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Sanhurfa ili Tek Tek Daglar1 Dogal Meralarinda Farkh Giibre Uygulamalarinin Mera
Verim ve Botanik Kompozisyonu ile Otlatma Kapasitesinin Belirlenmesi
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Ozet

Bu aragtirma, Sanlwurfa ili tek tek daglari dogal meralarinda 8 farkli organik ¢iftlik giibre dozlart (0, 500, 1000,
1500, 2000, 2500, 3000, 3500 kg da?) uygulamalarmin mera verim ve botanik kompozisyonu ile otlatma
kapasitesinin belirlenmesi amaciyla tesadiif bloklar1 deneme desenine gére 3 tekrarlamali olarak yiiritiilmistiir.
Calismada; kuru ot verimi, ham protein verimi, agirliga gore % bugdaygiller, % baklagiller ve % diger familya
bitkileri, otlatma kapasitesi gibi karakterler incelenmistir. Arastirma sonuglarina gore; istatistiki olarak incelenen
ozellikler agagidaki araliklarda oldugu tespit edilmistir; kuru ot verimi 170-460 kg dat, ham protein verimi 13.56-
81.93 kg dal, botanik kompozisyonda bugdaygil familyasindaki tiirlerin oran1 %50.39, baklagillerin oran1 %34.23,
diger familya bitki tiirlerinin oran1 %19.06-37.18 olarak tespit edilmistir. Meranin otlatma kapasitesi ise 73.93
hayvan birimi olmustur. Sonug olarak; mera bitki ortiisiinde biiyiik cogunlugunun yem bitkilerinin olusturarak
bugdaygil ve baklagil oraninda artisa neden oldugu, diger familya bitki tiirlerinin oraninda ise diigiise sebebiyet
verdigi goriilmiistiir. Meraya 1 ton/da giftlik giibresi ile 6 kg/da fosfor dozunun birlikte uygulamasinin éne ¢iktigini
sOylemek miimkiindiir.

Anahtar Kelimeler: Organik ¢iftlik giibresi, mera ot verim unsurlari, tektek daglar

The Effect of Different Amounts of Organic Farm Manure Applications on Pasture
Yield and Yield Indicators in the Steppe Rangelands of Tektek Mountains in Sanlhurfa
Province

Abstract

This study was conducted in the steppe rangelands of Tek Tek Mountains in Sanlurfa province, using a
randomized block design with three replications to determine the effects of eight different organic farm manure
doses (0, 500, 1000, 1500, 2000, 2500, 3000, 3500 kg da™) on rangeland yield, botanical composition, and
grazing capacity. The parameters examined in the study included dry matter yield, crude protein yield, the
percentage of grasses, legumes, and other plant families based on weight, as well as grazing capacity.
According to the results, the investigated features were found to range within the following values: dry matter
yield was between 170-460 kg da™’, crude protein yield ranged from 13.56 to 81.93 kg da’?, with the proportion
of grasses in the botanical composition being 50.39%, legumes 34.23%, and other plant families ranging from
19.06% to 37.18%. The grazing capacity of the rangeland was calculated as 73.93 animal units. In conclusion,
it was observed that the majority of the rangeland vegetation was composed of forage crops, leading to an
increase in the proportions of grasses and legumes, while the proportion of other plant families decreased. The
combined application of 1 ton da* of farm manure with 6 kg da* of phosphorus emerged as a prominent
treatment.

Keywords: Organic farm fertilizer, rangeland forage yield traits, tektek mountains
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Bucak ve ark.

1. Giris

Tirkiye'de yillik yagis miktarnin biylk
cogunlugunun 500-600 mm araliginda oldugu
dogal meralar, uzun yillar boyunca yonetim
kurallarmma uyulmadan yapilan asir1 otlatma
nedeniyle bitki Ortilisliniin neredeyse tamamini
kaybetmis ve verimlilikleri biiylik oranda
azalmistir. Bu gibi alanlarda, dinlendirme veya
giibreleme gibi kisa vadeli iyilestirme
yontemlerinin bagar1 saglamasi giictiir. Ancak,
topografya ve toprak ozellikleri uygun olan
meralarda, mevcut bitki Ortiisi ortadan
kaldirilarak bolgenin ekolojik sartlarina uyum
saglayan ¢ok yillik yem bitkilerinin ekilmesi,
basarili sonuglar verebilir. Tiirkiye’de gayir ve
meralar, iilke yiizol¢iimiinlin neredeyse licte
birini kaplamaktadir. Ancak bu alanlarin
biiylik bir kismi1 olduk¢a zayif durumdadir.
Mera bitki Ortiistinde yasanan tahribatin
baslica nedenlerinden biri kurak iklimlerdir,
ancak asil sorun yanlis  kullanimda
yatmaktadir. Meralarin tasima kapasitesine
dikkat edilmeden yapilan asir1 otlatma ve
yanlis tiirde hayvanlarin meralarda otlatilmasi,

bitki  Ortlisiiniin  zarar  gdrmesine  yol
acmaktadir. Bu olumsuz kosullara bir de bazi
bolgelerdeki kurak ve soguk iklimler
eklendiginde, bitkiler ciddi sekilde

zayiflayarak kolayca yok olabilmektedir
(Gokkus ve ark., 2009). Diinya genelinde
meralar, kara yiizeyinin %26'sin1 kaplarken,
Tiirkiye'de bu oran %18.94'diir (Kog ve ark.,
2012; Seydosoglu, 2018; Seydosoglu ve ark.,
2019; Seydosoglu ve Kokten, 2018).
Gilineydogu Anadolu Bodlgesinde yer alan
Sanlrfa ilinin arazi varligi incelendiginde
toplam 19.451 km?lik alamin yaklasik
%4.59’unu  ¢ayir-meralar, %54.28’sini  de
tarim alanlar1 olusturmaktadir (Tiirkoglu ve
ark., 2023). Sanlwrfa ilinin mevcut mera
alanlar1, hayvancilik agisindan ¢ok az, tarim
acisindan ise 6nemli bir potansiyele sahiptir.
[limizdeki meralarin gogu, iilke genelinde
oldugu gibi, koti kullanim sebebiyle zayif
durumdadir. Bu alandaki bitkilerin verim
gliclerini ortaya koyabilmeleri i¢in biiylime
ortamlarinin en uygun kosullara sahip olmasi
gerekmektedir.  Giibreleme  islemi  bu
yetersizlikleri gidermek amaciyla bitki besin
maddelerinin yapay yolla topraga verilmesi

sarttir. Bu nedenle, bu alanlarda gilibreleme
yaparak bitki Ortiisiinii giiclendirmek veya ot
dretimini artirmak bir gerekliliktir (Altin ve
ark., 2005). N ve P gibi besin elementlerinin
uygunlugu, bitkilerin biyokimyasal
faaliyetlerinde 6nemli bir rol oynamaktadir.
Bu arastirmanin amaci, Sanlurfa ili Tek Tek
Daglar1  dogal meralarinda giibre dozu
uygulamasi yaparak uzun yillar korunan bir
alanin verim ve Kkalite acisindan mevcut
durumu belirlemek, dogal bir alanin korunma
ile sahip olacag1 verim ve kalite farkini ortaya
cikarmaktir.

Bu calisma sonucu elde edilen bulgular
Sanlwurfa ilinde yapilacak mera iyilestirme

calismalarina 151k tutarak bolge
hayvanciligimin ~ gelismesine  de  katki
saglayacaktir.

2. Materyal ve Yontem
2.1. Materyal

Bu arastirma ile ilgili arazi ¢calismasi, 2022
yilinin giiz doneminde Sanlwrfa’ya 25
kilometre uzaklikta bulunan ve Sanliurfa-
Mardin karayolu iizerinde yer alan TekTek
Daglari dogal merast iizerinde
gergeklestirilmistir. Calisma alani, Harran
Ovast’nin TekTek Havzasi i¢indedir ve cografi
konumu 37° 09’ 49’ kuzey enlemi, 38° 48’
46> dogu boylamidir. Ayrica, ¢aligma
bolgesinin ortalama rakimi 540 metredir
(Anonim, 2002).

2.2. Arastirma alaninin iklim o6zellikleri

Arastirmada, 2022-2023 deneme yil1 ve
uzun yillar iklim degerleri  Sanlurfa
Meteoroloji  Miidiirliigii’nden alinan iklim
verilerine gore TekTek Daglart dogal
meralarinda uzun yillar sicaklik ortalamasi
13.9 °C, uzun yillar ortalamalar1 igerisinde
Ocak ay1 en soguk, Haziran ay1 en sicak aydir.
ortalama yillik sicaklik 15.1 °C, ortalama y1llik
yagis ortalamasi 65.4 mm olup uzun yillar
ortalamasindan ytiksek ¢ikmig, 2023 yili Mart
ay1 yagis miktar1 255 mm ile ekstrem durum
yasanmigtir. Ayrica, Mayis ve Haziran
aylarinda ise en diisiik nispi neme ulagilmstir.



Bucak ve ark.

Cinkii 2023  yilinda ekim nobeti
uygulamasindan dolay1 bdlgemizde pamuk
ekimi yapilmamis, diger aylarda uzun yillar

ortalama iklim verilerine paralel bir seyir
izlemistir (Tablo 1).

Tablo 1. Sanliurfa ilinin 2022-23 yili ve uzun yillara ait bazi iklim verileri”
Table 1. Some climatic conditions of Sanliurfa province for 2022-23 and many years”

Ort. sicaklik (°C)

Toplam yagis (mm)

Nispi nem (%)

Aylar 2022-23 U. yillar 2022-23 U. yillar 2022-23 U. yillar
Kasim 14.6 13.2 78.4 452 63.0 59.9
Aralik 11.1 7.6 46.7 79.6 66.7 69.9
Ocak 8.1 5.6 21.6 86.3 62.8 70.3
Subat 6.6 7.1 78.3 68.1 54.4 66.9
Mart 135 10.9 255.0 65.3 61.4 60.4
Nisan 15.8 16.3 39.8 48.9 54.1 69.1
May1s 22.1 22.3 31 270 35.6 715
Haziran 28.3 28.1 0.0 4.3 317 67.7
Ort./Top. 15.01 13.9 65.3 53.1 53.7 66.9

*: Anonim (2023), **: Anonim (1929-2020).

2.3. Arastirma alanimin toprak ozellikleri

Calismanin yiiriitiildiigli araziye ait toprak
ozellikleri Hayat Toprak Su ve Bitki Analizi
Laboratuvarinda (Teknokent, Sanliurfa) analiz
edilmis olup 8.98-23.43 ppm mangan, 5.034-
4.472 ppm demir ve 1.022-1.269 ppm oraninda
ise bakir igerdigi bulunmustur. Deneme alani
toprag1 ayn1 zamanda; 3.29-4.61 kg da™* fosfor,
96.9-366 kg da! potasyum ve %1.1-2.29
oraninda  organik madde icermektedir.
Topragin pH degeri 6.96-7.33, isba oran1 %72-
74 ve kire¢ orani da %16.3-43.2 olarak
bulunmustur.

2.4. Yontem

Calisma, tesadiif bloklar1 deneme desenine
gore 3 tekerrlirlii olarak, her blok 8 parselden
meydana gelecek sekilde toplam deneme alani
24 parselden olusturulmus. Her bir parsel alan1
2mx3m:6 m? olarak alimmistir. Calismada
parseller arasinda 50 cm, bloklar arasinda ise 2
m bosluk birakilmistir. Arastirmada kontrol
altina alinmis dogal meralara 0 kg da™*, 500 kg
dal, 1000 kg dat, 1500 kg da!, 2000 kg da™,
2500 kg da?, 3000 kg da?, 3500 kg da'’a
organik ciftlik glibrenin farkli dozlan
uygulanmustir. Ayrica, her bir parsele 6 kg/da
fosfor uygulanmistir. Giibrelemenin, dogal bir
meraya gore ne gibi bir farklilik olusturdugu
arastinlmistir. Isletmelerden elde edilen ve
aragtirmada kullanilan organik ¢iftlik giibresi
igerikleri; organik madde %70-75, nem %8-10,

toplam fosfor pentaoksit %1.25-2.1, pH 7-8,
suda ¢6ziiniir Potasyumoksit %0.75-1, toplam
azot %1.5-3, toplam humik+fulvik asit %20-
40, Cinko 30-40 mg kg, Bakir 45-55 mg kg
bilesiminden olusmaktadir. Calismada mera
vejetasyonunun kantitatif ozelliklerini
belirlemek  amaciyla  kuadrat  yontemi
kullanilmistir ~ (Gokbulak  2013). Bigim,
mayisin  ilk  haftasinda  bugdaygillerin
bagaklanma devresinde yapilmistir. Meray1
temsil edecek sekilde belirlenen alanda 0.33 x
0.33 m?’lik 2 kuadrat tesadiifi olarak atilmuis,
toplam 24 alanda ¢ergeve igerisinde kalan ot ve
cali tiirleri toprak seviyesinden bigilerek
bugdaygiller, baklagiller ve diger familya bitki
tirlerine gore gruplandirilip, ayri ayri kese
kagitlarina konulup hava kurusu haline gelen
ornekler 78 °C‘ye ayarli kurutma firminda 48
saat bekletilerek sabit agirliga gelinceye kadar
kurutulmus ve hassas terazide tartilarak kuru
agirliklar belirlenmistir. Her parselden alinan
iki 6rnegin ortalamasindan parselin verimi ve
daha sonra dekara verim belirlenmistir. Kuru
maddesi tayin edilmis numunelerden 600 mg
almarak mikro Kjeldal metoduna goére toplam
azot oranlar1 belirlenmistir (Kacar, 1984).
Bitkideki toplam azot yiizdesi yem bitkileri
icin tavsiye edilen 6.25 katsayisiyla carpilarak
ham protein oranlar1 elde edilmis (Akyildiz
1984), ham protein yiizdeleri dekara kuru ot
verim degerleri ile carpilarak dekara ham
protein  verimleri  hesaplanmistir  (Altin,
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1982;Akyildiz, 1984). Her kuadratta saptanan
bitki gruplarina ait kuru ot verimi degerleri s6z
konusu kuadratlarda saptanan toplam kuru ot
verimine oranlanarak farkli bitki gruplarmin
kuru ot verimine katilma oranlar1 yiizde
(agirhiga goére botanik kompozisyon) olarak
saptanmistir (Tiikkel ve Hatipoglu (2005).
Aragtirma, heniliz otlatilmaya baslanilmayan
kesimlerde yiiriitiiliip tamamlanmistir. Ayrica
arastirmada meranin  otlatma  kapasitesi
belirlenmesi i¢in meranin otlatma kapasitesi
hayvan birimi (HB) cinsinden Tiirkiye’de
yaygin olarak kullanilan ve Tiikel ve Hatipoglu
(2005)  tarafindan  bildirilen  yontemle
hesaplanmistir. Bir koyunun canli agirligi 45
kg olarak alinmig veya HB birimine
donistiirilmiistiir. Meralarin genel ortalama
verim  degerlerinin  %40’1  hayvanlarin
yararlanabilecekleri yem miktar1 olarak kabul
edilip, iklim degerlerinden c¢ikartilan 165
giinlik vejetasyon siiresi de normal otlatma
giin  sayist  olarak  degerlendirilmistir
(Gengkan, 1985; Tukel, 1989). Giinliik yem
gereksinimi kuru ot olarak hayvanin canh
agirhigimin 1/40 kg olarak kabul edilmistir.
Arastirmadan elde edilen degerler, JMP paket
yazilim programi sayesinde tesadiif bloklari
deneme modeline ait varyans analizi yapilmus,

gruplar arasindaki istatistiki  farkliliklar:
belirlemek i¢in LSD (%5) ¢oklu karsilastirma
testleriyle  degerlendirilmistir  (Yurtsever,
2011).

3. Bulgular ve Tartisma
3.1. Kuru ot verimi

Denemede  incelenen  farklt  giibre
dozlarinda dekara 170.00-460.00 kg kuru ot
verimi alinmistir. En diisiik deger 170.00 kg
da? ile 0 kg da giibre dozundan, en yiiksek
deger ise tiim giibre dozlarindan elde edilmistir
(Tablo 2). Bu c¢alismada giibreleme
uygulamasi kuru ot verimde artisa neden
olmustur. Uygun giibreleme ile verimin 2-3 kat
artabilecegini Yavuz ve Karagil (2013)
bildirmektedirler. Ulkemizin farkl
cografyalardaki ¢calismalarinda Gokkus ve ark.
(2005) Canakkale dogal merasinda 156 kg da
1 Altin ve ark. (2010) Tekirdag ili Malkara
ilcesi Karamurat kdyii merasinda 387 kg da?,
Babalik ve Sonmez (2010) Isparta’da yapilan
bir mera calismasmda 80.26 kg dal, Sen
(2010) Kilis Madenyolu kdyii merasinda 172
kg/da, Yavuz ve Karagiil (2013) Diizce Esenli
merasinda kuru ot verimi 149 kg da, Cacan ve
Basbag (2016) Bingdl 1li Merkez Ilgesi
Yelesen-Dikme koyli meralarinda 143.54 kg
dal, Polat ve ark. (2018) Adiyaman ili Kuyulu
Koyii’'nde bulunan dogal meralarin ot verimi
235.21 kg dal, Babalik ve Kiling (2021)
Isparta ili Yalva¢ ilgesi Tokmacik koyi
merasinda 284.6 kg da™ ve Ok ve Cacan (2023)
Diyarbakir il merkezine bagl Oviindiiler Koyii
merasinda kuru ot verimini 425 kg da™, olarak
tespit etmislerdir.

Tablo 2. Korunan bozkir dogal meralarda kuru ot ve ham protein verimleri ile olusan gruplar
Table 2. Groups formed by hay and ham protein yields in protected steppe natural pastures

Giibre dozlan (kg da?)

Kuru ot verimi (kg da)

H. protein verimi (kg da’l)

0 170.00 b? 13.56 ¢
500 356.66 a 33.27d
1000 460.00 a 52.80 bc
1500 396.66 a 69.39 a-c
2000 440.00 a 81.93a
2500 426.66 a 66.24 a-c
3000 406.66 a 70.63 ab
3500 393.50 a 52.12c

Ortalama 381.26 54.99
LSD (%5) 135.29 18.23

1) Farkli harfile gosterilen ortalamalar LSD testine gore P< 0.05 hata sinirlar igerisinde birbirinden istatistiki olarak farklidir.

2)

Cesitli arastirmacilar tarafindan yapilan
kuru ot verimleriyle Sanliurfa TekTek Daglar
dogal merasinda farkliliklar  gosterdigi

goriilmektedir. Bu farklilik ise bolgenin iklimi
ve meralarin toprak yapisinin  gesitlilik
gostermesi, ot veriminde onemli farkliliklara
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neden olmaktadir. Meralarin ot {iretimi, farkli
iklim ve toprak kosullarinin etkisiyle biiyiik
Olciide degisiklik gosterebilmektedir.

3.2. Ham protein verimi

Incelenen Sanliurfa TekTek Daglar1 dogal
meralarinin farkli giibre dozlarinda kuru ottaki
ham protein veriminin istatiksel olarak 6nemli
oldugu, en yliksek verimin sayisal olarak 81.93
kg da? ile 2000 kg da? giibre dozunda, en
diisiik verimin ise 13.56 kg da* ile 0 kg da™
giibre dozundan alindigi Tablo 2’de
goriilmektedir. Farkli giibre uygulamalarinda,
kontrol uygulamasina gore (0 kg da’), 2.43-
6.04 kat daha fazla ham protein verimi elde
edilmistir Farkli giibreleme uygulamasinda
kontrol uygulamasina gére (0 kg da™t), kuru ot
verimi ile ham protein verimini artirabilecegini
Ayan (1997) bildirmektedir. Meralardan elde
edilen ham protein degerleri genellikle otlarin
bliylime ve gelisme zamaninda hesaplanan
degerlerdir. Farkli ekolojilerde ve farkl
uygulamalarda yapilan c¢alismalarda ham
protein verim degerleri; Erden (1994) Samsun
kosullarinda giibrelemenin dogal mera ot
verimi 49 kg da?, Tiirker (2006) Mersin ili
Tarsus 1ilgesi Olukkoyak koyli Topakardig
merasinda 14.30 kg da, Nadir (2010) Tokat ili
merkez ilce Yesilyurt koyli dogal mer’a
alanminda ham protein verimi 53.42 kg da’,
Sahinoglu (2010) Samsun ili Baftra ilgesi Kosu
kdyii mer’asinda 81.25 kg da, Sen (2010) )
Kilis Madenyolu kdyii merasinda 28 kg da™,
Agmn (2012), Bingol ili, Yedisu 1ilgesi,
Karapolat kdyii dogal bir merada 26.4 kg da™,
Yavuz ve Karagiil (2013) Diizce Esenli
merasinda ham protein verimi 13.40 kg da’,
Tasdemir (2015) Elazig ili, Karakocan ilgesi,
Bahgecik Koyt dogal bir merada 15.3-25.8 kg
da!, Biiyiikhatipoglu (2016) Sanlurfa TekTek
Daglar1 meralarda 13.60 kg da?, Yildiz ve
Ozyazict (2017) Van ili, Giirpmar ilgesi
Kirkgecit kdyii merasinda 42.78 kg da’,
Dedek (2020) Sanlurfa ilinin TekTek Daglari
meralarinda 3.25-3.96 kg da® ve Yilmaz
(2023) Sanhwurfa TekTek Daglar1 dogal
meralarinda  4.52-27.95 kg da® arasinda

belirlemislerdir. Diger arastirmacilarin
bulgularindaki farkliliklar ise kullanilan farkli
gibre dozlari, meralarin igerdigi  bitki

tirlerinin (baklagiller, bugdaygiller ve diger
familyalardan  bitkiler) yogunlugu veya
seyrekligi, bu bitkilerin olgunlagsma donemleri
ve bigim zamanlar1 gibi etkenler, ham protein
miktarlarinda farkliliklar meydana
getirmektedir.

3.3. Agirhga gore botanik kompozisyon

3.3.1. Agirhikca bilesenlere gore
bugdaygiller (%)

TekTek  Daglari  dogal  merasinda
hesaplanan agirhiga gore botanik

kompozisyonda bugdaygillerin, baklagillerin
ve diger familya bitkilerinin oranlar1 Tablo
3’de verilmistir. Agirliga gore botanik
kompozisyonda bugdaygiller ile baklagiller
acisindan farkli giibre dozlar1 arasinda
istatistiki olarak bir farklilik bulunmamustir.
Agirliga gore botanik kompozisyonda istatistik
olarak bir fark olmamasina ragmen en yiiksek
bugdaygil oranm %50.39 ile 1000 kg da™ giibre
dozunda, agirliga gore botanik kompozisyonda
bugdaygillerin genel ortalamasi1 %45.50 olarak
tespit edilmigstir. Farkli ekolojilerde, farkli
uygulamalarda yapilan caligmalarda bugdaygil
oranin; Uslu (2005) Kahramanmaras ili,
Tiirkoglu ilgesi, Araplar kodyiinde bulunan
dogal merada %46.4, Tiirker (2006) Mersin ili
Tarsus ilgesi Olukkoyak koyii Topakardig
merasinda %49.11, Nadir (2010) Tokat ili
merkez ilge Yesilyurt kdyli dogal mer’a alaninda
%34.11, Sen (2010) Kilis Madenyolu koyt
merasinda %73.4, Yildiz ve Ozyazic1 (2010)
Van ili, Gilrpmar ilgest Kirkgecit koyt
merasinda %62.46, Agin (2012) Bingodl ili,
Yedisu ilcesi, Karapolat kdylinde dogal bir
merada %36.8, Yavuz ve ark. (2012) Amasya
[li meralarinda %41.81, Cacan ve Basbag
(2016) Bingdl Ili Merkez Ilgesi Yelesen-
Dikme koyleri meralarinda 9%20.60, Ercan
(2018) Eskisehir ili Seyitgazi ilgesi Karaoren
Koyii merasinda %44.28, Tutar ve Kokten
(2019) Bingol il Merkezine bagli Ormanardi
koyii dogal bir merada %350.4, Babalik ve
Matrasulov (2020) Antalya ili Kemer ilgesi
sinirlar1  igerisinde bulunan Tahtali Dagi
meralarinda %52.16, Cacan ve Kortak (2021)
Elaz1g ili Karakocan ilgesi, Basyurt kdoyii
merasinda %35.5 ve Ok ve Cagan (2023)
Diyarbakir il merkezine baglh Oviindiiler K&yii
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merasinda %38.63 oraninda belirlenmistir.
Aragtirma sonucunda elde ettigimiz bulgularin
diger arastiricilarin bulgulariyla benzerlik ve
farkliliklar1 bulunmaktadir. Bu farkliliklarin,
vejetasyon Ol¢iim yontemlerinin ¢esitliligi,

meralarin otlanmadan korunma siirelerindeki
degisiklikler ile incelenen meralarin toprak,
iklim ve ozellikle yagis bakimindan farklilik
gostermesinden kaynaklandigi ifade edilebilir.

Tablo 3. Sanlwrfa ili TekTek Daglar1 dogal meralarinda kaplama alanina gore botanik kompozisyonda
bugdaygillerin, baklagillerin ve diger familya bitkilerinin oran1 (%) ortalama degerler ile olusan gruplar

Table 3. The proportion of grasses, legumes and other family plants in the botanical composition
according to the coverage area of TekTek Mountains natural pastures in Sanliurfa province, groups

formed with average values (%)

Giibre Dozlar (kg da=  Bugdaygiller ile kaph Baklagiller ile kaph Diger familya bitkileri ile
H alan oram (%) alan oram kaph alan oram

(%) (%)

0 37.83 24.97 37.18 at

500 44.76 27.81 27.41b

1000 50.39 27.78 21.80 bc

1500 45.20 31.95 22.82 bc

2000 47.03 33.88 19.06 c

2500 45.27 32.51 22.20 be

3000 47.61 32.34 20.03 ¢

3500 45.92 34.23 19.83¢c
Ortalama 45.50 30.68 23.79
LSD (%5): 0.d. 6.d. 6.56

1

3.3.2. Agirlik¢a bilesenlere gore baklagiller
(%0)

Farkli giibre dozu uygulamalarinda
saptanan agirliga gore botanik kompozisyonda
baklagil orani degerlerini istatistiki olarak
onemli derecede etkilememistir. Bu sonuclara
gore, Tablo 3. dikkate alindiginda, farkli giibre
dozlarina bagli olarak baklagillerin meranin
kuru ot verimine katilma orani Onemsiz
olmasia ragmen en yiiksek 3500 kg da™* giibre
dozunda %34.23 olup, ortalama deger ise
%30.68 olarak tespit edilmistir. Bu sonug;
Uslu (2005) Kahramanmaras ili, Tiirkoglu
ilgesi, Araplar kdyiinde bulunan dogal merada
%14.7, Tirker (2006) Mersin ili Tarsus ilgesi
Olukkoyak koyii Topakardi¢ merasinda %4.70,
Caglayan (2009) Karaman ili Demiryurt
koylinde bulunan dogal bir merada %2.58,
Nadir (2010) Tokat ili merkez ilge Yesilyurt koyti
dogal mer’a alaninda %33.41, Sahinoglu (2010)
Samsun ili Bafra ilgesi Kosu koyii mer’asinda
%21.7, Sen (2010) ) Kilis Madenyolu kdoyii
merasinda %17.0, Yildiz ve Ozyazic1 (2010)
Van ili, Gilrpmar ilgesi Kirkgecit kdoyii
merasinda %7.61, Agmn (2012), Bingdl ili,

Farkli harf ile gosterilen ortalamalar LSD testine gore P< 0.05 hata simirlari igerisinde birbirinden istatistiki olarak farklidur.

Yedisu ilgesi, Karapolat kdyiinde dogal bir
merada %17.9, Yavuz ve ark. (2012) Amasya
Ili meralarinda %25.22, Cacan (2016) Bingdl
[li Merkez Ilgesi Yelesen-Dikme kdyleri
meralarinda %21.0, Ozen ve Tiirk (2014),
Burdur ili Aglasun ilgesi orman i¢i merasinda
%21.50, Seydosoglu ve ark. (2015) Diyarbakir
ili Silvan il¢esinin taban merasinda %48.25,
Budak (2016) Adiyaman ili Kuyulu Kéyii
merasinda %38.18, Biiylikhatipoglu (2016)
Sanliurfa Tek Tek daglar1 meralarinda 12.01-
%10.61, Cagan ve Basbag (2016) Bingol li
Merkez  Ilgesi  Yelesen-Dikme  kdyii
meralarinda %21.85, Ercan (2018) Eskisehir
Ili Seyitgazi Ilgesi Karadren Koyii merasinda
%22.56, Tutar ve Kokten (2019) Bingol il
Merkezine bagli Ormanardi kdyii dogal bir
merada %2.3, Babalik ve Matrasulov (2020)
Antalya ili Kemer ilgesi sinirlar igerisinde
bulunan Tahtali Dag1 meralarinda %14.86,
Cagan ve Kortak (2021) Elazig ili Karakocan
ilgesi, Bagyurt kdyii merasinda %0.9 ve Ok ve
Cagan (2023) Diyarbakir il merkezine bagh
Oviindiiler K&yii merasinda %14.01 oraninda
belirlemislerdir. Arastirmacilarin bulgularinda
bu denli farkliliklar, farkli meralarda olgiilen
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farkli baklagiller ile kapli alan oran
degerlerinde, vejetasyon 6lgme yontemlerinin
farklilig1, incelenen meralarin otlanmadan
korunma siireleri arasindaki farklilik ile
incelenen meralarin toprak yapisi, iklim ve
ozellikle de yagis miktarindan kaynaklandigin
sOyleyebiliriz.

3.3.3. Agirhik¢a bilesenlere gore
familya bitkileri (%)

diger

Sanlurfa TekTek Daglar1 dogal merasinda
uygulanan farkli organik giibre dozlar1 diger
familya bitkilerinin vejetasyonun verimine
katilma oran1 lizerindeki etkisi istatistiki olarak
(P<0.05) oOnemli olmustur. Calismamizda
farkl1 organik giibre dozlarmin elde edilen
agirlikca bilesenlerine gore diger familya
bitkileri ile ilgili elde edilen sonuglarda
%19.06-37.18 arasinda degisirken en yiiksek
deger 0 kg da?, en diisiik deger ise 2000-3000
ve 3500 kg da™* giibre dozlarinda 8lciilmiistiir.
Arastirmada diger familya bitkileri kapl alan
orani ortalamasi %23.79 olarak saptanmistir
(Tablo 3). Artan organik giibre dozu
uygulamalari, baklagil ve bugdaygil oranlarini
olumlu yonde artirmis ve aym1 zamanda
merada istenmeyen diger familya bitkileri
oranini azaltmis, bu durum olumlu bir gelisme
olarak goriilmektedir. Ulkemizde otlanmadan
korunan sahalarda yapilan ¢aligmalarda; Uslu
(2005) Kahramanmaras ili, Tiirkoglu ilgesi,
Araplar koylinde bulunan dogal merada
%36.2, Tiirker (2006) Mersin ili Tarsus ilgesi
Olukkoyak koyli Topakardic merasinda
%44.77, Caglayan (2009) Karaman ili
Demiryurt kdylinde bulunan dogal bir merada
%28.48, Nadir (2010) Tokat ili merkez ilge
Yesilyurt koyli dogal mer’a alaninda %32.49,
Sahinoglu (2010) Samsun ili Bafra ilgesi Kosu
kdyli mer’asinda %26.0, Yildiz ve Ozyazict
(2010) Van ili, Giirpmar ilgesi Kirkgecit koyii
merasinda %29.93, Agin (2012), Bingdl ili,
Yedisu ilcesi, Karapolat kdyiinde dogal bir
merada %35.55, Ozen ve Tiirk (2014), Burdur
ili Aglasun ilgesi orman i¢i merasinda %24.60,
Seydosoglu ve ark. (2015) Diyarbakir ili
Silvan ilgesinin taban merasinda %39.74,
Budak (2016) Adiyaman ili Kuyulu Kéyii
merasinda %17.71, Ercan (2018) Eskisehir ili
Seyitgazi Ilgesi Karadren Koyii merasinda

%33.16, Tutar ve Kokten (2019) Bingdl il
Merkezine bagli Ormanardi koyii dogal bir
merada %47.2, Babalik ve Matrasulov (2020)
Antalya ili Kemer ilgesi simirlar1 igerisinde
bulunan Tahtali Dagi meralarinda %30.22,
Cacan ve Kortak (2021) Elaz1g ili Karakogan
ilgesi, Bagyurt kdyii merasinda %63.6 ve Ok ve
Cacan (2023) Diyarbakir il merkezine bagl
Oviindiiler Kdyii merasinda %42.85 oraninda
elde edilmistir. Mevcut ¢alisma bulgular ile
onceki aragtirmacilarin verileriyle arasinda
farklilik goriilmektedir. Bunun sebebi; farkli
iklim ozellikleri ve topografik unsurlar basta
olmak iizere otlatma  yogunlugundaki
farkliliklardan kaynaklandig1 soylenebilir.

3.3.4. Otlatma kapasitesi

Belirli bir biiyiikliige sahip mera alaninda,
belirli bir otlatma sezonu siiresince, toprak, su,
bitki ortiisti ve diger dogal kaynaklara zarar
vermeden uzun vadede otlatilabilecek en fazla
hayvan sayisina "otlatma kapasitesi" denir
(Ekiz 2017). Merada bulunan ot miktar1 ve
hayvan sayisi arasinda bir denge kurulmasi,
meranin siirdiiriilebilir bir sekilde
kullanilmasini saglar. Bu denge, hem bitkilerin
asirt otlanmasini Onler hem de hayvanlarin
yeterince beslenmesini garanti eder. Eger bu
denge korunmazsa, yani meradaki ot miktar
ve otlayan hayvan sayisi uyumlu olmazsa,

mera tahribati yasanir. Asir, stirekli ve
dengesiz otlatma, bitki ortiisiinlin
zayiflamasima  ve  topragin  erozyona

ugramasina yol agar. Tablo 4.’de bakildiginda;
en az mera alani ihtiyaci (11.20 da) korunan
alamn 1000 kg da? giibre dozundan elde
edilirken, en fazla mera alani ihtiyaci ise 0 kg
da® giibre dozunda (30.33 da) elde edilmistir.
Meranin otlatma kapasitesi 165 giinliik otlatma
periyodu i¢in genel ortalama 73.93 HB olarak
hesaplanmis, bir HB igin gerekli toplam mera
alan ortalamasi ise 1.35 ha olarak bulunmustur.
[lave olarak organik ciftlik  giibresi
uygulamalari meranin otlatma kapasitesini
artirmistir. Meralarimizin otlatma kapasitesi
azaldik¢a,  hayvanlarin  beslenme  ve
verimliliklerini siirdiirebilmek i¢in daha genis
alanlarda otlatilmas1 gerektigi aciktir. Ancak,
hayvanlarin daha biiyiik alanlarda otlamasi,
daha fazla enerji harcamalarina ve dolayisiyla
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daha diisiik verim elde edilmesine neden olur.
Ulkemizde meralarin otlatma kapasitelerinin
belirlenmesine  yonelik  bircok  calisma
bulunmaktadir. Agin (2012) Bingo6l ili, Yedisu
ilcesi, Karapolat kdyiinde dogal bir merada
otlatma kapasitesi 10.00 HB, Aydin (2014)
Diyarbakir-Sanliurfa illeri arasindaki
Karacadag merasinda 52.56 HB, Cacan ve ark.
(2014) Bingol ili Merkez ilgesinde korunan
mera alaninda 5.43 HB, Biiyiikhatipoglu
(2015) Sanlurfa Tek Tek daglari meralarinda
40.96 HB, Budak (2016) Adiyaman Ili Kuyulu
Koyt meras1 korunan alaninda 52.26 HB olup
gerekli mera alami ise 19.13 da, Karan ve
Basbag (2017) Elazig Merkeze bagli Hal Koyii
merasinda korunan alanda 37.85 HB, Ercan

(2018) Eskisehir ili Seyitgazi Ilgesi Karadren
Koyli merasinda 91.2 HB, Babalik ve
Matrasulov (2020) Antalya ili Kemer ilgesi
sinirlart  igerisinde bulunan Tahtali Dagi
meralarinda 179 HB, mera alanm ise 1.75 ha,
Babalik Kiling (2021) , Isparta ili Yalvag ilgesi
Tokmacik kdyii sinirlarinda bulunan meralarda
52.4 HB, Ok ve Cagan (2023) Diyarbakir il
merkezine bagli Oviindiiler K&yii merasinda
29.6 HB olarak hesaplanmistir. Bulgular
arasindaki farkliliklar, ekolojik 6zellikler basta
olmak tizere meralarin sahip oldugu alan ve
mera verimlerinin farliligindan dolay1 otlatma
kapasiteleri biiylik farkliliklar sebep olacagi
aciktir.

