

Cevre, canlilarin yasam ortami olarak tanimlanmakta ve ekolojik anlamda etkilesen canli ve cansiz
varliklarin tamamin kapsamaktadir (Berkes ve Kiglaoglu, 1993). Insan etkisi disinda kalan ortam dogal
cevre, insan etkinlikleri ile dontstiirtilmiis ortam yapay cevre olarak adlandirilir. Cografi konum, iklim,
flora ve fauna, su, toprak, topografya, jeolojik ve jeomorfolojik olusumlar dogal ¢evreyi olustururken,
kentler ve diger yerlesim alanlari, ulasim aglari, endiistri tesisleri ve tarim alanlar1 yapay cevreyi
olusturmaktadir (Turgut vd., 2012). Insanlar bilim ve egitim yoluyla bilgi birikimi saglayarak teknolojiyi
gelistirmekte ve dogal cevreyi kaynak olarak kullanmakta, ekonomik etkinliklerle yapay cevreyi dogal
cevrenin zararina blyttmektedir (Tas, 2016).

Endistri devriminden sonra hizla artan liretim ve tiiketimle birlikte biiyiik oranda dogal kaynak ve
fosil yakit kullanimi ¢evre sorunlarinin ¢ogalmasini saglamistir. Ekonomik biiytimenin bir sonucu olarak
artan ¢evre sorunlarina yonelik toplumsal farkindaligi gelistirmek amaciyla 6gretim programlarina
cevre egitimi konular ve dersleri konulmustur (Artan vd. 2015). Tiflis konferansinda ¢evre egitimi,
bireylerin ¢evreleri hakkinda bilgi sahibi olmalarini saglayan, gelecek nesiller i¢in ¢evresel sorunlari
cozmeye yonelik bilgi, beceri, tutum, deger ve deneyimleri kazanmalarini hedefleyen bir 6grenme siireci
olarak tanimlanmistir (UNESCO, 1980; Vaughan vd., 2003). Cevre egitiminin hedeflerinden biri de
ogrencilerde cevre okuryazarlik diizeyinin yiikseltilmesidir. Cevre okuryazarligi ¢cevre konularini okuma
ve yazmaya ek olarak diisiinme, konusma, etkilesim kurma ve deger verme davranislarinin bir butiini
olarak diistintilmelidir (O’Brien, 2007). Bu bakimdan ¢evre ile ilgili bilgi, beceri, diisiince ve tutum gibi
kazanimlarin ginliik hayata aktarimini gerektirir (Altinéz, 2010). Ekolojik okuryazarligin 6n kosulu
saglikl dogal sistemlerle ilgili genis bir deneyime sahip olmaktir. Insanlarin ve toplumlarin birbirleriyle
ve dogal sistemlerle nasil iliski kurabileceklerine ve bunu nasil siirdiiriilebilir bir sekilde
yapabileceklerine dair genis bir anlayisin yani sira birbiriyle iliskililigi kavrama yetkinligi yani
baglantilari arayan bir zihin gerektirir (Orr, 1995).

insan doga etkilesiminin sorunlu bir siire¢ olmaktan ¢ikarilip uyumlu bir siirece déniistiiriilmesi
cabasi siirdiiriilebilirlik kavramini giindeme getirmistir. Insanlarin gereksinim duydugu iiriinleri
stirdiirtlebilir tarim teknikleri ile karsilamasi ¢evre zararlarini azaltabilir. Organik tarim ¢evreye en az
zarar ile insan saghgina en uygun gida maddelerinin tiretimini hedeflemektedir (Demirytrek, 2011).
Organik tarimin tamimlarinda dort temel unsur dikkate alinmaktadir. 1) Ilag, kimyasal giibre, bitki
biiylime diizenleyicileri ve hayvan hormonlarinin kullanilmamasi. 2) Bitki artiklari, hayvan giibresi ile
biyolojik ve mekanik zararli miicadelesi gibi kontrollii liretim tekniklerine dayali olmasi. 3) Tiiketici
sagliginin korunmasina yonelik olmasi. 4) Organik tarimin iiretim ve pazarlamasinin uluslararasi
kurallarla izlenebilir, kayith ve seffaf bir siirec ile sertifikasyon kuruluslarinin kontroliinde ilerlemesi
gerekmektedir (Demirytirek, 2011). Arastirmalar organik tarim triinlerinin tiretim kalitesi ve pazar
paymin diinyada ve Tiirkiye’de giderek arttigimi géstermektedir (Oztiirk ve islam, 2014). 2023 yih
verilerine gore 34.558 iiretici 1.028 milyon ton bitkisel organik iiriin, 441 tretici 890 bin ton hayvansal
organik iiriin (et, siit, yumurta, bal) iiretmektedir (Tarim ve Orman Bakanhg, 2024). Uretilen iiriinlerin
yaklasik 60 bin tonu ihrag edilmektedir.

