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Fatsa’nin (Ordu, Tiirkiye) Yerel Kishik Armutlar*
Local Winter Pears of Fatsa District (Ordu, Tiirkiye)
Alev Yilmaz1"*', Saim Zeki Bostan?
Gelis Tarihi (Received): 20.09.2024 Kabul Tarihi (Accepted): 16.01.2025  Yayin Tarihi (Published): 22.04.2025

Oz: Bu calismanin amaci Fatsa (Ordu) ilgesinde uzun yillardir yetistirlmekte olan yerel armut gesitleri igerisinden {imitvar olan kiglik gesitleri belirleyip
pomolojik yonden tanimlamaktir. Once ilgede kishk yerel armut gesitlerin bulundugu yerler belirlenerek ¢alismaya baglanmistir. Bunun sonucunda 8
gesit ve ayni isimle adlandirilmis fakat farkli dzelliklere sahip oldugu goriilen 30 genotip olmak iizere toplam 38 gesit belirlenmistir. Calismada 6nemli
meyve ve yaprak pomolojik 6zellikleri degerlendirilmistir. Bunun icin meyvelerde fiziksel, kimyasal, gorsel ve duyusal analizler ile yapraklarda
fiziksel 6l¢iimler yapilmistir. Analiz ve degerlendirmeler meyve agirhiginin 45.1 g (Cortiik)-307.1 g (Kighk 11), meyve eninin 44.3 mm (Cortiik)-84.9
mm (Kislik 11), meyve boyunun 43.3 mm (Cortiik)-87.6 mm (Kislik 12), pH degerinin 3.3 (Kislik 19)-5.5 (Bal Armut 5), suda ¢6ziiniir kuru maddenin
%9.1 (Kiglik 13)-%12.8 (Hicucur) ve titre edilebilir asidin %1.3 (Bal Armut 4)-%13.6 (Benekli), yaprak eninin 35.9-59.5 mm, yaprak boyunun 45.3-83.3
mm, yaprak sap1 uzunlugunun 22.5-65.7 mm ve yaprak sap1 kalmliginimn 0.5-1.2 mm arasinda oldugunu ortaya koymustur. Pomolojik 6zelliklere gore
yapilan genel kalite degerlendirmesi, sirasiyla ‘Kighk 237, ‘Kighk 12/, ‘Bal Armut 3’, ‘Kes Armut’, ‘Hicucur’ ve ‘Susak Bogaz’ yerel kighk armut
gesitlerinin gelecekteki gesit 1slahi ¢alismalarinda kullanilmaya deger oldugunu ortaya koymustur.

Anahtar Kelimeler: Pyrus communis, Armut, Kighk Cesit, Yerel Cesit, Pomoloji

&

Abstract: The aim of this study was to identify and pomologically describe the promising winter varieties among the local pear varieties that have
been grown in Fatsa (province of Ordu, Tiirkiye) district for many years. Firstly, the study was started by determining the locations of winter local
pear varieties in the district. As a result, a total of 38 varieties were identified, including 8 varieties and 30 genotypes named with the same name but
with different characteristics. Important fruit and leaf pomological characteristics were evaluated in the study. For this purpose, physical, chemical,
visual and sensory analyses were performed on the fruits and leaves. Analyses and evaluations revealed that fruit weight was 45.1 g (Cortiik)-307.1 g
(Kighk 11), fruit width was 44.3 mm (Cortiik)-84.9 mm (Kiglik 11), fruit length was 43.3 mm (Cortiik)-87.6 mm (Kighk 12), pH value was 3. 3 (Kighk
19)-5.5 (Bal Armut 5), soluble solid contents 9.1% (Kislik 13)-12.8% (Hicucur) and titratable acid content 1.3% (Bal Armut 4)-13.6% (Benekli), leaf width
35.9-59.5 mm, leaf length 45.3-83.3 mm, petiole length 22.5-65.7 mm and petiole thickness 0.5-1.2 mm. The general quality evaluation according to
pomological characteristics revealed that local winter pear varieties 'Kighk 23, 'Kiglik 12', 'Bal Armut 3', 'Kes Armut', 'Hicucur' and 'Susak Bogaz' are
worthy to be used in next variety breeding studies.

Keywords: Pyrus communis, Pear, Winter Variety, Local Variety, Pomology
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Alev YILMAZ, Saim Zeki BOSTAN

GIRIS

Armut Rosaceae familyasinin Maloideae (Pomoideae) alt familyas1 Pyrus cinsine ait olup Avrupa, iliman
Asya ve Kuzey Afrika'nin daglik bolgelerinde dagilim gosteren, en az 26 yaygin olarak taninan birincil tiir
ve 10 dogal olarak olusan tiirler aras1 melez taksonu olan bir meyve tiiriidiir. Armut 1slahi i¢in potansiyel
gen havuzundaki genetik erozyon riskini degerlendirmek igin Pyrus tiirlerinin yabani popiilasyonlarinin
mevcut dagilimi, durumu ve genetik cesitliligi hakkinda daha kapsaml bilgiye ihtiya¢ vardir. Ekonomik
acidan onemli 6zellikler icin toplanan ve yerel germplazmi karakterize etme ve degerlendirme cabalar:
gibi, in situ ve ex situ koruma i¢in daha fazla ¢aba gosterilmelidir. Hem germplazm zengini hem de
germplazm eksikligi olan {iilkelerin bakis acilar1 ve ihtiyaglar1 goz oniinde bulundurularak daha fazla
uluslararasi is birligi ve genetik kaynaklara erisim arzu edilen bir durumdur (Bell ve Itai, 2010). Diinya
capinda yetistirilen en 6nemli meyve tiirlerinden biri olan armudun 75-80 civarinda tiirii bulunup bunlar
icerisinde mevcut armut tiirleri arasinda ayrim yapmay1 zorlastiran bazi melezler de bulunmaktadir. Bu
karmasikligin ortadan kaldirilmasi ancak yapilacak arastirmalara baglidir. Diinyanin farkli ekolojilerinde
meyve pomolojik 6zellikleri bakimindan birbirinden oldukga farkli ¢cok sayida armut kiiltiir ¢esidi, yerel
cesit ve genotipleri mevcuttur. Ozellikle bakir halde olanlar1 heniiz 1slah edilemediklerinden az sayidaki
kiltiir gesidi ile {iretim gergeklestirilmektedir (Quinet ve Wesel, 2019).

Pyrus communis L. yiiksek besin ve ekonomik degerine sahip énemli bir iliman iklim meyvesidir (Draga
vd., 2023). Armutlar, sagliga faydalar bilinen 6nemli biyoaktif bilesikler olan fitokimyasallarin, 6zellikle
de fenoliklerin iyi bir kaynagi olup meyvenin anatomik kisimlar1 6nemli miktarda seker, organik asit,
polifenol ve triterpenoid igcermektedir. Bunlar meyve kalitesinin korunmasinda ve besleyici degerin
belirlenmesinde 6nemli rol oynarlar (Kolniak-Ostek, 2016). Hatta baz1 yerel gesitlerin fenolik bilesiklerinin
standart armut cesitlerine gore daha zengin oldugu ve bu nedenle armut yetistiriciligi agisindan dikkate
alinmasi gerektigi de belirtilmistir (Oztiirk vd., 2015).

Armut popiilasyonundaki tiirlerin farklilig1 ve dagilimlari igin yapilan incelemelerde cogunlukla bolgeye
ait envanter ve sayimlar1 kullanilmaktadir. Popiilasyonda kendiliginden olusan melezlemeler yoluyla ¢ok
sayida tiirden tiire gen aktarimi olmakta bu da tiirlerin ayirt edilmesini zorlastirmaktadir. Bundan dolay:
yabani armut tiirlerinin cografi dagilimin belirlemek giiclesmektedir. Kiiltiir ¢esitlerinin yabani akrabalari,
1slah programlarinda stres faktorlerine karsi dayanim ya da tolerans icin timitvar gen kaynaklari olabilirler
(Volk ve Cornille, 2019). Popiilasyondan boyle kaynaklarin toplanarak olusturuldugu koleksiyonlar
arastirma ve 1slah programlarinin basarrya ulasmasinda ihtiya¢ duyulan materyali icerebilirler. Dogal
olarak bunu saglamak igin ise bu materyalleri saglamakla baglamak gerekir. Iste bu amagla yapilacak
fenotipik ve genotipik tanimlamalar gen bankasina énemli katk: verebilecektir (Postman, 2019).

Yiiksek kaliteli meyve, tiim yetistirme programlarinin temel hedefidir ve tat, doku, goriiniim, sululuk, raf
omrii ve fizyolojik bozukluklarin goriilme siklig1 gibi ¢ok cesitli nitelikleri kapsar. En 6nemli nitelik, biiyiik
Ol¢lide meyve tadi ve dokusuna bagh olan gida kalitesidir (da Silva vd., 2018). Avrupa armudu 1slahgilari,
uzun hasat mevsiminin, kirmiz1 kabuk rengi, iyi meyve bliyiikliigii, lezzet, gelismis dokusal 6zellikler,
depolama yetenegi gibi meyve karakterlerini hedefleme egilimindedir. Avrupa disindaki {ilkelerin bazi
temel 1slah amaglarina bakildiginda; uzun hasat mevsimi, en az ii¢ ay gibi uzun bir depolama yetenegi,
yliksek meyve kalitesi, erken olgunlasma, iri meyve, hasatta ve depolamadan sonra yenilebilme, yiiksek
lezzet, yiiksek verim, yiiksek i¢ kalitesi, kirmizi kabuk rengi cesitliligi, farkli sekil ve tat, lekesiz kabuk gibi
amaglar 6ne ¢itkmaktadir (Brewer ve Volz, 2019).

Onemli bir armut iireticisi olan ve k&klii bir meyvecilik kiiltiiriine sahip olan Tiirkiye gok farkli iklim ve
toprak ozelliklerinin goriilmesi, gog yollari {izerinde bulunmasi, uzun yillar tohumla ¢ogaltma aliskanlig
ve meyvecilige olan yakin ilgi gibi nedenlerle birgok meyve tiiriinde oldugu gibi armut i¢in de ¢ok degerli
ve zengin gen kaynaklarina sahiptir. Dolayisiyla Tiirkiye hem kiiltiir gesitleri hem de bunlarin yabanileri
agisindan zengin bir gen varligina sahiptir. Farkli cografyalar1 iceren bu varlik igerisinde hatir1 sayilir
diizeyde calismalar ve arastirmalar yiiriitiilmiis olsa da giincel 1slah amaglar1 icin gerekli olan gen
kaynaklar heniiz yeterli degildir.

———
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Fatsa’mmn (Ordu, Tiirkiye) Yerel Kighk Armutlan
Bu calisma da gen kaynaklar1 koleksiyonuna bir katki sunmak hedefiyle bu bakimdan zengin bir tiir ve
gesit popiilasyonuna sahip bolgelerinden biri olan Karadeniz bolgesinde Ordu ili ilgelerinden biri olan
Fatsa ilgesinde yerel kishk armut cesitlerinin ortaya cikarilmasi ve pomolojik 6zellikleri yoniinden
tanimlanmasi1 amaglanmistir.

MATERYAL VE METOT
Bu ¢alisma Fatsa ilgesinde dogal popiilasyonda belirlenmis yerel armut gesitlerinde 2018 ve 2019 yillarinda
yurttilmistir.

Calisma 6ncesinde, Tarim ve Orman Ilge Miidiirliigii'nden yerel gesitler ve bulunduklari yerler én bilgi
almarak konuda tecriibeli {ireticilerle irtibata gecilmis ve sonrasinda arazi gezileri ile ¢alisma alanlari
belirlenmistir. Buna gore arastirma 12 farkli lokasyonda yiirtitiilmiistiir (Sekil 1).

Sekil 1. Fatsa ilgesi mahalleleri ve calisma alanlgnll.
Figure 1. Fatsa district neighborhoods and study areas.

2018 yilinda hasattan 6nce yapilan arazi gezilerinde yorede en fazla yetistirilen 8 adet kislik yerel armut
cesidi belirlenmis fakat meyve 6zellikleri farkli olup da ayni isimle anilan baz1 genotiplerin de oldugu fark
edilmis ve bdylece galismaya toplamda 38 gesit dahil edilmistir. Bu cesitler Bal, Benekli, Cora, Cortiik,
Hicucur, Kes, Susak Bogaz ve Kislik olup Bal ¢esidinde 5 ve Kislik ¢esidinde de 27 farkl: gesit belirlenmistir.
Ay gesitlere 1’den itibaren numaralandirma yapilmaistir.

2018 ve 2019 yillarinda belirlenen 38 geside ait agaglardan meyvelerin hasat olumunda agac: temsil edecek
sekilde alian 20’ser meyve ve yaprak drnegi pomolojik analizleri yapilmak iizere Ordu Universitesi Bahge
Bitkileri Boliimii laboratuvarma gotiiriilmiis ve degerlendirmeler yapilmisgtir.

Meyvelerde pomolojik analizlerden, fiziksel 6zellikler olarak, meyve agirligi (g), meyve eni (mm), meyve
boyu (mm), meyve sap1 uzunlugu (mm), meyve sap1 kalinlig1 (mm), meyve eti sertligi (kg cm?), meyve
kabugu kalinligi (mm), karpel sayzsi, ¢ekirdek sayisy; kimyasal 6zellikler olarak, suda ¢oziiniir kuru madde
miktar1, pH ve titreedilebilir asitlik; duyusal 6zellikler olarak, aroma, tat, meyve eti yapisi, meyve sululuk
durumu ve yeme kalitesi; gorsel analizler olarak, meyve kabuk rengi, meyve kabugunun yiizey yapis,
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meyve kabugunda pashlik durumu, meyve eti rengi ve dis kalite; yaprak 6zellikleri olarak, yaprak eni
(mm), yaprak boyu (mm), yaprak sap uzunlugu (mm) ve yaprak sap kalmnligi (mm) belirlenmistir.

Yerel kislik armut gesit ve genotiplerinde pomolojik 6zelliklerin belirlenmesinde UPOV (International
Union for The Protection of New Varieties of Plants) (UPOV, 2000), Oztiirk (2010) ve Celikel Cubukcu
(2015)'den yararlanilmustur.

Meyve agirligi 0.01 g hassasiyetteki terazi ile (Radwag AS 220/C/2, Polonya), meyve ve yapraklardaki
boyut ve kalinlik 6l¢iimlerinde 0.01 mm’ye duyarh dijital kumpas (Insize 150 mm 1102-150, Almanya),
meyve eti sertligi Olgiimiinde 11.0 mm uglu el penetrometresi (Effegi FT 327, Italya), pH'nin
belirlenmesinde masa tipi dijital pH metre (HI9321, Hanna, ABD) ve suda ¢oziiniir kuru madde miktarinin
belirlenmesinde de el refraktometresi (Greinorm 0-80 Brix, Almanya) kullanilmistir. Titreedilebilir asitlik,
titrasyon yontemiyle belirlenmis ve malik asit cinsinden hesaplanmistir. Duyusal ve gorsel analizler
degiistasyon yontemiyle yapilmistir.

Her bir 6zellige ait sonugclar iki yilin ortalamas: olarak standart sapma degerleriyle birlikte hesaplanmistir.

BULGULAR VE TARTISMA
Yerel kishk armut gesit ve genotiplerinde hasat tarihleri ilk yil 16 Ekim-11 Kasim, ikinci yil 19-23 Ekim
tarihleri arasinda degisim gostermistir (Cizelge 1).

Cizelge 1. Yerel kislik armut gesitlerinin hasat tarihleri.
Table 1. Harvest dates of local winter pear varieties.

Cesit 2018 2019 Cesit 2018 2019

Bal armut 1 16.10.2018 23.10.2019 Kiglik 10 20.10.2018 20.10.2019
Bal armut 2 16.10.2018 23.10.2019 Kighk 11 20.10.2018 20.10.2019
Bal armut 3 20.10.2018 23.10.2019 Kislik 12 20.10.2018 20.10.2019
Bal armut 4 21.10.2018 23.10.2019 Kislik 13 21.10.2018 20.10.2019
Bal armut 5 31.10.2018 23.10.2019 Kislik 14 31.10.2018 20.10.2019
Benekli 11.11.2018 19.10.2019 Kislik 15 31.10.2018 23.10.2019
Cora 21.10.2018 19.10.2019 Kiglik 16 31.10.2018 20.10.2019
Cortiik 05.11.2018 19.10.2019 Kighik 17 05.11.2018 20.10.2019
Hicucur 31.10.2018 19.10.2019 Kislik 18 11.11.2018 20.10.2019
Kes armut 20.10.2018 19.10.2019 Kiglik 19 11.11.2018 20.10.2019
Kighk 1 17.10.2018 19.10.2019 Kiglik 20 11.11.2018 20.10.2019
Kighik 2 17.10.2018 19.10.2020 Kislik 21 11.11.2018 20.10.2019
Kiglik 3 17.10.2018 19.10.2019 Kiglik 22 11.11.2018 20.10.2019
Kiglik 4 17.10.2018 20.10.2019 Kislik 23 11.11.2018 23.10.2019
Kiglik 5 17.10.2018 20.10.2019 Kiglik 24 11.11.2018 20.10.2019
Kiglik 6 20.10.2018 20.10.2019 Kiglik 25 11.11.2018 20.10.2019
Kislik 7 20.10.2018 20.10.2019 Kislik 26 11.11.2018 20.10.2019
Kislik 8 20.10.2018 20.10.2019 Kislik 27 11.11.2018 20.10.2019
Kislik 9 20.10.2018 20.10.2019 Susak Bogaz 21.10.2018 19.10.2019

Incelenen biitiin yerel kiglik armut gesitlerinde karpel sayisi 5 olarak belirlenmis olup meyve pomolojik
ozelliklerine ait ortalama degerler belirlenmistir (Cizelge 2).

Biitiin gesitlerin ortalamasi olarak meyve agirligi, meyve eni, meyve boyu, meyve sap1 uzunlugu, meyve
eti sertligi ve cekirdek sayisi, sirasiyla 176.1 g, 67.8 mm, 74.3 mm, 31.8 mm, 4.9 kg cm? ve 9.7 olmustur.
Cesitler icerisinde Kishik 11 en agir, Cortitk de en hafif meyveli bulunmustur. Incelenen pomolojik
ozelliklerden, meyve agirlig1 45.1 (Cortiik)-307.1 g (Kishik 11), meyve eni 44.3 mm (Cortiik)-84.9-4.1 mm
(Kiglik 11), meyve boyu 43.3 (Cortiik)-87.6 mm (Kishik 12), meyve sap1 uzunlugu 19.8 (Kislik 5)-46.0 mm
(Hicucur), ve meyve eti sertligi 2.8 (Susak Bogaz)-7.3 kg cm? (Kighk 6) arasinda degisim gostermistir.
Ortalama cekirdek sayis ise 8.3-10 arasinda degisirken, 7 cesit 10 ¢ekirdek, 17 gesit 9.0-9.9 arasinda ve 3
cesit 8.3-8.9 arasinda ortalama gekirdek sayisina sahip bulunmustur (Cizelge 2).

Biitiin gesitlerin ortalamas: olarak suda ¢dziiniir kuru madde oran1 %10.3, pH 3.9 ve titreedilebilir asitlik
%8.3 bulunmustur. Cesitler igerisinde en yiiksek suda ¢oziiniir kuru madde oranma Hicucur sahip

—
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olmustur. Suda ¢oziinmiis kuru madde %9.1 (Kishk 13)-12.8 (Hicucur), pH 3.3 (Kislik 19)-5.5 (Bal Armut 5)
ve titreedilebilir asitlik %1.3 (Bal Armut 4)-13.6 (Benekli) arasinda degisim gostermistir. 13 gesitte suda
¢oziiniir kuru madde degeri ortalama degerden (%10.3) daha az, 25 cesitte %10.3 ve tizerinde; pH degeri
23 gesitte ortalama degerden (3.9) daha diisiik, 15 gesitte 3.9 ve lizerinde ve titreedilebilir asitlik degeri de
15 cesitte ortalama degerden (%8.3) kiiglik, 23 cesitte %8.3 ve iizerinde bulunmustur (Cizelge 2).

Cizelge 2. Yerel kislik armut gesitlerinin pomolojik 6zellikleri.
Table 2. Fruit characteristics of local winter pear varieties.

Cesit MA ME MB MSU MES CS SCKM pH TA
Balarmut1 101.6+23.6 57.0+4.0 66.8+6.9 25.6+6.7 4.7+1.7 10.0£0.0 12.4+0.5 5.1+0.1 4.1+1.2
Bal armut2 206.0+46.0 71.1+5.8 77.5£9.7 33.749.9 3.7+2.2 10.0£0.0 10.8+2.5 4.3+0.2 6.1+0.4
Bal armut3 164.6+31.9 68.7+5.2 68.2+6.5 39.319.2 5.3+1.5 10.0£0.0 11.6+0.9 4.9+0.1 2.2+0.0
Bal armut4 134.0£35.7 63.446.2 74.3+5.1 26.5+4.6 4.2+1.2 9.7+0.7 11.9+0.6 5.3+0.6 1.3+0.1
Bal armut5 77.2+19.0 52.7+5.0 56.9+7.1 27.6+6.5 3.5+1.2 9.4+1.4 11.8+0.6 5.5+0.3 1.5+0.1
Benekli 226.6£53.4 73.5+6.5 82.2+7.8 36.6+5.7 6.7+2.5 9.6+0.8 10.2+0.7 3.6:0.0 13.6+0.5
Cora 117.9+30.2 60.1+4.1 68.4+8.3 23.6+3.4 5.5+0.6 9.5+1.4 9.4+2.1 3.7+0.2 6.9+0.5
Cortiik 45.1£16.4 443454 43.3+6.7 38.4+4.8 5.9+2.2 10.0£0.0 10.4+2.5 4.1+1.1 8.5+4.3
Hicucur 138.2+25.2  65.1+5.5 63.7+4.0 46.0+7.6 5.1+0.8 9.4+1.1 12.8+0.3 4.3+0.7 2.7+0.1
Kes armut  173.1£37.3 66.3+5.9 74.2+7.3 20.9+4.3 4.6+1.3 9.6+1.9 10.6+£1.1 3.8+0.1 5.840.1
Kighik 1 126.1£71.7 59.1+11.4 71.5£12.9 31.1£39 5.2+1.7 9.7+1.4 12.742.3 3.6+0.3 11.6+£0.5
Kiglik 2 121.7420.9 57.9+5.8 81.749.6 25.9+5.7 3.4+0.6 10.0+£0.0 12.2+0.5 3.8+0.2 9.1+£0.2
Kislik 3 17224829 69.5+8.6 63.919.4 22.6+3.8 6.0+£1.2 8.9+2.9 11.0£1.4 3.8+0.1 8.0+1.4
Kiglik 4 244.6+59.9 76.6+6.8 81.2+10.3 21.6+6.8 5.6+0.8 8.3£2.5 11.2+0.3 3.9+0.1 10.6+2.3
Kiglik 5 196.8£78.8 71.949.9 74.2+11.1 19.843.8 5.5+0.7 9.8+0.7 12.7+0.8 3.8+0.2 11.3£1.7
Kislik 6 98.5+23.4 57.2+5.8 65.0+5.7 34.2+4.2 7.3t1.2 9.9+0.4 11.0+£0.3 3.5+0.0 11.84£3.0
Kiglhik 7 150.6+30.6  64.6+5.3 69.848.7 32.1t14.6 5.5+0.9 9.7+1.0 9.6+1.1 3.840.2 11.1+2.7
Kislik 8 179.5+48.2  68.5+7.0 75.916.6 36.748.1 6.1+1.1 9.9+0.5 9.3+1.4 3.4+0.1 11.0+0.2
Kiglhik 9 173.5+36.7 68.6+6.2 75.0+6.3 36.2+7.6 6.0£1.3 9.840.6 10.240.1 3.6+0.2 11.0+1.1
Kislik 10 179.8456.9  69.6+7.3 69.7+11.2 22.6+2.8 6.9+1.9 10.0+0.0 10.2+3.3 3.940.1 8.4+0.3
Kislik 11 307.1£27.9 84.9+4.1 81.245.6 30.8+4.7 4.3+0.8 9.7+1.3 12.7+0.2 3.9+1.0 10.049.3
Kiglik 12 289.0£80.1 79.0+8.3 87.6+12.8 26.9+8.8 4.6+2.5 10.0+0.0 10.2+1.3 4.2+0.4 6.5+1.8
Kislik 13 125.2+39.6  61.9+6.9 65.848.3 22.2+3.3 4.7+0.9 9.5+1.3 9.1+0.1 4.0+0.1 5.840.8
Kislik 14 210.9+43.1 76.2+10.0 80.317.2 37.7+6.7 4.3+2.1 9.0+1.5 11.1+0.1 3.4+40.1 11.4+0.0
Kislik 15 147.6+26.2  65.1+6.0 73.4+5.9 32.8+3.4 4.7+1.4 9.9+0.5 9.4+2.2 3.740.2 9.5+1.0
Kislik 16 189.6+50.7  69.7+6.1 78.948.1 30.8+6.2 44+1.2 9.7+1.0 9.6+0.2 3.740.0 12.1+0.4
Kiglik 17 216.1+48.1 73.5+6.1 80.6+6.0 35.845.2 5.3+1.4 8.8+1.9 11.0+0.7 3.6+0.2 11.1+0.7
Kislik 18 216.7£67.2  73.6+8.8 79.5+8.8 34.8+4.2 4.3+1.1 9.9+0.4 12.7+0.7 3.6+0.2 11.2+1.8
Kislik 19 207.2434.6  74.5+4.3 75.4+6.1 31.3+3.1 3.5+1.2 9.6+1.0 11.7+¢1.9 3.3+0.5 11.5+1.1
Kislik 20 135.5+20.4 63.0+4.9 71.0+6.3 40.8+6.4 5.0+1.0 10.0+0.0 9.6+1.3 3.5+0.5 8.8+1.8
Kiglik 21 204.8+50.4 71.6+7.1 81.2+7.8 34.0+6.3 4.6+1.6 10.0+0.0 10.3+0.6 3.6+0.2 9.0+0.2
Kiglik 22 200.7£26.9  71.9+3.7 80.6+5.4 36.9+4.9 4.9+1.6 9.6+1.8 11.7+1.2 3.5+0.4 8.2+2.6
Kislik 23 267.2+44.0 81.445.1 86.5+4.3 36.4+6.5 3.9+0.9 10.0+0.0 10.4+0.6 3.6+0.1 7.6+0.3
Kislik 24 187.4+48.9 70.3+7.8 75.7+7.6 36.6+4.3 3.7+0.9 9.840.6 9.8+1.8 3.9+0.4 10.0+0.1
Kighik 25 161.9£22.0 65.7+3.3 76.0£6.1 38.7+6.1 4.4+1.6 9.9+0.4 10.6+1.8 3.4+0.6 8.7+0.4
Kislik 26 229.4+63.5 73.6+7.5 81.0+7.5 38.2+7.2 3.6+1.6 9.9+0.4 11.2+¢1.1 3.5+0.3 10.0+£0.5
Kighik 27 191.2435.8 68.6+5.4 81.4+7.8 34.9+5.4 6.9+1.1 10.0+0.0 9.3+0.1 4.0£0.1 6.4+0.1
Susak Bogaz 174.8+54.8 67.9+9.6 85.5+9.6 25.9+10.5 2.8+1.8 9.9+0.5 10.6+2.2 4.7+0.2 2.4+0.4
MA : Meyve agirligi (g) MSK : Meyve sap1 kalinligi (mm) SCKM : Suda ¢oziintir kuru madde (%)

ME : Meyve eni (mm) MES : Meyve eti sertligi (kg cm?) TA : Titreedilebilir asitlik (%)

MB : Meyve boyu (mm) MKK : Meyve kabugu kalinligi (mm)

MSU : Meyve sap1 uzunlugu (mm) (@ : Cekirdek say1s1

Gorsel analizlerde, gesitlerin meyve kabuk renklerinde 3 farkli grubun olustugu ve bunlardan en fazla
“yesilimsi sar1” rengin 20 gesitte, “yesil” rengin 16 gesitte ve “sar1” rengin 2 gesitte goriildiigii belirlenmistir.
Meyvelerin yiizey yapisi bakimindan en fazla gesit sayis1 “diiz” grupta 25 gesitle, sonra “piiriizlii” grupta
10 gesitle ve en az “girintili-gikintili” grupta 3 cesitle temsil edilmistir. Meyve kabugunda pashilik 6zelligi,
sirastyla 12 gesitte “orta”, 10 gesitte “cok”, 8'er cesitte de “az” ve “yok veya ¢ok az” olarak gozlemlenmistir.
Meyve et rengi incelendiginde, 31 gesidin “krem” renkli grubu, 6 ¢esidin “beyaz” renkli grubu ve 1 ¢esidin
de “krem-beyaz” renkli grubu temsil ettigi belirlenmistir. Yani gesitlerin nerdeyse tamami “krem” renkli

—
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meyve etine sahip olmustur. Meyvenin albenisi bakimindan 6nemli bir kriter olan dig kalite 18 gesitte “iyi”,

17 gesitte “orta”, 2 cesitte “kotii” ve 1 gesitte de “¢ok iyi” 6zellik kazanmistir (Cizelge 3).

Cizelge 3. Yerel kislik armut gesitlerinin gorsel 6zellikleri.
Table 3. Visual characteristics of local winter pear cultivars.

Cesit MKR MYY MKP MER DK
Bal armut 1 Yesil Pirtzla Orta Krem Orta
Bal armut 2 Yesilimsi Sar1 Diiz Orta Krem-Beyaz iyi
Bal armut 3 Yesil Diiz Orta Krem iyi
Bal armut 4 Yesilimsi Sar1 Pirtzla Orta Krem Orta
Bal armut 5 Yesilimsi Sar1 Diiz Az Krem Orta
Benekli Yesilimsi Sar1 Diiz Orta Krem iyi
Cora Yesilimsi Sar1 Pirtzla Cok Krem Orta
Cortuk Yesilimsi Sar1 Diiz Orta Krem Orta
Hicucur Yesilimsi Sar1 Diiz Az Krem iyi
Kes armut Yesilimsi Sar1 Girintili Cikintili Cok Krem Kot
Kishik 1 Yesil Pirtzla Orta Krem Orta
Kiglik 2 Yesilimsi Sar1 Pirtzla Cok Beyaz Orta
Kighk 3 Yesilimsi Sar1 Girintili Cikintili Yok-Cok Az Beyaz Kotii
Kighk 4 Sar1 Piriizlt Cok Beyaz Orta
Kighik 5 Yesilimsi Sar1 Piriizli Cok Beyaz Orta
Kighik 6 Yesil Diiz Yok-Cok Az Krem Orta
Kiglik 7 Yesil Diiz Yok-Cok Az Krem iyi
Kislik 8 Yesil Diiz Yok-Cok Az Krem iyi
Kiglik 9 Yesil Piriizli Cok Krem Orta
Kislik 10 Yesilimsi Sar1 Piriizli Az Krem iyi
Kighik 11 Yesilimsi Sar1 Diiz Yok-Cok Az Krem iyi
Kighik 12 Yesilimsi Sar1 Girintili Cikintili Cok Beyaz Orta
Kighik 13 Yesilimsi Sar1 Diiz Cok Krem Orta
Kighik 14 Yesilimsi Sar1 Diiz Orta Krem iyi
Kighik 15 Yesil Diiz Orta Krem iyi
Kislik 16 Yesil Diiz Az Krem iyi
Kishik 17 Yesil Diiz Az Krem iyi
Kighik 18 Yesil Diiz Orta Krem Orta
Kighik 19 Yesil Diiz Yok-Cok Az Krem iyi
Kislik 20 Yesilimsi Sar1 Diiz Az Krem Orta
Kighik 21 Yesilimsi Sar1 Diiz Orta Krem Iyi
Kighik 22 Yesil Diiz Yok-Cok Az Krem Iyi
Kishik 23 Yesil Diiz Az Krem Cok iyi
Kighk 24 Yesil Diiz Cok Krem Orta
Kiglik 25 Yesil Piriizlt Cok Krem Orta
Kiglik 26 Yesilimsi Sar1 Diiz Orta Krem fyi
Kighk 27 Yesilimsi Sar1 Diiz Az Krem fyi
Susak Bogaz Sar1 Diiz Yok-Cok Az Beyaz Iyi
MKR  :Meyve kabuk rengi : Meyve et rengi

MYY : Meyve ylizey yapisi : D1g kalite

MKP : Meyve kabugunda paslilik

Duyusal analiz sonucunda, yerel kislik cesitleri tat bakimindan 5 gruba ayrilarak, 1 tanesi “cok tatli”, 7
tanesi “tath”, 13 tanesi “az tatli”, 1 tanesi “tatsiz” ve 16 tanesi “eksimsi”; aroma bakimindan 3 gruba
ayrilarak, 20 tanesi “iyi”, 16 tanesi “orta” ve 2 tanesi “kotii”; meyve et yapist bakimindan 3 gruba ayrilarak,
6 tanesinde “iyi”, 16 tanesinde “orta” ve 16 tanesinde “kumlu”; meyve sululuk durumu bakimindan 4
gruba ayrilarak, 8 tanesinde “¢ok sulu”, 24 tanesinde “sulu”, 5 tanesinde “orta sulu” ve 1 tanesinde de “az

sulu” ve yeme kalitesi bakimindan 3 gruba ayrilarak, 1 gesitte “cok iyi”, 26 gesitte “iyi” ve 11 gesitte “orta”
olarak degerlendirilmistir (Cizelge 4).

—_—
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Cizelge 4. Yerel kislik armut gesitlerinin gorsel 6zellikleri.
Table 4. Sensory characteristics of local winter pear cultivars.

Cesit T A MEY MSD YK Cesit T A MES MSD YK
Balarmut1 AzTath Orta lyi Sulu fyi Kiglik 10 Eksimsi  Orta  Orta Cok Sulu  Tyi
Bal armut2 Eksimsi  Iyi Orta Sulu Coklyi Kislik 11 Eksimsi  Iyi Orta Sulu Iyi
Bal armut3 Tatl Orta Orta Sulu Iyi Kighk 12 AzTath  Orta lyi Cok Sulu  Tyi
Bal armut4 Cok Tath Tyi Orta Sulu Iyi Kighk 13 Az Tath  Orta Orta Sulu Iyi
Bal armut5 Tath Orta Orta Orta Sulu Orta Kighik 14 Eksimsi  lIyi Kumlu CokSulu Iyi
Benekli Eksimsi  lyi Orta Cok Sulu  Iyi Kighk 15 Eksimsi  lIyi Kumlu  Sulu Iyi
Cora AzTath  Orta Kumlu OrtaSulu Orta Kiglik 16 Az Tath  lyi Orta Sulu Iyi
Cortiik Tath Orta iyi Orta Sulu iyi Kislik 17 Az Tath 1yi Orta Sulu 1yi
Hicucur Tath 1yi Kumlu Sulu iyi Kislik 18 Eksimsi Orta Kumlu Sulu 1yi
Kes armut  Tath 1yi Orta Cok Sulu iyi Kislik 19 Az Tath 1yi 1yi Cok Sulu 1yi
Kishik 1 Eksimsi  Orta iyi Cok Sulu  Orta Kislik 20 Eksimsi Orta  Orta Sulu 1yi
Kiglik 2 Tath 1yi Orta Sulu iyi Kislik 21 Eksimsi 1yi Orta Sulu 1yi
Kislik 3 Az Tath  Orta Kumlu Sulu iyi Kislik 22 Eksimsi 1yi Kumlu Sulu Orta
Kislik 4 Eksimsi 1yi Kumlu Sulu Orta Kislik 23 Az Tath 1yi Kumlu Sulu 1yi
Kislik 5 Az Tatlh  Orta Kumlu Sulu Orta Kislik 24 Az Tath 1yi Kumlu Sulu Orta
Kislik 6 AzTath Koti Kumlu AzSulu Orta Kislik 25 Eksimsi  Iyi Orta Sulu Iyi
Kiglik 7 Eksimsi ~ Koti Kumlu OrtaSulu Orta Kislik 26 Tatsiz Orta Kumlu Sulu Orta
Kisglik 8 Eksimsi  lyi Orta Sulu Iyi Kiglik 27 Eksimsi  Orta Kumlu CokSulu Iyi
Kiglik 9 AzTath  Orta Kumlu OrtaSulu Orta Susak Bogaz  Tath Iyi Iyi Sulu Iyi

T : Tat MSD : Meyve sululuk durumu

A : Aroma YK : Yeme kalitesi

MEY : Meyve et yapisi

Yaprak Olgiimleri yaprak eninin gesitlere gore 35.9-59.5 mm, yaprak boyunun 45.3-83.3 mm, yaprak sap1
uzunlugunun 22.5-65.7 mm ve yaprak sap1 kalinliginin 0.5-1.2 mm arasinda oldugunu ortaya koymustur

(Cizelge 5).

Cizelge 5. Yerel kislik armut gesitlerinin yaprak 6zellikleri.
Table 5. Leaf characteristics of local winter pear varieties.

. YE YB YSU YSK . YE YB YSU YSK
Cesit (mm) (mm) (mm) (mm) Cesit (mm) (mm) (mm) (mm)
Bal armut 1 38.0+7.0 56.0+10.5 40.6£13.9 0.7+0.1 Kislik 10 35.9+4.8 55.3+5.3 34.9+5.6 0.7+0.1
Bal armut 2 43.4+7.6 71.0£16.7 37.6+7.4 0.8+0.3 Kighik 11 59.5+6.8 74.6+6.8 51.2+10.0  0.6+0.1
Bal armut 3 45.9+6.5 68.4+10.4 42.5+8.6 0.7+0.1 Kislik 12 43.1+14.6  60.7£18.5 35.2+16.2 1.0+0.3
Bal armut 4 44.5+6.9 54.649.2  31.7+#7.3 0.9+0.1 Kislik 13 41.6+7.8 51.0+7.8 36.5+10.1 0.9+0.3
Bal armut 5 42.7+7.9 53.6+6.9  36.0+9.8 0.7+0.1 Kislik 14 54.1+10.6 75.1+x10.9 54.6+12.6 1.0+0.1
Benekli 57.6+7.2 83.3+7.2  65.7+14.5 1.2+0.1 Kislik 15 39.3+11.5 59.5#11.0 38.7+11.9 0.7+0.1
Cora 39.0+5.5 61.8+10.6 31.2+6.5 0.9+0.1 Kislik 16 42.245.7 60.5+9.6 459+11.4 0.6+0.1
Cortiik 42.8+7.6 61.0+10.9 33.1+9.8 0.8+0.1 Kiglik 17 50.4+6.9 67.2+14.0 44.6+14.3 1.0+0.2
Hicucur 54.1+6.2 70.045.6  53.1+11.9  0.9+0.1 Kislik 18 46.3+9.6 64.9+11.5 38.0+154 0.9+0.1
Kes armut 38.7+7.7 66.4+11.8 38.0+8.6 0.9+0.2 Kislik 19 455+11.2 65.1£15.0 39.6+14.7 0.8+0.2
Kighk 1 43.5+7.5 527499  33.4+14.0 0.7+0.2 Kislik 20 41.3+7.6 67.7+7 .4 22.5+4.9 1.0+0.1
Kighik 2 35.9+5.2 453493  30.3+13.1 0.5+0.1 Kislik 21 46.119.1 68.8+6.6 46.5+11.7 0.9+0.2
Kighk 3 47.9+8.1 66.1+9.8  41.1+12.6  0.7+0.2 Kislik 22 50.8+4.9 66.4+8.6 51.5+11.7 1.0+0.2
Kighk 4 45.3+4.7 72.6+11.1 43.5+13.2 1.0+0.3 Kislik 23 48.5+5.2 66.4+7.4 41.0+10.0 0.8+0.2
Kighik 5 39.8+3.4 60.6+9.1  45.4+9.7 0.6+0.1 Kislik 24 44.1£9.9 64.1+19.5 30.9+154 0.9+0.2
Kighk 6 49.3+10.6  64.3£15.3 36.8x11.5 0.7+0.1 Kislik 25 49.3+4.5 68.6+7.9 47.9+7 .4 1.0£0.2
Kishk 7 48.8+7.0 61.319.8 4424104 0.6x0.1 Kislik 26 46.3+8.5 66.8+10.0 42.0¢11.2 0.7+0.2
Kighk 8 46.5+7.8 66.2+9.4  36.3+8.6 0.7+0.2 Kighk 27 55.6+6.7 74.449.1 39.1+8.2 1.1+0.1
Kisglik 9 47.9+9.6 65.9+13.2 28.7+8.0 1.0+0.3 Susak Bogaz =~ 46.5+6.5 71.0£12.5 40.2+10.8 0.8+0.1
YE : Yaprak eni YSU : Yaprak sap1 uzunlugu
YB : Yaprak boyu YSK : Yaprak sap1 kalinligi

Tiirkiye diinyada onemli iiretici {ilkelerden birisi olsa da uluslararas: pazarlarin aradig: kalite, verim ve
uzun hasat sezonu igin gesit sayis1 yeterli diizeyde degildir. Her ne kadar son yillarda modern yetistiricilik
kapsaminda kapama bahgeler olusturulmus olsa da bir kisim iiretim insanlarin kendi ya da yoresel
ihtiyaglar1 karsilayacak diizeyde diizensiz bahgelerde bulunan yerel gesitlerden saglanmaktadir. Yerel
cesitler bir taraftan meyve 1slahgilarinin ilgisini ¢ekerken bunlarla yapilan diizensiz iiretim {ilkenin

———
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uluslararasi ticaret bakimindan ¢ok kabul gormemektedir. Bu yiizden yerel gesitlerimizden standart gesit
olabilecek adaylarin bir an evvel ortaya ¢ikarilmasi ve gesit standardizasyonuna gidilmesi hem uluslararas:
pazarlarda rekabet giiclimiize katki saglayacak hem de degerli gen kaynaklarinin yok olmasinin 6niine
gecilmis olunacaktir.

Tiirkiye’de hem iiretici seleksiyonlari hem diizenli 1slah ¢alismalar1 hem de pomolojik incelemeler uzun
yillar 6nce baslatilmis ve halen devam etmektedir. Bu ¢alismalar sonucunda bircok yerel armut cesitleri
1slah edilerek korunmaya alinmistir. Bunlardan bazilar 1slah ¢alismalarina materyal olarak sunulurken
bazilarina da standart gesit 6zelligi kazandirilmistir. Ozellikle son 15 yilda {ilkemizin farkli cografyalarinda
yliriitiilmiis ¢alismalar 1slah materyali zenginligini de artirmistir (Bostan, 2009; Yakut ve Ozrenk, 2009;
Ozkaplan, 2010; Ozrenk vd., 2010; Oztiirk, 2010; Uzunismail, 2010; Ciftci vd., 2011; Karadeniz ve Corumly,
2012; Bostan ve Acar, 2012; Oz, 2012; Oztiirk ve Demirsoy, 2013; Oz ve Aslantas, 2015; Az, 2015; Bagbozan,
2015; Giiltekin, 2015; Bostan ve Celikel-Cubukcu, 2016; Ertas, 2016; Kili¢ ve Bostan, 2016; Orman ve
Yarilgag, 2016; Yigit Biiyiik ve Pirlak, 2016; Cevahir ve Bostan, 2017; Oturmak vd., 2017; Polat ve Bagbozan,
2017; Akin ve Bostan, 2018; Bayindir vd., 2018; Cevahir ve Bostan, 2018; Celikel-Cubukcu ve Bostan, 2018;
Kalkisim vd., 2018; Sagir ve Aygiin, 2018; Balta vd., 2019; Bayindir vd., 2019a; Bayindir vd., 2019b; Yayla,
2019; Karakaya vd., 2020; Turali, 2020; Bostan ve Top, 2021; Kalkisim vd., 2021; Gergekcioglu ve Adibelli,
2023).

Fatsa’da yerel cesitlerle armut yetistiriciligi ¢ok eskilere dayanmakta olup bunlar kokeni kesin olarak
bilinmeyen énemli gen kaynaklaridir. Zamanla {ireticiler arasinda as1 gozii ya da as1 kalemi alinarak ya da
dogrudan birbirlerinden fidan temin edilerek yetistiricilik yorede yayginlasmis ve bu sayede dolayl olarak
da tiretici seleksiyonu yapilmis ve bugiine kadar gelmistir. Fakat bu gesitlerle yapilan yetistiricilik modern
kapama bahgeler seklinde olmayip bahgelerde miinferit halde 6zellikle de findik bahgeleri icerisinde, arazi
sinirlarinda, evlerin ¢evresinde, yol kenarlarinda bulunmakta ve bunlarda bakim islemleri
yapilmamaktadir. Bu ¢esitlere ait meyvelerden bir kismu sofralik olarak aile ihtiyacinda
degerlendirilebildigi gibi gosterisli olanlar1 semt pazarlarinda satilabilmektedir. Albenisi diisiik olanlarin
bir kismi1 da islenerek, pekmez, pestil ve regel gibi iiriinlere déniistiiriilmektedir.

Calismamizda armutta 1slah amaglarinda da 6ne ¢ikan 6zelliklerden meyve agirligy, irilik, albeni, et yapisi,
hasat sonu 6mrii ve tiiketim sekilleri yoniinden yerel kishk armut cesitleri degerlendirilmistir.

Buna gore ‘Kishik’ ¢esidi hem yoredeki pazarlarda satilabilmekte hem aile tiiketiminde degerlendirilmekte
hem de pekmezi yapilabilmekte olup meyveleri de subata kadar adi kosullarda muhafaza edilebilmektedir.
Arastirmamizda ‘Kislik’ gesit igerisinden ‘Kislik 23" ¢esidinin dis kalite, irilik ve meyve yiizeyi bakimindan;
‘Kislik 12’ ¢esidinin irilik, sululuk, yeme kalitesi ve meyve eti yapist bakimindan 6ne ¢iktig1 goriilmiistiir.

Yorede ‘Bal Armut’ cesitleri ‘Kishk’ cesitler gibi degerlendirilmekte olup en fazla bir ay siireyle
saklanabilmektedir. Bu grupta ‘Bal Armut 3’ ¢esidi tat, tat, meyve ytlizeyi, sululuk, yeme Kkalitesi ve dis
kalite bakimindan dikkat ¢ekmekte fakat i¢ kararmasina karsi hassasiyet gostermektedir. Bu arada bu
durum baz: tiiketiciler tarafindan arzu edilmektedir.

Cok sulu olmasi ve tad: yeme kalitesi iyi olmasiyla 6ne ¢ikan ‘Kes Armut’ ¢esidinin meyvelerinin igleri
hasatta sonra iki haftaya kadar kararmakta olup bu da ‘Kishk’ ve ‘Bal Armut 3’ gibi degerlendirilmekte ve
tiiketilmektedir.

Yore halkinca sekli ve tadi yoniiyle ¢ok tutulan ‘Hicucur’ ve ‘Susak Bogaz’ gesitleri diizgiin bir meyve
ylizeyine, iyi dis kaliteye, yeme kalitesine ve tada sahip olup sulu gesitlerdir. Regeli de yapilabilen ‘Hicucur’
cesidi subata kadar adi sartlarda muhafaza edilebilirken, ‘Susak Bogaz’ en fazla 30 giine kadar
dayanabilmektedir. Fakat bu cesit semt pazarlarinda en fazla goriilen gesittir.

SONUC

Kontrolsiiz kosullarda ve kiiltiirel uygulamalardan mahrum cesitlerle ilgili yapilan bu ¢alisma 6ncelikle
degerli kaynaklarin ortaya c¢ikarilmasi bakimindan yararli olmustur. Bu haliyle 6n g¢alisma niteligi
tasimaktadir. Dolayisiyla gelecekteki 1slah ¢alismalar: i¢in degerlendirilebilir.
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Uluslararas: Tarim ve Yaban Hayati Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

8



Fatsa’mmn (Ordu, Tiirkiye) Yerel Kighk Armutlan

Degerlendirmelerimize gore, ‘Kishk 23, ‘Kislik 127, ‘Bal Armut 3, ‘Kes Armut’, ‘Hicucur’ ve ‘Susak Bogaz’
gesitlerinin gelecek vadettigi ve hem yo6re hem bolge ve hem de iilke armut ¢esitliligine katki sunabilme
potansiyelleri bakimindan standartlastirma konusunda galismalara baslanilmasi Snerilebilir.

CIKAR CATISMASI
Yazarlar ¢alisma konusunda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.

YAZAR KATKISI
Yazarlarin makaleye katkisi esit diizeydedir.

KAYNAKLAR

Akin, Y. & Bostan, S. Z. (2018). ilkadim (Samsun) ilgesi yerel armutlari. Gaziosmanpasa Universitesi Ziraat Fakiiltesi
Dergisi, 35 (Ek Sayt), 63-68. https://doi.org/10.13002/jafag4514

Az, O. (2015). Egirdir (Isparta) ekolojisinde yetistirilen gecci yerli armut (Pyrus Communis L.) tiplerinin pomolojik, morfolojik
ve fenolojik  Ozelliklerin  belirlenmesi.  [Yiiksek Lisans  Tezi, Siilleyman Demirel Universitesi].
https://tez.yok.gov.tr/UlusalTezMerkezi/

Bagbozan, R. (2015). Egirdir ekolojisinde yetistirilen erkenci yerli armut tiplerinin (Pyrus cotmmunis L.) fenolojik, pomolojik ve
morfolojik  ozelliklerinin ~ belirlenmesi. ~ [Yilksek  Lisans  Tezi, Siilleyman Demirel  Universitesi].
https://tez.yok.gov.tr/UlusalTezMerkezi/

Balta, F., Ug, L. & Karakaya, O. (2019). Sebinkarahisar (Giresun) ilgesinde secilen Alisar armut klonlarinin bazi meyve
ozellikleri. Uluslararas: Tarum ve Yaban Hayati Bilimleri Dergisi, 5(1), 31-37. https://doi.org/10.24180/ijaws.512840
Bayindir, Y., Cocen, E., Macit, E., Giiltekin, N., Toprak—ézcan, E., Aslan, A. & Aslantas, R. (2018). Malatya yoresi
mahalli  glizlik  armut  genotiplerinin  seleksiyonu.  Akademik  Ziraat  Dergisi, 7(1),  9-16,,

https://doi.org/29278/azd.440098

Bayindir, Y., Cocgen, E., Macit, T., Giiltekin, N., Toprak—Ozcan, E., Aslan, A. & Aslantas, R. (2019a). Malatya ili yazlik
yerel armut genotiplerinin seleksiyonu. Ziraat Miihendisligi, 367, 54-65. https://doi.org/10.33724/zm.519030

Bayindir, Y., Cogen, E., Macit, T., Giiltekin, N., Toprak—(jzcan, E., Aslan, A. & Aslantas, R. (2019b). Malatya ilinde
yetistirilen yerel kiglik armut genotiplerinin seleksiyonu. Tiirk Tarim ve Doga Bilimleri Dergisi, 6(2), 206-215.
https://doi.org/10.30910/turkjans.556612

Bell, R. L., & Itai, A. (2010). Pyrus. In wild crop relatives: genomic and breeding resources: temperate fruits. Berlin, Heidelberg;:
Springer Berlin Heidelberg.

Bostan, S. Z., & Top, G. (2021). Golkdy'de (Ordu) asirlik bir armut gen kaynagi. Ordu Universitesi Bilim ve Teknoloji
Dergisi, 11(1), 25-35.

