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DERGIMIZIN BU SAYISINI TARIM MAKINALARI BILIMIi
ALANINDA CALISMALAR YAPARAK KATKI SAGLAYAN
DEGERLI EMEKLI HOCALARIMIZA iTHAF EDiYORUZ...

Prof. Dr. Musa AYIK

Camlidere/Ankara’da dogan AYIK, ilkokulu 1960, orta
ogretimi 1966 yilinda tamamladi. Ankara Universitesi
Ziraat Fakiiltesi-Tarim Makineleri Bliimiinii 1970 yilinda
bitirdi. Doktora ¢aligmasini, MEB bursiyeri olarak 1971-
1975 Miinih Teknik Universitesi Tarim Teknolojileri
Bolimii’nde gergeklestirdi. Sonrasinda Dr. Asistan olarak
Ankara Universitesi Ziraat Fakiiltesi Tarim Makinalari
Bolimii’nde 1976-1981 yilarinda calistt. 1979-1980

yillarinda Berlin Teknik Universitesi Tarim Teknigi

Enstitiisii’nde, 1984-1985 yillarinda Braunschweig Tarim
Arastirma Enstitlisi’nde (FAL) Alexander von Humboldt bursiyeri olarak bulundu. 1981
yilinda Ankara Universitesi Ziraat Fakiiltesi Tarim Makineleri ve Teknolojileri Miihendisligi
Boliimiinde Dogent, 1988 yilinda Profesor olarak atandi. 2008-2009 yillarinda Kirgizistan-
Tiirkiye Manas Universitesi, Biskek’te Ziraat Fakiiltesi kurucu iiyesi olarak calisti. 2016
yilinda emekliye ayrildi. Akademik yasami siiresinde Tarimda Elektrik Enerjisi Kullanimu,
stvi tarim ilaglarinin tutumlu kullanimi, sulama teknolojileri v.b. alanlarda arastirmalarda
bulundu, Uriin isleme Teknigi, Hayvancilikta Mekanizasyon, Siit Isleme Miihendisligi
dallarinda ders kitaplar1 yazdi, bireysel ve ortak bilimsel makaleleri vardir, doktora ve yiiksek
lisans Ogrencilerine danigmanlik ile bilim insani yetistirme faaliyetlerinde bulundu. Halen
ikamet ettigi Finike/Antalya’da 2024 yilindan beri TORACDER (Toroslar ve Akdeniz Cevre
Koruma) derneginde Tarim ve Deniz komisyonu baskanlig1 yapimaktadir. iki erkek evladi ve

iki kiz torunu vardir.



Prof. Dr. Ali KASAP

Tokat’in Niksar ilgesinde dogdu. Ankara Universitesi
Ziraat Fakiiltesi Tarim Makineleri Boliimiinden 1976
yilinda mezun oldu. Doktora egitimini ayn1 Anabilim
Dalinda 1982°de tamamlamistir. 1984-1992 wyillan
arastnda  Cumhuriyet Universitesi Tokat Ziraat
Fakiiltesi’nde Yrd. Dog. Dr, 1992-1996 yillar1 arasinda
GOP Universitesi Ziraat Fakiiltesi Tarrm Makinalari
Bolimi’nde Yrd. Dog¢. Dr. olarak calismis, 1996
yilinda Dogent ve 2008 yilinda Profeséor unvanini

almistir.  1985-2000 ve 2008-2012 yillar1 arasinda

Tarmm Makinalar1 Boliim Bagkanligi, 2012-2015 yillart arasinda GOP Universitesi Ziraat
Fakiiltesi Dekanligi, 2009-2010 ve 2014-2017 yillarinda Rektdér Yardimciligi gorevinde
bulunmustur. Tarimda Enerji Sistemleri Anabilim Dali konularinda yayinlanmis ¢ok sayida

bilimsel yayinlar1 vardir. 2017 yilinda emekli olan KASAP, evli ve bir ¢ocuk babasidir.



Ogr. Gor. Dr. Muharrem ZEYTINOGLU

Balikesir Susurluk'ta dogan Muharrem ZEYTINOGLU,
1977 yilinda Ankara Devlet Mimarlik Miihendislik
Akademisi Makine Miihendisligi Boliimii’nden mezun
olmustur. 1985 Yilinda Uludag Universitesi Ziraat
Fakiiltesi Tarim Makinalar1 boliimiinde Uzman olarak
goreve baslamistir. ZEYTINOGLU aymi {iniversitenin
Fen Bilimleri Enstitiisii Tarim Makinalar1 Anabilim
Dalindan 1989 yilinda, Yiiksek Lisans, 1994 yilinda

Doktora c¢alismasini tamamlamistir. Uzmanlik alani,

Makine Konstriiksiyon, Tasarim, Hasat ve Harman
Makinalaridir. 1995 yilinda adi gegen boliimde Ogretim Gorevlisi kadrosuna atanmigtir. Dr.
ZEYTINOGLU emekli oldugu 2015 yilina kadar Ziraat Fakiiltesinde, Teknik Resim ve

uzmanlik alani ile ilgili konularda dersler vermistir.



Prof. Dr. Yilmaz YILDIZ

Burdur dogumlu YILDIZ, ilk ve orta 6grenimini Burdur’da
tamamladi. Temmuz 1977 yilinda Cukurova Universitesi
Ziraat Fakiiltesi Zootekni Bolimii’'nden mezun oldu.
Mezuniyet sonrast yaklasik bir yil, Van Tarim Meslek Lisesi
ve Adana Tarimsal Arastirma Enstitiisii'nde calisti.
21.11.1978’de  Cukurova Universitesi Ziraat Fakiiltesi
Tarimsal Mekanizasyon Boliimii’ne asistan olarak girdi. 1983
yilinda Doktor tinvanini aldi. 1986 yilinda Yardimer Dogent,
1989 yilinda Dogent ve 1995 yilinda Profesor oldu.

Akademik yasaminda, Hayvancilikta Mekanizasyon, Hayvan
Barmaklarinda Cevre Denetimi konularinda ¢alismalar gerceklestirdi. Cukurova Universitesi
Ceyhan Meslek Yiiksekokulu Miidiirliigii gorevini yaklasik 7 yil yapti. 27.01.2020 tarihinde
emekliye ayrildi. Evli ve bir ¢cocuk sahibidir.



Prof. Dr. Yiicel ERKMEN

Erzurum ili Senkaya ilgesinde dogan ERKMEN, ilkokul
ve ortaokulu Erzurum-Horasan’da, liseyi ise Erzurum
Lisesi Deneme Fen Boliimiinde tamamladi. 1972 yilinda
Atatiirk Universitesi Ziraat Fakiiltesi Kiiltiirteknik ve
Makina Bolimii’ne girdi. 1977 yilinda mezun olduktan
sonra yaklasik bir yil siireyle Dogu Anadolu Zirai
Arastirma Enstitiisii Bolge Miudiirliigii’nde Ziraat Yiiksek
Miihendisi olarak gorev yapti. 1978 yilinda Atatiirk

Universitesi  Ziraat  Fakiiltesi Tarim  Makinalari

Boliimii’nde asistan olarak goreve bagladi. 1981 yili
Kasim ay1 ile 1982 yili Mart ay1 arasinda kisa donem askerlik hizmetini yapti. 1983 yilinda
doktora egitimini tamamladi. Doktora unvanini aldiktan sonra boliimle ilgili ¢esitli dersler ve
uygulamalar vyiiriittii. 1985 yilinda Ingiltere’de Reading Universitesi'nde kisa siireyle tarim
makinalar1 konusunda akademik calismalar gerceklestirdi. 1987 yilinda Atatiirk Universitesi
Tarimsal Mekanizasyon Boliimii'nde Yardimci Dogent kadrosuna atandi. 1988 yilinda
dogentlik merkezi yabanci dil sinavini basariyla gegti. 1991-1994 yillar1 arasinda Ziraat
Fakiiltesi Yonetim Kurulu'nda Yardimc1 Dogent temsilcisi olarak gorev yapti. 11 Ekim 1994
tarihinde Tarim Makinalar1 Bilim Dalinda Dogentlik bilim sinavin1 gecerek dogent unvani
ald1. 31 Ocak 1995 tarihinde Atatiirk Universitesi Ziraat Fakiiltesi Tarim Makinalar1 Baliimii
Dogent, 1999 yilinda ise Profesor kadrosuna atandi. Atatiirk Universitesi Arastirma Fonunca
ve TUBITAK tarafindan desteklenen “Toprak Isleme” ve “Hasat” konularinda gesitli projeler
yiuriittli. Akademik hayati siiresince uluslararasi ve ulusal diizeyde ¢ok sayida bilimsel yayini
bulunmaktadir. Fen Bilimleri Enstitiisiinde bes yliksek lisans ve {i¢ doktora tezini yoneterek
basariyla tamamlatmustir. Idari gérev olarak Askale Meslek Yiiksekokulu Miidiirliigii, Tarim
Makineleri bdliim baskanlig1 ve Atatiirk Universitesi Etik Kurul baskanligi yapmistir. 2020
yilinda Atatiirk Universitesi Ziraat Fakiiltesi Tarim Makinalari Boliimiinden emekliye

ayrilmigtir. Evli ve {i¢ ¢ocuk babasi olarak yasamini devam ettirmektedir.



Prof. Dr. Mehmet Tun¢ OZCAN

Balikesir  dogumlu ~ OZCAN,  Anadolunun  gesitli
sehirlerinde ve ¢ok sayida farkli okulda okudu. 1978 yilinda
Ankara Universitesi Ziraat Fakiiltesi Tarim Alet ve
Makinalar1 bolimiinden Ziraat Yiiksek Mihendisi olarak
mezun oldu. 1979 yilinda Tarim Orman ve Kdoyisleri
Bakanligi, Adana Mekanizasyon Egitim Merkezinde géreve
basladi. 1980 yilinda Cukurova Universitesi Tarimsal
Mekanizasyon Boliimiinde Asistan olarak goreve bagladi.
1983 yilinda kisa donem askerligini tamamladi. 1985

yilinda  Mercimek hasat mekanizasyonu iizerinde

doktorasini tamamladi. 1995 yilinda Dogent, 2001 yilinda Profesor kadrosuna atandi. 2017
yilinda emekli olan OZCAN, evil ve iki erkek cocuk babasidir.



Prof. Dr. Kamil ALIBAS

Lisans ve yiiksek lisans egitimini 1976 yilinda Ankara
Universitesi  Ziraat Fakiiltesi Tarim Makinalari
Boliimii'nde tamamlayan ALIBAS, 1981 yilinda aym
iiniversiteden doktorasini almistir. Akademik kariyerine
Ankara Universitesi'nde Arastirma Goérevlisi olarak
baslamis, ardindan 1985 yilinda Hacettepe Universitesi
Zonguldak Miihendislik Fakiiltesi Makine Miihendisligi
Boliimii'nde yardimci dogent olarak gorev yapmustir.

1993 yilinda Uludag Universitesi Ziraat Fakiiltesi’nde

Dogent, 1997 yilinda ise Profesor unvanini almistir. 2021
yilinda Bursa Uludag Universitesi Ziraat Fakiiltesi Biyosistem Miihendisligi Boliimii
Tarimsal Enerji Sistemleri Anabilim Dali’ndan emekli olmustur.

Akademik caligmalar1 tarimsal enerji kullanimi, biyokiitle ve biyodizel iiretimi, kurutma
teknolojileri, yenilenebilir enerji kaynaklar1 ve g¢evre dostu tarim teknolojileri iizerine
yogunlagsmistir. Bu alanlarda yiiriittiigii arastirmalar sonucunda ulusal ve uluslararasi diizeyde
cok sayida bilimsel yaymi bulunmaktadir. Ayrica, birgok lisansiistii tez calismasina
danismanlik yapmis ve gesitli TUBITAK projelerinde gorev almustir.

Calisma hayat1 boyunca hem egitmen hem de katilimci olarak ¢esitli mesleki kurslara ve
egitim programlarma katilan ALIBAS, tarim teknolojilerinin  gelistirilmesi  ve
yayginlastirlmas1 konusunda énemli katkilar saglamistir. Ozellikle biyodizel iiretimi, biyogaz
sistemleri ve tarimda enerji verimliligi konularindaki ¢alismalari, sektorel uygulamalara da

yon vermistir.



Prof. Dr. Erdem AYKAS

1977 yilinda Ege Universitesi Ziraat Fakiiltesi Tarim
Makinalar1 Boliimiinden Ziraat Yiiksek Miihendisi tinvani
ile mezun oldu. 1977-1980 yillar1 arasinda Siirt Ziraat
Ortaokulunda ¢alist1 ve askerlik hizmetini yapti. 1980-1981
yillarinda Bornova Zeytincilik Arastirma Enstitiisiinde
gorev yapti.

Agustos 1981 yilinda Ege Universitesi Ziraat Fakiiltesi
Tarim Makinalar1 Kiirsiisii’'ne Proje Sefi olarak atanan

Aykas, 1988 yilinda doktora caligmasini tamamlayarak

Bilim Doktoru unvanin aldu.
Ege Universitesi Ziraat Fakiiltesi Tarim Makinalari Boliimii'nde 1993 yilinda Yardimei
Docgent, 1996 yilinda Dogent, 2003 yilinda Profesor kadrosuna atandi.

2011-2021 tarihleri arasinda Ege Universitesi Ziraat Fakiiltesi Tarim Makinalari ve
Teknolojileri Miihendisligi Boliim Baskanligi ve Anabilim Dali Baskanligi yapan Aykas,
Ekim, Dikim ve Gilibreleme Makinalari, Tarim Makinalar1 Tasarim ve Konstriiksiyonu,
Koruyucu Toprak Isleme ve Dogrudan Ekim konularinda galismalar yapti.

Erdem AYKAS, 1989 yilinda yaklastk 2 ay siire ile Israil’de “Agricultural Research
Organization-The Volcani Center International Courses” etkinligine, 2004-2005 yillarinda
A.B.D. Auburn Universitesi Biyosistem Miihendisligi Béliimii’nde “High Residue Cover
Crops, Crop Rotation and Tillage System Effect on Soil Compaction and Organic Matter” ve
“Improving Rollers for Alternative Cover Crops Kill Method”, ayrica 2011 yilinda 3 ay siire
ile A.B.D. Auburn Universitesi Biyosistem Miihendisligi Boliimii, USDA-ARS Toprak
Dinamigi Laboratuvarinda “Modeling of Prediction Soil Compaction” ¢alismalarina katildi.
Erdem AYKAS’a, TMMOB Ziraat Miihendisleri Odas1 Tarafindan 2019 yili Hizmet Odiilii
verildi.

2021 yilinda emekli olan Aykas evli olup, iki cocugu ve iki torunu vardir.



Prof. Dr. ibrahim CILINGIR

Ankara’da dogan CILINGIR, ilk, orta ve lise dgrenimini
Ankara’da tamamladi. 1974 yilinda girdigi Ankara
Universitesi Ziraat Fakiiltesi Ziraat Makinalar1 Boliimii’nden
1979 yilinda Yiiksek Ziraat Miihendisi olarak mezun oldu.
Ayni y1l Ziraat Alet ve Makinalar1 Boliimiine aiastan olarak
atandi. Askerlik gorevini yerine getirdikten sonra 1983
yilinda doktora ¢aligmasini tamamladi. 1987 yilinda Ankara
Universitesi ~ Ziraat Fakiiltesi Tarimsal Mekanizasyon

Bolimii’ne Yardimer Dogent olarak atandi ve 1989 yilinda

Dogent tinvanint aldi. 1995 yilinda Profesorliik kadrosuna
atandi. 1994 yilinda Boliim Bagkan Yardimciligi, 2018-2023 yillarinda da Boliim Bagkanligt

gorevini yiirtiitmustiir. 2023 yilinda emekli olan Cilingir, evli ve bir cocuk babasidir.



Dr. Ogretim Uyesi Giircan YUKSEL

Gebze’ye bagli Denizli kdyiinde dogan YUKSEL, ilkokulu
Eskisehir’de, ortaokulu Ankara’da ve liseyi Balikesir’de
okudu. 1972 yilinda girdigi Ankara Universitesi Ziraat
Fakiiltesi Ziraat Makinalar1 bolimiinden 1977 yilinda mezun
oldu. 1977-1978 yollarla arasinda Bala Devlet Uretme
Ciftliginde calisti. 1978-1980 yillarinda askerlik vazifesini
tamamladi. Askerlik doniisii Ankara Devlet Uretme Ciftligi
Genel Midirliigiinde c¢alisikdan 1 sene sonra Ankara

Universitesi Ziraat Fakiiltesi Tarim Makinalar1 Boliimiinde

Asistan  olarak  goreve Dbasladi. Doktara  egitimini
tamamladiktan sonra Bursa Uludag Universitesi Ziraat Fakiiltesi Tartm Makinalar1 Boliimiine
Yardimc1 Dogent olarak atandi. 2001 yilinda kendi istegi ile emekliye ayrildi. Evli ve iki
cocuk sahibidir.



Prof. Dr. Emin GUZEL

Ik ve orta 6grenimini Yozgat’ta tamamlayan GUZEL, 1980
yilinda Ege Universitesi Ziraat Fakiiltesi Tarim Makineleri
Bolimii’nden mezun oldu. 1985 yilinda Cukurova
Universitesi Ziraat Fakiiltesi Tarim Makinalar1 Boliimii'nde
Doktorasin1 tamamladi, ayn1 boliime 1993 yilinda Dogent,
1998 yilinda Profesor olarak atandi. Cok farkli iilkelerde
farkli zamanlarda yurt dist deneyimleri oldu. Cesitli
konularda kurslar ve seminerler verdi. Uluslararasi
toplantilarda en iyi makale ve sunum &diilleri aldi. Cukurova
Universitesi'nde ¢esitli idari gorevlerde bulundu. Bilim,

Teknoloji ve Sanayi Bakanligi, TUBITAK, KOSGEB, DPT ve Universite BAP projeleri

yiriitliciiliigli yapti. Lisansiistii egitim-6gretim faaliyetlerine katki vererek Yiiksek Lisans ve

Doktora ¢aligmalar1 tamamlatti. Evli, iki ¢cocuk babasi ve iki torun sahibidir.



Prof. Dr. Hiiseyin OGUT

Tokat'ta dogan OGUT, Ilk &grenimini Tokat’ta, Orta
Ogrenimini  Ayancik/Sinop’ta ve Lise Ogrenimini
Ankara’da tamamladi. 1981 yilinda Ankara Universitesi
Ziraat Fakiiltesi Tarim Makinalar1 Boliimiinden mezun
oldu. 1981-1982 yillarinda Koyisleri Bakanliginda, 1982-
1987 yillar1 arasinda Tarim, Orman ve Koyisleri
Bakanligit Tarim Alet ve Makinalart Test Merkezi
Midiirliigiinde miihendis olarak gorev yapti. Doktora

egitimini 1986 yilinda Ankara  Universitesinde

tamamladi. 1987 yilinda Selguk Universitesi’ne Yardimeci
Docent olarak atandi. Ayni boliimde 1993 yilinda Dogent ve 1999 yilinda Profesér oldu.
Selcuk Universitesinde Boliim Baskanhigi, Dekan Yardimciligi, Meslek Yiiksekokulu
Miidiirliigii, Kurucu Dekanlik ve Kirgizistan-Tiirkiye Manas Universitesinde Rektor
Yardimciligi gérevlerinde bulundu.

“Biyoyakit Diinyasi” dergisinin Bilim Kurulu Baskanligim1i ve basyazarhigini yapt.
Biyoyakitlar alaninda yurt ici ve yurtdisinda bilimsel etkinliklere katildi, ulusal ve uluslararasi
dergilerde makaleleri yayinlandi.

Lisans dgrencileri i¢in “Tarim Traktorleri”, sektore yonelik “Ucgiincii Milenyumun Yaktr:
Biyodizel ” ve ani tiirtinde “Siladan Silaya” kitaplarini yazdi.

FAO, AB, TUBITAK ve TAGEM projelerinde gorev aldi. DAAD bursuyla Almanya’da
bulundu. Konya Ticaret Borsasina on yil danismanlik yapti. “Traktorler Igin Aktif Giivenlik
Sistemi “ baslikl1 bulusu Tiirk Patent ve Marka Kurumu tarafindan tescil edildi.

2024 yilinda Selguk Universitesi Tarim Makinalari ve Teknolojileri Miihendisligi

Boliimiinden kendi istegiyle emekli oldu.



Dr. Ogretim Uyesi Ahmet DARGA

Karacabey’in Eskisaribey Kdyiinde dogan DARGA, ilkokulu
burada bitirdi. 1971 yilinda Sakarya-Arifiye Ogretmen
Lisesi’ne girdi ve 1977 yilinda mezun oldu. Aym yil girdigi
{iniversite sinavimi kazanarak Cukurova Universitesi Ziraat
Fakiiltesi Tarim Makinalar1 Boliimii’niin ilk 6grencilerinden
oldu. 1981 yilinda Lisans, 1982 yilinda Yiiksek Lisans
egitimini tamamladi. 20 Agustos 1982’de ayni bdliimde
Arastirma Gorevlisi olarak c¢aligmaya basladi. Iki yil bu
boliimde ¢alistiktan sonra Eyliil 1984°de Uludag Universitesi

Ziraat Fakiiltesi Tarim Makinalart Bdliimi’ne gecti.
Cukurova Universitesi Fen Bilimleri Enstitiisii Tarim Makinalar1 Anabilim dalinda basladig
Doktora calismasint Ekim 1989°da bitirdi. Ayn1 yilin sonunda askere gitti ve Nisan 1991°de
bu gorevini tamamladi. 20 Eyliil 1995 tarihinde Uludag Universitesi Ziraat Fakiiltesi Tarim
Makinalar1 Boliimii'ne Yrd. Dog. olarak atandi. Bu gorevini 19 Eyliil 2007 tarihine kadar

siirdiirdii ve bu tarihte kendi istegi ile emekliye ayrildi.

NOT: Sunulan bilgiler hocalarimizdan veya gorev yaptiklar: boliimlerimizden alinmis,

dogum tarihlerine gore siralanmistir.
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Bu ¢alismada tilkemizin biiyiik bir boliimiinde yetistirilen erik ile kizilcik meyvesinin islendikten sonra genelde
dogaya atilan ¢ekirdeklerinin biyokiitle (pelet) olarak degerlendirilmesi konusunda bir ¢alisma yiiriitilmistiir.
Yenilenebilir enerji tiretim teknikleri alaninda giiniimiizde biiyik ilerlemeler olmasina ragmen bu enerjinin
iiretim teknikleri gelistirilmeye ihtiyag duymaktadir. islendikten sonra genelde dogaya atilan erik ve kizilcik
meyvelerinin ¢ekirdeklerinin karigimlar: pelet tnitesinde sikistirilarak belirli bir standarda sahip kati yakit
haline getirilmistir. Daha sonra peletlerin kat1 biyoyakit olarak degerlendirilebilme olanaklari arastirilmistir.
Elde edilen peletlerin fiziksel 6zellikleri (mekanik dayaniklilik direnci, y1gin yogunlugu) ve kimyasal ézellikleri
(nem igerigi, tist 1s1l deger tayini, kiil miktar1 tayini, yanma gazlari (O, CO2, CO, NO, NOx, SO2) belirlenmistir. Pelet
yapiminda kullanilan materyalin 6zelligine gore 1.2069 g agirhginda 6.30 mm ¢apinda, 33.69 mm uzunlugunda
silindirik peletler elde edilmistir. Calismada peletlerin fiziksel test sonuglari olan peletlerin y1gin yogunlugu 609
kg/m3, mekanik dayaniklilik orani %92.2, nem alma direnci %9.6 olarak bulunmustur. Peletlerin kimyasal test
sonuglarinda ise kiil y1gin1 %2, nem miktar1 %6.9, iist 1s1l deger pelet haline gelmemis hammaddede 5013 Cal/g,
pelet haline gelen tiriinde 5016 Cal/g olarak bulunmustur. Elemental analiz sonuglarini olusturan yanma gazlari
degerleri 02=%16.6, C02=%4.2, CO=82ppm, NO=110ppm, NOx=115ppm, SO2=0 ppm olarak tespit edilmistir.
Enerji ve Tabii Kaynaklar Bakanligi'nin verilerine gére tilkemizde ¢ikarilan linyit komiiriiniin %96.6’s1nin 1sil
degeri 4000 Cal/g altinda, %3.4’tiniin 1s1l degeri ise 4000 cal/g tzerindedir. Bu oranlar dikkate alindiginda,
arastirmamizda elde ettigimiz peletin (biyoyakit) 1s1l degerinin “5016 cal/g” linyit komiiriine goére daha yiliksek
ve ¢evre dostu enerji kaynagi oldugu sonucuna varilmistir.
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In this research, a study was carried out on the utilization of the seeds of plum and cranberry fruits, which are
grown in a large part of our country, as biomass (pellets), which are usually thrown into nature after processing.
Although there has been great progress in the field of renewable energy production techniques today, the
production techniques of this energy need to be developed. The mixture of plum and cranberry fruit pits, which
are usually thrown into nature after processing, was compressed in the pellet unit and turned into solid fuel of a
certain standard. Then, the possibilities of utilization of the pellets as solid biofuel were investigated. In this
context, physical properties (mechanical strength resistance, bulk density) and chemical properties (moisture
content, upper heating value determination, ash content determination, combustion gases (02, CO2, CO, NO, NOx,
S02) of the pellets obtained were determined. Cylindrical pellets weighing 1.2069 g, 6.30 mm in diameter and
33.69 mm in length were obtained according to the characteristics of the material used in pellet making. The
physical test results of the pellets in the study, the bulk density of the pellets was 609 kg/m3, the mechanical
strength rate was 92.2%, and the dehumidification resistance was 9.6%. In the chemical test results of the pellets,
ash pile was 2%, moisture content was 6.9%, upper calorific value was found as 5013 Cal/g in the raw material
that was not pelletized and 5016 Cal/g in the pelletized product. The combustion gas values constituting the
elemental analysis results were determined as 02=16.6%, C02=4.2%, CO=82ppm, NO=110ppm, NOx=115ppm,
S02=0 ppm. According to the data of the Ministry of Energy and Natural Resources, 96.6% of the lignite coal
mined in our country has a calorific value below 4000 cal/g and 3.4% has a calorific value above 4000 cal/g.
Considering these ratios, it was concluded that the calorific value of the pellet (biofuel) obtained in our study,
5016 cal/g, is higher than that of lignite coal and represents a more environmentally friendly energy source.
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1. GiRiS

1.1. Biyokiitle Enerji

Bitki ve hayvanlardan elde edilen, biyolojik kokenli olan organik madde kiitlesine biyokiitle denir.
Biyokiitle enerjinin kaynaklar1 arasinda orman sektoriindeki odun ve odun atiklari, tarimsal atiklar,
hayvansal atiklar, kentsel atiklar, ¢esitli su bitkileri (su yosunlari, algler vb.) yer alir. Biyokiitle, enerji
uretiminde kullanilacak bir kaynak olup, gii¢, 1s1 ve buhar elde etmenin yani sira tasimacilik
sektoriinde yakit iiretmek icinde kullanilabilir. Ayrica gida ve agag isleme sektori ile hayvan yemi
tiretme alaninda da kullanilmaktadir (Duku vd., 2011).

Gunimiiz dinyasinda enerji ihtiyacinin karsilanmasinda genelde petrol, dogalgaz ve komiir gibi
fosil kokenli yakitlar kullanilmaktadir. Hizli niifus artis1 ve sanayi alanindaki tilkeler arasi rekabet,
enerjiye olan ihtiyaci daha da artirmistir. Bu durum fosil kokenli enerji kaynaklarinin rezervlerinin
azalmasina neden olmustur. Fosil kokenli enerji kaynaklarinin gelecekte rezervlerinin tiikenecegi
ongoriulmektedir. Ayrica fosil kokenli enerji kaynaklarinin fiyatlarinin artmasi insanoglunu farkh
enerji kaynaklar1 arayisina itmistir (Yolcu, 2019). Fosil kokenli enerji kaynaklarinin sera gazlari
yaymalari sonucu kiiresel iklim degisikligine yol agmalar1 ve diinyadaki mevcut rezervlerinin sinirh
olmasi gelecekte yenilenebilir enerji kaynaklarinin 6neminin daha da artacagini gostermektedir
(Develi, 2020).

Biyokiitle, cevre dostu ve yenilenebilir enerji kaynaklarindan birisidir. Biyokiitle enerjinin
kaynaklarindan olan tarimsal atiklar biiyiik bir paya sahiptir. Ulkemizin de biiyiik bir tarimsal
potansiyele sahip olmasi, biyokiitleden enerji alaninda yararlanilmasi lizerine yapilacak ¢alismalari
onemli kilmaktadir (Yolcu, 2019).

Biyokiitle enerjisini klasik ve modern olmak ftizere iki gruba ayirmak miimkiindiir. Klasik
biyokiitle enerjisi; bag ve bahgelerden, ormanlardan elde edilen islenmemis odun ve yakacak olarak
kullanilan bitki (sera atiklari vb.) ve hayvan atiklarindan olusur. Bu gruptaki biyokiitle kaynaklari
kirsal kesimde daha ¢ok kullanilir. Modern biyokiitle enerjisi ise orman ve aga¢ endiistrisi atiklari,
enerji ormancilig1 tarim sektorindeki bitkisel atiklar, kentsel atiklar, tarima dayali endiistri atiklari
olarak siralanabilir (Kapluhan, 2014). Siirdiiriilebilir bir sekilde tretilen modern biyokiitle,
biyokiitlenin yakit-odun olarak geleneksel kullanimlar1 harig tutar ve tarimsal ve orman kalintilari ile
kat1 atiklardan 1s1 ve elektrik iiretiminin yani sira ulagim yakitlarinin iiretiminide igerir (Demirbas,

W Hayvansa
Atiklann Enerji
Degeri
M Bitkisel Atiklann
Enerji Degeri
entsel Organ
Atiklanr e
Degeri
MW Orman Atiklannin
| Toplam | 20307.069 Enerji Degeri

Sekil 1. Turkiye atik potansiyeli (Aydemir, 2017’den alinmistir).

