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Biyomedikal Uygulamalar i¢cin Biyobozunur Mg-Esash Alasimlarin Gelistirilmesi — Derleme”
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Oz

Magnezyum 21. Yiizyilin en hafif yap: metali olarak gegici ortopedik implantlarda ve koroner stentlerde kullanilabilme
potansiyeline sahip yeni nesil biyobozunur malzeme olarak kabul edilir. Biyomedikal uygulamalar i¢in umut vaat eden
Mg/Mg-esasli alagimlarin ozellikleri, avantajlar1 ve dezavantajlari bu derleme ¢aligmasinda ayrmtili bir sekilde ele
almmustir. Biyobozunur malzemelerin kemik dokusunun iyilesmesi siirecinde kemigin kendini yenilemeye basladigt
zamana kadar mukavemetini yitirmemesi, mekanik 6zelliklerini korumasi istenmektedir. Ancak Mg ve Mg-esaslt
alagimlar viicutta ¢ok hizli bir sekilde korozyona ugradiklarindan mekanik o&zelliklerini kisa siire igerisinde
kaybetmektedirler. Magnezyum esasli alagimlarin implant malzemelerinde kullanilabilmesi i¢in korozyon direnglerini
artirmak ve mekanik o6zelliklerini iyilestirmek gerekmektedir. Bu alagimlarin korozyon direnglerinin artirilmasinda ve

mekanik 6zelliklerinin geligtirmesinde kullanilan yontemler, bu ¢alismada detayli olarak arastirilmis ve anlatilmustir.

Anahtar Kelimeler: : Mg-esasl alagimlar; biyobozunurluk; biyomedikal; korozyon direnci; mekanik 6zellikler
Improvement of Biodegradable Mg-Based Alloys for Biomedical Applications — A Review

Abstract

As the lightest structural metal of the 21st century, magnesium is considered as a new generation biodegradable materials
with the potential to be used in temporary orthopedic implants and coronary stents. Properties, advantages and
disadvantages of promising Mg/Mg-based alloys for biomedical applications are described in detail in this review. It is
desired that biodegradable materials do not lose their strength and maintain their mechanical properties until the bone
starts regenerating itself during the healing process of the bone tissue. However, since Mg and Mg-based alloys corrode
very quickly in the body, they lose their mechanical properties in a short time. In order to use Mg-based alloys in implant
materials, it is necessary to increase their corrosion resistance and improve their mechanical properties. The processes
used to increase the corrosion resistance of these alloys and to improve their mechanical properties have been investigated
and explained in detail in this study.

Keywords: Mg-based alloys; biodegradability; biomedical; corrosion resistance; mechanical properties

"Bu calisma 5. Internatinonal Conference on Materials Science, Mechanical and Automotive Engineerings and Technology
(IMSMATEC’22 ) September 2-4 2022, konferansinda bildiri olarak sunulmustur.
Sorumlu yazar e-mail: niluferkucukdeveci@nevsehir.edu.tr
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1. Giris

Magnezyum 21. Yiizyilin en hafif yap1 metali olarak disiiniildiigiinde en iyi alasim malzemesi olarak kabul
edilmesi kagimilmazdir. 2000-2019 yillar1 arasinda magnezyum alasimlari iizerine yapilan arastirmalarda %491[1]
oraninda bir artis meydana gelmistir. Bu degerler goz oniine alindiginda magnezyumun diinyadaki en yaygin kullanilan
yapisal metal malzeme olarak nitelendirilmesi dogru olacaktir [2].

Magnezyum ve alasimlari, gecici ortopedik implantlarda ve koroner stentlerde kullanilabilme potansiyeline sahip
olduklarindan yeni nesil biyobozunur malzemeler olarak kabul edilir ve diinya ¢apinda arastirmalarin ilgi odaginda yer
almaktadirlar. Magnezyum ve alagimlari manyetik degillerdir. Ancak nispeten yiiksek 1s1 ve elektriksel iletkenlik
gosterirler [3]. Saf Magnezyumun yogunlugu 1,74g/cm? ve elastisite modiilii 45-48GPa oldugundan, mekanik 6zellikler
bakimindan kortikal kemikler (Kortikal kemik yogunlugu 1,75-2,1g/cm? ve elastisite modiilii 30-57GPa) ile ¢ok yakin
degerlere sahiptir [4,5]. Bu nedenle mekanik 6zellikleri bakimindan dogal kemik yapistyla benzer 6zellikler gosterirler.
Kalic1 implant malzemelerinin yogunlugu ve elastisite modiilleri kortikal kemiklere gore yliksektir, bu uyumsuzluk
implant tagima problemlerine (ylik etkisi nedeniyle) yol agabilir ve kemigin travmaya kars1 savunmasina neden olabilir
(Stress shielding etkisi). Bu durum erken dénemde implant gevsemesi, iyilesme siirecinde hasar ve kronik inflamasyon
gibi tibbi sorunlari ortaya gikarmaktadir. insan viicudunda, metabolik reaksiyonlarda ve biyolojik mekanizmalarda ¢ok
sayida Mg?" iyonu bulunmaktadir. Bir insan viicudunda; %651 kemiklerde ve dislerde, geri kalan %35°i kanda, viicut
stvilarinda, organlarda ve diger dokularda olmak {izere yaklagik 25-35g Mg minerali bulunmaktadir ve giinliik
beslenmede 320-380mg Mg minerali alinmasi gerekmektedir [4,6]. Viicuda yerlestirilen Mg-esasli implantlardan stirekli
Mg?" iyonu salmimi gergeklestiginden, kemik olusumu istikrarl bir sekilde uyarilmakta ve boylece kemik iyilesme siireci
kolaylasmaktadir. Magnezyum esasli implantlarin arastirildig1 in-vivo deneylerinde, magnezyum iyon saliniminin viicuda
zarar vermedigi bildirilmektedir. Ayrica Mg-esasl alagimlar klor igeren ve pH degeri 7,4-7,6 arasinda olan (viicut sivist
ve kan) ortamlarda hizla bozunmaktadir. Biyobozunur malzemelerden beklenen, kemik dokusunun olusumuna yardimet1
olarak, kemik dokusunun yeniden sekillenme siirecine es zamanli olarak belirli bir hizda korozyona ugrayarak biyolojik
olarak viicut tarafindan emilerek tamamen yok olmasidir [7]. Bdylelikle kemik dokusunun iyilesmesine yardimei olan
kalic1 implantlar i¢in gerekli olan ikinci ameliyatlara, biyobozunur implant malzemesi kullanilmasiyla ihtiya¢ duyulmaz.
Bu acgidan Mg-esasli alagimlar biyobozunur olduklarindan biyomedikal uygulamalarda potansiyel olarak kullanilabilir.

Biyobozunur malzemelerin kemik dokusunun iyilesmesi siirecinde, kemik dokusunun olusmasi ve kemigin
mukavemeti yerine gelene kadar malzemenin mukavemetini yitirmemesi yani mekanik o6zelliklerini korumasi
istenmektedir. Ancak Mg ve Mg-esasli alasimlar viicutta ¢ok hizli bir sekilde korozyona ugradigindan mekanik
ozelliklerini kisa siire igerisinde kaybetmektedirler. Implantlarin viicut igerisinde korozyona ugramalari siirecinde olusan
elektrokimyasal reaksiyonlarla, asir1 miktarda hidrojen gazi ortaya cikabilmektedir. Bdylelikle kan damarlarinda gaz
embolisinin olugmasi ile birlikte ciddi medikal problemlere yol agabilmektedir. Olusan gaz kabarciklari, osteositlerin
birbirine baglanmasina engel olarak kortikal kemik iyilesme siirecini sinirlandirmakta, boylelikle nasir ve kortikal defekt
gibi medikal problemlere neden olmaktadir [6]. Bu nedenle Mg ve Mg-esash alagimlarin viicut sivilari igerisindeki
korozyon hizinin disiiriilmesi i¢in farkli iiretim yontemleri ve farkli alasim elementleri ile sentezleme veya kompozit
olusturma gibi ¢ok sayida ¢alisma yapilmaktadir.

Bu ¢aligmanin amac1 medikal uygulamalarda kullanilabilmesi igin Mg-esasl alagimlarin korozyon direnglerini

ve mekanik 6zelliklerini iyilestirmek i¢in kullanilan yontemleri kapsamli bir sekilde sunmaktir.
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2. Magnezyum Alasimlarinin Korozyon Direnc¢lerini Artirmak i¢cin Kullanilan Yontemler
2.1 Alasimlama

Magnezyum i¢in alagimlama elementleri segilirken o elementin biyouyumluluguna ve mekanik ozelliklerini
gelistirmesine dikkat edilmesi gerekmektedir.

Saf demir; Magnezyum gibi kardiyovaskiiler stentler ve ortopedik implantlarda biyobozunur biyomalzemelerde
kullanimlarinda umut vaat eden aday malzemelerdir. Magnezyumun ve magnezyum esasli alasimlarin elastisite modiili
(=45-48GPa) saf demirin elastisite modiilii (=211GPa) ile karsilastirildiginda saf demirin elastisite modiilii oldukga
yiiksektir. Ayrica, saf demirin plastik deformasyon kabiliyeti daha iyidir. Biyouyumluluk agisindan demir, viicutta eser
miktarda bulunan bir elementtir. Yetiskin bir bireyde 4-5g elementel demir bulunur [2,8,9]. Xie ve arkadaslar1 yaptiklar1
calismada 773K’de Spark Plazma Sinterleme ile sinterlenerek iiretilen MgsoFe7 alasiminin yiiksek sertlige, mukavemete
ve yogunluga sahip oldugunu kesfetmislerdir. Ayrica simule edilen viicut sivisi igerisinde biyobozunurluk hizinin arttigi
bdylelikle bu alasimin ideal bir biyobozunur implantlar i¢in aday oldugunu vurgulamiglardir [10].

Cinko; insan viicudunda bulunan en temel besin elementlerinden biridir. Insan viicudunda bulunan Cinko
mineralinin %85°1 kaslarda ve kemiklerde bulunmaktadir [11]. Bir bireyin giinliik Zn minerali ihtiyac1 15mg’dir. Cinko
(Elastisite modiilii 86-96GPa) magnezyuma gore biraz yiiksek elastisite modiiliine sahiptir. Cinko’nun en 6nemli
ozelliklerinden biri de fizyolojik sartlarda gergeklesen korozyon sirasinda ¢ikan hidrojen gaz miktarini azaltmasidir
[11,12]. Magnezyum alagimlarina %?2’den daha fazla Zn ilavesi korozyon direncini diigiirdiglinden bu oran optimum
olarak diisiiniilebilir [13].

Kalsiyum; bir insanda en ¢ok bulunan minerallerden biridir. Bir insanin toplam agirliginin %1,5-2’sini kalsiyum
olusturur. Yetigkin bir bireyde %99’dan daha fazlas1 kemiklerde olmak {izere toplam 1200g kalsiyum bulunmaktadir.
Kalsiyum Magnezyuma goére yumusaktir (Elastisite modiili 20GPa). Kalsiyum ilave edilen Mg-esasli alasgimlarin,
korozyon direnci arttig1 ve mekanik 6zelliklerini gelistigi (yaslandirma ile) gézlemlenmistir [11,12].

Gilimiis ¢ogu bakteri ¢esidi iizerinde giiclii biosidal etkiye sahip olmasiyla birlikte anti-viral (bir hiicre
reseptoriine etkili bir sekilde baglanir ve bir viral zarfi yirtabilir) 6zellikleri nedeniyle de enfeksiyonlar1 6nlemek ve tedavi
etmek icin en yaygin kullanilan alasim elementidir [14]. [n-vitro deneylerinde; Mg ve Mg-esasli alasimlarin korozyonu
sirasinda Mg’un anti-bakteriyel 6zellik gosterdigi lokal bazik bolge olusturabildigi gézlemlenmistir. Ancak bu alagimlarin
in-vivo deneylerinde ¢ok hizli bir sekilde korozyona ugradiklari anlagilmigtir. Bu alagimlarin yeterli anti-bakteriyel
ozelliklere sahip olmalar1 biyomedikal uygulamalarda kullanimlar igin gereklidir [15].

Mangan; kemiklerde, karacigerde, bobrekte, pankreas ve bobrekiistli bezde yliksek konsantrasyonlarda bulunur
ve insan viicudu i¢in dnemli bir elementtir. Saglikli bir bireyde eser miktarda mangan minerali 4-15pg/L bulunmaktadir.
[16,17]. Magnezyum, mangan ile alasimlandiriginda, alasimin ¢ekme mukavemetinde 6nemli bir degisiklik
gozlemlenmezken, elastisite modiiliinii artirdigt bulunmustur [18].

Alasimlama yaparken tek bir alasim elementi kullanilmaz. Ozellikle kemik implantlar i¢in Mg-Zn-Mn [13],
Mg-Zn-Ca [19], Mg-Zn-Ag [20], Mg-Zn-Ca-Ag [21], Mg-Zn—Ca—Mn [22] gibi alagim kompozisyonlar: ile Mg-esasl
alagimlar sentezlenmektedir.

2.2 Yiizey Modifikasyonlari

Magnezyum esaslt alagimlar enfeksiyonu dnleyerek kemikle bag olusturmasini kolaylastiran biyoaktif yilizeye

sahip degillerdir. Bu nedenle arastirmacilar klinik ozellikleri tamamlamaya yardimer olan kaplama yontemleri

gelistirmeye ¢aligmaktadirlar. Bu kaplama yontemlerinin bazilar1 agagida anlatilmaktadir.
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2.2.1 Sol-jel Yontemi

Korozyona kars1 korumada etkin bir yontem olan sol-jel kaplama yontemi, kimyasal olarak metalik ytlizeylere
ve fiziksel olarak kiirlenmis sol-jel uygulanan organik en iist kaplamalara iyi yapisma &zelligi gosterir [23]. Sol-jel
yontemi ile olusturulan ince film tabaka, diger kaplama yontemleri ile elde edilenlere gore daha homojendir [24]. Sol-jel
metodu nadiren tek basina uygulanir, genellikle diger yontemlerle kombine edilerek gergeklestirilmektedir [25,26].
2.2.2  Mikro-Ark Oksidasyon Yontemi

Mikro ark oksidasyon kaplama yontemi, bir elektro-kaplama teknigidir ve bu teknikle miikemmel 6zelliklere
sahip seramik kaplama gergeklestirilir. Olusan seramik kaplama ile sadece alagim, korozyondan korunmakla kalmaz ayni
zamanda alagimin aginma direncini, yiizey sertligini, termal karliligin1 ve dielektrik 6zelligi de gelistirmektedir [26,27].
Mikro ark oksidasyon yontemiyle kaplamanin ilk asamalarinda ince ve yogun katman ve daha sonrasinda mikro
catlaklarin ve gozeneklerin bulundugu poroz bir yiizey olmak iizere Mg-esasli alagimlarin yilizeyinde iki katman
olugmaktadir. Olusan bu katmanlar nedeniyle Mg-esasli alagimlarin korozyon hizi olduk¢a diismektedir [28].

2.2.3  Lazer Isleme Prosesi

Lazer isleme prosesi, alagimlarin korozyon ve asinma direncini artirmanin yani sira biyouyumlulugunu da
artirmaktadir. Bu proses, Mg-esasl alagimlarin igyapisini degistirmeden sadece yiizey ozelliklerini degistirmek igin
kullanilmaktadir. Lazer isleme siireci; lazer yiizey eritme, se¢ici lazer ylizey eritme, lazer yiizey alagimlama/kaplama ve
lazer ylizey sertlestirme olarak alasim ylizeyine gergeklestirilebilir. Lazer tekniginin, karmasik geometrileri kolaylikla
gerceklestirebilme ve biriken tabakanin konsantrasyon kontroliinii kolaylikla saglayabilme gibi avantajlari vardir. Ayrica
bu proseste lazer 1ginlari igin genellikle islem sirasinda vakum gerektirmez [29].

2.2.4  Kimyasal Doniisiim Kaplama

Kimyasal doniisiim islemi, alasim yiizeyindeki atomlarn ortamdaki anyonlarla etkilesime girerek alasim
ylizeyinde ¢Oziinmeyen bilesik bir katman olusturdugu bir islemdir. Diger kaplamalarla karsilagtirildiginda alasim
ylizeyine kaplama daha iyi yapisma gostermektedir. Yiiksek yapisma 6zelligi alasimin korozyon direncinin artirmasina
sebep olur[18].

Birgok ¢alismada kimyasal doniigiim kaplama yontemiyle Mg ve alagimlarinin yiizeyinin Ca-P ile kaplandigi
bildirilmistir. Kalsiyum-fosfor kaplamalar, kemiklere ve dislere sertlik saglayan hidroksi apatit olusumunu
gerceklestirdiginden, Ca-P kaplamalar ortopedik implantlarda yaygin olarak kullanilmaktadir [30].

2.2.5  Iyon Implatasyonu

Yiiksek enerjili iyonlar bombardiman yoluyla yiizey iizerine eklemeyi saglayan bir yontemdir. Alagim ylizeyinin

tribolojik ozelliklerini degistirerek alasim yiizeyi ile kaplama arasinda daha kuvvetli bag olusumu saglamaktadir [29].

Iyon implantasyonu, Mg alagimlarinin yiizey modifikasyonu igin etkili bir kaplama teknigi olarak bilinmektedir [30].

3. Magnezyum Alasimlarinin Mekanik Ozelliklerini Gelistirmek icin Kullanilan Yontemler
3.1 Isul Islem

Is1l islem prosesleri; Mg-esasli alagimlarin mekanik 6zelliklerini gelistirmek i¢in kullanilan proseslerdir. Alagim
elementlerin ¢Oziiniirliigli, tane boyutu ve ikincil intermetalik fazlarim dagilimi Mg-esash alasimlarmn mekanik
ozelliklerini belirler. Biyomalzemelerin sentezlenmesinde oOncelikle kullanilan 1sil islem prosesleri su verme ve
yaslandirmadir. Isil islem, implant malzemelerinin mekanik 6zelliklerini ve bozunma davranislarini iyilestirmenin yani

sira korozyon direncini de artirmaktadir [11,31,32].