Bostan, S. Z. & Acar, S. (2012). Unye’de (Ordu) yetistirilen mahalli armut gesitlerinin pomolojik dzellikleri. Akademik
Ziraat Dergisi, 1 (2), 97-106.

Bostan, S. Z. & Celikel-Cubukgu, G. (2016). Caykara ilgesinde yetistirilen giizliik ve kislik mahalli armut gesitlerinin
pomolojik dzellikleri. Bahge ( Ozel Say1), 45(1), 59-68. https://doi.org/10.13002/jafag4511

Bostan, S. Z. (2009). Pomological traits of local apple and pear cultivars and types grown in Trabzon province (Eastern
Black Sea Region of Turkey). Acta Horticulturae, 825, 293-298. https://doi.org/10.17660/ActaHortic.2009.825.47

Brewer, L., & Volz, R. (2019). Genetics and breeding of pear. The pear genome, 63-101.

Cevahir, G. & Bostan S. Z. (2018). Of (Trabzon) ilgesi yerel armutlari: Geggi cesitler [Sozlii bildiri]. The 2nd International
UNIDOKAP Black Sea Symposium on Biodiversity. Ondokuz Mayis University, Samsun, Turkey. Book of
Proceedings, 33-38.

Cevahir, G. & Bostan, S. Z. (2017). Of (Trabzon) ilgesi yerel armutlar1: Erkenci ve orta mevsim gesitleri. Meyve Bilimi, 4
(2), 19-25.

Celikel-Cubukeu, G. & Bostan, S. Z. (2018). Caykara ilgesinde yetistirilen yerel armut (Pyrus spp.) genotiplerinin
seleksiyon yoluyla islah1: I-Meyve 6zellikleri. Journal of Agricultural Faculty of Gaziosmanpasa University, 35(Ek Say1),
75-88. https://doi.org/13002/jafag4511

Celikel-Cubukgu, G. (2015). Caykara ilcesinde yetistirilen yerel armut (Pyrus spp.) genotiplerinin seleksiyon yoluyla islahi ve
ates  yamkhmma  dayamkhibk  durumlarmn  arastirilmast. [Doktora  Tezi, Ordu  Universitesi].
https://tez.yok.gov.tr/UlusalTezMerkezi/

Ciftcgi, D. T., Sagir, N., Bagci, M. D. & Aygiin, A. (2011, 4-8 Ekim). Dogu Karadeniz bélgesinde yetistirilen yerel armut (Pyrus
spp.) cesitlerinin bazi ozelliklerinin belirlenmesi [Sozlii bildiri]. Tiirkiye VI. Ulusal Bahge Bitkileri Kongresi, Harran
Universitesi Ziraat Fakiiltesi Bahge Bitkileri Boliimii, Sanliurfa, Meyvecilik Bildirileri, 798-806.

da Silva, G. ., Villa, F., Grimaldji, F., da Silva, P. S., & Welter, J. F. (2018). Pear (Pyrus spp.) breeding. Advances in Plant
Breeding Strategies: Fruits, 3, 131-163.

—
Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws


https://dergipark.org.tr/tr/pub/ijaws

Alev YILMAZ, Saim Zeki BOSTAN

Draga, S., Palumbo, F., Miracolo Barbagiovanni, I., Pati, F., & Barcaccia, G. (2023). Management of genetic erosion: The
(successful) case study of the pear (Pyrus communis L.) germplasm of the Lazio region (Italy). Frontiers in Plant
Science, 13, 1099420. https://doi.org/10.3389/fpls.2022.1099420

Ertas, A. (2016). Siirt ve cevresinde yetisen mahalli armut cesitlerinin (Pyrus communis L.) fenolojik ve pomolojik dzellikleri.
[Yiiksek Lisans Tezi, Siileyman Siirt Universitesi]. https://tez.yok.gov.tr/Ulusal TezMerkezi/

Gergekcioglu, R., & Adibelli, A. (2023). Persembe flcesi'nde (Ordu) yetistirilen bazi1 yerel armut (Pyrus communis L.)
gesitlerinin fenolojik ve pomolojik 6zelliklerinin belirlenmesi. Gaziosmanpasa Bilimsel Aragtirma Dergisi, 12(1), 67-75.

Giltekin, L. (2015). Erzincan ovasinda yetistirilen Cermail armut gesidinde iistiin vasifli tiplerin segimi. [Yiiksek Lisans Tezi,
Atatiirk Universitesi]. https://tez.yok.gov.tr/UlusalTezMerkezi/

Kalkisim, O., Aydin, M. Z.,, & Kurt, H. (2021). Rize’'nin Ardegen ilgesinde yetistirilen yerel armut (Pyrus communis L.)
gesitlerinin bazi pomolojik ve morfolojik Ozelliklerinin belirlenmesi. Akademik Ziraat Dergisi, 10(2): 275-284.
http://dx.doi.org/10.29278/azd.976635

Kalkisim, O., Okcu, Z., Karabulut, B., Ozdes, D. & Duran, C. (2018). Evaluation of pomological and morphological
characteristics and chemical compositions of local pear varieties (Pyrus communis L.) grown in Giimiishane, Turkey.
Erwerbs-Obstbau 60, 173-181. https://doi.org/10.1007/s10341-017-0354-6

Karadeniz, T. & Corumlu, M. S. (2012). iskilip armutlar1. Akademik Ziraat Dergisi, 1(2), 61-66.

Karakaya, O., Yilmaz, M., Uzun, S., Balta, M. F., Yarilgag, T., & Balta, F. (2020). Fruit Bioactive Profile of ““ Alisar’’Pear
Variety Grown in Sebinkarahisar, Giresun. Yiiziincii Yil University Journal of Agricultural Sciences, 30(4), 696-704.
http://doi.org /10.29133/yyutbd.763379

Kilig, D. & Bostan, S. Z. (2016). Giirgentepe (Ordu) ilgesinde yetistirilen yerel armut cesitlerinin meyve ve agag
ozellikleri. Electronic Journal of Vocational Colleges, 6(4), 21-32.

Kolniak-Ostek, ]. (2016). Chemical composition and antioxidant capacity of different anatomical parts of pear (Pyrus
communis L.). Food Chemistry, 203, 491-497. https://doi.org/10.1016/j.foodchem.2016.02.103

Orman, E. & Yarilgag, T. (2016). Bahgesaray yoresinde armut yetistiriciligi ve secilen bazi armut genotiplerinin
pomolojik ve morfolojik incelenmesi. BAHCE (Ozel Say1 Cilt:1), 45, 1-10.

Oturmak, 1., Ozrenk, K. & Cavusoglu, $. (2017). Diyarbakar (Silvan, Kulp, Hazro) yoresindeki bazi mahalli armut (Pyrus
communis L) gen kaynaklarmin belirlenmesi. Uluslararasi Tarim ve Yaban Hayat: Bilimleri Dergisi, 3(2), 61-67.
https://doi.org/10.24180/ijaws.353966

Oz, M. H. & Aslantas R. (2015). Dogu Anadolu Bélgesi armut genotiplerinin morfolojik karakterizasyonu. Atatiirk
Universitesi Ziraat Fakiiltesi Dergisi, 46 (2), 93-106.

Oz, M. H. (2012). Dogu Anadolu Bélgesi armut genotiplerinin morfolojik karakterizasyonu. [Yiiksek Lisans Tezi, Atatiirk
Universitesi]. https://tez.yok.gov.tr/UlusalTezMerkezi/

Ozkaplan, M. (2010). Ordu ve cevresinde yetisen mahalli armut cesitlerinin (Pyrus communis L.) fenolojik ve pomolojik
dzellikleri. [Yiiksek Lisans Tezi, Ordu Universitesi]. https://tez.yok.gov.tr/UlusalTezMerkezi/

Ozrenk, K., Glindogdu, M. & Kan, T. (2010). Van golii havzasi yerel armutlari. Yiiziincii Yil Universitesi Ziraat Fakiiltesi
Tartm Bilimleri Dergisi, 20 (1), 46-51.

Oztiirk A. (2010). Sinop ilindeki armut genotiplerinin morfolojik, pomolojik ve molekiiler karakterizasyonu. [Doktara Tezi,
Ondokuz Mayis Universitesi]. https://tez.yok.gov.tr/Ulusal TezMerkezi/

Oztiirk, A. & Demirsoy, L. (2013). Promising pear genotypes from North Anatolia, Turkey: Preliminary Observations.
Journal of the American Pomological Society, 67(4), 217-227.

Oztiirk, A., Demirsoy, L., Demirsoy, H., Asan, A., & Giil, O. (2015). Phenolic compounds and chemical characteristics
of pears (Pyrus Communis L.). International  Journal —of Food  Properties, ~ 18(3),  536-546.
https://doi.org/10.1080/10942912.2013.835821

Polat, M. & Bagbozan, R. (2017). Egirdir (Isparta) ekolojisinde yetistirilen erkenci yerli armut (Pyrus communis L.)
tiplerinin bazi meyve ozelliklerinin belirlenmesi. Siileyman Demirel Universitesi Fen Bilimleri Enstitiisii Dergisi, 21(1),
9-12. https://doi.org/10.19113/sdufbed.36032

Postman, J. (2019). Pear germplasm needs and conservation. The Pear Genome, 35-50.

Quinet, M., & Wesel, J. P. (2019). Botany and taxonomy of pear. The Pear Genome, 1-33.

Sagir, N., & Aygiin, A, (2018). Trabzon il'inde yetistirilen yazlik yerel armut cesitlerinin meyve 6zelliklerinin
belirlenmesi. Bahge (Ozel Say1:2):26-34.

Turaly, R. (2020). Bolu Dag1 bat1 yakasinda yetisen mahalli armut cesit ve genotiplerinin pomolojik, fenolojik, morfolojik 6zellikleri.
[Yiiksek Lisans Tezi, Bolu Abant Izzet Baysal Universitesi]. https://tez.yok.gov.tr/Ulusal TezMerkezi/

UPOV, (2000). Pear (Pyrus communis L.). Guidelines for the conduct of tests for distinctness, uniformity and stability.
Geneva.

Uzunismail, T. (2010). Akoluk ve Ozdil beldelerinde (Trabzon) yetistirilen mahalli armut cesit ve tiplerinin pomolojik, fenolojik
ve morfolojik dzellikleri. [Yiiksek Lisans Tezi, Ordu Universitesi]. https://tez.yok.gov.tr/UlusalTezMerkezi/

Volk, G. M., & Cornille, A. (2019). Genetic diversity and domestication history in Pyrus. The Pear Genome, 51-62.

——
Uluslararas: Tarim ve Yaban Hayati Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

10


http://dx.doi.org/10.29278/azd.976635

Fatsa’mmn (Ordu, Tiirkiye) Yerel Kighk Armutlan

Yakut, S. & Ozrenk K. (2009). Erzincan yoresinde yetisen Cermail armutlarimnin seleksiyonu. Yiiziincii Yil Universitesi
Fen Bilimleri Enstitiisii Dergisi, 14(2), 145-153.

Yayla, S. (2019). Seben (Bolu) yoresi armut genotiplerinin pomolojik ve morfolojik karakterizasyonu. [Yiiksek Lisans Tezi, Bolu
Abant {zzet Baysal Universitesi]. https://tez.yok.gov.tr/UlusalTezMerkezi/

Yigit-Biiylik, F. & Pirlak, L. (2016). Konya il merkezinde yetistirtilen mahalli armut cesitlerinin fenolojik ve pomolojik
ozelliklerinin tespiti. Selcuk Tarim Bilimleri Dergisi, 3(2), 184-190.

—
Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws

11



https://dergipark.org.tr/tr/pub/ijaws

Research Article / Aragtirma Makalesi

Bl A

E:‘ B4 ]/AS‘ oqe . o o luslararas: Tanm ve
3} w € Uluslararasi Tarim ve Yaban Hayat1 Bilimleri Dergisi b B i
ety 2 ¢
5 Uq@’ International Journal of Agriculture and Wildlife Science

72 N
)08 . “Iggy -

2025, 11(1): 12 - 20, doi: 10.24180/ijaws.1635594

Kivi Odun Celiklerinin K6klenmesi Uzerine IBA ve Putresin Uygulamalarinin Etkisi
The Effect of IBA and Putrescine Treatments on Rooting of Kiwifruit Hardwood Cuttings
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Gelis Tarihi (Received): 07.02.2025 Kabul Tarihi (Accepted): 17.03.2025 Yayin Tarihi (Published): 22.04.2025

Oz: Bu calisma, Hayward kivi gesidine ait odun ¢eliklerinin koklenmesi iizerine farkli indol biitirik asit (IBA) ve putresin (Put) dozlar1 ve onlarin
kombine etkisini belirlemek amaciyla yiiriitiilmiistiir. Uygulamalara bagh olarak, canli gelik oran1 %70.1 (2000 ppm IBA) ile %93.3 (2000 ppm IBA+800
ppm Put), kdklenme oram %33.3 (2000 ppm IBA) ile %76.8 (4000 ppm IBA), kalluslanma oran tiim uygulamalarda %100 olarak tespit edilmistir. Kok
sayisi 1.4 (Kontrol) ile 4.7 (2000 ppm IBA ve 4000 ppm IBA), kok uzunlugu 17.9 mm (2000 ppm IBA) ile 35.5 mm (4000 ppm IBA+800 ppm Put), kok
¢ap1 0.83 mm (4000 ppm IBA+800 ppm Put) ile 1.03 mm (Kontrol) ve koklenme diizeyi 1.0 (Kontrol) ile 2.4 (4000 ppm IBA+800 ppm Put) arasinda
belirlenmistir. Stirgiin sayis1 ve yaprak sayisi bakimindan uygulamalar arasindaki 6nemli farkliliklar bulunmamustir. Calisma sonucunda, 4000 ppm
IBA uygulamasimnin kivi odun c¢eliklerinde koklenme {izerine 6nemli bir etkisi belirlenmistir. Bunun yaninda Put uygulamas: ise koklenme
ozelliklerini, 6zellikle kok uzunlugu ve koklenme kalitesini Snemli diizeyde tesvik etmistir.

Anahtar kelimeler: Kivi, Koklenme, Kalluslanma, Kok Uzunlugu, Koklenme Diizeyi

&

Abstract: This study was carried out to determine the effects of different indole butyric acid (IBA) and putrescine (Put) doses and their combined
effects on rooting of hardwood cuttings of Hayward kiwifruit cultivar. Depending on the treatments, live cutting ratio was 70.1% (2000 ppm IBA) and
93.3% (2000 ppm IBA+800 ppm Put), rooting ratio was 33.3% (2000 ppm IBA) and 76.8% (4000 ppm IBA), callus ratio was 100% in all treatments. Root
number was determined between 1.4 (Control) and 4.7 (2000 ppm IBA and 4000 ppm IBA), root length was determined between 17.9 mm (2000 ppm
IBA) and 35.5 mm (4000 ppm IBA+800 ppm Put), root diameter was determined between 0.83 mm (4000 ppm IBA+800 ppm Put) and 1.03 mm (Control)
and rooting level was determined between 1.0 (Control) and 2.4 (4000 ppm IBA+800 ppm Put). No significant differences were found among the
treatments in terms of shoot number and leaf number. As a result of the study, it was determined that 4000 ppm IBA treatment had a significant effect
on rooting in kiwifruit hardwood cuttings. In addition, Put treatment promoted rooting characteristics, especially root length and rooting quality, at
a significant level.

Keywords: Kiwifruit, Rooting, Callusing, Root Length, Rooting Level
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Kivi, Actinidiaceae familyasina ait olup, boceklerle tozlanan dioik bir meyve tiiriidiir. Bitkisi giigli,
odunsu, tirmania 6zelliktedir ve destek sistemleri kullanlarak yetistirilir. Anavatan: Yeni Zelanda olup,
diinyanin birgok yerinde ticari olarak yetistirilir (Debersaques ve Mekers, 2010). Diinya kivi iiretiminde
Cin 2.380.304 ton iiretimle ilk sirada yer almaktadir. Onu 603.522 ton ile Yeni Zelanda, 523.120 ton ile Italya,
320.270 ton ile Yunanistan, 294.571 ton ile iran, 114.533 ton ile Sili ve 100.772 ton ile Tiirkiye takip
etmektedir (FAO, 2024).

Kivi, Tiirkiye’ye son 30-35 yilda girmis ve yogun bir ilgi gormiigtiir. Tiirkiye’de kivi ekonomik anlamda
Karadeniz, Marmara, Akdeniz ve Ege bolgelerinde yetistirilir. Uretim miktar1 bakimindan Marmara
bolgesi ilk sirada yer almakta olup, bunu Karadeniz ve Akdeniz bolgeleri takip etmektedir (Islam vd.,
2022). Bu bolgelerde Yalova, Bursa, Mersin, Samsun, Ordu, Rize ve Sakarya illeri kivi {iretimi bakimindan
on plana ¢ikmaktadir. Son 10 yila ait veriler incelendiginde, Tiirkiye kivi iiretim alanlarinin (4.198 ha) 1.94
ve buna paralel olarak {iretim miktarinin ise 2.83 kat arttig1 goriilmektedir (TUIK, 2024). Bu durum
iireticilerin kivi yetistiriciligini tercih ettiklerini agik¢a ortaya koymakta olup, yeni tesis edilen bahgelerin
sayist her gecen giin artmaktadir. Kivi tiretimine olan yogun ilgi bu tiirde fidan talebinin artmasina neden
olmustur (Zenginbal ve Ozcan, 2014).

Kivi generatif ve vejetatif yontemlerle ¢ogaltilabilmektedir. Generatif cogaltma daha ¢ok anag iiretimi ve
1slah ¢alismalarinda kullanilir. Bu yontemle elde edilen bireylerin %80’i erkek, %20’si disi olmakta ve
cinsiyetleri ciceklenme dénemine kadar bilinememektedir (Zenginbal ve Ozcan, 2003; Ali vd., 2017). Kivide
fidan tiretimi amaciyla yaygin olarak asi, gelik ve doku kiiltiirii yontemleri tercih edilir. Bu yontemlerden
ozellikle celikle ¢ogaltma basit, ucuz ve pratiktir. Kivi yesil yari-odun ve odun ¢elikleriyle ¢cogaltilabilir.
Ancak, erken donemde alinan yesil ve yar1 odun celiklerin yeteri miktarda depo maddesi icermemesi,
olumsuz iklim kosullarina ve mantari hastaliklara karsi dayanimlarinin az olmasi nedeniyle (Samanci,
1990), ¢ogaltmada ¢ogunlukla odun gelikleri tercih edilir (Zengibal ve Ozcan, 2013; Karabulut, 2017).

Celiklerde kok olusumu iizerine gesit, genotip, bitki biiylime diizenleyiciler, celik tipi, ¢elik alma zaman,
celik yasi, koklendirme ortami ve bunlarin yaninda sicaklik, 151k, nem gibi birgok faktor etki etmektedir
(Cristofori vd., 2010; Zenginbal ve Ozcan, 2013; Balta vd., 2023a). Bu faktorler arasinda, bitki biiyiime
diizenleyiciler geliklerde koklenmeyi artirmak amaciyla bircok meyve tiiriinde yaygin olarak kullanilir
(Zenginbal vd., 2006a, 2006b; Balta vd., 2019). Ozellikle zor koklenen tiirlerde, bitki biiyiime diizenleyicileri
celiklerde kok olusumunu hizlandirmakta, kok sayis1 ve kalitesini artirarak daha homojen bir koklenme
saglamaktadir. Bu anlamda, bir¢ok meyve tiiriinde oksin grubu bitki biiyiime diizenleyicilerinden IBA
(indol biitirik asit), IAA (indol asetik asit) ve NAA (naftalen asetik asit) yaygin olarak kullanilir (Zenginbal
ve Ozcan, 2014; Celik vd., 2015; Balta vd., 2023b). IBA, oksini yikan enzimler tarafindan daha yavas
parcalanmakta ve bunun sonucunda celiklerde kok olusumunu tesvik etmektedir. IBA, kok apikal
meristem boyutunun diizenlenmesi, yan kok gelisimi ve adventif koklerin olusumu dahil olmak {izere kok
gelisiminin farkl: siirecleri tizerine olumlu bir etkiye sahiptir (Frick ve Strader, 2018).

Son yillarda poliaminler (putresin, spermidin, spermin), giimiis nitrat ve 1-MCP (1-metilsiklopropan) gibi
maddeler de celikle ¢ogaltma ¢alismalarinda kullanilmaktadir (Contessa vd., 2011a, 2011b; Balta vd.,
2023a). Poliaminler, hiicresel farklilasma ve gelisme ile primer, lateral ve adventif kok olusumun
uyarilmas: gibi gesitli fizyolojik siiregler tizerine dnemli rol oynar. Poliaminlerden putresin, IBA ile
kombine olarak kullanildiginda erken koklenmeyi tesvik etmekte ve koklenme &zellikleri iizerine dnemli
bir etki yapmaktadir (Lee vd., 2009; Sahari vd., 2022). Putresinin bu etkisi, farkli arastiricilar tarafindan
findik (Cristofori vd., 2010; Balta vd., 2023b), zeytin (Aslmoshtaghi vd., 2014) ve GF677 seftalixbadem
anacinda (Karimi ve Yadollahi, 2012) belirlenmistir.

Kivide gelikle cogaltma {izerine yapilan calismalarda koklenme tizerine IBA (Karabulut, 2017; Zenginbal
ve Ozcan, 2014), IAA (Cakalli vd., 2017), NAA (Kim vd., 2016), salisilik asit (Karabulut, 2017) ve bakteri
(Esitken vd., 2003) uygulamalarmin etkisinin aragtirildig1 goriilmektedir. Buna kargilik koklenmeyi olumlu
yonde etkiledigi ve kok kalitesini iyilestirdigi bircok arastirici tarafindan rapor edilen putresinin kivide
gelikle ¢ogaltma {iizerine etkisinin arastirildigi herhangi bir calismaya rastlanilmamistir. Bu calismada
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Hayward kivi gesidine ait odun c¢eliklerinin koklenme orani ve koklenme ozellikleri iizerine IBA ve
putresin uygulamalarinin etkisini belirlemek amaciyla yiiriitilmiistiir.

MATERYAL VE METOT

Materyal

Aragtirma, 2023-2024 yillar1 arasinda Sakarya Uygulamali Bilimler Universitesi Tarim Bilimleri ve
Teknolojileri Egitimi Merkezi Uygulama ve Arastirma Alaninda bulunan ytiksek plastik tiinel igerisinde
yuriitiilmiistiir. Calismada materyal olarak Hayward kivi gesidine ait odun celikleri kullanilmistir.
Aragtirmada kullanilan kivi gelikleri Arifiye ilgesinde bulunan teknik ve kiiltiirel uygulamalarin diizenli
olarak yapildig: bir iiretici bahgesinden temin edilmistir.

Metot

Hayward kivi ¢esidine ait odun gelikleri kis dinlenme periyodunda 18 Ocak 2024 tarihinde alinmis ve nemli
bir beze sarilarak, hava almayacak sekilde streg filmle kaplanip naylon poset igerisinde dikim zamanina
(26 Mart 2024) kadar +4°C’de buzdolabinda 2.5 ay siireyle muhafaza edilmistir. Celik alinan bitkilerin
hastalik ve zararlilardan ari olmasina dikkat edilmistir. Celikler, {izerinde 3 goz olacak sekilde 20-25 cm
boyda, bazal kismu goziin hemen altindan diiz, {ist kismu1 ise goziin hemen {istiinden 45°lik egimle
kesilerek hazirlanmistir. Hazirlanan gelikler mantari enfeksiyonlara karsi fungusitle dezenfekte edilmistir.

Calismada Hayward cesidine ait odun ¢eliklerinin koklenmesi tizerine IBA ve putresin uygulamalarinin
etkileri aragtinlmistir. Bu amacla hazirlanan geliklere kontrol, 2 farkli IBA dozu (2000 ppm ve 4000 ppm)
ve IBA dozlar ile kombine olarak 2 farkli putresin dozu (800 ppm ve 1600 ppm) uygulanmistir. IBA ve
putresin dozlarinin se¢iminde kivide ve farkli meyve tiirlerinde yapilan celikle ¢ogaltma g¢alismalar:
referans alinmistir (Zenginbal vd., 2006a; Karimi ve Yadollahi, 2012; Balta vd., 2023a). Calisma tesadjif
parselleri deneme desenine gore 3 tekerriirlii ve her tekerriirde 20 gelik olacak sekilde planlanmistir. Bu
kapsamda her bir uygulama icin 60, toplamda ise 420 gelik kullanilmistir. Hazirlanan gelikler 7 gruba
ayrilmus, birinci grup celiklere herhangi bir uygulama yapilmamis ve diger gruplara asagidaki (Cizelge 1)
uygulamalar yapilmisgtir.

Cizelge 1. Kivi odun geliklerine uygulanan IBA ve putresin dozlari.
Table 1. IBA and putrescine doses treated kiwifruit hardwood cuttings.

Kod Uygulama Aciklama

U-1 Kontrol Herhangi bir uygulama yapilmamuistir.

U-2 2000 ppm IBA 5 sn siire ile 2000 ppm IBA ¢6zeltisine daldirilmistir.
U-=3 4000 ppm IBA 5 sn siire ile 4000 ppm IBA ¢o6zeltisine daldirilmistur.

2000 ppm IBA+800 ppm putresin 20 dk siireyle 800 ppm putresin ¢dzeltisine ve ardindan 5 sn siire ile

U-4 2000 ppm IBA ¢ozeltisine daldirilmistir.
2000 ppm IBA+1600 ppm putresin 20 dk siireyle 1600 ppm putresin ¢dzeltisine ve ardindan 5 sn siire ile
U-5 2000 ppm IBA ¢ozeltisine daldirilmistir.
4000 ppm IBA+800 ppm putresin 20 dk siireyle 800 ppm putresin ¢dzeltisine ve ardindan 5 sn stire ile
U-6 s
4000 ppm IBA ¢ozeltisine daldirilmisgtir.
U7 4000 ppm IBA+1600 ppm putresin 20 dk siireyle 1600 ppm putresin ¢dzeltisine ve ardindan 5 sn siire ile

4000 ppm IBA ¢bzeltisine daldirilmistir.

Celikler, igerisi iri tarim perliti ile dolu alttan 1sitmali koklendirme tavalarina sira arasi ve sira tizeri 10x10
cm mesafelerde, 2/3’1iik kismi1 koklendirme ortaminda olacak sekilde dikilmistir. Koklendirme ortaminda
gerekli nemin saglanmasi igin mistleme iinitesi kullanilmis ve 4 saatte bir 2 dk. mistleme yapilmustir.
Koklendirme ortam sicakligi 21°C+1.0 ve sera ici oransal nemi ise %70-90 olarak ayarlanmistir. Celikler
dikimden 100 giin sonra koklendirme ortamindan sokiilmiis ve asagidaki 6zellikler incelenmistir.
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Incelenen Ozellikler
Canli Celik Orani (%): Her bir uygulamadaki 0Olii celiklerin sayisimin canli geliklerin sayisina
oranlanmastyla hesaplanmistir (Zenginbal ve Ozcan, 2013; Zenginbal ve Ozcan, 2014).

Kalluslanma Orani (%): Kallus olusumun meydana geldigi celikler gozlem yoluyla belirlenmis ve % olarak
ifade edilmistir (Zenginbal ve Ozcan, 2013; Zenginbal ve Ozcan, 2014).

Koéklenme Orani (%): Kok olusumunun gergeklestigi celiklerin sayisinin toplam gelik sayisina oranlanmast
ile belirlenmistir (Zenginbal ve Ozcan, 2013; Zenginbal ve Ozcan, 2014).

Kok Sayisi (adet celik): Koklenen geliklerin bazal kismindaki ana kokler dikkate alinarak tespit edilmistir
(Zenginbal ve Ozcan, 2013; Zenginbal ve Ozcan, 2014).

K6k Uzunlugu (mm): Her bir koklenen celikteki ana koklerin uzunlugu 0.01 mm’ye duyarl dijital kumpas
(Mitutoyo, Japonya) yardimiyla dlgiilmiistiir (Zenginbal ve Ozcan, 2013; Zenginbal ve Ozcan, 2014).

Kok Cap1 (mm): Her bir koklenen gelikteki ana koklerin ¢ap1 kokiin orta noktasindan 0.01 mm’ye duyarl
dijital kumpas (Mitutoyo, Japonya) yardimiyla 6lciilmiistiir (Zenginbal ve Ozcan, 2013; Zenginbal ve
Ozcan, 2014).

Koéklenme Diizeyi: Kok olusumunun gerceklestigi celiklerde 1-4 (1-zayif, 2-orta, 3-iyi, 4-¢ok iyi) skalasina
gore belirlenmistir.

Siirgiin Sayis1 (adet ¢elik™): Her bir uygulamadaki celiklerde olusan siirgiinler sayilmis ve ortalamasi
alinmigtir (Balta vd., 2013a).

Yaprak Sayisi (adet celik)): Her bir uygulamadaki celiklerde olusan yapraklar sayilmis ve ortalamasi
alinmigtir (Karabulut, 2017).

Istatistiki Analizler
Veriler, JMP 16.0 (deneme siiriimii) istatistik paket programi kullanilarak degerlendirilmistir. Uygulamalar

arasindaki farkliliklar %5 6nem seviyesinde Tukey ¢oklu karsilastirma yontemine gore belirlenmistir.

BULGULAR VE TARTISMA

Canli Celik Orani (%)

Uygulamalarin canli gelik oram {izerine etkisi 6nemli bulunmustur (p<0.05). En yiiksek canli ¢elik orani U-
4 (%93.3) uygulamasinda, en diisiik ise U-2 (%70.1) uygulamasinda tespit edilmistir (Sekil 1).
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Sekil 1. IBA ve putresin uygulanan ‘Hayward’ kivi odun geliklerinde canli ¢elik ve kalluslanma oranlari.

Figure 1. Survived cuttings ratio and callusing ratio of Hayward kiwifruit hardwood cuttings treated IBA and putrescine.
(U-1: Kontrol; U-2: 2000 ppm IBA; U-3: 4000 ppm IBA; U-4: 2000 ppm IBA+800 ppm putresin; U-5: 2000 ppm IBA+1600 ppm putresin;
U-6: 4000 ppm IBA+800 ppm putresin; U-7: 4000 ppm IBA+1600 ppm putresin)

Hayward kivi gesidine ait odun celiklerinin koklenmesi iizerine yapilan ¢alismalarda canli gelik oram
%62.7-93.33 arasinda belirlenmistir (Zenginbal vd., 2006b; Zenginbal ve Ozcan, 2013; Ali vd., 2017). Birgok
aragtiricr kivi odun celiklerinde kontrole kiyasla IBA uygulamasimin canli gelik oranimi arttirdigin
bildirmistir (Cangi vd., 2001; Zenginbal vd., 2006b; Ali vd., 2017). Aksine, Zenginbal ve Ozcan (2013) kivi
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odun celiklerinde en yiiksek canli ¢elik oranmni kontrol grubu ¢eliklerde rapor etmistir. Bunun yaninda,
bazi arastiricilar findik geliklerinde putresin uygulamasinin canli gelik oranini azalttigini (Contessa vd.,
2011a; Balta vd., 2023a), Balta vd. (2023b) ise artirdigim bildirmistir. Mevcut calismada da kontrole kiyasla
en yiiksek canli gelik oraru 2000 ppm IBA+800 ppm putresin uygulamasinda belirlenmistir. Canl1 gelik
orani bakimindan goriilen bazi farkliliklar ortam neminden ve celiklerdeki dogal oksin igeriginden
kaynakli olabilir (Baul vd., 2010).

Kalluslanma Orani (%)

Kalluslanma orani iizerine IBA ve putresin uygulamalarimin etkisi 6nemsiz bulunmustur (p<0.05).
Kalluslanma oram tiim uygulamalarda %100 olarak belirlenmistir (Sekil 1). Kivi odun celiklerinde
kalluslanma orani %85.0-96.6 arasinda belirlenmis ve IBA dozu arttik¢a kalluslanma oraninin artig
gosterdigi tespit edilmistir (Ali vd., 2017). Bunun yaninda IBA ve putresin uygulamalarinin farkli meyve
tiirlerine ait geliklerde kalluslanma oranini arttirdigr rapor edilmistir (Cristofori vd., 2010; Khaleghi ve
Alivapour, 2024).

Koklenme Orani (%)

Koklenme orani iizerine gesit, genotip, celik alma zamani, celik tipi, celik yasi, bitki biiyiime
diizenleyicileri, sicaklik, nem, 1s1k, koklendirme ortami gibi bircok faktor etki etmektedir (Cristofori vd.,
2010; Zenginbal ve Ozcan 2014; Balta vd., 2023a). Uygulamalara bagl olarak kéklenme orar énemli 8lgiide
farklhiik gostermistir (p<0.05). En yiiksek koklenme orani U-3 (%76.8) uygulamasinda belirlenirken, en
diisiik U-1 (%33.3) uygulamasinda tespit edilmistir. En yiiksek koklenme oranina sahip U-3 uygulamasini
U-5 (%66.8) ve U-7 (%66.8) uygulamalar izlemistir (Sekil 2). Ilgili arastirmalarda kivi odun geliklerinde
koklenme orani %22.7-74.7 arasinda rapor edilmistir (Zenginbal vd., 2006b; Zenginbal ve Ozcan, 2013, Ali
vd., 2017). Farkli arastiricilar kivi odun geliklerinde IBA dozu arttik¢a koklenme oranimnin arttigini ve en
yiiksek koklenme oraninin 4000 ve 6000 ppm IBA dozlarinda oldugunu bildirmislerdir (Cangi vd., 2001;
Zenginbal vd., 2006b). Bunun yaninda IBA+putresin kombinasyonun findik geliklerinde kdklenme oranini
arttirdigl rapor edilmistir. Benzer sonuglar GF677 seftalixbadem anaci ve zeytin celiklerinde de
bildirilmistir (Karimi ve Yadollahi, 2012; Khaleghi ve Alavipour, 2024). IBA'min, oksini yikan enzimler
tarafindan daha yavas pargalandigi ve bunun sonucunda celiklerde kdk olusumu tesvik ettigi rapor
edilmistir (Frick ve Strader, 2018). Poliaminlerin ise hiicre boliinmesini, bunun yaninda geliklerde primer,
lateral ve adventif kok olusumunu arttirdig bildirilmistir (Liu vd., 2006; Lee vd., 2009). Genel olarak
degerlendirildiginde, mevcut calismada koklenme orani IBA ve putresin uygulamalariyla artmis ve bu
0zellik bakimindan elde edilen sonuglar arastiricilarin bulgulariyla uyumlu bulunmustur.
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Sekil 2. IBA ve putresin uygulanan ‘Hayward’ kivi odun geliklerinde kdklenme oran: ve kok sayist.

Figure 2. Rooting ratio and number of roots in Hayward kiwifruit hardwood cuttings treated IBA and putrescine.

(U-1: Kontrol; U-2: 2000 ppm IBA; U-3: 4000 ppm IBA; U-4: 2000 ppm IBA+800 ppm putresin; U-5: 2000 ppm IBA+1600 ppm putresin;
U-6: 4000 ppm IBA+800 ppm putresin; U-7: 4000 ppm IBA+1600 ppm putresin)

Kok Sayisi (adet celik)
Kok sayist {izerine IBA ve putresin uygulamalarinin etkisi 6nemli bulunmustur (p<0.05). En yiiksek kok
sayist U-2 ve U-3 (her iki uygulamada da 4.7 adet) uygulamalarinda belirlenmistir. En diisiik ise U-1 (1.4)
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uygulamasinda tespit edilmistir (Sekil 2). Farkli arastiricilar Hayward kivi odun geliklerinde kok sayisini
3.09-14.10 arasinda bildirilmistir (Cangi vd., 2001; Zenginbal vd., 2006b; Ali vd., 2017). Kivi odun
geliklerinin kok sayisi iizerine IBA uygulamasinin olumlu etki yaptig1 ve en yiiksek kok sayisinin 4000 ve
6000 ppm IBA uygulamalarindan elde edildigini rapor etmiglerdir (Cangi vd., 2001; Zenginbal vd., 2006b).
Bunun yaninda putresin uygulamasimin farkli meyve tiirlerine ait celiklerde kok sayisini artirdig:
bildirilmistir (Cristofori vd., 2010; Karimi ve Yadollahi, 2012; Balta vd., 2023b; Khaleghi ve Alavipour,
2024). Benzer sekilde mevcut ¢calismada da kontrol uygulamasia gore IBA ve putresin uygulamalari
geliklerde kok sayisimi artirmistir. Buna karsilik kok sayisi verileri arastiricilarin bulgularindan diisiik
bulunmustur. Kok sayist bakimindan goriilen farkliliklarin ana bitkinin yasi, beslenme durumu ile
celiklerdeki depo maddesi birikimi ve dogal oksin igeriginden kaynakli olabilir (Zenginbal ve Ozcan, 2013;
Balta vd., 2023b).

Kék Uzunlugu ve Kok Cap1 (mm)

Uygulamalarin kok uzunlugu {izerine etkisi onemli iken, kok capr {izerine etkisi 6nemsiz bulunmustur
(p<0.05). En yiiksek kok uzunlugu U-6 (35.5 mm) uygulamasinda belirlenirken, en diisiik U-2 (17.9 mm)
uygulamasinda tespit edilmistir. Uygulamalara bagl olarak kok ¢api 0.83 (U-6)-1.03 (U-1) mm arasinda
degisiklik gostermistir (Sekil 3). Farkl arastiricilar kivi odun geliklerinde kok uzunlugunu 2.89-10.50 mm
ve kok capini ise 0.31-1.25 mm arasinda belirlemislerdir. Arastiricilar ayn1 zamanda kontrole kiyasla IBA
uygulamasinin kok uzunlugu ve kok ¢apini artirdigini bildirmislerdir. IBA dozu arttikga kok uzunlugu ve
kok capinin da artis gosterdigini, ancak kok ¢apindaki artisin istatistiki olarak dnemsiz oldugunu rapor
etmiglerdir (Zenginbal ve Ozcan, 2013; Ali vd., 2017). Bunun yaninda farkli meyve tiirlerinde putresin
uygulamasinin kok uzunlugunu artirdigy bildirilmigtir (Karimi ve Yadollahi, 2012; Balta vd., 2023a). Kok
¢ap1 bakimindan elde edilen bulgular arastirialarin bulgulartyla uyumlu iken, kdk uzunlugu bakimindan
elde edilen bulgularin daha yiiksek oldugu belirlenmistir. Ayrica kontrole kiyasla IBA uygulamalarinda
daha diisiik kok uzunlugu belirlenirken, IBA+putresin kombinasyonunun kék uzunlugunu énemli 6l¢iide
artirdig1 belirlenmistir. Bu bakimdan putresin uygulamas: kék uzunlugu {izerine olumlu sonuglar
vermistir. Kok uzunlugu bakimindan goriilen bazi farkliliklar putresin uygulamasimin kok olusumu ve
gelisimi {izerine olan olumlu etkisinden kaynakl: olabilir (Lee vd., 2009; Cristofori vd., 2010).

Kdéklenme Diizeyi
Koklenme diizeyi iizerine IBA ve putresin uygulamalarimin etkisi 6nemli bulunmustur (p<0.05).
Uygulamalara bagh olarak koklenme diizeyi 1.0 (U-1) ile 2.4 (U-6) arasinda belirlenmistir (Sekil 3).
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Sekil 3. IBA ve putresin uygulanan ‘Hayward’ kivi odun ¢eliklerinde kok uzunlugu, kok cap1 ve koklenme diizeyi.
Figure 3. Root length, root diameter, and rooting level in ‘Hayward’ kiwifruit hardwood cuttings treated IBA and putrescine.
(U-1: Kontrol; U-2: 2000 ppm IBA; U-3: 4000 ppm IBA; U-4: 2000 ppm IBA+800 ppm putresin; U-5: 2000 ppm IBA+1600 ppm putresin;
U-6: 4000 ppm IBA+800 ppm putresin; U-7: 4000 ppm IBA+1600 ppm putresin)

Kivi odun celikleri {izerine yapilan farkl arastirmalarda koklenme diizeyi 1.1-3.4 (Zenginbal vd., 2006a),
1.5-3.5 (Zenginbal vd., 2006b) ve 0.0-3.77 (Zenginbal ve Ozcan, 2013) arasinda bildirilmistir. Yapilan
calismalarda IBA uygulamasinin koklenme diizeyini artirdig1 ve en yiiksek koklenme diizeyinin 4000 ve
6000 ppm IBA uygulamalarindan elde edildigi belirtilmistir. Findik celiklerinin koklenmesi {izerine
putresin uygulamalarmin etkisinin incelendigi calismalarda kontrole kiyasla putresin uygulamasimin
koklenme diizeyini artirdig1 rapor edilmistir (Balta vd., 2023a, 2023b). Mevcut ¢alismada da koklenme
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diizeyi kontrole kiyasla IBA ve putresin uygulanmis celiklerde daha yiiksek bulunmustur. Ayrica
koklenme diizeyi verileri arastiricilar tarafindan rapor edilen degerler arasinda yer almistir.

Siirgiin ve Yaprak Sayist (adet celik™)

Siirgiin ve yaprak sayisi iizerine uygulamalarin etkisi onemsiz bulunmustur (p<0.05). Uygulamalara baglh
olarak siirgiin sayist 1.0 (U-7)-1.4 (U-2) arasinda belirlenmistir. Yaprak sayis: ise 3.7 (U-1) ile 5.9 (U-5)
arasinda degismistir (Sekil 4). Kivi celiklerinde siirgiin sayisi iizerine IBA ve putresin uygulamalarin
etkisinin arastirildig1 bir ¢alismaya rastlanilmamaistir. Bunun yaninda kivi odun celiklerinin yaprak sayisi
iizerine IBA uygulamalarinin 6nemli bir etkisinin olmadig1 ve yaprak sayisinin en diisiik kontrolde (7.47),
en yliksek ise 4000 ppm IBA (8.17) uygulamasinda oldugu bildirilmistir (Karabulut, 2017). Farkli bir
arastirmada IBA ve putresin uygulamalarinin Fosa findik ¢esidine ait geliklerde siirgiin ve yaprak sayisini
artirdig tespit edilmistir (Balta vd., 2023b). Aksine, Balta vd. (2023a) IBA ve putresin uygulanan Tombul
findik cesidine ait celiklerde kontrole gore daha diisiik siirgiin ve yaprak sayisi bildirmislerdir. Yaprak
say1s1 bakimindan elde edilen bulgular Karabulut (2017)'un bulgulariyla benzerlik gostermektedir. Siirgiin
say1s1 bakimindan elde edilen sonuglar ise Balta vd. (2023b)'nin bulgulariyla uyumlu bulunmustur. Genel
olarak degerlendirildiginde siirgiin ve yaprak sayis: iizerine uygulamalarin etkisi 6nemsiz olsa bile, IBA
ve putresin uygulamalarinin bu 6zellikler tizerine olumlu bir etkisinin oldugu belirlenmistir.
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Sekil 4. IBA ve putresin uygulanan uygulanan ‘Hayward’ kivi odun geliklerinde siirgiin sayisi1 ve yaprak sayisi.

Figure 4. Number of shoots and leaf in ‘Hayward’ kiwi hardwood cuttings treated IBA and putrescine.
(U-1: Kontrol; U-2: 2000 ppm IBA; U-3: 4000 ppm IBA; U-4: 2000 ppm IBA+800 ppm putresin; U-5: 2000 ppm IBA+1600 ppm putresin;
U-6: 4000 ppm IBA+800 ppm putresin; U-7: 4000 ppm IBA+1600 ppm putresin)

SONUC

Hayward kivi ¢esidine ait odun geliklerinin koklenmesi iizerine farkli IBA ve putresin dozlar1 ve onlarin
kombinasyonlarimin etkisinin arastirildigi calismada, incelenen bir¢ok o&zellik iizerine uygulamalarin
onemli etkileri belirlenmistir. Uygulamalara bagli olarak, koklenme orani ve kok sayist bakimindan en iyi
sonuglar 4000 ppm IBA uygulamasindan elde edilmistir. IBA ve putresin dozlarinin artisina bagl olarak
koklenme orami da artis gostermistir. Ozellikle 2000 ppm IBA uygulamasima gore, bu dozun putresin
dozlariyla (800 ve 1600 ppm) kombine edilmis olanlarinda koklenme orani sirasiyla %58 ve %100 artmustir.
Buna karsilik, 4000 ppm IBA uygulamasinda ise tersi bir durum belirlenmistir. Kok uzunlugu ve koklenme
kalitesi tizerine 4000 ppm IBA+800 ppm putresin kombinasyonu kayda deger sonuclar vermistir. Diger
uygulamalar ile kiyaslandiginda bu 6zellikler iizerine putresin uygulamasmin énemli bir etkisinin oldugu
goriilmiistiir. Nitekim 2000 ve 4000 ppm IBA uygulamalarina gore, bu dozlarin putresin dozlariyla (800 ve
1600 ppm) kombine edilmis olanlarinda daha yiiksek kok uzunlugu ve kdklenme kalitesi tespit edilmistir.
Sonug olarak, 4000 ppm IBA uygulamasinin kivi odun celiklerinde kdklenme oranini artirdig1, putresinin
ise IBA ile birlikte kombine olarak kullanildiginda koklenme ozelliklerini (6zellikle kok uzunlugu ve
koklenme kalitesi) tesvik ettigi belirlenmistir.

CIKAR CATISMASI
Yazarlar arasinda herhangi bir ¢ikar ¢atismasi yoktur.
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YAZAR KATKISI
Yazarlar makaleye esit katki saglamustir.
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Bu calisma Sakarya Uygulamali Bilimler Universitesi Bilimsel Arastirma Projeleri Koordinatérliigii
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Valley Natural Storage in Kiitdiken Lemon is as Effective as Volcanic Natural Storage*

Kiitdiken Limonu'nda Vadi Dogal Depolama, Volkanik Dogal Depolama Kadar Etkilidir
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Abstract: Increasing food demand is a pressing issue due to global food waste and population growth. In Tiirkiye, high humidity in the volcanic
storage of Ortahisar leads to significant postharvest losses of lemons. This study aims to highlight the storage advantages of Kiitdiken lemons by
comparing the conditions in Bolu's wide valley with those in Ortahisar. The lemons were stored in three environments: a mechanized cold storage,
volcanic tuff storage, and valley storage in Bolu. Temperature and humidity were monitored with data loggers, while weight loss, decay rate, and
quality characteristics were assessed periodically.The results indicated that both storage duration and environment significantly impact Kiitdiken
lemons. On the 30th day, weight loss was 6.03%, increasing to 10.27% by the 120th day. The lowest weight loss occurred in controlled conditions
(5.90%), while the highest (6.64%) was in valley storage. The decay rate was lowest at 2.12% in controlled storage and highest at 2.74% in valley
storage. Juice content was measured at 30.16% on day 30 and 35.06% on day 120, with volcanic storage yielding the lowest juice content (30.92%)
and controlled storage the highest (32.79%). In conclusion, Bolu's favorable climate and logistical ease to markets like Istanbul and Ankara suggest
that natural valley storage for lemons could be a viable alternative. Establishing natural storage facilities in this region could enhance capacity and
competitiveness.

Keywords: Kiitdiken Lemon, Natural Storage, Volcanic Storage, Weight Loss, Fruit Quality

&

Oz: Artan gida talebi, kiiresel gida israfi ve niifus artist nedeniyle Gnemli bir sorun haline gelmistir. Tiirkiye'de, Ortahisar'daki volkanik depolama
alaninda yiiksek nem, limonlarda énemli postharvest kayiplara yol agmaktadir. Bu ¢aligma, Kiitdiken limonlarinin depolama avantajlarini, Bolu'nun
genis vadi kogsullari ile Ortahisar'daki kosullar1 karsilagtirarak vurgulamay1 amaglamaktadir. Limonlar, {i¢ farkli ortamda depolanmustir: mekanize
soguk depolama, volkanik tiif depolamas: ve Bolu'daki vadi depolamasi. Sicaklik ve nem, veri kayit cihazlar ile izlenmis, agirlik kaybi, bozulma
orani ve kalite ozellikleri belirli araliklarla degerlendirilmistir. Sonuglar, hem depolama siiresinin hem de ortamin Kiitdiken limonlar tizerinde
Onemli etkileri oldugunu gostermistir. 30. giinde agirlik kayb1 %6.03, 120. giinde ise %10.27'ye ¢ikmustir. En diisiik agirlik kayb1 kontrollii kosullarda
(%5.90), en yiiksek kayip ise vadi depolamasinda (%6.64) gozlemlenmistir. Bozulma orani, kontrollii depolamada %2.12 ile en diisiik, vadi
depolamasinda %2.74 ile en yiiksek olmustur. Meyve suyu igerigi, 30. giinde %30.16, 120. giinde ise %35.06 olarak ol¢iilmiistiir; volkanik depolama
en diisiik meyve suyu igerigini (%30.92) verirken, kontrollii depolama en yiiksek (%32.79) igerigi saglamustir. Sonug olarak, Bolu'nun uygun iklimi
ve Istanbul ile Ankara gibi pazarlara lojistik kolaylhig1, limonlar igin dogal vadi depolamasinin uygun bir alternatif olabilecegini gostermektedir. Bu
bolgede dogal depolama tesislerinin kurulmasi, kapasiteyi artirarak rekabetgiligi gelistirebilir.
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INTRODUCTION

More than 1.3 billion tons of food are lost or wasted annually worldwide. With the increasing population,
wastage is increasing. By 2050, it is predicted that the world population will be 9.7 billion and the need for
food will increase by 60% in parallel. This is why food safety emerges as an issue that needs urgent
intervention (United Nations [UN] Tiirkiye, 2025). The high cost of cold storage on the product due to high
energy inputs has increased the demand for natural cold storage. Temperature and humidity cannot be
controlled during the storage of products in naturally cooled warehouses. These warehouses store mostly
root vegetables, apples, lemons, and potatoes (Ozdemir and Candir, 2017).

A total of 70% of lemon fruits in Turkey are grown in Mersin. Lemons suitable for storage are harvested in
December and stored in ordinary warehouses on the Mersin coastline until March, and when the weather
warms up, they are transported to Ortahisar town of Nevsehir province Urgiip district or to naturally
cooled warehouses in the highlands close to the production area. Approximately 85% of the lemons
produced are stored in Ortahisar (Canan and Agar, 2006). The temperature values of Ortahisar warehouses
are very suitable for lemon storage, but other quality criteria and post-harvest losses are quite high. The
reason for this is the high relative humidity in the warehouses and the insufficient evacuation of the
warehouse air (Canan et al., 2015). Ortahisar is a town built on volcanic tuff soils erupted by Mount Erciyes.
The feature of tuff is although it is soft enough that any person can open a large cave with a hand pickaxe;
It hardens after contact with air and allows very useful caves to be made (Canan and Agar, 2006).

