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Ozet

2017 Yihinda Ordu Universitesi Ziraat Fakiiltesi deneme arazisinde yiiriitiilen bu arastirmada, bazi fasulye
cesitlerinde (Goksun, Goynuk-98, Akman-98) kaolin uygulamalarinin tanede protein ve bazi mineral maddeler
Uzerine etkisinin belirlenmesi amaglanmistir. Arastirma, tesaduf bloklarinda faktoriyel diuzenleme deneme
desenine gore (g tekrarlamal olarak yiritilmis ve Kaolin dozlari %0, %2.5, %5, %7.5 ve %10 sollisyon olarak
hazirlanacak hazirlanarak bitkinin ciceklenme baslangici periyodunda bitlin aksamina uygulanmustir.
Arastirmada gesitler arasinda protein ve bazi mineral maddeler agisindan istatistiksel olarak dnemli farkhliklarin
oldugu gozlenmistir. Arastirma sonucunda Goyniik cesidi, protein ve N bakimindan Akman 98 ¢esidi ise P,K ve
Ca bakimindan dikkat cekmistir. Diger taraftan kaolin uygulamalari protein ve N, P, K ve Ca’ ya istatistiksel olarak
etki gbstermemistir.

Anahtar Kelimeler: ¢esit, kuru fasulye, mineral maddeler, protein, kaolin

Determination of the Effect of Kaolin Applications on Protein of Grain and
Some Mineral Matters in Some Beans Varieties

Abstract

The research was carried out on the trial land of Ordu University Faculty of Agriculture in 2017. The aim of this
study was to determine the kaolin effects on yield, yield components and grain quality in some bean cultivars
(Goksun, Goyniik-98, Akman-98). The kaolin doses (0%, 2.5%, 5%, 7.5%, 10%) were used at the beginning of
flowering period of the plants and applied to all parts. The experiment was carried out in randomized blocks in
a factorial arrangement with three replications. As a result of the statistical analysis, it was observed that there
were statistically significant differences between the cultivars in terms of protein and some mineral substances.
As a result of the research, Goynlik variety attracted attention in terms of protein and N and Akmn 98 variety in
terms of P, K and Ca. On the other hand, kaolin applications did not statistically affect protein and N, P, K and
Ca.
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Giris
Besin maddesi artisi, diinya niifusunun glinimizde hizla artmasina oranla istenilen diizeyde degildir.

Diinya lzerinde bircok Ulkede aglik ve dlizensiz beslenmenin blyiik bir problem oldugu bilinmekte ve
her sene binlerce insanin 8lmesine neden olmaktadir (Unver vd., 1999).

Gelismis tlkeler disindaki Ulkelerin hemen timinde, kalori ve protein yetersizligi sorunu dnemli
diizeyde yer almaktadir. Bilindigi gibi hayvansal (riinler en 6nemli protein kaynaklaridir. Fakat bu
drdnlerin hem maliyetleri ylksektir hem saklanmalari zordur hem de ¢abuk bozulurlar. Bu sebeplerden
dolayi ginimiizde daha ucuza elde edilebilen ve uzunca siire bozulmadan saklanabilen bitkisel protein
Uretimini artirma olanaklari Gzerinde durulmaktadir. Protein ihtiyacinin karsilanmasinda yemeklik
baklagiller énemli bir yere sahiptir. Kuru olarak kullanilan tanelerde %18-36 arasinda protein
bulunduran baklagiller vitaminlerce de zengindir.

Ulkemizde tarim arazilerinin giin gectikce azalmasi, hizla artan niifus yogunlugu olumsuz gevre kosullari
gibi nedenlerden dolayi insanlar yeterli olarak besin ihtiyacini karsilayamamaktadir. Bundan dolayi
yeterli ve dengeli beslenmede yemeklik tane baklagiller protein degeri agisindan 6nemli bir yere sahip
olmakla birlikte daha az maliyetle elde edilen besin kaynagini olusturmaktadir.

Yemeklik tane baklagillerin insan beslenmesi yaninda, saplari ve taneleri, hayvan beslenmesinde de
kullanilabilmektedir. Hayvan beslenmesinde bir ton baklagil sapi sekiz ton tahil sapina esdeger
olmaktadir (Sehirali, 1979).

Yemeklik tane baklagiller azot fiksasyonunu saglamalarinin yani sira toprakta agilan kanallarda
mikroorganizma faaliyetlerini hizlandirirlar ve boylece kdk bolgesinde canliligin artis gostermesine
katkida bulunurlar. Ayni zamanda actiklari derin kdk kanallar sayesinde toprak sikismasini énlerler
(Uysal, 2002).

Fasulye iklim kosullari agisindan segiciligi en fazla olan yemeklik tane baklagil tirtdir. Bir alandaki
fasulye yetistiriciligini, verim ve kaliteyi fiziksel, (sicaklik, yagis, giin uzunlugu, topografya, toprak tipi
vs.), biyolojik (hastalik ve zararlilar) ve sosyo-ekonomik faktorler etkilemektedir (Peksen, 2005).

Fasulye sicak iklimde yetisen bir baklagil bitkisidir. Ekim zamani Anadolu’da mayis ayinin ilk haftasindan
itibaren baslamaktadir. Gelisim donemi giinesli ve sicak havalara denk geldiginden dolayr mimkin
oldugunca sulanmasina 6zen gosterilmelidir. Bundan dolayi yetisme doneminde su stresi ve yaprak
yanikligi gibi zararlar goérilebilmektedir. Bu zararlardan korunmasi amaci ile bitkinin toprak Usti
aksamina koruyucu dogal maddeler kullanilabilmektedir. Bu anlamda kullanilan Griinlerden bir tanesini
de kaolin kilidir.

Yapilan denemeler ve galismalar sonucunda gelistirilen kaolinin farkli doz uygulamalari bitki Ust
aksamina uygulandigi zaman kutikulayi andiran ve koruma islevi goren, beyaz, 15181 yansitici bir tabaka
olusturarak canli ve cansiz gevre sartlarina karsi koruma saglar. Kaolin kili %100 dogaldir ve suda
¢Ozilebilen bir formdadir. Diinya’ da canli ve cansiz stres faktorlerinde kaolin uygulamasi ‘Partikil film
teknolojisi’ sekliyle de bilinmektedir (Vanoglu, 2015).

Asindirma ve sisme 6zelligi olmayan beyaz, ince, gbzeneksiz, iceriginde Aliminosilikat (Al4Si4010(0OH)8)
bulunan, suda eriyebilen kaolin aspirin gibi tabletlere ve kagida beyazlik vermesi amaciile de kullanimi
bulunmaktadir. insan sagligina herhangi bir zarari bulunmadig icin ¢ogu ilaglarin ve dis macunlarinin
yapisinda kaolin bulunmaktadir. Meyve ve yaprak ylizeyine gelen isigin blyuk bir kismini yansitir ve
fotosentezi artirir. Kaolin, farkli muamelelerden gecirilen beyaz kil mineralidir (Glenn vd., 1999).

Bitki ortlistine puskirtilen kaolin, bitkinin yapraklari, saplari, gévdesi ve meyvelerinde olusturdugu
ince film tabakasi ile bitkinin sicaklik ve su stresini azalttig1 bilinmektedir (Rosati vd., 2006). Rosati vd.
(2006); sorgum (Stanhill vd., 1976), pamuk (Moreshet vd. 1979), domates (Srinivasa Rao, 1985) ve yer
fistigl (Soundara Rajan, 1981) gibi bitkilerde bu ¢alismalarin yapildigini bildirmektedir. Bu ¢alismalarinin
bitki verimi ile sinirli kaldigi; alinan sonuglara bakildiginda belli kosullarda bazi bitkilerde verim artisi
saglandigi belirtilmistir (Yigitarslan, 2010). Bununla birlikte yemeklik baklagillerde konuyla ilgili calisma
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oldukga sinirhdir. Verim artisina etkisi yéninden birkag ¢alismaya rastlaniimistir ancak protein ve besin
maddelerine etkisi konusunda herhangi bir ¢alismaya rastlanilmamistir. insan beslenmesinde énemli
bir yer tutan besin elementlerinin bitkilerde zenginlestirilmesi yoluyla insanlarin saglk sorunlarinin
azaltilmasi (lkelerdeki besin elementi eksikligi sorunlari ile micadelede hizli ve etkili bir rol
oynayacaktir. Bu nedenle arastirma onem arz etmektedir. Bu baglamda yapilan bu galismayla Ordu
ekolojik kosullarinda yetistirilen fasulye bitkisinin farkli gesitlerinde kaolin kili uygulamalarinin tanede
protein ve N, P, K, Ca gibi bazi mineral maddelere etkisinin belirlenmesi amaglanmistir.

Materyal ve Yontem
Materyal

Calisma 2017 yili ilkbahar-yaz déneminde Ordu Universitesi Ziraat Fakiiltesi deneme arazisinde
yuritilmustir. Deneme alani Ordu iline bagh Altinordu ilgesinde, Dogu ve Orta Karadeniz’in ayrilma
siniri olan Melet nehrine yakin yerde bulunmakta olup Orta Karadeniz bélimiinde yer almaktadir.

Ordu ili, Orta Karadeniz Bolgesi’nin iliman iklim 6zelliklerini yansitmaktadir. ilde yagislarin biyiik bir
kismi kis ve sonbaharda diserken, 6zellikle yaz aylarinda diisen yagislar bitkisel (iretim i¢in yetersizdir.
Fasulye yetistirme dénemine ait uzun yillar ortalama sicaklik 21.7 °C, toplam yagis miktari 285.5 kg/m2
iken, bu degerler 2017 yilinda sirasiyla 23.1 °C ve 125.0 kg/m? olmustur. Yetistirme déneminde uzun
yillar nispi nem ortalamasi % 73.4 iken, 2017 yilinda % 71.5 olmustur (Ordu Meteoroloji Mudurligu,
2018).

Deneme tarlasindan 0-30 cm derinlikten alinan toprak 6rnekleri Giresun Findik Arastirma Enstitlstinde
analiz edilmis ve sonugclar Tablo 1'de gosterilmistir. Tablo 1’de gorildigi Gizere deneme alani topraklari
killi bir yapiya sahip olup, pH degeri 6.88 (¢ok hafif asit) dir.

Calismada, materyal olarak Karadeniz Tarimsal Arastirma Enstitlisiinden getirilen Goyniik-98 (bodur),
Akman-98 (yari sarilici) ve Goksun (sarilict) cesitleri kullaniimistir.

Tablo 1. Deneme Tarlasindan Alinan Toprak Analiz Sonuglari

Ozellik Sonug
Blnye Killi toprak
Ph 6.88
Kireg (%) 1.24
Tuzluluk 0.70
Organik Madde (% ) 0.58
N (%) 0.03
P ( ppm) 8.19
K ( ppm) 102.0
Ca ( ppm) 4343.0
Mg ( ppm) 769.8
Fe (ppm) 3.67
Mn ( ppm) 1.44
Zn ( ppm) 0.098
Cu ( ppm) 0.743

Yontem

Calisma, tesadif bloklarinda faktériyel dizenleme deneme desenine gore 3 tekerrlrlii olarak
ylritilmustdr. Parsel boyu 4 m, eni 2.5 m olan ¢alismada ekimler sira tzeri 15 cm, sira arasi 50 cm
olacak sekilde 7 Haziran 2017 tarihinde elle yapilmistir. Her parsele ekimle birlikte 3.6 kg N/da, 8-10 kg
P205/da hesabiyla glibre verilmistir. Kaolin uygulamalari giceklenme donemi baslangicinda soliisyon
olarak hazirlanip bitkinin biitlin aksamina uygulanmistir. Uygulama dozlari; 0, %2.5, %5.0, %7.5, %10
olup, dozlar 5 litrelik suyun icerisine ayri ayri 125, 250, 375 ve 500 gramlik kaolin killeri tartilip
hazirlanmistir. Hasat 18 Eylll-24 Eyliil 2017 tarihleri arasinda yapilmistir.
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Denemede yapilan gézlem ve élgiimler
Tane Protein Orani (%): Khejdal yontemi ile Nx6.25 formiliiyle hesaplanmistir.

Tanede Mineral Madde igerigi (N,P,K,Ca): Calisma sonucunda elde edilen tanelerin 6giitiilmesinden
sonra uygun yontemler kullanilarak mineral madde oranlari % olarak belirlenmistir.

Tanede Toplam Azot (N) igerigi: Khejdal ydntemine gére belirlenmistir (Bremmer, 1965).

Tane Fosfor (P) igerigi: Kuru yakma metoduna goére elde edilen ¢ézeltideki toplam fosfor (P)
vanodomolibdo fosforik sari renk metoduna gére spektrofotometrede belirlenmistir (Kacar ve inal,
2008).

Tane Potasyum (K) icerigi: Kuru yakma metodu ile elde edilen ¢ozeltideki potasyum (K)
flymfotometresiyle belirlenmistir (Kacar & inal 2008).

Tane Kalsiyum (Ca) igerigi: Kuru yakma metoduyla elde edilmis c¢ozeltideki kalsiyum (Ca)
flymfotometresi ile belirlenmistir (Kacar ve inal 2008).

Yapilan ¢alismada ele alinan 6zellikler SAS-JMP.13.0 istatistik paket programinda varyans analizine tabii
tutulmustur ve LSD goklu karsilastirma testi kullaniimigtir.

Bulgular ve Tartisma
Tanede Protein Orani (%)

Denemede kullanilan fasulye cesitlerine ve kaolin uygulamalarina ait tanede protein ortalamalari ve
istatistiksel grup karsilastirmalari Tablo 2’de verilmistir. Tablodan da goriildgii UGzere gesitlerin protein
oranina etkisi istatistiksel olarak dGnemli (P<0.05) ¢ikmistir. En yliksek protein orani %25.69 ile Goynik-
98 ¢esidinden elde edilmis, bunu sirasiyla %24.18 ile Akman-98 ve %23.48 ile Goksun ¢esidi izlemistir.
Akman-98 cesidi ile Goksun gesidi ayni istatistik grubunda yer alirken Goyniik-98 cesidi protein orani
bakimindan her iki ¢esitten de Ustiin bulunmustur. Konuyla ilgili olarak Diizdemir (1998), fasulyede
tanede protein oranini % 18.99-29.17 arasinda, Cengiz (2007), %19.25-23.66 arasinda belirlemisledir.
Bulgularimiz ilgili arastiricilarin sonuglari ile uyum halinde oldugu gérilmektedir.

Kaolin uygulamasinin protein oranina etkisi 6nemsiz olmustur. Ayrica, g¢esit x kaolin uygulamalari
interaksiyonu da istatistiksel olarak 6nemli ¢ikmamistir. Calismada protein oranlari %22.24-%26,35
arasinda tespit edilmistir (Tablo 2). Yigitarslan (2010), konuyla ilgili Ankara kosullarinda yaptigi
¢alismada Kaolin uygulamalarinin tanedeki protein oranini artirdigini belirtmektedir. Arastirmalar
arasindaki  farklihgin  c¢evresel faktorlerden ve wuygulama farkhliklarindan  kaynaklandigi
dislintilmektedir.

Tablo 2. Kaolin Dozlarinin ve Fasulye Cesitlerinin Tanede Protein Oranina (%) Ait Ortalamalari

itl Kaolin
Gesitler 0 2.5 5 7.5 10 Ortalama
GOksun 23.28 23.28 22.24 24.58 24.01 23.488B
Goynuk-98 24.68 26.35 26.18 25.97 25.26 25.69 A
Akman-98 24.35 23.95 24.51 24.72 23.37 24.18 B
Ortalama 24.10 24.53 24.31 25.09 24.21

LSD(cesit): 1.48
Tanede Toplam N igerigi (%)

Denemeye alinan kuru fasulye cesitleri ve kaolin uygulamalarinin tanede toplam N igerigi Uzerine
etkisine ait ortalamalar ve istatistiksel gruplar Tablo 3’de verilmistir.

Tablo incelendiginde tanede N icerigi bakimindan cesitler arasinda 6nemli (P<0.05) fark oldugu
gorulmektedir. N (%) icerigi ortalamasi en fazla % 4.11 ile Goyniik-98 cesidinden elde edilmis ve bu
cesit ile diger cesitler arasinda belirlenen farklar 6nemli bulunmustur. En dislik deger ise %3.75 ile
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Goksun cesidinde gorilmis ancak, Goksun cesidi ile Akman-98 cesidi arasinda fark O6nemsiz
bulunmustur. (Tablo 3).

Tablo 3. Kaolin Dozlarinin ve Fasulye Cesitlerinin Tanede Toplam N igerigine (%) Ait Ortalamalari

Cesitler Kaolin
0 2.5 5 7.5 10 Ortalama
GoOksun 3.72 3.72 3.56 3.93 3.84 3.75B
Goynuk-98 3.95 4.21 4.18 4.15 4.04 411A
Akman-98 3.89 3.83 3.92 3.95 3.74 3.87B
Ortalama 3.85 3.92 3.89 4.01 3.87

LSD(¢esit): 0.23

Kaolin uygulamalarinda tanede toplam N icerigi %3.56-4.41 arasinda tespit edilmis ve bu oOzellik
bakimindan kaolin uygulamalarinin etkisi ve kaolin x ¢esit interaksiyonu istatistiksel anlamda 6nemsiz
bulunmustur. Bununla birlikte c¢esitlerin ortalamasi olarak degerlendirildiginde %7,5 kaolin
uygulamasina kadar N icerigi artis egiliminde oldugu, daha sonra tekrar azalis egilimine gectigi
gorulmdastlr. Yigitarslan (2010), konuyla ilgili Ankara kosullarinda yaptigi calismada Kaolin
uygulamalarinin tanedeki N icerigini artirdigini belirlemistir. Bulgular arasinda kismen bir benzerligin
oldugu gorilmektedir. Arastirmalar arasindaki farklihgin c¢evresel faktérlerden ve uygulama
farkhliklarindan kaynaklandigi diisiindimektedir.

Tane P igerigi (%)

Denemede kullanilan fasulye gesitlerine ve kaolin uygulamalarina ait tanede P icerigi ortalamalari ve
istatistiksel grup karsilastirmalari Tablo 4’de verilmistir. Tablodan da gorildigu lizere cesitlerin
tanedeki P icerigine etkisi istatistiksel olarak ¢cok dnemli (P<0.01) olmustur. Cesitlere ait tanede P igerigi
degerleri %0.51-%0.59 arasinda degisim gostermistir. En yilksek P igerigi %0.59 ile Akman-98
cesidinden elde edilmis, bunu sirasiyla %0.55 ile Goksun ve %0.51 ile Goyniik-98 cesidi izlemistir.
Akman-98 cesidi ile diger iki ¢esit arasindaki fark 6nemli iken, Goksun ¢esidi ile Goyniik-98 ¢esidi ayni
istatistik grubunda yer almistir. (Tablo 4).

Tablo 4. Kaolin Dozlarinin ve Fasulye Cesitlerinin Tane P icerigine (%) Ait Ortalamalari

Cesitler Kaolin
0 2.5 5 7.5 10 Ortalama
Goksun 0.57 0.55 0.54 0.56 0.52 0.558B
Goyniik-98 0.54 0.51 0.48 0.54 0.51 0.51B
Akman-98 0.59 0.57 0.58 0.64 0.56 0.59 A
Ortalama 0.57 0.54 0.53 0.58 0.53

LSD(cesit): 0.03

Kaolin uygulamalarinda tanede toplam P igerigi %0.48-%0.64 arasinda tespit edilmis, bununla beraber
kaolin uygulamalari ve kaolin x cesit interaksiyonun tanede toplam P icerigine etkisi istatistiksel
anlamda 6nemsiz bulunmustur. Konuyla ilgili Yigitarslan (2010), Ankara kosullarinda yaptigi calismada
Kaolin uygulamalarinin tanedeki P icerigini artirdigini belirlemistir. Arastirmalar arasindaki farkhhgin
cevresel faktorlerden ve uygulama farkliliklarindan kaynaklandigi diistintilmektedir.

Tane K igerigi (%)

Arastirmada ele alinan faktorlerin tanede K icerigine etkisine iliskin ortalama degerler ve istatistiksel
gruplar Tablo 5’de verilmistir. Tablodan da goruldigi gibi tanede K icerigi bakimindan gesitler arasinda
istatistiksel olarak cok 6nemli (P<0.01) fark gorilmustir. Cesitlerde ortalama tanede K igerikleri %1.68-
%2.16 arasinda degisim gostermistir. En yiksek K icerigi Akman-98 cesidinden, en disik ise Goksun
cesidinden elde edilmis olup, Akman-98 cesidi hem Goksun c¢esidinden hem de Goyniik-98 cesidinden
cok onemli derecede stiin bulunmustur. Bununla beraber Géksun cesidi ile Goyniik-98 cesidi arasinda
ise istatistiksel olarak fark gortlmemistir.
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Kaolin uygulamalarinda tanede toplam K igerigi %1.38-%2.56 arasinda tespit edilmis ve kaolin
uygulamalarinin K icerigine etkisi istatistiksel anlamda 6nemsiz bulunmustur. Ayrica, kaolin x gesit
interaksiyonuda istatistiksel olarak 6nemsiz bulunmustur. Yigitarslan (2010), Ankara kosullarinda
yaptigl calismada benzer sekilde Kaolin uygulamalarinin tanedeki K icerigine etkisinin olmadigini
belirtmistir.

Tablo 5. Kaolin Dozlarinin ve Fasulye Cesitlerinin Tane K icerigine (%) Ait Ortalamalari

Cesitler Kaolin
0 2.5 5 7.5 10 Ortalama
GoOksun 1.38 2.46 1.41 1.73 1.42 1.688B
Goynik-98 1.78 1.77 1.63 1.59 1.79 1.718B
Akman-98 2.25 2.04 2.56 1.88 2.06 2.16 A
Ortalama 1.80 2.09 1.87 1.74 1.76

LSD(¢esit): 0.31
Tane Ca igerigi (mg/kg)

Denemeye alinan kuru fasulye cesitleri ve kaolin uygulamalarinin tanede toplam Ca icgerigi Uzerine
etkisine ait ortalamalar ve istatistiksel gruplar Tablo 6’da verilmistir.

Tablo incelendiginde tanede Ca igerigi bakimindan gesitler arasinda ¢cok 6nemli (P<0.01) fark oldugu
gorulmektedir. Ca igerigi ortalama olarak en fazla 237.73 mg/kg ile Akman-98 cesidinde gorulirken en
distik 168.20 mg/kg ile Goynuk-98 cesidinde gortlmustir. En yuksek Ca degerine sahip Akman-98 ile
Goksun arasindaki fark cok 6nemli, bu ¢esitlerin Goyniik-98 arasindaki fark ise 6nemsiz bulunmustur.
(Tablo 6).

Kaolin uygulamalarinda tanede toplam Ca icerigi 155.06-265.06 mg/kg arasinda tespit edilmis ve Ca
icerigine etkisi bakimindan kaolin uygulamalari ve kaolin x gesit interaksiyonu istatistiksel anlamda
Onemsiz bulunmustur (Tablo 6). Yigitarslan (2010), Ankara kosullarinda yaptig ¢alismada benzer
sekilde Kaolin uygulamalarinin tanedeki Ca igerigine etkisinin istatistiksel olarak énemli olmadigini
belirtmistir.

Tablo 6. Kaolin Dozlarinin ve Fasulye Cesitlerinin Tane Ca icerigine (%) Ait Ortalamalari

Cesitler Kaolin
0 2.5 5 7.5 10 Ortalama
GOksun 231.40 265.06 224.73 220.73 221.40 232.73 A
GOyniik-98 182.40 155.06 171.73 174.06 157.73 168.20 B
Akman-98 247.06 240.73 247.06 250.06 203.73 237.73A
Ortalama 220.28 220.28 214.51 214.95 194.28

LSD(cesit): 31.32

Sonug ve Oneriler

Kaolinin kilinin tanede protein ve bazi mineral maddeler Uzerine etkisinin belirlenmesi belirlenmesi
amaciyla yapilan bu arastirma sonucunda gesitler arasinda tanede protein ve bazi mineral maddeler
bakimindan farkliliklarin bulundugu gézlenmistir. Protein orani ve N igerigi bakimindan Goéyniik-98
¢esidinin, P, K ve Ca bakimindan ise Akman-98 gesidinin dne ¢ikmistir. Gksun gesidinde ise protein ve
ele alinan mineral maddelerin (Ca harig¢) diger cesitlere gore daha dislik dizeyde oldugu tespit
edilmistir.

Kaolin uygulamalarinin ise her (¢ fasllye ¢esidinde de protein ve N, P, K, Ca gibi mineral maddelere
etkisinin istatistiksel olarak 6nemli olmadigi belirlenmistir.

Sonug olarak Protein ve N bakimindan Goksun-98 cesidinin, P, K ve Ca bakimindan Akman-98 cesidinin
diger cesitlere gore daha iyi durumda oldugu, kaolin uygulamalarinin ise herhangi bir etkisinin olmadigi
gorilmustir. Konu ile ilgili daha dogru bir yargiya varabilmek icin bir yillik ¢calismanin yeterli olmadigi,
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farkh dozlar uygulayarak benzer ¢alismalarin birkac yil daha yiritilmesinde yarar oldugu kanaatine
variimistir.
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Ozet

insanlar her zaman doganin kaynaklarini kullanarak yasamayi bilmislerdir. Su riinlerinden yararlanmak ve
Uretimlerini dagitabilmek igin ilk yerlesimlerini kiyi ve su kenarlarinda yapmislardir. Bu ¢alismada bir kiy1 kenti
olan Bartin ili Kurucasile ilgesi Liman bolgesi ¢calisma alani olarak segilmistir. Alanin mevcut durumda ziyaretgilere
rekreasyonel olarak farkli secenekler sunmamasi ve bu amacla olusturulan alt ve st yapinin bulunmamasi
calisma alani olarak secilmesinde etkili olmustur. Alanin mevcut potansiyelinin degerlendirilmesi, fiziksel ve
gorsel kalitesinin iyilestirilmesi ve kullanicilara farkli kullanim olanaklari saglamasi amaciyla peyzaj tasarim
projeleri hazirlanmistir. Calismada 6neri dort proje lizerinden farkli konseptlerle hazirlanan peyzaj tasarim
projeleri sunulmustur. Projelerin hazirlanmasi ve sunumunda AutoCad 2017, SketcUp, Photoshop CS5 ve Lumion
yazihmlari kullanilmistir. Galismanin sonucunda Uretilen projelerle dogal ve kiiltiirel kaynak degerlerinin
korunmasi basta olmak uzere kiyi kentinin imajina 6nemli katkilar sunacagi agikga gorilmustir. Calisma benzer
kentlerdeki uygulamalar i¢in 6rnek olabilecektir.

Anahtar Kelimeler: kiyi, kiy1 kenti, peyzaj tasarimi, Kurucasile, Bartin

Landscape Design Project of Kurucasile Port
Abstract

People have always known how to live using the resources of nature. They made their first settlements on the
coasts and watersides in order to benefit from water for fisheries and to distribute their production. In this
study, Kurucasile port in Kurucasile District of Bartin Province which is coastal city was chosen as the study area.
The area was chosen as the study area, since the area does not offer different recreational options to the visitors
in the current situation and there is no infrastructure and superstructure created for this purpose. Landscape
design projects have been prepared in order to evaluate the existing potential of the area, to improve its physical
and visual quality and to provide users different usage opportunities. In the study, four landscape design projects
prepared are presented with different concepts. AutoCad 2017, SketcUp, Photoshop CS5 and Lumion software
were used in the preparation and presentation of the projects. As a result of the study, it has been clearly seen
that the projects produced will be beneficial for the area and the users, especially the protection of natural and
cultural resource values, and will make significant contributions to the image of the coastal city. The study can
be an example for applications in similar cities.

Keywords: coast, coastal city, landscape design, Kurucasile, Bartin
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Giris

Kiyt mekanlari ¢caglar boyunca deniz ulasimi, kiyi uygarhgi ile dinamik bir yapi kazanmistir. Balikgilik ve
Uretilen diger mallarin taginmasi ve dagitimi kiyr alanlarinin 6nemli kilmistir. Ticari etkinliklerin yogun
yasandigl devletlerin savunma mekanizmasini olusturdugu, sanat ve kiltir adina 6nemli birikimlerin
yogunluk kazandigi, balikgilik ve tarim olmak tizere kiltlrel kullanimlar igin elverisli yasam olanaklarinin
saglandigi islevler kiyilarin 6nemini artirmistir (Kaplan, 1995). Kiyi peyzaji deniz ve kara ekosisteminin
bileseni olmasindan kaynaklanan c¢ok cesitli ve amach kullanim alternatiflerine potansiyel tanikhk
etmektedir (Gllez, 1983). Peyzaj mimarligi disiplininin “arazi”yi, farkli etki alanlariyla, birden ¢ok
Olcekteki iliskilerle birlikte ele almasi, disiplinin ekolojiyle yakin bagindan kaynakhidir (Aksoy, 2019).
Gelecek projeksiyonlari igin topografya, altyapi ve yerlesim hiyerarsisinin sahaya 6zel olarak yeniden
yapilandiriimasi gerekmektedir (Mossop, 2019). Kiyi kentleri ve yakin gevreleri topografik yapilariyla
bulunduklari bolgenin dogal ve kiltlirel peyzaj niteligini olusturmakta, yerlesimlerin gorsel
degerlerinde 6nemli etki yapmaktadirlar (Glrpinar, 1996). 19.yy ikinci yarisinda ulasim kolayliklariyla
kitlelerin kiyi kasabalarina akin etmesi rekreasyon ve turizm etkinliklerinin glinliik yasama girmesi kiy!
kasabalarini nitel ve nicel yonden degisime zorlamistir (Smith, 1991). Kiyi mekani planlamada ana hedef
kiyi kaynaklarindan toplumun optimal diizeyde yararlanilmasini saglarken, kaynaklarin siirdtrilebilir
kalkinma politikasi ¢ercevesinde gilivence altina alinip dengeli ve siirekliligi olan mekan kullanma
politikalar gorilebilir (Brachya, 1993). Kiyilarin sahip oldugu dogal ve kiiltirel niteliklerin sagladigl
firsatlar kiylya yonelik talepleri gesitlendirmistir. Kiyi kentlerinde yapilasma siirecinde ve yeniden
islevlendirme asamalarinda dogal ve kiltirel degerler planlamanin her asamasinda koruma ve
gelistirme prensipleri ile kentsel tasarim proje ve uygulamalarina tasinmalidir (Cubuk, 1991). Peyzaij
bir kentsel-bolgesel altyapi olarak degerlendirmek, ayni zamanda tasarimda yeni olasiliklari da
beraberinde getirmektedir (Aksoy, 2019). Kiyi yerlesimlerinin kentsel tasarim ¢alismalari ile korunmasi,
iyilestirilmesi ve yeniden islevlendirilerek insanlarin talepleri dogrultusunda turizm ve rekreasyon
amacina uygun hale gelmesi miimkiin olacak ve bu sayede dogal 6zellikleriyle birlikte gelecek kusaklara
tasinarak surdirdlebilirligi saglanacaktir (Celikyay vd., 2006). Kiyi kimligini ve kiltlirlini 6n plana
cikaran ve kiyi yerlesimiyle organik bltlnligi getiren tasarim 6lceginde yaklasmak gerekmektedir.

Calisma alani olarak segilen Kurucasile limaninin mevcut durumda ziyaretgilere rekreasyonel olarak
farkh se¢cenekler sunmamasi ve bu amagla olusturulan alt ve Ust yapinin bulunmamasi, alanin fiziksel
mekan kalitesinin diisik olmasi g¢alisma alani segiminde etkili olmustur. Calismada alanin mevcut
durumunun iyilestirilmesi, yerli halk ile ziyaretgilerin alanin dogal ve kiltiirel potansiyelinden optimum
diizeyde yararlanmasinin saglanmasi, alana yonelik planh gelisim ve kullanim kararlariyla doganin
korunmasi hedeflenmistir. Bu alanin gelistirilmesi alan yakininda bulunan ve ziyaretci kapasitesini asan
yakin koylar i¢in de alternatif olacak boylece ziyaretgi dagilimiyla kullanici memnuniyeti artacak ve
alanlarin zarar gérmesi 6nlenecektir.

Materyal ve Yontem

Calisma alani Kurucasile Limanidir. Calismada oncelikle konuya ve g¢alisma alanina iliskin literatir
taramasi yapilmistir. Arazide yapilan veri toplama calismalarinda ise yerel halkla goértismeler yapilarak
kullanici istekleri ve alana iliskin beklentiler belirlenmistir. Sérvey calismasinin hafta ici ve ¢alisma
saatleri arasinda yapilmasindan dolayl alandan ¢ok sayida kullaniciya ulasilamamistir. Yine de farkli
cinsiyet ve yas gruplarindan olmak lzere 46 kisiye ulasilmis ve alanla ilgili gérisleri alinmistir. Halka
alanda yaptiklari aktiviteler, alanda karsilastiklari sorunlar, alanda gérmek istedikleri kullanim 6geleri,
alanda yapmak istedikleri rekreasyon etkinlikleri sorulmus ve talepleri not edilmistir. Halka yapilan
gorismeler Oneri tasarim projelerinde bazi kullanim 6gelerinde ortak fikirde olmayi gerektirmistir.
Dinlenme alani, yeme icme alani, spor alani, cocuk oyun alani ve otopark énerilen dért projede de
temel kullanim olmustur. Ancak konsept ve tasarimla birbirinden farkli kullanim 6geleri de projelere
dahil edilmistir. ikinci asama olan analiz asamasinda, kiyilarda olabilecek kullanimlara iliskin 6rnek
proje ve alanlar incelenmistir. Oncelikle alandaki sorunlar {izerine odaklaniimis, halkin beklentileri ve
temel ihtiyaglari dahilinde eklenen diger kullanim 6geleriyle proje ihtiyag listeleri olusturulmustur.
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Uglincli asamada; alanin mevcut durumu ile sahip oldugu potansiyeller degerlendirilerek bir konsept
ve konsepte gore tasarim ilkeleri belirlenmistir. Son asamada ise; eskiz ¢calismalari yapilarak tasarim
alternatifleri Gretilmistir. Kesinlik kazanan proje cizgileri AutoCad 2017 programi kullanilarak bilgisayar
ortamina aktarilmistir. Projenin nihai hali, SketchUp ve Lumion yazilimiyla modellenmis ve Photoshop
CS5 programiyla sunuma hazirlanmistir.

Bulgular ve Tartisma

Calisma Alani Genel Peyzaj Analizi

Kurucasile, Bartin ilinin Amasra ve Ulus ile birlikte 3 ilgesinden biridir. Bartin sehir merkezine 52 km
uzaklikta Karadeniz kiyisinda bulunan bir ilgedir (Sekil 1).

.
Kurucasile
Kastamonu

Karabiik
Zonguldak

Sekil 1. Calisma Alaninin Konumu (GoogleMaps 2020; WowTurkey 2020)

Kurucasile Bartin'in kuzey dogusunda yer alir. Egimli bir araziye sahiptir. Kurucasile, Kiire daglarinin
bati uzantilari (izerinde olup ortalama yiiksekligi 300 metre civarindadir. ilgenin en yiiksek kesimleri
Kemrelik Tepe (1220 m), Akyar Tepe (1206 m), Armutcali Tepe (1056 m), Bakacakkaya Tepe (962 m)dir.
Kurucasile ilgesinde bulunan derelerin tamami Karadeniz’'e dékilmektedir. Kurucasile’nin kuzey sinirini
tamamen Karadeniz cevirmektedir. ilcede bircok dogal koy yer alir. Kurucasile merkezinde ise liman
yapilmistir. ilcede balik¢i barinagi bulunmaktadir. Bu barinaklar yat turizmi icin elverislidir (Kurucasile
Belediyesi, 2020).

Yikseltiler ulasimi oldukca zorlastirmaktadir. Egimdeki bu fazlalik bitki ortlisiiniin tahrip edildigi
yerlerde erozyonu beraberinde getirmistir. Ancak ormanlarin varligi 6zellikle alt tabakadaki orman
glliniin mevcudiyeti olusabilecek erozyona su an i¢in tampon etkisi yapmaktadir. Kurucasile’nin bitki
ortiisi genellikle ormanlik alandir. ilge yiizélglimiiniin %61’ini kaplamaktadir. Ormanlarda kayin,
glrgen, kestane, mese, karacam, saricam, koknar, kiraz, ak¢aagag, disbudak, c¢inar, thlamur, defne,
yabani findik, kus tGvezi, ahlat, musmula, kizilcik, ardi¢ agaclari bulunmaktadir. Cali, agagcik ve otsu
bitkiler olarak orman gili, egrelti, ay1 Gzim, bogurtlen, karacali, alig, kus Gzimi, sumak, kocayemis,
taflan, kusburnu, kartopu, cobanpiiskild, baldiran otu, ballibaba, esek dikeni, gelincik, 1sirgan, kabalak
otu, koy gocliren, cuha cicegi, sigirkuyrugu, kardelen, siklamen, yonca, sttlegen dilcik, katirtirnagi,
sarmasik, bin bir delik otu bulunur (Kurucasile Kaymakamhgi, 2020).

ilcede tipik Karadeniz iklimi hdkim bulunmaktadir. Buna gére kislari soguk ve yagisli yazlari ise ilik ve
yagish gecmektedir. Yillik yagis orani 1072 mm, yillik ortalama sicaklik 13.1°C, en sicak ay 23°C ile
Temmuz, en soguk ay 4.2°C ile Araliktir. Ortalama bagil nem % 77dir. En hizli rlizgar yoni kuzeybatidir
(Kurucasile Belediyesi, 2020; Kurucasile Kaymakamhgi, 2020).

Kurucasile niifusu 2019 yilina gore 6.621’dir. Bu niifus, 3.408 erkek ve 3.213 kadindan olusmaktadir.
Yiizde olarak ise niifusun %51.47’i erkek, %48.53’(i kadindir (Nifusucom, 2020). ilce niifusunun biyiik
bir bolima tarim ve hayvanciligin yani sira, maden isciligi ile ahsap tekne yapimciligi ile gegimlerini
saglamaktadir. Kurucasile ahsap tekne yapimciligi konusunda yurt icinde ve yurt disinda 6nemli bir yeri
vardir. Kurucasile’de son 30 yila kadar Osmanli donanmasinin savas gemilerinden, yik gemilerine kadar
pek cok gemi tipi yaratiimistir. ilcede balikcilik da fazlaca yapilmaktadir. Balikcilikla gecimini saglayan
niifusun orani oldukga yiiksektir. ilcenin en &nemli gelir kaynaklarindan birisi de findiktir.
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ilcenin kuzeyini Karadeniz olusturdugundan kent turistlik amacli bircok koya ve plaja sahiptir. ilce
merkezinde Liman mevkiinde bulunan iki kiguk plaj 6zellikle ilce merkezinde denize girmek
isteyenlerin ihtiyaglarini karsilamaktadir.