Tablo 4. Korunan alanda otlatma kapasitesi (HB) ve Hayvan basina gerekli mera alani (da)
Table 4. Grazing capacity (HB) in the protected area and required pasture area per animal (da)

Giibre do§lar1 (kg Otlatma kapasitesi (HB) Hayvan basina gerekli mera alam (da)
dat)
0 32.96 30.33
500 69.17 14.45
1000 89.21 11.20
1500 76.92 12.99
2000 85.33 11.71
2500 82.74 12.08
3000 78.86 12.67
3500 76.31 13.10
Ortalama 73.93 13.52
4. Sonuglar amenajman kurallarina uygun olarak uygun
inceledigimiz merada, elde ettigimiz otlatma sisteminin getirilmesi ile meranin

verilere gore; mera bitki Ortlisliniin biiyiik
cogunlugunun yem bitkilerinin olusturdugunu,
farkli dozlarda organik giibre bugdaygil ve
baklagil oraninda artisa neden oldugu ve diger
familya bitkileri oraninda ise diisiise sebebiyet
verdigi gOriilmiistiir. Aragtirmanin
yuriitiildiigli mera ve benzer ekolojik kosullara
sahip meralarda yapilacak giibrelemenin etkili
olmasinda en 6nemli faktoriin yagis oldugu,
yagisin yetersiz oldugu yillarda giibrelemenin
ise etkisiz olacagi bir gergektir. Her nekadar
kuru ot verimleri ve ham protein oranlari
ylksek olarak tespit edilmesine ragmen
merada istilact  bitkilerin az olmadig1
belirlenmistir. Arastirmada elde edilen bu
sonuglara Sanlurfa’nin TekTek Daglar1 dogal
merasinda, uygun miktarda giibreleme yapilip

botanik kompozisyonu iizerine olumlu etkisi
olacagi sonucuna varilmstir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yaymna hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismasi1 Beyani

Tlim yazarlar, bu ¢alisma i¢in herhangi bir
cikar catigmast olmadigini beyan etmektedir.
Finansman

Bu calisma, Harran Universitesi Rektorliigii
Bilimsel Arastirmalar Projeleri HUBAP)
Koordinatorliigii tarafindan “22207” nolu
proje ile desteklenmistir.
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Abstract

The research was conducted to determine the dry matter yield and some quality characteristics of pearl millet
[Pennisetum glaucum (L.) R. Br.], a warm-season annual forage grass grown as a summer crop in 2022. In addition
to the Yellow witness variety, seven pearl millet populations (9198, 8022, 4903, 9645, 9449, 5455, and Yellow)
obtained from ICRISAT were used as the study material. The harvests were carried out during the dough stage of
the grains. Although dry matter yield varied among the populations, it was found to range between 2.32 and 3.47
t ha’. Moreover, forage quality characteristics showed that crude protein content ranged from 6.87% to 9.25%,
ADF from 31.11% to 36.69%, NDF from 44.49% to 52.09%, and RFV (Relative Forage Value) from 108.83 to
136.04. Among the populations studied, populations 5455, 9198, and Yellow were superior in terms of dry matter
yield, while population 9198 outperformed the Yellow witness variety in terms of forage quality. Based on the
results of the study, it was concluded that the 9198 population could be considered in future breeding programs
when yield and quality characteristics are evaluated together for Sanliurfa province and similar ecological
conditions.

Keywords: Pennisetum glaucum L. yield, quality, population
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1. Introduction

Pennisetum glaucum (L.) R. Br., commonly
referred to as pearl millet, is a cereal species
within the Poaceae family, indigenous to
Africa. Its domestication occurred
approximately 3.000 to 5.000 years ago (de
Morais Cardoso et al., 2017). This crop
exhibits exceptional resilience to a wide array
of environmental challenges, such as low soil
fertility, elevated temperatures, and limited
water  availability.  Pearl  millet s
predominantly cultivated in the semi-arid
regions of Africa and Asia, where it constitutes
a critical staple food source for local
populations (Mawouma et al., 2022). In
contrast, in Western countries, millets are
primarily grown for birdseed and livestock
forage. Additionally, they serve as a strategic
crop in agricultural systems, providing a
safeguard against crop failure and fulfilling
emergency fodder requirements. Their rapid
growth and adaptability make them
particularly ~ suited  for  these  roles
(Baltensperger, 2002). In recent years, with the
effects of global warming, pearl millet has
gained prominence as an annual warm-season
cereal that is resistant to hot and dry
conditions. Millets are among the most
important drought-tolerant crops, ranking 6th
in global agricultural production (Cicek and
Yucel, 2022). This plant's ability to withstand
drought and high temperatures plays a crucial
role in maintaining sustainable agricultural
practices, especially in regions with limited
water resources. Furthermore, its ability to
adapt to saline and acidic soils enhances its
potential for production in marginal areas
where agriculture is challenging (Bhattacharya
et al., 2021). The increasing greenhouse gases
and resulting climate changes have made the
development of new, abiotic stress-tolerant
plant varieties increasingly important (Cicek
and Yucel, 2022). Pearl millet (Pennisetum
glaucum (L.) R. Br.) was originally cultivated
in the United States for feed production and
grazing purposes. It also serves as a primary
cereal source for approximately 90 million
people in Africa and the Indian subcontinent,
and is widely used as feed and fuel (FAO,
2011). According to Ullah et al. (2017), pearl

millet uses only 70% of the water required by
maize to produce the same amount of dry
matter, making it a promising crop for semi-
arid regions and water-scarce conditions. Pearl
millet is a short-day plant, completing its
flowering process in short days. It is reported
that a day length of 12 hours and an average
daily temperature of 28-30 °C are ideal for its
growth (House, 1985; Andrews et al., 1993).
Pearl millet thrives in sandy, light-textured,
low-fertility soils with pH ranging from 6.2 to
7.7 and responds well to low inputs
(Anonymous, 1996). As a C4 plant adapted to
hot climates, pearl millet is among the leading
drought-resistant cereals, though it cannot be
grown without water (Rai et al., 2008).
Moreover, according to BUGEM (Republic of
Tiirkiye Ministry of Agriculture and Forestry)
data, Turkey faced a shortage of approximately
27 million tons of quality roughage in 2022,
with Sanlwrfa province accounting for 8.3
million tons of this deficit. This gap is expected
to widen in the coming years due to climate
change and increases in livestock populations
(Anonymous, 2021; Anonymous, 2022a).

This study aims to assess the forage yield
potential and feed quality of pearl millet
populations selected and obtained from
ICRISAT in the drought-prone and hot climate
conditions of Sanlwrfa, Turkey. By
determining the yield and quality potential of
these pearl millet populations, selected
varieties will provide fundamental materials
for ongoing and future breeding efforts. The
cultivation of these high-quality materials is
expected to significantly contribute to meeting
the quality roughage needs of livestock in
Turkey.

2. Material and Methods

In this study, seven pearl millet
(Pennisetum glaucum (L.) R. Br.) populations,
sourced from the International Crops Research
Institute  for the  Semi-Arid  Tropics
(ICRISAT), were utilized as experimental
materials. The pearl millet populations
analyzed in this research are designated as
follows: 9198, 8022, 4903, 9645, 9449, 5455,
and Yellow (control).
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2.1. Soil and climate characteristics of the
study area

Soil was sampled from the 0-15 cm and 15-
30 cm in the experimental area were analyzed,
revealing the following characteristics: pH
values ranged from 7.65 to 7.80, total salt
content ranged from 0.30% to 0.40%, nitrogen
content ranged from 0.05% to 0.08%, organic

carbon content ranged from 0.34% to 0.55%,
phosphorus content ranged from 0.39 to 0.50
mg kg, and lime content ranged from 44.5%
to 47.2%. The sand, silt, and clay proportions
were 28-30%, 26-27%, and 44-45%,
respectively. Based on these values, the soil
structure has been determined to be clayey (C)
(Anonymous, 2022b).

Table 1. Some climate data for the trial year and long-term averages”

Yil Temperature values (°C) | Relative Total
Months Average Maximum | Minimum humidity precipitation
(%) (kg m?)

June 26.7 41.0 19.9 42.70 1.20

Long years 28.1 34.7 20.5 33.20 1.37
average**

July 28.9 40.7 26.8 42.95 0.00

Long years 32.0 38.8 24.3 30.50 0.30
average**

o August 26.9 40.4 23.3 62.45 0.00

NI Long years 31.6 38.4 24.0 33.30 0.23
| average**

September 22.7 37.0 21.7 60.44 0.00

Long years 27.2 34.0 20.0 66.44 0.79
average**

October 17.3 28.1 8.8 57.68 0.90

Long years 20.6 27.1 14.6 34.30 25.90
average**

*: GAPTAEM, (2022). Talat Demiroren Research Station (TARBIL). ™: MGM, (1929-2022).

As shown in Table 1, during the growing
season of the experiment, the lowest average
temperature was recorded at 17.3 °C in
October, while the highest average
temperature was 28.9 °C in July (Anonymous,
2022a). In long-term average temperature
values, the lowest average temperature was
20.6 °C in October, and the highest average
temperature was 32.0 °C in July (Anonymous,
2022c). Considering the average relative
humidity values, the highest relative humidity
was observed at 62.45% in August, and the
lowest was 42.7% in June. The amount of
precipitation recorded during the experimental
period was negligible. This experiment was
conducted in the second week of June 2022 at
the Talat Demirdren experimental field of the
GAP Agricultural Research Institute and
Training Center in Sanliurfa. The geographical
coordinates of the experimental area are 36°
54" 10" N latitude and 38° 55" 23" E longitude,
with an elevation of 410 meters above sea level
(Anonymous, 2016). The field experiment

were carried out from June to October
following the wheat harvest. The research was
designed as a randomized block experiment
with three replications. In the study, the
populations were planted in four rows with 70
cm row spacing and 25 cm plant spacing, with
the sowing carried out by hand on June 15,
2022. Each plot was separated by 50 cm, and
there was a 1.5-meter distance between
replications. Based on soil analyses, 5 kg of
pure nitrogen and 8 kg of P>Os were applied
per decare in the form of a 20:20:0 compound
fertilizer. During the first week of August
(when the plants reached tillering stage), 5 kg
dat of pure N in urea form was applied by hand
between rows (Mesquita and Pinto, 1998;
Cicek and Yucel, 2022). Sowing was done in
tilled soil, and irrigation was provided as
needed throughout the growing period after
plant emergence. Weed control was carried out
manually during the initial growth stages and
by hand hoeing when the plants reached 40-50
cm in height. The total experimental area was
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planned to be 22.6 m x 17 m = 384.2 m?
Harvesting (for forage) was performed on
October 12, 2022, by hand when the seeds in
the spike were in the dough stage. In addition
to sprinkler irrigation for germination, four
flood irrigations were carried out. Weed
control was done mechanically until the
application of top-dressing, and manually
thereafter. For harvesting, five plants were
sampled from each population and replication
to determine the forage yield, and the average
yield per replication was calculated. In the
study, the dry matter yield (kg da™) of the
plants in each population was determined
following the methods outlined by Upadhyaya
et al. (2008) and Upadhyaya and Gowda
(2009). In addition to dry matter yield, forage
quality characteristics were also assessed.
Approximately 500 g of fresh samples from
each replication were dried first in the air and
then in a drying oven at 65 °C, ground, and
sieved through a 1 mm mesh. Crue protein
(CP) ratios were calculated, and neutral
detergent fiber (NDF) and acid detergent fiber
(ADF) were determined using the ANKOM
fiber analyzer (Van Soest et al., 1991; Ankom,
1997). Additionally, digestible dry matter
(DDM), dry matter intake (DMI), and relative
feed value (RFV) were calculated using the
following equations: Digestible Dry Matter
(DDM) = 88.9-(0.779 x %ADF), Dry Matter
Intake (DMI) = 120 / %NDF, and Relative
Feed Value (RFV) = (%DDM x %DMI) / 1.29
(Schroeder, 1994; Anonymous, 2018).

The data obtained from the research were
analyzed using variance analysis in JMP 10
software, and statistically significant means
were grouped according to the LSD (5%)
multiple comparison test (Yurtsever, 2011).

3. Results and Discussion
3.1. Dry matter yield

As presented in Table 2, the average dry
matter yield among the examined genotypes
ranged from 2.32 to 3.47 t ha™', with this
variation being statistically significant. In the
study, the populations 5455, 9198, and the
control variety Yellow produced the highest
dry matter yields, while populations 9645 and

9449 yielded lower compared to the others. In
studies conducted in different ecological
settings with various applications and
genotypes, Kollet et al. (2006) reported 3.25 to
4.36 t ha't in Brazil, El-Lattief (2011) reported
forage yields ranging from 3.675t0 5.915 tha™
in Benin, Al-Suhaibani (2011) reported 49.97
to 58.32 t ha™' in Saudi Arabia, Dagtekin
(2019) observed 498.8 to 2869.9 g plant™
under Cukurova conditions, Dagtekin et al.,
(2020) reported 84.6 to 164.4 g plant? also
under Cukurova conditions, Saygidar (2021)
found yields of 1.84 to 3.66 t ha™! under GAP
conditions, Nwajei (2023) reported yields
ranging from 2.49 to 5.80 t ha' under
conditions in Edo State, Nigeria and Donmez
and Hatipoglu (2024) obtained 7.9 to 20.3 t
ha™ of dry matter yield in Kahramanmaras.
However, since some of these reported yields
are per plant (g per plant), a direct comparison
with our results is not feasible. The significant
variation in dry matter yield can be attributed
to differences in the materials used, as well as
variations in growing conditions and sowing
norms.

3.2. Crude protein content

Although the average crude protein content
values in the examined pearl millet populations
were statistically insignificant, the highest
numerical value was measured at 9.25% for the
9198-coded population, while the population
average was determined to be 7.62% (Table 2).
The importance of roughages is vital for both
agriculture and livestock farming. While high
yield per unit area of forage crops is certainly
crucial, forage quality is equally important.
The most prominent indicator of the nutritional
value of roughages is the crude protein content.
According to Senel (1986), the crude protein
content of forage crops must be at least 6% for
them to be used in animal rations. In various
studies conducted in different ecologies,
applications, and genotypes, the crude protein
content has been reported as follows: Rasnake
etal. (2005) found 9.3% in Kentucky, Chacon-
Hernandez and Vargas-Rodriguez (2009)
reported that in the Cartago province of Costa
Rica, the prevalence ranged from 8.42% to
9.56%, El-Lattief (2011) reported 6.38% to
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10.65% in Benin, showing some similarity to
our findings. Hassan et al. (2014) observed
6.73% to 10.35% in Pakistan, Heuzé et al.
(2015) reported a prevalence range of 6.6% to
17.0% in India, Babiker et al. (2015) found
8.8% to 16.2% in Sudan, Dagtekin (2019)
reported 4.3% to 14.4% in Cukurova, Cicek
and Yucel (2022) observed 8.49% to 12.93%
in Akcgakale/Sanliurfa, Bahsis (2023) reported

7.81-12.68% in Akgakale/Sanliurfa, Cerempet
et al. (2023) found 8.08-16.20% in Moldova,
Guanuquiza et al. (2023) reported 9.07% to
14.20% in Ecuador, Inal et al. (2023) reported
5.59-11.94% in Adana, and Yucel et al. (2023)
found 6.45% to 14.75% in Sanlwurfa. These
varying results can be attributed to differences
in ecological conditions and cultural practices
applied.

Table 2. Assessment of different pearl millet populations for dry matter yield and key forage quality

traits
Population code Dry grass Crude ADF (%) NDF (%) Relative feed value
yield (t hal)  protein (%) (RFV)
Yellow ( control) 3.16a! 7.99 33.89 47.47 124.07
9198 3.28a 9.25 31.11 44.49 136.04
8022 2.74ab 7.41 34.85 49.49 116.70
4903 2.85ab 7.56 35.63 51.31 110.92
9645 2.32b 6.87 35.06 49.52 116.00
9449 2.36b 6.88 34.39 49.89 115.87
5455 347a 7.41 36.69 52.09 108.83
Means 2.88 7.62 34.52 49.18 118.35
C.V. (%) 14.94 16.95 6.89 8.31 11.68
LSD (%5) 767.07 n.s. n.s. n.s. n.s.

“Means denoted by the same letter within the same column are not statistically different at the 5% significance level according to the LSD

test. n.s.; Not significant.

3.3 ADF content

Although the values for ADF (Acid
Detergent Fiber) in different pearl millet
populations though statistically insignificant,
the highest numerical value was achieved of
36.69% was observed in the 5455 coded
population, with an average value of 34.52%
for this trait (Table 2). Acid detergent fiber
(ADF) is a parameter used to measure fibrous
substances such as cellulose and lignin in
forages. These fibrous substances can hinder
digestion and reduce nutrient absorption in
animals. The ADF content in rations should
not exceed 16-20%, as higher ADF levels can
complicate digestion and lead to inadequate
energy intake by the animal (Gursoy and
Macit, 2014). It is preferable for forages to
have low levels of such fibrous substances
(Yucel et al., 2012). Populations with high
crude protein (CP) content typically have
lower ADF values, indicating that forages with
high protein content also tend to have lower
acid detergent fiber levels. Moreover,
significant positive relationships between CP

content and ADF values have been reported by
Yucel et al. (2023). Similar findings have been
observed in studies conducted in various
geographic conditions: Buso et al. (2014)
reported 31.03% ADF in Brazil, Saygidar
(2021) found 35.28% to 39.71% ADF under
GAP conditions, and Guanuquiza et al. (2023)
reported 34.67% to 39.15% ADF in Ecuador.
In contrast, Rasnake et al. (2005) observed
37.8% in Kentucky, Heuzé et al. (2015)
reported 30.7% to 45.1% in India, Dagtekin
(2019) found 42.6% to 51.5% under Cukurova
conditions, Cicek and Yucel (2022) reported
37.84% to 45.75% in Akgakale/Sanliurfa,
Bahsis (2023) observed 37.86% to 44.98% in
Akgakale/Sanlurfa, and Inal et al. (2023)
found 33.43% to 45.73% in Adana. These
differences can be attributed to variations in
ecological conditions, population differences,
and especially differences in harvest periods
affecting ADF content.
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3.4. NDF content (%)

Neutral Detergent Fiber (NDF)
characterizes the presence of components such
as hemicellulose, cellulose, lignin, cutin, and
silica in forages, which can negatively affect
digestion processes. High levels of these
indigestible substances can reduce the
nutritional efficiency of animal feed. Although
the average NDF values among different pearl
millet populations were not statistically
significant, the highest numerical value of
52.09% was observed in the 5455 coded
population, with an average value of 49.18%
for this trait (Table 2). As noted in the study,
populations with low ADF values also tend to
have low NDF values. Research has shown
that populations with high crude protein (CP)
content have low NDF values, and significant
positive relationships between CP and NDF
content have been reported by Yucel et al.,
(2023). Additionally, while delayed harvesting
may lead to increased yields, it may also result
in decreased quality. The rapid growth and
physiological maturation of warm-climate
cereals like pearl millet lead to a rapid decline
in CP content and digestibility. In studies
conducted in different ecologies and
genotypes, NDF values have been found to be
somewhat consistent with Heuzé et al. (2015)
reporting 46.1% to 64.8% in India and
Guanuquiza et al., (2023) finding 56.29% to
61.68% in Ecuador. However, values reported
by Barreto et al. (2001) in Brazil were 56.53%
to 61.94%, Rasnake et al. (2005) in Kentucky
reported 67.3%, Buso et al. (2014) in Brazil
reported 56.33% to 60.11%, Dagtekin (2019)
in Cukurova conditions reported 78.3% to
87.5%, Saygidar (2021) in Southeastern
Anatolia reported 63.98% to 74.24%, Cicek
and Yucel (2022) in Akgakale/Sanliurfa
reported 52.04% to 65.65%, Bahsis (2023) in
Akgakale/Sanliurfa  reported 52.42% to
62.29%, Inal et al. (2023) in Adana reported
46.85% to 65.96%, and Yucel et al. (2023) in
Sanlurfa reported 47.19% to 66.85% are
lower. The differences in findings may be
attributed to differences in ecological
conditions and cultivation methods, harvest
timing, and methods used for determining
NDF content.

3.5. Relative feed value (RFV)

Various quality indices are used to
determine the quality of forages, with Relative
Feed Value (RFV), Acid Detergent Fiber
(ADF), and Neutral Detergent Fiber (NDF)
contents being prominent among these indices.
RFV is used to estimate the potential intake of
the forage by animals and the energy value it
provides. RFV plays a significant role in
determining the quality of the forage and
assessing its commercial value. Therefore,
RFV calculations are considered an important
criterion in the marketing of forages (Gursoy
and Macit, 2017). Although the average RFV
values were not significantly different among
populations, the numerically highest value was
recorded for the 9198 population at 136.04,
with an overall average of 118.35 (Table 2).
RFV, calculated based on the 100% flowering
stage of alfalfa, is one of the important
characteristics that determine forage quality. A
high RFV is desirable. RFV is a forage quality
indicator calculated from the digestible dry
matter percentage and dry matter intake, and it
is primarily based on NDF and ADF values.
Lower NDF and ADF values result in higher
RFV values. The findings of this study show
higher RFV values compared to those reported
by Saygidar (2021) under GAP conditions
(73.13-90.29) and by Cicek and Yucel (2022)
under GAP conditions (70.71-104.90).

4. Conclusion

As per the study's findings, taking into
consideration both dry matter yield and quality
traits for Sanlwurfa province and similar
ecological environments, the 9198 population
seems to be a favorable genetic resource for
future breeding programs aimed at developing
new lines and varieties. It is also suggested that
this population could serve as an alternative to
maize and other crops. Moreover, it is
recommended as a promising option to quickly
address the roughage deficit observed in the
region.
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Abstract

Consumption of oyster mushrooms, which is a rich food source, has increased in every region of the world.
Especially in recent years, there has been an increase in the production and consumption of foods with high
nutritional value such as oyster mushrooms. However, the importance of climatic values is very important in
mushroom production. In the present study, the growth and nutrient content of two oyster mushrooms [Pleurotus
ostreatus (Jacg. ex Fr.) P. Kumm (1871) (gray oyster mushroom), P. citrinopileatus Singer (yellow oyster
mushroom)] were investigated under two different temperatures (22 °C and 10 °C after carpophore formation) to
see how mushroom would be affected under low temperature conditions. The study, which was established with
2-liter ready-made mushroom production kits, was designed according to the completely randomized experimental
plot design with three replications each consisting four kits. Carpophore area and thickness, potassium (K), calcium
(Ca) and magnesium (Mg) contents, and the changes in catalase (CAT) and Ascorbate peroxidase (APX) enzyme
activities were investigated in both oyster mushroom species under two temperatures. There were various effects
of low temperature and mushroom species on the studied traits. The oyster mushrooms exposed to low temperature
had a significant effect on the carpophore area and thickness. Moreover, there was a significant difference between
the carpophore areas of two oyster mushroom species at low temperature and between the carpophore thicknesses
of two oyster mushroom species at control temperature. The effect of low temperature on the change in K content
was found to be significant in both oyster mushrooms. Gray oyster mushroom had significantly higher (17.54%)
K content than the yellow oyster mushroom at control temperature, while yellow oyster mushroom had
significantly lower (17.49%) Mg content at low temperature compared to control temperature. In low temperature
environment condition, the CAT activity increased by 5.7 times in gray oyster mushroom and 5.0 in yellow oyster
mushroom. Moreover, The APX activities of mushrooms at low temperature increased by 8.1 times in gray oyster
mushroom and 7.5 times in yellow oyster mushroom. Moreover, the yellow oyster mushroom had significantly
(p<0.01) higher CAT and APX contents (0.57 and 1.43 times, respectively) than the gray oyster mushroom at low
temperature.

Keywords: Low temperature, nutrient elements, Pleurotus ostreatus, P. cornucopiae var. citrinopileatus
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1. Introduction

There are many types of mushrooms in
nature. As a food for humans, mushrooms are
a great source of protein and vitamins.
However, since many of these mushrooms are
poisonous, the number of people poisoned
every year is increasing. Cultivated
mushrooms are more preferred by people
because they are non-toxic. Especially since
oyster mushrooms grow in many environments
such as bark, plant waste and bran, there is no
trouble in preparing compost. It is cultivated in
many regions due to its easy production and
rich nutrient content. Pleurotus genus are
commercially important edible mushrooms
and are widely cultivated in both Tiirkiye and
worldwide (Inci et al., 2022). After Agaricus
bisporus, Pleurotus ostreatus (Jacq. ex Fr.) P.
Kumm. (1871), also known as the oyster
mushroom, is the edible fungus that is most
widely cultivated globally. Pleurotus is a
diverse category with a rising economic
importance.

Environmental and growing media
differences could have substantial effect on
mushroom production. Regions with different
climates can create abiotic stress on mushroom
production. It is reported that abiotic stress
negatively affects crop production (Yildirim et
al., 2022). Studies conducted in regions with
different climatic conditions provide important
information about mushroom yield and
quality. Among the mushroom samples
belonging to Lactarius pyragalus, L.
controversus and L. semisanguifluus species
collected from the humid and cool Central
Black Sea Region of Tiirkiye, L. pyragalus
mushroom species is richer in terms of dry
matter, ash, protein, N, Fe, Mg, Mn and K
content (Peksen et al., 2007). Four oyster
mushroom species, Pleurotus ostreatus (gray),
P. ostreatus (white), P. cornucopiae var.
citrinopileatus  (bright yellow) and P.
salmoneostramineus (pink) were studied in
three media (100% wheat straw, 70% wheat
straw, 20% white sawdust and 10% palm fiber,
50% wheat straw, 50% white sawdust) in a
study examining the effects of , Co, Pb, Fe, Ni,
Cu, Zn, Cd and Mn contents, and it was stated

that there is no statistical difference in terms of
mineral elements in all three environments
(Owaid et al.,, 2015). In another study
investigating the nutritional content of
cultivated mushrooms; It was stated that the
contents of N, P, K, Ca, Mg, Fe, Cu, Zn and
Mn showed great significant differences due to
the fact that they were purchased from
different commercial enterprises and had
different chemical compositions (Sonmez et
al., 2016).

In the literature, there are several other
studies reporting environmental, production
and species differences among the mushrooms
for the yield and nutritional aspects (Sher et al.,
2010; Das et al., 2016; Garo and Girma, 2016;
Wang et al., 2017; Bellettini et al., 2019; Krah
et al., 2019; Kumar et al., 2020; Naim et al.,
2020; Stojek et al., 2022; Cetin et al., 2023;
Sheng et al., 2023). To make it easier to
cultivate oyster mushrooms year-round, it is
necessary to determine which Pleurotus
species are suitable for the local climate
conditions. Therefore, the present study was
carried out in order to determine how low
temperature  applied during carpophore
formation would affect growth and content of
Pleurotus ostreatus (Jacg. ex Fr.) P. Kumm
(1871) (gray oyster mushroom), P.
citrinopileatus ~ Singer  (yellow  oyster
mushroom). The aim of this study was to
investigate the effects of low temperatures on
carpophore area and thickness, potassium (K),
calcium (Ca), and magnesium (Mg) contents,
and the changes in catalase (CAT) and
ascorbate peroxidase (APX) enzyme activities
in these Pleurotus oyster mushroom species.

2. Materials and Methods

In the present study to determine the
physiological development of produced in cool
regions, two oyster mushrooms were
employed: Pleurotus ostreatus (gray), P.
cornucopiae var. citrinopileatus (yellow). The
experiment was established with 2-liter ready-
made mushroom production kits (90% oak
shavings + 10% wheat bran) provided by
Agroma company in Denizli province of
Tirkiye. The experiment was designed
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according to the completely randomized
experimental plot design  with three
replications each consisting four Kits.

Mushroom Kits are produced in the climate
room having 55.67 luxury light intensity with
a constant temperature at 22 °C. When the
carpophore is fully formed, the half of the
production Kkits were transferred another
controlled production area with 10 °C and
54.33 luxury light intensity for low
temperature  application  for  13-day
development. Production kits at the control
(22 °C) are also continued to produce without
any changes in the climate room for 13-day
development. At the end of the experiment, the
samples from low temperature and control
groups were examined for the analysis and
measurements, carpophore area and thickness,
potassium (K), calcium (Ca) and magnesium
(Mg) content, catalase (CAT) and ascorbate
peroxidase (APX) amounts.

2.1. Measurements and analyzes
2.1.1. Carpophore area

The carpophores of oyster mushroom
samples were drawn on paper and their area
were measured in cm? with a digital
planimeter.

2.1.2. Carpophore thickness

The carpophore thickness of the oyster
mushrooms was measured in mm with the
caliper of the leafy part of the carpophore.

2.1.3. Mineral element analysis

Oyster mushroom samples taken from the
Kits in each mushroom environment were dried
in 65 °C for 48 hours. Dried samples were
burned until the ash in 550 the ash oven. The
obtained ash samples were filtered on a blue-
band filter paper in HCL, then K, Ca and Mg
readings were made on the atomic absorption
device (AAS, Thermo Scientific, Model: iCE-
3000 series) at the scientific research and
application center of the Yiizinci Yil
University. (Kabay, 2019; Kacar ve ark., 2006;
Kusvuran, 2010).

2.1.4. Catalase (CAT) activity

Catalase (CAT) activity was determined
through monitoring the inhibition of H2O> at
240 nm. As the reaction solution, 0.05 M
phosphate buffer (KH2PO4) and 1.5 mM H-0>
mixture was used (pH: 7.0). About 2.5 ml
reaction solution was mixed with 0.2 ml plant
extract. Readings were performed in a
spectrophotometer (Thermo Scientific, Model:
GENESYS 10S UV-VIS) at 0" and 60"
seconds. Reaction was initiated with the
addition of 0.1 ml enzyme extract.
Assessments were made by taking the change
in absorbance within a minute into
consideration (Jebara et al., 2005; Giineri
Bagci, 2010).

2.1.5. Ascorbate peroxidase (APX) activity

Ascorbate peroxidase (APX) activity was
measured through ascorbic acid-induced
inhibition of H202 at 290 nm. As the reaction
solution, 50 mM phosphate buffer (KH2POgs),
0.5 mM ascorbic acid, 0.1 mM EDTA and 1.5
mM H20. mixture was used (pH: 7.0). About
3 ml reaction solution was mixed with 0.1 ml
plant extract. Readings were performed in a
spectrophotometer ~ (Thermo  Scientific,
Model:GENESY'S 10S UV-VIS) at 290 nm in
0" and 60" seconds. Reaction was initiated
with 0.1 ml enzyme addition. Assessments
were made by taking the changes in
absorbance within a minute into consideration
(Sairam et al., 2005).

2.1.6. Statistical analysis

The experiment was designed in a
randomized plot design with two oyster
mushrooms at two temperatures with four
replications and 2-liter mushroom production
kits in each replicate. Experimental results
were evaluated statistically using the
Independent sample t-test (Yesilova and
Denizhan, 2016).
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3. Results and Discussion

Oyster mushrooms (Pleurotus spp.) are
widely cultivable and adaptable to a range of
temperatures and various intrinsic and
extrinsic factors affect their production
(Bellettini et al., 2019). stated that due to its
extraordinary ligninolytic characteristics, the
Pleurotus genus is one of the white-rot fungus
that has been studied the most; it is a
mushroom that can be eaten, and because it
contains significant bioactive compounds; it
also has a number of biological effects; many
common fermentation parameters, including
medium composition, the carbon to nitrogen
ratio, pH, temperature, air composition, etc.,
have an impact on the lignocellulolytic
enzymes in basidiomycete fungus. Increase or
decrease in temperature in mushroom
production could affect yield and quality in
oyster mushrooms. In particular, the
determination of the effects of low temperature
on yield and quality has been the subject of
many studies. In the studies, it is emphasized
that the yield and quality of the same varieties
in cold and warm regions vary (Sher et al.,
2010; Bellettini et al., 2019). Because the
quality and yield values of mushrooms are
suitable for market demand, which positively

affects production. For this reason, in the
present study, nutrient content, carpophore
measurements and enzyme activities in oyster
mushrooms at low temperature were
examined.

In the present study, it was found that oyster
mushrooms exposed to low temperature had a
significant (p<0.01) effect on the carpophore
area and thickness. While there was a 16.16%
decrease in the carpophore area of gray oyster
mushroom (Pleurotus ostreatus) in the low
temperature application, a 19.41% decrease
was observed in the yellow oyster mushroom
(P. cornucopiae var. citrinopileatus) (Table 1).
On the other hand, carpophore thickness of the
gray oyster mushroom decreased by 11.07% at
low temperature and there was a decrease of
9.88% in yellow oyster mushroom (Table 1).
Moreover, there was a significant (p<0.05)
difference between the carpophore areas of
two oyster mushroom species at low
temperature and there was a significant
difference (p<0.05) between the carpophore
thickness of two oyster mushroom species at
control temperature. Gray oyster mushroom
had slightly larger and thicker carpophore
compared to yellow oyster mushroom at low
and control temperatures, respectively.

Table 1. Effects temperature on carpophore area and carpophore thickness in two oyster mushroom

species
Carpophore
Carpophore area  Carpophore area .
(cm?) at 22 °C (cm?)at10°C  Change thlcknes252 hi C;(arpophore o~ Change
(control (low (%) (mm) at thickness at 10 °C %)
Oyster mushrooms temperature) temperature) °C (control  (low temperature)
P P temperature)
Pleurotus ostreatus
(gray) 70.65 A a** 59.23 A*b -16.16  2.62 A* a** 233AD -11.07
P. cornucopiae var.
. . . *%x
citrinopileatus (yellow) 69.97 A 5639B b -1941 253Ba* 228 Ab -0.88

*: There are significant differences (p<0.05) between the uppercase letters in the columns for two oyster mushroom species in control or low-

temperature based on the independent sample t-test;

**: There are significant differences (p<0.01) between the vertical lowercase letters for the traits in control or low-temperature grown each

oyster mushroom species based on the independent sample t-test.

The effect of low temperature on the change
in K content was found to be significant
(p<0.01) in both oyster mushrooms. At low
temperature, K content decreased by 54.25%
in gray oyster mushroom (Pleurotus ostreatus)
and by 52.68% in yellow oyster mushroom (P.
cornucopiae var. citrinopileatus) (Table 2).

Moreover, gray oyster mushroom had
significantly (p<0.05) higher (17.54%) K
content than the yellow oyster mushroom at
control temperature (Table 2). Although the Ca
content in the low temperature environment
decreased by 15.45% in the gray mushroom,
the Ca content in the yellow mushroom
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decreased by 20.00%, the effect of low
temperature on the change in Ca content was
found to be insignificant in both oyster

oyster mushroom had significantly (p<0.05)
lower (17.49%) Mg content at low temperature
compared to control temperature (Table 2).

mushrooms (Table 2).

Moreover, yellow

Table 2. Effects of temperature on potassium (K), calcium (Ca), and magnesium (Mg) contents in two
oyster mushroom species

K content K content Ca content Ca content Mg content Mg content
Oyster (%) at22°C (%)at10°C Change (%)at22°C (%)at10°C Change (%)at22°C (%)at10°C Change
mushrooms (control (low (%) (control (low (%) (control (low (%)
temperature)  temperature) temperature) temperature) temperature) temperature)
Pleurotus
ostreatus -
(aray) 0.787 A*a 0.360 A b 54.25 0.110Aa 0.093 Aa 15.45 0.360 Aa 0.307 Aa 14.72
P.cornucopiae
var. 0.670 B a** 0.317 Ab 52.68 0.100 Aa 0.080 Aa 20.00 0.343Aa* 0.283 Ab 17.49

citrinopileatus
(yellow)
*: There are significant differences (p<0.01 or p<0.05, respectively) between the uppercase letters in the columns for two oyster mushroom
species in control or low-temperature based on the independent sample t-test;
** *: There are significant differences (p<0.01 or p<0.05, respectively) between the vertical lowercase letters for the traits in control or low-
temperature grown each oyster mushroom species based on the independent sample t-test.

The change of catalase (CAT) and ascorbate
peroxidase (APX) activities in both oyster
mushroom species in low temperature
environment was significant  (p<0.01)
compared to control temperature. In low
temperature environment condition, the CAT
activity increased by 5.7 times in gray
mushrooms and 5.0 in yellow mushrooms

(Table 3). Moreover, The APX activities of
mushrooms at low temperature increased by
8.1 times in gray mushrooms and 7.5 times in
yellow mushrooms (Table 3). Moreover, the
yellow oyster mushroom had significantly
(p<0.01) higher CAT and APX contents (0.57
and 1.43 times, respectively) than the gray
oyster mushroom at low temperature (Table 2).

Table 3. Effects of temperature in CAT and APX activities in two oyster mushroom species

CAT content CAT content APX content APX content
(mmol g* FW)  (mmolg?*FW)at Change (mmolg*FW) (mmolg?FW) Change
Oyster mushrooms at 22 °C (control 10 °C (low (%) at 22 °C (control  at 10 °C (low (%)
temperature) temperature) temperature) temperature)
Pleurotus ostreatus
(gray) 8.755 A b** 56.698 B** a 570.45 3.144 A b** 28.762B**a  814.21
P. cornucopiae var.
1tri 1 *k
citrinopileatus 14.792Ab 89.146 A a 50266 B8.186A b**  69900A a  753.80

(yellow)

**: There are significant differences (p<0.01) between the uppercase letters in the columns for two oyster mushroom species in control or low-

temperature based on the independent sample t-test;

**: There are significant differences (p<0.01) between the vertical lowercase letters for the traits in control or low-temperature grown each

oyster mushroom species based on the independent sample t-test.

Mushroom cultivation is an important
aspect of agriculture, and the Pleurotus oyster
mushroom species is widely cultivated due to
its nutritional and medicinal values. Low
temperatures have been reported to affect the
yield and quality of mushrooms, and various
studies have investigated the effects of
environmental factors on the growth and yield
of different mushroom species, including
Pleurotus spp. In the literature, there are

several studies reporting environmental and
species differences among the mushrooms for
the yield and nutritional aspects. Owaid et al.
(2015) reported that there was no statistical
difference in the C, N, Co, Pb, Fe, Ni, Cu, Zn,
Cd and Mn contents of their carpophores of the
oyster mushroom species, Pleurotus ostreatus
(grey), P. ostreatus (white), P. cornucopiae
var. citrinopileatus (bright yellow) and P.
salmoneostramineus (pink). Sonmez et al.
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(2016) stated that the N, P, K, Ca, Mg, Fe, Cu,
Zn and Mn contents showed statistically large
differences in the cultured mushrooms taken in
enterprises where production place and
temperatures are different. Peksen et al. (2007)
studied the mushroom samples belonging to
Lactarius pyragalus, L. controversus and L.
semisanguifluus species collected from the
humid and cool Central Black Sea Region of
Tirkiye, L. pyragalus mushroom species in
terms of dry matter, ash, protein, N, Fe, Mg,
Mn and K content of other mushrooms and
they stated that they had richer contents than
the other species. Mycelial growth was
observed in the medium consisting of a
mixture of straw, sawdust and bran (45% straw
+ 45% sawdust + 10% bran) of four different
Pleurotus ostreatus isolates (PO-141, PO-142,
PO-143 and PO-144) obtained from different
locations of Bolu province, and it was stated
that the highest yield was obtained from PO-
143 isolate in the study observing also first
harvest time, mushroom weight, yield, cap
length, cap width, stem length, stem diameter,
color characteristics of the mushroom, pH, ash,
dry matter, TSS and protein contents (Kibar,
2019).