Kiitdiken lemon is in the Feminello subgroup of the Eureka group. This variety, like all lemons, originates
in Italy. However, there is no information about his being brought to Turkey. Over time, it has become a
lemon variety unique to Turkey and is the most produced lemon type in our country. The udder part is
underdeveloped, the shell is tightly attached to the smooth and shiny flesh. It is the most superior and
high-quality variety in the world in terms of internal quality, water, and odor characteristics. It is high
quality. It is a high-yielding variety that does not show periodicity and is the most stored lemon in Turkey.
The trees grow in medium strength, and the distribution of fruits on the tree is uniform (Kafa, 2015). Lemon
fruit (Citrus limon) is one of the commonly consumed fruits used directly or in soft drinks, alcoholic
beverages, and meals (Shimizu et al., 2019). Lemon polyphenols prolong life, delay aging lesions, and
reduce obesity. Lemon fruit is also rich in citric acid, vitamin C, and polyphenols, which have benefits such
as alleviation of fatigue (Kajimoto et al., 2007) and lipid-lowering effects (Miyake et al., 2006; Hiramitsu et
al., 2014).

Bolu province, which has a lot of suitable valleys for natural storage, is 743 m above sea level with an
annual average temperature of 10.4 °C. Nevsehir Province, where Ortahisar is located, has an altitude of
1260 m and an average temperature of 10.7 °C (General Directorate of Meteorology, 2025), with a volcanic
rhizosphere. Generally, the temperature 2 m below is equal to the annual average temperature above the
ground and is generally constant throughout the year (Kader, 2002). Considering the example of Bolu and
Nevsehir with this principle, it is thought that Bolu is equal to or slightly more advantageous than Nevsehir
in terms of underground storage temperatures. If natural storage is combined with electricity and
technological facilities, the energy costs needed will be less.

This study aimed to determine the possibility of reflecting the aforementioned superior features of a valley
in Bolu province to natural storage by comparing it with the natural storage of Kiitdiken lemon, which is
the most stored and traded variety in Tiirkiye, in Ortahisar conditions.

MATERIAL AND METHOD

The Kiitdiken lemon (Citrus lemon) variety was used in the experiment. This variety is convenient for
storage and transportation. Due to its suitability for long-term storage, it can be stored until the export
demand rises. Fruit skin color is light green-yellow or lemon yellow. The bark is smooth, shiny, and tightly
attached. The mammary part is not well developed and is not obvious. Its fruits are elliptical. It contains
32.96% fruit juice at maturity. The acid rate is 7.16%. The number of seeds per fruit is 10-11. It has a strong
tree canopy and is a mid-season variety. The fruits best suited for storage are those harvested before the
November rains. Harvest continues until February under favorable conditions (Tuzcu, 1990).
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Since there is no natural cold storage in Bolu yet, the underground warehouse used as a potato storage 2
meters below was considered as cold storage in this study. The average temperature is around 10 °C, and
humidity varies between 85-95%. These warehouses are completely earthen and surrounded by wood.
Since the village houses have been replaced by reinforced concrete structures today, the number of such
warehouses is gradually decreasing.

Lemon fruits were purchased from an orchard in Mersin (Erdemli) region from approximately 20 years old
trees grafted on Citrus (Citrus aurantium) trees on 1 January. Fruits were separated according to their color,
size, and quality. Approximately the same color, medium-sized, and undamaged fruits were selected and
placed in wooden boxes, which are commercial crates commonly used for storage in the market.

In the experiments, the cold storage in controlled conditions at Bolu Abant Izzet Baysal University (BAIBU),
the ordinary warehouse in Ortahisar as the volcanic tuff storage, and the valley storage in Bolu were used.
Temperature and humidity are recorded with data loggers (DS102 Heat and Humidity Datalogger, Ecowitt,
Hong Kong) in the warehouses, including on-site. Thermomechanical storage is kept constant at 10 °C for
lemon. Since it is not controlled in ordinary warehouses, humidity control was not carried out in the
controlled warehouse either. The fruits were stored for 120 days, and analyses were conducted every 30
days.

The lemons included in the experiment were numbered before being put into the warehouses and their
initial weights were weighed one by one with a precision digital scale (Precisa 125 ASCS, Switzerland).
During the storage period in the warehouse, 10 fruits were taken once a month and weighed again and the
weight loss was calculated according to the formula below (1).

Weight Loss (%) = [(Initial Weight (g)-Final Weight (g)) x100] x [Initial Weight (g)]* (1)

The fruits taken during the storage period were examined and the decay rate (DR) was recorded as the
total amount of rotten fruit. The amount of rotten fruit counted was calculated as the estimated percentage
of total fruit according to the formula below (2).

DR (%) = [Rotten Fruits (pieces) x 100] x (Total Fruits)~ 2)

In the monthly counting and measurement processes, the green capsule fruits (GCF) were counted and the
percentage of the total number of fruits in the box was calculated according to the formula below (3).

GCF (%) = [Number of GCF x 100] x (Total Number of Fruits)! (3)

The weight of the pulp was subtracted from the initial period of the fruit and the percentage divided by
the weight of the fruit taken as a sample was calculated according to the formula below(4).

Fruit Juice(%) = [(Fruit Weight - Pulp Weight) x100] x Fruit Weight -1 4)

After the pulp was filtered, 1 ml of the extract from the filtrate was immersed in the glass electrode sample
of the pH meter (pH3110, WTW, Germany) and titrated with 0.1 N NaOH until the pH value was 8.1 with
continuous stirring using a magnetic stirrer (Diindar and Pekmezci, 1991), and was calculated with the
equation below.
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TA (g/100ml) = [NaOH spent x Normality of NaOH x factor of NaOH x 0.007 x100] x [Amount of Sample Taken (ml)]-! (5)

The solible solid (SS) was determined by a hand-type refractometer (Atago N-20 Brix 0-20 %, Japan) after
the pulp was filtrated. The maturity index (%) was calculated by dividing the SS to the TA and multiplying
by 100 (Cemeroglu, 1992).

The visiual quality (VQ) of lemon fruits at the end of the storage period was evaluated by ten different
sensory panelists, who scored them from 1 to 5 in terms of the general view. Visual Quality, a scale of 1
indicating the worst and 5 is the best.

Color properties were determined according to CIELAB with a hand-type colorimeter (NR60CP, 3Nh Tech,
Shenzen, China).

The experiment was designed in factorial design with two factors, storage duration and storage conditions
in triplicates. Data were subjected to two-way ANOVA to determine the significance of the factors and
their interaction. When F was significant, data were subjected to Tukey’s post-hoc test (HSD) to compare
means. The interrelationship between traits and factors were determined by a principal component analysis
(PCA). Correlations among the traits were determined by Pearson’s pairwise correlations using “corrplot”
package of R Studio (Wei and Simko, 2017).

RESULTS AND DISCUSSION

The average storage temperature gradually increased from 7.57 °C to 9.20 °C from January to May in the
warehouse in the volcanic region (Ortahisar). The relative humidity values in the same warehouse varied
between 95.60% (January; Oth day) and 98.70% (May; 120th day). While the temperature values in the
warehouse in the valley (Bolu) were 8.10 °C on average in January, it reached an average of 13.50 °C in May.
The relative humidity in this warehouse varied between 69.24% (January) and 81.00% (March; 60th day).
The temperature and relative humidity values of the warehouses during the study are presented in Table
1.

Table 1. Temperature (Temp; °C) and relative humidity (RH; %) values in different storages during experiment.
Cizelge 1. Deney sirasinda farkli depolardaki sicaklik (Temp; °C) ve bagil nem (RH; %) degerleri.

Valley warehouse Volcanic warehouse
Months Temp (°C) RH (%) Temp (°C) RH (%)
January Min 9.40 76.00 8.60 99.00
Max 6.60 60.00 7.00 68.00
Avg 8.10 69.24 7.57 95.60
February Min 13.00 81.00 9.50 99.00
Max 6.50 71.00 7.00 70.00
Avg 9.20 76.83 7.80 97.40
March Min 13.90 78.11 11.00 99.00
Max 9.70 73.00 5.10 91.00
Avg 11.88 81.00 8.60 98.32
April Min 15.40 84.00 11.50 99.00
Max 11.20 64.00 6.70 91.00
Avg 13.02 73.73 9.01 98.00
June Min 15.80 82.00 13.90 99.00
Max 12.60 70.00 9.20 84.00
Avg 13.50 76.82 9.20 98.70

*Commercial warehouse is a mechanized cold storage. The temperature was kept constant at 10 °C.

The changes observed in weight loss during the storage of Kiitdiken lemon are given in Table 2. Weight
loss significantly varied according to the storage periods. The mean weight loss was 6.03% on the 30th day,
7.19% on the 60th day, 8.04% on the 90th day, and 10.27% on the 120th day. Although the weight loss varies
between warehouses, there was no significant difference. In addition, the highest average weight loss
occurred in valley natural warehouse at 6.64%, while the lowest weight loss (5.90%) was in controlled
conditions. The storage period and warehouse interactions were significant in terms of weight loss. The
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lowest weight loss was in controlled conditions in all storage periods, while the highest values were altered

between valley and volcanic storages throughout the storage periods (Table 2).

Table 2. Kutdiken lemon pomological parameters in different storages at postharvest.
Cizelge 2. Kutdiken limonunun hasat sonrasi farkli depolardaki pomolojik parametreleri.

WL (%) DR (%) FGC (%) FJ (%) TA(%)
Storages
Controlled 5.90 £ 0.89 ns 2.12+0.53ns 66.18 +5.55 a 32.79 + 0.64ns 7.43 +0.38ns
Valley 6.64 £ 0.98 274 +0.57 74.81 +4.11 ab 32.20+0.83 7.76 £0.34
Volcanic 6.38 £0.93 2.67 £0.55 7522 +4.08b 30.92+0.51 7.73£0.33
Storage periods (day)
0 0.00+£0.00d 0.00 +0.00 b 100.00 + 0.00 a 30.16 £0.00 ¢ 9.46 +0.00 a
30 6.03+£0.25c 2.00 +0.17 ab 79.18+2.46Db 30.16 £0.57 ¢ 745+0.13 ¢
60 719+0.27 b 2.87+0.20 a 67.34+2.57 ¢ 31.12+0.89 bc 5.89+0.10 e
90 8.04+0.31b 3.65+0.13 a 59.71+2.01 cd 33.35+0.49 ab 8.64+0.10b
120 10.27+0.25 a 4.02+1.16 a 54.11+3.96 d 35.06+0.84 a 6.75+0.16d
Storages x Storage periods
0 - 0.00 +0.00 f 0.00 £ 0.00 ns 100.00 + 0.00 a 30.16£0.00 bed  9.46+0.00 a
Controlled 572+0.59 e 1.34+£0.03 7215+4.04bcd  31.95+0.51bcd 7.45+0.12 cd
30 Valley 6.35+0.12 cde 2.42+0.08 82.00+2.89abc  29.00+0.74d 7.60+0.29 ¢
Volcanic 6.02 £0.51 de 2.25+0.10 83.40 £3.23 ab 29.52 £0.76 cd 7.30£0.29 cd
Controlled 6.37 £0.22 cde 2.11+0.08 60.02 £5.79 de 32.97+1.90 a-d 5.54 +0.08 f
60 Valley 7.87 +0.35 cd 3.21+0.19 7140+0.92bcd  31.44+132bcd  6.10+0.12 ef
Volcanic 7.34£0.32 cde 3.28+0.10 70.60 +2.08 bcd  28.96+0.15d 6.03 £0.03 ef
Controlled 7.42 £0.25 cde 3.18 £ 0.08 55.45+3.87 de 3415+124abc  843+0.07b
90 Valley 8.34+0.90 be 3.90+0.12 60.40 +3.84 de 3326+0.11a-d 8.86+0.17 ab
Volcanic 8.37+0.11 be 3.88+0.05 63.30+1.71 cd 32.64+0.84a-d 864+0.19Db
Controlled 9.98 £ 0.65 ab 3.95+2.28 4330+9.15e 34.72£1.58 ab 6.28 +0.18 ef
120 Valley 10.65+0.45a 4.16 +2.40 60.25 £ 3.04 de 37.15+133 a 6.76 £ 0.05 de
Volcanic 10.17 +0.17 ab 3.95+2.28 58.78 +2.59 de 33.31+0.65a-d 721+0.22cd
ANOVA
Fstorages) 0.57ns 0.08ns 0.94ns 1.73ns 2.26ns
Fperiod) 273.56*** 7.1 72.54%%% 15.32%%* 258.427%**
Fperiodstorage) 4.35* 0.54ns 9.47*** 5.01* 6.67**

Note: Each value is presented as the mean + standard error of three replicates. Within each column, means followed by different
symbols indicate significant differences according to the LSD test at p <0.05, where ***, **, * denote significant differences at p <0.0001,
0.001, and 0.05 levels, respectively. WL: Weight loss, RF Rotten fruit, FGC: Green capsuled fruit, FJ: Fruit juice, TA: Titratable acidity

Decay rate (DR), also known as decay losses, during storage is as crucial as weight loss. As the storage
period of lemons extends, an increase in DR is observed (Table 2). The minimum decay loss occurred in the
controlled warehouse (2.12%), while the maximum decay loss was identified in the natural warehouse
(2.74%), and no significant difference in DR among warehouses was found. Upon scrutinizing Table 2, DR
are highest in 120th day (4.02%) and lowest in 30th day (2%), with a significant difference between months.
Furthermore, decay losses increased with prolonged storage.

Another storage criterion, the quantity of green-capsuled fruit (FGC), being high, signifies a reduction in
commercial losses. A significant portion of the decay in Citrus fruits occurs after the green capsule turns
brown. Throughout storage, all fruits for each application and repetition were examined, and green-
capsuled, brown, and dried fruits, as well as those without capsules, were identified. The rates of green-
capsuled fruit were determined. Changes in the quantity of green-capsuled fruit during the storage of the
Kiitdiken lemon variety are presented in Table 2. The most significant decrease in the proportion of FGC
occurs in 30th day (79.18%), with the initial rate of 100% FGC dropping to approximately 54.11% in 120th
day. The green-capsuled fruit rates were calculated 79.18% in 30th day, 67.34% in 60th day, 59.72% in 90th
day, and 54.11% in 120th day. At the end of the storage period, the average rate in volcanic warehouse was
measured as the highest at 75.22%, while the lowest was recorded in the controlled warehouse at an average
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of 66.18%. The difference between warehouses is significant (p <0.05), indicating that the reduction in the
proportion of FGC is slower in the controlled warehouse.

The results demonstrate that the fruit juice content (FJ) of Kiitdiken lemons significantly varies over the
storage period, as detailed in Table 2 (p < 0.05). On the 30th day, the F] was measured at 30.16%, reaching
35.06% by the 120th day. Although controlled storage showed the highest FJ at 32.79%, while volcanic
storage exhibited the lowest at 30.92%, there was no statistically significant difference in FJ levels among
the different storage conditions (p < 0.05). This indicates that while the storage period influences the FJ, the
type of storage does not produce a significant differential effect.

Table 3. Kutdiken lemon’s pomological parameters in different storages at postharvest.
Cizelge 3. Kutdiken limonunun hasat sonrast farkli depolardaki pomolojik parametreleri.

SS (%) SS/TA VQ (1-5)
Storages
Controlled 9.98 +0.22ns 1.40 +£0.09ns 3.93 +0.21ns
Valley 9.87 +0.17 1.31£0.07 3.67 £0.21
Volcanic 10.12+£0.21 1.35+0.08 447 +0.17
Storage periods (day)
0 9.30+0.00 b 0.98 +0.00d 5.00 +£0.00 a
30 1042 +0.26 a 1.40+0.03b 411+0.26Db
60 10.72+0.20 a 1.82+0.04 a 3.67+0.17b
920 10.18 £0.11 a 1.18 +£0.02 ¢ 3.78+0.28 b
120 9.33+0.18 b 1.39+0.04 b 3.56+0.24b
Storages x Storage periods
0 - 9.30 £ 0.00 cd 0.98 +0.00 £ 5.00 +£0.00 a
30 Controlled 10.93 +0.47 ab 1.47 £0.08 bc 4.00 £ 0.00 ab
Valley 10.40 £ 0.50 a-d 1.37 £0.03 cde 3.33+0.33b
Volcanic 9.93+0.29 a-d 1.36 £0.04 cde 5.00 +£0.00 a
60 Controlled 10.66 + 0.07 abc 1.92+0.02a 4.00 +0.00 ab
Valley 10.33 £0.33 a-d 1.70 £0.06 ab 3.33+0.33b
Volcanic 11.16 £043 a 1.85+0.06 a 3.67 +0.33 ab
920 Controlled 10.00 £ 0.00 a-d 1.19 +0.01 def 3.33+0.33b
Valley 10.00 +0.00 a-d 1.13£0.02 ef 3.33+0.33b
Volcanic 10.53 +0.24 abc 1.22 +£0.05 c-f 4.67 +0.33 ab
120 Controlled 9.00+0.23d 1.44 +0.07 cd 3.33+0.67b
Valley 9.33+£0.33 cd 1.38 £0.05 cd 3.33+0.33b
Volcanic 9.66 + 0.33 bed 1.34 +£0.08 cde 4.00 +0.00 ab
ANOVA
Fstorage conditions) 0.94ns 4.25* 10.18%**
Fstorage period) 15.771%** 127.60*** 12.59***
F(Period x condition) 1.74ns 1.27ns 2.23ns

Note: Each value is presented as the mean + standard error of three replicates. Within each column, means followed by different
symbols indicate significant differences according to the LSD test at p < 0.05, where ***, **, * denote significant differences at p <0.0001,
0.001, and 0.05 levels, respectively. SS: Soluble Solids, SS/TA: Soluble Solids / Titratable Acidity, VQ: Visual Quality, a scale of 1
indicating the worst and 5 is the best.

Changes in the titratable acidity are presented in Table 2. Upon examining the results of the analysis of
variance for the changes in titratable acidity, a significant difference is observed among months (p <0.05),
while there is no significant difference among warehouses. The titratable acidity is highest at the beginning,
calculated as 9.46%, and lowest in 60th day with 5.89%. Titratable acidity decreased in 30th day and 60th
day, increases again in 90th day, and decreases again in 120th day. From a warehouse perspective,
controlled warehouse was at 7.43%, valley natural warehouse at 7.76%, and volcanic warehouse at 7.73%
(Table 2).

The soluble solid (SS) was calculated as an average of 10.42% in 30th day, 10.72% in 60th day, 10.18% in
90th day, and 9.33% in 120th day, which was not significant. The highest SS was measured in volcanic

————

Uluslararasi: Tarim ve Yaban Hayat: Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

26



Valley Natural Storage in Kiitdiken Lemon is as Effective as Volcanic Natural Storage

warehouse as 10.12%, while the lowest was in valley natural warehouse as 9.87%. Although different
amounts of SS were measured among warehouses, the differences were not significant (Table 3).

The SS to acidity ratio (SS/TA) is one of the maturity factors in fruits. This ratio, initially 0.98, was observed
at its highest in 60th day as 1.92 in the controlled warehouse. The average SS/TA ratio was highest in the
controlled warehouse (1.40) and lowest in the valley natural warehouse (1.31). However, no significant
difference was observed among warehouses (Table 3).

Lemons stored in the volcanic warehouse exhibited a better visual quality (VQ) but scores were not
significantly different. The VQ score decreased with prolonged storage. The value, initially 5, has decreased
to 3.56 by the 120th day of storage. Even on the 120th day, the overall appearance of all lemons remains in
good condition (Table 3).

The color values of Kiitdiken lemon (L*, a*, b* hue®, Chroma*) did not change significantly among
warehouses. The L* value initially was 68.19, then increased slightly to 73.15 on the 30th day, rapidly
decreased to 24.60 on the 60th day, remained at a similar level around 24.79 on the 90th day, and increased
again to 72.38. The a* value initially was 12.52 and remained the same at 13.36 on the 30th day, rapidly
decreased to 1.15 on the 60th day, remained at a similar level around 1.22 on the 90th day, and increased
again to 15.84. The b* value initially was 48.48, slightly increased to 53.17 on the 30th day, rapidly decreased
to 0.63 on the 60th day, remained at a similar level around 0.70 on the 90th day, and increased again to
47.98. The Chroma* value initially was 75.52, slightly decreased to 55.23 on the 30th day, rapidly decreased
to 1.32 on the 60th day, remained at a similar level around 1.41 on the 90th day, and increased again to
50.59 on the 120th day. The hue value initially was 50.08, then slightly increased to 76.18 on the 30th day,
rapidly increased to 208.75 on the 60th day, remained at a similar level around 209.59 on the 90th day, and
then decreased again to 71.59 (Table 4).

Table 4. Kutdiken lemon’s colorimetric parameters in different storages at postharvest.
Cizelge 4. Kutdiken limonunun hasat sonras: farkli depolardaki kolorimetrik parametreleri.

L* a* b* Chroma* hue®
Storages
Controlled 51.82 +5.97ns 10.45 + 2.44ns 30.40 + 6.57ns 37.60 + 8.22ns 121.67 +19.24ns
Valley 53.09 +6.23 8.56 +1.68 30.54 + 6.53 37.00 + 8.07 123.52 +18.80
Volcanic 52.96 + 6.21 744 +147 29.63 + 6.37 35.84+7.94 124.52 +18.72
Storage periods (day)
0 68.19+0.28 b 1252+0.04 a 4848 +0.18b 75.52 +0.09 a 50.08 £0.17 ¢
30 73.15+1.31a 13.36+271a 53.17+0.92a 55.23+1.28b 76.18 +2.57 b
60 24.60 +0.03 ¢ 1.15+0.02b 0.63+0.01 ¢ 1.32+0.02d 208.75+0.68 a
920 24.79 +0.02 ¢ 1.22+0.02b 0.70+0.02 ¢ 1.41+0.02d 209.59 +0.61 a
120 72.38+1.17 a 15.84+0.71a 47.98+1.49b 50.59 +1.37 ¢ 7159 +1.07 b
Storages x Storage
0 - 68.19 + 0.56 a 12.52 +0.08 ab 48.48 +0.36 ab 75.52+0.18 a 50.08 +0.34 ¢
30 Controlled 70.64 +3.39 a 20.44+6.94 a 55.27 +2.00 a 59.79+0.92b 69.89 +6.85 b
Valley 73.81+1.83a 11.17 £ 0.60 ab 52.31+0.22 ab 53.47 +0.17 ¢ 77.94 +0.67 b
Volcanic 75.00 + 0.85 a 8.47 +0.33 bc 51.94 + 1.66 ab 52.43+1.73 ¢ 80.70+0.33 b
60 Controlled 24.57+0.01b 1.15+0.04 ¢ 0.62+0.01 ¢ 1.31+0.03d 208.21+1.00 a
Valley 24.53+0.01b 1.21+0.01¢ 0.63+0.02 ¢ 1.36+0.00d 207.45+0.64 a
Volcanic 24.70 +0.06 b 1.10+0.03 ¢ 0.65+0.02 ¢ 1.28+0.02d 210.60+1.21a
90 Controlled 24.80 +0.05b 1.22+0.03 ¢ 0.71+0.04 ¢ 1.42+0.05d 210.23 £0.58 a
Valley 24.83+0.03 b 1.19+0.04 ¢ 0.71+0.03 ¢ 1.40+0.01d 21041+1.36a
Volcanic 24.75+0.01b 1.26 +0.03 ¢ 0.67 +0.02 ¢ 1.42+0.02d 208.13+0.82a
120 Controlled 70.88 +2.60 a 16.94 +1.03 ab 46.92+3.52b 49.94+3.24 ¢ 69.94+1.93 b
Valley 7410+0.61 a 16.69 +0.27 ab 50.58 £ 0.61 ab 53.26 £ 0.59 ¢ 71.73+£0.33 b
Volcanic 72.16 +2.58 a 13.87 +1.41 ab 46.43+297b 48.56 +2.38 ¢ 73.09+2.74b
ANOVA
Fstorages) 1.21ns 3.36* 0.62ns 2.92ns 2.42ns
F(period) 968.62*** 43.47%** 1143.25%** 2487.29*** 4333.62%**
F(PeriodxStorage) 0.65ns 2.23ns 0.95ns 3.24** 1.61ns

Note: Each value is presented as the mean + standard error of three replicates. Within each column, means followed by different
symbols indicate significant differences according to the LSD test at p < 0.05, where ***, **, * denote significant differences at p <0.0001,
0.001, and 0.05 levels, respectively.
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The chroma value was inversely proportional to weight loss. As the amount of fruit juice increased, weight
loss also increased. The dry matter content and weight loss increased, and as a result, the hue value also
increased. SS was inversely proportional to L*, a*, b* values, and particularly to chroma. Titratable acidity
was negatively correlated to weight loss (r=-0.63***) and SS (-0.34*). Weight loss was the most correlated
value with decay (r=0.66), followed by fruit juice quantity (r=0.53). The increment in decay loss was in line
with these two characteristics. FGC was negatively correlated to decay, fruit juice quantity, and especially
weight loss, while positively correlated to chroma and TA. VQ score was correlated to acidity, chroma, L,
and especially FGC, and was negatively correlated to fruit juice quantity, rotten fruit quantity, and
especially weight loss (Figure 1).
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Figure 1. Correlations between measured parameters of Kutdiken lemon in different storages at postharvest.
Sekil 1. Kutdiken limonunun hasat sonrasi farkli depolardaki dl¢iilen parametreler arasindaki korelasyonlar.

Principal Component Analysis (PCA): Similar to Figure 1, in the principal component analysis (Figure 2),
some relationships are more clearly observed. PC1 and PC2 explained 65.84% the total relations. The height
of acidity and the quantity of green-capped fruits (FGC), which measure consumer preference, are
positively correlated with overall appearance (VQ). Overall appearance is inversely correlated with acidity
and FGC, as well as with weight loss, fruit juice quantity, rotten fruit quantity, and SS/TA ratio. The L ab
chroma values are inversely correlated with dry matter content and inversely correlated with the duration
spent in storage. The duration spent in storage is positively correlated with dry matter content. Although
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volcanic storage has good properties in the same direction, all storage facilities are at the center of the
parameters measured with small differences. There doesn't seem to be a significant difference between
valley storages and volcanic storages.
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Number Eigenvalue Percent Cum  Prob>ChiSq
1 5.21 40.07 40.07 <.0001
2 3.35 25.77 65.84 <.0001
3 1.62 1247 78.31  <.0001
4 0.93 712 8543  .0001
5 0.69 5.33 90.76  .0001
6 0.53 4.09 94.85 .0001
7 0.28 214 96.99 .0001
8 0.16 1.25 98.24 .0001
9 0.11 0.87 99.11 .0001
10 0.11 0.83 99.94 <.0001
11 0.01 0.05 99.99 <.0001
12 0.00 0.01 100.00  <.0001
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Figure 2. PCA Analysis (a) and eigenvalues (b) of Kutdiken lemon data from different storages and days.
Sekil 2. Farkli depolar ve giinlerde alinan Kutdiken limonu verilerinin PCA Analizi (a) ve eigenvalue degerleri (b).

According to Oriing et al, (2016), underground natural cold storage facilities provide significant
advantages in the storage of agricultural products, especially in areas predominantly composed of tuff,
such as the Cappadocia region. These facilities are particularly concentrated in the towns of Kavak and
Ortahisar (Boyraz and Zeren, 2012). The temperature in underground storage facilities is more stable
compared to aboveground storage facilities due to the natural rock structure. Throughout the year, even
during dry summers or harsh winters, the temperature remains between 8-10°C (Seedoga, 2022).

Reviewing the literature, weight loss in Citrus fruits stored in storage facilities increases over time
(Karasahin et al., 2014; Nural, 2019; Ozdemir, 2008; Ozkaya, 2007; Ozdemir et al., 2008). The findings of the
study align with existing research in the literature, as the nature of respiration in fruits makes this
phenomenon predictable.

Most of the deterioration in Citrus fruits occurs in the form of spots and depressions on the peel and stem
end (Ozdemir, 1999; Strano et al., 2022). In this study, physiological deterioration increased as storage time
prolonged, consistent with literature. Factors such as deviations from optimum temperature are important
in increasing decay (Borazan, 2019; Canan, 2004; Zan, 2018). As storage time increases and factors such as
temperature, humidity fluctuates in the storage facility, and physiological and fungal decay increases
(C)zdemir et al., 2016; Strano et al., 2022). The construction of isothermal doors in storage facilities, the use
of heater rods connected to thermostats, and the implementation of ventilation systems would be
appropriate for maintaining temperature and humidity levels (Canan, 2004).

Another storage criterion, the quantity of green-capped fruits (FGC), being high implies a reduction in
losses. A significant proportion of the decay in Citrus fruits occurs after the capsule turns brown. During
storage, all fruits for each application and each replicate were examined, and green-capped, brown, dried,
and uncapped fruits were identified, and the rates of green-capped fruits were determined. As the storage
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time of Citrus fruits prolongs, the capsule turns brown and black and falls off. The fall of the fruit capsule
creates an entry environment for the fungal disease Alternaria citri (Strano et al., 2017). Our findings are
similar to previous studies on lemons, oranges, and mandarins (Agar and Kaska, 1992, 1993; Azak, 1994;
Canan, 2004; Didin et al., 2018; Erkan, 1997; Giil, 1996; Karasahin et al., 2014; Ozdemir et al., 2005, 2007,
2008, 2016, 2019; Topgu, 2020; Uzun, 2019; Zan, 2018).

According to Bartholomew and Sinclair (1951), there are increases in fruit juice content along with the
storage time (Akpinar, 1990), and these increases are not related to the fruit absorbing moisture from the
environment, but rather to the loss of moisture from the fruit peel due to physical and chemical processes.
Increases in fruit juice content originate from the structure of the fruit peel and are closely related to water
losses (Ozdemir et al., 2005). The increase in free water, which is generally observed during the ripening
process of the fruit, is thought to result from the increase in water volume due to soluble substances formed
as a result of the breakdown of large molecules through respiration. In our experiment, increases in fruit
juice content were observed along with the storage time. Similar results to ours were obtained in a study
conducted by Canan (2004) on 'Kiitdiken' lemon variety fruits stored in natural cooling storage and cold
storage.

The TA (titratable acidity) levels of the fruits stored in lemons decreased as the storage time increased.
Previous studies on the storage of Citrus fruits show similarities (Akpinar, 1990; Canan, 2004; Erkan, 1997;
Ozdemir, 1999). Anything that slows down metabolism, reduces respiration (low temperature, low oxygen,
high carbon dioxide) also reduces acid loss (Karagali, 2009).

In the study by Canan (2004), the average maturity index ratio observed in fruit samples was initially 1.37,
and it increased continuously as the storage time extended, with the highest increase seen at the 6th month
(1.22). When reviewing the literature, it is observed that as the storage time increases, the maturity index
also increases in Cifrus fruits, which is consistent with this study (Borazan, 2019; Canan, 2004; Uzun, 2019).

Bolu province's annual average temperature of 10.5°C is just one aspect of its geographic situation; another
important aspect is its geographical features. The consequences of its geographic features make it
significant for natural cold storage. Geographically, one of the most important aspects is that Bolu plain is
surrounded by high mountains like a deep and wide-mouthed water basin, and the city is located right in
the center of this basin. As a result, even the slightest air movement in the vicinity causes the wind to rise
as it hits these mountains, constantly forming clouds over the city. Especially due to the humid air currents
coming from the Black Sea, the city center remains shaded for a significant part of the day throughout the
year. Secondly, since the city center is settled at the bottom of a valley, the sun rises late and sets early.
Thirdly, Bolu plain, nestled amidst mountains ranging from 1400 to 1800 meters in height, is a vast frost
basin with the lowest point being 750 meters. Moist clouds over the city dissipate with the disappearance
of the evening sunlight, condensing heavily on the cooled mountain surfaces, filling the Bolu plain through
the Abant-Bolu Mountain, Mudurnu, and Gerede valleys until the first morning sun rises. This cold air
mass reaches an altitude of about 200 meters over the plain. Throughout the night, the cold air mass
covering the plain from three directions empties out only through the Mengen valley towards the Black
Sea via one route, reaching its discharge point around noon at 12:00 PM. Consequently, the weather is cold
and foggy for half of the day.

CONCLUSION

This study demonstrated that Kiitdiken lemons can be stored in natural valley storage in Bolu, achieving
comparable results to those in Ortahisar volcanic warehouse and thermomechanical storage at BAIBU,
regarding weight loss, decay, and fruit quality parameters. Bolu's climatic conditions, combined with
logistical advantages for markets like Istanbul and Ankara, position it as a viable alternative for lemon
storage. Further research and support for establishing natural storage facilities in Bolu are recommended
to enhance storage capacity and competitive pricing, potentially transforming Bolu into a significant food
storage hub by integrating modern technologies with its natural cold air resource.
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Abstract: Water is becoming more valuable every day in today's world, where the effects of the growing global population and global warming are
increasing, and existing water resources continue to deplete. The inadequacies in water resources are causing problems for the environment and all
living beings. Therefore, protecting existing water resources or creating alternative sources has become necessary. Rainwater harvesting is effective
method for generating an alternative water source. In this study, the monthly and annual water storage potentials of the buildings in Bursa Uludag
University Faculty of Agriculture were determined by using the rainwater harvesting method, and the rates of meeting the need were calculated in two
different scenarios, namely irrigation of the lawn area in the faculty and meeting the amount of water needed in the buildings, and the aim was to
determine the amount of economic gain to be obtained. As a result of the study, it was determined that the rainwater harvesting method has an annual
water collection potential of 2045.16 m?. With the installation of the system, it was concluded that an annual economic gain of 76858 TL was achieved in
the faculty and that the initial investment costs of the system were amortized over 15.4 years.

Keywords: Rainwater, Rainwater Harvesting, Water, Water management, Sustainability, Water Scarcity
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Oz: Sy, diinya niifusunun ve kiiresel 1stnmanin etkilerinin giderek arttig1 ve mevcut su kaynaklarmin yok olmaya devam ettigi giiniimiizde kiymetini
her gegen giin arttirmaktadir. Su kaynaklarinda yasanan yetersizlikler ¢evre ve tiim canlilar igin sorunlar ortaya ¢ikarmaktadir. Bu nedenle mevcut su
kaynaklarmin korunmasi veya alternatif kaynaklar yaratilmasi zorunlu hale gelmistir. Yagmur suyu hasadi, alternatif bir su kaynag: olusturmak igin
etkili bir yontemdir. Bu calismada yagmur suyu hasadi yontemi ile Bursa Uludag Universitesi Ziraat Fakiiltesinde bulunan binalarn aylik ve yillik
olarak su depolama potansiyelleri belirlenerek, fakiiltede bulunan ¢im alanin sulanmasi ve binalarda ihtiya¢ duyulan su miktarinin karsilanmas: olmak
tizere iki farkli senaryoda ihtiyacin karsilanma oranlar1 hesaplanmis ve elde edilecek ekonomik kazang miktarinin belirlenmesi amaglanmistir. Calisma
sonucunda, yagmur suyu hasadi yontemi ile 2045.16 m*liik yillik su toplama potansiyeline sahip oldugu belirlenmistir. Sistemin kurulumu ile birlikte
fakiiltede yillik olarak 76858 Tiirk Lirasi(TL) ekonomik kazang elde edildigi ve sistemin ilk yatirim maliyetlerinin 15.4 yillik bir siirede amorti edildigi
sonucuna varilmistir.
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INTRODUCTION

Water is one of the basic needs necessary for living beings to sustain their lives. In order to maintain the
balance of nature, prevent health problems in living beings, and avoid disruption of the economic order,
the efficient use of water has become imperative (Firidin, 2014; Kayaer and Ciftci, 2018). As the world's
population grows each year, the water demand is also increasing accordingly. Due to factors such as global
warming, the industrial revolution, and similar causes of environmental pollution and damage, despite the
increasing need for water, existing water resources worldwide are being depleted (Dogan and Sever, 2023).
In addition to only 3.5% of the total water available worldwide being usable, the losses occurring in existing
water resources are causing water problems to increase daily (Aksungur and Firidin, 2008).

Due to the losses in the world's water resources, significant administrative and economic difficulties are
being experienced. In countries, if the annual per capita water amount is between 1700 m? and 1000 m?,
limited water scarcity occurs, and if it falls below 1000 m?, water poverty emerges (Evsahibioglu et al., 2010;
Ugar, 2022). Tiirkiye is losing its water resources day by day and facing increasing water problems due to
various reasons such as environmental pollution, inefficient irrigation in agriculture, unsustainable water
projects, and climate change. Tiirkiye while the annual amount of water per capita was 1519 m? in 2014, it
is expected to decrease to 1120 m? in 2030 (Uyduranoglu Oktem and Aksoy, 2014). While Tiirkiye is a water-
scarce country today, it will become a water-poor country in the coming years. Therefore, some steps must
be taken to conserve and create new resources. Rainwater harvesting is an alternative solution to create a
new water source and save water.

Rainwater harvesting can be defined as the collection of rainwater, which is then filtered and reused for
various purposes. The use of water harvesting, which was first utilized in China 6000 years ago, has
continued for thousands of years. This method, which was primarily used in areas where access to water
was either non-existent or limited in the past, is now becoming more common in cities due to the increasing
pollution and depletion of water resources (Alpaslan, 1992; Ors et al., 2011; Stahn and Tomini, 2016; Borii
and Toprak, 2022). The rainwater harvesting system was made mandatory for new buildings on plots of
2,000 square meters and more significant by the Ministry of Environment and Urbanization in 2021 (T.C
Resmi Gazete; 2021). As the use of the system becomes increasingly widespread, significant amounts of
water and economic gains can be achieved.

This study determined the rainwater harvesting potential of the buildings at the Faculty of Agriculture,
Bursa Uludag University. The rate of meeting the monthly and annual total water requirements for the
students, academic, and administrative staff at the faculty, as well as the economic analysis and system
designs, were aimed to be established.

MATERIAL AND METHOD

Study Area

This study determined the rainwater storage potential and economic analysis of 6 buildings, namely the
Dean's office, lecture hall, and blocks A, B, C, and D, located in the Faculty of Agriculture at Bursa Uludag
University. The buildings where the study was conducted are shown in Figure 1 (Anonymous, 2015). In
the study, Equations 1 and 2 were used to determine the rainwater storage potential (m?) of buildings and
the tank volume (m?) to be used in system designs (DIN, 1989; Yalili Kili¢ et al., 2023; Dag and Ay, 2024).
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C Block and
Lecture Hall

Figure 1. Buildings where the study was conducted at the faculty of agriculture, Bursa Uludag University.
Sekil 1. Bursa Uludag Universitesi Ziraat Fakiiltesinde calismanin yiiriitiildiigii binalar.

Data Collection and Rainwater Calculation

In the study, Equations 1 and 2 were used to determine the rainwater storage potential (m?) of buildings
and the tank volume (m?3) to be used in system designs (DIN, 1989; Yalili1 Kili¢ et al., 2023; Dag and Ay,
2024).

Rainwater Storage Potential = RA x AOR x RC x FAC (1)

Tank Volume = HMP x AOR x RC x FAC (2)

RA: The roof area (m?) of the building
AOR: The average rainfall amount (mm) in the region
HMP: The highest rainfall amount (mm) of the year.

RK: The coefficient indicates the amount of precipitation that cannot be collected on the roof. It is expressed
as 0.8 in DIN 1989.

FAC: The coefficient expressing the loss of collected rainwater during the first filtration stage. It is
expressed as 0.9 in DIN 1989.

Within the scope of the study, the roof areas of all buildings at the Faculty of Agriculture, Bursa Uludag
University, were calculated using a laser meter (Extech DT300, Extech Instruments, USA) to determine
their rainwater storage potential. The roof areas of the buildings where the study was conducted are
provided in Table 1.
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Table 1. Roof areas of the buildings where the study was conducted.
Cizelge 1. Calismanin yapildig: binalarin ¢ati alanlar1.

Work on completed buildings Roof areas (m?)
A and B Blocks 2109.33

C block and Lecture Hall 1630.92

D block 1079.12

Dean’s Office 819.04

The average monthly precipitation amount for the Bursa region, where the study was conducted, between
1928-2023 was obtained from the official website of the General Directorate of Meteorology. The monthly
average precipitation amount is provided in Table 2 (MGM, 2025).

Table 2. Monthly average rainfall in the Bursa region.
Cizelge 2. Bursa bolgesinde aylik ortalama yagis miktarlari.

Month Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

Avg. of
rained
day 14.77 1343 1263 113 9.02 616 3.06 291 5.09 895 11.11 14.15
number

(day)

Amount

of rainfall 885 76 70.3 622 505 355 219 182 432 658 778 98.9
(mm)

Calculations were made in two different scenarios regarding the amount of water to be obtained through
rainwater harvesting: one for meeting the water needs of the people using the buildings in the faculty and
the other for irrigating the 5677 m? grass area in the Faculty of Agriculture.

In the first scenario, the potential to meet the needs of the people using the buildings with the amount of

water obtained has been determined. While calculating the average water consumption in the buildings,
the number of students studying in the Faculty of Agriculture and the number of academic and
administrative staff were considered. The average water consumption per student is considered while
calculating the water consumption amount for students. In contrast, parameters such as sink usage, general
cleaning tasks, and dishwashers are considered for academic and administrative staff. Table 3 shows the
average water used for calculating water consumption (Anonymous, 2024).

Table 3. Average water quantities required for calculating water consumption.
Cizelge 3. Su tiiketimini hesaplamak igin gereken ortalama su miktarlart.

Average water consumption areas Amount of water (liters) Unit
Student 5 L/day/student
Dishwasher 20 L/day/personnel
Use of the Sink 22,5 L/day/personnel
Cleaning 10 L/day/personnel
-
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Based on the numbers of all administrative and academic staff and students using the buildings in the
faculty, as well as the daily average water consumption amounts, the necessary total water consumption
amounts have been calculated. Since the buildings are not used on weekends, calculations have been made
based on an average of 23 days per month.

In the second scenario, while calculating the annual water requirement for the grass area, the necessary
water consumption amounts were calculated by considering the rainfall amounts in May, June, July,
August, and September when irrigation will be carried out. When looking at the long-term average in the
Bursa region, the total rainfall amount during the months when irrigation will be carried out is 169.3 mm,
while a total of 650.07 mm of irrigation should be applied per square meter. Using the obtained data, the
annual irrigation water requirement for the grass area has been calculated (Emekli et al. 2007; Yonter et al.
2023).

RESULTS AND DISCUSSION

Rainwater Harvesting Calculations

The amount of water to be collected from the buildings has been calculated using the rainwater harvesting
potential formula. Based on the number of students, academic, and administrative staff using the buildings
where the study was conducted, and the average per capita water consumption amounts, the total water
consumption amounts and the coverage rates of the needs for all buildings have also been determined. The
study achieved the highest annual water collection amount in the A and B block buildings with 1076.47 m3,
and 65.93% of the total annual water requirement can be met. The Dean's office, with an annual water
volume of 417.99 m3, is at the lowest level of water harvesting, but due to its low water consumption, it has
the highest coverage rate at 72.11%. The average annual water requirement for all the buildings in the
faculty is 5248.83 m3 With the established system, 2045.16 m? of water is collected from all buildings,
meeting 38.96% of the need. Figure 2 provides the annual water collection and consumption amounts of all
the buildings where the study was conducted.

1800
1632.54
_ s
1600 1523.87 1585.28
1400
2
2 100 07647
S 1000
z 832.32
“3_ 800
o 579.6
€ 600 550,71
3 417.99
= 400
<L
0

A and B blocks C block and Lecture Dean's office D block

F :
Hall m Collected Water (tons)

Buildings
m Water Consumption
(tons)

Figure 2. Annual collected and consumed water amount for all buildings.
Sekil 2. Tiim binalar icin yillik toplanan ve tiiketilen su miktar:.

In order to prevent declines in the performance of the rainwater harvesting method, various precautions
and maintenance should be carried out, taking seasonal realities into account. Excessive snow load, frost,
and wind during the winter months can cause the gutters and pipes where water collects from the roofs to
break. The leaves that fall from the trees in the spring months clog the gutters, causing a decrease in the
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amount of water collected and leading to problems in the system. Due to these effects, there may be a
decrease in the amount of water collected, and the existing system components may be damaged, resulting
in economic losses. Therefore, the gutters, roofs, and system components need to be regularly inspected
and maintained.

Due to the large roof areas of the A and B block buildings, the amount of water collected is high; however,
the water consumption is also high because of the large number of students, administrative staff, and
academic personnel using the buildings. In the A and B block buildings, 150.20 m? of water was collected
in December, fully meeting the water demand water needs, while in the other months of the winter season,
more than 80% of the total need can be met. In the summer months, due to the decrease in the number of
students, the amount of water consumption decreases, and the collected water amount also drops to
around 40 m?, leading to a decrease in the rate of meeting the demand. In August, 25% of the water needed
in blocks A and B was supplied, reaching the lowest fulfillment rate of the year.

Academic and administrative staff use the C block building in the faculty, while students use the
Amphitheater building. The average water consumption in the C block and lecture hall is high at 132.02
m?, but the water collected is low due to the smaller roof areas. In the winter months, more than 70% of the
total water needs for the C block and lecture hall can be met, while in the summer months, the fulfillment
of these needs drops to around 20%. Table 4 provides the monthly collected water, consumption, and the
rate of meeting the total need for the A, B, and C blocks and the lecture hall buildings using the rainwater
harvesting method.

Table 4. Monthly collected and consumed water amount and saving rate for A, B, C Blocks and Lecture hall buildings.
Cizelge 4. A, B, C Blok ve Derslik binalar: icin aylik toplanan ve tiiketilen su miktar1 ve tasarruf oranlari.

A and B blocks C block and Lecture Hall
Months Collected Monthly water ~ Saving Collected Monthly water ~ Saving rate

water (m®)  consumption rate (%) water (m?) consumption (%)

(m?%) (m?)

January 134.41 145.475 92.39 103.92 132.02 78.72
February 115.42 145.475 79.34 89.24 132.02 67.60
March 106.77 145.475 73.39 82.55 132.02 62.53
April 94.46 145.475 64.94 73.04 132.02 55.32
May 76.70 145.475 52.72 59.30 132.02 4492
June 53.91 107.755 50.03 41.69 111.895 37.25
July 33.26 107.755 30.87 25.72 111.895 22.98
August 27.64 107.755 25.65 21.37 111.895 19.10
September 65.61 145.475 45.10 50.73 132.02 38.42
October 99.93 145.475 68.69 77.27 132.02 58.53
November 118.16 145.475 81.22 91.36 132.02 69.20
December 150.20 145.475 100.00 116.13 132.02 87.97
Total 1076.47 1632.54 65.9 832.31 1523.86 54.6

Students at the faculty use the D block building. There are 23 classrooms in that building. Due to the large
number of classrooms in Block D, the monthly water consumption amount is 150.995 m3, making it the
highest of all the buildings. Although the water consumption in Block D is higher than in all other
buildings, the roof area is smaller than in the other buildings, resulting in the lowest level of need
fulfillment. In the D block building, 50.89% of the water needs were met with 76.84 m3 of water in
December, while in August, 18.74% of the water needs were met with 14.14 m? of water. Due to the decrease
in the number of students during the summer months, the buildings that are more frequently used by
students experience a reduction in water consumption during these months.

In the Dean's office, the amount of water collected is low due to the small roof area; however, since the
building is used by administrative staff, the need is met at a high level because the monthly water
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consumption is low. In the Dean's office, while the total need can be fully met in December and January,
only 92.79% is met in February. Table 5 provides the monthly collected water amount, consumption
amount, and the rate of meeting the total need for the D block and Dean's Office buildings using the
rainwater harvesting method.

Table 5. Monthly collected and consumed water amount and savings rate for D block and Dean's office.
Cizelge 5. D blok ve dekanlik binasi i¢in aylik toplanan ve tiiketilen su miktari ve tasarruf oranlari.

D blocks Dean’s Office
Months Collected Monthly water  Saving Collected Monthly water ~ Saving rate

water (m®)  consumption rate (%) water (m®)  consumption (%)

(m?) (m?)

January 68.76 150.995 45.54 52.19 48.3 100.00
February 59.05 150.995 39.11 44.82 48.3 92.79
March 54.62 150.995 36.17 41.46 48.3 85.83
April 48.33 150.995 32.01 36.68 48.3 75.94
May 39.24 150.995 25.99 29.78 48.3 61.66
June 27.58 75.44 36.56 20.93 48.3 43.34
July 17.02 75.44 22.56 1291 48.3 26.74
August 14.14 75.44 18.74 10.73 48.3 2222
September 33.56 150.995 22.23 25.48 48.3 52.74
October 51.12 150.995 33.86 38.80 48.3 80.34
November 60.45 150.995 40.03 45.88 48.3 94.99
December 76.84 150.995 50.89 58.32 48.3 100.00
Total 550.71 1585.27 34.74 417.98 579.6 72.12

The rate at which the irrigation water needs of the grass area in the faculty between May and September
have been met has been calculated. The amount of water obtained from all buildings during the irrigation
periods meets 18.6% of the required water amount. The amounts of water collected during the months
when irrigation is not carried out are planned to be used for the people in the building, as in the other
scenario. The potential for meeting the irrigation needs of the grass area using the rainwater method is
provided in Table 6.

Table 6. The rate of meeting the need through rainwater harvesting during the irrigation period of grass area
Cizelge 6. Sulama doneminde yagmur suyu hasadi yontemi ile ¢cim alann su ihtiyacinn karsilanma orani

Annual required water amount
(m’)

MAY - SEPTEMBER 687.30 3690.472 18.6

Irrigation Season Collected water (m?) Saving rate (%)

In a study conducted similarly to this one, the rainwater harvesting method was used in university
buildings, and work was carried out in 24 buildings on the central campus of Ege University in Izmir.
Authors aimed to determine the potential amount of water that could be collected from these buildings
using rainwater harvesting methods to meet the water needs for irrigating the green areas on the campus.
As a result of the study, it was concluded that by installing a rainwater harvesting system in 24 buildings,
an annual water harvest of 16.570.30 m? could be achieved. The rate of meeting the water requirement for
the irrigation of green areas was found to be 11%, similar to this study (Ozeren Alkan and Hepcan, 2022).

Yalili Kilig et al. (2023) in their study conducted at the Faculty of Theology of Bursa Uludag University,
aimed to determine the potential of the amount of water obtained through the rainwater harvesting method
to meet the water needs for irrigating the green areas within the faculty. While determining the amount of
water needed for irrigating the green areas on campus as 12.376 m? annually, they have also noted that
3.918 mS of water can be stored annually through rainwater harvesting methods. As a result of the study,
they concluded that 31.7% of the annual water requirement for irrigating green areas could be met.
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Design of Rainwater Harvesting System

While designing the rainwater harvesting system to be installed in the A and B block buildings, the slope
of the land and the availability of suitable vacant land for the reservoirs were considered, and it was
decided to install the system on the north facade of the buildings. In the system to be established,
considering the amount of water collected from the A and B block buildings during the year with the
highest rainfall, three galvanized modular water tanks with a storage capacity of 50 m? each will be used,
totaling 150 m?. Due to the large total roof area of the A and B block buildings, a filter system with a high
water filtration rate has been added. Due to the low rainfall, the amount of water collected in the system
has decreased, and three-way valves have been added separately for each tank to facilitate tasks such as
cleaning. Figure 3 shows the design of the rainwater harvesting system to be installed in the A and B block
buildings.

Ablock B block
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Figure 3. Rainwater harvesting system design for blocks A and B.
Sekil 3. A ve B bloklar1 icin yagmur suyu hasadi sistemi tasarimu.