Peyzaj Tasarim Projesi

Peyzaj tasarim projesi alan sorveyi asamasi, kullanici isteklerinin belirlenmesi, konseptlerin segilmesi,
program elemanlarina karar verilmesi, leke plan paftasi, bitkisel ve yapisal elemanlariigeren kesin proje
ve proje (¢ boyutlu gorsellerinden olusmaktadir.

Kullanici profili: Alan ilgede oturan sakinler ve farkli sehirlerden gelmis tGniversite 6grencileri tarafindan
kullanilmaktadir. Kullanim yogunlugunun arttigi saatler aksamiisti saatleri, okul ve is saatleri disinda
kalan zaman araligidir. Alanda gece kullanimini 6zendirecek herhangi bir kullanim olmadigi icin aksam
saatlerinde ¢ok tercih edilmemektedir. Kis aylarinda alan sakindir. Yazin ise denize girmek i¢in gelen
insanlarin da gelmesiyle alanin iki aylik siirede yogun olarak kullanildigi gériilmektedir. ilge halki ve
ziyaretciler calisma alaninda yiriyls yapmakta, mevcut oturma banklarinda dinlenmekte, balik
tutmakta, tekne sahibi olanlar ise tekne turu yapmaktadir. Kurucasile’nin ilge olmasi sebebiyle yasam
olanaklari ve ihtiyaglara erisim bakimindan ¢alisma alani elverigli durumdadir. Bu avantaj ile galisma
alani kullanicilar igin aktif ve pasif cesitli rekreasyon tirlerini ve kullanimlari icerecek sekilde
tasarlanmaya uygundur. Alanin fiziksel olarak diizenlenmesi ve rekreasyon olanaklarinin artiriimasi
Bartin iliile cevre il ve ilcelerden de alana kullanici cekecektir.

Kullanici istekleri: Alanda mevcut bulunan mini parklar ve kafeteryalar haricinde farkli rekreasyon ve
dinlenme alanlari bulunmamaktadir. Alan, daim kullanicilar olan ilge sakinleri ile glnibirlik ve
mevsimlik ziyaretgilerin ihtiyaclari géz 6niine alinarak yilin her mevsimi dislintlerek tasarlanacaktir.
Yiiz ylze goriismelerde alanin gengler igin alternatif sunmamasi sorun olarak bildirilmistir. Bu durum
ilcede yasayan gencleri yasamak ve eglenmek icin disari ¢ekmektedir. Alanda yaslilar icin de cay
bahcgesi, golgeli mekanlar gibi alanlarin olmamasi yash ve orta yas grubunun kullanimini olumsuz
etkilemektedir.

Calisma alani: Calisma alani yaklasik 60000 m? biiyiikliiktedir. Alanin genisligi ve mendiregin bulunmasi
farkli kullanimlar getirme agisindan avantajdir. 2250 m? tekne yapim yeri ve spor alani ile 1450 m?
balik¢i barinaklarindan olusan yapisal alanda, 200 m?lik aga¢ ve callardan olusan bitkisel alan
bulunmaktadir. 1600 m?lik kumsal bulunan alanin geri kalan béliimii grobeton yiizey kaplamasiyla kapli
gecirimsiz yapisal ylizeyden olusmaktadir. Alanin 1/10’i yapisal alanlardan olusmakta ancak agik alan
olan olarak kalan genis kisimda bitkisel ve yapisal tasarim bulunmamaktadir. Bu alanin yiizeyinin
betonla kapl olmasi insanlar igin fiziksel ve gorsel agidan cazip degildir (Sekil 2). Calisma alanindaki
sinirlari belli olmayan ve herhangi bir sekilde ayrilmayan zemin elemanlari mekanda bosluk hissi
vermekte ve mekani tanimsiz kilmaktadir. Meydanin denizle baglanani kesiminde dalga etkisini kirici
taslar bulunmaktadir. Ancak bu alanda taslar arasina ¢opler atilmistir. Alanda bir adet kapali spor tesisi,
tekne atolyesi ve balik¢i barinaklari yer almaktadir. Mendirekte piknik masasi tarzinda oturma birimleri
yer almaktadir. Ancak gélgeleme elemani bulunmamaktadir. Alanda gelisiglizel dikilmis birkag agac ve
cali yer almaktadir. Calisma alani sérvey paftasi Sekil 3’'te verilmistir.

Sekil 2. (a-c) Proje Alanindan Gorintmler
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Sekil 3. Calisma Alani Sérvey Paftasi

Onerilen projelerde kullanici istek ve beklentileri temel olmak {izere ihtiyag listeleri olusturulmustur.
Kullanimlarin  blyuklikleri konsepte ve tasarima gore farklilk gostermektedir. Kullanim
biayuakliklerinin belirlenmesinde alanin mevcut durumunda kullanilan temel yapisal blyikliklerden
kigik olmamak kaydiyla, alanin tasarlanmasindan sonra artacak ziyaretgi potansiyeli de gbz oniine
alinmistir.

Oneri Proje 1

Konsept: Rota; alanin dogal glizellikleri gérmek icin yeni bir rota olmasi disiincesiyle bu konsept
secilmistir. Oneri tasarimlarla alan kentte yasayanlar basta olmak iizere cevre il ve ilgeler icin de
alternatif bir rota olusturacaktir. Rota konseptinde, yol ¢cagrisimindan esinlenilerek tasarim gizgilerinde
lineer hatlar secilmistir. Ylrime vyollari, arkadh yol, mendirek, iskele ve terasta bu cizgi tipi
korunmustur.

ihtiyag Listesi: Kafe (250 m?), rekreasyon alani (500 m?), arkadli yol (300 m?), spor alanlari (200 m?),
iskele (75 m?), otopark (150 m?), fitness ve cocuk oyun alani (150 m?2), seyir terasi (570 m?), yesil bant
(350 m?), meydan (200 m?), kristal restorant (100 m?)

Kurucasile kiyr projesinde; alanin glineybati girisinde bir meydan planlanmistir. Meydanda kot
farklariyla alana hareket katilarak bir deniz feneri konumlandiriimigtir. Bu fenerin hemen yaninda bir
cocuk oyun alani tasarlanmistir. Cocuk oyun alaniile kiyi arasindaki baglanti 1 adet amfi ile saglanmistir.
Oyun alanindan ilerlendiginde bir meydan ve bu meydanda 2 adet amfi bulunmaktadir. Birinci amfi
meydanin en st koduna kadar ulasip burada tasarlanan Kurucasile yazisiyla bir butinlik
olusturacaktir. ikinci amfi ise meydan ile kiyi arasindaki baglantiyi saglarken éniinde konumlandirilan
sahne, iskele ve teras kullanimlariyla bitlnlesecektir. Alanda ilerlendiginde yine kot farklariyla
olusturulmus bir spor alani bulunmaktadir. Spor alaninda 1 adet basketbol sahasi ve 1 adet tenis kordu
bulunmaktadir. Bu sahalarin etrafinda dogu yoniine bakan 1’er adet amfi konumlandirilmistir. Spor
alanlarindan sonra mendirekte sol tarafta gemi seklinde 4 adet seyir terasi sag tarafta suya ulasan bir
amfi ve bunlarin devaminda yine dinlenme alanlariyla birlikte gorsel s6len olusturmasi amaciyla icinde
su perdesi bulunan bir teras tasarlanmistir. Glineybati cephesinden alana girip dogu yéniinde ilerlerken
ilk olarak kumsala inen basamaklar ve basamaklarin devam ederek olusturdugu 1 adet iskele
tasarlanmistir. Alanin glineydogusundaki girisin oldugu bolimde ve denize dokiilen derenin oldugu
alanda dere boyunca egimden yararlaniimis ve katl yollar olusturulmustur. Boylece dere kenarina
kadar ulasim saglanmis ve insanlarin su ile birlikte kalabilecegi sakin alanlar olusturulmustur. Dereden
gecisler 4 noktada su Uzerindeki tas dosemelerle ve 1 noktada kdpriyle saglanmistir. Dere kenari ile
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deniz kiyisi arasindaki alanda arkadl bir yol tasarlanarak bir gecis saglanmistir. Arkadh yoldan
ilerlendiginde mevcut halde bulunan balik¢i barinaklarina ulasiimaktadir. Barinaklarin ¢atisina ‘kristal
restoran’ tasarlanmis ve bu restoranin 6niinde ahsap teras konumlandirilmistir. Mendiregin en ucuna
varildiginda soliter bir agag kullanilarak deniz feneri imaji desteklenmistir. Agacin ¢evresinde oturma
alani ve bir yelken heykeli tasarlanmistir. Tasarim yapilirken engelli vatandaslarin kullanimi
diistinilmustiir. Alanda engellilerin ulasamadigi hicbir yer bulunmamaktadir. Oneri proje 1’e ait pafta
ve gorseller Sekil 4’'te gosterilmistir.

Sekil 4. (a-1) 1. Oneri Proje Leke, Kesin Proje ve Ug Boyutlu Gérselleri
Oneri Proje 2

Konsept: Yesil Ag; alanin dogal glizelliklerini gormek isteyenleri her mevsim alana ¢ekerek bir ag gibi
alani yasamak igin segilmistir. Kurucasile’nin yesil ve mavi ile bltiinlesen dogasi mevcut durumda
¢alisma alaninda kopmaktadir. Calisma alaninda tasarlanmis bitki varliginin olmamasi bu baglantinin
kopmasina sebep olmustur. Yesil ag konseptiyle bu baglantinin kuvvetlendirilmesi distintlmuistir. Bu
nedenle projede yapisal alan disinda kalan acik alanlarda giceklerden agaclara kadar yikselen ebatlarda
bitkisel tasarima yogunluk verilmistir.

ihtiyag Listesi: iskele, amfi (300 m?), otopark (800 m?), oturma alanlari (100 m?), gézlem evi (150 m?),
restoran (80 m?), kafeterya (40 m?2), cocuk oyun alani (80 m?), seyir terasi

Alana ait iki giris bulunmaktadir. Bunlar dogu ve bati yéniinde tim alani gérmeyi saglayacak sekilde
disindlmistlr. Giristeki genis alanda kumsal ve deniz ile alanin tim manzarasi kullanicilara
sergilenmek istenmistir. Bati yoniinde ilerlendiginde denizden mendirek yoniindeki kot farki,
basamaklarla ¢oziimlenmistir. Alana giriste asma germeler ve agaclandirmalar ile kullanicilar igin
golgelik alanlar olusturulmustur. Giriste sag yonde oval cizgiler kullanilarak geometrik iskeleler
tasarlanmistir. Cim parseller, agaclandirmalar ve gesitli bitkiler getirilerek olusturulan meydana kafe ile
kamp yapmak isteyenler icin daire seklinde ¢im parseller ve daire seklinde amfi (40 cm yiksekte 2
basamakli 80 cm kotunda) yerlestirilmistir. Yesil ag konsepti ile bol miktarda yesil alan olusturulmaya
cahsiimistir. Bitkilerin farkli renk tonlari ve bigimleri kullanilarak tim alana gorsel zenginlik
kazandirilmistir. Girisin sol yoniinde 50 araglik otopark tasarlanmis, otopark gevresi golge yapan agaglar
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ile cevrelenmistir. Otoparkin yanina restoran tasarlanmistir. Restoran cevresi yesil parseller ile
bitkilendirilmistir. Alanda ilerlendiginde ¢im parsel icinde gézlemevi bulunmaktadir. Alanin tam goris
alani igerisine girmesi icin gézlemevi iki kat seklinde tasarlanmistir. Yesil ag ile devam eden mendirek
tarafi marina ile tamamlanmistir. Marinada yesil hat boyunca golge alanlar olusturulmus ve ¢cim parsel
icinde cay bahgesi yerlestirilmistir. Alanda mevcut durumda bulunan deniz fenerinin restorasyon
Onerisi ile kullanima devam etmesi distnilmustir. Dereye ahsap kopri ile gegis verilerek alana
nostaljik bir gériiniim katilmistir. Oturma alanlarinda ¢im parseller ile golge yapan agaclar kullanilarak
denizi seyretme olanagi saglanmistir. Daire seklindeki parselde ¢ocuklar i¢in ¢im ylzeyli oyun alani
tasarlanmistir. Oyun alaninin yaninda futbol sahasi disiiniilmistiir. Oneri proje 2’ye ait pafta ve
gorseller Sekil 5'te gosterilmistir.

PR f
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Sekil 5. (a-1) 2. Oneri Proje Leke, Kesin Proje ve Ug Boyutlu Gorselleri
Oneri Proje 3

Konsept: Damla; kavraminin suyu cagristirmasindan dolayl bu konsept secilmistir. Alanin en énemli
kaynagi olan suyun tiim projede vurgulanmasi amaciyla kullanim 6geleri, detaylar ve tasarim cizgilerine
suyun etkisinin yansitilmasi diisiinilmustiar. Su gosterisi, terasin formuyla olusturulmus havuz gibi suya
dayali gorsel ve fiziksel aktiviteler bu projenin odak noktasi olmustur.

ihtiyag Listesi: Dinlenme alani (400 m?), amfi (125 m?), oyun alani (125 m?), otopark (125 m?), meydan
(275 m?), kafe (100 m?), yesil alan (600 m?), teras (350 m?), iskele (120 m?), plaj (225 m?), tekne ¢cekek
yeri (100 m?), restoran (125 m?), seyir alani (175 m?), acik ¢cay bahcesi (150 m?), park (125 m?)

Alan mevcut haliyle sert zemini ¢ok olan bir mekandir. Alanin gorselligi agisindan bu soguk etkiyi
kirmak, yesil alan ve kullanim alanlarini arttirmak hedeflenmistir. Alana giris bati yoniindedir. Alana
girildiginde kullanicilari kafe ve yesil alan karsilamaktadir. Alanin dogusunda bulunan mendirekte tekne
cekek yeri, teras, restoran, seyir alani dustnllmistiir. Gliney kisminda ise plaj ve yesil alanlar
bulunmaktadir. Alanin kuzey kisminda fenerin bulundugu kisimda zemini ¢akil tasi ve yesil alan olan
asma-germe elemanlarinin kullanildigi bir alan tasarlanmis ve ziyaretgilerin bu alanda denizi
seyretmeleri saglanmistir. Bunun yaninda amfi tasarlanmis olup amfinin kuzey ve gliney kisminda
geceleri 1siklandirilmis yiksek boylu agaclar tercih edilmistir. Bu alanin batisinda ¢ocuk oyun alani
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tasarlanmis, alaninin icerisinde ebeveynler icin oturma birimleri ve su gosterisi distnilmustdr. Alanin
batisinda mendiregin bitiminde otopark ve otoparkin yaninda tuvaletler konumlandiriimistir.
Otoparkin glineyinde teras ve iskeleler yer almaktadir. Teras denize dogru tasarlanmistir. Bu sayede
kullanicilarin kumsal disinda da giivenli bir sekilde denize girebileceklerdir. Terasin batisinda
kameriyeler konumlandiriimistir. Alanin kuzey ve batisini icine alan bir meydan tasarlanmistir. Bunun
yaninda kafe ve kullanicilarin ¢imde oturabilecekleri yesil alan olusturulmustur. Kafenin glney
kisminda teras olarak olusturulan bir rekreasyon alani tasarlanmistir. Derenin i¢ kismi insanlarin
oturabilecekleri ve yiriyebilecekleri sekilde tasarlanmistir. Derenin denize bakan yoniinde ahsap bir
teras ve oturma birimleri konumlandirilmistir. Terasin arkasinda ¢im tepe ve bisiklet park yerleri
disindlmistlr. Terastan sonra restoran ve piknik alani tasarlanmistir. Mendirek boyunca manzara
seyri icin basamaklarla yikseltilmis seyir alani bulunmaktadir. Bu alan ayni zamanda manzara
noktasidir. Oneri proje 3’e ait pafta ve gorseller Sekil 6'da gdsterilmistir.

Sekil 6. (a-i) 3. Oneri Proje Leke, Kesin Proje ve Ug Boyutlu Gérselleri
Oneri Proje 4

Konsept: Deniz Kabugu; sonsuzlugu simgelemektedir. Yizyillardir proje alanini olusturan koylar
kullanilmistir. Alanin sahip oldugu degerler bu alanin gelecekte de kullanilacagini hissettirmektedir. Bu
projeyle alanin yenilenen cevresiyle gelecege tasinmasi distinilmis ve kiltirin sonsuzlugu ifade
edilmeye ¢alisiimistir. Tasarim gizgilerinde ve donati elemanlarinda deniz kabugu figtri kullaniimistir.
Hediyelik esya stantlarinda da alani ve projeyi hatirlatici deniz kabugu figlirli hediyelerin satisinin
yapilmasi 6nerilmistir.

ihtiyag listesi: Otopark (550 m?), cam teras kafe (420 m?), meydan (650 m?), amfi-tiyatro (180 m?),
cocuk oyun alani, marina, plaj, satis birimi (150 m?), restoran, su rekreasyon alani (500 m?)

Kurucasile kiyi peyzaj tasariminda, alanin merkezinde plan goriiniisi deniz kabugunun ayrilisi ve ortaya
¢ikan inciyi temsil eden meydan tasarima yon vermistir. Deniz kabuklarinin yerel halkin ekonomisine
yardimci olmasi géz 6niinde bulundurularak denizden toplanan deniz kabuklarinin hediyelik esya,
bijuteri vb. satiglari icin mendirekte alanlar ayrilmistir. Alanda genis ylrime yollari, amfiler, basilabilir
¢im alanlar tasarlanmistir. Meydanin kuzeyinde tasarlanan otopark alani 75 araghktir. Otoparkta
bitkilerle gélgelendirme saglanmistir. Otoparkta engelli kullanicilar icin alan ayrilmistir. ikinci
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mendirekte bulunan otopark alaninda ise golgelendirme aydinlatma elemanlari ile saglanmistir. Bu
aydinlatmalar glindiizleri gblgelendirme, aksamlari isik kullanimini saglayacaktir. Kafe iki yarim daire
formunda tasarlanmistir. Kafenin zemini camdandir ve deniz goérlinmektedir. Ayrica kafenin kenarlari
ahsap iskeleyle ¢evrelenmistir. Genis alanda tasarlanan kafenin deniz manzarali olusu ve karsisinda
¢ocuk oyun alani tasarlanmasi ¢ocuklu ailelerin ve misafirlerin kullanimini kolaylastiracaktir. Cocuk
oyun alaninda kiiglik tepeler, kum havuzlari ve tirmanma parkuru tasarlanmistir. Amfi tiyatro alaninda
zemin farkhliklariyla tasarim glglendirilmistir. Alan sinirlari tehlikeye karsi korkuluklarla kapatiimistir.
Sahne kismi tam daire formunda, zemin rengi beyaz olarak distintilmustiir. Meydanin merkezinde 3
katl fener tasarlanmistir. Fenerin icerisinde oturma birimleri ve Kurucasile tarihini anlatan
bilgilendirme levhalari bulunacaktir. Meydanda basilabilir ¢im alanlar tasarlanmistir. Ayrica meydanda
bulunan iskeleden plaja ulasmak mimkiindiir. Tekne kiralamak isteyenler igin fenerin yaninda marina
danisma dustnllmdstir. Plaj alani engelli ve engelsiz tim kullanicilara uygun tasarlanmistir. Plajda
fiziksel engellilerin denizle bulusmasini saglayacak yiriyus platformu, 6zel sezlonglar, 6zel soyunma
kabinlerini barindiran tesis Ucretsiz olarak hizmet verecektir. Ayrica engelli vatandaslarin spor
yapabilecegi voleybol sahalari distinliImstir. Balik tutma, yelken yaristirma gibi aktiviteler icin liman
kenarinda alan ayrilmistir. Oneri proje 4’e ait pafta ve gorseller Sekil 7’de gésterilmistir.

Sekil 7. (a-i) 4. Oneri Proje Leke, Kesin Proje ve Ug Boyutlu Gérselleri

Sonug ve Oneriler

Calisma alaninda dogal ve kiiltirel degerleri koruyarak alanin fiziksel ve gorsel kalitesini gelistirme
duslincesinden hareketle baslayan sire¢ birbirinden farkli proje konseptlerinin olusmasiyla
cesitlenmistir. Alanda bulunan sorunlarin giderilmesi, mevcut potansiyelin gelistiriimesi ve
kullanicilarin istek ve ihtiyaglarinin karsilanmasinda konsept dahilinde ¢éztimler Gretilmistir. Calismada
rota, yesil ag, damla ve deniz kabugu gibi suyu ve ormani ¢agristiran doga temali konseptlerle peyzaj
tasarimlari olusturulmustur. Projede plan kararlari ve tasarim ilkelerinin olusturulmasi, gelistirilen
fikirler temelinde neden-sonug iliskisinin kurulmasi, alternatif ¢6zim vyollarinin tespit edilmesi ve
projenin biitlincll degerlendirilmesinde secilen konseptler etkili olmustur. Projede doganin korunmasi
ve alanin gelistirilmesi temel hedefiyle farkh tasarimlarla farkli ¢dzimlerin Uretilebilecegi gorilmustar.
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Onerilen projelerin alana uygulanmasiyla kentin kiltiir ve turizm aksina yeni ivme kazandiracagl,
kaliteli bir yasam mekani olacagi sliphesizdir. Planlama ve tasarim oOlcegindeki calismalarda kiyi
bitinliginin saglanabilmesi 6nemli bir o6lglttir. Calisma Kurucasile limaninda farkh kullanim
alanlarinin olusturulmasi ve bu alanlarin tasarimda islevsel ve estetik yénden uyum saglamasi agisindan
onemlidir.

Alanin mevcut hali distndldiginde kullanimlarin yetersiz oldugu ve ziyaretgilerin alani gérmek igin
yeterli bir sebebi olmadigi séylenebilir. Oysaki alan Bartin’in tarihi gegmisinde bir liman olarak Griinlerin
ve kiltirlerin degisiminde rol oynamis énemli bir alandir. Alanin 6nem ve 6zelliklerinin glinimize
tasinmasinda ve alanin yil boyu kullaniminin saglanarak yerli halka ekonomik gelir getirmesinde peyzaj
tasarim projesi bir arag¢ olacaktir.
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tesekkirlerimi sunarim.

Yazar Katkisi

Nurhan Kogan, ¢alismada verilerin toplanmasi, hazirlanmasi ve makalenin yazimini gergeklestirmistir.
Etik

Bu makalenin yayinlanmasiyla ilgili herhangi bir etik sorun bulunmamaktadir.

Cikar Catismasi

Yazar herhangi bir ¢ikar ¢catismasi olmadigini belirtmektedir.

ORCID

Nurhan Kogan “=' https://orcid.org/0000-0001-9433-7007

Kaynaklar
Aksoy, Y. (2019). Mimarlikta peyzaj tasarimi. Geng Ofset.

Brachya, V. (1993). Some spatial aspects of environmental impact statements in Israel. Geoforum,
27(4), 527-537.

Celikyay, S., Kogan, N. ve Corbaci, L. (2006). Urban landscape design strategies on 3000 years
settlement: Amasra. WSEAS International Congress, Venice, Italy.

Cubuk, M. (1991). Kamu mekdnlari ve kentsel tasarim. Kamu mekanlari tasarimi ve kent mobilyalari
sempozyumu, Mimar Sinan Universitesi, istanbul.

GoogleMaps. (2020). https://www.google.com.tr/maps/@ adresinden 09.12.2020 tarihinde alinmistir.

Gulez, S. (1983). Kiyisal alanlarin rekreasyonel ve turistik yénden planlanmasinda yeni bir yaklasim.
Turkiye 7. Dlinya Sehircilik Glnu, Kiyilar Kolokyumu, Trabzon.

Gurpinar, E. (1996). Kent ve ¢evre sorunlarina bir bakis (2. Baski). Der Yayinlari.

Kaplan, A. (1995). Dogal ve kiiltiirel dederlerce zengin kiyi mekénlarina yénelik peyzaj planlama
yénteminin Foca érnedinde ortaya konulmasi (izerinde arastirmalar. [Yayimlanmamis doktora
tezi]. Ege Universitesi.

Kurucasile Belediyesi. (2020). Tanitim. https://www.kurucasile.bel.tr/ adresinden 09.12.2020 tarihinde
alinmistir.

Kurucasile Kaymakamligi. (2020). Tanitim. http://www.kurucasile.gov.tr/ adresinden 09.12.2020
tarihinde alinmistir.

90


https://orcid.org/0000-0001-9433-7007
https://orcid.org/0000-0001-9433-7007

Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2021; 11(2): 81-91

Mossop, E. (2019). Sustainable coastal design and planning.
https://set.kuleuven.be/icou/research/osa/publications/mekong-sustainable-coastal-design-
and-planning.pdf adresinden 29.08.2021 tarihinde alinmistir.

NUfusucom. (2020). Kurucasile nifusu — Bartin. https://www.nufusu.com/ilce/kurucasile bartin-
nufusu adresinden 09.12.2020 tarihinde alinmustir.

Smith, S. L. J. (1991). The supply-side de nition of tourism: Reply to leiper. Annals of Tourism Research,
18(2), 312-318. https://doi.org/10.1016/0160-7383(91)90011-Y

WowTurkey. (2020). http://wowturkey.com/forum/viewtopic.php? adresinden 09.12.2020 tarihinde
alinmistir.

91


https://set.kuleuven.be/icou/research/osa/publications/mekong-sustainable-coastal-design-and-planning.pdf%20adresinden%2029.08.2021
https://set.kuleuven.be/icou/research/osa/publications/mekong-sustainable-coastal-design-and-planning.pdf%20adresinden%2029.08.2021
https://doi.org/10.1016/0160-7383(91)90011-Y

Ordu Universitesi Bilim ve Teknoloji Dergisi Ordu University Journal of Science and Technology
Ordu Univ. Bil. Tek. Derg. u Ordu Univ. J. Sci. Tech.

E-ISSN: 2146-6459 2021;11(2):92-98 Arastirma Makalesi / Research Article

https://doi.org/10.54370/ordubtd.943156

Entomopatojen Funguslarin Agik Alan Kosullarinda Bombus Arisi Uzerindeki

Etkinliginin Belirlenmesi
Asiye Uzun Yigit! =/, Gérkem Yanik? =, ismail Yashan Bulus? */, Ayhan Gésterit? /,
Ozan Demirdzer! ', Serife Evrim Arici

!Isparta Uygulamali Bilimler Universitesi, Ziraat Fakiiltesi, Bitki Koruma Bélimdi, Isparta
2 |sparta Uygulamali Bilimler Universitesi, Ziraat Fakiiltesi, Zootekni Bélimii, Isparta

Gelig Tarihi / Received Date: 26.05.2021 Kabul Tarihi / Accepted Date: 13.12.2021
Ozet

Bu calismada Beauveria bassiana BIM-001 ve Fusarium subglutinans 12A izolatinin farkli kosullar altinda Bombus
terrestris L. (Hymenoptera: Apidae) ergin is¢i bireyleri ve domates bitkilerinin giceklerinde gelisimi ve bu
ortamlarda canh kalma basarisinin belirlenmesi hedeflenmistir. Calisma Gg¢ farkli asamada gergeklestirilmistir.
Birinci asamada, acik alan kosullarinda bulunan domates bitkilerinin giceklerine her iki entomopatojen fungusa
ait spor siispansiyonlarinin piiskiirtme yéntemiyle uygulanmistir. ikinci asamada, her bir entomopatojen fungus
izolati (Efi) 50 adet B. terrestris isci bireyine 1 atm basingta puskirtme yapabilen sistem yardimiyla 20 sn sureyle
(0.5 ml) uygulanmis ve uygulama yapilan bireyler ayri ticari kovanlara aktarilmistir. Uglincii asamada ise her iki
Efi'ina ait spor sispansiyonu laboratuvar kosullarinda hazirlanmis ve bu ortam kosullarinda birakilmistir. Her 3
asamada da 6nce 10 saat boyunca 2 saat aralikla, daha sonra 24., 48. ve 72. saatlerde isci ari, cicek ya da spor
sUspansiyonu patates dekstroz agar ortamina alinarak entomopatojen funguslarin reizolasyonlari
gerceklestirilmistir. Calisma sonuglarina gore; B. terrestris isci arilari ve domates ciceklerinde ilk uygulamadan
sonra 10. saate kadar her iki fungus izolat sporlarinin canli kalarak gelisebildigi belirlenmistir. Dis ortam
kosullarinda birakilan stispansiyonlarda ilk 24 saatte her iki entomopatojen fungusa ait hif gelisiminin meydana
geldigi ancak, diger gbzlem zamanlarinda herhangi bir gelisimin olmadigi kaydedilmistir. Entomopatojen fungus
uygulamalarindan sonra 6. saatte F. subglutinans 12A’nin gigcekte gelisimi diger ortamlara gore istatistiki olarak
farkh ve daha disiik seviyelerde kalmistir. Uygulamadan sonra 8. saatte ise B. bassiana BIM-001'in isci arilarda
gelisimi daha dustk ve farkh bulunmustur (P<0.05).

Anahtar Kelimeler: hedef disi organizma, abiyotik faktorler, biyolojik miicadele, spor cimlenmesi

Determination of the Efficiency of Entomopathogenic Fungi on Bumblee bee
in Open Field Conditions

Abstract

In this study, the growth of Beauveria bassiana BIM-001 and Fusarium subglutinans 12A in Bombus terrestris L.
(Hymenoptera: Apidae) individuals and flowers of tomato was investigated under different conditions. The study
was carried out in three stages. In the first stage, spore suspensions of both entomopathogenic fungi were
sprayed on flowers of tomato in open field conditions. In the second stage, each entomopathogenic fungus
isolate was applied to 50 B. terrestris individuals for 20 seconds with a spraying system at 1 atm pressure and
the treated individuals were transferred to separate commercial hives. In the third stage, the spore suspension
of both entomopathogenic fungus was prepared and left under laboratory conditions. In all three stages, first at
intervals of 2 hours for 10 hours, then at 24., 48. and 72. hours, the worker bee, flower or spore suspension was
taken into potato dextrose agar medium, and entomopathogenic fungi were re-isolated. As a results of the
study, it was determined that the spores of both fungus isolate remained alive until the 10™" hour after the first
application in B. terrestris workers and tomato flowers. It was noted that hyphae development of both
entomopathogenic fungi occurred in 24 hours in suspensions left under outdoor conditions, but any
development was observed at other observation times. Growth of F. subglutinans 12A in flower at the 6™ hour
after entomopathogenic fungus applications were statistically different and remained at lower levels compared
to other conditions. The development of B. bassiana BIM-001 in bees at the 8" hour was found to be lower and
different (P<0.05).

Keywords: non-target organism, abiotic factors, biological control, spore germination
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Giris

Arilar, yabani ve tarimsal bitkilerin birincil tozlayicilari olarak ekosistemde énemli bir isleve sahiptir
(Free, 1993; Klein vd., 2007). Bombus arilari (Bombus Latreille) ise Apis Linnaeus (Hymenoptera:
Apidae) tirleri disinda en ¢ok bilinen tozlayicilardir (Kevan, 1999; Williams ve Osborne, 2009). Bombus
terrestris L. (Hymenoptera: Apidae), Avrasya kokenli olup 1800'lerden beri diinyanin dort bir yanina
yayllmigtir. Bu tlrln yayilmasi, arilarin Avrupa'da seralarda tozlasma amaciyla ticari olarak tedarik
edildigi 1980'lerde ivme kazanmustir (Dafni vd., 2010). Bombus terrestris Sili, Tazmanya ve Yeni Zelanda
gibi dogal olarak bulundugu bolgelerden daha sicak olan ilkelerde de hayatta kalabilmesi ve
devamliligini saglayabilmesi icin termoregiilasyon metabolizmasina sahiptir. Bu metabolizma disiik
sicakliklara dayanmasini ve kisin aktif olmasini saglamaktadir (Dafni vd., 2010; Goulson, 2003; Heinrich,
1979). Tozlasma i¢in olduk¢a 6nemli olarak kabul edilen bu canlilarin yasamlari izerinde olumsuzluklar
yaratan en etkili faktorler arasinda pestisitler ilk siralarda gosterilmektedir. Pestisitler 6zellikle bombus
tirlerinin gelisim, Greme ve yuva bulma gibi davranislarinda bozulmalara, kolonilerde ¢okmelere sebep
olurken ayni zamanda 6limcil olmayan farkli etkilere de neden olabilmektedir (Blacquiere vd., 2012;
Bryden vd., 2013; Smagghe vd., 2013; Wu vd., 2011). Pestisitlerin dogrudan ve dolayl olarak
olusturduklari riskler, cevre saghgi icin daha glivenli olan yeni bilesiklerin arastiriimasini tesvik etmis ve
tarim alanlarinda zararh kontroli amaciyla kullanimlarini hizlandirmistir (Villaverde vd., 2014). Bu
baglamda, biyolojik kontrol etmenleri ve biyoinsektisitler zararl yénetiminde 6nemli olcide kabul
gormektedir (Barbosa vd., 2015; Cantrell vd., 2012). Biyolojik kokenli kontrol etmenlerinin ¢cevre dostu
ve kimyasallara goére daha glivenilir olduklari bilinmektedir (Shipp vd., 2007; van Lenteren, 2007).
Dinya genelinde botanik, fungus ve bakteri kokenli olan biyoinsektisitler en yaygin olarak tercih
edilenlerdir. Ozellikle entomopatojen funguslar zararli miicadelesinde dikkat cekici bir paya sahip
olmustur. Biyolojik miicadelede kullanilan Beauveria bassiana (Balsamo) Vuillemin (Hypomycetes)’'nin
Leptinotarsa decemlineata Say (Coleoptera: Chrysomelidae), Ostrinia nubilalis (Hibner) (Lepidoptera:
Crambidae), Cydia pomonella (Lepidoptera: Tortricidae) ve sera zararlilarinin popilasyonunun
baskilanmasinda etkili oldugu bilinmektedir (Goettel vd., 1990; Lewis vd., 1996; Poprawski vd., 1997).
Buna karsin tam da istenildigi gibi B. bassiana’nin acgik alan kosullarinda tozlayicilar ve diger faydali
organizmalar icin tehlike yaratmadig bildirilmektedir (Al-mazra’awi vd., 2006; Goettel vd., 1990; Kevan
vd., 2003). Entomopatojen funguslarin virlilansi her zaman sicaklik, nem, 151k gibi ¢cevresel faktorlerden
etkilenmekte olup, entomopatojen fungus sporunun hayatta kalmasi, kaliciligi ve sporiilasyonunun
biyik o6lgide sicakliktan etkilendigi bilinmektedir (Hajek vd., 1990; Ignoffo vd., 1985; Tang ve Hou,
2001). Entomopatojen funguslarin degisen iklim kosullarina fizyolojik adaptasyonlari, béceklere karsi
biyolojik kontrol ajanlari olarak potansiyellerini artirmaktadir (Ment vd., 2010). Bu nedenle, etkili bir
enfeksiyon icin optimum kosullari belirlemek icin inokulum yogunlugu, sicaklik, nem ve toprak dokusu
gibi faktorleri degerlendirmek biiyik 6nem tasimaktadir (Wilson vd., 2017). Glines 15181, nem, sicaklk
gibi abiyotik faktorler, mikoinsektisitlerin bitkiler tizerindeki hem anlk etkinligi hem de kaliciligini da
etkileyebilmektedir. Genel olarak, glines isiginin, ozellikle UV-A ve UV-B bilesenlerinin, yaprak
ylzeyinde Uzerindeki fungal propagiiller i¢cin 6nemli bir 6lim faktori oldugu ve toprak ylzeyindeki
mikoinsektisitlerin kisa sdreli kalicihgindan blyik 6lciide sorumlu oldugu kabul edilmektedir (Jaronski,
2010). Ozellikle sicaklik ve nem, entomopatojen funguslarin hayatta kalmasini ve etkinligini etkileyen
en 6nemli cevresel faktorlerdir (Bugeme vd., 2008; Mishra vd., 2015). 16 °C'nin altindaki sicakliklar,
entomopatojen funguslarin ¢ogu icin ¢cimlenme ve biylime oranlarini giderek yavaslatir ve boylece
hedef poplilasyonun daha uzun slire hayatta kalmasi agisindan etkinligi etkilemektedir (Ihara vd., 2008;
Inglis vd., 1999; Jaronski, 2010). Bu ¢alismada, s6z konusu entomopatojen funguslarin acik alan
sartlarinda uygulandiktan sonra hayatta kalma, infekte edebilme 6zelliklerini ortaya koyabilmek igin
reizolasyonlari yapilmistir. Ayrica tarimsal Gretimde genel tozlayici tir olarak kullanilan B. terrestris
bireylerinde iki farkli Efi'inin etkililikleri arastirilmistir.

Materyal ve Yontem

Bu calismada virtilens oldugu bilinen ve +4 °C’de muhafaza edilen entomopatojen fungus stok
kiltirlerinden B. bassiana BIM-001 (10% spor/ml) (Leptinotarsa decemlineata Say (Coleoptera:
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Chrysomelidae)’'dan elde edilen) ve F. subglutinans 12A (10° spor/ml) (Aphis gossypii Glover
(Homoptera: Aphididae)’den elde edilen) izolatlarinin PDA ortaminda {retimi yapilmis ve spor
suispansiyonlari hazirlanarak B. terrestris ergin is¢i bireyleri ve domates bitkilerinin giceklerinde
kullanilmistir. Calisma g farkl asamadan olugsmaktadir. Birinci asamada, agik alan kosullarinda bulunan
domates bitkilerinin giceklerine her iki Efi'ina ait spor slispansiyonlari ayri ayri olacak sekilde 20’ser
bitkiye puskiirtme ydntemiyle uygulanmistir. ikinci asamada, her bir entomopatojen izolati 50 adet B.
terrestris is¢i bireyine 1 atm basingta 20 sn (0.5 ml) plskirtme seklinde uygulanmis ve uygulama
yapilan bireyler dis ortam kosullarinda tutulan ticari kovanlara aktarilmistir. Bu kovanlardan belirlenen
gozlem zamanlarinda 3’er isci alinarak mekanik yontemle 6lmesi saglandiktan sonra entomopatojen
funguslarin gelisimi takip edilmistir. Uglincii asamada ise her iki Efi'ina ait spor siispansiyonu
laboratuvar kosullarinda hazirlanmis ve bu asama laboratuvar kosullarinda yiritilmustar.