Tiirkiye’de ilkogretim okullarinda c¢evre ile ilgili konular ayr1 ¢cevre dersi olarak verilmemektedir
fakat fen bilgisi, hayat bilgisi ya da sosyal bilgiler dersleri icerisinde ele alinmaktadir. Cevre konular
genellikle programin yogunlugu, imkan eksikligi veya 6gretmenin ¢evre konularindaki yetersizligi gibi
sebeplerle yiizeysel olarak islenmektedir. Ogrencilerin ilkégretim déneminden itibaren cevre
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konusunda eksiklerle egitim hayatini siirdiirdiikleri gézlenmektedir (Akinoglu ve Sari, 2013). Bu durum
universite ogrencilerinde de ¢evre konusunda bilgi ve tutum eksikliklerinin gézlenmesi sonucunu
dogurmaktadir (Yilmaz vd., 2002). 2007 6gretim programinda “Organik Tarim” konusu organik tarimin
aciklamasi ve organik tarimin insanlik icin 6nemini fark etme olarak ge¢mektedir (MEB, 2007). Bu
konuda 0Ogrencilerin farkindalik diizeylerinin ve bilimsel silire¢ becerilerinin gelistirilmesi
hedeflenmistir. Glinimizde uygulanmakta olan 6gretim programinda organik tarim konusu yer
almamakta fakat sosyobilimsel konularin icerisinde islenmektedir (Ceken, 2010).

Calismanin amaci tiniversite 6grencilerinin ¢evre okuryazarlik diizeylerinin belirlenmesi ve cevre
okuryazarlik diizeylerinin organik tarim tiriinlerini satin alma durumlari izerinde etkisi olup olmadigini
belirlemektir. Cevre okuryazarlik seviyeleri konusunda belirleyici olmasi muhtemel bazi bagimsiz
degiskenlerin arastirilmasi suretiyle cevre okuryazarliginin 6grencilerde nasil gelistigi belirlenecek ve
verilere dayali onerilerde bulunulacaktir. Cevre okuryazarligi kavrami, ¢evre konularinda kazanilan
bilgi beceri ve tutuma ek olarak saglikli beslenme bilincinin gelisimini de icermektedir. Bu durumda
cevre okuryazarligi ile organik tarim tirtinlerine yonelim arasinda bir iliski olmalidir. Bu ¢alisma “Cevre
okuryazarlik seviyesi ile organik tarim tiriinlerine yonelik talep arasinda dogrusal bir iliski vardir.”
hipotezinin gegerliliginin test edilmesi amaciyla planlanmistir. Calismada tniversite 6grencilerinin
cevre okuryazarlk diizeyleri hangi degiskenlerden ne élciide etkilenmektedir? Universite 6grencilerinin
organik tarim duriinlerini satin alma durumlar1 hangi degiskenlerden ne o6l¢iide etkilenmektedir?
Universite dgrencilerinin ¢evre okuryazarlik diizeyleri organik iiriin satin alma davranmislarinda etki
saglar mi1? Sorularina yanit aranmistir.

2. YONTEM

Bu calisma Mersin Universitesinde egitim, miihendislik ve fen-edebiyat fakiiltelerinin cesitli
boéliimlerinde 68renim goren 3. sinif 6grencilerinin katilimi ile gerceklestirilmistir. Calismada cevre
okuryazarligi diizeylerini ve organik triin satin alma durumunu belirlemeye yonelik nicel ve nitel veriler
toplanmistir. Tarama modeli ile gerceklestirilen calismadan elde edilen veriler varyans analizi, t testi ve
korelasyon testleri ile degerlendirilmistir. Betimleyici bir calisma 6zelligi tasimakla birlikte, cevre
okuryazarligl ve organik lriin talebini etkileyen degiskenlerin belirlenmesine de odaklandigindan
aciklayicr boyutlarn da bulunmaktadir. Betimleme olayin veya durumun ne olduguna odaklanirken
aciklama olayin veya durumun neden ve nasil olduguna odaklanir. Betimlemenin 6nemi a¢iklama i¢in
on kosul olmasindan kaynaklanir (Punch, 2016). Betimleme ve aciklama ¢abasi disinda bu arastirma
degiskenler arasindaki iliskinin belirlenmesini de amaglamaktadir. Bu ¢alismanin evrenini Mersin
Universitesinin lisans programlarinda 6grenim gérmekte olan 6grenciler, érneklemini ise Mersin
Universitesinin Egitim, Mithendislik ve Fen Edebiyat Fakiiltelerinde 6grenim gérmekte olan 300 ii¢iincii
simif 6grencisi olusturmaktadir. Orneklemin belirlenmesinde kolay ulagilabilir érneklem yéntemi
kullanilmistir. Orneklemi olusturan 300 6grencinin %47,7'ni (n=143) kadinlar, %52,3’'ini (n=157)
erkekler olusturmaktadir.

