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TURK DOGA VE FEN DERGISI

Amag

Tiirk Doga ve Fen Dergisi, Dergipark tarafindan yaymlanan Bing6l Universitesi Fen Bilimleri Enstitiisiine ait ulusal ve
hakemli bir dergidir. Tiirk Doga ve Fen Dergisi, Tiirkiye ve diinyanin her yerinden gelen doga ve fen bilimlerinin her
alaninda Ozgiin, yayimlanmamus, yayimlanmak {izere baska yere gonderilmemis makale, derleme ve sempozyum
degerlendirmesi gibi ¢aligmalarin bilim alemine sunulmasi amaciyla kurulmustur.

Kapsam

Tiirk Doga ve Fen Dergisinde Miihendislik, Ziraat, Veterinerlik, Fen ve Doga Bilimleri alanlarindan olmak iizere Tiirkce
ve Ingilizce hazirlanms orijinal makale, derleme ve sempozyum degerlendirmesi gibi galismalar yayimlanir. Tiirk Doga
ve Fen Dergisi sadece online sistemde yaymlanmakta olup ayrica kagit baskis: bulunmamaktadir.

Merhaba...

Tiirk Doga ve Fen Dergisi, Dergipark tarafindan yaymlanmakta olup Bingl Universitesi Fen Bilimleri Enstitiisiine
aittir. Bahar ve giiz donemi olmak {izere yilda iki defa ¢ikarilan ulusal hakemli bir dergi olarak ilk sayisin1 2012 bahar
doneminde yayimlamistir. Tiirk Doga ve Fen Dergisi, Tiirkiye ve diinyanin her yerinden gelen doga ve fen bilimlerinin
her alaninda 6zgilin, yayimlanmamis, yayimlanmak {izere baska yere gonderilmemis makale, derleme ve sempozyum
degerlendirmesi gibi caligmalarm bilim alemine sunulmasi amacityla kurulmustur. {lk sayisindan bugiine kesintisiz olarak
faaliyetlerini siirdiirmektedir.

Tiirk Doga ve Fen Dergisi sadece online sistemde yayinlanmakta olup ayrica kagit baskist bulunmamaktadir. Dergimize
gelen her ¢aligma 6ncelikle Turnitin intihal programinda taranmaktadir. Dergimizde editorlerin, hakemlerin ve yazarlarin,
uluslararasi yayim etik kurallarina uymasi ve makalelerin yazim kurallarina uyumlu olmasi zorunlulugu vardir.

Yazarlar yayimlanmak tizere dergimize gonderdikleri c¢alismalari ile ilgili telif haklarin1 zorunlu olarak Bing6l
Universitesi Tiirk Doga ve Fen Dergisi’ne devretmis sayilirlar. Yazarlardan herhangi bir iicret talep edilmemektedir.
Yazarlarin degerlendirmeleri, dergimizin resmi goriisii olarak kabul edilemez. Calismalarin her tiirli sorumlulugu
yazarlarina aittir. Arastirma {irlinleri igin etik kurul raporu gerekli ise, ¢alisma {izerinde bu raporun alinmig oldugu
belirtilmeli ve kurul raporu sisteme kaydedilmelidir. Arastirma ile ilgili intihal, atif manipiilasyonu, sahte veri uydurma
vb. suistimallerin tespit edilmesi halinde yayim ve etik ilkelerine gére davranilir. Bu durumda ¢alismanin yayimlanmasini
onlemek, yayimdan kaldirmak ya da bagka islemler yapmak i¢in gerekli igslemler takip edilmektedir.

Dergimizde, kaynak gosteriminde uluslararasi Vancouver sistemine gegilmistir. Ayrica dergimiz, Creative Commons ile
lisanslanmak suretiyle dergimizde yayimlanan makalelerin paylasimi, kaynak gdsterimi ve yayimlanmasinda dergi ve
yazar haklarim1 korumaya almistir. 2018 yili giiz doneminden itibaren makaleler, uluslararas1 yazar kimlik numarasi
ORCID No’su ile yayimlanmaktadir.

Dergi ekibi, dergimizin ulusal ve uluslararasi indekslerce taranan bir dergi olmasi yoniinde ¢aligmalarimi titizlikle
stirdiirmektedir. Dergimize gosterilen ilgi bu yonde bizleri tesvik etmeye devam edecektir.

Bing6l Universitesi Fen Bilimleri Enstitiisii tarafindan yayimlanmaktadir
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Oz: Bu calisma, 2017 yetistirme doneminde Bilecik Seyh Edebali Universitesi Arastirma ve
Uygulama alaninda, sofralik domateste farkli sulama seviyeleri ve malg uygulamasinin ekonomik
su kullanim etkinligi ile net gelire olan etkilerini arastirmak i¢in yapilmigtir. Arastirma, tesadiif
bloklarinda bdliinmiis parseller deneme desenine gore 3 tekrarli olarak ana parselleri 2 malg
uygulamasi [mal¢ (M) ve malgsiz (NM)], alt parselleri ise 4 sulama konusu olusturacak sekilde
kurulmustur. Sulamalar A-Sinifi Buharlasma Kabi’na gore 4 farli pan katsayist (1,00, 0,75, 0,50,
0,25 xA pan) uygulanarak yapilmistir. Calisma sonucunda en yiiksek verim 1100xM konusundan
72.56 t ha-1, en yiiksek ekonomik su kullanim etkinligi ise 22,52 TL m-3 olarak elde edilmistir.
Birim hacim sulama suyuna karsilik elde edilen net gelir 8,53 TL m-3 ve birim alandan elde edilen
net gelir ise 40662,4 TL ha-1 olarak hesaplanmstir. Calisma sonucunda sulama suyu seviyelerinden
bagimsiz olarak mal¢ uygulanan konulardan daha yiiksek ekonomik su kullanim etkinligi ve net
gelir elde edilmistir.

The Effect of Different Irrigation Levels and Mulch Application on Net Income in Table

Tomatoes Grown in Bilecik Conditions

Keywords Abstract: This study was carried out to investigate the effects of different irrigation levels and
Tomatoes, mulch application on economic water use efficiency and net income in table tomatoes in Bilecik
Mulch, Seyh Edebali University Research and Application area during the 2017 growing season. The
Economic research was designed as a split-plot design with 3 replications and the main plots were consist of
water use two mulch application [mulch(M) and no mulch (NM)] and sub-parcels were consist of four
efficiency, irrigation levels. Irrigation was done according to Class A evaporation pan and four different pan
Net income coefficient were used (1.00, 0.75, 0.50, 0.25 xEpan). As a result of the study, the highest yield was
obtained from 1100xM parcels as 72.56 t ha-1. The highest economic water use efficiency was
obtained as 22.52 TL m-3. The highest net income obtained from the unit area was calculated as
40662.4 TL ha-1 and the net income obtained against the unit volume of irrigation water was
calculated as 8.53 TL m-3. As a result of the study, higher economic water use efficiency and net
income were obtained mulched parcels regardless of irrigation water levels.
1. GIRIS besin 6zelliklerinin yani sira tarimsal sanayiye entegre
olan 6nemli bir ticari rlindiir. Taze tiiketimi yaninda
Domates (Solanum lycopersicum L.), patlicangiller farkli kullanim alanlariyla islenmis gida iiriinii olarak da
(Solanoceae) familyasindan, anavatani Giiney ve Orta tiketilmekte ve bu {riinlerin hammaddeleri olarak
Amerika olan ve insan beslenmesinde yaygin olarak kullamlmaktadir. Onemli bir ticari iiriin olan domates

kullanilan tek yillik bir sebze tiiriidiir. Domates yiiksek diinyada da en ¢ok iiretimi yapilan yas sebze olarak 1.
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sirada yer almaktadir. Domatesin yaklasik 4,7 milyon ha
alanda tarim yapilmakta ve 182,3 milyon tonluk bir
verim elde edilmektedir. Domatesten sonra diinyada en
¢ok iiretimi yapilan sebzeler olarak kuru sogan, hiyar,
lahana ve patlican gelmektedir [1].

Diinyada oldugu gibi Tiirkiye’de de domates en cok
iretimi yapilan yas sebzedir. Diinyada Cin ve
Hindistan’dan sonra en ¢ok iiretim alanina sahip 3. iilke,
iretim miktar1 olarak ise Cin, Hindistan ve ABD’den
sonra 4. sirada yer almaktadir [1]. Tirkiye’nin hemen
hemen her bolgesinde yetistiriciligi yapilan domateste,
2019 yilinda 173 bin ha alanda yaklasik 12,8 milyon
ha’lik iiretim yapilmistir [2].

Tiirkiye’de domates iiretimi her bolgede yapilmakla
birlikte yogun olarak Akdeniz ve Ege bdlgelerinde
yetigtirilmekte ve bunu Marmara bolgesi izlemektedir.
Sofralik domates yetistiriciligi daha ¢ok Akdeniz
bolgesinde, sanayilik domates {iretimi ise Marmara ve
Ege bolgesinde yaygimn bir sekilde yapilmaktadir.
Tirkiye’'nin sanayilik domates ihtiyacinin yaklasik
%84°’lik kismi da Marmara ve Ege bdlgesinden
kargilanmaktadir [3].

Su, bir¢ok tarimsal iiriiniin en 6nemli girdisidir ve bitki
verim ve kalitesini dogrudan etkileyebilmektedir. Kis
aylarinda bitkiler su isteklerini yagislarla karsilamakta
fakat yaz aylarinda diisen yagislar cogunlukla bitkiler i¢in
yeterli  olmamakta ve  bitkinin su istegini
kargilamamaktadir. Bu nedenle, karli bir iiretim yapmak
icin sulama zorunlu bir gereksinim haline doniismektedir.
Fakat son yillardaki kiiresel su sikintis1 da géz Oniine
alindiginda; sulama yaparken verimde onemli kayiplar
yasamadan, tarimsal su kullanim etkinligini arttirmak igin
uygun bir sulama programinin hazirlanmasi ve sulama
suyunda kisitlamaya gidilmesi gerektigi zorunlu
olmaktadir. Kisintili sulama uygulamalari, domateste
oldugu gibi bazi meyve kalitesi 6zelliklerini artirirken
verim kayiplarina da neden olabilmektedir. Kisintih
sulamanin yaninda uygulanacak farkli yontemlerle su
kullanim etkinligini de arttirmak miimkiin olmaktadir. Bu
uygulamalardan birisi de mal¢ uygulamasidir.

Malg uygulamasi toprak yiizeyinde olusan buharlasmay1
azaltarak su kullanim randimanini yiikseltebilmektedir.
Malglamanin, topraktaki nemin muhafaza etmesi,
erkencilik saglamasi, yabanci ot kontroliiniin daha kolay
yapilmasi ve daha temiz meyve elde edilmesi ve buna
benze bir¢ok 6nemli faydalari vardir [4]. Malg malzemesi
olarak inorganik ve organik materyaller
kullanilabilmektedir. Mal¢ uygulamasiyla birlikte
topraktaki su  muhafaza edilmekte ve suyun
buharlagmasini %10-50 arasinda veya daha fazla oranda
azaltabilmektedir [5-6].

Sebze yetistiriciliginde kullanilan malglarin hem toprakta
hem de yetistirilen {iriinlerde bir¢ok yonden fayda
sagladigi  yapilan bilimsel arastirmalarda ortaya
konulmustur [4,7,8,9,10,11,12-13]. Mal¢ uygulamasinin
verimi arttirmastyla gelirde 6nemli bir oranda artis elde
edilirken, girdi maliyetlerinin 6nemli bir kisminda da
azalma meydana gelebilmektedir.
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Birgok aragtirmacida yaptiklart caligmalarda kisintili
sulamanin verim kayiplarina neden olabilecegini fakat
mal¢ uygulamasiyla birlikte verimin arttigim1 ve eksik
sulamanin  neden  oldugunu  kayiplarin  malg
uygulamasiyla  birlikte  giderilebilecegini  ortaya
koymuslardir [14,15,16,17,18-19].

Bu calisma, Bilecik kosullarinda 2017 yilinda sofralik
domates iizerinde yapilmistir. Arastirmada, damla sulama
ile farkli sulama seviyeleri ve mal¢ uygulamasinin
ekonomik su kullanim etkinligi ile birim sulama suyu
hacmine gore net gelir flizerine olan etkilerinin
kargilagtirmasi yapilmustir..

2. MATERYAL VE METOT

Tarla denemeleri Bilecik ilinde yer alan Bilecik Seyh
Edebali Universitesi, Tarimsal Uygulama ve Arastirma
Merkezine bagli alanda 2017 yetistirme doneminde
yiriitiilmiistiir. Aragtirma alant killi-tinli  bir toprak
yapisina sahiptir. Bilecik bdlgesi iklimi gegit tipi 6zelligi
gostermekte ve Marmara ile I¢ Anadolu iklimi karisik
halde goriilmektedir. Uzun yillik meteorolojik verilere
gore, yagis ortalamast 453,9 mm, sicaklik ortalamasi ise
12,5 °C’dir. Denemenin yapildig1 aylarda toplam yagis
94,7 mm, ortalama sicaklik ise 21,06 °C olarak
gerceklesmistir.

Arastirma bolinmiis bloklar deneme desenine gore 3
tekrarli olarak kurulmustur. Ana konular1 malg
uygulamalar1 alt konular1 da sulama suyu seviyeleri
olugturmustur. Sulama konular1 tablo 1°de verilmistir.
Calismada, sulama suyunun hesaplanmasinda, A-Sinifi
Buharlasma Kabi’ndan yararlanilmis ve sulamalar 5 giin
araliklarla diizenli olarak damla sulama yontemiyle
yaptlmigtir. Sulama suyu miktari, konulu sulama
uygulamalarinin  baglamasin1  takiben her sulama
oncesinde Esitlik 1 yardimiyla hesaplanmistir [20].

I=kcxkpXEpXPxA (1

Esitlikte, I: Sulama suyu miktar1 (It), kp: Deneme
konusuna iligkin katsayi, kc: Bitki katsayisi, Ep: A-Sinift
Buharlasma Kabi’'nda meydana gelen yigisiml
buharlagsma miktar1 (mm), P: Islatilan alan, A: Parsel alani
(m2) degerlerini gostermektedir.

Esitlikteki ke katsayr gelisme donemlerine gore farklilik
gostermistir.  Baslangi¢ periyodunda 0,6, gelisme
periyodunda 0,6-1,15 arasinda, orta periyotta 1.15 ve son
periyotta ise 1,15-0,80 arasinda katsayilar alinmigtir.
Bununla birlikte, malcin parselleri 6rtme oran1 %80
oldugundan, malgh kosullarda yetistirilen parsellerdeki
domates bitkilerinin bitki su tiiketimi degerlerinin
belirlenmesinde yagis degeri, diisen yagisin %20’si
alinarak (Px0,20) hesaplanmistir.
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Tablo 1. Denemeye iligkin sulama konulari
Sulama
Konularn

Sulama Konusunun Tanmm kp

A-Smifi Buharlagma Kabi’nda meydana

1100 gelen y1g1simli buharlasmanin %100 iiniin 1.00
uygulandigi konu
A-Smifi Buharlagma Kabi’nda meydana

175 gelen yigisimh buharlasmanm %75 inin 0,75
uygulandig1 konu
A-Simifi Buharlagma Kabi’nda meydana

150 gelen yigisimli buharlagsmanin %350’sinin 0,50
uygulandig1 konu

A-Smifi Buharlagma Kabi’nda meydana
125 gelen yigisimli buharlasmanin  %25inin 0,25
uygulandigi konu

Caligmada Zahide F1 sirik domates ¢esidi kullanilmistir.
Domatesler fide olarak temin edilmis ve 23 Mayis
tarihinde parsellere dikilmistir. Her parsel sira arast 80 cm
ve sira iizeri 40 cm olacak sekilde 4 siradan olusturulmus
ve her bitki sirasia 1 lateral ¢ekilmistir. Parseller 6,4 m
boyunda ve 32 m genisliginde (20,48 m2)
olusturulmustur. Her parselde tekerriirler arasinda 2
metre, bloklar arasinda ise 3 metre bogluk birakilmustir.
Toprak analizi sonuglarma gore giibrelemede azotlu,
fosforlu ve potasl giibreler kullanilmistir. Dikimden 6nce
20 kg da-1 15:15:15 kompoze giibresi dikimden sonra 7
kg da-1 13-0-46 potasyum nitrat ve dekara 5 kg da-1 MAP
giibreleri damla sulama sistemi ile bitkilere verilmistir.

Toprak suyu gozlemleri gravimetrik yontem kullamilarak
yapilmistir. Bitki kok bolgesi toprak su igerigi gravimetrik
yontemle yetisme mevsimi boyunca konulu sulamalar
Oncesi, sonrast ve sulamalar arasinda izlenmistir.
Ornekler her 30 cm’lik katman icin 1100 deneme
konusunda 120 cm derinlige kadar diger sulama
konularinda ise 90 cm derinlikteki toprak katmanlarindan
Ornekler alinmistir. Her sulama konusu i¢in bitki su
tiketimi (ET) su dengesi esitligi kullanilarak Esitlik
2’deki gibi hesaplanmistir [21].

ET=1+P—R—D+AS @)

Esitlikte; ET: Bitki su tiiketimi (mm), I: Uygulanan
sulama suyu miktar1 (mm), P: Sulama dénemi icerisinde
diisen yagis miktart (mm), R: Yiizey akisi ve kilcal
yiikselme (mm), D: Derine sizma , AS: Toprak
profilindeki ne degisim miktar1 (mm/90cm) degerini
gostermektedir. Damla sulama yonteminde yiizey akist ve
alanda taban suyu da olmadigi i¢in kilcal yiikselme (R)
sifir kabul edilmistir. Tarla kapasitesini agacak bir sekilde
sulama konusu olmadigindan dolay1 derine sizma (D)
degeri de sifir alinmustir [22]. Mevsimlik bitki su tiketimi,
iki sulama araligi igin hesaplanan evapotranspirasyon
degerlerinin y1gisimli toplamlari alinarak belirlenmistir.
Bununla birlikte, mal¢in parselleri ortme orant %80
oldugundan, mal¢h kosullarda yetistirilen parsellerdeki
domates bitkilerinin bitki su tiiketimi degerlerinin
belirlenmesinde yagis degeri, diisen yagisin %20’si
almarak (Px0,20) hesaplanmistir.

Ekonomik su kullanim etkinligi briit gelirin gergek
evapotranspirasyona boliinmesiyle belirlenmistir (Esitlik
3) [23]. Birim sulama suyuna karsilik elde edilen net geliri
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hesaplamak i¢in ise birim alandan elde edilen net gelir
toplam sulama suyu miktarina boliinmistiir (Esitlik 4).

ESKE = BG/ET 3)
NGS = NG/SS 4)

Esitliklerde; ET: Gergek evapotranspirasyon miktarini
(m-3 ha-1), ESKE: Ekonomik su kullanim etkinligini (TL
m-3), BG: Briit geliri (TL ha-1), NGS: Birim sulama suyu
hacmine gore net geliri (TL m-3), NG: Net geliri (TL ha-
1), SS: Sulama suyu miktarim1 (m-3 ha-1) ifade
etmektedir.

2.1. Net Gelir Hesab1

Birim alandan elde edilen net gelir (TL ha-1), briit
gelirden toplam {iretim masraflariin  ¢ikarilmastyla
bulunmustur. Briit gelir, her deneme konusu i¢in, verim
degerleriyle domatesin tarladaki yerel satig fiyatinin (1 TL
kg-1) carpilmasiyla belirlenmistir. Toplam iiretim masrafi
sabit ve degisken masraflarin  toplanmasiyla
belirlenmistir. Sabit masraflar, malg uygulanan ve malgsiz
tiim deneme konular1 i¢in ayr1 ayr1 hesaplanmis ve kendi
iclerinde esit kabul edilmistir. Degisken masraflar harig
sabit masraflar malg uygulanan konular i¢in 30365 TL ha-
1 malg uygulanmayan konular igin 30825 TL ha-1 olarak
belirlenmistir. Su ve sulamaya iligskin masraflar degisken
masraflar olarak alinmistir. Kullanilan suyun maliyeti (TL
ha-1), birim hacim su fiyat1 (0,18 TL m-3) ile deneme
konusuna gore birim alana uygulanan sulama suyu
miktarinin (m3 ha-1) ¢arpilmasiyla bulunmustur. Calisma
alaninda, sulama suyu su kuyusundan damla sulama
sistemine basilmasinda elektrik enerjisiyle ¢alisan bir
pompa (15 kW) kullanilmustir. Elektrik enerji masrafi (TL
ha-1), bu calismada kullamilan damla sulama sistemi
Ozellikleri dikkate alinarak her deneme konusu igin
belirlenen sulama siiresi (saat ha-1), tarimsal elektrik
enerji maliyeti (0,88 TL kW-1) ve 15 kW degerlerinin
carpilmasi suretiyle hesaplanmistir. Boylece, kullanilan
suyun maliyeti ile enerji maliyeti toplanarak degisken
masraflar elde edilmistir.

2.2. istatistiksel analiz

Meyve verimlerine iligkin veri Minitab 19 programinda
varyans analizi (ANOVA) ile degerlendirilmis ve
ortalama degerler arasinda p<0,01 diizeyinde Onemli
farkliliklar1 belirlemek i¢in Duncan’in ¢oklu dagilim testi
kullanilmustir.

3. BULGULAR

Uygulanan sulama suyu miktari, verim iizerinde %1
olasilik diizeyinde oOnemli bir etkiye sahip olmustur.
Uygulanan sulama suyu, bitki su tiiketimi, verim ve
ekonomik su kullanim etkinligi degerleri Tablo 2’de
verilmistir. En yliksek verim 1100xM konusundan elde
edilirken, en diisiikk verim I25xXNM konusundan elde
edilmistir. En yiiksek verim 1100 sulama konusundan elde
edilmis olmasina ragmen [100xNM ve [75xM konulari
arasinda verim acisindan istatistiksel olarak 6nemli bir
fark bulunmamistir. Ayrica, mal¢ uygulanan tiim sulama
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suyu seviyelerinde verim ve ekonomik su kullanim
etkinligi agisindan daha yiiksek sonuglar vermistir. Daha
once yapilan ¢aligmalarda da arastirmacilar sulama suyu
seviyesi  azaldikga meyve veriminin  distigini
bildirmislerdir [24,25,26,27,28,29,30-31]. Malg
uygulamasiyla ilgili yapilan c¢aligmalarda da malg
uygulamasinin sulama konularindan bagimsiz olarak

biitiin sulama suyu seviyelerinde verim ve ekonomik su
kullanim etkinliginin mal¢ uygulanmayan konulara gore
daha yiiksek degerler orta koymuglardir [14,16,32,33-34].
Malg uygulamasiyla birlikte yapilan su kisiti ekonomik
acidan domates liretimini olumlu etkilemistir.

Tablo 2. Uygulanan sulama suyu, bitki su tiiketimi, verim ve ekonomik su kullanim etkinligi

Uygulanan sulama suyu ) Ekonomik su kullanim

Deneme konusu Bitki su tiiketimi (mm) Verim (t ha) etkinligi

(mm) (TL m?)
1100xM 512,3 482 72,56 a 15,05
1100xXNM 512,3 570 68,95 ab 12,10
175xM 395,47 375 653 b 17,41
175xNM 395,47 488 58,74 ¢ 12,04
150xM 278,65 298 51,62d 17,32
150xNM 278,65 326 44,44 ef 13,63
25xM 161,82 190 42,79 ef 22,52
125xNM 161,82 247 38,92 f 15,76

Caligmada deneme konularindan elde edilen meyve
verimlerinin parasal degeri belirlenerek bitki su
tiiketimine oranlanmis ve bdylece ekonomik su kullanim
etkinligi (ESKE) belirlenmistir. En yiiksek ekonomik su
kullanim etkinligi degerleri sulama konularindan
bagimsiz olarak mal¢ uygulamasi uygulanan konulardan
elde edilmistir. Elde edilen degerler 12.04-22.52 TL m-3

En yiiksek ekonomik su kullanim etkinligi degeri 125xM
konusundan elde edilmis ve bunu I75xM ve I50xM
konulari izlemistir.

Ciftgiler sulama suyundan elde edilecek tasarrufun
yaninda optimum girdi kullanimu ile sadece verimlerini
degil, net gelirlerini de en yiiksek diizeye ¢ikarmayi
hedeflemektedir. Buradan yola ¢ikarak ekonomik analiz

arasinda degismistir (Tablo 2).

gerceklestirilmig ve sonuglart Tablo 3’de verilmistir.

Tablo 3. Deneme konularin domates verimi ve net gelir lizerine etkisi

Deneme Sabit Masraf Top!\ir:sf:fllama Toplam Masraf Briit Gelir Net Gelir ?_;;'cn;ﬁsnuelzngesgg
Konusu (TL ha') (TL ha) (TL ha't (TL ha') (TL ha') Gelir (TL m?)
1100xM 30365 1532,6 31897,6 72560 40662,4 7,94
1100xNM 30825 1532,6 32357,6 68950 36592,4 7,14

175xM 30365 1183,1 31548,1 65300 33751,9 8,53
175xNM 30825 1183,1 32008,1 58740 26731,9 6,76

150xM 30365 833,6 31198,6 51620 20421,4 7,33
150xNM 30825 833,6 31658,6 44440 12781,4 4,59

125xM 30365 484,1 30849,1 42790 11940,9 7,38
25xNM 30825 484,1 31309,1 38920 7610,9 4,70

Tablo 3’te verilen net gelir hesabinda kullanilan iiretim
maliyetleri, sofralik domates yetistiriciligi i¢in tiim tiretim
giderleri (fide maliyeti, capa, giibre, hasat, mal¢lama vb.)
dikkate alinarak hesaplanmistir. Mal¢ uygulanan
konularda mal¢ masrafi ortaya ¢ikarken malg kullanimdan
dolay1 yabanct otlanma olmadigt i¢in ¢apalama masrafi
olmamigtir. Mal¢ uygulanmayan konularda ise ¢apalama
masraflart hesaplanarak sabit masraflara eklenmistir.
Uygulanan sulama suyu miktar1 ve sulama siiresine bagl
olarak birim su maliyeti, suyun sisteme pompalanmasi
icin gerekli enerji maliyeti ve sulama is¢iligi maliyeti de
artmustir. Tablo 3°de goriildiigi gibi en yiiksek net gelir
en fazla sulama suyunun uygulandigi konulardan elde
edilmis ve sulama suyu miktar1 azaldik¢a elde edilen net
gelirde azalmistir. Birim alan basina en yiiksek net gelir
40662,4 TL ha-1 olarak 1100xM konusundan, en diisiik
net gelir ise 7610,9 TL ha-1 olarak 125xNM konusundan
elde edilmistir. Biitlin sulama suyu sevilerinde malg
uygulanan konulardan malg uygulanmayan konulara gore
daha yiiksek net gelir elde edilmistir. Birim sulama suyu
hacmine gore net gelir hesabi her uygulama igin
kullanilan toplam sulama suyu miktarinin net gelire
oranlanmasiyla hesaplanmis ve 8,53-4,59 TL m-3

arasinda degismistir. Sulama konularindan bagimsiz
olarak degerlendirdigimizde malg uygulanan konulardan
birim sulama suyundan daha yiiksek net gelir elde
edilmistir. En yiiksek birim sulama suyu hacmine gore net
gelir ise 8,53 TL m-3 olarak %25 su kisintisinin
uygulandigt [75xM konusundan belirlenmistir. En diistik
deger ise 4,59 TL m-3 olarak I50xNM konusundan elde
edilmistir. En yliksek sulama suyu miktari uygulanan 1100
konusuyla en yiiksek birim sulama suyu hacmine goére net
gelir elde edilen 175xM konusu kiyaslandiginda, 175xM
konusuna 116,83 mm daha az su uygulanmis ve daha
yiikksek birim sulama suyu hacmine goére net gelir
belirlenmistir. Bu durum, sezonda uygulanan %25 su
kisintistyla hem sudan tasarruf edilebilecegini hem de
uygulanan birim sudan daha yiiksek kar elde edilecegini
gostermistir.
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4. SONUC

Caligmada, mal¢ uygulanan konulardan biitiin sulama
suyu seviyelerinde daha yiiksek verim ve net gelir elde
edildigini gostermistir. Su kaynaklarinin siirdiiriilebilirligi
ve optimum isletmecilik agisindan %25 su kisintisinin
uygulandigt malglh 175xM (395,47 mm) konunun uygun
oldugu belirlenmistir. Buna gore, 5 giinde bir pan
buharlasma miktarmin 0,75 katinin uygulandigi malclh
konular 6nerilebilir. Bu uygulamada domates verimi 65,3
t ha-1, fiziksel su kullanim etkinligi 18,08 kg m-3
ekonomik su kullanim etkinligi ise 17,41 TL m-3 olarak
hesaplanmistir. En uygun birim sulama suyu hacmine
gore net gelir 8,53 TL m-3 ve net gelir 33751,9 olarak
belirlenmistir.
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Kavuzsuz arpa,
Hat,

Verim,

Kuru kosullar,
Korelasyon

Oz: Bu arastirmada; 9 adet kavuzsuz arpa hatti ile tescilli kavuzsuz arpa cesidi Ozen’in kuru
kosullarda verim ile verime etkili karakterler arasindaki iliskilerin belirlenmesi amaciyla 2013 ve
2014 yetistirme sezonunda Eskisehir Geg¢it Kusagi Tarimsal Arastirma Enstitiisi Midirligi
arazisinde yiiriitiilmiistiir. Verim ile bayrak yaprag: alani, bayrak yapragi yesil kalma siiresi, sap
uzunlugu, Gst bogum aras1 uzunlugu, basak boyu, metrekarede basak sayisi, hasat indeksi, birim
alan tane verimi, basakta tane sayisi, metrekarede biyolojik verim, basakta tane verimi, steril
basakgik sayisi, fertil basakgik sayisi, toplam basake¢ik sayisi, bin tane agirligi, hektolitre agirligi,
protein orani, 2.5 mm elek istli, ¢ikig siiresi ve basaklanma giin sayist arasindaki iligkiler
incelenmigtir. Korelasyon analizi sonuglarina gore; basakta tane sayisi ile basakta tane verimi,
hektolitre agirligi ve basaklanma giin sayisi arasinda olumlu ve 6nemli iliski saptanirken protein
orani (r=-0.743**) ile olumsuz ve onemli iliski tespit edilmigtir. Tane verimi ile metrekarede
biyolojik verim, metrekarede basak sayisi ve hasat indeksi 6zellikleri arasinda olumlu ve dnemli
iligkiler belirlenmistir.

Relationships Between Yield and Yield Characters of Some of Hulless Barley Genotypes

(Hordeum vulgare L. var. nudum Hook. f.) Grown in Dry Conditions

Keywords Abstract: This study was conducted at the experimental fields of Eskisehir Transitional Zone
Hulless barley, Agricultural Research Institute in growing seasons of 2013 and 214 in order to determine the to
Genotype, relationships between seed yield and yield components of nine hulless barley lines and one
Yield, registered hulless barley variety -Ozen- in rainfall conditions. Flag leaf area, flag leaf staying green
Dry conditions, time, stem length, upper internode length, spike length, number of spikes per square meter, harvest
Correlation index, grain yield per unit area, biological yield per square meter, grain number per spike, grain
yield per spike, sterile spikelet number, fertile spikelet number, total spikelet number, thousand
grain weight, hectoliter weight, protein ratio, 2.5 mm above sieve and relationships between
emergence time and number of days to earing were examined. According to the correlation analysis
results; there was a positive and significant relationship between grain number per spike and grain
yield per spike, hectoliter weight and number of days to spike. However, a negative and significant
relationship was determined in terms of protein ratio (r =-0.743**). As a result of this study,
important relationships were determined between grain yield and biological yield per square meter,
number of ears per square meter and harvest index.
dretim miktar1 bakimindan ikinci sirada, diinya
1. GIRIS genelinde tahillar igerisinde dordiincii sirada yer
almaktadir. Arpanin 2019 yilinda 2,8 milyon hektar
Tirkiye; arpamn  (Hordeum vulgare L.) gen ekilis alan1 ve iiretimi 7,6 milyon ton ve verimi 293 kg
merkezlerinden birisidir ve diinya arpa fireticisi iilkeler da? diizeyindedir [1].

arasinda ilk 10 igerisinde yer almaktadir. Daha ¢ok kislik
olarak tarmm yapilmaktadir. Tiirkiye’de ekilis alan1 ve
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Kavuzsuz arpa ile ilgili gerek iiretimi gerek islahi
gerekse gida, yem ve endiistriyel alanlarda
degerlendirilmesi hususlarinda arastirmalar yapilmaya
devam etmektedir. Besinsel lif kaynaklar1 ve B-glukan
degerleri yoniiyle kavuzsuz arpa olduk¢a zengindir [2].
Enerji igerigi ve yiiksek sindirilebilir protein miktar1 [3],
ekmek imalatinda pagalda kullanilabilmesi, igerdigi
¢oOziinebilir lifler ile plazma kolesteroliinii azaltict
ozelligi sebebiyle kavuzsuz arpaya olan ilgi artmaktadir
[4]. Kavuz bulunmamasi 6giitme teknolojisi agisindan
kolaylik saglamaktadir. Kepek ve una kolaylikla
ayrilabilmesi klasik bugday ogilitme ekipmanlart ve
metotlar1 ile daha kolay olmaktadir [5]. Ulkemizde
yiriitilen kavuzsuz arpa islah g¢aligmalari sonucunda
2012 yilinda Ozen ve 2014 yilinda Yaln isimli iki cesit
Ankara Tarla Bitkileri Merkez Arastirma Enstitiisi
Miidiirligii tarafindan tescil edilmistir.

Bu ¢alismada, Eskisehir kuru kosullarinda Ozen ¢esidi
ile 9 adet kavuzsuz arpa hattinin verim ile verime etkili
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karakterler arasindaki belirlenmesi

hedeflenmistir.

iligkilerin

2. MATERYAL VE METOT

Arastirma, Eskisehir Gegit Kusagi Tarimsal Arastirma
Enstitiisii deneme arazisinde, 2012—-2013 ve 2013-2014
iretim yillarinda kuru kosullarda gerceklestirilmistir.
Denemenin yiiriitiildiigti alanin denizden yiiksekligi 780
m olup, 39° 46” dogu boylaminda ve 30° 31” kuzey
enlemleri arasinda yer almaktadir.

Karasal iklimin hakim oldugu Eskisehir’de uzun yillar
ortalamasina gdre yagis miktar1 326.8 mm’dir.
Denemenin yiiriitildiigic 2013 ve 2014 yillarindaki
yetistirme donemlerine ve uzun yillara ait aylik yagis ve
sicaklik verileri Tablo 1°de verilmistir. iklim verileri
degerlendirildiginde, iki yil arasinda yagis miktar
acisindan yaklasik 45 mm’lik bir farklililk meydana
gelmis, ilk yil mayis aymda basaklanma donemindeki
yetersiz yagis yillar arasinda iklimsel agidan farkliliklar
meydana getirmistir.

Tablo 1. Denemenin yiiriitiildiigii yillar ve uzun yillara ait meteorolojik veriler [6]

2012-2013 2013-2014 Uzun Yillar
Aylar ort. V ort.
Yagis (mm) Neomrt(.%) slcal?llrlt{ ©cy ~ Yags(mm) Ne(r?nrt(%) Sl?ﬁ‘él)lk S((r?w%wlf) SI(CO%‘)hk

Ekim 16,1 78,1 14,2 65,0 65,6 9,8 25,0 114
Kasim 14,5 92,3 73 15,0 73,5 6,7 30,3 57
Aralik 73,2 95,1 2,2 15 76,0 1,7 45,7 14
Ocak 18,5 93,6 1,7 21,0 81,0 3,6 38,3 -1,3
Subat 25,4 88,0 5,6 5,0 62,3 55 32,3 0,2
Mart 30,6 59,8 7,6 19,1 69,0 79 33,1 4,6
Nisan 26,8 63,2 11,5 51,4 63,7 13,0 35,1 9,2
Mayis 58 51,5 18,6 31,2 63,3 16,3 43,3 14,1
Haziran 36,5 53,6 20,2 63,7 64,1 19,8 29,1 18,6
Temmuz 0,8 52,8 21,6 20,4 57,8 23,7 13,8 21,9
Toplam 248,2 293,3 326,8
Ortalama 11,05 10,80 8,58
Ekim Oncesinde deneme alaninin 3 farkli derinliklerden Arastirmalart  Laboratuvarlarinda  yapilmig  ve bu

alman toprak Orneklerinin analizleri, Eskisehir Gegit

analizlere ait sonuglar Tablo 2’de verilmistir.

Kusagr Tarimsal Arastirma Enstitlisi, Toprak-Su
Tablo 2. Deneme alani topraklarinin analiz sonuglari
Derinlik Toplam Tuz Kireg Organik Madde Yarayish Yarayish
(cm) PH (%) (%) (%) i o
- (kg da™) (kg da™®)
: 0-30 8,1 0,30 7,49 1,7 531 103,4
30-60 8,0 0,28 8,91 1,0 1,67 77,3
60-90 8,1 0,25 9,62 0,9 0,95 63,4
Derinlik Toplam Tuz Kireg Organik Madde Yarayish Yarayish
(cm) PH (%) (%) (%) i o
= (kg da) (kg da™)
> 0-30 74 0,131 8,1 1,7 47 97,9
N
30-60 75 0,089 9,0 0,9 2,2 75,2
60-90 7,6 0,048 10,52 0,4 25 55,4

Denemenin birinci y1l kuruldugu alandan alinan toprak
orneklerinde yapilan analiz sonuglarina gore, toprak
biinyesi killi, kire¢ ve organik madde icerigi bakimindan
orta, yarayish fosfor bakimindan zayif ve yarayish
potasyum bakimindan ise zengin 6zellige sahiptir (Tablo
2). Denemenin ikinci yil kuruldugu alanda ise toprak

biinyesi tinli, kire¢ ve organik madde icerigi bakimindan
orta, yarayishh fosfor bakimindan zayif ve yarayish
potasyum bakimindan ise zengin 6zellige sahiptir.

Bu calismada, tescilli kavuzsuz arpa gesidi Ozen ile
Tarla Bitkileri Merkez Arastirma Enstitiisii Miidiirligi
tarafindan yiiriitiilen 1slah programinda ileri ¢ikan dokuz
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adet kavuzsuz arpa hatti deneme materyali olarak
kullanilmistir. Standart olarak kullanilan Ozen cesidi
denemenin yiiriitildigii yil Tiirkiye’de tescil edilmis ilk

Tablo 3. Denemelerde kullanilan kavuzsuz arpa genotipleri
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kavuzsuz arpa ¢esidi olma Ozelligine sahiptir.
Denemelerde kullanilan kavuzsuz arpa genotipleri Tablo
3’de verilmistir.

Sira No Genotipler

SB90704

ICB 100811
MOLA/BERMEJO"S"/INISPERO
ICB 100819

Bugar
K-247/2401-13//Radikal/Vavilon LF7
Roho/Masurka//ICB-103020

SBoo~voorwnr

OZEN

CYCLONE/4/YAA560.2//LUTHER/BK259/3/NGY AK-8/PLAISANT
CYCLONE/4/YAA560.2//[LUTHER/BK259/3/NGY AK-8/PLAISANT

Her iki yilda tarla denemeleri nadastan sonra ekilmistir.
Ekim oncesi dekara 6 kg saf N ve 7,6 kg saf P,0s gelecek
sekilde taban giibresi olarak 16,5 kg da? diamonyum
fosfat (18.46.0) ve iist giibre olarak 14,3 kg da?
amonyum siilfat (%21 Azot) giibreleri kullanilmustir.
Denemede metrekareye 450 tohum kullanilmigtir. Ekim
islemi ekim mibzeri ile sira arast 20 cm (6 sira) ve parsel
boyutu 5x1,2= 6 m? olarak gergeklestirilmistir.

Genotiplerin verim ile; bayrak yapragi alami, bayrak
yapragl yesil kalma siiresi, sap uzunlugu, iist bogum
aras1 uzunlugu, basak boyu, metrekarede basak sayisi,
hasat indeksi, birim alan tane verimi, metrekarede
biyolojik verim, bagakta tane sayisi, bagakta tane verimi,
steril basakcik sayisi, fertil basake¢ik sayisi, toplam
basakc¢ik sayisi, bin tane agirhigi, hektolitre agirligi,
protein orani, 2,5 mm elek isti, c¢ikis siliresi ve
basaklanma giin sayist degerleri incelenmistir.

Ekimler ilk y1l 06 Mart 2013 tarihinde ve ikinci yil ise
18 Subat 2014 tarihinde gergeklestirilmistir.

Aragtirma, Tesadiif Bloklart Deneme Deseninde 3
tekrarlamali  olarak  yiritiilmistir. ~ Korelasyon
analizinde iki yillik denemelerin tekerriir ortalamalar
kullanilmis ve ¢alismadan elde edilen verilerin istatistiki
analizleri SAS yazilimi JMP Pro 13.0.0 (64 bit) paket
programi [7] kullanilarak yapilmistir.

3. BULGULAR

Aragtirmamizda kullanilan 10 kavuzsuz arpa genotipi ile
kuru kosullarda 2013 ve 2014 yillarinda yiiriitiilen
calisma sonucunda, incelenen 6zellikler arasindaki
iligkiler korelasyon analizi ile belirlenmis ve sonuglari
Tablo 4’de 6zetlenmistir. Korelasyon analizi sonuglarina
gore; bayrak yapragi alani ile sap uzunlugu, iist bogum
aras1 uzunlugu, basakta tane verimi, bin tane agirligi,
hektolitre agirligi ve basaklanma giin sayis1 arasinda
olumlu ve &nemli iliski hesaplanmigtir. Bayrak yapragi
yesil kalma siiresi, protein orani ve ¢ikig siiresi yoniinden
ise olumsuz ve 6nemli iligki belirlenmistir.

Bayrak yapragi yesil kalma siiresi ile metrekarede
biyolojik verim ve protein orami (r=0,895**) arasinda
olumlu ve 6nemli iliski saptanmistir. Sap uzunlugu, iist
bogum aras1 uzunlugu, basak boyu, hasat indeksi,
basakta tane sayisi, basakta tane verimi, bin tane agirligi,
hektolitre agirligi, 2,5 mm elek iistii ve basaklanma giin

sayisi arasinda ise olumsuz ve Onemli iligki elde
edilmistir.

Sap uzunlugu ile 6nemli ve pozitif korelasyonlar iist
bogum aras1 uzunlugu, basak boyu, hasat indeksi,
bagakta tane sayisi, basakta tane verimi, bin tane agirligi,
hektolitre agirligi, elek iistii ve basaklanma giin sayisi
arasinda belirlenmigtir. Olumsuz ve 6nemli iligki protein
oraninda r=-0,864** hesaplanmistir. Sekiz lokasyonda
yiiriitiilen bir g¢alismada bitki boyu ile basak boyu
(r=0.184%), protein orant (r=0.282*%*), tane verimi
(r=0.631**) arasinda olumlu ve Onemli, basakta tane
sayis1 (r=-0.252*%) arasinda olumsuz ve 6nemli, bin tane
agirhigt (r=0.145) arasinda olumlu ve Onemli iligkiler
bulunmus [8] elde edilen tiim bu veriler, ¢alismamiz
sonucunda alinan degerler ile basakta tane sayisi harig
benzerlik gostermektedir.

Ust bogum arasi uzunlugu, basak boyu, basakta tane
sayisi, bagakta tane verimi (r=0,868**), bin tane agirligi,
hektolitre agirligi, 2,5 mm elek {istii ve basaklanma giin
sayisi arasinda olumlu ve o6nemli iliski saptanmistir.
Metrekarede biyolojik verim ve protein orani ydniinden
ise olumlu ve 6nemsiz iliski belirlenmistir. Yiriitiilen bir
aragtirmada 13 maltlik arpa g¢esidi 5 lokasyonda verim ve
tanede protein kapsami yoniinden denenmis protein-
verim korelasyon katsayist 0.4306 olarak bulunmustur

[9].

Basak boyu ile metrekarede biyolojik verim, bagakta
tane sayisi, bagakta tane verimi, fertil basak¢ik sayisi,
toplam basakgik sayisi, hektolitre agirligi ve basaklanma
giin sayisi arasinda olumlu ve 6nemli iliski saptanmustir.
Protein orani arasinda ise olumsuz ve Onemli iliski
belirlenmistir. Arpada daha 6nce yapilan bir ¢aligmada
[8] bulgularimizin aksine basak boyu ile basakta tane
sayisi (r=-0.252*%*) arasinda olumsuz ve dénemli, protein
orani (r=0.206%*) arasinda olumlu ve dnemli, tane verimi
(r=-0.144) arasinda olumsuz ve onemsiz iliskiler tespit
edilmistir.

Metrekarede basak sayisi ile birim alan tane verimi
arasinda onemli ve pozitif korelasyon belirlenmistir.
Olumsuz ve Onemli iligki bin tane agirlhiginda
hesaplanmistir. Yapilan bir ¢alismada, kishik ve yazlik
olarak denenen arpa gesitlerinin tane veriminin m2deki
basak sayisindan etkilendigini, bin tane agirliginin ise
sadece yazlik arpada 6nemli oldugu vurgulanmigtir [10].
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Korelasyon analizi sonuglarina gore; hasat indeksi ile
birim alan tane verimi, basakta tane sayisi, basakta tane
verimi, hektolitre agirhigi ve basaklanma giin sayisi
arasinda olumlu ve onemli iliski saptanmustir. Protein
orani yoOniinden ise olumsuz ve Onemli iligki
belirlenmistir. Cukurova kosullarinda 25 adet iki sirali
arpa ¢esit ve hatlari ile ylritiilen bir arastirmada, tane
verimi ile bagaktaki tane sayis1 arasinda Onemli ve
olumsuz, bagakta tane sayist ve bin tane agirlig1 ile bitki
boyu arasinda 6nemli ve olumlu iligkiler elde edilmistir
[11].

Birim alan tane verimi ile metrekarede biyolojik verim
(r=0,544**) arasinda olumlu ve Onemli iliski
saptanmistir. Metrekarede biyolojik verim ile 6nemli ve
pozitif korelasyonlar fertil basak¢ik sayisi ve toplam
basak¢ik sayist arasinda belirlenmigtir. Olumsuz ve
onemli iligki hektolitre agirhiginda bulunmustur.
Korelasyon analizi sonuglarina gore; basakta tane sayisi
ile bagakta tane verimi, hektolitre agirligi, elek iistii ve
basaklanma giin sayis1 arasinda olumlu ve 6nemli iligki
tespit edilmistir. Protein orani (r=-0,743*%*) yoniinden ise
olumsuz ve Onemli iligki belirlenmistir. 1000 tane
agirhiginin diger 8 karakterle iliskisini belirlemek tizere,
50 adet arpa g¢esidi kullanarak 10 yerde yapilan
aragtirmada, arpalarin 1000 tane agirligt ile bitki boyu,
tane, sap verimi ve toplam biyolojik verim arasinda
olumlu, kardes basina tane ve m?’deki kardes sayisi
arasinda olumsuz iliskiler oldugu goriilmiistiir [12].

Bagakta tane verimi ile bin tane agirligi, hektolitre
agirhig, 2,5 mm elek {istii ve basaklanma giin sayisi
arasinda  (r=0,822**) olumlu ve oOnemli iligki
saptanmustir. Protein orami arasinda ise (r=-0,807**)
olumsuz ve oOnemli iliski belirlenmistir. Bu durum
ozellikle tane veriminin artmasi ile protein oraninin
azalmasini ifade etmektedir. Genel olarak taneye besin
maddesi birikimi sirasinda 6nce proteinler daha sonra da
nisastalar  birikmektedir. Nisasta birikimi  fazla
oldugunda tanedeki protein orani azalmakta ancak bin
tane agirligi ve bitkide tane verimi artmaktadir. Bu
nedenle protein orani ile bitkide tane verimi arasinda
belirlenen olumsuz ve Onemli iligki bu sonuglar
destekler nitelikte bulunmustur. Fertil basak¢ik sayisi ile
onemli ve pozitif korelasyonlar toplam bagakg¢ik sayisi
arasinda (r=0,959**) bulunmustur. Olumsuz ve 6nemli
iligki 2,5 mm elek iistii arasinda hesaplanmigtir. Toplam
basakgik sayist ile 2,5 mm elek {istii arasinda olumsuz ve
onemli iligki tespit edilmistir. Erzurum sartlarinda 30
yerli ve yabanci bugday ¢esidiyle 2 yil siireyle yiiriitiilen
bir arastirmada, m?'deki fertil basak sayist ile bitki boyu
arasinda olumlu ve dnemli bir korelasyon bulundugu,
gesitlerin bitki boyu ile tanenin protein orani ve tane
verimi arasinda olumsuz ve dnemli; basaktaki tane sayisi
ile bin tane agirligi, protein oram ve bitki boyu arasinda
olumsuz ve 6nemsiz korelasyonlar elde edilmistir [13].

Korelasyon analizi sonuglarina gore; bin tane agirligi ile
hektolitre agirligi, 2,5 mm elek {istlii ve basaklanma giin
sayist arasinda olumlu ve oOnemli iligki saptanmistir.
Yapilan bir ¢calismada bin tane agirlig: ile yatma, basak
sap1 uzunlugu ve verim arasinda pozitif 6nemli bir iliski
bulundugu belirtilmistir [14]. Hektolitre agirligr ile 2,5
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mm elek Ustli ve basaklanma giin sayisi (r=0,717*%)
arasinda olumlu ve onemli iliski bulunmustur. Protein
orani ile arasinda ise (r=-0,702**) olumsuz ve dnemli
iligki elde edilmistir. Protein orani ile olumsuz ve 6nemli
korelasyonlar 2,5 mm elek istii ve basaklanma giin
sayist (r=-0,821) arasinda hesaplanmistir. Korelasyon
analizi sonuglarina gore; 2,5 mm elek isti ile
basaklanma giin sayis1 arasinda olumlu ve 6nemli iliski
tespit edilmistir.

4. SONUC

Kavuzsuz arpa genotiplerinde kuru kosullarda iki yil
siire ile yiritilen arastirmadan elde edilen verilerle
korelasyon analizi yapilmis ve tane verimi ile iligkili
Ozelliklerin  belirlenmesi ~ amaglanmistir.  Analiz
sonuglarina gore dzellikler arast iliskiler saptanmuistir.

Sonug¢ olarak, birim alan tane verimi ile metrekarede
biyolojik verim, metrekarede basak sayis1 ve hasat
indeksi Ozellikleri arasinda olumlu ve &nemli iligkiler
belirlenmistir. Ozellikle son yillarda iilkemizde gida
endiistrisinde Onem kazanan kavuzsuz arpa ile kuru
kosullarda  yiiriitilmesi  planlanan  ¢aligmalarda
denememizden elde edilen verilerin 1slahgilara yol
gosterebilecegi diistiniilmektedir.
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Ekler

Ek A Tablo 4.

Tablo 4. 2013 ve 2014 yillarinda kuru kosullarda yetistirilen kavuzsuz arpa genotiplerinin incelenen 6zelliklere iligkin korelasyon katsayilar
BYA | BYYKS | SAPU UBAU BB m?BS HI BATV | mBV BTS BTV SBS FBS TBS BTANE HLT PO EU cs
@ ) ®) G ©) ® U] ® ©) (10) ay (12 (13) 14 (15 (16) @an (18) (19)

2 | -0324* 1

3 | 0396** | -0,800%* | 1

4 | 0413* | -0846% | 0874* | 1

5 | 0230 -0,263* | 0,429** | 0,378** | 1

6 | -0,168 0,069 -0,165 -0,202 -0,201 1

7 | 0025 -0,343** | 0,283* | 0,202 -0,128 0,245 1

8 | -0,148 0,085 | 0,110 0,025 0,206 0481 | 0408 |1

9 | -0,103 0,296* | -0,195 -0264* | 0254* | 0,248 -0,069 0544** | 1

10 | 0,181 -0,729%* | 0,748** | 0,614** | 0,398** | -0,055 0,362** | 0,230 0110 |1

11 | 0369** | -0,88L** | 0,872** | 0,868** | 0,360** | -0,221 0,261* 0,092 0230 | 0734 |1

12 | -0,061 -0,002 | 0,011 0,090 0,088 0,015 -0,076 0,118 0,079 -0,057 0,019 1

13 | 0,131 0,037 0,138 0,001 0,598** | -0,093 0,079 0,108 0,388** | 0,205 0,001 0,165 | 1

14 | 0,118 0,027 0,160 -0,001 0,635** | -0,051 -0,059 0,161 0,420%* | 0,203 0,002 -0,075 | 0,959** | 1

15 | 0403** | -0,398** | 0,382** | 0,558** | 0,202 -0,377** | -0,145 -0,148 | -0,165 | 0,137 0510** | 0,225 | -0,238 -0,197 1

16 | 0,292% | -0,850** | 0,786** | 0,740** | 0,401** | -0,163 0,253* 0,081 | -0279% | 0,711** | 0,791** | -0,064 | 0,035 0,024 0363 | 1

17 | -0285* | 0,895** | -0,864** | -0,794** | -0,287* | -0,073 0461 | -0,243 | 0,106 -0,743** | -0,807** | 0,009 | -0,065 -0,067 0,273 0,702 | 1

18 | 0,099 -0,604** | 0,461** | 0,579** | -0,183 -0,106 0,132 0,030 -0195 | 0,207* 0,616** | 0,084 | -0,436** | -0455%* | 0,582** | 0,412** | -0,520%* | 1

19 | -0,336** | -0,070 | 0,034 -0,092 0,013 0,247 0,150 0,240 0,046 0,156 0,040 0,236 | 0,047 0,047 -0,326** | 0,136 -0,124 0,000 1

20 | 0316% | -0,857** | 0,871** | 0,762** | 0,289* | -0,033 0331 | 0,183 0,236 | 0,680** | 0,822** | -0,033 | 0,040 0,083 0312 | 0,716** | -0,821** | 0,437** | 0,035

%5, %1 seviyesinde dnemli. 1:BYA: Bayrak yapragi alani, 2:BYYKS: Bayrak yaprag1 yesil kalma siiresi, 3:SAPU: Sap uzunlugu, 4:UBAU: Ust bogum aras1 uzunlugu, 5:BB: Basak
boyu, 6:m2BS: Metrekarede basak sayisi, 7:HI: Hasat indeksi, 8:BATV: Birim alan tane verimi, 9:m?BV: Metrekarede biyolojik verim, 10:BTS: Basakta tane sayisi, 11:BTV:
Basakta tane verimi, 12:SBS: Steril basakg¢ik sayisi, 13:FBS: Fertil basakcik sayisi, 14:TBS: Toplam basak¢ik sayisi, 15:BTANE: Bin tane agirhigi, 16:HLT: Hektolitre agirligs,
17:PO: Protein oran1, 18:EU: 2.5 mm elek {istii, 19:CS: Cikis siiresi, 20:BGS: Basaklanma giin sayisi
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Oz: Bingol ili iilkemizde aricilik agisindan en 6nemli noktalarin basinda gelmektedir. Bu 6nemin asil
nedeni ilin dogal bitki ortiisii ¢esitliligi ve yogunlugudur. Sulak alanlarin gesitliligi, bollugu ve kisa
mesafelerde artan rakim farkliliklart da bunu etkileyen unsurlardandir. Bingdl %28,4’lik orman
varligi ile {ilkemizin en yesil sehirlerinden biridir. Bu ¢aligmada, Bing06l ilinde yer alan agik ve yesil
alanlarda bitkisel tasarim calismalarinda kullanilan bitkisel materyal tespit edilerek cesitlilik
belirlenmis ve aricilik agisindan Onemine deginilmistir. Aricilik agisindan degerlendirmeler
yapilirken; kullanilan bitkilerin nektar ve polen agisindan 6nemine deginilerek eser, mindr, sekonder
ve dominant olmak iizere hangi oranlarda 6nemli oldugu tespit edilmis ve Onerilere yer verilmistir.
Arastirma sonucunda 41 familyaya ait 81 cins ve 102 taksonun ilin agik yesil alanlarinda peyzaj
caligmalarinda kullanildig1 tespit edilmistir. Polen agisindan incelendiginde; 14 taksonun eser, 12
taksonun minér, 8 taksonun sekonder ve 3 taksonun ise dominant oldugu toplam 37 takson tespit
edilmistir. Nektar agisindan incelendiginde ise; 9 takson eser, 10 takson mindr, 5 takson sekonder ve
4 takson da dominant olmak tizere toplamda 28 takson belirlenmistir. Polen agisindan dominant olan
cinsler; Cornus, Cotoneaster ve Salix 'tir. Nektar agisindan ise; Pyrus, Robinia, Salix ve Tilia cinsleri
dominant derecede 6neme sahiptir.

The Importance of Landscape Plants Used in the Open Green Areas of Bingol in Terms of

Beekeeping

Keywords
Beekeeping,
Honey,
Bingol,
Nectar,
Landscape
Plants

Abstract: Bingo6l is one of the most important points in terms of beekeeping in our country. The main
reason for this importance is the natural vegetation diversity and density of the province. Diversity,
abundance of wetlands and increasing altitude differences over short distances are also factors
affecting this. Bingdl is one of the greenest cities of our country with a forest presence of 28.4%. In
this study, diversity was determined by determining the vegetal material used in vegetation design
studies in open and green areas in Bing6l province and its importance in terms of beekeeping was
mentioned. Again, by mentioning the importance of the plants used in relation to the subject in terms
of nectar and pollen, it was determined which proportions are important as works, minor, secondary
and dominant and suggestions are given. As a result of the research, it was determined that 81 genera
and 102 taxa belonging to 41 families were used in landscape studies in the open green areas of the
province. In terms of pollen preferences of honey bees a total of 37 taxa were identified, of which 14
were rare, 12 were minor, 8 were secondary and 3 were dominant. In terms of nectar; a total of 29 taxa
were determined, 9 taxa rare, 10 minor, 5 secondary and 4 taxa dominant. Dominant taxa in terms of
pollen; Cornus, Cotoneaster, and Salix. In terms of nectar; Pyrus, Robinia, Salix and Tilia have a
dominant degree.
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1. GIRIS

Bitkiler insanlik tarihinin ilk giliniinden beri 6nemini
korumaktadir. Insanoglu bitkileri basta besin kaynag
olmak tizere birgok amag¢ i¢in dogrudan kullanmiglardir.
Canlilar yasamak i¢in ekolojik olarak birbirlerine ihtiyag
duyarlar. Bitkilerin biiyiik bir ¢ogunlugu tozlagsmak igin
baska bir canliya ihtiya¢ duyarlar. Bu canlilar icerisinde;
kelebekler bocekler ve en 6nemlisi arilarin rolii biiyiiktiir
[1]. Arilardan ise bal arilar1 (Apis melifera L.) ile bitkiler
arasindaki ortak iliskinin her iki canli i¢in Gnemi son
derece biiyiiktiir [2]. Arilar beslenmek ve bal depolamak
icin bitkileri ziyaret ettikleri sirada onlardan polen, nektar
ve salgi maddesi toplarlar|3].

Siis bitkileri renk, sekil, form ve estetik 6zellikleri ile
dikkat ¢eken ilgi uyandiran otsu ve odunsu bitkiler olup,
insanoglunun acilarini ve sevinglerini sembolize etmis ve
ayni zamanda teselli kaynagi olmuslardir [4]. Bitkiler
stirekli gelisen ve degisen canlilar olduklar: icin statik
olmayip dinamik 6zellikler gosteren varliklardir. Bitkiler
hem fonksiyonel hem de estetik 6zellikleri ile insanoglu
i¢in ¢ok dnemli bir yere sahiptir [S]. Artan niifus artigi ve
buna bagli olarak artan arazi kullanimi1 sonucunda doga
tahrip olmaktadir. Kisi basina diisen yesil alan miktari
gelismis iilkelerle kiyaslandiginda iilkemiz arka siralarda
yer almaktadir [6]. Kentsel yesil alanlar insanlarin daima
ihtiya¢ duydugu ortamlar olup, onlara; temiz hava, bol
oksijen ve serbest hareket etme duygusu kazandiran,
saglikli ruhsal ve bedensel agidan faydali bir ortam
olusturan yerlerdir [7].

Bu aragtirmada; Bing6l ilinin agik ve yesil alanlarinda
kullanilan peyzaj bitkileri tespit Ayrica aricilik agisindan
¢ok 6nemli bir noktada bulunan Bingdl ilinde gelecekte
yapilmasi planlanan bal orman eylem planlarina katki
saglayacagi ve ilerleyen donemlerde yapilacak olan
kentsel acgik ve yesil alanlarda kullanilan bitkisel
materyale yon verebilecegi diigiiniilmektedir.

2. MATERYAL VE METOT

Caligma alanina konu olan Bingdl ili Dogu Anadolu
bolgesinin yukar1 Firat boéliimiinde, Capakgur ve Gayt
derelerinin Bing6l ovasina ulagtigi alanda kurulmustur.
Daha sonra g¢esitli nedenlerden dolayr bu alanin
kuzeyinde, dogusunda ve giineyinde yer alan yiiksek
diizliiklere tasginmigtir. Dogu Anadolu Bolgesi'nin Yukari
Firat boliimiinde yer alan Bing6l ili 38° 27' ve 40°27' dogu
boylamlariyla 41°20' ve 39°54' kuzey enlemleri arasinda
bulunmaktadir (Sekil 1). Sehrin en algak yeri 1050 metre
olup ortalama 1150 metre rakima sahiptir. Etrafindaki
daglarin ortalama yiiksekligi 1700 metredir [8].
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Bingsl

Sekil 1.Caligma alaninin genel goriintiisii

Bingdl ili, cografi konumu nedeniyle karasal iklim
ozelliklerinin hiikiim stirdiigii bir yerlesim alanidir. Bu
durum; bélgede kuzey doguya gidildik¢e daha belirgin hal
almaktadir. Bolgede kislar karli, uzun ve siddetli yaz
aylar ise genel anlamda sicak ve nispeten kisadir. Fakat
calisma yapilan alan kendine 6zgii nedenlerden dolay1
farkliliklar gostermektedir. Bolgede yapilan barajlar
kiiresel 1sinma ve sehrin etrafinin daglarla cevrili olup
canak big¢iminde olmasindan kaynaklanan yoresel bir
klima s6z konusudur.

Calismada iilkemizde ar1 bitkileri iizerine yapilmis
literatiirlerden faydalanilmistir [9, 10]. Bunlara ek olarak
kent merkezindeki acik ve yesil alanlar gezilmis
gozlemler yapilmig, tespit edilen bitki tiirleri
fotograflanmis ve teshis edilmistir. Caligma yapilan
alanlar  haritalandirilitken  uydu  fotograflarindan
yararlanilmigtir.

3. BULGULAR

Arastirma sonucunda 41 familyaya ait 81 cins ve 102
taksonun ilin agik yesil alanlarinda peyzaj ¢caligmalarinda
(stsleme, golgelik, yer ortiicii, vurgu vb.) kullanildig:
tespit edilmistir (EK A). Peyzaj agisindan en ¢ok tercih
edilen familyalar; Rosaceae (18 takson), Fabaceae (8
takson), Pinaceae (8 takson), Asteraceae (6 takson) ve
Oleaceae (5 takson) olarak belirlenmistir. En fazla
taksona sahip cins ise; 5 taksonla Prunus olup bunu ve 3
taksonla Cedrus takip etmektedir. Alanda tespit edilen
bitkiler hayat formu iizerinden degerlendirildiginde % 48
agag, % 26 cali, % 20 otsu, % 4 c¢al1 veya agaccik, % 2’1
ise tirmanict formda olduklari belirlenmistir.

Aricilik agisindan bakildiginda 18 familya ve 33 cinse ait
toplam 37 taksonun 6nemli bir potansiyel tasidig1 tespit
edilmistir. Ari bitkileri bakimmdan 6n plana ¢ikan
familyalar; Rosaceae (10 takson), Sapindaceae, Oleaceae
ve Astereceae (3’er takson)’dir (Sekil 2). Bu taksonlar
literatiir verileri 1s18inda polen ve nektar verimleri

14




Tr. Doga ve Fen Derg. Cilt 11, Say1 2, Sayfa 13-16, 2022

acisindan incelendiginde [9,10]; 14 taksonun polen
agisindan eser, 12 taksonun minér, 8 taksonun sekonder
ve 3 taksonun dominant olmak {izere toplam 37 taksonun
art Urlinlerinde farkli kategorilerde etkiye sahip
olabilecegi goriilmektedir. Nektar agisindan bakildiginda
ise; 9’u eser, 10°uU minér, 5’1 sekonder ve 4’1 de dominant
etkiye sahip toplamda 29 takson belirlenmistir. Polen
acisindan dominant etki gosterebilecek olan cinsler;
Cornus, Cotoneaster, ve Salix’tir. Nektar agisindan ise;
Pyrus, Robinia, Salix ve Tilia dominant 6neme sahiptir.

12
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£ 6
2 4
s 2
0
S
Familya

Sekil 2. Aricilik agisindan 6nemli familyalar ve takson sayilart
4. SONUC

Bingol ili gerek konumu ve dogal kosullar1 gerekse de bal
tiretim miktar1 agisindan aricilik faaliyetleri i¢in dnemli
bir yere sahiptir. iran-Turan flora bélgesinin iginde yer
alan ve topografik bakimdan farkliliklar gdsteren alan,
sahip oldugu floristik zenginlik ve ¢iceklenme
donemindeki farkliliklar nedeniyle iilkemiz aricilig1 igin
zengin bir potansiyele sahiptir [11, 12]. Bing6l ilinde
yapilan caligmalar; aricilik agisindan onemli bitkilerin
nisan ayinda ¢igeklenmeye baslaylp temmuz sonuna
kadar devam ettigi gozlemlendigi ve dogal floranin
aricilik i¢in uygun oldugu belirtilmistir [12-15].