Nevsehir Bilim ve Teknoloji Dergisi (2022), 11(2) 1-7

3.2 Plastik Deformasyon Sertlestirmesi

Biyomalzemelerde plastik deformasyon sertlestirme prosesleri ekstriizyon, dévme, haddeleme, yiiksek basing
torsiyonu ve esit kanal agisal presleme vb. olarak siralanabilir. Mg ve Mg-esasl alagimlarin mekanik 6zelliklerini
iyilestirmek i¢in plastik deformasyon sertlestirmesi yontemleri yaygin olarak kullanilmaktadir. Bu metot ile alasimda
yeniden kristallesme gerceklesmesiyle, ince taneli yapi artar, yapi i¢indeki segragasyon azalir ve alasimin yogunlugu
artar. Boylece alasimin mekanik 6zellikleri iyilesme gostermektedir [11,18].
4. Sonu¢

Bu ¢alisma, biyomedikal uygulamalar i¢in umut vaat eden Mg/Mg-esasli alasimlarin 6zelliklerini ayrintili olarak
kapsamaktadir. Magnezyumun biyouyumluluk, biyobozunma 6zelliklerinin yaninda, nispeten yiiksek mekanik dayanima
sahip olmasi, diger implant malzemelere gore magnezyumu {istiin kilmaktadir. Magnezyumun implant malzemesi olarak
kullanilmasindaki zorluk, magnezyum implantlarinin insan viicudu iginde, yapisin1 ve mekanik o6zelliklerini hizli
kaybetmesine neden olan hizla bozunmasidir. Ayrica bu malzemelerin implant malzemelerde kullanilabilmesi i¢in
mekanik 6zelliklerinin de gelistirilmesi gerekmektedir. Bu nedenle, magnezyum ve alagimlarinin implant malzemelerinde
kullanilabilmesi igin korozyon ve mekanik 6zelliklerinin gelistirilmesinde kullanilan yontemler, bu derleme ¢alismasinda

detayl bir sekilde anlatilmistir.
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Oz

Zeolitler, volkanik aktiviteler sonucu yeryiiziinde dogal olarak olusan ve sentetik olarak da yiizlerce gesitte iiretilebilen
zengin element igerikli aliiminasilikat mineralleridir. Zeolitler ayirt edilebilir homojen poroz yapiya sahip, yliksek yiizey
alanli iyonik bilesiklerdir. Bu kimyasal ve mikroyapisal ozellikler zeolitlere yiiksek adsorpsiyon ve absorpsiyon
kapasitesi, iyon-degisimi, molekiiler segicilik gibi etkinlikler saglar. Bu ¢ok yonlii iistiin 6zellikler de zeolitlerin tarim ve
hayvancilik sektorlerinden, enerji, teknoloji ve biyomedikal sektorlerine kadar ¢ok genis bir yelpazede etkin olarak
arastirilip kullanilmasimin 6niinii agmstir. Bu ¢alismada zeolitlerin temel 6zellikleri, uygulama alanlar1 ve spesifik olarak
biyomedikal ve doku miihendisliginde zeolitlerin 6nemi, giincel, potansiyel uygulama alanlar1 arastirilarak 6z bir sekilde

ele alinmgtir.

Anahtar Kelimeler: Aliiminosilikat; biyomedikal; doku miihendisligi; zeolit

The Properties of Zeolites and Tissue Engineering Applications

Abstract

Zeolites are aluminosilicate minerals with rich element content which form on the earth due to volcanic activities, and
can also be produced syntheticallly at hundrends of types. Zeolites are ionic compounds with high surface area having a
well-defined porous structure. This chemical and microstructural properties provide efficiencies of high adsorption and
absorption, ion-exchange and molecular selectiveness capacities etc. This versatile properties have paved the way of

investigation and utilisations of zeolites in a wide range from agriculture and farming to the energy, technology, and
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biomedical sectors. In this study, the fundemental properties of zeolites, applications and specifically the status of zeolites

and current potential applications at biomedical and tissue engineering fields have been dealt with concisely.

Keywords: Aluminosilicate; biomedical; tissue engineering; zeolite

1. Giris

Zeolitler, aliiminyum ve silisyum temelli oksit iyonlarinin {i¢ boyutlu, tetrahedral kristalin dizilimiyle olusan
gozenekli yapiya sahip minerallerdir. Tiirkiye’de yeteri kadar dogal rezervinin bulunmast da zeolitlerin iilkemizdeki
arastirma ve ¢aligmalarda kullanilmasinin 6niinii agmaktadir. Essiz mikroyapilari ile zeolitler iyon degisimi, adsorbsiyon
ve molekiiler secicilik kapasitesi gibi 6zellikleri sayesinde ¢ok ¢esitli alanlarda kullanilabilmektedir. Zeolitlerin kullanim
alaninin tarimsal, teknolojik, ¢evre miihendisligi, doku miihendisligi ve tip gibi genis bir alan1 kapsamasi nedeniyle
zeolitler bilimsel arastirma ve uygulamalarda artarak yerini almaktadir [1,2].

2. Zeolitlerin Yapisal ve Kimyasal Ozellikleri

Zeolitler toprak alkali iyonlar1 igeren sulu aliiminosilikat mineralleridir. Zeolitler, aliiminyum merkez
atomlarinin oksijen atomlar ile ¢evrelendigi [SiO4]*” ve [AlO4]> tetrahedronlarinin birbirine baglanmasi ile bosluk ve
kanallar iceren bir ag yapisi olustururlar [3]. Bilesimlerindeki yap1 suyu, zeolitlerin olusum sicakligi ve basincini
diistirirken poroz yapisina katki saglar. Zeolitlerin yogunlugu, bu gézenekli yapist nedeniyle, diger silikat minerallerine
gore daha disiiktiir. Gozenekli yapist ve yiizey alanmin genis olmasi, zeolitleri endiistriyel alanda olduk¢a onemli
kilmaktadir. Gozenekli yapi, malzemeye adsorban 6zellik kazandirir [1].

Zeolitlerin genel kimyasal formiilii [AlnxSin@-xOns]™ seklindedir. Kristal yapidaki aliiminyum ve silisyum
katyonlar1 yer degistirdiginde negatif yiiklii bir ag olusur ve bosluklarda kafese tutunan katyonlar sayesinde toplam yiik
dengelenir. Bu katyon yer degistirme 6zelligi sayesinde ¢esitli molekiiller zeolitler icerisinde adsorbe ya da absorbe
edilebilmektedir. Zeolitler farkl1 biiyiikliikteki molekiileri tutma ve gecirme gibi 6zellikleri sayesinde ‘molekiiler elekler’
olarak da adlandirilmaktadir [1].

3. Zeolitlerin Cesitleri

Zeolitler, volkanik bolgelerde dogal olarak olustugu gibi sentetik olarak da tiretilebilmektedir. Bilinen 40 adet
dogal zeolit tiirliniin yani sira, 2001 agkin sentetik zeolit tiirii oldugu rapor edilmistir [4]. Bu smiflar genellikle kimyasal
bilesim ve morfolojik yapilar1 nedeniyle birbirinden ayrilirlar [5]. Zeolitler farklt morfolojilerde olugmalarinin yani sira
klinoptilolit ve heulandit gibi es yapili zeolitler ayni grupta smiflandirilirlar. Heulandit grubu mineraller genellikle
tabakali ve yassi ¢ubuk seklinde kristallesirler. Mordenit tiirleri ince lifler, cubuklar ve igneler seklinde bir morfoloji
sergilerler. Rombohedral yapidaki kabazit tiirii ise kiip seklinde bir kristal goriiniime sahiptir [6].

3.1 Dogal Zeolitler

Dogal zeolitler volkanik kiiliin bazik gol sulartyla hidrotermal reaksiyonlar1 sonucunda olusmustur. Esas
volkanik kokenli olan dogal zeolitler, magmatik ve metomorfik kayaclarda kristalize formlarda bulunurken, tortul
kayaglarda kiigiik gapli taneler halinde bulunabilirler. Insanlarin erisemedigi okyanus dibi tortullar, zeolitler agisindan
zengindir ve diger kayaglarda bulunan zeolitlere gore oldukga biiyilik yapidadir [7].

Dogal zeolitler; fibroz, tek bagli-4 halka zincirli, ¢ift bagli-4 halka zincirli, 6 halkali, mordenit grubu, heulandit
grubu ve diger zeolitler olmak iizere 7 ana gruba ayrilmaktadir. Mordenit grup zeolitler: ‘mordenite, dachiardite,
epistilbite, ferrienite, bikitaite’ olmak lizere ve heulandit grup zeolitler: ‘clinoptilolite, heulandite, stilbite, setellerite,
barrenite, brewsterite’ gibi farkli tiirlere sahiptir [8]. Dogal zeolitlerin en fonksiyonel tiirleri arasinda klinoptilolit,

mordenit ve kabazit sayilabilir [7].
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3.2 Sentetik Zeolitler

Sentetik zeolitler laboratuvar kosullarinda dogal hammaddeler ve sentetik silikatlar kullanilarak, yiiksek sicaklik
veya basing altinda hidrotermal sentezleme yontemleri ile tiretilmektedirler. Dogal zeolitlerin olusumu birkag bin yil
alirken sentetik zeolitlerin tiretimi ¢ok kisa stirede gerceklestirilir. Ancak, sentez reaksiyonlar1 uygun ekipman, temiz
altlik ve enerji gerektirdigi i¢in dogal zeolitlere gore daha pahalidir [7]. Bilinen iki yiizii agkin sentetik zeolit tipi mevcut
iken en ¢ok kullanilan tiirler arasinda; zeolite Y, zeolite A, zeolite L ve ZSM-5 kodlu zeolitler sayilabilir [4,5,7].

4. Zeolitlerin Kullamim Alanlar

Zeolitler ¢ok yiiksek i¢ ylizey alanina sahip mineral yapr ailesi olarak tanimlanabilir. Baz1 biiyiik molekiileri elek
gibi yakalarken, daha kiigiik molekiilleri gegirirler. Reaksiyonlarda biiyiik bir yiizey alani saglarlar. Zeolitler katyon/iyon
degis tokusu saglarlar, molekiiler segicilik ve adsorbsiyon/desorbsiyon oOzelligi gosterirler, su yumusaticilardir,
miikemmel katalizorlerdir ve ayrica biyolojik olarak aktiflerdir [9]. Bu {istiin 6zellikler zeolitlerin ¢ok ¢esitli uygulama
alanlarinda kullanimini miimkiin kilmaktadir. Zeolitlerin 6nemli temel kullanim alanlar1 Tablo 1’de sunulmustur.

Zeolitler ¢evresel uygulamalarda, su aritiminda agir metal iyonlarinin (nikel, bakir, kadmiyum, ¢inko, kursun ve
civa gibi) ve amonyak gibi organik bilesenlerin uzaklastirilmasinda kullanilmaktadir. Zeolitler modifiye edilerek
adsorban aktivitesi daha da giiclendirilebilmektedir [10]. Ayrica, zeolitler niikleer atiklardaki iyonlarin, petrolli
iceriklerin ve ¢oplerin ayristirilmasi gibi diger ¢evresel uygulamalarda da kullanilmaktadir [2].

Zeolitler elektrokimyasal, optik ve kalorimetrik gaz sensorlerinde kullanildiginda algilama ve segiciligi
arttirmaktadir. Genis yiizey alani sayesinde gozenekler igerisinde adsorpsiyon kapasitesi, madde iletimi ve optik
ozelliklere etki ederek sensorlerde iletimi saglamaktadir. Nano-boyutlu zeolit kristaller ve membranlar, mini tip iistiin
performanslt gaz sensorleri gelistirilmesinin Oniinii agmustir [5].  Enerji sektoriinde, dogal gaz ve komiiriin
saflagtirlmasinda gazlarin uzaklastirilmasinda, solar sistemlerde 1s1 doniistiiriicii olarak ve petrol-bazli {irlinlerin
sentezinde katalizor olarak kullanilmaktadir [2].

Tarimsal ve hayvansal faaliyetlerde giibre ve ilaglarin kontrollii salinimi i¢in ve hayvan yemlerinde besleyici
katki maddesi olarak kullanilmaktadir [2]. Ayrica, biyouyumlu klinoptilolit zeolitler insanlarda bagisiklik sistemini

destekleyici mineral takviyesi ve zehirli toksinleri giderici gida takviyesi olarak da kullanilmaktadir [2,17].

10
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Tablo 1. Zeolitlerin Temel Kullanim Alanlar1

Genel Ozel
Uygulamalar  Uygulamalar Zeolit Tiirii Aciklama Referanslar
Agir metal ve amonyak [10][11]
Uzaklagtirma
Su aritict membran kompozitler (nano [12]
zeolit katkil1 polisiilfon membranlar
Su aritimi Endiistriyel siv1 atiklar, [2,13]
organik atiklar ve
Dogal zeolitler niikleer atiklarin ayristirilmasi
(klinoptilolit ve kabazit Dogal gaz ve kdmiiriin
Cevresel Atiklarin gibi) saflastirilmasi
Uygulamalar  ayristirilmasi NaX zeolitler Gazlarin ayristirilmasi [14]
Katalizor ZSM-5
Zeolit-Y
Igten yanmali motorlarda
Bronsted asidik Foto-katalizor [13]
zeolitler Petrokimya endiistrisinde hidrokarbon
(H-ZSM-5 (MFI) ve bilesiklerinin yakita doniistiiriilmesi
H-USY) Biyokiiklelerden yakit doniistimii
Zeolit H-beta [14]
Yakat hiicreleri Zeolit Silikalit-1 Laktik asit doniisimii
Cu/Fe- zeolit mordenit ~ Hidrojen tiretiminde nano-katalizor
(MOR) Metan sivi1 yakitlarda metanol doniisiimii [14]
Enerji depolama Zeolit- X, Y, A, Su adsorpsiyonu ile enerji depolama
SAPO-34,
Enerji AlPO-34 Yariiletken gaz sensorlerinde segiciligi
Uygulamalar1  Gaz sensorleri Sn0»/ZSM-5 arttirma (formaldehit vb.) [15]
Kemik kaybini 6nleyici takviye
Kemik yenilenmesi i¢in tesvik edici ajan
Antioksidan ve agir metal tutucu
Titanyum ve celik gibi kemik implant
kaplamalarinda osteoentegrasyon saglama,
kemik ile elastik modiil uyumsuzlugunu [16,17]
Dogal mordenit giderme gibi biyouyumluk 6zelliklerini ve
Sodyum zeolit A korozyon direncini arttirict
Kemik implant1 ve dis dolgu malzemesi [18,19]
Zeolit MFI (ZSM-5) olarak
Yara ve yanik ortii malzemelerinde (jelatin
ve hyaluronik asit ile kompozit olarak).
Fibroblast hiicre biiylimesini tesvik edici [3,20]
poroziteye ve oksijen teminine katki [20,21]
Faujasite saglayici
Antibakteriyel ve antioksidan 6zellikli dis
kokii hasarlarimi onarmak igin glimiis iyon
Mineral ve gida degisimli zeolit [20]
takviyesi flag salinim sistemleri
Biyolojik Hemostatik ajan, biyosensor, tibbi [22]
Uygulamalar  Doku mithendisligi Na A ve Zn A Zeolitler teshis/goriintiileme [20]

4.1. Zeolitlerin Biyomedikal ve Doku Miihendisligi Uygulamalari

Poroz ve hidrofilik yapisi, iyon degisimi, molekiiler adsorpsiyon kapasitesi gibi 6zelliklerin yan1 sira, yapilan

arastirmalar, zeolitlerin ¢ogunlukla biyouyumlu oldugunu ve anti-bakteriyel/mikrobiyal, antioksidant, antiadjuvant gibi

iistlin ozellikler sergilediklerini gostermektedir [3]. Zeolitlerin uzun siireli kimyasal ve biyolojik kararliga sahip olmalari,

tersinir olarak kiiclik molekiilleri baglayabilmeleri ve immiinodiilatdr aktivitiye sahip olmalar1 sayesinde biyomedikal

uygulamalarda énemli bir yere sahiptir. Zeolitler arasinda erionit, offretite and skolecite gibi fibroz kristalin formlardaki

11
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birkag tiiriiniin sitotoksik 6zellikler sergileyebildigi bildirilmistir [4]. Fakat yapilan arastirmalarda zeolitlerin diger ¢ogu
tiiriiniin biyouyumlu oldugu ve hiicre biiylimesini tesvik ettigi bildirilmistir. Bu ¢alismalar arasinda, zeolitlerin yenileyici
tip uygulamalarinda kompozit skafold (doku iskelesi) malzeme bilesimlerinde kullanildiginda incelenen fibroblast,
osteoblast kondrosit, atar damar kas hiicreleri gibi pek ¢ok hiicre tiirii ile oldukca biyouyumlu 6zellikler gostererek, hiicre
¢ogalmasi ve doku yenilenmesinde 6nemli potansiyel katkilar sagladig1 goriilmiistiir [4,21,23-25]. Ayrica, klinoptilolit
gibi biyouyumlu bir zeolit tiiriiniin kanser tedavisinde adjuvant olarak kullanimi bildirilmektedir [26]. Doku mithendisligi
alaninda zeolitler kemik implant1 ve dis dolgu malzemesi olarak [27], yara ve yanik Ortli malzemelerinde [28],
antibakteriyel implantlar ve kaplamalarda [19,29] ilag saliim sistemlerinde [30], hemostatik ajan ve tibbi
teshis/goriintiileme ajani olarak gesitli alanlarda aktif olarak aragtiritlmakta ve kullanilmaktadir [3].