Bu ¢alismada veri toplama araci olarak demografik bilgi formu, Yetiskinler i¢in Cevre Okuryazarligi
Olgegi (COO) ve Organik Uriin Satin Alma Anketi (OUA) kullanilmistir. Demografik bilgi formu arastirma
esnasinda degisken olarak kullanilacak bireysel bilgilerden olusmaktadir. Form ile 6grencilerin 6grenim
gordiikleri bolimler, liniversiteye giris puanlari ve puan tiirleri, genel not ortalamalari, ¢cevre dersi veya
kursu alip almadiklari, aile gelir durumlari ve cinsiyet gibi bilgileri toplanmuistur.
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Veri toplama araclarindan COO Atabek-Yigit vd. (2014) tarafindan gelistirilmis olup yetiskinlerin
cevre okuryazarhig1 diizeylerini incelemeye yoneliktir. Besli Likert tipindeki Olcek 20 maddeden ve 3
faktorden olusmaktadir. Olgegin tamaminin Cronbach’s alpha kat sayis1 0.88 olarak belirlenmistir.
Cronbach’s alfa gilivenirlik katsayilar birinci faktér olan g¢evre biling diizeyi i¢in 0.81, ikinci faktor
cevresel kaygi diizeyi icin 0.77 ve Uglinci faktdr olan cevresel farkindalik diizeyi icin 0.72 olarak
hesaplanmistir. Yetiskinlerin organik iiriin satin alma davranislarini belirlemeye yonelik olan OUA
Giingor (2019) tarafindan gelistirilmistir ve 3 bélimden olusmaktadir. Organik liriin kavrami herkes
tarafindan farkli yorumlandigi icin éncelikle organik iiriin tanimina yer verilmistir. Ik boliimde 4 soru
sorulmustur. Bunlar katilimcilarin organik iiriin satin alip almadiklari, ne kadar siiredir satin aldiklari,
hangi organik tiriinleri aldiklar1 ve nereden aldiklaridir. ikinci béliimiin ilk sorusunda organik {iriin satin
alma nedenlerini 6l¢meye yonelik 23 ifadeli 6l¢cek ve ikinci soruda ise organik tiriine ilgi diizeyini 6l¢mek
icin 9 ifadeli bir dlcek yer almaktadir. Anketin son boliimiinde katilimcilarin demografik 6zelliklerini
tespit etmeye yonelik sorular sorulmustur. Bunlar cinsiyet, yas, meslek, egitim durumu, medeni durum,
cocuk sayisi, cocuklarin yasi gibi sorulardir.

3. ARASTIRMA BULGULARI

3.1. Cevre Okuryazarlik Diizeyleri

Arastirmaya katilan 300 6grencinin COO toplam puan ortalamasi 81.6 olup, cevre okuryazarlik puani
kadinlarda 83.4 iken erkeklerde 80.0 olarak belirlenmistir (t test P<0.01). Egitim fakiiltesi 6grencilerinin
cevre okuryazarlik 6l¢ceginden aldiklari toplam puan ortalamasi 84.3, Mithendislik fakiiltesinin 80.8 ve
Fen-Edebiyat fakiiltesinin 81.4 olarak hesaplanmistir (ANOVA P< 0.01). Béliim bazinda en yliksek ¢evre
okuryazarligl puanlar1 Fen Bilgisi 6gretmenligi (86.6), Sinif 6gretmenligi (85.6) ve Biyoloji bolimiu
(85.6) ogrencilerinde; en disik puanlar ise Bilgisayar miihendisligi (77.2) ve Harita miihendisligi
béliimlerinde (79.6) belirlenmistir. COO ile toplanan verilerin degerlendirme sonuglar1 Tablo 1’de
verilmistir.
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Tablo 1. Fakiilte ve boliimlere gore cevre okuryazarlik 6lgegi toplam puanlari.
Cevre okuryazarlik élgegi toplam puanlari (Puan #* SS)

Fakiilte-Program (N*) Kadin (143) Erkek (157) Toplam (300)

Egitim (110) 84,3 + 7,3 84,3 * 7,9 84,3 + 7,4
Fen Bilgisi (14) 86,5 + 6,3 87,3 + 4,6 86.6 * 57
[lk. Matematik Ogrt. (43) 84,6 + 7,3 83,1 + 95 84,1 + 8,0
Okul Oncesi Ogrt. (33) 82,6 + 7.1 84,5 + 3,7 82,9 + 6,6
Swnif Ogrt. (20) 85,6 + 8,1 85,6 + 9,5 85,6 + 8,3
Miihendislik (154) 82,8 + 6,7 78,7 + 9,5 80,8 * 91
Bilgisayar Miih.(33) 83.2 + 2,4 76.1 + 10.0 77,2 + 95
Elektrik-Elektronik Miih.(22) 83,2 + 3,7 81,6 * 7,6 82,2 + 6,7
Harita Miih. (11) 82,0 + 2,9 78,3 * 6,0 79,6 * 52
Insaat Miih.(65) 82,4 + 7,7 78,6 + 10,9 80.5 + 10,1
Makine Miih.(23) 85,0 + 119 80,3 * 7,6 81,1 + 8,4
Fen-edebiyat (36) 80,9 + 6,9 82,1 + 7,7 81,4 * 71
Biyoloji (5) 86,5 + 44 85,0 + 52 85.6 + 49
Matematik (23) 79,7 + 7.3 81,3 * 8,7 80,4 + 7.8
Sanat Tarihi (8) 81,6 + 6,1 81,0 * 1,0 81,5 + 52
Toplam (300) 83,4 + 7,1 80,0 + 9,3 81,6 + 8,5