While designing the system for the C block and Dean's office buildings, it was decided to use two 50 m?
and one 20 m? galvanized modular water tank, totaling 120 m?, considering that December has the highest
rainfall, collecting 116.13 m?. The system is planned to be installed on the eastern facade of the buildings.
To facilitate the easy emptying of the tanks in case of malfunction or cleaning, tank drainage valves, and
an overflow pipe have been added to the system design. Figure 4 provides the design of the rainwater
harvesting system to be installed in the C block and Lecture hall buildings.
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o i) X

Rainwater Harvesting
System

Drain Pipe

Water inletto The Tank  Filter
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Overflow Pipe

]

‘Water Qutlet of The Tank

Figure 4. Rainwater harvesting system design for block C and Lecture hall buildings.
Sekil 4. C blogu ve Derslik binalar1 icin yagmur suyu hasadi sistemi tasarim.
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It is planned to use two tanks with a total water capacity of 60 m?, one with 50 m? and the other with 10 m3,
for the design of the rainwater system of the Dean's office building. Due to the smaller roof area of the
Dean's Office building compared to other buildings, a filter with a lower filtration rate was preferred in

this design, considering the cost. Figure 5 shows the design of the rainwater harvesting system to be
installed in the Dean's office building.

Drain Pips

Ywater Inlet to The Tank

ﬁ% ]
_ ?2(1 :

Vwater Outiet of The Tank

Figure 5. Rainwater harvesting system design for the Dean's building.
Sekil 5. Dekanlik binast i¢in yagmur suyu hasad: sistemi tasarumz.

Tank Drain
Valwes —boP—

=t

In the D block building located in the faculty, despite the high usage due to the low amount of water
collected, it is planned to use two tanks with a total capacity of 80 m?, one with a capacity of 50 m? and the
other with a capacity of 30 m?. The western facade was preferred for installing the system because the
parking lot is the most suitable area around the building. Figure 6 provides the design of the rainwater
harvesting system to be installed in Block D.

Water Inlet to The Tank Pump

Overflow Pipe

Tank Drain
Valves ===

Water Outlet of The Tank

Figure 6. Rainwater harvesting system design for block D building.
Sekil 6. D blok binasi igin yagmur suyu hasad sistemi tasarimu.
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One of the effects of climate change is excessive rainfall. Especially due to the increase in urbanization,
these heavy rains cause floods, high economic damages, and loss of life. ( Silaydin Aydin ve Kahraman,
2022). The rainwater harvesting method also provides benefits as a measure against floods in cases of
excessive rainfall.

Economic Analysis of Rainwater Harvesting Method

An economic analysis evaluation was conducted for all buildings where the rainwater harvesting method
was applied. Water fee calculations have been carried out considering the pricing implemented by the
General Directorate of Bursa Water and Sewerage Administration (BUSKI). As a result of the evaluation,
the highest profit from the water fee is achieved from the A and B block buildings, amounting to 28811 TL
annually. The study obtained the lowest profit amount in the Dean's building, with an annual profit of
10885 TL. Figure 7 provides the water fees before and after implementing the rainwater harvesting method
for all buildings where the study was conducted.

- 44037
45000 41117 2767

40000
35000
30000 7970
25000
20000

15126 15745
15000
5000
0 -

A and B blocks C block and Lecture Hall Dean's office D block

18753

Water Fee (TL)

Buildings
® Normally Paid Amount (TL) ®m Amount Payable After System (TL)

Figure 7. Water costs before and after rainwater harvesting method for all buildings.
Sekil 7. Tiim binalar i¢in yagmur suyu hasadi yéntemi 6ncesi ve sonrasi su maliyetleri.

With the establishment of the rainwater harvesting method in all the buildings where the study is
conducted, water conservation is achieved, and significant economic benefits are obtained. The average
monthly water fee before the rainwater system was 3669.76 TL in the A and B block buildings. In contrast,
after installing the rainwater system in the buildings, the average monthly water fee decreased to 1268.83
TL. In December, when the highest amount of rainfall is collected from these buildings, the entire water
need is met, so no water fee is charged.

In the C block and Lecture hall buildings, the water fee to be paid during the Spring, Autumn, and Winter
seasons is 3561.61 TL, while due to the decrease in the number of students during the summer months, the
water fee is at the level of 3020.87 TL. After installing the system, the average monthly water fee will be
1562.78 TL. Table 7 provides the monthly profit amount to be obtained after installing the rainwater
harvesting system in Blocks A, B, C, and the Lecture hall building.

In the D block building, the average water fee paid over the 9 months of the year is 4071.45 TL, while it
drops to 2041.35 TL during the summer months. The average monthly water fee paid for Block D is 3563.92
TL. The average water fee to be paid after the system is 2330.83 TL. A monthly average economic gain of
34.6% is achieved from the water bill of the Block D building.
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Table 7. Amount of profit obtained from the rainwater system of blocks A, B, C, and the Lecture hall building.
Cizelge 7. A, B, C bloklar1 ve Anfi binasindan yagmur suyu sistemi ile elde edilen kar miktar.

A and B blocks C block and Lecture Hall
Months The standart Post-system Profitamount  The standart = Post-system Profit amount

water fee (TL)  water fee (TL) (TL) water fee (TL) water fee (TL)  (TL)
January 3923.14 311.74 3611.40 3561.61 769.30 2792.31
February 3923.14 821.83 3101.31 3561.61 1163.70 2397.91
March 3923.14 1054.42 2868.71 3561.61 1343.54 2218.07
April 3923.14 1384.96 2538.18 3561.61 1599.11 1962.50
May 3923.14 1862.40 2060.74 3561.61 1968.26 1593.35
June 2909.63 1460.99 1448.64 3020.87 1900.79 1120.08
July 2909.63 2015.96 893.67 3020.87 2329.89 690.98
August 2909.63 2166.95 742.68 3020.87 2446.63 574.24
September  3923.14 2160.29 1762.85 3561.61 2198.59 1363.02
October 3923.14 1238.05 2685.08 3561.61 1485.52 2076.09
November  3923.14 748.37 3174.76 3561.61 1106.91 2454.71
December 3923.14 0.00 3923.14 3561.61 441.17 3120.44
Total 44037.12 15225.96 28811.16 41117.11 18753.41 22363.69

Due to the low water consumption in the Dean's office building, the water fee is the lowest among all
buildings, averaging 1312.12 TL per month. With the rainwater harvesting system, the Dean's Office

building achieves an average monthly economic gain of 907.15 TL, resulting in a 69.1% saving. Table 8
shows the monthly profit obtained after installing the rainwater harvesting system in the D Block and
Dean's Office buildings.

Table 8. Amount of snow obtained from the rainwater system of block D and the Dean's office buildings.
Cizelge 8. D Blok ve Dekanlik binasindan yagmur suyu sistemi ile elde edilen kar miktar1.

Dean’s Office D block
Months The standart ~ Post-system  Profit The standart ~ Post-system  Profit amount

water fee (TL) water fee amount water fee (TL) water fee (TL)

(TL) (TL) (TL)

January 1312.12 0 1312.12 4071.45 2223.89 1847.57
February 1312.12 107.90 1204.22 4071.45 2484.84 1586.61
March 1312.12 198.22 1113.90 4071.45 2603.84 1467.62
April 1312.12 326.56 985.56 4071.45 2772.94 1298.52
May 1312.12 511.95 800.17 4071.45 3017.19 1054.26
June 1312.12 749.62 562.50 2041.35 1300.24 741.11
July 1312.12 965.12 347.01 2041.35 1584.16 457.19
August 1312.12 1023.74 288.38 2041.35 1661.40 379.95
September 1312.12 627.62 684.50 4071.45 3169.59 901.86
October 1312.12 269.52 1042.60 4071.45 2697.78 1373.67
November 1312.12 79.38 1232.74 4071.45 2447.27 1624.19
December 1312.12 0 1312.12 4071.45 2006.77 2064.68
Total 15745.44 4859.63 10885.82 42767.1 27969.91 14797.23

It has been decided to use galvanized modular water tanks to install rainwater harvesting systems in all
buildings of the Faculty of Agriculture. Galvanized modular water tanks have been preferred due to their

durability, long lifespan, ease of installation, use, maintenance, and cost-effectiveness (Anonymous, 2025a).

Two different rainwater filters have been used in the system, considering the roof sizes of the buildings.
Table 9 provides the materials and price list for the rainwater harvesting system to be installed.
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Table 9. List of materials and prices used in the rainwater system.
Cizelge 9. Yagmur suyu sisteminde kullanilan malzemelerin listesi ve fiyatlari.

Material Number Price References
50-ton galvanized modular water tank 7 868000
30-ton galvanized modular water tank 1 84000

Anonymous (2025a)
20-ton galvanized modular water tank 1 58500
10-ton galvanized modular water tank 1 34000
YFVR-0200 Polyethylene (HDPE) Rainwater Filter 2 36200

A 2025b
YFVR-3000 Polyethylene (HDPE) Rainwater Filter 2 77173 nonymous (2025)
Clean Water Submersible Pump 4 22812 Anonymous (2025¢)

The initial investment costs required for installing the rainwater harvesting system in all the buildings
where it will be implemented amount to 1180685 TL. With the system installed in all buildings, the annual
savings from the water fee amount to 76858 TL. The payback period for the initial cost of the system is 15.4
years. Galvanized modular water tanks have been preferred despite being more durable than polyethylene
water tanks because there is not a significant price difference between them. So the galvanized steel
modular water tanks used in the study are long-lasting, therefore, in addition to the annual gain of 2877 m?
of water from the system, economic benefits can also be obtained for many years after the payback period.
In both scenarios, there is no change in the amount of economic profitability obtained and the initial costs
due to the complete utilization of the annually collected water.

Simsek and Demir (2023) in their study conducted at On Dokuz Mayis University, aimed to determine the
ratio of the amount of water obtained from the roof of the library on campus through rainwater harvesting
to the amount of water needed for irrigation purposes on campus. With the implementation of the
rainwater harvesting method on the campus, it has been determined that 33.8% of the annual water
requirement for irrigation can be met, and an annual economic gain of 41359.32 TL can be achieved from
water fees. As a result of the study, they concluded that the initial investment costs of the system to be
installed on the campus could be paid back in 8.7 years.

Diindar et al. (2015) in their study conducted at the Health Campus of Biilent Ecevit University, aimed to
determine the potential of the amount of water obtained through rainwater harvesting from the buildings
on the campus to meet the water needs for toilets, cleaning, and irrigation of green areas on the campus. In
the study, the most economical result with the rainwater harvesting method was found using a reservoir
with a capacity of 1200 m? to meet 70% of the total water requirement. As a result of the study, it has been
determined that 22% of the targeted amount of water to be collected from the buildings on the campus
through rainwater harvesting can be met, and a total economic gain of 2933780 TL will be achieved over 50
years. When comparing the cost of the system and the economic benefits obtained, they concluded that the
system's payback period is 3 years.

Due to climate change, in addition to losses in existing water resources, there are also reductions in
precipitation amounts. This situation is one of the risky aspects of the rainwater harvesting method. Because
in the coming years, the significant decrease in rainfall will lead to a decrease in the water level collected,
which will cause economic losses to the buildings where the system will be installed.

CONCLUSION

This study was conducted to perform a technical and economic analysis under two different scenarios: one
where the amount of water obtained from the installation of a rainwater harvesting system in the buildings
of the Faculty of Agriculture at Bursa Uludag University meets the annual water requirement of the grass
area in the faculty, and the other where it meets the water needs of the students, academic, and
administrative staff in the faculty. The rainwater harvesting method has determined the average monthly
and annual water supply rates for all buildings in the Faculty of Agriculture. The buildings were grouped
according to location, and calculations and system designs were carried out.
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In the first scenario, calculations were carried out to compare the amount of water obtained through the
rainwater method with the consumption amounts of the people using the buildings and to determine the
amount of savings.The highest amount of water harvested in the study was 1076.47 m? from the A and B
block buildings. The amount of water harvested from the A and B block buildings meets 65.93% of the
water requirement for these buildings. Among the buildings in the faculty, the building with the lowest
water storage was the Dean's Office, with a water volume of 417.99 m3. When calculating the total water
consumption based on the daily average water consumption of students, academic, and administrative
staff using all the buildings in the Faculty of Agriculture where the study was conducted, it is determined
that an annual amount of 5248.83 m?® of water is needed. With the installation of the rainwater harvesting
method in buildings, an average annual water amount of 2045.16 m? can meet 38.96% of the total need.

In the second scenario, calculations were made to determine the amount of irrigation water needed for the
5677 m? grass area in the faculty between May and September, which would be met through rainwater
harvesting. A total of 687.30 m?of water is collected from all the buildings in the faculty between May and
September. During this period, 18.6% of the 3690.4 m? of water needed for irrigation can be met. In the
second scenario, the amounts of water obtained during the periods outside the irrigation season are
planned to be used for the consumption water needs of the buildings, just as in the first scenario.

In both scenarios, the economic gain is similar due to the full utilization of the water obtained and the lack
of changes in the initial costs. With the established system, an economic gain of 76858 TL is achieved from
the annual water fee paid by the faculty. The initial investment cost required for installing the system in all
buildings is 1180685 TL. The initial investment cost paid for installing the system is payback over 15.4 years,
along with the economic gain from the water fee.

While designing the rainwater harvesting system, it was decided to use galvanized modular steel tanks
due to their durability, long lifespan, and low cost. In the designs, two different filters were used,
considering the roof sizes of the buildings. Considering the cleaning, maintenance, malfunction, and excess
capacity rainfall situations of the tanks, tank drainage valves, overflow, and discharge pipes have been
added to the system designs.

As a result of implementing the rainwater harvesting method in the buildings of the Faculty of Agriculture
at Bursa Uludag University, significant water and economic savings are being achieved. Due to the large
number of buildings and extensive roof areas on university campuses, rainwater harvesting is a highly
profitable method. Due to the high water and economic savings achieved, it has been concluded that this
method could be an alternative for use in university buildings for the conservation of existing water
resources and the creation of new water resources.
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Effects of Saline-Alkaline Soils on Forage Quality of Some Quinoa (Chenopodium quinoa Willd.)

Varieties
Bazi1 Kinoa (Chenopodium quinoa Willd.) Cesitlerinin Yem Kalitesine Tuzlu-Alkali Topraklarin Etkileri
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Abstract: In this research, the forage quality performances of 7 different quinoa varieties in saline-alkaline soils were determined. The study was
established using the factorial experimental design in random blocks with 3 replications for 2 years (2021-2022). Sandoval Mix (SM), Red Head (RH),
Titicaca (T), Moqu Arrochilla (MA), French Vanilla (FV), Oro de Valle (OV), and Rainbow (R) varieties were used in the experiment. According to the
research results, there was only a difference in the crude protein (CP) ratio over the years. Compared to the control soil, saline-alkaline soils had no effect
on crude protein content, but caused significant changes in neutral detergent fibre (NDF), acid detergent fibre (ADF), dry matter intake (DMI), dry matter
digastiblity (DMD), metabolized energy (ME), relative feed values (RFV) and digestible energy (DE). It was determined that there were significant
differences in the forage quality of the quinoa varieties used in the study. According to the research results, Sandoval Mix, Red Head, French Vanilla
and Oro de Valle quinoa varieties, which do not show a decrease in crude protein content, should be preferred in quinoa cultivation in saline-alkaline
soils. On the other hand, quinoa cultivation should be carried out by taking into account that there will be an increase in NDF content and a decrease in
DMI and RFV contents, which are important quality features of quinoa varieties in saline-alkaline soils.

Keywords: Saline, Crude Protein, NDF, ADF, RFV

&

Oz: Bu aragtirmada 7 farkli kinoa cesidinin tuzlu-alkali topraklardaki yem kalite performasnlari belirlenmistir. Calisma 2 y1l siireyle (2021-2022) tedadiif
bloklarinda faktoriyel deneme desenine gore 3 tekerriirlii olarak kurulmustur. Denemede Sandoval Mix (SM), Red Head (RH), Titicaca (T), Moqu
Arrochilla (MA), French Vanilla (FV), Oro de Valle (OV) ve Rainbow (R) gesitleri kullanilmigtir. Aragtirma sonuglarina bakildiginda yillara gére sadece
ham protein (HP) oraninda farklilik olmustur. Kontrol topragina gore, tuzlu-alkali topraklarin ham protein oram {izerine herhangi bir etkisi olmazken,
nétr ¢oziiciilerde ¢oziinemeyen lif (NDF), asit ¢oziiciilerde ¢oziinmeyen lif (ADF), kuru madde tiiketimi (KMT), kuru madde sindirilebilirligi (KMS),
sindirilebilir enerji (SE), nispi yem degeri (NYD) ve metabolik enerji (ME) degerlerinde 6nemli degisimlere neden olmustur. Aragtirmada kullanilan
kinoa cesitlerinin besin degerlerinde 6nemli farkliliklar oldugu belirlenmistir. Arastirma sonuglarina gore, tuzlu-alkali topraklarda kinoa
yetistiriciliginde ham protein oraninda azalma gostermeyen Sandoval Mix, Red Head, French Vanilla ve Oro de Valle kinoa gesitlerinin tercih edilmesi
gerekmektedir. Diger taraftan tuzlu-alkali topraklarda kinoa gesitlerinin 6nemli kalite 6zelliklerinden NDF igeriginde artis olacag: ve KMT ve NYD
igeriklerinde ise azalis olacag1 goz oniine alinarak kinoa yetistiriciliginin yapilmas: gerekmektedir.
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INTRODUCTION

Extreme soil and climate conditions in the world are increasing day by day and limiting the number of
products that can be grown in these areas. In addition, extreme climate and soil conditions (salinity,
drought, erosion) significantly affect the forage and seed yields per unit area. Approximately 6% of the
world's land and 20% of agricultural land are affected by salt (Munns and Tester, 2008). Saline areas are
generally found in arid and semiarid areas (Masters et al., 2007). Ions such as Na+, Cl- and SO,2-, which
increase in amount in saline soils, cause a decrease in water potential, ion toxicity in plants as a result of
excess ion uptake, decrease in water uptake by plants and therefore slow down plant growth (Munns and
Tester, 2008; Golos et al., 2016; Hussain et al., 2018). In saline areas, many crop plants cannot continue to
develop and the yield per unit area is limited (Temel et al., 2015; Temel et al., 2016; Aras and Keskin, 2018).

In recent years, research has intensified to find alternative plants for the utilization of saline areas. One of
the plants that can be grown in extreme soil conditions is quinoa. Quinoa is a species belonging to the
Chenopodium genus, which contains approximately 250 species and mostly includes halophyte plants
(Kadereit et al., 2005). Some quinoa species can continue their growth at an electrical conductivity salinity
level of 600 mM NaCl (50 dS m) (Biond et al., 2015). Seed germination in quinoa is not affected much up
to 400 mM salinity level and continues to develop without significant yield reduction up to 10-20 dS m-!
electrical conductivity level (Pulvento et al., 2012; Jamali and Sharifan., 2018; Rezzouk et al., 2020; Keskin
et al.,, 2023). On the other hand, quinoa is also resistant to adverse climatic conditions such as drought
(Fuentes and Bhargava, 2011; Pulvento et al., 2012) and frost (Jacobsen et al., 2007; Rosa et al., 2009).

Quinoa is widely cultivated in South America and temperate regions as human food. Straw remaining
during harvest for seed is evaluated as feed for animals (Blanco, 2015; Keskin and Onkiir, 2019). Quinoa
green parts are made into silage or fed directly to animals (Keskin and Duman, 2024; Keskin and Aksoy,
2024). Additionally, quinoa is rich in carotenoids, ascorbic acid, minerals and protein (Bhargava et al., 2007;
Temel and Keskin, 2019a; Temel and Keskin, 2020). Thanks to its genetic diversity, quinoa has varieties that
are adapted to different climate and soil conditions and that respond differently to extreme conditions
(Morales et al., 2011; Tan and Temel, 2017).

Quinoa hay is used especially in the feeding of ruminant animals. Depending on the quinoa variety, around
4-8 tons ha! of dry matter can be obtained and 15-17% of the dry matter can consist of protein (Temel and
Keskin, 2019a; Temel and Keskin, 2019b; Caglayan and Kokten, 2021). No significant differences were
observed in live weight gains between animals fed alfalfa hay and quinoa hay (Rubio and Rojas Lemus,
2007).

The aim of the present study was to determine some feed quality characteristics of hay belonging to
different quinoa varieties grown in saline-alkaline soils and harvested at full bloom, which are important
in animal nutrition.

MATERIAL AND METHOD

This research was carried out for 2 years (2021-2022) in the non-salt (control) and saline-alkaline trial areas
of Igdir University Agricultural Application and Research Center. In the research, Sandoval Mix, Red
Head, Titicaca, Moqu Arrochilla, French Vanilla, Oro de Valle and Rainbow quinoa varieties with high
yield capacity were used (Tan and Temel, 2017; Tan and Temel, 2018; Temel and Keskin, 2020).

The properties of the soils taken from the trial area are given in Table 1 (Richards, 1954; Ulgen and
Yurtsever, 1974; FAO, 1990). When Table 1 is examined, it is seen that the pH of saline-alkaline soils is 9.8
and the EC value is 9.69 dS m-.

Some climate data for the year and long years in which the experiment was conducted are presented in
Table 2. During the months of April, May and June when the experiment was conducted, the temperature
varied between 17.0 °C and 26.8 °C and the relative humidity varied between 34.4% and 53.9%. The total
rainfall for three months was 61 mm in 2021 and 106.6 mm in 2022. According to these data, 2021 was seen
to be drier.
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Table 1. Some properties of the trial soils.
Cizelge 1. Deneme topraklarinin bazi ozellikleri.

Analvsis N Nonsaline soil Saline soil
nalysis ame Value Classification Value Classification
EC (dS m™) 2.05 Nonsaline 9.69 Very saline
pH 8.41 Strong alkaline 9.80 Strong alkaline
Soil texture (Saturation %) 63.16 Clay loam 5941 Clay loam
Organic Matter % 0.87 Very little 0.93 Very little

Table 2. Some climate data of the experimental area (Anonymous, 2022).
Cizelge 2. Deneysel alanun bazi iklim verileri (Anonim, 2022).

Months Temperature ('C) Precipitation (mm) Relative humidity (%)

2021 2022 2021 2022 2021 2022
April 17.4 15.7 18.4 25.8 440 439
May 21.1 17.0 42.1 54.8 46.7 53.9
June 26.8 24.6 0.7 26.0 344 47.6
Ave/Total 21.7 19.1 61.2 106.6 41.7 48.4

In the experiment, seed sowing was done in the first week of April in both years. The trial plots were
prepared as 8.75 m?, 1.75 m wide and 5 m long. Seeds were sown at 35x10 cm intervals. Before planting, 80
kg ha'! phosphorus (42% triple super phosphate) and 80 kg ha' nitrogen (21% ammonium sulphate)
fertilizer was applied and mixed with the soil. Additionally, when the plant height reached 30 cm, an
additional 50 kg ha nitrogen fertilizer (21% ammonium sulphate) was given to each plot. When the useful
water level in the soil reached 50%, irrigation was done with sprinkler irrigation systems. Forage harvests
were made in the last week of June when full flowering occurred, leaving a 10 cm stubble height. After the
harvested herbs were dried in the shade for a while, they were kept in a drying oven set at 70 °C for 48
hours and then ground with a grinding machine.

Crude protein ratios of ground hay were determined as nitrogen amounts according to the Kjeldahl
method, and the crude protein percentage of the grass was determined by multiplying the determined
nitrogen amounts by the coefficient of 6.25 (Baur and Ensminger, 1977). NDF and ADF ratios were
determined with the Ankom fiber analyzer (Van Soest et al., 1991). DMD [88.9 - (0.779 x ADF)] (Oddy et
al., 1983) and DMI (120 / NDF) (Sheaffer et al., 1995) ratios were determined by using NDF and ADF values.
The amount of DE [0.27 + 0.0428 x (DMD)] was determined by using the DMD ratio (Fonnesbeck et al.,
1984), and the amount of ME (0.821 x DE) was determined by using the DE ratio (Khalil et al., 1986). REV
value was determined by using DMD and DMI ratios (DMD x DMI / 1.29) (Sheaffer et al., 1995).

The data obtained in the experiment were subjected to variance analysis in the JMP 5.0.1 package program
and the averages were grouped according to the LSD test.

RESULTS AND DISCUSSION
Some feed values of the harvested at full bloom are given in Table 3 and Table 4.

Crude Protein (CP)

Protein is essential for the growth and health of animals. Protein plays an important role in the formation
of animal products (meat, milk). Meeting the energy needs of animals along with protein will contribute
significantly to their growth, increased productivity and health (Kutlu et al., 2005; Kutlu and Ozen, 2009).
The crude protein content of quinoa grass has varied between years. It is estimated that the quinoa plant
will grow better in 2022 (Table 2), when rainfall and air humidity are high, causing an increase in the crude
protein ratio. Soil properties (control, saline-alkaline) had no effect on the crude protein content of quinoa
plants. There were significant differences in crude protein ratios among the quinoa varieties used in the
study. Crude protein content of Titicaca, Oro de Valle, Sandoval Mix, Red Head and Moqu Arrochilla
quinoa varieties was higher than other varieties. The lowest crude protein content was observed in the
French Vanilla variety (Table 3). Changes in crude protein ratios of quinoa varieties according to soil
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properties (types) are given in Figure 1. Compared to the control soil, there was an increase in crude protein
content in Sandoval Mix, Red Head, French Vanilla and Oro de Valle varieties in saline-alkaline soils, while
there was a decrease in crude protein content in Titicaca, Moqu Arrochilla and Rainbow varieties. When
plant species and varieties are grown in saline environments, some studies reported a decrease in crude
protein ratio (Elfeel and Bakhashwain, 2012; Temel et al., 2015; Kilig et al., 2015; Hedayati-Fifoozabadi et
al., 2020; Waldron et al.,, 2020; Sen et al., 2021), some studies reported an increase (Fowler et al., 1992;
Heidari et al., 2023) and some studies reported no significant change (Suyama et al., 2007; Masters et al.,
2010; Temel et al., 2016; Mahmoud and Sallam, 2017). It is thought that the genetic structure of the varieties
and their different responses to salinity cause their crude protein contents to differ.

Table 3. CP, NDF, ADF and DMD of quinoa plant grown in saline-alkaline and non-saline soils.
Cizelge 3. Tuzlu-alkali ve tuzsuz topraklarda yetistirilen kinoa bitkisinin HP, NDF, ADF ve KMS degerleri.

Years (Y) CP (%) NDF (%) ADF (%) DMD (%)
2021 175b 32.3 19.6 73.7
2022 185 a 32.8 19.3 73.8
Soil type (S)
Control 17.9 30.0b 18.1b 74.8 a
Salty-alkaline 18.1 35.1a 20.8 a 72.7b
Varieties (V)
Sandoval Mix 18.2 a-c 35.0a 20.6 a 72.8 b
Red Head 18.1 ab 324b 19.8 a 735b
Titicaca 193 a 302¢ 16.6 b 76.0 a
Moqu Arrochilla 18.0 ab 320b 194 a 73.8b
French Vanilla 16.6d 334Db 203 a 73.1b
Oro de Valle 18.8 ab 33.3b 19.6 a 73.6 b
Rainbow 17.0 cd 31.6 bc 199 a 734Db
The difference between the averages shown with the same letters is not significant.
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Figure 1. Changes in crude protein content of quinoa varieties according to soil properties.
Sekil 1. Toprak ozelliklerine gore kinoa gesitlerinin ham protein oranlarindaki degisimler.

Neutral Detergent Fibre (NDF)

The total of cellulose, hemicellulose, lignin and silicon contents in the structure of agricultural products is
called NDF (Neutral detergent fiber). NDF gives an idea about the feed consumption of animals or the
specific gravity of the feed (Kutlu et al., 2005). The NDF content of quinoa grass did not differ among the
years. Soil properties (control, saline-alkaline) significantly affected the NDF content of quinoa plants. An
increase in NDF ratio was observed in quinoa plants grown in saline-alkaline soils compared to the control
soil. There were significant differences between the NDF rates of the quinoa varieties used in the study.
While the NDF contents of the Titicaca and Rainbow varieties were lower, the NDF rate of the Sandoval
Mix variety was higher than the other varieties (Table 3). Changes in NDF rates of quinoa varieties
according to soil types (properties) are given in Figure 2. Compared to the control soil, there was an increase
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in NDF rates of all quinoa cultivars in saline-alkaline soils. In studies conducted with different plant species
and varieties growing in saline environments, the NDF content of the plant increased in some studies
(Masters et al., 2010; Elfeel and Bakhashwain, 2012; Temel et al., 2015; Kili¢ et al., 2015; Hedayati-
Firoozabadi et al., 2020; Waldron et al., 2020; Heidari et al., 2023), decreased in some studies (Fowler et al.,
1992; Temel et al., 2016; Mahmoud and Sallam, 2017; Anderson et al., 2023) and no significant change was
reported in some studies (Suyama et al., 2007). Extreme climate and soil conditions (salinity, drought, high
temperature, low rainfall) cause an increase in plant cell walls and a decrease in carbohydrate content (Al-
Dakheel et al., 2015). As a result, it causes an increase in NDF and ADF rates in the plant and thus a decrease
in forage quality. In addition, the decrease in minerals taken by the plant from the soil causes the fiber
content to increase (Blanco, 2015).
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Figure 2. Changes in NDF rates of quinoa varieties according to soil properties.
Sekil 2. Toprak ozelliklerine gore kinoa gesitlerinin NDF oranlarmdaki degisimler.
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Figure 3. Changes in ADF rates of quinoa varieties according to soil properties.
Sekil 3. Toprak ozelliklerine gore kinoa gesitlerinin ADF oranlarindaki degisimler.

Acid Detergent Fibre (ADF)

The total of cellulose, lignin and silicon contents remaining after hemicellulose is removed from the NDF
content in animal feeds is called ADF (Acid detergent fibre). ADF is an indicator of the digestion and energy
intake capacities of feeds (Kutlu et al., 2005). The ADF ratio of quinoa grass did not differ between years.
Soil properties (control, saline-alkaline) significantly affected the ADF ratio of the obtained hay. There was
an increase in ADF rates in the grass of quinoa varieties grown in saline-alkaline soils compared to the
control soil. There were significant differences in ADF ratios among the quinoa varieties used in the study.
While the ADF rate was lowest in the Titicaca variety, the ADF rates of other quinoa varieties were high
(Table 3). ADF rates of quinoa varieties in control and saline-alkaline soil are given in Figure 3. While there
was an increase in ADF rates of Sandoval Mix, Moqu Arrochilla, Red Head, Rainbow and Oro de Valle
cultivars in saline-alkaline soils compared to the control soil, there was no change in ADF rates of Titicaca
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and French Vanilla cultivars. In studies conducted with different plant species and varieties growing in
saline environments, the ADF content of the plant has been reported to increase in some studies (Masters
et al., 2010; Elfeel and Bakhashwain, 2012; Kilig et al., 2015; Hedayati-Firoozabadi et al., 2020; Heidari et al.,
2023) and to decrease in some studies (Fowler et al., 1992; Mahmoud and Sallam, 2017; Anderson et al.,
2023).

Dry Matter Digestibility (DMD)

DMD (Dry matter digestibility) is an indicator of the rate at which feeds are digested by animals (Kutlu et
al., 2005; Kutlu and Ozen, 2009). The DMD rate of quinoa hay did not differ between years. Soil properties
(control, saline-alkaline) significantly affected the DMD rate of quinoa plants. Compared to the control soil,
a decrease in DMD rate was observed in the grass of quinoa varieties grown in saline-alkaline soils. There
were significant differences in DMD rates among the quinoa varieties used in the study. The DMD rate of
Titicaca quinoa variety was higher than other varieties (Table 3). DMD rates of quinoa varieties in control
and saline-alkaline soil are given in Figure 4. While there was a decrease in DMD rates of Red Head,
Sandoval Mix, Oro de Valle, Moqu Arrochilla and Rainbow cultivars in saline-alkaline soils compared to
the control soil, there was no significant change in DMD rates of Titicaca and French Vanilla cultivars. In
the research conducted with different plant species and varieties growing in salty environments, a decrease
in the DMD content of the plant was reported (Kilig et al., 2015). It is observed that the increase in ADF
rates also causes an increase in DMD rates.
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Figure 4. Changes in DMD rates of quinoa varieties according to soil properties.
Sekil 4. Toprak ozelliklerine gore kinoa cesitlerinin KMS oranlarindaki degisimler.

Dry Matter Intake (DMI)

DMI is an indicator of the rate at which animals can consume feed (Kutlu et al., 2005; Kutlu and Ozen,
2009). The DMI ratio of quinoa grass did not differ between years. Soil properties (control, saline-alkaline)
had a significant effect on the DMI ratio of quinoa plants. The DMI ratio of quinoa grass grown in saline-
alkaline soils was lower than that of the control soil. There were significant differences between the DMI
rates of the quinoa varieties used in the study. The DMI ratio of Titicaca quinoa variety was higher than
other varieties (Table 4). DMI rates of quinoa varieties in control and saline-alkaline soil are given in Figure
5. Compared to the control soil, there was a decrease in DMI rates of all quinoa cultivars in saline-alkaline
soils. In the research conducted with different plant species and varieties growing in salty environments, a
decrease in the DMI content of the plant was reported (Kilig et al., 2015). It is seen that the increase in NDF
rates also causes an increase in the DMI rate.

Digestible Energy (DE)

Digestible energy is the energy obtained by subtracting the amount of energy excreted in feces from the
total energy (Kutlu et al., 2005; Kutlu and Ozen, 2009). The amount of DE in quinoa grass did not differ
between years. Soil properties (control, saline-alkaline) had a significant effect on the DE content of quinoa
plants. There was a decrease in the amount of DE in the grass of quinoa varieties grown in saline-alkaline
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soils compared to the control soil. There were significant differences in DE amounts among the quinoa
varieties used in the study. The DE amount of Titicaca quinoa variety was higher than other varieties (Table
4). While there was a decrease in DE amounts in Sandoval Mix, Red Head, Oro de Valle, Moqu Arrochilla
and Rainbow varieties in saline-alkaline soils compared to the control soil, there was no significant change
in DE amounts in Titicaca and French Vanilla varieties (Figure 6).

Table 4. DMI, DE, ME and RFV contents of quinoa plant grown in saline-alkaline and non-saline soils.
Cizelge 4. Tuzlu-alkali ve tuzsuz topraklarda yetistirilen kinoa bitkisinin DMI, DE, MEE ve RFV icerikleri.

Years DMI (%) DE (Mcal kg™) ME (Mcal kg?) RFV
2021 3.77 342 2.81 2154
2022 3.70 343 2.82 212.7

Soil property (S)
Control 4.02a 347 a 2.85a 233.6 a
Salty-alkaline 345Db 3.38b 2.78b 1945b
Varieties (A)

Sandoval Mix 344 c 3.38b 2.78 ¢ 194.8 ¢
Red Head 3.74b 342Db 2.80 bc 2129b
Titicaca 4.00 a 3.52a 2.88 a 235.7 a
Moqu Arrochilla 3.82 ab 3.43Db 2.83b 218.8b
French Vanilla 3.61 bc 341b 2.79 be 204.9 bc
Oro de Valle 3.72b 342b 2.82 bc 213.7b
Rainbow 3.82 ab 3.39b 2.80 bc 217.6 b

The difference between the averages shown with the same letters is not significant.

@ Control » Salty-alkaline

Figure 5. Changes in DMI rates of quinoa varieties according to soil properties.
Sekil 5. Toprak ozelliklerine gore kinoa gesitlerinin KMT oranlarindaki degisimler.

Metabolize Energy (ME)

Metabolic energy refers to the energy remaining after the energy excreted in urine and methane gas is
subtracted from digestible energy (Kutlu et al., 2005; Kutlu and Ozen, 2009). The amount of ME in quinoa
grass did not differ between years. Soil properties (control, saline-alkaline) significantly affected the ME
amount of quinoa plants. Compared to the control soil, a decrease in ME content was observed in quinoa
varieties grown in saline-alkaline soils. There were significant differences in the ME amounts of the quinoa
varieties used in the study. The ME amount of Titicaca quinoa variety was higher than other varieties (Table
4). While there was a decrease in ME amounts of Sandoval Mix, Oro de Valle, Red Head, Moqu Arrochilla
and Rainbow varieties in saline-alkaline soils compared to the control soil, there was no significant change
in ME amounts of Titicaca and French Vanilla varieties (Figure 7). In studies conducted with different plant
species and varieties growing in saline environments, the ME content of the plant was reported to decrease
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in some studies (Masters et al., 2010; Waldron et al., 2020) and it did not cause a significant change in some
studies (Suyama et al., 2007).
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Figure 6. Changes in DE amount rates of quinoa varieties according to soil properties.

Sekil 6. Toprak ozelliklerine gore kinoa cesitlerinin SE miktarlarindaki degisimler.
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Figure 7. Changes in ME amount rates of quinoa varieties according to soil properties.

Relative Feed Values (RFV)
The relative feed value calculated using NDF and ADF ratios is a measure of forage quality accepted as 100
for alfalfa plants (Rohweder et al., 1978; Ball et al., 1996; Morrison, 2003). An RFV value above 150 indicates
that the grass is of first quality. If the RFV value is between 125-150, it is considered as the 2nd quality, if it
is 103-124, it is considered as the 3rd quality, if it is 87-102, it is considered as the 4th quality, if it is 75-86,
it is considered as the 5th quality, and if it is below 75, it is considered as the 6th quality (Rohweder et al.,
1978). The RFV value of quinoa grass did not differ between years. Soil properties (control, saline-alkaline)
significantly affected the RFV value of quinoa plants. It was observed that quinoa varieties grown in saline-
alkaline soils caused a decrease in RFV contents compared to the control soil. There were significant
differences between the RFV values of the quinoa varieties used in the study. The RFV value of Titicaca
quinoa variety was higher than other varieties (Table 4). RFV rates of quinoa varieties in control and saline-
alkaline soil are given in Figure 8.

Sekil 7. Toprak ozelliklerine gore kinoa gegitlerinin ME miktarlarindaki degisimler.
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Figure 8. Changes in RFV value rates of quinoa varieties according to soil properties.
Sekil 8. Toprak ozelliklerine gore kinoa cesitlerinin NYD degerindeki degisimler.

Compared to the control soil, there was a decrease in RFV rates of all quinoa cultivars in saline-alkaline
soils. In the research conducted with different plant species and varieties growing in saline environments,
a decrease in the RFV content of the plant was reported (Kili¢ et al., 2015). Quinoa grass has been found to
have a Class 1 forage quality because its RFV value is higher than 150.

CONCLUSION

In the two-year study, the crude protein content of quinoa varieties varied from year to year, while there
was no change in other feed quality characteristics. According to the average data, there was no significant
change in the crude protein ratio of grass grown in saline-alkaline soil compared to the control soil, while
other forage quality properties (NDF, ADF, DMD, DM], DE, ME and RFV) showed significant differences.
Accordingly, while there was an increase in the NDF and ADF ratios of the grass obtained in saline-alkaline
soil, there was a decrease in the DMD, DMI, DE, ME and RFV contents. On the other hand, the forage
quality properties of quinoa varieties CP, ADF, DMD, DE and ME were affected differently in saline-
alkaline soils.

In saline-alkaline soils, there was an increase in the crude protein content of Sandoval Mix, Red Head,
French Vanilla Oro de Valle varieties, while there was a decrease in the crude protein content of Titicaca,
Moqu Arrochilla and Rainbow varieties. While there was an increase in ADF rates of Sandoval Mix, Red
Head, Moqu Arrochilla, Oro de Valle and Rainbow cultivars in saline-alkaline soils, there was no change
in ADF rates of Titicaca and French Vanilla cultivars. While there was a decrease in DMD rates of Sandoval
Mix, Red Head, Moqu Arrochilla, Oro de Valle and Rainbow cultivars in saline-alkaline soils, there was no
significant change in DMD rates of Titicaca and French Vanilla cultivars. While there was a decrease in DE
amounts in Sandoval Mix, Red Head, Moqu Arrochilla, Oro de Valle and Rainbow varieties in saline-
alkaline soils, there was no significant change in DE amounts in Titicaca and French Vanilla varieties. While
there was a decrease in ME amounts in Sandoval Mix, Red Head, Moqu Arrochilla, Oro de Valle and
Rainbow varieties in saline-alkaline soils, there was no significant change in ME amounts in Titicaca and
French Vanilla varieties.

As aresult, Sandoval Mix, Red Head, French Vanilla and Oro de Valle quinoa varieties, which do not show
a decrease in crude protein content, should be preferred in quinoa cultivation in saline-alkaline soils. On
the other hand, quinoa varieties should be cultivated by taking into account that there will be an increase
in NDF content and a decrease in DMI and RFV contents in important quality properties.
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Bazi Crepis Tiirlerinin Ot Kalite Ozellikleri A¢isindan Degerlendirilmesi
Evaluation of Some Crepis Species in terms of Herbage Quality Characteristics
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Oz: Giineydogu Anadolu Bélgesinden toplanan Crepis tiirlerinin, hayvan besleme agisindan énem arz eden bazi kalite 6zellikleri ile bu tiirlerin
toplandig1 lokasyonlarin birbirlerine benzerliklerini tespit etmek amaciyla, bu calisma yiiriitiilmiistiir. Crepis tiirleri, Giineydogu Anadolu Bélgesi'nin
mera ve dogal alanlarinda yaygin olarak bulunmasindan dolay1 ¢alisma konusu olarak ele alinmis ve bolgenin 10 degisik lokasyonundan toplanan
Crepis tirlerine ait bitkiler materyal olarak kullanilmigtir. Crepis tiirlerine ait bitkilerin kuru otlarinda ham protein (HP), asit deterjanda ¢6ziinmeyen
protein (ADP), asit deterjanda ¢6ziinmeyen lif (ADF), nétral deterjanda ¢oziinmeyen lif (NDF), sindirilebilir kuru madde (SKM), kuru madde tiiketimi
(KMT), nispi yem degeri (NYD), kalsiyum (Ca), magnezyum (Mg), fosfor (P) ve potasyum (K) oranlar1 saptanmuigtir. Incelenen bu 6zellikler agisindan
lokasyonlar arasinda 6nemli istatistiksel farkliliklarin oldugu goriilmiistiir. Aragtirmada, Crepis tiirlerinin ADF ve NDF oranlarinin diisiik, HP, SKM,
KMT ve NYD'nin yiiksek ve uygun diizeyde oldugu goriilmiistiir. Ca, P, K, Mg ve K:(Ca+tMg) oranlarinin da ideal diizeyde oldugu, ancak Ca:P
oraninin ise olmasi gereken smir degerin (>2) {izerinde oldugu belirlenmistir. Lokasyonlarin benzerlik durumlarini ortaya koyma amaciyla kiimeleme
analizi yapilmigtir. Yapilan kiimeleme analizi sonucunda 10 farkli lokasyonun iki ana gruba ayrilacak sekilde varyasyon gosterdigi belirlenmistir. Bu
gruplar arasinda Crepis alpina tiirtintin alindig1 Diyarbakir (1) ve Diyarbakir (2) lokasyonlarinin birbirine en yakin, Crepis alpina tiirintin alindigt
Diyarbakir (1) ile Adiyaman lokasyonlarimin ise birbirine en uzak lokasyonlar oldugu saptanmustir.

Anahtar Kelimeler: Hindiba, Kalite Ozellikleri, Mineraller, Kiimeleme Analizi

&

Abstract: This study was carried out to determine some quality characteristics of Crepis species collected from the Southeastern Anatolia Region, which
are important for animal nutrition, and the similarities among the locations where these species were collected. Crepis species were considered as the
subject of the study because of their widespread occurrence in pastures and natural areas of Southeastern Anatolia Region and plants belonging to
Crepis species collected from 10 different locations of the region were used as material. Crude protein (HP), acid detergent crude protein (ADP), acid
detergent fiber (ADF), neutral detergent fiber (NDF), digestible dry matter (DMD), dry matter itnake (DMI), relative feed value (RFV), calcium (Ca),
magnesium (Mg), phosphorus (P) and potassium (K) ratios were determined in the hay of Crepis species. It was observed that there were significant
statistical differences among the locations analyzed in terms of these traits. In the study, it was observed that the ADF and NDF ratios of Crepis species
were low, while HP, DDM,DMI and RFV were high and at ideal levels. The ratios of Ca, P, K, Mg and K:(Ca+Mg) were also found to be at ideal levels,
but the Ca:P ratio was above the limit value (>2). Cluster analysis was performed in order to reveal the similarity of the locations. As a result of the
cluster analysis, it was determined that 10 different locations showed variation to be divided into two main groups. Among these groups, Diyarbakir
(1) and Diyarbakir (2) locations, where Crepis alpina species were taken, were the closest to each other, while Diyarbakir (1) and Adiyaman locations,
where Crepis alpina species were taken, were the most distant locations.

Keywords: Chicory, Quality Characteristics, Minerals, Clustering Analysis
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Baz1 Crepis Tiirlerinin Ot Kalite Ozellikleri Agisindan Degerlendirilmesi

GIRIS

Asteraceae (Papatyagiller) familyasinin bir cinsi olan Crepis cinsi, Kuzey Yarimkiire ve Afrika’da dagilim
gostermekte ve 200’den fazla tiirii igerisinde barindirmaktadir (Bremer, 1994; Enke, 2009). Bu cins
Tiirkiye’de 9'u endemik olmak tizere 41 takson ile temsil edilmektedir (Yildirimli, 2021). Crepis tiirleri,
daglik bolgeler, batakliklar, ¢cayir alanlari, ormanlar ve sahil kenarlarina kadar degisik habitatlarda yasama
sans1 bulabilmektedir. Boylar1 birkag santimetreden (Ornegin Crepis pygmaea) iki metreye (Ornegin Crepis
sibirica) kadar degisebilmektedir (Enke, 2008).

Crepis tiirlerinden farkh sekillerde faydalamilmaktadir. Badalamenti (2022), Crepis tiirlerinin kokleri ve
toprak {istii kisimlarindan elde edilen ekstraktlar ve izole edilmis bilesiklerin antiviral, antimikrobiyal,
antitilser, antioksidan ve besleme acisindan test edilerek degerlendirildigini ve Crepis tiirleri birkag
ylizyildir tibbi bitki olarak halk hekimliginde ve gida olarak kullanildigim bildirmistir. Ulkemizde Crepis
tiirleri genellikle Akdeniz ikliminin hakim oldugu bolgelerde biiyiik ilgi gérmiis ve eski ¢aglardan beri
tarim ve gida alaminda kullanilmigtir. Ornegin, Crepis reuterana subsp. reuterana tiirii Karaman bolgesinde
keklik otu olarak bilinmekte ve yapraklarindan salata yapilmaktadir (Kogak ve Ozhatay, 2013). Mayasil
otu olarak bilinen Crepis zacintha tiirii, Tiirkiye’de hemoroide karsi geleneksel tedavide kullarulan bir
bitkidir (Erbay ve Sari, 2018). Crepis foetida subsp. rhoeadifolia tiirti, Kahramanmaras bolgesinde damar agict
ozelligi nedeniyle tibbi bitki olarak kullamilmaktadir (Kocabas vd., 2017). Ayn1 bitki Dogu Anadolu
Bolgesinde yiirek otu olarak bilinmekte ve otu kaynatilarak kalp ve damar hastaliklarinda yine tibbi bitki
olarak kullanilmaktadir (Cakilcioglu vd., 2010; Altundag ve Ozturk, 2011). Van bolgesinde endemik Crepis
hakkarica tiiriiniin yerel isminin Tahlis oldugu, yaprak ve ¢iceklerinin kaynatilarak diyabet hastaligina kars1
kullanildig bildirilmistir (Dalar, 2018). Manisa bolgesinde Crepis sancta tiiriiniin yerel isminin diigmelik
oldugu ve koklerinin kaynatilarak sindirim diizenleyici olarak kullanildig1 bildirilmistir (Akyol ve Altan,
2013). Yine Crepis foetida subsp. rhoeadifolia tiiriiniin geleneksel tipta bitkisel ¢ay ve gida takviyesi olarak
kullanilabilecegini rapor edilmistir (Zengin vd., 2015). Ankara bolgesinde Crepis foetida tlirtiniin soguk
alginlig, nezle ve ksiiriige kars: kullanildigi bildirilmistir (Deliorman Orhan vd., 2012). Bu arastirmacilara
ilaveten Akan vd. (2008) Sanlhurfa florasinda Crepis foetida subsp. rhoeadifolia tiirtiniin Sirok ismi ile
bilindigini ancak etnobotanik agidan hangi amaglarla kullanildiginin saptanamadigini bildirmislerdir.

Crepis tiirleri iilkemiz dogal alanlarinda bulundugu birgok flora galismast ile ortaya konulmustur. Ornegin;
Atamov vd. (2014) Ilisu (Hasankeyf) bolgesindeki en zengin familyanin Asteraceae ve en zengin cinsin de
Trifolium ve Centaurea’dan sonra 9 adet taksonla Crepis oldugunu bildirmislerdir. Demirkus vd. (2018), Van
goli havzasinda endemik Crepis gemicii ile birlikte baska Crepis tiirlerinin oldugunu bildirmislerdir. Mutlu
ve Karakus (2015) Malatya bolgesi florasinda Crepis tiirlerinin bulundugunu ve bunlarin ¢6l kiskis: (Crepis
syriaca), kohum (Crepis foetida subsp. foetida) ve sakarkanat (Crepis foetida subps. rhoeadifolia) gibi isimlerle
anildigini bildirmislerdir. Polat vd. (2020) Bing0l ili florasinda yer alan Crepis sancta subsp. obovata tiiriiniin
sahip oldugu polen ve nektardan dolay1 aricilik agisindan 6nemli bir potansiyele sahip oldugunu
bildirmislerdir.