Uygun mekanik mukavemete, homojen gozenek yapisiyla genis yilizey alanina sahip zeolitlerin kemikler ve dis
dokularinin onarimi ve yenilenmesinde implant ve skafold malzemesi olarak kullanim potansiyeli oldukga yiiksektir.
Zeolit kristallerinin lig-boyutlu mikroyapilari, gézenekli yapis1 ve 6zel topografyasi, kemik hiicresi, osteoblastlarin
baglanmasi, ¢ogalmasi ve farklilasmasi i¢in oldukg¢a uygun bir yapidir [31]. Bedi, (2012) ve arkadaslarinin yaptig1 bir
calismada paslanmaz ¢elik ve titanyum alasimi tiizerine yeni bir kompozit, zeolit-hidroksiapatit kaplamasi
gerceklestirilmistir. Kompozit kaplama siiper hidrofilik 6zellik gdstererek, kaplama ile kemik arasindaki elastik modiilii
uyumsuzlugunu gidermistir. Bu durumun ameliyat sonrasi kemik iyilesmesini hizlandirmasi 6ngériilmektedir [19].

Ninan ve arkadagslar1 (2013) bakir ile aktiflestirilmis faujasite tiirli zeoliti jelatin bazli skafoldlar igerisinde
entegre ederek liyofilizasyon yontemiyle oldukga poroz ve genis gozenek dagilimina sahip bir yapida tiretmistir. Zeolit
ilavesi, matrisi yapisal ve mekanik agidan gii¢lendirerek kompozitin doku miihendisligi uygulamalar igin
optimizasyonunu saglamistir [32]. Bu arastirmacilarin takip eden diger ¢alismalarinda, hyaluronik asitin de ilave edildigi
jelatin-faujasite skafoldlar yara iyilesmesi i¢in iv-vitro ve in-vivo testler ile karakterize edilmistir. Kompozit skafodlarin
fibroblast hiicrelerine karsi yiiksek biyouyumluluk sergiledikleri ve kontrollii absorpsiyon ve bozunma kapasiteleri
sayesinde doku biiylimesini tesvik ettigi bildirilmistir. Ayrica fareler iizerinde gerceklestirilen in-vivo testlerde
kompozitlerin yumusak doku biiyiimesini ve kolajen {iretimini saglayarak yara iyilesmesini tesvik ettigi gortilmiistiir [21].

Yapisindaki silikat igerigi nedeniyle zeolitler, yapay viicut sivisina daldirildiginda apatit tabakasi iiretme
kapasitesi nedeniyle biyoaktif 6zellik gostererek implant ve insan kemigi arasindaki bagin indiiklenmesinde dnemli bir
etkinlik gostermektedirler [27]. Zeolitlerin hidrofilik ve gozenekli yapilarinda Na, K ve Ca gibi mineral elementleri
icermeleri gibi biyomimetik 6zellikleri de skafold ile doku arasinda etkin bir bag olusumunu destekler [20]. A ve X tipi
zeolitler, metakrilik recinesi temelli dis dolgu maddesi olarak UV etkisi ile capraz baglanabilen ve ¢esitli yiizey aktif
ajanlar varlig1 sayesinde mezoporoz bir yapida iiretilmistir. Ciiriik ya da yaralanma sonucu dislerin dentin ve dis minesi
tabakasinda meydana gelebilecek hasarlarin onariminda kullanilabilecek bu kompozit malzemeler iyon degisimi 6zelligi
sayesinde kalsiyum ve fosfat iyon salinimu ile apatit olusumunu tesvik edip yeniden minerallesmeyi giiglendirmistir [33].

Zeolitler kikirdak doku yenilenmesi ¢alismalarinda da arastirilmistir. Bir ¢aligmada, elektrospining yontemiyle
iiretilen PVA ve kolajen matriksli fiber kompozitler igerisine nano-boyutlu silikat ve zeolit bilesikleri eklenmesinin
kondrosit, kikirdak hiicrelerinin ¢ogalmasini arttirdig: goriilmistiir [24].

Zeolitler yliksek ylizey alani/hacim oranina sahip mikro-gozenekli yapisi sayesinde antibakteriyel ajanlar1 etkili
bir sekilde adsorbe ederek depolayabilmekte ve bu ajanlarin kontrollii salinimini gergeklestirmektedir [29]. Antibakteriyel
caligmalarda glimiis [34], bakir [35] ve ¢inko [36] gibi inorganik metal iyonlar1 zeolitler igerisine katki olarak ilave
edildiginde malzemelerin antibakteriyel 6zelliklerini giiglendirildigi goriilmiistiir [37]. Iyon degisimi ile giimiis iyonlari

zeolitler icerisine adsorbe edildiginde glimiigiin kontrollii salinim1 sayesinde uzun siireli antibakteriyel etki basartlmistir.
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Giimiis iyonu Ag® veya Ag" igeren ultra kiigiik EMT-tip nano-zeolitin suda dagitilmig formlarina maruz kalan E-koli
hiicrelerini tamamen yok ettigi bildirilmistir [29].

Zeolitler, absorpsiyon/desorpsiyon ve iyon-degisimi oOzellikleri ile tek baslarina ya da polimerler ile
birlestirilerek kompozit ve ya hidrojel gibi formlarda kontrollii ilag salinim sistemlerinde kullanim i¢in de oldukca
elverislidir [38]. Paveli¢ v.d., (2000), klinoptilolit tiirii zeolitin kanser tedavisinde adjuvant olarak kullanimini
arastirmistir. In-vitro testlerde, klinoptilolit kullaniminin pek ¢ok kanserli hiicreye karsi tiimdr dnleyici protein olusumunu
destekledigi gorilmiistiir. In-vivo caligmalarda ise, kopeklerde ve farelerde deri kanserinde tiimor olusumunu ve
bliylimesini azalttig1 goriilmiistiir [26]. Zeolitler, ibuprofen ve diklofenak gibi anti-inflamatdr ilaglarin, anti-diyareik ve
doksorubisin gibi kemoterapi ilaglarin saliniminin yansira hiicrelere DNA saliniminda da kullanilmaktadir [31,38].

Zeolitler, kanser gibi ¢esitli hastaliklarin teshisinde biyobelirtegleri algilayan biyosensor uygulamalarinda da
kullanilmaktadir. Enzimlerin igerisine enkapsiile edildigi klinoptilolit ve B-zeolit tiirleri pH-duyarli potansiyometrik
transistorler ile kombine edilen biyosensorler gelistirilmistir. Buna ilaveten, klinik olarak biiylik dneme sahip olan iire
tespitinde, amonyum segiciligine sahip transistorlerde {irenaz enzimini baglayan klinoptilolit iceren polimer kompozit
membranlarin biyosensor olarak kullanimi bildirilmistir [3].

S. Sonuglar

Poroz ve iyonik yapida inorganik mineraller olup, mekanik ve biyolojik kararliliga sahip olan zeolitler ¢esitli
endiistriyel ve bilimsel alanlarda yapilan arastirma ve ¢aligma faaliyetlerinde oldukea ilgi ¢eken malzemelerdir. Ustiin
adsorpsiyon ve molekiiler segicilik kapasitesi sayesinde zeolitler, ayirma, saflastirma, katalizor ve sensor gibi teknolojik
uygulamalarda 6nemli etkinlige sahiptirler. Ayrica, biyouyumlu ve biyoaktif olmalar1 nedeniyle, zeolitler biyomedikal
uygulamalarda ilag salinimi, teshis, goriintiileme, biyosensor gibi uygulamalarin yani sira doku miihendisliginde 6zellikle
kemik yenilenmesi ve tedavisinde kullanim i¢in oldukca yiiksek potansiyele sahip malzemelerdir.

6. Tesekkiir ve Katki Beyan

Bu calisma, Nevsehir Haci Bektas Veli Universitesi BAP Koordinatorliigii tarafindan desteklenen ‘KBP22F01’
nolu proje kapsaminda gergeklestirilmistir. F.Z.K; ¢alismanin dizayni, literatiir aragtirmasi, makale yazimi ve makale son
formatinin olusturulmasi. N.K.; literatiir arastirmasi ve makale yazimi. E.D.; literatiir arastirmasi ve makale yazimi.

7. Kaynaklar

[1]. Sahin, M.B. "Zeolitler". MTA Dogal Kaynaklar ve Ekon. Biilteni, 17, 53-60, 2014

[2]. Giilen, J.; Zorbay, F.; Arslan, S. "Zeolitler ve Kullanim Alanlar1". Karaelmas Sci. Eng. J. 2, 63—68, 2012

[3]. Serati-Nouri, H.; Jafari, A.; Roshangar, L.; Dadashpour, M.; Pilehvar-Soltanahmadi, Y.; Zarghami, N.

"Biomedical Applications of Zeolite-Based Materials: A Review". Mater. Sci. Eng. C, 116, 111225,2020
[4]. Bacakova, L.; Vandrovcova, M.; Kopova, L.; Jirka, I. "Applications of Zeolites in Biotechnology and Medicine-

a Review". Biomater. Sci., 6, 974-989, 2018
[5]. Zheng, Y.; Li, X.; Dutta, P.K. "Exploitation of Unique Properties of Zeolites in the Development of Gas

Sensors". Sensors, 12, 5170-5194, 2012
[6]. Moshoeshoe, M.; Nadiye-Tabbiruka, M.S.; Obuseng, V. "A Review of the Chemistry, Structure, Properties and

Applications of Zeolites". Am. J. Mater. Sci., 7, 196221, 2017
[7]. Krol, M. "Natural vs. Synthetic Zeolites". Crystals, 10, 1-8, 2020.

[8]. Hardi, G.W.; Maras, M.A.J.; Riva, Y.R.; Rahman, S.F. "A Review of Natural Zeolites and Their Applications:

Environmental and Industrial Perspectives". Int. J. Appl. Eng. Res., 15, 730-734, 2020.

[9]. Sobus, N.; Czekaj, 1.; Diichuk, V.; Kobasa, .M. "Characteristics of the Structure of Natural Zeolites and Their

Potential Application in Catalysis and Adsorption Processes". Tech. Trans., 1-20, 2020

13



[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

Nevsehir Bilim ve Teknoloji Dergisi (2022), 11(2) 8-15

Wang, S.; Peng, Y. "Natural Zeolites as Effective Adsorbents in Water and Wastewater Treatment". Chem. Eng.
J., 156, 11-24, 2010

Sprynskyy, M.; Buszewski, B.; Terzyk, A.P.; Namies$nik, J. "Study of the Selection Mechanism of Heavy Metal
(Pb2+, Cu2+, Ni2+, and Cd2+) Adsorption on Clinoptilolite". J. Colloid Interface Sci., 304, 21-28, 2006
Yurekli, Y.; Yildirim, M.; Aydin, L.; Savran, M. "Filtration and Removal Performances of Membrane
Adsorbers". J. Hazard. Mater., 332,33-41,2017

Rhodes, C.J. "Properties and Applications of Zeolites". Sci. Prog. 2010, 93, 223-284,

Li, Y.; Li, L.; Yu, J. "Applications of Zeolites in Sustainable Chemistry". Chem, 3, 928-949, 2017

Sun, Y.; Wang, J.; Du, H.; Li, X.; Wang, C.; Hou, T. "Formaldehyde Gas Sensors Based on SnO2/ZSM-5 Zeolite
Composite Nanofibers". J. Alloys Compd., 8§68, 159140, 2021

Banu, J.; Varela, E.; Guerra, J.M.; Halade, G.; Williams, P.J.; Bahadur, A.N.; Hanaoka, K.; Fernandes, G. Dietary
"Coral Calcium and Zeolite Protects Bone in a Mouse Model for Postmenopausal Bone Loss". Nutr. Res., 32,
965-975, 2012

Ivkovic, S.; Deutsch, U.; Silberbach, A.; Walraph, E.; Mannel, M. "Dietary Supplementation With the
Tribomechanically Activated Zeolite Clinoptilolite in Immunodeficiency : Effects". Adv. Nat. Ther., 21, 135—
148, 2004.

Bedi, R.S.; Beving, D.E.; Zanello, L.P.; Yan, Y. "Biocompatibility of Corrosion-Resistant Zeolite Coatings for
Titanium Alloy Biomedical Implants". Acta Biomater., 5, 3265-3271, 2009

Bedi, R.S.; Chow, G.; Wang, J.; Zanello, L.; Yan, Y.S. "Bioactive Materials for Regenerative Medicine: Zeolite-
Hydroxyapatite Bone Mimetic Coatings". Adv. Eng. Mater., 14, 200-206, 2012

Zarrintaj, P.; Mahmodi, G.; Manouchehri, S.; Mashhadzadeh, A.H.; Khodadadi, M.; Servatan, M.; Ganjali, M.R.;
Azambre, B.; Kim, S.J.; Ramsey, J.D.; et al. "Zeolite in Tissue Engineering: Opportunities and Challenges".
MedComm, 1,5-34,2020

Ninan, N.; Muthiah, M.; Park, .K.; Elain, A.; Wong, T.W.; Thomas, S.; Grohens, Y. "Faujasites Incorporated
Tissue Engineering Scaffolds for Wound Healing: In Vitro and in Vivo Analysis". ACS Appl. Mater. Interfaces,
5, 11194-11206, 2013

Kocaaga, B.; Kurkcuoglu, O.; Tatlier, M.; Batirel, S.; Guner, F.S. "Low-Methoxyl Pectin—Zeolite Hydrogels
Controlling Drug Release Promote in Vitro Wound Healing". J. Appl. Polym. Sci., 136, 1-16, 2019

Igbal, N.; Abdul Kadir, M.R.; Mahmood, N.H. Bin; Yusoff, M.F.M.; Siddique, J.A.; Salim, N.; Froemming,
G.R.A.; Sarian, M.N.; Balaji Raghavendran, H.R.; Kamarul, T. "Microwave Synthesis, Characterization,
Bioactivity and in Vitro Biocompatibility of Zeolite-Hydroxyapatite (Zeo-HA) Composite for Bone Tissue
Engineering Applications". Ceram. Int., 40, 16091-16097, 2014

Mehrasa, M.; Anarkoli, A.O.; Rafienia, M.; Ghasemi, N.; Davary, N.; Bonakdar, S.; Nacimi, M.; Agheb, M.;
Salamat, M.R. "Incorporation of Zeolite and Silica Nanoparticles into Electrospun PVA/Collagen Nanofibrous
Scaffolds: The Influence on the Physical, Chemical Properties and Cell Behavior". Int. J. Polym. Mater. Polym.
Biomater., 65, 457-465, 2016

Seifu, D.G.; Isimjan, T.T.; Mequanint, K. "Tissue Engineering Scaffolds Containing Embedded Fluorinated-
Zeolite Oxygen Vectors". Acta Biomater., 7, 3670-3678, 2011

Paveli¢, K.; Hadzija, M.; Bedrica, L.; Paveli¢, J.; Crossed D signiki¢, 1.; Kati¢, M.; Kralj, M.; Bosnar, M.H.;
Kapitanovi¢, S.; Poljak-Blazi, M.; et al. "Natural Zeolite Clinoptilolite: New Adjuvant in Anticancer Therapy".
J. Mol. Med., 78, 708—720, 2000

14



[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

Nevsehir Bilim ve Teknoloji Dergisi (2022), 11(2) 8-15

Igbal, N.; Abdul Kadir, M.R.; Igbal, S.; Razak, S.I.A.; Shahid Rafique, M.; Bakhsheshi-Rad, H.R.; Hasbullah
Idris, M.; Khattak, M.A.; Raghavendran, H.R.B.; Abbas, A.A. "Nano-Hydroxyapatite Reinforced Zeolite ZSM
Composites: A Comprehensive Study on the Structural and in Vitro Biological Properties". Ceram. Int., 42,
7175-7182, 2016

Barbosa, G.P.; Debone, H.S.; Severino, P.; Souto, E.B.; Da Silva, C.F. "Design and Characterization of
Chitosan/Zeolite Composite Films - Effect of Zeolite Type and Zeolite Dose on the Film Properties". Mater. Sci.
Eng. C, 60, 246-254, 2016

Dong, B.; Belkhair, S.; Zaarour, M.; Fisher, L.; Verran, J.; Tosheva, L.; Retoux, R.; Gilson, J.P.; Mintova, S.
"Silver Confined within Zeolite EMT Nanoparticles: Preparation and Antibacterial Properties". Nanoscale, 0,
10859-10864, 2014

Zhang, Y.; Yan, W.; Sun, Z.; Pan, C.; Mi, X.; Zhao, G.; Gao, J. "Fabrication of Porous Zeolite/Chitosan
Monoliths and Their Applications for Drug Release and Metal lons Adsorption". Carbohydr. Polym., 117, 657—
665, 2015

Derakhshankhah, H.; Jafari, S.; Sarvari, S.; Barzegari, E.; Moakedi, F.; Ghorbani, M.; Varnamkhasti, B.S.;
Jaymand, M.; Izadi, Z.; Tayebi, L. "Biomedical Applications of Zeolitic Nanoparticles, with an Emphasis on
Medical Interventions". Int. J. Nanomedicine, 15, 363-386,

Ninan, N.; Grohens, Y.; Elain, A.; Kalarikkal, N.; Thomas, S. "Synthesis and Characterisation of Gelatin/Zeolite
Porous Scaffold". Eur. Polym. J., 49, 2433-2445,2013

Sandomierski, M.; Buchwald, Z.; Koczorowski, W.; Voelkel, A. "Calcium Forms of Zeolites A and X as Fillers
in Dental Restorative Materials with Remineralizing Potential". Microporous Mesoporous Mater., 294, 109899,
2020

Sanchez, M.J.; Mauricio, J.E.; Paredes, A.R.; Gamero, P.; Cortés, D. "Antimicrobial Properties of ZSM-5 Type
Zeolite Functionalized with Silver". Mater. Lett., 191, 65-68, 2017

Alswat, A.A.; Ahmad, M. Bin; Hussein, M.Z.; Ibrahim, N.A.; Saleh, T.A. "Copper Oxide Nanoparticles-Loaded
Zeolite and Its Characteristics and Antibacterial Activities". J. Mater. Sci. Technol., 33, 889—-896, 2017

Fox, S.; Wilkinson, T.S.; Wheatley, P.S.; Xiao, B.; Morris, R.E.; Sutherland, A.; Simpson, A.J.; Barlow, P.G.;
Butler, A.R.; Megson, L.L.; et al. "NO-Loaded Zn2+-Exchanged Zeolite Materials: A Potential Bifunctional
Anti-Bacterial Strategy". Acta Biomater., 6, 1515-1521, 2010