Hayvansal Atiklann Enerji Degeri 1.323.714
Bitkisel Atiklanin Enerji Es Degeri 15.941.321

Kentsel Organik Atiklanin Enerji Degerleri 2.186.228
Orman Atiklarinin Enerji Degeri 855.80S

Sekil 1'de Yenilenebilir Enerji Genel Miidiirligii'niin yayinladig “Biyokiitle Potansiyel Atlasi” na
gore en yiiksek biyokiitle potansiyeline sahip kaynak %78 oranla bitkisel atiklardir. Bundan dolay1 bu
potansiyelin hayata gecirilmesi i¢in gerekli yatirimlar yapilmahdir (Aydemir, 2017).
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Turkiye, giineslenme siiresi uzun, tarim arazisi potansiyeli yiiksek, su kaynaklar1 bakimindan
zengin ve iklim kosullarinin uygun olmasi gibi nitelikleri ile biyokiitle liretimi bakimindan uygun bir
tilkedir (Bayrag¢ ve Ozarslan, 2018). Tiirkiye ayrica zengin tarimsal potansiyele sahip bir iilkedir.
Ulkemizde y1llik ortalama toplam 54.4 milyon ton tarimsal atik mevcuttur. Tarimsal atiklarda genelde
yogunluk diisiik, nem oranmi yiiksektir. Bundan dolay1 tarimsal atiklardan enerji elde etmek icin
dogrudan yakma yonteminin kullanilmasi ¢cok verimli degildir. Ayrica bu tarimsal atiklarin depolanma
ve tasinma siireglerinde zorluklar yasanmakta, yogunluklarinin diisiik olmasindan dolay: tasima ve
depolama masraflar1 artmaktadir (Dogan, 2017). Bu bilgiler dogrultusunda tarimsal atiklarin
tilkemizde yenilenebilir enerji kaynagi olarak degerlendirilmesi ¢ok 6nemlidir. Bu atiklardan
biyokiitle enerji liretmede en ¢ok tercih edilen sekli pelet haline getirmektir (Yilmaz, 2014).

1.2. Pelet

Pelet, hammaddenin (tarimsal atik vb.) 6nce kurutulmasi daha sonra o6giitiliip talas haline
getirilmesinden sonra yiiksek basing altinda sikistirilmasi sonucunda 6-12 mm c¢apinda, 10-30 mm
uzunlugunda elde edilen silindir seklindeki yakit parcaciklarina denilmektedir. Pelet; aga¢ kabugu,
odun yongalari, talas, tarimsal tirtinler, bugday vb. ekinlerin saplari, ceviz, findik ve badem kabuklar,
atik kagit (karton vb.), seker pancari kiispesi, misir kocanlari, aygicegi cenekleri, kurutulmus kiraz ve
zeytin gibi meyvelerin cekirdekleri ile bircok atik tiriinlerden tretilebilmektedir (Severoglu, 2010).
Sekil 2’de farkl biyokiitle tirtinlerden elde edilmis pelet 6rnekleri gériilmektedir (Ktisek vd., 2015).

Peletler kimyasal baglayici madde katarak ya da katmadan da yiliksek basing altinda
olusturulurlar. Peletleme yontemi ile biyokiitlenin nitelikleri iyilesmekte, hacimsel 1s1l degeri
ylikselmekte, yanma o0zelligi daha da diizeltmekte, tasima ve depolama maliyetleri azalmakta,
sobalarda daha kolay yakilabilmekte, atmosferi kirleten partikiil emisyonlari (CO vb.) azalmakta, belli
bir standarda sahip iyi bir yakit elde edilmektedir. Ornegin odundan elde edilen pelet, ayn1 agirliktaki
islenmemis yakacak oduna gore 1s1 degeri daha fazladir, daha temizdir ve yakacak oduna gore daha
uzun siire yanma ozelligine sahiptir (Oztiirk, 2012). Tablo 1’de peletlerin ve briketlerin 6zellikleri
karsilastirmali olarak verilmistir (Ttziin, 2012).

Tablo 1. Pelet ve briketlerin 6zelliklerinin karsilastirilmasi

Ozellikler Peletler Briketler
Is1l Degeri 4300-5000 kcal/h 5500-6000 kcal/h
Yogunluk 650-700kg/m3 650-700kg/ms3
Cap 6-16 mm 65 mm
Uzunluk 20-30 mm 25-200 mm
Kiil icerigi % 0.4-1.0 %1.81
Rutubet % 7-12 % 7-12
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Tablo 1’de goriilecegi gibi peletler yaklasik olarak %7-12 arasinda nem icermektedir. Pelet haline
gelmis biyoyakitta nem igerigi diisiik oldugu icin yakacak oduna gore kalorisi daha ytiksektir.

Bu calisma, iilkemizin biiylik bir bolimiinde yetistirilen erik ile kizilak meyvesinin
cekirdeklerinin karisimindan pelet elde ederek bunun biyoyakit olarak kullanilabilirligini belirlemek
icin yapilmistir. Calismamizin alt amaglar ise;

e Peletlerin fiziksel, kimyasal 6zelliklerini belirlemek,

e Arastirma kapsaminda elde edilecek peletlerin 1s1l ve gaz emisyon degerlerini belirlemek,

e Erik ve kizilcik meyvesinin tarimsal atiklar1 olan c¢ekirdeklerinin sifir (0) atik kapsaminda
tilkemizde yayginlasmasini saglamak

e Fosil kokenli yakitlara alternatif olabilecek yenilenebilir temiz bir enerji kaynagi gelistirerek,
tilkemizin enerjide disa bagimliliginin azaltilmasina bir ¢6zliim 6nerisi sunmaktir.

2. MATERYAL VE YONTEM

2.1. Materyal

Bu arastirma, Karadeniz Tarimsal Arastirma Enstitiisii’'ne bagli, Enerji Tarimi Boliimi Biyoyakit
Laboratuvar1 ile Atatiirk Universitesi biinyesinde bulunan Kimya Béliimii Laboratuvarinda
yuritilmiustir. Bu arastirmada materyal olarak Erzurum Tortum ilgesinin Suyatagi Mahallesi ile
Bagbas1 (haho) Mahallesi'nden temin edilen erik ile kizilcik cekirdeklerinin karisimi kullanilmistir
(Sekil 3).

-~ 5~ >t : ey

Sekil 3. Kurutulmus erik ve kizilcik ¢ekirdegi karisimi

Ogiitme ve peletleme isleminden dénce materyal uygun nem icerigine getirilmistir. Materyalin
parcalama isleminde ¢ekigli degirmen kullanilmistir. Bu ¢eki¢li degirmen; 60 cm’lik materyal besleme
linitesine, 22 kw motor giiciine ve 4 mm’lik elege sahiptir (Sekil 4).

,f,;isw  iadi

Sekil 4. Cekicli degirmen
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Materyalin peletlenmesinde 6 mm pelet capina sahip pelet makinasi kullanilmistir. Calismada
kullanilan bu peletleme makinasi dairesel sirali delikli diiz kalip, sikistirma silindirleri ve pelet boyu
ayarlama Unitesinden olusmaktadir (Sekil 5).

Sekil 5. Pelet makinasi

Peletlerin dayaniklilik direnci TS EN ISO 17831-1 standardina gore yapilmistir. Motor giicii 0.5 BG,
“peletlerin yerlestirilecegi kafes ol¢tileri 300x300x125 mm ve kafes i¢c merkezine ¢apraz simetrik
olarak yerlestirilen 50 mm eninde 230 mm uzunlugunda bir levhaya sahip dayaniklilik test cihaz1”
kullanilarak peletlerin dayaniklilik degerleri 6l¢ilmiistir (Sekil 6).

Sekil 6. Pelet dayaniklilik test cihazi

Peletlerin st 1s1l degerleri TS EN ISO 18125 standardina uygun kalorimetre cihazi kullanilarak
Olctilmistiir (Sekil 7). Pelet yakitlarinin tst 1s1l degeri cal/g cinsinden bulunmustur.

Sekil 7. Kalorimetre cihazi
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Peletlerin kiil igerikleri TS EN ISO 18122 standardina uygun kiil firin1 kullanilarak belirlenmistir.
Baca gaz1 emisyon degerlerinin 6l¢imii icin ise Sekil 8'de verilmis olan pelet sobasi ve 5 adet
elektrokimyasal sensére sahip baca gaz1 analiz cihazi kullanilmistir. Olgiim cihaz ile O,, CO2, CO, NO,
NOx, SO2 emisyon degerleri hesaplanmistir.

(b)

Sekil 8. Pelet sobasi (a) ve baca gazi1 emisyon cihazi (b)

Peletlerin y1gin yogunluklarini belirlemek icin TS EN ISO 17828 standardina sahip kalip
kullanilmistir. Y1gin yogunlugunu belirleme yonteminde peletler 5 It hacme sahip kap igerisine
doldurulmus ve sonra bu kap ii¢ kez yaklasik 15 cm yiikseklikten serbest olarak sert zemine
birakilmistir. Bu islemi takiben diiz ve uzun bir ahsap malzeme ile kabin {ist kismindaki fazla pelet

ornekleri kabin disina itilmis ve kabin tist kisminda olusan daha biiyiik bosluklar el ile doldurulmustur
(Sekil 9).

> a

Sekil 9. Pelet y181n yogunlugunu belirleme islemi

Peletlerin agirliklarinin o6l¢iilmesinde hassas terazi kullanilmis ve peletlerin uzunluk ve cap
Olctimleri dijital kumpas yardimiyla tespit edilmistir (Sekil 10).

(b)
Sekil 10. Elektronik hassas terazi (a), dijital kumpas (b)
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2.2, Yontem

Erzurum ilinin Tortum ilgesine bagh Suyatagi Mahallesi ile Bagbasi1 (haho) Mahallesi’'nden temin
edilen erik ve kizilcik ¢ekirdegi tarimsal atiklari agik ortamda sert bir zemin {lizerine serilmis ve
yaklasik 1 ay boyunca kurutulmustur. Daha sonra bu materyal peletleme icin Karadeniz Tarimsal
Arastirma Enstitisii Mudirligi Enerji Tarimi Arastirma Merkezi'ne sevk edilmistir. Tarimsal
cekirdek atiklar

%30 EC+%70 KC oraninda karistirilarak isleme alinmistir. Materyallerin nem igerikleri %10’un
altinda oldugu tespit edilince ¢ekicli degirmende 4 mm inceliginde 6n 6giitme yapilmis, peletleme
islemi icin uygun boyutlara getirilmis ve peletleme islemi baslayincaya kadar kapali ¢uvallar icinde
hava almayacak sekilde bekletilmistir. Ortalama nem igerigi %8-10 materyal ile peletleme yapilmistur.
Peletleme islemine gegcmeden 6nce erik ve kizilcik meyvesinin g¢ekirdekleri ile pelet makinasinda
yaklasik 13 dakika ¢alisilmis ve kalip sicaklig yaklasik 70-80 C° sicakliga ytikseltilmistir. Bu islemden
sonra tarimsal atik materyali, pelet makinasinda materyali kiran diskin bulundugu materyal deposuna
araliksiz sekilde bir kiirek yardimi ile doldurulmustur. Pelet makinasinin kalip deliklerindeki kesit
daralmasina bagh olarak peletler silindirik halde ¢ikmaya baslamistir. Uretilen peletlerin uzunlugu
yaklasik 3-4 cm’dir. Boylece peletleme islemi tamamlanmistir. Elde edilen peletler Sekil 11'de
verilmistir

.-

Sekil 11. Erik ve kizilcik meyvesinin gekirdeklerinih kérlslmlﬁdan elde edilen peletler

3. ARASTIRMA BULGULARI VE TARTISMA

3.1. Pelet Agirlik, Cap ve Uzunluk Degerleri
Peletlerin cap, uzunluk ve agirlik degerlerine iliskin analiz sonuglarinin gériintimleri (Sekil 12).

(b)
Sekil 12. Peletlerin uzunluk degeri (a), peletlerin cap degeri (b)
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Avrupa Pelet Konseyi’'nin belirlemis oldugu ENplus-A1, ENplus-A2 ve EN-B siniflarina ait pelet
standartlarinda pelet uzunlugunun 3.15-40 mm arasinda, pelet ¢ap degerinin ise 6-9 mm arasinda
olmasi gerektigi belirtilmistir. Erik ve kizilcik meyvesinin ¢ekirdeklerinin karisimindan elde edilen
peletin agirlik degeri 1.2069 g, uzunluk degeri 33.69 mm, ¢cap degeri 6.30 mm olarak tespit edilmistir.
Peletlerin ¢ap ve uzunluk degerleri Avrupa Pelet Konseyi'nin belirledigi standartlara uygundur. Sezer
(2022) tarafindan yapilan ¢alismada peletlerin ¢aplar1 7.89-8.15 mm araliginda, uzunluk degerleri ise
14.66-33.69 mm araliginda degistigi tespit edilmistir. Sezer (2022) tarafindan bulunan pelet uzunluk
degeri bu arastirma sonucuyla benzerlik gostermektedir. Elfaki (2024) tarafindan yapilan ¢alismada
farkli katki maddeleri iceren domates bitkisinden elde edilen peletlerin uzunluk degeri 40.67-48.44
mm arasinda, pelet agirlik degerleri 1.64-1.85 g arasinda, pelet ¢aplarinin ise 6.02-6.05 mm arasinda
degistigi tespit edilmistir. Bu arastirmada tespit edilen pelet uzunluk ve agirlik degerleri Elfaki (2024)
tarafindan elde edilen sonuglardan diisiik, pelet cap degerleri ise yiiksektir. Bu farkliligin olusmasinda
peletlenen hammaddenin 6zelliklerinin etkili oldugu diistiniilmektedir.

3.2. Pelet Mekanik Dayaniklilik Direnci

Pelet dayaniklilik direnci peletlerin tasinmasi siirecinde ¢ok énemlidir. Imalat endiistrisinde
dayaniklilik direnci ytliksek olan peletler, kalitesi ytliksek peletler olarak kabul edilmektedir (Kaliyan
ve Morey, 2009). Peletlerin dayaniklilik direnci test sonuglar1 Tablo 2’de verilmistir.

Tablo 2. Peletlerin mekanik dayaniklilik direnci test sonuclari
Numune Mekanik dayanikhilik direnci (%)
%30 EC+%70 KC 92.2

Tablo 2’de goriildiigii gibi peletlerin dayaniklilik direnci %92.2 bulunmustur. Tabil ve Sokhansanj
(1997) peletlerin mekanik dayanikhilik direncinin %80 ve tzeri oldugu durumlarda pelet kalitesinin
iyi oldugunu belirtmislerdir. Fakat Avrupa Pelet Konseyinin ac¢iklamis oldugu B sinifi pelet
standartlarinda odun paletlerinin dayaniklilik direncinin 2 97.5 olmasi gerektigi belirtilmistir. Avrupa
Pelet Konseyi'nin agiklamis oldugu standart degerler dikkate alindiginda (Tablo 3) erik ve kizilcik
cekirdegi karisimindan elde edilen peletlerin Avrupa Pelet Konseyi'nin a¢iklamis oldugu standartlara
uygun olmadigi gorilmiustir.

Miranda vd. (2012) pelet nem oraninin yiliksek olmasinin peletlerin dayaniklilik direncini
diistirdiigiinii ve pelet liretim denemelerinde kullanilan materyalin ¢esidine, karisim oranlarina ve
peletlerin blinyesindeki nem icerigine baglh olarak dayaniklilik direncinin %85.83-%97.08 araliginda
degistigini belirtmislerdir. Sezer (2022) tarafindan yapilan ¢alismada peletlerin mekanik dayaniklilik
direnci %82.2-96.9 araliginda bulunmustur. Bu arastirmada dayaniklilik direnci i¢in elde edilen
sonuglar Tabil ve Sokhansanj (1996), Miranda vd. (2012), Sezer (2022) tarafindan elde edilen
sonuglarla paralellik gostermektedir. Erdem (2023) tarafindan yapilan calismada seker pancari
atiklarindan elde edilen peletlerin mekanik dayaniklilik direnci; farkli nem orani, 6glitme inceligi ve
capa bagh olarak 94.13- 98.03 aralifinda tespit edilmistir. Akpinar (2023) tarafindan yapilan
calismada %8-10 ve %10-12 nem iceriginde c¢erezlik kabak tarimsal atiklarindan elde edilen
peletlerin mekanik dayaniklilik degerleri %88.08-97.45 araliginda tespit edilmistir. Elfaki (2024)
tarafindan yapilan calismada farkl katki maddesi iceren domates hasat atiklarindan elde edilen
peletlerin dayaniklilik direnci %89.10-96.90 araliginda degistigi tespit edilmistir. Bu arastirmada
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tespit edilen dayaniklilik direnci degeri Akpinar (2023) ve Elfaki (2024) tarafindan tespit edilen
degerlerin bazilarindan disiik bazilarindan yiiksek ¢ikmistir.  Bu farkliliin olusmasinda bu
arastirmada hammaddenin tek bir nem orani igeriginde paletlenmesinin etkili oldugu
diistiniilmektedir. Avrupa pelet konseyi tarafindan belirlenen pelet parametreleri ve standartlari
Tablo 3’te verilmistir (ENplus, 2022).

Tablo 3. Avrupa pelet konseyi tarafindan belirlenen pelet parametreleri ve standartlari

Property Unit ENplusAl ENplusA2 ENplusB Testing
standard
Cap mm 6+xlor8=1 ISO 17829
Uzunluk mm 3,15<L <409 ISO 17829
Nem w-% %) <10 ISO 18134
Kiil w-% 3) <0.7 <12 | <20 ISO 18122
Mekanik dayamklilik | w-% 2 >98,09 >97,59 ISO 17831-1
Katki maddesi w-% 2 <1,09<0,57) ISO 18846
(<3,15 mm)
Peletlerin sicakligi °C <409
Net 1s1l deger kWh/kg 2 >4,69 ISO 18125
Kiitle yogunlugu kg/m3? 600 < BD < 750 ISO 17828
Katki maddeleri w-% 2 <2 -
Azot w-% 3 <03 <05 | <10 ISO 16948
Kiikiirt w-% *) <0,04 <0,05 ISO 16994
Klor w-% *) <0,02 | <0,03 ISO 16994
Kiildeformasyon oc > 1200 > 1100 CEN/TC 15370-1
sicakligi
Arsenik mg/kg <l ISO 16968
Kadmiyum mg/kg ¥ <05 ISO 16968
Krom mg/kg ¥ <10 ISO 16968
Bakir mg/kg ¥ <10 ISO 16968
Kursun mg/kg ¥ <10 ISO 16968
Civa mg/kg ¥ <0,1 ISO 16968
Nikel mg/kg ¥ <10 ISO 16968
Cinko mg/kg ¥ <100 ISO 16968

3.3. Pelet Yi8in Yogunlugu Degerleri
Erik ve kizilcik meyvesinin cekirdeklerinin karisimindan elde edilen peletlerin yi1gin yogunluk
degerleri Tablo 4’te verilmistir.

Tablo 4. Pelet y181n yogunlugu degerleri
Numune Yigin yogunlugu(kg/m?3)
%30 EC+ %70 KC 609 kg/m3

Tablo 4'te goriildiigu gibi pelet y18in yogunlugu 609 kg/m3 olarak tespit edilmistir. Avrupa Pelet
Konseyi tarafindan belirlenen ENplus-A1, ENplus-A2 ve EN-B sinifi pelet standartlarinda pelet y1gin
yogunlugunun 600< BD < 750kg/m3 olmas1 gerektigi belirtilmistir. Erik ve kizilctkk meyvesinin
cekirdeklerinin karisimindan elde edilen peletlerin bu deger araliginda oldugu gériulmektedir. Sezer
(2022) tarafindan yapilan ¢alismada pelet y18in yogunlugu 517.12-617.79 kg/m3 araliginda, Topkoc¢
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(2023) tarafinda yapilan calismada en diisiik pelet yogunlugu 970 kg/m3 ile kavak+kozalak peletinde,
en ylksek pelet yogunlugu 1270 kg/m3 ile findik kiispesi peletinde tespit edilmistir. Elfaki (2024)
tarafindan yapilan ¢alismada en diisiik y1g1in yogunlugu 567.00 kg/m3 ile katkisiz peletlerde (KP), en
yliksek yi8in yogunlugu ise 624.67 kg/m3 ile sepiyolit ilaveli pelette (SP) tespit edilmistir. Bu
arastirmada elde dilen pelet yi8in yogunlugu degeri literatiirle hem benzerlik hem de farklilik
gostermektedir. Bu farkliligin olusmasinda peletlenen hammadde olan erik ve kizilcik ¢ekirdeklerinin
hi¢bir katki maddesi olmadan ve farkli tarimsal atiklarla karistirilmadan peletlenmesinin etkili oldugu
diisiiniilmektedir.Tablo 5’de peletlerin nem alma direnci sunulmustur.

3.4. Pelet Nem Alma Direnci Degerleri
Tablo 5. Peletlerin nem alma direnci degerleri

Numune Nem alma direnci (%)
%30 EC+%70 KC 9.6

Peletlerin tasinmasi ve depolanmasinda nem oranin yiliksek olmasi pelet kalitesini olumsuz
etkilemektedir (Kaliyan ve Morey, 2009). Peletlerin depolanmasi siirecinde nem almasi peletlerin
dayanim direnglerini azaltmaktadir. Peletlerin sertlik diizeyinin yiiksek olmasi kaliteli bir pelet icin
aranan 6zelliklerden biridir (Celma vd., 2012). Peletlerin nem igerigi arttig1 zaman pelet yogunlugu
diiser ve peletlerin direncleri azalir (Zamarona vd., 2011). Yilmaz (2014) tarafindan yapilan
calismada peletlerin nem igerikleri %7-8 araliginda bulunmus ve nem iceriginin %10’un altindaki
peletlerin ortam kosullarindan fazla etkilenmeden depolanabilecegi belirtilmistir. Akpinar (2023)
tarafindan yapilan ¢alismada peletlerin nem alma direnci %8-10 nem igerigine sahip peletlerde
%7.63-12.13 araliginda, %10-12 nem icerigine sahip peletlerde %6.42-9.53 aralifinda tespit
edilmistir. Erdem (2023) tarafindan yapilan ¢alismada pelet nem alma direnci %6.53-13.22
araliginda, Elfaki (2024) tarafindan yapilan ¢alismada ise peletlerin nem alma direnci %7.12-9.21
araliginda tespit edilmistir. Bu arastirmada elde edilen pelet nem alma direnci degeri literattirde
bildirilen sonuclarla benzerlik gostermektedir.

3.5. PeletKiil Degeri
Tablo 6. Peletlerin kiil degeri

Numune Kiil degeri (%)
%30 EC+ % 70 KC 2

Tablo 6’da goriildigi gibi pelet kiil degeri %2 olarak bulunmustur. Avrupa Pelet Konseyi pelet
kil igerigiyle ilgili 3 standart belirlemistir. ENplus- A1 icin kiil degeri <0.7, ENplus-AZ2 icin kiil degeri
<1.2 ve EN-B sinifi peletler icin <2.0 degerlerinde olmasi gerektigi belirtilmistir. Erik ve kizilcik
meyvesinin ¢ekirdeklerinin karisimindan elde edilen peletin kiil degeri olan %?2’lik deger EN-B
standardina uygundur. Sezer (2022) tarafindan yapilan ¢alismada peletlerin kiil icerigi degerleri
%3.4-4.7 araliginda bulunmustur. Topko¢ (2023) tarafindan yapilan c¢alismada farkh
materyallerden elde edilen peletlerin kiil oranm1 %0.54-18.47 araliginda tespit edilmistir. Erdem
(2023) tarafindan yapilan ¢alismada seker pancarindan elde edilen peletlerin kiil icerigi %7,28
olarak, Akpinar (2023) tarafindan yapilan ¢alismada ise ¢erezlik kabak tarimsal atiklarindan elde
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edilen peletlerin kiil icerigi %8.24, Altun (2025) tarafindan yapilan ¢alismada agag atig1 peletlerinde
kil orani %2.92, ¢cimen+yaprak peletlerinde ise %15.51 olarak tespit edilmistir. Bu arastirmada
tespit ettigimiz pelet kiil degeri Erdem (2023), Akpinar (2023), Altun (2025) tarafindan tespit
edilen degerlerden daha diisiik ¢ikmistir. Bu sonu¢ bu arastirmada elde edilen peletin kalitesi
hakkinda bilgi vermektedir.

3.6. Pelet Nem Miktar:
Tablo 7. Pelet nem miktari

Numune Nem miktart (%)
%30 EC+ %70 KC 6.9

Tablo 7’de goruldiigu gibi pelet nem miktar1 %6.9 olarak bulunmustur. Avrupa Pelet Konseyi
tarafindan belirlenen ENplus -Al, ENplus-A2 ve EN-B smifi olmak tlizere 3 farkhi standart
tanimlamis ve tiim standartlarda peletlerin nem igeriklerinin <10 olmasi1 gerektigi belirtilmigtir.
Erik ve kizilcik meyvesinin c¢ekirdeklerinin karisimindan elde edilen peletin nem degeri Avrupa
Pelet Konseyi tarafindan belirtilen standartlara uygundur. Sezer (2022) tarafindan yapilan
calismada peletlerin nem igerigi degerleri %7.38-9.14 araliginda bulunmustur. Topko¢ (2023)
tarafindan yapilan c¢alismada farkli materyalden yapilmis peletlerde nem orami %6.06-17.22
araliginda tespit edilmistir. Bu sonug, bu arastirmada pelet drneginde tespit edilen nem miktari
degeriyle uyumlu bulunmustur. Altun (2025) tarafinda yapilan ¢alismada ¢imen+yaprak peletinde
nem miktar1 %7.65, aga¢ atif1 peletlerinde ise %7.35 olarak bulunmustur. Kaliteli bir peletin nem
orani genelde %10’un altinda olmalidir. Diisiik nem oranina sahip peletler daha verimli yanar ve
daha az kiil tretir.

3.7. Pelet UstIs1l Degeri

Tablo 8. Pelet tist 151l degeri
NumuneUst 1s1l deger (cal/g)
Hammadde 5013
Pelet 5016

Tablo 8'de goriildigi gibi hammaddede (erik ve kizilcik ¢cekirdeginin islenmemis hali) st 1s1l
deger 5013 cal/g, pelet haline gelmis lirtinde 5016 cal/g olarak bulunmustur. Hammaddenin ve
peletlerin 1s1l degeri kalorimetre cihazi kullanilarak belirlenmistir. Avrupa Pelet Konseyi pelet
standartlariyla ilgili olarak tli¢ farkl standart belirlemis ENplus -A1, ENplus-A2 ve EN-B ve tiim
standartlarda paletlerin 24.6=16M]/kg=3821.5 cal/g olmasi gerektigi belirtilmistir. Erik ve kizilcik
meyvesinin cekirdeklerinin karisimindan elde edilen peletin 1sil degeri 5016 cal/g=21.0 M]/kg
Avrupa Pelet Konseyi'nin belirledigi standartlara uygundur. Sezer (2022) tarafindan yapilan
calismada defne karisim peletlerin iist 1s1l degerleri 4556-4826 kcal/kg araliginda, Topkog (2023)
tarafindan yapilan ¢alismada peletlerin tist 1s1l degeri 3797-4741 kcal /kg araliginda, Erdem (2023)
tarafindan yapilan ¢calismada 3733 cal/g, Akpinar (2023) tarafindan yapilan ¢alismada 4099 cal/g
olarak bulunmustur. Altun (2025) tarafindan yapilan ¢alismada ise cimen+yaprak peletinde tiist 1s1l
deger 3834 cal/g, agac atik peletinde 4643 cal/g olarak tespit edilmistir. Bu arastirmada erik ve
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kizilcik c¢ekirdeklerinin karisimindan elde edilen peletin st 1s1l degeri (5016 cal/g) literatiirde
bildirilen degerlerden ytiksektir. Bu farkliligin olusmasinda 6zellikle kizilcik ¢ekirdeginin kimyasal
yapisi ve yanma 6zelliginin etkili oldugu distiniilmektedir.

3.8. Pelet Yanma Gazlar1 Degerleri
Erik ve kizilcik meyvesinin ¢ekirdeklerinin karisimindan elde edilen peletlerin yanma gazlan
degerleri Tablo 9’da verilmistir.

Tablo 9. Pelet yanma gazlar1 degerleri
02 (%) CO:(%) CO (ppm) NO (ppm) NOx(ppm) SO:(ppm)
16.6 4.2 82 110 115 0

Tablo 9’da goriildiigii gibi pelet yanma gazlar1 degerleri 02=16.6, C02=4.2, CO=82ppm,
NO=110ppm, NOx=115ppm, SO2=0 ppm olarak tespit edilmistir. Arastirmada elde edilen peletlerin
yanma gazlar1 (baca gazlar1) emisyon degerleri 1sinmadan kaynaklanan hava kirliligi kontroli
yonetmeliginde biyokiitle yakit1 i¢in belirtilen tUst sinir degerlerin altinda kalmistir. Tablo 10°da
IKHKKY (Isinmadan Kaynakli Hava Kirliliginin Kontrolii) baca gazi emisyon sinir degerleri
verilmistir (Yolcu, 2019).