Bing6l ili agik yesil alanlarinda kullanilan peyzaj
bitkilerinin genel durumuna bakildiginda egzotik tiirlerin
bulunma yogunlugu dikkat ¢ekmektedir. Calisma
alaninda dogal bitkilerin peyzajda kullanilmasi yok
denecek kadar az bir seviyededir. Tarihi kayitlara gore,
insan aktivitesinin oldugu alan igine giren bitki tiirleri
kent alanlarinda kendini c¢ogaltmaya, yayilmaya
baglamaktadir. Kent flora ve vejetasyonundaki bu
degisimler, dogal tiirlerin yok olmasi ve dogal olmayan
tiirlerin dogallagmasi egilimi ile sonuglanir [16]. Peyzaj
caligmalarinda oncelikli amag¢ agaglandirma ve yesil alan
olusturmaktir. Bununla beraber alan peyzajinda tercih
edilen 102 bitkiden 37 (%36) taksonun taksonun aricilik
acisindan 6nemli potansiyele sahip oldugu belirlenmistir.
Aricilik agisindan 6nemli goriilen taksonlardan 10’unun
Rosaceae ve 3’er taksonun ise Sapindaceae, Oleaceae ve
Asteracea familyalarma ait oldugu goriilmektedir. Polen
acisindan incelendiginde 3 taksonun dominant, nektar
acisindan bakildiginda ise 4 taksonun ballarda dominant
oranlarda énemli oldugu tespit edilmistir. Polen agisindan
bakildiginda Cornus, Cotoneaster, Salix ve Brassica
taksonlart 6n plana ¢ikarken, nektar acgisindan
degerlendirme yapildiginda Pyrus, Robinia, Salix ve Tilia
taksonlarimin 6nemli bir yere sahip oldugu gortilmektedir.
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Oztirk vd. (2017) tarafindan yapilan galismada,
muhtemel peyzaj diizenlemelerinde aricilik faktdriiniin
g6z oniinde bulundurulmasinin bolge ariciligina katki
saglayabilecegi vurgulanmigtir [17]. Bingol
Universitesi’nin Tarim ve Havza Bazli Kalkinma alaninda
pilot iiniversite olarak secilmesi ve ihtisaslagsma
alanlarmin "Ar1 ve Ari Uriinleri" ile "Ekonomik Degeri
Yiiksek Bitkilerin Tespiti ve Degerlendirilmesi" olarak
belirlenmesinin ardindan; {iniversite biinyesinde aricilik
ile alakali birgok proje yiiriitiilmeye baslanmstir. ilin
ariciligmin gelisimi agisindan agik ve yesil alanlarda
kullanilacak bitkisel peyzaj materyalleri segilirken aricilik
faktoriiniin de gbz Oniinde bulundurulmasinin 6nemi
ortaya ¢ikmaktadir. Yapilan ¢alismada aricilik agisindan
onemli olan bazi dogal siis bitkilerinin sonraki
donemlerde yapilacak agik ve yesil alan bitkisel
tasarimlarinda kullanilmalari, bolge iklimine uygunluk ve
aricilik agisindan olduk¢a 6nem tagimaktadir.
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Ekler
Ek A. Bingél li A¢ik ve Yesil Alanlarinda Kullanilan Peyzaj Bitkilerinin Aricilik Agisindan Onemi
Bilimsel Adi Familyasi Yéoresel isimleri Kokeni Ctg:ekle.n M€ Formu éncnll_k Agismdan
Dénemi Onemi
1 Sambucus nigra L. Adoxaceae Miirver, Cindar  Avrupa, Hindistan Haziran Cali Polen*/Nektar*
2 Viburnum opulus L. Adoxaceae Kartopu Avrupa, Kuzey Afrika Nisan-Agustos Cali Polen*/Nektar***
3 Celosia argentea L. Amaranthaceae ~ Horozibigi Asya Haziran-Kasim Otsu
4 Bellis perennis L. Asteraceae Koyungozii Avrupa Sibirya Mart-Temmuz Otsu Polen*
5 Callistephus chinensis (L.) Nees Asteraceae Cin Asteri Cin Nisan-Mayis
6 Gaillardia aristata Pursh Asteraceae Gaylardia Amerika Haziran-Ekim Otsu Polen**/Nektar**
7 Gazaniarigens (L.) Gaertn. Asteraceae Gazanya Giiney Afrika Haziran-Ekim Otsu
8 Dahlia variabilis (Willd.) Desf Asteraceae Yildiz Cigegi ~ Meksika Haziran-Kasim Otsu
9 Zinnia elegans L. Asteraceae Zinya Meksika Mayis-Ekim ~ Otsu Polen**/Nektar**
10 Begonia cucullata Willd. Begoniaceae Begonya Brezilya Mayis-Eylil ~ Otsu
. i 5 Berberis, : iean - * *
11 Berberis thunbergii DC. Berberidaceae RrihtiveAin Asya, Avrupa ve Kuzey Amerika Nisan - Mayis Calt Polen*/Nektar
12 Mabhonia japonica (Thunb.) DC. Berberidaceae Mahonya Giiney Asya Mayis Cali
13 Betula pendula Roth Betulaceae Hus agaci Kuzey Avrupa, Asya Tiirkiye Mart-Nisan Agag
14 Catalpa bignonioides Walter Bignoniaceae Katalpa Giineydogu Amerika yeﬁlr;-uz Agag
15 Catalpa bungei C.A.Mey. Bignoniaceae Top katalpa Amerika ?:S;?S; Agag
i - Kkk
16 Brassica oleracea L. Brassicaceae Lahana Akdeniz Haziran Otsu Polen™**/
temmuz Nektar***
17 Alyssum maritimum (L.) Lam. Brassicaceae Kuduzotu Avrupa Nisan-Mayis ~ Otsu
18 Buxus sempervirens L. Buxaceae Simsir Ingiliz adalar Ocak-Nisan  Cali
19 Abelia grandifolia Villarreal Caprifoliaceae Abelya Dogu Asya, Meksika Mayis-Kasim  Cali
20 Lonicera caprifolium L. Caprifoliaceae Hanimeli Avrupa %ﬁ'?}hz Cali Polen*/Nektar*
21 Symphoricarpos albus (L.) S.F.Blake Caprifoliaceae inci Calist Kuzey Amerika Nisan-Mayis ~ Cali
22 Weigela florida (Bunge) A. DC. Caprifoliaceae \é:::ng‘ Dogu Asya, Cin, Kore Nisan Cal
f N Anadolu, Kuzey ve Orta Avrupa, .
23 Dianthus barbatus L. Caryophyllaceae  Hiisniiyusuf il B A Mayis-Haziran Otsu
Cok yillik
24 Dianthus chinensis L. Caryophyllaceae  Cin Karanfili Cin Nisan-Mayis  yar1 odunsu
bitki
. . Japon papaz AT
25 Euonymus japonicus Thunb. Celastraceae Kiilahy, taflan Japonya May1s-Agustos Cali
. . . . Polen****/
26 Cornus alba L. Cornaceae Kizileik Turkiye, Orta Giiney Avrupa Kafkaslar Mart-Nisan Agag Nektar**
27 Cupressus arizonica Greene Cupressaceae Mavi servi Meksika ve Arizona Mart Agag Polen*
28 Juniperus chinensis Roxb. Cupressaceae Yayiliciardic  Cin Mart-Nisan Cali
29 Platycladus orientalis (L.) Franco  Cupressaceae Dogu mazist Cin, Hindistan ?:rzr:rrﬁlr}; Cali
30 Thuja orientalis L. Cupressaceae Mazi Dogu Asya Mayis-Haziran Cali
31 Elaeagnus angustifolia L. Elaeagnaceae igde Asya Nisan-Haziran ggggveya Polen*/Nektar**
32 Albizia julibrissin Durazz. Fabaceae Giilbirigim Japonya, Bat1 Asya Mayis-Agustos Agag
33 Cercis siliquastrum L. Fabaceae Erguvan Giiney ve Orta Avrupa Nisan-Mayis igl;cveya Polen*/Nektar*
Chaenomeles japonica (Thunb.) . .
34 Lindl. ex Spach Fabaceae Japon ayvasi Japonya Mart-Nisan Cali
Gledigya,
35 Gleditschia triacanthos L. Fabaceae yalanct Orta ve Dogu Amerika Nisan-Haziran Agag
kegiboynuzu
36 Laburnum anagyroides Medik. Fabaceae Sarisalkim Giiney Avrupa Nisan-Mayis  Agag
37 Robinia hispida L. Fabaceae Killiakasya Kuzey Amerika May1s Agag
38 Robinia pseudoacacia L. Fabaceae itgzzg’ Yalanct Dogu ve Orta Ingiltere Nisan-Haziran Agag Polen*/Nektar****
39 Wisteria sinensis (Sims) Sweet Fabaceae Mor salkim Cin Nisan-Haziran Cali
40 Quercus rubra L. Fagaceae Mese Anadolu, Avrupa, Kuzey Amerika Nisan - Mayis Agag
41 Z?tlgrr]gonlum S LT e Geraniaceae Sardunya Giiney Afrika Haziran-Kasim Otsu
42 Ribes nigrum L. Grossulariaceae  Karagat Avrupa, Asya Nisan Cali
43 Juglans regia L. Juglandaceae Ceviz Orta Asya Nisan-Mayis ~ Agag Polen**
44 Salvia splendens Sellow ex Schult.  Lamiaceae Ates ¢icegi Giiney Amerika Haziran-Ekim Otsu
45 Fritillaria imperialis L. Liliaceae Aglayan gelin ~ Orta Dogu, Tiirkiye Mart- Nisan ~ Otsu
46 Hibiscus syriacus L. Malvaceae Hatmi ¢alist Cin May1s-Haziran Otsu
Kkk
47 Tilia tomentosa Moench Malvaceae lhlamur Giineydogu Avrupa Mayis-Haziran Agag Gl

Nektar****
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Ek A (Devami). Bingdl ili Agik ve Yesil Alanlarinda Kullanilan Peyzaj Bitkilerinin Aricilik Agisindan Onemi

Bilimsel Ad1 Familyasi Yiresel isimleri Kokeni thekle.n M€ Formu éncm.k Agismdan
Dénemi Onemi
. Ay1 dutu
Maclura pomifera (Raf.) i . -
48 C.K.Schneid. Moraceae Zg:llm, Portakal Mayis-Haziran Agag
49 Morus alba L. Moraceae Dut Cin, Japonya Mayis Agag Polen*
50 Forsythia x intermedia Zabel Oleaceae ;\lg:;";nak’ Kuzey Irlanda Mart-Mayis ~ Cali Polen*
51 Fraxinus americana L. Oleaceae Amerlka}n Mart- Nisan ~ Agag
disbudag1
52 Fraxinus excelsior L. Oleaceae Digbudak Mart- Nisan ~ Agag Polen*/Nektar*
53 Ligustrum vulgare L. Oleaceae Adi kurtbagrt  Avrupa, Kuzey Afrika, Asya Mayis-Haziran Cali Polen**/Nektar*
54 Syringa vulgaris L. Oleaceae Leylak Giineydogu Avrupa Mart-Haziran izlégveya
55 Paulownia tomentosa Steud. Paulownaceae Pavlonya Dogu Asya Nisan-Haziran Agac
56 ébles L (Siga) S Pinaceae Kafkas goknart Nisan Agag
57 Cedlfgs atlantica (Endl.) Manetti ex Pinaceae Atlas sediri Hlmalayalar, Afganistan, Kuzey Kasim-Aralik  Agag
Carriére Afrika
58 gegg:? deait (R, e (L) Pinaceae Himalaya sediri Himalayalar Kasim-Aralik  Agag
59 Cedrus libani A.Rich. Pinaceae Sedir Liibnan Kasim-Aralik  Agag
60 Picea abies (L.) H.Karst. Pinaceae Avrupa ladini ~ Kuzey Yarim Kiire Nisan-Mayis ~ Agag
61 Pinus nigra J.F.Arnold Pinaceae Karagam Asya, Kirim, Balkanlar Nisan- Mayis  Agag
62 Pinus sylvestris L. Pinaceae Sarigam Avrupa, Sibirya Temmuz -Eylil Agag
63 Picea pungens Engelm. Pinaceae Mavi ladin Kuzey Amerika Nisan-Mayis  Agac
64 Antirrhinum majus L. Plantaginaceae Aslanagzi Akdeniz Haziran-Eylil Otsu
65 Platanus acerifolia (Aiton) Willd.  Platanaceae Akcaagag Ingiltere Nisan-Mayis  Agag
yaprakli ¢inar
66 Platanus orientalis L. Platanaceae Cinar Anadolu, Asya Mart-Nisan Agag
67 Portulaca grandiflora Hook. Portulacaceae ipek tirnagi Giiney Amerika Nisan-Haziran Otsu
68 ﬁgzﬁrrllgmeles S ED (I Rosaceae Ayva Dogu Asya, Cin Nisan-Mayis ~ Agag
. . . . . . Polen****/
69 Cotoneaster horizontalis Decne. Rosaceae Dag mugmulas1 Avrupa, Giiney Afrika ve Asya Nisan-Mayis  Cali Nektar**
70 Cotoneaster dammeri C.K.Schneid. Rosaceae Medik Cin Nisan-Mayis ~ Cali
Sinz, Sez, Kuzeydogu Anadolu ile Avrupa, agiran Gall veya o e
71 Crataegus monogyna Jacq. Rosaceae Yemisen, Alig  Kibris, Suriye ve Kuzey Irak Mayis-Haziran Agac Polen**/Nektar
72 Kerria japonica (L.) DC. Rosaceae Iléarr;;rya gild, Cin, Japonya Mart-Agustos Cali
73 Malus pumila Mill. Rosaceae Elma Avrupa, Tiirkiye Nisan-Mayis  Agac
74 Malus hupehensis (Pamp.) Rehder ~ Rosaceae Stiselmast Cin Nisan-Mayis  Agag
75 Prunus armeniaca L. Rosaceae Kayisi Cin Mart-Nisan Agag Polen**/Nektar**
76 Prunus avium (L.) L. Rosaceae Kiraz Nisan-Mayis ~ Agag Polen**/Nektar**
77 Prunus cerasus L. Rosaceae Visne Nisan-Mayis  Agag
Prunus divaricata var. . . - . - x e
78 pissardi Koch, Rosaceae Erik Giineydogu Avrupa ve Bati Asya Nisan Agag Polen**/Nektar
79 Prunus dulcis (Mill.) D.A.Webb Rosaceae Badem Mart-Nisan Agag Polen*
80 Pyracantha coccinea M.Roem. Rosaceae Ates dikeni Giineydogu Avrupa Nisan-Haziran Cali Polen***/Nektar*
. Kuzey ve Giineybat1 Anadolu ile A < Polen***/
81 Pyrus communis L. Rosaceae Armut Kafkasya Mayis-Haziran Agag Nektar++*
82 Pyrus salicifolia Pall. Rosaceae Dadas armudu  Orta Dogu Mayis-Haziran Agag
83 Rosa canina L. Rosaceae It giild, Avrupa, Kuzey Afrika, Bati Asya Mayis- Cali Polen**/Nektar*
Kusburnu Temmuz
84 Rosa hybrida Vill Rosaceae Giil Asya, Avrupa Nisan-Mayis ~ Cali
85 Spiraea x vanhouttei (Briot) Zabel Rosaceae Bahge ispiryast ':‘A\;ES?zAAsya’ Kuzey Amerika, Nisan-Temmuz Cali Polen**/Nektar**
86 Populus alba L. Salicaceae Akkavak zxgﬁi’a&b“ya’ LEk Ay o Ky Nisan-Mayis ~ Agag Polen***
87 Populus nigra L. Salicaceae Karakavak Asya, Kirim, Balkanlar Nisan Agag
. B e Kuzey Afrika, Avrupa ve Asya, A o Polen****/
88 Salix alba L. Salicaceae Sogiit T Nisan-Mayis ~ Agag Nektar**+*
89 Salix babylonica L. Salicaceae Salkim sogiit Cin Nisan Agag
90 Acer negundo L. Sapindaceae if:::g; Kuzey Amerika Mart-Nisan ~ Agac Polen***/Nektar**
Dag akgaagaci,
91 Acer pseudoplatanus L. Sapindaceae Cinar yaprakli  Avrupa, Sibirya, Tiirkiye Mart-Nisan Agag Polen***/Nektar**
akcaagac
92 Aesculus hippocastanum L. Sapindaceae At kestanesi Kuzey Amerika Nisan-Mayis ~ Agag Polen**/Nektar*
93 Koelreuteria paniculata Laxm. Sapindaceae Giivey feneri Cin, Kore :;'Sr; ns Agag
94 Buddleja davidii Franch. Scrophulariaceae  Kelebek galist  Orta ve Bati Cin Mayis-Kasim ~ Cali
95 Ailanthus altissima (Mill.) Swingle Simaroubaceae Kokar agag¢ Cin Mayis-Haziran Agag
96 Petunia hybrida Vilm. Solanaceae Petunya Giiney Amerika Haziran-Kasim Otsu
97 Tamarix tetrandra Pall. ex M.Bieb. Tamaricaceae Iigin, gezik Giineydogu Avrupa, Asya Nisan-Mayis ~ Cali
98 Taxus baccata L. Taxaceae Porsuk ﬁ;ﬁgfyge 20 LA Nisan-Mayis ~ Agag Polen*
99 Ulmus glabra Huds. Ulmaceae Dag karaagact  Avrupa, Sibirya Nisan Agag
100 Etgit\?;ét:rocklana SR e Violaceae Menekse Avrupa Ekim-Mayis  Otsu bitki
101 Parthenocissus quinquefolia (L) Vitaceae Amenkzin Kuzey Amerika Haziran- Tirmanict Polen**/Nektar***
Planch. sarmasigi Temmuz
102 Vitis vinifera L. Vitaceae Asma Akdeniz Mayis Tirmanict Polen***
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Abstract: This study, it was aimed to investigate the effects of intense acute exercise and regular
and continuous exercise on oxidative stress parameters and apoptosis-related Bax and Bcl-2 protein
levels in rats. In the study, 1 control and 4 experimental groups were formed from 35 male Wistar-
Albino rats, 7 in each group. The control group was not exercised, the other four groups exercised at
a speed of 1.5 km/h for 1 hour on a 20-degree incline treadmill every day. Control and 1st, 2nd, 3rd,
and 4th groups at the end of the 1st, 7th, 15th, and 30th day, respectively, were sacrificed.
Malondialdehyde (MDA) as an indicator of lipid peroxidation, and Glutathione (GSH), Catalase
(CAT), Glutathione Peroxidase (GSH-Px) activity as an antioxidant indicators in muscle and
plasma were measured. BAX and BCL-2 protein expression levels were also checked for apoptosis
in skeletal muscle. According to the results obtained, skeletal muscle and plasma MDA values
increased after acute exercise (P<0.05), while skeletal muscle and plasma GSH-Px and CAT values
increased significantly after regular and continuous exercise (P<0.01). It was observed that BAX
protein expression level increased, BCL-2 protein expression level decreased and BAX/BCL-2 ratio
increased in acute exercise (p<0.05). As a result, it was concluded that regular and continuous
exercise has a protective effect against oxidative stress and, apoptosis triggered by acute exercise
can be suppressed by regular and continuous exercise.

Diizenli ve Siirekli Egzersizin Oksidatif Stres ve Apoptozise EtKisi

Anahtar
Kelimeler
Egzersiz,
Oksidatif
stres,
Apoptozis,
BAX/BCL-2

Ozt: Bu ¢alismada, ratlarda zorlayici veya yogun bir sekilde yapilan akut egzersiz ile diizenli ve
stirekli olarak yapilan egzersizin oksidatif stres parametreleri ve apoptozis ile iligkili Bax ve Bcl-2
protein diizeyleri lizerine etkisinin arastirilmasi amacglandi. Caligmada 35 adet Wistar-Albino irki
erkek sicanlardan, her grupta 7 adet olacak sekilde 1 kontrol ve 4 deney grubu olusturuldu. Kontrol
grubuna egzersiz yaptirilmadi, diger dort gruba her giin 20 derece egimli kosu bandinda 1 saat
boyunca 1,5 km/h hizinda egzersiz yaptirildi. 1., 7., 15. ve 30. giin sonunda sirasiyla kontrol ve 1.,
2., 3. ve 4. gruplar sakrifiye edildi. Kas ve plazmada, lipid peroksidasyonunun gostergesi olarak
MalondialdehittMDA) seviyelerine, antioksidan gostergesi olarak Glutatyon(GSH), Katalaz(CAT),
Glutatyon Peroksidaz(GPx) aktivitelerine bakildi. Iskelet kasindaki apoptozis i¢in de BAX ve BCL-
2 protein ekspresyon diizeylerine bakildi. Elde edilen sonuglara gore, akut egzersiz sonrasi iskelet
kas1 ve plazma MDA degerleri yiikselirken (P<0,05), diizenli egzersize devam ettikten sonra, iskelet
kas1 ve plazma GPx, CAT degerlerinde anlamli artig oldugu belirlendi (P<0,01). Akut egzersizde
BAX protein eksprasyon diizeyinin arttifi, BCL-2 protein eksprasyon diizeyinin azaldigi ve
BAX/BCL-2 oranmn arttig1 (p<0,05) gorildii. Sonug olarak, diizenli ve siirekli egzersizin oksidatif
strese kars1 koruyucu etkisinin oldugu ve akut egzersizle tetiklenen apoptozisin diizenli ve siirekli
egzersizle baskilanabilecegi kanisina varildi.
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1. INTRODUCTION

Physical activities carried out within a certain plan and
program to develop or protect one or more structures of
the body are called exercise [1]. A healthy and
productive life depends on individuals exercising
regularly [2], but the type, and intensity of exercise have
different effects on human metabolism. It has been
determined that acute, intense exercise triggers the
formation of free radicals, affects the antioxidant defense
system in different ways, and causes programmed cell
death by activating apoptotic mechanisms in the cell,
thus causing cellular damage. In cases where exercise is
applied regularly for a long time, it has been determined
that the level of oxidative damage is reduced, antioxidant
enzyme activity is increased and apoptotic mechanisms
are not significantly affected [3,4].

Both at rest and during contraction, skeletal muscles
produce reactive oxygen (ROS) and nitrogen species
(RNS). Physiologically, low levels of ROS are produced
in the muscles to regulate muscle tone and maintain their
contractility, but excessive ROS formation occurs as a
result of intense and long-term exercises, which causes
muscle damage, limitations in muscle function, and
dysfunction in muscle contractions [5]. This is the result
of intense and prolonged exercise inflicting oxidative
damage to both proteins and lipids in contracted muscle
fibers [6]. Regular exercise causes changes in both
enzymatic and non-enzymatic antioxidants in skeletal
muscle. Numerous studies in both animals and humans
have shown that after aerobic exercise, antioxidant
enzyme activity increases in blood and tissues [7,8].

In addition to acute resistance exercise, endurance
exercises cause an increase in apoptosis [4,9,10], while
moderate exercise does not significantly affect apoptosis.
The intensity of potential mediators of apoptosis
increases with exercise intensity and, after exceeding a
certain level, they trigger apoptosis [11].

This study, it was aimed how acute exercise affects
oxidative stress in skeletal muscle and plasma and how it
shapes some protein expressions related to apoptosis. At
the same time, it is aimed to investigate how these two
mechanisms will be affected when exercise is continued
regularly and continuously.

2. MATERIAL AND METHOD

This study was conducted with the permission of Firat
University Animal Experiments Local Ethics Committee
(Meeting: 2019/06, Decision No: 58). In the study, 35
Wistar Albino breed male rats, 3-6 months old and
weighing 250-300 grams, were used. Experimental
applications were carried out in accordance with the
conditions of care and use of laboratory animals (12
hours light: 12 hours dark and 24+3°C). During the
experimental applications, standard commercial rat food
(pellet food) and tap water were given to the rats. After a
one-week adaptation period, the rats were divided into 5
groups, 7 in each group, as indicated below. The
application of exercise on the groups is as the following:

Tr. J. Nature Sci. Volume 11, Issue 2, Page 17-21, 2022

Control Group: No exercise was applied. 1.
Experimental Group: One day, acute exercise was done
at a speed of 1.5 km h-1 for 1 hour on a 20-degree
incline treadmill. 2. Experimental Group: Acute exercise
was done for 1 hour at a speed of 1.5 km h-1 on a 20-
degree incline treadmill every day for a week. 3.
Experimental Group: Acute exercise was done at a speed
of 1.5 km h-1 for 1 hour on a 20-degree incline treadmill
every day for 15 days. 4. Experimental Group: Acute
exercise was done at a speed of 1.5 km h-1 for 1 hour on
a 20-degree incline treadmill every day for a month.
After intraperitoneal administration of the xylazine (10
mg kg-1)/ketamine (60 mg kg-1) combination, the rats
were sacrificed under anesthesia and tissue samples were
taken from the biceps femoris muscle and blood samples
from the vena cava caudalis. The samples were stored in
deep freeze at -20°C until analysis. MDA and GSH
levels, CAT and GSH-Px enzyme activity in biceps
femoris muscle and plasma were measured
spectrophotometrically. BAX and BCL-2 protein
expression levels, which are markers of apoptosis in
skeletal muscle, were measured by western blot
technique [12,13].

The spectrophotometric method of Placer et al.[14] was
used for the determination of lipid peroxidation. The
level of GSH-Px activity in tissue and plasma was
measured as stated by Lawrence et al.[15] GSH level in
tissue and plasma was measured as stated by Sedlak and
Lindsay [16].  Working principle, all non-protein
sulfhydryl groups in the samples were found in the form
of GSH. Tissue and plasma CAT activity was
determined by the method described by Goth [17]. The
Lowry [18] method was used for protein determination.
A purple-blue color was formed by treating the phenol
reagent with copper and adding it to the mixture. Protein
determination was made by reading the resulting mixture
in a spectrophotometer at 650 nm.

Whether the values obtained as a result of the study were
normally distributed or not was determined by Shapiro-
Wilk normality analysis. To compare the group means, it
was determined by ONE WAY ANOVA test whether
there was a significant difference in the arithmetic means
of more than two independent groups. Differences
between groups were determined by the DUNCAN test.
The significance level was accepted as p<0.05. IBM
SPSS Statistics 22 package program was used to perform
statistical analyzes and data are given as X+SD.2.1.

3. RESULTS
3.1. Oxidative Stress Parameters

Plasma MDA levels of the 1st group increased compared
to the control group, 3rd and 4th groups (p<0.05).
Skeletal muscle MDA levels of the 1st and 2nd groups
were higher than the control group (p<0.05). The plasma
CAT activity of the 4th group was higher than the 1st
and 2nd groups and control group (p<0.01). The skeletal
muscle CAT activity of the 3rd and 4th groups were
found to be significantly higher in the control group and
1st group (p<0.01). An increase was observed in the
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be significantly higher than the control and 1st group
(p<0.05). (Table 1)

plasma GSH-Px activity of the 4th group compared to
the control and 1st and 2nd groups (p<0.05). The skeletal
muscle GSH-Px activity of the 4th group was found to

Table 1. Oxidative Stress Parameters (a,b: The statistical difference between different letters in the same column is important).
Oxidative Stress Parameters

Groups MDA (nmol/g) GSH (nmol/g) GSH-Px (1U/g protein) Catalaz (kU/g protein)

Muscle Plasma Muscle Plasma Muscle Plasma Muscle Plasma
Control 14.69+1,98° 21.95+4.08° 3.42+0.11  2.35+0.22 18.94+539°  22.64+4.30° 21.43£2.91°¢ 10.93+2.16°
1st group 16.84+1.182 29.69+5.722 3.88+0.35  2.41+0.13 18.88+4.89°  21.32+5.94° 24.22+3.48*  11.33+2.91°
2nd group 16.76+0.672 26.45+2.01%  3.82+0.45  2.48+0.32 22.78+6.95®  21.31+9.59° 27.32+1.53®  11.34+4.80°
3rd group 16.15+1.60*  24.78+1.13° 3.72+0.54  2.63+0.51 23.90+5.08%  28.02+10.55%  30.00+5.04° 12.57+3.05%
4th group 15.85+1.13%  24.51+4.48° 3.74+0.28 2.73+0.64 26.88+4.51% 33.41+8.76° 30.62+3.06° 16.66+1.85°
Significance ~ P<0.05 P<0.05 P>0.05 P>0.05 P<0.05 P<0.05 P<0.001 P<0.05
Level
3.2. BAX-BCL-2 Protein Expression Levels 20-

Il Control

Skeletal muscle BAX protein expression levels of the 1st 2 154 a B st group
group were higher than the control group and 4th group 3 b & . g;:‘:l' fl"z:lf
(p<0.05). (Figure 1). It was observed that the skeletal o 1.01 [ 4th group
muscle BCL-2 protein expression levels of the first %
group was lower than the control group and 4th group Z 0.5
(p<0.05). (Figure2). It was determined that the skeletal “
muscle BAX/BCL-2 ratio of the 1st group was higher 0.0- M“S;le

than the control group (p<0.05). When the experimental
groups were compared among themselves: The skeletal
muscle BAX/BCL-2 ratio of the 1st group was found to
be significantly higher than that of the 3rd and 4th
groups (p<0.05).(Figure3).

150
a @ Control
ab ab o B 1st group
100 b 3 2nd group
= 3rd group
3 dth group
50
o T

Figure 1. Muscle BAX Protein Expression Levels, Mean, SD,
p<0.05.(a,b: The statistical difference between different letters in the
same column is significant).

Bax Protein Expression Levels
(Percentage of control)

Figure 3. Muscle BAX/BCL-2 Ratio Mean, SD, p<0.05.(a,b: The
statistical difference between different letters in the same column is
significant).

4. DISCUSSION

Our study demonstrates that acute intense exercise
increases lipid peroxidation in muscle and plasma, while
regular and continuous exercise decreases lipid
peroxidation. While it was seen that acute exercise did
not make a significant contribution to the antioxidant
defense system, it was found that regular and continuous
exercise contributed significantly to the antioxidant
defense mechanism. At the same time, it was determined
that apoptosis triggered by acute exercise was
suppressed after regular and continuous exercise.

It has been observed that muscle and plasma MDA

& & *5*3 & & . . . - .
AN IC levels, which increase with acute intense exercise,
_—— — ——— Bevz decrease when exercise is continued regularly
150 [19,20,21,22,23]. Although these results are in parallel
- Control . - . - . .
a wb  ap 8 S stgouwp with many studies, there are studies indicating that

3 2nd group
£33 3rd group
3 4th group

g

BCL-2 Protein Expression Levels
(Percentage of control)
@
-]

o
Muscle

Figure 2. Muscle BCL-2 Protein Expression Levels, Mean, SD,

p<0.05.(a,b: The statistical difference between different letters in the
same column is significant).

resistance  exercise significantly increases ROS
production [24,25,26]. We can think that the reason for
this difference in studies is related to the type, intensity
and duration of the exercise. Although muscle and
plasma GSH activity were found to be higher in the
exercise groups compared to the control group, this
increase was not statistically significant. Muscle and
plasma GP-X and CAT activities in all exercise groups
were higher than the control group (p<0.05). Specific
studies on the type, intensity and intensity of exercise in
shaping the antioxidant mechanism are not sufficient
[24]. The high GP-X and CAT activities in all groups in
our study indicate that both acute and regular exercise
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positively affect the antioxidant mechanism. In their
study, Chadorneshin et al.[23] showed that intense
exercise increases CAT and GP-X activities.
Lambertucci et al.[27] reported that aerobic exercise
increased antioxidant enzyme activity in both old and
young rats.

The formation of exercise-induced free radicals varies
with the type, intensity and duration of physical exercise
[28]: therefore, oxidative stress has been associated with
decreased physical performance, muscle fatigue, muscle
damage and overtraining [29]. It has been hypothesized
that the body's physiological amount of antioxidants is
not sufficient to prevent exercise-induced oxidative
stress and that additional antioxidants are needed to
reduce oxidative stress and muscle damage [30]. In
many studies, the effects of exercise duration on this
situation have been revealed [31]. The intensity, duration
and type of exercise determine the direction in which the
balance of oxidant and antioxidant defense mechanisms
will shift [32]. While the balance is deteriorated towards
oxidative stress in acute strenuous exercises [33,34],
regular, short-term and non-vigorous exercises shift the
balance towards antioxidant defense systems.

When the findings were evaluated, skeletal muscle and
plasma BAX protein expression values were increased in
the 1st group and decreased in the 2nd, 3rd and 4th
groups, respectively. On the other hand, BCL-2 values
decreased in the 1st group and increased in the 2nd, 3rd
and 4th groups. The ratio of BAX/BCL-2 decreased,
respectively. These results show that acute exercise-
induced apoptosis is suppressed with regular exercise
[35,36,37].

As a result, it shows that while acute exercise does not
significantly contribute to the antioxidant defense system
in plasma and muscle tissue, regular exercise provides a
significant contribution to the antioxidant defense
mechanism by increasing the GSH-Px and CAT
activities. The gradual decrease of MDA level, which
increases significantly in muscle and plasma during
acute exercise, shows that regular exercise strengthens
the antioxidant defense system, on the contrary, it
reduces free radicals and lipid peroxidation. It can be
said that the critical balance between exercise-induced
apoptosis signal, prosurvival and proapoptotic factors
and intracellular protection systems that contribute to
apoptosis resistance depends on the intensity and
duration of exercise. At the same time, after regular
exercise, the apoptotic process in muscle tissue can be
inactivated. Both ROS production and apoptosis
increased in the acute period after exercise. During
periods of regular exercise, the decrease in ROS level
and the decrease in apoptosis show parallelism. This
shows that there is a strong relationship between
apoptosis and oxidative stress.

Funding: This study was supported by the Firat
University Scientific Research Projects (FUBAP). This
article was prepared from the master thesis
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Abstract: Quality control is extremely important for manufacturing compatible parts to supply
products that meet production requirements. It provides track and control of the stages of the
process and minimizes waste by supporting high levels of productivity. In industrial quality control
applications, most manufacturers prefer a video measurement system (VMS), which offers non-
contact high accurate measurement results, for evaluating machined parts and products. However,
due to the advanced technology and low competition, the price of non-contact measurement devices
is high. Besides some facilities and some research laboratories couldn’t reach these high-cost
devices. Today, with the help of evolving technology and open-source image processing libraries, it
is possible to offer cost-effective and accurate non-contact measurement systems for industrial
measuring applications. This study aims to put forward a VMS to measure parts/products in two
dimensions with swift and accurate results. The proposed system has an error below 1% and the
linear regression coefficient (r?) was found over 0.95. It works in real-time and the minimum
frequency was found 10 Hz for repetitive measurements, real-time measurement applications. The
proposed cost-effective device can be adapted into various quality control applications in industrial
manufacturing.

Kalite Kontrol Uygulamalari icin Gercek Zamanh Bir Video Ol¢iim Sistemi

Anahtar
Kelimeler
Video 6lgiim
sistemi,
Temassiz
Olclim,
Kalite
kontrol,
Gorunti
isleme,
Bilgisayarlt
goru

Oz: Kalite kontrol, imalat asamalarina uyumlu pargalarin iiretimi saglamak agisindan oldukga
biiyiik bir 6neme sahiptir. Imalat asmalarinin takibi ve denetimini, bunun yaminda imalat atiklarinin
azaltilarak {retim veriminin yiikseltilmesini saglamaktadir. Endiistriyel kalite kontrol
uygulamalarinda genellikle video 6lgiim sistemleri (VMS), temassiz 6l¢iim ve yiiksek dogruluk
sonuglar1 saglamasi nedeniyle, ¢ogu tretici tarafindan tercih sebebidir. Ancak, ileri teknoloji
barindiran bu cihazlar ve rekabetin az olmasin nedeniyle bu lgliim sistemlerinin piyasa fiyatlar
yiiksektir. Bunun yaninda sadece bazi aragtirma merkezleri ve laboratuvarlar bu cihazlardan
faydalanabilmektedir. Giliniimiizde, gelisen teknoloji ve acik kaynakli goriinti isleme
kiitiiphaneleri sayesinde, diisiilk maliyetli ve yiiksek dogruluga sahip temassiz 6l¢iim sistemlerinin
endiistriyel uygulamalarda kullanimi miimkiin hale gelmektedir. Bu ¢aligmada, imalat parcalar1 ve
iiriinlerin  boyutsal OSlgiimlerinde hizli ve yiiksek dogruluklu bir VMS ortaya cikarilmustir.
Sunulmakta olan sistemin %1in altinda hata oran1 bulunmaktadir. Dogrusal regresyon katsayisi (r2)
0.95 olarak bulunmustur. Bu sistem gercek-zamanli olarak 10 Hz frekans ile tekrarli dl¢iimlere
uygun olarak alismaktadir. Onerilen bu diisiik-maliyetli cihaz, endiistriyel uygulamalarda birgok
kalite kontrol agamasina uyarlanabilmektedir.

devices for controlling the quality of a work material,

1. INTRODUCTION

A VMS offers a fast and accurate solution for quality
control applications. Manufacturing processes, especially
mass production lines are sequentially required quality-
checking processes [1,2]. There are various techniques
with the help of contact and non-contact measurement

which are used to measure the dimensions of the work
material [3]. For example, a mechanical caliper requires
contact with the work material to accomplish the
measurement duty [4]. Besides, it requires a labor force
of the quality control expert to complete the measuring
process [5,6]. In many industries, the quality of a work
material depends on contactless procedures for
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evaluating the possible dimensional error and surface
properties [7].

Today, advanced technology offers a wide range of
contactless,  non-destructive  evaluation  (NDE),
techniques for quality control procedures [8]. In the
literature, there are sound, light, and displacement-based
surface and dimension measurement devices referring to
NDE applications. Typically, an NDE device is used
with an active or passive sensing method according to
the application area [9-11]. Most of the active sensing
applications, infrared light sources are preferred for non-
contact measuring duties in many studies [12—14]. There
are also ultrasonic approaches for active sensing NDE
methods using sound-based devices for quality control
applications [15-19]. In one example, ultrasonic sources
are used as sound-based devices for quality control
applications [19]. A VMS is proper for both active and
passive sensing methods that are suitable for NDE
quality control applications [8,20-22].

The NDE approaches are offering a fast and accurate
option when compared to the mechanical contact-based
measurement approaches [23,24]. In addition to
contactless operation, the NDE approaches are
minimizing the user-dependent measurement errors. For
most measurement applications, concerning the accuracy
and performance of the quality control devices, a VMS is
a good example of an NDE quality control application
using light reflectance for measuring processes. [25,26].

In this study, a cost-effective VMS is developed for
NDE quality control applications to measure
parts/products with the capacity of two-dimensional
measurements. The proposed system provides fast,
accurate, and automated measurements. The system has
an accuracy of around 98% and the linear regression
coefficient (r2) was found over 0.95. The presented
VMS accomplishes measurements in real-time with a
minimum 10 Hz measuring frequency. The proposed
cost-effective device can be adapted into various quality
control applications in industrial manufacturing,
especially for real-time measurement applications.

2. MATERIAL VE METHODS

The VMS is composed of an imaging device, a light
table, and image processing software with a Personal
Computer (PC). The block diagram of VMS used for

image capturing and processing duties is shown in
Figure 1.

HMI —

Regulated /
DC Power

Figure 1. The block diagram of VMS
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2.1. Experimental setup

The actual image of VMS with assemble is shown in
Figure 2. The figure presents the actual image of the
VMS, the imaging device, and the light table. The light
table also determines the limits of the measurement area
of the system. It is a combination of a light source and a
transparent plexiglass material. The surface of this
material is filled with white dots to distribute the light in
a uniform structure.

Figure 2. The video measurement system, (a) assembled device, (b)
CCD camera, (c) light table

The camera (Figure 2 (b)) with CMOS image sensor
(Imx214, Sony exmor rs, Japan) is connected to a PC via
USB function. The images are captured with the camera
device using custom-written computer vision (CV)
software.

The light table (Figure 2 (c)) consists of an LED series
that surrounded a transparent measurement table [27].
Thus, the illuminated light table provides a smooth white
background for the measuring area. A regulated 12-volt
power source is supplied to the light table.

Here, the CV software uses image-processing techniques
for detecting the edges of the work material and
calculating the distances for two axes. To achieve these
duties the Open Source Computer Vision Library
(OpenCV) is used as an image processing library
[28,29], which is suitable for real-time CV applications.
The software is written with the C++ programming
language using this image processing library [30].
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Figure 3. The graphical user interface, (a) result screen, (b) monitoring
screen

The graphical user interface (GUI) of the software is
shown in Figure 3. This interface has two screening
areas, the first one is used to show the measurand and the
second one is for screening the measured material in
real-time. Additionally, with the help of custom-written
software, users have the ability to conduct both
automated and manual measurements together.

The spatial calibration of the imaging device is
conducted by referring to the pixels and a known sample
[31]. A square material is used as a sample and both axes
of the sample are measured using a precise caliper (0.01
mm). The VMS software is calculated the pixel numbers
of the sample for these two axes. In the last stage, a ratio
is determined to determine the slope formula from both
axes. Thus, a relationship is obtained for the X and Y
axes of the measurement are for converting pixel
numbers to meter units. The equations (Eqn. 1 and Eqn.
2) are representing the conversion of pixels into
millimeters.

Xy = my (Xnax — Xmin) + 1y 1)

Y, = my, Ymax — Yimin) + ny (2)

The VMS software uses image processing procedures in
addition to Eqgn. 1 and Eqn. 2. for calculating the length
and width of the work material, which is placed into the
measuring area. The image processing procedures are
starting with the image capturing step. In the next stage,
the image is cropped to the region of interest (ROI) area.
Next, the ROI is converted to hue saturation value
(HSV) and grayscale colors. A threshold is applied to the
grayscale image to obtain a black-white (BW) colored
image. In the next stage, the contour detection process is
applied. The work material on the light table is detected
in this stage and contouring points are recorded. The
minimum and maximum values for the X and Y axes are
extracted from the contour numbers to calculate the
width and height of the work material. The distances are
obtained in pixel numbers for both the X and Y axes. In

Tr. J. Nature Sci. Volume 11, Issue 2, Page 22-26, 2022

the last stage, the distances in pixel numbers are
converted from the pixel numbers to meter units using
the equations (Egn. 1 and Eqn. 2).

3. RESULTS AND DISCUSSION

The spatial calibration results show that there is a linear
relationship between length and pixel numbers. Four
different lengths from five to fifteen mm. are measured
for both X and Y-axes using the image processing
software of the VMS. The result of the obtained
relationship between pixel number and the actual length
is shown in Figure 4.

1) mm X axis
&8 voaxis

Pixel Number (px
= =
[e¢] [an] N
f.2.%

[=x]
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|

o

5 10 15 20
Lenght (mm)
Figure 4. The relationship between pixel number and actual length

In the next stage, a test material was placed in the
measurement area for correction. Four repetitive
measurements are conducted for both axes. The actual
value of the test material and the measurand for X and
Y-axes are shown in Figure 5.

0 1 2 3 4 5
Measurements
Figure 5. The test material and the measurement results for X and Y-
axes

The VMS is evaluated after the calibration and
correction stages using different work materials. The
work materials with different lengths are placed in the
measurement area. In Figure 6 the results of the
measurements are shown for these work materials. In
total 8 different material lengths are measured with four-
time repetitions. The error bar obtained from repetitive
measurements and linear fit values are shown in Figure
6. The VMS error is found below 1%. The linear
regression coefficient (r2) was found over 0.95 while the
VMS is tested in real-time.
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Figure 6. The measurements of work materials.
4. CONCLUSIONS

In industrial applications, it is a necessity to evaluate the
outputs of the manufacturing process. In the present
study, a VMS using an image-acquiring device and a
light table is demonstrated. The VMS produces fast and
accurate results while it is working in real-time. It
accomplishes measurements in real-time with a
minimum 10 Hz measuring frequency.

The cost-effective system achieves measuring a work
material with the capacity of two-dimensional
measurements. It also provides automated measurements
in addition to the fast, accurate measuring process.

The system successfully operated with an accuracy of
around 98% and the linear regression coefficient (r2)
was found over 0.95. The proposed cost-effective device
can be adapted into various quality control applications
in industrial manufacturing, especially for real-time
measurement applications.

Manufacturers in industrial applications and researchers
in the laboratories can use the proposed VMS for
evaluating the quality of a produced work material in
real-time using an inexpensive, fast, and accurate
measuring device. Thus, the offered VMS is a cost-
effective and accurate quality control system with the
help of advanced CV systems.
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Abstract: Using service robots in healthcare is gaining importance in case of emergent situations
like pandemics where human labour is considered risky. Multi robot systems of mobile robots have
the potential to perform simple but vital tasks in healthcare. However, centralized control with a
server computer of these systems carry the risks of single point of failure and ineffective operation
of robots, thus decentralized control with blockchain integration offers a better solution. We
mention research challenges regarding blockchain powered multi robot systems of mobile robots
from use case, blockchain technology and its integration into current computing systems used in
medical centers aspects. Then we propose a method for decentralized management and task
distribution in a multi robot system by using Hyperledger Fabric as a permissioned blockchain
platform and give common use case scenarios. In this system, tasks are assigned to robots
depending on the selection of nearest available robots to the task target. Each robot runs the smart
contract containing the task assignment method, so that data traffic for the task assignment process
is distributed among the network, instead of stacking up on a single line as in a centralized system.
Future research issues and directions for future works are also stated as a conclusion.

Blokzincir Destekli Mobil Robotlarin Saghk Hizmetinde Uygulanmasi: Kullanim Ornekleri,

Arastirma Zorluklari ve Gelecek Trendler

Anahtar
Kelimeler
Blokzincir,
Hareketli
robotlar,
Coklu robot
sistemleri,
Hyperledger
Fabric,
Saglik
hizmetlerinde
blokzincir,
Tibbi robotlar

Oz: Insan emeginin riskli goriildiigii pandemi gibi acil durumlarda hizmet robotlarinin saglik
hizmetlerinde kullanilmasi énem kazanmaktadir. Mobil robotlardan olusan ¢oklu robot sistemleri,
saglik hizmetlerinde basit ama hayati gorevleri yerine getirme potansiyeline sahiptir. Ancak bu
sistemlerin bir sunucu bilgisayar ile merkezi kontrolii, tek ariza noktast ve robotlarin etkisiz
caligsmasi risklerini tagir, bu nedenle blok zincir entegrasyonu ile merkezi olmayan kontrol daha iyi
bir ¢dziim sunar. Bu ¢aligmada blokzincir destekli ¢oklu mobil robot sistemleri ile ilgili aragtirma
zorluklari; 6rnek kullanim durumlari, blokzincir teknolojisi ve tip merkezlerinde kullanilan mevcut
bilgi islem sistemlerine entegrasyonu agilarindan ele alinmistir. Ardindan, izne bagh erisimli bir
blok zinciri platformu olan Hyperledger Fabric kullanarak coklu robot sistemlerinde merkezi
olmayan yonetim ve goérev dagitimi i¢in bir yontem oOnerilmekte ve ortak kullanim senaryolari
verilmektedir. S6z konusu sistemde, gorev hedefine en yakin faal robotlarin segimine bagl olarak
robotlara gorevler atanmaktadir. Her robot, gorev atama fonksiyonunu igeren akilli sozlesmeyi
caligtirmakta; boylece gorev atama isglemi igin veri trafigi, merkezi bir sistemde oldugu gibi tek bir
hatta yi1gilmak yerine ag lizerine dagitilmaktadir. Gelecekteki aragtirma konular1 ve gelecekteki
caligmalar i¢in yonelimler de sonug¢ kisminda belirtilmistir.

1. INTRODUCTION protect medical personnel from being infected but also to

lower the contagion of viruses. There already exist some

Pandemics like COVID-19 reminded the importance of applications of service robots being used in medical
utilization of service robots in healthcare not only to centers as distribution of patients’ bare necessities (food,
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medicine etc.), diagnosis requiring close contact and
sanitization of critical places (surgery rooms,
laboratories etc.). In most of these applications,
management and task distribution of service robots is
performed using centralized systems; the robots are
remotely connected to server computers that are
integrated into the medical center’s automation system.
In this paper we present an application framework for
multiple mobile medical robots in healthcare,
introducing the decentralized approach using blockchain
systems.

Using static systems for the communication between
mobile robots in a multi robot system becomes a
hampering factor when new robots are added to the
system. Protocols, procedures and hardware used in the
communication needs to be different when there are 2, 3,
... or n robots operating in the multi robot system. With
its decentralized network structure, blockchain makes
dynamic communication between robots possible by
providing a smooth communication infrastructure which
is able to operate fluently, independent from the number
of robots.

This study aims to show how a network of mobile
service robots for healthcare can communicate and
perform tasks assigned to them via a blockchain platform
by stating its advantages over centralized systems.
Contrary to centralized systems where a robot is
expected to communicate only with a server for
receiving orders or sending data, a medical service robot
can propagate its current state by sharing its position
information, status and data acquired from its sensor
suite over the blockchain network to the rest of the
robots. Therefore, it can inform other robots of its
presence as to be distinguished from static obstacles and
can be accessed at any time via other robots instead of
setting multiple Wi-Fi routers for a seamless connection
with a server. In a centralized system, task assignment
and robot control are performed on the central server-
side, and robots are considered dumb machines.
However dynamic task distribution regarding efficient
task assignment and autonomous behaviour of robots
without the need of a server can be accomplished in a
decentralized system. Users can connect to a
decentralized network via a client, see the progress of
robots, create tasks for robots and request task
assignments. This should not be confused with in a
server manner; robots are not directly being intervened at
client side, only monitoring and task definitions are done
here. By increasing dynamism in the robot system,
downstream and upstream load decreases significantly
thus easing the computation at client side. In addition to
this, a blockchain system inherently provides a decent
medium for execution of distributed intelligence. We
also indicate that Hyperledger Fabric is a more feasible
solution than Ethereum as a blockchain platform by
stating advantages and disadvantages.

Remainder of this paper is structured as follows: In
Section 2 we give background knowledge about
blockchain technology and systems of mobile robots in
healthcare with related studies. Research challenges
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regarding blockchain and integration of blockchain
powered mobile robots into current medical systems are
discussed in Section 3. Our proposed method with
example use cases is explained in Section 4. A projection
about blockchain applications of medical robot swarms
and future directions are presented in Section 5. Finally,
we make a conclusion and state our future work in
Section 6.

2. BACKGROUND
2.1. Blockchain Technology

Blockchain can be defined as an immutable list of
records (i.e. blocks of data) where each record is mapped
from the previous one by cryptographic hash functions.
Before the production of the first record, a genesis block
containing the metadata and block structure is generated
by the blockchain network according to the blockchain
platform’s algorithm. A blockchain network is generally
defined as a distributed system which can be accessed
publicly or with a permission that is responsible for
running the blockchain platform and execution of
constantly running and ready-to-be-triggered
decentralized programs (defined as smart contracts).
Public blockchain networks mostly work in a trustless
medium (i.e. malignant nodes trying to capture the
network’s control or spam with redundant actions to
render it unusable) and thus must achieve consensus
regarding this situation.

Most  known for  financial applications like
cryptocurrencies, blockchain technology in fact presents
a much broader concept; decentralization of network
systems, data persistence and immutability in distributed
databases, consensus in a trustless distributed system.
Introduced in 2008 with the declaration of Bitcoin [1],
blockchain technology is a hot research area promising
decentralized solutions for various problems.

Successful management of collaboration of mobile
robots in healthcare is essential for safe and secure
medical treatments to patients. Server computers
dedicated for controlling mobile robots are used in
current applications. As an alternative to this approach,
decentralization with blockchain technology eliminates
the necessity of deploying and maintaining a server. In
this paper we deal with the benefits of applying
blockchain as a decentralized solution for mobile robots
in healthcare.

2.2. Mobile Robots in Healthcare

Current studies on mobile robots centric applications
include several research domains such as indoor logistics
[2], search and rescue [3,4], molecular robotics [5,6] and
health [7-9]. Among these research domains, healthcare
related studies gained much attention and popularity
since the beginning of ongoing COVID-19 pandemic.
Common applications of mobile robots in healthcare
include medical examination, patient surveillance [7,8]
and medical transportation [9] but these applications
mostly deal with single robots. Multi robot systems can
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provide an efficient way to perform healthcare services
fluently.

In the centralized management of multiple mobile
robots, a server computer’s computational workload is
going to increase when new service robots are connected
to the server. However, if a decentralized approach is
preferred then the workload created by the new robots
will be distributed among the decentralized network
instead of taxing a single point in the multiple mobile
robot system.

Specific adaptations of blockchain systems to multi
robot systems for multi robot collaboration in fighting
COVID-19 pandemic are stated in [10] and [11], but an
application for general healthcare services hasn’t been
proposed yet. Our paper focuses on using a permissioned
blockchain platform as a decentralized management for
mobile service robots in healthcare.

2.3. Hyperledger Fabric as a Decentralized Solution

Several applications of mobile robots with blockchain
for managing both a single robot and multi robot systems
including swarm robots [12] have been proposed, with
the majority of studies conducted in the literature dated
in 2020 and 2021. They can be classified as consensus
proposals [13] [14], path planning [15], cooperative
working [16], information sharing [17], collective
decision making [18], robot partitioning [19], task
allocation [20-21]. Ethereum is the preferred blockchain
network in most these applications with the mention of
tradeoffs in smart contract development.

One of the projects within the Hyperledger consortium,
Hyperledger Fabric was proposed as a private and
permissioned blockchain platform for enterprise level
decentralized application development [22]. There are
applications proposed for secure and efficient record
tracking in the pharmaceutical industry [23], healthcare
[24], energy trading [25] and food industry [26] where
Fabric is used as a blockchain platform.

Hyperledger Fabric provides a modular system for
developers, that means ledger data can be stored in
multiple formats and other deterministic consensus
algorithms can be set to be used by peers. Channels are
mandatorily created for members connected to a Fabric
network to join for initiating a ledger to store
transactions between members of it.

Blockchain technology and decentralization is the
underlying logic of the Bitcoin network operating
worldwide, but Bitcoin network uses smart contracts for
simple transactions of cryptocurrency, which can’t be
programmed as demanded, and thus can’t be adjusted to
provide a decentralized solution for robots in healthcare.
Ethereum allows smart contract customization and
provides tools to set up a test network [27]. With these
characteristics Ethereum is the preferred blockchain
platform by most of the developers working in
decentralized applications. However, transaction cost in
ETH cryptocurrency stands as a tradeoff for
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decentralized applications running in the main Ethereum
network, so developers need to consider code
optimizations in their smart contracts [28]. There is
another catch that public blockchain networks like the
main Ethereum network are not suitable for operating
systems of multiple mobile robots, since the consensus
algorithm used may demand higher computational power
and energy than the robot’s limited hardware and power
units. Setting a private Ethereum network can solve this
issue but Ethereum wallets of the robots connected to the
blockchain network must be checked to deal with
running out of cryptocurrency and failing to operate.
Hence a blockchain platform which can be modified
with respect to requirements of a mobile robot system
would provide an efficient decentralized solution.

Considering these advantages, Fabric provides a more
feasible and customizable blockchain platform than
Ethereum. Our proposed method is based on a
blockchain network of mobile robots operating Fabric.

3. RESEARCH CHALLENGES

Despite recent advancements in blockchain technology
and medical service robots there are still problems
regarding the use case scenarios, seamless execution of
blockchain systems and integration into current medical
systems.

e Robots must be accessorized with specific
equipment for treatment.

e In case of an emergency situation, a
contingency plan for the robots must be well
defined and put into action when need arises.
(failure of a specific robot, power outage etc.)

e Each task and its sub tasks for the robots must
be defined with utmost clarity and consist of
solid and concrete steps.

e Entire system must be secure from external
tampering and Byzantine robot behaviours.

e Sanitization of the robots must be included as a
post mission step for next tasks.

After stating the challenges at the use case level, we
discuss the challenges stemming from the technical
aspects of blockchain and robots’ integration to current
medical infrastructure.

3.1. Challenges in Blockchain

Blockchain systems have been improved to satisfy the
varying demands of miscellaneous decentralized
applications, but much work is needed to make a full
substitution of current centralized systems. First of all,
most blockchain platforms provide APIs that are too
generic to develop complicated (in terms of complex
data types) decentralized applications. For instance, an
instantiated object of a custom defined class can’t be
directly stored to the ledger database in Fabric, it needs
to be marshalled to JSON string before storing.
Considering robotics (swarm or multi robot systems),
there doesn’t exist a blockchain platform dedicated to it
or tool to integrate blockchain with a middleware (ROS
etc.) for various robots. Hence developers must make
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software designs for decentralized applications
simplified enough to match the API of the blockchain
platform they choose. Blockchain platforms are also
designed for storing data with smaller size; if larger files
are needed to be stored in a blockchain, an external
distributed storage protocol like IPFS [29] must be
integrated with the blockchain system used. Another
challenge current blockchain platforms are expected to
meet in the future is the ongoing development of
quantum computing. SHA-256 is the preferred
cryptographic hashing method in popular blockchain
platforms and is expected to be rendered unusable with
cryptanalytic attacks by quantum computers. Therefore,
development of quantum resistant cryptographic hash
algorithms and their implementations in blockchain
platforms stands as research topics for researchers.

3.2. Challenges in Mobile Robots Integration to
Medical Systems

Contemporary medical automation systems used in
medical centers are centralized systems which can be
developed by different companies but need to include
protocols and services for reporting to government
officials when requested and interoperability with
auxiliary facilities (pharmacy, medical logistics etc.).
For instance, the Ministry of Health is responsible for
defining the standards of medical treatments and
diagnosis algorithms, monitoring the clinical activity in
all medical centers including private clinics and public
hospitals in Turkey. Integration of the blockchain
network as a decentralized system into centralized
systems used in medical infrastructure must meet the
standards and procedural requirements.

Another challenge arises when data modelling of the
chosen blockchain platform needs to comply with data
model used in the content management system (CMS) of
the medical center. While synchronizing data between
robots with blockchain records in their storage and CMS,
conversion of complex data types must be committed
elaborately to avoid accidental data loss or overwrites.
Relational database management systems (RDBMS) are
preferred in most CMS applications and thus type
standards must be set out to match or at least to be easily
convertible while exchanging data between RDBMS of
the medical center and ledger databases of the robots
connected to the blockchain platform.

4. PROPOSED METHOD

Due to its decentralized nature, blockchain systems can
provide a decent solution for management of multi robot
systems. The advantages of autonomous multi-robot
collaboration include easily scalable, better fault
tolerance against any possible failure of robots, better
adaptability to the environment, less memory, less
processing power, better options for exception
controlling, and less capability for individual robots. A
use case scenario for a multi robot system using Fabric is
demonstrated in Figure 1. As it is seen in the figure there
are five mobile service robots operating in a blockchain
powered multi robot system at a healthcare facility.
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Robot 1 is appointed to deliver medicine to Patient A
and proceeds to the medical supplies room to pick it up.
As a post task objective, Robot 2 goes to the nearest
sanitization unit to be sanitized for the next task. Robot 3
is appointed to deliver food to Patient C and is serving
food to patient. After gathering samples from Patient B,
Robot 4 brings them to doctors in the examination room.
Robot 5 is appointed to a physical examination of Patient
D and is carrying it out. While the robots are at work,
they all have the same copies of ledgers containing robot
and task information (namely RobotLedger and
TaskLedger) at the same time and update the ledgers by
committing new information records after achieving
consensus. Medical personnel can connect to the Fabric
network via an application at client side to create tasks
and send a request for assignment of them to available
robots. Since all of the peers in a Fabric network share
the same ledger database, each robot in the system has
the position and task information of other robots and
updates its position and status regularly.

Since locations of facility areas (cafeteria, sanitization
etc.) and patient beds remain static during robot
operations; their position information can be stored in
both client side and robots, there is no need to store this
data in blockchain.

4.1. Definition of a Robot for Robot Ledger

A robot is recorded on blockchain with following
attributes as shown in Table 1.

Table 1. Attributes of a robot definition in blockchain

Attribute Type Attribute Name
Integer RobotID
Integer TaskCategorylD
Integer TaskCounter
Integer AssignedTaskID

Floating-point Position_x
Floating-point Position_y
String Status

RobotID: Each robot has a unique identifier as a positive
integer value.

TaskCategorylID: Stores which type of task the robot is
assigned to and currently carries out. Its value is limited
to the values (as shown in Table 2) enumerated for task
categories.

Table 2. Enumeration of task categories

TaskCategorylD Task Category
1 Medical supply delivery
2 Food delivery
3 Medical Textile Delivery
4 Physical examination
5 Sanitization
6 Charging
TaskCounter: Stores the total number of tasks

successfully completed by the robot since initial
deployment. This variable can be reset to zero at the end
of the day after archiving its value to track the robot's
performance.
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AssignedTasklD: Stores the unique identifier of the task
the robot is carrying on. This variable is used for
querying task details on the task ledger on demand. If
unassigned its value is 0 or null.

Position_x: Stores the harizontal (x coordinate) position
of the robot.

Position_y: Stores the vertical (y coordinate) position of
the robot.

Status: Shows the current status of the robot. If a task is
assigned to the robot or the robot is getting sanitized, it is
set to BUSY. If the robot is being charged at a charging
station, it is set to CHARGING. Otherwise it is set to
IDLE.
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room
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Robot 1 Robot 3

Robot 4
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Figure 1. An example of a blockchain powered multi robot system in
action. Robot 1 moves to gather medicine for the task of delivering it to
Patient A. After completing a task, Robot 2 arrives at the nearest
sanitization unit to be sanitized for the next task. Robot 3 delivers food
to Patient C. Robot 4 brings the samples gathered from Patient B to
doctors in the examination room while Robot 5 is conducting a routine
physical examination of Patient D. Each robot has the same copies of
RobotLedger and TaskLedger records at any time. Medical personnel
in the examination room can create tasks and send a request for
assignment of the task at the client terminal connected to the Fabric
network.

After setting up and deploying the Fabric network with
robots as peers, each robot in the system is expected to
carry out tasks, which can be generated on demand by
medical staff.

4.2. Definition of a Task for Task Ledger

A task is recorded on blockchain with following
attributes as shown in Table 3.

Table 3. Attributes of a task definition in blockchain

Attribute Type Attribute Name
Integer TaskID
Integer TaskCategorylD
String Payload
Integer AssignedTo
String Status

TaskID: Each task has a unique identifier as a positive
integer value.

TaskCategorylD: Stores which type of task the robot is
assigned to and currently carries out. Its value is limited
to the values enumerated for task categories.

Payload: Used to define what robot is carrying to target.
Can be food, clothing, medicine etc. If the robot is not
carrying anything it is set to NONE.

AssignedTo: Used to determine which robot the task is
assigned to. If unassigned its value is O or null.

Status: Shows the current status of the task, if task is not
assigned to a robot, it is set to AWAITING. If the task is
assigned, it is set to ONGOING. If it is completed, then
it is set to COMPLETE.

Tasks (shown in Figure 2) to be carried out by the robots
can be categorized as follows:

1. Medical supply delivery: Robot goes to the initial
position (pharmacy, nurse room etc.) of the requested
item (medicine, scrubs etc.) and picks it up. Then the
robot is ordered to move to the patient’s location as the
target position and delivers the requested item(s).
Finally, the robot is ordered with the sanitization task
before accepting new tasks.

2. Food or clothing delivery: Robot goes to the initial
position (cafeteria, laundry room) of the requested item
(food, scrubs etc.) and picks it up. Then the robot is
ordered to move to the patient’s location as the target
position and delivers the requested item(s). If anything
needs to be carried away from the patient (empty dishes,
dirty clothing etc.), the robot picks it up and moves to
where it needs to be dropped (cafeteria, laundry room
etc.). Finally, the robot is ordered with the sanitization
task before accepting new tasks.

3. Physical examination: Being equipped with required
tools for close examination of the patient (stethoscope
etc.), robots are ordered to go to the patient’s location
(bed, examination chair or couch etc.) as the target
position. After the examination the robot moves to
medical personnel to bring the samples gathered from
the patient if necessary. Finally, the robot is ordered with
the sanitization task before accepting new tasks.

4. Sanitization: After the completion of any other tasks,
the robot is ordered to go to the nearest sanitization unit
to be ready for the next tasks. The robot’s status needs to
be busy in order not to be accidentally ordered for a new
task. After the sanitization process is completed, the
robot gets ready to await new tasks.
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5. Charging: When a robot’s battery life is below a
threshold value (e.g. 10% of total) the robot might not be
able to complete a task successfully, so after checking its
battery life, a robot is appointed to be charged at the
nearest possible charging station automatically. While
being charged, a robot’s status is assigned to CHARGING
and it won’t be considered among available robots.

Medical SUppIy . G edical e (pharmacy, nurse room etc ) and pick the
Delivery -k new e

Figure 2. Task definitions for robots. Steps to be performed are
explained for each task category.

4.3. Task Assignment Procedure

Using the client application running on the terminal
depicted in Figure 1, authorized medical personnel can
connect to the Fabric blockchain network of the robots
and oversee its operation. Functions that a user can
perform in the client application are as follows:

o Create a Task: The user can define tasks for the robots
on demand. Details of a task are determined by the user
according to the data model described in Section 4.2.
After entering task information, the task is submitted to
the blockchain network to be committed to the task
ledger.

Send Task Assignment Request: The user can select a
task stored in the task ledger and request it to be
carried out. Since the blockchain network operates
decentralized, assignment of a task to a robot is first
submitted to the network as a request, then assignment
is done after execution of the task assignment
algorithm. First, available robots are determined by
checking the status of each robot in the network (step
1). Then for each available robot, its current position is
gathered and Euclidean distance to the target position
of the task is calculated. (step 5) Finally, the robot with
the nearest Euclidean distance is selected for assigning
the task. (step 6) If more than one robot has the same
distance, the robot which demanded the task earlier by
completing execution of smart contract faster is chosen
(step 8). Pseudocode of this task assignment algorithm
is as follows.

[ ]

ALGORITHM 1: Task assignment to robots
1 availableRobots = CheckRobotStatus();

2 nearestRobotID=0;
3 for each availableRobot in availableRobots

4 initialPosition = getPosition();
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5 distance = EuclideanDistance(initialPosition,
targetPosition);

6 if (distance < nearestDistance)
7 then nearestRobotID = RobotID
8 1if (distance = nearestDistance)

9 then if(TimeUnit.nearestRobotID >
TimeUnit.RobotID)

10 then nearestRobotID = RobotID

e Network Status: The user can see the current status of
the robots (i.e. performing a task, standing idle),
number of blocks committed and the block data in both
robot and task ledgers.

For the blockchain network shown in Figure 3, a medical
personnel logins to the client application and requests a
swab sample of Patient F. For this, the medical personnel
creates a task in the physical examination category and
determines the payload and sets Patient F as the target
position. The task is stored in the task ledger with the
status set to AWAITING (demonstrated in Figure 3(c)).
Then the medical personnel sends a task assignment
request to the blockchain network. For the assignment of
the task, status of each robot is checked and Robot 1,
Robot 2, Robot 3 and Robot 4 (which already have swab
kits) are found as the available robots at that moment.
While running the task assignment algorithm described
above, Euclidean distances of Robot 1, Robot 2, Robot 3
and Robot 4 are computed as 8, 13, 8 and 17
respectively. Having the least Euclidean distance to
Patient F, Robot 1 and Robot 3 are both candidates for
appointment but since Robot 1 runs the smart contract
faster and broadcasts its availability earlier, it is assigned
with the task the medical personnel just created and the
confirmation message of successful task assignment is
returned to the user.

It should be noted that the client application is only
responsible for providing the interface for task
generation and request of task assignment to an available
robot. The task assignment algorithm described above is
implemented as a method (i.e. AssignTaskToRobot)
in Java source code of smart contract defined for robots.
When requesting a task assignment, the client
application actually makes a remote procedure call (with
SubmitTransaction method in Fabric Java API) for
invoking the method in the smart contract running on the
Fabric network (as shown in Figure 4). Since the
position of the robots can be accessed from the robot
ledger, Euclidean distances are computed at each robot
and the nearest robot is appointed in a distributed way.
Since the outcome of this invocation might require a
ledger update (a successful assignment needs to be
recorded), consensus of the peers (robots in this case)
must be achieved first. For this, robots execute the smart
contract deployed on the network and send their
appointment requests to other robots over the network.
Since each robot in the network is involved in achieving
consensus, data transition is distributed among the
network, instead of overloading the bandwidth of a
single node (i.e. a server node). Hence utilizing
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decentralization with distribution of the whole task
assignment process over the network mitigates the
burden of a server in a centralized system.

Medical supplies Cafeteria
room
5 | Patient A |l Patient8 [| PatientC
Robot 2 Robot 4 Robot 3
o N Robot1 N
o s i S \
i S e .8 N
x f% ~_13 N b
7 ~ N \ 8
~ ~ ~ ~N \
= ~ » ~ \\ »
Tl % 3
e Ty N ®
T
V& :\\ \‘ » \\
TS
K
&
— Patient D Patient E Patient F
Robot 5
Sanitization [ Examination
room room _
|
ey
(b) Task Ledger
Task Creation Screen Block #5 4 Block #6
f
]
Task Category v i !
— | H|TaskiD:45 i |TaskiD: 45
e O 1 1=
Payload ‘ [ ¢ i
— I
) : = 'n' ; ,: AssignedTo: 1
(a) Patient ‘ v ‘ ! ! |Status: ongoing
! |
'

Create Task
(©

Figure 3. Creation of a task and its assignment to Robot 1. Medical
personnel creates the task by entering task details in the client
application connected to Fabric network which is demonstrated in (a).
Execution of the task assignment yields that Robot 1, Robot 2, Robot 3
and Robot 4 are the available robots in the network at that moment
with Euclidean distances shown in (b) to Patient F. Robot 1 and Robot
3 have the least Euclidean distance to Patient F but since Robot 1 acted
first, it is appointed to the task and task information is stored in the task
ledger as shown in (c). It can be seen that the AssignedTo attribute
now has the robot ID value of Robot 1 and the Status attribute is set
to ONGOING in the sixth block of the task ledger.
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Figure 4. Simplified overview of robots as peers in the Fabric network.
Each peer (i.e. robot) runs the smart contracts (RobotContract and
TaskContract) deployed on the network. Along with other method
definitions for CRUD transactions, RobotContract contains
AssignTaskToRobot method which is the actual implementation of
the task assignment algorithm described above. Users can request the
assignment of the task they created by invoking AssignTaskToRobot
remotely via client application. Invocation requests from client app and
their responses are transmitted to the peers via the gateway of the
network. Interactions depicted inside a robot are the same for 2nd, 3rd
. nth robots.

5. FUTURE TRENDS

Automatisation and robotics applications in healthcare
services provides not only protection of patients against
contagion of diseases but also decreases the cost and
manpower requirements in medical centers. Service
robots being developed come with more powerful
hardware thus they can run their sensor suite and still
operate in a blockchain network. Blockchain systems
overcome trust problems in distributed networks of
mobile robots. Since Hyperledger project aims to
provide enterprise level decentralized solutions besides
cryptocurrencies, a project dedicated for management of
systems of mobile robots with its integration into popular
robotics middlewares like Robot Operating System could
be launched as a specialized form of Fabric for robotics.
In addition to the application framework we propose in
here, more detailed and complicated task definitions and
robot integrations with experiments on simulations and
real robots are planned for future work.

6. CONCLUSION

Using autonomous systems of mobile robots in
healthcare is a beneficial approach thanks to not only
human resource management but also decreasing the
contagious risks of human labour in medical centers.
Blockchain systems provide distributed data storage
while preserving integrity and immutability in the
execution and management of multi robot systems. Also
communication between robots such as sharing position,
orientation and sensor data is simplified through
blockchain infrastructure. However, public blockchain
networks like Ethereum aren’t feasible for operating
multi robot systems since limited hardware capabilities
of the robots can’t compete with the powerful cluster
systems while running the Proof of Work consensus
algorithm. Setting a private Ethereum network can be
suggested but robots need to be checked for not to be
drained out of cryptocurrency. We introduce the idea of
using Hyperledger Fabric as a permissioned blockchain
platform to eliminate these disadvantages and state use
case scenarios where task categories with definitions for
service robots are explained. Being in nascent stages,
blockchain integration into multi robot systems has the
potential to be a golden standard in management and
operation of distributed intelligence for mobile robots.
As the service robots in healthcare continue to improve,
various applications of blockchain in medical services
are expected to emerge and become widespread.
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Keywords Abstract: Many pandemics have caused the deaths of millions of people in world history from
Covid-19, past to present. Therefore, the measures to be taken in the prevention of pandemics are of great
Deep Learning, importance. In addition to the precautions, it is very important to be able to diagnose the disease
ResNet-101, early. The most recent pandemic occurred in the world is the COVID-19 outbreak that emerged
Computerized in China in late 2019. In this study, Computerized Tomography images of 746 patients taken
Tomography from an open source (GitHub) website were used. The data set was made ready for training by
Images performing sizing and normalization operations on the data set. Images were analyzed using the

Resnet-101 model, which is one of the deep learning architectures. Classification process was
carried out with the created Resnet-101 model. With the Resnet-101 model, individuals with
Covid-19 disease were tried to be identified. The Resnet-101 model detected individuals with
Covid-19 disease with an accuracy rate of 94.29%.

Resnet-101 Derin Ogrenme Mimarisi ile Bilgisayarl Tomografi Goriintiileri Kullamlarak
Covid-19 Hastahginin Tahminlenmesi

Anahtar Oz: Gegmisten giiniimiize diinya tarihinde birgok salgin milyonlarca insanin Sliimiine neden
Kelimeler olmustur. Bu nedenle salginlardan korunmada alinacak onlemler biiyiikk 6nem tasimaktadir.
Covid-19, Onlemlere ek olarak, hastaligin erken teshis edilebilmesi cok dnemlidir. Diinyada en son yasanan

Derin salgin 2019 yilinin sonlarinda Cin'de ortaya ¢ikan COVID-19 salginidir. Bu ¢alismada 746

Ogrenme, hastanin agik kaynakli (GitHub) bir web sitesinden alinan Bilgisayarli Tomografi goriintiileri
ResNet-101, kullanilmustir. Goriintiiler, derin 6grenme mimarilerinden Resnet-101 modeli kullanilarak analiz
Bilgisayarlt edilmistir. Olusturulan Resnet-101 modeli ile simflandirma islemi gergeklestirilmistir. Resnet-
Tomografi 101 modeli ile Covid-19 hastalig1 olan bireyler tespit edilmeye ¢alisilmigtir. Resnet-101 modeli,
Goruntiileri Covid-19 hastaligi olan bireyleri %94,29 dogruluk oraniyla tespit ettigi belirlenmistir

1. INTRODUCTION

Health is one of the most important factors affecting
societies today. Undoubtedly, pandemics are one of the
factors that significantly affect human health. The first
known pandemic in history is the Plague of Justinian that
emerged in 541 [1]. Many pandemics, such as the black
death [2], the modern plague [3], which occurred between
1346 and 1353 in world history after the Plague of
Justinian, killed thousands of people. The last pandemic
in the world is the COVID-19 pandemic. The COVID-19
pandemic first appeared in Wuhan, China in late

December, and it has influenced the whole world and has
been declared a pandemic by the world health
organization [4,5]. In order to prevent the spread of the
SARS-CoV-2 virus, a serious isolation was attempted
around the world. Another important point to prevent the
spread of the SARS-CoV-2 virus is the early detection of
the virus. The COVID-19 test kit is often used to detect
the virus. The fact that Covid-19 test kits are low in
number and the results obtained from those test kits took
time caused people to look for different alternatives. One
of the alternative ways explored recently is Computerized
Tomography (CT) images. CT images consist of data
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obtained by solid state detectors using a fan-shaped x-ray
that rotates around the patient [6].

