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Aronya’nin Sistematigi ve Yetistiriciligi ile ilgili Giincel Bilgiler

Sema COSKUN1*, Hatice DUMANOGLU?

1Ankara l:Iniversitesi Fen Bilimleri Enstitiisii Bahge Bitkileri Anabilim Dali, Ankara, Tiirkiye
2Ankara Universitesi Ziraat Fakiiltesi Bahge Bitkileri Boliimii, Ankara, Tiirkiye
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Ozet
Ulkemiz iin yeni bir meyve tiirii olan aronya, gen merkezi Kuzey Amerika olan siyah aronya tiirii
“Aronia melanocarpa” ile diger bir tiir “Sorbus aucuparia” arasinda 130 yil énce Rusya’da
baslatilan melezleme c¢alismalar1 sonucunda cinsler arasi bir hibrit tiir olarak (Aronia
mitschurinii) gelistirilmis ve diinyaya yayilmistir. ilk kiigiik 6lgekli bahgelerin 10 y1l énce Yalova
ve Kirklareli'nde kuruldugu iilkemizde aronya bugiin Marmara Bélgesi basta olmak iizere i¢
Anadolu, Ege, Karadeniz, Dogu ve Glineydogu Anadolu Bolgelerinde ticari boyutta yetistirilen ve
ireticisinin yiiziini giildiiren bir meyve tiirti haline gelmistir. Yiiksek adaptasyon yetenegi ve
karlihig nedeniyle tiim bolgelerde giderek yayginlagsmakta olan aronya yetistiriciliginden
ureticilerin gelecekte de en yiiksek fayday1 saglayabilmesi i¢in tiiriin ekolojik istekleri ile birlikte
kiiresel 1sinma ve iklim degisikliginin bolgelerdeki olasi sonuglar1 dikkate alinarak illerde bu
tiriin yetistiriciligi icin uygun yerleri isaret edecek bir iiretim planlamasinin yapilmasi
gerekmektedir. Bu derlemede aronya ve bu meyve tiiriiniin ekonomik anlamda yetistiriciligi i¢in
onemli faktorler ve uygulamalar giincel bilimsel yaklagsimlar esas alinarak anlatilmistir.
Anahtar Kelimeler: Aronia melanocarpa, Aronia mitschurinii, Fidan, Bahge Tesisi, Kiiltiirel
Uygulamalar

Current Knowledge on Aronia Systematics and Cultivation

Abstract
Aronia, a new fruit species for Tiirkiye, was developed as an intergeneric hybrid species (Aronia
mitschurinii) as a result of the hybridization studies initiated in Russia 130 years ago between
the black aronia “Aronia melanocarpa”, whose gene center is in North America, and “Sorbus
aucuparia”, and spread throughout the world. In Tiirkiye, where the first small-scale orchards
were established in Yalova and Kirklareli 10 years ago, aronia has become a fruit species that is
grown commercially and satisfies the producers, especially in the Marmara Region, Central
Anatolia, Aegean, Black Sea, Eastern and Southeastern Anatolia Regions. In order for producers
to obtain the most benefit in the future from aronia cultivation, which is becoming widespread
in all regions every day due to its high adaptability and profitability, a production planning
should first be made to indicate suitable areas for the cultivation of this species in the provinces
by taking into account the ecological requirements of this species along with the possible
consequences of global warming and climate change in the regions. In this review, aronia and the
important factors and practices for the economic cultivation of this fruit species are explained
based on current scientific approaches.
Keywords: Aronia melanocarpa, Aronia mitschurinii, Sapling, Orchard establishment, Cultural
practices

Giris

yetistirilmek istense de yeterince kaliteli fidan

Giiclii antioksidan 6zelliginden dolay1 ORAC degeri
(Oksijen Radikal Absorbans Kapasitesi) ¢ok yliksek
olan aronya meyveleri insan sagligi iizerine olumlu
bircok etkiye sahiptir (Ozdemir ve Eroglu Ozkan,
2020; Green vd. 2023; Shi vd. 2024). Fonksiyonel
gida olarak bu meyveye talebin giderek artmasi ve
pazarlama sorununun bulunmamasi, bitkilerinin
erken meyveye yatmasi, liretim maliyetinin yiiksek
olmamasi ve yatirimin mali rantabilitesinin %299
olmasi nedenleriyle karl bir tarimsal faaliyet olarak
tanimlanan aronya yetistiriciliginin tilkemizde ve
diinyada popiilaritesi her gecen giin yiikselmektedir
(Anonim, 2022; Mahoney vd. 2023). Bu meyve tiirii
organik tarimda da degerlidir ve endiistriyel bir
irin  olarak  meyveleri  yiikksek  diizeyde
pazarlanabilir niteliktedir (Green vd. 2023;
Dragomir vd. 2023). Her ne kadar aronya iilkemizin
her bolgesinde ¢ok sayida dretici tarafindan

saglanamamasi, bahge yerinin se¢iminde bitkinin
fizyolojik ve ekolojik isteklerinin yeterince dikkate
alinmamasi, 6zellikle tesisin ilk yillarinda yabanci ot
kontroliine 6énem verilmemesi ve diger Kkiiltiirel
uygulamalarda yapilan hatalar bitki gelisimini ve
verimliligi dogrudan etkilemektedir. Bu derlemede,
gilincel bilimsel verilere dayali olarak aronya
yetistiriciligi mercek altina alindig1 gibi aronya
kiiltiir ¢esitlerinin sistematigi ve biyolojik 6zellikleri
konularinda yeni bilimsel yaklasimlar da
sunulmustur.

Aronya Kiiltiir Cegsitlerinin Sistematigi ve
Biyolojik Ozellikleri ile ilgili Giincel Bilgiler

Viking ve Nero gibi aronya Kkiiltlir gesitleri bir¢ok
kaynakta yaygin olarak A. melanocarpa tiri
icerisinde tanimlanmakta ise de son yillardaki
molekiiler ¢alismalar bu cesitlerin cinsler arasi bir
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hibrit tiir olan “A. mitschurinii”’nin tiyeleri oldugunu
gostermistir (Leonard vd. 2013; Brand vd. 2022;
Mahoney vd. 2019, 2023; Sharma vd. 2025). Aslinda
aronya, tlirler arasindaki sinirlarin belirsiz oldugu
taksonomik bakimdan ¢ok karisik bir bitki grubu
olarak kabul edilmektedir (Brand vd. 2022). Bu
meyve tiirlerinin dahil oldugu Aronia cinsi Kuzey
Amerika'ya 6zgii siyah aronya (4. melanocarpa
(Michx.) Elliott), kirmiz1 aronya (A. arbutifolia (L.)
Pers.) ve mor aronya (A. prunifolia (Marshall)
Rehder) ile Rusya’da gelistirilmis hibrit takson “A.
mitschurinii A.XK. Skvortsov and Maitul.” tiirlerini
kapsamaktadir. Morfolojik olarak Aronia cinsinin
tlirleri cok govdeli cali formunda odunsu bitkilerdir.
Yapraklar1 yumurta seklinde, parlak yesil, kenarlari
ince disli ve siirgiin lizerindeki dizilisi almasiktir.
Salkim seklinde olan ciceklerde bes adet beyaz veya
pembemsi beyaz ta¢ yapraklar, ¢ok sayida erkek
organ ve bir disi organ bulunmaktadir. Boceklerle
tozlanan bu meyve tiirii kendine verimlidir. Meyve
yapist elma, armut gibi yumusak c¢ekirdeklidir.
Meyvedeki cekirdek sayis1 1-5 adet arasindadir. Bir
salkimda 30’dan fazla meyve bulunabilmektedir.
Aronya pomolojik olarak ilizimsi meyveler
grubunda yer almaktadir. Kuzey Amerika orijinli ti¢
aronya tirii rizomatéz koék yapisina sahipken
ebeveynlerinden birisinin Sorbus olmasindan dolay1
A. mitschurinii rizomatoz bir tiir degildir (Ekiert vd.
2021; Brand vd. 2022). Aronya tiirleri, Rosales
takimi, Rosaceae familyasinin iiyeleridir. Alt familya
olarak Maloideae bildirilmekte ise de Rosaceae
familyasinin  alt familyalar1 Spiraeoideae ve
Maloideae, Amygdaloideae olarak birlestirildigi i¢cin
kimi kaynaklarda aronyalar Amygdaloideae alt
familyasinda gosterilmektedir (Ristvey ve Mathew,
2011; Sun vd. 2018). Alt familyanin altinda tribus
(oymak), Pyrodea yerine Maleae, alt tribus (alt
oymak) ise elma, armut, yenidiinya, aronya gibi
yumusak c¢ekirdekli tiirlerin girdigi Malinae
(Pyrinae hatalidir) olarak tanimlanmistir. Bunlar
yeni smiflandirmada en c¢arpict degisiklikler
arasinda gosterilmistir. Maleae tribusunda basal
kromozom sayis1 x=17'dir (Sun vd. 2018). A
mitschurinii tlriiniin ebeveynlerinden birisi olan
Kuzey Amerika’ya 6zgii siyah aronya A. melanocarpa
dogada diploid (A. melanocarpa-2x) ve tetraploid (A.
melanocarpa-4x) olarak bulunabilmekte, eseyli ve
diplospori apomiksis yoluyla eseysiz olarak
iireyebilmektedir (Brand, 2010; Leonard vd. 2013;
Sun vd. 2018; Mahoney vd. 2019). Bu aronya tiirii ile
Sorbus aucuparia (disbudak yaprakli kus iivezi) tiirti
arasinda 20. ylizyilin baslarinda Rus meyve bilimci
Ivan  Michurin  tarafindan  gergeklestirilen
melezleme ¢alismalar1 sonucunda gelistirilmis olan
A. mitschurinii tirdi (Leonard vd. 2013) ise cinsler
arasi hibrit olan tetraploid bir aronya tiirtiidiir. A.
mitschurinii, ‘Viking’, ‘Nero’ ve diger ticari kiltiir
cesitlerinin dahil oldugu tiir olarak belirtilmistir
(Leonard vd. 2013; Mahoney vd. 2019, 2023). Ancak

molekiiler calismalar ve fenotipik verilere gore bu
tir icerisindeki c¢esitlerin tamamina yakininin
genetik olarak ayni oldugu, farklihgin biyiik
olasilikla ayni genotipin yeniden
adlandirilmasindan kaynaklandig, aronyada meyve
iretiminin esas olarak ‘Viking’ c¢esidi ile
gerceklestigi bildirilmistir (Leonard vd. 2013;
Mahoney vd. 2019). Viking ve Nero, diinyada en
fazla yetistirilen iki ticari aronya c¢esididir (Jurikova
vd. 2017). Bu gesitlerin bitkileri tiiriin 6zelligi olarak
¢ok govdeli ve ¢ali formundadir. Meyvelerin
olgunlagmasi i¢in tam ¢igeklenmeden hasada kadar
gecen glin sayist 140 giin civarindadir. Meyveler, 1-
1.5 g agirlikta, yuvarlak-hafif basik, morumsu siyah-
siyah, tanen icerigi yiiksek, tadi buruk, hafif
tlylidiir ve her birisinde 12-30 meyve bulunabilen
salkim seklindedir. Hasat zamaninda suda
¢oziinebilir kuru madde miktar1 %16-18 civarinda,
titre edilebilir asitlik %0.6-0.7'dir (Poyraz Engin,
2020).

Aronya Yetistiriciligi ile ilgili Giincel Bilgiler

Giinlimiizde aronyanin en fazla yetistirildigi iilke,
diinya tretiminin %75’ini karsilayan Polonya’dir.
Bu tilkeyi Almanya, ABD, Finlandiya, Norve¢ ve
Rusya izlemektedir (Sahin ve Erdogan 2022, Coskun
2024). Aronya meyveleri yiiksek tanen iceriginden
dolay1 taze tiilketimde agizda buruk bir tat
birakmakta ve bu nedenle islenmis iiriin olarak
tiiketimi tercih edilmektedir (Everhart, 2009).
Meyvelerinin tasinma sirasinda mekanik hasara
dayanikli olmasi ve diisiik pektin iceriginden dolay:
endiistriyel islemeye son derece uygundur (Brand,
2010; Ochmian vd. 2012). Rusya, Danimarka ve
Dogu Avrupa iilkelerinde meyve suyu ve sarap
iretiminde yaygin olarak kullanilan aronya
(Knudson, 2009), ozellikle Polonya’da meyve suyu
konsantresi iiretimi icin yetistirilmekte ve liretimin
%901 ihra¢ edilmektedir (Ochmian vd. 2012).
ABD’de  diger meyve tiirlerinin  sulariyla
karistirilarak tiiketilmektedir (Brand, 2010). Gida
endiistrisinde recel, sos, meyve ¢ayi, yogurt, likor,
enerji verici icecekler, sirke, sakiz, saghkl
atistirmaliklar, dondurma ve yiiksek antosiyanin
iceriginden dolay1 dogal gida boyasi olarak
kullanilmaktadir (Everhart, 2009; Jurikova vd.
2017; Zhang vd. 2021). Ayni zamanda gida takviyesi
olarak da degerlendirilmektedir (Ekiert vd. 2021).
Diinyada aronya yetistiriciligi farkli cesitler ile
gerceklestirilmektedir. Onemli aronya cesitleri
‘Nero’ (Cekya), ‘Viking’ (Finlandiya), ‘Aron’
(Danimarka),  ‘Hugin’ (isveg),  ‘Galicjanka’,
‘Albigowa’, ‘Dabrowice’, ‘Egerta’, ‘Kutno’ ve ‘Nowa
Wies’ (Polonya), ‘Amit’ (Rusya), ‘Fertodi’
(Macaristan), ‘Rubina’ (hibrit ¢esit) (Rusya ve
Finlandiya), ‘Autumn Magic’, ‘McKenzie’ ve ‘Morton’
(ABD)’dur (Ristvey ve Mathew, 2011; Ochmian vd.
2012; Ekiert vd. 2021). Gegmiste Amerika'nin yerli
halki Kizilderili kabileler tarafindan bagisikligi
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giclendirmek amaciyla kullanilmis olan aronya
ozellikle 1950’li yillardan bu yana Kuzey, Orta ve
Dogu Avrupa’da, ABD'de ve diinyanin farkh
iilkelerinde  ticari  olarak yetistirilmektedir.
Tirkiye’de aronya ile ilgili ilk ¢alismalar 2012
yiinda Yalova’da Atatiirk Bahge Kiiltirleri
Arastirma Enstitiisii'nde baslatilmistir. Daha sonra
Yalova, Tokat, Edirne ve Malatya illerinde bu meyve
tird ile ilgili TAGEM (Tarimsal Arastirmalar ve
Politikalar Genel Miudirlagi) projeleri
yiritiilmiistiir. {lk kiiciik élcekli aronya bahceleri
2014 yiinda Yalova ve Kirklareli'nde kurulmus,
biylik 0Olcekli bahgeler ise 2017 yilinda
Kirklareli'nde 60 da ve Manisa’da 50 da olarak tesis
edilmistir (Poyraz Engin, 2020). Bugiin tlkemizin
pek ¢ok bolgesinde aronya yetistiriciligi
yapimaktadir. Tarim ve Orman Bakanhg Il
Miidirliiklerinin c¢izelge 1'de sunulan verilerine
gbre aronya tariminin en yogun yapildig il 2023
yilinda 1.370 da ile Kirklareli'dir (Cizelge 1) (Coskun
2024).

Cizelge 1. Tirkiye'de aronya yetistiriciliginde one
cikan iller ve iiretim alanlar1 (Coskun, 2024)

Table 1. Prominent provinces and production areas
in aronia cultivation in Tirkiye (Coskun, 2024)

iller Uretim Alan1 (da) Veri Yili
Kirklareli 1.370 2023
Bursa 1.273 2022
Yalova 471 2024
Tekirdag 450 2023
Balikesir 297 2022
Canakkale 246 2022
Edirne 220 2023
Ankara 197 2024
Manisa 178 2023
Samsun 100 2022
Glimiighane 71 2023
Ordu 60 2022
Kocaeli 10 2022

Bir 1liman iklim meyve tiirii olan aronyanin bitkileri
kis dinlenme déneminde -35 °C diisiik sicakliklara
dayanabilmektedir. i¢sel dinlenmenin kirilarak
ilkbaharda gelismenin baslayabilmesi i¢cin dinlenme
déneminde +7 °C'nin altinda soguklama isteginin
karsilanmasi gerekmektedir. Bu ihtiyac
yetistiricilikte basariy1 dogrudan etkileyen 6nemli
bir faktérdiir. Aronyamin Kkiltiir ¢esitlerinin
minimum soguklama siiresinin 900 saat oldugu,
1200 saat soguklamanin ise tomurcuklarin
dinlenmeden ¢ikmasinda ve siirglin gelisiminde
etkili oldugu belirtilerek, aronya bahgelerinin
dinlenme déneminde 1000 saatten fazla soguklama
sliresine sahip yerlerde kurulmasi dnerilmektedir
(Mahoney vd. 2023). Aronyada ciceklenme, meyve
tutumu ve kalitesinin iyilestirilmesi i¢in glineslenme
sliresi fazla, aydinlik, bitkilerin gélgesinde kalmayan

yerler tercih edilmelidir. Bahgeler don kusaginda
bulunmayan, taban suyu seviyesi diisiik, su
baskinlarinin yasanmadigl yerlerde kurulmaldir.
Aronya ytlizlek kok sistemine sahiptir. Kurak ya da
asirt nemli, farkli topraklara uyumlu oldugu
bildirilmekte ise de (Ekiert vd. 2021; Dinu vd. 2022;
Gerasimov vd. 2023; Mahoney vd. 2023) verimli,
organik madde kapsami yiiksek, kohezyon kuvveti
orta, gecirgen, besin maddelerince zengin
topraklarda en iyi gelismektedir. Bah¢e kurulmadan
once toprak derin olarak islenmelidir (Ekiert vd.
2021). Aronya yillik 600-800 mm suya ihtiyac
duymaktadir ve ozellikle yaz aylarinda sulamaya
6zen gosterilmelidir (Sahin ve Erdogan, 2022;
Chiorean vd. 2023).

Aronya, generatif ve vejetatif yontemler ile
cogaltilabilmektedir. Generatif olarak tohumla
cogaltim, bitkilerin homojen olmamasi, genglik
kisirhiginin uzun siirmesi ve kuvvetli ta¢ yapisi
nedeniyle Onerilmemektedir (Litwinczuk, 2013).
Bununla birlikte tetraploid aronyalarda apomiktik
tohum tretimi yoluyla homojen bitki ¢ogaltiminin
saglanabilecegi bildirilmektedir (Mahoney vd.
2019). Tohumlarda igsel dinlenmenin ortadan
kaldirilabilmesi i¢in en az 60 giinlik sogukta
katlama uygulamasmna ihtiyac bulunmaktadir
(Brand, 2017). Vejetatif olarak celikle ¢cogaltimda
yesil (Mckay, 2001; Brand, 2017), odun (Brand,
2017) ve yar1 odun ¢elikleri (McKay, 2001; Shahin
vd. 2019) kullanilabilmektedir. K6k olusumu i¢in
IBA  (indol-3-bitirik  asit) ve  yaralama
uygulamalarinin yapilmasi énerilmektedir (Brand,
2017; Yildirim, 2023). Vejetasyon doneminde
alinan, dip 1sitma ve mist sistemi olan seralarda
koklendirilen gelikler, odun geliklerine gore daha
kolay ve yliksek oranlarda koklenmekte (%100) ve
iretimde daha fazla tercih edilmektedir (Brand,
2017). Bununla birlikte aronyada ytiksek fidan
talebini karsilayacak en etkili vejetatif ¢ogaltim
yontemi doku kiltiirleri kapsaminda mikro
¢ogaltimdir (Brand ve Cullina, 1992; Brand, 2017;
Ekiert, 2021). Alt kiltiirlerde ¢ogaltilan mikro
stirglinler koklendirme asamasinda in vitro veya ex
vitro Kkosullarda koklendirilebilmektedir (Brand,
2017). Yeni bir g¢alismada aronyanin mikro
¢ogaltiminda oksin vb. maddeler kullanilmadan
mikro c¢eliklerin ex vitro kosullarda yiizen perlit
yataginda koklendirildigi ve ayn1i zamanda
bitkiciklerin dis kosullara alistirildigy, kolay, ucuz ve
etkili bir mikro ¢ogaltim protokolii gelistirilmistir
(Coskun, 2024). Bu yolla tiretilen bitkiciklerin
fidanlik kosullarinda gelistirilerek bahgelerin
kaliteli fidanlarla kurulmasi biiyiik 6neme sahiptir.
Iyi bir aronya fidani en az 50 cm boyda, 2-3 yan dala
sahip, kok bogazi ¢apr 1 cm kalinhikta, 20 cm
uzunlukta bol koklii olmahdir (Ekiert, 2021).
Aronya bahcelerinde dikime baslamadan o6nce
toprak derin siiriilmeli, yabanci ot temizligi ile
birlikte ¢ok iyi bir toprak hazirhigl yapilmaldir.
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Dikim sonrasinda da yabanca ot kontroli
slirdiirilmelidir. Gen¢ aronya fidanlar1 yabanci
otlarla miicadele edecek kadar gelismis bir kok
sistemine sahip bulunmamaktadir, bitkiler 4-5
yaslarinda yabanci otlar1 bastirabilecek kuvvete
gelebilmektedir. Yabanci otlar1 6nlemek igin
baslangicta plastik mal¢ kullanilabilmekte ise de
sonraki yillarda dip siirgiinii olusumu nedeniyle
malcin kaldirilmasi gerekmektedir (McKay, 2001).
Aronya bahcgelerinde dikim mesafesi 4-4.5 m siralar
arast ve 1-1.5 m swra lzeri olarak
uygulanabilmektedir. Makinali hasadin ve genis
alanlarda yogun iiretimin yapildig1 bahgelerde sira
tizeri mesafe 0.6-0.8 m’ye kadar inebilmektedir
(Hornig, 2020). Ocak seklinde yetistiricilik
yapilacaksa sira arasi 2-2.5 m ve sira lizeri 1.5-2 m
olarak belirlenebilmektedir (Anonim, 2022). Fidan
dikimi biitiin meyve tiirlerinde oldugu gibi kok
budamasi ve her fidan g¢ukuruna organik giibre
verilerek elle ya da fidan dikim makinalar ile
yapilabilmektedir (Hornig, 2020). Dikimden sonra
fidanda geriye dogru 5-10 cm kalacak sekilde tepe
vurma islemi bir sonraki yil bitkinin daha fazla
slirglin  olusturmasimmi  ve kuvvetli sekilde
gelismesini saglanmaktadir. Boyu 40 cm’den kisa
olan fidanlarda kesim islemi yapilmamali ve fidanin
gelismesi beklenmelidir (Hornig, 2020; Anonymous,
2024). Aronya bitkisi 5-6 yasina ulastiginda tac
icerisinde siklik yasanabilmekte ve 151k girisi
engellenebilmektedir. Bu durum verimliligi ve
meyve Kkalitesini diistirmekte, kiiltlirel islemlerin
ylriitiilmesine engel olmaktadir. Budama ile tacin
icindeki zayif, kirilmis, yash dallar uzaklastirilmal
ve sik stirglinler seyreltilmelidir. Boéylece tacin i¢inin
giines 15181 almasi saglanmalidir. Kuvvetli ve dik
yonde biiyiiyen siirgiinler 20-25 cm’ye kadar
kisaltilmalhdir (Popescu, 2018). Hornig (2020),
budama maliyetini diisiiriicii alternatif bir yol olarak
“radikal genclestirme” islemini Onermekte ve
bitkiler makine yardimi ile toprak seviyesinden
kesilmektedir. Bu durum ilk yil liretimde kayba
neden olsa da daha sonraki yillarda bitkinin
rejenerasyon yetenegi sayesinde verimde artis
saglamaktadir. Lentz vd. (2023) de 10 yash aronya
bitkilerine tiim siirgiinler 10 cm kalacak sekilde
yaptiklar1 genclestirme budamasi sonrasinda iki
sezon boyunca meyve ilretiminde kayip yasamis
olsalar da 4-6 yilda, ayn1 zaman diliminde yeni
kurulan bir aronya bahgesine esdeger meyve
iretimine ulasmislardir.

Aronya hastalik ve zararlilara karsi genel olarak
direngli bir bitkidir (Dinu vd. 2022). llaclama, zarar,
ekonomik esige ulastiginda yapilmaktadir (McKay,
2001; Hornig, 2020). Bu meyve tiriiniin
yetistiriciliginde ates yanmikhigi (Erwinia amylovora)
(McKay, 2001), kiilleme (Erysiphaceae) (Brand,
2010), pas hastaligi (Gymnosporangium sp.), yaprak
biti (Aphis pomi), pamuklu bit (Eriosoma lanigerum),
armut yaprak uyuzu (Eriophyes piri) (Ekiert, 2021),

kiraz meyve kurdu (Grapholita packardi),
kahverengi kokarca bdcegi (Halyomorpha halys)
zararhlaria rastlanilmistir (Ristvey ve Mathew,
2011). Kiraz sirkesinegi de (Drosophila suzukii)
potansiyel zararlisidir (Hornig, 2020). Aronyada
bakla zinni1 (Tropinota hirta) da c¢iceklenme
doneminde yaptigi zarar ile verim disiikligiine
neden olmaktadir.

Aronya bitkileri 2-3 yasindan itibaren meyve
vermeye baslamaktadir. Dikimden sonra 3. yilda
dekara 750 kg, 4. yilda 1.500 kg ve 5. yilda 1.800 kg
meyve alinabilmektedir (Anonim, 2022).

Hasat, meyveler tam rengini aldiginda, kuru madde
orani %14-20’ye ulastifinda Agustos sonu ve Eyliil
ayinda el ile ya da mekanik olarak yapilabilmektedir
(Poyraz Engin, 2020; Anonim, 2022; Coskun, 2024).

Sonug

Ulkemizde konvansiyonel ya da organik aronya
tariminda baslangictan itibaren iyi bir planlama ve
bahge yonetimi ile tretimin en iist seviyeye
cikartilmas1 mimkiindiir. Bu derlemede aronya
yetistiriciliginde stirdiirilebilirlik icin ilk olarak
iretim planlamasinin 6nemi vurgulanmistir. Bu
kapsamda tiiriin fizyolojik ve ekolojik ihtiya¢larinin
uzun sireli karsilanabilmesi i¢in bolgelerimizin
gelecege yonelik iklim degisikligi senaryolarinin
incelenerek illerimizde aronya yetistiriciligine
uygun yerlerin belirlenmesi onerilmistir. Daha
sonra bahgelerin Kkaliteli Uretim materyali ile
kurulmasi gerektigi ve kaliteli fidan tliretimi icin
ilkemizde aronya fidan standardinin
hazirlanmasinin 6nemi dile getirilmistir. Fidan
iretiminde etkin mikro ¢ogaltim protokolleri
kullanilarak farkli c¢esitlerde standarda uygun
sertifikali fidanlarin yerli imkanlarla elde edilerek
Ureticilerin bu yondeki talebinin, ithalata gerek
kalmadan karsilanmasina dikkat ¢ekilmistir. Bahge
kurulmas1 asamasinda ise toprak hazirlhg,
plantasyonun ilk yillarinda kék ve siirgiin gelisimini
tesvik etmek ilizere yabanci ot kontrolii, sonraki
yillarda verimi artiracak budama ve terbiye
teknikleri ve diger Kkiiltiirel uygulamalara énem
verilmesinin basarili bir aronya yetistiriciligi i¢in
gerekli diger unsurlar oldugu ifade edilmistir. Tim
bu konulara giincel yaklasimlarla ¢6ziim o6nerileri
sunulmustur. Derlememizde ayrica taksonomik
bakimdan ¢ok karisik bir bitki grubu olan aronyanin
sistematigi ve biyolojik o6zellikleri konusundaki
calismalarin en son bulgulari paylasilmistir.
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Abstract
The Apricot flower midge (Contarinia pruniflorum) is a pest of stone fruit trees and lays its
eggs in the flower buds before the pink bud stage of the apricot. Itis a pest that has a direct
impact on the yield of the tree. This study was conducted in 2017-2018 in Malatya province
of Tiirkiye to determine the morphological characteristics of certain biological stages of
Contarinia pruniflorum. In the morphological examinations, the morphological
characteristics of the adult female, adult male, mature larva, and pupa were described and
measurements were made on some body parts. The average body width ofthe adult female
is 0.43 mm, with a length without antennae of1.81 mm. The average antenna length is 0.91
mm and consists of 12 segments. The average body width of the adult male is 0.34 mm and
the body length excluding antennae is 1.68 mm. The mature larva has an average width of
0.49 mm and alength of 2.17 mm. The pupa has an average width of 1.09 mm and a length
of 2.22 mm. The study contributed to population monitoring by introducing the pest to
growers and researchers.
Key words: Contarinia pruniflorum, Apricot pest, Morphological characteristics

Contarinia  pruniflorum Coutin & Rambier
Cecidomyiidae)’un Bazi1 Morfolojik Ozellikleri

(Diptera:

Ozet
Sert ¢ekirdekli meyve agaglarinin bir zararlisi olan Kayisi ¢icek sinegi (Contarinia pruniflorum)
kay1isinin pembe tomurcuk doneminden 6nce ¢igek tomurcuklarina yumurtasini birakir. Meyve
agacinin Uriin miktarina direk etki eden bir zararlidir. Calisma, Contarinia pruniflorum’un baz
biyolojik donemlerindeki morfolojik 6zelliklerinin belirlenmesi i¢in 2017-2018 yillarinda
Malatya (Tiirkiye)’da yiiratilmustiir. Morfolojik incelemelerde, ergin disi, ergin erkek, olgun
larva ve pupanin morfolojik 6zellikleri tanimlanarak zararlinin bazi viicut béliimlerinde 6lgiimler
yapilmistir. Ergin disinin ortalama viicut genisligi 0.43 mm, anten hari¢ uzunlugu 1.81 mm'dir.
Anten 12 segmentten olusmus olup uzunlugu 0.91 mm’dir. Ergin erkegin ortalama viicut genisligi
0.34 mm, anten hari¢ viicut uzunlugu 1.68 mm’dir. Olgun larvanin ortalama genisligi 0.49 mm
olup uzunlugu 2.17 mm’dir. Pupa genisligi 1.09 mm ve uzunlugu 2.22 mm’dir. Calisma ile
yetistiricilere ve arastirmacilara zararliy1 tanitarak popiilasyon takibi yapilmasina katk
saglanmistir.
Anahtar Kelimeler: Contarinia pruniflorum,Kayisi zararlisi, Morfolojik 6zellikler

Introduction

detected in Prunus species and some biological

Contarinia pruniflorum Coutin & Rambier (Diptera:
Cecidomyiidae) (Apricot flower midge) adults lay
their eggs on the flower buds of trees belonging to
stone fruit species. The hatching larvae feed through
the bud wall and the genital organs of the flower.
The damaged flower does not bear fruit (Yigit and
Tunaz, 2021). The pest overwinters in the soil in the
pupal stage and produces one generation per year
(Pollini and Bariselli, 1996; Yigit and Tunaz, 2023).
Successful results have been achieved in the
chemical control against adult stage of the pest
(Yigit and Tunaz, 2021). In addition, Gastrancistrus
pacillus, Synopeas sp., and Gastrancistrus
pruniflorumus have been identified as larval
parasitoids of the pest (Rambier and Coitin, 1955;
Doganlar and Yigit, 2019). The pest was first

characteristics were identified (Rambier and Coitin,
1955). Then it was detected on Prunus cultivars in
Czechoslovakia, Italy, Greece, and Tiirkiye. Some
studies have been conducted such as determination
of some biological terms, pest control, and cultivar
preferences (Pollini and Bariselli, 1996; Gagne,
20014; 2017; Montuschi et al. 2004; Tsagarakis and
Mitsopoulus, 2007; Doganlar et al. 2014; Yigit and
Tunaz, 2021; 2023). It was first identified
morphologically by molecular characterization
using the COI gene sequence (Kaplan and Inal,
2021). For the first time in Tiirkiye, apricot was
found to be damaged by the pest in Malatya province
(Doganlar et al. 2014; Kaplan, 2014). In addition,
assessments were made on the prevalence areas
and damage rates of the pest in Malatya province
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and its bioecology was evaluated (Yigit and Tunaz,
2021; 2023). The pest spends much of its life cycle
as a mature larva and pupa in the soil. The adult
stage of the pest is very short. The time when the
pests lay their eggs is in the late winter months
when gardening is minimal. Therefore, it is difficult
to recognise and identify the pest. This study aims to
contribute to growers and researchers by providing
morphological descriptions of some biological
stages of the Apricot flower midge.

Material and Method

The material of the study consists of the adults,
larvae, and pupae of C. pruniflorum as well as
laboratory equipment and materials.

Collecting Contarinia pruniflorum

In the apricot orchard of Hacihaliloglu variety in
Yesilyurt district of Malatya province, a 2 m? area
was designated in 2017 where a considerable
number of mature larvae were released. Square
prism cages measuring 25x40 cmwere placed in the
area for biological monitoring of the pest. Over a
year, observations were made and pupae and adults
were collected. They were then taken to the
laboratory for measurements.

During the observations after the pest had laid its
eggs in apricot buds, the larva in the buds in which
the eggs were laid were classified according to their
biological stages. They were then taken to the
laboratory for measurements.

Measurements

The body length and width, antenna length,
wingspan, and length-width measurements of the
mature females and males were measured, as well
as the length and width of the mature larva and the
length, width, and circumference of the pupa. The
measurements and photos were taken with a Nikon
€200 microscope.

RESULTS

Morphological studies

Measurements have been made on some biological
stages of the pest and photos of some body parts are
shown below.

Adult female

The adult female has an average body width of 0.43
mm and a length, excluding antennae, of 1.81 mm,
with an orange-red body color. The head, thorax,
and legs are black. The palp has four segments, the
first of which is very short and the following
segments are twice as long as the previous one. The
antenna of the adult female is about 0.91 mm long
and consists of 12 segments. It has a cylindrical
shape and the flagellum consists of two fused parts.
There are irregular and long sensory hairs on the
segments. The legs are blackish and the tarsal claws

are oblique. The empodium 1is only weakly
developed and corresponds to the length of the claw.
It has along ovipositor, which can grow up to 2 mm
long when laying eggs. The wings of the adult female
are transparent, about 0.74 mm wide and 2 mm long
and have only a few veins. Some body parts of the
adult female are shown in Figure 1 and the
morphological measurements are listed in Table 1.

Figure 1. Adult female of Contarinia pruniflorum a-
general appearance, b- head and antennae, c-
general view of antennae, d- posterior segments of
abdomen and ovipositor, e- wings, f- tarsus and
pretarsus

Sekil 1. Contarinia pruniflorum’un ergin disisinin a-
genel goriinimii b- bas ve anten c- antenin genel
goriiniimii, d abdomen sonu ve oviporizator, e-
kanat, f- tarsus ve pretarsus

Adult male

The average body width of the adult male is 0.34 mm
and its length without antennae is 1.68 mm, with an
orange-red body color. The head, thorax and legs are
black. At the end of the abdomen there is a pair of
hook-shaped holders that help with mating. The
male's antenna is about 1.95 mm long and consists
of 24 segments. The antennal segments are rounded
and the flagellum consists of two fused parts. There
are irregular and long hairs on the segments. The
wings of the adult male are about 0.69 mm wide and
1.93 mm long, transparent and sparsely veined.
Some body parts of the adult male are shown in
Figure 2, and the morphological measurements are
given in Table 1.

Larva

Mature larvae hatched from the bud after feeding
were collected and measured in the laboratory. The
results are shown in Table 2 and Figure 3. The
hatched legless larva is initially transparent and
whitish. Later it becomes lemon yellow. The average
width of the mature larva is 0.49 mm and its length
is 2.41 mm.

Pupa

The pupa is barrel-shaped, with an average width of
1.09 mm and a length of 2.22 mm. The larva
transforms into a pupa in the course of the summer.
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In the pupal stage it remains in the soil until the end
of February, the end of the following winter. With
the warming of the weather and the soil, the adult
insect emerges from the pupa and begins its adult

activities. The morphological measurements of the
pupae are shown in Table 3 and its general
appearance can be seen in Figure 4.

Table 1. Morphological measurements of adult females and males of Contarinia pruniflorum (mm)
Cizelge 1. Contarinia pruniflorum’un ergin disi ve erkeginin morfolojik él¢ciimleri (mm)

Width Length Antenna Length Wing Width  Wing Length
Adultfemale 0.43+0,047  1.82+0,160 0.91+0,109 0.74+0,072 2.00+0,116
(n 15, average)
Adultmale 0.34+0.113  1.68+0.301 1.95+0.255 0.69+0.072 1.93+0.105

(n 12, average)

-7
.

. 0.5mm \
Figure 2. Adult male of Contarinia prumﬂorum a-
general appearance, b- general view of the antennae,
c- antennal base and first segments, d- posterior
segments of the abdomen and genital tip, e- wings, f-
tarsus

Sekil 2. Contarinia pruniflorum’un ergin erkeginin
a- genel goriiniimii b- antenin genel goriiniimi, c-
anten kaidesi ve ilk segmentleri, d- abdomen son
segmentleri ve genital ug, e- kanat, f- tarsus

0.2mm
—_—

0.5mm

Figure 3. Mature larva of Contarinia pruniflorum a-
head, sternal spatula, and first segments b- general
appearance

Sekil 3. Contarinia pruniflorum’un olgun larvasinin
a- bas, sternal spatula ve ilk segmentleri b- genel
gorinim

Table 2. Morphological measurements of the
mature larva of Contarinia pruniflorum (mm)
Cizelge 2. Contarinia pruniflorum’'un

larvasinin morfolojik 6l¢timleri (mm)

olgun

Width Length

n 15, average 0.49+0.067 2.41+0.279

1 N

Figure 4. General appearance of the pupa of
Contarinia pruniflorum

Sekil 4. Contarinia pruniflorum’un pupasinin genel
gorunimi

Table 3. Morphological measurements of the pupa

of Contarinia pruniflorum (mm)

Cizelge 3. Contarinia pruniflorum’un pupasinin

morfolojik dl¢iimleri (mm)
Width Length

Circumference

n15,
average

1.09£0.91 2.22+0.158 5.36+0.268

Discussionand Conclusion

Limited studies have been carried out to determine
the morphological characteristics of the apricot
flower midge (Rambier and Coitin, 1955; Kaplan
and Inal, 2021). This study contributed to the
literature by making a detailed study on the pest.
The apricot flower midge is a pest that is not
recognised by growers due to its small distribution
area in the world. To date, it has been detected in a
few regions in Europe (Pollini and Bariselli, 1996;
Gagne, 20014; 2017; Montuschi et al. 2004;
Tsagarakis and Mitsopoulus, 2007; Doganlar et al.
2014). Apricot growers in Tiirkiye have recently
been confronted with this pest. The first point of
view regarding the reason forthe new occurrence of
the pest could be the expansion or change of the
distribution areas of the pest with the climatic
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changes. The second point of view is that the pest
was already present in the growing areas but was
not noticed because the adult period of the pest is
short, the period of adult emergence in nature is in
the winter months and the population density is low
and does not cause significant damage to the
products. Yigit and Tunaz (2021), in their study
conducted in the Eastern Anatolia Region of
Tirkiye, detected the pest at different altitudes, but
it caused damage to the crop only at low altitudes.
Although the second approach seems more logical,
more research on the distribution areas of the pest
is needed to explain this issue.

The apricot flower midge has a direct impact on crop
yields due to the damage it causes. Pest control
measures should be started as soon as the adults
emerge from the pupae (Yigit and Tunaz, 2021).
This is because when the damage is noticed at the
end of the flowering period, it is too late for pest
control. The pest should be controlled during the
adult period. Itis therefore very important to know
the morphology of the adults. As the pest causes
damage during the flowering period, control
methods other than chemical control must be
developed to protect both the existence of the
pollinators and the natural balance.
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Malatya ili Yesilyurt ilcesinde Deprem Sonrasi Kiraz Uretiminin
Sosyo-Ekonomik Analizi ve Depremin Ureticiler Uzerine Etkileri
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1Malatya Turgut Ozal Universitesi, Ziraat Fakiiltesi, Tarim Ekonomisi Béliimii, Malatya Tiirkiye
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Ozet
Bu calisma ile Malatya ili Yesilyurt ilgesinde deprem sonrasinda kiraz tretiminin sosyo-
ekonomik analizinin yapilmas1 amag¢lanmistir. Arastirma, kiraz tireticilerinden toplanan birincil
veriler ile farkli kaynaklardan elde edilen ikincil verilerin degerlendirilmesi ve yorumlanmasiyla
kiraz liretiminin gesitli yonlerinin incelenmesini hedeflemistir. Calismada, ilge genelinde kapama
kiraz bahgesi bulunan kiraz iireticilerinden oransal 6rnekleme yontemi kullanilarak 53 isletme
ornek olarak belirlenmistir. Hazirlanan anketler isletmeler ile yiiz yiize goriisiilerek 2022-2023
iretim sezonunu ig¢in doldurulmustur. Calisma kapsaminda, isletmelerin yilhk faaliyet
sonuglarindan briit, mutlak ve nispi karlar hesaplanmistir. Bélgede Kkirazlarin ortalama satis
fiyat1 32.06 TL/kg olarak belirlenmistir. Isletmelerin kiraz tiretimi neticesinde dekara briit kar 8
605.37 TL/da, mutlak kar 5 817.54 TL/da ve nispi kar 1.75 olarak belirlenmistir. Sabit ve degisen
masraflar ile toplam iiretim masraflar1 hesaplanmistir. 6 Subat 2023 tarihli Kahramanmaras
depremlerinden en ¢ok etkilenen bolgelerden biri olan arastirma sahasinda iiretim yapan
ureticilerin deprem déneminde karsilastigl problemler belirlenmis ve ¢dziim énerileri sunulmus
ve politika énerilerinde bulunulmustur.
Anahtar kelimeler: Kiraz, Sosyo-ekonomik analiz, Maliyet, Deprem, Malatya.

Socio-Economic Analysis of Cherry Production After the
Earthquake in Yesilyurt District of Malatya Province and the Effects

of the Earthquake on Producers

Abstract
This study aims to conduct a socio-economic analysis of cherry production in the Yesilyurt
district of Malatya province following the earthquake. The research evaluates various aspects of
cherry production by analyzing primary data collected from cherry producers and secondary
data obtained from different sources. In the study, 53 farmers were selected as a sample by using
the proportional sampling method from the cherry producers. Surveys were conducted through
face-to-face interviews with the enterprises for the 2022-2023 production season. The annual
operational results of the enterprises were analyzed to calculate gross, absolute, and relative
profits. The average sales price of cherries in the region was determined as 32.06 TL/kg. The
analysis revealed a gross profit of 8 605.37 TL/da, an absolute profit of 5 817.54 TL/da, and a
relative profit 1.75. Fixed and variable costs, as well as total production costs, were calculated.
Furthermore, the challenges faced by producers during the February 6, 2023, Kahramanmaras
earthquake, one of the most impactful natural disasters in the region, were identified. Solutions
and policy recommendations were proposed to address these issues and enhance the resilience
of the agricultural sector in the area.
Keywords: Cherry, Socio-economic analysis, Cost, Earthquake, Malatya.

Giris

kosullarina bagh olarak sekillenmistir. Genellikle,

Depremler, dogrudan insan hayatini etkiledigi kadar
ekonomik ve sosyal yapilari da derinden sarsan
olaylardir. Tirkiye, jeolojik konumu itibariyle sik sik
bliylik depremlere maruz kalan bir iilkedir. Bu dogal
afetler, 6zellikle tarim sektdriinde ciddi etkilere yol
acmakla birlikte iretim faaliyetlerinin
aksamasindan liriin kaybina, pazarlama
sorunlarindan {retici gelirlerinde diisiise kadar
genis bir yelpazede sonuglar dogurmaktadir. Tarim,
kirsal ekonominin temelini olustururken, kiraz gibi
yliksek katma degerli lriinlerin lretimi, tireticiler
ve llke ekonomisi icin biiyik ©6nem tasir.
Tiirkiye'nin ekonomisinde 6nemli bir paya sahip
olan kiraz, Hazar Denizi, Gliney Kafkasya ve Kuzey
Anadolu'ya o6zgii bir {riindiir ve Mayis ayinin
ortalarindan itibaren piyasada bulunmaktadir
(Bolsu, 2007). Kiraz, diinya genelinde bir¢ok lilkede
yetistirilmekle birlikte, yayillimi zorunlu iklim

tretimin yapildig1 bolgeler iliman iklim kusaginda
yer almaktadir (Oztiirk vd. 2005). Tiirkiye, diinya
kiraz iretiminde lider konumunda olup, 2022
yilinda diinya genelinde gergeklestirilen 2.7 milyon
tonluk tretimin yaklasik %24’tini karsilamaktadir
(FAO, 2024).

Ulke genelinde birgok bélgede kiraz yetistirilmekle
birlikte, en yogun {retim Ege Bolgesi'nde
gerceklesmektedir ve bu bolge, Tiirkiye'nin kiraz
iretiminin en ¢ok yapildig1 bdlgesidir. Ayrica
Tiirkiye kiraz lretiminde diinyada ilk sirada yer
almaktadir. Malatya ili Yesilyurt ilgesinde kiraz
iretimi ekonomik olarak yapilmakta ve Yesilyurt
kiraz1 boélgede tercih edilen iriin olarak 6n plana
cikmaktadir. Ancak, 6 Subat 2023 tarihinde
Kahramanmaras merkezli gerceklesen depremler,
kiraz tiretiminin 6nemli bir merkezi olan Malatya
ilini de ciddi sekilde etkilemistir. Bu ¢alismada,
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Malatya fli Yesilyurt licesinde Deprem Sonrast...

Malatya'nin Yesilyurt ilgcesinde deprem sonrasi
kiraz iretiminde yasanan sosyo-ekonomik etkiler
analiz edilmistir. Calismada hem birincil hem de
ikincil veriler kullanilarak {reticilerin yasadig1
sorunlar tespit edilmis ve bolgedeki {retim
faaliyetlerinin mevcut durumu degerlendirilmistir.
Deprem gibi beklenmedik krizlerin tarim
sektoriinde nasil etkiler dogurdugunu anlamak,
benzer durumlar i¢in uygun politika ve stratejilerin
gelistirilmesine katki saglayacaktir. Bu baglamda,
calismanin temel hedefi, iireticilerin deprem sonrasi
karsilastig1 zorluklar ve ihtiyaclarini tespit ederek,
bu zorluklara yonelik dneriler sunmaktir.

Materyal ve Yontem

Materyal

Calismanin ana materyalini; Yesilyurt ilgesinde
ikamet eden ve tarimsal iretim faaliyetlerinde
bulunan kiraz ireticileri ile yliz yiize goériismeler
yapilarak doldurulan anketlerden elde edilen
veriler olusturmaktadir. Ayrica konu ile ilgili
hazirlanmis istatistiki veriler, raporlar makaleler
gibi ikincil kaynaklar da g¢alismanin materyalleri
arasinda yer almaktadir.

