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Anahtar Kelimeler 0z: Olas1 orman yanginlarinin engellenmesi ve erken miidahalenin saglanmasi icin

CBS, yangin Oncesinde, yangin esnasinda ve yangin sonrasinda alinacak onlemler

UA, oldukca biiyiik 6nem tasimaktadir. Bu ¢alisma kapsaminda, CBS ve UA teknolojileri

Frekans Oran, ) ) destekli Frekans Orani tekniginden yararlanilarak orman yangini konusu

Orman Yangini Risk Haritas, . C C . C e Lo
irdelenmistir. Calismada yangin riskini siniflandirmak i¢in ii¢ y1l igcinde (2017-
2019) meydana gelen 107 orman yangini olayina ait bilgiler kullanilmistir. Bu
kapsamda Milas ilcesi orman alanlar1 orman yangim riski agisindan; ¢ok diisiik
riskli, diisiik riskli, orta riskli, ytksek riskli ve ¢cok yiiksek riskli olmak iizere bes
risk grubunda smiflandirilmistir. Frekans orani yontemi sonucuna gore calisma
alaninda en fazla dagilim gosteren risk sinifinin %55 oran ile orta riskli alanlar
oldugu tespit edilmistir. Elde edilen bulgular, Milas ilgesinde orman varliginin
yanginlardan korunmasi icin gerekli tedbirlerin acil olarak alinmasi gerektigini
ortaya koymustur.

Development of Forest Fire Risk Map Using Geographical Information Systems and
Remote Sensing Technics: Mugla, Milas Case

Keywords Abstract: Precautions to be taken before, during and after the fire are of great
GIS, importance in order to prevent possible forest fires and to provide early
RS, intervention. Within the scope of this study, the subject of forest fire was examined

Frequency Ratio,

Forest Fire Risk Map by using the Frequency Ratio technique supported by GIS and UA technologies.

The information from 107 forest fire occurrences that happened over three years
(2017-2019) was used to classify fire risk in the study. In this context, the forest
areas of Milas district is classified in five risk groups as very low risk, low risk,
medium risk, high risk and very high risk, in terms of forest fires risk. According to
the frequency ratio method, it was observed that the risk class with the highest
distribution in the study area was medium risk areas with a share of 55% of total
forest area. The findings revealed that essential preventions should be taken
urgently in order to preserve forest property from fires in Milas district.

1. Giris

Her yil tim diinyada hektarlarca orman, yanginlar
sebebi ile tahrip olmaktadir. Meydana gelen yanginlar
sonucunda ¢ikan gaz ve partikil emisyonlari
atmosferin bilesimini dolayisu ile kiiresel iklimi, insan
sagligl ve giivenligini olumsuz yonde etkilemektedir

*ilgili yazar: ozgeisikpekkan@eskisehir.edu.tr

(Patz vd., 2014) Orman yangmnlari, bitki ortiisi
varliginin yok olmasinin yani sira insan ve hayvan
6limleri, evlerin ve diger yapilarin yok olmasi gibi
sonuclara sebep olabilmektedir (Modugno vd., 2016).
Kiiresel Yangin Izleme Merkezi, 2008-2015 yillar
arasinda meydana gelen kiiresel yanginlarin, yilda
ortalama 297 Kkisinin (hem siviller hem de
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itfaiyeciler) o6limiine sebep oldugunu bildirmistir
(Doerr & Santin, 2016) Orman yanginlari, bitki
ortlisiinii kismen veya tamamen yok edebilmektedir.
Ornegin, 1997 yilinin Temmuz ayinda meydana
gelen bir orman yangini felaketinde Yunanistan’in
Selanik sehri i¢in en biiyliik oksijen kaynagi olan
ormanin Ucte ikisi yanmistir (Siachalou vd., 2009).
Yanginlar sonucunda toprak erozyonu, sel ve bitki
ortisiinin  geri kazanimi gibi siirecler de
degistiginden bircok ekosistemin ekolojik isleyisi de
olumsuz etkilenmektedir (Verma & Jayakumar,
2012). Bu ve bu gibi sebeplerden 6tiirii orman
yanginlarinin, o6nceden tahmin edilmesi, yangin
olusumunun izlenmesi, sondiirme c¢alismalarinin
planlanmasi, yangin sonrasi olusan zararin tespiti i¢cin
olusturulacak yontemler olduk¢a biliyiikk O6nem
tasimaktadir. Konu, ormanlar gibi ¢ok genis ylizeylere
yaylan bir arazi ortiisi oldugu icin yapilacak
calismalarda geleneksel yontemlerin kullanilmasi
dogru sonuglara ulasilmasini gliglestirecektir. Karar
verme asamasinda gerekli bilgilere, hizli, glivenilir ve
ekonomik sekilde ulasmak icin teknolojik araglara
ihtiva¢ duyulmaktadir (Kadiogullar1 ve Baskent,,
2006). Orman yanginlarinin yodnetimine iliskin bu
islemler, UA  verilerinin CBS ile birlikte
kullanilmasiyla sistemli ve saglikli bir sekilde
yapilabilmektedir (Cleve vd., 2008).

Literatiirde yapilan ¢alismalarin genelinde UA ve CBS
tekniklerinden yararlanilsa da kullanilan girdiler
veya analiz teknigi ile ilgili fikir birligi
bulunmamaktadir. Orman mesceresi, topografik yapi,
insan faktorleri ve iklim gibi orman yangim risk
oranint  etkileyen = ¢ok  sayida  parametre
bulunmaktadir (Carmel vd., (2009), Gao vd., (2011)).
Ornegin Chuvieco ve Salas, (1996) yangin tehlikesi
endeksini tahmin etmek icin yakit tipi, sicaklik, nem,
kapalilik, bitki nemi, topografya ve insan aktivitesini
dikkate almiglardir. Kavlak vd., 2021 yilinda yapmis
olduklari calismada; agac tiirii, agac yasi, bitki ortiisii
kapaliligi, otoyol, orman yolu, kéy yolu, egim, baki,
kuru dereler ve yerlesim yeri katmanlarini kullanarak
orman yangini risk haritasini gelistirmislerdir. Ayrica
risk haritalar1 olusturmak icin kullanilan teknikler
arasinda; agirlikh cakistirma (Kavlak vd. 2021),
lojistik regresyon (Catry vd., 2009), makine
o0grenmesi (Tien Bui vd. 2017) ve frekans oranin
(Arca & Kutoglu, 2017; Balaban & Becer, 2017; Javad
vd.,, 2014), yogun olarak kullanildigin1 séylemek
mimkindir.

Bitki ortiisiiniin ozellikleri topografik yapi ve kiiltiirel
ozellikler literatiirde sik¢a kullanilan ve orman
yanginlarim1 etkileyen en o6nemli unsurlardandir.
Kizilgam gibi igne yapraklh ve kuru karakterdeki
tirler yanginin baslamasi ve yayilmasi i¢in uygun
kosullar olustururken, kayin gibi genis yaprakh ve
nemli tlirler zor yanan ve yangini engelleyici 6zellik
gosterirler (Karabulut vd., 2013). Yashi mescerelerde
bulunan yanici maddeler, boyutlar1 ve kalinliklari
sebebi ile biinyelerindeki nemi daha ge¢ birakirlar.

Dolayisi ile yasli mescerelerin tutusmalari icin daha
¢ok 1siya ve yanmalari i¢cin daha ¢ok zamana ihtiyag
gosterdigi literatiirden anlasilmaktadir (Bilgili, 2014).
Yangin, ince yanict maddelerde, kalin yanici
maddelere oranla daha hizli yayilir (Bilgili, 2014).
Mescerelerin biitiinliik arz ettigi alanlarda baslayan
bir yangina ilk miidahalenin gecikmesi durumunda
biiyiik alan kayiplar1 ka¢inilmaz olmaktadir (Akkas
vd.,, 2008). Yanict maddenin ¢ok sikisik oldugu
durumda, yanici madde yogunlugunun fazla ve
gozenekliligin az olmasindan dolay1 yanici maddenin
nem miktar1 daha fazla olacagindan tutusma daha
uzun bir silirede gerceklesecektir (Bilgili, 2014).
Yanici maddenin ¢ok seyrek olmasi durumunda ise,
yanict madde parcaciklar1 birbirine yeterince yakin
olmadiklarindan  dolayr  yanan  parcaciklarin
olusturduklar1 enerji heniiz yanmaya baslamamis
materyali tutusturmaya yetecek derecede
olamayacagindan yanginin ilerlemesi miimkiin
olmayacaktir (Bilgili, 2014). Mescerelerde kapaliligin
diisik olmasi ve mescere icerisinde yer yer
bosluklarin bulunmasi riizgarin mescere igerisine
rahatlikla girmesini saglayarak, yanginin hizla
ilerlemesine sebep olmaktadir (Akkas vd., 2008).

Bircok calisma, topografik yapinin yanginin yayilmasi
acisindan kritik bir bilesen oldugunu gostermektedir
(Viegas, 2004, Butler vd., 2007). Fazla egimin,
yanginin yokus yukari yayilimini hizlandirdig
konusunda fikir birligi bulunmaktadir (Dupuy, 1995).
Glineye bakan yamaglar Kuzey Yarimkiire’de daha
fazla glinese maruz kalmaktadir ve bu durum
tutusmaya daha meyilli, daha kuru alanlarin
bulunmasina sebep olmaktadir (Noanan, 2003).
Yiikseklik; sicaklik, nem ve riizgar ile iliskili 6nemli
bir topografik faktérdiir. Bu nedenle yanginin
yayllmasinda 6nemli bir rolii vardir (Jaiswal vd.,
2002). Yukseklik vejetasyon yapisini, yakit nemini ve
hava nemini etkiler. Yangin davranisinin, yagis
nedeniyle yiiksek rakimda daha az siddetli oldugu
bildirilmektedir (Chuvieco & Congalton, 1988).

Yollar ve yerlesim yerleri gibi insan kaynakl
ozellikler dogrudan orman yanginlariyla baglantilidir.
Arastirmalar, insan ve ara¢ hareketinin bulundugu
alanlarda yangin riskinin daha yiiksek oldugunu
belirtmektedir (Rogan, 2014). Yollara yakin olan
orman bolgeleri, yerel halkin, ¢obanlarin ve
turistlerin ormana girmesine ve yangina neden
olmasina olanak saglamaktadir (Jaiswal, 2002).
Ormanlarin yakininda bulunan insan yerlesimleri
ormani tehdit edebilecek diger faktorler arasindadir.
Orman yanginlar1 konusunda rol oynayan diger bir
faktor de kuru derelerdir. Kuru dereler, igerisinde
barindirdif1 yiiksek orandaki kuru yakit sebebi ile
yanginin baslamasi ve yayillmasinda o©6nemli rol
oynamaktadir. Dereler ayrica riizgarin diger alanlara
gore daha hizli yogunluga sahip oldugu yerlerdir ve
rizgar derelerden daglara veya tepelere kadar
yukselir; bu da yanginin ¢ok hizl yayilmasina ve daha
fazla hasara neden olur.
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Son yillarda farkli dogal afet konularinda risk
haritalarinin olusturulmasina yonelik hem ulusal hem
de uluslararasi kapsamda yapilan ¢alismalar biiyiik
bir dnem ve hiz kazanmistir. Bu ¢alisma kapsaminda,
CBS ve UA teknolojileri destegi ile Frekans Orani
tekniginden yararlanilarak Mugla ili Milas ilcesinde
yangin riskinin belirlenmesi ve haritalanmasi
lizerinde calisiimistir. Frekans orani teknigi
genellikle ¢ogunlukla heyelan riski analizlerinde
kullanilan bir teknik olup orman yanginlarn
konusunda kullanimi yaygin degildir.

2. Materyal ve Metot
2.1. Calisma alam

Mugla iline bagh Milas ilgesi tilkemizde yasanan
orman yanginlarinda oldukga yiiksek bir paya sahip
oldugu i¢in calisma alani olarak secilmistir. Milas,
Mugla'nin ikinci en biiyiik biiyiik ilgesi olup 27°30' ile
28°30"' dogu boylamlar1 ve 37°00' ile 37°38" kuzey
enlemleri arasinda yer almaktadir (Sekil 1). Milas
ilcesi 2.067 km?lik yiiz dl¢iimiine sahiptir. ilcenin
kuzeyinde; Bafa Goli ve Begparmak Daglarn ile
Comakdagi'n1 da kapsayan Bati Mentese Daglar1 yer
almaktadir. Dogusunda; Kurukiimes Dagi, Akdag ve
Margali Daglan yiikselmektedir. Glineyinde; Gokova
(Kerme) Korfezi ile korfezin karsi kiyisinda Datca

Tablo 1. Calisma kapsaminda kullanilan veriler

(Resadiye) Yarimadasi vardir. Batisinda ise Giilliik
(Mandalya) Korfezi ile Bodrum Yarimadasi
bulunmaktadir. Milas’in komsulari; Kuzey’de Aydin’in
Soke, Kogarli ve Cine ilgeleri, Dogu’sunda Mugla'nin
Yatagan ve Mugla merkez ilceleri, Batr'sinda ise
Bodrum il¢esidir (Anonim, 2020).

Akdeniz ikliminin hakim oldugu Milas’da yazlar sicak
ve kurak, kislar ilik ve yagish gecer. Yaz aylarinda,
ortalama sicaklik 32°C ila 34°C arasindadir ve bazen

40°C’yi asan sicakliklar yasanmaktadir. Milas
cogunlukla Kuzey ve Giiney riizgarlarina sahiptir
(Anonim,2021). Orman Genel Midirligi

istatistiklerine gore Mugla, yuzol¢iimiiniin %66's1
ormanlarla kaplidir ve bu oran Tiirkiye ormanlarinin
%4'iinii olusturmaktadir.

2.2. Materyal

Calisma kapsaminda orman yangini risk faktorlerini
belirlemek i¢in, Mugla Orman Bolge miidiirliigiinden
temin edilen Mescere haritasi ve USGS ESPA’dan
icretsiz temin edilen ALOS PALSAR DEM
kullanilmistir. Ayrica Orman Boélge Midirliigii'nden
sayisal ortamda temin edilen yangin noktalar1 verisi
ile Sentinel uydu goriintiileri kullanilarak 2017, 2018
ve 2019 yillarinda meydana gelen orman
yanginlarinin alanlari tespit edilmistir (Tablo 1).

Veri tipi Tarih Kaynak Aciklama
. 2013 Mugla Orman Bolge = .
Mescere haritasi 2023 Midiirligi Olgek:1/25000
2017
Sentinel Uydu Goriintiisii 2018 Copernicus Data Hub Mekansal ¢oziiniirliik:12.5m
2019
ALOS PALSAR DEM 2018 USGS ESPA Mekansal ¢6ziintirliik:12.5m
2017
Yangin Noktalar Verisi 2018 Orman Genel Midurliagi Format: xls
2019
42°00°N i N

40°0'0"N+ 1 e |

38°0°0"N+

7
roRs

IOUNT 92550 100 150 200
O — — kM

aiya |
|o2s8 10 15 20
- — —

. £ T Ratano
|:] Milas siniri

560000 580000 600000
L 2o

[40°0'0"N

4140000

4120000

b [=38°0°0"N

:
4108000

- Fa6*0'0"N
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26"0'0"E 28"0'0"E 30°0'0"E 32°0'0"E

Sekil 1. Calisma alani, Milas il¢esinin cografi konumu
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Tablo 2. Veri katmanlarinin hazirlanmasi

Tablo 3. Calisma kapsaminda kullanilan veri katmanlari

Yapilan analiz

Veri Katmani

Veri Kaynagi

Veri Tipi

Veri Katmam

Alt Katmanlar

Kizilgam

Veri tabanmdan Agag tird Mescere har?tam

veri secimi VAga(; yast Mescere har}ta51

Agac kapaliligi Mescere haritasi

Topografik Egim Alos Palsar DEM

analiz ) Baki Alos Palsar DEM

Yiikseklik Alos Palsar DEM

Yola uzaklik Mescere haritasi

. Yerlesim .

Tamponl b'olge Yerlerine Uzaklik Mescere haritasi

analizi

Kuru Derelere

uzaklik Mescere haritasi

2.3. Veri hazirlama

Calisma kapsaminda kullanilacak  katmanlarin
hazirlanmasi i¢in gergeklestirilen analizler Tablo 2’de
verilmektedir. Mugla Orman Bélge Miidiirligii'nden
temin edilen sayisal mescere haritas1 kullanilarak
agagc tiirii, agag yasi ve agac kapalilig1 katmanlari veri
seti icerisinden ayrnistirlmistir. Buna ek olarak
mesgcere haritasi icerisinde bulunan “yollar, yerlesim
yeri ve kuru dereler” verileri ayristirilmis ve bu
verilere tampon bélge analizi uygulanmistir. Ayrica
ALOS PALSAR DEM verisi ile topografik analizler
yapilarak egim, baki ve ytlikseklik katmanlar elde
edilmistir. Yapilan analizlerin timi icin ArcGIS 10.7
programindan yararlanilmistir.

Yapilan analizler ile elde edilen veri katmanlari1 Tablo
3’de gosterilen alt katmanlara ayrilmistir. Veri
katmanlar1 igin belirlenen tampon bdlge siniflary
Kavlak vd/nin, orman yangim1 risk haritasi
gelistirmek icin 2021 yilinda yaptiklar1 g¢alismaya
gore belirlenmistir.

2.4. Metot

Frekans orani, belirli bir vakanin ortaya c¢ikma
olasilig1 olarak tanimlanmaktadir (Lee vd., 2004; Lee
& Evangelista, 2005). Geg¢miste meydana gelen
olaylarin gelecekte meydana gelecek olaylar ile ayni
kosullar  altinda  gerceklesecegi  varsayimina
dayanmaktadir (Jadda vd. 2009).Yiiksek Frekans
orant agirliklarina sahip parametrelerin, vakanin
gerceklesmesi ile ilgili yliksek bir iliski oldugunu
gosterir (Ozdemir & Altural, 2013). Bu sebeple
gecmiste meydana gelen orman yangini konumlari ile
orman yangimmni etkileyen parametreler (veri
katmanlar1) arasindaki iligkiyi ortaya koymak icin
Frekans orani tekniginden yararlanilmistir. Frekans
orant i¢in asagidaki formiil kullanilmistir.

FOi = (YPpix/(XYpix))/(Ppix/(¥pix)) (1)

YPpix: Yanan alanin parametre alt sinifindaki piksel sayisi
> Ypix: Yanan alanin toplam piksel sayisi

Ppix: Parametre alt sinifindaki piksel sayisi

Ypix: Calisma alanindaki toplam piksel sayisimi ifade
etmektedir.

Agac tiirii Karagam

Fistik cami
Yaprakli agaclar
0

Mescere tipi

Agag yas1

N(OV U (WIS

8
%1 -%10
%10 - %40
%40 - %70
%70 tlizeri
>60 derece
45-60 derece
Egim 30-45 derece
15-30 derece
0 -15 derece
Gliney
Giiney bati
Giiney dogu
Kuzey bati
Baki Kuzey dogu
Kuzey
Dogu
Bati
Diiz
0-200m.
200 - 400 m.
400 - 600 m.
Yiikseklik 600 - 800 m.
800 - 1000 m.
1000 - 1200 m.
1200 - 1400 m.
0-50m.
50-100 m.
100 - 200 m.
200 - 300 m.
300 - 400 m.
400-12500 m
0-50m.
50-100 m.
Kiiltiirel Kuru derelere uzaklik ;gg ggg 2
ozellikler 300 -400 m.
400-7000 m
0-50m.
50-100 m.
100 - 200 m.
200 - 300 m.
300 - 400 m.
400 -500 m.
500-1000 m.
1000 - 9000m

Agac kapaliligi

Topografik
ozellikler

Yola uzakhk

Yerlesim yerine uzaklik

Calisma kapsaminda bahsi gecen parametreler Tablo
3’de verilen veri katmanlarini, parametre altsinifi ise
alt katmanlari ifade etmektedir.

Sekil 2’de verilen yontem semasindan da anlasilacag:
iizere, Orman Boélge Midiirliigii'nden temin edilen
yangin noktalari verisi ve Sentinel uydu goriintiileri
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kullanilarak yangin alanlari tespit edilmistir. Bu islem
icin Sentinel uydu gorintileri kullanmilarak NDVI
analizleri yapilmistir ve farkli zaman periyodundaki
NDVI  analizlerine  goriintii  ¢ikarma  teknigi
uygulanmistir. Bitki ortiisi analizleri ile ilgili
calismalarda olduk¢a yaygin olarak kullanilan NDVI,
yakin kizilotesi bant (NIR) ve kirmizi bant (R) farki ve
toplaminin birbirine oranidir (Rouse vd., 1974).

NDVI = (NIR- R)/ (NIR + R) (2)

Gorinti ¢ikarma teknigi ise basit bir tanimlama ile;
farkli zaman periyodundaki iki goriintiiniin birbiri
tizerine denk gelen piksel degerlerinin birbirinden
¢ikartilmasi islemidir. Boylece iki zaman periyodunda
negatif ve pozitif yonde degisen ve degismeyen
alanlar saptanir.

Yanginlardan 6nceki ve sonraki tarihlere ait NDVI
analizlerinin farki alinarak yangin noktalar verisi ile
cakistirllmis ve noktalarin konumunda meydana
gelen yanginin alanlar1  saptanmistir.  Raster
formatinda elde edilen yangin alanlari, her bir piksel
verisinin elde edilmesi i¢in, piksellerin orta noktasina
denk gecek sekilde, 12.5 m x 12.5 m araliklarinda
nokta veriye cevrilmistir (Sekil 3b). Derlenen bu
veriler Frekans Orani tekniginde kullanilmak {izere;
yanan alanin parametre alt sinifindaki piksel sayisi ve
yanan alanin toplam piksel sayisi hesaplamalarinin
yapilmasinda kullanilmistir. Elde edilen veriler ile
Frekans Oranina ait formil kullanilarak her bir
parametrenin frekans oranlari hesaplanmistir
(EKA).

Calisma kapsaminda, orman yangininin saptanmasi
icin 6nem derecesi birbirinden farkli 9 adet veri

katmani ve bu veri katmanlarinin ¢ok sayida alt
katmani bulunmaktadir. Bu katmanlarin hepsi
kullanilarak anlamli bir analiz elde edilebilmesi i¢in
her bir pikselde bulunan alt katmanin sahip oldugu,
Frekans Orani sonucu elde edilen puanlar piksel
bilgisi olarak kaydedilmistir. Sonrasinda elde edilen
puanlar toplanarak her bir piksel i¢in orman yangini
risk puani elde edilmistir. Bu islemler i¢cin ArcMap’in
Map algebra fonksiyonu kullanilmistir.

3. Bulgular

Mugla Orman Bolge Mudirliigi'nden alinan yangin
verisi tek bir noktayi isaret etmekte olup yanginin
hasar verdigi alana dair bilgi icermemektedir. Yapilan
NDVI analizleri ile meydana gelen hasarin tespit
edilmesi saglanmistir. Béylece yanginin gerceklestigi
alan kapsaminda ¢alisma yapilmistir.

Veri hazirlama kisminda anlatildig1 tizere ilk olarak
NDVI analizleri gergeklestirilmis ve Milas orman
alanlarinda negatif ve pozitif degisim gosteren NDVI
degerlerine sahip olan alanlar tespit edilmistir (Sekil
3a). Sonrasinda negatif degisim gosteren alanlar ile
yangin noktalar1 ¢akistirilmis ve yanginin kapladigi
alanlar ¢ikartilmistir. Yangimin kapladigr alanlar
nokta veriye donistirilmis ve yanan alanin
parametre alt sinifindaki piksel sayisi ve yanan alanin
toplam piksel sayis1 hesaplamalarinda kullanilmistir.

Sekil 3b’de gosterilen noktasal veriler ile bu
noktalara ait parametre altsinifi verileri kullanilarak
saptanan alt veri katmanlarina dair frekans oranlari
EK A.’da verilmektedir.

Mescere haritas: ‘ Mescere haritas: Alos palsar DEM

Sentinel uydu

goriintileri Yangm noktalar:

Agag yasi

NDVTI haritalannn {iretilmesi
2017,2018,2019

[

NDVI fark analizleri
2017,2018,2019

l

Tespit edilmig yangin alanlan

Yanan alamin parametre alt Yanan alanin toplam Parametre alt Calisma alamndaki
sinifindaki pixel sayist pixel sayis1 simfindaki pixel sayis: | | toplam pixel sayisim
| :
Orman yangimim etkileyen
parametrelerin Frekans
Oranlan
T
Orman yanginim
risk haritas:

Sekil 2. Yontem semasi
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Sekil 3. (a) NDVI analizi sonucu elde edilen degisim paftas
noktalar1 (b) NDVI analizi sonucu elde edilen yangin noktalar
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1 ve Mugla Orman Boélge Miidiirligiinden temin edilen yangin
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Sekil 4. Frekans orani yontemi ile elde edilen orman yangini risk haritasi

Frekans orani, kullanilan parametrelerin iliski
degerlerine gore yorumlanmaktadir. Hesaplanan
frekans orani 1 den ne kadar yiiksek ise o
parametrenin orman yanginlari ile o kadar yiliksek
iligkili; 1'den ne kadar kii¢lik ise o kadar al¢ak iligki
gosterdigi soylenebilir (Akinci1 & Sedat Dogan, 2011).
Calisma alani kapsaminda orman yanginlari ile en

yuksek iliski gosteren parametre egim sinifinda
bulunmaktadir. Buna goére %45-60 derece egim
gosteren alanlar en yiiksek frekans oranina sahiptir.
Ayrica hesaplamalara gore yash agaglarin ve yiiksek
rakimda bulunan ormanlarin orman yangini
acisindan en diisiik frekans oranina sahip oldugu
tespit edilmistir.
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Frekans oranlar1 kullanilarak elde edilen orman
yangini risk haritas1 ¢ok diisiik riskli, diisiik riskli,
orta riskli, yiiksek riskli ve ¢ok yiiksek riskli olmak
lizere 5 grupta simiflandirilmistir (Sekil 4).

Calisma alinda en fazla dagilim gésteren risk sinifinin
%55 oran ile orta riskli alanlarda oldugu tespit
edilmistir (Sekil 5). Calisma alaninda en az goriilen
risk smifi %1lik oran ile ¢ok yiiksek riskli
alanlardadir.

" Cokyiksek riskli - iGokdislk
Yiiksek riskli  / 1% T riskli
4% ; el 2%

Orta riskli
55%

Sekil 5. Frekans orani yontemi ile elde edilen orman
yangini risk siniflari1 dagilimi

4. Tartisma ve Sonug

Orman yanginlarinin gesitli cografi faktorlere bagh
olmasi, ¢ok sayida veri kiimesinin ayni anda
islenmesini gerekli kilmaktadir. CBS, karmasik veri
kiimelerini ayni Olgekte degerlendirebildiginden,
orman yangin risk analizleri agisindan oldukga
verimli bir ara¢ olarak kullanilmaktadir. Bu ¢alisma

kapsaminda orman yangini risk haritasinin
olusturulmas1  i¢in  frekans orani  yontemi
kullanilmistir.

Agac¢ tiirleri acisinda elde edilen sonuglara

bakildiginda kizilgam tiiriiniin frekans oraninin en
yiksek oldugu yani Kizilgam tiirlinlin orman
yanginlari ile iliskisinin yuksek oldugu
goriilmektedir. Calisma alani sinirlarinda gergeklesen
yanginlarin hepsi kizilgam agac tipi 6zelligi gosteren
ormanlarda meydana gelmistir. Bunun sebeplerinden
biri alandaki hakim bitki ortiisii tiiriiniin kizilgam
olmasi sayilabilir. Ayrica literatiirde bulunan bilgilere
gore, ozellikle kizilgam gibi igne yapraklh ve kuru
karakterdeki tiirler yangin igin uygun kosullar
olustururken, kayin gibi genis yaprakli ve nemli
tirler zor yanan ve yangini engelleyici bir 6zellik
gosterirler (Karabulut vd., 2013).

Frekans Orani yontemi ile elde edilen verilere gore,
orman yanginlart ile en disiik iliski gosteren alt
parametreler 1200 m. ytkseklikteki ve 8. yas
sinifinda bulunan yasli mescereler oldugu tespit

edilmistir. Yangin davranisi egilimi, yiiksek rakiml
alanlarda gerceklesen yagis miktarindaki artis ve
sicakligin diismesine bagli olarak daha az siddetlidir
(Chuvieco & Congalton, 1988). Ayrica yash
mescerelerde bulunan yanict maddeler boyutlar1 ve
kalinliklar1 sebebi ile biinyelerindeki nemi daha gec
biraktiklarindan dolay1 tutusmalar1 igin daha ¢ok
1silya ve yanmalarl i¢in daha ¢ok zamana ihtiyag
duymaktadirlar (Bilgili, 2014).

Calismada orman yanginlar1 ile en yiiksek iliski
gosteren alt parametrelere bakildiginda ise %45-60
derece egime sahip alanlarin bu kapsama girdigini
gostermektedir. Yiiksek egimin, yanginin yokus
yukar1 yayilimini hizlandirdig1 konusunda fikir birligi
bulunmaktadir (Dupuy, 1995; Van Wagner, 1988)

Baki katmani ag¢isindan bakildiginda orman
yanginlar1 ile en disiik iliskinin diiz alanlarda
goruldigiinii sdylemek miimkiindiir. Daha 6nce de
ifade edildigi gibi; egimli arazilerde yanginin daha
hizli ilerledigi bilinmektedir (Dupuy, 1995; Van
Wagner, 1988).

Frekans orani yontemi ile elde edilen sonuglarin,
literatiirde  bulunan orman yanginlar1  risk
faktorlerine dair bilgiler ile uyum gosterdigi
saptanmistir. Genel olarak irdelendiginde ise Milas
lIgesi'nin %60’ 1n1n yangin riski agisindan orta, yiiksek
ve ¢ok yiiksek riskli olan alanlardan olustugu dikkat
cekicidir. Bu oran, Milas ilgesi i¢in orman varligini
tehlikeye atan ciddi bir riske isaret etmektedir.
Orman yanginlarn ¢ogunlukla telafisi miimkiin
olmayan can ve mal kayiplarina sebep olabilmektedir.
Orman yanginlariyla miicadele i¢in koruyucu
onlemlerin risk haritalar1 da dikkate alinarak
olusturulmast  olduk¢a  dnemlidir. = Koruyucu
onlemlerin gerektirdigi sekilde, vatandaslar orman
yanginlarinin nasil 6nlenecegi ve nasil azaltilacag
konusunda egitilmelidir. Ayrica yangin riskinin
yliiksek oldugu alanlarda yanici madde miktarini
azaltmak icin yol kenarlar1t temiz tutulmalidir,
rekreasyon alanlarinin kullanimina iliskin
dizenlemeler gozden gecirilmeli, yerel halk kurallar
ve kullanimlar hakkinda bilgilendirilmelidir. Bu
calisma kapsaminda dinamik olmayan yani kisa
zaman aralifinda degismeyecek olan faktorler
(mescere, topografya, kiiltlirel veriler) ele alinmis
olup genis bir zaman periyoduna hitap eden orman
yangini risk haritasi tretilmistir. Yagis, sicaklik nem
gibi iklimsel faktorlerin de ¢alisma yontemine dahil
edildigi, farkli zaman periyotlar1 icin iretilecek
dinamik risk haritalar1 ise calismay1 bir adim 6teye
tasiyacaktir.

Tesekkiir
Yazarlar Orman Genel Miidiirliigii'ne ve Mugla Orman

Bolge Miidirliigii'ne veri teminine olan katkilarindan
dolay1 tesekkiir ederler.
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Etik Beyani

Bu ¢alismada, “Yiiksekogretim Kurumlart Bilimsel
Arastirma ve Yayin Etigi Yonergesi” kapsaminda
uyulmasi gerekli tiim kurallara uyuldugunu, bahsi
gegcen yénergenin “Bilimsel Arastirma ve Yayin Etigine
Aykirt Eylemler” bagsligi altinda belirtilen eylemlerden
hicbirinin gerceklestirilmedigini taahhiit ederiz.
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Ekler
Ek A. Veri katmanlari frekans oranlari
Agacg Yasi Agag tiirii Agag kapalihig:
Tam Yanginl Tim Yanginl Tim Yanginli
alandaki | alandaki | Frekans alandaki | alandaki | Frekans alandaki | alandaki | Frekans
piksel piksel orani piksel piksel orani piksel piksel orani
sayisl sayisi sayisi saylsl sayisi sayisl
0 3080558 | 12473 1.06 Kizilgam 6614219 | 27330 1.08 %1 -%10 3080558 | 12473 1.06
1 504798 1305 0.68 Karagam 69442 1 0.00 %10 - %40 1468478 5428 0.97
2 567505 3864 1.78 Fistik gami 444076 3 0.00 %40 - %70 | 1506712 | 4128 0.72
3 556303 1106 0.52 | Yaprakh Agaglar | 31750 4 0.03 %70 Uzeri 1103739 | 5305 1.26
4 1198035 6795 1.49
5 579850 1108 0.50
6 255711 82 0.08
7 247343 594 0.63
8 169384 7 0.01
Kuru derelere uzakhk Yerlesim yerine uzakhk Yola uzaklik
Tam Yanginl Tim Yanginli Tim Yanginli
alandaki | alandaki | Frekans alandaki | alandaki | Frekans alandaki | alandaki | Frekans
piksel piksel orani piksel piksel orani piksel piksel orani
sayisl sayisi sayisi saylsl sayisl saylsl
0-50m. 674588 2031 0.79 0-50m. 32115 92 0.75 0-50m. 390393 1422 0.95
50-100 m. | 701395 2075 0.77 50-100 m. 38480 120 0.82 50-100 m. 365227 1630 1.17
100-200 m. | 1388093 | 4522 0.85 100-200 m. 103333 304 0.77 100-200m. | 684266 2797 1.07
200-300 m. | 1225192 | 4495 0.96 200-300 m. 135782 647 1.25 200-300m. | 629382 2451 1.02
300-400 m. | 970208 3615 0.98 300-400 m. 165974 494 0.78 300-400 m. | 583442 1607 0.72
400-700 m. | 2200012 | 10596 1.26 400-500 m. 188772 410 0.57 | 400-12500 m. | 4506777 | 17427 1.01
500-1000 m. | 1215211 | 2730 0.59
1000-1500 m. | 1359091 | 9129 1.76
1500-10000 m. | 3920729 | 13408 0.90
Yiikseklik Baki Egim
Tam Yanginl Tam Yanginli Tim Yanginli
alandaki | alandaki | Frekans alandaki | alandaki | Frekans alandaki | alandaki | Frekans
piksel piksel orani piksel piksel orani piksel piksel orani
sayisl sayisi sayisl saylsl sayisl sayisl
0-200m 1116978 | 3665 0.86 Diiz alanlar 21752 34 0.41 0-15 derece | 3344776 | 7095 0.56
200-400m | 1736506 | 9564 1.44 Kuzey 439835 1222 0.73 | 15-30 derece | 3348879 | 13733 1.07
400-600m | 1525951 | 7916 1.36 Kuzeydogu 719056 3219 1.17 | 30-45 derece | 441836 6061 3.59
600-800m | 1647756 | 5474 0.87 Dogu 697869 2830 1.06 | 45-60 derece | 22718 428 493
800-1000m | 795860 701 0.23 Giineydogu 893804 5036 1.48 >60 derece 1278 17 3.48
100-1200m | 297070 14 0.01 Giiney 1073259 | 3327 0.81
1200-1400m | 39366 15 0.10 Gineybati 1064894 | 2377 0.58
Bati 934639 2724 0.76
Kuzeybati 916204 5241 1.50
Kuzey 398174 1324 0.87
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Abstract: Five different Nickel (II) complexes were prepared using a ONNO type
Schiff base bis-N;N’(salicylidene)-1,3-propanediamine (LHz2) and an ONO type Schiff
base N(2-hydroxy)salicylaldimine (SAPHz) in the presence of NH3 or amine and NiO
nanoparticles were obtained with thermal decomposition of this complexes in air.
The prepared complexes and Schiff bases have been characterized by element
analysis, IR spectroscopy, Thermogravimetry (TG), 'HNMR and 13CNMR
spectroscopy, Mass Spectrometry (MS), Atomic absorption spectrometry (AAS), and
Scanning Electron Microscopy (SEM). The surface area of the obtained nanoparticle
NiO material was measured by the Brunauer-Emmett-Teller (BET) method. The
thermal decomposition products NiO nanoparticles were investigated with XRD,
and SEM technics. SEM investigations showed that due to the very little solubility of
the prepared two complexes and consequently they were precipitated in the form
of nanoparticles. In addition, it observed that this very insoluble complexes are
converted to NiO nanoparticles a result of thermal decomposition.

Ni(II) - ONO ve ONNO Tipi Schiff Baz1 Komplekslerinin Termal Bozunmalarini
Kullanarak NiO Nanopartikiillerinin Sentezi ve Karakterizasyonu

Anahtar Kelimeler
ONO tipi Schiff bazi,
ONNO tipi Schiff bazi,
Schiff baz1 kompleksleri,
Ttermal bozunma,

NiO nanopargaciklari

Oz: Bir ONNO tipi Schiff bazi olan bis-N;N'(salisiliden)-1,3-propandiamin (LHz) ve
ONO tipi Schiff bazi olan N(2-hidroksi)salisillaldimin (SAPH2) kullanilarak bes farkl
Nikel (II) kompleksi NH3 veya amin varliginda hazirlandi ve bu komplekslerin
havada termal bozunmasi ile NiO nanoparc¢aciklar1 elde edildi. Hazirlanan
kompleksler ve Schiff bazlari, element analizi, IR spektroskopisi, Termogravimetri
(TG), *HNMR ve 13CNMR spektroskopisi, Kiitle Spektrometrisi (MS), Atomik
absorpsiyon spektrometrisi (AAS), ve Taramali Elektron Mikroskobu (SEM) ile
karakterize edildi. Elde edilen nanoparcacik NiO malzemenin yiizey alani Brunauer-
Emmett-Teller (BET) yontemi ile 6l¢tildii. NiO nanopargaciklarinin termal bozunma
uriinleri XRD ve SEM teknikleri ile incelendi. SEM incelemeleri, hazirlanan iki
kompleksin ¢6ziiniirligiiniin ¢ok az olmasi nedeniyle nanopartikiiller halinde
coktiigiinii gosterdi. Bu sebepten dolayr ¢oéziinmeyen komplekslerin termal
bozunma sonucunda NiO nanoparg¢aciklarina doniistiigii gézlemlendi.

1. Introduction

Bis-N,N'(salicylidene)-1,3-diaminopropane

complex of this ligand can create homo- and hetero-
dinuclear [1-3], trinuclear [4-17], tetranuclear [18]

(LH2) and polynuclear [19] complexes with square pyramid

Schiff base has long been known is a ONNO type
tetradentate ligand and this Schiff base gives many
mono and polynuclear complexes with some first and
second series transition elements [1-21]. The
structure of mononuclear complexes given by Ni (II)
and Cu (II) ions have been known since 1985, ([NiL]
and [CuL]) [22]. Especially, the mononuclear Ni (II)

*Corresponding author: sevioz@hotmail.com

or octahedral coordination spheres along with
coligands such as picoline, acetate, nitrate and N,N'-
dimethylformamide.

The general formula of the dinuclear complexes
prepared using the NiL complex is in the form of
[NiL.MXz.(DMF)2] (M=Cd(1I), Zn(Il), X=Cl- or Br) and
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the trinuclear complexes in the [(NiL)2.MX2.S;]
(M=Mn(II), Fe(II), Cu(1I), Ni(1I), Cd(II), Zn(II), X= CI,,
AcO-, NOz;, NOz;, S= Solvent or DMF, z = 0 - 2) form [1-
17]. The |[NiL] mononuclear complexes are
diamagnetic complexes of which molecular structures
are illuminated in 1985, and they are soluble in polar
solvents at hydrothermal conditions. When a small
amount of Hz0 is added to this solution, the complex
of [NiL.Hz0] is obtained as solid green crystals [21]. In
addition, if NH3 used as coligand with the Schiff base
LH2, the complexes in the stoichiometry of
[NizL2(NH3)3] and [NizL2.NHs] is obtained. These
complexes can be obtained if we add NH3 to the NiL
complex dissolved in polar solvents. These NHj3
complexes are not found in the literature. The
decomposition order of [NizL2(NH3)3] is shown in Fig.
1.

N(salicylidene)-2-hydroxyaniline (SAPHz) is a
tridentate ligand in the type of ONO and this ligand
gives mononuclear complexes with I and II. series
transition elements like LH2, [23-27]. However, in
particular, the Ni(II) complex of this Schiff base is
dinuclear coordinated and in crystal lattice supra-
molecular structure called pseudo-octahedral in solid
state [24, 26]. This supramolecular structure is
converted with an amine addition, which is
transformed into mononuclear complexes in square
plane coordination. The NiSAP complex is a complex
that has been studied for many years. It is hardly ever
soluble in solvents and could be dissolved, if NH3,
EtzNH or CsH11N (piperidine) is added and it gives the
mononuclear and diamagnetic complexes in the
stoichiometry of [NiSAP.NHs], [NiSAP.Et2NH] or
[NiSAP.CsH11N] (or [NiSAP.pip]). In this complex, NHs
or amine are connected to the metal atom in a
coordinated manner. Between 180 - 320 °C, this
amine or NHs3 is removed from the structure and
transformed into a [NiSAP] complex again, according
to the reactions given in Fig. 2 [23-27].

It is known that the [NiSAP] and [NiL.NHz)2.NHz3] are
very low soluble complexes and they are precipitated
as extremely fine particles. The proposed study was
carried out in order to be able to produce NiO
nanoparticles from these less soluble complexes. Since
they are likely to precipitated as nanoparticles, it was
investigated that if these nanoparticles are produced
as a result of thermal decomposition of precipitation
of these low soluble complexes. In this respect, all the
complexes were prepared and examined by
thermogravimetric (TG) analysis and in addition made
thermokinetic analysis wusing the results of
thermogravimetric analysis. Similarly, we also
investigated final product of thermal decomposition
[NiSAP.NHs],  [NiSAP.Et2NH] and  [NiSAP.pip]
complexes. Numerous studies have been reported in
the literature to prepare nanoparticles in this way [28-
39]. The particle sizes of low soluble complexes were
identified by Scanning Electron Microscope (SEM).
Also the complexes produced as a result of thermal
degradation in the air by heating up to 450 °C and the
obtained NiO was examined with SEM again. Along
with the SEM, the X-Ray powder diffraction (XRD)
method has been used to examine insoluble complexes
and obtained NiO and the particle dimensions were
calculated. The surface area of less-soluble complexes
and obtained NiO were calculated with the Brunauer-
Emmet-Teller (BET) method and the obtained results
were compared.

2. Material and Method

The TG-DTA studies were actualized with Shimadzu
DTG-60H and these analyses were carried out in Pt
pans at different heating rates under nitrogen
atmosphere. The IR spectra of the ligands and
complexes were actualized by the use of Shimadzu
Infinity model FTIR. C, H and N analyses were carried
out by Eurovector 3018 CHNS analyzer. Ni analyses of
the complexes were made by GBC Avanta PM Model

105-150°C ) 170-210°C ) 290-360°C .
[Ni;L;(“H,J_,-] < [ NILL:NH,\-] - -2NiL  ————————3 Decomposition
-2NH, -NH,
Figure 1. Decomposition order of [NizL2(NH3)s]
in MeOH or EtOH
.2+ Ambient terup erature ;
2 SAPH, + 2 Ni » | NiSAP
-4H' 2
170-320°C
“RNH, % . 370-530°C -
[ NiSAPR-NH, ] < [ misap | » Decomposition
+R,NH, | 2
Ambient temp erature

R,-NH = NH,, Et,NH, piperidine

Figure 2. Decomposition of [NiSAP.R-NHz]
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flame atomic absorption (FAAS) device. The NMR
spectra of the ligands were recorded with a Varian
brand Mercury model 400MHz NMR
spectrophotometer in de-DMSO. Similarly, were
recorded the Mass spectra of the ligands using
Shimadzu 2010 Plus GCMS included Direct Inlet (DI)
unit. The surface area of complexes and pyrolyzed
product NiO were measured by Brunauer-Emmet-
Teller method in Quantachrome Nova 2200e device
using N2 with 18 hours degassing time at 110 °C
equilibrium temperature

2.1. Ligands

Preparation of Bis-N,N'(salicylidene)-1,3-
diaminopropane (LH:z): 2-Hydroxy-benzaldehyde (0.1
mol) has been dissolved in 120 cm3 of warm EtOH.
After 0.05 mol of 1, 3-diaminopropane has been added
to this solution, heated up to the boiling point. After
cooling, it was air-dried and the yellow crystals were
filtered. Yield: 90-95%, Melting Point (mp): 58°C.

Elemental Analysis for(LHz) C17H1sN202: Anal. Calcd. %:
C 72.32; H 6.43; N 9.92; Found % C 71.95; H 6.33; N
10.09.

Important IR data (cm): von :2627, vc-nan: 3021-
3019, vc-H(aliph) :12929-2862, ve=n 11629, ve=c(ring) :1608,
VC-0(Phenol) :1274- 1151, 8c-H(ar) :762.

Amax=243nm, &=7045 dm3mollcm?! in DMSO,
Amax=242 nm, e=7865 dm3mol-lcm in MeOH.

THNMR data in ds-CH3COCH3s (6, ppm): 13.51 (s) (0-H),
8.60 (s) (-CH=), 7.43 (d) (Har), 7.32(t) (Har), 6.88 (1)
(Har), 3.68 (t) (N-CHz-), 2.01 (p) (-CHz-).

13CNMR data in ds-CH3COCH3 (6, ppm): 166.6, 161.1,
132.7,132.1,119.1, 118.9 (Car), 116.9 (-C=N), 58.5 (N-
CHz-), 31.9 (-CHz-).

MS m/z: 282 [M]*, 161 [HO-CsHs-CH=N-CHz-CHz-
CH]*, 148 [HO-CeHs-CH=N-CH,-CHz]* (BP), 134 [HO-
CeHs-CH=N-CHz]*, 120 [HO-CeéHs-CH=N]*, 107 [HO-
Ce¢Ha-CHz]*, 77 [CeHs]* .

Preparation  of  N(salicylidene)-2-hydroxyaniline
(SAPH:): This Schiff base was prepared from 0.04 mol
salicylaldehyde and 0.04 mol 2-hydroxyaniline in
EtOH as given above. Yield: 80%, mp: 183 °C.

Elemental Analysis for Ci3H1:NOz Anal. Calcd. %: C:
73.26, H: 5.20, N: 6.56; Found %: C: 72.57, H: 4.79, N:
6.48.

Important IR data (cm™): von :2692-2553, vcnan:
3047, vcHu@min) 12839, ve=n :1624, vc=c(ring):1589, vc-
O(Phenol) :1219- 1111, Sc-near) :747.

1HNMR data in ds-CH3COCH3 (6, ppm): 13.80 (s, 1H)
(OH), 9.93(s, 1H) (OH), 8.78 (s, 1H) (-CH=), 7.63-6.81
(m, 8H) (Har).

I3CNMR data in ds-CH3COCH3 (6, ppm): 162.2 (C=N),
160.5, 151.2 (C-0), 134.9, 132.9, 132.2, 128.1, 122.3,
119.7,119.0,118.9 116.7, 116.4 (Car).

MS m/z: 213 [M]* (Base peak), 196 [HO-CsH4-CH=N-
CeHa]*, 120 [HO-CsH4-CH=N]*, 107 [HO-CeH4-CH2]*, 93
[HO-CeHa]*, 77 [CeHs]*.

2.2. Complexes

Preparation of [NizLz(NHs3)s3]: 0.05 mol LHz has been
dissolved in 100 mL EtOH by mixing in 3 different
beakers. To these solutions were added 4.0, 10.0 and
20.0 mL concentrated ammonia respectively and
heated to boiling point. Then was added a solution of
0.05 mol NiCl2.6H20 in 50 mL MeOH to these solutions
respectively. After 3-4 hours a light green precipitates
have been filtered and dried in air. Yield: 98%, mp: not
detected.

Elemental Analysis for C34H41N704Niz: Anal. Calcd. %:
C:56.01, H:5.66, N:13.44, Ni:16.01; Found % C: 55.45,
H:5.29, N:13.09, Ni:15.73.

Important IR data (cm?): vnn:3309-3219-, venan:
3045-3022, vc-H(imin) :2941-2854, ve=n:1616, Vc=C(ring)
:1583-1535, vc-oPhenol) :1195- 1124, Sc-H(ar) :750.

Thermogravimetric Analysis: Calculated mass loss of
removed NH3%: 6.99, found%: 6.95+0.12

Preparation of [NiL]: The [NiL] complex can be
prepared in ethanol in the form of NiClz and LHz at pH
9, but NiL prepared by this method is obtained as big
needle crystals [21]. In this study, NiL was obtained as
a result of ammonia loss of [NizLz2(NHs)s] light brown
complex at 170-190 °C [20,21].

Elemental Analysis for C17H1sN202Ni. Anal. Calcd. %: C:
60.23, H: 4.76, N: 8.33, Ni: 17.33; Found % C: 59.84, H:
4.51,N: 7.99, Ni: 17.19.

Important IR data (cm): vc-nar: 3051-3033, ve-H(aliph)
:2965-2922,  ve=n:1608,  ve=cgringg  :1595-1542,
Ocn2:1475, Vc-o(Phenol) :1199- 1082, 8c-H(ar) :744-725.

Preparation of [NiSAP]: 0.002 mol SAPHz was
dissolved in 80 mL EtOH under stirring and heating
[24]. To this solution, 0.002 mol NiCl2.6H20 in 20 mL
hot MeOH was added and yellow precipitate filtered
and dried in an oven at 80°C. Yield 80%

Elemental Analysis for C13HoNOzNi: Anal. Calcd. %: C:
57.20, H: 3.26, N: 5.36, Ni: 21.82; Found % C: 57.64, H:
3.83,N: 5.22, Ni: 21.98.

Important IR data (cm): vcnan: 3047-3025, ve=n
11605, ve=c(ring) :11595-1541, vco(pheno):1190- 1137, &c-
H(ar :751.

Preparation of  [NiSAP.NH3], [NiSAP.Et:NH],
[NiSAP.pip]: For the [NiSAP.NHs3], 0.002 mol SAPH:
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was dissolved in 80 mL EtOH under stirring and
heating. To this solution was added firstly 5 mL
concentrated NHs then a solution of 0.002 mol
NiCl2.6H20 in 20 mL hot MeOH. The mixture was
refluxed half an hour. After crystallization, the brown
crystals were filtered and dried in air [24-26]. Yield
approximately 50%, mp: not determined.

Elemental Analysis for C13H1z2N20:Ni: Anal. Calcd. %: C:
53.71, H: 4.05, N: 9.28, Ni: 20.42; Found % C: 54.41, H:
4.18,N:9.76, Ni: 20.48.

Important IR data (cm?): vnn:3330-3223-, vcnan:
3052-3018, vc=n:1603, vc=c(ring) :1587-1545, vc-0(Phenol)
:1192- 1088, 8c-n(ar) :756.

Thermogravimetric Analysis: Calculated mass loss of
removed NH3%: 5.93, found%: 5.85+0.08

For [NiSAP.Et:NH] preparation 0.002 mol SAPH:,
0.002 mol NiCl2.6H20 and 2.0 mL diethylamine, for
[NiSAP.pip] complex 0.002 mol SAPHz, 0.002 mol
NiCl2.6H20 and 2.0 mL piperidine were used and
obtained square planar diamagnetic complexes.

For [NiSAP.Et2NH] was found the yield approximately
% 25, mp: not determined.

Elemental Analysis for C17H20N20:Ni: Anal. Calcd. %: C:
59.55, H: 5.87, N: 8.16, Ni: 17.12; Found % C: 58.93, H:
5.12,N: 7.75, Ni: 16.54.

Important IR data (cm™): vnn:3346-3257-, vcH@an:
3055-3019, ve=n 11606, ve=c(ring) :1595-1541, vc-o(phenol)
:1208- 1097, 8c-u(ar) :756.

Thermogravimetric Analysis: Calculated mass loss of
removed EtzNH %: 21.50, found%: 21.50+0.06.

For [NiSAP.pip] was found the yield approximately %
30, mp:not determined.

Elemental Analysis for C17Hz0N20:Ni: Anal. Calcd. %: C:
60.63, H: 5.69, N: 7.80, Ni: 16.79; Found % C: 60.89, H:
5.63, N: 7.89, Ni: 16.15.
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Important IR data (cm™): vnn:3341-3253-, vcuan:
3053-3017, vc=n:1605, vc=c(ring) :1590-1543, vc-0(Phenol)
:1195- 1084, 6c-n(an:751.

Thermogravimetric Analysis: Calculated mass loss of
removed Et2NH: 24.20%, found%: 23.87+0.44.

3. Results and Discussion

The results of the element analysis confirm the
stoichiometry of the complexes. In addition, the
results of thermogravimetric analysis support the
stoichiometry of the co-ligand mass losses. The TG
curves of the prepared complexes and the
thermoanalytical data from these curves were given in
Fig. 3-6 and in Table 1. Fig. 3a shows the thermal
decomposition of the complex, the [NiL] complex
remaining after two-step ammonia loss up to 300 °C.
Mass loss due to thermal decomposition of the [NiL]
complex is observed after 340 °C. The [NizL2(NHs)s] is
a paramagnetic complex. The molecular model of this
complex has not been determined due to not being
able to obtain suitable single crystal and there is no
study available about this complex in the literature.
The 13.09% of nitrogen were found according to the
element analysis of this complex. It is difficult to
explain this result. However, sometimes TG is more
helpful than element analysis to determine the
stoichiometry of complexes [40]. According to TG the
NH3 in the complex [Ni2L2(NHs3)3] is separated into two
steps as seen in Fig. 3. There is a mass loss of 6.95% in
total, 4.50% of NH3 removed in the first step, and
2.45% of it leave the structure in the second step and
the remaining structure is the [NiL] mononuclear
complex. The total ammonia mass loss indicates that
the complex stoichiometry is [NizL2(NHs)s] and the
mass loss of 4.50% in the first step shows that the two
moles ammonia in this step are separated from the
structure and the residual mass is [NizL2.NHs], the
expected theoretical mass loss for this first step is
4.66%. The mass loss of 2.45% in the second step
shows the last ammonia leaves the structure and the
expected mass loss for this first step is 2.33%. In this

case, the residual mass is diamagnetic NiL
mononuclear complex.
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Figure 3. The TG-DTA curves of [Ni2L2(NH3)3] and zoomed view of NH3z removal zone.
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Figure 4. TG-DTA curves of [NiSAP.NH3] and zoomed view of the NHs removal zone.

In the intermediate product, [NizL2.NHs] compley, it is
difficult to estimate the coordination but one similar
complex structure has been reported in the literature
[41]. The structure of the reported complex
[NizL2.NH2-CHs3] has been given in the literature. In this
complex, the place of NH3 has been replaced by
methylamine. Similarly, the co-ligands of the
structures of complexes [NiSAP.NH3], [NiSAP.Et:NH]
and [NiSAP.pip] are thermally separated from the
structure at the 160-320 °C temperature range Fig. 4-
6. As given in Table 1, the mass loss of the co-ligands
are expected values and residual mass is corresponds
to expected [NiSAP] mass. The residual [NiSAP] is
thermal decomposed after 370 °C. The [NiSAP.NHj3],
[NiSAP.Et2NH] complexes and very similar complex of
[NiSAP.pip] have been reported in the literature and
the X-rays diffraction studies show that their
coordination is determined to be square planar [42-
44]. Square planar Ni(Il) complexes are known as
diamagnetic complexes [45]. In the TG curves of these
complexes it is seen that approximately between 160-
320 °C, the amines or NHz which found in the
structure, were separated and the mass loss found as
itis expected and the residue is paramagnetic [NiSAP].
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Figure 5. TG-DTA curves of [NiSAP.Et:NH]

As seen in Fig. 4, TG signal of the [NiSAP.NH3] complex
shows that ammonia removing realized in two steps
and DTA signals confirms this result. From the
element analysis data and the thermoanalytical data
given in Table 1, the ratio of [NiSAP]/NHs3 in the
[NiSAP.NH3] complex is about 1 and in this case, it is
difficult to estimate the structure of the intermediate
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product in NHs separation observed in

thermogravimetric analysis. As can be seen from Fig. 4
and 5, the co-ligands separated from the structure in
the [NiSAP.Et2NH] and [NiSAP.pip] complexes give a
single step mass loss of Et2NH and piperidine and it is
seen from Table 1 that these mass losses are expected
values. The first aim of this study was to obtain
nanoparticle NiO as a result of thermal decomposition
in the oxygenated environment of prepared
complexes.