Top, A.; Ulkii, S. "Silver, Zinc, and Copper Exchange in a Na-Clinoptilolite and Resulting Effect on Antibacterial
Activity". Appl. Clay Sci., 27, 13-19, 2004

Servatan, M.; Zarrintaj, P.; Mahmodi, G.; Kim, S.J.; Ganjali, M.R.; Saeb, M.R.; Mozafari, M. "Zeolites in Drug
Delivery: Progress, Challenges and Opportunities". Drug Discov. Today, 25, 642—656, 2020

15



Nevsehir Journal of Science and Technology (2022), 11(2) 16-30

Nevsehir Journal of Science and
Technology

Research Article (Arastirma Makalesi)
Atrticle Doi: 10.17100/nevbiltek.1180084

Date Submitted:25-09-2022 Date Accepted:23-11-2022

Nevsehir ilinde Kuraklik Analizi ve Kurakh@in Tarimsal Uriin Verimi Uzerine Etkileri

Kahraman OGUZ ", Giilten CAMALAN 2 , Muhammet Ali PEKIN 3
" Turkish State Meteorological Service, Kegioren, Ankara, TURKIYE

ORCID ID: 0000-0001-5305-6145

2 Turkish State Meteorological Service, Kegioren, Ankara, TURKIYE

ORCID ID: 0000-0001-7598-9771

3 Turkish State Meteorological Service, Kegioren, Ankara, TURKIYE

ORCID ID: 0000-0002-6807-890X

Oz

Tiirkiye, iklim degisikligine karst en hassas bolgelerden birisidir. iklim degisikliginin tetikledigi kuraklik olaylart
bolgede siklikla meydana gelmekte ve 6nemli ¢evre sorunlarina neden olmaktadir. Tarim sektdrii ve mahsul verimi
kurakliktan olumsuz etkilenen alanlar arasindadir. Bu galismada, Nevsehir Merkez ve Urgiip istasyonlar1 kullanilarak
SPI ve SPEI yontemleri ile meteorolojik ve hidrolojik kuraklik durumu ve yagis egilimi incelenmistir. Ayrica bolgede
uzun siireli kuvvetli kurakliklarin giddeti ve siiresi aragtirilmigtir. Kuraklik olaylarinin en 6nemli olumsuz etkileri tarim
sektoriinde bitkisel iiretim tizerinde goriilmektedir. Bu etkiyi analiz etmek icin bdlgede yetistirilen tarim iriinlerinin
verim degerleri Tiirkiye Istatistik Kurumu'ndan (TUIK) alinmis ve Z-Skor yontemi ile standardize edilmistir. Ardindan

kuraklik olaylarimin bdlgede yetistirilen tarim tirlinlerinin verimi iizerine etkisi incelenmistir.
Anahtar Kelimeler: Kuraklik analizi; veri standartlagtirma; kurakligin tarima etkileri; Nevsehir bolgesi.

Drought Analysis and Impact of Drought on Crop Yield in Nevsehir City’

Abstract

Tiirkiye is one of the most sensitive regions to climate change. Drought events triggered by climate change occur
frequently in the region and cause important environmental problems. The agricultural sector and crop yield are among
the areas that are adversely affected by drought. In this study, meteorological and hydrological drought situation and
precipitation trend are studied with SPI and SPEI methods by using Nevsehir Center and Urgiip stations. Besides, the
severity and duration of long-lasting strong droughts in the region are studied. The most important negative effects of
drought events are seen in the agricultural sector on crop production. In order to analyze this effect, the yield values of
agricultural products grown in the region were obtained from Turkish Statistical Institute (TUIK) and standardized with
Z-Score method. Afterwards, the impact of drought events on the yield of agricultural products grown in the region are

examined.

Keywords: Drought analysis; data standardization; effect of drought on agriculture; Nevsehir region.
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1. Introduction

Drought, which is directly related to climate change, is increasing day by day all over the world and causes
significant environmental problems. This effect may be even more critical for the sensitive regions to the effects of
climate change such as Tiirkiye. Drought is an event that can have different effects over regions depending on the
impact process. It is classified as meteorological, agricultural, hydrological and socioeconomic in terms of its effects.
While meteorological drought occurs when precipitation falls below the average, agricultural drought occurs as a result
of the inability of the plant to meet the water it needs from the soil in a certain period of time. Hydrological drought
occurs as a result of the lack of underground and surface water resources. Socioeconomic drought occurs with the food
crisis after other droughts [1].

The most important negative effects of the drought event are seen on agriculture and plant production. Drought
is one of the abiotic stress factors that negatively affect the growth and development of the plant in its living
environment, causing a decrease in product quality, quantity and yield, and preventing it from reaching the optimum
product potential. The reason for the yield losses in agricultural production is based on abiotic stress factors at a rate of
71% and biotic stress factors at a rate of 29% [2]. Besides, drought has several negative effects on crop plants evolution.
Drought causes low number of plants per acre, low quality and quantity of harvested yield and lower seed germination

rate in next generation (Figure 1).

Vegetative growth Generative growth

Germination Seedling establishment Root and shoot development Flowering and pollination Fruit and seed development

. y You

Smaller leaf area and plant size Lower pollination success

Delayed germination Increased root-to-shoot ratio Lower fruit setting
Inhibited photosynthesis Decreased pathogen sensitivity** Slower development
Enhanced relative root growth Accumulation of secondary compounds Failure of maturation
Early senescence Early senescence
Low number of plants per acre at start of season Low quality and quantity of harvested yield* Lower seed germination rate in next generation
Control Drought Control Drought Control Drought Control Drought
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Figure 1. A scheme showing effects of drought on crop plants evolution [3].

There have been some studies around the world examining the effects of drought on agricultural crops. [4]
investigated effects of drought on crop production and cultivation areas over 10 climate zones in Texas from 2008 to
2016. They found that drought had a greater impact on winter wheat and corn and lesser impact on cotton and sorghum
production. [5] studied drought variability and the yield sensitivity of winter wheat, maize, sugar beet, and sunflower to
drought in the Republic of Moldova. They found that agricultural production was sharply reduced by extreme drought
periods. [6] investigated effects of a constructed index of degree-days, precipitation intensity, and a standardized
precipitation index (SPI) on the mean yield and yield variability of three major crops in eight countries in the Sahelian

region. It is found that an increase in the drought and degree-days tends to be harmful to crop yields, even though the
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cultivated crops are heat-tolerant. [7] analysed the interaction between temperature and drought variability in crop yield
variability for the four most important crops worldwide (maize, rice, soybeans, and wheat) both at the global and
country scale. They found that while there were no significant global effects of temperature for maize and soybeans
yields for average SPEI, the combined effects of high temperatures and drought significantly decreased yields of maize,
soybeans, and wheat by 11.6, 12.4, and 9.2%, respectively. [8] investigated the impacts and evidence of Australian
droughts on agricultural crops. It is found that drought reduced various crops production in Australia up to 53% due to
its intensity and duration. [9] investigated the influence of extreme weather disasters on global crop production. It is
found that droughts and extreme heat significantly reduced national cereal production by 9—10%. [10] investigated the
global-scale relationship between crop yield anomaly and multiscalar drought index. They found that global crop areas
significantly affected by drought during the study period were around 23%, 8%, 30%, and 29% for maize, rice,
soybean, and wheat, respectively, induced mainly by medium to longer drought timescale (5—12 months).

In this study, 3- and 12-month (meteorological and hydrological) drought status (with SPI and SPEI methods),
and the severity and duration of long-lasting strong droughts as well as precipitation trend of the region were studied
using Nevsehir Center and Urgiip meteorological station data. Besides, yield values of agricultural products grown in
the region were obtained from TUIK and standardized with the Z-Score method. Afterwards, the effects of drought

events on the yield of agricultural products grown in the region were examined.

2. Materials and Methods
2.1 Study Location

Nevsehir province is located between 38.137° and 39.637° North latitudes and 33.616° and 35.733° East
longitudes of the Central Anatolia Region. It has typical continental climate characteristics with hot and dry summers
and cold and rainy winters. The annual average temperature is 10.7°C, and the total annual precipitation is 420.1 mm.
Steppe plants are seen throughout the province. Forest areas make up approximately 1.3% of the province's surface area
[11,12].

In this study, we used precipitation data of Nevsehir Center and Urgiip stations operated by Turkish State
Meteorological Service. These stations were preferred because the data set is regular and uninterrupted. The locations of

the meteorological stations are shown in Figure 2. We used Excel program for calculations.
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Figure 2. Locations of meteorological stations used in the study

2.2, The Standardised Precipitation Index (SPI)

SPI is a method developed by [13] for the identification and monitoring of drought. It provides the
determination of the drought in a certain time scale with the precipitation data measured at any precipitation station.

Negative values of SPI indicate drought, while positive values indicate humidity. The SPI is calculated by equation 1:

SPI = (Xi — Xort)/o (Equation 1)
Here, Xi: is the measured precipitation data, Xort: is the precipitation mean and o: is the standard deviation

[14].

2.3. The Standardised Precipitation-Evapotranspiration Index (SPEI)

Based on calculation principles similar to SPI, SPEI uses precipitation and temperature data as input. Unlike
SPI, the evapotranspiration effect is also taken into account in the calculation of SPEI. Therefore, SPEI can explain
effects beyond global warming, especially for cases of temperature variability and extremes [15, 16]. In the first step of
the SPEI calculation, potential evapotranspiration is calculated. SPEI is calculated by equation 2, with W, C0, C1, C2,
dl1, d2, d3 constants being fixed values:

Co+C1+CW2
1+d; W+d,W2+d; W3

When P<0.5, W=-2In(P), and when P>0.5, P is replaced by 1-P. The constants are: C0=2.515517,
C1=0.802853, C2=0.010328, d1=1.432788, d2=0.189269, d3=0.001308.

SPEI =W —

(Equation 2)
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2.4. Drought Severity and Duration

A drought event is considered a period with negative SPI values, as drought is defined when SPI values fall
below zero. The duration of the drought event is equal to the number of months between the beginning (inclusive) and
the ending month (not included). Drought duration (D) is the length of the period starting from values where the SPI
index values are negative and ending when the SPI values are positive and equal to 0 (zero) consecutively. The severity
is the absolute value of the integral area between the SPI line and the horizontal axis (SPI = 0) up to the beginning
month of the drought. Drought severity (S) is the cumulative SPI values obtained by adding up the remaining indices
during the drought period, giving the total drought severity and expressing the magnitude of the drought [14]. The
severity (S) of the drought is calculated by equation 3 and the intensity (I) by equation 4:

S=-YD spj (Equation 3)
[=S/D (Equation 4)

2.5. Z-Score

Z-Score (standardization) refers to the number of standard deviations above the mean for a data set. The Z-
Score method is an effective transformation technique that can be used to compare two sets of data that are not of the

same type. The Z-score value is calculated by equation 5:

7=— (Equation 5)
Here, x: data to be converted, p: arithmetic mean of the data set, o: standard deviation of the data set. Yield
values of agricultural products grown in the region were obtained from TUIK and standardized with the Z-Score
method. In our country, the harvest is usually done in July months. From March to the end of May, flowering occurs
and the plant experiences the most active period in terms of development. Therefore, the drought index values of May

and July were analyzed by correlation analysis with Z-score yield values.

3. Results and Discussion

Nevsehir province and Urgiip district are classified as having semi-arid-less humid climates according to
Thornthwaite Climate Classification [17]. The annual total precipitation average (1991-2021) of Nevsehir center
meteorological station (17193) is 412 mm, and the average temperature is 11.2°C. The annual total precipitation
average of Urgiip meteorological station (17835) is 350 mm and the average temperature is 10.6°C.

There is a significant increase in the 95% confidence interval in the annual average temperature Mann-Kendall
(M-K) trend analysis at both stations. It is seen that the increase has started to become evident since 2005. According to
the annual total precipitation M-K trend analysis, a significant decrease and/or increase is not expected at Nevsehir

Station, while a significant decrease is observed at Urgiip station (Figure 3).
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Figure 3. Mann-Kendall Trend Analysis of Nevsehir Center and Urgiip Stations for Annual Average Temperature and
Total Annual Precipitation ( Blue line u(ti) indicate the forward sequential statistics and red line u(ti') indicates
the backward sequential statistics ).

At the 3-month scale at Nevsehir Center Station; the normal grade (slightly dry and slightly wet) is 46% in SPI
while it is 44% in SPEI. The moderate dry class is 5% in SPI and 7% in SPEI. Severe dry is 5% in SPI and 4% in SPEI.
The extreme dry class is 2% in SPI and 1% in SPEI.

At the 12-month scale; the normal grade is 43% in SPI and 40% in SPEI. The moderate dry class is 7% in SPI
and 11% in SPEL The extreme dry class is 1% in SPI but not in SPEI (Figure 4).

Nevsehir Center Station Nevsehir Center Station
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20 20
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X X
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ESPEI-3 mSPI-3 HSPEI-12 mSPI-12

Figure 4. Occurrence Percentages of Drought Classes at Nevsehir Center Station (SPI-12 and SPEI-12)

At the 3-month scale at Urgiip Station; the normal class is 46% in SPI and 45% in SPEIL. Moderate dry class is
7% in SPI and 7% in SPEI. Severe dry is 3% in SPI and 4% in SPEI. Extreme dry class is 2% in SPI and 1% in SPEI.
On the 12-month scale; the normal class is 44% in SPI and 41% in SPEI. Moderate dry class is 8% in SPI and 10% in
SPEI. Severe dry is 3% in SPI and 3% in SPEI. The extreme dry class is 2% in SPI but not in SPEI (Figure 5).
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Figure 5. Occurrence Percentages of Drought Classes at Urgiip Station (SPI-12 and SPEI-12)

At the 3-month scale, temporal variations between wet and dry periods are high in frequency, making it
difficult to define distinct dry/wet periods during the analysis period. On the other hand, at the 12-month scale; As the
frequency decreases, the duration of the drought increases. In addition, it was observed that the severity of drought
differed on the time scale in some dry periods (Figure 6 and Figure 7).
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Figure 6. 3-12 months SPI and SPEI values of Nevsehir center station
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Figure 7. 3-12 months SPI and SPEI values of Urgiip station

SPEI-12 and SPI-12 dry periods of both stations are patterned in Figure 8. The main drought periods at
Nevsehir center and Urgiip stations were determined according to whether they were abnormally dry (SPI-SPEI<= -1)
at SPEI-12 and SPI-12 time scales.

At Nevschir center station; the main drought periods are 1994-1995, 1999, 2001-2008, 2013-2014, 2016-2017
at SPI-12 time scale and 1995, 1999, 2001-2003, 2006-2008, 2013-2014, 2016-2018 and 2021 at SPEI-12 time scale.
Drought periods of 1995, 2001-2003, 2006-2008, 2014, and 2016-2018 are well detected by both indexes at Nevsehir
center station. SPI showed higher drought severity compared to SPEI. While SPI-12 in 1994 showed an earlier onset in
the dry period, it was higher than SPEI-12 in terms of severity. 2016-2018 and 2021 droughts were seen at SPEI-12
with higher intensity and longer duration than SPI-12.

At Urgiip station; the main drought periods are 1994, 2004, 2007, 2012-2018, and 2021 at SPI-12 and 2004,
2008, 2012-2019, and 2021 at SPEI-12 (Figure 8). Drought periods that occurred between 2012-2021 are well detected
by both indexes at Urgiip station. While the summer months of 1994 were moderately dry in SPI-12, it was slightly dry
in SPEI-12. SPI showed higher drought severity compared to SPEI in 2012 and 2014. On the other hand, drought
severity experienced in SPEI-12 in 2016, 2018, and 2019 is higher than in SPI-12.
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Figure 8. SPI-12 and SPEI-12 Droughts Periods at Nevsehir Center and Urgiip Stations

The correlation between the two indices on a 3-month scale is 0.90 at Nevsehir center station and 0.87 at
Urgiip station. It is 0.87 at Nevsehir center station and 0.90 at Urgiip station on a 12-month scale. The high correlation
between the two indices indicates that the effect of temperature through evaporative water demand plays a role in
determining droughts, while the lack of precipitation is a clear indication that drought is a dominant driver.

Although precipitation is an important indicator of water availability, the temperature is also an important
factor that can affect water availability as it controls evapotranspiration rates. Whereas SPI only uses monthly
precipitation data as input, SPEI uses different data between precipitation and PET. SPEI uses data on the difference
between precipitation and PET. At both stations, both indices recorded similar patterns, but there were some notable
differences in temporal evolutions. In cases where these differences occurred, SPI overestimated the severity of the
drought, especially during the dry spring months at Nevsehir center station, and during the dry winter and spring
months at Urgiip Station.

This is because both indices mainly respond to precipitation variability in climatic conditions where inter-year
temperature variability is suppressed and irregular precipitation changes are observed throughout the year. The
intensity, duration, and intensities of consecutive maximum droughts in the SPEI and SPI series of Nevsehir center and
Urgiip stations at 3- and 12-month scales are shown in Table 1 and Table 2. The strongest and longest drought
experienced in Nevsehir center station at the SPI-12 monthly scale was higher and longer than SPEI-12 recorded with a
temporal difference. While the extreme maximum drought intensity experienced at Nevsehir center station at SPEI-12
scale was recorded as -1.98 in October 2001, SPI-12 was recorded as -2.45 in April 2014.