Tablo 10. IKHKKY baca gazi emisyon sinir degerleri
02 (%) CO:(%) CO (ppm) NO (ppm) NOx(ppm) SO:(ppm)
18.1 20.5 3049 400 148 200

Tablo 10 incelendiginde erik ve kizilcitk meyvesinin ¢ekirdeklerinin karisimindan elde edilen
peletlerin yanma sonucu a¢iga ¢ikan yanma gazlari emisyon degerleri IKHKKY sinir degerlerinin
altinda oldugu goriilmiustiir. Havadaki kiikiirt dioksit (SOz) cevre lizerinde olumsuz etkilere neden
olur. Bu etkilerin basinda hava, toprak ve su kirliligi gelir. Ayrica insan solunum sistemlerine ciddi
zararlar verir. Oksiiriik, astim ve kronik bronsit gibi rahatsizliklara neden olur. Bu arastirmada erik
ve kizilcik ¢ekirdeklerinin karisimindan elde edilen peletin SO2 degerinin sifir (0) ¢ikmasi bu peletin
cevre dostu bir biyoyakit oldugunu gosterir.

4. SONUC
Ulkemizde olduk¢a genis bir alanda iiretimi yapilan erik ve kizilcik meyvesinin cekirdekleri

(%30 EC- %70 KC) karisim oraninda karistirilarak pelet haline getirilmis ve daha sonra peletin

fiziksel, kimyasal 6zelikleri ile elemantal analizi yapilmistir. Elde edilen peletler, pelet sobasinda

yakilarak yanma gazlar1 degerleri belirlenmistir. Erik ve kizilcik meyvesinin biyokiitle atiklar:

(cekirdekleri) kat1 yakacak olarak degerlendirilmesi amaciyla gercgeklestirilen bu ¢alismada elde

edilen sonuclar asagida verilmistir.

e Peletlerin ¢ap ve uzunluk degerlerinin ISO 17829 standardina uygun oldugu gorilmiistiir.

e Peletlerin nem orani %6.9 olarak bulunmustur. Avrupa Pelet Konseyi ENplus-A1, ENplus- A2
ve EN-B sinifi olmak tlizere 3 farkl standart tanimlamis ve tiim standartlarda peletlerin nem
iceriklerinin <10 olmas1 gerektigi belirtilmistir. Erik ve kizilcik meyvesinin ¢ekirdeklerinin
karisimindan elde edilen peletlerin nem degeri Avrupa Pelet Konseyi tarafindan belirtilen
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degerden diisiik oldugu icin arastirma kapsaminda elde edilen peletlerin Avrupa Pelet Konseyi

standartlarina uygun oldugu sdylenebilir.

o Pelet mekanik dayaniklilik direnci %92.2 olarak bulunmustur. Bu deger Avrupa Pelet
Konseyinin belirledigi degerlere (ENplus- A1 = 98.0, (ENplus-A2- ENplus-B = 97.5) uygun
degildir.

e Pelet y1gin yogunlugu degerleri 609 kg/m3 olarak tespit edilmistir. Avrupa Pelet Konseyi
tarafindan belirlenen ENplus-A1l, ENplus-A2 ve EN-B sinifi pelet standartlarinda pelet y18in
yogunlugunun 600< BD < 750 kg/m3 olmas1 gerektigi belirtilmistir. Arastirmada elde edilen
peletlerin standartlara uygun oldugu tespit edilmistir.

e Peletlerin nem alma direnci %9.6 olarak tespit edilmistir. Pelet nem alma direncinin

e 9%10’dan diisiik ¢ikmasi, arastirmada elde edilen peletlerin belli bir standarda sahip oldugunu
gosterir. Ayrica nem alma direnci %10’ dan diisiik peletler ortamdaki hava kosullarindan fazla
etkilenmedikleri icin depolanmalar1 daha kolaydir.

e Peletlerin kil icerigi %2 olarak belirlenmistir. Avrupa Pelet Konseyi pelet kil icerigiyle ilgili 3
standart belirlemistir. ENplus- A1 igin kiil degeri <0.7, ENplus-AZ2 i¢in kiil degeri <1.2 ve EN-B
sinifi peletler icin <2.0 degerlerinde olmas:1 gerektigi belirtilmistir. Kiil icerigi bakimindan
arastirma kapsaminda elde edilen peletlerin Avrupa Pelet Konseyi'nin belirledigi standartlara
uygun oldugu gorilmistir.

e Peletlerin tist 1s1l degerleri hammaddede (erik ve kizilcik ¢cekirdeginin islenmemis hali) tst 1s1l
deger 5013 cal/g, pelet haline gelmis iiriinde 5016 cal/g olarak bulunmustur. Avrupa Pelet
Konseyi pelet standartlariyla ilgili olarak ti¢ farkl standart belirlemis. ENplus-A1, ENplus-A2
ve EN-B) ve tim standartlarda paletlerin 24.6=16M]/kg=3821.5 cal/g olmasi gerektigi
belirtilmistir. Erik ve kizilcik meyvesinin ¢ekirdeklerinin karisimindan elde edilen peletin 1sil
degeri 5016 cal/g=21.0M]/kg Avrupa Pelet Konseyi’'nin belirledigi standartlara uygundur.

e Peletlerin yanma sonucunda agiga ¢ikan baca gazi emisyon degerleri isinmadan kaynaklanan
hava kirliligi kontrolii yonetmeliginde (IKHKKY) belirtilen sinir degerlerden daha diistik oldugu
tespit edilmistir. Bundan dolay1 arastirma kapsaminda elde edilen peletin (biyoyakit) cevre
dostu oldugu sodylenebilir.

Enerji ve Tabii Kaynaklar Bakanligi'nin yayinladig: verilerine gore tilkemizde ¢ikarilan linyit
komirinin %96.6’sinin 1sil degeri 4000 cal/g altinda, %3.4’lintin 1s1l degeri ise 4000 cal/g
lizerindedir. Yapilan arastirmalar tarimsal atiklarin 1s1l deger bakimindan linyite gére daha yiiksek
degerlere sahip oldugunu gostermistir. Ayrica biyoyakitlarin kiil orani ve baca gazi emisyon
degerleri linyit komiiriine gore daha diisiiktiir. Bundan dolay1 biyoyakitlarin ¢evre dostu enerji
kaynag1 oldugu sdylenebilir.

1BILGILENDIRME
Bu arastirma makalesi, TUBITAK (2204-B) Ortaokul Ogrencileri Arastirma Projeleri Yarismasi
kapsaminda Tibitak projesi olarak sunulmustur. (Proje No: 1689B012320034). Sunumdan sonra
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EXTENDED ABSTRACT

Introduction and Research Questions & Purpose

In today's world, fossil fuels such as oil, natural gas and coal are generally used to meet energy
needs. Rapid population growth and competition between countries in the industrial field have
further increased the need for energy. This situation has caused the reserves of fossil-based energy
resources to decrease. It is predicted that fossil-based energy resources will run out of reserves in
the future. In addition, the increase in the prices of fossil-based energy resources has pushed
mankind to search for different energy sources (Yolcu, 2019). The fact that fossil-based energy
sources cause global climate change as a result of emitting greenhouse gases and that their current
reserves in the world are limited shows that the importance of renewable energy sources will
increase in the future (Develi, 2020). Turkey is a suitable country for biomass production with its
long sunshine hours, high agricultural land potential, rich in water resources and favorable climatic
conditions (Bayra¢ and Ozarslan, 2018). Turkey is also a country with rich agricultural potential. In
our country, there is a total of 54.4 million tons of agricultural waste annually. Agricultural wastes
generally have low density and high moisture content. Therefore, it is not very efficient to use direct
incineration method to obtain energy from agricultural wastes. In addition, there are difficulties in
the storage and transportation processes of these agricultural wastes, and transportation and
storage costs increase due to their low density (Dogan, 2017). In line with this information, it is very
important to utilize agricultural wastes as a renewable energy source in our country. The most
preferred way to produce biomass energy from these wastes is to turn them into pellets (Yilmaz,
2014). This study was carried out to obtain pellets from a mixture of plum and cranberry fruit pits
grown in a large part of our country and to determine its usability as biofuel.

Methodology

Plum and cranberry seed agricultural wastes obtained from Suyatagi and Bagbasi (haho)
neighborhoods of Tortum district of Erzurum province were laid on a hard surface in an
open environment and dried for about 1 week. This material was then shipped to the Energy
Agriculture Research Center of the Black Sea Agricultural Research Institute Directorate for
pelletization. Agricultural seed wastes were processed by mixing 30% plum seeds (PS) + 70%
cranberry seeds (CS). When it was determined that the moisture content of the materials was below
10%, they were pre- grinded in a hammer mill to a fineness of 4 mm, brought to the appropriate size
for pelletizing and kept in airtight closed bags until the pelletizing process started. Pelletizing was
performed with an average moisture content of 8-10%. Before pelletizing, plum and cranberry fruit
pits were worked with the pellet machine for about 13 minutes and the mold temperature was raised
to about 70-80C°. After this process, the agricultural waste material was filled continuously with a
shovel into the material tank where the disk breaking the material in the pellet machine was located.
Due to the narrowing of the cross-section in the mold holes of the pellet machine, the pellets started
to come out in cylindrical form. The length of the pellets produced is approximately 3-4 cm. Thus, the
pelletizing process was completed.

Results and Conclusions

The seeds of plum and cranberry fruits, which are produced in a wide area in our country, were
made into pellets by mixing (30% PS - 70% CS) at a mixture ratio and then the physical, chemical
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properties and elemental analysis of the pellet were carried out. The pellets were burned in a pellet
stove and combustion gas values were determined. The results obtained in this study, which was
carried out to utilize the biomass waste (pits) of plum and cranberry fruit as solid fuel, are given
below.

The diameter and length values of the pellets were found to comply with ISO 17829 standard. The
moisture content of the pellets was found to be 6.9%. The European Pellet Council has defined 3
different standards as ENplus-A1l, ENplus-A2 and EN-B class and it is stated that the moisture
content of the pellets should be <10 in all standards. Since the moisture content of the pellets
obtained from the mixture of plum and cranberry fruit kernels is lower than the value specified by
the European Pellet Council, it can be said that the pellets obtained within the scope of the research
comply with the European Pellet Council standards. Pellet mechanical durability resistance was
found to be 92.2%. This value does not comply with the values determined by the European Pellet
Council (ENplus- A1 = 98.0, (ENplus-A2- ENplus-B = 97.5). Pellet bulk density values were
determined as 609 kg/m3. In ENplus-A1, ENplus-A2 and EN-B class pellet standards determined by
the European Pellet Council, it is stated that the pellet bulk density should be 600< BD < 750 kg/m3.
It was determined that the pellets obtained in the research were in compliance with the standards.
The dehumidification resistance of the pellets was determined as 9.6%. The fact that the pellet
dehumidification resistance is lower than 10% indicates that the pellets obtained in the research
have a certain standard. In addition, pellets with a dehumidification resistance lower than 10% are
easier to store as they are not affected much by the weather conditions in the environment. The ash
content of pellets is set at 2%. The European Pellet Council has set 3 standards for pellet ash content.
It is stated that the ash value should be <0.7 for ENplus- A1, <1.2 for ENplus-A2 and <2.0 for EN-B
class pellets. In terms of ash content, the pellets obtained within the scope of the research were
found to comply with the standards set by the European Pellet Council. The upper heating value of
the pellets was found to be 5013 cal /g for the raw material (unprocessed plum and cranberry seeds)
and 5016 cal/g for the pelletized product. The European Pellet Council has set three different
standards regarding pellet standards. ENplus-A1, ENplus-A2 and EN-B) and in all standards it is
stated that pellets should be 24.6=16M]/kg=3821.5cal/g. The calorific value of the pellet obtained
from the mixture of plum and cranberry fruit pits is 5016cal/g=21.0M]/kg which is in compliance
with the standards set by the European Pellet Council. The flue gas emission values released as a
result of the combustion of the pellets were found to be lower than the limit values specified in the
regulation on air pollution control from heating (IKHKKY). Therefore, it can be said that the pellet
(biofuel) obtained within the scope of the research is environmentally friendly.
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Alig (Crataegus spp.), daglk alanlarda kendiliginden yetisen aga¢ seklinde bir bitkidir. Taze veya islenmis formda
yaygin tiiketilen alig, insan saghg acisindan 6nemli bahge iriinlerinden biridir. Bu ¢alismada, taze Alig
(Crataegus spp.) meyvesinin hasadi, taginmasi, iletilmesi, depolanmasi ve islenmesinde kullanilacak
mekanizasyon araglarinin tasarimi i¢in ihtiya¢ duyulan meyvenin boyut, geometrik ortalama ¢ap, kiiresellik,
yuvarlaklik, agirlik, hacim, yigilma agisi, renk, stirtiinme kuvveti gibi bazi miihendislik 6zellikleri belirlenmistir.
Calismada kullanilan Ali¢ meyvesi i¢in ortalama genislik ve uzunluk degerleri sirasiyla 15.578 mm ve 17.00 mm
olarak bulunmugtur. Kalinlik ve genislik ayni oldugundan aritmetik ve geometrik 6lgtimler icin bu iki degisken
icin ayni degerler kullanmilmistir. Bir adet meyvenin ortalam agirhg1 2.54 g olarak olgiilerken, ayni tanenin
ortalama tane hacim degeri ise 3.04 cm® olarak bulunmustur. Kiresellik degeri %94.38, yuvarlaklik degeri
%91.70 ve yiizey alani ise 50.48 mm?2 olarak bulunmustur. Porozite degeri ise %27.91 olarak hesaplanmistir.
Renk él¢iimleri sonucunda elde edilen CIELAB degerlerine gore alic meyvesinin orta parlaklik diizeyinde hafif
kirmizi ton barindiran yogun sari renkte oldugu belirlenmistir. Malzemelerin y1gilma agis1 kullanilan yiizey
malzemesinden etkilenmemistir. Aralarindaki fark istatistiki agidan 6nemsiz (p> 0.05) olmustur. Statik ve
dinamik siirtiinme katsayilarina iliskin yapilan varyans analiz sonuglarina gore yiizey malzemeleri arasindaki
fark istatistiksel olarak 6nemli olmustur (p<0.05). Kauguk yiizeyde en diisiik statik ve kinetik siirtiinme katsayisi
elde edilirken PVC yiizeyde en yiiksek statik ve kinetik siirtiinme katsayilar: elde edilmistir. Hizlar arasindaki
fark ise istatiksel olarak 6nemli olmustur. Yani hiz artis1 statik ve kinetik stirtiinme kat sayilarini etkilemistir.
Hiz artisina bagh olarak hem statik hem de dinamik siirtiinme katsayilarinda artis meydana gelmistir. Hiz
degerleri gruplari arasindaki fark incelendiginde, en diisiik statik ve dinamik strtiinme katsayis1 5 mm s-1 hizda
sirasiyla 0.744 ve 0.711 olarak elde edilmis, en yiiksek statik ve dinamik siirtiinme katsayisi ise 25 mm s-1 hizda
0.891 ve 0.852 olarak elde edilmistir.
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Hawthorn (Crataegus spp.) is a tree-like plant that grows naturally in mountainous areas. Widely consumed
fresh or processed, hawthorn is one of the most important horticultural products for human health. In this study,
some engineering properties of fresh hawthorn (Crataegus spp.) fruit, such as size, geometric mean diameter,
sphericity, roundness, weight, volume, angle of accumulation, color, and friction force, were determined for the
design of mechanization tools for harvesting, transporting, conveying, storing, and processing. The average
width and length values for the hawthorn fruit used in the study were found to be 15.578 mm and 17.00 mm,
respectively. Because the thickness and width were the same, the same values were used for these two variables
for arithmetic and geometric measurements. The average weight of a fruit was measured as 2.54 g, while the
average berry volume was found to be 3.04 cm®. The sphericity value was found to be 94.38%, the roundness
value was found to be 91.70% and the surface area was found to be 50.48 mmz2. The porosity value was calculated
as 27.91%. According to the CIELAB values obtained as a result of color measurements, the hawthorn fruit was
determined to be intense yellow with a slight red tone at a medium brightness level. The stacking angle of the
materials was not affected by the surface material used. The difference between them was statistically
insignificant (p> 0.05). According to the variance analysis results performed on the static and dynamic friction
coefficients, the difference between the surface materials was statistically significant (p<0.05). While the lowest
static and kinetic friction coefficients were obtained on the rubber surface, the highest static and kinetic friction
coefficients were obtained on the PVC surface. The difference between the speeds was statistically significant. In
other words, the increase in speed affected the static and kinetic friction coefficients. An increase occurred in
both static and dynamic friction coefficients depending on the increase in speed. When the difference between
the speed values was examined, the lowest static and dynamic friction coefficients were obtained as 0.744 and
0.711 at 5 mm s-1 speed, respectively, while the highest static and dynamic friction coefficients were obtained as
0.891 and 0.852 at 25 mm s'! speed.
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1. GIRIS

Ali¢ (Crataegus spp.), Tirkiye'nin Glineydogu Anadolu Bolgesi ve Ortadogu, Cin, Asya tilkeleri basta
olmak tiizere ¢ogu iilkede daghk ve ormanlik alanlarda dogal olarak yetisen, giilgiller (Rosaceae)
familyasina ait, kiigiik boylu, dikenli, cali formunda veya agagcik seklinde bir bitkidir (Ozcan ve ark.,
2005; Khanali ve ark., 2017; Zandi ve ark., 2021; Wei ve ark., 2024). Meyveleri yuvarlak ve turuncu renkli
olup hafif eksimsidir. Tiirkiye'de en ¢ok "Ali¢" olarak bilinen Crataegus tiri, Turkiye'nin bir¢ok
bolgesine ozgiidiir. Tiirkiye genelinde yetisen yaklasik 20 tiir ve alt tiir oldugu ifade edilmektedir
(Dokumaci ve ark., 2021). Ulkemizdeki yerel tiirlerin cogu meyvelerini sonbaharin basindan ortasina
kadar olgunlagtirir (Ozcan ve ark., 2005; Zandi ve ark. 2021). Taze veya islenmis formda en yaygin
tiiketilen ali¢, insan saglig1 acisindan 6nemli bahge uriinlerinden biridir. Alig meyvesi taze olarak
tiiketildigi gibi regel, sarap, meyve suyu ve sirke gibi ¢esitli amaglar i¢in tiiketilmektedir. Ayrica, bir tibbi
ve yenilebilir meyve olarak, ali¢ meyvesi, benzersiz aromasi, ¢ekici rengi, bol miktarda besin maddesi ve
biyoaktif bilesenleri nedeniyle taze olarak veya konserve ilirilinler, regeller, jeller ve mesrubatlarda
islenerek yaygin olarak tiiketilmektedir (Roman ve ark. 2021). Ali¢ meyvelerindeki tiim bilesenler
arasinda, pektin, antioksidan, anti glikasyon, hipolipidemik ve probiyotik aktivitelerin yani sira genis bir
anti bakteriyel aktivite spektrumu da dahil olmak {lizere olaganiistii biyolojik etkilere sahip dogal ve
saglikli islevsel bir bilesenin yeni bir kaynagidir (Roman ve ark., 2021; Li ve ark., 2021; Wei ve ark,
2024). Ayrica Ali¢ meyvesi kardiyovaskiiler koruma, endotel bagiml vazorelaksasyon, koroner
dolasimin iyilestirilmesi ve hipolipidemik gibi insan saghigini koruyucu etkilere sahiptir (Ozcan ve ark.,
2005; Roman ve ark., 2021). Yerli tirlerimizin meyveleri, 6zellikle yliksek tansiyon ve zayif kalp
rahatsizliklarinin tedavisinde siklikla kullanilmaktadir (Baytop, 1984; Ozcan ve ark., 2005). Nitekim Ali¢
meyvesinin kimyasal icerik, gidasal faydalar ve insan sagligina olan etkileri ile ilgili yiiriitilen ¢ogu
calismada ali¢ meyvelerinin antioksidan bilesenlerinin iyi bir kaynagi oldugu bildirilmistir. Ayrica
icerigindeki zengin flavonoidler, antioksidan o6zellikler, kuersetin, katesin ve C vitamini nedeniyle
onemli bir tibbi bitki olmanin yani sira lezzeti, ¢ekici rengi ve bir¢ok makro ve mikro besin maddesinin
yuksek icerigi nedeniyle bircok islenmis gida {riiniiniin 6nemli bir bilesenidir. Bu ylizden uygun
kosullarda depolanmalidir. Uygun olmayan depolama kosullari, Alig meyvelerinde 6nemli derecede
kalite kaybina yol acar. Meyve ile ilgili yeterli bilgiye sahip olunmadig1 zaman tiiketicinin meyve se¢imini
ve dolayisiyla tiiketimini etkilemektedir. Hasat sonras1 meyve kalitesinde olusabilecek degisikliklerin
tahmin edilebilmesi i¢in dncellikli olarak depolama kosullarinin bir fonksiyonu olan Ali¢ meyvesinin
renk, sertlik, boyut veya agirlik gibi bazi kalite gostergelerinin yani sira dayanimi hakkinda bilgiye
ihtiya¢ duyulmaktadir (Zandi ve ark., 2021). Depolama kosullarinda bir¢ok biyokimyasal ve fizyolojik
stirecte olusan solunum ve terleme sonucunda meyve olgunlasmasina da bagh olarak degisiklikler
meydana gelmektedir. Ayrica, bu degisiklikler meyvenin maruz kaldig1 dis kosullara da baghdir.

Anlasilacag gibi bircok yonde degerli olan Ali¢ meyvelerinin kimyasal ve fiziksel 6zelliklerinin
belirlenmesine yénelik yapilan miihendislik calismalarinin sinirli oldugu gériilmiistiir. Ulkemizde Ozcan
ve ark. (2005), Dursun ve ark. (2021), Dokumaci ve ark. (2021) tarafindan Ali¢ meyvesinin bazi
ozellikleri incelenmistir. Oysa tarim dis1 arazi kosullarinda herhangi bir girdiye gereksinim duyulmadan
dogal olarak yetisen ve basta saglik olmak iizere bir¢cok alanda 6nemli olan bu bitkinin meyvelerinin
hasadi, tasinmasi, depolanmasi ve islenmesinde kullanilan ekipmanin tasarimi i¢in meyvenin fiziksel ve
mekanik bazi 6zelliklerinin belirlemesine ihtiya¢ vardir. Clinki tarimsal tUriinlerin fiziksel ve mekanik
ozellikleri, ekim, hasat-harman ve 6zellikle hasat sonrasi ilgili endiistrilerin tarimsal makina ve tasima
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ekipmanlarinin tasarimi ve imalatinin yani sira tarimsal iirtinlerin siniflandirilmasi ve islenmesinde
sikca dikkate alinan temel parametrelerdir. Bazi fiziksel 6zellikler, temel boyutlar (uzunluk, genislik ve
kalinlik), kiitle, geometrik ortalama ¢ap, kiiresellik ve siirtlinme katsayilaridir. Uriinlerin 6zelliklerinin
farkli olmasi nedeniyle bu parametrelerden bagimsiz olarak tasarlanan ve imal edilen tarimsal
makinalar cesitli olumsuzluklara yol agmaktadir (Ozarslan, 2002; Nesvadba ve ark., 2004; Jaliliantabar
ve ark., 2013; Ghodki ve Goswami, 2016; Shafaei ve Kamgar, 2017). Temel boyutlarinin yani sira statik
ve kinetik siirtiinme kuvveti ve bunlara bagh olarak hesaplanan siirtiinme katsayilarinin farkh ytizey
malzemelerinde belirlenmesi bu nedenle 6nemlidir, ¢iinkii malzemelerin ytlizey 6zellikleri tasinan her
Uriin i¢in farkli siirtinme direnci gosterebilmektedir. Ancak, tarimsal amagl kullanilan tasima,
depolama, ayirma, temizleme yapilarinda kullanilan malzemeler farkhliklar gosterdiginden siirtiinme
ozellikleri de iuriin nem icerigi, ylizey malzemesi ve kosullar), tasinma veya depolama sirasinda
uygulanan basing ve lirliniin ylizey malzemesi lizerinde ¢ekilme hizlarina bagh olarak degismektedir
(Mohsenin, 1986; Puchalski ve ark., 2003; Caliskan ve Vursavus, 2009; Bakhtiari ve ark. 2011; Sologubik
ve ark., 2013; Shafaei ve Kamgar, 2017). Bu nedenle siirtiinme kayiplarini azaltmak ve verimliligi
artirmak i¢in degisik yiizeyler icin stirtiinme 6zelliklerinin farkli kosullarda belirlenmesi bu tiir yapilarin
tasarimi i¢in 6nemlidir (Mohsenin, 1986; Alayunt, 2000; Amin ve ark., 2004; Obi ve Offorha, 2015;
Shafaei ve Kamgar, 2017). Stirtinme konusunda ¢ok ¢alisma olmasina ragmen ali¢ meyvesinin fiziksel
ve siirtiinme ézelliklerinin belirlenmesine yénelik sinirh sayida calismaya rastlanmistir. Ulkemizde Alig
meyvesinin yaygin olarak yetistigi bolgelerden birisi de Glineydogu Anadolu Boélgesidir. Bolgede basta
Diyarbakir ve Mardin illerinin kirsalinda dogal olarak yetismekte ve yore halki tarafindan farkl sekilde
sevilerek tiiketilmektedir. Ozellikle sonbaharda sehir merkezlerinde tezgahlarda yerini alan ilging
meyvelerden birisidir. Bu yiizden bu meyvenin hasadi, tasinmasi, temizlenmesi, siniflandirilmasi,
derecelendirilmesi, kurutulmasi, depolanmasi, paketlenmesi ve hasat sonrasi farkli amaglar icin
islenmesinde kullanilacak makinalarin tasimi icin bu meyvenin fiziksel 6zelliklerinin bilinmesi dogru bir
tasari i¢in gereklidir.

Bu nedenle, gelecekte bu meyveden farkli sekilde yararlanma ve sanayi sektoriinde
degerlendirilmesi i¢in bu ¢alisma yapilmistir. Calismanin amaci, dogada kendiliginden yetisen ve
Anadolu’da Ali¢ olarak bilinen bitkinin meyvenin fiziksel 6zelliklerini, siirtiinme kuvveti ve katsayilarini
farkli malzeme yltizeyleri ve farkli cekilme hizlarina bagh olarak belirlemek ve elde edilen verilerin
degerlendirilmesi sonucunda ¢oklu regresyon esitliklerinin gelistirilmesidir.

2. MATERYAL VE YONTEM

2.1. Bitkisel Materyal

Dogal olarak yetisen taze alic meyveleri (Sekil 1), Eyliil 2024 yilinda Mardin ilinde tezgah saticis1 aracilig1
ile dogrudan iireticiden ve hasattan hemen sonra temin edilmistir. Meyveler, denemelere baslayana kadar
yaklagik bir ay Tarim Makinalar1 ve Teknolojileri Miihendisligi Bolimiiniin laboratuvarinda bulunan
buzdolabinda +4°C derece sicaklikta plastik kaplarda muhafaza edilmistir. Deneme oncesinde buzdolabindan
cikarilan meyveler plastik kaplardan alinip paslanmaz bir zemine serilerek oda sicakligina gelmesi i¢in yaklagik
1 saat bekletilmistir. Meyve tanelerinin fiziksel 6zelliklerini belirlemek amaciyla tane uzunlugu (mm), genisligi
(mm), kalinlig1 (mm) 0.01 mm hassasiyetle 6l¢iim yapan dijital kumpas, tane agirligi (g) 0.001 g hassasiyetle
calisan hassas bir terazi ve tane hacmi (ml) 6l¢i silindiri kullanilarak belirlenmistir. Nem igerigi 6l¢iimii i¢in
her testte 25 gramlik 6rnekler 3 tekrarli olarak hazirlanarak tartilmis ve 103°C’de 24 saat firinda kurutulmaya
birakilmistir (Altuntas ve ark., 2005; Aviara ve ark., 2015; Obi ve Offorha, 2015; Sessiz ve ark., 2018).

106



Sessiz, Cevik, Solmaz, Karaer Tarim Makinalari Bilimi Dergisi/Journal of Agricultural Machinery Science (2025) 21(2): 104-120

Kurutmadan sonra drnekler tekrar tartilarak meyve nem igerikleri belirlenmistir. Orneklerin ortalama nem
icerigi (y.b.) %61.44 olarak hesaplanmustir.

e L

Sekil 1. Taze Alig Meyveleri

2.2. Boyut Ozellikleri

Alig meyvesinin; tane uzunlugu (mm), genisligi (mm), kalinlig1 (mm), tane agirligi (g), tane hacmi (cmd),
aritmetik ortalama ¢ap1 (mm), geometrik ortalama ¢ap1 (mm), kiiresellik degeri (%), porozitesi (%), yi1gilma
acist (0), yiizey alan1 (mm?), renk Ozellikleri ve farkli yiizeyler i¢in siirtinme kuvveti ve katsayilar
belirlenmistir. Fiziksel 6zellikler i¢in asagida verilen esitlikler kullanilarak hesaplanmistir (Mohsenin, 1986;
Deshpande ve ark., 1993; Alayunt, 2000; Kaleemullah ve Gunasekar, 2002; Calisir ve Aydin, 2004; Wilhelm
ve ark, 2004; Ozcan ve ark., 2005; Altuntas ve Yildiz, 2007; Koocheki ve ark., 2007; Kashaninejad ve ark.,
2008; Boac ve ark., 2009; Sologubik ve ark., 2013; Figueiredo ve ark., 2011; Zielinska ve ark., 2012; Wandkar
ve ark., 2012; Ozlii ve Giiner, 2016; Ndukwu ve Ejirika., 2016; Shafaei ve Kamgar, 2017). Meyvelerin ii¢ ana
boyutu (uzunluk, genislik ve kalinlik) i¢in 25 adet meyve dijital bir kumpasla 6l¢tilmiistiir. Ortalama aritmetik
cap (Da), geometrik ortalama cap (Dyg), kiiresellik (9), yuvarlaklik (R), porozite (P), yigilma agis1 (6) ve ylizey
alani (Sa) hesaplanmasinda kullanilan esitlikler Es (1-8)’de verilmistir.