Ulkemizde yapilan bircok mera galismasinda da Crepis tiirlerinin tespit edildigi bildirilmistir. Ornegin;
Ozaslan Parlak vd. (2018) Akdeniz meralarinda bu cinse ait tiirlerin bulundugunu, Sahin vd. (2015) Cankirt
meralarinda Crepis alpina, Crepis sancta ve Crepis foetida tiirlerinin bulundugunu ve bu tiirlerin istilact
nitelikte oldugunu, Cengiz (2013) tarafindan Erzurum dogal meralarinda bulunan Crepis sp. tiiriiniin balli
bitkiler icerisinde yer aldigini, Ozaslan Parlak vd. (2015), baz1 Crepis tiirlerinin (C. foetida, C. pulchra, C.
zacintha) Canakkale meralarinda botanik kompozisyonu olusturan tiirler oldugunu, Aydin vd. (2014),
Mardin meralarinda Crepis tiirlerinin bulundugunu ve bu tiirlerin tek yillik ve istilaci nitelikte oldugunu,
Cacan ve Bagbag (2017) tarafindan Bingdl meralarinda tek yillik ve ¢ok yillik Crepis tiirlerini tespit
ettiklerini ve bunlarin meralarda bulunan istilac1 bitkiler grubunda oldugunu, Alay vd. (2016) Sinop
meralarinda en yaygin karsilasilan istilaci bitki tiirleri arasinda Crepis armena tiirtiniin oldugunu rapor
etmislerdir. Crepis tiirlerinin tespit edildigi bu mera ¢alismalarinda, genel olarak tiirlerin sadece var olup
olmadiklari tizerinde durulmus ve bazi ¢alismalarda da bu tiirlerin, istilaci tirler olduklari ifade edilmistir.
Istilac1 tiirler, otlatmaya direng gosteren, hizli gelisebilen ve yayilabilen, floristik kompozisyonun
degisimine sebep olan ve neticede cayir ve meralarin kalitesinin diismesine neden olabilen tiirlerdir
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(Stirmen vd., 2015). Cayir ve meralarda bitki kompozisyonu belirlenirken tiirlerin yem iiretme degeri,
{ireme ve cogalma yeteneklerine gore istilaci, azalici ve gogalici seklinde smiflandirilmaktadir. Istilact
tiirler, genel olarak o bolgenin vejetasyonunu olusturan yerli tiirlerdir ve vejetasyonun floristik yapisiyla
denge halindedirler (Siirmen vd., 2013). Ancak asir1 ve bilingsiz otlatma gibi insan kaynakli veya kuraklik
gibi cevre faktorlerinden dolayy, istilaci tiirlerin olumsuz etkileri goriilebilmektedir. Normal kosullar
altinda o bolgenin floristik yapisini olusturan tiirlerdir ve hayvan besleme agisindan degerlendirilmeleri
gerekmektedir. Ornegin Avena sativa cayir ve mera alanlarinda varhik gdsteren istilaci bir tiir olmasina
ragmen, hem insan beslenmesinde hem de hayvan yemi olarak kullanilan ¢ok 6nemli bir tahildir (Siirmen
vd., 2013).

Yukarida ifade edilen calismalara ilaveten bazi Crepis tiirlerinin hayvanlar {izerinde zararli etkileri
olabilecegini bildiren calismalar da mevcuttur. Ornegin Russo vd. (2018), giiney Italya ciftcilerinin Crepis
lacera bitkisinin kiiciikbas hayvanlar i¢in 6liimciil olabildigine inandiklarin belirtmislerdir. Bu nedenle bu
bitkinin kii¢iikbas hayvanlar tizerindeki toksik etkisini inceledikleri ¢alismalarinda; bu bitkinin kiigiikbas
hayvanlar tarafindan fazla tiiketilmesi durumunda tehlikeli olabilecegini dogruladiklarini bildirmislerdir.
Crepis lacera tiirti kiiclikbas hayvanlar icin tehlike olusturabilmektedir ancak diger Crepis tiirleri hayvanlar
tizerinde farkli aktiviteler sergilemektedir. Crepis tiirlerinin, hayvan saglig: tizerinde etkileri tiirden tiire
degisiklik gostermekte ve dolayisiyla bu konuda daha fazla arastirma yapilmasi gerektirmektedir.

Bu bilgilere ilaveten Crepis tiirlerinin sahip oldugu ve hayvancilik acisindan 6nem arz eden kalite
Ozelliklerine ait ¢alismalarin oldukga yetersiz oldugu goriilmiistiir. Bu nedenle bu ¢alisma, Giineydogu
Anadolu Bolgesinin farkli lokasyonlarindan toplanan Crepis tiirlerinin hayvanlar agisindan besleme
derecesini ortaya koymak ve tiirlerin toplandig1 lokasyonlar arasindaki benzerlik ve farkliliklari incelemek
amaciyla ytirtitiilmiistiir.

MATERYAL VE METOT

Giineydogu Anadolu Bolgesi'nin 10 farkli lokasyonundan toplanan Crepis tiirlerine ait bitki 6rnekleri,
arastirmanin materyalini olusturmaktadir. Crepis tiirlerinin toplandig1 lokasyonlara ait bazi bilgiler (enlem,
boylam, ytikseklik ve tarih) Cizelge 1’de verilmistir. Cizelge 1'de goriildiigii tizere Crepis alpina, Crepis
foetida ve Crepis sancta olmak {izere {i¢ farkli Crepis tiirli toplanmistir. Bu tiirler genel olarak hindiba olarak
bilinmekte, tek yillik ve istilac1 grupta yer almaktadirlar (Serin vd., 2008; Anonim, 2024).

Cizelge 1. Crepis tiirlerinin toplandig1 lokasyonlar, toplanma tarihleri ve bu lokasyonlarin cografi konumlari.
Table 1. Locations where Crepis species were collected, collection dates and geographical locations.

Tiirler Lokasyon Tarih Yiikseklik (m) Enlem (N) Boylam (E)
1.Crepis alpina L. Adiyaman 06.05.2023 736 37.878105°  38.903748°
2.Crepis alpina L. Diyarbakir (1) 13.05.2023 813 38.37804° 40.246895°
3.Crepis alpina L. Diyarbakir (2) 15.05.2023 652 37.914333° 40.27253°
4.Crepis foetida L. Diyarbakir 10.05.2023 887 38.369648°  40.55304°
5.Crepis foetida L. Sirnak 07.05.2023 891 37.290447°  41.633801°
6.Crepis foetida L. Kilis 06.05.2023 624 36.777069°  37.277817°
(7 ﬁi’gﬁfbf; "(“:tg:li“bSp‘ rhoeadifolia fardin 07.05.2023 1002 37.443211°  40.638088°
8.Crepis sancta (L.) Bornm. Diyarbakir (1) 10.05.2023 887 38.369648° 40.55304°
9.Crepis sancta (L.) Bornm. Diyarbakir (2) 10.05.2023 763 38.298576°  39.961922°
10.Crepis sancta subsp. nemausensis . - 245 21.05.2023 1469 37.775105°  39.783733°

(P. Fourn.) Babc.

Crepis tiirleri, Cizelge 1’de verilen lokasyonlardan cigeklenme doneminde toplanmis ve toplanan Crepis
tiirlerine ait bazi fotograflar Sekil 1’de verilmistir. Toplanan bitki 6rneklerinin teshisi Dicle Universitesi Fen
Fakiiltesi Biyoloji Boliimii 6gretim {iyelerinden Prof. Dr. A. Selcuk ERTEKIN tarafindan yapilmustir.
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Cizelge 1'de belirtilen lokasyonlarda ve belirtilen tarihlerde Crepis tiirlerine ait bitki 6rnekleri, tesadiifi ve
ti¢ tekerriirlii olacak sekilde yaklasik 200 g alinmustir. Bitki 6rnekleri 65 °C’de 48 saat kurutulduktan sonra
el degirmeni yardimiyla ogiitiilmiistiir. Ogiitiilen 6rnekler 1 mm elekte elendikten sonra analize
gonderilmistir. Crepis tiirlerinin HP, ADP, ADF, NDF, Ca, Mg, P ve K analizleri NIRS (Near Infrared
Spectroscopy, Foss Model 6500) cihazi ile yapilmistir. Analizde baklagil yem bitkilerine ait kalibrasyon seti
kullanilmistir (Basaran vd., 2011; Basbag vd., 2011; Cinar, 2012; Basbag vd., 2018). Tespit edilen ADF ve
NDF degerlerinden hareketle SKM, KMT ve NYD hesaplanmistir (SKM=88.9-(0.779 x %ADEF), KMT=
(120/NDF), NYD= (SKM x KMT) / 1.29) (Morrison, 2003).

L

. (¥ j /WAL hi
Sekil 1. Crepis tiirlerine ait fotograflar (Crepis sancta ve Crepis foetida).

Figure 1. The Photos of Crepis species (Crepis sancta and Crepis foetida).

Arastirma verileri, tesadiif bloklar1 deneme deseninde ti¢ tekerriirlii olacak sekilde JMP programi
vasitasiyla varyans analizine tabi tutulmustur. Ortalamalar arasindaki benzerlikler ve farkliliklar Tukey
(%5) testi ile karsilagtirilmistir. Arastirmada tiirler bir faktor olarak ele alinmis olup, lokasyonlarin birbirine
olan yakinlik ve uzakliklarini belirlemek icin de kiimeleme analizi (cluster) yapilmistir JMP, 2018).

BULGULAR VE TARTISMA

Farkli lokasyonlarindan toplanan Crepis tiirlerinin HP, ADP, ADF ve NDF igerikleri Cizelge 2'de
sunulmustur. Cizelge 2’deki verilere gore, incelenen tiim parametreler agisindan Crepis tiirleri arasinda
istatistiksel olarak anlamli farkliliklar tespit edilmistir (P<0.01, P<0.05).

Crepis tiirlerinin HP oranlar1 %14.5 ile %18.6 arasinda degisim gostermistir. En yiiksek HP orami Crepis
alpina’nin Diyarbakir (2) lokasyonundan elde edilmistir. Crepis alpina’nin temin edildigi Diyarbakir (1) ve
Adiyaman lokasyonlari ile Crepis foetida’nin Diyarbakir lokasyonu da istatistiksel olarak ayni gurupta yer
almistir. En diisitk HP orani ise Mardin lokasyonundan alinan Crepis foetida subsp. rhoeadifolia tiiriinde
saptanmistir. ADP oram1 %0.32 ile %0.80 arasimnda degisim gostermistir. En diisiik ADP orami Crepis
foetida’min Kilis lokasyonundan almuistir. Crepis foetida’min Sirnak ve Crepis alpina’min Adiyaman
lokasyonlar: da istatistiksel olarak en diisiik degeri veren grup igerisinde yer almistir. En yiiksek ADP
oranlari ise geriye kalan diger tiim lokasyonlarda tespit edilmistir. ADF orani %22.1 ile %31.1, NDF oram
ise %31.3 ile %39.4 arasinda degismistir. Her iki ozellik agisindan da en yiiksek degerler Mardin
lokasyonundan alman Crepis foetida subsp. rhoeadifolia tiirtinde, en diisiik degerler ise Karacadag
lokasyonundan aliman Crepis sancta subsp. nemausensis tiirlinde saptanmustir.

Jayanegara vd. (2011), Crepis aurea tiirtiniin ham protein oranini %13.6-14.1, NDF oranini %31.9-32.4 ve
ADF oranmi %23.5-25.3 olarak tespit etmislerdir. Hosseinkhani vd. (2018), Crepis sancta tiiriiniin yonca
tarlalarinda goriilen bir tiir oldugunu ve kuru madde oranim1 %87.71, ham protein oranini %6.9, ADF
oranini %28.83 ve NDF oranini %45.09 olarak tespit etmislerdir. Pedreiro vd. (2021), Crepis vesicaria subsp.
taraxacifolia tiriiniin gida ve geleneksel tipta kullanildigini ve nem igeriginin %85.5, protein igeriginin
%7.18, ADF oranimin %21.6 ve hemiseliiloz igeriginin %4.27 oldugunu bildirmislerdir. Basbag ve Sayar
(2023) Crepis sancta tiiriiniin ham protein oranini %15.54, ADF oranini %25.55 ve NDF oranini %29.92 olarak
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tespit etmislerdir. Calisma konusu olan bitkiler dogadan ve farkli lokasyonlardan toplandiklari igin elde
edilen sonuglar ile daha 6nce yapilan ¢alismalar arasinda farkliliklarin olmas: muhtemeldir.

Cizelge 2. Crepis tiirlerine ait HP, ADP, ADF ve NDF icerikleri.

Table 2. CP, ADP, ADF and NDF contents of Crepis species.

Lokasyon HP (%) ADP (%) ADF (%) NDF (%)
Crepis alpina Adiyaman 17.6 a 0.46 b 26.9 bc 31.6d
Crepis alpina Diyarbakir (1) 185a 0.72a 24.2 bed 33.4 bed
Crepis alpina Diyarbakir (2) 18.6 a 0.77 a 232cd 31.3d
Crepis foetida Diyarbakir 184 a 0.70 a 23.3 cd 38.0 ab
Crepis foetida Sirnak 15.1 bed 0.48b 27.7 ab 36.8 abc
Crepis foetida Kilis 15.5 bed 0.32b 24.5 bed 32.6cd
Crepis foetida subsp. rhoeadifolia Mardin 145d 0.77 a 3l.1a 39.4 a
Crepis sancta Diyarbakar (1) 15.8 bc 0.79 a 23.1cd 320cd
Crepis sancta Diyarbakir (2) 149 cd 0.80 a 25.3 bed 34.1 bed
Crepis sancta subsp. nemausensis Karacadag 162 Db 0.75a 22.1d 316d
Ortalama 16.5 0.66 25.1 34.1
CV (%) 2.56** 8.48** 5.57** 8.33*

*: P<0.05, **: P<0.01 diizeyinde 6nemli ve tabloda ayn siitunda aym harfle gosterilen ortalamalar arasindaki fark 6nemsizdir.

ADF oran1 %31, NDF orani %40’dan diisiik olmas: durumunda yem bitkilerinin kalite standardi en iyi
kalite olan prime, ham protein orani ise %19’dan biiyiik olunca prime, %17-19 arasinda birinci kalite, %14-
16 arasinda ikinci kalite grubunda yer almaktadir (Lacefield, 1988). ADF acisindan Mardin disindaki tiim
lokasyonlarm, NDF agisindan tiim lokasyonlarin prime grubunda oldugu goriilmektedir. Ham protein
acgisindan ise ilk dort lokasyonun birinci, geriye kalan alt1 lokasyonun ise ikinci kalite grubunda yer aldig:
goriilmektedir.

Farkli lokasyonlarindan toplanan Crepis tiirlerine ait SKM, KMT ve NYD Cizelge 3’te yer almaktadir.
Cizelge 3 incelendiginde, tiim Ozellikler agisindan lokasyonlar arasinda istatistiksel olarak anlamli
farkliliklar bulundugu belirlenmistir (P<0.01, P<0.05).

Cizelge 3. Crepis tiirlerine ait SKM ve KMT oranlari ile NYD.
Table 3. DDM, DMI and RFV of Crepis species.

Tiirler Lokasyon SKM (%) KMT (%) NYD

Crepis alpina Adiyaman 68.0 be 3.80 ab 200 ab
Crepis alpina Diyarbakir (1) 70.0 abc 3.59 abc 195 ab
Crepis alpina Diyarbakir (2) 70.8 ab 3.83 ab 210 ab
Crepis foetida Diyarbakir 70.8 ab 3.16¢c 173 ab
Crepis foetida Sirnak 67.4 cd 3.26 bc 170 ab
Crepis foetida Kilis 69.8 abc 3.97 a 217 a
Crepis foetida subsp. rhoeadifolia  Mardin 64.6 d 3.04c 152b
Crepis sancta Diyarbakir (1) 70.9 ab 3.75 ab 206 ab
Crepis sancta Diyarbakir (2) 69.2 abc 3.52 abc 189 ab
Crepis sancta subsp. nemausensis Karacadag 71.7 a 3.80 ab 211 ab

Ortalama 69.3 3.57 192
CV (%) 1.57%* 9.61* 11.35%

*: P<0.05, **: P<0.01 diizeyinde 6nemli ve tabloda ayni siitunda aym harfle gosterilen ortalamalar arasindaki fark 6nemsizdir.

SKM orani %64.6-71.7, KMT orani %3.16-3.97 ve NYD 152-217 arasinda degisim gostermistir. Ortalama
SKM orani1 %69.3, KMT oran1 %3.57 ve NYD ise 192 olarak belirlenmistir. En yiiksek SKM orani, Karacadag

————

Uluslararasi: Tarim ve Yaban Hayat: Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

64



Baz1 Crepis Tiirlerinin Ot Kalite Ozellikleri Agisindan Degerlendirilmesi

lokasyonundan alman Crepis sancta tlirlinde tespit edilmistir. Diyarbakir (1) ve Diyarbakir (2)
lokasyonlarindan alman Crepis alpina, Diyarbakir ve Kilis lokasyonlarindan alman Crepis foetida ile
Diyarbakir (1) ve Diyarbakir (2) lokasyonlarindan alman Crepis sancta tiirleri de istatistiksel olarak aym
gurupta yer almistir. En diisiik SKM oran1 Mardin lokasyonundaki Crepis foetida tiirtinden alinmistir. En
yiiksek KMT orany, Kilis lokasyonundaki Crepis foetida tiirlinden alinirken, Adiyaman, Diyarbakir (1) ve
Diyarbakir (2) lokasyonlarindan alman Crepis alpina, Diyarbakir (1), Diyarbakir (2) ve Karacadag
lokayonlarindan alinan Crepis sancta tiirleri de istatistiksel olarak ayni gurupta yer almistir. En diisiik KMT
orani, Mardin lokasyonundaki Crepis foetida tiirinden alinmistir. En diisik NYD ise Mardin
lokasyonundaki Crepis foetida tiirtinden alinirken, en yiiksek NYD ise geriye kalan diger tiim tiirlerden
almmustir.

Jayanegara vd. (2011), Crepis aurea tiiriiniin in vitro organik madde sindirilebilirligini %74.1-74.8 olarak
tespit etmislerdir. Hosseinkhani vd. (2018), Crepis sancta tiiriiniin kuru madde tiiketimi oraninin %2.6,
sindirilebilir kuru madde oranmin %66.43 ve yonca otunun goreceli lezzetliligi %100 olarak alindiginda
Crepis sancta tiirtiniin goreceli lezzetlilik oraninin %82.33 oldugunu bildirmislerdir. Basbag ve Sayar (2023)
Crepis sancta tiirtiniin SKM oranini %68.99, KMT oranini %4.04 ve NYD'yi 216 olarak tespit ettiklerini ve
Crepis sancta tiiriine ait otun prime (en iyi kalite) grubunda oldugunu bildirmislerdir. Daha 6nce yiiriitiilen
bu ¢alismalar ile elde edilen sonuglar benzerlikler gostermektedir.

Lacefield (1988), SKM oran1 %65, KMT orani %3.0 ve NYD 151’den biiyiik olan kaba yemlerde kalitenin en
iyi (prime) oldugunu bildirmistir. Bu agidan bakildiginda, KMT ve NYD agisindan tiim lokasyonlarin, SKM
agisindan ise Mardin lokasyonu disinda kalan diger tiim lokasyonlarin en iyi grupta yer aldig:
goriilmiistiir.

Crepis tiirlerinin Ca, P, Ca:P, K, Mg ve K:(Cat+tMg) degerleri Cizelge 4'te sunulmustur. Bu 6zellikler

agisindan tiirler arasindaki farkliliklar, istatistiksel olarak onemli bulunmustur (P<0.01).

Cizelge 4. Crepis tiirlerine ait Ca, P, Ca:P, K, Mg ve K:(Ca+tMg) degerleri.
Table 4. Ca, P, Ca:P, Mg and K:(Ca+Mg) values of Crepis species.

Tiirler Lokasyon Ca(%) P (%) Ca:P K (%) Mg (%) K:(Ca+Mg)
Crepis alpina Adiyaman 1.81a 026e 6.83a 225d 0.44a 1.00 £
Crepis alpina Diyarbakir (1) 1.43cde 040a 358cd 417a 042abc  2.26abc
Crepis alpina Diyarbakir (2) 156bc  036b 430c 3.65ab 040bcd  1.87cde
Crepis foetida Diyarbakir 126e 040a 313d 4.12ab 0.28 f 2.67 a
Crepis foetida Sirnak 140cde 037b 38lcd 290c 0.38 cd 1.62 de
Crepis foetida Kilis 170ab 031d 552b 2.84c 0.32 ef 147 e
Crepis foetida subsp. rhoeadifolia ~ Mardin 1.53bcd 035bc 439c 3.85ab 0.40bcd  2.00 bed
Crepis sancta Diyarbakir (1) 1.53bed  0.29d  5.32b 3.60 b 0.38d 1.89 cde
Crepis sancta Diyarbakir (2) 1.40cde 0.36b 3.85cd 4.08ab 0.33e 2.36 ab
Crepis sancta subsp. nemausensis ~ Karacadag 1.30de 034c 3.87cd 27lcd 043ab 1.56 de
Ortalama 149 0.34 4.46 3.42 0.38 1.87

CV (%) 5.55** 2327  6.44* 5.22%* 3.89** 8.25**

**: P<0.01 diizeyinde 6nemli ve tabloda aymn siitunda ayni harfle gosterilen ortalamalar arasindaki fark dnemsizdir.

Lokasyonlarin kalsiyum oranlar1 %1.26-1.81, fosfor oranlar1 %0.26-0.40, Ca:P oranlar1 3.13-6.83, potasyum
oranlar1 %2.25-4.17, magnezyum oranlar1 %0.28-0.44 ve K:(Ca+Mg) degeri ise 1.00 ile 2.67 arasinda degisim
gostermistir. Genel bir degerlendirme yapildiginda; en yiiksek kalsiyum oraninin alindigi Adiyaman
lokasyonundaki Crepis alpina tiirlinden, ayni zamanda en diisiik fosfor, en yiiksek Ca:P, en diisiik
potasyum, en yiiksek magnezyum ve en diisiik K:(Ca+Mg) oranlarinin alindigi saptanmistir. En diisiik
kalsiyum oraninin alindigi Diyarbakir lokasyonundaki Crepis foetida tiiriinden ise en yiiksek fosfor, en
diisiik Ca:P, en diisiik magnezyum ve en yiiksek K:(Ca+Mg) oranlarinin alindig1 goriilmiistiir.
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Bitkilerde kalsiyumun %0.10-1.00, fosforun %0.20-0.50, potasyumun %1.00-5.00 ve magnezyumun %0.10-
0.40 arasinda olmasi yeterli kabul edilmektedir (Motsara ve Roy, 2008). Cizelge 4’e gore P ve K oranlarinin
tiim lokasyonlarda, Mg oranlarmin iki lokasyon disinda (Adiyaman ve Diyarbakir (1) lokasyonlarindaki
Crepis alpina), geriye kalan lokasyonlarda istenilen degerlerde oldugu goriilmektedir. Ancak tiim
lokasyonlarda Ca oranlarmin olmasi gereken degerin (%1.00) iizerinde oldugu goriilmektedir. Bu durum
Ca:P oranmin da yiiksek olmasina sebebiyet vermektedir. Ca:P oraninin 2.0’den fazla olmasi, hayvanlarda
zehirlenmelere yol acabilmektedir (Ayan vd. 2010). Cizelge 4’te belirtilen Ca:P dengesizligin temel
nedeninin fosfor eksikligi degil, lokasyonlardan alinan ottaki kalsiyum fazlaligindan kaynaklandig1 6n
goriilmektedir.

K:(CatMg) oraninin da 2.2’in tizerinde olmasi, hayvanlarda tetani hastalig1 riskini artirmaktadir (Aydin ve
Uzun, 2002). K:(Cat+Mg) degerinin Diyarbakir (1) lokasyonundaki Crepis alpina, Diyarbakir lokasyonundaki
Crepis foetida ve Diyarbakir (2) lokasyonundaki Crepis sancta tiirleri disinda diger tiim lokasyonlarda
istenilen siir degerleri icerisinde oldugu, bu lokasyonlar i¢in boyle bir riskin olmadig: anlasilmaktadir.

Pedreiro vd. (2021), Crepis vesicaria subsp. taraxacifolia tiriiniin gida ve geleneksel tipta kullanildigin ve
tiiriin kuru maddede Ca igeriginin %2.14, P igeriginin %4.12, K igeriginin %4.09 ve Mg igeriginin %3.14
olarak tespit ettiklerini bildirmislerdir. Basbag ve Sayar (2023) Crepis sancta tiiriinde P oranuni %0.30, K
oranini %3.19, Ca oranini %1.38, Mg oranin1 %0.39, Ca/P oranini %4.62 ve K:(Ca+Mg) oranini da 1.80 olarak
tespit etmislerdir.

Farkl1 lokasyonlardan toplanan Crepis tiirlerinin kiimeleme (cluster) analizi sonuglar1 Sekil 2’de
sunulmustur. Bu analiz, lokasyonlardan elde edilen tiirlerin benzerlik diizeylerini degerlendirmek
amactyla gergeklestirilmistir.
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Sekil 2. Crepis tiirlerinin toplandig1 lokasyonlarin kiimeleme analizi.
Figure 2. Clustering analysis of Crepis species collected locations.

Sekil 2’de sunuldugu iizere kiimeleme analizi neticesinde 2 farkli kiimenin olustugu ve birinci kiimede
Crepis alpina tiiriniin alindig1 Adiyaman ve Crepis foetida tiiriiniin alindig: Kilis lokasyonlarinin, ikinci
kiimede ise geriye kalan diger tiim lokasyonlarin oldugu goriilmektedir. Kiimelerin benzerlik durumlaria
gore birinci kiimede Crepis alpina tiirtiniin alindigr Adiyaman ve Crepis foetida tiiriiniin alindig1 Kilis
lokasyonlarmin, ikinci kiimede Crepis alpina tiriiniin alindigr Diyarbakir (1) ve Diyarbakir (2)
lokasyonlarmin, Crepis sancta tiiriiniin alindig1 Diyarbakir (1) ve Crepis sancta subsp. nemausensis tiiriiniin
alindig1 Karacadag lokasyonlarmin, Crepis foetida tiirtiniin alind1g1 Sirnak ve Crepis foetida subsp. rhoeadifolia
tiirtiniin alind1g1 Mardin lokasyonlarinin benzerlik bakimindan birbirlerine en yakin ve benzer lokasyonlar
oldugu goriilmektedir. Incelenen &zellikler bakimindan Crepis alpina tiiriiniin alindig1 Diyarbakir (1) ve
Diyarbakir (2) lokasyonlarinin birbirine en yakin, Crepis alpina tiiriiniin alindig1 Diyarbakir (1) ve Crepis
alpina tiirtiniin alindig1 Adiyaman lokasyonlarinin ise birbirine en uzak olan lokasyonlar oldugu sonucuna
varilmistir.

Bu kiimeleme analizinde, ayn1 cografyada yasayan farkl tiirlerin ayni kiimede ancak farkli cografyalarda
bulunan ayni tiirlerin ise farkli bir kiimede yer aldig1 goriilmektedir. Bu durum, bitkilerin yetismis
olduklar1 alanin iklim ve toprak yapisindan beslenmelerinden ileri gelmektedir. Yani tiirler farkli olsa bile
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benzer lokasyonlarda, ortaya koyduklar1 benzer adaptasyon yeteneklerinden dolay1 birbirlerine daha
yakin sonuglar verebilmektedirler.

Kiimeleme analizi, lokasyon veya genotiplerin birbirleriyle yakinliklarim1 ve uzakliklarini belirlemek
maksadiyla kullamilan analiz ydntemlerinden bir tanesidir. Oten ve Albayrak (2016) Bati Akdeniz
bolgesinden toplanan yonca popiilasyonlari arasindaki varyasyon seviyesini belirlemek igin kiimeleme
analizini kullanmislardir. Yaptiklar: kiimeleme analizi sonucunda yonca genotiplerinin iki ana ve dort alt
gruba ayrildigini ve birinci grubun %60, ikinci grubun %65 oraninda alt gruba ayrildigini bildirmislerdir.
Yine Oten ve Albayrak (2018) 26 yonca popiilasyonunun 21 farkl 6zelligi arasindaki iligkiyi kiimeleme
analizi ile incelemislerdir. Kiimeleme analizi neticesinde yonca hatlarinin %50 ile %98 arasinda benzerlik
gosterdigini ve hatlarin esasinda iki ana gurup altinda bes farkli alt guruba ayrildiklarini tespit etmislerdir.
Akcelik (2018), yonca popiilasyonlarinin benzerliklerini tespit etmek i¢in kiimeleme analizini kullanmustir.
Analiz sonucunda popiilasyonlar arasinda %80 oraninda benzerlik oldugu ve popiilasyonlarin alt1 gruba
ayrilarak genis bir varyasyon gosterdigini bildirmistir. Basbag vd. (2019) Giineydogu Anadolu Bolgesi'nin
degisik lokasyonlarindan topladiklar1 Astragalus hamosus tiiriiniin lokasyonlar arasi benzerliklerini tespit
etmek icin kiimeleme analizini kullanmislardir. Kiimeleme analizi sonucunda 20 farkli lokasyonunun dort
grup olacak sekilde varyasyon gosterdigini bildirmiglerdir.

SONUC

Giineydogu Anadolu Bolgesinin 10 farkli lokasyonundan toplanan Crepis tiirlerinin kalite 6zellikleri ile bu
tiirlerin toplandig1 lokasyonlarin benzerliklerini belirlemek amaciyla yiiriitiilen bu calismada; Crepis
tiirlerinin ADF ve NDF igeriklerinin diisiik, HP, SKM, KMT ve NYD’nin ise yiiksek ve ideal diizeyde
oldugu belirlenmistir. Ca, P, K, Mg ve K:(Ca+tMg) oranlarmin da istenilen seviyede, ancak Ca:P degerinin
maksimum seviyenin (>2) {izerinde oldugu goértlmiistiir. Bu sonug, Crepis tiirlerinden elde edilen otun Ca
ve P igerikleri arasinda bir dengesizlik oldugunu ve bu dengesizligin de hayvanlarda zehirlenmelere yol
agabilecegi anlamini tasimaktadir. Bu sekilde ortaya ¢ikabilecek olumsuz bir durum, bu tiirden elde edilen
otun ya kurutularak ya da baska otlarla birlikte karistirilarak hayvanlara yedirilmesi ile engellenebilir.
Dogal alanlarda veya meralarda otlayan hayvanlar, karisik beslendikleri i¢in bu sekilde ortaya ¢ikabilecek
bir zehirlenme riski zaten diisiik olmaktadir. Yapilan kiimeleme analizi neticesinde 10 farkl: lokasyonun
esasinda iki gruba ayrilacak sekilde varyasyon gosterdigi goriilmiistiir. Incelenen &zellikler agisindan
Crepis alpina tiiriiniin alindig1 Diyarbakir (1) ve Diyarbakir (2) lokasyonlarinin birbirine en yakin, Crepis
alpina tiriniin alindig1 Diyarbakir (1) ve Diyarbakir (2) lokasyonlarinin Adiyaman lokasyonuna en uzak
lokasyonlar oldugu goriilmiistiir.

CIKAR CATISMASI
Yazarlar arasinda herhangi bir ¢ikar ¢atismasi bulunmamaktadir.

YAZAR KATKISI
Birinci yazar arazi ¢alismasiny, ikinci yazar laboratuvar analizlerini yapmistir. Makale iki yazar tarafindan
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Abstract: Iron and boron are essential elements in plant development. The effect of both elements on plant growth and nutrient content were tried to be
determined by field study. The study was carried out with three replications according to factorial experiment design in randomized blocks in the
research area of Van Yiiziincii Y1l University, Department of Field Crops. At the end of the study, changes in yield and yield criteria and grain macro
and micronutrient content were examined. Iron applications only affect the biological yield of the yield criteria, whereas the chickpea straw N, P, K, Mg,
Fe, Mn, Zn, Cu and grain P, Mg, Fe, Zn and B contents were affected. The effect of boron application on second branch count, number of pods and fertile
number of pods, while straw nutrient content P, Mg, Zn, B and grain nutrient elements P, K, Ca, Mg, Fe, Mn, Zn, B were found to be affected. It was
determined that the boron and iron doses to be applied to nutrient contents and yield were 0.25 kg B da and 10 kg Fe da™.

Keywords: Soil, Chickpea, Yield, Fertilizer, Iron, Boron

&

Oz: Demir ve bor bitki gelisiminde énemli elementlerdir. Her iki elementinde bitki biiyiimesine ve bitki besin elementi icerigine etkisi arazi
caligmasiyla belirlenmeye calistlmistir. Arastirma Van Yiiziincii Y1l Universitesi Tarla Bitkileri Boliimii arastirma alaninda faktoriyel deneme
desenine gore tesadiif bloklarinda tig tekerriirlii olarak ytirtitiilmiistiir. Calisma sonunda verim ve verim kriterlerindeki degisimler ile tane makro
ve mikro besin igerikleri incelenmistir. Demir uygulamalar1 verim kriterlerinden sadece biyolojik verimi etkilerken, nohut sapinin N, P, K, Mg, Fe,
Mn, Zn, Cu ve tane P, Mg, Fe, Zn ve B igerikleri etkilenmistir. Bor uygulamasinin ikinci dal say1si, bakla sayis1 ve fertil bakla sayis1 iizerine etkisi
6nemli olarak belirlenirken, nohut sapinin besin elementi igeriginde P, Mg, Zn, B ile tane besin elementlerinden P, K, Ca, Mg, Fe, Mn, Zn ve B
igerikleri {izerine Genmli etkisi belirlenmistir. Besin elementi igerigi ve bitki verimi agisindan uygulanacak uygun bor ve demir dozlarinin 0.25 kg B
da? ve 10 kg Fe da oldugu belirlenmistir.
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INTRODUCTION

Nutrition of humans depends on plant and animal foods, so the nutrient content of these foods is of great
importance. Micronutrient elements stand out for ideal life and physiological functions. Widespread global
micronutrient deficiencies (MNDs) are a major risk, especially for pregnant women and young children. It
causes weak growth, mental disorders, perinatal complications and an increase in mortality because of the
diseases (Bailey et al., 2015). The main causes of hidden hunger, which affects more than 2 billion people
worldwide and is characterized by micronutrient deficiencies, are iron, vitamin A and iodine deficiencies
(Yilmaz and Yilmaz, 2025). The fact that 2/3 of the world's population is confronted with one or more
nutrient deficiencies has brought about the widespread research for solving these problems in human
nutrition by performing biofortification of the plants used in agricultural production agronomically and
genetically with chemical or organic fertilizers (Orman and Kaplan, 2017). Soils used for agricultural
activities around the world prevent the desired levels of plant yields from growing for one or more reasons,
the same negative effect is also seen on desired levels of nutrient contents. The world population is expected
to be 7.5 billion for now and 9.2 billion in 2050 (Anonymous, 2019a). On the other hand, world agricultural
areas are expected to be 443 million hectares (Anonymous, 2019b) and this population increase is expected
to increase the agricultural need by 40-70%. As a result, we are facing food safety as an important problem
(Anonymous, 2019a). The biofortification technique that introduces a new approach in fertilization, reveals
a situation different from the known agricultural production methodology (Orman and Ok, 2016). The most
common micronutrient deficiency is observed especially in iron and zinc elements. Biofortification is aimed
at increasing the content of micronutrient elements that can be used biologically in edible parts of
agricultural products and to reduce malnutrition and hidden hunger (Singh et al., 2016). It is estimated that
more than 60% of the world's population suffers from iron deficiency, more than 30% from zinc deficiency,
more than 30% from iodine deficiency and more than 15% from selenium deficiency (White and Broedley,
2009). Iron deficiency causes anemia in particular and causes deterioration of the functions of the endocrine
and immune systems (de Benoist et al., 2008; Bailey et al., 2015). The incidents such as climate change,
erosion, urbanization, industrialization, chemical pollution, salinity, acidification that agricultural areas are
exposed to and the insufficiency of agricultural areas in feeding the population, make it necessary to make
more efficient use of existing areas (Anonymous, 2019c). All these factors negatively affect the
biofortification of the plants grown. Biofortification studies are mostly focused on Fe and Zn (Singh et al.,
2016). Although the total iron content of agricultural soils is between 20-40 g kg'! (Cornell and
Schwertmann, 2003), the iron content that can be taken is 10-2-106 mg L in mineral soils, and 104-10° mg
L1 in organic soils (Kacar and Katkat, 1998). Soil properties that determine the behavior of iron in the soil
are generally pH with redox potential (Colombo et al., 2014). The lower the pH of the soil solution, the
higher the amount of soluble iron (Robin et al., 2008). In contrast, the higher the pH of the soil solution, the
lower the soluble iron content will be. Therefore, iron deficiency is an important problem in calcareous soils
(Mengel et al. 2001; Giines et al., 2013). Increased yield and nutrient content have been reported with iron
fertilizer applications both from leaf and soil against iron deficiency (Cimrin et al., 2000; Gokmen Yilmaz
et al., 2012; Akgiil et al., 2013).

Boron, first reported in 1923 as essential for the cell structure of plants (Warington, 1923), is a non-metallic
micro element. The metabolic activities of boron in plants serve as a part of sugar transport, cell wall
synthesis, lignification, cell wall structure integrity, carbohydrate metabolism, ribose nucleic acid (RNA)
metabolism, respiration, indole acetic acid (IAA) metabolism, phenol metabolism and cell membranes
(Welch, 1995; Ahmad et al., 2009; Giines et al., 2013). In humans, it affects the skeletal and immune system
and energy metabolism (Velioglu and Simsek, 2003). Factors affecting the roots and boron uptake of plants
are soil texture, alkalinity/calcification, pH, clay minerals, organic matter content, amount of other
nutrients, irrigation type, soil water content, boron content of soil solution and plant variety. In addition,
boron uptake is a non-metabolic event (Welch et al., 1991; Brown and Hu, 1998; Ahmad et al., 2012). Critical
value of boron content of soils is 1.0 mg kg (Reisenaur et al., 1973) for normal growth of plants, whereas
this value is 0.5 mg kg (Keren and Bingham, 1985) in cereals. Significant increases in yield (Kausar et al.,
1988; Seth and Singh, 1985; Zada and Afzal, 1997; Soylu et al., 2005) and content of some nutrients (Lopez-
Lefebre et al., 2002; Shaaban et al., 2004; Ahmed et al., 2011; Aref, 2012; Ekinci et al., 2015) are reported due
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to boron applications. It has been reported by studies that zinc and potassium, when applied more than
necessary in the environment, increase boron intake (Smithson and Herthcote, 1976; Woodruff et al., 1987)
while zinc decreases it (Pilbeam and Kirkby, 1983). In a study conducted by Atsak and Cirka (2024) on bean
plants, the effect of boron on heavy metals was investigated and it was determined that increasing doses
of boron applications increased iron uptake in the plant. In another study conducted on black-eyed peas,
the plant's iron uptake varied because of the interaction between increasing doses of boron and heavy
metals (Cirka, 2023).

It was determined by Zada and Afzal (1997) that iron and boron applications did not show positive effect
on yield and yield criteria when applied together and boron applications were more effective alone. On the
other hand, it has been reported that the highest values have been reached in case of application of foliar
boron and iron together (Rawashdeh and Sala, 2013; Giirel and Basar, 2016). In another study, it was
reported that the application of iron and boron together with the seed caused a decrease in germination
but increased the yield (Mirshekari, 2012).

In this study, the effects of the application of iron and boron applications to soil separately or together on
the yield and yield criteria of chickpea and the biofortification of stem and grain samples were investigated.

MATERIAL AND METHOD

Materials

This study was carried out in the trial areas of the Faculty of Agriculture in the campus area of Van Yiiziincii
Y1l University in the summer of 2015. Inoculant (Rhizobium ciceri) obtained from Ankara Soil, Fertilizer and
Water Research Institute was applied to South Yellow chickpea seeds used in the experiment. South Yellow
(ILC-482) chickpea cultivar used in the experiment was improved in 1983 by GAP International
Agricultural Research and Training Center and registered in 1986. Plant height is 40-45 cm, height of first
pod is 20-26 cm, number of pods per plant is 17-27, number of pods is 1-1,5 and the 100-grain weight is 28-
31 g. Its plant growth is semi-horizontal, grain color is cream, grain type is ram and it is a winter and
drought resistant early variety.

Climate Characteristics of The Research Site

The trial location is the area of the Faculty of Agriculture in the campus of Van Yiiziincii Y1l University.
The study was conducted in the summer of 2015. Long-term average and climatic data of the months
covering the periods in which the study was conducted are given in Table 1. The annual rainfall of the
region in which the research is conducted is 297.2 mm and the average temperature is 16.6 °C and the
average relative humidity is 49.98%. The rainfall in 2015 growing season is 116.5 mm. The average
temperature is 16.6 °C, the average relative humidity is 58.28% (Anonymous, 2015).

Table 1. Monthly and long-term average values of some climatic characteristics of Van Province in 2015 during the
growing period of Chickpea.
Cizelge 1. 2015 yilina ait Van ili nohut yetistirme periyodunda bazi iklim ozelliklerinin aylik ve uzun donem ortalama degerleri.

Months  Rainfall Avr.Years Temperature Avr.Years Relative humidity Avr.Years
(mm) (Co) (%)

April 66.9 165.7 8.9 8.8 49.4 68.5

May 211 99.9 13.7 13.0 42.6 62.7

June 23.4 25.3 19.8 18.9 35.7 53.1

July 5.1 6.3 24.0 22.7 72.2 48.8

Total 116.5 297.2 66.4 63.4 199.9 233.1
Average 29.13 74.3 16.6 15.85 49.98 58.28

Soil Characteristics of The Research Site

Some physical and chemical analysis results of soil samples taken from 0-30 cm depth in the research area
are given in Table 2. When the soil analysis results are examined, it is observed that the soil of the trial area
has loamy structure, it is not salty, has a slightly alkaline reaction, it is very lime in terms of lime content,
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it has too little organic material content, its nitrogen content is insufficient, phosphorus content is high,
potassium and copper contents are sufficient, iron and zinc content is deficient (Diizgiines et al. 1987). The
boron content of the trial site was reported to range from 1.0 to 2.0 mg kg-'. This information is specified in
the “Turkey Boron Map” provided by the National Boron Research Institute (BOREN).

Table 2. Some physical and chemical soil analysis results of field trials.
Cizelge2. Deneme topraginin bazi fiziksel ve kimyasal analiz sonuglar.

Depth Texture i Lime OM. N P K Fe Cu Zn
% P mg kg

0-30 cm Loamy 0.033 780 1959 0.69 0.034 1790 459 0.2 092 0.68

Methods

The experiment was established as a field study in the trial area of the Department of Field Crops in Van
Yiiziincii Y1l University. The experiment was conducted according to the factorial experiment design in
randomized blocks with three replications. South Yellow variety was used as the material. Planting
frequency was 60 seeds per m? (Togay et al., 2005).

During the planting, urea (46% N) and DAP (18% N, 46% P2Os) were spread to the soil by hand as nitrogen
4 kg da' and 6 kg P20s da! and rake was used to mix it in the soil. In the experiment, seed planting was
carried out by hand with 30 cm and 4-5 cm above the row. The parcel size was 1.5 m x 4 m = 6 m2 The
experiment consisted of a total of 27 parcels. There is a 1-meter gap between the parcels and a 2-meter gap
between the blocks. Iron sulphate (FeSO4.7H20) was used as the applied iron doses of Feo;0, Fe1;5, Fe2;10 kg
Fe da'and boric acid (HsBOs) was used as applied boron doses of Bo;0, B1;0.25, B2;0.50 kg B da'. Both iron
and boron doses were carefully spread on the plot surfaces before seed sowing and then mixed with a rake.
The trial area was periodically observed. As weeds emerged in the field, weed control was carried out
mechanically by plucking out the weeds on the rows by hand and grubbing up the weeds between the
rows. At the time of the harvest, 0.5-meter areas were removed from parcel heads and one row from each
side is deducted. Then the assessments were made on an area of 1.2 m x 3m = 3.6 m?2. The experiment was
carried out under dry farming conditions. Sowing was carried out in the third week of April (20.04.2015),
and the crop was harvested in full maturity in the last week of July (24.07.2015).

Nutrient Analysis in Plant Samples

At the end of the experiment, plant samples taken from each parcel were brought to the laboratory and
separated into stems and grains. The separated stem and grain samples were dried in the oven at 70 °C
until they reach constant weight. The dried samples were milled with a plant grinding mill and made ready
for analysis according to Kacar and Inal (2008). The obtained extracts were read in the Van Yiiziincii Yil
University Central Research Laboratory using Atomic Absorption Spectrophotometer for K, Ca, Mg, Fe,
Mn, Zn and Cu elements and ICP-OES instrument for boron. Nitrogen analysis was determined by micro-
Kjeldahl method and phosphorous extracts were determined spectrophotometrically according to yellow
color method (Kacar ve Inal, 2008).

Yield and Yield Criteria’s

The yield components of 10 plants taken from each plot representing that plot were determined according
to Tosun and Eser (1975). Biological and grain yields were calculated as yield per decare by harvesting the
plants in the middle and weighing them carefully in the laboratory after removing lots from each side and
reducing 50 cm from each head of the parcel. Harvest index was determined by ratio of grain yield to
biological yield.

Chemical Analysis of Soil Sample

The soil sample taken according to Jackson (1958) from the trial area was placed in a plastic bag and brought
to the laboratory. After drying under appropriate conditions in the laboratory, it was hammered with a
wooden mallet and passed through a 2 mm sieve and stored in plastic boxes with lids during the analysis.
In soil samples, the analyses of structure, pH, salt, lime, organic matter and N, P, K, Fe, Mn, Zn and Cu
elements were made according to the methods specified by Kacar (1994). Total nitrogen analysis in soil
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samples was determined by micro kjehldahl method, and available phosphorus analysis was determined
by spectrophotometer. Exchangeable K and available Fe, Mn and Zn elements were determined with the
ICP-OES instrument.

Statistical Analysis

Whether the effects of iron and boron applications on yield and nutrient content were significant was
determined by two-way analysis of variance with the help of CoStat statistical package program. The
parameters found to be significant in the analysis of variance were subjected to Student-t (LSD) test and
the minimum significant difference between the applications was determined (Diizgiines et al., 1987).

RESULTS AND DISCUSSION

Effect of Iron and Boron Applications on Yield and Yield Criteria

The results of variance analysis of the effects of iron and boron applications on chickpea yield and yield
criteria are given in Table 3. The averages of the effects of applications on yield and yield criteria are given
in Tables 4. The BxFe interaction, which has an important effect on number of pods and number of fertile
pods, is given in Figures 1 and 2.

Table 3. Results of variance analysis of the effects of boron and iron applications on chickpea yield and yield criteria.
Cizelge 3. Bor ve demir uygulamalarinin nohut verimi ve verim kriterleri iizerindeki etkilerine iliskin varyans analizi sonuclar:.

Yield criterias V.S. D.F. M.O. F value
Iron (Fe) 2 0.67 0.44 ns
Plant height Boron (B) 2 1.81 1.22 ns
BxFe 4 1.49 1.01 ns
Iron (Fe) 2 2.735 2.81 ns
First pod height Boron (B) 2 0.577 0.59 ns
BxFe 4 0.648 0.67 ns
Iron (Fe) 2 0.335 1.32ns
First branch number Boron (B) 2 0.087 0.34 ns
BxFe 4 0.294 1.15ns
Iron (Fe) 2 0.049 0.12ns
Second branch number Boron (B) 2 2.020 4.84*
BxFe 4 0.464 1.11 ns
Iron (Fe) 2 3.766 1.55 ns
Pods number Boron (B) 2 37.254 15.29 **
BxFe 4 7.340 3.01*
Iron (Fe) 2 2.170 0.99 ns
Fertile pods number Boron (B) 2 34.854 15.99**
BxFe 4 7.484 3.43*
Iron (Fe) 2 481.34 3.87%
Biological yield Boron (B) 2 3.957 0.03ns
BxFe 4 148.14 1.19 ns
Iron (Fe) 2 143.72 3.08 ns
Grain yield Boron (B) 2 4.21 0.04 ns
BxFe 4 20.09 0.81 ns
Iron (Fe) 2 0.425 0.14 ns
Harvest index Boron (B) 2 0.633 0.21 ns
BxFe 4 2.002 0.66 ns

*, %5; **, %1; ns, non significant.

As can be seen in Table 3, the number of branches (p<0.05), number of pods (p<0.01) and fertile number of
pods (p<0.01) were affected by boron applications, while iron applications only had an effect on biological
yields (p<0.05). The effect of the interaction was determined only on the number of fertile pods. The effect
of applications on other yield criteria was not determined (Tab. 3).

It has been found that boron and iron applications cause decreases in plant height compared to control, but
these changes do not have a statistically significant effect. Plant height, which was 23.25 cm in control
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plants, increased to 24.11 cm in B1 (0.50 kg B da') application. The lowest plant height was obtained in Bo
(0 kg B da!) application as 23.25 cm (Table 4).

Compared to control plants, iron applications had a positive effect on first pod height, while boron
applications had a negative effect. The first pod height was increased to 14.07 cm in Fe2 (10 kg Fe da™)
application and was measured as 12.97 cm in Feo (0 kg Fe da‘?) (Table 4).

It has been found that boron and iron applications cause decreases in plant height compared to control, but
these changes do not have a statistically significant effect. Plant height, which was 24.65 cm in control
plants, decreased to 23.26 cm in B1 (0.50 kg B da') application and 23.35 cm in Fe2 (10 kg Fe da) application.
The lowest plant height was obtained with BixFe:1 (0.25 kg B da'x5 kg Fe da") interaction as 22.92 cm.
Compared to control plants, iron applications had a positive effect on first pod height, while boron
applications had a negative effect. The first pod height was increased to 14.73 cm in 10 kg Fe da! application
and was measured as 13.24 cm in control. The most significant first pod height in boron x iron applications
was measured with BaxFe2 (0.50 kg B da-'x10 kg Fe da!) application as 14.15 cm (Fig. 1). The number of first
branches decreased with iron applications compared to control. The number of first branches, which was
4.01 number plant? at the control, decreased to 3.88 number plant! and 3.33 number plant! with 5 kg Fe
da'and 10 kg Fe da' applications, respectively. This was a decrease of 22.8%. It was determined that there
was an increase and then a decrease with boron applications. The first branch number increased to 3.94
number plant?! with 0.25 kg B da! boron application and decreased to 3.77 number plant? with 0.50 kg B
da' application (Table 4).

Table 4 Effects of iron and boron applications on average yield and yield criteria of chickpea.
Cizelge 4. Demir ve bor uygulamalarinin nohutta ortalama verim ve verim kriterleri iizerine etkileri.

Treatments PH FPH FBN SBN PN FPN BY GY HI
cm Number Kg da! %
Iron, kg da!
0 23.74 1297b 4.01 3.58 15.22 14.71 95.3b 473 Db 49.6
5 23.30 13.54 ab 3.83 3.72 15.71 14.63 101.7ab  50.7 ab 49.7
10 23.79 14.07 a 3.63 3.68 16.65 15.50 1099a 54.1a 49.3
LSD(<0.05) 1.21  0.98 050 0.79 1.60 1.48 105 6.7 2.7
Boron, kg da™!
0.00 23.25 13.82 377 315b 1361b 1270Db 101.9 50.3 49.3
0.25 2411 13.36 394 374ab 16.73a 15.82a 103.1 51.1 494
0.50 2346 13.40 377 409a 1723a 1632a 102.0 50.8 49.8
LSD(<0.05) 1.21  0.98 050 0.79 1.60 1.48 10.5 6.7 2.73

a, b, ¢; Values followed by the different letters are significantly different, PH, Plant Height; FPH, First Pod Height; FBN, First Branch
Number; SBN, Second Branch Number; PN, Pods Number; FPN, Fertile Pods Number; BY, Biological Yield; GY, Grain Yield; HI,

Harvested Index.

The second branch number increased with both boron applications compared to control plants and had
statistically significant effect. The number of second branches which was 3.15 number plant’in control
plants are respectively determined as 3.74 number plant, and 4.09 number plant! with 0.25 kg B da' and
0.50 kg B da applications. These increases were 18.7%, and 29.8% respectively (Table 4).

Both the number of pods and the number of fertile pods increased with iron and boron applications
compared to control. It was found that boron and boron x iron had statistically significant effects in these
applications. The number of pods and fertile pods that were 13.61 No. plant-! and 12.70 No. plant-! in control
plants respectively are detected as 17.23 No. plant! and 16.32 No. plant respectively with 0.50 kg B da-!
applications. Compared to control plants, these increases were realized as 26.6% and 28.5% in boron
applications respectively (Table 4).