It is known that the [NiSAP] and [NizLz2(NHz3)s]
complexes are insoluble in common solvents, for this
reason, it was thought that these complexes to be form
in nano-sized, so this study was planned because it is
highly probable that the metal oxide compound
formed as a result of thermal degradation of the
particles obtained in the nanostructure is also
nanoparticle.
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Figure 6. TG-DTA curves of [NiSAP.pip]

800

The [NizL2(NHs3)3] complex was prepared in 3 different
NHs concentration. The NHs concentration adjusted as
to be approximately 0.5, 1.5, and 3.0 M to determine
the appropriate precipitate. The complexes obtained
from these media were examined by the method of
Brunauer-Emmett-Teller (BET) and their surface
areas were found as 25.910, 25.264 and 22.407 m?/g
respectively. Due to the largest surface area was
obtained in 0.5 M NH3 concentration. Similarly, NiSAP
was precipitated directly or the formed from thermal
decomposition of the [NiSAP.NH3], [NiSAP.Et2NH] and
[NiSAP.pip] complexes.
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Table 1. Thermoanalytical data of the prepared complexes

Thermal reaction of amine loss or first
step of ammonia loss

Thermal reaction of second step
ammonia loss NHs loss stepwise or

Thermal reaction of
the residual complex

decomposition products were examined with the
scanning electron microscope (SEM) and observed
that almost all of the complexes and obtained NiO
were obtained in nano-particle size, Fig. 7a-f.

degradation of complex degradation
Complex Calculated Found Calculated Found
Temperature Temperature Temperature
range/ °C massloss/  massloss / range/ °C massloss/  massloss range/ °C
& % % 8 % /% 8
5 °C/min. 5 °C/min. 3157 8%/-13}18;;97
106.47- 160.11- 16 °C/mir.1
148.72 200.00 327 63.388.39
10 °C/min. 10 °C/min. 2.47- 15’ "C/mir.n
108.65- 4.58-4.49- 166.84- 2.19- 335.37-398 é4
. 164.41 4.45-4.48 197.36 2.56- ) e
[NizL2(NH3)s] o . 4.66 o . 2.33 20 °C/min.
15 °C/min. Average: 15 °C/min. 2.59
342.16-403.45
115.78- 4.50%0.06 179.84- Average: Meltine of NiL: 293-294
172.85 207.32 2.45+0.18 g oC )
20 °C/min. 20 °C/min. o Ni )
120.85- 199.64- Calcul;tzeSS/o NiO:
186.09 248.77 Found NiO: 20.93+1.31
10 °C/min. 10 °C/min. 471.72-
185.76- 531.20
320.80 20 °C/min. 483.53-
20 °C/min. 5'8é'fé97' 547.86
[NiSAP.NHs] 192.86- 5.92 Ave.ra o - - - 30 °C/min. 483.40-
338.50 ge: 553.65
. 5.85+0.08 .
30 °C/min. Calculated % NiO:
223.60- 26.10
366.48 Found NiO: 24.68+2.07
Slfs/lsnlu_l' 5 °C/min.
. 434.11-499.16
183.94 o .
10 °C/min 10 °C/min.
) 21.45- 468.77-519.03
157.83- .
201.96 21.45- 15 °C/min.
o 21.46- 473.63-521.17
15 °C/min. 21.47- 20 °C/min
[NiSAP.EtzNH] 157.48- 21.50 21.56- - - 484.25-528.35
215.50- o .
20 °C/min 21.37 25 °C/min.
161.79- ’ Average: 488.23-540.27
' 21.46%0.06 Calculated % NiO:
232.88-
25 °C/min 2L.77
’ Found % NiO:
163.52- 20.04+1.26
248.76 .04+1.
o ; 10 °C/min.
10 °C/min. 472.49-521.19
158.94- 20 °C/min
237.23 24.44- :
° : 485.45-534.45
20 °C/min. 23.36- 30 °C/min
[NiSAP.pip] 164.40- 24.19 23.82 - - - )
488.42-552.29
245.35- Average: Calculated % NiO:
30 °C/min. 23.87+0.44 o
181.17- 21.03
274' 38 Found % NiO:
: 20.51+0.16
10 °C/min.
376.69-535.98
. Calculated % NiO:
[NiSAP] - - - - - - 2767
Found % NiO:
26.47+1.09
The all complexes prepared and thermal As seen in Fig. 7a, [NizL2(NHs3)3] complex precipitated

in the form of small sticks and the smallest sticks were
precipitated in 0.5 M NHs concentration. As it is clearly
seen from SEM images, the ones precipitated in 0.5 M
NH3 medium are 110-150 nm, 1.5 M NH3, 90-320 nm
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Figure 7. The SEM images of a) [Ni2Lz(NH3)3] complexes precipitated in different NH3 concentration, b) [NiSAP] complex from
SAPH: and Ni(Ac0)2.4H20 prepared, c) [NizL2(NH3)s] precipitated in 0.5 M NH3 complexes, after thermal degradation at 450
°C, d) [NiSAP.NHs] complex after thermal degradation at 450 °C. e) [NiSAP] complex after thermal degradation, f) [NiSAP.pip]

complex after thermal degradation.

and in the 3.0 M NHs, 250-430 nm in length. [NiSAP]
complex is a substance which precipitated as small
particles and the SEM image of precipitated particles
is provided in Fig. 7b. According to the scale, the
diameter of these particles of this complex is between
50-330 nm. [NiSAP.NHs], [NiSAP.EtzNH] and
[NiSAP.pip] complexes could be crystallized in a few
mm diameter. For this reason, these complexes were
not measured with SEM method. When these
complexes decompose at a temperature of 450 °C, they
were turned to NiO particles in air. The SEM images of
the remained particles obtained after thermal
decomposition are seen in Fig. 7c, 7d, 7e and 7f. After
thermal decomposition, [NizL2(NHs)s] complex
particles turned into sticks in 35-100 nm diameter and
[NiSAP.NHs] complex particles into rhombic particles
in 40-220 nm diameters, there is a few rhombic prisms
are 580 nm in diameter among these prisms. These

rhombic particles convert into octahedral NiO
particles after thermal degradation as seen in Fig. 7d.
There are other studies reported for octahedron NiO
nanoparticles prepared by thermal method in the
literature [33,34,46,47]. As seen in Figure 7e and 7f,
the NiSAP and NiSAP.pip complex convert into sticks
NiO particles with a diameter of 100-415 nm, and the
NiSAP.pip complex into NiO particles with a diameter
of 130-380 nm at the end of thermal decomposition.
The particles of the [NiSAP] complex have grown even
more at the end of the thermal decomposition; the
[NiSAP] contains particles of 50-330 nm diameters
during the first precipitation, while these particles
were transformed into particles of 100-415 nm
diameters at the end of the thermal decomposition.

There are examples in the literature for NiO
nanoparticles prepared by thermal methods using Ni-
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Figure 8. XRD patterns of some complexes prepared and final product NiO prepared from thermal decomposition a)
[NizL2(NH3)3] complex obtained from 0.5 M NH3 media b) NiL c) [NiSAP] d) NiO.

Schiff base complexes. Studies have been published on
the production of NiO nanoparticles by thermal
decomposition from bidentate Schiff bases - Ni(II) [30,
46-51], tridentate Schiff bases - Ni(Il) [34, 51] and
tetradentate Schiff bases - Ni(II) complexes [52, 53].In
these studies, the particle diameter was generally
calculated from the powder XRD pattern. Diameters of
NiO particles prepared from complexes of bidentate
ligands were reported as 10-50 nm, while diameters
of tetradentate ligands were reported as 20 nm. NiO
particle radii that we found in our study are higher but
within the nanoparticle frame. Especially NiO
octahedral particles are very similar to the two studies
in the literature. [46, 47].

In fact, the BET results confirm this observation, when
[NiSAP] first precipitated the surface area was 21.510
m?/g, after the thermal degradation, this surface area

has been calculated as 18.025 m?/g. The materials
prepared were investigated by the powder X-ray
diffraction method (XRD) and the diffraction patterns
were identified, and the average particle diameter was
calculated approximately according to the calculation
method given in the literature to support SEM and BET
results [54,55]. The average particle diameters
obtained from BET and XRD results are given in Table
2 and XRD patterns of some complexes and final
product NiO in Fig. 8a-d.

4. Conclusion

Two insoluble and three soluble Ni(Il) complexes have
been prepared from ONNO and ONO type Schiff Bases
in media including of an amine and were thermal
decomposed this complexes under air at 450 °C. [t was
observed that insoluble complexes were precipitated

Table 2. The average diameter of the prepared complexes and pyrolysis products by using SEM and XRD methods.

Measured diameter / nm

Complex SEM XRD
[NizL2(NH3s)3] Precipitated in 0.5 M NH3 110-150 137.45
[NizL2(NH3s)3] Precipitated in 1.0 M NH3 90-320 142.32
[NizL2(NH3)3] Precipitated in 1.5 M NH3 250-430 --
[NiL] 30-145 119.67
[NiSAP] obtained by Ni(AcO)z 50-330 42.18
[NiSAP] obtained from NiSAP.pip 130-800 --
[NiSAP] obtained from NiSAP.NH3 130-470 324.28
[NiSAP] obtained from NiSAP.Et2NH 110-380 -
NiO product of [NizL2(NH3)3] 110-249 148.74
NiO product of [NiL.pip] 140-780 --
NiO product of [NiSAP.NH3] 100-415 162.26
NiO product of [NiSAP.Et2NH] 140-670 -
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in the limits of nano particle scale furthermore the
thermal decomposition products were also obtained
in nanoparticle dimension. The soluble complexes
were obtained crystalline but it was seen after the
thermal decomposition the NiO particles obtained are
the nanoparticles. As a result, thermal decomposition
of low soluble complexes can be suggested as an
effective method for nanoparticle metal oxides
preparation.
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Keywords Abstract: The aim of the research was to determine the effects of top-pruning time
Oil-bearing rose, on flower yield, rose oil content and oil constituents in oil-bearing rose. Five-year
Top-pruning, old rose plants were top-pruned in three different dates starting from 15 March
Flower yield, (early), 30 March (middle) and ending 15 April (late) before they started new

Essential oil : . o
ssentiatol growth in spring. In addition, non-pruned (untreated) parcels were used as controls.

Top pruning time significantly affected the flower yield, oil content and its
constituents. The highest flower yield (4302 kg/ha) was obtained from non-pruned
plants. The fresh flower yield and rose oil content increased significantly from 3559
kg/ha to 3905 kg/ha and from 0.030 % to 0.045 %, respectively when the pruning
time was delayed. GC-FID/MS analyses of rose oils revealed that monoterpenic
constituents, such as geraniol and citronellol were higher in the rose oils distilled
from late-pruned plants, paraffinic hydrocarbones (stearoptenes), such as
nonadecane and heneicosane were higher in the rose oils distilled from early-
pruned plants. The mid- pruning time (30 March) gave the highest citronellol and
geraniol by 27.28 % and 30.64 %, respectively. A remarkable result was that methyl
eugenol content, which is not desirable above a spesific quantity in rose oil due to
allergic effects and mutagenic, decreased from early to late pruning.

Yag giilii (Rosa damascena Mill.)’'nde Cirpma Budama Zamaninin Ci¢ek Verimi, Giil Yag
Oram ve Bilesenleri Uzerine Etkisi

Anahtar Kelimeler 0z: Bu arastirmanin amaci, Isparta giiliinde ¢cirpma budama zamaninin ¢gigek verimi,

Yag giilti, giil yag1 orani ve kompozisyonu lizerine olan etkilerini belirlemektir. Bes yasindaki

Cirpma budama, gl bitkileri ilkbaharda stirgiinler patlamadan énce 15 Mart (erken), 30 Mart (orta)

Gigek verimi, ve 15 Nisan (ge¢) olmak lizere ii¢ farkl tarihte ¢irpma budama teknigine gore

Ugucu yag budanmistir. Kontrol parsellerinde budama yapilmamistir. Calisma sonucunda,
budama zamaninin c¢icek verimi, giill yag orami ve bilesenlerini etkiledigi
bulunmustur. En yiiksek cicek verimi (4302 kg/ha) kontrol bitkilerinden elde
edilmistir. Cicek verimi ve ucucu yag icerigi, budama zamani ertelendiginde sirasiyla
3559 kg/ha'dan 3905 kg/ha'a ve %0.030'dan %0.045'e ¢ikmistir. Giil yaglariin GC-
FID/MS analizlerine gore; ge¢ budanan bitkilerden damitilan giil yaglarinda geraniol
ve sitronelol gibi monoterpenik bilesenler daha yiiksek iken, erken budanmis
bitkilerde nonadekan ve heneikosan gibi parafinik hidrokarbonlar (stearoptenler)
daha yiiksek bulunmustur. En yiiksek sitronelol ve geraniol icerigi orta budama
zamaninda sirasiyla %27.28 ve %30.64 olarak tespit edilmistir. Dikkat ¢ekici bir
sonu¢, olumsuz toksik ve alerjik etkiler nedeniyle giil yaginda belirli bir
konsantrasyonun iizerinde istenmeyen metil 6jenol iceriginin erken budamadan geg
budamaya kadar azalmasi olmustur.

1. Introduction drug and food industries [1]. Rose oil and aromatic

water is obtained through the distillation processes
The oil-bearing rose (Rosa damascena Mill) with pink and rose absolute, rose concrete and phenylethyl
colored and strongly scented flowers is a very valuable alcohol is obtained through the extraction processes
source of essential oil used in the fragrance, cosmetic, from oil-bearing rose flowers [2-5]. Especially rose oil,

*Corresponding author: sabrierbas@isparta.edu.tr

211


https://orcid.org/0000-0003-0691-6127
https://orcid.org/0000-0002-6644-9690
https://orcid.org/0000-0003-1317-2066

S. Erbas et al. / Effects of Top-Pruning Time on Fresh Flower Yield, Rose 0il Content and Compounds in Oil-Bearing Rose (Rosa damascena Mill.)

an important and expensive volatile oil, used to make
the world's most exclusive and expensive perfume and
cosmetic products. Bulgaria and Turkey are leading
countries producing more than %90 of the world’s
rose oil, rose concrete and rose absolute. The area
known as the Rose valley where Isparta province is
located in the center covers all of the oil-bearing rose
production in Turkey. Approximately 10 thousand
tons of rose flowers from 4100 ha is produced every
year, and over 2 tons of rose oil, 10 tons of concrete
and 2 tons of absolute are obtained from 34 distillation
and extraction plants in the Rose valley.

Since the oil-bearing rose is a perennial and bushy
plant, pruning is one of the main agronomic practices
for enhancing growth, shaping plant habitus,
facilitating harvesting process, and finally increasing
flower yield [6]. There are two main pruning
techniques, namely rejuvenating or sub-pruning (once
every 10 years for rejuvenation) and whipping or top-
pruning (once a year in March). After 8-10 years of
planting, the roses begin to age leading to reduced
productivity. To prevent the aging process, old rose
bushes are periodically rejuvenated by pruning just
above the ground [7].

Oil-bearing rose is traditionally propagated by the
laying of the shoot cuttings remaining from
rejuvenating pruning into the furrows in autumn [8].
In top-pruning, which is held regularly every year in
the early spring months, the top parts of the rose
bushes are pruned away at 45-65 cm from the ground
level with pruning shears, loppers or saws [9]. In
general, light to medium top pruning increased flower
yield and essential oil content of flowers, while heavy
pruning decreased both. This practice is beneficial for
removing old twigs and regenerating new healthy
twigs, thereby increasing flower yield [10]. Un-
pruning oil-bearing rose is not sustainable because it
complicates agricultural practices, such as tilling,
weeding, watering, fertilizing, spraying and
harvesting. However, there are many different
applications of top-pruning in the rose valley region
[11]. Therefore, the aim of the present research was to
examine effects of top-pruning time on flower yield,
rose oil content and composition in oil-bearing rose.

2. Material and Method

The research was conducted at Isparta Applied
Sciences University in Isparta province of Turkey in
2009. Five-year old R. damascena plants (Figure 1) at
the experimental field (longitude 30°33'E, latitude
37°45')N, altitude 997 m) of Rose and Aromatic Plants
Implementation and Research Center and Application
Center (GULAB) were used. Rose plants were pruned
by applying traditional top-pruning method (about 60
cm from the ground level) three different dates
starting from 15 March (early), 30 March (mid) and 15
April (late) before they started new growth in spring.
In addition, non-pruned (untreated) parcels were
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used as controls. Each treatment contained 4
replications and each replication consisted of 20 m
long bush rows extending parallel to each other at
distances of 3 meters. The total precipitation, mean
humidity and mean temperatures for the

experimental area were given in Table 1.

t & 3 - — B
Figure 1. The flower of oil-bearing rose (Rosa damascene

Mill.)

Table 1. The climate data of Isparta for 2009 (Anonymous,
2020)

Total Mean Mean
Month Precipitation temperature humidity

(L/m) (&Y) (%)
January 3.4 124.7 75.1
February 4.0 70.3 78.7
March 5.5 55.2 68.8
April 11.0 40.4 60.7
May 15.0 66.6 58.8
June 20.9 26.8 44.8
July 23.6 18.0 44.8
August 23.1 0.2 38.5
September 18.0 15.7 55.3
October 15.1 77.6 61.6
November 7.5 13.6 71.3
December 5.7 84.2 80.2

The soil was alkaline and loamy-clay with a pH 7.9. The
flowers at full blooming stage were handpicked daily
in the early hours of day during the flowering season
between May 15-June 10, 2009. The picked flowers
from pruned and non-pruned plants were weighed,
and the total fresh flower yield was recorded as kg per
hectare (ha) at the end of the harvest season. To
determine the essential oil content, fresh rose flowers
(0.5 kg) and water (1.5 L) were placed in a Clevenger-
type hydrodistillation flask (5 L) according to the
standard method recommended in the European
Pharmacopoeia [12]. After distilling for 3 hours, the
amount of rose oil was measured as an average
percentage (%, v/w). Afterwards, the rose oils were
dried with anhydrous sodium sulfate and stored at 4
°C until the analysis of fragrance components. The
components of rose oils were determined by GC-
FID/GC-MS device [13]. Rose oil (25 pL) dissolved in
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2.5mL of n-hexane and injected in to the split mode
(1/100). GC-MS (Gas Chromatography/Mass
Spectrometry) analysis of rose oil was carried out on
Shimadzu 2010 Plus (a Quadrapole (QP-5050)
detector). GC-MS conditions are given below; capillary
column, (50 m x 0.32 mm, film thickness 0.25 pm; CP-
Wax 52 CB); detector and injector temperatures, 240
°C; oven temperature program, it was waited at 60 °C
for 10 minutes, then it reached 90 °C with an increase
of 4 °C per minute and 240 °C with an increase of 15 °C
per minute, and waited at 240 °C for 11.5 minutes;
carrier gas, helium (2 ml/min); 70 eV; ionization type,
El; 1 pl of sample injected. Identification of the
components was carried out with the help of the data
given in the Nist, Wiley and Tutor library, the
composition of the mass spectra and the retention
times of the standard substances. Quantitative
analysis was conducted using Shimadzu Model
Thermo Ultra Trace, GC-FID (Gas
Chromatography/Flame Ionization Detector),
operating under similar conditions to GC-MS.

All data for flower yield and rose oil content were
analyzed by Analysis of Variance (ANOVA) procedures
using Statistical Program (SAS 9.1). Differences
between means were separated by LSD (Least
Significant Difference) test at p<0.05 significance
level.

3. Result and Discussion

The effects of pruning time on flower yield, rose oil

given in Table 2. Analysis of variance revealed that
top-pruning times including no pruning practice had
significant effects on fresh flower yield (p<0.05).
Early-pruned plants started to bloom a few days
earlier than the control and late-pruned plants.
Although the highest flower yield (4302 kg/ha) was
produced by the non-pruned (control) plants, the
lowest flower yield (3559 kg/ha) was obtained from
the early-pruned roses. The rose oil content was also
affected significantly by the pruning time. Maximum
essential oil yield (0.045 %) was obtained by the late-
pruned roses in April and minimum oil yield (0.030 %)
was obtained from early-pruned roses in March (Table
2). Saffari et al. [14] reported that pruning in the first
week of March (approximately 75 days before
flowering) results in higher flower yield per plant than
pruning in the first week of April and control (no
pruning). In the same study, it was determined that
pruning times did not affect the rose oil content.
Previous reports found that non-pruned rose plants
had higher flower yield and rose oil content in oil-
bearing rose [11].

In oil-bearing rose flowers, essential oils are mostly
found in the epidermis cells of the petals, and essential
oils contain complex organic odor molecules, such as
esters, aromatic alcohols, oxides, ethers, aldehydes,
monoterpenes and sesquiterpenes, [15]. Quantities
and relative contents of fragrance components are the
most important factors affecting the quality of
extraction products of rose [16]. Monoterpene
alcohols (geraniol, citronellol, linalool and nerol),

content and compositions in oil-bearing rose was hydrocarbons (nonadecene, heneicosane,
Table 2. The effects of pruning time on flower yield, rose oil content and composition in oil-bearing rose

Top-pruning dates

Essential oil constituents Rt (min.) 15 March 30 March 15 April
Control )

(early) (mid) (late)
Tetradecane 351 0.46 0.68 t 0.44
Linalool 38.6 0.39 0.38 t t
a-Guaiene (azulene) 42.1 1.50 3.20 1.29 1.63
t-caryophyllene 42.8 1.15 2.45 1.02 1.30
Citrenellol acetate 46.1 0.93 1.24 0.90 1.11
o-Humulene 47.4 0.76 1.56 t 0.71
Hexadecane 47.8 2.80 2.32 2.15 2.10
Germacrene-D 49.8 2.22 4.49 1.97 2.21
Germacrene-B 50.0 0.97 1.62 t 0.92
Geranyl acetate 51.8 6.06 7.21 6.96 6.77
Citronellol 52.3 22.72 20.29 27.28 26.85
Nerol 54.4 7.17 5.47 7.49 8.24
Garaniol 57.0 27.11 26.29 30.64 28.46
Nonadecane 59.5 14.69 12.46 10.09 9.68
9-Nonadecene 60.6 3.58 2.68 2.49 2.37
Phenylethyl alcohol 61.1 0.51 0.40 0.83 0.70
Eicosane 65.0 0.81 0.91 0.49 0.67
Methyl eugenol 66.4 0.97 1.35 1.42 1.06
Heneicosane 70.3 3.90 4.38 2.71 2.68
Eugenol 74.6 1.30 0.42 1.47 1.74
Essential oil yield (%) 0.040 b* 0.030d 0.035c 0.045 a
Flower yield (kg/ha) 4302 a 3559d 3750 c 3905b

Rt: Retention time (min), t: trace amount, <0.1 %,

*Means followed by the same letter within the same row are not significantly different from each other (p<0.05)
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heptadecane, nonadecane, tricosane, sesquiterpene
and octadecane) sesquiterpenes (&-guaiene, A-
muurolene, humulene and a-guaiene), esters and
aldehydes (geranial and geranyl acetate), oxides and
ethers (methyl eugenol), phenols (eugenol) are among
the significant rose oil constituents identified in
Turkish rose oil [2, 3, 17]. A total of 20 constituents
with a ratio higher than 0.1 % were detected by the
GC-FID/MS analyses of rose oils (Table 2). Top
pruning treatments had a specific effect on rose oil
components that were within the normal range of
change intervals for international standard (ISO 9842-
2003) [18]. According to our results, the essential oil
distilled from non-pruned plants had a similar
composition with the oils from early top-pruned
plants. On the other hand, the oils distilled from the
mid and late pruned plants had higher levels of
monoterpene alcohols like geraniol and citronellol,
which are the main fragrance compounds of rose oil,
and had lower the percentages of stearoptenes like
nonadecane and heneicosane (Table 2). Based on
these findings, it can be said that the rose oils distilled
from the late top-pruned plants were slightly higher
quality than the oils distilled from the early top-
pruned and non-pruned plants. The mid-pruning gave
the highest citronellol (27.28 %), geraniol (30.64 %)
and phenylethyl alcohol (0.83 %) (Table 2). The
amount of methyl eugenol of rose oil can increase up
to 5% with long-term fermentation of the harvested
flowers [19] or with the late harvesting of the flowers
[20]. A remarkable result was that methyl eugenol
content, which is not desirable above a specific
quantity in rose oil due to allergic and mutagenic
effects [21], decreased in oils distilled from late
pruning’s from 1.35 % to 1.06 % (Table 2).

4., Conclusion

Top-pruning is a very important practice in the
cultivation of oil-bearing rose. In this pruning method,
the upper parts of the rose bushes in the early spring
months are pruned away from a certain height above
the ground level to improve flower yield and quality,
and also to facilitate agronomic practices and
harvesting process. To obtain expected benefits, it is
important to prune at the right time to avoid damaging
the plants. Oil-bearing roses should not be top-pruned
too early to avoid winter and spring frosts. On the
other side, when pruned too late, plants may loss
excessive amount of twigs and buds. Thus, the climatic
conditions of the growing area should be followed
closely, and rose plants should be pruned at the proper
time. Top pruning of oil rose plants had a significant
effect on flower yield and quality. It had a specific
effect on rose oil compounds within the change
intervals for international standard (ISO 9842). The
flower yield and essential oil content increased
significantly when the pruning time was delayed from
15 March to 15 April. The highest flower yield was
obtained from non-pruned bushes of the plants. Top-
pruning can be interrupted for few years to reduce
pruning cost and increase flower yield.
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Anahtar Kelimeler 0z: 2-hidroksinaftaldehit ile nikotinik hidrazit'in kondenzasyon reaksiyonundan N-

Hid'razon, ((2-hidroksinaftalen-1-il)metilen)nikotinohidrazit ligandi elde edilmistir. N-((2-
Schiff baz, hidroksinaftalen-1-il)metilen)nikotinohidrazit ligand: ile Fe(II), Co(II), Ni(ll) ve
Metal kor.npleks, Cu(1II) asetat tuzlarinin (2:1) reaksiyonundan yeni hidrazon metal LzFe, L2Ni, L2Co
Karakterizasyon

ve L2Cuz kompleksleri sentezlenmistir. Sentezlenen bilesikler FT-IR, NMR (sadece
ligand), UV-Vis, elementel analiz, molar iletkenlik 6l¢iimii, manyetik duyarlilik gibi
tekniklerle karakterize edilmistir. Manyetik duyarlilik 6l¢timleri LzFe, L2Co L2Ni ve
L2Cuz kompleksleri i¢in sirasiyla 5.96 BM, 1.03 BM, 1.08 BM ve 1.61 BM olarak
kaydedilmistir. L2Cuz, L2Ni ve L2Co komplekslerinin antiferromanyetik 6zellikte
oldugu belirlenmistir. L2Fe, L2Co ve L2Ni kompleksleri oktahedral, L2Cuz kompleksi
ise kare diizlem geometriye sahiptir. Komplekslerin molar iletkenlik degerleri 1.31-
2.61 pS/cm arasinda olup, iletkenlik 6zelligi tasimamaktadir.

Synthesis and Characterization of New Hydrazone Derivatives Fe(II), Co(II), Ni(II) and
Cu(II) Complexes

Keywords
Hydrazone,
Schiff Base,
Metal complex,
Characterization

Abstract: N-((2-hydroxynaphthalen-1-yl)methylene)nicotinohydrazide ligand
derived from the condensation reaction of 2-hydroxynaphthaldehyde and nicotinic
hydrazide was obtained. New hydrazone metal complexes LzFe, L2Co, L2Ni and
L2Cuz were synthesized from the reaction of N-((2-hydroxynaphthalen-1-
yl)methylene)nicotinohydrazide ligand and Fe(II), Co(II), Ni(II) and Cu(II) acetate
salts in a 2:1 stoichiometric ratio, respectively. The synthesized compounds were
characterized by techniques such as FT-IR, NMR (ligand only), UV-Vis, elemental
analysis, molar conductivity measurement, magnetic susceptibility. Magnetic
susceptibility measurements were recorded as 5.96 BM, 1.03 BM, 1.08 BM and 1.61
BM for the L2Fe, L2Co L2Ni and L2Cuz complexes, respectively. It has been
determined that the L2Cuz, L2Ni and L2Co complexes have antiferromagnetic
properties. The Lz2Fe, L2Co and L2Ni complexes have octahedral geometry, while the
L2Cuz complex has a square plane geometry. The molar conductivity values of the
complexes are between 1.31-2.61 uS/cm and do not have conductivity properties.

1. Giris

Koordinasyon bilesikleri, bilim ve teknolojideki genis
uygulama alanlari nedeniyle 6zel ilgi konusu olmustur
[1-3]. Ozellikle Schiff baz ligand1 iceren gecis metali
kompleksleri, cogunlukla kataliz [4, 5], kemosensoérler
[6, 7], liminesans malzemeler [8, 9], enerji
malzemeleri [10, 11], manyetik-yapisal kimya [12, 13]
ve biyolojik alanlar [14-17] gibi cesitli alanlardaki
onemli uygulamalar nedeniyle dikkat ¢ekmektedir.
Schiff baz kompleksleri, kullanilan aldehit ve amine

*[Igili yazar: hgcelikel@gantep.edu.tr

bagl olarak, ligandlar i¢in ¢ok cesitli olas1 yapilar
olusturabilmesi nedeniyle, yillar icinde 6nemli dl¢iide
ilgi odag1 olan konular arasinda yer almistir [18].
Ayrica, oksijen, azot ve kiikiirt dondr atomlari iceren
ligandlar ve bunlarin gecis metali kompleksleri
biyolojik ve farmakolojik uygulamalarinin bir sonucu
olarak olaganiistii bir ilgi gormiistiir [19]. Triatomik,
azometin(-C=N-NH-) yapisina sahip Schiff baz
ailesinin bir iiyesi olan hidrazonlar, koordinasyon
kimyasinin gelisiminde 6nemli bir rol oynamaktadir.
Hidrazon ligand yap1 iskeletleri, “ayricalikli ligandlar”
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olarak kabul edilir ve kolay sentez yontemleri, iyi
¢oziintrlikleri ve yapisal 6zellikleri nedeniyle yaygin
olarak kullanilir [20]. Hidrazonlar ve gecis metali
kompleksleri, antimikrobiyal [21], antimalaryal [22],
antiviral [23], antioksidan [24], antitiiberkiiler [25],
antitimor [26] ve enzim aktiviteleri [27] gibi farkli
uygulamalarinin bir sonucu olarak biyiik ilgi
gormustur.

Bu calismada, bir hidrazon tiirevi ligand olan N-((2-
hidroksinaftalen-1-il)metilen)nikotinohidrazit ve yeni
Ni(II), Cu(Ill), Fe(Ill) ve Co(ll) kompleksleri
sentezlenmistir. Sentezlenen bilesiklerin yapilari; FT-
IR, NMR, elementel analiz, UV-Vis, molar iletkenlik,
manyetik duyarlilik gibi yontemlerle aydinlatilmistir.

2. Materyal ve Metot
2.1. Materyal

Calismada kullanilan ¢éziiciiler ve kimyasal maddeler
Sigma-Aldrich firmasindan ticari olarak alindi ve
herhangi bir saflastirma islemi yapilmadan kullanild1.
Calismada kullanilan cihazlarin marka ve modelleri
Tablo 1 de yer almaktadir.

Tablo 1. Calismada Kullanilan Cihazlarin Marka ve
Modelleri

Cihaz Adi Marka ve Model

Elementel Analiz Thermo Scientific Flash EA 2000
Cihaz1 CHNS

UV-Vis PG Instruments (UK) T80 + UV-

Vis spektrofotometre
FT-IR Perkin Elmer Spectrum 100 FT-
IR Spektrometresi (ATR)

Many.Et.lk Duyarliik Sherwood Scientific
Terazisi
Molar iletkenlik ORION 4 STAR pH Conductivity
Benchtop
Bruker Yiiksek Performansl
NMR Dijital FTNMR (400 MHz)
spektrometresi
2.2. Metot
2.2.1. N-((2-hidroksinaftalen-1-il)metilen)

nikotinhidrazit ligandinin sentezi (L)

N-((2-hidroksinaftalen-1-il)metilen)nikotin hidrazit
ligand1 literatiirde beyan edilen yodnteme gore
sentezlenmistir (Sekil 1) [28]. Nikotinik hidrazit (1
mmol, 0.137 g) bir balona alinarak 20 mL etanolde
¢oziildii. Uzerine damla damla 2-hidroksinaftaldehit
(1 mmol, 0.172 g) eklendi. Geri sogutucu altinda 1 saat
reflux edildi. Coziicii evaporatorden uzaklastirild.
Elde edilen kati etanol ve dietileterde birka¢ kez
yikandi ve desikatérde kurutuldu. Kati {iriin etanolde
kristallendirildi. Sar1 renkli, Verim %90, E.N: 256-257
°C.IR, (ATR) v, cm®: 3358 (0-H), 3210 (N-H), 3060 (C-
H)aromatik, 3027 (C-H)aiifatix, 1688 (C=0), 1595 (C=N),
1577 (C=N)pyridine. 'H NMR (400 MHz, DMSO-ds) &
12.60 (s, 1H, -CONH), 12.36 (s, 1H, -OH), 9.48 (s, 1H, -

CH=N), 9.16 (d, J = 1.6 Hz, 1H, piridin halkasinin
protonu), 8.82 (dd, / = 4.8, 1.4 Hz, 1H, naftil halkasinin
protonu), 8.36 - 8.29 (m, 2H, piridin ve naftil
halkasinin protonlari), 7.96 (d, ] = 9.0 Hz, 1H, naftil
halkasinin protonu), 7.92 (d, / = 8.2 Hz, 1H, naftil
halkasinin protonu), 7.66 - 7.61 (m, 2H, naftil
halkasinin protonu), 7.43 (t, ] = 7.4 Hz, 1H, piridin
halkasinin protonu), 7.26 (d, / = 8.9 Hz, 1H, naftil
halkasinin protonu). 13C NMR (400 MHz, DMSO-ds) 6
161.612 (C=0), 158.564 (C=Npyridine), 153.061 (C=N),
149.056-108.991 (aromatik karbonlar). UV-Vis (DMF)
Amax (Abs): 490 (0.223), 465 (0.221), 450 (0.149), 380
(0.243), 365 (0.281), 350 (0.251), 325 (0.284), 320
(0.201), 295 (0.172), 265 (0.331).

N N
O Ho [ ] ket | g
eto-enol
DO =i G G
(o] Tautomerlik OH
OH OH
Sekil 1. Ligandin gosterimi

2.2.2. Komplekslerin genel sentez prosediirii

Bir beher igerisinde 1 mmol ligandin 20 mL etanoldeki
¢ozeltisi lizerine 0.5 mmol metal asetat tuzunun 15 mL
etanoldeki ¢ozeltisi eklendi. Metal tuzunun ligand
cozeltisine ilavesiyle aniden renk doéniimii gozlendi.
Tepkime ortami 65 °C sicaklikta 30 dakika boyunca
manyetik  karistirict  ile  karistirildi.  Cokme
gerceklestigi anda reaksiyon bitirildi. C6ken madde
stiziildii, soguk su, metanol ve dietileterde bir kag kez
yikandu. Bilesik etil alkolde saflastirildi ve desikatorde
kurutuldu (Sekil 2).

SNy
N \ 0
N ) meHsco0), O~
O N EtOH, 65 °C SN nH,0
OH ' |
OH \

Cu(CH4CO0),
EtOH, 65 °C

Sekil 2. Kompleklerin genel sentez semasi
2.2.2.1. [Fe(L)z]-H20 kompleksi

Olusan demir kompleksi siyah renklidir. Verim: 0.453
g (69 %).E.N: 330 °Ciizeri dekompoze. IR, (ATR) v, cm-
1: 3365 (0-H), 3199 (N-H), 3060 (C-H)aromatik, 2987 (C-
H)aiifati, 1614 (C=0), 1595 (C=N), 522 (M-N), 493 (M-
0); UV-Vis (DMF) Amax (Abs): 540 (0.08), 510 (0.093),
455 (0.101), 420 (0.289), 400 (0.321), 385 (0.308),
325 (0.371), 275 (0.549) nm; pesr: 5.96 B.M. Iletkenlik
2x10->M DMF (Am): 1.31 pS/cm. Teorik: C34H24FeNgOs
(652.44); C, 62.59; H, 3.71; N, 12.88 %. Bulunan: C,
6191, H, 3.64,N, 12.48 %.
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2.2.2.2. [Co(L)z]*3H20 kompleksi

Olusan demir kompleksi acik kahve renklidir. Verim:
0.529 g (76 %). E.NN: 305 °C iizeri dekompoze. IR,
(ATR) v, cm'l: 3392 (0-H), 3224 (N-H), 3054 (C-
H)aromatik, 2987 (C'H)alifatik, 1614 (C=O), 1596 (C=N),
525 (M-N), 456 (M-0); UV-Vis (DMF) Amax (Abs): 455
(0.215), 445 (0.207), 410 (0.131), 345 (0.186), 280
(0.638) nm; petr: 1.03 B.M. Iletkenlik 2x10-5M DMF (Am
): 1.86 pS/cm. Teorik: Cs34H28CoNeO7 (691.56); C,
59.05; H, 4.08; N, 12.15 %. Bulunan: C, 59.66, H, 3.80,
N, 12.35 %.

2.2.2.3. [Ni(L)z]-3Hz0 kompleksi

Olusan nikel kompleksi bordo renklidir. Verim: 0.631
g2(91%).E.N: 270 °Ciizeri dekompoze. IR, (ATR) v, cm-
1: 3355 (0-H), 3238 (N-H), 3088 (C-H)aromatik, 2987 (C-
H)aiifatik, 1616 (C=0), 1583 (C=N), 531 (M-N), 482 (M-
0); UV-Vis (DMF) Amax (Abs): 490 (0.119), 465 (0.125),
440 (0.116), 425 (0.114), 380 (0.306), 360 (0.334),
345 (0.267), 325 (0.352), 320 (0.269), 290 (0.228),
270 (0.439) nm; pet: 1.08 B.M. iletkenlik 2x10-5M DMF
(Am): 2.54 pS/cm. Teorik: C3sH2sNeNiO7 (691.32); C,
59.07; H, 4.08; N, 12.16 %. Bulunan: C, 58.85; H, 3.91;
N, 12.86 %.

2.2.2.4. [Cuz(L)z] kompleksi

Olusan bakir kompleksi koyu kahve renklidir. Verim:
0.592 g (85 %). E.N: 360 °C tizeri dekompoze. IR,
(ATR) v, cm-1: 3079 (C-H)aromatik, 2988 (C-H)aiifatik, 1609,
1585 (C=N), 517 (M-N), 462 (M-0); UV-Vis (DMF) Amax
(Abs): 490 (0.187), 465 (0.195), 450 (0.158), 380
(0.369), 365 (0.413), 355 (0.374), 325 (0.428), 320
(0.315), 295 (0.239), 265 (0.473) nm; per: 1.61 B.M.
lletkenlik 2x10-5 M DMF (Am ): 2.61 pS/cm. Teorik:
C34H22Cu2Ne604 (705.67); C,57.87; H, 3.14; N, 11.91 %.
Bulunan: C, 58.50; H, 3.72; N, 12.48 %.

3. Bulgular ve Tartisma

N-((2-hidroksinaftalen-1-il)metilen)nikotin hidrazit
ligandi literatiirde verildigi gibi sentezlenmistir [28].
(Sekil 1) Sentezlenen ligand literatiir verileriyle uyum
icerisindedir. Hidrazon tiirevi ligand ile sirasiyla
Fe(II), Co(II), Ni(Il) ve Cu(Il) asetat tuzlarinin (2:1)
ligand:metal sitokiyometrik oranda reaksiyonundan
dort yeni metal kompleksi (LzFe, L2Co, L2Ni ve L2Cuz)
sentezlenmistir. (Sekil 2) Sentezlenen Ni(II), Co(II) ve
Fe(Il) kompleksleri 2:1 ligand:metal sitokiyometrik
oranina sahipken, Cu(Il) kompleksi 2:2 metal:ligand
sitokiyometrik  oramina  sahiptir. = Sentezlenen
bilesiklerin elementel analiz sonuglari, molekiil
agirliklar, verimleri, renkleri, fiziksel gértintimleri ve
molekiil formiilleri Béliim 2.2. Yontemler boliimiinde
belirtilmistir. Hidrazon tiirevi metal komplekslerin
renkli ve havaya karsi dayamiklh  oldugu
gozlemlenmistir. Kompleksler DMSO, DMF, THF gibi
gibi yaygin organik c¢oziciilerde iyi ¢6ziinmektedir.
Komplekslerin 1.31-2.61 pS/cm arasinda molar

iletkenlik degerleri tespit edilmistir. Kompleks
bilesiklerin iletken olmadig1 gbzlenmistir. [29, 30].

—3.339 H20
—2.510 DMSO

IRIL N

|
44 adg dgdddd

16 1is 14 13 12 11 10 o B 7 6 5 a 3 2 1 o

NNy T

110 1
ppm

Sekil 4. Ligandin 13C-NMR spektrumu
2-hidroksinaftil aldehit ile nikotinikhidrazidinden
elde edilen hidrazon bilesiginin 'H-NMR spektrumu
incelendiginde, yapinin olusumunu gosteren en
o6nemli grup olan azometine (CH=N) ait protonu 9.48
ppm’de rezonans oldugu goriilmektedir. Yapisindaki
hidroksil grubu (-OH) 12.36 ppm’de rezonans olurken,
-CONH protonu 12.60 ppm’de rezonans oldugu
gorilmektedir. Ayrica bilesigin iskeletinde bulunan
piridin ve naftil halkalarina ait protonlar 9.16 ve 7.26
ppm arasinda rezonans olduklar tespit edildi. (Sekil
3) Yine ligandin 13C-NMR spektrumu incelendiginde
(C=0) karbonil karbonunun 161.612 ppm'de,
(C=N)piridin karbonunun 158.564 ppm'de, (C=N)
azometin karbonunun 153.061 ppm'de, aromatik
karbonlarin ise 149.056-108.991 ppm arasinda ¢iktig1
gorilmektedir [28] (Sekil 4).
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Sekil 7. L-Co kompleksinin FT-IR spektrumu
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Sekil 8. L-Ni kompleksinin FT-IR spektrumu

Sentezlenen bilesiklerin FT-IR  spektrumlarina
bakildiginda, 3088-3054 cm! ligand ve kompleksler
icin aromatik C-H gerilme bandini, 3027-2987 cm-!
alifatik C-H gerilme bandini, 1596-1583 cm C=N
gerilme bandini [31, 32], 531-517 cm'! M-N gerilme
bandin1 ve 493-456 cm! ise M-O gerilme bandini
gostermektedir  [33, 34]. Ligandin  FT-IR
spektrumunda 1595 cm de goriilen C=N bandinin
komplekslerde 1596-1583 cm?! de goriilmesi
komplekslesmenin  azometin grubu {zerinden
gerceklestigini gostermektedir [35, 36]. Ayrica
ligandda 1688 cm de goriilen (C=0) bandi
komplekslerde 1616-1609 cm? araliginda
gozlemlenmistir  Bu da (C=0) grubunun da
komplekslesmeye katildigini gostermektedir. 3238-
3199 cm! araliginda gozlemlenen bandlar N-H
gerilme bandlar1 olarak yorumlanmistir [37]. FT-IR
spektrumlar1  incelendiginde @ N-H  bantlarinin
kaybolmadiglr goézlenmistir. Bu da komplekslesme
esnasinda da ligandin keto formunda baglandigini

500400

gostermektedir. Eger enol formunda baglanmis
olsaydi FT-IR spektrumundaki N-H piklerinin
kaybolmasi gerekirdi. Yalnizca Cu(II) kompleksi
olusumu esnasinda enol formunda oldugu
distinilmektedir. Ciinkii spektrumu incelendiginde
N-H bandinin kayboldugu gézlenmistir. 3392-3355
cm?!  araliginda  gozlemlenen  bandlar  ise
komplekslerdeki koordinasyon kiiresi disindaki
sulara ait olan O-H gerilme bandlarin1 isaret
etmektedir (Sekil 5-9).
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Sekil 9. L-Cu kompleksinin FT-IR spektrumu

UV-Vis spektrumlari, 2x10-5 M konsantrasyonda N,N-
dimetilformamid  ¢o6ziiciistinde, 190-1100 nm
araliginda ol¢iilmiistiir. Sentezlenen hidrazon tiirevi
komplekslere ait UV-Vis spektrumu ve sonuclari
incelendiginde = komplekslerde 265-295 nm
araligindaki gecislerin naftalen ve piridin halkasina ait
n-* gecisleri oldugu diisiiniilmektedir [38] (Sekil 10).
Buna ilaveten 320-380 nm araligindaki absorbsiyon
bantlarinin piridin halkasina ve hidrazon grubuna ait
n-m* gecislerine ait oldugu distnilmektedir.
Komplekslerde 410-540 nm araliginda ortaya ¢ikan
yeni bantlar yiik transfer gecisleri olarak gozlenmistir.
Bu da kompleks olusumuna isaret etmektedir [39].
Bakir kompleksinin kare diizlem geometride ve
dintikleer  yapida oldugu diistintilmektedir.
Literatiirde benzer yapilarda da ayni bolgelerde n-m*
m-m* ve yiik transfer gecislerinin goriilmesi yapiy1
desteklemektedir [40].
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Sekil 10. Bilesiklerin Cakistirilmis UV-Vis Spektrumu

Komplekslerin manyetik duyarhlik 6l¢iimleri 298 K de
Olciilmistiir. Manyetik  duyarlilk  degerlerine
bakildiginda, L-Cu 1.61 BM, L-Ni 1.08 BM, L-Fe 5.96
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BM ve L-Co 1.03 BM olarak kaydedilmistir. L-Cu i¢in
olciilen 1.61 BM deger bulunmustur. L-Cu kompleksi
icin kare dlizlem [41] ve diniikleer yap1 6nerilmistir.
Diniikleer ~ bakir  kompleksleri  incelendiginde
genellikle giiclii antiferromanyetik 6zellikte olduklari
gozlemlenmistir [42,43]. L-Ni icin Olglilen deger
oktahedral nikel kompleksleri i¢in verilen degerler
araligindan (2.8-3.2 BM) oldukga diisiiktiir [44]. Nikel
kompleksinin antiferromanyetik 6zellikte oldugu
diistiniilmektedir [45]. Literatiirde nikel kompleksi
icin bulunan 1.08 BM degerine yakin oktahedral
yapiya sahip yapilar bulunmaktadir [44]. Yine L-Co
kompleksinin manyetik verilerine bakildiginda
literatiirdeki oktahedral yapilara ait degerlerden
olduk¢a diisik oldugu gozlenmistir. Kobalt
kompleksinin de antiferromanyetik 06zellikte ve
oktahedral yapida oldugu diisiiniilmektedir. L-Fe
kompleksi i¢in bulunan deger yapinin oktahedral
geometride oldugunu gostermektedir [46].

4. Sonug

Bu calismada hidrazon tiirevi komplekslerin dogasi
lizerinde durulmustur. Yapilan c¢alismada N-((2-
hidroksinaftalen-1-il)metilen)nikotin hidrazit ligandi
ve bu yapinin yeni Fe(Il), Co(Il), Ni(II) ve Cu(Il)
kompleksleri sentezlenmistir. Sentezlenen hidrazon
tiirevi bilesiklerin yapilar1 UV-Vis, elementel analiz,
NMR (sadece ligand), FT-IR, molar iletkenlik ve
manyetik  duyarlilik gibi c¢esitli yontemlerle
karakterize edilmistir. Sentezlenen kompleksler
orijinal olup literatiir ¢alismalariyla uyum
gostermektedir. Sentezlen Cu(ll) kompleksinin 2:2
diger = komplekslerin ise  2:1  ligand:metal
sitokiyometrik oranina sahip oldugu belirlenmistir.
Bakir kompleksinin doért koordinasyonlu kare diizlem
yapida, diger komplekslerin ise alt1 koordinasyonlu
oktahedral yapida oldugu diistiniilmektedir.

Literatiirde hidrazon tiirevi komplekslerin uygulama
alanlart1 gbéz oOniine alindiginda, sentezlenen
komplekslerin ileride yapilacak olan c¢alismalara
katkisi olacagi disiiniilmektedir.

Etik Beyani

Bu c¢alismada, “Yiiksekogretim Kurumlart Bilimsel
Arastirma ve Yayin Etigi Yonergesi” kapsaminda
uyulmast gerekli tiim kurallara uyuldugunu, bahsi
gecen yénergenin “Bilimsel Arastirma ve Yayin Etigine
Aykirt Eylemler” bashigi altinda belirtilen eylemlerden
hicbirinin gerceklestirilmedigini taahhiit ederiz.
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Anahtar Kelimeler
Bakir bizmutat,
Elektrokimyasal sentez,
indirgenmis grafen oksit,
Nanokompozit

0z: Bu ¢alismada, bakir bizmutat (CuBiz04) ve elektro-indirgenmis grafen oksitten
(ERGO) olusan nanokompozit (CuBiz04/ERGO) materyal tek kapta yeni bir
elektrokimyasal teknik kullanilarak nikel (Ni) kopiik elektrot yiizeyinde basariyla
sentezlenmistir. Cozelti ortami olarak Cu*?, Bi*3 ve grafen oksit (GO) ihtiva eden
cozelti karigimi kullamlmustir. Oncelikle oksijen gazi gegirilen ¢ozelti ortaminda Ni
kopiik elektrot ylizeyinde hidroksit tiirleri depozit edilmistir. Sonrasinda termal
tavlama yapilarak oksit formuna doéniisiim saglanmistir. Elektrokimyasal olarak
sentezlenen CuBi204/ERGO modifiye elektrotlar X-1sim1 kirinimi (XRD), X-151m1
fotoelektron spektroskopisi (XPS), Raman, alan emisyonlu taramali elektron
mikroskobu (FE-SEM) ve enerji dagilim spektroskopisi (EDS) teknikleri kullanilarak
karakterize edilmistir. Yapilan karakterizasyon islemleri nanokompozitin hem
CuBi204 hem de ERGO yapisini bir arada icerdigini gostermistir.

Synthesis and Characterization of CuBiz04/Electro-reduced Graphene Oxide
Nanocomposites using A New Electrochemical Technique

Keywords

Copper bismuthate,
Electrochemical deposition,
Reduced graphene oxide,
Nanocomposite

Abstract: In this study, a nanocomposite material consisting of copper bismuthate
(CuBi204) and reduced graphene oxide (ERGO) (CuBiz04/ERGO) was successfully
synthesized on the nickel (Ni) foam electrode surface using a new one-pot
electrochemical technique. A mixture solution containing Cu*?, Bi*3, and graphene
oxide (GO) was used as the solution medium. Firstly, the hydroxide species were
deposited on Ni electrode in the solution medium, in which oxygen gas was passed.
Afterward, thermal annealing was performed and the hydroxide species were
converted to the oxide form. Electrochemically synthesized CuBi204/ERGO modified
electrodes were characterized using X-ray diffraction (XRD), X-ray photoelectron
spectroscopy (XPS), Raman, field emission scanning electron microscopy (FE-SEM),
and energy dispersion spectroscopy (EDS) techniques. The characterization
processes showed that the nanocomposite contains both CuBi204 and ERGO
structures together.

1. Giris stabilitesi nedeniyle, p-tipi CuBi2z0s4 nanoyapilari

fotoelektrokimyasal hiicrelerde potansiyel bir

Genel formiilleri AB204+ (A, B= Co, Cu, Mn, Ni vb.)
yapisina sahip olan spinel oksitler, makul elektriksel
iletkenlik ile yiiksek termal ve kimyasal kararhliklari
nedeniyle geleneksel metal oksitlere kiyasla son
yillarda daha ¢ok dikkat ¢ekmektedirler. Bunlar
arasinda bakir bizmutat (CuBiz04) 1,6-1,8 eV optik
bant araligina sahip p-tipi bir yariiletkendir [1].
Goriinir 151k altinda TiO2’den daha yiiksek
fotokatalitik aktivite gosteren spinel CuBi204 tahmini
maksimum teorik fotoakim yogunlugu ~ 19,7
mA/cm?dir [2, 3]. Diisiik bant araligi, uygun bant
konumlari, pozitif baslangi¢ potansiyeli ve miikkemmel

*IIgili yazar: hdogan@atauni.edu.tr

fotokatot malzemesi olarak kullanilmaktadir [4].
Ayrica CuBiz04 nanoyapilar1 CO: indirgenmesi [5],
sliperkapasitér [6], solar su ayristirmasi [7] ve
biosensor [8, 9] uygulamalarinda kullanilmaktadir.

Literatiirde CuBi204 sentezi icin; elektrodepozisyon
[6, 10], hidrotermal sentez [11, 12], piiskiirtme [13],
dondiirerek kaplama [14], sprey piroliz [15], birlikte
coktiirme [16], sol-jel [17] ve solvotermal [18] sentez
gibi farkli yontemler uygulanmistir. Ancak 6zellikle
glines uygulamalar1 acisindan substrat ile CuBi204
yapist arasinda ohmik direncin olusmasinin
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onlenmesi amaciyla elektrokimyasal sentez oldukca
avantajlidir. Elektrokimyasal teknik agir ve toksik
kimyasallar icermeyen elektrolit ortamlarindan
yiksek sicaklik ve basing uygulamasina gerek
kalmadan dogrudan substrat ylizeyinde senteze
imkan sagladig icin tercih edilmektedir. Ek olarak
CuBiz04 filmlerinin olusumu igin elektrokimyasal
yontemin  secilmesi, Cu ve Bi biriktirme
potansiyellerinin yakinligi nedeniyle hem Cu*2 hem de
Bi*3 iyonlarim1 iceren tek bir c¢ozelti ortamindan
birlikte biriktirmeye izin vermektedir. Hahn ve grubu
tarafindan yapilan calismada, bir flor katkili kalay
oksit (FTO) substrat iizerinde metalik bakir (Cu) ve
bizmutun (Bi) birlikte elektrodepozisyon edilmesi ve
ardindan 1s1l isleme tabi tutulmasi ile CuBi204 filmleri
tretilmistir [19]. Ancak rapora gore, FTO substrati
tizerindeki CuBi204 film ¢ok kirilgan olup biriktirilen
metallerin  oksidasyon siirecinin, filmlerin alt
tabakalarla temasini zayiflattigit  gorilmiistiir.
Nakabayashi vd. [10] gerceklestirdikleri ¢alismada
CuBi204  yapillart  FTO  elektrot yilizeyinde
elektrokimyasal olarak biriktirilmistir. Bu amagla;
Bi(NO3)3, CuSOs, tartarik asit ve 0.1 M NazSO4'in
¢oziilmesiyle ¢ozelti hazirlanmis ve daha sonra NaOH
ile pH 13.0'a ayarlanmistir. Bu elektrolit soliisyonunda

65°C'de anodik potansiyel uygulanarak
elektrodepozisyon gerceklestirilmistir.
Elektrodepozisyondan sonra, FTO substrati

Uzerindeki film, saf su ile dikkatlice durulanmistir.
Daha sonra biriktirilen film, oksit formuna déniismesi
icin 500°C'de 4 saat boyunca hava ortaminda
1sttilmistir.

Son zamanlarda, grafen tabanli malzemeler (grafen,
grafen oksit (GO) ve indirgenmis GO (rGO) gibi) cok
fazla arastirmacinin ilgisini ¢ekmistir. GO, grafitin
glclii oksitleyiciler ile muamelesi sonucu elde edilen
grafenin oksitlenmis tiirevidir [20]. Grafen oksitin
kimyasal veya termal indirgemesi ile indirgenmis
grafen oksit (rGO) olusturulur. rGO; 2D nano yapisi,

milkemmel termal  stabilitesi, iyi = mekanik
mukavemeti, daha  yiiksek iletkenligi  ve
biyouyumlulugu nedeniyle nanokompozit

malzemelerin sentezi i¢in potansiyel bir aday olarak
ortaya ¢ikmistir [21]. rGO nano tabakalarinin oksijen
islevsellikleri, yapisal kusurlari ve sp? hibritlestirilmis
karbon (m-m) tabakalar1 sayesinde metal oksit
molekiillerinin baglanmasi i¢in ¢ok sayida alan saglar.
Metal oksitlerin nanokompozit yapisinda rGO ile
birlestirilmesi, rGO’in daha yiiksek iletkenligine sahip
olmasi nedeniyle metal oksitin elektriksel
ozelliklerinin gelistirilmesine katkida bulunmaktadir.
Shah ve grubu [22] FTO elektrot yiizeyinde fotokatot
olarak CuBi204/rGO nanoyapilarini sentezlemislerdir.
FTO elektrot yiizeyinde ilk olarak damlatma teknigi
kullanilarak  CuBiz04+ sentezlenmis sonrasinda
dondiirerek kaplama (spin caoting) teknigi ile rGO
kaplamasi yapilmistir.

rGO tabanl metal oksit nanokompozitler, son birkag
yilda enerji uygulamalarinda elektrot materyali olarak

cok dikkat ¢ekmistir. Bu nedenle, bu ¢alisma herhangi
bir selatlastic olmaksizin CuBi204/ERGO
nanoyapilarini basit ve kolay uygulanabilir bir
elektrokimyasal teknik kullanarak sentezlemeyi ve
karakterize etmeyi amaclamaktadir.

2. Materyal ve Metot

Elektrokimyasal calismalar BASi100 model
potansiyostat kullanilarak 1i¢ elektrotlu hiicre
sisteminde gergeklestirilmistir. Bu sistemde; Ni kopiik
elektrot calisma elektrodu, Pt tel karsit elektrot ve
Ag/AgCl (doygun KCl) ise referans elektrot olarak
kullanilmistir. Elektrokimyasal sentezden once Ni
koptk elektrot, yuizeyinde bulunmasi muhtemel oksit
tabakasindan arindirilmasi amaciyla 3 M HCl asit
cozeltisinde 15 dakika siire ile sonike edilmis ve
sonrasinda bolca saf su ile yikanmstir.

CuBi204 nanoyapilarinin elektrokimyasal sentezi i¢in;
4 mM Cu(NO3)2 ve 8 mM Bi(NO3)3+0,1 M HNOs
cozeltileri 1:1 (v/v) olacak sekilde karistirilmis ve
cozeltiden yiiksek akis hizinda oksijen gazi
gecirilmistir. Ni kopiik elektrodun bu elektrolit
ortaminda doniisimlii voltamogrami kaydedilmis ve
depozisyon potansiyeli olarak -500 mV secilmistir. Ni
koplik  elektrot  yilizeyindeki  elektrokimyasal
biriktirme esnasinda ilk basamakta hidroksit tiirleri
olusturulmus ve sonrasinda oksit formuna
dontstiirilmesi amaciyla 450 °C’'de 2 saat siire ile
hava ortaminda 1s1l isleme tabi tutulmustur.

CuBi204/ERGO  nanoyapilarinin  elektrokimyasal
sentezi icin ise; Cu*2 ve Bi*3 iyonlarini iceren karisima
1:1 (v/v) olacak sekilde grafen oksit (GO) ¢ozeltisi (1
mg GO/10 mL 0,1 M KNOs) ilave edilmistir. Karisim
cozeltisinden oksijen gazi gecirilmis ve karisim
ortaminda doniisimli voltamogram kaydedilerek
depozisyon potansiyeli -500 mV olarak belirlenmistir.
02z gaz1 gecirilen ortamda sabit potansiyelde
elektrokimyasal biriktirme yapildiktan sonra 450
°C’de 2 saat siire ile hava ortaminda termal tavlama
yapilarak oksit formuna déniisiim saglanmistir.

Elektrokimyasal olarak sentezlenen CuBiz0s4/ERGO
nanoyapilarinin analitik karakterizasyonu i¢in X-1s1n1
kirinimi (XRD, Rigaku marka), X-i1sin1 fotoelektron
spektroskopisi (XPS, Specs-Flex) ve enerji dagilim
spektroskopisi (EDS, elektron mikroskobu ile adapte
edilmis)  teknikleri  kullanilmistir.  Morfolojik
karakterizasyon ise alan emisyonlu taramali elektron

mikroskobu (FE-SEM, Zeiss Sigma 300) ile
arastirilmistir.

3. Bulgular

3.1. CuBi204/ERGO nanoyapilarinin elektrokimyasal
sentezi

CuBi204/ERGO  nanoyapilarinin  elektrokimyasal

sentezi icin; oncelikle Ni kopiik elektrodun 4 mM
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Cu(NOs3)2, 8 mM Bi(NO3)3+0,1 M HNOs ve 1 mg GO/10
mL 0,1 M KNOs (1:1 v/v) iceren ¢ozelti ortamindaki
elektrokimyasal davranisi incelenmistir. Doniisimli
voltamogram (CV) kaydedilmeden once c¢ozelti
ortamindan Oz gaz1 gegirilmistir. 02 gaz1 ile
doyurulmus elektrolit ortaminda 100 mV/s tarama
hiz1 ile kaydedilen CV’1 Sekil 1'de verilmistir. Bu
voltamograma gore C1 ve C2 olmak lizere iki adet
indirgenme piki gozlenmistir. Bakir ve bizmutun
indirgenme potansiyelleri birbirine yakin oldugundan
bu piklerden oldukca yayvan olan C1 pikinin bakir ve
bizmitun depozisyonuna karsilik geldigi
diistintilmektedir. Daha negatif potansiyel bolgesinde
gozlenen indirgenme pikinin ise GO’ten kaynaklandigi
bilinmektedir [23]. Sekil 1'de incelenen
elektrokimyasal davranisa gore Ni kopiik elektroda -
500 mV sabit potansiyel uygulandiginda biitiin
tlrlerin bir arada elektrot yiizeyinde es zamanli olarak
birikebilecegi goriilmektedir.