Doctors, virologists, epidemiologists, other public health
officials and policy developers observed the spread of the
SARS-CoV-2 virus together on CT imaging models.
Many medical professionals, healthcare authorities, and
policy makers have used CT images to monitor Covid-19
spread [7- 18]. When CT images of Covid-19 patients
were examined, it was found that the posterior and
peripheral parts of the patients were affected and these
regions appeared as frosted glass on the CT images [13,
19]. However, it is not always possible to detect Covid-19
using CT images. For this reason, as in many fields,
artificial intelligence methods are used in analyzing the
CT images. For example, deep learning methods have
been used on CT images to differentiate SARS-CoV-2
virus from viral pneumonia [20].

Deep learning is a sub-branch of machine learning and
consists of data model layers for feature extraction and
pattern recognition [21]. Deep learning is structurally a
combination of high and low level hierarchy [20]. In deep
learning, models such as Convolutional Neural Networks
(CNN), Generative Adversarial Networks / GAN,
Recurrent Neural Networks / RNN, CapsNet, Auto
Encoder, HitNet are frequently used. These deep learning
models are frequently used in many areas such as
education [22, 23], facial recognition [24, 25] voice and
emotion recognition [26, 27], cyber security [28] and
health [29, 30].

In this study, a dataset containing 746 Covid-19 CT
images created and shared on open source websites [31]
by Zhao et al. (2020) was used. The data set was made
ready for training by performing sizing and normalization
operations on the data set. 349 Covid-19 positive CT
images and 397 Covid-19 negative CT images were taken
from this data set. Using the Resnet-101 deep learning
method on the data set, Covid-19 patients were identified
with an accuracy of 94.29%.

2. RELATED WORKS

When the academic studies that reviewed Covid-19 using
CT images and Deep learning methods were examined; Li
et al. (2020b) used CNN model for Covid-19 detection on
lung CT images. The model created has been determined
as 96% accurate according to AUC (Area Under Curve)
performance evaluation criteria [20]. In another study, a
model that helps radiologists to control the Covid-19
pandemic was created using the data set created by using
CT images of MERS, SARS and ARDS from github,
Open-i and Kaggle, and the CNN model [32]. In their
study, Apostolopoulos et al. (2020) used X-ray images for
the CNN network, which automatically detects features
for the diagnosis of Covid-19 [33].

They obtained the best result in the study with MobilNet
v2. In another study, they detected 90% accurate
according to AUC performance evaluation criteria by
using deep learning methods on CT images of patients
diagnosed with viral pneumonia [34]. In another study,

Tr. J. Nature Sci. Volume 11, Issue 2, Page 36-42, 2022

deep learning methods were used on the CT images of
patients diagnosed with viral pneumonia, and they found
90% accurate according to the AUC performance
evaluation criteria [35]. In their study, Wang and Wong
(2020) proposed the Covid-NET model for Covid-19
detection on Chest CT images. Three results were
obtained with the proposed model: normal 91.3%, covid-
19 93.8% and non-Covid-19 88.9%. In another study, they
created a diagnostic system based on CNN model for the
diagnosis of COVID-19. The established diagnostic
model has been determined as 97% accurate according to
AUC performance evaluation criteria. In their study, Shan
et al. (2020) developed a deep learning model to
automatically measure the amount of infection occurring
in the lungs of patients carrying the SARS-CoV-2 virus
[36]. In Narin et al.'s (2020) study, 98% accuracy was
achieved with the CNN-based ResNet50 model using CT
images of Covid-19 patients using the transfer learning
technique [37].

3. MATERYAL VE METOT
3.1. Materyal

In this study, Covid-CT-dataset created by [38], which
includes a total of 746 CT images, 397 Non-Covid and
349 Covid-19, shared on an open-source site [31] has been
used. This data set was modeled using the Resnet-101
deep learning method with a software prepared in Python
programming language. Information about the data set
used in the study is given in Section 3.1.1 and the structure
of Resnet-101 architecture is given in section 3.1.2.

3.1.1. Dataset

The properties of the data set used in this study are given
in Table 1. When the table is examined, it is seen that a
total of 746 images are selected from the Covid-CT-
dataset in a way that the number of Covid and Non Covid
is balanced. The Covid-19 dataset consists of 349 images
and this dataset is divided into two datasets as 279 training
and 70 test. The Non- Covid-19 dataset consists of 397
images and this dataset is divided into two datasets as 327
training and 70 tests.

Table 1. Covid-19 CT dataset distribution used in this study

Dataset Non-Covid-19 Covid-19 Total

Test 70 70 140
Train 327 279 606
Total 397 349 746

3.1.2. ResNet-101 network architecture

The Resnet-101 structure consists of 101 layers. Based on
the Residual neural network learning method, this
architecture is one of the deepest proposed architectures
for ImageNet [39]. The biggest feature of Resnet-101 that
differs from other architectures is that it optimizes the
residues between input and desired convolution
properties. Desired features are obtained more easily and
efficiently compared to other architectures. Thus, residual
optimization can be applied to reduce the number of
parameters in a deeper network. By reducing the number
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of parameters, the number of layers can be reduced to an
effective number [40].

In ResNet architecture, information that cannot be learned
in the previous layer is applied from the old layer to the
new layer with the ResBlock layer. The Resblock layer is
the blocks that feed residual values to the next layer in the
Resnet architecture. This value added by this skip, which
occurs between the weight layers and the Relu activation
code at every two-layer activation, changes the system
account [41].

x
wra-ightF layer
F x} i relu <
weight layer identity
Flx)+x

Figure 1. Residual Block [41]

The Residual Block structure has two layers and
represents the nonlinear Relu function.

F = wye(wyx) 1)

By adding the second Relu value to this result, y output is
obtained.

y=FQ {w}) +x )

In Eq. 2, x represents the input vector and y represents
the output vector.

3.1.3. Performance evaluation criteria

Different evaluation criteria such as Area Under the ROC
Curve (AUC), Receiver Operating Characteristic Curve
(ROC), sensitivity, specificity, accuracy and F1 score are
used to detect diseases in medical images. AUC value and
ROC curve are generally used in performance evaluation
of classification processes in deep learning. These two
performance evaluation criteria are often used when data
sets are not balanced. The ROC curve is a probability
curve created for classes. Normally, in an ideal ROC
curve, the x-axis contains False Positive Rate (FPR)
values, and the y-axis contains True Positive Rate (TPR)
values. The AUC value is calculated by calculating the
area under the ROC curve. The calculated field value is a
value ranging from 0 to 1. If the calculated value is close
to 1, the model created is so close to success. In Table 2,
cross-classification table is given for sensitivity, F1 score,
accuracy and specificity according to estimation and
reference test results. In the table, True Positive is
expressed as TP, False Negative as FN, False Positive as
FP and True Negative as TN. TP represents the correctly
predicted positive class, FN, the false predicted negative
class, FP represents the false predicted positive class, and
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TN represents the correctly predicted negative class [42-
46].

Table 2. Cross-classification table according to estimation and
reference test results

Predicted
Positive Negative
Actual Positi_ve TP FN
Negative FP TN

Using Table 2, the mathematical expressions of
sensitivity, specificity, accuracy and F1 score are given
between Eq. 3-6 [42-46].

TP

Sensitivity = PN (©))
Specificity = TNTJIrVFP 4)
Accuracy = % ®)
F1 Score = % (6)
3.2. Methods

The work block diagram of the study carried out is given
in Fig.2. In the first stage of the study, a data set was
created using a total of 746 Covid-CT-dataset data taken
from open source websites [31]. This dataset contains a
total of 349 CT images carrying SARS-CoV-2 virus and
397 CTS that do not carry SARS-CoV-2 virus. In the
second stage, the images in Covid-CT-dataset were
divided into two classes and labeled as Covid-19 and Non
Covid-19. Images belonging to Covid-19 class are divided
into three as 234 training, 45 validation and 70 test. Non-
Covid-19 class data are divided into three as 282 training,
45 validation and 70 tests. After the data sets were
categorized, all images were converted to 296x296
dimensions. All images were normalized after conversion
was performed. In the third stage, the learning rate of the
Resnet-101 model used in the study has been optimized
by training. According to the learning rate determined in
the optimization process, the training process was carried
out using the Resnet-101 model with 30 epochs. As the
number of epochs increases, the performance of the model
increases, but overfitting may occur. Therefore, it is
necessary to choose an appropriate number of epochs. In
the study, the number of epochs was chosen in areas
where it increased in very small units, based on the
performance and loss of the model. Batch size 16 and
adam optimization method was used in the training phase
of the ResNet-101 model. The model obtained at the end
of each epoch operation was validated with validation
data. At the last stage, the final Resnet-101 model was
tested with 140 CT images and the model accuracy was
determined.
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Figure 2. Work Block Diagram
4. RESEARCH FINDINGS

In this study, 746 Covid-CT-dataset images were modeled
with one of the deep learning models Resnet-101. In
Figure 3, the learning rate graph of the Resnet-101 model
is given. When the graphic is analyzed, the learning rate
for the Resnet-101 model was taken as 0.002 and the
training process was carried out.

2.0
1.8
1.6
1.4
1.2
1.0
0.8

Loss

le-6 le-5 le-4 le-3 le2 le-l
Learning Rate

Figure 3. Learning rate effect graphic of Resnet-101
architecture

Choose an appropriate number of epochs and learning rate
to avoid over fitting during the training phase. In order to
check that there is no over fitting in the trained model, it
was verified with the validation dataset during the training
phase and tested using different data at the end of the
training.

The confusion matrix of the model is given in Fig. 4 to
determine the accuracy of the trained Resnet-101
architecture. It can be seen from the confusion matrix that
70 of 140 CT images used in the testing phase of the
model are Covid-19 positive and the remaining 70 images
are Covid-19 negative. As seen in the confusion matrix,
the model created with Resnet-101 has classified 65 of 70
Covid-19 positive patients accurately and 5 patients
inaccurately. In addition, the created model has classified
67 of 70 Covid-19 negative patients accurately and 3
patients inaccurately. The results obtained from the
Confusion matrix show that the created model gives
successful results in Covid-19 detection.
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Covid-19

30

Non Covid-19

Non Covid-19

Covid-19
Figure 4. Confusion matrix

Following the successful results obtained from the
confusion matrix, the sensitivity, specificity, accuracy and
F1 score values for the Covid-CT data that the Resnet-101
model predicted correctly and incorrectly were calculated
according to the values in the cross-classification table
given in table 3. Sensitivity, specificity, accuracy, and F1
score values are showed in table 4 by using equations
given between Eqg. 3-6.

Table 3. Cross classification table for Resnet-101 model

Predicted
Covid-19 Non Covid-
(Positive) 19
(Negative)
Actual Covid-19 (Positive) 65(TP) 5(FN)
Non Covid-19 3(FP) 67(TN)
(Negative)

Table 4. Performance Evaluation Results of the Model

Evaluation F1
criteria Sensitivity | Specificity | Accuracy | score
Values 92.86 95.71 94.29 94.2

When the values obtained from the calculations are
examined, the sensitivity value is 92.86%, the specificity
is 95.71%, the accuracy is 94.29% and the F1 Score value
is 94.20%. The Resnet-101 model used in the study was
evaluated with the ROC curve. In Figure 5, the ROC curve
was drawn using the reference test and prediction data of
the Resnet-101 model. As seen in the figure, it is seen that
the Resnet-101 model gives a high successful result in the
detection of Covid-19 virus.

=2
=

0.8

0.6

True Positive Rate
0.4

0.2

0.0

00 02 04 086 08 10
False Positive Rate
Figure 5. ROC Curve for Trained ResNet-19 model
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The AUC value of the area under the ROC curve drawn
according to the Resnet-101 model used in the study was
determined as 0.943 using the ROC_AUC_score function
of the scikit-learn library in the Python programming
language. It was determined that the Resnet-101 model
used to detect the SARS-CoV-2 virus by using the images
in Covid-CT-Dataset detected the virus with an accuracy
rate of 94.29%.

4. CONCLUSIONS

The SARS-CoV-2 virus, which appeared in China in
December 2019, quickly spread and turned into a
pandemic. Various measures have been taken in the world
to prevent this pandemic. Many measures were taken,
such as forbidding elderly people and children from going
out, applying social distance rules, forbidding mass
events. In addition to these precautions, isolating the
individuals carrying the virus and personal cleaning are
one of the most important measures to prevent the spread
of the SARS-CoV-2 virus. Therefore, early diagnosis of
patients with the SARS-CoV-2 virus is extremely
important. Different methods are used to detect the
SARS-CoV-2 virus. Among these methods, different
methods such as Covid-19 blood test, chest x-ray are used.

In the study, 746 COVID-CT-dataset images taken from
open access websites (GitHub) were used to determine
COVID-19 disease. The reliability of the Resnet-101
model has been increased by taking an equal number of
images with and without the SARS-CoV-2 virus in the
data set. The Resnet-101 model used in the study was
evaluated according to four different performance
evaluation criteria. As a result of the evaluation;

e The Resnet-101 model was evaluated according
to the Confusion matrix, the first performance
evaluation criterion. As a result of the
evaluation, 65 of 70 patients with SARS-CoV-2
virus and 67 of 70 patients without SARS-CoV-
2 virus were determined correctly.

e Resnet-101 model was secondly evaluated
according to sensitivity, specificity, accuracy
and F1 score. As a result of the evaluation, it was
found that the SARS-CoV-2 virus was detected
with  92.86%  sensitivity value, 95.71%
specificity, 94.29% accuracy and 94.20% F1
Score value.

e When the Resnet-101 model is evaluated
according to the ROC curve, it has been
determined that it gives a highly successful
result.

e In the last stage of the study, the Resnet-101
model was evaluated according to the AUC
evaluation method. As a result of the evaluation,
the AUC value was determined to be 0.943.

According to the four different evaluation criteria used in
the study, the Resnet-101 model used to identify people
with COVID-19 disease by using Covid-CT-dataset
images detected the people with the disease with 94.3%
accuracy. In future studies, it is thought that it would be
appropriate to carry out different studies by using
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different deep learning methods or by enlarging the data
set.
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Anahtar Oz: Bu calisma, yari-kurak iklim kosullarma sahip Sanliurfa ilinde yetistirilen Gemlik zeytin
Kelimeler ¢esidine uygulanan farkli sulama araliklarinin, yapraklarda yer alan stomalarin bazi 6zelliklerine
Gemlik, etkilerini incelemek amaciyla yiiriitiilmiistiir. Bu amagla; farkli araliklarla (kontrol, 7, 14, 21, 28 ve
Sulama 35 giin) sulanan 12 yasindaki Gemlik zeytin ¢esidi agaclarindan hasat zamani alinan yaprak
Sikligy, ornekleri bitkisel materyal olarak kullanilmistir. Yaprak ornekleri, siirgiinlerin ug, orta ve bazal
Zeytin kisimlarindan alinmis ve siirgiin iizerinde yapraklarin bulundugu konuma bagli olarak da stoma
Yapragi, ozelliklerinin degisimi incelenmigtir. Sulama araliklarinin; stoma yogunlugu, stoma boyutlari,
Yaprak stoma alani, stoma sekil katsayisi, oransal stoma alani ve potansiyel iletkenlik indeksinde farkliliklar
Konumu, olusturdugu saptanmistir. Stoma yogunlugu en yiiksek olan sulama aralig1 35 giin (413,05 adet mm~
Stoma 2), en diisiik olan sulama aralign ise 28 giin (365,75 adet mm™) olarak saptanmustir. Stoma
Ozellikleri yogunlugunun genel olarak sulama araliginin artisina bagli olarak arttigi, stoma boyu ve stoma

alaninin ise azaldig1 saptanmigtir. Yapraklarin siirgiin iizerinde bulunduklar1 konuma goére stoma
ozellikleri degisim gostermis ancak bu durum stoma boyutlarinda daha net goriilmistiir. Siirgiin
ucundaki yapraklarin, orta ve alt boliimdeki yapraklara gére daha kii¢lik stomalara sahip oldugu
belirlenmistir. Calismada; stoma eni ile stoma boyu arasinda kuvvetli bir iliski oldugu belirlenmistir.

Plasticity in Stoma Morphology of Gemlik Olive (Olea europaea L.) Cultivar under
Different Irrigation Intervals

Keywords Abstract: This study was carried out to examine the effects of different irrigation intervals applied
Gemlik, to the Gemlik olive variety grown in Sanliurfa, which has semi-arid climate conditions, on some
Irrigation characteristics of the leaf stomata. For this purpose, leaf samples taken at harvest time from 12-year-
Interval, old Gemlik olive variety trees irrigated at different intervals (control, 7, 14, 21, 28, and 35 days)
Olive Leaf, were used as plant material. Leaf samples were taken from the top, middle and basal parts of the
Leaf shoots, and the changes in stomatal characteristics were also examined depending on the location of
Position, the leaves on the shoot. The analyses show that irrigation intervals were made significant differences
Stoma in stoma density, stoma size, stoma area, stoma shape coefficient, relative stoma area, and potential

Characteristics ~ conductivity index. Irrigation interval with the highest stomatal density was determined as 35 days
(413.05 stoma mm2), and the lowest irrigation interval was determined as 28 days (365.75 stoma
mm-2). We show that the stomatal density generally increased with the increase of the irrigation
interval, whereas the stomatal length and stomatal area decreased. The stomatal characteristics were
changed according to the position of the leaves on the shoot, but this was more clearly in stomatal
sizes. It was determined that the leaves at the top of the shoot have smaller stomata than the leaves
in the middle and lower parts. It was determined that there was a strong relationship between stoma
width and stoma length.
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1. GIRIS

Bitkilerde su ve gaz aligverisinde kilit rol istlenen
stomalarin, gerek hareketleri gerekse dagilimlar1 pek ¢ok
arastirmanin konusunu olusturmustur. Ozellikle kurak
kosullarda, bitkilerde su kaybinin azaltilmastyla canliligin
ve gelisimin siirekliliginin  saglanmasinda stoma
hareketlerinin onemli etkileri vardir. Nitekim kuraklik
etkisi altindaki bitkilerde, stoma yogunlugunun ve
porlarinin agikligmin degistigini bildiren arastirmalar;
stomalarin ¢evre sartlarina bagli olarak plastisitelerinin
(yogunluklarimin ve boyutlarinin farklilagsma
diizeylerinin) ne denli yiiksek olduguna da dikkat
¢ekmektedir [1-4]. Stomalarin dagilimlar1 ve hareketleri
iizerine etkili olan tek gevresel faktdr kuraklik olmayip;
sicaklik (yiiksek ve diisiik), siddetli riizgar, tuzluluk vb.
stres kaynaklari, yetistiricilik yapilan ekoloji ve hatta
kiiltiiri yapilan tiirlerin yani sira anaglar bile 6nemli
degisimlere neden olabilmektedir [5-10]. Ayrica stoma
ozelliklerinin bitki tiiriine gore degistigi hatta aymi tiir
icerisinde yer alan farkli ¢esitlerde dahi birbirinden farkl
stoma Ozellikleri goriildiglini bildiren arastirmalara
literatiirde siklikla rastlanmaktadir [11-14].

Bitkilerde yesil olan tiim organlarin epidermal
yiizeylerinde bulunan ancak yapraklarda daha yogun
olarak yer alan stomalarin, yapraklarda yer aldig1
konumlar da degiskenlik gdstermektedir. Bazi tiirlerde
yapragin {iist yiizeyinde (epistomatik), bazi tiirlerde
yapragin alt yiizeyinde (hipostomatik), bazi tiirlerde ise
yapragin her iki yiizeyinde de (amfistomatik) stomalar
bulunmaktadir [15]. Olea europea L. tiiriine ait zeytin
cesitlerinin yapraklarmin yalnizca abaxial yiizeyinde
(yaprak alt yiizeyinde) stomalarin bulundugu, Beerling ve
Chaloner [16] tarafindan bildirilmistir. Yener [17], zeytin
yapraklarmin alt ylizeyinde stoma bulunmasinin
nedeninin, bitkinin su kaybini azaltma stratejisinin bir
parcasi oldugunu bildirmis ve zeytin yapraklarmin alt
yiizeyinde ortalama 625 adet mm™ stoma bulundugunu
aktarmustir.

Literatiirde, farkli bitki tiirlerinin yapraklarinda stoma
dagilimlar1 ve ozellikleri siklikla incelenmis olmasina
karsin; yaprak konumunun bu &zellikler {izerine etkisi
yeterince arastirilmamustir. Sinirli sayidaki arastirmalarda
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gostermektedir. Nitekim, Ataol Olmez [18]’in farkl
kayis1 ¢esitlerinde, Topsakal [19]'in farkli Pistacia
tirlerinde yaptiklar1 ¢aligmalarda; yaprak orneklerinin
alindigi yoneyin stoma yogunlugu fzerinde etkili
olmadig1 saptanmistir. Gokbayrak ve ark. [6] ise asma
yapraklarinda stoma yogunlugu iizerine yoneyin etkili
oldugunu ancak bu etkinin siddetli riizgarlarin neden
oldugu yiiksek transpirasyonu azaltmak icin fenotipik bir

diizenlemeden (ozmotik regiilasyon)
kaynaklanabilecegini bildirmislerdir. Reich [20] ise
yaprak konumunun etkisinin 6nemli oldugunu,

kavaklarda yapraklarin bitki iizerinde yer aldiklan
bolgeye gore bu ozelliklerin degisim gosterebilecegini
bildirmistir.

Her ne kadar farkl bitki tilirlerinde kurakligin stomalar
tizerine etkileri siklikla incelenmisse de sulama araliginin
etkisi konusunda yeterli ¢alisma mevcut degildir. Bu
calismada, daha once yeterince arastirilmamis olan, farkli
sulama araliklarinin bitkilerin yapraklarindaki stomalarin
ozelliklerine etkilerini belirlemek amaciyla Gemlik zeytin
(Olea europaea L.) ¢esidi agaglart kullanilmigtir. Farkli
sulama araliklarinin yapraklarda, kuraklik stresinin neden
oldugu degisimlere benzer degisimlere neden olup
olmadig1 saptanmaya c¢alisilmistir. Bununla birlikte,
yapraklarin ~ slirgiin  iizerindeki konumlarinin  da
stomalarin  dagilimlarina  ve plastisitesine etkileri
belirlenmeye ¢aligilmustir.

2. MATERYAL VE METOT
2.1. Materyal

Calisma; Sanlwrfa’da, 2014 yilinda yiirGtilmiistir.
Bitkisel materyal olarak 6 m x 6 m dikim sikliginda
yetistirilmis olan 12 yasindaki Gemlik zeytin ¢esidi
agaclari kullanilmigtir. Farkli sulama araliklarimin etkisini
belirlemek i¢in deneme 2010-2015 vyillar1 arasinda
yiiriitiilmiis olup 2 yil 6n verim alindiktan sonra 2012
yilinda (agaglar 10 yasinda iken) sulama uygulamalarina
baglanmigtir.  Sulama  konularinin  uygulanmaya
baglamasimin 2. yilinda, zeytin hasadi doneminde (2014
yili Kasim ay1) yaprak ornekleri alinmistir. Denemenin
yiiriitiildiigi bahgenin yer aldigi bolgenin iklim verileri
Tablo 1’de sunulmustur.

da elde edilen bulgular birbirlerinden farklilik
Tablo 1. Denemenin yiiriitiildiigii bolgenin 2014 yilina ait iklim verileri
Parametreler | 11 11 [\ \Y Vi Vil VIl X X Xl X1
Ortalama Sic. (°C) 8,6 10,0 14,2 18,5 24,0 28,4 32,5 32,4 26,2 20,3 12,1 9,5
En Yiik. Sic. (°C) 13,5 16,2 20,0 249 30,8 34,8 39,6 39,3 32,9 26,3 17,8 12,9
En Diis. Sic. (°C) 5,0 54 9,2 12,4 17,1 21,4 251 25,2 19,6 15,3 8,0 6,8
Nisbi Nem (%) 65,6 44,0 51,7 47,5 29,8 26,4 26,6 27,8 41,0 49,5 53,9 79,4
Yagis Top. (kg m2) 443 208 91,6 333 60 206 - 10 288 257 786 554

2.2. Yontem

Sulamalara, topraktaki elverisli nem %60’a diistiigiinde
baslanmigtir. Deneme konularinda yer alan tiim
parsellerden gravimetrik yontemle 4 farkli derinlikten (0-
30, 30-60, 60-90, 90-120 cm) bozulmus toprak 6rnekleri
almarak, mevcut nem diizeyi belirlenmistir. Biitiin
konularda (0-35 giin sulama aralig), toprak profilinin 0-
90 cm derinligindeki eksik nem tarla kapasitesine

c¢ikarilacak sekilde (parsel alani ve 0,40 ortii yiizdesi ile
diizeltildikten sonra) ve su sayaci denetiminde sulamalar
yapilmistir. Sulamalar, mini spring yagmurlama sistemi
(bashk debisi 200 1t h! ve 1slatma ¢ap1 6 m) kullanilarak
yapilmigtir. Caligmada, Gemlik zeytin ¢esidi agacglarina
uygulanan sulama araliklar su sekildedir; kontrol (susuz
konu), 7 giin aralikla sulama, 14 giin aralikla sulama, 21
giin aralikla sulama, 28 giin aralikla sulama ve 35 giin
aralikla sulama. Agaclara, diger kiiltiirel islemler
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(glibreleme, budama, ilaglama vb.) homojen olarak
uygulanmigtir.

Tesadiif bloklar1 deneme desenine gore 3 yinelemeli
olarak yiiriitiilmiis olan ¢alismada; her parselde 3 agac yer
almistir. Yaprak ornekleri, deneme konularinda yer alan
agaclarin tamamindan ve agaci temsil edecek sekilde 4
farkli yoneyden (Kuzey, Giiney, Dogu, Bat1) esit olarak,
saat 8:00-10:00°da alinmistir. Buna gore agaclarin her

Her sulama uygulamasi i¢in toplam 216 yaprak kalibi
almmis ve her kalibin 3 farkli bdlgesinin fotograflari
mikroskopta (Las Leica 1000) 10X/0,22 objektifte
cekilmistir. Daha sonra fotograflari ¢ekilmis olan
kaliplarda (0,319 mm? goriis alani) stoma sayim ve
Olciimleri Las v4.3 bilgisayar programi kullanilarak
yapilmistir. Calismada incelenen stoma 6zellikleri; stoma
yogunlugu, stoma boyutlari, stoma gekil katsayisi, stoma
alani, potansiyel iletkenlik indeksi ve oransal stoma
alanidir [22-23]. Elde edilen bulgularin varyans analizi
Minitab 18.0 programinda yapilmigs olup, gruplarin
ortalama degerleri arasindaki anlamli farkliliklar Tukey
testi ile saptanmustir.

3. BULGULAR VE TARTISMA

Farkli sulama araliklarinin, Gemlik zeytin ¢esidinin
yapraklarinda  stoma  yogunlugunun  degisimine
istatistiksel olarak p<0.01 6nem seviyesinde etki ettigi
saptanmustir. En yiliksek stoma yogunlugu (413,05 adet
mm?) 35 giin arahikla sulanan agaglardan alinan
yapraklarda saptanirken, en diisiik stoma yogunlugu
(365,75 adet mm?) 28 giin aralikla sulanan agaclardan
alman orneklerde saptanmigtir (Sekil 2). Buna karsin 35
giin aralikla sulanan ve kontrol grubunda yer alan
agaclardan alinan Orneklerde stoma yogunluklarinin,
incelenen diger gruplara gore daha yiiksek bulunmusg
olmast; kuraklik stresinin etkisi ile zeytin agaglarinin su

kaybin1 azaltmak amaciyla stoma yogunluklarini
degistirdiklerine isaret etmektedir.
420 a
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Sekil 2. Farkli sulama araliklarmin Gemlik zeytin ¢esidinin
yapraklarinda stoma yogunluguna etkisi (adet mm2)

Tr. J. Nature Sci. Volume 11, Issue 2, Page 43-51, 2022

yoneyinden, tacin orta bolimiinden 2’ser geng siirgiin
dipten kesilerek alinmig ve etiketlenerek, igerisinde buz
kaliplar1 bulunan termosla stoma kaliplarinin ¢ikarilmasi
i¢in laboratuvara nakledilmistir.

Laboratuvara getirilen siirglinlerin ug, orta ve alt (bazal)
kisimlarindan 3’er yaprak almmis ve stoma kaliplari
Bekisli [21]’nin yontemi modifiye edilerek, yapraklarin
alt ylizeyinden ¢ikarilmistir (Sekil 1).

L0 A Y. ) LA
yaprak bolgeleri (b) ve fotografi ¢ekilmis bir stoma kalibi (c)

Gindel [24], kiiltirii yapilan 14 farkli bitki tiirliniin
yapraklarinda stoma yogunlugunun sulama kosullarina
degistigini ve sulananlara gore sulanmayan bitkilerden
alman Orneklerin daha fazla stomaya sahip olduklarini
aktarmistir.  Farkli  liziim g¢esitlerinde  sulamanin
yapraklarda stoma yogunluguna etkisini inceleyen
Marasali ve Aytekin [25], kurakligin neden oldugu stresin
siddetine  bagli  olarak  stoma  yogunlugunun
degisebilecegini, asir1 stres kosullar1 olugmadik¢a stoma
yogunlugunun ¢eside 0zgii bir degisken oldugunu
aktarmistir. Palliotti ve ark. [2] ile Pekmezci ve Dardeniz
[26] de stoma yogunlugunun bitki tiiriine ve ¢eside gore
degisim gostermesine karsin kuraklik stresi altindaki
bitkilerde stoma &zelliklerinin farklilagabilecegine iliskin
bulgulara ulasmislardir. Gomez Del-Campo ve ark. [27]
ise stoma yogunlugundaki s6z konusu degisimlerin ancak
belirli bir gelisme doneminde gerceklesen kuraklik
nedeniyle, fenotipik plastisitesi yiiksek c¢esitlerde
adaptasyon yetenegine bagli olarak goriildigini
bildirmistir. Candar ve ark. [28] asma, Caliskan ve ark.
[29] ise limon fidanlarinda kisintili sulamanin, stoma
yogunlugunu artis yoniinde etkiledigini ancak bu
degisimin istatistiksel olarak anlamli olmadigimi
bildirmiglerdir. Cinar ve ark. [30], yer fistiginda kisintili
sulamanin etkisiyle yapraklarda stoma yogunlugunun
artigin1  bildirmistir. Bosabalidis ve Kofidis [31] ile
Guerfel ve ark. [32], kuraklik stresinin, zeytin fidanlarinin
yapraklarinda stoma yogunlugunun ve boyutlarinin
degisimine neden oldugunu saptanuslardir. Oncii [33] ise
kisintili sulama uygulamalarina bagli olarak Gemlik
zeytin ¢esidinin yapraklarinda stoma yogunlugunun
degisiminin tek yonlii olmadigini ve tam sulanan konu ile
1/3 kisintili sulanana konudan alinan orneklerin stoma
yogunlugunun benzer oldugunu bildirmistir. Buna karsin
Al-Nageeb [34], 6 farkli zeytin gesidi tlizerinde yaptigi
aragtirmada; %350 tarla kapasitesine kadar sulanan
agaclarin yapraklarinda, sulanmayan agaclara gore daha
fazla stoma bulundugunu bildirmistir. Giiler [35] ise farkli
zeytin ¢esitlerinin fidanlar iizerinde yaptig1 ¢aligmada,
kuraklik stresinin yapraklarda stoma yogunlugunu
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arttirdigin1 ve stres kosullar1 ortadan kaldirildiginda bile
bitkilerin  stressiz  kosullara  nazaran  anatomik
yapilarindaki farkliligi bir siire daha siirdiirdiiklerini
bildirmistir.

Gemlik zeytin ¢esidinin  yapraklarinda  saptamis
oldugumuz stoma yogunlugu degerleri, daha dnce bu
cesitte incelemeler yapan Oncii [33] ve Al-Nageeb [34]’in
belirtmis olduklar1 alt/iist sinir degerleri icerisinde yer
almaktadir. Calismada elde ettigimiz; sulama aralifina
bagli olarak yapraklarda stoma yogunlugunun sinirl
diizeyde degisim gosterebilecegi bulgusu Roro ve Tesfaye
[36] ile paralellik gostermektedir. Elde ettigimiz bulgular
ve bu alanda daha Once farkli arastirmacilarin yapmis
olduklar1 aragtirmalar birlikte degerlendirildiginde;
bitkilerin yapraklarindaki stoma yogunlugunu genotipin
kontrol ettigi buna karsin kuraklik, kismi kuralik ya da
kesintili (donemsel) kuraklik stresine maruz kalmis
bitkilerin stoma yogunluklarinin degisebilecegi kanaatine
varilmigtir. Bununla birlikte, kuraklik stresinin neden
oldugu; yapraklarda stoma  morfolojisinde ve
dagilimindaki degisimlerin, tek yillik bitkilerde ve
fidanlarda belirgin olarak goriilmesine karsin kok sistemi
gelismis olan ¢ok yillik bitkilerin agaglarinda daha sinirli
oldugu soylenebilir [25; 37-42].

Sulama aralig1 x yaprak konumu interaksiyonunda yer
alan gruplarin ortalama stoma yogunlugu degerleri
arasinda  istatistiki olarak anlamli bir farklilik
saptanmamustir. Bununla birlikte en fazla stoma (453,20
adet mm?), 35 giin araliklarla sulanan agaglarm
siirgiinlerinin orta kisminda yer alan yapraklarinda
saptanmistir (Tablo 2). En diisiik stoma yogunlugu
(351,27 adet mm?) ise 14 giin araliklarla sulanan
agaclarin  siirgiinlerinin  orta kisminda yer alan
yapraklarinda  saptanmistir.  Yapraklarmm  siirgiin
iizerindeki pozisyonlariin, stoma yogunlugu iizerine
etkisi istatistiki olarak dnemsiz bulunmustur. Buna karsin;
siirgiin biiyiimesini takiben olgunlasan ve siirgiiniin alt
kisimlarinda konumlanan yapraklarin, siirgiiniin ug
kisminda yer alan geng yapraklara gore kismen daha fazla
stomaya sahip olduklar1 belirlenmistir.

Tablo 2. Farkli sulama araliklart ve yapraklarin siirgiin {izerindeki
konumunun Gemlik zeytin ¢esidinin yapraklarinda stoma yogunluguna
(adet mm) etkileri

Sulama Araligi Ug Orta Alt
Kontrol 388,30 od 405,17 415,07
7 Giin 358,60 361,53 379,13
14 Giin 377,67 351,27 380,23
21 Giin 370,33 361,29 397,64
28 Giin 375,66 353,66 367,93
35 Giin 39343 453,20 392,51
Ortalama 377,33 OD 381,02 388,75

OD ve 6d: p>0.05

Farkli bitki tiirlerinde yiiriitiilen arastirmalarda; geng
yapraklarin, yasli yapraklara gore daha fazla stomaya
sahip olduklar1 bildirmistir [43-47]. Reich [20], hibrit
kavak cesitlerinde, yapraklarin olustugu bogum diizeyinin
artisina bagli olarak stoma yogunlugunun arttigini1 ancak
degisim diizeyinin ceside 0zgli oldugunu bildirmistir.
Farkli kayis1 gesitlerinde siirgiinlerin uclarinda yer alan
yapraklarin, siirgiinlerin dip ve orta kisimlarinda yer alan
yapraklara gore daha fazla stomaya sahip oldugunu
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bildiren Ataol Olmez [18] ve Chardonnay iiziim ¢esidinde
bogum sayisi arttik¢a yapraklarda stoma yogunlugunun
arttigin1 bildiren Rogiers ve ark. [48]’nin bulgularina
karsilik; Topsakal [19] Pistacia tiirlerinde, Pekmezci ve
Dardeniz [26] ise Yalova Incisi iiziim cesidinde, yaprak
konumunun (asmalarda bogum sayisinin) stoma
yogunlugu lizerinde etkili olmadigini saptamistir. Tetik ve
Dardeniz [49] ile Yildirim ve Dardeniz [50] ise {iziim
cesitlerinde, yapraklarin siirgiin lizerindeki konumunun
stoma yogunluguna etkisinin 6nemli oldugunu ve siirgiin
ucundaki yapraklarin daha az stomaya sahip oldugunu
bildirmislerdir. Siirlicii [51] ise Stella kiraz ¢esidinde
farkli meyve dali tiplerinin, yapraklarda stomalarin
yogunluguna etkisinin Onemsiz oldugunu saptamustir.
Elde  ettigimiz  bulgular;  yapraklarda  stoma
yogunlugunun, siirgiinlerin bazal kismindan ucuna dogru
gidildikce azaldigimi bildiren c¢aligmalar [49-50] ile
benzerlik gostermektedir. Bununla birlikte; incelenen
tirlerin, Ornek alman donemlerin, yetistiricilik
kosullarinin, yaprak olgunluk diizeyinin ve yapraklarda
inceleme yapilan bolgenin farkliligin da yaprak
konumunun stoma yogunlugu iizerine etkisini
degistirebilir.

Yapraklarin ~ siirgiinden ayrildigi  erken donemde
epidermis bilylimesini takiben stomalar da biiylimekte ve
sayilart artmaktadir, buna karsin yapraklar belirli bir
biiyiiklige ulastiktan sonra stoma sayisi artmamakta
ancak epidermis hiicreleri ve stomalar biiyiimektedir.
Nitekim stoma boyutlarina (en ve boy) ve stoma
yogunluguna iliskin elde ettigimiz bulgular bu durumu
teyit etmektedir. Sulama araliklarindan bagimsiz olarak,
yapraklarin siirgiin iizerindeki konumlarinin stoma boyu
ve enine etkisi incelendiginde; siirgiinlerin ucundan bazal
kisimlarma dogru, yapraklarda yer alan stomalarin
biiylidiigii saptanmustir (Tablo 3). Sulama aralig1 x yaprak
konumu interaksiyonunda yer alan gruplarin, hem stoma
eni hem de stoma boyu bakimindan birbirlerinden,
istatistiksel olarak anlamli bir farklilik gostermedikleri
belirlenmistir. Sulama araliklarinin, her iki 6zellige de
istatistiksel olarak p<0.01 6nem seviyesinde etki ettigi
saptanmustir. Daha sik sulanan agaclarin yapraklarinda
stomalarin boylar1 daha uzun bulunmustur. Buna karsin
ayni degerlendirmeyi stoma eni i¢in yapmak; ancak 7 giin
aralikla sulanan grup inceleme dist birakildiginda
miimkiindjir.

Stoma boyutlarinin sulama uygulamalarina bagli olarak
degisimlerini inceleyen aragtirmacilar; sulamayla bitki su
ihtiyacinin karsilandigi bitkilere nazaran kismi kuraklik
ya da kismtili sulama uygulanan bitkilerin daha kii¢iik
stomalara sahip olduklarin1 saptamislardir [2; 52-54].
Diger bitki tiirlerinde saptanan bu degisim; zeytin ¢esitleri
icin de gecerlidir. Nitekim Oncii [33], Giiler [35] ve
Mouna ve ark. [55] kurakliga bagli olarak zeytin
yapraklarinda  stoma  boyutlarmin  kiigiildligiini
bildirmiglerdir. Bu c¢alismada saptamis oldugumuz
Gemlik zeytin c¢esidinde stoma boyutlarmin, sulama
araligimnin artistyla baglantili olarak azaldigi bulgusu;
farkli zeytin ¢esitlerinde kurakligin etkisiyle stoma
boyutlarinin  azaldigina iligkin  sonuglara ulasan
literatiirdeki caligmalarla paralellik gostermektedir.
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Tablo 3. Farkli sulama araliklari ve yapraklarin siirgiin {izerindeki konumunun Gemlik zeytin ¢esidinin yapraklarinda stoma boyutlarina etkileri

o Stoma Eni (um) Stoma Boyu (um)
Sulama Arahg Ucg Orta Alt Ortalama Ucg Orta Alt Ortalama
Kontrol 8,93 6d 9,64 9,66 9,41 D** 16,50 6d 17,62 17,75 17,29 BC**
7 Giin 9,36 10,21 10,41 9,99 CD 17,62 18,49 18,31 18,14 B
14 Giin 13,23 13,20 13,64 13,35 A 18,69 20,13 20,26 19,69 A
21 Giin 10,85 10,52 11,03 10,80 BC 16,95 17,26 18,13 17,45 BC
28 Giin 10,47 11,42 10,91 10,93 B 16,63 18,46 18,21 17,77 BC
35 Giin 9,69 10,55 10,34 10,19 BCD 16,59 17,37 17,22 17,06 C
Ortalama 10,42 B* 10,92 AB 10,99 A 17,16 B** 18,22 A 18,31 A

8d: p=0.03, *p< 0.05, **p< 0.01

Stoma sekil katsayist (SSK); stoma eninin boyuna oranint
ifade eden bir degiskendir [23]. Stoma sekil katsayisinin
artisl; stoma porlarinin agiklifinin  arttigina isaret
etmektedir. Nazarian [56] da bu duruma dikkat ¢ekmis ve
tuzluluk stresinin artigina bagh olarak, kanola bitkisinin
yapraklarinda SSK’nin azaldigini bildirmistir. Gemlik
zeytin cesidinde, sulama araligt x yaprak konumu
interaksiyonunda yer alan gruplar arasinda bu o&zellik
bakimindan istatistiki olarak anlamli bir farklilik
saptanmamustir (Tablo 4). Yapraklarimn siirgiin {izerindeki
konumlar1 da SSK {izerinde etkili bulunmamistir. Sulama
araliklarinin etkisi ise istatistiksel olarak anlamli (p<0.01)
bulunmustur. En yiiksek SSK (67,78) 14 giin aralikla
sulanan grupta, en disik SSK (54,40) ise kontrol
grubunda saptanmustir. 21, 28 ve 35 giin aralikla sulanan
agaclarin SSK birbirine benzer bulunmustur.

Stoma boyutlarina iliskin elde ettigimiz bulgulara paralel
olarak; sulama araligimin artisi, genel olarak (7 giin grubu

disinda) stoma alaninda kiigiilmeye neden olmustur
(Tablo 4). Kisa siireli stres kosullarinda, bitkilerin stoma
porlarint (kismen veya tamamen) kapatmasi su kaybim
sinirlandirmaktaysa da  stres  etmeninin  ortadan
kalkmamasi nedeniyle strese maruz kalma siiresi arttikca
bu diizenleme yeterli olmamaktadir. Kokleri vasitasiyla,
su ihtiyacin1 yeteri kadar karsilayamayan Dbitkilerin;
stomadial transpirasyonla kaybettikleri su miktarini
azaltmak ve bu sayede ozmotik regiilasyonu saglamak
icin anatomik yapilarinda gerceklestirdikleri
degisimlerden biri de stoma alanimi kiigiiltmektir. Elde
ettigimiz bulgular; 14 giin aralikla sulanan agaglarda,
kurakligin neden oldugu stresin goriilmedigine isaret
etmektedir. Ayrica, yaprak konumunun da stoma alani
tizerinde etkili oldugu belirlenmistir.  Siirgiinlerin
uglarinda yer alan yapraklarin, orta ve alt kisimlarda yer
alan yapraklara gore daha diisilk stoma alanina sahip
oldugu saptanmustir.

Tablo 4. Farkli sulama araliklar1 ve yapraklarin siirgiin tizerindeki konumunun Gemlik zeytin ¢esidinin yapraklarinda stoma sekil katsayisina ve stoma

alanina etkileri

« Stoma Sekil Katsayis1 Stoma Alam (um?)

Sulama Arah Uc Orta Alt Ortalama Ucg Orta Alt Ortalama
Kontrol 54,08 6d 54,69 54,44 54,40 C** 115,9 6d 133,7 134,8 128,1 C**
7 Giin 53,11 55,34 56,81 55,09 C 129,8 148,6 150,2 142,9 BC
14 Giin 70,73 65,43 67,19 67,78 A 196,9 209,7 218,4 208,3 A
21 Giin 64,09 61,14 60,84 62,03B 1447 142,8 157,2 148,3 BC
28 Giin 62,46 61,70 59,74 61,30 B 138,4 166,7 156,7 154,0B
35 Giin 58,56 60,78 60,04 59,79 B 126,4 144,0 140,2 136,9 BC

Ortalama 60,51 OD 59,85 59,84 142,0B** 1576 A 159,6 A

OD ve 8d: p>0.05, **p< 0.01

Potansiyel iletkenlik indeksi (Pil), yalmzca stoma
porlarinin agikliklarina bagli olmayip ayni zamanda
stoma yogunluguyla da iliskili bir parametredir [23].
Genel olarak bitkilerde kuraklik, fizyolojik kuraklik ya da
agir metal stresi altinda Pii azalmaktadir [22; 56-57]. Bu
¢alismada inceledigimiz farkli sulama araliklarinin,
Gemlik zeytin gesidinde Pii {izerine etkisi istatistiki
olarak 6nemli bulunmustur (Tablo 5). Bununla birlikte 14
giin aralikla sulanan agaglarda Pil’nin, incelenen diger
gruplara nazaran yiikksek bulunmus olmasi; en uygun
sulama araligmin 14 giin oldugu degerlendirmesini
desteklemektedir. Yaprak konumunun da Pil iizerine
etkili oldugu ve siirgiinlerin ucunda yer alan yapraklarda
su kaybim1 onlemek amaciyla fenotipik bir diizenleme
gerceklestigi saptanmistir. Yaprak konumu x sulama
aralig1 interaksiyonunda yer alan gruplar arasinda ise bu
ozellik bakimindan istatistiki olarak anlamli bir farklilik
olmadig belirlenmistir.

Yapraklarda belirli bir goriis alaninda stomalarin
kapladig1 alanin yiizde olarak ifadesini belirten oransal
stoma alam1 (OSA); yapraklarin siirgiin {izerindeki

konumuna gore farklilik gdstermektedir. Elde ettigimiz
bulgulara gore siirgiinlerin ucunda yer alan yapraklarda
OSA, siirglinlerin ortasinda ve dip kisminda yer alan
yapraklara gore daha diisiik bulunmustur (Tablo 5).
Ceulemans ve ark. [58], iki farkli Populus klonunda
yiiriittiikleri ¢alismada; yaprak konumunun stoma indeksi
(ST) iizerinde etkili oldugunu ve bitkinin iist kistmlarinda
konumlanan gen¢ yapraklarin, bitkinin orta ve alt
boliimlerinde konumlanan olgun yapraklara gére daha
diisiik stoma indeksine sahip oldugunu bildirmislerdir.
OSA ve Si iki farkli parametre olmasina karsilik bu iki
0zellik birbirini destekleyecek bir degerlendirmeye isaret
etmektedirler. Nitekim geng yapraklarda daha diisiik Si ve
OSA bulunmast; yapraklar biiylidikge stomalarinin
biiylidiigiinii ancak bu biiylimenin epidermis hiicrelerine
kiyasla fazla olduguna isaret etmektedir. Ayrica Si’nin
bitki tiirtine gore degisim gosterdigini bildiren Paul ve
ark. [59]nin bulgular;; OSA ‘nin da bitki tiiriine gore
degisim gosterebilecegine isaret etmektedir. Nitekim
Palliotti ve ark. [2] Sangiovese iiziim ¢esidinde bu oranin,
kuraklik uygulamalarina bagli olarak 2,59-3,11 arasinda,
Odabasioglu ve Gursoz [23] ise farkl iiziim c¢esitlerinde
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5,4-7,5 arasmmda degisim gosterdigini bildirmistir.
Bununla birlikte sulama araliklarina bagl olarak, OSA
iliskin saptamis oldugumuz degisim; yalnizca stoma
porlariin agikligi ile iliskili olmayip ayn1 zamanda stoma
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zeytin agaglarinda, kuraklik stresine karsi erken gelisme
doneminde olusturulan ve siireklilik gosteren, su kaybi
sinirlamast mekanizmasinin bir pargasi olarak OSA’da
azalma gorilmiistiir.

yogunlugu ve stoma boyuyla da baglantilidir. incelenen

Tablo 5. Farkli sulama araliklar1 ve yapraklarin siirgiin tizerindeki konumunun Gemlik zeytin ¢esidinin yapraklarinda potansiyel iletkenlik indeksine
ve oransal stoma alanina etkileri

Sulama Arah@ Potansiyel iletkenlik indeksi Oransal Stoma Alam (%)
Ucg Orta Alt Ortalama Ue Orta Alt Ortalama
Kontrol 10,53 6d 12,58 13,15 12,09 B** 4,46 6d 5,40 5,62 5,16 B**
7 Giin 11,14 12,38 12,80 12,11 B 4,66 5,37 5,77 5,26 B
14 Giin 13,36 14,34 15,73 14,48 A 7,43 7,39 8,32 7,71 A
21 Giin 10,73 10,78 13,08 11,53 B 5,38 5,16 6,26 5,60 B
28 Giin 10,30 12,10 12,23 11,54 B 5,08 5,87 5,78 557B
35 Giin 11,01 13,70 11,71 12,14 B 5,03 6,54 5,52 5,70 B
Ortalama 11,18 B** 12,65 A 13,12 A 534B** 596 A 6,21 A

6d: p=>0.05, **p<0.01

Farkli sulama araligi ve yapraklarin siirgiin iizerindeki
konumlarina bagli olarak incelenen drneklerde, stoma eni
ile stoma boyu arasinda kuvvetli (R?>=0,60 p<0.01) bir
iliskinin oldugu saptanmuistir (Sekil 3). Stomalarin
boyunun artisina bagli olarak stoma enleri de biiyiimiistiir.
Potansiyel iletkenlik indeksi ise hem stoma eninin
(R?=0,35 p<0.01) hem de oransal stoma alaninmn (R?=0,84
p<0.01) artisina bagl olarak artig gdstermistir. Stoma
alani ile stoma sekil katsayist arasinda da benzer bir iligki
saptanmuigtir.
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Sekil 3. Farkli sulama araliklart ve yapraklarin siirglin tizerindeki
konumlarina bagli olarak drneklenen Gemlik zeytin ¢esidi yapraklarinda
bazi stoma &zelliklerinin birbirleriyle iligkisi

Genel olarak stoma &zelliklerinin birbirleriyle iliskileri
incelendiginde; stoma yogunlugu ile stoma boyutlar (en-
boy) ve SSK, SA arasinda bir iliskinin varligindan sz
etmek miimkiin degildir. Buna karsin; Pil ve OSA gibi
stoma yogunluguna bagli degiskenler iizerindeki etkisi
istatistiki  olarak anlamli bulunmustur (Tablo 6).
Calismada incelenen diger stoma Ozelliklerinin ise
birbirleriyle iliskileri p<0.01 diizeyinde anlaml
bulunmustur. Sevik ve ark. [60]’nin farkl: tiirler {izerinde
ylriittiigli ¢alismada, stoma yogunlugunun stoma
boyutlari ile iliskili olmadig1 saptanmigtir. Buna karsin,
Yigit ve ark. [61] Aesculus hippocastanum tiiriiniin
yapraklarinda stoma boyu ile stoma eni arasinda giiglii bir
iligkinin varligin1 saptamislardir. Mert ve ark. [62] ise
elma cesitlerinde, stoma yogunlugu ile stoma boyutlar
arasinda negatif iliski oldugunu ancak bu iliskinin
istatistiksel olarak 6nemsiz bulundugunu bildirmislerdir.
Literatiirde yer alan galigmalar ve yiiriitmiis oldugumuz
bu c¢alismadan elde edilen bulgular  birlikte
degerlendirildiginde; stoma boyutlar1 ile stoma
yogunlugu arasindaki iligkinin tiirlere bagli olarak
degisim gosterebilecegi kanaatine varilmustir.

Tablo 6. Gemlik zeytin ¢esidi yapraklarinda baz stoma 6zelliklerinin
birbirleriyle iligkisi
SE SB SSK  SA Pii OSA

sY od od od ad o o
S E *k *k *% *% *%
S B *x *% *% *%
S SK *k *k *k
S A *% *%
Pii **

6d: p=0.05, **p=< 0.01
4. SONUC

Bitkilerde stoma o6zellikleri bir¢ok etkene bagli olarak
degisim gosterebilmektedir. Genotipin bu Ozellikler
iizerindeki etkisi, diger faktorlere kiyasla oldukca
fazladir. Bu faktorlerden biri olan sulamanin etkisi,
onceki caligmalarda sulama  diizeyi iizerinden
degerlendirilmis ancak sulama araliginin etkisi bu
calismada daha detayli incelenerek farkliliklar ortaya
konmaya calisilmistir. Gemlik zeytin ¢esidi agaglarinda
elde ettigimiz bulgular; sulama araliginin, yapraklarin
stoma plastisitesi tizerindeki etkisinin dnemli oldugunu
gostermektedir. 14 glin aralikla sulamanin, bitki
fizyolojisinde kuraklik stresinin neden oldugu etkilerin
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daha az goriilmesine bu sayede anatomik yapida da
morfolojik olarak bu etkinin gozlemlenebildigine isaret
etmektedir. Bununla birlikte inceleme yapilan yapraklarin
bitki veya siirgiin iizerindeki konumunun da stoma
morfolojisi lizerinde etkili oldugu saptanmistir. Hem
yaprak gelisimine hem de yapraklarin konumu nedeniyle
cevresel strese maruz kalma diizeylerinin farkliligina
bagli olarak, stomalarda yiiksek plastisite goriildiigii
kanaatine varilmistir. Bu alanda yapilacak yeni
caligmalarda farkli bitki tiirlerinin incelenmesi, elde
ettigimiz bulgularin belirli bir tiir veya ¢esitle sinirli kalip
kalmadiginin anlagilmasi agisindan énemlidir.
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Pentilentetrazol ile Olusturulan Akut Nobet Modelinde Diazepamin Nitrik Oksit Sentaz ve
Beyin Kaynakh Norotrofik Faktor Uzerine Etkisinin Arastirilmasi
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Anahtar Kelimeler Oz: Bu calismanin amaci, sicanlarda pentilentetrazol (PTZ) ile olusturulan nobetlerde

Nobet, diazepamin antikonviilzan etkinliginde nitrik oksit sentaz (NOS) ve beyin kaynakli nérotrofik
Pentilentetrazol faktor (BDNF) lizerine etkisini aragtirmaktir. Caligmada 24 adet erkek Wistar Albino sigan
Diazepam, kullanilmastir. Siganlar kontrol grubu, salin (1 mL kg?*) +PTZ, diazepam (0,5 mg kg™1)+PTZ
Nitrik Oksit ve diazepam (2 mg kg )+PTZ grubu olarak 4 gruba ayrilmistir (n=6). Intraperitoneal ilag
Sentaz, uygulamalarindan 24 saat sonra biyokimyasal incelemeler i¢in tiim si¢anlarin beyin dokular1
Beyin Kaynakl cikarilip, korteks ve hipokampiis bolgeleri ayrilmistir. Korteks ve hipokampiisteki NOS ve
Norotrofik Faktor BDNF diizeyleri enzim bagli immiinosorbent analizi (ELISA) kitleri kullanilarak l¢iilmiistiir.

Diazepam, salin+PTZ uygulanan grubuna gore istatistiksel agidan anlamli bir sekilde ndbet
evresini azaltti ve ilk miyoklonik jerk (IMJ) siiresini uzatti (p<0.001). Salin+PTZ, kontrol
grubuna kiyasla hipokampiiste NOS seviyelerini anlamli olarak azaltti (p<0.05). Bununla
birlikte diazepam+PTZ gruplari, salintPTZ grubuyla karsilastirildiginda hipokampal NOS
seviyesini anlaml olarak artirdi (p<0.001). Ayrica, salintPTZ grubu Kkontrolle
kargilagtirildiginda  korteks ve hipokampiliste BDNF seviyesini artirirken (p<0.05),
diazepam+PTZ uygulanan gruplarda BDNF seviyesi salin+PTZ grubuna kiyasla diisiikti
(p<0.001). Diazepam hipokampiiste NOS seviyesini artirmis, korteks ve hipokampiiste ise
BDNF seviyelerini diisiirmiistiir. Sonu¢ olarak, diazepamin NOS ve BDNF {izerine
diizenleyici etkisi antikonviilzan etkisiyle iliskili olabilir.

Investigation of the Effect of Diazepam on Nitric Oxide Synthase and Brain-Derived
Neurotrophic Factor in Pentylenetetrazole-Induced Acute Seizure Model

Keywords Abstract: The aim of this study was to investigate the effect of diazepam on nitric oxide
Seizure, synthase (NOS) and brain-derived neurotrophic factor (BDNF) in the anti-convulsant activity
Pentylentetrazole of diazepam on pentylenetetrazole (PTZ) induced seizures in rats. 24 male Wistar Albino rats
Diazepam, were used in the study. Rats were divided into 4 groups as control group, saline (1 mL kg™)
Nitric Oxide +PTZ, diazepam (0.5 mg kg™') +PTZ and diazepam (2 mg kg*) +PTZ group (n=6). For
Syntase, biochemical studies, 24 hours after PTZ application, brain tissues of all rats were removed
Brain Derived and cortex and hippocampus regions were isolated NOS and BDNF levels in the cortex and
Neurotrophic hippocampus were measured using ELISA kits. Diazepam significantly decreased the seizure
Factor stage and prolonged the first myoclonic jerk (IMJ) time compared to the saline group

(p<0.001). Saline+PTZ significantly decreased NOS levels in the hippocampus when
compared to the control group (p<0.05). However, the diazepam+PTZ groups significantly
increased the hippocampal NOS level compared to the saline+PTZ group (p<0.001). In
addition, the saline + PTZ group increased the BDNF level in the cortex and hippocampus
compared to the control (p<0.05), while the BDNF level was lower in the diazepam+PTZ
group compared to the saline+PTZ group (p<0.001). Diazepam increased NOS levels in the
hippocampus and decreased BDNF levels in the cortex and hippocampus. In conclusion, the
regulatory effect of diazepam on NOS and BDNF may be related to its anti-convulsant
mechanisms.
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1. GIiRiS

Nobet, merkezi sinir sisteminde belirli bir islevi olan
néron toplulugunun ani, anormal ve hipersenkron
desarjlar1 sonucu ortaya ¢ikmaktadir [1]. Nobet olusumu
motor aktivitede, davraniglarda ve biling diizeyinde
degisimlere yol acabilmektedir [2]. Epileptik ndbet i¢in
olusturulan  hayvan modelleri, ndbetlerin  temel
mekanizmalarinin anlasilmasi i¢in 6énem arz etmektedir

(3.

Pentilentetrazol (PTZ), GABAa kloriir iyonofor
kompleksinin segici bir antagonistidir. PTZ, GABA
aracili transmisyonu bloke ederek nobet aktivitesini
stimiile etmektedir [4]. PTZ ile olusturulan farkli nobet
modelleri, antiepileptik ilag gelistirme ¢aligmalarinda
siklikla kullanilmaktadir [5]. Benzodiazepinler epileptik
ndbetlerin tedavisinde kullanilan 6nemli bir ilag grubudur
[6]. Klasik olarak, benzodiazepinler GABAAa
reseptorii/kanalindaki benzodiazepin baglama bdlgesi
aracilifiyla etki ederler ve kloriir akiginin artmasina ve
néronal membran potansiyelinin ve uyarilabilirliginin
(eksitabilite) ~ azalmasina  neden  olurlar  [7].
Benzodiazepinlerin  GABAA  reseptorii  iizerindeki
baglanma yeri iyi bilinmesine ragmen [8], bu ilag
gruplarinin antikonviilzan etki mekanizmalar1 heniiz
aydinlatilamamustir.

Nitrik oksit (NO), bir enzim ailesi olan nitrik oksit sentaz
(NOS) tarafindan L-arginin‘den sentezlenen ve guanilil
siklaz1 giiclii bir sekilde uyaran, ikinci haberci cGMP
seviyelerinin artmasma neden olan ve serbest radikale
doniisebilen bir gazdir. NO/cGMP sinyal yolagi, merkezi
sinir sisteminde ndrotransmitter/ndromodiilatdr olarak
kilit rol oynar [9]. Literatiirde, nitrik oksitin nobetlerin
tiiriine ve ilgili diger norotransmitter sistemlerine baglt
olarak antikonviilzan [10,11] ve prokonviilzan [3,12,13]
etkilere sahip oldugu gosterilmistir. Bununla birlikte,
benzodiazepinlerin hipnotik [14], antinosiseptif [15] ve
antikonviilzan [16] etkilerini NO’i modiile ederek
gosterebilecegi ongorilmiistiir.

Beyin kaynakli norotrofik faktér (BDNF), norotrofin
ailesinin bir {iyesidir ve ndronal gelisim ve sinaptik
plastisitede 6nemli rol oynamaktadir [17]. Epilepsi ve
BDNF arasindaki iliski {izerine yapilan calismalarda,
limbik nobetlere katilan beyin bolgelerinde nébet sonrasi
BDNF  ekspresyonunun  biiylik  Olglide  arttig
gosterilmistir  [18,19]. Ayrica, nd&betlerden sonra
hipokampal piramidal hiicrelerde BDNF artis1 tespit
edilmistir [20]. Buna ek olarak, BDNF’nin eksitabiliteyi
artirdigi ve epileptogenezde rol oynadigi [21], BDNF
sinyal transdiiksiyonunun engellenmesinin ise epilepsi
odaginin gelismesini inhibe ettigi gosterilmistir [22].

Diazepamin  antikonviilzan  etkinligi ve  olasi
mekanizmalari iizerine cesitli caligmalar
yapilmistir[23,24]. Fakat PTZ ile olusturulan nobet
modelinde diazepamin NOS ve BDNF diizenlenmesi
iizerine etkileri heniiz tam olarak aydinlatilamamigstir. Bu
caligmada amacimiz, siganlarda PTZ ile olusturulan ndbet
modelinde diazepamin kortikal ve hipokampal NOS ve
BDNF iizerine etkisini arastirmaktir.
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2. MATERYAL VE METOT
2.1. Deney Hayvanlar

Bu ¢alismada eriskin 24 adet erkek Wistar Albino si¢an
(220-240 g) kullanild1. Siganlar 22+1 °C oda sicakliginda
12 saatlik aydinlik/karanlik siklusunun saglandigi, sesten
yalitilmig odada ve %55+6 oranda nemli ortamda tutuldu
ve uygun oranda beslenmeleri saglandi. Deney
uygulamasi 09.00-15.00 saatleri arasinda gerceklesti ve
deney ortaminin 151k ile ses diizeyi siirekli kontrol altinda
tutuldu. Bu calisma, Sivas Cumbhuriyet Universitesi
Hayvan Deneyleri Yerel Etik Kurulu Bagkanliginin onay1
ile yapildi1 (Karar No: 65202830-050.04.04-512).

2.2. Calismada Kullanilan Kimyasallar

Pentilentetrazol ve diazepam (Sigma-Aldrich Co. St
Louis, MO, ABD) iiretici firmadan temin edildi.
Kimyasallar serum fizyolojik (1 ml kg?) iginde ¢oziilerek
sicanlara enjekte edildi.

2.3. Deney Protokolii

Calismada yer alan 24 sigan her grupta 6 adet sigan olacak
sekilde rastgele 4 gruba ayrildi.

Kontrol grubu: Siganlara 1 ml kg'* dozda serum fizyolojik
(SF) intraperitoneal (i.p) olarak uygulandi.

Salin+PTZ grubu: Siganlara PTZ (45 mg kgt, i.p) ile
nobet indiiklenmesinden 30 dakika dnce 1 ml kg dozda
serum fizyolojik (SF) intraperitoneal (i.p) olarak
uygulandi.

Diazepam (0,5 mg kg+PTZ grubu: Siganlara PTZ (45
mg kg, i.p) ile nobet indiiklenmesinden 30 dakika dnce
0,5 mg kg diazepam i.p olarak uygulandi [25].
Diazepam (2 mg kg') +PTZ grubu: Siganlara PTZ (45 mg
kg, i.p) ile nobet indiiklenmesinden 30 dakika énce 2 mg
kg diazepam i.p olarak uygulandi [25].

Nobet modeli olusturmak igin sicanlara Onceki
calismalardan referans alinarak 45 mg kg™ ik (1 mL kg
hacim igerisinde) tek doz PTZ i.p olarak uygulandi [26].
Enjeksiyon sonrasi hayvanlar iistii agik seffaf pleksiglas
(50x40x40 cm boyutlarinda) kafeslere konuldu ve
hayvanlarin davraniglar1 30 dakika boyunca gozlemlendi.
Nobet evresi modifiye Racine konviilziyon dlgegine (RS)
gore belirlendi. Nobet asamalari RS’a gore su sekilde
tanimlandi: O=konviilziyon yok; 1=biyik segirmesi;
2=daha belirgin segirme ile motor arrest; 3=miyoklonik
segirmeler; 4=diisme olmaksizin tonik-klonik ndbet;
S5=diisme ile tonik-klonik ndbet; 6=vahsi sigramalar ile
tonik-klonik nébet ve 7=0liimciil ndbet. [26]. Bununla
birlikte, siganlarin PTZ sonras1 ilk myoklonik jerk (IMJ)
stireleri belirlendi (Sekil 1).
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2.4. NOS ve BDNF Diizeylerinin Ol¢iimii

Hayvanlarin beyin dokusu ornekleri (korteks ve
hipokampiis bolgesi) soguk fosfat tamponlu salin (PBS)
¢ozeltisi (pH 7.4) iginde homojenize edildi ve 12000 g’de
10 dakika boyunca 4 °C de santrifiij edildi. Daha sonra
stipernatanlar NOS ve BDNF diizeylerinin dl¢iilmesi i¢in
-80 °C saklandi. Beyin siipernatanlarindan NOS ve BDNF
diizeylerinin  belirlenmesinde ~ ELISA  ticari  kiti
(Sunredbio, Cin) kullanildi. Islem protokolleri, iireticinin
talimatlarina gore yapildi. Orneklerdeki toplam protein
seviyelerini belirlemek i¢in bir Bradford total protein
Olgim kiti (Merck Millipore, Darmstadt, Almanya)
kullanild1 [27].

2.5. istatistiksel Degerlendirme

Tim deneysel sonuglar ortalama + ortalamanin standart
hatas1 (SH) olarak ifade edildi. Istatistiksel analiz icin
SPSS istatistik programi (SPSS 23.0 for windows)
kullanildi.  Veriler normal dagilima  uygunluk
gosterdiginden  dolayt  verilerin  gruplar  arasi
karsilastirilmasi igin varyans analizi (One way ANOVA),
gruplar arasi farkliligin hangi gruptan kaynaklandig: ise
Tukey HSD (post-hoc test) ile tespit edildi. Istatistiksel
anlamlilik p<0,05 diizeyinde tanimlandi.

y
i £
PTZ (45 mg/kg, Ip) ELISA yontemi ile
le nbet ort
dakika once Salin ya
da Diazepam (0,5 mg,
2mg/kg) uygulanmast

induklenmesi hipokampilste
NOS ve BONF

diizeylerinin Slgimii

Sekil 1. Deney protokolii (BioRender.com lisansli uygulamasi
kullanilarak olugturulmustur)

3. BULGULAR
3.1. Diazepamin Nébet Parametreleri Uzerine Etkisi

Bu c¢alismada, ndbet parametreleri, siganlara PTZ
enjeksiyonundan sonra video kayitlar1 kullanilarak
belirlendi. Sekil 2A'da gosterildigi gibi, diazepam+PTZ
gruplarinda nobet evreleri salintPTZ  grubundaki
hayvanlara gore anlamli olarak daha diisiik bulundu (p
<0.001; Sekil 2A). Ayrica, IMJ siireleri diazepam
uygulanan sicanlarda salin+PTZ grubuna kiyasla anlaml
olarak daha yiiksekti (p<0.001; Sekil 2B).

ilk Miyoklonik Jerk (sn)
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mm Salin+PTZ
G_ mm Diazepam (0,5 mg/kg)+PTZ
Em Diazepam (2 mg/kg)+PTZ
4+ *
24
o-
Gruplar

o
o
1

*
200 d
150
*
100+

=]
I

Gruplar

Sekil 2. Diazepamin sicanlarda (n = 6) RS (A) ve IMJ (B) iizerine

etkileri.
salintPTZ grubu ile karsilastirildiginda;

Degerler ortalama = SH olarak verilmistir. * p<0.001,
*p<0.01, 7 P<0.001 Diazepam

(0,5 mg kgl) +PTZ grubu ile karsilastirildiginda.
3.2. Diazepamin Korteks ve Hipokampiiste NOS ve
BDNF Seviyeleri Uzerine Etkisi

Diazepamin ndbet sonrasi kortikal NOS seviyeleri lizerine
etkisi incelendiginde gruplar arasinda istatistiksel olarak

anlaml

fark  bulunmadi (p>0.05; Sekil 3A).

Hipokampiiste ise salin+PTZ grubunda kontrol grubuna

gore

NOS seviyeleri azaldi (p<0.001; Sekil 3B).

Diazepam+PTZ gruplarinda ise salin+PTZ grubuna gore 54
NOS seviyeleri artt1 (p<0.001; Sekil 3B).

NOS (ng/g potein)

NOS (ng/g potein)

KORTEKS
mm Kontrol
50 mm Salin+PTZ
mm Diezepam (0,5 mg/kg)+PTZ
40 BB Diezepam (2 mglkg)+PTZ
30
20
10
0
Gruplar
HIPOKAMPUS

100
80
60
40
20

0

Gruplar

Sekil 3. Diazepamin siganlarda (n = 6) nobet sonrasi kortikal (A) ve
hipokampal (B) NOS seviyeleri tizerine etkileri. Degerler ortalama + SH

olarak verilmistir. * p<0.001 Kontrol grubu ile karsilastirildiginda.