Stojek et al. (2022) monitored mushroom
production in the temperate mixed deciduous
forest of Bialowieza Primitive Forest in eastern
Poland over two harvest seasons; Their
research plots were established under similar
environmental ~ conditions  (topography,
geology, and soil type) but differed in tree
species composition and tree species richness.
At the end of their study, it was stated that
higher precipitation in 2021 resulted in higher
mushroom production compared to 2020,
while lower precipitation levels in 2020
resulted in a stronger effect of ambient
temperature (Stojek et al. 2022). In a study
examining the properties contributing to yield
and yield of oyster mushroom in Gamo Gofa
in Ethiopia's low altitude Arba Minch (1278 m
altitude) and high altitude Chencha (2741 m
altitude) towns, it was reported that the yield
was better in Chencha (Garo and Girma, 2016).
In another study on the mushroom colors of the
hot temperatures, it is stated that the
mushrooms are darker at low temperatures

(Krah et al., 2019). Eight oyster mushrooms
(Pleurotus ostreatus, P. florida, P. sajorcaju,
P. eryngii. P. pulmonarius, P. citrinopileatus,
P. flabellatus and P. fossulatus) were grown at
18 °C and 25 °C, and it was stated that while
P. florida had the highest yield value at 18 °C,
P. pulmonarius had the highest yield at higher
temperature, while other species gave good
yield at medium temperature (Das et al., 2016).
Kumar et al. (2020) evaluated three oyster
mushroom species (Pleurotus florida, P. eous,
and Hypsizygus ulmarius) for the biological
efficiency and net returns invested in two
different seasons [late kharif (the monsoon)
and rabi (the winter) seasons] in India. These
researchers reported that biological efficiency
and net returns invested of P. florida and H.
ulmarius were on par and significantly
superior to P. eous in both the seasons. Their
study provided corroboration for the suitability
of P. florida and H. ulmarius cultivation in the
late kharif and rabi seasons, whereas P. eous
cultivation in the summer and early kharif
seasons; Thus, the season-specific selection of
oyster mushroom species promotes the concept
of year-round mushroom cultivation. Lower
temperatures and dry condition could reduce
stalk height and cap size of oyster mushroom.
Sher et al. (2010) reported that in comparison
to those growing in the Swat region in
Pakistan, Peshawar region mushrooms had
higher stalk height, stalk diameter, cap size,
and fresh weight; In contrast, the Swat region
had longer spawn running times, more fruiting
bodies, and more productions of the studied
mushroom than the Peshawar region did; The
region of Peshawar's mild winters and Swat's
cool summers were discovered to be ideal for
Pleurotus ostreatus growth and production. In
terms of the effects of low temperatures on
carpophore area and thickness, Wang et al.
(2017) investigated the differential expression
patterns of Pleurotus ostreatus catalase genes
during developmental stages and under heat
stress. The authors reported that catalase genes
were upregulated under heat stress, which
indicated the importance of catalase in
protecting the mushroom from environmental
stressors. These researchers stated that
catalases (CAT) are common enzymes that
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detoxify hydrogen peroxide; they aid in the
growth and development of fungi, including
mycelial growth and cellular differentiation, as
well as the defense of fungi against oxidative
damage under stressful situations, and their
results indicated that studied two CAT genes
may play different roles during development
and under heat stress. Moreover, Gurgen et al.
(2020) stated that cultivated P. citrinopileatus
mushroom had a lower oxidative stress status
and had antioxidant potential and this potential
varied based on the substrate used.

Bellettini et al. (2019) studied the factors
affecting Pleurotus spp. and reported that
temperature, light, humidity, and substrate
composition are important factors that affect
the growth and yield of mushrooms. Cetin et
al. (2023) investigated the effect of different
production environments on yield and quality
in mushroom (Pleurotus ostreatus) production
and reported that temperature and humidity
were the most important factors affecting
mushroom yield and quality. Regarding the
effects of low temperatures on mineral
contents, Naim et al. (2020) investigated the
variation of Pleurotus ostreatus performance
subjected to different doses and timings of
nano-urea. The authors reported that nano-urea
treatment significantly increased the K, Ca,
and Mg contents of the mushroom, which
indicates the potential of nano-urea as a
supplement for mushroom cultivation.

Finally, in terms of the effects of low
temperatures on enzyme activities, Sheng et al.
(2023) investigated the relationship between
antioxidant enzymes and sclerotial formation
of Pleurotus tuber-regium under abiotic stress.
The authors reported that CAT and APX
activities were positively correlated with
sclerotial formation, indicating the importance
of these enzymes in protecting the mushroom
from stressors. Sheng at al., (2023) studied
selationship between antioxidant enzymes
[ascorbate peroxidase (APX), superoxide
dismutase (SOD), peroxidase (POD), and
catalase (CAT)] and sclerotial formation of
Pleurotus tuber-regium under abiotic stress
and discovered that these antioxidant enzyme
genes played an important role in the sclerotial

formation under low temperature stress, and it
is strongly suggested that antioxidant enzymes
and abiotic stresses are closely related to
sclerotial formation in P. tuber-regium.

4. Conclusion

The consumption of mushrooms, which are
rich in nutrients and vitamins, has increased
with the rise of epidemic diseases. In the
present study, it was investigated how the yield
and quality of mushroom production were
affected, especially in places where cool and
low temperatures prevail. Different mushroom
species and low temperatures have an impact
on the traits that were being researched. The
area and thickness of the carpophore were
significantly altered in oyster mushrooms
when they were subjected to low temperatures.
In addition, there was a substantial difference
between the thicknesses and areas of the
carpophores of two different oyster mushroom
species at control and low temperatures. In
both oyster mushrooms, it was discovered that
low temperature had a substantial impact on
the change in K content. At control
temperature, the K content of gray oyster
mushrooms was significantly greater (17.54%)
than that of yellow oyster mushrooms, whereas
the Mg content of yellow oyster mushrooms
was significantly lower (17.49%) at low
temperature than at control temperature. The
CAT activity rose 5.7 times in gray
mushrooms and 5.0 times in yellow
mushrooms in low temperature environments.
Moreover, the APX activities of mushrooms
increased by 7.5 and 8.1 times, respectively, at
low temperatures in both gray and yellow
mushrooms. Moreover, the yellow oyster
mushroom had considerably larger CAT and
APX concentrations than the gray oyster
mushroom at low temperature (0.57 and 1.43
times, respectively). The yield and quality at
low temperatures do not affect considerably
the market value in a way that will decrease.
When the study and literature information are
examined, we think that production can be
made in particularly low temperatures, in
regions where the average temperature does
not fall below 5 °C or in controlled atmosphere
conditions. The result of the study could
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benefit scientific studies such as studies on
oyster ~ mushrooms. Low  temperature
conditions can have some significant effect on
the growth and development of Pleurotus
oyster mushrooms, as well as their nutritional
and enzymatic properties. Specifically, lower
temperatures can lead to smaller carpophores
with thinner caps and lower K, Ca, and Mg
contents. On the other hand, low temperature
conditions can upregulate the activities of
antioxidant enzymes such as CAT and APX,
which may contribute to the mushrooms'
increased antioxidant capacity. The increased
expression of genes related to nutrient uptake
and metabolism, as well as antioxidant
defense, may play a role in the response of
Pleurotus  oyster mushrooms to low
temperature conditions. In conclusion, the
studied Pleurotus oyster mushroom species is
somehow affected by low temperatures, which
can lead to changes in carpophore area and
thickness, mineral contents, and enzyme
activities. Environmental factors, such as
temperature,  humidity, and  substrate
composition, play important roles in
mushroom cultivation and vyield. Further
research is needed to fully understand the
mechanisms underlying the effects of low
temperatures on mushroom growth and yield,
and to develop effective strategies for
optimizing mushroom cultivation under
different environmental conditions.
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Ozet

Domates tiretim doneminde yasanan kurakliklarin domateste bitki gelisimi ile verim ve kalitenin etkilenme oranin
belirlemek amaciyla yapilan ¢aligmada Babacan F1 hibrit domates fidesi kullanilmigtir. Babacan F1 hibrit domates
fidelerinde kontrol, 1. donem kuraklik uygulamasi ve 2. dénem kuraklik uygulanmigtir. Birinci grup kuraklik
uygulamasinda, araziye dikilen domates fideleri, dikimden 10 giin sonra 30 giinliik kurakliga maruz birakilmistir.
30 giinlin sonunda kuraklik sonlandirilip normal sulamaya gecilmistir. Ayni sekilde ikinci grup kuraklik
uygulamasinda ise fide dikiminden 40 giin sonra baglanip 30 giin boyunca hi¢ sulama yapilmamistir. 30 giiniin
sonunda tekrar normal sulamaya gecilmistir. Kontrol grubundaki bitkilerde ise normal bir gekilde sulamaya devam
edilmistir. Calisma, ti¢ tekrarli ve her tekrarda alt1 bitki olacak sekilde tesadiif bloklar1 faktériyel deneme desenine
gore dizayn edilmistir. Calisma sonunda membran zaralanma indeksinin arttig1, yaprak oransal igerigi, bitki boy,
kok bogazi gapi, meyve eni, meyve boyu, meyve eti sertli§i, meyve agirligi ve bitki basina verimin azaldigi
goriilmektedir. Van iklim sartlarinda domateste {iretim donemi baslangicinda 30 giinliik kuraklilarda bitkilerin
dayandig1 ve kurakliga tabi tutulan 30 giin sonunda sulanmasiyla kontrol degerlerine yakin verilerin elde edildigi
gozlemlenmistir.

Anahtar Kelimeler: Domates, kuraklik, stres

Effect of Drought Applied in Different Periods on Plant Morphological and
Physiological Characteristics in Tomato

Abstract

Babacan F1 hybrid tomato seedlings were used in the study conducted to determine the rate of effects of droughts
experienced during the tomato production period on plant development, yield and quality in tomatoes. Babacan
F1 hybrid tomato seedlings were subjected to control, 1t period drought treatment and 2" period drought. In the
first group drought treatment, tomato seedlings planted in the field were exposed to 30 days of drought 10 days
after planting. At the end of 30 days, drought was terminated and regular irrigation was started. Similarly, in the
second group drought treatment, no irrigation was applied for 30 days after seedling planting, starting 40 days after
planting. At the end of 30 days, regular irrigation was started again. Regular irrigation was continued in the control
group plants. The study was designed according to the randomized block factorial experimental design with three
replications and six plants in each replication. At the end of the study, it was observed that the membrane injury
index increased, leaf ratio water content, plant height, root collar diameter, fruit width, fruit length, fruit flesh
hardness, fruit weight and yield per plant decreased. It has been observed that in the climatic conditions of Van,
during the early tomato production period, the plant withstood 30 days of drought and that data close to control
values were obtained when the plants were watered at the end of the 30-day drought.

Keywords: Tomato, drought, stress
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1. Giris

Domates iiretimi déneminde yasanan
kurakliklar, bitki gelisiminde gerilemeye,
verim ve Kkalitenin  diismesine neden

olmaktadir. Yasanan kurakligin uzamasi ise
bitki 6liimlerine neden olmaktadir. Domateste
kurak stresine tolerant ve hassas genotiplerin
tespiti amaciyla yapilan bir ¢alismada, bitki
boyu, yaprak sayisi, gévde ¢ap1 ve biiyiime
oranlarmma bakildiginda kuraklik stresine
dayanikli genotiplerin degerleri strese hassas
genotiplerin degerlerinden daha iyi ¢iktigi
tespit edilmistir (Alp ve Kabay, 2017).

Domateslerde kuraklik stresinin etkilerinin
incelendigi bir calismada, verim ve klorofil
iceriginin kuraklik stresine karsit zayif olan
genotiplerde, kuraklik stresine dayanikli
olanlara gore daha faza diistiigii belirtilmistir
(Sivakumar ve Srividhya, 2016). Domateste
uygulanan su stresi bitkilerde, c¢esitli
parametreler tizerindeki etkilerinin incelendigi
bir caligmada, uygulanan su stresinin,
kurakliga hassas cesitlerde meyve tutumunda
azalmalar olurken, dayanakli cesitlerde YOSI
(Yaprak oransal su igerigi)’nin kontrol
grubuna yakin ¢iktig1; fakat antioksidan
iceriginin ise hassas genotiplerde fazla ¢iktig
bildirilmistir (Sanchez-Rodriguez, 2010).

Kuraklik stresi altinda yetistirilen domates
bitkilerinde meyve agirliginin  normal
kosullarda yetistirilen domates bitkilerine
oranla daha diisiik oldugu belirtilmektedir
(Khan ve ark., 2015). Domates fidelerine
%100, %75 ve %50 tarla kapasitesinde
uygulanan kurakligin, domates fidelerinin
biiylime ve fizyolojik 6zelliklerini azalttig1 ve
bu azalmanin en fazla %50 tarla kapasitesinde
oldugu belirtilmektedir (Ors ve ark., 2021).
Domates bitkilerinin 37 giin boyunca su kitligt
calismasinda, bitki boyu ve yaprak sayisinin
azaldig belirtilmektedir (Rosa ve ark., 2023).
Domates fidelerinin kuraklik stresi sonucunda,
domates fidelerinde biiylimenin ve biyokiitle
liretiminin azalttigini, fotosentezi
engelledigini, kok morfolojisini olumsuz
etkiledigini belirtmektedir (Altaf ve ark.,
2022). Bamya genotiplerinin kuraklik stersine
dayanakliliginin tespitiyle ilgili calismada,
bitkinin bliylime parametrelerinin olumsuz

etkilendigi vurgulanmistir (Kusvuran ve ark.,
2008). Biber fidelerinde, kisith sulama
sirasinda kok sayisi, kok ¢api, kok kuru agirlig
ve yaprak biiyiimesinin azaldig1 belirlenmistir
(Leskovar ve Cantliffe, 1992). Patlicanda 5
farkli sulama oraninin uygulandigr bir
calismada, %20 ve %40 sulama oraninda,
meyve agirhigi, toplam verim, yaprak su
potansiyeli ve yaprak alaninin azaldigi ancak
% 80 ve %100 sulama seviyelerinde ise daha
iyi sonuglarin  ¢iktig1 tespit edilmistir
(Mohawesh, 2016). Fasulye genotiplerinin
kuraklik stresine tepkilerinin incelendigi bir
caligmada kurakliga tolarant genotiplerdeki
yaprak alani, yaprak sayisi, bitki agirhigi,
gévde boyu ve capi, yaprakta membran
zararlanmasi, hassas genotiplere nazaran daha
iyi ¢iktig1 belirtilmektedir (Kabay ve Sensoy,
2016).

Yapilan ¢alismada, domates {iretiminin
herhangi bir doneminde yasanan kuraklikta
domates  bitkisinin  etkilenme  durumu
incelenmistir.

2. Materyal ve Yontem

Calismada Babacan F1 hibrit domates fidesi
kullanilmistir. Domates tiretiminde farkh
donemlerde yasanan kurakligin bitki gelisimi
izerine ne gibi bir etki gosterecegini
belirlemek amaciyla; Babacan F1 hibrit
domates fidelerinde kontrol, 1. donem kuraklik
uygulamasi ve 2. donem kuraklik uygulamasi
gergeklestirilmistir.  Birinci  grup kuraklik
uygulamasinda, araziye dikilen domates
fideleri, dikimden 10 giin sonra 30 giinliik
kurakliga maruz birakilmistir. 30 giliniin
sonunda  kuraklik  sonlandirilip  normal
sulamaya gecilmistir. Aym sekilde ikinci grup
kuraklik uygulamasinda ise fide dikiminden 40
giin sonra baslanip 30 giin boyunca hi¢ sulama
yaptlmamistir. 30 giinliin sonunda tekrar
normal sulamaya  gecilmistir.  Kontrol
grubundaki bitkilerde ise normal bir sekilde
sulamaya devam edilmistir. Haziran ay1
giindiiz sicaklik ortalamas1 24.46 °C, gece
sicaklik  ortalamast  11.36 °C  olarak
Olglilmiigtiir. Temmuz ay1 giindiiz sicaklik
ortalamast 27.54 °C iken gece sicaklik
ortalamast 14.70 °C olarak Ol¢iilmiistiir.
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Agustos ay1 glindiiz sicaklik ortalamasi 30.56
°C iken gece sicaklik ortalamasi 15. 12 °C
olarak Ol¢lilmiistiir. Calisma, ti¢ tekrarli ve her
tekrarda alt1 bitki olacak sekilde tesadiif
bloklar1 faktoriyel deneme desenine gore
dizayn edilmistir. Calisma sonunda analiz ve
Ol¢timler agagidaki yontemlerle yapilmistir.

2.1. Membran zararlanma indeksi

Domates yapraklarinda membran
zararlanma indeksi (MZI) hiicreden disariya
verilen elektrolitin Olciilmesi ile
hesaplanmistir. Stres ve kontrol bitkilerinin
alttan 3. yapraklarindan 17 mm ¢apinda alinan
diskler saf su igerisinde 5 saat bekletildikten
sonra EC degeri ol¢lilmiistiir, ayn1 diskler 100
°C’de 10 dakika bekletildikten sonra ¢ozeltinin
EC degeri tekrar oOlciilmistiir. Elde edilen
degerden asagidaki formiil yardimiyla yaprak
hiicrelerinde membran zararlanmasi yiizde
olarak hesaplanmistir (Gilineri Bagc1, 2010;
Kusvuran, 2010; Kabay, 2014).

MZI = (Lt-Lc/1-Lc)x100

Lt: Kuraklik stresindeki yapragin otoklav
edilmeden oOnceki EC/Otoklav edildikten
sonraki EC

Lc: Kontrol yapraginin otoklav edilmeden
onceki EC/Otoklav edildikten sonraki EC.

2.2. Yaprak
belirlenmesi

oransal su igeriginin
Yaprak oransal su icerigi (YOSI) Kugvuran
(2010)’a gore yapilmistir. Kontrol grubu ile
kuraklik uygulamalarindan denemeyi temsil
edecek bitkilerin alttan 3. yapraklarindan
ornekler alinmis ve yaprak oransal su
iceriklerinin hesaplanmas1 i¢in yaprak taze
agirliklar1 hassas terazide tartildiktan sonra
dort saat saf su iginde bekletilerek turgor
agirliklar belirlenmistir. Daha sonra bu yaprak
ornekleri 65 °C etiivde 48 saat bekletilip hassas
terazide tartilmistir. Gram cinsinden hassas
terazide tartilan yaprak sonuclari asagidaki
formiile gore hesaplanarak yaprak oransal su
icerikleri ylizde cinsinden belirlenmistir
(Kugvuran, 2010; Kabay, 2014).
YOSI = (TA-KA) / (TUA-KA) x 100
TA: Taze Agirhik KA: Kuru Agirlik TuA :
Turgor Agirhig

2.3. Kok bogazi capi

Her kuraklik donemi sonunda denemeyi
temsil edecek ornekler kok bogazindan dijital
gostergeli kumpas yardimi ile mm (£0.1)
cinsinden Ol¢ilmiistiir (Kusvuran, 2010;
Kabay, 2014).

2.4. Bitki boyu

Domates bitkileri, kok bogazindan biiylime
ucuna kadar olan bdlge, cm cinsinden bir
cetvel ile olclilmiistiir.

2.5. Meyve en ve boy dl¢iimleri

Hasat edilen meyvelerin en ve boyu dijital
kumpas ile mm cinsinden 6l¢iiliip ortalamalari
alinmustir.

2.6. Bitki basina verim

Ik hasattan son hasata kadar toplanan
meyvelerin  toplam agirligi gr cinsinden
hesaplanmustir.

2.7. Meyve agirh@

Deneme grubundaki her bitkiden hasat
edilen meyveler gram cinsinden tartilip meyve
sayisina boliinerek hesaplanmistir.

2.8. Meyve eti sertligi

Meyve eti sertliginde meydana gelen
degisimler, 7 mm uca sahip el penetrometresi
kullanilarak domates meyvelerinin ekvatoral
bolgelerinden 3’er Ol¢lim yapilarak elde
edilmistir. Sonuglar kg/cm? olarak ifade
edilmistir.

2.9. Verilerin degerlendirilmesi

Calisma sonlandirildiktan sonra elde edilen
parametrelerin degerlendirilmesi asamasinda,
kuraklik donemlerinin parametrelere olan
etkilerine tek yonlii varyans analizi ile
belirlenmistir. Varyans analizi sonucundan
parametrelere  kuraklik  stresinin  etkisi
istatistiksel olarak 6nemli bulundugunda,
birbirinden farkli oldugunu saptamak i¢in
Duncan Coklu Karsilastirma Testi
kullanilmigtir. Verilerin analizi SAS 9.1.4.
istatistik yazilim programinda yapilmistir
Membran zararlanma indeksi, yaprak oransal
su icerigi, kok bogaz1 capt ve bitki boyu
verilerinde bagimsiz t-testi kullanilmistir.
(Yesilova ve Denizhan, 2016).
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3. Bulgular ve Tartisma

Domates {iretimi  esnasinda  yasanan
kurakliklarin bitki ve meyvede zararlanmalara,
verim ve kalite kayiplarina neden olmaktadir.
Domates yapraklarinda, birinci  kuraklik

donemi  sonucunda
bitkilerin  membran
%9.33+0.699, ikinci  kuraklik  donemi
sonucunda membran zararlanma indeksi
%9.66+0.255 olarak bulunmustur (Tablo 1).

kuraklik  uygulanan
zararlanma  indeksi

Tablo 1. Domates bitkilerindeki membran zararlanma indeksi (%)

Kuraklik donemi

Membran zararlanma indeksi (%)

1
2

9.33+0.699
9.66+0.255

Domates yapraklarinin, birinci kuraklik
uygulamasi sonucunda yaprak oransal su
icerigi %90.656+2.472 ve ikinci kuraklik

uygulamasi sonucunda, yaprak oransal su
igerigi %92.250+3.453 olarak
hesaplanmistir (Tablo 2).

Tablo 2. Domates bitkilerindeki yaprak oransal su icerigi degisimi (%)

Kuraklik donemi

Yaprak oransal su icerigi (%)

Kuraklik Kontrol
1 90.656+2.472 97.493+2.106
2 92.250+3.453 96.295+2.961
Uygulanan kuraklik donemleri sonucunda  (Tablo 3). Domates bitkilerinde birinci

bitkilerin kdk bogazi birinci kuraklik donemi
sonucunda kontrol bitkilerinin kok bogazi ¢ap1
16.23 mm ve kuraklik uygulanan bitkilerinin
kok bogazi ¢cap1 9.596 mm olarak 6lgiilmiistiir
(Tablo 3). Ikinci kuraklik dénemi sonucunda
ise kontrol grubunun kék bogazi ¢apr 19.98
mm ve kuraklik doénemi bitkilerinim kok
bogazi capt 14.893 mm olarak ol¢iilmiistiir

kuraklik dénemi sonucunda kontrol grubuna
ait bitki boyu istatistiksel olarak 56.18 mm ve
birinci kuraklik doneminde bitki boyu 49.773
mm olarak &l¢iilmiistiir (Tablo 3). Ikinci
kuraklik déonemi sonucunda kontrol grubunun
bitki boyu 70.96 mm ve ikinci kuraklik donemi
bitkilerinim bitki boyu 58.67 mm olarak
olgtilmistiir (Tablo 3).

Tablo 3. Kok bogazi ¢ap1 (mm) ve bitki boyu ¢ap1 degisimi

Kuraklik Dénemi Kok bogazi ¢ap1 (mm) Bitki boyu (cm)
| Dénem Kontrol 16.23+0.959 56.180+0.721
1. Kuraklik 9.596+0.160 49.773+0.597
> Dénem Kontrol 19.980+0.127 70.960+0.617
2. Kuraklik 14.893+0.296 58.670+0.256

Hasattan sonra her gruptan alinan meyve
orneklerinin boylar1 ve enlerinin Olgtimleri,
kontrol grubu meyve boyu 56.164 mm
Olciiliirken meyve eni 65.677 mm ol¢iilmiistiir.
Birinci kuraklik donemine ait meyve boyu
50.3778 mm, meyve eni 55.963 mm olarak
dlgiilmiistiir. Ikinci kuraklik déneminde ise
meyve boyu 48.897 mm, meyve eni ise 60.710
mm olarak Sl¢lilmistiir (Tablo 4). Meyve eti
sertligine ait elde edilen degerler Tablo 4’te
sunulmustur. Tablo incelendiginde, meyve eti
sertligine ait en yliksek ortalama deger kontrol
uygulamasinda (3.890) goriiliirken, en diisiik

ise birinci kuraklik uygulamasinda (2.163)
goriilmiistiir. Domates bitkilerinde, kontrol
grubunun meyve agirligi 170.293 gr olurken
birinci kuraklik doneminde meyve agirligi
130.903 gr ve ikinci kuraklik doneminde
meyve agirhigr 132.980 gr olarak dl¢iilmiistiir
(Tablo 4). Bitki basina verim ilk hasattan son
hasata kadar toplanan meyveler tartilarak elde
edilmistir. Kontrol grubunda bitki bagsina
verim 5.666 kg olurken birinci kuraklik
doneminde bitki bagina verim 4.586 kg ve
ikinci kuraklik doneminde bitki basina verim
4.390 kg olarak belirlenmistir (Tablo 4).
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Tablo 4. Meyve boyu, eni, agirligi, meyve eti sertligi, bitki basina verim

Dénem Meyve Meyve Meyve eti Meyve Bitki l_)as_ma verim
boyu (mm) eni (mm)  setligi (grcm?)  Agirliklar (gr) (bitki kg
Kontrol 58.164 a 65.677 a 3.890 a 170.293 a 5.666 a
1. Kuraklik 50.378 b 55.963 b 2.163¢c 130.903 b 4.586 b
2. Kuraklik 48.897 b 60.710 ab 2.853 b 132.980 b 4.390 b
Ayni siitundaki farklt harfler istatistik bakimindan 6nemlidir (p<0.05).
Bulgular incelendiginde, kurakli stresi iyi  sonuglarin  ¢iktigr  tespit edilmistir

sonucunda, membran zaralanma indeksinin
artt1g1, yaprak oransu igerigi, bitki boy, kok
bogazi ¢api, meyve eni, meyve boyu, meyve
eti sertligi, meyve agirligi ve bitki basina
verimin azaldigr goriilmektedir. Domates
bitkilerinin kurak stresinde bitki boyu, yaprak
sayisi, govde capt ve biiylime oranlariin
azaldigr  belirtilmistir  (Sivakumar  ve
Srividhya, 2016; Alp ve Kabay, 2017).
Domateste uygulanan su stresi bitkilerde,
YOSI (Yaprak oransal su igerigi)’nin kontrol
grubuna yakin ¢iktig1 belirtilmistir (Sanchez -
Rodriguez, 2010). Kuraklik stresi altinda
yetistirilen domates  bitkilerinde meyve
agirligimin - normal kosullarda yetistirilen
domates bitkilerine oranla daha diisiik oldugu
belirtilmektedir (Khan ve ark., 2015). Domates
fidelerine %100, %75 ve %50 tarla
kapasitesinde uygulanan kurakligin, domates
fidelerinin biiylime ve fizyolojik 6zelliklerin
azaldig belirtilmektedir (Ors ve ark., 2021).
Domates bitkilerinin 37 giin boyunca su kitlig1
calismasinda, bitki boyu ve yaprak sayisinin
azaldig1 belirtilmektedir (Rosa ve ark., 2023).
Domates fidelerinin kuraklik stresi sonucunda,
domates fidelerinde bilylimenin ve biyokiitle
iretiminin azalttigini, fotosentezi
engelledigini, kok morfolojisini olumsuz
etkiledigini belirtmektedir (Altaf ve ark.,
2022). Bamya genotiplerinin kuraklik stersine
dayanakliliginin tespitiyle 1ilgili ¢aligmada,
bitkinin biliylime parametrelerinin olumsuz
etkilendigi vurgulanmistir (Kusvuran ve ark.,
2008). Biber fidelerinde, kisithh sulama
sirasinda kok sayisi, kok ¢api, kok kuru agirlig
ve yaprak biiylimesinin azaldig1 belirlenmistir
(Leskovar ve Cantliffe, 1992). Patlicanda 5
farkli sulama oraninin uygulandigr bir
calismada, %20 ve %40 sulama oraninda,
meyve agirlhigi, toplam verim, yaprak su
potansiyeli ve yaprak alanmin azaldig1 ancak
%80 ve %100 sulama seviyelerinde ise daha

(Mohawesh, 2016). Fasulye genotiplerinin
kuraklik stresine tepkilerinin incelendigi bir
calismada kurakliga tolarant genotiplerdeki
yaprak alani, yaprak sayisi, bitki agirhigi,
govde boyu ve capi, yaprakta membran
zararlanmasi, degerlerinin hassas genotiplere
nazaran daha iyi c¢iktig1 belirtilmektedir
(Kabay ve Sensoy, 2016).

4. Sonuclar

Domates  iiretimi  doneminde  belli
donemlerde uygulanan kuraklik stresinde,
bitkilerin etkilenme stirecleri
degerlendirilmistir. Calismada  domates
fidelerinin dikiminden 10 giin sonra uygulanan
1. kuraklik stresinin 30 giin sonunda kuraklik
stresi sonlandirilarak, sulamaya baslanmistir.
Birinci kuraklik stresi sonlandirildig: tarihte,
ikinci gruptaki bitkilere, kuraklik stresi 30 giin
uygulandiktan sonra sulama baslatilmistir.
Kuraklik sonucunda, birinci ve ikinci kuraklik
gruplarindaki  bitkilerde belli seviyelerde
gerilemeler gorilmiistiir. Bulgular
incelendiginde, kuraklik stresi sonucunda,
membran zaralanma indeksinin arttig1, yaprak
oransal su icerigi, bitki boyu, kok bogazi capi,
meyve eni, meyve boyu, meyve eti sertligi,
meyve agirligi ve bitki basina verimin azaldigi
goriilmektedir. Sulama yapildiginda ise belli
seviyede, bitki gelisimi ile verim ve kalitenin
diizelme egilimine girdigi gorilmiistiir.
Yapilan c¢alisma sonucunda, Van iklim
kosullarinda domates  bitkisinin  {iretim
doneminde 30 giinliik kurakliga dayanabildigi
ve bu siirenin sonunda sulama yapildiginda,
kontrol grubu degerlerine yakin sonuglar elde
edildigi gézlemlenmistir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yaymna hazir son
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Abstract

Seed development and germination are of significant importance in life cycle of both monocotyledonous and
dicotyledonous seeds. Germination begins with the absorption of water by a dormant seed, and a radicle emerges
from the seed coat. The distribution of germination is influenced by environmental factors that regulate dormancy
and germination potential, as well as the genetic characteristics of the plant. Abcisic acid (ABA) and gibberellins
(GAs) are considered phyto-hormones that regulate and seed dormancy inversely. Uniformity in germination and
initial growth are the functions of seeds, which are mainly affected by excessive fertilizer use of fertilizers, wrong
cultural practices soil quality. Various seed coating methods, including GA, have been used to reduce salinity
and drought in field crops. Many studies establish that GA3 doses positively affect plant growth and development
under various stress factors. This study is expected to summarize GA; studies and serve as an example for future
research.

Keywords: Gibberellic acid (GA3), field crops, dormancy, germination
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1. Introduction

The survival and spread of plant species
depend fundamentally on seed development
and germination. The main function of the seed
is the protection of embryos with the help of
external signals to synchronize for the correct
start of life (Bhatla and Lal, 2023).
Germination commences when the dormant,
desiccated seed absorbs water, culminating in
the emergence of the radicle from seed
(Okumus and Kahraman, 2024). Germination
is the most important stage of seedling
formation plays and an important role in plant
production (Kocak Sahin, 2024). The
germination is dependent on the interaction
between the environmental factors and genetic
characteristics of the plant. Seeds produced by
plants subjected to low temperatures exhibit
elevated dormancy levels, whilst those
provided with nitrate demonstrate reduced
dormancy. Initially, it optimizes dispersion,
thereby reducing competition among resources
among the progeny and the parent plants
(Carrera—Castafio et al., 2020). Carbohydrates,
protein, lipids, and nutrients, which are
accessible to the seed embryo via the action of
certain enzymes and metabolic pathways must
be available to seeds in the pre germination
period.  For instance, cystatins  or
phytocystatins, inhibit the activity of cysteine
proteinases, and inhibit protein degradation,
(Miransari and Smith, 2014). Bassel et al.
(2011) have explained the distribution of genes
in several sections of seed. Seed dormancy and
germination are influenced by the interactive
effects of several signals that may induce seed
hibernation (Miransari and Smith, 2014). The
seed absorbs moisture before seed
germination. The process of seed germination
is complete when the radicle emerges from the
protective seed coverings (Huss and
Gierlinger, 2021). Environmental variables
govern endogenous components, influencing
seed germination (Gong et al., 2022).
Hormonal control is essential in this process. It
modulates gene expression and signal
transductions, among seed plants (Nonogaki,
2014). Moreover, all other categories of
phytohormones modulate seed dormancy and
germination, presumably by engaging in the

abscisic acid (ABA) or gibberellin (GA3)
mechanism (Shu et al., 2016). Uniformity in
germination, along with initial growth and
development, constitutes the primary factor
influencing plant yield. Gibberellic acid is one
of the growth hormone that has a role in seed
germination. Previous research indicated that
low-temperature stress adversely affected
seedling emergence; however, seed treatment
with GA33 significantly enhanced seedling
emergence (Chen et al., 2005; Aziz and Pesen,
2020). Gibberellins are diterpenoids that
regulate plant development. They, which are
frequently  utilized in  contemporary
agriculture, were initially extracted from the
metabolic byproducts of the rice pathogenic
fungus, Gibberella fujikuroi, in 1938
(Yamaguchi, 2008; Santner et al., 2009).
Germination is depend on the physiological
condition (dormancy) of the seed, which is
influenced by the interaction between the plant
genotype and  several  environmental
conditions, including temperature, soil
moisture, light, and nutrient availability. This
is primarily accomplished through the
regulation of the metabolism and signaling of
gibberellins (GA3s) and abscisic acid (ABA),
two phytohormones that exhibit antagonistic
functions. Their spatio-temporal equilibrium is
crucial in seed biology, promoting dormancy
over germination when the ABA/GA; ratio is
elevated, and vice versa when it is diminished
(Holdsworth et al., 2008). Giberelic acid has
been used in field crops to ameliorate the
damages of many abiotic stress factors
(Okumus and Kahraman, 2024; Turan and
Samur, 2024). This review reports influence of
gibberellic acid to induce seed germination.

2. Materials and Methods

The researchers who examined the effects
of various doses of GA3, salts such as NaCl,
pure water, and their interactions on various
agricultural characteristics of field crops,
which are the subject of this review, and the
findings of these researchers will be examined
in more detail in the following parts, which are
summarized in Table 1 and discussed in detail
thereafter.
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Table 1. Gibberellic acid application on seed germination in some field crops

Plant material

Methods and Findings

Reference

Triticosecale Wittmack

Four doses (0, 100, 200, and 300 mg 1) of GA3 and
3) doses of salt (NaCl) (50, 100, and 200 mM) were
used. The best germination ratio was found at 300 mg
I'! gibberellic acid + 0 mM (Control) salt combination.

(Altuner et al., 2019)

Cicer arietinum

(5) doses (Namely, 0, 5 uM, 10 uM, 15 pM, and 20
UM GA;3) were used. Seeds were germinated at 9 °C.
Degrees for cold stress and 10 uM increasing final
emergence percentage.

(Aziz and Peksen,
2020)

Sorghum bicolor

FourGAsdoses (0, 100, 200, and 300 mg 1'") were used
for 24 hours, and seeds were normally germinated at
0, 2500, 5000, 7500, and 10000 mg 1'") NaCl doses.

(Yildirim et al., 2022)

Linum usitatissimum

Seeds were treated with pure water, 500 ppm, 250
ppm, and 100 ppm GAjz doses for 12 hours and
germinated at 25 °C room temperature. As a result of
the study, the best results were obtained from 250 ppm
and 500 ppm GA3 applications compared to the
control group. The results of the study show that
gibberellic acid applications generally have a positive
effect on germination and seedling growth in flax
varieties.

(Cigek et al., 2022)

Brassica napus

Four different doses (0, 25, 50, and 100 mg 1) of GA3
were applied to the seeds of 3 rapeseed varieties. It was
reported that all traits were increased as the doses of
the applications increased, the highest values were
determined at the dose of 100 mg 1!,

(Giirsoy, 2023)

Helianthus annuus

Its seeds were treated with (GAsz) and they were
pretreated firstly with glycine betaine (GB) (0, 15, 30,
and 45 mg 1'") as biostimulant for 12 hours, and salt
and drought stress were applied (4) doses of (NaCl (0,
6, 9 and 12 dS m™") and PEG 6000 chemical (0, 0.4, —
0.8 and —1.2 Mpa), relatively. It was found that a 30
mg 1! GA; dose has an ameliorative effect on salt
stress.

(Yagci, 2023)

Triticum avestivum

In their study, GAs was applied at concentrations of 0,
100 and 200 ppm to reduce the negative effects of salt
stress. The results showed that GA; decreased the
germination percentage, shootlength and root length
significantly increased. It was found that Demirhan
cultivar showed more pronounced responses at higher
salt stress. They reported that 100 ppm GA3
application reduced the negative responses of salt
stress.

(Kahraman and Okumus,
2024)

Hordeum vulgare

In their study, GA3 was applied at concentrations of 0,
100 and 200 ppm to reduce the negative effects of salt
stress. In their study, GA; was applied at
concentrations of 0, 100 and 200 ppm to reduce the
negative effects of salt stress. As a result of the study,
they reported that 100 ppm GA3 dose positively
affected the initial growth and development under
saline conditions.

(Okumus and Kahraman,
2024)

Vicia sativa

In their study, GA3 was applied at concentrations of 0,
100 and 200 ppm to reduce the negative effects of salt
stress. In their study, GA3; was applied at
concentrations of 0, 100 and 200 ppm to reduce the
negative effects of salt stress. As a result of the study,
they reported that GA; applications decreased wet and
dry weight but increased shoot and root length.