_L+w+T 1)
a — 7
D,- (LWT)/3 2)

Genislik ve kalinlik 6lgiileri esit oldugundan;

D, = (L x D*) 1/3 formiilii kullanilmustir. (3)
(LWT) /3 4)

Q= I — x100
w

R =— x100 )
L

P= (1 - @) %100 ©)

Pt
= L
0 = tan < D )
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S, = n(LWT)"/3 (8)
Burada,
Semboller ve Anlamlar1

D, ' Ortalama Aritmetik Cap (mm) p: : Gergek Hacim Agirligi (g cm™)
D, : Geometrik Ortalama Cap pp : Tane Hacim Agirligi (g cm™)

O : Kiiresellik (%) P : Porozite (%)

6 :Yigima Agisi (°) us : Statik Siirtiinme Katsayisi

R : Yuvarlaklik (%) U  Kinetik Siirtinme Katsayist

S, :Yizey Alan1 (mm?) F, : Statik Siirtiinme Kuvveti (N)

L :Uzunluk (mm) F), : Kinetik Siirtiinme Katsayis1 (N)

W : Genislik (mm) w : Kutu agirligl + Meyve agirligt (N).

2.3.Yig1lma acgilar1

Farkli malzemelerin yiizeylerinde yigilma agilarini belirlemek amaciyla 100 mm ¢apinda ve 500 mm
yiiksekliginde krom malzemeden yapilmis bir silindir kullanilmistir (Sekil 2). Silindire konulan ali¢ meyveleri
kontrollii bir sekilde yukariya dogru kaldirilarak iiriiniin malzeme iizerinde kaymasi saglanmistir. Yigilma
acilari, ¢ekilme sonunda olusan yiginin yiiksekligi ve kullanilan malzemelerin dagilma ¢apina bagl olarak ve
Sekil 2’de goriilen dijital ac1 6lger kullanilarak belirlenmistir (Wandkar ve ark., 2012; Dhineshkumar ve ark.,
2015; Ghodki ve Goswami, 2016; Sessiz ve ark., 2019).

B 2 S 1 ™ 3 ‘gﬂ
i = 7, e 0
Ve E

Sekil 2. Silindir ve Dijital ac1 6l¢er

2.4.Renk Ozellikleri

Renk skalasi olan L*, a* ve b* degerlerinin élciimlerinde Sekil 3’de goriilen CM11P marka renk élcer
kullanilmistir. Burada, L* degeri beyazlik veya siyahlik derecesini (0’dan 100’e dogru beyazlik artar)
gostermektedir. a* degeri yesilden kirmiziya dogru (+a ise kirmiz orany, -a ise yesil orani artar), b* degeri
saridan maviye dogru olan (+b ise sar1 orani, -b ise mavi orani artar) renk degisiminin gostergesidir.
Olgiimler icin alic meyvesi numune kabina doldurulmus ve cihaz dogrudan tohumlarin yiizeyine temas
edecek sekilde dlctimler yapilmistir. Bu islem 10 kez tekrar edilmis ve ortalamalar1 alinmistir (Zielinska
ve ark., 2012; Sessiz ve ark., 2019).
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{

| \ // {
L*=0 B~

Sekil 3. CM11P dijjital ren olcer

2.5. Siirtiinme Ozellikleri

Surtinme o6zelliklerini belirlemek icin U¢ tniteden olusan bir test diizenegi o6zel olarak
olusturulmustur (Sekil 4). Bu uniteler; trin kabi, siirtlinme ytizeyi ve veri ol¢im duzenegidir. Alig
meyvelerinin konuldugu kutunun alt kismi a¢ik birakilmis ve yiizeyle temasini énlemek icin kutunun
altina rayh bir diizenek yerlestirilmistir (Sekil 4). Siirtinme deneyleri %61.44 meyve nem iceriginde,
kaucuk, krom, galvanizli sac ve PVC olmak tizere 4 farkli ylizey malzemesinde ve 5, 10, 15, 20 ve 25 mm
s'1 (Lorestani, 2012; Esgici ve ark., 2018) olmak tlizere 5 farkli sabit ¢ekilme hizlarinda yiiritilmustiir.
Meyve kutusu 250 x 250 x 90 mm boyutlarinda olup, meyvelerin yiizeyler ilizerinde ¢ekilme islemi ve
strtiinme kuvvetlerinin 6l¢limi Sekil 4’de goriilen g¢eki-basiya ¢alisan 2500 N kapasiteye sahip Llyod
Plus marka test cihazi ve diizenegi kullanilmistir.

Malzeme Test Cihazi [—xm]

Tohum Kutusu Celicsl

S O O

I

Surtinme Yiizeyi

P !

Platform

Sekil 4. Surtiinme kuvveti 6lcme diizenegi ve Llyod test cihazi.

Her ylizey malzemesi i¢in yapilan testlerin verileri cihaz tarafindan otomatik olarak kuvvet-yer
degistirme grafikleri seklinde kaybedilmistir. Cekilme islemi 50 cm’lik mesafede kutunun harekete
basladig1 en yiiksek kuvvet degeri statik siirtlinme kuvveti olarak, pikten sonra diisen ve normal hareket
halinde 6l¢iilen ortalama stirtiinme degerleri kinetik siirtlinme kuvveti olarak dikkate alinmistir. Statik
ve kinetik strtiinme kuvveti degerler icin ¢ekilme siireleri boyunca 6lciilen degerlerden 25 6l¢iimiin
ortalamasi bir tekerriir olarak hesaplanmistir. Analizler 4 farkl yiizey ve 5 farkl cekilme hiz degeri i¢in
ve 3 tekerriir olacak sekilde yapilmistir. Statik ve kinetik siirtiinme katsayilari asagida verilen esitlikler
yardimiyla hesaplanmistir (Mohsenin, 1986; Chandrasekar ve Viswanathan, 1999; Alayunt, 2000;
Balasubramanian, 2001; Blau, 2001; Amin ve ark., 2004; Sessiz, 2007; Caliskan ve Vursavus, 2009;
Aviara ve ark., 2015., Sessiz ve ark., 2019). Statik ve kinetik siirtimnme katsayilar: sirasiyla Es (9) ve
Es(10) yardimiyla hesaplanmistir.

Fs
Hs=y ©)

_Fk
M=, (o
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Burada,

Us = Statik siirtlinme katsayzisi,

Ur = Kinetik siirtiinme katsayisi,

F; = Statik strtiinme kuvveti (N),
F}, = Kinetik siirtinme kuvveti (N),
w = Kutu agirhigi+ Ali¢ agirhig: (N).

2.6. Istatistik Analizi

Elde edilen veriler yani sonuglar SPSS 27.0.1 programi kullanilmistir. Analizlerin tamaminda %5
hata payina gore analiz yapilmistir. Yiizey ve hiz faktoriiniin etkilerinin belirlenmesi i¢in 6ncelikle tek
yonlii varyans analizi (ANOVA) uygulanmistir. Onemlilik degerinin 0.05ten kiigiik oldugu degerler icin
gruplar arasi farkin belirlenmesi acisindan Tukey analizi uygulanmistir.

3. ARASTIRMA BULGULARI VE TARTISMA

Ali¢ meyvesine ait dl¢iilen boyut ve diger fiziksel 6zelliklerine iligkin 6l¢iilen ortalama degerler
Cizelge 1’de verilmistir. Cizelgeden goriilecegi gibi Alic meyvesi i¢in ortalama genislik ve uzunluk
degerleri sirasiyla 15.58 mm ve 17.00 mm olarak bulunmustur. Kalinlik ve genislik degerleri ayni
oldugundan aritmetik ve geometrik ol¢timler i¢in bu iki degiskenin degerleri ayn1 alinmistir. Bir adet
meyvenin ortalama agirlig1 2.54 g olarak o6lciilerken, ayni tanenin ortalama tane hacim degeri ise 3.04
cm? olarak bulunmustur. Kiiresellik degeri %94.38, yuvarlaklik degeri %91.70 ve yiizey alani ise 50.48
mm? olarak bulunmustur. Ger¢ek (ladet) hacim agirhigr (g cm-3) 0.86, hacimsel (y181n) agirlik (g cm-3)
0.62 olarak hesaplanmistir. Gergek tane hacim agirlig1 ve meyve y18in hacim agirhgindan hesaplanan ve
depo yapilari i¢in gerekli olan porozite degeri ise %27.91 olarak hesaplanmistir.

Cizelge 1. Alg Meyvesinin Fiziksel Ozelliklerine Iliskin Olgiilen Ortalama Degerler

Ozellik Ortalama Standart Sapma Varyasyon Katsayisi
Genislik (mm) 15.57 0.94 6.04
Uzunluk (mm) 17.00 0.74 4.35
Agirhik (g) 2.54 0.33 12.99
Hacim (cm?) 3.04 0.71 23.36
Geometrik Orta Cap(mm) 16.50 0.82 497
Aritmetik Ortalama Cap (mm) 16.29 0.75 4.60
Kiiresellik (%) 94.38 2.42 2.56
Yuvarlaklik (%) 91.70 3.49 3.80
Yiizey Alani (mm ?) 50.48 238 4.71
Gergek (1 adet) Hacim Agirligi (g cm-3) 0.86 0.15 17.44
Hacimsel (Yigin) Agirlik (g cm-3) 0.62 0.01 1.61
Porozite (%) 27.91 0.62 2.22

Her yiizey malzemesi icin 6lciilen y181lma acilarinin hem ag1 6lcer degerleri ve esitlik kullanilarak
hesaplanan degerler Cizelge 2’de verilmistir. Cizelgeden gortlecegi gibi iki 6l¢lim yontemi arasinda
belirgin bir fark olusmamistir. Yontemler arasinda olusan #2 fark normal sayilmaktadir. Yapilan varyans
analizleri sonuclarina gore de malzemelerin y1g1lma acisina etkisinin istatistiki acidan 6nemsiz (p> 0.05)
olmustur. Yani ylizey malzemeleri arasinda istatistiksel olarak bir fark olusmamistir.
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Cizelge 2. Alig¢ Meyvesinin Farkl Yuzeylerdeki Yigilma Agilar:

Aci Olcer (°) Yigilma Acisi (°)
Ortalama Standart Varyasyon Ortalama Standart Varyasyon
Malzeme Sapma Katsayisi Sapma Katsayisi
Galvaniz | 21.77 1.66 7.63 20.36 2.72 13.36
Krom 22.80 5.89 25.83 20.74 3.35 16.15
Kauguk 21.10 3.41 16.16 22.89 0.49 2.14
PVC 19.45 0.40 2.06 18.76 1.13 6.02

Denemelerden elde edilen stirtiinme kuvvetleri degerlerinden hesaplanarak elde edilen statik ve
dinamik siirtinme katsayilarina iligskin olciilen veriler Cizelge 3’te verilmistir. Yapilan varyans analiz
sonuglarina gore ylizey malzemeleri arasindaki fark istatistiksel olarak 6nemli olmustur (p<0.05). Tukey
analiz sonuglarina gore iki alt grup olusmustur. Ayni grup igerisinde yer alan kauguk ve krom yiizeyler
ile galvanizli sac ile PVC malzemeler arasindaki fark istatistiki acidan 6nemsiz bulunmustur. Yapilan
analizlere gore hem statik hem dinamik siirtlinme katsayilari i¢in ayni sonug elde edilmistir. Kaucuk ve
krom yiizeyler 1. grubu olustururken galvaniz ve PVC ytlizeyler 2. grubu olusturmustur. Kauguk yiizeyde
en diisiik statik ve kinetik stirtiinme katsayisi elde edilirken PVC yilizeyde en yliksek statik ve kinetik
stirtiinme katsayilari elde edilmistir.

Cizelge 3. Yiizey Faktorii Tukey Analiz Sonuglar1 (SPSS)

Statik Siirtiinme Katsayisi Dinamik Siirtiinme Katsayisi

Yﬁzey P =0.05 Yijzey P =0.05
malzemesi N 1 2 malzemesi N 1 2
Kauguk 15 0.7396P Kauguk 15 0.6970b

Krom 15 0.7863P Krom 15 0.7468P

Galvaniz 15 0.86062 Galvaniz 15 0.82182
PVC 15 0.8851a PVC 15 0.8579a

Alic meyvesinin siirtinme katsayisinin ¢ekilme hizlarina gore degisimi Cizelge 4’te verilmistir.
Yapilan varyans analizlerine gore cekilme hizinin siirtiinme katsayilarina etkisi 6nemli bulunmustur
(p<0.05 Hiz artisi statik ve kinetik siirtiinme katsayilarini etkilemistir ve bu etki istatistiki acidan 6nemli
bulunmustur. Tukey analiz sonug¢larina gore 3 alt grup olusmustur (Cizelge 4). 5 ile 10 mm s-1, 10 ile 15
mm s, 15, 20 ve 25 mm s'1 hiz degerleri arasindaki fark 6nemsiz bulunurken, hiz artisina bagh olarak
hem statik hem de dinamik stirtiinme katsayilarinda artis meydana gelmistir. Hiz degerleri gruplar
arasindaki fark incelendiginde en diisiik statik ve dinamik siirtiinme katsayisinin 5 mm s-1 hizda sirasiyla
0.744 ve 0.711 olarak elde edilirken en yliksek statik ve dinamik stirtiinme katsayisinin 25 mm s-1 hizda
0.891 ve 0.852 olarak elde edilmistir. Siirtiinme 6zelliklerinin yiizey malzemesi ve lriiniin yiizey
malzemesi lizerinde cekilme hizlarina bagh olarak degisim gosterdigini Mohsenin (1986), Alayunt
(2000), Puchalski ve ark., (2003), Caliskan ve Vursavus, (2009), Bakhtiari ve ark., (2011), Sologubik ve
ark., (2013), Shafaei ve Kamgar (2017) tarafindan da ifade edilmistir.
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Cizelge 4. Hiz Faktoru Tukey Analiz Sonuglar: (SPSS)*

Statik Siirtiinme Katsayisi Kinetik Siirtiinme Katsayisi
Tukey HSD? Tukey HSD?
P=0.05 P=0.05
Hiz(mms1) | N 1 2 3 Hiz(mms1) | N 1 2 3
5 15 0.74467 5 15 0.71133
10 15 0.77833 0.77833 10 15 0.74633 0.74633
15 15 0.82000 082000 15 15 0.78058 0.78058 0.78058
20 15 0.85508 20 15 0.81383 0.81383
25 15 0.89150 25 15 0.85242

*Ayn1 grupta yer alan ortalamalar arasinda fark yoktur.

Farkli ylizey malzemeleri ve farkli gekme hizlarinda olusan statik ve kinetik siirtiinme katsayilari
Cizelge 5’te toplu olarak verilmistir. Kauguk yiizey, 5 mm s hizda en diistik statik ve kinetik siirtiinme
katsayilar1 elde edilirken, PVC ylizey ve 25 mm s hizda en yiiksek statik ve dinamik siirtinme
katsayilar1 elde edilmistir. Her yilizey icin hiz faktériine varyans analizi uygulandiginda 6nemlilik
degerleri 0.05'ten (p<0.001) kiiciik olarak hesaplanmistir. Gruplar arasi fark anlamlidir ve bu sonuca
gore hiz tim yiizeylerde, statik ve dinamik siirtiinme katsayilarini etkilemistir. Hiz faktériintin
etkilerinin incelenmesi icin Tukey analizi uygulanmistir. Analiz sonuglarina gére krom yiizeyde hiz
faktoru icin dinamik siirtiinme katsayisi adina 4 farkl grup olusmustur ve 3 numaral grup icerisinde 15
ve 20 mm s hiz degerleri yer almistir. Galvaniz ylizeyde hiz faktori icin dinamik siirtinme katsayisi
adina 4 farkl grup olusmustur ve 4 numaral grup icerisinde 20 ve 25 mm s-1 hiz degerleri yer almistir.
PVC ylizeyde hiz faktori icin statik sirtiinme katsayisi adina 3 grup olusmustur. 1 numarali grup
icerisinde 5 ve 10 mm s hiz degerleri ve 2 numarali grup icerisinde 15 ve 20 mm s-1 hiz degerleri yer
almistir. Ayn1 grup icerisinde yer alan degerler icin fark istatistiki acidan 6nemsizdir. Bahsedilen
degerler haric¢ diger ylizeylerde her hiz degeri statik ve kinetik siirtiinme katsayilari i¢in ayr gruplarda
yer almistir. Sonug olarak hiz her yiizey icin 6nemlidir ve istatistiki acidan ciddi bir 6nem tasimaktadir.
Hiz arttikca statik ve dinamik siirtiinme katsayilarinda artis oldugu belirlenmistir.

Cizelge 5. Yiizey ve Hiz Faktorii Icin Statik ve Dinamik Siirtiinme Katsayilari

Cekilme Hizi Statik Siirtiinme Katsayisi Dinamik Siirtiinme Katsayisi
(mms1) Kaucuk Krom Galvaniz PVC Kauguk Krom Galvaniz PVC
5 0.654 0.706 0.788 0.831 0.619 0.664 0.759 0.803
10 0.694 0.748 0.822 0.849 0.656 0.717 0.789 0.824
15 0.725 0.788 0.872 0.895 0.683 0.757 0.821 0.861
20 0.793 0.826 0.894 0.908 0.740 0.771 0.859 0.885
25 0.833 0.864 0.926 0.942 0.787 0.824 0.881 0.917

Denemelerde kullanilan malzemeler ve hiz degerleri icin olusturulan siirtiinme degerleri icin
olusturulan regresyon esitlikleri ve ¢oklu regresyon katsayilar1 Cizelge 6’da toplu olarak verilmistir.
Regresyon analizleri sonucunda bagimsiz parametre olarak se¢ilen, meyvenin farkh yiizey malzemeleri
lizerinde c¢ekilme hizlarinin artisina bagh olarak tiim yiizeylerde stirtinme katsayilarinda artis
gorilmiustir (Sessiz ve ark., 2018).
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Cizelge 6. Her Malzeme I¢in Hiza Bagh Olusturulan Regresyon Esitlikleri ve R Degeri

Statik Siirtiinme Katsayisi Dinamik Siirtiinme Katsayisi
Malzeme Regresyon Denklemi R Regresyon Denklemi R
Krom Fs=0.668 + 0.040 x Hiz 0.981 Frx=0.634 + 0.037 x Hiz 0.981
PVC Fs=0.801 + 0.028 x Hiz 0.966 Fr=0.771 + 0.029 x Hiz 0.987
Galvaniz Fs=0.756 + 0.035 x Hiz 0.988 Fr=0.727 + 0.031 x Hiz 0.979
Kaucuk Fs=0.602 + 0.046 x Hiz 0.988 Fx=0.571 + 0.042 x Hiz 0.987

CM-11P marka renk 6l¢er cihazi ile renk 6zelliklerine iliskin 6l¢tilen veriler Cizelge 7'de verilmistir.
Alig yiizey rengi RGB modunda 6l¢iilmiistiir ve veriler Microsoft Excel 2016 kullanilarak CIELAB renk
uzayina donustirilmustiir (Cizelge 2). Renk 6l¢timleri sonucunda elde edilen CIELAB degerlerine gore
alic meyvesinin L degeri 65.20, a degerinin +3.53, ve b degerinin +57.67 oldugu bulunmustur. Bu
sonuglara gore alic meyvesi orta parlaklik diizeyinde hafif kirmizi ton barindiran yogun sar1 renkte
oldugunu soyleyebiliriz.

Cizelge 7. Al¢ Meyvesinin Renk Ozellikleri
R|768.00 L (Koyu-Agik) 65.2
Renk Olgiimii |G |616.00 a (Yesil-Kirmiz1) 3.53
B|190.75 b (Mavi-Sar1)) 57.67

4. SONUC

Calismada fiziksel o6zellikleri incelenen Ali¢ meyvesi i¢cin ortalama genislik ve uzunluk degerleri
sirastyla 15.578 mm ve 17.00 mm olarak bulunmustur. Ortalama bir adet meyvenin agirlig1 2.54 g olarak
olciilerken, ayni tanenin ortalama tane hacim degeri ise 3.04 cm?® olarak bulunmustur. Kiiresellik degeri
%94.38, yuvarlaklik degeri %91.70 ve ylizey alani ise 50.48 mm? olarak bulunmustur. Ger¢ek (1ladet)
hacim agirlig1 (g cm-) 0.86, hacimsel (y1gin) agirhk (g cm>) 0.62 olarak hesaplanmistir. Gergek tane
hacim agirlig1 ve meyve y18in hacim agirligindan hesaplanan ve depo yapilar icin gerekli olan porozite
degeri ise %27.91 olarak hesaplanmistir.

Galvanizli sac, krom, PVC ve kaucuk malzemeler kullanilarak yapilan testler sonucunda elde edilen
veriler her farkli malzeme ytizeyi icin statik ve kinetik siirtiinme 6zelliklerine iliskin ¢oklu regresyon
esitlikleri ve c¢oklu regresyon katsayilari olusturulmustur. Esitliklerde yer alan kismi regresyon
katsayilar1 pozitif olanlarin siirtiinme kuvveti ve siirtlinme katsayilar1 degerlerini artirici yonde
etkilerken, kismi regresyon katsayisi negatif olanlar azaltici yonde etkili olmustur. Sabit ve kismi
katsayilar: yliksek olan galvanizli sac ve kaucuk malzemede siirtiinme kuvveti ve katsayilar1 krom ve
PVC malzemeye gore daha yiiksek olmustur. Dolayisiyla, farkl yiizeyler igin gelistirilen bu esitlikler
kullanilarak hem statik hem kinetik stirtiinme degerleri icin deneysel verilere gerek kalmadan tahmini
veriler elde edilebilecektir.

Yiizey malzemeleri ve ¢ekilme hizlar:1 dikkate alinacak olursa en diisiik stirtiinme katsayisi degerleri
kaucuk ve krom malzemelerde ve 5 mm s-1 ile 10 mm s-! ¢ekilme hizlarinda elde edilmistir. Statik ve
dinamik stirtiinme katsayisi degerleri karsilastirildiginda tiim malzeme ve hiz degerlerinde statik
surtiinme katsayisi degerlerinin dinamik katsayilara gore daha yiiksek olmustur.
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EXTENDED ABSTRACT

Hawthorn (Crataegus spp.) is a tree-shaped plant that grows in mountainous areas. Its fruits are
round, orange in color and slightly sour. It grows in most Anatolian provinces, especially in the
Southeastern Anatolia region of Tiirkiye, and also in Middle Eastern countries. Some engineering
properties of the fruit need to be known accurately for the design of mechanization equipment to be
used in the harvest, transportation, conveyance, storage and processing of the fruits of this plant, which
is valuable in many ways. In this study, the dimensional properties of the Hawthorn fruit, as well as the
static and dynamic friction coefficients at different surface materials and pulling speeds, were
determined. The average width and length values for the Hawthorn fruit used in the study were found
to be 15.578 mm and 17.00 mm, respectively. Since the thickness and width were the same, the same
values were used for these two variables for arithmetic and geometric measurements. While the average
weight of one fruit was measured as 2.54 grams, the average grain volume weight of the same grain was
found to be 3.04 cm?. The sphericity value was found to be 94.38%, the roundness value was found to
be 91.70% and the surface area was found to be 50.48 mm?2. The porosity value was calculated as
27.91%.

According to the CIELAB values obtained as a result of color measurements, the hawthorn fruit was
determined to be intense yellow with a slight red tone at a medium brightness level. The stacking angle
of the materials was not affected by the surface material used. The difference between them was
statistically insignificant (p> 0.05).

According to the variance analysis results performed on the static and dynamic friction coefficients,
the difference between the surface materials was statistically significant (p<0.05). While the lowest
static and kinetic friction coefficients were obtained on the rubber surface, the highest static and kinetic
friction coefficients were obtained on the PVC surface. The difference between the speeds was
statistically significant. In other words, the increase in speed affected the static and kinetic friction
coefficients. An increase occurred in both static and dynamic friction coefficients depending on the
increase in speed. When the difference between the speed values was examined, the lowest static and
dynamic friction coefficients were obtained as 0.744 and 0.711 at 5 mm s-! speed, respectively, while the
highest static and dynamic friction coefficients were obtained as 0.891 and 0.852 at 25 mm s! speed.

Introduction and Research Questions & Purpose

Hawthorn (Crataegus spp.) is a small, thorny, shrubby or shrub-shaped plant belonging to the
Rosaceae family that grows naturally in mountainous and forested areas in many countries, especially
in the Southeastern Anatolia Region of Turkey and the Middle East, China, and Asian countries. Its fruits
are round and orange in color and slightly sour. Hawthorn, which is most commonly consumed in fresh
or processed form, is one of the important garden products in terms of human health.

In order to estimate the changes that may occur in the quality of the fruit after harvest, we must first
have the necessary information about some quality indicators such as color, hardness, size or weight of
the Hawthorn fruit as a function of storage conditions, as well as its durability. Changes occur depending
on the fruit ripening as a result of respiration and transpiration that occur in many biochemical and
physiological processes under storage conditions. In addition, these changes depend on the external
conditions to which the fruit is exposed.

As can be understood, it has been observed that engineering studies conducted to determine the
chemical and physical properties of Hawthorn fruits, which are valuable in many ways, are limited.
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There is a need to determine some physical and mechanical properties of the fruit for the design of the
equipment used in harvesting, transporting, storing and processing the fruits of this plant, which grows
naturally without any input in non-agricultural land conditions and is important in many areas,
especially health. Because the physical and mechanical properties of agricultural products are the basic
parameters that are frequently taken into consideration in the classification and processing of
agricultural products as well as the design and manufacturing of agricultural machinery and transport
equipment in the related industries such as planting, harvesting-threshing and especially post-harvest.

One of the regions where hawthorn fruit is widely grown in our country is the Southeastern Anatolia
Region. It grows naturally in the rural areas of Diyarbakir and Mardin provinces in the region and is
consumed by the local people in different ways. It is one of the interesting fruits that take their place on
the stalls especially in the city centers in the fall. Therefore, it is necessary to know the physical
properties of this fruit for the transportation of the machines that will be used in the harvest,
transportation, cleaning, classification, grading, drying, storage, packaging and processing of this fruit
for different purposes after harvest for a correct design. Therefore, this study was conducted to benefit
from this fruit in a different way in the future and to evaluate it in the industrial sector. The aim of the
study is to determine the physical and friction forces and coefficients of the fruit of the plant known as
hawthorn in Anatolia, which grows naturally in nature, depending on different material surfaces and
different shrinkage speeds and to develop multiple regression equations as a result of the evaluation of
the obtained data.

Methodology

Naturally grown fresh hawthorn fruits were obtained from vendors in Mardin province in
September 2024. In order to determine the physical properties of the fruit seeds, seed length (mm),
width (mm) and thickness (mm) were determined using a digital caliper with a precision of 0.01 mm,
seed weight (g) was determined using a precision balance with a precision of 0.001 g and seed volume
(ml) using a measuring cylinder. Moisture content was determined according to the ASABE Standard
(Standard S352.2, 2006), and 25 g samples for each test level were weighed in 3 replicates and left to
dry in the oven at 103° C for 24 hours (Aviara et al., 2015; Obi and Offorha., 2015). After drying, the
samples were weighed again and seed moisture content was determined. The average moisture content
(w.b.) was measured as 61.44%. A cylinder made of chrome material with a diameter of 100 mm and a
height of 500 mm was used to determine the accumulation angles on different surface materials. CM11P
brand colorimeter was used to measure the color scale L* a* and b* values. A specially designed test
setup consisting of three units was created to determine the friction properties. A Llyod Plus brand
testing device and mechanism with a capacity of 2.500 N working in tension and compression was used
to measure friction forces.