Verilerin analizinde kullanilan yontemler
Malatya il Tarim ve Orman Miidiirliigii'nden ilcede
Ciftci Kayit Sistemi'nde 246 kiraz treticisi oldugu
bilgisi alinmis ancak {retici bazl veriler temin
edilememistir. Ciftci Kayit Sistemi verileri elde
edilemediginden 6rnek hacminin belirlenmesinde
oransal 6rnekleme yontemi kullanilmistir. Oransal
ornekleme, bir arastirmada ana kiitlenin belirli bir
oraninl yansitan bir érnekleme yoéntemidir. Bu
yontemde, ana kiitleye iliskin bir oran (6rnegin, bir
ozellige sahip olan bireylerin yiizdesi) bilinir ve bu
oran dogrultusunda 6rnek biiyiikligi hesaplanir.
Ozellikle tarim ekonomisi calismalar1 gibi genis
popiilasyonlarin analiz edildigi durumlarda sik¢a
kullanilan bir yodntemdir. Oransal o6rnekleme
asagidaki sekilde formiile (Esitlik 1)  edilmistir
(Newbold vd. 2013; Cigek ve Erkan, 1996).

— N.;;.Z(l—p) (1)
W-1).(%)+p.(-p)

n: Gerekli 6rnek biyiikligii ,N: Ana kiitle biiytikliigi,

p: Ana kiitlede arastirilan 6zelligin orani, d: Kabul

edilebilir hata pay, z: Istatistiksel giiven diizeyi icin

Z-tablosu degeri.

Calismada %90 giiven araligl ve %10 hata pay ile
oransal ornekleme formiliinii asagidaki sekilde
hesaplanarak érnekleme yapilacak liretici sayis1 53
olarak belirlenmistir.

Anket yapilan mahalle isimleri ve iiretici sayilari
Cizelge 1." de gosterilmistir.

12

246.0,5.(1 —0,5)
2
(246 — 1). (%) +0,5.(1—0,5)
n: 246 (ana kiitle biiytikliigii), p: 0.5 (depremden
etkilenme bilinmedigi i¢cin muhafazakar tahmin), d:
0.10 (hata pay1), z: 1.645 (%90 giiven araligina
karsilik gelen Z degeri).

n= = 53,16 = 53

Cizelge 1. Yesilyurt ilgesi anket
kéy/mabhalleler ve iiretici sayisi.

Table 1. Surveyed Villages in Yesilyurt District and
Number of Producers.

Sira

yapilan

Uretici Sayisi

No Koy/Mahalle (Adet)
1 Giindiizbey 40
2 Bostanbasi 6
Yesilyurt
3 Miriez 4
4 Hiroglu 3
Toplam 53

Arastirmada veri toplama araci olarak, Malatya
Turgut Ozal Universitesinden etik belgesi alinmig
coktan se¢meli ve acik uclu sorulardan olusan anket
formu kullanilmistir. Anket formunda, kiraz
ireticilerin sosyo-ekonomik 6zellikleri ile depremin
etkisi nedeniyle yasanan problemler ve ¢6ziimi
konusundaki diisiinceleri gibi bilgileri belirlemeye
yonelik 31 soru yer almistir.

Tarim ekonomisi alaninda yaygin olarak kullanilan
yillik faaliyet sonuglarinin elde edilmesinde;

Briit kar
Masraflar (2)

Mutlak (Net) kar = Gayrisafi Uretim Degeri - Uretim
Masraflari (3)

Nispi kar
Masraflari (4)

esitlikleri kullanilmistir (A¢il ve Demirci, 1984;
Erkus vd. 1995; Kiral vd. 1999; Karagdlge, 2001).

Gayrisafi Uretim Degeri - Degisen

Gayrisafi Uretim Degeri / Uretim

Kiraz ireten isletmelerin {retim masraflar
hesaplanmistir. Uretim faaliyetinde gerceklesen
masraflarin hesaplanmasinda 2022/2023 {retim
sezonu fiyatlar1 dikkate alinmistir. Bolgedeki
makine ve arazi Kirasi fiyatlari cift¢i beyani dikkate
alinarak hesaplanmistir. Aile isgiicii licret karsilig:
hesaplamasinda ise bdlgede yabanci isgiicii licretleri
esas alinmistir. Doner sermaye faizi T.C. Ziraat
Bankasi’nmin 2023 yili bitkisel tiretim kredi faizi
oraninin yarist dikkate alinarak hesaplanmistir.
Genel idari giderler degisen masraflarin %5’
alinarak  hesaplanmigtir. ~ Uretim  degerinin
hesaplanmasinda ireticilerin ciftlik avlusu satis
fiyati baz alinmistir.



Meyve Bilimi/Fruit Science

Bulgular ve Tartisma

Diinya Kiraz iiretimi

2023 yilinda diinya genelinde 2 milyon 964 bin ton
kiraz lretimi yapilmistir. Kiraz {retiminin
yogunlastigr ilkeler; Tiirkiye, Sili, Ozbekistan,
Amerika Birlesik Devletleri (ABD) ve iran i.C. olup
ilkelere gore diinya kiraz lretimi Cizelge 2’de
gosterilmistir (FAO, 2024). Tirkiye 2019-2023
yillar1 arasindaki bes yillik iiretim déoneminde yillik
ortalama 694 bin ton kiraz tiretim miktari ile diinya
kiraz tiretiminin %25,22 sini tek basina karsilayarak
diinyanin en o6nemli kiraz lreticisi konumunda

tretimin %77.05’'ini karsiladigini hesaplamistir.
2019 y1li baz alindiginda 2019-2023 yilar1 arasinda
Diinya kiraz tiretim miktar1 %12,62 oraninda artis
gostermistir. Bu siirecte tlretim miktarim Sili

%72.85 oraninda, Yunanistan %39.19 ve
Ozbekistan %24.45 oraninda arttirirken
Tirkiye'nin  artis  oram1  %10.93 olarak

gerceklesmistir. Bu siirecte Ispanya ve Italya gibi
onemli kiraz lreticisi iilkelerde %11 seviyesinde
iretim azalis1 s6z konusudur. Sili 6zellikle cografi
konumu nedeni ile kuzey yarim kiirede iiretimin
olmadig1 donemlerde kiraz iireterek 6zellikle kuzey

bulunmaktadir. Bayav (2023) yaptif1 c¢alismada  yarim kiiredeki pazarlar i¢in o6nemli {retici

2021 yilinda diinya kiraz tiretiminde dnde gelen ilk ~ konumuna gelmistir.

on Tllkenin ftretim miktarlarinin toplam kiraz

Cizelge 2. Kiraz iiretiminde lider tilkelerin yillara gore tiretim miktarlar (ton).

Table 2. Production Quantities (tons) of the Leading Countries in Cherry Production by Years

Ortalama 5 Yilhk
Ulkeler 2019 2020 2021 2022 2023 i(r)alz/(ft Uroetim Degisim
% %

Tiirkiye 664224 724944 689834 656041 736791 694367 25.22 10.93
Sili 269999 275999 392001 465001 465349 373670 13.57 72.35
ABD* 319870 294930 333210 202570 321420 294400 10.69 0.48
Ozbekistan 175861 185068 213600 216867 218867 202053 7.34 24.45
frani.C. 128354 153745 119779 105390 144877 130429 4.74 12.87
ispanya 118380 82130 125810 116070 104470 109372 3.97 -11.75
ftalya 98600 104380 93030 107910 87710 98326 3.57 -11.04
Yunanistan 81600 93740 80970 85070 113580 90992 3.30 39.19
Diger Ulkeler 774679 709342 708036 837793 770717 760114 27.60 -0.51
Diinya 2631566 2624279 2756270 2792712 2963781 2753722 100.00 12.62

*Amerika Birlesik Devletleri

Kaynak: FAO 2024

Tiirkiye Kiraz iiretimi ton Uretim gerceklestirmis olup ilin son bes yillik

Tiirkiye Diinya  kiraz  liretiminde lider ortalamasi 3663 ton seviyesindedir. Malatya ili

konumundadir. Ulkenin kiraz iiretiminin son 5 yil
incelendiginde; toplam iiretimin 650 ile 750 bin ton
arasinda degistigi goriilmektedir. Bununla birlikte
depremin gergeklestigi 2023 yilinda tiretim miktari
736 bin ton olarak gergeklesmistir (TUIK, 2024).

Tiirkiye’de kiraz iiretiminde énde gelen illerin son 5
y1l tretim degerleri incelendiginde [zmir, Konya,
Bursa ve Manisa illeri dnemli iiretim bélgeleri
olarak 6én plana gikmaktadir. {zmir ili 2019-2023
yillar1 arasinda yillik ortalama 89 bin 502 ton kiraz
tretim miktar1 ile Tirkiye kiraz iretiminin
%12.89’luk kismini olusturmaktadir. izmir ilini
Konya %8.34, Bursa %7.73, Manisa %6.98 ve
Amasya %5.83 oram ile takip etmektedir. Kiraz
iretim miktar1 2019-2023 yillar1 arasinda 2019
yilina gore Tirkiye genelinde %10.93 oraninda
artarken Izmir ilinde bu oran %53.97 olarak
gerceklesmistir. Izmir'in disindaki énemli Kkiraz
iireticisi illerde ise bir azalis s6z konusudur. Bu
azalis Bursa i¢in %26.97 Konya icin %13.98, Manisa
icin %7.54 ve Amasya icin %6.09 oraninda
belirlenmistir. Malatya ilinde ise 2023 yilinda 3 731

13

Tiirkiye kiraz tretim miktarinin binde 5.3 liik
kismini olustururken ildeki son bes yillik iiretim
miktarindaki degisim %1.75 oraninda artmistir.
(Cizelge 3) (TUIK, 2024).

Malatya ili kiraz iiretimi

Malatya ilinde kiraz iiretiminin en yogun olarak
yapidig1 ilgeler sirasiyla; Yesilyurt, Hekimhan,
Dogangehir, Arapgir ve Akcadag ilceleridir (TUIK,
2024). Bu arastirmaya konu olan Malatya ili
Yesilyurt ilcesi, Dogu Anadolu Bélgesi'nin Yukari
Firat Havzas1 Boliimii'nde yer alan Malatya ilinin iki
merkez ilcesinden biridir. Yesilyurt'ta, basta
Malatya ekonomisinin itici giicii olan kayis1 olmak
uzere Kkiraz, Uzilim, ceviz ve elma yetistiriciligi
yapilmaktadir. Yesilyurt ilgesi Malatya ilinde en
fazla kiraz tiretiminin yapildigi ilcedir. Malatya kiraz
dretim alanmnin  %59u  Yesilyurt ilgesinde
bulunurken Malatya kiraz {retim miktarinin
%43’linti karsilamaktadir. 2023 tiretim sezonunda 2
740 dekar alanda 1 595 ton kiraz iiretimi
gerceklestirilmistir (TUIK, 2024).
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Cizelge 3. Tirkiye’de kiraz iiretiminde 6nde gelen iller (ton).
Table 3. Leading Provinces in Cherry Production (tons) in Tiirkiye

iller 2019 2020 2021 2022 2023 i?;g/gft 8;2::*}2 ]53:;1;1]; %
izmir 66136 108495 87667 83383 101830 89502 12.89 53.97
Konya 68213 64086 51942 46750 58680 57934 8.34 -13.98
Manisa 48465 50934 49343 48832 44809 48477 6.98 -7.54
Bursa 60854 55652 52971 54485 44443 53681 7.73 -26.97
Amasya 38542 34926 41084 51524 36194 40454 5.83 -6.09
Malatya 3667 3675 3613 3628 3731 3663 0.53 1.75
Diger iller 378347 407176 403214 367439 447104 400656 57.70 18.17
Toplam 664224 724944 689834 656041 736791 694367 100.00 10.93
Kaynak: TUIK 2024
Kiraz iireten isletmelerin sosyo-ekonomik (2017) izmir ilinde yapmis olduklar: bir calismada
ozellikleri ireticilerin kiraz tiretimindeki deneyim siirelerini

Bolgede anket yapilan Kkiraz {reticilerinin yas
ortalamasi 56.32 olarak belirlenmistir. Ureticilerin
yas araliginin 61 yas ilsti grubunda (%37.74)
yogunlastigt ve bu gurubu 51-60 yas grubu
(%33.96), 41-50 yas grubu (%16.98) ve 40 yas ve
alti grubu (%11.32) takip etmistir. Malatya ilinde
kiraz freticilerinin sosyo-ekonomik yapilarina
yonelik bir calismaya rastlanmamistir. Atay vd.
(2015) yilinda Malatya ilinde kiraz yetistiriciliginde
organik ve konvansiyonel liretimi karsilastirmali
olarak analiz etmis fakat iretici boyutunu
incelememislerdir. Bu nedenle boélgedeki kiraz
iireticilerinin sosyo-ekonomik 6zellikleri tizerindeki
bu calismada elde edilen veriler énemlidir.

Nalinci ve Kizilaslan (2019) Amasya ilinde kiraz
ureticileri ile yapmis oldugu bir c¢alismada
ireticilerin ortalama yasini 41.12 olarak bulmustur.
Namdar vd. (2023) Dogu Akdeniz Bolgesinde
yapmis olduklari bir calismada tireticilerin ortalama
yasinl 57.8 olarak belirlemislerdir. Bolgeler itibari
ile bu tiir farklilasmalarin yasanmasi normal bir
sonug olarak degerlendirilmektedir.

Kiraz iireticilerinin egitim durumlari incelendiginde
ureticilerin ~ %45.28'inin  lise, = %20.75’inin
yiksekokul, %16.98'inin lisans ve lisansiistii
%15.09’'unun ortaokul ve %1.89’'unun ilkokul
mezunu olduklar1 belirlenmistir. Yesilyurt ilgesi
Malatya ilinin merkez ilgelerinden biri olmasi ve
kiraz yetistirilen alanlarin sehir merkezine oldukga
yakin alanlarda yer almasi, bolgede okullasma

oranini ve lreticilerin egitim ortalamasini
ylkseltmistir.
Yesilyurt ilgesi kiraz ireticilerinin ireticilik

deneyimi incelendiginde ortalama deneyim siiresi
32 yil olarak belirlenmistir. isletmelerde ortalama
deneyim siiresi, lretim dalinin bdlgede uzun
yllardir yapildigini ve Kkiraz yetistiriciliginin
bolgede ekonomik bir liretim faaliyeti oldugunun
gostergesi olarak kabul edilebilir. Dogan ve Saner
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ortalama 29.55 yil olarak belirlemislerdir.
isletmelerin kiraz iiretimi yaptig1 parsel sayis1 1 ile
4 adet arasinda degismis ve ortalama parsel sayisi
1.51 olarak hesaplanmistir. Arastirma alaninda
ortalama kiraz iiretim alani 5.90 dekar, dekara agac
sayis1 21.18 ve ortalama agag¢ yasi 19 yil olarak
belirlenmistir.  Isletmelerde yetistirilen cesitler
incelendiginde %68 ile Dalbasti ¢esidi en fazla
iretilen gesit olurken, 0900 Ziraat ¢esidinin %27 ve
Napolyon ¢esidinin %5 oraninda yetistirildigi tespit
edilmistir. Nalinci ve Kizilaslan (2019) Amasya
ilinde kiraz iireticileri ile yapmis oldugu ¢alismada
isletmelerin ortalama arazi biiylkligiiniin 15.90
dekar oldugunu belirtmistir. Namdar vd.’nin (2023)
yilinda Dogu Akdeniz Bolgesinde yapmis olduklari
bir ¢alismada ortalama kiraz isletme arazi
bliytikliigiinii 8.1 dekar olarak bildirmislerdir.
incelenen isletmelerden 26’sinin isletme icerisinde
ev olarak kullandiklar1 bina varligi bulundugu tespit
edilmis olup bunlarin; 14 tanesi betonarme yapi, 8
tanesi ahsap, 3 tanesi konteyner ve 1 tanesi tas
yapidir. Ortalama bina yasi 22 olarak belirlenirken
deprem nedeniyle 6 ciftcinin isletme igerisindeki
evinin hasara bagli olarak yikildig: tespit edilmistir.
Incelenen isletmelerin %32’si traktore sahip olup
traktorlerin 10 yasindan 25 yasina kadar degistigi
ve ortalama traktor yasi 18 yil olarak
hesaplanmistir. Isletmelerin % 401inda ilaglama

tanki ve %36’sinda ise ot makinesi mevcuttur.
Deprem nedeni ile isletmelerin alet ve
makinelerinde bir kayip yasanmamigtir.

Isletmelerin kiiciik 6lcekte olmas1 makinelesmenin
diisiik oranda kalmasina neden olmustur.
incelenen isletmelerde Kkiraz iiretiminin
ekonomik analizi

isletmelerin kiraz iiretiminde hasat sonrasi iscilik
giderleri ve arazi kirasi en 6nemli iki tiretim masrafi

olarak belirlenmistir. Uretim masraflarina ait veriler
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Cizelge 4’te verilmistir. 1 dekar alandan kiraz
tiretimi icin degisen masraflar ortalama 5 001.21 &
dal ve toplam masraflar 7 789.04 £ da! olarak
hesaplanmistir.
Cizelge 4. Yesilyurt Ilcesinde Kiraz Uretim
Masraflari.

Table 4. Cherry Production Costs in Yesilyurt

District.

Masraf Unsuru b dat %
Toprak isleme 642.00 8.24
Budama 359.20 4.61
Giibreleme 438.04 5.62
Sulama 292.40 3.75
flaglama 1075.60  13.81
Nakliye 156.69 2.01
Hasat 2037.28 26.16
Toplam Degisen Masraflar 5001.21 64.21
Doéner Sermaye Faizi %9,75 487.62 6.26
Genel Idari Giderler %5 250.06 3.21
Arazi kirasi 1525.00 19.58
;‘;}s,ils masraflari amortisman 525.15 6.74
Toplam Sabit Masraflar 2787.83 35.79
Toplam Uretim Masraflari 7789.04 100.00

b=Tirk Lirasi, da=dekar

Bu c¢alisma kapsaminda incelenen isletmelerde
degisen masraflarin toplam masraflar icerisindeki
pay1 %64.21 olarak bulunmustur. Kiraz liretimine
ait farkli bolgelerde yapilan ¢alismalarda degisen
masraflarin toplam masraflar igindeki oranin
degistigi goriilmektedir. Bu oran; Isparta’da %65.44
(Demircan ve Aktas, 2004), izmir-Kemalpasa'da
%55 (Adanacioglu, 2012), Tokat'ta %72.19 (Bala
vd.,, 2016), Canakkale’de ise %62.24 (Aydin vd.
2016), (Bilgili vd. 2019) izmir-Kemalpasa'da
%48.24 olarak hesapladig1 gorilmektedir. Elde
edilen sonuglarin bdlgeler arasinda farkliliga
ragmen yakin oldugu kabul edilebilir. isletmelerin
dekara ortalama son 5 yilik verimleri
incelendiginde en yiiksek verim alinan yilda
ortalama 548 kg da‘l, en diisiik verim alinan yilda
105 kg da! oldugu belirlenirken lireticilerin son bes
yulik ortalama verim degeri 361 kg dal, olarak
hesaplanmistir. Ureticilerin 2023 yilinda ortalama
kiraz liretimi 2 504 kg olup dekara verim 424.41 kg
da-Vdir. Uretilen kirazlarin %98'i gelir elde etmek
icin satilirken %2 oraninda hane halki tiiketiminde
ve hediye edildigi tespit edilmistir. Bolgede
kirazlarin ortalama satis fiyat1 32.06 & kg! olarak
belirlenmistir. Isletmelerin kiraz liretimi
neticesinde dekara briit kar1 8 605.37 £ da-1, mutlak
kar1 5 817.54 & da! ve Nispi Kar1 1.75 olarak
belirlenmistir (Cizelge 5).
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isletmelerin iiriinlerini pazarladiklar1 pazar yerine
uzakhig1 ortalama 4.9 km'dir. Ureticilerin %68'i
pazarlama asamasinda depremin etkilerini yagamis
ve depremden etkilendigini belirtmistir.

Ureticilerin  deprem  nedeniyle yasadigi
problemler

Ureticilerin  deprem nedeni ile yasadiklar
problemler incelenmistir. Kiraz ireticilerinin

yasadiklari en 6nemli problemler sirasiyla; deprem
nedeniyle ikametgahlarin hasar almasi (%33.96),
ireticilerin deprem nedeniyle psikolojik rahatsizlik
gecirmesi (%22.64), ireticinin liretim asamasinda
gecici isglicii bulamamasi (%15.09), elektrik, su,
dogal gaz gibi hizmetlerin aksamasi (%13.21), ve
ulasim kaynakli pazarlama sorunlar1 (%11.32) gibi
sorunlar treticilerin deprem nedeniyle yasanan en
o6nemli problemleridir (Cizelge 6).

Cizelge 5. Ureticilerin Dekara Briit, Mutlak ve Nispi
Karlar1

Table 5. Producers' Gross, Absolute, and Relative
Profits per Decare

Verim (kg da?) (1) 424.41
Satis Fiyat1 (£)(2) 32.06
Briit Uretim Degeri (& da!) (3= 1*2) 13 606.58
Degisen Masraflar (& dat) (4) 5001.21
Briit Kar (marj) (5=3-4) 8 605.37
Uretim Masraflan (& da) (6) 7 789.04
Birim Kiraz Maliyeti (b kg1) (7= 6/1) 18.35
Mutlak Kar (TL/da) (8= 3-6) 5817.54
Nispi Kar (9=3/6) 1.75

£=Tiirk Lirasi, da=dekar, kg=kilogram

Cizelge 6. Ureticilerin Deprem Nedeni ile Yasadig
Problemler
Table 6. Problems Faced by Producers Due to the

Earthquake
Deprem Nedeni ile Yasanan o
%
Problemler
Deprem nedeniyle 33.96
ikametgahlarin hasar almasi ’
Depremin psikolojik etkisi 22.64
Gegici isglicii bulunamamasi 15.09
Elektrik, Su, Dogalgaz gibi
. . 13.21
hizmetlerin aksamasi
Ulasim kaynakli pazarlama 11.32
sorunlari
Kurtarma ve enkaz kaldirma
faaliyetlerinin yavas 3.78
ilerlemesi
Toplam 100.00

Ureticilerin deprem nedeni ile yagadiklari bu
problemlerin ¢6ziimii konusundaki disiinceleri
incelenmistir.  Ureticilerin ~ %26.42’si  evlerini
kaybeden treticilere bir an o6nce ev temin
edilmesini, %18.87’si gecici isgiicli temini i¢in yerel
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yonetimlerin 6nlemler almasini, %16.98’i mazot,
giibre, tarim ilaglary, sulama suyu gibi girdilerin
deprem boélgesinde siibvanse oraninin arttirilmasini
ve is giici tcretlerinin standartlagtirilmasini,
%13.21.2’i sulama ve elektrik gibi problemlerin
giderilmesini ve %7.55’i depremden etkilenen
ireticilere psikolojik destek saglanmasi mevcut
sorunlara ¢6ziim oOnerileri olarak belitmislerdir

(Cizelge 7).

Cizelge 7. Ureticilerin Deprem Nedeniyle Yasanan

Sorunlara Coziim Diislinceleri

Table 7. Producers' Thoughts on Solutions to

Problems Caused by the Earthquake
Ureticilerin ¢6ziim Konusundaki

- . %
Diisiinceleri
Evlerini kaybeden iireticilere bir
N . . . 26.42
an dnce ev temin edilmesi
Gegici isglicli temini i¢in yerel
N L 18.87
yonetimlerin 6nlemler almasi
s giicii {icretlerinin
standartlastirilmasi 1698
Mazot, giibre, tarim ilaglari,
sulama suyu gibi girdilerin
Y . N 16.98
deprem bolgesinde siibvanse
orani arttirilmali
Sulama, elektrik gibi alt yap1
L D . 13.21
problemlerinin giderilmesi
Depremden etkilenen iireticilere 755
psikolojik destek saglanmasi )
Toplam 100.00
Sonug¢

Bu c¢alisma, Malatya'nin Yesilyurt ilgesinde kiraz
Ureticilerinin 6 Subat 2023 Kahramanmaras
depremlerinden nasil etkilendigini ortaya koyarak
onemli bulgular sunmustur. Elde edilen veriler,
treticilerin biiytik bir kisminin deprem sonrasi
ekonomik, sosyal ve psikolojik sorunlarla miicadele
etmek zorunda kaldigini géstermektedir. Yasanan
bu depremiile tireticilerde ulasim ve maddi sikintilar
olusmus, elektrik, su, dogal gaz ve arag yakit1 gibi
hizmetlerin aksadigr gorilmistiir. Ayrica is¢i
lcretlerinin yiikselmesi ile c¢alistirillacak iscilerin
bulunmamas1 gibi problemlerin ortaya ¢iktig1
gorilmiistiir. Ozellikle ulasim, pazarlama, is giicii
eksikligi ve artan liretim maliyetleri, bolgedeki kiraz
iretimini olumsuz yonde etkilemistir. Ancak, liretim
miktarinin genel olarak biiyik bir dists
yasanmadigl, aksine 2023 yilinda son yillardaki
ortalama iiretim miktarindan fazla iiretim miktari
tespit edilmistir. Calismada, deprem nedeniyle
ireticilerin yasadig1 en biiylik sorunlarin basinda
konut hasarlari, psikolojik etkiler, isgiicii teminde
sikintilar ve alt yap1 kaynakli sikintilar nedeni ile
elektrik, su, dogalgaz gibi hizmetlerin aksamasi ve
ulasim kaynakli pazarlama zorluklar1 gelmektedir.
Ureticilerin ~ deprem  sonrasi ihtiyaclarinin
karsilanmas1 ve zararlarinin en aza indirilmesi
stirecinde, devlet desteklerinin artirilmasi gerektigi
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ortaya ckmistir. Ornegin, tarimsal girdi
maliyetlerini azaltacak siibvansiyonlarin
saglanmasi, pazarlama altyapisinin gelistirilmesi ve
ureticilere yonelik psikolojik destek programlarinin
olusturulmasi gibi 6nlemler, hem mevcut sorunlari
hafifletmek hem de gelecekte olas1 benzer krizlere
hazirlikli olmak adina biiylik énem tasimaktadir.
Deprem gibi afetlerin tarim sektoriine etkilerini
azaltmaya yonelik stratejilerin  gelistirilmesi,
ireticilerin ekonomik ve sosyal refahini artiracak ve
tarimin tlke ekonomisindeki stratejik Onemini
korumasini saglayacaktir.
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Abstract
Phenotypic diversity and population relationships of chestnut genotypes (Castanea sativa Mill.) growing
spontaneously in forested areas of Yaghdere district (Giresun, Tiirkiye) were investigated according to fruit
traits. In 7 different populations where chestnut trees are dense in the region, 15 healthy genotypes and 105
genotypes in total were evaluated for 14 fruit traits. It was determined that the coefficient of variation was less
than 20% except for nut and kernel weight. Correlation analysis revealed that 56 out of 91 relationships were
significant and 51 of them were positive. The highest positive relationships were found between nut weight,
kernel weight, kernel percentage, nut height and nut length. Only nut height/nut length ratio and stalk base
length showed significant variation among populations. In within-population principal component analysis, the
first four principal components explained 77.38% of the total variance. The relationships between the first
principal component and nut width, nut length, nut height, the distance from the base to the largest section of
the nut, nut weight and kernel weight were found to be high and positive. In the principal component analysis
between populations, the first four principal components explained 88.98% of the total variance. The highest
positive correlation was shown by scar length/scar width and nut height in the first principal component, nut
length and distance fromthe base to the largest sectionof thenut in the second principal component,scarlength
and scar length/nut length in the third component and nut width in the fourth component, respectively. Cluster
analysis divided genotypes into 12 clusters and populations into 2 clusters. In conclusion, principal component
and clustering analysis explained the phenotypic diversity of 105 chestnut genotypes in the natural population
in Yaghdere district according to fruit traits and population relationships explained the whole phenotypic
variation among genotypes.
Keywords: Castanea sativa, Clustering, Correlation, Population, Principal component, Variation.

Yaglhidere Ilgesindeki (Giresun, Tiirkiye) Kestane Genotiplerinin Fenotipik
Cesitliligi )
Ozet
Yaghdere ilgesi (Giresun, Tiirkiye) ormanlik alanlarda kendiliginden yetisen kestane genotiplerinin (Castanea sativa
Mill.) meyve o6zelliklerine gére fenotipik cesitliligi ve populasyon iliskileri aragtirnlmistir. Yorede kestane agaglarinin
yogun oldugu 7 farkli populasyonda saglikli durumda olan 15’er genotip ve toplamda 105 genotip 14 meyve 6zelligi
yoniinden degerlendirilmistir. Kabuklu ve i¢ meyve agirhg: disindakilerin %20'nin altinda varyasyon katsayisina sahip
oldugu belirlenmistir. Korelasyon analizi toplam 91 iliskiden 56 tanesinin 6nemli oldugunu ve bunlarin da 51 tanesinin
pozitif yonlii oldugunu ortaya koymustur. En yiiksek pozitif iliskiler meyve agirhigy, i¢ agirligy, i¢ orani, meyve yiikseligi
ve boyu arasinda ortaya gikmistir. Sadece meyve yiiksekligi/meyve boyu orani ve sap tabani uzunlugu populasyonlar
arasinda 6nemli degisim gostermistir. Populasyon i¢i temel bilesen analizinde ilk dort temel bilesen toplam varyansin
%77.38'ini agtklamistir. Birinci temel bilesenle meyve eni, meyve boyu, meyve yiiksekligi, meyve tabani ile en genis yeri
arasindaki mesafe, meyve agirhig: ve i¢ agirligr arasindaki iligkilerin yiiksek ve pozitif yonde bulunmustur. Populasyonlar
arasi temel bilesen analizinde ilk d6rt temel bilesen toplam varyansin %88.98'ini agiklamistir. En yiiksek pozitif iliskiyi,
sirasiyla, birinci temel bilesende meyve taban1 boyu/meyve tabani eni ve meyve yiiksekligi, 2. temel bilesende meyve
boyu ve meyve tabani ile en genis yeri arasindaki mesafe, Gigiincii bilesende meyve tabani boyu ve meyve tabani
boyu/meyve boyu ve dordiincii bilesende meyve eni gostermistir. Kimeleme analizi genotipleri 12 kiimeye,
popiilasyonlari da 2 kiimeye ayirmistir. Sonug olarak, temel bilesen ve kiimeleme analizi ile Yaglidere ilgesindeki dogal
populasyondaki 105 kestane genotipinin meyve ozelliklerine gore fenotipik ¢esitliligi ve populasyon iliskileri genotipler

arasindaki fenotipik varyasyonun tamamini agiklamistir.

Anahtar Kelimeler: C

sativa, Kiimeleme, Korelasyon, Populasyon, Temel bilesen, Varyasyon.

Introduction

Chestnuts belong to the same order (Fagales) as
hazelnuts and to the same family (Fagaceae) as oaks
and beeches. Within the genus Castanea, several
culturally important species have emerged in
different parts of the world. The most widely
distributed species, Castanea sativa, known as
European chestnuts, is native to the Mediterranean
countries and its homeland is not known for certain,
but it is highly probable that it is Anatolia. According
to some authors, this species is named after the city
of Kastanis (Kastamonu, Northern Tiirkiye), its first
distribution center. Although it is found at
elevations up to 1800 m in the Caucasus, it can reach
up to 1200 m in the region starting from the entire
Black Sea coast in Anatolia, from Marmara and
Western Anatolia to the Mediterranean coast (Soylu,
1984; Ozcagiran etal. 2014).

Chestnut is a temperate climate fruit species that
generally prefers acidic, deep and well-drained soils
and does not grow in lowlands where it is too humid
and cold, or in high mountainous areas with large
differences in daily and annual temperatures (Poljak
et al. 2022). Castanea sativa has long been
recognized as a multipurpose species
(Aravanopoulos, 2005), as it is widely cultivated for
timber and nut production and represents an
integral part of the economy in many areas,
especially in rural areas (Diamandis and Perlerou,
1996).

European chestnut has been cultivated in Anatolia
since ancient times, many chestnut genotypes with
different fruit quality and tree characteristics have
emerged. The nearly 2.5 million chestnut trees in
Anatolia are highly variable. Within these rich
European chestnut populations, there are species
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with large fruits with bright and striking colors, as
well as species with low quality and small fruits.
Although plant breeders in Tiirkiye have made
chestnut selections from natural populations,
European chestnut varieties are still restricted to
individual chestnut regions. Genotypes with
important characteristics such as good fruit quality,
earliness and high yield capacity were selected by
local breeders and propagated by grafting. There are
significant differences in each region in terms of the
mentioned characteristics (Ertan, 2007).

Natural populations of Castanea sativa are facing
extreme degradation for timber utilization.
Therefore, conservation and management of these
natural areas is necessary (Aravanopoulos et al.
2001). Assessment of the genetic diversity and
population structure of natural Chestnut areas is
crucial for good management strategies and
conservation strategy and sustainable use of this
natural resource (Lang and Huang, 1999). The
magnitude and structure of genetic variation in
natural populations should also be known when
determining gene conservation strategies
(Zarafshar etal. 2010).

Varieties belonging to species of the genus Castanea
possess many traits that are desirable for breeding
(Huang et al. 1995; Huang, 1998). Morphological
traits have often served as tools for studying genetic
diversity (Neophytou et al. 2007), especially
because they are easy to use and are clear traits
(Cousens, 1963; Olsson, 1975; Kremer et al. 2002).
In general, the study of morphological traits
constitutes an important component in the study of
species with population relationships and diversity
(Aravanopoulos,  2005).  Morphological and
phenological traits are used to develop quantitative
estimates of genetic similarities and relationships.
MacKey (1988) emphasized the importance of
morphological traits in taxonomic studies of
cultivated plants. Morphological characterization is
an accepted formal method for the registration and
conservation of new varieties (Pereira-Lorenzo et
al. 1996). Varieties have traditionally been
characterized by morphological traits, which in turn
are influenced by developmental status and
environmental and cultural factors. In order to
reduce the influence of environmental factors, these
studies should be repeated in different years and
regions (Pereira-Lorenzo et al. 1996; Oraguzie et al.
1998).

On the other hand, multivariate analysis, and in
particular principal component and cluster analysis,
has been used for the evaluation of germplasm when
studying several traits and many genotypes (Cruz
and Regazzi, 1994). The use of multivariate methods
is an important strategy for the characterization,
evaluation and classification of plant genetic
resources when many genotypes are to be evaluated
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for several characters (Peeters and Martinelli,
1989).

Traditionally, leaf morphological traits have been
used by scientists to study phenotypic diversity. Itis
widely accepted that leaves are the most important
organs for photosynthesis and transpiration in
plants and the arrangement, size, shape and
anatomy of leaves vary greatly in different
environments (Bruschi et al. 2003) and are also easy
to measure (Neophytou et al. 2007).

In this study, statistical analyses were carried out
using morphological traits with multivariate
methods to determine phenotypic diversity and
population relationships according to fruit traits in
seven natural chestnut populations in Yaglhdere
district of Giresun province (Ttrkiye).

Material and Methods

Experimental Site and Plant Material

This research was conducted in 2020 and 2021 in
Yaghdere district of Giresun province (Tiirkiye).
Yaglidere district is located between 40 ° 51" 43"
North latitude and 38 ° 37’ 24" East longitude, 50
meters above sea level and 14 km from the coast
(Figure 1). There is a dense chestnut population in
the forest area in the district, and all trees in the
chestnut population were grown from seed and
each of them is a separate gene source.

The climate of the district is typical Black Sea
climate with cool summers and mild and rainy
winters. Precipitation is distributed over four

seasons. The average annual precipitation is 1300
m3. The coldest month is february and the lowest air
temperature is -3 °C. The hottest month is august,
and the average temperature is 24 °C. The average
annual temperature is 14 °C. The average humidity
is 70% (Anonymous, 2022).

Figure 1. Google Earth view of Yaglidere district
Sekil 1. Yaglidere ilcesinin Google Earth goriinimi

Chestnut genotypes are found in the population
together with alder, beech, hornbeam, oak species
and spruce forest species. According to the stand
map, seven populations with a high density of
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chestnut trees and in different locations were

identified (Figure 2).

Figure 2. Stand Map of Yaghdere District
Sekil 2. Yaglidere Ilgcesi Mescere Haritasi

Nut Parameters

Fifteen genotypes were selected from each
population and the genotypes were selected since
they were at least 50 m away from each other to
ensure that the genotypes were of productive age,
healthy and wunaffected by pollination and
fertilization. When taking nut samples, care was
taken to take them from the middle part of the
shoots and from all four sides of the tree. Ten burs
were sampled from 105 genotypes and brought to
the measurement site on the same day in bags with
air inlets.

Nut height, nut length, nut width, nut height/ nut
length, width of the scar, length of the scar, length of
the scar/width of the scar, length of the scar/ nut
length, distance from the base to the largest section
of the nut, length of the stalk’s base, nut weight,
kernel weight, kernel percentage and shell thickness
were measured in ten nut samples (Figure 3).

Sahin (1989), Pigliucci et al. (1991), Pereira-
Lorenzo et al. (1996), Oraguzie et al. (1998),
Bolvansky et al. (2001), Alizoti and Aravanopoulos
(2005), Aravanopoulos (2005), Solar et al. (2005),
Ertan (2007), Soylu and Serdar (2009), Zarafshar et
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al, (2010), Serdar and Kurt (2011), Mujagi¢-Pasi¢
and Ballian (2012), Serdar et al. (2014), Grygorieva
et al. (2017), UPOV (International Union for the
Protection of New Varieties of Plants) (2017), Atar
and Turna (2018), Bostan et al. (2018), Grygorieva
et al. (2018) and Serdar et al. (2018) were used to
determine fruit parameters.

N

2E

2B

Figure 3. Nut height (24), length (2B), width (2C),
length of the scar (2D), width of the scar (2E),
distance from the base to the largest section of the
nut (2F) and length of the stalk’s base (2M)
measurements (Pigliucci et al,, 1991)

Sekil 3. Meyvede yiikseklik (2A), uzunluk (2B), en
(2C), meyve tabani uzunlugu (2D), meyve taban
genisligi (2E), meyve tabani ile en genis yeri arasi
mesafe (2F) ve meyve sap tabani uzunlugu (2M)
6lciimleri (Pigliucci ve ark., 1991).

Statistical analysis

Statistical analyses were performed on 2-year
average data. Descriptive statistics, correlation
analysis, analysis of variance, principal component
analysis and cluster analysis of fruit traits of the
genotypes were performed using SAS JMP 13.2.0
statistical program.

Quantitative data were analyzed by ANOVA and
means were compared using LSD (0.05) significance
test.

Results and Discussion

Descriptive statistics

Among 105 chestnut genotypes, intrapopulational
coefficient of variation was highest in kernel weight
(27.30%) and nut weight (21.03%) and lowest in
nut height/nut length ratio (6.81%) (Table 1).

The coefficients of variation of 10 genotypes from
10 different locations in Nazilli district (Aydin,
Tiirkiye) were determined as 1.23-14.42% for nut
weight, 2.94-8.90% for shell thickness, 0.84-7.74%
for nut width, 0.28-4.55% for nut height, 0.47-
3.39% for nut length and 0.14-2.85% for kernel
percentage (Ertan, 2007). Although the coefficients
of variation determined in our study were slightly
higher, the order from high to low was the same as
in the previous study. The high coefficients in our
study may be due to the high number of genotypes.
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Table 1. Minimum, maximum, mean, standard deviation (SD) and coefficient of variation (CV) values of 14
nut parameters of 105 chestnut genotypes intrapopulational

Cizelge 1. 105 Kestane genotipinin 14 meyve 06zelligine ait populasyon i¢indeki minimum, maksimum,
ortalama, standart sapma (SD) ve varyasyon Katsayisi (CV) degerleri

Fruit parameters Abbreviation Min. Max. Mean SD CV (%)
1. Nut width (mm) NWI 10.56 18.97 13.35 1.75 13.12
2. Nutlength (mm) NL 15.91 23.90 20.18 194 9.59
3.  Nut height (mm) NH 14.34  23.55 19.21 191 992
4.  NH/NL - 0.80 1.15 0.96 0.07 6.81
5.  Scar width (mm) SW 6.69 13.30 9.53 143 15.02
6. Scar length (mm) SL 10.44  20.23 15.57 2.04 13.08
7. SL/SW - 1.05 2.41 1.71 0.23 13.18
8. SL/NL - 0.59 0.92 0.77 0.08 10.11
9. Distance from the base tothe DBLS

largest section of the nut 6.15 1292 10.09 1.27 12.54
(mm)
10. %rilgh of the stalk’s base LSB 328 9.65 6.01 103 17.06
11. Nut weight (g) NW 225 700 413 087 2103
12. Kernel weight (g) KW 133 600 306 084 2730
13. Kernel percentage (%) KP 55.00 8571 7223 595 823
14. Shell thickness (mm) ST 0.61 1.64 1.00 0.19 18.66

In many previous studies, the rate of within-
population variation was found to be very
significant for many parameters (Pigliucci et al.,
1991; Pereira-Lorenzo et al,, 1996; Oraguzie et al.,
1998; Lang and Huang, 1999; Aravanopoulos et al.,
2001; Alizoti and Aravanopoulos, 2005; Qin et al.,
2005; Queijeiro et al., 2005; Beccaro et al.,, 2005;
Ormeci et al, 2016; Grygorieva et al, 2017; Bilgen
and Bostan, 2018; Bostan et al., 2018; Zenginbal et
al,, 2018; Poljak et al., 2021; Poljak et al., 2022). In
addition, it has been reported that intrapopulational
variation is moderate compared to
interpopulational variation (Peterson et al., 1992);
the most variation is observed between populations,
within  populations and within genotypes
(individuals), respectively (Glushkova, 2007), and
similarities within populations can also be seen
(Solar et al.,, 2001). As can be understood from the
studies, the variation within the population may
vary according to the size of the population,
heterogeneity of the genotypes, parameters studied
and environmental conditions.

Among the 7 chestnut populations, the coefficient of
variation was 9.32% (5th population)-17.38% (3rd
population) for NWI, 6.81% (6th population)-
11.16% (4th population) for NL, 6.40% (5th
population)-11.69% (3rd population) forNH, 4.51%
(7th  population)-8.68% (1st population) for
NH/NL, 9.80% (1st population)-9.80% (SW) for SW.
population), 4.51% (7th population)-8.68% (1st
population) for NH/NL, 9.80% (1st population)-
18.46% (6th population) for SW, 10.17% (5th
population)-16.34% (7th population) for SL, 7.70%
(4th population)-19.21% (6th population), 7.11%

(3rd population)-13.94% (1st population) for
SL/NL, 9.84% (6th population)-15.82% (1st
population) for DBLS, 9.13% (6th population)-
21.31% (2nd population) for LSB, 18.33% (5th
population)-26. 71% (3rd population), 22.07% (1st
population)-35.73% (3rd population) for KW,
4.40% (1st population)-9.88% (4th population) for
KP and 12.21% (3rd population)-24.39% (5th
population) for ST (Table 2).

On the other hand, within the populations, the
coefficient of variation was 4.40% (KP)-22.07%
(KW) in population 1, 5.09% (NH/NL)-25.59%
(KW) in population 2, 7.11% (NH/NL)-35.73%
(KW) in population 3, 5. 61% (NH/NL)-26.12%
(KW), 6.40% (NH)-24.87% (KW) in population 5,
5.77% (KP)-26.48% (KW) in population 6, 4.51%
(NH/NL)-26.77% (KW) in population 7 (Table 2).
In previous studies, the coefficient of variation was
5.1-9.6% for nut height, 5.4-10.9% for nut width,
6.6-12.2% for nut thickness, 11.2-32.4% for nut
weight, 9.5-20.3% for scar length and 9.6-18.1% for
scar width in 6 subpopulations in Slovenia (Solar et
al, 2001); 7.4-12.5% for nut height, 6.8-12.4% for
nut width, 7.7-14.4% for nut thickness, 17.3-38.6%
for nut weight, 12.7-17.8% for scar length and 10.0-
17.9% for scar width in a population of 3 locations
in the same country (Solar et al.,, 2005); 32.18% for
nut weight and 10.14% for nut size in 3 different
locations in Srinagar district (Kashmir) (Pandit et
al, 2013); 10.42% for nut height, 10.82% for nut
width, 16.68% for nut thickness, 25.71% for nut
weight, 17.76% for scar length and 19.65% for scar
width at 3 locations in Bosnia and Herzegovina
(Skender etal., 2013); 13.74% in nut height, 14.98%
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in nut width, 20.57% in fruit thickness, 45.92% in
nut weight, 19.58% in scar length and 20.66% in
scar width in Forest-Steppe regions of Ukraine
(Grygorieva et al, 2017); 24.59-35.85% in nut
weight, 7.97-13.03% in nut height, 10.34-14.40% in
nut width, 11.22-15.82% in DBLS, 13.78-17.37% in
nut thickness, 13.69-21.07% in scar length, 16.66-
24.78% in scar width, 7.25-10.28% in NH/NL, 6.15-
10.50% in SL/FL in eight populations in Italy (Poljak
et al.,, 2022). It has also been reported that there are

significant differences in fruit characteristics among
8 chestnut populations in Tiirkiye (Atar and Turna,
2018) and that the nuts of different plantations in
Sicily vary most in height, width, thickness and
weight (Cutino et al., 2010). As in previous studies,
the highest coefficient of variation among
populations in our study was determined in nut
weight, and it can be said that nut and scar sizes also
have significant coefficients.