+

p<0.001 salin+PTZ grubu ile karsilastirildiginda.

PTZ

ile nobet indiiklenen grupta kontrol grubuna gore

hipokampiis ve kortekste BDNF seviyesinde anlamli
olarak artig goriildii (p<0.001). Diger yandan, diazepamin
farkli dozlar1 PTZ grubuna kiyasla kortekste BDNF
seviyesinin diismesine neden oldu (p<0.001; Sekil 4A).
Benzer sekilde diazepamin 0,5 mg kg?! ve 2 mg kg’
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dozlar1 hipokampiiste BDNF seviyelerini anlamli olarak
azalttigr gorildi (p<0.01, p<0.001; Sekil 4B).

.

ma Kontrol

4 . = Salin+PTZ
% mm Diezepam (0,5 mg/kg)+PTZ
3 3 + mm Diezepam (2 mg/kg)+PTZ
5 +
o
S 27
£
z
3"
m

0-

Gruplar

HIPOKAMPUS

8 *
E +
g 6+ bad
a
o
B 47
£
z
37
o

0

Gruplar

Sekil 4. Diazepamin siganlarda (n = 6) nobet sonrasi kortikal (A) ve
hipokampal (B) BDNF seviyeleri tizerindeki etkileri. Degerler ortalama
+ SH olarak verilmistir. * p<0.001 kontrol grubu ile karsilastirildiginda.
“p<0.01 ve ** p<0.001 salin+PTZ grubu ile karsilastirildiginda.

4. TARTISMA

Bu c¢alismada PTZ ile olusturulan nébet modelinde
diazepamin korteks ve hipokampiiste NOS ve BDNF
iizerine etkileri arastirilmistir. Diazepam nobet sonrast
kortikal NOS diizeylerine etki etmezken, hipokampal
NOS seviyesini diigiirmiistiir. Buna ek olarak, diazepam
uygulamasi ndbet sonrasi korteks ve hipokampiiste artis
gosteren BNDF seviyelerini diislirmiistiir.

Sicanlarda PTZ ile olusturulan deneysel nobet
modellerinde PTZ’nin 45 mg kg? akut enjeksiyonu
miyoklonik jerk, klonus ve tonik-klonik kasilmalara
neden olarak jeneralize ndbetlere yol agmaktadir [26,28].
Gholipour ve arkadaslar1 intravenéz PTZ enjeksiyonu ile
olusturduklart nbet modelinde diazepamin klonik ndbete
girig siiresini artirdigin1  belirtmislerdir [29]. Benzer
sekilde diazepam; siganlarda pilokarpinle indiiklen status
epileptikus modelinde toplam nobet siiresini azaltirken
ndbete giris siiresini artirmistir [30]. Mevcut ¢alismada
antikonviilzan 6zelligi bilinen diazepam, PTZ (45 mg kg’
Dile olusturulan ndbet modelinde ndbet evrelerinin
azalmasima ve IMJ siiresinin uzamasina neden olmustur.
NO sinir sistemi i¢in 6nemli bir ndéromediyatordiir,
hipokampiis basta olmak iizere beynin birgok bdlgesinde
noronal hiicrelerde NOS tarafindan L-arjininin L-sitriiline
doniistiiriilmesi sirasinda olugmaktadir [31]. PTZ ile
olusturulan nobetlerde farkli beyin bdlgelerinde NO
miktarinin arttig1 gosterilmistir [32]. NO ve epilepsi
arasindaki iliskiyi agiklayan ¢ok sayidaki farkli
calismalarda NO hem prokonviilsan hem de
antikonviilzan 6zellik gostermektedir [3, 33]. PTZ ile
olusturulan ndbet modellerinde ndbet sonrasi korteks ve
hipokampiisteki NO diizeylerindeki degisimler ile ilgili
farkli sonuglar bulunmaktadir. Naziroglu ve arkadaslari
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yaptiklar1 c¢alismada PTZ ile indiiklenen akut nobet
modelinde nébetten sonra kortikal NO seviyesinin
degismedigini belirtmiglerdir [34]. Buna karsilik,
Taskiran ve arkadaglari ise PTZ ile olusturulan ndbet
sonrast hipokampiis ve kortekste PTZ uygulamasinin
nNOS, iINOS ve NO seviyelerini yiikselttigini,
diazepamin ise bu degerleri dislirdiigiinii tespit
etmiglerdir [26]. Farkli bir g¢aligmada ise PTZ ile
olusturulan tonik klonik nobetler sonrasinda frontal
kortekste nNOS diizeyi artmig, iNOS ve eNOS degisiklik
gostermemis; hipokampal nNOS, iNOS ve eNOS
ekspresyonu ise azalmigtir [35]. Benzer sekilde Mazhar ve
arkadaglar1 PTZ ile olusturulan tutugma modelinde nobet
sonrast NOS ekpresyonunun arttigini, diazepam
uygulamasinin  ise NOS seviyesini diisiirdigiinii
belirtmislerdir [36]. Ote yandan, diazepamin anksiyolotik
etkilerini gosteren ¢alismada kortikal ve hipokampal NOS
iizerine etkisi olmadig1 bulunmustur [37]. Calismamizda
ise PTZ ile olusturulan ndbetler sonrasi kortekste gruplar
aras1 NOS seviyesinde degisiklik goriilmemistir. Bununla
birlikte hipokampiiste PTZ grubunda NOS seviyesinin
diistiigli goriilmiistiir. Bunun nedeni epileptik ndbetlere
bagli olarak ortaya c¢ikan oksidatif stres olabilir.
Hipokampiiste yer alan NMDA reseptorlerinin kortekse
gore asir1 aktivasyonu sonucu hiicre igine asirt kalsiyum
girisi reaktif oksijen firiinlerinin olusmasma neden
olmaktadir. Bu oksidatif iiriinlerin hipokampiiste NOS ile
reaksiyonu sonucu oksidatif peroksit tiriinleri olusturarak
[38] NOS seviyesinin diigmesine neden olmus olabilir.
Diazepam ise hipokampiiste nobete bagli azalan NOS
seviyelerini artirmigtir.  Diazepam  oksidatif stres
belirteglerinin azalmasina neden olarak hipokampiiste
NOS seviyesini artirmis olabilir.

BDNF, merkezi sinir sisteminde gorev alan biiylime
faktorlerinden biridir [39] ve beyin plastisitesinde onemli
yere sahiptir [40]. Yapilan deneysel ¢alismalar BDNF nin
ndbet olusumu ile iliskili olabilecegini ortaya koymustur
[41]. Farkli epilepsi modellerinde BDNF ekpresyonunun
arttigi goriilmistiir [42-44]. Benzer sekilde farelerde PTZ
ile olusturulan nobet modelinde noébet sonrasi BDNF
seviyesi yiiksek bulunmustur [45]. Bunun aksine Sahin ve
arkadaglar1 kainik asid ve PTZ ile olusturduklari nobet
modellerinde nobet sonrast BDNF seviyesinin azaldigini
gostermislerdir [46]. Benzer sekilde benzodiazepinlerin
hipokampiiste etki mekanizmasini arastiran bir ¢alismada
diazepamin BDNF seviyesini diislirdiigii gosterilmistir
[47]. Bu calismadan farkli olarak Regner ve arkadaslari
PTZ ile olusturulan tutusma modelinde ndbet sonrasi
diazepam uygulan grubun PTZ grubuna gore kortikal ve
hipokampal BDNF seviyeleri lizerine etki etmedigini
belirtmislerdir [48]. Calismamizda ise PTZ ile olusturulan
ndbet sonrasinda korteks ve hipokampiiste BDNF
seviyesinin artt1g1 tespit edildi. Diazepam uygulamasi ise
hipokampal ve kortikal BDNF seviyelerini diisiirdii.
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5. SONUC

Diazepam, PTZ ile olusturulan ndbet sonrasi ndbet
evrelerinin azalmasina ve ilk miyoklonik jerk siiresinin
artmasina neden olmustur. Ayrica diazepam, ndbet
sonrasi kortikal NOS seviyesi iizerine etki gdstermezken
hipokampal NOS seviyesini artirmistir. Hipokampiiste ve
kortekste ndbet sonrasi artan BDNF seviyeleri diazepam
uygulamasi sonrast diigmiistiir. Diazepamin, NOS ve
BDNEF iizerine diizenleyici etkisi antikonviilzan etkisi ile
baglantili olabilir. Ancak, bu hipotezin kanitlanabilmesi
icin ileri molekiiler ¢aligmalara ihtiyag vardir.
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Abstract: Ibuprofen (IBU) is a non-steroidal anti-inflammatory drug that is extensively
prescribed. For the determination of IBU in pharmaceutical formulations, a sensitive, simple,
accurate, and rapid ultra-performance liquid chromatography method in combination with tandem
triple quadruple mass spectrometry (UPLC-MS/MS) has been used and validated. The
chromatographic separation was accomplished using a C1s UPLC column, 95 A, 2.1 x 50 mm, 1.8
pm, and 0.1 percent formic acid in conjunction with acetonitrile (25:75 v/v. The flow rate was
0.15 ml min’, with a run duration of 2.0 minutes. The injection volume was 5 pL and the column
temperature was held constant at 40 °C.The mass transitions of Ibuprofen and IS were m/z 205.0
— 159.0 and 249.9 — 228.9, respectivelty. According to ICH guidelines, the approach was
thoroughly verified. The linear range 1-5000 ng mL™ calibration curve has a strong correlation
coefficient (0.9921). Within and between days precision were expressed as relative standard
deviation and were lower than 6.24%. This method has been used to determine IBU in both pure
form and pharmaceutical formulations with great success.

ibuprofenin Farmasotik Preperatlarda UPLC-MS/MS Yontemiyle Tayini

Anahtar
Kelimeler
Ibuprofen,
UPLC-
MS/MS,
Farmasotik
analiz

Oz: Ibuprofen (IBU), yaygin olarak regete edilen, steroid olmayan bir anti-inflamatuar ilagtir.
Farmasétik formiilasyonlarda IBU'nun belirlenmesi igin tandem {iglii dortlii kiitle spektrometrisi
ile kombinasyon halinde hassas, basit, dogru ve hizli ultra performansli sivi kromatografi yontemi
(UPLC-MS/MS) yontemi kullamlmis ve dogrulanmistir. Kromatografik ayirma, bir C18 UPLC
kolonu, 95 A, 2.1 x 50 mm, 1.8 pm ve asetonitril ile birlikte yiizde 0.1’lik formik asit (25:75 v/v)
kullanilarak gerceklestirildi. Akis hizi, 2.0 dakikalik bir calisma siiresi ile 0.15 ml dak™ idi.
Enjeksiyon hacmi 5 uL ve kolon sicakligi 40 °C'de sabit tutuldu. ibuprofen ve IS kiitle gegisleri
strastyla m/z 205.0 — 159.0 ve 249.9 — 228.9 dur. ICH yonergelerine gore, yaklasim tamamen
dogrulandi. 1-5000 ng mL! kalibrasyon egrisi dogrusal aralig1, giiglii bir korelasyon katsayisina
(0.9921) sahipti. Giin i¢i ve giinler arasi kesinlik, bagil standart sapma olarak ifade edildi ve
%6.24'ten diigiktii. Bu yontem, hem saf formda hem de farmasotik formilasyonlarda IBU'yu
biiyiik bir bagartyla belirlemek i¢in kullanilmistir.

achieve its apparent maximum concentration (Tmax),

1. INTRODUCTION

Ibuprofen (IBU) is a non-steroidal anti-inflammatory
drug that is commonly used. By inhibiting the
cyclooxygenase-2 enzyme, it primarily acts as an anti-
inflammatory, antipyretic, and analgesic drug [1, 2]. IBU
is commonly used to alleviate fever, pain, and
inflammation in premature newborns, as well as to treat
patent ductus arteriosus [3]. IBU takes 1-3 hours to

which is rapidly absorbed after oral intake, and
maximum concentrations (Cmax) vary from 50-100 pg
mL. [4]. lbuprofen has the chemical formula C1sH1502
and the name (RS)-2-[4-(2-methylpropyl) phenyl]
propanoic acid [5]. The chemical structure of IBU is
shown in Figure 1. [6].
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Figure 1. The chemical structure of Ibuprofen

According to a survey of the literature, no research have
been done utilizing the UPLC-MS/MS technique to
determine the quantity of IBU in pharmaceutical
formulations. There have been research that used the
LC-MS/MS approach to determine IBU from plasma. To
determine the amount of IBU in pharmaceutical
preparations, analytical studies have been conducted
using the high-performance liquid chromatography
(HPLC) method [7-9], capillary electrophoresis [10],
HPTLC [2, 11, 12], and spectrofluorimetry [13, 14].
However, the analysis time in these research are lengthy,
and the pre-analytical preparation procedures are time-
consuming.

Ultra-high performance liquid chromatography (UPLC)
is an upgraded derivative of HPLC systems with high-
quality tiny porous packing material and the capacity to
operate at extremely high pressures. Higher pressure
capability and smaller particles in the stationary phase
allow for enhanced efficiency and sensitivity, as well as
quicker chromatographic analysis, thanks to sharper and
higher peaks. As a result, the key benefits of UPLC
systems include improved resolution and, more
importantly, a large decrease in processing time [15-18].
Furthermore, compared to HPLC, mass spectrometric
approaches can give higher sensitivity and specificity

13].

The study's goal was to develop a fast and sensitive
ultra-performance liquid chromatography tandem mass
spectrometer (UPLC-MS/MS) method for determining
IBU in pharmaceutical preparations and pure form with
high recovery and short run-time, as well as to validate
the method according to ICH Q2(R1) guideline. The
developed method was successfully applied in the
analysis of IBU-containing tablet dosage forms after test
scenarios were completed.

2. MATERIALS AND METHODS
2.1. Materials and Reagents

Novagenix Company (Ankara, Turkey) provided IBU
with a purity of >99 percent and Erdostein (IS, purity>99
percent). Methanol and acetonitrile hyper grade for LC-
MS systems were being provided by Merck (Darmstadt,
Germany). Synergy® UV Water Purification System
was used to make deionized water on a regular basis
(Merck Millipore, Darmstadt, Germany). As a result, all
of the other compounds were analytical grade and could
be utilized without additional purification.
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2.2. Instrumentation and Operation Conditions

An ultra-high-performance liquid chromatography
system (UHPLC, 1290 Series, Agilent Technologies,
Santa Clara, CA, USA) was employed to analyze the
samples, which was linked to an Agilent 6490 Triple
Quadrupole mass spectrometer (Agilent Technologies),
which contained a triple quadrupole mass spectrometer,
a degasser, an autosampler, a column compartment, as
well as a binary pump. The autosampler tray temperature
was kept at 10 degrees Celsius, and the reserved-phase
C18 UPLC column (ZORBAX RRHD Eclipse Plus C18,
95, 21 x 50 mm, 1.8 m, Agilent Technologies,
Loveland, CO, USA) was kept at 40 degrees Celsius was
used to achieving Chromatographic separation. The
samples were separated using isocratic elution with a
mobile phase of 0.1 percent formic acid solution and
acetonitrile (25:75, volume/volume). The mobile phase
was processed using a 0.45 pm Millipore membrane
filter before use. With a run time of 2.0 minutes, the flow
velocity was 0.15 mL min. The injection volume was 5
pL and the column temperature was kept fixed at 40°C
for symmetrical peaks.

A mass spectrometer with a Jet Stream electrospray ion
source interface was used in both negative and positive
ionization mode in the mass range of 50-250 Da. The
desolvation gas (1000 L h*) and cone gas (50 L h') were
both nitrogen. Capillary voltage of 2.0 kV, source
temperature of 250 °C, and nebulizer pressure of 35 psi
were used to determine the ion monitoring conditions.
To conduct quantitative analysis, multiple reaction
monitoring (MRM) modes of m/z 205.0— 159.0 for IBU
and 249.9— 228.9 m/z for IS were used.

In methanol, stock solutions of IBU (1000 pg mL™) and
IS (1000 pg mL?) were made. The IS 5000 ng/mL
working standard solution was prepared by dilution with
methanol from the IS stock solution; working solutions
for calibration and controls were prepared similarly from
stock solutions using methanol diluent. All of the
solutions were kept at -20 degrees Celsius and warmed
to room temperature before being used.

2.3. Selection of Internal Standard

We employed erdosteine as IS for IBU in a prior
investigation. For both  materials, mass and
chromatographic settings were optimized [19]. We used
erdosteine as an internal standard for IBU in this study
and validated the approach we developed for IBU.

2.4. Preparation of Standards and Quality Control
(QC) Samples

In methanol, IBU (1000 pg mL™) and IS (1000 pg mLY)
stock solutions were produced. By diluting the stock
solutions with methanol, the IBU and IS working
standard solutions were created. Using methanol, further
dilutions of working solutions for calibration and
controls were generated from stock solutions. Working
solutions were kept at -20 °C until they were needed and
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then raised to room temperature. The solutions for
quality control were produced on a daily basis.

2.5. Method Validation

Validation was conducted out in accordance with ICH
Q2(R1) guidelines to ensure the analytical method's
performance [20].

2.5.1. Selectivity and specificity

Figure 2 shows representative MRM chromatograms of
solutions derived from tablet formulations. It
demonstrated that decent separation was acquired both
standard and real sample conditions and no interfering
peaks were discovered at the retention time of IBU and
IS. [21] (Figure 2.).
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Figure 2. UPLC-MS/MS total ion current (TIC) chromatogram of IBU
(500 ng mL*) and 1S (500 ng mL™)

2.5.2. Linearity and sensitivity

Standard working solutions at seven different
concentrations of IBU and IS (500 ng mL™?) were
generated triplicate to obtain a calibration graph in the
range of 0.1-5000 ng mL?l. These samples were
evaluated using the established approach, and the
equation was constructed using least-squares weighted
(1/x2) linear regression analysis. Continuous lower
accumulations of standard solution were evaluated in
sensitivity experiments. The LOD level was chosen as
the lowest discernible and distinct peak. According to
ICH recommendation, the detection and quantification
limits were calculated based on the signal-to-noise ratio
of 3:1 and 10:1, respectively [22].

2.5.3. Precision and accuracy

The accuracy and precision of the UPLC-MS/MS
technique were determined by analyzing quality control
samples (QC's) in low, medium, and high concentrations
within the calibration curve (4, 400, and 4000 ng mL™).
Intraday precision and accuracy were determined by
analyzing QC samples three times in one day, and inter-
day precision and accuracy were determined by
analyzing the same samples three times in three days
following the intraday analysis. To calculate precision
and accuracy, the RSD and RE are employed [22].

2.5.4. Analysis of pharmaceuticals and recovery
The applicability of the methods for the determination of

IBU in solid dosage forms (tablets) was examined by
analyzing marketed medicinal products of BRUFEN
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(400 mg Abbott Pharmaceuticals Inc) and DOLVEN
(600 mg Sanofi Pharmaceuticals Inc). The contents of
each medication were extracted and weighed
individually. Weighed and dissolved in methanol in an
amount equivalent to one tablet. To ensure thorough
dissolution, the solutions were sonicated for 15 minutes.
The solutions were diluted with an optimum amount
(150 and 400 ng mL™) and transmitted to an autosampler
vial after being filtered through a microfilter. For
analysis, 5 pL was injected into the UPLC-MS/MS
system. By comparing the observed concentration to the
notional concentration, average recoveries were
computed.

3. RESULTS AND DISCUSSION

3.1. UPLC-MS/MS Method Development and
Optimization

To attain the highest abundances of product and
fragment ions, mass spectrometric settings were
optimized. Direct injection of IBU and IS solutions into
the mass spectrometer in both positive and negative
ionization modes with an ESI source in the mass range
of 80-300 Da resulted in full scan mass spectra and
product ion scan spectra at 1000 ng mL*. IS had a
greater peak intensity in negative ion mode than in
positive mode, but IBU had a substantially higher peak
intensity in negative mode. Using the multiple reaction
monitoring mode, data for the two highest intense and/or
different product ions for each precursor ion was
obtained. MRM is a sensitive targeted mass spectrometry
technique for identifying and quantifying particular
chemicals by screening specific precursor molecule-to-
fragment ion transitions [23]. IS transitioned to product
at m/z 249.9— 2289, whereas IBU transitioned to
product at m/z 205.0— 159.0. However, there was only
one product ion present for ibuprofen (1S), and there was
no extra fragmentation product that could be chosen as
the predictive ion (Figure 3.). For IBU and IS, the
optimal collision energies were determined to be 2 and 1
eV, respectively. Further details about the optimum mass
spectrometric conditions were shown in Table 1.
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Figure 3. Product Ion Mass Spectra for (A) Ibuprofen (m/z 205.0 —
159.0), (B) IS (Erdosteine) (m/z 249.9 — 228.9)
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Table 1. Optimized MS/MS Parameters of the Method

IBU IS

(Product lon) (Product lon)
lonization Mode ESI+Agilent Jet Stream
MRM Transitions | 205.0 — 159.0 249.9 — 2289
(m/z)
Fragmentor Voltage | 60 23
M)
Collision Energy (V) 1 2
Polarity Negative Positive
Dwell Time 165 165
Gas Temp (°C) 250 250
Gas Flow (I/min) 8 8
Nebulizer (psi) 35 35
SheathGasHeater 250 250
SheathGasFlow 10 10
Capillary (V) 2000 2000

The mobile phase is optimized by testing a variety of
solvents, ratios and flow programs to achieve good
separation with good resolution of IBU and IS peaks in a
short analysis time. It was found that the non-polar
properties of IS  became dominant  during
chromatographic separation and remained on the C18
column, requiring the use of acetonitrile for its elution. It
was also found that the acidic aqueous solution
significantly improved the resolution of IBU and
minimized peak tailing compared to other solvents.
Therefore, the optimal mobile phase consisting of water
(0.1% formic acid) and acetonitrile was finally used at a
flow rate of 0.15 mL min'. Under these specified
conditions, IBU and IS retention times were
approximately 1.554 and 1.017 for IBU and IS,
respectively. Total analysis time was 2.0 minutes. This is
a significantly faster execution time than the previous
survey [24-28].

3.2. Selectivity and Specificity

Figure 5 shows representative MRM chromatograms of
solutions derived from tablet formulations (150 and 400
ng mL7Y). It demonstrated that good separation was
acquired both standard and real sample conditions and
no intruding peaks were discovered at the retention time
of IBU and IS [21].

3.3. Linearity and Sensitivity

The calibration curve was created by plotting the peak
area ratio of IBU to IS to the concentration. The
calibration curve was created by analysis in 7 different
concentrations of IBU, the developed method was linear
in the range of 1-5000 ng mL™, and the coefficient of
determination (R2) exceeded 0.996 (Figure 4). LOD was
calculated by injecting a continuous small accumulation
of standard solution using the developed method, and
values of 0.3 ng mL*and 3:1 S/N values were observed.
The LOQ corresponding to the 10: 1 signal-to-noise ratio
was determined to be 1 ng / mL. This shows that this
method is sensitive enough.

Tr. J. Nature Sci. Volume 11, Issue 2, Page 58-63, 2022

y=0,0015x+0,1841
R?=0,9921

Peak Area Ratio(IBU/IS)
S B N W A U N ®

0 1000 2000 3000 4000 5000 6000

Concentration(ng/ml)

Figure 4. The Calibration Curve of the Method Obtained From Linear
Regression Analysis of the Method (n=6).

3.4. Precision and Accuracy

The accuracy and precision values for QC solutions (4,
400, and 4000 ng mL*) were determined using percent
relative error (percent RE) and percent relative standard
deviations (percent RSD) over the same day (intra-day,
n=3) and three consecutive days (inter-day),
respectively. Table 2 shows the accuracy and precision
findings. In every case, the intra-day and interday
accuracy and precision values were within acceptable
limits. With RE % (lower than 4.25 %) and % RSD
(lower than 6.24 %) values, the approach demonstrated
high accuracy and precision.

Table 2. Precision and Accuracy of the Method (n=6). x: Mean of the
Six Replicated Analysis, SD: Standard Deviation, RE%: Relative
Error, RSD: Relative Standard Deviations

Intra-day Inter-day
Added | Found | Accura | Precisi Found | Accura | Precisi
(ng/m | X (ng | cy RE | on X (ng | cy RE | on
L) mLY) | % RSD% | mLY) | % RSD %
+ SD + SD
4 423 £ | 575 3.07 417 £ | 425 6.24
0,13 0.26
400 416.7 4.19 3.56 395.4 -1.15 3.85
6 + 0 +
14.85 15.22
4000 3982. | -0.44 2.02 3979. | -0.51 1.94
60 =+ 52 =+
84.59 77.20

3.5. Analysis of Pharmaceuticals and Recovery

The determination of IBU in tablet formulations was
conducted to measure the applicability of the
UPLCMS/MS method (Figure 5.). The amount of IBU in
the selected commercial pharmaceuticals was found to
be in good agreement with the IBU content of these
formulations in experiments. For IBU six different lots
of each drug, the drug content was found to be between
99.07 percent and 102.66 percent (Table 3.). These
findings indicate that the method could be used to
analyze IBU-containing tablet formulations on a regular
basis.
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Figure 5. A Representative UPLC-MS/MS Chromatogram of 1BU
(150 ng mL™*) Solutions Prepared from Tablet Formulations

Table 3. The Assay Results and Recovery of Pharmaceuticals
Containing IBU in Two Different Concentration Levels (n=6)

BRUFEN DOLVEN

400 mg IBU 600 mg IBU

150 400 150 400

ngmL? | ngmL? ngmL? | ngmL?
% (ng mLY) 147.11 403.22 153.20 | 410.65
SD 5.04 7.49 747 9.78
RSD % 3.42 1.85 4.87 2,38
Average 98.07 99.20 102.13 102.66
Recovery %

4. CONCLUSION

In the literature, the present approach was developed and
validated for the determination of IBU from
pharmaceutical formulations and pure form using the
UPLC-MS/MS method. The linear range 1-5000 ng mL*
calibration curve has a strong correlation coefficient
(0.9921). Within and between days precision were
expressed as relative standard deviation and were lower
than 6.24%. The findings showed that the suggested
UPLC-MS/MS technique is a simple, precise, quick,
accurate, and low-cost approach. This approach also
offers a fast analytical time and a high sensitivity. In
conclusion, this approach may be utilized to determine
IBU in pure form and pharmaceutical formulations,
routine analysis, pharmaceutical industry quality control
laboratories, and stability monitoring.
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Abstract: Salinity of irrigation water and soil-based salinity is an important problem. Priming is an
application that increases the germination rate by keeping the seeds in distilled water or different
aqueous solutions for a certain period of time. Ipsala variety melon (Cucumis melo L.) seeds
obtained from Manisa Kirkagag¢ region were used in the study to determine the effects of different
NaCl stress and priming applications on seed quality. Melon seeds subjected to different priming
applications were germinated in pure water (0 mM NacCl) and salt stress (140 mM NacCl) conditions.
In the study, herbal origin thyme (Origanum vulgare L. subsp. hirtum), sage (Salvia officinalis L.)
applications as well as KNO3 (50 mM) and pure water applications were included as priming
applications. In the study, it was determined that increase in the germination rate (%) and
germination time (day) parameters which are important quality parameters in seeds, were more
pronounced with priming applications. Priming with using sage and thyme plants were more
effective respectively in increasing seed quality parameters.

Farkh Dozlarda NaCl Stresi Uygulanan Kavun (Cucumis melo L.) Tohumlarinda Baz

Priming Uygulamalarimin Tohum Kalite Parametrelerine Etkileri

Anahtar
kelimeler
Priming,
Kavun,
NaCl stresi,
Cimlenme
orani,
Cimlenme
hiz1

Oz: Sulama sular1 ve toprak kaynakli tuzluluk, énemli bir sorun olarak karsimiza ¢ikmaktadir.
Priming tohumlarin belli siirede saf su veya farkli sulu soliisyonlarda bekletilmesi seklinde
uygulanan ve ¢imlenme giiciinii artiran bir uygulamadir. Farkli NaCl stresi ve priming
uygulamalarinin tohum kalitesine etkilerinin belirlenmesi amaci ile yapilan galismada Manisa
Kirkagag bolgesinden elde edilen Ipsala ¢esidi kavun (Cucumis melo L.) tohumlar: kullanilmstir.
Kavun tohumlari farkli priming uygulamalarina tabi tutulmus ardindan, saf su (0 mM NaCl) ve tuz
stresi (140 mM NaCl) kosullarinda ¢imlendirilmistir. Calismada priming uygulamalar1 olarak
bitkisel kaynakli kekik (Origanum vulgare L. subsp. hirtum), adacay1 (Salvia officinalis L.)
uygulamalarinin yanisira KNO3z (50 mM) ve saf su uygulamalari yer almistir. Calismada, priming
uygulamalari ile tohumda 6nemli kalite parametrelerinden olan ¢imlenme orani (%) ve ¢gimlenme
hiz1 (giin) parametrelerinin artis1 daha belirgin olmugtur. Calisma degerlendirildiginde, sirasiyla
adacay1 ve kekik bitkisi kullanilarak yapilan priming uygulamalari, tohum kalite parametrelerini
arttirmada daha etkili olmustur.

affects the physical and chemical properties of the soil

Volume 11, Issue 2, Page 64-69, 2022

1. INTRODUCTION

The salinity rate in our water resources is increasing day
by day. Although there are salts in all surface and
underground waters, this salt is transmitted to the soil by
irrigation. Salinity affects the water uptake of plants
negatively by increasing the osmotic pressure of soil
water. Salt accumulation in the soil also negatively

[3]. Salt stress causes ion stress in plants as well as
osmotic stress. Salt stress has a negative effect on plant
growth as a result of the accumulation of ions such as Na-
and CI'. The effect of salt stress varies depending on the
type of salt, the level of stress, the type and genetic
structure of the plant subjected to stress and the
developmental stage of the plant [2].
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Seeds germinate more easily in laboratory conditions
than in farm conditions (farm or nursery). Because they
are not exposed to the stress factors (salinity, drought,
etc.) in laboratory conditions that they are exposed in
farm while germinating. Therefore, it is inevitable that
the germination rate will decrease in farm conditions
compared to laboratory. This necessitates studies that
expose seeds to various stress applications and include
treatments that aimed at improving germination in stress
conditions.

Various abiotic stresses lead to overproduction of
reactive oxygen species (ROS), which are highly reactive
and toxic in plants. These reactive oxygen species
damage proteins, lipids, carbohydrates and DNA,
resulting in oxidative stress [6]. According to the results
of a different study [12] on the subject, reactive oxygen
species increased in the cells of the elongation zone of
the root tip of Arabidopsis with 200 mM NaCl
application. Priming is an application that involves
leaving the seeds in water under controlled conditions
(imbibition) and drying the seed to its initial moisture
content with the aim of improving the germination of
seeds and initiating early events in germination. Primed
seed is brought to a stage where metabolic processes
begin with priming before planting. Therefore, primed
seed is placed in a more advantageous position than
unprimed seed. Primed seed can complete the remaining
stages of the germination process (stage three-
reimbibition of primed seed) more quickly than untreated
seed [22].

Organic priming applications can be done such as using
medicinal plants and can be an alternative priming
method especially for producers and farmers who
engaged in organic farming. Roby et al. [15], stated in
their study that thyme (Thymus vulgaris L.), sage (Salvia
officinalis L.), marjoram (Origanum majorana L.) plants
have important antioxidant activities and they have a
field of use as natural antioxidants. In the study [7],
Origanum vulgare L. subsp. hirtum appears to have
antioxidant activity.

Sen et al. [18], determined that NaCl and PEG
applications decreased germination rate, increased
reactive oxygen species and lipid peroxidation rate in
three rice (Oryza sativa) cultivars (Neeraja, Vaisakh,
Vyttila 6). In their study, they determined that the
activities of metabolites as non-enzymatic antioxidant
contents as well as antioxidant enzymes were
significantly accelerated by different priming techniques.
In a study [13], it was reported that priming applications
using laurel fruit and moss had better results in pepper
seeds while priming applications using dried black thyme
and moss had better results in tomato seeds. In the study,
it was observed that there was a high increase in
germination rate with all priming applications on the
third day of germination in tomato.

Ozkaynak et al. [14], determined that priming
applications had a positive effect on germination in their
study using laurel, thyme, seaweed extracts and PEG
6000 in watermelon (Citrullus lanatus Thunb. cv.

Tr. J. Nature Sci. Volume 11, Issue 2, Page 64-69, 2022

Toraman F1). In the study, it was stated that earlier, more
homogeneous and stronger seedlings were obtained with
priming applications, and it was stated that laurel, thyme
and seaweed extracts could be successfully applied
instead of chemical priming.

Rochalska et al. [16], have made priming applications
using chamomile (30 and 100% concentration), sage (30
and 100% concentration), chamomile and sage mix
(15%+15%) in beetroot (var. Czerwona Kula), sugar beet
(var. Janosik) seeds. In the study, they determined that as
a result of priming applications, there was an increase in
germination ability (%) in both seeds 4 days after sowing,
and priming applications had a positive effect on
germination rate.

In study [17], with different potassium nitrate
applications (0, 0.25, 0.50, 1.00, 1.50, 2.00 %) in rice
varieties (KDML105 and RD15), germination
percentage values were higher in the priming application
with 1% KNOs; than in the priming application with 2%
KNOs.

Priming applications made by Lara et al. [10], using
polyethylene glycol (PEG 6000) -1.1MPa, 50 mM KNOs,
PEG+KNO3; solutions in tomato. In their study, the
priming application using KNOs solution had better
results than other priming applications in increasing the
germination power and germination rate values. The
highest nitrate reductase activity was obtained as a result
of priming with KNOs. It was determined that priming
with KNOs increased the antioxidant system activity,
SOD and CAT activities by creating nitric oxide from
nitrate reductase.

I another study [19], cumin seeds (Cuminum cyminum L.)
were germinated in different salt solutions (NaCl, CaCly,
KNO:s3), at different concentrations (50, 100, 150 mM)
and there was a decrease in the germination percentage
under all salt stresses. In study the effect of salt stress was
more pronounced with KNO3 application than CaCl; and
NaCl. In the study, they determined that there was no
statistical difference in germination percentage as a result
of 50 mM NaCl and CaCl; applications.

Aydm et al. [1], applied different levels (0, 75, 150, 250
mM) of salt stress (NaCl) in wheat (Triticum aestivum cv.
Bezostaya), tomato (Lycopersicon lycopersicum cv.
H55711), beans (Phaseolus vulgaris sp. sphearicus) and
maize (Zea mays cv. Hido) cultivars. Germination rate,
germination time, plant salt tolerance index, plant dry
weight parameters were negatively affected in all
varieties with 150 and 250 mM salt applications. Length
of seedlings, root length, fresh weight parameters were
negatively affected in all varieties with 75 mM salt
application. Among the cultivars included in their study,
they determined that the most tolerant cultivar was hybrid
corn and the most susceptible cultivar was tomato.

Sivritepe et al. [20], applied priming for 3 days at 20 °C
to Hasanbey (Cucumis melo L. Hasanbey’’) and
Kirkagac (Cucumis melo L. “*Kirkagac’’) melon varieties
with using 18 dS m-1 doses of NaCl. In their study, they
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subjected the seeds to different stress applications by
irrigating them with water containing NaCl at doses of
0.3, 4.5, 9.0, 13.5, 18 dS m-1. As a result of their study,
when the subjects that were not primed were examined,
the germination rate started to decrease at a dose of 4.5
dS m-1 NaCl in Hasanbey variety, while it started to
decrease at a dose of 9.0 dS m-1 NaCl in Kirkagac
variety. In their study they determined that melon seeds
treated with NaCl stress at doses of 4,5, 9 dS m-1 NaCl
with priming application and melon seeds treated with
dose of 0,3 dS m-1 NaCl were in same statistical group
in terms of germination rate. In addition, they determined
that the mean germination time increased as the NaCl
doses increased. In their studies, germination time
decreased with priming application at all NaCl doses
except 0.3 dS m-1 NaCl dose. In addition dry weight
decreased in melon seedlings with increasing doses of
NaCl in unprimed treatments.

The aim of the study is to determine the effects of
different NaCl stress and some priming applications
(pure water, herbal, chemical origin) on seed quality of
melon (Cucumis melo L.) obtained from Manisa
Kirkagag¢ region in Turkey where is an intense melon
production.

2. MATERIAL AND METHOD

The research was carried out in the laboratory of
Canakkale Onsekiz Mart University, Faculty of
Agriculture, Department of Horticulture in 2022. In the
study, the seeds of Ipsala variety melon (Cucumis melo
L.) grown in the Kirkagac region of Manisa province
were used. Melon seeds, which were separated from the
fruits harvested 50 days after full bloom in 2021, were
dried using natural methods without any chemical
treatment. The seeds were washed with distilled water for
surface sterilization and dipped in 3% sodium
hypochlorite solution for 10 seconds to disinfect the seed
surface from fungi with the help of a sieve. The
experiment was established according to the randomized
plot design with 3 replications. 30 seeds were used in
each replication in the experiment. The seeds were
primed for 24 hours using solutions of dried thyme
(Origanum vulgare subsp. hirtum), sage (Salvia
officinalis L.) plants [16], KNOsz (50 mM) and distilled
water. The sage and thyme materials used in the study
were obtained from a commercial store in the Canakkale
region. Primed and untreated seeds were germinated in
purified water and high salinity (140 mM NaCl)
conditions at 25°C. The seeds weighed before the
priming application, were dried after the application in a
shaded and ventilated environment until they reached
their weight before the priming application. Seeds were
arranged between 40%40 cm filter papers and watered
with distilled water with or without NaCl in equal
amounts on the first day and in equal amounts on the 7th
day so that no dry areas were left on the filter papers.
Seeds were kept in dark conditions in plastic bags for 14
days.

In the priming application using thyme, 5 g of dry thyme
was put into 500 ml of water. The mixture was boiled and
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allowed to cool. 25 ml of the solution was taken, 175 ml
of water was added and the application was made [13],
[14]. The same application in [13], [14] was made using
5 g of sage. Sage (Salviae folium) was used in priming
application by [16] as primed for 24 hours in red beet and
sugar beet. Study consist of control, priming using 0 mM
NaCl+dry thyme, priming using 0 mM NaCl+dry sage,
priming using 0 mM NaCl+KNQs, priming using 0 mM
NaCl+pure water, priming using 140 mM NaCl, 140 mM
NaCl+dry thyme, priming using 140 mM NaCl+dry sage,
priming using 140 mM NaCIl+KNOs, priming using 140
mM NaCl+pure water applications. Thus, the study
consisted of 10 subjects.

Analysis and measurements included in the study:

Germination Rate (%): Seeds that rooted out and reached
2 mm in length were stated as germinated. Seed lots were
counted at the same time each day. Germination rate
determined as = Number of germinated seeds Total
number of seeds™.

Mean germination time (days): It was determined using
n«D
the= ), Sn formula [5].

n: Number of seeds germinated in D day hour-!
D: Number of days from the start of germination
¥n: Total number of germinated seeds

Hypocotyl Length (mm): It was determined by
measuring the length from the cotyledon leaves to the
radicle thickness with the help of a caliper with a
sensitivity of 0.01.

Radicle Length (mm): It was determined by measuring
the length from the tip of the radicle to the end of the
radicle with the help of a caliper with a sensitivity of 0.01.
Radicular Collar Thickness (mm): It was determined by
measuring the thickness of the radicula just before the
hypocotyl with the help of a caliper with a precision of
0.01.

Seed Vigor Index: [21].

SAS.8.0. programme was used in making statistical
analyzes in the trial. Analysis of variance was performed,
and the LSD (P<0.05) test was used to compare the
differences between the means of the data.

3. RESULTS AND DISCUSSION

Table 1. Effects of Different NaCl and Priming Applications on
Germination Rate (%)

b b b b Pure
Control Thyme Sage' KNO; Water®
Control? 91.114 95.55 A 94.44"~ 9333~ 92224

140mM  6L11°  7444° 85558 7111C 73.33°
NaCI®

LSD P<0.05=4.5247°¢
2 NaCl levels, °: Priming applications, & LSD (P < 0.05) value

When the germination rate values were examined, it was
seen that the germination rate values did not differ
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statistically (P < 0.05) as a result of priming applications
in the subjects that did not apply NaCl stress. When the
unprimed subjects were examined, it was determined that
the germination rate value decreased significantly (P <
0.05) as a result of NaCl application. It was concluded
that priming application using sage plant had the highest
value among the subjects to which NaCl was applied
(Table 1). In a study [12], reactive oxygen species that
cause oxidative stress increased with NaCl stress. In
another study [18], it was determined that non-enzymatic
antioxidant content and activities of antioxidant enzymes
were accelerated by priming techniques. In a study, it was
stated that priming applications affect germination
positively in watermelon [14]. In another study [19], it
was mentioned that the germination percentage of cumin
decreased under different salt stresses (NaCl, CaCly,
KNO3).

Table 2. Effects of Different NaCl and Priming Applications on
Germination Time (days)
Control> Thyme®  Sage® KNOs®  Pure

Water®
Control? 535F 53F 5.48Ff 533F 537F
140 mM 6.76 A 5948 566PF 6158 5.79 ¢P

NaCl?

LSD P<0.05=0.2562°
2 NaCl levels, ®: Priming applications, ¢ LSD (P < 0.05) value

When the germination time values were examined, it was
determined that the germination time increased slightly
(P < 0.05) compared to control in the priming application
using sage in subjects without NaCl stress. When the
unprimed subjects were examined, it was observed that
the germination time was increased statistically (P <
0.05) as a result of the NaCl application compared to the
control application. When the subjects with NaCl
application were examined, it was observed that the
longest germination time was achieved in the subject that
was not primed, the fastest germination was achieved in
the application of priming using sage and this application
was followed by pure water, thyme, and KNOj;
applications, respectively (Table 2). In a study [16], it
was determined that priming applications had a positive
effect on the germination rate of red beet and sugar beet.

Table 3. Effects of Different NaCl and Priming Applications on
Hypocotyl Length (mm)
Control®  Thyme®  Sage® KNOs® Pure
Water®

113974 107.66% 91.81¢ 89.8°€

Control? 92.39¢

140 mM 22.53F 28.73P 26.41PF 253PE  2319F

NaCl?

LSD P<0.05=4.7614°
2 NaCl levels, ®: Priming applications, ¢ LSD (P < 0.05) value

When the hypocotyl length values were examined, it was
observed that priming applications using thyme and sage
had higher values than the control application (P < 0.05)
and thyme application had the highest value in the
subjects without NaCl stress. Hypocotyl length decreased
significantly (P < 0.05) with 140 mM NacCl application.

Hypocotil length of not primed seeds and seeds primed
with pure water were in same statistical group (P < 0.05)
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in subjects which were treated with 140 mM NaCl.
Priming application using thyme had highest hypocotyl
length value in subjects treated with 140 mM NaCl
(Table 3). In a study [1], 75 mM NaCl application in
wheat, tomato, beans and corn reduces plant seedling and
root length. In another study [14], early maturing, more
homogeneous and stronger seedlings were obtained with
priming applications.

Table 4. Effects of Different NaCl and Priming Applications on Radicle
Length (mm)
Control>  Thyme®  Sage® KNOs®  Pure

Water®
Control® 98.17°8 114544~ 112.64" 99.63% 115.73%
140 mM 36,39 F 48,47 © 40,09 %5 49°¢ 44.44 °C

NaCl?

LSD P<0.05= 6,0948°
2 NaCl levels, °: Priming applications, ¢ LSD (P < 0.05) value

When the radicle length values were examined, it was
determined that the values in the priming applications
using thyme, sage and distilled water were in the same
statistical group (P < 0.05) and were higher than the
control application in the subjects without NaCl stress. It
was observed that radicular length values decreased
significantly (P < 0.05) with 140 mM NaCl application.
When the subjects with 140 mM NaCl stress were
examined, it was determined that the radicula length
values of the subjects that were primed with thyme and
KNO;3 were in the same statistical group (P < 0.05) and
they had the highest values among the subjects at this
NaCl stress level (Table 4). Radicle length decreased
with increasing NaCl stress in some halophyte species
(Limonium sinense Kuntze, Glycine soja sieb., Sorghum
sudanense Stapf.) [11] and rice (Oryza sativa) genotypes

(8].

Table 5. The Effects of Different NaCl and Priming Applications on
Radicular Collar Thickness (mm)
Control® Thyme® Sage® KNOs®  Pure
Water®

Control? 1.57 F 1.53F 1.76 ABCD 1,65 PEF 1 68 CPE
140 mM 1.8548 1.86 78 1.72 B 194 1.8 ABC
NaCl?

LSD P<0.05=0.1442c
a: NaCl levels, b: Priming applications, c: LSD (P < 0.05) value

When the radicular collar thickness values were
examined, fluctuations were observed and it was
determined that the radicle thickness values mostly
increased with priming applications (Table 5).

Table 6. The Effects of Different NaCl and Priming Applications on
Seed Vigor Index
Control> Thyme®  Sage® KNOJ° Pure
Water®

Control*  17358.9° 2184124 2081758 17873.5° 18946.7 €

140mM 3599.1F 57456F 5688.1F 52782F 49549F

NaCI?

LSD P<0.05=980.23
a: NaCl levels, b: Priming applications, c: LSD (P < 0.05) value

When the seed Vigor Index values were examined, it was
determined that the KNO3 application and the control
application were in the same statistical group (P < 0.05)
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in the subjects without NaCl stress. The highest seed
vigor index value was determined in the priming
application using thyme. It was observed that the seed
vigor index decreased significantly with NaCl stress.
Priming applications were significantly (P < 0.05) and
equally effective in increasing the seed vigor index in 140
mM NaCl application (Table 6). It has been mentioned in
some studies [9], [4], that priming applications in pepper
(Capsicum annuum L.) and safflower (Carthamus
tinctorius) are effective in reducing the negative effect of
salt stress on the vigor index.

4. CONCLUSION

When the study was evaluated, it was determined that
priming applications using thyme, sage, KNO3 and pure
water were effective in reducing the negative effects of
NaCl stress (140 mM) in all parameters except pure water
application on hypocotyl length.

When evaluated statistically, priming applications did
not affect the germination rate in subjects without NaCl
stress. In subjects without NaCl application, priming
applications did not affect positively to the germination
time in subjects except sage application. When seed vigor
index values were evaluated, thyme application had the
highest value in subjects without NaCl stress.

When evaluated statistically, in reducing the negative
effects of NaCl stress, sage application was more
effective than other priming applications in terms of
germination rate and time parameters and thyme
application was more effective than other priming
applications in terms of hypocotyl length. KNO3 and
pure water applications never had the best effect on
reducing the negative effects of NaCl stress statistically
among priming applications but KNO3 application had
better results against pure water application in terms of
germination time, radicle length, hypocotyl length,
radicular collar thickness applications.

When the data were evaluated, it was seen that sage and
thyme applications were the most effective priming
applications respectively.
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Abstract: Two calixarene-functionalized biopolymers (calixarene-functionalized chitosan
and calixarene-functionalized cellulose) have been synthesized and duly characterized
using FTIR, TGA and elemental analysis techniques. Furthermore, their anion extraction
behaviors at various pH values have been evaluated toward dichromate and arsenate
anions. Results indicated that calixarene-functionalized chitosan against dichromate ion
exhibited higher extraction capability than calixarene-functionalized cellulose.
Intriguingly, although a less extraction efficiency against dichromate anion was obtained
by calixarene-functionalized cellulose, the arsenate anion extraction results showed that
calixarene-functionalized cellulose is more effective ionophore than calixarene-
functionalized chitosan.

iki Kaliks[4]aren-Fonksiyonlu Biyopolimerlerin Hazirlanmasi ve Cr(VI)/As(V) Anyonlarina

Kars1 Ekstraksiyon Yeteneklerinin Incelenmesi

Anahtar
Kelimeler

Kaliks[4]aren,
Kitosan,

Seliiloz,
Arsenat/dikromat,
Ekstraksiyon

Oz: iki kaliksarene-fonksiyonlu biyopolimerler (kaliksaren-fonksiyonlu kitosan ve
kaliksaren-fonksiyonlu seliilloz) sentezlenmis ve FTIR, TGA ve element analiz gibi
teknikler kullanilarak uygun bir sekilde karakterize edilmislerdir. Ayrica, ¢esitli pH lardaki
anyon ekstraksiyon davranislart dikromat ve arsenat anyonlarina karsi incelenmistir.
Sonuglar dikromat iyonuna karsi1 kaliksaren-fonksiyonlu kitosanin kaliksaren-fonksiyonlu
seliiloza gore daha biiyiik ekstraksiyon kabiliyetinin oldugunu gosterdi. Ilging bir sekilde,
dikromat anyonuna karsi daha diisiik bir ekstraksiyon verimliligi kaliksaren-fonksiyonlu
selilloz ile elde edilmesine ragmen, arsenat anyon ektraksiyon sonuglari kaliksaren-
fonksiyonlu seliilozun kaliksaren-fonksiyonlu kitosana gore daha etkin iyonofor oldugunu
gosterdi.

1. INTRODUCTION

like arsenic [8]. Therefore, the U.S. Environmental
Protection Agency (EPA) listed dichromate compounds,
which are extensively used in various industries such as

In recent years, oxyanions such as dichromate and
arsenate have become two of the top 20 most hazardous
ions that cause serious water pollution in the world [1,2].
It has been estimated that about 140 million people who
supply with arsenic contaminated drinking water face to
its crucial health problems such as lung, bladder, kidney,
skin cancers, ischemic heart disease, abdominal pain,
cardiovascular  disease etc. [3-6]. Due to its
carcinogenicity and great toxicity, it has been
recommended that a higher level of arsenic contaminated
drinking water than 10 ug L should not be taken [5,7].
Water pollution based on dichromate compounds
leakage leads similar serious issues to the environmental

electroplating, leather tanning, metal finishing, steels
fabrication, pigments, textile etc., in as “Group A”
human carcinogen [9,10]. Excessive or long-term
dichromate exposure can bring out chronic chromium
poisoning, and cause severe damage to human health
[10-12]. Hereby, the World Health Organization (WHO)
have recommended the allowable limit contaminant level
of dichromate in natural water as 0.05 mg/L [13,14]. In
this sense, several methods such as chemical
precipitation, reverse osmosis, ion exchanger,
bio/physisorption [15], adsorption, electrodialysis etc.
have been developed [10,16]. However, considering
hazardous and high toxicity of these oxyanions, it is still
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urgent to design an efficient and low-cost material for
the removal of these anions to meet the standards of the
contaminated water discharge.

Cellulose and chitin are available as the most abundant
bio-sourced polymer in nature [17]. Chitosan, which is a
deacetylated derivative of naturally abundant chitin [18],
and its compounds have been focused attention, leading
wide range of usage in various fields such as
pharmaceutics, printing paper, textiles, medicine, health
care products and agriculture with respect their great
biocompatibility, low toxicity, shape flexibility,
biodegradability, easy of processing, mechanical
strength and efficient sorption properties [19-24].
Cellulose, which is a homopolymer comprised D-
glucopyranose units [25], is also an important
polysaccharide derivative like chitosan. Its unique
features such as non-toxicity, biodegradable, renewable
and biocompatibility makes cellulose attractive for
industrial applications [26].

Over the years, a great deal of attentions has been
devoted on calixarenes being a third generation of
macrocycles due to their versatile three-dimensional
structures, easy preparation and possible limitless
functionalization with any kind of organic or inorganic
substituents in their upper and lower rims [27,28].
Hereby, calixarenes have been successfully employed as
the promising organic compounds for ion carriers, ion
selective electrodes, catalysis applications, solid-phase
support materials, enzyme-mimics, drug-delivery agents,
gas sensors, and ion recognition [29-36].

In the present work, two biopolymers functionalized
with calix[4]arene were prepared in order to use as
potential ionophores for the removal of hazardous
dichromate/arsenate ions from aqueous solutions. For
this aim, the calix[4]arene dihydrazide derivative has
been synthesized and then immobilized onto chitosan
and/or cellulose biopolymer. Furthermore, the removal
efficiencies of calix[4]arene-functionalized cellulose and
calix[4]arene-functionalized chitosan towards
dichromate/arsenate ions at different pH values have
been investigated for the first time.

2. EXPERIMENTAL
2.1. Reagents and Instrumentation

A SRS OptiMelt MPA 100 instrument in a sealed
capillary tube was used to determine melting points of
compounds. NMR spectra of the compounds were
recorded on a Bruker Avance 111 400 MHz spectrometer.
A Jasco FT/IR-6600 apparatus were employed to obtain
ATR-FTIR spectra. Absorbance measurements were
recorded on a Mapada UV-6100 PCS Double Beam UV-
visible instrument. Elemental analyses were obtained
using a Costech ECS 4010 analyzer. TLC analyses were
performed on DC Alufolien Kieselgel 60 Fzss (Merck).
All starting materials and reagents were purchased from
Merck commercial source. Sodium salts of the anions
were used in sorption studies. Doubly distilled water was
used to prepare methyl violet solution (4.5 x 105 M ),
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ammonium molybdate solution (3.15 x 102 M) and HCI
solution (6.85 M).

2.2. Synthesis
Literature procedures were used to synthesize the
calixarene derivatives 1-3, Cel-iso, Chi-iso, Cel-Calix,

and Chi-Calix [35-38].

2.2.1. Synthesis of
dihydrazine amide (3)

p-tert-butylcalix[4]arene

Yield: 1.6 g (53.3%); m.p.: 330-333°C. IR (KBr): 1687
cm® (C=0). 'H NMR (400 MHz CDCls): § 1.02 (s, 18H,
BuY), 1.26 (s, 18H, BuY), 2.15 (d, 4H, J= 1.6 Hz, NHy),
3.42 (d, 4H, J=13.3 Hz, ArCH,Ar), 4.11 (d, 4H, J=13.2
Hz, ArCH,Ar), 4.63 (s, 4H, OCHy), 6.92 (s, 4H, ArH),
7.10 (s, 4H, ArH), 7.70 (s, 2H, OH), 9.61 (brs, 2H, NH).
Anal. calcd. for CssHesN4Oe: C; 72.70, H; 8.13, N; 7.06
(%). Found (%): C; 71.58, H; 8.27, N; 7.01.

2.2.2. General procedure for preparation of
calix[4]arene-functionalized biopolymers (Chi-Calix
and Cel-Calix)

Typically, a mixture of 0.2 g of calixarene derivative 3
and 0.6 g of biopolymer (Chi-iso or Cel-iso) in 10 mL of
DMF was stirred at 70°C. The reaction completion was
monitored by IR in which the peak of isocyanate group
at around 2260 cm™ needed to be disappeared. The
reaction temperature was cool down, and the mixture
was filtered off. Then, CH.CIl, was used to remove
excess of derivative 3. The FTIR spectral data for Chi-
Calix is as ATR cm™: 1651 (C=0). The FTIR spectral
data for Cel-Calix is as ATR cm™: 1698 (C=0).

2.3. Dichromate/Arsenate Anion Extraction Studies

To estimate extraction capacities of calixarene-
functionalized biopolymers toward arsenate and
dichromate ions, a literature procedure was applied [2].
Generally, 10 mL of an aqueous solution of Na,Cr,0O;
or Na;HAsO, (1.0 x 10 M) and 25 mg of calixarene-
functionalized biopolymer (Chi-Calix or Cel-Calix)
were shaken at 175 rpm, 25 °C for 1 h. The residual
concentration of dichromate and/or arsenate anion in
aqueous phase was estimated using UV-vis
spectrometer at 346 and/or 610 nm according to the
literatures [2,39]. HCI and KOH solutions were carried
out to adjust the pH values of aqueous solutions at 25
°C. Eg. (1) was applied to calculate the extraction
percentages (E %);

E %= 100(A0-A)/Ao @)

where Ao and A are the concentrations of dichromate or
arsenate ion before and after extraction.
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3. RESULTS AND DISCUSSION

3.1. Synthesis and Characterization of Calixarene-
functionalized Biopolymers

The main goal of this study is to fabricate the efficient
and selective ionophores for the removal of toxic and
highly danger arsenate and dichromate anions from
aqueous solutions. For the goal, two calix[4]arene-
functionalized biopolymers (Cel-Calix and Chi-Calix)
were prepared according to the literature procedures (see
Scheme 1) [38]. The structures of two calix[4]arene-
functionalized biopolymers were determined using FTIR
(ATR), TGA and elemental analysis techniques. The
FTIR spectra attributed that the characteristic vibration
bands of isocyanate units of Cel-iso (2272 cm™) and
Chi-iso (2263 cm™) were disappeared when they were
treated with the calix[4]arene-dihydrazide 3 in order to
afford their corresponding biopolymers. Moreover, the
FTIR spectra of Cel-Calix and Chi-Calix confirmed the
existence of carbonyl groups in which a characteristic
vibration bands of C=0 units were obtained at 1698 and
1651 cm™l, respectively. Findings address the
confirmation of the conversion of isocyanate subunits to
amide moieties. The elemental analysis of Cel-Calix and
Chi-Calix also contributed to assess their structure. As
seen in Table 1, elemental analysis data in which 9.24
and 3.41 % nitrogen contents were found respectively
for Cel-Calix and Chi-Calix showed the consistency
with the expected formulas.

oh oH M Ho
/ I L

Celiso

__OH

~ . S

~ L\\

ChiCalix

Scheme 1. Preparation of two calix[4]arene-functionalized
biopolymers (Cel-Calix and Chi-Calix). Reaction conditions: (i)
Chitosan, 70°C; (ii) Cellulose, 70°C; (iii) K.COs, methylbromoacetate,
reflux; (iv) Hydrazine, r.t.; (v) Chi-iso, 70°C; (vi) Cel-iso, 70°C.

Table 1. Elemental analysis for two calix[4]arene-functionalized
biopolymers (Cel-Calix and Chi-Calix)

C(%) H(%) N(%)
Cel-Calix 45.71 6.81 341
Chi-Calix 4312 7.33 9.24
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Further evidence for calix[4]arene-functionalized
biopolymers came from their thermal behaviors. The
experimental results are illustrated in Figure 1 imply
that Chi-Calix and Cel-Calix exhibit high
thermochemical stability, as evidenced by the 4.2 % and
a minor weight-loss respectively at 50-200 °C, which are
probably because of the loss of water and the external
solvent molecules. Upon heating, the main weight loss of
Chi-Calix was shown to be 62.3 % between the
temperature of 200 and 525 °C, while a 83.4 % for the
decomposition of both calix[4]arene and biopolymer
groups of Cel-Calix were observed within a broad
temperature of 274 and 525 °C.

TG

aTe

aasc

Cel-Calix

Chi-Calix

370 °c

289 °C

-T T T T T
100 200 300 400 500 600 700 800
Temperature °C

100 200 300 400 500 600 700 800
Temperature °C

Figure 1. TGs and dTG curves of Cel-Calix and Chi-Calix.
3.2. Anion Extraction Studies

3.2.1 Dichromate anion extraction behaviors of
calix[4]arene-functionalized biopolymers

The dimeric HCr,O;~ form of oxyanion species of
dichromate ion becomes dominant when the pH value
below of 6 in the solution [40]. So, this form of
dichromate anion is capable to build hydrogen bonds
with the ionophores. In view of the fact that, two
calix[4]arene-functionalized biopolymers bearing amide
moieties, which are able to perform the sites for
hydrogen bonding as well as interaction with sodium
cation [41], were employed as potential ionophores
towards the sodium salt of dichromate at the pH ranges
between 2.5 and 4.5.

100 m Chi-Calix
Cel-Calix

80 |
w 60
£

40 -

20 | ‘ \

|
0 - .
2,5 3,5 4,5
pH

Figure 2. Extraction percentages of HCr,O; anion by Chi-Calix and
Cel-Calix. Solid phase= 25mg; aqueous phase, Na,Cr,0,= 1.0x10* M
at 25°C for 1h.]

The dichromate binding efficiencies of two
calix[4]arene-functionalized biopolymers were carried
out using a solid-liquid extraction procedure. As
illustrated in Figure 2, these ionophores are capable for
the removal of dichromate anion from aqueous solution
at the pH ranges between 2.5 and 4.5. Considering their
rigid structures and containing amide moiety, which is

72



Tr. Doga ve Fen Derg. Cilt 11, Say1 2, Sayfa 70-75, 2022

able to construct hydrogen bonding and interact with
sodium cation, results were not a surprise. However, the
maximum percentages of HCr,O;~ anion by Chi-Calix
and Cel-Calix were 46.6 and 98.4%, respectively. This
result indicates that Chi-Calix exhibited higher
extraction efficacy than Cel-Calix at low pHs (2.5-4.5).

100 ® Chi-Calix
m Cel-Calix

2,5 3,5 4,5
pH

Figure 3. Percentage extraction of sodium cation by calix[4]arene-
functionalized biopolymers at various pHs. Solid-phase, 25 mg Chi-
Calix; aqueous-phase, Na,Cr,O;= 1.0x10* M at 25°C for 1h.

To investigate the role of sodium cation on dichromate
anion extraction by calixarene-functionalized
biopolymers, the levels of residual sodium cation in the
aqueous solution after extraction were estimated by
atomic absorption. The results are shown in Figure 3
indicate that the pronounced sodium extraction attributes
an ion-pair mechanism in which the amide moieties of
Chi-Calix and Cel-Calix interact with sodium cation.

3.2.2 Arsenate anion extraction behaviors of
calix[4]arene-functionalized biopolymers

It is well known that the pH values of the solution affect
the formation of arsenate species. For instance, the
H>AsO, form from the arsenate species occurs in the
solution at a pH range of 3 and 6, while a higher pH
value (8-11) in the solution leads the divalent HAsSO,*
form. The H,AsOs, and HAsO.> forms among the
arsenate species are potential to construct the hydrogen
bonding along with their electrostatic attraction features
to the host molecules. Therefore, two calix[4]arene-
functionalized biopolymers bearing amide moieties were
employed as potential ionophores towards the sodium
salt of arsenate at pH 5-8.

100 - w Chi-Calix
m Cel-Calix
80 -
60 -
w
a\° 40 |
20 -
0 T
3,5 4,5 5,5 7
pH

Figure 4. Extraction percentages of H,AsO,4 anion with Chi-Calix and
Cel-Calix at pH 3.5-7.0. (ionophore = 25 mg, aqueous phase,
Na,HAsO, = 1.0 x 10* M (10 mL) at rt for 1 hour).

To assess the extraction binding characteristics of Chi-
Calix and Cel-Calix towards arsenate anion at various
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pHs, a solid-liquid extraction procedure was performed.
Typically, 25 mg of calixarene-functionalized
biopolymer (Chi-Calix or Cel-Calix) and 10 mL
aqueous solution of Na,HAsO4 (1.0 x 10* M) interacted
at 175 rpm and 25 °C for 1 h. The percentages of the
removed arsenate from aqueous solution were estimated
using UV-vis spectrometer at 610 nm according to the
literatures [2,39]. The extraction results of Chi-Calix
and Cel-Calix in Figure 4 indicate that both
calix[4]arene-functionalized biopolymers  provide
effective extraction properties towards arsenate ions at
pH 3.5-7.0. However, it was found that Cel-Calix
exhibited higher extraction efficiencies than Chi-Calix
at all pH values. The maximum extraction percentage of
Cel-Calix towards H>AsO4 ion was 91.1% at pH 3.5,
while a maximum extraction in 61.9% at pH 4.5 was
obtained in the presence of Chi-Calix. The lowest values
as 81 and 58.9% were received for Cel-Calix and Chi-
Calix, respectively. Obtained results are in compatible
with the data received from dichromate extraction by
two calix[4]arene-biopolymers. Hence, findings clearly
addresses that H,AsO4 anion with sodium cation was
effective extracted as an ion-pair from aqueous solutions
in the presence of ionophores (Chi-Calix and Cel-
Calix). The proposed interaction of Cel-Calix with these
anions is given in Fig. 5.

: HAO; or HOnOr
Figure 5. The proposed complexation phenomena of Cel-Calix with
sodium salts of dichromate and arsenate ions.

4. CONCLUSION

In summary, two calix[4]arene-functionalized
biopolymers (Cel-Calix and Chi-Calix) have been
successfully prepared and characterized. Furthermore,
the extraction capabilities of two calix[4]arene-
functionalized biopolymers were evaluated with regard
to arsenate and dichromate anions that are toxic and
highly danger for human beings. The results showed that
both calixarene-functionalized biopolymers exhibited
considerable extraction properties for the removal of
H2AsO4 and HCr,O7 ions at different pHs. Intriguingly,
Chi-Calix showed higher affinity towards dichromate
ion, while maximum extraction percentages for arsenate
ion were obtained by Cel-Calix. Besides, the
experimental results reflected that the extraction
efficacies of calixarene-functionalized biopolymer
against both anions were not depended on the pHs.
Indeed, sodium cation detection experiments into
residual aqueous solutions clearly illustrate that the
ionophores (Chi-Calix and Cel-Calix) have an affinity

73



Tr. Doga ve Fen Derg. Cilt 11, Say1 2, Sayfa 70-75, 2022

towards sodium ion, leading an efficient extraction of
oxyanions as an ion-pair form from aqueous solutions.
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Abstract: In this study, the production of full-density Cu-10Sn bronze parts by selective laser
melting (SLM) technique and the examination of microstructural, mechanical and corrosion
properties were carried out. Cu-10Sn pre-alloyed powders produced by gas atomization technique
were shaped using SLM technique within selected parameters and then microstructural properties
were determined. Depending on the microstructural properties, the mechanical and corrosion
behaviors were determined. The obtained results were compared with similar bronze materials
produced by conventional methods. Different characterization techniques were used for
microstructural characterization. The microstructure of the Cu-10Sn alloy was observed to consist
of dendritic primary a and 3-CusiSni; phases. According to the mechanical test results of the
samples produced at densities of 8.75 g cm= at room temperature, the yield strength was measured
as 420 MPa, the tensile strength was 578 MPa, the elongation was 32 % and the hardness value was
160.3 HVy.. For the electrochemical experiments, the corrosion rate of the samples was found to
be 4.38 mpy. As a result of the productions and experiments, it was determined that the samples
produced by the SLM method provide very good mechanical and corrosion properties compared to
the literature.

Secici Lazer Ergitme Teknigi ile Uretilmis Cu-10Sn Bronz Parcalarin Mikroyapisal, Mekanik

ve Korozyon Ozelliklerinin Incelenmesi

Anahtar
Kelimeler
Secici Lazer
Ergitme,
Cu-Sn alagimi,
Mikroyapt,
Mekanik
ozellikler,
Korozyon
direnci

Oz: Bu calismada, tam yogunluklu Cu-10Sn bronz pargalarin secici lazer ergitme (SLM) teknigi ile
iiretilmesi, mikroyapisal, mekanik ve korozyon 6zelliklerinin incelenmesi gergeklestirilmistir. Gaz
atomizasyon teknigi ile iiretilmis Cu-10Sn 6n-alagimli tozlar, secilen parametreler dahilinde SLM
teknigi kullanmilarak sekillendirilmis ve sonrasinda mikroyapisal o6zellikleri belirlenmistir.
Mikroyapisal ozelliklere bagli olarak mekanik ve korozyon davranislarinin belirlenmesi
gerceklestirilmigtir. Elde edilen sonuglar geleneksel metotlar ile iiretilmis benzer bronz malzemeler
ile karsilastirilmigtir. Mikroyapisal karakterizasyon igin farkli inceleme teknikleri kullanilmistir.
Cu-10Sn alasimmin mikroyapisinin dendritik birincil a ve 8-CusiSni; fazlarindan olustugu
goriilmiistiir. 8,75 g cm® yogunluklarda iiretilen numunelerin oda sicakliginda gerceklestirilen
mekanik deney sonuclarina gore, akma mukavemeti 420 MPa, ¢ekme mukavemeti 578 MPa, %
uzama degeri 32 ve sertlik degeri 160,3 HVo 2 olarak 6lciilmiistiir. Gergeklestirilen elektrokimyasal
deneylere gore numunelerin korozyon hizinin 4,38 mpy degerlerinde oldugu goriilmiistiir.
Gergeklestirilen liretimler ve deneyler sonucunda SLM ydntemiyle iiretilen numunelerin literatiire
kiyasla oldukga iyi mekanik ve korozyon 6zellikleri gosterdigi belirlenmistir.
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1. INTRODUCTION

Cu-Sn alloys are traditionally used in the manufacture of
musical instruments, artistic objects and engineering
applications. In addition, Cu-Sn alloys are frequently used
in electronics, aerospace and defense applications due to
their high strength, superior wear resistance, high
corrosion resistance, good weldability, high thermal and
electrical properties. Other important application areas are
heat exchangers, high precision springs and bearings,
electronic fasteners and plastic deformation sensitive
applications [1-5].

Owing to superior resistance to corrosion in seawater,
Cu-Sn alloys have also been adopted in the marine
industry as propulsion devices [2, 3]. In general, bronze
with low level of Sn (less than 5 wt.%) intended for plastic
working is widely used in electrical and electronic
industries such as sensitive elements of pressure gauges
and electrical connectors as well as high-precision
springs. With the increase of Sn content, mechanical
properties can be strengthened. When the Sn content
exceeds 10%, alloy exhibit excellent mechanical
properties, wear resistance and corrosion resistance [6].
Post-machining processes, such as forging, rolling,
drawing, and/or bending, are essential for manufacturing
precise and complex mechanical parts of alloys in desired
shapes. However, the formation of the brittle 6 phase in
the high tin bronze alloy causes difficulties during plastic
deformation. Therefore, the Cu—Sn alloys with tin content
above 10%, termed high-tin bronze, is fabricated
primarily by casting [3, 7]. In traditional casting
technology, decrease in mechanical properties due to
large grain size, shrinkage cavity and pores, the low
solubility in the solid solution phase and serious grain
boundary segregation, and the inability to produce
complex parts in conventional powder metallurgy limits
the production of Cu-Sn alloys. Compared with traditional
casting technology, the novel-developed additive
manufacturing (AM) technology can fabricate parts with
complex structures with improved microstructure and
mechanical properties, avoiding the defects introduced by
casting technology [4]. Selective laser melting (SLM), a
laser powder-bed fusion process, is one of the
frontrunners in the accepted AM technologies. SLM,
where production is done layer by layer, offers the ability
to produce complex structural parts that have
unchallenged design freedom, maximum material
savings, high dimensional accuracy, and excellent surface
finish. Using SLM, many engineering materials,
including steels, Ni-alloys, Co-alloys, Ti-alloys, Al-
alloys, high-entropy alloys, etc., have been successfully
fabricated with properties comparable to those achieved
in conventional processing methods [1, 8]. SLM also
offers the possibility to produce metastable phases and
microstructures due to its small size (um size volume)
melt pool and corresponding high cooling rates [9, 10].