(Okumus and Yaman, 2024)
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3. Results and Discussion

As known, gibberellic acid (or GA3) is one
of the phytohormones that have a major and
starter role in all field crops and seed
germination processes. Previous research has
indicated that low—temperature  stress
adversely affects seedling emergence (Aziz
and Pesen, 2020). Gibberellins are
diterpenoids that regulate plant development,
and are extracted from rice pathogenic fungus,
Gibberella  fujikuroi, (Yamaguchi, 2008).
Paradoxically, germination is due to change in
the seed physiological conditions (e.g.
dormancy), which 1is influenced by the
interaction between the genotypes and
temperature, light, and nutrient(s) soil moisture
etc. (Holdsworth et al., 2008). The dormancy
related and germination indicated in
Arabidopsis mutants showed genes associated
with gibberellin (GA) and abscisic acid (ABA)
signalling, percetion and production, (Carrera—
Castafio et al., 2020). Therefore, gibberelic
acid has been used in field crops to ameliorate
the damages of many abiotic stress factors
(Okumus and Kahraman, 2024). When Table 1
is analyzed, the effects of different field crops
on using gibberellic acid in the early period
were examined. When the table is examined, 0,
100, 200, and 300 mg 1! GA3; were used to
reduce salt stress in Triticosecale Wittmack.
Therefore, the 300 mg 1! GA;. GA had a
positive effect (Altuner et al., 2019). To reduce
cold stress in Cicer aritenum, 4 different doses
of control, 5 pM, 10 uM, 15 uM, and 20 uM
GA; were used. They determined that 10 uM
GA; reduced the negative effect of cold stress
(Aziz and Peksen, 2020). Sorghum bicolor
control, 0, 100, 200, and 300 300 mg I GA;.
GA3;  to reduce salt stress. No significant
difference was found as a result of the study
(Yildirim et al., 2022). They used 100, 250 and
500 ppm GA (12 h) in Linum usitatissimum. As
a result of the study, they reported that 250 and
500 ppm GA positively affected plant growth
and development (Cicek et al., 2022). The
researchers used GAs at 0, 125, 250, 250, 375,
and 500 300 mg I'' GA3 doses in Lavandula
spp. Thereafter, they reported that 375 mg 1!
GAs3. GA3s application positively affected the
germination (Cantiirk, 2023). Brassica napus

was treated with 0, 25, 50, and 100 mg I'' GA;.
Consequently, they reported that a 100 mg I'!
GA; dose had a positive effect (Giirsoy, 2023).
Helianthus annuus was treated with control 0,
15, 30, and 45 mg I'' of GAs. The study was
conducted to reduce the negative effects of salt
and drought stress. It was reported that a 30
mg I GA3 dose reduced the negative effect of
stress (Yagc1, 2023). Triticum avestivum,
Hordeum vulgare and Vicia sativa was treated
with control, and 100 and 200 mg 1! GA were
used to reduce salt stress in plants. As a result
of the study, they reported that 100 mg I'' GA
dose significantly reduced the negative stress
of salt (Okumus and Yaman, 2024).

4. Conclusion

The study investigated the impact of
different GAz doses on plant growth and
development in field crops, highlighting the
potential of GAs in reducing stress factors like
salinity and drought, and is expected to be a
pioneering scientific study.
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Ozet

Taze sogan yetistiriciliginde salisilik asit (SA) ve prolin (PR) uygulamalarinin biiyiime ve gelisim iizerine etkilerini
belirlemek amaciyla yapilan bu calisma, Van Yiiziincii Y1l Universitesi'nin 1sitmasiz cam serasinda tesadiif
bloklar1 deneme desenine gore yiiriitiilmiistiir. Prolin (50 ppm ve 100 ppm) ile salisilik asit (0.5 mM ve 1.0 mM)
ayr1 ayr1 ve kombinasyon halinde uygulanmistir. Arastirmada bitki boyu, kok uzunlugu, gévde ¢api, yaprak sayisi,
toplam yas ve kuru agirlik ile SPAD degerleri incelenmistir. En yiiksek bitki boyu (27.26 cm) PR2+SAl
kombinasyonuyla elde edilmis ve bu sonug bireysel uygulamalardan iistiin ¢ikmistir. K6k uzunlugunda PR1 (16.57
cm) ve SA2 (16.03 cm), govde capinda PR1+SA1 (5.62 mm), yas agirlikta PR2+SA1 (146.67 g) ve PR1 (142.00
g), kuru agirlikta ise PR2+SA1 (19.84 g) uygulamalart en yiiksek degerleri saglamistir. Klorofil icerigini ifade
eden SPAD degerinde ise en yiiksek sonu¢ SA2 (89.73) uygulamasinda elde edilmistir. Bulgular, 6zellikle PR ve
SA kombinasyonlarmin taze sogan gelisimini pozitif yonde etkiledigini, verimi artirabilecegini ve optimum doz
belirleme ¢aligmalarinin iiretici kosullarinda devam ettirilmesi gerektigini ortaya koymaktadir.

Anahtar Kelimeler: Taze sogan, salisilik asit, prolin, bilyiime parametreleri

The Effects of Proline and Salicylic Acid Applications on Yield and Plant Growth in
Green Onion (Allium cepa L.) Cultivation

Abstract

This study was conducted to determine the effects of salicylic acid (SA) and proline (PR) applications on the
growth and development of green onions. The experiment was carried out according to a randomized block design
in an unheated glass greenhouse at Van Yuzuncu Yil University. Proline (50 ppm and 100 ppm) and salicylic acid
(0.5 mM and 1.0 mM) were applied individually and in combination. Plant height, root length, stem diameter,
number of leaves, total fresh and dry weight, and SPAD values were examined. The highest plant height (27.26
cm) was obtained with the PR2+SA1 combination, surpassing individual treatments. PR1 (16.57 cm) and SA2
(16.03 cm) yielded the highest root length; PR1+SA1 (5.62 mm) had the greatest stem diameter; PR2+SA1 (146.67
g) and PR1 (142.00 g) provided the highest fresh weight, whereas PR2+SA1 (19.84 g) led to the maximum dry
weight. The highest SPAD value (89.73), indicating chlorophyll content, was recorded with SA2 application. The
findings reveal that combinations of PR and SA positively influence green onion growth and may increase yield,
suggesting further studies on optimal doses under grower conditions are warranted.

Keywords: Green onion, salicylic acid, proline, growth parameters
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1. Giris

Taze sogan (Allium cepa L.), diinya
genelinde dnemli bir sebze tiirli olup, zengin
vitamin, mineral ve antioksidan igerigi
sayesinde insan beslenmesinde stratejik bir rol
oynamaktadir (Sensoy ve ark., 2001; Griffiths
ve ark., 2002; Brewster, 2008). Diinya
genelinde yillik yaklasik 100 milyon tonluk
tiretim gerceklestirilirken, Tirkiye 2.2 milyon
tonluk iretimiyle bu alanda O6nemli bir
konumda yer almaktadir (FAO, 2023; TUIK,
2023). Bununla birlikte, artan niifus, tarimsal
alanlarin azalmasi ve iklim degisikligine bagl
cevresel stresler, verimli ve siirdiiriilebilir

tiretim yoOntemlerinin  gerekliligini ortaya
koymaktadir.
Bitkilerin stres kosullarma  karst

dayanikliligini artiran uygulamalar, sogan gibi
stratejik Oneme sahip bitkilerde siirdiirtilebilir
verim elde etmek acisindan biiylikk 6nem
tagimaktadir. Bu baglamda biyostimiilanlardan
prolin, bitkilerdeki stres toleransini artiran bir
amino asit olarak dikkat ¢ekmektedir. Prolin,
osmotik diizenleyici olarak gorev yaparak bitki
hiicrelerinin su dengesini korur, serbest
radikalleri azaltir ve hiicre membranlarini
stabilize eder (Ashraf ve Foolad, 2007).
Ozellikle abiyotik stres kosullarinda prolin
uygulamalarinin bitki biiylimesi, verim ve
kalite tizerinde olumlu etkileri kanitlanmigtir
(Hayat ve ark., 2012; Szabados ve Savouré,
2010).

Benzer sekilde, salisilik asit (SA) de bitki
stres yonetiminde 6nemli bir role sahiptir. SA,
bitkilerin biyotik ve abiyotik streslere karsi
savunma mekanizmalarint aktive eden bir
sinyal molekiilii olarak islev goriir (Khan ve
ark., 2015). Cesitli ¢aligmalarda, SA
uygulamalarinin bitki biiylimesini ve verimini
artirdigl, aym zamanda stres toleransini
gelistirdigi gosterilmistir (Shah, 2003).

Bu calisma, salisilik asit ve prolin
uygulamalarinin taze sogan bitkisinin biiyiime
ve gelisim parametreleri ilizerindeki etkilerini
incelemeyi amagclamaktadir. Farkli doz ve
kombinasyonlarin  degerlendirilmesiyle, bu
bilesiklerin sinerjik ya da antagonistik
etkilesimlerinin  belirlenmesi  ve tarimsal

tiretimdeki potansiyel katkilarinin ortaya
konmasi hedeflenmektedir.

2. Materyal ve Yontem

Bu calisma Van Yiiziincii Y1l Universitesi
Ziraat Fakiiltesi 1sitmasiz cam seralarinda
gerceklestirilmistir. Caligmada materyal olarak
arpacik sogani (Allium cepa L.) kullanilmustir.
Arpacik soganlar1 15 gozli viyoller igerisine
1/2 oraninda perlit/torf yetistirme ortamlarina
ekimleri gergeklestirildikten sonra Prolin,
Salisilik asit ve bunlarin farkli oranlardaki
kombinasyonlar1 asagida belirtildigi dozlarda
uygulamasi gergeklestirilmistir. Uygulamalar
yapildiktan sonra arpacik soganlari, standart
yetistirme yontemleri cercevesinde
biiytitiilmiistiir. Sulama, bitkilerin ihtiyacina
gore diizenli olarak gergeklestirilmistir.

2.1. Uygulama Gruplari

Kontrol grubu

e K Hicbir uygulama yapilmamis kontrol
grubu.

Prolin uygulamalan

e P1:50 ppm Prolin

e P2:100 ppm Prolin

Salisilik asit uygulamalar:

e« SA1L1: 0.5 mM Salisilik Asit

e SA2:1.0 mM Salisilik Asit

Kombine uygulama

e Pl + SA1l: 50 ppm Prolin + 0.5 mM
Salisilik Asit

e Pl + SA2: 50 ppm Prolin + 1.0 mM
Salisilik Asit

e P2 + SA1: 100 ppm Prolin + 0.5 mM
Salisilik Asit

e P2 + SA2: 100 ppm Prolin + 1.0 mM
Salisilik Asit

Prolin, Salisilik Asit ve bunlarin kombine
uygulamalar1 arpacik sogani ekimlerinden
sonra yetistirme ortamlarma sulama suyu ile
birlikte uygulamasi yapilmistir.  Ayrica,
yetistirme siirecinde seradaki maksimum
sicaklik 32.8 °C, minimum sicaklik -7.5 °C,
maksimum nem orani % 84 ve minimum nem
orani ise % 10 olarak kaydedilmistir.

2.2. Bitki gelisim parametrelerinin 6l¢iimii

Bitkiler,
surecinin

yaklasik 90 giinliikk biiylime
ardindan  hasat  olgunluguna
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ulastiginda, viyoldeki tim bitkiler
degerlendirmeye alinarak bitki boyu (cm), kok
uzunlugu (cm), gévde capi (mm) ve toplam yas

agirhk (g) Olciimleri gerceklestirilmistir.
Yaprak klorofil miktar1 ise portatif klorofil
metre (SPAD 502; Konica Minolta)

kullanilarak belirlenmis ve her bir tekerriirden
rastgele secilen 5 bitkinin yaprak 6l¢timlerinin
ortalamasi alinarak hesaplanmaigtir.

2.3. Deneme tasarimi ve istatistiksel analiz

Deneme, tesadiif bloklar1 deneme desenine
gore diizenlenmis olup, kontrol grubu da dahil
olmak iizere toplam 9 farkli uygulama ve 3
tekerriir ile gergeklestirilmistir. Caligsma, 27
viyol ve 405 bitki kullanilarak yiirtitilmiistir.
Elde edilen veriler, STATGRAPHICS 15.1
paket programi ile varyans analizine
(ANOVA) tabi tutulmustur. Uygulamalar
arasindaki farkliliklari belirlemek amaciyla tek
yonlii varyans analizi (One-way ANOVA)
uygulanmis ve istatistiksel anlamlilik, Duncan
coklu Kkarsilastirma testi ile % 5 Onem
seviyesinde (p < 0.05) degerlendirilmistir.

3. Bulgular ve Tartisma

Denemede bitki boyu, kdk uzunlugu, gévde
¢api, yaprak sayisi, toplam yas ve kuru agirlik
ille SPAD degeri gibi temel biiylime
parametreleri incelenmis ve farkli uygulamalar
arasindaki istatistiksel farkliliklar

degerlendirilmistir. Bu aragtirmada, salisilik
asit ve prolin uygulamalarinin taze sogan
(Allium cepa L.) bitkisinin biiylime ve gelisim
parametreleri tizerindeki etkileri
degerlendirilmistir. Calisma kapsaminda bitki
boyu, kok uzunlugu, gévde ¢api, yaprak sayisi,
toplam yas ve kuru agirlik ile SPAD degeri
gibi temel biiyiime kriterleri incelenmis ve
farkli uygulamalar arasindaki istatistiksel
farklar belirlenmistir.

3.1. Bitki boyu

Deneme sonucunda, PR2 + SAl
uygulamasi (27.26 cm) en yiiksek bitki boyunu
vermis olup (Sekil 2), kontrol grubuna (19.28
cm) kiyasla istatistiki olarak (p<0.001)
oldukca 6nemli bir artis saglamistir Prolin ve
salisilik asitin  hem bireysel hem de
kombinasyon halinde uygulanmasi, bitki
biliylimesini tesvik edici bir etki gostermistir.
Prolinin, hiicresel ozmotik dengeyi saglayarak
su kaybim1i minimize ettigi ve hiicre
boliinmesini  destekleyerek bitki  boyunu
arttirdig1 rapor edilmistir (Ashraf ve Foolad,
2007; Ali ve ark., 2007; Khedr ve ark., 2003).
Salisilik asitin ise fotosentezi tesvik ederek
bliylime hormonlarinin etkinligini artirdigi
rapor edilmistir (Khan ve ark., 2003). Bu
baglamda, calismada elde edilen bulgular, bu
iki bilesigin bitki boyu {lizerindeki olumlu
etkilerini desteklemektedir.

Tablo 1. Bitki boyu, kék uzunlugu, gévde ¢ap1 ve yaprak sayisi ile ilgili veri tablosu.
Table 1. Data table on plant height, root length, stem diameter, and leaf number.

Uygulama Bitki boyu (cm) Kok uzunlugu Govde ¢ap1 (mm) Yaprak sayist
gruplari (cm) (ad)
Kontrol 19.28 £ 0.66 ¢ 14.75 £ 0.65 bed 5.07+0.16 ¢ 338+0.11b
PR1 23.50 +0.63 bc 16.57+0.54 a 5.34+0.13 abc 3.77+0.14 ab
PR2 22.73+£0.92 cd 15.66 £0.71 abc 5.55+0.15ab 3.88+0.15a
SAl 23.76 £0.76 bc 14.19 £ 0.60 cd 5.49+0.10 ab 4.16+0.17 a
SA2 25.18+0.78 ab 16.03 £ 0.56 ab 5.51+0.12 ab 3.80+0.12a
PR1+SA1 20.75 +0.88 de 14.98 £ 0.65 abcd 562+0.11a 3.80+0.12a
PR1+SA2 24.10+0.74 be 14.88 £ 0.50 bed 521+0.11 be 3.86+0.15a
PR2+SA1 2726 +0.76 a 15.07 + 0.54 abed 5.28 +£0.18 abc 395+0.13a
PR2+SA2 24.07 £0.73 be 13.98 +0.50 d 509+0.14 ¢ 4.02+0.20a
Toplam 23.44 +£0.28 15.13 £0.20 5,35+0.05 3.86+0.05

P degeri 0.000*** 0.0401* 0.0272* 0.0367*

Siitunlardaki harfler p<0.05 anlamlilik diizeyinde Duncan’in ¢oklu karsilagtirma testi sonuglarina gore istatistiksel olarak anlamli farklilik

gostermektedir.
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3.2. Kok uzunlugu

Denemenin  kok  uzunlugu  sonuglari
incelendiginde (Tablo 1; Sekil 2), PR1 (16.57
cm) ve SA2 (16.03 cm) uygulamalarinin en
yiiksek kok gelisimini sagladig1 goriilmiistiir (p
= 0.0401). Kok gelisiminin, prolin
uygulamalariyla dogrudan iliskili oldugu
onceki calismalarla da bildirilmistir. Prolin,
hiicre membranlarini stabilize ederek kuraklik
ve tuz gibi stres kosullarinda kok gelisimini
desteklemektedir (Szabados ve Savouré,
2010). Salisilik asit ise oksidatif stresin
azalmasina katki sagladigi i¢in kok bolgesinde
hiicre farklilasmasini artirarak daha uzun ve
daha giicli kok gelisimini tesvik edebilir
(Shah, 2003). Bu dogrultuda, elde edilen
bulgular, mevcut literatiirle uyum
gostermektedir. Ancak PR2 + SA2 grubu
(13.98 + 0.50 cm) en diisiik degeri gosterdigi
gbz Online alindiginda diisik doz prolin
uygulamalarinin kok gelisimini destekledigini,

ancak yiksek doz kombinasyonlarinin
baskilayici etki yapabilecegini
diistindiirmektedir.

3.3. Govde cap1

Govde ¢ap1 bakimindan en yiiksek deger,
PR1 + SA1 (5.62 mm) kombinasyonu ile elde
edilmistir (p = 0.0272). Prolin ve salisilik asit,
hiicre duvar1 genislemesini tesvik ederek
govde capindaki artisa katki saglamaktadir

(Sharma ve ark., 2013). Ancak, baz
uygulamalarin = gévde ¢ap1  iizerindeki
etkilerinin kontrol grubuna kiyasla diisiik
kaldig1 goriilmektedir. Bu durum, yiiksek doz
uygulamalarinda bazi antagonistik
etkilesimlerin ortaya cikabilecegini
gostermektedir (Jayakumar ve ark., 2014).

3.4. Yaprak sayisi

Uygulamalar arasinda yaprak sayisi
bakimindan istatistiksel olarak anlaml
farkliliklar gozlenmistir (p = 0.0367). Tabloya
gore yaprak sayisi acisindan en diisiik deger
338 + 0.11 ile kontrol grubunda elde
edilmistir. Diger tiim uygulamalar, kontrol
grubuna kiyasla daha yiiksek yaprak sayisi
verirken en yliksek yaprak sayisiise SA1 (4.16
+ 0.17) uygulamasindan elde edilmistir. PR1
uygulamasi (3.77 + 0.14) istatistiksel olarak ab
grubunda yer alirken, diger tiim uygulamalar a
grubunda smiflandirilmistir. Bu sonuglar, PR1
disindaki uygulamalarin  yaprak sayisini
artirmada daha belirgin bir etkiye sahip
oldugunu gostermektedir. Salisilik asit ve
prolin uygulamalarinin, yaprak gelisimini
tesvik ettigi daha dnce yapilan ¢alismalarda da
belirtilmistir (Khan ve ark., 2003). Ozellikle
salisilik  asit  uygulamalarinin,  yaprak
gelisiminde etkili oldugu goriilmektedir. Bu
bulgular, salisilik asitin hiicre genislemesi ve
yaprak olusumunu tesvik ettigi yoniindeki
literatiirle uyumludur (Noreen ve ark., 2019).

Tablo 2. Toplam yas agirlik, Toplam kuru agirlik ve SPAD degeri ile ilgili veri tablosu
Table 2. Data table on total fresh weight, total dry weight, and SPAD value

Uygulama Gruplar Toplam yas agirlik (gr)  Toplam kuru agirlik (gr) SPAD degeri
Kontrol 112.00 +18.15 17.85+1.15 82.80+£3.53 ab
PR1 142.00 +5.29 18.51£1.14 75.20 = 5.34 bed
PR2 137.33 £ 1.33 18.66 = 0.44 6620+ 4.16d
SA1 122.67 +3.71 16.67 +0.81 72.67 + 4.66 bed
SA2 133.33 +1 6,22 17.04 + 1.44 89.73 £3.98a
PR1+SAl 117.33 £ 16.83 15.77 £0.62 78.87 +2.52 be
PR1+SA2 136.00 + 10.58 18.93 +0.21 74.57 £ 0.56 bed
PR2+SAl 146.67 + 8.67 19.84 £0.52 69.73 £2.66 cd
PR2+SA2 143.33 £2.91 18.99 + 0.83 65.53+2.08d
Toplam 132.30 +3.82 18.03 +0.34 75.03+1.76

P degeri 0.3514 0.0777 0.0025**

Siitunlardaki harfler p < 0.05 anlamlilik diizeyinde Duncan’in ¢oklu karsilagtirma testi sonuglara gore istatistiksel olarak anlamli farklilik

gostermektedir.
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3.5. Toplam yas agirhk

Deneme sonucunda, PR2 + SA1 (146.67 g)
ve PR1 (142.00 g) uygulamalar1 en yiiksek yas
agirlik degerlerini saglamistir. Kontrol grubu
(112.00 = 18.15 gr) ise en diisiik degere sahip
olmakla birlikte en yiiksek grup ile kontrol
grubu arasindaki  fark  9%30.9 olarak
hesaplanmistir. Prolin  ve salisilik  asit
uygulamalarinin biyokiitle artis1 {lizerindeki
olumlu etkileri literatiirde de
desteklenmektedir (Ashraf ve Foolad, 2007;
Noren ve ark., 2019; Hadid ve ark., 2023).
Ancak, yas agirlik degerleri arasindaki farkin
istatistiksel ~ olarak  anlamli  olmadigi
goriilmektedir (p = 0.3514).

3.6. Toplam kuru agirhk

En yiiksek kuru agirhk, PR2 + SAl
uygulamasinda (19.84 g) elde edilmistir.
Prolinin hiicresel metabolizmay1 ve karbon
asimilasyonunu destekleyerek kuru madde
birikimini artirdigi bilinmektedir (Barros ve
ark., 2019; Szabados ve Savour¢, 2010).
Ancak, bazi kombinasyonlarda kuru agirligin
istatistiki olarak Onemsiz olmasina Kkarsin
beklenenin altinda kalmasi, yiiksek dozda

uygulanan bilesiklerin belirli antagonistik
etkilesimler gosterebilecegini
diistindiirmektedir.

3.7. SPAD degeri (Klorofil icerigi)

En yiiksek SPAD degeri (89.73) SA2
uygulamasinda olgiiliirken (p = 0.0025) en

disik SPAD degeri PR2 + SA2
uygulamasindan elde edilmis ve uygulama
gruplart arasindaki fark istatistiki olarak
onemli bulunmustur (p = 0,002). Salisilik asit,
klorofil sentezini tesvik ederek fotosentez
etkinligini artirmaktadir (Sharma ve ark.,
2013). Prolin uygulamalarinda ise SPAD
degerlerinde nispeten diisiis gdozlemlenmistir,
bu durum bazi c¢alismalarda asirt prolin
birikiminin  klorofil bozulmasina neden
olabilecegi  yoniindeki bulgularla uyum
gostermektedir (Shah, 2003). Genel olarak ele
alacak olursak c¢alisma sonuglari, prolin ve
salisilik asitin taze sogan yetistiriciliginde
bliylimeyi tesvik edebilecegini ve verimi
artirabilecegini gostermektedir. Bitki boyu ve
kok uzunlugu acgisindan, prolinin bireysel
uygulanmast  veya  salisilik asit ile
kombinasyonu olumlu etkilere sahiptir. SPAD
degeri agisindan, salisilik asit uygulamalarinin
fotosentezi artirdigi belirlenmistir. Biyokiitle
ve kuru madde birikimi bakimindan, prolin ve
salisilik asit kombinasyonlari en iyi sonuglari
vermistir. Ancak, bazi kombinasyonlarda
antagonistik etkilesimler gozlenmis olup,
optimum dozlarin belirlenmesi gerekmektedir.
Sonu¢ olarak, prolin ve salisilik asit
uygulamalarinin ~ taze  soganin  gelisimi
iizerindeki etkileri umut verici olmakla
birlikte, uygulama dozlarinin  optimize
edilmesi ve farkl yetistirme kosullarinda uzun
vadeli denemeler yapilmasi onerilmektedir.

" i Toplam Toplam
Uygulamalar Bitki UZIlfI?llflgu Gé);;ie 2215:2:( Yas Kuru SPAD
Boyu(cm) Agirhik Agirhik Degeri
(cm) (mm) (ad)
(gr) (gr)
Bitki boyu 1
Kok uzunlugu 0.12 1
Govde capt 0.03 0.37 1
Yaprak sayisi 0.68 -0.26 0.35 1
Toplam yas 0.81 0.27 -0.15 0.48 1
agirhik
Toplam kuru— g 5 004 | -061 003 0.76 1
agirhik
SPAD degeri -0.26 0.36 0.16 -0.48 -0.53 -0.56 1

Sekil 1. Incelenen parametreler arasindaki korelasyon matris tablosu
Figure 2. Correlation matrix of the examined parameters
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Korelasyon matrisi analiz tablosu, farkl
bitki gelisim parametreleri arasindaki iligkileri
ortaya koymaktadir (Sekil 1). Korelasyon
katsayisi (-1 ile 1 arasinda degisen degerler),
degiskenler arasindaki iliskinin yOniini ve
gliciinii  gostermektedir. Pozitif korelasyon
katsayis1 (+1'e yakin) iki degiskenin birlikte
artma egiliminde oldugunu, negatif korelasyon
katsayis1 (-1'e yakin) ise bir degigken artarken
digerinin  azaldigimm  ifade  etmektedir.
Parametreler arasindaki korelasyon analizi
tablosu incelendiginde (Sekil 1), bitki boyu ile
toplam yas agirlik (r = 0.81) arasinda giiclii ve
pozitif yonlii bir korelasyonun oldugu
goriilmektedir. Bu yiiksek pozitif korelasyon,
daha uzun bitkilerin genellikle daha fazla
biyokiitle tirettigini gostermektedir. Bu durum,
bitki biiyiikliigliniin fotosentez kapasitesini ve
dolayistyla  biyokiitleyi  artirmasi  ile

aciklanabilir. Sonug¢ olarak, bitki boyunu
artiran uygulamalarin toplam yas agirlig
iizerinde de olumlu etkisi olabilecegi
sOylenebilir. Yaprak sayis1 ile bitki boyu
arasinda orta diizeyde pozitif bir korelasyon
bulunmaktadir (r = 0.68). Bu iligki, yaprak
sayisinin artmasinin bitkinin genel biiylimesini
destekledigini gosterebilir. Daha fazla yaprak,
daha yiiksek fotosentez kapasitesi anlamina
gelebilecegi diisiintildiigiinde, yaprak sayisini
artiran uygulamalar dolayli olarak bitki boyu
bliyiimesini de destekleyebilecegi sonucu
cikarilabilir. Yaprak sayisindaki artigin toplam
biyokiitleye  olumlu  katki  sagladigimi
gostermektedir (r = 0.48). Daha fazla yaprak,
daha fazla besin tiretimi ve biiyliime demektir.
Yaprak sayisini artirmaya yonelik
uygulamalar, yas agirlik kazancina da katkida
bulunabilir.
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Sekil 2. Uygulama gruplari arasindaki degiskenlerin ¢izgi grafik olarak gosterilmesi
Figure 2. Line graph representation of variables among treatment groups

Kok biiytimesi ile siirgiin  biiyiimesi
arasindaki diisiik korelasyon degeri (r = 0.12)
giiclii bir baglant1 olmadigini gostermektedir.
Kok biiylimesini etkileyen faktorler (6rnegin
su ve besin alimi), bitki boyunu belirleyen
faktorlerden farkli olabilecegi gibi kok
gelisimini artiran uygulamalarda bitki boyunu
artirmayabilir. Govde cap1 ile bitki boyu
arasinda ¢ok zayif bir korelasyon bulundugu
goriilmektedir (r = 0.03). Govde kalinlagmasi
ve boy uzamasi  farkli  fizyolojik

mekanizmalara dayanabilir. Boy uzamasina
yonelik uygulamalar her zaman gdévde ¢apinda
artis saglamayabilecegi sonucuna varilabilir.
Govde cgapr ile toplam yas agirlik negatif yonlii
ve ¢ok zayif bir korelasyonun oldugunu
gostermektedir (r =-0.15). Daha kalin gévdeye
sahip bitkilerin daha diisiik yas agirliga sahip
olabilecegi gibi daha ince bir gdvdeye sahip
bitkilerinde daha agir bir biyokiitleye sahip
olabilecegini diisiinebilir. Korelasyon matrisi
tablosu genel olarak incelendiginde bitki boyu,
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yaprak sayisit ve toplam yas agirlik arasinda
gliclii pozitif iligkiler bulunmustur. Bu, bitki
boyunu artiran uygulamalarin ayni zamanda
yaprak gelisimini ve toplam biyokiitleyi de
destekledigini gostermektedir. Kok uzunlugu
ile bitki boyu arasindaki iliski zayiftir, bu da bu
iki biiylime faktoriiniin farkli dinamiklere
sahip olabilecegini diisiindiirmektedir. Govde
cap1 ile yas agirlik arasinda negatif bir iliski
olmasi, biiyimenin biyokiitle veya yapisal
destek yoniinde sekillenebilecegini
gostermektedir. Bu bulgular, bitki gelisimini
artirmak ~ amaciyla  uygulanan  farkh
stratejilerin (6rnegin giibreleme,
biyostimiilanlar veya stres azaltict bilesikler)
etkisini degerlendirirken dikkate alinmalidir.
Korelasyon sonuglar1 dogrultusunda, bitkilerin
optimum gelisimini saglamak icin farkl
bliylime parametreleri arasindaki iliskilerin
daha ayrintili bir sekilde analiz edilmesi
Onerilmektedir.

4. Sonuc ve Oneriler

Bu calismada, prolin (PR) ve salisilik asit
(SA) uygulamalarinin taze sogan (Allium cepa
L.) yetistiriciliginde biliylime ve verim
parametreleri lizerindeki etkileri arastirilmistir.
Elde edilen bulgular, farkli dozlarda uygulanan
PR ve SA’nm, bitki gelisimi ve verimi
tizerinde Onemli degisikliklere yol agtigini
gostermistir. Bitki boyu agisindan, PR2 + SA1
uygulamasi (27.26 cm) ile en yliksek deger
elde edilmistir. Bu kombinasyon, kontrol
grubuna kiyasla belirgin bir biiyiime saglamis
ve PR ile SA’nin sinerjik etkisini gostermistir.
K06k uzunlugu bakimindan PR1 (16.57 cm) ve
SA2 (16.03 cm) uygulamalar1 en iyi sonuglari
vermistir. Bu durum, prolinin kok gelisimini
destekleyen ozmotik diizenleyici roliinii ve
salisilik asitin hiicre boliinmesini tesvik edici
etkisini ortaya koymaktadir. Govde ¢apinda en
yiiksek deger PR1 + SAl (5.62 mm)
kombinasyonu ile elde edilmis, yaprak sayisi
acisindan ise SA1 uygulamasi 6ne ¢ikmistir.
Verim parametreleri degerlendirildiginde,
toplam yas agirlik bakimindan PR2 + SAI
(146.67 g) ve PR1 (142.00 g) uygulamalar1 en
yuksek biyokiitle artisin1 saglamistir. Ancak
yas agirhk  degerleri arasindaki fark
istatistiksel olarak anlamli bulunmamuistir.

Kuru agirlik agisindan en yiiksek deger PR2 +
SA1 (19.84 g) uygulamasi ile elde edilmistir,
bu da bu kombinasyonun  karbon
asimilasyonunu ve kuru madde birikimini
tesvik ettigini gostermektedir. SPAD degeri
(klorofil igerigi) bakimindan en yiiksek deger
SA2 (89.73) uygulamasinda Olgiilmiis, bu
durum salisilik asitin fotosentez etkinligini
artirict - potansiyelini ortaya koymaktadir.
Ancak bazi kombinasyon uygulamalarinda
(6rnegin PR2 + SA2), SPAD degerinde diisiis
gozlenmis, bu da bilesikler arasindaki olasi
antagonistik etkilesimlere isaret etmektedir.
Genel olarak, bu arastirma sonuglar1 prolin ve
salisilik asit uygulamalarinin taze sogan
yetistiriciliginde biliylime ve verim {izerine
olumlu etkiler sagladigin1i gostermektedir.
Bununla  birlikte, bazi  kombinasyon
gruplarinda bliylime parametreleri tizerinde
baskilayici etkiler de gozlemlenmistir. Bu
durum, uygulama dozlarinin optimize edilmesi
gerektigini ve her iki bilesigin farkli yetistirme
kosullar1 altinda sinerjik veya antagonistik
etkilesim gosterebilecegini diisiindiirmektedir.
Arastirma bulgularina dayanarak, prolin ve
salisilik asit kombinasyonlarinin optimum
dozlarmin belirlenmesi ve uygulamalarin bitki
gelisimini en verimli sekilde destekleyecek
sekilde yeniden diizenlenmesi onerilmektedir.
Ayrica, uzun vadeli etkilerin belirlenebilmesi
icin acgik saha kosullarinda ek denemeler
yapilmas1 onem arz etmektedir. Gelecekteki
caligmalarda, bu bilesiklerin  fotosentez
performansi, su kullanma verimliligi ve
antioksidan sistemler iizerindeki etkilerinin
detaylt olarak incelenmesi, taze sogan
yetistiriciliginde daha etkili yonetim stratejileri
gelistirilmesine katki saglayacaktir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarin ve
onayladiklarini beyan ederler.

Cikar Catismasi1 Beyani

Tilim yazarlar, bu ¢alisma i¢in herhangi bir
cikar ¢atismasi olmadigini beyan etmektedir.
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Ozet

Aragtirma iki farkli Moringa tirii (Moringa oleifera ve Moringa stenopetala) ile Misir (Zea mays L.)’in farkh
oranlarda karistirilarak bazi silaj 6zelliklerinin belirlenmesi amaciyla yiiriitiilmiistiir. Aragtirmada, Moringa tiirleri
ile misir %100-0, %75-25, %50-50, %25-75 ve %0-100 oranlarinda karistirilmig silolama dénemi sonunda (60.
giin) agilan silajlarin silaj fiziksel 6zellikleri (renk, koku, striikktiir ve DLG puani), kuru madde oran1 (%), ADF
(%), NDF (%) ve pH degerleri belirlenmistir. Arastirma sonuglarina gore; Moringa oleifera ve Moringa
stenopetala’nin saf ve musir ile farkli oranlarda silolanmasi sonucu elde edilen silajlarin bazi silaj fiziksel
Ozellikleri ile silaj kalitesi ve beslenme degeri agisindan yeterli oldugu goériilmektedir. Ele alinan Moringa tiirleri
incelendiginde %100 Moringa ve %25 Moringa +%75 Misir karigimlarinin silaj kalitesinin arttig1, yeterli bir silaj
olarak ensile edilebilecegi belirlenmistir.

Anahtar Kelimeler: Moringa, mustr, silaj, karigim, kalite

Silage Quality Characteristics in Mixtures of Moringa oleifera and Moringa stenopetala
with Maize (Zea mays L.) at Different Ratios

Abstract

In this study, the aim was to determine some silage characteristics by mixing two different Moringa species
(Moringa oleifera and Moringa stenopetala) with maize (Zea mays L.) in different ratios. In the study, the Moringa
species were mixed with maize in the ratios of 100-0%, 75-25%, 50-50%, 25-75%, and 0-100% and ensiled with
4 replications. At the end of the ensilling period (60 days), the silages were opened, and their physical
characteristics (color, smell, structure, and DLG score), dry matter content (%), ADF (%), NDF (%) and pH.
According to the results of the study, it was observed that the silages obtained by ensiling Moringa oleifera and
Moringa stenopetala, either alone or in different ratios with maize, were sufficient in terms of some silage physical
characteristics, silage quality, and nutritional value. When the Moringa species were examined, it was determined
that the silage quality of 100% Moringa and 25% Moringa + 75% Maize mixtures increased and could be ensile
as a sufficient silage.

Keywords: Moringa, maize, silage, mixture, quality
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1. Giris

Moringa bitkisi (Moringa oleifera L.) soz
konusu yeni yem kaynaklarindan biridir. Bu
agac bitkisi hem tropikal hem de subtropikal
iklimlerde yetismekte olup Giliney Amerika,
Asya ve Afrika'nin farkli iklim bolgelerinde
yayginlik gostermistir. Bitkinin = 6zellikle
kurakliga dayanikli olmasi, her cesit toprakta
yetisebilmesi ve polifenolik  bilesiklerce
zengin yapisi nedeniyle Tiirkiye'nin Akdeniz
iklim kusagindaki bolgelerinde yetistiriciligi
son yillarda yayginlasmaya baslamis ve Izmir
Bornova deneme tarlalarinda yetistiriciligi
yapilmaya baglanmis ve farkli deneme
faktorleri ile ilgili galigmalar yapilarak timitvar
sonuclar elde edilmistir. Ancak Tiirkiye’de,
diinyanin bir¢ok iilkesinde yaygin olarak
bitkinin 6zellikle hayvancilikta yem olarak
kullanilmasina iligkin yem degerini belirleyen
sinirlt ¢alismalar bulunmakta olup Ozellikle
Moringa bitkisinin silolanabilirligini
belirleyen smirli calismaya rastlanilmistir.
Moringaceae familyasi, gida, kozmetik yag, su
aritma ve ¢iftlik hayvanlar i¢in yem olarak
kullanilan dikotiledon tropikal ve subtropikal
cicekli agaglardir (Berushka ve Himansu,
2012). Agacin ¢esitli pargalari, bir¢ok
terapotik kullanimi, farmakolojik aktiviteleri
ve aktif tibbi bilesenleri igerir. Moringaceae
familyasinda yaklasik 33 tiir vardir, ancak
sadece on ¢ tiir bu 33 tiirden eski diinya
tropiklerindendir (Mabberley, 1987).
Moringaceae familyasinin on ¢ tiri
dikotiledon tropikal ve subtropikal ¢igekli
agaclardir.