Her 3 asamada da 6nce 10 saat boyunca 2 saat aralikla, daha sonra 24., 48. ve 72. saatlerde isci ari,
cicek ve spor stispansiyonu (0.5 ml) steril cam petrilerde (9 cm) Patates Dekstroz Agar (PDA) ortamina
alinmistir. Her bir asamada Efi’larinin gelisimleri takip edilmistir. Calismanin her asamasina ait sicaklik
ve nem kosullari kaydedilmistir. Her 3 asama i¢in Efi’larinin farkli zaman dilimlerinde gerceklesen
fungus gelisimi reizolasyon sonuglari dikkate alinarak elde edilen veriler Tukey testi (SPSS 20) ile analiz
edilerek karsilagtiriimistir.

Bulgular ve Tartisma

Calismada entomopatojen fungus tirlerinden F. subglutinans ve B. bassiana’nin sirasiyla 12A ve BIM-
001 izolatlarinin uygulanmalarinin ardindan 10 saat sliresince 2 saat periyotlarla ve daha sonra ilk
gozlem zamanini takip eden 24., 48. ve 72. saatlerde Efi’larinin uygulandiklari organizma ve ortam
Uzerindeki gelisimleri gdzlenmistir. Arastirmada yer verilen Efi’'larin B. terrestris isgi arilarinda ve
domates giceklerinde ilk uygulamadan sonra 10. saate kadar entomopatojen fungusun sporlarinin canlh
kalarak gelisebildigi belirlenmistir. Laboratuvar kosullarinda petri denemelerinde ise 24. saati de igine
alacak sekilde ilk 24 saatte her iki entomopatojen fungusa ait hif gelisiminin meydana geldigi ancak,
diger gézlem zamanlarinda herhangi bir gelisimin olmadigi kaydedilmistir (Tablo 1).

Tablo 1. Entomopatojen Funguslarin Uygulandigi Farkli Ortam ve Organizmalardaki Gelisim Durumu

Uygulama yapilan ortam ve organizmalardaki gelisim durumlari

Beauveria bassiana

g—]::tlzr: Fusarium subglutinans 12A BIM-001
Sicakhk Nem
iscian Petri Cicek isci ari Petri Cicek (eC) (%)
10:00 eeoo oo oo oo eeoo eoe 29.2 37.0
12:00 LX) o0 o0 o0 o0 o0 o0 o000 o000 35.2 34.8
14:00 (XX} (XX} o0 - (XX} XX XX 34.4 32.0
16:00 L) LN ) LN ) °e0- eo0e0 L N ) 34.7 30.8
18:00 L) LN ) o0 - o0 - eo0e0 o-- 32.1 29.3
24. saat --- oo --- --- eoooe --- 29.1 31.8
48. saat --- --- --- --- --- --- 29.7 32.0
72. saat --- --- --- --- --- --- 30.9 26.8

®: Entomopatojen Fungus Gelisimi Var, -: Entomopatojen Fungus Gelisimi Yok

Acik veya kapali alan Gretim kosullarinda tarimsal zararlilarin kontroll amaciyla yapilan entomopatojen
fungus uygulamalari ve uygulanan organizmalarin ortamdaki kalicilik stireleri hem hedef hem de hedef
disi organizmalar agisindan O6nem tasimaktadir. Entomopatojen funguslara dayali biyo-kontrol
stratejileri, yalnizca konuk¢u ve patojen arasindaki etkilesime degil, ayni zamanda maruz kaldiklar
ortama da baghdir (Mishra vd., 2015). Pratikte, yeni bir izolat icin, sicaklik, nem ve fotoperiyod gibi
cevresel faktorlerin entomopatojen fungus sporlarinda hayatta kalma, ¢imlenme, penetrasyon ve
sporilasyon (zerindeki etkisinin yani sira konukgularda hastalik gelisimi Uzerindeki etkisinin de
degerlendirilmesi gereklidir (Tang ve Hou, 2001). Entomopatojen funguslarin konukgunun viicuduna
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girdikten sonra, bocek Uzerindeki etkileri yoluyla sicakliktan ve dolayli olarak nemden etkilenmeye
devam ettigi de bildirilmektedir (Jaronski, 2010). Bu abiyotik faktorler entomopatojen funguslarin
biyolojik kontrol ajani olarak etkinligini sinirlayabilmektedir (Garrido-Jurado vd., 2011; Jaronski, 2010;
Wilson vd., 2017). Hem etkinligi hem de kalicihgi etkileyen bu faktérlerin anlasiimasi, zararh bécek
populasyonunun tatmin edici sekilde yonetilmesini saglamak icin bdcek, patojen, trin ve 6zellikle
bulunduklari ortamin manipilasyonuna izin verecektir (Jaronski, 2010). Uygun ortam kosullari
saglandiginda bu sporlarin ne kadar siireyle canli kalabilecekleri ve enfektivite durumlarinin arastirilmis
olmasi preparat haline getirilecek entomopatojen organizmalar icin hayati 6nem tasimaktadir.
Ozellikle hedef disi organizmalarin yasayabilecekleri maruziyet ve bu maruziyet etkileri de ayri bir soru
isaretidir. Entomopatojen funguslarin Bombus spp. gibi kultlr bitkilerinin tozlasmasinda énemli rol
oynayan canllar igin olusturduklari ve/veya olusturabilecekleri tehditleri elemine etmek amaciyla
bekleme sirelerinin calisiimis olmasi gereklidir. Bundan farkli olarak son yillarda bombus tirlerine
zararsiz oldugu kanitlanmis olan bu biyolojik kontrol etmenleri tozlayici arilar vasitasiyla Uretim
alanlarinda zararli Arthropod tirlerine ulastirilmaya calisiimaktadir. Bu agidan da bombus arisi tizerine
bulagsmasi saglanan entomopatojen fungusa ait spor/sporlarin canli kalma sireleri surdirilen
miicadele ¢alismalarinin basarisi igin 6nemlidir.

4
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==
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£
E 2
o
~
>
g
=
1
0
10:00 12:00 14:00 16:00 18:00 48.s 72.s
B Fusarium subglutinans 12A isci ari M Fusarium subglutinans 12A Petri
O Fusarium subglutinans 12A Cicek O Beauveria bassiana BIM-001 isci ar
W Beauveria bassiana BIM-001 Petri £l Beauveria bassiana BIM-001 Cicek

Sekil 1. Entomopatojen Fungus izolatlarinin Farkli Ortam Kosullarindaki Gelisimlerinin Karsilastiriimasi

Yapilan bu calismada ticari preparat olmayan ve saha calismalarindan elde edilmis iki farkh
entomopatojen fungus tiirline ait izolatlarin farkli yasam ortamlari tizerindeyken dis ortam kosullarina
maruz kalmalari durumunda sporlarinin ne kadar sire ile canh kalabildikleri incelenmistir.
Entomopatojen fungus uygulamalarindan sonra 6. saatte F. subglutinans 12A’nin gicekte gelisimi diger
ortamlara gore istatistiki olarak farkli iken 8. saatte B. bassiana BIM-001'in isci arilarda gelisimi daha
disik ve farkh bulunmustur (P<0.05). Uygulamadan sonraki 10. saatte ise F. subglutinans 12A
gelisiminin isci arilarda en dislik seviyede oldugu, F. subglutinans 12A’nin cicekte gelisimi ile B.
bassiana BIM-001'in isci arillarda gelisimi arasinda fark olmadigi belirlenmistir (Sekil 1).
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Sonug

Calismada kullanilan Efi’larinin sporlarinin ilk 8 saat tiim ortamlarda basarili bir sekilde hayatta kaldig
ve gelisim gozlenebildigi, 10. saatte ise her iki fungus tirinin de domates gigeklerindeki gelisimi biraz
azalmig ancak yine de gigeklerde canli sporlarin kaldigi belirlenmistir. Calismada F. subglutinans 12A’nin
tiim ortamlarda 10. saat’e kadar B. bassiana BIM-001’e gore canl kalma basarisinin biraz daha yiksek
oldugu soylenebilmektedir. Bu calismada elde edilen verilerin, Ozellikle sera kosullarinda
entomopatojen fungus uygulamasi sirasinda ve sonrasinda ortamda bulunma ihtimali olan hedef disi
B. terrestris bireyleri (izerindeki etkileri ve ortamda kaliciliginin ortaya ¢ikarilmasinda yararli olacagina
inanilmaktadir. Ayrica bulasik B. terrestris bireyleri ile bu etmenlerin yayllmasinin arastirilmasi igin
Onemli bir 6n galisma niteliginde oldugu diistintilmektedir.
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Abstract

Cyclic sulfate is the precursor compound that can adapt well to the binding sites of the docked proteins of
SARS-CoV-2. Cyclic sulfate showed very strong molecular interactions for the 6lu7, 6zb5 and 6vww proteins of
SARS-CoV-2, with binding energies of -7.33, -7.29 and -7.29 kcal mol-1, respectively. Besides, acetate showed
very strong molecular interactions with -7.45 kcal mol-1 for the 6lu7 protein of SARS-CoV-2. Therefore,
according to our results, cyclic sulfate and acetate should be investigated as a promising drug candidate for
the treatment of COVID-19.

Keywords: molecular docking, RdRp, Mpro, SGp, inositol

Halojenli Bisiklo[4.2.0] inositollerin SARS-CoV-2 Proteinleri ile Molekiiler
Doking Calismalari
Ozet

Siklik stlfat, SARS-CoV-2'nin kenetlenmis proteinlerinin baglanma bdlgelerine iyi uyum saglayabilen 6nci
bilesiktir. Siklik Stlfat, SARS-CoV-2'nin 6lu7, 6zb5 ve 6vww proteinleri i¢in sirasiyla -7.33, -7.29 ve -7.29 kcal
mol™ 'lik baglanma enerjileriyle cok gii¢lii molekiiler etkilesimler gésterdi. Ayrica asetat, SARS-CoV-2'nin 6lu7
proteini icin -7.45 kcal mol? ile ¢cok giiclii molekiiler etkilesimler gésterdi. Bu nedenle sonugclarimiza gére siklik
silfat ve asetat, COVID-19 tedavisi icin umut verici bir ilag adayi olarak arastirilmahdir.
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Introduction

Inositols which have a hexahydroxycyclohexane skeleton are the important subclass of cyclitol family.
Their structures are analogous to those of replacing endo-oxygen atom with a methylene group in
monosaccharides (1). This replacement provides some advantages to the molecule. Unlike
carbohydrates, the absence of the acetal moiety (2) in inositols (Figure 1) protects them from
hydrolysis and makes them chemically and biologically resistant (Zanardi et al., 2002). Due to their
structural resemblance to sugars many polyhydroxylated alkaloids form an important family of
glycosidase inhibitors (Lopez et al., 2008). Bicyclic polyhydroxylated alkaloids such as (+)-
castanospermine (3) and (-)-swainsonine and their chemically modified derivatives are also effective
antiviral, antitumor and immunomodulatory agents (Wang et al. 2010) and identified as naturally
occurring glycosidase inhibitors in plants and microorganisms (Kelebekli et al., 2005). We have
previously performed molecular insertion studies on AChE and BuChE enzymes for enzyme inhibition
for type 2 diabetes patients. In the previous study, it has been shown that cyclic sulfate is more active
against AChE, BuChE and a-glucosidase with the calculated binding energies of -8.22, -7.58 and -6.59
kcal.mol?, respectively, compared to the galantamine and acarbose standard from which the binding
energy is calculated (Sahin et al., 2022).

HO
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OH OH OH OH OH
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myo-Inositol
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(1)

OH
z Br
HO,
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OH
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(3) (4)

Figure 1. Some Carbasugar Derivatives

The most abundant isomer of inositols is the myo-inositol (2). Myo-inositol (2) is ingested with food
mostly from fruits, beans, grains, and nuts (Kamenov & Gateva, 2020). Myo-Inositol (2) proved to
reduce Interleukin-6 (IL-6) levels in a few conditions and to alleviate the inflammatory cascade, while
being devoid of any major side effects (Bizzarri et al., 2020; Lagana et al., 2020). Myo-inositol (2)
supplementation may represent a possible alternative therapy to counteract the hyper-immune
activation induced by COVID-19 involving activation of the IL-6 cascade. Also, myo-inositol (2) can
stimulate pulmonary surfactant production, thereby reducing inflammatory processes (Espinola et al.,
2021). Scyllo-inositol, one of many isomers of 1,2,3,4,5,6-cyclohexanehexol, has been shown to have
promising potential as a therapeutic for Alzheimer's disease by directly interacting with the amyloid B
(AB) peptide to inhibit AB42 fiber formation. A single fluoro substitution and 1,4-dimethylation of
scyllo-inositol provide compounds that remain effective in inhibiting AB42 fiber formation (Sun et al.,
2008). Due to the important biological activities of inositols, many research groups focus on the
synthesis of bicyclo and/or halogenated derivatives (Aksu et al., 2020; Kelebekli & Atli, 2019; Kelebekli
& Kaplan, 2017).
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The new human coronavirus, called severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
first appeared in Wuhan, China, in late 2019. This virus spread rapidly around the world, causing the
respiratory illness called coronavirus disease 2019 (COVID-19). Given the multiple threats and
disturbances posed by the pandemic, scientists around the world are racing to understand SARS-CoV-
2 and explore its pathophysiology to find potential treatments and effective therapeutic drug
candidates. Pandemic COVID-19 infections have spread all over the world. There is no effective
treatment for this disease. Viral RNA-dependent RNA polymerase (RdRp) catalyzes the replication of
RNA from RNA and the main protease (Mpro) is involved in processing polyproteins translated from
the RNA of SARS-CoV-2 and therefore these two enzymes are potent candidates for targeting by anti-
viral drugs. Although various therapeutic agents have been evaluated for the treatment of 2019
coronavirus disease (Covid-19), no antiviral agents have yet been shown to be effective. Small
molecules such as lopinavir and favipiravir significantly inhibit the activity of Mpro and RdRp in vitro.
Studies have shown that structurally modified lopinavir, favipiravir, and other similar compounds can
inhibit the COVID-19 major protease (Mpro) and RNA-dependent RNA polymerase (RdRp) (Rafi et al.
2020). In this study, lopinavir was chosen to bind to the main protease and structurally similar
compounds and favipiravir to target RNA-dependent RNA polymerase. In addition, remdesivir was
chosen as the drug for Spike/ACE2. Seeing the worldwide health crisis, our goal was to find a suitable
drug candidate that could target SARS-CoV-2. Remdesivir, an inhibitor of the viral RNA-dependent,
RNA polymerase with in vitro inhibitory activity against SARS-CoV-1 and the Middle East respiratory
syndrome (MERS-CoV) (Agostini et al., 2018; Brown et al., 2019; Sheahan et al., 2017), was identified
early as a promising therapeutic candidate for Covid-19 because of its ability to inhibit SARS-CoV-2 in
vitro (Wang et al 2020). In addition, in nonhuman primate studies, remdesivir initiated 12 hours after
inoculation with MERS-CoV (de Wit et al., 2013; de Wit et al., 2020) reduced lung virus levels and lung
damage. As of October 22, 2020, remdesivir, an antiviral agent, is the only drug approved for treatment
of COVID-19 (de Wit et al., 2020). The approved drugs used were Azithromycin, Ritonavir, Lopinavir,
Oseltamivir, Ivermectin and Heparin, which are emerging as promising agents in the fight against
COVID-19 (Arouche et al., 2021).

Favipiravir, also known as T-705, a purine nucleic acid analogue, is one of the antiviral candidates
evaluated in several clinical trials. It is an experimental chemical and was first created by Japanese
company Toyama, a subsidiary of Fuji Film, as reported by Furuta in 2002 (Furuta et al., 2002). It was
approved in Japan in 2014 as a substitute option for resistant influenza infection and has since been
approved in several countries and is indicated for the treatment of patients with mild to moderate
COVID-19 disease (Agrawal et al. 2020). Favipiravir is an RNA-dependent RNA polymerase inhibitor. It
is activated in cells in its phosphoribosylated form (Favipiravir-RTP) and inhibits viral RNA polymerase
activity (Allen et al., 2020).

For this purpose, molecular coupling of three SARS-CoV-2 proteins with three active ingredients
previously reported to be active in vitro was performed (Sahin et al., 2022). The insertion results of
these three compounds were compared with three FDA-Approved Drugs currently in use in COVID 19,
namely Remdesivir, Favipiravir and Litonavir.

Material and Method

All docking experiments were performed using Autodock 4.2 (Morris et al., 2014) program to examine
protein-ligand interactions at the active site and estimate binding affinity scores. Preparation of
proteins and ligands for molecular docking was done using MGLTools. Water molecules were removed,
hydrogen added, torsional angles verified, and Kollman charges added. The ligand binding site was
then used for all the downloaded proteins to identify the active site of the protein. The receiver grid
generation workflow was used to define a grid (box) around the ligand to hold all functional residues
in the grid (Table 1).
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The Lamarckian Genetic Algorithm (LA) protocol was applied to perform molecular insertion. Pole
interactions, Van der Waals forces, and interactions between other non-covalent protein and coupled
ligand were estimated using the Autodock calculation method. All protein constructs used in splicing
experiments were obtained from the Research Collaboration for Structural Bioinformatics Protein Data
Bank (PDB). Ligand structure XRD results CIF file was converted to SDF file using OPENBABELGUI, SDF
file was converted to the most stable structure, PDB format, by energy minimization with AVAGADRO
program. Ligand and protein molecules were converted to suitable readable file formats (pdbqt) using
AutoDockTools 1.5.6. All other software parameters were default values and free spin of all ligands
present in the ligand was allowed when the receptor was solid. The generated output files were
converted to protein-ligand complex, which was analyzed using BioVia Discovery Studio Software.

Result and Discussion

As a part of the research aimed at synthesis of novel tetrols we have prepared halogenated
bicyclo[4.2.0] inositols and a cyclic sulfate derivative from syn-bisepoxide (5) (Figure 2) (Karanfil et al.,
2020). Starting from the commercially available cyclooctatetraene (COT), synthesis of syn-bisepoxide
easily carried out using literature protocols (Adam & Balci, 1980). The reaction of the bisepoxide (5)
with acidified acetic anhydride gave a mixture of 3 tetraacetate isomers (6, 7 and 8) and an unexpected
cyclic sulfate (9) derivative (Karanfil et al., 2020). Separation of the tetraacetates and removal of the
acetate functionalities with ammonia gave the expected novel halogenated bicyclo[4.2.0] inositols (10)
resembling dihydroconduritol-A, -B, and -F structures (Figure 3).
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Figure 2. Ring-opening Reaction of Bisepoxide 5
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Figure 3. Ammonolysis of Tetraacetate 7
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In this study a docking study of halogenated bicyclo[4.2.0] inositol derivatives (6, 9, and 10) was
performed against the reference molecules, FDA-Approved Drug Remdesivir, Lopinavir and Favipiravir
with the therapeutic target proteins of SARS-CoV-2, i.e., SGp, Mpro, and Endoribonuclease
Nsp15/NendoU, used in patients intubated for COVID-19 treatment.

The binding energies of the cyclic sulfate and the FDA-Approved Remdesivir, Lopinavir, Favipiravir with
the therapeutic target proteins of SARS-CoV-2, i.e., SGp, Mpro, and Endoribonuclease Nsp15/NendoU
are summarized in Table 2.

Table 1. Details of Protein Targets, 3D Structures and Their Active Sites

S.No PDB Protein 3-D Structure Interactions with Selected Amino Acids
Protei Name at Binding Sites
n Code
1 6ZB5 CoV-2 o Cys336, Phe338, Val341, Phe342,
Spike Ba- 1o Cys361, Phe374, Phe377, Phe392,
protein Argd08, GIn409, Cys432, Trp436,
Phe515.
2 6LU7 COVID- Thr24, Thr25, Thr26, His41, Met49,
19 main Tyr54, Leul4l, Asn142, Gly143, Ser144,
protease Cys145, His164, Met165, Glul66,
Leul67, Prol68, His172, Aspl87,
Argl88, GIn189, Thr190, Alal91, GIn192.
3 6VWW NSP15 His235, His250, Lys290, Ser294, Thr341,
Endoribo j vz@ ‘/_ﬂ“ﬁA Tyr343.
nuclease & / @
SARS B SS
CoV2 G Y

Table 2. Comparative Dock Score of Ligands with Therapeutic Target Proteins of COVID-19 (kcalmol?)

SARS CoV-2 Spike COVID-19 Mpro in Crystal Structure of
Protein, Closed Complex with the NSP15
Conformation, C3 Inhibitor N3 Endoribonuclease
Symmetry from SARS CoV-2
Ligand
Cyclic Sulfate (9) -7,29 -7,33 -7,29
Acetate (6) -6,44 -7,45 -6,54
Tetrol (10) -4,89 -5,69 -5,0
Control Drugs
Lopinavir - -12,05 -
Remdesivir -5,36 - -
Favipiravir - - -4,46
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Remdesivir, pi-alkyl interaction with Lys378, pi-pi stacked interaction with Tyr365, pi-lone pair
interaction with Phe377, pi-donor hydrogen bond interaction Phe377, conventional hydrogen bond
with Phe374 and Phe377(2) and Vdw (Van der Waals) interactions with Tyr369, Ala372, Ser373, Ser375,
Thr376, Pro384 and Leu387 showed binding affinity to SARS CoV-2 spike protein, closed conformation,
C3 symmetry chain C residues active site with binding energy of -5.36 kcal mol™. Cyclic Sulfate (9), pi-
alkyl interaction with Phe374 and Tyr369, pi-sulfur interaction with Phe377, carbon hydrogen bond
with Ser373, conventional hydrogen bond with Phe374(2) and Tyr369 and Vdw interactions with
Tyr365, Leu368, Ala372 and Thr376 showed binding affinity to SARS CoV-2 spike protein, closed
conformation, C3 symmetry chain C residues active site with binding energy of -7.29 kcal mol™. Acetate
(6) pi-alkyl interaction with Tyr369 and Phe374(2), alkyl interaction with Leu368, conventional
hydrogen bond with Phe374 and Tyr369 and Vdw interactions with Tyr365, Ala372, Ser373, Phe377,
Pro384 and Leu387 showed binding affinity to SARS-CoV-2 spike protein, closed conformation, C3
symmetry chain C residues active site with binding energy of -6.44 kcal mol™. Tetrol (10), alkyl
interaction with Val407, conventional hydrogen bond with Gly404, Arg408 and Asp405(2) and Vdw
interactions with Glu406, Val503, Gly504 and Gly508 showed binding affinity to SARS CoV-2 spike
protein, closed conformation, C3 symmetry chain C residues active site with binding energy of -4.89
kcal mol™ (Figure 4).
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Figure 4. Remdesivir (a), Cyclic Sulfate (b), Acetate (c) and Tetrol (d) Docked in the SARS-CoV-2 Spike
Protein, Closed Conformation, C3 Symmetry (PDB ID: 6zb5) with 2D Animated Pose Showing

Non-Covalent Interactions between Cyclic Sulfate and SGp
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Lopinavir, COVID-19 Mpro in complex with the inhibitor N3 A chain, alkyl interaction with Cys145,
Pro168, pi-sigma interaction with His41, pi-alkyl interaction with Met49, Met165(2), Pro168, Ala191,
pi-cation interaction with His41, pi-pi stacking interaction with His41, pi-pi T-shaped interaction with
His41, amide-pi stacked interaction with Asp187, Thr190, carbon-hydrogen bond with Glu166, pi-
donor hydrogen bond with Cys145, Glu166, and Vdw interactions with Tyr54, Asn142, Gly143, Ser144,
His164, Leul67, Argl88, GIn189 and GIn192 showed binding affinity to COVID-19 Mpro in complex
with the inhibitor N3 chain A residues active site with binding energy of -12.05 kcal mol™. Cyclic Sulfate
(9), COVID-19 Mpro in complex with the inhibitor N3 A chain, carbon-hydrogen bond with Leu141(2),
Asn142(2), alkyl interaction with Cys145, pi-alkyl interaction with His41, pi-sulfur interaction with
His163, conventional H-bond with Phe140, Gly143, His163, Glu166 and Vdw interactions with Ser144,
His164, His172 and GIn189 showed binding affinity to COVID-19 Mpro in complex with the inhibitor
N3 chain A residues active site with binding energy of -7,33 kcal mol™. Acetate (6), COVID-19 Mpro in
complex with the inhibitor N3 A chain, carbon-hydrogen bond with His164, conventional hydrogen
bond with His41, Gly143, Ser144, Cys145(3), Glu166 and Vdw interactions with Leu27, Met49, Phe140,
Leul4dl, Asn142, Met165, His172, His172 and GIn189 showed binding affinity to COVID-19 Mpro in
complex with the inhibitor N3 chain A residues active site with binding energy of -7,45 kcal mol™. Tetrol
(10), COVID-19 Mpro in complex with the inhibitor N3 A chain, conventional hydrogen bond with
His164, Glul66, GIn189(2) and Vdw interactions with His41, Met49, Cys145, His163 and Met165
showed binding affinity to COVID-19 Mpro in complex with the inhibitor N3 chain A residues active site
with binding energy of -5.69 kcal mol™* (Figure 5).
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Figure 5. Lopinavir (a), Cyclic Sulfate (b), Acetate (c) and Tetrol (d) Docked in the COVID-19 Mpro in
Complex with the Inhibitor N3 (PDB ID: 6LU7) with 2D Animated Pose Showing Non-Covalent
Interactions between Cyclic Sulfate and Mpro

Favipiravir, Crystal Structure of NSP15 Endoribonuclease from SARS CoV-2 A conventional hydrogen
with His250, Lys290, Ser294(2), carbon-hydrogen bond with His250, pi-alkyl interaction with Val292,
pi-pi stacked interaction with Tyr343 and Vdw interactions with Gly248, Cys293, Lys345 and Leu346
showed binding affinity to Crystal Structure of NSP15 Endoribonuclease from SARS-CoV-2 A residues
active site with binding energy of -4.46 kcal mol™®. Cyclic Sulfate (9), Crystal Structure of NSP15
Endoribonuclease from SARS-CoV-2 A conventional hydrogen with His235, Gly248, Lys290(2), Thr341,
carbon-hydrogen bond with His250, pi-sulfur interaction with His235, His250, pi-alkyl interaction with
Tyr343 and Vdw interactions with Gly247, Val292, Cys293, Ser294, Trp333, Pro344, Lys345 showed
binding affinity to Crystal Structure of NSP15 Endoribonuclease from SARS-CoV-2 A residues active site
with binding energy of -7,29 kcal mol™. Acetate (6), Crystal Structure of NSP15 Endoribonuclease from
SARS-CoV-2 A conventional hydrogen with His250, Lys290, Cys291, Val292, Ser294, pi-sigma
interaction with Tyr343, alkyl interaction with Lys290, Val292(2), Leu346 and Vdw interactions with
GIn245, Gly248, Val292, Cys293, Thr341 and Pro344 showed binding affinity to Crystal Structure of
NSP15 Endoribonuclease from SARS-CoV-2 A residues active site with binding energy of -6.54 kcal mol
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! Tetrol (10), Crystal Structure of NSP15 Endoribonuclease from SARS-CoV-2 A conventional hydrogen
with Lys290, Val292, carbon-hydrogen bond with His250, pi-alkyl Tyr343 interaction with His235,
His250, alkyl interaction with Leu346 and Vdw interactions with Cys293, Ser294, Pro344, Lys345
showed binding affinity to Crystal Structure of NSP15 Endoribonuclease from SARS-CoV-2 A residues
active site with binding energy of -5.0 kcal mol™ (Figure 6).
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Figure 6. Favipiravir (a), Cyclic Sulfate (b), Acetate (c) and Tetrol (d) Docked in the Crystal Structure of
NSP15 Endoribonuclease from SARS-CoV-2 (PDB ID: 6VWW) with 2D Animated Pose Showing
Non-Covalent Interactions between Cyclic Sulfate and Endoribonuclease Nsp15/NendoU

In this article, we examined the potential benefit of halogenated bicyclo[4.2.0] inositols (4), whose
inhibitory effects were evaluated, in reducing the inflammatory response on SARS-CoV-2 infection. The
management of the disease is mostly supportive, and respiratory failure from acute respiratory distress
syndrome is the leading cause of death in a significant proportion of affected patients. Considering the
knowledge of myo-inositol (2), a polyol currently used to treat Neonatal Respiratory Distress
Syndrome, we investigated the potential utility of newly synthesized halogenated
bicyclo[4.2.0]inositols (4) (Karanfil et al 2020) in reducing the inflammatory response on SARS-CoV-2
infection. Preliminary data indicate that the dramatic increase in IL-6 and the ensuing cytokine release
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syndrome may explain the development of fatal interstitial pneumonia. Inhibition of IL-6 by blocking
its specific receptor with monoclonal antibodies has been advocated as a promising intervention. Myo-
Inositol (2) has been proven to reduce IL-6 levels in a few conditions and alleviate the inflammatory
cascade while devoid of any major side effects. Therefore, it is tempting to think that inositol may be
useful in managing the dire effects of SARS-CoV-2 infection. SARS-CoV-2 infection or spike protein
expression in human epithelial cells inhibits ACE2 expression and promotes IL-6/soluble IL-6R release.
ACE2 expression is inhibited upon SARS-CoV-2 infection or spike gene transfection. Our crystal
structure and docking data suggest that the ligand (cyclic sulfate 9) can bind to the substrate binding
pocket of SARS-CoV-2 SGp at a high level. These interactions can collectively prevent SGp-RBD from
binding to the receptor ACE2. Lopinavir, a VRNA polymerase inhibitor, has also shown the possibility
of having inhibition of the COVID-19 major protease enzyme; this enzyme is responsible for the
replication of the virus in the living body. To reach this conclusion, we have completed the journey of
ligands insertion analysis with the COVID-19 major protease PDB ID: 6lu7. Initially, the Lopinavir control
drug and 3 small drugs with the possibility of protease inhibition of the virus were placed, the results
were observed and analyzed. Further residue analysis indicated that acetate (6) and cyclic sulfate (9)
may have protease inhibition possibilities for the interruption of viral replication as amino acids of the
binding pocket for acetate (6). Cyclic sulfate (9) was like the reference molecule N3 complexes in the
3D structure of the COVID-19 major protease 6lu7. This strongly supports the hypothesis that the
development of a single antiviral agent targeting Mpro, or such an agent used in combination with
other potential treatments, could provide an effective first line of defense against all coronavirus-
related diseases. These results primarily showed only possibilities, but clinical studies are still needed
to confirm the findings.

Conclusion

Our results reveal that cyclic sulfate (9) may inhibit SARS-CoV-2 target proteins (SGp, nsp15 and Mpro)
in the least energy conformation. We have identified cyclic sulfate (9) as an important halogenated
bicyclo[4.2.0] inositol derivative. However, the human ACE2 receptor was found to interact best with
halogenated bicyclo[4.2.0]inositol acetate (6). After conducting this study, we propose new cyclic
sulfate (9) and acetate (6) (separately or in combination) as important halogenated
bicyclo[4.2.0]inositol compounds effective against SARS-CoV-2. The current work could be very helpful
in stopping the further growth of the COVID-19 pandemic.
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Ozet

Bu calismada Ordu ili Unye ilcesinde farkli habitat &zelliklerine sahip lokalitelerden (temiz, kirli ve sulak alan)
bitkinin geng, olgun ve senesens donemlerinde toplanan P. americana bitkisinin yapraklarinda N (azot), P (fosfor)
icerikleri incelenmistir. Yapilan ¢alisma sonucunda temiz, kirli ve sulak alan olarak belirlenen farkli habitatlar
arasinda N (azot) ve P (fosfor) degerleri ortalamalar karsilastirildiginda temiz ve sulak alan habitatlarindaki
degerler kirli olarak belirlenen habitattaki degerlerden yiksek ¢ikmistir. N (azot) degerleri istatistiki olarak
onemli bulunmustur. Bitkinin vejetatif donemindeki geng yapraklarinin yiiksek N konsantrasyonuna sahip oldugu
belirlenmistir. Meyve donemi olan olgun dénemde ise azalmaya baslayip senesens déneminde en dislik
konsantrasyonda oldugu tespit edilmistir. istatistiki olarak dnemli bulunmayan P degerleri ise her {i¢ lokalitede
benzer sonuglar gostermekle beraber en yiksek degerler sulak alan bolgesine aittir. Toprak analiz sonuglari
degerlendirildiginde her tg¢ habitatin killi-tinh, hafif alkali, az tuzlu ve kiregli 6zellikte oldugu gorilmustar.
Bununla beraber, kirli alanin azot, fosfor ve organik madde agisindan yeterli oldugu tespit edilmistir.

Anahtar Kelimeler: azot, fosfor, bllyime mevsimi, sulak alan, kirli alan

Comparison of Nitrogen and Phosphorus Macro Elements Values of

Phytolacca americana L Plant in Different Habitats
Abstract

In this study, the N (nitrogen), P (phosphorus) contents of the leaves of the P. americana plant collected in the
young, mature and senescent periods of the plant from localities with different habitat characteristics (clean,
polluted and wetland) in Unye district of Ordu province were investigated. As a result of the study, when the
averages of N (nitrogen) and P (phosphorus) values between different habitats determined as clean, polluted
and wetland were compared, the values in clean and wetland habitats were higher than the values in the habitat
determined as polluted. N (nitrogen) values were found to be statistically significant. It was determined that the
young leaves of the plant in the vegetative period have high N concentration. In the mature period, which is the
fruiting period, it started to decrease and was found to be at the lowest concentration in the senescence period.
P values, which were not found statistically significant, show similar results in all three localities, but the highest
values belong to the wetland region. When the soil analysis results were evaluated, it was observed that all
three habitats were clay loam, slightly alkaline, less salty and calcareous. However, it has been determined that
the polluted area is sufficient in terms of nitrogen, phosphorus and organic matter.

Keywords: nitrogen, phosphorus,growth season, wetland, polluted area
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Giris

Bitkilerdeki besin elementi konsantrasyonunun belirlenmesinde yaygin olarak kullanilan bitki kisimlari
yapraklardir (Bilgin vd., 2004; Giizel, 2017; Ozbucak vd., 2013;). Yiiksek yapili bitkilerde &nemli bir
vejetatif organ olan yaprak, mekdna ve zaman bagl olarak 6nemli varyasyonlar géstermektedir.
Yapragin bu ozellikleri blyiik bir dinamizm sergileyen ekosistemlerde bitki-bitki, bitki-cevre iliskileri ve
kiresel degisimler hakkinda degerlendirmeler yapilmasina imkan saglamaktadir (Yalgin, 2018).
Ozellikle yaprak besin elementleri ekosistemlerde dolasimdaki karbondioksit miktarinin artmasi,
kiresel 1sinma, kuraklik, asiri azot birikimi ve istilaci tirlerin artisi gibi degisimlerle korelasyon
sergilemektedir (Penuelas vd., 2013). Azot (N) ve Fosfor (P) ekosistem fonksiyonlari ve dinamiklerinde
onemli rol oynayan iki 6énemli yaprak besin elementidir. Ayrica hem karasal hem de sucul
ekosistemlerde bitki bliyime ve gelisimini sinirlayan iki 6nemli bilesendir (Bilgin ve Guzel, 2017; Kilig
vd., 2012; Kutbay, 2001; Milosevic vd., 2009; Ozbucak vd., 2011). Bitkilerin fotosentetik performansini
etkileyen azot ve fosforun bitkinin beslenme durumunu ortaya koydugu bilinmektedir (Demirayak vd.,
2011; Orgeas vd., 2002). Ayni zamanda azot ve fosfor hiicreden ekosisteme kadar bitiin biyolojik
sistemlerde 6nemli fonksiyonlara sahiptir. Farkli ekosistemler arasinda birlikte ve karsilikli etkilesimleri
yaygindir (Bilgin ve Giizel, 2017; Gong vd., 2020).

Aminoasit, protein, nikleik asit gibi 6nemli organik bilesiklerin yapisinda bulunan azot, bitkide yeni
hiicrelerin meydana gelebilmesi igin zorunlu bir makro elementtir. Eksikliginde bitkideki biyime orani
azalmakta Ozellikle bitkinin vejetatif gelismesi olumsuz olarak etkilenmektedir. Ayni sekilde kok
gelismesi ile kdk dallanmasi da zayiflamaktadir (Erbas ve Senates, 2020; Gudade vd., 2009). Azotun
fazlahg ise bitkinin vejetatif gelisme periyodunu uzatarak giceklenmeyi geciktirmekte, meyvelerin geg
olgunlasmasina ve mantar hastaliklarina karsi dayanikhligin azalmasina neden olmaktadir (Aktas ve
Ates, 1998; Bosgelmez vd., 2001; Fageria vd., 2011).

Tim organizmalar icin gerekli elementlerden birisi olan fosfor bitkilerde protein, enzim, koenzim,
nikleik asit ve fosfolipid gibi molekillerin 6nemli bilesenidir. Fosfor bitkilerde ATP ile nikleik asitlerin
meydana gelmesi i¢in zorunlu bir element olmasindan dolayi biylk miktarda ihtiya¢ duyulan bir makro
elementtir. Bununla beraber, bitkilerin olgunlasmasini erken biylime, ciceklenme, tohum baglama ve
kok olusumunu tesvik ederek, tohum/meyve Uretimini artirmaktadir (Kulag ve Bildirici, 2020). Fosfor
eksikliginde de genel olarak azot eksikliginde ortaya ¢ikan belirtiler gérilmekte olup bitkideki gelisim
surecleri etkilenmektedir. Ayrica bitkilerdeki yaprak ylizey alani ile gelisimi dnemli miktarda azalma
gostermektedir (Bayram vd., 2004). Fosforun fazla olmasinin bitkiler (izerinde meydana getirdigi etki
daha ¢ok dolayl bir sekilde gortllr. Bu durum sik karsilasilan bir durum olmamakla birlikte fazlaliginda
¢inko ve demir gibi mikro besin elementlerinin eksikligi olusmaktadir (Aktas ve Ates, 1998).