Istatistik: Cinsiyetler arasinda t test P < 0.01, Fakiilteler arasinda ANOVA P < 0.01 \
* Parantez icindeki sayilar katilimci sayilarini géstermektedir. \

COO puanlan ile 6grencilerin {iniversiteye giris puanlar1 arasinda pozitif bir korelasyon
belirlenmistir (r=0.13). Universite giris puan1 daha yiiksek olan 6grencilerin ¢evre okuryazarhk
6lceginden aldiklar1 puanlar daha ytiksektir (Sekil 1).

100
'Y 90
80
& 270
:E’ 2.60
—~
S 50
g
& 40
(&)
30
200 250 300 350 400 450

Universite Giris Puani

Sekil 1. Universite giris puanlari ile cevre okuryazarlik dlcegi puanlar arasindaki korelasyon.

Katihmcr 6grencilerden akademik basar algilarini zayif-orta-iyi seklinde kategorize etmeleri
istenmis ve bu gruplarin ¢evre okuryazarlik puanlari varyans analizi ile degerlendirilmistir (Tablo 2).
Akademik basar algisi ytliksek olan 6grencilerin ¢evre okuryazarlik puanlar1 daha ytiksek olmak tizere
akademik basar algis1 ile cevre okuryazarlik diizeyleri arasinda onemli bir farklilik oldugu
belirlenmistir (P<0.05). Cevre okuryazarlik 6lgegi ortalama puanlar1 akademik basari algis1 zayif
ogrencilerde 78.4 iken orta olanlarda 81.7 ve yliksek olanlarda 82.6 olarak hesaplanmistir.

Tablo 2. Cevre okuryazarlik diizeylerinin akademik basari algilar: (zayif, orta, iyi) ile iliskisi
bakimindan ANOVA sonucu.

Varyans Kaynagi Ss df MS F P-degeri F élciitii
Gruplar Arasinda 495,65 2 247,83 3,20 0,04 3,03
Gruplar Icinde 23035,08 297 77,56

Toplam 23530,73 299
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3.2. Cevre Okuryazarlik Diizeyleri ile Organik Uriin Satin Alma Arasindaki iliski

Universite 6grencilerinin ¢evre okuryazarlik 6lceginden aldiklarin puanlar ile organik {iriin satin
alma durumu arasindaki iliski iki etken ANOVA testi ile belirlenmistir. Cevre okuryazarlik 6lcegi puanlari
ile organik iiriin satin alma durumu arasinda énemli bir iliski oldugu belirlenmistir (P<0.01). COO
puanlari yiiksek olan 68rencilerde organik iirlin alanlarin orani daha yiiksektir (Sekil 2).

X
H Alirnm
B Almam

40-69 70-74 75-79 80-84 85-89 90-100

Cevre Okuryazarlik puan araliklar

Sekil 2. Cevre okuryazarlik 6l¢cek puani ile organik iirtin satin alma durum arasindaki iliski.

3.3. Organik Uriin Satin Alma Durumu

Calismaya katilan 300 tiniversite 6grencisinden organik {irtin satin aldiklarini belirtenlerin sayisi
231 olup oran1 %77.3 olarak hesaplanmistir. Bu oran kadinlarda %79.7, erkeklerde ise %75.2 olarak
belirlenmistir. Egitim fakultesi 68rencilerinin %80.9’u, Fen-edebiyat fakiiltesi 6grencilerinin %83.3 ii ve
Miihendislik fakiiltesi 6grencilerinin %72.7 si organik lirtin satin aldiklarini belirtmistir (Tablo 3).
Calismaya katilan 59 6grenci ise (%22.7) hi¢ organik tiriin almadigini belirtmistir. Organik tirtin satin
aldigini belirten 231 6grenciden 175’i (%75.8) bes yili askin siiredir organik triin satin aldiklarini
belirtirken 44 68renci (%24.2) bes yildan az bir siireden beri organik tirtin aldiklarini belirtmislerdir.