Table 2. Interpopulations coefficients of variation (%) of 14 nut parameters of 105 chestnut genotypes
Cizelge 2. 105 kestane genotipinin 14 meyve 6zelliginin populasyonlararasi varyasyon katsayilar1 (%)

. Populations

Fruit parameters 1 2 3 4 5 6 7

Nut width 11.84 9.58 17.38  12.57 9.32 9.84 14.15
Nut length 7.57 9.90 10.44 11.16 9.81 6.81 10.80
Nut height 6.48 9.77 11.69 10.58 6.40 6.63 11.66
NH/NL 8.68 5.09 7.44 5.61 7.83 4.84 4.51
Scar width 9.80 17.76  11.71 1341 1420 1846 1597
Scar length 11.09 11.73 10.38 14.17 10.17 13.06 16.34
SL/SW 11.34 10.67 10.21 7.70 9.38 19.21 14.71
SL/NL 13.94 8.08 7.11 11.78 8.74 9.26 9.65
DBLS 1582 1191 1332 1564 1236 9.84 10.29
LSB 17.70  21.31 1490 1312 12.60 9.13 13.43
Nut weight 19.74  19.51 26.71 18.67 18.33 2245 2033
Kernel weight 22.07 2559 3573 26.12 2487 2648  26.77
Kernel percentage 4.40 8.60 9.53 9.88 9.49 5.77 851
Shell thickness 22.01 20,52 1221 19.82 2439 1833 15.63

In previous studies, the coefficient of variation was
5.1-9.6% for nut height, 5.4-10.9% for nut width,
6.6-12.2% for nut thickness, 11.2-32.4% for nut
weight, 9.5-20.3% for scar length and 9.6-18.1% for
scar width in 6 subpopulations in Slovenia (Solar et
al, 2001); 7.4-12.5% for nut height, 6.8-12.4% for
nut width, 7.7-14.4% for nut thickness, 17.3-38.6%
for nut weight, 12.7-17.8% for scar length and 10.0-
17.9% for scar width in a population of 3 locations
in the same country (Solar et al,, 2005); 32.18% for
nut weight and 10.14% for nut size in 3 different
locations in Srinagar district (Kashmir) (Pandit et
al, 2013); 10.42% for nut height, 10.82% for nut
width, 16.68% for nut thickness, 25.71% for nut
weight, 17.76% for scar length and 19.65% for scar
width at 3 locations in Bosnia and Herzegovina
(Skender etal., 2013); 13.74% in nut height, 14.98%
in nut width, 20.57% in fruit thickness, 45.92% in
nut weight, 19.58% in scar length and 20.66% in
scar width in Forest-Steppe regions of Ukraine
(Grygorieva et al, 2017); 24.59-35.85% in nut
weight, 7.97-13.03% in nut height, 10.34-14.40% in
nut width, 11.22-15.82% in DBLS, 13.78-17.37% in
nut thickness, 13.69-21.07% in scar length, 16.66-
24.78% in scar width, 7.25-10.28% in NH/NL, 6.15-
10.50% in SL/FL in eight populations in Italy (Poljak
et al.,, 2022). It has also been reported that there are
significant differences in fruit characteristics among

8 chestnut populations in Tiirkiye (Atar and Turna,
2018) and that the nuts of different plantations in
Sicily vary most in height, width, thickness and
weight (Cutino et al., 2010). As in previous studies,
the highest coefficient of variation among
populations in our study was determined in nut
weight, and it can be said that nut and scar sizes also
have significant coefficients.

Correlations

Correlation analysis revealed that there were many
significant relationships among the fruit traits of
chestnut genotypes (Table 3).

The 14 parameters had correlation coefficient
values ranging from (-) 0.001 (NW-SL/SF) to 0.982
(KW-NW). Out of a total of 91 relationships, 56
(61.54%) were significant, of which 51 were
positive (91.07%) and 5 were negative (8.93%). Out
of 56 significant relationships, 75% (42) were
significant at 1%o0 (P<0.001), 17.86% (10) at 1%
(P<0.01) and 7.14% (4) at 5% level. The highest
positive relationship was found between kernel
weight and nut weight (0.982). This was followed by
kernel percentage-kernel weight (0.868), kernel
percentage-nut weight (0.780), nut height-nut
length (0.773), DBLS- nut length (0.706).
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Table 3. Pairwise correlation coefficients between fruit traits
Cizelge 3. Meyve 6zellikleri arasindaki Pairwise korelasyon katsayilari

Variable by Variable Corr. SignProb Variable by Variable Corr. Sign Prob
KW NW 0.982 <.0001* SL/SW NWI -0.305 0.0015*
KP KW 0.868 <.0001* LSB NH 0.291 0.0026*
KP NW 0.780 <.0001* ST SL 0.287 0.0030*
NH NL 0.773 <.0001* ST NWI 0.257 0.0080*

DBLS NH 0.706 <.0001* DBLS SL/NL 0.255 0.0086*
NL NWI 0.687 <.0001* ST NW 0.251 0.0098*
SL/NL SL 0.677 <.0001* ST DBLS 0.244 0.0122*
NW NL 0.674 <.0001* ST SwW 0.242 0.0128*
Kw NL 0.665 <.0001* KP NH/NL -0.233 0.0170*
DBLS SL 0.648 <.0001* LSB NL 0.211 0.0308*
SL NL 0.647 <.0001* ST KW 0.188 0.0542
SL NH 0.642 <.0001* ST LSB 0.179 0.0671
KW NWI 0.631 <.0001* NW LSB 0.169 0.0857
SW NL 0.628 <.0001* DBLS NH/NL 0.167 0.0885
NW NWI 0.623 <.0001* KW LSB 0.166 0.0910
N NWI 0.618 <.0001* LSB DBLS 0.165 0.0917
SL/NL SL/SW 0.618 <.0001* KP LSB 0.164 0.0946
DBLS NL 0.591 <.0001* LSB N 0.146 0.1381
KP NL 0.590 <.0001* LSB NWI 0.130 0.1878
SL/SW SwW -0.574 <.0001* LSB NH/NL 0.119 0.2286
N NH 0.585 <.0001* ST SL/NL 0.116 0.2389
DBLS Sw 0.564 <.0001* SL/SW NH/NL 0.109 0.2688
NW Sw 0.553 <.0001* SL/NL NH 0.105 0.2846
NW NH 0.551 <.0001* ST KP 0.078 0.4285
Kw SwW 0.534 <.0001* ST NH/NL 0.068 0.4932
Kw NH 0.527 <.0001* SL NH/NL 0.014 0.8894
KP NWI 0.522 <.0001* LSB SL 0.011 0.9137
NW SL 0.495 <.0001* NW SL/NL -0.001 0.9953
SL SW 0.473 <.0001* SL/NL SW -0.003 0.9738
NH NWI 0.462 <.0001* ST SL/SW -0.014 0.8880
NW DBLS 0.448 <.0001* DBLS SL/SW -0.014 0.8849
Kw SL 0.448 <.0001* SL/SW NH -0.036 0.7156
KP NH 0.430 <.0001* KW SL/NL -0.053 0.5908
KW DBLS 0.425 <.0001* SL/SW NL -0.082 0.4048
SL NWI 0.424 <.0001* Sw NH/NL -0.088 0.3741
KP Sw 0.418 <.0001* SL/NL NWI -0.099 0.3166
DBLS NWI 0.411 <.0001* SL/NL NL -0.116 0.2384
SL/SW SL 0.401 <.0001* LSB SL/SW -0.145 0.1399
SL/NL NH/NL 0.349 0.0003* KP SL/SW -0.161 0.1013
KP DBLS 0.344 0.0003* NW SL/SW -0.164 0.0955
NH/NL NH 0.343 0.0003* KP SL/NL -0.165 0.0922
NH/NL NL -0.323 0.0008* NW NH/NL -0.169 0.0849
NH/NL NWI -0.317  0.0010* KW SL/SW -0.180 0.0662
KP SL 0.310 0.0013* LSB SL/NL -0.182 0.0625
ST NH 0.308 0.0014* KW NH/NL -0.191 0.0514
ST NL 0.256 0.0084*

In previous studies, Alizoti and Aravanopoulos
(2005) found that the correlation coefficients
between 7 nut traits ranged between 0.000-0.874.
In the study, high positive correlations were found
between nut weight- nut width and nut width- nut
length; moderate positive correlations were found
between nut weight- nut thickness, nut width-scar
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length, nut weight- nut height, nut weight- nut
length, nut width- nut height and nut weight-scar
length. Ertan (2007) examined the correlations
among 11 nut traits. The correlation coefficients
between nut weight, nut width, nut length, nut
height, kernel percentage and shell thickness ranged
between 0.026-0.947; the highest correlations were
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found between nut weight-fruit width (0.947), nut
weight- nut width (0.910), nut length- nut height
(0.910), nut length- nut height (0.871), nut width-
nut height (0.871), nut width- nut thickness (0.947)
and nut weight- nut width (0.947), respectively.
947), nut weight- nut height (0.910), nut length- nut
height (0.871), nut width- nut height (0.855), nut
weight- nut height (0.832) and nut width- nut height
(0.828), respectively. Soylu and Serdar (2009)
reported that the highest relationships between nut
width, nut length, nut height and nut weight were
nut weight- nut length (0.961), nut width- nut length
(0.925), nut width-nut weight (0.890), nut width-
nut height (0.865), nut height- nut height (0.825)
and nut height-nut weight (0.824), respectively.
Pandit et al. (2013) reported that nut size and nut
weight were highly correlated (0.855). Bostan et al.
(2018) found that the relationship between nut
weight and nut size was positive and significant
(0.860). Tug et al. (2022) found that the correlation
coefficients between 11 nut traits ranged between (-
) 0.006-0.923 and 43 (78.18%) out of 55
correlations were significant. The  highest
correlations between nut weight, nut length, nut

height, nut width, nut height, scar width and scar
length were found between nut width and nut
weight (0.877), nut height and nut weight (0.796),
nut height and nut weight (0.794) and nut height
and nut width (0.766), respectively. Atar and Turna
(2018) determined that the correlation coefficients
between nut height, nut width, nut thickness and
1000 nut weight varied between 0.914-0.965. As in
previous studies, especially NW-NWI, NW-NH, NW-
NL, NW-NL, NW-SL, NWI-FL, NWI-SL, NWI-NH and
NH-NL correlations were positive and high in our
study.

Variance Analysis

Analysis of variance revealed that only NH/NL ratio
and LSB were significant among the populations.
The highest NH/NL ratio (1.00) was observed in
population 2, while the lowest was observed in
populations 3 (0.91) and 6 (0.93). The highest LSB
was observed in population 1 (6.89), while the
lowest was observed in populations 3 (5.44) and 2
(5.50) (Table 4).

Table 4.Mean and standard deviation (second rows) values of 14 fruit traits of 105 chestnut genotypes interpopulations
Cizelge 4. 105 Kkestane genotipinin 14 meyve dzelliginin populasyonlararasi ortalama ve standart sapma (ikinci satirlar)

degerleri

Nut Populations

traits 1 2 3 2 5 6 = Prob >F
13.77 12.48 14.03 14.11 13.16 13.13 13.17

NWI 1.63 1.19 2.44 177 1.23 1.29 1.86 ns

NL 20.33 19.96 20.14 20.52 20.58 20.46 19.84
1.54 1.97 2.10 2.29 2.02 1.39 2.14 ns
19.69 19.82 1832 19.27 20.22 18.90 18.71

NH 1.28 1.94 2.14 2.04 1.30 1.25 2.18 ns
0.98abc 1.00a 0.91d 0.95bed 0.99ab 0.93d 0.95¢d

NH/NL 0.09 0.05 0.07 0.05 0.08 0.04 0.04 0.00047
9.63 9.32 9.99 9.07 9.68 9.77 9.39

W 0.94 1.65 117 1.22 1.38 1.80 1.50 ns

- 15.73 16.01 15.69 15.96 15.67 15.91 14.68 N
1.75 1.88 1.63 2.26 1.59 2.08 2.40
1.68 1.81 1.63 1.80 1.73 1.74 1.63

SL/SW 0.19 0.19 0.17 0.14 0.16 0.33 0.24 ns

SL/NL 0.78 0.80 0.78 0.78 0.77 0.78 0.74 .
0.11 0.07 0.05 0.09 0.07 0.07 0.07
10.08 10.23 9.87 10.10 10.46 10.47 9.73

DBLS ns
1.60 1.22 1.32 1.58 1.29 1.03 1.00
6.89a 5.50c 5.44c 574c 6.16bc 6.62ab 5.96¢

LSB 117 116 0.81 0.75 0.78 0.60 0.80 <0001
413 3.02 441 3.95 4.09 412 221

W 0.82 0.76 1.18 0.74 0.75 0.93 0.86 ns
2.9 2.84 3.36 2.95 3.03 3.01 3.17

KW ns
0.66 0.73 1.20 0.77 0.75 0.80 0.85

b 70.61 70.58 73.90 72.79 72.63 71.29 73.50 -
3.11 6.07 7.05 7.19 6.89 411 6.25
0.96 1.04 0.96 .01 0.99 .01 0.99

ST 0.21 0.21 012 0.20 0.24 0.19 0.15 ns

Significant level, ***: 1%o, ns: nonsignificant, Onemlilik diizeyi: ***: %01, ns: dnemli degil
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Previous studies have shown that although intra-
population variation in chestnut is moderate, inter-
population variation, including fixed differences
between populations, is high (Peterson et al. 1992);
chestnut species and genotypes can be separated
along geographical lines (Oraguzie et al., 1998); the
level of variability can vary significantly between
species and regions (Lang and Huang, 1999); the
studied nut traits vary more between regions than
between populations (Aravanopoulos et al., 2001);
that the variance between populations was greater
than that within a population and within a genotype,
respectively (Glushkova, 2007); and that all nut
traits examined varied significantly among
populations (Skender et al., 2013; Atefe etal.,, 2015;
Atar and Turna, 2018; Poljak et al., 2022). As can be
seen from previous studies, the differences among

populations may vary according to the degree of
heterozygosity in genotypes, parameters studied,
size and density of populations and geographical
distance.

Principal ComponentAnalysis

As a result of the principal components analysis for
intrapopulational relationships, the first four
components with eigenvalues above 1 explained
77.38% of the variation. Nut size and weight were
the most important variables in component 1, which
accounted for 41.69% of the total variance in terms
of the traits analyzed. In the second component,
which accounted for 17.80% of the variation, scar
traits (except scar width) were the most important
variables. All 14 fruit traits explained 100% of the
phenotypic variation among genotypes (Table 5).

Table 5. Eigenvalues, total variability and correlation between the original variables and the three principal

components intrapopulational

Cizelge 5. Populasyon icindeki 6zdegerler, toplam degiskenlik orani ve orijinal degiskenler ile incelenen
kestane genotiplerindeki li¢c temel bilesen arasindaki korelasyon

Fruit traits PCA1 PCA2 PCA3 PCA4
Nut width 0.318 -0.144 -0.084 -0.232
Nut length 0.366 -0.026 -0.074 -0.066
Nut height 0.327 0.185 0.295 0.072
NH/NL -0.054 0.329 0.528 0.229
Scar width 0.317 -0.091 0.211 -0.432
Scar length 0.284 0.410 -0.170 -0.142
SL/SW -0.082 0.474 -0.371 0.314
SL/FL 0.018 0.564 -0.151 -0.101
DBLS 0.291 0.226 0.190 -0.144
LSB 0.105 -0.076 0.437 0.518
Nut weight 0.359 -0.076 -0.165 0.232
Kernel weight 0.357 -0.115 -0.192 0.280
Kernel percentage 0.307 -0.170 -0.218 0.366
Shell thickness 0.146 0.118 0.223 -0.112
Eigenvalue 5.84 2.49 1.48 1.03

Variance (%) 41.69 17.80 10.55 7.34

Total variance (%) 41.69 59.49 70.04 77.38

As a result of the principal component analysis for
interpopulational relationships, 48.93% of the total
variance for the traits examined could be explained
by the first component, 66.88% by the first two
components, 79.83% by the first three components
and 88.98% by the first four components. All 14 nut
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traits explained 100% of the phenotypic variation
among the populations (Table 6).

SL/SW and NH in the first principal component, NL
and DBLS in the second principal component, SL and
SL/NL in the third component and NWIin the fourth
component showed the highest positive
relationship, respectively.
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Table 6. Eigenvalues, total variability and correlation between the original variables and the three principal

components interpopulations
Cizelge 6. Populasyonlar arasindaki 6zdegerler, toplam
bilesen arasindaki korelasyon

degiskenlik orani ve orijinal degiskenler ile ii¢ temel

Fruit traits PCA1 PCA2 PCA3 PCA4
Nut width -0.192 0.285 0.247 0.504
Nut length 0.126 0.482 0.037 0.417
Nut height 0.300 0.047 -0.289 0.121
NH/NL 0.279 -0.155 -0.338 0.012
Scar width -0.188 0.392 -0.110 -0.494
Scar length 0.246 0.343 0.371 -0.121
SL/SW 0.350 -0.032 0.268 0.110
SL/NL 0.239 0.221 0.360 -0.332
DBLS 0.276 0.317 -0.063 -0.109
LSB 0.051 0.330 -0.534 0.115
Nut weight -0.354 0.159 -0.034 -0.234
Kernel weight -0.368 0.070 0.083 -0.097
Kernel percentage -0.293 -0.110 0.217 0.272
Shell thickness 0.280 -0.297 0.212 -0.115
Eigenvalue 6.85 2.51 1.81 1.28
Variance (%) 48.93 17.95 12.96 9.14
Total variance (%) 48.93 66.88 79.83 88.98

In our study, similar to the results of previous
studies (Pereira-Lorenzo et al, 1996; Ertan, 2007;
Bostan et al., 2018; Poljak et al., 2021; Poljak et al.,
2022), it was found that component 1 had a
significant share in total variation and traits such as
nut size and weight represented component 1. Atefe
et al. (2015) also reported that the first three
principal components represented the highest
cumulative variance, and that nut weight and size
traits were prominent.

Cluster Analysis
Cluster analysis for intrapopulational relationships
revealed that genotypes were divided into 2 main

groups and these groups were divided into 2
subgroups and branching occurred and a total of 12
clusters were formed (Figure 2).

The most genotypes were in cluster 1 (19) and the
least in cluster 9 (3). Genotypes 62 and 67 were the
most similar to each other in terms of fruit
characteristics.

Genotypes 31, 32 and 37 in cluster 9 had the highest
values in terms of fruit width, NH/NL, nut weight,
kernel weight and kernel percentage, which were
significantly different from the other clusters (Table
7).

Table 7. Number of genotypes and averages of the traits of the clusters intrapopulational

Cizelge 7. Populasyon ic¢i kiimelerin genotip sayisi ve in

celenen ozelliklerinin ortalamalari

Cluster Count NWI NL NH FH/FL SW  SL

SL/SW SL/NL DBLS LSB NW KW KP ST

1 19 12.44 1891 18.25 0.97 9.10 15.18
2 13 12.25 20.15 18.58 0.93 8.48 14.56
3 5 12.27 17.70 16.13 0.92 8.51 10.82
4 12 11.73 17.30 17.13 1.00 7.79 1391
5 8 15.03 22.66 22.53 1.00 11.32 1831
6 6 16.36 23.03 21.49 0.94 10.34 15.77
7 5 14.03 20.96 19.54 0.93 11.96 13.91
8 9 13.85 21.54 20.46 0.95 10.29 15.72
9 3 17.32 21.68 17.52 0.81 10.89 15.52
10 6 12.77 19.13 20.03 1.05 9.29 1597
11 12 13.76 21.18 20.42 0.97 10.37 18.14
12 7 13.91 21.34 19.09 0.90 9.06 17.67

1.75 0.80 9.43 579 4.02 290 71.45 1.08
1.79 0.72 9.57 6.16 3.78 2.81 72.67 0.83
1.29 0.62 882 5.77 3.29 230 67.60 0.86
1.86 0.81 854 540 2.89 1.87 6297 0.92
1.66 0.81 12.06 6.40 4.93 3.59 72.32 1.30
1.59 0.69 1035 7.62 4.92 390 78.03 1.20
1.30 0.66 9.87 7.26 4.28 3.20 73.64 0.92
1.59 0.73 10.82 5.24 4.27 3.27 75.57 0.89
1.45 0.72 9.99 441 5.83 4.85 8191 1.05
1.78 0.84 10.93 6.50 4.12 3.05 71.64 0.82
1.81 0.86 11.17 6.26 4.86 3.78 76.21 0.96
1.98 0.83 10.52 5.68 3.92 2.85 7192 1.16
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In previous studies on this subject, it was reported
that different clusters were formed in genotypes in
terms of similar nut characteristics (Oraguzie et al.,
1998; Serdar et al, 2014; Bostan et al, 2018;
Stojanovi¢ and Magazin, 2020; Poljak et al., 2022); it
has been reported that traits such as nut weight, nut
size, shape and scar size are important
distinguishing characteristics of clusters (Pereira-
Lorenzo et al., 1996; Solar et al., 2001; Ertan, 2007;
Cutino et al., 2010; Atefe et al,, 2015; Grygorieva et
al, 2017).

Cluster analysis for interpopulational relationships
revealed that the populations formed 2 main groups,
with 5 populations in group 1 and 2 populations in
group 2 (Figure 4).

18
55
56

PSR

Figure 3. Dendrogram of chestnut genotypes
according to fruit characteristics determined by
cluster analysis

Sekil 3. Kestane genotiplerinin meyve 6zelliklerine
gore kiimeleme analizi ile belirlenen dendrogrami
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Figure 4. Dendrogram of chestnut populations
according to fruit characteristics determined by
cluster analysis

Sekil 4. Kestane populasyonlarinin meyve
ozelliklerine gore kiimeleme analizi ile belirlenen
dendrogrami
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Populations 5 and 6 were the most similar to each
other in terms of nut characteristics, while
populations 1 and 3 were the most distant.
Populations 3 and 7 in cluster 2 had the highest
values in terms of nut width, scar width, nut weight,
kernel weight and kernel percentage and were
significantly different from cluster 1 (Table 8).

Table 8. Number of genotypes and averages of the
traits studied in interpopulation clusters

Cizelge 8. Populasyonlararas: kiimelerde genotip
sayisl ve incelenen 6zelliklerinin ortalamalari

Variables Cluster ! 2
Count 5 2
NWI 13.33 13.60
NL 20.37 20.00
NH 19.58 18.52
NH/NL 0.97 0.93
SW 9.49 9.69
SL 15.85 15.19
SL/SW 1.75 1.63
SL/NL 0.78 0.76
DBSL 10.27 9.80
LSB 6.18 5.70
NW 4.04 4.31
KW 2.96 3.27
KP 71.58 73.70
ST 1.00 0.98

Similar results were obtained from previous studies.
In Slovenia, significant genetic differences were
found among 6 subpopulations within 4 main
regions (Solar et al., 2001); in Greece, two distant
regions showed significant variation in almost all
nut traits and Mount Paiko region had higher mean
values for nut weight, nut length, nut width, nut
height, nut length to the widest point (DBSL) and nut
weight (Alizoti and Aravanopoulos, 2005); It was
reported that populations consisting of 15-20
genotypes selected from 8 provinces in different
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parts of Tiirkiye and from each province formed 3
groups and nut length, 1000 nut weight, nut height
and nut width were the traits with the highest
discrimination power among the groups (Atar and
Turna, 2018) and a total of 8 populations (160
genotypes), 5 from Croatia, 1 each from Italy,
Slovenia and Bosnia-Herzegovina, were divided into
two groups in terms of 10 fruit morphometric traits
(Poljak et al., 2022).

Conclusions

As a result, principal component and clustering
analyses explained the phenotypic variation of 105
chestnut genotypes in the natural population in
Yaglidere district according to nut traits and
population  relationships  explained all the
phenotypic variation among genotypes. Since the
variation of the nut traits examined among both
genotypes and populations is significant, it can be
said that these variations of nut traits can be used in
further genetic studies. Among the parameters
examined in the whole population, especially nut
and kernel weight had high coefficient of variation.
It can be said that the sizes of chestnut genotypes of
Yaglidere region are generally small and therefore
have the potential to be used for secondary food
products.

This study is preliminary research, and it can be said
that expanding it based on years and populations
can contribute to future breeding studies.
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Ozet
Bu ¢alismada, Orta Kelkit Vadisinde tohumdan yetisen ceviz genotiplerinin meyve ve
yaprakeik 6zellikleri cok degiskenli analizler ile degerlendirilmistir. Genotiplerin meyve ve
yaprakeik oOzellikleri genis bir varyasyon gostermistir. Ceviz 1slahinda 6nemli kalite
kriterlerinden olan 6zelliklerden, kabuklu meyve agirligt 5.57-16.73 g arasinda, kabuk
kalinligr 1.02-2.04 mm arasinda, i¢ meyve agirligl 2.64-8.16 g arasinda ve i¢ meyve orani
%40.46-%64.33 arasinda belirlenmistir. Genotiplerin ¢esitliligini ortaya koymak icin
kullanilan temel bilesen analizi (TBA) ve heatmap hiyerarsik kiimeleme analizi, genotipleri
meyve ozelliklerine gore ayirt etmede etkili olmustur. TBA'ne gore, li¢ temel bilesen (eigen
degeri = 1,00) toplam varyasyonun %66,82’sini ac¢iklamistir. Heatmap hiyerarsik
kiimeleme analizi sonuglarina gére genotipler iki ana gruba ayrilmistir. Ceviz genotiplerine
ait calisma sonuglar gelecekte yapilacak ¢alismalara yol gosterici niteliktedir.
Anahtar kelimeler: Juglans regia L., Temel bilesen analizi, Heatmap analizi, Genetik cesitlilik,
Morfolojik 6zellikler.

Investigation of Diversity Based on Fruit Characteristics in Middle Kelkit
Valley Walnut (Juglans regia L.) Genotypes with Multivariate Analysis
Abstract
In this study, fruit and leaflet characteristics of walnut genotypes grown from seed at the
Middle Kelkit Valley were evaluated with multivariate analysis. Fruit and leaflet
characteristics of genotypes showed wide variation. Among the important quality criteria
in walnut breeding, nut weight ranged from 5.57 to 16.73 g, shell thickness ranged from
1.02 to 2.04 mm, kernel weight ranged from 2.64 to 8.16 g and kernel ratio ranged from
40.46% to 64.33%. Principal component analysis (PCA) and heatmap hierarchical
clustering analysis, used to reveal the diversity of genotypes, were effective in
distinguishing genotypes according to fruit characteristics. According to PCA, three
principal components (eigen value = 1.00) explained 66.82% of the total variation.
According to the results of heatmap hierarchical clustering analysis, genotypes were
divided into two main groups. The study results on walnut genotypes provide guidance for
future studies.
Key words: Juglans regia L., Principal component analysis, Heatmap analysis, Genetic diversity,
Morphological characteristics.

Giris

goriilen acik tozlasma, ceviz 1slahinda yeni gesitler

Tiirkiye, diinyadaki biyogesitlilik merkezlerinin
(iran-Turan, Akdeniz ve Avrupa-Sibirya) kesisim
noktasinda bulundugu icin bitki genetik kaynaklari
acgisindan diinyada o6zel bir konuma sahiptir ve
bircok meyve tiiriniin anavatanidir (Siimbiil vd.
2023). Bu meyve tiirlerinden biride juglans cinsi
icerisinde yer alan cevizdir (Juglans spp.)’dir. Diinya
tizerinde bilinen 21 ceviz tilirii vardir. Anadolu
cevizi, Iran cevizi ve Ingiliz cevizi olarak tanimlanan
Juglans regia L. diinya iizerinde en c¢ok iiretimi
yapillan ceviz tiridir (Sen, 1986). Ceviz, agaci,
meyvesi, yapragl ve kerestesi ile hem cesitli
sektorlere ham madde saglamakta hem de cesitli
sekillerde islenerek gida sektoriinde kullanilmasiyla
insan beslenmesinde dnemli bir yere sahiptir.

Monoik ¢icek yapisina sahip olan cevizlerde
dikogami goriilmektedir. Bu nedenle cevizlerde

elde etmek icin uygun firsatlar saglayan énemli bir
genetik cesitlilik kaynagi meydana getirmektedir
(Cosmulescu ve Botu, 2012). Tiir i¢indeki zengin

cesitlilik  Ustiin  ozelliklere sahip  bireylerin
secilmesinde  kolayliklar saglamaktadir.  Ceviz
germplazm kaynaklarinin  arastirilmasi ve
degerlendirilmesi gelecekte  yapilacak  1slah
programlart  i¢cin  Onemlidir. Farkli  cografi
bolgelerdeki  genis genetik  cesitlilik, 1slah

programlarinda kullanilabilecek genotipleri segcme
firsat1 sunarak genetik erozyonu onler (Rezaei vd.,
2018). Germplazm kaynaklarinin farkl
ozelliklerinin belirlenmesi 1slah acisindan yararh
genetik kaynaklarin secilmesinde fayda saglar
(Uzunvd,, 2017).

Genetik  ¢esitlilik
tanimlanmasl

iceren  germplazmalarinin
ve korunmasi, istenen ozelliklere
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sahip bir gen havuzunun olusturulmasini
saglayabilir. Bu durum arastirmacilarin gelecekte
daha hassas ve hizli bir 1slah siireci yiriitmesine
olanak taniyabilir (Vahdati vd., 2019). Islah
programlarinda zamandan tasarruf saglamak ve
istenilen o6zelliklerde yeni cesitler elde etmek igin
uygulanan en oOnemli strateji, gesitlilik ve orijin
merkezlerindeki germplazmalarinin taranmasidir.
Nitekim ceviz germplazmalar1 {zerine Hindistan
(Shah vd., 2021), Tirkiye (Gergekcioglu vd., 2020;
Bayazit vd., 2024), iran (Einollahi ve Khadivi, 2024)
ve Pakistan (Hussain vd., 2016) ve italya (Poggetti
vd.,, 2017) gibi Dbircok {lkede c¢alismalar
yuritilmistiir.

Ceviz yetistiriciliginde genetik materyalin orijinal
olmasi ve bu materyallerin genetik iliskilerinin
ortaya konulmasi olduk¢a 6nemlidir (Yildiz vd.,
2021).  Morfolojik  tamimlayicilar  genellikle
germplazm  ¢esitliligini  degerlendirmek  igin
faydalidir. Genetik kaynaklar1 degerlendirme ve
tanimlamadaki ilk adim, farkli biiyiime kosullari i¢in
listiin genotiplerin segilebilmesi igcin morfolojik
tanimlayicilar kullanmaktir (Shah vd., 2023). Bu
nedenle morfolojik karakterler, limitvar
genotiplerin secilmesi ve smiflandirilmasi i¢in bir
secenek olarak distiniilmektedir (Skender vd,
2020).

Ulkemizde, cevizlerde acik tozlasmanin yaygin
olarak goriilmesinden ve tohumdan
yetistirilmesinden (Orhan vd., 2020) kaynakl
olarak genis bir genetik zenginlik vardir.
Tirkiye'nin sahip oldugu bu genetik zenginlik 1slah
calismalar1 i¢cin biiylik o©Onem tasimaktadir. Bu
calismada, Orta Kelkit Vadisinde (Susehri, Akincilar,
Koyulhisar ve Sebinkarahisar) tohumdan yetisen
ceviz popilasyonu icerisinde meyve Kkalitesi
bakimindan iireticiler tarafindan tercih edilen ceviz
genotiplerinin ¢esitliligi cok degiskenli analizler ile
aciklanmistir.

Materyal ve Yontem

Bitki materyali

Calismanin  materyalini Orta Kelkit Vadisinde
(Koyulhisar, Susehri, Sebinkarahisar ve Akincilar
ilceleri) tohumdan yetisen ceviz popiilasyonu
icerisinden meyve kalite o6zellikleri bakimindan
bélge halki tarafindan tercih edilen genotipler
olusturmustur. Calismada, Koyulhisar (G1, G2, G3,
G4, G5 ve G6), Susehri (G7, G8, G9, G10, G11, G12,
G13 ve G14), Sebinkarahisar (G15, G16, G17, G18,
G19, G20, G21, G22 ve G23) ve Akincilar (G24, G25,
G26, G27, G28 ve G29) yorelerinden toplanan
toplam 29 adet ceviz genotipi degerlendirmeye
alinmustir.

Meyve analizleri

Calisgma kapsaminda, yore halki ile goriismeler
neticesinde verimlilik, meyve iriligi, meyve tad1 ve
kabuk kalinlig1 agisindan {istiin ve farkl olan 29 adet
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ceviz genotipinden meyve Ornekleri alinmistir.
Hasat kriteri olarak meyvelerin yesil kabuklarinin
biiyiik oranda kabuktan ayrilmasi kabul edilmistir.
Analizler ¢ tekerriirlii olarak planlanmis ve
analizler her tekerriirde 30 adet meyvede
gerceklestirilmistir.  Calisma  sirasinda, meyve
ornekleri agacin farkli yoénlerinden alinmistir.
Toplanan meyve 6rnekleri hizla dis kabuklarindan
ayrilmistir. Bu 6rnekler dogal kuruma saglanmasi
amaciyla golgede saklanmistir. Kurutma islemi
tamamlanan meyvelerde  gerekli  olciimler
yapilmistir. Kabuklu meyve ve i¢ meyve agirhgi
Olcimleri + 0.01 gr hassasiyetli hassas terazi
kullanilarak  yapilmistir. Kabuklu meyve eni,
kabuklu meyve boyu, kabuklu meyve yiiksekligi ve
kabuk kalinhig1 degerleri 0.01 mm hassasiyetli dijital
kumpas kullanilarak élgiilmiistiir. i¢ meyve orany, i¢
meyve agirhginin  kabuklu meyve agirligina
oranlanmasi ile % olarak hesaplanmistir. Cevizlerin
kabuk ve i¢ renk o6l¢limleri (L* a* ve b*) el tipi
renkolcer ile yapilmistir.

Yaprak analizleri

Genotiperin yaprak ozelliklerini belirlemek i¢in ii¢
tekerriirlii ve her tekerriirde 30 adet yaprak olacak
sekilde ornekleme yapilmustir. Yapraklar
biliylimesini tam olarak tamamladigi eylil ayinin
basinda rastgele olarak toplanmistir. Genotiplerin
yaprak eni ve yaprak boyu yaprakciklarda cetvel
yardimiyla belirlenmistir.

Verilerinanalizi

Genotiplere ait verilerin istatistiksel analizi tek
yonlii varyans analizi (ANOVA) yontemi ile
gerceklestirilmistir. Ortalamalar arasindaki
farkliliklar Tukey Testi ile karsilagtirllmistir. Ayrica
calismada incelenen o6zelliklerin etkinligini ve
genotiplerin cesitliligini ortaya koyabilmek i¢cin TBA
ve heatmap hiyerarsik kiimeleme analizi JMP Pro 17
istatistiksel paket programi kullanilarak
gerceklestirilmistir. Heatmap hiyerarsik kiimeleme
analizi Oklid uzakhk katsayilarma dayalh Ward
yontemine gore gerceklestirilmistir.

Bulgularve Tartisma

Meyve dzellikleri

Varyans  analizi  sonuglarina  gore, ceviz
genotiplerinin meyve 6zellikleri énemli farklhiliklar
gostermis ve bu farkhilhklar istatistiksel olarak
6nemli  bulunmustur (Cizelge 1). Ceviz
genotiplerinin kabuklu meyve agirhg 5.57 g (G2) -
16.73 g (G13) arasinda degisiklik gostermistir.
Kabuklu meyve agirligi bakimindan G14 (15.12 g),
G23 (14.59 g), G9 (13.87 g) ve G3 (13.51 g) 6n plana
cikan diger genotipler olmustur. i¢c meyve agirligi
2.64 g (G2) - 816 g (G3) arasinda degisiklik
gostermistir. G23 (8.10 g) ve G13 (7.97 g) diger en
yiiksek i¢c meyve agirh@ina sahip genotiplerdir. i¢
meyve orant %40.46 (G8) - %64.33 (G27) arasinda
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degismistir. G28 (%63.28), G22 (%62.04), G29
(%60.48), G3 (%60.41) ve G15 (%60.16) genotipleri

ic meyve orani ile 6n plana ¢ikan diger genotipler
olmustur.

Cizelge 1. Ceviz genotiplerinin meyve ve yaprak 6zellikleri
Table 1. Fruit and leaf characteristics of walnut genotypes

Kabuklu Kabuklu Kabuklu Kabuklu Kabuk i¢Meyve . Yaprak¢k  Yaprakek
. Meyve Meye Meye - oo I¢ Meyve .
Genotip O Meye . . Kalinhg Agirhg: Eni Boyu
Agirhg: Eni (mm) Boyu Yiiksekligi (mm) © Orani (%) (cm) (cm)
(8 (mm) (mm)
8.48+0.35 28.11+1.10  30.95+1.13 31.70£0.40  1.33+0.03  4.68+0.40  55.14+2.41 5.16+0.47 12.25+0.58
G1
1 1-k k gh h-k kl e-g k Im
G2 5.57£0.33 24.16£0.05  33.07£0.52 26.33£0.52  137#0.09  2.64%0.31  47.35%2.66 5.95£0.10 12.11£0.35
n P h-j o g-k q m c-e m
63 13.51+0.24 34.08+0.93 39.20£1.50 35.29+0.61 1.26+0.06 8.16+0.27 60.41+0.91 5.17+0.10 12.44+0.49
c a ab d j-m a b-d jk k-m
G4 7.59+0.23 26.08+0.64 31.20+1.13 27.87+0.40 1.46+0.01 3.72+0.28 49.03+2.23 5.77+0.21 13.44+0.38
m m-o k n e-h op k-m e-g g1
G5 10.73£0.72 2836£0.56  31.87£0.42 32.65£0.83  1.71%0.10  576%0.13  53.77+2.88 6.54+0.12 14.49+0.50
f 1j 1-k fg bc g1 f1 b c-f
G6 8.79+0.36 28.76£0.61  34.38+1.08 3046£0.12  1.61£0.03  4.28+0.15  48.68+0.38 6.35£0.09 12.46+0.26
kl h-j f-h 1j cd I-n Im b j-m
G7 12.05+0.49 32.15+0.67 36.14+0.77 33.14+0.57 1.37+0.05 6.79+0.29 56.33+0.66 5.90+0.06 12.59+0.47
e cd de ef gk cd ef c-f j-m
10.36+0.85 32.69£1.18  31.87£1.12 35.38£0.74  1.70£0.17  4.19+0.38  40.46x0.96 5.69+0.48 13.24+0.60
G8 .
f-h bc 1-k cd bc l-o n e-h h-j
G9 13.87+0.40 34.14+1.64  39.97+2.11 38.75£1.18  1.55%0.07  7.44+0.40  53.68+2.43 5.63+0.10 14.11+0.23
c a a a d-f b f1 e-1 e-g
G10 7.65£0.19 26.76£0.32  29.18+0.12 28362047  1.38%0.03  3.96+0.24  51.77£2.28 7.38£0.35 15.00£0.41
m I-n 1 mn gj n-p h-k a bc
611 7.55£0.16 2493033  28.20£1.18 28.18£0.12  1.52%0.02  3.57x0.17  47.33x1.39 5.66+0.22 10.64£0.14
m op Im mn d-g p m e-1 n
612 9.49+0.66 29.06+1.00  31.06+2.09 32.39+0.60  1.22+0.08  528+0.41  55.64+0.48 5.54+0.17 10.97+0.29
-k g1 k fg k-m 1j ef f-1 n
613 16.73£0.13 33.40£1.12  40.81£0.75 36.74£0.84  2.04%0.16  7.97x0.12  47.65x0.53 5.53£0.05 11.93£0.53
a ab a b a a m gj m
15.12£0.72 32.66£0.26  37.88£0.62 36.26£0.35  1.76+0.06  7.88+0.53  52.12%1.08 6.38+0.16 12.22£0.62
G14 :
b bc bc bc b ab gij b Im
9.41+0.31 28.32+0.11 33.95+1.03 30.04+0.33 1.16+0.04 5.66+0.13 60.16+1.62 5.16+0.31 14.12+1.55
G15 X .
1-k 1j gh jk I-n g1 cd k d-g
12.77+0.18 32.07+0.49 36.42+0.45 31.31+0.07 2.03+£0.17 6.31+0.20 49.45+1.23 6.23+0.24 14.86+0.31
G16 )
d cd c-e h a d-f j-m bc b-e
617 7.18+0.34 27.10£0.59  27.44+0.61 29.42+127  1.15+#0.08  4.13+0.22  57.44+0.65 5.88+0.32 12.03£0.25
m k-m m kl I-n m-o de c-g m
8.85+0.18 27.78+0.08  31.66+0.74  30.02+x0.55  1.27#0.09  4.98+0.26  56.28+2.33 6.56+0.04 14.28+0.10
G18 - . ) ;
kl j-1 jk jk 1-1 jk ef b c-f
619 7.56+0.38 25.86+0.14  28.85+0.50  26.36x0.16  1.60+0.04  3.86x0.07 51.20+3.58 5.31+0.35 13.17£0.47
m no Im o c-e n-p 1-1 1-k h-k
620 9.66+0.25 31.90+0.80  37.28+1.49 3392£0.52  148+0.07 4.99+0.24  51.65+1.24 6.39+0.17 13.22+0.45
h-j cd cd e d-g jk h-1 b h-k
11.63+0.40 30.26£0.36  36.94+0.82 30.78£0.86  1.42+0.13  6.44+0.27  55.44+345 5.40+0.15 13.87+0.29
G21 .
e e-g cd h-j f1 de ef h-k f-h
622 9.7620.40 31.01£0.78  33.64+0.87 33.21£0.60  1.14%0.04  6.06x0.55  62.04+3.21 5.68+0.24 13.23£0.49
gj de gh ef I-n e-g a-c e-h h-k
623 14.59+0.13 33.81+0.47  40.17+0.15 33.63+0.40  1.50+0.03  8.10+0.18  55.54+0.76 5.81+0.04 14.21+0.62
b ab a e d-g a ef e-g c-g
12.32+0.21 31.92+0.36 34.93+0.97 32.49+0.35 1.61+0.06 6.94+0.21 56.34+0.78 6.21+0.14 14.50+0.32
G24
de cd e-g fg cd c ef b-d c-f
10.46£0.33 3047£0.17  34.15+0.31 31.34£0.25  147#0.11  578x0.19  55.28%2.05 5.94£0.31 13.01£0.36
G25
fg ef gh hi d-h gh ef c-e 1-1
9.8610.46 26.39+£0.61  35.86+1.11 2755056  1.62+0.22  5.36+0.17  54.35%0.89 5.81£0.10 16.43£0.23
G26 )
g1 mn d-f n b-d h-j f-h e-g a
9.08+0.73 29.59+0.32 33.33+0.42 30.43+0.31 1.02+0.06 5.85+0.62 64.33+1.86 5.72+0.04 14.92+0.35
G27 . .
j-1 f-h g1 1j n f-h a e-h b-d
G28 8.82+0.69 29.13+1.33  33.31x1.13 30.06£0.31  1.04+0.08  557+0.33  63.28+1.27 5.93+0.15 15.43+0.08
kl g1 gj jk n g1 ab c-e b
7.62+0.24 26.76x094  31.23+0.88  2898+0.71  1.12+0.07 4.61+0.18  60.48+1.45 5.86+0.19 15.00£0.36
G29
m I-n k Im mn k-m b-d d-g bc
LSD 0.71 1.21 1.66 0.96 0.15 0.50 3.08 0.37 0.80

*Ayni siitunda ve satirda farkl harflerle gosterilen degerler arasindaki farklar istatistiksel olarak énemlidir (Tukey ¢oklu karsilastirma

testi, p<0.05).

Ceviz 1slah programinda meyve agirligi ve boyutlar
bakimindan yiiksek degerlere sahip genotiplere
yogun bir ilgi vardir. Tirkiye'nin farkli bélgelerinde
yapilan c¢alismalarda meyve agirhig, ic meyve
agirhigl ve meyve orani sirasiyla 5.10 - 20.08 g, 3.56
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- 897 g ve %34.48 - %63.20 arasinda degisiklik
gbstermistir (Yavi¢ vd., 2017; ipek vd., 2019;
Siityemez vd., 2019; Varol vd., 2020; Gergekcioglu
vd., 2020; Cicek vd., 2020; Unver vd., 2023; Bayazit
vd., 2024). Ceviz genotiplerin kabuklu meyve
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agirhig, ic meyve agirhigy ve ic meyve orani sirasiyla
fran’da yapilan ¢alismada 6.19 - 16.06 g, 2.84 - 7.97
gve %34.41 - %59.18 (Einollahi ve Khadivi, 2024),
Pakistan’da yapilan ¢alismada 6.93 - 18.12 g, 3.37 -
5.68 g ve %27.28 - %56.88 (Hussain vd., 2016),
Bosna-Hersek’de yapilan ¢alismada 5.86 - 16.25 g,
1.66 - 5.07 g ve %26.96 - %48.25 (Skender vd,
2020) ve Kazakistan'da yapilan c¢alismada 6.21 -
15.18 g, 2.36 - 6.64 g ve %33.55 - %71.01 (Akca vd,,
2020) arasinda degisiklik gostermistir. Ceviz
1slahinda meyve o6zellikleri ticari anlamda 6nemli
bir parametredir. Ceviz icin ideal kabuklu meyve
agirhg 12.00 - 18.00 g, i¢ meyve agirhg 6.00 - 10.00
g ve i¢c meyve orani e az %50.00 olarak kabul
edilmektedir (Khadivi-Khub, 2014). i¢ meyve oram
cevizlerde ekonomik performansinin bir gostergesi
olarak kabul edildigi (Bayazit ve Siimbiil, 2012) i¢in
ic meyve oran 1slah ¢alismalarinda 6n plana ¢ikan
kriterdir. Calisma kapsaminda incelenen
genotiplerin yaklasik %76’sinin  i¢ meyve orani
%50’den fazladir. Bu sonu¢ ¢alisma alanindaki
genotiplerin 1slah ¢alismalarinda kullanilabilecek
genetik zenginlige sahip oldugunu gostermektedir.
Calismadaki genotiplerin kabuklu meyve eni 24.16
mm (G2) - 34.14 mm (G9) arasinda, kabuklu meyve
boyu 27.44 mm (G17) - 40.81 (G13) arasinda ve
kabuklu meyve yiiksekligi 26.33 mm (G2) - 38.75
mm (G9) arasinda degisim gostermistir. Calisma
kapsaminda elde edilen bulgular 6nceki ¢alismalar
ile benzerlik gostermektedir. Ceviz genotiplerinde
kabuklu meyve eni, kabuklu meyve boyu ve kabuklu
meyve yiiksekligi sirasiyla Yavig vd. (2017)
tarafindan 26.53 - 32.57 mm, 32.01 - 41.45 mm ve
25.02 - 31.10 mm arasinda, Oztiirk ve Oztiirk (2019)
tarafindan 24.02 - 31.07 mm, 27.85 - 55.52 mm ve
23.43 - 28.84 mm arasinda, Gergekcioglu vd. (2020)
tarafindan 30.18 - 42.14 mm, 37.91 - 45.95 mm ve
31.42 - 3890 mm arasinda ve Unver vd. (2023)
tarafindan 31.84 - 34.06 mm, 36.70 - 46.36 mm ve
32.95 - 37.21 mm arasinda belirlenmistir.
Genotiplerin kabuk kalinliklar1 1.02 mm (G27) - 2.04
mm (G13) arasinda degisim gosterirken G28 (1.04
mm) diger en diisiik kabuk kalinligina sahip genotip
olmugtur. Onemli bir seleksiyon kriteri olan kabuk
kalinligr  onceki ¢alismalar ile  benzerlik
gostermektedir. Ulkemizde yapilan calismalarda
Siityemez vd. (2019) tarafindan 0.85 - 1.85 mm,
Varol vd. (2020) tarafindan 2.00 -4.53 mm Basak vd.
(2022) tarafindan 1.04 - 1.59 mm ve Unver vd.
(2023) tarafindan 1.03 - 222 mm olarak
belirlenmistir. Ceviz genotiplerinin kabuk kalinlig1
Iran’da Einollahi ve Khadvi (2024) tarafindan 0.88 -
2.60 mm arasinda, italya’da Poggetti vd. (2017)
tarafindan 0.40 - 2.30 mm arasinda ve Macaristan’da
Bujdoso ve Cseke (2021) tarafindan 1.37 - 1.89 mm
arasinda tespit edilmistir. Kabuk kalmlig, kabugun
ic meyveden ayrilmasinin kolayligini etkiler ve
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kabugun ayrilmasi ne kadar kolay olursa cevizin
ticari kalitesi de o kadar iyi olur (Sharma ve Sharma,
2001). Cevizlerde 0.70 - 1.50 mm arasindaki kabuk
kalinlig1 aranan bir d6zelliktir (Arzani vd. 2008). Bu
acidan c¢alismadaki genotiplerin  %62’si  kabuk
kalinlik o6zelligi bakimindan 1slah kriterlerine
uymaktadir.