Results and Conclusions

In the study, the average width and length values for the hawthorn fruit whose physical properties
were examined were found to be 15.578 mm and 17.00 mm, respectively. The average weight of one
fruit was measured as 2.54 g, while the average grain volume weight of the same fruit was found to be
3.04 cm®. The sphericity value was found to be 94.38%, the roundness value was 91.70% and the surface
area was found to be 50.48 mmZ. The real (1 piece) volume weight (g cm-*) was calculated as 0.86, and
the volumetric (bulk) weight (g cm-*) was calculated as 0.62. The porosity value calculated from the real
grain volume weight and fruit bulk volume weight and required for storage structures was calculated as
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27.91%. The data obtained as a result of the tests conducted using galvanized sheet, chrome, PVC and
rubber materials were used to create multiple regression equations and multiple regression coefficients
for static and kinetic friction properties for each surface material. Partial regression coefficients in the
equations have positive effects on the friction force and friction coefficient values, while those with
negative partial regression coefficients have a decreasing effect. In galvanized sheet and rubber
materials with high fixed and partial coefficients, the friction force and coefficients were higher than in
chrome and PVC materials. Therefore, by using these coefficients developed for different surfaces,
estimated data can be obtained without the need for experimental data for both static and kinetic friction
values. When surface materials and withdrawal speeds are taken into account, the lowest friction
coefficient values were obtained in rubber and chrome materials and at withdrawal speeds of 5 mm s-1
and 10 mm s-1. When static and dynamic friction coefficient values are compared, it is seen that static
friction coefficient values were higher than dynamic coefficients in all materials and speed values.
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Bu ¢alismada, aspir (Carthamus tinctorius L.) gesitlerinin (Remzibey-05, Shifa, Goktiirk), bazi fiziksel 6zellikleri
(geometrik, hacimsel, siirtiinme ve renk ozellikleri), nem igeriginin bir fonksiyonu olarak belirlenmistir.
Denemeler ii¢ farkl nem igeriginde yiritiilmiistiir. Nem igerikleri, ¢esitler bazinda Remzibey-05 i¢in %6.08;
%10.31 ve %20.89; Shifa icin %6.36; %11.59 ve %19.72 ve Goktirk i¢in %6.04, %9.95 ve %20.69 olarak
belirlenmistir. Remzibey-05, Shifa ve Goktiirk ¢esitlerine ait tohumlarda nem igeriginin artisiyla geometrik
ozellik (geometrik ortalama cap, kiiresellik, yiizey alani) degerlerinde bir artis gorilmiistiir. Remzibey-05 ve
Goktiirk cesitleri i¢in, hacimsel 6zelliklerden tohum agirhg), 1000 tane agirhigl, hacim degerleri nem igerigi ile
artis gosterirken, hacim agirligy, ger¢ek hacim agirligi ve porozite degerlerinde azaliglar goriilmiistiir. Remzibey-
05 ¢esidinde dogal y1gilma agis1 degerleri nem igeriginin artisiyla azalirken, Shifa ve Goktiirk ¢esitlerinde artiglar
gorilmigtiir. Shifa ve Goktiirk gesitlerinde nem igerigi degisimiyle tiim siirtiinme yiizeylerinde siirtiinme
katsayisi1 degerleri artis gostermistir. Shifa ve Goktiirk gesitlerinde L* ve a* renk degerleri azalirken b* Kroma
ve Hue agis1 degerlerinde artiglar goriilmiistiir. Aspir tohumlarinin geometrik, hacimsel, siirtiinme ve renk
ozellikleri; hasat sonrasi teknolojiler olarak ayirma, siniflandirma, tasima, pazarlama, koruma (depolama,
isleme, vb.) proseslerinde kullanilacak makine ve sistemlerin dizayni, gelistirilmesi ve isletme agamalarinda
o6nemli mithendislik verileri olarak kullanilabilir.
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In this study, some physical properties (geometrical, volumetric, frictional and color properties) of safflower
(Carthamus tinctorius) cultivars (Remzibey-05, Shifa, Goktiirk) were determined as a function of moisture
content. The experiments were conducted at three different moisture contents. Moisture contents were
determined as 6.08%, 10.31% and 20.89% for Remzibey-05, 6.36%, 11.59% and 19.72% for Shifa and 6.04%,
9.95% and 20.69% for Goktiirk. There was an increase in geometric trait (geometric mean diameter, sphericity,
surface area) values with the increase in moisture content in seeds of Remzibey-05, Shifa and Goktiirk varieties.
For Remzibey-05 and Goktiirk varieties, seed weight, 1000 seed mass and volume values of volumetric traits
increased with moisture content, while volume weight, actual volume weight and porosity values decreased.
While natural angle of repose values decreased with increasing moisture content in Remzibey-05 variety,
increases were observed in Shifa and Goktiirk varieties. In Shifa and Goktiirk varieties, friction coefficient values
increased on all friction surfaces with the change in moisture content. While L* and a* color values decreased in
Shifa and Goktiirk varieties, b*, Chroma and Hue angle values increased. Geometric, volumetric, friction and
color properties of safflower seeds; design and development of machines and systems to be used in the processes
of separation, classification, transportation, marketing, preservation (storage, processing, etc.) as post-harvest
technologies.
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1. GIRIS

Degerli bir yag kaynagi olan aspir (Carthamus tinctorius L.) tek yillik ve otsu bir bitkidir (Baydar ve
Erbas, 2020). Yalanci safran, Amerikan safrani ve boyaci safrani olarak da adlandirilan aspir, genellikle
50-150 cm arasinda boylanabilen, dikenli ve dikensiz formlari olan, sari, beyaz, kirmizi ve turuncu gibi
farkli renklerde cicek acan, dallanan ve dallarinin ucunda tablalari olan ve tablalarin icerisinde beyaz ve
krem renkli tohumlarinin bulundugu, yaklasik 110-140 giin vejetasyon stiresine sahip bir yag bitkisidir
(Babaoglu, 2007; Nacar ve ark., 2016). Aspir, sicak ve soguk iklim sartlarina adapte olabilen ve kuru
tarim kosullarinda yetistiriciligi yapilabilen, yabanci otlara ve tuzluluga toleransiyla da sulu tarim
kosullarinda alternatif olarak degerlendirilebilecek bir bitkidir. Aspir bitkisinin bu énemli avantajlari
nedeniyle diger yag bitkilerine gore tarimsal liretim potansiyelinin daha ytksek oldugu goriilmektedir
(Baydar ve Turgut, 1993; Baydar ve Gokmen, 2003; Baydar ve Erbas, 2007).

Aspir bitkisinin tarimi i¢in Tiirkiye uygun ekolojik kosullara sahip olmasina karsin, yagh tohumlar,
bitkisel yaglar ve tiirevlerinin ithalat1 petrol ve petrol iiriinlerinden sonra ithalat kalemimizde ikinci
sirada yer almaktadir. Yag ithalatimizi azaltmak ve bitkisel yag acigimiza katki saglamak adina alternatif
yag bitkilerinin tiretimi biiytik 6nem tasimaktadir (Kigtk ve ark., 2021). Aspir bitkisinin neredeyse her
bolgemizde kolaylikla yetistirilebilir olmasi, bitki kok yapisinin derin ve aymi zamanda kurakliga
dayanikliligi, Tirkiye'nin yemeklik yag gereksinimine katki saglayabilecektir. Ayrica ylksek miktarda
oleik asit igerigi olan aspir yaginin, sera gazlarinin azaltilmasi ve COz emisyon miktari ve hava kirliligini
azaltic1 bir biyodizel yakit olarak 6nemli bir potansiyeli de mevcuttur (Ogiit ve ark., 2007; Kayagetin ve
ark., 2012; Babaoglu, 2017).

Hem biyodizel liretim potansiyeliyle de alternatif bir enerji kaynagi olmasi hem de aspir bitkisinin
kiispesinin hayvan yemi olarak kullanilabilmesi, Tirkiye’nin bitkisel yag tretimindeki acigin
giderilmesinde, iiretim alanlarinin artirilmasiyla hem iretici ciftgilerimize ve sanayicilerimize ticari
anlamda 6nemli katkilarinin olacag goriilmektedir (Erbas, 2012). Tarimsal katkis1 ve yliksek enerji
potansiyeli olan aspir bitkisi, Tiirkiye’'nin 6zellikle kurak ve yar1 kurak tarim kosullarinda alternatif ekim
nobetine uyabilecek degerli bir bitkidir (Uysal ve ark., 2006; Baydar ve Erbas, 2007).

Tarimsal triinlerin kaliteli ediniminde, hasat 6ncesi toprak, iklim ve tarimsal uygulama teknikleri
gibi faktorler yaninda, hasat yontemleri, hasat sonrasi kosullar, islemler ve depolama 6nemli bir etkiye
sahiptir. Tarimsal turiinlerin diizensiz sekil, boyut ve 6lciilere sahip oldugu bilinmektedir. Bu iirtinlere
ait fiziksel ozellikler (geometrik, hacimsel, stirtiinme ve renk oOzellikleri), ekim, hasat, hasat sonrasi
islemler, depolama, paketleme ve kalite kontrol asamalarinda dikkate alinmalidir (Anonim, 2022).
Tarimsal iriinlerin hasat ve hasat sonrasi hem asgari enerji ve is giici kullanimiyla eldesinde
kullanilacak makine ve sistemlerin dizayni, yapimi ve gelistirilmesine yonelik olarak ilgili {iriine ait
fiziksel 6zellikler olarak geometrik, hacimsel, siirttinme ve renk 6zelliklerinin belirlenmesi biiyiik 6nem
arz etmektedir (Bracacescu ve ark., 2018).

Literatiir arastirmalarinda, aspir bitkisi ve tohumlarina ait fiziksel, mekanik ve kimyasal 6zellikler
lizerine cesitli calismalar yapildig1 goriilmektedir. Calisir ve ark. (2005), Konya yoresinde yetistirilen
aspir tohumlarinin fiziksel 6zelliklerine farkli nem diizeylerinin etkilerini; Aktas ve ark. (2006), Dinger
aspir ¢esidine ait tohumlarin bazi fiziksel ve mekanik 6zelliklerine farkli nem iceriklerinin etkisini;
Shahbazi ve ark. (2011) ise, aspir bitkisi sapinin baz fiziksel ve mekanik 6zelliklerine farkli nem
iceriklerinin etkisini; Kobuk ve ark. (2019), farkl aspir cesitlerine ait tohumlarin baz fiziksel ve

122



Gedik, Dokiilen, Altuntags, Tarim Makinalari Bilimi Dergisi/Journal of Agricultural Machinery Science (2025) 21(2): 121-138

kimyasal 6zelliklerini; Elton ve ark. (2017a, b), kurutmanin aspir tanelerinin temel fiziksel 6zelliklerine
ve tanelerin hacimsel degisimine etkilerini degerlendirmislerdir.

Yapilan bu c¢alismada, farkl aspir cesitleri olarak Remzibey-05, Shifa ve Goktiirk cesitlerine ait
tohumlarin farkli nem iceriklerinin geometrik, hacimsel, siirtiinme ve renk 6zelliklerine etkileri birlikte
incelenmis olmasi nedeniyle daha 6nceki ¢alismalardan farklilik gostermekte olup, ¢alismanin bilimsel
literatiire katki sunacag1 ongoriilmektedir.

2. MATERYAL VE YONTEM

Bu c¢alismada kullanilan Remzibey-05, Shifa ve Goktirk aspir cesitlerine ait tohumlar,
Gaziosmanpasa Universitesi Ziraat Fakiiltesi Tarla Bitkileri B6liimii'nden temin edilmistir.

Remzibey-05: Gegit Kusagl Tarimsal Arastirma Enstitiisti tarafindan 2005 yilinda tescil edilmistir.
Cicek rengi sari, tane rengi ise beyaz ve dikenli bir yapiya sahiptir. Bitki boyu 60-80 cm’dir. Bin tane
agirhig1 46-50 g ve yag orani ise %32-35’tir (Anonim, 2025a).

Shifa: Tacikistan’dan getirilen bir aspir ¢cesididir. Dikensiz bir ¢esit olup, bitki boyu 50-97 cm’dir. Bin
tane agirhgl 37-43 g ve yag orani %Z24-28 arasinda degisiklik gostermektedir (Katar ve ark. 2016;
Yilmaz ve Dokiilen, 2025).

Goktiirk: Bahri Dagdas Uluslararasi Tarimsal Arastirma Enstitiisii Mudirliigi tarafindan 2016
yilinda tescil edilmistir. Cicek rengi sar1 a¢ip turuncuya doéner, tane rengi beyaz ve dikenli bir yapiya
sahiptir. Bitki boyu 90-100 cm’dir. Bin tane agirhig1 38-43 g ve yag orani %34-35 arasinda degisiklik
gostermektedir (Cosar, 2023; Anonim, 2025b).

Denemelerde kullanilan tohumlara ait geometrik, hacimsel 6zellikler, siirtinme ve renk 6zelliklerine
ait ol¢iimler Tokat Gaziosmanpasa Universitesi Ziraat Fakiiltesi Biyosistem Miihendisligi Boliimii
Biyolojik Malzeme Laboratuvarinda yapilmistir. Remzibey-05, Shifa ve Goktiirk aspir c¢esitlerine ait
tohum ornekleri Sekil 1’de ve farkli nem icerikleri Cizelge 1'de gosterilmistir.

REMZIBEY SHIFA GOKTURK

Sekil 1. Aspir gesitlerine ait tohum 6rnekleri

2.1. Nem Ol¢iimiiniin belirlenmesi

Aspir cesitlerine ait tohumlarin ilk nem icerigi, tohum o6rneklerinin 105+1°C sicaklikta 24 saat
stireyle kuru firinda (etiiv) kurutulmasiyla, kuru baz (% k.b.) olarak belirlenmistir (Altuntas ve ark.,
2020). Farkli nem igerikleri icin tohum o6rnekleri, hesaplanan miktarlarda damitilmis su ilave edilerek
Esitlik (1)’den yararlanilarak belirlenmistir (Gupta ve Das, 1997; Sacilik ve ark., 2003).
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Wi (Mp - M;)

(100 — M) (1)

Q

Q :Eklenecek saf su miktari, (kg)
Wi : Materyal agirhgi, (kg)

My : Arzu edilen son nem

M;i : Materyalin mevcut nemi

Arzu edilen farkli nem igerikleri icin nem diizeyinin tiniform bir sekilde kalmasi i¢cin tohum 6rnekleri
kilitli plastik posetlere konulmus, 278°K’de 7 giin zarfinda buzdolabinda bekletilmistir. Denemelere
baslamadan o6nce istenilen miktarda oOrnekler buzdolabindan alinarak oda sicakligina gelmesi
saglanmistir (Aydin ve Ozcan, 2002). Denemede, aspir cesitlerine ait tohumlarinin nem degerleri
Tablo 1’de verilmistir.

Tablo 1. Calismada kullanilan aspir ¢esitlerinin nem igerigi degerleri (% k. b.)*

L . Aspir cesitleri
Nem icerikleri Remzibey-05 Shifa Goktiirk
1. nem 6.08 +0.129 6.36+£0.391 6.04+£0.216
2. nem 10.31+0.247 11.59 £0.06 9.95%£0.492
3. nem 20.80+0.428 19.72+0.136 20.69+0.292

*1 % kuru baza gore nem igerigi

2.2. Boyut Ozelliklerinin Belirlenmesi

Aspir tohumlarinin geometrik ve hacimsel 6zelliklerini belirlemek icin her bir ceside ait nem
iceriginde 100 adet 6rnekleme tohumun uzunluk, (L»), genislik (Wa) ve kalinlik (T:) degerleri 0.01 mm
hassasiyetli dijital bir kumpas ile 6l¢tilmiistiir. Tohumlarin kiiresellik (S»), geometrik ortalama cap (Go)
ve yuzey alan (Sr) degerleri, asagida verilen Esitlik (2-4) ile hesaplanmistir (Mohsenin, 1980).

Go = (LpxWyx Ti)0'33 (2)

Sn = [(Go/Ln)] x 100 (3)

S, = 7(G,)? (4)
Ln : Uzunluk
Wa: Genislik
Ti : Kalinhk

Go : Geometrik ortalama ¢ap
Sh : Kiresellik
Sr : Ylzey alanmidir

2.3. Hacim Agirliklarinin Belirlenmesi

Her bir ceside ait nem icerikleri i¢in aspir tohum 6rneklerinin agirhklarinin (M:) 6l¢iimi 0.001 g
hassasiyetli elektronik dijital terazi ile yapilmistir. 1000 tane agirliklar1 (M1o00) i¢in ti¢ tekrarl 100 adet
tohum 6rneginin agirliklarinin ortalamalar dikkate alinmistir. Hektolitre yontemiyle aspir tohumlarinin
y1gin hacim agirhigr (oms), gercek hacim agirlhigl (pom:) degerlerinde de sivi yer degistirme metodu
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kullanilmis, siv1 akiskan olarak Toluen kullanilmistir (Sagilik ve ark., 2003). Bu amacla darasi alinan
dereceli 6l¢ti kabina konulan aspir tohumlarinin hacim (Sekil 2) ve érnek agirhigindan gergek hacim
agirhig (gergek hacim agirligy, true density) kg m-3 cinsinden belirlenmistir. Aspir tohumlarinin hacmi
(Ve) boyutsal eksenler porozite (Por) degerinde ise hacim agirliklar1 dikkate alinarak Esitlik (5 ve 6)’da
belirlenebilmektedir (Mohsenin, 1980).

Vi=m/6 (Lpyx Wy x T;) (5)
Por=[(1 = p,,,)/ (P, )] x 100 (6)

Aspir ¢esitlerine ait tohumlarin farkl stirtiinme ytizeyleri (lastik, PVC, kontrplak, galvaniz sac ve
laminant) kullanilarak statik siirtinme katsayisinin belirlenmesinde, strtiinme o6l¢iim diizenegi
kullanilmistir. Bu diizenek, egimi ayarlanabilir vidali bir kola sahip olup, statik siirtiinme katsayis1 61¢iim
sirasinda, aspir tohumlarin egimli yiizey lzerinde hareket etmeye basladig: ilk andaki okunan egim
(meyil) agis1 dikkate alinarak belirlenmistir (Yilmaz ve Altuntas, 2020) (Sekil 3).

Sekil 2. Gergek hacim agirliginin belirlenmesi Sekil 3. Statik stirtlinme katsayisinin belirlenmesi

Dogal yi8ilma acisinin (6 °) belirlenmesinde 300 x 500 mm o6l¢iilii iist ve alt1 acik bir silindir
kullanilarak, 6rnekleme tohumlarla tamamen doldurulmus silindirin diiz bir plaka yiizey tizerinde konik
bir sekil (Sekil 4) olusmasina kadar yavasca yukari kaldirilmis, serbest yigilmali tohumlarin olusturdugu
koninin egim agisi, dogal y1gilma agisi olarak belirlenmis ve Esitlik (7) ile hesaplanmistir (Kaleemullah
ve Gunasekar, 2002).

0y=[ (1/tan (3) ] (7)

H :Olusan koninin ytlksekligi, (cm)
R :Olusan koninin taban yari¢api, (cm)

- A

A\ ‘ ,-1 |1

Sekil . D.ogal glla aglslnl belirlenmesi

- S
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2.4. Renk Ozelliklerinin Belirlenmesi

Renk 6zelliklerinin belirlenmesi i¢in farkl aspir tohumlari renk 6lcer cihazi kullanilmis, 9 6l¢lim
tekrar1 yapilmistir. Renk karakteristikleri arasinda L* (parlaklik), a* (kirmizilik) degeri ve b* (sarilik)
degeri belirlenmis, ilaveten Kroma (C) ve Hue acis1 (&) Esitlik (8 ve 9) kullanilarak hesaplanmistir
(McGuire, 1992).

C= (a’+ b?)05 (8)
a=1/tan [(3)] (9

3. ARASTIRMA BULGULARI VE TARTISMA

Farkli nem igeriklerinin Remzibey-05, Shifa ve Goktiirk aspir ¢esitlerine ait tohumlarin fiziksel
ozelliklerinden geometrik, hacimsel, siirtinme ve renk 6zelliklerine etkilerine sonuglar bashklar halinde
verilmistir.

3.1. Geometrik Ozellikler

Farkli nem igeriklerinde aspir ¢esitlerine ait tohumlarin geometrik 6zelliklerinden uzunluk, genislik,
kalinlik boyutlarinin yaninda geometrik ortalama gap, kiiresellik ve ytizey alani degerleri ¢esit bazinda
Remzibey-05, Shifa ve Goktlirk gesitleri icin sirasiyla Tablo 2, 3 ve 4’te verilmistir.

Tablo 2 incelendiginde, Remzibey-05 cesidinde boyut 6zelliklerinden uzunluk degeri nem icerigi
degisimine gore 7.05-7.46 mm, genislik degerleri 3.97-4.27 mm, kalinlik degerleri ise 2.78-2.91 mm
arasinda degismistir. Nem iceriginin %6.08'den %20.89'a kadar artisinda ti¢ ekseni olusturan
boyutlarda sirasiyla %5.73, %7.64 ve %4.86 artislar goriilmiistiir. Geometrik ortalama cap, kiiresellik ve
ylzey alani degerlerinin nem icgerigi artisina gore degisimleri sirasiyla 4.25-4.51 mm, %60.36-60.58 ve
0.57-0.64 cm? arasinda degismistir. Nem iceriginin %6.08’den %20.89’a kadar artisinda bu
parametrelerde sirasiyla %6.12, %0.36 ve %12.28 artislar goriilmiistiir. Istatistiksel olarak geometrik
ozelliklerden boyut 6zellikleri (uzunluk, genislik, kalinlik), geometrik ortalama cap ve yiizey alani
degerleri iizerine nem iceriginin etkisi p<0.01 seviyesinde 6nemli bulunurken, kiiresellik degerlerine
etkisi ise istatistiksel olarak 6nemsiz bulunmustur.

Tablo 2. Remzibey-05 aspir cesidinde nem iceriginin geometrik 6zelliklere etkisi
Nem Geometrik

icerigi Uzunluk Genislik Kalinlik ortalama cap Kiiresellik Yiizey alani
(% k. b,) (Ln, mm) (Wa, mm) (T, mm) (Go, mm) (Sn, %) (S, cm2)
6.08 7.052+0.172b™  3.965+x0.474b™ 2.777+0.334 b™ 4.248+0.348 b™ 60.359+4.098 ans 0.569+0.093 b™
10.31 7.445+0.139 2™  4.199+0.173 a"  2.872+0.101 a" 4.463+0.120 a™ 60.021+1.215 ans 0.627+0.034 a™
20.89 7.456+0.146 a™  4.268+0.130a™  2.912%0.059 a™ 4.514+0.094 a™ 60.582+0.520 ans 0.642+0.028 a™
F degeri 22.600 12.549 6.167 18.249 0.583 16.750

+: standart sapma, ns: 6nemsiz, *: p<0.05, **: p<0.01

Shifa cesidinde nem igeriginin %6.36’dan %19.72’e kadar artisinda uzunluk, genislik ve kalinlik
eksenlerinde sirasiyla %2.49, %4.27 ve %2.47 artislar gorilmistiir. Nem iceriginin %6.36’dan
%19.72'ye kadar artisinda geometrik ortalama ¢ap, kiiresellik ve yiizey alani degerleri sirasiyla %3.12
%0.58 ve %6.35 artis gostermistir. Istatistiki olarak geometrik ortalama ¢ap ve kiiresellik degerleri
lizerine nem iceriginin etkisi 6nemsiz bulunmus, yiizey alanina etkisi ise p<0.05 seviyesinde 6nemli
bulunmustur (Tablo 3).
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Tablo 3. Shifa aspir ¢esidinde nem igeriginin geometrik 6zelliklere etkisi

igI:\elzer':;i Uzunluk Genislik Kalinlik of;‘;;"ﬂfgg;p Kiiresellik Yiizey alani
(% k. b,) (Ln, mm) (W4, mm) (T, mm) (Go, mm) (Sn, %) (51, cm?)
6.36 7.112+0.186 anrs 3.983+0.157 b™ 2.833+0.133 ars 4.297+0.137 bns 60.548+1.576 ans 0.583+0.037 b~
11.59 7.134+0.231 anrs 3.998+0.141 b™ 2.849+0.126 ars 4.316£0.126 ars 60.625+£1.101 ans 0.589+0.033 ab”
19.72 7.289+0.257 ans  4.153+0.164 a™  2.903+0.145 ans 4.431+0.163 ans 60.900+1.395 ans 0.620+0.044 a*
F degeri 1.820 3.745 0.739 2.596 0.182 2.722

+: standart sapma, ns: 6nemsiz, *: p<0.05, **: p<0.01

Goktiirk cesidinde nem igeriginin %6.04’den %20.69’a kadar artisinda uzunluk, genislik ve kalinlik
boyutlarinda sirasiyla %2.02, %3.07 ve %7.11 artislar gorilmiisken, geometrik ortalama c¢ap, kiiresellik
ve yuizey alani degerlerinde ise %4.06, %2,12 ve %8.1 artislar gorilmiistir. Nem igeriginin geometrik
ortalama ¢ap degerleri Uzerine etkisi p<0.01, genislik ve ylizey alami degerleri Uzerine p<0.05
seviyesinde onemli bulunurken, uzunluk ve kiiresellik degerleri iizerine etkileri ise Onemsiz
bulunmustur (Tablo 4). Tiim ¢esitler bazinda yapilan genel bir degerlendirmede uzunluk ve kiiresellik
lizerine nem igeriginin etkisi 6nemsiz iken ylizey alani iizerine de p<0.05 seviyesinde 6nemli etkileri
oldugu gorilmistir.

Tablo 4. Goktiirk aspir cesidinde nem iceriginin geometrik 6zelliklere etkisi

i;l'\;i':q'i Uzunluk Genislik Kalinlik OZZ‘;;?::;’;[) Kiiresellik Yiizey alani
(% k. b,) (Ln, mm) (W4, mm) (T, mm) (Go, mm) (Sn, %) (Sr, cm?)
6.04 7.245+0.414 ars  4.013+0.417b*  2.741+0.282 b™ 4.289+0.279 b™ 59.256+3.445 ans 0.580+0.075 b*
9.95 7.296+0.483 ans  4.014+0.354b*  2.800£0.259 b~ 4.331+£0.257 b~ 59.475%3.158 ans 0.592+0.070 b*
20.69 7.391+0.499 arns  4.136+0.323a  2.936+0.285a™ 4.463+0.257 a™ 60.512+3.353 ans 0.627+0.072 a*
F degeri 1.137 3.412 7.549 7.405 2.495 2.722

+: standart sapma, ns: 6nemsiz, *: p<0.05, **: p<0.01

Geometrik 6zellikler bakimindan; aspir ¢esitlerinin boyutsal degerlerinde nem artisiyla birlikte artis
gozlemlenmis, bu durum daha 6nce benzer sonucglara ulasan Aktas ve ark. (2006) ile paralellik
gostermektedir. Ozellikle Goktiirk ve Remzibey-05 cesitlerinde geometrik ortalama cap ve yiizey alani
degerlerinde anlamh artislar tespit edilmistir. Elton ve ark. (2017a)'nin kurutma islemleri sirasinda
aspir tohumlarinin boyutlarda azalmanin tespit edildigini aciklamislardir. Dolayisiyla aspir tohumlari
nem artisinin boyutsal olarak eksenel olarak artis gostermistir.

3.2. Hacimsel Ozellikler

Aspir tohumlarinin farkli nem igeriklerindeki tohum agirlhigi, 1000 tane agirlig1 yani sira tohum
hacmi, hacim agirhigi ve gercek hacim agirligi, porozite degerleri Remzibey-05, Shifa ve Goktiirk gesitleri
icin sirasiyla Tablo 5, 6 ve 7’de verilmistir.

Remzibey-05 ¢esidinde tohum agirligi ve 1000 tane agirhgi degerleri nem icerigi degisimine gore
sirastyla 0.043-0.053 g ve 39.40-45.37 g arasinda degisirken, gercek hacim agirlig1 ve porozite degerleri
978.3-884.6 kg m3 ve %36.0-%32.8 araliginda degisim gostermistir. Nem igeriginin %6.08’den
%?20.89’a kadar artisinda tohum tane agirligi ve 1000 tane agirhigi degerleri sirasiyla %22.22 ve %15.15
artislar, tohum hacim agirhig1 ve porozite degerlerinde ise sirasiyla %9.58 ile %8.91 oraninda azalislar
goriilmiistiir. Istatistiki olarak tohum tane agirligi, 1000 tane agirhig1 ve hacim agirhgi degerleri lizerine
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nem iceriginin etkisi p<0.01 seviyesinde 6nemli bulunurken, tohum hacmi ve porozite degerleri tizerine
etkisi 6nemsiz bulunmustur (Tablo 5).

Tablo 5. Remzibey-05 aspir ¢esidinde nem igeriginin hacimsel 6zelliklere etkisi

e Tohum 1000 tane ) . o Gergek hacim i
Nem igerigi agrlign agirlign Hacim (mm3) Hacim agirhigi agirlign Porozite
(% k. b.) (Mt, g) (M1000, g) Vt, Cm3) Pmb (’(q m-3) (pmt’ kg m-3) (Por, %)
6.08 0.0432+0.0031 b™ 39.40+0.2309 a™ 0.0412+0.0106ars  616.84+2.53a™ 978.30+£97.24a"  36.02+5.93 ans
10.31 0.0459+0.0030 b* 41.23£0.4247 a™ 0.0470£0.0086 ans  618.72+4.84a™ 957.07+67.66 ab”  35.09+4.50 ars
20.89 0.0528+0.0037 a™ 45.37+0.2524 b™ 0.0463+£0.0084 ans  592.94+6.58b™  884.57+44.97b"  32.81+3.75ans
F degeri 22.690 79.562 1.021 50.841 3.107 0.709

+: standart sapma, ns: 6nemsiz, *: p<0.05, **: p<0.01

Tablo 6 incelendiginde, Shifa ¢esidinde tohum agirhigi, 1000 tane agirlig1 ve gercek hacim agirlig
degerleri nem icerigi degisimine gore sirasiyla 0.040-0.051 g, 35.23-39.80 g ve 959.9-939.9 kg m-3
arasinda degismistir. Nem iceriginin %6.36’dan %19.72’ye kadar artisinda tohum tane agirlig1 ve 1000
tane agirlhig1 degerleri sirasiyla %28 ve %12.97 artislar gortlirken, tohum hacim agirhiginda ise %2.08
oraninda bir azalis goriillmiistiir. istatistiksel olarak tohum tane agirhg iizerine nem igeriginin etkisi
p<0.01 seviyesinde 6nemli bulunurken, 1000 tane agirligi ve hacim agirhig degerleri tizerine nem
iceriginin etkisi p<0.05 seviyesinde 6nemli bulunmustur. Tohum hacmi, ger¢cek hacim agirligi ve
porozite degerleri lizerine nem igeriginin etkisi 6nemsiz bulunmustur.