Due to the layer-by-layer production of parts in the SLM
technique, parts undergo complex thermal cycles. Rapid
cooling rates with SLM cause nonequilibrium
solidification, increase in solid solubility and finer grain
size [11]. Moreover, the high thermal gradient and local
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inhomogeneous heating-cooling cycles result in a
heterogeneous microstructure with high dislocation
density and cellular structure [12, 13]. The unique
microstructures developed during the SLM process allow
the development of high-performance materials compared
to their counterparts produced by conventional methods
[11, 14, 15].

Due to copper’s high thermal conductivity, the melt area
experiences rapid heat dissipation and high local thermal
gradients, resulting in delamination, layer curling, and
part failure [16]. In addition, it has been determined that
the production of copper alloys is relatively easy
compared to pure copper [2, 11]. While alloying elements
added to copper significantly reduce its conductivity, it
widens the solidification range and lowers the Gibbs
melting energy. As a result, sufficient time is provided for
the molten metal to spread evenly over the previous layer
to achieve good bonding with low porosity [16, 17]. With
all this information, it seems possible to produce Cu-Sn
bronze parts with the AM technique and to use them
especially for marine applications.

In this study, Cu-10Sn bronze samples were produced by
SLM technique to investigate the production of Cu-based
alloys by additive manufacturing. The densities of the
produced samples were measured according to the
Archimedes principle. The microstructure, mechanical
properties and corrosion behavior of the samples were
examined and the findings were discussed in
consideration of the literature. Experimental studies
include scanning electron microscopy (SEM) and X-ray
diffraction (XRD) analysis for initial powder
morphology, microstructural evolution and analysis of

fractured surfaces; Tensile tests and hardness
measurements were performed to determine the
mechanical properties, and electrochemical

measurements were performed to determine the corrosion
behavior.

2. MATERIALS AND METHODS

While preparing the samples, PM-BR101P (Powmet,
Italy) spherical bronze powders (Cu-10Sn) produced by
gas atomization, especially developed for laser melting
applications, were used. Gas atomized powders are
generally spherical in shape and exhibit high purity,
fluidity and packaging properties [18, 19]. Powder
morphology was visualized with FEI-Srion brand SEM
and images are given in Figure 1. It is observed from that
the particle shape of Cu-10Sn pre-alloyed powders is in
spherical shape and the median particle size of the
powders is suitable for using in AM applications. The
powder surfaces are quite smooth and there is no
satelliteing. Also, Malvern Mastersizer device was used
to determine the particle size distribution of the powders.
The physical properties of the powders are given in Table
1. The average particle size of the powders was found to
be 50 um. Phase analysis of the powders was performed
on Rigaku brand D/MAX RINT 2200 (Japan) model XRD
device.
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Figure 1. SEM images of Cu-10Sn powder: a) 1000 magnification, b)
5000 magnification.

Table 1. Physical properties of Cu-10Sn powders.
Physical Properties

Density, g cm? 8.77
Apparent density, g cm™® 3.90
Tapped density, g cm® 4.20
Dio 16
Particle Size Distribution, pm Dso 25
Dyo 38

Two types of samples, whose images are given in Figure
2, to be used in tensile test and metallographic
examinations, were produced under nitrogen atmosphere
with SISMA-MYSINT100 PM (Italy) SLM device
equipped with Yb-YAG, and the process parameters are
given in Table 2. The energy density was calculated using

Equation 1. During the production, the chess
(5mmx5mm) scanning strategy was used as laser strategy.
P
E=—— (1)

vxhx*t

where the energy density E (J mm™) is a measure of
average applied energy per unit volume of material, P is
laser power (in W), v is laser scan speed (in mm s?), his
hatch spacing (in mm) and t is layer thickness (in mm) [8].
The samples were produced on a 10 cm diameter table,
four bars of 10 mm diameter, 25 mm high for
metallographic examinations, and two non-standard 70
mm length, 25 mm high bars to be used in the tensile test.
The tensile test specimens were shaped by slicing into 2
mm thick pieces using a precision cutting machine. After
grinding and polishing, samples surface roughness was
made suitable for tensile testing. XRD analyzes were
carried out on the building and scanning directions and the
phases formed in different directions were analyzed. The
samples to be used in metallographic examinations were
electrolytically etched in a solution containing 50% HF
and 50% distilled water for 5-10 s after the grinding and
polishing. The samples were also examined in both
directions at high magnifications using SEM. In the
density measurements made using Archimedes principle,
the average densities (at least 5 samples) were measured
as 8.75 g cm3 (relative densities of 99.5%).
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Figure 2. a) Sample images after SLM production, b) prepared
samples for tensile test and metallographic investigation c) sample
measurements prepared for the tensile test.

Table 2. SLM production parameters.

Laser Scan Hatch Layer Energy

Power Speed Spacing Thickness Density
w mm s’ pm pm Jmm?3
110 1200 60 20 76

Microhardness measurements were made with FUTURE-
TECH brand FM-310E (Japan) model microhardness
device in both directions. Tensile tests were carried out on
10 specimens at a tensile speed of 25.4 mm/min with a
Zwick-Z250 model device at room temperature. Tests
were conducted as per the crosshead speed control method
defined by ASTM E-8 standard. The fracture surfaces of
the specimens that broke as a result of the tensile test were
examined by SEM. The corrosion behavior of the samples
was investigated in a standard 3-electrode system using a
GAMR Interface 1000 (UK) potentiometer device in a
seawater medium containing 3.5% NaCl. Saturated
calomel electrode (SCE) was used as reference electrode
and graphite electrode as counter electrode. The reliability
of the experimental results was increased by repeating the
mechanical tests on 5 different samples and the corrosion
tests on 3 different samples.

3. RESULTS AND DISCUSSION

XRD analyzes of the powders and both building and
scanning direction of the samples produced by the SLM
method are given in Figure 3. When the XRD analyzes are
examined, it is seen that the XRD results of the phases in
the scanning direction and the powders are similar. In the
both directions, the structure consists of a-Cu(Sn) and 5-
Cus1Sn11 phases, while the construction direction consists
of only the a-Cu(Sn) phase. The 6-CusiSnii phase is
formed as a result of rapid cooling in the scanning
direction. [20].
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Figure 3. XRD analysis of the powders, and produced samples in the
building and scanning direction.

In the SEM examinations carried out to determine the
microstructures of the samples in the direction of
building, it was determined that the rapid and local
melting and cooling provided by the SLM technique
causes very fine microstructures and very small porosities
at the grain boundaries. SEM images taken from the
building direction are given in Figure 4. In the building
direction microstructure, especially the melting pool
regions are visible and there are irregular grain boundaries
between each melting pool.

o

Porosities

=2

Figure 4. SEM images of the sample in the building direction: a) 1000
magnification, b) 10000 magnification.

As can be seen from high magnification SEM images, it
is known that such cellular structures are due to rapid
cooling and eutectic solidification. In the SEM
examinations made in the scanning direction, it is seen
that the 06-CusSni1 phases are distributed in the
microstructure, and the SEM images are given in Figure
5.

Table 3. Literature comparison of SLM production parameters.

Tr. J. Nature Sci. Volume 11, Issue 2, Page 76-81, 2022

SEM image of the scanning direction given in Figure 6, it
is seen that the microstructure consists of o + & eutectoic
(light color) and dendritic o (dark color) phases. In
particular, the existence of very fine cellular structures
consisting of a + & phases has been observed. SEM
investigations of building and scanning are in agreement
with XRD analysis results.

Flgure 5. SEM images of the sample in the scanning direction: a) 1000
magnification, b) 30000 magnification.
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Figure 6 SEM |mage of the sample in the scanmng dlrectlon 30000
magnification.

As a result of the hardness measurements carried out in
both directions, the highest and lowest hardness values in
the building direction were 158.6 HV 2 and 150.6 HVq2;
in the scanning direction, it was measured as 166.2 HVq
and 161.7 HVo. Although the hardness values are close
to each other, the difference is due to the high hardness of
the 8-CuaiSni1 phases formed in the scanning direction

3].

The stress-strain graph obtained from tensile test is given
in Figure 7, and it was observed that the sample showed
an excellent combination of high strength (yield strength
~452 MPa, tensile strength ~578MPa) and ductility
(32%). Compared to the Cu-10Sn alloys produced by the
SLM technique in the literature, very high values were
obtained. [2, 8, 21, 22]. Comparison of SLM production
parameters is given in Table 3.

Alloy Laser Power Scanspeed Hatch Spacing Layer Thickness Energy Density Yield and Tensile Strength Reference
w mm s pm pm Jmm® MPa

Cu-10Sn 271 210 90 90 ~159 220/420 [2]

Cu-13Sn 350 750 120 30 130 ~404 / ~635 [8]

Cu-10Sn  Variable Variable 120 30 - -/ ~550 [21]
~377, 210,

Cu-10Sn 95 ~360, 60 20 220, ~386 / ~469 [22]
~344 230

Cu-10Sn 110 1200 60 20 76 ~452 [ ~578 Current Study

Cu-10Sn - - - - - 152/310 23]

(Casting)
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Figure 1. Stress-strain graph.

In order to interpret the fracture mechanisms of the
samples as a result of the tensile tests, the fracture surfaces
were examined by SEM and the images are given in
Figure 8. As seen in Figure 8.b, there are dimples on the
fracture surface, which are the biggest indication of
ductile fracture. The large number of dimples in small size
means that more surface energy is produced during
fracture and therefore the strength of the material is
higher. In addition, the size of the dimples is dependent
on the size of the subgrains. [24]. The macropores in
Figure 8.a, on the other hand, are thought to be formed as
a result of ruptures especially from the edges of the
melting pool.

2000 magnification.

In Figure 9, decreasing in current density with the
potential increasing has indicated that the protective layer
has initiated to stably form on the sample surface. The
formation of protective layer above 100mV is completely
stable form and it remains with the potential increasing.
Thus, it is known that the passive layer occurs on the
material surface in the Tafel curve, the current density
does not change with increasing potential. The data
obtained by the Tafel method are given in Table 4. The
corrosion rate was found to occur at 4,388 miles (1
mil=0.001 inch) per year.

Existing two and more phases in surface have sensitivity
to galvanic corrosion in a corrosive media [25]. The full-
density Cu-10Sn bronze parts produced by selective laser
melting (SLM) technique has consist of primary a and -
Cu41Sny; phases. Phase distributions in the microstructure
of Cu-10Sn bronze significantly affect the local corrosion
development. Since primary 8-CusiSni; phases higher

Tr. J. Nature Sci. Volume 11, Issue 2, Page 76-81, 2022

corrosion resistance than primary o, primary 8-Cus1Sni;
phase acts as a cathode; on the other hand, primary o acts
as anode [26]. Thus, the alpha phase, which is the anodic
part, is significantly corroded. This has been emphasized
in a previous similar study [27].

Ap0my

200mV |

VIV vs Ref)

200 mV

H00 mV 1 e e e e - - —
In(A)
Figure 3. Tafel curve obtained from the corrosion test.

Table 4. Data obtained from the corrosion test.

Beta A 138,0e-3 V/decade
Beta C 42.,50e-3 V/decade
leorr 3,860 UA

Ecorr -261,0 mV

Corrosion rate 4,388 mpy

4. CONCLUSION

Cu-10Sn bronze samples with almost full density (99.5%)
were produced by SLM technique and their
microstructure, mechanical and corrosion properties were
examined and compared with other studies in the
literature. As a result of XRD analysis, it was determined
that a-Cu(Sn) and 6-Cus1Sn11 phases were formed in the
scanning direction and a-Cu(Sn) phases in the building
direction. As a result of the tensile, hardness and corrosion
tests, the parts produced with SLM technique showed
superior mechanical (yield strength 420 MPa, tensile
strength 578 MPa, % elongation 32 and hardness value
160.3 HVo.) and corrosion properties (Corrosion Rate:
4.388 mpy). These findings prove that the complex shape
and high strength Cu-10Sn bronze alloy can be produced
effectively by SLM technigue.
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Abstract: Different masonry materials are commonly used construction materials for buildings.
When the current situation of reinforced concrete structures under the earthquake effect is
examined, it is seen that there are differences in the behavior of the reinforced concrete structures
depending on the properties of the materials that are used in the reinforced concrete structures. The
reason for this situation is related to the physical properties of the preferred material. The frame
systems of reinforced concrete structures are completed with infill walls. Aerated autoclaved
concrete and conventional brick materials are used as infill wall materials in most of the reinforced
concrete structures built in Turkey. In this paper, the finite element program was used to analyze the
current state of reinforced concrete structures with infilled walls under the earthquake effects. A
reinforced concrete framed structure model was designed using the SAP2000 finite element
program, two different materials were preferred in the model structure and four different model
combinations were designed. The first two models are designed with infill walls, but the ground
floor and the other models are designed with infill walls for the whole building. Nonlinear static
pushover analyses were conducted, and base shear, displacement, and story drift values were
obtained. All the results were presented by graphics. The data obtained from the model with
Aerated autoclaved concrete material, which has a low unit volume weight under the effect of the
earthquake, is healthier than the model with conventional brick material.

Farkli Dolgu Duvar Malzemesine Sahip Binalarin Deprem Davramisinin incelenmesi

Anahtar Oz: Binalarda yapt malzemesi olarak farkli yigma malzemeler yaygin olarak kullanilmaktadir.
Kelimeler Betonarme yapilarin deprem etkisi altindaki mevcut durumu incelendiginde, betonarme yapilarda
Dolgu duvar, kullanilan malzemelerin &zelliklerine bagli olarak betonarme yapilarin davramislarinda farkliliklar
Deprem, oldugu goriilmektedir. Deprem etkisinde betonarme yapilarin mevcut durumu incelediginde
Gazbeton, betonarme yapilarin kullanilan malzemelerin &zelliklerine gore yapt davranisinda farkliliklar
Tugla, meydana gelmistir. Bu durumun sebebi tercihe dilen malzemenin fiziksel 6zellikleriyle iliskilidir.
Betonarme Betonarme yapilarin gergeve sistemi dolgu duvarlarla tamamlanmaktir. Tiirkiye’de insaa edilen
bina betonarme yapilarda dolgu duvarlarda gazbeton ve tugla malzemeler kullanilmigtir. Bu ¢aligmada,
dolgu duvarli betonarme yapilarin deprem etkileri altindaki mevcut durumunu analiz etmek igin
sonlu elemanlar programi kullanilmistir. SAP2000 sonlu elemanlar programi kullanilarak betonarme
cergeveli bir yapt modeli tasarlanmig, model yapisinda iki farkli malzeme tercih edilmis ve dort
farkli model kombinasyonu tasarlanmustir. ilk iki model dolgu duvarli olarak tasarlanmistir ancak
zemin kat ve diger modeller tiim bina i¢in dolgu duvarl olarak tasarlanmistir. Dogrusal olmayan
statik itme analizleri yapilarak taban kesme, deplasman ve kat oteleme degerleri elde edilmistir.
Sonug olarak tiim sonuglar grafiklerle sunulmustur. deprem etkisi altinda birim hacim agirlig: disiik
olan gaz beton malzemeli modelden elde edilen verilerin tugla malzemeli modele gére daha saglikli

oldugu tespit edilmistir.
1. INTRODUCTION rapid progress of the works, and generally, these frames
are filled with wall infill panels (or) concrete blocks in
Reinforced concrete skeleton (carcass) structures are most countries located in seismic zones. Masonry infills

often preferred due to the ease of construction and the contribute significant lateral stiffness, strength, overall
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ductility, and energy dissipation capacity. These
elements act as compression supports between column
and beam, transferring forces from one node to another.
the infill walls increase the mass of the building whereas
reducing the natural vibration periods. Past earthquakes
show that infill walls have significant structural effects
on the earthquake performance of the building.
Reinforced concrete (RC) frame buildings with masonry
infill and shear walls for elevators are commonly
constructed around the world, including in seismic areas.
this reinforced concrete (RC) frame buildings are usually
encountered as commercial, industrial and multi-storey
residential apartments. Masonry infill walls and shear
walls for elevators are extremely effective in resisting
lateral seismic loads on the building. Therefore, the use
of masonry infill and shear walls for elevator in
reinforced concrete frames changes the lateral load
transfer mechanism responsible for the reduction in
bending moments and increase in axial forces. The
elements called infill walls that are constructed between
the columns and beams of the reinforced concrete frame
are usually made with a conventional brick wall, aerated
autoclaved concrete, pumice, and concrete block. These
infill walls, which are generally not considered in the
design  process, are considered  non-structural
components [1]-[4].

Infill walls contribute significantly to the strength and
rigidity of structures, neglect of infill walls causes
buildings to collapse. Masonry walls are used for
functional and architectural needs in reinforced concrete
buildings. The term infilled frame describes a composite
structure consisting of a moment resisting reinforced
concrete frame and infill walls. In these infill walls,
filling materials such as traditional clay brick, concrete
block, AAC block are used as building materials [5].

Infill wall panels are widely used also in our country due
to aesthetic and functional demands. Most of the existing
building stock in Turkey is under seismic risk. In this
context, it is thought that a significant part of the existing
structures will probably collapse or be severely damaged
during a strong earthquake.

The most common type of damage in reinforced concrete
and masonry structures is shear cracks caused by shear
forces [6]. Masonry structures have low tensile strength
compared to reinforced concrete structures and their
energy consumption capacity against earthquake forces
is also very low [7], [8].

In this context, it is thought that a significant part of the
existing structures will probably collapse or be severely
damaged during a strong earthquake. Literature studies
also support this fact [9], [10]. Turkey, one of the most
seismically active countries of the world in terms of its
geological features, is situated on an active area
surrounded by active faults [11]. Earthquakes in Turkey
demonstrate that 92% of the our country's land is
susceptible to earthquake risk [12]. The earthquakes that
occurred in Turkey between 1990 and 2021 and the
distribution of these earthquakes are shown in Figure 1
and Figure 2.
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Figure 1. Earthquakes in Turkey between 1900-2022 [13]
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Figure 2. Turkey éart—hquakg map_aﬁd distribution of earthquakes [14]
Brick and stone have been used as building materials
from past to present. As carrier material; While mostly
brick material was used in the Seljuk period, stone was
used in the Ottoman period. Brick is one of the most
important building materials widely used to build walls
and other elements, especially in the construction
industry [6]. Brick is one of the most important building
materials widely used to build walls and other elements,
especially in the construction industry. However, the
continued use of clay bricks in the construction industry
leads to a large-scale loss of fertile topsoil in our
country. This situation will inevitably create an
environmentally destructive danger in the future.
Environmental pollution from the brick production
process contributes to global warming and climate
change. Moreover, the air temperature can cause the
brick surface to deteriorate due to frost damage, leading
to global warming, which is now a global concern.
Various types of blocks are used as an alternative to red
bricks to reduce environmental pollution and global
warming problems. Aerated autoclaved concrete blocks
can be one of the solutions to replace traditional clay
bricks [15].

Aerated autoclaved concrete is a material developed by
Eriksson (1923) at the Royal Technical Institute in
Stockholm, Sweden, and patented for production in
1924. Nowadays, Aerated autoclaved concrete is widely
used in 135 countries on 6 continents [16]. Because
Aerated autoclaved concrete wall panels are lightweight,
highly thermally insulated, high fire protection, high
sound insulation, low water absorption, environmentally
friendly, and easy to apply [15].

As in different construction methods, it is necessary to
verify whether the Aerated autoclaved concrete blocks
used for structural purposes have sufficient and
necessary resistance to seismic effects. Design rules for
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structures constructed with Aerated autoclaved concrete
blocks that can be used as load-bearing elements in walls
have recently been included in the Turkish earthquake
code [10].

Soft-storey buildings are multi-storey buildings with
wide gates, commercial areas at ground level, and open
space usually for parking. A soft storey may occur due to
the lower rigidity of the first floor as a result of using
less masonry infill walls on the first floor, or because the
first may have a greater height than the other storey due
to commercial reasons. [17]. Soft storey collapse is due
to the high column strength demand of the first storey
compared to the other storey. The presence of traditional
brick infill walls sharing the forces on the upper storey
and the fact that the upper storey is more rigid than the
first soft storey effectively reduces the column forces.
The lateral displacement of the entire structure is
governed by the first soft storey of the building. [18].

Soft floor irregularity is seen in the ground floors
designed for commercial use, when walls are not built in
order to obtain wide, glazed spaces with high floor
heights. If the infill walls on the ground floor work
together with the load-bearing system and the ground
floor, which has no walls, does not work together with
the carrier system, relative displacements occur on the
floor and a soft floor situation occurs [19] [20].

In reinforced concrete structures, due to the difference in
stiffness between the ground floor and the first floor,
large cross-sectional effects occur on the ground floor
carrier columns. Great stresses occur in the ground floor
columns due to earthquake forces and plastic hinges
occur due to the growth of lateral displacements [19].

Choosing the normal storey heights less than the ground
storey height, discontinuity of the infill walls, designing
more spacious areas for service-oriented commercial
spaces on the ground storey in the frame design of
reinforced concrete buildings are led to soft storey
irregularities. When the damage conditions in the
buildings are examined after the earthquakes, it is seen
that the soft storey irregularity prevents the buildings
from being reliable and stable [20]-[22].

Examining the building damage in past earthquakes, it
has been observed that typically buildings with no or
very few walls on the ground storey, compared to the
upper storey, suffered major damage at the ground storey
level. Because the resistance of the ground storey, which
is devoid of walls, against horizontal displacements is
very low compared to the upper storey, which are rich in
walls. Ground Storey with no walls and/or relatively
large storey heights are the focal point of earthquake
damage in buildings [22].

In order to reduce human losses, it is imperative to
evaluate the performance of structures exposed to natural
events such as earthquakes; and it is an issue that
concerns the whole world [23]. This paper works
presents a numerical study to investigate the effect of the
masonry infill material on the seismic performance of an
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RC framed building subjected to dynamic loading
considering the effects of the different masonry infill
material. For this purpose, reinforced concrete building
was modeled in four different ways by using the
SAP2000 (ver. 23.0) finite element program [24]. The
building was analyzed according to two different
masonry infill materials, aerated autoclaved concrete and
brick building materials, and whether the building has an
infill wall on the ground storey or not .

Nonlinear static thrust analysis was performed on the
reinforced concrete structure and the base shear force,
structure displacement and storey drift values of the
models were obtained. The values are compared and
presented with graphs.

2. MODELLING OF INFILL WALLS

Various equivalent diagonal strut formulas and methods
are available to find the width of compression struts. The
diagonal braces were connected to the beam-column
junction with a joint moment-free connection; thus they
can only receive compression forces. The modeling of
the infill wall can be done using the finite element
method or the static equivalent strut approach. This is the
model used in the study. In this type of modeling, the
stiffness of the wall is considered in the loading plane. In
infill walls placed in a lateral load-resistant frame, the
stiffness and strength contribution of the infill are taken
into account by modeling the infill as an equivalent strut
approach. In this study, FEMA-356 [25] is used to find
the width of compression struts.

The equivalent width of a diagonal compression strut, a,
is given by:

w=0.172 (ﬂ«lH)_OAdinf (1)
_ [Eingtingsin26 0.24
M= [ 4Eclgoth ] @)
—1(hi
6 = tan™! (ﬁ) (3)

From the above-given formula, the width of compression
struts was calculated. Diagonal Strut Parameters are
given in Figure 3.

/ Where
_‘ I. -| | I_ w= width of equivalent strut
| Ap=width of diagonal strut
¥ i H=height of column
Nk ) | dyyp=diagonal length of infill
St N | panel
H | \\\ D } h lf"’ thickness of II|||!|.|!LHIC|
Y e E.=elastic modulus of frame
L S ~ ¢ | I.=moment of inertia of column
\0 \\\ | h=height of infill panel
! | Lt O=angle of diagonal strut
' | L=center to center distance of
| frame
} I l L I 4 I I=inner length of frame

Figure 3. Diagonal Strut Parameters [26]

Mathematical models of these buildings were created by
Sap 2000 finite element program. Afterward, strut
elements representing the infill wall were added to these
mathematical models and analyzed as a two-joint
compression strut element, because the dominant
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behavior was axial stressing of the infill panel provided
in-between the two consecutive columns. The hinges
properties were defined in SAP2000. The P-M2-M3
model was used to define the hinges in the columns, M3
model was used to define in the beam and an axial hinge
was used for the struts. Strut element model is shown in
Figure 4.

Figure 4. Strut element model
3. MATERIAL AND METHOD

In the study, the infill walls in the reinforced concrete
frame were designed with conventional brick (CB) and
aerated autoclaved concrete (AAC) filling materials. A
total of four different model combinations were created.
The first type model is consisting of an aerated
autoclaved concrete infill wall from the ground to top
(Model 1- AAC), the second type model is consisting of
a conventional brick infill wall from the ground to top
(Model 2- CB), the third type model is consisting of an
aerated autoclaved concrete infill wall except for the
ground floor (Model 3- AAC), the fourth type model is
consisting of a conventional brick infill wall except for
ground floor (Model 4-CB). The material characteristics
used in modeling are given in Table 1.

Tablo 1. Material characteristics
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Table 2. Material and element dimensions of the model

Elements Properties

Aerated Autoclaved Concrete  Conventional

(AAC) Brick (CB)
Compressive 3.5 MPa, 5 MPa,
Strength (f)
Modulus of Elasticity 8000 MPa, 3500 MPa
B
Poisson ratio 0.2 0.2
Density 5.3 kN/m® 17.5 kN/m?®

The building is a reinforced concrete frame building
structure. The model is formed by beams and columns
whose joints connected to the ground story are made of
fixed supports to be restrained in all directions The
dimensions of the model building are 20.0 m x 20.0 m.
The building has 7 storey including the ground storey.
The height of each storey is 3 meters. The model is
formed by beams and columns whose joints connected to
the ground story are made fixed supports to be restrained
in all directions.

The material and element dimensions of the model are
shown in Table 2. The dimensions of the building and
the elevation of the building are shown in Figure 5.

Concrete Grade C30

Steel Grade S420

Column Size 50 cm x 50 cm

Beam Size 30cmx40cm

Slab thickness 15cm

Conventional Brick Struts 23cm x 56 cm

AAC Struts 25cmx55¢cm
[ONN OO B0 SN O N O]
L A

T A A A

= fa=] m =] =] ] th

Figure 5. Plan and elevation of mid-rise building

Masonry infill walls consist entirely or partially of
panels within the plane of the concrete frame bounded
by columns and beams. In this study, the filled walls are
modeled as equivalent diagonal strut model to make the
structural analysis of the masonry infill wall frame
system. Equivalent diagonal struts modeling of masonry
fills in frames is extremely popular because of its
simplicity and required a limited number of input
parameters for the modeling. The building was modeled
and analyzed using SAP2000 V23 finite element
program. Finite element models of the building are given
in Figure 6.

Model 1 - AAC

Model 3 - AAC Model 4 - CB

Figure 6. Models of aerated autoclaved concrete and conventional
brick infill wall structures
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The building is designed using the assumption that the
floor systems serve as a rigid diaphragm. Infill walls are
modeled as equivalent diagonal compression struts. In
addition to live load and dead load, Conventional brick
and aerated autoclaved concrete wall loads are also
defined in the building. The building was designed for
zone 2B. In the structure modeled in 3D, the infill walls
were defined as two different materials, aerated
autoclaved concrete and conventional brick, and the
effect of the filling materials on the earthquake response
of these type of structures were determined under both
conditions.

4. ANALYSIS RESULTS

Pushover analysis is one of the important methods
available to understand the behavior and vulnerability of
structures subjected to earthquake loads. So, Nonlinear
static pushover analysis was performed on the structure
modeled in four different ways. This process was
repeated for each combination with the Sap2000 (version
23) [24] program. As a result of the analysis, base shear
force, top floor displacement values, and storey drift
values obtained from four different models were found.
First, the buildings modeled as infill walls from the
ground to the top floor (Model 1- Model 2) were
examined. Values of Model 1- Model 2 are given
graphically in Figure 7, Figure 8, and Figure 9,
respectively.

Base Shear Reaction (kN)

Model 2 (CB) —
Model 1 (AAC) -

5400 5600 5800 6000 6200 6400

Figure 7. Base shear force of aerated autoclaved concrete (model 1)
and conventional brick filled walls (model 2)

From Figure 7, it is seen that the base shear force value
of the model with conventional brick material (Model 2)
is higher than that of the model with aerated concrete
block material (Model 1).
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Displacement (mm)

Model 2 (CB) _
Model 1 (AAC) -

6.4 6.6 6.8 7 T2 74 7.6 7.8 8

Figure 8. Top floor displacement values of aerated autoclaved concrete
and conventional brick filled walls

Considering the top floor displacement values in model 1
and model 2, the displacement value in model 1
(conventional brick) is greater than model 2 (Aerated
autoclaved concrete). When the storey drift values of the
two models are compared (Figure 9) it is seen that the
storey drift value of model 2 is higher due to the rigidity
of the material it has.

—o—Model 1 (AAC)
—8—Model 2 (CB)

Storey
-

0 0.0005 0.001 0.0015 0.002 0.0025
Storey Drift

Figure 9. Storey drift value of Model 1 and Model 2

Secondly, static pushover analysis was performed for the
building models Model 3 and Model 4, which are
designed with no infill walls on the ground floor. The
base shear force, top floor displacement, and storey drift

values obtained from the static thrust analysis are given
in Figure 10, Figure 11, and Figure 12, respectively.

Base Shear Reaction (kN)

Model 2 (CB) '
Model 1 (AAC) l

4600 4800 5000 5200 5400 5600

Figure 10. Base Reaction Forces of Models Without Ground Floor
Infill Walls
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As a result of the analysis, as seen in Figure 10, the base
shear force value was found to be higher in Model 4
(conventional brick), similar to the ones in the filled
model.

Displacement (mm)

Model 2 (CB) l
Model 1 (AAC) l

6 6.5 7 75 8

Figure 11. Top floor displacement values of models without ground
floor infill walls

The peak displacement value of two different materials
was found to be lower in Model 3 compared to Model 4.

@— Model 3 (AAC)

© Model 4 (CB)

3 e
5 o
-
z
H
Z 4 ¢ o
w
3 ©
2 ] Q
1 o
00
0 0.0005 0.001 0.0015 0.002 0.0025 0.003

Storey Drift

Figure 12. Storey drift values for models without ground storey infill
walls

In the buildings modeled as the ground floor without
walls, the storey drift values bounce on the ground floor
where the stiffness was different, and the values were
found to be higher in the conventional brick building
material.

5. CONCLUSIONS

In this study, static pushover analysis of the building was
conducted according to four different combinations, and
the base shear force, displacement, and Storey drift value
results were obtained for each model. The analyzes were
conducted for 2 cases. First, model 1 and model 2, which
have the same properties except for the filling wall
material, were examined. Afterward, analyzes were
conducted for Model 3 and Model 4. When the base
shear force value obtained from Model 1 is compared
with Model 2, the base shear force of the model with
Aerated autoclaved concrete filling wall material was
found 8.69% less. When the peak displacement values
obtained from the same models are compared, 11.32%
less displacement value was obtained in Model 1 (AAC)
than in Model 2 (CB).

Tr. J. Nature Sci. Volume 11, Issue 2, Page 82-88, 2022

In the building models whose ground floor is designed
without infill walls, the base shear force in Model 3
(AAC) was found to be 11.42% less than in Model 4
(CB). When the peak displacement values of the models
are compared, 13.65% less displacement value was
obtained in Model 3 (AAC) than in Model 4 (CB).
Aerated autoclaved concrete has more rigidity than
conventional brick. therefore, the storey drift values
obtained from nonlinear analyzes are less in AAC filling
wall material building models.

In addition, in Model 3 and Model 4, the drift ratio
values on the ground storey are higher than the other
storey, and soft storey behavior has emerged on the
ground storey. This situation was caused by the using
walls on the upper storey of the building and therefore
the increased rigidity of the building.

To evaluate the infill wall materials in terms of "Soft
Floor Behavior”, when the models designed without
infill walls on the ground storey are examined, Aerated
autoclaved concrete gave slightly more negative values
than conventional brick. In the design of the building,
the designer should use shear and column sections that
will provide sufficient rigidity on the ground storey to
prevent soft storey for both materials.

As a result, the AAC block infill outperformed the
Traditional brick infill in the RC frame. For reinforced
concrete frames built in earthquake-prone areas, ACC
block material is suitable to replace conventional bricks
and can be used mainly as a substitute for traditional
brick material. If we compare the performance of
conventional clay bricks and AAC blocks were
significantly superior.
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Abstract: In the recent study, the annual biomass and biogas energy potential of Konya between
2011 and 2020 was determined according to the data obtained from the Turkish Statistical Institute
(TSI). In 2020, throughout Turkey, 12.74% of biomass sources were produced in Konya. The total
amount of dry biomass that can be obtained and its energy equivalent are 13.3 million tons and
62549.3 MWh in 2011, 19.5 million tons, and 91661.9 MWh in 2020, respectively. It has been
determined that 11.6% of the biomass energy potential that can be obtained from grains across the
country in 2020 is in Konya. Tuber plant production covers 22% of Turkey. In 2020, with 11649
MWh, the highest biomass energy potential was obtained in Cihanbeyli, and at least in Derebucak,
with 47.7 MWh. In addition, it has been determined that 98.5 million m? of biogas from 13.4 million
animals in 2011; and in 2020, 165.6 million m3 of biogas can be obtained from 15 million animals.
By evaluating the existing biomass and biogas energy potentials in Konya with this data that can be
obtained, it is thought that it can have a very important biomass energy source for both the province
and the country.

Konya ilinin Tarimsal ve Hayvansal Atiklarindan Elde Edilebilecek Biyokiitle Enerji

Potansiyelinin Belirlenmesi

Anahtar
Kelimeler
Enerji,
Biyokiitle

potansiyeli,

Kuru
biyokiitle
miktari,
Biyogaz

potansiyeli,

Konya

Oz: Bu caligmada, Tiirkiye Istatistik Kurumu (TUIK)’ndan alinan verilere gére Konya ili 2011-
2020 yillar1 arasindaki yillik biyokiitle ve biyogaz enerji potansiyeli belirlenmistir. 2020 yilinda
Tirkiye genelinde biyokiitle bitkilerinin %12,74’iinlin {iretimi Konya’da yapilmistir. Elde
edilebilecek toplam kuru biyokiitle miktar1 ve enerji esdegeri sirastyla 2011 yilinda 13,3 milyon ton
ve 62549,3 MWh, 2020 yilinda 19,5 milyon ton ve 91661,9 MWh’tir. 2020 yilinda iilke genelinde
tahillardan elde edilebilecek biyokiitle enerjisi potansiyelinin %]11,6’sinin Konya’da oldugu
hesaplanmustir. Yumru bitki tiretimi ise {ilke genelinin %22’sini kapsamaktadir. 2020 yilinda 11649
MWh ile en yiiksek biyokiitle enerji potansiyeli Cihanbeyli il¢esinde, en az ise 47,7 MWh ile
Derebucak ilgesinde elde edilmistir. Ayrica, ilde 2011 yilinda 13,4 milyon hayvandan 98,5 milyon
m® biyogaz; 2020 yilinda ise 15 milyon hayvandan 165,6 milyon m® biyogaz elde edilebilecegi
belirlenmistir. Elde edilebilecek bu veriler ile Konya ilindeki mevcut biyokiitle ve biyogaz enerjisi
potansiyelleri degerlendirilerek hem il hem de iilke i¢in ¢ok 6nemli biyokiitle enerji kaynagina sahip
olabilecegi diistiniilmektedir.

energy requirement and the food sector. Because current

1. INTRODUCTION

Bioenergy, not only improves environmental
sustainability; it also improves the sustainability of
energy, agriculture, forestry, and other sectors [1]. The
increasing population causes serious needs on both the

fossil fuels are insufficient and the demand for energy use
in industry is constantly increasing to meet needs, efforts
for alternative and sustainable searches have increased [2-
5]. Fossil fuels cause a continuous decrease in the
resources used in energy production, environmental
causes such as global warming and destruction of nature,
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and pose a great threat to future generations. Therefore,
alternative energy sources such as sustainable wind
energy, geothermal energy, solar energy, and biofuel
energy are all very important [6-8]. In addition, the
evaluation of plant-based wastes and the reduction of
emissions that cause global warming are important for
biomass fuels.

Biomass is a general term used for all organic matter
derived from plants and accepted as organic carbon. It has
always been an important source of energy for humanity
throughout history [9]. Biomass is important in meeting
the needs of fuel and consumer goods, as well as
providing a renewable fixed carbon source. Agricultural
and forestry wastes, wood and annual crops, and
municipal waste are some of the renewable energy
sources [10]. It is recognized as the renewable energy
source with the highest potential to contribute to the
energy needs of both developed and developing
economies worldwide [10-12]. In addition, energy from
waste-based biomass can significantly contribute to the
goals of the Kyoto Protocol in reducing greenhouse gas
emissions (GHG) and mitigating the problems associated
with climate change [10, 13].

Biomass can also be referred to as renewable organic
materials from plants and animals, both living and dead.
It can be directly burned to generate heat or converted into
liquid or gaseous forms through various processes [14].
Plant sources, also known as energy plants, absorb more
carbon dioxide (CO,) than other plants, use less water, and
are more drought resistant [15, 16].

Biomass still continues to be used for cooking and home
heating in many countries around the world. Biomass
fuels are used in transportation and electricity generation
in some countries to reduce dependency on fossil fuels,
pollution and GHG [14, 17]. Sources which are used for
production of biomass energy; forest wastes (energy
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crops, various trees, etc.), oilseed crops (canola,
sunflower, soybean, etc.), sugar and starch crops (potato,
wheat, corn, sugar beet, etc.), fiber crops, protein crops,
vegetables and the other agricultural wastes (branches,
stems, straw, roots, bark, etc.), crop wastes, food
processing wastes, animal manure, slaughterhouse
wastes, urban wastes, industrial wastes, industrial and
domestic wastewater [14].

And it is converted into energy in two ways: biochemical
and thermochemical (Figure 1). Biogas is the process of
producing fuel (CO, CH4) by digesting biomass in a
closed oxygen-free environment in the biomethanization
process of  biochemical  transformations by
microorganisms [18, 19]. Bioethanol is produced as a
result of glucose or containing sugars which can be
converted to glucose and the fermentation of biological
resources (such as cellulose, starch, and sucrose) [19].
Plants with high bioethanol potential and widely used in
its production; include barley, corn, potato, sugar beet,
and wheat [20]. Gasification, one of the thermochemical
processes, is a combustible gas process obtained by
exposing biomass sources containing carbon atoms to
high temperatures. Materials are burned by giving air in a
controlled manner, such as methane, hydrogen, carbon
monoxide, carbon dioxide, and nitrogen gases [19].
Pyrolysis is the most classical and easiest method applied
to obtain gas using biomass. It is a series of physical and
chemical events that occur when organic matter is heated
up to 900 °C in an oxygen-free environment. As a result
of this process, water, charcoal, organic compounds, tar,
and gases are produced [21]. Direct combustion is the
process of obtaining heat by burning the raw material.
This process is the most classical method known and used
since the discovery of fire. Chemical conversion, known
as transesterification (esterification), is used to produce
biodiesel by converting vegetable, and animal oils and
greases to fatty acid methyl esters [17, 22-25].

BIOMASS CYCLES

\ BIOCHEMICAL

THERMOCHEMICAL

BIOMETANIZATION DIRECT
(OXYGEN-FREE FERMANTATION GASIFICATION PYROLYSIS ESTERIFICATION BURNING
DIGESTION)
BIOGAS SYNTHETIC GAS | ' | SYNTHETIC GAS FLUE GAS
BIOETHANOL . | BIODIESEL
(CO,, CH,) (CO, Hy) (CO, Hy) (CO, Hy)

Figure 1. Biomass conversion systems [17].

In 2018, the global local supply of biomass was reported
as 55.6 EJ (egza joules). The major part of this local
supply (85%) consists of solid biomass sources, including
wood chips, wood pellets and other biomass sources. In
addition, in 2019, there were 1.9 billion m® of wood fuel
produced worldwide [26]. Wood pellets are one of the
fastest growing bioenergy sectors worldwide. Municipal
and industrial waste sectors accounted for 5%, biofuels in
liquid form accounted for 7%, biogas 3%. Between 2000

and 2018, the annual average growth rate of the bioenergy
sector was 2%. Among all raw material sources, liquid
biofuels were the fastest growing sector with a growth rate
of 13%, followed by biogas with 9% (Table 1). In 2018,
637 TWh of electricity was produced from biomass
worldwide. Of total generated power, 66% was obtained
from solid biomass sources and 19% was obtained from
municipal and industrial wastes [26].
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Table 1. Globally where local biomass are supplied [28].
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Years Municipal Waste Industrial Waste Solid Biofuels Biogases Liquid Biofuels Total
2000 0.74 0.49 40.5 0.29 0.43 425
2005 0.96 0.45 428 0.51 0.87 45.6
2010 1.18 0.77 45.1 0.85 2.53 50.5
2015 1.38 0.90 46.2 1.29 3.45 53.2
2016 142 1.04 46.9 1.30 3.58 54.3
2017 1.44 1.07 47.3 1.33 3.72 54.9
2018 1.45 1.13 47.6 1.36 3.98 55.6

Since the interest in renewable energy systems has
increased rapidly in Turkey as well as all over the world
in recent years, much research in this field has been
conducted to determine biomass energy potentials.
According to the data reported by the Ministry of Energy
and Natural Resources, it is estimated that Turkey's
biomass waste potential is approximately 8.6 million tons
of equivalent petroleum (MTEP) [17]. Turkey, which
meets its energy needs mostly from petroleum, natural gas
and coal imports, paid approximately 50 billion USD in
2008 for these raw materials [27]. In order to encourage
energy investments, the draft law on renewable energy
sources was adopted and entered into force in 2011. It
aims to increase the orientation towards renewable energy
sources by giving the highest price guarantee to biomass
energy with this law [27, 28]. Siileyman Demirel
University, Renewable Energy Resources and
Application Center, is carried out joint studies with public
institutions on the pyrolysis of biomass [29]. Kurt and
Koger [19] reported that all of the cereals, legumes,
industrial plants, oilseeds and tuber plants cultivated in
the province of Malatya are produced on an area of
approximately 145162 hectares, and the area has a total
biomass potential of 3991966 tons. In addition, they
calculated the average calorific value of dry biomass as
1596786 tons of equivalent petroleum (TEP). Topal and
Topal [30] investigated the potential to produce biomass
energy from agricultural products grown in
Afyonkarahisar for five years (2006-2010). In the city
center and its districts, the highest biomass energy in total
is respectively obtained from cereal crops (2251-46960
MW), tuber crops (9-2483 MW), industrial plants (49-
2326 MW), legumes (15-2105 MW), and oily plants. Seed
crops (44-1688 MW) and forage crops (108-1526 MW).
In the study investigating the biomass energy potential of
the Eastern Anatolia region (Agri, Ardahan, Bayburt,
Bingo6l, Bitlis, Elazig, Erzincan, Erzurum, Hakkari, Igdur,
Kars, Malatya, Mus, Tunceli, Van), it has been
determined that an average of 47343313 tons of biomass
potential can be obtained from a total planted area of
1721578 hectares. The average calorific value of dry
biomass was found to be 19174042 TEP. The highest TEP
rate was found in Erzurum with 2668021, and the lowest
TEP rate was found in Hakkari with 218235 [31]. The
potential biomass energy was calculated based on the data
obtained from the agricultural products of the province of
Elazig between the years 2000-2010. The total biomass
energy potential of these products are, respectively;
obtained from cereals (132083 MW), forage crops (10934
MW), legumes (8122 MW), industrial crops (6173 MW),
tuber crops (1193 MW) and oilseed crops (443 MW) [32].
According to the data of 2016 considering the
geographical structure and climatic conditions of Kars
province, in the study conducted on the duration of
staying indoors, it was calculated that there was 1948

tons/day of wet manure from 442575 cattle and 341
tons/day of wet manure from 567148 sheep and goats.
Considering the whole year, it has been reported that the
highest amount that can be produced from both bovine
and ovine animals (1009723 heads) has the potential to
produce 986121 tons of collectable waste manure, and
10171 tons/year of wet manure from 557330 poultry [33].
Demir et al. [34], compared the agricultural biomass
energy potential of Mersin province proportionally with
the Mediterranean and Turkey between the years 2005-
2014. They reported the average dry biomass energy
amount as 15.86% in Mersin/Mediterranean region and
1.93% MW in Mersin/Turkey. Kus et al. [35], determined
the annual average (2009-2013) biomass energy potential
as 639000 TEP (7432 MW) in their study across the
province of Igdir. Field crops products constituted the
majority of this potential. They also stated that the
biomass energy potential of the province is equivalent to
3% of Turkey's average. Ekin et al. [36] assessed biomass
energy production in the province of Sirnak, bovine and
ovine numbers, and the products grown in the region’s
agricultural areas. They mentioned that 72% of the annual
energy need in Turkey are met by importing and that fossil
fuel sources that cause global warming constitute 70% of
the electricity production in the country, causing
environmental pollution. With the appropriate methods, it
was concluded that biomass-based wastes and all
industrial wastes can be converted into alternative fuels
such as transportation fuel, electrical energy or gas, which
the city needs.

Agriculture is carried out in approximately 67.7% of the
total area of Konya province. The reason why agriculture
is growing at such a high rate in Konya, which is known
as the agricultural capital of our country, is the high
amount of existing water potential and irrigable lands.
Many types of vegetables and fruits are produced in
Konya, especially field crops (wheat, barley, sugar beet,
chickpeas, dry beans, green lentils, red lentils, potatoes,
sunflowers, poppy, cumin, safflower, etc.). In addition,
the province of Konya contributes to the development of
animal husbandry and animal production of the country
with its large pastures and plant production areas. It ranks
among the top three in the country with the current
numbers of bovine, ovine, and poultry. Cumra, Altinekin,
Karapinar, Karatay, Eregli, Kulu, and Cihanbeyli districts
are among the districts with the highest agricultural
potential in terms of irrigation opportunities of the lands
[37]. According to the data of 2021 obtained from Turkish
Statistical Institution (TSI), the districts of Kulu, Karatay
and Sarayonii in barley production; Karatay, Karapinar
and Kadinham1 in sunflower production, Cumra,
Karapinar and Altinekin in sugar beet production; Eregli,
Karapmnar and Karatay are leading in corn production
[38]. In this research, the biomass and biogas energy
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potentials of Konya province between the years 2011-
2020 were determined and compared with the energy
potential in Turkey.

2. MATERIAL AND METHOD

Konya province is located between 36° 22'N and 39° 08'N
parallels and 31° 14'E and 34° O5'E meridians. The
province, with an area of 40841 km? and 31 districts, is
the largest province in Turkey. Konya province covers
5.21% of the country's surface area. In addition, Konya is
in the 7th place in Turkey in terms of population. Its
largest districts are Eregli, Beysehir and Aksehir. A
continental climate prevails in Konya, with hot and dry
summers and cold and warm winters. Besides its
developing industry, Konya is also known as Turkey's
granary [39].

In this study, data from the TSI between 2011 and 2020
was taken into account in order to determine the current
biomass and biogas energy potential in Konya. Barley,
rye, oat, canola, sunflower, safflower, potato, sugar beet,
corn, poppy, fruits and vegetables were used to calculate
the biomass energy potential. In the calculation of biogas
energy potential, the presence of bovine, ovine and
poultry was used. Equation 1-8 below is used to determine
the average dry biomass amount, calorific value, and
energy value that can be produced in Konya in a year. In
addition, the assumptions used for biomass energy
equivalents are given below [40].

1 TEP

(tons equivalent petroleum) = 107 keal
42 GJ
11630 kWh
11.630 MWh

The following equations were used to determine the
biomass energy value [19, 31, 32, 35].

BMnin=25*A [ton] (Eq. 1)

BMmax=30*A [ton] (Eq. 2)
BMmean=(25+30)/2*A [ton] (Eq. 3)
IDmin=3800*BMmean [kcal kg™] (Eq. 4)

I Dinin=4300*BMpean [kcal kg] (Eq. 5)

I Dimean=(3800+4300)/2*BMmean [kcal kg*]  (Eg. 6)
EDrmean = |Dmean*107 TEP (Eq. 7)

EDmean= IDmean*10 7*(11.63) MWh (Eq. 8)

The amount of wet manure that can be produced and
biogas production differ according to the animal species.
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In this context, certain assumptions are made. The annual
average amount of wet manure obtained from bovine,
ovine, and poultry is, respectively, 3.6 tons, 0.7 tons and
0.022 tons. It is known that two-thirds of the wet manure
is usable and the rest is lost by mixing with nature [41,
42].

The amount of biogas energy that can be produced from
usable wet manure is as follows;

1 tons of usable bovine manure 33 m® year,

1 tons of usable ovine manure 58 m? year™,

1 tons of usable poultry manure 78 m?® year**dur.

1 m3 the electrical energy provided by biogas is 4.70 kWh,
the heat energy is 4700-5700 kcal [42].

The cultivated areas of barley, rye, oat, canola, sunflower,
safflower, potato, sugar beet, corn, poppy, fruit, and
vegetable crops, which we use in calculating the biomass
energy potential according to the data obtained from TSI,
are given in Figure 2. In 2020, these plants were cultivated
on a total of 707654.4 ha of land in Konya. These areas
yielded 13897974 tons of product. In the same year, these
crops were cultivated on an area of 6879313 ha
throughout Turkey, and 109061582 tons of products were
obtained. 12.74% of the nationwide production of the
specified agricultural products is produced in Konya.
Considering the data, the fact that a single province
produces at such a high capacity and meets most of the
needs in the country on its own shows that the biomass
energy potential is quite high. Despite the fact that
Cihanbeyli is the district with the highest amount of
planting area, with 89934 ha in the same year, the
production amount in the district was just 921033 tons.
The district with the maximum production is Eregli with
1871800 tons. In Eregli, an area of 51771.1 ha was
cultivated in 2020 (Figure 2).

In 2020, the districts with the highest production by
product type were as follows: barley; in Cihanbeyli, oats;
in Ilgin, canola; in Celtik, sunflower; in Karatay,
safflower; in Yunak, potatoes; in Karatay, sugar beet; in
Karapinar, poppy; in Aksehir, corn, rye, fruit and
vegetables; in Eregli. In the province, sugar beet
production was at its peak with 7228473 tons, and
safflower production was made with at least 1812 tons.
31.4% of the sugar beet produced throughout the country
is produced in Konya. In the same year, a maximum of
31177124 tons of vegetables and a minimum of 20542
tons of poppy were produced throughout Turkey.
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Figure 2. Total cultivation areas and production amounts by districts in 2020
In 2020, Konya's production rate to the country's respectively. Konya has grown the most barley, sugar beet
production rate was for barley, rye, oat, canola, sunflower, and sunflower since 2011 (Figure 3). Every year, the
safflower, potato, sugar beet, corn, poppy, fruit and highest production amounts were obtained from sugar

vegetable crops as; 15.3%; 8.4%; 6.9%; 13.7%; 14.7%; beet, barley, and corn.
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Figure 3. Cultivation area (ha) by year and crop type

Total plant production in Konya has generally shown an produced in Konya. According to the data received from
increasing trend every year since 2011 (Figure 4). While TSI, as seen in Figure 4, approximately 9-13% of the total
the product with the highest cultivation area was barley in production in Turkey between the years 2011-2020 is met
all years, the product with the highest production was from the province of Konya.

sugar beet. 31.4% of sugar beet production in Turkey is
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Figure 4. Total production amount in Konya by years (tons)
3. FINDINGS AND DISCUSSION

Cultivation areas of cereals, industrial plants, tuber plants,
fruits and vegetables which are cultivated in Konya
province and Turkey between 2011-2020 years that dry
biomass amounts, calorific values, and energy values are
given in Table 2. Konya’s vegetative production areas
account for 7.8% of the country’s total cultivation area in

Table 2. Change of total biomass energy potential by years

2011 and 10.3% in 2020. Since 2011, it has been observed
that the amount of dry biomass that can be obtained and
the energy value generally tend to increase. Between 2011
and 2020, there was an approximately 47% increase in
total dry biomass in Konya and a 10.5% increase in
Turkey.

Cultivated Area Amount of Dry Biomass Calorific Value Energy Value Energy Value
ha 108 ton 108 keal kg'* TEP MWh

% Konya Turkey Konya Turkey Konya Turkey Konya  Turkey Konya Turkey
-

2011 482898 6202076 0.132 171 537.8 6907.6 5378.3  69075.6 62549.4 803349.5
2012 513527.2 6108299 0.141 1.68 571.9 6803.1 5719.4  68031.2 66516.7 791202.7
2013 505806.4 6136232 0.139 1.69 563.3 6834.2 5633.4 683423 65516.7 794820.7
2014 516392.3 6234879 0.142 171 575.1 6944.1 5751.3 69441 66887.9 807598.4
2015 512676.8 6329910 0.141 174 571 7049.9 5710 70499.4 66406.6 819907.7
2016 572611.8 6343125 0.157 174 637.7 7064.7 6377.5 70646.6 74170 821619.5
2017 564183.2 6077700 0.155 1.67 628.3 6769 6283.6  67690.4 73078.2 787239.2
2018 612102.1 6266415 0.168 1.72 681.7 6979.2 6817.3  69792.2 79285.1 811683.2
2019 680296.2 6677508 0.187 1.84 757.7 7437.1 7576.8 74370.7 88118.2 864931.7
2020 707654.4 6879313 0.195 1.89 788.1 7661.8 78815  76618.3 91661.9 8910714

To compare years according to the data obtained from
TSI, it is understood that the year in which the most
cultivation and energy is obtained in Konya is 2020
(Figure 5). In the province, cereals are the products that
have the highest amount of dry biomass and energy value,
while vegetables have the lowest amount of product

groups. While the total amount of dry biomass was
approximately 13.3 million tons in 2011, it increased to
19.5 million tons in 2020. The total biomass energy value
that can be obtained was calculated as 62549.3 MWh in
2011 and 91661.9 MWh in 2020.
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Figure 5. Biomass energy potential by product type and year

The biomass energy potential (MWh) to be obtained from
cereals (barley, rye, oats, and corn), industrial plants
(canola, sunflower, safflower, and poppy), tuber crops
(potato, sugar beet), fruits, and vegetables in Konya and
in Turkey is given in Figure 6. It has been calculated that
the most biomass energy can be obtained from cereals in
Konya and Turkey in 2020. While the energy that can be
obtained from cereals is 496793.4 MWh in Turkey, it is
57525.7 MWh in Konya. Konya has the highest share
with approximately 22% of the energy potential that can
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be obtained from tuber plants produced throughout the
country. The share of biomass energy that can be obtained
from vegetables produced throughout the country is
occupied by the province of Konya, with approximately
4%. While the least biomass energy is obtained from tuber
plants with 62966.02 MWh throughout the country, it is
obtained from vegetables with 4000.6 MWh in Konya
(Figure 6).
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Figure 6. Biomass energy potential to be obtained according to the product type; comparison of Konya and Turkey for 2020

The biomass energy potentials obtained in 2020 by
districts are given in Figure 7. The highest energy
potential, with 11649 MWh, was obtained in Cihanbeyli
district, where the cultivation area is also the highest, and

the lowest energy potential was obtained in Derebucak
district with 47.7 MWh.
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Figure 7. Total biomass energy potential in 2020 by districts
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The biogas energy potential that can be obtained
according to the total number of bovine, ovine and poultry
in Konya between 2011-2020 years is given in Figure 8.
Due to the rapid increase in the number of poultry in 2017
compared to other years, the highest number of animals
was determined in 2017. Since 2011, there has been an
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increase of approximately 12% in the total number of
animals and 68.1% in the biogas energy potential. The
biogas potential that can be obtained has generally
increased since 2011 and the maximum energy was
obtained in 2020 with 165.6 million m2,

H
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Figure 8. Total number of animals and biogas energy production potential in Konya province by years

The biogas, electricity and heat energy potentials obtained
with the existing animal potential in Konya in 2020 are
given in Table 3. It is seen that approximately 165.6
million m3 of biogas energy can be obtained from the total
livestock, including bovine, ovine and poultry, in 2020.

According to the data received from TSI in 2020, Eregli
district with 176758 bovine, Karapinar district with
368150 ovine and Meram district with 3912225 poultry
numbers are leading in Konya.

Table 3. Number of animals available in Konya province in 2020 and biogas energy potential to be obtained

Biogas Electricity Energy Heat Energy
Animal type Animal Numbers Amount of Usable Manure Potential Potential Potential
Head 10° ton year™ 10°m® year 10° kWh year! 10% kcal m®
Bovine (cattle, buffalo) 963047 2311.3 76273.3 358.5 35.8
Ovine (sheep, goat) 2826236 1318.9 76496.8 3595 35.9
Poultry (hens) 11234107 164.8 12851.8 60.4 6
Total 15023390 3795 165621.9 778.4 77.8

Konya has 7 biogas plants, 3 of which are in the Karatay
district, 2 in the Cumra district, 1 in the Sarayonii district,
and 1 in the Meram district. The biogas power plant
located in the Cumra district, with 12 MW electrical
energy production, is the largest one. In addition to energy
production in existing biogas facilities, organic fertilizer
production is also carried out [43]. The operation of large
biogas power plants in Konya, developing in agriculture
and livestock, will provide significant benefits for the
province and our country.

4. CONCLUSION

In Konya province, the biomass energy potential that can
be obtained from cereals, industrial plants, tuber crops,
fruits and vegetables and the biogas potential that can be
obtained from the presence of bovine, ovine, and poultry
were determined. In 2011, 62549.3 MWh of energy was
obtained from 13.3 million tons of dry biomass, and
91661.9 MWh from 19.5 million tons of dry biomass in
2020. It's concluded that every year, the most energy is
obtained from cereals and the least energy is obtained

from vegetables. When the 2011-2020 annual changes are
compared, there has been an increase of 47% in the
cultivation area and biomass energy potential, and an
increase of 68.1% in the biogas potential. While
Cihanbeyli is the district with the most cultivation areas
in 2020, Eregli is the district with the highest production
yield. In the same year, it was calculated that 57525.7
MWh of energy could be obtained from cereals, 10217.7
MWh from industrial plants, 13815 MWh from tuber
plants, 6102.9 MWh from fruits, and 4000.6 MWh from
vegetables throughout the province. In addition, it has
been determined that approximately 165.6 million m? of
biogas energy can be obtained from the total livestock in
2020. In the province of Konya, approximately 613227.7
ha of land in 2011 and 307158.6 ha of land in 2020 remain
uncultivated. Every year, there has been a decrease in the
uncultivated area throughout the province and an increase
in the cultivated area. It has been observed that there has
been a decrease of approximately 50% in uncultivated
areas since 2011. When compared with similar studies in
terms of biomass energy potential; while the annual
average biomass energy potential that can be obtained
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from plant wastes in Konya is 73419 MWh, this value is
45228 MWh in Mersin [34], 7432 MWh in [gdir [35], and
53801 MWh in Afyonkarahisar [30].

Konya has a unique opportunity to combine good
agricultural land use practices with increasing
environmental benefits through biomass production
systems. The bioenergy industry can provide an
opportunity to strengthen our economy and diversify
markets in the agriculture and forestry sectors. There are
no fossil fuel deposits such as petroleum, natural gas and
uranium in Konya. So, Konya needs fossil fuel imports
more than many provinces due to its huge geography and
potential to become an industrial center. During the
transition to new energy systems, new opportunities for
heat (thermal energy), combined heat, power, and
potentially the use of biomass for advanced biofuels or
cellulosic ethanol are anticipated. Therefore, Konya
province should be considered as a very good opportunity
to obtain energy from biomass with its fertile agricultural
products and infrastructure related to the livestock sector.
The biomass energy that can be obtained in Konya has
very important potential for Turkey. It is thought that the
country's economy will be benefitted by transforming the
waste potential in the province into energy with modern
methods. Barriers to the production and use of biomass
energy in Turkey should be removed. Incentives should
be given by developing an appropriate biomass energy
policy.

ABBREVIATIONS

A = Cultivated area (ha)
BMmx =  Maximum amount of dry biomass (ton)
BMpmin =  Minimum amount of dry biomass (ton)
BMmen =  Mean amount of dry biomass (ton)
EDmen = Mean of dry biomass energy value (kcal kg )
GHG = Greenhouse gases
IDimax = Maximum calorific value of dry biomass (kcal kg )
1Dmin = Minimum calorific value of dry biomass (kcal kg ™)
IDmean = Mean of dry biomass calorific value (kcal kg %)
TEP = Ton equivalent petroleum
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Oz: Duggal ve Bejancu 1996 da yayinladiklari kitapta bir semi-Riemannian manifoldda lightlike
(null) alt uzayin varligin1 gosterdiler ve alt manifoldlarin geometrisi i¢in ihtiya¢ duyulan énemli bir
boslugu doldurdular. Semi-Riemannian manifoldlar i¢in unireglelik, kodaira boyutu gibi birasyonel
invaryantlarin yaninda maximum lineer bagimsiz lightlike vektorlerin sayilari olan k(U)
degerlerinin de bir birasyonel invaryant oldugu vurgrulanarak R®; Semi-Riemannian Uzayda 2-Cob
Ureteg kobordizmlere &rnekler verilmis, bunlarm kodaira boyutlar1 ve k(U) invaryantlar ifade
edilmistir.

The Examples of Generators of 2-cob Cobordisms in Semi-Riemannian Space R31

Keywords
Cobordism,
Birational
invariant,
Semi-
Riemannian
manifold,
Kodaira
dimension,
Ruled variety

Abstract: In their book published in 1996, Duggal and Bejancu demonstrated the existence of a
lightlike (null) subspace in a semi-Riemannian manifold and filled an important gap needed for the
geometry of submanifolds. In addition to birational invariants such as uniruledness and kodaira
dimensions for Semi-Riemannian manifolds, in this study, by emphasizing the k (U) values which
are the numbers of maximum linearly independent lightlike vectors, that are a birational invariance,
the examples of generators of 2- Cob cobordisms are given in Semi-Riemannian Space R(3,1).
Their codaira dimensions and k (U) invariants of these examples has been expressed.

1. GIRiS

Uzun zamandir

Birasyonel geometrinin en temel kavrami uniregleliktir.
Cebiro-geometrik  bir sekilde bunun anlami bir
manifoldun cebirsel egrilerle kaplanabilmesi demektir.

simplektik geometride birasyonel Dikkat etmek gerekir ki, cebirsel geometrideki tanimi

denkligin uygun bir kavraminin ne oldugu gergekten
acik degildi. Simplektik geometride blow-up/blow-down
gibi basit birasyonel operasyonlar biliniyordu[1,2].
Fakat esnek simplektik kategoride genel birasyonel
fonksiyon kavraminin agik bir genellemesi yoktu. Bu
durum son zamanlarda zayif faktdrizasyon teoreminin
gelistirilmesiyle biiyiilk oOl¢lide degismistir [3] ki bu
teoreme gore projektif manifoldlar arasindaki herhangi
bir birasyonel fonksiyon blow-up ve blow-down larin
(yukart ve asagi etkilerin) bir dizisi halinde
aynistirilabilir [4].

basit bir sekilde taklit ederek bu kavrami tanimlamak
anlamsizdir [5] ve her noktadan gegen sabit siniflarda bir
simplektik kiirenin olmasi da gerekir. Aksi takdirde her
basit baglantili manifold uniregle olmalidir [4].

Diger yandan Kollar- Ruan’in teoremiyle [6,7] bir
uniregle projektif manifold, bir nokta arakesitiyle,
sifirdan farkli bir cins sifir GW-invaryanta sahiptir. Bu
nedenle, eger bir nokta kisitlamasi dahil ederek sifirdan
farkli bir tiir sifir GW-invaryant varsa (M,w) simplektik
manifolda uniregledir denir [4].
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Duggal ve Bejancu 1996 da yaymladiklarn kitapta bir
semi-Riemannian manifoldda lightlike (null) alt uzaym
varligint  gosterdiler [8,9,10] ve alt manifoldlarin
geometrisi igin ihtiyag duyulan Onemli bir boslugu
doldurdular. Bu kitabin yayinlanmasindan sonra hedef,
lightlike geometrideki yeni geometrik sonugclarin ispati
ve lightlike geometrinin fizikteki uygulamalari oldu.
Boylece geometrinin 6nemli bir boslugu dolduruldu ve
yeni bir ¢aligma alani ortaya ¢ikti.

1942 yilinda Moskova Universitesinde Lev Pontjagin,
Charles Ehresmann sayesinde bir hiicre alt bdlimiini
kullanarak Grassmann manifoldlarinin homolojisini
calismaya baglamistir. Bu onun yeni Onemli bir
karakteristik sinif olugturmasina olanak saglamistir.[11]
1946 yilinda Shiing-Shen Chern kompleks vektor
demetleri igin bir siif tanimlamistir. [12] Chern
gostermistir ki kohomoloji yapisina sahip olan kompleks
Grassmann manifoldlarim1 anlamak, reel Grassmann
manifoldlarin1 anlamaktan daha kolaydir[11]. Chern
temel makalesinde Hermitian manifoldlar1 igin
karakteristik siniflarinin bazi ingaalarini vermistir. [11].

2. MATERYAL VE METOT

Tamm 1: R birimli ve degismeli bir halka ve R —
{0z} = R*, ikinci islem - ye gore bir grup ise R ye bir
cisim denir [13].

Tamm 2: R bir tamlik bdlgesi olsun. Ml =0,
olacak sekilde bir m > 0 tam sayis1 varsa boyle m lerin en
kiigiigiine R nin karakteristigi denir. Eger bu ozellikte

higbir m > 0 bulunamiyorsa R nin karakteristigi
sifir denir [13].

Tanim 3: R ve S tamlik bolgeleri verildiginde, R den S
ye 1-1 bir homomorfizma bulunabiliyorsa R, S i¢ine
gomiilebilir veya S, R nin bir geniglemesidir denir [13].

Tamim 4: Eger K, bir L cisminin alt cismi ise , 0 zaman
(L, K) siral1 ikilisi, bir cisim genislemesidir. L/K olarak
yazilabilir. K {izerinde vektor uzay: olarak L nin boyutu
[L: K] olarak yazilir. Bu boyutun sonlu oldugu durumda
L/K geniglemesinin kendisine sonlu denir [14].

Tamm 5: M bir €*  manifold olsun. pe M
noktasindaki tanjant uzay T, M olmak lizere,

Ip: oM X T,M — R
(Xp'yp) _’gp(Xp' Yp)

bi¢iminde tanimli sabit indeksli, simetrik, bilineer, non-
degenere (0,2) tensdrine M iizerinde bir metrik

tensor denir [15].

Tanmm 6: M bir C* manifold olsun. M bir g metrik
tensorli ile donatilmigsa, M ye bir semi-Riemannian
manifold denir [15].
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Tanmm 7: Bir M Semi-Riemannian manifoldu iizerinde
tamimli g metrik tensoriiniin indeksine semi-Riemannian
manifoldun indeksi denir ve indM ile gosterilir.

Eger indeks v ise 0 < v < boyM dir. Ozel olarak, v = 0
ise Vp € M igin g,,, T,M flizerinde pozitif tamimli bir i¢
carpim oldugundan, M bir Riemannian manifold olur.
v = 1ven = 2 olmasi durumunda ise, M ye bir Lorentz
manifoldu denir [15].

Tammm 8: V sonlu boyutlu reel vektér uzayi, V
iizerindeki simetrik bilineer form

y: VXV >R

R-bilineer fonksiyonu olsun. V
simetrik bilineer formu

iizerinde tanimli y

) v#0 iken y(v,v)>0
tanimlidir.

ise y pozitif

(i) v+0 iken y(v,v) <0 ise y negatif
tanimlidir.

(iii) Vw €V iken y(v,w) = 0 sart1 sadece v =
0 i¢in saglaniyorsa y ye non-degeneredir

denir [15].

Tammm 9: M bir Semi-Riemannian manifold olsun.
X, € T,M olmak lizere,

) g,(Xp,X,) >0 veya X,=0 ise X,
vektoriine spacelike,

i) g,(Xp, X,) < 0ise X,, vektoriine timelike,

iii) gp(X,, X,) =0, X, # 0 ise X, vektdriine
lightlike (null) denir [15].

R™ n- boyutlu reel vektor uzay1 olsun.

Tamm 10: Eger bir {f,(x),t € T} ailesi, f,(x) € R[x]
olmak tizere bulunabiliyorsa,

X={xeR"f,(x)=0,VTET}CR"
altkiimesine R™ nin bir afin manifoldu denir [16].

Ornek 1: R de keyfi bir sonlu altkiime bir afin
manifolddur. Yani,

X={r,7r, ...,tn} CR

bir afin manifolddur. Ciink{i,
X={xeRx—-nr)x—-r).(x-r)=0cR

yazilabilir [16].

Onerme 1: X, R de bir afin manifold olsun. Bu takdirde

X=R veya X = @ ya da X, R nin sonlu bir altciimlesidir
[16].
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Ornek 2 : n =2 durumunda iki degiskenli polinomlarin
stfir yerleri olarak,

X ={(x,y) €R?* f(x,y) = ax + by + ¢ = 0}
kiimesini alalim, burada a, b, c € R sabit sayilar olsun.
Bu kiime diizlemde bir dogrudur. Dolayisiyla keyfi
dogru diizlemde bir afin manifolddur.

Onerme 2: Herhangi sayida afin manifoldlarin arakesiti
de bir afin manifolddur [16].

Onerme 3: X,, X, afin manifoldlar ise X; U X, de bir
afin manifolddur [16].

Sonug¢ 1: Sonlu sayida afin manifoldun birlesimi de bir
afin manifolddur.