Tablo 3. Fakiilteler bazinda arastirmaya katilan kadin ve erkek 6grencilerden organik tiriin alanlarin
sayilar1 ve oranlari.
Organik iiriin satin alma durumu (Say1-%)

Fakiilte (N*) ‘ Kadin ‘ Erkek ‘ Toplam

Egitim (82-28-110) 67 - 81.7 22 - 78.6 89 - 80.9
Miihendislik (39-115-154) 28 - 71.8 85 - 73.9 112 - 72.7
Fen-edebiyat (22-14-36) 19 - 86.4 11 - 78.6 30 - 83.3
Toplam (143-157-300) 114 - 79.7 118 - 75.2 231 - 77.0

* Parantez icindeki sayilar sirasiyla kadin-erkek-toplam katilimci sayilarint gostermektedir.

Universite 6grencilerinin organik iiriin satin alma nedenleri olarak 6ne ¢ikan 5 ifade ve 5 dereceli
Olgekten hesaplanan ortalama puanlari tablo 4’de verilmistir. Organik tirtinlerin saglikli olmasi, giivenilir
olmasi ve hastalik riskini azalttiginin diistiniilmesi ilk ii¢ sirada yer alirken, Yiiksek vitamin ve mineral
icerigine sahip olmasi ve kimyasal kalinty, ila¢g veya hormon icermedigi diisiinceleri onlar1 takip etmistir.
Organik {riin satin alma nedenleri icinde en diisiik puanlar ise cevremdekiler organik iirtin aldig1 icin
(2.37) ve organik Uriinleri merak ettigim i¢in (2.80) ifadelerinde hesaplanmistir. Egitim fakiiltesinde
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saglikli olmasi, Mithendislik fakiiltesinde saglikli olmasi ve hastalik riskini azaltmasi, Fen edebiyat
fakiiltesinde ise glivenilir olmasi ilk sirada yer alan nedenler olarak belirtilmistir.

Tablo 4. Universite 6grencilerinin organik iiriin satin alma nedenler olarak éne ¢ikan ifadeler ve bu
ifadelere katilim puanlari.

Organik Uriin Satin Alma Nedenleri Toplam  Egitim  Miihendislik Fen Edebiyat
Saglikli oldugu i¢in 3.96 4.30 3.81 3.80
Giivenilir oldugunu diisiindiigiim icin 3.95 4.26 3.70 4.17
Hastalik riskini azalttigi icin 3.93 4.19 3.81 3.83
Yiiksek vitamin ve mineral degerine sahip oldugu icin. 3.93 427 3.73 3.93
Kimyasal kalinti, ilag, hormon icermedigi icin 3.88 4.20 3.71 3.77

En ¢ok tercih edilen organik uirtinler ise taze sebze ve meyve (795), siit ve siit trunleri (761), tavuk
eti tirtinleri (716), kirmizi et trtinleri (694) ve bakliyat (698) olarak siralanmigtir. Organik iiriin satin
alinan yerler ise organik iirtin semt pazarlarindan (670), marketlerin organik liriin reyonlarindan (602),
yoresel uiriin satan magazalardan (597) ve internetten (472) olarak siralanmistir. Organik tiriin satin
alma davranisinin gelir dizeyi ile baglantii oldugu da gozlenmistir. Yiiksek gelir grubundaki
ogrencilerin %85.7 si, orta gelir grubundaki 6grencilerin % 82.5 i ve alt gelir grubundaki 6grencilerin
%66.7 si organik iiriin satin almaktadir.

4. TARTISMA

Universite 6grencilerinde ¢evre okuryazarlik diizeylerinin genel olarak yiiksek bir seviyede oldugu
gorilmektedir. En fazla 100 puan alinabilen yetiskinler icin ¢evre okuryazarlik 6lgegi puanlar 76.1 ile
87.3 arasinda degismektedir. Cevre okuryazarlik diizeyleri egitim fakiiltesi 6grencilerinde miihendislik
ve fen edebiyat fakiiltelerinden daha yiiksek bulunmasi 6gretim programlar ile baglantili olabilir.
Ozellikle fen bilgisi, biyoloji ve simf 6gretmenligi 6grencileri cevre okuryazarlik puanlari yiiksek
bilgisayar ve harita mithendisligi bolimlerinde diisiik ¢cikmasi 6gretim programlarinda cevre egitimi
konularinin ve derslerinin bulunup bulunmamasi ile agiklanabilir. Bununla birlikte Sahin vd. (2016)
yaptiklar1 arastirmada egitim fakiiltesi 6grencilerinin cevre bilgi puanlarinin 1. siniflarda 6,98-7,33
arasinda ve 4. siniflarda ise 7.30-10.57 arasinda degistigini belirlemislerdir. Puanlardaki artisin 6zellikle
fen bilgisi ve sinif 6gretmenligi programlarinda oldugu belirlenmistir. Calismada 1. sinif sosyal bilgiler,
Tiirkge, fen bilgisi ve sinif 6gretmeni adaylarinin ¢cevre okuryazarlik puanlarinda 6grenim gordikleri
anabilim dalina gore anlamh fark bulunmamis fakat 4. siniflarda anabilim dalina gore ¢evre bilgi,
kullanim, tutum ve ¢evre sorunlarina ilgi puanlari arasinda anlamli fark bulunmustur. Bu durum
Universite 6grencilerinde cevre okuryazarlk diizeylerinin gelisiminde 6gretim programlarinin etkili
oldugunu gostermektedir. Ogretim programlarinin etkinligi bakimindan diger bir gésterge de akademik
basar ile ¢evre okuryazarlik puanlar1 arasindaki pozitif iliskidir. Bu iliski hem akademik basar1 algisi
bakimindan hem de tliniversite giris puanlar1 bakimindan gézlenmistir.