Tablo 6. Shifa aspir ¢cesidinde nem igeriginin hacimsel 6zelliklere etkisi

Gergek haci
.Ner.nw Tohum agirligi 10(30 ta,n € Hacim (mm3) Hacim agirhigi er;'f ?ﬂm Porozite
icerigi (M. g) agirlign Ve, cm3) » (kg m3) agirligi (Por, %)
(% k. b.) ’ (M1000, g) v pm (pms, kg m-3) ’

6.36 0.0400+0.0028 b™  35.23%¥0.3372b"  0.0369+0.0099 ars 635.98+1.03 b* 959.86+104.02 ans  33.01£8.14 ans
11.59 0.0502+0.0034 a™ 37.47+1.3154ab* 0.0440+0.0136 ans 643.51+2.40 a 951.94+72.92 ans 32.05+5.44 ans
19.72 0.0512+0.0034a™  39.80+1.0786a" 0.0450+0.0102 ans 611.97+4.99 c* 939.85+83.44 ans 34.47+5.64 ans

F degeri 37.450 6.875 1.511 153.792 0.079 0.209

+: standart sapma, ns: 6nemsiz, *: p<0.05, **: p<0.01

Goktiirk cesidinde tohum agirligi, 1000 tane agirligi, hacim agirhigi ve gercek hacim agirligi degerleri
nem icerigi degisimine gore sirasiyla 0.041-0.052 g, 39.80-43.17 g, 612.6-564.1 kg m-3 ve 1029.7-848.0
kg m-3 arasinda degismistir. Nem iceriginin %6.04’ten %20.69’a kadar artisinda tohum tane agirhigi ve
1000 tane agirhigr degerleri sirasiyla %26.46 ve %8.47 artiglar gosterirken, hacim agirhig ve gercek
hacim agirhig degerleri ise %7.93 ve %176.50 oraninda azalis gostermistir. Istatistiksel olarak tohum
tane agirlig: lizerine nem iceriginin etkisi p<0.01 seviyesinde 6nemli bulunurken, 1000 tane agirhigi,
hacim agirligi ve gercek hacim agirlig1 degerleri tizerine nem igeriginin etkisi p<0.05 seviyesinde 6nemli
bulunmustur (Tablo 7).
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Tablo 7. Gokturk aspir cesidinde nem iceriginin hacimsel 6zelliklere etkisi

.Ner.n“ Tohum agirhgi 1000 tane Hacim (mm3) H,acm,' Ger;‘fk h‘f”"’ Porozite
erigt M, g) agirligi (Moo, g) Vi, cm3) agirhgr agirhgt (Por, %)
(% k. b.) ' pmb (kg m3) (pmy, kg m3) '
6.04 0.0412+0.0029a™  39.80£1.0786b"  0.0444+0.0086 ans 612.64+4.21a 1029.72+180.45a" 38.84+11.55ns
9.95 0.0439+0.0021 b™  40.03£0.9008 b*  0.0420£0.0075 ans  602.34+2.84b" 998.48+97.54 ab” 39.22+5.58bns
20.69 0.0521+0.025 ™ 43.17£1.1027a"  0.0472+0.0071 ars  564.06£3.43 ¢*  847.97+57.84 b" 33.23+4.48bns
F degeri 51.331 6.981 1.116 314.420 3.743 1.098

+: standart sapma, ns: 6nemsiz, *: p<0.05, **: p<0.01

Hacimsel 6zellikler agisindan degerlendirmede, tohum agirlig1 ve 1000 tane agirligl nem artisiyla
birlikte 6nemli oranda artis gostermistir. Ancak hacim agirlig1 ve porozite degerlerinde azalmalar
saptanmistir. Calisir ve ark. (2005), aspir tohumlarinin 5.61, 14.08 ve 23.32 % k.b. nem igeriklerinde
hacim agirlig), gercek hacim agirlig1 ve porozite degerlerinin sirasiyla 526.9-488.6 kgm-3,1096.7-1187.6
kg m-3 ve % 52.0-56.7 arasinda degistigini agiklamislardir. Bu ¢alismada bulunan sonuglar, Calisir ve ark.
(2005)'nin aspir tohumlarinda artan nemle birlikte porozite ve hacim agirligindaki azalma gézlemleriyle
uyumludur. Ayn sekilde, Goktiirk cesidinde belirlenen ytliksek hacimsel deger farklhiliklar1 da gesitler
aras1 genetik farklarin etkili oldugunu diisiindiirmektedir. Kobuk ve ark. (2019) da benzer sekilde
genotip farkliliklarinin fiziksel 6zellikler tizerinde etkili oldugunu bildirmistir. Tiim cesitler bazinda
yapilan genel bir degerlendirmede tohum hacmi ve porozite lizerine nem iceriginin etkisi 6nemsiz iken
tohum tane agirhigi tizerine p<0.05 seviyesinde 6nemli etkisi oldugu gorilmistir.

3.3. Dogal Yigilma Acisi
Aspir cesitlerine ait tohumlarin farkli nem igeriklerindeki dogal yigilma acis1 degerleri degisimi
Tablo 8’de verilmistir.

Tablo 8 incelendiginde, nem icerigi degisimine gore y181lma acilar1 Remzibey-05 ¢esidi i¢in 6.88°-
8.41°; Shifa cesidi icin 7.03°-8.84° ve Goktiirk cesidi icin 6.25°-8.43° arasinda bulunmustur. Nem
iceriklerindeki degisime gore, Remzibey-05 ve Goktiirk cesidinde degerler arasinda degiskenlik soz
konusu iken, Shifa ¢esidinde ise %20.09’luk bir artis gdzlenmistir. Istatistiksel olarak yigilma agisi
degerleri lizerine nem igeriginin etkisi Shifa cesidinde p<0.01 seviyesinde, diger ¢esitlerde ise p<0.05
onemli bulunmustur.

Tablo 8. Aspir ¢esitlerinde nem iceriginin yi181lma acisina etkisi

Remzibey-05 Shifa Goktiirk
Nem icerigi Yigilma acisi Nem igerigi Yigilma agisi Nem icerigi Yigilma agisi
(% k. b) (6°) (% k. b) (6°) (% k. b, (%°)
6.08 8.41+1.21a" 6.04 7.11+0.7203 b™ 6.36 7.02£1.490 b*
10.31 6.88+0.8281 b* 9.95 7.03+£0.7896 b™ 11.59 6.25+0.6753 b"
20.89 7.68+1.18 ab” 20.69 8.84+0.9860 a™ 19.72 8.43+0.9972 a”
F degeri 3.001 F degeri 8.909 F degeri 6.007

+: standart sapma, *: p<0.05, **: p<0.01i

Tiim cgesitler baz alindiginda dogal y1gi1lma acis1 ¢alismasinda 6.25°-8.84° araliginda bulunmustur.
Kobuk ve ark. (2019), aspir tohumlari icin dogal y1g1lma acis1 degerlerinin ise 23.17°-26.23° araliginda
oldugunu bulmustur. Sonuclardaki farkliligin nedeninin kullanilan ¢esit farklilig1 yaninda tohumlarin
yetistirildigi ekolojik kosullarin ve toprak 6zelliklerinin farklihigindan kaynaklandig: diistiniilmektedir.
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Dogal yigilma acisi degerleri literatiire gore bu calismada daha disik degerlerde bulunmustur.
Calismada, dogal y1g1lma agisinin, nem igerigiyle birlikte artis gosterdigi goriilmektedir.

3.4. Siirtiinme Ozellikleri
Farkli nem igeriklerinde aspir ¢esitlerine ait tohumlarin siirtiinme katsayisi degerleri, Remzibey-05,
Shifa ve Goktiirk cesitleri i¢in sirasiyla Tablo 9, 10 ve 11’de verilmistir.

Tablo 9 incelendiginde, Remzibey-05 ¢esidinde nem igerigi degisimine gore siirtiinme katsayilari
lastik ytlizey icin 0.40-0.55 arasinda (%37.59'luk artis), PVC yiizey icin 0.29-0.41 arasinda (%42.21’lik
artis), galvaniz sac yiizey i¢in 0.37-0.51 arasinda (%39.13’liik artis) ve laminant yiizey icin 0.28-0.34
arasinda (%17.77’lik artis) gozlenmistir. Nem icerigi ortalamalarina bakildiginda istatistiksel olarak

surtiinme katsayilari tizerine nem igeriginin etkisi p<0.01 seviyesinde 6nemli bulunmustur.

Tablo 9. Remzibey-05 aspir cesidinde nem iceriginin statik stirtlinme katsayisi lizerine etkisi

Nem icerigi Stirtiinme yiizeyi Nem icerigi
(% k. b.) Lastik PVC Kontrplak Galvaniz sac Laminant ortalamasi
6.08 0.399+0.0241 0.289+0.0148 0.325+0.0194 0.368+0.0132 0.287+0.0134 0.334 b**
10.31 0.416%0.0231 0.304+0.0149 0.284+0.0062 0.427+0.0190 0.281+0.0210 0.342 b**
20.89 0.549+0.0248 0.411+0.0291 0.311+0.0127 0.512+0.0172 0.338+0.0195 0.424 a**
Strtiinme yiizey! 0.453 a** 0.334 c** 0.308 d** 0.436 b** 0.302 d**
ortalamasi
F degeri 131.80 102.69

+: standart sapma, **: p<0.01

Shifa ¢esidinde nem iceriginin degisimine gore statik slirtiinme katsayilari; lastik, PVC, kontrplak,
galvaniz sac ve laminant ytzeyler icin sirasiyla 0.37-0.64;0.30-0.40; 0.29-0.35; 0.37-0.52 ve 0.27-0.37
araliginda degismistir. Nem icerigi degisimine gore lastik, PVC, kontrplak, galvaniz sac ve laminant
yuzeyler icin sirasiyla %72,43, %31,46, %16.84, %40.65, %36.57’lik artislar gozlenmistir. Nem icerigi
ortalamalarina bakildiginda istatistiksel olarak siirtinme katsayilar1 lizerine nem igeriginin etkisi

p<0.01 seviyesinde 6nemli bulunmustur (Tablo 10).

Tablo 10. Shifa aspir cesidinde nem iceriginin statik siirtiinme katsayisi tizerine etkisi

Nem igerigi Siirtiinme yiizeyi Nem icerigi
(% k. b.) Lastik PVC Kontrplak Galvaniz sac Laminant ortalamasi
6.36 0.371+£0.0140 0.302+0.0185 0.297+0.0194 0.369+0.0216 0.268+0.0132 0.321 c**
11.95 0.436+0.0235 0.302+0.0208 0.291+0.0264 0.425+0.0252 0.289+0.0175 0.348 a**
19.72 0.636+0.0327 0.397+0.0174 0.347+0.0153 0.519+£0.0196 0.366+0.0119 0.453 a**
Sdrttinme yizey! 0.481 a** 0.333 c** 0.312 d** 0.438 b** 0.308 d**
ortalamasi
F degeri 120.07 152.86

+: standart sapma, **: p<0.01

Goktiirk cesidinde nem igerigi artisina gore statik stirtiinme katsayilar lastik (0.41-0.60); PVC (0.29-
0.41), kontrplak (0.29-0.36), galvaniz sac (0.31-0.52) ve laminant (0.28-0.38) araliginda bulunmustur.
Nem icerigi artisina gore tiim ylizeylerde artis goriilmiis oranlar ise sirasiyla %48.28, %40.27, %0.57,
%64.65 ve %28.28 oranlari elde edilmistir. Nem igerigi degerlerinin siirtiinme katsayilari tizerine etkisi
istatistiksel olarak p<0.01 seviyesinde 6nemli bulunmustur (Tablo 11).
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Tablo 11. Goktiirk aspir ¢cesidinde nem iceriginin statik stirtiinme katsayisi iizerine etkisi

Nem icerigi Stirtiinme yiizeyi Nem icerigi
(% k. b.) Lastik PVC Kontrplak Galvaniz sac Laminant ortalamasi
6.04 0.406+0.0188 0.293+0.0134 0.353+0.01038 0.314+0.0217 0.297+0.0168 0.333 b**
9.95 0.436+0.0210 0.319+0.0288 0.287+0.0134 0.375+£0.0227 0.281+0.0210 0.339 b**
20.69 0.602+0.0445 0.411+0.0338 0.355+0.0173 0.517+0.0272 0.381+0.0156 0.453 a**
Sdrttinme yizeyl 0.481 a** 0.339 c** 0.327 c** 0.411 b** 0.317 c**
ortalamasi
F degeri 88.34 138.16

+: standart sapma, **: p<0.01

Tum cesitler bazinda yapilan genel bir degerlendirmede statik siirtlinme katsayisi degerleri tizerine
nem igeriginin etkisi tiim ytizeyler icin p<0.01 seviyesinde dnemli bulunmustur. Tiim ¢esitler bazinda
surtiinme katsayisi degerleri lastik ylizeyde 0.37-0.60; PVC ylizeyde 0.29-0.41; Kontrplak ylizeyde 0.28-
0.36; galvaniz sac ylizeyde 0.27-0.52 ve laminant ylizeyde 0.32-0.45 araliginda bulunmustur. Kobuk ve
ark. (2019), Dinger 5-118, Remzibey-05, Balci, Linas ve Olasi ¢esitlerine sahip aspir tohumlarinin statik
stirtinme katsayilarini paslanmaz ¢elik siirtiinme ytizeyinde 0.33-0.44 araliinda bulmustur. Calisir ve
ark. (2005), statik stirtiinme katsayilarini paslanmaz ¢elik ve galvaniz sac i¢in sirasiyla 0.45 ve 0.39
olarak bulmuslardir. Calismada bulunan degerlerle literatiir degerleri arasinda benzerlikler
bulunmaktadir. Bu ¢alismada hem Shifa hem de Goktiirk gesitlerinde stirtiinme katsayilarinda ytiksek
oranl artislar gozlemlenmis olup, bu bulgu Aktas ve ark. (2006) tarafindan bildirilen siirtiinme yiizeyi
etkileriyle de ortiismektedir.

3.5. Renk Ozellikleri

Farkli nem igeriklerinde renk 6zelliklerinden L* a* b* Kroma, Hue agis1 degerleri; Remzibey-05,
Shifa ve Goktiirk cesitlerinde tohumlar icin sirasiyla Tablo 12, 13 ve 14’te verilmistir.

Tablo 12 incelendiginde, Remzibey-05 cesidinde nem igerigi degisimine gore L* degeri 69.41-71.82,
a* degeri -1.01 ile -0,86, b* degeri 16.70-17.21, Kroma degeri 16.73-17.24 ve Hue acisi1 ise -87.23° ile -
86.50° araliginda bulunmustur. Nem icerigi degisimine gore L* degeri %3.36’lik bir azalisa, a* degeri
%9.2’lik bir artisa, b* degeri %3.05’lik bir artisa, Kroma degeri %3.05’liik bir artisa neden olurken, Hue
agis1 degeri ise %0.19’luk bir azahs gostermistir. Istatistiksel olarak L* degeri lizerine nem iceriginin
etkisi p<0.05 seviyesinde 6nemli bulunurken, a* b* kroma ve Hue a¢is1 degerlerine nem igeriginin etkisi
istatistiksel olarak 6nemsiz bulunmustur.

Tablo 12. Remzibey-05 aspir ¢esidinde nem igeriginin renk dzelliklere etkisi

N‘;;: Z‘Z’)’gl L* a* b* Kroma Hue acisi
6.08 71.82+1.003 a* -0.783+0.395 ans 16.70+1.455 ans 16.73£1.441 ans -87.23+1.504 ans
10.31 70.24+1.837 ab* -1.008+0.474 ans 16.96+1.625 ans 17.00+1.610 ans -86.50+1.70 ans
20.89 69.41+2.198 b* -0.855+0.513 ans 17.21+1.406 ars 17.24+1.388 ans -87.06+1.850 ans
F degeri 2.935 0.369 0.170 0.178 0.310

+: standart sapma, ns: 6nemsiz, *: p<0.05

Tablo 13 incelendiginde, Shifa ¢esidinde nem igeriginin degisimiyle, L* a* b* Kroma ve Hue agisi
degerleri sirasiyla 68.48-72.29; -1.22ile -0.39; 17.11-17.46; 17.16-17.49 ve -88.04° ile -85.85° araliginda
degismistir. Oransal artis ve azalislar incelendiginde, L* ve a*, sirasiyla %5.27 ve %63.97°lik bir azalis
gosterirken, b*, Kroma ve Hue acis1 degerleri oransal olarak %1.45, %1.39 ve %1.97’lik artis
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gostermistir. Istatistiksel olarak L* degeri lizerine nem iceriginin etkisi p<0.01 seviyesinde énemli
bulunmus, a* ve Hue agisi1 degerlerine nem igeriginin etkisi p<0.05 seviyesinde 6nemli bulunmus, b* ve
kroma degerlerine nem igeriginin etkisi istatistiksel olarak 6nemsiz bulunmustur.

Tablo 13. Shifa aspir cesidinde nem iceriginin renk 6zelliklere etkisi

N;;Z Z‘Z:l)gl L* a* b* Kroma Hue agisi
6.36 72.29+1.117 a~ -1.088+0.332 b* 17.21+1.414 ans 17.25+1.404 ans -86.34+1.228 a*
11.59 70.35+1.403 b™ -1.220+0.435 b* 17.11+£1.059 ans 17.16+1.036 ans -85.85+1.606 a*
19.72 68.48+1.989 b* -0.392+0.541 a* 17.46+1.161 ans 17.49+1.141 ans -88.04+1.048 b*
F degeri 9.117 6.020 0.132 0.120 4.565

+: standart sapma, ns: 6nemsiz, *: p<0.05, **: p<0.01

Tablo 14 incelendiginde, Goktiirk cesidinde nem igeriginin %6.04’ten %20.69’a kadar artis1 i¢in renk
ozellikleri olarak L* degeri 66.70-72.48 araliginda; (%7.97’lik bir azalis), a* degeri -1.01 ile -0.15
araliginda (%85.07’lik bir azalis), b* degeri 16.84-18.56 araliinda (%5.76’lik bir artis), kroma degeri
16.71-18.66 araliginda (%6.58lik bir artis) ve Hue acis1 degeri -89.52° ile -86.56° araliginda (%3.42'lik
bir artis) gostermistir. Istatistiki acidan, L* a* Hue acis1 degerleri iizerine nem iceriginin etkisi p<0.01
seviyesinde énemli bulunmus, b* degerine nem iceriginin etkisi p<0.05 seviyesinde 6nemli bulunmus,
kroma degerine nem iceriginin etkisi ise 6nemsiz bulunmustur.

Cizelge 14. Goktirk aspir ¢esidinde nem iceriginin renk 6zelliklere etkisi

N‘;;Z ;:‘Zl)gl L a b Kroma Hue acisi
6.04 72.48+0.615 a™ -1.005+0.368 c** 16.84+1.221 b* 16.71+1.291 ans -86.56+1.151 a**
9.95 67.59+3.231 b™ -0.512+0.305 b* 18.56+0.528 a* 18.66+2.296 ans -88.42+0.936 b**
20.69 66.70+1.606 b™ -0.150+0.137 a™ 17.81+0.877a b* 17.81+£0.878 ans -89.52+0.434 b**

F degeri 13.004 13.431 5.307 2.234 16.873

+: standart sapma, ns: 6nemsiz, *: p<0.05, **: p<0.01

Genel olarak renk ozelliklerinde ise 6zellikle L* (parlaklik) degerinin nemle birlikte azaldigi, b* ve
Hue agisinin ise arttig1 tespit edilmistir. Bu degisim, Shifa ve Goktiirk cesitlerinde daha belirgin olmus ve
istatistiksel olarak anlamli bulunmustur. Elton ve ark. (2017a)'nin ¢alismasinda da benzer sekilde nem
icerigiyle birlikte renk degerlerinde degisim gozlenmis, bu da renk parametrelerinin nemin etkisine
oldukga duyarl oldugunu ortaya koymustur.

4. SONUC

Bu calismada, farkli nem igeriklerinin aspir tohumlarinin geometrik, hacimsel, stirtiinme ve renk
ozelliklerine olan etkisi incelenmis ve sonuclar 6nceki literatiirle karsilastirilmistir. Calisma sonucunda
elde edilen bulgular, aspir tohumlarinin fiziksel 6zelliklerinin nem igerigiyle énemli 6l¢tide degistigini
gostermektedir. 1. nem bazinda Goktiirk cesidinin uzunluk ve genislik degerleri diger cesitlerden daha
fazla saptanmistir. 3. neme bakildiginda ise Remzibey-05 ¢esidinin uzunluk degeri diger ¢esitlerden
daha fazla saptanmistir. Kalinlik degerine bakildiginda ise 1. nem bazinda en yiiksek deger Shifa
cesidinde bulunurken, 3. nemde en yiliksek deger Goktiirk ¢esidinde bulunmustur. Tohum agirligina
bakildiginda en ytliksek deger Remzibey-05 de saptanmistir. 1000 tane agirliginda ise en yiiksek deger
Goktiirk cesidinde cikmistir. Hacim agirhiginda en yiiksek deger Shifa cesidinde saptanmistir. Remzibey-
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05 cesidi i¢in statik siirtiinme katsayisina bakildiginda 1. nemde en yiiksek degeri lastik yiizey, 2. nemde
galvaniz sac yiizey, 3. nemde lastik yiizey vermistir.

Shifa ve Goktiirk cesitleri icin statik siirtiinme katsayisina bakildiginda 3 nem i¢in de en yiiksek
degeri lastik yiizey vermistir. Renk 6zelliklerinde L* degeri en yliksek Goktiirk cesidinde bulunmustur.

Bu calismada aspir tohumlarinin farkli nem igerikleri altinda sergiledigi fiziksel 6zellik degisimleri
onceki literatlirle genel anlamda uyumlu olup, baz1 farkliliklar c¢esit ve yetistirme kosullarindan
kaynaklanmaktadir. Dogal y1gilma ac¢isindan, ekim makinelerinin tohum sandiklarinin kenar egimleri ve
tohum akisinin dizgiinliigii i¢in yararlanilir. Siirtinme katsayisi tohum ve giibre sandik malzemesinin,
tohum ve glibre ekici diizenlerin ve tohum borularinin malzeme seciminde dikkate alinir. Hasat sonrasi
islemlerde, tohumlarin siniflandirilmasinda da aspir tohumlarinin boyut 6zelliklerinden yararlanilir
ayrica boyut ve kiireselik degeri, ekim makinesi hassas ekici diizenlerinin tasariminda da dikkate
alinmalidir.

Aspir bitkisi tohumlarinin boyutsal ve geometrik 6zellikleri; ekim makineleri ekici diizenlerinin ve
hasat makinalarinin tasariminda, tirtinlerin mekanik, pnomatik ve elektrostatik sistemler yardimiyla
temizlenmelerinde ve 1s1 transfer islemlerinde kullanilan 6nemli parametrelerdir. Ayrica aspir
tohumlarinin dogal y1g1lma agisi1 ve siirtiinme katsayisi gibi 6zelliklerinin tasima ve depolama yapilarinin
ve tesislerin projelendirilmesinde 6énemli miihendislik verisi olarak dikkate alinmalidir.
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EXTENDED ABSTRACT

Introduction and Research Questions & Purpose

Safflower can be easily cultivated in almost every region of Turkey, and its deep root structure and
drought resistance will contribute to Turkey's edible oil requirement. In addition, safflower oil, which
has a high oleic acid content, has an important potential as a biodiesel fuel to reduce greenhouse gases
and reduce COz emissions and air pollution. Safflower, with its agricultural contribution and high energy
potential, is a valuable plant that can fit into alternative crop rotation, especially in arid and semi-arid
agricultural conditions in Turkey.

It is of great importance to determine the geometric, volumetric, friction and color properties of the
related product as physical properties for the design, construction and development of machines and
systems to be used in the harvesting and post-harvesting of agricultural products with minimum energy
and labor use. In this study, the effects of different moisture contents on the geometric, volumetric,
friction and color properties of seeds belonging to Remzibey-05, Shifa and Goktiirk varieties of safflower
varieties have been examined together and it is predicted that this study will contribute to the scientific
literature.

Methodology

The seeds of safflower cultivars Remzibey-05, Shifa and Goktiirk used in this study were obtained
from Gaziosmanpasa University, Faculty of Agriculture, Department of Field Crops. Distilled water was
added to the seed samples for different moisture contents. In the experiment, harvest moisture and
storage moisture values of safflower seeds were taken as basis. The geometrical and volumetric
properties of safflower seeds were measured with a digital caliper and a precision balance. Sphericity
(Sh), geometric mean diameter (Go) and surface area (Sr) values of the seeds were determined with the
help of equations. Bulk volume weight (omb) and actual volume weight (omt) values of safflower seeds
were determined by hectoliter method and liquid displacement method was used and Toluene was used
as a liquid fluid.

Friction measurement apparatus was used to determine the static friction coefficient of safflower
seeds using different friction surfaces (rubber, PVC, plywood, galvanized sheet and laminate). For the
determination of the natural angle of repose (8y°), a cylinder with an open top and bottom was used,
and the cylinder, completely filled with sampling seeds, was slowly lifted up until a conical shape was
formed on a flat plate surface. Different safflower seeds were measured with a colorimeter to determine
the color characteristics. Color characteristics included L* (brightness), a* (redness) and b* (yellowness)
values, in addition to Chroma (C) and Hue angle (o) equations.

Results and Conclusions

In terms of geometric characteristics, an increase was observed in the dimensional values of
safflower cultivars with the increase in humidity. Especially in Goktirk and Remzibey-05 varieties,
significant increases were observed in geometric mean diameter and surface area values. In terms of
volumetric properties, seed weight and 1000 seed mass increased significantly with the increase in
humidity. However, volume weight and porosity values decreased. The natural angle of repose was
found to be in the range of 6.25°-8.84° for all varieties. In a general evaluation on the basis of all varieties,
the effect of moisture content on static coefficient of friction values was found significant at p<0.01 level
for all surfaces.
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In color properties, it was found that especially L* (brightness) value decreased with moisture
content, while b* and Hue angle increased.

In this study, the physical property changes exhibited by safflower seeds under different moisture
contents are generally consistent with the previous literature, and some differences are due to variety
and growing conditions. This indicates the need for optimized practices depending on the moisture level
of the seed, especially in post-harvest handling, equipment design and storage strategies.
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Sustainable irrigation management is crucial for fruit production in semi-arid regions. This study utilized
satellite data collected between 2020 and 2025 to evaluate plant growth and changes in soil moisture ina 15.59-
acre, drip-irrigated apple orchard located in eastern Tiirkiye. Spectral indices, such as NDVI, SAVI, and NDRE,
along with radar-based indices like RVI and RSM, were combined to analyze the temporal and spatial patterns
of plant stress. The results revealed significant stress conditions in 2020, 2021, and 2023. In contrast, 2024 saw
44% of the orchard reach the medium-high vegetation cover class. High correlations (r ~ 0.99) were found
between RSM, NDVI, and RVI indices, indicating that plant health is directly related to soil moisture. The SAVI
and NDRE indices, on the other hand, enabled the sensitive monitoring of both early- and late-stage stress. These
data defined area-based productivity maps and stress zones, and a field-level decision support framework was
established to support irrigation decisions. The study proposes a repeatable method for precision agriculture
applications, contributing to the mitigation of the effects of climate variability on yield.
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Surdiirilebilir sulama yonetimi, yar1 kurak bolgelerde meyve tiretimi igin kritik 6neme sahiptir. Bu ¢alismada, 2020
ile 2025 yillar1 arasinda toplanan uydu verileri, Tiirkiye'nin dogusunda bulunan 63 dekar biiyiikliigiinde, damla
sulama sistemine sahip bir elma bahgesindeki bitki biliylimesi ve toprak nemi degisikliklerini degerlendirmek i¢in
kullanilmistir. NDVI, SAVI ve NDRE gibi spektral indeksler ile RVI ve RSM gibi radar tabanh indeksler birlestirilerek
bitki stresinin zamansal ve mekansal oriintiileri analiz edilmistir. Sonuglar, 2020, 2021 ve 2023 yillarinda 6nemli
stres kosullar1 ortaya ¢ikarken, 2024 yilinda bahgenin %44'liniin orta-yiiksek bitki 6rtiisii sinifina ulagtigini ortaya
koymustur. RSM, NDVI ve RVI indeksleri arasinda yiiksek korelasyonlar (r  0,99) bulunmus olup, bu da bitki
saglhiginin toprak nemi ile dogrudan iligkili oldugunu gostermektedir. SAVI ve NDRE indeksleri ise erken ve ge¢
asama stresin hassas bir sekilde izlenmesini saglamistir. Bu veriler, alan bazli verimlilik haritalari ve stres bolgeleri
tanimlamis ve sulama kararlarini desteklemek i¢in tarla diizeyinde bir karar destek ¢ergevesi olusturulmustur.
Calisma, iklim degiskenliginin verim lizerindeki etkilerini azaltmaya katkida bulunan, hassas tarim uygulamalari
icin tekrarlanabilir bir yontem dnermektedir.
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1. INTRODUCTION

Apple (Malus domestica) cultivation in semi-arid and Mediterranean regions such as eastern Tiirkiye,
southern Spain, and central Italy is increasingly threatened by climate-driven variability in precipitation and
soil moisture. These vulnerabilities make it imperative to deploy scalable, real-time tools for crop monitoring
that support precision irrigation and adaptive water management (Ippolito, 2023).

Spectral vegetation indices derived from remote sensing platforms have become essential instruments for
monitoring plant health and stress. NDVI, while widely used to quantify vegetative vigor and biomass, often
saturates in dense canopies and misrepresents sparsely vegetated systems. For younger or open-canopy
orchards, the Soil Adjusted Vegetation Index (SAVI) corrects soil background reflectance. At the same time,
the Normalized Difference Red Edge Index (NDRE) captures variations in chlorophyll concentration, enabling
detection of late-season stress (Huete, 1988). In a multi-year study across Mediterranean mango orchards,
NDRE consistently outperformed NDVI in early detection of water stress under deficit irrigation regimes
(Sillero-Medina & Gonzalez-Pérez, 2025).

Complementary to these optical indices, radar-based metrics—namely the Radar Vegetation Index (RVI)
and Radar Soil Moisture Index (RSM)—offer cloud-independent assessments of canopy structure and surface
water content. Kaya & Oztiirk (2023) demonstrated strong positive correlations (r > 0.70) between NDVI and
RSM-derived volumetric water content (VWC) in wheat systems under semi-arid conditions in Tirkiye,
validating the relevance of combined radar-optical frameworks.