Simdi R™ deki afin manifoldlarla bir topoloji

olusturacagiz. I ile R™ deki tim afin manifoldlar
sistemini gosterelim. Yani,

3 ={X:X c R™ bir Afinmanifold}
olsun. Boylece
T1) R"€ 3
T2) Q€S

T3) Vvt € T icin X; € J iken ﬂXT €T

TET
m
T4) Xy, .., Xm €T igin UXT €3
=1

dir. Dolayisiyla 3 sistemi, R™ de kapali kiimelerle
olusturulmus bir topolojidir. Bu topolojiye Zarisski
topolojisi denir [16].

R™ deki sonlu sayida noktadan olusan keyfi bir altkiime
Zarisski topolojisine gore kapalidir. Onerme 1 e gére n
=1 i¢in R deki Zarisski topolojisine gére R nin kapali
altkiimeleri ancak R, @ ve sonlu altkiimelerdir. Buna
gore R de [0,1] araligi oklid topolojisine gore kapali
olmasina karsin Zarisski topolojisine gore kapali degildir
[16].

Onerme 4: R de Zarisski topolojisi Housdorf topolojisi
degildir [16].

Tanmm 11: X bir topolojik uzay olsun. Eger, X;,X, c X
kapali altkiimeleri, X; #X X, # X, iken X; UX, =X
olacak bicimde bulunabiliyorsa X topolojik uzayina
indirgenebilir denir. Aksi halde X topolojik uzayma
indirgenemez denir. [16].

Ornek 3: Zarisski topolojisine gore R topolojik uzayi
indirgenemezdir.

Onerme 5: M topolojik uzay indirgenemezdir ancak
ve ancak M deki keyfi iki bostan farkli agik kiimelerin
arakesiti bos degildir [16].

Onerme 6: R™ indirgenemezdir [17].
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Onerme 7: U, R" de bostan farkli keyfi bir agik kiime
ise U = R™dir. Yani U, R™ de yogundur [17].

Onerme 8: B c R™ bir alt kiime ve f € R[xy, ..., X,]
oyleki f(x) = 0, vx € B olsun. Bu takdirde f(x) = 0,
Vx € B dir [16].

Lemma 1:( R™ igin Cebirsel Esitsizliklerin Onemli
Olmadig1 Prensibi):

pi € R[x4, ...
olsunlar.

,%,], i=1,...k sifirdan farkli polinomlar

B={xeR™p(x)+0,i=1,..,k}

olsun. Bir F(x4, ..., Xx,) polinomu i¢in F|z = 0 (Vx € B
icin F(x) = 0) ise, F|zgn = 0 dir [16].

Sonu¢ 2: p; € R[xy, ... stfirdan farkli
polinomlar ve

, X ], =100k

B={xeR™p(x)+0,i=1,..,k}

olsun. f.g € R[x4, ..., x,,] 6yle ki, f|g = glg olsun. Bu
takdirde f|gn = g|gn dir.

Tanim 12: Bir (C, d, 1)kobordizm kategorisi su sartlari
saglayan bir ti¢liidiir.

1) C bir sonlu toplamli ve baglangi¢ nesnesi @ olan bir
kategoridir.

2) 0:C » C funktori d0M =@ (her M € C igin) ve
00 = @ sartin1 saglayan toplamsal bir funktordiir.

3) 1:0 — id funktori, id birim funktér olmak izere
toplamsal funktdrlerin bir dogal transformasyonudur.

4) C nin her zaman bir kiigikk C, alt kategorisi vardir

Oyle ki C nin her elemani, €, m bir elemanina
izomorfiktir.
Burada, kompakt diferansi-yellenebilir manifoldlar

durumunda @ , bir bos manifold olarak ve t da M nin
OM yi igermesi olarak diisiiniliir. D, alt kategorisinin
varligi, Whitney gdmme teoreminin, (her manifoldun
R® un bir alt manifolduna izomorfik olmasi)
bicimindeki ifadesiyle algilanir [18].

27 farkli durum igin kobordizm problemlerinin bir
listesini [19] de gorebiliriz.

Kobordizm temel tanimi, su denklik bagintisiyla verilir.

Tanim 13: M ve N, n boyutlu iki kompakt manifoldlar
olmak tizere, eger n+l boyutlu bir W kompakt
manifoldu, sinirt M ve N nin ayrik birlesimi olarak
yazilabilecek sekilde bulunabilirse M ile N ye kobordant,
W ye de M ile N arasinda bir kobordizm denir [20] (bkz.
Sekil 1).
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Sekil 1: Kobordizm (W; M, N).

Generators for 2Cob

[ (associativity) oassociativity)

(counit)

(cocommutativity)

“  (Frobenius relation)

Sekil 2: 2 boyutlu kobordizmler i¢in iiretegler ve onlarla iiretilen denk
kobordizmler

Tamm 14: Bir Semi-Rieamannian manifoldda
maximum lineer bagimsiz lightlike (null) vektorlerinin
sayisina k(U) indexi denir [21].

Onerme 8:
U — spacelike, boyU =1
k(U) = 0 & {U — spacelike, boyU > 1
U — timelike, boyU =1
[21].

Cebirsel geometride, Kodaira boyutu « (X), projektif bir
X yapisinin kanonik modelinin boyutunu 6lger. Bir cisim
iizerinde tanimli n boyutlu bir X diizgiin cebirsel
yapisinin kanonik demeti, X in kotanjant demetinin n.
nci dig kuvveti olan bir d tamsayisi igin, Ky in d. nci
tensor kuvveti yine bir dogru demetidir.

n
KX = AQ}(

n-formlarinin ~ dogru  demetidir. d> 0 igin
HO(X,Kx) global boliimlerin vektdr uzayi, X diizgiin
projektif yapisinin birasyonel invaryanti olmasindan
dolayt  olaganiistii 6zellige sahiptir. Yani, bu vektor
uzayl, daha diisiik boyutlu alt kiimelerin disinda X'e
izomorfik olan herhangi bir diizgiin projektif yap1 igin
karsilik gelen uzay ile kanonik olarak tanimlanir. d > 0
icin X in d.nci P, ¢ogul genusu (plurigenus), Kx% nin
global bolumlerinin  vektér uzayimin boyutu olarak
tantmlanir:

P, = dim HO(X,Kyxd)

Buna gore X in kodaira boyutu k (X),
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eger herd > 0icin P, =0 ise

K(X): [ P"/dk yi sturl yapan k larin minimumu, diger durumlarda

bi¢imninde tanimlanir. Bdylece n boyutlu bir X projektif
yapisinin kodaira boyutu ya —co dur ya da 0 ile n
arasinda bir tamsay1 degeridir [25].

Cebirsel geometride K -cismi tizerinde tamimli bir
cebirsel yapiya “ruled” denir, eger o, bir projektif dogru
ile K iizerindeki bazi yapilarin ¢arpimina birasyonel ise.
Bir cebirsel yapt “uniruled” dir eger, o bir rasyonel
egriler ailesi ile kaplanirsa. (Daha kesin bir ifadeyle, X
uniruleddir eger, vardir bir y ve y X P, - X dominant
rasyonel map Oyle ki, Y ye projeksiyon boyunca etki
etmez) [25].

Karakteristigi 0 (sifir) olan bir cisim iizerindeki her
uniruled yap1, -0 kodaira boyutuna sahiptir. Tersi, en
fazla 3 boyutta bilinen bir varsayimdir: karakteristigi
sifir olan bir cisim {izerindeki cebirsel yapinin kodaira
boyutu -0o ise uniruled olmalidir. Bununla ilgili su
ifade tiim boyutlarda bilinir: Boucksom, Dewailly, Paun,
ve Peternell gosterdi ki, karakteristigi sifir olan bir cisim
iizerindeki bir diizgiin projektif X yapisi, uniruleddir. <
X in kanonik demeti pseudo-effektive degildir (Yani, reel
sayilarda tensorlendirilmis Neron-Severi grubundaki,
efektif bolenlerle elde edilmis kapali konveks koni
icinde degil) [22,25]. Cok o6zel bir durumda
karakteristigi sifir olan bir cisim {iizerindeki P" de
derecesi d olan bir diizgiin hiperyiizey, uniruleddir <
d < nise, (Ashnda P" deki derecesi d < n olan bir
diizgiin hiperyiizey Fano yapisindadir ve bundan dolayi,
(unireglelikten daha giicli olan) rasyonel baglantilidir)
[25].

Sayillamayan cebirsel kapali K- cismi iizerindeki X
cebirsel yapisi uniruleddir. << En az bir rasyonel egri
vardir 6yle ki X in her k noktasindan geger. Tersine, bir
K- sonlu cisminin cebirsel kapanist iizerinde, cebirsel
yapilar vardir ve bunlar uniruled degildir. Fakat bunlarin

her K noktasindan gecen bir rasyonel egri vardir (p -tek
alinmak {izere herhangi bir F, non-super singiiler
abelyen yiizeyinin Kummer yapisi bu dzellige sahiptir)
[23,25].

Uniruledlik bir geometrik 6zelliktir. Cisim geniglemeleri
altinda degismezdir. Oysa ki ruled yap1 boyle degildir.
Pozitif karakteristikte uniruledlik ¢ok farkli davranir.
Ozellikle genel tipte uniruled yiizeyler (hatta unirational)
vardir. p = 5 olan p asal sayilari igin F, iizerindeki P*
de xP*1 4 yP*l 4 zP*1 4 wPHl = ( yiizeyi bunun bir
ornegidir [24]. Boylece  uniruledlik,  pozitif
karakteristikte kodira boyutununun —o0 olmasini ima
etmez [25].

Kisaca ozetlersek;
1 boyutlu egriler i¢in,
Diizgiin projektif egriler, g = 0,1,... gibi herhangi bir

dogal say1 olan genuslarina gore ayrik olarak
simiflandirilir. Buradaki ayrik olarak smiflandirma su
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anlamdadir: bir genus verildiginde o genuslu egrilerin
indirgenemez bir moduli uzay:1 vardir.

Bir X egrisinin Kodaira bayutu :

K=-0 : genus O (projective line PY): Kx efektif
degil, her d>0 i¢in P4=0

K=0 : genus 1(eliptik egriler): Kx asikar demet,
herd > 0 igin Pg=1

K=1 :genus g = 2 (genel tipten egri): Kx genistir
(ample), her d = 2 i¢in P4=(2d-1)(g-1)

2, 3 ya da daha biiyiik boyutlarin siniflandirmalart i¢in
bakiniz [25].

3. BULGULAR

3.1. R% Semi-Riemannian Uzayda 2-Cob Ureteg
Kobordizm Ornekleri

Ornek 1:

R% Semi- Rieamann alt uzayinda bir kobordizm 6rnegi
olarak en temel kobordizmlerden pantolon seklindeki
kobordizmi g6z Oniine alalim. | dogrusu olarak
{z =4y+12; x =0} dogrusunu ve p parabolii olarak da
{z =- 4y?; x = 0} paraboliinii géz 6niine alalm. | ninz >
0 olan kismini z- ekseni etrafinda dondiirelim. Bu tam
donmede biiyiik cemberler olusacagindan pantolonun iist
tarafinda bosluklar olusacaktir. Burada déonmeyi dénme
acisma gore ilk 180 ve son 180 derecelik agilarla ayirip
ve kiiresel koordinatlar ile istenilen yiizeyi saglayacak
donme acilarii saglamak gerekir. Benzer sekilde z < 0
kismini da; z = 7o a karsilik gelen 1 dogrusu ilizerindeki
noktaytr A ile, z = zo a karsilik gelen p paraboli
tizerindeki noktay1 da B ile gosterirsek, A noktasini, A
ile B nin orta noktasi etrafinda xy- diizlemine paralel
kalacak sekilde dondiirelim. Bu dondiirme sonucunda bir
¢ember elde edilecektir. Bu ¢gember hem 1 dogrusuna
ve hem de p paraboliine teget bir gemberdir. Bu sekilde z
degerlerine gore elde edilecek ¢emberler pantolon
ylizeyinin uzun bacaklarint  olusturacaktir.  Simdi
pantolonumuzu z>0 ve z < 0 gore ayiracak olursak 3
par¢a elde ederiz. Birinci parga z>0 a karsilik gelen
donel yiizey, ikinci ve {glincii pargalar ise z<0 a
kargilik gelen biri digerinin yansimasi gseklinde iki
pantolon bacagini olusturan yiizeylerdir. Birinci donel
ylizeyi de parametrik ifadesini yazabilmek adina y<0 ve
y>0 olmak fiizere tekrar ikiye ayirirsak, pantolon
ylizeyini 4 parcaya ayirmis oluruz (Sekil 3).

Simdi bu yiizeyin parametrik denklemini verelim:
I yiizeyi:

a € [0,1] ve w € [0, ] olmak lizere

3 3
X =2cosw+a [Ecos (_E” +2(w — n)) - ZCOSW]

3 3 3
Y = 2sinw+a Esin —ETE+2(W—1T) —ZSinw—E

Z=4(1-a)
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biciminde verilebilir. MATLAB ile bu ylizeyi ¢izersek
Sekil 4-a’daki grafik elde edilir.

T 2cost, 2sin, 4) ; 1e]0.21]

4l [

Sekil 3: {z=4y+12; x =0} dogrusu ve {z = -4y% x = 0} parabolii ile
elde edilen kobordizm tasarim 6rnegi

@ (b)

Sekil 4: Pantolon tipi kobordizmin I ve II nolu pargast
II Yiizeyi:

a€[0,1] ve w € [m, 2n] olmak iizere,

3
X = 2cosw +a [EsinZW - ZCOSW]
3 3
Y =2sinw+a [—ECOSZW — 2sinw + E]

Z=41-a)

biciminde verilebilir. MATLAB ile bu ylizeyi ¢izersek
sekil 4-b deki gibi grafik elde ederiz.

III Yiizeyi:
k € [—4,0] ve te€][0,2rm] olmak iizere,
P k 3 -k .
=573 2| o8
Y—k 3+v—k 't+k 3
827 e P T2
Z=k

bi¢iminde verilebilir. MATLAB ile bu ylizeyi cizersek
sekil 5-a grafigi elde edilir.
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Sekil 5: Pantolon tipi kobordizmin IIl ve IV nolu pargasi

IV Yiizeyi:

k € [-4,0] ve t € [0,2n] olmak iizere
_[k_3 VR
=gzt 7|

s e 3 VR k3 VR
82T 4 |82
Z=k

bigiminde verilebilir. MATLAB ile bu ylizeyi gizersek
sekil 5-b grafigi elde edilir.

Simdi bu dort ylizeyi birlestirirsek;

Z>0ve Y <0 durumunda I yiizeyi;
Z>0ve Y > 0 durumunda II yiizeyi;
Z <0ve Y <0 durumunda III yiizeyi;
Z <0ve Y >0 durumunda IV yiizeyi;

biciminde birlestirdigimizde parametrik yiizey pargali
olarak sekil 6 daki gibi elde edilecektir.

I
AR

Tt
1]
1l

i
i
i
i\

il

il

i
L\

\\

2%
/]
[

Sekil 6: Dort yilizeyin birlesimiyle elde edilen pantolon kobordizm
ornegi

Simdi bu yiizeyin {izerindeki lightlike yada 1siksal
vektorleri elde edecek olursak bunlar birer elips ¢iftleri
olusturacaklardir. Bu ¢iftler yukaridaki kobordizm ile
X?2+4+Y%2—-27?2=0 denklemiyle verilen uzay-zaman
konisinin arakesitiyle bulunur. Bu egrileri elde etmek
icin koninin parametrik denklemini de ifade edersek,
ueR, ve[0,27] olmak tizere parametrik denklem,
X(u,v)=ucos(v);  Y(u,v)=usin(v); Z(u,v)=u;
bigimindedir. O halde arakesit grafigi asagidaki gibi
olur:
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Sekil 7: Kobordizm iizerindeki lightlike (1siksal) vektorler pantolon
yiizeyi ile koninin arakesitini olusturan elipsler

Bu elips ¢iftleri bir boyutlu manifold olduklarindan
boyutu 1 dir. O halde kobordizm iizerindeki lightlike
yada 1g1ksal vektorlerin boyutu k(U)=1 olur. Bu da [21]
e gore birasyonel kobordizm invaryantdir. Benzer
sekilde, bu yiizeyler her biri karakteristigi sifir olan
complex cisim C {izerinde oldugundan 6rnekteki semi-
Rieamannian manifoldun bir diger birasyonel kobordizm
invaryantt, kodaira boyutu -oo dur. Eger yukaridaki
pantolon seklindeki kobordizm yiizeyi tamamen space-
like ya da tamamen timelike olsaydi bu durumlarda da
k(u) invaryant1 k(u)=0, kodaira boyutu yine -oo olurdu.

Ornek 2: Simdi ikinci bir 6rnek olarak yine R%
uzayinda egik boru seklindeki bir kobordizm géz oniine
alalim. Bu yiizeyin parametrik denklemi u € R, v €
[0,2m] olmak iizere,

X(u,v) = sinv
Y(u,v) = Yu — cosv
Z(u,v) =u

olarak alinabilir (Sekil 8).

Sekil 8: Egik boru seklindeki kobordizm 6rnegi

Simdi bu yilizeyin {iizerindeki lightlike yada 1siksal
vektorleri elde edecek olursak bunlar bir hiperbol ¢ifti
olusturacaklardir. Bu ¢ift yukaridaki kobordizm ile
X?2+Y?2—-7%2=0 denklemiyle verilen uzay-zaman
konisinin arakesitiyle bulunur. Bu egrileri elde etmek
icin koninin parametrik denklemi yukaridaki gibi, ueR,
ve[0,2n] olmak {izere parametrik denklem,
X(u,v)=ucos(v);  Y(u,v)=usin(v); Z(u,v)=u;

bicimindedir. O halde arakesit grafigi sekil 9 daki gibi
olur:
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Sekil 9: Egik boru kobordizmi tizerindeki 1s1ksal vektorler

Bu hiperbol ¢ifti bir boyutlu manifold oldugundan
boyutu 1 dir. O halde kobordizm iizerindeki lightlike
yada 1s1ksal vektorlerin boyutu k(U)=1 olur. Buda yine
[21] e gore birasyonel kobordizm invaryantidir. Benzer
sekilde, bu yiizeyler her biri karakteristigi sifir olan
complex cisim C {izerinde oldugundan 6rnekteki semi-
Rieamannian manifoldun bir diger birasyonel kobordizm
invaryanti, kodaira boyutu -oo dur. Eger yukaridaki egik
boru seklindeki kobordizm yiizeyi tamamen space-like
ya da tamamen timelike olsaydi bu durumlarda da yine
k(u) invaryanti k(u)=0, kodaira boyutu yine -oo olurdu.

Ornek 3: Simdi iigiincii bir 6rnek olarak yine R%
uzaymda diiz boru seklindeki yarigapt 1 br. olan bir
silindir kobordizmini goéz Oniine alalim. Bu yiizeyin
parametrik denklemi u € R ve v € [0,2m] olmak iizere:

X(u,v) = cosv
Y(u,v) = sinv
Z(w,v) =u

bigimindedir. Bu yiizeyi de ¢izdigimizde sekil 10 daki
grafik elde edilir.

05— |

7

o
!
777
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05—

Sekil 10: silindir boru seklindeki kobordizm 6rnegi

Simdi bu yiizeyin {izerindeki lightlike yada 1siksal
vektorleri elde edecek olursak bunlar bir ¢gember ¢ifti
olusturacaklardir. Bu ¢ift yukaridaki kobordizm ile
X?2+4Y%2—-27?=0 denklemiyle verilen uzay-zaman
konisinin arakesitiyle bulunur. Bu egrileri elde etmek
i¢in koninin parametrik denklemi yukaridaki gibi, ueR,
ve[0,2n] olmak {izere parametrik denklem,

X(u,v)=ucos(v);  Y(u,v)=usin(v); Z(u,v)=u;

bi¢imindedir. O halde arakesit grafigi sekil 11 gibi olur.
Bu ¢ember ¢ifti bir boyutlu manifold oldugundan boyutu
1 dir. O halde kobordizm iizerindeki lightlike yada
1s1ksal vektorlerin boyutu k(U)=1 olur. Bu da yine [21]
e gore birasyonel kobordizm invaryantidir. Benzer

sekilde, bu yiizeyler her biri karakteristigi sifir olan
complex cisim C {izerinde oldugundan 6rnekteki semi-
Rieamannian manifoldun bir diger birasyonel kobordizm
invaryantt , kodaira boyutu -oo dur. Eger yukaridaki
silindir seklindeki kobordizm ylizeyi tamamen space-
like ya da tamamen timelike olsayd: bu durumlarda da
yine k(u) invaryanti k(u)=0, kodaira boyutu yine -oo
olurdu.

Sekil 11: Silindir boru kobordizmi {izerindeki 1s1ksal vektorler
Ornek 4: Dérdiincii bir érnek olarak yine R% uzayinda
cift kanatli hiperboloid seklindeki timelike bir
kobordizmi g6z Oniine alalim. Bu yiizeyin parametrik
denklemi v € R, 9 € [0,27] olmak iizere:

X(u,v) = sinhv. cosd
Y (u, v) = sinhv. sind
Z(u,v) = coshv
olur. Kartezyen denklemi de, 105

Z2=X2+Y?2+1

olur.

Sekil 12: cift kanath hiperboloidin st yaris1 seklindeki kobordizm
ornegi

Simdi bu yilizeyin {lzerindeki lightlike yada 1siksal
vektorler yukaridaki kobordizm ile X2+ Y2 —2%2 =0
denklemiyle verilen uzay-zaman konisinin arakesitiyle
bulunur. Eger kobordizmi sinirli olarak secersek arakesit
olugsmayacagindan kobordizm iizerindeki lightlike yada
151ksal vektorlerin boyutu k(U)=0 olur.
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Sekil 13: Cift kanatli hiperboloid kobordizmi {izerindeki 1s1ksal
vektorler
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Abstract: The wing loading parameter depending on the wing area and weight and the aspect ratio
parameter, which is the wing shape factor, are the main parameters that determine the fixed-wing
flight mechanics. In this study, the relationship between wing forms and flight style of 195 bird
species was evaluated using wing area and mass scatter plot. The slope of the mass and wing area
chart is proportional to the 1/wing loading. The results showed that birds with more wing area per
unit mass tended to perform unpowered flight styles such as soaring and gliding; and birds with less
wing area per unit mass tended to have powered flight styles, such as flapping and hovering. In
general, it has been found that the slope of the trendline curve is more inclined tended to expend
more energy in flight. Unlike the fixed-wing flight mechanics, hand-wings and arm-wings should
also be examined to understand the flight mechanics of flapping wings as different effects occur
during flapping flight in terms of the lift and thrust forces. In addition, scythe-shaped wings differ
from high-speed wings in terms of the ratio of hand wing length/arm wing length according to their
wing structure.

Kiitle ve Kanat Alam1 Grafiginden Kanat Formlarimin Incelenmesi

Anahtar
Kelimeler
Kanat
yiiklemesi,
Kanat
formlart,
Tirpan
seklindeki
kanatlar,
Kanat yapis,
Kanat
morfolojisi

Oz: Kanat alan1 ve agirhiga bagli olan kanat yiikleme parametresi ve sekil faktorii olan en boy orani
parametresi, sabit kanatli ugusun mekanigini belirleyen ana parametrelerdir. Bu ¢alismada, 195 kus
tiriiniin kanat formlar1 ile ugus tarzlari arasindaki iligki, kanat alan1 ve kiitle dagilim grafigi
kullanilarak degerlendirilmistir. Kiitle ve kanat alani grafiginin egimi 1/kanat yiiklemesiyle
orantilidir. Sonuglar, birim kiitle basina daha fazla kanat alanina sahip kuslarin, siiziilme ve siiziillme
gibi enerji gerektirmeyen ugus stillerine sahip olma egiliminde oldugunu goéstermistir; ve birim
kiitle basina daha az kanat alanina sahip kuslar, kanat ¢irpma ve havada asili kalma gibi enerji
gerektiren ugus stillerine sahip olma egilimindedir. Genel olarak, daha disiik egri egimli kuslarin
kural olarak ugarken daha fazla enerji harcadiklar belirtilmelidir. Cirparak ugus sirasinda kaldirma
ve itme kuvvetlerinin olusumu agisindan farkli etkiler meydana geldiginden, ¢irpma kanatlarinin
ucus mekanigini anlamak igin sabit kanatli ugus mekaniginin aksine el kanatlar1 ve kol kanatlar1 da
incelenmelidir. Ayrica kanat yapilarina gore tirpan kanatlar, el kanadi uzunlugu/kol kanat uzunlugu
orani bakimindan yiiksek hizli kanatlardan farklilik gosterir.

1. INTRODUCTION

wings are shape-based designations. Although the
designation of slotted high lift wings is related to flight,
it is related to wing size, as high lift can only be

Size, shape, and structure are the main factors that
determine the wing morphology. The first studies in the
literature of bird wing morphology were made by
German schools [1,2]. Savile [3] proposed wing forms
that are still widely used today: elliptical wings, high
speed wings, high aspect ratio (AR) wings, and slotted
high Ilift wings. Savile classified the wing forms
according to their shape and flight behavior and ignored
the wing structure. Elliptical wings and high aspect ratio

achieved with long and wide arm wings. On the other
hand, high-speed wings are a designation based solely on
flight characteristics, regardless of size, shape, and
structure. There is a strong relationship between wing
forms and flight styles. For example, wings with a high
aspect ratio provide high lift and thrust, and these wings
are suitable for dynamic soaring and flap-gliding. Birds
with slotted high lift wings have long-wide arm wings,
and a large wing area, which is advantageous in thermal
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soaring. Fast take-offs, tight maneuvers, short bursts of
high-speed are the main flight characteristics provided
by elliptical wings. The birds with high-speed wing
forms do not have a specific flight style, although most
forms of wings have their own unique flight style.

Rayner [4] did a correlation study between wing area
and bird mass, showing that the general curve
corresponds to square cube law (2/3) and hummingbirds
shows a different curve slope from the general bird curve
slope, again Corvidae shows a different curve slope from
Passerines. Rayner has also attempted to decipher bird
wing morphology using principal component analysis
(PCA) via the AR and wing loading axes. Contrary to
Rayner, Norberg [5] proposed the term relative wing
loading (RWL) instead of wing loading. Norberg
claimed that AR-RWL charts gave a more effective
result in the distribution of wing morphology and flight
styles, and classified groups of birds in terms of wing
characteristics and flight patterns. Lockwood et al. [6]
used convexity and pointedness parameters to investigate
the effect of wingtip shape on detecting morphological
adaptations to migration. They found that the migrants
have relatively more pointed and more convex with
larger AR. Videler [7] was the first to describe the
unique wings of the common swift as a “scythe-shaped
wing”. Videler [7] suggested that the swifts' slender and
pointed hand-wing forms leading edge vortices (LEVS),
that produce aerodynamic flow system that generates lift
over a wide range of angles of attack.

The wing loading and aspect ratio are the main
parameters studied to examine the effects of mass, wing
size and shape factor on the fixed-wing bird flight.
Unlike fixed-wing bird flight, hand-wings and arm-
wings should be examined to understand the flight
mechanics of wing flapping as different effects occur
during flapping in terms of the lift and thrust forces
flight. The wing loading parameter (the ratio of weight to
wing area) is an aerodynamic parameter that allows us to
understand the effect of both size and mass on flight
characteristics. The second important parameter in fixed
wing flight mechanics is the wing aspect ratio, which has
an impact on gliding ability [8]. The wing aspect ratio
parameter (ratio of wingspan squared to wing area) is a
shape dependent aerodynamic parameter. The best glide
rate is proportional to the square root of the aspect ratio,
so a high aspect ratio is an indicator of the ability to
glide [9]. Keast [10] suggested that short and low aspect
ratio wings, which are usually found in resident species,
are advantageous for rapid take-off.

As mentioned earlier, the flight mechanics of the
flapping wing are different from the fixed wing bird
flight. The arm wing is a part of wing close to the body,
consisting of humerus, ulna, and radius bones with
secondary and tertiary feathers. The hand wing is a part
of wing close to the wingtip, consisting of the
metacarpals and phalanges bones with the alula and
primary feathers. The ratio of arm wing to hand wing
affects the flight behavior and eco-morphology of birds,
since during flapping the arm-wing determines lift
ability of the wings, while the hand-wing determines
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thrust ability of the wings. Kruyt et al. [11] argued that
the effect of aspect ratio is changed according to whether
birds were flapping their wings or being in a fixed
position. Again, Henningsson et al. [12] suggested that
the efficiency of lift production during wing flapping is
higher than that of gliding. Also, Muijres et al. [13]
claimed that energy is more conserved in flap-gliding
flight than in continuous flapping flight. Lilienthal [14]
claimed that, during flapping, arm-wings (inner wings)
create a lift force, hand-wings (outer wings) create thrust
force and contribute to control and maneuverability. The
mechanism of formation of the lift force and the thrust
force in ornithopters supported this claim. Harmon [15]
and Dvorak [16] corroborated this claim with tests
conducted on flapping aerial vehicles, namely
ornithopters.

In this study, it is aimed to investigate the effects of wing
loading, shape, and size factors on bird flight styles in
the mass wing area distribution chart of 195 bird species
classified according to the 6 types of wing forms
proposed in the method section.

2. MATERIAL and METHOD

Within the scope of the study, data on the body mass,
wing area, aspect ratio, wingspan, and average wing
chord length of 195 birds were collected. Biometry of
bird data compiled from previous studies [8, 17, 18, 19,
20]. The wing size in birds is related to mass, and the
study of scaling between mass and size is based on the
idea that the unit length scale is proportional to mass to
the power of 1/3. Therefore, the wing area is
proportional to the mass the power of 2/3. The equation
of correlation between wing area (S) and mass (m) can
be written as in Eg. 1 where a is about 2/3, and ¢ is a
constant coefficient that varies according to bird groups
[19, 21, 22]. The power of mass, denoted by a,
determines the tendency of the wing size to grow relative
to the mass and differs in groups of birds. Power
correlation is used to decipher the relationship between
bird mass and wing area in the charts provided in the
result section of paper.

S = c.m?/3 Q)
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Figure 1. Structure properties of studied wing forms

To understand the criteria by which the wing forms are
separated, the split wing structures and the wing
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silhouettes used in the result charts are given in Fig.1.
Photoshop tool was used to separate and scale the hand
and arm wings.

The scythe-shaped wings and hovering wings of
hummingbirds have a high ratio of length of hand-wing
to length of arm-wing compared to typical high-speed
wings. Therefore, in this study, these wing forms were
not considered as a high-speed wing form as Saville did,
but as separate wing forms. Swift and Hummingbirds are
agile birds because their long hand-wings provide high
thrust. The wings of hummingbirds are like the wings of
swifts; however, the arm-wings are slightly thinner than
those of the swifts, and their hand wings are slenderer
than those the swifts. Swallows and Martins belong to
the Hirundae family of the order Passeriformes, but their
wing structure is more like the SSW (arm wings are
short, hand wings are long). In scythe-shaped wings, the
ratio of hand wing length/arm wing length is greater than
that of typical high-speed wings, as shown in the Eq. 2.

Handwing Length

S Handwing Length (2)
1 SSwW

HSW
h S

Armwing Lengt Armwing Lengt!
The representation of the aerodynamic effects by wing
position is shown in Table 1. The wing loading and
aspect ratio are the main parameters examined to study
the effects of mass, wing size and shape factor on the
fixed-wing bird flight. Unlike fixed-wing bird flight,
hand-wings and arm-wings must be examined to
understand the flight mechanics of wing flapping.

Table 1. Aerodynamic factors according to avian wing position

Wing Position Parameter Aerodynamic Factor
Fixed Wing Weight Wing loading
Wing size
Wing shape Aspect ratio
Flapping Wing Wing structure Arm-wings generate lift
Hand-wings generate
thrust
3. RESULTS

Wing area and mass distribution charts are useful in
describing the effect of wing loading on flight behavior.
The slope of the trendline in the mass and wing area
graph is proportional to 1/(wing loading). In this study,
regression analysis was performed between the bird
mass and the wing area based on the wing forms. Fig. 2
shows the trend line curves of the bird mass relative to
the wing area on a logarithmic scale for birds with 6
different wing forms.
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Figure 2. Distribution of wing size and mass according to wing forms.
A base-10 log scale is used for all axes.

The power of the given mass that is “a” at Eq.1 differs in
groups of birds. The trendline in all birds follows the 2/3
(0.66) rule, which has also been found in the literature,
and the power of the mass calculated for 195 bird species
in this study is 0.69. The trendline on the mass and wing
area chart gives very consistent results in distinguishing
between unpowered flight styles and powered flight
styles. These results show how important the wing
loading parameter is in flight mechanics. As can be seen
from the Fig. 2, there is a relationship between low wing
loading and unpowered flight strategies. In addition, it
can be said that birds with the slope of the trendline
curve is more inclined, as a rule, expend more energy
when flying. Birds falling below the general trendline in
Fig. 2 (Waterfowls, Galliformes and Anna's
Hummingbird) often use powerful flight strategies, such
as hovering or continuous flapping. In contrast, the birds
that remain above the trendline are shown in Fig. 2
(Birds of prey, Falconiformes, high aspect ratio winged
birds) often use unpowered flight strategies such as
dynamic soaring, thermal soaring, or gliding.

The increase in wing area along with the increase in bird
mass can be understood from the curve slopes of mass
and wing area chart. The power equation of the
trendlines gives the unit increase in wing area
proportional to the bird mass. Fig. 3 shows the trendline
equation of Corvidae wings, elliptical wings (EW) and
slotted high-lift wings (SHLW). The curve-trend-line-
equations show that the large members of Corvidae
behaves like Accipitriformes, not Passeriformes. Large
members of the Corvidae have transitional wing forms
between the typical passerines with EW and the
Accipitriformes with SHLW. Even though the family
Corvidae belongs to the order Passeriformes, the wing
forms of Ravens, Rooks and large Crows are similar to
SHLW, that is the wings of Accipitriformes. Large
members of Corvidae are capable of thermal soaring and
gliding flight [23-25].
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Figure 3. Distribution of wing size and mass of elliptical wings (EW)
and slotted high lift wings (SHLW). A base-10 log scale is used for all
axes.

Fig. 4 shows the wing area and the mass distribution
curve of birds weighing more than 1 kg. The difference
in curve slope between SHLW (birds of prey) and high-
speed winged birds (HSW, waterfowls) is clearly visible.
The most advantageous bird group in terms of wing area
is SHLW, while the most disadvantaged bird group is
HSW-waterfowls. Wing aspect ratio (AR) is important
for gliding flight, while a large wing is important for
soaring flight. For example, frigate birds with high
aspect ratio wings (HARW) can use both thermal soaring
because they have a large wing area, like SHLW, and
dynamic soaring because their wing AR is high. The
efficiency of lift production in the flapping flight is
higher than in the gliding flight. This fact may explain
why waterfowl (with a low wing loading) do not glide or
flap continuously during migration. In addition, the wing
aspect ratio (AR) is a decisive parameter on the ability to
glide. For example, large birds with similar wing
loading, albatrosses use dynamic soaring and ducks use
continuous flapping.
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Figure 4. Distribution of wing size and mass of birds weighing more
than 1 kg, where HARW is High Aspect Ratio Wings, HSW is High-
Speed Wings, and SHLW is Slotted High Lift Wings.

High-speed wings (HSW) are the wing forms of the most
heterogeneous groups of birds have. The Dunlin
(Calidris Alpina) weighing 50 grams and the Whooper
Swan (Cygnus cygnus) weighing 9 kg have the HSW
form. Even though most wing forms have their own
unique style of flight, this generalization is invalid in
HSW forms. That is, birds with the HSW form may have
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one of several different flight styles, such as thermal
soaring, gliding, or continuous flapping. Fig. 5 shows the
distribution between mass and wing area for HSW type
wing forms. The slope of the curve shown in Fig. 5 gives
an idea of the flight styles: Falcons with the low slope
trendline curve can perform gliding and thermal soaring
flights.  Medium-curve  slope; the  Shorebirds,
Sandgrouse, and Columbiformes use short-term gliding
and long-term flapping, while lowest-curve slope, divers
and waterfowls need to flap continuously during
migration. A striking result here is that large waterfowl,
that is, geese and swans, have different curved slopes
than small waterfowl, that is, ducks. Swans and geese
have a relatively larger wing area per unit mass than
ducks.
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Figure 5. Distribution of wing size and mass of high-speed wing
forms. A base-10 log scale is used for all axes

The difference between SSW and EW with similar wing
area is due to the wing structure and shape rather than
size, while the decisive difference between SSW and
HSW depends on the wing size and wing structure. This
is because the wingtips of the SSW are more pointed
than the HSW, and the ratio of the (hand-wing length)/
(arm-wing length) is larger than the typical HSW. As can
be seen from Fig. 6, the SSW has a similar wing area as
the EW; however, the SSW has a higher AR, that is, the
ability to glide(flap-gliding). Swifts have a smaller wing
area than Falcons but have a relatively higher AR value.
Falcons can sweep their wing shape in diving flight
conditions, while Swifts can sweep their wing shape up
to 60 degrees in cruising flight conditions [26,27].

12
11

10

Aspect Ratio

’{3‘\ -
6 .090”" Oé *
* * * 0‘
® : 31’.
4 i SEW mSSW A HSW
3
0,00 0,01 0,10 1,00

Wing Area (m?)
Figure 6. Distribution of aspect ratio and wing area of Elliptical
Wings (EW), Scythe-Shaped Wings (SSW), and high-speed wings
(HSW, only Falconiformes). A base-10 log scale is used for X axis.
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Swifts are the fastest birds in cruising flight (non-diving
flight), as the long-armed wings generate high thrust and
the pointed wing tips reduce drag. On the other hand,
wings with small arm-wings provide less lift, but they
create extra lift by using leading edge vortices to
compensate for this. These results indicate that the
effects of wing structure on the flight form should be
examined more, except for wing loading and AR,
because features of the arm-wing and hand-wing have
very significant effects on all flight styles except gliding
and soaring. In addition, Passerines and swifts with
similar wing loading but different AR have different
flight styles. This is a phenomenon related to both the
AR (gliding) and the wing structure (flapping).

4. DISCUSSION

The study, which claims that Savile's [3] bird wing forms
are inadequate, suggested scythe-shaped wing form and
hovering wing forms in addition to Savile's
classification. The study examined the effects of wing
loading in fixed-wing flight mechanics to explain the
effect of wing structure on flight styles. The study
examined the effects of wing loading on flight, as stated
by Pennyquick [8]’s fixed wing flight mechanics, on the
trendline slopes and showed the difference between
gliding and non-gliding birds in charts. As a result of this
study, birds with lower slope curves flapped their wings
more often, it coincides with the proposal of lift
production during wing flapping is higher than that of
gliding of Henningsson et al. [12]. The study examined
the effects of wing loading in fixed-wing flight
mechanics to explain the effect of wing structure on
flight styles. While the wing loading parameter is mainly
taken into account in the mass wing area distribution
charts given in the results. The most interesting result of
this current study is that the groups of birds remain
below the trendline curve given in Fig. 2 use powered
(flapping, hovering) flight styles and the groups of birds
remain above the trendline curve have unpowered flight
styles (soaring, gliding). In fact, when Rayner's (1988)
study is examined, this result is evident in the wing area-
mass chart, but it was not expressed by Rayner [4]. It can
also be seen in the results that birds with a lower curve
inclination (due to the high wing load), as a rule, expend
more energy in flight. Among the unpowered flight
styles, the large wing area for soaring and the high
aspect ratio for gliding stand out as prerequisites.
Although most wing forms have distinctive flight style,
the reason why birds with high-speed wing forms do not
have a specific flight style has been questioned (see Fig.
5).

Lilienthal [14]'s arm-wings create a lift force, hand-
wings create thrust force claim coincides with claim that
the Swift's long arm wing plays a key role in reaching
the highest speed in level flight. Since the effect of wing
structure is more dominant in flapping wing flight, it is
necessary to examine the arm-wings and hand-wings in
detail. There are many studies on the flight style of
swifts [26-29] however, there is no studies in the
literature on the difference of swifts' hand-wings and
arm-wings from the typical high-speed wings. In this
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study, based on the difference in wing structure, the
wing form difference between scythe-shaped wing
(SSW) and high-speed wings (HSW) was shown
descriptively using photoshop, not quantitatively due to
absence of experimental data.

This study supports the study of Videler [7] and suggests
that the wings of Swift should be described as a scythe-
shaped wing form, not a high-speed wing form. The
distinction between the scythe-shaped wing form and the
High-speed wing could be a potential research topic for
future experimental research. Wang et al. [30] suggested
that the ratio of feather length to total arm length could
be used to evaluate the flight modes of Mesozoic birds.
In that study, they suggested a high correlation between
flight styles and the ratio of feather length to total arm
length. Similarly, it is a very strong claim that the
difference in flight style between scythe-shaped winged
Swifts and high-speed winged Falcons is due to the ratio
of the length of the hand-wing to the length of the arm-
wing.
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Abstract: Conversion of biowaste into value-added material has attracted great interest lately. One
of these materials is keratin, which is found in different structures such as nails, hair, beak, wool,
feathers, claws and horns. Until now, keratin isolation has been carried out from waste wool, feather,
hoof and hair. However, the development of effective techniques to obtain keratin without any
damage to the secondary structure of the protein remains a challenging task. Herein, two distinct
keratin isolation methods (sodium sulfide and ethylenediamine tetraacetic acid) were compared for
the first time from Domestic Goose (Anser domesticus) waste feathers. The Kjeldahl method was
used for the determination of crude protein by two methods from the obtained keratin powders and
their antioxidant activities were conducted. According to our findings, keratin obtained from goose
feathers using sodium sulfide showed higher yield (86.34%). On the other hand, the antioxidant
activity of keratin obtained from the method prepared using ethylenediamine tetraacetic acid was
found to be approximately three times higher than the other method, and our results proved that
waste goose down could be considered as a potential source of keratin for further studies.

Atik Kaz Tiiyiinden Keratin izolasyon Yéntemleri: Etkili Bir Karsilastirma

Anahtar
Kelimeler
Biyokiitle,
EDTA,
Nazs,
Coziinme

Oz: Biyoatiklarin katma degerli malzemeye doniistiiriilmesi son zamanlarda biiyiik ilgi grmektedir.
Bu maddelerden biri de tirnak, sag, gaga, yiin, tily, penge ve boynuz gibi farkli yapilarda bulunan
keratindir. Simdiye kadar atik yiin, tily, toynak ve sagtan keratin izolasyonu yapilmistir. Bununla
birlikte, proteinin ikincil yapisina herhangi bir zarar vermeden keratin elde etmek i¢in etkili
tekniklerin gelistirilmesi zorlu bir siire¢ olmaya devam etmektedir. Burada, Yerli Kaz (Anser
domesticus) atik tiiylerinden ilk kez iki farkli keratin izolasyon yontemi (sodyum siilfiir ve
etilendiamin tetraasetik asit) karsilastirilmistir. Elde edilen keratin tozlarindan ham protein tayini
icin Kjeldahl yontemi kullanilmis ve antioksidan aktiviteleri belirlenmistir. Bulgularimiza gére kaz
tilylinden sodyum siilfiir kullanilarak elde edilen keratin daha yiiksek verim (%86,34) géstermistir.
Ote yandan, etilendiamin tetraasetik asit kullanilarak hazirlanan yontemden elde edilen keratinin
antioksidan aktivitesinin diger yonteme gore yaklasik ii¢c kat daha yiiksek oldugu tespit edilmis ve
sonuglarimiz atik kaz tiiyliniin ileriki ¢alismalar i¢in potansiyel bir keratin kaynagi olarak kabul
edilebilecegini kanitlamistir.

Keratin-containing poultry feathers are a very irritating

1. INTRODUCTION

As one of the most abundant but underutilized protein
sources, keratin is the main component of hair, nails,
hooves, wool, horns and feathers [1, 2]. However, there
are difficulties associated with the disposal and
management of these valuable materials. Especially,
feathers contain the largest amount of all keratinous waste
and is produced largely from poultry processing [3].

and troublesome waste product of the poultry industry due
to their ultimate disposal which could be either parried by
incineration or burying; thus, both of these have negative
effects on the environment [4].

Keratin is a fibrous, structural protein that is formed by
the juxtaposition of many types of amino acids [5].
However, keratin differs from other fibrous proteins in its
higher cystine content. These cysteine amino acids have a
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stronger structure due to their disulfide bonds [6]. It has a
three-dimensional structure thanks to the disulfide bridges
caused by cysteine molecules. Thanks to this cross-linked
structure and its highly hydrophobic feature, keratin is
insoluble in water, nor in nonpolar solvents. Namely,
highly stable SS bonds could be denatured just by acid and
base [7]. Keratin has a very active chemical structure, it
can be easily reduced, oxidized and hydrolyzed thanks to
the cystine molecule [5, 8]. Thus, the natural state of the
protein is lost in strong inorganic acids or bases. Keratin
also reacts with acids and bases, losing its original shape
by hydrolysis [7].

It is critically important to develop effective techniques to
isolate keratin without damaging this structure of proteins.
The fundamental keratin isolation methods used for this
purpose in the literature are physicochemical methods [9],
enzymatic reactions by hydrolysis of the novel keratinase
[10], alkali/acid handling [11], oxidation [12], reduction
hydrolysis [13] and processing in ionic solutions [14].
Often used methods such as steam blasting used for the
destruction of hard biomass or ionic liquids are high-cost,
relatively energy-consuming and difficult to recycle [10].
2-mercaptoethanol and sodium dodecyl sulfate are the
most commonly used chemicals in Kkeratin production
[15]. Moreover, using them together with reducing agents
such as urea and sodium bisulfite provides high efficiency
keratin production in a short time [16]. However, 2-
mercaptoethanol is not preferred due to its high cost.
Conversely, the use of Na,S for Kkeratin extraction with
high yield is both more economical and commercially
available [17]. In the meantime, EDTA acts as an
emulsifier and helps the feather stay in dispersion at the
peak level, a stable distribution was achieved [18].

Thus, the purpose of the current study was to evaluate two
different methods for keratin extraction in terms of
effectiveness and antioxidant activities for future product
development. So, the feather hydrolysis using the Na,S
and EDTA methods was preferred due to its low cost and
simple hydrolysis herein.

2. MATERIALS AND METHODS
2.1. Sample Collection

Goose feathers were provided by a slaughterhouse in the
province of Aksaray, Turkey.

2.2. Pre-treatment of the Feathers

Waste goose feathers collected from goose factories were
washed three times with water, cleaned of blood and other
dirty and left to dry in daylight. The fat compounds in the
goose feather were annihilated by reflux with an organic
solvent chloroform for 6 hours. After removing the goose
feathers were separated to small pieces.

2.3. Extraction of the Feather’s Keratin: Na>S Method
Degreased goose feathers (10 g) were stirred with 100 mi

of distilled water, 3.0 N NaOH and 0.2 N NazS. The
reaction was carried out in a water bath at 25 °C for 1.5
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hours. All substances were dissolved in basic medium
with the help of magnetic stirrer. Then, the pH of the
keratin solution was adjusted to 4.2 with the help of dilute
HCI solution to precipitate the keratin. These keratins
were washed with acetone and filtered using a vacuum
strainer. The resulting keratin was then dried in an oven at
50 °C for a night.

2.4. Extraction of the Feather’s Keratin: EDTA
Method

Dewaxed goose feathers (10 g) were blended with 100 ml
of distilled water and 10 g of NaOH. The base was
thoroughly dissolved by shaking and mixing by hand.
After adding 0.15 g of EDTA to the solution, the keratin
solution was poured onto it. This solution was then placed
in a 40 °C bath where a stirrer was rotated for 2 hours.
After the reaction was complete, neutralization was
performed with HCI to pH 4.2. Afterwards, the
precipitated keratin was firstly centrifuged, then washed
with acetone and finally dried in an oven at 50 °C for 24
hours. At the end, the material was powdered and kept in
a vacuum desiccator to be kept dry.

2.5. Kjeldahl Method

The Kjeldahl method was used to evaluate the nitrogen
content of the dried hydrogel (1 g) by following method
[19]. After determining the total nitrogen of the samples,
the crude protein amount was calculated by a conversion
factor of 6.25 to convert % nitrogen to % crude protein
[20]. Each sample was analyzed in duplicate.

2.6. Antioxidant Activity

The antioxidant activities of keratin powders were
determined by making minor modifications from Kaya et
al. [21]. First, 10 mg of the keratin samples were weighed
and placed in test tubes. Then, 1.0 mL of DPPH solution
at 6 x 10° M concentration was added to each tube. The
samples were incubated for 30 minutes at 25 °C in the
dark. At the end of the incubation, the entire keratin
solution was measured using a UV-Vis spectrophotometer
at a wavelength of 517 nm. Analysis was performed in
triplicate for each sample.

DPPH scavenging activities of keratin powders were
calculated using the following equation:

Inhibition (%) = ((Acontrol — Asample) 1)
/ Acontrol) x 100

Acontrol is absorbance of the control, Asample
absorbance of keratin powders+ DPPH.

2.7. Statistical Information
Three replicates were prepared for all of the antioxidant

activity tests. The results of these analyses were given as
means and their standard deviations (means+SD).
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3. RESULTS AND DISCUSSION

Within the scope of this study, keratin extraction was
targeted using 2 different methods from waste goose
feathers, the protein yield of keratin particles calculated
and the antioxidant activities of powdered keratins were
compared. The stereomicroscopy images of extracted
keratin particles and powders were shown in Figure 1.

4.....!'2‘1?{;’ "
S
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ails # g el L9

F images of keratin particles

method (a) and powders for DPPH scavenging activity (b) extracted
using goose feathers

As known, feathers contain 91% insoluble keratin and 1%
oil; the rest is water [22]. For this purpose, firstly, the
keratin oil was removed and then isolated from the
insoluble goose down S-S cross-links that were broken in
basic medium. An aqueous solution containing NaOH
was used to break the keratin, disulfide bonds and provide
solubility. Keratin was then precipitated with
hydrochloric acid. Sodium sulfide (NazS) was chosen as
the emulsifier in the first place because positive results
were obtained with this chemical in many previous studies
[23, 24, 25]. In general, physical conditions such as
temperature, time, and concentration of reducing agent
had a significant effect on the final yield of the isolated
keratin [26]. Giil Celik et al. found the best protein yield
in NazS (93.3%) compared to the extraction using only
NaOH as a result of keratin extraction from chicken
feathers [26]. Similarly, Pourjavaheri et al. found the yield
as 88% in the extraction with sodium sulfide, but 66%
with L-cysteine method [24]. Sharma et al. obtained the
yield of Kkeratin extracted with Na,S to be 80.2% under
highly alkaline conditions [23]. Sinkiewicz et al. obtained
84% and 82% efficiency, respectively, by using
mercaptoethanol and sodium bisulfite [27]; however, in
our study, similar keratin yield was obtained at a lower
cost. Giil Celik et al. also proved that the yield increased
as the temperature and time increased, and they observed
the best yield at 60 °C [26]. Further, 25 °C obtained 87.6%
efficiency [26] as in our study. Similarly, the previous
study determined the optimum vyield for Kkeratin
production within 2.5 hours at 23°C [5]. In Giil Celik et
al.'s study, the efficiency reached 90% as it was kept for 6
hours [26], however, in our study, 86% efficiency was
achieved almost in one sixth of the time, which is a
significant reduction in labor savings. Although, it has
been shown in previous studies that alkaline hydrolysis
takes longer to occur than acidic ones [25], but this study
refuted this thesis.

Zeydanli showed that the yield of powdered keratin
obtained from feathers by EDTA method depends on the
amount of feather, temperature, NaOH quantity, EDTA
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and hydrolysis reaction time [7]. Since the previous
studies have shown that keratin yield is inversely
proportional with increasing temperature [7, 23],
reactions were carried out at 25 degrees and 40 degrees in
the current study. Because excessive amount of EDTA
concentration would be harmful to the product, it was
used only 0.15 g. Similarly, conducted study has shown
that by reducing the EDTA concentration, the efficacy is
increased by half [7].

Looking at their antioxidant activities, keratin powders
obtained using EDTA showed higher inhibition (65.21%)
(Table 1, Figure 2). However, Alahyaribeik and Ullah
(2020) obtained the best antioxidant activity from keratin
by using sodium sulfite rather than 2-mercaptoethanol and
mixture of sodium sulfite and SDS [25]. Mostly, the
differences in inhibition activities of various Kkeratin
extraction methods are related to amino acid residues,
various molecular weight of keratin, and production
procedures [25]. Antioxidants possess an increasing
interest due to their protecting functions in food and
pharmaceutical products towards oxidative injuries and in
the body and oxidative damage-intermediated
pathological processes. Screening of antioxidant
properties of plants and plant-derived agents necessitate
suitable methodologies that address the machineries of
anti-oxidant activities and emphasis on the kinetics of the
reactions including the antioxidants. Several studies
evaluating the antioxidant activity of various samples of
research interest using different methods in food and
human health have been carried out [28, 29, 30, 31, 32].
In our study we evaluated antioxidant activities of keratin
by DPPH assay.

Table 1. DPPH radical scavenging activity of keratin powders obtained
by two different extraction methods

Methods Inhibition (%0)
Na,S 24.14+5.79
EDTA 65.21+0.13

Inhibition (%)

Na2s EDTA
Figure 2. Antioxidant activities of keratins extracted by goose feathers
determined by DPPH method

4. CONCLUSION

Na,S and EDTA were used during keratin extraction in
this manuscript. The yield obtained from goose feathers
extracted with Na,S and EDTA were 86.34% and 80.94%,
respectively. The antioxidant activities of the powdered
keratins obtained as a result of two extractions were
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examined and detected as 24.14% and 65.21% for Na,S
and EDTA, respectively. As a result, keratin extraction
efficiencies were compared by using Na,S and EDTA
chemicals separately and the best yield was obtained with
Na.S. It has been proven that the use of keratin can be
increased with this study, which has high antioxidant
activities especially for EDTA method. Considering the
high protein structure of keratin, the addition of
antioxidant activity strengthens the possibilities for
further use in future for medical, tissue engineering and
bioengineering studies.
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Abstract: One of the common methods used as an alternative to shear walls in the retrofit of
reinforced concrete (RC) structures is steel braces. The use of steel braces is preferred because of
its rapid application as well as the increase in stiffness and strength. By using different types of
braces in reinforced concrete frames, displacements can be reduced and properties such as
structural performance, shear capacity, ductility, stiffness and strength can be increased. If the
behavior characteristics of the hybrid system are known, the structural performance of the
reinforced building can be predicted after the retrofit. In this study, the effect of different types of
steel braces recommended in the Turkey Building Earthquake Code 2018 (TBEC-2018) on
reinforced concrete building retrofit, was investigated. For this purpose, a 9-storey RC frame
system was retrofitted using diagonal, X, inverted V, V and K type bracings. Considering the
strength and stiffness results, an answer was searched for the question of which brace type had the
best result in retrofit. The results obtained from the analyzes show that the X and K type bracings
stand out in terms of strength and stiffness.

Farkh Celik Capraz Tiirlerinin Betonarme Cerceve Sistem Gii¢clendirmesine Etkisi

Oz: Betonarme yapilarin giiclendirmesinde perde yapimina alternatif olarak kullanilan yaygimn

Bir binay1 giiclendirme sonrasinda

Anahtar

Kelimeler yontemlerden birisi de ¢elik ¢aprazlardir. Celik ¢apraz kullanimi rijitlik ve mukavemet artisinin
Celik yant sira hizli uygulanabilmesi nedeniyle de dikkatleri ¢gekmektedir. Betonarme g¢ergevelere farkli
gaprazlar, tirden c¢aprazlar eklenerek yer degistirmeler azaltilip, yapisal performans, kesme kapasitesi,
Giiglendirme, stineklik, rijitlik, mukavemet gibi 6zellikler iyilestirilebilir.

itme analizi, yeniden tasarlama, ancak yeni hibrit sistemin davranis 6zellikleri biliniyorsa miimkiindiir. Yapilan
Goreli kat bu ¢alismada Tirkiye Bina Deprem Yonetmeligi 2018’de Onerilen ¢elik ¢apraz tiirlerinin
otelemesi

betonarme bina giliglendirmesi tizerindeki etkisi arastirilmistir. Tasarlanan bir betonarme ¢ergeve
sistem diyagonal, X, ters V, V ve K tipi ¢elik ¢aprazlar kullanilarak gii¢clendirilmistir. Dayanim ve
rijitlik sonuglar1 g6z oniinde bulundurularak giliclendirmede en iyi sonu¢ hangi ¢apraz tiirlinde
edilmistir sorusuna cevap aranmustir. Yapilan karsilastirmalarda X ve K tipi ¢aprazlarin dayanim ve
rijitlik agisindan on plana ¢iktigini gostermektedir.

1. INTRODUCTION

According to the principle of earthquake resistant
building design, it is expected that the buildings will
have adequate strength and stiffness to prevent them
from collapsing and to increase the life safety for the
inhabitants, under the influence of severe earthquakes.
Steel braced frames are widely used to control the
seismic performance of structures and improve lateral
stiffness under severe horizontal forces such as

earthquakes. In braced frames, proper bracing
arrangements will increase lateral resistance and reduce
internal forces, particularly bending moments in columns
and beams [1-8]. Braced steel frames are divided into
two, as central and eccentrically braced steel frames,
depending on the arrangement of the braces [9]. Central
braced frames are widely used for traditional structures
due to their practical and economic advantages. The idea
of using steel bracings in reinforced concrete structures
has attracted more and more attention in recent years.
When the previous studies are examined, it is seen that
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the studies focused on either the external bracing of
reinforced concrete frames or the internal bracing
through intermediate steel frames [10-11].

Different methods are used to retrofit reinforced concrete
structures [12-14]. When the studies in the literature are
examined; In the retrofit of reinforced concrete
structures, it has been tried to determine whether the best
reinforcement method is a reinforced concrete shear wall
or steel bracing by taking into account the interstory drift
[15] .In steel buildings with regular and irregular
geometry, the diagonal central steel bracing system has
been found to have more energy absorption capacity than
the inverted V central steel cross curtain system [16]. It
has also been shown that when the beams of a steel
braced frame with weak short columns are replaced, the
inelastic behavior of the frame can be improved [10]. It
has been tried to determine which is the best retrofitting
method by using different bracing types related to the
reinforcement of reinforced concrete structures [17].
When the mega braced configurations are examined, it is
seen that the amount of steel for the structural elements
and connections is lower. As a result, the reduction in
construction cost makes mega braced frames attractive
for use in seismic reinforcement applications [18]. Only
tension braced frames (TOBFs) have poor seismic
energy dissipation capacity and a compressed hysteresis
behavior due to premature buckling of slender bracing
members. The main concern in using the TOBF system
is the determination of appropriate performance factors
for seismic design. For this purpose, a series of predicted
ground motions are applied and the safe design factor is
obtained [5]. There are also studies examining the
behavior of structures reinforced with both conventional
central and composite steel bracing systems [19]. It has
been found that the retrofit of low-rise reinforced
concrete frames with steel X braces is beneficial to the
performance of the frame columns in terms of many
parameters. However, for medium and high-rise frames,
the adverse effects of retrofit especially on the columns
connected to the bracing system should be considered,
and local retrofit of the columns should be done locally
if necessary [20]. In the seismic performance of
medium-height reinforced concrete buildings, a formula
for fatigue has been developed considering the results of
retrofit with different types of decentralized steel braces
[21]. When looking at the experimental studies
investigating the effect of adding different types of steel
braces on the behavior of reinforced concrete moment-
frames, strength, stiffness, crack expansion, ductility,
energy loss and strength reduction factor of all frames
were evaluated. Considering the ductility and strength
reduction factor parameters, the results show that the
decentralized brace has a better performance than the
other specimens. However, when the hardness, strength
and crack control parameters are evaluated, it is
concluded that the behavior of the X brace is better [22].

In this study, it is aimed to determine which of the
centric steel braces type, recommended in TBDY 2018
Section 9.5, gives the best results in retrofit of reinforced
concrete frame. In the first stage of the study, a reference
reinforced concrete frame with 9 floors and 3 spans was
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designed considering the TS500 and TBEC 2018 criteria.
The necessity of retrofit the reference frame under the
effect of a design earthquake is discussed. Performance
analysis was performed by applying a single-mode
pushover analysis at the decision stage. By using 6
different types of braces, the most suitable one in
reinforced concrete frame retrofit was decided.

2. NUMERICAL STUDIES

In the study, the central steel bracing types
recommended in TBDY 2018 Chapter 9, were used to
retrofit a reinforced concrete frame. The reinforced
concrete frame system has 9 floors and the building
usage class is 3, the frame does not have any structural
irregularities.

Analytical modeling of the framework and analyzes
were performed in SAP2000 computer software [23].
The reinforced concrete frame system is retrofitted by
using different steel brace types and cross sections.
Modal and pushover analyzes were performed in Sap
2000 program. By comparing the analysis results, the
answer to the question of which brace type is the most
suitable for retrofitting was sought.

2.1. Numerical Model of RC Frame

The reinforced concrete frame used in the analyzes has 3
spans with a length of 4.5m. Story height is equal and
3m on all stories. S420 steel grade and C25 concrete
grade were used in the design of the bearing elements.
The effective section stiffnesses of columns and beams
were applied as specified in TBEC 2018 Chapter 4.
Column sections are 40x40cm and beam sections are
25x30cm (Figure 1). In the design of the frame, Turkey
Building Earthquake Code 2018 [24] and TS500
Requirements for Design and Construction of Reinforced
Concrete Structures [25] were taken into account.
Controlled damage performance level (CD) has been
achieved as stated in the TBEC 2018. Lumped plastic
hinges are used in the analytical model.

2812
8220 -
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E 400 mm 250 mm
® Column Beam
&
\?‘“—""//’ o i
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Figure 1. Reinforced concrete frame (a) numerical model (b) column,
beam and braces cross-section details

Lumped plastic hinges are used in the analytical model.
In this plastic hinge approach, it is accepted that the
nonlinear behavior of column and beam elements occurs
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in the most stressed end regions of the element under the
influence of earthquake, and linear elastic behavior
occurs outside of this. In column elements, plastic hinges
are defined by the axial load and biaxial moment
interaction, and in beam elements by the moment
curvature relationship. In earthquake resistant building
design, the ground motion at the location of the building
and the earthquake loads acting on the building are
calculated by using the elastic acceleration spectrum of
the relevant location from the Turkey Earthquake Risk
Map. It has been accepted that the earthquake level
affecting the frame is Earthquake Ground Motion Level-
2 (DD-2), and it is located in Sakarya University of
Applied Sciences, Technology Faculty. The earthquake
parameters used in the study are given in Table 1.

Table 1. Horizontal elastic response spectrum parameters of the frame
Earthquake Parameters

Soil classification ZB
Building usage class ( BKS) 3
Building height class (BYS) 5
Seismic design category 1
Targe Building Performance Level CD
Sbs 1.527
So1 0.372

2.2. Determination of Seismic Performance of
Reinforced Concrete

It has been determined whether the RC frame provides
the performance level specified in TBEC 2018. At this
stage of the study, it is aimed to determine whether the
frame meets the performance target, which is the design
condition, and to reveal the contribution of steel braces
to the frame behavior. Buildings with a building height
class of more than 2 must meet the controlled damage
(CD) performance level according to TBEC 2018. At
this performance level, the main goal is to avoid loss of
life, so it is aimed to limit the damage to the bearing
elements. In order to determine the performance level of
the frame, Single-Mode Pushover Analysis was
performed. One of the conditions for using unimodal
pushover analysis is that the BYS must be greater than 5
and this condition is met. Another condition is that the
ratio of the effective mass of the base shear force
belonging to the dominant vibration mode of the
building to the total mass of the building is at least 70%.
Modal analysis was performed and it was determined
that this condition was also met (Table 2). Finally, the
condition that the torsional irregularity coefficient of the
building is nbi<1.4 is also met.

Table 2. Modal analysis results of the reference frame

Period (s) Mass Participation (%)

Reference 1.160 77

The pushover curve of the frame (Base shear force-
Displacement) was obtained by single-mode pushover
analysis. The modal capacity diagram of the frame was
obtained by applying the transformation equations,
specified in TBEC 2018 Chapter 5, to the pushover
curve (Figure 5). By superimposing this diagram with
the demand spectrum, the maximum modal displacement
of the dominant mode, that is, the modal displacement
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demand of the frame, was found to be 0.27 m in the
direction of the earthquake considered (Figure 2).

——Deanad Spectrom

—Referance Frame

Sae (T1)

0 01 02 0,3 0,4 0,5 0,6 0,7
Sde (T1)
Figure 2. Modal capacity diagram of the reference frame

The calculated displacement demand was applied by the
pushover analysis to the frame, and the plastic rotation
values formed in the bearing system elements were
obtained. While determining the performance level of
the frame, it is necessary to determine the plastic rotation
limits of the bearing elements and to check whether the
rotation amounts in the sections as a result of the
pushover analysis exceed these limits. According to
TBEC 2018, the plastic rotation limits allowed for
controlled damage (CD) and collapse prevention (GO)
performance levels were calculated by using the yield
and collapse prevention curvature values of the bearing
elements (Figure 3).
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Figure 3. Plastic rotation angle limits of performance levels

The target displacement was applied to the frame by
pushover analysis, and as a result, no hinges were
formed in the columns, but plastic hinges were formed at
the ends of some beams. When the plastic hinges
rotation values were examined, it was determined that
the CD performance level met the limit values. The
rotation values of the 3 hinges with the highest rotation
angles in the beams are given in Table 3.
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Table 3. Highest plastic rotation angles in beams

Rotation Controlled Collapse
Angle Damage Prevention  Situation

(Rad) (Op, rad) (Op, rad)
Beam 0.0175 0.0483 0.064 Provides
Beam 0.0173 0.0483 0.064 Provides
Beam 0.0173 0.0483 0.064 Provides

In the performance evaluation, it was determined that the
plastic rotation values provided the CP performance
level. After the performance evaluation, it was checked
whether the interstory drift and second order effects meet
the limits specified in TBEC 2018. It was determined
that the effective relative interstory drift values for all
stories exceeded the limit value. In the control of the
second order effects, it was determined that the limit
values given in the TBEC 2018 were exceeded, except
for the first two floors.

2.3. Retrofit of The RC Frame With Centric Steel
Braces

Although the designed RC frame provides the
performance level required by the TBEC 2018, the
relative interstory drift and second order effects have
exceeded the limits. In order to limit the relative
interstory drifts and second order effects, the frame is
retrofit with centric steel braces. Diagonal, X, inverted
V, V and K central diagonal braces given in TBDY 2018
were used for retrofit. S235 steel circular (CHS139.7x4)
and square hollow section (Tube 60x60x8) are used
diagonally, whose cross-sectional areas are very close to
each other (Table 4).

Table 4. Properties of sections used in steel braces
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3. ANALYSIS RESULTS

Numerical models of all reinforcement types were
created in the Sap2000 computer package program and
modal analysis was performed. As a result of the
analysis, the mass participation in all retrofit models
shows almost 100% agreement with each other in
circular and square hollow sections. Since the mass
participation rate of the 1st mode was more than 70%,
the performance evaluation was continued with the
single-mode pushover analysis method. Modal analysis
results showed that X and K braces contribute more to
structural stiffness than other brace types. It was
determined that the results of the circular and square
hollow section models were compatible with each other
(Table 5).

Table 5. Modal analysis results of retrofitted frames

Circular Square
hollow Mass hollow Mass
Model sections  participation  sections  participation
period (%) period (%)
©) ©)
Diagonal Brace 0,37 78,5 0338 78,5
X brace 0,30 75,5 0,30 75,6
Inverted V Brace 0,32 77,0 0,32 77,0
V Brace 0,34 77,0 0,34 77,0
K Brace 0,31 74,6 0,30 74,3

Cross-section area Moment of inertia

(cm?) (cm*)
Circular hollow section 16,96 7,68x10°
Square _hollow section 17,05 3,93x10

It is possible to retrofit reinforced concrete buildings
with different types of steel braces. However, using the
most suitable type of steel braces is important in terms of
earthquake resistance and design cost. From this stage
on, retrofit was made by using 5 different types of steel
braces in order to determine the most suitable type of
steel brace for retrofit (Figure 4). In the analytical
modeling, nonlinear behavior is taken into account with
the moment hinges defined at both ends of the steel
braces. By taking the analysis results of the unretrofitted
frame as a reference, the models were compared
considering the performance levels of the frames and the
results of the effective relative interstory drift.

Diagonal X brace Inverted V.V Brace K Brace
Brace Brace

Figure 4. Steel braces used in reinforcement

After the modal analysis, static pushover curves were
obtained for all models with pushover analysis and the
curves were compared (Figure 5). When the curves are
examined, it is possible to say that the appropriate
retrofit process will increase the capacity of the
structure.
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Roof displacement (m)
(a) Circular hollow section pushover curve
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g 400 _ . _ )D(IE?;)C?I Brace
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§ 300 1 {?\l;?';tfed V Brace
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000 002 004 006 008 0,10
Roof displacement (m)
(b) Square hollow section pushover curve

Figure 5. Comparison of pushover curves (a) circular hollow sections
(b) Square hollow sections

Base Shear
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The displacement demands of all models were calculated
by overlaying the modal capacity diagrams, obtained by
the conversion of the static pushover curves, with the
demand spectrum. The displacement demands of the
circular and square hollow section models are the same
except for the K braces. When the braces were compared
among themselves, the two lowest displacement
demands were obtained in the K and X braces (Figure 6).

0,120

0,100
0,100 0,100

0083 0,0880,088
0,080 '"770,083

0,080 0,080 0107§,078
0,060
0,040
0,020
0,000

Diagonal X brace Inverted V V Brace K Brace

Brace Brace

m Circular hollow displacement demand (m)

m Box-section displacement demand (m)

Figure 6. Target displacements of models

The displacement demands were applied to the all
retrofitted models by pushover analysis and the plastic
hinge rotation angles of the bearing elements were
determined. When the results were examined, it was
determined that the hinges were formed at the beam ends
in all models. The maximum rotation angle values in the
models are presented in Table 6. In the comparison, it
was determined that the CP performance level was
provided in all models and the result obtained was
deemed appropriate in terms of design.