Calisma kapsaminda incelenen genotiplerin kabuk
ve i¢c meyve renkleri arasinda genis varyasyonlar
tespit edilmistir (Cizelge 2). Genotiplerin kabuk
renk degerlerinden L degeri 50.46 (G21) - 63.40
(G27), a* degeri 4.22 (G17) - 27.25 (G20) ve b*
degeri 14.83 (G29) - 36.69 (G8) arasinda degisim
gdstermistir. I¢ meyve renk degerlerinden L degeri
37.42 (G8) - 61.24 (G26), a* degeri 2.76 (G24) -
45.21 (G8) ve b* degeri 27.27 (G8) - 42.92 (G12)
arasinda degisim gostermistir. Ceviz renginin
parlakligi, cevizin Kkalitesini ve pazar degerini
belirleyen onemli kriterlerden biri olarak 1slah
calismalarinda kullanilan 6nemli bir 6zelliktir
(Rezaei vd., 2018). i¢ ceviz renginin acik olmasi
onemli kalite kriterlerindendir. Cevizlerin i¢ meyve
renkleri genotip ve ¢evrenin etkisine gore degisiklik
gostermektedir. Cevizlerin i¢ meyve renkleri
genetik faktorlerin etkisinde olsa da havanin bagil
neminin ve sicakligin yiiksek olusu i¢ meyve
renginin koyulasmasina yol agmaktadir (Sen, 2011;
Bayazit vd., 2024).

Calisma kapsaminda ceviz genotiplerinin meyve
ozellikleri ile literatiirde bildirilen sonuglar
arasinda benzerlikler oldugu gibi farkliliklarda
gozlemlenmistir. Cevizlerde meyve o6zelliklerinin
agac¢ yasindan etkilenmedigi bilinse de (Sharma ve
Sharma, 2001) genotip, ¢evre ve bunlarin
etkilesimleri cevizlerde meyve kalitesini gii¢lii bir
sekilde etkilemektedir (McGranahan ve Leslie,
1991).

Yaprak ozellikleri

Ceviz genotiplerinin yaprake¢ik o6zellikleri dnemli
farkliliklar gostermis ve bu farkliliklar istatistiksel
olarak 6nemli bulunmustur (Cizelge 1). Genotiplerin
yaprakeik eni 516 cm (G1) - 7.38 cm (G10) ve
yaprakeik boyu 10.64 cm (G11) - 16.43 cm (G26)
arasinda degisim  gOstermistir.  Yapilan bir
calismada yaprak eni 20.41 - 32.90 cm ve yaprak
boyu 29.20 - 49.60 cm arasinda belirlenmistir
(Einollahi ve Khadivi, 2024). Baska bir calismada
yaprak eni 19.30 - 40.60 cm ve yapak boyu 25.70 -
61.80 cm (Kavosi ve Khadivi, 2021) arasinda
belirlenirken diger bir ¢calismada yaprak eni 15.00 -
34.33 cm ve yaprak boyu 29.75 - 42.00 cm (Skender
vd., 2020) arasinda belirlenmistir.
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Cizelge 2. Ceviz genotiplerinin kabuk ve i¢ meyve renk degerleri
Table 2. Nut and kernel fruit color values of walnut genotypes

Genotip Kabuk Kabuk Kabuk b I¢ Meyve I¢ Meyve I¢ Meyve

L degeri a degeri degeri L degeri a degeri b degeri
G1 61.63+1.51bc 20.88+3.79d-f 31.67+1.58b 5135+097c-e 2097+0.44b-d 33.18+1.33f-h
G2 51.15+0.29)j 13.55+1.95j-1 20.15+£0.34n 50.38+0.32e-h 14.10+1.05Im 31.29+2.41h-m
G3 50.92+0.10j 24.00+1.14bc 27.85+048d-f 50.69+0.17d-g 16.18+0.62j-1 31.40+1.01h-m
G4 61.40+£0.99bc 11.18+2.15Im 31.69+2.36b 50.91+0.02d-g 21.98+0.17bc 30.62+0.361-n
G5 51.58+0.817j 20.18+2.84e-g 2497+1.621-1 50.40+0.05e-h 18.01+1.93fj 32.66+1.74g-j
G6 52.45+0.211 17.63+0.50g-1 23.21+0.491m 51.43+0.75cd 22.08+1.67b 2998+1.56k-n
G7 5747+0.08de 18.71+2.78f-h 31.34+0.23b 50.88+0.14d-g 20.17+1.55b-e 29.37+1.59m-0
G8 60.57+0.95¢ 23.18+2.65b-d 36.69+1.60a 3742+0421 4521+1.50a 27.27+0.530
G9 51.66+0.771j 22.08+093c-e  27.16+0.53d-h 50.20+0.26f-h 14.68+1.95k-m 35.03+2.79 c-f
G10 51.05+0.03j 24.77+0.60ab 26.55+0.53 e-j 50.87+0.09d-g 19.19+0.34d-h 31.54+0.98h-1
G11 57.90+1.05d 18.36+1.65f-h 31.44+142b 56.78+0.54b 446+0.30qr 33.25+1.81f-h
G12 56.40+1.10ed 9.89+1.22 mn 30.97+2.03bc 49.49+0.10h 5.60+£0.13 q 4292+1.10a
G13 51.03+0.23]j 20.06x097e-h  2595+0.81f-k 50.22+0.10f-h 11.58+1.55n0 35.44+1.74c-e
G14 50.94+0.19j 2241+1.66b-e  27.02+1.01d-1 50.89+0.11d-g 18.67+0.81e-1 30.55+0.87j-n
G15 54.32+0.65h 12.29+0.17k-m  25.51+1.24g-k 50.10+0.14gh 1097+1.160 35.08+0.88c-f
G16 50.65+0.23]j 15.61+1.43jj 26.85+1.32d-j 50.78+0.14d-g 17.62+1.00g-j 29.54+0.481-n
G17 56.01+0.67 fg 4.22+1.050 25.69+0.24f-k 50.80+0.57d-g 16.10£0.58j-1 32.70+1.28g-1
G18 51.65+0.49)j 20.76+1.13d-f 24.78+2.33j-1 51.62+0.93cd 17.49£1.19h-j 2897+093no
G19 61.82+0.74bc 13.40+0.22j-1 24.33+1.28kl 51.95+1.04c 19.93+1.18c-f 32.27+0.63g-j
G20 51.11+0.133j 27.25+¥0.59a 28.38+0.96de 51.60+091cd 13.29+1.68mn 29.47+1.151-n
G21 50.46+0.05j 15.12+1.54yj 27.60£1.67d-g 50.40+0.05e-h 16.71+x1.531-k 34.00£1.20d-g
G22 58.62+0.39d 14.65+1.03jk 3146+1.15b 50.22+0.05f-h 14.13+1.10lm 36.46+0.95bc
G23 54.93+0.83gh 15.51+0.661j 29.00+0.81cd 51.17+0.57 c-f 19.69+191d-g 28.80+1.27no
G24 58.74+1.00d 17.57+1.37h1 31.39+1.13b 60.44+2.20a 2.76+148r 35.93+1.00cd
G25 61.05+1.54bc 13.97+0.56jk 25.16+2.07h-1 50.69+0.06d-g 18.66+1.04e-1 32.68+0.76 g-j
G26 58.58+1.60d 434+0820 21.84+1.24mn 61.24+0.65a 847+1.61p 38.21+0.43b
G27 63.40+141a 743+0.69n 14.87+1.490 50.71+0.12d-g 17.43+1.04h-j 31.97+0.68g-k
G28 61.31+0.53bc 14.08+1.42jk 16.72+1.170 50.80+0.14d-g 20.50+1.78b-e 33.74£0.25e-g
G29 62.03+1.01b 13.60+1.27j-1 14.83+1.570 50.28+0.24f-h 14.85+1.46k-m 35.53+2.07c-e
LSD 1.35 2.57 2.18 1.01 2.09 2.14

*Ayni stitunda ve satirda farkh harflerle gosterilen degerler arasindaki farklar istatistiksel olarak énemlidir (Tukey ¢oklu karsilastirma

testi, p<0.05).

Temel bilesen analizi (TBA)

TBA, incelenen ozellikler arasindaki degisimi ve
iliskileri ortaya ¢ikarmak icin kullanilan etkili bir
istatistiksel yontemdir. Cok degiskenli istatistiksel
yontemlerden biri olan TBA, veri setindeki en
onemli nitelikleri belirlemek icin ve c¢esitli bitki
tiirlerinin ¢esitliligini degerlendirmek igin yaygin
olarak kullanilmaktadir. TBA'nin sahip oldugu iistiin
ozelligi nedeniyle 1slah ve popiilasyon genetigi
calismalarinda siklikla kullanilmaktadir.  Ceviz
genotiplerinin meyve ve yaprak dzelliklerinin TBA
sonuglarina goére on bes temel bilesen olusmus ve
dort temel bilesende eigen degeri 1’den biiyiik
olarak tespit edilmistir. 1k {i¢ temel bilesen toplam
varyansin %66.82'sini aciklamistir. Bu sonug ilk ti¢
temel bilesende oOnemli olan o6zelliklerin ceviz
genotipleri arasinda en fazla cesitlilige sahip
oldugunu ve ceviz genotiplerinin farklilasmasi
lizerinde en Dbiiylikk etkiye sahip oldugunu
gostermektedir. ik {ic temel bilesende incelenen
ozelliklerin etkileri farklilik gostermistir. Toplam
varyansin  %34.43tni  aciklayan birinci temel
bilesende meye oOzellikleri (meyve agirligi, meyve
eni, meyve boyu, meyve yiiksekligi ve ic meyve
agirhigl) yiiksek etki gostermistir. Toplam varyansin
%20.08'ini agiklayan ikinci temel bilesene i¢c meyve
agirhigl, ic meyve orani ve ic meyve renk degerleri (L,
a*ve b*) yiiksek etki gostermistir. Toplam varyansin
%12.31'ini aciklayan tigiincli temel bilesene ise
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kabuk kalinlig, kabuk L renk degeri, i¢ meyve L ve
a* renk degerleri ve yaprak eni yiiksek etkiye sahip
olmustur (Cizelge 3, Sekil 1). TBA ceviz
genotiplerinin ¢esitliligi ve morfolojik o6zellikler

arasindaki iligkiyi belirlemek amaciyla yaygin
olarak  kullanilistir.  Ceviz  lizerine yapilan
calismalarda ilk ¢ temel bilesenin toplam

varyansin Rezaei vd. (2018) % 42.90'nin1, Skender
vd. (2020) %78.20’sini, Kavosi ve Khadivi (2021)
%35.67’sini, Soveili ve Khadivi (2023) %48.41'ini ve
Einollahi ve Khadivi (2024) %28.25'ini agikladigini
bildirmislerdir. ~ Calisma  sonuglarn  arasindaki
farkliliklar genotiplerin ve ¢alismalarda incelenen
parametrelerin farkliligindan kaynaklanabilir.

Heatmap hiyerarsik kiimeleme analizi

Heatmap hiyerarsik kiimeleme analizi, ¢alisma
kapsaminda incelenen parametrelerin ve
genotiplerin birlikte degerlendirilerek cesitliligi
ortaya koyan c¢ok degiskenli istatistiksel
yontemlerden biridir. Incelenen ceviz
genotiplerinin meyve ve yaprak o6zelliklerine gore
siniflandirilmasi i¢in heatmap hiyerarsik kiimeleme
analizi yapilmistir (Sekil 2). Heatmap hiyerarsik
kiimeleme analizinde maviden kirmiziya dogru
degisen renk yogunlugu genotiplere ait 6zelliklerin
degerlerinde ki yiiksekligi gostermektedir. Heatmap
hiyerarsik kiimeleme analizi sonucunda genotipler
iki ana gruba ve her grup iki alt gruba ayrilmistir. G8
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genotipi diger genotiplerden ayri bir sekilde Al
grubunu olusturmustur. G3, G7, G9, G13, G14, G16
ve G23 genotipi ise A2 grubunu olusturmustur. Al
grubunda tek basina bulunan G8 genotipi kabuklu
meyve eni, kabuklu meyve yiksekligi, kabuk
kalinhigi, kabuk renk degerleri (L, a* ve b*) ve i¢
meyve a* renk degeri ozellikleri yoniinden yiiksek
degerlere sahip olmustur. B grubunda yer alan

genotipler ise incelenen o6zellikler agisindan farkl
etkiler gostermistir. Incelenen o6zellikler iki ana
gruba ve her grup kendi igerisinde iki alt gruba
ayrilmistir. Agrubunda i¢ meyve orani, yaprak boyu,
ic meyve L ve ic meyve b* renk degerleri yer alirken
diger 6zellikler B grubunda yer almistir.

Cizelge 3. Ceviz genotiplerine ait 6zelliklerin temel bilesen analizi
Table 3. Principal component analysis of the characteristics of walnut genotypes

Ozellikler TBA1 % Cont. TBA2 % Cont. TBA3 % Cont. TBA4
Kabuklu Meyve Agirligi 0.41 16.47 0.17 2.86 0.02 0.03 -0.01
Kabuklu Meyve Eni 0.40 16.30 0.10 1.01 -0.18 3.38 0.07
Kabuklu Meyve Boyu 0.36 13.04 0.21 4,51 0.04 0.19 0.10
Kabuklu Meyve Yiiksekligi 0.40 15.71 0.05 0.28 -0.17 2.98 -0.05
Kabuk Kalinlig 0.25 6.05 -0.18 3.22 0.37 13.45 -0.13
¢ Meyve Agirhg 0.35 12.43 0.31 9.89 -0.07 0.42 0.07
ic Meyve Oram -0.09 0.84 0.44 19.42 -0.25 6.19 0.24
Kabuk L* -0.23 5.29 0.05 0.25 -0.41 16.41 -0.03
Kabuk a* 0.27 7.43 -0.24 5.95 0.11 1.22 0.06
Kabuk b* 0.18 3.34 -0.22 4.78 -0.07 0.46 -0.43
ic Meyve L* -0.11 1.15 0.33 11.19 0.45 20.59 -0.11
1(,‘ Meyve a* 0.07 0.55 -0.40 16.27 -0.37 13.72 0.29
I¢ Meyve b* -0.11 1.18 0.38 14.52 0.02 0.02 -0.34
Yaprakeik Eni 0.00 0.00 -0.17 2.97 0.45 20.25 0.39
Yaprakecik Boyu -0.05 0.22 0.17 2.89 0.08 0.67 0.59
Eigen degeri 5.16 3.01 1.85 1.74
Varyans 34.43 20.08 12.31 11.57
Toplam Varyans 34.43 54.51 66.82 78.39

! onemli ticari ozelliklerden olan kabuklu meyve

A o agirhg, ic meyve agirligl, ic meyve orani, ic meyve

i Moke gy rengi ve kabuk kalinligi bakimindan G3, G7, G9, G14,

zkgik Boyu
\ Babuklu Meyve Eni

Component 2 (20,1 %)
T

Compenent 1 (34,4 %)

Sekil 1. Ceviz genotiplerinde incelenen 6zelliklere
ait iki boyutlu temel bilesen analizi grafigi

Figure 1. Two-dimensional principal component
analysis chart of the characteristics examined in
walnut genotypes

Sonug
Bu ¢alisma, zengin ceviz popililasyonuna sahip Orta
Kelkit Vadisinde  tohumdan yetisen ceviz

genotiplerinin ¢esitliligini ¢cok degiskenli analizler
ile degerlendirmek amaciyla gerceklestirilmistir.
Elde edilen veriler 1siginda meyve ve yaprak
ozellikleri bakimindan ceviz genotiplerinin genis
varyasyon gosterdigi tespit edilmistir. Calisma
sonuglar1 ceviz genotipleri arasindaki cesitliligin
1slah  calismalarinda  kullanilabilecek — diizeyde
oldugunu gostermistir. Ceviz 1slah programlarinda

G15, G21, G22, G23, G24, G27, G28 ve G29
genotiplerinin iistiin oldugu ve islahgilar tarafindan
kullanilabilecegi belirlenmistir. Calismada
genotiplerin  ¢esitliligini ortaya koymak i¢in
kullanilan TBA ve heatmap hiyerarsik kiimeleme
analizi hem tiirleri hem de genotipleri 6zelliklerine
gore ayirt etmede etkili olmus ve gelecek
calismalarda  basarili kullanilabilecegi
ortaya konulmustur.

sekilde

>

Sekil 2. Ceviz genotiplerinde incelenen o6zelliklere
ait heatmap hiyerarsik kiimeleme analizi

Figure 2. Heatmap hierarchical clustering analysis
of the traits examined in walnut genotypes
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Abstract
This study was conducted to determine the effect of rootstock, variety, and rootstock-
variety interaction on the mineral nutrition of the vine. Plant nutrient concentrations of
Merlot, Cabernet Franc, Cabernet Sauvignon, and Syrah cultivars grafted on Fercal and 140
Ruggeri rootstocks were investigated. To compare the nutritional status of vineyard, N, P,
K, Ca, Mg, Fe, Cu, Mn, and Zn analyses were performed on leaf and fruit samples. Among
rootstocks, while the 140 Ruggeri rootstock leaves K, Mg, Ca, Cu, and Mn concentrations
were higher, the Fercal rootstock leaves N, P, Fe, and Zn concentrations were higher. While
the nutrient concentrations of the cultivars were examined, the Cabernet Sauvignon
cultivar leaves had the highest N, P, K, Ca, Fe, and Mn concentrations, while Cabernet Franc
Mg, Syrah Zn, and Cu were at high levelsin terms of nutritional concentrations. As aresult
of the study, it was seen that the rootstock, cultivar, and rootstock-variety interaction of
the vine had an important effect in terms of mineral nutrition. It had been revealed that the
rootstock and cultivar characteristics of that region shouldbe taken into consideration and
a fertilizing program should be prepared in terms of fertilizing the vine.
Key words: Fruit, Mineral nutrition, Rootstock, Variety, Vineyard.

Anagve Cesitlerin Bagda Mineral Beslenmesine Etkisi

Ozet
Bu ¢alisma, asmanin mineral beslenmesi tizerinde anag, ¢esit ve anag-gesit etkilesiminin etkisini
belirlemek amaciyla yiiriitiilm{istiir. Fercal ve 140 Ruggeri anaglarina{izerine asilanmisMerlot,
Cabernet Franc, Cabernet Sauvignon ve Syrah cesitlerinin bitki besin konsantrasyonlan
aragtirilmistir. Asmanin beslenme durumunu karsilastirmakicin yaprak ve meyve 6rneklerinde
N, P, K, Ca, Mg, Fe, Cu, Mn ve Zn analizleri yapilmistir. Anaglar arasinda, 140 Ruggeri anag
yapraklarinda K, Mg, Ca, Cu ve Mn konsantrasyonlari daha ytiksek iken, Fercal anag
yapraklarinda N, P, Fe ve Zn konsantrasyonlar daha yiiksek bulunmustur. Cesitlerin besin
konsantrasyonlari incelendiginde, Cabernet Sauvignon ¢esidinin yapraklari en ytiksekN, P, K, Ca,
Fe ve Mn konsantrasyonlarina sahipken, Cabernet Franc Mg, Syrah Zn ve Cu besin
konsantrasyonlari agisindan yiiksek seviyelerde bulunmustur. Calisma sonucunda, asmanin
anag, cesit ve anag-gesit etkilesiminin mineral beslenmesi agisindan 6nemli bir etkiye sahip
oldugu goriilmiistiir. Asmanin giibrelenmesi agisindan o bolgenin anag ve gesit 6zelliklerinin
dikkate alinmasi ve giibreleme programinin hazirlanmasi gerektigi ortaya ¢ikmistir.
Anahtar kelimeler: Meyve, Mineral besin, Anag, Cesit, Bag

Introduction

Grape is the most produced temperate climate fruit
and is the oldest cultivated plant. Viticulture in the
world consists of a large cultivation area. According
to FAO 2020 data, the first 6 countries in the world
in grape production are Spain, France, China, Italy,
Turkey, and the USA respectively (Anonymous,
2020). Grapes contain carbohydrates, minerals,
proteins, and vitamins. The difference between
grapes and other agricultural products is that they
contain useful compounds such as flavanol,
anthocyanin, caffeic acid, phenolic acid, quercetin,
and catechin (Xia et al., 2010).

The amount of nutrient concentrations that plants
uptake from the soil is controlled by various factors.
These factors are; soil, environment, and plant
factors can be included in a basic classification.
Different soil properties such as soil pH, lime
content, organic matter, and nutrient concentration,

as well as factors such as precipitation, temperature,
and cultural treatments, affectthe nutrient uptake of
plants (Erdal et al,, 2005). The amount of nutrients
taken from the soil can vary from plant to plant, as
well as between different genotypes of the same
plant. These differences can affect plant growth,
yield, and quality at different levels. Therefore, the
nutrient uptake and transport capabilities of plant
species and varieties should be considered to
prepare a good fertilizing program. Selecting
appropriate variety and rootstocks is momentous
for orchard establishment. To have better yield and
quality growing conditions, the transport of
nutrients of cultivars and rootstocks should be
taken into consideration (Tsipouridis et al., 1990;
Kucukyumuk and Erdal, 2011).

In studies, it was determined that varietal
differences were effective on nutrient
concentrations. The effect of different grape
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cultivars on the nutrient content was investigated
and it was determined that the nutrient
concentrations of the plant showed significant
differences according to the cultivars. Determining
nutrient concentrations has received special
attention since it can provide information on fruit
quality based on previously known adequate and
critical nutrient levels (Suzuki and Argenta, 1994,
Nachtigall and Dechen, 2006, Ibacache and Sierra,
2009). For better quality grapefruits, the producers
should take into consideration the mineral nutrient
concentration of the grape.

In this study, it was aimed to examine the effect of
rootstock and variety on the nutritional status of
grapes leaves and fruits. This study aimed to
investigate differences in nutrient concentrations
among rootstocks and cultivars even if they are
grown in the same conditions.

Materials and Method

In the study, five-year-old Cabernet Franc, Cabernet
Sauvignon, Merlot, and Syrah varieties grafted on
Fercal and 140 Ruggeri rootstocks were used as
plant material. Varieties and rootstocks were used
and all rootstocks were the same age to compare
nutrient concentrations. Planting distances of
rootstocks were 2x1 m in Fercal rootstock and 2.5x1
m in 140 Ruggeri rootstock. The reason for the
distance difference is the different root growth.

All the rootstocks and varieties were in the same
area and soil. The study was carried out on the land
belonging to Kavaklidere Winery Inc. 140 Ruggeri
Rootstock (Berlandieri x Rupestris hybrids) is
strong and delays the maturation of grafted
varieties. The shoots of 140 Ruggerie rootstock are
striped, purplish pink, and slightly hairy. Fercal
rootstock (Vinifera x American hybrid) was
obtained by crossing Vitis vinifera L. x Vitis
berlanderi L. hybrid with 333 EM by Pont de la Maye,
Bordeaux in 1983 at INRA Viticulture Research
Station in France, by Pouget and Ottenwaelter in
Bordeaux. Spread around the World. It is sensitive
to Mg deficiency and does not need much K. It has a
good affinity with most other grape cultivars, but
drying and wilting of the cluster skeleton have been
reported in some cultivars. Fercal's growth and fruit
set speed is good. Fercal is balanced in terms of
efficiency and yield, and its vaccines produce quality
products. It is particularly well suited for Syrah
(Anonymous, 2022).

Cabernet Sauvignon has a small round grain, black-
colored grain structure with blue-gray haze.
Cabernet Franc grains are round in shape, blue-
black, seeded, and have a typical aromatic odor.
Cabernet Franc clusters are small-medium sized and
their appearance is conical (Celik, 2002). Merlot
grains are round-shaped, blue-black in color, with a
slight aromatic odor. Merlot clusters are medium-
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sized, plump, and conical in shape. The clusters
mature mid-early (Celik, 2002).

The soils of the study area (0-30 and 30-60 cm) are
clay loam textured, slightly alkaline (pH 8.27-8.29)
(Thomas, 1996), excessive calcareous (46%-66%
CaCO3) (Loeppert and Suarez, 1996), salt-free -
slightly salty (0.13-0.17) (Rhodes 1996), and
organic matter content is low (1.9-1.6%) (Walkley
and Black 1934), N (0.06%), P (4.4-3.2 mg kg-
1)(Olsen, 1954), Ca (5278 mg kg-1), Mg (60 mg kg1)
Carson, 1980), Fe (4.3-3.4 mg kg1) and Cu (1.1-0.5
mg kg1) concentrations are sufficient for Zn (0.18-
0.08 mg kg!) and Mn (2.8-1.6 mg kgl)
concentrations (Lindsay and Norvell, 1978). The
soils of the study area have clay loam texture,
slightly alkaline, very calcareous, and non-saline
character, organic matter content is low, N, Zn, P,
Mn, and Mg concentrations are low, K and Cu
concentrations are sufficient, Fe concentrations
medium, high in terms of Ca.

Samples were collected from 2 rootstocks, 4
varieties, 4 replications, and 10 rootstocks for each
replication. Sampling started from young and
mature leaves corresponding to the first bunch of
grapes from fruiting shoots. Leaves were taken from
all four sides of the shoot during the flowering
period (Moyer et al, 2018). The number of leaf
samples was between 50-100 and sampled on
10.07.2021 (Flynn et al., 2004).

Leaf samples were ground and 0.5 g sample were
digested in microwave (Temminghoff and Houba,
2004). N, P, K, Ca, Mg, Fe, Cu, Mn, and Zn analyses
were carried out to determine the nutrient content
of the vine leaves. The N contents of the plant leaves
were determined according to the Kjeldahl method.
In addition, after the dried and ground leaf samples
were wet digested, P, K, Mg, Ca, Fe, Zn, Cu, and Mn
were determined by ICP-OES (Temminghoff and
Houba, 2004). Grapefruits in the same field were
harvested in September (01.09.2021) and brought
to the laboratory for analysis. Tillage, irrigation,
fertilization, pruning and disease, pest, and weed
control were carried out in the study area. 25 tons
of compost (thyme stalk + animal manure) per
hectare was applied in November with a farm
manure-spreading machine.

The statistical analysis results were made through
the MINITAB 16 package program. The
relationships between rootstock and cultivar were
compared with the TUKEY multiple comparison
test.

Results and Discussion

Nutrient Concentrations of Grape Leaves on
Different Rootstocks and Varieties

N, P, K, Mg, Ca concentrations of rootstockxvariety
interaction, rootstock, and variety leaves were given
in Table 1. Limit values determined by Jones et al.
(1991) were used in the evaluation of leaf
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nutritional status. Rootstock*variety interaction of
different cultivars grafted on different rootstocks
was determined to be significant. While there were
2.1% (Syrah), 2.21% (Merlot), 2.34% (C.Franc), and
2.34% (C.Sauvignon) N concentrations in varieties
grafted on Fercal rootstock, in varieties grafted on
140 Ruggeri rootstocks, 1.8% (C.Franc, 1.96
(Merlot), 2.18% C.Sauvignon, and 2.31% (Syrah)
values were determined. In terms of rootstocks,
Fercal rootstock had 2.25% N concentration, while
140 Ruggeri rootstock had 2.06% N concentration.
The highest N concentration in leaves was
determined in C. Sauvignon (2.26%), Syrah (2.21%),
Merlot (2.09%), and C. Franc (2.07%) cultivars. Leaf
N nutrient of Flame Seedless, Thompson Seedless,
Superior Seedless, and Red Globe varieties grafted
on 10 different rootstocks (Freedom, Harmony,
Saint George, Salt Creek, SO4, 1613C, 1103P, 99R,
110R, 140Ru) was between 0.72-1.29% (Ibacache

and Sierra, 2009). In another study, the N
concentrations of the leaves of Xinomavro and
Chardonnay  grape  varieties grafted on

41B,1103P,110 R, and 140 Ru rootstocks were
reported to be 2.9% (Assimakopoulou et al,, 2016).
The values reported by other researchers were; 1.5-
2.4%; 2.3-2.8% (Bergmann, 1992), 2.25% (Levy,
1968); and 2.0-2.3% (Mills and Jones, 1996), it was
determined that there was no problem in terms of
nitrogen nutrition. According to Jones et al. (1991),
the N concentration was sufficient in all of the leaf
samples of C. Franc, C. Sauvignon, Merlot, and Syrah
cultivars.

P concentration content of rootstock x variety
interaction of cultivars grafted on rootstocks was
statistically significant. While the leaves of the
C.Sauvignon variety grafted on Fercal rootstock had
the highest P content (0.33%), the lowest P
concentration, Syrah and C.Franc varieties grafted
on 140 Ruggeri rootstocks (0.17%). While the
varieties P concentrations for Fercal rootstock were
0.33% (C. Sauvignon), 0.25% (Syrah), 0.23%
(Merlot), 0.22% (C. Franc); 140 Ruggeri rootstock
were 0.17% (C. Franc and Syrah), 0.19% C.
Sauvignon, 0.21%  (Merlot) results were
determined. According to the mean values, Fercal
rootstock leaf P content had 0.26% P content, while
140 Ruggeri rootstock had 0.19% P content. Among
the cultivars, in C. Sauvignon (0.26%), Merlot
(0.22%), Syrah (0.21%) and C.Franc (0.20%) leaf P
contents were determined respectively. In a study, P
concentration of the leaves of Xinomavro and
Chardonnay  grape  varieties grafted on
41B,1103P,110 R, and 140 Ru rootstocks was
reported as 0.29% (Assimakopoulou et al., 2016). In
a 3-year study, it was reported that the amount of P
in Cabernet Sauvignon, Sauvignon Blanc, and Merlot
grape varieties varied between 0.14-0.24% and
0.13-0.43% (Klein, 2000).
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K concentration of rootstock x variety interaction
was not statistically significant. Fercal rootstock leaf
K content had 0.99% K content, while 140 Ruggeri
rootstock had 1.12% K concentration. As in
rootstocks, variety interaction was statistically
significant. The potassium content of cultivars in
grape leaves was C. Sauvignon (1.31%), Merlot
(1.01%), C. Franc (0.96%) and Syrah (0.94%)
respectively. Leaf K concentration of Flame
Seedless, Thompson Seedless, Superior Seedless,
and Red Globe varieties grafted on 10 different
rootstocks (Freedom, Harmony, Saint George, Salt
Creek, S04, 1613C, 1103P, 99R, 110R,
140Ru) reported to be between 0.99-3.37%
(Ibacache and Sierra, 2009). In studies, different
wine grape cultivars on leaves had 1.06%-1.34% K
concentration; Bobal, Tempranillo, Cabernet
Sauvignon, and Crujidera cultivars had 0.89-1.34%
leaf K concentration (Fregoni, 1984; Fallahi, 2005,
Navarro et al,, 2008). In our study, all leaf samples of
C.Franc, C. Sauvignon, Merlot, Syrah cultivars, K
were found to be sufficient (Jones et al.,, 1991). Mg
concentration of rootstock*variety interaction of
different cultivars grafted on different rootstocks
was found to be statistically significant. While it was
determined that the leaves of C. Franc variety
grafted on 140 Ruggeri rootstock had the highest Mg
content (0.50%), and the lowest Mg concentration
was observed in the Syrah variety grafted on 140
Ruggeri rootstock (0.16%). Fercal rootstock had
0.25% leaf Mg concentration, while 140 Ruggeri
rootstock had 0.37% Mg content. As in rootstocks, in
terms of Mg concentration in grape leaves, the
highest leaf Mg concentration among varieties was
C. Franc (0.36%), C. Sauvignon (0.36%), followed by
Merlot (0.32%) and Syrah (0.21%). followed
sequentially. Mg was sufficient in all leaf samples
(Jones et al. 1991). In terms of Ca concentration,
rootstock x variety interaction was statistically
significant. While the C.Franc variety grafted on 140
Ruggeri rootstockleaf concentration had the highest
Ca concentration (3.56%), and the lowest Ca
concentration was found in the Syrah variety
grafted on 140 Ruggeri rootstock (1.22%). Among
the rootstocks, Fercal rootstock had 2.15% Ca
concentration, while 140 Ruggeri rootstock had
2.71% Ca concentration. The highest leaf Ca
concentration among the cultivars was determined
as C. Franc (2.90%), followed by Merlot (2.82%) C.
Sauvignon  (2.71%), and Syrah (1.29%),
respectively. Ca was sufficient in all leaf samples
according to Jones etal. (1991).
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Table 1. The concentrations of N, P, K, Ca, Mg of rootstocks and cultivars leaves (%)
Cizelge 1. Anac ve cesitlerin yapraklarinda N, P, K, Ca, Mg konsantrasyonlar1 (%)

Varieties
N
Rootstocks C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 2.34A** 2.34AB 2.21ABC 2.1CD 2.25
140 Ruggeri 1.8E 2.18BC 1.96DE 2.31AB 2.06
Mean 2.07 2.26 2.09 2.21
P

C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 0.22BC** 0.33A 0.23 B 0.25 B 0.26
140 Ruggeri 0.17D 0.19CD 0.21BC 0.17D 0.19
Mean 0.20 0.26 0.22 0.21
K

C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 0.83ns 1.28 0.96 0.88 0.99b**
140 Ruggeri 1.08 1.33 1.06 1.00 1.12a
Mean 0.96b** 1.31a 1.01b 0.94b
Mg

C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 0.22CD** 0.37B 0.26C 0.16D 0.25
140 Ruggeri 0.50A 0.35B 0.38B 0.26C 0.37
Mean 0.36 0.36 0.32 0.21
Ca

C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 2.24E** 2.57D 2.41DE 1.35F 2.15
140 Ruggeri 3.56A 2.84C 3.22B 1.22F 2.71
Mean 2.90 2.71 2.82 1.29

*: Capital letters showed the difference between rootstock x cultivar interaction. *: lowercase letters showed the difference between
rootstocks (vertical order); *: lowercase letters showed the difference betweenvarieties (horizontal order). *: p<0.05 **: p<0.001

*: Biyiik harfler anag¢ x gesit interaksiyonu arasindaki farki gostermektedir. *: Kiigiik harfler anaglar arasindaki farki géstermektedir (dikey
sira); *: Kiigiik harfler cesitler arasindaki farki gostermektedir (yatay sira).*: p<0,05 **: p<0,001

The Fe, Zn, Cu, and Mn concentrations of rootstock x
variety, rootstock, and variety interaction in vine
leaves were given in Table 2. The Fe content of
rootstock x variety interaction was statistically
significant. While it was determined that the leaves
of the C. Sauvignon variety grafted on 140 Ruggeri
rootstock had the highest Fe concentration (267 mg
kg1), the lowest Fe concentration was observed in
C.Franc variety grafted on 140 Ruggeri rootstock
(120 mg kg1). Fercal rootstock leaf Fe content had
191 mg kg! Fe concentration, while 140 Ruggeri
rootstock had 170 mg kg-1Fe concentrations. When
the leaf Fe content was examined among the
cultivars, the values varied between 146 and 265 mg
kgl. The Zn concentration of rootstock*variety
interaction was statistically significant. While the
leaf of Syrah variety grafted on Fercal had the
highest Zn concentration (39 mgkg-1), the lowest Zn
concentration was observed in C.Franc variety
grafted on 140 Ruggeri rootstock (22 mg kg1).
While Fercal rootstock had 32 mg kg! Zn
concentration, 140 Ruggeri rootstock had 24 mg kg-
1Zn concentration. Among the varieties in terms of
zinc  concentration in vine leaves, leaf
concentrations were between 25-31 mg kgl. In a

42

study, the Zn concentration of the leaves of
Xinomavro and Chardonnay grape varieties grafted
on 41B,1103P,110 R, and 140 Ru rootstocks was
reported as 95.3 mg kg! (Assimakopoulou et al,
2016). The Cu concentrations of rootstock*variety
interaction of different cultivars grafted on different
rootstocks statistically significant. While it was
determined that the leaf of the Syrah variety grafted
on 140 Ruggeri rootstock had the highest Cu
concentration (10.5 mg kg1), the lowest Cu
concentration was observed in C.Franc variety
grafted on Fercal rootstock (1.4 mg kg1). Fercal
rootstock leaf Cu concentration had 4.2 mg kg1 Cu
concentration, while 140 Ruggeri rootstock had 6.0
mg kg1 Cu concentration. Among the cultivars, the
Cu concentration varied between 1.7-9.5 mg kg1,
and the Cu concentrations of Syrah, Merlot, C.
Sauvignon, and C. Franc grape varieties were 9.5,
5.5, 3.5, and 1.7 mg kg1, respectively. As reported by
other researchers, between 5 to 20 mg kg-1 for leaf
(Fregoni, 1984) 3-6 mg kg1 (Reuter and Robinson,
1986); 6-12 mg kg1 (Bergman, 1986), and 10-15 mg
kg1 (Cahoon, 1970), our samples were found to be
sufficient in terms of Cu.
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Mn concentration of different varieties grafted on
different rootstocks rootstock x variety interaction
was statistically significant. While the C. Sauvignon
variety grafted on Fercal rootstock leaves had the
highest Mn concentration (202 mg kg-1), the lowest
Mn concentration was observed in the Syrah variety
grafted on 140 Ruggeri rootstock (54 mg kg1).
When the rootstocks were compared Fercal
rootstock leaf had 152 mg kg1 Mn concentration,
and 140 Ruggeri rootstock had 136 mg kg! Mn

concentration. According to the varieties, C.
Sauvignon had the highest Mn concentration (197
mg kg1), followed by C. Franc (176 mg kg-1), Merlot
(131 mg kg1), and Syrah (73 mg kg-1), respectively.
In a study of the Anab-e-Shahi grape variety, Mn
values were determined between 16-160 mg kg
during budding and 10-225 mg kg! during the
blooming period (Bhargava and Raghupathi, 1999).

Table 2. The concentrations of leaves Fe, Zn, Cu, Mn on rootstocks and cultivars leaves (mg kg-1)
Cizelge 2. Anag ve gesitlerin yapraklarindaki Fe, Zn, Cu, Mn konsantrasyonlar (mgkg1)

Varieties
Fe
Rootstocks C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 200 AB* 264 A 131 B 169 B 191
140 Ruggeri 120 B 267 A 162 B 130 B 170
Mean 160 265 146 149
Zn

C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 29BC** 29B 30 B 39A 32
140 Ruggeri 22D 27BCD 23CD 23D 24
Mean 25 28 27 31
Cu

C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 1.4F** 4.1C 2.6DE 8.5B 4.2
140 Ruggeri 2.0EF 3.0D 8.4B 10.5A 6.0
Mean 1.7 3.5 5.5 9.5
Mn

C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 191A** 202A 122C 92D 152
140 Ruggeri 160B 192A 139BC 54E 136
Mean 176 197 131 73

*: Capital letters showed the difference between rootstock x cultivar interaction. *: p<0.05 **: p<0.001
*: Biytik harfler anag¢ x ¢esit etkilesimi arasindaki farki géstermektedir. *: p<0,05 **: p<0,001

Nutrient Concentration of Grape Fruits on
Different Rootstocks and Varieties

N, P, K, Mg, and Ca concentrations of rootstock x
variety, rootstock, and variety interaction in grapes
were given in Table 3. N concentrations of rootstock
x variety interaction were statistically significant.
While the fruit of the Merlot variety grafted on
Fercal rootstock had the highest N concentration
(0.24%), the lowest N concentration was seen in the
Syrah variety grafted on 140 Ruggeri rootstock
(0.08%). While Fercal rootstock fruit N
concentration had 0.16% N content, 140 Ruggeri
rootstock had 0.13% N concentration. Among
varieties in terms of fruit nitrogen concentrations,
Merlot had the highest variety with 0.19%, followed
by C. Franc (0.18%), C. Sauvignon (0.13%), and
Syrah (0.09%). In a study, the N concentration in
fruit was reported between 0.54-0.56% in 2005/06
and 0.61-0.66% in 2006/07 (Bonomelli etal., 2010).
As a result of a study examining the effect of table
grapes on mineral nutrition, 0.40% N concentration
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was reported (Bavaresco et al., 2003), our results
were low when compared to the studies.

Rootstock x variety interaction of grapefruit was not
found statistically significant in terms of P
concentration. The P concentration of the rootstock
x cultivar interaction varied between 115-206 mg
kgl. As seen in Table 3, the effect on fruit P content
was found as 149 mg kg in Fercal rootstock fruit
and 155 mg kgt in 140 Ruggeri rootstock fruit. In
terms of phosphorus concentration in grapefruit
varieties, it was statistically significant, C.
Sauvignon (186 mg kg1), and Merlot (160 mg kg1)
varieties had higher P concentration than C. Franc
(123 mgkg1) and Syrah (139 mg kg-1) varieties. In a
study conducted by Bonomelli and Ruiz (2010), P
concentration in grapefruit was determined
between 0.12-0.13% in 2005/06 and 0.12-0.13% in
2006/07. In another study, P was determined at 67
mg kg! in grape juice of Kavaklidere and Elit
varieties (Aras, 2006). The P results obtained from
the study area were sufficient. K concentration of
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rootstock x variety and interaction of grapefruit
were not statistically significant.

Rootstock x variety interaction K concentration was
found in the range of 2083-2782 mg kg-1. Rootstocks
K concentrations were found to be significant
statistically. While the K concentration of Fercal
rootstock was 2142 mg kg1, 140 Ruggeri rootstock
K content concentration in terms of potassium
concentration in cultivars, which is statistically
significant. While Merlot (2697 mg kg-1) cultivar had
the highest K concentration, C. Franc had 2432 mg
kg1, C. Sauvignon had 2259 mg kgt and Syrah had
2032 mg kg1 K concentration. In a study, K values of
767 mg kg1 were determined in the grape juice of
Kavaklidere and Elit varieties (Aras, 2006).

Mg and calcium concentration of rootstock x variety
interaction of grapefruit was not found significant
statistically. Mg concentration of rootstock x cultivar
interaction varied between 86-132 mg kgl.
Rootstocks and cultivars were statistically
significant in terms of magnesium and calcium

concentrations. While C. Sauvignon (115 mg kg1)
variety had the highest Mg concentration, C. Franc
had 105 mg kg-1, Merlot had 95 mg kg1 and Syrah
had 92 mg kg! Mg concentration. While the Mg
content of Fercal rootstock was 91 mg kg-1, the Mg
concentration of 140 Ruggeri rootstock was
determined as 113 mg kg-1. While the Ca content of
Fercal rootstock was 406 mg kg1, the Ca
concentration of 140 Ruggeri rootstock was
determined as 322 mg kg-l. While C. Sauvignon
(442mg kgl) variety had the highest Ca
concentration, C. Franc had 384 mg kg-1, Merlot had
3656mg kg-1 and Syrah had 265mg kgl Ca
concentrations. In a study, Thompson grape variety
had between 0.05-0.07% Ca and 0.04-0.05 % Mg
concentration in fruit (Bonomelli and Ruiz, 2010). In
another study, 0.20% Ca concentration was
reported in grapes (Bavaresco and Poni, 2003). Ina
study, 89 mg kg1 Ca was found in Kavaklidere and
Elit grape varieties (Aras, 2006).

Table 3. The concentrations of N, P, K, Ca, Mg of rootstocks and cultivars fruits
Cizelge 3. Anag ve cesit meyvelerinin Anac ve cesit meyvelerinin N, P, K, Ca, Mg konsantrasyonlari

Varieties
N(%)
Rootstocks C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 0.19B** 0.12DE 0.24A 0.09E 0.16
140 Ruggeri 0.16BC 0.14CD 0.14CD 0.08E 0.13
Mean 0.18 0.13 0.19 0.09
P (mg kg!)

C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 131ns 167 160 138 149
140 Ruggeri 115 206 160 140 155
Mean 123 b* 186 a 160 ab 139 ab
K(mg kg1)

C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 2083ns 2253 2444 1789 2142 b*
140 Ruggeri 2782 2265 2951 2275 2568 a
Mean 2432 ab* 2259 ab 2697 a 2032 b
Mg(mg kg!)

C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 91rs 98 90 86 91b*
140 Ruggeri 120 132 101 99 113a
Mean 105 a* 115 a 95a 92 a
Ca(mg kg!)

C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 432ns 461 462 269 406 a*
140 Ruggeri 336 424 268 261 322b
Mean 384 a* 442 a 365 ab 265 b

*: Capital letters showed the difference between rootstock x cultivar interaction. *: lowercase letters showed the difference between
rootstocks (vertical order); * :lowercase letters showed the difference between varieties (horizontal order). *: p<0.05 **: p<0.001 ns:not

significant
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Results showed that the grapefruits were at a
sufficient level in terms of Ca concentration. Our
studies of grapefruit Mg concentrations were high
when compared to other studies. Fe, Zn, Cu, and Mn
concentrations of rootstock x variety, rootstock, and
variety interaction in grapes were given in Table 4.
Fe concentrations of rootstock x cultivar interaction
varied between 2.8-94mg kgl. While Fe
concentrations of varieties grafted on Fercal
rootstocks had 2.8 mg kgt (Syrah), 59 mg kg1
(C.Sauvignon), 6.0 mg kg! (C.Franc), 9.4 mg kg!
(Merlot), 140 Ruggeri rootstocks had 3.7 mg kg!
(Syrah), 4.6 mg kg! (CFranc), 51 mg kg1
C.Souvignon, 7.8 mg kgl (Merlot). While the Fe
concentration of Fercal rootstock was 6.0 mg kg1,
the Fe concentration of 140 Ruggeri rootstock was
determined as 5.3 mg kg-1. Varieties of fruits were
statistically significant. Among the varieties, while
Merlot (8.6 mg kg1) had the highest Fe
concentration, C. Sauvignon had 5.5 mg kg1, C. Franc
had 5.3 mg kg-! and Syrah had 3.3 mg kg-1. Rootstock
x variety and rootstock interaction of grapefruit was
not found statistically significant in terms of zinc
concentration. The Zn concentrations of the

rootstock x cultivar interaction varied between
0.64-141 mg kgl. Fercal rootstock fruit Zn
concentration was 0.82 mg kg-1, while 140 Ruggeri
rootstock fruit Zn content was 0.98 mg kg-1. While C.
Sauvignon (1.26 mg kg-1) variety had the highest Zn
concentration, Marlot had 0.86 mg kg1, C.Franc had
0.80 mg kg! and Syrah had 0.68 mg kg!. Cu
concentrations of rootstock x variety interaction of
different cultivars grafted on different rootstocks
were significant statistically. While the C. Sauvignon
cultivar grafted on Fercal rootstock had the highest
Cu concentration (0.37 mg kg1), the lowest Cu
concentration was found in the Syrah cultivar (0.08
mg kg1) grafted on 140 Ruggeri rootstock. Fercal
rootstock had 0.18 mg kg1 Cu concentration, while
the 140 Ruggeri rootstock had 0.26 mg kg!. Mn
concentration of rootstock x variety interaction was
found statistically significant. While the Merlot
variety grafted on Fercal rootstock had the highest
Mn concentration (2.28 mg kg1), the lowest Mn
concentration was observed in the Syrah variety
grafted on Fercal rootstock (0.95 mg kg-1).