Although iron, boron and boron x iron applications affect the biological yield and grain yield, only iron
applications were found to be statistically significant. The biological yield which was 95.30 kg da- in
control, raised to 101.7 kg da!, 109.9 kg da! with 5 and 10 kg Fe da' applications, and 47.3 kg da-! in control,
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raised to 50.7 kg da', and 54.1 kg da’!, respectively with 0.25 kg B da' and 0.50 kg B da applications. These
increases were realized as 6.7%, 15.3%, 7.2% and 14.4% respectively (Table 4).

Although boron, iron and boron x iron applications have effects on harvest index, these changes are not
found to be statistically significant. Even though the harvest index was 49.6% in control plants, it was
detected as 49.7%, 49.3% respectively with 5 kg Fe da'and 10 kg Fe da!, and 49.3% in control plants, 49.4%
and 49.8 % respectively with 0.25 kg B da-* and 0.50 kg B da! applications (Table 4).

Pods number, No.

19 a
18
ab
17
16
15 b 2 ab
% b S 2
14
13
12 c
10 L
BO Bl B2
# FeO % Fel lih Fe2

Figure 1. Effects of BxFe interactions on number of pods, Bo;0 kg B da, B1;0.25 kg B da*, B2;0.50 kg B da‘, Fe0; 0 kg Fe
da’, Fei; 5 kg Fe da’, Fe2;10 kg Fe da!, LSD (<0.05): 2.89.
Sekil 1. BxFe interaksiyonunun bakla sayist iizerine etkisi.

Fertile pods number, No.
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Figure 2. Effects of BxFe interactions on fertile pods number, Bo;0 kg B da*, B1;0.25 kg B da, B2;0.50 kg B da™, Fe0; 0
kg Fe da, Fe1; 5 kg Fe da, Fez;10 kg Fe da!, LSD (<0.05):2.62.
Sekil 2. BxFe interaksiyonunun fertile bakla sayist iizerine etkisi.

The highest value in boron x iron interaction both number of pods and number of fertile pods were
obtained with 18.25 and 17.33 No. plant! in B2xFe2 (0.50 kg B da-'x10 kg Fe da!) application. An increase of
60.2/56.3% was observed in comparison to control treatments (BoxFeo) (Figure 1, 2).

Effect of B and Fe Applications on Chickpea Straw and Grain Nutrient Contents

The results of variance analysis of the effects of iron and boron applications on chickpea straw and grain
nutrients are given in Tables 5 and 6. The effects of applications on nutrient contents of chickpea straw and
grain are given in Tables 7. and 8. The BxFe interactions, which have an important effect on the straw and
grain nutrient contents, are given in Figures 3, 4, 5, 6, 7 and 8.

While iron (FE) application had an effect at P<0.01 level on chickpea stem N, P, K and B contents and effect
at P<0.05 level on Mg, Fe, Mn and Zn contents, boron (B) application had an effect at P<0.01 level on P, Mg,
Zn and B contents. It was detected that iron application on chickpea grain P, Mg, Fe, Zn and B contents had
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a significant effect at P<0.01 level, while boron application had a significant effect on P, K, Ca, Mg, Fe, Mn,
Zn, Cu and B contents at P<0.01 level. Boron x iron (BxFe) interaction was found to have effects on stem P
(p<0.01), grain Ca (p<0.05), grain Mg (p<0.01), stem Fe (p<0.05), grain Zn (p<0.05) and stem Cu (p<0.01)
contents (Tab. 4, 5).

Table 5. The results of variance analysis of the effects of boron and iron applications on the straw and grain macro
element contents of chickpea.

Cizelge 5. Nohutun sap ve tane makro element icerikleri iizerine bor ve demir uygulamalarimin etkilerine ait varyans analizi
sonuclari.

Elements Organs V.S. D.F. M.O F value

Iron (Fe) 2 0.106 7.45 **

Straw Boron (B) 2 0.012 0.87 ns

N BxFe 4 0.005 0.33 ns
Iron (Fe) 2 0.0112 0.74 ns

Grain Boron (B) 2 0.0035 0.23 ns

BxFe 4 0.0067 0.44 ns

Iron (Fe) 2 129016 12.66**

Straw Boron (B) 2 516100 28.76**

p BxFe 4 99499 10.36**
Iron (Fe) 2 1223377 13.69 **
Grain Boron (B) 2 2959572 26.62 **

BxFe 4 98251 0.84 ns

Iron (Fe) 2 22701744 7.15 **

Straw Boron (B) 2 3672597 1.16 ns

K BxFe 4 1507395 0.48 ns
Iron (Fe) 2 1088233 1.22 ns

Grain Boron (B) 2 5535958 6.23 **

BxFe 4 593876 0.67 ns

Iron (Fe) 2 2195184 1.02 ns

Straw Boron (B) 2 5529074 2.56 ns

BxFe 4 2011710 0.93 ns

Ca Iron (Fe) 2 51974 1.49 ns

Grain Boron (B) 2 334902 9.58 **

BxFe 4 111864 3.20*
Iron (Fe) 2 371063 3.76 *

Straw Boron (B) 2 1956428 19.83 **

M BxFe 4 174058 1.76 ns
8 Iron (Fe) 2 2343292 55.02 **

Grain Boron (B) 2 336545 7.90 **
BxFe 4 427561 10.04 **

*, %5; **, %1; ns, non significant.

As can be seen in Table 7, both iron and boron applications caused a decrease in the nitrogen content of
chickpea straw compared to control. Nitrogen content, which was 1.696% in control plants was detected
as 1.481% representing a lowest value in Fe1 applications. It was found that there was a decrease of 14.5%
compared to control.

Straw potassium content increased with iron applications compared to control, whereas in boron
applications, it decreased. Straw K content which was 1.989% in control increased to 2.289% with Fe:
application. These changes were detected as 15.1%. While straw Ca content increased with boron and iron
applications. The effect of iron and boron applications on straw calcium content was not statistically
significant (Table 7).
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Table 6. The results of variance analysis of the effects of boron and iron applications on the straw and grain micro
element contents of chickpea.

Cizelge 6. Nohutun sap ve tane mikro element icerikleri iizerine bor ve demir uygulamalarimin etkilerine ait varyans analizi
sonuglari.

Elements Organs V.S. D.F. M.O F value
Iron (Fe) 2 28139 12.19 **
Straw Boron (B) 2 4702 2.03 ns
BxFe 4 8074 3.50 *
Fe Iron (Fe) 2 5770 54.66 **
Grain Boron (B) 2 3323 31.49 **
BxFe 4 298 2.83 ns
Iron (Fe) 2 23.895 4.20*
Straw Boron (B) 2 6.004 1.05 ns
BxFe 4 13.689 240 ns
Mn
Iron (Fe) 2 9.245 1.16 ns
Grain Boron (B) 2 65.130 8.18 **
BxFe 4 19.767 2.48 ns
Iron (Fe) 2 25.055 442*
Straw Boron (B) 2 102.105 18.05 **
Zn BxFe 4 10.750 1.90 ns
Iron (Fe) 2 228.647 13.12 **
Grain Boron (B) 2 328.005 18.82 **
BxFe 4 61.759 3.54 %
Iron (Fe) 2 0.064 0.03 ns
Straw Boron (B) 2 1.166 0.53 ns
BxFe 4 23.648 10.69 **
Cu Iron (Fe) 2 11.234 3.05 ns
Grain Boron (B) 2 32.028 8.70 **
BxFe 4 10.455 2.81 ns
Iron (Fe) 2 18.481 8.08 **
Straw Boron (B) 2 350.259 153.15 **
B BxFe 4 0.477 0.48 ns
Iron (Fe) 2 814.78 11.75 **
Grain Boron (B) 2 514.11 7.42 **
BxFe 4 25.06 0.36 ns

*, %5; **, %1; ns, non significant.

Table 7. Effects of iron and boron applications on average macro nutrients of chickpea.
Cizelge 7. Nohutun ortalama makro besin elementleri iizerine demir ve bor uygulamalarinin etkileri.

Nitrogen Phosphorous Potassium Calcium Magnesium

Treatments % mg kg-! % % mg kg

Straw  Grain Straw Grain Straw  Grain  Straw Grain  Straw Grain
Iron, kg da!
0 1.696a 4.695 578b 3589b 1.989b 0.899 0.863 0173  2748b  1279b
5 1481b 4.647 585b 4092a 2.048b 0.969 0.874 0179  2912ab 1698 a
10 1.559b 4.716 901a 4403a 2.289a 0.929 0954 0.188  3152a 682c
LSD(<0.05) 0119  0.123 156 333 0178 0.094 0147 0.019 314 207
Boron, kg da!
0.00 1.621 4663 374a 3366b 2124  0.847b 0809 0.158b 2411b 1393 a
0.25 1552  4.697 785a 4377a 2165 0949a 0960 0.190a 3102a 1255a
0.50 1562 4698 905a 4340a 2.039 1.001a 0921 0.192a 3299a 1011b
LSD(<0.05) 0.119  0.123 156 333 0178  0.094 0147 0.019 314 207

a, b, ¢; Values followed by the different letters are significantly different.
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It was determined that straw phosphorus content increased in boron, iron and boron x iron applications
compared to control. Straw P content that was 578 mg kg in control, raised to 901 mg kg' in Fe:
application. This increase was 55.9%. Straw phosphorus content increased with boron applications. While
it was 374 mg kg 1 in control, it increased by 785 mg kg 1 and 905 mg kg 1 with B1 and B2 applications,
respectively. These increases were 109.8% and 141.9% (Table 7). The lowest value in boron x iron
interaction was determined as 300 mg kg in BoxFeo application, while the highest straw phosphorus
content was determined as 1155 mg kg in BoxFe2 application. This increase was realized as 285.0% (Figure
3).
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Figure 3 Effects of BxFe interactions on straw phosphorous content, Bo;0 kg B da”!, B1;0.25 kg B da*, B2;0.50 kg B da”,
Fe0; 0 kg Fe da”!, Fei; 5 kg Fe da”!, Fex10 kg Fe da™!, LSD (<0.05): 270.
Sekil 3. BxFe interaksiyonunun sap fosfor icerigi iizerine etkisi.

Straw Mg content of boron and iron applications were found to increase compared to control. Straw Mg
content, which was 2748 mg kg in the control, increased to 2921 mg kg, and 3152 mg kg in Fei, and Fe:
applications, respectively. These increases were realized as 6.0% and 14.7% respectively. Straw magnesium
content increased with boron applications. While 2411 mg kg in control, 3102 mg kg and 3299 mg kg
increased with B1 and B2 administration. These increases were realized as 28.6% and 36.8%, respectively
(Table 7).

Table 8 Effects of iron and boron applications on average micronutrients of chickpea.
Cizelge 8. Nohutun mikro besin elementleri iizerine demir ve bor uygulamalarinin etkileri.

Iron Manganese Zinc Copper Boron

Treatments mg kg!

Straw  Grain Straw Grain Straw  Grain Straw Grain  Straw  Grain
Iron, kg da!
0 500b 89.1c¢ 219a 23.0 269b 469b 165 178b 833b 58.3b
5 574a 121.6b 19.1b 24.1 29.0ab 53.8a 16.3 19.3ab 1033a 65.8b
10 610a 1389a 19.1b 25.0 302a 567a 165 199a 1111a 772a
LSD(<0.05) 48 10.3 2.4 2.9 24 4.2 1.5 1.9 1.5 8.3
Boron, kg da'!
0.00 542 974c¢  20.0 21.6b 262b 456b 16.8 168b 344c 59.7b
0.25 556 1164b 209 270a 274b 571a 162 199a 1044b 66.9 ab
0.50 587 1359a 19.2 23.6b 325a 547a 162 203a 1589a 748a
LSD(<0.05) 48 10.3 2.4 2.9 24 4.2 1.5 19 1.5 8.3

a, b, ¢; Values followed by the different letters are significantly different.

It was determined that iron application had significant effect on chickpea straw Fe content. The iron
content, which was 500 mg kg in the control, increased to 610 mg kg with Fe2 application and this
amounted to 22.0% (Table 8). Boron x iron application also increased straw iron content. In the boron x iron
interaction, the lowest straw iron value was determined as 436 mg kg in BixFeo application, while the
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highest straw iron content was determined as 622 mg kg in B2xFe2 application. This increase was 61.4%
(Figure 4).
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Figure 4. Effects of BxFe interactions on straw iron content, Bo;0 kg B da, B1;0.25 kg B da, B2,0.50 kg B da*, Fe0; 0 kg
Fe da’!, Fe1; 5 kg Fe da™', Fe2;10 kg Fe da-!, LSD (<0.05): 83.
Sekil 4. BxFe interaksiyonunun sap demir icerigi iizerine etkisi.

Straw Mn content decreased with iron application compared to control. Mn content of chickpea straw
which was 21.9 mg kg in the control decreased to 19.1 mg kg with Fez application and this decrease was
14.7% (Table 8).

Straw Zn content increased with boron, iron and boron x iron applications compared to control. Straw zinc
content increased with iron applications. While it was 26.9 mg kg in the control, 29.0 mg kg and 30.2 mg
kg1 increased with Fei and Fez applications. These increases were 7.8% and 12.3%, respectively. Straw zinc
content increased with boron applications. While it was 26.2 mg kg in the control, 27.4 mg kg and 32.5
mg kg increased with B1 and B2 applications. These increases were 4.6% and 24.0%, respectively (Table 8).

Chickpea straw B content increased with boron and iron applications. Straw boron content, which was 8.33
mg kg in in the control, increased by 10.33 mg kg and 11.11 mg kg with Fe1 and Fez applications. These
increases were 24.0% and 33.4%, respectively. Straw boron content, which was 3.44 mg kg in in the control,
increased by 10.44 mg kg and 15.89 mg kg-! with B: and Bz applications. These increases were 203.5% and
361.9%, respectively (Table 8).

The effects of iron applications on chickpea's grain nitrogen, potassium and calcium contents were not
found to be significant. Boron applications, on the other hand, had a significant effect on phosphorus,
potassium, calcium and magnesium contents, except nitrogen (Table 5). Grain phosphorus content
increased from 3589 mg kg (Feo) to 4403 mg kg (Fe2) with increasing iron applications. This increase was
22.7%. Similarly, the grain phosphorus content increased with boron applications, from 3366 mg kg-! in Bo
application to 4340 mg kg in B2 application. This increase was realized as 28.9% (Table 7).

A statistically significant increase in grain potassium and calcium contents were determined only with
boron application. While grain K and Ca contents were 0.847% and 0.158%, respectively, in Bo application,
it increased to 1.001% and 0.192%, respectively, with B2 application. These increases were 18.2% and 21.5%
(Table 6). Boron x iron interaction had a statistically significant effect on grain calcium content (Table 4).

Although the effect of iron and boron applications on the copper content of chickpea straws was statistically
insignificant, the BxFe interaction had a significant effect (Table 6). While the lowest straw copper value in
the boron x iron interaction was determined as 14.3 mg kg1 in B2xFeo application, the highest straw copper
content was determined as 20.6 mg kg in BoxFeo application. This difference was 44% (Figure 5).
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Figure 5. Effects of BxFe interactions on straw copper content, Bo;0 kg B da”!, B1;0.25 kg B da*, B2;0.50 kg B da™!, Fe0; 0
kg Fe da, Fey; 5 kg Fe da*, Fez;10 kg Fe da™!, LSD (<0.05): 2.57.
Sekil 5. BxFe interaksiyonunun sap bakir igerigi iizerine etkisi.
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Figure 6. Effects of BxFe interactions on grain calcium content, Bo;0 kg B da, B1;0.25 kg B da‘, B2;0.50 kg B da™, Fe0; 0
kg Fe da*, Fei; 5 kg Fe da*, Fez;10 kg Fe da™!, LSD (<0.05): 323.
Sekil 6. BxFe interaksiyonunun tane kalsiyum igerigi iizerine etkisi.

The lowest grain calcium content was determined as 1445 mg kg in BoxFe2 application, while the highest
grain calcium content was determined with 2138 mg kg in BixFe2 application. There was a difference of
47.9% between these two applications (Figure 6).

A statistically significant decrease was determined in grain magnesium content with both iron and boron
applications. While grain Mg content was 1279 mg kg in Feo application, it decreased to 682 mg kg with
Fe: application. This decrease was 87.5%. Grain magnesium content was determined as 1393 mg kg in Bo
application, while it was determined as 1011 mg kg in B2 application. This decrease was 37.8% (Table 7).
Grain magnesium content was affected by boron x iron interaction (Table 4). The lowest grain magnesium
content was 747 mg kg in B2xFeo interaction, the highest grain magnesium content was determined with
2092 mg kg in BoxFe1 interaction. 180.0% difference was determined between these two (Figure 7).

While the grain iron, zinc, and boron contents of chickpeas were statistically significantly affected by both
iron and boron applications, the grain manganese and grain copper content were statistically significantly
affected only by boron application. Boron x iron interaction had a statistically significant effect only on
grain zinc (Table 7).
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Figure 7. Effects of BxFe interactions on grain magnesium content, Bo;0 kg B da™, B1;0.25 kg B da”, B2;0.50 kg B da’!,
Fe0; 0 kg Fe da”, Fei1; 5 kg Fe da!, Fez10 kg Fe da™!, LSD (<0.05): 357.
Sekil 7. BxFe interaksiyonunun tane magnezyum icerigi iizerine etkisi.

Grain iron content increased with increasing iron applications. The grain iron content, which was 89.1 mg
kg1 in Feo treatment, was determined as 138.9 mg kg with Fe: treatment. An increase of about 55.9% was
achieved here. A similar situation was obtained in the boron application. The grain iron content, which was
97.4 mg kg in Bo application, increased to 135.9 mg kg with Bz application and this increase occurred at
the level of 39.5% (Table 8).

Grain manganese content increased only with increasing boron applications. The grain manganese content,
which was 21.6 mg kg in Bo application, was determined as 27.0 mg kg! with B1 application and 23.6 mg
kg1 in Bz treatment. There was a difference of 25.0% between Bo and B1 applications (Table 8).

Zinc content of chickpea grain increased with iron and boron applications. While grain zinc content was
determined as 46.9 mg kg and 45.6 mg k! in Feo and Bo applications, respectively, it reached the highest
value in Fe2 and B1 applications, respectively, as 56.7 mg kg and 57.1 mg kg (Table 8). When the effect of
boron x iron interaction was examined, the lowest grain zinc content was found as 39.8 mg kg-! in BoxFeo
interaction, and the highest grain zinc content was 66.8 mg kg in BixFez interaction. There was a difference
of 67.8% between these two values (Figure 8).
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Figure 8. Effects of BxFe interactions on grain zinc content, Bo;0 kg B da™, B1;0.25 kg B da!, B2,0.50 kg B da*, Fe0; 0 kg
Fe da’!, Fe1; 5 kg Fe da™!, Fe2;10 kg Fe da-!, LSD (<0.05): 7.23.
Sekil 8. BxFe interaksiyonunun tane ¢inko igerigi iizerine etkisi.

Copper content of chickpea grain increased with iron and boron applications. While grain Cu content was
determined as 17.8 mg kg and 16.8 mg k! in Feo and Bo applications, respectively, it reached the highest
value in Fe2 and B2 applications, respectively, as 19.9 mg kg and 20.3 mg kg (Table 8).
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Chickpea grain boron content increased with both iron and boron applications. While grain boron content
was determined as 58.3 mg kg in Feo application, it was determined as 77.2 mg kg in Fez application.
32.4% increase was achieved here. The grain boron content increased with increasing boron doses, the
lowest grain boron content was 59.7 mg kg in Bo application, and the highest grain boron content was 74.8
mg kg in B2 application. Between these two values was determined a difference of 25.3% (Table 8).

DISCUSSION

As a result of the study, which investigated the effect of iron and boron applications on the biofortification
of chickpea stem and grain organs, it was determined that application of iron and boron applications
separately or together was effective on second branch number, number of pods, fertile pod number and
biological yield. This may be due to the genetic characteristics of the plant, or the positive or negative
factors brought about by the synergistic or antagonistic relationships between the nutrients. As a matter of
fact, in similar studies, it was reported that the effects of iron or boron applications on the yield and yield
components differed in applications where they were applied separately or together (Bayrak et al., 2005;
Giiltimser et al., 2005; Yildirim, 2016; Erdemci et. al., 2017; Janmohammadi et al., 2017; Kuldeep et al., 2018).
Factors such as low relative humidity, low precipitation and high temperature due to unfavorable
environmental conditions between March and June, affect the yield; and water is of great importance in the
uptake of nutrients by plant roots (Cetin et al., 1999).

When the effects of iron applications on the nutrient contents of chickpea were examined, it was
determined that P, K, Mg, Fe, Zn and B contents increased and N, Ca, Mn and Cu contents decreased
compared to control plants. When the effects of iron applications on grain nutrient contents were examined,
it was determined that N, P, Mg, Fe, Zn and B contents increased and K, Ca, Mn and Cu contents decreased
compared to control plants (Figure 4, 5, 6, 7). The pH value in 81.2% of the soils in Turkey is above 7 (Ulgen
and Yurtsever, 1995). This limits the intake of other micronutrient elements as well as the iron intake of the
plants. The deficiency of micro nutrients, especially iron and zing, is a global problem (Monreal et al. 2016).
Some cultivated plants have special mechanisms to increase the uptake of nutrients such as iron in
situations like this (Kacar and Katkat, 1998; Keuskamp et al. 2015). However, this situation causes a
decrease in the yields of plants and biofortification does not reach the desired levels. In this context, it is
reported that ferrous fertilizer applications cause increases and decreases in nutrient content of cultivated
plants (Ghasemi-Fasaei and Ronaghi, 2008; Habib, 2009; Morovat et al., 2019). This is undoubtedly due to
antagonistic relations between iron and some elements.

It was determined that boron applications caused an increase in chickpea stem P, Ca, Mg, Fe, Zn and B
contents and decrease in its N, K, Mn and Cu contents. Boron applications caused an increase in P, K, Ca,
Mg, Fe, Zn and B contents and decrease in N, Mn and Cu contents in BxFe interaction. Boron and boron x
iron (BxFe) applications, except for grain magnesium content, were found to cause an increase in N, P, Ca,
Mg, Fe, Mn, Zn, Cu and B contents (Figure 4, 5, 6, 7). It is reported in the studies of Ahmed et al. (2011) that
boron applications increase N, P, K, Cu, Zn and Fe content. It was reported that the increase in the dry
matter of the plant with boron application encourages the intake of more nutrients (Qiong et al., 2002).
Similarly, Nasar et al. (2018) reported that boron and molybdenum applications increased yield and
nutrient content of peanuts. Boron may have contributed to the increase in yield and nutrient content by
taking part in the protein and fat synthesis in the plant (Devi et al. 2012). In the study where boron, zinc,
sulfur and phosphorus applications were performed separately or together, it was reported by Tripath et
al. (2020) that there is an increase in yield and nutrients of chickpea.

CONCLUSION

As a result, it was determined that both iron and boron applications had positive effects on the stem and
grain biofortifications of chickpea. According to the results of soil analysis in terms of yield and yield
criteria of chickpea, it is predicted that iron and boron applications will be beneficial when applied together.
As a result of our study, the most suitable dose in terms of biological yield, grain yield and biofortification
was determined as 0.25 kg B da? and 10 kg Fe da! (BixFe2).

—
Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws

83


https://dergipark.org.tr/tr/pub/ijaws

Effect of Iron and Boron Interaction on Yield and Nutrient Contents of Chickpea (Cicer arietinum L.)

CONFLICT OF INTEREST
There is no disagreement between the authors.

DECLARATION OF AUTHOR CONTRIBUTION
MHO: Gathered the information, analyzed the data the manuscript. FS: conceptualized and designed the
study, wrote and checked the final draft

ACKNOWLEDGMENT
This manuscript consists of a part of M.sc thesis of Mehmet Halis OSKAN and the authors express their
gratitude to Van Yiiziincii Y1l University.

REFERENCES

Ahmad, W., Niaz, A, Kanwal, S., Rahmatullah, & Rasheed, M. K. (2009). Role of boron in plant growth: a review.
Journal of Agricultural Research, 47(3), 329-338.

Ahmad, W., Zia, M. H.,, Malhi, S. S., Niaz, A., & Ullah, S. (2012). Boron deficiency in soils and crops: a review, Crop
Plant, 2012, 65-97. https://doi.org/10.5772/36702

Ahmed, N., Abid, M., Ahmad, F., Ullah, M. A,, Javaid, Q., & Ali, M. A. (2011). Impact of boron fertilization on dry
matter production and mineral constitution of irrigated cotton, Pakistan Journal of Botany, 43(6), 2903-2910.

Akgiil, H,, Uggun, K., & Altindal, M., (2013). Effects of some chelated iron fertilizers on iron deficiency chlorosis in
peach, Fruit Science, 1(1), 12-17.

Anonymous, (2015). Van meteoroloji bolge miidiirliigii Kayitlar: https://www.mgm.gov.tr/veridegerlendirme/il-ve-ilceler-
istatistik.aspx?m=VAN [Access date: November 04, 2019].

Anonymous, (2019a). Urban population https://data.worldbank.org/indicator/sp.urb.totl.in.zs?view=map&year=1960.
[Access date: November 04, 2019].

Anonymous, (2019b). How can we manage Earth’s land?. http://www.bbc.com/future/story/20170628-how-to-best-
manage-earths-land [Access date: Nowember 04, 2019].

Anonymous, (2019c). Status of the World’s Soil Resources. http://www .fao.org/3/a-i5126e.pdf. [Access date: November
04, 2019].

Aref, F. (2012). Effect of boron and zinc fertilizers on leaf zinc and boron contents of maize in a calcareous soil.
Agricultural Science Digest-A Research Journal, 32(1), 1-6.

Atsak, B., & Cirka, M. (2024). Impact of Sewage Sludge and Boron Applications on the Levels of Heavy Metals and
Micro Elements in Beans (Phaseolus vulgaris L.). Journal of the Institute of Science and Technology, 14(3), 944-957.

Bailey, R. L., West Jr, K. P., & Black, R. E. (2015). The epidemiology of global micronutrient deficiencies. Annals of
Nutrition and Metabolism, 66(2), 22-33. https://doi.org/10.1159/000371618

Bayrak, H., Onder, M., & Gezgin, S. (2005). Effects on yield and some yield components of boron application in cickpea
(Cicer arietinum L.) varieties. Selcuk Journal of Agriculture and Food Sciences, 19(35), 66-74.

Brown, P. H., & Hu, H. (1998). Boron mobility and consequent management in different crops. Better Crops, 82(2), 28-
31.

Cetin, 0, Uygan, D., Boyaci, H., & C)gretici, K. (1999). Kislik bugdayda sulama-azot ve bazi 6nemli iklim 6zellikleri arasi
iligkiler [Sozlii bildiri]. Tiirkiye 3. Tarla Bitkileri Kongresi, 15-18 Kasim, Tiirkiye.

Cimrin, K. M., Giilser, F., & Bozkurt, M. A. (2000). Elma agaglarma yapraktan ve topraktan demir uygulamalarmnin
yaprak mineral igerigi ve bitki gelisimine etkisi. Tarum Bilimleri Dergisi, 6(3), 68-72.

Cirka, M. (2023). Effect of boron and sewage sludge applications on micro element and heavy metal content of cowpea
(Vigna unguiculata L.). Journal of the Institute of Science and Technology, 13(1), 684-699.

Colombo, C., Palumbo, G., He, J. Z., Pinton, R., & Cesco, S. (2014). Review on iron availability in soil: interaction of Fe
minerals, plants, and microbes. Journal of Soils and Sediments, 14, 538-548. https://doi.org/10.1007/s11368-013-0814-z

Cornell, R. M., & Schwertmann, U. (2003). The iron oxides: structure, properties, reactions, occurrences, and uses (Vol. 664).
Weinheim: Wiley-vch. https://doi.org/10.1002/3527602097

de Benoist, B., McLean, E., Egli, I, & Cogswell, M. (2008). Worldwide prevalence of anaemia 1993— 2005: WHO Global
Database on Anaemia. Geneva, World Health Organization.

Devi, K. N,, Singh, L. N. K,, Singh, M. S, Singh, S. B., & Singh, K. K. (2012). Influence of sulphur and boron fertilization
on yield, quality, nutrient uptake and economics of soybean (Glycine max) under upland conditions. Journal of
Agricultural Science, 4(4), 1. https://doi.org/10.5539/jas.v4n4pl

Diizgiines, A., Kesici, O. T., Kavuncu, O., & Giirbiiz, F. (1987). Arastirma ve deneme metodlar: (Istatistik Metodlari-II).
Ankara Universitesi Ziraat Fakiiltesi Yaymlari.

Ekinci, M., Esringii, A., Dursun, A., Yildirim, E., Turan, M., Karaman, M. R., & Arjumend, T. (2015). Growth, yield, and
calcium and boron uptake of tomato (Lycopersicon esculentum L.) and cucumber (Cucumis sativus L.) as affected by

——
Uluslararas: Tarim ve Yaban Hayati Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

84


http://www.bbc.com/future/story/20170628-how-to-best-manage-earths-land
http://www.bbc.com/future/story/20170628-how-to-best-manage-earths-land

Mehmet Salih OSKAN, Ferit SONMEZ

calcium and boron humate application in greenhouse conditions. Turkish Journal of Agriculture and Forestry, 39, 613-
632. https://doi.org/10.3906/tar-1406-59

Erdemdi, 1., Aktas, H., & Nadeem, M. A. (2017). Effect of fertilization and seed size on nodulation, yield and yield
components of chickpea (Cicer arietinum L.). Applied Ecology and Environmental Research, 15(1), 563-571.
https://doi.org/10.15666/aeer/1501_563571

Ghasemi-Fasaei R., & Ronaghi, A. (2008). Interaction of iron with copper, zinc, and manganese in wheat as affected by
iron and manganese in a calcareous soil.  Journal ~of Plant  Nutrition, 31 ,839-848.
https://doi.org/10.1080/01904160802043148

Gokmen Yilmaz, F., Harmankaya, M., & Gezgin, S. (2012). Farkli demir bilesikleri ve TKi-hiimas uygulamalarimin
1spanak bitkisinin demir alimi ve gelisimine etkileri. Sakarya Universitesi, Fen Edebiyat Dergisi, 14(1), 217-231.

Giiliimser, A., Odabas, M. S., & Ozturan, Y. (2005). Fasulyede (Phaseolus vulgaris 1.) yapraktan ve topraktan uygulanan
farkh bor dozlarmin verim ve verim unsurlarina etkisi. Akdeniz Universitesi Ziraat Fakiiltesi Dergisi, 18(2), 163-168

Giines, A., Alpaslan, M., & nal, A. (2013). Bitki Besleme ve Giibreleme. 6. Baski. Ankara Universitesi Ziraat Fakiiltesi.
Yayin no: 1581, Ders Kitab1:533, ISBN:978-975-482-878-8 pp:571, Ankara.

Giirel, S., & Basar, H. (2016). Effects of applications of boron with iron and zinc on the contents of pear trees. Notulae
Botanicae Horti Agrobotanici Cluj-Napoca, 44(1), 125-132. https://doi.org/10.15835/nbha4419896

Habib, M. (2009). Effect of foliar application of Zn and Fe on wheat yield and quality. African Journal of Biotechnology,
8(24).

Jackson, M. (1958). Soil chemical analysis. Prentice Hall, Inc.

Janmohammadi, M., Naser, S., Akbar, S., & Mokhtar, P. (2017). The impacts of nano-structured nutrients on chickpea
performance under supplemental irrigation. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis,
65(3), 859-870. https://doi.org/10.11118/actaun201765030859

Kacar, B. (1994). Chemical analysis of plant and soil: 1II. Soil analysis. Agriculture Faculty Education Research and
Development Foundation Publication.

Kacar, B., & Inal, A. (2008). Plant analyses. Nobel Publication.

Kacar, B., & Katkat. A. V. (1998). Plant nutrition. Uludag University, Strengthening Foundation, Publication.

Kausar, M. A., & Sharif, M. (1988). Wheat response to field application of boron and evaluation of various methods for the
estimation of soil Boron. Proceedings Nat. Sem. Micronutrient in soils and crops in Pakistan. NWFP. Agri. Univ.
Peshawar, Pakistan 132-138.

Keren, R., & Bingham, F. T. (1985). Boron in water, soils, and plants. In Advances in soil science (pp. 229-276). New York,
NY: Springer New York.

Keuskamp, D. H., Kimber, R., Bindraban, P. S., Dimkpa, C. O., & Schenkeveld, W. D. C. (2015). Plant exudates for
nutrient uptake. VFRC Report 2015/4. Virtual Fertilizer Research Center, Washington DC, USA, pp 53.

Kuldeep, P., Kumawat, D., Bhadu, V., Sumeriya, H. K., & Kumar, V. (2018). Effect of iron and zinc nutrition on growth
attributes and yield of chickpea (Cicer arietinum L.). International Journal of Current Microbiology and Applied Sciences,
7(8), 2837-2841. https://doi.org/10.20546/ijcmas.2018.708.298

Lopez-Lefebre, L. R., Rivero, R. M., Garcia, P. C., Sanchez, E., Ruiz, J. M., & Romero, L. (2002). Boron effect on mineral
nutrients of tobacco. Journal of Plant Nutrition, 25(3), 509-522. https://doi.org/10.1081/PLN-120003379

Mengel, K., Kirkby, E. A., Kosegarten, H., & Appel, T. (2001). Plant nutrients. Principles of Plant Nutrition, 1-13.

Mirshekari, B. (2012). Seed priming with iron and boron enhances germination and yield of dill (Anethum graveolens).
Turkish Journal of Agriculture and Forestry, 36(1), 27-33. https://doi.org/ -10.3906/tar-1007-966

Monreal, C. M., DeRosa, M., Mallubhotla, S. C., Bindraban, P.S., & Dimkpa, C. (2016). Nanotechnologies for increasing
the crop wuse efficiency of fertilizer-micronutrients. Biology and Fertility of Soils, 52, 423-437.
https://doi.org/10.1007/s00374-015-1073-5

Morovat, J., Pasari, B., & Rokhzads, A. (2019). Effect of pluramin and iron and zinc nano-fertilizer on rainfed chickpea
(Cicer arietinum L.) at on-farm conditions. Journal of Central European Agriculture, 20(2), 647-656.
https://doi.org/10.5513/JCEA01/20.2.2145

Nasar, J., Qiang, G., & Alam, A. (2018). Groundnut response to boron and molybdenum. Journal of Science Frontier
Research: D Agriculture and Veterinary, 18(1), 16-22.

Orman, $., & Kaplan, M. (2017). Agronomic biofortification of green bean (Phaselous vulgaris L.) with elemental sulphur
and  farmyard  manure.  Applied  Ecology  and  Environmental = Research, — 15(4),  2061-2069.
https://doi.org/10.15666/aeer/1504_20612069

Orman, S., & Ok, H. (2016). Kiiltiir bitkileri yetistiriciliginde biyofortifikasyon. Cukurova Tarim ve Gida Bilimleri Dergisi,
31(3), 227-221.

Pilbeam, D. J., & Kirkby, E.A. (1983). The physiological role of B in plants. Journal of Plant Nutrition, 6, 563-82.

Qiong, D. Y.L, Rong, X., Hua, H. J., Zhiyao, H., & Hong, Z. X. (2002). Effect of boron and molybdenum on the growth
development and yield of peanut. Plant Nutrition and Fertilizer Science, 2, 229-233.

——
Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws

85


https://dergipark.org.tr/tr/pub/ijaws

Effect of Iron and Boron Interaction on Yield and Nutrient Contents of Chickpea (Cicer arietinum L.)

Rawashdeh, H., & Sala, F. (2013). Effect of different levels of boron and iron foliar application on growth parameters
of wheat seedlings. African Crop Science Conference Proc, 11, 861-864.

Reisenauer, H. M., Walsh, L. M., & Hoeft, R. G. (1973). Testing soils for sulphur, boron, molybdenum, and chlorine. In
L. M. Walsh & J. D. Beaton (Eds.), Soil testing and plant analysis (pp. 173-200). Soil Science Society of America, Inc.

Robin, A., Vansuyt, G., Hinsinger, P., Meyer, ]. M., Briat, J. F., & Lemanceau, P. (2008). Iron dynamics in the rhizosphere:
consequences for plant health and nutrition. Advances in Agronomy, 99, 183-225. https://doi.org/10.1016/s0065-
2113(08)00404-5

Seth, A., & Singh, R. P. (1985). Comparative performance of some macro-micronutrients in relation to growth and yield.
Indian Journal of Agronomy, 30, 219-23.

Shaaban, M. M., Fouly, M., & Abdel-Maguid. A. A. (2004). Zinc boron relationship in wheat plants grown under low
of high levels of calcium carbonate in the soil. Pakistan Journal of Biological Science, 7, 633-639.
https://doi.org/10.3923/pjbs.2004.633.639

Singh, U., Praharaj, C. S., Chaturvedi, S. K., & Bohra, A. (2016). Biofortification: Introduction, approaches, limitations,
and challenges. Biofortification of Food Crops, 3-18. https://doi.org/10.1007/978-81-322-2716-8_1

Smithson, J. B., & Herthcote, R. G. (1976). A new recommendation for application of boronated superphosphate to
cotton in northeastern Beune plateau stats. Samarau Agricultural Newsletter, 18, 59-63.

Soyluy, S., Sade, B., Topal, A., Akgiin, N., Gezgin, S., Hakki, E. E., & Babaoglu, M. (2005). Responses of irrigated durum
and bread wheat cultivars to boron application in a low boron calcareous soil. Turkish Journal of Agriculture and
Forestry, 29(4), 275-286.

Togay, N., Togay, Y., Erman, M., Dogan, Y., & C1g, F. (2005). Kuru ve sulu kosullarda farkli bitki sikliklarmnin bazi
nohut (Cicer arietinum L.) gesitlerinde verim ve verim 6gelerine etkileri. Tarim Bilimleri Dergisi, 11(4), 417-421.

Tosun, O., & Eser, D. (1975). Nohut (Cicer arietinum L.)'ta ekim siklig1 arastirmalari, ekim sikligina gore degisen bitki
ozellikleri ile verim arasindaki iliskiler. Ankara Universitesi Ziraat Fakiiltesi Yillig1, 25(1), 199-201.

Tripath, D. K., Kumar, S., & Zaidj, S. F. A. (2020). Effect of phosphorus, sulphur and micronutrients (Zinc and Boron)
levels on performance of chickpea (Cicer arietinum L.). National Academy Science Letters, 43, 9-11.
https://doi.org/10.1007/s40009-019-00802-4

Ulgen, A. N., & Yurtsever, N. (1995). Tiirkiye giibre ve giibreleme rehberi. Tartm Orman ve Kdyisleri Bakanligi Toprak ve
Giibre Arastirma Enstitiisti Mid{irliigii.

Velioglu, S., Simsek, A. (2003). Insan saglig1 ve beslenmesi agisindan bor. Anadolu Universitesi, Bilim ve Teknoloji Dergisi,
4(2), 123-130.

Warington, K. (1923). The effect of boric acid and borax on the broad bean and certain other plants. Annals of Botany,
37,629-672. https://doi.org/10.1093/oxfordjournals.aob.a089871

Welch, R. M. (1995). Micronutrient nutrition of plants. Critical Reviews in Plant Sciences, 14, 49-82.
https://doi.org/10.2136/sssabookser4.2ed.c2

Welch, R. M., Allaway, W. H., House, W. A., & Kubota, ]J. (1991). Geographic distribution of trace element problems.
Micronutrients in Agriculture, 4, 31-57.

White, P. J., & Broadley, M. R. (2009). Biofortification of crops with seven mineral elements often lacking in human
diets — iron, zinc, copper, calcium, magnesium, selenium, and iodine. New Phytologist, 182, 49-84.
https://doi.org/10.1111/j.1469-8137.2008.02738.x

Woodruff, J. R., Moore, F. W., & Munsen, H. L. (1987). Potassium, B, N and lime effects on corn yield and ear leaf
concentrations. Agronomy Journal, 79, 520-24. https://doi.org/ 10.2134/agronj1987.00021962007900030024x

Yildirim, Y. (2016). Bor dozlarinin kolza (Brassica napus L.) nin tohum verimi ve bazi kalite 6zelliklerine etkisinin arastirilmast
[Yiiksek Lisans tezi, Namik Kemal Universitesi]. https://tez.yok.gov.tr/Ulusal TezMerkezi/tezSorguSonucYeni.jsp

Yilmaz, H., & Yilmaz, A. (2025). Hidden hunger in the age of abundance: the nutritional pitfalls of modern staple crops.
Food Science & Nutrition, 13(2), e4610. https://doi.org/10.1002/fsn3.4610

Zada, K., & Afzal, M. (1997). Effects of boron and iron on yield and yield components of wheat. In R.W. Bell & B.
Rerkasem (Eds), Boron in Soil and Plants (pp. 35-37). Kluwer Academic Publishers, Inc.

——
Uluslararas: Tarim ve Yaban Hayati Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

86



Research Article

T BAk, rimm
4 s . S’% ~ International Journal of Agriculture and Wildlife Science Olens e
§ Mo G bamat
N =
Z u _5 Uluslararasi Tarim ve Yaban Hayat1 Bilimleri Dergisi
Dog G
Og . 15>

2025, 11(1): 87 — 94, doi: 10.24180/ijaws.1615102

Investigation of the Soil Properties in the Habitat of the Local Endemic Taxon Verbascum
yurtcuranianum

Lokal Endemik Verbascum yurtkuranianum Taksonunun Yetistigi Alandaki Toprak Ozelliklerinin
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Abstract: Verbascum yurtkuranianum is a locally endemic species distributed in Ericek province of Giirsu District of Bursa Province. In research, the
element contents and soil properties of soil samples from 5 different locations where the V. yurtkuranianum taxon naturally spread were analyzed and
they were correlated with the number of individuals in the locations. The soil properties in locations were determined to be clayey, low-medium
calcareous, and moderately rich in organic matter. In this study dated 2023, it was determined that the total number of individuals with flowers or
rosette leaves in 5 populations of V. yurtkuranianum naturally spread in Ericek location was 235, 216 of them had rosette leaves and 19 of them had
flowers. The highest number of individuals with rosette leaves was found in location V, and the highest number of individuals with flowers was found
in location I. At the same time, it was observed that the total number of individuals was highest in the region between the road and the shore of the pond
located on the southeastern shore of Ericek province, which is the location V. considering that V. yurtkuranianum, a locally endemic species, is at risk due
to human activities, we believe that the results obtained will provide important findings for the conservation studies of the species.

Keywords: Biological Diversity, Bursa, Local Endemic, Soil Properties, Verbascum yurtkuranianum

&

Oz: Verbascum yurtkuranianum Bursa Ili, Giirsu ilgesi, Ericek koyii’'nde bulunan lokal endemik bir tiirdiir. Aragtirmada, V. yurtkuranianum taksonunun
dogal yayilis gosterdigi Ericek koyti mevkiinde 5 farkl lokasyona ait toprak orneklerinin element igerikleri ve toprak o6zellikleri analiz edilmis olup
lokasyonlarda bulunan birey sayilariyla da iliskilendirilmistir. Lokasyonlardaki toprak 6zelliklerinin; killi, az-orta kiregli, organik madde agisindan ise
orta-zengin &zellikte oldugu belirlenmistir. 2023 yilina ait bu calismada V. yurtkuranianum’un Ericek mevkinde dogal yayilis gosterdigi 5
popiilasyonundaki gigekli veya rozet yaprakli birey sayilarinin 235 oldugu, bunlardan 216 tanesinin rozet yaprakli, 19 tanesinin ise gigekli bireyler oldugu
tespit edilmistir. Rozet yapraklara sahip bireylerin V. lokasyonda en ytiiksek sayida, ¢igekli bireylerin ise I. lokasyonda en yiiksek sayida bulunmustur.
Ayni zamanda toplam birey sayisinin V. lokasyon olan Ericek Goleti'nin giineydogu kiyisinda yer alan Golet kiyisi ile yol arasindaki bolgede en yiiksek
sayida oldugu gozlenmistir. Lokal endemik bir tiir olan V.m yurtkuranianum’un insan faaliyetleri nedeniyle risk altinda oldugu diisiiniildiigiinde, elde
edilen sonuglarin, tiiriin koruma ¢aligmalari igin 6nemli bulgular saglayacag: kamsindayiz.

Anahtar Kelimeler: Biyolojik Cesitlilik, Bursa, Lokal Endemik, Soil Properties, Verbascum yurtkuranianum

Cite as: Agsik, F.F.,, & Akpmar, A. (2025). Investigation of the soil properties in the habitat of the local endemic taxon Verbascum yurtcuranianum.
International Journal of Agriculture and Wildlife Science, 11(1), 87-94. doi:10.24180/ijaws.1615102

Plagiarism/Ethic: This article has been reviewed by at least two referees and it has been confirmed that it is plagiarism-free and complies with research
and publication ethics. https://dergipark.org.tr/tr/pub/ijaws

Copyright © Published by Bolu Abant Izzet Baysal University, Since 2015 — Bolu

! Dr. Ferrin Ferda ASIK, Nature Conservation and National Parks 2nd Regional Directorate, ferrinferda.asik@milliparklar.gov.tr (Corresponding author)
2 Assoc. Prof. Dr. Aysegiil AKPINAR, Bursa Uludag University Technical Sciences Vocational School, Department of Park and Garden Plants,
aysegulakpinar@uludag.edu.tr

*This work is licensed under a Creative Commons Attribution 4.0 International License


https://orcid.org/0000-0003-4961-6925
https://orcid.org/0000-0002-4606-0645

Ferrin Ferda ASIK, Aysegiil AKPINAR

INTRODUCTION

The main problem underlying biodiversity conservation is the extinction of species due to anthropogenic
factors (Collen et al., 2013; Erken et al., 2022; Rice, 2012). The loss of plant biodiversity, in particular, has
become a global concern and an important issue today (Le Roux et al,, 2019; Knapp et al., 2020). It is

estimated that more than 40% of the world's plant species are currently threatened with extinction (Nic
Lughadha et al., 2020).

In Anatolia, the genus Verbascum L., also known as "Sigirkuyrugu," is represented by 360 taxa worldwide,
including 256 species and 129 hybrids in Tiirkiye, 198 of which are endemic (Ayta¢ and Duman, 2012; Bani
et al.,, 2010; Cingay and Karaveliogullari, 2016; Duman et al., 2017; Firat, 2017a, 2017b; Karaveliogullar: et
al., 2014; Ulukus et al., 2020). The Verbascum genus is widely distributed in the temperate regions of the
Northern Hemisphere, particularly in the eastern parts of Eurasia, and Anatolia is predominantly within
the Irano-Turanian phytogeographic region (Dong et al., 2022; Firat, 2022; Karaveliogullari, 2012). Within
the geographical confines of the Bursa Province and its immediate environs, a total of 22 plant species
belonging to the Verbascum genus have been documented. The flowers of Verbascum species are generally
yellow, and the flowers of twoof the species found in Tiirkiye are pink-purple. Verbascum yurtkuranianum,
otherwise known as Gok Sigirkuyrugu, is a species that has been documented as being endemic to a specific
area within the boundaries of Bursa Province. The literature has recorded it as the third purple-flowered
taxon distributed within Tiirkiye (Anonim, 2016).

Gok Sigirkuyrugu (V. yurtkuranianum) is a locally endemic species belonging to the Verbascum genus of the
Scrophulariaceae family, introduced to the scientific world in 2006. Gok Sigirkuyrugu (V. yurtkuranianum)
is found in small groups within a very narrow range of 2 km? in the Ericek area of Giirsu district, Bursa
Province (Anonim, 2016). The area where the plant was identified is located in the Euro-Siberian
Phytogeographic Region and corresponds to the A2 square according to the Flora of Tiirkiye (Erdogan et
al., 2011). Like other Verbascum species, V. yurtkuranianum is found in habitats dominated by ruderal
conditions, such as roadsides, highway drainage channels, picnic areas, and locations near rural
settlements. Its preference for these challenging ruderal habitats as its living environment has restricted the
species' distribution and placed it in the critically endangered (CR) category according to IUCN criteria,
making it part of the highly at-risk group of endemic plants (Erdogan et al.,, 2011). Due to various
anthropogenic effects and their presence in synanthropic (urban) habitats with altered living conditions, it
is suggested that the species may lose more than 50% of its individuals within the next 10 years.

In recent years, considerable endeavours have been made to conserve biodiversity; nevertheless,
biodiversity currently faces significant challenges due to human-induced factors (Le Roux et al., 2019;
Soysal, 2012). Of particular note is that limited geographic distribution is a significant indicator of the
extinction risk of terrestrial plants (Knapp et al., 2020). Despite the implementation of various social
initiatives by public institutions aimed at safeguarding the habitats of V. yurtkuranianum, which is limited
to a few populations within a confined area, it is evident that there is a lack of data concerning soil
properties, cultivation requirements, the plant's metabolic processes, and the identification of its active
compounds. Concurrently, this species, which possesses the potential to be utilized as an ornamental plant
due to its distinctive characteristics, including bright green, hairless basal leaves, purple petals, and a
prolonged flower lifespan, is in urgent need of scientific research to facilitate a more comprehensive
understanding of its properties (Erken, 2021).

Leaves are the place where the plant best reflects important physiological events such as respiration,
photosynthesis, transpiration and nutrition. Therefore, the nutrient concentration in the leaves is very
important in evaluating the nutrient content of the plant. Soil is an important environmental factor that
drives plant ecology (Laliberte et al., 2014). The uptake of nutrient elements absorbed inorganically from
the soil varies depending on the pH, temperature, amount of light and structure of the soil. Endemic plants
are species with limited geographic distribution and settlement, and it is expected that the soil
characteristics of the populations where these species are found will meet the specific requirements of the
plant species (Muller, 2015). Due to the narrow distribution areas, in order to ensure the continuation of
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the generation of the Verbascum species, examining the soil structure of the area where the plant is
distributed and determining its characteristics will be very important in terms of the sustainability of
biodiversity.

Therefore, in this study, soil samples were collected from five different locations in Ericek, a neighborhood
in the Giirsu district of Bursa Province, where the locally endemic species V. yurtkuranianum naturally
occurs. The samples were analyzed for their elemental content and soil properties to better understand the
species' distribution area. Additionally, the number of individuals present at these natural locations was
determined and correlated with the soil analyses. This study aims to contribute to efforts for the ex situ
conservation and sustainability of this locally endemic species.

MATERIAL AND METHOD

In 2023, soil sampleswith five replicates were taken and and analyzed from five different locations in a 2
km? area in the Ericek region of Giirsu district, Bursa Province, where the plant naturally spreads. The
location details of the natural distribution of V. yurtkuranianum populations are provided in Table 1.
Although the 2016 Action Plan by the Nature Conservation and National Parks II Regional Directorate —
Bursa Branch indicated nine locations where V. yurtkuranianum populations were found, only five locations
were identified during our 2023 fieldwork.

Table 1. Localities where Verbascum yurtkuranianum species were found from which soil samples were taken.
Cizelge 1. Toprak 6rnegi alinan Verbascum yurtkuranianum tiiriiniin bulundugu lokaliteler.