Table 6. Maximum plastic rotation angles in models as a result of
pushover analysis

Circular Square

Controlled
hollow hollow
section section damqge T
Model hinge hinge roltiz:\#ict)n Situation
rotation rotation (Rad)
(Rad) (Rad)
Diagonal 00045 00047 00483  Provides
Brace
X brace 0.0033 0.0031 0.0483 Provides
Inverted V- a1 00030 00483  Provides
Brace
V Brace 0.0036 0.0036 0.0483 Provides
K Brace 0.0028 0.0030 0.0483 Provides

After the performance evaluation, it was determined that
the main purpose of retrofit the frames was to limit the
relative interstory drifts. For this reason, it has been
checked whether the relative interstory drift values
exceed the TBEC 2018 limit values. The reduced
relative interstory drifts of all models were calculated
and the maximum effective interstory drift values were
obtained by using these values (Figure 7, Table 7-8).
Maximum effective relative interstory drifts are limited
to 0.008 in the TBEC 2018.
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Figure 7. Reduced relative interstory drift values of all retrofit models

Relative interstory drift expresses, the ratio of the drift
demands occurring at different stories in the case of
horizontal drift. The effective relative interstorey drifts
of the models provided the upper limit value, (0.008)
given in TBDY 2018, for circular hollow section X and
K braces. In circular hollow section models, there are
drift values exceeding the limit value in X and K braces.
In square hollowsection models, on the other hand, the
relative interstory drift condition is satisfied only in the
Inverted V braced model.

Table 7. Effective relative interstory drifts of circular hollow sections

(m)

Storey Diagonal X Inverted \Y% K

brace brace V brace brace brace
1 0.011 0.007 0.008 0.008 0.006
2 0.014 0.008 0.010 0.010 0.008
3 0.013 0.008 0.009 0.010 0.008
4 0.012 0.008 0.009 0.009 0.008
5 0.011 0.008 0.008 0.009 0.008
6 0.010 0.008 0.008 0.008 0.007
7 0.008 0.007 0.007 0.007 0.007
8 0.007 0.006 0.006 0.007 0.006
9 0.005 0.006 0.005 0.006 0.005
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Table 8. Effective relative interstory drifts of square hollow sections

(m)

Storey Diagonal % Inverted V brace K brace
brace brace V brace
1 0.027 0.011 0.006 0.008 0.008
2 0.041 0.014 0.008 0.010 0.010
3 0.046 0.013 0.008 0.009 0.010
4 0.044 0.012 0.008 0.009 0.009
5 0.037 0.011 0.008 0.008 0.009
6 0.029 0.010 0.007 0.008 0.008
7 0.020 0.008 0.007 0.007 0.007
8 0.014 0.007 0.006 0.006 0.006
9 0.009 0.006 0.005 0.005 0.006

4. RESULTS AND DISCUSSIONS

As a result of the performance analysis, it was
determined that the plastic hinge rotations in the bearing
elements did not exceed the CD limit given in TBEC
2018. After the performance analysis, the effective
relative interstory drift values, which were required to be
checked in TBEC 2018, were obtained. In the control, it
was determined that the relative interstory drift limit
value given in the earthquake code was exceeded at all
floors in the reference model. In the next step, it is aimed
to limit the relative interstory drift values of the
reference frame. For this purpose, the reference frame
was retrofit by using different types of centric steel
braces (diagonal, X, inverted V, V and K braces).
Circular and square hollow sections with close cross-
sectional areas were used for retrofit.

While looking for an answer to the question of which
brace retrofit is better, modal analysis results,
displacement demands and effective relative interstory
drift results are taken into account. When the modal
analysis results are compared, it is an expected result that
the highest period value will appear in the reference
building (Table 6). Among the retrofit models, the
results for both cross-section types almost overlap with
each other. Among the steel braces, the period values of
the models with X and K braces was lower than the other
braces (Table 7). From this result, it was concluded that
X and K brace types make the structure more rigid. From
this result, it was concluded that X and K brace types
make the structure more rigid.

When the displacement demands obtained under the
effect of the design earthquake are examined, in the
section type comparison, the results in circular hollow
section models in K braces are 4% lower than in square
sections. When bracing types were compared, it was
determined that the lowest displacement demand was
obtained in circular section K braced models, followed
by the X braced model with a 6.7% higher value (Table
8).

The final comparison was made over the relative
interstory drift values. As a result of the retrofit, it was
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determined that the relative interstory drift values
decreased in all models. In the section type comparison,
it was determined that lower relative interstory drift
values were obtained in circular hollow section models
in all brace types (Table 9). When bracing types were
compared, it was concluded that the relative interstory
drift values in the K braced models were lower than the
other models, followed by the X model. Among the
brace types, the best results were obtained in the K
braced models, followed by the X braced models.

When the obtained results are evaluated in a general
framework, it is concluded that the circular hollow
section with the same area gives better results than the
square section. Depending on the architectural features
of the application, one of the K and X cross types can be
preferred.
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Abstract: Although the conventional image processing methods can detect fabric defects, fabric
defect detection is an open research problem due to the diversity of defect types. In this paper, the
feasibility of VGG16 deep learning architecture for fabric defect detection has been demonstrated.
A new fabric defect database is used. The pre-trained model of VGG16 architecture on the new
database is built. Thus, the training time of the model is reduced. The experimental results show
that the VGG16 model outperforms the traditional Shearlet transform and GLCM methods.

VGG16 Mimarisi Kullanilarak Yuvarlak Orgii Kumas Hatalarinin Tespit Edilmesi

Anahtar
Kelimeler
Kumas hatasi,
Derin 6grenme,
Hata tespiti

Oz: Geleneksel goriintii isleme metotlar1 kumas hatalarmi tespit edebilmelerine ragmen kumas
hatasi tespiti hata tiplerinin g¢esitliligi yiiziinden agik bir problemdir. Bu ¢alismada VGG16 derin
O6grenme mimarisinin kumas hatasi tespiti i¢in uygunlugu gosterilmistir. Yeni bir kumasg hatasi veri
tabani kullanilmistir. Daha 6nceden egitilmis VGG16 mimarisi veri tabani lizerinde insa edilmistir.
Boylece modelin egitim siiresi azaltilmigtir. Deneysel sonuglar VGG16 modelinin geleneksel
Shearlet doniisiimii ve GLCM metotlarindan daha iyi oldugunu gostermektedir.

1. INTRODUCTION

Today, the demand for fabric and fabric products is
increasing. Fabric quality is a determining parameter in
the demand for the product. Fabric defect control,
which has traditionally been human-oriented, includes
different problems. For example, labor costs,
carelessness and mistakes cause important mistakes to
be overlooked. Therefore, the importance of automatic
fabric defect detection systems is increasing. With
automatic systems, information about the location, size
and type of the defects can be obtained. Some well-
known types of circular knitting fabric defects are
shown in Figure 1.

Until now, many different defect detection methods
have been developed using image processing and
machine learning methods. These methods can be
examined in two main groups [1]: traditional image
processing methods and convolutional neural networks
(CNNs)-based methods. Traditional methods rely on
extracting color and texture-based features of the fabric
image. Regular texture breaks down when errors occur
in fabric images with regular texture [2]. This
degradation is also reflected in the extracted features.

Well-known methods such as Fourier transform,
histogram-based approaches [3], gray level co-
occurrence matrix (GLCM) [4], and local binary
pattern [5] are used to determine this distortion. In
particular, metrics such as energy calculated on the
image in GLCM-based methods emphasize the change
in images with distortion [6]. Spectral methods such as
Fourier transform and wavelet transform are used to
detect fabric defects. On the other hand, Vermak et al.
[7] analyzed the real and imaginary parts of the wavelet
coefficients of the fabric image based on energy. Thus,
they calculated detailed information about the defect.
Shearlet transform was used to classify defects in terms
of textural properties of fabric images in different
scales and directions [8]. Thus, multi-scale methods
have been developed that can effectively detect the
presence of a defect. Thanks to the sensitive texture
information provided by the Shearlet transformation,
the defective pixel regions can be detected.

In recent years, it has been tried to detect difficult
fabric defects by using deep learning algorithms. The
ability of CNN-based methods to obtain high-level
features from fabric images has enabled them to be
used extensively in this field. Chen et al. [1] developed
a defect detection system by using Gabor transform,
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genetic algorithm and CNN architecture. By integrating
Gabor kernels into the Faster R-CNN architecture, the
feature calculation capability of the CNN architecture
has been improved. On the other hand, Li and Li [9]
developed a defect detection system with multi-scale
training with the Cascade R-CNN model. Fabric
images were analyzed at different resolutions with a
multi-scale approach. Liu et al. [10] proposed a fabric
defect detection system called DLSE-Net, using
semantic information generated by connecting different
network layers. Thus, instead of a single network layer,
the entire network was optimized and information such
as noise and background were tried to be distinguished
from defects. In another study, a convolutional
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Figure 1. Circular knitting fabric defects

With the use of deep learning methods, successful
results have been obtained without the need to
calculate complex hand-craft features. However, deep
learning models have some limitations in fabric defect
detection. For example, it is sometimes difficult to
determine the size of the training dataset to obtain a
good result. Especially when examining different types
of woven and knitted fabrics, it is necessary to build
databases containing fabric type-specific defects. This
causes intensive labor and raw material loss in the
fabric factory. Therefore, it is necessary to optimize the
training data needs of existing deep learning models.
For this purpose, it is necessary to work on CNN
models that produce successful results with less
training data. Existing studies mostly focused on
woven fabric defects. However, there is a need for a
CNN model that can produce successful results in
knitted fabric types.

In this study, a deep learning-based defect detection
system is proposed that can detect the types of defects
frequently encountered in knitting fabrics produced on
circular knitting machines. The results obtained by
testing the performance of the VGG16 [13] CNN
architecture in knitting fabric defects were analyzed.
The database used is problem-specific and has been
used in traditional image processing methods before.
Thanks to this study, the performances of traditional
methods and VGG16 deep learning architecture will be
compared for the first time in detecting knitting fabric
defects. Thus, detailed information will be given to the
reader about the performance difference between the
methods in the detection of knitting fabric defects.

In Section 2, information about the database used and
the VGG16 network architecture is given. In addition,
the traditional image processing methods used in the
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denoising autoencoder network was developed to
detect fabric defects. By designing an architecture that
can calculate the probability of defects, fabric defects
can be successfully detected with the help of some
prior knowledge [11]. The success of the CNN
architecture has been improved with the mechanism
called the pairwise-potential activation layer. In a CNN
architecture designed to segment fabric defects and
decide if there are faults, the network is split in two.
[12]. The first part is segmentation and the second part
is decision making. With this method, which can also
work in real-time, a specific fabric defect detection-
based deep learning architecture is proposed.
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comparison are briefly mentioned. The experimental
results are discussed in Section 3. In Section 4, some
conclusions are presented.

2. MATERIAL AND METHOD

In this study, a database containing the types of defects
frequently encountered in circular knitting fabrics has
used. Defect detection has been made by using the
created database both with traditional methods and
VGG16 deep learning architecture. In this section,
firstly, information about the database will be given.
Then, the basic information and parameters of the
methods used will be explained.

2.1. Fabric Dataset

Although there are different databases containing
woven fabric defects in the literature, there is almost no
database containing defects in circular knitting fabrics.
In this study, the database developed by Hanbay et al.
[8] has used. This database is constructed with video
images obtained from the image acquisition
mechanism installed on the circular knitting machine.
A line-scan camera was used for image acquisition.
The recording process was started by finely adjusting
the line light source according to the line sensor
position. Defective and defect-free fabric images were
recorded in video form. Then, the database images
were obtained by dividing each of them into 250%256
images. In the last case, a database consisting of a total
of 13820 defective and defect-free fabric images was
built. The database contains the most common fabric
defects such as needle breakages, hole, press-off and
gout. Some defect-free and defective images can be
shown in Figure 2.
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(b)
Figure 2. Examples of the popular defect-free and defective images.
breakages, (b) holes, (c) press-off, (d) gout

2.2. VGG16 Network Construction

The VGG16 deep network used in this study generally
consists of 5 block convolution layers. There are two
convolution layers in the first two blocks and three in
the last three blocks. The last three convolutional layers
are fine-tuned layers. The step size of the convolution
layer is 1 and each is 3%3. The size of the input layer is
224x224x3, There are max-pooling layers in every 5
blocks. The 5 maximum pooling layers have a step size
of 2, each 2x2 in size. There are 3 fully connected
layers. For training the VGG16 architecture, the
BatchSize value is 32. Parameters are optimized with
the Adam optimization method. VGG16 architecture is
given in Figure 3.

The transfer learning approach is also used in this
study. The main purpose of transfer learning is that
convolutional weights are frozen during training.
Weights are fixed and thus all parameters of the deep
network are not trained. Fully connected layers are
added to the deep model. Thus the transfer learning
approach and the pre-trained weights of VGG16
architecture are used to solve fabric defect detection
problems.
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Figure 3. VGG16 architecture

2.3. Traditional Comparison Methods

The results obtained from the VGG16 architecture are
compared with traditional image processing and
machine learning methods. Thus the strengths and
weaknesses of the method of the VGG16 architecture
have been revealed. The study using the Shearlet
transform on the same fabric database was used in the
comparison [8]. The 1x24 feature vectors obtained
from the Shearlet transform were classified by an
artificial neural network. Another method used in
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comparison uses GLCM features. Contrast, energy,
correlation and homogeneity parameters were
calculated from the GLCM information of the fabric
image. By combining the obtained features, a feature
vector with the size of 1x236 was obtained. The
artificial neural network was used for classification.

3. EXPERIMENTAL RESULTS

In this section, VGG16 deep learning architecture is
run on the fabric database containing circular knitting
fabric defects. In addition, a comprehensive
comparison was made by obtaining the results of
traditional image processing methods. There are 3000
defective and 15320 defect-free fabric images in the
database.

In the Shearlet transform method, feature vectors were
created by analyzing images in different directions and

Table 1. Classification results of VGG16 architecture

Tr. J. Nature Sci. Volume 11, Issue 2, Page 125-129, 2022

scales. In the GLCM method, 4 different features of
each image are calculated and combined into a single
feature vector. The learning rate in VGG16 architecture
is taken as 0.0001.

Table 1 shows the defect detection results of the
VGG16 architecture. Very high classification success
has been achieved with VGG16. Stable results are
obtained for the other 3 parameters. The VGG16
architecture is trained faster with the transfer learning
approach. In addition, the layer structure of the
network has a structure to analyze fabric defects. In the
first layers, the convolutional structure is used to
characterize the defected pixel regions. Thus, the
spatial location of the defect is revealed. The layer
structure, which can make more precise calculations, is
used for defect analysis and detection in the next
layers.

Method Precision Recall fl-score Accuracy
Defected 99.97 99.79 0.98 99.98
Defect-free 99.86 99.74 0.98 99.84

The Receiver Operator Characteristic (ROC) curve of
the method is shown in Figure 4. ROC analysis is an
indicator of the stable operation of the trained deep
model. As can be seen from the ROC curve of defected
fabric, fabric defects are stably and accurately
distinguished.

ROC for multi-class data
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Figure 4. The ROC curve of VGG16 architecture

The data of the accuracy and loss function on the
database of the VGG16 architecture are given in Figure

5. As can be seen, classification accuracy has steadily
improved iteratively. In addition, the loss function
curve has progressed iteratively and reached a
reasonable level. Thus, the network has done the
learning process without overfitting and in a
determined manner.

In the last comparison, VGG16 architecture and
traditional methods have been compared in terms of
classification accuracy. The results obtained are shown
in Table 2. Shearlet transform and GLCM features are
classified by the artificial neural network. As can be
seen from the results, the VGG16 model achieved
better results. By obtaining high-level features of fabric
images, defected pixels can be distinguished. Also, the
proposed model is able to distinguish defect-free
fabrics from defected ones. This prevents false positive
results.

Transter Learning VGG16 Parformance

i

Figure 5. Classification accuracy (a) and loss function (b) of training and validation sets along with epochs
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In the last comparison, VGG16 architecture and
traditional methods have been compared in terms of
classification accuracy. The results obtained are shown
in Table 2. Shearlet transform and GLCM features are
classified by the artificial neural network. As can be
seen from the results, the VGG16 model achieved
better results. By obtaining high-level features of fabric
images, defected pixels can be distinguished. Also, the
proposed model is able to distinguish defect-free
fabrics from defected ones. This prevents false positive
results.

Table 2. Classification results of VGG16, Shearlet transform and
GLCM features

Method Accuracy (%)
VGG16 99.98
Shearlet transform 95.46
GLCM 93.00

4. CONCLUSION

In this study, the defect detection success of VGG16
deep learning architecture in circular knitting fabrics
has been investigated. A new fabric database is used
that has not been tested in the VGG16 architecture
before. By making use of the positive contributions of
the transfer learning approach, the training period has
been kept to a minimum. The success of the method is
also compared with two traditional feature extraction
methods as Shearlet transform and GLCM method. The
feature vectors of these traditional methods are
classified by the artificial neural network. The
experimental results show that the VGG16 architecture
gives much better results than traditional methods in
detecting fabric defects. In the future, it is considered
to improve the convolution layers of the VGG16
architecture. Thus, it is planned to carry out studies for
real-time use in fabric defect detection.
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Abstract: Classical solvent extraction (CSE), solvent maceration (SM), ultrasound assisted
extraction (UAE) and microwave assisted extraction (MAE) techniques were applied for the
extraction of bioactive compounds of wild bilberry (Vaccinium myrtillus L.) fruit collected from the
Eastern Black Sea Region in Turkey. Among these techniques, MAE is the most prominent in terms
of total phenolics, total flavonoids and total anthocyanins yield in the extract. Total phenolics, total
anthocyanin and total flavonoid content in MAE extract were determined as 1035 + 16 mg gallic
acid/100 g fresh bilberry weight (fw), 963 + 7 mg cyanidin 3-glucoside equivalents/100 g fw and
150 + 4 mg quercetin equivalent/100 g fw, respectively. Seven different anthocyanin compounds
were identified in bilberry extracts. The effect of extraction techniques on the anthocyanin’s
distribution was revealed. Accordingly, malvidin-3-O-glucoside was found to be the most dominant
anthocyanin in wild bilberry fruit.

Dogu Karadeniz Bolgesindeki Yabani Caligilegi (Vaccinium Myrtillus L.) Meyvelerinde

Biyoaktif Bilesiklerin Farkh Tekniklerle Ekstraksiyonu

Anahtar
Kelimeler
Yabani
Caligilegi,
Biyoaktif
Bilesikler,
Ultrason

Ekstraksiyonu,

Mikrodalga

Ekstraksiyonu,

Maserasyon

Oz: Tiirkiye'de Dogu Karadeniz Bolgesi' nden toplanan yabani ¢aligilegi (Vaccinium myrtillus L.)
meyvesinin biyoaktif bilesiklerinin ekstraksiyonu i¢in klasik solvent ekstraksiyonu (CSE), solvent
maserasyonu (SM), ultrason destekli ekstraksiyon (UAE) ve mikrodalga destekli ekstraksiyon
(MAE) teknikleri uygulandi. Bu teknikler arasinda ekstrakttaki toplam fenolik, toplam flavonoid ve
toplam antosiyanin verimi agisindan en iyi teknigin MAE oldugu goriildii. MAE ekstraktindaki
toplam fenolikler, toplam antosiyanin ve toplam flavonoid igerigi sirasiyla 1035 + 16 mg gallik
asit/100 g fw, 963 + 7 mg siyanidin 3-glukozit esdegeri/100 g fw ve 150 + 4 mg kuersetin
esdegeri/100 g fw olarak belirlendi. Yabani ¢aligilegi ekstraktlarinda yedi farkli antosiyanin bilesigi
tanimland1. Ekstraksiyon tekniklerinin antosiyanin dagilimi iizerindeki etkisi ortaya ¢ikarildi. Buna
gore, yabani caligilegi meyvesinde en baskin antosiyaninin malvidin-3-O-glukozit oldugu
belirlendi.

1. INTRODUCTION

prevent or slow oxidative processes, a diet rich in fruits
and vegetables is reported to improve overall health and

Bilberry (Vaccinium myrtillus L.) is a wild fruit that can
grow in temperate, Mediterranean or subtropical climate.
With a water content of more than 80%, bilberry fruit is
a good source of fiber, vitamins and minerals, and
contains high levels of polyphenols, flavonoids,
anthocyanins and other components that exhibit
significant bioactivities. Associated with the antioxidant
capacity of such different bioactive compounds that can

prevent cardiovascular diseases, neurodegenerative
diseases, and different types of cancer [1]. Bilberry is
one of the richest natural sources of anthocyanins, a
large group of water-soluble flavonoids that give fruits,
flowers and vegetables their characteristic blue/red color.
Bilberry fruits contain 15 major anthocyanins, consisting
of 5 anthocyanidin aglycones delphinidin, cyanidin,
peonidin, petunidin, and malvidin, which are formed as
3- O-glycosides attached by galactose, glucose, and
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arabinose [2-3]. In addition, other phenolic compounds it
contains are molecules with at least one hydroxyl group
attached to an aromatic ring and play a major role in
plant metabolism [4]. However, all these compounds
found in bilberry differ in content and composition
depending on type of species, cultivation process, soil
and climate conditions that affect plant growth. Although
the composition and antioxidant activities of
anthocyanins and phenolic compounds of bilberries
grown in Europe, North America and Colombia have
been investigated [5], there is lack of studies on the
quantification and bioactivity of anthocyanins, phenolics
and flavonoids of bilberry grown in Turkey.

Conventional phenolic compound extraction techniques
include maceration and solvent extraction, which are
highly efficient but require high solvent consumption
and result in possible solvent toxicity [6]. In recent
years, studies have focused on the discovery and design
of extraction processes that will provide a safe and high-
quality natural extract by higher yields in shorter
extraction time, lower energy consumption and using
renewable sources [4]. For this reason, anthocyanin and
other phenolic compounds extractions from different
fruits and plant materials such as sour cherry, grape seed,
flax seed, potato peel, lemon peels, coffee, cherry laurel
fruits and leaves and blueberry have been widely
investigated by using environmentally friendly
techniques such as ultrasound assisted extraction (UAE)
[4] and microwave assisted extraction (MAE) [7] as an
alternative to conventional solvent extraction and
maceration methods. UAE is one of the modern methods
used to extract bioactive compounds found in vacuoles
of plant cells by the application of sound waves to a
plant material/solvent mixture. It increases mass transfer
by affecting cell permeability by different mechanisms.
However, high-frequency ultrasound can tear the surface
of the fruit, causing further leakage and pigment loss
during process. Due to the possible changes in chemical
structures and the high reactivity of the components, it
may cause the formation of colorless or brown
compounds [4]. MAE is an environmentally friendly
technique with very few CO2 emissions and less solvent
and time requirement. It works with two energy transfer
mechanisms as dipole rotation and ionic conduction.
Polar solvents that can effectively absorb electrical
energy are more effective in microwave extraction.
Besides, a high solvent performance due to high
dielectric constant and dispersion factor ensures the
effective impact of microwave in microwave extraction
[7]. Considering all these, bilberry extraction techniques
can significantly affect the amount and profile of
phenolics, anthocyanins and flavonoids to be recovered.
The aim of this study is to evaluate the extraction of
bioactive compounds from bilberry fruits grown in the
Eastern Black Sea Region of Turkey. In this context, the
effect of different extraction techniques such as classical
solvent extraction (CSE), solvent maceration (SM),
ultrasound assisted extraction (UAE) and microwave
assisted extraction (MAE) on the yield of total phenolics,
total monomeric anthocyanins and total flavonoids was
determined.
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The anthocyanin profiles of the extracts were also
assessed.

2. MATERIALS AND METHODS
2.1. Chemicals and Reagents

Ethanol and orthophosphoric acid (85% purity, HPLC
grade) were purchased from Sigma Aldrich GmbH
(Buch’s, Switzerland). Water was deionized and filtered
through a Millipore filter system (Millipore, USA)
before use. All solvents, reagents and standards used
were of analytical grade. The Folin-Ciocalteu reagent,
sodium carbonate, sodium nitrite, aluminum chloride,
sodium hydroxide, sodium acetate, gallic acid,
hydrochloric acid-potassium chloride buffer and 2,2-
diphenyl-1-picrylhydrazyl radical (DPPH) (95%) were
purchased from Merck Company (Steinheim, Germany).
Rutin and quercetin were purchased from Sigma Aldrich
GmbH (Germany). Acetonitrile (HPLC grade) and acetic
acid (99.8 %) were obtained from Merck (Darmstad,
Germany). Formic acid was obtained from Fluka
(Deisenhofen, Germany). Anthocyanin standards of
delphinidin-3-O-glucoside chloride, delphinidin-3-O-
galactoside chloride, petunidin-3-O-glucoside chloride,
cyanidin-3-O-arabinoside  chloride,  cyanidin-3-O-
glucoside chloride, malvidin-3-O-glucoside chloride and
malvidin-3-O-arabinoside chloride were obtained from
Merck (Darmstad, Germany).

2.2. Plant Material

Fresh, ripe wild bilberry (Vaccinium myrtillus L.) fruits
were picked randomly from native habitat of the species
in Giresun in Eastern Black Sea Region of Turkey in
July, 2020. Whole fresh and ripe fruits were frozen and
stored at -20 + 1°C until use.

2.3. Extraction

Fresh bilberry fruits were crushed in a mortar to produce
a thick puree which was subjected to four different
extraction processes; classical solvent extraction (CSE),
solvent maceration (SM), ultrasound assisted extraction
(UAE) and microwave assisted extraction (MAE). For
each extraction procedure, a 10 £0.1 g puree was placed
into a 50 ml flat-bottom flask and aqueous ethanol was
added to the flask to a final ethanol concentration of 70%
stoichiometrically to a final solid:liquid ratio as 1:20.
The mixture was homogenized for a few minutes and
used in the extraction process.

For CSE, the homogenate (sample-solvent homogeneous
mixture) was extracted for 2 h by orbital shaking in the
dark at room temperature. The samples were taken for
the analysis at 10 min, 30 min, 1 h and 2 h. For SM, the
homogenate was kept in the dark at +4 °C for 6 weeks
and the sample was taken at the end of the extraction
process. UAE procedure was carried out by treating the
homogenate with ultrasound for the period of 5, 10- and
20-min using lab scale ultrasound water bath (53kHz-
180-Watt, Kudos SK3310HP) at 40 °C. MAE was
performed in an ordinary house-hold microwave oven
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(Inoksan GDM239DAH-S, Microwave output 800 W
with the power of 2450 MHz). A Pyrex double-walled
vessel where ice flakes were placed between the walls
was used to keep the temperature below 60 °C during the
application and to eliminate the risk of solvent loss by
evaporation and any compound degradation due to rapid
temperature rise. Container having homogenate was
placed on a rotational plate in the middle of the oven and
was treated by microwave irradiation for within three
different times (2, 4, 6 minutes).

Three replicates of samples were prepared for each
extraction procedure. Once the extraction process was
completed, the suspensions were filtered through paper
filter for removing the pulp and centrifuged at 3000 rpm
for 5 minutes. The supernatants as crude extract were
preserved at +4 °C in the dark until analysis.

2.4. Total Phenolics Quantification

The amount of total phenolic compounds in the bilberry
extracts was determined by the Folin-Ciocalteu method
described by Slinkard et al. [8] using gallic acid as a
standard. The Folin-Ciocalteu reagent was prepared by
diluting with distilled water (1:10, v/v). 0.5 mL crude
extract sample was mixed with daily prepared 2.5 mL
folin reagent and left to stand for 2.5 min at room
temperature. Then, 1.25 mL of sodium carbonate
solution (7% in deionized water) was added. This
mixture was left for reaction for 40 minutes in the dark.
The absorbance of the sample was measured at a
wavelength  of 725 nm with a UV-Visible
spectrophotometer (MAPADA UV-6100PCS, China)
with three replications. A standard curve of absorbance
with respect to different concentrations of gallic acid
standard (0-80 mg/L) was generated and used for
calculation of concentration of total phenolics in the
samples. The total phenol content was calculated as mg
gallic acid (GA)/100 g fresh bilberry weight (fw) based
on the standard curve of gallic acid.

2.5. Total Anthocyanins Quantification

A spectrophotometric pH differential method described
by AOAC [9] was used for quantification of total
anthocyanins content of bilberry extracts.

500 pL of extract solution was diluted with 2 mL of
buffer solutions (potassium chloride buffer with pH 1.0
and sodium acetate buffer with pH 4.5) to prepare 2
different dilutions with different pH levels. The
appropriate dilution factor was determined as a 1-part
test sample and 4 parts buffer dilution with the
absorbance at 520 nm and 700 nm within the linear
range of the spectrophotometer (between 0.2 and 1.4
AU). The dilutions were kept in the dark at room
temperature for 20 minutes and absorption of the
solutions was measured at 520 nm and 700 nm against
blank taken as water wusing a UV-Visible
spectrophotometer. Total monomeric  anthocyanin
pigment concentration was expressed as cyanidin-3-
glucoside equivalents (C3GE) and calculated using Eq.

).
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MA = [(4520=A700)pH1.0~(As20=A700)pHa5 | XMWXDFX10° x % 1

exl

where MA is the total monomeric anthocyanin (C3GE,
mg/100 g fw); A is the absorbance at different
wavelengths for different pH buffers; MW is the
molecular weight of cyanidin-3-glucoside (449.2 g/mol);
DF is the dilution factor; ¢ is the molar absorptivity (L.
mol-1.cm-1; 26900) of cyanidin-3-glucoside; | is the
pathlength (cm); V is the total volume of solvent used in
the extraction (L); m is the amount of fresh bilberry (g)
and 105 is the conversion factor.

2.6. Total Flavonoid Quantification

Total flavonoid content was investigated by two
different spectrophotometric methods in order to
quantify the total flavonoid content and to estimate the
major flavonoids based on the formation of aluminum-
flavonoid complexes that exhibits the differences in type
of flavonoid compounds [10].

In the first procedure, 1 mL of test extract was put into a
10-ml glass vial. After adding of 0.5 mL of each AICI3
(2%, wilv), water, HCI (1 M), CH3COONa (1 M), the
mixture was waited for 10 min at room temperature. The
absorbance of all samples was measured at 425 nm using
the UV-Vis spectrophotometer.

In the second procedure, 250 pl extract was taken into a
10-ml glass vial. 1.25 ml distilled water and 75 pl (5%)
NaNO2 were added. The glass vial was waited for 6 min.
Then 150 pl 10% (AICI3) and 500 pl of NaOH (1M) and
275 pl distilled water was added. The absorbance of
samples was measured at 510 nm using the UV-Vis
spectrophotometer.

The content of flavonoid (mean of three determinations)
was expressed as mg quercetin equivalent/100 g fw.

2.7. HPLC Analysis

Stock solutions of anthocyanin standards were prepared
by weighing 5 mg of each standard into a 50 mL
volumetric flask and adding 2 mL of HCl/methanol
(2:98, v/v) followed by 10% phosphoric acid to a total
volume of 50 mL and mixed. Stock solutions were stored
at -40 °C in glass vials until needed.

The bilberry crude extract obtained by different
extraction techniques was concentrated by evaporating
the solvent wusing a rotary evaporator (Hei-VAP,
Heidolph Instruments, Germany) until as final solution
amount of 2 grams was obtained. The solutions were
stored in the dark at -40 °C in glass bottles until analysis.
It was thawed, brought to room temperature and
vortexed before to HPLC analysis. A small amount of
sample was taken from each solution, diluted 10 times
with 5.5% acetic acid solution (Mobile phase A), passed
through PTFE filter and injected to the HPLC.

The HPLC analysis was performed by Shimadzu SCL-
10AVP HPLC system equipped with querternary pump,
an autosampler, a column thermostat, UV/VIS detector
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and system controller. Lab Solutions (LC Solution-
Version 1.25) computer software was used throughout
the analysis. Separation was achieved on a BISCHOFF
ProntoSIL C18 column (4.6 mmx250 mm, 5 m;
Germany). The detection wavelength was set at 520 nm
and flow rate was 1 mL/min. The injection volume was
20 pL. Mobile phase A was 5.5% aqueous acetic acid
solution and mobile phase B was
acetonitrile/water/formic acid=50:40:10 (v/v/v).

The gradient elution program was as follows: between 0
and 20 min, 2%-14% B; 20—40 min held at 14% B; 40—
50 min increased to 15% B; 50-55 min increased to 19%
B; 55-65 min raised to 20% B, 65-110 min washed and
re-equilibrated with 2% mobile phase B.

2.8. Statistical Analysis

In this work, all experiments were carried out in
triplicate and quantitative data are expressed as mean
values of at least three analytical determinations with the
respective standard deviation.

3. RESULTS AND DISCUSSION

The recovery of bioactive compounds of wild bilberry
fruit grown in Giresun province was investigated by
different extraction techniques. To analyze the effects of
extraction method and time of extraction on the amount
of total phenolics, total flavonoids and total monomeric
anthocyanins in bilberry extracts different sets of
experiments were designed and analyzed.

3.1. Total Phenol, Total Flavonoid and Total
Monomeric Anthocyanin Contents

Four different extraction methods as microwave assisted
extraction (MAE), ultrasound assisted extraction (UAE),
classical solvent extraction (CSE), and solvent
maceration (SM) methods were used to compare the total
phenolic contents of bilberry extracts. Depending on the
nature of the extraction method, total phenol content of
the samples taken at different time of extractions is
compared in Figure 1.

Extraction yield of phenolic compounds through MAE,
CSE, UAE and SM differed accordingly the extraction
technique and time of extraction where the highest total
phenol content of the bilberry extracts were in the range
of 750-1035 mg GA/100 g fw. Among these extraction
methods, MAE was the most efficient method which
yields highest amount of total phenols (1035 £ 16 mg
GAJ/100 g fw) in just 2 minutes of extraction. There was
no statistically significant difference in total phenol
contents extracted over the longer MAE period.
However, MAE method has some disadvantages. The
major problem arises in MAE is to keep the temperature
under controlled during the application.
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Figure 1. Total phenol content of the samples taken in MAE, UAE,
CSE and SM extractions

In this study, although it was tried to be controlled by ice
flakes at the double-wall vessel, the temperature was
sometimes measured above 65 °C during the extraction
process. This can be explained by the ability of the
ethanol-water molecules to absorb microwave energy
and rapidly pass it on in the form of heat to other
molecules in solvents that can accelerate the extraction
process in a way that no other technique can match. This
mechanism is explained by the dissipation factor (tand),
which is defined as the ratio of the dielectric loss (g") to
the dielectric constant (g') of the solvent [11].
Accordingly, the rapid temperature rise in the bilberry
matrix yields faster diffusion rate and provides faster
extraction kinetics. However, compound degradation
should be considered due to both the rapid temperature
increase and possible chemical property changes
occurred during the process. Closed vessel application
requirement, high instrumental cost and safety are other
disadvantages of the MAE. Total phenol content value of
extract obtained by UAE was determined as 749 + 20 mg
GAJ/100 g fw. UAE is an alternative extraction method
with some advantages such as moderate use of solvent
and reproducibility. The mechanism underlying of the
UAE is the formation of tiny bubbles in the solvent that
collapse, causing the pressure and temperature changes
and therefore enhancing the mass transfer of the natural
components to the solvent. However, the UAE process
can promote higher degradation rates of the compounds
obtained by extraction, especially when it reaches
temperatures above 75 °C. This disadvantage can also
reduce the extraction rate constant as a result of lower
surface tension and increased vapor pressure of
cavitation bubbles [6]. In the SM method performed at
4°C, however, the total phenol content in the solution
was determined as 815 = 10 mg GA/100 g fw, similar to
the values obtained UAE method. Similar total phenol
content was determined as 890 = 8 mg GA/100 g fw for
CSE. CSE is a well-known and highly efficient method
that is easy to use at atmospheric pressure and ambient
temperature, does not require sophisticated equipment
and widely employed in a variety of industries. Total
phenol content of the extracts in present study was
higher compared with those reported for CSE method
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which was applied under similar extraction condition for
bilberries from Montenegro [12] where it ranged from
392 to 520, from Macedonia [13] where it was 393-706,
from [14-15] where it was 890 + 9, from North East
Anatolia (Turkey) [16] where it was 679 £ 5 and also for
bog bilberry from Finland [17] where it was 161 + 1.
When these values are compared, it can be said that the
results vary according to the type of the bilberry, the
region where it grows, the extraction technique used and
application conditions. It has been reported that light
intensity, photoperiod, temperature and growing location
influence the level of total phenolics in berries and at
altitude higher than 1500 m, higher amounts of total
phenolics were observed [12].

In current study, total monomeric anthocyanin amount of
MAE, UAE, CSE and SM extracts was determined as
903 £9,832+9, 762 + 8 and 667 + 5 mg C3GE/100 g
fw, respectively. Total monomeric anthocyanin content
of the extracts in other studies was reported for bilberries
from Macedonia [13] where it was 151-507 and from
North East Anatolia (Turkey) [16] where it was 164.
Moze et al. [18] reported the anthocyanin content of
Slovenian bilberries as 1210 mg C3GE/100 g fw.
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Figure 2. Absorption spectrum of Al-flavonoid complex of bilberry
extracts, Al-rutin and Al-quercetin complexes of standards.

Total flavonoid contents were also determined in MAE,
UAE, CSE and SM extracts as 150+6, 146 = 5, 144 + 3
and 114 = 3 mg quercetin equivalent/100 g fw,
respectively. The total flavonols of bilberry and bog
bilberry from Macedonia was reported as 12.1 and 51
mg quercetin equivalent/100 g fw, respectively [13].
Neamtu et al. [19] evaluated the effect of solvent used
during extraction of the flavonoids from wild bilberry
fruit from South Carpathian Mountains in Romania and
reported the flavonoids content in the range of 3.88-8.41
mg quercetin equivalent / g dry weight. Li et al. [20]
found that the total flavonoid content of bilberry fruit
grown in Nanjing as 13.5 mg quercetin equivalent / g dry
weight. A recent study was performed to determine both
anthocyanin and flavonoid contents of the different
blueberry cultures (both cultivated and wild types)
grown in North and South Black Sea region in Turkey
[21]. It was reported that anthocyanin and flavonoid
contents were determined in the ranges of 43.03-295.06
mg C3GE /100 g fw and 30.44-99.69 mg quercetin
equivalent/100 g fw, respectively. The present study
reveals that wild bilberry which grows native on high
mountain pastures in Giresun almost 1.5 times higher
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flavonoid content and 2.5 times higher anthocyanin
content than blueberries grows in same region. Two
different procedures were applied to determine the
flavonoid content of the bilberry extract according to
Pekal et al. [10]. These procedures were based on the
formation of aluminum-flavonoid complexes and
exhibited significant differences depending on the type
of flavonoids. From the flavonols group, quercetin and
rutin were selected as model compounds to check the
effect of both procedures’ reaction environments. As
seen from Figure 2, formed Al-quercetin and Al-rutin
complexes with acetate salts (used in procedure 1),
showed strong absorption band at 420 nm. But, only Al-
quercetin complex exhibited weak absorption band at
560 nm. On the other hand, while flavone, luteolin-
aluminum complexes showed absorption peak at 405-
420 nm in the procedure 1, it shifted to 530-560 nm but
to a lower absorption value when the procedure 2 was
applied. For the flavonols group, strong absorption peak
was seen at 420- 440 nm in procedure 1 [10], but
differentiative absorbance peak at 510 nm was reported
only for rutin in procedure 2. According to this
information, absorption band was detected when
procedure 2 applied to the bilberry extract, which
indicates the presence of the rutin and/or luteolin.
Stanoeva et al. [13] pointed out to high content of rutin,
which constitutes 18% of the total flavonols present in
bilberry.

3.2. Profiles of Anthocyanins

The anthocyanin profile of bilberry extracts varied
according to the extraction technique applied. Typical
anthocyanin profile of bilberry extract was given by
HPLC chromatogram (Figure 3). The ratio of the peak
area of anthocyanins, identified based on the retention
time of available standards, to the sum of all anthocyanin
peak areas was used to compare the effect of extraction
methods on individual anthocyanin recovery (Table 1).

mv
. Dedector ACh1: 520 nm

_—

Figure 3. HPLC anthocyanin profile of bilberry extracts. 1.
Delphinidin-3-O-glucoside; 2. Delphinidin-3-O-galactoside; 3.
Petunidin-3-O-glucoside; 4. Cyanidin-3-O-arabinoside; 5. Cyanidin-3-
O-glucoside; 6. Malvidin-3-O-glucoside; 7. Malvidin-3-O-arabinoside

Although the overall anthocyanin profiles are similar for
all extracts, changes in individual anthocyanins are
inconsistent and show different variability by the
extraction method. Malvidin-3-O-glucoside has the
highest proportion in all extracts but mostly in the CSE
and SM extracts. It was reported that, malvidin possesses
great antioxidant capacity [22], antihypertensive activity
[23], and plays a role in controlling cellular activities
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[24]. In these two methods, the bilberries are kept in
direct contact with the solvent. As ultrasound and
microwave effects were used in UAE and MAE,
respectively, it increased the recovery of other
anthocyanins in bilberry extract, and thus different
distributions were observed in anthocyanin profiles.
However, malvidin stands out with its high percentage
distribution in these extracts as well. This can be
attributed to microwave energy heating the solvent,
increasing its interaction with the sample and
accelerating the extraction of the extractable
components. Other studies also support that microwave
extraction reduces processing time compared to
conventional extraction and provides higher yields with
less solvent and energy requirements [25-26].
Apparently, delphinidin-3-O-glucoside and cyanidin-3-
O-glucoside are also affected considerably. Heffels et al.
[3] reported that individual anthocyanins in bilberry are
arranged according to their polarity as delphinidin >
cyanidin > petunidin > peonidin > malvidin. It seems
that more polar anthocyanins show significant variances.
Consequently, different extraction techniques lead to the
different and variable anthocyanin proportions in the
extracts.

Table 1. Anthocyanin proportions™* in bilberry extracts

Extraction technique

Anthocyanin UAE MAE CSE SM
Delphinidin-3-O- 1130 736 1464 964
glucoside
Delphinidn-3-0- 713 6.80 7.80 8.63
galactoside
Petunidin-3-O- 1.48 155 2.15 1.48
glucoside
Cyanidin-3-O- 12.10 8.77 1367  10.44
arabinoside
Cyanidin-3-O- 8.18 4.99 484 5.68
glucoside
Malvidin-3-O- 2763 2429 3597  37.64
glucoside
Malvidin-3-O- 526 410 6.27 5.60
arabinoside

* Values are expressed as % of total anthocyanins
4. CONCLUSION

The results we obtained have shown that the bilberry
fruit, which spreads naturally in Giresun province, is a
very rich source of natural bioactive compounds.
Extraction methods were evaluated for the efficient
recovery of these bioactive compounds and the effect of
the extraction technique on anthocyanin distribution was
revealed. MAE method was found to be very suitable
extraction processes regarding the amount of total
phenolics (1035 + 16 mg gallic acid/100 g fresh bilberry
weight (fw), flavonoids (1506 mg quercetin
equivalent/100 g fw) and anthocyanins (903 = 9 mg
C3GE/100 g fw) and the extraction time. Different
anthocyanin proportions indicate that profile changes are
due to different extraction techniques. Depending on the
applied extraction technique applied, it was determined
that different mechanisms affect the extraction
performance of bilberry anthocyanins during the
extraction process.
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Abstract: The aim of this study was to determine the chemical composition, in vitro total gas
production (TG), metabolisable energy (ME), and organic matter digestibility (OMD) of grains
belonging to different triticale varieties. Variety crude ash (CA) contents range from 2.05 to 2.30%,
ether extract (EE) contents range from 1.82 to 3.00%, crude protein (CP) contents range from 9.44
to 13.25%, and acid detergent fiber (ADF) and neutral detergent fiber (NDF) contents range from
2.51 to 4.50% and 15.15 to 17.65%, respectively. Total gas production in vitro ranged between
57.59 and 62.51 ml, with ME and OMD ranged between 11.69 and 12.55 Mj kg™t DM and 78.06
and 82.24%, respectively. While Bera and Tatlicak 97 leap out in terms of ME, the Bera variety
leap out in terms of OMD. The effects of varieties on chemical composition, in vitro TG, ME, and
OMD of triticale grains were found to be significant (P<0.05). According to chemical composition
and fermentation parameters, the Bera variety has high values in terms of CP, ME, and OMD can
be recommended for grain production.

Baz1 Tritikale Cesitlerinin Besleme Degeri ve In vitro Gaz Uretiminin Belirlenmesi

Anahtar
Kelimeler
Kimyasal
bilesim,
Tritikale,
Cesit,

In vitro
toplam gaz

Oz: Bu calismada bazi tritikale cesitlerine ait tanelerin kimyasal bilesimi, in vitro toplam gaz
iiretimi (TG), metabolik enerji (ME) ve organik madde sindirim derecelerinin (OMSD) belirlenmesi
amaglanmigtir. Cesitlerin ham kiil (HK) icerikleri %2.05-2.30, ham yag (HY) icerikleri %1.82-3.00,
ham protein (HP) icerikleri %9.44-13.25, asit ¢oziiciilerde ¢oziinmeyen lif (ADF) ve notr
¢ozilclilerde ¢oziinmeyen lif (NDF) igerikleri sirasiyla %2.51-4.50, %15.15-17.65 araliginda yer
almustir. Cesitlerin in vitro TG {iretimleri 57.59-62.51 ml, ME ve OMSD dereceleri ise sirasiyla
11.69 - 12.55 Mj kg' KM ve %78.06 ile 82.24 arasinda degismistir. Metabolik enerji degeri
bakimindan Bera ve Tatlicak 97, OMSD bakimindan Bera gesidi 6n plana ¢ikmustir. Tritikale
tanelerinin kimyasal bilesimleri, in vitro TG, ME ve OMSD degerleri iizerine ¢esitlerin etkisinin
onemli oldugu goriilmiistiir (P<0.05). Kimyasal bilesim ve fermentasyon parametrelerine gére HP,
ME ve OMSD bakimindan yiiksek degerlere sahip olan Bera gesidinin tane iiretimi icin tavsiye
edilebilecegi belirlenmistir.

1. INTRODUCTION

been stated that triticale is equivalent or superior to other
grains in animal nutrition in terms of its important
properties such as rapid growth and development, high

Triticale, which is obtained as a result of studies to
determine new product groups in order to provide
balanced and adequate nutrition for the rapidly
increasing world population, is becoming more and more
popular nowadays [1,2]. Triticale (xTriticosecale
Wittmack) is a one-year cool-climate cereal that can be
used in both human and animal nutrition and is obtained
as a result of hybridization of wheat and rye [3,4].
Because of the low flour quality of the grains, they are
generally allowed to be used in animal feed [5]. It has

dry matter rate, grain, dry and green herbage yield, fiber
content, degree of digestion, protein rate, and high lysine
content [6,7,8]. It has been reported that the feed value
of its grain is equal to wheat and better than rye and
barley [9]. Denek and Deniz [10] also emphasized that
triticale can be evaluated as a feed equivalent to corn in
ruminant nutrition. Therefore, it has been thought that
determining the animal nutrition status of high-yield and
quality varieties of triticale will increase the production
potential. Although the triticale varieties have been

137



http://www.dergipark.gov.tr/tdfd
http://www.dergipark.gov.tr/tdfd
http://www.dergipark.gov.tr/tdfd
http://www.dergipark.gov.tr/tdfd
http://www.dergipark.gov.tr/tdfd
http://www.dergipark.gov.tr/tdfd

Tr. Doga ve Fen Derg. Cilt 11, Say1 2, Sayfa 137-140, 2022

investigated in terms of chemical composition, there are
limited studies on in vitro gas production, metabolisable
energy and organic matter digestibility of these varieties.
Recently, in vitro gas production, metabolisable energy
and organic matter digestibility can be determined
together  with  chemical compositions of the
uninvestigated raw materials by using an in vitro gas
production technique [11,12,13]. The aim of the current
experiment was to evaluate the effect of variety on
chemical composition, in vitro TG, ME, and OMD.

2. MATERIAL AND METHOD
2.1. Collection of Triticale Grain Samples

Triticale grain samples were obtained from agronomic
trials carried out in the experimental area of Mus
Alparslan University between 2020 and 2021. Samples
of 11 triticale varieties were randomly collected from
each block in the experimental plots with 3 replications.
Collected samples were prepared by grinding to pass
through a 1 mm sieve for chemical analysis and in vitro
gas production.

2.2. Chemical Analyzes

Dry matter (DM), crude ash (CA), ether extract (EE),
and crude protein (CP) contents of the grains were
determined according to the method reported by AOAC
[14]. ADF and NDF contents were determined by Van
Soest et al. [15] according to the method reported. An in
vitro gas production technique was used to determine the
TG production of triticale grain samples [16]. Rumen
fluid was immediately taken from sheep slaughtered in
Kahramanmaras animal market and placed in a thermos,
and brought to the laboratory quickly so that
microorganism activities could continue. Feed samples
(0.2 grams) mixed with buffer solution were left for
fermentation at 39 °C for 24 hours with rumen fluid
obtained from sheep. Gas production is arranged
according to standard feed and blind measurement.
Metabolizable energy and organic matter digestibility of
triticale grains were determined using the equations
given below [17].

ME (M]j kg''DM) = 1.06+0.1570GP+ @
0.084CP+0.220EE-0.081CA

OMD (%) = 28.49+ 0.7967GP+ 0.325CP @)

GP: Gas production of 200 mg sample at 24 h incubation
(ml)

CP: Crude protein (%)

EE: Ether extract (%)

CA: Crude ash (%)

2.3. Statistical Analysis
The data obtained in the study were -evaluated

statistically (Tukey 5%) using one-way analysis of
variance (One-way ANOVA) [26].
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3. RESULT AND DISCUSSION

The chemical compositions of triticale grains are given
in Table 1. It was determined that the differences in the
chemical compositions of the cultivars were significant.
The CA contents of triticale cultivars ranged from 2.05-
2.30%, the highest values in Karma and the lowest
values in Umran Hanim. The CA content of triticale
grains was determined by Denek and Deniz [10], 1.71%,
Aljjosius et al. [18], 1.33-1.63%, Kowieska et al. [19],
1.8%, Umucalilar et al. [20], 1.9%. The EE contents of
the cultivars ranged from 1.82-3.00%, the highest values
in Tatlicak 97 and the lowest values in Bc goran. The
results obtained were higher than the findings of Denek
and Deniz [10] (0.96%) and are similar to the findings of
Umucalilar et al. [20] (2.00%) and Chrenkova et al. [21]
(1.70%). The CP contents of the cultivars ranged from
9.44-13.25% the highest values in Umran Hamim, the
lowest values in Presto. Krieg et al. [22] determined the
CP content of 20 triticale lines ranged from 11.6 to
13.3%. Compared to the current study, similar findings
were obtained except for only one variety (Presto). In
similar studies, CP contents of triticale grains were
determined, 9.00-16.26% [23], 10.5-14.6% [24], and
9.45-12.51% [18]. It is thought that these differences in
CP content may be related to different climatic
conditions, soil types, and fertilization. The ADF and
NDF contents of triticale grains ranged from 2.51-4.50%
and  15.15-17.65%, respectively. The  current
experiment's ADF and NDF contents of triticale cultivars
were consistent with the findings of Dennett et al. [24],
who discovered that the ADF contents of triticale lines
ranged from 3.82-5.18% and the NDF contents ranged
from 13.71-16.53%. Mut and Erbas Kose [1] found that
among 24 ftriticale genotypes, the ADF and NDF
contents ranged from 2.44-3.59% and 17.5-19.1%,
respectively. Alijosius et al. [18] found that ADF content
ranged from 2.5-2.9% and NDF content ranged from
10.3-13.1% respectively.

Table 1. Chemical compositions of Triticale cultivars (% DM

Cesitler KM HK HY HP ADF NDF
Alper bey 93.05 | 2429 | 2.72% | 11.88° | 3.65%% | 17.65°
Melih bey 93.05 | 2.14%9 | 2.74® | 12.91% | 450° | 15.15°
Karma 93.20 | 2.30° 1.84¢ 11.76% | 4.35%® 15,53
Ayse Hanim 93.21 | 2.15% 2.318c | 12.54bc | 354 | 17 362
Bc goran 9330 | 2.26® | 1.82° | 1L.77% | 251° | 15.46%
Bera 93.34 | 2.26% 2.12b¢ 12.16% | 3.842¢ 15.86%%
Ozer 93.34 | 2.29% 2.523c | 11 34¢f 3.29¢de 16.48"¢
Presto 93.45 | 2.16 2.61%¢ | 9.449 3,370 | 15 46%
Tathcak 97 93.48 | 2.18%d | 3,007 11.19° 3.60% | 17.49%
Umran hanim | 93.49 | 2.05¢ 2.22%¢ | 1325 | 2.83% 15.39¢
Esin 93.56 | 2.25%¢ 2.17" 11.44¢ 3.48bd | 16,75%¢
SEM 0.104 | 0.025 0.163 0.085 0.199 0.205

abc Column means with common superscripts do not differ (P>0.05.)
DM: Dry matter (%), CA: Crude ash (% of DM), EE: Eter extract (%
of DM), CP: Crude protein (% of DM), ADF: Acid detergent fiber (%
of DM), NDF: Neutral detergent fiber (% of DM), SEM: standart eror
mean, Sig: Significant level, **: P<0.01, *: P<0.05, NS: Non-
significant.

In vitro TG, ME and OMD of triticale varieties were
given in Table 2. The in vitro TG of the grains of
Triticale cultivars ranged from 57.59-62.51 mL with the
highest values in Bera and the lowest values in Ozer.
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Total gas production of triticale varieties determined in
the current experiment was consistently higher than that
reported by Umucalilar et al. [20] (75.5 ml) and Krieg et
al. [22] (79.2 ml). The ME values of the cultivars ranged
from 11.69-12.55 Mj kg* DM, the highest values in Bera
and the lowest values in Karma. ME values of triticale
grains are 13.70 Mj kg™t DM [10], 13.3 Mj kg* DM [7],
12.4 Mj kg* DM [20], 14.0 Mj kgt DM [22]. The OMD
of ftriticale cultivars ranged from 78.06-82.24%, the
highest values in Bera and the lowest values in Ozer and
Karma. The OMD contents of ftriticale grains were
89.09% [20], 77.94% [25] in similar studies.

Table 2. In vitro total gas production, metabolizable energy and
organic matter digestibilty of triticale cultivars.

Cesitler TG (ml) ME OMD
Alper bey 58.54° 12.01° 78.99"
Melih bey 60.51° 12.42%® 80.89"
Karma 57.63" 11.69° 78.229
Ayse Hanim 59.434 12.13%e 79.91%
Bc goran 61.59° 12.30% 81.38°
Bera 62.51° 12.55% 82.24°
Ozer 57.59 11.79" 78.06°
Presto 60.48° 12.10% 79.74°
Tatlicak 97 61.75° 12.53* 81.32°
Umran hanim 58.80% 12.06% 79.64°'
Esin 60.66° 12.20% 80.53%
SEM 0.143 0.036 0.127
Sig. 3 '3 '3

abc Column means with common superscripts do not differ (P>0.05.)
TG: Total gas, ME: Metabolizable energy, OMD: Organic matter
digestibilty, SEM: standart eror mean, Sig: Significant level, **:
P<0.01, *: P<0.05.

Cultivars have a significant effect on chemical
composition, in vitro total gas production, ME, and
OMD of grain. It has been determined that the Bera
cultivar, which has high values in terms of HP, ME, and
OMD according to chemical composition and
fermentation parameters, can be used successfully in
animal feeding. But before large implication, the grain
yield of triticale grain should be tested. It is suggested
that this study should be supported by in vivo studies.

ACKNOWLEDGEMENT

We thank Assoc. Prof. Dr. Mehmet KARAMAN for
carrying out the agronomic trial and providing triticale
grains.

REFERENCES

[1] Mut Z, Kése Erbas OD. Grain yield and some
quality properties of triticale genotypes. Anadolu
Journal of Agricultural Sciences 2018;33(1):47-57.

[2] Dolgun C, Ciftci Aydogan E. Determination of
yield and quality characteristics of some triticale
genotypes in Bursa ecological conditions. KSU J.
Agric Nat 2019;22(5):664-670.

[8] Demir I, Aydem N, Korkut KZ, Sélen P. Triticale

breeding studies in Turkey. Plant Breeding
Symposium, 1979. Izmir: 22-25 Mayis 1979,
p.158-165.

[4] Mergoum M, Ryan J, Shroyer JP, Monem MA.
Potential for adapting triticale in Morocco. Journal
of Natural Resources and Life Sciences Education
1992;21(2):137-141.

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Tr. J. Nature Sci. Volume 11, Issue 2, Page 137-140, 2022

Keles G. Nutritive Value of Morphological
Components in Triticale Forage Harvested at
Different Maturity Stages. Journal of Animal
Production 2014;55(1):1-6.

Fernandez-Figares |, Marinetto J, Royo C, Ramos
JM, Garcia del Moral LF. Amino-acid composition
and protein and carbohydrate accumulation in the
grain of triticale grown under terminal water stress
simulated by a senescing agent. Journal of Cereal
Science 2000;32:249-258

Glamoclija N, Starcevi¢ M, Cirié J, Sefer D, Gligi¢
M, Balti¢ M, et al. The importance of triticale in
animal  nutrition. Berepunapcku  xypHan
penyounuke cpricke 2018;18(1).

Biel W, Kazimierska K, Bashutska U. Nutritional
value of wheat, triticale, barley and oat grains. Acta
Scientiarum Polonorum Zootechnica
2020;19(2):19-28.

Ciftci 1, Yenice E, Eleroglu E. Use of triticale alone
and combination with wheat or maize: effect of diet
type and enzyme supplementation on hen
performance, egg quality, organ weights, intestinal
viscosity and digestive system characteristics.
Animal  Feed Science and  Technology
2003;105:149-161.

Denek N, Deniz S. The determination of energy
levels in some cereal grains used in ruminant diets
by in vivo and in vitro methods. Turkish Journal of
Veterinary & Animal Sciences 2004;28(1):185-
193.

Kaplan M, Uke O, Kale H, Yavuz S, Kurt O,
Atalay Al. Effect of vegetative stages on potential
nutritive value, gas production and methane of teff
hay. Igdir Univ. J. Inst. Sci. & Tech.
2016;6(4):181-186.

Uslu OS, Kurt O, Kaya E, Kamalak A. Effect of
species on the chemical composition, metabolisable
energy, organic matter digestibility and methane
production of some legume plants grown in Turkey.
J App Anim Res 2018;46(1):1158-1161.

Kurt O. Effect of variety on nutritive value and
anti-methanogenic potential of oat grain. Progress
In Nutrition 2021;23(3).

AOAC. Official method of analysis. Association of
Official Analytical Chemists, 15th ed., DC, USA,
Washington; 1990. pp.66-88.

Van Soest PV, Robertson JB, Lewis BA. Methods
for dietary fiber, neutral detergent fiber, and
nonstarch polysaccharides in relation to animal
nutrition. J Dairy Sci 1991;74(10): 3583- 3597.
Menke KH, Raab L, Salewski A, Steingass H, Fritz
D, Schneider W. The estimation of the digestibility
and metabolizable energy content of ruminant
feedingstuffs from the gas production when they
are incubated with rumen liquor in vitro. J Agric
Sci (Camb), 1979; 93:217-222.

Menke KH, Steingass H. Estimation of the
energetic feed value obtained from chemical
analysis and gas production using rumen fluid.
Anim. Res. Dev. 1998, 28:7-55.

Alijosius S, Svirmickas GJ, Bliznikas S,
Gruzauskas R, Saéyté V, Raceviciiite-Stupeliené A,
et al. Grain chemical composition of different

139




Tr. Doga ve Fen Derg. Cilt 11, Say1 2, Sayfa 137-140, 2022

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

varieties of winter cereals. Zemdirbyste-Agriculture
2016;103(3).

Kowieska A, Lubowicki R, Jaskowska I. Chemical
composition and nutritional characteristics of
several cereal grain. Acta Scientiarum Polonorum.
Zootechnica 2011;10(2):37-50.

Umucalilar HD, Coskun B, Giilsen N. In situ rumen
degradation and in vitro gas production of some
selected grains from Turkey. Journal of animal
physiology and animal nutrition 2002; 86(9-
10):288-297.

Chrenkova M, Cerestidkova Z, Formelova Z,
Polacikova M, Mlynekova Z, Flak P. Chemical and
nutritional characteristics of different types of
DDGS for ruminants. J Anim Feed Sci
2012;21(425):35.

Krieg J, Seifried N, Steingass H, Rodehutscord M.
In situ and in vitro ruminal starch degradation of
grains from different rye, triticale and barley
genotypes. Animal 2017;11(10): 1745-1753.

Brandt DA, Brand TS, Cruywagen CW. The use of
crude protein content to predict concentrations of
lysine and methionine in grain harvested from
selected cultivars of wheat, barley and triticale
grown in the Western Cape region of South Africa.
South  African Journal of Animal Science
2000;30(1):22-25.

Dennett AL, Wilkes MA, Trethowan RM.
Characteristics of modern triticale quality: The
relationship between carbohydrate properties, a-
amylase activity, and falling number. Cereal
Chemistry 2013;90(6):594-600.

Kilig U. Determination of some fermentation
products and energy contents of some feed raw
materials used in ruminant feeding using in vitro
gas production technique. University of Ondokuz
Mayis; 2005.

Mendes M, Akkartal E. Comparison of ANOVA F
and WELCH tests with their respective permutation
versions in terms of type | error rates and test
power. Kafkas Univ Vet Fak Dergisi 2010; 16 (5):
711-716.

Tr. J. Nature Sci. Volume 11, Issue 2, Page 137-140, 2022

140




Cilt 11, Say1 2, Sayfa 141-150, 2022

Arastirma Makalesi

https://doi.org/10.46810/tdfd.1120976 Research Article

Volume 11, Issue 2, Page 141-150, 2022

L ONIVZES
P v
40" /'75;

_

a1l

AL

Tiirk Doga ve Fen Dergisi
Turkish Journal of Nature and Science

www.dergipark.gov. tr/tdfd

GNIVE
S
S &

&
2 A~

S %
7, N
\& 2009 /
N, £

ERLE>

34 By

(A

Determination of the Effect of Harpin Protein on NaCl Salt Stress in Pistachio (Pistacia vera

L.) Seeds

Selcuk BINiCi'*, Civan CELIK?, Fatma YILDIRIM®, Adnan N. YILDIRIM?

Usparta Uygulamal Bilimler I:Jniversitesi, Ziraat Fakiiltesi, Bahce Bitkileri Boliimii, Isparta
?Isparta Uygulamali Bilimler Universitesi, Ziraat Fakiiltesi, Bahce Bitkileri Boliimii, Isparta

Selgcuk BINICI: ORCID NO: 0000-0002-2373-3990
Civan CELIK: ORCID NO: 0000-0002-1696-5902
Fatma YILDIRIM: ORCID NO: 0000-0001-7304-9647
Adnan Nurhan YILDIRIM: ORCID NO: 0000-0003-2526-040X

*Corresponding author: d.selcukbinici@gmail.com

(Received: 24.05.2022, Accepted: 09.06.2022, Online Publication: 29.06.2022)

Keywords
Pistacia vera,
Seedlings,
Harpin
protein, Salt
stress,
Antioxidant
enzyme
activity,
Morphologica
| development

Abstract: Drought and salinity are among the most important abiotic stress factors. Although
there is a growing interest to the sustainability of fruit growing in arid and salty areas, there are
not enough studies. Therefore, this study was carried out for the determination of the effects of
harpin protein at different salt concentrations in Pistachio (Pistacia vera L.) seedlings. At the end
of the treatment, there was a 10% decrease in plant height, 43% in root length. Superoxide
dismutase, catalase and ascorbate peroxidase antioxidant enzyme activities increased by 56.65%,
410.36% and 343.48%, respectively. In addition, the amount of chlorophyll a, chlorophyll b, and
chlorophyll a+b (respectively, 39.31%, 34.16%, and 36.12%) was decrease. In addition, it was
determined that harpin applications protected the chlorophyll content related to photosynthesis,
increased the diameter of the stem and root and decreased the stress enzyme activities. Thus,
applications of harpin protein may be beneficial to increase tolerance to drought/salinity stresses
in pistachio plants, especially in the early stages of seedling development. These findings may
pave the way for future research on stress management in sustainable fruit growing in arid and
semi-arid areas.

Antepfistig1 (Pistacia vera L.) Cégiirlerinde Harpin Proteininin NaCl Tuz Stresi Uzerine

Etkisinin Belirlenmesi

Anahtar
Kelimeler
Pistacia vera,
Cogiir, Harpin
proteini, Tuz
stresi,
Antioksidan
enzim
aktivitesi,
Morfolojik
gelisme

Oz: Tarimsal iiretimi ve verimliligi siirlandiran en énemli abiyotik stres faktorlerin basinda
kuraklik ve tuzluluk gelmektedir. Kurak ve tuzlu alanlarda meyve yetistiriciliginin
stirdiiriilebilirligi konusuna ilgi bulunmakla birlikte yeterli ¢alisma bulunmamaktadir. Bu nedenle
bu c¢aligma, Antepfistigi (Pistacia vera L.) ¢oOgirlerinde harpin proteinin farkli tuz
konsantrasyonlarindaki etkilerinin belirlenmesi amaciyla yiriitilmiistiir. Uygulama sonunda tuz
konsantrasyonun artmasiyla birlikte bitki boyunda %10, kok uzunlugunda %43, yas bitki
agirhiginda yaklasik olarak %40 oraninda azalma meydana gelmistir. Siiperoksit dismutaz, katalaz
ve askorbat peroksidaz antioksidan enzim aktiviteleri ise sirastyla, %60, %410 ve %345 oraninda
artmistir. Ayrica klorofil a miktar1 %39, klorofil b miktar1 %34 ve klorofil a+b miktar1 %36
oraninda azalmistir. Bununla birlikte harpin uygulamalarinin fotosentezle iliskili olan klorofil
icerigini korudugu, govde ve kok capmi artirdigi ve stres enzim aktivitelerini disiirdiigi
saptanmistir. Sonuglar Antepfistig1 bitkilerinde 6zellikle ¢ogiir gelisiminin hassas oldugu ilk
zamanlarinda kuraklik/tuzluluk streslerine toleransi arttirmak i¢in harpin proteini uygulamalarimin
yararli olabilecegini gostermistir. Bu bulgular, kurak ve yar1 kurak alanlarda siirdiiriilebilir meyve
yetistiriciliginde stres yonetimi konusunda gelecekteki aragtirmalarin Oniinii agacaktir.
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1. INTRODUCTION

Salinity is the second most important abiotic stress factors
limiting agricultural production and productivity after
drought in the world. About 20% of the cultivated lands
in the world and about half of the irrigated lands are
affected by salinity [1]. Salinization occurs in 1-1.5
million hectares of land in the world every year and causes
about 12 billion dollars of income loss [2]. Salinity is
generally defined by the concentration of soluble salts in
the soil. Accordingly, 100-150 mg (0.10-0.15%) water-
soluble salt per 100 g of soil is acceptable limit values,
and when it exceeds 150 mg, the growth and development
of many plant species is prevented. When the salt
percentage rises to 0.65%, almost all cultivated plants
cannot survive in these soils [3]. Salinization is an
important issue particularly in arid and semi-arid climates
due to insufficient precipitation as well as high
evaporation. In addition, unconscious agricultural
irrigation, insufficient drainage and high ground water
play an important role in soil salinization [4]. In Turkey,
which has arid and semi-arid climate, salinity and
alkalinity problems are experienced in approximately 1.5
million hectares of irrigable agricultural lands
(comprising 32.5% of irrigated lands). Especially in the
Southeastern Anatolia Region, which has arid and semi-
arid climate, irrigated areas have increased with the
activation of the GAP project, but salinization has
occurred in many areas as a result of unconscious
irrigation. For example, as a result of wrong irrigation in
the last 25-30 years in Sanliurfa Harran Plain, saline areas
have increased three times [2]. Again, the ground water,
which is also a cause of salinization in the south of
Sanliurfa, rose up to 0.5 m, and therefore drying up in the
orchards began [5].

Pistachio, namely Pistacia vera L., belongs to the genus
Pistacia of the Anacardiaceae family of the Terebinthales
order. The seeds of pistachio, which is one of the hard-
shelled fruit types, are very rich in terms of unsaturated
fatty acids, antioxidants, phenolic substances, vitamins
and minerals [6]. Since its fruits can be stored for a long
time, it has a strategic and economic value in the nutrition
of human beings since ancient times. At the same time, it
has ecological importance as it can be easily grown in
barren and poor soils. It is grown in arid and semi-arid
regions around the world [1]. P. vera can survive in areas
with annual precipitation below 200 mm and withstand
drought better than olive, almond, and fig species, which
are considered typical xerophyte plants. It also tolerates
salinity [1-7].

Turkey is one of the gene centers of pistachio, has suitable
ecological conditions and is one of the first three countries
(Iran, Turkey and USA) producing pistachios in the
world. As a matter of fact, 474.004 tons of pistachios are
produced in the world and Turkey ranks second with a
production amount of 296.376 tons [8]. Quality and
efficient pistachio production in our country is carried out
in the Southeastern Anatolia Region, with the highest
amount in the provinces of Sanliurfa and Gaziantep.
Pistachio is propagated by grafting. The most widely used
rootstock is P. vera seedlings [9].
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It is known that high salt in the soil decreases production
and causes some physiological issues in plants. It has been
reported by different researchers that, high salt
concentrations cause disruption of ion balance in cells, ion
toxicity and osmotic stress, and produce reactive oxygen
species (ROS) that damage DNA, lipids and proteins [10-
11-12-13-14-15-16]. Therefore, molecular and enzymatic
reactions developed by plants against biotic and abiotic
stress conditions have recently been the focus of attention
of researchers [11-13-17-18-19-20-21]. Plants perform
some enzymatic and non-enzymatic mechanisms to avoid
the harmful effects of ROS during biotic/abiotic stress
[11]. One of these mechanisms is antioxidant enzyme
activities. Antioxidant enzymes (superoxide dismutase
(SOD), catalase (CAT), ascorbate peroxidase (APX) etc.)
abolish the harmful effects of H,O, accumulated in the
cell during stress by catalyzing H,O and O, [20]. As a
result, several biochemical reactions take place in the cell
in terms of tolerance levels of plants under oxidative
stress. Much research is needed to fully understand the
mechanism of these reactions.