The strongest and longest drought at Urgiip station on SPI-12 monthly scale was shorter and lower than that
recorded in SPEI-12. The extreme maximum drought intensity experienced at Urgiip station at SPEI-12 scale was
recorded as -1.71 in December 2013, while it was recorded at SPI-12 as -2.25 in May 2014. It was observed that the

drought events overlapped throughout the study area and in some cases they differed only in duration and magnitude.
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Table 1. Start and End Dates of Long Lasting Strong Droughts in SPEI and SPI Series of Nevsehir Center Station at 3-
month and 12-month scales

The Strongest The Longest The Highest
S Start-End D Start-End 1 Start-End S Start
NAME NO . . . .
Severity Year/Month Duration Year/Month Intensity Year/Month Severity Year/Mont
SPEI-3 Nevsehir 17193 -9,77 2000/11 2001 /06 10 2005 /12 2006 /09 -1,37 2020/09 2021/02 -2,27 2001 /01
SPI-3 Nevsehir 17193 -14,52 2000 /09 2001 /06 10 2000 /09 2001 /06 -1,50 1994 /05 1994 /10 -2,74 2001 /01
SPEI-12 Nevsehir 17193 -39,70 2016 /03 2019/03 37 2016 /03 2019 /03 -1,08 2001 /01 2003 /02 -1,98 2001 /10
SPI-12 Nevsehir 17193 -76,10 2001 /01 2007 /04 76 2001 /01 2007 /04 -1,05 2013 /06 2014 /11 -2,45 2014 /04

Table 2. Start and End Dates of Long Lasting Strong Droughts in SPEI and SPI Series of Urgiip Station at 3-month and

12-month scales

The Strongest The Longest The Highest
S Start-End D Start-End 1 Start-End S Start
NAME NO ) . . .
Severity Year/Month Duration Year/Month Intensity Year/Month Severity Year/Mont
SPEI-3 Urgiip 17835 -17,26 2017 /02 2018 /06 17 2017 /02 2018 /06 -2,22 2010/09 2010 /09 -2,24 2020/10
SPI-3 Urgiip 17835 -19,78 2013 /02 2014 /07 18 2013 /02 2014/07  -168  2020/10 2021/02  -2,88 2012 /04
SPEI-12 Urgiip 17835 -79,45 2015/09 2021/12 76 2015/09 2021/12 -1,08 2012 /04 2015 /07 -1,71 2013 /12
SPI-12 Urgiip 17835 -44,67 2012 /03 2015 /02 41 2015/09 2019 /01 -1,24 2012 /03 2015 /02 -2,25 2014 /05

The droughts experienced in both indices at Urgiip station between 2001 and 2008 were not as high as the

droughts experienced at Nevsehir center station. It was experienced in a slightly dry manner. On the other hand, the

droughts experienced at Urgiip station between 2012-2021 were more uninterrupted and severe especially in SPEI-12

compared to Nevsehir center station. At Nevsehir center station, SPI-12 was interrupted in 2015, 2019-2020, and the

first months were slightly dry in SPEI-12. It was observed that both indices can detect historical drought disaster events

[18].

The dry periods experienced in Nevsehir and Urgiip stations and the low yield of agricultural products grown

in the region correspond to almost the same periods (Figure 9-10).
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Figure 9. Z-Score index of yields of some agricultural products grown in Nevsehir Center
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Figure 10. Z-Score index of yields of some agricultural products grown in Urgiip
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The correlations between yield index values and drought index values are given in Tables 3 and 4.

Table 3. Correlations between SPI and crop yield (Nevsehir Center station)

Index Crop Pearson's r
SPEI-12 Wheat 0.54*
SPEI-12 Potato 0.41
SPEI-12 Rye 0.39
SPEI-12 Bean 0.31
SPEI-12 Grape 0.20
SPEI-12 Corn 0.04

SPEI-3 Wheat 0.32
SPEI-3 Grape 0.21
SPEI-3 Rye 0.18
SPEI-3 Corn 0.15
SPEI-3 Bean 0.13
SPEI-3 Potato 0.02

SPI-12 Wheat 0.56*

SPI-12 Potato 0.50*

SPI-12 Rye 0.44

SPI-12 Bean 0.30

SPI-12 Corn 0.24

SPI-12 Grape 0.10

SPI-3 Corn 0.26

SPI-3 Wheat 0.21

SPI-3 Bean 0.12

SPI-3 Rye 0.09

SPI-3 Grape 0.05

SPI-3 Potato -0.04

*p<.05, *¥* p<.0l, ¥*** p<.001

Table 4. Correlations between SPI and crop yield (Urgiip station)

Index Crop Pearson's r
SPEI-12 Wheat 0.19
SPEI-12 Potato 0.17
SPEI-12 Grape 0.14
SPEI-12 Bean 0.01

SPEI-3 Bean 0.77*
SPEI-3 Wheat 0.24
SPEI-3 Potato 0.07
SPEI-3 Grape 0.01
SPI-12 Wheat 0.30
SPI-12 Bean 0.29
SPI-12 Potato 0.24
SPI-12 Grape 0.19

SPI-3 Bean 0.82%*

SPI-3 Wheat 0.25

SPI-3 Potato 0.09

SPI-3 Grape -0.13

*p<.05, *¥* p<.0l, ¥*** p<.001

Statistically significant (p < .05) correlations were found between Wheat and SPI-12 (r=0.56) and SPEI-12
(r=0.54) and Potato and SPI-12 (r=0.50) in Nevsehir Center. On the other hand, a statistically insignificant but relatively
high correlation was obtained between potato and SPEI-12 (r=0.41) and between rye and SPI-12 (r=0.44). In Urgiip, a
statistically significant (p < .05) correlation was obtained between bean and SPEI-3 (r=0.77) and SPI-3 (r=0.82).
Another important finding in the table is that the correlation of grape, which is a perennial plant, is quite low. This may
be since perennial plants are often grown by irrigation. On the other hand, the correlations of wheat and rye plants

grown with dry farming are higher than expected. It can be concluded that these plants are more sensitive to drought.
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The graph of the products with statistically significant correlations is shown in Figures 11 and 12.
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Figure 11. Nevsehir Center Station wheat yield index and drought index graph
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Figure 12. Nevsehir Center Station bean yield index and drought index graph

Only climatic conditions alone cannot determine plant yield. Plant breeding studies and culture-technical
practices have a significant effect on plant yield. However, since it is not possible to control climatic conditions, it is the
most important source of problems that can be encountered during aquaculture. Drought is one of these problems.

The fact that temperature increase experienced in the region since 2005 has caused higher water demand on
PET and has been effective on the severity of droughts, especially at Nevsehir center station in 2016-2018 and 2021,
along with other stress factors, the stress created by the dry conditions on the yield of agricultural products grown in the
region. Droughts experienced during these periods were seen at a higher intensity in SPEI-12.

Plants with a high correlation between drought and plant yield (especially wheat, and potato) should not be
deprived of irrigation in periods when drought is effective. It would be beneficial to irrigate more frequently and
intensely for dry periods by closely monitoring the periods when drought is effective in the region. The results of this
study constitute an important base for the prevention of drought-indexed crop yield loss, diversification of crop
production, and future adaptations according to drought severity in the Nevsehir region.

As a result, drought, which has been experienced in recent years with global warming, poses significant

dangers to plant production. Especially in the 21st century, when there is strong evidence of global temperature increase
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and the severity of drought is predicted to increase in the same way, it becomes more and more necessary to use indices
containing temperature (SPEI, etc.) to describe drought characteristics.

A better understanding of the effects of drought characteristics such as severity, impact, and duration of
drought on agricultural product yield will guide countries on the right decisions and investments for agriculture under
long-term strategic planning against expected climate change.

This study can be extended to cover wider areas where agricultural production is widespread.

4. Conclusions

In this section, the results obtained from the study are compared with other studies in the literature. [7] found
that combined effects of high temperatures and drought significantly decreased yields of maize, soybeans, and wheat by
11.6, 12.4, and 9.2%, respectively. [8] found that drought reduced various crop production in Australia by up to 53%
due to its intensity and duration. [9] found that droughts and extreme heat significantly reduced national cereal
production by 9-10%.[10] found that global crop areas significantly affected by drought during the study period were
around 23%, 8%, 30%, and 29% for maize, rice, soybean, and wheat, respectively. In this study, the relationship
(correlation) of crop yields with drought was studied. As a result, the relationship of wheat and potato products with
drought (SPI) in Nevsehir Center was found to be r=0.56 and r=0.54, respectively. In Urgiip, this relationship was found
to be r=0.82 for beans.

Along with drought, other factors such as soil nutrients, soil water holding capacity, soil water condition,
surface runoff, and soil inorganic matter content also affect crop yield. These conditions also affect the differences in
regional reductions in crop yields. However, the general conclusion in the findings is that the correlations (yield loss)
with drought are higher for plants grown with dry farming.

5. Statement of contrubition

KO (%33), GC (%34), and MAP (%33) design of the study. KO (%33), GC (%34), and MAP (%33) data
acquisition and analysis. KO (%33), GC (%34), and MAP (%33) writing up. KO (%34), GC (%33), and MAP (%33)
submission and revision.

6. References
[1] Ircan M. R., Duman N., “Drought Analysis of the Sanliurfa Province Using the Standardized Precipitation

Index (SPI) Method” Journal of geography, 42, 1-18, 2021.

[2] Boyer J. S., “Plant Productivity and Environment Potential for Increasing Crop Plant Productivity, Genotypic

Selection” Science, 218(4571), 443-448, 1982.

[3] Dietz K. J., Zorb C., Geilfus C. M., “Drought and crop yield” Plant Biology, 23(6), 881-893, 2021.
[4] Ray R. L., Fares A., Risch E., “Effects of Drought on Crop Production and Cropping Areas in Texas”

Agricultural & Environmental Letters, 3(1), 1-5, 2018.

[5] Potopova V., Boroneant C., Boincean C., “Impact of agricultural drought on main crop yields in the Republic

of Moldova” International Journal of Climatology, 36(4), 2063-2082, 2015.

[6] Boubacar 1., “The Effects of Drought on Crop Yields and Yield Variability in Sahel” Southern Agricultural

Economics Association Annual Meeting, 6-9 February, Orlando, FL, USA, 2010.

[7] Matiu M., Ankerst D. P., Menzel A., “Interactions between temperature and drought in global and regional

crop yield variability during 1961-2014” PLoS ONE, 12(5), e0178339, 2017.

29



(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Nevsehir Journal of Science and Technology (2022), 11(2) 16-30

Roy R. N., Kundu S., Kumar, R. S., “The impacts and evidence of Australian droughts on agricultural crops
and drought related policy issues--A review article” International Journal of Agricultural Technology, 17(3),
1061-1076, 2021.

Lesk C., Rowhani P., Ramankutty N., “Influence of extreme weather disasters on global crop production”
Nature, 529, 84-87, 2016.

Hendrawan V. S. A., Kim W., Touge Y., Ke S., Komori D., “A global-scale relationship between crop yield
anomaly and multiscalar drought index based on multiple precipitation data” Environmental Research Letters,
17(1), 014037, 2022.

Nevsehir i1 Ozel idaresi Yoremizi Tantyalim. http://www.nevsehirozelidare.gov.tr/yoremizi-taniyalim. Data
accessed August 1, 2022a.

Meteoroloji Genel Miidiirliigii Resmi Istatistikler. https://www.mgm.gov.tr/veridegerlendirme/il-ve-ilceler-
istatistik.aspx?m=NEVSEHIR. Data accessed August 5, 2022b.

McKee T. B., Doesken N. J., and Kleist J., “The relationship of drought frequency and duration of time scales”
Eighth Conference on Applied Climatology, American Meteorological Society, 17-23 Jan, Abstract Book, 179-
186 s, Anaheim CA, 1993.

Oguz K, Pekin M. A., Camalan G., “Drought Analysis of Mugla City for 1960-2018 Period” Journal of
Natural Hazards and Environment, 7(1), 89-100, 2021.

Kermen C., “Determination of The Relationship Between Meteorological and Hydrological Drought in Kiigiik
Menderes Basin” Dokuz Eylul University, Graduate School of Natural and Applied Sciences, Master Thesis,
Izmir, Turkey, 2019.

Camalan G., Akgiindiiz A. S., Ayvact H., Cetin S., Coskun M., “Turkey-wide drought change and trend
projections according to SPEI index” IV. Turkey Climate Change Congress, 5-7 July, Istanbul, Turkey, 2017.
Meteoroloji  Genel Miidiirliigii Iklim Simiflandirmast  Nevsehir.  https://www.mgm.gov.tr/iklim/iklim-
siniflandirmalari.aspx?m=NEVSEHIR. Data accessed August 10, 2022c.

Camalan G., Akgiindiiz A. S., Cetin S., Arabaci H., “Analysis of Drought Events in Turkey with SPEI Drought
Index” 10. National Hydrology Congress, 9-12 October, Mugla, Turkey, 2019.

30



Nevsehir Bilim ve Teknoloji Dergisi (2022), 11(2) 31-39

Nevsehir Bilim ve Teknoloji Dergisi

Arastirma Makalesi (Research Article)
Makale Doi: 10.17100/nevbiltek.1141259

Gelis Tarihi:06-07-2022 Kabul Tarihi:09-08-2022

Tiirkiye’de Yayilis Gosteren Lomelosia argentea ve Lomelosia polykratis (Caprifoliaceae)
Tiirlerinin Anatomik Karsilastirilmasi

Aleyna AYKUT!, Ugurcan BARAN?, Jale CELIK?, Ahmet AKSOY4*

' Akdeniz Universitesi, Fen Fakiiltesi, Biyoloji Bolimii, 07070, Antalya, TURKIYE
ORCID ID: https://orcid.org/0000-0003-4334-5685

2Akdeniz Universitesi, Fen Fakiiltesi, Biyoloji Bolimii, 07070, Antalya, TURKIYE
ORCID ID: https://orcid.org/0000-0001-5403-2444

3Akdeniz Universitesi, Fen Fakiiltesi, Biyoloji Béliimii, 07070, Antalya, TURKIYE
ORCID ID: https://orcid.org/0000-0002-3624-2146

4*Akdeniz Universitesi, Fen Fakiiltesi, Biyoloji Bolimii, 07070, Antalya, TURKIYE
ORCID ID: https://orcid.org/0000-0002-9696-7122

Oz

Iki yakin akraba tiir olan Lomelosia argentea ve Lomelosia polykratis tiirlerinin anatomik dzellikleri ilk defa bu ¢aligmada
incelenerek farkliliklarinin ortaya konulmasi ve taksonomik ¢aligmalarda yasanabilecek potansiyel karigikliklarin 6niine
gecilmesi amaglanmistir. Bu amagla mikroskobik gozlemler i¢in parafin metodu kullanilarak tiirlerin kok, govde ve
yapraklarindan HM310 Mikrotom yardimiyla kesitler alinmistir. Alinan enine kesitler safranin ve fast-green boyalari ile
boyandiktan sonra Leica DM750 151k mikroskobunda incelenmis ve 6l¢iimleri alinarak fotograflanmistir. L. argentea ve
L. polykratis tiirlerinin bazi benzer anatomik 6zellikleri bulunmasina ragmen, gesitli anatomik farkliliklart oldugu da
ortaya konulmustur. Kokte korteks parankimasi, floem ve trake; govdede epidermis, korteks parankimasi, floem, 6z

parankimasi, trake ve kutikula; yaprak igin iist ve alt kutikula, iist epidermis, trake ve mezofil 6l¢lim sonuglari, L.

polykratis ile L. argentea bitkileri karsilastirildiginda istatistiksel olarak anlamli bulunmustur.

Anahtar Kelimeler: Anatomi; Caprifoliaceae; Lomelosia argentea; Lomelosia polykratis; Tiirkiye

Anatomical Comparison of Lomelosia argentea and Lomelosia polykratis (Caprifoliaceae)
Species Distributed in Tiirkiye

Abstract

The anatomical features of two closely related species, Lomelosia argentea and Lomelosia polykratis, were examined for
the first time in this study, and it was aimed to determine their differences and prevent possible confusion in taxonomic
studies. For this purpose, cross-sections were taken from the roots, stems and leaves of the species with the help of HM310
Microtome using the paraffin method for microscopic observations. The cross-sections taken were stained with safranin
and fast-green, and their measurements were taken under a Leica DM750 light microscope and photographed. Although
L. argentea and L. polykratis have some similar anatomical features, they have also been found to have various anatomical

differences. Measurement results of cortex parenchyma, phloem and trachea in the root; epidermis, cortex parenchyma,
31



Nevsehir Bilim ve Teknoloji Dergisi (2022), 11(2) 31-39

phloem, core, trachea, and cuticle in the stem; upper and lower cuticle, upper epidermis, trachea and mesophyll in the leaf

are statistically significant when comparing L. polykratis and L. argentea plants.

Keywords: Anatomy; Caprifoliaceae; Lomelosia argentea; Lomelosia polykratis; Tiirkiye

1. Giris

Tirmanici, ¢ali ya da kiiglik aga¢ formunda odunsu bitkilerden ve nadiren otsu bitkilerden olusan Caprifoliaceae
familyasi [1], diinya genelinde 41 cins ve yaklasik 960 tiir [2], Tiirkiye’de ise 12 cins ve 158 tiir ile temsil edilmektedir
[3]. Tiirkiye’nin hemen hemen her bolgesinde goriilen Caprifoliaceae cinslerinden biri olan Lomelosia cinsi, Rafinesque
(1838) tarafindan "Flora Telluriana" adli eserde ilk kez tanimlanmistir. Bu cins, 7’si endemik olmak iizere 22 takson (21
tiir) ile temsil edilmektedir [4]. Yapilan molekiiler filogenetik analizler ve morfolojik ¢alismalar sonucunda Dipsacaceae
familyasi altinda yer alan ve taksonomik acidan karisiklik i¢erdigi bilinen Scabiosa L. cinsine ait bazi tiirler Lomelosia
Raf. cinsine ve Caprifoliaceae familyasina aktarilmistir. Ayrica Lomelosia argentea (L.) Greuter & Burdet ve Lomelosia
polykratis (Rech.fil.) Greuter & Burdet tiirlerinin Scabiosa cinsinden ¢ikarilip, Lomelosia cinsine dahil edilen yakin
akraba iki tiir oldugu bildirmistir [4-6]. L. argentea, "yaz siipiirgesi" olarak bilinmektedir ve Sekil 1-A’da gosterildigi
gibi ¢ok yillik otsu bir bitki olup tabandan ve gévdeden dallanma gostermektedir. Kok sistemi kazik, govde dik ve 27-90
cm uzunlugunda, taban yapraklar sapl, ¢icekleri 5 pargali, soluk sari, sart veya kenara dogru mavimsi renktedir ve
Haziran-Kasim aylarinda ¢igeklenme donemidir. Sekil 2°de gosterildigi iizere Tiirkiye’nin tiim bdlgelerinde; yol ve tarla
kenarlari, nemli alanlar, kumul, step, tasli yamaglar, orman agikliklarinda, 41-2100 m arasinda yayilis gostermektedir [4
ve 7].