Farkli yas gruplari ile yapilan ¢evre okuryazarlik, cevre farkindalik, ¢cevre tutum ve cevre davranis
arastirmalarinda ¢ogunlukla kadinlar lehine farklilik belirlenmektedir (bu ¢alismada 3.4 puan daha
yiiksek) (Dogan ve Keles, 2020). Universite 6grencilerinin katihmu ile gerceklestirilen bir arastirmada
kadinlarda ¢evre duyarliligi (44.42 puan) erkeklerden (42.34 puan) 6nemli dl¢iide yliksek bulunmustur
(Cabuk ve Karacaoglu, 2003). Kadinlarin ¢evre okuryazarlik diizeylerinin daha yiiksek oldugu Demirtas
vd. (2018) tarafindan da tespit edilmistir. Kadinlarin ¢cevre konularina daha fazla ilgi duymasi risk
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algilama seviyelerinin yiiksek olmasi, ¢evreci etkinliklere ve sivil toplum kuruluslarina katilma
konusunda daha istekli olmalari ile agiklanabilir. Sinif 6gretmenligi birinci ve tigiincii sinif 6grencilerinde
cevre tutum puanlar1 kadinlarda 120.8, erkeklerde 117.6 olarak hesaplanmis ve bu farkin 0.05
diizeyinde 6nemli oldugu gosterilmistir (Denis ve Geng, 2007).

Organik gida satin alma davraniginin organik iiriin bilinci ile baglantili olmasi beklenir. Istanbul ve
Izmir’deki organik iiriin pazarina gelen tiiketicilerin %77.5 i iiniversite mezunu ve (istii egitime sahiptir
ve %97.7 si organik tarim1 dogru bicimde tanimlayabilmistir (Sahin-Demirel ve Yercan, 2022). Organik
trin alma egilimi kadinlarda %79.7, erkeklerde %75.2 oranindadir. Bu bulgu kadinlarin erkeklere
nazaran daha fazla organik gida alma egiliminde olduklar1 sonucuna ulasan Inci vd.nin (2017)
calismalarin1 desteklemektedir. Organik tiriin tiikketim nedenlerini belirlemeye calisan Kekec¢ ve Secer
(2021) onde gelen nedenlerin; iiretimde daha az kimyasal girdi kullanilmasi, daha az hormon icermesi,
GDO’'lu tohumlar kullanilmamasi ve dogal kaynaklarin korunmasi agisindan o6nemi oldugunu
belirlemislerdir. Organik {riin tiiketim aliskanliklarini belirlemeyi amaglayan bir ¢alismada
katilimcilarin 77.9’unun organik giday1 daha giivenilir bulduklari ve %80.2’sinin organik trtin tiikettigi
belirlenmistir. Organik triin almayanlarin ise %55.9’u organik tirtinleri giivenilir bulmadigini, %12.8’i
ek bir fayda getirecegine inanmadigini ve %9.8’i fiyatinin yiiksek oldugunu belirtmistir (Ayasan vd.,
2022). Dusiik orta ve yuksek gelir dizeylerindeki 6grencilerin organik triin satin alma davranisi
arasindaki iligki beklendigi gibidir. Organik tirtinlerin daha yiiksek fiyatlardan satilmasi nedeniyle orta
ve yuksek gelir gruplarindaki 6grencilerin organik uriin alma egilimlerinin daha yiiksek oldugu
soylenebilir.

Ogrencilerin en cok tercih ettigi organik gida maddeleri meyve, sebze ve tavuk eti olarak
listelenmistir. Organik gida satin alma nedenlerinin saglikli olmasi, giivenilir olmasi ve hastalik riskini
azaltic1 olmasi bu iriinlerin neden tercih edildigini agiklamaktadir. Organik {iriin tercihinde kozmetik
{iriinlerin arka siralarda kalmasi bu iiriinlerin yiiksek fiyatlari ile aciklanabilir. Inan vd. (2021) yaptiklar
calismada en ¢ok satin alinan organik gidalarin meyve, sebze, zeytinyagi ve yumurta oldugu belirlenmis
olup, bu ¢alismanin bulgular ile benzerlik tasimaktadir. Universite 6grencilerinin organik gida satin
alimi i¢in en ¢ok semt pazarlarini tercih ettiklerini belirtmis olmalari, aslinda organik iirtin kavramini
yanlis anladiklarini da gostermektedir. Organik tiriin ¢ogunlukla dogal tiriin ile karistirlldigindan semt
pazarlarinda satilan triinlerin organik oldugunu diisiinmektedirler. Oysa sertifikali ve uygun sekilde
etiketlenmis organik iiriinler semt pazarlarinda nadiren bulunabilir. Inci vd. (2017) ¢alismalarinda
katilimcilarin organik iirtin satin almak icin siiper marketleri tercih ettiklerini rapor etmislerdir. Bu
durum c¢alismalarinin, muhtemelen organik iirtin konusunda daha bilingli bir katilimc1 grubu ile
gerceklestirildigini gostermektedir.