]:5 mA

C1

c2

Akim / mA

-800 -600 -400 -200 0
Potansiyel / mV

Sekil 1. Ni kopiik elektrodun Cu*?, Bi*3 ve GO igeren
cozeltide doniistimlii voltamogrami

Metal oksitlerin elektrokimyasal sentezinde dnerilen
genel mekanizmalara gore sabit potansiyelde
depozisyon yapildiginda elektrot ylizeyinde hidroksit
veya oksihidroksit gibi tiirler olusturulur ve
sonrasinda 1sil islem uygulanarak bu tiirlerin oksit
formuna dontismesi saglanir [24]. Sekil 1’de verilen
voltamograma gore belirlenen potansiyelde 30 dakika
stire ile depozisyon yapilmis ve sonrasinda elektrot
151l isleme tabi tutulmustur. Isil islem icin daha 6nce
literatiirde yer alan bilgiler dogrultusunda 2 saat siire
boyunca 450 °C’de tavlama yapilmistir [19].

3.2. CuBiz04/ERGO nanoyapilarinin
karakterizasyonu
Elektrokimyasal teknik kullanilarak hazirlanan

CuBiz04/ERGO nanoyapilarinin yapisal
karakterizasyonu icin 6ncelikle kristal yapis1 ve faz

safligiin  belirlenmesi amaciyla XRD spektrumu
alinmistir (Sekil 2). Sekil 2’de verilen XRD spektrumu
incelendiginde substrat olan Ni képiige ait piklere ek
olarak ERGO’in grafen yapsindan kaynaklanan C(002)
piki ve CuBi204’e ait (211), (310), (202), (411), (332)
ve (600) kirinim pikleri elde edilmistir. Kaydedilen
XRD spektrumunda metalik Cu, metalik Bi, Cu veya Bi
hidroksit yapilar ile Cu veya Bi oksitten kaynaklanan
kirinim  pikleri  gézlenmemistir. Bu  durum
elektrokimyasal sentez kullanilarak Cu, Bi ve ERGO’in
es zamanli olarak yiizeyde oksit filmi olusturmak icin
bir araya geldigini ve termal tavlama ile biitiin
hidroksit tiirlerinin oksit yapisina doéntstigini
gostermektedir. Ayrica bu XRD spektrumu CuBi204'1n
saf tetragonal fazinin olusumunu da dogrulamaktadir.

¥ CuBi,0, T
T
rGO
Ni
et —_—
3 ]
i) e )
™~
4 N
f
TP
a— ow
Sh &8

5 25 45 65
20 / derece
Sekil 2. CuBi204/ERGO nanoyapilarina ait XRD spektrumu

CuBi204/ERGO nanoyapilarinin icerisinde mevcut
bulunan metal iyonlarinin yiikseltgenme durumunu
arastirmak ve GO’in ERGO olusturmak {izere
indirgenmesini belirleyebilmek icin, XPS analizi
yapilmistir. Bu amagla her elementin baglanma
enerjisine karsilik gelen bolgelerde kismi taramalar
yapilarak baglanma durumlari tespit edilmistir.
Elektrokimyasal teknik kullanilarak hazirlanan
CuBi204/ERGO nanoyapilan i¢in Cu, Bi, O ve C
piklerine ait XPS spekturumlar1 Sekil 3a-d’'de
verilmistir. Cu2p tepe noktalar1 953,9 eV ve 934,1 eV
degerlerinde elde edilmistir ve bu pikler sirasiyla Cu
2p1/2 ve Cu 2p3/2 seviyesine karsilik gelmektedir
(Sekil 3a). Ek olarak Cu*2 basamagina karsilik gelen iki
uydu tepe noktasinin spektrumda yer almasi filmin
oksit formuna doniistiiglinii gostermektedir. Bi4f
cekirdek seviyesi spektrumu icin 4f7/2 ve 4f5/2'ye
karsilik gelen 158,3 eV ve 163,6 eV'de goriilen pikler
Bi*3 iyonunun varligini gosterir. Literatiirde CuBiz04
ve CuBi204/ERGO nanoyapilarina ait XPS spektrumlari
karsilastirildiginda  benzer  spektrumlar elde
edilmistir ve bu spektrumlar CuBi:04 ile ERGO
araylizii arasinda 1iyi bir elektronik etkilesimin
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oldugunu gostermistir [25]. O1ls icin kaydedilen
asimetrik XPS spektrumunda 529,5 eV, 530,9, 532,1
eV baglanma enerjisi degerlerinde ii¢ pik goriinimi
mevcuttur (Sekil 3c). Diisiik baglanma enerjisindeki
pik, CuBiz204'lin kafes oksijenine Kkarsilik gelir.
530,9'daki pikin oksijen boslugundan kaynaklandig:
diistinilmektedir. Ayrica ERGO yapisinda mevcut
bulunan O-C tiirlerinin varligi nedeniyle 532,1 eV'de
ek bir pik daha gozlenmistir. O1s spektrumunda
oldugu gibi C1s spektrumu i¢in de asimetrik pik elde
edilmistir (Sekil 3d). Bu pik ERGO’te bulunan C=C, C-O
ve C=0 gibi farkli fonksiyonel gruplara karsilik gelir.
Sirasi ile 284,6 eV, 286,0 eV ve 288,5 eV degerlerinde
kaydedilen bu pikler literatiir ile uyumludur [26].
Sekil 3’te incelenen XPS spektrumlari elektrokimyasal
teknik kullanilarak tek basamakta CuBiz04/ERGO
nanoyapilarinin basarili bir sekilde sentezlendigini
gostermektedir.

a) b)
Bi4f7/2

Cu2p3/2

Bi4f5/2

Cuzptjz  Cu'?uydu
Cu*2uydu

Siddet
Siddet

930 940 950 960 970 154 159 164
Baglanma Enerjisi (eV) Baglanma Enerjsi (eV)

<) o1s d) Cis

c=C
c-0

siddet
Siddet

/ M‘v\
ALY L

525 530 535 280 282 284 286 288 290
Baglanma Enerjisi (eV) Baglanma Enerjisi (eV)

Sekil 3. CuBi204/ERGO nanoyapilarina ait XPS spektrumlari
Cu2p (a), Bi4f (b), O1s (c) ve Cls (d) bolgeleri.

CuBi204/ERGO nanoyapilarinin yapisal
karakterizasyonu i¢in kullanilan bir diger teknik
Raman spektrumudur. CuBiz0s4/ERGO nanoyapilari
icin Sekil 4’te kaydedilen Raman spektrumundal27,
260, 403 ve 580 cm-1'deki dort farkh titresim tepe
noktasi, CuBiz04'in varhigina karsilik gelir [13, 22].
Kompozitte yer alan ERGO i¢in ise; 1355 ve 1593 cm-
1'de karakteristik D ve G-bandi tepe noktalarina sahip
iki temel titresim piki elde edilmistir. Ek olarak; grafen
tabanli kompozit malzeler icin olduk¢a 6nemli bir
parametre D ve G bandinin birbirine oranidir (In/Ic).
Daha once gercgeklestirilen ¢alismalarda GO i¢in bu
oran 1,09 olarak hesaplanmistir [27]. rGO ile kompozit
yapildiginda kompozitte yer alan materyal rGO
yapisindaki kusurlar1 azalttigi i¢in Ip/I¢ oraninin
azaldigt  bilinmektedir [28]. CuBiz04/ERGO
nanoyapilari i¢in Ip/I¢ orani 0,97 olarak belirlenmistir.

@

]

2

ur

0 500 1000 1500 2000
Raman kaymasi (cm-)

Sekil 4. CuBi204/ERGO nanoyapilarina ait Raman
spektrumu

CuBi204/ERGO nanoyapilarinin morfolojik
karakterizasyonu  FE-SEM  teknigi kullanilarak

gerceklestirilmistir. Farkli biliylitme oranlar1 icin
alinan FE-SEM gorintiileri Sekil 5 a-c’de verilmistir.
Sekil 5a’da goriildiigii gibi Ni kopiligin yiizeyinin
tamamen ve homojen olarak CuBiz04/ERGO
nanoyapilari ile kaplanmistir. Ayrica yiiksek biiytitme
oranlarinda alinan goriintiilerde (Sekil 5b ve 5c),
CuBiz04 nanoyapilarinin kivrimli grafen yapist ile
sarildigl. net bir sekilde goriilmektedir. Ek olarak
CuBi204/ERGO  nanoyapilar1 i¢in aliman EDS
spektrumunda (Sekil 5d) substrattan kaynaklanan Ni
pikleri ile CuBi204/ERGO nanoyapilarindaki ERGO’ten
ileri gelen C ve CuBiz04'den dolay: Cu, Bi ve O pikleri
gozlenmistir. Bu piklere ek olarak baska elementel pik
bulunmamasi sentezlenen nanoyapilarin elementel
boyutta oldukea saf oldugunu gostermistir.

0 2 4 6 8 10
Enerji (eV)

Sekil 5. CuBi204/ERGO nanoyapilarina ait FE-SEM
goriintiileri (a-c) ve EDS spektrumu (d).
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4. Tartisma ve Sonug¢

Bu ¢alisma kapsaminda CuBi204/ERGO
nanoyapilarinin Cu*?, Bi*3 ve GO igeren tek bir ¢ozelti
ortamindan elektrokimyasal teknik kullanilarak Ni
kopik substrat yiizeyinde sentezi ilk defa
gerceklestirilmistir. Bu amagcla dncelikle Cu*?, Bi*3 ve
GO iceren c¢ozeltide donlsimli voltamogram
kaydedilmis ve hem CuBi20+ hem de ERGO
nanoyapilarinin es zamanl biriktirilebilmeleri icin
uygulanmasi gereken potansiyel degeri -500 mV
(Ag/AgCl'e  karsi)) olarak tespit edilmistir.
Elektrokimyasal teknik kullanilarak hazirlanan
CuBi204/ERGO nanoyapilarinin karakterizasyonu i¢in
XRD, XPS, Raman, FE-SEM ve EDS teknikleri
kullanilmistir. Yapilan karakterizasyonlar sonucunda
CuBi204/ERGO nanoyapilarinin Ni kopiik
elektrodunun yilizeyinde basariyla bilyiitildigi
gorilmistiir. Uretilen CuBiz04/ERGO modifiye Ni
kopiik elektrotlarin gelecekte sensor ve enerji
uygulamalarinda elektrot materyali olarak
kullanilmasi diistiniilmektedir.
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0z: Bu calismada, tek kullanimlik nano-elektrokimyasal biyosensérler kullanilarak
cift sarmalli deoksiriboniikleik asit (dsDNA) ve doksorubisin (DOX) arasindaki
etkilesim diferansiyel puls voltametrisi yontemiyle arastirilmistir. Biyosensor
ylzeyi setil trimetilamonyum (sab) ve karbon nanotiip (knt) iceren ¢ozeltiden
elektrodepozisyon yontemiyle poli(sab)-knt sentezi ile hazirlanmistir. DNA-ilag
etkilesimi arastirmak i¢in indikator olarak dsDNA elektroaktif bazlarin voltametrik
sinyalleri kullanilmigtir. ilag-DNA etkilesimi sonrasi hem guanin hem de adenin
bazlarinin oksidasyon pik akimlarinin azaldigi gézlenmistir. DOX i¢in dogrusal
calisma aralig1 0,39-25 ug mL ! arasinda ve gozlenebilme sinir1 0,26 pg mL1 g]arak
bulunmustur. Ayrica UV-vis spektroskopisi kullanilarak spektrokimyasal olarak ta
ilac-DNA etkilesimi ortaya konmustur. Elektrokimyasal ve spektrokimyasal
calismalar, DOX ve dsDNA arasindaki etkilesim mekanizmasinin interkalasyon
modu ile gerceklestigini gostermistir.

Investigation of Doxorubusin Interactions with DNA by Using Nano-electrochemical

Biosensors

Keywords
Biosensor,
Voltammetry,
Electrochemistry,
DNA-drug interaction

Abstract: In this study, the interaction between double-stranded deoxyribonucleic
acid (dsDNA) and doxorubicin (DOX) was investigated using nano-electrochemical
biosensors by differential pulse voltammetry. The biosensor surface was prepared
from a solution containing cetyl trimethylammonium (cab) and carbon nanotubes
(cnt) with the synthesis of poly(sab)-knt by electrodeposition method.
Voltammetric signals of dsDNA electroactive bases were used as indicators to
investigate DNA-drug interactions. It was observed that the oxidation peak currents
of both guanine and adenine bases decreased after drug-DNA interaction. The linear
range for DOX was found to be between 0.39-25 pg mL-1 and limit of detection was
found as 0.26 pg mL-l. Besides, the drug-DNA interaction was demonstrated
spectrochemically by UV-vis spectroscopy. Electrochemical and spectrochemical
studies have shown that the interaction mechanism between DOX and dsDNA occurs
with the intercalation mode.

1. Giris

etkilesim yoluyla yapisal bir kilavuz elde edilebilir. Bu
da daha yiiksek secici aktiviteye, klinik etkinlige ve

Nanoteknoloji ve biyosensdr teknolojisinde DNA,
kararli, diisik maliyetli ve kolayca uyarlanabilir
oldugundan yeni cihazlarin yapimi i¢in miikemmel bir
yap1 tasi gorevi gormektedir. DNA'min elektroaktif
bilesiklerle etkilesimi, farmasoétik, cevresel izleme ve
ilac tespiti agisindan 6nemlidir. Farmasotik ajanlarin
etki tarzlarini ve baglanmadaki reaksiyonlarin yapisal
Ozginligiini anlamak i¢in DNA ile etkilesimlerine
dayal olarak incelenmelidir [1, 2]. [laglarin rasyonel
tasariminda, DNA ve kiiglik molekiiller arasindaki

*ilgili yazar: tugce.yaman@hacettepe.edu.tr

daha diisiik toksisiteye sahip yeni ilaglarin gelismis
sentezine katkida bulunur. [laglarin DNA ile baglanma
etkilesimlerini arastirmak icin UV-spektrofotometre
[3], floresans spektroskopisi [4], dairesel dikroizm [5],
rezonans raman spektroskopisi [6], Fourier
dontsimii kizilotesi infrared spektroskopisi [7] ve tek
molekiilli kuvvet spektroskopisi [8] gibi farkh
teknikler literatiirde yerini almistir. Elektrokimyasal
teknikler ise, bu ol¢iimlere yonelik yiiksek hassasiyet,
diisiik maliyet, basitlik, kolay kullanim, hizlilik,
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mikrofabrikasyon teknolojisine uyumluluk ve hasta
basi tespiti gibi 6nemli avantajlar sunar [9]. Burada, en
¢ok uygulanan yaklasim, tanima i¢in  bir
elektrokimyasal donistiiriicii iizerinde immobilize
hale getirilecek bir niikleik asit elemanindan olusan
elektrokimyasal DNA biyosensoérlerini kullanmaktir.
Bu element, spesifik bir DNA dizisini segici olarak
tespit etmeye veya ila¢ molekilleriyle etkilesimi
sirasinda DNA yapisindaki degisiklikleri izlemeye
yardimci olur. DNA biyosensorleri duyarlilik, secicilik,
basitlik, hizlilk ve diisik maliyet gibi 6nemli
ozellikleri nedeniyle yogun bir bigimde ¢alisilmaktadir
[10].

Tek kullanimlik grafit elektrotlar diger karbon temelli
elektrotlara gore diisiik maliyeti, ylizey parlatma gibi
zaman alicl islemlere gerek duymayan, kullanim
kolayligi ve yiiksek algillama hassasiyeti gibi
avantajlara sahip olan bir elektrokimyasal elektrottur.
Grafit elektrotlar ¢esitli voltametrik tekniklerle ¢ok
cesitli analitlerin belirlenmesi i¢in yaygin olarak
kullanilmaktadir [11]. Clinkii tek kullanimlik sekilde
gelistirilen  bu  elektrotlarin  elektrokimyasal
modifikasyonu diger modifikasyon islemlerine gore
daha basit ve az zaman alan strateji olarak
goriinmektedir. Elektrokimyasal DNA
biyosensorlerinde  sinyal giiclendirilmesi igin
nanomalzemelerin gelistirilmesi 6nem kazanmistir.
Calisma elektrotlarinin nanomalzemelerle modifiye
edilmesi elektroaktif ylizey alanini arttirir ve bunun
sonucunda kimyasal analiti karakterize etmek ic¢in
artan baglanma boélgesi sayisina bagl olarak analitin
tutunmasi (birikim) ve hassasiyet arttirilabilir. Nano-
karbon malzemeler, yiliksek hassasiyette ve secici DNA

biyosensorlerinin  gelistirilmesi ~ icin  siklikla
kullanilmistir. Bu baglamda, elektrokimyasal tespit
icin mikemmel kimyasal, mekanik, iletkenlik,
geometrik  ve yuzey ozelliklerine sahip

nanomalzemeler olarak karbon nanotiiplerin (knt'ler)
kullanilmasina o6nem verilmistir [12, 13]. Ayrica,
yluzey aktif maddelerin kullanimi elektrokimyasal
sireci olumlu yoénde etkileyip elektrokimyasal
cevabin artmasina neden olur. Katyonik ylizey aktif
madde olan setil trimetilamonyum bromiir (sab), bazi
biyomolekiillerin elektroanalizi icin uygulanmistir
[14, 15]. Elektrolit c¢ozeltisindeki sab'in varhgi,
analitlerin elektrokimyasal cevabimi biiylik odlgiide
arttirir ve asidik ortamda elektrodepozit edilmis sab
iletken matris olarak goérev yapabilir.

Doksorubisin (DOX); meme ve mesane kanseri, kaposi
sarkomasi, lenfoma ve akut lenfositik losemi
kemoterapisinde uygulanan sitostatik ilaglar ailesine
aittir [16, 17]. DOX, makromolekiiler biyosentezin
birlestirilmesi ve inhibisyonu yoluyla DNA ile
etkilesime girebilir. Sonug olarak, DOX kullanildiktan
sonra, topoizomeraz Il enziminin fonksiyonu inhibe
edilir, DNA ¢ozilir ve kopyalanir [18]. Ayrica,
molekiiliin diizlemsel aromatik kromofor kismu iki baz
DNA cifti arasinda birlesir. 1974 yilinda tibbi bagvuru
icin onaylanmis olmasi nedeniyle DOX tek basina ve

cesitli karisimlarda uygulanan en sik kullanilan
preparatlardan biri olmaya devam etmektedir.
Bununla birlikte, klinik aktivitesi akut
kardiyotoksisite ile simirlidir. DOX'un neoplastik
hiicreler iizerindeki sitotoksik etkileri nedeniyle
viicutta uzun siireli gastrointestinal yaralar, karaciger
yetmezligi, bobrek yetmezligi, hipoalbiiminemi ve
pansitopeni nedeniyle kullanimi sinirhdir [19]. Diger
ciddi yan etkiler anafilaksi, kalp hasari, doku hasari
gibi alerjik reaksiyonlardir. Bu ilacin farmakolojik
etkisi DNA'nin ¢ift sarmali ile etkilesime atfedilmistir
ve kanser hiicrelerindeki antrasiklin kismi DNA'nin
replikasyonunu ve transkripsiyonunu inhibe eder
[18]. Bu nedenle, hastalarin biyolojik sivilarinda analiz
icin hassas bir teknigin gelistirilmesiyle DOX dozajinin
kontrol edilmesi klinik ve farmasétik uygulamalarda
terapotik etkinligin ve yan etkilerin degerlendirilmesi
acisindan olduk¢a o6nemli bir konudur. Son
zamanlarda DNA'nin bir biyosensor yiizeyine
immobilize edilmesi ile DOX tutuklayici olarak
kullanilabilecegi gosterilmistir [12, 13, 20]. Ancak
yapilan literatiir taramasi sonucunda poli(sab)-knt
modifiye grafit elektrotlar ile elektrokimyasal DNA-
DOX etkilesiminin arastirildifi  bir c¢alismaya
rastlanmamistir.

Onerilen ¢alisma kapsaminda poli(sab)-knt modifiye
tek kullanimlik grafit temeli DNA-nanobiyosensorii ile
DOX arasindaki etkilesim ilk kez arastiriimistir.
Boylece bu c¢alisma ileride yeni antikanser ilaglarin
tasarimyi, hastalik teghisi, bakim-noktasi-uygulamalari
ve rutin klinik uygulamalar i¢in sekans secici DNA
hibridizasyonu gibi genosensérler gibi ileri ¢alismalar
icin temel olusturmustur.

2. Materyal ve Metot
2.1. Reaktifler ve cihazlar

Cift sarmal Deoksiribo niikleik asit (dsDNA) ve
siilfiirik asit (H2SO4) Sigma-Aldrich'ten (St. Louis, MO,
ABD) satin alinmistir. dsDNA stok ¢ozeltisi ultra saf su
icinde hazirlanmistir. Destek elektrolit olarak 50 mM
asetat tamponu (ABS), pH 4,8 ¢ozeltisi 20 mM sodyum
Kloriir (NaCl) igcerecek sekilde hazirlanmistir. Cozelti
homojen hale gelinceye kadar 4 °C'de 12 sa
bekletilmistir. 0,1 M H2SO04 icinde 0,045 M olacak
sekilde sab ¢ozeltisi hazirlanmistir. Knt'ler ise, 0,5 mg
mL-1 derisiminde sab ¢ozeltisi icinde dagitilmis ve 30
dk boyunca ultrasonik olarak karistirilmistir.

Elektrokimyasal 6lciimlerin timi Autolab
PGSTAT302N model potansiyostat/galvanostat cihazi
ile gerceklestirilmistir. Calismalarda iiclii elektrot
sistemi kullanilmistir. Calisma elektrodu olarak kalem
grafit (PGE), referans elektrot olarak doymus kalomel
(SCE) ve karsit elektrot olarak ise platin tel
kullanilmistir. Gelistirilen sensor yiizeyinin morfolojik
olarak arastirilmasinda taramali elektron mikroskobu
(SEM, Tescan-Czech Republic) kullanilmistir. Modifiye
elektrot ylizeylerinin kimyasal karakterizasyonu i¢in
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Azaltilmis toplam yansima Fourier doniistimli
kizilotesi Spektrometresi (FTIR-ATR, Thermo Fisher
Scientific-USA)  kullamilmistir.  Ayrica ilag-DNA
etkilesimlerinin spektrofotometrik incelemesinde ise,
Shimadzu 2600 model UV-vis absorpsiyon
spektrofotometresinden faydalanilmistir.

2.2. Nanobiyosensoérlerin hazirlanmasi

Oncelikle  elektrot yiizeyi elektrodepozisyon
yontemiyle poli(sab)-knt kullanilarak modifiye
edilmistir. Bu amagla doénlisimli voltametri

yontemiyle 10 dongii olacak sekilde 100 mVs-! tarama
hizinda ve -0,8 Vile + 1,2 V (SCE’ye kars1) potansiyel
araliginda taramalar gerceklestirilmistir. Hazirlanan
elektrotlar poli(sab)-knt olarak isimlendirilmistir.
Daha sonra bu elektrotlar 150 pg mL-! derisiminde ve
pH 4,8 AB c¢ozelti ortaminda hazirlanan dsDNA
cozeltilerine 30 dk daldirilmistir. Pasif adsorpsiyon
yontemi ile dsDNA molekiilleri elektrot yiizeyine
immobilize edilmistir. Elektrot yiizeyinden gevsek
sekilde baglanmis dsDNA'y1 uzaklastirmak icin 5 sn
boyunca pH 4,8 AB c¢ozeltisi ile yikanmistir. Her
deneysel Olciim i¢in yeni bir nanobiyosensor
hazirlanmistir.

2.3. DNA-DOX etkilesimin arastirilmasi1 ve DOX
tayini

DOX'un dsDNA/poli(sab)-knt grafit ile biyo-
etkilesiminde elektrotlar 30 dk stireyle 10 mM Tris-
EDTA tampon ¢ozeltisi (TBS), pH 8,0 iginde farkh
derisimlerde hazirlanan DOX cozeltilerine
daldirllmistir. Daha sonra tampon ile yikarak
kurumaya birakilmistir. Daha sonra elektrotlar pH
4,8'de yeni bir AB ¢ozeltisine aktarilmis, ardindan
asagidaki kosullar altinda DPV kaydedilmistir: 50 mV
darbe genligi, 2 mV adim potansiyeli, 0,07 s
modiilasyon siiresi, 0,4 s aralik sliresi.

3. Bulgular

3.1. Elektrokimyasal DNA-nanobiyosensédrlerin
hazirlanmasi ve karakterizasyonu

Etkilesim mekanizmasi, hedeflenen ilacla
etkilesimden 6nce ve sonra DNA elektrokimyasal
sinyallerini gozlemleyerek kanitlanabilir. En ¢ok
uygulanan yaklasim, tanima i¢in bir elektrokimyasal
dontstiiricii izerinde immobilize edilecek bir niikleik
asit elementinden olusan elektrokimyasal DNA
biyosensorlerini  kullanmaktir [21]. Bu amagla
nanokompozit modifiye grafit yiizeyler dsDNA
¢ozeltisine daldirilarak pasif adsorpsiyon yontemiyle
immobilize edildi. DOX ile etkilesimi sirasinda DNA
yapisindaki degisiklikleri izlemek amaciyla dsDNA
immobilize yiizeyler hazirland1. Oncelikle daha hassas
ve secici DNA Dbiyosensorlerinin gelistirilmesi
amaciyla grafit yiizeyi nanotiip (knt) iceren polimerik
yapiyla (poli(sab)) modifiye edildi. Tek asamali
elektrodepozisyon islemi, potansiyel -0,8 Vile + 1,2 V

(SCE'ye kars1) arasinda taranarak 10 déngii sonunda
elde edildi (Sekil 1). Sekil 1'de gdsterilen
voltamogramlardan ilk déngiide sab’a ait yaklasik +0,9
V'de (SCE'ye kars1) iyi tanimlanmig bir yiikseltgenme
piki ve ters yondeki dongiide ise yaklasik +0,5 V'de
(SCE'ye kars1) bir indirgeme piki gozlendi. Onceki
calismalara gore elektrodepozisyon sirasinda ortaya
¢ikan bu pikler poli(sab) olusumunun bir gostergesi
oldu [22-25]. Boylece polimerik kompozit yapi
elektrot ylizeyinde basariyla sentezlendi.
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Sekil 1. Poli(sab)-knt'nin es zamanl elektrodepozisyonuna

ait 10 déngii déniisiimlii voltamogramlari. (Ei): - 0,8 V, (Eg):

1,2 V (vs. SCE). Tarama hiz1 (SR): 100 mV s-1.

Elde edilen yiizeyin 6zellikleri farkl karakterizasyon
calismalari ile ortaya ¢ikarildi. Grafit yiizeyler tizerine
poli(sab-knt) birikimi sonucu elektrot yiizeyindeki
degisimin mikroskobik olarak incelenmesi amaciyla
taramali elektron mikroskobu kullanildi ve ilgili
sonuglar Sekil 2’'de wverildi. Elektrodepozisyon
sonrasinda grafit tabakalarin iistiinii drtecek sekilde
poroz bir yapida film olusumu goézlendi ve ylizey
alaninin arttig1 da anlasild.

Sekil 2. Farkhi biiyiitmelerde kaydedilen poli(sab)-knt
modifiye grafit yilizeylere ait elektron mikroskobu
goriintileri a) 20 pm, b) 5 pm ve c) 2 pm.
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Nanokompozit yapinin Sekil 3’te verilen IR spektrumu
incelendiginde, sab’tan poli(sab) elde edilebildiginin
gostergesi olarak 2925 cm ve 2853 cm'de sab
zincirindeki karakteristik pikler gozlendi. Bu iki bant,
sirasiyla CH3-CH: asimetrik ve simetrik gerilmeden
kaynaklanmaktadir. 1468 cm-1'deki keskin bant ise
CH3-CHz biikilmesini gosterdi. Benzer spektrum
elektrokimyasal olarak depozit edilmis
poli(sab)/grafen oksit kompozit film icin de
bildirilmistir [25]. Ayrica FTIR spektrumunda yer alan
3450 ve 1620 cm'deki pikler sirasiyla knt-COOH'nin
yapisindaki karboksil gruplarindaki O-H gerilmesini
ve C=0 titresimlerindeki gerilmeyi gosterdi. Ek olarak,
1036 cm'deki tepe noktasi, C-O germe titresimine
atfedildi. Bu piklerin varligi, knt'lerin yiizeyinde COOH
gruplarinin yer aldigini gosterdi ve G.D. Vukovic ve
grubu tarafindan da yayinlanan sonuglarla uyumludur
[26].

Transmittans (a.u.)

2925 cm

4000 ) 35'00 30l00 25'00 20l00 1!';00 10l00

Dalga sayisi (cm™)
Sekil 3. poli(sab-knt) modifiye grafit ylizeye ait ATR-
FTIR spektrumu.

Yapilan karakterizasyon ¢alismalari sonucunda grafit
ylzeylerin nanokompozit yapiyla modifikasyonunun
basariyla gerceklestirildigi belirlendi. Daha sonra, bu
ylizeye dsDNA immobilizasyonu pasif adsorpsiyon
yontemiyle gerceklestirildi. Boylece dsDNA temelli
nanobiyosensoérler hazirlandu.

3.2. DNA-nanobiyosensoérlerle DOX etkilesiminin
arastirilmasi

Grafit yiizeye dsDNA immobilizasyonunun kaniti icin
gelistirilen sensor yiizeylerin voltametrik davranisi
incelendi. Sekil 4.a’da gosterildigi gibi 6ncelikle, AB pH
4,8 destek elektrolit icerisinde ds-DNA immobilize
edilmis  grafit elektrodun diferansiyel puls
voltametrisi (DPV) ile elektrokimyasal davranisi
incelendi. Sekil 4.a’”da dsDNA immobilizasyonundan
sonra DNA yapisinda bulunan guanin (G) ve adenin
(A) niikleobazlarina ait sirasiyla yaklasik +0,95 V ve
+1,20 V (SCE'ye karsi) potansiyellerinde iki adet
yukseltgenme sinyali elde edildi ve bu sonug
literatiirde yayinlanan calismalarla uyum
icerisindedir [27-28]. DNA bazlarina ait goézlenen iki
ylikseltgenme pikinin varhig1 grafit yiizeyine DNA'nin
basarili bir sekilde immobilize edilebildigini kanitladi.
Sekil 4.b'de, 30 dk DOX etkilesimden sonra ise G ve

A'ya ait pik akimlarinin azaldig1 gozlendi. Ek olarak, G
ve A'nin pik potansiyellerinin, etkilesim sonrasi daha
pozitif potansiyellere kaydigi belirlendi. G bazinin pik
potansiyelindeki kayma, DOX'un aromatik halka
yapisinin DNA sarmalina eklenmesiyle
(interkalasyon) agciklanabilir. Klinik kullanimdaki
bircok etkili antikanser ilact DNA ile etkilesime girer
ve bazilar1 bunu interkalasyon yoluyla yapar [29].
Baglanma islemi, genel istifleme diizenini bozmadan,
bir DNA molekiiliiniin bitisik baz c¢iftleri arasina
yerlestirilen  diizlemsel bir aromatik veya
heteroaromatik sistemin kabiliyetini yansitmaktadir.

1,8 1
]

dsDNA

b) 1,56 ug mL"' DOX A
G

1,54

1,24

0,9 4

I (uA)

0,6

0,3 4

0,04

T T

0,8 1,0 1,2 1,4
Potansiyel V (SCE)

Sekil 4. a) dsDNA/poli(sab-knt) modifiye grafit ve b) 1,56 pg

mL! derisiminde 30 dk DOX etkilesiminden sonra

dsDNA/poli(sab-knt) grafit icin AB (pH 4,8) icinde

kaydedilen diferansiyel puls voltamogramlari.

flac ve DNA arasindaki etkilesimin dogasim
dogrulamak icin etkilesim 6ncesi ve sonrasinda UV-vis
absorpsiyon spektrumlari da arastirildi. Sekil 5.a’da
gozlenen serbest dsDNA'nin absorpsiyon spektrumu,
pirin ve pirimidin bazlarinin varligi nedeniyle 260
nm'de karakteristik bir absorpsiyon piki sergiledigi
gozlendi. Fakat 300-800 nm arasinda herhangi bir pik
gozlemlenmedi. DOX spektrumunda ise, molekiiler
yapisindaki kromoforlarin T-m* uyarilma
gecislerinden kaynaklanan ve DOX'a karakteristik
olan goriiniir bolgede 483 nm’'de genis bir
absorpsiyon piki gozlendi (Sekil 5.b). DOX'un DNA ile
etkilesiminden sonraki absorpsiyon spektrumuna
bakildiginda ise (Sekil 5.c), 483 nm'de bulunan
maksimum DOX absorpsiyonunda hipokromik etki
oldugu gozlendi. Bu sonuc ilag molekiilleri ve DNA
bazlari arasinda n-m istifleme etkilesimleri oldugunu
gosterdi [30]. interkalasyon, bitisik baz ciftleri
arasindaki ayrilmada bir artisi ve ¢ift sarmalin kismen
¢oziilmesini icerirr Bu da biikim agisinda
degisikliklere ve seker-fosfat omurgasinda
bozulmalara neden olur. iyi bilinmektedir ki, DOX
molekiillerinin biyolojik aktivitesi DNA baglama
ozellikleri ile iliskilidir ve antitimor aktivitesinin esas
olarak DNA'min baz ciftlerindeki interkalasyondan
kaynaklandigi literatiirde bildirilmistir. Buradan elde
edilen sonuca gore DNA-DOX etkilesiminin bir gesit
interkalasyon modu oldugu belirlendi [31]. Bu
nedenle DOX-DNA spektrumunda her iki yapiya ait
karakteristik pikler gozlemlendi ancak
yogunluklarinin daha diisiik oldugu belirlendi. Bu
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sonu¢ DOX'un 7 serbest orbitali ile DNA’daki bazlarin
T orbitalinin birlesmesi, enerji seviyesinin diismesine
ve T-m gecislerindeki enerji azalmasina neden
olmasindan ileri gelmektedir [32-34]. Elde edilen
bulgular hem elektrokimyasal hem de
spektrokimyasal olarak DOX-DNA etkilesiminin
interkalasyon moduyla gerceklestigini gosterildi.

1,5
a) -ds DNA

. b) DOX
= 1,01 c) ds DNA-DOX
<
o
[
o
I
o
<C 0,5+ .\- !

300 400 500 600 700 800
Dalga boyu (nm)
Sekil 5. a) dsDNA, b) DOX ve c) DOX-dsDNA ¢ozeltisinin UV-
vis spektrumlari.

3.3. DOX'un elektrokimyasal tayini

DOX'un elektrokimyasal tayini i¢in gelistirilen
nanobiyosensoriin  elektrokimyasal performansi
degerlendirildi. Sekil 6'dan gorildigi gibi, DOX
derisiminin G  sinyalleri izerindeki etkisi,
dsDNA/poli(sab)-knt grafit izerinde 30 dk baglanma
stresinde 0,39-25,0 pg mL-1 DOX araliginda incelendi.
Sekil 6.a'da kaydedilen voltamogramlar, DOX'un
derisiminin 0,39’dan 25,0 pg mL'ye artmasiyla
guanin oksidasyon pik akimlarimin dogrusal olarak
azaldigini gosterdi.

164 a)

1 (uA)

0,39 g mL" DOX

\

25 ugmL" DOX

0,84

0,4-

0,0

T T
08 09 1,0 1,1

Potansiyel V (SCE)
1,01

b)

0,94

o

I (nA)

0,74

0,64
L

T T T T

6 g 10 15 20 25
DOX (ug mL™")
Sekil 6. a) 0,39 pg mL1 - 25,0 ug mL-! araliginda degisen
DOX konsantrasyonlar: ile etkilesimden sonra G'ye ait
diferansiyel puls voltamogramlar1 ve b) dogrusal
kalibrasyon egrisi (n = 3).

Elde edilen dogrusal kalibrasyonun iist sinir1 25,0 pg
mL1 olarak tespit edildi. Bu sonu¢ 25,0 pg mL-1'den
yuksek DOX konsantrasyonlart i¢in, dsDNA ¢ift
sarmalindaki tiim aktif bolgelerin halihazirda DOX ile
doldurulmus oldugu anlamina gelmektedir. Buradan
elde edilen dogrusal kalibrasyon grafigi Sekil 6.b’de
gosterildi. Buradan elde edilen kalibrasyon grafiginin
denklemi;

Akim (pA)= -0,0651 C DOX (pg mL1) + 1,459 R? =
0,9995 olarak elde edildi. Elde edilen dogrusal
kalibrasyon grafiginin egiminden yararlanilarak
diisiik DOX seviyelerini tespit edebilen gézlenebilme
sinir1 (LOD) degeri 0,26 ug mL-! olarak hesaplandi.

Ayrica  gelistirilen = nanobiyosensériin  tekrar-
iiretilebilirlik sonuglarinin degerlendirilmesi icin ayni
yollarla hazirlanan 5 elektrodun 6lgiim sonuglari
kiyaslandi. 5 elektrot icin kaydedilen G oksidasyon
sinyallerinin bagil standart sapma (RSD, %) degeri %
2,1 olarak hesaplandi. Bu deger, sunulan sensor
sisteminin yiiksek oranda tekrarlanabilir sonuclara
sahip oldugunu goésterdi.

4. Tartisma ve Sonug¢

Bu calismada, grafit yiizeyinin artan ytizey alani ve
DNA ile iyi etkilesmesi nedeniyle poli(sab)-knt
iiretiminde elektrodepozisyon modifikasyon stratejisi
yuritildi. Bu amacgla sab-knt ¢ozeltisinden in situ
elektrodepozisyon yontemiyle nanokompozit yapisi
basariyla sentezlendi. Grafit yiizeyde sentezlenenen

nanoyapinin  elektrokimyasal, mikroskobik ve
kimyasal karakterizasyonlari gerceklestirildi.
Karakterizasyon calismalarinin sonucunda

nanokompozit yapinin elektrot ylizeyinde basarili bir
sekilde olusturuldugu belirlendi. Daha sonra ise,
poli(sab)-knt modifiye grafit elektrotlar, antrasiklinler
grubundan olan DOX'un dsDNA ile etkilesiminin
arastirllmas1  i¢in  tasarlandi.  Grafit ylizeyler
hazirlanan dsDNA ¢ozeltileriyle fiziksel adsorpsiyon
yontemi esasina dayanilarak etkilestirildi ve DNA'nin
sahip oldugu bazlardan olan Adenin (A) ve Guanin (G)
bazlarina ait voltametrik pikler basariyla kaydedildi.
dsDNA bazlarinin pik akim sinyallerindeki degisim
temel alinarak dsDNA-DOX etkilesimi nitel ve nicel
olarak DPV ile arastirildi. DOX i¢in dogrusal ¢alisma
aralig1 0,39-25,0 pg mL-! derisim aralifinda ve LOD
degeri ise 0,26 pg mL?! olarak bulundu. Onerilen
nanobiyosensoériin tek kullanimlik olmasi, daha az
dsDNA tiiketimi saglamasi, kolay hazirlanmasi ve iyi
hassasiyet gdstermesi agisindan one ¢ikan o6zelliklere
sahiptir.
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Keywords Abstract: In this study, two varieties of faba beans were grown in two different
Correlation analysis, locations at three different plant densities and their grain quality criteria were
P““CIPal component examined. As a result, the ash, oil, moisture, protein, starch and hundred grain
;rrlggisrlls' weight (HGW) values of the faba beans varied between 3.44-3.76%, 1.16-1.70%,
Quality‘criteria, 10.63-11.58%, 25.71-31.15%, 37.86-44.75% and 97.53-157.50 g respectively. In
Starch correlation analysis, the highest interaction between moisture and oil; between

protein and ash, oil and moisture; and between HGW and oil, moisture. In addition,
it was determined that the significance level of the interaction among properties
varies in terms of factors. PCA results, it was noted that each location formed
separate groups. In general, all the features in Sanli-Urfa location were high and
positive. In terms of varieties, the data of all properties except HGW were
statistically the same, while the HGW value was high in Salkim variety. The distance
row spacings significantly affected the starch and HGW properties, the highest
values in terms of starch and HGW were obtained between the 60 cm and 50 cm row
spacings respectively. According to these results, it was understood that the
varieties and plant densities used significantly affected the quality criteria according
to the locations.

Baklada Cesit, Bolge ve Bitki Yogunlugu gibi Farkliliklarin Tane Kalite Kriterleri
Arasindaki iliskiye Etkileri

Anahtar Kelimeler 0z: Bu calismada, iki ¢esit bakla iki farkli lokasyonda ii¢ farkl bitki yogunlugunda
Korelasyon analizi, yetistirilmis ve tane kalite kriterleri incelenmistir. Sonug olarak baklagillerin kiil,
Temel bilegenler analizi, yag, nem, protein, nisasta ve yiiz tane agirhg (HGW) degerleri sirasiyla %3.44-3.76,
Protein, %1.16-1.70, %10.63-11.58, %25.71-31.15, %37.86-44.75 ve 97.53-157.50 g

Kalite kriterleri,

Nisasta arasinda degismistir. Korelasyon analizinde, nem ile yag; protein ile kiil, yag ve nem;

ylz tane agirhig ile yag ve nem arasinda onemli etkilesim gozlenmistir. Ayrica,
ozellikler arasi etkilesimin anlamlilik diizeyinin faktérlere gore farklilik gosterdigi
belirlenmistir. PCA sonuclarinda, her lokasyonun ayri gruplar olusturdugu
kaydedilmistir. Genel olarak Sanli-Urfa lokasyonunda tiim o&zellikler yiiksek ve
olumlu bulunmustur. Cesitler agisindan yiiz tane agirligi disindaki tiim 6zelliklerin
verileri istatistiksel olarak aymi iken, yiiz tane agirligi degeri Salkim cesidinde
ylksektir. Sira aras1 mesafeler nisasta ve HGW 6zelliklerini 6nemli dl¢iide etkilemis,
nisasta ve HGW ag¢isindan en yliksek degerler sirasiyla 60 cm ve 50 cm sira araliklari
arasinda elde edilmistir. Bu sonuglara gore, kullanilan c¢esitlerin ve bitki
yogunluklarinin lokasyonlara goére kalite kriterlerini onemli ol¢iide etkiledigi
anlasilmistir.

1. Introduction [t plays an important role in the renewal of soil fertility

as a suitable rotation product by fixing the free
Faba bean is used as a source of protein in human nitrogen in the atmosphere; thus, it saves money by
nutrition, as a forage and fodder crop for animals [1]. causing less fertilizer use for small scale farmers [2].
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Therefore, it is a very valuable legume crop due to its
benefits such as improving soil health, reducing
diseases, reducing insect pests and weed formation,
contributing to the sustainability and diversification of
crop systems [3]. Itis also included in crop rotation for
green manure production or with cereal crops [4].

It is generally accepted that faba bean seed has a long
history of use in human food or animal feed due to its
high quality nutritional value [3]. Faba beans have
been confirmed to be rich in protein and other
nutrient contents [5]. However, the starch, protein and
fiber contents of faba bean seeds have been exhibited
alarge genetic variability depending on genotypes. [6].
Plant based proteins have created an alternative to
animal derived proteins as a sustainable protein
source [7]. In recent years, the trend of consumer has
turned to increasing consumption of plant based
proteins [8]. Faba beans contain many nutritional
compounds such as carbohydrates (starch, sugars,
dietary fibers), proteins and amino acids, polyphenols
(flavonoids, tannins), alkaloids, terpenoids,
jasmonates, organic acids, nucleosides / nucleotides
[9]. On the other hand, faba beans are low in terms of
sodium and fat, free of cholesterol [10].

Differences in protein concentration may be a result of
variety, climate, and cultural processes [7]. Increasing
global temperatures and more irregular climate
conditions seriously affect legumes [11]. Vicia faba is
resistant to lower temperatures than other grain
legumes [12]. Therefore, grain legumes are grown
especially in conditions of seasonal weather
fluctuations such as rainfall and temperature [13]. Itis
also a source of cash to farmers and foreign currency
to the country and serves as a "break” to pests and
restores soil fertility when grown in rotation with
cereals and other crops [14]. As a long day plant, faba
bean grows better in cool climates [3], flowering and
seed filling periods, in watery conditions [15].
However, when the faba bean is exposed to biotic and
abiotic stresses (soil acidity and others), the average
yield decreases [16]. For this reason, in faba bean
cultivation, the area grown, the variety used, the
climatic conditions, the plant density and cultural
processes are very important to obtain high quality
and high yield.

In this study, faba bean, which is an important plant in
many aspects, was investigated in terms of varieties,
locations and plant densities. Thus, the effects of these
factors on grain quality were tried to be determined.

Table 1. Properties of soil in the study area

2. Material and Method

The study was conducted both Kahramanmaras (K)
and Sanliurfa (U) locations in 2017. In the study, 2
cultivars [Salkim (S) and Fontes (F)] supplied from a
commercial company. The experiment was analyzed
according to the divided plots pattern in random
blocks repeated in different places and in factorial
order with 4 replications. Sowing in Kahramanmaras
conditions on January 24, 2017, harvest on June 6,
2017; In Sanliurfa, the sowing was done on 25 January
2017 and the harvest was on 26 May 2017. Row
spacing were determined as 40 cm (1), 50 cm (2) and
60 cm (3) and also intra-row distance was determined
10 cm. And the plots were constituted as 4 rows.

Soil samples belonging to the trial sites were taken
from 0-30 cm depth to represent the whole area and
analyzed according to Kara et al. [17] (Table 1).
According to Table 1, the soil of the trial area in
Kahramanmaras was composed that it is very low in
organic matter, high in potassium and phosphorus
content. The texture of soil was sandy-clay loam, pH
was light alkaline near neutral. Other hands, the soil of
the trial area in Sanliurfa was composed with medium
in organic matter, very high in potassium and low in
phosphorus content. The texture of soil was Clayey-
loam, pH was light alkaline near neutral.

Some climate data in experiment areas were given in
Table 2. The Kahramanmaras region has characteristic
temperature and humidity of the mediterrenean
climate. But the Sanliurfa region has characteristic of
the terrestrial climate. Temperature and humidity
values of vegetation period were lower to the Sanliurfa
region, and temperature values were higher to
Kahramanmaras. However, the rainfall was erratic
and inadequate compared with the long years average.

All traits investigated on grains collected from per
plot. Ash, oil, moisture protein and starch in grain and
hundred grain weight were measured, means and
standard deviations values were calculated. The
values obtained were subjected to variance analysis
according to the randomized complete block design
using the SAS package program, and differences
between means were tested at 1% significance level
according to Duncan multiple comparison method.
Also, these values were first subjected to correlation
analysis Using a Pearson correlation model
imlemented in the SPSS package program. A Principal

Phosphorus (P20s)  Potassium (K20)

. 1 0,
Location Structure pH Organic matter % ke/da keg/da
Values Comment Values Comment Values Comment Values Comment Values Comment
Sandy- Light . )
Kahramanmaras 32.1 clay loam 7.60 Alkali 0.73  Very low 11.4 High 50.40 High
Sanhurfa 561 Cveys  5og Light = 550 Medium — 3.73 Low  119.72 Very high
loam Alkali
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Table 2. Some climate values of belonging to the Kahramanmaras and Sanhurfa provinces covering the research season

Rainfall (mm) Average Temperature (°C) Relative Humidity (%)

Kahramanmaras Sanliurfa Kahramanmaras Sanlurfa Kahramanmaras Sanlurfa
Long years Long Long Long Long Long
2017 average 2017 years 2017 years 2017 years 2017 years 2017 years

average average average average average

January 126.7 129.3 9.0 85.7 3.8 49 5.4 5.7 65.9 70.2 61.9 70.3
February 3.7 112.8 1.8 71.4 7.4 6.6 7.7 7.0 440 66.4 60.1 66.9
March  74.5 97.5 55.2 64.1 12.2 10.8 12.7 11.0 55.4 60.4 57.1 60.4
April 67.8 73.4 79.2 46.8 15.8 15.5 16.6  16.2 49.0 58.0 50.2 56.2
May 105 40.6 7.2 28.1 19.6 20.3 229 223 55.0 54.5 39.0 449
June 3.1 6.8 0.0 3.6 26.4 25.2 29.7 282 429 49.1 27.0 32.8
Total 380.8 460.4 1524  299.7 85.2 83.3 95.0 904 3122 3586 2953 3315
Mean 55.2 76.7 254 49.95 14.2 13.9 15.8 15.1 52.0 59.8 49.2  55.25

Referances: [18; 19]

Component Analysis (PCA) on the investigated traits
was carried out conssidering the overall mean values
of both region using the PCORD 6 program.

3. Results

The two faba bean varieties were grown as three
different row spacing in two different locations. As a
results of the study, the grain quality characteristics of
beans were measured. According to this, the means
and standard deviation values of examined features
were shown Table 3, and differences between means
of examined features according to Duncan test and
distribution to groups were shown Table 4.

The ash values were changes between 3.44 to 3.76%.
The highest ash was determined in UF1 and the lowest
one was observed KF3. However, the difference
between locations was statically significant, other

hand, difference between varieties and row spaces
were not significant (p>0.05). The oil values were
change between 1.16 (KF3) to 1.70 % (UF3). Oil had a
significant variation among locations. But, differences
the terms of varieties and row space were not
significant.

The values obtained in terms of moisture content
varied between 10.63 to 11.58%. The lowest of these
values was obtained from KF2 with 10.63, while the
highest value was obtained from UF2 with 11.58. The
moisture contents were found to significantly differ
between locations (p<0.01). On the other hand, the
values obtained in terms of protein content varied
between 25.71 to 31.15% and were found to
significantly differ between locations (p<0.01). The
lowest of these values was obtained from KS2 with
25.71, while the highest value was obtained from UF1
with 31.15.

Table 3. The means and standard deviation values of examined features

Location Variety RS Ash 0il Moisture Protein Starch HGW
K S 1 3.67 0.20 1.18 +0.09 10.94 =+0.39 28.15 #2.61 37.86 *3.62 11827 +12.34
K S 2 357 +0.23 1.22 #0.08 10.86 +0.18 25.71 =+1.78 40.31 #4.56 13442 +15.41
K S 3 352 +0.04 1.29 #0.05 10.81 =0.21 26.52 *0.47 4337 +0.47 12252 +18.14
K F 1 348 =0.09 1.18 #0.08 10.78 #0.20 28.18 #0.86 42.08 +1.01 10296 +4.74
K F 2 355 #0.11 1.23 #0.13 10.63 0.33 27.99 #1.09 4236 +£0.73 109.78 +4.06
K F 3 344 #0.03 1.16 =0.03 1096 =0.09 27.81 +0.62 4390 =0.60 97.53 +13.46
U S 1 368 +0.09 1.63 %0.07 1140 =+0.18 30.12 *1.40 43.74 =*1.57 14250 +11.90
U S 2 373 £0.12 1.62 021 1147 +£0.18 2994 =+0.73 44.22 *1.61 157.50 +18.20
U S 3 370 #0.12 1.59 =0.16 1149 =+0.10 30.53 +0.81 4445 =+1.39 14250 +15.00
U F 1 3.76 +0.22 159 #0.12 11.56 +0.29 31.15 *0.37 43.08 285 12125 +1493
U F 2 374 %013 159 0.25 11.58 £0.23 30.52 136 43.51 222 12875 854
U F 3 369 #0.08 1.70 +0.11 11.50 #*0.24 2998 +0.97 44.75 =+1.37 126.25 +11.09

K: Kahramanmaras; U: Sanliurfa; S: Salkim; F: Fontes; RS: Row space; HGW: Hundred grain weight

Table 4. Differences between means of examined features according to Duncan test and distribution to groups

Ash 0il Moisture Protein Starch HGW
Location 14.67** 248.88** 99.23** 87.41** 7.81* 66.17**
Kahramanmaras 3.54b 1.21b 10.83 b 27.39b 41.65b 114.25b
Sanhurfa 3.72a 1.62 a 11.50 a 30.37 a 43.96 a 136.46 a
Variety 0.55 0.34 0.02 5.91 1.35 64.13**
Salkim 3.65 1.42 11.16 28.49 42.32 136.29 a
Fontes 3.61 1.41 11.17 29.27 43.28 114.42b
Row Spacing 1.24 0.31 0.24 2.98 8.41** 3.86*
40 cm 3.65 1.39 11.17 29.40 41.69b 121.25b
50 cm 3.65 1.41 11.13 28.54 42.60b 132.61a
60 cm 3.59 1.43 11.19 28.71 4412 a 122.20b
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The starch values of grain were changes between
37.86-44.75 %. The highest starch was determined in
UF3 and the lowest one was observed KS1. However,
the difference between locations were statically
significant (p<0.05) and the difference between row
spaces were statically significant (p<0.01). The other
hand, difference between varieties were not
significant (p>0.05). The HGW values were change
between 97.53 (KF3) to 157.50 g (US2). HGW had a
significant variation among locations and varieties
(p<0.01). But, differences the terms of row space were
significant (p<0.05).

3.1. Correlation analysis
The correlation coefficients between the quality traits

for all factors and general means are reported in Table
5. Protein values showed a high correlation (r=0.79**)

with moisture values in terms of 60 cm row spacing.
Also, oil values had a positive significant correlation
with ash values of Fontes variety (r=0.55**), 60 cm
row space (r= 0.61*) and means of all factors (r=
0.35*) but oil values had negative significant
correlation with ash values of Sanliurfa lacation (r= -
0.62**). Moisture values had a positive significant
correlation with ash values of Fontes variety
(r=0.53**), 60 cm row space (r= 0.78**) and means of
all factors (r= 0.37**) but oil values had negative
significant  correlation with ash values in
Kahramanmaras location (r=-0.57**). Moisture value
had a positive significant correlation with oil values in
terms of Salkim variety (r=0.58**), Fontes (r= 0.55*%),
20 cm row space (r= 0.59*), 60 cm row space (r=
0.67**) and means of all factors (r= 0.56**) but
moisture values had negative significant correlation
with oil values in terms of Kahramanmaras (r= -
0.59**) and Sanliurfa location (r=-0.60**).

Table 5. Correlation coefficients among the quality traits of faba bean on mean data each factor and means of all factors.

Characters  Factors Ash 0il Moisture Protein Starch
Kahramanmaras 0.14
Sanliurfa -0.62**
Salkim 0.10
= Fontes 0.55**
© 20 cm 0.37
40 cm 0.20
60 cm 0.61*
Means of all factors 0.35*
Kahramanmaras -0.57** -0.59**
Sanliurfa 0.34 -0.60**
o Salkim 0.17 0.58**
2 Fontes 0.53** 0.55%*
2z 20 cm 0.13 0.59*
= 40 cm 0.40 0.47
60 cm 0.78%* 0.67**
Means of all factors 0.37** 0.56**
Kahramanmaras 0.45* -0.16 -0.38
Sanliurfa 0.14 0.15 0.08
- Salkim 0.68** 0.64** 0.49*
T Fontes 0.63** 0.76** 0.69**
E 20 cm 0.51* 0.69** 0.39
40 cm 0.68** 0.62* 0.54*
60 cm 0.69** 0.73** 0.79**
Means of all factors 0.61** 0.65** 0.55%*
Kahramanmaras -0.85** 0.08 0.03 -0.46*
Sanliurfa -0.85** 0.38 -0.19 -0.23
Salkim -0.44* 0.62** 0.62** 0.05
f) Fontes -0.32 0.34 0.28 0.07
g 20 cm -0.43 0.49 0.59* 0.13
40 cm -0.40 0.49 0.43 0.09
60 cm -0.02 0.61* 0.30 0.44
Means of all factors -0.38** 0.46** 0.44** 0.09
Kahramanmaras 0.22 0.06 0.17 -0.43* -0.28
Sanliurfa -0.07 0.19 -0.23 -0.15 0.03
Salkim 0.18 0.51* 0.51* 0.32 0.32
= Fontes 0.60** 0.74** 0.61** 0.61** 0.12
g 20 cm 0.18 0.63** 0.55%* 0.08 0.30
40 cm 0.38 0.45 0.38 0.37 -0.01
60 cm 0.56%* 0.59* 0.58* 0.38 0.21
Means of all factors 0.36* 0.53** 0.45** 0.24 0.12

* Significant at p<0.05; ** Significant at p<0.01.
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The grain protein values had a positive significant
correlation with ash values in terms of
Kahramanmaras location (r= 0.45%), Salkim (r=
0.68**), Fontes verieties (r= 0.63**), 20 cm row space
(r= 0.51*) 40 cm row space (r= 0.68**), 60 cm row
space (r= 0.69**) and means of all factors (r= 0.61**).
Protein values had a positive significant correlation
with oil values in terms of Salkim (r= 0.64**), Fontes
varieties (r= 0.76**), 20 cm row space (r= 0.69**), 40
cm row space (r= 0.62%), 60 cm row space (r= 0.73**)
and means of all factors (r= 0.65**). Protein values had
a positive significant correlation with moisture values
in terms of Salkim (r= 0.49*), Fontes varieties (r=
0.69**), 40 cm row space (r= 0.54*), 60 cm row space
(r= 0.79**) and means of all factors (r= 0.55**).

The grain starch values showed a lowest correlation
(r= -0.85*f) with ash values in terms of
Kahramanmaras and Sanliurfa locations. Also, starch
values had a positive significant correlation with oil
values in terms of Salkim (r=0.62**) and means of all
factors (r= 0.46**); with moisture values in terms of
Salkim variety (r= 0.62**) and means of all factors (r=
0.44**). But starch values had negative significant
correlation with ash values in terms of Salkim variety
(r=-0.44*) and means of all factors (r= -0.38**); with
protein values in terms of Kahramanmaras location
(r=-0.46%).

The HGW had a positive significant correlation with
ash values in terms of Fontes (r= 0.45*), Salkim
varieties (r= 0.68**), Fontes variety (r= 0.63**), 20 cm
row space (r= 0.51*) 40 cm row space (r= 0.60**), 60
cm row space (r= 0.56*) and means of all factors (r=
0.36*); with oil values of Salkim (r= 0.51%*), Fontes

varieties (r= 0.74**), 20 cm row space (r= 0.63**), 60
cm row space (r= 0.59%) and means of all factors (r=
0.53**). HGW had a positive significant correlation
with moisture values of Salkim (r= 0.51%*), Fontes
varieties (r= 0.61**), 20 cm row space (r= 0.55%), 60
cm row space (r= 0.58%) and means of all factors (r=
0.45**); with protein values of Fontes variety (r=
0.61**). But HGW had negative significant correlation
with protein values in terms of Kahramanmaras
location (r=-0.43*).

3.2. Principal component analysis

The first three principal components (PCs) computed
for the quality traits explained about 97% of the total
variation among the traits evaluated (Figure 1 and
Table 6). Oil and moisture were the important
variables, and contributed largely to the first principal
component (PC1; -0.979 and -0.963, respectively),
explaining 71 % of the total variation.

The values of the investigated characteristics showed
significant differences in both Sanliurfa and
Kahramanmaras locations. However, it has been
determined that the values of Sanliurfa location are
higher than those of Kahramanmaras location. When
the applications of the study were evaluated in terms
of quality characteristics, moisture, oil and protein
properties came to the fore in UF1, UF2 and US1
applications in order of importance. The application is
protein, oil and moisture, whose importance is US3;
Among other applications, it has been noted that
starch and protein, respectively, of UF3, and ash,
moisture and HGW properties of US2 are dominant.
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Figure 1. Principal component graph of quality traits based on the all of the factors.
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Table 6. Principal component analysis factor loadings (PC1, PC2, and PC3) among the quality traits of faba bean
based on the mean data of the each factor and means of all factors.