Calismamizin materyalini olusturan Phytolacca americana L. bitkisi 6zellikle dogu Karadeniz bolgesinde
yaygin olarak bulunmaktadir (Tubives, 2014). Yérede Sekerciboyasi, Acimur, Diinya glzeli isimleri ile
bilinir (Baytop, 1994). istilaci bir yabanci ot olan bitki tarla bitkileri, cayir ve mera alanlari gibi farkl
yerlerde sorun olusturabilmektedir. P. americana L. taksonunun tedavi, gida ve hayvan yemi olarak
kullanildigi ancak zehirli oldugu icin kullanimina dikkat edilmesi gerektigi bildirilmistir (Baytop 1994;
Nabavi vd., 2009a). Bitkinin tibbi olarak mushil, agri giderici, antiinflamatuar, anti romatizma ve
antiartritik aktivitelere sahip oldugu, ayrica gesitli cilt hastaliklarinin tedavisi icin de uygun oldugu
bildirilmistir (Goldestein vd.,1973; Mumcu ve Korkmaz, 2018). Bitkinin, Mn ve Cd ile kirlenmis
topraklarin islahi icin biyilik bir potansiyele sahip, iyi bir Mn ve Cd hiperakimilatorid oldugu tespit
edilmistir (Min ve ark. 2007). Bununla beraber, hiicre duvarinda ligninin immobilizasyonu, selasyon,
vakuolar kompartmanizasyon ve ayrica tiyol bilesikleri iceriginin artmasinin hiperakiimilatér bitki P.
americana'da Cd detoksifikasyonunun 6nemli mekanizmalari olabilecegini gostermistir (Zhao vd.,
2021).

Bu calismanin amaci Ordu ili Unye ilgesinde farkl habitat 6zelliklerine sahip temiz, kirli ve sulak alan
olarak belirlenen lokalitelerden toplanan P. americana bitkisinin geng, olgun ve senesens
doénemlerindeki yapraklarinda N (azot), P (fosfor) iceriklerini incelemektir. “Farkh ekolojik ortamlarin
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bitkinin N,P makro elementlerinin profili izerinde degisiklige neden olabilecegi” hipoteziile yapilan bu
calismanin bu ve benzer konularda yapilacak ¢alismalara 1sik tutacagi kanaatindeyiz.

Materyal ve Yéontem
2.1. Materyal

Calismamizin materyalini olusturan Phytolacca americana bitkisi Phytolaccaceae Familyasina ait
Phytolacca cinsine ait bir taksondur. Takson, 0-500 m rakimlari arasinda yayilis gosteren, Haziran-Eylil
aylari arasinda ¢iceklenen, ¢ok yillik, otsu formunda yamaclar, tarlalar ve galilik habitatlari yasam alani
olarak tercih eden bir bitkidir (Davis, 1984). Takson Tubives kayitlarina gére tlkemizde kuzey ve giliney

Anadolu’da yayilis gostermektedir (Sekil 1).

—

Sekil 1. Phytolacca americana L. Taksonunun Tiirkiye Uzerindeki Dagilimi (istanbul, Antalya,
Artvin, Diyarbakir, Giresun, Ordu, Rize, Sakarya, Trabzon)

Sekerci boyasi olarak bilinen bitki genelde 1-3 metre boyunda ve dallari 1-2 metre ¢apinda yayilabilen
otsu bir bitkidir. Yapraklari genellikle blyik, sapli veya sapsiz, ¢ok cicekli olup, cicekler hermafrodit
veya islevsel olarak unisexual, periant segmentleri kiiclik, stamenleri 10 veya nadiren daha fazladir.
Bitki cabuk blylyen ve yayilan kazik bir kéke sahiptir. Yapraklari kendine has hos olmayan bir kokuya
sahiptir. Baslangigcta kirmizimsi renkte olan Gzlimsi ve sulu olan meyve ileriki donemde siyaha
dénmektedir. (Anonim, 2014b; Sellers ve Ferrell, 2013) (Sekil 2). Parlak siyah renkte, yuvarlagimsi olan
tohumlari 10 mm c¢apindadir. Tohumlari yaklasik 40 yil ¢imlenmeden dormant halde canhhgini
koruyabilmektedir. Hem giines hem de golgelik alanlarda rahatlikla biylyebilen bitki sahip oldugu
glcli ve derin kok sistemi sayesinde yanginlardan dahi etkilenmemektedir. Yangindan sonra
koklerinden yeniden biylyerek hayatini devam ettirir. Genellikle sulak alan ve orman kenarlarinda,
ruderal alanlarda, sahile yakin yerlerde ve yerlesim yerlerinin civarinda bitkinin yogun olarak
bulundugu tespit edilmistir. Terk edilmis tarla ve bahgelerde de bitkiye rastlanmasina ragmen, tarim
yapilan alanlarda bitkiye yogun olarak rastlanmamistir. Tarim alanlarinin etrafinda ve tarim disi
alanlarda yogun olarak bulunmaktadir.

Sekil 2. Phytolacca americana L. Taksonunun Genel Gorinisl
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2.2. Metot

Bu calismada Ordu ili Unye ilgesinde farkli habitat ézelliklerine sahip ti¢ farkli lokaliteden toplanan P.
americana ornekleri ile calisiimistir. Calismada habitat 6zelliklerinin belirlenmesinde bitkinin secilen
butiin alanlarda yaygin olarak bulunmasi, bir/birden ¢ok cevresel kirleticiye maruz olmasi (kirli alan),
kirleticilerden uzak olmasi (temiz alan) ile su ekosistemine yakin olmasi (sulak alan) kriterleri esas
alinmistir. Bu kriterlere gore belirlenen lokaliteler ve 6zellikleri asagida verilmistir;

Calisma materyalini topladigimiz kirli alan olarak belirledigimiz bu lokalite, deniz seviyesi rakiminda
41°11'34.28" kuzey paralelleri ile 37°32'72.76” dogu meridyenleri arasinda yer alan Unye merkez
Cimento fabrikasi yakinidir. Bu lokalitede bitki genellikle yol kenarini ve ot ile galilarin bol bulundugu
alanlari tercih etmektedir. Cimento fabrikasina yaklasik 300-400 m mesafede bulunmaktadir. Bitki hem
¢imentodan salinmakta olan gazlara (toz, stlfiir dioksit, azot oksitler, agir metaller gibi) maruz kalmakta
hem de yoldan gegmekte olan motorlu tasitlarin egzos gazlarina maruz kalmaktadir.

Temiz alan olarak belirledigimiz lokalite 350 m vyikseklikte, 40°98'42.43" kuzey paralelleri ile
37°10'766.81" dogu meridyenleri arasinda yer alan Caybasi ilcesinde bulunmaktadir. Bu lokalitede bitki
genellikle cali ile findik, mese, giirgen gibi agac formlarinin bol bulundugu alanlari tercih etmektedir.
Bitki glibreleme yapilmayan findik bahgesinin etrafindan toplanmistir. Findik bahgesi orman alaniyla
bitisik olarak bulundugu icin bu lokalitedeki bitki bol oksijene ve gblgeye maruz kalmaktadir.

Caybasi ilcesinde sulak alan olarak belirledigimiz lokalite 200 m yukseklikte, 40299'29.86" kuzey
paralelleri ile 37209'15.19” dogu meridyenleri arasindadir. Bu lokalitede bitki genellikle ¢aliliklarin alt
kisimlarini ve kenarini tercih etmektedir. Bitki drneklerinin alindigi alan bir nehir kenari olup etrafi
caliliklar ve misir tarlasiyla gevrilidir.

Arastirma alanlarina ait iklimsel veriler Ordu Meteoroloji istasyon Miidiirligi’nden alinmistir. Ordu ili
SKYi (Sonbahar, Kis, Yaz, ilkbahar) Dogu Karadeniz Oseyanik yagis rejiminin 1.tipinin etkisinde
bulunmaktadir. Bu iklim kurak mevsimin olmamasi ile karakterize edilir (Akman, 2011). Ordu il
Meteoroloji istasyon Miidiirliigi’ne ait Unye ilcesine ait iklimsel veriler ve iklim diyagrami sirasiyla Sekil
3’te gosterilmistir. iklim verilerine gére Unye’de 1961-2020 yillari arasindaki yillik ortalama sicaklik 14.3
oC'dir. Yillik ortalama yagis miktari ise 97,64 mm dir.

200 — 100
Ordu/Unye
150 80
60
100
40

50 ._‘_//.—ﬁ—\ 20
0 0
12 3 4 5 6 7 8 9 10 11 12

—e—Ort.yagis 106 92 90,6 74,8 56,3 77,1 78 93 91,8 142 142 128
——Ortsic 7 7 8 11 152 20,1 23 23,3202 16,2 12,4 9,1

Ortalama Yagis(mm)

Sekil 3. Ordu ili Unye ilgesi’nin 1961-2019 Yillarina Ait iklim Diyagrami

Ordu ili Caybasi ilgesine ait iklimsel veriler ve iklim diyagrami ise Sekil 4’te gdsterilmistir. Caybasi
ilcesi’nin bolgedeki meteoroloji istasyonu yakin tarihte kuruldugu icin 2015-2020 yillarina ait verileri
bulunmaktadir. Caybasi ilgesinde 2015-2020 yillari arasindaki yillik ortalama sicakhk 11.22 eC’dir. Yillk
ortalama yagis miktariise 111,63 mm dir.
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Sekil 4. Ordu ili Caybasi ilgesi’'nin 2015-2020 yillarina ait iklim diyagrami

Arastirma yapilan lokalitelerdeki 6rnek parsellerin se¢iminde yon, ylkseklik, vejetasyonun orti
durumu ile parsellerde en az 15 tane bireyin bulunmasina dikkat edilmistir (Boerner ve Koslowsky,
1989). Ayrica bitkiler geng, olgun ve senesens olmak Uzere (g farkh gelisme déneminde toplanmistir.
Toplanan bitki érneklerinin tayini Davis’in “Flora of Turkey and East Aegan Island” adli eserinden
faydalanilarak yapilmistir (Davis, 1984). Calismada arastirma materyalini olusturan bitki 6rnekleri 65
°C’ de 72 saat kurutulup bitki 6gltme degirmeninde 6gutllerek azot ve fosfor analizine hazir hale
getirilmistir. Azot analizi numuneler selenyum katalizori ile konsantre H,SO, ile muamele edildikten
sonra bir Kjeltec Auto 1030 Analyzer (Tecator, isveg) cihazinda mikro Kjeldahl ydntemiyle
belirlenmistir. P analizi icin 6rnekler nitrik ve perklorik asit karisimi ile yas yakma yapildiktan sonra
Amonyum-molibdat- Stannus klorid metodu ile spektrofotometrik olarak belirlenmistir. Fosfor analiz
yonteminin prensibi, yas yakma yontemi ile yakilmis bitki ©rneginin Barton c¢ozeltisi ile
renklendirildikten sonra olusan rengin indensitesinin standart seriye karsilik spektrofotometrede
belirlenmesi esasina dayanir (Allen vd., 1986).

%N ve P sonuglari tek-yonli varyans analizi (One-way ANOVA) ile degerlendirilmistir. Varyans analizi
sonrasinda gerekli olmasi durumunda farkli ortalamalar Tukey coklu karsilastirma testi ile
belirlenmistir. Varyans analizleri 6ncesinde varsayimlarin kontrolii Levene testi ve Kolmogorov-
Smirnov testi ile yapilmistir. Hesaplamalarda ve yorumlamalarda %5 onemlilik diizeyi dikkate
alinmistir. TUm hesaplamalar Minitab 19 (Minitab LLC., USA) istatistik programi ile yapilmistir.

Calisilan her (g lokaliteden araziyi temsil edebilecek sekilde toprak érnekleri alinmistir. Toprak 6rnegi
almak amaciyla dncelikle Gstteki organik tabaka kaldirilarak agilan gukurlardan A horizonuna ait olmak
Uzere 30 cm derinliklerden toprak ornekleri alinmistir. Toprak ornekleri polietilen posetler ile
laboratuvara getirilip hava kurusu durumuna gelinceye kadar kurutulmustur. Kurutulan toprak
ornekleri analizlerin yapilmasi amaci ile 2 ve 0.5 mm’lik elekten gegirilerek analiz i¢in hazir hale
getirilmistir. Organik madde miktari (%) Walkkey — Black metoduile, N (%) miktari mikro-Keldal metodu
ile, P (%) miktari Amonyum-molibdat- Stannus klorid metodu ile K (%) miktari, Ca (%) ve Mg (%)
miktarlari ise atomik absorbsiyon spektrofotometre ile belirlenmistir. Topraktaki % nem miktarinin
belirlenmesi topragin yas ve kuru agirlik farkinin tespiti ile ortaya konulmustur. Bouyoucus hidrometre
metodu ile toprak ie toprak tekstir analizi, pH metre ile de pH’si 6l¢lilmistiir (Kagar, 1984).

Bulgular ve Tartisma

%N ve %P icin yapilan tek-yonli varyans analizi tablosu Tablo 1 ve 2’de verilmistir. Yapilan varyans
analizi sonucunda %P icin gruplar arasinda istatistiksel olarak énemli farklilik bulunmazken (p>0.05),
%N icin gruplar arasindaki farklilik istatistiksel olarak 6nemli bulunmustur (p<0.001). Gruplar arasindaki
farkhlik Tukey ¢oklu karsilastirma testi ile belirlenmis ve sonuclari ortalamalarin yaninda harfli gosterim
seklinde ifade edilmistir (Tablo 3).
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Tablo 1. %N icin Varyans Analizi Tablosu

Varyasyon Serbestlik  Kareler Kareler

Kaynagi Derecesi  Toplami Ortalamasi F p
Grup 9 141,032 15,6702 62,99 0,000
Hata 19 4,727 0,2488

Genel 28 145,759

Tablo 2. %P icin Caryans Analizi Tablosu

Varyasyon Serbestlik Kareler Kareler

Kaynagi Derecesi Toplami Ortalamasi F P
Grup 8 0,02014 0,002517 0,68 0,707
Hata 18 0,06706 0,003726

Genel 26 0,08720

Tablo 3. % N ve P Sonuglari icin Taniticl istatistik Degerleri (n=3)

%N %P

Habitat Ortalama Standart Ortalama Standart

Sapma Sapma
Temiz Alan A
Gene 8.100 0.608 0.190 0.064
(T)‘Tg;'rf Alan 7.867% 0.635 0.141 0.025
;z:‘e':e/?]':‘“ 5.7675¢ 0.473 0.226 0.064
g‘:r: gA'a” 4.833P 0.153 0.203 0.012
(K)'l';'uﬁ'a” 4,033 0.987 0.211 0.055
E;rr']'e/:f:s 3.000¢ 0.361 0.170 0.043
Z“e'slc( Alan 7.167® 0.416 0.237 0.025
Z‘f;knA'a” 7.433% 0.115 0.193 0.134
:‘e‘r;s’::]as” 6.767"8 0.231 0.204 0.033
TANIK 0.300F 0.000 0.000 0.000
p-degeri 0.000*** 0.707

**:p<0,01 Ortak harfi olmayan kimyasal ortalamalari arasinda fark vardir (p<0,05)

Tablo 3’e bakildiginda temiz ve sulak alanlarin N degeri ortalamalarinin kirli alan ortalamalarindan daha
yiksek oldugu goriilmektedir. istatistiki acidan énemli bulunmayan P degerleri ise her (i¢ lokalitede
benzer sonuclar gostermekle beraber, en yiiksek degerler sulak alan bélgesine aittir. Bitkilerin baslica
makroelementlerinden olan N ve P, hem sucul hem de karasal ekosistemlerde blylimeyi sinirlayan
6nemli makro elementlerdir (Li vd., 2013). Azot ve fosfor varliginin/kullanilabilirliginin birlikte ve
karsilikli etkileri farkli ekosistemler arasinda yaygindir (Bilgin ve Glzel, 2017). Bitkinin hayat dongusi
sirasinda olusan farkl fizyolojik olaylar bitkinin besin elementi iceriginde mevsimsel degisikliklerin
meydana gelmesine neden olmaktadir (Glizel, 2017). Bitkiler bazen ayni toprak ve gevre sartlarinda
blyuseler bile bulunduklari topragin besin elementlerinden farkli oranlarda yararlanabilirler (Wrona,
2006). Yapilan calismada temiz, kirli ve sulak alan olarak belirlenen farkh habitatlar arasinda azot
degerleri ortalamalari karsilastirildiginda temiz ve sulak alan habitatlarindaki azot degerleri kirli olarak
belirlenen habitattaki degerlerden yiksek ¢cikmistir. Sonuglar Jones vd., (1991) tarafindan belirtilen
sinir degerlere gore de yilksek olarak degerlendirilmektedir. Elde edilen veriler istatistiki olarak 6nemli
bulunmustur (Tablo 3). Besin elementi agisindan fakir habitatlardaki bitkilerde disiik gelisim nedeniyle
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disuk besin elementi ihtiyaci olmasi durumu goze ¢arpmaktadir Clarkson (1967), Grime (1977), Chapin
(1980), De Mars ve Boerner (1997) tarafindan cevresel stres sartlarinin azot emilimini azaltabilecegi
bildirilmistir. Kirli alan olarak belirlenen habitatin bir fabrika yakininda olmasi bélgenin kirlilik yakina
arttirmakta olup bitkiyi strese sokmus olabilir. Bununla beraber, agir metaller, bitkinin stoma
iletkenligini etkileyerek fotosentez lzerinde olumsuz bir etki olusturabilmektedir. Artan agir metal
toksisitesi ile toprakta su yeterince bulunsa dahi bitki su alamamaktadir. Yapraklardaki suyun azalmasi
ile stomalar kapanmakta, artan yaprak sicakligiyla membran sistemleri zarar gérmekte ve hiicre
olumleri gerceklesmektedir. Ayrica agir metaller N ve karbonhidrat metabolizmalarini degistirerek
bircok fizyolojik degisiklige neden olmaktadirlar (Daghan vd., 2013; Sheoran vd., 1990). Bu da
yapraklarda bulunan N elementinin fotosentetik kapasite ile yakin iliskisi oldugunu gostermektedir.

Yapraklarin besin elementi icerigi yapragin alindigi ortama, sirgliniin ait oldugu déneme, mevsime,
ylkseltiye, bitkinin meyveli ya da meyvesiz olusuna, yapragin biyikligi ile saghkli olup olmamasi gibi
faktorlere gore degisebilmektedir (Bhargava ve Dhandar, 1987; Roche vd., 2004). Bununla beraber
farkh ekolojik sartlar, bitkinin yasi, gelisme durumu, gibi faktorler bitkilerin topraktan alacagi besin
elementi miktarlarini farkli oranlarda etkileyebilir (Erdal vd., 2008). Temiz ve sulak alan olarak
belirledigimiz alanlarin etrafi ormanlarla (Felek Dagi Ormani) gevrilidir. Bu durum bu habitatlardaki
orneklerde azot igeriginin yiiksek ¢ikmasinin sebebi olabilir. Bu bdlgelerden yagislar ile gelebilecek
besin elementleri bitkinin farkli gelisim donemlerinde azotun yiiksek ¢cikmasina neden olmus olabilir.
Artan yagis toprak besin elementi miktarini ve bitkide alinimini arttirabilir (Chen vd., 2021). Ayrica yagis
ve sicaklik bitkide besin elementlerinin geri emilim stratejilerinin belirlenmesine katki saglayan itici ana
glicler olabilir. Bolgesel ve yerel 6lcekte, yagis toprak nemini ve verimliligini etkileyen kilit bir faktordtr
(Xu vd., 2021). Caybasi ilce sinirlari icerisinde bulunan bu bolgeye ait iklim verilerine bakildiginda
yagisin fazla, sicakligin daha distik oldugu gérilmektedir. Karasal ekosistemler icerisinde ormanlarin
mekansal dagilimi oldukga genis bir alan kaplamaktadir. Farkli habitatlari blinyesinde bulunduran
ormanlar 6nemli biyolojik cesitlilik kaynaklaridir (Hunter ve Jr, 1999; Klenner vd., 2009; Mori vd., 2017).
Karasal ve denizel ekosistemde yaklasik olarak 4x10%°, atmosferde ise 2x10?° ton azot bulunmaktadir.
Bunun yaninda her yil topraga %70’i biyolojik azot fiksasyonu ile %15’i yapay glbrelerle, %15’i dogal
glbrelerle, %10’u cevresel kirleticiler yoluyla 200-300 milyon-ton azot kazandirilmaktadir. Diinyada
biyolojik yolla topraga saglanan toplam azotun biyik bir kismi orman, ¢ayir gibi alanlardan, diger kismi
ise okyanus ve denizlerden saglanmaktadir (Anonim 2). Bitkinin farkh gelisme donemlerine ait azot
iceriklerinde de benzer sonuglar gorilmustir. Bununla beraber, biitin habitatlarda bitkinin geng
oldugu donemlerdeki azot degerleri senesens degerlerinden yiiksek bulunmustur. Bitkilerin geng
yapraklari yiksek fotosentez kapasitesine sahip oldugu icin daha fazla azot icerigine sahip olma gibi bir
stratejiye sahiptirler (Pastor-Pastor vd., 2015). Bizim ¢alismamizda da bitkinin vejetatif donemindeki
geng yapraklarinin yiksek N konsantrasyonuna sahip oldugu, meyve dénemi olan olgun déonemde
azalmaya baslayip senesens déneminde en disik konsantrasyonda oldugu tespit edilmistir. Kili¢ vd.
(2010) tarafindan yapilan calismada da yaprak doken tirlerde besin elementi iceriginin geng yaprak
fazinda oldukca yiiksek, senesens déneminde ise distiiglii belirtilmistir. istatistiki olarak énemli
farklihklar goriilmeyen fosfor degerlerine bakildiginda en yiiksek deger sulak alan habitatinda daha
sonra kirli ve temiz alan habitatinda belirlenmistir. Bu durum geng ve olgun doneme ait veriler ile de
benzerlik gostermektedir. Senesens doneminde ise en yliksek fosfor degerleri temiz alan ve sulak
alanda, en disik degerler ise kirli alanda tespit edilmistir. Fosfor sonuglari Jones vd. (1991) tarafindan
belirtilen sinir degerlere gore yiiksek olarak degerlendirilmektedir. Fosfor sulak alanlarin verimliligini
etkileyen besin elementlerinin en dnemlisi olup su ortamlarinda meydana gelen 6trofikasyonun en
temel nedenidir. Dogal sularda fosforun miktari bélgenin topografik 6zelliklerine, suya karisan organik
madde miktari ile evsel ve endistri atik miktarina gére degismektedir (Tas vd., 2010). Calismamizda
sulak alan olarak belirlenen habitat riparian alan 6zelligindedir. Riparian alan ekolojide akarsu, gol ve
sulak alanlarin kenarinda dogal vejetasyona sahip taskin yataklari olarak tanimlanmaktadir. Gegis zonu
dzelligindeki bu ekosistemler bitisiklerindeki sucul ekosistem ile etkilesim halindedirler (Ozbucak ve
Tas, 2016). Bu alanlar sahip olduklari yogun bitki 6rtisa ile akarsu kenarlarinda bir bariyer gibi
fonksiyon gostererek sulari stizer, akarsu kenarlarini tutar ve alanin kirliligini hafifletirler (Yilmaz ve
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Cicek, 2002). Su akis havzasindan gelen besin elementlerini sudan uzaklastirarak biyolojik aritim
yapmaktadirlar. Bu da bu habitatlarin 6trofikasyonunu arttirarak istilaci tirlerin kolonizasyonuna
uygun bir hale getirmektedir (Tas vd.,2015). Bu durum galisma materyalimiz olan istilaci P. americana
taksonunun belki de bu habitatlarda yayilis gostermesinde etkisi olmus olabilir. Kirli alan olarak
sectigimiz fabrika yakinindaki habitatta fosfor degerlerinin geng ve olgun donemde yiksek ¢ikmasinin
nedeni alanin 6zellikle findik tarim alanlarina yakin olmasi olabilir. Bélge ayni zamanda Ordu-Samsun
karayoluna yakin bir mevkidedir. Ayrica fabrikadan ortama birakan ve bélgeyi kirleten agir metal gibi
cevresel kirleticilerin bitkilerde temel besin maddelerinin eksikliginden dolayi kdk, gévde, yaprak gibi
morfolojik ozelliklerinde kigllme ve azalma meydana getirdigi bildirilmistir (Jayakumar vd., 2007;
Mengoni vd., 2000). Ayni zamanda agir metallerin etkisiyle kloroplast yapisinda meydana gelen
degisiklik bitkide klorofil miktarinin azalmasina neden olmaktadir (Akgin vd., 2017; Tung ve Sahin, 2015;
Yerli vd., 2020). Daghan vd. (2013) tarafindan yapilan ¢alismada Zn, Cu, Cd, Ni gibi agir metallerinin
artan dozlarinin bitkilerin N, P ve K alimini azalttigi belirlenmistir. Calismamizda kirli alandan almis
oldugumuz yaprak orneklerimizin diger alanlardan aldigimiz 6rneklere gore kahverengiye donik bir
renge sahip olmalari bitkinin agir metale maruz kaldiginin bir géstergesi olabilir.

Bitki yapraklarindaki besin elementi miktarlarinin belirlenmesi ayni zamanda bitkinin besin elementi
dongiisi ve iklim kosullarina tepkisinin bir élgittudir (Baxter ve Dilkes, 2012). Yapilan ¢alismada temiz
ve sulak alan habitatlari yagisin daha fazla, sicakhgin daha disiik oldugu Caybasi ilcesinde, kirli alan
habitati ise yagisin daha az ve sicakhigin daha yiiksek oldugu Unye ilcesi’'nde bulunmaktadir. Yaprak
ozellikleri lzerinde iklimin etkilerini belirlemek icin yapilan ¢alismalarda yaprak azotunun (kitle
bazinda) yagis ile spesifik bir egilim gostermedigi, yaprak fosforu ile ortalama yillik yagis arasinda giiclii
bir iliski oldugu belirlenmistir (Orddfiez vd., 2009; Wright vd., 2005).

Tablo 4. Toprak Analiz Sonuglari

BYF BYK
SiD (kg/d  BYP BYM T oM N K B
S T e i) M ek 0 0 0
7'44 7:37 44.46 4365 497.6 0.03 1.85 0.07 2.35 -
SA 539 Hafif VYeter Ly . Az . . Killi-Tinh
. . Yeterli Yuksek Yiksek Orta Yetersiz Kiregli
Alkali siz Tuzlu
7'29 /.01 52.85 4724 491.5 0.04 1.90 0.06 3.13 -
TA 57.5 Hafif VYeter . . . Az . 7 Killi-Tinh
. . Yeterli Yuksek Yiksek Orta Yetersiz Kiregli
Alkali siz Tuzlu
8'2?5 14.75 60.91 4587 512.2 0.02 4.22 0.13 8.25 -
KA 64.5 Hafif Yeter . . . Az L . . Killi-Tinh
. . Yeterli Yuksek Yuksek lyi Yeterli  Kiregli
Alkali li Tuzlu
1150- 160- 0- 0.09-
SD 50-70 7.5-85 >3-4 >30 3500 430 015 3-4 017 5-15

Tablo 4’de toprak analiz sonuglari verilmistir. Bu sonuclara bakildiginda her li¢ habitatin topraklarinin
su ile doygunluk degerleri sinir degerleri arasinda olmakla beraber en yiksek deger kirli alan
habitatinda goralmdistlr. Tam habitatlarin topraklar hafif alkali, az tuzlu 6zellikte olup kiregli, killi- tinli
toprak tipindedir. Bitkiye yarayisl fosfor temiz alan ve sulak alanda yetersiz iken kirli alanda yeterli
bulunmustur. Bitkiye yarayish potasyum, kalsiyum ve magnezyum ise yeterli ve yliksek diizeydedir.
Organik madde agisindan kirli alanin temiz ve sulak alana gére daha iyi oldugu tespit edilmistir. Kirli
alan habitatinda organik madde miktarinin yiksek cikmasinin nedeni alanin findik tarimi yapilan
arazilere yakin olmasi olabilir. %N konsantrasyonu da kirli bolgede yeterli iken temiz ve sulak alanda
yetersizdir. Azot agisindan yetersiz olan temiz ve sulak alan habitatlarindaki bitkilerin azot icerikleri
ylksek, kirli alan topraklarindaki bitkilerde ise dusik ¢cikmistir. Bu sonug literatiir ile paralelellik
gostermektedir. Yapilan cesitli bilimsel calismalarda duslik verimlilige sahip topraklarin besin
elementlerini daha etkili bir sekilde kullandigini, ylksek verimlilige sahip topraklarda ise daha az verimli
kullanildig: bildirilmistir (Bilgin ve Giizel, 2017; Kilig vd., 2010; Kutbay ve ark. 2003; Ozbucak vd., 2011).
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Sonug ve Oneriler

Sonug olarak, farkh ekolojik 6zelliklere sahip Ug¢ farkli habitatta yayilis gbsteren P. americana bitkisinin
N ve P iceriklerinin lokalitelere ve bitkinin gelisme donemlerine gore farkhlik gésterdigi belirlenmistir.
Farkh ekolojik faktorlere ve bitkinin gelisme dénemine bagli olarak bitki topraktan farkli miktarlarda
besin elementi alabilmektedir. Bitkilerde besin elementi konsantrasyonunun besin kaynagi, toprak kok
aktivitesi ile alinabilen miktar, floem ve ksilem yoluyla transfer edilebilme yetenegi gibi faktorlere goére
degislik gosterdigi ayrica tirlerin besin icerik degerlerinin fizyolojik ve fenolojik gelisme donemlerine
gore varyasyonlar gosterebilecegi bilinmektedir. Bitki tiirlerinin bulunduklari ortama uyum saglamalari
ve ekosistemlerin fonksiyonlari agisindan dnemli biyolojik siiregler olan besin elementi dinamiklerinin
farkh ekolojik ortamlardaki profillerinin ortaya konulmasi dnemlidir. Yapilan bu ¢alismanin bu bitki veya
bu tiir habitatlarda yapilacak diger ¢calismalara isik tutacagi kanatindeyiz.
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Abstract

Due to the COVID-19 outbreak, which was declared as a pandemic in 2020 by the World Health Organization,
many educational institutions around the world started distance education. However, since distance education
is an unusual field for the stakeholders of education, this sudden change created a chaos both for institutions in
terms of providing the necessary infrastructure and for educators in terms of redesigning instruction techniques
and tools. In this article, it is aimed to discuss a distance education course design proposal for basic design
course, which is taught generally in the first two semesters within a studio environment at the department of
architecture, through a) student opinions that were obtained through an online questionnaire that were
conducted at the end of the semester, evaluations made by the authors about b) the process outputs and
achievements and c) the tools. The results show that, the distance education course design proposal for the
basic design course of the department of architecture, which requires collaboration and interaction between
students and instructors, evaluated as being efficient both in terms of the tools and methods used and in terms
of creating an online collaborative workspace.

Keywords: distance education, architecture education, basic design, collaboration, interaction

Uzaktan Egitimde Cevrimigi Bir Etkilesim Deneyimi: Mimarlik Boliimii Temel
Tasarim Dersi icin Bir Ders Tasarimi Onerisi

Ozet

Diinya Saglik Orgiitii tarafindan 2020 yilinda pandemi olarak ilan edilen COVID-19 salgini nedeni ile, diinya
genelinde birgok egitim-6gretim kurumunda uzaktan egitime gecilmistir. Ancak, uzaktan egitim, egitimin tim
paydaslari icin alisiimadik bir alan oldugu icin, bu ani degisim hem gerekli altyapiyi saglamak durumunda olan
kurumlar hem de egitim modellerini ve araglarini glincellemek zorunda kalan egitmenler icin bir kaos ortami
yaratmistir. Bu makalede; mimarlik bolimlerinde, genelde ilk iki yariyilda, stiidyo ortaminda uygulamali olarak
verilen temel tasarim dersini uzaktan egitime adapte edebilmek icin yeniden yapilandirilan bir ders tasarimi
Onerisini a) dénem sonunda gerceklestirilen bir cevrimici anket ile elde edilen 6grenci gorisleri ve yazarlarin b)
sureg ciktilarini, 6grenci kazanimlarini ve c) kullanilan araglari degerlendirmeleri Gzerinden tartismaya agmak
amaglanmaktadir. Sureg¢ degerlendirildiginde; 6grenciler ve egitmenler arasinda ortak calisma ve etkilesim
gerektiren mimarlik bolimi temel tasarim dersi icin bir uzaktan egitim modeli olarak onerilen bu ders
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Introduction

The field of education is one of the most affected fields due to the COVID-19 outbreak. Most of the
higher, secondary and primary education institutions all around the world were closed and converted
their learning environment into an online modality (Bernardo & Duarte, 2020; Gdékbulut, 2021).
Although people are on intimate terms with technology in the modern era, the sudden conversion
from face-to-face education to distance education have caused adaptation problems for both
educators and students. Despite the experienced problems, it was seen by the new acknowledgers
that the distance education also has many advantages such as being flexible in terms of time and space,
being easy in accessing online services and being cheap in terms of learning materials (Bates, 2015;
Guri-Rosenblit, 2005; Hammad et al., 2018; Simonson et al., 2011).

Architectural and design education was also affected by the COVID-19 pandemic. Being a department
that has crucial applied courses such as design studios, where experimentation, learning by doing,
criticism, physical contact to the projects, collaboration and interaction between students and
instructors are mandatory (Attoe & Mugerauer, 1991; Chiu, 2002; Kocadere & Ozgen, 2012; Kurt, 2009;
Kvan & Yunyan, 2005), leaving the physical environment and moving online was challenging for
architectural and design education. Many educators in the departments of architecture and design
have been trying different methods and tools to compensate the handicap of being away from the
design studio. This study touches on this issue by presenting a tested course design and an online
collaboration tool (Miro) for basic design education of the department of architecture. For this
purpose, first, literature review about distance education, architectural education and basic design
education that constitute the background of the course is presented. Later, the offered course design
and the evaluations of the students regarding the course is presented.

Distance Education: Advantages and Disadvantages

Many schools were closed all around the world to reduce the physical contact and decelerate the
spread of COVID-19 pandemic. According to a report shared by UNESCO, a total of 63 million teachers
and 1.5 billion students were affected by the COVID-19 pandemic in terms of school closures (UNESCO,
2021). For the purpose of, sustaining the education, many institutions moved their teaching and
learning environment into an online modality and started doing distance education.

Distance education can be described as an education system that is conducted within an online
medium via technological hardware and software that separates the participants from each other in
terms of space and time (Aydemir, 2018; Schlosser & Simonson, 2009). In other words, it is an
education system that gathers the shareholders of the teaching and learning environment, which are
educators, students, books, whiteboards, etc., within an online platform (Bernardo & Duarte, 2020;
Gokbulut, 2021; Wang et al., 2010). In terms of its purposes, there is not a difference between distance
education and face-to-face education or formal education: both aims to transfer knowledge and skills.
However, in terms of their tools that necessitate having smart devices and internet connection,
differentiates online education from face-to-face education (Clark & Mayer, 2011).

The history of distance education dates back to the 1800’s. It first started by using letters as the
medium, then in 1920’s radios and in 1960'’s televisions were used to transfer knowledge and skills
(Bates, 2015; Moore & Kearsley, 2005). Although it extends back a long time, distance education
became widespread through the invention of computers and internet. Due to the outbreaking COVID-
19 pandemic, distance education has become more popular and many studies discussing its
advantages and disadvantages emerged (Bernardo & Duarte, 2020; Hammad et al., 2018; Mayer,
2019).

The main advantage of the distance education over face-to-face education is the flexibility of time and
space. While face-to-face education is limited to people that are present at the time and space in which
the course is occurring, distance education is available for those who want to attend the course at
different time and space alternatives (Bates, 2015; Guri-Rosenblit, 2005; Hammad et al., 2018). This
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facility creates opportunities especially to the people who have problems in attending the classes on
time due to their jobs (Gokbulut, 2021). Another advantage of the distance education over face-to-
face education is the possibilities it serves in terms of accessing information and teaching tools due to
the online interactive media and services at our disposal (Arkorful & Abaidoo, 2014; Hammad et al.,
2018). Besides, being cheap compared to the face-to-face education that needs continuously updated
learning materials such as textbooks is yet another advantage of distance education (Hammad et al.,
2018).

On the other hand, there are several disadvantages of distance education compared to the face-to-
face education. Distance education limits the social interaction and creates personal learning
environments (Bernardo & Duarte, 2020) where only the students with higher motivation and
independent learning skills could benefit (Bernardo & Duarte, 2020; Hammad et al.,, 2018).
Furthermore, even if the distance education is cheap compared to the face-to-face education in terms
of learning materials, it needs a budget in terms of the equipment and technical issues needed such as
computers, smart mobile devices and a stable internet infrastructure (Arkorful & Abaidoo, 2014;
Bernardo & Duarte, 2020).

Mentioned disadvantages of distance education, especially those that are related with social
interaction and personal learning environments are critical for the disciplines whose curriculums
depend on applied courses. Being one of those disciplines, architectural education and its first and one
of the most important applied courses, basic design course is the subject of this study.

The Situation of Basic Design Course within Architectural Education

Architectural and design education prepare students for their profession by bringing them requisite
knowledge, abilities and skills and educating them to gain a critical thinking to be able to find innovative
solutions to design problem(s) given (Farivarsadri, 2001). In this respect, design studios play a
significant role for not only the architectural education but also other design-based disciplines by
bringing students’ knowledge and skills by doing, experimenting, and practicing for real-life design
problems as a challenge (Afacan, 2012). There is an interactive and collaborative environment where
students learn from their instructors and fellows (Gelernter, 1988; Gling6r, 2005; Sausmarez, 1983).
Together with other theoretical and applied courses in the curriculum, design studios prepare students
to their professions (Farivarsadri, 2001; Goldschmidt & Tatsa, 2005). Each studio covers a major part
of the semester in terms of course hours and credits and their content and learning outcomes differ
and become more profession specific gradually.

Among these studios, basic design course (or studio) is the first place where students meet with
architecture or other design-based disciplines. In this course, it is aimed to develop creativity and
problem-solving abilities, perception and design language of the students (Boucharenc, 2006; Denel,
1981; Kuloglu & Asasoglu, 2010; Lang, 1998; Salama, 1995). In order to actualize these aims, many two
and three-dimensional projects related with Gestalt theory, composition, design elements and
principles, materials and structure are conducted (Akbulut, 2010; Girgin, 2019).