Sekil 1. L. argentea (—C) ve L. oykrats (D-F) bitkilerine ait gorseller.

L. polykratis, "kirk uyuzotu" olarak bilinmektedir ve Sekil 1-B’de gosterildigi gibi ¢ok yillik ciliz otsu bir bitki
olup tabandan ve gévdeden dallanma gostermektedir. Kok sistemi kazik, gdvde yatik 19-55 cm uzunlugunda, yapraklar
genelde tabanda ve sapli, ¢icekler 5 parcali, beyaz, krem veya kenara dogru mavimsi, kuru ¢igekler soluk sari, sar1 veya
kenara dogru leylak renktedir ve Temmuz-Agustos aylarinda giceklenme donemidir. Sekil 2°de gosterildigi iizere

Tiirkiye’nin Aydin, Denizli, Mugla illerinde; subalpin, kalker ve serpantin yamag, orman agikliklarinda, 850-2400 m
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yiiksekliklerde yayilis gostermektedir [4 ve 7]. Daha 6nceleri endemik oldugu diisiiniilen bu tiiriin, Yunanistan’da yayiliga

sahip oldugu bilgisi ile endemik kategorisinden ¢ikarilmasinin uygunoldugu bildirilmistir [4 ve §].
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Sekil 2. L. argentea (siyah-liggen) ve L. polykratis (kirmizi-yuvarlak) bitkilerinin Tiirkiye’deki yayilisi

Bu caligmanin konusunu olusturan L. argentea ve L. polykratis tirleri arasindaki morfolojik farklar olduk¢a azdir
ve teshis siirecinde birbirleri ile karistirilmalari s6z konusudur. Bu yiizden bu iki yakin akraba tiiriin kok, govde ve yaprak

anatomileri ilk defa bu ¢aligmada incelenerek farkliliklarinin ortaya konulmasi amaglanmustir.

2. Materyal ve Metot

Bu c¢alismada incelenen L. polykratis 6rnegi, Mugla; Fethiye, Dalaman, Cal Dagi, Tagli Yamaglar, 1760 m, 36°
51’ 44 K, 029° 06’ 44>’ D, 4 Agustos, 2017 (Aksoy 2794) tarihinde toplanmistir. L. argentea ornegi, Kirklareli;
Kirklareli’'nden Pinarhisar’a gidis, yol kenar1 mese agikligi, 230 m, 41°40° 117’ K, 027° 26’ 682’ D, 14 Temmuz 2018
(Aksoy 2894) tarihinde toplanmistir. Anatomik ¢aligmalar igin toplanan bitkinin kok, govde ve yaprak organlari toplanir
toplanmaz %70’lik etil alkolde, 50 ml vida kapakl1 santrifiij tiiplerinde muhafaza edilmistir. Mikroskobik gozlemler i¢in
parafin metodu kullanilmistir [9]. Etil alkolde fikse edilmis bitki materyallerinden enine kesitler alinip parafin kasetlerine
koyulduktan sonra %70, %90, %96’lik etil alkol serilerinden ve ardindan ksilol serisinden gegirilmistir. Serilerden
gecirilmis materyaller bir gece parafinde bekletilip parafinin dokulara gegmesi saglanmistir. 24 saatin sonunda
mikrotomda kesitlerin alinabilmesi i¢in 6rnekler doku kaliplarinin i¢ine yerlestirilip {izerine parafin dokiilmustiir. Kaliplar
1 giin boyunca 4°C’de bekletildikten sonra HM310 Mikrotom yardimiyla 10-15 mikron kalinliginda kesitler alinmustir.
Alman kesitler 40°C’deki sicak su banyosuna konularak parafinin agilmasi saglanmistir. Yumurta aki ve glisin karigimi
hazirlanarak lam tizerine siiriilmiis ve sicak su havuzundaki ornekler lam ylizeyine yapistirtlmigtir. Lam tizerinde kalan
fazla parafinin erimesi i¢in 65°C’lik etiivde 2 saat bekletilmistir. Etiivden alinan 6rnekler ksilol ve etil alkol serilerinden
gecirilip bir gece safraninde bekletilmistir. Safranin boyasindan ¢ikarilan kesitler fast green boyasi ile 20 saniye
boyanmistir. Boyama serilerinden sonra ornekleri kalici preparat haline getirmek igin entellan kullanilmistir. Preparatlar
Leica DM750 151k mikroskobunda incelenmis ve 6l¢iimleri alinarak, fotograflari ¢ekilmistir.

Stoma goriintiileri i¢in %70’lik etil alkolde bulunan yaprak 6rneklerinin alt ylizeylerinden, yaprak damarinin sag
ve sol kisimlarindan, farkli yapraklar kullanilarak kesitler alinmis. Alman kesitler yaprak tiiylerinden kurtulmasi i¢gin
traslama yapilip daha sonra saydamlagmasi ve stomalarin daha iyi goriinebilmesi i¢in %2.51ik sodyum hipoklorit ¢ozeltisi

ierisinde 15 saat, oda sicakhiginda bekletilmistir. Ornekler saydamlasinca preparat hazirlanarak Leica DM750 151k
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mikroskobunda incelenmis ve fotograflanmistir. 40x0.65’lik biiyiitmede ve 50.6 um?’lik alanda stoma ve epidermis
sayimlar1 yapilmigtir. Stoma indeksi Meinder ve Mansfield’in [10] formiilii kullanilarak hesaplanmistir.

Calisilan her iki tiir i¢in alinan kesitlerde 6rneklem sayilari (n) kdkte korteks (en-boy), endodermis (en-boy) ve
trakeid i¢in 30, floem (en-boy) ve trake icin 50; govdede epidermis (en-boy), floem (en-boy) ve 6z i¢in 50, korteks (en-
boy), endodermis (en-boy), trake ve trakeid i¢in 30; yaprakta iist kutikula, list epidermis (en-boy), demet kini, trake, alt
kutikula ve alt epidermis (en-boy) i¢in 50, mezofil i¢in ise 17 olarak gergeklestirilmistir. Elde edilen veriler, istatistik
paket programi (SPSS, versiyon 20) kullanilarak bagimsiz 6rneklem T-Testi ile analiz edilmis ve degiskenlerin arasindaki
farkin 6nemli kontrolii, anlamli nemli fark (AOF) %5 diizeyinde hesaplanmustir.

3. Bulgular ve Tartisma

Calisilan her iki tiirde de kdkten alinan enine kesitlerin (Sekil 3-C, F) en dis kisimda periderm tabakasi
bulunmaktadir. Benzer sekilde Scabiosa rotata (M.Bieb.) Greuter & Burdet ve Scabiosa columbaria L. taksonlarinin
koklerinde de periderm varlig: bildirilmistir [11 ve 12].

Peridermin altinda dikdortgen sekilli hiicrelerden olusmus korteks tabakasi bulunmaktadir. L. polykratis’in floem
ve korteks tabakasinda druz kristaline rastlanirken, L. argentea’da rastlanmamustir. Yapilan bazi diger ¢aligmalarda L.
rotata ve S. columbaria kok korteksinde druz kristaline rastlanirken [11 ve 12]. Scabiosa hispidula (Boiss.) Greuter &
Burdet (Killi uyuzotu) bitkilerinin kok korteksinde druz kristalinin bulunmadig bildirilmistir [13]. Her iki tiirde de floem
ve korteks parankima hiicreleri arasinda kalan endodermis tabakasi net bir sekilde ayirt edilebilir olup 1-2 siralidir. Bu
tabaka L. hispidula’da 1-3 sirali sekilde ayirt edilebilir oldugu bildirilmistir [ 13]. Buna karsin Scabiosa atropurpurea (L.)
Greuter & Burdet ve S. columbaria tiirlerinde endodermis tabakasinin yapilan ¢aligmalar kapsaminda ayirt edilemedigi
bildirilmistir [12 ve 14]. L. polykratis kokiinde bitkinin yasam siiresine ve habitatina bagl olarak degisebilen floem
tabakasi 18-31 sirali olup, L. argentea’da floem tabakasi 12-30 siralidir. Yapilan diger ¢alismalara gore floem tabakasinin

S. columbaria’da 15-40, S. atropurpurea’da ise birkag sirali oldugu bildirilmistir [12 ve 14].
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Sekil 3. L. polykmtzs A) yaprak B) govde O kok enine kesm L. argentea D) yaprak; E) govde; F) kok enine kesiti
(Pe: peridermis, Ko: korteks, En: endodermis, Fl: floem, Ka: kambiyum, Tr: trake, Td: trakeid, 0Oz: 6z, Ep: epidermis, Ue: iist epidermis, Ae: alt
epidermis, Uk: iist kutikula, Ak: alt kutikula, Mz: mezofil, Dk: demet kini, Id: iletim demeti, ae: alt epidermis, ty; tiiy)

Kok anatomisi Ol¢lim sonuglart Sekil 4-A’da verilmistir. Bu sonuglar dogrultusunda, L. argentea’nin L.
polykratis’e kiyasla korteks en, floem en-boy ve trake ¢ap 6l¢limiiniin sirastyla %30, 52, 51 ve 18 oraninda daha biiyiik
oldugu; buna karsin endodermis en-boy, korteks boy ve trakeid ¢ap olgiimlerinde ise iki tiir arasinda istatistiksel olarak
anlamli bir farkin bulunmadig: tespit edilmistir.

Govdeden alinan enine kesitler (Sekil 3-B, E) incelendiginde, L. argentea’da en dista 1-3 sirali, L. polykratis’de
tek sirali olacak sekilde cogunlukla dikdortgenimsi nadiren kare seklinde hiicrelerden olusan epidermis tabakasi
gbzlemlenmistir. Diger arastirmacilar tarafindan epidermis tabakasinin S. columbaria’da ¢ift sirali, S. atropurpurea’da
ve L. hispidula’da ise tek siralt oldugu bildirilmistir [12-14]. L. argentea govdesinde basit trikomlara rastlanirken, L.
polykratis’de nadiren trikoma rastlanmistir. Diger ¢aligmalara gore, S. atropurpurea’da epidermiste tek hiicreli basit ve
kanca seklinde eglandular trikomlarin tespit edildigi, S. rofata da ise kutikulasi noktacikli, tek hiicreli trikomlarin
bulundugu bildirilmistir [11 ve 14]. Epidermisin altinda yer alan kortekste klorenkimatik yapidaki hiicrelerin varlig: L.
argentea’da belirgin bir sekilde gozlenirken, L. polykratis’de gorilmemistir. Korteks tabakasinin en i¢ kisminda bulunan
endodermisin L. argentea’da 1-2 sirali, L. polykratis’de ise tek sirali oldugu goriilmiistiir. Yapilan diger ¢alismalarda,
govde endodermis tabakasinin S. atropurpurea ve L. rotata’da tek sirali oldugu [11 ve 14]; S. columbaria tiiriinde ise
endodermis tabakasinin ayirt edilemedigi bildirilmistir [12].

Govde kesitlerinde floem tabakasi ise dikdortgenimsi hiicrelerden meydana gelmis olup L. argentea’da 5-6 siral,
L. polykratis’de 2-6 sirali oldugu tespit edilmistir. Sekil 4-B’de verilen gévde anatomi 6l¢lim sonuglarina gore, L.
argentea’nin L. polykratis’e kiyasla; korteks en, korteks boy, epidermis en, floem en, floem boy, trake ¢ap, 6z ¢ap ve

kutikula kalinlig1 6l¢limleri bakimindan sirasiyla %40, 42, 14, 17, 25, 30, 35 ve 28 oraninda daha biiyiik ve aradaki
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farklarin istatistiksel olarak anlamli oldugu bulunmustur. Bunun aksine, iki tiir agisindan epidermis boy, endodermis en-
boy ve trakeid ¢ap 6l¢lim sonuglart arasindaki farklar anlamli bulunmamigtir. Her iki tiiriin de gévdelerinin iglerinin dolu
oldugu gozlemlenmesine ragmen, L. rotata govdesinin 6z bosluguna sahip oldugu bildirilmistir [11].

Yapraktan alinan enine kesitlerde iki tiiriin de yapraginin unifasiyal yapida oldugu gozlenmistir. Literatiirde
bulunan diger ¢alismalara gore, L. hispidula ve S. columbaria tiirlerinde de unifasiyal yaprak tipi gozlemlenirken, S.
atropurpurea’da bifasiyal; S. rotata’da monofasiyal yapida oldugu bildirilmistir [11-14]. Caligilan iki tiiriin de stoma
tipleri komsu hiicre tipine gore anizositik ve ekolojik 6zelliklerine gére mezomorfik stoma tipte oldugu goriilmiistiir.

Stoma indeksleri ise L. argentea’da 15.9 iken L. polykratis’de 11.94’tiir (Tablo 1; Sekil 5).

Tablo 1. L. argentea ve L. polykratis bitkisinin stoma ve mezofil verileri

Komsu Hiicre Tipine Ekolojik Ozelliklerine

Bitki Tiirleri SI Mezofil Boy
Gore Stoma Tipi Gore Stoma Tipi

L. argentea 15.90 Anizositik Mezomorfik 176.91 +4.50"

L. polykratis 11.94 Anizositik Mezomorfik 129.85 +3.70"

*anlamh nemli fark

L. rotata ve L. hispidula tiirlerinde de stoma tiplerinin anizositik oldugunu bildirilmistir [13]. S. atropurpurea
tiirtinde ise stomlarin hiicre tipine gore anomositik, ekolojik 6zelliklerine gére mezomorfik oldugu; stoma indeksinin ise
ist ylizey igin 24.5, alt yiizey igin 26.2 ve stoma indeks oranmnin 0.9 oldugu bildirilmistir [14]. S. columbaria, S.
atropurpurea ve L. hispidula tiriiniin yaprak mezofil tabakasinda druz kristalleri gozlemlenmesine ragmen [12 ve 13],
bu caligmada incelenen L. polykratis ve L. argentea tiirlerinin ikisinin mezofil tabakasinda da druz kristaline
rastlanmamustir. Her iki tiirde de epidermis {izerinde tek hiicreli basit trikomlar gézlemlenmistir. Benzer sekilde S.
columbaria’nin da basit trikomlara sahip oldugu ancak, S. atropurpurea’nin ist ve alt epidermisinde glandular ve
eglandular tiiylerin, L. hispidula’da ise salgi tityl varligi bildirilmistir [12-14].

Yapraktan alinan enine kesitler incelendiginde (Sekil 3-A, D), her iki tiir i¢in de epidermis hiicrelerini saran
kutikula tabakasi ve kutikula tabakasinin altinda, tek sirali dikdortgen sekilli hiicrelerden meydana gelen epidermis
tabakast bulundugu gozlemlenmistir. Epidermis {izerinde basit yapidaki trikomlarmn varligr goriilmiistir. Alt ve iist
epidermis arasinda kalan mezofil tabakasinda 1-2 sirali palizat ve siinger parankimasi hiicrelerinin yer aldig1 ve bu
tabakada bulunan iletim demetlerinin etrafinin klorofilsiz demet kini hiicreleri ile ¢evrelenmis oldugu goriilmistiir.
Yaprak anatomisi 6l¢liim sonuglart Sekil 4-C’de verilmistir. Bu sonuglar dogrultusunda, L. argentea tiiriiniin L. polykratis
tiiriine gore Ust kutikula, alt kutikula, trake ve mezofil 6l¢iimlerinin sirasiyla %8, 29, 36 ve 27 oraninda daha biiyiik
olmasina ragmen {ist epidermis en ve iist epidermis boy 6l¢iimlerinin sirasiyla %18 ve 14 oraninda daha kiigiik oldugu
saptanmigtir. Bunun aksine, iki tiir agisindan alt epidermis ve demet kini hiicrelerinin 6l¢lim sonuglari arasindaki farklar

istatistiksel olarak anlamli bulunmamistir
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Sekil 5. L. polykratis yapraginin yiizeysel (A) ve enine (B) kesit goriintiisii; L. argentea yapraginin yiizeysel (C) ve
enine (D) kesit goriintiisii (st: stoma, ep: epidermis).
4. Sonug¢
Celik, caligmasinda [4] Caprifoliaceae familyasinda bulunan L. argentea ve L. polykratis tiirlerini taksonomik
olarak ayirmak i¢in gdvdenin dik veya yatay olusu, yapraklarin tabanda toplanmasi veya bitki genelinde dagmnik
bulunmas1 ve kaliks kilinin koronanin 3 kat1 veya daha biiylik olusu gibi dzellikleri kullanmistir. Bu arastirmada L.
argentea ve L. polykratis tiirleri anatomik agidan incelenerek iki tiiriin bazi benzer ve farkli anatomik 6zellikleri ortaya
konulmustur. Elde edilen sonuglarin, iki tiiriin anatomik 6zelliklerinin literatiire kazandirilmasi ile ileriki ¢aligmalara katki
saglayacag diisiiniilmektedir.
5. Tesekkiir ve Katki Beyam
Bu arastirmanin laboratuvar calismalarina katki saglayan Cansu GULCEMAL ile Mert Can VARDAR’a ve
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Oz

Bu calisma esas olarak kursun iyonlarinin bulutlanma noktasi ekstraksiyonu (CPE) prosediirii ile zenginlestirme ve alevli
atomik absorpsiyon spektrometrik tayinine odaklanmistir. Yéntemde, Pb** ve B6 vitamininin, nderistirilmesinden énce,
bulutlanma noktas1 ekstraksiyonu ile komplekslestirilmesi saglanmustir. Cozelti pH's1, ylizey aktif madde ve B6 vitamini
konsantrasyonlar1, girisim yapan iyonlar, inkiibasyon sicakligi ve numune hacmi optimize edilmistir. Yontemin
gozlenebilme sinir1 (LOQ) ve tayin sinir1 (LOD) degerleri sirastyla 7,88 ve 25,99 olarak bulunmustur. CPE ydnteminin
validasyonu, dogal kaynak sular1 ve maden sular1 gibi su drneklerine analit eklenmesi (bilinen Pb?" konsantrasyonu) ile

saglanmustir.
Anahtar Kelimeler: Bulutlanma noktas: ekstraksiyonu; Pb?*; segicilik; dogal sular; B6 vitamini
Cloud Point Extraction Of Pb (I)-Vitamin B6 Complex In Aqueous Samples’

Abstract

This study mainly centered on the preconcentration and flame atomic absorption spectrometric determination of lead ions
by the cloud point extraction (CPE) procedure. Complexation of Pb** and vitamin B6 prior to its preconcentration by
cloud point extraction was achieved in the method. The solution pH, surfactant, and vitamin B6 concentrations, interfering
ions, incubation temperature, and sample volume were optimized. The limit of quantification (LOQ) and limit of detection
(LOD) values of the method were found as 7.88 and 25.99 respectively. The validation of the CPE method was achieved

by the analyte adding (known concentration of Pb*") to water samples such as natural spring waters and mineral waters.