Traits PC1 PC2 PC3

Ash -0.875 -0.429 -0.173
0il -0.979 0.079 0.075

Moisture -0.963 0.023 -0.125
Protein -0.884 0.133 -0.402
Starch -0.580 0.768 0.262
HGW -0.715 -0.401 0.562
Standard deviation 4.281 0.959 0.597
Propotion of variance 71.347 15.982 9.955
Cumulative proportion 71.347 87.329 97.284

On the other hand, KF3 application attracted attention
in terms of starch, KF1, KF2 and KS3 applications in
order of importance in terms of protein, starch and oil
properties. Among the remaining applications, KS2
was found to be higher in terms of HGW and ash
properties, respectively, while KS1 application had
higher ash and HGW properties.

The second component (PC2) accounted for 16% of
the total variation and differentiated the accessions by
starch and protein (0.768 and 0.133, respectively).
The third component (PC3) explained an additional
10% of the total variation and was attributed HGW for
positive loadings (0.562) and protein for negative
loadings (-0.402).

4, Discussion and Conclusion

In this study, the quality performance of two faba bean
varieties were investegated to grown three different
row spacing in two different locations. When the
results obtained were evaluated, it was seen that
different locations caused significant differences in
terms of all traits even for the same cultivars. It has
been understood that these differences are mainly due
to the differences in the soil structure as well as the
climate. On the other hand, the reaction of varieties to
environmental factors also causes differences.

Regarding the ash and moisture contents of the faba
bean grain, Yildiz [20] determined 4.0-6.7% and 12.1-
12.6% respectively, while Baloch et al. [21] reported
that it varied between 3.7-3.8% and 7.5-9.5%. The fat
content has been measured by Baloch et al. [21] 1.7-
2.1% and Ksiezak et al. [22] determined it as 1.3-1.8%
in faba bean. In this study, in which the differences
between variety, location and row were examined, it
was observed that the ash, oil and moisture contents
obtained were compatible with previous studies.
Sarah et al. [23] reported that the content of proteins,
carbohydrates, ash, fat, and fibre depends on a
cultivar.

Starch concentrations are the dominant and
significant component of faba bean and it was
determined in the previous studies that the starch
concentration varied between 39-42% [24; 25]. Our
findings were equal to or even slightly higher than
these values. However, some researchers also

obtained values such as 12.6-34.9% [20] and 12.4-
40.5% [26] in their studies. These results were found
to differ according to the varieties used, the regions
where they were grown and different cultural
practices. Furthermore, Mekkei [27] stated that
regardless of a variety, large faba bean seeds contain
more protein and carbohydrates.

Another important component after starch is protein.
In previous studies, it was reported that during seed
development, faba beans can accumulate up to 25-
35% of protein in dry seeds [28; 15]. In some other
studies, protein contents 19.9-26.8% [20], 27.5-33.4%
[26], 21.6-22.4% [21] and 26.4-29.2% [22] was
determined. It has been determined that the protein
values of this study were showed different according
to cultivar and enviromental.

In this study, it was seen that the HGW value, which is
an important reference in determining yield and
quality, ranged between 114.3-136.5 g. Other
researchers reported the HGW values as 25.3-64.8 g
[20], 62.3-97.0 g [29] and 59.9-187.9 g [30]. It has
been observed that the values obtained from other
studies except Turkeri [30] study are quite low
compared to this study. It was recognized that HGW
were affected by the variety characters as well as
environmental.

According to Hendawey and Younes [31], the
differences between faba bean cultivars resulted from
both genetic and environmental factors. Musalam et al.
[32] studied the chemical composition of pod seeds
under soil irrigation conditions. They found that such
seeds had higher protein, ash and fiber content but
significantly lower fat and carbohydrate content.
Pisulewska et al. [33] found a strong correlation
between oil content in seeds and weather conditions
during the growing season.

It has been determined that the correlation values of
the examined quality characteristics of faba bean
beans vary depending on the factors. It has been
observed that the most and important differences are
between moisture and oil, protein and ash, oil and
moisture, HGW and oil and moisture. In some studies,
they stated that the nutritional value of legume seeds
is variable and depends on a number of factors such as
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variety, environmental and agrotechnical factors
(growing conditions, fertilization) [34-36].

As a result of research, it has been observed that the
values of all properties are high in Sanli-Urfa location.
The difference of the varieties used only caused a
significant difference in the HGW feature and it was
determined that the Salkim variety got a higher HGW
value than the Fontes. It was noted that row spacing
significantly affected starch and HGW properties, the
highest starch value was obtained from 60 cm row
spacing and the highest HGW value was obtained from
50 cm row spacing.

When the correlation values between features are
examined, it was also determined that it varies
depending on the factors. The PCA results revealed the
importance of location difference by separating the
samples into two different groups. The samples within
the groups are positioned according to their
dominance in terms of quality criteria. It has been
observed that all these differences and distributions
vary between locations depending on the climate and
soil structure, and the effect of higher temperatures in
Sanli-Urfa location has positive results in quality
parameters. Differences in varieties and plant
densities have caused changes in the proportions of
quality components in the grain.

The study also revealed that the obtained data can be
analyzed with different statistical programs and
methods, correlation analysis can not only be done on
different genotypes, but also the effects of
environmental and cultural processes can be
investigated. It was determined that PCA application
can not only be performed in genotype x environment
interaction, but also can be analyzed by adding factors
such as plant density. In fact, it has been clearly
observed that making these analyzes as used in our
study can evaluate multiple factors on a single
platform, and it is concluded that a better evaluation
will be made.
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0z: Bu calisma 2019-2021 yillar1 arasinda Antalya ili marul iiretim alanlarinda
marul iri damar viriisii (Mirafiori lettuce big vein virus: MiLBVV)'niin belirlenmesi
amaci ile yiiriitilmistiir. Arazi ¢calismalarinda 240 marul 6rnegi toplanmis ve biitiin
ornekler MiLBVV’ye spesifik antiserumlar kullanilarak DAS-ELISA (Double
Antibody Sandwich Enzyme Linked Immunosorbent Assay) yontemi ile
testlenmistir. Testlenen bitki 6rneklerinin 44 adedinin MiLBVV ile enfekteli oldugu
tespit edilmistir. Testlenen oOrneklerdeki hastalik orani ise %18.33 olarak
belirlenmistir. DAS-ELISA testinde pozitif ¢ikan 44 6rnekten, absorbans degeri
yliksek olan 29 adet bitki ornegi total RNA izolasyonu ve RT-PCR (Reverse
Transcription Polymerase Chain Reaction) g¢alismalarinda kullanmilmistir. RT-PCR
testlemelerinde, MiLBVV’ye spesifik primer ciftleri kullanilmis ve MiLBVV’nin 469
bp’lik kilif protein gen bdlgesi cogaltilarak agaroz jelde UV altinda goriintiillenmistir.
Agaroz jel elektroforezde MiLBVV’ye 6zgii beklenen seviyede bant gdzlemlenmistir.
Vektor fungus olan Olpidium spp.’nin olusturdugu spor yapilarinin belirlenmesi icin
de marul bitkilerinin enfekteli kokleri trypan blue soliisyon ¢ozeltisi ile boyanmis ve
vektor fungusun sporlari tespit edilmistir. Bu ¢calisma ile Antalya ili marul liretim
alanlarinda MiLBVV’nin varligi serolojik ve molekiiler olarak ilk defa ortaya
konulmustur.

Detection of Mirafiori Lettuce Big Vein Virus in Lettuce Growing Areas of Antalya

Province

Keywords
MiLBVV,
Lettuce,
DAS-ELISA,
RT-PCR

Abstract: This study was conducted for detection of Mirafiori lettuce big vein virus
(MiLBVV) in the fields where the lettuce production in Antalya province in 2019-
2021 years. A total 240 plant samples were collected from fields and all samples
were tested for MiLBVV using specific antiserum by double antibody sandwich
enzyme linked immunosorbent assay (DAS-ELISA). 44 samples were found to be
infected with MiLBVV. MiLBVV infection ratio was determined as %18.33 of field
samples. 29 samples with a high absorbance value out of 44 samples that tested
positive as a result of the DAS-ELISA test were used to studies of total RNA isolation
and Reverse Transcription Polymerase Chain Reaction (RT-PCR) studies. In RT-PCR
studies, specific primer pairs were used for MiLBVV and 469 bp fragments of
MiLBVV representing the coat protein region was amplified and observed under the
UV light. The size of expected band for MiLBVV was observed on agarose gel
electrophoresis. In order to determine the fungal structures of the vector fungus
Olpidium spp. for kettuce roots were stained with trypan blue solution and
examined on the fungal spore structures under a light microscope. In this study, as
serological and molecular the presence of MiLBVV was revealed for the first time in
lettuce production areas in Antalya province.

1. Giris

Islenerek ya da taze olarak tiiketilmekte olan sebze
tiirleri arasinda onemli bir cesitlilik

Sebzeler, kendilerine has aroma ve tatlarinin yani sira
icerdikleri vitamin ve mineraller bakimindan
beslenmemizde ¢ok dnemli bir yer tutmaktadir [1].

*ilgili yazar: handankilic@isparta.edu.tr

gozlemlenmektedir [2]. Bu sebze cesitleri arasinda,
anavatani Anadolu, Kafkasya, iran ve Tiirkistan olarak
kabul edilmekte olan marul bitkisi Asteraceae
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familyasi icerisinde yer alan ve yapragi yenen bir bitki
grubunda bulunmaktadir [3].

Ulkemizde 2021 yili verilerine gére gobekli marul
tiretimi 212 091 ton, kivircik marul Uretimi 234 048
ton ve aysberg marul iiretimi 94 430 ton olmak tizere
toplam marul tretimi 540 569 ton olarak tespit
edilmistir [4].

TUIK verilerine gore; Antalya marul iiretiminde
Ankara, Adana ve Mersin illerinden sonra 4. sirada yer
almaktadir. Tiirkiye’de toplam marul iiretiminin %5’
Antalya’dan saglanmaktadir. Antalya ilinin sahip
oldugu toprak o6zellikleri ve iklim kosullar1 sayesinde
toplam 14 669 dekar alanda; 14 640 ton kivircik, 4 482
ton aysberg ve 16 934 ton gobekli marul tipi iiretimi
gerceklestirilmektedir [4]. Ulkemizde gobekli marul
tipinin yariya yakini Akdeniz Boélgesi tarafindan
karsilanmaktadir [3].

Diinyada marul iiretim alanlarinda, tiretimi sinirlayan
¢ok sayida fungal, bakteriyel ve viral hastalik etmeni
bulunmaktadir. Bunlarin igerisinde viriislerin neden
oldugu hastaliklar aktif bir miicadele yonteminin
olmamasi nedeni ile 6nemli bir yer tutmaktadir [5].

Marul iri damar hastaligl ilk olarak 1934 yilinda
California’da tespit edilmistir [6], daha sonra Kuwata
vd.’nin yaptiklar1 ¢alismada marulda olusturdugu
simptomdan dolay1 bu viriise marul iri damar viriisii
(lettuce big vein virus: LBVV) ismi verilmistir [7].
2000’li yillarda ise iri damar simptomuna neden olan
etmenlerin mirafiori marul iri damar viriisii (mirafiori
lettuce big vein virus: MiLBVV) ile lettuce big vein
virus oldugu ortaya konulmustur [8].

MiLBVYV, 3-10 nm ¢apinda ince ipliksi formdadir. Tek
iplikcikli RNA genomuna sahiptir. Viral genom negatif
duyarlilikta RNA 1, RNA 2, RNA 3 ve RNA 4 ile yedi agik
okuma ¢erceve bolgesine sahip molekiillerden
olusmaktadir [9].

MiLBVV, Olpidium spp. toprak funguslarinin
zoosporlari ile taginmaktadir [8]. Bu viriisiin bitkideki
en tipik belirtisi; yapraklarda ag gorintiisiiniin
olusmasidir. Viriis, hasta bitkinin yapraklarinda
anormal damar biiylimesi, Kkloroz, mozayik,
deformasyon, bitki boyunda kisalma, bas
biiytikliglinde azalma ve bas olusumunda gecikme
gibi simptomlara neden olmaktadir. Viriisiin iriin
kalitesinde ve veriminde 6nemli azalmalara sebep
oldugu bildirilmektedir [10].

Bu c¢alisma, on surveyler sirasinda iri damar
simptomlarinin goézlenmesi ve {reticilerden gelen
sikayetler dogrultusunda gerceklestirilmistir.
Glintimiize kadar Antalya ilinde bulunan marul tiretim
alanlarinda MiLBVV’nin varligina yonelik c¢alisma
yapilmamistir. Bu ¢alismada marul iiretim alanlarinda
MiLBVV'nin varligt arastirilmistir. Ayrica viriise
vektorliik yapan Olpidium spp’nin marul koéklerinde

olusturdugu spor yapilarmin varligi ortaya
konulmustur. Bu calisma; bodlgede marul iretim
alanlarinda MiLBVV'nin serolojik ve molekiiler
yontemler kullanilarak tanilanmasi bakimindan ilk
calisma niteligindedir.

2. Materyal ve Metot

2.1. Arazi calismasi ve hastalikli bitki 6rneklerinin
toplanmasi

Calisma, 2019-2021 yillar1 arasinda, Antalya ili Serik,
Finike, Muratpasa, Aksu ve Kas ilgelerinde ortii alt1
marul iiretim alanlarinda sonbahar ve kis yetistirme
déneminde yiiriitiilmistiir. Ornek alma islemi arazide
W seklinde gezilerek gerceklestirilmistir [11]. Ornek
alma islemi sirasinda; yapraklarda iri damar olusumu,
yapraklarda ag gorintiisii, kloroz, mozayik,
deformasyon, bodurluk ve bas olusumunda gecikme
gibi belirti gdsteren bitkilerden érnekler alinmistir.
Yaprak oOrnekleri, Ureticinin ismi, bitkinin tird,
ornegin alindig1 yer ve tarihin yazildig1 etiket ile
polietilen torbalara konulmus ve buz kutusunda
laboratuvara getirilerek -20°C de muhafaza edilmistir.
Ornek alnan ilgeler ve érnek sayilari Tablo 1'de
gosterilmistir.

Ayni zamanda Orneklerin toplanmis oldugu iiretim
alanlarindan, kokte bulunan ve MiLBVV’nin
tasinmasinda gorev alan, Olpidium spp.’nin
incelenmesi amaci ile toprak 6rnekleri alinmistir.

Tablo 1. Ornek alinan Antalya’nin ilgeleri ve toplanan érnek
sayilari

ilgeler Alinan érnek sayisi
Serik 65
Finike 59
Muratpasa 40
Aksu 40
Kas 36
Toplam 240

2.2. DAS-ELISA testinin uygulanmasi

Araziden toplanan siipheli marul yaprak érneklerinin
MiLBVV ile enfekteli olup olmadiginin belirlenmesi
icin ilk olarak DAS-ELISA testi uygulanmistir. ELISA
calismalarinda Loewe (Biochemica GmbH, Almanya)
firmasindan temin edilen kitler kullanilmis ve
firmanin  o6nerileri  dogrultusunda  ¢alismalar
yuritilmiistiir. Referans olarak kitin icerisinde
bulunan pozitif ve negatif kontroller kullanilmistir.

2.3. Total RNA izolasyonu ve RT-PCR c¢alismalari

Marul yaprak érnekleri icin kullanilan DAS-ELISA testi
sonucunda MiLBVV ile enfekteli oldugu belirlenen
orneklerden, RT-PCR c¢alismalarinda kullanilmak
iizere total RNA izolasyonu islemi gerceklestirilmistir.
Yaprak orneklerinden total RNA izolasyonunda
Ribospin TM Total RNA izolasyon kiti kullanilmis ve
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izolasyon dretici firmanin  belirttigi sekilde
yapimistir.
RT-PCR  c¢alismalarinda, = DAS-ELISA  testinde

absorbans degeri ytliksek, pozitif sonug¢ veren 29 marul
yaprak ornegi kullanilmistir. RT-PCR reaksiyonlari tek
asamali olarak gerceklestirilmistir.

MiLBVV i¢in, Navarro vd, tarafindan yapilan
calismalarda daha 6ncede kullanilan kilif protein gen
boélgesine spesifik 469 bp’lik bir kism1 amplifiye eden
spesifik primer cifti;

(F) 5'- TATCAGCTCACATACTCCCTATCG -3'; (R) 5'
CAACTAGCTCAGAATACATGCAG -3’ kullanilmistir
[12].

RT-PCR ¢alismalarinda tek bir reaksiyon karisimi; 1 pl
total RNA, 1 ul forward primer, 1.5 pl reverse primer,
10 pl master mix karisimi ve 6.5 pl ultra saf su ile 20 pl
hazirlanmistir.

RT-PCR ¢alismas1 icin belirlenmis olan en uygun
sicaklik, zaman ve dongii sayis1 asagida verilmistir.

* 55°C 40dk
* 94°C 2dk

e 94°C 30sn
e 52°C 30sn
e 72°C 1dk

35 dongii

« 72°C 5dk

e +4°C oo

RT-PCR sonuglari, biiyiikliikleri bilinen DNA marker
ile (100 bp DNA Ladder) birlikte %1’lik agaroz jel ve
TBE tampon soliisyonu kullanilarak 100 V’de 1 saat
siire ile elektroforetik ayrima tabi tutulmus olup
viriise 0zgl spesifik bantlarin varligl arastirilmistir.
UV 15181 altinda jelin fotograflari ¢ekilmistir.

2.4. MiLBVV’ye vektorliik yapan Olpidium spp.’nin
bitki kéklerinde belirlenmesi

MiLBVV’ye vektorliik yapan Olpidium spp.’nin tespiti
icin, MiLBVV simptomu go6steren bitkilerin kdkiinden
yaklasik 15-30 cm derinlikten toprak 6rnegi alinmistir
(11). Alman toprak orneklerine saglikli marul
tohumlar1 ekilerek Isparta Uygulamali Bilimler
Universitesi, Ziraat Fakiiltesi, Bitki Koruma Bolimii,
iklim odalarinda marul bitkisi yetistirilmistir. Kontrol
bitkisi olarak steril toprak ve kum karisiminda
yetistirilmis olan marul bitkileri kullanilmistir.

MiLBVV ile bulasik oldugu distniilen bitki
orneklerinin kokleri, bol su ile yikanarak topraktan
arindirilmis ve saf sudan gecirilmistir. Temizlenmis
olan marul koékleri, trypan blue boya soliisyonu ile
boyanmis ve 151k mikroskobunda incelenmistir [13].

3. Bulgular

3.1. Marul iiretim alanlarinda yapilan survey
calismalar1

Survey c¢alismalari, Antalya iline bagh ilgelerde 2019-
2021 yillann arasinda sonbahar ve kis {lretim
sezonunda gergeklestirilmistir. MiLBVV’'nin en tipik
simptomu olan agst damarlanma simptomu dikkat
cekmistir (Sekil 1, Sekil 2).

s %

Sekil 2. Marul bitkisinde olusa iri damar olusuu
3.2. DAS-ELISA testi sonuglar:

Antalya ilgelerinden toplanan 240 marul yaprak
ornegine uygulanan DAS-ELISA testi sonucunda Kas
ilcesinden 6 ve Finike ilgesinden 38 olmak iizere
toplam 44 bitki drneginin MiLBVV ile enfekteli oldugu
tespit edilmistir. Serik, Muratpasa ve Aksu
ilcelerinden alinan 6rneklerde MiLBVV enfeksiyonuna
rastlanilmamistir (Tablo 2).

Tablo 2. Antalya ili marul iiretim alanlarindan toplanan ve
MiLBVV ile enfekteli bulunan 6rnek sayisi

Ornek alinan Toplanan MiLBVYV ile enfekteli
yerler drnek sayisi odrnek sayisi
Serik 65 0
Finike 59 38
Muratpasa 40 0
Aksu 40 0
Kas 36 6
Toplam 240 44

247



E. Erdas ve H. Gulal Kili¢ / Antalya ili Marul Uretim Alanlarinda Mirafiori Marul fri Damar Viriisii (MiLBVV)'niin Belirlenmesi

3.3. Total RNA izolasyonu ve RT-PCR c¢alisma
sonuglari

Total RNA izolasyonu ¢alismalarinda; DAS-ELISA testi
sonuclarinda pozitif ¢ikan 44 Ornekten absorbans
degeri yiiksek olan 29 marul yaprak érnegi ile kontrol
olarak  saglhkli marul bitkisinin  yapraklar
kullanilmistir. Elde edilen toplam RNA’lar %1’lik
agaroz jelde elektroforez yontemiyle ayristirilmistir.

RT-PCR c¢alismalari; total RNA izolasyonu sonucu elde
edilen RNA'lar ile tek asamali olarak yiirutilmistr.
RT-PCR ¢alismalarinda MiLBVV’nin kilif protein (coat
protein: CP) geninin 469 bp’lik bir kismin1 amplifiye
eden primer kullanilarak reaksiyon
gerceklestirilmistir. Optimizasyon denemelerinde
optimum  baglanma  sicakhigi = 52°C  olarak
belirlenmistir. RT-PCR sonucunda elde edilen PCR
Urtnleri 100 bp’lik DNA ladder ile birlikte %1’lik
agaroz jel elektroforezde ayristirilarak analiz
yapimistir (Sekil 3, Sekil 4, Sekil 5 ve Sekil 6).

Sekil 3. Antalya ili marul 6rneklerinden MiLBVV Finike
izolatlarinin RT-PCR sonuglari. M: 100 bp DNA ladder, N:
Negatif Kontrol, 1-Finike_10, 2-Finike_11, 3-Finike_12, 4-
Finike_13, 5- Finike_14, 6- Finike_15

Sekil 4. Antalya ili marul 6rneklerinden MiLBVV Finike
izolatlarinin RT-PCR sonuglari. M: 100 bp DNA ladder, N:
Negatif Kontrol, 1-Finike 16, 2- Finike 17, 3- Finike 18, 4-
Finike 19, 5-Finike 20, 6- Finike 21

!46999 s IS GED 00 eme G

Sekil 5. Antalya ili marul o6rneklerinden MiLBVV Kas
izolatlarinin RT-PCR sonuglari. M: 100 bp DNA ladder, N:
Negatif Kontrol, 1-Kas 1, 2-Kas 2, 3-Kas 3, 4-Kas 4, 5- Kas 5,
6-Kas 6

Sekil 6. Antalya ili marul 6rneklerinden MiLBVV Finike
izolatlarinin RT-PCR sonuglari. M: 100 bp DNA ladder, N:
Negatif Kontrol, 1-Finike 22, 2-Finike_23, 3-Finike_24, 4-
Finike-_25, 5-Finike_26, 6-Finike_27

RT-PCR c¢alismalart sonucunda; DAS-ELISA testi
sonucunda pozitif reaksiyon veren 29 izolatin, 24
adedinin beklenen seviyede bant verdigi ve MiLBVV
ile enfekteli oldugu tespit edilmistir. Negatif kontrolde
ise herhangi bir bant olusumu gézlenmemistir.

3.4. Olpidium
incelenmesi

spp-’nin  bitki kdéklerinde

MiLBVV’'nin vektorii olan Olpidium spp.’nin marul
kilcal koklerinde olusturdugu sporlar Sekil. 7’de
gosterilmistir.

Sekil 7. Enfekteli marul bitkisinin koklerinde bulunan
Olpidium spp.’nin sporlar1

4. Tartisma ve Sonug¢

Marul bitkisi icerdigi vitamin ve mineraller sayesinde
insanlarin hayatinda énemli bir yer tutmakta olup
liretimi her daim saglanmaktadir. insan sagligina
onemli faydalar1 olmakla beraber fireticilere ig
pazarda ekonomik katki saglamaktadir.

Antalya ilinde de var olan {liretim her gecen giin
artarak  devamlligim  korumaktadir.  Ozellikle
sonbahar ve kis déneminde iiretim yogun olarak
gerceklesmekte olup yaz doneminde ise rakimi yiiksek
olan yerlerde liretim siirdiirtilebilmektedir.

Viral hastalik etmenlerinin teshisinde, gozleme
dayanilarak yapilan simptomalojik c¢alismalarin,
yapilacak serolojik ve molekiiler testlerle de
desteklenmesi gerekmektedir. Ancak etmenin tanisi
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yapildiktan sonra bu viriis hastaliginin kontroliine
yonelik 6nlemler alinabilmektedir.

Arastirma kapsamina giren alanlarda surveyler
sirasinda marul yapraklarinda Kkloroz, nekroz,
mozayik, deformasyon, bitki boyunda kisalma, bas
olusumunda gecikme ve ag yaprak olusumu
gozlemlenmistir. Ozellikle ag yaprak olusumu bu
hastalik i¢in Kkarakteristik olup bir¢ok arastirici
tarafindan da bu hastalik belirtileri ifade edilmistir
[14-17].

Calismada, DAS-ELISA yontemi ile testlenen 240
marul yaprak orneginin 44 adedinin MiLBVV ile
enfekteli oldugu belirlenmistir. Testlenen drneklerde
% 18.33 oraninda MiLBVV enfeksiyonu saptanmistir.

DAS-ELISA y6nteminin giivenilir ve ¢ok sayida
ornegin test edilmesi gibi avantajlarindan dolayi rutin
testlerde kullanilabilirligi ifade edilmektedir [18].
Farkli arastiricilar da MiLBVV'nin tanilanmasi
¢alismalarinda DAS-ELISA yonteminden
yararlanmislardir [19-21].

Yapilan bu ¢alismada; DAS-ELISA testi sonugclarina
gore; Finike ilgesi tiretim alanlarindan toplanmis olan
59 marul yaprak 6rneginin 38’i (%64.40) ve Kas ilgesi
liretim alanlarindan toplanmis olan 36 6rnegin 6’s1
(%16.66) viriis ile enfekteli oldugu belirlenmistir.
Serik, Muratpasa ve Aksu ilcelerinden alinan marul
orneklerinde MiLBVV’ye rastlanilmamistir. A§ yaprak
olusumu simptomu sergileyen bazi yaprak
orneklerinin MiLBVV’ye 6zgii spesik kit ile yapilan
tanilama c¢alismalarinda negatif sonu¢ vermesi; bu
orneklerin LBVV  ile  bulasitk olabilecegini
diistindiirmektedir.

Roggero vd., Ertung ve Zelyiit ile Akbas vd. yaptiklari
calismalarda viriislerin tek basina ve karisik olarak
bulunduklarini ve arazide benzer simptomlara neden
olduklarini ortaya koymuslardir [15, 21, 22].

Buna karsin farkli ¢alismalarda MiLBVV’nin, LBVV
etmeninin varligina bagh olmaksizin tek basina veya
LBVV ile karisik enfeksiyonlarinin simptomlara sebep
oldugu ve marul iri damar hastalifina neden
oldugunu, LBVV’'nin ise tek basina marul bitkisinde
bulundugunda herhangi bir simptom meydana
getirmedigini vurgulamislardir [16, 23, 24].

Calismada; DAS-ELISA’da pozitif reaksiyon veren ve
absorbans degeri yiiksek olan 29 izolatin total RNA
izolasyonu yapilmistir. Buradan elde edilen niikleik
asitler, RT-PCR c¢alismalarina kaynak olusturmustur.

RT-PCR reaksiyonunda MiLBVV’nin kilif protein
geninin yaklasik 469 bp’lik bir kismini cogaltan
primerler  kullanilmigtir.  RT-PCR  ¢alismalar
sonucunda 29 izolattan 24 adetinin beklenen seviyede
bant verdigi ve MILBVV ile enfekteli oldugu ortaya
konulmustur. Serolojik calismalarda pozitif ¢ikan 5

ornekten molekiiler ¢calismalarda beklenen seviyede
bant elde edilememesi RNA izolasyonu veya viris
konsantrasyonunun diismesi ile ilgili olabilecegini
diistindiirmektedir.

Benzer sekilde cesitli arastiricilar tarafindan da
MiLBVV'nin kilif protein geninin yaklasik 469 bp’lik
bir kismi ¢ogaltilmis ve bu ¢alisma ile paralel sonuglar
elde edilmistir [25, 26].

Urdiin’”de 2020 yilinda yapilan bir calismada
marullarda iri damar simptomuna sebep olan
etmenlerin MiLBVV ve LBVV oldugu bildirilirken,
viriislerin teshisinde RT-PCR yontemini
kullanmiglardir.  Ayrica  calismada  virislerin
tasinmasina vektorlikk eden fungusun, O. virulentus
oldugunu belirtmislerdir [26].

Suudi Arabistan’da 2017 yilinda yapilan benzer bir
calismada da 97 marul ve 7 yabanci ot iizerinde
MiLBVV ve LBVV’'nin varligim1 belirlemek icin DAS-
ELISA ve RT-PCR yontemlerini kullanmislar ve DAS-
ELISA testi sonuclarina goére LBVV'nin enfeksiyon
oranini %25, MiLBVV’'nin enfeksiyon oranimi %09,
karisik enfeksiyon oraninin ise %63 oldugunu ifade
etmislerdir. Calismada ayrica Olpidium spp.’nin, her iki
viriisiin tasinmasinda etkili oldugunu
vurgulamislardir [27].

Ulkemizde marul iri damar viriisine neden olan
etmenlerin tanilanmasi ile ilgili sinirh sayida ¢alisma
bulunmaktadir.

Ertun¢ ve Zelyiit, Ankara marul lretim alanlarinda
viriis hastaliklarinin belirlenmesi ile ilgili yaptiklari
calismada da, MiLBVV ve LBVV’lerin teshisinde DAS-
ELISA ve RT-PCR ydntemini kullanmislar ve 544 marul
yaprak oOrneginin 39'unda MiLBVV'yi ve 6’sinda
LBVV’yi tespit etmisler, 5 ornekte ise Kkarisik
enfeksiyona rastlamiglardir [21].

Benzer sekilde Akbas vd. Ankara, Konya ve Eskisehir
illerinde  marul  {retim alanlarinda  virls
hastaliklarinin ~ belirlenmesi ile ilgili yaptiklar
calismada serolojik ve molekiiler ydntemleri
kullanarak en yaygin viriisin marul iri damar
hastaligina sebep olan MiLBVV ve LBVV oldugunu
vurgulamiglardir [22].

Marul bitkilerinin kilcal kokleri Phillips ve Hayman’in
belirttigi kok boyama yoéntemine gore boyanarak 1s1k
mikroskobunda incelenmis ve fungusun spor yapilari
gozlemlenmistir [13]. Benzer sekilde spor yapilarini
gorlntiilemek icin farkl arastiricilar tarafindan da bu
boyama yontemi kullanilmistir [28, 29].

Bu c¢alisma Antalya ilinde bulunan marul iretim
alanlarinda MiLBVV’nin varligini ortaya koymaktadir.
Ayrica ¢alismada MiLBVV’'nin vektorii olan Olpidium
spp-'nin marul kéklerinde olusturdugu spor yapilari
da gozlemlenmistir.
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Gergeklestirilen ¢alisma ile Antalya ilinde MiLBVV’nin
varlig1 serolojik ve molekiiler yontemler kullanilarak
ilk kez tespit edilmistir. Calismadan elde edilen
sonuclarin ileride yapilacak olan ¢alismalara katki
saglayacag disiiniilmektedir. Ayrica daha sonra
yapilacak calismalarda LBVV'nin de tanilanmasi,
MiLBVV ile iliskilerinin ortaya konulmasi ve
izolatlarin dizi analizlerinin belirlenmesi iizerine daha
detayli c¢alismalarin yapilmasinin gerekli oldugu
diistinilmektedir.
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Anahtar Kelimeler
Bugday,

Kok cliraklagd,
Hastalik kompleksi,
Nematod-fungus
interaksiyonu

0z: Calisma kontrollii kosullar altinda 2021 yilinin Mart-Temmuz aylar1 arasinda
Pratylenchus thornei ve Rhizoctonia solani'nin bugday lizerinde es zamanli ve ardisik
inokulasyonlariyla 6 farkli uygulama ile yiiritilmistir. Bugday tohumlarinin
ekiminden 10 giin sonra uygulama 6nceligine gére nematod ve fungus inokulasyonu
gerceklestirilmistir. Pratylenchus thornei i¢in inokulum yogunlugu 1000 larva+ergin
birey kullanilirken, R. solani i¢in hazirlanan kepek kiiltiiriinden steril saksi topragina
%5 oraninda Kkarnstirdmistir.  Bitkiler yaklasik 7 hafta sonra sokiilerek
degerlendirme islemi R. solani hastalik siddeti, R. solani 'nin topraktaki yogunlugu,
toprak ve kokteki toplam nematod yogunlugu (PF) ve P. thornei iireme orani (PF
(final)/Pi (ilk)) iizerinden gerceklestirilmistir. Es zamanli R. solani ve P. thornei
(N+F) uygulamasi (4840 birey /kok) ile P. thornei uygulamasindan 2 hafta sonra R.
solani (N+2F) uygulamasinda (4946 birey/kok) kokteki nematod yogunlugunun
yalniz nematod (N) uygulamasi (4166 birey/kok)'ndan yiiksek oldugu tespit
edilmistir. Pratylenchus thornei'nin en diisiik lireme orani R. solani uygulamasindan
2 hafta sonra P. thornei (F+2N) uygulamasinda (6.7) bulunurken, N (7.0), N+F (7.4)
ve N+2F (7.4) uygulamalarinin iireme oranlar1 birbirine yakin saptanmistir. Sadece
R. solani uygulamasinin (% 40.2) hastalik siddeti N+F (% 48.6) ve N+2F (% 50.4)
uygulamalarindan daha diisiik bulunmustur. Bu sonu¢ bugdayda P. thornei 'nin R.
solani'nin neden oldugu kok c¢iiriikliigli hastaligini arttirdigini géstermektedir.

Interaction of Pratylenchus thornei and Rhizoctonia solani on Wheat

Keywords

Wheat,

Root rot,

Disease complex,
Nematode-fungus interaction

Abstract: The present study was carried out with simultaneous and sequential
inoculations of Pratylenchus thornei and Rhizoctonia solani on wheat with 6 different
applications under controlled conditions between March and July 2021. Nematode
and fungus inoculation was carried out ten days after sowing the wheat seeds
according to the application priority. One thousand larva+adult from P. thornei, and
5% of the bran culture prepared with R. solani were mixed into sterile potting soil.
Plants were removed after about 7 weeks and the evaluation was carried out on R.
solani disease severity, R. solani density in soil, total nematode density in soil and
root (PF) and P. thornei reproduction rate (PF (final)/PI (initial)). It was
determinated that the nematode density in the root was higher in simultaneous
inoculation of R. solani and P. thornei (N+F) (4840 individuals/root) and R. solani
inoculation 2 weeks after P. thornei (N+2F) (4946 individuals/root) applications
than the P. thornei application alone (N) (4166 individuals/root). While the lowest
reproduction rate of P. thornei was found in the application of P. thornei (6.7) which
was performed two weeks after the application of R. solani (F+2N), the reproduction
rates of P. thornei were found to be close to each otherin N (7.0), N+F (7.4) and N+2F
(7.4) applications. The disease severity of only R. solani application (40.2 %) was
found lower than N+F (48.6 %) and N+2F (50.4 %) applications. These results show
that P. thornei increases root rot disease caused by R. solani on wheat.

1. Giris mahsuliidiir. Bugday tretiminde bitki hastaliklarina

neden olan baz1 patojenler iriin kaybina neden
Insanlar icin énemli bir besin kaynagi olan bugday olmaktadir [1]. Bu patojenler arasinda yer alan
serin ve 1liman iilkelerde bulunan temel bir tahil Rhizoctonia tirleri bugdayda genel olarak ¢okerten,
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252


https://orcid.org/0000-0003-1969-4041
https://orcid.org/0000-0001-5453-5869

F. G. Goze Ozdemir ve S. E. Aric1 / Bugdayda Pratylenchus thornei ve Rhizoctonia solani Etkilesimi

kok ve sap cirikligl, yaprak ve kin yaniklig,
cliicelesme ve Kkardeslenmede azalmaya sebep
olmaktadir [2]. Hastalik nedeniyle bitkilerin kiimeler
halinde 6lmesi ya da gelisme geriligi gostermesi
sonucu tarlada acik yama (bare patch) adi verilen ve
¢aplar1 birka¢ metreye ulasan bosluklar meydana
gelmektedir [3]. Rhizoctonia tiirleri saprofitik
rekabetciligi, patojenik 6zellikleri, cok hizli gelisimi ve
genis konukcu dizisi nedeniyle miicadelesi zor olan
patojenlerdir [4]. Diinyada yapilan c¢alismalarda
tahillarda R. solani, R. oryzae, R. zeae ve R. cerealis
tiirleri patojen olarak bulunmustur [5-9]. Ancak basta
bugday olmak {iizere tahillari etkileyen en yaygin
tiirler R. solani ve R. cerealis’dir [10, 11]. Rhizoctonia
solani bugdayda Amerika Birlesik Devletlerinin Pasifik
bolgesinde, Giiney Afrika, Avustralya, Tiirkiye, Kanada
[12], Birlesik Krallik [13], Asya ve Afrika [14,15],
Okyanusya [16] ve Kuzey Amerika [17]‘da cografik
dagilim gostermektedir. Tiirkiye’de bugdayda R. solani
ve anastomosis gruplari farkl arastiricilar tarafindan
bildirilmektedir [8, 12, 18, 19].

Pratylenchus thornei, bugdayda ekonomik agidan en
onemli tiir olarak kabul edilmekte olup; Cezayir,
Avustralya, Kanada, Hindistan, srail, Italya, Meksika,
Fas, Pakistan, Suriye, Tirkiye ve Yugoslavya dahil
olmak tizere bir¢ok tilkede yaygin oldugu bildirilmistir
[20-23]. Tiirkiye’de de bugday tiretim alanlarinda P.
thornei'nin en yaygin tiir oldugu tespit edilmistir [23,
24]. Pratylenchus thornei stileti yardimiyla bitki kok
dokusuna giris yapan ve kok korteks hiicrelerinin
sitoplazmasindan besinleri ¢ekmek icin hiicre igine
goc eden hareketli endoparazit bir nematod tiirtidiir
[25]. Beslenmenin ve kok hiicrelerinin icinde
liremenin neden oldugu hasar nedeniyle su stresi,
bodurluk, solma, klorozlu yapraklar gibi besin
eksikliginde goriilen belirtiler ortaya c¢ikmaktadir
[26]. Ayrica kok lezyon nematodlarimin bitkilerde
penetrasyon ve beslenme siirecinde a¢tigl yaralarin
toprak kaynakli patojenler i¢in giris kaynagi oldugu
belirtilmektedir [27, 28]. Pratylenchus thornei'nin
bugdayda Avustralya’da %85, Meksika'da %37,
Israil’de %70 ve ABD’de %50 kadar verim kaybina
neden oldugu saptanmigtir [29-31].

Kiiltiir bitkilerinde hastalik gelisiminin patojen,
konukcu ve mevcut c¢evre kosullar1 arasindaki
karmasik etkilesimlere bagh oldugu bilinmektedir
[32]. Bir bitki ayn1 anda birden c¢ok bitki patojeni ve
zararlh tarafindan istila edilebilir. Bitki patojeni
funguslar ve nematodlar aym bitkide birlikte ortaya
ciktiklarinda bagimsiz olarak hareket edebilir ve hasar
ve verim lizerinde ilave bir etkiye neden olabilir veya
sirasiyla daha fazla ve daha az hasara yol acan
sinerjistik veya antagonistik bir sekilde birbirleriyle
etkilesime girebilirler [33, 34]. Bitki paraziti nematod
ve fungus etkilesimlerinin arkasinda birka¢ olasi
mekanizma vardir. Birincisi; bitki paraziti nematodlar,
konukgu bitkinin kéklerinde fungus hiflerinin enfekte
olmasini kolaylastiran ¢esitli lezyonlara veya konukc¢u
bitkide kok salgilarinin artisina yol acan fizyolojik

degisikliklere neden olabilmektedirler [35, 36].
ikincisi; artan yan kék sayisi ve funguslar cekebilecek
kok ekstidatlarinin kimyasal bilesimindeki
degisiklikler ~ fungus enfeksiyonuna duyarhlig
artirabilmektedir [37, 38]. Uclinciisii;  fungus
enfeksiyonu, daha biiylik nematod popiilasyonlarina
yol acabilen konuk¢u direncinin bozulmasina veya
azalmasina neden olabilir [34, 38]. Rhizoctonia solani
ile daha 6zellesmis beslenme davranisina sahip bitki
paraziti nematodlar arasindaki etkilesimler iizerine
calismalar mevcuttur. Yapilan bir sera ¢alismasinda
Heterodera avenae ve R. solani'nin bugday bitkisi
iizerindeki etkilerinin, her iki patojenin bugday
bitkisinde birlikte oldugunda, her birinin ayri1 ayri
bulundugundan daha fazla oldugu gozlenmistir [39].
Patateste R. solani ile enfekteli stolonlarda, koklere
saldiran patates Kist nematod larvalarinin (Globodera
rostochiensis ve G. pallida) yogunlugunun daha yiiksek
oldugu belirtilmektedir [40, 41]. K6k ur nematodlari
ile R. solani etkilesimi farkli konukgularda ¢alisiimistir
ve bu calismalarin ¢ogunda bu iki 6nemli patojen
arasinda sinerjik bir etkilesim oldugu bildirilmektedir
[42-46].

Kok lezyon nematodlar1 ve R. solani ile yiiriitiilen az
sayida ¢alisma bulunmustur. Pratylenchus penetrans
ve R. solani ile enfekteli arazilerde patates bitkisinde
yumru veriminin diisiik oranda oldugu bulunmustur
[47]. Patateste yiiriitiilen bagka bir calismada ise P.
neglectus ve R. solani arasinda herhangi bir etkilesim
bulunamamistir [48]. Bugdayda R. solani varliginda
kokteki P. neglectus popiilasyon yogunlugunun daha
yuksek oldugu bildirilmektedir [49]. Rhizoctonia
solani ve P. penetrans'in patateste verim kaybi
iizerinde ilave bir etkisinin oldugu ve fungus ile
nematodlarin patates bitkisinin farkli kisimlarinda
birbirini farkh sekillerde etkiledigi, ancak kesin
mekanizmalarin  hala agikliga  kavusturulmay:
bekledigi rapor edilmistir [34].

Tahil alanlarinda diinyada ve Tiirkiye’de R. solani
yaygin bir patojen olarak bildirilmesine ragmen yine
tahil alanlarinda ekonomik olarak o6nemli zarar
olusturan ve yaygin bulunan P. thornei arasindaki
etkilesim ile ilgili ayrintih  bir ¢alismaya
rastlanilmamistir. Bu calismanin amaci Tiirkiye’den
izole edilen R. solani ve P. thornei izolatlarinin
kontrollii kosullar altinda bugdayda etkilesiminin
arastirilmasidir.

2. Materyal ve Metot
2.1. Materyal

Nematod popiilasyonu olarak P. thornei SK24
popiilasyonu kullanilmis [21], nematodun kitle
iretimleri ISUBU Ziraat Fakiiltesi Bitki Koruma
Bolimii Nematoloji Laboratuvarinda Verdejo-Lucas
ve Pinochet [50] yontemiyle havug¢ disklerinde
yapimistir. Calismanin diger materyali olan R. solani
izolat1 Burdur Yesilova ilcesinden toplanan bugday
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koklerinden elde edilmis, morfolojik ve mikroskobik
karakterlerine bakilarak tami ve teshisi yapilmistir
[51-53]. Calisma  ikizce bugday cesidinde
yuritilmiistir.

2.2. Nematod inokulumunun hazirlanmasi

Pratylenchus thornei SK24 izolatinin kitle liretimin
gerceklestirildigi havug diskleri ayriayr1 120 mm Petri
kutularina aktarilmistir. Aktarilan havug diski kii¢iik
pargalara boéliinmiis ve Petri kutusunu kaplayacak
sekilde steril saf su eklenmistir. Alt1 saat sonra
nematodlar gelistirilmis Baermann huni yontemi
kullanilarak ekstrakte edilmistir. Mezurlar igerisinde
elde edilen nematod silispansiyonlarinin her bir
tekrar1 15 ml'ye diistriilmiis ve santrifiij tiiplerine
alinmistir [54]. Santrifiij tiiplerinde nematodlarin dibe
¢okmesi i¢in 4 saat beklendikten sonra iistteki sivi
atilarak 1 ml ye disiirilmiis ve dipteki kisimdan
ergin+larva 151k mikroskobu altinda 100X biiyiitmede
sayilmistir. Daha sonra ¢alismada kullanilacak
nematod yogunlugu ayarlanarak saf su iceren
ependorf tiipler icerisinde buzdolabinda
bekletilmistir.

2.3. Fungus inokulumunun hazirlanmasi

Ugyiiz g bugday kepek kiiltiirii 1000 ml'lik cam sisede
saf su ile nemlendirilerek otoklavda 1.2 atmosfer
basincinda, 121°C’de 20 dakika bir giin arayla 2 kez
steril edilmistir. Rhizoctonia solani izolat1i PDA
besiyerinde 24°C’de 7 giin gelistirilmis ve bunlardan
alinan 5 mm c¢apindaki 16 miselyum diski bugday
kepek kiiltiiriine aktarilmis ve 15 giin, 24°C’de 14 saat
151k ve 10 saat karanlik kosullarda inkubasyona
birakilmistir. Elde edilecek inokulumun homojen
olabilmesi i¢in giin asir1 calkalanmistir. Daha sonra
denemenin yapilacagi topraga % 5 oraninda (1/19)
karistirilarak  patojenle bulasik topraklar elde
edilmistir [55].

2.4. Bugdayda Pratylenchus thornei ve Rhizoctonia
solani etkilesiminin belirlenmesi

Calisma 2021 yilinin Mart-Temmuz aylar1 arasinda
kontrolli kosullar altinda 25+2°C sicaklik ve %60+5
orantili nem iceren iklim odasinda yiriitilmistir.
Denemede otoklav edilmis 500 g toprak karisimi olan
500 cc’lik plastik saksilar kullanilmistir. Her saksiya 3
adet Ikizce bugday tohumunun ekimi yapilmistir.
Deneme, tesadiif parselleri deneme desenine gore 5
tekerriirli ve her tekerriirde 3 bugday bitkisi olacak
sekilde kurulmustur. Pratylenchus thornei igin
inokulum yogunlugu olarak 1 mllik saf su
slispansiyonu icerisinde 1000 larva+ergin birey
kullanilmistir [56]. Rhizoctonia solani i¢in hazirlanan
inokulum steril saks1 topragina %5 oraninda
karistirllmistir [57]. Bugday tohum ekiminden 10 giin
sonra kok bélgesi etrafina 2-3 cm toprak derinligine
acillan deliklere plastik puarli pipetler yardimiyla
kombine uygulamalarin 6nceligine goére nematod ya

da fungus inokulasyonu yapilmistir. Kontrol olarak
nematod ve fungus uygulanmamis Dbitkiler
kullanilmistir. Calisma 6 uygulamadan olusmaktadir.
Uygulamalar; Kontrol (K), Sadece P. thornei
uygulamasi (N), Sadece R. solani uygulamasi (F), Es
zamanl P. thornei ve R. solani uygulamasi (N+F), P.
thornei uygulamasindan 2 hafta sonra R. solani
uygulamasi (N+2F) ve R. solani uygulamasindan 2
hafta sonra P. thornei uygulamasi (F+2N) seklinde
planlanmistir [27].

Bitkiler ~yaklasitk 7  hafta sonra sokiilerek
degerlendirme islemi yapilmistir. Degerlendirme
islemi; R. solani hastalik siddeti, R solani'nin
topraktaki yogunlugu (cfu/ g toprak), toprak ve
kokteki toplam nematod yogunlugu (PF) ve P. thornei
tireme oram (PF (final)/PI (ilk)) {izerinden
gerceklestirilmistir. Toprak ve kokteki nematodlarin
elde  edilmesinde  Baerman huni  yo6ntemi
kullanilmistir [54]. Toprak analizinde 100 g toprak
kullanilirken, kokte her bir bugday bitkisinin tiim
kokii  kullanilmistir. Hastalik degerlendirmesinde
Aktas ve Bora [58]'nin skala degeri kullanilmis (O:
bitki saglam, 1: kokte %1-15 sararma, 3: %16-40
sararma, 5: %41-70 sararma, 7: %71-100 sararma) ve
hastalik siddeti Tawsend-Heuberger formiili ile
hesaplanmistir [59]. Tawsend-Heuberger formiili:
Hastalik siddeti (%) = [ 2 (n.V) / Z.N X 100], n: skalada
farkli hastalik derecelerine isabet eden 6rnek adedi, V:
skala degeri, Z: en yiliksek skala degeri, N: gozlem
yapilan toplam 6rnek adedi

2.5. istatistiksel Analiz

Calismada elde edilen verilerin istatistiksel analizi igin
SPSS (versiyon 20.0) programi kullanilmis ve ¢alisma
Tek-Yonlii Siniflandirma/One-Way Anova/ Tesadiif
Parselleri Deneme modeline gore yapilmistir. Farkli
grup ortalamalarin belirlemek amaciyla varyanslarin
homojen oldugu durumlarda "Tukey" kullanilmistir
(p=<0,05).

3. Bulgular

Calismada Ikizce bugday cesidinde P. thornei’nin
toprak yogunlugunda R. solani ile farkli sekilde yapilan
uygulamalar arasinda fark bulunamazken, kokteki
yogunlukta farkhiliklar gorilmistiir. Rhizoctonia
solani uygulamasindan 2 hafta sonra nematod
uygulamasinda kokteki P. thornei yogunlugunun
(3800 birey/kok) sadece nematod uygulamasindan
(4166 birey/kok) daha diisiik oldugu belirlenmis ve
aralarindaki fark istatistiki olarak  anlamlh
bulunmustur (p<0.05). Es zamanli R solani ve P.
thornei uygulamasi (4840 birey /kok) ile P. thornei
uygulamasindan 2 hafta sonra R. solani uygulamasinda
(4946 birey/kok) kokteki nematod yogunlugunun
yalmiz nematod uygulamasi ile karsilastirildiginda
o6nemli oranda arttig1 saptanmistir. Toprak ve kokteki
toplam nematod yogunlugu incelendiginde yine es
zamanli (7462 birey/kok) ve P. thornei uygulamasindan
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Tablo 1. ikizce bugday cesidinde Pratylenchus thornei ve Rhizoctonia solani etkilesiminin nematod yogunlugu ve iireme oranina

etkisi
Topraktaki nematod Kokteki nematod Toplam nematod Ureme orani
Uygulamat? yogunlugu / 500 g yogunlugu/ kok yogunlugu (toprak+kok)
Ortalama#Standart hata

K _ B - -

N 2838.0+212.3 a 4166.0+135.1b 7004.0+£179.4 ab 7.0+0.1 ab
F - - - -

N+F 2616.0+243.2 a 4840.0+113.0 a 7462.0£138.7 a 7.4%0.1a
F+2N 2900.0+124.7 a 3800.0£62.9 ¢ 6700.0+130.3 b 6.7£0.1b
N+2F 2490.0+149.7 a 4946.0£76.9 a 7436.0£194.2 a 7.4%0.1a

1K: Kontrol, N: Sadece P. thornei uygulamasi, F: Sadece R. solani uygulamasi, N+F: Es zamanli P. thornei ve R. solani uygulamasi,
N+2F: P. thornei uygulamasindan 2 hafta sonra R. solani uygulamasi, F+2N: R. solani uygulamasindan 2 hafta sonra P. thornei

uygulamasi

* Ayni siitundaki kii¢iik harfler uygulamalar arasindaki istatistiksel farkliliklar1 gosterir (p<0.05).

2 hafta sonra R solani uygulamasinda (7436
birey/kok) yogunlugun yalniz nematod (7004
birey/kok) uygulamasindan yiiksek oldugu goriilmiis
ancak aralarinda istatistiki olarak anlamli bir fark
bulunmamistir (p=0.05). En disiik iireme orani1 6.7 ile
R. solani uygulamasindan 2 hafta sonra P. thornei
uygulamasinda tespit edilmistir. Pratylenchus thornei
ireme orani bakimindan sadece nematod (7.0), es
zamanli nematod (7.4) ve fungus inokulasyonu ile
nematod uygulamasindan 2 hafta sonra fungus
uygulamasinda (7.4) istatistiksel olarak anlaml bir
fark bulunmamistir (p=0.05) (Tablo 1).

Tablo 2. ikizce bugday cesidinde Pratylenchus thornei ve
Rhizoctonia solani etkilesiminin hastalik siddetine etkisi

Rhizoctonia solani

Uygulama! Hastalik siddeti ~ yogunlugu (cfu/g
toprak)
Ortalama#Standart hata

K - -

N - -

F 40.2+1.8b 1482.0+53.3 b
N+F 48.6+2.4 a 1794.0£37.0 a
F+2N 43.4%3.0 ab 1544.1+40.5b
N+2F 50.4+1.7a 1828.0+40.2 a

1K: Kontrol, N: Sadece P. thornei uygulamasi, F: Sadece R.
solani uygulamasi, N+F: Es zamanli P. thornei ve R. solani
uygulamasi, N+2F: P. thornei uygulamasindan 2 hafta sonra
R. solani uygulamasi, F+2N: R. solani uygulamasindan 2
hafta sonra P. thornei uygulamasi

* Ayni siitundaki kiiglik harfler uygulamalar arasindaki
istatistiksel farkliliklar1 gosterir (p<0.05).

Hastalik siddetinde es zamanli uygulama (% 48.6), P.
thornei uygulamasindan 2 hafta sonra R. solani (%
50.4) ve R. solani uygulamasindan 2 hafta sonra P.
thornei uygulamalar1 arasinda istatistiki olarak
farkhlik bulunmamustir (p=0.05). Ancak ikizce bugday
cesidinde R. solani hastalik siddetinin nematod ile
fungusun beraber oldugu bu uygulamalarda sadece
fungus uygulamasindan daha yiiksek oldugu
saptanmistir. Pratylenchus thornei'min R. solani
hastalik siddetine olumlu anlamda katkisinin oldugu
goriilmektedir. Es zamanl (1794.0 cfu/ g toprak) ve P.
thornei uygulamasindan 2 hafta sonra R. solani
(1828.0 cfu/ g toprak) uygulamalarinin topraktaki R.

solani yogunlugu ise sadece R. solani (1482.0 cfu/ g
toprak) ve R. solani uygulamasindan 2 hafta sonra P.
thornei uygulamasindan daha yiiksek tespit edilmistir.
Pratylenchus thornei uygulamasindan 2 hafta sonra R.
solani uygulamasinin topraktaki R. solani yogunlugu R.
solani uygulamasindan 2 hafta sonra P. thornei
uygulamasindan daha yiksek belirlenmis ve
aralarindaki  fark  istatistiki olarak  dnemli
bulunmustur (p<0.05) (Tablo 2).

4. Tartisma ve Sonug¢

Calismada R. solani uygulama zamaninin P. thornei
nematod {iremesinde oOnemli bir faktor oldugu
belirlenmistir. Calismada bugdayda es zamanli
uygulama ve P. thornei uygulamasindan 2 hafta sonra
R solani uygulamasinda kokteki P. thornei
yogunlugunda artis bulunmustur. Yapilan bir
calismada kokteki patojenlerin nematodlarin koke
giris ve yumurtadan c¢ikis1 etkileyerek nematod
popiilasyonunu arttirdigi  belirtilmektedir  [60].
Hoseini et al. [27] ¢ay bitkisinde R. solani ile P. loosi'nin
es zamanli ve ardisik inokulasyonlarinda kokteki
nematod yogunlugunu yalniz P. loosi uygulamasindan
daha yiiksek olarak bulmustur. Patateste R. solani ile
enfekteli stolonlarda koklere saldiran patates kist
nematodlari larvalarinin yogunlugunun daha yiiksek
oldugu belirtilmektedir [40, 41]. Ayrica yapilan bu
calismada R. solani uygulamasindan 2 hafta sonra P.
thornei  uygulamasinda  kokteki P.  thornei
yogunlugunun yalniz nematod uygulamasinin
yogunlugunun daha da altina diistiigli belirlenmistir.
Buna nematod penetrasyonunu engelleyecek diizeyde
fungus kitlesinin bulunmasi ya da nematodun
beslenmek i¢in sececegi yerleri fungusun istila etmesi
neden olabilir [43]. Ayrica Varian [61] nematodlarin
clriiyen kokten ¢ikarak topraga yoneldiklerini bunun
sonucunda da nematod iiremesinin azaldigini
bildirmektedir. Farkli arastiricilar farkli konukgularda
R. solani varliginda kék ur nematodunun meydana
getirdigi ur olusumunun ve nematod popiilasyonunun
azaldigini belirtmistir [44-46, 62]. Ayrica Goze
Ozdemir ve Arici [63], in vitro calismalarinda R. solani
kiltiir filtratinin Meloidogyne incognita ve M. hapla
yumurtadan ¢ikisini sirasiyla %86.3 ve %76.7
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oraninda baskilarken, yumurta paketinden ¢ikisi
sirasiyla %67.0 ve %54.2 oraninda baskiladigini
bulmuslardir. Ayrica ayni arastiricilar 2. donem larva
tizerinde 6lim oranini M. incognita da %93.8, M. hapla
da %83.2 olarak bildirmislerdir. Bu sonuglar R.
solani'nin kdk ur nematodu iizerinde nematisidal
etkisinin oldugunu gostermektedir.

Rhizoctonia solani ve P. thornei'nin birlikte oldugu
uygulamalarin hastalik siddeti sadece R. solani
uygulamasindan daha yiiksek olarak bulunurken,
topraktaki R. solani yogunlugunda sadece R. solani ve
R. solani uygulamasindan 2 hafta sonra P. thornei
uygulamast  arasinda  6nemli  bir  farklihk
belirlenememistir. Es zamanli uygulama ve P. thornei
inokulasyonundan 2 hafta sonra R solani
uygulamalarinda hastalik siddeti ve topraktaki R.
solani yogunlugu onemli oranlarda artmistir. Bu
nematod beslenmesi sonucu kok eksiidasyonunun ve
rizosfer genisliginin artmasi ile fungus kok temas
sayisinin artmasindan kaynaklanabilir [35, 36]. Bir
diger neden de kok eksiidatlarinin kimyasal
bilesiminde meydana gelen degisiklikler sonucu
fungus enfeksiyonuna duyarliligin artmasi olabilir [37,
38]. Yapilan bu ¢alismada bugdayda es zamanlh P.
thornei ve R. solani uygulamasi ile P. thornei
inokulasyonundan 2 hafta sonra R solani
uygulamalarinda nematod ve fungusun birbirinin
gelisimine olumlu katkisinin oldugu belirlenmis ve
aralarinda sinerjistik etki tespit edilmistir. Ozellikle
sabit endoparazit beslenme gosteren kok ur
nematodlarinda farkli konukgularda R. solani ile
sinerjik bir etkilesim bildirilmektedir [42, 43, 46].