Stations Altitude X, Y Coordinate Habitat

I 670 m 691965.13 D, 4465260.18 K Roadside

II 694 m 692681.57 D, 4465387.58 K Fieldside

I 695 m 693092.00 D, 4465080.00 K Fieldside

v 689 m 693054.00 D, 4465055.00 K Meadow area

Vv 744 m 694641.29 D, 4464523.37 K Between pond shore and road

In the study, soil samples taken from a depth of 0-20 cm following the principle of efficiency were analyzed
for clay, silt, and sand fractions according to the "hydrometer method" and their texture classes were
determined according to the "Soil Survey Manual" (Bouyoucos,1962).

The pH values of the soil samples were determined using an Orion 720A model pH/ion meter after
diluting the samples with pure water at a 1:1 ratio. The EC values of the samples were measured using a
WTW LF 92 model EC meter after diluting the samples with pure water at a 1:1 ratio (Rhoades,1996). The
lime contents were measured using the "Scheibler calcimeter," and the results were expressed as % CaCOj3
(Allison and Moode, 1965). The organic matter content of the soil samples was determined using the
"modified Walkley-Black" method (Nelson and Sommer, 1982). The nitrogen (N) content of the samples
was determined using the "Kjeldahl method" (Bremner, 1965). The samples were combusted in a Buchi K-
437 digestion block and distilled using a Buchi K-350 steam distillation unit. The plant-available
phosphorus (P) content of the soils was determined in the filtrate obtained by extracting with "0.5 M sodium
bicarbonate (NaHCO; pH 8.5)" using the "ascorbic acid method"(Watanabe and Olsen, 1965). The
extractable copper (Cu), zinc (Zn), manganese (Mn), and iron (Fe) contents of the soils in the area where
the plant is located were determined using a Perkin Elmer OPTIMA 2100DV model ICP in the filtrate
obtained after extraction with DTPA +TEA+CaClz solution (pH: 7.3) (Lindsay and Norvell, 1978). The
obtained results were compared with the threshold values reported by Motsara and Roy (2008). Critical
limits for DTPA-extractable micronutrients are given in Table 2.
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Table 2. Microelement limit values in the soils sampled in the study.

Cizelge 2. Calismada Orneklenen topraklardaki mikroelement sinir degerleri.

Micronutrients (mg kg?)

Availability

Zn Cu Fe Mn
Very low <0.5 <0.1 <2.0 <0.5
Low 0.5-1.0 0.1-0.3 2.0-4.0 0.5-1.2
Medium 1.0-3.0 0.3-0.8 4.0-6.0 1.2-35
High 3.0-5.0 0.8-3.0 6.0-10.0 3.5-6.0
Very high >5.0 >3.0 >10.0 >6.0

Statistical Analysis

The data were statistically evaluated using the JMP 7.0 (SAS Company, US) program. A completely
randomized design was used in the evaluation. The comparison was made with five replications. The LSD
test was employed to determine the statistically significant differences among the mean values.

RESULTS AND DISCUSSION

In this study conducted in 2023, the soil samples taken from five populations of the locally endemic species
V. yurtkuranianum, naturally distributed in the Ericek area, were analyzed for sand, silt, clay, texture, pH,
EC, lime, organic matter, N, P, Cu, Zn, Mn, and Fe contents. The analysis results are presented in Table 3.
The soil texture classes of the study area were evaluated as "loam," "silty clay," and "clay (Pansu and
Gautheyrou, 2006). Accordingly, it was determined that the clay content of the soils ranged from 33.50% to
54.20%, the silt content ranged from 20.15% to 41.20%, and the sand content ranged from 17.60% to 42.5%.

The soil pH values ranged between 7.00 and 7.54. Based on these values, the soils of the study area were
evaluated as having a 'neutral' reaction (Richards, 1954). The soil EC values ranged from 218 to 748 uS cm™.
According to these results, the soils were classified as non-saline' (Richards, 1954). Compared to other
Verbascum species, Cabi et al. (2022) noted that Verbascum bugulifolium (Riva Sigirkuyrugu), which is also
one of the rare plant species of our country and found in various flower colors such as blue, green, and
brown, also grows in non-saline soils but is found in acidic soils in terms of pH values.

Table 3. Mean statistics results of soil samples taken from localities where Verbascum yurtkuranianum species are found.
Cizelge 3. Verbascum yurtkuranianum tiiriiniin bulundugu lokalitelerden alinan toprak drneklerinde yapilan ortalama istatistik
sonuglar.

Locations

Properties I II III v \Y% LSD
Sand %" 19.28 25.65 18.80 17.60 42.50 % 3.82
Silt %™ 33.07 20.15 41.20 % 29.90 24.00 3.75
Clay %" 47.65 54.20 * 40.00 52.50 33.50 5.17
Texture Clay Clay Silty Clay Clay Loam

pH’ 7.00 b 7.38 ab 7.54 a* 7.08b 7.21Db 0.27
EC, uS cm™ 270.cd 279 ¢ 748 a* 218d 444D 53.29
Lime (CaCO:s), %™ 2.54b 0.53 ¢ 0.66 ¢ 0.53 ¢ 7.89 a* 0.19
Organic matter, %™ 342 ¢ 3.96b 2.79d 3.38 ¢ 5.69 a* 0.36
N content %" 0.213b 0.323 a* 0.175b 0.197b 0.316 a 0.08
Available P, mg kg 0.90 ¢ 0.65 ¢ 1.51b 2.18 a* 2.09a 0.39
DTPA eks Cu, mg kg 0.60 c 142b 2.38 a* 1.58 b 0.80 c 0.23
DTPA eks Zn, mg kg™ 1.82Db 1.08 d 1.92ab 134 c 2.15a* 2.05
DTPA eks Mn, mg kg1* 1626 b 4.06 d 13.14 c 12.78 c 24.74 a* 2.05
DTPA eks Fe, mg kg™ 13.22 a* 3.70 c 7.86 b 10.32b 4.80 c 2.37

*p<0.01, *p<0.05 Lower case letters indicate the difference between means.
* It represents the highest value among the locations.
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The soil samples collected from five different locations showed statistically significant differences. In terms
of soil pH values, the highest value was observed at location III, with the ranking as follows: III (7.54) > II
(7.38) >V (7.21) > IV (7.08) > 1 (7.00). The highest salinity value was also determined at location III, ranked
as follows: III (748) > V (444) > II (279) > 1 (270) > IV (218). The total CaCOs content of the soil samples
collected from the natural distribution areas of V. yurtkuranium ranged between 0.53% and 7.89% (Table 3).
For lime (CaCQO;) content, location V recorded the highest value (7.89%), followed by location I (2.54%) and
location III (0.66%). Locations II (0.53%) and IV (0.53%) had the same lime values. Based on these values,
the soils were classified as non-calcareous' to 'moderately calcareous' (Allison and Moode, 1965). The
organic matter content of the soils varied between 2.79% and 5.69%. According to these values, the soils
were observed to range from 'moderate' to 'high' and 'very high' in terms of organic matter content.
Similarly, it has been demonstrated by Cabi et al. (2022) that Verbascum bugulifolium (Riva Sigirkuyrugu)
also thrives in soils with good levels of organic matter content. In parallel with these findings, the nitrogen
(N) content of the soil samples collected from the natural distribution areas of V. yurtkuranium ranged
between 0.175% and 0.323%. When evaluated in terms of nitrogen (N) content, the highest N content was
found at location II (0.323%). The ranking of nitrogen contents was as follows: II (0.323%) >V (0.316%) > 1
(0.213%) > IV (0.197%) > 111 (0.175%). Based on these results, the soil samples were classified as 'moderate’
to 'high' in terms of nitrogen content.

It has been determined by Hilooglu and S6zen (2017) that Verbascum alyssifolium Boiss, an endemic plant
species with a narrow distribution range in Erzincan province, is similarly found in soils that are slightly
to moderately calcareous, have low salinity levels, and contain moderate to rich levels of organic matter.
Likewise, Hilooglu et al. (2017) identified that Teucrium leucophyllum, another endemic plant species in the
Erzincan region, grows in nitrogen-rich and highly organic matter-rich soils in its distribution areas.
Ozbucak et al. (2022) studied Alchemilla orduensis B. Pawl, a locally endemic species found in the Persembe
plateau in the Aybast1 district of Ordu province, and revealed that the soil in the area where the plant
occurs is rich in organic matter (6.40%-6.86%).

As indicated in Table 3, the highest available P content (2.18 mg kg™) was detected at location IV, while the
lowest value (0.65 mg kg') was observed at location II. The soils where V. yurtkuranium naturally occurs
were classified as 'very low' in terms of available P content. Accordingly, it was determined that the V.
yurtkuranium species prefers soils with low P content. Similarly, soil analysis of Verbascum bugulifolium
(Riva Sigirkuyrugu), a rare plant species in the genus Verbascum with flower colors differing from the
typical yellow, also revealed that it grows in soils with low P content (Cabi et al., 2022).

For DTPA-extractable Cu, the highest value was at location III (2.38 mg kg™'), and the lowest was at location
I (0.6 mg kg™). Regarding DTPA-extractable Zn and Mn contents, the highest values were obtained from
soils at location V (2.15-24.74 mg kg™'), whereas the lowest values were found in soil samples from location
IT (1.08-4.06 mg kg'). The DTPA-extractable Fe content of the soils was ranked as follows: I (13.22 mg kg™)
>1V (10.32 mg kg1) > III (7.86 mg kg) > V (4.80 mg kg™) > II (3.7 mg kg™). The soils were classified as low"'
to 'moderate’ in Fe, low' to 'high'in Cu, 'low' in Zn, and 'very low' to 'moderate' in Mn content. Accordingly,
it was determined that the endemic V. yurtkuranium species prefers soils with low to moderate levels of Fe,
Zn, Mn, and Cu. Compared to other Verbascum species, it was observed that the soil requirements of
Verbascum olympicum, an Uludag endemic from Bursa province, differ significantly from those of V.
yurtkuranium. Verbascum olympicum develops in soils rich in metals such as Cu, Fe, Zn, and Mn, and
accumulates these metals in plant tissues (Akpinar, 2017). When compared to the elemental content of soils
where Verbascum alyssifolium Boiss is found, it was determined that V. yurtkuranium grows in soils with
higher Cu and Mn content, while both species occur in soils with similar Zn and Fe levels (Hilooglu and
S6zen, 2017).

The total number of V. yurtkuranium individuals was determined to be 235 (Table 3). Of these, 216 were
identified as rosette-leaved individuals, while 19 were flowering individuals. It has been noted by Anonim
2016 that V. yurtkuranium, a biennial plant, has rosette leaves in its first year and blue-purple flowers in its
second year. Accordingly, it was observed that among the populations of V. yurtkuranium in its natural
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distribution at the Ericek site, the highest number of rosette-leaved individuals was found at location V.
flowering individuals were most numerous at location I, with 8 flowering individuals. Additionally, the
total number of individuals was highest in the area between the Ericek Pond's southeastern shore and the
road, located at location V.

Table 4. Number of individuals with flowers or rosette leaves in V. yurtkuranium populations from which soil samples
were taken.
Cizelge 4. Toprak drnegi alinan V. yurtkuranium popiilasyonlarindaki ¢icekli veya rozet yaprakl birey sayilari.

Location 2023
Flowering Rosette Leaf
I 8 15
1I 2 26
I 4 12
v 4 12
\Y 1 151
Total 19 216
Total Number of Individuals 235
CONCLUSION

Soil conditions can limit the formation and distribution of plant species. The soil characteristics of the
populations of V. yurtkuranium (Gok Sigirkuyrugu), a locally endemic species with a natural distribution
in the Ericek area of Giirsu district, Bursa province, have been investigated for the first time in this study.
The soil characteristics of the five different populations where the species occurs naturally were presented,
correlating with the number of V. yurtkuranium individuals found at these locations. It was observed that
the dominant soil characteristics at the locations are clayey, slightly to moderately calcareous, low salinity,
and of medium to rich organic matter content.

When the soil samples were evaluated in terms of element contents such as Fe, Mn, Zn, and Cu, it was
found that they were at low to moderate levels. Compared to the number of individuals at the locations,
the highest number of individuals was observed at location V. The highest number of flowering individuals
was found at location I. Based on the findings, it was determined that V. yurtkuranium grows in soils with
different characteristics. The results of this study are expected to provide significant data for the
development of conservation strategies for the locally endemic V. yurtkuranium populations in the Ericek
area of Glirsu district, Bursa province, which are at risk due to human activities.
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New Locality Record for Indian Crested Porcupine Hystrix indica Kerr, 1792 in Afyonkarahisar
Province, Tiirkiye

Hint Oklu Kirpisinin Hystrix indica Kerr, 1792 Afyonkarahisar ilinde Yeni Lokalite kaydi, Tiirkiye
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Abstract: The Indian crested porcupine (Hystrix indica, Kerr, 1792) is a large rodent species that is listed as Least Concern (LC) on the IUCN Red List at
the international level and is listed as Endangered category (EN) in Tiirkiye. The presence of the Indian crested porcupine was determined in Sandikli
region of Afyonkarahisar province and the first locality record was given in this study for this province. The study was carried out using direct and
indirect observation techniques. In addition, information about the habitat characteristics and conservation measures of the Indian crested porcupine in
the region was given in this study.
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INTRODUCTION

Porcupines belong to the family Hystricidae of the order Rodentia. The Old-World porcupines
(Hystricidae) distributed in the southern Asia, Mediterranean Europe and throughout Africa (Kahraman
et al., 2022; Siler, 2023; Yiirlimez and Ulutiirk, 2016). The Indian crested porcupine (Hystrix indica Kerr,
1792) is the exclusive representative of its family found in Tiirkiye, as documented by Yiiriimez and
Ulutiirk (2016), Kahraman et al., (2022), and Siler (2023). The first description of the Indian crested
porcupine in Tiirkiye was made by Yilmaz et al.,, in 1998, who classified it as H. cristata. It was later
confirmed by several authors, including Kumerloeve (1975) as H. indica, the largest rodent in Tiirkiye,
distributed in the Aegean, Mediterranean, south-eastern Anatolia, Bitlis and Siirt. (Arslan, 2008; Fattorini
and Pokheral, 2012). Presence of porcupines has been reported to date in Adana, Adiyaman, Antalya,
Aydin, Balikesir, Bursa, Iskenderun, izmir, Kahramanmaras, Kocaeli, Kiitahya Mersin and Mugla (1nag et
al., 2011), Batman (Yirtimez and Ulutiirk, 2016), Hatay (Hassa, Reyhanli districts) (Cogal et al., 2016),
Adiyaman, Adana and Igel (Arslan, 2006), Gaziantep (Arslan, 2008), Manisa ({lemin, 2022). Iskenderun,
Mersin, Mugla, Aydin (Soke, Kogarli, Karpuzlu, Yenipazar, Cine districts), [zmir, Balikesir (Kahraman et
al., 2022). According to Kumerloeve (1975), with reference to Corbet and Morris (1967), a record of the
species was also given in Finike.

The Indian crested porcupine is classified as a species of "least concern” on the IUCN Red List; however, it
is considered a endangered rodent species in Tiirkiye (Kahraman et al., 2022; Siler, 2023). Although they
are called "hedgehogs" because of the quill which are hollow and hardened bristles, that start from the
shoulder part of their body to the tail, they are not related to porcupines.

There is an ongoing requirement for research on porcupines in Tiirkiye (Yiiriimez and Ulutiirk, 2016).
Crested porcupines are known for their monogamous nature and generally prefer a solitary existence, only
coming together for mating or the nurturing of their young (Coppola and Felicioli, 2021; Gurung and Singh,
1996; Kleiman, 1977; Lovari et al., 2013; Mori et al., 2017). It accompanies a mate during the mating season,
followed by the offspring for a period of up to one year (Fattorini and Pokheral, 2012; Mori et al., 2017).
This animal is primarily active during the night and rests in a burrow or a small cave throughout the day.
(Amr et al., 2004; Gurung and Singh, 1996; Siler, 2023).

In environments characterized by aridity or semi-aridity, the availability of wild fruits is limited
throughout the year, compelling porcupines to traverse extensive distances, occasionally up to 3.5 km from
their dens, in search of sustenance (Lovari et al., 2013; Mori et al., 2017). Underground storage organs of
plants and agricultural products enable porcupines to survive without the need for drinking water, which
is a crucial adaptation in a semi-arid climate (Alkon and Saltz, 1988; Inag et al., 2011; Mori et al., 2017).

It is known that they live on deserted slopes, away from human influence and where the Mediterranean
climate prevails (Siler, 2023). They prefer grassy and wetland areas with vegetation such as oaks and
shrubs. They live close to wetlands, they get water from the food they eat but need to drink it and they are
good swimmers (inag et al., 2011; Yiirimez and Ulutiirk, 2016).

Average lifespan of porcupines is 15-20 years (Inag et al., 2011). These wild animal species mate in April.
Data collected from captured wild Indian crested porcupines indicates that their reproductive activity is
ongoing, particularly from April to September (Coppola and Felicioli, 2021). Male and female stay together
during the mating and offspring time. After a pregnancy lasting 60-70 days (nine weeks), the female gives
birth to 2-4 cubs with open eyes and soft spines in her own nest (Inag et al., 2011). Certain studies (Amr et
al., 2004; Gurung and Singh, 1996), it is noteworthy information attracts attention that the mother brings
water to the young animals with her hollow terminal spines. The duration of inbreeding of the Indian
crested porcupine from birth to dispersal varies from 1 to 2 years, depending on when subadults reach
sexual maturity (Coppola and Felicioli, 2021; Inag et al., 2011).

The main food source of the species is vegetal matter such as cultivated crops, grains, fruits, roots, bulbs
and tubers (Bruno and Riccardi, 1995). It has been reported that it causes damage to agricultural areas such
as grapes, vineyards and orchards, and therefore is caught by farmers in traps (1na(; etal., 2011; Khan et al.,
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2022). Currently, H. indica faces significant threats primarily due to habitat destruction, the use of
pesticides, and hunting for their meat by non-Turkish nomads in certain areas, resulting in a decline in the
porcupine population in Anatolia (Amr et al., 2004; Cogal et al., 2016; [lemin, 2022; inag et al.,, 2011;
Yiiriimez and Ulutiirk, 2016). According to Turkish law, hunting is prohibited (1nag et al,, 2011; Yiirtiimez
and Ulutiirk, 2016).

MATERIAL AND METHOD

Sandikli district is affiliated with Afyonkarahisar province and located in the Aegean region. The
geographical location of Sandikli, which has a surface area of 1036 km?, is between 29°50'-30°30" Eastern
meridians (Longitude) and 38°15'-38°45' Northern parallels (Latitude). Sandikl district has a hot and very
dry climate in summer and a cold and snowy climate in winter. According to the data between 1929-2022
in Sandikli, which has a continental climate, the lowest average temperature is -3°C in January and the
highest temperature is +26°C in August (MGM, 2023). The vegetation cover of the area varies according to
the local climate, with a diverse range of species including black pine, red pine, Scots pine, and white pine,
as well as skunk juniper, gray juniper, Finike juniper, dwarf juniper, Turkish oak, alder, elm, maple, ash,
and sweetgum trees. Short trees of the maquis flora species are encountered. The plains are completely
open and thorny plants can be seen. Willows, poplar trees, blackberries, grapes, and rosehips appear along
the edges of the streams (URL 1.). Although farmers mostly deal with dry farming (barley, wheat, vetch),
they also engage in irrigated agriculture (poppy, potatoes, sugar beet, onion, walnut, sour cherry).

The study was carried out in the Sandikli region between January 2023 and May 2024. Camera traps were
installed in ten different locations (Table 1) by the Opportunity point method, and direct (Bushnell 8-16x40
binoculars, DSLR CanonEOS 750D) and indirect (footprint, quill, feces) observations, which are among
wildlife observation techniques, were carried out in and around these locations. Bushnell brand camera
traps were used in the study. The camera trap recordings underwent inspection on a biweekly basis, with
battery replacements conducted as required. In addition, local people and hunters were interviewed and
information was collected about wild animals in the field, the presence of porcupines and their habitats.

Table 1. Locations where camera traps are set up.
Cizelge 1. Kamera tuzaklarinin kuruldugu lokasyonlar.

No Location Coordinates Altitude
1 Alamescid 38°2023.65"N, 30°08'10.11"E 1054
2 Celiloglu 38°23'20.51"N, 30°9'18.88"E 1105
3 Yayman 38°23'49.74"N, 30°6'42.14"E 1208
4 Asmacik 38°19'29.19"N, 30°6'18.45"E 1203
5 Alamescid 38°20'16.67"N, 30°8'37.54"E 1058
6 Camoglu 38°21'36.58"N, 30°5'10.27"E 1190
7 Alamescid 38°20'19.90"N, 30°8'24.06"E 1065
8 Asmacik 38°20'33.34"N, 30°7'44.76"E 1134
9 Asmaak 38°20'12.12"N, 30°7'30.69"E 1087
10 Alamescid 38°2023.80"N, 30°8'17.56"E 1070
RESULTS AND DISCUSSION

The fields in the Sandikli district were scanned using direct and indirect observation techniques, and
camera traps were set in areas that porcupines can use as nests. It was determined that the target species
was very sensitive and did not leave its nest during night observations. To avoid disturbing the species,
only camera traps were utilized on the remaining days, with a preference for indirect observations.

Camera traps were set up at 10 locations using the point of opportunity method, and 11 porcupine images
were recorded at location 1. The images were recorded inside the cave and in front of the cave at location
1. in differend days. Sandikli, Alamescid village is located at 38°20'23.65"N, 30°08'10.11"E and 1054m
altitude (Figure 1.) One porcupine individual was recorded in the images captured by the camera trap at
the Alamescid location.

——
Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws

97


https://dergipark.org.tr/tr/pub/ijaws

Sengiil AKSAN

Figure 1. Porcupine recorded location 1 Alamescid village. 38°20'23.65"N, 30°08'10.11"E.
Sekil 1. Hint oklu kirpisi kaydedilen lokasyon 38°20'23.65"N, 30°08'10.11"E.

It was estimated that the species lived in a cave located at the intersection triangle of agricultural areas,
forest borders and wetlands in the region. However, a camera trap set up at the entrance to the cave at
(Alamescid location 1) showed that the species was nesting in the cave (Figure 2).

Figure 2. a) Cave entrance, b) Indian crested porcupine (H. indica).
Sekil 2. a) Magara girisi, b) Hint oklu kirpisi (H. indica).

It has been determined that the species is sensitive to smell and sound, like other wild mammalian species.
At the Alamescid location, a porcupine was seen sniffing the camera in a 20-minute photocapture.

The cave is at an altitude of 1050m and its view is in a southern location. According to the results of a
similar study, it is understood that porcupines generally prefer areas with low altitude (700-900m), slope
(50-75%) structures as habitats. It has been observed that there are nests or caves especially in areas close
to the stream passing through the study area (Inag et al., 2011).

The cave where our target species nests aspect is south. Similar to our study results, in another study it was
reported that porcupines prefer southern exposures and only a few data were recorded in northern (N)
exposure (Inag et al., 2011). Diggable soil and southern aspects are preferred elements for ground-nesting
wild animals (Aksan et al., 2014).

The cave entrance, where the target species resides and builds its nest, measures 80cm in height and 192cm
in width. Cave entrance has a width of 5m2.The cave's interior extends with a passage that measures 70cm
in height and 90cm in width. During interviews with local people, one person who entered the cave stated
that, the length of the cave was 200m. He stated that there were multiple galleries in the cave,some of which
contained water while others were dry. He reported seeing bone remains and porcupine quill in some of
the galleries.

The cave is located at the intersection of dry and irrigated agricultural lands and the forest (Juniperus
communis and Quercus ithaburensis) border (Figure 3). Right next to the cave (near the cave, up to 50 m),
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there is a wetland formed because of the accumulation of an underground water source with a diameter of
50m. Similarly, Inag et al., (2011), stated that porcupines prefer areas covered with Anatolian bonito oak
(Q. ithaburensis) and holm oak (Quercus ilex) species for nesting and agricultural areas for feeding. Another
study on porcupines found that their habitat is sparsely covered with coniferous forests and has similar
types of hilly habitats and vegetation (Khan et al., 2022).

Figure 3. Habitat of H. indica a) Forest border, b) Wetland, c) Dry and irrigated agricultural areas.
Sekil 3. H. indica habitat1 a) Orman sinir1, b) Sulak alan, c) Kuru ve sulu tarim arazileri.

Like as our results the place where porcupines nest in Batman province is on the banks of the Tigris River
and the dominant vegetation consists of oak (Yiiriimez and Ulutiirk, 2016). In the study by Fattorini and
Pokheral (2012), analysis of habitat selection between forests and grasslands showed that porcupines
preferred grasslands. The factors influencing this selection could include the distribution of food resources
or the presence of major forest predators, for instance, the leopard (Panthera pardus). Aksan (2018) stated
that in her study (2018), the diversity of herbaceous and woody plant species along with the structural
diversity in the area increases the habitat richness that wild animals can use for activities such as shelter,
shelter, hiding, feeding and resting. Our findings are like Arslan (2008) in terms of the species' habitat and
the cave characteristics in which it nests. Moreover, Arslan (2008) discovered the presence of a river or a
waterhole in proximity to five burrows excavated by porcupines in the regions of Ceyhan and Bozyazi. The
author indicated that the burrows were found on the side of heavily forested areas, the entrance of burrows
had 40cm height and this height went on throughout tunnel which is average 4.5m length. Aksan and
Akbay (2018) reported that the presence of water resources, agricultural areas and natural areas around it
led to an increase in species diversity.

It is known that porcupines use agricultural areas for both feeding and hiding. It was determined from the
indirect traces/signs (path, gnaw marks, feathers, porcupine quills, etc.) and feces found in the field that
porcupines feed on potatoes, sugar beets, barley, wheat grown in agricultural areas, vegetable gardens in
the fields, various fruits (grapes, jujubes, apples, pears, cherries, plums, etc.) and fruits of forest trees and
shrubs such as acorns, blackberries, and rosehips that grow naturally. It was observed that they gnaw on
tree bark when they cannot find enough food. In the study by Yiiriimez and Ulutiirk (2016), it was found
that the primary dietary sources for porcupines included grains, fruits, vegetables, and cultivated crops.
The nests of these animals were also found to be in close vicinity to the fields where watermelons were
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grown (Yiriimez and Ulutiirk, 2016). Arslan reported in his study that there were roots in the stomach
contents of porcupine and that, unlike the study of Kadhim (1997) the stomach contents did not contain
any traces of animal remains (Arslan, 2008). Although it is a herbivorous animal that generally feeds on
tuber and bulbous plants and both natural and agricultural products such as grain, its diet also includes
insects and small vertebrate animals such as birds and mice (Albayrak, 2022). Khan et al., (2022) stated that
31 plant species were identified from the feces of the Indian Crested Porcupine in their research; these are
categorized as vegetables (8), fruits (6), trees (5), cereal grains (3), herbs (3) shrubs (2) grasses (2) and
flowering plants (2).

The research conducted by Khan et al., (2022) indicated that the stem constitutes the primary dietary
component for the Indian crested porcupine. Following this, seeds were identified as the second most
consumed part, while underground plant parts were also recognized as significant dietary items across
various seasons in the present study. Roots, rhizomes, and tubers are noted for their high carbohydrate
content (Alkon and Saltz, 1985; Lovari et al., 2013). Additionally, Mori et al., (2017) described the inclusion
of roots and tubers in the diet of the Indian crested porcupine throughout the year in both Tiirkiye and
central Italy.

In our study, it was observed that porcupines did not leave their burrows during the day or full moon
phases and windy nights. Similar to our results, Fattorini and Pokharel (2012), reported that a clear
tendency of H. indica to avoid moonlight and no diurnal activity was recorded. In this study the times when
the porcupine left and returned to the cave were determined as 10:16 pm. in 19 September 2024 and 04:50
am. in 20 September 2024, respectively (Figure 4). Similar to our study results, Ngcobo et al (2019) stayed
that porcupines are nocturnal and are on the move from sunset to sunrise in summer 07:00 pm.- 04:00 am.
and in winter between 05:00 pm.-08:00 am. (Fattorini and Pokheral, 2012). In only one recording, the
porcupine was recorded leaving the cave and came back entering the cave by passing in front of the camera,
at the mouth of the cave. On other days, although there were two different cameras installed to see the
mouth of the cave, no recordings were made of the porcupine leaving and returning to the nest on the same
day. When the porcupine entered the cave, it may have passed through the rocks at the cave entrance,
which may not have triggered the camera sensor and prevented it from starting to record. The reason for
the record of exiting the nest but not entering the nest on the same day could be due to a technical problem
or the camera trap not working, as reported by Ozkazang (2018), or there could be another secret entrance
to the nest. The fact that the cave where the porcupine lives is frequently visited by treasure hunters and
that the area right in front of the cave is used as a picnic and resting place by poachers at night strengthens
the idea that the porcupine may be disturbed and may reach the cave through a second entrance.

60FI6C O T 09-19-2024 22.16:02

Figure 4. Time when the H. indica leave the nest 10:16 pm. in 19 September 2024 and back to nest 04:50 am. in 20
September 2024.
Sekil 4. Eyliil 2024 te H. indica’min yuvadan ¢ikis saati 10:16 gece 19 Eyliil 2024 ve yuvaya doniis saati 04:50 sabah 20 Eyliil
2024.

Fattorini and Pokheral, (2012), made the following comment on the porcupine’s temporal activity patterns,
activity patterns and home range size for out-of-nest time vary with distance from food and food
abundance: As the proximity to food and the abundance of food increases, the time spent outside the nest
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will decrease, similarly, as the abundance of food and the nutritional quality of the food increase, home
range size will decrease. Based on the work of Fattorini and Pokheral, (2012), we can say according to
Figure 4, when the time spent by the porcupine outside the nest is taken into consideration, it can be said
that porcupine meets its nutritional needs with dry and irrigated agricultural products and wild plants in
its habitat and returns to its safe nest in a short time. Similarly, Sonnino (1998) reported that in agricultural
areas characterized by high environmental diversity, these porcupines exhibited smaller home ranges.

Other wild animals that share the habitat of the H. indica in our study area are as follows. Domestic small
and large cattle, horses, donkeys, dogs and cats that come to drink water from the pond next to the cave
where the H. indica nests, as well as wild animal species such as water turtles, little egrets, purple herons,
coots, rabbits, martens, badgers, foxes, jackals, wolves, wild boars and deer coming down from Akdag have
been observed and recorded both directly and indirectly (Figure 5). It has been determined that carnivorous

species both benefit from the water directly and use it to hunt other animals that live in the pond (worms,
snails, frogs, fish and water turtles, etc.) or come to the lake to drink water.

24/10/2023 03:45:27

Figure 5. Recorded in location observations a) Stone marten, b) Jackal, c) Wolf feces.
Sekil 5. Lokasyon gozlemlerinde kaydedilen a) Kaya sansari, b) Cakal, ¢) Kurt digkist.

It is also seen in the camera trap video footage that the porcupine shares the cave it uses as its nest with
many mice and bats. Camera trap images of cats, martens and foxes entering the cave to hunt mice and
bats were recorded (Figure 6). Similar to our findings, Siler (2023), who observed the animal presence in
Akcatepe Cave, reported that both bats (Chiroptera) and porcupines (H. indica) used the cave as a habitat.

2411012023 1903 52

Figure 6. Other mammals caught in the camera trap in the porcupine cave a) Mouse, b) Fox.
Sekil 6. Oklu kirpi magarasinda fotokapana yakalanan diger memelilerden a) Fare, b) Tilki.

During the observations made in the field both day and night, poachers were encountered. Many cartridges
were found next to the pond (Figure 7). It is estimated that they hunted wild animals that came to the pond
to drink water.
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Figure 7. a) Catriges near pond, b) Hunted wild boar.
Sekil 7. a) Golet kenarinda bulunan fisekler, b) Avlanmis yaban domuzu.

Although the nest of the target species is known, it has not been caught in order not to disturb it. In case of
capture, its health status and genetic relationship with other porcupines registered in our country can be
explained through morphological (gender, weight) and physiological (blood, DNA) tests. Arslan (2006)
performed karyotypic analyzes on blood samples taken from porcupines in Igel and Adana regions and
give the diploid number of chromosomes is 2n=66 at H. indica. However, for the animal not to be stressed
and to continue its existence and generation, we are currently researching its daily, monthly and annual
behavioral states, circadian rhythms, habitat and ecology through direct and indirect observations.

It has been determined that the cave where the porcupine nests arouses curiosity among people and that
the species is disturbed by frequent visits. At the same time, picnicking in the wetland right next to the cave
and illegal hunting increase the risk of human-animal encounters and seriously negatively affect the
species' ability to safely survive and reproduce in the area. When local people near the porcupine habitat
were interviewed, many of them stated that they had no knowledge of the species and had not observed
any damage to their fields or crops. The local people were informed that the species was harmless and
needed to be protected for biodiversity.

Although some publications state that arrowed porcupines are harmful to agricultural areas (Inag et al.,
2011; Khan et al., 2022), this is not the case for our study area. With human intervention (agriculture and
some forestry practices), as areas become more uniform, wild animals are drawn to areas that are suitable
for them and become trapped in these areas. Due to the decrease in suitable areas to meet the needs of wild
animals, human and wild animal encounters and thus conflicts of interest (crop/food) are increasing.
Animals are forced to approach agricultural areas or settlements for their needs such as food and water.
Enclosing agricultural areas with wire fences prevents wild animal damage. The most appropriate way to
prevent wild animals from entering agricultural areas is to ensure that wild animals remain in their natural
habitats by applying methods such as planting and planting plant species that have a positive relationship
with wild animals in natural areas and creating water resources. However, these practices can be realized
through renovation and rehabilitation works that will not disrupt the natural structure of the area.

CONCLUSION

H. indica is the JIUCN Red List at the international level and is listed as Endangered category (EN) in
Tiirkiye. Conservation measures can be implemented more effectively if the distribution areas of the
species and the ecological characteristics of these areas are known. In this study, the presence of the species
has been proven in Afyonkarahisar province. For conservation in its own habitat where it naturally occurs,
habitat information, wild animal/domestic animal species with which it shares its habitat and findings
about human impacts are presented. The study compares the fossil findings related to the species with the
areas where it lives today and provides background data to create distribution maps realized as a result of
climate, human, etc. factors over time. DNA information gained from porcupines living in different
locasions to be obtained from the species, studies on kinship levels can be carried out. However, to carry
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out all these studies, the existence of the species must first be proven and it must be protected in the area
where it is found.
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Avian Diversity and Conservation Value of the Golkdy-Yumrukaya Wetland: A University Campus as
a Biodiversity Hotspot on the Urban Fringe

Golkoy-Yumrukaya Sulak Alaninin Kus Cesitliligi ve Koruma Degeri: Sehir Sinirlarinda Biyocgesitlilik
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Abstract: Urbanization and habitat fragmentation increasingly threaten global avian biodiversity, leading to biotic homogenization and declining
community heterogeneity. University campuses, particularly those with wetland ecosystems, are emerging as important refugia for bird species. This
study examines avian diversity, dominance patterns, and community structure across the G6lkdy-Yumrukaya (GY) wetland and surrounding campus
habitats of Bolu Abant izzet Baysal University, Tiirkiye. Between 2017 and 2023, systematic field surveys recorded 173 bird species from 45 families. The
results underscore the ecological significance of the GY wetland as a complementary habitat, particularly for summer visitor and passage migrant species.
Seasonal analyses reveal peak species richness and diversity during the breeding and migration periods, while winter exhibits lower diversity and
increased dominance concentration, especially among urban-adaptive species. The study highlights the importance of artificial wetlands in fragmented
landscapes, provided they maintain ecological connectivity with natural wetland systems. Additionally, a newly proposed ecological metric, the
Heterogeneity Ratio (H), is introduced, offering a higher-resolution assessment of community structure dynamics compared to traditional diversity
indices. Due to its sensitivity to temporal fluctuations in species abundance and evenness, H: is recommended as a valuable tool for future biodiversity
assessments.
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Oz: Kiiresel Slgekte sehirlesme ve habitat parcalanmasi, kus biyogesitliligini tehdit ederek biyotik homojenizasyona ve komiinite heterojenliginde
azalmaya neden olmaktadir. Ozellikle sulak alan ekosistemine sahip {iniversite kampiisleri, kus tiirleri igin énemli siginaklar haline gelmektedir. Bu
caligma, Tiirkiye'deki Bolu Abant izzet Baysal Universitesi kampiisiinde ve yakin cevresinde yer alan Golkdy-Yumrukaya (GY) sulak alaninin kus
gesitliligini, baskin tiir desenlerini ve komiinite yapisini incelemektedir. 2017-2023 yillar1 arasinda yapilan sistematik arazi galigmalar1 sonucunda 45
familyaya ait toplam 173 kus tiirti tespit edilmistir. Sonuglar, GY sulak alaninin 6zellikle gogmen ve transit gogmen tiirler i¢in tamamlayici bir habitat
olarak 6nemli bir ekolojik role sahip oldugunu gostermektedir. Mevsimsel analizler, tiir zenginliginin ve gesitliliginin {ireme ve go¢ dénemlerinde zirve
yaptigini, kis aylarinda ise gesitliligin diistiigiinii ve 6zellikle sehirlesmeye uyum saglayan tiirlerin baskin hale geldigini ortaya koymustur. Calisma,
yapay sulak alanlarin dogal sulak alan sistemleriyle ekolojik baglantilar kurdugunda, parcalanmus peyzajlarda kritik ikincil habitatlar olarak hizmet
edebilecegini vurgulamaktadir. Ayrica, bu arastirmada geleneksel cesitlilik indislerine kiyasla topluluk yapisindaki degisimleri daha yiiksek
¢oziiniirliikle degerlendiren Heterojenite Orani (Hr) adl1 yeni bir ekolojik metrik nerilmektedir. Tiir bollugu ve esitligindeki zamansal dalgalanmalara
duyarlilig1 nedeniyle H:'nin, gelecekteki biyogesitlilik degerlendirmelerinde énemli bir arag olarak kullanilabilecegi 6nerilmektedir.
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INTRODUCTION

Exponential human population growth is recognized as the primary driver of the five major threats to
biodiversity: pollution, habitat loss, climate change, invasive species, and overexploitation (Dhyani, 2024;
Inbit et al., 2024; Ogidi and Akpan, 2022; Ogwu et al., 2022). This rapid increase is expected to intensify
these pressures, particularly affecting bird and mammal species by 2050 (Rodrigues et al., 2021; Simkin et
al., 2022). These threats not only reduce species diversity but also impact functional diversity, leading to
shifts in ecosystem stability (Stewart et al., 2022). Consequently, protected areas and biodiversity hotspots
are gaining increasing importance for conservation. However, urban expansion is encroaching upon these
critical areas, exacerbating biodiversity loss (Wang et al., 2023).

Urbanization, driven by human population growth, has profound effects on global biodiversity, with biotic
homogenization being one of its most significant consequences (Lepczyk et al., 2017; McKinney, 2006; Reis
et al., 2012). As cities expand, university campuses are emerging as potential refuges for biodiversity,
offering eco-friendly landscapes that support various species (Guthula et al., 2022; Sanllorente et al., 2023).
Initially, most universities were established in rural or forested areas at higher elevations, incorporating
extensive green spaces that preserved aspects of the original natural environment (Guthula et al., 2022).
From this perspective, university campuses can function as urban/peri-urban biodiversity hotspots,
providing habitat continuity within increasingly fragmented landscapes (Guthula et al., 2022; Liu et al,,
2017, 2021).

Large university campuses, particularly those containing wetlands and diverse habitat types, serve as
essential refuges for bird species (Davros II, 2020; Yadav et al., 2024). Wetland ecosystems within campuses
provide key feeding and breeding grounds, particularly for waterbirds. However, many natural wetlands
have been modified for purposes such as water reservoirs, artificial ponds, and urban landscaping, leading
to habitat degradation and biodiversity loss. Despite these alterations, artificial wetlands can function as
secondary habitats, particularly for water-dependent species that prefer shallow aquatic environments
(Davros I, 2020; Yadav et al., 2024).

While numerous studies have been conducted on campus bird communities in Tiirkiye, most have focused
primarily on species inventories rather than ecological analyses (Giimiis et al., 2024; Ozkan and Keten,
2020; Sahin et al.,, 2021). In contrast, recent studies have evaluated the ecological functions of university
campuses, emphasizing their roles in land management and conservation (Guthula et al., 2022; Liu et al,,
2021; Sanllorente et al., 2023; Zhang et al., 2018). Simply cataloging species presence provides limited
ecological insight. However, many Turkish university campuses are situated in relatively undisturbed
habitats, including forests, wetlands, and lakes, yet their ecological significance remains largely
understudied.

One such example is Bolu Abant Izzet Baysal University’s Golkdy Campus, which is situated in a forested
area and contains Go6lkdy Pond, an artificial reservoir supplying city water. Adjacent to this, the
Yumrukaya wetland further enhances the ecological value of the landscape. Collectively, these
interconnected habitats (hereafter referred to as GY) form a critical network of habitat patches within an
urbanized landscape. Given its ecological features and proximity to other green spaces, the GY wetland
likely serves as a key site for breeding, foraging, and refuge, particularly for water-dependent bird species.

This study aims to assess the temporal variations in species richness, diversity, relative abundance, and
dominance of birds within the GY wetland ecosystem. Additionally, this research seeks to:

1. Evaluate the role of university campuses in mitigating urbanization pressures on bird
communities.

2. Investigate the ecological function of artificial wetlands as complementary habitats for avifauna.

3. Introduce and test the Heterogeneity Ratio (H:) as a new ecological metric for assessing community
structure dynamics.
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By addressing these objectives, this study provides a comprehensive evaluation of a university wetland
ecosystem, contributing to both regional conservation efforts and global discussions on urban biodiversity
management.

MATERIAL AND METHOD

Study Area

The study was conducted within the Golkdy Campus of Bolu Abant Izzet Baysal University and the
adjacent Yumrukaya Wetland (Figure 1). While the study area shows some urban influences (e.g.,
infrastructure), its dominant characteristics align with peri-urban ecosystems containing agricultural,
natural/artificial wetland and forest elements. Located at an elevation of 776 meters above sea level, Golkdy
Lake was constructed in the mid-20th century for irrigation, fisheries, and recreational activities. Since 2011,
it has also served as a tap water source for Bolu. The lake's surface area fluctuates seasonally between 150
and 180 hectares. It is primarily fed by the Mudurnu Stream, Abant Stream, and groundwater sources.
Golkoy Lake is classified as mesotrophic, and pollution in and around the lake originates from recreational
activities, poultry farms, and agricultural practices (Celekli et al., 2007; Kiilkdyliioglu, 2005; Tiirker, 2006).
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Figure 1. G6lkoy-Yumrukaya wetland ecosytem.
Sekil 1. Golkoy-Yumrukaya sulak alan ekosistemi.

Google Earth

Before 1965, the Yumrukaya wetland was a marshland. However, with the construction of the G6lkoy Dam
Lake on the Abant Stream, which supplies water to the area, the wetland transformed into a shallow pond
with reed beds. The wastewater discharge from Bolu Abant Izzet Baysal University and construction debris
have been identified as major pollutants in the wetland. The reservoir water in Yumrukaya exhibits a meso-
eutrophic character (Kiilkdyliioglu, 2005). A concrete channel connects Yumrukaya Wetland and Golkody
Lake, facilitating water transfer from Yumrukaya to Golkdy during spring and summer. Since both
wetlands are utilized for irrigation and the municipal water supply, they experience significant seasonal
water level fluctuations.

Field Survey and Data Collection

The study commenced in November 2017 and was conducted throughout 2018, with additional surveys
focused on the breeding and migration periods in 2019 and 2023 (Table 1). The fieldwork followed both
line transect and point count methods, with a total of 48 field surveys carried out from sunrise to sunset.
Due to the relatively small size of the study area, fixed observation stations were not established.
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Field observations were conducted using 10x42 binoculars and a DSLR camera, with photographs taken
during the surveys used for species identification. Additionally, the Collins Bird Guide (Svensson et al.,
2010) was utilized for species verification. To facilitate various ecological assessments of the avifauna in
the GY wetland ecosystem, individual counts of recorded bird species were systematically documented
during field surveys. A minimum of one and a maximum of three observers participated in these surveys,
and to minimize repeated counts of the same individuals, the coordinates and timestamps of each
observation were rigorously recorded on standardized forms. All daily observations were systematically
documented on standardized bird survey forms to ensure data consistency and reliability.

Table 1. Monthly and annual distribution of field surveys.
Cizelge 1. Saha ¢aligmalarinin yil ve aylara gore dagilim.

2017 2018 2019 2023 Total
January 1 1 1 3
February 2 2 4
March 3 3 6
April 4 3 1 8
May 3 2 1 6
June 3 1 4
July 2 1 3
August 1 1 2
September 2 2
October 3 3
November 1 4 5
December 2 2
Total 1 30 12 5 48

Analysis of Avian Diversity and Dominance Patterns

In this study, the avian community in the area was investigated in terms of species richness, abundance,
dominance patterns, and overall diversity. Regarding species conservation status, IUCN Red List
categories were presented. Additionally, temporal habitat use patterns of bird species were assessed using
BirdLife International’s species distribution maps (BirdLife International, 2025).

Species dominance within a community is determined by calculating the proportion of individuals of a
species relative to the total number of observed individuals in the community (Hubalek, 2000).
Accordingly, dominance values (Domi) were calculated for bird species observed in the study area and
were presented temporally to identify the most dominant species. In natural communities, species are
generally categorized into three abundance classes: approximately 60—-65% of species are rare, 25% are of
moderate abundance, and only about 10% are common. Additionally, species frequency is classified into
five categories based on observation frequency (Aydin, 2021): 81-100%: "Abundant"; 61-80%: "Common";
41-60%: "Frequent"; 21-40%: "Occasional"; 1-20%: "Rare". The frequency analysis of avifauna in the GY
wetland ecosystem was categorized according to these five classes and evaluated temporally. To account
for seasonal variations in species occurrence, we assessed avian community structure in the GY wetland
across four defined periods: winter (December—February), breeding (March-May), summer (June-July),
and autumn migration (August-November). Additionally, annual dominance and frequency analyses
were conducted for 2018, the only year with continuous data collection throughout the entire year. At this
stage, a Whittaker plot (rank-abundance curve) was used to clearly illustrate the seasonal and annual
distribution patterns of the community structure. This approach aimed to determine the species abundance
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distribution profile and provide a comprehensive understanding of how the avian assemblage varies across
different periods and throughout the year.

Species richness (S), the most fundamental and commonly used measure of diversity, is influenced by rare
species. This effect is primarily due to sampling errors, as rare species often go undetected even in detailed
surveys. To estimate the effective (true) species richness, various approaches and non-parametric
estimators have been utilized (Aydin, 2021; Krebs, 2014). In this study, the non-parametric estimator 'Chao
1' developed by A. Chao, was used to estimate effective species richness (Chao, 2005; Chao and Chiu, 2012).
The Chao 1 approach provides a minimum estimate of species richness and is assessed within the
framework of Hill numbers (Krebs, 2014). This estimator predicts the number of undetected species by
utilizing singletons and doubletons, as rare species information is predominantly derived from low-
frequency observations (Chao, 2005; Chao and Chiu, 2012; Krebs, 2014).

The data obtained from the study area were analyzed using the Shannon diversity index and Hill effective
species numbers. The Shannon-Weaver index (H'), one of the most widely used diversity metrics, is based
on information theory. It aims to quantify the uncertainty in predicting the species identity of the next
observed individual, where greater uncertainty corresponds to higher diversity. This uncertainty is directly
proportional to community heterogeneity. As a result, the more uncertain the information content per
individual (measured in bits per individual), the greater the diversity (Krebs, 2014).

Hill numbers, proposed by Hill (1973), are widely used due to their simplicity and ease of interpretation
(Krebs, 2014). These numbers provide a functional or effective count of species within a sample, avoiding
the complex and ecologically ambiguous units (e.g., bits, probability measures) found in other indices. Hill
diversity numbers include species richness (S), as well as N: (the exponential form of Shannon entropy)
and N: (the inverse of Simpson’s index), both of which serve as heterogeneity indices. In most cases,
calculating N1 and Nz is sufficient to answer questions that heterogeneity indices aim to address (Chao and
Jost, 2015; Gotelli and Chao, 2013; Krebs, 2014; Peet, 1974). N1 represents the number of effective typical
species in a community, weighted by their relative frequencies or abundances. N2, on the other hand,
approximates the number of highly abundant (dominant) species in the community. In a perfectly even
community, N1 and N2 are equal to species richness (Gotelli and Chao, 2013).

Our analyses of diversity (N3, N,), heterogeneity (H'), and species richness (Chaol) follow established
ecological methods (Chao 2005; Krebs 2014), including frequency and dominance calculations for avian
community characterization. To estimate species diversity and richness using various ecological indices,
the online SpadeR (Species-richness Prediction and Diversity Estimation in R) program, developed by Chao
et al. (2016), was used.

Furthermore, despite the existence of various ecological assessment methods, most are either sensitive to
common species or rare species, but no single index can evaluate both simultaneously. In this study, for
the first time, we assessed the ratio, H=fi/N> which we named the "heterogeneity ratio," and made
inferences about its temporal trends. We believe that applying this newly proposed heterogeneity ratio can
be beneficial for diversity profiles.

Theoretical Framework of the Heterogeneity Ratio

The proposed heterogeneity ratio, H=fi/N2, quantifies the tension between rarity (singleton species
count, f1) and dominance (inverse Simpson index, N2). This metric captures a fundamental ecological trade-
off in species abundance distribution functions: as dominance concentration increases (higher N2),
singleton representation (fi) declines, reflecting shifts in community evenness.Theoretical bounds and
behavior of H: reveal its ecological interpretation:

e N:ranges from 1 (single-species dominance) to S (perfect evenness; all species equally abundant).

e fispans 0 (no singletons) to S-1 (all species except one are singletons).
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e H—0: Indicates high evenness, approximating a broken-stick distribution (A log-normal abundance
distribution approaching the "broken stick" model; idealized equilibrium community).

e H,—S-1:Reflects extreme dominance, aligning with a geometric series (highly uneven,
anthropogenic communities).

Unlike traditional indices (e.g., Shannon H'), Hr explicitly links rarity loss to dominance amplification —a
critical dimension for assessing anthropogenic impacts.

RESULTS AND DISCUSSION

Avian Assemblage of Gélkoy-Yumrukaya Wetland

During 48 days of fieldwork between 2017-2023 within the study area, a total of 173 bird species from 45
families were recorded, with an overall count of 15452 individuals (Annex 1). The average number of
species observed per month was 81, while the average number of individuals recorded per month was 644.
However, in 2018, when surveys were conducted year-round, the monthly average species count was 53,
and the average individual count was 737.

The GY wetland hosts a relatively rich bird community compared to most university campuses and other
wetland avifaunas (Bengil and Uzilday, 2010; Giim{is et al., 2024; Keten et al., 2010; Sahin et al., 2021). The
area supports approximately one-third of Tiirkiye’s total bird species richness, likely due to habitat
diversity, the proximity of nearby wetlands, and its function as a local stopover, resting, and refueling site
for migratory birds—factors known to positively correlate with species richness (Hamza et al., 2024;
Karaardig et al., 2006; Karaardi¢ and Ozkan, 2017; Unlii et al., 2024).