Keywords: Cloud point extraction; Pb*'; selectivity; natural water; vitamin B6
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1. Introduction

The rapid increase in human population and fast industrialization causes environmental pollution by vast variety

of metal ions releasing from industrial processes into the nature.
Another source of heavy metals is the natural processes such as volcanic eruptions. Cadmium, arsenic, mercury,
chromium, antimony and lead can be considered as toxic metals released from both sources to the environment. These
metal ions have significant negative effects on the human, animals, plants and aquatic life. The lower concentration of
heavy metal ions —even at trace concentrations- can pollute the soil, air and water [1].

The accumulative characteristics of Pb*", causes its pollution as an environmental priority because Pb*" is one of
the most dangerous toxic elements [2].

Some of the known adverse health effects of lead are anaemia, abdominal pains and headaches. The further effects are
the disorders of central nervous system, kidney nephritis and brain damage. The concentration of lead even at the trace
levels may cause chronic exposure of lead [3].

Consequently, the maximum tolerable limit of lead in drinking waters is 10 ng mL!. This level is determined by

the world health organization (WHO) in 1996. Therefore, it is of prime importance to monitor and determine the lead
concentrations in aquatic environmental samples which are the main indicators of drinking waters [2].
The removal, pre-concentration and separation of the analytes in aqueous medium can be achieved by various procedures
such as solid phase extraction (SPE), co-precipitation, liquid-liquid extraction (LLE), ion exchange and electrochemical
methods. All of these methods represent an increase in sensitivity and selectivity for the methodology in analytical
chemistry. In recent years, a greener preconcentration method was developed called CPE. This separation method is an
environmentally friendly method for many analytes from organic molecules to metal ions and has evident benefits over
the elder extraction methods. The CPE procedure is simple, inexpensive, accurate, fast, precise and in some circumstances
selective and also consuming of toxic organic chemicals is minimal for procedure [4].

The CPE technique is relied on the complexing of a metal ion by using an appropriate chelating agent and its
extraction into a micelle medium. The overall process is depending on the basic characteristics of surfactant molecules.
These are becoming cloudy to form organized assemblies called micelles over a certain concentration and temperature.
The volume of the micelle phase is much lower than the aqueous phase after separation that phenomena allows the
preconcentration of analytes.

So, this technique is very useful for pre-concentration and separation of analytes exist in aqueous and other environmental
samples [5].

In this work, Pb*" ions were complexed with vitamin B6 prior to separation and preconcentration by CPE from
aqueous solutions utilizing a Tergitol NP-7 (TNP-7) as an anionic surfactant, followed by its determination by flame
atomic absorption spectrometer (FAAS). Effect of solution pH, the concentrations of TNP-7 and vitamin B6, temperature
and incubation time were optimized. The optimization of these parameters is important for determining the efficiency of
CPE method. The advanced CPE method has been victoriously practised for the determination and separation of lead ions
in water samples.

2. Material and method
2.1 Apparatus

The concentration values of Pb*" ions were measured by Shimadzu AA 7000 FAAS (equipped an air-acetylene
burner and combined a lead hollow cathode lamp). The hollow cathode lamp of lead was utilized as the radiation source.
The signal of lead was measured as absorbance of it according to Beer’s Law. The cloud point temperature of the method

was obtained by using a thermostatic bath (Nuve model BM 402, Nuve Ltd. Tiirkiye). The centrifuge (Nuve model NF-
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400, Nuve Ltd. Tiirkiye) was utilized for the phase separations. The pH values of solution were measured by a WTW
level 1 model pH meter.
2.2, Reagents

Non-ionic Tergitol NP-7 surfactant was bought from Sigma-Aldrich. The chelating agent solution (1.0x103 mol
L' of VitB6) was prepared by dissolving appropriate amount of VitB6 in distilled water. An appropriate amount of
Pb(NO3): was dissolved in distilled water and a 1000 mg L' stock Pb?" solution was prepared. Different concentrations
of Pb?* solutions were prepared by diluting from stock solution. Various citrate and phosphate buffer solutions were
prepared and used to keep the solution pH stable in the experiments. The correlation coefficient of calibration curve was
0.999. Fig. 1 shows a sample of the calibration curve used in the CPE experiments. The working conditions of FAAS for

Pb?* measurements are given in Table.1 and chemical structure of VitB6 is given in Fig. 2.

Table 1. The operation conditions of the FAAS for lead measurement

Current 10mA Burner height 7Tmm
Wavelength 283.3 nm Burner angle 0 deg
Slit width 0.5 nm Fuel gas and flow rate Acetylene/2.0 Lmin!
Lighting mode BCG-D2 Type of oxidant Air
0,09
0,08
0,07
é 0,06
g 00s
< 0,04
2 0,03 /
0,02 / ) =a=Pb (II)
o |
0

0 0,5 1 15 2 2,5 3 3,5 4
Concentration (mg/L)

Figure 1. The calibration curve of Pb (II) ions used in experiments

\Z

Figure 2. Chemical structure of Vitamin B6 molecule
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The ligand and its Pb*" complex must be soluble and highly stable and also should be nontoxic and selective for
Pb?*. The vitamin B6 molecules are suitable for all these aspects.
2.3. Procedure for cloud point extraction

1.00 mL Pb*" analyte solution (from10 ppm stock) and 2 ml 1x10 M vitamin B6 solution were mixed and
transferred into a 15 ml conical plastic tubes containing 5 mL of buffer. After complexation, 1 mL of 2% (w/v) TNP-7
with the chemical name of nonylphenol ethoxylate was added to the mixture, and diluted to 10 mL with distilled water
and shaken. The phase separation was achieved by incubation of the mixture in a thermostatic bath (40 °C, 30 min.) and
centrifugation (5 min. at 4100 rpm). The aqueous phase was removed by decantation. The phase of surfactant-rich was
dissolved in up to 2 mL of ethanol using 1.0 mL of 1.0 M HNOs. The concentration of Pb*" was examined by FAAS.

Recovery values were determined according to equation 1.

R(%) = i)6100 (Equation 1)

=)

Where ¢t and co are the concentrations of Pb?* in sample and reference respectively.
24. Sample preparation

In order to validate the proposed CPE method, three different natural spring water and three different brand
natural mineral water samples were purchased from the local market, two different tap water samples were gathered from
Nigde city centre (37.966135, 34.659311) and Nigde Omer Halisdemir University (37.942345, 34.626984) and all the
samples were subjected for Pb*>" analysis. For this purpose, 45 mL from each sample was used in the optimized CPE
procedure without an outer purifying process. The pH of the samples studied was determined by utilizing buffer solution

at pH 6.

3. Results and Discussion
3.1 Effect of pH

The acidity of the solution acts significant role in cloud point extraction procedure by involving mainly in the
complex formation and also micelle aggregation [6]. In our experiments, the Pb?" extraction was examined in various
solution pH between pH2-pH8. A suitable complexing is one of the key parameter for separation of Pb** with a ligand by
CPE technique. This phenomenon firstly depends on the pH of the solution at which an appropriate Pb (II)-VitB6 complex
formation takes places. For this purpose, experiments were conducted between pH 2 and pH 8. The acquired results were

shown in Fig 3.

43



Nevsehir Bilim ve Teknoloji Dergisi (2022), 11(2) 40-47

100 -
90 T

80 - \
70 »
60 -
50 -
40 4
30 +

Recovery %

20 - ——Pb (I)

10 —

pH

Figure 3. The effect of solution pH on the preconcantration of Pb (II) ions.

According to Fig 3. Pb (II)-VitB6 complexes were quantitatively extracted at pH 6. The extraction values were
lower than 20% up to pH 5 and 90%, 78% for pH 7 and pH 8 respectively. This behaviour can be explained with
complexation characteristics, thermodynamic interactions and the chemical structure of the VitB6 molecule.

In conclusion, the optimum pH was found as pH 6 and this value was utilized for all experiments.
3.2, Effect of temperature

The temperature of the extraction medium is a tool parameter in CPE systems [7]. This behaviour is directly
related with the micelle formation by the surfactant used in experiments. Because any surfactant that forms micelles
requires a temperature above its specific CPT (Cloud Point Temperature). So, the effect of equilibrium temperature was

studied between 20 °C to 60 °C. The obtained results were indicated in Fig 4.

101
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Figure 4. The effect of solution temperature on the recovery of Pb (II) ions.

According to Fig. 4, the recovery values were quantitative for all studied temperatures. But the highest recovery
value was gained at 40 °C. This can be explained by the chemical property of the surfactant TNP-7 of which has a very
low CPT (20 °C) [8].

The phase separation is correlated with micelle formation in a cloud point extraction so it also depends on the
temperature. The phase separation was not complete at temperatures lower than 20 °C. The obtained results revealed that
the 40 °C of temperature was optimum and the experiments were completed at this value.

44



Nevsehir Bilim ve Teknoloji Dergisi (2022), 11(2) 40-47
3.3. Effect of TNP-7 concentration
The optimization of surfactant concentration in CPE experiments is of prime important [9]. The reason is that

the technique is rest on the characteristics of surfactants. In this method, surfactant molecules become cloudy at a certain

concentration which is called as critical micelle concentration.

100

o
60 /
o/

20

~

Recovery %

0 0,5 1 15 2

Surfactant volume (mL)
Figure 5. The effect of surfactant volume on the recovery of lead ions.

Thus, volume of TNP7 (from 2%, v/v stock solution) was investigated between 0 and 2,0 mL to determine the
concentration of maximum recovery value. The obtained results were given in Fig. 5. The recovery of Pb?" ions were
raised up to 1,0 mL of surfactant volume and reached to a maximum value of 100% and after this point recovery values
remained quantitative although small changes. First manner can be explained as reaching the CMC and latter is a result
of equilibrium between formed micelles and TNP7 monomers in aqueous solution [10]. In conclusion the optimum
surfactant was chosen as 1,0 mL and applied for all the experiments.

3.4. Effect of sample volume

Sample volume is a substantial analytical parameter in pre-concentration studies. In this work, the sample volume
effect was examined in the range between 10—50 mL. This can be a small value for pre-concentration but same limitations
seem as a drawback for CPE studies. According to obtained results all recovery values for Pb?* were quantitative (10-50
mL). According to sample volume results the maximum preconcentration factor is obtained as 25.

3.5. Interferences

The VitB6 ligand was used as a chelating agent to bind the Pb?" ions to extract. So, the possibility of
complexation with several transition metals, alkaline, alkaline-earth and other ions in aqueous media was investigated by
using proposed method at pH 6. It is obvious from the chemical structure of VitB6 (Figure 2) that the molecule can bind
the Pb?" ions from —O and/or —N atoms. The interference experiments were performed by replacing each variable matrix

ion separately at a time. Obtained results were shown in Table 2.
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Table 2. Effect of matrix ions on recovery of lead ions

Ion Added as Concentration (mg ')  Pb* recovery (%)
K* KNOs 1000 102+ 7"
Cr NaCl 1000 98 +4
SO+ Na2SO4 1000 97+3
Mg Mg(NOs), 1000 97+ 1
Ca?* Ca(NOs) 50 98 +2
AP AI(NOs)s 50 99 + 4
Co** Co(NOs)2 50 142+9
Ni2* Ni(NO3)» 50 13842
Cu** Cu(NOs)2 50 136 + 4
cd** Cd(NOs), 50 13049
cr Cr(NO3)3 50 13549

*Mean + standard deviation

Table 2 shows that the recovery of Pb** did not significantly change in the existence of selected interfering ions
in isolated solution. The table 2 also proved there is no possible competitive chelating effect.
3.6. Analysis of real samples

The real sample analyses were performed on three different natural mineral waters and five different drinking
water samples. These tests were applied by analyte addition of Pb*" in to the samples. Obtained data were given in Table
3.

Table 3. Analyte addition-recovery tests by optimized CPE method.

Pb**

Samples Added (ng) Found (ng) Recovery (%)
Natural Spring Water | 5.0 4.9 98

Natural Spring Water 11 5.0 4.8 96

Natural Spring Water III | 5.0 4.9 98

Tap Water I (City centre) | 5.0 5.1 102

Tap Water II (City centre) | 5.0 5.0 100

Natural Mineral WaterI | 5.0 5.2 104

Natural Mineral Water I | 5.0 4.9 98

Natural Mineral Water III | 5.0 5.1 102

*Mean + standard division
The recovery values given in table 3 clearly indicates that the CPE technique could succesfully be practised to
analyze the Pb*" in water samples.
4. Conclusions
A selective and efficient CPE procedure was optimized for isolation, determination and pre-concentration of
Pb?* in aqueous samples prior to their FAAS determination. Obtained results showed that the VitB6 ligand was highly
selective for Pb?" at pH 6. The matrix studies revealed that the method is successful to isolate the Pb?* in the existence of
earth, earth-alkaline and major common ions. The developed method successfully applied to analyse of Pb?* ions in real
samples. The optimized CPE method is inexpensive, eco-friendly and time saving to operate. In conclusion, the method

may be considered as a useful tool for definition of Pb*" ions in water samples.
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Oz

Yemlik kolza i¢in ideal ekim normunun belirlenmesi amaciyla bu ¢alisma, Bing6l ili ekolojik kosullarinda 2020-2021
yetistirme sezonunda yliriitiilmiistiir. Caligmada dekara 400 g, 800 g, 1200 g, 1600 g, 2000 g ve 2400 g olmak {izere alt1
ekim normu kullanilmigtir. Ekimler 02 Ekim 2020 tarihinde, hasatlar ise 29 Nisan 2021 tarihinde yapilmistir. Caligmada
farkli ekim normlarinin bitki boyu, yesil ot verimi, kuru ot verimi, ham protein, ADF, NDF ve sindirilebilir kuru madde
oranlari, nispi yem degeri, kalsiyum, magnezyum, fosfor ve potasyum igerikleri iizerindeki etkileri incelenmistir. En
yiiksek bitki boyu, yesil ot verimi ve kuru ot verimi 1600, 2000 ve 2400 g da! ekim normlarindan elde edilmistir. Ekim
normlarinin ham protein, ADF, NDF, sindirilebilir kuru madde oranlar1 ve nispi yem degeri tizerindeki etkisi dnemsiz
bulunmustur. En yiiksek fosfor ve potasyum oranlar1 1600 g da™!, en yiiksek kalsiyum orani ise 800 g da! ekim normundan
almmustir. Ekim normlarinin magnezyum orani lizerindeki etkisi de istatistiksel olarak 6nemsiz bulunmustur. Bu bilgiler
1s181inda ¢alismanin yiritildiig Bingdl ili ve ekolojik kosullar1 benzer olan bolgelerde yemlik kolza i¢in 1600-2400 g

da’! arasinda tohumluk kullanilmasinin avantajli olacagi sonucuna varilmistir.

Anahtar Kelimeler: Brassica napus; ekim orani; verim; kalite
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Determination of Ideal Sowing Norm for Forage Rape (Brassica napus L. ssp. oleifera Metzg)

Abstract

In order to determine the ideal sowing norm for forage rape, this study was carried out in the ecological conditions of
Bingol province in the 2020-2021 growing season. Six sowing norms were used in the study, namely 400 g, 800 g, 1200
g, 1600 g, 2000 g and 2400 g per decare. Sowing was done on 02 October 2020 and harvests on 29 April 2021. In the
study, the effects of different sowing norms on plant height, forage yield, dry matter yield, crude protein, ADF, NDF and
digestible dry matter rates, relative feed value, calcium, magnesium, phosphorus and potassium contents were
investigated. The highest plant height, forage yield and dry matter yield were obtained from sowing norms of 1600, 2000
and 2400 g da’!. The effect of sowing norms on crude protein, ADF, NDF, digestible dry matter rates and relative feed
value was found to be insignificant. The highest phosphorus and potassium ratios were obtained from 1600 g da!, and
the highest calcium ratio was obtained from the sowing norm of 800 g da’!. The effect of sowing norms on magnesium
ratio was found to be statistically insignificant. In the light of this information, it was concluded that it would be
advantageous to use seeds between 1600-2400 g da™! to forage rape in the province of Bingdl where the study conducted,

and in regions with similar ecological conditions.

Keywords: Brassica napus; sowing rate; yield; quality

1. Giris

Her tarla topraginin besleyebilecegi belli miktarda bitki sayis1 bulunmaktadir. Bu nedenle kullanilacak tohumluk
miktarinin iyi ayarlanmasi gerekmektedir. Yem bitkileri genel olarak sik ekilirler, ancak bu siklik ihtiyactan daha fazla
olmamalidir. Thtiyactan daha fazla kullanilan tohumluk, aym oranda verimde artis saglamamaktadir [1]. Genel olarak
gereginden fazla tohumluk kullanmak verimi azaltmaz, ancak gereginden fazla tohumluk kullanmak ekonomik
olmamaktadir [2]. Ekim oraninin ayarlanmasi bitkiler arasinda bitki besin elementleri ve su agisindan ortaya g¢ikan
rekabeti dengede tutmaktadir [3].