Bugdayda hareketli endoparazit beslenme gosteren P.
thornei ile R. solani arasinda da sinerjistik bir iligki
oldugu ve birlikte enfeksiyonun verimde ciddi
kayiplara neden olabilecegi odngoriilmektedir.
Verimdeki kayiplari en aza indirmek i¢in bu 2 etmenle
de miicadele edilmesi gerekmektedir. iki etmende
bitkide erken donemde daha fazla zarara neden
oldugu icin bugdayda c¢ikis dncesi ve ¢ikis sonrasi
yapilan ilk uygulamalar hastalik ve nematod
baskilanmasinda olduk¢a 6nemli goriilmektedir.
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Oz: Glutensiz iiriinler genellikle nisasta ve piring unu bazlh hammaddelerden
iiretildikleri i¢cin diisiik besin icerigi ve diisiik kaliteye sahiptir. Bu ylizden glutensiz
eristelerin besin igeriklerini iyilestirmek icin alternatif olarak baklagil unu
kullanimi son yillarda biiyiik ilgi uyandirmaktadir. Bu ¢alismada, leblebi {iretiminde
yan lriin olarak ortaya c¢ikan diisiik kalitedeki kirik leblebilerden elde edilen
leblebi unu (LU), artan oranlarda (Agirlik¢a, %10-20-30-40-50-60) ticari glutensiz
un karisimina (GU) ilave edilerek glutensiz eristeler iretilmistir. Kullanilan LU'nun
eristelerin besinsel icerikleri ve pisme Kkalitesine olan etkileri arastirilmistir.
Sonuglar incelendiginde, LU'nun GU’ya kiyasla oldukga yliksek ham protein ve suda
¢oziiniir proteine sahip oldugu belirlenmistir (p<0.05). LU'nun artan oranlarda
eriste formiilasyonuna ilave edilmesi ise, glutensiz eristelerin kiil iceriginin 6nemli
diizeyde azalmasina neden olurken, suda ¢oziiniir protein igeriginin 6nemli
diizeyde artmasina neden olmustur (p<0.05). LU'nun artan oranlarda ilave edilmesi
ayrica pisme siiresi, su tutma kapasitesi ve sisme indeksini azaltirken, pisme
kaybinin artmasina neden olmustur.

Utilization of Split Roasted Chickpea Flour in Gluten-free Noodle Production

Keywords
Roasted chickpea,
Gluten-free,
Noodle,

Protein

Abstract: Gluten-free products have a low nutritional capacity and poor quality,
because of being produced from starch-based flours. Therefore, alternative
ingredients such as legume flours for improving the nutritional composition of
gluten-free noodles have been of great interest in recent years. In this study, the
flour of split roasted chickpea (LU) which is a low quality by-product emerging
through the roasted chickpea production, was used in the gluten-free noodle
formulations at increasing levels (w/w, 10-20-30-40-50-60%) by replacing the
commercial gluten-free flour mixture (GU). The effects of the LU replacement on
nutritional and cooking quality of the gluten-free noodles were investigated.
According to results, it was determined that LU had considerably higher crude
protein and water-soluble protein compared to GU (p<0.05). Therefore, the
addition of LU to the noodle formulations at increasing levels caused a significant
decrease in the ash content of the gluten-free noodles, whereas a significant
increase in the water-soluble protein content was observed (p<0.05). The addition
of LU at increasing levels also shortened the cooking time, water holding capacity
and swelling index, while increasing the cooking loss.

1. Giris

Glutensiz beslenme,

diinya niifusunun yaklasik

artis s6z konusudur. Glutenle ilgili hastalig1 olan
tiiketicilerin siki bir glutensiz diyet ile beslenmeleri
sebebiyle triinlerdeki gluten limitlerinin tespit

%5’ini etkiledigi diisiiniilen glutenle ilgili hastalik
tasiyan bireyler tarafindan benimsenen ve glutensiz
drinlerin formda kalmaya yardimci oldugunu
diistinen  tiiketiciler = tarafindan da  tercih
edilmesinden kaynakli olarak moda bir beslenme
trendi haline gelmistir [1, 2]. Bu ylizden son yillarda
glutensiz iirtin gesitliligi ve tiretim miktarlarinda bir

*ilgili yazar: hulyacakmak@hitit.edu.tr
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edilerek etiketlerde belirtilmesi 6nem tasimaktadir
[3]- 2008 yilinda Kodeks Alimentarius Komisyonu
tarafindan acgiklanan standarda gore; glutensiz
tirinlerde bulunmasina izin verilen maksimum
gluten miktar1 20 ppm olarak bildirilmistir. ispanya,
Italya, ingiltere, Kanada ve Amerika gibi iilkelerde bu
miktar 20 ppm iken, Arjantin’de 10 ppm; Avustralya,
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Yeni Zelanda ve Sili’de 3 ppm olarak belirlenmistir.
Ulkemizde ise 2012 yilinda yayinlanan Tiirk Gida
Kodeksi Tebliginde glutensiz gidalar icin gluten ist
limiti 20 ppm olarak kabul edilmistir [4].

Eriste, Cin ve diger Asya iilkelerinde yaygin olarak
tiiketilen, goriiniim, tat, pisirme kalitesi ve doku
bakimindan o6nemli 6zelliklere sahip olan temel
besin maddesidir [5]. Piring, organoleptik 6zellikleri
ve saglik yararlari ile glutensiz eriste iiretmek i¢in en
6nemli hammadde kaynaklarindan olup, Asya
tilkelerinde en popiiler olan eriste ¢esidi piring
eristesidir [6]. Ancak glutensiz iirtinlerin besleyici ve
fonksiyonel ozelliklerini iyilestirmek igin kullanilan
diger un ve nisasta kaynaklarinda, yapiskanlik ve
elastikiyet saglayan gluten proteini yoklugundan
dolay1 farkl nisastalar, st proteinleri,
hidrokolloidler, yalanci tahillar, baklagiller ve diger
bitkisel veya hayvansal protein kaynaklarinin ilave
edilmesi  gerekmektedir [7,8]. Son yillarda
baklagillerden elde edilen unlarin yiiksek protein ve
besinsel lif icerikleri sayesinde, o0zellikle besin
kalitesini ve duyusal 6zelikleri iyilestirmek amaciyla
glutensiz triinlerde kullanimi 6ne ¢ikmistir.

Baklagiller arasinda 6nemli bir yere sahip olan nohut
(Cicer arietinum L.), fasulye ve bezelyeden sonra
diinya capinda en ¢ok iiretimi gerceklestirilen
liglinct baklagildir [6]. Nohut, anavatani Tiirkiye’'nin
Glneydogu bolgesi olarak bilinen ve protein (%20-
25), karbonhidrat (%40-60), yag (%4.5-5.5),
esansiyel amino asitler (lizin ve arjinin), kalsiyum,
fosfor gibi mineraller ve diyet lifi bakimindan
oldukga zengin bir baklagildir [9,10]. Ayrica, yiiksek
amiloz icerigi ve diisiik glisemik indeksi sebebiyle
antidiyabetik aktivite gostererek insanlarin giinliik
beslenmesine ve vicut fonksiyonlarinin
diizenlenmesine 6nemli katk: sagladigi bilinmektedir
[9,10].

Nohut leblebinin hammaddesi olup, iilkemizde hasat
edilen nohutlarin %20’sinin leblebi olarak islendigi
belirtilmektedir [9, 11]. Ulkemizde leblebi
liretiminde tescillenen yerler; Corum, Tavsanh ve
Denizli'dir [12]. Leblebi iiretiminde kullanilan
nohudun Damla cinsi ve kalin kabuklu olmasi
gerekmektedir. Ayrica Tiirkiye’de nohuttan kabuklu
(sar1 leblebi, Corum leblebisi) ve kabuksuz (beyaz
leblebi) olmak iizere iki gesit leblebi iiretilmektedir
[13]. Sar1 leblebi kabugu soyularak iiretilen leblebi

Tablo 1. Glutensiz eriste formiilasyonlari

¢esidi olup, tretilmesi sirasinda nohuda uygulanan
islem basamaklari, smiflandirma, tavlama, 1sitma,
kavurma ve eleme islemleridir [12]. Sar1 leblebinin
besinsel icerigi incelendiginde, %20.8 protein, %7.9
yag ve %?2.5 kiil icerigine sahip oldugu bildirilmistir.
Leblebi, kimyasal bilesimi sayesinde dogal bir
fonksiyonel gida iiriinii olarak siniflandirilmakta ve
diger atistirmalik iirtinlere gore daha yiiksek protein,
seliiloz ve mineral igerigi oldugu bilinmektedir [13].
Ayrica leblebi yiiksek diisiik glisemik indekse sahip
oldugu icin en cok tercih edilen
atistirmaliklardandir. Kirik leblebi ise, kendine 6zel
bir tadi olan ve kabuk ayirma ya da kavurma islemi
sirasinda kirillan leblebilerin cifte kavrulmasi
sonucunda elde edilen ekonomik degeri dusiik bir
yan urindur [9]. Ayrica boyutunun biitiin leblebiye
kiyasla daha kiiciik olmasi sebebiyle, kavurma
sirasinda daha ¢ok 1siya maruz kalarak normal
leblebiden daha koyu renge sahip olmaktadir.

Bu c¢alismada, leblebi iiretimi sirasinda disik
kalitede yan tUriin olarak ortaya c¢ikan kirik
leblebilerden elde edilen unun, nisasta temelli ticari
glutensiz un karisimi yerine artan oranlarda (%0-
60) kullaniminin glutensiz eristelerin besinsel icerigi
ve pisme Kkalitesi lizerine etkileri incelenmistir.

2. Materyal ve Metot

Kirik leblebi Corum’daki yerel kuruyemisgiden, ticari
glutensiz un karisimi (Bilesimi: misir nisastasi, piring
unu, ksantan gam, guar gam, karboksimetil seliiloz,
sodyum pirofosfat ve sodyum bikarbonat) Dr. Oetker
Gida San. ve Tic. A. §. (Izmir) temin edilmistir. Biitiin
taze yumurta ve tuz Corum’daki yerel marketten
satin alinmistir.

2.1. Eriste tiretimi

Kirik leblebi, ¢ekicli degirmende (Brabender, SM3,
Almanya) ogiitilmis ve 250 mikronluk elekten
gecen un  parcaciklar1  eriste  {retiminde
kullanilmistir.

Glutensiz eristelerin formiilasyonlar1 Tablo 1’de
verilmistir.  Kontrol eristesi sadece GU’dan
tiretilirken, diger eristeler 100 g toplam un miktari
lizerinden GU yerine artan oranlarda LU
icermektedir.

Ornek* LU (g) GU (g) Tuz (g) Yumurta (g) Su (ml)

K - 100.0 0.5 30.0 35.0
LU10 10.0 90.0 0.5 30.0 35.0
LU20 20.0 80.0 0.5 30.0 37.0
LU30 30.0 70.0 0.5 30.0 38.0
LU40 40.0 60.0 0.5 30.0 40.0
LU50 50.0 50.0 0.5 30.0 42.0
LU60 60.0 40.0 0.5 30.0 44.0

*K: kontrol eristesi, LU10: %10 leblebi eristesi, LU20: %20 leblebi eristesi, LU30: %30 leblebi eristesi, LU40: %40 leblebi

eristesi, LU50: %50 leblebi eristesi, LU60: %60 leblebi eristesi
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Eriste yapiminda Kkullanilan wunlar ve tuz
karistirildiktan sonra iizerine sarisi ve beyazi
karistirilmis biitlin yumurta Tablo 1'de belirtilen
miktarda ilave edilmistir. Daha sonra 6n denemelerle
belirlenen distile su, un karisimina ilave edilerek
hamur hazirlanmis ve hamur eriste a¢ma
makinesinde (Naturalove, MZ-150-A, Cin) ince bir
tabaka haline getirilmistir. inceltilen hamur, ince
eriste basligi (2 mm) kullanilarak kesilmistir. Kesilen
eristeler etiivde 50°C’'de (Memmert, UN 55, Almanya)
nem icerigi %10’un altina diisene kadar

kurutulmustur. Kurutulan eriste 6rnekleri Sekil 1'de
gosterilmektedir. Kurutulan eristeler analizlere kadar
polietilen ambalajlarda kuru bir ortamda oda
kosullarinda saklanmistir.

Sekil 1. Glutensiz eriste drnekleri; (a) K, (b) LU10, (c)
LU20, (d) LU30, (e) LU40, (f) LUSO0, (g) LU6O eristeleri

2.2. Hammadde analizleri

Un orneklerinin pargacik boyutu analizi ASTM-E11
standardina uygun elek seti ve elek sallama cihaz
(Jeotest, JG035/1, Tirkiye) kullanilarak
gerceklestirilmis ve parcacik boyutu dagilimi ile
ortalama pargacik ¢api belirlenmistir.

Un oOrneklerinin nem igerigi (AAAC Metot No: 44-
17.01), kiil icerigi (AACC Metot No: 08-01) ve protein
icerigi (AACC Metot No: 46-11A) AACC standart
metotlari kullanilarak belirlenmistir [14].

Suda ¢6ziinlir protein igerigi Lowry yontemine gore
belirlenmistir [15]. Oncelikle LU ve GU'nun ¢éziiniir
ekstrakt1 hazirlanmis, daha sonra bu ekstrakt Lowry
reaktifiyle muamele edilmistir. 1 saat karanlikta
bekletilen karisimin  absorbanst 750 nm’de
spektrofotometrede (Shimadzu, UV-1800, Japonya)
okunmustur. Sonuglar ortalama bovin serum
alblimini (BSA) esdegeri (mg BSA/g KM un) olarak
ifade edilmistir.

Su tutma kapasitesi (STK) i¢in, 5 g 6rnek 25 ml distile
suda ¢ozlndiriilmiis ve 20 dakika sonunda 4000
rpm’de santrifiij (Rotofix 32A, Hettich Zentrifugen,
Almanya) edilmistir. Tiiplerde kalan serbest su
ylzeyden uzaklastirildiktan sonra tiipler tartilmis ve
Denklem 1’e gore STK hesaplanmistir;

tortu agirlig:
STK (%) = — - 28T o 100 (1)
ornek agirligt

Un 6rneklerinin sisme kuvveti ve ¢oziinirligi Li ve
ark. [16] tarafindan yapilan ¢alismaya benzer sekilde
gerceklestirilmistir. ~ Agirhlkca  %Z2’lik  nisasta
slispansiyonu, 100°C’deki su banyosunda (Wise bath,
Daihan Sceintific, Kore) pisirildikten sonra jelatinize
olan nisasta santrifiij edilmistir. Ust faz petri
kaplarina koyularak etiivde 105°C’de kurutulmustur.
Sisme kuvveti (g/g) santrifiij tiplinde kalan
cirislenmis nisasta agirliginin, baslangictaki nisasta
agirhigina orani olarak hesaplanirken, % ¢oziintrliik;
iist fazda kalan kuru maddenin, baslangictaki nisasta
agirligina orani olarak hesaplanmistir.

Sinerezis degerini belirlemek icin agirlikca %51k
nisasta slispansiyonu su banyosunda pisirildikten
sonra karisim 4°C’lik buzdolabinda depolanmistir ve
2., 3, 4. ve 7. glin sonunda 5000 rpm’de santrifiij
edildikten sonra ortaya ¢ikan serbest su miktarina
gore sinerezis hesaplanmistir [17].

Un orneklerinin % 151k gecirgenlik degeri Li ve ark.
[16] tarafindan yapilan ¢alismaya benzer sekilde
gerceklestirilmistir. Agirhkeca %1 un ¢ozeltisi
pisirildikten sonra, 30°C’ye sogutulmus ve daha sonra
4°C’deki buzdolabinda depolanmistir. Ardisik 5 giin
boyunca Orneklerin 151k gecirgenligi degeri 640
nm’de spektrofotometrede (Shimadzu, UV-1800,
Japonya) okunmustur.

Un orneklerinin renk o6l¢iimleri spektrofotometre
(Konica Minolta, CM3600D, Japonya) kullanilarak CIE
L*a*b* renk uzayma gore OoOlgiilmiistir. Bu renk
uzayina gore L*; parlaklik (0: siyah, 100: beyaz), +a*;
kirmizilik, -a*; yesillik, +b*; sarilik ve -b*; mavilik
degerini gostermektedir.

2.3. Glutensiz eriste analizleri

Eriste orneklerinin nem, kil ve renk analizleri
hammadde analizleri kisminda belirtilen yontemlere
gore gerceklestirilmistir.

Glutensiz eristelerin pisme siiresi (AACC 66-50.01),
pisme kaybi, su tutma kapasitesi ve sisme indeksi
AACC standartlarina gore belirlenirken [14], sonuclar
Denklem 2, 3 ve 4’e gore hesaplanmistir.
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Wkurutulan eriste suyu

|74

pismemis eriste

% Pisme Kayb1 = X 100 (2)

Wpismis eriste — Wpismemis eriste

|74

pismemis eriste

%STK = x100  (3)

Wpi§mi$ eriste Wpi$ip kurutulan eriste (4)
W,

pisip kurutulan eriste

Sisme indeksi =

Burada farkh indislerle gosterilen W, eristelerin
pisme analizlerinde kullanilan agirliklar1 temsil
etmektedir.

2.4. istatistiksel analizler

Sonuglar SPSS yazilim versiyonu 20.0 kullanilarak
analiz edilmistir. Veriler, varyans analizi (ANOVA)
kullanilarak incelenmis ve ortalama degerler
Duncan'in ¢oklu kiyaslama testi kullanilarak %95'lik
6nem diizeyinde Kkarsilastirlmistir. Ayrica bazi
sonuclar yine SPSS yazilimi ile bagimsiz érneklem t-
testi kullanilarak %95 6nem diizeyinde
kiyaslanmistir.

3. Bulgular
3.1. Hammadde analiz sonuclari

Tablo 2’de un drneklerinin fizikokimyasal 6zellikleri
verilmis olup, LU ve GU'nun nem igerikleri sirasiyla
ortalama %4.40 ve %9.09 olarak bulunmustur.
Baklagiller potasyum, fosfor, magnezyum ve demir
gibi mineral maddeler agisindan zenginken [18],
nohut; fosfor, kalsiyum ve demir icerigi bakimindan
zengindir. Tablo 1'de verilen sonuglar incelendiginde
GU’'nun kil igeriginin LU’'nun kil iceriginden 6nemli
diizeyde yiiksek oldugu belirlenirken (p<0.05),
GU’'nun LU’ya gore yapisinda bulunan gam ve diger
gida katki maddeleri sebebiyle daha fazla mineral
madde igerigine sahip oldugu disiintilmektedir.
Calismada LU igin Dbelirlenen kiil miktarinin
literatiirde verilen degerler ile uyumlu oldugu
goriilmektedir [9, 14, 19]. Ayrica LU'nun yag
iceriginin, GU’ya kiyasla o6nemli dilizeyde yiiksek
oldugu bulunmus olup (p<0.05), bu degerlerin de
yine literatlirdeki degerlerle uyumlu oldugu
saptanmistir [11, 14, 20].

Bu calismada unlarin protein igerikleri iki farkh
yontem  kullanilarak  belirlenmistir.  Kjeldahl
yontemiyle LU'nun protein icerigi ortalama %20.8
olarak belirlenmistir. Yapilan bazi calismalarda, farkh
cesitlerdeki leblebilerin protein icerikleri ortalama
%19.4-26.2 arasinda oldugu aktarilmaktadir
[9,11,14]. Un orneklerinin suda ¢ozliniir protein
icerigi incelendiginde, LU'nun 4.79 mg BSA/g KM,
GU'nun 0.37 mg BSA/g KM suda ¢oziiniir protein
icerigine sahip oldugu belirlenmistir. Suda ¢6ziintr
proteinler, 06zellikle pisme sirasinda dagilan

eristelerde suya gecen maddelerle beraber érnekten
uzaklasmasi sebebiyle eristelerin besleyici igeriginin
belirlenmesi i¢cin o6nemli bir parametre oldugu
diistinilmektedir.

Unlarin su tutma kapasitesi, unlardan elde edilecek
hamurun islenebilme o6zelliklerini iyilestirmekte ve
elde edilen son iriinde pisme sirasindaki nisasta
jelatinizasyonu ve yapisinda bulunan proteinlerin
hidrasyon yetenegini etkilemektedir. Bu c¢alismada
kullanilan unlarin su tutma kapasitesi %204.35-
228.64 arasinda bulunurken, LU’nun STK’sinin
GU’dan dnemli diizeyde yiiksek oldugu saptanmistir
(p<0.05). Yapilan bir ¢alismada nohut unun STK’s1
%101.8 olarak belirtilirken [21], baska bir ¢alismada
%105 olarak bulunmustur [2]. Unlarin sisme kuvveti,
nisasta graniiliiniin su tutma Kkapasitesinin bir
gostergesi olup, nisastanin sicaklik ve su icerigi gibi
belirli sartlar altinda hidratlasma yeteneginin bir
Olciisi  olarak  belirlenmektedir [22].  Sisme
kapasitesinin yiiksek olmasi, nisasta graniillerinin
daha zayif baglanma kuvvetlerine sahip olmasinin bir
gostergesi oldugu Dbildirilmistir [23]. Sonuglar
incelendiginde, GU ve LUnun sisme kuvvetleri
arasinda istatistiki olarak 6nemli bir fark olmadig:
belirlenmistir (p>0.05). Chung ve ark. [24] yaptiklar1
calismada, 3 farkhi cesit tohumdan {iretilen nohut
unlarinin  sisme  gicini  %9.2-10.4 arasinda
bulmuslardir ve elde edilen sonuglarin bu calismadan
biraz daha yiiksek oldugu goriilmektedir. Unlarin
¢ozinirlik degerleri ise, ¢oziiniir protein ve nisasta
miktar1 ile iligkili bir 6zellik olup [25], LU’nun
coziinlrlik degeri GU’ya kiyasla onemli diizeyde
yliksek bulunmustur (p<0.05). Di Cairano ve ark. [2]
tarafindan yapilan c¢alismada, nohut ununun
¢oziiniirliik degerinin bu calismaya yakin oldugu
(%26) bulunmustur.

Sekil 2’'de eriste {iretiminde kullanilan unlarin
pargcacitk  boyutu dagilhimi  verilmistir.  Sekil
incelendiginde, GU'nun LU’dan daha homojen bir
partikiil boyutuna sahip oldugu goériiliirken, LU i¢in
ortalama parcacik ¢apr 196.71+7.62 pm ve GU icin
ortalama 64.77+0.30 pm bulunmustur. Pargacik
boyutu unlarin su tutma kapasitesini etkilerken, son

drinin dokusunda da baz1 farkliliklara yol
acabilmektedir.
1,0 -
oa ||
= i = | U
30,6 § =l GU
o
=
L
80’4 .
©
50,2 -
4
0,0 - Pt
0,0 0,5 1,0 1,5 2,0
Ortalama ¢ap, Dpi (mm)

Sekil 2. LU ve GU’nun parcacik boyutu dagilimi
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Tablo 2. Un 6rneklerinin fizikokimyasal 6zellikleri

Ornek Nem Kiil Yag Protein Sud;rgi);l:]nur STK ksulfnr;leeti Coztinirlik
0, 0, 0, 0, 0, 0,
(% KM) (% KM) (% KM) (% KM) (mg BSA/g KM) (% KM) (a/2) (%)
LU  4.40%0.09* 2.61+0.03* 6.80+1.34* 20.78+2.10* 4.79+0.04* 228.64+2.87* 7.61x0.32 22.21+0.48*
GU  9.09+0.05* 3.39+0.03* 0.40+0.14* 3.12+3.12* 0.37+0.18* 204.35£1.98* 8.02x017 6.57%0.74*

*Ornekler arasinda farklilik vardir (t-testi, p<0.05)

Sinerezis, jelatinize nisasta zincirlerinin tekrar
kristallesmesini ve suyun salinmasini igeren nisasta
jellerinde retrogradasyondan kaynaklanmaktadir
[26]. Yapida zayif jel olusumuna diisiik amiloz
iceriginin yol actigi ve sonucunda ise sinerezis
degerinde artma go6zlendigi bilinmektedir [26, 27].
Tablo 3 incelendiginde en yiiksek sinerezis degerinin
7. gin sonunda LU ‘da oldugu gorilmektedir.
Sinerezis degerinin depolama siiresine bagh olarak
her iki un o6rnegi icin Onemli diizeyde arttig1
saptanmistir (p<0.05).

Tablo 3. Un 6rneklerinin sinerezis degerleri
Sinerezis (g/g)

Stire LU GU

2.glin 1.98+0.03a 0.75+0.012
3.giin 2.21%0.05b 1.01+£0.18b
4.glin 2.48%0.02¢ 1.24£0.03bc
7.glin 2.57+0.01d 1.29+0.01¢

adAyni siitunda bulunan farkl harfler, érnekler arasindaki
istatistiksel farkliliklar1 gostermektedir (p<0.05)

Tablo 4’te o6rneklerin % 1s1k gecirgenligi degerleri
verilmistir. Un orneklerinin % 151k gecirgenligi
nisasta siispansiyonunun retrogradasyonunu takip
etmeKk icin incelenen énemli parametrelerden biridir
[16]. Retrogradasyon ilerledikge nisastanin
bulaniklig1 azalmakta ve bu sayede 151k gecirgenligi

artmaktadir. Isik gecirgenliginin graniil boyutu,
graniil morfolojisi, amiloz icerigi ve sismis ve
sismemis graniil kalintilarindan etkilendigi

belirtilmistir [16, 28].

Calismada belirlenen en yiiksek 151k gecirgenligi
degerine LU'nun sahip oldugu ve 151k gecirgenligi
degerlerinin LU ve GU’da 6 giin boyunca dnemli
diizeyde bir azalma gosterdigi belirlenmistir
(p<0.05). Benzer sekilde Odabas [29], patates
nisastasinin 151k gecirgenliginin depolama sirasinda
azaldigini bulmus, ancak mercimek unlarinda isik
gecirgenliginin depolamanin ilerleyen asamalarinda
giderek arttigin1 gézlemlemistir.

Tablo 4. Un érneklerinin % 151k gecirgenligi degerleri

, % Isik gecirgenligi

Siire LU GU

1.glin 12.63£0.15¢ 3.87x0.15¢
2.gin 12.07+0.50de 3.20£1.004
3.glin 11.27+0.234 2.60%1.00¢
4.glin 9.20+0.10¢ 1.20+0.000
5.giin 5.03+032b 0.60+0.002
6.glin 2.47+0.322 0.47+0.062

aeAyni siitunda bulunan farkli harfler, 6rnekler arasindaki
istatistiksel farkliliklar1 géstermektedir (p<0.05)

Un orneklerinin renk degerleri Tablo 5’te verilmis
olup, GU'nun parlaklik degerinin LU’dan o6nemli
diizeyde yiiksek oldugu belirlenmistir. LU'nun b*
degerinin GU’ya kiyasla daha yiiksek olmasinin
nohudun kavrulmasiyla beraber leblebide meydana
gelen esmerlesmeden kaynakl oldugu
diistiniilmektedir [9]. Yapilan bir ¢calismada leblebinin
L* degeri 78.73, a* degeri 2.25 ve b* degeri 24.83
olarak bulunurken [30], baska bir calismada kirik
leblebinin L* degeri 59.82, a* degeri 7.62, b* degeri
22.49 olarak aktarilmistir [9]. Renk degerlerindeki bu
varyasyonun nohudun islenmesi ve 6zellikle kavurma
kosullarindaki olas1 farkliliklarindan kaynaklandigi
diistiniilmektedir.

Tablo 5. Un érneklerinin renk degerleri

Ornek L* a* b*
LU 77.77+0.05* 5.68+0.03* 24,37+0,04*
GU 95.53+0.01* -0.40+0.00* 4.74+0.02%*

*Ornekler arasinda farklilik vardir (t-testi, p<0.05)
3.2. Glutensiz eriste 6rneklerinin analiz sonuglari

Tablo 6’da glutensiz eriste 6rneklerinin nem, kiil ve
suda ¢oziiniir protein icerikleri verilmistir. Glutensiz
eristelerin nem icerikleri %6.10-8.41 arasinda
bulunmustur. En diisiik nem igerigi kontrol 6rneginde
iken, en yiksek nem igerigi LU20 o6rneginde
bulunmustur.

Glutensiz eriste oOrneklerinin kil igerikleri, artan
oranlarda LU ilavesi ile 6nemli diizeyde azalma
gostermistir (p<0.05). GU’'nun LU’dan daha yiiksek
kil igerigine sahip olmasindan kaynakli olarak
LU’nun artan oranlarda ilave edilmesi, kiil igeriginde
azalmaya yol agmistir (Tablo 2.). Padalino ve ark. [31]
yaptiklar1 ¢alismada, nohut unu ile zenginlestirilmis
misir bazl eristelere artan oranda nohut unu ilavesi
ile kiil iceriginde artis meydana geldigini belirtirken,
nem igeriginde bir azalma meydana geldigini
bulmuslardir.

Suda ¢oziiniir protein degerleri incelendiginde, en
disiik degerin kontrol 6rneginde oldugu, en yiiksek
ise LU60 orneginde bulundugu gorilmektedir.
LUnun artan oranlarda ilave edilmesinin suda
¢Oziiniir protein iceriginde onemli diizeyde artis
sagladig1 saptanmistir (p<0.05). Odabas [29] yaptig1
calismada, glutensiz eristelerin sar1 mercimek unu ile
artan oranlarda zenginlestirilmesinin bu c¢alismaya
benzer sekilde suda ¢oziiniir protein icerigini énemli
dizeyde arttirdiginmi belirlemistir (p<0.05).
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Tablo 6. Glutensiz eriste 6rneklerinin kimyasal bilesimi
Suda ¢dziiniir

Ornek (()}\IG;(HI:/[ 0 Kl protein (mg
0 KM) (% KM) BSA/g KM)

K 6.10+0.282 3.32+£0.01e 11.54%0.012
LU10 7.64+0.29¢ 3.30£0.03¢ 12.37+£0.12b
LUZ20 8.41+0.08¢ 3.18x0.074 13.14+0.13¢
LU30 8.10+0.044 3.11£0.054 14.78%0.044
LU40 7.04%0.02b 3.01+0.04¢ 14.44+0.314d
LU50 7.04%0.03b 2.90%0.05b 15.17£0.11e
LU60 6.21+£0.042 2.78+0.042 16.71+£0.18f

afAyni siitunda bulunan farkli harfler, érnekler arasindaki
istatistiksel farkliliklar1 gostermektedir (p<0.05)

Tablo 7’de glutensiz eriste 6rneklerinin pisme kalitesi
sonuglar1 verilmistir. LU’'nun artan oranlarda ilave
edilmesi pisme siiresini dnemli diizeyde kisaltmistir
(p<0.05). Pisme siiresinin LU miktarina bagl olarak
kisalmasinin, azalan nisasta ile artan protein
iceriginden kaynaklandig1 diisiiniilmektedir [6].
edilmesi pisme siiresini 6nemli diizeyde kisaltmistir
(p<0.05). Bu calismaya benzer sekilde, Padalino ve
ark. [31] nohut unundan lretilen spagettide, Odabas
[29] ise sar1 mercimek unundan iiretilen glutensiz
eristede baklagil unu artisinin bu ¢alismaya benzer
sekilde pisme stiresini azalttigini bildirmislerdir.

Mineral maddeler pisme sirasinda pisme suyuna
s1izdig1 i¢in eristenin besleyici kalitesi diismektedir.
Bu nedenle kaliteli eristelerin pisme kaybinin diisiik
Uretilen glutensiz eristelerde pisme kaybi, artan
oranda LU eklenmesi ile o6nemli diizeyde artis
gostermistir (p<0.05). En yiiksek pisme kayb1 LU60’ta
belirlenmistir, ancak bu degerin literatiirde belirtilen
nisastali eristeler icin kabul edilebilir pisme kaybi
olan %10'dan az oldugu goriilmektedir [33]. Baklagil
unlarinin artan oranlarda spagetti ve eristeye ilave
edilmesinin bu c¢alismaya benzer sekilde pisirme
kaybini arttirdig: literatiirde bildirilmistir [29, 34].
Chillo ve ark. [35] yaptiklar ¢alismada, amarant bazh
nohut spagettisinin pisme stiresinin 7 dk ve pisme
kaybinin %9.2 oldugunu belirtmislerdir.

Pisirme sirasinda eristelerin su tutma kapasitesi ve
sisme indeksi degerlerinin yiliksek olmasi istenilen
ozelliklerden biri olup, bu degerlerin ytliksek olmasi
pisme sonrasi eristelerin sert bir tekstiire sahip
olmasina neden olmaktadir [29, 36]. LU'nun artan

Tablo 7. Glutensiz eriste 6rneklerinin pisme dzellikleri

oranlarda ilave edilmesi su tutma kapasitesi ve sisme
indeksinde azalmaya neden olmustur. Yapilan
calismalarda, pisme stiresinin kisalmasi ile su tutma
kapasitesinin azaldig1 bildirilmistir [29, 34]. Ciinki
yapida bulunan fazla su, pisme sirasinda nisasta ve
protein matrisleriyle etkilesime girebilmektedir.

Gida irunlerinin rengi, tiiketici tercihini etkileyen
birincil kalite faktoriidiir. Eriste orneklerinin renk
degerleri incelendiginde (Tablo 8), LU orani artisinin
eristelerin L* degerinde diisiise neden oldugu
bulunmustur. En yliksek a* degeri ve en yiiksek b*
degeri LU60’ta gozlemlenirken, en disiik a* ve b*
degerlerinin ise nisasta temelli ticari glutensiz un
karisimindan lretilen kontrol o6rneginde oldugu
bulunmustur. Nohut unu ile zenginlestirilmis misir
unlu eristelerin renk degerlerinin incelendigi bir
calismada, nohut ununun artan oranda ilave
edilmesinin L* degerini diistirdiigi bildirilirken [31],
yapilan baska bir calismada, kirik leblebi ununun
artan oranlarda mufinlere ilave edilmesinin benzer
sekilde L* degerini diistirdiigu bildirilmistir [9].

Tablo 8. Glutensiz eriste 6rneklerinin renk degerleri

Ornek L* a* b*

K 90.72+0.258 1.44+0.012 12.88+0.102
LU10 90.21+0.15f 1.72+0.01b 13.83+0.06P
LU20 86.76+0.06¢ 2.60+0.02¢ 16.06+0.15¢
LU30 83.88+0.074 3.47+0.02d 18.18+0.044
LU40 82.34+0.05¢ 3.92+0.05¢ 19.49+0.03¢
LU50 81.85+0.13b 3.98+0.01f 19.88+0.15f
LU60 79.79+0.142 4.34+0.01¢ 20.17+0.14¢

agAyni siitunda bulunan farkl harfler, érnekler arasindaki
istatistiksel farkliliklar1 gostermektedir (p<0.05)

4. Tartisma ve Sonug¢

Bu ¢alismada, atik veya degersiz bir yan triin olarak
siniflandirilan kirik leblebiden tiretilen leblebi unu ile
besleyici icerigi iyilestirilmis glutensiz eriste iiretimi
gerceklestirilmistir. Ticari glutensiz un karisimi ve
kirik leblebi ununun mineral madde igeriklerinin
yliksek olmasina bagh olarak bu unlardan firetilen
glutensiz  eristelerin kil  icerikleri  yiiksek
bulunmustur. Ham protein ve suda ¢6zlintr protein
icerigi yliksek olan LU’dan iiretilen eristelerin suda
¢oziinlr protein icerikleri, LU'nun artisina bagh
olarak oOnemli diizeyde arttigit bulunmus olup

Ornek Pisme siiresi (dk) Pisme kayb1 (g/g) Su tutma kapasitesi (%) Sisme indeksi (%)
K 12.00+0.71d 7.59+0.062 288.70£1.39¢ 3.31+£0.04¢
LU10 11.00+0.71cd 8.00+0.2623b 282.16+2.89¢ 3.28+0.05¢
LU20 10.50+0.71cd 8.39+0.03bc 274.42+3.784 3.11+0.14¢
LU30 10.00£0.71bc 8.51+0.51¢cd 237.70+2.16¢ 2.82+0.08P
LU40 9.50+0.71bc 8.73+0.364de 227.61+£3.55b 2.71+0.0732b
LU50 8.50+0.71ab 9.00+0.054de 221.34+0.79P 2.62+0.042b
LU60 7.50+0.71a 9.25+021e 211.05%4.12a 2.54+0.162

aeAyni stitunda bulunan farkl harfler, 6rnekler arasindaki istatistiksel farkliliklari géstermektedir (p<0.05)

265



M. Sahin vd. / Kirik Leblebiden Elde Edilen Unun Glutensiz Eriste Uretiminde Degerlendirilmesi

(p<0.05), bir yan iiriin olan kirik leblebinin glutensiz
drinlerin protein igerigini arttrmak amaciyla
rahatlikla kullanilabilecegi goriilmektedir. Ayrica
LU’'nun artan oranlarda ilave edilmesi ile lretilen
glutensiz eriste 6rneklerinin optimum pisme siiresi
kisalirken, pisme kaybinin arttigi belirlenmistir.
Ancak s6z konusu pisme kaybi tiim ornekler icin
kabul edilebilir smirin altinda kalarak tretilen
eristelerin pisme kalitesinin kabul edilebilir diizeyde
oldugu belirlenmistir. Ayn1 zamanda artan oranlarda
LU ilavesi, pisme siiresinin kisalmasindan kaynaklh
olarak su tutma kapasitesi ve sisme indeksinin
azalmasina neden olmustur.

Bu sonuglar 1si8inda, glutensiz eriste iiretiminde
diistiik kalitede yan iiriin olan kirik leblebi ununun
kullanilmasi, iretilen glutensiz eristelerin besin
iceriginin ve kalitesinin iyilestirilmesinde yardimci
oldugu belirlenmis olup, bu unun diger glutensiz
Uirtinlerde benzer amaglarla kullanilmas1 konusunda
calismalar yapilabilecegi dngoriilmektedir.
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Anahtar Kelimeler
Piridazin,

Molekiiler kenetlenme,
CDKz,

Antikanser

0z: Dogada nadir olarak bulunan ve ¢ogu canlinin yasami i¢in elzem olan makro
molekiillerin yap1 taslari arasinda yer alan piridazinler pek cok farkli biyolojik
aktiviteye sahip olan bir heterosiklik bilesik ailesidir. Bu calismada Unal ve grubu
tarafindan sentezlenen yeni 8 farkli piridazin tiirevi bilesigin DNA replikasyonu gibi
o6nemli hiicresel siireclerde rol alan ve bu nedenle aktivitesinde go6zlenen
anormalliklerin kanser patolojisi ile iliskili oldugu belirlenen siklin bagiml kinaz 2
(CDK?2) inhibitérii olabilme potansiyellerinin incelenmesi amaglanmistir. Bu amag
dogrultusunda bilesiklerin konformer taramalar1 SPARTAN’14 program lizerinde
yar1 deneysel PM6 yontemi ile, geometri optimizasyonlari ve Yapi-Aktivite iliskileri
(SAR) analizleri ise HF/6-31G(d) yontemi kullanilarak gergeklestirilmistir. Her bir
bilesigin c¢alismanin amact dogrultusunda segilen aktif bolgelere molekiiler
kenetlenme islemleri ise Autodock Tools-1.5.6 ve Autodock Vina programlari
kullanilarak gergeklestirilmistir. Bu c¢alisma sonucunda; incelenen bilesikler
arasindan en iyi afinite degerlerine sahip olan 1a2b (-10,8 kkal.mol-1) ve 1b2b (-
10,5 kkal.mol-1) bilesiklerinin CDK2 inhibitérii olabilme potansiyellerinin yiiksek
oldugu belirlenmis ve yeni antikanser ajani ligandlarin tasariminda bu bilesiklerin
one cikan ozelliklerinin dikkate alinmasiyla birlikte ilgili ileri diizey calismalarin
yapilmasi gerektigi aciga cikmistir.

SAR Analysis and Molecular Modeling Study of Some Pyridazine Derivatives for

Discovery of New CDK: Inhibitors

Keywords
Pyridazine,
Molecular docking,
CDKz,

Anticancer

Abstract: Pyridazines, which are rarely found in nature and are among the building
blocks of macromolecules that are essential for the life of most living things, are a
family of heterocyclic compounds with many different biological activities. In this
study, it was aimed to examine the potential of 8 different pyridazine derivative
compounds synthesized by Unal et al. to be cyclin-dependent kinase 2 (CDKz)
inhibitors, which take role in important cellular processes such as DNA replication
so that the abnormalities observed in their activities are determined to be
associated with cancer pathology. For this purpose, the conformer searchs of the
compounds were performed using the semi-experimental PM6 method on the
SPARTAN'14 program, the geometry optimizations and Structure-Activity Relations
(SAR) analyzes were performed using the HF/6-31G(d) method. Furthermore,
molecular docking studies of each compound for the selected active sites for the
purpose of the study was carried out using Autodock Tools-1.5.6 and Autodock Vina
programs. As a result of the study; it was determined that 1a2b (-10.8 kcal.mol1)
and 1b2b (-10.5 kcal.mol1) compounds, which have the best affinity values among
the compounds examined, have a high potential to be CDK: inhibitors and it was
become clear that advanced studies should be carried out considering the
prominent features of these compounds for the design of new anticancer ligands.

1. Giris

dizayn1 siireclerinin gelismesine katki saglamistir.
Boylece cesitli hesaplamali tekniklerle biyolojik ve

llag kesfi oldukga fazla zaman alici (~10 y1l) ve pahal kimyasal  sistemlerin  6nemli fizikokimyasal

bir alandir [1]. Ancak son zamanlarda hesaplamali ozelliklerini tahmin etmek miimkiin olmustur [2].
kimya alaninda yasanan gelismeler hesaplamali ilag

*[Igili yazar: vildan.enisoglu@uskudar.edu.tr 268
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Bilgisayar destekli ila¢ tasarimi, ilaglar1 ve ilaglarla
baglantili biyolojik olarak aktif molekiilleri kesfetmek,
gelistirmek veya incelemek i¢in hesaplamali prensibi
kimyaya uygulayarak kullanmaktadir [3, 4].
Hesaplamali yontemlerden biri olan molekiiler
kenetlenme; bir makromolekiil (reseptor) ile kiiciik
bir molekiilin (ligand) non-kovalent/kovalent
baglanmasini 6ngérmeye c¢alisan bir siirectir [3, 5].
Hesaplamali teknikler, atomik seviyedeki reseptor-
ila¢ etkilesimlerini yakindan degerlendirerek yeni ve
daha giicli inhibitérlerin tasarimini
kolaylastirmaktadir [6]. Bu dogrultuda bu calismada
molekiiler kenetlenme yontemi kullanilarak bazi
piridazin tiirevi bilesiklerin siklin bagimh kinaz 2

(CDK2) inhibitori olabilme potansiyelleri
incelenmistir.
Hiicre dongilisiiniin zamaninda ve esgidimli

ilerlemesi, serin/treonin kinazlarin bir ailesi olan
siklin bagiml protein kinazlarin (CDK'lerin) sirali bir
sekilde aktivasyonu ve deaktivasyonu ile kontrol
edilmektedir [7, 8]. Bu 6nemli goreve ek olarak
CDK'’ler hiicre bolinmesinin diizenlenmesi,
transkripsiyon ve  hiicre iskeletinin yapisinin
korunmas1 gibi 6nemli hiicresel siireglerde de rol
almaktadir [7]. Ayrica anormal CDK aktivitesi ve hiicre
doéngiisiiniin kontroliindeki ilgili bozulma dogrudan
kanser molekiiler patolojisi ile de
bagdastirilabilmektedir [8].

CDK2z enzim ailesi hiicre dongiistiiniin G1 ve S fazlari
arasindaki gecis icin  gereklidir ve DNA
replikasyonunu diizenlemektedir [4, 8]. CDKz'ler N-
terminal alanm1 ve C-terminal alam1 olmak iizere iki
lobdan olusmakta ve bu enzime baglanacak olan ATP
ve tlim inhibitorler loblar arasindaki derin yarikta
baglanmaktadir [4]. CDK: inhibitorleri, hiicre
dongiisiinde G: fazindan S fazina gegisi bloke ederek
kinaz aktivitelerini azaltmaktadir [7]. Bu nedenlerle
CDKz enzimi ve inhibitorleri kanser de dahil olmak
lizere bircok proliferatif hastalifin tedavisinde
potansiyel bir terapotik hedef olarak taninmaktadir
[3,7,8].

Literatiir incelendiginde Vijayan ve ark. tarafindan
yapilan calismada kuersetin ve onun glikozit bir tiirevi
olan kuersitrinin X-15m1 ¢ozinirliikleri <3A olan 15
farkli serin/treonin protein kinazlar iizerindeki
inhibitor aktiviteleri arastirilmis ve CDK: ailesini
temsil etmesi icin 4EK4 proteinini kullanarak
molekiiler kenetlenme islemini gergeklestirdiklerinde
ligandlarin 4EK4 proteini icerisindeki Leu83, GIn131
ve  Aspl45  aminoasitleri  ile  etkilesimde
bulunduklarini; diger serin/treonin protein kinaz
Oornegi proteinleri kullandiklarinda da ligandlarin
cesitli aminoasitlerle gesitli etkilesimler kurduklarini
gozlemlemislerdir.

Piridazin ve piridin tiirevi bilesikler piirin bazli CDK>
inhibitorleridir ve antikanser ajanlar olarak kullanim
calismalar1 mevcuttur [7]. Piridazin tilirevi bilesikler

tibbi kimyada olduk¢a énem tasiyan ve dogada nadir
olarak bulunan en 6nemli heterosiklik bilesiklerden
bir tanesidir [9]. 1,2-diazin olarak da adlandirilan
piridazin en basit diazinlerden biridir ve iki komsu
azot atomu iceren alti1 iyeli diizlemsel bir halka
yapisindadir [9-11]. Azin ve diazin halkalari, DNA da
dahil olmak iizere bir¢ok biyolojik sistemin yapisinda
ve islevinde onemli bir rol oynamaktadir [12].
Bununla birlikte diazin halkalari, pek ¢cok 6nemli dogal
ve sentetik bilesigin (6rnegin niikleotidlerin) de yapi
taslaridir [11].

Azot iceren heterosiklik bilesikler, ¢ok ¢esitli biyolojik
ve farmakolojik oOzelliklere sahiptir [9]. Piridazin
tirevi heterosiklikler de genis bir biyolojik aktivite
yelpazesine sahiptir [13]. Ornegin; pek c¢ok sitostatik
ilacta ve fungisidlerde antifungal/antitiimoéral etkilere
sahip olan piridazin ¢ekirdekleri bulunmaktadir [14].
Ek olarak piridazin tiirevi bilesiklerin analjezik,
antikonviilsif, anti-inflamatuar, antitermik, antitlser,
antidepresan, antiviral, antihipertansif, antibakteriyel
vb. etkiler gosterdikleri de bilinmektedir [15].

Piridazin yapis1 popliler bir farmakofordur ve bu
nedenle piridazin ¢ekirdegi farmakolojik olarak aktif
olan yeni bilesikler gelistirmek i¢cin ¢ok yonlii bir
iskelet olarak kullanilmaktadir [9, 13]. Bununla
beraber diger farmakoforik gruplar1 birbirine
baglamak i¢in de kullanimi miimkiin olmaktadir [13].
Bu calismada; Unal ve grubu tarafindan yayinlanan ve
Sekil 1'de gosterilen prosediire gore, 4-benzoil-5-
fenil-2,3-furandion ve 4-(4-metoksibenzoil)-5-(4-
metoksifenil)-2,3-furandion’'un bazi ag¢il hidrazinleri
arasindaki reaksiyon sonucu olusan 8 farkl piridazin

tirevi  bilesigin  CDK:  inhibitérii  olabilme
potansiyelleri arastirilmistir.
? o o
Ri P o} o]
+ — R
/ HaN \HJKRz | N Ry

Ry 0 0 Ry H/ T

(O] @ °
a b c d
Ri -Ph -p-CeH4-O-CHs
Ro -CHs -Ph -H -CO-NH-NH:

Sekil 1. Calisilan 8 farkli piridazin tiirevi bilesik [15]

Calismada CDK: enzim ailesine ait olan ve
aminopirazol inhibitori ile kompleks halinde bulunan
bir enzim (PDB kodu: 4EK4) kullanilmistir. Bu enzim-
inhibitor kompleksi olduk¢a diisiik olan X-Ray
¢oziiniirliigi (1,26 A) sebebiyle tercih edilmistir.

2. Materyal ve Metot

2.1. Molekiiler yapilar, yapilarin optimizasyonu
ve SAR analizleri

Calismada kullanilan piridazin tiirevi bilesiklerin
konformer taramalar1 SPARTAN’14 programi [16]
kullanilarak yar1 deneysel PM6 yontemi [17, 18] ile
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yapimistir. Ayni  program aracilifiyla kararh
konformerlerin geometri optimizasyonlar1 ve Yapi-
Aktivite Iliskileri (SAR) analizleri HF/6-31G(d) [19-
21] yontemi kullanilarak gergeklestirilmistir. Yapilan
SAR analizleri sonucunda bilesiklerin molekiiler
hacim (MV, A3), molekiler agrlhk (Mas, amu),
molekiiler yiizey alani (A, A?), molekiler dipol
moment (y, debye), logP (1-oktanol/su bdlme

katsayisi), polarizabilite, ovallik gibi kuantum
kimyasal parametreleri hesaplanmistir. Bunlara ek
olarak;  molekillerin  elektrostatik  potansiyel

haritalar1 olusturularak lipofiliklik ve hidrofiliklikleri
karsilastirilmistir.

2.2. Molekiiler kenetlenme islemi

Molekiiler kenetlenme isleminden once; CDK:
inhibitorii olma potansiyelleri arastirillan piridazin
tiirevi 8 bilesigin 4EK4 enzimine baglanmasi i¢in
gerekli olan boslugu saglamak amaciyla Discovery
Studio Visualizer [22] programu kullanilarak 4EK4-
aminopirazol =~ kompleksi, 4EK4 enzimi ve
aminopirazol bilesigi olarak ayrilmistir.

Yapilan literatiir taramasi sonucunda piridazin tiirevi
bilesiklerin 4EK4 enzimi igerisinde etkilesimde
bulunduklar1 Leu83, GIn131 ve Aspl45 olarak
adlandirilan 3 ayr1 aminoasit tespit edilmis ve bu
aminoasitlerin karbonil gruplarinin karbon atomlari,
x, y ve z koordinatlarn sirasiyla (-5.876, -4.035,
30.793), (-2.755, -9.024, 21.521) ve ( 4.575, -2.714,
20.057) olmak tizere, ligandlarin 4EK4 enzimi ile
kenetlenecegi aktif bolgeler olarak secilmistir. Bu
¢alismada kullanilan ligandlarin tamaminin bu 3 aktif
bolgeye ayr1 ayr1 kenetlenme islemleri Autodock
Tools-1.5.6 [23] ve Autodock Vina [24] programlari
kullanilarak; %, y, ve z boyutlarinin o6lgileri
40x40x40A3 olan bir  kiip olusturularak
gerceklestirilmis ve boylece bilesiklerin 4EK4 enzimi
icerisinde yer alan 3 farkli aktif bolgeye afiniteleri ayr1
ayr1 hesaplanmistir.

2.3. Etkilesimde bulunulan aminoasitlerin analizi

Kullanilan bilesiklerin 3 farkli aktif bdlgeye
kenetlenme islemleri gerceklestirildikten sonra bu
bilesiklerin 4EK4 enzimi icerisinde etkilesimde
bulunduklari aminoasitler, gerceklestirilen
etkilesimlerin tipleri ve bag uzunluklar1 Discovery
Studio Visualizer [22] programi aracilifiyla analiz
edilmistir. Ek olarak Autodock Tools-1.5.6 programi
[23] aracilig1ile de ligandlarin kenetlenme sonrasi her
bir  aktif bolgede etkilesimde bulunduklarn
aminoasitler goriintiilenmis, elde edilen sekiller ekler
kisminda verilmistir.

3. Bulgular
3.1. Optimize edilmis molekiiler yapilar

Ligand olarak kullanilan bilesiklerin optimize edilmis
3 boyutlu molekiiler yapilari Sekil 2’de gosterilmistir.

la2a la2b 1a2c la2d

1b2¢c 1b2d

Sekil 2. Calisilan ligandlarin 3 boyutlu molekiiler yapilart:
la2a: 2-Asetil-5-benzoil-6-fenil-1,2-dihidro-piridazin-3,4-
dion; 1a2b: 3,5-Dibenzoil-6-fenil-1,2-dihidro-piridazin-3,4-
dion; 1a2c: 4-(4-Metoksi-benzoil)-3-(4-metoksi-
fenil)-1,2-dihidro-piridazin-3,4-dion; 1a2d: 4-Benzoil-5,6-
diokso-3-fenil-5,6-dihidro-2H-piridazin-1il-okso-asetik asit
hidrazit; 1b2a: 2-Asetil-5-(4-metoksi-benzoil)-6-(4-
metoksi-fenil)-1,2-dihidro-piridazin-3,4-dion; = 1b2b: 2-
Benzoil-5-(4-metoksi-benzoil)-6-(4-metoksi-fenil)-1,2-
dihidro-piridazin-3,4-dion; 1b2c: 4-(4-Metoksi-benzoil)-3-
(4-metoksi-fenil)-5,6-diokso-5,6-dihidro-2H-piridazin-1-
karbaldehit; 1b2d: 4-(4-Metoksi-benzoil)-3-(4-
metoksifenil)-5,6-diokso-5,6-dihidro-2H-piridazin-1-il-
oksoasetik asit hidrazit

Ligand olarak kullanilan bilesiklerin molekiiler

elektrostatik potansiyel (MEP) haritalar1 Sekil 3’te
gosterilmistir.

1A2A 1A2B
1B2A 1B2B 1B2C 1B2D

Sekil 3. Calisilan ligandlarin molekiiler elektrostatik
potansiyel (MEP) haritalar1

1A2C 1A2D

v

3.2. Molekiiler kenetlenme ve SAR

analizleri sonuglar:

islemi

Calismada kullanilan ligandlarin 3 farklh aktif bolgeye
ayr1 ayr1 kenetlenme islemleri sonucu elde edilen
afiniteleri ve SAR analizi sonuglar1i Tablo 1’de
gosterilmistir.

3.3. Etkilesimde bulunulan aminoasitlerin analizi

Hesaplamalari yapilan 8 adet piridazin tiirevi ligandin
calisilan 4EK4 enziminin sirasiyla Asp145, Gln131 ve
Leu83 olmak iizere secilen aktif bélge merkezleri icin
her bir ligandin etkilesime girdigi aminoasitler ve
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Tablo 1. Molekiiler kenetlenme islemi ve SAR analizleri sonuclari

Afinite (kkal.mol-1)

Ligand logP MV u Polarizabilite Leus3 GIn131 Asp145
la2a 0,73 325,96 551 62,25 -9,6 -9,5 -9,6
la2b 1,83 391,05 6,00 70,56 -10,7 -10,8 -10,8
la2c 0,47 308,37 6,16 63,85 -9,3 -9,3 -9,4
la2d -0,39 350,06 7,19 67,23 9,1 9,1 9,1
1b2a -1,22 379,43 5,66 69,70 -8,6 -8,6 -8,6
1b2b -0,12 444,55 5,39 75,01 -10,4 -10,5 -10,5
1b2c -1,49 361,85 6,87 68,32 9,1 -9,0 9,1
1b2d -2,34 404,23 7,21 71,78 -8,8 -9,0 -9,0
Tablo 2. Etkilesimde bulunulan aminoasitler ve etkilesim tiirleri
Eﬂ;‘lﬁ‘m 1a2a 1a2b 1a2c 1a2d 1b2a 1b2b 1b2c 1b2d
Sigma-m Ile10 lle10, Ile10 Ile10 Ile10 Leul34 Ile10 -
Leul34
Ile102 Ile10
’ Val18, ’
Alkil-T Val18 val1g, - Vvallg, Ala31, - Valls, - lle10
Lys20, Leul34 Leul34 Lys20,
Ala31 Ala31
Katyon-mt Lys89 Lys89 - - - Lys89 - -
Gly11,
Glu12, Gly11, Glu12,
Gly13, Gly11, Gly1l3,  Glu8, Lys9, giyg Sla‘ﬁé Gly13, Tyr15,
Thr14, Glu12, Thr14, Val18, Hi}sl84, G1n85’ Val18, His84,
Lys33, Glus Gly13, Lys33, Lys205, Glus Asi386 " GIn85, Asp86,
Van der Waals Leu83, , Asp86, Asp864, Phe82, . ’ Lys88, Lys89,
o Lys33, Lys33, Lys89, .
Bagi GIn85, His84 Lys89, Lys129, Leu83, His84 Lys129 His1253,
Lys129, Lys129, GIn131 GIn853, Asn132£ Asp1273,
Gln1311, Asn1323, Asn132, Asp86, Leu134' Leul34,
Asn132, Asp145 Asp145 Leul34 As 145’ Asp1453,
Leul34, p Leul48!
Asp145
C-HBag1 - Gng5  GIn131 Gly11 (I;{llr?ggi GIng5 éle;‘fg?’i Leu83, Lys129
Lys20,
Konvensiyonel Asp86, Leus3, Thri4, Glul2, Leu83, Thr14, Thr14, Lys33,
-H Bag Lys89 Asp86, Lys33, Lys89 Lys89 Asp86 Lys33, GIn131
Lys89 GIn131 Lys89’ GIn131

1Bu aminoasitler ile sadece Asp145 aktif bolgesinde etkilesim yapilmistir.

2Bu aminoasit ile sadece Leu83 aktif bolgesinde etkilesim yapilmistir.
3Bu aminoasitler ile Leu83 ve Gln131 aktif bolgelerinde etkilesim yapilmistir.
4Bu aminoasit ile Leu83 ve Asp145 aktif bolgelerinde etkilesim yapilmistir.
5Bu aminoasit ile Asp145 ve GIn131 aktif bolgelerinde etkilesim yapilmistir.

sahip olduklar etkilesim tiirleri asagida Tablo 2’de
listelenmistir.

la2a la2b la2e la2d

1b2a 1b2b 1b2¢

Sekil 4. 4EK4 enzimi ile piridazin tiirevi bilesiklerin
etkilesim haritalar

Calisilan piridazin tiirevi bilesiklerden 4EK4 enzimi
icin en iyi afinite degerinin elde edildigi Asp145 amino
asidinin aktif bolge merkezi olarak atandig:
kenetlenme c¢alismalarindan elde edilen etkilesim
haritalar1 asagida Sekil 4’te verilmistir

4. Tartisma ve Sonug¢

Bu baslik altinda; calismada elde edilen bulgular ilgili
Bu calismada Unal ve grubu tarafindan sentezlenip
literatiire kazandirilmis olan sekiz farkli piridazin
tlirevi bilesigin antikanser ajanlar olarak rol alabilme
potansiyelleri hesaplamali yaklasimlar ile
incelenmistir. S6z konusu ligandlarin CDKz inhibitéri
olabilme potansiyelleri serin/treonin protein kinazlar
ailesinden siklin bagimh kinazlarin bir lyesi olan
4EK4 enzimi icerisindeki li¢ farkli aktif bolgeye,
literatiirde Vijayan ve ark. tarafindan 4EK4 proteini ile
yapilmis kenetlenme calismasina uyumlu olarak,
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molekiiler kenetlenme islemi yapilarak; ligandlarin
afiniteleri ve baglandiklar1 aminoasitler, baglanma
tiirleri belirlenerek aciklanmaya ¢alisilmistir.