Table 4. The concentrations of Fe, Zn, K, Cu, Mn rootstocks and cultivars fruits (mg kg-1)
Cizelge 4. Anac ve ¢esitlerin meyvelerindeki Fe, Zn, K, Cu, Mn konsantrasyonlar1 (mg kg-1)

Varieties
Fe
Rootstocks C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 6.0 s 5.9 9.4 2.8 6.0 s
140 Ruggeri 4.6 5.1 7.8 3.7 5.3
Mean 5.3 b** 55b 8.6a 3.3b
Zn

C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 0.64ns 1.10 0.88 0.66 0.82ns
140 Ruggeri 0.96 1.41 0.84 0.69 0.98
Mean 0.80 b* 1.26 a 0.86 ab 0.68 b
Cu

C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 0.28AB* 0.37A 0.31AB 0.09D 0.26
140 Ruggeri 0.15CD 0.22BC 0.29AB 0.08D 0.18
Mean 0.21 0.30 0.30 0.08
Mn

C.Franc C.Sauvignon Merlot Syrah Mean
Fercal 1.49AB* 1.43B 2.28A 0.95B 1.54
140 Ruggeri 1.13B 1.33B 1.13B 1.16B 1.19
Mean 1.31 1.38 1.71 1.05

*: Capital letters showed the difference between rootstock x cultivar interaction. *: lowercase letters showed the difference between
rootstocks (vertical order); *: lowercase letters showed the difference between varieties (horizontal order). *: p<0.05 **: p<0.001 nsmnot

significant.

Conclusions

Factors such as soil pH, organic matter amount, lime
content, moisture level, texture, soil nutrient level,
type, and variety of the plant grown are factors that
affect both the mineral nutrition of the plants and
the nutritional level of the plant. Plants grown in the
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same environment and conditions benefit from
plant nutrients in the soil and nutrients given by
fertilization in different amounts.

When the results of the study were evaluated, the
varieties and rootstocks were statistically
significant in nutritional status. These results
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showed the nutrient concentration of the rootstock
and variety should be taken into account when
making fertilization programs. While yield losses
will be prevented with insufficient fertilization,
economic and environmental damages will be
prevented with excessive fertilization. In addition,
suitable rootstocks and varieties should be
determined in viticulture, which is intensive in the
region, and appropriate fertilization studies should
be continued.
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Abstract
The objective of this study was to utilize unsupervised classification and clustering techniques, such as
hierarchical (HCA) and principal component analyses (PCA), to assess the impact of maturity indexand
storage conditions on the composition of fatty acids, sterols, and erythrodiol+uvaol in Ayvalik and
Memecik Turkish extra virgin olive oils. For a period of 15 months, the oils were maintained at ambient
temperature, under daylight conditions, and in darkness within two transparent glass bottles. The
chemometricanalysis yielded therevelation that both Memecik and Ayvalik could be classified into two
distinct subgroups. The findings indicated that oleic, behenic, arachidic, gadoleic, and MUFA
(Monounsaturated FattyAcid) acids were pivotal in distinguishing the initial harvest year for both oils.
The second year's characterization process involved the analysis of palmitic, palmitoleic,
heptadecanoic, heptadecenoic, trans fatty acids, SFA (Saturated Fatty Acids),and MUFAin the Ayvalik
olive oil; and miristic, linolenic, and PUFA (Polyunsaturated Fatty Acids) in the Memecik olive oil. The
results of the PCA indicate that Memecik oils contain -sitosterol, stigmasterol, cholesterol, clerosterol,
brassicasterol, and erythrodiol+uvaol, while Ayvalik oils contain campestanol, sitosterol, campestanol,
A7-avenasterol, A5-avenasterol, total sterol, A5-7 stigmastadienol, and total 3-sitosterol.
Key words: PCA, HCA, Sterol, Fatty acid, Storage conditions.

Farkli Olgunluk Indeksi ve Depolama Kosullarinda Tiirk Zeytinyaglarinin
Yag Asidi, Sterol ve Eritrodiol+Uvaol Iceriklerinin Kemometrik
Yaklasimlarla Degerlendirilmesi

Ozet
Bu ¢alismanin amaci, Ayvalik ve Memecik Tiirk sizma zeytinyaginda olgunluk indeksi ve saklama
kosullarinin yag asitleri, steroller ve eritrodiol+uvaol bilesimi lizerindeki etkisini degerlendirmek igin
hiyerarsik (HCA) ve temel bilesen analizleri (PCA) gibi denetimsiz siniflandirma ve kiimeleme
tekniklerinden yararlanmaktir. Yaglar 15 ay siireyle oda sicakliginda, giin 15181 kosullarinda ve
karanhkta iki seffaf cam sise icerisinde muhafaza edildi. Kemometrik analiz, Memecik ve Ayvalik'mn iki
ayr alt gruba ayrilabilecegini ortaya ¢ikardi. Bulgular, oleik, behenik, arasidik, gadoleik ve MUFA
asitlerinin, her iki yag i¢in de ilk hasat yilin1 ayirt etmede ¢ok énemli oldugunu gosterdi. Ikinci yilin
karakterizasyon stirecinde Ayvalik zeytinyaginda palmitik, palmitoleik, heptadekanoik, heptadekenoik,
trans yag asitleri, SFA ve MUFA analizleri; Memecik zeytinyaginda miristik, linolenik ve PUFA bulunur.
PCA sonuglart Memecik yaglarinin $-sitosterol, stigmasterol, kolesterol, klerosterol, brassikasterol ve
eritrodiol+uvaol icerdigini, Ayvalik yaglarinin ise kampestanol, sitosterol, kampestanol, A7 -avenastero,
A5-avenasterol, toplam sterol, A5-7 stigmastadienol ve toplam B-sitosterol icerdigini gostermektedir.
Anahtar kelimeler: PCA, HCA, Sterol, Yag asidi, Depolama kosullari.

Introduction

approximately 75-80% of the total output (Sevim

An economic and social perspective places great
importance on olive farming and the olive oil
industry, particularly in Spain, Italy, Tiirkiye,
Portugal and Greece (Lopez-Salas et al., 2024). In
Tirkiye, the majority of olive production is
concentrated in a small number of varieties (well
known local olive fruits include Ayvalik, Memecik,
Gemlik, Domat, Erkence, Nizip Yaglk etc.), although
the Turkish National Germplasm Bank has
registered 95 distinct endemic varieties (Yildirim et
al., 2023). In the context of Turkish olive cultivation,
Ayvalik and Memecik cultivars have emerged as
predominant, economically significant, and widely
adopted varieties. These cultivars collectively
contribute to a substantial proportion of the
nation's total olive oil production, accounting for

and Tuncay, 2013).

A substantial body of research has been conducted
on the dietary and medicinal qualities of olive oil,
and the results of these studies have been
thoroughly documented. Historically, the primary
benefits of oil consumption have been ascribed to its
abundant presence of monounsaturated fatty acids
(MUFAs) (Peres et al., 2024). Olive oil is food that
works well for preventing of cardiovascular,
hypertension, cancer and digestive system diseases
due to its monounsaturated fatty acids and
antioxidant substances (Lopez-Salas et al,, 2024). A
comprehensive analysis reveals that 98% of olive oil
is composed of glycerides and fatty acids, which are
predominant components, while 2% consists of
minor components (IOC, 2022). An 3 of olive oil
quality is conducted by means of a multifaceted


https://orcid.org/0000-0002-3297-3355
https://orcid.org/0000-0001-6283-7517
https://orcid.org/0000-0003-0236-2294
https://orcid.org/0000-0003-3297-8217

Evaluating the Fatty Acid, Sterol...

approach, incorporating a range of assessment
techniques. Among these methods are organoleptic
tests, which are utilized to identify and evaluate
characteristics related to the sensory perception of
the oil. Additionally, analyses of fatty acid
composition are employed to ascertain the
nutritional value and chemical profile of the olive oil.
Furthermore, physicochemical parameters are
measured to provide a comprehensive assessment
of the oil's physical and chemical properties. To
ensure the dietary value, authenticity, and purity of
olive oils sold, it is imperative that monitoring be
carried out in an effective and continuous manner. A
comprehensive understanding of the fatty acid
composition is imperative. The composition of fatty
acids of olive oils serves as a crucial quality
parameter and a reliable indicator of their
authenticity. The composition of fatty acids of oil is
influenced by numerous factors, including variety,
maturity, and climate (Bechar et al., 2024; Késeoglu
et al,, 2016). Palmitic, oleic, linoleic and stearic are
major fatty acids, palmitoleic, linolenic and
arachidonic are minor fatty acids. The oleic acid
content of olive oil is 55-85%, linoleic acid content
is 2.5-21% and linolenic acid content is below <1%
(I0C, 2022). The surrounding conditions have been
demonstrated to exert an influence on the content of
oleic and linoleic acids (Rodrigues et al., 2021). Olive
oil is regarded as a stable and healthful fat, and due
to the its high proportion of monounsaturated fatty
acids and low content of saturated fatty acids, it is an
ideal fat source that can lower cardiovascular
disease risk (Mousavi et al, 2019; Gagour et al,
2024). Vegetable oils' shelf life is shortened by
oxidation, a significant process that alters their
organoleptic  characteristics.  Oxidation alters
various physiological properties as well as causing a
loss of nutritional value (Bouaziz et al, 2008).
Changes in the composition of fatty acids and the
loss of smaller components are the main factors
affecting the shelf life of olive oils. According to
reports, about 24% of Rancimat stability is
attributed to the composition of fatty acids (Mateos
et al., 2003). The level of unsaturation of fatty acids
and the existence of antioxidants such as phenolic
compounds and carotenoids, among other factors,
have an impact on the structure of olive oil and its
ability to prevent autooxidation and photooxidation
during storage (Bechar et al, 2024). Previous
studies found that the content of palmitic acid in
olive oils remained unchanged, while the content of
unsaturated and saturated fatty acids decreased,
increased, and oleic acid decreased due to oxidation
(Mendez and Falque, 2007). Moreover, the content
of stearic acid increased (Morello et al. 2004;
Mendez and Falque, 2007), oleic acid increased,
linoleic and linolenic acid decreased, and oleic acid
increased  because of the decrease in
polyunsaturated fatty acids like linoleic and
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linolenic acid due to degradation and preservation
of the content of saturated fatty acids (Morello et al.,
2004). According to Gomez-Alonso et al. (2007),
linolenic acid content decreased more during the
storage period than linoleic acid content. This was
because, under the same oxidation conditions, the
antioxidants in extra virgin olive oil protected
linoleic acid greater than linolenic acid.

Sterols are essential for human nutrition and health.
The majority of the unsaponifiable material in olive
oil is made up of phytosterols, which are sterols that
are present in vegetables and plant oils. Plant
species are characterized by their sterol profiles.
Understanding the makeup of sterols is crucial for
determining the nutritional value and identity of
olive oil. The composition and amount of sterols are
important factorsin determining the quality of extra
virgin olive oil. These substances are some of the
most important criteria for trade standards that are
used to confirm the legitimacy of olive oil and
identify counterfeiting (Piravi-Vanak et al., 2012).
Sterols, on the other hand, show a lot of promise as
practical chemical markers to guarantee the variety,
traceability, and geographic origin of olive oil (Luki¢
et al,, 2021; Sevim et al,, 2023). Olive oil's primary
sterols are [-sitosterol, delta-5-avenasterol, and
campesterol. Others  include  stigmasterol,
cholesterol, and related compounds. f-Sitosterol
makes up most (75-90%) of the total sterols in olive
oil. The percentage of delta-5-avenasterol ranges

between  5-20%, while campesterol and
stigmasterol are between 1-4% and 0.5-2%,
respectively. 24-methylene-cholesterol, which is

found in low levels in the structure of olive oil, is an
intermediate product in campesterol synthesis and
is a characteristic component of olive pulp and is the
only sterol in which significant differences can be
clearly observed between varieties and ripening
stages (Sahin et al, 2008). High levels of
stigmasterol are an indication of high acidity and
low sensory properties (Biyikli, 2009). Sterols are
heat stable, odourless and tasteless compounds. The
quantitative sterol profiles of olive fruits are
recognized to be impacted by several factors.
Genetics of fruit (Navas-Lopez et al, 2019),
environment (soil, location, climate, water) (Hamze
et al, 2022), fruit ripening stage (Giuffre et al.,
2013), harvest year (Rey-Giménez et al., 2022), the
oils' storage conditions or technological factors
(Guillaume et al.,, 2012) all have an impact on the
composition of sterols. And also, recently it has been
suggested to use sterol composition to categorize
extra virgin olive oil based on fruit varieties (Rivera
del A" lamo et al., 2004).

The objectives of this study were to assess the
impact of ripening index and storage conditions on
the fatty acids, sterol, and erythrodiol+uvaol
contents of Turkish virgin olive oil. To this end,
unsupervised chemometrics classification and
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clustering methods, such as PCA and HCA, were
utilized. Ayvalik and Memecik olive oils were stored
in two distinct transparent glass bottles at ambient
temperature in conditions of both daylight and
darkness for a period of 15 months. Fatty acid,
sterol, and erythrodiol+uvaol content analyses were
conducted at five-month intervals (0 (initial), 5, 10,
and 15 months).

Materials and Method
Material
The “Ayvalik” and “Memecik” varieties were

harvested from orchards in Ayvalik and Aydin
regions, respectively, in two consecutive harvest
periods (Figure 1). The olives were harvested by
hand at two different maturation indices and
subsequently processed (without waiting) by an
Abencor system at the Olive Research Institute of
Turkish Ministry of Agriculture and Forestry in
Izmir, Tirkiye.

Method

Maturity index (MI)

Maturity index, which the International Olive
Council's  suggested approach (IOC, 1991),

according to the olive skin's color and is determined
by gathering about one kilogram of olives.

Figure 1. Ayvalik (a) and Memecik (b) cultivars
Sekil 1. Ayvalik (a) ve Memecik (b) ¢esitleri

0il extraction

The olives of the "Ayvalik" and "Memecik" were
harvested manually. The fruits were thoroughly
cleaned with tap water, followed by mechanical
crushing using an Abencor System (MC2, Spain). The
instrument is outfitted with apparatus designed for
the compression of fruit, as well as mechanisms that
facilitate the process of malaxating and centrifugal
separation. Cold pressing was used in the process
(25°C) and the olives were malaxing for
approximately 30 minutes. The extracted oils were
then separated into two distinct fractions. The
objective of this step was to conduct a
comprehensive investigation into the storage effects
of daylight and darkness, as well as ambient
temperature, over a period of 15 months. Fatty acid
composition analysis was conducted at five-month
intervals (0, 5, 10, and 15 months).
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Fatty acid composition

According to IOC methods, fatty acid
composition was assessed,
COI/T.20/Doc.No.33.Revl (IOC, 2017). Fatty acid
methyl esters (FAMEs) were examined using
chromatography of gas with a flame ionization
detector and an Agilent DB-23 capillary column. The
temperature of the oven was kept constant between
170°C and 210°C for ten minutes at a 2 C min-
increase, the detector temperatures at 250 °C, the
carrier gas at 0.5 ml min-, the injection volume at
0.2 pL, and the split ratio at 1:100. A standard FAME
reference mixture (Sigma-Aldrich Chemicals 189-
19) was used for reference. The area percentages of
all fatty acids were determined and recorded using
ChemStation software.

the

Sterol composition

Sterol and diol amounts were determined using the
10C method, COI/T.20/Doc. No 26 (I0C, 2020). The
sterol fraction was analyzed with a Hewlett-Packard
6890 with a split injector and flame-ionization
detector. 2 N ethanolic potassium hydroxide was
used to saponify the olive oil after adding «-
cholestanol. The unsaponifiable was extracted with
ethyl ether. The analytical column was an HP-5 with
a 5% phenyl, methyl, siloxane stationary phase
(30mx0.32mmx0.25um).  The chromatographic
conditions were as follows: temperature of an inlet:
280°C; temperature of an oven: 260°C; temperature
of detector: 290°C; split ratio: 1:50; amount
injected: 1pL. As a carrier gas, helium was utilized at
a flow rate of 0.7 to 0.8 ml min-1. Cholestanol served
as an internal standard for the measurement of
sterols. Outcomes for individual sterols were stated
as percentages of total sterols. Total sterols were
stated as percentages of total sterols and diols.

Statistical analysis

The olive oil samples were subjected to
unsupervised chemometrics techniques, specifically
PCA and HCA, to achieve multivariate classification
and clustering. Using Minitab Statistical software
version 15, multivariate analysis was carried out.

Results and Discussion

Figure 2 shows the maturity index of Ayvalik and
Memecik olives. In the first harvest year, 1st MI of
Ayvalik olives was 2.02 and 2nd MI was 2.33; in
2010, 1st MI of Ayvalik olives was 1.5 and 2nd MI
was 2.2. In 2009, 1st MI of Memecik olives was 1.97
and 2nd MI was 2.83; in 2010, 1st MI of Memecik
olives was 1.6 and 2nd MI was 2.3.

Ayvalik extra virgin olive oil, oleic acid varied
between 68.13-69.22% and 66.24-67.20%, linoleic
acid varied between 10.86-11.47% and 11.89-
12.37%, linolenic acid varied between 0.64-0.72%
and 0.70-0.74% was determined after 15 months of
storage in the daylight conditions at the 1st MI, in
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the first and the second harvest year, respectively.
Also oleic acid varied between 68.13-69.73% and
66.65-67.20%, linoleic acid varied between 11.06-
11.47% and 11.87-12.37%, linolenic acid varied
between 0.65-0.72% and 0.69-0.74% was
determined after 15 months of storage in the dark
conditions at the 1st MI, in the first and the second
harvest year, respectively.

2.83
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Maturity Index

mAyvalk B Memecik

Figure 2. Maturity index of Ayvalik and Memecik
cultivars

Sekil 2. Ayvalik ve Memecil ¢esitlerinde olgunluk
indeksi

When looked at the 2nd MI oleic acid varied
between 69.29-69.99% and 65.98-66.65%, linoleic
acid varied between 10.47-11.42% and 12.71-12.99
%, linolenic acid varied between 0.62-0.74% and
0.71-0.77% was determined after 15 months of
storage in the daylight conditions, in the first and the
second harvest year, respectively. Also oleic acid
varied between 69.07-69.73% and 66.05-66.46%),
linoleic acid varied between 10.89-11.42% and
12.85-12.96%, linolenic acid varied between 0.66-
0.74% and 0.74-0.77% was determined after 15
months of storage in the dark conditions at the 2nd
MI, in the first and the second harvest year,
respectively. Memecik extra virgin olive oil, oleic
acid varied between 71.43-72.70% and 65.21-
65.70%, linoleic acid varied between 9.14-9.83%
and 13.21-13.66%, linolenic acid varied between
0.80-0.89% and 0.92-0.95% was determined after
15 months of storage in the daylight conditions at
the 1st MI, in 2009 and 2010, respectively. Also oleic
acid varied between 71.43-72.33% and 65.39-
66.16%, linoleic acid varied between 9.14-9.71%
and 12.91-13.40%, linolenic acid varied between
0.81-0.89% and 0.85-0.94% was determined after
15 months of storage in the dark conditions at the
1st MI, in the first and the second harvest year,
respectively. When looked at the 2nd MI oleic acid
varied between 69.81-70.33% and 67.27-67.57%,
linoleic acid varied between 10.81-11.00% and
13.08-13.28%, linolenic acid varied between 0.80-
0.91% and 0.85-0.86% was determined after 15
months of storage in the daylight conditions, in the
first and the second harvest year, respectively. Also
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oleic acid varied between 69.47-70.74% and 67.14-
67.70%, linoleic acid varied between 10.70-11.09%
and 12.94-13.22%, linolenic acid varied between
0.83-0.91% and 0.81-0.88% was determined after
15 months of storage in the dark conditions at the
2nd M], in the first and the second harvest year,
respectively.

The primary elements of extra virgin olive oil's
stability are its antioxidants and composition of
fatty acid. Oxidation of fats, particularly when trace
metals are present, is one of the main storage
degradations. Lipid peroxide is formed when
unsaturated fatty acid double bonds are attacked by
reactive oxygen radicals. In the study, no significant
change was detected in the fatty acid composition
during 15 months of storage in both daylight and
dark conditions, and it followed an uneven course.
The fatty acid composition of Ayvalik and Memecik
oils remained within the limits set by the IOC trading
standard (I0C, 2022) throughout the shelf life and
was determined as virgin olive oil. Similar outcomes
were attained in different studies. Gagour et al.
(2024) reported that extra virgin olive oil can be
stored for up to twoyears without losing its sensory
qualities if it is kept in appropriate and well-made
packaging. Mendez and Falque (2007) reported that
the unsaturated fatty acid content of olive oils and
the oleic acid content decreased due to oxidation
during storage, Morello et al. (2004) reported that
the oleic acid content increased due to the decrease
in polyunsaturated fatty acids such as linoleic acid
and linolenic acid due to deterioration and the
preservation of the saturated fatty acid content,
Gomez-Alonso et al. (2007) reported that the
decrease in linolenic acid content during storage
was greater than the linoleic acid content, and this
was due to the antioxidants of virgin olive oil
protecting linoleic acid more than linolenic acid
under the same oxidation conditions. It was
determined that heptadecanoic acid, heptadecenoic
acid, linoleic acid, SFA and PUFA contents were
lower in Memecik olive oil than in Ayvalik olive oil,
while oleic acid, linolenic acid and MUFA contents
were higher. The findings concerning the fatty acid
composition of Memecik and Ayvalik olive oils were
discovered to be in agreement with previous
research (Andjelkovic et al, 2009; ilyasoglu and
Ozgelik, 2011; Késeoglu et al., 2016) reached similar
conclusions in their studies.



Table 1. The composition of fatty acids (%) in Ayvalik (A) and Memecik (M) olive oils at different MI in daylight and dark, in the first harvest year during 15 months
storage

Cizelge 1. Ayvalik (A) ve Memecik (M) zeytinyaglarinin farkli MI degerlerinde, birinci hasat yilinda, giin 1518inda ve karanlikta, 15 aylik depolama siiresince yag
asitleri kompozisyonlar1 (%)

Ml V ST STP C(C14:0 C16:0 C16:1 C17:0 C17:1 (C18:0 C18:1 C18:2T C18:2 18:3T (C18:3 C20:0 C20:1 C22:0 C24:0 SFA MUFA PUFA

0 0.02 1435+0.01 1.06 0.14 0.25 224 68.13+0.01 0.02 11.47+0.01 0.05 0.72 0.47 0.35 0.16 008 1746 69.53+0.03 12.19
5 002  13.93#£0.02 1.04 0.14 0.25 225 69.23x0.00 0.01 11.38+0.01 0.04 0.71 047 0.35 0.15 008 17.04 70.87+0.04 12.08

roA DL 10 002  14.64+0.00 1.09 0.14 0.25 224 684120.04 0.02 11.44+0.00 0.04 0.72 0.44 032 0.14 007 17.70 70.08+0.05 12.15
15 002 14.50+0.01 1.00 0.14 0.24 230  69.22+£0.02 0.00 10.86+£0.01  0.00 0.64 047 0.35 0.16 008 17.67 70.80+0.04 11.50
0 002 1435%£0.03 1.06 0.14 0.25 224 68.13£0.02 0.02 11.47+0.02 0.05 0.72 047 0.35 0.16 008 1746 69.53+0.03 12.19
5 002 13.95%£0.01 1.07 0.14 0.25 224  69.31£0.01 0.02 11.34£0.03  0.04 0.70 047 0.35 0.16 0.08 17.06 70.98+£0.03 12.04
toAD 10 0.02 14.81+0.02 1.09 0.14 0.25 223 68.36%0.01 0.01 11.31+0.04 0.04 0.71 045 0.33 0.14 0.07 1786 70.04+0.04 12.02
15 002 1422002 1.02 0.14 0.24 235 69.16%0.00 0.00 11.06+£0.00 0.00 0.65 049 0.36 0.16 008 1746 70.79+0.03 11.70
0 0.02 13.04£0.01 096 0.14 0.24 237  69.7320.01 0.01 11.42+0.02 0.05 0.74 0.52 0.38 0.20 0.11 1640 71.04+£0.04 12.16
5 002 13.69+0.01 0.99 0.14 0.25 233 69.40£0.04 0.01 11.33£0.01 0.05 0.72 047 0.34 0.16 008 1688 70.98%0.03 12.06
2 A DL 10 0.02 13.7320.02 1.00 0.15 0.25 233 69.29£0.02 0.01 11.37+£0.01 0.05 0.74 047 034 0.16 007 1692 70.88%0.03 9.78
15 0.02 13.85+0.02 094 0.16 0.24 253 69.99%0.03 0.00 10.47+0.01 0.00 0.62 0.53 037 0.18 008 1736 71.54%£0.04 11.09
0 0.02 13.04+0.01 096 0.14 0.24 237 69.73%x0.01 0.01 11.42+0.02 0.05 0.74 0.52 0.38 0.20 011 1640 71.04+0.04 12.16
5 A D 5 0.02 13.72#0.01 099 0.15 0.25 233  69.27+0.02 0.01 11.30£0.02 0.05 0.72 0.48 0.34 0.16 0.08 1694 70.85+0.04 12.01

10 002 14.07%£0.03 1.01 0.15 0.25 233  69.07x0.01 0.01 11.25+£0.01 0.05 0.72 047 0.34 0.15 007 1727 70.66+0.03 9.86

15 0.02 13.95£0.01 097 0.15 0.25 243  69.58%0.01 0.00 10.89+0.00 0.00 0.66 0.49 0.35 0.16 0.07 1728 71.15+0.04 1155
MI: Maturity Index, V: Variety, ST: Storage Type, STP: Storage Period (Month), Myristic (C14:0), Palmitic (C16:0), palmitoleic (C16:1), Margaric (C17:0), Margoleic (C17:1), Stearic (C18:0),
Oleic (C18:1), Linoleic (C18:2), Linolenic (C18:3), Arachidic (C20:0), Gadoleic (C20:0), Behenic (C22:0), Lignoceric (C24:0), Saturated Fatty Acids (SFA), Monounsaturated fatty acids
(MUFA), Polyunsaturated fatty acids (PUFA).
MI: Olgunluk indeksi, V: Cesit, ST: Depolama Tipi, STP: Depolama Siiresi (Ay), Miristik (C14:0), Palmitik (C16:0), Palmitoleik (C16:1), Margarik (C17:0), Margoleik (C17:1), Stearik
(C18:0), Oleik (C18:1), Linoleik (C18:2), Linolenik (C18:3), Arakidik (C20:0), Gadoleik (C20:0), Behenik (C22:0), Lignoserik (C24:0), Doymus Yag Asitleri (SFA), Tekli Doymamis Yag
Asitleri (MUFA), Coklu Doymamis Yag Asitleri (PUFA).
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Table 1 The composition of fatty acids (%) in Ayvalik (A) and Memecik (M) olive oils at different MI in daylight and dark, in the first harvest year during 15 months
storage (continued)

Cizelge 1. Ayvalik (A) ve Memecik (M) zeytinyaglarinin farkli MI degerlerinde, birinci hasat yilinda, giin 1518inda ve karanlikta, 15 aylik depolama siiresince yag
asitleri kompozisyonlari (%) (devami)

Ml V ST STP C14:0 C16:0 C16:1 (C17:0 C17:1 C18:0 C18:1 C18:2T C18:2 18:3T C18:3 (C20:0 C20:1 C22:0 C24:0 SFA MUFA PUFA

0 0.02 13.33%0.01 1.02 0.04 0.07 209 7143+0.01 0.02 9.14+0.02 0.01 0.88 044 0.36 0.15 007 16.15 72.94+0.04 10.02
5 002 1236%0.01 1.01 0.04 0.07 205 72.70+0.01 0.01 9.83+0.00 0.01 0.89 043 0.36 0.14 0.07 1511 74.15+0.03 10.73

oM oDL 10 002 13.68+0.02 1.02 0.05 0.07 209 71.44+0.00 0.02 9.69+£0.01  0.01 0.88 043 0.35 0.14 007 1647 72.89+0.03 11.01
15 0.02 13.02+0.00 0.96 0.04 0.07 215 72.41+0.01 0.00 946x0.01  0.00 0.80 046 037 0.14 0.08 1590 73.82+0.04 10.26
0 0.02 13.33x0.01 1.02 0.04 0.07 209 71.43%0.02 0.02 9.14£0.02  0.01 0.88 044 0.36 0.15 0.07 1615 72.94+0.04 10.02
5 0.02 12.84%0.03 1.00 0.04 0.07 208 7233%0.03 0.01 9.62x0.02  0.01 0.88 045 037 0.14 0.08 15.65 74.08+0.05 10.50
oMy 10 002 13.43x0.01 1.02 0.04 0.07 210  71.60%0.00 0.02 9.71x0.03  0.01 0.89 0.44 0.36 0.14 0.07 1625 73.05+0.04 10.87
15 002 13.32x0.01 098 0.04 0.07 218  72.08+0.01 0.00 941+0.01  0.00 0.81 046 0.37 0.15 0.07 1625 73.50£0.03 10.22
0 002 1294%£0.00 1.03 0.05 0.07 254 7033£0.01 0.02 11.00£0.00 0.01 0.89 0.50 0.36 0.15 007 1627 7150£0.04 11.89
5 002 13.26%£0.01 1.06 0.05 0.07 248 70.02+0.00 0.02 11.09+0.02 0.01 0.90 047 033 0.14 006 1648 71.49+0.03 11.99
2 M DL 10 002 1349%0.02 1.07 0.05 0.07 249  69.81£0.01 0.02 11.04+0.02 0.01 091 0.46 033 0.13 006 16.70 71.28+0.04 11.95
15 0.02 13.34%£0.03 1.02 0.05 0.07 259  70.23%0.02 0.00 10.81+0.01 0.00 0.80 0.50 0.36 0.15 007 1671 71.67+0.03 11.61
0 002 1294+0.01 1.03 0.05 0.07 254  70.33+0.01 0.02 11.00£0.01 0.01 0.89 0.50 0.36 0.15 007 1627 7150£0.04 11.89
5 M D 5 0.02  12.54x0.02 1.05 0.04 0.07 239  70.74%0.00 0.01 11.08£0.01 0.01 0.90 0.46 0.34 0.13 0.06 1565 72.19+0.04 1198

10 0.03 13.78x0.01 1.11 0.05 0.07 247 6947001 0.02 11.09£0.00 0.01 091 045 0.32 0.13 0.06 1695 70.98+0.05 12.00
15  0.02 1331£0.02 1.02 0.05 0.07 261 7031x0.02  0.00 10.70£0.00 0.00 0.83 0.50 0.36 0.15 0.07 16.69 71.77£0.05 11.53

MI: Maturity Index, V: Variety, ST: Storage Type, STP: Storage Period (Month), Myristic (C14:0), Palmitic (C16:0), palmitoleic (C16:1), Margaric (C17:0), Margoleic (C17:1), Stearic (C18:0), Oleic (C18:1), Linoleic
(C18:2), Linolenic (C18:3), Arachidic (C20:0), Gadoleic (C20:0), Behenic (C22:0), Lignoceric (C24:0), Saturated Fatty Acids (SFA), Monounsaturated fatty acids (MUFA), Polyunsaturated fattyacids (PUFA).
MI: Olgunluk Indeksi, V: Cesit, ST: Depolama Tipi, STP: Depolama Siiresi (Ay), Miristik (C14:0), Palmitik (C16:0), Palmitoleik (C16:1), Margarik (C17:0), Margoleik (C17:1), Stearik (C18:0), Oleik (C18:1), Linolek
(€18:2), Linolenik (C18:3), Arakidik (C20:0), Gadoleik (C20:0), Behenik (C22:0), Lignoserik (C24:0), Doymus Yag Asitleri (SFA), Tekli Doymamis Yag Asitleri (MUFA), Coklu Doymamis Yag Asitleri (PUFA).
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Table 2. The composition of fatty acids (%) in Ayvalik (A) and Memecik (M) olive oils at different MI in daylight and dark, in the second harvest year during 15
months storage

Cizelge 2. ikinci hasat yilinda 15 aylik depolama siiresince, farkli MI degerlerinde, giin 1s181nda ve karanlikta, Ayvalik (A) ve Memecik (M) zeytinyaglarindaki yag
asitlerinin kompozisyonlari (%)

Ml V ST STP C14:0 C16:0 Clé6:1 C17:0 C17:1 C18:0 C18:1 C18:2T C18:2 18:3T C18:3 (C€20:0 C20:1 C22:0 C24:0 SFA MUFA PUFA

0 0.02 1483001 1.28 0.13 0.24 218  67.20£0.01 0.01 12.37£0.01  0.00 0.74 044 033 0.14 0.07 1782 69.06£0.03 13.11
5 0.02 1637x0.01 121 0.13 0.23 218  66.240.01 0.02 11.89£0.01  0.00 0.70 044 033 0.14 0.07 1936 68.01£0.04 12.60

oA DL 10 0.02 16.04+x0.00 1.23 0.13 0.23 213  66.75%0.02 0.02 11.92+0.02 0.03 0.70 042 0.31 0.13 0.07 1894 6852+0.04 12.62
15 0.02 15.06%£0.02 1.19 0.13 0.23 216 67.18+0.02 0.02 12.23+x0.02 0.03 0.74 044 0.33 0.13 0.08 18.02 6894+0.05 1297
0 0.02 14.83%0.01 1.28 0.13 0.24 218 67.20+0.03 0.01 1237+0.03  0.00 0.74 044 0.33 0.14 0.07 1782 69.06x0.04 13.11
5 0.02 15.38%0.01 1.23 0.13 0.23 216 67.04+0.04 0.02 12.01+x0.02 0.00 0.70 044 0.33 0.13 0.07 1833 68.82+0.03 1271
ToAD 10 0.02 15.84%0.02 1.19 0.13 0.23 217  67.11£0.02 0.01 11.87+£0.01 0.04 0.69 043 0.32 0.13 0.07 1879 68.85+0.03 12.55
15 0.02 15.71+0.00 1.25 0.13 0.24 212  66.65+0.03 0.02 12.16+0.01 0.03 0.72 042 0.31 0.12 0.07 1858 6845+0.04 12.89
0 0.02 15.19+0.02 132 0.13 0.23 213 66.22+0.01 0.02 1296+0.02 0.00 0.76 0.45 0.34 0.15 0.08 1814 68.11+x0.04 13.72
5 0.02 15474002 133 0.12 0.23 206 6598+0.02 0.02 12.99+0.03 0.04 0.77 042 0.32 0.13 0.07 1830 67.86%x0.03 13.76
2 A DL 10 0.02 15.26%0.01 1.24 0.12 0.22 213  66.65+0.03 0.02 12.71£0.03  0.02 0.71 045 0.34 0.15 0.08 1821 68.44+0.04 1342
15 0.02 1549+0.01 1.27 0.12 0.23 208 66.03+£0.02 0.02 12.92+0.02 0.03 0.77 043 032 0.14 0.07 1836 67.86+0.03 15.99
0 0.02 15.19+£0.01 132 0.13 0.23 213 66.22+0.01 0.02 12.96+0.03  0.00 0.76 045 0.34 0.15 008 18.14 68.11+0.04 13.72
s A D 5 0.03 1542+0.03 133 0.12 0.24 206 66.05+0.03 0.02 12.96+0.01 0.03 0.77 042 0.32 0.13 0.07 1826 67.93+0.03 13.73

10 0.02 15.174£0.03 1.25 0.12 0.22 211 6646+0.02 0.01 12.85+0.01 0.02 0.74 0.45 0.34 0.14 0.08 18.09 68.28+0.04 13.59

15 0.02 15.39+0.02 131 0.12 0.24 207  66.09+0.01 0.02 12.96+0.02 0.03 0.77 042 032 0.14 0.07 1824 6795+0.03 1598
MI: Maturity Index, V: Variety, ST: Storage Type, STP: Storage Period (Month), Myristic (C14:0), Palmitic (C16:0), palmitoleic (C16:1), Margaric (C17:0), Margoleic (C17:1), Stearic (C18:0), Oleic (C18:1), Linoleic
(C18:2), Linolenic (C18:3), Arachidic (C20:0), Gadoleic (C20:0), Behenic (C22:0), Lignoceric (C24:0), Saturated Fatty Acids ( SFA), Monounsaturated fatty acids (MUFA), Polyunsaturated fattyacids (PUFA).
MI: Olgunluk Indeksi, V: Cesit, ST: Depolama Tipi, STP: Depolama Siiresi (Ay), Miristik (C14:0), Palmitik (C16:0), Palmitoleik (C16:1), Margarik (C17:0), Margoleik (C17: 1), Stearik (C18:0), Oleik (C18:1), Linoleik
(C18:2), Linolenik (C18:3), Arakidik (C20:0), Gadoleik (C20:0), Behenik (C22:0), Lignoserik (C24:0), Doymus Yag Asitleri (SFA), Tekli Doymamis Yag Asitleri (MUFA), Coklu Doymamis Yag Asitleri (PUFA).
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Table 2. The composition of fatty acids (%) in Ayvalik (A) and Memecik (M) olive oils at different MI in daylight and dark, in the second harvest year during 15
months storage (continued)

Cizelge 2. ikinci hasat yilinda 15 aylik depolama siiresince, farkli MI degerlerinde, giin 1s181nda ve karanlikta, Ayvalik (A) ve Memecik (M) zeytinyaglarindaki yag
asitlerinin kompozisyonlari (%) (devami)

Ml V ST STP C14:0 C16:0 Cl6:1 C17:0 C17:1 C18:0 C18:1 C18:2T C18:2 18:3T C18:3 C20:0 C20:1 C22:0 C24:0 SFA MUFA PUFA

0 0.03  15.36%0.00 1.29 0.04 0.07 221  65.63x0.01 0.02 13.40£0.01 0.00 094 045 0.32 0.14 0.08 1831 67.32+0.03 1434
5 002 16.07x0.01 1.25 0.04 0.07 220 65.21x0.03  0.02 13.21£0.01 0.00 0.92 045 0.32 0.13 0.08 1899 66.85+0.04 14.12

! M DL 10 0.03 15.77£0.02 1.25 0.04 0.06 214  65.70£0.02 0.02 13.66+0.01 0.00 092 0.45 032 0.13 008 1863 67.33+0.04 14.58
15 0.02 15.55+0.00 1.25 0.04 0.07 218  65.55+0.01 0.02 13.37£0.02 0.01 095 045 032 0.13 0.08 1845 67.19+0.05 13.59
0 003 1536%0.03 1.29 0.04 0.07 221  65.63+0.02 0.02 13.40£0.03 0.00 0.94 045 032 0.14 008 1831 67.32+£0.03 14.34
5 0.02 15.75+0.01 1.24 0.04 0.07 222 65.39+0.02 0.02 13.10+0.02 0.00 090 046 0.32 0.14 0.08 1871 67.17+0.04 14.00
oMb 10 003 1547001 1.14 0.04 0.06 227 66.16£0.03 0.02 12.91£0.00 0.00 0.85 048 0.33 0.15 0.08 1853 67.69£0.04 13.76
15 0.02 1557%£0.02 1.24 0.04 0.07 216  65.54%0.01 0.02 13.38+0.01 0.01 0.94 045 032 0.13 008 1845 67.16£0.04 13.70
0 0.02 14.32+0.01 1.09 0.04 0.07 217 67.34+0.01 0.02 13.08+0.02 0.00 0.85 044 035 0.13 007 1719 6885+0.04 1393
5 0.02 1425+0.02 111 0.04 0.07 210 67.27+0.01 0.03 13.28+0.03 0.01 0.88 041 0.32 0.12 006 17.00 68.77+0.03 14.16
2 M DL 10 002 14182002 1.06 0.04 0.06 215 67.57+0.02 0.02 13.09+£0.01 0.00 0.86 0.44 0.35 0.13 0.07 17.02 69.03+0.05 13.95
15 0.02 1397%0.02 1.06 0.04 0.06 216  67.48+0.02 0.02 13.28+0.01 0.01 0.88 043 033 0.13 007 1682 6893+0.04 14.16
0 0.02 14.32+0.03 1.09 0.04 0.07 217  67.34+0.02 0.02 13.08+0.00 0.00 0.85 044 035 0.13 007 17.19 68.85+0.03 13.93
) M D 5 002 1441001 1.09 0.04 0.06 213  67.14%0.03 0.02 13.22+£0.01 0.01 0.88 042 0.33 0.12 007 1721 68.63£0.04 14.10

10 0.02 14.22+0.00 1.04 0.04 0.06 216 67.70+0.03  0.01 12.94+0.01 0.00 0.81 044 0.34 0.13 0.07 17.08 69.15+0.04 13.76
15  0.02 1416001 1.06 0.04 0.07 211 67.42+0.01  0.02 13.22+0.03 0.01 0.87 043 0.33 0.13 0.08 1696 68.88+0.03 14.09
MI: Maturity Index, V: Variety, ST: Storage Type, STP: Storage Period (Month), Myristic (C14:0), Palmitic (C16:0), palmitoleic (C16:1), Margaric (C17:0), Margoleic (C17:1), Stearic (C18:0), Oleic (C18:1), Linoleic
(€18:2), Linolenic (€C18:3), Arachidic (C20:0), Gadoleic (C20:0), Behenic (C22:0), Lignoceric (C24:0), Saturated Fatty Acids (SFA), Monounsaturated fatty acids (MUFA), Polyunsaturated fattyacids (PUFA).
MI: Olgunluk indeksi, V: Cesit, ST: Depolama Tipi, STP: Depolama Siiresi (Ay), Miristik (C14:0), Palmitik (C16:0), Palmitoleik (C16:1), Margarik (C17:0), Margoleik (C17:1), Stearik (C18:0), Oleik (C18:1), Linolek
(C18:2), Linolenik (C18:3), Arakidik (C20:0), Gadoleik (C20:0), Behenik (C22:0), Lignoserik (C24:0), Doymus Yag Asitleri (SFA), Tekli Doymamis Yag Asitleri (MUFA), Coklu Doymamis Yag Asitleri (PUFA)
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Figure 3. PCA score plot of Ayvalikk (Ay) and
Memecik (Me) olive oils fatty acid composition in
the first and the second harvest years.

Sekil 3. Ayvalik (Ay) ve Memecik (Me)
zeytinyaglarinin birinci ve ikinci hasat yillarindaki
yag asidi kompozisyonunun PCA skor ¢izelgesi

As illustrated in Figure 3, the PCA score plot of
Ayvalik and Memecik oils in the initial and
secondary harvest years is presented. According to
the results of PCA, the score plot of the first (PC1)
and second (PC2) principal component
demonstrated that the samples were classified into
two primary groups with respect to the harvest
years. Furthermore, a successful clustering of the
samples into two sub-groups was achieved based on
their cultivars (Ayvalikk and Memecik), which
underscores the influence of both genetic factors
and environmental conditions during fruit
development on the observed outcomes.
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Figure 4. PCA loading plot of fatty acid composition
of Ayvalik and Memecik olive oils.

Sekil 4. Ayvalik ve Memecik zeytinyaglarinin yag
asidi kompozisyonunun PCA yiikleme grafigi.

As illustrated in Figure 4, the PCA loading plot of the
fatty acid composition of Ayvalik and Memecik olive
oil is shown. The PCA results indicated that the
variables C18:0, C20:0, C22:0, C24:0 and C18:1,
C20:1, MUFA had a significant impact in the
characterization of the olive oil samples obtained in
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the first harvest years, Ayvalik and Memecik,
respectively. Furthermore, the analysis of the olive
oils revealed that they were predominantly
characterized by the presence of certain fatty acids,
including C16:0, Cl6:1, C17:0, C17:1, C18:3T,
C18:2T+C18:3T, SFA, and C14:0, C18:2, C18:2T,
C18:3, and PUFA, as obtained in the second harvest
years of Ayvalik and Memecik, respectively.
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Figure 5. The HCA dendrogram of Ayvalik and
Memecik olive oils at first and second maturation
index in 2009 and 2010 harvest years.

Sekil 5. 2009 ve 2010 hasat yillarinda birinci ve
ikinci olgunlasma indeksindeki Ayvalik ve Memecik
zeytinyaglarinin HCA dendrogrami.

According to the HCA results the oils obtained from
Ayvalik and Memecik olives are separated into four
groups; A, B, C and D (Figure 5). The clustering was
observed in Ayvalik ve Memecik varieties but the
differences were not observed in clusters according
to the MI. Ayvalik and Memecik olive oils showed
differences according to years. Memecik olive oils
were clustered at B group in the first harvest year
and at C group in the second harvest year. Ayvalik
olive oils were clustered at A group in the first
harvest year and at D group in the second harvest
year. There was no difference observed between the
1th and 2nd harvest. In our research, there was not a
significant difference of fatty acid composition of
olive oils with maturation. This can be caused by
close MI. The MI values are near the each other.

Sterol and Erythrodiol+Uvaol Contents

The findings pertaining to the sterol and triterpenic
dialcohol contents (in percent) of the olive oil
samples are documented in Table 3 and Table 4. The
results indicated that (-sitosterol, A5-avenasterol
and campesterol were the most predominant
sterols. In addition, the presence of cholesterol,
brassicasterol, 24-metilen cholesterol, campestanol,
stigmasterol, A7-campesterol, clerosterol,
sitostanol, A5-24-stigmastadienol, A7-stigmastenol,
A7-avenasterol, eritrodiol, and uvaol was confirmed
in all samples, albeit in lower concentrations.
Memecik olive oil has higher levels of certain
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nutrients, including brassicasterol, stigmasterol,
and uvaol, compared to Ayvalik olive oil, which has
higher levels of campesterol, A5-avenasterol, and
total sterol.

Sterol oxidation increases during extra virgin olive
oil storage as a result of reactions with light, high
temperatures, and oxygen; the degree of
unsaturation determines this increase (El Bernoussi
et al, 2020). Generally, a increasing tendency was
observed along the ripenesss in the values of A5-
avenasterol. [(-sitosterol values of the oils
decreased, while erythrodiol+uvaol, values
increased during 15 months storage. During the
storage period every result fell within the I0C's
bounds (2022) aside from delta-7-stigmastenol and
brassicasterol. The delta-7-stigmastenol value
varied between 0.51 and 0.63%, varied between
0.51 and 0.94%, in the first and the second harvest
year, respectively. For brassicasterol only in the first
harvest year, it was determined to be 0.15% in the
15th month of storage. (3-sitosterol level in olive oil
decreased during storage period. Thanh et al
(2006) reported that olive oil's B-sitosterol level
declined 16.5% after 6 months of storage at room
temperature. Abu-Alruz et al. (2011) reported an
increase in A7-stigmastenol after 6 months of
storage in different containers. Luki¢ et al. (2013)
reported a decrease in stigmasterol, campesterol,
A5,24-stigmastadienol, and uvaol, and a significant
increase in {3-sitosterol, and in campestanol levels
after 12 months of storage of extra virgin olive oils
at different temperatures. Our study yielded similar
results. Rey-Giménez et al. (2022) stated that the
degree of olive maturity was important only for A7-
sterols, and the harvest year played an important
role in correctly classifying 94.9% of the oils.
According to studies, the total sterol loss in oils that
are kept closed for the duration of storage is
minimal at low temperatures (+4°C and -18°C).
According to studies, EVOO is able to be kept at low
temperatures for up to 36 months, aslong as it stays
within the legal bounds created by the present EU
regulations that apply to the majority of compounds
(Mousavi et al.,, 2021).