An analysis of the avifauna based on waterbird families designated by Wetlands International (2012)
revealed that 35.84% (14 families, 62 species) of the bird species in the GY wetland are waterbirds or
wetland-dependent species, emphasizing the area's importance for waterbird conservation. The most
species-rich families recorded were Anatidae (ducks, geese, and swans; 15 species), Accipitridae (hawks and
eagles; 14 species), and Muscicapidae (flycatchers; 12 species). The dominance of waterbirds and wetland-
dependent raptors in the area is expected, given its wetland ecosystem characteristics. Additionally, the
presence of open landscapes (e.g., agricultural fields), forested areas, riparian vegetation, and urbanized
structures supports a diverse range of bird species with varying habitat preferences (Rajashekara and
Venkatesha, 2017). Further studies on habitat and microhabitat diversity in the area are recommended to
explore these patterns in greater detail.

Monthly species richness peaked in April 2018 (77 species) and April 2019 (66 species), while the lowest
species counts were recorded in January 2018 (14 species) and January 2019 (13 species) (Figure 2). The high
species richness observed in April, coinciding with the breeding season, suggests that the wetland provides
high-quality habitat and sufficient ecological niches (Hamza et al., 2024). In contrast, the low species
richness recorded in January is likely due to the limited presence of wintering bird species.

Although species richness was generally lower in winter, the highest individual count was recorded in
December 2019 (2532 individuals), while the lowest was in January 2018 (100 individuals). Data from the
International Mid-Winter Waterbird Census indicate a partial improvement in population trends in
Ramsar sites (Wetlands International, 2012, 2018). However, a decline in species richness coupled with an
increase in individual counts is frequently observed in Important Bird Areas (IBAs) under urbanization
pressure, where population increases tend to be driven by species more adaptable to urban environments
(Kirazly, in press). The combination of low species richness and high individual counts suggests temporal
dominance shifts within the bird community (Figure 2). Therefore, evaluating the site alongside dominance
analysis data will provide more accurate ecological insights.

When assessing the annual utilization of the GY wetland by bird species, approximately 59% of the
recorded species were classified as summer visitors (M) or passage migrants (P), while only 26% were
resident (R) and 13% were winter visitors (W). The fact that nearly two-thirds of the observed species are
present only during the breeding or migration periods suggests that the campus and wetland ecosystem
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primarily provide suitable niches for stopover, resting, and energy replenishment (Karaardig et al., 2006;
Karaardi¢ and Ozkan, 2017).

According to the IUCN Red List, three species observed in the study area are classified as Vulnerable (VU):
Aythya ferina, Aquila heliaca, and Streptopelia turtur. Additionally, two species are categorized as Near
Threatened (NT): Aegypius monachus and Lanius senator, while the remaining 168 species fall under the Least
Concern (LC) category (Annex 1). The Common Pochard (Aythya ferina) is a winter visitor to the area,
though it has not been observed in large flocks. Breeding populations of Eastern Imperial Eagle (Aquila
heliaca) and Cinereous Vulture (Aegypius monachus) are present in the surrounding region (Arslan and
Kirazl, 2022; Kirazli, 2019), and individuals have been occasionally recorded in the wetland while foraging,
albeit infrequently. The European Turtle Dove (Streptopelia turtur) is primarily a summer visitor, observed
in low numbers, with no evidence of breeding recorded within the study area. Similarly, the Woodchat
Shrike (Lanius senator) has been observed rarely, primarily during migration periods. These findings
highlight the conservation priority of these species and suggest that the GY wetland plays a complementary
habitat role in supporting their populations.
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Figure 2. Monthly dynamics of species richness and individual abundance.
Sekil 2. Aylara gore toplam tiir ve birey sayilarindaki degisim.

Increasing urbanization pressure and habitat fragmentation in natural areas (Guthula et al., 2022; Reis et
al., 2012), coupled with high interspecies competition in shallow natural wetlands used during migration,
may further increase the importance of artificial wetlands for breeding migrants and passage bird species.
In this context, non-eutrophic artificial wetland systems, such as reservoirs, could function as temporary
protective and complementary buffer zones, serving as small habitat islands connected to primary wetland
areas (Davros II, 2020; Guthula et al., 2022). The findings of this study support this perspective.

The application of island biogeography theory to terrestrial systems —where habitats are viewed as islands
and the areas connecting them as matrices, including transition corridors —has long been recognized
(Matthews, 2021). Recently, increasing attention has been given to the role of small refuge islands,
particularly university campuses, in preserving habitats and species while facilitating connectivity between
primary habitats (Guthula et al., 2022; Tulloch et al., 2016). Considering that matrix quality influences
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community structure within habitats —acting as a resource, corridor, or habitat itself (Cook et al., 2002;
Kupfer et al., 2006) —the two wetlands in the study area, one artificial and the other natural, along with the
campus area connecting them, form a significant wetland ecosystem composed of small habitat patches.
The GY wetland habitat islands serve as essential components of the local bird community, reinforcing
their ecological importance in maintaining species diversity. Given the potential of campus areas to
enhance matrix quality, these small wetland islands are likely to provide ecological connectivity between
primary habitats such as Yenicaga Lake and its peatlands (IBAs), thereby supporting local avian
communities. In this context, a critical consideration is the location of artificial wetlands and their
connectivity with other natural habitat islands. Future research should examine the connectivity of the GY
wetland ecosystem with other natural wetlands from an avian perspective. Additionally, long-term
migration monitoring and breeding status assessments of the avifauna would further highlight the area's
ecological significance.

Avian Community Structure: Dominance and Frequency Trends in Golkéy-Yumrukaya Wetland

In natural ecosystems, communities typically follow a log-normal distribution model (Krebs, 2014).
However, in areas experiencing biotic homogenization, community structure tends to shift toward a
geometric series distribution (Aydin, 2021). In this context, the data obtained from this study were analyzed
both seasonally and annually to assess species abundance distributions and frequency patterns. The
primary aim was to determine whether the community structure reflects natural evolutionary and
ecological mechanisms or if urbanization pressure has influenced homogenization within the assemblage.

During the winter season, the bird community comprised 71 species, yet it was predominantly dominated
by a single species, the Eurasian Coot (Fulica atra), accounting for nearly half of the total abundance.
Approximately 80% of the community, excluding the European Goldfinch (Carduelis carduelis), consisted
of waterbirds (Table 2). Wintering species such as the Eurasian Teal (Anas crecca), Common Pochard (Aythya
ferina), and Tufted Duck (Aythya fuligula) were observed in relatively low numbers. The Whittaker plot
derived from the collected data indicates a log-normal species-abundance distribution within the area
(Figure 3). However, the pronounced dominance of a single species suggests an imbalance beyond normal
evolutionary and ecological mechanisms. The findings align with the results of the Mid-Winter Waterbird
Census conducted across Tiirkiye (Kirazli, in press; DKMP, 2023). The presence of individuals belonging
to conservation-priority species, such as the Vulnerable Common Pochard, further highlights the role of
the GY wetland as a supportive habitat for wintering waterbirds.

Table 2. Dominant bird species comprising 80% of the total winter abundance.
Cizelge 2. Kis doneminde komiinitenin %80’ini olugturan tiirler.

Winter Abundance Dominance % Frequency %
Fulica atra 2449 50.13 77.78
Anas platyrhynchos 364 7.45 77.78
Anas crecca 265 5.42 44.44
Tachybaptus ruficollis 180 3.68 66.67
Carduelis carduelis 172 3.52 66.67
Podiceps cristatus 169 3.46 66.67
Aythya fuligula 167 3.42 55.56
Aythya ferina 116 2.37 66.67
—_——
Uluslararasi: Tarim ve Yaban Hayat: Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

112



Avian Diversity and Conservation Value of the G6lk6y-Yumrukaya Wetland: A University Campus as a Biodiversity Hotspot on the Urban
Fringe

WINTER
10000

1000

)
1]
o
W
[=1]
=]

=
]
|*)
=]
1]

=]

.bs‘

b

Figure 3. Whittaker plot of winter period.
Sekil 3. Kig donemi Whittaker grafigi.

During the breeding season, the avian community comprised 142 species, exhibiting a mosaic dominance
structure shaped by the inclusion of adaptive passerine species capable of nesting in urbanized areas, rather
than being predominantly composed of waterbirds (Table 3). The Whittaker plot derived from the collected
data indicates a log-normal species-abundance distribution within the area (Figure 4), with an increase in
the number of widespread species compared to the winter period. This pattern was also observed during
the summer (85 species recorded) and migration (113 species recorded) seasons, as well as in the overall
2018 dataset (145 species recorded) (Tables 4-6; Figures 5-7).

Accordingly, the Eurasian Coot (Fulica atra) and Mallard (Anas platyrhynchos) were the most widespread
species in the GY wetland, while urban-adaptive passerines such as the House Sparrow (Passer domesticus)
and Common Starling (Sturnus vulgaris) were among the dominant songbirds. Although campus areas are
recognized as refugia for avian communities (Guthula et al., 2022), the urbanization pressure associated
with human activity and infrastructure —manifesting as noise, crowding, and construction—may have
played a role in shaping the observed community structure (Perillo et al., 2017; Vallejo Jr et al., 2008). These
results align with previous studies (Jumilawaty et al., 2024; Vallejo Jr et al., 2008; Yadav et al., 2024), which
reported similar dominance structures and species diversity patterns in urban-associated campus areas
with aquatic habitats. In this context, 'refugia’ refers particularly to the role of the artificial wetland as a
temporary shelter for migratory species rather than a stable breeding habitat. Thus, a campus area with an
artificial wetland, where a few species dominate but overall species richness remains high, may function
as a local biodiversity hotspot. As with other campus areas that include aquatic habitats (Guthula et al.,
2022; Yadav et al., 2024), the GY wetland maintained a relatively stable species richness, potentially due to
its habitat heterogeneity and size (Sillén and Solbreck, 1977).

Furthermore, seasonal and annual data obtained from frequency analysis (Table 7) reinforce this
conclusion, highlighting the role of the GY wetland habitat islands as crucial stopover, foraging, and short-
term resting sites. The campus area with aquatic systems acts as a secondary habitat, facilitating movement
between primary wetland sites, in line with the concept of habitat patches proposed by other studies
(Guthula et al., 2022; Tulloch et al., 2016). These findings highlight the ecological importance of the GY
wetland within a sheltered campus environment, emphasizing its crucial role in sustaining avian
biodiversity during migration periods.

—
Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws

113


https://dergipark.org.tr/tr/pub/ijaws

Cihangir KIRAZ11, Safak ARSLAN, Tugba AYDIN

Table 3. Dominant bird species comprising 50% of the total breeding period abundance.
Cizelge 3. Ureme déneminde komiinitenin %50'sini olusturan tiirler.

Breeding Period Abundance Dominance % Frequence %
Fulica atra 700 11.58 90.00
Delichon urbicum 692 11.44 75.00
Hirundo rustica 604 9.99 75.00

Passer domesticus 354 5.85 100.00
Sturnus vulgaris 350 5.79 90.00

Aythya fuligula 272 4.50 70.00
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Figure 4. Whittaker plot of breeding period.
Sekil 4. Ureme donemi Whittaker grafigi.

Table 4. Dominant bird species comprising 50% of the total summer abundance.
Cizelge 4. Yaz doneminde komiinitenin %50 sini olusturan tiirler.

Summer Abundance Dominance % Frequence %
Fulica atra 397 23.46 100.00

Sturnus vulgaris 146 8.63 100.00

Anas platyrhynchos 81 4.79 85.71

Hirundo rustica 77 4.55 100.00

Passer domesticus 76 4.49 100.00

Emberiza calandra 74 4.37 85.71
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Figure 5. Whittaker plot of summer period.
Sekil 5. Yaz donemi Whittaker grafigi.

Table 5. Dominant bird species comprising 50% of the total migration period abundance.
Cizelge 5. Go¢ doneminde komiinitenin %50’sini olusturan tiirler.

Migration Period Abundance Dominance % Frequence %
Fulica atra 415 14.67 75.00
Anas platyrhynchos 280 9.90 83.33
Carduelis carduelis 140 4.95 75.00
Passer domesticus 131 4.63 83.33
Sturnus vulgaris 108 3.82 58.33
Podiceps cristatus 100 3.54 83.33
Hirundo rustica 88 3.11 33.33
Emberiza calandra 75 2.65 75.00
Corvus corone 67 2.37 83.33

MIGRATION

Abundance (Log scale)

92 99106113

Figure 6. Whittaker plot of migration period.
Sekil 6. Gog donemi Whittaker grafigi.
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Table 6. 2018 GY wetland bird community: species constituting 50% of the total abundance.
Cizelge 6. 2018 yili GY sulak alan komiinitesinin %50’sini olugturan tiirler.

2018 Abundance Dominance % Frequence %
Fulica atra 2350 26.58 80.00
Anas platyrhynchos 603 6.82 76.67
Passer domesticus 358 4.05 90.00
Sturnus vulgaris 323 3.65 66.67
Tachybaptus ruficollis 252 2.85 83.33
Podiceps cristatus 251 2.84 83.33
Hirundo rustica 246 2.78 53.33
Delichon urbicum 236 2.67 50.00
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Figure 7. Whittaker plot of 2018.
Sekil 7. 2018 yili Whittaker grafigi.

Table 7. GY wetland bird community: temporal species frequency profile.
Cizelge 7. GY sulak alan komiinitesinin temporal gozlem siklig1 profili.

Period/Frequency ~ Winter (%) Breeding (%) Summer (%) Migration (%) 2018 (%)
Abundant 5.63% 7.04% 25.88% 7.08% 4.14%
Common 16.90% 9.86% 12.94% 8.85% 6.90%
Frequent 8.45% 6.34% 21.18% 15.04% 11.72%
Occasional 30.99% 14.79% 8.24% 22.12% 20.69%
Rare 38.03% 61.97% 31.76% 46.90% 56.55%

Avian Community Structure: Species Richnes and Diversity Trends in Golkoy-Yumrukaya Wetland

The GY wetland, which hosts approximately one-third of Turkey's avifauna and two-thirds of Bolu's
avifauna (243 species) (Nuh'un Gemisi, 2025), exhibits species richness, dominance, and frequency patterns
similar to those reported in studies on other campus ecosystems (Guthula et al., 2022; Liu et al., 2021;
Rajashekara and Venkatesha, 2017; Sanllorente et al., 2023; Vallejo Jr et al., 2008; Yadav et al., 2024). These
findings suggest that the area qualifies as an Important Bird Area (IBA), functioning as a complementary
habitat, particularly for migratory bird species. However, the dominance of urban-adaptive species is
evident, with a notable inequality in species distribution, particularly during the winter season.

To enhance the ecological resolution of the study area and gain a more comprehensive understanding of
community composition, further analyses are needed to examine how relative abundances vary among
species. Particularly, assessing heterogeneity dynamics is crucial for understanding the organization of the
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GY wetland bird community and predicting future trends. In this context, temporal trends in heterogeneity
may offer clearer insights into ecosystem dynamics (Aydin, 2021; Krebs, 2014). The temporal diversity
levels and trends were analyzed using effective species richness values (Ef-S, N1, Nz), the Shannon diversity
index (H’), and a newly proposed ecological index, the “heterogeneity ratio” (Hr), which we introduce as a
novel metric for assessing heterogeneity due to its ease of interpretation.

Analyses evaluating the presence of rare and sensitive species reveal that effective species richness (Ef-S),
as estimated by the Chao 1 model, ranged from a maximum of 187 species in April 2019 to a minimum of
13 species in January 2019. Notably, in 2018, when field surveys were conducted systematically throughout
the year, species richness peaked in April (85 species) and reached its lowest level in January (15 species)
(Figure 8). These findings indicate a moderate increase in species richness during the breeding season,
whereas a pronounced decline is evident in winter, consistent with seasonal trends (Figure 9). The anomaly
observed in April and May 2019, when compared to the 2018 and 2023 data, appears to represent a
temporary fluctuation rather than a persistent trend.

The annual trend in species richness was evaluated for January, April, and May, revealing a decreasing
trend during the breeding season but an increasing trend in winter (Figure 10). Although Rajashekara and
Venkatesha (2017) reported an increase in diversity and species richness during winter, the GY wetland
showed a relatively low number of wintering visitors in contrast to an increasing trend. Factors such as
wetland size, habitat diversity, and proximity to other wetlands may influence species richness and
diversity (Hamza et al., 2024). Accordingly, the campus’s location, the diversity of habitats it provides, and
its proximity to key IBAs are considered major determinants of species richness in the area.

Seasonal analysis results indicate that the highest species richness occurs during the breeding season
(Figure 9), which aligns with findings from studies on the avifauna of Yenicaga Wetland (Kirazli and
Goziitok, 2017). Although detailed breeding data for the GY wetland avifauna are currently lacking, future
studies are necessary to address this gap. However, current findings support the hypothesis that the
wetland serves as a complementary and supporting habitat for the regional avifauna, particularly in
connection with Yenicaga IBA. The GY wetland functions as a stopover corridor for migratory species
(e.g., Aythya ferina) en route to regional IBAs (e.g., Yenicaga Wetland), providing temporary refueling
habitats in a fragmented landscape.
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Figure 8. Monthly variation in species richness at GY wetland.
Sekil 8. GY sulak alani igin aylik tiir zenginligi profili.
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Figure 9. Seasonal trends in species richness at GY wetland.
Sekil 9. GY sulak alani icin donemlere gore tiir zenginligi profili.
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Figure 10. Annual trends in species richness at GY wetland.
Sekil 10. GY sulak alani igin yillara gore tiir zenginligi profili.
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An analysis of the N1, N2, H’, and Hr index values reveals that avian diversity was highest in April (April
2018: N1=41, N2=27, H’ = 3.66), while seasonally, the greatest diversity was observed during the migration
period (N1 =42, N2 =22, H =3.71, H: = 0.98). In contrast, the lowest diversity was recorded in January
(January 2019: N1 =3, N2 =2, H" =1.12), with the winter season exhibiting the lowest overall diversity (N1=
10, N2=4, H’ = 2.30, Hr = 3.47) (Figures 11-15).
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Figure 11. Monthly variation in N1 and N2 diversity indices at GY wetland.
Sekil 11. GY sulak alani icin aylik N1 ve N2 indis profili.
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Figure 12. Monthly variation in Shannon diversity indices at GY wetland.
Sekil 12. GY sulak alani icin aylik Shannon cesitlilik indis profili.
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Figure 13. Seasonal trends in N1 and Nz diversity indices at GY wetland.
Sekil 13. GY sulak alani icin donemlere gore N1ve N2 indis profili.
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Figure 14. Seasonal trends in Shannon diversity indices at GY wetland.
Sekil 14. GY sulak alani icin dénemlere gore Shannon cesitlilik indis profili.
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Figure 15. Seasonal trends in heterogeneity ratio indices at GY wetland.
Sekil 15. GY sulak alani igin donemlere gore heterojenite orani ¢esitlilik indis profili.

Additionally, a comparison of January, April, and May across different years suggests a slight decline in
community heterogeneity over time, accompanied by an increase in dominance and inequality (Figures

16-18).
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Figure 16. Annual trends in N1 and N2 diversity indices at GY wetland.
Sekil 16. GY sulak alani icin yillara gore N1ve N2 indis profili.
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Figure 17. Annual trends in Shannon diversity indices at GY wetland.
Sekil 17. GY sulak alani icin yillara gére Shannon cesitlilik indis profili.
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Figure 18. Annual trends in heterogeneity ratio indices at GY wetland.
Sekil 18. GY sulak alani icin yillara gore heterojenite orani cesitlilik indis profili.

As observed in the Yenicaga IBAs (Kirazli and Goziitok, 2017) and other natural wetlands in Tiirkiye
(Bengil and Uzilday, 2010; Keten et al., 2010), species richness and diversity were notably higher during
the breeding season, particularly in April, and the migration period, whereas both metrics were lower in
winter, especially in January. This pattern is largely driven by the presence of breding migrants and
passage migrant species, alongside increased avian activity during these periods. Notably, the habitat
islands within the study area support exceptionally high species richness and diversity, underscoring their
ecological significance.

Furthermore, the findings indicate that the GY wetland harbors greater taxonomic diversity than many
other campus areas and wetlands across Tiirkiye. For example, comparative studies report 42 bird species
at Diizce University (Ozkan and Keten, 2020), 93 at Hacettepe University Beytepe Campus (Sahin et al.,
2021), and 63 at Harran University (Giimiis et al., 2024). Notably, METU (ODTU) campus —one of Tiirkiye’s
most biodiverse urban green spaces—supports 231 species (Orug and Kirlangig, 2014), though its larger
size (4,500 ha vs. GY’s 255 ha) and mature forest habitats differ markedly from our study area’s peri-urban
wetland complex.
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Among protected wetlands, the Kocaeli-Yuvacik Dam Basin (near an IBA) hosts 130 species (Keten et al.,
2010), while the Kii¢iik Menderes Delta sustains 120 species (Bengil and Uzilday, 2010). The GY wetland’s
richness (173 species) surpasses these sites and aligns with recognized IBAs like Gediz Delta (113 breeding
species; Arslan et al., 2023) in community structure. While formal IBA designation requires meeting
quantitative thresholds (e.g.,, 21% of a biogeographic population; BirdLife International, 2023), GY’s
provisional compliance with Criteria A4 (species richness) and Bla (regular presence of threatened species)
underscores its conservation value. These results justify its recognition as a local biodiversity hotspot,
though long-term monitoring is recommended to confirm IBA eligibility.

Studies on university campus avifauna in China have identified a positive correlation between bird species
richness, phylogenetic and functional diversity, elevation range, and mean annual precipitation (Zhang et
al., 2018). Similarly, research on Spanish university campuses found taxonomic diversity differences
between campuses and randomly selected sites, though no significant variations in phylogenetic or
functional diversity were detected (Sanllorente et al., 2023). While no studies have yet explored
phylogenetic or functional diversity within the GY wetland, nor the environmental and climatic factors
shaping its avian community, such research is essential for future ecological assessments. Nevertheless, the
current findings highlight the considerable ecological value of the GY wetland in terms of avian diversity.

Urbanization-driven biotic homogenization has been widely documented in campus avifauna, particularly
in developing countries (Liu et al., 2021; Vallejo Jr et al., 2008). A similar trend is evident in the GY wetland,
where community heterogeneity has shown a gradual decline alongside increasing dominance and
imbalance. Given this, it is essential to investigate not only the impacts of urbanization but also other
potential threats to the bird community. University and local authorities should incorporate bird diversity
into site management strategies, such as preserving green spaces adjacent to faculty buildings, creating
rooftop and pocket gardens in high-traffic areas, and planting native fruit-bearing trees suited to the local
flora. Recent studies emphasize the importance of small habitat patches in maintaining regional
biodiversity by linking them with primary diversity areas (Guthula et al., 2022; Liu et al., 2017; Tulloch et
al., 2016). In this context, the habitat islands within the GY wetland hold significant conservation value and
should be managed accordingly.

Heterogeneity Ratio: A Novel Metric for Assessing Ecological Diversity

Traditional avian diversity studies in Turkish wetlands have primarily focused on species richness, often
failing to capture key community dynamics (Aydin, 2021). However, species richness alone does not
provide sufficient ecological resolution, particularly in the context of biotic homogenization driven by
urbanization (Ferenc et al., 2014). To address this limitation, we introduce the heterogeneity ratio (Hr), a
novel metric that quantifies the relationship between rare species (singletons) and dominant species
(inverse Simpson index, N:). This approach offers a more nuanced understanding of avian diversity by
integrating both dominance and rarity, two critical components of community structure.

Applied to the Golkoy-Yumrukaya wetland, H- revealed: (1) pronounced winter dominance by urban-
adapted species (Hr = 3.47; 4 dominant species vs. 82 estimated species), (2) near-equilibrium during the
breeding season (H: = 1), reflecting balanced abundance distributions, and (3) superior sensitivity to short-
term fluctuations compared to traditional diversity indices. Notably, winter communities exhibited high
dominance concentrations, particularly of species well-adapted to anthropogenic environments, such as
the Common Coot (Fulica atra) and Mallard (Anas platyrhynchos). Meanwhile, the breeding season was
characterized by a more balanced species abundance distribution, suggesting a temporally dynamic avian
community.

HY's unitless value is scaled to species counts, enabling intuitive interpretation of community structure
while maintaining statistical rigor. Unlike conventional indices that rely on abstract mathematical units
(e.g., Shannon entropy in bits), Hr provides direct ecological meaning, making it highly applicable for long-
term biodiversity monitoring. Given its ability to detect both seasonal and short-term diversity fluctuations,
Hr emerges as a promising tool for assessing community health under urbanization pressures.

While H: effectively captures community heterogeneity in our research, its theoretical behavior in artificial
communities remains unexplored. Future research should investigate whether H: exhibits the expected
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mathematical properties in simulated ecological datasets and whether it aligns with patterns observed in
empirical studies. Validating H- in controlled artificial communities could provide deeper insights into its
potential applications and limitations, further refining its role in biodiversity assessment and conservation
planning. Additionally, future applications could assess H:'s utility in detecting early signals of biotic
homogenization across varying degrees of anthropogenic influence.

CONCLUSION

The Go6lkdy-Yumrukaya Wetland, located within and around the Bolu Abant izzet Baysal University
campus, serves as a local biodiversity hotspot, with 173 recorded bird species. Beyond being a protected
green space under urbanization pressure, this wetland demonstrates significant ecological value and
should be considered for designation as an Important Bird Area (IBA). However, the observed decline in
community heterogeneity, consistent with global trends in biotic homogenization, underscores the need
for long-term monitoring and detailed reproductive data collection.

This study highlights the role of artificial wetlands as secondary habitats, particularly when ecologically
connected to natural wetlands. The conservation of small habitat patches is crucial for maintaining primary
bird communities, and further research should explore the connectivity between the GY wetland and
nearby IBAs. Additionally, matrix quality in fragmented landscapes must be managed to prevent
biodiversity loss due to edge effects and the spread of urban-adaptive or invasive species.

The newly introduced Heterogeneity Ratio (Hr ) demonstrated strong potential for capturing community
structure dynamics with higher resolution than traditional diversity indices. Future studies should further
validate H+'s applicability and compare its measurement accuracy with other ecological metrics. Given its
ability to detect temporal fluctuations in species abundance and evenness, H: is recommended as a valuable
tool for future biodiversity assessments.
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Annex 1. GY Wetland avifauna
Ek 1. GY sulak alan avifaumast

Family Species January | February | March | April | May | June | July | August | September | October | November | December | IUCN Status Sta.tus
(local) | (Regional)
Tachybaptus ruficollis LC R RW
Podicipedidae | Podiceps cristatus LC R RW
Podiceps nigricollis LC P W
Phalacrocoracidae Phalacrocorax carbo LC RwW WR
Microcarbo pygmaeus LC p WR
Ardeola ralloides LC M M
Egretta garzetta LC M M
Ardeidae Ardea alba LC | W w
Ardea cinerea LC R R
Ardea purpurea LC M M
Ciconiidae Ciconia nigra LC M M
Ciconia ciconia LC M M
Threskiornithidae Platalea leucorodia LC P P
Plegadis falcinellus LC PM PM
Anser anser LC wWv MW
Cygnus olor LC P RP
Cygnus cygnus LC W WP
Cygnus columbianus LC U PW
Tadorna tadorna LC P PW
Tadorna ferruginea LC R RM
Anatidae Anas acuta LC P PW
Anas crecca LC w w
Mareca penelope LC PW PW
Mareca strepera LC RwW
Anas platyrhynchos LC R
Spatula querquedula LC MP PM
Netta rufina LC 4 RW
Aythya ferina vu Wwp WR

*This work is licensed under a Creative Commons Attribution 4.0 International License
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Family Species January | February | March | April | May | June | July | August | September | October | November | December | IUCN Status Staftus
(local) | (Regional)
Aythya fuligula -:- LC Wp WP
Pelecanidae Pelecanus onocrotalus LC P PM
Aegypius monachus NT R R
Aquila chrysaetos LC R R
Aquila heliaca - VU R RW
Haliaeetus albicilla LC WR PWR
Clanga pomarina LC MP MP
Hieraaetus pennatus LC P MP
Accipitridae Circaetus gallicus LC M M
s g o N L o |
Buteo buteo LC RW RwW
Buteo rufinus LC R R
Pernis apivorus LC PM MP
Accipiter gentilis LC R R
Accipiter brevipes LC p MP
Accipiter nisus LC WR RW
Falco tinnunculus LC R R
Falconidae Falco subbuteo LC | PM M
Falco peregrinus LC P RW
Rallidae Gallinula chloropus LC R R
Fulica atra LC R R
Burhinidae Burhinus oedicnemus LC P PM
Charadriidae Charadrius dubius LC MP M
Charadrius alexandrinus LC P PM
Gallinago gallinago LC Wwp w
Scolopacidae Calidris pugnax LC p PW
Calidris minuta - LC P WP
Calidris temminckii LC P P
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Family Species January | February | March | April | May | June | July | August | September | October | November | December | IUCN (81:::; (Ri;ai::al)
Tringa ochropus LC P wp
Tringa nebularia LC P P
Tringa glareola P P
Actitis hypoleticos PM
Hydrocoloeus minutus P
Lavidae Larus ridibundus RW
Larus michahellis WR
Sterna hirundo MP
Columba livia R
Columba palumbus MR
Columbidae Streptopelia turtur M
Columba oenas R
Spilopelia senegalensis R
Streptopelia decaocto R
Cuculidae Cuculus canorus M
Caprimulgidae Caprimulgus europaeus M
Apus apus M
Apodidae Tachymarptis melba M
Apus pallidus MP
Alcedinidae Alcedo atthis RM
Meropidae Merops apiaster M
Coraciidae Coracias garrulus M
Upupidae Upupa epops M
Picus viridis R
Picus canus R
Picidae Dendrocopos major R
Dendrocopos syriacus R
Dryobates minor R
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Family Species January | February | March | April | May | June | July | August | September | October | November | December | [IUCN (Slt)act:li (Ritgai::lsal)
Leiopicus medius LC R R
Jynx torquilla LC MP M
Galerida cristata LC R R
Alaudidae Lullula arborea LC MR MR
Alauda arvensis LC MR R
Hirundo rustica LC M M
Hirundinidae Cecropis daurica LC PM MP
Delichon urbicum LC M M
Riparia riparia LC PM M
Anthus campestris MP
Anthus pratensis Wp
Anthus spinoletta WM
Anthus trivialis PM
Motacillidae Anthus cervinus PW
Motacilla flava M
Motacilla cinerea RW
Motacilla alba R
Motacilla citreola PM
Troglodytidae Troglodytes troglodytes R
Turdus merula R
Turdidae Turdus pilaris w
Turdus philomelos R
Turdus viscivorus RW
Acrocephalus arundinaceus MP
Acrocephalus scirpaceus MP
Acrocephalidae | Acrocephalus palustris PM
Acrocephalus schoenobaenus MP
Iduna pallida M
—_———
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Family

Species January | February | March

April | May

Scotocercidae

Cettia cetti

Sylviidae

Curruca nisoria

Curruca curruca

Sylvia atricapilla

Curruca communis

Phylloscopidae

Phylloscopus collybita

Phylloscopus trochilus

Regulidae

Regulus regulus

Regulus ignicapilla

Muscicapidae

Muscicapa striata

Ficedula parva

Ficedula albicollis

Ficedula hypoleuca

Erithacus rubecula

Luscinia megarhynchos

Phoenicurus ochruros

Phoenicurus phoenicurus

Saxicola rubetra

Saxicola torquatus

Oenanthe isabellina

QOenanthe oenanthe

Aegithalidae

Aegithalos caudatus

Paridae

Periparus ater

Cyanistes caeruleus

Parus major

Poecile palustris

Sittidae

Sitta europaea

Sitta krueperi

June | July | August | September | October | November | December | IUCN (Slf)act:li (Ritgai::lsal)
LC M M
] C | mp M
LC P MP
LC PS MP
LC M MP
LC MP MP
LC P P
LC WP RW
LC WP WR
LC M MP
LC P PM
LC P P
LC P P
LC R RW
LC M M
LC MP MP
LC P PM
LC PM PM
LC M MP
LC P M
LC M M
LC WR R
LC R R
LC R R
LC R R
LC R R
LC R R
LC WR R
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Family Species January | February | March | April | May | June | July | August | September | October | November | December | IUCN Status Sta.tus
(local) | (Regional)
Certhiidae Certhia brachydactyla - LC R R
Certhia familiaris LC RW R
Lanius collurio LC M M
Lanius minor LC P M
Laniidae Lanius excubitor LC w W
Lanius senator NT M MP
Lanius nubicus LC P PM
Oriolidae Oriolus oriolus LC MP M
Garrulus glandarius LC R R
Pica pica LC R
JSPSR e IN  H  B [ w | v
Corvus corone LC R R
Corvus corax - LC R R
Corvus monedula - - _- LC R R
Sturnidae Sturnus vulgaris LC R R
Pastor roseus LC P PM
Passer domesticus LC R R
Passeridae Passer montanus LC R R
Passer hispaniolensis LC M M
Fringilla coelebs LC R R
Fringilla montifringilla LC W w
Serinus serinus LC RM RW
Chloris chloris LC RM R
Fringillidae Carduelis carduelis LC R R
Spinus spinus LC w WR
Linaria cannabina LC MP RM
Carpodacus erythrinus LC SM M
Pyrrhula pyrrhula LC w RW
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Family

Species

January | February | March | April | May | June

Coccothraustes coccothraustes

July

August

September

Emberizidae

Emberiza cirlus

Emberiza hortulana

Emberiza melanocephala

Emberiza calandra

—_—

Uluslararas: Tarim ve Yaban Hayat1 Bilimleri

https://dergipark.org.tr/tr/pub/ijaws

133

October | November | December | IUCN (Sl’:ct:lj (Ri;::al)
LC \ RW
LC R R
LC M M
LC MP M
LC R R
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Growth and Development Traits of Morkaraman Lambs under Breeder Conditions
Morkaraman Kuzularin Yetistirici Sartlarinda Biiyiime ve Gelisme Ozellikleri

Zeki Sahinler' ',  Omer Faruk Giingor2,  Yiicel Demir?
Received: 02.12.2024 Accepted: 06.03.2025 Published: 22.04.2025

Abstract: The aim of this study was to determine the growth and development characteristics of singleton unweaned male Morkaraman lambs
extensively raised under breeder conditions from birth to the end of the grazing season. A total of 45 singleton male Morkaraman lambs were used in
this study and live weight changes from birth to the end of pasture period (140th day of age) and some body measurements at the end of pasture period
were determined of these lambs. The means of the live weight values of the lambs at the birth, 15, 30, 45, 60, 75, 90, 115, and 140" days were 4.04, 7.42,
10.03, 13.22, 16.74, 20.83, 25.91, 29.67, and 33.43 kg, respectively. At the end of the grazing season (140th day), the mean values of the lambs' wither height,
chest depth, chest girth, rump height, and rump length were 61.73, 29.47, 75.13, 60.33, and 19.73 cm, respectively. As a result of the study, it was found
that Morkaraman singleton male lambs raised on the pasture only grazing without weaning for up to 140 days provided adequate growth and
development. However, when the live weight changes are evaluated, it can be said that it would be beneficial to make additional feeding after 90 days
age. It would be appropriate to evaluate the longer feeding.

Keywords: Birth Weight, Live Weight Gain, Live Weight, Body Measurement

&

Oz: Calismada, tekiz-erkek Morkaraman kuzularin yetistirici kosullarinda biiyiime ve gelisme 6zelliklerinin belirlenmesi amagclanmistir. Kuzular
yetistirici kosullarina uygun sekilde siitten kesim uygulanmadan dogumdan mera sonuna kadar mera olanaklari ile yetistirmistir. Calisma kapsaminda
45 bas tekiz erkek Morkaraman kuzudan dogumdan mera sonuna (140. giin) kadar canli agirlik degisimleri ve mera sonu baz1 viicut dlgiileri tespit
edilmistir. Kuzularda ortalama dogum agirligs, 15, 30, 45, 60, 75, 90, 115 ve 140. giin (mera sonu) canl agirlik degerleri sirasiyla 4.04, 7.42, 10.03, 13.22,
16.74,20.83, 25.91, 29.67 ve 33.43 kg olmustur. Kuzularin mera sonu (140. giin) ortalama cidago yiiksekligi, gogiis derinligi, gogiis gevresi, sagr yiiksekligi
ve sagr1 uzunlugu degerleri ise sirasiyla 61.73, 29.47, 75.13, 60.33 ve 19.73 cm olmustur. Calisma sonucunda, Morkaraman tekiz erkek kuzularin siitten
kesim yapilmadan sadece mera ile besleme yapilarak 140. giine kadar yetistirmenin yeterli biiyiime ve gelisme sagladig: belirlenmistir. Ancak biiyiime
sonuglart incelendiginde, 90. giin sonrast imkan dahilinde ilave besleme yapmanin faydali olacagi ve beslemenin daha uzun yapilarak
degerlendirilmesinin uygun olacag: onerilebilir.

Anahtar Kelimeler: Dogum Agirligi, Canli Agirlik Artisi, Canli Agirlik, Viicut Olgiileri
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Growth and Development Traits of Morkaraman Lambs under Breeder Conditions

INTRODUCTION

Animal-based foods have a significant role for balanced and healthy diet of the people. The species of
animals raised to produce these foods and the proportion of these species in total animal population vary
according to the sociocultural and geographical structures of the countries. In this context, sheep are the
most common livestock species utilizing pastures in regions that have steppe or continental climate
condition. (Saatci et al., 2003; Elmaz et al., 2012; Giines and Akin, 2017) The animal products obtained from
sheep make a significant contribution to the economy and the production of animal food in these regions.
(Akcapinar, 2000; Giingor and Unal, 2020a; Glingor et al., 2022a). Tiirkiye has 54 million small ruminant
population, of which 43 million are sheep, according to June 2024 data. (TUIK, 2024). Sheep breeding is
carried out mostly in an extensive system. Similarly, it is known that sheep farming in Turkiye is extensive
farming, and the different regions of Turkiye have their own indigenous sheep breed which are well
adapted to the conditions of own region. Morkaraman, an indigenous sheep breed of the East Anadolu
region, is well adapted to the climate and grazing conditions of this region. This fat-tailed sheep has low
combine yields. Mutton production is the main source of income for sheep farmers in this region.
(Akgapnar, 2000; Akgapinar and Aydin, 1984; Giingdr and Unal, 2020b; Giingdr et al., 2022b). For these
reasons, the evaluation of the growth and development traits of this breed under breeder conditions gives
very valuable information for the sheep production in the region.

The growth and development traits of Morkaraman lambs in Agr1 province have not been studied yet.
There are also few studies on Morkaraman lambs under breeding conditions because nearly all of the
research on Morkarman sheep was conducted at the university farms (Elazig Firat University, Erzurum
Atatiirk University, Kars Kafkas University, and an Yiiziincii Y1l University). In addition, some body
measurements of Morkarman lambs are not well described due to few studies on body measurements of
Morkarman lambs. It is known that the variation of genotype in the native breeds is high, and the quality
of the pasture and the length of the grazing season differ from region to region. Therefore, evaluating the
growth and development of Morkaraman lambs under traditional breeding conditions is important in this
region.

This study aimed to evaluate the growth and development characteristics of Morkaraman singleton male
lambs traditionally raised with pasture grazing without weaning under breeder conditions in Agr
province from birth to the end of the grazing season.

MATERIAL AND METHOD

According to the data of 2023, a total of 333 thousand cattle and 1200 thousand head of sheep and goats are
raised in Agr1 province. The sheep population is 1140 thousand head in this province (TUIK, 2024). Sheep
breeding is obviously understood to be an important animal husbandry in Agr1 province. Most of the
income of the sheep farms in this region is derived from mutton production, and sheep production is
generally depended on pasture quality and length of the grazing season. In addition, the lambs are
traditionally raised on pasture without weaning during the grazing season in the breeder condition in Agr
province.

This study was conducted on routine livestock practices in the Agri Province region of Turkiye and was
supported by the "General Directorate of Agricultural Research and Policies (TAGEM)" as part of the
"National Genetic Improvement Project for Small Ruminants at Breeders Conditions".

Material

The study was conducted in the central province of Agr1 (39°56'44.6"N 43°08'56.5"E) in the East Anatolian
Region of Tiirkiye. The farm has 300-head Morkaraman stock herd. Data were obtained from 45
Morkaraman singleton male lambs born in this Morkaraman herd.

Method

In this study, A flock of 300 Morkaraman stock ewes between 2 and 8 years ages was followed. The lambs
were randomly selected within the singleton male Morkaraman lambs born within three days of the peak
of the births in this Morkaraman herd. The obtained data was therefore not interpolated. When the lambs
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were about 45 days ages, they began grazing with their dams. The herd went out to pasture at sunrise in
the morning and returned to the sheepfold around 7:00 pm. The animals were provided with potable water
three times a day. No additional feeding was applied to the dams and lambs except for pasture. Birth
weights of lambs were determined 8-12 hours after birth and the ear tags have been applied. Live weight
measurements of the 45 male lambs were determined every 15 days until day 75%. The 15 lambs were
randomly selected from these 45 lambs for the slaughter and these lambs were grazed by their dams until
140t days of age without weaning. The live weight of these lambs continued to be determined at the 90t,
115%, and 140 day of age. The growth rate is high in the early stages of the ages. Therefore, measurements
were taken at 15-day intervals until day 90. In addition, body measurements (wither height, chest depth,
chest girth, rump height, and rump length) of these lambs were taken at the end of 140 days (end of grazing
period). A 150 kg scale with a sensitivity of 50 g was used to determine live weights.

The SPSS package program was used to calculate descriptive statistics of the live weight and the body
measurements.

RESULTS AND DISCUSSION

Live Weights of The Lambs

Means of lamb live weights determined at 15-day intervals from birth to 90 days of age and at 25-day
intervals from 90 days to 140 days of age were shown in Table 1.

Table 1. Means of lamb live weights (kg) of Morkaraman lambs.
Cizelge 1. Morkaraman kuzularda ortalama canli agirlik (kg) degerleri.

Lamb live weights n X+Sx Ccv
Lambing period
Birth 45 4.04+0.09 15.19
15% day 45 7.42+0.17 15.71
30t day 45 10.03+0.26 17.29
45 day 45 13.22+0.28 14.05
Grazing period
60t day 45 16.74+0.30 12.08
75t day 45 20.83+0.42 13.63
90t day 15 25.91+0.68 10.12
115* day 15 29.67+0.70 9.12
140" day 15 33.43+0.73 8.42

Sx: Standard error, CV: Coefficient of variation

For the live weight means, the coefficient of variation results showed the values lower than 20%. This was
an indication that live weights were homogeneously distributed around the mean. The mean birth weight
of the lambs in the study was 4.04+0.09 kg. This mean value determined in this study was similar to the
values reported for Morkaraman lambs by Ak¢apinar and Kadak (1982) in Elazig province (4.0 kg), Kiigiik
et al. (2002) in Van province (4.0 kg), Arslan et al. (2003) in Van province (3.9 kg), Oztiirk et al. (2012) in
Van province (4.1 kg), and Sahin (2021) in Erzurum province (3.9 kg). However, this mean birth weight
was lower than the results reported by Akcapinar and Aydin (1982) (4.9 kg), Esenbuga and Day1oglu (2002)
(4.2 kg), Aksakal and Macit (2009) (4.2 kg) and Macit et al. (1996) (4.7 kg) for Morkaraman lambs in
Erzurum province, but higher than the results reported for Morkaraman lambs by Lagin and Aksoy (2003)
(3.8 kg), and Ulusan and Aksoy (1996) (3.2 kg) in Kars province, and by Arslan et al. (2003) (3.4 kg), and
Odabasioglu et al. (1996) (3.7 kg) in Van province. It is clear that the Morkarman lambs born in Erzurum
province have higher lamb birth weights than those of Kars, Van, and Elazig provinces. The Food and
Livestock Application and Research Centre of the Faculty of Agriculture at Ataturk University has
conducted most of these Morkarman studies in Erzurum province. The high birth weights of Morkaraman
lambs may be caused by a result of the selection programs at this research centr, which has been breeding
Morkaraman since 1967 (Emsen and Day1oglu, 2011).
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The 15th, 30th, 45th, 60th and 75th day live weight values obtained in this study were very similar to the
results obtained from Morkaraman lambs in the in the experimental farm of Veterinary Faculty of Yiiziincii
Yil University in Van Province (Oztiirk et al., 2012). However, the results of this study in these ages were
higher than those of in the experimental farm of Veterinary Faculty of Kafkas University in Kars Province
(Lagin and Aksoy, 2003) and Firat University in Elazig province (Ozbey and Akcan, 2003).

The 75%-day mean live weight of the lambs was 20.83+0.42 kg in this study. This value was higher than the
results of the studies conducted on Morkaraman lambs at 75 days by Odabasioglu et al. (1996) in Van
province (19.0 kg), Esenbuga and Day1oglu (2002) in Erzurum province (17.1 kg), Lagin and Aksoy (2003)
in Kars province (13.6 kg), and Arslan et al. (2003) in Van province (18.7 kg). However, this value was
similar or partly similar to the result of the study by Oztiirk et al. (2012) in Van province (20.2 kg), by
Akcapinar (1983) in Elaz1g province (21.0 kg), and by Kiiciik et al. (2002) in Van province (22.4 kg). The 90t
day mean live weight of the lambs was 25.91+0.68 kg in this study. This value was generally higher than
the results of the studies conducted on Morkaraman lambs at 90 days by Akcapmar (1983) in Elazig
province (23.7 kg), Odabasioglu et al. (1996) in Kars province (22.3), Ulusan and Aksoy (1996) in Kars
province (21.2 kg), Lagin and Aksoy (2003) Kars province (16.1 kg), Arslan et al. (2003) in Van province
(22.0 kg) and Oztiirk et al. (2012) in Van province (23.2 kg), but this value was partly similar to the result
of the study by Kiigiik et al. (2002) in Van province (26.6 kg).

When the birth weight, 75t and 90t day mean live weights of the lambs in this study are compared with
the results of other studies at these times for Morkaraman lambs, it can be said that the results obtained in
this study for Morkaraman lambs are adequate and even better than the results of many studies on
Morkaraman lambs raised different provinces. However, the mean lamb live weight result obtained at the
end of the grazing period in this study (33.43 kg) was lower than the results obtained from male
Morkaraman lambs raised in Erzurum province (Macit et al., 1996; Aksakal and Macit, 2009; Esenbuga and
Day1oglu, 2002) (37.3, 35.5, and 36.6 kg). This can be due to the difference in the length of the grazing season
between these two regions, because Macit at al. (1996) reported that the average age of Morkaraman lambs
at the end of the grazing period in Erzurum province is 161 days.

The 75t and 140*-day mean the live weights of Morkaraman lambs in the study were 20.83 kg and 33.43
kg, respectively. Ozbey and Akcan (2003) in Elaz1g province and Aksoy et al. (1996) in Van province started
their fattening studies using 21.5 kg and 20.2 kg male Morkaraman lambs, respectively. The mean lamb
live weight obtained on the 75 day in this study is similar to the initial live weights of lambs in these two
fattening studies. In these fattening studies with concentrated feed, the live weights of the male lambs in
the Ozbey and Akcan’s fattening study were 31.7 kg on the 56t day and 35.6 kg on the 70t day. It can be
calculated from these results that the mean live weight of the lambs on the 65t day was 34.2 kg in Ozbey
and Akcan’s fattening study. The live weights of the male lambs in the Aksoy et al.’s fattening study were
30.8 kg on the 56t day and 31.8 kg on the 70t day. It can be calculated from these results that the live weight
of the male lambs on the 65" day was 31.4 kg in Aksoy et al.’s fattening study. If the results obtained at 65
days of fattening in these two studies are compared with the results obtained at 65t days (140th day) after
75 days in this study, it is understood that feeding only with pasture until 140 days without weaning
provides a sufficient result for adequate growth of Morkaraman male lambs in Agri province.

The curve of mean live weight changes of singleton male Morkaraman lambs determined according to the
time points was shown in Figure 1.

When the graph curve of the lamb live weights determined in the study is evaluated, it appears that the
lambs’ live wight changes show a slightly positive growth curve from the 15% day to the 90* day, but the
lambs’ mean live weight changes show a linear curve between 90% and 140t days. Based on this result, it
can be said that it is appropriate to provide nutritional support to the lambs after 90 days of age.
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Figure 1. The curve of mean live weight changes of Morkaraman lambs over time.
Sekil 1. Morkaraman kuzularda canlr agirlik ortalamalarinin zamana gore degisim grafigi.

Body Measurements
The mean values of the body measurements (wither height, chest depth, chest girth, rump height, rump
length) taken from the lambs on day 140 were presented in Table 2.

Table 2. The mean values of some body measurements (cm) of Morkaraman lambs at 140 days of age.
Cizelge 2. Morkaraman kuzularda 140 giinliik yasta bazi viicut Olciileri (cm).

Body measurements n X+Sx (&Y
Wither height 15 61.73+0.72 4.52
Chest depth 15 29.47+0.59 7.79
Chest girth 15 75.13+0.88 4.55
Rump height 15 60.33+0.98 6.32
Rump length 15 19.73+0.27 5.23

Sx: Standard error, CV: Coefficient of variation

Body measurements were understood to be more homogeneously distributed around the mean because
the coefficients of variation values for body measurements were lower than 20%, as for live weight. It is
reported that the ratio of wither height to chest depth is very important ratio, and that the 1/2 or close to it
is a good proportion (Akgapinar and Ozbeyaz, 2021). This morphological conformation can be said to be
important for grazing in regions where long-term grazing is required. . Consistent with the report, the
mean wither height value in this study is approximately twice the mean chest depth value. The wither
height and the chest girth of the lambs in this study were 61.73+0.72 cm and 75.13+0.88 cm at the end of the
grazing period (day 140), respectively. A study conducted by Ulusan and Aksoy (1996) in Kars province
reported the 6-month age wither height and chest girth of Morkaraman male lambs as 57.8 cm and 73.8 cm,
respectively. There is no study on Morkaraman lambs other than the study of Ulusan and Aksoy (1996) on
the body measurements that were determined in this study. Comparing the results of Ulusan and Aksoy
and this study, it is clear that the body measurements determined in this study were higher than those of
male Morkaraman lambs in Kars. Rump height (60.33 cm) was less than wither height (61.73 cm) in this
study. Rump height (63.2 cm) was reported to be higher than wither height (62.0 cm) in a study reported
one year body measurements of Morkaraman (Ozbey and Akcan, 2003). The difference was not high, and
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this may be due to different developmental stages. It is known the high genotype variation in native breeds,
and the environmental conditions (pasture quality and length of grazing season) differ from region to
region; therefore, the differences between Morkaraman lambs in different provinces were due to high
genotype variation and environmental differences.

CONCLUSION

Lamb live weight changes and body measurements in this study were similar or better to other studies for
this breed. These results show that traditionally raising Morkaraman singleton male lambs in Agr1 province
on pasture only grazing without weaning until day 140 (until the grazing period) under breeder conditions
provides adequate growth and development. According to the live weight change curve up to 90 days, the
lamb live weight had an upward trend. It can be suggested to try to continue this trend with supplementary
feeding after 90 days. In conclusion, pasture feeding without weaning until day 90 provided adequate
growth and development in this region.
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