Leu83, Gln131 ve Asp145 aminoasitlerinin t¢ farkl
olasi aktif bolge olarak secilmesiyle gerceklestirilen bu
similasyonlar sonucunda yukarida Tablo 1'de de
goriilebilecegi gibi Leu83 merkezli kenetlenme
calismalarinda afinite degerleri -8,6 ile -10,7 kkal.mol-
1 olarak, GIln131 ve Asp145 merkezli kenetlenme
calismalarindaise -8,6 ile -10,8 kkal.mol-! olarak tespit
edilmistir. Calisilan tiim aktif bolgeler icin yapilan
kenetlenme islemlerinde elde edilen sonuglar
degerlendirildiginde ortak olarak -8,6 kkal.mol'lik
deger ile 1b2a ligandinin en diisiik afiniteye sahip
oldugu, Gln131 ve Asp145 merkezleri icin -10,8
kkal.mol-!, Leu83 merkezi i¢in ise -10,7 kkal.mol!
degeri ile en iyi afinitenin 1a2b ligandina ait oldugu
gozlemlenmistir.

Kenetlenme calismalar1 yapilan 8 piridazin tiirevi
ligand icin elde edilen afinite siralamasi toplu olarak
degerlendirildiginde Leu83 ve Asp145 merkezleri icin
1aZb > 1b2b > 1a2a > la2c > la2d = 1b2c > 1b2d >
1b2a seklindedir. Ote taraftan GIn131 merkezi icin
yapilan kenetlenme ¢alismasindan elde edilen afinite
siralamasinda (1a2b > 1b2b > 1a2a > la2c > la2d >
1b2c = 1b2d > 1b2a) ¢ok kiicik bir fark tespit
edilmistir. Siralamadaki bu tutarlilik literatiirde
verilen aktif bolge merkezi aminoasit seciliminin
kenetlenme c¢alismalarinda baglanma afiniteleri
izerinde ¢ok anlamli bir degisiklige neden olmadigini
gostermistir.

Molekiiler kenetlenme islemine ek olarak kullanilan
ligandlarin SAR analizleri de yapilmis ve bilesiklerin
elektrostatik potansiyel haritalar ¢izilmistir. Yapilan
SAR analizi sonuglari incelendiginde; en biiyiik hacime
sahip olan bilesigin 1b2b bilesigi (MV: 444,55 A3), en
diisiik hacime sahip olan bilesigin ise 1la2c bilesigi
(MV: 308,37 A3) oldugu ve diger bilesiklerin
hacimlerinin ¢ok fazla degisiklik go6stermedigi
gozlemlenmistir. Molekiillerin dipol momentlerinin
ise 5,39-7,21 D araliginda degistigi ve 1b2d bilesigi
icin en ytliksek (u: 7,21), 1b2b bilesigi i¢in ise en diisiik
(u: 5,39) degeri aldigi belirlenmistir. En yiiksek
polarizabilite degerine sahip olan ligandin 75,01
degeri ile 1b2b bilesigi ve en diisiik polarizabilite
degerine sahip olan ligandin ise 62,25 degeri ile 1a2a
bilesigi oldugu saptanmistir.

Molekiiler kenetlenme hesaplamalarinin sonucunda
Tablo 2’de verilen 1aZb ve 1b2b ligandlarinin aktif
bolge aminoasitleri ile yaptigi  etkilesimler
incelendiginde her iki ligandin hemen hemen ayni
aminoasitler ile etkilesime girdigi goériilmiistiir. Afinite
olarak one c¢ikan bu iki ligandin disindaki diger
incelenen ligandlarin hemen hepsi ¢ok sayida Van der
Waals etkilesimine girerken 1a2b ve 1b2b ligandlar
sadece Glu8, Lys33 ve His84 aminoasitleri ile
etkilesime girmistir. Sigma-m bag1 etkilesimlerine

bakildiginda ise ayirt edici aminoasidin sadece en
yuksek afiniteye sahip olan 1a2b ve 1b2b ligandlariile
etkilesime giren Leul34 oldugu ve afinite degerini
olumlu yonde destekledigi goriilmiistiir. Diger giiclii
bir etkilesim tiiri olan konvansiyonel H bagi
etkilesimlerine bakildiginda ise en diisiik afiniteye
sahip olan 1bZ2a ligandi i¢cin sadece Lys89 aminoasidi
ile etkilesim tespit edilirken Leu83, Asp86 ve Lys89
aminoasitleri en iyi afiniteye sahip olan 1a2b ve 1b2b
liganlarinda ortak olarak saptanmustir.

Ligandlarin 2 boyutlu yapilar ile afinite arasindaki
iliskinin tespit edilmesi amaciyla Sekil 1 ve molekiiler
kenetlenme ¢alismalari sonucunda elde edilen afinite
degerleri birlikte incelendiginde; piridazin tlirevinin
ikinci pozisyonundaki siibstitiie grubun -Ph olmasi
halinde afinitenin  yiikseldigi, hatta  birinci
poziyonundaki -p-Ce¢Hs-O-CHs ve -Ph siibstitiie
gruplarinin afinite (zerinde ¢ok fazla etkisinin
olmadigir gorilmistiir. Bu etki ikinci pozisyondaki
stibstitiie gruplarin -Ph disinda olmasi halinde tiim
calisilan ligandlarda da benzer bir sekilde afinitede
diismeye neden olmustur. Ozellikle en disiik
afinitenin elde edildigi 1bZ2a bilesiginin yapisinda
ikinci pozisyondaki siibstitiie grup olan alifatik -CHs
grubunun afiniteyi olumsuz etkiledigi goriilmektedir.
Tablo 1'de verilen logP degerleri ile afinite arasindaki
iliskiye bakildiginda ise logP degerindeki diisiisiin
afiniteyi olumsuz yonde etkiledigi, en iyi afiniteyi
veren laZb ligandinda logP degerinin en yiiksek
oldugu goriilmektedir. Sekil 3’'te verilen MEP haritalari
incelendiginde genel anlamda yapilarin haritalarinin
benzerlik gosterdigi tespit edilmistir. Ancak ikinci
pozisyonda -Ph gruplarinin takili oldugu 1a2b ve 1b2b
ligandlarinda -Ph grubundaki m- bag: elektronlarinin
delokalizasyonundan kaynakl elektron
yogunlugunun yapiyr daha reaksiyona girme
potansiyelini arttiric1 etkisi afinite lizerindeki artis ile
gozlenmistir. Benzer sekilde diger ligandlarin MEP
haritalarina bakildiginda ise piridazin ¢ekirdeginin alt
kisminda bir elektron yogunlugunun olmadigi, bunun
da afiniteyi olumsuz yonde etkiledigi
diistiniilmektedir.

Sonu¢ olarak yapilan hesaplamalar neticesinde
ligandin ikinci pozisyonuna takilan -Ph grubunun,
konvansiyonel -H baginin ve logP degerlerinin afinite
iizerinde etkili oldugu saptanmistir. Piridazin
cekirdeklerinin antikanser ajani olarak
degerlendirilecegi ligand tasarimlarinda yukarida
belirtilen bu 6zelliklerin dikkate alinmasi ve deneysel
veriler ile desteklenmesi tavsiye edilmektedir.
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Abstract: Nanoparticles with unique physiochemical properties can be produced
using non-toxic precursors with phyto-nano synthesis. In this study, Nanowire
(AgNW) was produced from silver nanoparticles (AgNP) reduced with Lavandula
officinalis L. flower extract using the phyto-nano synthesis method. The length of
the produced AgNW is 1-20 pm and its diameter is approximately 40-100 nm.
Although the reduction of silver was quite fast in the light environment, it was
found to be slow in the dark environment. However, the effect of darkness on
AgNP stabilization and AgNW formation was quite important. In addition, it was
revealed that the main physical factor that enables AgNW to elongate is the
mechanics of the environment provided by the centrifuge. Optical and
morphological characterization of nanoparticles was done with UV-visible
spectrometry and SEM. The crystal structure of the particles was determined by
XRD. Energy dispersion spectrums of nanoparticles were determined by EDS.
Character and size analysis was performed by TEM. FTIR determination was
performed on the extracts to guide the determination of the reduction factors in
light and dark. The extracts were also determined by HPLC to give an idea about
the role of flavonoid content in the Ag reduction due to light. Accordingly, it was
found that aromatic ring compounds with alcoholic groups effectively reduce silver
in the dark and promote AgNW formation.

Bitki ekstrakti1 (Lavandula officinalis L.) ile giimiis nanotel sentezinde fotokatalizin

flavonoidler ile iliskisi.

Anahtar Kelimeler
Isik radyasyonu,
Nano pargaciklar,
Nano teller,
Fito-nano sentez,
Yesil sentez

Oz: Benzersiz fizikokimyasal ozelliklere sahip nanopartikiiller, toksik olmayan
onciiler kullanilarak fito nano sentez ile tretilebilir. Bu ¢alismada, Lavandula
officinalis L. ¢icek 6ziitl ile indirgenmis giimiis nanoparcaciklardan (AgNP) fito-
nano sentez yontemi kullanilarak Nanotel (AgNW) iiretilmistir. Uretilen AgNW'nin
uzunlugu 1-20 pm ve ¢ap1 yaklasik 40-100 nm olarak tesbit edilmistir. Glimiisiin
indirgenmesi aydinlik ortamda oldukga hizli olmasina ragmen karanlik ortamda
yavas oldugu gorilmistiir. Bununla beraber karanligin AgNP stabilizasyonu ve
AgNW olusumu iizerinde kayda deger etkisi olmustur. Ayrica AgNW'nin uzamasini
saglayan ana fiziksel faktoriin santrifiijiin sagladigi ortamin mekanigi oldugu
bulunmustur. Nanopartikiillerin optik ve morfolojik karakterizasyonu UV-Vis
spektrometri ve SEM ile yapildi. Partikiillerin kristal yapis1 XRD ile belirlendi.
Nanopartikiillerin enerji dagilim spektrumlari EDS ile belirlendi. Karakter ve boyut
analizi TEM ile yapildi. Aydinlik ve karanlhktaki indirgeme faktorlerinin
belirlenmesine rehberlik etmek icin ekstraktlar tizerinde FTIR yapildi. Ayrica, 151k
ile Ag indirgenmesindeki flavonoid igeriginin rolii hakkinda bir fikir vermesi icin
numunlere HPLC yapildi. Buna gore, alkollii gruplara sahip aromatik halkali
bilesiklerinin karanlikta giimiisii etkili bir sekilde indirgedigi ve AgNW olusumunu
tesvik ettigi sonucuna varildi.

*ilgili yazar: kaya_havva@yahoo.com.tr
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1. Introduction

Metal nanomaterials have influenced many branches
of science such as engineering, health, environmental
improvement studies with their versatile properties
[1]. Silver shows very high electrical and thermal
conductivity. For this reason, nanosilver is used in
many engineering fields. Silver nanoparticles (AgNP)
smaller than 100 nm in diameter can easily pass
through the cell membrane and show activity in
metabolic pathways. In this way, AgNP stands out as
antibacterial, antioxidant, anti-cancer, and antifungal
[2]. It is also used directly or by hybridizing with
other metals in the fields of electrical, energy,
biomedical engineering [3]. In addition to AgNP,
silver nanowires (AgNW) are also used in flexible,
transparent, wearable electronics [4], various optics
[5], biomedical applications [6], solar cells [7]. There
are chemical, physical, and biological methods in the
production of both nanomaterials. In AgNW
synthesis, it is possible to use electrochemical and
hydrothermal methods, usually together with the
reduction of silver salts [8]. Although for mass
production of AgNW, standard size and high
efficiency provided methods are preferred. One of the
main methods in which carbon nanotubes or
nanoporous molds are used as templates is hard-
template nanowire synthesis. The other method is
the soft-template nanowire synthesis technique in a
non-solid medium such as polyol solvent with
micelles, surfactants, and other polymers [9]. That is
the most common method used to meet the AgNW
requirement of the industry. Unfortunately, these
methods generate a large amount of solvent and a
large amount of waste that cannot be recycled easily.
Recently, the technique of using plant extracts in the
reduction of metal nanoparticles (phyto-nano
synthesis) has been drawing attention in terms of
being so simple and ecological. And also the
reduction takes place in one step.

Components of essential oils such as linalool,
caryophyllene, lavandulyl acetate, «a-terpineol,
borneol, eucalyptol [10] Aqueous extract of
Lavandula officinalis L., which contains phenolics and
flavonoids such as caffeic acid, ferulic acid, gallic acid,
rosmarinic acid, chlorogenic acid, umbelliferone,
uteolin 7-0-glucoside, vitexin, and isoquercitroside
[11] is suitable for phyto-nano synthesis. However,
since lavender oil is used in the cosmetics and
pharmaceutical industries, Lavender extract is a
waste with a high potential for nanomaterial mass
production by phyto-nano synthesis. Although most
studies of phyto-nano synthesis are related to AgNP
production, Horta-Pifieres et al. [12] reported that
the method can also be applied in AgNW production.
Phyto-nano synthesis can reduce metals to typically
4-100 nm in size[13]. The utilization of therapeutic
herbs containing flavonoid and aromatic components
stands out in studies [14]. Metal reduction and
stability are performed with the help of secondary

metabolites contained in plant extracts such as
phenolic, terpenoids, alkaloids, and sugars [15]. Since
plant extracts contain reducing agents, their
effectiveness in nanoparticle synthesis is not
surprising. However, it is quite surprising that a
continuous nanoparticle such as AgNW can be
produced simply in a non-polymerized aqueous
medium.

While producing nano-silver materials with phyto-
nano synthesis, the important factors that are not
taken into account enough are light radiation and
centrifuge effect. Although there are positive results
in AgNP synthesis such as accelerating the synthesis
of light and decreasing the particle size [16] we have
seen that this is not the case when it comes to AgNW
synthesis in our study with the phyto-nano synthesis
method. In our study, we approached from a different
angle and tried to define the negative effect of light
radiation arising from its relationship with phenolics
and an important positive effect provided by
centrifuge.

2. Material and Method
2.1. Materials

2.1.1. Preparation of Lavandula officinalis L.
flower extract

Lavandula officinalis L., Isparta / Turkey is local
annual production. Harvested and natural dried
lavender flowers were removed from their stems.
The ratio of lavender extract prepared with deionized
water is 1/100 (g/ml). Deionized boiled water was
taken from the stove then plant samples were added
and rested at room temperature for 1 hour. The
mixture was filtered using a 0.2 pm Whatman®
cellulose acetate membrane (19 °C and pH 5.7). All
experiments have been at room temperature of 19-25
°C.

2.1.2. Phyto-nano synthesis of AgNPs and AgNWs

The AgNOs solution was prepared with 117 mg
AgNOs (MERCK - 7761-88-8) and 100 ml deionized
water. Lavandula extract and AgNOs solution were in
a ratio of 1:1. Two experimental groups, one day and
one week reaction time, were established to
determine the centrifuge's rotation speed and time,
as well as the effect of daylight and dark on the AgNW
elongation that will occur with reduced AgNP. Hettich
EBA 20 model centrifuge device, which we use to
keep the rotation and gravity created by the
centrifuge at maximum, was operated at 6000 rpm,
which is the highest speed (in 37 sec.). Samples were
filled into 10 ml tubes and centrifuged. Then
deionized water was added to the pellet for washing,
shaken gently and all samples were centrifuged again.
This process was repeated at least twice according to
the groups. Table of centrifuge amounts including
washing process is given below (Table 1).
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Table 1. Centrifuge time and repetitions at 6000 rpm
according to light and dark application.
Centrifuge (min x

Reaction time repetitions)
Dark Light
20X8 20X8
1 day (24h)
5X3 5X3
20X8 20X8
1 week
5X3 5X3
2.2. Methods

2.2.1. Optical characterization of Ag nano
particles

Surface plasmon resonance analysis applied for the
optical characterization of metal nanoparticles
provides guidance [17]. Perkin Elmer Lambda 35 UV-
Vis Spectrophotometer device and crystal quartz tubs
were used. In all of the measurements, the reaction
time in the Mixtures was determined as 24 hours.
Absorbances were scanned in the 200-800 nm light
range in the samples.

Sample preparation for Scanning Electron Microscopy
(SEM) and Energy Dispersive Spectrum (EDS)

To be used in the characterization analysis of silver
nanoparticles SEM and EDS (Quanta Fec 250; The
Thermo Scientific ™ Quanta ™), the sediments at the
bottom of the tube were left to dry in a 50 °C oven
after centrifuge. The residue adhering to
the centrifuge tube was gently scraped and adhered
to the carbon tapes.

Sample preparation for FTIR (Fourier transform
infrared spectroscopy) and X-Ray Crystallography

(XRD)

After the reactions in the dark and light, the extracts
were poured into a glass petri dish and left to dry in a
sterile oven at 50 °C for 48 hours to determine the
organic content of the extracts. The resulting residues
were scanned with the KBr pellet technique with
4000-400 cm! permeability. FTIR spectra (Perkin
Elmer FTIR Spectrum BX) Infrared Spectroscopy
Absorption Table (2020) was taken as a reference.
X-ray crystallography (XRD) analysis (Bruker D8
Advance Twin-Twin) of AgNW and AgNP samples in
powder form synthesized in the dark was performed
to determine the molecular composition and crystal
structures of the silver nanoparticles.

Transmission Electron Microscope (TEM) analysis

Samples were dispersed with 1 ml of distilled water
after centrifugation and stored in a light-proof bottle
at room temperature. Hitachi HT7800 device was
used for TEM analysis. The samples were dropped
onto the carbon grid and dried at room temperature.

2.2.2. Biochemical analysis - HPLC (High-
Performance Liquid Chromatography)

After 1 day of reactions, the supernatant after
centrifuge of the mixture was taken to determine the
relationship of light radiation to phenolics. HPLC
determination of certain phenolics that are effective
during AgNP production with lavender extract was
made. These are generally composed of phenolics
that have proven antioxidant properties. HPLC-
wavelength was measured in DAD detector (Amax =
278nm). Mobile phase: consists of 3% acetic acid-
methanol. Column sizes are 250x4.60 mm. and the
particle diameter is 5 microns (Agilent Eclipse XDB-
C18). Flow rate, 0.8 mL / min, column temperature,
300C; injection volume is 20 pl. (Agilent Eclipse XDB-
C18). Flow rate, 0.8 mL / min, column temperature,
300C; injection volume is 20 pl.

3. Results

3.1. Production and morphological
characterization of AgNP and AgNW by
phytosynthesis

The first indicator in the silver reduction by phyto-
synthesis is the color change in extracts [18]. When
silver ions are reduced to Ag? the particle size in
their aqueous solutions decrease and form clusters.
In this way, the particle size of the resulting colloidal
mixture becomes smaller than the visible light
wavelength. Thus, the refracted light changes the
color of the mixtures [19]. As can be seen in Figure 1,
the color changes in reactions under dark and light
differed from each other. Accordingly, it showed a
brown-black color change in which AgNP reacted in
light conditions (Figures 1A and 1B). In the dark, it
showed a green-gray color change (Figure 1C).

Reduction of silver by phyto-nano synthesis has been
demonstrated by brown color change [20]. It has
been reported that aqueous solutions of silver
nanowires are green-gray in color [21] This showed
that the reaction took place by different mediators or
produced different occurrences. The differences in
extracts were analyzed to understand what caused
this.

In the EDS analysis of the sample that was not
washed, the spectra of Ag and the inorganic
substances of the extract are shown (Figure 1A).
After centrifugation, residues from lavender extract
were removed (Figure 1B and C). With the effect of
the centrifuge, AgNPs in the light reaction may show
shape deformation and transform into plates (Figure
1B).). On the contrary, AgNPs preserved their
stabilization in dark reactions and AgNW-like
structures were formed (Figure 1C). Therefore, the
light harmed particle stabilization and nanowire
elongation. Plating occurred in all the irradiated
samples, excluding the short light and centrifuged
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sample. Although nano rod-like structures were
formed in this, no nanowire elongation occurred
(Figure 2A). In all reactions in the dark application, it
was determined that the particles preserved their
shape stabilization well. Best AgNW elongation; It
was obtained by reaction for 24 hours and
centrifugation for a total of 15 minutes (Figure 2G).

The UV and Visible spectrum of AgNP surface
resonances dispersed in an aqueous solution is
around 400 nm [22]. In our study when the surface
resonances of the reaction under light were scanned
with UV-Vis, we obtained a peak that started at 311
nm and increased to 410 nm (Figure 3A). It was
observed that the AgNP-specific 400 nm peak was
weak in samples synthesized in the dark and not
centrifuged (Figure 3B). On the other hand, in
samples synthesized in the dark and not centrifuged,
AgNP peaking at around 400 nm, AgNW at 377 nm
and shows a rising value in the visible light region
due to mixed nanoscale particles coincided with the
literature [23,24]. In this case, it can be said that the
silver reduced in the dark comes together with
centrifugation to form AgNW.

A

Lavantula Ext.
—— AgNP reac. in light
——— AgNP reac.in dark

377

Absorbation
OFRPNWMMNOUGIOON

311
200 400 600 800

Waveleght (nm)

—— AgNP reac.in dark

—— AgNW react. in dark + santrifuge

Absorbation @
OFRPNWPMNUUGION

><
311 377 ' '
200 400 600 800
Waveleght (nm)

Figure 3. UV-Vis surface resonance spectra of particles in
aqueous solution. A: Blue; Only lavender extract, Red at 24
hours light exposure; Lavender extract and AgNOs3 solution
at 24 hours light exposure. Green; Lavender extract and
AgNOs solution kept in the dark for 24 hours. B: Synthesis
in the dark. Blue: not centrifuged. Red: centrifuged for a
total of 15 minutes.

3.2. Structural characterization of AgNW

The most important feature of AgNW that makes it
different from silver nanorods is that its aspect ratio
is greater than 10-1. Generally, AgNW has a 10-200
nm diameter and a length of 5-100 pm [9]. According
to TEM images, AgNP sizes vary between 20 and 100

1 AgNP ve AgNW.brml
= D 1 PDF 01-087-0717 Ag Silver 3C

N

T T
» ] % »

2Theta (Coupled TwoTheta/Theta) WL=1.54060
Figure 4. A: TEM image of AgNW synthesized in the dark
with lavender extract B: Light exposure and sample not
centrifuged C: non-centrifuged sample synthesized in the
dark D: XRD pattern of Ag particles produced in dark.

nm. AgNW diameter varies between 40-100 nm and
their length reaches 20 um (Figure 4A). We did not
find AgNW elongation in non-centrifuged samples
(Figure 4B, C). According to XRD analysis performed
to determine the crystal structure of powdered
samples that are synthesized in the dark and
containing AgNW, Ag particles have a face-centered
cubic (Fcc) crystal structure (Figure 4D). According
to the XRD patterns, the X-ray diffraction spectrum
belonging to silver showed results complying with
Powder Diffraction data (PDF) 01-087-0717. The
values with a peak at 20 (degree) indicate the planes
(111), (200), (220), (311), (222), respectively, of the
38.119, 44.305, 64.452, 77.409, 81.552 Ag crystals.
The ratio of (111) peak to (200) 2.21 and (220) to
4.34 when compared to the crystal model of standard
silver powder (JCPDS; 2.1 and 4.0) compared to the
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density ratios obtained from the standard model of
silver crystals with Fcc structure, the ratio of silver
nanowires (200) shows that it may have a preferred
orientation along the plane [25].

Light plays an effective role in reducing silver and
decreasing particle size [26]. Although it shows
different effects according to wavelengths and colors,
light is a catalyst that allows the reduction reaction to
take place in a shorter time [27]. Therefore, it is
thought that daylight prevents the effect of the
environment mechanics provided by the centrifuge in
AgNW elongation and causes the time to pass during
elongation to disappear. On the other hand, it can be
predicted that silver bonds, which are effective in the
elongation of silver atoms in a certain direction, cause
an increase in the affinity of another atom in the
extracted content, thus preventing the formation of
Ag-Ag bonds.

3.3. The effect of artificial sunlight on phyto-
synthesis reactions

To define the role of plant extracts in reducing the
element silver and the effect of light, FTIR(Fourier
transform infrared spectroscopy) analysis of only
Lavandula officinalis leaf extract (LE) (Figure 5A), the
extract containing AgNOs exposed to light (LS)
(Figure 5B), and the extract containing AgNOs3 applied
in the dark (DS) (Figure 5C) was performed.

The peaks between 3400 -3300 cm! are strong in
Lavender extract (LE), medium in synthesis with light
(B), and synthesis in dark (DS). These bands show the
bonds (N-H) with the primary aliphatic amine group
between the nitrogen of the nitrate group in AgNOs3
and aromatic phenolics. Bands saw at and around
2930 cm?! indicate C-H vibrations of methyl,
methylene, and aromatic hydrogens [28].

1715 cm! bands shown in all graphs of C=0
vibrations belong to the ester, ketone, and carboxylic
acid groups in the Lavender extract. The signals are
seen at 1603 cm-!in LE and 1612 cm! in LS and 1610
cm! in DS originate from C = C groups belonging to
aromatic rings [29]. Taking stronger C=C vibrations
in LE than LS and DS can be interpreted as the change
of aromatic rings after the reaction. Bands seen at
1268 cm1in LE and 1262 cm! in LS may be due to C-
0 bonds originating from aromatic ester and alkyl
aryl ether. As can be seen, a sharp band was not
formed in this region in the reaction that took place
in the dark (Figure 5C). It refers to the medium
vibration imine/oxime-sourced C=N bonds seen at
1690-1640 cm in LS and DS, but not in LE. These
C=N bonds may have been formed from the bond
formed between the C ends of the benzene rings that
were broken after the reaction with the N of AgNOs.
This supports our notion that the synthesis of alkyl
aryl ether similar to the Ullman reaction may have
taken place. In this Ullman-like reaction, which may

00,0 32 280 v 20 150 10 K 100 100 00
a1
Figure 5. FT-IR spectra. A: Lavender extract B: extract after
phyto-nano synthesis with 24 hours of light exposure. C:
extract after phyto-nano synthesis applied in dark for 24

hours.

have occurred in the presence of phenolics and
metals, the reduced Ag may have been the source of
the metal. Light radiation may have replaced the
required thermal source as a catalyst [30, 31, 32].
Therefore, the absence of a band around 1260 cm! in
DS may prove that radiation-induced alkyl aryl
reaction does not occur. Bands that are not observed
in LE but shown at 1043 cm! in DS at 1039 cm in LS
and also around 1390 cm! (1378 cm! in LS and 1383
cm? in DS) show the presence of NOs from silver
nitrate [33]. The sharp band at 1383 cm! in DS shows
the presence of more free NOs than LS and that free
Ag is more than LS, indicating that DS is more
qualified in reducing silver. At 1070 cm-1, when the C-
0, C-O-C group bands are evaluated, they show
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sharper alcohol group vibrations in LE than LS and
DS and sharper in DS than LS [34]. In other words,
there are more alcohol groups in DS after the
reactions than in LE. Considering the results, it is
supported the thesis that light radiation acts as a
catalyst on cyclic compounds containing the alcohol
functional group in the presence of AgNP.

Compounds in plant extracts are responsible for the
reduction of silver by phytosynthesis. The fact that
the plants used are generally medical plants
constitutes the opinion that the main effective
mechanism is the secondary metabolites of the plant.
According to FTIR results, the most important
difference in the dark and light reaction may be the
cyclic compounds containing the alcohol group,
showing that phenolics, which are an important
compound in the plant extract in reduction should be
further investigated. After the syntheses made in light
and dark were precipitated by centrifugation, 23
flavonoids that were mostly found in the herbal
extract were scanned in the HPLC analysis we carried
out on the plant extracts (Figure 6A).

The standard chromatogram includes gallic acid,
protocatechuic acid, catechin, p-hydroxybenzoic acid,
chlorogenic acid, caffeic acid, epicatechin, syringic
acid, vanillin, p-coumaric acid, ferulic acid, sinapinic
acid, benzoic acid, o-coumeric acid, ferulic acid,
hesperidin, rosmarinic acid, eriodictiol, cinnamic acid,
quercetin, luteolin, kaempferol, apigenin (Figure 6).
Since the contents of gallic acid, p-hydroxybenzoic
acid, caffeic acid, epicatechin, syringic acid, and p-
coumaric acid differ significantly, quantification was
made (Table 2). This difference in the quantity of
flavonoids in the dark and light experiments suggests
that light radiation in the presence of silver promotes
photocatalysis that affects these flavonoids.

All components showed a decrease in both groups
compared to the control except Epicatechin. The
detection of Epicatechin in the light reaction in an
even greater amount than in the control indicates
that Epicatechin was synthesized under light
catalysis during the reduction of silver. In the
presence of light and silver, a polyflavone skeleton
may be formed from aromatic ring compounds such
as syngric acid and p-coumeric acid and epicatechin
and its derivative molecule may be synthesized.
Because, the positive effect of light on polyphenol
synthesis is known [35]. This type of flavonoid
synthesis was expressed through the synthesis
pathways of (-) epicatechin and its 3-O-gallate
derivatives as Stadlbauer et al. [36] stated. According
to the FTIR analysis of our study, the absence of
vibrations of C-O bonds originating from aromatic
esters and alkyl aryl ethers at 1268 cm-! in LE and
1262 cm 1 in LS in DS supports our idea which is light
catalysts in the reactions synthesized to epicatehin
and its derivative polyphenols from other flavone
skeletons (schematic theory Figure 7).
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Figure 6. A: Standard chromatogram: 1: gallic acid 2:
protocatechuic acid 3: catechin 4: p-hydroxybenzoic acid 5:
chlorogenic acid 6: caffeic acid 7: epicatechin 8: syringic
acid 9: vanillin 10: p-coumaric acid 11: ferulic acid 12:
sinapinic acid 13: benzoic acid 14: o-coumeric acid 15:
ferulic acid 16: hesperidin 17: rosmarinic acid 18:
eriodictiol 19: cinamic acid 20: quercetin 21: luteolin 22:
kaempferol 23: apigenin B: 1% (g / ml) lavender extract
control C: Lavender extract irradiated for phyto-nano
synthesis D: Dark lavender extract for phyto-nano
synthesis
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Table 2. Some flavonoid value of Lavender extracts used in phyto-synthesis (ppm).

Gallic p-Hydroxy L . . .. .| p-Coumaric
acid benzoic acid Caffeic acid | Epicatechin | Syringic acid acid
Lavender extract (control) 0.2 0.9 2.2 3.6 14.5 5.3
Synthesis in dark 0.1 0.6 1.6 2.8 13.5 4.7
Synthesis with light 0.1 0.7 1.9 4.2 13.3 4.5
||ght oxidation 4. Discussion and Conclusion
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Figure 7. Schematic theory: A: possible epicatechin
synthesis and Ag reduction and primer aliphatic amin
sytesis with metal (Ag) nanoparticles in B: light C: dark.

A photocatalysis occurred in the specified artificial
daylight region, as supported by the color change in
the lavender extract and another character analysis.
Our study reveals the linear relationship of AgNW
elongation by rotating the reduced silver particles
counterclockwise in an aqueous medium and
increasing gravity (centrifugation) in this direction.
The reason why AgNW synthesis is almost absent in
the light environment is probably that the reaction
catalyzed by light accelerates AgNP synthesis but
prevents AgNW synthesis [37]. In FTIR results, the
stronger peaks of the bands belonging to the alcohol
groups in dark application strengthen the idea that
light-catalyzed reactions may be more effective in
components containing alcohol. The difference in the
number of flavonoids measured after light and dark
reactions suggests that the cyclic compounds in the
extract may be effective in photocatalysis. In another
aspect, it may be using silver as the source in the
reaction during photocatalysis and preventing the
silver atoms from sticking together for AgNW
elongation. In this method we propose, a polymer
mold is not required to guide the shape of the
particles, as in the soft-template method, to produce
nanowires. On the contrary, the mechanics of the
aqueous environment provided by centrifugation

enable the elongation of the nanoparticles. The
method is based on simple, ecological, and
economical chemical and kinetic principles. It takes
place with low energy consumption at low
temperatures.

However, the synthesis of AgNW with this technique
requires improvement even though it is a guide to
cheap and easy production. Our work can act as a
guide for chemical engineers in the design of
processes so that the herbal extracts that are
produced as waste in the cosmetics, pharmaceutical,
and food industries in the future can be used in
AgNW synthesis.
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Abstract: This study aimed to construct species distribution models (SDMs) to
predict present and future (2050 and 2070) potential distribution ranges of the
endemic leaf beetle Psylliodes anatolicus Gok and Cilbiroglu, 2004 under different
climate change scenarios (Representative Concentration Pathway (RCP) 4.5 and
8.5). The distribution records were gathered from the related literature and
unpublished data of the authors. SDMs were constructed by the maximum entropy
(MaxEnt) method using the bioclimatic variables of Community Climate System
Model 4 (CCSM4). As a result of this study, the most effective bioclimatic factors
determining the distribution of species were isothermality, temperature
seasonality, and mean temperature of the wettest quarter. The SDM conducted for
the present distribution showed that the species may occur in large parts of the
Aegean and Mediterranean Regions of Tiirkiye, beyond the known records. The
SDMs for 2050 and 2070 suggest that the range of the species will shrink
considerably or go extinct totally in the next 50 years, probably due to the changing
climate. In conclusion, this study revealed that changing climate threatens the
endemic members of Anatolian biodiversity, especially the endemic species living in
mountain ecosystems.

Endemik Yaprak Bocegi, Psylliodes anatolicus GOk ve Cilbiroglu 2004'un (Coleoptera:
Chrysomelidae) Tiirkiye'deki Simdiki ve Gelecekteki Dagilis Alaninin Tahmin Edilmesi

Anahtar Kelimeler

Tiir dagiim modellemesi,
Maxent,

Biyoiklimsel degiskenler,
Nis,

Nesli tiikkenme

0z: Calismada, endemik yaprak bécegi Psylliodes anatolicus Gok ve Cilbiroglu,
2004’'nin giiniimiz ve farklh iklim degisikligi senaryolarina (Representative
Concentration Pathway (RCP) 4.5 ve 8.5) gore gelecekteki (2050 ve 2070)
potansiyel yayilis alanlarinin tahmin edilmesi igin tiir dagilim modellerinin
yapilmasi amaglanmistir. Turiin dagilis kayitlarn ilgili literatiir ve yazarlarin
yayinlanmamis Kkayitlarindan derlenmistir. Tiiriin giiniimiz ve gelecekteki
dagilislart Community Climate System Model 4 (CCSM4) iklim degisikligi
senaryolarina gore maksimum entropi (MaxEnt) metodu kullanilarak tahmin
edilmistir. Calismanin sonucunda, izotermallik, en nemli ¢ceyregin ortalama sicakligi
ve mevsimsel sicaklik tiiriin dagilisin1 belirleyen en etkili biyoiklimsel faktoérler
olarak bulunmustur. Giinlimiz dagilis modeli, bilinen yayilis alaninin aksine, tiiriin
Ege ve Akdeniz bélgelerinin biliylik bir bélimiinde bulunabilecegini ortaya
koymustur. Gelecek dagilis modelleri ise, tiirtin dagilis alaninin iklim degisikligi
nedeniyle 2050 ve 2070 dénemlerinde olduk¢a daralacagini veya hatta gelecek 50
yll icinde neslinin tiikenebilecegine isaret etmistir. Bu ¢alisma degisen iklime bagh
olarak, dag ekosistemlerinde yasayan endemik tiirlerin basta olmak lizere, tiim
Anadolu endemik biyocesitliliginin tehdit altinda olduguna isaret etmektedir.

1. Introduction

these species, P. anatolicus Gok and Cilbiroglu, P.
cerenae Gok, Doguet and Cilbiroglu, P. diversicolor

The genus Psylliodes Latreille, 1829 includes about Nadein, P. dogueti Warchatowski, P. ridenda Nadein, P.
250 species worldwide and 48 in Tiirkiye. Among taurica Leonardi, and P. yalvacensis Gok are endemic
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to Tirkiye [1, 2]. It is known that P. anatolicus, P.
cerenae, and P. yalvacensis are belonging to the picinus
species group. Of these species, P. cerenae feeds on
Poaceae, while P. anatolicus and P. yalvacensis on
Fagaceae (Quercus).

All of these three species were distributed
sympatrically in Southwestern Tirkiye [1, 3-5]. P.
cerenae is known from Antalya and Isparta Provinces
and P. yalvacensis was reported only from Isparta
Province. Also, P. anatolicus is known from a wider
range than the other two species and recorded from
Antalya, Aydin, Isparta, Konya and Diyarbakir
Provinces [4, 6-11] (Figure 1, Table 1). Although the
taxonomy of endemic Psylliodes species mentioned
here is well known, information on their ecology is
limited to the host plant records only. Also,
information on range limits is restricted to the
faunistic records [4, 6-9, 11].

Table 1. Species distribution data.

Province District Coordinates
Isparta Gelendost 31.17500,38.15000
Burdur Golhisar 37.13333,29.50000
Isparta Center 30.48016,37.86314
Isparta Center 30.76690,37.53815
Antalya Kumluca 30.26783,36.63700
Isparta Egirdir 30.87418,37.62858
Isparta Sarkikaraagac 31.37218,38.04001
Aydin Didim 27.41076,37.55501

Diyarbakir Cermik 39.46400,38.17300
Konya Aksehir 31.40089,38.35431
Isparta Egirdir 30.83033,37.73911
Antalya Korkuteli 30.38470,36.88058

For more than two centuries, the distribution area of a
species is one of the most fundamental subject matter
which has been studied by biogeographers. Also, how
the distribution area of the species changes through
time is another fundamental subject of biogeography
[12, 13]. Species distribution models (SDMs) predict
possible distribution areas by combining statistical

modeling methods, which predicts a model that might
mathematically  explain  the dataset, with
georeferenced records of the species and the
environmental variables [14-17]. SDMs have been
more frequently used during the last two-three
decades [18, 19]. Thus, SDMs are of great use to
evaluate the potential range of species whose
distribution areas are not exactly known [20].

Among the endemic Psylliodes species mentioned
here, P. anatolicus establishes populations consisting
of a large number of individuals on oak trees within its
range [8]. Therefore, this species is likely to cause
increment losses in oak trees. From this perspective, it
is important to know the exact distribution range of P.
anatolicus. In this study, the aim was to predict
present and future (2050 and 2070) potential
distribution ranges of the endemic leaf beetle P.
anatolicus, which is discontinuously distributed in
Southwestern Tiirkiye, under different climate change
scenarios (RCP 4.5 and RCP 8.5) according to
Community Climate System Model 4 (CCSM4) model.

2. Material and Method
2.1. Species occurrence and environmental data

Species distribution data were acquired from the
related literature and unpublished data of the authors
[4,6-11] (Figure 1, Table 1). All of the nineteen
bioclimatic variables were downloaded from
WorldClim [21]. Before the modeling, highly
correlated (r > 0.75) variables were removed to build
a more robust model. To do that, correlations among
the variables were determined by using ENMTools
v1.0 and raster v3.5-11 packages in RStudio [22-24]
and excluded from the analysis [25, 26].

2.2. Species distribution modeling (SDM)
SDMs had been carried out using the present and

future (2050 and 2070) bioclimatic variables and one
optimistic (RCP4.5) and one pessimistic (RCP8.5)
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Figure 1. Sampling points of Psylliodes anatolicus in Tiirkiye.
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climate change scenarios of the CCSM4 global climate
model [27]. The resolutions of rasters of the
bioclimatic variables were at 30 arc-seconds. During
modeling, feature types had been selected linear and
quadratic according to used occurrence number (>10)
and jackknife test had been used to define the
importance of bioclimatic variables [28-30]. The
model had been conducted with 10.000 background
samples to train the model. Model success was
evaluated by using the area under the curve (AUC)
score, which calculates the area under Receiver
Operating Characteristic Curve (ROC). MaxEnt version
3.4.1 was used to model the distribution of the species
[31,32]. In the end, four threshold values had selected
when potential distribution maps have created. These
thresholds were unsuitable (0-0.25), moderately
suitable (0.25-0.50), suitable (0.50-0.75) and very
suitable (0.75-1.0).

3. Results

The bioclimatic variables strongly correlated with
each other were determined and removed from the

data set. Models were performed with the remaining
variables: BIO1, BI02, BIO3, BI04, BI08, BI012, BI014
and BIO15 (Table 2). Results showed that the models
had a strong predictive ability with the AUC values in
the range of 0.881-0.894. According to the jackknife
test, variables, which make the biggest contribution to
the presence of the species, are isothermality (BI03),
mean temperature of the wettest quarter (BIO8) and
precipitation of driest month (BIO14), while the
variables that cause the biggest loss with its absence
are temperature seasonality (BIO4) and mean
temperature of the wettest quarter (BIO8) (Figure 2).
According to the relative contributions of the
bioclimatic variables to the model, mean temperature
of the wettest quarter and temperature seasonality
were the most crucial bioclimatic variables that
determine species distribution.

The model showed that the current potential
distribution range of the species is much wider than
its presently known distribution area (Figure 3). SDM
suggests that species could be distributed in a large
part of the Aegean and Mediterranean Regions, plus

Table 2. Bioclimatic variables used and their correlated variables (r > 0.75). Code of the bioclimatic variables used in the

study are shown with asterisk.

Code Bioclimatic variables Correlated variables (r > 0.75)
BIO1* Annual Mean Temperature BIOS5, BIO6, BIO9, BIO10, BIO11
BIO2* Mean Diurnal Range
BIO3* Isothermality
BIO4* Temperature Seasonality BIO7
BIO5 Max Temperature of Warmest Month BIO1, BIO9, BIO10
BIO6 Min Temperature of Coldest Month BIO 1, BIO 10, BIO 11
BIO7 Temperature Annual Range BIO4
BIO8* Mean Temperature of Wettest Quarter
BIO9 Mean Temperature of Driest Quarter BIO1, BIO5, BIO10
BIO10 Mean Temperature of Warmest Quarter  BIO1, BIO5, BIO6, BIO9, BIO11
BIO11 Mean Temperature of Coldest Quarter BIO1, BIO6, BIO10
BIO12*  Annual Precipitation BIO13, BIO16, BIO19
BIO13 Precipitation of Wettest Month BI012, BIO16, BIO19
BIO14*  Precipitation of Driest Month BIO17, BIO18
BIO15*  Precipitation Seasonality BIO18
BIO16 Precipitation of Wettest Quarter BIO12, BIO13, BIO19
BIO17 Precipitation of Driest Quarter BIO14, BIO18
BIO18 Precipitation of Warmest Quarter BIO014, BIO15, BIO17
BIO19 Precipitation of Coldest Quarter BIO12, BIO13, BIO16
Jackknife of regularized training gain for anatolicus
bio_(n | e | VVithoutvariable ®
With only variable ®
o Do (12— 1 with all variables ®
 bio_ 14
% bio_(15) [ R
E bio_ () |
g bio_ (3) [ I
S pio_ (o[
bio_ (3) [ | G
I ———

0.00 005 040 015 0.20

regularized training gain

0.25 030 035 040 045 050 055 060 0.65

Figure 2. The relative importance of bioclimatic variables according to the Jackknife test.

287



E. Turantepe and I. Sen / Predicting Present and Future Distribution Ranges of an Endemic Flea Beetle, Psylliodes anatolicus Gok and Gilbiroglu 2004 (Coleoptera:
Chrysomelidae) in Tiirkiye

the Southeastern and Central Anatolian Regions of
Tiirkiye. The most suitable distribution areas includes
Afyonkarahisar, Aksaray, Ankara, Antalya, Burdur,
Canakkale, Denizli, Eskisehir, Isparta, izmir, Karaman,

Kirikkale, Kirsehir, Konya, Kiitahya, Manisa, Mersin,
Usak and Yozgat Provinces. According to SDMs of 2050
and 2070, the present possible distribution area will
extremely shrink. The models based on the RCP4.5
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scenario show that the suitable niches for the species
will substantially disappear throughout Anatolia,
except Central Anatolia Region (Figure 4a-b) while the
models based on the RCP8.5 scenario put forward that
there will be suitable habitats at both Central Anatolia
Region and Mediterranean Region for P. anatolicus
(Figure 4c-d).

4. Discussion and Conclusion

Correlation analysis presented that there are eleven
strongly correlated bioclimatic variables. The
remaining eight bioclimatic variables are related to
both temperature and precipitation. This shows that
the range of the species is limited not only by
temperature but also by humidity. It is known that
temperature has a significant impact on insects from
growth rates, metabolism, and body size to life history,
geographic ranges, and species diversity [33]. Also,
temperature seasonality defines the thermal tolerance
limits of a species [34,35]. Most probably, temperature
seasonality determines the elevation-dependent
distributions of this species. Thus, the species seems
to be a thermal specialist has narrower elevation
ranges. On the other hand, increased precipitation is
known to have a substantial impact on insects by limit
insect flight ability [36]. Thus, the species most
probably prefers areas with relatively dry summer
seasons because precipitation limits its flying capacity.

Studies conducted on other leaf beetle species have
also presented that isothermality (BIO3), temperature
seasonality (BIO4) and mean temperature of the
wettest quarter (BIO8) are determinants of the

distribution of some Galerucinae and
Cryptocephalinae species such as Aphthona alcina, A.
perrisi, A.  wagneri  (BIO4, BI09, BIO15),

Neocrepidodera ligurica and N. melanostoma (BIO3,
BI04, BIO6, BIO8, BIO18, BIO19), N. cyanescens
concolor and N. cyanescens cyanescens (B103, BI04,
BIO6, BIO8, BIO18), N. corpulenta and N. rhaetica
(BIO3, BIO4, BIO6, BIO8, BIO18, BI019),
Cryptocephalus bari (B102, BIO3, BIO17), and C
bameuli (B103, B1014) [20,37,38,39]. According to our
model, the suitable current distribution range of P.
anatolicus is very large covering from Aegean,
Mediterranean, and also Southeastern Anatolian
Regions, plus some parts of the Central Anatolia.
Future SDMs suggested that the suitable range of the
species would have been extremely shrunk up, to
2070, possibly because of climate change as the
isothermality (BIO3), temperature seasonality (BI04)
and mean temperature of the wettest quarter (BIO8)
are the main determinants of the species range. In
general, the survival chance of a species under climate
change is dependent on the ability to shift its range
towards suitable habitats. [40-42]. However, the SDM
for 2050 and 2070 showed that the species would not
find suitable and very suitable habitats fitting to its
ecological requirements. As a result, it can be
concluded that the species will have to distribute in

harsh conditions (unsuitable and moderately suitable
habitats) in terms of its ecological requirements. On
the other hand, it was proved that some Quercus
species may also have to change their distribution
range in Tiirkiye because of changing climate [43,44].
It is a known fact that the species with smaller
distribution ranges and with narrow habitat breadths
are more at risk than others [45]. In conclusion,
similarly, the present study showed that this
phytophagous and endemic leaf beetle species with a
small distribution range would survive as small
isolated populations because both itself and its host
plants (Quercus spp.) are adversely affected by the
changing climate.

Declaration of Ethical Code

In this study, we undertake that all the rules required to
be followed within the scope of the "Higher Education
Institutions Scientific Research and Publication Ethics
Directive” are complied with, and that none of the
actions stated under the heading "Actions Against
Scientific Research and Publication Ethics" are not
carried out.

References

[1] Déoberl, M. 2010. Subfamily Alticinae. pp. 491-
563. Lob], I., Smetana, A. ed. 2010. Catalogue of
Palaearctic Coleoptera. Volume 6:
Chrysomeloidea. Apollo Books, Stenstrup, 924
pp:

[2] Ekiz, A. N, Sen, i, Aslan, E. G, Gok, A. 2013.
Checklist of leaf beetles (Coleoptera:
Chrysomelidae) of Turkey, excluding Bruchinae.
Journal of Natural History, 47(33-34), 2213-
2287.

[3] Gok, A., Doguet, S, Cilbiroglu, E. G. 2003.
Psylliodes cerenae sp. nov., a new Alticinae
species from Southwest Turkey (Coleoptera:
Chrysomelidae). Annales Zoologici 53(2), 201-
202.

[4] GOk, A, Cilbirogluy, E. G. 2004. A new species of the
genus Psylliodes Latreille (Coleoptera:
Chrysomelidae) from Turkey. Zootaxa, 440(1), 1-
6.

[5] Gok, A. 2005. Psylliodes yalvacensis sp.
n.(Coleoptera: Chrysomelidae, Alticinae) from
Turkey. Biologia, 60, 133-135.

[6] Sen, i, Gok, A. 2009. Leaf beetle communities
(Coleoptera: Chrysomelidae) of two mixed forest
ecosystems dominated by pine-oak-hawthorn in
Isparta province, Turkey. Annales Zoologici
Fennici, 46 (3),217-232.

[7]1 Aslan, E. G. 2010. Comparative diversity of
Alticinae (Coleoptera: Chrysomelidae) between
Ciglikara and Dibek nature reserves in Antalya,
Turkey. Biologia, Bratislava, 65 (2), 316-324.

289



E. Turantepe and I. Sen / Predicting Present and Future Distribution Ranges of an Endemic Flea Beetle, Psylliodes anatolicus Gok and Cilbiroglu 2004 (Coleoptera:
Chrysomelidae) in Tiirkiye

[8] Sen, I, GOk, A. 2014. Leaf beetle (Coleoptera:
Chrysomelidae) communities of Kovada Lake and
Kizildag national parks (Isparta, Turkey):
assessing the effects of habitat types.
Entomological Research, 44 (3), 176-190.

[9] Bayram, F. Aslan, E. G. 2015. Comparation of
Alticini (Coleoptera: Chrysomelidae:
Galerucinae) species diversity in different
habitats selected from Bafa Lake Natural Park
(Aydin) basin with a new record for Turkish
fauna. Turkish Journal of Entomology, 39(2),
147-157.

[10] Simsek, A. Bolu, H. 2017. Diyarbakir Ili
antepfistig1 Pistacia vera L. bahgelerindeki zararl
bocek faunasimin belirlenmesi. Dicle Universitesi
Fen Bilimleri Enstitiisti Dergisi, 6(2), 43-58.

[11] Aslan, E. G. 2018. Alticini (Coleoptera:
Chrysomelidae) species occurring on Aksehir
extensions (Konya) of the Sultan Mountains,
Turkey. Biological Diversity and Conservation,
11(3), 122-125.

[12] Brown, J. H., Stevens, G. C., Kaufman, D. M. 1996.
The geographic range: size, shape, boundaries,
and internal structure. Annual Review of Ecology
and Systematics, 27, 597- 623.

[13] Ebach, M. C. 2015. A History of Biogeography for
the Twenty-First Century Biogeographer. pp. 1-
20. Ebach, M. C. 2015. Origins of Biogeography
Springer, Dordrecht, 185 pp.

[14] Elith, ]., Leathwick, J. R. 2009. Species distribution
models: ecological explanation and prediction
across space and time. Annual Review of Ecology,
Evolution and Systematics, 40, 677-697.

[15] Franklin, J. 2010. Mapping Species Distributions:
Spatial Inference and Prediction. Cambridge
University Press, Cambridge, 320 pp.

[16] Elith, ]., Franklin, ]J. 2013. Species distribution
modelling. pp. 692-705. Levin, S. A. ed. 2013.
Encyclopedia of Biodiversity. Academic Press,
Waltham, MA, 5504 pp.

[17] Moses, A. 2017. Statistical modeling and machine
learning for molecular biology. Chapman and
Hall/CRC, New York, 280 pp.

[18] Guisan, A., Thuiller, W. 2005. Predicting species
distribution: offering more than simple habitat
models. Ecology Letters, 8(9), 993-1009.

[19] Dambach, ]J., Rédder, D. 2010. Applications and
future challenges in marine species distribution
modeling. Aquatic Conservation: Marine and
Freshwater Ecosystems, 21(1), 92-100.

[20] Brunetti, M., Magoga, G., Iannella, M., Biondi, M,,
Montagna, M. 2019. Phylogeography and species
distribution modelling of Cryptocephalus barii
(Coleoptera: Chrysomelidae): is this alpine
endemic species close to extinction? ZooKeys,
856, 3-25.

[21] Hijmans, R. ], Cameron, S. E., Parra, |. L., Jones, P.
G., Jarvis, A. 2005. Very high resolution
interpolated climate surfaces for global land
areas. International Journal of Climatology: A
Journal of the Royal Meteorological Society,
25(15),1965-1978.

[22] Hijmans, R. J. 2021. Package ‘raster’ Geographic
Data Analysis and Modeling. https://cran.r-
project.org/web/packages/raster/index.html
(Date Accessed: 10.12.2021).

[23] RStudio Team 2021. RStudio: Integrated
Development Environment for R. RStudio, PBC,
Boston, MA. http://www.rstudio.com/. (Date
Accessed: 10.12.2021).

[24] Warren, D. L., Matzke, N .., Cardillo, M,
Baumgartner, ]. B.,, Beaumont, L. ], Turelli, M.,
Glor, R. E., Huron, N. A, Simdes, M., Iglesias, T. L.
Piquet, J. C., Dinnage, R. 2021. ENMTools 1.0: an R
package for comparative ecological
biogeography. Ecography, 44(4), 504-511.

[25] Elith, ], Kearney, M., Phillips, S. 2010. The art of
modelling range shifting species. Methods in
Ecology and Evolution/British Ecological Society
1,330-342.

[26] Stohlgren, T. ], Ma, P, Kumar, S, Rocca, M,
Morisette, ]. T., Jarnevich, C. S., Benson, N. 2010.
Ensemble habitat mapping of invasive plant
species. Risk Analysis 30, 224-235.

[27] Gent, P. R, Danabasoglu, G., Donner, L. ]., Holland,
M .M, Hunke, E. C,, Jayne, S. R, Lawrenceits, D. M.,
Neale, R. B, Rasch, P. ], Vertenstein, M., Worley,
P., Yang, Z. L., Zhang, M. 2011. The community
climate system model version 4. Journal of
Climate, 24(19), 4973-4991.

[28] Barry, S. C,, Elith, ]. 2006. Error and uncertainty in
habitat models. Journal of Applied Ecology, 43,
413-423.

[29] Pearson, R. G., Raxworthy, C. J., Nakamura, M.,
Townsend Peterson, A. 2007. Predicting species
distributions from small numbers of occurrence
records: a test case using cryptic geckos in
Madagascar. Journal of Biogeography, 34, 102-
117.

[30] Elith, ]., Phillips, S. J., Hastie, T., Dudik, M., Chee, Y.
E. Yates, C. ]. 2010. A statistical explanation of
MaxEnt for  ecologists. Diversity and
distributions, 17(1), 43-57.

[31] Phillips, S.]., Anderson, R. P., Schapire, R. E. 2006.
Maximum entropy modeling of species
geographic distributions. Ecological Modelling,
190, 231-259.

[32] Phillips, S. ]., Anderson, R. P., Dudik, M., Schapire,
R. E,, Blair, M. E. 2017. Opening the black box: an
open-source release of Maxent. Ecography, 40,
887-893.

290


http://www.rstudio.com/

E. Turantepe and I. Sen / Predicting Present and Future Distribution Ranges of an Endemic Flea Beetle, Psylliodes anatolicus Gok and Cilbiroglu 2004 (Coleoptera:
Chrysomelidae) in Tiirkiye

[33] Angilletta, M. ]J. 2009. Thermal Adaptation: A
Theoretical and Empirical Synthesis. Oxford
University Press, New York. 302 pp.

[34] Janzen, D. H. 1967. Why mountain passes are
higher in the tropics. The American Naturalist,
101(919), 233-249.

[35] Ghalambor, C. K, Huey, R. B, Martin, P. R,
Tewksbury, J. J., Wang, G. 2006. Are mountain
passes higher in the tropics? Janzen's hypothesis

revisited. Integrative and Comparative Biology,
46(1): 5-17.

[36] Gough, L. A,, Sverdrup-Thygeson, A., Milberg, P.,
Pilskog, H. E., Jansson, N,, Jonsell, M., Birkemoe, T.
2015. Specialists in ancient trees are more
affected by climate than generalists. Ecology and
evolution, 5(23), 5632-5641.

[37] Urbani, F., D'Alessandro, P., Frasca, R., Biondi, M.
2015. Maximum entropy modeling of geographic
distributions of the flea beetle species endemic in
Italy (Coleoptera: Chrysomelidae: Galerucinae:
Alticini). Zoologischer Anzeiger-A Journal of
Comparative Zoology, 258, 99-109.

[38] Cerasoli, F., Thuiller, W., Guéguen, M., Renaud, ].,
D'Alessandro, P., Biondi M. 2020. The role of
climate and biotic factors in shaping current
distributions and potential future shifts of
European Neocrepidodera (Coleoptera,
Chrysomelidae). Insect Conservation and
Diversity, 13, 47-62.

[39] Kubisz, D., Magoga, G., Mazur, M. A, Montagna,
M., Scibior, R, Tykarski, P., Kajtoch, L. 2020.
Biogeography and ecology of geographically

distant populations of sibling Cryptocephalus leaf
beetles. The European Zoological Journal, 87(1),
223-234.

[40] Pearson, R. G. 2006. Climate change and the
migration capacity of species. Trends in Ecology
and Evolution, 21, 111-113.

[41] Engler, R, Randin, C.F., Vittoz, P, Czadka, T,
Beniston, M., Zimmermann, N. E., Guisan, A. 2009.
Predicting future distributions of mountain
plants under climate change: does dispersal
capacity matter? Ecography, 32, 34-45.

[42] Ozinga W. A, Rémermann, C., Bekker, R. M.
Prinzing, A., Tamis, W. L. M., Schaminée, ]. H. ],
Hennekens, S. M., Thompson, K., Poschlod, P.,
Kleyer, M., Bakker, J. P.,, van Groenendael, ]. M.
2009. Dispersal failure contributes to plantlosses
in NW Europe. Ecology Letters, 12, 66-74.

[43] Coban, H. O., Orucu, O. K, Arslan, E. S. 2020.
MaxEnt modeling for predicting the current and
future potential geographical distribution of
Quercus libani Olivier. Sustainability, 12(7),
2671.

[44] Babalik, A. A, Sarikaya, O., Orucu, O. K. 2021. The
current and future compliance areas of kermes
oak (Quercus coccifera L.) under climate change
in Turkey. Fresenius Environmental Bulletin,
30(1), 406-413.

[45] Chichorro, F., Juslén, A, Cardoso, P. 2019. A
review of the relation between species traits and
extinction risk. Biological Conservation, 237,
220-229.

291



Siileyman Demirel Universitesi
Fen Bilimleri Enstitiisii Dergisi
Cilt 26, Say1 2, 292-298, 2022

Siileyman Demirel University
Journal of Natural and Applied Sciences
Volume 26, Issue 2, 292-298, 2022

DOI: 10.19113/sdufenbed.1065647

Makarnalik Bugdayda (Triticum durum L.) Generasyon Siiresinin Kisaltilmasinda Hizhi

Islah Tekniginin Uygulanabilirligi

Remzi 0ZKAN*1©, Merve BAYHAN', Mehmet YILDIRIM1®, Cuma AKINCI?