Moringa agaglarinin boyu 5-15 metre
arasindadir ve ¢ogunlukla tropikal ve
subtropikal ~ alanlarda  yaprak = dokme
goriilmemektedir. Kullanimi1 ve yapisi antik
caglardan sonra bilinmektedir (Fuglie, 1999).
Moringa tiirlerinin, tohumlari, yapraklari,
boyu, bakla sekli ve boyutu, igerdigi bilesikler
ve kullanom sekilleri bakimindan farklilik

gostermektedir (Habtemariam, 2019).
Moringa oleifera, yogun yag iceren kiigiik
tohumlara sahip ve Ozellikle Asya'da

kozmetikte yaygin olarak kullanilir (Mahmood
ve ark., 2010). Moringa stenopetala, Moringa
oleifera'dan farkli olarak 6nemli 6l¢iide daha

biiyiik tohumlara sahiptir ve cogunlukla Afrika
kitasinda su aritma i¢in kullanilir (Boukandoul
ve ark., 2018). Etiyopya'da geleneksel bir tiir
olan Moringa stenopetala ile ilgili Moringa

oleifera'nin aksine bilimsel olarak
arastirmalarin daha sinirlt oldugu
bilinmektedir.

Moringa oleifera yapraginin kuru madde
bazinda ham protein igerigi %23.0 ile %30.3
arasinda, toplam ham lif igerigi %5.9 kadar
diistiktiir, ham kil igerigi %12.0'ye kadar
cikabilir ve yaklasik %7.09 lipid icerir (Wu ve
ark., 2013). Moringa oleifera yapragi,
hayvanlarin biiylimesi ve gelisimi i¢in gerekli
olan ¢inko, kalsiyum, demir, potasyum, fosfor
ve diger mineral elementlerden zengindir
(Teixeira ve ark., 2014). Ayrica, Moringa
oleifera bes temel amino asit igerir (Saint
Sauveur ve Broin, 2010). Ozellikle, Moringa
oleifera yapraginda yag asitlerinin yarisindan
fazlasi (%57) doymamis yag asitleridir ve bu
yag asitlerinin en yiiksek igerigi a-linolenik
asittir (Moyo ve ark., 2011). Moringa oleifera
yapraklari, protein ve mineral metabolizmasini
etkileyen  tanenler,  fenoller, nitratlar,
oksalatlar, saponinler ve fitatlar igerir (Makkar
ve Becker, 1997; Moreki ve Gabanakgosi,
2014). Ayrica, monogastriklerde siskinlik
olusturan rafinoz ve stakioz gibi sekerler de
bulunur (Makkar ve Becker, 1997). Silaj
yapiminda yemdeki ham protein oranin
yiikseltmenin farkli yontemleri bulunmaktadir.
Bunlardan biri bugdaygil ve baklagil yem
bitkileri ayni tarlada birlikte yetistirerek silaj
yapmak, digeri de bu bitkileri farkl tarlalarda
yetistirip silaj yapimi esnasinda silo yerinde
birbirleriyle karistirmaktir (Durul, 2016; Giire,
2016). Asaolu ve ark. (2015), Moringa
(Moringa oleifera), Guinea otu (Panicum
maximum) ve bugday kepegini farkli oranlarda
karistirdiklar1  ¢alismada (%100 Moringa
oleifera, %50 Moringa oleifera + %50 bugday
kepegi, %50 Moringa oleifera + %50 Panicum
maximum, %50 Moringa oleifera + %40
Panicum maximum + %10 bugday kepegi,
%50 Moringa oleifera + %30 Panicum
maximum + %20 bugday kepegi, %50
Moringa oleifera + %20 Panicum maximum +
%30 bugday kepegi, %50 Moringa oleifera +
%20 Panicum maximum+ %30 bugday
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kepegi) silolanmistir. Fermantasyondan sonra
acilan silajlarda en yiiksek pH degeri (6.40) ile
%100 Moringa oleifera’da elde edilmistir.
Karisimlarda Panicum maximum orani arttik¢a
pH degerinde diisiis gdzlenmistir. Arastiricilar,
yikksek protein oranina sahip Moringa
oleifera’nin %50 Moringa oleifera + %10-30
Panicum maximum ve %?20-40 bugday
kepeginden olusan silaj karigimlarinin biiyiik
potansiyel gosterdigi ortaya ¢ikmuistir.

Calismada Moringa oleifera ve Moringa
stenopetala nin  musir ile farkli oranlarda
karisim silajlarinin fiziksel ve bazi yem kalite
degerlerinin belirlenmesi amaglanmistir.

2. Materyal ve Yontem

Arastirma, Ege  Universitesi  Ziraat
Fakiiltesi Tarla Bitkileri Boliimii deneme alani
ve Tarla Bitkileri Bolimi Cayir Mera ve Yem
Bitkileri Bilim Dali1 Laboratuvarlarinda 2023-
2024 yetistirme doneminde
gerceklestirilmistir. Calismada,  bitkisel
materyal olarak Moringa oleifera L. PKM1
cesidi ve Moringa stenopetala ile bolgede
yetistiricilii yaygin olarak yapilan Misir
bitkisi ~ materyal olarak  kullanilmistir.
Denemede Moringa oleifera ve Moringa
stenopetala  bitkilerinin  tohumu  Ege
Universitesi Ziraat Fakiiltesi Bornova deneme
alanina 7 Haziran 2023 tarihinde ekilmistir.
Deneme  alanmin  toprak  ozelliklerini
belirlemek amaciyla, agilan profilin (Kacar,
1986) 0-20 cm ile 20-40 cm derinliklerinden
alinan toprak o6rnekleri incelenmistir. Tarla 20-
25 santimetre derinliginde pullukla siirtilmiis
ve freze c¢ekilerek ekime hazir hale
getirilmigtir. Yapilan ¢imlendirme testlerinin
sonuglarma gore denemede kullanilacak
tohum miktar1 belirlenerek 40 cm sira arasi
Moringa oleifera ve Moringa stenopetala
markdr ile agilan siralara sicaklik ve toprak
kosullarinin uygun oldugu 7 Haziran 2023
tarihinde ekim islemi elle yapilmistir. Ekimden
hemen sonra tohumlarin {istii toprakla
kapatilmis ve sulama islemi yapilmistir.

Ekimle birlikte her parsele esit olmak tizere
Triple Siiper Fosfat (%43 P,0s) giibresinden
dekara saf olarak 5 kg hesap -edilerek
uygulanmistir (Kugvuran ve Tansi, 2005).
Moringa oleifera ve Moringa stenopetala
bitkileri yaklasik 1.5 metreye ulastiginda
bitkiler topraktan 10 cm yiikseklikten bag
makas1 kullanilarak el ile hasat yapilmistir.
Tarlada ekimi yapilmis olan Misir ise Silaj
hamur olum déneminde tiim deneme materyali
bitkileri 14 Eylil 2023 tarihinde hasat
edilmislerdir. Misir, Moringa oleifera ve
Moringa stenopetala silaj karisimlarinin
hazirlanmasinda bitkiler hasat edildikten sonra
laboratuvar tipi silaj par¢alama makinesinde
1.5-2.0 cm boyutlarinda pargalama islemi
yaptlmigtir. Tim bitkiler %100, %75:25,
%350:50 ve %25:75 oranlarinda karistirilarak
silolanmigtir. Her bir silaj icin belirlenen
oranlarda tartilan taze materyaller genis bir
plastik kaba konularak elle homojen bir sekilde
karistirtlip  ardindan 0.1 mPa  vakum
seviyesinde ve 50 sn vakum emis siiresinde 1
kg’lik polietilen plastik torbalara silolalama
yapilmistir. Silajlar 60 giin boyunca karanlik
ve 24 °C’lik ortamda tutulmustur. Silajlarin
fiziksel baz1 yem kalite analizlerine 60. giinde
acilan silajlarda 6rneklemelere baglanilmistir.

2.1. Silaj fiziksel 6zellikleri

Silaj ornekleri 25x25 cm boyutlarinda 6-7
cm derinliginde kaplara konularak 11 hakem
tarafindan silaj renk, koku, striiktiir ve DLG
degerlendirilmistir. Agilan silajlardan alinan
25 gram silaj 6rneginin lizerine 200 ml saf su
ilave edilip, 10 dakika g¢alkalanmis ve daha
sonra filtre kagitlardan siiziiliip cam bardaklara
alinip stiziikteki stvinin pHs1 pH-metre yardimi
ile Ol¢tilmistiir (Anonim, 1993). Kuru madde
oran1 (%):silaj1 yapilan Moringa ve musir yalin
ve karigimlaria ait 6rneklerinin 105 °C'de 24
saat siireyle etiivde kurutulmasi ile oranlanarak
kuru madde oran1 hesaplanmistir (Bulgurlu ve
Ergiil, 1978). Notral Deterjan Lif (NDF) Orani
(%) ve Asit Deterjan Lif (ADF) Orani (%)
Van Soest ve ark., (1991)’ gore bulunmustur.
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Tablo 1. Silaj karisim oranlari
Table 1. Silage mixing ratios

Silaj ornekleri

Karisim oranlar

1

%100 Moringa oleifera

%100 Moringa stenopetala

%100 Misir

%75 Moringa oleifera + %25 Misir

%50 Moringa oleifera + %50 Misir

%25 Moringa oleifera + %75 Misir

%75 Moringa stenopetala + %25 Misir

%50 Moringa stenopetala+ %50 Misir

O (N~ W|IN

%25 Moringa stenopetala + %75 Misir

2.2. Verilerin istatistiki degerlendirilmesi

Denemeden elde edilen sonuclar TARIST
istatistik degerlendirme programi kullanilarak
Tesadiif parselleri deneme desenine gore
analiz edilmis, ortalamalar Tukey c¢oklu

karsilastirma  testi ile  karsilastirilmistir
(Acikgoz ve ark., 2004).

3. Bulgular ve Tartisma
3.1. Silajlarin fiziksel 6zellikleri
3.1.1. Renk, koku, striiktiir ve DLG puam

Moringa tiirlerine farkli oranlarda ilave
edilen Misirin silajin fiziksel 6zelliklerine
etkisine ait degerler Tablo 2’de verilmistir.
Nitelik sinifit derecelendirmesine gore silajin
renk, koku ve striiktiir puan degerleri ve DLG
puani smiflandirilmast  yapilmistir (DLG,
1987).

Tablo 2. Moringa tiirlerine farkli oranlarda ilave edilen misirin silaj fiziksel 6zelliklerine etkisi

Table 2. Effect of corn added to Moringa species at different rates on silage physical properties

Silaj Karisim Renk Koku Striiktiir DLG puam __ Kalite Simifi
%100 Mo 1.5 14.0 4.0 195 Pekiyi
%100 Misir 2.0 14.0 4.0 20 Pekiyi
%75 Mo+%25 Misir 2.0 14.0 4.0 20 Pekiyi
%350 Mo+%50 Misir 2.0 14.0 4.0 20 Pekiyi
%25 Mo+%75 Misir 2.0 14.0 4.0 20 Pekiyi
Ortalama 2.0 14.0 4.0 20 Pekiyi
%100 Ms 15 14.0 4.0 195 Pekiyi
%100 Misir 2.0 14.0 4.0 20 Pekiyi
%75 Ms+%25 Misir 2.0 14.0 4.0 20 Pekiyi
%50 Ms+%50 Misir 2.0 14.0 4.0 20 Pekiyi
%25 Ms+%75 Misir 2.0 14.0 4.0 20 Pekiyi
Ortalama 2.0 14.0 4.0 20 Pekiyi

Mo: Moringa oleifera, Ms: Moringa stenopetala

Saf Moringa oleifera ve Moringa  striiktiir degerlerinin ise 4.0 tam puan aldiklari

stenopetala  tiirlerinin ~ silajlarinda  renk  bulunmustur.

degerlerinin 1.5 puan, misir ve farkli oranlarda
misir karigimlariin silajlarinin renk agisindan
2.0 tam puana ulastiklar1 belirlenmistir. Koku
degerlerinin en yiiksek deger 14.0 puana,

Moringa oleifera ve Moringa stenopetala
tiirlerinin yalin ve Misir ile farkli oranlarda
karisgimlarindan elde edilen silaj ornekleri
DLG puanmi agisindan degerlendirildiginde;
%100 Mo ve %100 Ms 19.5 puan ve diger tim
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gruplarda toplam 20.0 puan aldiklar
belirlenmis ve “Pekiyi” simifinda
degerlendirilmistir. Yalin silajlarin karigimlara

kiyasla kalite acisindan diisiik bir avantaj
sagladigini gostermektedir.

Tablo 3. Farkli oranlarda Moringa oleifera, Moringa stenopetala ve misir’dan elde edilen silajlarin kuru

madde orani, ADF, NDF ve pH degerleri

Table 3. Dry matter ratio, ADF, NDF and pH of silages obtained from different proportions of Moringa

oleifera, Moringa stenopetala and corn

Kuru madde oram

Silaj Grubu (%) ADF (%) NDF (%) pH

100 Mo 28.45b 39.80c 55.60d 4.25a
100 Misir 30.28a 30.56e 58.00c 3.96b
75 Mo+25 Misir 27.73b 39.03d 55.23¢ 4.22a
50 Mo+50 Misir 26.30c 41.24b 60.57b 3.92b
25 Mo+75 Misir 25.62c 42.00a 64.70a 3.99b
Ortalama 27.68 38.73 58.82 4.07
LSD (% 1) 0.783** 0.525** 0.569** 0.101**
100 Ms 27.95bc 40.22b 56.00d 4.30a
100 Misir 30.28a 30.56d 58.00c 3.96b
75 Ms+25 Misir 28.53b 38.96¢ 58.30c 4.22a
50 Ms+50 Misir 27.57c 41.43a 60.51b 3.93b
25 Ms+75 Misir 26.59d 41.34a 65.96a 3.86b
Ortalama 28.18 38.50 59.75 4.05
LSD (% 1) 0.701** 0.740** 0.891** 0.195**

Mo: Moringa oleifera, Ms: Moringa stenopetala

Farkli oranlarda Moringa ve misirdan elde
edilen silajlarin kuru madde oranlar1 arasindaki
farklarin istatistiki olarak 6nemli (P<0.01)
oldugu belirlenmistir (Tablo 3). En yiiksek
kuru madde orant kontrol (%100) misir
silajinda (%30.28), en diisiik kuru madde orani
%25 Moringa oleifera + %75 Misir (%25.62)
silajlarinda  belirlenmistir. Heuze ve ark.
(2017) kuru madde orani arttikga ham protein
ve sindirilebilirlik  oranlarmin  diistiigiini
bildirmistir. Ileri ve ark. (2022) da diisiik
karbonhidrat kosullarinda silaj
fermantasyonunun geciktigini ve kalitenin
distiigiinii  belirtmistir. ~ Panyasak  ve
Tumwasorn (2013), kaliteli silajin %25 ile
%40 arasinda kuru madde igermesi gerektigini
belirtmistir. Silajin %40'tan fazla kuru madde
icermesi, yiiksek selilloz ve hemiseliiloz
icermesi nedeniyle yeminin lezzetini azaltir.
Asaolu ve ark. (2015)’un ¢alismasinda %100
Moringa oleifera silajinin kuru madde oranini
%31.89 olarak bildirmislerdir. Odeyinka ve
ark. (2021) %27.82 kuru madde orani, Wang
ve ark. (2018) %24.8, Wang ve ark. (2019)

%23.3 ve He ve ark. (2020) %100 Moringa
oleifera silajinin kuru madde oranini %25.2
olarak belirlemislerdir. Yiiriitilen ¢alismada
da silaj kuru madde oranlarinin arastiricilarin
belirtmis  oldugu  araliklarda  oldugu
bulunmustur. Farkli oranlarda Moringa
oleifera ve misirdan elde edilen silajlarin ADF
icerikleri arasindaki farklarin istatistiki olarak
onemli (P<0.01) oldugu tespit edilmistir
(Tablo 3). En yiiksek ADF orani %25 Moringa
oleifera + %75 Misir silajinda (%42.00) en
diisik ADF orami ise %100 misir silajinda
(%30.56) belirlenmistir. Genel olarak farkli
oranlarda Moringa oleifera ve Moringa
stenopetala’nin karisimlara ilave edilmesi ile
artan oranlara paralel olarak elde edilen
silajlarda ~ ADF  degerlerinde  diisiisler
gozlenmistir. Farkli  oranlarda Moringa
stenopetala ve misirdan elde edilen silajlarin
ADF igerikleri arasindaki farklarin istatistiki
olarak énemli (P<0.01) oldugu goriilmektedir.
En yiksek ADF oran1 %50 Moringa
stenopetala + 50 Misir ve %25 Moringa
stenopetala + %75 Misir igeren silajlarda
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(%41.43 ve %41.34), en diisik ADF orani ise
%100 Misir silajinda (%30.56) belirlenmistir.
Bu farkliliklarin farkli ekolojik kosullar ve
farkli  silaj  uygulama  tekniklerinden
kaynaklanabilecegi diisiiniilmektedir (Asaolu
ve ark., 2015; Sanchez ve ark., 2016; Zeng ve
ark., 2018; Wang ve ark., 2018-2019;
Odeyinka ve ark., 2021). Farkli oranlarda
Moringa oleifera ve misirdan elde edilen
silajlarin NDF igerikleri arasindaki farklarin
istatistiki olarak Onemli (P<0.01) oldugu
bulunmustur (Tablo 3). En yiiksek NDF orani
%25 Moringa oleifera + %75 Misir igeren
silajlarda (%64.70) en diisiik NDF orani ise
%100 Moringa oleifera ve %75 Moringa
oleifera + %25 Misir (%55.60 ve %55.23)
iceren  silajlarda  belirlenmistir.  Farkli
oranlarda Moringa stenopetala ve misirdan
elde edilen silajlarin NDF igerikleri arasindaki
farklarin istatistiki olarak o6nemli (P<0.01)
oldugu goriilmektedir (Tablo 3). En yiiksek
NDF oran1 %25 Moringa stenopetala + %75
Maisir silajinda (%65.96), en diisiik NDF orani
ise %100 Moringa stenopetala silajinda
(%56.00) belirlenmistir. Yem bitkilerinde
bulunan lignin ve seliilloz, nétr deterjan lif
(NDF) olarak bilinir. NDF, kaba yem kalitesini
etkileyen onemli bir bilesendir. Rasyonda
NDF oraninin diisiikliik seviyesinin de belirli
bir oranda olmasi gerekir. Hayvan yemi olarak
kullanilacak olan rasyonlarda, seliiloz, lignin
ve hemiseliilozdan olusan NDF degeri en az
%20-35 olmalidir. Bu igerigin yaklasik %70-
75’1 kaba materyalden olusur. Denemede genel
olarak farkli oranlarda Moringa oleifera ve
Moringa stenopetala’nin silaj karigimlarinda
oranlarinin  artmas1 ile silajlarda  NDF
degerlerinde diisiisler gozlenmistir. Kuru
madde oran1 diisiik materyalin silajlara
katilmas1 ile NDF oraninin  diismesi
beklenmektedir. Nitekim yiiriitiillen ¢alismada
da ilave edilen tiirler ve oranlarina bagli olarak
NDF orani artmistir. Yapilan ¢alismalarda da
NDF oranlart %50-60 arasinda degistigi
belirtilmistir (Sanchez ve ark., 2016; Zeng ve
ark.,, 2018; Wang ve ark., 2018-2019;
Odeyinka ve ark., 2021). Farkli oranlarda
Moringa oleifera ve misir karisimlarindan elde
edilen silajlarin pH’lar1 arasindaki farklar
istatistiki olarak o6nemli (P<0.01) oldugu

(Tablo 3) tespit edilmistir. En yiiksek pH %100
Moringa oleifera ile %75 Moringa oleifera +
%25 Mistr silajlarinda (4.25 ve 4.22) en diistik
pH ise %100 Misir, %50 Moringa oleifera +
%50 Misir ve %75 Moringa oleifera + %25
Misir (3.96, 3.99 ve 3.92) silajlarinda
belirlenmistir.  Farkli  oranlarda Moringa
stenopetala ve misirdan elde edilen silajlarin
pH’lar1 arasindaki farklar istatistiki olarak
onemli (P<0.01) oldugu goriilmektedir. Benzer
pH Olglimleri Moringa stenopetala ile Misir
silajlarinda belirlenmistir. Silajin pH degeri,
fermantasyon  kalitesini  ve  yemlerin
bozulmadan saklanabilmesini gosteren 6nemli
bir kriterdir. Silajin pH degeri, bitkinin ekim
zamant ve hasat donemine bagli olarak
degisebilir (Iptas ve Avcioglu, 1997). Kung
and Shaver (2001), ideal bir silaj i¢in gerekli
olan pH'y1 4.3 ile 4.7 olarak bildirmislerdir.
Geren (2001), Silva ve ark. (2015), Heuze ve
ark. (2017), Gori ve Seydosoglu (2021) ve
fleri ve ark. (2022), %25-35 kuru madde
oranina sahip silajlik misirlar i¢in benzer pH
degerleri elde edilebilecegini bildirmislerdir.

4. Sonuclar

Moringa oleifera ve Moringa
stenopetala’nin yalin ve musir ile farkl
oranlarda silolanmas1 sonucu elde edilen
silajlarin bazi silaj fiziksel ozelleri ile silaj
kalitesi ve beslenme degeri agisindan yeterli
oldugu tespit edilmistir. Arastirmada ele alinan
Moringa tiirleri incelendiginde %100 Moringa
ve %25 Moringa +%75 Misir karigimlarinin
silaj kalitesinin arttig1, yeterli bir silaj olarak
ensile edilebilecegi belirlenmistir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yaymna hazir son
halini gordiiklerini/okuduklarin ve
onayladiklarini beyan ederler.

Cikar Catismasi1 Beyani

Tilim yazarlar, bu ¢alisma i¢in herhangi bir
cikar ¢atismasi olmadigini beyan etmektedir.

Aciklama

Bu, calisma ilk yazarin yiiksek lisans
tezinden tiretilmistir.
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Abstract

Hydroxymethylfurfural (HMF) is recognized as an undesirable component in honey and is usually formed as a
result of heat treatment or prolonged storage of honey. HMF is formed as a result of chemical processes such as
the Maillard reaction. Low levels of HMF are often associated with the freshness of honey. To prevent the
formation of HMF in honey, it is thought that the application of the encapsulation process can increase the stability
of this component and reduce its direct interaction. This method can help to extend the shelf life of honey and
preserve its nutritional value. The protection provided by encapsulation may improve the overall quality of honey
by reducing HMF formation depending on factors such as temperature and storage time. The aim of this study was
to demonstrate that undesirable HMF formation can be prevented by encapsulating honey, which is rich in
nutrients, with a biocompatible material. Accordingly, unencapsulated honey and encapsulated honey were kept in
an oven at 80 °C for 2 hours and HMF formation was analyzed. In addition, the HMF content of unexposed honey,
exposed honey and encapsulated honey samples were analyzed by high performance liquid chromatography
(HPLC). As a result of the analysis, it was observed that the highest to the lowest amount of HMF was observed
in honey exposed to temperature, encapsulated honey and honey samples not exposed to temperature, respectively.
The calculated HMF amounts were 17.21 mg L', 14.80 mg L' and 14.70 mg L, respectively. Furthermore, these
results were supported by thermal gravimetric analysis (TGA) and Fourier transform infrared spectroscopy (FTIR).
In conclusion, this study showed that the encapsulation method was effective in reducing HMF formation. The
findings suggest that encapsulation can increase the stability of honey and therefore may be an effective method
to extend its shelf life.

Keywords: Honey, hydroxymethylfurfural, encapsulation

63


http://dx.doi.org/10.5281/zenodo.15087581
mailto:elifsineaksoy@duzce.edu.tr
https://orcid.org/0000-0003-1177-0978
https://orcid.org/0000-0002-2569-776X
https://orcid.org/0000-0002-0834-6183

Diivenci et al.

1.Introduction
1.1 Hydroxymethylfurfural (HMF)

Hydroxymethylfurfural (HMF) is
recognized as an undesirable component in
food products, especially honey and milk.
HMF is formed as a result of thermal
degradation of monosaccharides and the
Maillard reaction, usually during excessive
heat treatment or prolonged storage of honey
(Yurt, 2020; Jaya et al., 2016). It raises
significant concerns for food safety by
increasing the negative effects of HMF on food
quality. High concentrations of HMF can
negatively affect the nutritional value and
sensory properties of food products (Urgu et
al., 2017).

Scientific studies, especially on the toxic
effects of HMF, reveal the negative effects of
this compound on human health (Fang et al.,
2018; Qu et al., 2022). High levels of HMF in
honey increase health risks and its harmful
effects become more pronounced, especially in
case of excessive consumption. HMF can
promote the formation of reactive oxygen
species (ROS), leading to cellular damage and
potentially carcinogenic effects (Saikia et al.,
2021; Alamillo et al.,, 2012). In addition,
metabolism of HMF in the body can result in
the formation of various toxic compounds,
posing additional health risks (Ozdemir, 2023).

The potential adverse effects of HMF on
human health may be more pronounced,
particularly among vulnerable groups such as
children and the elderly, who are more
susceptible to the effects of toxic compounds
(Akkemik et al., 2024). It is imperative to
maintain HMF concentrations below the
permissible limits to ensure public health and
safety. In this regard, the Turkish Food Codex
has stipulated maximum permissible levels of
HMF in honey, with the understanding that
exceeding these limits can pose significant
health risks (Giindiiz et al., 2023).The effects
of HMF on food safety extend beyond mere
toxicity, also impacting the quality parameters
of honey.Storage conditions of honey have
been identified as a critical factor in HMF
formation. Increased HMF levels have been

observed in honey stored at -elevated
temperatures or for extended periods (Torun &
Bekar, 2024; Bilici, 2025). Consequently, it is
imperative for both producers and consumers
to prioritize proper storage conditions to
mitigate HMF formation.

1.2 Encapsulation

Encapsulation is defined as the process of
enveloping bioactive components within a
protective matrix or coating. This technique
has gained significant popularity in the food,
pharmaceutical, and cosmetic industries due to
its ability to enhance the stability of bioactive
ingredients, facilitate controlled release, and
mask undesirable tastes or odors (Okutan &
Boran, 2023; Celikozli, 2023). In the food
industry, it is regarded as a pivotal strategy for
preserving and enhancing the effectiveness of
vitamins, minerals, flavors, and other
nutritional components (Gilindogdu et al.,
2021).

In the food industry, encapsulation has been
shown to extend shelf life by protecting
bioactive components against environmental
factors such as oxidation, temperature changes,
and light (Okutan and Boran, 2023). For
instance, the encapsulation of fish oil with
emulsion systems enables the oil to retain its
nutritional value without undergoing oxidation
(Okutan and Boran, 2023). This method has
been shown to enhance the bioavailability of
bioactive = components by facilitating
controlled release within the digestive tract,
making it a valuable technique for the
development of nutritional supplements and
drug formulations (Celikozlii, 2023). The
encapsulation of bioactive components in
honey 1is a significant technology that plays a
crucial role in maintaining the stability and
enhancing the bioavailability of these
components. This method protects the
vitamins, minerals, flavors, and other bioactive
components present in honey from
environmental factors such as oxidation, heat,
and light. Furthermore, the encapsulation
process enhances the functional properties of
honey by prolonging the shelf life of these
components (Okutan and Boran, 2023).
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2. Material and Methods
2.1 Experiment design

The objective of the present study was to
investigate the effect of heat-induced 5-
hydroxymethylfurfural (HMF) compound on
HMF formation when added to honey by
encapsulation method. To this end, honey was
exposed to different temperature conditions,
and the effect of encapsulation on HMF levels
in this process was determined.In the
experimental analysis phase, honey samples
were prepared at different temperatures and
times. In this process, traditional unprocessed
honey samples will be compared with honey
samples subjected to heat treatment under
certain temperature and time conditions.In
addition, honey samples under a protective
coating by encapsulation method will be
exposed to the same thermal conditions, and
the changes in HMF formation will be
observed.

Among the analytical methods employed,
high performance liquid chromatography
(HPLC) will be utilized to quantitatively
determine the amount of HMF in the
samples. HPLC analysis will allow for the
determination of the HMF level in honey with
high sensitivity and will allow for the
comparison of the amount of HMF formed in
relation to the heat exposure time of the

Table 1. Treatments applied to the samples

samples.In addition, the thermal stability and
degradation behavior of the samples will be
investigated by thermal gravimetric analysis
(TGA). TGA will provide comprehensive
information on how the encapsulation
treatment affects the thermal stability by
determining the mass loss trend of honey
against temperature.In addition, Fourier
Transform Infrared Spectroscopy (FTIR) will
be used to analyze the changes in the chemical
structure  of  encapsulated and non-
encapsulated samples. The utilization of FTIR
analysis is expected to furnish a substantial
dataset, thereby facilitating a comprehensive
understanding of the impact of the
encapsulation process on the functional groups
of honey and enabling the identification of
chemical alterations potentially associated
with HMF formation.

2.2 Encapsulation process

Controlled dripping technique was used to
obtain hydrogel beads through encapsulation
process. 2% w v’ sodium alginate and ~80%
w v'! honey solution were homogeneously
mixed and dripped at a constant (I ml min™)
flow rate into a 0.2 M salt solution bath from a
height of 8 cm using a syringe pump. At room
temperature, the salt solution was continuously
stirred at 300 rpm to obtain capsules of equal
size. The capsules were allowed to mature for
30 min before washing in distilled water (Lee
et al., 2013).

Description of experimental studies

BL-80

It was kept in an oven at 80 °C for 2 hours

Enkp Honey was encapsulated and placed in an oven at
80 °C for 2 hours
BL-1 No treatment was applied to the honey
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s ‘E' _ :
Figure 1. View of the encapsules after heating

‘,“(."

2.3 HPLC Method

Each sample was extracted with distilled
water at a 1:5 ratio.The samples were filtered
through a 0.45 pm membrane filter and
injected into a Shimadzu LC-20A model
HPLC-UV system.In the HPLC analysis, a
mixture of ultrapure water and methanol
(90:10) was used as the mobile phase. The
stationary phase column utilized was a Svea
Gold C18 (250 x 4.6 mm) column with a

UV(x100,000)

particle size of 5 um. The flow rate was set to
1.0 ml/min, and the injection volume was 20
uL of sample or standard solution.The
measurements were performed at a wavelength
of 285 nm (J. Jeuring and F. Kuppers, 1980).

3. Results and Discussions

At 5 different points, a calibration graph
was drawn with the HMF standard and the
samples were read.

075

0.50

0.25+

0.00 =——

05 10 15 20 25 30 35 40

45 50 55 6.0 6.5 70 75 80 85 min

Figure 2. Chromatograms of BL-1 (black), BL-80 (pink) and ENKP (blue) samples.

Table 2. Amoont of HMF
Data obtained from the device
BL-1 14.70 mg L*!
Enkp 14.80 mg L*!
BL-80 17.21 mg L*!

66



Diivenci et al.

The TGA (Shimadzu-DTG 60H) method
was configured at a heating rate of 20 °C/min,
with a temperature range of 1000 °C, and the
alterations of the samples obtained with
temperature were examined.BL-1 (Normal
Honey): In comparison to the other samples,
mass loss commenced at low temperatures (in
the range of approximately 40-100°C), and

water loss and the decomposition of volatile
components were observed. In contrast, BL-80
(80 °C Treated Honey) exhibited early mass
loss, suggesting potential water loss at 80
°C.ENKP (Encapsulated Honey) demonstrated
a protective effect, with encapsulation
resulting in reduced mass loss compared to the
other samples.

o Thermal Analysis Result

100.00—
90.00
80. 00:
70.00
60.00-
50.00
40, 00—‘
30.00
20.00-

10.00

-0.00-
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[Clmin ] [¢] [ min ]
20.00 1000.0 0
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500 600 700 800 900 1000
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Figure 3. Multiple display of TGA data

FTIR (Shimadzu IRPrestige21) analysis
was performed in the range of 4500-550 cm-!
with a scan rate of 20 and a resolution of 0.4

using the Happ-Genzel method and compared
for structural differences between the samples.

100wy
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Figure 4. FTIR spectrum of BL-80
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Figure 5. FTIR spectrum of BL-1
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Figure 6. FTIR spectrum of enkp

Small changes were observed in the FTIR
spectra, although not very pronounced. These
changes occurred especially in BL-80, that is,
in  honey directly exposed to heat.
Encapsulated honey and unexposed honey
gave largely similar peaks. C-H Stress Region
(~2900 cm-'): In BL-80, this peak shifted to a
lower wave number than the other two
samples. Carbonyl and C=C Stress Region
(~1600-1650 cm™): ENKP: 1645.28 cm’,
1633.71 cm™; BL': 1645.28 cm™, 1633.71 cm’
1. BL-80: 1656.64 cm™, 1632.21 cm™’'; the
carbonyl peaks are slightly shifted in BL-80.
Heating may have caused rearrangement or
fragmentation of the carbonyl groups. In the
other two samples, the peaks are located in
exactly the same places. C-O, C-O-C and C-H
Bending Regions (1000-1500 cm™): In BL-80,

a new peak was formed especially at 1251.86
cm, while the 1143-1145 cm™ region was
different. This can be interpreted as heat-
induced fragmentation or rearrangement of the
carbohydrate structure. The findings of this
study show very positive and promising results
when compared with some important studies in
the literature. For example, a study by Oniir et
al. (2018) showed that HMF formation can be
reduced by using high hydrostatic pressure
(HHP) and ultrasonic treatment (US) instead of
conventional heat treatment. In this study, it
was found that the amount of HMF increased
significantly in honey heated at 60 °C, but
HHP and US treatments provided lower HMF
levels (Oniir et al., 2018). In our study,
encapsulation showed a similar effect in
suppressing HMF formation. Therefore, it can
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be said that encapsulation is a worthy option
among the alternative methods used to
maintain quality in honey. In addition, in a
study conducted by Uniibol Aypak et al.
(2019), it was found that the HMF levels of
honey taken directly from hives were
significantly lower than market honey. While
HMF levels measured in market honeys were
56.70 mg kg™!, this value was found to be 26.94
mg kg in honey from hives (Uniibol et al.,
2019). This finding indicates that honey can
accumulate significant levels of HMF under
inappropriate ~ storage and  processing
conditions. The lower level of HMF in honey
encapsulated in our study suggests that this
method may also have positive effects in long-
term storage conditions. In a study conducted
by Zappala et al. (2005), the amount of HMF
in honey was measured using different analysis
methods and it was reported that exposure to
high temperatures increased HMF levels. In
this respect, the encapsulation method used in
our study seems to help honey become more
resistant to heat treatment (Zappala et al.,
2005).

4. Conclusion

Thanks to the encapsulation process of
honey, HMF formation was prevented when
exposed to heat. This method can be applied to
other foods that cause HMF formation. In
addition, the encapsulation materials used are
biocompatible, so there is no harm in
consumption as food. This makes the method
attractive for preventing heat-induced harmful
substances. This study has made an important
contribution to the field of food science by
investigating in detail the effects of
encapsulation method on the formation of
hydroxymethylfurfural (HMF), an undesirable
component in honey. As a result of the
experimental analyses, it was shown that HMF
formation can be prevented or significantly
reduced when honey is exposed to heat through
the encapsulation process. This indicates that
the encapsulation method can be used as an
effective preservative method not only in
honey but also in other foods prone to HMF
formation. As a result of the HPLC analyses,
the lowest HMF levels were detected in

unencapsulated and non-heat-exposed honey
samples, while the amount of HMF was
significantly increased in honey exposed to
heat but not encapsulated. In contrast, the HMF
level in the encapsulated and heat-exposed
honey was lower than in the sample directly
exposed to heat. These findings suggest that
encapsulation is an effective technology to
prevent  heat-induced  degradation by
maintaining the chemical stability of honey.
TGA and FTIR analyses also supported the
protective effect of encapsulation and revealed
that heat-induced chemical changes occurred
less in encapsulated honey samples. This
proves that encapsulation method can extend
the shelf life and preserve the nutritional value
of honey by increasing both physical and
chemical stability. The results of this study
showed that the encapsulation method can be
used to maintain the quality of honey and other
foods. Further studies should be conducted to
investigate whether the encapsulation method
is effective in reducing HMF formation in
other heat-treated foods besides honey. It is
important to raise consumer awareness of the
dangers of undesirable food components such
as HMF. Educational and promotional
activities should be carried out to explain the
benefits of innovative methods such as
encapsulation. Apart from the biocompatible
encapsulation material used in this study,
similar tests should be conducted using
different encapsulation agents and techniques
and alternative methods that may provide more
effective protection should be investigated.
This study demonstrated that encapsulation
can play an important role in preserving the
quality and nutritional value of honey and
provided valuable data that can guide similar
studies in the future. In this context, we would
like to emphasize that our study has created a
great added value in the field of food science.
As our research team, we hope that this study
will lead to the development of new
approaches in the industry.
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Abstract

This article presents the synthesis, characterization and electrochemical polymerization conditions of 4, 5-
dithiophene imidazole (Th2-Im) co-monomer with donor-acceptor character carrying thiophene and imidazole
monomer synthesized using Still Cross Coupling reaction. The obtained synthesis product (Th2-Im) was
characterized by FT-IR, XPS and SEM images. In the synthesis structure, the presence of S atom belonging to the
Th ring was observed in the 175 eV region, and the presence of N atom belonging to the Im ring was observed in
the 411 eV region. In addition, B atom, which would indicate the presence of dopant anion, was observed in the
202 eV region. It was determined by SEM images that Poly (Th2-Im) had a more distinct and regular geometric
texture than Poly (Th) morphologically. It was determined that Th2-1m was oxidized at 0.6 V from electrochemical
polymerization. From monomer free CV, it was determined that Poly (Th2-1m) showed 3 oxidation peaks as 0.25V,
0.75V and 1.2V and 3 reduction peaks as 0.7V, 0.4V and 0.1 V. It was determined that the synthesis polymer
obtained from these data could be polymerized more easily than Th and Im and the donor-acceptor character could
be clearly observed in CV graphs.