Importantly, many remote sensing-based studies are limited by a single-season scope or the absence of
meteorological variables, which constrains temporal generalizability. Nalgaoglu et al. (2025), in their study on
olive yield prediction in Mugla, Tiirkiye, demonstrated that integrating NDV1 with precipitation, temperature,
and vapor pressure deficit (VPD) in a neural network model improved yield prediction accuracy by over 20%.
This suggests that vegetation index data alone may be insufficient to fully characterize the interactions between
plants, soil, and climate.

Building on these findings, the current study employs a multi-temporal, multi-index remote sensing
strategy to monitor crop stress and guide irrigation decisions in a drip-irrigated apple orchard located in the
Igdir Plain, eastern Tiirkiye. Sentinel-1 SAR and Sentinel-2 MSI data are used to extract NDVI, SAVI, NDRE,
RVI, and RSM over six consecutive growing seasons (2020-2025). The study aims to (1) characterize temporal
patterns of vegetative stress, (2) map spatial productivity zones, and (3) construct a satellite-supported decision
framework for efficient irrigation scheduling in perennial horticultural systems.

2. MATERIALS AND METHODS

2.1. Study Area

This study was conducted in a commercial apple orchard located in the semi-arid region of eastern
Tiirkiye, within the Igdir Plain (39.937° N, 44.011° E) (Figure 1). The orchard spans 15.59 acres (63,107
m?), characterized by sandy-loam Cambisol soils, low annual precipitation (270-320 mm), and high
reference evapotranspiration rates (ET, = 1,100-1,300 mm/year). Summers are hot and dry, and
winters are cold, necessitating precise irrigation management. The field has a drip irrigation system, yet
irrigation decisions have traditionally relied on empirical observations rather than objective, data-
driven assessments.
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Figure 1. Zonal classification of field conditions based on remote sensing data in the delineated apple
orchard area

2.2. Remote Sensing Data Acquisition and Platform

Satellite-based data were obtained via the Farmonaut® platform (https://www.farmonaut.com/),
which integrates optical data from Sentinel-2 and radar data from Sentinel-1 (Copernicus Programme).
Sentinel-2 imagery offers 10-20 m spatial resolution across visible, red-edge, and near-infrared bands,
while Sentinel-1 provides all-weather C-band radar data with ~10 m resolution.

Although Farmonaut is a commercial service provider, its satellite-based outputs are directly
derived from validated European Space Agency (ESA) products. The platform’s internal processing uses
standard vegetation index algorithms published in peer-reviewed literature. However, no independent
ground-truth validation was conducted in this study, and results should be interpreted in that context.
The outputs were visually and statistically checked for internal consistency and temporal coherence.

2.3. Vegetation and Soil Moisture Indices

To assess vegetation dynamics and surface soil moisture over the study area between 2020 and
2025, five vegetation and soil indices were derived from Sentinel-1 and Sentinel-2 imagery. Satellite
images for all years were acquired on April 11.These indices—Normalized Difference Vegetation Index
(NDVI), Soil-Adjusted Vegetation Index (SAVI), Normalized Difference Red Edge (NDRE), Radar
Vegetation Index (RVI), and Radar Soil Moisture (RSM)—enable robust monitoring under various
environmental and phenological conditions. Table 1 outlines each index, its spectral band formula,
purpose, and reference.

Table 1. Vegetation and soil moisture indices used in the study

Index Equation Reference
NDVI (B8 —B4) / (B8 + B4) Xu et al., (2022)
SAVI ((B8-B4)/(B8+B4+L))x(1+L),L=0.5 Vidican et al., (2023)
NDRE (B8a- B5)/(B8a+ B5) Xu et al., (2022)

RVI VH /VV Ma et al., (2020)
RSM Derived via the backscatter model Ma et al., (2020)
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The bands used in these equations, along with their functions, are listed below.

B4 (Red, ~665 nm): Absorbed by chlorophyll pigments, essential for identifying vegetation stress
in NDVI/SAVI calculations (Xu et al., 2022; Vidican et al., 2023).

B5 (Red Edge 1, ~705 nm): Sensitive to changes in chlorophyll content; used in NDRE to monitor
plant nitrogen status (Xu et al., 2022).

B8 (NIR, ~842 nm): High reflectance in healthy vegetation due to leaf cell structure; fundamental
for NDVI/SAVI (Vidican et al,, 2023; Ma et al., 2020).

B8a (Red Edge 3, ~865 nm): Enhances detection of canopy structure in NDRE, especially during
reproductive growth stages (Xu et al., 2022).

VH / VV (Radar Polarizations): Sentinel-1’s dual-polarized radar bands used in RVI; robust under
cloud and light limitations (Ma et al., 2020).

Radar Soil Moisture (RSM): Surface soil moisture estimated by combining radar polarizations
using empirical inversion models (Ma et al., 2020).

All indices were exported as classified raster layers and manually digitized in ArcGIS Pro to compute
total area per vegetation class. Surface areas were converted from m? to hectares for comparative
analysis.

The thresholds used in the classification were as follows:

NDVI = 0.2

NDRE = 0.2

SAVI = 0.2

RVI=0.3

These threshold values were determined based on prior literature (e.g., Guimaraes et al., 2024;
Crespo et al,, 2024) and partially adjusted through empirical calibration by observing visual transitions
in the classified outputs. The rationale behind selecting these thresholds is explicitly noted when
discussing the classification results for each index.

All satellite images used to compute NDVI, SAVI, NDRE, RVI, and RSM values for each year were
acquired on approximately April 11, representing the early vegetative phase of apple trees, prior to full canopy
closure. This consistent acquisition date enables inter-annual comparison of early growth conditions and
facilitates consistent phenological interpretation across years.

2.4. Data Processing and Spatial Analysis

Satellite images for all years were acquired on April 11. Data were organized chronologically,
processed through QGIS/ArcGIS software, and reclassified into three vegetative categories:

Low (-1 to 0.2)

Medium (0.2-0.4)

High (0.4-0.6 for NDVI, 0.5-0.7 for RV, etc.)

Spatial patterning was analyzed to determine inter-annual variability and detect stress-prone
subzones. Geospatial zonal summaries were created annually and cross-referenced with decision
thresholds to identify areas that are both productive and vulnerable to environmental stress.

2.5. Decision Support Framework

A field-level decision support strategy was developed based on the processed index data. The
framework involved:

Zonal mapping based on index thresholds (e.g., NDVI = 0.2 for active growth).
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Temporal anomaly detection for years with unusually low RSM or NDRE values.

Inter-index correlation analyses to validate the relationship between canopy vigor and soil moisture.

Spatial segmentation to identify sub-field management zones for targeted irrigation interventions.

Field-scale productivity zones were delineated using yearly classified NDVI, RVI, NDRE, and SAVI
indices. Zones exceeding index thresholds (e.g., NDVI > 0.2, RVI > 0.3) were identified as productive zones.
These maps were compiled into a zonal decision-support model to guide irrigation frequency and intensity
planning by identifying persistently low-performing subzones.

2.6. Spatial Resolution Limitations and Soil Background Correction Strategies

In young orchard systems with sparse canopy cover, the spatial resolution of satellite imagery poses
significant challenges for accurate vegetation monitoring. In the study area, the average row and plant
spacing was approximately 10 meters, resulting in canopy coverage of only 5-10% per pixel during the
early years (2020-2022). Given that Sentinel-2 imagery has a spatial resolution of 10-20 meters (100-
400 m? per pixel), the dominant reflectance signal captured was from bare soil rather than vegetation
canopy.

To address this issue, the following correction strategies were employed:

Use of Soil-Adjusted Vegetation Index (SAVI): The SAVI index, incorporating a correction factor
(L = 0.5), was included to minimize soil background noise under low canopy conditions (Huete, 1988;
Peres & Cancelliere, 2021).

Inclusion of Radar-Based Indices (RVI and RSM): Unlike optical indices, radar data from Sentinel-
1 is less sensitive to surface reflectance variability and provides structural and moisture-related signals
independent of sunlight and cloud conditions (Hu et al., 2024).

Empirical Threshold Calibration: Index classification thresholds were partially adjusted by visual
validation to align with real canopy distribution patterns, thereby reducing classification noise due to
soil dominance in early years (Guimaraes et al., 2024).

Temporal Integration: A six-year temporal series (2020-2025) was employed to observe trends,
rather than relying on single-year snapshots, which can be skewed by sparse vegetation.

These strategies collectively improved index reliability in a low-density canopy system, providing a
more accurate reflection of plant health over time.

3. RESULTS AND DISCUSSION

3.1. General NDVI Change Trends (2020-2025)

The temporal evaluation of NDVI values across the apple orchard from 2020 to 2025 revealed
significant interannual variability in vegetative development. Figure 2 presents annual NDVI maps and
displays a summary of vegetation class distributions categorized into low (-1 to 0.2), medium (0.2-0.4),
and high (0.4-0.6) NDVI zones.

In 2020 and 2021, NDVI values across the entire orchard fell within the low classification range,
indicating minimal vegetation cover and low photosynthetic activity. During these years, 100% of the
63,107 m? field was classified as unproductive, suggesting a combination of environmental stressors
and insufficient plant establishment.
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In 2022, early signs of vegetative recovery were observed, particularly in the northeastern portion
of the field. Approximately 6,546 m? (10.4%) of the orchard transitioned into the medium NDVI class,
while the remaining 56,561 m? remained within the low classification (Figure 3). This shift suggests
improved environmental conditions or partial regeneration of plant biomass.

However, the upward trend was not sustained in 2023. NDVI maps once again showed uniform
reversion to low values, with 100% of the area classified as vegetatively inactive. This decline implies
that adverse climatic conditions, such as drought, pest pressure, or ineffective field management, may
have affected the orchard (Figure 3).
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Figure 3. NDVI map for 2022 - 2023

In contrast, 2024 marked the most productive year in terms of vegetation development. A total of
25,821 m? (40.9%) of the orchard exhibited medium NDVI values, and 1,849 m? (2.9%) reached the high
NDVI class (Figure 4). These values reflect optimal canopy growth and photosynthetic performance,
likely from favorable environmental conditions or agronomic improvements.

By 2025, NDVI values declined sharply, with the entire orchard reverting to the low classification
range (Figure 4). This regression underscores the production system's vulnerability to environmental
and operational inconsistencies, highlighting the need for more sustainable and adaptive field
management practices.
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2024 2025
Figure 4. NDVI map for 2024 - 2025

Figure 5 illustrates the spatial distribution of NDVI values within the apple orchard from 2020 to

2025, categorized into three classes: low, medium, and high. The data reveals significant fluctuations in
plant growth across these years.
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Figure 5. Annual NDVI-Based Vegetation Class Distribution in Apple Orchard

In 2020 and 2021, the orchard consistently exhibited low NDVI values, ranging from -1 to 0.2. This
trend indicates a complete lack of plant production or insufficient photosynthetic activity among the
existing flora. Notably, the entire area of 63,107 m? was classified as being in the low NDVI category for
both years.

A marked improvement in plant growth was observed in 2022, with approximately 6,546 m? of the
orchard achieving medium NDVI values (0.2-0.4). However, most of the area, encompassing 56,561 m?,
remained within the low NDVI classification. This shift indicates a resumption of plant growth, the
emergence of new plants, and an increase in chlorophyll content.

Unfortunately, this positive trend could not be maintained in 2023, as the entire orchard reverted to
the low NDVI classification. The whole area of 63,107 m? was categorized as unproductive, indicating an
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interruption in agricultural yield likely attributable to adverse environmental factors such as drought,
disease, or soil degradation.

2024 marked a notable turning point, characterized by the most favorable NDVI developments. The
orchard witnessed 25,821 m? classified as medium NDVI and an additional 1,849 m? achieving high
NDVI values (0.4-0.6). This year can be considered a peak in plant health and agricultural productivity,
with approximately 44% of the area reaching medium and high NDVI levels, which suggests that
agronomic interventions were effective.

Conversely, projections for 2025 indicate a significant decline in NDVI values, with the entire
orchard reverting to the low NDVI classification. This decline underscores the challenges in achieving
sustainable production and reveals the system's heightened sensitivity to external perturbations.

In summary, the analysis highlights 2024 as the most productive year for the apple orchard, while
the years 2020, 2021, 2023, and 2025 are identified as periods of minimal productivity. Despite the signs
of recovery in 2022, the subsequent decline in 2025 emphasizes the unsustainable nature of the current
agricultural practices under varying environmental conditions.

The temporal NDVI assessment conducted over the six years revealed pronounced fluctuations in
vegetation vigor, strongly influenced by environmental conditions and management practices. The
complete dominance of low NDVI values during 2020, 2021, 2023, and 2025 reflects recurring periods
of vegetative stress, potentially associated with water scarcity, insufficient agronomic inputs, or extreme
temperature events. In contrast, 2024 stood out with a significant portion of the orchard—over 44%—
classified under medium to high NDVI zones, indicating optimal canopy development and robust
photosynthetic performance. These patterns are consistent with prior findings in semi-arid
agroecosystems, where NDVI has been used as a reliable proxy for crop biomass, chlorophyll
concentration, and yield potential (Stagakis et al., 2012; Gaznayee et al., 2023).

Moreover, the observed rise and fall in NDVI values across the years highlight the limitations of
conventional, experience-based irrigation management. Without data-driven and adaptive
interventions, the orchard appears highly vulnerable to environmental stressors. Previous research
supports the idea that integrating NDVI into real-time irrigation strategies improves water-use
efficiency and stabilizes production under climate variability (Hasan et al., 2024). The drastic regression
in 2025, following the peak in 2024, reinforces that one-time agronomic improvements are insufficient
unless embedded within a sustained precision agriculture framework (Lakhiar et al, 2024).
Additionally, NDVI-based zonal mapping has been shown to support spatially targeted inputs, improving
resource allocation and crop resilience (Guimaraes et al., 2024).

These results suggest that NDVI, when monitored consistently across time and space, effectively
quantifies current vegetative status and forecasts agronomic risk. Thus, integrating NDVI monitoring
into orchard decision-support systems is advantageous and essential for ensuring long-term
sustainability and resilience in semi-arid fruit production systems.

3.2. Evaluation of Soil-Plant Relationship with RVI and RSM Data

Radar-based remote sensing technologies offer significant advantages for effectively monitoring
agricultural areas, particularly in semi-arid climates with high cloud cover. In this study, RVI and RSM
data were analyzed and interpreted in conjunction with NDVI values to assess plant growth and soil
moisture dynamics in an apple orchard. In this way, plant-soil relationships were revealed both spatially
and temporally, and the evolution of stress-induced variability over the years was evaluated.
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Figure 6 compares the average RVI, RSM, and NDVI values over the years. The RSM values were
relatively low in 2020, 2021, and 2023, resulting in both RVI and NDVI values remaining at their
minimum levels. This situation reveals that plant growth is severely disrupted, especially during periods
when drought effects are evident. In 2022, the partial increase in soil moisture led to a limited but
significant rise in RVI and NDVI values, marking an essential indicator of the resumption of plant
production. The year 2024 stood out as an exceptional period, during which optimum soil moisture and
strong, balanced plant growth were achieved simultaneously, reaching the highest values of the study,
with averages of both RSM (0.45), RVI (0.35), and NDVI (0.42). However, this positive momentum could
not be sustained in 2025; parallel to the decline in RSM level, NDVI and RVI values also decreased
significantly, thus clearly demonstrating the instability in productivity and the lack of sustainability in
the production process.

2020 was the year when the lowest values were observed in terms of plant growth and soil moisture.
The RVI map (Figure 7) indicates that most of the area has values ranging from 0.2 to 0.3, with only
limited areas exceeding 0.4. This implies low leaf density and poor vegetative reflectance. The RSM map
(Figure 7) also supports these observations, showing significant water stress in the eastern and
southeastern regions, with values ranging from 0.1 to 0.2. Insufficient soil moisture coincides with low
RVI values, indicating almost no plant growth throughout the year. In 2021, a similarly low growth
profile continued. RVI data (Figure 5) remained at low levels, especially in the eastern regions, and only
in the western parts was a partial increase observed, ranging from 0.4 to 0.5. However, these increases
are not significant on an area basis. The RSM map (Figure 8) reveals a more fragmented structure than
the previous year. Moisture uniformity could not be achieved in the area, and water deficiency reached
severe levels, especially in the central and eastern regions.

0,5
0.45 =—=RSM (Soil Moisture Index)
——RVTI (Radar Vegetation Index)
0,4 NDVI (Normalized Difference Vegetation Index)
0,35
0,3

Index value
(=]
o
wn

0,2

0,1

0,05

2020 2021 2022 2023 2024 2025
Years

Figure 6. Temporal Variation of RSM, RVI, and NDVI in Apple Orchard
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Figure 7. RVI-RSM changes in 2020
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Figure 8. RVI-RSM changes in 2021

The year 2022 started to show positive development signals compared to the previous two years.
The RVI map (Figure 9) shows values reaching 0.5 in the northwest and southeast regions, indicating an
increase in the leaf area index. RSM data (Figure 9) reveals that regions with soil moisture in the 0.3-0.5
band are expanding in area. This increase in soil moisture supported vegetative growth, and partial
production potential was realized in the garden. This year can be considered a transition year in which
the return to production begins. 2023 was when the recovery of 2022 could not be sustained, and the
soil-plant system weakened again. The RVI map (Figure 10) shows low vegetation density with a
predominance of red and orange tones. RVI values dropped below 0.2, especially in the central and
western regions. RSM data (Figure 10) reveals a similar decline, with low moisture levels in most areas
with values in the 0.1-0.3 band. The decrease in soil moisture is directly reflected in the NDVI; the area
has fallen back to the “Low NDVI” class.
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Figure 9. RVI-RSM changes for 2022
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Figure 10. RVI-RSM changes for 2023

2024 stands out as the most productive year for the apple orchard according to all radar data and
NDVI measurements. The RVI map (Figure 11) shows strong vegetative development, reaching 0.5-0.7
levels in most orchards. Vegetative reflections are intense in these areas, and the leaf area is at its
maximum. The RSM map (Figure 11) also supports this development, with values in the range of 0.4-0.6
throughout the garden, indicating sufficient water in the soil. The moisture profile is more balanced and
homogeneous. In line with the NDVI data, 2024 is the period with the healthiest plant growth. In 2025,
the high growth in 2024 could not be sustained. The RVI map (Figure 12) again shows radar reflections
predominantly in the 0.3-0.4 band despite the green areas opening up. This indicates a decrease in leaf
growth. The RSM data (Figure 12), on the other hand, shows that vegetative growth is limited due to a
renewed drop in soil moisture. Moisture levels have fallen below 0.2 in many garden parts, indicating
unsustainable production. NDVI data confirms these developments, placing the area in the “Low NDVI”
band.

The findings of this manuscript indicate that integrating radar-based data with optical-based NDVI
offers a high degree of accuracy and timeliness in agricultural monitoring processes. Specifically, the
year-by-year examination of the relationships between soil moisture (RSM) and plant growth (NDVI and
RVI) is reinforced by empirical evidence showing that productivity is closely linked to plant health and
soil conditions. Notably, 2024 represents the peak of productivity; however, the decline observed in
2025 suggests that this level of productivity may not have been maintained, potentially due to climatic

stresses or deficiencies in management practices.
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Figure 11. RVI-RSM changes for the year 2024
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The integration of radar-based vegetation (RVI) and soil moisture (RSM) indices with optical NDVI
data in this study provided a nuanced understanding of plant-soil interactions over time, particularly
under semi-arid conditions. The results demonstrated a precise temporal alignment between RSM and
vegetative indices, reinforcing that radar-derived metrics effectively detect water stress and its
influence on plant health (Pradipta et al., 2022). During years such as 2020, 2021, and 2023, when RSM
values were notably low, corresponding declines in RVI and NDVI confirmed that limited soil moisture
availability directly constrained canopy development and photosynthetic activity. These findings align
with previous studies emphasizing the importance of integrating soil moisture variability into crop
health diagnostics to enhance yield forecasting and management responsiveness (Duarte & Hernandez,
2024; Sishodia et al., 2020).

The sharp contrast observed in 2024, where high RSM levels corresponded with peak NDVI and RVI
values, further illustrates the synergy between water availability and vegetative performance. Such
insights echo recent literature that has underscored the benefits of radar-based monitoring in
overcoming the limitations of optical indices during cloudy or drought-prone seasons (Hu et al., 2024).
The ability of RVI to capture real-time biomass changes even under suboptimal optical conditions makes
it particularly valuable for operational irrigation planning (Yang et al., 2024). However, despite the prior
year's gains, the rapid regression in 2025 highlights the fragility of systems that lack continuous,
adaptive soil-plant monitoring. This aligns with recent findings that stress the need for combining high-
frequency remote sensing with precision irrigation frameworks to achieve sustainable production in
climate-sensitive horticultural zones (Dong et al., 2024).

In conclusion, this study's temporal co-variation of RSM, RVI, and NDVI validates their combined use
in stress detection. It also provides a replicable model for soil-plant interaction monitoring in other
semi-arid orchard systems. Future agricultural monitoring platforms should prioritize multisensor
fusion approaches to ensure resilience in the face of increasing climatic variability.

3.3 NDRE and SAVI Data on Plant Stress

NDRE (Normalized Difference Red Edge) and SAVI (Soil Adjusted Vegetation Index) are effective
remote sensing indices used for stress detection at different stages of plant development. In this study,
SAVI was used to assess plant performance during the early developmental stage, while NDRE was used
to determine plant vigor during the maturation stage. The data from 2020 and 2025 show that both
indices complement agricultural stress monitoring.

NDRE and SAVI maps for 2020, presented in Figure 13, show extremely low index values across the
field. Dark red and burgundy tones in both years characterize the maps. A similar pattern is observed in
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the 2021 maps (Figure 14). According to the area distributions, the area falls between -1 and 0.1 in the
SAVI classification, while for NDRE, almost the whole area falls between -1 and 0.1. This indicates that
vegetation was absent at the beginning of development (SAVI) and later in the season (NDRE) and that
severe water and nutrient stress was experienced.

2020 NDRE 2020 SAVI
Figure 13. NDRE and SAVI change for 2020
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2021 NDRE 2021 SAVI
Figure 14. NDRE and SAVI changes for 2021

In 2022, both indices showed the first signs of partial improvement. As depicted in Figure 15, the
areas highlighted in orange and yellow on the SAVI map indicate a positive change. In contrast, the NDRE
map reveals light green tones emerging in the eastern and western regions. Area data demonstrates the
emergence of a 9264 m? zone within the NDRE range of 0.2-0.3, suggesting limited plant vitality late in
the season. However, the data for 2023 indicates a decline in both SAVI and NDRE values (Figure 16).
Notably, the SAVI values reverted to red, signaling that stress was prevalent during early development.
In the NDRE map, areas remain marginally between 0.2 and 0.3, particularly in the southwest, indicating
some recovery towards the end of the season. Overall, the area primarily exhibited poor development.
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2022 NDRE 2022 SAVI
Figure 15. NDRE and SAVI changes for 2022

2023 NDRE 2023 SAVI
Figure 16. NDRE and SAVI changes for 2023

The highest values for NDRE and SAVI are recorded in 2024. The prevalence of green and yellow
tones is depicted in Figure 17, and the k-1 maps are noteworthy. In the SAVI metric, a development area
of 11,453 m? was identified within the range of 0.2-0.3, while 51,627 m? fell within the range of 0.1-0.2.
For the NDRE data, a significant area of 9,264 m? was found in the 0.2-0.3 range, and 53843 m? was
identified in the 0.1-0.2 range (Figure 17). These findings suggest that plant growth is sustainable, with
stress minimized during the initial stages and subsequent periods. However, the data for 2025 suggests
that this development could not be maintained, leading to a return to stress conditions. In the maps
presented in Figure 18, although scattered areas within the 0.1-0.2 range in SAVI, NDRE has reverted to
the -1 to 0.1 range, with most of the area returning to a red color. This reflects how environmental
factors, such as moisture or nutrient deficiencies towards the end of the season, adversely impact the
production process.
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Figure 17. NDRE and SAVI changes for 2024
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Figure 18. NDRE and SAVI changes for 2025

Integrating NDRE and SAVI indices in this study has proven valuable for evaluating plant stress
responses at distinct phenological stages in a semi-arid apple orchard. NDRE effectively captured
variations in chlorophyll content and physiological activity during the late season. SAVI offered
improved insights into early-stage growth under sparse canopy conditions by minimizing soil
background effects (Peres & Cancelliere, 2021). The consistently low index values observed in 2020 and
2021 across both metrics reflected a complete absence of vegetative development, confirming severe
stress likely caused by combined water and nutrient limitations. This finding aligns with earlier research
that highlights the vulnerability of perennial fruit crops in water-limited systems, particularly during the
establishment phase when root development is incomplete (Sellami et al.,, 2022).
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Although limited, the improvement observed in 2022 indicates the early signs of physiological
recovery, particularly in the eastern and western zones. This trend was especially evident in NDRE,
which showed spatial clusters of medium stress levels (0.2-0.3), corroborating the use of red-edge
indices as sensitive indicators of plant vitality under moderate stress conditions (Crespo et al., 2024;
Anderson, 2024). However, the decline seen again in 2023 emphasizes the transitory nature of this
recovery and the lack of consistency in soil-plant interaction management. These findings reflect
broader trends reported in recent precision agriculture literature, suggesting that intermittent
improvements in remote sensing indices may not lead to long-term productivity gains unless supported
by stable irrigation and nutrient management regimes (Guimaraes et al., 2024).

In contrast, 2024 marks the only year NDRE and SAVI values reached optimal levels across a
substantial portion of the orchard, indicating synchronization between early vegetative growth and
sustained physiological performance. The spatial expansion of medium-index zones in both maps
demonstrates that multispectral monitoring of plant stress dynamics offers reliable spatiotemporal
resolution for guiding agronomic decision-making (Carella et al., 2024). Nevertheless, the dramatic
regression in 2025, particularly in NDRE, reinforces the need for continuous, multi-index-based stress
monitoring. The findings emphasize that while NDRE and SAVI independently provide valuable insights,
their combined use enhances the reliability of stress detection frameworks and supports more informed
adaptive management in semi-arid orchard systems (Sharma et al., 2025).

3.4. Detection of Anomaly and Stress Periods

The interaction of various factors, including climatic variables, soil characteristics, and management
practices, influences plant development in agricultural production systems. Some years may exhibit
significant deviations (anomalies) or stress conditions regarding production potential within this
complex structure. Remote sensing-based crop indices (NDVI, RVI, SAVI, NDRE, etc.) are highly sensitive
to detect such periods. In this study, the periods of 2020 and 2023 are characterized by anomalies and
stress conditions. Remote sensing data obtained in these years clearly show that environmental
conditions significantly affect crop production during these periods.

2020 stands out as a period when low values were recorded in all NDVI, RVI, and SAVI data, and
agricultural stress continued in the early development phase until the end of the season. RSM values
below 0.1 indicate almost no moisture in the soil, while NDRE maps show that most of the area is
between -1 and 0.1, indicating that plant growth does not occur during the season. The area
classifications indicate that NDVI corresponds to the “Low” class (63107 m?). RVI values are
concentrated by a homogeneous distribution of red color tones in SAVIand NDRE, indicating widespread
stress in both early and late plant performance. These findings, in agreement with the meteorological
data, suggest that 2020 was a season of drought, and as a result, seed emergence and vegetative
development were not adequately realized. Therefore, 2020 is considered a critical year with a high level
of agro-stress anomaly in this study. Following a partial recovery in 2022, 2023 is notable for a decline
in agricultural performance. Visual and quantitative data show decreased soil moisture and sparse
vegetation cover. The NDVI value has returned to the “Low” class, and the entire area falls within this
group. According to RSM data, the humidity level is below the critical threshold of 0.2.

Notably, this year's SAVI maps show almost no growth, while NDRE maps indicate limited areas (in
the 0.2-0.3 band) with weak vegetation presence towards the end of the season. Radar reflections (RVI)
are also weak, indicating a low leaf surface area. In this context, 2023 was below expectations,
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constituted a breaking point in sustainable production, and was recorded as an “anomaly” in this respect.
This year's decline interrupted the recovery trend in 2022, creating instability in productivity.

2020 and 2023 are the years when stress levels are the highest and development is the weakest in
terms of both plant health and soil conditions. These years stand out when minimum values are observed
in all remote sensing-based indices, and production processes are interrupted by various environmental
pressures. The combined evaluation of NDVI, RVI, SAVI, and NDRE proves to be an effective tool in the
early detection of these anomaly periods and in determining the management measures to be taken in
the following years.

Identifying 2020 and 2023 as anomaly and high-stress years underscores the importance of multi-
index remote sensing in capturing both the timing and severity of agroecological disturbances. Over
these years, the decline in NDVI, RVI, SAV], and NDRE values indicates widespread physiological stress
affecting early and late phenological stages. Notably, the RSM data falling below 0.1 in 2020 and under
0.2 in 2023 highlights critical soil moisture deficiencies that likely compromised seed emergence,
vegetative development, and reproductive success (Sishodia et al,, 2020). Such multi-dimensional
remote sensing diagnostics enable early warning detection that surpasses the limitations of single-
variable monitoring systems (Anderson, 2024). Similar applications have demonstrated that the
simultaneous use of vegetation and moisture indices enhances spatial precision and enables rapid
detection of stress zones in orchards and specialty crops under irregular climatic conditions (Peres &
Cancelliere, 2021; Crespo et al., 2024).

The widespread low SAVI and NDRE values in both years, particularly the absence of medium or
high zones, confirm that both early canopy development and end-of-season physiological vigor were
suppressed, consistent with observations in drought-prone citrus and olive orchards (Sellami et al,,
2022). The complete dominance of low NDVIin 2020 (100% of 63,107 m?) and its reappearance in 2023
suggest an unsustainable production environment vulnerable to climatic shocks and agronomic
mismanagement (Guimaraes et al., 2024). These findings support broader conclusions regarding the
importance of year-on-year anomaly tracking in preventing yield collapse and guiding adaptive
strategies in perennial fruit systems (Sharma et al., 2025).