Composition constitutes the center of basic design projects. It is expected that students organize
design elements according to Gestalt theory and design principles in order to achieve two or three-
dimensional compositions that have aesthetically pleasing relations, proportions, figures, forms,
angles, transformations, etc. (Ali & Liem, 2014). Mittler (1994) associates design elements with the
words and design principles with the grammar of a language. Since it is necessary to learn the alphabet
before producing words, and to learn the grammar rules before forming sentences, students should
first learn design elements, design principles and compositional issues regarding the organization of
the elements in order to develop design outcomes (Ching, 2007). This principle is similar among
architecture and design-based disciplines. While an industrial designer should consider the elements
and their organization while designing a product, a graphic designer should do the same while
designing a two-dimensional work and likewise, an architect should consider the elements and forms
and their relations while designing a building.
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Another important factor for design studios and basic design course is collaboration. Since nowadays,
famous design and architectural projects are conducted by design teams and international
collaboration, intercultural communication and collaborative design has become a critical topic for
architecture and design-based departments (Schadewitz, 2009), design students should be
accustomed to this system by conducting group work projects starting from the basic design course.
In this way, they can share their experiences, resources, ideas and learn the necessary skills related
with communication, task distribution and coordination, decision making and time management (Chiu,
2002).

In light of the obtained background about the distance education, architectural education and basic
design education, a distance education course design for basic design course of the department of
architecture considering design elements, design principles, composition and collaboration is
proposed.

A Basic Design Course Proposal for Distance Education

In the mentioned department of architecture, basic design course is taught for 8 hours per week for
14 weeks by a teaching team consisting of 7 members. In pre-pandemic semesters, there were
between 70 to 85 students enrolled to the course and the number has been increasing gradually.
Therefore, a minimum number of 80 students was expected to the first distance education basic design
course. In order to cope with the chaos that a crowd consist of nearly 90 people will create within an
online platform and to create an effective teaching and learning environment, it was decided to divide
the students and the teaching team into three groups and restructure the basic design course syllabus
to adapt distance education. Each team would focus on different aspects of the basic design course
and students would circulate through the designated teams in order to learn about materials,
structure, design elements, design principles and composition.

As it was expected, 92 students enrolled to the course and they were divided by 30, 30 and 32 to the
teaching teams. One team consisting of three members focused on the issue of materials, one team
consisting of two members focused on the issue of structure, and other team consisting of two
members focused on the issues of design elements, design principles and composition. In the first week
an introduction was conducted with all of the students via Microsoft Teams in order to inform them
about the procedure of the semester. Later on, each team conducted their themes three times with
different student groups for four weeks (a total of 12 weeks). Finally, in the last week, again a general
discussion was conducted with all of the students in order to evaluate the semester (Table 1).

Table 1. Syllabus of the Course

Weeks Audience Team 1 (two Team 2 (two Team 3 (three

members) members) members)

1 Common course Introduction Introduction Introduction

2 Student Group 1 Design elements, Structure Materials

3 (30 students) principles, and

4 composition

5

6 Student Group 2 Design elements, Structure Materials

7 (30 students) principles, and

8 composition

9

10 Student Group 3 Design elements, Structure Materials

11 (32 students) principles, and

12 composition

13

14 Common course Discussion Discussion Discussion
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The proposed course design in this paper focuses on the theme that aims to teach design elements,
design principles and composition. In order to establish the communication, a WhatsApp group with
the students was created and Microsoft Teams for videoconferencing was used. Furthermore, in
order to create a collaborative environment among the students and teaching team, Miro software
was used. It is a web based interactive collaboration tool that also allows users to download the
software to their mobile devices and desktops. Studies show that peer tutoring has a positive effect
on the learning of the students (Ali et al., 2015; Schleyer et al., 2005). Therefore, we enabled
students to make tutoring and make presentations to their fellows.

15t Week

It was expected from the students to prepare their projects and homework by making PowerPoint
presentations. Therefore, within the first week of the course, presentation about how to prepare and
present an effective presentation both in terms of visuality and manner of telling was made by the
teaching team (Table 2). Some student works in order to emphasize right and wrong approaches
regarding PowerPoint presentations and presentation boards was presented. Since the students will
make lots of presentations throughout their educational and professional life in order to present their
projects, it was believed believed that the required visual literacy and presentation techniques are very
vital to be obtained from the beginning of their education and therefore, this session was included at
the very beginning of the course.

Later 10 groups of three students were constituted by using an online draw tool and groups were asked
to prepare presentations for the next week about design elements and principles (presented by three
groups), gestalt (three groups), color (two groups), and architecture and design terminologies (two
groups). In that way, it was aimed to make students get used to making presentations and learn the
required basic design knowledge and terminology.

Table 2. Weekly Course Schedule

Week Course Subject Homework

1 Presentation techniques Prepare presentations about design
elements and principles, gestalt, color, and
architecture and design terminologies

2 Assignment 1) Student presentations Bring 10 facade photos of buildings
presentations about design elements and
principles, gestalt, color, and architecture
and design terminologies and discussion of
the presented issues

3 1) Presentation regarding the usage of Miro.  Prepare presentations of the investigated
2) Geometric analysis of the buildings via buildings in terms of design elements,
Miro principles, color and geometric analysis

4 Assignment 2) Student presentations of the Online questionnaire

investigated buildings in terms of design
elements, principles, color and geometric
analysis and discussion of the presented
issues

2" Week

In the second week, groups made their presentations, and the teaching team criticized their
presentations, gave feedback, and completed the missing parts of the presented issues (Figure 1).
Later, 15 groups of two were constituted by using an online draw tool for the new project and asked
groups to search and bring a minimum of 10 photos of buildings for the next week. Regarding this task,
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students were encouraged to search for photos that presents a fagade of a building, and buildings
having both straight and curved forms.

TASARIM PRENSIPLERI

2.HIYERARSI (Koram):

Benzer ogelerin birbirlerine gore baskin
ozelliklerini vurgulamaktir. Insan gozunun
gorduklerini algitama dizenidir. Bu dizen, alg

alani igerisindeki formlar arasinda bulunan

gorsel kontrastla olusur.

Metguliwww tasadmgunlukden com201 Wt /pin iWSm99€0B
SO 7Aasarim-prensiplery

Figure 1. A Screenshot from One of the Presentations About Design Elements and Principles

3" Week

For the 3™ week, a template in the Miro was prepared and groups were asked to place the attained
photos to the designated area before the course hour. Within the course, the findings were examined
and the most suitable one for each group for the exercise on hand was chosen (Figure 2).
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Figure 2. A Screenshot from the Building Selection Session of the Exercise

Later, a presentation regarding the usage of Miro and the procedure of the exercise was made by the
teaching team. Within the project, students were asked to make a geometric analysis of the selected
buildings by using Miro. Through this exercise, it was aimed to teach students that each building and
structure is composed of geometrical shapes and relations, proportions, angles and transformations
of these shapes. Through investigating the geometry and composition of existing buildings and
obtaining a reverse engineering approach it was expected that students would start to look from the
perspective of the architects and understand the design process.

For this exercise, Miro tool was found appropriate because it is easy to use, it allows for making
drawings and taking notes, and most importantly, it allows for collaboration by enabling a synchronous
working environment as if students are in the same room.

In the rest of the course, groups started to make geometric analysis of the selected buildings via Miro
and teaching team gave them feedbacks (Figure 3). Finally, a presentation consisting of the
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investigation of the buildings in terms of design elements, principles, color and geometric analysis was
given as a submission for the next and final week.

Figure 3. A Screenshot from the Geometric Analysis Exercise Feedback Session

4" Week

In the 4™ and final week of the course, groups made their presentations about determined buildings
and teaching team gave them feedbacks to their findings in terms of design elements, design
principles, color usage and geometric analysis (Figure 4). After the 4™ week, the same procedure was
repeated twice with new student groups. At the end of the final course, all three student groups were
delivered with an online survey and asked to respond anonymously in order to ensure objectivity.

* Gizgl: Yapida dalresel ve diz cizgler * Ronk : Yapunin skl renk tonu beyaz
Kullanikmisty. olup detaylarca siyah ve kahverengi
Kulamimigtie.

+ Iy mekanda ise beyaz, kirmizi ve agik
kahve renkler hakimdir.

STYKKISHOLMSKIRKJA
KiLisesi

1990 da Jon Haraldsson tarafindan inga
edimigt.

« 1879 da inga edilen ve yiz yii agkin
siredir hizmet veren kilse mizeye
gevrilereik yerine styiisholmskirkja kiisesi
agiimigtr.

alt tonlu yapida koyu renkd + Oran : Kilisenin giriginden apsisine dogru

O + 5 KATMAN : simetri ekseni sa ve soidaki e5 inda dig
pargalar uyum igerisinde yapida orantl bir darakma meveuttur gegmekieci.
islenmistr

Figure 4. Screenshots from the Presentation of Stykkishélmskirkja Church

The Evaluation of the Proposed Course Design Proposal

The proposed basic design course proposal for distance education was evaluated through 1) student
opinions obtained through an online questionnaire conducted at the end of the semester, evaluations
made by the authors about 2) the process outputs and achievements and 3) the tools.
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Evaluation of the Opinions of Students

The student opinions were obtained by an online questionnaire containing eight open ended
guestions, which was prepared by getting expert opinions. The questions aimed to interrogate the
encountered difficulties, the acquisitions and evaluations of the students regarding distance education
and the followed course design together with teaching tools. The questionnaire got a total of 76
respondents within the 18-21 age range and with a participation of 47 females (62%) and 29 males
(38%). The obtained data was analyzed through content analysis and thematic coding techniques. The
determined themes were as follows: encountered problems related with technical issues, encountered
problems related with the process, encountered problems related with communication, encountered
problems related with health, evaluations related to the process, preferences, methods used to cope
with the problems, evaluations related with the presentations, evaluations related with the geometric
analysis and evaluations related with used tools.

The results show that, more than half of the students (57%) did not have any difficulties due to distance
education (Figure 5). However, 26% of the students had communication and process related issues
such as division of labor because of not sharing the same environment physically. Some of the responds
were as follows:

“Being unable to represent my gestures due to being distant caused communication problems”.

“The process would take less time if we were face to face, deciding on division of labor and critical
decisions were hard to manage due to distance”.

Half of these students indicated that, they spent more time in order to overcome communication and
process related issues. Furthermore, 15% of the students had problems related with technical issues
such as problems related with poor internet connection and computer usage skills. Besides, 2% of the
students declared that distance education caused them health problems related with eyes and back
pain due to long hours of sitting in front of the computer. Moreover, 30% of the students indicated
that, they would prefer face to face education to online education and 38% of them indicated the
process was fluent, educational, effective and comprehensible.

2%

health problems

26%
t sharing th
sanr:esenavrilrr;im:nt 43 %
0 e 1ae
57 /0 students had difficulties
students did not have
any difficulties

15%
problems related with
technical issues

Figure 5. Difficulties Encountered Due to Distance Education

Another important finding was related with the followed course design. Regarding this topic, it was
hard to dissociate which exercise cause which acquisition since the course was designed with a holistic
approach and the contents are all related with each other. It was possible to see this approach in most
the responds of the students as they indicated their acquisitions without distinguishing exercises. 41%
of the students indicated that conducted exercises and the followed procedure helped them to look
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from a different perspective to their environments and buildings (Figure 6). Some of the responds were
as follows:

“Learning about design elements and principles enabled us to look from a new perspective and making
more accurate interpretations about structures. Learning about geometric analysis enabled us to see
the hidden substructure of the buildings. In that way, we can see the starting points of a design process
and understand that each element of a building has an aim”.

“I learned to look from a critical perspective into buildings and elements. | can now imagine guidelines
of a building when | look to it”.

Furthermore, 14% of the students indicated that the course enhanced their observation ability and
11% of them indicated that learning about terms related with architecture and design had a positive
effect on them. Some of the responds were as follows:

“Learning about architectural terms was helpful. When | hear those terms in other courses, | can now
envision them. Furthermore, Gestalt draw my attention. Now, | look more carefully to billboards,
advertisements, logos around me. Geometric analysis was also very useful. It brought me a new
perspective. | started to draw imaginary lines and circles to buildings around me”.

“Through learning about architectural terms, | started to observe buildings which | pass by without
noticing before. | really felt that | study architecture”.

Moreover, 10% of students declared that the course developed their presentation techniques and
geometry related sense of aestheticin terms of ratio, proportion and harmony. Besides, 6% of students
indicated that the course enhanced their imagination skills.

10%
1 0% presentation 1 10/0

techniques
geometry

occupational
terms

14%
observation
ability

8%

neutral

92%

positive responds

41%
look from a different
perspective

Figure 6. Responds of the Students Regarding the Followed Course Design

The final finding of the study was related with teaching tools. As part of the basic design course,
Microsoft Teams and Miro were used. All of the participants evaluated Microsoft Teams as useful and
practical. Furthermore, 90% of the students evaluated Miro as useful and practical in terms of working
collaboratively. On the other hand, 10% of the students found it unpractical and hard to use. Some of
the responds were as follows:

“Working and interacting with our fellows through Miro was a privilege. Besides, seeing what others
are doing is very fruitful”.

“Although our working environments are different, it is visible and accessible thanks to Miro. It creates
a kind of online studio environment”.

“I think it is unpractical. Being a person who are familiar with computers and this kind of software, |
don’t think it is easy to understand”.
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Evaluation of the Process Outputs and Achievements

This section presents the evaluations made by the authors with regard to the obtained outputs within
the process and the achievements of the students. Within the first assignment, groups made
presentations related with design elements and principles, gestalt, color and architecture and design
terminologies. The outputs of this assignment were evaluated in terms of 1) visual representation 2)
rhetoric and 3) presented subjects.

In terms of the visual representation, most of the groups prepared well established and neat lay-outs
(Figure 7a, 7b) considering the grid system, negative spaces and margins. However, some presentation
pages have problems in terms of using a hard-to-read color (Figure 7c), using an eye-straining contrast
regarding text and background (Figure 7a, 7d), using distorted images (Figure 7d), margins: positioning
the elements too close to the outer boundaries (Figure 7c, 7e) and leaving little space between text
and image (Figure 7e) and area usage: leaving meaningless empty spaces (Figure 7f).

In terms of the rhetoric, most of the groups made fluent presentations. Some groups became confused
during the presentation. Since it was their first experience and the factor of excitement is considered,
it can be evaluated as an understandable situation. However, some groups included too much text
within a presentation page and preferred to read all of them instead of touching on the critical issues.

In terms of the presented subjects, all of the groups can be evaluated as successful since they covered
the important issues, leaving minor details to instructors for expression.
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Figure 7. Presentation Examples of Assignment 1

Within the second assignment, groups made presentations of a building in terms of its design
elements, principles, color, and geometric analysis. The presented buildings were as follows: Seyh
Zayed Bridge, Notre Dame, Sage Gateshead, Lotus Temple, Jubilee Church, Museum of Zhang Zhidong,
Auditorio de Tenerife, Fennell Residence, Sydney Opera House, Heydar Aliyev Center, Pinhal Velho
House, Riverside Museum, Elbphilharmonie, Palau de les Arts Reina Sofia, Ex of In House, China
Maritime Museum, The House on the Flight of Birds, Casa Eliptica, Poly Grand Theatre, Hotel the
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Fontenay, Stykkisholmskirkja and Quadracci Pavilion. The outputs of this assighment were again
evaluated in terms of 1) visual representation 2) rhetoric and 3) presented subjects.

In terms of the visual representation, it can be said that there was a clear improvement compared with
the first assignment. Besides preparing presentations that have neat and visually coherent lay-outs
and have less of the problems encountered in the first assignment, this time presentations started to
have a visual appeal through the usage of a theme visually related with the context (Figure 8a), the
usage of transparent backgrounds and elements having a visual balance (Figure 8b), the usage of
appropriate images and placing them accordingly (Figure 8c) and the usage of minimalism (Figure 8d).
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Top Row: a and b, Bottom Row: c and d
Figure 8. Presentation Examples of Assignment 2

In terms of the rhetoric, it is possible to say that each group improved themselves by preparing well,
rehearsing, and conducting successful presentations in terms of rhetoric.

In terms of the presented subjects, all of the groups presented valuable information related with the
building and the architect of it, together with the used design elements and principles and color.
Furthermore, geometric analysis was the most laborious and the most important part of the
assignment in terms of basic design issues especially composition. Regarding the geometric analysis,
all of the groups investigated their buildings and tried to see the hidden geometrical shapes and their
relations by working layer by layer (Figure 9). In these investigations, they made significant inferences
regarding the usage of similar forms and their relations in terms of lay-out and golden ratio (Figure 10).
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Figure 10. Geometric Analysis of Ex of In House

Through the completion of the course process and the assignments, the authors think that students
gained a visual literacy and a design language in terms of interpreting and commenting about the
environment around them. They also gained an understanding of design and see the logic behind the
design process. Furthermore, the authors think that conducted assignments bring the students the
critical points while making presentations both in terms of visual coherence and rhetoric. Besides,
through the geometric analysis, they gain the importance of geometry and composition in architecture
and the knowledge of how to use it within the design process. The results of the questionnaire are
parallel with the thoughts of the authors therefore, the acquisitions of the course can be evaluated as
effective for students.
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Evaluations of the Used Tools

Despite Microsoft Teams was also used throughout the course, the section concerns with the Miro and
its potentials for the architecture and design education and professions. Miro can be evaluated as an
empty wall that is located in online. People can simultaneously and in a synchronously write on it, draw
on it, hang something on it and just like giving wall critiques in architecture and design education,
people can stand and look what is on it (Figure 11). Furthermore, it has some advantages compared
with the real-world situation of Miro which are whiteboards or walls.

First of all, it prevents the chaos that a large number of people would create being in the same physical
environment and enables everybody to see the things clearly what is on board or wall without any
obstacle. Furthermore, it is cheap and effortless. People do not need a pen, eraser, ruler or post-its.
They can effortlessly draw a line, circle, square, etc. Besides, it has a bigger working area size that
cannot be reached in a physical environment. Last but not least, it allows for the usage of several
additional functions such as timer, voting tool, chat, templates, etc. The authors think that having these
possibilities make Miro an efficient tool especially for brainstorming, planning and decision-making
phases of a design process.
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Figure 11. A Screenshot of a Miro Whiteboard Taken During a Workshop that is not in the Scope of
This Paper

Discussion and Conclusion

COVID-19 outbreak has caused educational systems to move online all around the world in an
unexpected way. This sudden change affected both students and educators, and also pedagogy and
instruction techniques. Therefore, it is important to see how different institutions around the world
approaches distant education and what solutions they offer. In that sense, this study proposes a
distance education course design for basic design course of the department of architecture.

The results of this paper show similarities with the literature. Bates (2015), Guri-Rosenblit (2005) and
Hammad et al. (2018) argued that distance education is superior to face-to-face education in terms of
enabling the flexibility of time and space. This situation was in a parallel way within this study. Although
the course was conducted simultaneously by the participation of all of the students at the same time,
the flexibility of space prevented the chaos that would have happen with the participation of 90
students.

According to the literature, distance education requires some equipment such as computers, smart
mobile devices and some technical issues such as a stable internet infrastructure and also a
sophisticated computer usage skill (Arkorful & Abaidoo, 2014; Bernardo & Duarte, 2020). The results
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of this paper Show that 15% of the students indicated that they had problems related with poor
internet connection and computer usage skills.

The biggest disadvantages of distance education compared with the face-to-face education was
indicated as the lack of social interaction by Bernardo and Duarte (2020) and Misra and Misra (2013).
26% of the students participated to the study indicated that they had communication problems
because of not sharing the same environment.

It is clear that distance education both have some advantages and disadvantages compared with the
face-to-face education. In order to benefit for those advantages a restructured course design and
appropriate teaching tools are necessary (Cheng, 2003). In terms of architecture education, in which
communication, collaboration and interaction is crucial, facilitating appropriate instructional
techniques and teaching tools for distance education become more of an issue. In this context, this
paper discusses a distance education course design proposal together with an online collaboration tool
for basic design course of the department of architecture. The proposed course design that adopts
teaching presentation techniques, design elements, design principles, gestalt and composition through
geometric analysis was evaluated as beneficial for students in terms of bringing a sense of visual and
compositional literacy, an architectural and designer point of view and a reasoning of critical decisions
given by architects in the design process. Furthermore, the used teaching tools, especially Miro, were
evaluated as practical and useful in terms of working collaboratively by the students and the
instructors. In that sense, both the proposed course design and the used tools can be evaluated as
having a potential for the future distance education scenarios or a hybrid system that is a combination
of both traditional in-class education and distance education.

It should be stated that, the findings of this study cannot be generalized. Conducting similar studies
that present positive and negative sides of different approaches would be valuable during this period
and in terms of preparing for potential forthcoming scenarios.
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Abstract

The aim of this study is to investigate the effects of the egg shape index on egg quality traits in Partridge
(Alectoris Chukar). For this purpose, the eggs were classified as three different groups in terms of egg shape
index which are<75,<76-77 >and 278 and 114, 56 and 73 eggs were used in the groups, respectively. Alboumen
ratio, albumen weight, yolk weight, yolk/albumen ratio and Haugh unit were significantly affected by egg shape
index in this research. On the other hand, egg weight, egg volume, shell surface area, eggshell thickness, unit
surface eggshell weight, shell ratio, aloumen index, yolk index, yolk ratio and eggshell weight traits were not
affected by egg shape index. It was determined that there was a significant relationship between egg shape
index and albumen ratio, albumen weight, yolk weight, yolk/albumen ratio and Haugh unit in this study.
According to the findings, eggshape index is an important factor affecting egg quality.

Keywords: alectoris chukar, egg, egg quality traits, egg shape index, correlation

Kinal Kekliklerde Yumurta Sekil indeksinin Yumurta Kalitesine Etkileri
Ozet

Bu arastirmada, Kinali Kekliklerde (Alectoris Chukar) yumurta sekil indeksinin yumurtanin i¢ ve dis kalite
ozelliklerine olan etkilerinin belirlenmesi amaglanmistir. Bu amacla, yumurtalar sekil indeksi bakimindan < 75, <
76 -77 > ve 278 olmak Uzere g farkh gruba ayrilmistir ve gruplarda sirasiyla 114, 56 ve 73 adet yumurta
kullanilmistir. Arastirmada ak orani, ak agirligi, sari agirligi, sari-ak orani ve Haugh birimi yumurta sekil indeksi
tarafindan 6nemli derecede etkilenmistir. Buna karsin, yumurta agirligi, yumurta hacmi, kabuk yizey alani,
kabuk kalinligi, birim ylzey kabuk agirligi, kabuk orani, ak indeksi, sari indeksi, sari orani ve kabuk agirlg
Ozellikleri yumurta sekil indeksi tarafindan etkilenmemistir. Yumurta sekil indeksi ile ak orani, ak agirhig, sari
agirligi, sari/ak orani ve Haugh birimi arasindan 6nemli iliski oldugu belirlenmistir. Bulgulara goére, yumurta sekil
indeksi yumurta kalitesini etkileyen 6nemli bir faktordir.

Anahtar Kelimeler: kinali keklik (alectoris chukar), yumurta, yumurta kalite 6zellikleri, yumurta sekil indeksi,
korelasyon
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Introduction

There are many breeds of partridge, both wild and domesticated, in the world, and the most commonly
used partridge in commercial production is Alectoris Chukar. Since partridge is a seasonal poultry
species, the egg laying period is short. The spawning period starts in the spring season when the
weather starts to warm up and ends at the end of the summer season when the weather starts to cool
(April-August). Partridges grown in intensive conditions begin to reach sexual maturity at the age of
approximately 16 weeks. However, the age of sexual maturity in the wild ranges from 8 to 12 months,
as partridges hatch in spring and summer. Therefore, both the late age to start spawning and the short
spawning period cause the products obtained from partridges to be more valuable (Alkan et al., 2007;
Sarica et al., 2003;). Partridges play an important role in maintaining the natural balance by eating
maggots, insects, and even harmful grasses that harm plants cultivated by humans, such as wheat,
barley and oats. Although Turkey is rich in geographical areas where partridges can live, the number
of partridges is not at the desired or expected level. Although there are many reasons for this situation,
the most important reasons are uncontrolled and unconscious hunting, destruction of habitats,
excessive agricultural spraying, and fertilization, and problems in the protection of local gene resources
(Alkan et al., 2007; Alkan et al., 2008; Cetin et al., 2000; Giinli et al., 2001).

Today, economically it is very important to expand and develop hunting tourism, as well as mountain
tourism, which has started to develop in the Aegean and Mediterranean regions, which are close to
tourism regions, and in the Black Sea region as well in recent years. For this purpose, depending on the
increasing number of tourists, the efforts to diversify and extend tourism over longer periods should
be accelerated and these studies should be concluded as soon as possible. In addition to health,
congress, spa, and winter tourism, hunting tourism should be included among the touristic activities.
Partridges have an important place in hunting tourism in terms of providing material. Particular
attention should be paid to partridge breeding in settlements in and around the forest, and efforts
must be accelerated to increase the economic income from partridges for the people living there. In
this way, the negative influence of these people living in or near the forest can be reduced (Gunli et
al., 2001).

Egg shape index is the ratio of egg width to length and is an important criterion used to determine egg
quality. The ideal shape index for hatching and commercial eggs is 74. Eggs with a shape index greater
than 76 are round, those between 72-76 are normal, and those with a shape index less than 72 are
elongated. Round and elongated eggs are weak-looking and not particularly suitable for egg trays.
During the transportation of this type of eggs, more broken-cracked egg problems occur compared to
the transportation of normal shaped eggs (Alkan et al., 2016; Tlirkoglu & Sarica, 2014).

In this study, the aim was to determine the relationship between the effects of shape index on internal
and external quality traits and egg quality traits in Partridge (A. Chukar) eggs.

Materials and Methods

Materials

Partridge were fed with a diet containing 2850 kcal/kg metabolic energy and 24% crude protein during
chick period, and 2800 kcal/kg metabolic energy and 21% crude protein during the growing and laying
period ad libitium, while unlimited water was supplied until the end of the experiment (Table 1).
Partridges aged 40-48 weeks were used in this study. Eggs obtained in between May and June were
used in the study which were kept at room temperature for 24 hours without being examined for their
internal and external quality traits.
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Table 1. Composition and Calculated Content of Main Nutrients in The Diet

Name of the traits Equation

Shape index 100 x (Egg width) / (Egg length)

Eggshell surface area (cm?) (3.155-0.013 x Egg width) x (Egg length x Egg width)
Unit surface eggshell weight (g/cm?) (Eggshell weight) / (Eggshell surface area)

Eggshell ratio (%) 100 x (Eggshell weight) / (Egg weight)

Albumen index 100 x (Albumen height) / (Albumen length + Aloumen width) / 2)
Albumen weight (g) Egg weight - (Yolk weight + Eggshell weight)

Albumen ratio (%) 100 x (Albumen weight) / (Egg weight)

Yolk index 100 x (Yolk height) / (Yolk diameter)

Yolk ratio (%) 100 x (Yolk weight) / (Egg weight)

Yolk — albumen ratio (%) 100 x (Yolk weight) / (Aloumen weight)

Haugh unit 100 log [Albumen height - (1.7 x Egg weight ®37 ) + 7.57]
Egg volume (cm3) 0.913 x Egg weight

Eggshell thickness (mm) (Sharp part + Blunt part + Equatorial part) / 3
Methods

The eggs were classified as three different groups in terms of egg shape index which are £ 75, <76 -77
>and = 78. For these groups, 114, 56 and 73 eggs were used, respectively (Alkan et al., 2016; Turkoglu
& Sarica 2014). After being numbered, the eggs were weighed using an electronic balance with an
accuracy of 0.01 g. The width and length of the eggs were measured with a digital caliper with a
precision of 0.01 mm. Then, the eggs were broken one by one on a glass table and the yolk height and
albumen height were measured with a tripod micrometer with a precision of 0.01 mm while a digital
caliper with a sensitivity of 0.01 mm was used for measuring yolk diameter, aloumen length and
albumen width. The yolk was separated from the egg albumen with a spoon and weighed. The albumen
weight was calculated by subtracting the yolk and shell weight from the total egg weight. After the
eggshells were cleaned and kept in room temperature for 24 hours, the weights of the shells without
the membrane were determined by weighing them. The average egg thickness was calculated by
measuring the samples taken from the sharp, equatorial and blunt parts of the egg using a micrometer
with a precision of 0.01 mm (Alkan et al., 2016). The given equations used to determine the other
quality traits of eggs are given in Table 2 (Alkan et al., 2015; Narushin 2005; Sreenivasiah 2006;
Yannakopoulos & Tserveni-Gousi 1986). The obtained data were analyzed using Minitab 17 package
program and Tukey Multiple Comparison Test was used to determine the groups that make up the
difference.

Table 2. Equations Used to Determine Egg Quality Traits

Starter feed Grower feed
Ingredient (%) Ingredient (%)
Maize 53.6 Maize 57.32
Soybean meal 25.94 Soybean meal 19.35
Sunflower meal 10.0 Sunflower meal 9.0
Bone meal 8.0 Bone meal 9.0
Vegetable oil 1.85 Vegetable oil 1.14
Vitamin 0.20 Vitamin 0.40
Lysine 0.16 Lysine 0.19
Methionine 0.10 Methionine 0.14
Mineral 0.10 Mineral 0.20
Salt 0.05 Salt 0.10
Limestone 3.16

Results and Discussion

The effects of egg shape index on egg quality traits are given in Table 3, whereas the phenotypic
correlations between egg shape index and egg quality traits are given in Table 4.
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Table 3. Effects of Egg Shape Index on Internal and External Quality Traits of Eggs

2021; 11(2): 140-151

Traits >78 <76-77 > <75 P value
Egg weight (g) 20.0910.14 20.0910.16 19.99+0.12 0.841
Egg volume (cm?3) 18.34+13 18.34+0.15 18.25+0.11 0.842
Eggshell surface area (cm?) 37.3240.20 37.32+0.23 37.1840.17 0.838
Eggshell thickness (mm) 0.242+0.00 0.242+0.00 0.242+0.00 0.682
Unit surface eggshell weight (g) 0.54+0.00 0.54+0.00 0.54+0.00 0.831
Eggshell ratio (%) 11.22+0.11 11.27+0.14 11.13+0.12 0.722
Albumen index 10.4840.16 10.86+0.18 10.98+0.15 0.069
Yolk index 55.10+0.43 56.56+0.58 55.52+0.51 0.214
Yolk ratio (%) 39.80+0.47 41.4510.57 40.89+0.45 0.097
Eggshell weight (g) 2.24 +0.014 2.52+0.017 2.21+0.016 0.140
Albumen ratio (%) 51.50+0.87° 48.75%0.75° 49.44+0.43b 0.015
Albumen weight (g) 10.3240.18° 9.76+0.13° 9.86+0.08° 0.005
Yolk weight (g) 7.96+0.06° 8.29+0.09° 8.13+0.06% 0.012
Yolk / aloumen ratio (%) 78.27+1.23° 85.94+1.55° 83.22+1.04° 0.000
Haugh unit 85.98+0.46° 86.86+0.52% 87.44+0.33° 0.034

@b Different letters in the same row indicate significant differences between groups (P < 0.05)

As seen in Table 3, the albumen ratio was significantly affected by the egg shape index, and this ratio
increased due to the increase in the shape index. The highest aloumen ratio (51.50%) was found in the
group with the high shape index group (=78). The albumen ratio values obtained in this study were like
the ones reported by Aysondu et al. (2005), Cetin et al. (2008), Tekinsen et al. (2008) lower than the
value reported by Giinhan (2014) and higher than the value reported by Ozkan (2020). Egg shape index
also significantly affected the albumen weight. As with the egg shape index, the albumen weight
increased due to the increase in egg shape index, and the highest aloumen weight (10.32 g) was
determined in the group with the high egg shape index (>78). The obtained albumen weight values
were found lower than the ones reported by Ayséndi (2005), Glinhan (2014), Glinli et al. (2003), and
Ozbey and Esen (2007), higher than the values reported by Ozkan (2020), and like the ones reported
by Caglayan et al. (2009) and Cetin et al. (2008). The yolk weight was also significantly affected by the
egg shape index. However, depending on the increase in the shape index, the yolk weight decreased,
and the highest yolk weight was obtained in the group with the low shape index (< 75). It was
determined that the yolk weight values obtained were similar to the values stated in the literature
(Aysondi et al 2005; Cetin et al 2008; Ginhan 2014; GlinlG et al 2003; Kirikgl et al 2007). Again,
yolk/albumen ratio and Haugh unit were also significantly affected by egg shape index. As the egg
shape index increased, both the yolk/albumen ratio and the Haugh unit decreased, and the lowest
yolk/albumen ratio and Haugh unit values were found in the group with the high egg shape index (=
78). One of the most commonly used methods for determining quality traits in eggs is the Haugh unit.
Eggs with a Haugh unit value greater than 78 are included in the class of perfect eggs according to the
Turkish Standards Institute Haugh unit values. Therefore, it is undesirable for the eggs to have a Haugh
unit value of less than 78. The Haugh unit value is higher in fresh eggs and lower in stale eggs (Tlrkoglu
et al 1997). The Haugh unit values obtained in this study are in the class of perfect eggs according to
the Turkish Standards Institute Haugh unit values. Obtained Haugh unit values are lower than those
reported by Aysondi (2005), however, higher values were obtained when compared to those reported
by Demirel and Kirik¢i (2009), Garip et al (2010), Giinhan (2014), and Ozbey and Esen (2007). On the
other hand, egg weight, egg volume, shell surface area, shell thickness, unit surface shell weight, shell
ratio, albumen index, yolk index, yolk ratio and shell weight were not significantly affected by the
change in egg shape index value in our study.

Although it was stated in the study by Bernacki and Heller (2003) that the egg weight increased due to
the increase in the egg shape index, in our study, it was determined that the egg weight did not
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increase significantly despite the increase in the shape index, and the egg weight varied between
19.99-20.09 g. Obtained egg weights were found as similar to the ones reported by Kirik¢i et al (1999),
Cetin et al (1997) and Redondo (2010), less than the values reported by Alkan et al (2007), Ayséndi
(2005), Cetin et al (2001), Cetin et al (2008), Glinhan (2014) and greater than the value reported by
Ozkan (2020). It is thought that the differences between the egg weights determined in this study and
the egg weights specified in the literature are due to the differences in the genotype used in the
research, density, climatic conditions, nutrition system and age.
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Table 4. Phenotypic Correlations Between Internal and External Quality Traits of Partridge Eggs

2021; 11(2): xx-xx

Traits | Sl EW ESW YW AW ET Yl Al HU ESA USEA ER AR YR Y/AR
EW 0.044

ESW 0.048 -0.202*

YW -0.141 -0.161** | 0.338*

AW 0.182* 0.186* 0.158** | -0.167*

ET -0.062 0.060 -0.073 -0.228* 0.260*

Yl -0.012 -0.173* 0.251* 0.867* -0.304* | -0.240*

Al -0.164* 0.178* 0.051 -0.043 0.314* 0.042 -0.220*

HU -0.199* -0.034 0.160** | -0.008 0.346* -0.008 -0.210* | 0.890*

ESA 0.045 1.00* -0.203* -0.162** | 0.187* 0.060 -0,174* | 0.178* -0.034

USEA | 0.045 1.00* -0.203* -0.163** | 0.188* 0.059 -0.177* | 0.179* -0.033 1.00*

ER -0.007 -0.780* 0.768* 0.330 -0.026 -0.081 0.284* -0.081 0.127** | -0.781* | -0.781*

AR 0.149** -0.366* 0.257* -0.061 0.844* -0.281* | -0.182 0.203* 0.348* -0.366* | -0.366* | 0.399*

YR -0.126** | -0.713* 0.368* 0.804* -0.225* | -0.193* | 0.720* -0.135** | 0.017 -0.714* | -0.715* | 0.708* 0.182*

Y/AR -0.204* -0.218* 0.075 0.701* -0.776* | 0.084 0.726* -0.260 -0.268 -0.218* | -0.220* | 0.199* -0.612* | 0.622*

EV 0.044 1.00* -0.242* -0.161** | 0.186 0.060 -0.173* | 0.178 -0.034 1.00* 1.00* -0.780* | -0.366* | -0.713* | -0.218*

SI: Shape index; EW: Egg weight (g); ESW: Eggshell weight (g); YW: Yolk weight (g); AW: Albumen weight (g); ET: Eggshell thickness (mm); YI: Yolk index; Al: Albumen index;
HU: Haugh unit; ESA: Eggshell surface area (cm?); USEA: Unit surface eggshell area (cm?); ER: Eggshell ratio (%); AR: Albumen ratio (%); YR: Yolk ratio (%); Y/AR: Yolk/albumen
ratio (%); EV: Egg volume (cm?); *:Significantly at P < 0.01; **:Significantly at P < 0.05
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In this study, it was determined that the relationship between egg shape index and egg weight
(r=0.044) was positive and insignificant (Table 4). The relationship between egg shape index and egg
weight in many poultry species was examined and the results were found to be different from each
other. Many studies have shown that there is a positive and significant relationship between egg shape
index and egg weight (Alkan et al., 2013; Duman et al 2016; 2016; Fajemilehin et al., 2009; Kuzniacka
et al., 2004; Kirikgi et al., 2003; Olawumi & Ogunlade 2008; Yilmaz et al., 2011). On the other hand, in
some studies, this relationship was found to be negative and insignificant (Kul & Seker 2004;
Nowaczewski et al., 2008; Tebesi et al., 2012). In addition, in a study by Bernacki and Heller (2003), it
was stated that as egg shape index increases as the egg weight increases. Again, in many studies, it has
been determined that there is a significant relationship between egg shape index and egg length and
width (Abanikannda et al., 2007; Alkan et al., 2015; Olawumi & Ogundale 2008).

It was determined that there was a positive and insignificant (r=0.044) relationship between egg shape
index and egg volume. Recently, Alkan et al. (2013, 2016) reported that there is a significant
relationship between egg shape index and egg volume. However, in the study conducted by Aktan
(2004), it was revealed that the relationship between egg shape and egg volume was negative and
insignificant.

Again, the relationship between yolk index and egg shape index was low and insignificant (r=-0.012).
This result was consistent with the results reported by Duman et al. (2016) and Alkan et al. (2013). In
contrast, Sarica et al (2012) reported positive and significant relationship between shape index and
yolk index, whereas this relationship was positive and insignificant in the study done by Emamgholi et
al (2010).

Again, the relationship between egg shape index and Haugh unit was found to be positive and
insignificant (r=-0.199). Duman et al. (2016) and Sarica et al. (2012) reported that there was a
significant and positive relationship between the shape index and the Haugh unit. In contrast, like our
study Alipanah et al. (2013), Alkan et al. (2013), Alkan et al. (2016), Olawumi and Ogunlade (2008),
Onunkwo and Okara (2015), and Zhang et al. (2005) found that the relationship between shape index
and Haugh unit was positive and insignificant.