PCA score plots for the first (PC1) and second (PC2)
principal components were used to analyze the
sterol composition of the samples. The results of this
analysis revealed that the samples could be
classified into two main groups, based on their
cultivar, Ayvalik and Memecik (Figure 6). The PCA
analysis revealed that the sterol composition of oils
extracted from different MI, harvest years, and
storage conditions remained relatively constant and
did not exhibit significant variation.

Figure 7 shows the PCA loading plot of sterol
composition of Ayvalik and Memecik olive oil. The
results of the PCA indicated that the following
compounds were important for the description of
the Memecik olive oil samples: (-sitosterol,
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stigmasterol, cholesterol, clerosterol,
brassikasterol, and eritrodiol+uvaol. In addition,
Ayvalik olive oils were essentially characterized
with campestanol, sitosterol, campestanol, A7-
avenasterol, Ab5-avenasterol, total sterol, A5-7
stigmastadienol and total B-sitosterol.
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Figure 6. Score plot of PCA results of Ayvalik (A) and
Memecik (M) olive oils based on the sterol
composition data in daylight and dark storage
conditions in 2009 and 2010 harvest years.

Sekil 6. 2009 ve 2010 hasat yillarinda giin 15181nda
ve karanlikta depolama kosullarinda Ayvalik (A) ve
Memecik (M) zeytinyaglarinin sterol kompozisyon
verilerine gore PCA sonuglarinin puan grafigi.
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Figure 7. Loading plot of PCA based on the sterol
composition results of Ayvalik and Memecik olive
oils in 2009 and 2010 harvest years.

Sekil 7. 2009 ve 2010 hasat yillarinda Ayvalik ve
Memecik zeytinyaglarinin sterol kompozisyon
sonuglarina dayali PCA ytikleme grafigi.

As indicated by the results of the HCA, the oils
obtained from the Ayvalik and Memecik olive oils
were separated into two distinct groups, as
illustrated in Figure 8. The clustering was observed
in Ayvalik ve Memecik varieties but the differences
were not observed in clusters according to the MI,
harvest years and also storage conditions. This can
be caused by close MI.



Table 3. Evaluation of Sterol Composition of Ayvalik (A) and Memecik (M) olive oils at different MI in daylight and dark, in the first harvest year duringl5 months storage.
Cizelge 3. Ayvalik (A) ve Memecik (M) zeytinyaglarinin farkli MI degerlerinde, giin 15181nda ve karanlikta, ilk hasat yilinda 15 aylik depolama siiresince sterol kompozisyonlarinin
degerlendirilmesi

i 24- ) A7- ) A5-24- A7- A7-
MOV ST STE st s Ol ool ot Campe sterol  Sitoveral  staoel oo ;:/S odgma - Stigma - Avena T((]:li:f)m p.Si;roostttlml* flrJ}\’:ool(::;:l)
(%) (%) SE“E/:;’I (%) (%) (%) %) (%) (%) (%) (%) (%) (%) €
0 015 0.02 0.01 3.47 0.06 0.54 0.06 092  8557:005 040  6.80£0.01 0.98 0.25 065  2404%0.14  94.68:0.04 0.68
5 047 0.06 0.11 3.53 0.06 0.56 0.08 095 85912004 045  627+0.00 0.97 031 055  2377#0.15  94.55:0.05 0.92
AL o 0.04 0.10 3.45 0.05 0.56 0.09 095  8593:003 043  621%0.01 1.02 0.39 059 22915017  94.54:0.04 1.04
15 014 0.01 0.10 3.45 0.10 0.57 0.08 081  8455:005 069  7.38%0.01 1.03 0.42 065 21985012  94.470.07 118
0 015 0.02 0.10 3.47 0.06 0.54 0.06 092  8557:006 040  6.80%0.02 0.98 0.25 065  2404%0.17  94.68:0.05 0.68
5 020 0.04 0.09 3.52 0.06 0.57 0.09 096  8524:005 043  6.89£0.02 0.94 0.28 068  2260:018  94.46:0.07 0.79
oA 10 047 0.05 0.09 3.50 0.08 0.55 0.12 091  8470:004 057  684%0.01 111 0.61 070 23455025  94.13:0.08 131
15 012 0.02 0.12 343 0.08 0.61 0.09 087 83933005 059  8.00£0.00 0.95 0.48 070 2250%0.14  94.3420.09 143
0o o015 0.02 0.12 3.58 0.07 0.48 0.08 091  8568:004 038 6992001 0.59 0.27 0.66 23332018  94.55:0.10 0.58
5 021 0.02 0.12 3.59 0.08 0.49 0.09 092 85342006 054  696£0.02 0.65 0.29 070  2340%0.19  94.40+0.08 0.66
AR o 0.04 0.14 3.64 0.10 0.49 0.10 090 84812007 046 7152003 0.70 0.51 073 2396:024  94.0420.09 0.99
15 019 0.02 0.11 3.56 0.14 0.45 0.08 082  B8409:004 084  7.88+0.01 0.72 0.37 070  2348%0.13  94.36:0.07 0.95
0o 015 0.02 0.12 3.58 0.07 0.48 0.08 091  8568:004 038  6.99£0.00 0.59 0.27 0.66  2333:011  94.55:0.11 0.58
5 021 0.02 0.13 3.60 0.09 0.50 0.08 092  B8484:003 056  7.20£0.00 0.72 0.35 077 23462017  94.25:0.05 0.69
2oAD 10 022 0.02 0.11 3.60 0.10 0.49 0.10 086  8470:005 058 7142001 0.78 0.63 0.66  2374%0.19  94.07:0.07 118
15 014 0.01 0.13 3.65 0.14 0.47 0.10 090  8390:006 086  7.92%0.03 0.77 0.28 073 2315:014  94.3420.08 122

MI: Maturity Index, V: Variety, ST: Storage Type, STP: Storage Period (Month).
MI: Olgunluk Endeksi, V: Cesit, ST: Depolama Tipi, STP: Depolama Siiresi (Ay).
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Table 3. Evaluation of Sterol Composition of Ayvalik (A) and Memecik (M) olive oils at different MI in daylight and dark, in the first harvest year duringl5 months storage
(continued)

Cizelge 3. Ayvalik (A) ve Memecik (M) zeytinyaglarinin farkli MI degerlerinde, giin 15181nda ve karanlikta, ilk hasat yilinda 15 aylik depolama siiresince sterol kompozisyonlarinin
degerlendirilmesi (devami)

A-5- A-5-24- A-7- .
Ml V ST STP sctll::ﬁ l:raslsi;a Me}f;l-ene tCamlpoe/ tCamlpDe/ tStigrln:; C:r-:l;e tClell‘o“/ tB-Sit(()]/ . Sit;)o/ Atven:: tSt:lg.mal Sttigm:li At-7-A;n:;m S-l;:?)ll Tgit::)lsl}- Err[tjl;(:‘i)llol
(%) sterol(%) Cholesterol(%) sterol(%) stanol(%) stenol(%) sterol(%) sterol(%) sterol (%) stanol(%) s(g/:;) s a(o;:)no S[(;/l:;) sterol(%) (mgkg?) terol* %)
0 0.31 0.05 0.09 3.08 0.05 1.79 0.08 1.08 84.22+0.05 0.32 3.28+0.01 0.23 0.27 0.31 1337+0.14 93.70+0.10 1.35
1 M DL 5 0.25 0.03 0.10 3.26 0.06 192 0.12 1.17 88.96+0.05 0.43 2.93£0.00 0.20 0.30 0.25 1281£0.12 93.70+0.09 1.26
10 0.34 0.04 0.12 3.27 0.12 1.89 0.14 1.22 88.05+0.05 0.38 3.42+0.02 0.26 0.37 0.35 1272+0.17 93.34%0.11 2.06
15 0.25 0.08 0.13 3.24 0.17 1.83 0.13 1.17 87.46x0.04 0.61 3.65+0.02 0.36 0.32 0.31 1347+0.19 93.54+0.11 1.69
0 0.31 0.05 0.09 3.08 0.05 1.79 0.08 1.08 84.22+0.07 0.32 3.28+0.01 0.23 0.27 0.31 1337+0.15 93.70+0.13 1.35
1 M D 5 0.23 0.04 0.10 3.23 0.06 192 0.11 1.19 88.94+0.03 0.43 3.03+0.01 0.18 0.28 0.25 1270+0.14 93.77+0.10 1.29
10 0.22 0.06 0.10 3.22 0.09 1.94 0.08 1.22 88.50+0.05 0.30 3.38+£0.01 0.24 0.32 0.33 1330£0.20 93.64+0.14 1.87
15 0.20 0.10 0.13 3.21 0.20 2.00 0.08 1.12 87.74x0.04 0.66 3.56+0.02 0.30 0.41 0.29 1273+£0.18 93.38+0.15 1.78
0 0.27 0.02 0.12 3.42 0.04 1.42 0.09 1.20 87.61+0.05 0.37 4.50+0.00 0.27 0.22 0.40 1578+0.11 94.00+0.10 1.06
) M DL 5 0.30 0.02 0.13 341 0.04 143 0.14 1.12 87.52+0.04 0.58 4.45+0.02 0.26 0.24 0.34 1608+0.14 93.95+0.08 1.07
10 0.24 0.05 0.12 3.46 0.06 1.49 0.12 1.18 87.43+0.02 0.35 4.47+0.01 0.27 0.35 0.40 1634+0.12 93.71+0.12 1.46
15 0.17 0.00 0.15 3.37 0.11 1.40 0.17 112 87.52+0.04 0.61 4.33+0.01 0.33 0.36 0.35 1479£0.17 93.91+0.13 1.49
0 0.27 0.02 0.12 3.42 0.04 142 0.09 1.20 87.61+0.06 0.37 4.55+0.02 0.27 0.22 0.40 1578+0.18 94.00+0.10 1.06
5 0.29 0.04 0.11 3.38 0.05 1.45 0.10 1.14 87.86+0.05 0.46 4.18+0.00 0.24 0.25 0.42 1597+0.18 93.78+0.11 1.24
2 Mop 10 0.24 0.06 0.12 3.46 0.08 1.49 0.14 1.20 87.31x0.04 0.36 4.43+0.03 0.25 0.45 0.39 1550£0.17 93.57+0.12 1.65
15 0.18 0.00 0.11 3.40 0.11 1.40 0.12 1.06 87.04x0.04 0.84 4.64+0.01 0.45 0.25 0.38 1575+£0.14 94.05+0.10 1.49

MI: Maturity Index, V: Variety, ST: Storage Type, STP: Storage Period (Month)
MI: Olgunluk Endeksi, V: Cesit, ST: Depolama Tipi, STP: Depolama Siiresi (Ay).

59



Table 4. Evaluation of Sterol Composition of Ayvalik (A) and Memecik (M) olive oils at different MIin daylight and dark, in the second harvest year during 15 months storage
Cizelge 4. Ikinci hasat yilinda 15 aylik depolama siiresince, farkli MI degerlerinde, giin 1518iInda ve karanlikta, Ayvalik (A) ve Memecik (M) zeytinyaglarinin sterol
kompozisyonunun degerlendirilmesi

24-

Chole Brassica Mehylene Campe Campe Stigma Cgl-le-)e Clero B-Sito Sito Ae/-esn-a 2;:]2:; StAi-gZI-m Ae/-;;a Total Tot.al Erytrodiol
MI V ST STP sterol sterol Chole sterol stanol stenol sterol sterol sterol stanol sterol stadienol stenol sterol Sterol B-Sito +Uvaol
(%) (%) SEI‘Z;’I (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (mgkg™) sterol (%)
0 0.14 0.04 0.09 3.70 0.10 0.59 0.09 0.90 83.78+005 0.44 7.87+0.01 1.06 0.34 0.86 2170+014 94.06x009 1.30
5 0.10 0.00 0.10 3.75 0.16 0.59 0.11 0.89 83.20£007 0.62 8.27£0.02 1.06 0.32 0.83 2434018 94.04+0.10 1.16
! A DL 10 0.12 0.00 0.11 3.74 0.16 0.57 0.11 0.88 82.84+004 0.92 8.57+0.02 0.88 0.35 0.78 2416+015 94.01x007 0.78
15 0.16 0.04 0.14 3.77 0.19 0.65 0.16 0.99 82.79+003 0.81 8.27£0.02 0.71 0.56 0.76 2293+014 93.57+007 1.02
0 0.14 0.04 0.09 3.70 0.10 0.59 0.09 0.90 83.78+005 0.44 7.87+0.00 1.06 0.34 0.86 2170+013 94.06x008 1.30
5 0.10 0.00 0.12 3.70 0.12 0.65 0.12 0.96 83.39+005 0.65 8.13£0.00 0.88 0.38 0.79 2433+018 94.02x011 1.33
! AP 10 0.14 0.00 0.11 3.82 0.16 0.57 0.12 091 82.46+006 1.07 8.54£0.03 0.98 0.34 0.76 2426+017 93.98x012 0.80
15 0.14 0.07 0.14 3.74 0.11 0.58 0.12 0.94 83.41+007 0.60 7.89£0.01 0.92 0.47 0.86 23524019 93.76x009 1.32
0 0.10 0.01 0.10 3.72 0.12 051 0.08 0.85 84.57+006 0.35 7.59+0.02 0.96 0.27 0.76 22124020 94.332010 0.85
5 0.17 0.00 0.14 3.65 0.13 0.58 0.13 0.96 83.59+005 0.85 7.774£0.01 0.90 0.38 0.73 2298+019 94.09+009 1.52
g A DL 10 0.11 0.00 0.12 3.67 0.17 0.60 0.16 0.95 83.60+005 0.72 7.85%0.01 1.01 0.29 0.75 2320+018 94.13+009 0.70
15 0.14 0.02 0.18 3.74 0.16 0.62 0.18 0.94 83.68+006 0.60 7.8520.01 0.59 0.56 0.73 2183+017 93.67+008 1.96
0 0.10 0.01 0.10 3.72 0.12 051 0.08 0.85 84.57+007 0.35 7.60£0.02 0.96 0.27 0.76 22124019 94.33x007 0.85
5 0.22 0.00 0.16 3.72 0.24 0.59 0.17 0.99 82.93+008 1.01 7.98+0.00 0.89 0.46 0.73 2344+017 93.80+008 1.62
: AP 10 0.13 0.00 0.13 3.74 0.15 051 0.09 0.89 83.62+007 0.67 8.03£0.00 0.98 0.30 0.75 2432+018 94.20%010 0.84
15 0.20 0.15 0.24 3.68 0.20 0.57 0.22 1.04 83.50+005 0.74 7.34%0.01 0.65 0.71 0.75 2248+019 93.27+011 1.86

MI: Maturity Index, V: Variety, ST: Storage Type, STP: Storage Period (Month)
MI: Olgunluk Endeksi, V: Cesit, ST: Depolama Tiirii, STP: Depolama Siiresi (Ay)
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Table 4. Evaluation of Sterol Composition of Ayvalik (A) and Memecik (M) olive oils at different MI in daylight and dark, in the second harvest year during 15 months storage
(continued)

Cizelge 4. ikinci hasat yilinda 15 aylik depolama siiresince, farkli MI degerlerinde, giin 1s1ginda ve karanlikta, Ayvalik (A) ve Memecik (M) zeytinyaglarinin sterol
kompozisyonunun degerlendirilmesi (devami)

Chole  Brassica Me}f;l.ene . A-7- Clero . Sito A5 A-5-24- A-7- A7- Total Total p- .
MI V ST STP sterol sterol Chole stg:z;lzﬂeﬁ)) st:z:ilz:;)) Sti::gﬂ;)) Campe sterol stfl:zlltg%) stanol :t‘;erl::; sts;:lgi:::)l Stigma ‘;‘t‘;?(lﬁ Sterol Sito f[l;z:‘;ll"(i;/:;
(%) (%) s;oe/:;)l sterol (%) (%) (%) (%) (%) stenol (%) (%) (mgkg?!) sterol*
0 0.23 0.07 0.06 3.32 0.04 1.36 0.11 1.20 89.54+007 0.39 2.66x0.01 0.45 0.28 0.27 14534014 94.26+007 1.54
5 0.14 0.01 0.11 3.21 0.09 1.32 0.13 1.20 88.36+009 0.86 3.4340.02 0.50 0.33 0.28 15254012 94.37+008 1.48
! Moo 10 0.15 0.01 0.07 3.24 0.14 1.35 0.14 1.12 87.91+005 1.29 3.57x0.00 0.44 0.28 0.28 14802017 94.34x005 1.24
15 0.22 0.06 0.15 3.32 0.07 136 0.13 1.21 88.98+005 0.31 2.94x0.01 0.40 0.51 0.33 14724012 93.85+005 2.02
0 0.23 0.07 0.06 3.32 0.04 1.36 0.11 1.20 89.54+007 0.39 2.66x0.02 0.45 0.28 0.27 1453017 94.26+006 1.54
5 0.13 0.00 0.09 3.23 0.10 1.33 0.12 1.14 88.00+£0.06 1.13 3.57+0.00 0.48 0.36 0.30 15654018 94.34+005 1.35
! Mop 10 0.17 0.00 0.06 3.35 0.08 1.34 0.14 1.15 88.09+£0.04 0.75 3.89x0.01 0.36 0.29 0.33 1474016 94.24+007 1.00
15 0.27 0.10 0.14 3.38 0.04 1.40 0.14 1.26 89.04+005 0.31 2.63+0.02 0.35 0.59 0.34 1456%015 93.59+005 2.35
0 0.23 0.07 0.06 3.32 0.03 1.35 0.10 1.10 88.62+008 0.61 3.56x0.01 0.42 0.23 0.32 13584017 94.30+005 1.45
5 0.28 0.00 0.08 3.26 0.11 1.39 0.14 1.13 86.52+009 0.65 5.00+0.00 0.46 0.57 0.40 1387+018 93.77+007 1.40
g Mo 10 0.25 0.00 0.07 3.18 0.08 133 0.12 1.08 87.67+007 0.77 4.49+0.02 0.40 0.22 0.34 14724015 94.41+008 1.09
15 0.24 0.09 0.17 3.32 0.11 137 0.20 1.25 87.84+005 0.56 3.46x0.02 0.23 0.79 0.35 13142014 93.34+009 1.88
0 0.23 0.07 0.06 3.32 0.03 1.35 0.10 1.10 88.62+004 0.61 3.56x0.00 0.42 0.23 0.32 1358019 94.30+011 1.45
5 0.26 0.00 0.10 3.31 0.10 1.40 0.11 1.16 87.02+004 0.63 4.39%0.03 0.45 0.62 0.45 14382016 93.63+007 1.34
g Mop 10 0.21 0.00 0.08 3.23 0.07 134 0.12 1.08 87.52+007 1.02 4.37%0.01 0.40 0.21 0.34 14232014 94.39+009 112
15 0.27 0.06 0.13 3.25 0.13 1.36 0.20 111 87.98+£008 0.47 3.43x0.02 0.25 0.94 0.42 1289+017 93.23+£007 1.90

MI: Maturity Index, V: Variety, ST: Storage Type, STP: Storage Period (Month)
MI: Olgunluk Endeksi, V: Cesit, ST: Depolama Tiirti, STP: Depolama Siiresi (Ay)
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Dendrogram
Ward Linkage, Eurlidean Distrce

24

Figure 8. The dendrogram on HCA results of Ayvalik
and Memecik olive oils in daylight and dark
conditions at 1th and 2nd MI in 2009 and 2010
harvest years.

Sekil 8. 2009 ve 2010 hasat yillarinda 1.ve 2. MI'da
gin 15181 ve Kkaranlik kosullarinda Ayvalik ve
Memecik zeytinyaglarinin HCA sonuglarina iliskin
dendrogram.

Conclusion

Many variables influence olive oil composition and
quality. These include ripening and storage of olives,
as well as agricultural practices, raw material
quality, harvest time, fruit storage conditions, and
oil extraction technology.

In the study, it was determined that Memecik olive
oil had higher oleic acid (C18:1) (71-72.7%) and
MUFA content than Ayvalik olive oil in terms of fatty
acid composition. High oleic acid is advantageous
for cardiovascular health and is more resistant to
oxidation. A comparative analysis revealed that
Ayvalik olive oil exhibited a higher content of SFA
and PUFA compared to Memecik olive oil. The
palmitic acid (C16:0) and linoleic acid (C18:2) ratios
are higher than those observed in Memecik. The

presence of high levels of SFA has been
demonstrated to impart heat resistance and shelf
life stability.

In regard to the sterol and triterpenic components,
a higher content of [-sitosterol, stigmasterol,
brassicasterol, and erythrodiol+uvaol was observed
in Memecik olive oil compared to Ayvalik olive oil.
As is widely recognized, B-sitosterol, a phytosterol,
has been demonstrated to reduce cholesterol

absorption. The amount of erythrodiol+uvaol
increased during storage (1.35-2.35%), which
contributed to the antioxidant capacity. A

comparative analysis of the olive oils from Ayvalik
and Memecik revealed that Ayvalik olive oil
exhibited higher concentrations of campestanol, A5-
avenasterol, and total sterol compared to Memecik
olive oil. Notably, A5-avenasterol, a sterol known for
its role in enhancing oxidative stability, was found to
be a distinguishing component in the Ayvalik olive
oil. The total sterol content (2.404-2.198 mg kg1) is
higher than that of Memecik (1.337-1.579 mg kg-1).
With respect to storage stability, both varieties
satisfied the I0C criteria over a 15-month storage
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period. Memecik olive oil demonstrates enhanced
resistance to oxidation, attributable to its elevated
MUFA content, Linoleic acid loss is reduced (and
tends to be protected by antioxidants). Ayvalik olive
oil sterol oxidation, particularly the increase in A7-
stigmastenol, is more pronounced, yet total sterol
loss remains limited.

PCA and HCA analyses were performed to
differentiate between the Memecik and Ayvalik
varieties. These analyses revealed clear distinctions
in the fatty acid and sterol profiles of the two
varieties. Memecik was characterized by the
presence of [-sitosterol and erythrodiol+uvaol,
while Ayvalik was distinguished by the presence of
campestanol and A5-avenasterol. The two varieties
were grouped in different clusters according to
harvest year, and the effect of maturity index was
found to be limited.
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Abstract
In this study, morphological and biochemical properties of 22 almond genotypes and ‘Nonparei
cultivar were examined. Nut weight, kernel weight, kernel ratio, shell thickness, nut and kernel
dimensions, as well as oil, protein, ash, moisture, and total carbohydrate contents were determined. Nut
weight ranged from 2.54 to 4.61 g, kernel weight from 0.67 to 1.38 g, kernel ratio from 19.69% to
32.26%, and shell thickness from 2.43 to 3.41 mm. Biochemical analyses revealed oil content between
45.40-55.65%, protein content between 17.22-19.50%, ash content between 2.90-3.69%, moisture
content between 3.59-4.55%, and total carbohydrate content between 16.67-30.06%. Principal
Component Analysis (PCA) showed a strong negative correlation (r=-0.970) between oil content and
carbohydrate in thefirst two components, which explained 57.27% of the total variance. The 20CVRL22
genotype had the highestkernelratio (32.26%),20CVRL13 and 20CVRL18 genotypes had the highest
oil content (51.47% and 51.60%, respectively), and the 20CVRL15 genotype had the highest protein
content (19.50%). Theresults reveal the richness of almond genetic resources in the Civril region while
providing important information for genotype selection and breeding studies for different usage
purposes.
Key words: Morphological properties, Biochemical properties, PCA analysis, Correlation, Variance
analysis

Denizli-Civril’deki Badem (Prunus amygdalus) Genotiplerinin Morfolojik
ve Biyokimyasal Ozelliklerinin Belirlenmesi

Ozet
Bu calismada, 22 badem genotipi ve ‘Nonpareil’ ¢esidinin morfolojik ve biyokimyasal 6zellikleri
incelenmistir. Meyve agirhgy, i¢c agirhigy, i¢ orani, kabuk kalinligi, kabuklu ve i¢ meyve boyutlariile yag,
protein, kiil, nem ve toplam karbonhidrat igerikleri belirlenmistir. Meyve agirlig1 2.54-4.61 g, ic agirhgi
0.67-1.38 g,igoran1%19.69-32.26 ve kabuk kalinhig1 2.43-3.41 mm arasinda degismistir. Biyokimyasal
analizlerde yag icerigi %45.40-55.65, protein igerigi %17.22-19.50, kiil icerigi %2.90-3.69, nem igerigi
%3.59-4.55 ve toplam karbonhidrat icerigi %16.67-30.06 arasinda tespit edilmistir. Temel Bilesenler
Analizi (PCA), toplam varyansin %57.27’sini aciklayan ilk iki bilesende, yag icerigi ile karbonhidrat
arasinda gii¢li negatif korelasyon (r=-0.970) gostermistir. 20CVRL22 genotipi en yliksek i¢ oranina
(%32.26), 20CVRL13 ve 20CVRL18 genotipleri en yiiksek yag icerigine (sirasiyla %51.47 ve %51.60),
20CVRL15 genotipi en yiiksek protein icerigine (%19.50) sahip olmustur. Sonuglar, Civril yoresindeki
badem genetik kaynaklarinin zenginligini ortaya koyarken, farkli kullanim amaglarina yonelik genotip
secimi ve 1slah ¢alismalarii¢in 6nemli bilgiler sunmaktadir.
Anahtar Kelimeler: Morfolojik 6zellikler, Biyokimyasal ozellikler, PCA analizi, Korelasyon, Varyans
analizi

Introduction

identified worldwide (Demir, 1990; Agaoglu et al,,

Almond (Prunus amygdalus) is a significant fruit
species belonging to the genus Amygdalus of the
Prunoideae subfamily within the Rosaceae family,
order Rosales. It originates from western and
central Asia, with a wide geographical distribution
encompassing the Mediterranean region, Tiirkiye,
Northern Iran, India, and China. Its sensitivity to low
temperatures and heavy precipitation during the
flowering period limits its cultivation distribution
worldwide (Kester et al. 1990; Kester and Gradziel,
1996). Currently, major almond-producing
countries include the United States, Australia, and
Mediterranean countries with suitable ecological
conditions such as Spain, Tiirkiye, Morocco, and
Italy.

Tiirkiye holds special significance due to its location
within the Mediterranean and Near East gene
centers, which are among the eight gene centers

1995), and it serves as the homeland of almond
along with many other cultivated plants. The
suitability of Tiirkiye’s ecological conditions for
horticultural crop cultivation, its position on
migration routes, and its history as a region
inhabited by numerous civilizations since ancient
times are the most important factors contributing to
its rich diversity of species and cultivars. Almond
cultivation has gained particular importance
especially inthe Aegean Region (Kirca, 2024).

Almond kernels are rich in protein,
monounsaturated and polyunsaturated fatty acids,
vitamin E, ash, riboflavin, phytosterols, and
polyphenols, which are considered valuable for
human health and nutrition. Additionally, they are
important for health due to their ability to reduce
cholesterol absorption and lower LDL-cholesterol
levels in the blood. This information has increased
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interest in almond consumption (Richardson et al.,
2009; Kirca and Karadeniz, 2022; Ozcan, 2023).
Morphological characterization is highly useful for
preliminary evaluation of almond and other fruit
species genetic resources due to its rapidity and
ease of assessment, and it can also be used to reveal
genetic variation among  morphologically
distinguishable accessions. For this purpose,
morphological traits combined with multivariate
analyses such as principal component analysis
(PCA) and cluster analysis are frequently used to
screen accessions in different fruit species (Coli¢ et
al.,, 2012; Sepahvand et al., 2015; Bak and Karadeniz,
2021; Giler etal,, 2021; Kirca et al.,, 2023; Giircan et
al, 2024; Senlik and Mertoglu, 2024; Bak et al,
2024). Morphological characteristics of almond
genotypes such as fruit weight, fruit width, fruit
length, fruit thickness, shell thickness, kernel
weight, width, length, thickness, kernel ratio, kernel
width index, and kernel thickness index are
important parameters for identification and
classification of genotypes.

The biochemical properties of almond, particularly
its fat, protein, ash, moisture, and total carbohydrate
content, are of great importance for both nutritional
value and industrial applications. High fat content is
a significant factor in the confectionery industry, as
higher fat content causes almond paste to absorb
less water (Sze-Tao and Sathe, 2000; Gomez et al.,
2008; Kirca and Karadeniz, 2022). In this context,
the strategic role of high fat content in confectionery
production contributes to improving production
processes and consumer satisfaction. Protein
content is an important factor determining the
nutritional value of almonds and can show
significant variations among cultivars (Kodad et al.,
2023).

Almond genetic resources propagated from seeds
show great variation in terms of resistance to
diseases and pests, adaptation to ecological
conditions, and tree and fruit characteristics (Coli¢
et al, 2012; Batlle et al., 2017). The presence of
numerous seed-propagated almond trees in Tiirkiye
provides significant advantages to almond breeders
in selecting genotypes with desired traits. The
conservation and characterization of local almond
genotypes are important to prevent the loss of
genetic diversity and to serve as a potential source
of genetic diversity for future almond breeding
programs.

In Tirkiye, many researchers have conducted
selection studies to identify almond genotypes with
superior characteristics (Kalyoncu, 1990; Aslantas,
1993; Karadeniz and Erman, 1996; Karadeniz et al.,
1996; Balta, 2002; Aglar, 2005; Yildirim, 2007;
Simsek, 2008; Siimbiil, 2009; Simsek, 2011; Kose,
2013; Bozkurt, 2017; Acar et al,, 2018; Geng, 2024;
Isik, 2025). In these selection studies, many
promising genotypes have been selected that
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possess the qualities desired by almond breeding
programs, particularly those that flower late and
show superior characteristics in terms of fruit and
tree properties. In this study, the morphological
(fruit weight, fruit width, fruit length, fruit
thickness, shell thickness, kernel weight, width,
length, thickness, kernel ratio, kernel width index,
kernel thickness index) and biochemical (fat,
protein, ash, moisture, total carbohydrate)
characteristics of 22 almond genotypes grown in the
Civril district of Denizli and the 'Nonpareil' almond
cultivar were examined. The aim of the research is
to determine the pomological, morphological, and
biochemical characteristics of these genotypes and
to reveal their potential for commercial production
and as genetic resources.

Materials and Methods

Plant material and characteristics ofthe region
The study was conducted in 2023 on 22 almond
genotypes grown from seed without any irrigation,
fertilization, or other cultural practices, along with
the 'Nonpareil' almond cultivar in the Civril district
of Denizli province. Civril is a district located in the
northeast of Denizli province with an area of 1,570
km?. Situated at an altitude of 840 meters above sea
level, Civril has a transitional climate between the
Aegean Region and the Central Anatolia Region. Itis
characterized by hot and dry summers, and cold and
rainy winters (Anonymous, 2025).

When examining the 15-year climate data for
monthly average relative humidity, precipitation,
temperature, and wind speed in Civril district
between 2009-2023 (Figure 1), continental climate
characteristics with distinct seasonal variations are
observed. Temperature values reach an average of
25°C during summer months (July-August), while
dropping to around 3-5°C during winter months
(January-February). This indicates a temperature
difference of approximately 22°C throughout the
year. Analysis of the region's precipitation regime
shows that the annual total precipitation is
approximately 442 mm with significant differences
in seasonal distribution. The rainiest period occurs
during winter and spring months (January-May),
while summer months (especially July-September)
are distinctly dry.July stands out as the month with
the least precipitation, averaging 4.91 mm. Relative
humidity levels reach 74-75% during winter
months (December-January) and drop to 42-43%
during summer months (July-August). This pattern
parallels the low precipitation amounts during
summer months. Wind speed data varies between
1.96-2.67 m sec! throughout the year without
showing significant seasonal differences (TSMS,
2025).
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Figure 1. Distribution of monthly average temperature (°C), relative humidity (%), total precipitation (mm),
and wind speed (m sec-1) values in Civril district between 2009-2023
Sekil 1. 2009-2023 yillar1 arasinda Civril ilgesinde aylik ortalama sicaklik (°C), bagil nem (%), toplam yagis

(mm) ve riizgar hiz1 (m sn-1) degerlerinin dagilimi

Morphological and biochemical analyses
Morphological and biochemical measurements
were performed on 20 randomly selected fruits
from each genotype. Fruit analyses were conducted
at Pamukkale University Tavas Vocational School,
Department of Plant and Animal Production. Fruit
weight and kernel weight were measured using an
electronic scale with 0.0001 g sensitivity, while the
dimensional properties of the fruit with shell and
kernel, as well as shell thickness, were measured
using a digital caliper with 0.01 mm sensitivity.
Kernel ratio was calculated as a percentage. Kernel
width index was calculated as the percentage ratio
of kernel width to kernel length; kernel thickness
index was calculated as the percentage ratio of
kernel thickness to kernel width.

Protein content was determined using the micro
Kjeldahl method, with total nitrogen amount
multiplied by a factor of 6.38 (Cemeroglu, 2015).
Moisture content was determined by the weight loss
method after drying ground samples in an oven at
105°C (Uylaser and Basoglu, 2016). Fat analysis was
performed using the Soxhlet extraction method with
Hexane solvent using a behr EF Solvent Extractors
device (Cemeroglu, 2015). Ash content was
determined by incinerating samples in an ash
furnace at 550°C. Total carbohydrate value was
calculated by subtracting the sum of ash, moisture,
fat, and protein amounts from 100 (Gibson, 1990).

Statistical analysis

Descriptive statistics (minimum, maximum, mean)
of the data obtained in the study were calculated.
Analysis of variance (ANOVA) was applied for
statistical evaluation, and differences between
means were determined using Tukey’s multiple
comparison test at p<0.05 significance level. These
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analyses were performed using R statistical
software (version 4.4.1) (R Core Team, 2024) with
the ‘agricolae’ package (de Mendiburu, 2023) and
the ‘psych’ package (Revelle, 2025) for descriptive

statistics. Pearson correlation analysis was
conducted to determine relationships between
variables, and correlation coefficients were
evaluated at p<0.05, p<0.01, and p<0.001

significance levels. The correlation matrix was
visualized using the "corrplot” package (Wei and
Simko, 2021). Principal Component Analysis (PCA)
was used for multivariate analysis of morphological
and biochemical characteristics of genotypes. PCA
analysis and biplot graph were created using
‘FactoMineR’ (Lé et al, 2008) and ‘factoextra’
(Kassambara and Mundt, 2020) packages. The
correlation table was prepared using the
"ggcorrplot” package (Kassambara, 2023). All
graphs were arranged using the "ggplot2" package
(Wickham, 2016).

Results and Discussion

Analysis of variance
Morphological characteristics

When examining the fruit weight, kernel weight,
kernel ratio, and shell thickness characteristics of
almond genotypes, significant differences were
detected (Table 1). In terms of fruit weight,
genotypes 20CVRL16 (4.47 g), 20CVRL14 (4.36 g),
and 20CVRLO8 (4.34 g) stood out with high values
and were in the same statistical group as the
commercial cultivar ‘Nonpareil’ (4.61 g). The lowest
fruit weight was recorded in genotype 20CVRL04
(2.54 g). These values show similarity with the fruit
weights of ‘Ferragnes’ (4.53 g) and ‘Ferraduel’ (4.83
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g) cultivars grown in Yesilyurt district of Malatya
(910 m) as reported by Yildirnm et al. (2023).
Additionally, they are consistent with the fruit
weights ranging from 3.38-5.24 g in ‘Umutlu’
almond types selected by Kalyoncu (1990) in Konya
and the values reported to range from 1.57-5.26 gin

almond types selected from Cinar district by Simsek
(2011). In Parlake¢r’s (2008) study, the fruit weight
of the ‘Bertina’ cultivar (6.66 g) was found to be
higher than other cultivars.

Table 1. Results regarding fruit weight, kernel weight, kernel ratio and shell thickness traits of almond

genotypes

Cizelge 1. Badem genotiplerinin meyve agirhig, c¢ekirdek agirhigi, cekirdek orami ve kabuk kalinhigi

ozelliklerine iliskin sonuglar

Genotype Nut weight (g) Kernel weight (g) Kernel rate (%) Shell thickness (mm)
20CVRLO1 3.90+0.09 c-e 1.08+0.01 bc 27.61+0.47 a-d 3.41+0.03 a
20CVRL02 3.92+0.13 cd 1.02+0.01 b-e 26.07+0.89 b-e 3.03+0.08 c-g
20CVRLO3 3.55+0.11 e-g 0.85+0.03 e-1 23.95+0.04 c-f 2.86x0.11 d-h
20CVRL04 2.54+0.02 j 0.67+0.03 1 26.44+1.34 b-e 3.21+0.11 a-d
20CVRLO5 3.88+0.06 c-e 0.94+0.01 b-h 24.26+0.04 c-f 3.03+0.11 b-g
20CVRL0O6 3.56+0.1 e-g 1.01£0.04 b-f 28.23+0.21 a-c 2.43+0.12 j
20CVRL0O7 3.87+0.16 c-e 0.90+0.07 c-h 23.27+0.85 c-f 2.81+0.05 f-h
20CVRLO08 4.34+0.03 a 1.01£0.05 b-f 23.16£1.29 d-f 2.78+0.02 f11
20CVRL09 4.31+0.04 ab 1.12+0.06 b 25.90+1.27 b-e 3.40+0.10 a
20CVRL10 4.27+0.03 ab 0.98+0.11 b-g 22.95+2.50 d-f 3.24+0.10 a-c
20CVRL11 3.61+0.11 d-f 0.83+0.05 f-1 22.88+0.70 d-f 2.85+0.11 e-h
20CVRL12 3.97+0.13 bc 0.95+0.10 b-h 23.98+3.27 c-f 2.83+0.06 f-h
20CVRL13 2.88+0.01 1j 0.77+0.04 h1 26.61+1.17 b-e 3.38+0.12 ab
20CVRL14 4.36+0.07 a 0.97+0.01 b-g 22.25+0.04 ef 3.08+0.06 a-f
20CVRL15 3.42+0.06 f-h 0.95+0.02 b-h 27.68+0.11 a-d 2.46x0.09 1j
20CVRL16 4.47+0.06 a 0.88+0.01 d-h 19.69+0.06 f 2.84+0.07 e-h
20CVRL17 3.76x0.16 c-f 0.94+0.01 b-h 24.89+1.22 c-e 3.18+0.04 a-e
20CVRL18 3.12+0.12 hn 0.850.01 e-1 27.15+1.27 b-e 3.18+0.10 a-e
20CVRL19 2.89+0.06 1 0.77+0.07 h1 26.63+1.93 b-e 2.60+0.08 h-j
20CVRL20 3.85+0.01 c-e 1.05+0.01 b-d 27.31+0.32 a-d 2.61+0.10 h-j
20CVRL21 3.25+0.05 gh 0.80+0.03 g-1 24.67+1.25 c-f 3.01+0.10 c-g
20CVRL22 3.44+0.06 f-h 1.11+0.04 b 32.26+0.71 a 2.83+0.04 f-h
Nonpareil 4.61+0.05 a 1.38+0.01 a 29.97+0.01 ab 2.72+0.04 g-j
Minimum 2.54 0.67 19.69 2.43
Maximum 4.61 1.38 32.26 3.41
Mean 3.73 0.95 25.56 2.95

When evaluating kernel weight, the ‘Nonpareil’
cultivar (1.38 g) was found to be significantly higher
than all genotypes. Among the examined genotypes,
20CVRL09 (1.12 g) and 20CVRL22 (1.11 g) were
determined to have the highest kernel weights. The
lowest kernel weight was observed in genotype
20CVRL04 (0.67 g). These findings are consistent
with kernel weights ranging from 0.66-1.34 g in
almond types selected from Kahramanmaras by
Beyhan and Simsek (2007). Additionally, in another
study mentioned by Simsek (2011), kernel weight in
selected almond types was reported to vary
between 1.01 g and 1.80 g. In Parlaker’s (2008)
study, the kernel weight of the ‘Bertina’ cultivar
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(1.79 g) was found to be higher than other cultivars.
Giilsoy and Balta (2014) reported that kernel weight
in almond genotypes in Aydin province varied
between 0.67-1.56 g.

In terms of kernel ratio, genotype 20CVRL22
reached the highest value with 32.26% and was ina
statistically ~ similar group with ‘Nonpareil’
(29.97%). Genotypes 20CVRLO6  (28.23%),
20CVRL15 (27.68%), and 20CVRLO1 (27.61%) also
stood out with high kernel ratios. The lowest kernel
ratio was determined in genotype 20CVRL16
(19.69%). These values are consistent with previous
studies. Indeed, they align with the kernel ratio
(30.24-32.49%) of the ‘Ferragnes’ cultivar reported
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by Yildirnm et al. (2023). However, in the same
study, it was noted that as altitude increased, the
kernel ratio of the ‘Ferraduel’ cultivar decreased
(from 26.59% to 23.56%). Types selected from
Cinar district reported by Simsek (2011) showed a
wider range of kernel ratios varying between 23.52-
48.30%. In Parlak¢r’'s (2008) study, while the
‘Felisia’ cultivar (38.09%) had the highest kernel
ratio, the ‘Bertina’ cultivar (24.46%) showed the
lowest value.

When examining shell thickness, genotypes
20CVRLO1 (3.41 mm) and 20CVRL0O9 (3.40 mm)
were identified as having the thickest shells. The
thinnest shells were measured in genotypes
20CVRLO6 (2.43 mm) and 20CVRL15 (2.46 mm).
The ‘Nonpareil’ cultivar (2.72 mm) was in the
medium-low shell thickness group. Giilsoy and Balta
(2014) reported that shell thickness in almond
genotypes in Aydin province varied between 2.08-
4.79 mm.

When examining fruit and kernel dimensions of
almond genotypes, significant differences were
observed between genotypes (Table 2). In terms of
fruit width, genotypes 20CVRL18 (23.85 mm),
20CVRL13 (23.78 mm), and 20CVRL22 (23.49 mm)
had the highest values and were in the same
statistical group as the ‘Nonpareil’ cultivar (23.41
mm). The lowest fruit widths were recorded in
genotypes 20CVRL21 (18.01 mm) and 20CVRL19
(18.37 mm). These values are consistent with the
range of in-shell fruit width (17.25-27.14 mm)
reported by Giilsoy and Balta (2014) in almond
genotypes in Aydin province.

When evaluating fruit length, the ‘Nonpareil’
cultivar (36.01 mm) was found to be significantly
higher than all genotypes. Among the examined
genotypes, 20CVRL10 (34.88 mm) and 20CVRL04
(33.55 mm) were identified as having the longest
fruits. The shortest fruits were measured in
genotype 20CVRL12 (19.62 mm). These results
show similarity with the fruit length values of the
‘Ferragnes’ cultivar at 910 m altitude reported by
Yildirnm et al. (2023). Additionally, they are
consistent with the fruit dimensions reported by

Pérez-Sanchez and Morales-Corts (2021) in
traditional almond cultivars in the Iberian
Peninsula.

In terms of fruit thickness, the ‘Nonpareil’ cultivar
(15.15 mm) and genotype 20CVRL11 (14.80 mm)
reached the highest values and were in the same
statistical group. Genotype 20CVRL18 (14.07 mm)
also stood out with high fruit thickness. The lowest
fruit thickness was determined in genotypes
20CVRLO08 (12.17 mm) and 20CVRL10 (12.28 mm).
The findings of the present study are consistent with
the range reported by Giilsoy and Balta (2014), who
reported in-shell fruit thickness between 13.42 mm
(AYD-124) and 18.68 mm (AYD-49).
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When examining kernel width, genotype 20CVRL13
(13.32 mm) was determined to have a similar value
to ‘Nonpareil’ (13.12 mm). Genotypes 20CVRLO1
(12.85 mm) and 20CVRL17 (12.41 mm) also stood
out with large kernel measurements. The narrowest
kernel measurements were observed in genotypes
20CVRL10 (9.55 mm) and 20CVRLO3 (9.99 mm).
These values fall within the kernel width range
(8.19-14.81 mm) reported by Gergek¢ioglu and
Giines (1999) in a study conducted in Tokat. These
values, which are consistent with the kernel length
range (16.41-28.20 mm) reported by Kagka et al.
(1993), demonstrate the commercial potential of
the examined genotypes.

In terms of kernel length, the ‘Nonpareil’ cultivar
(27.75 mm) was found to be significantly longer
than all genotypes. Genotypes 20CVRL04 (25.33
mm) and 20CVRLO7 (25.23 mm) were recorded as
having the longest kernel measurements. The
shortest kernels were measured in genotypes
20CVRL11 (15.16 mm) and 20CVRL12 (15.18 mm).
The findings of the present study are consistent with
the kernel fruit length range (19.52-28.80 mm)
reported by Giilsoy and Balta (2014) in almond
genotypes.

When evaluating kernel thickness, the ‘Nonpareil’
cultivar (7.15 mm) was found to have the highest
value. Genotypes 20CVRL19 (6.66 mm) and
20CVRLO1 (6.60 mm) stood out with thick kernel
measurements. The thinnest kernels were detected
in genotypes 20CVRLO5 (5.38 mm) and 20CVRL04
(5.44 mm). Giilsoy and Balta (2014), in their study
with almond genotypes, reported kernel thickness
between 5.18 mm (AYD-122) and 9.04 mm.