Thus, the combined use of spectral and radar indices offers a retrospective diagnosis of stress
periods and a forward-looking decision-making tool. Integrating such a multi-index framework into
orchard management systems could dramatically improve the resilience of tree-based agriculture
against agroclimatic extremes.

3.5. Field-based Productive Development Trends

Plant indices such as NDVI, RVI, NDRE, and SAVI, derived from remote sensing technologies, are
crucial in revealing spectral reflections and annual development levels per unit area. Analyses conducted
between 2020 and 2025 indicated that trends in the productive development of apple orchards varied
annually. Notably, areas classified within the “Medium” (0.2-0.4) and “High” (0.4-0.6) ranges of the NDVI
classification serve as direct indicators of plant health and development intensity. Likewise, thresholds
of RVI 2 0.3, NDRE = 0.2, and SAVI = 0.2 were established as criteria for assessing productive
development. Annual comparisons of all these indices were converted into hectares and organized into
tabulated forms (Table 2).
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Table 2. Productive development areas (ha)

Year ~ NDVI(20.2) [ha]  RVI(20.3) [ha]  SAVI (20.2) [ha] NDRE (20.2) [ha]
2020 0 0 0 0
2021 0 0 0 0
2022 0,65 0,21 1,15 0,93
2023 0 0 0 0,09
2024 6,2 2,58 6,26 2,93
2025 0 0 1,84 0

In 2020 and 2021, no areas exhibited productive development across all plant indices. This period
is characterized by significant stress due to inadequate soil moisture and poor vegetative growth. In
2022, a modest yet positive shift was observed in the NDVI and NDRE data, with the SAVI value reaching
1.15 hectares, indicating the onset of partial plant development at the beginning of the season. However,
this improvement could not be maintained in 2023, when development began to decline once more, and
only 0.09 hectares in the NDRE category could be classified as productive; development nearly ceased
across all other indices.

The year 2024 marked the peak of growth across all indices. For NDVI, 6.2 hectares achieved values
above 0.2; the highest spectral reflections in RVI and NDRE were recorded this year. The increase in SAVI
data to 6.26 hectares signals that optimal development was reached early in the season and at its
conclusion. By 2025, the SAVI value decreased to 1.84 hectares, with no areas identified in the
productive class for NDVI, RVI, and NDRE. This suggests a decline in plant growth, likely due to moisture
deficiencies or management shortcomings by the end of the season.

According to the annual hectare-based analysis, 2024 represented the year with the largest
productive areas in the apple orchard during both the early and late development periods. In contrast,
2020, 2021, and 2023 were marked by high stress levels, with virtually no productive development. The
combination of SAVI and NDRE data provided a reliable framework for monitoring in-season
development, while NDVI and RVI illustrated these dynamics at the field level. In this context,
hectare/year analyses based on remote sensing indices lay a robust foundation for assessing past
productivity and planning for future production.

The annual hectare-based analysis of NDVI, RVI, SAVI, and NDRE indices from 2020 to 2025 reveals
the interannual variability in plant performance and the value of multi-index frameworks in quantifying
spatial productivity across phenological stages. The absence of productive areas in 2020, 2021, and 2023
confirms the system's high sensitivity to stress, particularly soil moisture deficiencies, which aligns with
earlier studies highlighting that remote sensing indices are reliable indicators of vegetative suppression
under drought stress (Sishodia et al., 2020). The modest improvements observed in 2022—especially in
SAVI and NDRE—suggest partial canopy development and a return of photosynthetic activity, consistent
with previous reports noting that red-edge indices effectively detect early physiological recovery
(Sellami et al., 2022).

2024 represents a turning point, with concurrent increases across all indices, reaching 6.2 ha in
NDVI, 6.26 ha in SAV], and 2.93 ha in NDRE, signaling optimum productivity from early growth through
maturation. This finding supports the growing consensus that combining structure-sensitive indices,
such as RVI, with chlorophyll-related metrics, like NDRE, yields a more comprehensive depiction of plant
health and vigor across seasons (Guimaraes et al., 2024; Carella et al., 2024). By contrast, the regression
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observed in 2025, where productive zones nearly vanished except for a residual 1.84 ha in SAV],
illustrates the fragility of gains made without sustained management or favorable climatic conditions.

Moreover, the data reinforce that using hectare-level thresholds in remote sensing strengthens the
spatial resolution of productivity assessments and provides an empirical foundation for yield forecasting
and adaptive resource allocation (Berry et al., 2024). When integrated into decision-support platforms,
such metrics can enable orchard managers to retrospectively analyze growth patterns while proactively
tailoring inputs in future seasons (Sharma et al., 2025). In this context, NDRE and SAVI appear especially
promising as in-season monitoring tools, while NDVI and RVI offer complementary field-level validation
of development dynamics.

Despite the observed fluctuations in NDVI and other vegetation indices over the six years, it is
essential to consider the structural characteristics of the orchard that may have influenced spectral
responses, particularly during the early seasons. The young apple trees in the study area had minimal
canopy cover, and large inter-row spacing (~10 m) led to significant soil exposure, resulting in a
dominant soil background reflectance in satellite pixels. This phenomenon has been previously
identified as a limitation in remote sensing of perennial crops in their juvenile phase (Crespo et al., 2024;
Sharma et al.,, 2025).

To mitigate these effects, the study incorporated SAVI and radar-based indices (RVI, RSM), which
are better suited to sparse vegetation conditions and less sensitive to soil reflectance. The convergence
of results across SAVI, NDRE, and radar indices in later years (particularly 2024) supports the validity
of the multi-index framework even under initial spectral dilution. These adaptations align with precision
agriculture practices recommended for orchard monitoring under sparse canopy conditions (Guimaraes
et al, 2024). The future use of high-resolution UAV imagery or crown-based object detection is
recommended to enhance early-stage vegetation discrimination and improve pixel-level accuracy.

3.6. Future Research

This study demonstrated the effectiveness of integrating spectral and radar-based vegetation and
soil moisture indices for monitoring plant development and stress dynamics in a semi-arid apple
orchard. While the findings offer significant insights, several key areas remain for future research. First,
extending the scope of the analysis to include real-time meteorological data (e.g., precipitation, vapor
pressure deficit, and solar radiation) could improve the predictive accuracy of vegetation response
models. Integrating multi-source environmental data with remote sensing outputs would enable more
robust forecasting of anomaly events and crop yield.

Second, the current study utilized threshold-based classification for index interpretation; however,
machine learning or deep learning models (e.g., Random Forest, LSTM, CNN) could be developed to
automate the identification of spatial and temporal stress patterns. These approaches may provide
higher-resolution decision support and adaptively respond to inter-seasonal variability.

Third, future studies should investigate the scalability and transferability of the proposed index-
based monitoring framework across various crop types, soil textures, and agroclimatic zones. The
generalizability of NDRE and SAVI as indicators of early- and late-season stress in other perennial
systems, such as vineyards, citrus, or olive groves, remains an open research avenue.

Moreover, coupling UAV-based hyperspectral and thermal imagery with satellite data may bridge
the spatial resolution gap and enhance field-level precision, particularly in intra-orchard zone
classification. Integrating economic and agronomic outcomes, such as cost-benefit analyses of irrigation
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optimization based on remote sensing, could provide stakeholders with practical implementation
pathways. Future studies should consider UAV-based imagery or high-resolution satellites (e.g.,
PlanetScope) to isolate tree crowns using object-based classification. This would allow precise masking
of non-canopy areas, significantly improving index fidelity. Such approaches have also been
recommended by Sharma et al. (2025) and Guimardes et al. (2024), particularly for orchard systems
with sparse early-stage canopies and heterogeneous stress patterns.

A key limitation of this study is the absence of recorded field-level irrigation volumes and schedules,
which would have allowed for a more detailed correlation analysis between RSM values and irrigation
events. Future studies are recommended to integrate soil moisture probes and irrigation logs to enhance
the interpretation of radar-based indices. This gap is frequently cited in the literature as a significant
challenge in remote-sensing-based soil moisture assessment frameworks (Duarte et al., 2025; Sishodia
et al.,, 2020). Integrating meteorological data, such as precipitation, temperature, and vapor pressure
deficit (VPD), with RSM and RVI indices would enable a more robust temporal interpretation of soil-
plant-climate interactions across phenological stages. Future studies should consider UAV-based
imagery or high-resolution satellites (e.g., PlanetScope) to isolate tree crowns using object-based
classification. This would allow precise masking of non-canopy areas, significantly improving index
fidelity. Integrating meteorological data, such as precipitation, temperature, and vapor pressure deficit
(VPD), with RSM and RVI indices would enable a more robust temporal interpretation of soil-plant-
climate interactions across phenological stages. Such integration strategies have also been advocated by
recent studies, which utilize multispectral and thermal UAV imagery in conjunction with VPD and
weather station data to enhance water stress diagnostics (Mali et al., 2025).

Lastly, future work should investigate the development of cloud-based platforms or mobile
applications capable of translating multi-index remote sensing data into real-time advisory tools for
growers and irrigation managers. Such advancements would reinforce the transition from observational
monitoring to actionable, site-specific agricultural intelligence.

4. CONCLUSION

Based on the findings from the six-year (2020-2025) analysis of satellite-derived vegetation and
moisture indices in a drip-irrigated apple orchard:

e 2020 and 2023 were identified as high-stress anomaly years, with all indices (NDVI, RVI, SAV],
NDRE, RSM) indicating minimal vegetation cover and severe soil moisture deficits.

e 2024 emerged as the most productive year, with over 44% of the orchard area classified in
medium to high NDVI zones, and SAVI and NDRE confirming early and late-season physiological
performance.

e SAVI and NDRE proved to be complementary indicators for detecting seasonal stress dynamics,
offering more substantial resolution in early (SAVI) and late (NDRE) development stages.

e Radarand spectral index integration revealed strong correlations, particularly between RSM, RV],
and NDVI (r = 0.99), reinforcing the use of multi-index frameworks in soil-plant diagnostics.

e Productive zone mapping based on hectare thresholds (e.g.,, NDVI = 0.2, RVI = 0.3) provided field-
scale insights valuable for retrospective yield assessment and future irrigation planning.

e The lack of sustainability observed in 2025, following the peak in 2024, highlighted the
vulnerability of current practices and the need for continuous, adaptive management strategies.
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e Multi-index analysis enabled precise identification of temporal anomalies and spatial variability,
offering a replicable methodology for other perennial cropping systems in water-limited environments.
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Energy is a fundamental component required for sustainable economic development. The rapid global growth of
the renewable energy sector can be attributed to several factors: the rising costs of fossil fuels, the depletion of
fossil fuel reserves, greenhouse gas emissions resulting from fossil fuel combustion, and the need to ensure
energy security. The widespread availability of wind energy across the globe and the feasibility of installing wind
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1. GIRIS

Avrupa Yesil Mutabakati, 1 Aralik 2019'da Avrupa Komisyonu tarafindan sunulan ve Avrupa kitasini
2050 yilinda karbon sifir pozisyona getirmeyi hedefleyen, yenilikei ve siirdiiriilebilir bliylime stratejisini
ortaya ¢ikaran bir aractir. Mutabakat kapsaminda siirdiirtlebilir ulasim, insaat ve renovasyon,
stirdiirtilebilir sanayi, kirliligin ortadan kaldirillmasi, temiz enerji, biyogesitlilik ve tarladan sofraya
stratejileri bulunmaktadir. Glintimiiz Avrupa Birligi'nin (AB) sera gazi emisyonlarinin %10,3"linilin
sebebi tarimsal Uretim olmasina ragmen, 1990'dan bu yana %20 oraninda disus saglanabilmistir.
Sektoriin uretim, isleme, paketleme, nakliye ve perakende satisi ile hava, toprak ve su kirliligi sonucu
sera gazi emisyonlar1 artmakta ve biyolojik cesitlilik tizerinde 6nemli bir etkisi olmaktadir. Bu nedenle,
surduriilebilir gida sistemlerine gecis baslamis bulunmaktadir (Hanedar ve ark., 2023).

Avrupa Yesil Mutabakati ¢cergevesinde sunulan ve sekillenmekte olan Sinirda Karbon Diizenleme
Mekanizmasi ile de AB’ye girecek trtnlerin oncelikle enerji yogun sektorlerde (demir-celik, cimento,
aliminyum, hidrojen, elektrik ve giibre) olmak iizere iiretimindeki karbon yiiklerinin azaltilmasi
hedeflenmektedir. Tuziik geregi 1 Ekim 2023 - 31 Aralik 2025 tarihleri arasi gecis donemi kabul
edilmektedir. Bu siirecte yukarida belirtilen sektorlerdeki AB ithalatcilar: herhangi bir mali yiikiimluliik
altina girmeyecektir, ancak triinlerinde gémiilii emisyonlari raporlanmaya baslanacaktir. 2026 yilinda
ise tam uygulamanin baslamasi sonucu iiretim emisyonlarini diisiiremeyen ithalat¢ilarin karbon vergisi
ya da karbon ayak izine karsilik gelen emisyon sertifikalarini satin almalar1 gerekecektir.

Paris ve ark. (2022) AB'de acgik alan tariminda enerji kullanimi izerine yaptiklari calismada enerjinin
cogunlugunun yenilenemeyen kaynaklardan saglandigini ifade etmislerdir. Ayrica, toplam enerji
girdisinin de %55’inin dolayli kaynaklardan geldigini bildirmislerdir. Glibre tiretiminin ise AB tariminda
en buyiik enerji tiiketen faaliyet oldugunu ve tiim enerji girdilerinin yaklasik %50'sini olusturdugunu
bulmuslardir. Tarimsal yetistiricilige baghh olarak degismekle beraber ortalama toplam enerji
girdilerinin %31'ini dizel yakit kullanimi, %5'ini sulama, %5'ini depolama, %5'ini kurutma, %5'ini tarim
ilaci ve %5'ini tohum olusturmustur.

AB'nin Yesil Mutabakati ve tarladan sofraya stratejisinde 6zetlenen hedeflere ulasmasi ve Sinirda
karbon diizenleme mekanizmasinin Tiirkiye'nin rekabet giiclinii etkilememesi i¢in iiretim siireclerinde
de yesil donlisiimiin benimsenmesi gerekmektedir. AB'nin 2030 yilina kadar enerji ihtiyacinin en az
%45’inin yenilenebilir enerjiden karsilama hedefi dogrultusunda riizgar enerjisi kapasitesini 510 GW
artirmasi gerektigi ortaya ¢cikmistir. AB’nin uygulamaya koymus oldugu tiim bu aksiyon planlar1 Avrupa
Yesil Mutabakati ile sekillenen yeni biiylime stratejisinde yenilenebilir enerji kaynaklarini
degerlendirmenin ne kadar 6nemli oldugunu ortaya koymaktadir (Bastiirk, 2023). Tiirkiye de riizgar
enerjisinde 2005 yilinda devreye giren Yenilenebilir Enerji Kanunuyla beraber gelisim kaydetmistir.
Haziran 2024’de yayinlanan verilere gore Turkiye'nin riizgar enerjisi kurulu giicii 12,2 GW seviyesine
yiikselmistir. Bu da toplam kurulu giiciin %11’ine denk gelmektedir (TEIAS, 2024). Tiirkiye'nin 2053
Net Sifir Emisyon Hedefi esas alinarak hazirlanan Ulusal Enerji Planinda ise 2035 yilinda riizgar enerjisi
kurulu giiciiniin 5 GW deniz usti, 24,6 GW kara ustii olmak tizere toplam 29,6 GW’a ulasmasi
hedeflenmistir (ETKB, 2022).
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2. RUZGAR ENERJiSi VE TARIMA ETKIiLERi

Riizgar Enerjisinin Tarima Dogrudan ve Dolayh Etkileri iki baslik altinda incelenebilir. Dogrudan
etkiler: Rlizgar tiirbinleri tarim arazilerinde sulama sistemleri, tarimsal triinlerin depolanmasi ve
islenmesi gibi stireclerde elektrik ihtiyacini karsilamak amaciyla kullanilabilir. Bu 6zellikle sebeke
elektrigine erisimin kisith oldugu kirsal alanlarda biiyiik avantaj saglar.

Dolayli etkiler: Riizgar enerjisi projeleri tarim arazilerinin kullanimi tizerinde dolayl etkilere de
sahiptir, baz1 durumlarda riizgar santralleri tarimsal iiretim alanlarinin daralmasina neden olabilirken
uygun planlama ile bu etki en aza indirgenebilir. Ayrica riizgar enerjisi yatirimlar1 kirsal alanlarda
ekonomik canlilik yaratmakta ve istihdam imkanlar1 sunmaktadir.

Turkboylar1 ve Yiiksel (2024) riizgar tiirbinlerinin tarimsal amagla hayvan barinaklarinda enerji
kaynagi olarak kullanilma olanaklarini arastirmiglardir. Riizgar enerjisi potansiyeli yliksek olan
Marmara Bolgesinde, hayvan barinaklarinda ihtiya¢ duyulan mekaniksel havalandirma ve serinletme
icin gerekli elektrik enerjisinden %25-30 daha giiclii bir riizgar tiirbini sistemi ile tarimsal amach olarak
kullanilmasinin miimkiin oldugunu bildirmislerdir.

Usman ve ark. (2024) Nijerya’da kurak bélgelerdeki ciftcilerin sulama ihtiya¢larina gore tasarlanmis
kiiciik ol¢ekli riizgar enerjisi donlisiim sisteminin performansini arastirmislardir. Yaptiklart modelleme
sonuglarina gore sistemin ortalama 18,3 kW gii¢ liretme kapasitesine sahip oldugunu gostermislerdir.
Nijerya Meteoroloji Ajansi'ndan aldiklari riizgar hizi verileri 3,10 ms-1ile 9,83 ms-1 arasinda degismekte
olup, iiretilen voltaj (98 Vile 250 V), akim (51 A ile 103 A), frekans (39 Hz ile 65 Hz) ve gii¢ (5,1 kW ile
20,6 kW) degisimlerini belirlemislerdir. Sonu¢ olarak, tarimsal liretkenligi artirmak ve iireticilerin
ekonomik refahina katkida bulunmak i¢in riizgar enerjisi c¢o6ziimlerinin uygulanabilirligini
vurgulamislardir.

Junior ve ark. (2020) Brezilya’da riizgar ciftliklerinin tarim alanlarindaki toprak isgalini
incelemislerdir. Cografi bilgi sistemi islenen veriler dogrultusunda riizgar ciftlikleri kurulumunun arazi
kullanimy, isgal sinifi ve yerel bitki ortiistinde anlamli bir degisiklige sebep olmadigini bildirmislerdir.
Ancak fazla sayida rizgar ciftligi insa edildigi donemlerde, kaju alanlarinda bir azalma oldugu
belirlenmistir. Ayrica bazi tireticilerin resmi verilere dayandirdig1 sonuglara gore, riizgar santrallerinin
insasi sirasinda olusan tozdan dolay1 kaju hasadinda kayiplar tespit edilmistir.

Morris ve Blekkenhorst (2017) Kanada'nin Ontario eyaletinde yakin zamanda tamamlanan riizgar
enerjisi projelerine iliskin verileri derleyerek, bu projeler nedeniyle ne kadar tarim arazisinin
kaybedildigini, kirsal alanlarin ne kadarinin degistirildigini ve bunlarin karbon depolama, siirdtiriilebilir
tarim ve Ontario'nun gida giivenligi tizerindeki etkilerinin ne oldugunu tahmin etmeye ¢alismiglardir.
Riizgar enerjisinin Ontario, Kanada ve diger tilkeleri diisiik karbonlu bir ekonomiye dogru tasima
potansiyeline sahip olmasina ragmen, karar vericilerin hi¢bir teknolojinin gercekten 'yesil' olmadigini
ve enerji politikalarini ise tiim enerji tiretim bigimlerinin kiimiilatif etkilerini dikkate alarak 6ngérmeleri
gerektigini bildirmislerdir. Riizgar enerjisinin kiiresel 1sinma, diisiik karbonlu gelecek ve alternatiflerine
kiyasla maliyetleri hakkindaki ¢alismalar riizgar enerjisinin savunucular1 tarafindan ifade edilse de
karadaki riizgar enerjisi projelerinin kirsal kesim sakinlerine zarar verip vermedigini ve ¢okuluslu
sirketlerin karlarinin, degisen manzaralar, ekosistem hizmetleri, biyolojik ¢esitlilik lizerindeki etkiler,
kirsal topluluklarin sosyal bozulumu ve tarim arazilerinin kitlesel endiistrilesmesini sorgulamaya davet
etmislerdir.
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3. RUZGAR ENERJiSININ TURKIYE'DEKiI GELECEGi

Riizgar enerjisi santrali kurulacak yerin yeterli ve siirekli riizgar potansiyeline sahipligi, engellerden
(yiiksek binalar, daglar, agac¢lar) miimkiin oldugunca uzakligi, arazinin diiz veya hafif egimli olmasi,
erisilebilir bir altyapiya (elektrik, yol ve diger) sahipligi, insaat izinleri, cevresel degerlendirmeler ve
enerji diizenleyici kurumlarin gerekliliklerine uygunluk gibi izinlerin alinmasi, kus ve diger hayvan gog
yollari, dogal habitatlar, su kaynaklar: ve diger ¢evre hassasiyetleri ile uygun zemin sartlarina sahipligi
gibi faktorler 6nemli konulardir.

Tiirkiye’de yapilacak yatirimlarin dncesinde takip edilmesi gerekenler sirasiyla; Riizgar enerji
potansiyeli haritasindan yararlanarak yer secimi ve rilizgar bilgisi tespiti, bdlge icin santral
basvurusunun varligl, boélgenin arazi yapisi, arazi milkiyeti, ulasim imkanlari ve trafo merkezlerine olan
uzakligl, bolgeyi temsil edebilecek uygun riizgar 6l¢ciim noktalarinin belirlenmesi, standartlara uygun
olarak en az 1 y1l olmak lizere enerji amagh riizgar 6l¢iimlerinin yapilmasidir. Elde edilen verilerin
incelenerek yatirim fizibilitesinin hazirlanmasi1 ve Enerji Piyasasi Diizenleme Kurumu'na lisans
basvurusu olarak siralanabilir (Anonim, 2024).

Gegmis yillardaki yiiksek ve artan performansinin aksine son iki yildir (2022 ve 2023) verilen
yliksek kapasiteli depolamali 6n lisanslar: ve kapasite artislarina ragmen riizgar enerjisi santrallerinin
kurulum ve devreye alma siireglerinde bir yavaslama gerceklesmistir. Sebep olarak ise yeni santrallerin
izin siireclerinin yeni baslamis olmasi ve finansman tarafinda yasanan zorluklar gosterilmistir. Ayrica,
rizgar enerjisinde 2023 y1li1 son 13 senenin en diisiik kurulu gti¢ ilavesinin yapildig1 y1l olmustur. Ancak,
bu stirecin 2024’te bir miktar toparlanmasi, 2025'ten itibaren de yeni yatirimlarin artmasi
beklenmektedir (Sekil 1). Depolamali riizgar enerjisi projelerine tahsis edilen 19,0 GW kapasite ile
Tiirkiye'de 2026, 2027, 2028’de ¢ok hizli bir ivmelenme beklenmektedir (Erden, 2024).
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Sekil 1. Turkiye’deki Riizgar Enerjisi Santrallerinin Yillik Kurulumu (TUREB, 2025).

Depolamali riizgar enerji santralleri ise elektrik liretiminin yani sira bu enerjinin depolamasina da
imkan saglayan yenilikci tesislerdir. Geleneksel riizgar enerji santralleri, riizgarin esmesiyle Urettigi
elektrigi dogrudan sebekeye aktarir. Ancak, riizgarin olmadig1 zamanlarda enerji kesintiye ugrar. Bu da
onemli bir sorun olan dalgalanmalar1 ve giivenilirligi getirir. Depolamali riizgar enerji santralleri ise
riizgar tirbinleri tarafindan tretilen elektrigi dogrudan tiiketime sunmanin yani sira, fazla enerjiyi
depolama yetenegine sahiptirler ve riizgarin olmadig1 siirelerde dahi elektrik sunma kapasitesine
sahipler. Bu da, enerji tiretiminde enerji glivenligi, stabilite, yliksek verimlilik, maliyet etkinligi ve karbon
ayak izinin azaltilmasina imkan saglar (Ata, 2024).
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Diger yandan bu yi1l baslayan riizgar ol¢iimleri ve osinografik ¢alismalar ile Tiirkiye’nin deniz tisti
riizgar enerji santrali potansiyel alanlarinin belirlenmesi devam etmektedir (Erden, 2023). Bu
kapsamda Tiirkiye'de ilk kez deniz tisti rizgar enerjisinde Bandirma agiklarinda 1111 km?, Bozcaada
aciklarinda 299 km?2, Gelibolu agiklarinda 75,6 km? ve Karabiga kiyilarinda 410 km?2 alan aday
Yenilenebilir Enerji Kaynak Alani (YEKA) olarak tahsis edilmistir (Cagatay, 2023). Yakin gelecekte
baslamasi limit edilen deniz tistii santral yatirimlari igin etiit ve proje ¢alismalar1 devam etmektedir.

Tarimsal faaliyetlerin siirdiiriilebilir, etkin ve verimli olarak yuriitiilmesi, Tirkiye’'nin gida arz
guvenligi icin buyiik bir 6neme sahiptir. Tarim sektorintin 2012-2022 yillar1 arasindaki nihai enerji
tiketimi %34 artarak 3,8 MTEP’ten 5,0 MTEP’e artmistir. Tarimsal mekanizasyon diizeyinin artmasinin
da etkisiyle enerji talebindeki yillik ortalama artis orani %3,0 olup, 2022 yilindaki nihai ener;ji
tiketimindeki pay1 %4,2 olarak gerceklesmistir. Tarim sektorii 6zelindeki eylemlerin 12. Kalkinma
Plani’'nda agirlikli olarak sulama baslhiginda toplandig1 goriilmektedir. Ayrica, 2. Ulusal Enerji Planinda
“T4 - Tarimsal Uretimde Yenilenebilir Enerji Kaynaklar1 Kullaniminin Ozendirilmesi Gelistirilmesi”
eyleminde yirtiilecek faaliyetler arasina sulamada riizgdr enerjisi kullaniminin desteklenmesi
eklenmistir (ETKB, 2022).

4. SONUC

Yenilenebilir enerji kaynaklari arasinda hizla biiyiiyen riizgar enerjisi, fosil yakitlardan kaynaklanan
karbon emisyonlarin1 azaltmada o6nemli bir potansiyele sahiptir. Tirkiye 2021 yilinda Paris
Anlasmasi'ni onaylayarak, 2053 yilina kadar net sifir emisyon hedefine ulasma taahhiidiinde
bulunmustur. Bu hedef, Tiirkiye'nin strdirtlebilir kalkinma yolunda 6nemli bir adimidir ve
yenilenebilir enerji kaynaklarinin, 6zellikle de riizgar enerjisinin, bu siiregte 6nemli bir rol oynayacagini
gostermektedir.

Depolamali riizgdr tiirbinleri basta sulama sistemleri olmak {izere tarimsal yetistiricilik
faaliyetlerinde ihtiya¢ duyulacak enerji icin giivenilir bir kaynak saglayabilir. Enerji maliyetlerinin
ylikseldigi gliniimiizde ve elektrik sebekesine erisimin zor oldugu kirsal bolgelerde tireticilerin rekabet
gicl artirilabilir. Sonug¢ olarak, siirdiiriilebilir tarim icin riizgar enerjisi kullanimi ile hem mevcut
tarimsal tretim sistemlerinin karbon ayak izi azaltilabilir hem de tarim arazilerinde kurulabilecek
riuzgar ciftlikleri ile ureticilerin ek gelir elde etmelerine ve kirsal ekonomik kalkinmaya yardimci
olunabilir.

Riizgar enerjisinin tarima entegrasyonda kirsal kalkinma projelerinde riizgar enerjisi kullaniminin
tesvik edilmesi, riizgar tiirbini kurulumlarinin tarimsal faaliyetlerle cakismayacak sekilde planlanmasi
ve egitim-danismanlik hizmetleriyle ciftcilerin bu konuda bilin¢lendirilmesi bu birlikteligi
giiclendirebilir.
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EXTENDED ABSTRACT

Introduction and Research Questions & Purpose

In order for the European Union (EU) to achieve the goals outlined in the Green Deal and the Farm
to Fork Strategy, and to ensure that the Carbon Border Adjustment Mechanism does not negatively
impact Turkey's competitiveness, it is essential for green transformation to be adopted within
production processes.

The sustainable, effective, and efficient implementation of agricultural activities holds great
importance for ensuring food supply security in Tirkiye. In the integration of wind energy into
agriculture, it is aimed to promote the use of wind energy within rural development projects, to plan
wind turbine installations in a manner that does not conflict with agricultural activities, and to raise
farmers’ awareness on this issue through training and advisory services.

Methodology

Prior to investments in wind energy in Turkey, the following steps should be undertaken in
sequence: site selection and assessment of wind conditions using the Wind Energy Potential Atlas;
verification of any existing power plant applications for the region; analysis of the land structure and
ownership; evaluation of transportation access and proximity to transformer substations; identification
of suitable wind measurement points representative of the area; and conducting wind measurements
for energy purposes for a minimum duration of one year in accordance with relevant standards.

Results and Conclusions

Wind turbines equipped with energy storage systems can provide a reliable source of power for
agricultural production activities, particularly for irrigation systems. In today’s context of rising energy
costs and limited access to the electricity grid in rural areas, wind energy can enhance the
competitiveness of producers. Consequently, the use of wind energy in sustainable agriculture can both
reduce the carbon footprint of existing agricultural production systems and support rural economic
development by enabling farmers to generate additional income through wind farms established on
agricultural land.
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