In recent years, researchers have focused on different
amino acid and hormone applications in order to reduce
the effect of stress in plants [22-23-24-25-26-27-28-29-
30-31]. One of these amino acids is the harpin protein.
Harpin is known as an acidic, glycine-rich, protease
sensitive and heat resistant protein that is encoded by the
hrpN gene of Erwinia amylovora bacterium, and also
increases disease resistance in plants [32]. In addition, the
harpin protein evokes a natural defense mechanism in
plants [33]. Harpins activate the defense mechanism in
plants by stimulating the expression of defense-related
genes in the plant cell [34-35-36]. Indeed, Dong et al. [37]
and Zhang et al. [38] reported that harpin increased
drought tolerance by activating abscisic acid (ABA)
signaling in Arabidopsis, and hrfl, the gene coding for
harpin, provides tolerance against drought stress in rice.
Almas [39] reported that antioxidant enzyme activities
increase during drought stress in cotton, but plant
activators reduce the level of oxidative damage caused by
drought stress. Many studies have been conducted to
determine the effect of harpin protein on yield and quality
[40-41-42]. However, as a result of the literature review,
it was seen that there are a limited number of studies
examining the effects of harpin protein on plant growth
and antioxidant enzyme activities under abiotic stress
conditions.

The early stages of seedling development in arid and
semi-arid soils is a critical stage when plants are exposed
to a series of abiotic stresses. Plants exposed to salt stress
are adversely affected by reduced growth and
development. In this study, it was aimed to determine the
morphological, biochemical and enzymatic activity levels
of the plants with the salt stress relieving effect of
different levels of salt stress and harpin protein
applications in the seedlings obtained from the seeds of
the P. vera L. species.
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2. MATERIAL AND METHOD

This study was carried out in the glass greenhouse of
Isparta University of Applied Sciences (ISUBU), Faculty
of Agriculture, Department of Horticulture, in the
vegetation period of 2021.

2.1. Material and Growing Conditions

In order to obtain the seeds, the seeds of the Siirt variety
of pistachio were folded in boxes containing perlite, in a
cold storage for 120 days at +4 °C and 90-95% humidity.
The seeds removed from the stratification were planted in
32x13 cm plastic tubes containing peat + perlite at a ratio
of 1:1 and transferred to the side ventilated glass
greenhouse. Maintenance procedures were applied to the
emerging seedlings.

2.2. Salt Stress and Harpin Applications

When the seedlings were about two months old
(03.08.2021), the applications were started. In order to
create different salt stress in the experiment, three
different concentrations of NaCl salt (40 mM, 80 mM and
160 mM) were given to the seedlings with irrigation water
every five days according to the previously determined
potted field capacity. In the experiment, the commercial
dose of harpin protein (Messenger TM) was sprayed on
the leaves 3 times, 15 days, 30 days and 45 days after salt
applications. The experiment was terminated on the 50th
day (22.09.2021). The experiment was set up according to
the randomized plot design with 3 replications and 4
plants in each replication.

The irrigation water used in the experiment was evaluated
as 1st class irrigation water [43]. Temperature and
humidity in the greenhouse were measured with the
HOBO UX100-003 Recorder. Temperature and air
relative humidity values are given in Figure 1 and Figure
2, respectively.
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Figure 1. Daily average temperatur
of 2021 in August-September

@

values measured in the greenhouse

In the study, seedling length (cm) and seedling stem
diameter (mm) were measured as morphological growth
parameters before and after the application. In addition, at
the end of the application, seedlings were removed and
plant fresh weight (g), stem fresh weight (g), root length
(cm), root fresh weight (g), root dry weight (g), root
diameter (cm), shoot number (piece/plant) and leaf area
(mm2), leaf circumference (mm), leaf width (mm) and
leaf length (mm) were measured.
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Figure 2. Daily average air relative humidity values measured in the

greenhouse of 2021 in August-September

As physiological measurements, leaf stomatal
conductivity (mmol/m2/s) and leaf temperature (°C) were
measured with a porometer (Delta-T, Porometer-AP4)
device before and after the application. As biochemical
analyzes, chlorophyll content and APX, CAT and SOD
antioxidant enzyme activity analyzes were performed in
leaf samples taken before and after the application.

Chlorophyll content was determined according to the
method developed by Zhang and Huang [44]. Results are
expressed as mg/g.

Ascorbate peroxidase (APX) enzyme activity, APX
enzyme activity Nakano et al. [45] according to the
method specified. Accordingly, 4 g samples were
weighed and analyzes were carried out in line with the
researchers' practices. Results are expressed as mol/min/g
protein.

Superoxide dismutase (SOD) enzyme activity, SOD
enzyme activity Jiang et al. [46] was carried out according
to the method specified. Accordingly, 10 g samples were
weighed and analyzes were carried out in line with the
researchers' practices. Results are expressed as U/mg
protein.

Catalase (CAT) enzyme activity, CAT enzyme activity
Beers et al. [47] according to the method specified.
Accordingly, 10 g samples were weighed and analyzes
were carried out in line with the researchers' practices.
Results are expressed as U/mg protein.

The obtained data were subjected to one-way variance
analysis method in MINTAB 17 statistical program. The
resulting differences were determined according to the
Tukey multiple comparison test, and the differences
between the averages were shown with the help of
different letters.

3. RESULT AND DISCUSSION
3.1. Morphological Development Characteristics

At the beginning of the first reaction given to salinity in
plants is the slowdown and interruption of growth
depending on the severity and duration of stress [48-49-
50-51-52-53-54-55]. Harpin protein (Hpa 1) produced by
bacterial blight induces a vegetative growth-promoting
response by activating the ethylene signaling pathway,
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increasing the rate of photosynthesis and increasing
EXPANSIN (EXP) gene expression levels [42].

In the study, the mean values of seedling length and
seedling stem diameter obtained from pistachio seedlings
treated with salt stress and harpin protein, and statistical
analysis results are presented in Table 1. There were no
statistically significant differences (p<0.05) between the
treatments in terms of seedling length and seedling stem
diameter (Table 1). At the end of the application, the
longest plant height was measured in the control
application (26.36 cm) and the shortest plant height was
measured in the 160 mM NaCl application (23.66 cm).
The largest diameter value in terms of seed stem diameter
was determined in 40 mM NaCl+Harpin application (3.86
mm), followed by 80 mM NaCl+Harpin (3.57 mm) and
160 mM NaCl+Harpin (3.43 mm) applications., The
seedling length and stem diameter change rates increased
in all applications compared to the pre-application values.
These increase rates in plant height and stem diameter
varied according to the applications, and no significant
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correlation was observed. However, relatively low rates
of change (9.28% and 28.73%, respectively) were
detected at high salt concentration (160 mM) relative to
the control. As a matter of fact, Ashraf et al. [56] stated
that salt application reduced the plant height between
13.0% and 36.5%. On the other hand, 80 mM NaCl
application in the study, relatively high change rates
(28.73% and 52.25%, respectively) were detected in both
seedling length and seedling stem diameter compared to
the control, and it was observed that the growth continued
relatively. These results indicate that pistachio tolerates
salinity. This can be explained by the fact that the growth
and development of plants are not adversely affected by
maintaining the transport of mineral substances with
water even under a certain degree of osmotic stress.
Similar results were also found in a study on quince and
pear rootstocks [55]. In addition, the application of 40 mM
NaCl+Harpin had a relatively increasing effect on the
stem diameter.

Table 1. The effects of salt stress and harpin protein treatments on seedling length (cm) and seedling stem diameter (cm) in pistachio seedlings

Treatments Seedling Length (cm) Seedling Stem Diameter (cm)
Before Treatment After Treatment Change | Before Treatment After Treatment Change
(%) (%)

Control 21.53+2.31 26.36+2.81 +22.43 2.27+0.38 3.29+0.23 +44.93
40 mM NaCl 20.61+1.99 25.48+4.36 +23.63 2.3940.12 3.21£0.14 +34.31
40 mM NaCl+Harpin 24.41+2.68 25.04+1.99 +2.58 2.454+0.35 3.86+0.30 +57.55
80 mM NaCl 19.11+0.96 24.60+1.62 +28.73 2.22+40.17 3.38+0.32 +52.25
80 mM NaCl+Harpin 23.17+3.49 26.16+3.92 +12.90 2.62+0.25 3.57+0.46 +36.26
160 mM NaCl 21.65+3.57 23.66+1.54 +9.28 2.48+0.12 3.17+0.09 +27.82
160 mM NaCl+Harpin 20.69+2.10 24.61£0.91 +18.94 2.37+0.29 3.43+0.10 +44.72

*The difference between the means with different letters is significant at the p <0.05 level.

The average values of plant fresh weight, stem fresh
weight and shoot number and variance analysis results
obtained from pistachio seedlings treated with salt stress
and harpin protein are shown in Table 2. In the
measurements made at the end of the experiment, there
were statistically significant differences (p<0.05) between
the treatments in terms of plant fresh weight, stem fresh
weight and shoot number. It was determined that plant and
stem weight decreased with salt stress. The highest plant
weight was obtained in the control application and the
lowest in the application of 160 mM NaCl (12.51 g and
7.73 g, respectively) and it was determined that this
application decreased the fresh plant weight by 38%
compared to the control. In stem weight, the highest value
was obtained in the application of 160 mM NaCl+Harpin
(8.58 @), while the lowest value was determined in the
application of 80 mM NaCl and 160 mM NaCl (4.04 g and
4.18 g, respectively). Salt applications reduced the stem
weight by approximately

50% compared to the control. In a study conducted on
pistachio, it was reported that the dry weight of shoots
decreased significantly with the increase in salinity [7].
However, in this study, values close to control were
obtained in harpin applications in terms of these
properties. This may indicate that plants treated with
harpin protein continue to absorb water from the soil and
accumulate dry matter (Table 2). As a matter of fact, the
stem diameters of the plants to which the harpin was
applied were also found to be higher than the control
(Table 1). In a study conducted on pepper, while harpin
applications did not increase plant height compared to
control, it increased the stem diameter relatively [57].
When the number of shoots was examined, there was a
significant difference between the control and other
treatments and the number of shoots decreased by half
(Table 2). Harpin applications did not have an effect on
the number of shoots.

Table 2. The effects of salt stress and harpin protein treatments on plant fresh weight (g), stem fresh weight (g) and shoot number (piece/plant) in

istachio seedlings

Treatments Plant Fresh Weight (g) Stem Fresh Weight (g) Shoot Number (piece/plant)
Control 12.51+0.70a 7.55+0.71ab 3.23+0.25a
40 mM NaCl 8.96+1.50ab 4.90+0.88bc 1.50+0.50b
40 mM NaCl+Harpin 11.05+2.20ab 7.37+1.35ab 1.16+0.28b
80 mM NaCl 8.06+0.83ab 4.04+0.92¢ 1.50+0.50b
80 mM NaCl+Harpin 8.14+2.26ab 5.14+1.43bc 1.33+0.57b
160 mM NaCl 7.734£2.03b 4.18+0.61c 1.16+0.28b
160 mM NaCl+Harpin 11.67+0.53ab 8.58+0.63a 1.41+0.38b

*The difference between the means with different letters is significant at the p <0.05 level.
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Average values of root fresh weight, root dry weight, root
diameter and root length, and variance analysis results
obtained from pistachio seedlings treated with salt stress
and harpin protein are given in Table 3. Although
decreases were detected in the wet and dry root weights
with the effect of salt concentration in the study, it was
determined that the difference between the applications
was not statistically significant (p<0.05). It was
determined that the applications had significant effects on
root diameter and root length, and statistically significant
differences emerged (p<0.05). The highest root diameter
was obtained in 40 mM NaCl+Harpin, control and 80 mM
NaCl+Harpin applications (6.19 cm,
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6.17 cm and 5.62 cm, respectively). The lowest root
diameter was found in 80 mM NaCl and 160 mM NaCl
applications (4.38 cm and 4.49 cm, respectively) and
these applications reduced the root diameter by
approximately 28%. It has also been reported in other
studies that salt stress reduces root growth [58-59-60 61-
62-63]. However, in the study the root diameter
promoting effect of harpin applications under salt stress
was determined. In terms of root length, a statistically
significant difference was observed only between the
control and 160 mM NaCl application. However,
relatively lower values were obtained in salt + harpin
applications compared to the control application.

Table 3. The effects of salt stress and harpin protein treatments on root fresh weight, root dry weight, root diameter, and root length in pistachio

seedlings
Uygulama Root Fresh Weight (g) Root Dry Weight Root Diameter Root Length
() (cm) (cm)

Kontrol 4.18+0.57 2.28+0.27 6.17+0.10a 39.86+1.03a
40 mM NaCl 3.77+0.64 1.90+0.35 5.154+0.25bc 37.65+0.81a
40 mM NaCl+Harpin 3.67+0.98 2.09+0.11 6.19+0.49a 33.8541.23ab
80 mM NaCl 3.63+0.60 1.73+0.23 4.38+0.35¢ 29.40+1.25ab
80 mM NaCl+Harpin 2.99+0.83 1.46+0.43 5.62+0.41ab 35.4842.37ab
160 mM NaCl 2.54+0.44 1.76+1.0 4.49+0.27¢ 22.73£2.13b
160 mM NaCl+Harpin 3.42+0.68 1.56+0.60 5.02+0.04bc 36.38+13.58ab

*The difference between the means with different letters is significant at the p <0.05 level.

The average values of leaf area, circumference, length and
width obtained from pistachio seedlings that were treated
with salt stress and harpin protein, and the variance
analysis results are given in Table 4. In the measurements
made at the end of the experiment, statistically significant
differences (p<0.05) were found between the applications
in terms of leaf area, circumference, length and width
(Table 4). Accordingly, it was determined that as the salt
concentration increased, the leaf area decreased up to
51%. The highest leaf area was obtained from the control
group (107150 mm2), and the lowest leaf area was
obtained from 80 mM NaCl, 160 mM NaCl and 160 mM
NaCl+Harpin applications (534.72 mm2, 515.90 mm2
and 534.80 mmz2, respectively). Again, it was determined
that there

was a 27%, 23% and 40% reduction in leaf circumference,
length and width, respectively, compared to the control.
The highest leaf circumference, length and width were
measured from the control group (122.80 mm2, 46.91 mm
and 32.74mm, respectively). The lowest values were
determined in 160 mM NaCl and 160 mM NaCl+Harpin
applications. These results were similar to the findings of
other studies on pistachio seedlings [7]. Also in the study,
harpin applications at 40 mM and 80 mM salt doses had a
healing effect on the leaf area. These results show that
harpin has the potential to improve plant growth and salt
tolerance by activating the plant defense mechanism.
Indeed, harpin may exert its effect on plant growth and
defense response through activation of transcription
factors [64].

Table 4. The effects of salt stress and harpin protein applications on leaf area, girth, length, and width in pistachio seedlings

Treatments Leaf Area (mm?) Leaf Girth (mm) Leaf Length (mm) Leaf Width (mm)
Control 1071.50+35.30a 122.8043.13a 46.91+£2.78a 32.74+1.64a

40 mM NaCl 747.08+13.39¢ 117.17+1.16b 45.62+3.26a 29.52+1.05ab

40 mM NaCl+Harpin 888.00+48.20b 117.62+0.66ab 45.4843.15a 25.96+1.95bc

80 mM NaCl 534.72+13.29d 92.20+1.86¢ 43.60+2.30a 22.53+1.03cd

80 mM NaCl+Harpin 870.34£13.66b 117.28+0.46b 45.44+1.40a 29.72+2.04ab

160 mM NaCl 515.90+19.70d 89.86+2.92¢ 35.94+2.29b 19.83+1.50d

160 mM NaCl+Harpin 534.80+32.40d 89.80+1.20c 35.90+1.20b 22.67+1.89cd

*The difference between the means with different letters is significant at the p <0.05 level.

3.2. Physiological Features

Average values and variance analysis results of leaf
stomatal conductivity and leaf temperature obtained from
pistachio seedlings treated with salt stress and harpin
protein are given in Table 5. In the study, the

differences between control and other salt and harpin
applications at the end of the application in terms of
stomatal conductivity were statistically significant
(p<0.05). The highest stomatal conductivity was
measured in the control application (348.7 mmol/m?/s)
and the lowest in 160 mM NaCl (67.80 mmol/m?/s)
application. At the end of the experiment, only 5.17%

decrease was observed in stomatal conductivity in the
control group, while a significant decrease occurred in the
combinations applied salt and harpin, varying between
40.48% (40 mM NaCl+Harpin) and 80.06% (160 mM
NaCl) (Table 5). As the salt concentration increased, the
stomatal conductivity gradually decreased. It has also
been reported in many studies that salinity reduces
stomatal conductivity [55-65-66]. The effect of harpin
applications on stomatal conductivity was not significant.
Romero-Arondo et al. [67] found that salt stress caused
significant decreases in stomatal conductivity. However,
they reported that combined applications with plant
activators had higher stomatal conductivities. In this
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study, higher values were obtained in combinations of 80
mM NaCl and 160 mM NaCl doses with harpin.

There was no statistical difference between the
applications in terms of leaf temperature both before and
after the application, and values at similar levels were
obtained (Table 5). However, the leaf temperature, which
was approximately 33.5 °C before the application,
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decreased by approximately 14% at the end of the
experiment and decreased to 28.5 °C. As seen in Figure 1,
it is thought that there is a decrease in the recorded
greenhouse temperature before (29°C) and after the
application (20°C), thus affecting the decrease in leaf
temperature.

Table 5. The effects of salt stress and harpin protein treatments on leaf stomatal conductivity, and leaf temperature in pistachio seedlings

Treatments Stomatal Conductivity (mmol/m?/s) Leaf Temperature (°C)
Before Treatment After Treatment Change | Before Treatment After Treatment Change
(%) (%)

Control 367.7+£100.40 348.74£25.3a -5.17 33.700+0.890 28.54+0.20 -15.31
40 mM NaCl 500.5+£53.70 188.7+78.5b -62.30 33.447+0.731 28.61+1.57 -14.46
40 mM NaCl+Harpin 303.1+168.80 180.4+53.2b -40.48 33.533+0.635 28.25+0.35 -15.75
80 mM NaCl 454.6+42.70 123.1£18.9bc -72.92 33.827+0.270 28.92+0.57 -14.51
80 mM NaCl+Harpin 440.2+118.80 140.83+2.8bc -68.01 33.593+0.277 28.57+0.46 -14.95
160 mM NaCl 340.1+£67.20 67.80£12.8¢ -80.06 33.393+0.643 28.81+1.44 -13.72
160 mM NaCl+Harpin 390.34+45.70 84.6+32.7bc -78.32 33.807+0.580 29.14+1.52 -13.80

*The difference between the means with different letters is significant at the p <0.05 level.

3.3. Biochemical Properties

Decreases in the amount of chlorophyll, which plays an
important role in photosynthesis, affect growth and
development of plant negatively by reducing
carbohydrate synthesis. One of the most important
parameters seen in plants under drought and salt stress is
the decrease in total chlorophyll content. Indeed, it has
been reported that chlorophyll degradation is an indicator
of salt stress [68]. In the study, the mean values and
variance analysis results of chlorophyll a, b, and a+b
values obtained from pistachio seedlings treated with salt
stress and harpin protein are given in Table 6. There were
statistically significant differences between the treatments
at the end of the experiment in terms of chlorophyll a, b
and atb contents (p<0.05). Accordingly, while control
and salt+harpin treatments were in the same statistical
group, chlorophyll contents decreased significantly in
only salt applied groups. Again, as the salt concentration
increased, the chlorophyll a, b and a+b values gradually
decreased. While the lowest chlorophyll

a contents were determined in the application of 160 mM
NaCl (11.70 mg/qg), the highest was determined in the
control application (21.81 mg/g) (Table 6). At the end of
the experiment, 160 mM NaCl application decreased
chlorophyll a content by 39.31%, chlorophyll b content by
34.16% and chlorophyll a+b ratio by 36.12%. These
results were in aggrement to the literature results reporting
that salinity reduces chlorophyll content [55-69-70-71-
72-73]. However, in this study, it was concluded that the
application of harpin under salt stress preserved the
chlorophyll contents. As a matter of fact, in a study
conducted on pepper, it was reported that B. cinrea disease
+ harpin applications preserved chlorophyll content
compared to only infected plants [74]. These results may
show that harpin, an amino acid, plays a role in
chlorophyll synthesis and degradation mechanisms.
Indeed, in a previous study, it was stated that harpin
modulates cell wall modifications, systemic resistance
and gene expression related to the photosynthesis system
[64].

It has also been reported in many studies that salt stress
has negative effects on plants and that enzymatic and non-
enzymatic antioxidants take part in the plant defense
mechanism [69-70-71-72-73-75]. In the study, the mean
values and variance analysis results of the antioxidant
enzyme activities (APX, SOD and CAT) obtained from
the pistachio seedlings treated with salt stress and harpin
protein are given in Table 7. Before the application to the
data obtained, variable results were obtained between the
applications in the APX and CAT enzyme activities and
were found to be statistically different (p<0.05). However,
these differences were not found to be significant. It is
thought that this situation is caused by the differences in
the current physiological mechanisms of the plants in the
applications. However,  statistically  significant
differences were found between the treatments in terms of
all enzyme activities (APX, SOD and CAT) at the end of
the experiment (p<0.05) (Table 7). The lowest APX, SOD
and CAT activities were in the control group (10.84
mol/min/g protein, 1.00 U/mg protein and 7.89 U/mg
protein, respectively), and the highest was 160 mM NaCl
application (49.37 mol/min/g protein, 2.71 U/mg protein
and 27.28 U/mg protein, respectively). At the end of the
experiment, an increase of 41.70% was observed in the
APX enzyme activity in the control application, while an
increase was determined between 103.77% (40 mM
NaCl+Harpin) and 343.48% (80 mM NaCl) in
applications. While there was an increase in SOD enzyme
activity in 80 mM NaCl (8.97%) and 160 mM NacCl
(56.65%) applications, decreases were observed in 40
mM NaCl and other salt + harpin combinations with
control application. The highest decrease was found in the
control group with 39.76%. The least decrease was 2.96%
in 160 mM NaCl+Harpin application. Again, an increase
of 4.50% was observed in the CAT enzyme activity in the
control application, while an increase was observed
between 67.22% (40 mM NaCl) and 410.36% (80 mM
NaCl) in applications (Table 7). It has been determined
that antioxidant enzyme activities increase with salt stress
and the results of previous studies support our findings
[69-70-71-72-73-77-78]. In the study, in general, harpin
applications decreased antioxidant enzyme activities
under salt stress. Especially, this decrease was more
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pronounced in APX and SOD activities. As a matter of
fact, while the SOD enzyme activity increased in 80 mM
NaCl and 160 mM NaCl applications, there was a
decrease in the harpin combinations of these applications.
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Similarly, Zhou et al. [76] reported that tomato seedlings
treated with harpin protein under drought stress had lower
CAT, SOD and APX antioxidant enzyme activities.

Table 6. The effects of salt stress and harpin protein treatments on chlorophyll contents

Chlorophyll a (mg/g) Chlorophyll b (mg/g) Chlorophyll a+b (mg/g)
Treatments
Before After Change | Before After Change | Before After Change
Treatment Treatment (%) Treatment Treatment (%) Treatment Treatment (%)
Control 16.21+6.32 21.81+1.49a +34.59 27.46+10.24 35.35+246a +28.73 43.67+16.56 57.17+3.95a +30.91
40 mM NacCl 17.72+4.65 17.74+0.95b +0.11 30.02+6.99 28.56+0.775b -4.83 47.74+11.65 46.31+1.63b -3.00
40 . mM 18.34+2.14 21.21+0.20a +15.67 30.59+3.59 34.36+0.383a +12.33 48.93+5.73 55.58+0.58a +13.59
NaCl+Harpin
80 mM NacCl 19.41+0.92 14.96+0.88¢ -22.91 32.702+0.98 25.06+0.246¢ -23.34 52.11+1.90 40.03+1.10c -23.18
80 . mM 17.53+2.83 20.96+0.86a +19.57 29.25+4.91 34.07+1.355a +16.49 46.78+7.74 55.03+2.22a +17.64
NaCl+Harpin
160 mM NaCl 19.29+3.71 11.70+0.68d -39.31 31.07+6.02 20.45+0.449d -34.16 50.36+9.73 32.17+0.99d -36.12
160 mM
. 18.55+6.47 21.25+0.52a +14.57 29.93+10.71 34.30+0.180a +14.63 48.48+17.18 55.56+0.58a +14.60
NaCl+Harpin
*The difference between the means with different letters is significant at the p <0.05 level.
Table 7. The effects of salt stress and harpin protein treatments on APX, SOD and CAT enzyme activity
APX (mol/min/g protein) SOD (U/mg protein) CAT (U/mg protein)
Treat t
reatments Before After Change | Before After Change | Before After Change
Treatment Treatment (%) Treatment Treatment (%) Treatment Treatment (%)
Control 7.65+1.01d 10.84+0.47d +41.70 1.66+0.06 1.00+0.08d -39.76 7.554+0.00a 7.89+1.59d +4.50
40 mM NaCl 15.43+0.37bc 42.71+9.74ab +176.80 | 1.62+0.13 1.51+0.07bc -6.79 7.23+0.55a 12.09+0.60cd +67.22
40 . mM 11.67+1.53cd 23.78+1.92¢ +103.77 | 1.67+0.16 1.41+0.08¢ -15.57 4.75+0.99ab 10.05+0.71cd +111.58
NaCl+Harpin
80 mM NaCl 7.29+1.63d 32.334+2.09bc +343.48 | 1.56+0.20 1.70+0.05b +8.97 3.57+1.87b 18.22+2.00b +410.36
80 . mM 19.82+4.44a 25.63+2.02¢ +29.32 1.77+0.07 1.51+0.06bc -14.69 6.94+1.04a 13.16+2.16¢ +89.63
NaCl+Harpin
160 mM NaCl 17.59£1.47b 49.37+5.98a +180.67 | 1.73+0.14 2.71+0.15a +56.65 6.91+1.10a 27.28+1.46a +294.79
160 mM
. 15.88+0.03bc 35.91+1.16bc +126.13 | 1.69+0.03 1.64+0.03b -2.96 6.30+1.08ab 20.19+1.75b +220.48
NaCl+Harpin

*The difference between the means with different letters is significant at the p <0.05 level.

4. CONCLUSION

Salt stress is one of the important abiotic stress factors in
the world and in our country. Due to effects such as
drought, wrong irrigation and fertilization programs,
soluble salts cannot be washed in the soil and excessive
salt accumulation occurs. This negatively affects
plantyield and quality. Pistachio, constituting the plant
material of this study, is the typical fruit type of
Southeastern Anatolia Region and it tolerates drought and
salinity. However, in addition to the arid and semi-arid
climate of the Southeastern Anatolia Region, serious
problems arise in the region such as the gradual
salinization of many areas as a result of faulty irrigations.
With the effect of increasing population and drought,
researchers have made various applications in recent
years to obtain plants resistant to biotic and abiotic stress
conditions or to reduce the harmful effects of salt. This
study was carried out in order to find an alternative way
to these problems. For this, salt applications were applied
to the pistachio seedlings for two months with different
intensity and harpin applications were made in order to
eliminate the effects of salt. According to the findings of
the study, it is possible to say that the harpin protein in
pistachio seedlings reduces the effect of salt stress

relatively. This can be explained by the Hpal-mediated
regulation of plant growth and related physiological-
molecular responses [42]. Indeed, in tomato, harpin has
been shown to modulate the defense response and plant
growth-related gene expression (via ethylene and ABA)
by regulating the activity of the SIERF5 (ethylene-
response factor 5) transcription factor [64]. In this study,
it was determined that harpin applications protected the
chlorophyll content related to photosynthesis, increased
the diameter of the stem and root and decreased the stress
enzyme activities. In addition, it can be said that the
seedling rootstock used in the study can be used in salty
soils and can tolerate salt up to a certain severity (40 mM
NaCl and 80 mM NaCl). As a result, it has been
demonstrated that harpin protein can be used to increase
tolerance to drought/salinity stresses, especially in the
early stages of seedling development in pistachio plants.
These findings may pave the way for future research on
stress management in sustainable fruit growing in arid and
semi-arid areas.
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Abstract: Biodegradable metal stents are potential stent candidates as they dissolve in the body
over time after fulfilling their mechanical duties and therefore do not pose a risk in the future. Fe-
30Mn-6Si biodegradable alloy was found to be successful in the previous studies in terms of
mechanical strength and biodegradability. In this study, the expansion and recoiling behavior of a
stent made of Fe-30Mn-6Si alloy was investigated using finite element analyses. L605 Co-Cr and
316L stainless steel stents were also examined for comparison. Obtained results showed that novel
FeMnSi stent exhibits lower equivalent stress than the counterparts. On the other hand, the lowest
equivalent plastic strain and the highest radial elastic recoil value were observed in FeMnSi stent.
Overall findings indicate that FeMnSi stent is moderately successful in terms of balloon-stent
interaction.

Fe-Mn-Si Biyobozunur Stentlerin Mekanik Performansinin Sonlu Eleman Simiilasyonlar:

Kullanilarak Degerlendirilmesi

Anahtar
Kelimeler
Biyobozunur
stent,
Fe-Mn-Si
Sekil Hafizali
Alagim,
Sonlu Eleman
Analizi,
Mekanik
performans

Oz: Biyobozunur metal stentler, mekanik gorevlerini yerine getirdikten sonra zamanla viicut
icerisinde ¢o6ziildiikleri ve bu nedenle gelecekte bir risk olusturmadiklari i¢in potansiyel stent
adaylaridir. Onceki ¢aligmalarda, Fe-30Mn-6Si biyobozunur alagimi mekanik dayanim ve
biyolojik olarak parcalanabilirlik agisindan basarilt oldugu goriilmiistiir. Bu ¢alismada, Fe-30Mn-
6Si alasimindan yapilmis bir stentin genlesme ve geri tepme davranigi sonlu eleman analizleri
kullanilarak incelenmistir. Karsilastirma i¢in L605 Co-Cr ve 316L paslanmaz celik stentler de
incelenmistir. Elde edilen sonuglar, yenl FeMnSi stentinin muadillerine gore daha diisiik esdeger
gerilme sergiledigini gostermistir. Ote yandan, en diisiik esdeger plastik gerinim ve en yiiksek
radyal elastik geri tepme degeri FeMnSi stentte gozlenmistir. Genel bulgular, FeMnSi stentin
balon-stent etkilesimi bakimindan orta diizeyde basarili oldugunu gostermektedir.

In recent years, as alternative to these permanent stents,

1. INTRODUCTION

Stents are used to open up coronary artery blockages by
providing a structural support. These meshed tubes are
often deployed by a balloon which is expanded with a
pressure and placed inside the diseased region of the
artery. Large plasticity is required for a balloon-
expandable stent material to minimize the elastic
recoiling effect when it is released in the vessel [1]. Co-
Cr based and 316L stainless steel are among the most
frequently used metal stent alloys owing to high
strength, plasticity and biocompatibility [2, 3].

biodegradable stents, that are resolved after providing
scaffolding and therefore, no need to further usage after
the healing is completed, have been developing by the
scientists [4-6]. These new-generation stent type does
not allow long-term complications, such as chronic
inflammation, and physical irritation caused by the usage
of permeant stents and thus, prevent the possible
secondary surgeries for stent removal [7, 8]. Among the
metal biodegradable stents, Mg-based, Zn-based and Fe-
based alloys are seen as the most popular ones. Due to
the relatively higher strength and lower degradation rate,
Fe-based alloys have several advantages over their
counterparts, such as using thinner strut thickness and
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maintaining mechanical integrity for a longer period of
time [9-11].

In the recent studies, Fe-(28-30)Mn-(5-6)Si (wt%) shape
memory alloys were seen as a potential biodegradable
stent candidate as a result of some corrosion and
mechanical tests [12-15] and thus, it would be useful to
investigate its mechanical response when it is inflated by
the balloon by comparing with the performance of other
reference stent materials.

One of the efficient methods to study and investigate the
mechanical behavior of the stents without performing
expensive tests is finite element (FE) analysis [16].
Stress evaluation and the determining the critical regions
over the entire part are also possible in this method
which are quite beneficial for designing.  Many
researchers investigated the mechanical performance of
the stents by examining the effect of different parameters
such as strut geometries, material properties and radial
pressure were investigated by utilizing from FE methods
[17-19].

In this study, it is aimed to examine the mechanical
performance of a Fe-30Mn-6Si stent involving the
deployment and recoiling stages by FE simulations.
Equivalent stress and plastic strain values during these
steps as well as recoiling ratio for this stent material
were obtained and these values were compared with
those of Co-Cr based and 316L stainless steel stents for
better evaluation.

2. MATERIAL AND METHODS
2.1. Finite Element Model

Solid model of the stent was generated by SolidWorks
software. 2D sketch was wrapped around a cylinder
whose diameter equals to the stent diameter in order to
create 3D model. The diameter and the length of the
stent are 4.07 and 15.72 mm, respectively. Strut
thickness was chosen as 60 um. 3D model and the 2D
sketch of a single unit are seen in Figure 1. The length of
the bridge that connects the single units is 0.76 mm.

30

0.5

Figure 1. (a) Final 3D model of the stent, (b) Sketch for the single
repeating unit of the design

A shell balloon element with a diameter of 3.85 mm and
a thickness of 4 pm was added to the model. Since the
stent geometry is symmetrical, 1/8 symmetry of the
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whole model was used to minimize the computational
cost caused by excessive number of elements. FE model
created by Ansys/Static Structural program is shown in
Figure 2. The mesh of the stent was generated by
hexagon dominant multizone method by defining the
element size of 0.015 mm. Quadrilateral shell elements
was used to create the balloon model and element size
was chosen as 0.05 mm. The model consists of a total
65236 elements.

Balloon

5 = :V -
| g

Figure 2. 1/8 symmetric finite element (FE) model. (A portion of the
stent is magnified in the below to better view the FE mesh.)

A surface to surface frictionless contact between the
interior surface of the stent and the exterior surface of
the balloon was defined. Frictionless supports were
applied from the surfaces as shown in Figure 3 as
symmetry boundary conditions. 1 mm radial
displacement was applied from the balloon surface as a
loading and then, subsequently balloon was retracted to
initial position.

Frictionless supports

- ‘ Frictionless support

‘ a 1mm
f radial di
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Figure 3. Applied boundary conditions in the FE model.
2.1. Material Properties

The balloon was assigned a Mooney-Rivlin hyperelastic
material property. C10 and CO1 material constants of
Mooney-Rivlin 2 Parameter were defined as 1.06 and
0.114 MPa [20]. Multilinear isotropic hardening material
model was used to define stent behaviors. While
Mooney-Rivlin hyperelastic material model is suitable
for materials that deform substantially elastically,
multilinear isotropic hardening material model is very
useful for alloys whose stress-strain data are obtained
with experimental methods since it uses the plastic
strain/yield stress points as data input. Stent material was
chosen as Fe-30Mn-6Si, L605 Co-Cr and 316L stainless
steel alloys in three different analyses. True stress-strain
graphs in the literature (see Figure 4) were utilized to
determine plastic strain-stress values and the material
properties of the used alloys are shown in Table 1.
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Figure 4. True stress-strain graphs adapted from literature to model Fe-
30Mn-6Si, L605 Co-Cr and 316L stainless steel alloys

Table 1. Material properties of the alloys used as a stent material

FeMnSi [14] L605 Co- 316L

Cr[2] [21]

Young’s Modulus (GPa) 120 240 201
Poisson’s ratio 0.3 0.3 0.3
Yield Stress (MPa) 266 520 330

3. RESULTS AND DISCUSSION
3.1. Equivalent Stress Distribution

Von Mises (equivalent) stress distribution of three
different stents, that are made of Fe-30Mn-6Si, L605 Co-
Cr and 316L, after 1 mm radial displacement and
springback stages are shown in Figure 5.  Stress
distributions seem to be independent from the material of
the stent. While the maximum stress values are observed
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in Co-Cr stent, the minimum values are in FeMnSi stent
both after loading and unloading. Stress concentrations
occurred on the top and bottom surfaces of the crown
radius parts after loading as seen in Figure 5(a, ¢ and e).
However, after unloading, i.e. after removing the
balloon, there is no prominent stress values at the large
portion of the stents and stress concentrations are seen in
a very small region on the front and back side of the
crown radius parts as exemplified by a highlighted image
in Figure 5(b).

The stress values and distribution during the
implantation of a stent is a critical parameter for a stent
design. High stress that occurs in a large cross-section
can be serious and the stent would fail. FeMnSi and
316L stents (as observed in Figure 5(a and c)) show
lower stress values compared to Co-Cr stent. However, it
should be noted that strength of Co-Cr alloy is relatively
high and stress values do not exceed its ultimate tensile
limit. Moreover, residual stress values at the outer
surfaces of the stents are also important since high
values can trigger corrosion [4, 22]. Therefore, low
residual stress values seen in FeMnSi stent compared to
its counterparts could be an advantage for it. Even
though, biodegradable FeMnSi stent is desired to
degrade by time, corrosion induced by stress
concentration causes a non-homogenous degradation and
breaks the integrity of the stent.
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Figure 5. Equivalent stress distribution of (a, b) of Fe-30Mn-6Si, (c, d) L605 Co-Cr and (e, f) 316L stainless steel stents (a, ¢, ) after 1 mm radial

displacement (b, d, f) after springback
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Figure 6. Equivalent plastic strain distribution of (a) Fe-30Mn-6Si, (b) L605 Co-Cr and (c) 316L stainless steel stents after 1 mm radial displacement
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3.2. Equivalent Plastic Strain and Elastic Recoil

The equivalent plastic strains occurred after 1 mm radial
deformation are presented in Figure 6 for all three stents.
Since the plastic strains did not change after the
expansion recoil, those results were not added.
Plastification is found at the same regions where high
stress values as seen in Figure 5(a, ¢ and e). The highest
plastic strains occurred in 316L stainless steel stent with
a maximum value of 0.0224 mm/mm. Whereas, the
maximum values of Co-Cr and FeMnSi stents are 0.0177
and 0.0091 mm/mm, respectively. Low elastic modulus
value and the late onset of the plastic deformation in the
FeMnSi stent resulted a lower plastic strain compared to
other stents.

Plastic strains observed in the stents also influence the
radial elastic recoil (ER) responses. Radial ER values
were calculated and tabulated in Table 2 for each stent
model by utilizing the FE results according to ASTM
F2079-09 [23] as in Equation 1:

Rload - Runload

Radial ER = x 100% (1)

Rload

where R;,,q and Ry,,10q4q are the radius of the stent after
the expansion and springback, respectively.

Table 2. Radial elastic recoil values for the analyzed stents
Fe-30Mn-6Si L605 Co-Cr 316L

17.05 % 14.29 % 10.90 %

The highest elastic recoil value was obtained in the
FeMnSi stent. It means that FeMnSi stent recovers more
compared to other stents during the unloading and this
behavior shows the higher flexibility of FeMnSi stent.
Low plastic strain values seen in this stent is also related
with the high elastic recoil behavior since these two
responses have an opposite trend. Generally, a high
value of elastic recoil is unfavorable for stent designs as
the stent will not be exactly in the desired diameter in the
final situation. However, there is no big difference
between the degree of radial ER of the currently
available L605 Co-Cr and potential Fe-30Mn-6Si stents.
It should be mentioned that the radial ER values
obtained in this study are higher than the design criteria
(ER<4% [24]) of the stents. Nonetheless, a high value of
expansion was applied in this study to see the
mechanical strengths of the stents under extreme
deformation and thus, higher radial ER values were
obtained than the constraints. Therefore, it would be
more sense to compare the ER values among the
different stent materials not focusing the quantitative
values.

4. CONCLUSIONS

In this study, mechanical response of the Fe-30Mn-6Si
balloon expandable stent after the expansion and
recoiling was investigated by using FE analyzes. The
obtained equivalent stress and plastic deformation results
as well as radial elastic recoil values for this stent were
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compared with those of L605 Co-Cr and 316L stainless
steel stents.

The findings showed that lower stress values occurred in
FeMnSi and 316L stents compared to Co-Cr stent. The
lowest residual stress was seen in FeMnSi stent after
recoiling which could be beneficial for the novel design
due to the reduced risk of stress-induced corrosion.
Owing to the lowest Young’s modulus value and highest
elasticity FeMnSi stent showed the lowest plastic strain
and the highest radial elastic recoil compared to other
stents. However, radial elastic recoil of the FeMnSi stent
was found to be close to L605 Co-Cr stent. As a
conclusion, the mechanical response of FeMnSi
biodegradable stent was found to be promising by
considering the balloon-stent interaction.
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Anahtar Oz: Miyeloid kanser tiiriinden ismini alan MEIS; enerji iiretimini tesvik eden, ROS seviyelerini
Kelimeler minimum diizeye indirmeye ¢alisan, kalp kasi gelisim evresinde gérev alan bir proteindir. Kanserli
Inhibitér, hiicreler MEIS proteini metastaz i¢in kullanmaktadir. MEIS proteini kanserli hiicrelerde durdurmak
Kanser, amaciyla ‘kanseri kendi silahiyla vurma’ olarak tanmimlanan MEIS protein inhibitorleri (MEISi)
MEIS kesfedilmistir. MEIS protein inhibitorleri gégiis ve pankreas gibi kanser tiirlerinden, %75 ve %95
Proteini, gibi ciddi oranda kanserli hiicrelerin yayilimini engelledigi belirlenmistir. Bu derlemede MEIS
Metastaz proteinlerinin; kanser tiirleri ve hastaliklar {izerindeki etkisi, MEIS inhibitorlerinin (MEISi) kesfi,
kanser tedavisinde MEIS protein inhibitorlerinin 6nemiyle ilgili bilgilerden bahsedilmektedir.
Cancer Friendly MEIS Proteins
Keywords Abstract: MEIS, named after the type of myeloid cancer; It is a protein that promotes energy
Cancer, production, tries to minimize ROS levels, and takes part in the development phase of the heart
Inhibitor, muscle. Cancerous cells use the MEIS protein for metastasis. In order to stop the MEIS protein in
MEIS proteins, cancerous cells, MEIS protein inhibitors (MEISi), which are defined as 'shooting the cancer with its
Metastasis own weapon', have been discovered. It has been determined that MEIS protein inhibitors prevent
the spread of cancerous cells, such as 75% and 95%, from cancer types such as chest and pancreas.
In this review, MEIS proteins; Information about the effects on cancer types and diseases, the
discovery of MEIS inhibitors (MEISi), the importance of MEIS protein inhibitors in cancer
treatment are mentioned.
yiiksek maliyetli olmasi, lilke ekonomilerinde agir
1. GIRIS kayiplara neden olmaktadir. Yapilan arastirmalarda
onlimiizdeki yillarda 6lim sebepleri igerisinde kanser
Kanser; kontrolsiiz hiicre bdliinmesi ve bdlinme hastaliginin ~ birinci  sirada  yer alacagi  tahmin

sonucunda meydana gelen hiicrelerin yayilim gostermesi
ile olugan genel hastaliklara verilen isimdir. Molekiiler
seviyede kanserli hiicreler kontrolsiiz olarak boliinebilir
fakat diger doku ve hiicrelere yayilma o&zelligi
gostermeyebilir, bu tiir timorler bening\iyi huylu olarak
isimlendirilmektedir. Cerrahi yontemler ile tiimorli
doku, normal dokudan ayrilabilmektedir. Primer dokuyu
parcalayarak, lenf sistemi yardimiyla viicutta bagka doku
ve organlara ulagabilen tiimor hiicreleri kanserlesmistir
ve malignant\koti huylu timor olarak
isimlendirilmektedir. Bu tiir timo6r hiicreleri, farkli doku
tiplerinde sekonder tiimér (metastaz) olusturma
ozelligine  sahiptir. Kanser, gelismis iilkelerde
kardiyovaskiiler hastaliklardan sonra ikinci sirada yer
almaktadir. Kanser hastaliginin 6ldiiriicii olmasi, kalict
hasar meydana getirmesi (sakatlik vs) ve tedavilerinin

edilmektedir. Diinya Saghik Orgiitii’niin arastirmalarina
gore 2020°de her sene kanser hastaligi tanisi birakilan
kisi sayisi 17 milyon, 2030 senesinde 24 milyona
ulasacagi, 17 milyon kisinin ayn1 sene yasamlarinin sona
erecegini ve 2030°da ise 75 milyon kisinin kanser
hastaligtyla yasamlarini siirdiirecegi tahmin edilmektedir

[1].

Son bes yilda (2015-2019) diinyada 1 milyondan fazla
kanserle ilgili ¢alisma yapilmstir, fakat kanser
hastaligina kesin bir ¢6ziim bulunamamistir. Bunun en
biliyilk sebebi ise kanserli hiicrelerin viicudumuzda
bulunan faydali proteinleri kendi menfaatlerine
kullanmasidir, bu proteinlerden biri MEIS proteinidir.
Miyeloid kanser tilirlinden ismini alan MEIS; enerji
iretimini tegvik eden, ROS seviyelerini minimum
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diizeye indirmeye ¢alisan bir proteindir. Ayrica kalp kasi
gelisim evresinde de bu protein goérev almaktadir.
Kanserli hiicreler MEIS proteini metastaz igin
kullanmaktadir [2]. MEIS proteinini kanserli hiicrelerde
durdurmak amacryla ‘kanseri kendi silahiyla vurma’
olarak tanimlanan MEIS protein inhibitorleri (MEISi)
Tirk akademisyen Fatih KOCABAS tarafindan
kesfedilmis ve bu calisma Uluslararasi Hemotoloji-
Onkoloji 6diiliine layik goriilmiistiir. Yapilan ¢alismada
MEIS protein inhibitorleri gogiis ve pankreas gibi kanser
tiirlerinden, %75 ve %95 gibi ciddi oranda kanserli
hiicrelerin yayilimin1 engelledigi belirtilmistir. MEIS
protein inhibitorleri ile ilgili ¢aligmalar hala devam
etmekle birlikte, son zamanlarda kanserin yaylimini
engelleyen heyecan  verici  bir  bulus  olarak
degerlendirilmektedir [3].

1.1. MEIS 1 ve MEIS 2 Proteinleri

MEIS 1’in gen uzunlugu 137360 bp’dir, bu bdlgede
MEIS 1; LOC729348, LOC100507073, DNMT3AP1
(DNA metiltranferans 3A psodojen 1) ile beraber yer
almaktadir. Kromozom {iizerindeki MEIS 1 proteini 2p14
lokusunda bulunmaktadir [4]. MEIS 1 proteini 390
aminoasitten meydana gelmektedir, 43 KDa agirligina
sahiptir. MEIS 1 (miyeloid ekotropik viral entegrasyon
bolgesi 1), yapilan c¢alismalar sonucunda miyeloid
losemi hiicrelerinde viral entegrasyon bdlgesi olarak
belirtilmistir. MEIS 1 geni; homeobox genlerinin TALE
ailesi siifinda yer alan transkripsiyon faktoriini
kodlamaktadir [5]. MEIS 1; PREP1, CREB1, GSK3,
SALLA4 gibi transkripsiyon faktorleri ile dolayli veya
dogrudan etkilesim igerisinde diizenlenmektedir [6].
MEIS 1 proteini; Hifla, SOX2, GATAIl, CCNDI,
CCND3, PF4, ile farklilasma ve c¢ogalma amaciyla
etkilesim icerisindedir [7]. CREB proteinleri MEIS 1’in
DNA’ya baglanmasina yardimct olmaktadir (CREB
proteinlerine, GSK3 (Glikojen sentaz kinaz 3) proteinleri
de eslik etmektedir) [8]. MEIS 1 ile alakali son 10 yilda
yapilan ¢aligmalarda; kalp rejenerasyonunda, kok hiicre
fonksiyonu ve tiimérgenezde onemli rollerinin oldugu
belirtilmistir  [9]. N  terminalindeki  baglanma
alanlarindan dolayr Pbxl ve HOXA9 ile etkilesim
igerisindedir. MEIS 1 TALE ailesinin tiyesidir ve MEIS
2, MEIS 3’de bu ailenin diger tiyelerini olusturmaktadir.
MEIS 2 ve MEIS 3 proteinleri, MEIS 1 proteinine
yiiksek oranda benzerlik gostermektedir (MEIS 1 protein
benzerlik orani; MEIS 2 proteini i¢in %83, MEIS 3
proteini i¢in ise %66’dir) [10].

MEIS 2 geni; homeobox genlerinin TALE ailesi

smifinda  yer  alan  transkripsiyon  faktoriinii
kodlamaktadir. MEIS 2; LOC110120842,
LOC110120896, LOC110120905, LOC145845,

MIR8063, CSNK1AI1P1 ve Cl5orf4l ile aynt bolgede
yer almaktadir. Ayrica MEIS 2 proteini 15ql4
kromozom lokusunda bulunmaktadir [11].

1.2. MEIS 1-MEIS 2 Proteinlerinin Etkileri ve
Kanserle Olan fliskileri

Embriyogenezde MEIS 1 proteini; hematopoez ve
vaskiiler gelisimde, dogum sonrasinda ise kemik iliginde
yer almaktadir [12]. Ayrica bu protein, murin fetal
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karacigerde, hematopoetik kok hiicrelerde, fetal ve
embriyonik dokularda, arka beyin —beyincikte, pankras
adaciklarinda, kolon, diiz kas, ince bagirsakta, tiikiiriik
bezinde, uterusta, adrenal bezde, endometriyum gibi
farkli doku tiplerinde bulunmaktadir [13].

MEIS 1 proteini hipoksi tiim6r markérleri olan Hif-1a ve
Hif-2a ekspresyonunda pozitif olarak bir artisa sebep
olmaktadir. Yapilan bir ¢alismada MEIS 1 proteinin
silinmesiyle, Hif-la ve Hif-2a seviyelerinde azalma
oldugu gozlemlenmistir. Sonug olarak ROS diizeylerinin
ve apoptozun es zamanlt olarak yiikseldigi belirtilmistir

[9].

15q14 kromozomunda gerceklesen delesyonlar bazi
hastaliklara neden olmaktadir, Ornegin; zihinsel
engellilik, yiiz dismorfizmi, konjenital kalp defekleri.
Zihinsel engelli, yiiz dismorfizmi ve konjenital kalp
defekleri rahatsizligi olan bazi hastalarda (toplam 23
hastada) yapilan ¢alisma sonucunda 15q14 kromozomu
tizerinde bulunan MEIS 2 geninin delesyona ugradigi ve
MEIS 2 genindeki delesyonun bu hastaliklarin
olusumunda etkili olabilecegi tahmin edilmektedir [14].
Insan embriyonik kok hiicrelerin (hESC) farklilasmasina
neden olan etkeni belirlemek amaciyla yapilan bir
calismada CRISPR / CAS9 teknolojini kullanarak,
embriyonik kok hiicrelerde MEIS 2 geni silinmistir.
Silinme  sonrasinda hESC’ler  farklilasma  igin
uyarildiginda hemotopoez farklilagmasinda bozulmalar
meydana geldigi gdzlemlenmistir. Sonug olarak MEIS 2,
TAL1 genini hedefleyerek insan embriyonik kok
hiicrelerinin endotelyal hematopoetik gegigini
diizenledigi belirtilmistir [15]. Ayrica farkli  bir
calisgmada MEIS 1 proteini lenfoblastik ve miyeloid
losemiden izole edilen kemik iligi hiicrelerin
ekspresyonunda artis gosterdiginde, terminal
farklilasmanin bir uyaricisi olan graniilosit koloni uyarici
faktoriin etki mekanizmasini 6nledigi belirtilmistir [16].

MEIS 1; HOXA7, HOXA9 ve HOXB3’ii eksprese eden
hiicre tiplerinde 16semi islemini hizlandirmaktadir.
NUP98-HOXA9 olusturdugu kompleks MEIS 1 ile
birlikte ifade edildiginde, akut miyeloid 16semi olugumu
hizlandirmaktadir [17]. HOXA9 ve MEIS 1 kaspaz
aracili apoptoz olusumunu ortadan kaldirabilmektedir
[18].

MEIS I’in  kiigiik  hiicreli  olmayan  akciger
adenokarsinom kanser hiicrelerindeki roliinii belirlemek
icin yapilan bir aragtirmada MEIS 1’in, kanser
hiicrelerinin proliferasyonunu sinirlandirdigi ve kanser
hiicresinin proliferasyonunu kontrol edebilecek terapotik
stretejiyi temsil edebilecegi belirtilmistir [19].

Insan 6zofagus skuamdz karsinom hiicre hattinda
(KYSE-30) MEIS 1 geninin silinmesi sonucu hiicredeki
etkisinin arastirildigi bir ¢alismada ise silinen MEIS 1
geninin KYSE-30 hiicre hattinda farklilagmalara sebep
olabilecegi belirtilmistir [20].

Omurgalilarda iirogenital kanal ve kolon dahil olmak
iizere birgok viicut fonksiyonlarinda gorev alan
HOXB13, prostat dokusunda da spesifik bir
transkripsiyon faktorii olarak ¢alismaktadir. HOXB13’de
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tekrarlanan G84E gerceklesen mutasyon prostat kanseri
olusum riskini arttirmaktadir. Prostat kanserinde
HOXB13’de G8E4 mutasyonu sonucunda, MEIS 1
proteininin  kanserli ~ hiicrelerdeki  potansiyelini
belirlemek amaciyla yapilan c¢alismada; MEIS 1
proteininin HOXB13’tin Omriiniin uzamasina, hiicre
proliferasyonu ve gen diizenlemesinde HOXB13’iin

kanser tesvik edici etmenlerine yardimci oldugu
belirtilmistir [21].
MEIS 1 proteini; pankreas kanseri hiicrelerinde

metastatik hiicre yapisma molekiilii olan Mcam’in aktive
etmede etkin rol oynamaktadir. Patel ve ark. [22]
yaptiklari1 ¢calismada; MEIS 1 proteinin ID1 aktivasyonu
yoluyla malign periferik sinir kilifi tiimorlerinin
ilerlemesi ve hayatta kalmasi konusunda yardimct
oldugu belirtilmistir. Yokoyama ve ark. [23] yapnus
olduklar1 farkli bir calismada ise; MEIS 1, Sytll
ekspresyonunun artmasini saglayarak losemi
hiicrelerinin gelisimini sagladig1 gézlemlenmistir (Sytll,
CXCRA4’1in hiicre igi trafigini belirlemektedir).

Fare losemi dokusunda MEIS 2 protein miktarimin
yiiksek oldugu belirlenmistir. Transkripsiyon faktorii
olan AML1-ETO’nun Run bdlgesine MEIS 2 proteini
sitkica baglanarak akut miyeloid 16semiyi (AML)
tetikledigi yapilan ¢aligmalarla gosterilmistir [24].

PTBP1, kolorektal ve bobrek gibi birgok farkli kanser
tirlerinde  yiiksek miktarda bulunmaktadir, ayrica
kanserin ilerlemesini de kolaylastirmaktadir. PTBP1’in
LN metastatik mesane kanserindeki etkisi belirlemek
amactyla Xie ve ark. [25] yaptiklar1 ¢aligmada, mesane
kanserinin ilerlemesi asamasinda PTBPI1’in katkisi
oldugu, ayrica MEIS 2 ve PKM’nin PTBP1 etkisiyle
mesane kanserinin ilerlemesine katkida bulundugu
sonucuna vartlmustir.

Denizkestanelerinin  gelisim evresinde foxQ2 geni
onemli gorevleri bulunmaktadir. Yaguchi ve ark. [26]
yaptiklart ¢alismada MEIS transkripsiyon faktoriiniin;
foxQ2 geninin ekspresyonunu koruyarak, noroektoderm
spesifikasyon\ farklilasma asamasini diizenledigi ve
boylece denizkestanesinin tiirii olan Hemicentrotus
pulcherrimus 'un embriyo gelisiminde, 6n- arka viicut
ekseni olusumuna katki sagladigi belirtilmistir.

Huzursuz bacak  sendromu (Restless Legs
Syndrom:RLS) sinir sistemi hastaliklarindan birisidir.
Genellikle aksam-geceleri bacaklarda ciddi olarak
rahatsiz edici agrilara neden olmaktadir. Cogul gebelik,
bobrek hastaligi ve demir eksikligi anemisi RLS
hastalig1 goriilme riskini arttirdigi tahmin edilmektedir.
2007 yilinda biiyiik oranda yapilan ¢alismalar sonucunda
RLS hastaligiyla ilgili i¢ genomik bolge tanimlanmustir.
Bunlar; MEIS1, BTBD9 ve MAP2K5/SKOR1
bolgeleridir. RLS hastaliginda MEIS 1’in  etkisini
belirlemek amaciyla yapilan ¢aligma sonucunda; MEIS 1
ve SKOR 1 arasinda baglanti oldugu, bu baglantinin
RLS hastaliginin gelisimine katki sagladigi tahmin
edilmektedir  [27].Transkripsiyon  faktérleri;  tim
hiicrelerde bulunan genlerin kontroliinden sorumludur,
bir¢ok protein kompleksleriyle birlikte g¢aligmaktadir.
Cocukluk ve ergenlik doneminde siklikla goriilen kemik
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tiimdrlerinden biri Ewing sarkoma hastaligidir. Ewing
sarkom hastaligina neden olan ‘EWS-FLI1’ olarak
adlandirilan transkripsiyon faktorlerine sahip, sadece
kemik tiimoriinde bulunan bir proteindir. Yapilan
aragtirmalarda MEIS 1 proteini transkripsiyonel
diizenlemede EWS-FLI1 ile birlikte c¢alisarak, Ewing
sarkoma hiicrelerinin hayatta kalma konusunda yardimeci1
olan, stiper giiclendirici bir onkogen olarak
tanimlanmistir [28]. Rett sendromu farkli nérolojik
bozukluklar sonucu olugan ndérogelisimsel bir hastaliktir.
Rett sendromu hastalarinda; dil ve el kullanim
becerilerinde gerileme, epilepsi, apraksik yiiriime,
zihinsel  engellilik, otizm spektrum bozuklugu,
solunumda sikinti, gastrointestinal sorunlar, skolyoz ve
otonomik disfonksiyon, uyku bozuklugu gibi etkiler
goriilmektedir. Srivastava ve ark. [29] yapmis olduklart
calismada MEIS 2 genindeki bozukluklar Rett
sendromunda oldugu gibi, otizm spektrum bozuklugu ve
bozulmus uyku diizenine neden olabilecegi belirtilmistir.
Giliberti ve ark. [30] yapmuis olduklar1 ¢caligmada ise; 10
yasindaki erkek ¢ocugunda MEIS 2 geninin mutasyona
ugradigi ve bunun sonucunda da, norogelisimsel
bozukluklara olabilecegi tahmin edilmektedir.

1.3. MEIS Protein inhibitorleri (MEISi)

MEIS  proteinin  DNA’ya  baglanma  o6zelligi
bulunmaktadir. Kanserli hiicreler DNA’ya baglanan
MEIS proteini sayesinde yayilim gdstermektedir. MEIS
protein  inhibitérleri ~ Fatih  Kocabag tarafindan
kesfedilmistir [2].

Hedefe yonelik bir ilag olarak tasarlanan bu molekiiller
(MEISi), DNA ile MEIS proteini arasindaki etkilesimi
zayiflatarak kanserli hiicrelerin yayilimint
engellemektedir. Ayrica MEIS proteinlerinin
inhibitorleri hiicre zarindan gegebilme 6zelligi olan ve
etkilesimini hiicre icerisinde gosteren bir yapiya sahiptir.
MEISi’leri; fare deneylerinde, ex vivo deneylerde
insanlarin kordon kaninda bulunan ve in vivo Kklinik
arastirmalarda MEIS proteinlerinin inhibisyonunda etkili
olarak hemotopoetik kok hiicre ekspresyonunu arttirdigi,
P21, Hifla ve Hif2a genlerinin oranlarinda diigme
saglayan ve MEIS proteinlerinin (MEIS 1, MEIS 2,
MEIS 3) transkripsiyonel aktivasyonlarin1i 6nleyen

kombinasyonu olarak tanimlanmaktadir. Bu
inhibitérlerin  bulunmasi asamasinda birgok farkl
calismalar  gerceklestirilmistir.  Homeobox  ailesi

inhibitorlerinin kiitiiphanesi olusturulmustur, Autodock
Vina ve PaDEL-ADV kullanilarak MEIS homedomain
proteinine karsi silicoda milyonlarca kiiglik molekiil
taranmugtir.  Ayrica PubChem biyotahlil analiziyle
sitotoksit ve kardiyotoksisiye sahip olmayan MEISi’nin
belirlenmesini kolaylastirmistir [31].
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‘ Hedeflenen Bilge

Sekil 1. MEIS-DNA etkilesim bolgesi ve MEISi ile engellenmesi [30].

MEIS inhibitorleri, yan etkisinin olup olmadigim
gozlemlemek i¢in ilk olarak fare iizerinde denenmistir.
Deney  sonucunda  herhangi  bir  sorun ile
karsilagilmamistir. Ayrica farelerin  kdk hiicrelerini
cogalttigr gozlemlenmistir [2]. Bulunan MEISi’lerinin
kanser hiicrelerinin yayilimina olan etkisini belirlemek
amaciyla, oOzellikle MEIS proteinlerini kullanarak
yayilim gosteren gogilis ve pankreas kanseri hiicreleri
iizerinde ilk olarak denenmistir. Go6gls kanseri
hiicrelerini (T47D) %75 oraninda yayilimini azalttigi,
pankreas kanseri hiicrelerinde (BxPC-3) ise %95
oraninda yayilimini azalttig1 belirtilmistir. Fatih Kocabasg
MEISi bulusunun ardinda Isve¢’te bulunan Uluslararasi
Hemotoloji- Onkoloji Dernegi tarafindan 6diile layik
goriilen ilk Tiirk akademisyen olmustur [3].

T47D
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Sekil 2. MEISi’lerinin gogiis ve pankreas hiicre yayilimina etkisi [3].
SONUC

Fatih Kocabag’in MEIS protein inhibitérleri bulusunun
ardindan bu iiriinii gelistirme amaciyla ‘TUBITAK Geng
Bireysel Girisim’ ‘TTGV’ ve ‘BIG BANG’
yarigmalarinda "MEINOX ila¢ teknolojisi’® isimli is
fikri ile katilmis ve kabul edilmistir. Kocabas ve ekibi;
AR&GE c¢alismasii UR&GE c¢alismalart ile devam
ettirerek bu c¢alismanin yapilabilirligini ve maliyet
degerinin  belirlenmesini  amaglamaktadir.  Ayrica
bagimsiz bilim insanlarinin ¢aligmalarinda kullanmasi
amactyla MEISi satiginin yapilmas: planlamaktadir,
bdylece UR&GE calismalarma fon saglanmis olacak ve
katma degerinin iilkemizde kalacagi icin ekonomiye
katkisinin olacag diistiniilmektedir [3].

Diinyada 6liim nedenleri igerisinde ikinci sirada yer alan
kanser hastaliginin metastaz olusturmasini engellemek
amaciyla gelistirilen bu inhibitorler, ilerde bir¢cok farkli
kanser tiirleri iizerindeki etkileri aragtirilarak kanser
alanindaki caligmalarda ¢ok Onemli gelismelere neden
olacagi, ayrica MEISi farkli hastaliklar iizerindeki
etkisinin arastirilmasi planlanmaktadir.

Tr. J. Nature Sci. Volume 11, Issue 2, Page 156-160, 2022
Bilgi

Bu derleme Firat Universitesi Fen Bilimleri Enstitiisii
Biinyesinde Biyoloji Bolimii, Molekiiler Biyoloji
Anabilim Dalinda yiiksek lisans semineri kapsaminda
s0zlii olarak sunulmustur.

KAYNAKLAR

[1] Horozoglu M. Uzman sistemler kullanilarak over
(yumurtalik) kanseri tespiti. Selcuk Universitesi
Fen Bilimleri Enstitiisii,Yiksek Lisans Tezi,
Konya.; 2018.

[2] Kocabas F, et al. Identfication of cardiogenic and
hematopoetic MEIS Inhibitors. Poster Sessionl-
Basic Science-Cardiac Biology and Physiology,
Session held on 20 april P69.; 2018.

[3] Internet; 2021; Kasim 11. Erisim adresi:
https://www.youtube.com/watch?v=zMpAnWIN6
R4

[4] Sitwala KV, et al. HOX proteins and leukemia. Int
J Clin Exp Pothol. 2008;1, 461-474.

[5] Crist RC, et al. A conserved tissue-specific
homeodomain-less isoform of MEIS 1 is
downregulated in colorectal cancer. Plos One.
2011;6, 1-7.

[6] Morgado E, et al. FIt3 is dispensable to the
HOXA9/MEIS 1 leukemogenic cooperation.
American Society of Hematology. 2007;109, 4020-
4022.

[7] Wong P, et al. MEIS 1 Is an essential and rate-
limiting regulator of MLL leukemia stem cell
potential. Genes Dev. 2007;21, 2762-2774.

[8] Wang Z, et al. GSK-3 promotes conditional
association of CREB and its coactivators with
MEIS1 to facilitate HOX-mediated transcription
and oncogenesis. Cancer Cell. 2010;17, 597-608.

[9] Kocabas F, et al. Development of Small Molecule
MEIS Inhibitors that modulate HSC activity.
Scientific Reports. 2020; 10, 1-17.

[10] Aks6z M, et al. Emerging roles of MEIS 1 cardias
regeneration stem cells and cancer. Current Drug
Targets. 2018;19, 181-190.

[11] Louw J, et al. MEIS 2 Involvement in Cardiac
Development, Cleft Palate, and Intellectual
Disability. American journal of medical genetics.
2015; 5,1142-1146.

[12] Svingen T, et al. Altered HOX gene expression in
human skin and breast cancer cells. Cancer Biology
Therapy. 2003; 2, 518-23.

[13] Owens BM, et al. Hox and non-hox homeobox
genes in leukemic hematopoiesis. Stem Cell. 2002;
20, 364-79.

[14] Verheije R, et al. Heterozygous loss-of-function
variants of MEIS 2 cause a triad of. European
Journal of Human Genetics. 2018;27, 278-290.

[15] Wang M, et al. MEIS 2 regulates endothelial to
hematopoietic transition of human embryonic stem
cells by targeting TAL 1. Stem Cell Research &
Therapy. 2018;9, 1-13.

[16] Calvo KR, et al. MEIS 1a suppresses differentiation
by G-CSF and promotes proliferation by SCF:
potential mechanisms of cooperativity with Hoxa9

159



https://www.youtube.com/watch?v=zMpAnW9N6R4
https://www.youtube.com/watch?v=zMpAnW9N6R4

Tr. Doga ve Fen Derg. Cilt 11, Say1 2, Sayfa 156-160, 2022

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

in myeloid leukemia. Proc Natl Acad Sci USA.
2001;23,13120-13125.

Kroon E, et al. Defining roles for HOX and MEIS 1
genes in induction of acute myeloid leukemia. Mol
Cell Biol. 2001;21, 224-234.

Wermuth PJ, et al. MEIS 1-mediated apoptosis is
caspase dependent and can be suppressed by
coexpression of HOXAS9 in murine and human cell
lines. Blood. 2005;105, 1222-1230.

Li W, Huang K, Guo H and Cui G. MEIS 1
regulates proliferation of non-small-cell lung
cancer cells. J Thorac Dis. 2014; 6, 850-855.
Mahmoudian RA, Bahadori B, Rad A,
Abbaszadegan MR and Forghanifard MM. MEIS 1
knockdown may promote differentiation of
esophageal squamous carcinoma cell line
KYSE-30. Mol Genet Genomic Med. 2019; 7, 1-8.
Johng D, et al. HOXB13 interaction with MEIS 1
modifies proliferation and gene expression in
prostate cancer. Wiley The Prostate.
wileyonlinelibrary.com/journal/pros. 2018.; 1-11.
Patel Av, et al. An shrna screen 1dentifies MEIS 1
as a driver of malignant peripheral nerve sheath
tumors. Ebiomedicine. 2016;9, 110- 119.
Yokoyama T, et al. MEIS 1-mediated
transactivation of synaptotagmin-like 1 promotes
CXCL12/CXCR4 signaling and leukemogenesis.
The Journal of Clinical Investigation. 2016;126,
1664-1678.

Vegi NM, et al. MEIS 2 1s an oncogenic partner in
amll-eto-positive aml. Cell Reports. 2016;16, 498-
507.

Xie R, et al. Polypyrimidine tract binding protein 1
promotes lymphatic metastasis and proliferation of
bladder cancer via alternative splicing of MEIS 2
and PKM. Cancer Cell. 2019;449, 31-44.

Yaguchi J, et al. MEIS transcription factor
maintains the neurogenic ectoderm and regulates
the anterior-posterior patterning in embryos of a sea
urchin Hemicentrotus Pulcherrimus.
Developmental Biology. 2018;444, 1-8.

Catoire H, et al. A direct interaction between two
restless legs syndrome predisposing genes: MEIS 1
And SKOR 1. Scientific Reports. 2018; 8, 1-9.

Lin L, et al. Super-enhancer-associated MEIS 1
promotes transcriptional dysregulation in ewing
sarcoma in co-operation with EWS-FLI1. Nucleic
Acids Research. 2018.;1-13,Doi:
http://creativecommons.org/licenses/by/4.0,
Srivastava S, et al. Monogenic disorders that
mimic the phenotype of rett syndrome.
Neurogenetics. 2018;19, 41-47.

Giliberti A, et al. MEIS 2 gene is responsible for
intellectual disability cardiac defects and a distinct
facial phenotype.2019.;Doi:
https://doi.org/10.1016/j.ejmQ.2019.01.017.
Kocabag F, et al. Hematopoietic and cardiogenic
MEIS wmnhibitors that enhance cellular proliferation
and HDR gene expression. 5th International
Congress of the Molecular Biology Association of
Turkey (MolBiyoKon’17). 2017.; 8-10 September,
Istanbul.

Tr. J. Nature Sci. Volume 11, Issue 2, Page 156-160, 2022

160



https://www.ncbi.nlm.nih.gov/pubmed/?term=Vegi%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=27346355
http://creativecommons.org/licenses/by/4.0
https://doi.org/10.1016/j.ejmg.2019.01.017