When examining the shape indices of almond
genotypes, significant differences were detected
between genotypes (Table 2). Significant
differences were observed among genotypes in
terms of kernel width and thickness indices. The
highest values for kernel width index were recorded
in genotypes 20CVRL12 (81.06%) and 20CVRL17
(80.63%). These genotypes were followed by
20CVRL11  (70.64%), 20CVRL18 (69.86%),
20CVRLO9 (69.07%), 20CVRL13 (67.52%), and
20CVRL19 (67.46%). The lowest kernel width index
value was determined in genotype 20CVRL10
(38.31%). In terms of kernel thickness index,
genotypes 20CVRL19 (43.32%) and 20CVRL11
(43.16%) had the highest values, followed by
genotypes 20CVRL12 (40.19%) and 20CVRL18
(36.74%). The lowest kernel thickness index was
detected in genotype 20CVRL04 (21.49%). The
‘Nonpareil’ cultivar used as a standard (47.27%;
25.76%) has medium-low values for both indices.
These results indicate a wide variation in kernel
shape among the examined almond genotypes.
Genotypes with high index values have a more
rounded and plump Kkernel structure, while
genotypes with low index values exhibit a longer
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and thinner kernel structure. Bayazit and Calisgkan  index varied between 52.05-60.30%. Shape indices
(2021), in their study with Amygdalusorientalisand  are important parameters in morphological
Amygdalus turcomanica species, reported kernel  characterization of almond fruits and determination
width index as 42.44-80.16% and kernel thickness  of marketing categories (Gradziel, 2008).

index as 34.81-66.02%. Simsek and Kiiden (2007),

in their study in Hilvan, reported that the width

Table 2. Results regarding dimensional properties (width, length, thickness) and shape indices of in-shell
and kernel almonds

Cizelge 2. Kabuklu ve i¢ bademlerin boyutsal 6zellikleri (en, boy, kalinlik) ve sekil indekslerine iligkin
sonuglar

G Nut width Nut length Nut thickness ~ Kernelwidth  Kernel length Kernel Kernel Kernel
enotype thickness A . .
(mm) (mm) (mm) (mm) (mm) (mm) width index thickness index

20CVRLO1 22.12#0.34bc  32.96x0.28cd  13.55%0.10c-f  12.85+0.11ab  23.48+0.44cd 6.60+0.04ab 54.74+1.50de 28.09£0.68e-j
20CVRL0O2 20.87+0.16d-f  29.87+0.08g 12.90+0.06g  11.69+0.08d-f  23.06+0.26d 6.12x0.21a 50.68+0.24ef 26.55+1.22e-j
20CVRLO3 19.37+0.18gh  22.64#0.231  13.54%0.06c-f = 9.99£0.01jk = 17.24£0.45hk  5.72%0.24b 57.97£1.60cd 33.17£0.52b-f
20CVRLO4 22.30+0.13bc  33.55+0.18c  13.17#0.01e-g  11.34+0.24f-h  25.33+0.50b 5.44+0.01b 44.80+1.84g-1 21.49+0.48;j

20CVRLO5  22.44+0.25b  31.42+0.13ef  12.39£0.08h 11.53+0.17e-g ~ 23.39£0.25d 5.38+0.59b 49.29+0.19f 22.97+2.261j

20CVRLO6 21.72+0.12b-d 32.20£0.23de  13.23%0.18c-g  10.90£0.03g-1  24.56+0.40bc  6.09+0.30ab 44.39+0.83h1 24.79+1.64g-j
20CVRLO7  19.06+0.18h1  31.69+0.06e  13.69+0.08bc 10.78+0.3h1 25.23£0.09b  5.92+0.17ab 42.72+1.361 23.47+0.76h-j
20CVRL0O8 19.50+0.20gh  24.31x0.21jk  12.17£0.04h 11.24£0.29f-h  18.38+0.05g 5.76+0.26b 61.14+141c 31.32+1.34c-g
20CVRL0O9 21.90+0.28bc  24.22+0.10jk  13.59#0.15c-e  12.25%0.25b-d  17.74#0.32gh  5.92+0.20ab 69.07£0.20b 33.38£0.52b-e
20CVRL10 19.12+0.06h1  34.88+0.14b  12.28+0.17h 9.550.08k 24.93£0.07bk  5.74+0.38b 38.31£0.45j 23.03+1.601j

20CVRL11  20.72+0.08ef  21.43+0.01m  14.80+0.14a 10.71+0.27h1 15.16+0.171  6.54+0.58ab 70.64+0.98b 43.16+4.31a

20CVRL12  20.84%0.11ef  19.62+0.33n 12.90£0.08g  12.31£0.04b-d  15.18+#0.131  6.10+0.20ab 81.06£091a 40.19+1.64ab
20CVRL13  23.78%0.15a 27.67+0.32h  13.62+0.18b-e  13.32%0.19a 19.72+0.06f  6.05+0.03ab 67.52+0.77b 30.68+0.06¢-h
20CVRL14 21.52%0.07c-e  26.30+0.171  13.40+0.01c-f 11.34£0.25f-h  20.74+0.25ef  5.54+0.01b 54.69+1.90de 26.71£0.26e-j
20CVRL15 21.97#0.13bc  28.13%0.35h  13.11x0.13fg  11.29+0.08f-h  20.59+0.13ef  6.10+0.52ab 54.85+0.77d 29.63£2.35¢-1
20CVRL16  20.02+0.34fg  24.52%0.03j 12.91+0.14g 10.94£0.03g-1  18.21+0.23gh  5.85+0.50ab 60.10£0.93c 32.09£2.35c-g
20CVRL17  20.78+0.19ef  21.63+0.30m  13.60+0.05c-e  12.41+0.06bc 15.39£0.091 5.48+0.01b 80.63+0.07a 35.6220.30b-d
20CVRL18  23.85%0.02a 23.60+£0.23k  14.07£0.15b 12.13£0.06c-e  17.37+0.25gh  6.38+0.66ab 69.86+0.67b 36.74+4.31a-c
20CVRL19  18.37£0.25;j  21.15£0.13m  13.64+0.13b-d  10.380.201j 15.39£0.481  6.66x0.21ab 67.4620.82b 43.32+2.73a

20CVRL20  22.47%0.32b 26.00£0.181 13.49+0.19c-f 12.40£0.11bc  20.48+0.29¢f  5.83%0.01b 60.56+0.30c 28.45+0.37d-j
20CVRL21  18.01+0.18j 30.64£0.24fg  13.22+0.05d-g  10.49+0.161 21.59£0.21e 5.62+0.42b 48.560.28fg 26.00+1.68e-j
20CVRL22  23.4940.19a 27.97+0.06h 12.94£0.01g  12.09£#0.11c-e  20.17+0.08f 5.91+0.04ab 59.93£0.76¢ 29.31£0.10c-1
Nonpareil 23.41£0.40a 36.01+0.16a 15.15£0.04a 13.12+0.11a 27.75%0.26a 7.15£0.16a 47.27+0.83f-h 25.76x0.83f-j

Minimum 18.01 19.62 1217 955 1516 538 3831 2149
Maximum 2385 3601 1515 1332 27.75 715 81.06 4332
Mean 2120 27.50 13.36 11.52 2048 6.00 58.10 3026
Biochemical characteristics determined by Parlake¢1 (2008) in different almond

When examining the biochemical composition of  cultivars. Additionally, the 55.30% fat ratio reported
almond genotypes, significant variations emerged in by Ayadi et al. (2006) in the ‘Nonpareil’ cultivar is
terms of nutritional components (Table 3). almost identical to the result in our study.

Regarding fat content, the ‘Nonpareil’ cultivar = When evaluating the protein profile, genotype
(55.65%) was determined to have a significantly =~ 20CVRL15 (19.50%) stood out as having similar
higher fat ratio than all genotypes. Among the  protein content to the ‘Nonpareil’ cultivar (19.46%).
genotypes, 20CVRL18 (51.60%) and 20CVRL13  Genotypes 20CVRL21 (18.60%) and 20CVRL12
(51.47%) stood out with the highest fat content.  (18.55%) also showed superiority in nutritional
These genotypes can be evaluated as valuable raw  value with their high protein contents. The
material sources for fat-based products. The lowest  genotypes with the lowest protein content were
fat content was detected in genotypes 20CVRL22  determined to be 20CVRL22 (17.22%) and
(45.40%) and 20CVRLO6 (45.46%). These values  20CVRL18 (17.25%). Kester and Asay (1975)
are consistent with the range of 452-57.8%  reported that 100 g of fresh almonds contain 19 g of
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protein, which aligns with the results in our study.
Similarly, Ozdemir (2022) determined that protein
content varied between 19.36-30.00% in a study
with almond fruits. Ahrens et al. (2005) stated that
the protein content of ‘Carmel’, ‘Mission’, and
‘Nonpareil’ cultivars grown in California, USA was
20.6%, 23.3%, and 21%, respectively. Erdogmus
(2018), in a study conducted in the Egil district of
Diyarbakir, determined the protein content in
‘Ferragnes’ and ‘Ferradual’ cultivars as 25.31% and
31.38%, respectively. Giilsoy and Balta (2014)
identified the protein range in ‘Texas’ and
‘Ferragnes’ cultivars in Aydin province as 22.08-
33.01%.

In terms of ash content, which is an indicator of
mineral matter, the ‘Nonpareil’ cultivar (3.69%) and
genotype 20CVRL13 (3.67%) were determined to
have the richest composition. Genotypes 20CVRL18
(3.54%) and 20CVRL10 (3.53%) were also found to
be rich in mineral matter. The lowest ash content
was detected in genotypes 20CVRL11 (2.90%) and
20CVRLO3 (2.91%). Ozdemir (2022), in a study
conducted in Mardin and Diyarbakir provinces,
reported ash content as 2.83-3.69%. Similarly,
Erdogmus (2018) determined the ash content in
‘Ferragnes’ and ‘Ferradual’ cultivars from
Diyarbakir Egil district as 2.86% and 4.20%,

respectively. Pérez-Sdnchez and Morales-Corts
(2021) reported that the ash content of Spanish
almond cultivars varied between 3.05-3.45%; the
values in our study are at the upper limit of this
range or slightly above it.

When examining moisture content, the highest
moisture content was detected in the ‘Nonpareil’
cultivar (4.55%). Genotypes 20CVRL13 (4.34%) and
20CVRL18 (4.27%) also stood out with high
moisture content. This characteristic is important in
terms of storage stability and texture properties.
The lowest moisture content was recorded in
genotypes 20CVRLO3 (3.59%) and 20CVRLO8
(3.60%). In terms of total carbohydrate content,
genotypes  20CVRL17  (30.06%), 20CVRL04
(30.02%), and 20CVRLO3 (29.90%) were found to
have the highest values. These genotypes are
thought to offer different characteristic features in
terms of energy value and flavor profile. The
‘Nonpareil’ cultivar (16.67%) was determined to
have significantly lower carbohydrate content than
all genotypes. Ozdemir (2022) reported that the
total carbohydrate value was between 14.51% and
19.95%; Erdogmus (2018) reported it as 10.91%
and 25.21% in ‘Ferragnes’ and ‘Ferradual’ cultivars,
respectively.

Table 3. Results regarding biochemical composition (oil, protein, ash, moisture and total carbohydrate) of

almond genotypes

Cizelge 3. Badem genotiplerinin biyokimyasal bilesimlerine (yag, protein, kiil, nem ve toplam karbonhidrat)

iliskin sonuglar

Genotype 0il (%) Protein (%) Ash (%) Humidity (%) Total Carbohydrate (%)
20CVRLO1 48.37£0.35 e-g 17.40+0.24 ef 3.15+0.04 f-h 3.87+0.05 f-1 27.22+0.2 e-g
20CVRLO02 50.33+0.76 bc 18.34+0.08 c-e 3.30£0.06 d-f 3.82+0.06 f+j 24.23+0.56 j-1
20CVRLO3 46.25+0 hi 17.36+0.15 ef 2.91+0.08 j 3.59+0.05 k 29.9+0.01 ab
20CVRL04 45.7+0.33 1 17.70+£0.40 c-f 2.94+0.02 1j 3.66+0.05 1-k 30.02+0.01 a
20CVRLO5 50.24+0.6 b-d 18.47+0.41 b-d 3.334£0.04 c-f 4.00+0.06 d-f 23.98+0.29 kI
20CVRLO6 45.46+0.42 1 18.51+0.20 a-d 3.20+0.03 e-h 3.88+0.06 f-h 28.95+0.31 a-d
20CVRLO7 46.68+0.03 g1 18.234£0.21 c-f 3.08+0.04 g-j 3.74+0.06 g-k 28.28+0.09 b-f
20CVRLO8 46.46+0.01 h1 17.27+0.22 f 3.04+0.12 g+ 3.60+0.05 k 29.65+0.4 a-c
20CVRL09 49.32+0.16 c-f 17.60+0.18 c-f 3.44+0.01 b-d 4.16%0.05 b-e 25.5£0.37 h-k
20CVRL10 48.4+0.09 e-g 18.51+0.06 a-d 3.53£0.04 a-c 4.22+0.06 bc 25.35+0.06 1-k
20CVRL11 46.51+0.54 h1 18.38+0.26 c-e 2.90+0.03 j 3.69£0.06 h-k 28.53+0.72 a-e
20CVRL12 47.64+0.42 f-h 18.55+0.11 a-d 3.00£0.03 h-j 3.74+0.04 g-k 27.08+0.38 e-h
20CVRL13 51.47+0.26 b 18.51+0.24 a-d 3.67+0.03 a 4.34+0.06 ab 22.02+0.01 m
20CVRL14 46.36+0.35 h1 17.27+0.07 f 3.13£0.04 f1 3.83£0.06 f+ 29.43+0.32 a-c
20CVRL15 45.56+0.26 1 19.50+0.63 a 3.23+0.03 e-g 3.94+0.06 e-g 27.79+0.8 d-f
20CVRL16 49.61£0.35 c-e 17.41+0.04 ef 3.21+0.08 e-h 3.93+0.06 fg 25.85+0.18 g-j
20CVRL17 45.56+0.05 1 17.54+0.13 d-f 3.08+0.04 g-j 3.77+0.04 g-k 30.06+0 a
20CVRL18 51.6+0.18 b 17.25+0.27 f 3.54+0.02 ab 4.27+0.06 b 23.35%0.17 Im
20CVRL19 47.61+0.24 f-h 17.71+0.26 c-f 2.93+0.03 1j 3.63+0.06 jk 28.13+0.06 c-f
20CVRL20 48.50+0.04 d-f 17.31£0.23 f 3.31+0.08 d-f 4.01+0.04 c-f 26.88+0.06 f-1
20CVRL21 45.98+0.01 h1 18.60+0.08 a-c 3.04+0.01 g 3.70£0.05 h-k 28.7+0.13 a-e
20CVRL22 45.4+0.16 1 17.22+0.23 f 3.39+0.06 b-e 4.17+0.08 b-d 29.83+0.07 ab
Nonpareil 55.65+1.45 a 19.46+0.25 ab 3.69+0.05 a 4.55+0.02 a 16.67+1.17 n
Minimum 45.40 17.12 2.90 3.59 16.67
Maximum 55.65 19.50 3.69 4.55 30.06
Mean 48.03 18.00 3.22 3.92 26.84
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PCA analysis

Multivariate analysis of morphological and
biochemical characteristics of almond genotypes is
critically important in breeding programs and
cultivar development. The Principal Component
Analysis (PCA) Biplot graph presented in Figure 2
visualizes the complex relationships between
physical and chemical properties of 22 almond
genotypes and the ‘Nonpareil’ (23) cultivar. The first
two components (Dim1 and Dim2) explain 57.27%
of the total variance. Dim1 (35.3%) is positively
correlated with characteristics such as fat, moisture,
ash, and kernel dimensions, while negatively
correlated with total carbohydrate. Dim2 (21.9%)
shows strong positive correlation with kernel
thickness and width indices. These findings parallel
the study by Giiney and Geng (2025) on almond
genotypes grown in Yozgat province; their research
also identified similar relationships between fatty
acid profile and morphological characteristics.
Genotypes positioned on the right side of the figure
have high fat content and kernel dimensions, while
those on the left have higher carbohydrate content.
Genotypes in the upper part show superiority in
terms of kernel thickness and width indices, while
those in the lower part are characterized by kernel
and fruit length. Similarly, in the genetic diversity
assessment conducted by Bayazit et al. (2025) in the
Eastern Mediterranean Region, phenotypic and
morpho-physicochemical properties were
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emphasized as determinants for almond breeding
programs. When examining the relationship of
genotypes with characteristics, ‘Nonpareil’ (23)
stands out with high fat, moisture, and ash content,
while 20CVRL13 and 20CVRL18 are superior in
terms of kernel width and thickness. This is
consistent with the fatty acid profiling study by
Kumawat et al. (2024) in almond germplasm in the
Western Himalaya region; they also showed that
genotypes with high fat content are associated with
certain morphological characteristics. 20CVRL11,
20CVRL12, 20CVRL17, and 20CVRL19 show strong
correlation with kernel thickness and width indices.
20CVRL3, 20CVRL14, 20CVRL16, and 20CVRL21,
located on the left side, stand out with high
carbohydrate  content.  20CVRL4, 20CVRLS5,
20CVRL6, 20CVRL7, and 20CVRL10, located in the
lower part, are characterized by kernel and fruit
length properties. 20CVRLO2 and 20CVRL15 are
associated with protein content, while 20CVRL0S,
20CVRL20, and 20CVRL22 are related to fruit
thickness and shell thickness properties. As stated
in the genomic study by Khojand et al. (2024) in
Iranian almond germplasm, such multivariate
analyses are critically important in selecting
genotypes with targeted characteristics in almond
breeding programs and in preserving genetic
diversity.

A length

Kernel length

0 3 [
Dim1 (35.3%)

Figure 2. PCA Biplot graph of morphological and biochemical characteristics of almond genotypes. Numbers
shown in red in the graph represent genotypes.

Sekil 2. Badem genotiplerinin Badem genotiplerinin morfolojik ve biyokimyasal 6zelliklerinin PCA Biplot
grafigi. Grafikte kirmizi ile gosterilen sayilar genotipleri temsil etmektedir.

1:20CVRL01, 2:20CVRLO2, 3:20CVRLO03, 4:20CVRL04, 5:20CVRL05, 6:20CVRL0O6 22:20CVRL22,
23:Nonpareil
Correlation analysis biochemical characteristics of almond genotypes.

The correlation matrix presented in Figure 3 shows
the relationships between morphological and

The strong positive correlation between kernel
weight and fruit weight (r=0.711, p<0.001) indicates
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that fruit weight largely derives from kernel weight.
Similarly, a strong positive correlation was
observed between kernel width and fruit width
(r=0.768, p<0.001). The very high correlation
between fruit length and kernel length (r=0.977,
p<0.001) shows that these two characteristics
change almost completely together. These findings
are consistent with the relationships between
morphological characteristics identified by Giiney
and Geng¢ (2025) in almond genotypes grown in
Yozgat province; similar correlations between fruit
and kernel dimensions were also observed in their
study. A significant positive correlation was also
found between fruit thickness and kernel thickness
(r=0.664, p<0.001). While a strong positive
correlation was observed between kernel width
index and kernel thickness index (r=0.862,
p<0.001), strong negative correlations were
detected between these indices and fruit length and
kernel length (r=-0.881, p<0.001; r=-0.882, p<0.001;
r=-0.896, p<0.001; r=-0.903, p<0.001). These results
show that, as emphasized by Bayazit and Alaz
(2022), in-shell fruit dimensions can provide
important clues about kernel characteristics.

In terms of chemical properties, strong positive
correlations were observed between fat content and
ash and moisture (r=0.734, p<0.001; r=0.729,
p<0.001), while a very strong negative correlation
was found between fat and total carbohydrate (r=-
0.970, p<0.001). These findings parallel the study by
Kumawat et al. (2024) in almond germplasm in the
Western Himalaya region; they also identified
similar relationships between fat content and other
biochemical parameters. Similarly, a very strong
positive correlation between moisture and ash
(r=0.967, p<0.001) and strong negative correlations
of both with total carbohydrate (r=-0.794, p<0.001)
were detected. Kernel width showed positive
correlation with fat content, moisture, and ash
(r=0.498, p=0.016; r=0.522, p=0.011; r=0.497,
p=0.016), while showing negative correlation with
total carbohydrate (r=-0.477, p=0.021).

Gouta et al. (2021) identified significant
relationships between the physical properties and
chemical composition of almond kernels. The
researchers reported negative correlations between
kernel length and weight and oleic/linoleic ratio and
oleic acid content (r=-0.37), and positive correlation
with linoleic acid content (r=-0.40). Additionally,
they found that fruit thickness and weight showed
positive correlation with protein content (r=0.32)
and linoleic acid (r=0.26), while showing negative
correlation with fat content (r=-0.27) and oleic acid
(r=-0.25). These findings partially differ from the
positive correlation between kernel width and fat
content (r=0.498, p=0.016) detected in the present
study. This difference may result from differences in
the genetic structures of the studied genotypes and
the ecological conditions in which they were grown.
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The results of the correlation analysis are consistent
with the observation noted by Kodad et al. (2023) in
their research on almond genotypes in Spain, that
genotypes with high fat content generally have
larger kernel dimensions. Additionally, the
relationships between  morphological and
biochemical characteristics detected by Bayazit et
al. (2025) in almond genotypes in the Eastern
Mediterranean Region support our findings. As
stated by Giilcan (1976) and Ozbek (1978), the
kernel ratio is low in thick-shelled almonds and high
in thin-shelled almonds. This observation was also
confirmed in the genomic study by Khojand et al.
(2024) in Iranian almond germplasm; the negative
relationship between shell thickness and kernel
ratio is consistently observed in almond populations
with different genetic structures. In the study by
Goksu and Yildiz (2024), as a result of principal
component analysis, it was reported that genotypes
with high kernel ratio had thinner shells.

Humidity -0

.470

Protein 025 027 -047

Oil 026 073 073 -087
006 012 015 015 04 048 02 Cor

003 027 (SO SO0 025 04 037 034 -0.34

<07 o 03 m.m 03 0RO 024 0s2 04 ox -om

18 028 019 034 W7 019 D02 81 013 014 043 002 082 0BT 045

007 000 -003 {07 006 014 005 -034 000 -014 028 002 02 02 -

Figure 3. Pearson correlation coefficients and
significance levels between morphological and
biochemical characteristics of almond genotypes.
Sekil 3. Badem genotiplerinin morfolojik ve
biyokimyasal  o6zellikleri arasindaki Pearson
korelasyon katsayilar1 ve anlamlilik diizeyleri.

Conclusion

As a result of the research, genotype 20CVRL22 had
the highest kernel ratio with 32.26%, while
genotypes 20CVRL13 and 20CVRL18 stood out with
fat contents of 51.47% and 51.60%, respectively.
Genotype 20CVRL15 drew attention with 19.50%
protein content, and genotypes 20CVRLO6 and
20CVRL15 with the thinnest shell thickness values
of 2.43 mm and 2.46 mm, respectively. Principal
Component Analysis showed a strong negative
correlation between fat content and carbohydrate.
In correlation analysis, strong positive relationships
were detected between fruit and kernel dimensions.
In conclusion, genotype 20CVRL22 was found
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valuable for breeding studies with its high kernel
ratio and kernel weight, while genotype 20CVRL13
showed versatile usage potential with high fat, ash,
and moisture content similar to ‘Nonpareil’.
Genotype 20CVRL15 was found suitable for
products with high nutritional value due to its high
protein content, and genotypes 20CVRL06 and
20CVRL15 were found suitable for in-shell
consumption with their thin shell characteristics.
These findings reveal the richness of almond genetic
resources in the Civril region while providing
valuable information for genotype selection for
different usage purposes and future breeding
programs.
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Ozet
Bu arastirma Angeleno erik ¢esidinin bazi pomolojik ve fizyolojik 6zellikleri {izerine hasat
oncesi putresin uygulamalarinin etkilerini belirlenmek amaciyla yiiritilmistir. Bu
amagla, Prunus cerasifera anacina asili tam verim ¢agindaki agaglara PUT uygulamalari
hasat zamanindan 28 giin 6nce tek seferde (10mM PUT) ve toplam doz ikiye boliinerek 14
giin ara ile iki tekrarlamali (5SmM+5mM PUT) uygulama seklinde gerceklestirilmistir. Genel
olarak PUT uygulamalar1 meyve boyutlari ve agirligl lizerine istatistik olarak anlamli
etkilere sahip olmustur. 10 mM PUT uygulamasi kontrole gore %5.5’lik bir meyve eni artisi
saglamistir. Uygulama yapilmis Angeleno meyvelerinde yaklasik %9 (10 mM PUT)
oraninda agirlik artis1 gorilmustiir. Meyve eti sertligi lizerine tim uygulamalarin etkili
oldugu ve sertligin kontrole gore yaklasik %8 (PUT 10 mM) oraninda arttig1 belirlenmistir.
Putresinin meyve olgunlagsmasini geciktirici etkisine paralel olarak meyve renklenmesi de
gecikmistir. Calismamizda PUT uygulamasi meyvelerin hem etilen {iretim hizin1 hem de
solunum hizini azaltmistir. PUT uygulamalar1 askorbik asit miktar iizerine olan etkiler
arasindaki farklar genel olarak istatistiksel olarak 6nemsiz bulunmustur.
Anahtar kelimeler: Poliamin, PUT, Pomoloji, Prunus salicina L.

Effects of Pre-harvest Putrescine Applications on Angeleno Plum
some Quality Parameters

Abstract
This research was conducted to determine the consequence of pre-harvest applications of
putrescine on some pomological and physiological characteristics of the Angeleno plum. For this
purpose, PUT was applied to full-bearing trees grafted on Prunus cerasifera rootstock as a single
application (10 mM PUT) 28 days before harvest and as a repeated application (5mM + 5mM
PUT) which was divided into two parts with an interval of 14 days. Generally, there were
statistically significant effects on fruit weight and dimensions. The 10 mM PUT application
resulted in a %5.5 increase in the fruit width compared to the control. PUT applications
increased fruit weight by about % 9 (PUT 10 mM). It was found that dose of PUT 10 mM was the
most effective treatment on fruit flesh firmness and resulted in a about %8 increase. Fruit
colouring was delayed in parallel with the delaying effect of PUT applications on fruit ripening.
In our study, applying PUT reduced both the rate of ethylene production and the rate of
respiration of the fruit. The differences between the result of PUT treatments on ascorbic acid
content was generally found to be statistically insignificant.
Keywords: Poliamine, PUT, Pomology, Prunus salicina L.

Giris

renk, irilik, kuru madde igerigi, asitlik ve meyve eti

Japon erikleri (Prunus salicina L.), Rosaceae
familyasina ait olduk¢a 6nemli bir meyvedir. Asya,
Avrupa ve Kuzey Amerika dahil olmak iizere
diinya ¢apinda yaygin olarak yetistirilmekte (Du
vd., 2024) olan eriklerin anavatan topraklari
arasinda Anadolu da yer almaktadir (Bilgii ve
Seferoglu, 2005). Farkli ekolojik kosullara uyum
saglayabilen ¢ok sayida yenebilir tiirii olan erikler,
diinyada degisik cografyalarda ekonomik olarak
yetistirilmektedir. Erikler igerdikleri vitamin,
mineral ve biyoaktif bilesikler sebebiyle taze
tilketimde aranan meyvelerdir. Zengin besin
degeri bakimindan hastaliklar1 6nlemede ve
saglikli yasami slirdiirmede 6nemli rol oynar (Kim
vd., 2003; Balik, 2005; Manganaris vd., 2008).
Taze olarak tiiketilen diger meyvelerde oldugu
gibi eriklerin pazarlanabilirliklerini ve tiiketici
cazibesini olusturan baslica kalite parametreleri;

sertligi olarak dne ¢cikmaktadir (Crisosto ve Kader,
2000; Bal ve Celik, 2008).

Yetistiricilik acisindan ise birim alandan elde
edilen verim disinda iiriiniin kalitesi de olduk¢a
onemlidir. Birinci sinif kalitede meyve tretimi
genetik faktorlerin yaninda bir¢ok kiiltiirel
uygulamadan (sulama, giibreleme, seyreltme ve
budama gibi) etkilenir. Bu amagla tiireticiler rutin
bakim isleri yaninda, elde edecekleri tiriinde
ekstra kalite meyve oranini artirmaya yonelik
uygulamalara yonelmislerdir. Son yillarda meyve
kalitesini artirmaya yonelik olarak derim o6ncesi
veya derim sonrast  yapilan  kimyasal
uygulamalarinin ¢evre dostu ve insan sagliina
zararsiz hatta faydali sekonder metabolitleri
artiricl etkilere sahip olanlardan secilmesi biiyiik
onem arzetmektedir. Hasattan 6nce uygulanan
bazi bitki biiytlime diizenleyici maddeler eriklerde
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hasat zamanini geciktirmis ve kalite 6zelliklerini
iyilestirmistir (Khan vd., 2008; Khan ve Singh.
2010).

Poliaminler (PA), tiim canli hiicrelerde bulunan
(Yang vd. 2024) bitki biiyiimesi ve gelisiminin
modilatorleri olarak  bildirilen organik
maddelerdir (Onursal vd., 2013). Amino asit
tlirevleri olan PA'larin kadaverin, putresin (PUT),
spermidin ve spermin olmak iizere dort ayri tipi
vardir (Eti, 2006; Kiregci, 2006; Cao vd., 2022).
Poliaminlerin hiicre béliinmesi ve farklilasmasi,

protein sentezi, DNA replikasyonu,
embriyogenezis, koklenme, ciceklenmenin
baslamasi, ¢icek gelisimi, polen tiipiliniin

biiyimesi, bitkinin abiyotik strese tepkisi ve
hiicrenin hayatta kalmas1 gibi énemli hiicresel
siireclerde etkili olduklar1 pek ¢ok arastirma ile
bildirilmistir (Alcazar vd., 2020; Sahin ve Orgec,
2022; Yang vd., 2024). Ayrica PA uygulamarinin,
hiicre duvar1  pargalanmasindan  sorumlu
enzimlerin aktivitesini engelleyerek meyve
yumusamasini azalttigr (Sing vd., 2019), etilen
biyosentezini etkiledigi (Sing vd., 2022) ve bir¢ok
metabolik siireclerde de rol oynadigi yiirttiilen
calismalarla ortaya konulmustur. Farkli bahge
tiriinlerinde (mango, elma, nektarin, kayisi, seftali,
kiraz ve armut) yapilan ¢alismalarda, ekzojen PUT
uygulamasinin meyve eti sertligini korudugu,
etilen lretimini  baskiladigi, olgunlasmayi
geciktirdigi ve birgok fiziksel ve kimyasal kalite
ozelligini etkiledigi, dolayisiyla meyve kalitesinin
korunmasinda oOnemli etkilere sahip oldugu
bildirilmistir (Khan vd. 2007; Khan ve Singh,
2010; Ali vd., 2010; Wannabussapawich ve
Seraypheap, 2018; Shaaban vd., 2020). Bu ¢alisma,
hasat oncesi farkl putresin (PUT)
uygulamalarinin Angeleno Japon erigi c¢esidinde
meyve kalite parametreleri iizerine olan etkisini
arastirmak amaciyla planlanmistir.

Materyal ve Yontem

Materyal

Prunus cerasifera L. anacina asil1 9 yash Angeleno
erigi calismamizda materyal olarak kullanilmistir.
Meyveler Isparta ili Cliniir Mahallesinde bulunan,
4mX4m dikim mesafesine sahip; budama,
giibreleme, sulama gibi kiiltiirel islemlerin diizenli
yapildigi kapama erik bahgesinden temin
edilmistir. PUT uygulamalari, saglikli agaclara sirt
pompasi ile piliskiirtiilerek ve soliisyonun tiim
agac1 tamamen kaplamasi saglanacak sekilde
yapilmistir. Tween 20 (%1) yayicl yapistirict
olarak biitiin ¢ozeltilere eklenmistir. Arastirma 5
tekerriirlii ve her tekerriirde 1 agac olacak sekilde
tesadiif bloklar1 deneme desenine gore
planlanmistir. Agaglara PUT uygulamalar1 tek
seferde ve toplam doz ikiye boliinerek iki hafta ara
ile tekrarlamali uygulama seklinde
gerceklestirilmistir. Tek doz olarak 10mM PUT
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ongoriillen hasat zamanindan 28 giin 0dnce
uygulanmistir. B6liinmiis doz olarak 5 mM+5 mM
PUT uygulamasi ise hasat zamanindan 28 giin
once (5 mM) ve 14 giin 6nce (5 mM) ikili uygulama
seklinde yapilmistir. Kontrol grubu agaclara
%1'lik Tween 20 iceren su plskirtilmiistiir.
Optimum derim tarihinde derilen meyve érnekleri
Isparta Uygulamal Bilimler Universitesi, Derim
Sonu Fizyolojisi Laboratuvarina getirilerek
asagida belirtilen pomolojik ve fizyolojik bazi
analizler yapilmistir.

Meyve agirhigi ve meyve boyutlar:

Meyve agirhigi, 0.01 g hassasiyette elektronik
terazi (CPA 16001S, Sartorius, Gottingen,
Almanya) ile, meyvelerin eni ve boyu ise 0.01 mm
hassasiyetli dijital kumpas ile belirlenmistir.

Meyve eti sertligi

Meyve eti sertligi oOlclimleri, meyvenin iki
tarafindan ince bir kabuk tabakasi ¢ikarildiktan
sonra 8 mm c¢apindaki ug ile Lloyd Instruments LF
Plus  marka tekstir cihaz1  kullanilarak
gerceklestirilmistir. Sertlik Olglimlerinde elde
edilen maksimum gilic newton (N) biriminden
verilmistir.

Suda ¢oziinebilir kuru madde miktar1 (SCKM)
ve titre edilebilir asitlik (TA)

SCKM meyve suyunda dijital refraktometre (Atago
Pocket PAL-1) ile okunmus ve ylizde (%) deger
seklinde verilmistir. Seyreltilmis meyve suyunun
(10 ml) 0.1 N NaOH ile pH 8.1'e kadar titrasyonu
yoluyla bir WTW Inolab Ph-Level 2 kullanilarak
belirlenen TA malik asit esdegeri olarak ifade
edilmistir.

Meyve kabuk rengi

Renk dl¢limlerinde Minolta kalibrasyon plakasi ile
kalibre edilmis Minolta CR-300 model renk cihazi
kullanilmistir. Ol¢iimler meyvelerin her iki meyve
yanagindan yapilmis ve meyve kabuk rengi CIE L*,
a*, b* cinsinden belirlenmistir.

Solunum hiz1 ve etilen iiretimi

Etilen tiretimi (pL kg.h-1) ve solunum hizi (mL CO2
kgt s1) dlglimleri i¢in 1 kg meyve 4L hacmindeki
sizdirmaz cam kavanozlarda oda sicakliginda
(20+1 °C) yaklasik 2- 3saat boyunca bekletilmistir.
Bekletme sonrasi gaz sizdirmaz enjektor ile
kavanozlardan gaz 6rnegi alinmis ve Agilent GC-
6890N marka gaz kromotografisine enjekte
edilmistir. Erbas ve Koyuncu (2016) tarafindan
kullanilan protokole gore etilen iiretim miktar1 ve
solunum hizi tek bir gaz érneginde 6l¢iilmiistiir.

Askorbik asit tayini
L-Askorbik asit (C vitamini) miktar1 Higil (1997)
ve Ozkan'mn (2007) daha énce bildirdikleri yéntem
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esas alinarak T80 UV/VIS spektrofotometre
kullanilarak belirlenmis ve mg 100 ml! olarak
ifade edilmistir.

istatistiksel analizler

Tesadiif bloklar1 deneme desenine gore 5
tekerrirlil ve her tekerriirde 1 agag olacak sekilde
planlanan arastirmada elde dilen veriler ile
varyans analizi yapilmis (ANOVA, JMP7) ve
ortalamalar LSD testi ile ayrilmistir.

Bulgular ve Tartisma

PUT uygulamalarinin Angeleno meyvelerinin
fiziksel ~ozellikleri {izerine olan etkilerinin
sonuglar1  Cizelge 1'de  verilmistir. PUT
uygulamalarinin meyve eni, meyve boyu ve meyve
agirhgi tizerine etkileri istatistiksel olarak 6nemli
bulunmustur (p<0.05). En diisiik meyve eni (54.65
mm) kontrol meyvelerinden elde edilirken, en
ylksek meyve eni (57.66 mm) 10 mM PUT ile
uygulama yapilan meyvelerden elde edilmistir. Bu
uygulama meyve eninde kontrole gore %5.5
oraninda artis saglamistir. Meyve boyu lzerine
bolinmiis doz olarak 5mM+5 mM PUT
uygulamasinin diger uygulamalara gore daha
etkili oldugu ve meyve boyunu %4.3 oraninda
artirdigl  gozlenmistir. Genel olarak PUT
uygulamasinin  meyve  agirhigini  artirdigl
belirlenmistir. Meyve agirhk degeri 93.79g
(kontrol)-102.09gr (10 mM PUT) arasinda
degismistir (Cizelge 1). Uygulama yapilmis
meyvelerde yaklasik %4 (5+5 mM PUT) - %9 (10
mM PUT) oraninda agirhk artisi goriilmiistiir.
Meyve fiziksel ozellikleri bakimindan
degerlendirildiginde PUT uygulamalarinin meyve
boyutlar1 ve agirligi iizerine istatistiksel olarak
6nemli etkileri oldugu gorilmektedir.
Calismamiza benzer sekilde Ali vd. (2010), Canino
kayis1  ¢esidinde putresin ve  sipermin
uygulamislar ve elde edilen verilere gore poliamin
uygulamasinin meyve agirhgr ilizerine olumlu
etkileri oldugu belirtilmistir. Yine Asadi vd. (2013)
ve Alebidi vd. (2023), PUT uygulamasinin meyve
¢apini, uzunlugunu ve agirhgini artirdigin
bildirmislerdir.

PUT uygulamalarinin Angeleno erik cesidinin
meyve eti sertligine olan etkileri istatistiksel
anlamda 6nemli bulunmustur ve sonuglar Cizelge
2’de sunulmustur. PUT uygulanmis meyvelerde en
yliksek meyve eti sertligi degeri (33.72 N) 10 mM
PUT’un tek uygulamasindan elde edilirken, en
diistik deger (31.30 N) ise kontrol meyvelerinden
elde edilmistir. Her iki PUT uygulamasina ait
meyveler, kontrol meyvelerinden énemli dl¢lide
daha sert olmus ve 10 mM PUT, kontrole gore
meyve eti sertligini yaklasik %8 oraninda
artirmistir. PUT uygulamalar1 meyve eti sertligini
artirarak meyvenin yumusamasini geciktirmede
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de etkili olmustur. PUT'un etkiyi pektin
metilesteraz (PME) ve poli-galakturonaz (PG)
enzimlerinin  aktivitesini azaltilmasinda ve
boylece hiicre duvarmin daha az bozulmasi
yolaginda yer alarak gerceklestirdigi
diisiilmektedir (Singh vd., 2022).

Cizelge 1. PUT uygulamalarinin meyve boyutlari
ve meyve agirligl iizerine etkileri

Table 1. Effects of PUT treatments on fruit
dimensions and fruit weight of Angeleno plums

Meyve

Meyve Meyve
Uygulamalar eni (mm) gﬁi:) agirhig (g)
Kontrol 54.65b 50.67 b 93.79b
PUT (10 mM) 57.66 a 51.06 b 102.09a
PUT (5+5 mM) 55.79b 52.85a 97.45 ab

* Ayni sutundaki farkli harfli ortalamalar arasindaki fark
onemlidir (LSD test) (P<0.05).

* The difference between means with different letters in the
same column is significant (LSD test) (P<0.05).

Torrigiani vd. (2004) bulgularimizla paralel
olarak PUT uygulamarinin meyvenin sertligini
korumada etkili oldugunu ve 6zellikle 5mM ve 10
mM PUT dozlarinin meyvenin yumusamasini
onemli dlgiide geciktirdigini belirlemislerdir. Yine
ylritiilen ¢alismalarda erik (Khan ve Singh, 2010;
Archana vd., 2019), armut (Hosseini vd., 2017;
Singh vd. 2019) ve mango (Ali vd., 2017; Hans vd,,
2025) gibi tiirlerde de PUT uygulamasiyla meyve
et sertliginin korundugu arastiricilar tarafindan
bildirilmistir.

Cizelge 2. PUT uygulamalarinin Angeleno erik
cesidinde sertlik, SCKM, ve TA lizerine etkileri
Table 2. Effects of PUT treatments on fruit flesh
firmness, SCC and TA of Angeleno plums

Meyve eti SCKM 0
Uygulamalar sertligi (N) (%) TA (%)
Kontrol 31.30b 14.29b 1.370p
PUT (10 mM) 33.72a 15.14a 1.30
PUT (5+5 mM) 32.08ab 14.76 a 1.26

* Aymi sttundaki farkli harfli ortalamalar arasindaki fark
énemlidir (LSD test) (P<0.05). OD: Onemli degildir (LSD test)
(P<0.05).

* The difference between means with different letters in the
same column is significant (LSD test) (P<0.05). OD: Not
significant (LSD test) (P<0.05).

Calismada tiim uygulamalar kontrol ile
karsilastirildiginda SCKM igeriginin artirma
yoniinde olumlu etki gosterdigi ve uygulamalar
arasi farklarin istatistiksel olarak dnemli oldugu
saptanmistir (p<0.05). En yiiksek SCKM degeri
(%15.14) 10 mM PUT ile muamele edilen
meyvelerden elde edilmistir. Bulgularimiza
parelel, kayist (Ali vd. 2010) ve erikte (Khan ve
Singh, 2010) yapilan ¢alismalarda SCKM
miktarinin PUT uygulamasiyla arttigl
bildirilmistir. Meyvelerde @TA ve SCKM
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olgunlagmay1 gosteren pomolojik karakterlerdir.
Meyve olgunlastikca SCKM degeri artarken tersine
TA ise azalmaktadir. En disik TA (%1.26)
tekrarlamali uygulama meyvelerinden elde
edilmis ancak TA degerleri bakimindan PUT
uygulamalar1 arasindaki farklar istatistiksel
anlamda 6nemsiz bulunmustur (Cizelge 2).
Yapilan uygulamalarinin meyve kabuk rengi
parametrelerinden L* ve a* degeri lizerine etkisi
istatistiksel olarak énemli bulunurken, b* degeri
iizerine etkisi ise 6nemsiz bulunmustur (p<0.05)
(Cizelge 3). En ylksek L*(31.26), ve a*(9.49)
degerleri kontrol meyvelerinden elde edilmistir.
En diisiik L* (29.86) ve a* (8.52) degerleri ise 5+5
mM PUT dozundan elde edilmistir. L* degeri
kabuktaki parlakligi belirtirken a* degeri ise
kirmizi  renklenmeyi goéstermektedir. PUT
uygulamasinin kirmizi ist rengin olusumunu
geciktirerek meyve olgunlasmasini da geciktirdigi
diisiintilmektedir.

Cizelge 3. PUT uygulamalarin Angeleno erik
cesidinin meyve kabuk iizerine etkisi

Table 3. Effects of PUT on skin color of Angeleno
plums

Uygulamalar L* a* b*
Kontrol 31.26a 9.49a 0.06 0
PUT (10 mM) 30.99a 7.16 b -0.51

PUT (5+5 mM) 29.86 b 852a 0.23

* Aym siitundaki farkh harfli ortalamalar arasindaki fark
énemlidir (LSD test) (P<0.05). OD: Onemli degildir (LSD test)
(P<0.05).

Cizelge 4. Uygulamalarin Angeleno erik ¢esidinin
solunum hizi ve etilen iiretimi tizerine olan etkisi
Table 4. Effects of PUT on respiration rate,
ethylene production and ascorbic acid value of
Angeleno plums

Etilen .
mlamlar - GUGERAY  netmi ST
Kontrol 0.066 a 0.073 a 14.910p
PUT (10 mM) 0.003 b 0.052 ab 18.16
PUT (5+5 mM) 0.003 b 0.035b 17.47

* Ayni situndaki farkli harfli ortalamalar arasindaki fark
énemlidir (LSD test) (P<0.05). OD: Onemli degildir (LSD test)
(P<0.05).

* The difference between means with different letters in the
same column is significant (LSD test) (P<0.05). OD: Not
significant (LSD test) (P<0.05).

Calismamizda, eriklerde tiiketici albenisi ve kalite
gostergesi bakimindan olduk¢a ©6nemli olan
meyve kabuk rengi tlizerine PUT uygulamasinin
olumlu etkilerde bulundugu ve renklenmeyi
geciktirdigi belirlenmistir. Sonug¢larimiza paralel
olarak putresin uygulamasinin Japon eriklerinde
meyve Kkalitesi ve olgunlasmasina etkisinin
arastirildign bir calismada, PUT uygulamasinin
meyve renklenmesindeki degisimi geciktirdigini
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saptanmistir (Khan ve Singh, 2010). Yine poliamin
uygulamasinin mango meyvesinde renk gelisimini
geciktirdigini Vaka vd. (2020) tarafindan
bildirilmistir.

PUT'un solunum hiz1 ve etilen iiretimi lizerine
etkileri istatistiksel olarak anlamli bulunmustur
(p<0.05) (Cizelge 4). Kontrol grubu meyvelerin
solunum degeri (0.066 mL COz kg.h-1) en yiiksek
iken, her iki PUT wuygulamasi meyvelerinin
solunum hiz1 (0.003 mL COz kg.h-1) en diisiik deger
olarak elde edilmistir. En diisiik etilen Uretimi
(0.035 pL kg.h'1) tekrarlamali uygulama ile elde
edilirken, en yiliksek deger (0.073 upL kgh1)
uygulama  yapilmamis  meyvelerden elde
edilmistir (Cizelge 4). Olgunlasmaya parelel
meyvede artan metabolik aktivite solunum
hizinda artisa yol agmaktadir. Olgunlugu tesvik
eden etilen iiretiminin baskilanmasi ile solunum
yavaslar dolayisiyla olgunlasma da yavaslar (Tiirk
vd, 2017). Cahsmamizda PUT wuygulamasi
meyvelerin hem etilen iretim hizim1 hemde
solunum hizim azaltmistir. PUT uygulanmis
meyvelerdeki daha diisiik etilen {iretiminin diisiik
metabolik aktiviteden kaynaklaniyor olabilecegi
diistinilmektedir (Singh vd., 2022). Poliaminler ile
etilen Uretimi birbirleriyle iligkilidir, ¢linkd S-
AdoMET (SAM) ortak onciilleridir. Bu yolakta
PA’lar etilen ile rakebete girer ve meyve
olgunlagma siireci ilizerine etkili olurlar (Vaka vd.,
2020). Hem hasattan o6nce hem de sonra
uygulanan PUT'un Angeleno erik ¢esidinde etilen
iretimini azalttigl 6nceki calismada bildirilmistir
(Khan vd., 2007). PA’larin solunum hiz1 ve etilen
tiretimi tizerindeki baskilayici etkisinden dolay:
derim sonras1 meyve ¢iirlimesini de geciktirdigi
yoniinde sonuglar bulunmaktadir (Torrigiani vd.,
2004). Cesitli PA’lar arasinda PUT etilen igin
rekabet ettiginden, etilen iretimini azaltarak
meyvede solunumu azalttigi bildirilmistir (Singh
vd., 2022). Bulgularimiza benzer sekilde Erbas ve
Koyuncu (2019) ve Archana vd. (2019) PUT
uygulamasinin solunum hizini ve etilen iiretimini

azaltma etkilerinin daha belirgin oldugunu
bildirmislerdir.

PUT ile muamele edilen meyvelerde askorbik asit
miktarinin = (%18.16, PUT10 mM) kontrol
meyvelerine (%14.91) gore daha yiiksek oldugu
bulunmustur. Ancak askorbik asit miktari
bakimindan uygulamalar arasindaki farklar

istatistiksel acidan 6nemsiz bulunmustur (Cizelge
4). Japon eriklerinde yiiriitilen O6nceki bir
arastirmada ise PUT uygulamasinin Askorbik asit
icerigini azalttigini bildirilmistir (Khan ve Singh,
2010). Askorbik asit igerigi ile ilgili olusan bu
farkhliklarin  askorbat oksidaz  enziminin
aktivitesini etkileyen diger faktorler ile iligkili
olabilecegi diisiinmektedir.