1Dicle Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii, 21200, Diyarbakair, Tiirkiye

(Alinis / Received: 31.01.2022, Kabul / Accepted: 31.03.2022, Online Yayinlanma / Published Online: 20.08.2022)

Anahtar Kelimeler
Fotoperiyot,
Generasyon,

Hizl 1slah,
Makarnalik bugday

0z: Bu calismada bazi makarnalik bugday genotiplerinin hizli 1slah (speed
breeding) kosullarina tepkisi arastirilmis ve uzun fotoperiyot kosullarinin
bugdayda verim ile dogrudan iligkili olan bitki boyu ve basak 6zellikleri iizerine
etkisi belirlenmistir. Arastirma Dicle Universitesi Ziraat Fakiiltesinde bulunan Tarla
Bitkileri Boliimiine ait yar1 kontrolli sera ortaminda gergeklestirilmistir. Calismada
materyal olarak 4 adet makarnalik bugday genotipi (Svevo, Sena, Burgos ve TBT16-
9) kullanilmistir. Bitkiler hizli 1slah (speed breeding) kosullarinin temel esaslarina
gore 22 saat1sik 2 saat karanlik kosullardan olusan uzun fotoperiyot siiresine maruz
birakilmis, ardindan ciceklenmeden 20 giin sonra hasat edilmistir. Hizli 1slah
stirecinde elde edilen tohumlara, dormansi kirma metodu (+4 °C’de bekletme)
uygulanmasi, normal ¢imlendirme sartlarina kiyasla genotiplerin ¢imlenme
oraninda %10.01 artis yapmistir. Dormansi uygulanmadan %80 ¢imlenme degeri
elde edilmistir. Erkencilik ve bitki boyunun verim kriterleri ile giiclii ve pozitif
iliskilerde bulunmasi, bu o6zelliklerin hizli 1slah kosullarinda gelistirilecek
genotiplerin erken generasyonlarinda seleksiyon kriteri olarak kullanilabilecegini
gostermektedir. Arastirma neticesinde hizl 1slah (speed breeding) kosullarinda
yetistirilen makarnalik bugday genotiplerinden Svevo c¢esidi uzun fotoperiyot
kosullarina en iyi tepkiyi veren genotip olmustur.

Applicability of Speed Breeding Technique in Shorten the Generation Cycle in Durum

Wheat (Triticum durum L.)

Keywords
Durum wheat,
Generation,
Photoperiod,
Speed breeding

Abstract: In this study, the response of some durum wheat genotypes to speed
breeding conditions was investigated and the effect of long photoperiod conditions
on plant height and spike characteristics, which are considered as yield criteria in
wheat, was determined. The research was carried out in the semi-controlled
greenhouse environment of the Field Crops Department in Dicle University Faculty
of Agriculture. Four durum wheat genotypes (Svevo, Sena, Burgos and TBT16-9)
were used as material in the study. Plants were exposed to a long photoperiod of 22
hours light and 2 hours dark conditions according to the basic principles of speed
breeding, then harvested 20 days after anthesis and finally subjected to cold
application to break dormancy. Method for breaking dormancy (+4 °C application)
increased the germination rate of genotypes by 10.01% compared to normal
germination conditions. Average germination rate was 80% without dormancy
process. The strong relationship between earliness, plant height with yield criteria
has shown that these parameters can be used as a selection criterion in early
generations of genotypes to be developed under speed breeding conditions. As a
result of the research, Svevo variety was the best response to long photoperiod
conditions.

1. Giris

bitkilerinden birisidir. Ayrica sahip oldugu yiiksek
adaptasyon yetenegi sayesinde de farkli iklim ve

Bugday tahillar igerisinde ilk kiiltiire alinan, diinyada bolgelerde yetistirilebilme  dstinligii  bugday
ekim alani, lretimi ve tiikketimi fazla olan kiiltiir stratejik olarak dnemli bir bitki haline getirmektedir.

*[Igili yazar: rmziozkan@gmail.com
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Diinya iizerinde yasayan 7.8 milyar insanin 2050
yilina kadar yaklasik olarak 10 milyara c¢ikacag
tahmin edilmekte ve hizla artan diinya niifusunun
beslenme ihtiyacinin var olan kaynaklar ile
karsilanamayacag1 ongoriilmektedir. Nifus artisi ile
birlikte degisen ¢evre kosullarinda sadece gida temini
zorlastirmamakta, ayn1 zamanda birgok ihtiyac¢ icin
temin sorununa sebep olmasinin yaninda tlkelerin
kalkinma hizlarinin yavaslamasina, ekonomik ve
sosyal sorunlarin artmasina da neden olmaktadir [1].

Bazi temel gida irilinlerinin yetistiriciliginde
generasyon siirelerinin ¢ok uzun olmasi, gelecekte
niifus artisina paralel olarak yeteri kadar iirline
erisememe sorununu ortaya ¢ikaracaktir. Birgok bitki
grubu icin klasik 1slah calismalar ile yeni bir cesit
gelistirilmesinde uzun bir stire¢ ile beraber yogun
emege de ihtiya¢c duyulmaktadir. Genetik safiyetin
saglanmas1 Kklasik 1slah yontemleriyle en az 6-7
generasyon atlatilmasi1 gerekmektedir. Ancak bazen
bu uzun stirecin sonunda arzu edilen 6zelliklere sahip
hatlar elde edilememektedir. Boyle durumlarda hem
uzun siiren yillar bosa gitmekte hem de verilen
emekler sonucu basart saglanamamaktadir. Bu
sebeplerden dolay: 1slah ¢alismalarinda uzun yillar
alan slireyi  kisaltmak ve  mevcut 1slah
programlarindan daha etkin faydalanilmasi igin yeni
teknolojilere ihtiya¢ duyulmaktadir. Bahsi gecen bu
yeni teknolojilerden biri de hizli 1slah teknigidir. Bu
teknik ile popiilasyonlarda uzun siireli fotoperiyotlar
kullanilarak hizli1 generasyon ilerlemesi saglanmakta
ve yeni cesitler kisa siirede (yilda 5-6 generasyon)
ciftcilerin kullanimina sunulmaktadir. Hizli 1slah
tekniginde, uzun giin/noétr giin bitkilerinin daha fazla
glin 15181ndan faydalanilmasi saglanmakta ve erken
donemde bitkilerin hasat edilmesiyle tek tohuma
dayali olarak generasyon atlamasi saglanarak islah
stresi kisaltilmaktadir [2]. NASA'ya ait uzay
istasyonlarinda bitki yetistirmesinden esinlenerek
gelistirilen bu yontem 3 temel 6zellige dayanmaktadir.
Bunlardan birincisi 1siklandirma siiresinin uzatilmasi
(22 saat), ikincisi tohumlarin tamamen
olgunlasmadan o6nce hasadi (¢iceklenmeden 15-20
glin sonra) ve son olarak lg¢lnciisii dormansinin
kirilmasi icin soguk uygulamasina (tohumlarin etiivde
kurutulmasinda sonra 4 °C’de 3-5 giin tutulmasi)
dayanmaktadir [3, 4].

Hizli 1slah teknigi, genetik olarak iyi tanimlanmis
ozellikler icin markoére dayal seleksiyonda ve elit
hatlarin  hizlh  bir  gsekilde yetistirilmesinde
kullanilabilir [5]. Hizli 1slah protokolleri, modern islah
yontemlerinin kullanilmasina yardimci olacaktir.
Ornegin; hizli 1slah sisteminde rekombinant
kendilenmis hatlarin hizli gelisimi, hizli genomik
destekli 1slah yaklasimlarini kolaylastirabilir [6-8].
Ayrica, hizli 1slah sistemi ile genom diizenleme
teknikleri de gelistirilebilir. Cas9 geninin bitkiye
basarili bir sekilde transferinden sonra, transgenik
bitki, miimkiin oldugunca erken transgenik tohumlar
elde etmek icin hizl 1slah kosullarinda biiyiitiilebilir

[9]. Arastirmacilar farkli bitki gruplar igin farkh
protokoller gelistirilmislerdir; Piring (Oryza sativa L.)
[10, 11], kanola (Brassica napus L.), arpa ve bugday [4],
fisik (Arachis hypogaea L.) [8] ve soya fasulyesi
(Glycine max (L.) Merr.) [11, 12].

Normal sera kosullarinda yilda 2-3 generasyonun
alinabildigi bazi serin iklim tahillar1 (ekmeklik bugday,
makarnalik bugday, arpa) ve baklagil bitkilerinde
(nohut ve bezelye) hizli 1slah yontemiyle yilda 6
generasyon, kanolada ise yilda 4 generasyon {iriin
almiglardir [4]. Hizlh 1slah  teknigi ile F2
generasyonundaki makarnalik bugdayda farkh
kantitatif 6zelliklerin (kahverengi pas, kok ¢iirakligi,
bitki boyu, kok acis1i ve seminal kok sayisi)
seleksiyonunu gerceklestirmislerdir [13]. Bu teknik ile
generasyon siiresi yazlik bugday cesitlerinde yaklasik
olarak 60 giin; melezleme programinin uyguladigl
baska bir ¢alismada ise yaklasik olarak 70 giinde
tamamlanmistir [14]. Ozellikle bugday, arpa, nohut,
mercimek ve bezelye gibi uzun giin bitkilerinde hizli
1slah metodunun etkin bir sekilde kullanilmasiyla
yilda 6 generasyon iiriin alinabilecegi ve bu sayede
iilkemizde yeni c¢esitlerin kisa siirede elde
edilebilecegi 6n goriilmektedir.

Bu calismada bazi makarnalik bugday genotiplerinin
hizli 1slah kosullarina tepkisi arastirilmis ve uzun
fotoperiyot kosullarinin bugdayda verim kriterleri
olarak sayilan bitki boyu ve basak 6zellikleri {izerine
etkisi arastirilmistir.

2. Materyal ve Metot

Arastirma 2020 yilinda Dicle Universitesi Ziraat
Fakiiltesi, Tarla Bitkileri Boliimiine ait yar1 kontrolli
sera ortaminda gerceklestirilmistir. Arastirmada
materyal olarak 4 adet makarnalik bugday genotipi
(Svevo, Sena, Burgos ve TBT16-9) kullanilmistir
(Tablo 1). Tohumlar ebatlar1 130 cm3 (dis ebat: 51x32
cm, ag1z ¢cap1: 7 cm ve derinlik: 7 cm) olan 15 gozli fide
viyollerinde ekilmistir (Sekil 1). Her 15 gozli fide
viyolliniin bir tekerriir olarak kabul edildigi ¢alisma, 4
tekerriirlii olacak sekilde Tesadiif Parselleri Deneme
Desenine gore kurulmustur. Her bir viyol gozilinde bir
bitki olacak sekilde ekim yapilmis ve viyollerde toprak
materyali olarak hazir torf kullanilmistir. Ekim islemi
25.03.2020 tarihinde gerceklesmistir.

Bitkiler 22 saat 151k 2 saat karanlik kosullardan olusan
hizli 1slah (speed breeding) ortaminda uzun
fotoperiyoda maruz  birakilmistir.  Denemede
kullanilan LED lambalar periyodik olarak, gece saat
02.99da yanip, gece saat 00.°”°da s6nen bir otomasyon
sistemi ile kontrol edilmistir [3, 4]. Calismada kirmizi,
sar1 ve mor renkleri barindiran serit ledler (276.15
umol/(m?s)) kullamlmistir. Sabit bitki yetistirme
masasl lizerine ayarlanabilir hareketli bir sistem
kurulmus ve bitki ile led 151k arasi mesafe gelisim
boyunca 20 cm olacak sekilde sabitlenmistir (Sekil 2).
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Sekil 2. Genotiplerden elde edilen basak 6rnekleri.

Tablo 1. Calismada kullanilan genotiplere ait 6zellikler
Genotip Orjin/Mensei Bitkisel Ozellikler
Altrnatif gelisme tabiatl,
erkenci, kardeslenme yiiksek,

Svevo Italya yatmaya dayanikli, sulamaya
elverislidir.
Yazlik gelisme tabiatl,
Burgos Fito erkenci, kurakliga ve yatmaya,
Tohumculuk pas hastaligina karsi
dayaniklidir.
Yazlik gelisme tabiatly, orta
Dicle erkenci, bitki boyu kisa-orta,
Universitesi ~ bayrak yaprak kivrilma orani
Sena .
Ziraat orta ve bayrak
Fakiiltesi yaprak kin mumsulugu ¢ok
kuvvetlidir.
Uni\?;ils?tesi Orta erkenci, kurakliga hassas,
TBT16-9 Ziraat sicaklik stresine dayanikli,
Fakiiltesi sulamaya elverislidir.

Yetistirme ortamina ait sicaklik ve nem degerleri
Trotec BL30 Data Logger cihazi ile giinliik olarak kayit
altina alinmistir. Calismanin yiiratiildigii déneme ait
sera sicaklik ve nem degerleri Sekil 3 ve Sekil 4’de
verilmistir.

Sulama miktarlarinin  hassas uygulanmasi icin
zamanlayici 6zellige sahip selenoid vanalar ile kontrol

edilebilen yagmurlama sulama sistemi kurulmustur.
Ekimden itibaren basaklanma dénemine kadar bitki
icin toprak nemi uygun kalacak sekilde sulama
yapilmistir. Basaklanma déneminden sonra bitkilere
verilen su kademeli olarak azaltilmistir.

Sicaklik (°C)
350 2000,0
30,0
25.0 1500,0
200
v 1000,0
15,0
10,0 500,0
50
0.0 0.0
1 4 710131619 222528 313437 40 43 46 49 52 55 58 61 64 6770 73 76
Giin
w510k lik °C - ==Derece Giin Toplam Sicaklik °C
Sekil 3. Calisma dénemine ait sicaklik degerleri
Nem (%)
80
70
60
50
£ 40
30
20
10
0
1357 911131517192123252729313335373941434547495153555759616365676971737577
Giin
Sekil 4. Calisma dénemine ait nem degerleri
Bitkilere ait giibreleme programi Tablo 2.de

verilmistir. Giibreler su ile seyreltilerek uygulanmistir.
Uzun fotoperiyot siiresi bitkinin vejetasyon siiresini
kisaltigindan  bitkiler hizli 1slah  kosullarinda
ciceklenme tarihinden 20 giin sonra (4-9/06/2020)
taneler tam olgunlasmadan hasat edilmistir. Hasat
edilen basaklar 35 °C'de 7 giin boyunca etiivde
kurutulmaya birakilmistir. Elde edilen tohumlarda
dormansi sorununun olup olmadigin1 saptamak icin
tohumlar iki gruba ayrilmistir. Birinci grup igin
nemlendirilmis tohumlar +4 °C’de 24 saat bekletilmis,
ikinci gruba ise herhangi bir 6n islem yapilmamistir.
Daha sonra bu iki grupta ¢imlenme oranini belirlemek
icin tohumlar 4 tekerriirlii olarak petri kaplar1 (her
petride 25 tohum olacak sekilde) icerisinde tohum
cimlendirme kabininde 24 °C'de 96 saat
¢imlendirmeye birakilmistir [3].

Tablo 2. Yetistirme doéneminde uygulanan giibreleme

programu.
Gul.).relerfle Giibre formu Giibre miktari
dénemi
Ekim ile 20-20-0 kompoze
birlikte giibre 1kg/m3 (N-P-K)
Kardeslenme o
dénemi CAN graniil giibre 1 kg/m3 (N)
Basaklanma o
dénemi CAN graniil giibre 1 kg/m3 (N)
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2.1. Calismada incelenen ozellikler

Ciceklenme siiresi (giin): bitkilerin ¢ikis yaptig1 tarih
ile viyollerdeki bitkilerin %50’sinin ¢iceklendigi tarih
arasindaki siire olarak, bitki boyu (cm): bitki ana
sapinin topraga baglandigi noktadan, tepe basakeigin
ucuna kadar olan mesafe cm cinsinden oOlgiilerek
saptanmistir. Basak uzunlugu (cm): basaklarin
boylarinin dlgiilmesi ile, basakta basakcik sayisi
(adet): basaktaki basak¢ik sayisinin sayilmasiyla;
basakta tane sayisi (adet): harmanlanan basaklarin
tanelerinin sayilmasi ile, basakta tane agirligl (g):
harmanlanan tanelerin hassas tarti ile tartilmasiyla
belirlenmistir. Cimlenme orani (%): 96 saatin sonunda
cimlenen tohumlarin %’desi olarak hesaplanmistir

[3].

Arastirmada incelenen 0Ozelliklere ait degerlerin
varyans ve korelasyon analizleri, JMP Pro 13 istatistik
paket programi kullanilarak yapilmis ve ortalamalar
arasindaki istatistiki farklihklar AOF testi ile ortaya
konulmustur.

3. Bulgular ve Tartisma

Calisma sonunda genotiplerin incelenen 6zelliklerine
ait ortalama degerleri Tablo 3.’de verilmistir. Elde
edilen sonuglara gore, giceklenme siiresi, bitki boyu,
basak uzunlugu, basakta tane sayisi ve tane agirhigi
bakimindan genotipler arasinda istatistiki olarak
o6nemli farkhliklar tespit edilirken, basakta basake¢ik
sayisi bakimindan genotipler arasindaki fark 6nemsiz
bulunmustur. Uzun 1siklanma siiresi genotiplerin
vejetasyon suresini oldukca kisaltmis ve genotipler
hizli 1slah kosullarinda farkli tepkiler ortaya
koymuslardir. Genotipler arasinda, hizli 1slah
kosullarinda en erken ciceklenen genotip Svevo
(51.75 giin) cesidi olurken, en gec cigeklenen genotip
ise Burgos (55.50 giin) cesidi olmustur (Tablo 3).

Daha once hizli 1slah kosullarinda yapilan benzer
calismalarda, ortalama ¢igceklenme siiresini bugdayda
35.0-39.0 giin, arpada 37.0-38.0 giin [4]; makarnalik
bugdayda basaklanma siiresini 46.0 giin, ekmeklik
bugdayda ise 48.2 giin olarak saptanmistir [3]. Ayrica
yer fistiginda yapilan ¢alismada generasyon siiresi F2
kusaginda 113.0 giin, F3 kusaginda ise 89.0 giin olarak
bildirilmistir [8]. Hizl1 1slah metodunda, bitkinin
1siklanma siliresinin artmasiyla fotosentez aktivitesi

dogrudan etkilenmektedir. Fotosentez siirecinin
etkilenmesiyle, vejetasyon siiresi kisalmakta [15] bu
da bir yilda 5-6 generasyon lriin alinmasina olanak
saglamaktadir. Hizli 1slah protokolleri ile 1slah stireci
kisalarak ve bir yil icerisinde birden fazla generasyon
alinarak 1slah programlarinda genetik ilerleme
saglanabilir = [16]. Arastiricilar  populasyonda
ciceklenme  siiresi bakimindan genetik  bir
varyasyonun olustugunu ve bunun da populasyonun
genetik ilerleme hizi i¢cin bir avantaj sagladigini
bildirmistir [4].

Yetistirme donemi boyunca hizli 1slah kosullarinda
ortalama sicaklik ve nem sirasiyla 23.4 °C ve %51
olmustur. Yetistirme sonunda derece giin toplam
sicaklik degeri 1800.9 °C olarak gerceklesmistir.
Calismada genotiplerin c¢iceklendigi ortalama derece
giin miktarlari, Svevo ¢esidinde 1185.3 °C, TBT16-9
hattinda 1209.1 °C, Sena cesidinde 1233.7 °C ve
Burgos cesidinde 1282.7 °C olarak tespit edilmistir
(Sekil 3-4).

Genotipler arasinda bitki boyu bakimindan Svevo
(57.88 cm) ¢esidi en uzun bitki boyuna, Burgos (39.13
cm) c¢esidi ise en kisa bitki boyuna sahip genotip
olmustur (Tablo 3.). Hizli 1slah kosullarinda bitki
boyunun makarnalik bugdayda F2 generasyonunda
24.0-94.0 cm, F3 generasyonunda 46.0-77.9 cm [3],
ekmeklik bugdayda 73.7-83.6 cm, arpada ise 47.5-53.1
cm araliginda oldugu bildirilmistir [3]. Isiklanma
stiresinin ve 151k yogunlugunun artmasiyla birlikte
genotiplerin bitki boylarinda artis goézlemlenmistir
[17]. F2 generasyonundaki bitkilerin %17.3"linilin
ebeveynlerinden daha uzun; %20.4'inlin ise daha kisa
fenotipik 6zellik sergilediklerini go6zlemlemislerdir
[13].

Bitkilerin  vejetasyon siiresinin  kisalmasi ve
ciceklenmeden 20 giin sonra bitkilerin hasat edilmesi,
verim oOgelerinde ciddi oranda azalmalara ve
basaklarin kii¢iilmesine sebep olmustur (Sekil 5).
Genotipler arasinda en yiliksek basak uzunlugu 5.00
cm ile Sena cesidinde, en diisiik deger ise 4.26 cm ile
Burgos c¢esidinde saptanmistir. Arastirmada basakta
basakgik sayis1 bakimindan genotipler arasindaki fark
o6nemsiz bulunurken, Burgos cesidi (11.25 adet) en
yliksek basakgik sayisina, Sena ¢esidi (10.38 adet) ise
en diisiik basake¢ik sayisina sahip genotip olmustur.
Genotipler arasinda Svevo c¢esidi 13.38 adet ile

Tablo 3. Arastirmada incelenen dzelliklere ait ortalama degerler

Genotip Ciceklenme Stiresi Bitki Boyu Basak Uzunlugu  Basakeik Sayis1  Basakta Tane Basakta Tane
(giin) (cm) (cm) (adet) Sayisi (adet) Agirhigi (g)
Svevo 51.75Db 57.88a 4.63 ab 10.63 13.38a 0.364 a
Sena 53.50 ab 46.88Db 5.00a 10.38 10.38 ab 0.239 ab
Burgos 55.50a 39.13b 426b 11.25 2.38¢ 0.078b
TBT16-9 52.75b 47.25b 481a 10.88 7.88b 0.221 ab
Ortalama 53.38 47.78 4.66 10.78 8.51 0.225
DK (%) 3.02 11.57 6.23 5.11 40.1 45.4
AOF 2.57* 8.83** 0.45* - 5.46** 0.16*

*:p<0.05, **: p <0.01 seviyesinde 6nemli.
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basakta tane sayist bakimindan 6n plana ¢ikarken,
2.38 adet ile Burgos cesidi en diisiik tane sayisii
veren ¢esit olmustur (Tablo 3.). Hizhh 1slah
kosullarinda makarnalik bugdayda basakta tane
sayisinl erken hasat edilen bitkilerde 18.4-32.1 adet,
ge¢ hasat edilenlerde 18.8-30.8 adet; ekmeklik
bugdayda ise erken hasat edilen bitkilerde 52.2-72.5
adet, gec hasat edilenlerde 44.2-62.5 adet olarak
bildirilmistir [3].

Calismada basakta tane agirhigi 6zelligi yoniinden en
yiksek deger Svevo (0.364 g) cesidinden elde
edilirken, en diisiik deger ise Burgos (0.078 g)
cesidinde gozlemlenmistir (Tablo 3.). Hizli 1slah
kosullarinda makarnalik bugdayda basakta tane
agirhgini erken hasat edilen bitkilerde 0.30-0.44 g, gec
hasat edilenlerde 0.90-1.40 g; ekmeklik bugdayda ise
erken hasat edilen bitkilerde 0.80-1.10 g, ge¢ hasat
edilenlerde 2.40-3.30 g arasinda degistigini
bildirilmistir [3]. Arastiricilar yer fistiginda yaptiklari
bir c¢alismada iki ebeveynin melezlemesini ve Fi
generasyonunu tarla kosullarinda Fz, F3 ve Fa
generasyonlarini ise hizli 1slah kosullarinda basarili
bir sekilde gerceklestirmislerdir [8]. Ayrica soya
fasulyesinde daha dnce yapilan calismalarda 10 saatlik
ve 14 saatlik bir fotoperiyot kullanarak yilda bes
generasyon almayi1 basarmiglardir [11, 12].

Tohumlarin erken hasat edilmeleri, hizli 1slah
sisteminde beklemeden tekrar ekilmeleri nedeniyle
¢imlenme y6niinden dormantlik seviyeleri 6énemlidir.
Hizli 1slah sisteminin devamliligini garantiye almak
icin uygulanan bir giinliik dormansi kirma islemi (+4
°Cuygulamasi), normal ¢imlendirme sartlarina kiyasla
genotiplerin ¢imlenme oraninda %10.01 artis
yapmistir. Genotipler arasinda en yiiksek cimlendirme
orani Svevo cesidinden, en diisiik ¢cimlendirme orani
ise Burgos c¢esidinden elde edilmistir. Tim
genotiplerin 6n uygulamaya benzer tepki verdikleri
belirlenmistir (Tablo 4.). Daha 6nce yapilan benzer
calismalarda makarnalik bugdayda ¢imlenme oranin
%97.5 * 0.0 [3]; ekmeklik bugdayda %94.33 olarak
saptamislardir [14]. Elde edilen %80’lik ¢imlenme
degeri hizli 1slah kosullarinda generasyon atlatma
islemlerine dormansi uygulamasi yapilmadan devam
etmek icin yeterli oldugunu géstermektedir.

Tablo 4. Genotiplerin cimlenme oranlarina ait degerler (%)

Cimlenme Orani (%)

. On Uygulamasiz On Uygulamal
Genotip (22 °C) (+4°C)
Svevo 86.2 94.6
Sena 80.6 88.2
Burgos 72.5 81.1
TBT16-9 84.3 92.1
Ortalama 809b 89.0a

Arastirmada incelenen 6zellikler bakimindan yapilan
korelasyon analizi sonuglarina gore; bitki boyunun
basakta tane sayisi ve basakta tane agirlig ile pozitif
yonde olumlu ve 6nemli iliski gosterdigi; ciceklenme
sliresinin ise bitki boyu, basakta tane sayisi ve basakta

tane agirhg ile o6nemli ancak negatif iligkiler
gosterdigi saptanmistir (Tablo 5.). Erkencilik ve bitki
boyunun verim 6geleri ile giiclii iliski olusturmasi bu
ozelligin hizlh 1slah kosullarinda gelistirilecek
genotiplerin erken generasyonlarinda seleksiyon
kriteri olarak  kullanilabilecegini  gdstermistir.
Arastiricilar 1isiklanma siiresinin ve 151k yogunlugunun
artmasiyla genotiplerin bitki boylarinda da artislar
meydana geldigini belirtmislerdir [17]. Basaklanma
doneminden sonra bitkilere verilen su kademeli
azaltildig1 icin bitkiler su stresine girmislerdir. Geg
basaklanan genotipler ciceklenmenin gecikmesi ile
daha fazla kuraga maruz kalmislardir. Bu durum
bitkilerin c¢icek setlerinde tohum tutmanin azalmasina
ve zayif tane gelisimine neden olmustur. Ciceklenme
suiresi ile basakta tane sayisi ve tane agirlig1 arasindaki
negatif iliski ortaya ¢ikan bu durum ile agiklanabilir.

4. Sonug

Calismada yer alan genotipler hizli 1slah kosullarinda
uzun fotoperiyot siiresine farkli tepkiler vermistir.
Uzun fotoperiyot siiresi bitkinin vejetasyon siiresini
kisalttigindan  bitkiler hizli 1slah  kosullarinda
ciceklenme tarihinden 20 giin sonra taneler tam
olgunlasmadan  ¢imlenebilecek  sekilde  hasat
edilebilmistir. Bu siirenin bugday gibi yilda en fazla iki
irtin alinabilen {riin gruplar icin ideal oldugu
gozlemlenmis olup, generasyon atlatilmasi
asamalarinda hiz kazanmak adina kolaylik saglayacagi
diistinilmektedir.

Genel olarak arastirmada kullanilan makarnalik
bugday genotiplerinden Svevo ¢esidi uzun fotoperiyot
kosullarina en iyi tepkiyi veren genotip olmustur.
Dormansi kirma islemi, normal c¢imlendirme
sartlarina kiyasla genotiplerin ¢imlenme oraninda
ciddi artis meydana getirmistir. Incelenen 6zellikler
arasinda erkencilik ve wuzun boylulugun, uzun
fotoperiyot kosullarinda verim ile dogrudan iligkili
olan basakta tane sayisi ve tane agirlig1 tizerinde gtiglii
ve pozitif bir etki olusturdugu saptanmis ve bu
ozelliklerin hizli 1slah kosullarinda gelistirilecek
genotiplerin erken generasyonlarinda seleksiyon
kriteri olarak kullanilabilecegi sonucuna varilmistir.

Sonu¢ olarak yapilan arastirma ile hizli 1slah
tekniginin makarnalik bugdayda s6z konusu olan 1slah
calismalar1 icin generasyon atlamada kolaylik
saglayacagl ve yapilacak yogun calismalar ile cgesit
gelistirme konusunda ilkemizdeki tohumculuk
firmalarinin ve arastirma kuruluslarinin Ar-Ge
calismalarina biiylik bir katki ve hiz kazandiracagi
ongorilmektedir. Kullanilan makarnalik bugday
genotiplerinin yazlhik (spring) karakterde olmasi
nedeniyle tohumlarin ekilmeden o6nce vernalize
edilmelerine gerek kalmamistir. Ancak kishk
karakterde olan genotiplerin vernalize edilmeden
kontrollii  kosullarda basaklanmalari miimkiin
olmayacaktir.
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Tablo 5. Arastirmada incelenen 6zelliklere ait korelasyon iliskisi

Genotip Ciceklenme Siiresi Bitki Boyu Basak Uzunlugu  Basakgik Sayis1  Basakta Tane Sayisi
(giin) (cm) (cm) (adet) (adet)

Bitki Boyu (cm) -0.779**

Basak Uzunlugu (cm) -0.405 0.353

Basakeik Sayisi (adet) 0.042 -0.141 0.112

Basakta Tane Sayisi (adet) -0.737** 0.803** 0.410 -0.144

Basakta Tane Agirligi (g) -0.703** 0.822** 0.364 -0.029 0.960**

**: p <0.01 seviyesinde 6nemli.

Hizli 1slah metodu, stres kosullari altinda yiirtitiilerek
kisa stirede yiiksek verimli, hastalik, tuzluluga vs.
kosullara dayanikli cesitler gelistirilmesine olanak
saglayabilir. Ancak mevcut literatiirlerde yer alan hizli
1slah protokolleri sadece bazi bitki gruplar igin
standart yontemlerle kullanilmakta, farkli kosullara
uygun seleksiyon icin gelistirilmeleri gerekmektedir.
Hizli 1slah metodunun tam optimize edilmesi,
gelecekte biiyiilk sorun olacak gida giivenliginin
giderilmesi i¢in gelecek nesillere biiytik bir umut 15181
olacaktir.
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Bu c¢alismada, “Yiiksekogretim Kurumlart Bilimsel
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Abstract: This study aimed to determine the change of antimicrobial effects of
sunflower, astragalus, chestnut and citrus honey against four bacteria (Listeria
monocytogenes ATCC 7944, Escherichia coli ATCC 25922, Staphylococcus aureus
ATCC 25923, Salmonella typhimurium ATCC 14028) and two yeasts (Candida
albicans ATCC 10239 and Candida tropicalis ATCC 750) depending on storage
conditions (heatand light applications) and time. Each monofloral honey was stored
in two different conditions, with and without heat treatment, at room temperature
(<25°C) in the light and in the dark. The antimicrobial activities of the maintained
honey were determined by the disc diffusion method. At the end of the study, it was
determined that all honeys showed the highest activity against S. typhimurium in
conditions that did not see heat and light.

Monofloral Ballarin Saklama Kosullarina Gore Antimikrobiyal Aktivite Uzerine Etkisi

Anahtar Kelimeler
Bal,

Antimikrobiyal aktivite
Is1] islem,

Aygigek,

Geven,

Kestane,

Narenciye

0z: Bu calismada aygicek, geven, kestane ve narenciye ballarinin 4 bakteri (Listeria
monocytogenes ATCC 7944, Escherichia coli ATCC 25922, Staphylococcus aureus
ATCC 25923, Salmonella typhimurium ATCC 14028 ) ve 2 mayaya ( Candida albicans
ATCC 10239 ve Candida tropicalis ATCC 750) karsi antimikrobiyal etkilerinin
saklama kosullar1 (1s1 ve 1s1k uygulamalarinin) ile beraber zamana bagh olarak
degisimini belirlemek amaclanmistir. Her bir monofloral bal 1s1l islem yapilmis ve
yapilmamis olarak, oda sicakliginda (<25°C) 151k goren ve gérmeyen sekilde iki farkli
kosulda saklanmistir. Muhafaza edilen ballarin antimikrobiyal aktiviteleri disk
difiizyon yontemi ile yapilmistir. Yapilan ¢alisma sonunda ballarin en yiiksek
aktiviteyi S. typhimurium ‘a karsi 1s1 ve 151k gérmeyen kosullarda gosterdigi
belirlenmistir.

1. Introduction

Hundreds of years ago, Egyptians used honey in
surgical dressings and in the treatment of eye

Honey, which is essential for human health and used
to treat many diseases, is also accepted as a primary
nutrient and energy source [1].

Honey, which has been an important food source for
human beings for centuries, is also widely used as a
natural product in treatment [2]. Many studies have
shown that honey is effective as an antimicrobial agent
in gastrointestinal disorders [3, 4], healing of wounds
and burns [5-8, 4], and proves to provide gastric
protection against acute and chronic gastric lesions [8-
10], Laboratory studies show that honey is effective
against bacteria found in wounds such as Escherichia
coli, Staphylococcus aureus, and Salmonella enterica,
Serovar typhimurium [11].

*Corresponding author: aysesenaaydin@mu.edu.tr

inflammation due to its antimicrobial properties. The
Chinese and Indians, on the other hand, wrapped the
sick body with honey to prevent the spread of
smallpox [12]. Today, it is used as a support in the
sense of relieving physical and mental fatigue,
energizing, revitalizing, and healing of asthma,
stomach, circulation, respiratory, cancer, blood
pressure and vascular diseases.

It has been reported that honey can be used as a
natural food preservative due to its antimicrobial
properties [11]. Oszmianski and Lee (1990) [13]
studied that honey reduces enzymatic browning in
fruits; McKibben and Engescth (2002) [14] observed
that it prevents lipid oxidation in meat.
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In studies examining the antimicrobial effect, it has
been reported that honey has an inhibitory effect on
approximately 60 Gram-negative and Gram-positive
bacterial species with aerobic/anaerobic properties
[15,16].

In a study by Kolayh et al. [17], they studied the
antioxidant and antimicrobial activities of chestnut
honey grown in our country - a total of 32 taken from
3 different regions. It was determined that it showed
the highest antimicrobial activity against S. aureus, E.
faecalis, Y. pseudotuberculosis and E. coli. In the results
obtained, a relationship was established between the
pollen content of chestnut honey and the activity.

Another study investigated the antioxidant and
antimicrobial activities of honey grown in the Eastern
Black Sea region [18]. Nine honey samples in this
study showed high antioxidants and antimicrobial
activity levels.

The antimicrobial activity of honey is related to
hydrogen peroxide produced by glucose oxidase
found in the nature of honey, and phenolic compounds
[19-22].

Minor components, such as aromatic and phenolic
compounds, may differ depending on the floral source,
to which antimicrobial activity and other biological
benefits are attributed. For this reason, there are
different monofloral kinds of honey for various uses
[21].

Our country is very rich in terms of flowering plant
flora and endemic plant diversity, depending on its
geographical location and climatic diversity.
Monofloral honeys are preferred because of their
different flavors and the biological benefits they
provide. Among them, sunflower, astragalus, chestnut
and citrus honey are among the kinds of honey whose
production has become increasingly widespread from
past to present. This study aimed to reveal the effect of
heat and light applications on antimicrobial activity in
storage conditions of sunflower, astragalus, chestnut
and citrus monofloral kinds of honey, which are
widely produced in Turkey.

2. Material and Method
2.1. Honey samples

Among the monofloral honeys used in the study,
Chestnut honey was obtained from Kastamonu,
Astragalus honey from Nigde, Sunflower honey from
Tokat, and Citrus honey from Hatay.

2.2. Storage conditions

After the monofloral honeys were homogenized and
divided into two parts, some of them were exposed to
storage and shelf conditions in their natural state. The
other part was exposed to the storage conditions after

being exposed to the temperature (<60°C) and time
applied during packaging. Each monofloral honey,
with and without heat treatment, was stored at room
temperature (<25°C) in two different conditions, in
the light and in the dark (Table 1).

Table 1. Storage conditions of honey samples

Light environment Dark environment

SZ{I(;EEZS Not Heat Heat Not Heat Heat
Treated Treated Treated Treated

Sunflower AT1 AT2 AT3 AT4

Astragalus GN1 GN2 GN3 GN4

Chestnut KK1 KK2 KK3 KK4

Citrus NH1 NH2 NH3 NH4

2.3. Microbiological tests
2.3.1. Microorganisms and culture medium

In antimicrobial activity studies, 6 microorganisms
taken from Mugla Sitki Kogman University Culture
Collection (MUKK) were used. These are: Listeria
monocytogenes ATCC 7944, Escherichia coli ATCC
25922, Staphylococcus aureus ATCC 25923, Salmonella
typhimurium ATCC 14028, Candida albicans ATCC
10239 and Candida tropicalis ATCC 750.

L. monocytogenes, S. aureus, and S. typhimurium were
grown by incubation in Nutrient Broth (NB) medium
at 37+0.1°C for 24 hours. E. coli was grown by
incubating in LB broth at 30+0.1°C for 24 hours, and
in C.albicans and C. tropicalis TSB for 48 hours at
30+0.1°C.

In the study, 2 different applications, 1:2 and 1:1
concentration were made from each of the honey
samples and the results were examined.

2.3.2. Determination of antimicrobial activities

Agar well diffusion method was wused for the
antimicrobial activities of honey samples [23]. The
honeys were subjected to 1:1 and 1:2 dilutions with
water. A hundred pL of each microorganism was
taken and spread on Muller-Hinton agar petri dishes.
After spreading, wells of 6 mm in size were drilled into
the petri dishes. A hundred pL honey samples
prepared beforehand were put into these wells. It was
then placed in an incubator at 30£0.1°C / 37+0.1°C for
L. monocytogenes, E. coli, S. aureus, C. albicans and C.
tropicalis growth. After an incubation period of 24
hours for bacteria and 48 hours for yeasts, inhibition
zones formed around the well were measured. This
process was repeated every 6 months to determine
the time-dependent change in antimicrobial activity.

3. Results

Antimicrobial activity of sunflower honey is given in
Table 2. It showed the highest antimicrobial activity
against S. aureus (33-38 mm zone) and S. Typhimurium
(26-31 mm zone) in sunflower honey samples. In the
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first measurements, honeys with 1:1 and 1:2
concentrations showed close inhibition effects. It has
been observed that the inhibition effect disappears
over time and only AT1 honey has an effect against S.
aureus (11 mm zone). A moderate effect was observed
in the first measurements of honey with a 1:1
concentration against L. monocytogenes. It was
determined that all sunflower honeys did not have an
antimicrobial effect against Gram (-) bacteria E. coli.
Therefore, the effect of antimicrobial activity
according to storage conditions could not be
determined. It was determined that C. albicans and C.
tropicalis strains were effective only in honey itself at
a low level. It has been observed that the sunflower
honey that has been heat treated has less
antimicrobial effect than the ones that have not been
heat treated. It was determined that the activity
observed in all microorganisms at the beginning
decreased with time.

When the antimicrobial activity in Astragalus honey
was examined, it was determined that there was a
moderate effect in general (table 3). The antimicrobial
activities of Gram (+) bacteria are moderately
effective. Honeys showed high activity against Gram (-
) S. typhimurium (24-31 mm). The effects decreased
with time and concentration. In the last
measurements, the antimicrobial effect against S.
typhimurium was seen only at 1:1 concentration of
GN3 honey. It showed no effect against E. coli. There

was no effect after the first measurement in honey in
activity against C. tropicalis. [t was determined that the
samples with 1:1 concentration showed activity
against C. albicans. In time, less inhibition zone
measurements were made in the heat-treated samples
compared to the non heat-treated samples. In the dark
and without heat treatment, an inhibition effect was
observed even in the last measurements.

The antimicrobial activity results of chestnut honey
are given in Table 4. In the first measurements, the
highest inhibition zone values were observed in S.
typhimurium (22-28 mm zone). While an effect was
observed in the 2nd measurement in honey stored in
the dark, no effect was observed in the last
measurements. Honey samples with 1:1 concentration
showed inhibition effect against C. albicans until the
last measurement. It was determined that chestnut
honey, which was not heat treated and kept in the
dark, had the highest inhibitory effect (6 mm zone)
against S. aureus until the last measurement.

Inhibition zone results of citrus honey measured
against microorganisms are given in Table 5. The
highest antimicrobial effect was seen against S.
typhimurium only in the first measurements (23-31
mm zone). In general, it has been determined that the
antimicrobial effect of citrus honey is low and
completely lost over time.

Table 2. Time dependent variation of antimicrobial activity of sunflower honey against test bacteria.

Microorganisms C. albicans C. tropicalis E. coli S. typhimurium L. monocytogenes S. aureus
Honey samples Cons 1 2 3 1 2 3 1 3 1 2 3 1 2 3 1 2
AT1 1:1 9 8 7 19 6 5 - - 31 14 9 15 - - 38 17 11
1:2 - - - - - - - - 26 - - 10 - - 36
1:1 16 13 11 9 - - - - 29 16 8 12 - - 35 7
AT2 1:2 - - - - - - - - 27 - - 10 - - 33 -
1:1 8 7 6 14 7 - - - 30 18 13 12 - - 36 16
AT3 1:2 - - - - - - - - 28 - - 9 - - - -
1:1 7 6 5 17 - - - - 28 7 - 18 - - 38 -
AT4 1:2 - - - - - - - - 26 - - 10 - - 34 -
-: no effect

AT1: Sunflower honey- that no heat-treated in the light environment
AT2: Sunflower honey- that heat-treated in the light environment
AT3: Sunflower honey -that no heat-treated in the dark environment
AT4: Sunflower honey -that heat-treated in the dark environment

Table 3. Time dependent variation of antimicrobial activity of Astragalus honey against test bacteria

Microorganisms C. albicans C. tropicalis E. coli S. typhimurium L. monocytogenes S. aureus
Honey samples Cons 1 2 3 1 2 3 3 1 2 3 1 2 3 1 2
1:1 6 5 4 12 - - - 30 13 - 8 7 - 28 -
GN1 1:2 - - - 6 - - - 27 - - 5 - - 12 -
1:1 8 7 6 14 - - - 28 12 - 6 5 - 10 -
GN2 1:2 6 - - - - - 25 - 8 - - 6 -
1:1 8 7 5 9 - - - 28 26 8 7 5 - 8 4
GN3 1:2 6 - 7 - - - 24 - - 9 - - - -
1:1 13 6 - 6 - - - 31 - - 8 5 - 16 -
GN4 1:2 9 - - - - - 20 - - 9 - 9 -
-: no effect

GN1: Astragalus honey -that no heat treated - light environment
GN2: Astragalus honey -that heat-treated in the light environment

GN3: Astragalus honey -that no heat-treated in the dark environment

GN4: Astragalus honey- that heat-treated in the dark environment
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Table 4. Time dependent variation of antimicrobial activity of Chestnut honey against test bacteria

Microorganisms C. albicans C. tropicalis E. coli S. typhimurium L. monocytogenes S. aureus
Honey samples Cons 1 2 3 1 2 3 3 1 2 3 1 2 3 1 2 3
1:1 8 6 5 7 6 5 - 27 - - 10 8 - 14 10 -
KK1 1:2 7 - - - - - - 25 - - 8 - - 7 - -
1:1 7 6 5 - - - - 24 - - 12 6 - 13 - -
kK2 1:2 - - - - - - - 22 - - 13 - - 6 -
1:1 8 8 6 - - - - 27 16 - 8 7 - 14 10 6
KK3 1:2 7 7 - - - - 24 - - 6 - - 8 - -
1:1 8 8 5 8 - - - 28 13 - - - - 14 12 -
KK4 1:2 8 - - 8 - - - 28 - - - - - 14 7 -
-1 no effect

KK1: Chestnut honey -that no heat treated in the light environment
KK2: Chestnut honey -that heat treated in the light environment
KK3: Chestnut honey -that no heat treated in the dark environment
KK4: Chestnut honey- that heat treated in the dark environment

Table 5. Time dependent variation of antimicrobial activity of Citrus honey against test bacteria

Microorganisms C. albicans C. tropicalis E. coli S. typhimurium L. monocytogenes S. aureus
Honey samples Cons 1 2 3 1 2 3 3 1 2 3 1 2 3 1 2 3
1 9 8 - 6 - - - 24 - - 15 - -1 - -
NH1 1:2 - - - .- - 23 - - . . . ..
1:1 6 5 - 16 - - - 26 - - - - - - - R
NH2 1:2 - - - - - - - 24 - - - - - - - -
1:1 8 6 - 17 - - - 31 - - - - - - - -
NH3 1:2 - - - - - - - 26 - - - - - - - R
1:1 16 11 - 18 - - - 29 - - 20 - - - - -
NH4 1:2 10 8 - - - - - 24 - - 12 - - - - -

-: no effect

NH1: Citrus honey -that no heat treated in light environment
NH2: Citrus honey -that heat treated in light environment
NH3: Citrus honey- that no heat treated in dark environment
NH4: Citrus honey -that heat treated in dark environment

4., Discussion and Conclusion

It is known that honey has a broad spectrum
antimicrobial effect against bacteria and many
yeast/mold species [18, 24-26]. In a study examining
the antimicrobial activity and mechanism of action of
multifloral and monofloral honeys, it was determined
that monofloral honeys provided inhibition at 100%
(v/v) concentrations of L. monocytogenes ATCC 15313
strain [27].

In our study, it was determined that the antimicrobial
activity of monofloral honeys at 100% (v/v)
concentrations was higher than at 50% (v/v)
concentrations. After a period of 6-12 months, no
effect was observed in honey with 50% concentration.

It was determined that the antimicrobial properties of
monofloral honeys did not make a significant
difference between Gram properties of bacteria. While
most of the honeys used in the study showed the best
antimicrobial effect against Gram-negative bacteria, S.
typhimurium, no effect was detected against E. coli,
another Gram-negative bacterium. On the other hand,
it has been found to have a high antimicrobial effect
against another Gram-positive bacterium, S. aureus. In
the two honeys in question, the inhibition effect was
higher in the samples that did not undergo heat
treatment.

[t can be said that the antibacterial effects of the honey
used in this study are higher than the antifungal
effects. When the effects against C. albicans and C.
tropicalis were compared, it was determined that all
honeys were more effective against C. albicans.
Although low inhibition zone value was observed, it
was determined that the effect continued until the last
measurement in other honeys except citrus honey.
When the initial zone and last zone measurements
were compared, it was determined that the most
antimicrobial effect was in AT3, GN3, KK3 and NH 3
without heat and light application.

In the study of Lee et al. [28], antimicrobial activity of
sunflower honey against L. monocytogenes and S.
aureus was determined. The results of our study are
compatible with this study in the literature. AT1 honey

showed the highest activity against the
aforementioned microorganisms.
In the study of Sagdic et al. [29] with 50%

concentration samples of astragalus honey, it was
determined that honeys were not effective against E.
coli, S. typhimurium, L. monocytogenes and S. aureus
strains. The results of our study are compatible with
this study in the literature. It can be said that keeping
astragalus honey in conditions where heat is not
applied and where there is no light is effective in its
activity.
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In a study by Kolayli et al. [17], it was determined that
the antimicrobial effect of chestnut honey is more
effective against bacteria than fungi. The highest
antimicrobial activity was reported against S. aureus.
In our study, it was determined that chestnut honey
had a better inhibition effect against S. aureus
compared to mushrooms. It was determined that the
effect lasted for 12-18 months, especially in the KK3
honey sample, where heat and light were not applied.
In another study, it was determined that chestnut
honey did not show any effect against E. coli in 50%
concentration samples. In the same study, it was
determined that the effect against S. areus and L.
monocytogenes was measured as 0-6 mm zone [29].
The results obtained in our study also support this
study.

In a study conducted on citrus honeys, an inhibition
zone of 26.4 mm against S. aureus and 25.4 mm against
E. coli was measured [30]. In our study, while the
effect of citrus honey against E. coli was not observed,
the inhibition effect of NH1 honey was observed
against S. aureus. In general, it was determined that
citrus honeys showed the lowest activity compared to
other honeys.

In our study, antimicrobial activity properties of
different monofloral honeys were investigated. The
highest antimicrobial activity was detected in
sunflower honey. It was determined that the highest
inhibition effect of monofloral honeys was against S.
typhimurium. It has been determined that the
antimicrobial effect of honey stored in heat-treated -
light-exposed areas decreases rapidly depending on
time. As a result, with this study, it was determined
that the effect of keeping the honey in conditions
where heat was not applied and where there was no
light would be high in terms of antimicrobial activity.
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Keywords Abstract: Ground Penetration Radar (GPR) is an important non-destructive testing
E;TOUI)ld Penetration Radar method used in quality control studies on highways. In this study, the GPR device
GPR),

was used to determine the pavement layer thicknesses and to reveal the anomalies
that occurred during the manufacturing on the highways. Within the scope of the
research, field studies were carried out in a certain part of the Antalya-Burdur-
Isparta highway (17 km). Scanning was performed at two different frequency rates
(600 and 1600 MHz) using the GPR device. Two consecutive GPR scans were
performed in the year the highway was renewed and the following year. In the first
year GPR scans, it was determined whether the planned layer thicknesses were
reached or not and abnormal conditions arising from the construction of the
highway. In the second year GPR scans, the changes that occur on the highway after
one year under the traffic load were determined. With this study, it has been
demonstrated once again that the GPR test method is an alternative to destructive
testing methods and is a test method that can collect information about the highway
without damaging.

Non-destructive testing
method (NDT),
Pavement,

Highway,

Quality control

D330 Karayolu Burdur Kesiminde GPR ile Karayolu Ustyapi Tabaka Kalinhig: ve
Tabakalardaki Anormalliklerin Belirlenmesi

Anahtar Kelimeler
Zemin Penetrasyon Radar1

0z: Zemin Penetrasyon Radar1 (GPR) karayollarinda kalite kontrol ¢alismalarinda
kullanilan 6nemli bir tahribatsiz test yontemidir. Bu calismada, listyap1 tabaka

(GPR_)* ; ) kalinliklarinin tespiti ve karayollarinda imalat esnasinda olusan anormallikleri
T;l;;batsm test yontemi ortaya koymak icin GPR cihazi kullanilmistir. Arastirma kapsaminda Antalya-
I(Jstya)l;l Burdur-Isparta karayolunun belli bir kesiminde (17 km) arazi c¢alismalar
Karayol’u yapilmistir. GPR cihazi kullanilarak iki farkl frekans hizinda (600 ve 1600 MHz)
Kalite kontrol gorintileme yapilmistir. Karayolunun yenilendigi y1l ve bir sonraki yil tist tiste iki

kez GPR taramasi yapilmustir. ilk y1l yapilan GPR taramalarinda yapimda planlanan
tabaka kalinliklarina ulasilip ulasilmadigi ve yolun yapimindan kaynakli anormal
durumlar tespit edilmistir. Ikinci y1l yapilan GPR taramalarinda ise trafik ytikii
altinda bir y1l sonrasinda karayolunda meydana gelen degisimler belirlenmistir. Bu
calisma ile GPR test yonteminin tahribatli test ydntemlerine alternatif ve karayoluna
hasar vermeden bilgi toplayabilecek bir test yontemi oldugu bir kez daha ortaya
koyulmustur.

1. Introduction

The asphalt pavements are distressed by high volume
of traffic, increase of heavy vehicle, and environmental
effects [1-3]. The pavement forms an important part of
the highway. It performs many positive tasks, from
safety to fuel consumption. In this case, the quality of
the coating is very important. The pavement can be
affected by many factors and subject to deterioration.
Therefore, some precautions should be taken [4-7].

*Corresponding author: sercanserin@osmaniye.edu.tr

The effects of the deterioration will vary in different
sections of the highway depending on the class of the
highway, the quantity of traffic and the loading
situation on the highway. Therefore, different
maintenance and repair strategies and programs can
be developed for each highway [4-7].

Many non-destructive test methods have been studied
by researches for long times to prevent the disaster in
highway due to the fatigue crack or settlement of
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asphalt pavement in advance [1-3]. Traditionally, the
thickness of asphalt layers was evaluated by
measuring the strain and pressure of highway or by
collecting the core samples directly [1, 8-9]. Although
these methods are reliable by giving accurate results,
they are expensive, time consuming and provide local
information compared to non-destructive test
methods. To overcome these limitations, the use of
non-intrusive techniques is often recommended [10-
11].

There has been a continuous increase in the use of
non-destructive testing (NDT) to evaluate civil
engineering structures recently [12]. Ground
Penetrating Radar (GPR) is one of the most frequently
used NDT on highway inspections because it is
relatively fast technique that gives overall internal
image of the shallow subsurface [1]. GPR is a pulse
NDT method for locating structural objects and
assesses pavement material layer thicknesses and
properties [13-14]. There are different studies carried
out using the GPR method in the literature.

Saarenketo et al. carried out the quality control of the
asphalt pavement using electromagnetic
measurement methods and created deterioration
maps. Until that time, the same author carried out a
series of studies for the determination of crack widths,
transverse and longitudinal cracks and layer
thicknesses in the Scandinavian region. Thus, they
have been instrumental in including the GPR
technique as a quality control tool in this region. [15-
20].

Al-Qadi et al. carried out experiments on flexible
airport pavements in a study called on-site
determination of the densities of asphalt pavements
with the GPR technique. In order to determine the
pavement density, the dielectric and density data were
compared with the GPR based on the dielectric
coefficients of the pavement. At the end of all studies,
it has been determined that density determination
with the GPR method is easier and gives better results
than traditional nuclear methods [21].

Colagrande et al, examined the deteriorations in
flexible pavements with GPR. Researchers studied
forty different paths with and without distortion at
1600MHz and 600MHz GPR frequencies. They also
supported their studies statistically and revealed the
causes of deterioration [22].

Ahmad et al. conducted a study on the feasibility of
detecting cracks in asphalt pavement with GPR.
Researchers did not use traditional destructive
methods for the detection of cracks due to their time
consuming and high cost, instead they investigated the
usability of the non-destructive GPR method [23].

Mardeni et al. carried out pavement density analyzes
with the GPR technique. They used the distortion

estimation as a factor to determine the density of the
pavement using the GPR frequency range of 1.7 - 2.6
GHz. As a result of the study, they found that pavement
density was predicted more successfully with low GPR
frequencies of 1.7 GHz [24].

Al-Qadi et al. used the GPR method to evaluate railway
ballast  conditions  quickly, effectively and
continuously. They evaluated the ballasts of the
smooth railway with the same characteristics and the
ballasts with deterioration, using the GPR data,
scattering analyzes were carried out to detect the
railway ballast deterioration. As a result of the study,
they presented a new methodology showing that 2
GHz GPR antennas can be used to evaluate railway
ballast material [25].

Zhou and Scullion, in the report they prepared in 2007,
stated that non-destructive testing methods can be
used for the evaluation of flexible pavement coatings.
In this report, the results are presented by using the
GPR, FWD and compression dynamic deflectometer
(RDD) together. The GPR was used to determine the
layer thicknesses of the existing pavement and the
moisture zones where potential deterioration would
occur [26].

Kim et al. combined two GPR systems operating in
different frequency bands at the same time and
applied them to evaluate the asphalt pavement. The
layer thicknesses of the asphalt pavement, the air
spaces therein, the groundwater close to the substrate
and the defects caused by these were monitored with
GPR [1].

In this study, reconstructed layered system with 17
km highway section was investigated by using the
Ground Penetration Radar (GPR) which is one of the
nondestructive test methods (NDT). In this way,
pavement layer thickness and anomalies occurred in
time and during construction stages were
investigated.

2. Material and Method
2.1. Method

Ground Penetration Radar (GPR). GPR is an important
test method designed to determine the content of both
natural and man-made materials. It can also be used to
locate buried objects underground [15-16]. GPR
technology was first used in transportation
engineering applications in the mid-1970s [21,27].
Since then, it has been used frequently in different
applications in this field [21]. GPR test equipment
enables continuous and fast data collection in
direction of the same profile. The most important
parts are antennas, data acquisition equipment and
distance measuring devices [21].
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Figure 1 shows the signals sent from GPR antennas in
a three-layer structure. The signals reflect from the
interfaces and reach the antenna again. The data of the
records are processed and taken from the GPR screen.
Then, the images are analyzed and information about
the structure is revealed [28].

maonitor

antenna

m\ e e ] contalu
7/

ravel paths of radar signal

material 1

material 2
material 3

Figure 1. The working principle of GPR [28].

GPRs are grouped in two ways. This grouping is called
depending on how the antenna is mounted. These are
air-coupled systems or ground-coupled systems [21].
In this study, an air-coupled GPR antenna system
capable of collecting data 150 to 500 mm above the
ground is used. Figure 2 shows the amplitudes
obtained directly from GPR data.
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Figure 2. GPR signal reflections in highway layer interfaces
[21].

The velocity of the electromagnetic wave decreases
with an increase in the dielectric constant. The speed
of electromagnetic wave is approximately:

Cc
vV =— 1
Ve W
Where: v, signal velocity; c, velocity of light (0,3 m/ns);
and ¢,, relative dielectric constant.

The depth of a layer of material is determined from the
time it takes the reflected wave to be detected at the
receiver. The depth is calculated as:

d =v% )

Where: d, thickness of layer; v, velocity of
electromagnetic wave through the layer; and A,, time
between reflections [29].

2.2, Study area and material properties

In the current study, the performance of GPR to
measure the thickness and anomaly of asphalt
pavement layer in the newly constructed Antalya-
Burdur-Isparta highway in Turkey were tested. The
tests have been carried out along with 17 km section
of 100 km highway [30].

The highway was constructed by adding 4 new layers
on the existing pavement and subgrade layers. These
layers include wearing course, binder course,
bituminous base, plentmix layer and subgrade layer. A
real section illustrating the layers and layer
thicknesses of the highway are given in the Figure 3. In
this study, wearing course, binder course and
bituminous base layers have only been examined. The
maximum thicknesses of these layers are determined
in the design project as 5 ¢cm, 8 cm and 13 cm,
respectively [30].

Wearing course (5 cm)

Binder course (8 cm)

Bituminous base layer
| (13 cm)

Plentmix layer (10 cm)

Existing pavement and
subgrade layers

iy My

¥

Figure 3. A real section showing the layers of the highway.

The basic physical properties of these layers are
presented in the Table 1. These physical properties
are optimum bitumen content (%), density, Marshall
Stability, Voids (Vh), bitumen flow values, voids filled
with bitumen (Vf), VMA of the layers. Also, the
aggregate gradations used in these three layers are
given in the Table 2.
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Table 1. The basic physical properties of the layers.

Wearing Binder Bituminous
Course Course Base
Optimum Bitumen 4.80 4.30 4.00
Content %
Density, Dp (t/m3) 2.407 2418 2.418
Marshall Stability, 1380 1370 1380
MS (kg)
Voids, Vh (%) 3.93 4.42 4.67
Bitumen flow 3.25 3.50 3.75
values, (mm)
Voids filled with 72.3 67.0 64.2
bitumen, Vf (%)
VMA (%) 14.2 13.1 13.1

Table 2. Aggregate gradation of the layers.