Keywords: Thiophene, imidazole, electron donor-acceptor, electropolymerization
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1. Introduction

Conductive polymers are known as
synthetic metals (MacDiarmid et al. 2001). It
IS a research area that attracts a lot of attention
from researchers. Conductive polymers are
important because they have practical and
effective use in applications such as
electrochromic devices (Invernale et al., 2010),
photovoltaics (Baran et al., 2010), light
emitting diodes (Beaupr'e et al., 2010) and
super capacitors (Mahimai et al., 2024).
Monomers such as pyrole (Py) (Zhou et al.,
2002), thiophene (Th) (Zhang et al., 2022),
carbazole (Cz) (Dmitrieva et al., 2022), aniline
(An) (Pournaghi-Azar et al.,, 2007) are
frequently used monomers to obtain
conductive polymers due to their superior
properties. Th from these monomers is
preferred for various areas of use due to its
good conductivity properties, but it has a high
oxidation potential. For this reason, the
solution used during electropolymerization
must be resistant to high oxidation. In order to
overcome such negativities, Th is combined
with other monomers or groups that will
provide a donor-acceptor relationship, thus
reducing the high oxidation potential.
Imidazole monomer is a monomer used as an
electron donor. In our previous study (Dolas et
al., 2016), Th3-Im monomer was synthesized
with Imidazole (Im) as donor and Th monomer
as the acceptor. Thus, electropolymerization of
Th monomer was achieved under easier
conditions. Polymerization of this monomer on
different substrates and comparison of
impedance data were performed. However,
electrochemical examination of another
synthesis product, Th2-Im co- monomer, and
comparison with Th and Im were not
performed in detail. For this reason, in this
study, 2 Th ring-bound imidazole monomer
(Th2-Im) was synthesized by Still Cross
Coupling reaction and isolated by column
chromatography using 4:1 petroleum ether:
ethyl acetate solvent mixture and its
electrochemical properties were investigated
and compared with Th and Im.
Electropolymerization was carried out in
ACN-BFEE electrolyte (5 ml) using 0.01 M
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monomer in the potential range of 0-1.8 V with
a scanning speed of 100 mV/s.
Electropolymerization of the co-monomer
synthesized under the same conditions was
compared with the electropolymerization of Th
monomer and Im monomer.

2. Material and Methods

Th, Im, Acetonitrile (ACN) (E Chromasolv
for HPLC for far UV) were purchasd from
Sigma-Aldrich. Boron trifluoride
diethyletherate (BFEE) were purchased from
FLUKA. 4,5-dithiophene imidazole (Thz-Im)
co-monomer was synthesized as described in
our previous study. Briefly; Thiophene and
Imidazole rings were first prepared to be
combined as described below. First, imidazole
was brominated (2, 3, 4-tribromoimidazole) by
Bahnous method (Bahnous et al. 2006). Then,
brominated Im and Th were combined by Still
Cross Coupling reaction with dry THF in the
presence of Pd catalyst. As shown in Scheme
1, one of the obtained products, Tho-Im was
isolated by column chromatography and dried.

2.1. Instruments

Electrochemical ~ polymerization  was
performed with a Princeton Applied Research
Potentiostat model 2263
Potentiostat/Galvanostat interfaced to a PC
computer and controlled PowerSuit software
package in one-compartment cell by a three-
electrode setup. Pt wires was used as counter
and working electrodes, Ag wire was used as
reference  electrode. Fourier  Transform
Infrared-Attenuated Total Reflectance (FTIR-
ATR) spectrometer (Perkin-Elmer, Spectrum
One, having a universal ATR attachment with
a diamond and ZnSe crystal C70951). A
Perkin-Elmer spectrum software was used to
carry out the FTIR-ATR measurements
between 650 and 4000 cm-1. UV-Visible data
were obtained by using Perkin-Elmer Lambda
35 UV-Visible Spectrophotometer device.
QUANTA 400F Field Emission SEM was
performed to view the polymer surface images
and PHI 5000 VersaProbe was used to
obtained the X-ray photoelectron spectroscopy
(XPS) data.
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3. Result and Discussion characterization of structural bonds, XPS

graph (Figure 1b) for the characterization of
atomic content, and SEM image (Figure 1c) for
the image of the obtained polymers. FT-IR
peaks were collected in Table 1.

The characterization of the obtained
product (Thz-Im) is given comparatively in
Figure 1. Accordingly, FT-IR spectrum
(Figure 1la) was obtained for the

a) —— Poly(Th) 8000 4
071 —— Poly(Th,-Im) ®  c1s Ols
— Im 7000
06
6000
8
054 £
3 i 5000
S »
204 & 4000 4
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Figure 1. ) T F—IR spectrum of PIyTh), Im and Poly(Th2-Im); b) XPS graph of Th2-Im; SEM images
of ¢) Poly(Th) and d) Poly(Th2-Im)
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As seen in the FT-IR spectrum, quite
multiple sharp peaks were observed in the
region (700-900 cm™) expressing aromatic
ring CH bending I for Poly (Th) and Im, while
broad peaks were observed in the same region
in the Poly (Th2-Im) sample. In addition, C-S
stretching peaks specific to the Th ring were

Dolas

observed at 1170 cm™ for Poly (Th), while they
shifted to 1175 cm™ for Poly (Th2-Im). For
Poly (Th2-Im), C=C stretching peaks were
observed at 1450 cm™, conjugation at 1650 cm-
1 aromatic =CH at 2900 cm, and hydrogen
bond stretching peaks belonging to NH were
observed at 3300 cm™™,

Table 1. The assignments peaks of the Im, Poly (Th) and Poly (Th2-Im)

Observed peak, cm™

Im Poly (Th) Poly (Thz-Im) Peak Assignments

400-750 400-750 730 Aromatic ring -CH
bending (Socretis, 1980)

1170 1175 -CS stretching (Tanaka et

al. 1986)

1100 1065 1060 Dopant anion (Dolas et al.
2016)

1318 1418 1450 Symmetric ring -C=C
stretching (Furukawa et
al. 1987)

1650, 1500 1500 1650 Conjugation

2750 - 2900 Aromatic ring =CH
stretching (S6nmez and
Sarac, 2002)

3100-2450 3250 3300 -NH stretching

(Furukawa et al. 1987)

When the XPS graph was examined, the
presence of the S atom belonging to the Thring
in the synthesis structure was observed in the
175 eV region, and the presence of the N atom
belonging to the Im ring was observed in the
411 eV region. In addition, the B atom, which
would indicate the presence of a small amount
of dopant anion, was observed in the 202 eV
region. In addition, the different texture of the
SEM image of the obtained Poly(Th2-Im)
from Poly(Th) was considered as evidence of a
new co-monomer. It was observed that

Poly(Th2-Im) had a more distinct and regular
geometric texture morphologically.

3.1. Electrochemical Polymerization:

To compare co-monomer Th2-Im with Th
and Im monomer, each monomer and co-
monomer were electrochemically polymerized
using 100 mV s scan rate in the potential
range of 0-1.8 V. The applied conditions were:
the amount of substance used was 0.01 M;
BFEE:ACN (1:5 by volume) as electrolyte and
4 cycles. The obtained polymer growth (cyclic
voltammetry-CV) graphs are given in Figure 2.
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Figure 2. The CV of a) Poly (Th), b) Poly(Im), ¢) The LSV graph of Th2-Im, d) The CV graph of Poly(Th2-Im).
(concentration: 0.01M; electrolyte: BFEE:ACN (1:5 as volume) Potential Range: 0-1.8V; scan rate: 100 mV s,
cycle number: 4.)

In order to perform the
electropolymerization of Th and Im
monomers, the potential range was selected
high. In this range, Th was oxidized at 1.5 V,
while Im was oxidized at 1.7 V. Th2-Im was
determined to be oxidized at 0.6 V in this range
by taking linear sweep voltammetry (LSV)

(Figure 2 c) at different scanning speeds.

Accordingly, it was polymerized very well on
the electrode surface. In order to see the
oxidation of the obtained polymers, the current
changes at different scanning speeds in a
monomer-free environment were examined.
The data obtained in this investigation are
given in Figure 3.
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Figure 3. Monomer free graphs of a) Poly (Th), b) Poly(Im) and ¢) Poly(Th2-Im). (1:5 BFEE: ACN electrolyte;
0-1.5V potential range; Pt electrode)

When the obtained graphs were examined,
it was seen that the polymer deposited on the
electrode surface in the applied conditions of
Poly (Th) (Figure 3a) was oxidized at 0.9 V,
while Poly (Im) was oxidized at approximately
1.75 V. When the monomer-free environment
graphs were examined at the same scanning
speeds for Poly (Th2-Im), 3 oxidation peaks
were clearly observed as 0.25 V, 0.75 V and
1.2 V and 3 reduction peaks as 0.7 V, 0.4 V and
0.1 V. It was determined from these data that
the synthesis polymer obtained could be

polymerized more easily compared to Th and
Im and that the donor-acceptor character could
be clearly observed in the CV graphs. When
the Th2-Im Comonomer transitioned into the
polymer state, it was observed that the polymer
state formed around the electrode and
remained in the form of oligomer in the
solution was dark green. The polymer state
was also characterized by the visible region
spectrum. The UV spectrum is given in Figure
4,
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The UV spectrum of the solution prepared
from the co-monomer obtained at the end of
the synthesis gave a peak in the range of 260-
300 nm; when the solution containing this co-
monomer was electropolymerized, both the
polymer accumulated around the electrode and
the oligomer structure formed in the solution
as long chains appeared dark green. It was
thought that this situation was proven by the
broad peak that poly(Th2-Im) gave at 600 nm,
unlike the co-monomer state. The broad peak
in this region could not be observed in Th2-Im.

4. Conclusion

In this study, by wusing Im and Th
monomers,  which are difficult to
electropolymerize, electron donor-acceptor co-
monomer carrying two Th rings (Th2-Im) was
obtained by Still Cross Coupling reaction. It
was aimed to perform electropolymerization of
Th and Im at lower potential and determine
electron exchanges. FT-IR, XPS and SEM
images of the obtained synthesis product were
obtained and the difference between Imand Th
was revealed. Accordingly, C-S stretching
peaks specific to Th ring were observed at

1170 cm for Poly(Th) while it shifted to 1175
cm for Poly(Th2-Im). C=C stretching peaks
were observed at 1450 cm™ for Poly(Th2-Im),
conjugation at 1650 cm™, aromatic =CH at
2900 cm™, hydrogen bond stretching peaks
belonging to- NH at 3300 cm™. In the synthesis
structure, the presence of the S atom belonging
to the Th ring was observed in the 175 eV
region, and the presence of the N atom
belonging to the Im ring was observed in the
411 eV region. In addition, the B atom, which
indicates the presence of a small amount of
dopant anion, was observed in the 202 eV
region. It was determined by SEM images that
Poly(Th2-Im) had a more distinct and regular
geometric texture than Poly(Th). It was
determined that Th2-Im was oxidized at 0.6 V
from electrochemical polymerization. From
monomer free CV, it was determined that
Poly(Th2-Im) showed 3 oxidation peaks as
0.25V,0.75V and 1.2 V and 3 reduction peaks
as 0.7V, 0.4 Vand 0.1 V. It was determined
from these data that the synthesis polymer
obtained could be polymerized more easily
compared to Th and Im and that the donor-
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acceptor character could be clearly observed in
the CV graphs.
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Ozet

Bu calismada farklt Wavelet Doniisiimii yontemleri kullanilmistir. Wavelet Dontistimii katsayilart kullanilarak
edilen 6znitelikler ile yapay sinir aglari ve konvoliisyonel sinir aglar1 kullanilarak EEG sinyallerinde duygu tanima
yapilmistir. Dort kisiden alinan ti¢ farkli duyguya ait EEG sinyallerine ait dataseti kullanilmistir. Stresli, notr ve
rahat duygular1 siniflama amaciyla kullanilmistir. Stirekli wavelet doniistimii (CWT), 1D ve 2D i¢in ayrik wavelet
doniisimii (DWT) ve senkronize sikistirilmis wavelet doniisimii (SSWT) ile elde edilen sonuglar karsilagtirilarak
EEG sinyallerinde duygu tanima islemi igin uygun wavelet doniisimii belirlenmeye calisilmigtir. Senkronize
sikistirilmis wavelet dontisiimiiniin (SSWT) en yiiksek dogruluk, kesinlik, duyarlilik, 6zgiillik ve F1-skoru ile
duygu siniflandirmasi i¢in en etkili algoritma oldugu goriilmistiir.

Anahtar Kelimeler: Elektroensefalografi, makine 6grenmesi, duygu tanima, konvoliisyonel sinir ag1

Emotion Recognition in EEG Signals with Wavelet Transform and CNN

Abstract

In this study, different Wavelet Transform methods were used. Emotion recognition was performed on EEG
signals using artificial neural networks and convolutional neural networks with the features obtained by using
Wavelet Transform coefficients. A dataset of EEG signals belonging to three different emotions taken from four
people was used. It was used to classify stressful, neutral and relaxed emotions. By comparing the results obtained
with Continuous Wavelet Transform (CWT), Discrete Wavelet Transform (DWT) for 1D and 2D and
Synchrosqueezed Wavelet Transform (SSWT), an appropriate wavelet transform was tried to be determined for
emotion recognition on EEG signals. It was found that Synchrosqueezed Wavelet Transform (SSWT) was the
most effective algorithm for emotion classification with the highest accuracy, precision, sensitivity, specificity and
F1-score.

Keywords: Electroencephalography, machine learning, emotion recognition, convolutional neural network
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Kalaje ve Demir

1. Giris

Duygular, giinliik yagantimizda karar verme
stireglerini, davraniglari ve sosyal etkilesimleri
etkileyerek Onemli bir rol oynamaktadir.
Ancak, duygulart 6lgmek i¢in kullanilan
geleneksel yontemler, kendi kendini raporlama
ve davranigsal gozlem, genellikle verimli
degildir ve baz1 smirlamalara ve Onyargilara
sahiptir. Bu nedenle, duygularin daha objektif
ve giivenilir bir sekilde tanimasi amaciyla
fizyolojik sinyallerden yararlanilmaktadir.
Fizyolojik sinyaller duygularin daha objektif
ve dogrudan Olgiilmesine olanak tanir. Bu
amacla elektroensefalogram (EEG) gibi beyin
aktiviteleri incelenmektedir. EEG sinyalleri,
beynin elektriksel aktivitelerini = Olgerek
duygusal durumlarin noérolojik temellerini
ortaya koyar. Bu sinyaller, delta, teta, alfa, beta
ve gama olmak tlizere bes farkli frekans
bandina ayrilmaktadir. Her bir frekans bandi,
farkli  duygusal ve biligsel durumlarla
iligkilendirilir.  Ayrica, EEG, depresyon,
anksiyete, sizofreni, uykusuzluk ve travma
sonrast stres bozuklugu (PTSD) gibi duygusal
bozukluklarin teshis ve tedavisinde 6nemli bir
rol oynamaktadir. Mehmet Akif Ozdemir ve
Murside Degirmenci, Elif 1zci ve Aydin Akan
tarafindan yapilan ¢alismada (Ozdemir ve ark.,
2021), EEG sinyalleri kullanarak duygusal
durumlan (arousal ve valence modeli) tahmin
etmek icin bir yontem gelistirmis. FFT, PSD,
CNN ve LSTM teknikleriyle elde edilen
sonuglar, valence icin %94.07 (egitim) ve
%90.62 (dogrulama), arousal icin ise %92.02
(egitim) ve %86.13 (dogrulama) dogruluk
oranlarina ulagsmistir. Sumya Akter, Rumman
Ahmed Prodhan, Tanmoy Sarkar Pias, David
Eisenberg ve Jorge Fresneda Fernandez
tarafindan yapilan ¢alismada (Aker ve ark.,
2022), DEAP EEG veri seti kullanilarak 1D
Evrisimli Sinir Ag1 (CNN) modeliyle duygusal
durum tahmini (valence ve arousal) igin
yiiksek dogruluk oranlari elde edilmistir. EEG
sinyalleri, FFT ile frekans diizlemine
doniistiiriilmeden 6nce 0.5-40 Hz bant geciren
filtre ile temizlenmistir. Iki farkli CNN modeli

(hafif ve agir) kullanilarak, 14 EEG kanali
iizerinde yapilan analizde, hafif modelden
%99.22 ve agir modeli %99.89 dogruluk
oranina ulagsmistir. Aravind ve ark. (2017)
tarafindan yapilan ¢alismada (Vijayan ve ark.,
2015), EEG sinyallerinin analizi i¢in wavelet
doniigimii kullanilmistir. Ozellikle,
Daubechies ana waveleti, ortogonalite ve
diizlestirme  Ozellikleri nedeniyle tercih
edilmistir. Arastirmacilar, Shannon entropisini
temel Ozellik olarak kullanarak bir duygu
tanima stratejisi gelistirmis ve bu stratejiyi Cok
Olgekli Destek Vektor Makinesi (SVM) ile
birlestirmistir. Bu yontem, heyecan, mutluluk,
liziinti ve nefret gibi dort temel duygunun
smiflandirilmasinda ~ %94.097  dogruluk
oranina ulagmigtir. Saranya K, Sudharson D,
Gokila N M, Lakshmipriya S R ve Suriyavathi
K A K tarafindan yapilan ¢alismada (Saranya
ve ark., 2023), EEG sinyallerindeki anlamli
aktiviteyi aywmak i¢in ayrik wavelet
doniisimii (DWT) ve artefakt temizleme
teknikleri kullanilmistir. EEG sinyali 5 frekans
bandina ayristirilarak, duygu tanima igin ANN,
SVM, RNN, KNN, RF ve DNN gibi alt1 farkl
makine 6grenimi algoritmasi test edilmistir. En
yiiksek dogruluk %73.8 ile ANN tarafindan
elde edilirken, diger algoritmalar %63.33
(SVM), %71 (RNN), %58.54 (KNN), %60.23
(RF) ve %70.83 (DNN) dogruluk oranlarina
ulagmistir. Bu sonuglar, ANN'nin duygu
tamima gorevinde diger yontemlere kiyasla
daha etkili oldugunu gostermektedir.

2. Materyal ve Yontem
2.1. Dataset

Bu calismada Ishan Agrawal tarafindan
yayimlanan EEG veri setini kullanilmistir
(Anonymous, 2024). Bu veri seti dort kisinden
Olclilmiis olup, normal, stresli ve rahath tig¢
duygu setini icerir. Sinyaller, TP9, TP10, AF7
ve AF8 olarak kafa derisine dort elektrot
yerlestirilerek elde edilmistir. Bu veri setindeki
sinyaller i¢in bir saniyede 256 0Ol¢iim
yaptlmistir. Sekil 1 birinci kiginin stres
modunda EEG sinyali gdsterilmistir.
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Sekil 1. EEG sinyali

2.2. Filtreleme

EEG sinyallerinin dogru sekilde islenmesi,
goz hareketleri, kas artefaktlari, kardiyak
etkiler ve cilt yiizeyi kosullar1 gibi giiriiltii
kaynaklart nedeniyle zorlu bir siiregtir. Bu
giiriiltiiler, sinyal kalitesini diisiirerek analiz
stirecini etkisiz hale getirebilir. Bu ¢alismada
bant geciren filtresi 30 Hz ile 63 Hz araliginda
ve 256 Hz oOrnekleme frekansi igin
uygulanmistir. Bant geciren filtreler, farkli
beyin durumlart ve biligsel siireclerle
iliskilendirilen belirli frekans bantlarini izole
etmek ve analiz etmek igin Ozellikle
kullanighdir. Delta, theta, alfa, beta ve gama
frekanslar1 bantlarindan olusur. Bant geciren
filtrelerin uygulanmasiyla, EEG sinyallerinden

P(ab)(® = =v (%)

Wx(a,b) = (x(6), (@, b)(®)} = =[5, x@®. ab(t)dt

2.4. Ayrik wavelet doniisiimii

Ayrik wavelet doniislimii ayrik sinyaller
icin kullanilir. Algak, yiliksek geciren filtreleri
ve alt ornekleme kullanarak sinyal detay ve

DWT(m,n) = {x(t),y(m,n)} = ¥m-_w 2%.x(t).1/) (2™ x —n)

frekans Ozgiil bilgileri c¢ikarilabilir  ve
hedeflenen  frekans araliklarinda  ndral
osilasyonlarin dinamikleri incelenebilir (Bajaj,
2020).

2.3. Siirekli wavelet doniisiimii

Stirekli  wavelet  doniisimiic  (CWT),
sinyallerin zaman-frekans 6zelliklerini analiz
etmek icin kullanilan etkili bir yontemdir.
Duragan olmayan sinyallerin analizinde, hem
zaman hem de frekans diizleminde
lokalizasyon saglar. CWT, farkli 6l¢eklerde ve
Otelemelerle sinyalin detayli bir sekilde
incelenmesi saglar. Matematiksel olarak (2.1)
ve (2.2) denkleminde gosterir ve Sekil 1 EEG
sinyali CWT sonucu Sekil 2'de
gosterilmektedir (Lee ve Choi, 2019).

(2.1)

(2.2)

yaklagima ayrilmaktadir. Sekil 1 EEG sinyali
1D DWT ve 2D DWT Sekil 3 ve Sekil 4'te
sonuglar1 gosterilmektedir ve matematiksel
ifadesi denklem 2.3 de verilmektedir (Mallat,
1989).

(2.3)
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wavelet

Senkronize sikistirilmis wavelet doniistimii
(SSWT), geleneksel wavelet doniislimiiniin

sinirlamalarini  asarak, frekans bilesenlerini
zamanda daha kesin bir sekilde yerellestirmek
i¢cin yeniden tahsis tekniklerini ve anlik frekans
ox(a,b) kullanir. Bu 6zellik, duragan olmayan
sinyallerin EEG gibi analizinde biiyiikk bir
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avantaj saglar. SSWT, sinyalin zaman-frekans
diizlemindeki bilesenlerini daha yogun ve
keskin bir sekilde temsil eder. Matematiksel
olarak, SSWT (2.1)(2.2)(2.4) ve (2.5)

wx(a,b) = —j - (Wx(a, b))t —6W3(;;a,b)

T(w,b) = [,

Wx(a,b) - = 8(wx(a,b) — w)da

denklemlerde tanimlanir ve Sekil 1 EEG
sinyali ~ SSWT  sonucu  Sekil 5'de
gosterilmektedir (Daubechies ve ark., 2011).

(2.4)

(2.5)

o 50 100

CWT’yi Sekil 2 ile SSWT’yi Sekil 5 ile
karsilastirilinca, SSWT'nin ozellikleri
nedeniyle, SSWT sinyalinin CWT’den daha
net oldugu goriilmektedir.

2.6. Yapay sinir aglari

Yapay sinir aglar1 (ANN), insan beyninin
sinir aglarinin yapis1 ve isleyisinden esinlenen
hesaplamali modellerdir. Sekil 6'de gore giris
katmani, bir veya daha fazla gizli katman ve bir
¢ikis katmanindan olusur. Her néron, girisleri
alir, agirliklar ve onyargilar uygular ve bilgiyi
bir aktivasyon fonksiyonu aracilifiyla

150 200 250

Sekil 5. EEG sinyalin SSWT

isleyerek bir c¢ikis Tdretir. ANN, egitim
sirasinda  bu  agirliklart  ve  Onyargilan,
genellikle geri yayilim (backpropagation) gibi
algoritmalar kullanarak ayarlayarak oOgrenir.
Bu siire¢, tahmin edilen ve gergek c¢iktilar
arasindaki hatay1 en aza indirerek ANN'larin
kaliplar1 tanimasini, tahminler yapmasini ve
karmagik  problemleri ¢ozmesini saglar.
Ancak, egitim i¢in biiyiik miktarda veriye ve
onemli hesaplama kaynaklarma ihtiyag
duyulmasi gibi zorluklar1 da vardir (Fieres ve
ark., 2006).
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Sekil 6. Yapay sinir ag1 mimarisi

2.7. Konvoliisyonel sinir ag1

Konvoliisyonel  sinir  ag1  (CNN),
yapilandirilmis  grid verilerini  kullanarak
otomatik olarak 6grenen ve 6zellikleri ¢ikaran
derin O6grenme modelidir. CNN’ler, veriler
tizerinde kayan filtreler uygulayarak giris
verilerinden 6zellikleri algilamak ve 6grenmek
icin evrigimli katmanlar1 kullanir. Bu tiir sinir
aglari, goriintii isleme, sinyal isleme, duygu
algilama ve yiiz tanima gibi cesitli
uygulamalarda kullanilabilir. Mimari olarak

0=(N-F)+1

Sekil 7 gosterilmis gibi, konvoliisyonli
katmanlar, havuzlama katmanlari ve ¢ikis
ireten tam bagl katmandan olusur. CNN'nin
caligma prensibi birgok adim igerir, ilk adimda,
giris degerleri bir matris biciminde gosterilir.
Daha sonra giris matrisi I ve ¢ekirdek matrisi
K ¢arpilir ¢ikis matrisi elde edilir. Denklem
3.6'de giris matrisinin boyutu N olarak,
cekirdek matrisinin boyutu F ve ¢ikis matrisi
onun boyutu olarak tanimlanmistir (Albawi ve
ark., 2017; Ghosh ve ark.2020).

(2.6)

Girig Katman

ol

Akitivasyon Fonksiyonu

Konvolasyon Katmani+ Havuzlama Katman

Flatten
Katman

Tam Bagh
Katmani

Cikis Katmani

Oznitelik Cikarma

Simiflandima

Sekil 7. Konvoliisyonel sinir ag1 mimarisi

3. Bulgular ve Tartisma

Bilgisayar benzetim hesaplamalari igin
python ve pywavelet (Lee ve ark., 2019),
ssqueezepy (Anonim, 2020), keras (Anonim,
2015), matplotlib (Hunter, 2007), scipy
(Virtanen ve ark., 2020), panda (McKinney,
2010), scikit-learn (Pedregosa ve ark., 2011)
kullanilmistir. EEG sinyallerinden 6znitelikler

cikarildiktan sonra, duygu tanima i¢in bir CNN
modeli tasarlanmistir. Model, 128 (6rneklenen
veri boyutu) * EEG kanal sayis1 giris
vektoriiyle baslar ve iki gizli katmandan
olusur: ilk katman 128 no6ron, ikinci katman 64
noron igerir. Her katmanda (3x3) filtre boyutu,
ReLU aktivasyon fonksiyonu ve 2x2
maksimum havuzlama kullanilmistir. Model,
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32 noronlu tam baglantili katman ve softmax
aktivasyonlu 3 noéronlu c¢ikis katmani ile
sonlanir. Veri seti, %80 egitim ve %20 test

olarak  ayrilmistir. Model performansi,
karisiklik matrisi ve duyarlilik, 6zgilliik,
kesinlik, F1 skoru gibi  metriklerle

degerlendirilmistir. Farkli sinyal dontigiimleri

Tablo 1. Siniflandirma sonuglari

(CWT, DWT 1D, DWT 2D, SSWT)
kullanilarak  elde edilen  smiflandirma
sonuclar1 Tablo 1'de, karisiklik matrisleri ise
Sekil 8-11'te sunulmustur. Bu metrikler,
modelin duygu tanima performansini kapsamli
bir sekilde analiz etmeyi saglar.

Dogruluk Duvarlilik Kesinlik Ozgiilliik F1 skoru
CWT 98.4 97.69 98.82 97.51 97.53
DWT 1D 96.93 95.38 97.69 95.36 95.37
DWT 2D 97.06 95.87 97.77 95.62 95.71
SSWT 98.93 98.38 99.21 98.35 98.35

Stressed

Gergek Duygu
neutral

relaxed

'
stressed

Confusion Matrix

'
neutral
Tahmin Edilen Duygu

175

150

125

100

-75

-50

-25

relaxed

Sekil 8. CWT ve CNN karisiklik matrisi
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Gergek Duygu
neutral

Gergek Duygu

Sekil 10. DWT 2D ve CNN karisiklik matrisi

Yukaridaki sekil ve tabloya gore, Tablo 1,
rahatli, stresli ve normal siiflarim
(duygularmi) iceren 4 sinyal doniisiimiiniin
performansin1  gdstermektedir. Bu tablo,

Confusion Matrix

160

Stressed

140

120

100

- 80

- 60

- 40

relaxed

'
neutral
Tahmin Edilen Duygu

\
stressed

relaxed

Sekil 9. DWT 1D ve CNN karigiklik matrisi
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.
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Sekil 11. SSWT ve CNN karisiklik matrisi

karigiklik matrisiyle baglayan metrikleri ve
model dogrulugunu igermektedir. CNN, 2D
ozellikleri tanima yetenegi sayesinde duygu
tamima gorevinde verimli sonu¢ elde
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edilmektedir. Sekil 8-11, her bir sinyal
doniisimii  icin  karisgiklik  matrislerini
gostermektedir.

4. Sonuclar

Duygu tanima, EEG sinyallerinden wavelet
doniisiimii kullanilarak 6zelliklerin ¢ikarilmasi
ve bir CNN modeli ile smiflandirma
yapilmasiyla gergeklestirildi. Bu ¢alismada
CWT, 1D DWT, 2D DWT ve SSWT. Sonug
olarak, SSWT'nin en yiiksek dogruluk,
kesinlik, duyarlilik, 6zgiillik ve F1-skoru ile
duygu siniflandirmasi igin en etkili algoritma
oldugu goriilmektedir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yaymna hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarin1 beyan ederler.

Cikar Catismasi1 Beyani

Tiim yazarlar, bu ¢alisma i¢in herhangi bir
¢ikar catismasi olmadigini beyan etmektedir.
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Abstract

Anaerobic membrane bioreactors (anMBR) are increasingly used in wastewater treatment processes. These
reactors aim to increase treatment efficiency by combining membrane filtration with biological treatment. In this
context, many factors need to be taken into consideration in order to effectively maintain the biological processes
taking place in reactors. Water temperature is one of these factors and can significantly affect treatment
performance by directly affecting the metabolism of microorganisms. It is known that an increase in water
temperature improves the performance of bacteria used in the treatment process. In the current study, it was
observed that physical properties changing with temperature slightly reduced treatment performance and it was
concluded that the appropriate treatment temperature value is 35 °C, which is still valid in practice. This result
provides critical information for optimizing anMBR systems and opens the door to new research on how certain
temperature ranges can increase the effectiveness of treatment processes.

Keywords: anMBR, temperature, permeate, water treatment
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Giler and Arici

1. Introduction

Anaerobic membrane reactors (anMBR) are
increasingly becoming a preferred technology
in wastewater treatment processes. These
systems allow microorganisms to break down
organic matter without oxygen and produce
methane gas. Temperature plays a critical role
in anMBR processes; it can increase treatment
efficiency by directly affecting the activity of
microorganisms and biogas production.
Temperature changes can lead to unexpected
results by affecting the fluid properties and
heat transfer within the reactor. In addition, the
integration of membrane technologies
increases the effect of temperature
management on the performance of
membranes. In this context, this thesis aims to
investigate the effects of temperature
differences on mass transfer and treatment
efficiency in anMBR applications. The results
of the research will contribute to the
development of more sustainable and effective
water treatment methods. In wastewater
treatment technologies, anaerobic membrane
reactors (anMBR) have developed remarkably
in recent years. There are many studies
showing  that increasing  wastewater
temperature in these reactors positively affects
treatment performance. In particular, it has
been observed that increasing temperature
increases bacterial productivity and thus
improves membrane performance (Ding et al.,
2014; Ozgiin et al., 2015). The effects of
temperature difference on mass transfer stand
out as an important mechanism in terms of
membrane treatment efficiency (Qtaishat et al.,
2008; Glavatskiy et al., 2012). Some studies in
the literature examine the interaction between
temperature and mass and heat transfer in
detail. For example, Gryta et al. (1997) and
Charfi et al. (2010) analyzed the mechanisms
of temperature effects on membranes and
revealed the effects of heat transfer on mass
transfer. In this context, Phattaranawik et al.
(2003) and Alkhudhiri et al. (2012)
investigated the effects of temperature and
pressure difference on membrane processes
and emphasized the potential of high
temperatures to increase overall efficiency.

Another study examining the effects of
temperature on treatment performance was
conducted by Gao et al. (2014). This study
revealed that decreasing the temperature
during the treatment of domestic wastewater
with fluidized bed anMBR negatively affected
COD removal and methane production.
Another study conducted by Ozgiin et al.
(2015) evaluated the effects of temperature
change on membrane fouling and treatment
performance in UASB anMBR systems. As a
result, better understanding the effects of
temperature change on the membrane is an
important step to increase the efficiency of
anMBR systems. In this context, studies in the
existing literature focusing on the effects of
temperature on membrane performance in
anMBR systems are of great importance for
optimizing treatment processes and increasing
efficiency. Temperature stands out as an
important parameter to be taken into
consideration in anMBR processes and it is
concluded that further research is required on
this subject.

2. Anaerobic Membrane Reactors

Anaerobic treatment technology has a wide
range of applications in the effective treatment
of industrial wastewater. The main advantage
of this technology is the economic benefits it
provides in the treatment of wastewater
containing high organic pollution. When
compared to aerobic treatment processes,
anaerobic treatment processes are considered
to be more cost-effective. Especially in recent
years, anaerobic treatment methods have also
started to be used in domestic wastewater
treatment. Anaerobic membrane bioreactor
(anMBR) is formed by the integration of
existing anaerobic treatment technologies
(such as UASB, EGSB) with membrane
technology. In these systems, wastewater is
treated by means of reactors containing
anaerobic bacteria. The reactor structure can be
designed in different ways, such as upflow or
holding, depending on the characteristics of the
facility. Methane bacteria in the reactor
decompose pollutants called chemical oxygen
demand (COD) into chemical building blocks
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and convert them into methane gas, thus
providing wastewater treatment. In anaerobic
treatment processes, the decomposition of
organic substances occurs in two main stages.
During the first stage, hydrolysis and acid
fermentation, organic substances are converted
into organic acids, alcohols and carbon dioxide
by acid bacteria. In the second stage, the
metabolic products of acid bacteria are
converted into methane, carbon dioxide and
water by methanogens. The efficiency between
these stages depends on the appropriate time
for wastewater and methane bacteria to come
together and for the bacteria to complete their
growth  phase  (Anonymous, 2021a).
Membrane technology allows the wastewater
separated into building blocks from the
anaerobic treatment pool to be subjected to a
second treatment process. The membrane acts
as a transition barrier between anaerobic
bacteria and treated water. The transition
mechanism in membranes is carried out by the
osmotic pressure created due to the hydraulic
pressure or density difference depending on the
system used. Treated water is called “filtrate”
and can be used in secondary works such as
garden irrigation, fire extinguishing or
discharged directly to the receiving
environment, depending on the condition of
the facility. Thanks to the physical separation

separator

distribution system

influent

ability of the membranes, the retention of small
bacteria that have not yet completed their
growth phase within the system provides a
significant ~ advantage over traditional
treatment systems. In anaerobic membrane
applications, the drift of bacteria that have a
sandy structure and have not yet completed
their growth phase with the wastewater poses a
major problem, while these problems are
minimized with the use of membranes.

The advantages of using membranes after
anaerobic treatment can be summarized as
follows:

The COD values of the outlet water are
quite low. There is no bacteria in the outlet
water of the systems. Water that does not
contain bacteria and has low pollution values
increases the reusability of water. There is no
need for a biological treatment stage in anMBR
systems, which means less space is needed for
businesses. The absence of an airless stage
prevents the formation of waste sludge and
eliminates the need for a sedimentation tank. In
anaerobic treatment plants, more economical
and easy-to-manage facilities can be created by
replacing the airy stage, which is difficult to
operate and manage, with a membrane. The
solid model and working principle of such an
anaerobic reactor is given in Figure 1.

enfiluent

external circulation

Figure 1. Anaerobic membrane reactor (Anonymous, 2021b)
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3. Membrane Technologies and Integration

3.1. Membrane technologies

Membranes are permeable layers with fine
pores and are manufactured from various
materials. Membrane types used to obtain
clean water are classified as microporous
(MF), ultrafiltration (UF), nanofiltration (NF)

Waste water outlet —

Permeate water outlet

and reverse osmosis (RO). Ultrafiltration
membranes are the most commonly used in
wastewater treatment. The efficiency of
membranes is measured by two main
parameters, selectivity and continuity. There
are four main membrane types: flat plate,
hollow fiber, tubular and multi-hole
membranes. Figure 2 shows the internal
structure of the membrane.

Waste water inlet

Regulator

Figure 2. Structural representation of the membrane (Anonymous, 2021c)

3.2. Integration of membrane systems into
wastewater treatment plants

Anaerobic membrane reactors (anMBR)
perform  second-stage treatment using
ultrafiltration or microfiltration membranes
instead of aeration tanks. These systems
overcome the disadvantages of traditional
methods, provide high COD removal
efficiency and take up less space. anMBRs are
effective in treating wastes with low
biodegradability and provide energy savings.
The membrane filter fabric retains solids as
small as 0.2 microns and is cleaned by periodic
backwashing with purified water.