Sonu¢ olarak, derim oncesi PUT uygulamasi,
Angeleno Japon erik ¢esidi meyvelerinde, etilen
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tretimini ve solunum hizim1 azaltig;; meyve
boyutlar, agirlik, sertlik ve SCKM gibi ¢ok énemli
kalite parametrelerini artirdigi belirlenmistir.
Bununla beraber azalan endojen etilen iiretimi
nedeniyle olgunlasma siireci de gecikmistir. Bu
verilerden haraketle, eriklerde meyve kalitesini
artirmak ve olgunlugu geciktirmek bakimindan

PUT uygulamalarinin oOnerilebilecegi
diistiniilmektedir.
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Abstract
This trial was conducted in a commercial almond orchard belonging to a grower
in Derekody, Karaman. In this study, the nut characteristics of Ferragnes,
Ferraduel, and Bertina cultivars grafted onto Nemaguard rootstock were
examined. According to the two-year data obtained, full bloom was observed to
occur in the third week of April for the Ferragnes cultivar and in the second week
of April for the Ferraduel and Bertina varieties. In terms of nut quality traits, the
shell thickness of Ferragnes, Ferraduel, and Bertina almond varieties was
determined as 24.73 mm, 24.58 mm, and 24,42 mm, respectively; shell width as
31.49 mm, 31.83 mm, and 35.55 mm; shell height as 37.89 mm, 46.62 mm, and
51.27 mm; shell weight as 3.59 g, 5.07 g, and 11.65 g; and kernel weight as 1.27
g, 1.20 g, and 2.90 g. Kernel ratios were identified as 35.17%, 28.37%, and
25.09%, respectively.
Key words: Almond, Adaptation, Yield, Cultivar

Karaman'da Yetistirilen Badem Cesitlerinde Kalite Ozelliklerinin
Degerlendirilmesi

Ozet
Bu deneme, Karaman Derekoy’'de bir iireticiye ait ticari badem bahcesinde
yuritilmiistiir. Bu calismada, Nemaguard anaci iizerine asili Ferragnes, Ferraduel ve
Bertina gesitlerinin meyve dzellikleri incelenmistir. Elde edilen iki yillik verilere gore,
Ferragnes cesidinde tam ¢iceklenmenin nisan ayinin iiglincii haftasinda, Ferraduel ve
Bertina cesitlerinde ise nisan aymin ikinci haftasinda gergeklestigi gortlmistiir.
Meyve kalite ozellikleri bakimindan ise, Ferragnes, Ferraduel ve Bertina badem
cesitlerinde kabuk kalinligi sirasiyla 24,73 mm, 24,58 mm ve 24,42 mm; kabuk
genisligi 31,49 mm, 31,83 mm ve 35,55 mm; kabuk ytiksekligi 37,89 mm, 46,62 mm
ve 51,27 mm; kabuk agirhg 3,59 g, 5,07 g ve 11,65 g olarak tespit edilmistir. ve
cekirdek agirlig1 1,27 g, 1,20 g ve 2,90 g olarak belirlendi. Cekirdek oranlari sirasiyla
%35,17, %28,37 ve %25,09 olarak belirlendi.
Anahtar kelimeler: Badem, Adaptasyon, Verim, Cesit

Introduction

Almond (Prunus amygdalus Batsch) is an

Various studies on almond cultivation in Turkey
have focused on the adaptation abilities and

important member of the Rosaceae family and is
cultivated widely around the world. Turkey, with
its suitable climate conditions and broad genetic
diversity, has significant potential in almond
production. However, determining the
phenological and fruit quality characteristics of
almond cultivars grown in different ecological
regions is of great importance for yield and
quality.

Phenological traits describe the growth and
development stages of plants, while Nut
characteristics include the physical and chemical
properties of the fruit. Understanding these
characteristics plays a critical role in the selection
of suitable cultivars, determination of harvest
time, and optimization of cultivation techniques.

characteristics of almond cultivars in different
regions. For example, a study conducted in
Gaziantep examined the nut characteristics of 21
almond cultivars and 6 species. In this study, the
flowering times, fruit characteristics, and yield
potentials of different cultivars were evaluated
(Atl, 2019).

In another study conducted in the Elazig region,
the soil properties and nutrient element contents
of local almond trees were examined. This
research reveals the relationship between the
growth conditions and soil characteristics of
almond trees in the region (Akgiin et al.,, 2019).
These studies contribute to determining the most
suitable cultivars for specific ecological
conditions, revealing the performance of different
almond cultivars. However, given Turkey's vast

This article was prepared as part of Emre Yildirim’s Master's Thesis.
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geography and microclimatic diversity, specific
studies are needed for each region.

In this context, the aim of this study is to identify
the nut characteristics of different almond
cultivars in Karaman, contributing to the
identification of regionally suitable cultivars and
the development of almond cultivation in the area.

Material and Methods

This research was conducted during 2020-2021
in an orchard located in Derekdy, Karaman
province, = where  6-year-old 'Ferragnes',
'Ferraduel’, and 'Bertina’ almond cultivars grafted
on Nemaguard rootstock were planted at a
spacing of 5x5 meters. The geographical
coordinates of the orchard are 37.12 latitude and
33.29 longitude, with an altitude of 1218 meters.
The cultivation was carried out under the
prevailing  ecological conditions  without
irrigation.

Physical and nut quality traits

Fruit samples were collected from the almond
orchard to evaluate physical and nut quality traits.
A total of 100 fruits-25 fruits per replicate with 4
replicates per cultivar were randomly selected
and evaluated. The samples were evaluated based
on the methods of Simsek (1996), Kuzdere (1999),
Balta (2002), Yildirim (2007), and Giilsoy (2012).
The width, thickness, and height of the shelled
fruit (mm) were measured using a digital caliper.

Kernel weight (g): The inner kernel weights of
randomly selected fruits were determined using a
precision balance with 0.001 g sensitivity.

Kernel ratio: The kernel ratio was calculated for
randomly selected fruits from each tree using the
following formula:

Kernel Ratio (%) = (Average kernel weight /
Average shelled fruit weight) x 100

Statistical analysis

The data obtained in the study were evaluated
using the JMP 8.0 statistical software based on a
randomized plot design. The differences between
the means were analyzed using the Least
Significant Difference (LSD) test at a significance
level of P<0.05.

Results

Fruit width

According to the fruit size measurements in 2019,
Ferragnes measured 29.91 mm, Ferraduel 32.46
mm, and Bertina 36.44 mm. Among these,
Ferragnes had the smallest fruit width, while
Bertina had the largest. In 2020, the widths were
33.07 mm for Ferragnes, 31.20 mm for Ferraduel,
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and 34.66 mm for Bertina. These results showed
that Bertina had the highest fruit width in both
years, while the lowest values were recorded for
Ferragnes in 2019 and Ferraduel in 2020 (Table
1).

Variance analysis for fruit width showed that the
effects of year, replicate, and year x variety
interaction were not significant. However, the
variety factor was significant at the 5% level.

Table 1. 2019-2020 Fruit width (mm)
Cizelge 1.2019-2020 Meyve genisligi (mm)

Years 2019 2020
Ferragnes 2991+3.04b 33.07+£1.31%**
Ferraduel 3246+0.40b  31.20 +2.14 **
Bertina 3644+165a 34.66+191*
Average 32.93 32.98
P-value 0.0081 0.0917

*Different letters in the same column indicate statistically
significant differences (LSD, P<0.05).

*Aymi situndaki farkl harfler istatistiksel olarak anlamh
farkliliklar1 gostermektedir (LSD, P<0,05).

Fruit thickness

In 2019, the measured fruit thickness values were
26.70 mm for Ferragnes, 28.23 mm for Ferraduel,
and 24.81 mm for Bertina. In 2020, the
measurements were 22.77 mm, 20.94 mm, and
24.03 mm, respectively. The highest fruit
thickness was observed in Ferragnes in 2019 and
in Bertina in 2020, whereas the lowest values
were recorded for Bertina in 2019 and for
Ferraduel in 2020 (Table 2).

Variance analysis revealed that differences in
replicate and variety were not significant for fruit
thickness, but the effects of year and year x variety
interaction were significant at the 1% level.

Table 2. 2019-2020 Fruit thickness (mm)
Cizelge 2.2019-2020 Meyve kalinlig1 (mm)

Years 2019 2020
Ferragnes  26.70x1.41ab 22.77+0.35b
Ferraduel 28.23+0.69a 2094 +1.05¢c
Bertina 2481+0.71b 24.03+x0.99a
Average 26.58 22.58
P-value 0.0143 0.0016

*Different letters in the same column indicate statistically
significant differences (LSD, P<0.05).

*Ayni stitundaki farkli harfler istatistiksel olarak anlaml
farkliliklar1 géstermektedir (LSD, P<0,05).

Fruit height

In 2019, the fruit height values were 39.44 mm for
Ferragnes, 47.35 mm for Ferraduel, and 51.96 mm
for Bertina. In 2020, the values were 36.34 mm,
45.89 mm, and 59.59 mm, respectively. Bertina
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had the highest fruit height in both years, while
Ferragnes had the lowest (Table 3).

According to variance analysis, differences in
replicate and year x variety interaction were not
significant, while the year effect was significant at
the 5% level and variety differences were
significant at the 1% level.

Table 3. 2019-2020 Fruit height (mm)
Cizelge 3. 2019-2020 Meyve yiiksekligi (mm)

Years 2019 2020
Ferragnes 3944 +1.17c 36.34+048¢c
Ferraduel 4735+1.21b 4589+136Db
Bertina 5196+1.25a 50.59+3.63a
Average 46.25 42.27
P-value 0.0001 0.0004

*Different letters in the same column indicate statistically
significant differences (LSD, P<0.05).

*Aymi sttundaki farkli harfler istatistiksel olarak anlamh
farkliliklari gostermektedir (LSD, P<0.05).

Kernel weight

Kernel weight measurements in 2019 were 1.97 g
for Ferragnes, 1.14 g for Ferraduel, and 2.94 g for
Bertina. In 2020, Ferragnes had 1.27 g, Ferraduel
1.60 g, and Bertina 2.92 g. The lowest kernel
weight was observed in Ferraduel in 2019 and
Ferragnes in 2020, while Bertina had the highest
in both years (Table 4).

According to variance analysis, year and replicate
effects were not significant, but variety and year x
variety interactions were significant at the 1%
level.

Statistical analysis of kernel weight by variety
showed that, in 2019, the varieties formed three
different groups, while in 2020, Ferragnes and
Ferraduel were in the same group and Bertina was
in a separate group.

Table 4. 2019-2020 Kernel weight (g)
Cizelge 4. 2019-2020 Meyve ic agirhigi (g)

Years 2019 2020
Ferragnes 197 +0.14b 1.27+0.25b
Ferraduel 1.14+£0.24 c 1.60+0.21b
Bertina 294 +0.16a 292+0.13a
Average 2.02 1.93
P-value 0.0001 0.0001

*Different letters in the same column indicate statistically
significant differences (LSD, P<0.05).

*Ayni sttundaki farkli harfler istatistiksel olarak anlamh
farkhiliklar1 gostermektedir (LSD, P<0,05).

Kernel ratio

According to the kernel ratio measurements in
2019, Ferragnes had 36.19%, Ferraduel 27.87%,
and Bertina 25.02%. In 2020, the values were
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34.16%, 28.87%, and 25.16%, respectively. The
lowest kernel ratio in both years belonged to
Bertina, while the highest was found in Ferragnes
(Table 5).

No significant differences were found for year,
replicate, or year x variety interaction. However,
the variety factor was significant at the 1% level.

Table 5. 2019-2020 Kernel Ratio (%)
Cizelge 5.2019-2020 Meyve i¢ orani (%)

Years 2019 2020
Ferragnes 36.19+1.76a 34.16 £3.79a
Ferraduel 27.87+0.75b  28.87+0.79b
Bertina 25.02+092c 25.16+0.29c
Average 29.69 29.39
P-value 0.0001 0.0019

*Different letters in the same column indicate statistically
significant differences (LSD, P<0.05).

*Ayni sttundaki farkli harfler istatistiksel olarak anlamlh
farkliliklar1 gostermektedir (LSD, P<0.05).

Discussion and Conclusion

Almond is an important fruit species for Turkey,
and there is a need for production planning and
increased cultivation. In recent years, scientific
studies aiming to achieve this goal have continued.
Among these studies, the most critical aspect is
adaptation trials to determine suitable cultivars
for each region. However, there is still insufficient
information about which cultivar should be grown
where. Various adaptation and fruit quality
studies are ongoing with different almond
cultivars in different regions.

With this study, it is aimed to identify suitable
almond cultivars for the Karaman ecology,
integrate them into production, and thereby
contribute economically and scientifically. The
fruit physical and quality characteristics of
selected almond cultivars were identified during
this research.

Nut quality analyses showed that in Karaman’s
ecology, the shelled fruit weight was Ferragnes
(3.59 g), Ferraduel (5.07 g), and Bertina (11.65 g);
fruit width: Ferragnes (31.49 mm), Ferraduel
(31.83 mm), Bertina (35.55 mm); fruit thickness:
Ferragnes (24.73 mm), Ferraduel (24.58 mm),
Bertina (24.42 mm); fruit height: Ferragnes (37.89
mm), Ferraduel (46.62 mm), Bertina (51.27 mm);
kernel weight: Ferragnes (1.27 g), Ferraduel (1.20
g), Bertina (2.90 g); kernel ratio: Ferragnes
(35.17%), Ferraduel (28.37%), Bertina (25.09%).
In comparison, in Sanlurfa, the shelled fruit
weight was Ferragnes (3.76 g), Ferraduel (3.85 g),
Bertina (7.11 g); kernel weight: Ferragnes (3.76
g), Ferraduel (3.85 g), Bertina (7.11 g); kernel
ratio: Ferragnes (31.11%), Ferraduel (31.01%),
Bertina (24.46%). In Gaziantep, Ferragnes was
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4.15 g, Ferraduel 4.21 g, and Bertina 6.29 g for
shelled fruit weight (Parlakgi, 2008).

In other regions such as Diyarbakir, Manisa, and
Usak, fruit and kernel weights, fruit dimensions,
and kernel ratios varied depending on ecological
and cultivation conditions. For instance, in
Diyarbakir, the shelled fruit weight ranged from
1.99 to 3.59 g, and kernel ratio from 22.93% to
56.20%.

When the current study is compared with those
conducted in other regions, the differences
observed in shelled fruit weight and kernel ratios
are believed to be due to climatic and cultivation
conditions, as well as the use of dry farming in the
research area. Nevertheless, the findings are
largely consistent with previous studies,
especially those from Central and Southeastern
Anatolia.

It is considered beneficial to conduct further
research in the region regarding rootstock,
cultivar, and cultivation practices. Particularly, the
adaptation of new late-blooming almond cultivars
may be advantageous. Additionally, testing
drought-resistant or intensive cultivation-suitable
almond rootstocks in regions of Karaman with
Mediterranean climate characteristics may yield
positive results.
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Abstract
Early and accurate detection of plant diseases and pests is critical to preventingyield and quality
losses, supporting sustainable agriculture, and ensuring food security. In this study, a novel
datasetof 6,081 field images showing disease and pest symptoms on apricot ( Prunus armeniaca)
plants was created. Three pre-trained convolutional neural networks (CNNs), namely AlexNet,
GoogLeNet, and ResNet-50, were fine-tuned for the classification task. Instead of a standard
labeling strategy, a detailed labeling method was proposed, which considers both symptom type
and the affected plant organ. The CNNs were trained on two datasets: a traditional 7-class version
and a 13-class version generated using the proposed method. All models were evaluated using
5-fold cross-validation. Among all model and dataset combinations, the highest accuracy of
93.9% was achieved by the ResNet-50 model on the 7-class dataset. Although the proposed
labeling method resulted in a slight decrease in classification accuracy, the performance
difference remained small even with more classes. These findings indicate that the method is
dependable and suitable for practical applications.
Key Words: Apricot (Prunus armeniaca), Plant disease and pest detection, Convolutional neural
networks (CNNs), Transferlearning, Detailed labeling

Ince Ayarlanmis CNN'ler ve Belirti-Organ Diizeyinde Etiketleme ile
Arazi Goriintillerinden Kayis1 Bitkisi Hastalik ve Zararhlarmin
Tespiti

Ozet
Bitki hastalik ve zararlilarinin erken ve dogru tespiti, verim ve kalite kayiplarinin énlenmesi,
siirdiiriilebilir tarimin desteklenmesi ve gida giivenliginin saglanmasi agisindan kritik 6neme sahiptir.
Bu calismada, kayis1 (Prunus armeniaca) bitkilerinde hastalik ve zararli semptomlarini gosteren 6.081
adet arazi goriintiisiinden olusan 6zgiin bir veri seti olugturulmustur. On-egitimli evrisimsel sinir ag
(CNN) modelleri AlexNet, GoogLeNet ve ResNet-50 siniflandirma gorevi i¢in ince-ayarlanmigstir.
Standart bir veri etiketleme stratejisi yerine, hembelirti tiirtinii hem de etkilenen bitki organini dikkate
alan ayrintil bir etiketleme yontemi 6nerilmistir. CNN modelleri, biri geleneksel 7-smifly, digeri ise
onerilen yontemle olusturulan 13-smifli olmak tizere iki ayr1 veri seti tizerinde egitilmistir. Tiim
modeller bes-katll ¢apraz-dogrulama yontemi ile degerlendirilmistir. Tim model ve veri seti
kombinasyonlari arasinda en ytiksek dogruluk oran olan %93,9’a, ResNet-50 modelinin 7-sinifh veri
seti tizerinde elde ettigi sonugla ulasiimistir. Onerilen etiketleme yéntemi siniflandirma dogrulugunda
kii¢iik bir diistise neden olsa da, sinif sayisinin artmasina ragmen performans farki diisiik kalmistir. Bu
bulgular, yontemin giivenilir oldugunu ve pratik uygulamalar i¢in uygunlugunu gostermektedir.
Anahtar kelimeler: Kayis1 (Prunus armeniaca), Bitki hastalik ve zararh tespiti, Evrisimsel sinir aglan
(CNN), Transfer 6grenme, Ayrintili etiketleme.

Introduction

may vary depending on the plant’s phenological

Plant diseases and pests cause significant yield
and quality losses in agricultural production.
These losses vary depending on the spread and
stage of the diseases and the population of the
pests, and can reach up to 100%, even resulting in
plant deaths. Furthermore, due to the damage they
inflict on various plant organs, they can negatively
impact the productivity of subsequent years, not
just the current year’s yield. Preventing these
losses and increasing the success of agricultural
pest and disease management can be achieved by
accurately diagnosing diseases in their early
stages or before the pest population exceeds the
economic threshold for damage (Mohanty et al,
2016).

Diagnosing plant diseases and pests is a task that
requires both time and expertise. The symptoms

stage and environmental conditions. This further
complicates the diagnosis of plant diseases and
pests. Diagnoses made by plant protection experts
are not always accurate. This situation canlead to
delayed or incorrect treatments, which may result
in more severe crop damage. Due to these
challenges, artificial intelligence (AI) solutions
have become a necessity to support fast and
accurate diagnoses. Al-powered plant disease and
pest diagnosis systems support sustainable
agriculture and contribute to food security in the
long term.

In this study, the aim is to detect diseases and
pests on apricot (Prunus armeniaca) plants using
deep learning methods with images obtained
under field conditions. In this regard, a novel
image dataset has been created, which includes
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disease symptoms at different stages, the levels of
damage caused by pests, and the effects on various
plant organs. As prediction models, commonly
used pre-trained CNN architectures such as
AlexNet (Krizhevsky et al, 2017), GoogLeNet
(Szegedy et al, 2015), and ResNet-50 (He et al,
2016) were fine-tuned and adapted to the
problem. Additionally, an alternative labeling
strategy based on combinations of diseases/pests
and plant organs has been proposed, and the
effects of this detailed labeling structure on
classification performance have been evaluated.
In recent years, the number of deep learning-
based approaches fordetecting plant diseases and
pests has been increasing (Ahmad et al.,, 2023; Liu
and Wang, 2021; Shoaib et al,, 2025; Tugrul et al.,
2022). Deep learning-based models, which are
widely used in this field, exhibit superior
performance in image classification and object
detection tasks. In particular, adapting CNN-based
architectures to different datasets with transfer
learning enables working with limited examples
and increases the overall performance of the
model (Altuntas et al., 2019; Turkoglu et al., 2022;
Yao et al., 2024).

Ferentinos (2018) classified various plant
diseases using different CNN architectures and
achieved very successful results on the
PlantVillage dataset. Similarly, Mohanty et al.
(2016) demonstrated the advantages of transfer
learning by retraining pre-trained networks
instead of training CNN models directly.

Turkoglu et al. (2020) proposed a CNN model for
apricot disease detection. They examined how
different convolution filter sizes affected
classification performance. The highest accuracy,
98.20%, was achieved using a 9x9 Kkernel.
Falaschetti et al. (2022) developed a lightweight
CNN-based plant disease detection system
running on a low-cost, low-power embedded
device. The system was tested on both binary and
multi-class  classification tasks. It achieved
accuracy rates of 98.10% and 95.24%,
respectively. Yao et al. (2024) utilized data
augmentation and transfer learning in their work
on tea leaf blight detection. They particularly
stressed that under conditions of limited samples,
relying solely on data augmentation might prove
inadequate, and that transfer learning offers
notable advantages. Shafik et al. (2024)
introduced a pair of new models for detection
plant diseases. They put to use fine-tuned CNN
models for extracting deep features. Their trials,
carried out on PlantVillage dataset, uncovered
that both the early fusion and ensemble learning
models  demonstrated strong  predictive
performance, achieving 96.74% and 97.79%
accuracy rates. In their study, Ashurov et al.
(2024) introduce a modified depthwise CNN
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architecture that incorporates squeeze-and-
excitation blocks along with improved residual
skip connections for plant disease detection.
According to the authors, the model achieves 98%
accuracy across diverse plant species and disease
types. Perumal et al. (2024) proposed an CNN-
based approach for detecting plant diseases. They
optimized model parameters and used visual
interpretation techniques to better understand
the network’s decisions. The method achieved
strong classification performance and showed
promise for real-time use in agriculture.

Within the scope of transfer learning, fine-tuned
CNN models have been successfully applied on
different datasets. However, in addition to using
these models directly for classification, their use
as feature extractors has also found a response in
the literature. For example, Too et al. (2019)
combined deep features with traditional methods
by classifying the intermediate layer features
extracted from various CNN architectures with
Support Vector Machines (SVM). Altuntas and
Kocamaz, (2021) combined the deep features
obtained from 3 CNN models and classified them
with SVM and managed to detect tomato diseases
and pests with high performance.

However, a significant portion of existing studies
has been conducted with limited datasets and
mostly under controlled laboratory conditions
(Moupojou et al., 2023). This study aims to analyze
apricot diseases and pests in a more realistic
scenario using a unique dataset created from
images obtained under field conditions.

In this context, the study makes the following
original contributions: (i) Anovel image dataset of
apricot diseases and pests obtained under field
conditions has been created. (ii) The impact of
detailed class labels based on disease/pest and
plant organ combinations on classification
performance has been investigated. (iii) AlexNet,
GoogLeNet, and ResNet-50 CNN models have been
fine-tuned and adapted to the apricot plant
disease and pest detection problem, and their
performance has been evaluated.

The remaining sections of this paper are organized
as follows. The technical details of the proposed
model are presented in the Materials and Methods
section. The experimental results are reported in
the Results section. Discussion, general
conclusions and recommendations for future
work are provided in the Discussion and
Conclusion section.

Materials and Methods

Dataset collection

The study was conducted during the 2021-2022
period through fieldwork in producer orchards
located in the Malatya, Kayseri, and Aksaray
provinces of Tirkiye, primarily in the trial and



Meyve Bilimi/Fruit Science

production orchards of the Apricot Research
Institute Directorate. The objective was to create a
unique image dataset for use in disease and pest
detection studies. Healthy and disease or pest
infected apricot orchards were surveyed, and
images of visible disease symptoms and pest
damage on various plant organs were collected.

Images were captured under natural field
conditions using digital cameras and smartphones
of different brands and models, resulting in
variations in lighting, framing, and distance. Care
was taken to ensure that disease symptoms and
pest damage were clearly visible and, where
possible, centered in the frame. All collected

images were labeled by a subject expert through
visual diagnosis.

The dataset comprises images showing disease
symptoms and pest damage on apricot leaves,
fruits, shoots, branches, and stones. It includes
examples from different developmental stages of
three diseases (shot hole, monilia, and sharka) and
three pest types (aphids, plum scale, and leaf
blister mite). In total, the dataset contains 6,081
images. The detailed distribution ofimages across
diseases, pests, plant organs, and classes is
provided in Table 1, offering an overview of the
dataset's structure and balance.

Table 1. Detailed information of the dataset, including class and organ-specific image counts
Cizelge 1. Sinif ve organ bazh gériintii sayilarini iceren veri setine ait ayrintili bilgiler

Class Name Scientific Name Leaf Fruit Shoot / Branch Stone Total Images
Aphid Myzus persicae 420 0 0 0 420
Healthy - 449 665 86 204 1,404
Leaf Blister Mite Acalitus phloeocoptes 515 0 0 0 515
Monilia Monilinia laxa 0 336 336
Plum Scale Parthenolecanium corni 0 0 739 0 739
Sharka Plum poxvirus (PPV) 398 375 0 143 916
Shot Hole Wilsonomyces carpophilus 974 777 0 0 1,751
Total Images 2,756 1,817 1,161 347 6,081

The leaf images consist of samples of shot hole and
sharka diseases, as well as aphid and leaf blister
mite pests, along with healthy ones. Shot hole
disease presents as round, red lesions surrounded
by a light-colored halo on young leaves. These
lesions  gradually turn brownish-centered,
reddish-brown spots, and after 5-10 days, they fall
off, creating holes in the leaf. Sharka disease
causes scattered line and halo-shaped symptoms
around the secondary veins of the leaves. Aphids
cause the leaves they feed on to curl and form red
spots. Leaf blister mites form round or oval horn-
like galls on the undersurface of the leaves. The
gall tissue on the underside of the leaf causes
irregular, raised, yellowish-green to reddish spots
on the upper side (Tarim ve Orman Bakanlgi,
2022). Example images of the relevant classes are
presented in Figure 1.

The fruit images consist of samples of shot hole
and sharka diseases, along with healthy ones. Shot
hole disease creates depressions on the fruit
surface, accompanied by lesions with a light-
colored halo around them. The symptoms of
sharka disease on fruits are bright yellow rings or
deep wounds extending to the stone (Tarim ve
Orman Bakanligi, 2022). Example fruit images
from the dataset are presented in Figure 2.

Shoot and branch images include samples of
monilia disease and plum scale pest, along with
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healthy individuals. Shoots infected with monilia
disease turn brown; thin shoots dry completely,
while thicker ones develop sunken, elliptical or
elongated cracks. The plum scale pest forms
visible colonies on the trunks and thicker
branches (Tarim ve Orman Bakanlg, 2022).
Example shoot/branch images from the dataset
are presented in Figure 3.

Stone images consist of samples of sharka disease,
along with healthy ones. Dark spots surrounded
by yellow or cream-colored rings on the stone are
typical symptoms of sharka disease (Tarim ve
Orman Bakanligi, 2022). Healthy stones have
smooth and uniform surfaces. Example stone
images from the dataset are presented in Figure 4.

Data preprocessing

Among the pre-trained CNN models used in this
study, AlexNet requires input images of 227x227
pixels, whereas GoogLeNet and ResNet-50 require
224x224 pixels. Therefore, the original images in
the dataset, which had varying resolutions, were
first cropped to a square format while preserving
their aspect ratio. During cropping, equal portions
were removed from both ends of the longer side,
based on the difference in length between the two
dimensions. Subsequently, the cropped images
were resized to meet the input requirements of
the respective models.
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Figure 1. Images of sample leaves from the dataset, visually depicting symptoms and damage caused by
aphids (top-left), leaf blister mites (top-right), shot hole (bottom-left), and sharka (bottom-middle). A
healthy one is also presented (bottom-right).

Sekil 1. Yaprak biti (sol-iist), yaprak uyuzu (sag-iist), ¢il (sol-alt) vesarka (orta-alt) hastalik ve zararlilarinin
sebep oldugu simptom ve belirtileri gosteren veri setine ait 6rnek yaprak goriintiileri. Saghkl bir yaprak da
sunulmustur (sag-alt).

Figure 2. Sample fruit images. These display symptoms of shot hole (left) and sharka (middle) diseases,
alongside a healthy one (right).
Sekil 2. Ornek meyve goriintiileri. Bu gorsellerde il (sol) ve sarka (orta) hastaliklarina ait simptomlar ile

birlikte saglikli bir meyve (sag) gosterilmektedir.
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Figure 3. Shoot and branch images illustrating symptoms of monilia disease (left) and plum scale pest

infestation (middle), plus a healthy sample (right).

Sekil 3. Monilya hastaligina ait semptomlar1 (sol) ve erik kosnili zararlisi belirtilerini (orta) gosteren stirgiin
ve dal goriintiilerinin yani sira saglikli bir 6rnek (sag).

Figure 4. Apricot stone images. Symptoms of sharka disease are visible on the left, shown with a healthy

stone on the right.

Sekil 4. Kayisi cekirdegi goriintiileri. Sarka hastaligina ait simptomlar sol tarafta goriilmekte, sagda ise

saglikl bir ¢ekirdek gosterilmektedir.

CNN Architectures and fine-tuning approach
Convolutional Neural Network (CNN)
architectures, which demonstrate superior
performance in solving computer vision problems
such as image classification, object recognition,
and object tracking, differ from traditional neural
networks by incorporating convolutional blocks,
where features are discovered, and pooling layers,
which reduce the dimensionality of the data
(Lecun etal, 2015).

In CNN architectures, feature extraction is
performed through convolution, activation
functions, and pooling layers. This process enables
the extraction of meaningful features from raw
data. In the convolutional layer, the image is
processed using specific filters, resulting in visual
features such as horizontal, vertical, and angular
edges, as well as smoothed and sharpened
versions of the image. The pooling operation, on
the other hand, reduces the image size using
functions like average or maximum value pooling.
This process increases the computational
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efficiency of the network, thereby improving
overall performance.

The extracted features are then transformed into
vector form and classified through the fully
connected layer. In the final stage, the error value
calculated at the network's output is used in the
backpropagation algorithm to update the
convolutional filters and the weights of the fully
connected layer. Through this process, the model
gains the ability to make more accurate
predictions during the learning process.

CNN models require large amounts of data as they
automatically learn the representation of the data
(He et al, 2019). Additionally, training these
models requires high computational costs
(Kornblith et al, 2019). To overcome these
disadvantages, transfer learning techniques have
been developed. Transfer learning is a machine
learning method in which the knowledge gained
by solving one problem is reused as a starting
point to solve a different problem. Pre-trained
CNN models are used as starting points for solving
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different problems, allowing high classification
performance to be achieved on smaller datasets
with lower computational costs (Altuntas and
Kocamaz, 2021; Kornblith et al,, 2019).

A brief overview of the CNNs employed in this
study is presented below: AlexNet considered one
of the foundational architectures in deep learning.
It consists of a total of eight layers, including five
convolutional layers for feature extraction and
three fully connected layers for classification. Its
relatively simple structure laid the groundwork
for later CNN advancements.

GoogLeNet introduced the innovative Inception
module, which enables the network to capture
multi-scale features within a single layer by
combining multiple convolutional operations.
Although it comprises 22 layers, GoogLeNet
maintains efficiency through the strategic use of
1x1 convolutions for dimensionality reduction.
ResNet-50 is a deep residual network with 50
layers, specifically designed to overcome the
vanishing gradient problem often encountered in
very deep architectures. By employing residual
connections, it facilitates more effective gradient
flow and faster convergence. ResNet-50 is widely
adopted in transfer learning due to its balance of
depth, performance, and computational efficiency.

Data labeling approach

The image data obtained in this study were
diagnosed by the subject matter expert within our
research team. During the data labeling phase,
each image was labeled according to the disease
symptoms or pest indications it showed. Disease
and pest names were used as class labels, resulting
in a dataset with 7 classes: 3 diseases, 3 pests, and
1 healthy class.

Diseases and pests can cause symptoms and
damage on multiple plant organs. These
symptoms and damages may visually differ
significantly depending on the plant organ. To
ensure that the dataset aligns with real-world
conditions, images were collected from different
plant organs. Therefore, each image was
categorized based on which plant organ the
primary feature belonged to. The dataset consists
of images obtained from 4 main plant organs: leaf,
fruit, shoot/branch, and stone.

Since some diseases and pests cause symptoms
and damage on multiple plant organs, visual
differences appear between these symptoms and
damages. This results in high intra-class variance.
High intra-class variance can make it challenging
for the model to make accurate predictions (Wei
et al, 2022). Therefore, to improve the
classification performance of the deep learning-
based prediction models (fine-tuned CNN), a
second data labeling approach was proposed with
detailed datalabeling. In the first dataset, 7 classes
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were created using disease and pest names, while
in the second dataset, 13 classes were formed by
combining disease and pest names with plant
organs (disease-pest x plant organ). This data
labeling strategy aims to increase inter-class
variance while reducing intra-class variance.

Experimental setup

To measure the classification performance of the
CNN models used in the study, the k-fold cross-
validation procedure was applied. In the hold-out
validation procedure, performance evaluation
based on a single training-test split can be either
fortunate or unfortunate. k-fold cross-validation
reduces the variance caused by data splitting by
including all the samples in the test set once. In
addition, results may vary even on the same data
split due to factors such as dropout layers in CNN
architectures, random weight initialization, or the
order of mini-batches. Evaluating the models with
different folds creates random training conditions,
allowing the changes resulting from the stochastic
nature of deep learning to be reflected in the
average. The results are presented as mean and
standard deviation values. In this way, a more
reliable performance evaluation can be made. In
this study, the number of folds was set to 5,
considering the number of samples and their class
distribution.

An evaluation framework is proposed to compare
the predictive performance of CNN models and to
fairly evaluate the effects under different data
labeling approaches. This evaluation framework
ensures that all models are trained with the same
training, validation and test samples on different
data labeling approaches. In this framework, the
13-class labeled dataset is divided into 5 folds. In
order to prevent underrepresented classes from
being left out by chance, the partitioning process
is carried out by taking into account the class
ratios in each fold. Then, each fold is divided into
two subsets, 75% of the samples in the fold are for
training and 25% of the samples in the fold are for
validation. First, the entire first fold was used as
the test set, while the training subsets of the
remaining four folds were combined to form the
training set, and their validation subsets were
merged to form the validation set. The training
process was then carried out using these sets.
Then, the entire second fold was used as the test
set, while the training subsets of the remaining
four folds were merged to create the training set,
and their validation subsets were combined to
form the validation set. The training process was
then carried out using these sets. This process is
repeated five times, each time using a different
fold for testing. Thus, it is guaranteed that each
model is trained with the same training, validation
and test sets.
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After the training of all CNN models used in the
study was completed on the 13-class labeled
dataset, the five folds created for the 13-class
dataset were converted into folds for the 7-class
version. The detailed class labels within each fold
were mapped back to their original categories. For
example, SharkaXFruit, SharkaXLeaf, and
SharkaXStone classes were converted to Sharka
class. The same process was applied to other
detailed classes. Model trainings were repeated
for each fold as explained above. Thus, not only
CNN models but also data labeling approaches
were partitioned with the same training,
validation and test sets.

Training models for a fixed number of epochs may
lead to overfitting or, conversely, underfitting.
Therefore, an early stopping procedure was
adopted as a regularization technique. Models
were evaluated on the validation set in each epoch.
Training was stopped if no improvement in
validation accuracy was observed during five
consecutive epochs.

Evaluation metrics

In this study, accuracy (Acc.), precision (Pre.),
recall (also known as sensitivity), and F1 score
performance metrics were used to evaluate and
compare the classification performances of the
fine-tuned CNN models. These metrics are
calculated using the values of True Positive (TP),
False Positive (FP), False Negative (FN), and True
Negative (TN) obtained from the confusion matrix.
The confusion matrix summarizes the number of
correct and incorrect predictions made by the
model on the test set.

In multi-class classification problems,
performance metrics are calculated separately for
each class. For the class under evaluation, correct
predictions are considered as TP, while incorrect
predictions for that class are counted as FN. All
other classes are treated as negative. Among these,
instances that do not belong to the positive class
and are correctly not predicted as such are
classified as TN. Conversely, instances from
negative classes that are incorrectly predicted as
positive are counted as FP.

The mathematical formulas for the performance
metrics used in this study are given below.

e TP + TN .
T TPYFP+FN+TN &y
pre.= —1 2
"¢ TP FP 2)
Recall = — % 3
R (3)
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2%TP

Flscore = o b ¥ FP + FN

(4)

In addition, the overall performance of the model
is assessed using the overall accuracy metric,
whose formula is also provided below.

L TP,

Overall Acc.= oy—————<
N (TP, + FP)

(5)

Here, N refers to the number of classes, while TP;
and FPi represent the number of correct and
incorrect positive predictions for the ith class,
respectively.

Results

All procedures in this study were conducted using
MATLAB® R2020b. The computer used for the
study was equipped with a 2.6 GHz i5 processor, a
512 GB SSD hard drive, 8 GB DDR4 system
memory, and a 4 GB graphics card.

This study aimed to accurately detect apricot
diseases and pests from images of different plant
organs captured under field conditions using fine-
tuned CNN models. To support this goal, two
different labeling strategies were employed: a
conventional 7-class structure and a more
detailed 13-class structure that incorporates both
disease-pest types and affected plant organs. The
dataset was evaluated using stratified 5-fold
cross-validation. Each model was evaluated using
the same data partitions across folds, ensuring a
fair basis for comparison between models and
labeling methods. The results are reported as the
mean and standard deviation of performance
metrics across all folds.

Stochastic Gradient Descent with Momentum
(SGDM) was used as the optimization method for
fine-tuning the CNN architectures (Murphy,
2012). The hyperparameters were set as follows:
The final fully connected layers of the models were
replaced with fully connected layers having
output sizes of 7 and 13, respectively, to match the
number of classes in each dataset. The maximum
number of epochs was set to 100, the mini-batch
size to 32, and the learning rate to 107

The validation procedure was performed once at
the end of each epoch. If no improvement in
validation performance was observed for five
consecutive validation runs, training was
terminated early. Table 2 summarizes the total
training time and total number of epochs spent
across the five folds, along with the mean and
standard deviation of validation accuracy for each
model and dataset.
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Table 2. Total training time, total number of epochs, and validation accuracy (mean * standart deviation)
obtained from the models after fine-tuning procedure

Cizelge 2. Modellerin ince-ayarlama islemi sonrasinda elde edilen toplam egitim siiresi, toplam egitim
dongiisii sayis1 ve dogrulama basarimi (ortalama * standart sapma)

Val. Accuracy

Model Dataset Total Training Time Total Epochs (%, Mean  SD)
7-class 3 hr 28 min 59 sec 91 88.28+0.63
AlexNet
13-class 3 hr 16 min 23 sec 85 87.48+0.81
7-class 11 hr 48 min 24 sec 105 91.87+0.60
GoogLeNet
13-class 10 hr 48 min 36 sec 102 91.60+0.83
7-class 36 hr 37 min 22 sec 133 94.35+0.34
ResNet-50 i
13-class 32 hr 31 min 28 sec 128 93.51+0.64

Table 3. Classification results of the fine-tuned AlexNet model
Cizelge 3. Ince-ayarlanmis AlexNet modeline ait simiflandirma sonuglari

DataSet Class Name TP FP FN TN ‘?‘;:) l(?(;)e) R(eoz;" on/i;r gzzr;}l)
A A
Leaf Blister Mite 423 81 92 5,485 2(7);? iggi iiig zigz

7-class  Monilia 304 38 32 5707 23:?2 23132 zg:gg 22:22 88.80+0.66
nmsae e w w5 A8 ER B
Shot Hole 1621 156 130 4,174 23:2? Zi:gg zi:gg 232
N N

99.42 89.76 68.56 76.93
+0.15 +10.50 +10.80 +6.68

97.32 86.90 89.02 87.91

HealthyXBranch 59 8 27 5,987

HealthyXFruit 592 90 73 5,326 +0.41 +3.06 +2.16 +1.76

96.70 79.69 74.37 76.81
HealthyXLeaf 334 86 115 5,546 +0.46 +4.23 +5.70 +3.59
HealthyXStone 196 3 8 5,874 99.82 98.56 96.07 97.27

+0.07 +2.14 +2.20 +1.03
97.52 85.56 85.24 85.34
+0.31 +3.54 +2.70 +1.72
- 99.08 93.00 90.18 91.55
13-class  Monilia 303 23 33 5,722 +0.27 +316 +2.70 +2.45 88.18+0.64

98.65 92.73 96.48 94.55

Leaf Blister Mite 439 75 76 5,491

Plum Scale 713 56 26 5286 o0 L c 1254 147
SharkaXFruit 318 58 57 5648 23:;1 i;;ég igzzg E;Zg
SharkaXLeaf 317 94 81 sss9  rZ TS TOHh 7838
SharkaXSone 138 85 5930 Joid B L e
Shot HoleXFruit ~ 695 71 82 5233 23:‘2}2 Zggg ig:gz 2225
Shot HoleXLeaf 900 109 74 4,998 28;23 232? z;;zg 22:33
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Table 4. Classification results of the fine-tuned GoogleNet model
Cizelge 4. Ince-ayarlanmis GoogLeNet modeline ait siniflandirma sonuglari

DataSet Class Name TP FP FN TN ’3;:)' ?or/oe]. R(?,ZSH F(lo/:)cr :c Z?I(‘f:/ll)
w m m san N 28 N 27
Leaf Blister Mite 456 69 59 5,497 Zggg iggz izzg S;%

7-class Monilia 307 24 29 5,721 23;2 z;;: 2;;; 2;32 91.43+0.74
pmsle e s s D% BT B
swre e o oo aze % WE %m up
e @ sew BF D% 2m %2
HealthyXBranch 71 12 15 5983 Zg:i? igzgg :8120..4299 iizgg
helbipit 620 78 45 sams 0790 8892 923 %095
helhyileal 3 89 G sse (700 Ol49 8619 @73
HealthyXStone 199 5 5 5,872 zg?g izzg 2;32 zzgz
LatBliserMie 444 9 71 sy OB03 9028 @62l gm0

13-class  Monilia 307 22 29 5,723 zg(l)s ziig 213(75 25?% 91.30£0.67
pmsae T s w swe BT %n %
SaaXfrit 35 35 57 sen 0049 01 w0 e
SwaXlest 322 72 76 sen /%6 G207 8091 g1
swase 16 wwm SN RRTH e
Shot HoleXFruit 730 38 47 5266  .oo) zgég Zigz 2‘1*:%
ShotHoleXLeaf 913 60 61 5047 000 2302 93Th 9378

Table 3 presents the classification outcomes of the five folds, and the associated metrics are

fine-tuned AlexNet model on the 7-class and 13-
class datasets. Confusion matrix values are shown
as totals across all five folds, while the
performance metrics are summarized using mean
and standard deviation.

Table 4 summarizes the results obtained with the
fine-tuned GoogLeNet model for both labeling
approaches. The confusion matrices reflect total
counts across the five folds, and the performance
values are reported as averages with standard
deviations.

Table 5 provides the classification performance of
the ResNet-50 model using the two labeling
schemes. Confusion matrix totals are based on all
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expressed as mean and standard deviation.

Discussionand Conclusion

This study aimed to accurately detect apricot
diseases and pests from images of different plant
organs captured under field conditions using fine-
tuned CNN models. For this purpose, our research
team constructed an original dataset consisting of
6,081 images including healthy samples and
samples affected by three diseases and three
pests. In addition to the 7-class dataset, a second
13-class dataset was created by combining
disease-pest types with plant organ labels through
a detailed labeling approach.
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Table 5. Classification results of the fine-tuned ResNet-50 model
Cizelge 5. Ince-ayarlanmis ResNet-50 modeline ait siniflandirma sonuglari

DataSet Class Name TP FP FN TN .?‘;oc) :;Z)e)' R(e;z;ll on/i ;r :c Z?I(‘f:/ll)
e o e G0 0 4n %
N
Leaf Blister Mite 463 28 52 5,538 iggg z;;z ig?g iigi

7-class  Monilia 304 21 32 5724 22:;3 23:3; zg:‘;g 2;:23 93.90+0.39
nnsas mw o s G A om
I
savo w0 me Sk T
R
HealthyXBranch ~ 64 13 22 5982 zg:g 2;:?1 fo% Zg:gz
HealthyXFruit 628 69 37 5347 zg:ég Zg:g; Z?ﬁ ziig
HealthyXLeaf 401 61 48 5571 zgé; iizgg ig:ig zg:gg
HealthyXStone 198 6 6 5871 zg?g 2;;2 z;g; zzgi
Leaf Blister Mite 465 27 50 5539 zg:;g z;ﬁ zgjg zi:gj

13-class  Monilia 305 24 31 5721 23:12 2;:;‘; Zg:;; :ﬁ:;g 93.27+1.18
s v w s 0 A AL
SharkaXFruit 338 25 37 5681 Zg:gj 23:(1)2 zg:;g Zi:gz
SharkaXLeaf 358 42 40 5641 zg:gg 33:2‘1} ig:zg zg:z(l)
R
Shot HoleXFruit ~ 737 30 40 5274 zg:gz Z?:é(z) Z‘;:gg ziig
Shot HoleXLeaf ~ 927 46 47 5061 zg:‘;z zi% Zig zg:gi

The motivation behind this detailed labeling was
to reduce intra-class variance and increase inter-
class variance, thereby improving classification
performance. Accordingly, the  AlexNet,
GoogLeNet, and ResNet-50 CNN architectures
were fine-tuned and adapted to the problem, and
their performances were compared. The results
showed that these three models achieved overall
accuracy rates of 88.80%, 91.43%, and 93.90%,
respectively, on the 7-class dataset. On the 13-
class dataset, the models achieved 88.18%,
91.30%, and 93.27% accuracy, respectively. All
three models produced highly successful results. A
trend was observed where deeper architectures
outperformed shallower ones in terms of
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classification accuracy, suggesting a potential
advantage of increased representational capacity.
However, when tested on the 13-class labeled
dataset created through detailed labeling, each
model exhibited a slight, statistically insignificant
drop in classification performance. One potential
reason for this decline is the increased visibility of
class imbalance as the number of classes
increased. Furthermore, although the images
were labeled based on plant organs, they were
captured under real field conditions, often
containing multiple plant parts in a single image.
The background complexity and the presence of
different plant organs together may be other
contributing factors to the performance drop.
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In future studies, it is planned to create a more
balanced dataset by incorporating additional
images or applying data augmentation techniques.
To improve the classification performance of the
detailed 13-class dataset, the use of attention
mechanisms  or hierarchical classification
approaches will be considered. Additionally,
hybrid or ensemble learning methods that
combine the feature extraction capabilities of
different CNN architectures will be explored to
further enhance classification success.
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