It was determined that the relationship between egg shape index and eggshell thickness was negative
and insignificant (r=-0.062). However, different results have been obtained in many studies on the
subject. In some studies, the relationship between egg shape index and eggshell thickness was positive
and insignificant (Alkan et al., 2016; Ozcelik 2002; Zhang et al 2005) while in some studies it was
negative and insignificant (Alkan et al., 2013; Tebesi et al., 2012). However, Sekeroglu et al. (2000)
stated that the relationship between egg shape index and eggshell thickness was important.

The relationship between egg shape index and eggshell surface area was also found to be insignificant
(r=0.045) in our study. Recently, Alkan et al. (2013) and Duman et al (2016) found the relationship
between egg shape index and eggshell surface to be significant. Altuntas and Sekeroglu (2008) stated
in their study that the surface area of the shell decreased due to the increase in the egg shape index.
It is thought that the differences between the findings in the literature may be due to the different
poultry species used, rearing systems, care-feeding and environmental conditions. Again, the
relationship between egg shape index and unit surface shell weight was found to be positive and
insignificant (r=0.045). In a similar study, Alkan et al. (2016) stated that the relationship between egg
shape index and unit surface shell weight is positive and insignificant. The relationship between shape
index and crust ratio was negative and insignificant (r=-0.07). Alkan et al. (2016) stated that the
relationship between egg shape index and shell ratio is positive and insignificant.

The relationship between egg shape index and albumen index was found to be negative and significant
(r=-0.164). This result is different than that of Emamgholi et al. (2010), Gilinlia et al. (2003) and
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Onunkwo, and Okara (2015) but like the results reported by Alkan et al. (2013) Duman et al. (2016),
and Sarica et al. (2012).

Finally, the relationship between egg shape index and albumen ratio was positive and significant
(r=0.164), between egg shape index and yolk ratio was negative and significant (r=-0.126), and
between egg shape index and yolk/albumen ratio was negative and significant (r=-0.204) in our work.
As a comparison, in the study conducted by Alkan et al. (2016), the relationship between egg shape
index and albumen ratio was found to be positive and insignificant, the relationship between egg shape
index and yolk ratio was negative and insignificant, and the relationship between egg shape index and
yolk/albumen ratio was negative and insignificant.

Conclusion

In this study, it was determined that the egg shape index of partridges (A. Chukar) significantly affected
some of the egg quality traits (albumen ratio, albumen weight, yolk weight, yolk/albumen ratio and
Haugh unit). Also, we determined that the relations between some traits were quite different from the
values stated in the literature. It is thought that these differences may be due to the different species
of poultry used in the research, age, rearing systems, maintenance and environmental conditions.
Partridges have a potential to be easily used for meat and egg production in family businesses in rural
areas, especially in alternative poultry production. Particular attention should be paid to the cultivation
of partridges, especially in the settlements in and around the forest, and the necessary efforts should
be accelerated to increase the economic income of the people living here from partridges. Thus, the
economic income of the people living in and near the forests can be increased and the negative
pressures of these people on the forests can be reduced. For this reason, due importance should be
given to the studies on partridges, and it should be revealed that these animals are important sources
of genes through breeding studies
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Batarya Tipi Kafeslerde Isigin Gelis Agisinin Yumurta Verimi ve Kalitesi
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Ozet

Arastirma yumurta tavugu kafes sistemlerinde 1s1g8in gelis acisinin tavuklarin bazi verim o6zellikleri Gzerine
etkisini belirlemek lizere yiritilmistir. Her bir kafes katinda tavuk géz seviyesinde 1sigin gelis agisi 105°, 110°
ve 120° olacak sekilde iic deneme grubu olusturulmustur. Arastirmada (¢ kath batarya tip bireysel kafes
sistemi bulunan bir kimeste, her grupta bireysel olarak barindirilan 30 tavuk olmak Uizere 52 haftalik yasta 90
adet Atak-S ticari kahverengi yumurtaci tavugu kullanilmistir. Arastirma tesadif parselleri deneme desenine
uygun olarak 30 tekerrir ile yurttilmistlr. Tavuklarin 5 haftalik verim siiresince yumurta verimi, yumurta
agirhg, sekil indeksi, kabuk kalinligi, kabuk kirilma direnci, ak yiksekligi, sari yiksekligi ve haugh birimi
ozellikleri tespit edilmistir. Arastirmada elde edilen verilerin degerlendirilmesi neticesinde yumurta verimi ve
sari yuksekligi 6zellikleri Gzerine 1s18in gelis acisinin 6nemli bir etkiye sahip oldugu (P<0,05), yumurta agirhgi,
sekil indeksi, kabuk kalinligi, kabuk kirilma direnci, ak yiksekligi ve haugh birimi 6zellikleri Gizerine etkisinin
bulunmadigi tespit edilmistir (P>0,05). Sonug olarak, isigin gelis agisinin yiksek olmasi ile sari ylksekliginin
distigl belirlenmis, fakat yumurta verimi ile 151k gelis agisinin dogrusal olarak iligskilendirilemeyecegi kanaatine
varilmigtir.

Anahtar Kelimeler: 151k, aci, yumurta verimi, yumurta kalitesi, kafes

The Effect of Light Incidence Angle on Egg Production and Quality in Battery
Type Cages
Abstract

The research was carried out to determine the effect of the light incidence angle on some characteristics of
hens in laying cage systems. In each cage, 3 groups of 1050, 1100 and 1200 were formed according to the light
incidence angle at the chicken eye level. In the study, total of 90 Atak-S commercial brown layer hens at 52
weeks of age (30 hens in each group) were used individually in a three-floor battery type individual cage
system. The research was carried out in a completely randomized design with 30 replications. Egg production,
egg weight, shape index, shell thickness, shell break strength, white height, yolk height and haugh unit
characteristics were determined during the 5-week of laying period. As a result of the evaluation of the data
obtained in the research, it was determined that the light incidence angle had a significant effect on egg
production and egg yolk height (P<0.05). However, there was no significant effect on egg weight, shape index,
shell thickness, shell break strength, white height and haugh unit characteristics (P>0.05). As a result, it was
concluded that the height of the yolk decreased with the high angle of light incidence, and the egg production
and light incidence angle could not be correlated linearly.

Keywords: light, angle, egg production, egg quality, cage
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Giris

Isigin basta tavuklar olmak (zere tim kanath hayvanlarda ortaya cikardigi etkileri inceleyen
arastirmalar 19. ylzyillda Amerikal fizikgi Waldorf'un 6nciliigiinde baslamis olup, gliniimiizde hala
sirmektedir. Kanatli hayvanlarda gevreden gelen i1sik pineal ve retinal reseptorlerle alinip beyindeki
hipotalamusu etkiler. Buradan salgilanan hormon uyarici faktérleri, hipofizin anterior lobunu aktive
ederek, folikiil uyarici hormonun (FSH) salgilanmasini saglar. FSH yumurtaliktaki folikilleri gelistirir ve
buradan salgilanan 6strojen hormonunu kontrol eder. Folikiiller tam olgunlasinca hipofizden LH
hormonu salgilanir. Olgunlasmis foliklil ovulasyona ugrayarak infundibuluma diser. Bosalan
foliklilden salgilanan progesteron hormonu hipofiz bezini etkileyerek daha fazla LH salinimini
engeller. Boylece yumurta kanalindaki bir yumurta yumurtlanmadan yeni bir ovulasyon olmasi
engellenir (Durmus vd., 2004).

Isigin yumurtlama periyodunda oldugu kadar yumurtlama 6ncesi donemde de onemli fizyolojik
etkilere sahip oldugu (Christmas vd., 1996); Leeson ve Lewis’e (2004) atfen Yildirrm vd. (2008)
tarafindan bildirilmistir. Isik siddetinin tavuklarin fizyolojik ihtiyaclarini karsilamadan daha ziyade
tavuklarin yeterince denetimi ve onlar i¢in uygun bir ortam saglamak icin secilmesinin uygun oldugu
bildirilmistir (Morris, 1994). Darre ve Rock (1995) tavuklarin fizyolojik 1sik ihtiyacinin yaklasik olarak 3
lUks, Levis vd. (1999) ise tavuklarin fotoperiyodik mekanizmanin beyaz isikla uyarilmasi igin 151k
siddetinin 0,9-1,7 liks arasinda olmasinin yeterli olacagini belirtmislerdir. Bununla birlikte tavuklarda
Istk siddetinin yaninda 1sik rengi, kaynagi, dizglin olarak dagilimi ve uygulanan aydinlatma
programlari da verim Uzerinde etkili olmaktadir.

Yumurta tavukgulugu blyilik oranda kafes sistemli kiimeslerde yapilmaktadir. Her ne kadar tiim kafes
katlarinda aydinlatma, havalandirma ve isitma gibi tim cevre faktorleri homojen olarak kimes
icerisinde saglamaya calisilsa da kafes kati sayisinin artmasiyla bu durumun zor oldugu bilinmektedir.
Konuyla ilgili olarak yapilan degisik arastirmalarda kafes katlari ve kafes konumlari arasinda baz
verim oOzellikleri arasinda énemli farlihk bulundugu bildirilmistir (Bougon vd., 1986; Hemsworth ve
Barnett, 1989; Jackson ve Waldroup,1987; Kilig ve Simsek, 2006; Vits vd., 2006; Yetisir ve Sarica,
2004).

Aydinlatma programlari ve 1sigin tavuklar Gzerinde etkisi tGzerinde arastirmalar devam etmektedir.
Gelisen teknolojilerle birlikte tavuklarda uygun aydinlatma programlari ve 1sik kaynagi konumunun
belirlenmesi lizerine arastirmalar siirmektedir. Bu ¢alismanin amaci isigin tavuklarin gdz hizasina gelis
acgisinin yumurta verimi ve bazi kalite 6zellikleri Gizerine etkisinin belirlenmesi amaglanmistir.

Materyal ve Yontem

Arastirmada 52 haftalik yastaki 90 adet ATAK-S kahverengi yumurtaci tavuklari kullaniimistir.
Tavuklarin beslenmesinde Tablo 1’ de besin madde kompozisyonu verilen, (0-3 hafta yumurta civciv
yemi, 4-10. hafta pili¢ buylitme yemi, 11-16. hafta pili¢ gelistirme yemi, 17-40. hafta yumurta tavugu
1. donem yemi ve 41-57 hafta yumurta tavugu 2. dénem yemi) yemi kullanilmistir.

Arastirma, tesadiif parselleri deneme desenine uygun sekilde, batarya tip 3 katli taban alani 1200 cm?

olan bireysel kafeslerde ve 30 tekerrirli olarak 5 hafta sireyle yiritilmistir. Her kafes kati grup
olarak ve kafeslere bireysel olarak yerlestirilen her bir tavuk tekerrir olarak ele alinmistir. Kafes
katlarina hayvanin goz seviyesi ve 1sik kaynagi arasindaki agi ve isik siddeti liksmetre ile Olgllerek
asagida belirtilen deneme gruplari olusturulmustur. Gruplarda isik siddetinin dagilim grafigi Sekil 1'de
verilmistir.
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Sekil 1. Gelis Agisina Gore Isik Siddetinin Dagilimi

1. grup: Isik gelis acisi 105° kafes birinci kati (1stk siddeti [3,9 liiks)
2. grup: Isik gelis acisi 110° kafes ikinci kati (1sik siddeti [14,0 liiks)
3. grup: Isik gelis acisi 120° kafes Uglinci kati (1stk siddeti [24,7 liiks)

Arastirma sliresince asagida belirtilen verim ve yumurta kalite 6zellikleri tespit edilmistir. Her gruptan
ayni glin toplanan yumurtalar oda sicakliginda ve %75 nemli ortamda 24 saat bekletildikten sonra
yumurta kalite 6zellikleri belirlenmistir.

Yumurta verimi (adet): Her bir grupta bireysel kafeslerde bulunan 30’ar adet tavugun verimleri
belirlenerek adet yumurta verimi olarak hesaplanmistir.

Yumurta agirhigi (g): Her bir grupta bulunan tavuklardan elde edilen yumurtalar toplanmis ve 0,01
gram hassasiyetindeki terazi ile belirlenmistir.

Sekil indeksi: Yumurtanin en ve boy uzunluklari kumpas yardimiyla dlgiilerek (en/boy) *100 formdlii
ile hesaplanmustir.

Kabuk Kirlma Direnci (N): Kabuk kirlma direnci 6lciim aleti yardimiyla (Newton/cm?) olarak
belirlenmistir.

Kabuk Kalinhgi (mm): Mikrometre yardimiyla mm olarak belirlenmistir.

Sari Yiiksekligi (mm): Ugayakli mikrometre yardimiyla mm olarak tespit edilmistir.

Ak Yiiksekligi (mm): Ucayakli mikrometre yardimiyla mm olarak tespit edilmistir.

Haugh Birimi: Yumurta agirhgi ve ak yiiksekliginden yararlanilarak asagidaki formil ile hesaplanmistir:
Haugh birimi=100 Log (H+7,57-1,7G%%)

H = Ak yiksekligi (mm)

G = Yumurta agirhgi (g)

istatistik Analiz: Arastirmada elde edilen verilerin dagilm kontrolii Kolmogorov-Simirnov testi ile
yapilmistir. Varsayimlari yerine getiren Ozelliklerin degerlendirilmesinde tekyonli varyans analizi
(one-way ANOVA), aralarinda farhlik bulunan gruplarin belirlenmesinde Tukey coklu karsilastirma
testi kullaniimistir.
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Tablo 1. Yem Materyali Besin Madde Kompozisyonu

4-10 hafta 11-16 hafta 17-40 hafta 41-58 hafta

Temel besin 0-3 hafta e . . yumurta yumurta
. . . pilic blylitme  pilic gelistirme N N
maddeleri civciv yemi . . tavugu 1. tavugu 2.
yemi yemi . . . .
doénem yemi doénem yemi
Kuru madde, 88 88 88 88 88
en az (%)
Ham kdl, en
cok (%) 8 8 8 8 8
Ham protein,
en az (%) 19 18 16 18 17
Metabolik
enerji, en az 2900 2800 2700 2800 2700
(kcal/kg)
Kalsiyum, en 11,2 11,1 0,9-1 3,5-4 3,8-4,2
az-en ¢ok (%)
Yararlanilabilir
fosfor en az 0,45 0,42 0,40 0,40 0,37
(%)
Lisin, en az (%) 1,15 0,98 0,72 0,75 0,75
Metionin, en 0,55 0,47 0,35 0,47 0,42
az (%)
Metionin+sisti 0,85 0,76 0,58 0,78 0,72
n, en az (%)
Triptofan, en 0,20 0,19 0,17 0,20 0,19
az (%)
Tuz, en az-en 0,35-0,50 0,35-0,50 0,35-0,50 0,35-0,50 0,35-0,50
cok (%)
Ham seliloz,
en cok (%) 4,5 5 6 6 6
Linoleik asit,
en az (%) 1,5 1,25 1,0 1,7 1,5
A vitamini 13 000 13 000 10 000 12 000 12 000
(IU/kg)
D3 vitamini
3 000 3000 2 000 2 500 2 500
(1U/kg)
E vitamini 20 20 20 20 20
(mg/kg)
K3 vitamini
2 2 2 2 2
(mg/ke)
B, vitamini 5 5 5 5 5
(mg/kg)
Baz vitamini 0,02 0,02 0,01 0,01 0,01
(mg/kg)
Niasin (mg/kg) 60 60 30 25 25
Mangan 100 100 100 60 60
(mg/kg)
Cinko (mg/kg) 70 70 70 40 40
Demir (mg/kg) 40 40 40 40 40
Bakir (mg/kg) 7 7 7 7 7
Selenyum 0,2 0,2 0,2 0,2 0,2
(mg/kg)
Kobalt (mg/kg) 0,5 0,5 0,5 0,5 0,5
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Bulgular ve Tartisma

Arastirma verilerinin degerlendirilmesi neticesinde elde edilen sonuglar Tablo 2’de verilmistir.
Arastirmada Uzerinde durulan oOzelliklerden yumurta verimi ve sari yiksekligi bakimindan gruplar
arasinda onemli farklilik oldugu tespit edilmistir (P<0,05). Yumurta sekil indeksi, agirligi, kabuk
kalinhgi, kabuk kirilma direnci, ak yiiksekligi ve haugh birimi bakimindan gruplar arasinda énemli bir
farkhlik bulunmadigi belirlenmistir (P>0,05).

Tablo 2. Yumurta verimi ve kalitesine ait arastirma bulgulari

Yumurt Kabuk

Yumurta . Kabuk Ak Sari
. Sekil a N kirilma . . ... Haugh
Gruplar verimi . . —_— kahnhg . . yuksekligi  ylksekligi L
indeksi agirhg direnci birimi
(adet) (mm) (mm) (mm)
(8) (N)
1grup 29,00+0,8 75,33%0,36 64,23x1 0,32+0,00 35,26+1,9 7,92+0,39 11,94+0,0 87,32+2,1
(Isik agis1 4%° ,34 5 7 8? 2
105°)
2. grup 27,20+0,7 75,105+0,5 63,451 0,33+0,00 32,11+1,9 7,55+0,26 11,96+0,1 86,50+1,8
(Isik agist  2° 4 ,20 6 7 0? 6
1109)
3. grup 29,73+0,3 75,588+0,4 66,44+1 0,32+0,00 29,74+2,0 7,89+0,30 11,56+0,1 86,69+1,9
(Istk agist 52 9 ,34 6 1 20 1
1209)

% Degisik harflerle ifade edilen gruplar arasindaki farklilik nemlidir (P<0,05).

Yumurta verimi dikkate alindiginda 3. grup 2. gruptan daha yiksek yumurta verimine sahip olmustur.
Bir ile Gglnci gruptaki hayvanlarin yumurta verimleri birbirine benzerlik géstermistir. Burada dikkati
ceken husus 1sik gelis acisi farkli olan (105°-120°) gruplar arasinda yumurta verimlerinin benzerlik
gosterip 1sik acisi 110° olan 2. Grupta diisiik olmasidir. Arastirmadan elde edilen bu sonug isik gelis
agisi ve buna bagh olarak isik siddeti ile yumurta verimi arasinda dogrusal bir iliskinin olmadigini,
ortaya cikan farkliliklara havalandirma gibi baska faktorlerin etkili olabilecegini ortaya koymaktadir.
Ug katli kafeslerde ikinci kat orta kisimda yer aldigi icin kafesin diger kisimlari kadar havalandirma
yaptlamamaktadir.

Bu durum 1sik siddetinin tavuklarin fizyolojik ihtiyaglarini karsilamadan daha ziyade tavuklarin
yeterince denetimi ve onlar igin uygun bir ortam saglamak icin segilmesini tavsiye eden Morris
(1994), tavuklarin fizyolojik 1sik ihtiyacinin yaklasik olarak 3 liks olmasini bildiren Darre ve Rock
(1995) fotoperiyodik mekanizmanin beyaz isikla uyariimasi icin 1sik siddetinin 0,9-1,7 liks arasinda
olmasinin yeterli olacagini belirten Levis vd.’nin (1999) bildirimleri ve kafes katlari arasinda yumurta
verimi bakimindan farkliik bulunmadigini belirten Durmus ve Kamanli’nin (2012) bulgulari ile
benzerlik géstermektedir. Ancak Yildirim vd. (2008) kafes katlari arasinda yumurta verimi bakimindan
farkhlik bulundugunu belirterek, yliksek i1sik siddeti yiksek olan grubun yumurta verimi bakimindan
digerlerinden dusiik oldugunu bildirmistir. Bu durumda isik siddetinin disiik olmasindan daha ziyade
cok yliksek olmasinin olumsuz etkileri tizerinde durulmasinin gerekli olacagi distintilmektedir.

Arastirmada Uzerinde durulan ozelliklerden sekil indeksi, yumurta agirligi, kabuk kalinligi, kabuk
kirllma direnci ve haugh birimi gibi 6zelliklerin 1s18in gelis acisi ve buna mukabil 151k siddetinden
etkilenmedigi gorilmektedir. Yildirim vd. (2008) kafes katlari bakimindan yumurta agirhg ve sekil
indeksi arasinda farklihk bulunmadigi yonindeki bulgulari ile arastirma bulgular benzerlik
gostermektedir. Ancak ayni arastirmacilarin yumurta kabuk kirilma direnci ve ak indeksi bakimindan
daha az 1sik siddetine maruz kalan kafesin alt katlarindaki tavuklardan elde edilen yumurtalarin kabuk
kiritlma direnci ve ak indeksi bakimindan daha yiiksek degere sahip oldugunu belirten bulgulari ile
celismektedir. Ancak burada s6z konusu arastirma 4 kath kafeslerde yapilmis ve 1. kattaki i1sik siddeti
68,08 liks, ikinci katta 41,68 liiks gibi yilksek bir 1sik siddetinin bulundugunun dikkate alinmasi
gerekmektedir. Arastirmada bu gruplardan elde edilen yumurtalarin kabuk kirilma direnci ve ak
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indeksi degerlerinin diger gruplardan (isik siddeti 31,54 ve 22,08 liks) disiik oldugu gorilmektedir.
Bu durum yiksek 1sik siddetinin olumsuz bir etkisi olarak degerlendirilebilir.

Arastirmada sari yiiksekligi bakimindan gruplar arasinda isik siddetine bagh olarak yiksek isik
siddetine maruz kalan (24,7 luks) 3.gruptaki tavuklardan elde edelin yumurtalarin ak yiksekligi diger
gruplardan daha disik bulunmustur. Bunun nedeni olarak yiiksek i1sik siddetinin ovulasyonun daha
erken olmasi yoniinde etkili oldugunu soylemek miumkindir. Bu tir yumurtalarda ak/sari orani ve
agirhginin tespit edilerek 1sik etkisinin net olarak ortaya konulmasinda fayda bulunmaktadir. Gruplar
arasinda yumurta agirhig ve ak yiksekligi bakimindan farkhlik olusmamasi haugh birimi bakimindan
da farkhlik olusmamasina yol agmistir. Haugh birimi yumurta agirhg ve ak yiksekliginin logaritmik bir
ifadesi oldugu icin matematiksel olarak da beklenilen sonug bu yéndedir.

Sonug ve Oneriler

Yumurta tavukgulugu biylk oranda kafes sistem kiimeslerde yapilmaktadir. Bu kiimeslerde basta i1sik
ve havalandirma olmak (zere verim (zerinde etki eden faktérler homojen olarak
saglanilamamaktadir. Bunlarin etkisi ile yumurta tretiminde ayni genotip kullanilsa bile bir 6rnek
yumurta Gretim orani dismektedir. Isik siddeti de tavuklarin verimleri (izerine etkili faktorlerden
biridir. Bu nedenle 1sik siddetinin tavuklarin fizyolojisini olumsuz etkilemeyecek diizeyde tutulmasi
onemlidir. Arastirmalardan elde edilen sonuglar diisiik 151k siddetinden daha ziyade yiiksek olmasi ile
olumsuz etkilerin ortaya ciktigini géstermektedir. Arastirmada 1si8in gelis acisinin tavuklarin bazi
verim Ozellikleri Gzerine etkili oldugu belirlenmis olup, 1sik siddeti ve buna etkili olan 1sik kaynagi-
hayvan mesafesi, 15tk kaynagi acisi-hayvan konumu, kullanilan lambalar ve kafes katlari sayisi gibi
faktorlerin etkisinin minimum dizeye indirilerek miimkiin oldugunca homojen isik siddeti saglanacak
kafes sistemlerinin gelistirilmesinin uygun olacagi dislintilmektedir.
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Ozet

Calisma, ‘Esme’ ayva gesidinin L*, a*, b*, pH, suda ¢6ziinebilir kuru madde, titre edilebilir asitlik, C vitamini,
toplam fenolik, toplam flavonoid ve antioksidan aktivitesi Gzerine farkh kurutma yodntemlerinin etkisini
belirlemek amaciyla yapiimistir. Ayva dilimlerinde kurutma igslemi dogal, etiiv ve mikrodalga firinda olmak tzere
3 yonteme gore gerceklestirilmistir. Kurutma ydntemlerine gore, suda ¢6zlinebilir kuru madde icerigi %43.47
(mikrodalga firin)-%54.07 (etilv), titre edilebilir asitlik %0.25 (dogal ve etiiv)-0.26 (mikrodalga firin), C vitamini
icerigi 43.67 (etiiv)-57.37 (mikrodalga firin) mg 100 g2, toplam fenolik 424.6 (mikrodalga firin)-610.9 (dogal) mg
100 g%, toplam flavonoid 103.7 (mikrodalga firin)-201.7 (etiiv) mg 100 g%, antioksidan aktivitesi 1.07 (mikrodalga
firin)-1.87 (dogal) mmol 100 g (DPPH testine gére) ve 2.45 (mikrodalga firin)-5.57 (dogal) mmol 100 g* (FRAP
testine gore) arasinda belirlenmistir. Bunun yaninda, renk ozellikleri ile bazi biyokimyasal 6zellikler arasinda
onemli iligkiler tespit edilmistir. Sonug olarak, dogal kurutma yénteminin insan saghgini tesvik eden fenolikler ve
antioksidanlar tzerine olumlu etkisinin oldugu belirlenmistir.

Anahtar Kelimeler: ayva, kurutma, C vitamini, fenolik, antioksidan

Effect of Different Drying Methods on Biochemical Properties of ‘Esme’
Quince Cultivar

Abstract

The study was performed to determine of different drying methods on L*, a*, b*, pH, soluble solids content,
titratable acidity, vitamin C, total phenolic, total flavonoid and antioxidant activity of ‘Esme’ quince cultivar.
Drying process in quince slices was performed according to natural, drying oven and microwave oven methods.
According to drying methods, soluble solids content, titratable acidity, vitamin C, total phenolic, total flavonoid
and antioxidant activity was determined from 43.47% (microwave oven) to 54.07% (drying oven), 0.25% (natural
and drying oven) to 0.26% (microwave oven), 43.67 mg 100 g (drying oven) to 57.37 (microwave oven) mg 100
g?l,424.6 mg 100 g (microwave oven) to 610.9 (natural) mg 100 g, 103.7 (microwave oven) mg 100 g* to 201.7
(drying oven) mg 100 g, 1.07 mmol 100 g (microwave oven) to 1.87 (natural) mmol 100 g* and 2.45 mmol 100
g (microwave oven) to 5.57 (natural) mmol 100 g%, respectively. Besides, significant relations was determined
between color characteristics and some biochemical properties. As a conclusion, it was determined that positive
effect on phenolics ve antioxidants that promote human health of natural drying method.

Keywords: quince, drying, vitamin C, phenolics, antioxidant
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Giris
Ayva (Cydonia oblonga), Rosaceae familyasinin Cydonia cinsi icinde yer alan yumusak cekirdekli bir
meyve tiridir. Ulkemiz ayvanin anavatanlari arasinda yer almakta olup, dnemli bir ayva ureticisidir
(Ozgagiran vd., 2014). Ulkemiz 176.479 ton ayva lretimi ile diinyada lider konumdadir. Diinya ayva

tiretimi bakimindan tilkemizi 118.593 ton ile Cin, 76.865 ton ile Ozbekistan ve 76.508 ton ile iran takip
etmektedir (FAO, 2020).

Ayva vyetistiriciligi agisindan avantajli bir ekolojiye sahip olan tlkemizde, 10 ile 1000 m arasindaki
ylksekliklerde hemen her bolgede ayva yetismektedir. Ayva, llkemizde bazi boélgelerde kapama
bahgeler halinde, bircok yerde ise sinir agaci olarak veya diger meyve tiirleri ile karisik olarak yetistirilir
(Ercan ve Ozkarakas, 2005). Ayva iiretim miktarimiz her gecen yil artis gdstermektedir. Ulkemiz ayva
Uretimi 180.542 ton olup, Gretim miktari bakimindan Sakarya (102.004 t) ilk sirada yer almaktadir. Bu
ilimizi Bursa (15.049 t), Denizli (6.737 t) ve Bilecik (6.568 t) illeri takip etmektedir (TUIK, 2020).

Ayva meyvesi buruk, asitli ve sert bir yapiya sahip olmasi nedeniyle genellikle marmelat, jole, regel,
pilre, meyve suyu ve gida katki maddesi olarak kullanilir (Antoniewska vd., 2017; Sharma vd., 2011,
Silva vd., 2006). Duslik yag icerigine sahip olan ayva, vitaminler, mineral maddeler, organik asitler,
proteinler, karbonhidratlar, aminoasitler ve lifler bakimindan zengindir (Ali vd., 2015; Rodriguez-
Guisado vd., 2009). Bunun yaninda, ayva antioksidanlar ve fenolik maddelerce zengindir (Grygorieva
vd., 2020; Legua vd., 2013). Ayva bu Ozelliklerinden dolayi egzama (Shinomiya vd., 2009), kanser
(Carvalho vd., 2010) ve llser (Hamauzu vd., 2006) gibi hastaliklara karsi koruyucu, kalp ve beyni
glclendirici bir etkiye sahiptir (Fattouch vd., 2007; Legua vd., 2013; Shinomiya vd., 2009).

Son yillarda, tiketicilerin islenmis meyve Urlinlerine olan talebi artmistir (Szychowski vd., 2018). Bu
baglamda, ozellikle biyokimyasal icerigi yiksek kurutulmus atistirmalik Grlinler daha cok tercih
edilmektedir (Turkiewicz vd., 2019). Kurutma, meyve ve sebzelerin raf émrini uzatmak i¢in en yaygin
kullanilan bir ydontemdir. Kurutma, meyve ve sebzelerin nem icerigini azaltmak, trinleri etkili korumak
ve uzun silireyle depolamak amaciyla kullanilir. Bunun yaninda kurutma uygulamasi ile depolama
siresince mikroorganizma gelisiminin 6nlenmesi amaclanir (Tzempelikos vd., 2014; Wojdylo vd.,
2016).

Tiketici tercihleri ve kurutulan Grinin kalitesi géz 6ninde bulunduruldugunda, kullanilacak olan
kurutma yonteminin, Grindeki biyokimyasal bilesiklerin miktarini maksimum diizeyde tutmasi ve taze
meyveye kiyasla renk, tat ve aroma 6zelliklerini ¢ok fazla etkilememesi istenir (Turkiewicz vd., 2019).
Meyve ve sebzelerin kurutulmasi amaciyla dogal kurutma yénteminin yaninda, farkl kaynaklardan elde
edilen 1s1 yardimiyla da kurutma islemi (mikrodalga, dondurarak, konvektif) yapilmaktadir (Figiel vd.,
2010; Huang vd., 2009).

Bu cgalisma, farkl kurutma yontemlerinin ‘Esme’ ayva gesidinin renk ve biyokimyasal ozelliklerine
etkisini belirlemek amaciyla yurataimdastar.

Materyal ve Yontem

Materyal

Calismanin materyalini Ordu Universitesi Ziraat Fakiiltesi Uygulama ve Arastirma Arazisinde yetistirilen
Esme cesidine ait meyveler olusturmustur. Meyvelerde hasat islemi Ekim ayinin ilk haftasinda
yapilmistir. Esme ayva gesidinin meyveleri yuvarlak, orta-iri, sarimsi limon renginde, gevrek, az kumlu,
sulu ve mayhos bir yapiya sahiptir (Soylu, 1997).

Yontem

Hasat edilen meyvelerde yikama isleminden sonra paslanmaz bir bigcak yardimiyla kabuklari soyulmus
ve meyve eti 5 mm kalinliginda olacak sekilde dilimlenmistir. Ayva dilimlerinde kurutma islemi dogal
(golge ortamda), etiiv ve mikrodalga firinda olmak tizere 3 yonteme gore yapilmistir. Dilimlenen ayva
orneklerinde kurutma islemi etlivde (Ecocell, Almanya) 65°C’de, mikrodalga firinda (Siemens, Almanya)
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ise 360 W gili¢ seviyesi kullanilarak yapilmistir. Ayva dilimlerinin nem igerigi %12 oluncaya kadar
kurutulmustur (Celen ve Kus, 2016). Ayva meyvesinin ilk nem icerigi, 6rneklerin etlivde 70°C’de sabit
agirhga gelinceye kadar kurutulmasiyla belirlenmistir. Kurutulan ayva érneklerinde renk 6zellikleri (L*,
a* ve b*), pH, suda ¢ozlnebilir kuru madde (SCKM), titre edilebilir asitlik (TA), C vitamini, toplam
fenolik, toplam flavonoid ve antioksidan aktivitesi (DPPH ve FRAP testlerine gore) incelenmistir.
Biyokimyasal 6zelliklerin incelenmesi amaciyla kurutulan ayva ornekleri elektrikli el blenderi yardimiyla
ogutllmustar.

L* a*ve b*

Kurutulmus ayva dilimlerinde renk 6zellikleri bir renk 6lger (Minolta, CR-400, Japonya) vasitasiyla
belirlenmistir.

PpH, Suda Céziinebilir Kuru Madde (%) ve Titre Edilebilir Asitlik (%)

Kurutulmus ayva 6rnekleri saf su ile sulandirildiktan sonra, elde edilen meyve suyunda pH degeri dijital
pH metre (Hanna, HI4221, ABD) ve suda ¢6zinebilir kuru madde igerigi dijital refraktrometre (Atago,
PAL-1, ABD) kullanilarak tespit edilmistir. Titre edilebilir asitlik ise meyve suyunun saf su ile
seyreltilmesi (1:1) ve elde edilen ¢6zeltinin pH degerinin 8.1’e gelinceye kadar NaOH ile titre edilmesi
sonucunda belirlenmistir.

C Vitamini (mg 100 g*)

Kurutulmus ayva ornekleri saf su ile sulandirildiktan sonra, elde edilen meyve suyunda C vitamini icerigi
reflektometre (RQ flex, Plus 10, Merck, Almanya) yardimiyla tespit edilmistir.

Toplam Fenolik (mg 100 g™)

Toplam fenolik igerigi spektrofotometrede (Shimadzu, UVmini-1240, Japonya) 760 nm dalga boyunda
belirlenmistir. Elde edilen degerler gallik asit cinsinden mg 100 g olarak ifade edilmistir (Beyhan vd.,
2010).

Toplam Flavonoid (mg 100 g™)

Toplam flavonoid icerigi spektrofotometrede 415 nm dalga boyunda tespit edilmistir. Okunan
absorbans degerleri kuersetin cinsinden hesaplanarak, mg 100 g olarak ifade edilmistir (Zhishen vd.,
1999).

Antioksidan Aktivitesi (mmol 100 g™)

DPPH

DPPH testine gére antioksidan aktivitesi Blois (1958)'in yontemine gére belirlenmistir. Hazirlanan
numuneler spektrofotometrede 517 nm dalga boyunda 6lcllmustir. Elde edilen degerler torolox
cinsinden mmol 100 g olarak ifade edilmistir.

FRAP

FRAP testine gore antioksidan aktivitesi Benzie ve Strain (1996)'in yontemine gore belirlenmistir.
Hazirlanan numuneler spektrofotometrede 700 nm dalga boyunda 6l¢llmustir. Okunan absorbans
degerleri torolox cinsinden hesaplanarak, mmol 100 g* olarak ifade edilmistir.

istatistiksel Analizler

Elde edilen verilerin degerlendirilmesinde SPSS 23.0 istatistik paket programi kullaniimistir.
Ortalamalar arasindaki farklilik Tukey coklu karsilagtirma yontemine gore %5 Onem seviyesinde
belirlenmistir. Temel bilesen analizleri renk ve biyokimyasal 6zellikler kullanilarak yapilmistir.
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Bulgular ve Tartisma

Renk ve gorinds bir Griinin kalitesini degerlendirmede kullanilan 6nemli parametrelerdir. Bu
ozelliklerde meydana gelen degisimler vitaminler, fenolik bilesikler ve renk maddelerinin bozulmasina
neden olmaktadir (Mac-Dougall, 2010). Meyvelerde gorilen renk degisimlerinin enzimatik veya
enzimatik olamayan kararmalarla iliskili oldugu bildiriimektedir (Konopacka ve Plocharski, 2001).
incelenen Esme ayva cesidinde renk 6zellikleri bakimindan kurutma ydntemleri arasindaki farkhlk
onemli bulunmustur (p<0.05). Kurutma yontemlerine gore, L* degeri 62.28 (mikrodalga firin)-65.44
(dogal), a* degeri 3.34 (mikrodalga firin)-7.24 (etiiv) ve b* degeri 40.38 (etiliv)-45.61 (mikrodalga firin)
arasinda belirlenmistir (Tablo 1). Ayvada konvektif yontemle farkl sicaklik derecelerinde kurutulmus
orneklerde L* degeri 67.20 (70°C)-70.30 (50°C), a* degeri 4.06 (50°C)-5.69 (70°C) ve b* degeri 29.27
(70°C)-31.21 (50°C) ve mikrodalga ile farkli sicaklik derecelerinde kurutulmus orneklerde L* degeri
67.65 (60°C/120W)-69.08 (70°C/120W), a* degeri 4.54 (70°C/120W)-5.15 (60°C/120W) ve b* degeri
29.77 (50°C/120W)-30.73 (70°C/120W) arasinda belirlemislerdir. Bunun yaninda, kullanilan iki yontem
arasinda renk Ozellikleri bakimindan 6nemli farkhliklarin olmadigini bildirmislerdir (Turkiewicz vd.,
2019). Mevcut ¢alismada ise renk 6zellikleri bakimindan dogal ve etiiv kurutma yénetmeleri arasinda
farkhligin olmadigi, buna karsilik mikrodalga firin yonteminin bu yontemlerden farklilik gosterdigi
belirlenmistir. Ayrica, renk 6zellikleri bakimindan elde edilen bulgular arastiricilarin bulgulariyla biylk
oranda benzerlik gostermektedir.

Tablo 1. Esme Ayva Cesidinde Farkli Kurutma Yéntemlerine Gore L*, a* ve b* Degerleri

Kurutma yéntemleri L* a* b*

Dogal 65.44+0.35 a* 6.60+0.09 a 40.81+0.59 b
Etlv 64.36+1.15 ab 7.24+0.43 a 40.38+0.82
Mikrodalga firin 62.28+1.41 b 3.34+0.17 b 45.61+1.26 a

* Ayni siitunda ayni harf ile gésterilen ortalamalar arasindaki fark 6nemsizdir (p<0.05).

incelenen Esme ayva cesidinde pH, suda ¢dziinebilir kuru madde ve titre edilebilir asitlik bakimdan
kurutma yontemleri arasinda énemli farkhliklar belirlenmistir (p<0.05). Kurutma ydntemlerine gore,
pH degeri 3.69 (mikrodalga firin)-4.10 (etiiv), suda ¢6zlinebilir kuru madde %43.47 (mikrodalga firin)-
%54.07 (etiiv) ve titre edilebilir asitlik %0.25 (dogal ve etliv)-%0.26 (mikrodalga firin) arasinda tespit
edilmistir (Tablo 2). Ayvada pH, suda ¢6zlinebilir kuru madde ve titre edilebilir asitlik icerigi Uzerine
kurutma yontemlerinin etkisinin incelendigi bir arastirmaya rastlaniimamustir.