4. Traditional Waste
System

Water Treatment

Classical treatment systems perform pre-
treatment with coarse and fine screens to
prevent unwanted substances from entering the
facility. In facilities with large flow rates of
wastewater, pre-sedimentation tanks are used
to reduce the load on the anaerobic reactor.
Unwanted physical structures such as coarse
particles, foam and oil are cleaned in these
tanks. Water is brought to a neutral pH value

for suitable bacterial growth in the anaerobic
reactor; sodium hydroxide (caustic) is used for
this purpose. After the balancing tank, the
wastewater is fed to the anaerobic reactor with
centrifugal pumps. In this process, methane
bacteria break down the wastewater and
produce CO:, CHa4 and H-S gases. The amount
of methane shows the efficiency of the
treatment process and an average of 0.35 liters
of CHa is produced for 1 gram of COD
removal. The bacteria used in the anaerobic
reactor vary according to temperature and
climate conditions; the most common type is
mesophilic bacteria. The methane gas formed
is 5 times more polluting than CO: and can be
purified and used as fuel. However, since
purification is costly, some companies prefer to
burn methane gas and release it into the
atmosphere. The pH value can affect the
bacterial balance in the reactor; inappropriate
pH values can cause the bacteria to die. While
the operation of anaerobic membranes is easy
with the control of a few parameters, the
operation of the air stage is more difficult and
costly. Figure 3 shows traditional treatment
plant.
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Figure 3. Schematic view of a traditional treatment plant

4.1. Anaerobic reactor and methane
bacteria

Methane bacteria in anaerobic reactors
exhibit different characteristics depending on
operating temperatures and climate conditions.
While the temperature range in which they
operate most efficiently varies, the most
commonly used type is mesophilic bacteria,
and their efficiency increases up to 35 °C. The
pollutant nature of the produced methane gas
is 5 times higher than CO:, which means that
methane gas can be used as fuel after
undergoing the necessary purification
processes. Businesses that avoid high

investment costs can burn the formed methane

gas and release it into the atmosphere. Other
gases are directed to the air purification stage
and are expected to have a catalyst effect; in
facilities without air purification, purification
processes are required for the disposal of
gases. When the pH value of the water fed to
the reactor is acidic or basic, the bacterial
balance may be disrupted, which leads to a
decrease in purification quality and the death
of bacteria. Bacteria in the death stage can be
easily observed with water. While anaerobic
membranes are simpler to operate with control
of a few key parameters, controlling large
numbers of bacteria in aerobic stages is more
complex and costly.

Proses N

Performance

-

Temperature

Figure 4. Relationship between temperature and performance of anaerobic bacteria (Joseph, 2019)

4.2. Anaerobic membrane bioreactors
(anMBR)

Anaerobic membrane biorectifiers
(anMBR) include the pretreatment and

balancing processes in conventional treatment
systems. These processes are similar to
activated sludge systems. It is useful to have a
second fine screen in the system to ensure that
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anaerobic bacteria crawl on the membrane and
to remove large particles that may cause
damage.

There are two main approaches to the
application of membrane modules in
wastewater treatment plants:

Direct Immersion: Placing membrane
modules directly into the anaerobic reactor.

External Integration: Integrating the
membrane system with an external tank.

Both of these methods increase the
functionality of the membrane application in
the system. Figure 5 shows the place of the
membrane application in a conventional
treatment system.
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Figure 5. The position of membrane application in anaerobic treatment systems

5. Materials and Methods

An important problem in industrial
wastewater treatment is the amount of waste
sludge formed during the treatment process.
After anaerobic reactors, the required pollution
values can be achieved by using aerobic
reactors. However, anaerobic membrane
bioreactor  (anMBR)  applications  are
becoming increasingly widespread in order to
reduce sludge formation and increase reactor
efficiency. There are two basic membrane
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approaches in main wastewater treatment
systems:

Forward Osmosis: In this method, osmotic
pressure is created by the density difference
between wastewater and solution water, and
the contaminants are retained by the
membrane.

Reverse Osmosis: Here, the wastewater is
pressurized with a pump and passed over the
membrane, and the contaminants are again
retained. These applications are designed to

increase the treatment performance of
wastewater.
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Figure 6. Membran systems a) Forward osmosis b) Reverse osmosis
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5.1. Numerical studies

In this study, Forward Osmosis system in
wastewater treatment is modeled using
OpenFOAM open source code.

5.1.1. Membrane model in OpenFOAM in
forward osmosis application

OpenFOAM® program is an open source
toolkit used in solutions. This software, which
is aregistered trademark of OpenCFD Limited,
develops CFD packages and has expanded
significantly in the last decade. Schematic
representation  for  Forward  Osmosis
application is given in Figure 7. The function
of the membrane is to separate the desired
phase from the undesired phase. In this
context, the part of the water passing through
the membrane is called “feed” and the part
where the particles added with the starting
solution are located is called “draw”. If the
driving force is due to the pressure based on the
chemical potential difference, this system is
called FO (Forward Osmosis).

op _
Z+V.(pU) =0

dpU
ot
dpmy

—5c T V.(pUmy) V. [pDaVin,] = 0

Figure 7 shows the flux vectors in the
numerical solution region. The membrane
separates the feed and suction regions; where
Jw represents the clean water passing to the
suction side and Js represents the solution flux
forced to the feed side.

AP = 0 is assumed across the membrane, so
the transport equations are obtained. The flux
is calculated by balancing the convection-

+ V.(pUU) = V. [u(VU + VUT)] — Vp + pg

5.1.2. Modeling with forward osmosis
approach

The schematic representation in Figure 7
shows a membrane where the feed side is
separated by the suction. As the wastewater
flows from the feed side, the unwanted
fractions are retained by the membrane and
only Jw (relatively clean water) passes to the
suction side.

The analytical model is based on the
balancing of the chemical potentials of the feed
and suction at the membrane interface. In this
model, the transport equation for each
component includes the Fick diffusion
expression. The membrane allows water to
pass through and rejects the contaminants. A
schematic representation of this mechanism is
also provided. The transport and mass transfer
equations expressed by Gruber et al. are
defined in terms of the mass fraction of the
solvent mA (Gruber et al., 2011).

(1)
)
3)

diffusion terms due to zero pressure drop. The
membrane is assumed to have homogeneous
mechanical properties. The water flux is
calculated with the following equations (Koch,
2015)

Here Jw_is the clean water passing to the
suction side and Js is the blocked solution flux;
A and B coefficients are determined
experimentally.
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Figure 7. Representation of flux vector directions

Jw=A(m — TEm )nD
Js=—B(c1 — CEm )ND

In previous studies, density, viscosity, mass
diffusion coefficient and osmotic pressure
have been shown to depend on the solute mass
fraction (Gruber et al., 2011). The following
empirical equations were used to show the
dependence of these variables on the solute
mass fraction (Geraldes et al., 2001). The
assumptions are as follows:

The main force acting on the liquid is only
the gravitational force.

p =997.1+ (694)m,
i =0,89.10"3 + (1,45.1073)m,

D,p = max (1,61.107°(1 — 14my), 1,45.10~)

m = (805,1.10%)m,

5.1.3. Velocity boundary conditions

In the current model, the membrane is not
considered as a separate flow area. The
velocity and solute concentration boundary
conditions for the membrane surface are
solved using empirical equations. In the case of

1 B+ATgm

]W=Eln [B+|]W|+A7Tf’m]nd

Here,

A: Pure water permeability coefficient.

4
)

The pressure gradient across the membrane
is zero.

The amount of solution remains constant.

Density, viscosity and diffusion coefficient
vary depending on the solute mass fraction.

The following equations express these
variables:

(6)
(7
®)
)

OpenFOAM, the H and C files are compiled
into a user-defined library and then imported
into the OpenFOAM file system.

The water flux through the membrane is
modeled using the linear relationship between
solute concentration and osmotic pressure. The
water flux equation is given below:

(10)
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B: Solution permeability coefficient.

K: Membrane interface diffusion resistance coefficient.
T4 m: Osmotic pressure between the porous surface and the active layer of the membrane.
¢ m: Osmotic pressure across the feed side membrane.

ng : Unit normal vector at the porous boundary.

For these coefficients, the numerical values given in Gruber et al. 2011 were used.

A=1.10"12 [%
B =1.10"12 [%]

K =05 [“im]

5.1.4. Solution boundary conditions

If the water flux in the membrane is
expressed in this way, the solution flux for

Js=— [(:;A]]W

T

¢ =-

4

805. 102

Here ¢ represents the linear proportionality
between the osmotic pressure and the solution
concentration within the membrane structure.
In this case, mixed boundary conditions
(“Robin BC”) can be written for the solution
mass fraction (Lee et al., 1981).

Pm (_DAB mnn + mA,Tn_]W) =Js

aTLD

6. Finding and Discusion

In wastewater treatment processes, the
efficiency and performance of bacteria are
affected by many factors such as operating
temperatures. The temperature at which
mesophilic  bacteria, especially used in
anaerobic reactors, operate at their highest
efficiency is generally determined as 35 °C.
This temperature range is of critical
importance in terms of increasing bacterial
activity and increasing the efficiency of the

(11)
(12)
(13)

FOmembrane application can be written as a
function of the water flux. (Koch, 2015).

(14)
(15)

Also, to maintain mass balance, the
convective flux and diffusive solution flux
must be kept in balance. Therefore, it is more
convenient to use the following equation for
the solution boundary condition in the
membrane:

(16)

wastewater treatment process. This study aims
to examine the effects of temperature changes
on the overall efficiency of membranes and
treatment systems due to the changes in the
physical properties of water.

6.1. Effect of temperature on water flux

The operating temperatures of bacteria used
in anaerobic reactors vary according to their
species. The temperature at which mesophilic
bacteria, which are widely used in our country,
operate with the highest efficiency is 35 °C.
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According to the literature, each 1 °C increase
in temperature increases the treatment
performance of bacteria by 5%. The change in
temperature also affects the physical properties
of water. It has been shown that the pump
power required for wastewater treatment
increases inversely proportional to the
temperature difference between the inlet and
outlet of the reactor (Ugrozov and Kataeva
2004). In addition, it is stated that the heat
transfer caused by the temperature difference
positively affects mass transfer (Glavatskiy et
al., 2013). It has been shown that in permeable
pipe or plate flows, heat transfer and therefore
mass transfer increase with the increase in the
temperature difference between the two
surfaces of the membrane (Gryta et al., 1997;
Phattaranawik et al., 2003; Qtaishat et al.,
2008; Buia et al., 2010). Heating wastewater
increases the performance of bacteria and

reduces treatment costs (Ferrer et al., 2015). In

membrane  systems and membraneless
anaerobic  reactors, heating wastewater
increases membrane  performance and

treatment capacity. In systems where FO is
applied, it is clear that the feed and suction
sides will reach thermal equilibrium after a
certain period of time and the temperatures will
be equal as long as heat is not drawn from the
solution recovery tank. In this study,
temperature values of 10°C, 20°C, 30°C and
35°C were taken into account for both sides of
the membrane, respectively, and the energy
equation solution was carried out with the
physical properties of the water at these
temperatures. The physical properties at these
temperatures are given in Table 1. The thermal
boundary condition on the membrane was
evaluated as a zero temperature gradient in the
direction perpendicular to the axis.

Table 1. Physical properties of water at different temperatures

Physical properties Density (p) Dyngmic Kinematic Thermal d iffusion
Temperature (ke m™) viscocity(p) viscocity(o) coefficient (o)
(kg ms™) (m?sh (m?sh
10°C 999.65 0.0013076 0.0000013081 1.38.107
20°C 998.19 0.001005 0.0000010023 1.43.107
30°C 995.67 0.000797 8.005.1077 1.47.107
35°C 994.06 0.0007198 7.24.107 1.49.107

As a result of applying the boundary
condition on the membrane to the energy
equation, which is Equation (29), it was
observed that after a certain period of time, the
supply and suction sides reached thermal
equilibrium and the temperatures were
equalized. It was observed that the supply and

apT

5 T V(pUT) = V(paVT)

suction sides reached thermal equilibrium in
the steady state and the momentum equation
was solved by examining the effect of
temperature on the physical properties of
water. The effect of temperature on water flow
is given in Figure 8.

(17)
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Figure 8. Variation of water flux with temperature

Studies have shown that bacteria used in
anMBRs improve their treatment performance
with increasing temperature (Ozgiin et al.,
2005). In the literature, it is stated that a 1°C
increase in water temperature increases
bacterial treatment performance by 5%. The
numerical results in the current study show that
a 10°C temperature increase reduces water flux
by 0.15%. This situation reveals that the
positive effect of increasing temperature on the
performance of bacteria is more important than
the decrease in water flux resulting from the
effect of temperature on physical properties.
As aresult, it is evaluated that it is appropriate
to carry out the treatment process at 35°C as
recommended in the literature.

7. Conclusion

This study investigated the effects of
temperature on water flux in anaerobic
membrane bioreactors (anMBR). It is stated in
the literature that the optimum temperature for
bacterial activity is 35 °C and every 1 °C
increase increases the treatment efficiency by
5%. However, in the present study, it was
observed that the increase in temperature
caused a decrease in water flux by 0.15%.
However, it was concluded that the increase in
bacterial performance was more important
than the decrease in water flux due to changes
in physical properties. In this context, it is

suggested that the temperature should be
optimized to increase the treatment efficiency
in anMBRs.
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Abstract

New complexes of Cd(II) and Hg(II) incorporating N,N'-bis(2-hydroxyethyl)piperazine (bheppz) as a ligand, along
with saccharinate (sac), were synthesized. The characterization of these complexes, proposed to have the general
structure [M(sac)z(bheppz)|n (M = Cd(II) or Hg(II)), was conducted using elemental composition determination,
FT-IR spectral analysis, and thermal analysis techniques. The complexes were synthesized by reacting
[Cd(sac)2(H20)4]-2H20 and [Hg(sac):] with bheppz. Based on the IR spectra, it has been suggested that the sac
ligand coordinates through the N atom, which is its most common coordination mode. Additionally, the bheppz
ligand was proposed to act as a bridging ligand via its nitrogen and oxygen donor atoms, leading to the formation
of polymeric structures. The immediate precipitation of the complexes as powders during synthesis and their low
solubility in common solvents further support their polymeric nature. The IR spectra of the complexes exhibited
characteristic absorption bands corresponding to both bheppz and sac ligands. Thermal dissociation studies
revealed that the bheppz ligand was exothermically eliminated in the first step, while the sac ligand dissociated in
two exothermic steps at higher temperatures. The final decomposition products were identified as CdO for
[Cd(sac)2(bheppz)]n (1) and elemental mercury for [Hg(sac)2(bheppz)]n (2), with mercury volatilizing from the
system at elevated temperatures.

Keywords: Thermal analysis, N,N'-bis (2-hydroxyethyl) piperazine, saccharin complexes
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1. Introduction

Piperazine is a flexible heterocyclic
compound that holds significant importance in
metal complex formation, as it can stabilize
various  geometric  configurations. The
structural adaptability of piperazine allows it to
function as a monodentate or bidentate ligand
through its nitrogen atoms, and in certain
instances, it can serve as a linker connecting
two metal centers. Additionally, the
introduction of functional groups into the
piperazine ring can enhance its coordination
ability by providing additional donor atoms
(Ciccarese et al., 1998; Zhaoa et al., 2004;
Yilmaz et al., 2008a; Yilmaz et al., 2008Db).
This versatility has led to the widespread use
of piperazine-based complexes in catalyst
design, material science, and biomedical
applications. Recent studies have
demonstrated that piperazine and its
derivatives exhibit antimicrobial (Gharbi et al.,
2023; Adejoh et al., 2024), antibacterial (Kant
and Maji, 2023; 2024), antifungal (Nadaf et al.,
2020), anticancer (Pait et al., 2014; Nemati et
al., 2021; Ragab et al., 2022), and antineurotic

(Jaziri et al., 2023) properties, further
increasing interest in their coordination
chemistry.

Saccharin, an artificial sweetener

discovered in 1879 by Remsen and Fahlberg at
Johns Hopkins University, is widely used as a
sugar substitute due to its intense sweetness,
cost-effectiveness, and thermal stability
(Anderson and Deskins, 1995). Beyond its

NK\OH
.
(_oH

a

Giliney

applications in food and pharmaceuticals,
saccharin has attracted considerable interest in
metal complex formation because of its
versatile binding capabilities. The sodium salt
of saccharin (sodium saccharinate) has
excellent solubility in water, with a
concentration of 830 g L' at 20 °C, which
further increases its effectiveness in metal
complex formation. The sac anion can
coordinate to metal centers via its negatively
charged nitrogen atom and the oxygen atoms
in its carbonyl and sulfonyl groups, allowing
for a range of coordination modes (Baran and
Yilmaz, 2006).

Recent advancements in mixed-ligand
metal complexes have opened new
possibilities in chemistry and biochemistry,
particularly for systems that incorporate
saccharinate (sac) and N,N"-bis(2-
hydroxyethyl)piperazine (bheppz) as ligands.
These complexes exhibit unique biological
activity, catalytic potential, and thermal
stability, making them attractive for various
applications (Ulukaya et al., 2011; Ari et al.,
2013; 2014; Al-Jibori et al., 2014; Shehata et
al., 2016; I¢sel et al., 2024). The bheppz ligand
(Figure 1la) contains four donor atoms,
allowing it to form strong coordination bonds
with metal centers, while the saccharinate
anion (Figure 1b) contributes additional
stability and electronic effects to the resulting
complexes (Yilmaz et al., 2008c; Shehata et
al., 2016; Shehata et al., 2019).

O
-
ok
%
4
b

Figure 1. The molecular structures of bheppz (a), sac (b)
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This research investigates the preparation,
structural analysis, and thermal behavior of
polymeric Cd and Hg compounds that
incorporate sac and bheppz as ligands. The
main objective is to uncover the chemical and
physical characteristics of these new
coordination materials and assess their
possible applications in fields such as catalysis,
materials science, and biochemistry.

2. Materials and Methods
2.1. Materials and instruments

All chemicals used in this study were
sourced commercially and utilized without
further purification. The precursor complexes
[Cd(sac)2(H20)4]-2H-0 and [Hg(sac).] were
prepared according to methods described in the
literature (Biedermann et al., 1971; Kamenar
and Jovanovski, 1982; Haider et al., 1985).

Infrared (IR) spectra were recorded using a
Mattson 1000 FTIR spectrophotometer.
Samples were prepared as KBr pellets, and
spectra were obtained within a frequency range
of 4000-400 cm™. Elemental analysis for
carbon, hydrogen, and nitrogen was performed
with a LECO CHNS 932 Elemental Analyzer.
Thermogravimetric (TGA) and differential
thermal analysis (DTA) were carried out on a
Rigaku TG8110 thermal analyzer under static
air conditions, with sample sizes ranging from
5to 10 mg.

2.2. Synthesis

Complex 1: A solution of bheppz ligand
(0.348 g, 2.0 mmol) in 20 ml of methanol was

Table 1. The elemental analysis data of the compounds

Giliney

slowly added dropwise to a methanolic
solution (20 ml) of [Cd(sac):(H20)4]-2H-0
(1.0 mmol) while stirring continuously at room
temperature. The mixture was stirred for 1 hour
using a magnetic stirrer. After a few days, the
powdered complex was obtained. Yield: 90%.
Decomposition temperature: 246 °C. Complex
2: It was synthesized in the same way as
complex 1 wusing [Hg(sac):] instead of
[Cd(sac)2(H20)4].2H-0. Yield: 82%.
Decomposition temperature: 117 °C.

3. Findings and Discussion

In the [Ag(u-sac)(u-bheppz)]n complex,
which was synthesized and structurally
analyzed by Yilmaz et al. (2008c), each
silver(I) ion is connected by two sac ligands,
creating non-planar eight-membered metallo-
chelate rings. These dimeric units are
additionally linked by bheppz ligands, leading
to the formation of a polymeric chain. The
bheppz ligand has four donor sites, with each
end containing an N atom and an O atom,
behaving as a bidentate donor. The sac ligand
exhibits bridging coordination through the
nitrogen and sulfonyl oxygen atoms. In
complexes 1 and 2, the bheppz ligand is also
proposed to exhibit a similar bridging
coordination. = The proposed molecular
structure for complexes 1 and 2 is shown in
Figure 2. The elemental analysis results given
in Table 1 demonstrate that the experimental
values are in excellent agreement with the
calculated values for the proposed molecular
structure.

Compounds

Molecular Weight

% Composition”

C H N
[Cd(sac)x(bheppz)]s C22H26N405S,Cd 65101 40.43 3.67 8.46
: (40.59) (4.02) (8.61)
[Hg(sac)z(bheppz)]n szstN40gSzHg 739.19 35.90 3.36 7.62
: (35.75) (3.54) (7.89)

®The calculated values are given in parentheses.

The coordination modes of the sac ligand in
the complexes were determined by infrared
studies. The complexes were obtained with
remarkably high yields. Their immediate
precipitation as powders during synthesis and

their low solubility in common solvents
suggest their polymeric nature. The IR spectra
of the complexes are shown in Figure 3, with
the key vibration frequencies listed in Table 2.
An O-H stretching vibration was detected in
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the range of 3351-3356 cm™. The
characteristic N-H stretching vibrations of
bheppz were overlapped by the O-H band. The
bands at 2951-2827 cm™ originate from C-H
vibrations. The characteristic C=O stretching
band of sac appears very strongly in the range
of 1624-1651 cm™. The C=O stretching
vibrations in the complexes were found to be
similar to those in the [Cd(sac)2(H20)4]-2H20
and Hg(sac). complexes, where sac binds via
its N atom. This suggests that sac is also

Giliney

complexes. The expected C=N stretching
vibration of the pyridine ring around 1600 cm™
was not easily identifiable because it
overlapped with the C=O stretching vibration.
The asymmetric and symmetric stretching
vibrations of SO: are observed in the ranges of
1254-1269 cm™ and 1149-1153 cm™,
respectively. The bands in the ranges of 1331—
1336 cm™ and 943-966 cm™! correspond to the
symmetric and asymmetric CNS stretching
vibrations of sac ligands.

coordinated through its N atom in these
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Figure 2. Suggested molecular structure of the compounds

Table 2. IR spectral data® of the compounds

Compounds V(OH) V(CH) V(C=O) Vasym(SOZ) Vsym(SOZ) Vsym(CNS) Vasym(CNS)
1 3351s 2951w- 2858w  1651vs-1624 vs 1269vs 1153vs 1336vs 943vs
2 3356b 2943w- 2827w  1647vs 1254vs 1149vs 1331vs 966vs

Frequencies in cm™!. b: broad, vs: very strong. s: strong, w: weak

)
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Figure 3. The FT-IR spectra of the compounds
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The thermal analysis of the compounds was
conducted up to 1000 °C under atmospheric
pressure, with the results shown in Table 3. The
DTA and TG curves are shown in Figure 4.
Complex 1 exhibits thermal stability up to 246
°C. In the first stage, within the 246-346 °C
range, the bheppz ligand is released in a single-
step exothermic process with a peak maximum
at 288 °C (found = 27.2%; calculated =
26.8%). In the subsequent stage, the remaining
metal-saccharinate decomposes
exothermically within the 346746 °C range,
yielding cadmium oxide (found = 55.1%;
calculated = 56.0%). In contrast, Complex 2

Table 3. Thermal analysis results for the compounds

Giliney

remains thermally stable up to 117 °C. During
the first stage, between 117-197 °C, it
experiences exothermic decomposition with
the loss of the bheppz ligand (found = 23.3%;
calculated = 23.6%). After the removal of the
bheppz ligand, two molar equivalents of the
sac ligand are released in a single-step
exothermic process within the 197-552 °C
range, with a peak maximum at 459 °C,
leading to the formation of metallic mercury
(found = 49.5%; calculated = 49.3%). At this
temperature, the elemental mercury volatilizes
and is removed from the system.

Compounds Stage DTAmax (°C) @

Species lost

%weight losses

Found Calc.
1 1 288(-) 1bheppz 27.2 26.8
2 585(-) 2sac 55.1 56.0
Residue CdO
2 1 155(-). 263(-) 1bheppz 23.3 23.6
2 459(-) 2sac 495 49.3
Residue -
2 (+) indicates endothermic, (-) exothermic processes.
"™ 1)
80 - \\\
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Figure 4. DTA and TG curves of the compounds

4. Conclusions

In this study, two novel Cd(II) and Hg(II)
complexes containing bheppz and sac ligands
were successfully synthesized and
characterized. The synthesis of these
complexes was achieved with high yields, and

their structural properties were thoroughly
analyzed using infrared (IR) spectroscopy,
elemental analysis, and thermal analysis
(TGA/DTA). The results indicate that both
complexes exhibit strong coordination
interactions between the metal centers and the
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ligands, particularly through the nitrogen and
oxygen atoms of the sac and bheppz ligands,
forming polymeric structures. The IR spectra
confirmed the coordination modes of the sac
anion and bheppz ligand, with characteristic
bands observed for the functional groups
involved in coordination. The thermal stability
of the complexes was also assessed, with
complex 1 demonstrating stability up to 246
°C, while complex 2 showed stability up to 117
°C. The thermal analysis further supported the
decomposition patterns of the complexes, with
the release of ligands and metal salts occurring
in distinct steps. These findings contribute to
the understanding of the thermal behaviors and
stability of the synthesized complexes.
Overall, the results from this study highlight
the potential applications of these Cd(II) and
Hg(I) complexes in catalysis, materials
science, and biochemistry. The presence of the
bheppz and sac ligands provides versatility in
coordination chemistry, which could lead to
the development of new materials with
desirable  properties.  Furthermore, the
antimicrobial, anticancer, and neurotic
properties of the ligands and their potential
synergy with metal centers warrant further
exploration  for  possible  therapeutic
applications. Future research should focus on
exploring the biological activities of these
complexes, particularly their anticancer and
antimicrobial properties. In addition, further
investigations into the mechanistic pathways
of their catalytic activities could open new
avenues for their use in environmental and
industrial applications. It is also recommended
to investigate the impact of different metal ions
on the coordination environment and stability
of these complexes to tailor their properties for
specific applications.
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Abstract

Soil salinity is a significant issue that threatens agricultural productivity and ecosystem balance worldwide.
Analyzing soil salinity using traditional methods is a challenging, costly, and time-consuming process, as it relies
on laboratory measurements, making it difficult to apply over large areas. Thus, there has been a rise in recent
years in the trend toward utilizing remote sensing and machine learning methods to evaluate soil salinity quickly
and effectively. Remote sensing can detect signs of salinity on the soil surface through spectral data obtained from
satellites and aerial vehicles. Data from visible, near-infrared, and thermal bands, in particular, are widely used in
mapping soil salinity. Machine learning algorithms process this spectral data to model complex relationships
related to soil salinity and make predictions. Methods like Deep Learning, Artificial Neural Networks, Random
Forests, and Support Vector Machines have attracted attention in this field due to their high accuracy rates. These
methods hold great potential for monitoring changes in soil salinity, optimizing agricultural practices, and
developing strategies to combat salinity. At the same time, they contribute to the advancement of sustainable
agriculture by supporting soil management decisions, especially in large agricultural areas. In this context, the
combination of machine learning and remote sensing technologies stands out as an effective solution for
monitoring and managing soil salinity. Therefore, this research attempts to investigate the advantages and
limitations of research conducted in this field and to provide a framework that can guide future studies.

Keywords: Detection of soil salinity, remote sensing, sustainable agriculture, machine learning
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1. Introduction

Salinity of the soil is a significant
environmental problem. Soil salinity does not
have an immediate effect like some other
environmental hazards do, but because of its
long-term effects on human life, it is now
regarded as a serious threat. Because it
degrades soil quality and has an unfavourable
effect on farm, water resources, and
biodiversity, this condition poses a threat to
food security and ecological sustainability
(Kabiraj et al., 2022).

The negative consequences of salinization
of soil are not limited to reducing agricultural
productivity. This system can decrease the
soil's ability to store and filter water, increase
erosion, and disturb the structure of the soil.
Additionally, natural habitats can be destroyed
and biodiversity reduced by soil salinization
(Peng et al., 2019). Furthermore, the increase
in fertilizer use and human activities has
significantly raised soil salinity levels. This
further endangers agriculture, food security,
water assets, and soil conservation (Ismaili et
al., 2023). All things considered, conventional
soil mapping techniques have frequently been
expensive, minute, and inaccurate for current
farm and ecological activities (Ismaili et al.,
2024). As a result, the goal of research has
been to use as little data as possible to predict
soil properties fairly accurately. Consequently,
they have significantly improved the efficiency
and precision of soil property prediction by
employing machine learning methods called
smart mapping of soil (McBratney et al.,
2003). The effectiveness of techniques for
machine learning in predicting characteristics
of soil has convinced numerous investigators
to employ these techniques for estimating soil
characteristics. Therefore, artificial neural
networks, support vector machines, random
forests, and other machine learning techniques
have been used to increase forecast precision.
(Padarian et al., 2019). These approaches
enable more economical and effective
monitoring of soil properties. As a result, it is
possible to predict soil properties more
accurately using DSM technology (Taghadosi
et al., 2019). Due to the visibility of soil
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salinization and the significant impact on near-
infrared reflectance, numerous spectral indices
have been developed (Ramos et al., 2020).
Based on this information, many researchers
have predicted the spatial distribution of soil
salinity using remote sensing (RS) and DSM
methods (Singh, 2021). For example, the
Hetao region of Inner Mongolia's soil salinity
was correctly predicted by Jia et al. (2022). Ge
et al. (2022) used spectral indices obtained out
of Sentinel-2 satellite images to predict the
salinity of the soil in western China.

Furthermore, Kaya et al. (2022) showed that
machine learning techniques could accurately
forecast Tiirkiye's soil salinity using Sentinel-
2 satellite data and environmental parameters

derived from Digital Elevation Models
(DEM). In conclusion, machine learning
techniques, they have become useful

instruments in soil salinity research due to their
capacity to process vast volumes of data and
spot intricate patterns. These techniques can
provide accurate predictions of soil salinity by
analyzing temperature, moisture, and other
environmental factors in addition to the
chemical composition of the soil (Sulieman et
al., 2023). The capacity of machine learning
techniques to analyze vast amounts of
information and determine intricate trends has
made them popular instruments in soil salinity
research. By analyzing moisture, temperature,
soil chemical composition, and other
environmental variables, they can provide
accurate estimates of soil salinity. Machine
learning and digital soil mapping techniques
enable more precise and economical
monitoring of soil salinity, becoming an
essential tool for modern agricultural practices.

2. Soil salinity

Soil salinity, a common problem in arid and
semi-arid regions, is a significant issue that
both reduces agricultural productivity and
disrupts environmental balance (Kaplan and
Rufaioglu, 2023). In these areas, low
precipitation leads to the accumulation of
dissolved salts in the soil, which degrades soil
structure (Ulker et al., 2018). While soil
salinization occurs in many parts of the world,
the problem is more severe in arid regions with
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low rainfall and high evaporation rates. This is
because rainwater is insufficient to leach away
the salts (Zinck and Metternicht, 2008).

3. Primary and stages of

salinization

secondary

As the global population grows rapidly, the
demand for food production is also increasing.
However, a significant amount of agricultural
land has been abandoned due to primary and
secondary soil salinization. Salt buildup in the
soil brought on by natural cycles like physical
and chemical weathering or the movement of
salts from parent materials, geological

Primary

salinization

Arid/semiarid
areas

A

» weathering and other natural
processes
» Sufficient rainfall and drainage

keeps salts from evaporating from
plant roots.

__» Occurrence+__

Causes
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deposits, or groundwater is known as primary
salinization. Traditional irrigation techniques
and inadequate drainage systems are the main
causes of secondary salinization
(Daliakopoulos et al., 2016; Esetlili et al.,
2018). This affects approximately 20% of
irrigated land worldwide (Mayak et al., 2004).
Zinck and Metternicht (2008) state that
secondary salinization has damaged an area of
about 77 million hectares. Figure 1 shows a
simplified flow chart illustrating primary and
secondary soil salinization.

Secondry

salinization

Agricultural
areas

N

» Intervention by humans
» Minimal precipitation
» Poor irrigation water quality and

insufficient drainage
infrastructure for salt leaching
and removal

Figure 1. Flowchart showing the salinization of primary and secondary soils

a. Primary salinization

b. Secondary salinization

Figure 2. Soil salinity (Primary salinity develops through natural processes, while secondary salinity results
from human activities) (Sezen, 2021).
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4. The effect of soil salinity on farming

Agricultural  efficiency is  genuinely
endangered by soil salinity, a major problem
that is particularly prevalent in arid and semi-
arid areas. Salinity occurs because of the
accumulation of dissolved salts (like sodium,
chloride, calcium, and magnesium) in the soil,
which can result from inadequate drainage,
improper irrigation practices, or natural
geological processes. Saline soils hinder
plants' water and nutrient uptake, restrict
growth, degrade soil structure, and reduce
agricultural production. To address this
problem, strategies such as proper irrigation
techniques, drainage systems, the use of salt-
tolerant plant varieties, and soil improvement
methods (e.g., gypsum application) are
implemented. Effective management of soil
salinity is crucial for sustainable agriculture
and food security (Matinfar et al., 2013). As
emphasized, traditional irrigation practices
play a significant role in soil salinization and
the degradation of soil quality, leading to
adverse outcomes and restricting plant growth
and germination. Furthermore, the demand for
food production is increasing as the world
experiences  rapid  population  growth.
Consequently, this will lead to the conversion
of more arid land into agricultural areas,
primarily increasing the risk of salinization
caused by irrigation. However, continuous
monitoring and assessment of saline soils are
of great importance in mitigating harmful
effects such as land degradation and reduced
crop yield (Allbed and Kumar, 2013).

5. Detection of soil salinity using remote
sensing and machine learning methods

Enhancing land use requires real-time soil
salinity monitoring and early warning sign
detection due to the growing global population
and increased demand for large agricultural
lands. (Zinck and Metternicht, 2008).
Decisions regarding the reclamation and
management of such lands must be made with
knowledge based on ongoing salinity
monitoring. Traditional methods for salinity
measurement include both field studies and
laboratory analyses. Mapping the soil salinity
of a region spatially requires collecting
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numerous samples, which is a challenging,
costly, and labor-intensive process (Brunner et
al., 2007; Haq et al., 2022; Ramzan et al.,
2023). Approximately sixty-five years ago,
information about different characteristics on
the Earth's crust and soil salinity were
measured using colored and black-and-white
photos (Dale et al., 1986). Today, satellite-
based remote sensing serves as a cost-effective
tool for investigating salinity across various
geographic and temporal scales. Remote
sensing collects information about various
objects by using electromagnetic energy
represented from the surface of the Earth. This
method facilitates soil salinity assessment.
Remote sensing and geographic information
systems  methods have provided a
technological opportunity to replace or
complement  traditional  soil  salinity
assessment  methods. Directly acquired
spectral reflectance from detectors or spectral
evolutions (Sahu et al., 2015), tasseled cap
transformation (Li et al., 2016), and spectral
indices (Dehni and Lounis, 2012; Wu, 2014)
have vyielded positive results in terms of
prediction accuracy. Numerous researchers
emphasize that spectral reflectance is highly
significant in remote sensing studies and
consider it a fundamental concept of the
discipline (Ling et al., 2017; Aceves et al.,
2019; Pandey et al.,, 2022). Many studies
related to digital soil mapping have been
conducted using various satellite data and
geostatistical or statistical methods.

A study conducted in Uzbekistan found a
relationship between vegetation temperature
derived from MODIS data and soil salinity
(Ivushkin et al., 2017). Hoa et al. (2019)
produced a highly accurate model using
Gaussian  processes and  contemporary
machine learning models on SAR Sentinel-1
images, with an R? value of 0.808. This model
successfully identified the relationship
between EC and satellite data. Similarly, A
study conducted in Morocco's Tafilalet plain
showed that Landsat 8 OLI images could
accurately determine the salinity of the soil
(ElHafyani et al., 2019). Using a
straightforward linear regression model, Hihi
et al. (2019) found a moderate correlation (R2
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= 0.48) between EC and spectral indices
obtained from Sentinel images. The usefulness
of polarized images derived from the VH and
VV polarizations of SAR Sentinel-1 data in
assessing soil salinity was shown by Taghadosi
et al. (2019) The Support Vector Regression
(SVR) strategy using an RBF kernel produced
the most accurate results.

Tablo 1. Soil salinity and vegetation indices
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5.1. Soil salinity indices

Remote sensing technologies have been
employed for mapping and determine soil
salinity using a variety of spectral indices.
These indices are wused to detect salt
accumulation in the soil either directly or
indirectly. Table 1 lists a few widely used soil
salinity indices.

Spectral indices

Expression Reference

Normalized Difference Vegetation Index
(NDVI)

(NIR-R)/(NIR+R) (Rouse et al., 1974)

Normalized Difference Salinity Index (NDSI)

(R-NIR)/(R+NIR) (Khan et al., 2005)

Soil Adjusted Vegetation Index (SAVI)

(NIR-R)/(NIR+R)+L*(1-L)

(Huete, 1988)

Simple Ration (SR)

(R-NIR)/(G+NIR) (Abbas and Khan, 2007)

Differential Vegetation Index (DVI) (NIR-R) (Basso et al., 2000)
Ratio Spectral Index (RSI) R/NIR (Kahaer and Tashpolat, 2019)
Mosaic Simple Ratio (MSR) NIR/R (Vogelmann and Rock, 1985)

Vegetation Soil Salinity Index (VSSI)

2*G-5*(R+NIR)G-5*(R+NIR)

(Dehni and Lounis, 2012)

Salinity Index (S11) B/R (Bannari et al., 2008)
Salinity Index (S12) (B-R)/(B+R) (Abbas et al., 2013)
Salinity Index (SI3) (G*R)/B (Abbas et al., 2013)
Salinity Index (S14) NIR*R/G (Abbas et al., 2013)

5.2. Commonly used machine learning
models for soil salinity detection

Machine learning models are widely
utilized to determine and map soil salinity.
Among these models, Random Forest
Regression (RFR) provides high accuracy in
complex datasets such as spectral indices and
soil  properties, while Support Vector
Regression (SVR) is preferred for modeling
nonlinear relationships. Artificial Neural
Networks (ANN) and Deep Learning Models
yield effective results, especially with
hyperspectral and high-resolution satellite
images. Gradient Boosting Machines (GBM)
and AdaBoost Regression (ABR) combine
weak models to make strong predictions, while
Partial Least Squares Regression and Ridge
Regression (RR) analyze the connection
among soil salinity and spectral data by
addressing multicollinearity issues. Decision

Tree Regression (DTR) is used as a simple and
fast model for basic predictions, while
Gaussian Processes (GP) provide uncertainty
estimation with SAR data, as demonstrated in
some studies using these models (Kaplan et al.,
2023; Das et al., 2023; He et al., 2024). These
models enable effective monitoring and
management of soil salinity by integrating
remote sensing technologies and ground
measurements. Remote sensing and Landsat 8
OLI data offer an effective method for
monitoring soil salinity. In their study, Haq et
al. (2023) found that the Random Forest
Regression (RFR) model carried out the
strongest (R? = 0.94). Spectral indices such as
DVI, SAVI, and NDVI showed strong
correlations with salinity, while SI11-SI4 were
ineffective in vegetated areas. These findings
can support farmers against climate change by
enabling the development of web-based
applications for mapping soil salinity.
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Figure 3. Steps followed when using satellite imagery in machine learning

5.3. Error metrics used to test model
accuracy

Metrics for evaluation are employed to
measure the accuracy and error rate of a model.
The primary performance evaluation metrics
used in soil salinity studies are as follows.