5. SONUC VE ONERILER

Universite 6grencilerinin cevre okuryazarlik seviyeleri fakiilte ve béliim tercihlerine gore degisiklik
gostermektedir. Bu durum ¢evre okuryazarligi iizerinde 68rencinin yetistigi sosyoekonomik ortama ek
olarak iiniversite giris sinavlarindaki basarilari, akademik basar1 algilar1 ve boliimlerdeki 6gretim
programlarinda ¢evre konularinin yer alip almamasi gibi degiskenlerin etkili oldugunu gostermektedir.
Ogrencilerin organik iiriin kavramin i¢sellestirmeleri konusunda bazi eksiklikleri bulunsa da organik
veya dogal iirtinlere yonelme egiliminde olduklari sonucuna ulasilmistir. Arastirmanin diger 6nemli bir
sonucu da organik iriin alma davranisi iizerinde ekonomik durum ve ¢evre okuryazarlik diizeyi
degiskenlerinin 6nemli bir etkiye sahip oldugunun belirlenmesidir.
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Universite 6grencilerinin ¢evre okuryazarlik diizeyi ile organik {iriin satin alma durumu arasinda
dogrusal bir iligki belirlenmistir. Cevre okuryazarlig yiiksek ¢ikan 6grencilerin organik triin satin alma
egilimleri daha fazladir. Universite dgrencilerinin ¢evre okuryazarhklarini artirmak icin fakiiltelerde
daha ¢ok ders ve etkinlik diizenlenmesi saglanabilir. Bu derslerde organik tarim konulu etkinlikler ve
calismalarin yapilmasi 6grencilerin organik iiriin satin alma davranisinmi gelistirebilir. Bu arastirmanin
bulgularina dayanarak arastirmacilar, egitimciler ve organik tarim paydaslar i¢in bazi Onerilerde
bulunulmustur. Bunlar: 1.Cevre egitimi derslerine ve konularina 6gretim programlarinda daha fazla yer
verilebilir. Bu sayede c¢evre egitimi derslerinde daha etkin, daha kapsamli ve giincel konulara
odaklanarak o6grencilerin ¢evre konularinda daha bilingli olmalarini saglanabilir. Organik tarimin
unsurlari, sertifikalari, prensipleri gibi konulara yer vererek 6grencilerin organik tarim konusunda bilgi
sahibi olmalar1 desteklenebilir. 2.0rganik tarim konusunda biling gelistirme etkinlikleri diizenlenebilir.
Bu kapsamda seminerler, atolye calismalari, tarim alani ziyaretleri gibi etkinliklerle 6grencilerin organik
tarim bilgisi gelistirilebilir. Organik lriin yetistirme ve strdiiriilebilir tarimin 6nemi, ¢evre ve saghk
uzerindeki etkileri gibi konularin islenmesi ile o6grencilerin bilingli tiiketim aliskanliklar
gelistirmelerine katki saglanabilir. 3.0rganik trln iureticileri ile is birlikleri ve ortak projeler
olusturulabilir. Ogrencilerin bu kuruluslarla birlikte ¢alisarak organik tarim uygulamalarin
gozlemlemeleri ve deneyimlemeleri saglanabilir. 4.Cevre okuryazarligina yonelik arastirmalar tesvik
edilebilir. 5.0rganik tarim uygulamalar i¢in lniversite kampiisiinde pratik alanlar1 olusturabilir. Bu
alanlarda o6grencilere organik tarim tekniklerini deneyimleme firsati verilerek teorik bilgilerini
uygulama olanaklar1 saglanabilir. 6.0rganik tarim kurslar1 ve sertifika programlar: diizenlenebilir. Bu
programlar ile 6grencilere organik tarimin temelleri, uygulamalar1 ve sertifikalandirma siiregleri
aktarilabilir. Bu sayede 6grenciler organik tarim konusunda bilgi ve becerilerini artirabilirler. 7. Cevre
alaninda faaliyet gosteren 6grenci topluluklari organik tarim konulu etkinlikler diizenleyebilir.
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EXTENDED ABSTRACT

Introduction and Research Questions & Purpose

One of the goals of environmental education is to increase the level of environmental literacy in
students. Environmental literacy should be considered as a whole of thinking, speaking, interacting and
valuing behaviors in addition to reading and writing about environmental issues (O’Brien, 2007). In this
respect, it requires the transfer of gains such as knowledge, skills, thoughts and attitudes about the
environment to daily life (Altinéz, 2010). Meeting the products that people need with sustainable
agricultural techniques can reduce environmental damage. Organic agriculture aims to produce food
products that are most suitable for human health with the least damage to the environment
(Demiryiirek, 2011).