Sieve Diameters

Bituminous Base Binder = Wearing
mm  inch Course Course
375 11/2" 100.0 100.0 100.0
25 1" 91.5 100.0 100.0
19 3/4" 78.0 89.7 100.0
12.7  1/2" 64.9 69.4 88.7
9.5 3/8" 57.2 58.3 81.5
475 No.4 40.8 40.9 47.5
2.00 No.10 29.2 29.2 33.2
0.425 No.40 12.5 12.5 13.9
0.177 No.80 8.4 8.4 8.6
0.075 No.200 4.2 4.2 53

3. Results

In this study, GPR surveys on Antalya-Burdur-Isparta
highway (D330) were conducted as soon as the
highway was put into service and next year. The
antennae were air-coupled to avoid damage from
obstacles along the track. In this context, the highways
layers were scanned immediately after the
reconstruction with 40 ns display speed up to 3.5 m
depth by the help of different GPR antenna having 600
and 1600 MHz frequency. The data were collected at a
speed of 40 km/h. The GPR equipment setup is shown
in Figure 4.
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Figure 4. Installation of GPR antenna on vehicle and instant
data transfer to PC.

GPR data was passed through eight different
processes using the Reflex program for clearly view of
the layers and detection of layer thicknesses. These
consist of filtering and amplitude changing processes.
After all these processes, it was found that the best
imaging frequency was obtained at 1600 MHz.
Different researchers have made similar studies for
layer thickness estimation in other GPR frequency
ranges [22-24]. Figure 5 shows GPR images obtained
with 600 MHz and 1600 MHz antenna.

Time and depth indicators were created on GPR
images with Reflex program depending on amplitude
of the air zone, the reflection time and the velocity of
electromagnetic wave. These indicators are shown on
the right and left of the GPR images.

The distance between the point where the GPR
antenna is fixed and the layer of the first reflection is
determined. Thus, the first reflection distance of the
air zone has been determined. And then, the air zone
displays have been cleaned by the help of the analysis
program from the GPR image. Thus, the layers forming
the pavement were identified. Figure 6 shows the
layers of existing pavement, subgrade layer and new
highway layers. Layer changes points are clearly seen
in the figure. GPR images are divided into 100-meter
sections because the imaging distance is very long.

Tdm| OBR| o |
1 Oparr
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Figure 5. GPR images obtained with 600 MHz and 1600 MHz antenna.
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Figure 6. Layered structure of pavement for first year GPR measurement (130+800-130+900 km).

This figure shows wearing course, binder course,
bituminous base and plentmix layer of the new
highway. Furthermore, it shows existing pavement
layer and subgrade layer. It was found that large parts
of the existing pavement were damaged.

Analyzes were carried out to determine the
thicknesses of the layers of the new highway. The
reflection times (t and At) and velocity (v) for each
layer were determined. Then the thicknesses of the
three layers (d) were calculated. The measurements
determined by the GPR were compared with the actual
project data given in Table 3.

130+800 1304850 130+900
0

Table 3. Comparison of actual project layer depths and GPR
results

Wearing Binder Bituminous

Course  Course Base
Reflection time (At) ns 1.6 2.0 2.2
Layer thickness 5.6 7.0 8.75
determined by GPR
(d) (cm)
Layer thickness of 5.0 8.0 11.0
the project (cm)

As aforementioned, GPR surveys were conducted in
the first year and the next year, after the building of
highway. GPR images taken from the same highway
section for two years are presented in Figure 7.

130+950 131+000 131+040
00

Time ps)

Time ps)

GPR imags taken in the second year

(suudz00=0 12 [sugjow] Yydaq

[syui20 0= 2 [ss810W] Yideq

Figure 7. GPR images taken from the same highway section for two years.
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When all of the images are examined after filtering, it
is seen that some regions haven’t a boundary between
the wearing course and binder layer and between the

130+900

130+950

binder and the bituminous base layer. In addition, the
collapsed and swollen old highway layers are striking
in the views (Figure 8).
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Figure 8. The distinction between layers and anomalies in layered structure (130+900-131+000 km).

Also, artifacts such as ditches, culverts and bridges on
the route were clearly seen in the GPR images. The
layers and layer changes of the natural ground were
also seen below the old highway layer. When the figure
below is examined, it can be seen that there is a clear
collapse in natural ground (Figure 9).

Another important finding of all GPR images is the
observation of obvious changes in layer thicknesses
even at very short distances. The differences in the
thicknesses of the layers due to the construction of the
highway are standing out. These details provide
important information to control the quality of
highway in first and after years (Figure 10
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Figure 9. Anomalies in the layered structure (131+600-131+700 km).
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Figure 10. Anomalies in the layered structure (131+700-131+800 km).

When the images taken in the second year were
carefully examined, collapses were observed in the
lower layers. It was also found that the layers seen
immediately below the plentmix layer were the old
highway layers in the images obtained for every two
years. It is clearly seen that these layers are damaged
for the first and second year.

It is stand out that in the second year GPR images, the
boundaries between the layers do not appear clearly
in some highway sections. In addition, the layer
thicknesses of some highway sections have changed
due to the vehicle loads that have been passing by for
a year.

4., Discussion and Conclusion

In previous studies with GPR, either the layer
thicknesses on the highway were determined or the
deteriorations in the pavement were determined. In
this study, on the same highway section, both the layer
thicknesses and the deteriorations on the highway are
presented together. On the other hand, taking two
measurements on the same highway with one-year
intervals and comparative analysis distinguishes the
research from other studies.

In this study, it is presented differences in the
thicknesses of the layers by using GPR method. The
results obtained from the study reveals that GPR
method is suitable for determining layer thicknesses.
The highway layers were scanned immediately after
the reconstruction with 40 ns display speed up to 3.5
m depth by the help of different GPR antenna having
600 and 1600 MHz frequency. It is seen that the most
suitable scanning frequency is 1600 MHz. It also
helped to identify construction faults. These details

provide important information to control of the
highway quality for first and after years. Thus, it can
be determined whether the layer thickness has been
reached on planning the design or not.

In other respects, it was possible to determine if there
was sufficient compaction in the layers. With this
method, anomalies on the pavement layers and
between these layers were also determined. In
addition, this method is very useful to predict the
highway defect location in advance. The
deteriorations such as collapse and decomposition
were detected with the data especially taken in the
second year. Consequently, GPR is a non-destructive
method that does not damage the highways and all
these informations are easily presented to the user.
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Abstract: Nonwoven fabrics have limited usage as durable apparel fabrics. Their
relatively lower drape, mechanical properties and flexibility decrease their chance
to be used as apparel fabrics. However, in the last decades, there are attempts to
improve the nonwoven fabric properties in order to seize an opportunity for their
use in durable apparel applications. At this point, usage of bicomponent fiber
technology together with hydro-entanglement fixation method was found
beneficial. In addition to the fabric properties, the suitability of nonwoven fabric for
durable seams are quite important for their usability as apparel fabrics. Therefore,
in this study, seam performance of nonwoven apparel fabrics made up of polyester:
polyamide bicomponent fibers have been determined in order to reveal their
usability for durable applications. For this purpose, nonwoven fabrics with 3
different unit masses were utilized. In order to mimic the seams of woven garments,
nonwoven samples were sewn with lock stitch with 3 different stitch lengths.
Results of the study showed that, unit mass was not a determinative factor for the
seam performance of selected nonwoven samples. Also, it was inferred from the
study that, sufficient seam strength and seam efficiency values could be obtained by
using lower stitch lengths.

Dokusuz Yiizey Giysilik Kumaslarin Dikim Performanslari

Anahtar Kelimeler
Dokusuz yiizey kumas,
Giysi,

Dikis mukavemeti,
Dikis yeri,

Cift baski dikisi,

Dikim verimliligi

O0z: Dokusuz yiizey kumaslarin dayamkh giysilerde kullammi kisithdir. Bu
kumaslarin gorece diisiik dokiimliiliige, mekanik 6zelliklere ve esneklige sahip
olmasi, onlarin giysiliklerde kullanilmasi sansini azaltmaktadir. Buna karsilik son
yillarda, dokusuz yiizey kumaslarin giysilerde kullanim olanaklarinin artirilmasi
amaciyla, kumas ozelliklerini gelistirmek iizere calismalar yapilmaktadir. Bu
noktada, bikomponent lif cekim teknolojisi ile su jetli fiksasyon metotlarinin birlikte
kullanilmas1 faydali olmustur. Kumas ozelliklerine ek olarak, dokusuz yiizey
kumaslarin dayanikl dikimler olusturabilmesi de giysilik olarak kullanilabilirlikleri
acisindan  olduk¢a Onemlidir. Bu nedenle, bu ¢alisma kapsaminda,
poliester:poliamid bikomponent lifleri kullanilarak iiretilmis dokusuz yiizey
kumaslarin dikim performanslar incelenmistir. Bu amagla, 3 farkli gramaja sahip
kumas kullanilmistir. Dokuma giysilere benzetilmesi amaciyla dokusuz yiizey
kumaslar cift baski dikisi ile 3 farkli dikis uzunlugunda dikilmistir. Calismanin
sonuglarina gore; secilmis dokusuz yilizey kumaslarin dikis mukavemetinde
gramajin belirleyici bir faktér olmadigi goriilmiistiir. Ayrica, daha dusiik dikis
uzunlugu ile yeterli seviyede dikis mukavemeti ve dikim verimliligi elde edildigi
belirlenmistir.

1. Introduction

excluding weaving and knitting [1, 2]. Thanks to their
diversity in structure and properties, nonwoven

Nonwoven fabrics are defined as sheet or web
structures bonded together by entangling staple fibers
or filaments (and by perforating films) mechanically,
thermally or chemically [1]. In nonwoven fabric
production, yarn production is generally eliminated
and fabric structure is obtained by several methods,

* Corresponding author: sukran.kara@deu.edu.tr

fabrics can be used for different application areas such
as automotive textiles, geotextiles, medical/surgical
textiles, hygiene textiles, industrial textiles,
upholsteries, insulation and apparel applications [1-
3].
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Usage of nonwoven fabrics in apparel production can
be advantageous as they are low cost, lightweight and
soft [4, 5]. However, due to their relatively lower
drape, flexibility and mechanical properties,
nonwoven fabrics find limited applications in
durable/reusable apparel industry [3]. In the apparel
industry, nonwoven fabrics are extensively used in the
production of disposable apparels [5]. Also, they find
usage in the production of interlinings and
underwears [1, 2]. Here, the point is to develop the
nonwoven fabric properties in order to make them
usable for durable apparels. By the way, low cost and
other advantages of nonwoven fabrics can be
combined with required fabric properties for
apparels. In recent years, some companies have
attempts to produce more suitable nonwoven fabrics
to be wused for durable apparel applications.
Combining bicomponent fiber spinning and hydro-
entanglement is one of the key solutions to develop
nonwoven fabric properties those can be suitable for
durable apparels [3, 6, 7].

In addition to the fabric properties, seam properties of
nonwoven fabrics should be examined, too. Some of
the required seam properties of apparels can be
summarized as seam strength, seam elasticity, seam
slippage, drape, bending, seam puckering and etc. [8,
9]. Besides the hand and appearance related drape,
bending and seam puckering properties, seam
strength has a vital role for the durability of an
apparel. In the literature, seam properties of
nonwoven fabrics have been tested for different
application areas. For example; Seif and Nasir
compared the effects of traditional sewing and
ultrasonic welding on some seam properties of
nonwoven shopping bags [10]. Eryuruk, Kayaoglu and
Kalaoglu studied the effects of ultrasonic welding and
5-yarn overlock stitch on the seam strength and some
functional properties of disposable surgical gowns
[11]. Grineviciute et al. investigated the seam
properties of nonwoven fabrics which included taped
seams. They used moisture barriers of firefighter
clothes as nonwoven fabrics. [12]. In some other
studies, usability of ultrasonic welding for assembling
the nonwoven fabrics were investigated [5, 13-15].
According to the literature search, sewn seam
performance of nonwoven apparel fabrics have not
been studied in details, yet. Existing literature are
highly focused on the ultrasonic welding of nonwoven
fabrics for different applications.

L

Figure 1. Face view of nonwoven fabrics

According to the results of these studies, seam
efficiencies of the ultrasonically welded nonwovens
achieved to a level and were adequate for disposable
apparel applications.

Therefore, different than the literature, seam
performance of durable/reusable nonwoven apparel
fabrics was investigated in this study. For this
purpose, sewn seams were formed on the fabrics
instead of other assembling methods, in order to
obtain high ratios of seam efficiency. According to
preliminary trials, lock stitch with 3 stitch length
levels were selected to sew the samples. The
nonwoven fabrics of this study were suitable for
upperwear, and can be applied for shirt production.

2. Material and Method
2.1. Materials

Materials of this study were nonwoven fabrics and
sewing thread. Nonwoven apparel fabrics with 3 unit
masses were supplied from a Turkish manufacturer.
The fabrics were made of bicomponent
microfilaments composed of 70:30 PET:PA6
(polyester: polyamide 6) raw materials. They were
hydro-entangled via high pressure water jets. In
addition to the apparel (sportswear, leisure wear,
uniforms and workwear), these fabrics can be used in
several end-use areas such as home textiles, mattress
covers, dry wipes and towels [6]. Properties of
nonwoven fabrics are given in Table 1. Also,
photographs of nonwoven fabrics are given in Figure
1.

Table 1. Physical properties of fabrics

Sample code Unit mass Thickness
(g/m?) (mm)
L (Low) 110 0.50
M (Medium) 138 0.59
H (High) 165 0.58

Sewing thread used in this study was a 2 ply 100%
polyester spun sewing thread (Coats Astra). Thread
fineness was 40 tex. Breaking strength and strain of
the sewing thread was determined as 14.55 N and
56.53 %, respectively. Metric 90 sewing needle with
light ball point (SES) was used.
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2.2. Methods
2.2.1. Sample preparation

Samples of the study were prepared by sewing the L,
M and H fabrics with lock stitch. Samples were varied
by changing the stitch lengths. Stitch lengths were
determined as 2.5, 3 and 4 mm according to
preliminary trials. Stitch lengths of 2.5 mm, 3 mm and
4 mm corresponded to 4, 3.3 and 2.5 stitches/cm
densities, respectively. Sample design of the study and
sample codes are given in Figure 2.

Seam allowance was kept as 10 mm for all samples.

Seam and sample placements according to the
nonwoven fabric directions are shown in Figure 3.

2.2.2. Seam strength and strain measurement

Seam strength and strain of samples were determined
using an Instron 4411 Model Universal Test Machine,

according to TS EN ISO 13935-2 standard [16]. For the
test, gauge length was used as 100 mm and test speed
was 50 mm/min. For sewn samples; seam strength,
strain and failure type were recorded. As reference
samples, non-sewn fabrics were also tested with the
same test machine and test parameters, and their
strength and strain results were recorded. The test
was repeated 5 times for each sample type in machine
direction and cross direction.

Before testing, all the samples were conditioned under
standard atmosphere conditions (20+2°2C, 65+4 %
relative humidity) for at least 24h.

Seam efficiencies of samples were calculated by using
reference sample strengths and seam strengths,
according to Equation 1 [17].

s o %) Seam strength 100 (1)
= %
eam ef ficiency (% Fabric strength

SAMPLE DESIGN

FABRIC TYPE L

STITCHLENGTH i i l
LEVEL s 3 4

SAMPLE CODE L2.5 L3 L4

Figure 2. Sample design of the study

Machine Direction (MD)

1 Seam
R A
—
MD sample CD sample

» Cross Direction (CD)
Figure 3. Seam and sample placements according to the

fabric directions

2.2.3. Statistical analysis

Statistical evaluations were performed by using SPSS
Package Program version 24. At the first step,
normality and homogeneity of variance of samples

M2.5 M3

25 3 4 25 3 4

M4 H25 H3 H4
were examined. For normality decision; Shapiro-Wilk
test, histograms, variation coefficients (%),
Skewness/Kurtosis values and Q-Q plots were
evaluated. For homogeneity of variances, Levene’s
tests were considered. As all the data showed
normality and homogeneity of variances, one-way
ANOVA and Tukey (Post-Hoc test) tests were used to
make comparisons.

3. Results and Discussion

Strength of non-sewn reference samples and seam
strengths of sewn samples are given in Table 2 and
visualized in Figure 4. Strength of reference samples,
namely L-R, M-R and H-R, are between 341 and 411 N
in machine direction and, 190 and 252 N in cross
direction. According to statistical analysis, strengths of
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L-R, M-R and H-R samples in machine direction did not
have any significant differences (p values > 0.05). Also,
in cross direction, only the strength difference
between L-R and H-R was statistically significant and
H-R exhibited lower strength (p < 0.05). It shows that
the unit mass increment did not enhance the tensile
properties of the nonwoven fabrics used in this study.
Lower strength of H fabric was not expected as it had
higher mass. It can be due to any additional processes
that could be done until the production of fabric. For
all the non-sewn reference samples, strength values in
machine direction were higher than the strength
values in cross direction. It can be due to fiber
orientation differences of the fabrics in machine and
cross directions [18]. Similar anisotropic results were
obtained for bicomponent fiber containing hydro-
entangled nonwovens, in the literature [19].

When we focus on the failure type of samples in
machine direction, we see that all L and M samples
exhibited seam breakages. In contrary, only H4 sample
exhibited seam breakage among all sewn H samples
(H2.5, H3 and H4). It can be due to relatively lower

Table 2. Strength and seam strength results of samples

strength of H reference fabric when compared to L and
M reference fabrics. So that, before the seam
breakages, H fabric itself broke during the tests.
Similar behavior was also detected for L3 and M2.5
samples in cross direction. Because of the fabric
breakages of sewn H samples, in general, seam
performance of L and M samples were compared.

According to the seam strength results of L and M
samples, it was clearly seen that, seam strength
decreased with the increasing stitch lengths, as
expected [20]. However, according to statistical
analysis, only 4 mm stitch lengths gave statistically
significant lower seam strengths when compared to
reference samples and other stitch lengths. It was
valid for both machine direction and cross direction
(only p values between L4 vs. L-R, L2.5, L3; and M4 vs.
M-R, M2.5, M3 <0.05).

For the same stitch lengths, any significant differences
were not detected for L and M competitors in both test
directions (all p values for the same stitch lengths
>0.05).

. Stitch Strength/ Seam strength (N)
Fabric Sample p p p : :
Type Length Code Machine Dlrectl_on Cross Dlrectlon_
(mm) Mean St.Dev. Failure Type Mean St. Dev. Failure Type
No stitch L-R 411.3 23.4 - 252.2 239 -
L 2.5 L2.5 381.6 27.2 Seam breakage 260.3 15.3 Mix
3 L3 345.1 329 Seam breakage 252.9 30.7 Fabric breakage
4 L4 278.9 17.9 Seam breakage 186.5 27.4 Seam breakage
No stitch M-R 411.4 64.0 - 241.7 20.3 -
M 2.5 M2.5 3911 42.6 Seam breakage 257.4 21.9 Fabric breakage
3 M3 363.2 26.5 Seam breakage 249.8 13.4 Mix
4 M4 295.8 16.0 Seam breakage 187.6 17.4 Seam breakage
No stitch H-R 341.7 37.7 - 190.6 16.4 -
- 2.5 H2.5 299.0 51.0 Fabric breakage 180.2 24.0 Fabric breakage
3 H3 3249 21.2 Fabric breakage 150.2 18.6 Fabric breakage
4 H4 282.4 11.2 Seam breakage 177.0 16.1 Seam breakage

When L4, M4 and H4 samples were compared, any
statistically significant seam strength differences were
not obtained for any fabric types in both machine and
cross-directions (p values > 0.05). So that, the fabric
unit mass was not considered as a determinative
parameter on the seam strength of selected nonwoven
fabrics.

Seam efficiency results of samples are given in Table 3.
According to the results, samples exhibited fairly high
seam efficiency results. The lowest seam efficiency
value was 67.8 % for L4 sample in machine direction.
Normally, seam efficiencies around 60-80 % are
common and it is hard to obtain seam efficiencies
around 80-90 % [21, 22]. For this study, quite high
seam efficiency values were obtained for nonwoven
apparel fabrics.

STEENGTH/ SEAM STEENGTH RESULTS

500
o 400 .
& . £ -
= 300 : -
£ 200 1 4 S
n 100 CD
0
mwnm T T o T
ANTT Z2gEE ZgEE
L M H

Figure 4. Strength/ seam strength results of samples

(The columns with a * show that fabric breakage was
observed instead of seam breakage)

When the statistical analysis results of strength values
are considered together with seam efficiency values, it
can be concluded that, 2.5 and 3 mm stitch lengths
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almost did not result any decrements in strengths of
samples.

Table 3. Seam efficiency results of samples

Fabric Stitch Sample Seam efficiency (%)
length
type (mm) code " Machine Cross
Direction Direction
No stitch L-R - -
L 2.5 L2.5 92.8 103.2
3 L3 83.9 =¥
4 L4 67.8 73.9
No stitch M-R - -
M 2.5 M2.5 95.1 =¥
3 M3 88.3 103.4
4 M4 71.9 77.6
No stitch H-R - -
H 2.5 H2.5 =¥ =¥
3 H3 -* -*
4 H4 82.7 92.8

(The * shows that fabric breakage was observed instead of
seam breakages. Therefore, seam efficiencies could not be
calculated for these samples)

Strain (%) values of samples are given in Table 4 with
standard deviations. Also, strain results are visualized
in Figure 5. When the strain results of non-sewn
reference samples were compared, it was seen that
strain values decreased as the unit mass increased. For
machine direction, L-R exhibited the highest strain
value and it was statistically significant (p values <
0.05). Similarly, for cross direction, L-R and M-R gave
similar and higher strain values when compared to H-
R (p values between L-R vs. H-R and M-R vs. H-R were
<0.05).

According to results, stitch length did not have a
statistically significant effect on the strain values of L
and H samples of machine direction and also, it was
valid for strain values of H samples of cross direction
(all p values were >0.05 for these samples). As fabric
breakages were observed for H2.5 and H3 samples, it
was an expected result. In contrast, M4 generally gave
statistically significant lower strain values when
compared to other M samples, for both machine
direction and cross direction (p values <0.05, in
general). Similarly, in cross direction, L4 gave
statistically significant lower values when compared
to L2.5 and L3 (p values<0.05). L4 and M4 samples
with the lowest seam strengths, exhibited the lowest
strain values among the all stitch lengths. When L4, M4
and H4 were compared, it can be concluded that, lower
unit mass samples showed higher strain values. This is
partly supported by the statistical analysis results. For
all samples, strain values in cross direction were
higher than in machine direction.

STRAINRESULTS
100 ®

.80
R
@ . CcD
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el Wm0 o W o=t v T W
L it H

Figure 5. Strain results of samples

(The columns with a * show that fabric breakage was
observed instead of seam breakage)

Table 4. Strain results of samples

Strain (%)

. Stitch Machine Cross

Fabric Sample . . . .
Length Direction Direction

Type Code
(mm) St. St.
Mean Mean
Dev. Dev.

No stitch L-R 593 45 800 47
L 2.5 L2.5 505 76 934 60
3 L3 590 63 926 55
4 L4 513 30 761 56
No stitch M-R 482 48 770 38
M 2.5 M2.5 526 60 788 7.0
3 M3 478 47 828 38
4 M4 414 15 655 28
No stitch H-R 392 18 485 3.6
H 2.5 H2.5 402 3.6 548 59
3 H3 423 18 496 6.2
4 H4 387 13 589 29

4. Conclusions

In this study, seam performance of nonwoven fabrics
for durable apparel applications were examined. For
this purpose, hydro-entangled nonwoven fabrics of
bicomponent fibers with 3 different unit masses were
utilized. They were sewn with lock stitch with 3
different stitch lengths, and examined for their seam
performance. According to test results, quite high
seam efficiencies were obtained for nonwoven
samples. For most of the samples, seam breakages
were observed instead of fabric breakages. It was
found advantageous as the sewing thread broke
instead of fabric damage. It gives the wearer the
opportunity to repair the apparel after daily seam
breakages.

For the selected samples, unit mass of the nonwoven
fabric was not detected as an important criterion for
the seam strengths of samples. It should be mentioned
that, the average unit mass differences of the samples
of this study were about 27 g/m?2. Effects of higher unit
mass differences can be found significant on seam
performances, in a different sample design. In
addition, thickness values of nonwoven samples were
similar around 0.51-0.59 mm. This can be another
reason for the non-significant seam performances of
samples having different unit masses.
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For most of the end-use areas of durable apparels,
higher fabric strengths when compared to seam
strengths are desirable. Otherwise, fabric breakages
before seam breakages makes the apparel
unrepairable [9]. Therefore, using higher stitch
densities for H fabric was found unnecessary, as the
fabric breakages were observed before seam
breakages for this fabric type.

In the further studies, effects of different seam types
and stitch types can be examined for the seam
performance of nonwoven apparel fabrics. For these
studies, it should be kept in mind that, a higher seam
strength is not always preferred for apparel fabrics as
it does not allow the repairability of the apparel.
Instead of that, sewing can be optimized in order to
achieve 80-100 % seam efficiencies.
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Anahtar Kelimeler Oz: Elektro-egirme metodu ile sentezlenen metal oksit nanofiberleri iizerine

DelafOSitnw hidrotermal yontem ile sentezlenen delafosit parcaciklari agirlik¢a farkli oranlarda
Elektro-egirme, dekore edilerek heteroyapili fotokatalizorler elde edilmistir. Kalay kaynakli metal
Fotokataliz, oksitin, bakir kaynakh delafositin ve olusturduklari heteroyapili malzemelerin
Hidrotermal, . .. . . N . . . .

Metal oksit mikroyapisal, morfolojik, optik ve elektrokimyasal 6zellikleri karakterize edilmis ve

bu malzemelerin basarili bir sekilde tiretildigi tespit edilmistir. Ayrica farkl agirlik
ylzdelerinde delafosit dekore edilen heteroyapilarin aktiviteler sistematik olarak
incelenmis, en iyi sonucu veren numunenin Ag.%0,40 delafosit iceren metal oksit
nanofiberi oldugu goriilmiistiir. Bu fotokatalizor kullanilarak gortintr 1s1k 1s1masi
altinda 90 dk’da metilen mavisi (MM) boyasinin neredeyse tamamina yakininin
(%95,8) bozundugu tespit edilmistir. Metal oksit nanofiber fotokatalizoriine kiyasla
delafosit dekore edilmis metal oksit fotokatalizérii MM boyasinin bozunma hizinda
%>58,5’lik bir artis saglamistir. Fotokatalitik aktivitedeki bu gelisme; metal oksit
nanofiberinin dar bant araliina sahip delafosit parcaciklar ile olusturdugu
heteroyapinin daha fazla 15181 sogurumu sayesinde daha fazla e-h* ¢ifti olusturmasi
ile iliskilendirilebilir.

Production of New Metal Oxide Composites with CuCoO: Particles and Their Use in
Pollutant Removal

Keywords Abstract: Heterostructured photocatalysts were obtained by decorating delafossite
Delafossite, particles synthesized by hydrothermal method on metal oxide nanofibers
Electrospinning, synthesized by electrospinning method at different weight ratios. Microstructural,
Photocatalysis, morphological, optical and electrochemical properties of tin-sourced metal oxide,
Hydrothermal,

copper-derived delafossite and the heterostructured materials they formed were
characterized and it was determined that these materials were produced
successfully. In addition, the activities of heterostructures decorated with
delafossite at different weight percentages were systematically examined, and it
was seen that the best result was metal oxide nanofiber containing 0.40 wt.%
delafossite. It was determined that almost all (95.8%) of the methylene blue (MB)
dye was degraded in 90 min under visible light irradiation. Compared to the metal
oxide nanofiber photocatalyst, the delafossite decorated metal oxide photocatalyst
provided a 58.5% increase in the degradation rate of the MB dye. This improvement
in photocatalytic activity; It can be associated with the heterostructure formed by
the metal oxide nanofiber with the narrow band gap delafossite particles, forming
more e-h* pairs thanks to more light absorption.

Metal oxide

1. Giris fotokimyasal aktivitelerini engelleyebilir ve bu

canlilarin yasamini 6nemli 6l¢iide etkiler [3, 4]. Ayrica,

Organik kirleticilerin doga tarafindan ayristirilmasi
veya yok edilmesi olduk¢a zordur ve cevreye
verdikleri zararin yani sira insan saghigi icin de ciddi
tehdit olusturmaktadirlar [1, 2]. Ornegin, sularda
bulunan kirlilikler, sulardaki canlilarin biyolojik ve

*ilgili yazar: samidursun@ktun.edu.tr

boyalarin biiyliik bir kismi, olduk¢a toksik ve
kanserojen 6zellige sahip olup insanlarda, karaciger,
bobrek ve hatta beyin hasarina bile neden olabilirler
[3, 5]. Simdiye kadar, boya iceren atik sularin
aritilmasinda; ¢okeltme, filtrasyon, adsorpsiyon gibi
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metodlar kullanilmistir [6]. Ancak, mikro kirleticileri
parcalamak icin 6zel olarak tasarlanmadiklari i¢in
ortaya cikan Kirleticilerin tamamen giderilmesinde
yetersiz kalabilmektedirler [7, 8]. Son yillarda,
elektrokimyasal, sonoliz ve fotokataliz gibi organik
kirleticilerin  giderilmesi i¢in birka¢ gelismis
oksidasyon prosesi kullanilmistir. Bu proseslerden
biri olan fotokataliz, kolay uygulanabilirligi, yliksek
verimlilige sahip olusu, tekrarlanabilirligi, toksik
olmayisi, uygulama esnasinda sadece atmosferik
oksijeni kullanmasi ve ekonomik olmasi nedeniyle
organik kirleticilerin uzaklastirilmasinda oldukca
tercih edilmektedir [9, 10]. Fotokataliz tekniginde ki
en 6nemli iki unsur, UV veya giines 15181 ve kullanilan
fotokatalizordiir. Fotokataliz tekniginde fotokatalizor
olarak yar iletken metal oksitler olduk¢a tercih
edilmektedir [11].

Yar1 iletken metal oksitler, organik Kkirleticilerin
giderilmesi icin dikkate deger bir fotokatalitik aktivite
sergilerler [3]. Titanyum dioksit (TiO2), kalay dioksit
(SnOz2) ve ¢inko oksit (Zn0) yar1 iletken metal oksitler
arasinda en c¢ok dikkat c¢eken yar1 iletken
fotokatalizorlerdir. Bu malzemeler genellikle yiiksek
fotokatalitik  aktivite  sergilerler. Ayrica bu
malzemeler, yiiksek fotokararlilik gosteren, diisiik
toksisiteli, ekonomik malzemelerdir. Ozellikle TiO>,
son zamanlarda fotokataliz uygulamalarinda hem
arastirma hem de endiistriyel acidan oldukga ilgi
cekmektedir [12, 13]. SnOz'de, TiO2'ye benzer fiziksel,
kimyasal ve elektriksel ozellikler sergilemesiyle,
fotokatalizér olarak kullanilmaya elverisli bir yari
iletkendir [14-18]. SnO2z yiiksek kimyasal ve termal
kararliligi sahiptir [19]. Ek olarak SnOq, ikincil bir
kirlilik olusturmamaktadir [20]. Ancak, SnOz'nin
fotokataliz uygulamalarda kullanilmasinin diger
bircok yar1 iletkende oldugu gibi bazi ©6nemli
sinirlamalart mevcuttur. Bu smirlamalardan ilki,
SnO2'nin, genis bant aralifl sahip olmasi nedeniyle
glinesten gelen 15181n  biyik bir kismi
kullanamamasidir. Bir diger sinirlama ise, diger yari
iletkenlerde oldugu gibi SnO2 yan iletkeninde de,
elektron-bosluk (e-h*) ciftlerinin rekombinasyon
egiliminde olmasi fotokatalitik aktiviteyi diisiirebilir.
Son sinirlama ise, yar iletkendeki yiik tasiyicilarin
zayif ayrilma istegi sergilemesidir [21]. Bahsi gegcen bu
sinirlamalar1 gidermek icin kullanilan yontemlerden
birisi, dar bant araligina sahip p-tipi delafositlerin
kullanilmasidir [22].

Simdiye kadar ki c¢alismalar delafositlerin hem
kendilerinin hem de n-tipi bir malzeme ile
olusturduklar1 p-n heteroyapili bilesiklerinin, boya
kirleticilerinin  giderilmesi gibi uygulamalarda
oldukc¢a 6nemli oldugunu ortaya koymustur [23, 24].
Delafositler, birlikte kullanildiklar1 malzemenin yiik
tasiyicilarin  yiiksek mobilite gostermesini saglar.
Delafositler ayrica, malzemedeki e-h* ¢iftlerinin
ayrilmasini kolaylastirir. Bu 6zellikler arastirmacilari,
delafositleri fotokatalizor olarak kullanma
diislincesine tesvik etmistir [25, 26]. Delafositlerin,

gaz sensoOri, fotokatalizor ve gilines pili olarak
kullanildigi calismalar [24, 25, 27, 28]. CuCoO:
delafositi, etkinligi, kimyasal ve elektrokimyasal
stabiliteleri, yiiksek katalitik aktivitesi ve iyi korozyon
direnci sergilemesi nedeniyle olduk¢ca dikkat
cekmistir [29]. CuCoO: delafositi, termo-elektrik
malzemesi ve sliper kapasitor v.b olarak cesitli
uygulamalarda kullamilmistir [30, 31]. Ayrica, bir
calismada CuCoO2, BiVOa filminin yiik ayrimini ve
transfer  verimliligini artirmak icin yardimci
fotokatalizor olarak da kullanmilmistir [32]. Su ana
kadar CuCoOz ile ilgili sinirli sayida ¢alisma mevcuttur
ve bildigimiz kadariyla CuCoO2'nin fotokatalitik
ozellikleri ile ilgili herhangi bir calisma yapilmamistir.

Bu c¢alismada, literatiirde ilk defa bakir kaynakl
delafosit (CuCo0z2) pargaciklari, metal oksit (Sn0z) ile
birlikte fotokataliz c¢alismasinda kullanilmistir.
CuCoO:2 delafositleri hidrotermal yéntemle parcacik
formunda iiretilmistir. CuCoO: parcaciklari, elektro-
egirme yontemiyle iiretilen SnO2z nanofiberleri tizerine
dekore edilmis ve yeni bir p-n heteroyapil
fotokatalizor elde edilmistir. CuCoOz2'nin ve SnO: ile
olusturduklar1  heteroyapilarin  karakterizasyonu
gerceklestirilmistir. Metilen mavisinin (MM) goriiniir
151k 1s1mas1 altinda fotodegradasyon calismalari
yapilmis ve  karakterizasyon sonuglar1 ile
fotodegradasyon ozelligi arasindaki iliski ayrintili bir
sekilde tartisilmistir. Ayrica fotokatalizorlerin bant
yapisl ve aktif tiir tespiti gerceklestirilmistir.

2. Materyal ve Metot

2.1. CuCoO0:2 parc¢aciklarinin ve Sn0:2
nanofiberlerinin sentezi

Saf CuCoO: pargaciklarinin eldesinde kullanilan tiim
baslangic  kimyasallar1 ek  bir  saflastirma
uygulanmadan kullanilmistir. CuCoO2 pargaciklar tig
basamakta {retilmisolup, birinci basamakta, oda
sicakliginda 15 mmol bakir nitrat hemipentahidrat
(Cu[NOs]2.2.5H20, %98, Alfa Aesar), 15 mmol kobalt
nitrat hekzahidrat (Co[NOs]2.6H20, %98, Alfa Aesar)
ve 30 mmol polivinilpirolidon (PVP, Ma=1300000,
Sigma Aldrich) ultra saf su igerisinde (Hz0, Direng
>18.2MQ.cm) 15 dakika boyunca Kkaristirilarak
¢oziilmiistir. Ayni zamanda baska bir beher icerisinde
sodyum hidroksit (4,40 g) ultra saf su (15 ml) icersine
ilave edilerek ¢o6zllmistiir. Ardindan sodyum
hidroksit ¢o6zeltisi, karismakta olan diger c¢ozelti
icerisine ilave edilmistir. Eflatun renkli ¢ézelti (100 ml
toplam hacim) homojenlestirme igin 10 dakika
boyunca oda sicakliginda kanstirilmistir. ikinci
asamada, ¢ozelti bir hidrotermal iiniteye aktarilmis ve
hidrotermalin kapagi sikica kapatilmistir. Ardindan
120 °C’ye 1sitilmis ve bu sicaklikta 22 saat tutulmustur.

Daha sonra hidrotermal kabin oda sicakligina kadar
sogumasi saglanmistir. Nihai asamada ise, ¢okelti
teflon kap icerisinden alinmis ve ii¢ defa saf su ile
ardindan ti¢ defa etanol (CzHsOH, %99, Sigma Aldrich)
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ile temizlenmistir. Elde edilen iiriin firinda 12 saat
boyunca 50 °C’de kurutulmustur. Elde edilen gri renkli
parcaciklar gerekli karakterizasyonlar icin
hazirlanmistir. CuCoOz pargaciklarinin ve SnO2
nanofiberlerinin tretimi ile ilgili sematik gosterim
Sekil 1’de verilmistir.

= - Yikama

1 (su, etanol)
—
Kurutma
] 50°C, 2 52 2
U (50°C, 2 sa.) ko,
CuCo0, 5 NE

pargaciklar ]

Hidrotermal iinite
(120°C, 225a.)

B T S
-
462-;}3'2—&.
OO0k )
f o CuCo0,-5n0,
| Isil iglem fotokatalizbrii
RESE
m (500°C, 6,5sa.)

5n0,
nanofiberleri

Elektro-egiirme
tinitesi

Sekil 1. CuCoO:z parcaciklart ve SnO:z nanofiberlerinin
sentezine ait sematik gosterim

Sn0O2 nanofiberleri, tretim yontemi o6nceki
calismamizda ayrintii bir sekilde verildigi gibi
elektro-egirme yontemi kullanilarak iiretilmistir [33].
Calismada kullanilacak heteroyapilar, Sn0:
nanofiberlerine farkli miktarlarda (ag.%0,25-1,25)
CuCoO2 dekore edilerek iretilmistir. Elde edilen
orneklerin yapisal, morfolojik ve optik ozellikleri
Fourier doniistimlii infrared (FT-IR, Bruker, VERTEX-
70 marka), X-1511 kirinim (XRD, Bruker D8 Advance
marka), Alan emisyon taramali elektron mikroskobu
(FE-SEM, Zeiss Gemini 500 marka), UV-Visible
spektrofotometresi (UV-Vis, VWR 3100-PC marka)
yontemleri ve Mott-Schottky (Gamry Interface 1010B
marka) olciimleri kullanilarak karakterize edilmistir.
Analiz yontemlerinin detaylar1 ve fotokataliz testleri
daha onceki calismamizda ayrintih bir bigcimde
verilmistir [34].

3. Bulgular
3.1. CuCoO: parcaciklarinin karakterizasyonu

Hidrotermal yontemle tretilen CuCoO2
pargaciklarinin kristal yapisi ve faz tanimlamasi XRD
analizi ile belirlenmistir. Sekil 2a’da CuCoOz'ye ait XRD
deseni verilmistir. XRD desenindeki piklerin 26
degerleri, CuCoOz'nun monoklinik tenorit yapisina
(JCPDS: 45-0937) sahip oldugunu gdstermistir. Bu
XRD deseninde herhangi bir safsizhik pikine
rastlanmamistir ve tiim pikler CuCoOz'ye aittir. Ayrica
Sekil 2a'nin alt kisminda ilgili JCPDS kartina dayal
teorik pik konumlari verilmistir [35].

CuCo0:2 pargaciklarinin basarili bir sekilde tiretildigini
daha da ortaya ¢ikarmak icin FT-IR analizi yapilmistir
(Sekil 2b). Sekil 2b’de verilen FT-IR spektrumu,
hidrotermal yontemle tiretilmis CuCo02
pargaciklarina aittir. 800 ila 450 cm frekanslar:
arasinda  bulunana pikler sirasiyla  CuCoO:2
parcaciklarinin biikiilme ve gerilme titresimleri ile

iligkilidir  [36]. Ayrica bu spektrum, organik
bilesiklerin ve safsizliklarin basarili bir sekilde
uzaklastirildigini gdstermektedir.

{i)au« CuCo0, (b)

© 604 (ePDs: 21-0266) | 3

= £

3% l x

L =

& 2% l o 721

e i l ‘ A 9

o 548 —
| CuCo0,
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20 (derece) Dalga Sayisi (cm™)

Sekil 2. (a) CuCoO2 pargacigina ait X-1s1n1 kirinim deseni ve
(b) FT-IR spektrumu

UV-Vis  spektrofotometre kullanilarak  CuCoO:2
parcaciklarinin optik 6zellikleri incelenmistir. CuCoO:2
pargaciklarina ait sogurum spektrumu Sekil 3a’da
verilmistir. Sogurum spektrumundan da anlasilacag:
tizere, CuCoOz sadece UV bolgesinde degil ayni
zamanda goriinir 151k bolgesinde de sogurum
kapasitesine sahiptir. CuCoOz pargaciklar1 igin
sogurum kiyis1 880 nm olarak belirlenmistir. CuCoO2
pargaciklarina ait bant araligt Tauc denklemi
kullanilarak 1,45 eV olarak hesaplanmis olup, Sekil
3a’da i¢ resim olarak verilmistir. Bu deger literatiirde

CuCoOz i¢in bildirilen degerlerle uyumluluk
gostermektedir [37].
244 b)
(a) CuCo0, ( )m_ ---------------- .
z.o-bgm —
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Sekil 3. CuCoOz'nin (a) UV-Vis spektrumu ve (b) Mott-
Schottky grafigi (sekil 3a’da i¢ resim olarak (ahv)?-hv grafigi
verilmistir)

Potential (V vs Ag/AgCl)

Sekil 3b, CuCoO: filmleri i¢in elektriksel potansiyele
karsilik 1/C2 degisimini gostermektedir. CuCoOz'ye ait
Mott-Schottky egrisinin negatif egime sahip olmasi
CuCoO2'nin p-tipi  yan iletken  oldugunu
gostermektedir.

Sekil 4a’da, CuCoO:z pargaciklarina ait FE-SEM
gorlntiisii verilmistir. Sekilden CuCoO2’lerin basaril
bir sekilde sentezlendigi goriilmektedir. Sekilden,
CuCo02 pargaciklarinin mikron boyutunda oldugu
anlasilmaktadir. FE-SEM  goriintiisiintin ~ farkh
bolgelerinden image] programi kullanilarak yapilan
Olciimler  neticesinde  CuCoO2  pargaciklarinin
boyutlarinin ortalama 3+2 pm oldugu tespit edilmistir
(parcacik boyutu dagilim histogrami Sekil 4a’da i¢
resim olarak verilmistir). Sekil 4c’deki FE-SEM
gorintiisii lizerinden elementel haritalama islemi
gerceklestirilmistir.  Sekil 4d’de verilen EDX
spektrumu, numunenin Cu, Co ve O elementlerinden
olustugunu goéstermektedir. Ayrica Cu, Co ve O
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elementlerinin elementel haritalamalar Sekil 4d’de i¢
resim olarak verilmistir.

SEM goriintisii (pargacik boyutu dagilim histogrami i¢ resim
olarak verilmistir), (b) yakinlastirilmis (50000 biiyiitmeli)

FE-SEM  goriintiisii, (c) elementel haritalamanin
gerceklestirildigi 10000 biiytitmeli FE-SEM goriintiisii ve (d)
EDX spektrumu (Cu, Co ve O elementlerine ait FE-SEM
element haritalama goriintiileri i¢ resim olarak verilmistir)

3.2. CuCo02-Sn0: heteroyapilarinin
karakterizasyonu

i1k olarak, farkl agirlikca yiizdelerde ki (%0,25, 0,40,
0,50, 0,75, 1,00 ve 1,25) CuCoOz iceren CuCo02-Sn02
heteroyapilar1 hazirlanip, fotokatalitik aktiviteleri test
edilmistir. En yliksek fotokatalitik aktivite ag.%0,40
CuCo002-Sn02 heteroyapisi tarafindan sergilenmistir.
En iyi fotokatalitik aktivite sergileyen heteroyapinin
karakterizasyonu gergeklestirilmistir.

Sekil 5a’da, SnO2'nin ve ag.%0,40 CuCo02-SnO2
heteroyapisinin XRD desenleri verilmekmistir. Sekil
5a’da alt kisimda verilen X-1sin1 kirinim deseni, 500
°C’de tavlanmis SnO2z nanofiberine ait olup, tiim pikler
SnO2'nin rutil yapisina (JCPDS:88-0287) aittir. Sekil
5a’da ust kisimda verilen X-1s1n1 kirinim deseni ise
ag.%0,40 CuCo02-SnO2 heteroyapisina ait olup, SnO2
nanofiberinin desenine benzerlik gostermektedir ve
CuCo0z2'ya ait belirgin bir pik gézlemlenmemektedir.

Bu durum, CuCoOz'ya ait piklerin, SnO2 nanofiberine
ait piklerle ortiisebilme ihtimaline baglanmistir.
Ayrica heteroyapidaki agirhkea %0,40 CuCoOz,
olduke¢a diisiik bir miktar oldugu icin muhtemelen
XRD'nin saptama sinirinin altindadir.

SnO2'nin ve ag.%0,40 CuCo02-Sn0O2 heteroyapisinin
FT-IR spektrumlar1 Sekil 4b'de verilmistir. Ag.%0,40
CuCo02-Sn02 heteroyapisina ait spektrumdaki
piklerin daha diisiik frekanslara kaymasi SnO:
nanofiberlerinde CuCoOz varhigiile iliskilendirilir [22].

(a) Ag.% 0,40 CuCo0,-Sn0, (b)
—~ |Ag.% 0,40 CuC00,-Sn0O,
-
: 585

a0

I I i sm;—‘-\fJ
521

20 30 40 50 60 70 80 3750 3000 2250 1500 750
20 (derece) Dalga Sayisi (cm™)

Sn0, (JCPDS:88-0287

Siddet (k.b.)
Gegirgenlik (k
g

Sekil 5. SnO: nanofiberleri ve ag.%0,40 CuCo02-SnO:
heteroyapilarina ait (a) X-1s1n1 kirinim desenleri ve (b) FT-IR
spektrumlari

Sekil 6. Agirlikca %0,40 CuCoO2 dekore edilmis SnO2
nanofiberlerinin (a) yakinlastirilmis 100000 biiyiit-meli FE-
SEM ve (b) 30000 biiyiitmeli FE-SEM goriintiisii

Sekil 6’'da, agirlikca %0,40 CuCoO:2 dekore edilmis
Sn0Oz nanofiberlerine ait FE-SEM goriintileri
verilmistir. Sekil 6a’da, dekore numuneye ait FE-SEM
gorintiisii verilmistir. Alinan gorintilerden SnO:
nanofiberlerinin yiizeylerinin olduk¢a pirizli ve
ortama c¢aplarinin 170 nm civarinda oldugu
gozlemlenmistir. Diger taraftan dekore edilen CuCoO2
parcaciklarinin SnO:z nofiberlerine nazaran daha
piirtizsiiz bir yiizeye sahip oldugu goézlemlenmistir.
Elementel haritalama islemleri Sekil 6b’de verilen FE-
SEM gorintiisii tizerinden gergeklestirilmistir. FE-
SEM goriintiist iizerinden gergeklestirilen haritalama
ile Sn, Cu, Co ve O elementlerinin varhgi
kanitlanmistir. Bu sonuglar dikkate alindiginda,
CuCoO:2 pargaciklar ile SnO2z nanofiberlerinin temas
halinde olduklarini kanitlanmaktadir.

SnOz ve ag.%0,40 CuCoO2-SnOz heteroyapilarinin
optik ozellikleri; sogurum ve bant aralif1 dlgtimleri
Sekil 7’de verilmistir. Sekil 7a’da, SnOz ve dekore
numuneye ait sogurum spektrumlari verilmistir.

Sekilden anlasilacag1 tzere, agirlikca heteroyapini
malzemenin sogurum kenarinin SnOz'ye gore goriiniir
bolgeye dogru kaydigi asikardir. Bunun nedeni
CuCo0:2 pargaciklarinin SnOz'ye kiyasla dar bir bant
araligina sahip olmasi gosterilebilir.

(a)._n\ * Sno, (b) e Sno, o
—[% % ° A8%040Cuco0, 0, o A% 0,40 CuCo0, SO, o
& % = £ &
2| % .\:‘ 5 & 4
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Sekil 7. SnO2z nanofiberlerinin ve ag.%0,40 CuCoO2-SnO2
heteroyapilarinin (a) UV-Vis spektrumlari ve (b) (ahv)?-hv
grafikleri

324



S. Dursun / CuCoO Pargaciklari ile yeni Metal Oksit Kompozitlerin Uretimi ve Kirleticilerin Uzaklastiriimasinda Kullanilmasi

Sn0zve ag.%0,40 CuCo02z-Sn02 numunelerine ait bant
araligt  degerleri  Tauc  esitligi ~ kullanarak
hesaplanmistir. SnOz’ye ve ag.%0,40 CuCo0O2-SnO:
heteroyapisina ait bant aralif1 enerjileri sirasiyla 3,60
ve 3,24 eV olarak hesaplanmis olup, Sekil 7b’de
verilmistir [38]. Bu sonuclar g6z Oniinde
bulunduruldugunda, CuCo002-SnO2 heteroyapisinin
SnOz nanofiberine kiyasla daha iyi fotokatalitik
aktivite sergilemesi beklenir.

3.3. Fotokatalitik ozellikler

Sn02 ve agirlik¢a farkli oranlarda CuCoO: dekore
edilen SnO:z fotokatalizérlerinin  fotokatalitik
aktiviteleri farkli pH degerlerinde MM boyasini
kullanilarak  incelenmistir. pH, fotooksidasyon
islemlerinin verimini ve kinetigini 6nemli 6l¢iide
etkileyen parametrelerden biri oldugu i¢in, fotokataliz

deneyleri  o6ncelikle farklh pH  degerlerinde
gerceklestirilmistir. pH  degerindeki degisiklik
fotokatalizore ait e-h* ¢iftlerinin, fotokatalizor

yluzeyinden ayrilmasi etkileyebilmektedir. Ayrica
organik Kkirletici boyalar ortamin asiditesi veya
alkanitesine gore degisken aktivite
sergileyebilmektedir [34, 39]. Bu durumlar dikkate
alinarak fotokataliz ¢alismalarinda ti¢ farkli baslangig
pH degerine sahip c¢ozeltiler hazirlanip, saf ve
ag.%0,40 CuCo02-SnO2 fotokatalizorlerinin MM’nin
bozunmasi iizerine etkisi arastirilmistir (Sekil 8a).

Sn0Oz nanofiberleri i¢in pH=10'da 210 dk'da
maksimum bozunma saglanmis olup bu deger %94,3
olarak o6l¢iilmiistir. pH=4 ve pH=7 i¢in ise 450 dk’da
sirasiyla  %33,2 ve %52,7 olarak ol¢iilmiistir.
Agirlikca  %0,40 CuCoO: dekore edilmis SnO:
fotokatalizorii icin 6lgiilen bozunma degeri ise pH=4
ve pH=7'de sirasiyla %66,8 ve %83,1 olarak
Olciilmiistiir. Heteroyapili fotokatalizor en iyi sonucu
pH=10'da sergilemis olup, 90 dk icerisinde MM
boyasinin neredeyse tamami (%95,8) yok etmistir.

pH’ta meydana gelen artis ile fotokatalitik aktivitenin
artisl, yiizeyde bulunan yiiklerin modifikasyonu ve
yuzey adsorpsiyonunun artmasindan
kaynaklanmaktadir. Bunlara ek olarak, SnO2'nin
pH=10 civarinda en yiiksek zeta potansiyeli sahip
oldugu ve bu sebeple bazik ortamda daha etkin

aktivite sergilediginden literatiir =~ raporlarinda
bahsedilmistir [40].
Sekil 8b’de SnO: nanofiberlerinin, CuCoO:2

parcaciklarinin ve agirlikca farkli oranlarda CuCoO:2
dekore edilmis (ag.%0,25-1,25) heteroyapilarin
varliginda, boyanin konsantrasyonunda meydana
gelen %bozunma degeri hesaplanmistir. Sekilden de
anlasilacag1 gibi, ilk 30 dk'da (karanlikta), boya
konsantrasyonu ¢ok ciizi miktarda degisiklige
ugramistir. 90 dk'lik fotokataliz sonrasi SnO:
nanofiberleri ile boyanin %88’lik kismin1 yok ettigi
tespit edilmistir. Heteroyapili numunelerde ise
bozunma davranmisi CuCoO: miktar1 ile degisiklik

gostermektedir. Agirlikca %0,25, 0,40 ve 0,50 CuCoO2
iceren fotokatalizorler 90 dk icersinde MM’nin
sirastyla %90,2, 95,8 ve 92,6’sin1 uzaklastirmaktadir.
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Sekil 8. (a) SnO2 ve ag.%0,40 CuCo02-Sn0O2 varliginda pH'in
boya bozunumu iizerine etkisi, (b) agirlikca farkl
oranlardaki heteroyapilarin boya bozunumu iizerine etkisi,
(c) bozunma hiz sabitine ait In grafigi ve (d) ag.%0,40
CuCo02-Sn02 heteroyapis1 kullanarak gerceklestirilen
fotokataliz c¢alismasina ait gercek zamanli sogurum
spektrumlari

A8.%0,75, 1,00 ve 1,25 CuCoOz2 iceren numunelerde
ise bozunma degerinin bir miktar azaldigi (%82,5,
73,5 ve 66,8) gorilmiistiir. Dekore CuCo0O:2 miktari
arttikca biiyiik miktardaki CuCoO2z pargaciklar1 SnO2
nanofiberlerinin  foton sogurumunu diisiirerek
fotokatalitik aktivitede diislise neden olabilir [23].

Sekil 8c’de SnO2 ve farkli oranlarda CuCoO: iceren
heteroyapilarin boya bozunma hizini
karsilastirilmasinda birinci dereceden kinetik modeli
kullanilmistir. SnO2 nanofiberleri i¢in reaksiyon hiz
sabiti 1,18 sa'! olarak hesaplanmistir. 1,25, 1,87, 1,54,
0,79, 0,68 ve 0,59 sal olarak hesaplanan boya
bazunma hiz sabitleri sirasiyla, ag.%0,25, 0,40, 0,50,
0,75, 1,00 ve 1,25 CuCoOzigeren numunelerin aittir.

Ag.%0,40 CuCo02-Sn02'nin hiz sabiti, 1,87 sa'! olarak
Sn02’nin hiz sabitinin (1,18 sa!) 1,5 katindan fazladur.
Ag.%0,40 CuCo02-Sn0O2 numunesine ait gergek
zamanli sogurum spektrumlari Sekil 8d’'de verilmistir.
Bu sekilde, MM'ye ait pik fotokataliz basladiktan
hemen sonra hizla azalmaya baslamis ve 90 dk
icerisinde neredeyse tamamen yok olmustur.
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Sekil 9. SnO: nanofiberinin ve ag.%0,40 CuCo0O2-SnO2
heteroyapili fotokatalizoriiniin (a) tuzaklayici kimyasal
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(EDTA, IPA veya BQ) yoklugunda/varliginda boyanin
bozunmasi iizerine etkisi ve (b) foto-akim yogunlugu
(kronoamperometri deneyleri, goriiniir 151k ortaminda,
acma/kapama dongiileri kullanilarak gerceklestirilmistir)

Sn0; ve ag.%0,40 CuCo02-SnO: fotokatalizorlerinin,
fotokatalitik aktivitesini belirleyen mekanizmalari
belirlemede tuzaklayici (scavenger) kimyasallar
kullanilarak calismalar gerceklestirilmistir. EDTA-

2Na, IPA ve BQ kimyasallar sirasiyla, ‘OH, h* ve "0,

radikallerini belirlemede tuzaklayici olarak
kullanilmistir. Elde edilen sonuglar, Sekil 9a’da
verilmistir. Sekildeki on kolonlar, Sn02
fotokatalizoriine ait sonuglar olup, IPA, EDTA-2Na ve
BQ varliginda sirasiyla yaklasik %71, 4 ve 78’lik bir
bozunma go6zlemlenmistir. Tuzaklayici kimyasal
kullanilmadiginda ise bu deger yaklasik %70’tir. Bu
bulgular, SnOz varlifinda boya bozunumunda
h*yardimiyla dogrudan oksidasyon mekanizmasi ile
gerceklestigini gostermektedir. Sekil 9a’min arka
tarafindaki kolonlar ise ag.%0,40 CuCo02-SnO:
fotokatalizoriintin tuzaklayici testine aittir. Herhangi
bir tuzaklayici kimyasal kullanilmadiginda yaklasik
%389’luk bozunma sergiler. Bu deger, [PA, EDTA-2Na
ve BQ tuzaklayicilar kullanildiginda sirasiyla yaklasik
%77, 11 ve 79 olarak bulunmustur. Bu sonuglar,
heteroyapili  fotokatalizor ile  gergeklestirilen

fotokatalizde h*’ya kiyasla,”O; ve "OH radikallerinin

daha az pasif rol oynadiklarini géstermistir.

Yukaridaki tartismalara dayanarak, CuCoO2
pargaciklarinin SnO: ile olusturduklari heteroyapi
sayesinde sistemdeki yiik ayriminin daha verimli
olmas1 saglanarak icin fotokatalitik aktivitenin
arttigindan bahsedilebilir. Ayrica, n-tipi SnO: ile p-tipi
CuCoO2'nin olusturdugu kompazit malzeme, bir i¢
elektrik alan olusmaktadir. Bu durumda, p-tipi yari
iletkenin iletim bandinda olusan e’ler n-tipi yari
iletkenin iletim bandina, n-tipi yar1 iletkenin degerlilik
bandinda olusan h*lar ise p-tipi yar1 iletkenin
degerlilik bandina ge¢mekte olup, e-h* ciftlerinin
etkili bir sekilde birbirinden ayrilmasi saglanir. Sonu¢
olarak, saf SnOz’ye kiyasla heteroyapili malzeme daha
yluksek fotokatalitik aktivite sergilemektedir.

4. Tartisma ve Sonug

Bu c¢alismada, CuCoO: par¢aciklar1 hidrotermal
yontemle basarili bir sekilde iretilmis ve SnO:
nanofiberlerinin fotokatalitik ozelliklerinin
gelistirilmesinde  kullanilmistir.  Uretilen CuCoO:
parcgaciklarinin p-tipi bir delafosit ve bant araliginin
1,45 eV oldugu belirlenmistir. CuCoO2, dar bant
araligina sahip oldugundan goriiniir 151k fotokataliz
uygulamalari i¢in olduk¢a uygundur. Farkli oranlarda
CuCoO02 dekore edilmis (ag.%0,25-1,25) heteroyapilar,
MM’nin bozundurulmasinda kullanilmistir.
Fotokataliz =~ ¢alismalar  sonucunda, kompozit
numunelerin fotokatalitik verimliliklerinin dekore
edilen  CuCoOz'nun  miktarina bagh oldugu

gozlemlenmistir. Ag8.%0,40 CuCoO:z dekore edilerek
elde edilen kompozit fotokatalizor, 90 dk icerisinde
%95,8’lik bir boya bozunumu gostererek en ytiksek
bozunma hizina sahip kompozit malzeme olmustur
(k=1,87 sa1).
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