Tablo 2. Esme Ayva Cesidinde Farkli Kurutma Yontemlerine Gore pH, Suda Cozlinebilir Kuru Madde,
Titre Edilebilir Asitlik ve C Vitamini

Kurutma yontemleri oH Suda ¢ozinebilir Titre' e'dilebilir C vitamin’i1
kuru madde (%) asitlik (%) (mg 100 g?)
Dogal 3.7240.03 b* 48.23+1.42 b 0.25+0.004 b 45.17+0.76 b
Etlv 4.10%0.06 a 54.07+1.80 a 0.25¢0.005 b  43.67+0.57 b
Mikrodalga firin 3.6910.04 b 43.47+1.35 c 0.2620.004 a 57.370.81 a

* Ayni siitunda ayni harf ile gésterilen ortalamalar arasindaki fark 6nemsizdir (p<0.05).

incelenen Esme ayva cesidinde C vitamini icerigi bakimindan kurutma yéntemleri arasindaki farklilk
6nemli bulunmustur (p<0.05). Kurutma yoéntemlerine gore, C vitamini icerigi 43.67 (etliv)-57.37
(mikrodalga firin) mg 100 g arasinda tespit edilmistir (Tablo 2). Ayvada mikrodalga ile farkli sicakhk
derecelerinde kurutulmus érneklerde 573.8 (50°C/120W)-650.1 (60°C/120W) mg 100 g ve konvektif
yéntemle farkli sicaklik derecelerinde kurutulmus érneklerde 600.7 (70°C)-672.3 (50°C) mg 100 g*
arasinda belirlenmistir (Turkiewicz vd., 2019). Bunun yaninda, dondurularak kurutulmus ayva
drneginde C vitamini icerigi 10.9 mg 100 g (Silva vd., 2004) ve 18.0-36.55 mg 100 g* (Yildiz ve Izli,
2019) arasinda bildirilmistir. Yapilan arastirmalar incelendiginde sicaklik arttikga C vitamini iceriginin
azaldig1 belirlenmistir. Bunun yaninda, C vitaminin igeriginin kurutma yoéntemlerine gére farkllik
gosterdigi ve konvektif kurutma yénteminde mikrodalga kurutma yontemine gére C vitamini igeriginin
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daha yuksek oldugu bildirilmistir (Turkiewicz vd., 2019). Mevcut ¢alismada ise C vitamini icerigi en
ylksek mikrodalga firin uygulamasinda belirlenmistir. Gorilen farkliliklarin kurutma yoéntemleri ve
uygulanan sicaklik derecelerinden kaynakli olabilecegi ifade edilebilir.

Fenolikler, gidalarin fonksiyonel (antioksidan, anti-kanser, anti-alerjik aktiviteleri gibi) ve duyusal
ozelliklerine (aroma, tat, lezzet, renk, goriinls vb.) katki saglayan sekonder metabolitlerdir (Fernandes
vd., 2008). incelenen Esme ayva gesidinde toplam fenolik icerigi bakimindan kurutma yéntemleri
arasinda 6nemli farkliliklar belirlenmistir (p<0.05). Kurutma yontemlerine gore, toplam fenolik igerigi
424.6 (mikrodalga firin)-610.9 (dogal) mg 100 g* arasinda belirlenmistir (Tablo 3). Toplam fenolik
icerigi, etlivde kurutulan farkli ayva genotiplerinde 3473-4899 mg 100 g (Grygorieva vd., 2020) olarak
bildirilmistir. Bunun yaninda, ayvada toplam fenolik icerigi konvektif yontemle farkh sicaklik
derecelerinde yapilan kurutma uygulamasinda 51122 (50°C)-53174 (70°C) mg 100 g* (Elmizadeh vd.,
2017) ve 3691 (70°C)-6702 (50°C) mg 100 g (Szychowski vd., 2018), mikrodalga ile farkli sicaklik
derecelerinde kurutulmus érneklerde 4084 (60°C/120W)-5104 (70°C/120W) mg 100 g™ ve konvektif
yéntemle farkl sicaklik derecelerinde kurutulmus érneklerde 4272 (50°C)-4500 (70°C) mg 100 g*
(Turkiewicz vd., 2019) arasinda bildirilmistir. Yapilan ¢alismalar incelendiginde toplam fenolik igeriginin
sicaklik uygulamalarina gore farklilik gosterdigi belirlenmistir. Bunun yaninda, konvektif yontemle
yapilan kurutma uygulamasinda mikrodalga kurutma yéntemine gére toplam fenolik igeriginin daha
ylksek oldugu bildirilmistir. Mevcut calismada da dogal ve etliv kurutma yontemlerinde mikrodalga
firin yontemine gore toplam fenolik icerigi daha yiksek bulunmustur.

incelenen Esme ayva cesidinde toplam flavonoid icerigi bakimindan kurutma yéntemleri arasindaki
farkhlik 6nemli bulunmustur (p<0.05). Kurutma yontemlerine gore, toplam flavonoid icerigi 103.7
(mikrodalga firin)-201.7 (etiiv) mg 100 g* arasinda belirlenmistir (Tablo 3). Etiivde kurutulmus farkli
ayva genotiplerinde toplam flavonoid icerigi 59-107 mg 100 g arasinda bildirilmistir (Grygorieva vd.,
2020). Toplam flavonoid icerigi bakiminda elde edilen bulgularin Grygorieva vd., (2020)'nin
sonuglarindan yiliksek oldugu belirlenmistir. Gorilen farkhligin cesitten, meyvenin olgunluk
durumundan, teknik ve kiltlrel uygulamalardan kaynakli oldugu disliniilmektedir.

Meyvelerin antioksidan aktivitesi, iceriginde bulunan polifenoller, flavonoidler, fenolikler,
antosiyaninler, katesinler, askorbik asit ve beta karoten gibi bilesiklere bagh olarak degismektedir.
Antioksidanlar, insan saghgini tesvik eden 6nemli bilesikler olup, kalp ve sinir sistemi hastaliklari ve
kanser riskini azaltmasi bakimindan énemlidir (Karadeniz vd., 2005). incelenen Esme ayva cesidinde
antioksidan aktivitesi bakimindan kurutma yoéntemleri arasinda énemli farkhliklar tespit edilmistir
(p<0.05). Kurutma yéntemlerine gore, antioksidan aktivitesi DPPH testine gore 1.07 (mikrodalga firin)-
1.87 (dogal) mmol 100 g ve FRAP testine gore 2.45 (mikrodalga firin)-5.57 (dogal) mmol 100 g*
arasinda belirlenmistir (Tablo 3).

Tablo 3. Esme Ayva Cesidinde Farkli Kurutma Yontemlerine Gore Toplam Fenolik, Toplam Flavonoid
ve Antioksidan Aktivitesi

Antioksidan aktivitesi

urutmayontemieri 0P fenolk - Toplam flavonaid (mmol 100g")

DPPH FRAP
Dogal 610.949.58 a* 17344492 b 1.87¢0.01 a 5.57+0.03 a
Etlv 534.8+6.14 b 201.7¢3.90 a 1.3140.02 b 3.10£0.02 b
Mikrodalga firin 424.6+17.19 o 103.7+4.18 o 1.07+0.01 ¢ 2.45+0.07 c

* Ayni siitunda ayni harf ile gésterilen ortalamalar arasindaki fark 6nemsizdir (p<0.05).

Ayvada antioksidan aktivitesi konvektif yontemle farkli sicaklik derecelerinde kurutulmus érneklerde
FRAP testine gére 9 (50°C)-15 (60°C) mmol 100 g (Szychowski vd., 2018), mikrodalga ile farkh sicaklik
derecelerinde kurutulmus 6rneklerde FRAP testine gore 10.34 (50°C/120W)-14.03 (70°C/120W) mmol
100 g? ve konvektif ydntemle farkli sicaklik derecelerinde kurutulmus érneklerde FRAP testine gére
11.43 (50°C)-13.84 (70°C) mmol 100 g* (Turkiewicz vd., 2019) arasinda bildirilmistir. Yapilan calismalar
incelendiginde kurutma sicakhgi arttikca antioksidan aktivesinin de arttigi belirlenmistir. Bunun
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yaninda, konvektif kurutma ile mikrodalga kurutma arasinda antioksidan aktivitesi bakimindan
farkhligin olmadigi bildirilmistir (Turkiewicz vd., 2019). Mevcut calismada ise antioksidan aktivitesinin
dogal ve etliv kurutma yéntemlerinde mikrodalga firin yontemine gére 6nemli derecede yiksek oldugu
belirlenmistir.  Farkhliklarin ~ kurutma yodntemleri ve uygulanan sicaklik derecelerinden
kaynaklanabilecegi ifade edilebilir.

Tablo 4. incelenen Bazi Renk ve Biyokimyasal Ozellikler Arasindaki iliskiler

b* TA Toplam fenolik C vitamini
L* -0.915% 1.000* 0.997* -0.904%
a* 0.997* 0.866% 0.842°% 0.999*
Toplam Fenolik -0.881°%¢ 0.999* - -0.869%
C Vitamini 1.000* 0.891% -0.869%¢ -

6d: énemli degil, * p<0.05.

L* parametresi ile titre edilebilir asitlik ve toplam fenolik (r = 1.00 ve 0.997); a* parametresiile b* ve C
vitamini (r = 0.997 ve 0.999); toplam fenolik ile titre edilebilir asitlik (r = 0.999); b* parametresi ile C
vitamini (r = 1.00) arasinda pozitif yonde ve yliksek diizeyde bir iliski bulunmustur (Tablo 4).

1,0 opH o Toplam_Flavonoid
§CKM 0 a
o
0,5 o
,@. Toplam_Fenolik
& DPPH
e )
o~ 0,0 (o]
S FRAP
[
2
o TA
o]
-0,57
@
b C_vitamini
1,0
T T | |
-1,0 -0,5 0,0 0,5 1,0

Bilesen 1 (%77.235)

Sekil 1. Farkl Kurutma Yontemleri Kullanilarak Kurutulan Esme Ayva Cesidinin Renk ve Biyokimyasal
Ozellikleri Arasindaki iliskileri Gosteren Temel Bilesen Grafigi

Temel bilesen analizi sonucunda olusan ilk 2 bilesen, elde dilen verilerin toplam varyasyonunun
%100’tni agiklamistir. 1. bilesen L*, titre edilebilir asitlik, toplam fenolik ve antioksidan aktivitesi
(DPPH ve FRAP) ile iliskili olup, toplam varyasyonun %77.25’ini agiklamistir. 2. bilesen a*, b*, pH, suda
¢6zlinebilir kuru madde, C vitamini ve toplam flavonoid ile iliskilidir. Bu bilesen elde edilen verilerin
toplam varyasyonunun %22.75’ini agiklamistir (Tablo 5; Sekil 1). Bunun yaninda, temel bilesen analizi
ile kolerasyon analizi sonuglarinin birbirini destekledigi belirlenmistir. Nitekim, 1. ve 2. bilesende yer
alan 6zelliklerin kendi aralarinda yiksek dizeyde iliskili oldugu tespit edilmistir (Tablo 4; Tablo 5).
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Tablo 5. Farkli Kurutma Yontemleri Kullanilarak Kurutulan Esme Ayva Cesidinin Renk ve Biyokimyasal
Ozelliklerine Ait Temel Bilesen Analizi Sonuglari

Ozellikler Bilesenler
1 2

L* 0.888 0.461
Titre edilebilir asitlik -0.901 -0.434
Toplam fenolik 0.920 0.392
DPPH 0.998 0.065
FRAP 1.000 -0.028
a* 0.563 0.826
b* -0.626 -0.780
pH -0.222 0.975
Suda ¢6zlnebilir kuru madde miktari 0.168 0.986
C vitamini -0.605 -0.796
Toplam flavonoid 0.449 0.894
Eigen degeri 8.50 2.50
Varyans (%) 77.25 22.75
Kimadlatif varyans (%) 77.25 100

Faktér yiikii 0.77 ve (izeri olanlar degerlendirilmistir.
Sonug¢

‘Esme’ ayva cesidine ait meyvelerin renk ve biyokimyasal Ozellikleri Uzerine farkh kurutma
yontemlerinin etkisinin incelendigi arastirmada, L* ve a* degerleri lzerine dogal ve etiv kurutma
yontemleri, b* degeri lzerine mikrodalga firin, suda ¢6zlnebilir kuru madde icerigi lizerine etiv ile
kurutma, insan saghgini tesvik eden fenolikler ve antioksidanlar Gzerine dogal kurutma, C vitamini
icerigi Gizerine ise mikrodalga firin uygulamasi diger yéntemlere gore daha iyi sonuglar vermistir.
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Ozet

Bu arastirma ‘Vanda’ kiraz gesidinin fidan gelisimi Gizerine PHL-A, Gisela 5 ve Colt anaglarinin etkisini belirlenmek
amaciyla ylratilmastir. Anaglarin ‘Vanda’ kiraz gesidinde fidan gelisimi Uzerine etkisi 6nemli bulunmustur
(p<0.05). Genel olarak, ‘Vanda’ ¢esidinin fidan gelisim Uzerine Gisela 5 ve PHL-A anaglarinin etkisi benzer
olmustur. Anaglara bagli olarak, fidan boyu 125.7 (Gisela 5)-198.8 cm (Colt), kalem govde capi 12.8 (Gisela 5)-
22.4 mm (Colt), yan dal sayisi 1.1 (PHL-A)-9.9 (Colt), stirgiin uzunlugu 21.53 (Gisela 5)-42.63 cm (Colt), fidan yas
agirhg1 0.5 (Gisela 5)-1.95 kg (Colt), yaprak yas agirligi 145.0 (PHL-A)-323.0 g (Colt), yaprak kuru agirligi 56.2 (PHL-
A)-117.5 g (Colt) ve yaprak alani 109 (Gisela 5)-149.7 cm2 (Colt) arasinda belirlenmistir. Sonug olarak, ‘Vanda’
cesidinde fidan gelisim performansi bakimindan Colt anacinin daha iyi sonuglar verdigi belirlenmistir. Bunun
yaninda, Colt anacina goére, Gisela 5 ve PHL-A anaglari Uzerine asili fidanlar daha zayif ve bodur bir gelisim
gostermisgtir.

Anahtar Kelimeler: kiraz, fidan boyu, siirglin uzunlugu, yan dal sayisi, yaprak alani

The Effect of Some Rootstocks on Growth of ‘Vanda’ Sweet Cherry Cultivar
Nursery

Abstract

This research was carried out to determine effect of PHL-A, Gisela 5 and Colt rootstocks on nursery growth in
‘Vanda’ sweet cherry cultivar. The effect of rootstocks on growth of Vanda trees in nursery was found to be
significant (p<0.05). Generally, the effect of Gisela 5 ve PHL-A rootstocks on nursery growth of ‘Vanda’ cultivar
was similar. Depending on rootstocks, nursery height, scion trunk diameter, number of lateral shoots, shoot
length, fresh mass of nursery, fresh weight of leaves, dry weight and leaf area was ranked from 125.7 (Gisela 5)
to 198.8 cm (Colt), 12.8 (Gisela 5) to 22.4 mm (Colt), 1.1 (PHL-A) to 9.9 (Colt), 21.53 (Gisela 5) to 42.63 cm (Colt),
0.5 (Gisela 5) to 1.95 kg (Colt), 145.0 (PHL-A) to 323.0 g (Colt), 56.2 (PHL-A) to 117.5 g (Colt) and 109 (Gisela 5)
to 149.7 cm?2 (Colt), respectively. Consequently, it has been determined that ‘Vanda’ cultivar showed more vigor
growth on Cold rootstock when compared to Gisela 5 ve PHL-A rootstocks.

Keywords: sweet cherry, nursery height, shoot length, number of lateral shoots, leaves area
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Giris
Kiraz, diinyada iliman iklime sahip alanlarda yetistirilen sert cekirdekli bir meyve tiiriidiir. ilkbaharda
¢ok az sayida meyve tirinin oldugu dénemde pazara gikan kiraz, ekonomik degeri yliksek olan bir

tlrdir. Kiraz meyveleri kendine 06zgli tadi, rengi ve albenisiyle insanlar tarafindan sevilerek
tiiketilmektedir (Ozgagiran vd., 2014).

Meyve yetistiriciliginde yliksek verim, erkencilik, kaliteli Girlin, aga¢ gelisimini kontrol etme, elverissiz
ekolojik kosullara adaptasyon, hastalik ve zararlilara karsi dayanikllik agisindan anaglar yaygin olarak
kullanilimaktadir. Anaglarin Gzerine asili ¢esidin gelisimini kontrol etmesi, son yillarda bircok Ulkede
birim alandan yilksek verim alinan yogun dikim sistemlerine olan ilgiyi artirmistir. Bircok meyve
tlrinde oldugu gibi kiraz yetistiriciliginde de yogun dikim sistemlerine uygun bodur ve yari bodur
anaglarin kullanimi hizla artmaktadir (Long vd., 2015; Lopez vd., 2016).

Kiraz anaglari, tzerine asih g¢esidin verimi (Aglar ve Yildiz 2014; Aglar vd., 2016; Moreno vd., 2001;
Whiting vd., 2005), meyve kalitesi (Aglar vd., 2016; Karakaya vd., 2021; Usenik vd., 2010), agag¢ gelisimi
(Aglar ve Yildiz 2014; Lang, 2001; Usenik vd., 2006) ve hasat zamani lzerine (Aglar vd., 2016; Lang,
2000; Usenik vd., 2006) etki etmektedir. Kiraz yetistiricilig§inde ¢6glr ve klon anaglar yaygin olarak
kullanilmaktadir. Coglir anacglar verime ge¢ yatmalari ve homojen bir gelisim gostermemeleri
nedeniyle, son yillarda kiraz yetistiricilig§inde daha ¢ok klon anaglar kullaniimaktadir (Aydin ve Yarilgag,
2020). Yetistiricilikte yogun dikim sistemlerine uygun Krymsk 5, Krymsk 6, PHL-C, Damil 61, Inmil 9,
Gisela 1, Gisela 3, Gisela 4, Gisela 5, Gisela 6, Tabel Edabriz, Weiroot 158 ve Weiroot 72 bodur anaglar
ile Gisela 7, Gisela 12, PHL-A, CAB 6P, Victor, Pi-Ku 1, MaxMa 14 yari bodur anaglar yaygin olarak
kullanilmaktadir. Kiraz yetistiriciliginde kullanilan bu anaglar; agag¢ gelisimi, erkencilik, verim, meyve
kalitesi gibi bircok 6zellik Gzerine olumlu etki etmektedir (Aglar ve Yildiz, 2014; Aglar vd., 2016; Cantin
vd., 2010; Fajt vd., 2014; Karakaya vd., 2021; Lanauskas vd., 2012; Long ve Kaiser, 2010; Sitarek ve
Bartosiewicz, 2012).

Kiraz fidani Gretiminde kullanilan anaglarin, lizerine asili ¢esidin gelisimine olan etkisinin fidanhk
kosullarinda ve yetistiriciligin yapildigi bahgelerde farkhlik gosterdigi bildiriimektedir. Buna neden
olarak, fidanliklardaki Gretim dongisl ve asiri strese karsi anaclarin farkl kapasiteye sahip olmalari
gosterilmektedir (Poniedzialek vd., 1997). Bu arastirma, PHL-A, Gisela 5 ve Colt anaglari tizerine asil
‘Vanda’ kiraz ¢esidinin fidanlk kosullarindaki performansini belirlemek amaciyla yiritiilmastir.

Materyal ve Yontem

Materyal

Arastirma, Poznan Universitesi (Polonya) Ziraat Fakiiltesi Uygulama ve Arastirma alaninda 2018 yilinda
ylratdlmustdr. Arastirmanin materyalini ‘Vanda’ kiraz cesidi ile PHL-A, Gisela 5 ve Colt kiraz anaglari
olusturmustur. Arastirmada kullanilan anaglar, 2017 yilinda sira Gzeri 30 cm ve sira arasi 90 cm olacak
sekilde dikilmistir. Dikimi yapilan anaglara 2017 yili Agustos ay! icerisinde durgun T g6z asisi yapiimistir.
Deneme siiresince fidanlarda teknik ve kiltiirel uygulamalar diizenli ve eksiksiz olarak yapilmistir.

Arastirma alanina ait 2018 yili iklim verileri (sicaklik, yagis ve nem) Sekil 1’de sunulmustur. Sicaklik-2.5
°C (subat) ile 21.5 °C (agustos), yagis 0.1 mm (mayis) ile 45.0 mm (aralik) ve nem ise %60.2 (mayis) ile
%91.6 (aralk) arasinda kaydedilmistir (Sekil 1).
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Aragtirma Alanin Sicaklik (°C), Yagis (mm) ve Nem (%)
Degerleri
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Sekil 1. Arastirma Alaninin Sicaklik (°C), Yagis (mm) ve Nem (%) Degerleri

Tablo 1. Deneme Alaninin Toprak Ozellikleri

Toprak ozellikleri Miktari
pH 7.19
Tuzluluk (mSem?) 0.065
Klor (mgdm) 8
Fosfor (mg:dm3) 82
Sodyum (mg-dm3) 17
Kikirt (mgdm3) 5
Kalsiyum (mgdm™3) 675
Potasyum (mgdm) 69
Demir (mgdm3) 121.9
Cinko (mg:dm™) 18.3
Bakir (mgdm3) 2.6
Magnezyum (mg-dm3) 65
Mangan (mgdm) 70.4

Deneme alani podzolik toprak yapisina sahip olup, toprak pH’si hafif alkali ve tuzluluk problemi
bulunmamaktadir. Bunun yaninda, toprak analiz sonugclarina gére (Tablo 1) yetersiz goérilen bitki besin
elementleri topraktan ve yapraktan fidanlara uygulanmistir.

Yontem

‘Vanda’ kiraz cesidinin fidanlik kosullarindaki performansi tizerine PHL-A, Gisela 5 ve Colt anaclarinin
etkisini belirlemek amaciyla ylritilen arastirma, tesadif parselleri deneme desenine gore 3 tekerrirli
ve her tekerriirde 25 fidan olacak sekilde planlanmistir. Arastirmada kullanilan anaglarin ‘Vanda’ ¢esidi
Gzerine etkisini belirlemek amaciyla, fidanlarda 2018 yili aralik ayinda morfolojik (fidan boyu, kalem
govde capi, slirgiin uzunlugu, yan dal sayisi, fidan yas agirhig ve yaprak kuru agirligi) olclimler
yaptimistir. Bunun yaninda temmuz ayinda fidanlarda yaprak yas agirligi ve yaprak alani élciimdistdr.
Fidanlarda yapilan tim élciimlerde Swierczynski ve Stachowiak (2012)'in yéntemi esas alinmustir.

Fidan Boyu (cm)

Tim fidanlarda vejetasyon siiresinin sonunda serit metre kullanilarak 6l¢tilmiis ve cm cinsinden ifade
edilmistir.
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Kalem Gévde Capi (mm)

Fidanlarda asi noktasinin 20 cm Gzerinden 0.01 mm hassasiyetindeki dijital kumpas (Mitutuyo, CD-
15CP, Japonya) yardimiyla gévdenin iki farkli yonde 6lctilmesiyle belirlenmis ve aritmetik ortalama
alinarak, mm cinsinden ifade edilmistir.

Siirgiin Uzunlugu (cm)

Tim fidanlarda vejetasyon siiresinin sonunda olusan bir yillik sirgiinlerin tamami serit metre
kullanilarak 6lclilmis ve cm cinsinden ifade edilmistir.

Yan Dal Sayisi (adet)

Tum fidanlarda vejetasyon sliresinin sonunda ana dal lizerinde olusan yan dal sayisi belirlenmistir.

Fidan Yas Agirhigi (kg)

Vejetasyon siiresi sonunda koklere zarar verilemeden sokiilen fidanlar topraklarindan arindirildiktan
sonra teraziyle tartilarak belirlenmistir.

Yaprak Alani (cm?)

Her bir fidandan temmuz ayi icerisinde alinan 30 adet yaprak 6rneginde dijital planimetre (Bio-Science,
C0-203, ABD) kullanilarak belirlenmistir.

Yaprak Yas Agirligi (g)

Her bir fidandan rastgele alinan 5 adet yaprak 0.01 g hassasiyetindeki dijital terazi (Radwag, AS
220/C/2, Polonya) yardimiyla tartilarak tespit edilmistir.

Yaprak Kuru Agirligi (g)

Her bir fidandan rastgele alinan 5 adet yaprak 6rnegi 48 saat siireyle 60°C’'de etiivde kurutulduktan
sonra 0.01 g hassasiyetindeki dijital terazi (Radwag, AS 220/C/2, Polonya) yardimiyla tartilarak
belirlenmistir.

istatistiksel Degerlendirme

Verilerin degerlendirilmesi SPSS 22.0 istatistik paket programi kullanilarak, Tukey ¢oklu karsilastirma
yontemi ve %5 6nem seviyesinde yapilmistir.

Bulgular ve Tartisma

PHL-A ve Gisela 5 anaglarinda kiyasla Colt anacinin fidan boyunda 6nemli bir artisa neden oldugu tespit
edilmistir (p<0.05). Fidan boyu, Gisela 5 anacinda 125.7 cm, PHL-A anacinda 130.0 cm ve Colt anacinda
198.8 cm olarak o6lgllmustlr. ‘Vanda’ gesidinin fidan boyu Uzerine Colt anacinin etkisi %100 olarak
kabul edildiginde, fidan boyunu PHL-A anaci %34.6 ve Gisela 5 anaci %36.7 oraninda kiglltmustir. Bu
sonuglar; Gisela 5 ve PHL-A anaclarinin Colt anacina gore daha bodur bir gelisim sagladigini géstermistir
(Tablo 2). Kirazda fidan performansi tzerine farkli anaglarin etkisinin belirlendigi calismalarda fidan
boyu, Regina ¢esidinin asili oldugu Gisela 5 anacinda 147.6 cm, Colt anacinda 201 cm (Baryla vd., 2014),
Gisela 5 anaci Uzerine asil farkh kiraz ¢esitlerinde 98.3-138.0 cm, Colt anacinda 139.0-165.7 cm (Zec
vd., 2017) olarak belirlenmistir. Benzer sekilde, bircok arastirici fidan boyunun Colt anacina asili
cesitlerde, Gisela 5 anacina gore daha uzun oldugunu ve Gisela 5 anacinin zerine asih ¢esitleri daha
bodur gelistirdigini bildirmislerdir (Moreno vd., 2001; Stachowiak ve Swierczynski, 2004; Swierczynski
ve Stachowiak, 2012; Baryla vd., 2013). Mevcut ¢alismada oldugu gibi, yapilan farkli ¢calismalarda da
Colt anaci diger anaglara gore daha uzun boylu fidanlar olusturmustur.

Colt anaci lzerindeki fidanlarin kalem govde ¢api, PHL-A ve Gisela 5 anaglari Gizerindekilere gore daha
yuksek bulunmustur (p<0.05). Kalem govde ¢api, Gisela 5 anacinda 12.8 mm, PHL-A anacinda 13.0 mm
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ve Colt anacinda 22.4 mm olarak tespit edilmistir. Colt anacinin PHL-A ve Gisela 5 anaglarina gore,
Vanda’ ¢esidinde kalem govde ¢apini sirasiyla %72 ve %75 oraninda arttirdigi belirlenmistir (Tablo 2).
Kalem gévde capi, farkh anaglar tizerine asili bazi kiraz gesitlerinde en yiiksek Colt anacinda (18.2 mm)
(Stachowiak ve Swierczynski, 2004), Gisela 5 ve Colt anaglari Gzerine asili Regina ¢esidinde sirasiyla 11.5
mm ve 22.3 mm (Baryla vd., 2014), Gisela 5 ve Colt anaglari Gzerine asili bazi kiraz ¢esitlerinde sirasiyla
22.0-25.7 mm ve 21.3-24.7 mm (Zec vd., 2017) arasinda belirlenmistir. Farkh calismalarda ve
arastirmamizda elde edilen bulgular kalem gévde capi lGzerine Colt anacinin belirgin bir etkisinin
oldugunu gostermistir. Benzer durum birgok arastirici tarafindan bildirilmistir (Moreno vd., 2001;
Sitarek ve Rozpara, 2008; Swierczynski ve Stachowiak, 2012).

‘Vanda’ ¢esidinin yan dal sayisi tzerine PHL-A, Gisela 5 ve Colt anaglarinin etkisi 6nemli bulunmustur
(p<0.05). Yan dal sayisi, PHL-A anacinda 1.1, Gisela 5 anacinda 1.3 ve Colt anacinda 9.9 olarak tespit
edilmistir. En az yandal olusturan Gisela 5 ve PHL-A anaglarina gore, Colt anaci Vanda’ ¢esidinde yan
dal sayisini 8-9 kat artirmistir. Bu sonuglar, kirazda dalli fidan Gretimi bakimindan Colt anacinin kayda
deger sonuglar verdigini gostermistir (Tablo 2). Yan dal sayisi g¢esitlerin tomurcuklanma 6zelliklerine
gore degisiklik gostermektedir (Stachowiak ve Swierczynski, 2009). Bunun yaninda, meyve
yetistiriciliginde kullanilan anaglar, lizerine asil gesidin yan dal sayisi Gizerine etki etmektedir (Baryla
vd., 2014; Stanisavljevic vd., 2015). Bahge tesisinde kullanilan fidanlarda yan dal sayisinin fazla olmasi,
sekil budamasi ve agacin ta¢ yapisini daha erken olusturmak acisindan 6nem tasimaktadir
(Stanisavljevic vd., 2015). Farkli anaglar lizerine asili Regina ¢esidinde yan dal sayisi Gisela 5 anacinda
2.8 ve Colt anacinda 8.7 olarak belirlenmistir (Baryla vd., 2014). Mevcut ¢calismada da yan dal sayisi en
fazla Colt anacinda elde edilmistir. Benzer sonuglar kirazda anaclarin kalem (zerine etkisini belirlemek
amacliyla vyapilan farkli ¢alismalarda da rapor edilmistir (Stachowiak ve Swierczynski, 2004;
Stanisavljevic vd., 2015; Swierczynski ve Stachowiak, 2012).

PHL-A, Gisela 5 ve Colt anaglarinin ‘Vanda’ ¢esidinde sirglin uzunlugu Uzerine etkisi 6nemli
bulunmustur (p<0.05). Siirgiin uzunlugu genc¢ agaclarda en iyi gelisim gostergelerinden biridir
(Sczepanski ve vd., 1987). Surgilin uzunlugu, Gisela 5 anacinda 21.53 cm, PHL-A anacinda 27.44 cm ve
Colt anacinda 42.63 cm olarak tespit edilmistir. Gisela 5 ve PHL-A anaglarinin Colt anacina gore, ‘Vanda’
cesidinde daha kisa sirglinler olusturdugu belirlenmistir. En dsik sirglin uzunluguna sahip Gisela 5
ve PHL-A anaglarina gore, Colt anaci ‘Vanda’ gesidinde siirgiin uzunlugunu sirasiyla %98 ve %55
oraninda artirmistir (Tablo 2). Gisela 5 ve Colt anaglari kullanilarak yiritilen g¢alismalarda siirgiin
uzunlugu, Regina cesidinde sirasiyla 51.2 cm ve 54.2 cm (Baryla vd., 2014), bazi kiraz gesitlerinde
sirasiyla 16.7-27.3 cm ve 20-44 cm arasinda belirlenmistir (Zec vd., 2017). Yapilan arastirmalar ve
mevcut calismada elde edilen bulgular, siirgiin uzunlugu Gzerine Colt anacinin belirgin bir etkisinin
oldugunu gostermektedir. Benzer sonuglar farkli arastiricilar tarafindan da bildirilmistir (Stachowiak ve
Swierczynski, 2004; Swierczynski ve Stachowiak, 2012).

Tablo 2. Farkli Anaglar Uzerine Asili ‘Vanda’ Kiraz Cesidinin Fidan Boyu (cm), Kalem Gévde Capi (mm),
Yan Dal Sayisi (adet) ve Stirgiin Uzunlugu (cm)

Anaclar PHL-A Gisela 5 Colt
Fidan boyu (cm) 130.0 b* 125.7b 198.8 a
Kalem gévde ¢api (mm) 13.0b 12.8b 224 a
Yan dal sayisi (adet) 1.1b 1.3b 99a
Sargln uzunlugu (cm) 27.44 b 21.53b 42.63 a

*Ayni satirda ayni harf ile gésterilen ortalamalar arasindaki fark énemsizdir (p<0.05).

‘Vanda’ ¢esidinin fidan yas agirligi Gizerine PHL-A, Gisela 5 ve Colt anaglarinin etkisi 5nemli bulunmustur
(p<0.05). Fidan yas agirhgi, Gisela 5 anacinda 0.5 kg, PHL-A anacinda 0.9 kg ve Colt anacinda 1.95 kg
olarak belirlenmistir (Tablo 3). Kirazda anaglarin kalem tizerine olan etkisini belirlemeye yonelik yapilan
calismalarda fidan yas agirhiginin Colt anaci lzerine asil gesitlerde daha yiliksek oldugu bildirilmistir
(Stachowiak ve Swierczynski, 2009; Webster ve Lucas, 1997). Bunun yaninda, Prunus avium, Colt ve
Frutana (ara anag olarak kullanilmistir) anaglari Gizerine asili bazi kiraz ¢esitlerinde fidan yas agirhg
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siraslyla ortalama 0.78 kg, 0.79 kg ve 0.67 kg olarak belirlenmistir (Swierczynski ve Stachowiak, 2012).
Mevcut calismada da en yliksek fidan yas agirhig1 Colt anacinda elde edilmistir.

PHL-A, Gisela 5 ve Colt anaglarinin ‘Vanda’ ¢esidinde yaprak yas ve kuru agirligi Gzerine etkisi dnemli
bulunmustur (p<0.05). Yaprak yas agirligi, PHL-A anacinda 145.0 g, Gisela 5 anacinda 162.2 g ve Colt
anacinda 323.0 g olarak tespit edilmistir. Yaprak kuru agirligi ise PHL-A anacinda 56.2 g, Gisela 5
anacinda 62.0 g ve Colt anacinda 127.5 g olarak belirlenmistir (Tablo 3). Farkl arastiricilar yaprak yas
ve kuru agirhginin anaclara bagl olarak degisiklik gosterdigini (Schechter vd., 1991; Swierczynski vd.,
2019) ve en yiksek degerlerin Colt anacindan elde edildigini bildirmislerdir (Swierczynski vd., 2019).
Mevcut arastirmada da yaprak yas ve kuru agirligi anaglara bagh olarak 6nemli derecede degisiklik
gostermis ve en yiiksek degerler Colt anacindan elde edilmistir.

‘Vanda’ ¢esidinin yaprak alani izerine PHL-A, Gisela 5 ve Colt anaglarinin etkisi Gnemsiz bulunmustur
(p<0.05). Yaprak alani, Gisela 5 anacinda 109.2 cm?, PHL-A anacinda 127.5 cm?, ve Colt anacinda 149.7
cm? olarak tespit edilmistir (Tablo 3). Yaprak alani bakimindan en diisiik degere sahip Gisela 5 anaci ile
kiyaslandiginda, yaprak alanini PHL-A anaci %16.8 ve Colt anaci %37.1 oraninda artirmistir. Kirazda
yaprak alaninin anag ve geside gore degisiklik gosterdigi bildirilmistir (Whiting ve Lang, 2004; Bolsu ve
Akca, 2011; Kiagukyumuk vd., 2015). Nitekim, farkh anaclar Gzerine asili Summit kiraz cesidinde en
yiksek yaprak alani Prunus avium (48.38 cm?), en diisiik ise Gisela 5 (11.07 cm?) anacinda belirlenmistir
(Santos vd., 2006). Mevcut ¢alismada da yaprak alani en disiik Gisela 5, en yiksek ise Colt anacindan
elde edilmesine ragmen, yaprak alani bakimindan anaclar arasindaki farklik dnemsiz bulunmustur.

Tablo 3. Farkli Anaglar Uzerine Asili ‘Vanda’ Kiraz Cesidinin Fidan Yas Agirligi (kg), Yaprak Yas Agirhg
(g), Yaprak Kuru Agirhgi (g) ve Yaprak Alani (cm?)

Anaglar PHL-A Gisela 5 Colt

Fidan yas agirligi (kg) 0.9 b* 0.5c 1.95a
Yaprak yas agirhgi (g) 145.0b 162.2 b 323.0a
Yaprak kuru agirhigi (g) 56.2b 62.0b 127.5a
Yaprak alani (cm?) 127.5a 109.2 a 149.7 a

*Ayni satirda ayni harf ile gésterilen ortalamalar arasindaki fark énemsizdir (p<0.05).

Sonug¢

PHL-A, Gisela 5 ve Colt anaglarinin ‘Vanda’ kiraz ¢esidinde fidan gelisimi izerine etkilerinin incelendigi
arastirmada, Colt anacina kiyasla Gisela 5 ve PHL-A anaclari ‘Vanda’ cesidini daha zayif ve bodur
gelistirmistir. Bu bakimdan, Gisela 5 ve PHL-A anaglari yogun dikim sistemleri kullanilarak yapilacak
kiraz yetistiriciliginde tercih edilebilir. Bunun yaninda, Poznan (Polonya) bolgesinde yillik ortalama yagis
miktari oldukca disuktir (Sekil 1). Bu durum goéz éniinde bulunduruldugunda, fidanhk kosullarinda Colt
anacinin diger anaglara gore daha iyi sonuclar verdigi belirlenmistir. Sonug olarak, ‘Vanda’ ¢esidinin
fidan performansi tizerine Colt anacinin 6nemli bir etkisinin oldugu tespit edilmis olmasina ragmen, bu
anacin Agrobacterium tumefaciens (bakteriyel yaniklik) hastaligina karsi hassas oldugu belirlenmistir.
Ancak, Colt anaci halihazirda Polonya’da kiraz yetistiriciliginde yaygin olarak kullanilmaktadir.
Arastirmada kullanilan c¢esit/ana¢ kombinasyonlarinin kiraz yetistiriciliginin yogun olarak yapildig
bélgelerde de performanslarinin belirlenmesi 6nerilmektedir.