The purpose of the study is to determine the environmental literacy levels of university students and
to determine whether environmental literacy levels have an effect on their buying status of organic
agricultural products. By investigating some independent variables that are likely to be determinants of
environmental literacy levels, it will be determined how environmental literacy develops in students
and suggestions will be made based on the data. The concept of environmental literacy also includes the
development of healthy nutrition awareness through the knowledge, skills and attitudes gained on
environmental issues. In this case, there should be a relationship between environmental literacy and
the tendency towards organic agricultural products. This study was planned to test the validity of the
hypothesis “There is a linear relationship between the level of environmental literacy and the demand
for organic agricultural products.” In the study, the following questions were sought: Which variables
affect the environmental literacy levels of university students to what extent? Which variables affect the
buying status of university students in organic agricultural products to what extent? Does the
environmental literacy levels of university students affect their buying behaviors of organic products?

Methodology

This study was carried out with the participation of 3rd year students studying in various
departments of education, engineering and science-literature faculties at Mersin University. In the study,
quantitative and qualitative data were collected to determine environmental literacy levels and organic
product buying status. The data obtained from the study conducted with the screening model were
evaluated with variance analysis, t test and correlation tests. In this study, demographic information
form, Environmental Literacy Scale for Adults and Organic Product Buying Survey were used as data
collection tools. The demographic information form consists of individual information that will be used
as variables during the research. The form collected information such as the departments the students
study in, university entrance scores and score types, general grade point averages, whether they took an
environmental course or course, family income status and gender. Environmental Literacy Scale, one of
the data collection tools, was developed by Atabek-Yigit et al. (2014) and is aimed at examining the
environmental literacy levels of adults. The Organic Product Buying Survey, which aims to determine
the organic product buying behavior of adults, was developed by Glingor (2019). The survey consists of
3 sections. The first section asks whether the participants have bought organic products, how long they
have been buying, which organic products they have bought and where they have bought them. The first
question of the second section includes a 23-item scale to measure the reasons for buying organic
products, and the second question includes a 9-item scale to measure the level of interest in organic
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products. The last section of the survey asks questions to determine the demographic characteristics of
the participants.

Results and Conclusions

The total mean score of the 300 students participating in the study was 81.6 on the Environmental
Literacy Scale and the environmental literacy score was determined to be 83.4 for women and 80.0 for
men (t test P<0.01). The total mean score of the students of the Faculty of Education from the
environmental literacy scale was calculated as 84.3, 80.8 for the Faculty of Engineering and 81.4 for the
Faculty of Arts and Science (ANOVA P<0.01). The highest environmental literacy scores on a
departmental basis were determined in the students of the Science Teaching (86.6), Classroom Teaching
(85.6) and Biology departments (85.6); the lowest scores were determined in the Computer Engineering
(77.2) and Geomatics (Mapping) Engineering departments (79.6). The evaluation results of the data
collected with the Environmental Literacy Scale are given in Table 1.

A positive correlation was determined between the Environmental Literacy Scale scores and the
students' university entrance scores (r=0.13). Students with higher university entrance scores have
higher environmental literacy scale scores (Figure 1). It was determined that there was a significant
difference between academic success perception and environmental literacy levels, with students with
higher academic success perception having higher environmental literacy scores (P<0.05). The mean
environmental literacy scale scores were calculated as 78.4 in students with low academic success
perception, 81.7 in those with medium academic success perception and, 82.6 in those with high
academic success perception (Table 2). It was determined that there was a significant relationship
between environmental literacy scale scores and organic product buying status (P<0.01). The rate of
students with high Environmental Literacy Scale scores who bought organic products was higher
(Figure 2).

The number of those who stated that they buoght organic products was 231 out of 300 university
students who participated in the study, and the rate was 77.3%. This rate was determined as 79.7% in
women and 75.2% in men. 80.9% of the students of the Faculty of Education, 83.3% of the students of
the Faculty of Arts and Sciences, and 72.7% of the students of the Faculty of Engineering stated that they
bought organic products (Table 3). The environmental literacy levels of university students vary
according to their faculty and department preferences. This situation shows that in addition to the
socioeconomic environment in which the student is raised, variables such as their success in university
entrance exams, their perception of academic success, and whether environmental issues are included
in the curriculum of their departments are effective on environmental literacy. Although the students
have some deficiencies in internalizing the concept of organic products, it was concluded that they tend
to prefer organic or natural products. Another important result of the research is that the variables of
economic status and environmental literacy level have a significant effect on organic product buying
behavior.

A linear relationship was determined between the environmental literacy level of university
students and their organic product buying status, and students with high environmental literacy have a
higher tendency to buy organic products.
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