Kolza 6nemli bir yag bitkisidir. Kolzanin daha genis yaprakli olan g¢esitleri sonbahar ve erken ilkbahar
doneminde yesil yem iiretimi amaciyla kullanilmaktadir. Kisa siirede yesil ot tiretmesi, hayvanlarin otunu severek yemesi
ve sindirilme oraninin yiiksek olmasindan dolay1 birgok iilkede tarimi yapilmaktadir [4].

Avcioglu ve ark. [5] ve Acikgoz [4] yemlik kolzada kullanilacak tohumluk miktarinin makinali ekimde 1 kg da
!, serpme ekimde biraz daha fazla olmasi gerektigini, Soya ve ark. [6] ise yemlik kolzada kullanilacak tohumluk
miktarinin 1.0-1.5 kg da! araliginda olmas1 gerektigini bildirmislerdir. Birim alana atilacak tohumluk miktar1 birgok
faktore baglidir. Bu faktorler; tohum iriligi, tohumun canliligi, fide giicii, toprak verimliligi, topragin reaksiyonu, yagisin
miktar1, yagisin mevsimlere gore dagilisi, ekim sekli (serpme ekim, mibzerle ekim), sulama olanaklar1 ve iiretim amacidir
[7]. Dolayistyla farkli ekolojik kosullarda her bitki i¢in kullanilacak tohumluk miktar1 da farkli olmaktadir. Bunu
belirlemenin en kolay yolu da degisik iklim ve toprak kosullarinda arastirmalar yapmaktadir [1].

Bingol ve benzeri ekolojik kosullarda yemlik kolza i¢in kullanilacak tohumluk miktarinin belirlenmesi amaciyla

bu aragtirma yiiriitilmiistiir.
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2. Materyal ve Metot

Bu aragtirma, Bingdl Universitesi Tarimsal Aragtirma ve Uygulama Merkezi alaninda yiiriitiilmiistiir. Bu alan
Bingol il merkezine 15 km uzakta olup, rakimi ortalama 1080 m’dir. Bingdl ilinde yillik ortalama sicaklik degeri 12.1 °C,
yillik toplam yagis miktar1 da 948.4 mm’dir [8].

Yapilan toprak analizine gore toprak yapisinin killi-tinli yapida oldugu, hafif derecede asidik (pH: 6.26), tuzsuz
(%0.014), organik madde igerigi az (%1.09), az kiregli (%0.41), potasyum igeriginin az (18.27 kg da™!) ve fosfor oranimin
orta (7.60 kg da!) oldugu tespit edilmistir.

Deneme, 02 Ekim 2020 tarihinde dekara 400 g, 800 g, 1200 g, 1600 g, 2000 g ve 2400 g olacak sekilde tohumluk
miktarlart kullanilarak kurulmustur. Deneme, tesadiif bloklart deneme desenine gore {i¢ tekrarlamali, sira uzunlugu 20 m,
sira arasi mesafe 40 cm ve her uygulama i¢in 4 sira olacak seklinde planlanmigtir. Deneme 13 Nisan - 03 Mayis 2021
tarihleri arasinda ar1 merasi olarak degerlendirilmistir [9]. 29 Nisan 2021 tarihinde ot amagli hasat yapilmistir. Hasat
yapilmadan dnce her parsel i¢in 10 bitki tizerinden bitki boyu 6l¢iilmiistiir. Kenar tesiri alindiktan sonra her parselden bir
metrekarelik alan bigilip tartilarak yesil ot verimi elde edilmistir. Hasat edilen alandan 500 gram bitki 6rnegi alinarak 70
C’de 48 saat kurutularak kuru ot orani elde edilmistir. Kuru ot orani yardimiyla kuru ot verimi hesaplanmugtir [10].

Kurutulan &rnekler el degirmeni yardimiyla ogiitiildiikten sonra Ondokuz Mayis Universitesi Ziraat
Fakiiltesi’nde NIRS (Near Infrared Spectroscopy) cihazi yardimiyla (HP) ham protein, ADF (asit deterjanda ¢ozlinmeyen
lif), NDF (notr deterjanda ¢6ziinmeyen lif), P (fosfor), K (potasyum), Ca (kalsiyum) ve Mg (magnezyum) igerikleri
belirlenmistir. Elde edilen ADF ve NDF degerleri kullanilarak SKM (sindirilebilir kuru madde) orant ve NYD (nispi yem
degeri) hesaplanmistir [11].

Elde edilen verilere, JMP istatistik paket programi kullanilarak tesadiif bloklar: deneme desenine uygun sekilde
varyans analizi uygulanmigtir. Ortalamalarin farkliliklari, 0.05 diizeyinde LSD testi ile degerlendirilmigtir [12].

3. Bulgular ve Tartisma

Farkli ekim normlarmin yemlik kolzanin boyu, yesil ot ve kuru ot verimleri iizerindeki etkisi Tablo 1’de
verilmistir. Farkli ekim normlarinin istatistiksel olarak yemlik kolzanin bitki boyu, yesil ot ve kuru ot verimleri tizerindeki

etkisinin 6nemli oldugu goriilmiistiir.

Tablo 1. Ekim normlarinin yemlik kolzanin bitki boyu, yesil ot verimi ve kuru ot verimi {izerindeki etkisi

Ekim normu (g da™!) Bitki boyu (cm) Yesil ot verimi (kg da™!) Kuru ot verimi (kg da™!)
400 59.9 b* 560 d** 108 d**
800 73.9 ab 1067 ¢ 200 c
1200 76.3 a 1173 be 229 be
1600 86.3 a 1395 ab 272 ab
2000 82.1a 1360 ab 261 ab
2400 87.0 a 1584 a 309 a
Ortalama/Mean 77.6 1190 230
CV (%) 112 13.0 144

*: P<0.05, **: P<0.01 diizeylerinde 6nemli

En diisiik bitki boyu 400 g da! ekim normu uygulamasindan elde edilmistir. Geriye kalan diger tim ekim
normlarinin en yiiksek bitki boyunu veren grupta yer aldiklar goriilmektedir. Yesil ot ve kuru ot verimleri, bitki boyunda

oldugu gibi, en diisiik degerlerini 400 g da™! ekim normunda verdikleri goriilmektedir. Ekim normunda kullanilan
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tohumluk miktarinin artmasi ile birlikte yesil ot verimi ve kuru ot verimlerinin arttig1, en yiiksek degerlerin 1600, 2000
ve 2400 g da’! ekim normu uygulamalarindan elde edildigi goriilmektedir (Tablo 1).

Calismada yemlik kolzanm ortalama bitki boyu 77.6 cm, yesil ot verimi 1190 kg da™! ve kuru ot verimi de 230
kg da! olarak elde edilmistir. Daha 6nce yapilan ¢aligmalarda; Bingdl kosullarinda farkli sira araliklarinin yemlik
kolzanin verim ve kalitesine etkisi arastirilmig ve yemlik kolzaya ait bitki boyunun 122.1-144.4 cm, yesil ot veriminin
2114-4267 kg da’! ve kuru ot veriminin 426-805 kg da! arasinda degistigi saptanmistir [13]. Samsun ili kosullarinda
kislik ara {irlin olarak yetistirilen yemlik kolza ve baz1 ikili yem bitkisi karisimlarinin verim ve kalitesinin arastirildigi
galismada, yemlik kolza bitki boyunun 58-132 c¢m ve kuru ot veriminin 427-590 kg da! arasinda degistigi belirtilmistir
[14]. Siirt ili kosullarinda farkli dozlardaki azotlu giibrelemenin yemlik kolzanin bazi tarimsal 6zelliklerine etkisinin
incelendigi arastirmada, uygulanan azot dozlarma goére yemlik kolzada bitki boyunun 144-152 cm, yesil ot veriminin
2536-3409 kg da! ve kuru ot veriminin 459-643 kg da’! arasinda degistigi tespit edilmistir [15]. Bingdl ili kosullarinda
farkli ekim zamanlarinin yemlik kolzanin verim ve kalitesine etkilerinin arastirildigi ¢alismada ise, ekim zamanlarina
gore yemlik kolzaya ait bitki boyunun 105-157 cm, yesil ot veriminin 662-5391 kg da! ve kuru ot veriminin 137-997 kg
da! arasinda degistigi bildirilmistir [16]. Arastirmacilarn elde etmis oldugu bu sonuglarin, ¢alisma bulgularindan daha
yiiksek oldugu goriilmiistiir. Bunun muhtemel nedeni 2020-2021 yetistirme sezonunda bdlgenin diger yillara gore daha
az yagis almasindan kaynaklanmaktadir. Yagisa dayali olarak yemlik kolza yetistiriciligi yapildigi i¢in sezonda yagisin
azlig1, yemlik kolzada verimin (bitki boyu, yesil ot ve kuru verimi) az olmasina yol agmistir. Uzun yillar ortalamasi olarak
Bingol ili Eyliil ayindan bir sonraki Nisan ayma kadar ortalama 819 mm yagis alirken, yemlik kolzanin tarlada oldugu
2019 yiliin Eylil aymdan 2020 yilinin Nisan ayma kadar bolge toplam 498 mm yagis almistir. Kisacasi bolge, 2020-
2021 yetistirme sezonunda uzun yillar ortalamasinin yarisi kadar yagis almistir [8]. Bu durumun yemlik kolzada verim
disiikliigiine yol actig1 diistintilmektedir.

Farkli ekim normlarinin yemlik kolzanin ham protein, ADF, NDF, sindirilebilir kuru madde oranlari ve nispi
yem degeri iizerindeki etkisi Tablo 2’de verilmistir. Farkli ekim normlarinin istatistiksel olarak, yemlik kolzanin ham
protein, ADF, NDF ve sindirilebilir kuru madde oranlar1 ile nispi yem degeri lizerindeki etkisinin dnemsiz oldugu
gOriilmiistiir.

Calismada yemlik kolzanin ham protein orant %11.3-12.6 arasinda degisim gostererek ortalamast %11.8, ADF
orani %42.3-43.7 arasinda degigsim gostererek ortalamasi %43.0, NDF oran1 %54.2-56.7 arasinda degisim gostererek

ortalamasi %55.8, sindirilebilir kuru madde oran1 %54.9-55.9 arasinda degisim gostererek ortalamasi %55.4 ve nispi yem

degeri de 90.4-96.2 arasinda degisim gostererek ortalamasi 92.6 olarak elde edilmistir (Tablo 2).

Tablo 2. Ekim normlarinin yemlik kolzanin ham protein, ADF, NDF, SKM oranlar1 ve NYD degerleri
iizerindeki etkisi

Ekim normu (g da™!) HP (%) ADF (%) NDF (%) SKM (%) NYD
400 11.5 43.7 56.5 54.9 90.4

800 11.9 42.6 55.2 55.8 94.0

1200 11.3 433 56.7 55.2 90.5

1600 12.6 423 54.2 55.9 96.2

2000 11.7 43.0 56.1 554 92.0

2400 11.9 43.1 55.8 553 92.5
Ortalama/Mean 11.8 43.0 55.8 55.4 92.6
CV (%) 4.19 2.83 2.20 1.71 3.88
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Daha once yemlik kolzanin kalite ozellikleri ile ilgili yapilan ¢alismalara bakildiginda; Balikesir ekolojik
kosullarinda farkli olgunlagsma donemlerinde hasat edilen yemlik kolzanin ham protein, ADF, NDF ve SKM oranlari ile
nispi yem degerinin sirastyla %6.93-21.12, %23.48-56.75, %36.08-77.16, %44.69-70.61 ve 54.04-181.61 arasinda
degistigi [17], Bingol ekolojik kosullarinda farkl: sira arasi mesafelerde ekilen yemlik kolzanin ham protein, ADF, NDF
ve SKM oranlar ile nispi yem degerinin sirastyla %15.5-18.1, %40.7-44.1, %46.4-50.5, %54.5-57.2 ve 101.8-114.9
arasinda degistigi [13], Samsun ekolojik kosullarinda kislik olarak ekilen yemlik kolzanin ham protein, ADF, NDF
oranlari ile nispi yem degerinin sirastyla %14.7-21.0, %29.5-33.0, %36.5-41.5 ve 141.4-167.6 arasinda degistigi [14],
Siirt ekolojik kosullarinda farkli azot dozlari ile giibrelenen yemlik kolzanin ham protein, ADF ve NDF oranlarinin
sirastyla %8.68-11.21, %47.49-52.33 ve %54.59-64.00 arasinda degistigi [15] ve Bingdl ekolojik kosullarinda farkli ekim
zamanlarinda ekilen yemlik kolzanin ham protein, ADF, NDF ve SKM oranlart ile nispi yem degerinin sirastyla %14.3-
15.7, %31.1-40.7, %37.9-47.5, %57.2-64.7 ve 115.0-158.8 arasinda degistigi [16] bildirilmistir.

Genel olarak mevcut ¢alismadan elde edilen bulgularin, arastirmacilarin elde etmis olduklar1 bulgular ile yakinlk
gosterdigi goriilmektedir. Hasat zamanlariin farkliligi ve bolgelerin sahip oldugu ekolojik kosullara (6zellikle yagis
miktarlar1) bagli olarak ham protein, ADF ve NDF oranlarinda bir miktar farkliliklarin olmasi olasidir. Ayrica 2020-2021
yetistirme sezonunda bolgenin az yagis almasi bitkilerin vejetatif olarak tam potansiyellerini gostermeden generatif
doneme gegmelerine, daha erken olgunlagsmalarina neden olarak ham protein oranlarinin biraz daha diisiik, ADF ile NDF
oranlarinin daha yiiksek ve dolayistyla sindirilme oranlari ile nispi yem degerlerinin biraz diisiik olmasina yol ag¢tig1 6n
goriilmektedir.

Farkli ekim normlariin yemlik kolzanin fosfor, potasyum, kalsiyum ve magnezyum oranlar1 tizerindeki etkisi

Tablo 3’te verilmistir. Farkli ekim normlarinin yemlik kolzanin fosfor, potasyum ve kalsiyum oranlar1 tizerindeki etkisinin

onemli, magnezyum orani tizerindeki etkisinin ise istatistiksel anlamda 6nemsiz oldugu goriilmektedir.

Tablo 3. Ekim normlarinin yemlik kolzanin P, K, Ca ve Mg oranlar lizerindeki etkisi

Ekim normu (g da™!) P (%) K (%) Ca (%) Mg (%)
400 0.26 d** 1.71 d** 1.27 c* 0.22 6d
800 0.29 ab 1.990b 1.44 a 0.23
1200 0.27 cd 1.80 cd 1.32 be 0.22
1600 030a 217 a 1.33 be 0.21
2000 0.28 abc 1.87 be 1.34 be 0.21
2400 0.28 be 1.74 cd 1.37 ab 0.21
Ortalama/Mean 0.28 1.88 1.34 0.21
CV (%) 3.41 3.76 3.16 4.01

*: P<0.05, **: P<0.01 diizeylerinde dnemli, 6d: 6nemli degil

En diisiik fosfor, potasyum ve kalsiyum oranlar1 400 g da! ekim normundan, en yiiksek fosfor ve potasyum
oranlarinin 1600 g da!, en yiiksek kalsiyum orani ise 800 g da! ekim normu uygulamalarindan alindig1 goriilmektedir
(Tablo 3).

Calismada yemlik kolzanin ortalama fosfor orani %0.28, potasyum oram %1.88, kalsiyum orani %1.34 ve
magnezyum orani %0.21 olarak elde edilmistir. Daha once yapilan ¢alismalarda; Iran ekolojik kosullarinda yemlik
kolzanin P, K, Ca ve Mg igeriklerinin sirasiyla %1.02, %1.17, %0.67 ve %0.56 olarak elde edildigi [18], Bingdl ekolojik
kosullarinda yemlik kolzanin P, K, Ca ve Mg igeriklerinin sirastyla %0.33-0.35, %1.83-2.18, %1.23-1.31 ve %0.19-0.23

arasinda degistigi [13], Samsun ekolojik kosullarinda yemlik kolzanin P, K, Ca ve Mg igeriklerinin sirastyla %0.34-
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0.39, %2.55-2.87, %1.44-1.54 ve %0.29-0.40 arasinda degistigi [14], Siirt ekolojik kosullarinda yemlik kolzanin P
iceriginin %0.23-0.27, K igeriginin %2.19-2.49, Ca igeriginin %1.39-1.55 ve Mg igeriginin %0.16-0.18 arasinda degistigi
[15] ve Bingdl ekolojik kosullarinda yemlik kolzanin P, K, Ca ve Mg igeriklerinin sirastyla %0.31-0.41, %1.51-
2.71, %1.24-1.38 ve 9%0.21-0.31 arasinda degistigi [16] bildirilmistir. Arastirmacilarin elde etmis oldugu bu bulgularin,

¢alisma bulgulari ile biiylik oranda benzerlik gosterdigi goriilmektedir.

4. Sonug¢ ve Oneriler

Yemlik kolza i¢in uygun ekim normunun belirlenmeye ¢alisildig1 bu ¢alismada verim agisindan en yiiksek bitki
boyu, yesil ot ve kuru ot verimlerinin 1600, 2000 ve 2400 g da'! ekim normu uygulanan parsellerden alindigi
belirlenmistir. Kalite a¢isindan ekim normlarinin ham protein, ADF, NDF, sindirilebilir kuru madde oranlari ve nispi yem
degerleri lizerinde, istatistiksel anlamda herhangi bir etkisinin olmadig1 goriilmiistiir. Element igerigi agisindan ise en
yiiksek fosfor ve potasyum oranlarimin 1600 g da™! ekim normu uygulanan parsellerden alindig1 belirlenmistir. Bu bilgiler
1s18inda yemlik koza icin farkli bolgelerin iklim ve toprak kosullari gbz oniinde bulundurularak Bingél ili ve benzer
ekolojik kosullarda 1600-2400 g da™! arasinda tohumluk kullanilmasinin daha avantajli oldugunun sonucuna varilmustir.
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