Yazar Katkisi

Mehmet Fikret Balta, arastirmanin planlanmasi, denemelerin kurulmasi, verilerin degerlendirilmesi ve
makalenin yazim asamalarinda katkida bulunmustur. Cenk Celikbas, arastirma igin gerekli materyallerin
temini, denemelerin kurulmasi ve yiritilmesi, verilerin elde edilmesi ve degerlendirilmesi, 6lglimlerin
yapilmasinda ve makalenin yazim asamalarinda katkida bulunmustur. Orhan Karakaya, verilerin
degerlendirilmesi, istatistiksel analizler ve makalenin yazim asamalarinda katkida bulunmustur.
Hiiseyin Kirkaya, verilerin degerlendirilmesi ve makalenin yazim asamalarinda katkida bulunmustur.
Stawomir Swierczyniski, arastirma icin gerekli materyallerin temini, denemelerin kurulmasi ve

174



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2021; 11(2): 169-178

yuritilmesinde katkida bulunmustur. Magdalena Urbaniak, denemelerin yiritilmesi ve 6lciimlerin
yapilmasinda katkida bulunmustur.

Etik

Bu makalenin yayinlanmasiyla ilgili herhangi bir etik sorun bulunmamaktadir.
Cikar Catismasi

Yazarlar herhangi bir ¢cikar ¢catismasi olmadigini belirtmektedir.

ORCID

Mehmet Fikret Balta =" https://orcid.org/0000-0002-3859-6490

Cenk Celikbas "= https://orcid.org/0000-0002-8813-1843

Orhan Karakaya “= https://orcid.org/0000-0003-0783-3120

Hiiseyin Kirkaya “=' https://orcid.org/0000-0001-8371-5324

Stawomir Swierczynski “*' https://orcid.org/0000-0002-2754-9576

Magdalena Urbaniak “=" https://orcid.org/0000-0002-5050-5213

Kaynaklar

Aglar, E. ve Yildiz, K. (2014). Influence of rootstocks (Gisela 5, Gisela 6, MaxMa, SL 64) on performance
of ‘0900 Ziraat’ sweet cherry. Journal of Basic and Applied Sciences, 10, 60-66.
http://dx.doi.org/10.6000/1927-5129.2014.10.09

Aglar, E., Yildiz, K. ve Long, L. E. (2016). The Effects of Rootstocks and Training Systems on the Early
Performance of'0900 Ziraat'Sweet Cherry. Notulae Botanicae Horti Agrobotanici Cluj-
Napoca, 44(2), 573-578. https://doi.org/10.15835/nbha44210401

Aydin, E. ve Yarilgag, T. (2020). Anag¢ aday! kiraz ve visne genotiplerinin doku kiltliri yontemiyle
¢ogaltilmasi. Akademik Ziraat Dergisi, 9(2), 171-180. https://doi.org/10.29278/azd.732181

Baryla, P., Kaplan, M. ve Krawiec, M. (2014). The effect of different types of rootstock on the quality of
maiden trees of sweet cherry (Prunus avium L.) cv.‘Regina’. Acta Agrobotanica, 67(4).
https://doi.org/10.5586/aa.2014.051

Baryla, P., Kaplan, M., Krawiec, M. ve Kiczorowski, P. (2013). The effect of rootstocks on the efficiency
of a nursery of sweet cherry (Prunus avium L.) trees cv. ‘Regina’. Acta Agrobotanica, 66(4).
https://doi.org/10.5586/aa.2013.058

Bolsu, A., ve Akga, Y. (2011). Mahlep anaci Uzerine asili 5 kiraz ¢esidinin bazi morfolojik 6zellikleri ile
meyve kalite ézelliklerinin belirlenmesi. Yiiziincii Yil Universitesi Tarim Bilimleri Dergisi, 21(3), 152-
157. https://dergipark.org.tr/en/download/article-file/204762

Cantin, C. M., Pinochet, J., Gogorcena, Y. ve Moreno, M. A. (2010). Growth, yield and fruit quality of
‘Van’and ‘Stark Hardy Giant’sweet cherry cultivars as influenced by grafting on different
rootstocks. Scientia Horticulturae, 123(3), 329-335.
https://doi.org/10.1016/]j.scienta.2009.09.016

Fajt, N., Folini, L., Bassi, G. ve Siegler, H. (2014). Lapins on ten cherry rootstocks in the Alpe Adria region.
Acta Horticulturae, 1020, 371-376.
https://doi.org/10.17660/ActaHortic.2014.1020.51

175


https://orcid.org/0000-0002-3859-6490
https://orcid.org/0000-0002-8813-1843
https://orcid.org/0000-0003-0783-3120
https://orcid.org/0000-0001-8371-5324
https://orcid.org/0000-0002-2754-9576
https://orcid.org/0000-0002-5050-5213
http://dx.doi.org/10.6000/1927-5129.2014.10.09
https://doi.org/10.15835/nbha44210401
https://doi.org/10.29278/azd.732181
https://doi.org/10.5586/aa.2013.058
https://dergipark.org.tr/en/download/article-file/204762
https://doi.org/10.1016/j.scienta.2009.09.016
https://doi.org/10.17660/ActaHortic.2014.1020.51
https://doi.org/10.17660/ActaHortic.2014.1020.51
https://orcid.org/0000-0002-3859-6490
https://orcid.org/0000-0002-8813-1843
https://orcid.org/0000-0003-0783-3120
https://orcid.org/0000-0001-8371-5324
https://orcid.org/0000-0002-2754-9576
https://orcid.org/0000-0002-5050-5213

Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2021; 11(2): 169-178

Gbémez-del-Campo, M., Ruiz, C. ve Lissarrague, J. R. (2002). Effect of water stress on leaf area
development, photosynthesis, and productivity in Chardonnay and Airén grapevines. American
Journal of Enology and Viticulture, 53(2), 138-143.
https://www.researchgate.net/publication/290286691

Karakaya, O., Ozturk, B., Aglar, E. ve Balik, H. I. (2021). The influence of the rootstocks on biochemical
and bioactive compound content of ‘0900 Ziraat’ sweet cherry fruit. Erwerbs-Obstbau, 63(3), 1-7.
https://doi.org/10.1007/s10341-021-00542-0

Kigukyumuk, C., Sarisu, H., Yildiz, H., Kagal, E. ve Kogal, H. (2015). Farkl anaglar izerine asili 0900 ziraat
kiraz cesidinde su stresinin bazi vejetatif gelisim parametrelerine etkisi. Yiiziincii Yil Universitesi
Tarim Bilimleri Dergisi, 25(2), 180-192. https://doi.org/10.29133/yyutbd.236404

Lanauskas, J., Uselis, N., Kviklys, D., Kvikliené, N. ve Buskiené, L. (2012). Rootstock effect on the
performance of sweet cherry cv. Lapins. Horticultural Science, 39(2), 55-60.
https://www.agriculturejournals.cz/publicFiles/50 2011-HORTSCl.pdf

Lang, G. A. (2000). Precocious, dwarfing, and productive—how will new cherry rootstocks impact the
sweet cherry industry? HortTechnology, 10(4), 719-725.
https://doi.org/10.21273/HORTTECH.10.4.719

Lang, G. A. (2001). Intensive sweet cherry orchard systems-rootstocks, vigor, precocity, productivity,
and management. Compact Fruit Tree, 34(1), 23-26.
https://www.researchgate.net/publication/285788783

Long, L. E. ve Kaiser, C. (2010). Sweet cherry rootstocks for the Pacific Northwest (1** edition). A Pacific
Northwest Extension Publication.
https://ir.library.oregonstate.edu/concern/parent/bv73c068r/file sets/kw52i840j

Long, E., L., Lang, G., Musacchi, S. ve Whiting, M. (2015). Cherry training systems (1°* edition). A Pacific
Northwest Extension Publication.
https://research.wsulibs.wsu.edu/xmlui/bitstream/handle/2376/6087/pnw667print 0.pdf?sequ
ence=1&isAllowed=y

Lépez-Ortega, G., Garcia-Montiel, F. Bayo-Canha, A., Frutos-Ruiz, C. ve Frutos-Tomas, D. (2016).
Rootstock effects on the growth, yield and fruit quality of sweet cherry cv. ‘Newstar’ in the
growing conditions of the Region of Murcia. Scientia Horticulturae, 198, 326-335.
https://doi.org/10.1016/j.scienta.2015.11.041

Moreno, M. A., Adrada, R., Aparicio, J. ve BetraN, S. (2001). Performance of ‘Sunburst’sweet cherry
grafted on different rootstocks. The Journal of Horticultural Science and Biotechnology, 76(2), 167-
173. https://doi.org/10.1080/14620316.2001.11511345

Ozcagiran R., Unal A., Ozeker E. ve isfendiyaroglu M. (2011). Iiman iklim Meyve Tiirleri: Sert Cekirdekli
Meyveler (3. baski). Ege Universitesi Basimevi.

Poniedzialek, W., Szczygiel, A., Porebski, S. ve Gorski, A. (1997). Effect of budding dates and types of
rootstock on bud establishment and growth of one-year old apple trees of two cultivars. Zeszyty
Naukowe Akademii Rolniczej w Krakowie. Ogrodnictwo, 23, 5-18. https://agris.fao.org/agris-
search/search.do?record|D=PL1999000117

Santos, A., Santos-Ribeiro, R., Cavalheiro, J., Cordeiro, V. ve Lousada, J. L. (2006). Initial growth and
fruiting of ‘Summit’sweet cherry (Prunus avium) on five rootstocks. New Zealand journal of crop
and horticultural science, 34(3), 269-277. https://doi.org/10.1080/01140671.2006.9514416

Schechter, 1., Proctor, J. T. A. ve Elfving, D. C. (1991). Rootstock affects vegetative growth
characteristics and productivity of ‘Delicious’ apple. HortScience, 26(9), 1145-1148.
https://doi.org/10.21273/HORTSCI.26.9.1145

176


https://www.researchgate.net/publication/290286691
https://doi.org/10.1007/s10341-021-00542-0
https://doi.org/10.29133/yyutbd.236404
https://www.agriculturejournals.cz/publicFiles/50_2011-HORTSCI.pdf
https://doi.org/10.21273/HORTTECH.10.4.719
https://www.researchgate.net/publication/285788783
https://ir.library.oregonstate.edu/concern/parent/bv73c068r/file_sets/kw52j840j
https://research.wsulibs.wsu.edu/xmlui/bitstream/handle/2376/6087/pnw667print_0.pdf?sequence=1&isAllowed=y
https://research.wsulibs.wsu.edu/xmlui/bitstream/handle/2376/6087/pnw667print_0.pdf?sequence=1&isAllowed=y
https://doi.org/10.1016/j.scienta.2015.11.041
https://doi.org/10.1080/14620316.2001.11511345
https://agris.fao.org/agris-search/search.do?recordID=PL1999000117
https://agris.fao.org/agris-search/search.do?recordID=PL1999000117
https://doi.org/10.1080/01140671.2006.9514416
https://doi.org/10.21273/HORTSCI.26.9.1145

Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2021; 11(2): 169-178

Szczepanski, K., Zwierz, J., Holownicki, R. ve Rejman, S. (1987). The relationship of a diameter and a
height of an apple to its weight. Fruit  Science Reports, 14(3).
https://agro.icm.edu.pl/agro/element/bwmetal.element.agro-5dfb32df-1dc6-452b-83db
80d67af6d9d5

Sitarek, M. ve Bartosiewicz, B. (2012). Influence of five clonal rootstocks on the growth, productivity
and fruit quality of ‘Sylvia’and ‘Karina’sweet cherry trees. Journal of Fruit and Ornamental plant
research, 20(2), 5-10. https://doi.org/10.2478/v10290-012-0010-z

Sitarek, M. ve Rozpara, E. (2008). Growth of young (three-year-old) ‘Regina’ sweet cherry trees grafted
on nine clonal rootstocks. Sustainable Fruit Growing: From Plant to Product (s. 117-121). Latvia
State Institute of Fruit-Growing Publishing. https://www.researchgate.net/profile/Grzegorz-
Doruchowski/publication/46386183

Stachowiak, A. ve Swierczynski, S. (2004). Growth of six sweet cherry cultivars on Colt and on mazzard
seedling (Prunus avium L.) rootstocks in a nursery. Roczniki Akademii Rolniczej w Poznaniu.
Ogrodnictwo, 38, 149-156.
http://www.up.poznan.pl/ogrodnictwo/Ogrodnictw0%2038/Stachowiak.pdf

Stachowiak, A. ve Swierczynski, S. (2009). The influence of mycorrhizal vaccine on the growth of
maiden sweet cherry trees of selected cultivars in nursery. Acta Scientarium Polonorum Hortorum
Cultus, 8(1), 3-11.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.574.5886&rep=repl1&type=pdf

Stanisavljevi¢, A., Bo$njak, D., Todor¢i¢ Veki¢, T., Tekli¢, T., Spoljarevi¢, M., Stolfa, ., ... ve Lisjak, M.
(2015). Induction of lateral shoots of sweet cherry on the Gisela 6 rootstock. Poljoprivreda, 21(1),
59-67. https://doi.org/10.18047/poljo.21.1.10

Swierczyniski, S. ve Stachowiak, A. (2012). Usefulness of ‘Frutana’interstock in the production of
maiden sweet cherry trees in the nursery. Acta Scientarium Polonorum Hortorum Cultus, 11(2),
263-273. https://www.researchgate.net/publication/289629521

Swierczynski, S., Borowiak, K., Bosiacki, M., Urbaniak, M. ve Malinowska, A. (2019). Estimation of the
growth of ‘Vanda’ maiden sweet cherry trees on three rootstocks and after application of foliar
fertilization in a nursery. Acta Scientarium Polonorum Hortorum Cultus, 18(1), 109-118.
https://doi.org/10.24326/asphc.2019.1.11

Usenik, V., Fajt, N. ve Atampar, F. (2006). Effects of rootstocks and training system on growth, precocity
and productivity of sweet cherry. The Journal of Horticultural Science and Biotechnology, 81(1),
153-157. https://doi.org/10.1080/14620316.2006.11512042

Usenik, V., Fajt, N., Mikulic-Petkovsek, M., Slatnar, A., Stampar, F. ve Veberic, R. (2010). Sweet cherry
pomological and biochemical characteristics influenced by rootstock. Journal of agricultural and
food chemistry, 58(8), 4928-4933. https://doi.org/10.1021/jf903755b

Webster, A. D. ve Lucas, A. (1997). Sweet cherry rootstock studies: Comparisons of Prunus cerasus L.
and Prunus hybrid clones as rootstocks for Van, Merton Glory and Merpet scions. Journal of
Horticultural Science, 72(3), 469-481. https://doi.org/10.1080/14620316.1997.11515535

Whiting, M. D. ve Lang, G. A. (2004). Bing'sweet cherry on the dwarfing rootstock Gisela 5: thinning
affects fruit quality and vegetative growth but not net CO2 exchange. Journal of the American
Society for Horticultural Science, 129(3), 407-415. https://doi.org/10.21273/JASHS.129.3.0407

Whiting, M. D., Lang, G., ve Ophardt, D. (2005). Rootstock and training system affect sweet cherry
growth, yield, and fruit quality. HortScience, 40(3), 582-586.
https://doi.org/10.21273/HORTSCI.40.3.582

177


https://agro.icm.edu.pl/agro/element/bwmeta1.element.agro-5dfb32df-1dc6-452b-83db%2080d67af6d9d5
https://agro.icm.edu.pl/agro/element/bwmeta1.element.agro-5dfb32df-1dc6-452b-83db%2080d67af6d9d5
https://www.researchgate.net/profile/Grzegorz-Doruchowski/publication/46386183
https://www.researchgate.net/profile/Grzegorz-Doruchowski/publication/46386183
http://www.up.poznan.pl/ogrodnictwo/Ogrodnictwo%2038/Stachowiak.pdf
https://doi.org/10.18047/poljo.21.1.10
https://www.researchgate.net/publication/289629521
http://dx.doi.org/10.24326/asphc.2019.1.11
https://doi.org/10.1080/14620316.2006.11512042
https://doi.org/10.1021/jf903755b
https://doi.org/10.1080/14620316.1997.11515535
https://doi.org/10.21273/JASHS.129.3.0407
https://doi.org/10.21273/HORTSCI.40.3.582

Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2021; 11(2): 169-178

Zec, G., Colovic, V., Milatovic, D., Colic, S., Vulic, T., Djordjevic, B. ve Djurovic, D. (2017). Rootstock
influence on vigor and generative potential of young sweet cherry trees. Journal of Agricultural,
Food and Environmental Sciences, 71(2), 137-141.
https://journals.ukim.mk/index.php/jafes/article/view/1229/1237

178


https://journals.ukim.mk/index.php/jafes/article/view/1229/1237

Ordu Universitesi Bilim ve Teknoloji Dergisi Ordu University Journal of Science and Technology
Ordu Univ. Bil. Tek. Derg. U Ordu Univ. J. Sci. Tech.

E-ISSN: 2146-6459 2021;11(2):179-185 Arastirma Makalesi / Research Article
https://doi.org/10.54370/ordubtd.1018382

Modification of Glassy Carbon Electrode with Palladium Doped Conducting
Poly(thionine) Film
Songiil Kirlak Kara® “/, Mutlu Sénmez Celebi?

'Ordu University, Faculty of Science and Arts, Department of Chemistry, Ordu
20rdu University, Faculty of Science and Arts, Department of Chemistry, Ordu

Gelis Tarihi / Received Date: 03.11.2021 Kabul Tarihi / Accepted Date: 01.12.2021
Abstract

Glassy carbon electrode was modified with Pd particles using a conducting poly(thionine) as the support
material. Polymerization of thionine was carried by electrochemical process from aqueous thionine acetate
solution using cyclic voltammetry. K;PdCl, was used as the Pd precursor and the Pd immobilization was
performed with constant potential electrolysis. The modified electrode was characterized electrochemically
using cyclic voltammetry and electrochemical impedance spectroscopy methods. The results revealed that the
modification process significantly increases the conductivity properties of the electrode material.

Keywords: electrode modification, poly(thionine), palladium particles

Camsi Karbon Elektrotun Paladyum Katkili iletken Poli(tiyonin) Filmi ile
Modifiye Edilmesi

Ozet

Camsi karbon elektrot iletken poli(tiyonin) destek malzemesi varliginda Pd tanecikleriyle modifiye edilmistir.
Tiyoninin polimerizasyonu elektrokimyasal yolla sulu tiyonin asetat c¢o6zeltisinde doénisimli voltametri
kullanilarak gercgeklestirilmistir. Pd kaynagi olarak K;PdCl, kullaniimis ve Pd immobilizasyonu sabit potansiyelde
elektrolizile yiritulmustir. Modifiye elektrotun karakterizasyonu elektrokimyasal olarak déntisimli voltametri
ve elektrokimyasal empedans spektroskopisi yontemleriyle gercgeklestirilmistir. Elde edilen sonuglar,
modifikasyon isleminin elektrot malzemesinin iletkenlik 6zelliklerini 6nemli 6lglide arttirdigini géstermistir.

Anahtar Kelimeler: elektrot modifikasyonu, poli(tiyonin), paladyum tanecikleri
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Introduction

In the last few decades, chemically modified electrodes (CMEs) are attracting more and more attention
as they enable electrochemists to work with numerous alternative materials that can be designed for
specific purposes. The term CME has first been introduced by Murray and co-workers in 1975 to
describe electrodes that have foreign molecules immobilized on their surfaces (Moses et al., 1975;
Snell & Keenan 1979). With the help of the modification process, it is possible to transfer the
physicochemical properties of the modifier to the electrode surface (Abruna, 1988). This way,
selectivity and sensitivity can be achieved for various purposes such as electrocatalysis (Celebi et al.,
2008; Sénmez Celebi et al., 2020), electroanalysis (Singh et al., 2017; Wang et al., 2021) and even
specific applications such as controlled drug delivery systems (Herrera et al 2018; Li et al 2018). On the
other hand, metal nanoparticles have been objects of catalysis studies and materials science where
they find wide application for designing advanced electrode materials (Kralik & Biffis, 2001). The
features of the metal nanoparticles are strongly influenced by the microenvironment surrounding
them and often a suitable support is needed to obtain the desired material with enhanced stability.
Conducting polymers are among the most used support materials for designing nanoparticle modified
electrodes as they both serve as a stabilizing matrix for the metal nanoparticles and a conducting
porous structure for increasing the surface area of the electrode (Celebi, 2016; Ghosh et al., 2015).

In this work, we prepared a poly(thionine) (PTH) modified a glassy carbon electrode decorated with
palladium (Pd) particles through a simple electrochemical route. For this purpose, we first coated the
electrode with conducting PTH film by cyclic voltammetry technique followed by immobilization of the
Pd particles from aqueous solution by constant potential electrolysis. For characterization of the
modified electrode, we used cyclic voltammetry and electrochemical impedance methods. We also
studied the effect of activation of the GCE for the immobilization of the polymer film onto the electrode
material. Ultimately, our goal is to use the Pd@PTH modified GCE for designing an amperometric
biosensor for hydrogen peroxide detection.

Materials and Methods

Materials and Methods

PTH was synthesized according to the procedure described by Yang et al. (1999). Thionine acetate,
H,S04, K,PdCly, KsFe(CN)e and K4Fe(CN)s were obtained from Sigma-Aldrich and used as received. Triple
distilled water was used for aqueous solutions. Solutions were saturated with high purity nitrogen gas
before the experiments to remove the dissolved oxygen. All experiments were carried out at ambient
temperature.

Electrochemical experiments were performed using CHI 600E electrochemical workstation. IVIUM
Pocket Stat impedance analyzer was used for electrochemical impedance spectroscopy (EIS) studies.
A three-electrode system glass cell was used with a glassy carbon working electrode (GCE, 3 mm in
diameter). A saturated calomel electrode (SCE) was used as the reference electrode and a Pt wire was
used as the counter electrode.

Results and Discussion

Immobilization of PTH film on GCE was carried out via cyclic voltametric scans in 0.1 M thionine acetate
solution containing 0.5 M H,SO, as the supporting electrolyte. The potential window was between
potentials -0.4 V - +0.1 V vs. SCE. Growth of the polymer film on the electrode surface is given in Figure
1.
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Figurel. Polimerization of Thionine from 0.1 Mm Thionine Acetate Solution Containing 0.5 M H2S04
as the Supporting Electrolyte (Scan rate: 100 mV s)

To confirm the formation of the PTH film, we recorded the CV of the resulting film in 0.5 M H,SO4
solution (Figure 2). When we examine the CV, oxidation and reduction peaks of the polymer are
observed at potentials +0.20 V and +0.23 V respectively, which are clearly different than those of the
monomer. Therefore, the CV in the blank solution is the proof of the formation of the polymer film on
GCE.
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Figure2. CV of the Polymer Coated GCE in 0.5 M H2504 (Scan rate: 100 mV s})

GCE, which is produced through pyrolysis of polymer resin is well known with its good conductivity
(Jenkins and Kawamura 1976). This feature makes the GCE a preferred electrode material for sensor
studies. Moreover, electrochemical pretreatment which is also referred to as activation, results in
significant improvement in the physical and electrochemical properties of the electrode material
(Thiagarajan et al 2009). Therefore, in this work, we studied the effect of the activation of the GCE.
Activation was performed prior to the electro polymerization process by applying constant potential
electrolysis to the uncoated electrode for 5 min at +1.5 V in 0.1 mM thionine acetate solution
containing 0.5 M H,S0,;. When we compared the polymerization profiles of the activated and the
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unactivated electrodes, it was clear that the activation process was enabling much better
electrochemical response during the polymerization (Figure 3).
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Figure3. Polimerization Profiles on GCE Under Activated (black) and Unactivated (red) Conditions (Scan
rate: 100 mV s)

K2PdCl, solution was used as the precursor to immobilize Pd particles to the polymer coated GCE. For
this purpose, PTH coated working electrode was immersed in an aqueous 2.0 mM K;,PdCl, solution
without supporting electrolyte and electrolysis was performed at -0.8 V constant potential to reduce
the Pd particles directly to the polymer film matrix; no further reduction was applied. After this step,
CV of the resulting Pd@PTH modified GCE in 0.5 M H,SO, revealed the formation of the Pd particles
on the polymer coated electrode (Figure 4).
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Figure4. CV of Pd@PTH Modified GCE in 0.5 M H,SO, (Scan rate: 100 mV s)

Finally, we characterized the prepared modified electrode using EIS method. In Figure 5, Nyquist plots
of uncoated GCE, PTH coated GCE and Pd@PTH modified GCE recorded in 5.0 mM Fe(CN)s>/# solution
containing 0.1 M KCl in the frequency range 0.01-105 Hz (amplitude = 10mV, open circuit potential)
are given. According to the semi-circles seen in the figure, the electron transfer resistance (Rct) values
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of the surface decrease significantly as a result of the modification process, which reveals that the
conductivity increases significantly. Moreover, to display the role of the PTH support material for Pd
particles, the Nyquist plots of the Pd immobilized GCE with and without the PTH film was recorded
under the same experimental parameters (Figure 6). As clearly seen, the use of PTH as the support
material for Pd particles significantly increases the conductivity properties of the film and facilitates
the diffusion of the ferricyanide ions to the electrode surface.

kohm

-ZII

z kohm

Figure5. Nyquist Plots for Uncoated GCE(-) , PTH Coated GCE (A) and Pd@PTH Coated GCE () in 5.0
mM Fe(CN)s>7* Solution
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Figure6. Nyquist Plots for Pd Modified GCE(—) and Pd@PTH Coated GCE (1) in 5.0 mM Fe(CN)e>7/*
Solution

183



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2021; 11(2): 179-185

Conclusion

We described the preparation of PdA@PTH modified GCE using a two-step simple procedure. Activation
of the working electrode prior to the polymerization process improved the polymerization of thionine
and the prepared modified electrode exhibited improved conductivity. It can be concluded that the
PTH conducting film can be used as a favorable support material serving as a suitable matrix for
immobilization of Pd particles. The prepared modified electrode system is planned to be optimized for
designing an electrochemical sensor for selective determination H,0; in aqueous medium.
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Abstract

The research recorded that growth hormones are effective in malignant cell formation and metastasis in many
types of cancer. The releasing of vascular endothelial growth hormone has regulated by vascular endothelial
growth hormone receptor. Therefore, inhibition of the vascular endothelial growth hormone receptor is
important in hindering the formation of cancerous cells and metastasis. Many new molecules have been
synthesized for fighting against cancer and their anticancer activity has been investigated. Since the first
synthesis of N-heterocyclic carbene molecules, many bioactivities research has been performed and some of
them have become drug that used in treatment procedures. Due to the difficulty and cost of the methods used
to examine the bioactivities of molecules, the foresight regarding the activities of possible active molecules is
valuable. It is useful to make these preliminary evaluations in-silico methods. Comparing the results of the
experimental analysis with the in-silico results is important in terms of having information about the validity of
computational methods. In this study, N-heterocyclic carbene type benzimidazolium cations were analyzed with
DFT/TDDFT computational methods and molecular docking for vascular endothelial growth factor receptor-2.

Keywords: N-heterocyclic carbenes, anti-cancer, molecular docking, DFT

Antikanser Aktivite icin Metallil Suibstitiie N-Heterosiklik Karben Tuzlarinin
Molekiiler Doking ve DFT Analizi

Ozet

Calismalar buyime hormonlarinin, birgok kanser tiriindeki koti huylu hiicre olusumunu ve metastazi
etkiledigini géstermektedir. Vaskiler endotelyal biylime hormonunun salinimi, vaskiiler endotelyal buyime
hormonu reseptéri tarafindan diizenlenir. Bu nedenle, vaskiler endotelyal bliyime hormonu reseptoriiniin
inhibisyonu, kanserli hiicrelerin ve metastaz olusumunun engellenmesinde énemlidir. Kansere karsi savasmak
icin cok sayida yeni molekil sentezlenmektedir ve bunlarin antikanser aktiviteleri arastiriimaktadir. N-
heterosiklik karben molekillerinin ilk sentezinden bu yana bir¢cok biyoaktivite ¢alismasi yapilmis ve bir kismi
tedavi prosediirlerinde kullanilan ilag haline gelmistir. Molekiillerin biyoaktivitelerini incelemek igin kullanilan
yontemlerin zorlugu ve maliyeti nedeniyle, olasi aktif molekiillerin aktivitelerine iliskin dngoriler degerlidir. Bu
on degerlendirmeleri in-siliko yontemlerle yapmakta fayda vardir. Deneysel analiz sonuglarinin in-silico
sonuglarla karsilastiriimasi, hesaplama yéntemlerinin gecerliligi hakkinda bilgi sahibi olmak agisindan 6nemlidir.
Bu calismada, N-heterosiklik karben tip benzimidazolyum katyonlari, vaskiler endotelyal bliyiime faktori
reseptoru-2, DFT / TDDFT hesaplama yontemleri ve molekuler doking ile analiz edildi.

Anahtar Kelimeler: N-heterosiklik Karbenler, anti-kanser, molekiler doking, DFT
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Introduction

Carbenes are neutral molecules containing a divalent carbon with a six-electron valence shell. These
molecules, which are coordinatively unsaturated and unstable due to incomplete electron octet, are
known as highly reactive intermediate forms in organic transformations such as cycloproponation
(Jahnke & Hahn, 2016). The first metal-carbene complex was synthesized by Wanzlick and Ofele in the
following years (Ofele, 1968; Wanzlick & Schonherr, 1968). After the synthesis of 1,3-
bis(adamantyl)imidazole-2-ylidene molecule, which was the first NHC, remarkable stability and
relatively simple synthesis of this family take the attention of many scientists and became the subject
of studies in a wide variety of studies (Arduengo et al., 1991). The well-known catalytic activity of NHC
molecules must also be highlighted (Slimani et al., 2021). Many bioactivity properties of these
molecules have been studied such as antibacterial, antioxidant and anti-cancer (Girbiz et al., 2020;
Haque et al., 2015). Also, the NHC-derived molecules currently used in various treatment procedures
are considerable (Saijadi et al., 2019).

DFT has been very popular for calculating the solid-state structures since 1970 and provides useful
information within the constraints of quantum chemical calculations (Kohn et al., 1996). Recently, the
variety of basis sets and compatibility with experimental results has expanded the use of this method
(Becke, 2014). The information obtained from the structural analysis provides useful information about
reactivity. Frontier orbital analyzes are effectively used in qualitative analysis of active residues in
electron exchange reactions and in relative quantitative analysis (Dewar, 1989). Moreover, with the
Koopman Theory, the global reactivity descriptors obtained from the HOMO and LUMO orbital
energies of the molecules allow investigations at a quantitative level (Jaque & Toro-Labbé, 2002;
Morell et al., 2005).

Molecular docking studies are considered an essential tool in-silico drug design study (De Ruyck et al.,
2016). Molecular docking provides information about how two or more molecules interacts with each
other. With a simple determination, docking is a molecular modeling technique that ensures predicting
how a small molecule interacts with macromolecules such as protein (Ferreira et al., 2015; Sharif Siam
etal., 2020). The supramolecular complexes formed by the interaction of a protein, enzyme, or nucleic
acid with a small molecule play an important role in the analysis of protein dynamics (Sayin et al., 2015;
Tezer & Karakus, 2009).

Cancer is one of the most important diseases that cause death (https://www.who.int/health-
topics/cancer). Millions of people receive cancer treatment every year. The effectiveness and side
effects of cancer drugs are the important problems of known treatment procedures (Suter, & Ewer,
2013). For this reason, studies on new selective cancer drugs are continuing (Mayor, 2015). Due to the
limited facilities, it is not possible to evaluate the cancer activities of all possible active molecules. One
of the solutions to this problem is to analyze the active molecules in-silico methods.

The formation of new blood vessels from existed ones is called angiogenesis, which is essential in cell
growth, tissue repair, wound healing (Carmeliet, 2003). Angiogenesis is associated with some diseases
such as rheumatoid arthritis, diabetes, and cancer. The control of angiogenesis is directly related to
the formation and growth of malign cells. Regulation of angiogenesis depends on growth factors such
as Vascular Endothelial Growth Factors (VEGFs) (Bisht et al., 2010). One of the receptors of VEGF is
Vascular Endothelial Growth Factor Receptor-2 (VEGFR-2). VEGFR-2 activation is effective in control of
tumor growth and metastasis. Overexpression of VEGFR-2 has been recorded in breast, cervical, and
non-small cell lung cancer. Therefore, in recent years, VEGFR-2 inhibitors have been developed
(Karkkainen & Petrova, 2000). Inconvenience of angiogenesis by inhibition of VEGFR-2 is used as a
strategy for the design of selective cancer agents. Therefore, VEGFR-2 inhibition activity of a molecule
can be considered as an indicator for its anticancer activity (Shah et al, 2021).

In this study, previously synthesized and characterized 1-methallyl-3-(2-chlorobenzyl)
benzimidazolium chloride (1) and 1-methallyl-3-(2-methylbenzyl) benzimidazolium chloride (2) were
optimized DFT/TDDFT methods (Figure 1) (Sahin et al., 2019). HOMO and LUMO regions of the
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molecules were determined. Also, global reactivity descriptors of the molecules were calculated with
the energies of HOMO and LUMO. Finally, the interactions of the molecules with VEGFR-2 crystal
structures were evaluated by the molecular docking method.
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Figure 1. Methallyl Substituted N-heterocyclic Carbene Salts

Material and Method

B3LYP functional was used for DFT calculations with the resolution-of-the-identity (Rl) approximation,
the tightscf, a def2-TZVP/ def2-TZVP/J basis set and grid4 options by ORCA version 2.8 (Neese, 2012;
Neese, 2009; Neese, 2006)). Global reactivity descriptors were also calculated by using HOMO and
LUMO energies of optimized molecules (Choudhary et al., 2019; Vijayan et al., 2019).

AutoDock 4.2. with crystal structure of VEGFR-2 enzyme from RCSB protein data bank (PDB code:
1YWN) was used for molecular docking (https://www.rcsb.org/structure/1YWN) Water in the proteins
was removed and Kollman charges and polar hydrogen atoms were evaluated for VEGFR-2 in the
docking process. Gasteiger charges, randomized starting positions, optimizations, and torsions have
been evaluated for molecules. The genetic algorithm population was used as 150 while applying
Lamarkian genetic algorithms (Bikadi & Hazai, 2009; Morris & Lim-Wilby, 2008; Wei et al., 2002).

Result and Discussion

DFT-based calculation methods provide useful information about the structural properties of
molecules. The energy and location of HOMO and LUMO orbitals of the molecules give useful
information about the reactivity and active sites of the molecules in the reactions based on electron
exchange. While the HOMO orbitals of the 1 and 2 are located on benzyl part of molecules, the LUMO
orbitals are located on the benzimidazole regions. These results mean that while the molecules realize
their electron-accepting through benzimidazole, they will donate electrons through benzyl (Figure 2).

According to the Koopman theory, the activity of the molecules can be predicted by using the energies
of the HOMO and LUMO orbitals. Global reactivity descriptors included well-known quantities such as
electron affinity, electronegativity, and ionization potential are criteria used to examine the reactivity
of molecules. Moreover, chemical hardness, electrophilicity index, and chemical softness are
developed as new criteria. lonization potential, electron affinity, and electronegativity of 1 are higher
than 2. The chemical hardness and softness values of both molecules can be examined in Table 1, and
it is noted that 2 is softer. On the other hand, 1 has a higher electrophilicity index. It is concluded that
1is more active than 2 with the global reactivity descriptors.
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Figure 2. Graphical lllustrations and The Energies of HOMO and LUMO Orbitals of the Molecules

The molecular docking method has been frequently used in pharmaceutical chemistry research
recently and is considered an essential tool. This method provides information about how small
molecules interact with certain macromolecular structures. In this study, the anticancer activities of
molecules that were analyzed previously with in-vitro cytotoxicity methods were compared with
molecular docking results. In this study, interactions with VEGFR-2 molecule, which is known to be
responsible for the formation, growth, and proliferation of cancerous cells, were investigated.

Table 1. The Calculated Quantum Chemical Parameters* for The Lower Energy Conformers each of 1
and 2 (in eV)

P EA X n 1) w
1 7.181 1.837 4.509 2.672 0.187 3.802
2 7.147 1.689 4.418 2.729 0.183 3.572

*IP: lonization Potential (-Enomo); EA: Electron Affinity (-Ewumo); x: Electronegativity; n: Chemical Softness; 6:
Chemical Hardness; w: Electrophilicity Index

Table 2. Molecular Docking Results of 1 and 2 for VEGFR-2 Target

Molecules Bind. Aff.* Amino Acids Residue

1 -6.79 Cys1043, Asp1044, Glu883, Lys866, Leu887, Val897, 11e1042, 111023,
Argl1025, Cys1022, Leu1017, Val896, 11e890, His1024, 1le886

2 -6.64 Cys1043, Argl1025, 1le1023, His1024, 1le1043, Val897, Leu887, Glu883,

Asp1044, 11e890, 11e886, Val896, Leu1017, Cys1022
* Binding Affinity in kcal/mol.

The molecules interacted with the same region of VEGFR-2 included Cys1043, Asp1044, Val896,
Cys1022 amino acids but the different interaction types and binding affinity were calculated (Table 2).
The binding energy for 1 was calculated as -6.79 kcal/mol and -6.64 kcal/mol was calculated for 2.
Amide-pi interaction with Cys1043 and pi-anion interaction with Asp1044 contributed to the binding
energy of 1. 2 realized the pi-cation interaction with Arg1025 and amide-pi interaction with Cys1043,
pi-alkyl interactions with 11e886, Val896, Leu1017, and Cys1022 were recorded (Figure 3).
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Figure 3. The Best Molecular Docking Pose of 1 and 2 with VEGFR-2 Crystal Structure

The cytotoxic activities of the molecules against MCF-7 and MDA-MB-231 breast cancer and DU-145
prostate cancer cells were investigated, and no activity was detected in 24-hour studies. In the 48-hour
studies, only activity against prostate cancer was detected and the activity of 2 was higher than 1.
While 2 showed higher activity in breast cancer, 1 presented higher activity in MDA-MB-231 and DU-
145. Although no major difference was noted with respect to molecular docking results, it is expected
that 1 has stronger interactions and therefore will inhibit VEGFR-2 more effectively. As concluded, due
to the VEGFR-2 inhibition results obtained in-silico, 1 could have better anticancer activity. These
results agree with the experimental results obtained for MDA-MB-231 and DU-145.
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