5.3.1. Mean squared error (MSE)

The mean of the squared differences among
the expected and true numbers is used to
calculate the error rate, or MSE (Mean Squared
Error). Because it penalizes larger errors more
severely, MSE is a metric that is sensitive to
the magnitude of errors (Chai and Draxler,
2014).

5.3.2. Root mean squared error (RMSE)

The magnitude of the forecast errors is
better displayed by using the square root of
MSE, or RMSE. RMSE is frequently used to
assess the model's overall performance and
shows how accurate yield forecasts are (Chai
and Draxler, 2014).

5.3.3. Mean absolute error (MAE)

MAE averages the absolute values of the
variations from the expected values and the
true values. This metric helps understand the
model performance by directly measuring the
error rate of the model. This is especially
useful in cases where there are no large errors
(Willmott and Matsuura, 2005).

5.3.4. R? value

R2 shows the variance ratio of the model by
the independent variables. The fit of the model
increases as the R2 value approaches 1. It is
used in plant breeding to evaluate how genetic
and environmental variables affect plant yield
(Montgomery and Peck, 2012).

5.3.5. Mean absolute percentage error
(MAPE)

MAPE gives the error rate in proportion
when comparing the estimated values with the
real values. According to Makridakis and
Hibon (2000), this metric shows the error rate
of the model in percentage and allows
comparison of data at various scales.

6. Conclusion

Soil salinity is a global issue that threatens
agricultural  productivity and ecosystem
balance. Analyzing soil salinity using
traditional methods is a time-consuming,
costly, and challenging process to implement
over vast regions. Then, in recent years,
machine learning and remote sensing methods
have increasingly been used to assess soil
salinity quickly and effectively. Remote
sensing technologies can detect signs of
salinity on the soil surface through spectral
data obtained from satellites and aerial
vehicles, while machine learning algorithms
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process this data to model complex
relationships and provide high accuracy rates.
Techniques like Artificial Neural Networks,
Random Forests, Deep Learning, and Support
Vector Machines hold significant potential for
monitoring and managing soil salinity. These
methods offer important advantages in
optimizing agricultural practices, developing
strategies to combat salinity, and contributing
to the advancement of sustainable agriculture.
However, more research and development
efforts are needed to effectively implement
these technologies. Future studies can provide
more effective solutions in the fight against
soil salinity by examining the advantages and
limitations of these methods in greater detail.
In this context, the integration of machine
learning and remote sensing technologies
stands out as an effective tool for monitoring
and managing soil salinity.
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Ozet

Ispartanin kuzeyinde Senirkent ve cevresinde, Barla Dagi, Senirkent ve Kirdag Anamas Birimlerine ait
formasyonlar yeralmaktadir. Bu calismada Senirkent kasabasinin kuzeyi ve giineyi boyunca mostra veren
kirectaglarindan Oorneklemeler yapilmistir. Ulugbey Formasyonu kalin katmanli yer yer oolitli ve dolomitli
kirectaglarindan, Ergenli Formasyonu dolomitli seviyeler iceren gri renkli orta kalin katmanli algli kirectaglarindan
olusur. Formasyonlar iginde saptanan Orbitopsella sp., Lituosepta sp., Meandrovoluta asiagoensis,
Everticyclammina sp., Siphovalvulina sp fosillerine gore her iki formasyon i¢in Liyas yasi kullanilmistir, s1g, gelgit
diizligi ve lagiin ortamiyla temsil edilir. Senirkent Kasabasinin glineyinde Sulucandere ve Begparmak kiregtasi
formasyonlar1 yeralmaktadir. Sulucandere Formasyonu pelajik kiregtaslariyla arakatkili, oolitli ve onkoidal
kirectaglarindan olusmustur. Birim iginde Doger yasmi veren Gutnicella bizonorum, Gutnicella cayeuxi,
Rectocyclammina sp, Callorbis minor, Andersenolina sp, Protopeneroplis striata, Spiraloconulus sp,
Mesoendothyra sp. gibi karakteristik fosiller saptanmistir. Bu fosil topluluguna gore platform ile agik deniz arasi
kita yamaci, self ortamini temsil ettigi sdylenebilir. Begsparmak Kiregtagi Formasyonu si1g denizi temsil eden rudist
kirintilart igeren kirectaslariyla baslayip, derin denizi temsil eden pelajik kirectaglarina dogru gecis sunar.
Formasyon i¢inde Kretase (Kampaniyen-Maastrihtiyen) yasini veren Globotruncana arca, Rotundata calcarata,
Abathomphalus mayaroensis ve Globotruncana sp., fosillerine gore platform ile agik deniz arasi-pelajik ortami
karakterize ettigi belirlenmistir.

Anahtar Kelimeler: Isparta, Senirkent, bentik foraminifer, jura, mikropaleontoloji

Mesozoic Micropaleontological Data of Senirkent (Isparta) Surroundings

Abstract

In the north of Isparta, Senirkent and its surroundings, formations belonging to Barla Mountain, Senirkent and
Kirdag Anamas Units are located. In this study, samples were taken from limestones outcropping along the north
and south of Senirkent town. Ulugbey Formation consists of thick-layered, occasionally oolitic and dolomitic
limestones, Ergenli Formation consists of gray, medium-thick-layered algal limestones containing dolomitic
levels. According to the fossils Orbitopsella sp., Lituosepta sp., Meandrovoluta asiagoensis, Everticyclammina
sp., Siphovalvulina sp. detected in the formations, Liassic age was used for both formations, and it is represented
by shallow, tidal flat and lagoon environment. Sulucandere and Besparmak limestone formations are located in
the south of Senirkent Town. Sulucandere Formation is composed of oolitic and oncoidal limestones intercalated
with pelagic limestones. Characteristic fossils such as Gutnicella bizonorum, Gutnicella cayeuxi,
Rectocyclammina sp, Callorbis minor, Andersenolina sp, Protopeneroplis striata, Spiraloconulus sp,
Mesoendothyra sp. giving Dogger age were determined in the unit. According to this fossil assemblage, it can be
said that it represents the continental slope, shelf environment between the platform and the open sea. Besparmak
Limestone Formation starts with limestones containing rudist clasts representing the shallow sea and shows a
transition towards pelagic limestones representing the deep sea. It was determined that the formation characterizes
the pelagic environment between the platform and the open sea, according to the fossils of Globotruncana arca,
Rotundata calcarata, Abathomphalus mayaroensis and Globotruncana sp., which give a Cretaceous (Campanian-
Maastrichtian) age.

Keywords: Isparta, Senirkent, benthic foraminifera, jurassic, micropaleontology
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1. Giris

Calisma alan1 ve ¢evresinde birgok yapisal
ve stratigrafik aragtirmalara yonelik ¢aligmalar
yapilmistir (Parajes, 1942; Gutnic, 1977,
Demirkol, 1977; Kogyigit, 1981, Yagmurlu,
1991; Turhan, 2002, Ozgiil ve ark., 1991 a, b;
Dumont ve Kerey, 1975). Ispartanin kuzeyinde
Suhut (Afyon) giineyinde, Barla dagi, Egirdir,
Senirkent ve ¢evresi napli yapiya sahip olup
Kirdag-Anamas-Akseki ve Beydagi
otoktonuna ait birimler, Beysehir Hoyran
naplari, Likya, Antalya naplar1 yer alir (Balci,
2011). Calisma alaninda Kirdag-Anamas-
Akseki otoktonuna ait Senirkent Birimi;
Sulucandere, Besparmak kirectast ve Uluborlu
Formasyonlar1 yeralir. Kirdag-Anamas Dag
birimine ait diger formasyonlar ise Tatarli,

Mentese, Karacadren, Ulugbey, Ergenli,
Gokhacidag, Biiyiikkirtepe, Derekdy ve
Akcakdy formasyonlaridir (Balei, 2011).

Anamas-Akseki otoktonu Dumont (1976)
tarafindan birlik olarak Anamas-Akseki Birligi
olarak, Ozgiil (1976) tarafindan Geyikdag
Birligi olarak adlandirilmistir. Ozgiil (1991b)
calismasinda, otoktonu Sultan Dagi, Kirdag-
Anamas Dagi, Homa-Akdag- Senirkent ve

Barla Dagi birimleri olarak bes birime
ayirmiglardir.
2. Materyal ve Yontem

Bu c¢alismada Senirkent Biriminden;
Sulucandere  ve  Besparmak  Kiregtasi
Formasyonu, Kirdag-Anamas Biriminden;
Ulugbey Formasyonu ve Ergenli

Formasyonlarindan 70 kaya¢ 6rnegi alinmistir
(Sekil 1). Alman 6rneklerin Maden Tetkik Ve
Arama Genel Midirliigiinde ince kesitleri
yaptirilmis, mikroskop altinda incelenmis,
fotograflandirilmis ve paleontolojik kataloglar
yardimiyla cins ve tiirler saptanmistir

ACIKLAMA
ﬂ__]l Allvyon (Kuvaterner)
I:lYamac Molozu (Kuvaterner)

Akgakoy Formasyonu
(Alt-Orta Oligosen)

|: Kumalar Formasyonu

(Ust Paleosen-Eosen)

Uluborlu Formasyonu
(Ust Paleosen-Eosen)

Sulucandere Formasyonu
(Dogger-Neokamiyen)

: Ergenli Formasyonu (Malm)

Ulugbey Formasyonu
(Liyas-Dogger)
Besparmakdag Kiregtas!
(Kampaniyen-Maastrihtiyen

Tektonik dokanak
IE] Ornek noktalari

Sekil 1. Proje alan1 yerbulduru, jeoloji ve 6rnek haritasi (Balci, 2011, Maden Tetkik Arama Genel Miidiirligti)

Figure 1. Project area location, geology and sample map (Balci, 2011, General Directorate of Mineral Research and
Exploration)
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Sekil 2. Calisma alanindaki birimleri olugturan formasyonlarin genellestirilmis stratigrafi kesitleri (Balct, 2011,
Maden Tetkik Arama Genel Miidiirligii)

Figure 2. Generalized stratigraphic sections of the formations forming the units in the study area (Balci, 2011,
General Directorate of Mineral Research and Exploration)

3. Bulgular kiregtaslarindan olusur. Birim Turhan (2002)

Kirdag Anamas Birimine ait formasyonlar tarafindan adlandirilmistir. Altta dolomitikli,
caligma alaninda Senirkent kasabasinin ﬁ,s.tt? %ri {enl'di kalin tabakah,' yer yer masif
kuzeyinde yeralir ve birime ait Ulugbey ve goriiniimlii kiregtagi ve dolomitik kiregtaslar

Ergenli Formasyonlarindan 6rnekler alinmistir gozlenir (Sekil 4). Birim Malm yash ?rg"e{lh
(Sekil 3, 4). Ulugbey Formasyonu yer yer formasyonu tarafindan uyumlu olarak ortiiliir.

o . T . Birimin Orta Liyas-Doger yasinda oldugu
oolitik ve dolomitik ozellikteki belirtilmistir (Turhan, 2002).

St . 3 -
Sekil 3. Ulugbey-Ergenli formasyonlarina ait birimler
Figure 3. Units belonging to Ulugbey-Ergenli formations

Ergenli  Formasyonu Kogyigit (1980) Formasyonu tarafindan uyumlu olarak
tarafindan adlandirilmistir. Birim gri, bej izerlenir. Birimin yags1 icerdigi fosil igerigine
renkli orta kalin tabakali dolomit mercek ve ara gore Malm yashdir (Oztiirk, 1989). Platform,
seviyeleri igeren, oolit ve algli kirectaglarindan ~ olasili gelgit diizligi self laglinii ortamini
olusur (Sekil 4, 5). Formasyon Gokhacidag  temsil eder.
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£ % KON AP e e
Sekil 4. a) Ulugbey Formasyonu kirectaslari icinde gdzlenen oolitler, b) Ergenli Formasyonuna ait dolomitlerin ince
kesit goriiniimii

Figure 4. Oolites observed in the limestones of the Ulugbey Formation, b) Thin section view of the dolomites of the
Ergenli Formation

Sekil 5. a,b: Ergenli Formasyonuna ait kirectaslari, ¢.d: birim i¢indeki biyoklastlar

Figure 5. a,b: Limestones of the Ergenli Formation, c.d: bioclasts within the unit

3.1. Ulugbey dikme kesiti

Proje alaninin kuzeyinde Ulugbey Kdoyii ve
cevresinde 2 stratigrafik kesit alinmistir. Sn
kesiti  Ergenli = Resifal  Kiregtaslariyla
baslamaktadir ve 33 Ornek alinmustir.
Formasyon yer yer dolomitli gri, acik renkli
orta- kalin tabakali algli kirecgtaglarindan
olusmaktadir. Formasyonun paleontolojik
tayinlerinde elde edilen Orbitopsella sp,
Siphovalvulina sp, Lituosepta sp., bentik

foraminiferlerine ve Thaumatoporella
parvovesiculifera alg fosillerine gore Liyas
yas1 kullanilmistir. U kesitinde Ergenli resifal
kirectaglar1 kesilmis 28 ornek alinmistir.
Siphovalvulina sp., Meandrovoluta
asiagoensis, Everticyclammina sp.,
Nadosaridae, Lagenidae gibi sinirli sayida fosil
elde edilmis ve bu fosil topluluguna gore Liyas
yast kullanilmigtir.  Formasyonun yaklasik
kalinlig1 800 metredir (Sekil 6, 12).
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Sekil 6. Ulugbey Koyii kuzeyinden alinan dikme kesitler (Ulugbey Kesiti)

Figure 6. Column sections taken from the north of Ulugbey Village (Ulugbey Section)

3.2. Senirkent dikme kesiti

Senirkent Birimi i¢inde yeralan Sulucandere
Formasyonu ¢alisma alaninin giineyinde Barla
Dagi eteklerinde yeralmaktadir. Gri renkli, orta
katmanli pelajik kiregtaglartyla arakatkili, yer
yer oolit ve onkoidli kirectaglariyla temsil
edilir (Ozgiil, 1991a). Onceki calismalarda
fosil i¢erigine gore formasyonun ¢okelme yasi
Doger-Erken Kretase olarak belirtilmistir
(Gutnic, 1977; Ozgiil ve ark., 1991a).

Besparmak Kirectasi Senirkent giineyinde
Sulucandere Formasyonu ile fayli dokanakli
olarak yeralmaktadir. Gutnic (1977) tarafindan
adlandirilmig olup ¢ortlii, kalin tabakali, rudist
kavkilar1 olan kiregtaglariyla baslayip mikritik
kiregtaglartyla devam eder. Onceki
caligmalarda fosil icerigine gore birime
verilmistir

Kampaniyen-Maastrihtiyen yas1
(Gutnic, 1977).

A

Sekil 7. Sulucandere Formasyonuna ait kiregtaslar1 (Barla Dag1 Kuzey yamacglarr)

Figure 7. Limestones of the Sulucandere Formation (Northern slopes of Barla Mountain)
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Sekil 9. Besparmak Kiregtagi Formasyonuna ait bivalvia ve rudist kavkilari
Figure 9. Bivalvia and rudist shells from the Begparmak Limestone Formation

Sekil 10. Senirkent kesiti koordinatli 6rnek noktalar1 (Google Earth)
Figure 10. Senirkent section coordinated sample points (Google Earth)

Calisma alaninin giiney boliimiinii olusturan
ornekler Senirkent il¢esinin giineyinden Barla
Dag1 boyunca alinmistir. Arazinin ¢ok sarplik
olusu ve giivenlik 6nlemleri nedeniyle setlerle
kapanmig olmasi kesit alimini zorlastirmistir.
Bu calisma da Sulucandere Formasyonu ve

Besparmak Formasyonlar1 6rneklendirilmistir.
Kesit Sulucandere Formasyonu ile baglar.
Birim gri renkli orta katmanli, yer yer pelajik
ara  dlizeyler igeren  kirectaslarindan
olusmaktadir. Birim i¢inde  Gutnicella
bizonorum, Reophax sp., Gutnicella sp.,
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Lituolipora  sp.,  Gutnicella  cayeuxi,
Verneuilinoides sp., Siphovalvulina sp,?
Textulariopsis sp., Textularidae,

Thaumatoporella parvovesiculifera,
Siphovalvulina variabilis, Rectocyclammina

sp., Spiraloconulus sp., Callorbis minor,
Siphovalvulina gibraltarensis, bentik
foraminiferleri ve Orthonella sp., Rivularia sp.
algleri saptanmis ve Doger yasi kullanilmistir
(Sekil 11, 13, 14).
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Sekil 11. Senirkent stratigrafik dikme kesiti
Figure 11. Senirkent stratigraphic columnar section

Bu kesitte gozlenen Gutnicella cayeuxi’nin
yast Bajosiyene kadar cikar, Spiraloconulus
sp. nin yast Bajosiyen’den Kalloviyen’e
devam eder. Giiney Apeninler’de Gutnicella
cayeuxi alt zonu olarak De Castro (1991)
tarafindan ~ Toarsiyen-Aaleniyen  zaman
araliginda, Gran Sasso (Italya) ‘da Chiocchini
ve ark. (1994) tarafindan Gutnicella cayeuxi
menzil zonu olarak Aaleniyen-Bajosiyen
zaman araliginda, Gutnicella cayeuxi menzil
zonu olarak Hardenbol ve ark. (1998)

tarafindan Erken Bajosiyen’nin {stii-Erken
Bajosiyen’nin  alti  zaman  araliginda
tanimlanmistir.  Spiraloconulus  perconigi
Allemann ve Shroeder (1972) tarafindan
Bathoniyen zaman aralifinda, BouDagher-
Fadel (2008)’de Bajosiyen-Kalloviyen zaman
araliginda tanimlanmistir.

Bu kesitin  Dogger boliimiin  6nemli
ciktilarindan birini tiim bu Doger yas verisini
kullanabildigimiz fosillerle birlikte
Siphovalvulina gibraltarensis’in ayni
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kesitlerde  goriilmesidir. ~ Siphovalvulina
gibraltarensis M.K. Boudagher-Fadel’e gore
Siphovalvulina colomi biyozonu i¢inde Erken
Sinemurian yas araliginda tanimlanmigken bu
kesitte Doger yasi kullanilan ve Onceki
biyozonlarda da Doger araliginda bulundugu
kabul  edilen  foraminiferlerle  birlikte
gozlenmistir.  Dolayisiyla  Siphovalvulina
gibraltarensis’in stratigrafik seviyesi daha
geng bir yas aralifinda da goézlenmistir.

Arazi kesit giizergahindaki fayli dokanaktan
dolay1 Besparmak kirectasi olarak tanimlanan
birim 2 defa kesilmistir. Besparmak kiregtasi
birimi gri renkli mikritik, orta tabakal1 yer yer
cortlii kirectaslarindan olusmaktadir. Birim
icinde saptanan  Globotruncana  arca,
Globotruncana calcarata, Globotruncana
mayaroensis, ?Heterohelix sp fosillerine gore
Kretase (Kampaniyen- Maastrihtiyen) yas
araligt kullanilmistir (Sekil 11, 13, 14).

Sekil 12. Ulugbey Kesiti, 1, 2, 3. Meandrovoluta asiagoensis, 4, 5, 6, 7, 8. Orbitopsella sp., 9. Lituosepta sp., 10,
11. Everticyclammina praevirguliana, 12, 13. Thaumotoparella parvovesiculifera, 14. Siphovalvulina variabilis, 15,
16, 17, 18. Siphovalvulina sp., 19. Ekinit dikeni, 20, 21. Gastropod, 22. Nadosaridae, (6lgek gubugu: 500p)

Figure 12. Ulugbey Section, 1, 2, 3. Meandrovoluta asiagoensis, 4, 5, 6, 7, 8. Orbitopsella sp., 9. Lituosepta sp., 10,
11. Everticyclammina praevirguliana, 12, 13. Thaumotoparella parvovesiculifera, 14. Siphovalvulina variabilis, 15,
16, 17, 18. Siphovalvulina sp., 19. Echinacea thorn, 20, 21. Gastropod, 22. Nadosaridae, (scale bar: 500u)
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Sekil 13. Senirkent Kesiti, 1, 2. Callorbis minor, 3. Siphovalvulina variabilis, 4. Siphovalvulina gibraltarensis, 5, 6,
7, 8, 9. Siphovalvulina sp, 10. Textulariopsis sp., 11, 12, 13, 14. Verneuilinoides sp., 15. Textularidae, 16. Gutnicella
bizonorum, 17, 18, 19, 20, 21. Gutnicella cayeuxi, 22, 23, 24, 25. Gutnicella sp., 26. Reophax sp., 27.
Rectocyclammina sp., 28, 29. Lituolipora sp., 30, 31, 32. Spirolaconulus sp. (?perconigi). (6lgek gubugu: 500u)

Figure 13. Senykent Section, 1, 2. Callorbis minor, 3. Siphovalvulina variabilis, 4. Siphovalvulina gibraltarensis, 5,
6, 7, 8, 9. Siphovalvulina sp, 10. Textulariopsis sp., 11, 12, 13, 14. Verneuilinoides sp., 15. Textularidae, 16.
Gutnicella bisonorum, 17, 18, 19, 20, 21. Gutnicella cayeuxi, 22, 23, 24, 25. Gutnicella sp., 26. Reophax sp., 27.
Rectocyclammina sp., 28, 29. Lituolipora sp., 30, 31, 32. Spirolaconulus sp. (?perconigi). (scale bar: 500p)
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Sekil 14. Senirkent Kesiti, 1. Mesoendothyra sp., 2. Andersenolina sp., 3, Trocholina sp.,4, 5, 6. Protopeneroplis
striata, 7. Rivularia sp., 8. Orthonella sp., 9, 12. Tubiphytes sp., 10, 11, 13. Atach. Foraminifer, 14, 15. Cayeuxia
sp., 16. Thaumotoporella parvovesiculifera, 17, 18. Ekinit dikeni, 19. Bryozoa, 20, 21. Gastropod, 22.
Globotruncana arca, 23. Rotundata calcarata, 24. Abathomphalus mayaroensis, 25-36. Globotruncana sp, (6l¢ek
cubugu: 500p)

Figure 14. Senykent Section, 1. Mesoendothyra sp., 2. Andersenolina sp., 3, Trocholina sp., 4, 5, 6. Protopeneroplis
striata, 7. Rivularia sp., 8. Orthonella sp., 9, 12. Tubiphytes sp., 10, 11, 13. Atach. Foraminifera, 14, 15. Cayeuxia
sp., 16. Thaumotoporella parvovesiculifera, 17, 18. Echinid spine, 19. Bryozoa, 20, 21. Gastropod, 22.
Globotruncana arca, 23. Rotundata calcarata, 24. Abathomphalus mayaroensis, 25-36. Globotruncana sp, (scale
bar: 500p)
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4. Sonuclar

v Bu calismada Senirkent giineyi
Barla Dag1 eteklerinden ve Senirkent kuzeyi
Ulugbey Koyii ve cevresinden 70 Ornek
alinmis ve ince kesitleri incelenmistir. Onceki
caligmalarda paleontolojik veriler oldukc¢a
smnirhidir. Bu ¢alismada 11 tiir, 30 cins
saptanmistir.
v" Senirkent Birimi Sulucandere Formasyonu
ve Besparmak Kiregtagi birimi birbiriyle
uyumsuz dokanaklidir. Sulucandere
Formasyonu yer yer plaketli oolitli
kiregtaglarindan olusur ve Doger yaghdir.
Platform ile agik deniz arasi kita yamaci self
ortamininda ¢okelmistir. Besparmak kiregtasi
birimi rudist kavkilar1 iceren kiregtaslariyla
baslayip orta tabakali pelajik karakterli Krease
(Kampaniyen-Maastrihtiyen) yasl bol
Glotruncana ve cinsleri igeren mikritik
kirectaslarindan olusur ve c¢okelme ortami
platform ile a¢ik deniz arasi pelajik ortamini
karakterize eder.
v" Sulucandere Formasyonu bentik
foraminifer bakimindan oldukc¢a zengindir. Bu
calismanin 6nemli sonuglarindan biri Doger
yasin1 vurgulayan Spiraloconulus cinsiyle
onceki caligmalarda Sinemuriyen-
Pliyensbahiyen (Erken Jura) yas araliginda

oldugu  kabul edilen  Siphovalvulina
gibraltarensis  tiriinin ~ aym1  kesitte
yeralmasidir.

v" Siphovalvulina gigraltarensis ilk olarak
Ispanya Alt Jurasinda (Gonzilez-Donoso ve
ark., 1974), Balear Adalarinda (Colom, 1980)
ve Cebelitarik Kiregtasi Uyesi (BouDagher-
Fadel ve ark., 2001) tarafindan Erken Jurada
kullanilmigtir. Ayrica yine BouDagher-Fadel

tarafindan  Buffedero Uyesi, Cebelitarik
Kirectast Uyesi (Sinemurian), Cebelitarik;
Gavilan Formasyonu, Lomo Prieto

(Sinemuriyen-Erken Pliensbahiyen), Betic
Cordillera, Ispanya Labradas Formasyonu
(Orta Sinemuriyen), Iber Siradaglari, Ispanya;
Jebel Rat Formasyonu (Sinemuriyen —
Pliensbahiyen), Fas; Oust Formasyonu (Erken
Orta Sinemurian), Jebel Aziz, Dorsales
Siradaglari, Tunus; Kalkar Massiccio
(Sinemuriyen — Pliensbahiyen), Monte Bove
giineyi, Sibillini Daglari, orta Italya;
Pantokrator ~ Formasyonu  (Sinemuriyen-

Pliensbahiyen) yaslar1 kullanilmigs ancak
Senirkentte Doger yasini veren
foraminiferlerle ayn1 kesitte yeralmasi onemli
bir veridir.

v/ Ulugbey ve Ergenli formasyonlarinin
dokanaklar1 uyumlu olup oolitli, dolomitli ve
alg fosilleriyle birlikte, ¢okelme ortami sig,
gelgit dizligl ve lagiin ortamini isaret eder.
Birimler ic¢inde saptanan Orbitopsella sp.,
Lituosepta sp., Meandrovoluta asiagoensis,
Everticyclammina sp., Siphovalvulina sp
fosillerine gore Liyas yas1 kullanilmistir.
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Ozet

Bu c¢alismada, Veteriner Fakiiltesi dgrencilerinin parazitoloji dersi baglaminda sosyal medya ve internet kullanim
aligkanliklari ile bu platformlarin 6grenme siireglerine etkileri analiz edilmistir. Caligma kapsaminin genisligi nedeniyle
Demir Ayvazoglu ve Aydenizdz (2024)’lin yaymlanmis olan arastirmasinin devami niteliginde olan bu ¢alismada,
katilimcilarin sosyal medyay1 Veteriner hekimlik egitiminde %56.8’inin gorsellestirilmis vaka drneklerine ulagmak,
%27.2’sinin hastaliklarin teshis ve tedavi siirecleriyle ilgili hizli bilgi almak, %16’smin ise hastaliktan korunma ve
kontrol programlarint 6grenmek amaciyla kullandiklari belirlenmistir. Ayrica, parazitoloji ders igerikleri 6zelinde
internet kullanim nedenleri arasinda, %40.3 oraninda parazit gorsellerini incelemek, %25.1 oraninda smavlara
hazirlanmak ve %?22.2 oraninda ders slaytlarina ulagsmak yer almigtir. Katilimeilari sosyal medyada en ¢ok Google
(%59.1) ve YouTube’u (%20.5) tercih ettigi belirlenmistir. Ogrencilerin sosyal medya kullamm sikligi, bireysel
tercihlerine ve dersin igerigine baglh olarak farklilik gésterdigi ancak parazitoloji dersi 6zelinde sosyal medya kullanim
oran1 %21.11nin sik sik, %46.2’sinin bazen kullandig1 tespit edilmistir. Calismada ayrica 6grencilerin yaklasik %94 niin
internet ortamindaki bilgilere tamamen giivenmek yerine segici davranmayi tercih ettikleri ve bilgiyi degerlendirmek
icin gesitli kriterler kullandiklar1 belirlenmistir. Sonug olarak, internet ve sosyal medyanin, &zellikle gorsel 6grenme ve
bilgiye hizl1 erisim saglama konularinda parazitoloji dersinde 0grenciler i¢in dnemli bir 6grenme araci oldugu ortaya
konmustur. Bununla birlikte, giivenilir bilgi kaynaklarinin tesviki ve dijital okuryazarligin gelistirilmesi, 6grencilerin bu
araclardan daha etkili bir sekilde faydalanabilmesi i¢in kritik 6neme sahiptir.

Anahtar Kelimeler: Sosyal medya, internet kullanimi, veteriner hekimlik egitimi, parazitoloji

The Impact of Social Media in Veterinary Education: Contributions of Social Media Use
to the Learning Process in Veterinary Parasitology Education

Abstract

In this study, the social media and internet usage habits of Veterinary Faculty students in the context of the parasitology
course and the effects of these platforms on their learning processes were analyzed. As an extension of the research
conducted by Demir Ayvazoglu and Aydeniz6z (2024) due to the broad scope of the topic, this study identifies that
56.8% of participants use social media in veterinary education to access visualized case examples, 27.2% to obtain quick
information about the diagnosis and treatment of diseases, and 16% to learn about disease prevention and control
programs. Specifically, regarding the use of the internet for parasitology course content, 40.3% of participants reported
using it to examine parasite images, 25.1% to prepare for exams, and 22.2% to access lecture slides. Google (59.1%)
and YouTube (20.5%) were identified as the most preferred platforms among students for these purposes. The frequency
of social media usage varied depending on individual preferences and course content, with 21.1% of students reporting
frequent use and 46.2% reporting occasional use specifically for the parasitology course. Additionally, approximately
94% of students stated that they prefer to be selective rather than fully trusting information found on the internet and use
various criteria to evaluate the reliability of the information. In conclusion, the study highlights that the internet and
social media serve as important learning tools for students in the parasitology course, especially in terms of visual
learning and quick access to information. Nevertheless, fostering digital literacy and ensuring access to reliable
information sources are essential for optimizing students’ engagement with these educational tools.

Keywords: Social media, internet use, veterinarian education, parasitology
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Aydeniz6z ve Ayvazoglu Demir

1. Giris

Sosyal medya (SM), “kullanicilarin bilgi,
fikir paylagsmak ve insanlarla baglant1 kurmak
i¢cin ¢evrimigi topluluklar olusturabildigi web
siteleri veya sosyal ag uygulamalar1 gibi
elektronik tabanli herhangi bir iletisim arac1”
olarak tanimlanmaktadir (Liu ve ark., 2017,
Taher ve Ali, 2024). Insanlarin zaman
methumu ve yer kavrami olmaksizin
Facebook, WhatsApp, Messenger, Instagram
vb. gibi c¢cesitli sosyal ag sitelerinde
birbirleriyle  fikir  paylasimi  yaptiklari
alanlardir. Diinyanin her yerinde ve hayatin her
aninda kullanilabilen platformlardir. Akill
telefonlarin, tabletlerin, diziistii bilgisayarlarin
ve diger akilli cihazlarin kullanilabilirligi,
Ogrencilerin sosyal medyaya olan gilinliik
yogun bagmlihgmi artirmgtir. Ogrencinin
yasami, sosyal etkilesimi, akademik basaris1 ve
hatta 6z kavrami bile bu bagimliliktan etkilenir
hale gelmistir (Taher ve Ali, 2024).

Yasadigimiz 21. yiizyilda sosyal medya
araclar1 iletisimde kullanildig1 gibi, bir¢ok
meslek kuruluslarn icin de ulasilmasi kolay
bilgi kaynagi haline gelmistir. Giliniimiizde
artik somut kitap, dergi kaynakli yayimlar,
dijital ortamda basilmaya calisilmakta, diinya
genelinde insanlarin dijital sisteme geg¢mesi,
kolayligi ve rahat ulasilabilir olmasindan
gelmektedir. Sosyal medyanin 6zellikle saglik
hizmetlerinde bir devrim gerceklestirmesi;
insanlarin  Oncelikli bagvurduklar1 kaynak
haline gelmis, ayn1 zamanda hekimlerin de
yaygin olarak kullandig1 goriilmiistiir (Hamm
ve ark., 2013).

Insanlarin ¢evrim i¢i yasamlar1 giiniimiizde
giderek artmaktadir. Internet kullanimi artik
toplumun her kesimine yayilmistir. Veteriner
Fakiiltesi Ogrencileri ders materyali olarak
cevrimici kaynaklar1 ve sosyal medyay1
kullanmaktadirlar.  Bu  durum  &zellikle
Ogrencilerin 6grenme deneyiminde bir dizi
avantaj ve olumlu sonucla iliskilendiriliyor
(Ellaway ve ark., 2005; Siegford ve ark., 2005;
Cockram ve ark., 2007; McGreevy, 2007;
Roshier ve ark., 2011; Sadeh ve ark., 2021).

Parazitoloji G6gretimi, Ozellikle Veteriner
Fakiiltesi Ogrencileri icin klinik bilimleri

egitiminin temel bir bilesenini temsil eder
(Denecke ve ark., 2009; Hamm ve ark., 2013).
Klinik  bilimleri  igerisinde yer alan
parazitolojinin destegi i¢ hastaliklar1 dersinde
giicli bir temel, hastaliklar1 olusturan
parazitlerin morfoloji, biyoloji, teshis ve
tedavi, korunma yollarim1 anlamak i¢in
gereklidir. Bu nedenle, parazitoloji 68renimi
ogrencileri  basarili  klinisyen  olmaya
hazirlamak i¢in ¢ok 6nemlidir.

20 yil oncesinde diger fakiiltelerdeki gibi
Veteriner Fakiiltesinin diger birgcok dersleri
arasinda yer alan Parazitoloji dersi geleneksel
klasik 6gretim imkanlar1 olan tepe goz, slayt
makineleri i¢in hazirlanan dokiimanlarla
ogretilmeye  ¢alisthrdi  (Cigek,  2018).
Dolayistyla  6gretim  gorevlisinin  bilgiyi
dogrudan Ogrenciye anlatmasit ile pasif
O0grenme  tarzinda  gergeklestirilmekteydi
(Denecke ve ark., 2009; Avci ve ark., 2015).
Ancak diger bilim alanlarindaki dersler gibi
Parazitoloji  derslerinde  de  ¢evrimigi
kaynaklarin artan kullanimiyla karakterize
edilen daha teknolojik olarak gelistirilmis
Ogretim uygulamalarina dogru hizli bir evrim
gegiriyor. Zaman zaman video
uygulamalarinin yer aldig1 YouTube ¢evrim igi
uygulamalar da etkili bir kaynak olmustur.
Facebook, Blogger, Twitter, Instegram,
Wikipedia, gibi sosyal medya platformlar1 da
lisans diizeyinde tek saglik egitiminin 6gretim
stirecine entegre edilmistir (Denecke ve ark.,
2009; Hamm ve ark., 2013; Avci ve ark.,
2015).

Parazitoloji egitiminde 6grenciler 6zellikle
gorsel olarak parazitlerin ergin formunun
morfoloji, yumurta ya da oocytlerinin
morfolojisi, biyolojik sikluslar i¢in interneti
kullanmaktadir. Paraziter hastaliklarin klinik
semptomlarinin ne olabilecegi konusunda bilgi
edindikten sonra teshis ve tedavide de ne tiir
ilaglarin kullanilacagi konusunda bilgi sahibi
olma yoluna gitmektedirler. E-6grenme
diyebilecegimiz bu durum yiiksek 6grenimde
Ogrenci  Ogrenme  deneyimini  kokten
donistiirdii ve artan esneklik ve kendi kendine
yonlendirilen ¢alisma potansiyeli sunmustur.
Parazitoloji derslerinde de internetteki bilgi
dogrulugu kesinlesmis Dbelirli sitelerden,
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cevrim i¢i  kaynaklar mutlak surette
yararlanmanin 6greticilik acisindan olumlu
faydalar1 oldugu kesindir. Ogrencilerin de
cevrim i¢i kaynaklarla birbirleriyle iletisim
halinde ders konusunda yararlandiklar1 gercegi
mevcuttur (Gledhill ve ark., 2017).

Demir Ayvazoglu ve Aydenizoz, (2024)’iin
calismasinin  devami niteliginde olan bu
calismanin amaci, Kirikkale Universitesi
Veteriner Fakiiltesi 6grencilerinin Parazitoloji
dersleri 0zelinde sosyal medya ve internet
kullanim aliskanliklar1 ile bu platformlarin
ogrenme siireglerine etkilerini belirlemektir.

2. Materyal ve Yontem

Bu arastirmanin 6rneklem ve veri toplama
stireci, "Veteriner Hekimlik Egitiminde Sosyal
Medyanin Etkisi" baglikli calismada (Demir
Ayvazoglu ve Aydenizoz, 2024) detayli olarak
sunulmustur. Arastirmanin genis kapsami goz
onitinde bulundurularak, bu ¢alisma s6z konusu
arastirmanin devami niteligindedir. Calismaya
baslangigta 192 katilimci dahil edilmistir.
Ancak, calismanin bu béliimiinde parazitoloji
dersine iliskin sorular yer aldigindan, soz

konusu dersi heniiz almamis olan birinci sinif
Ogrencileri calisma disinda tutulmus ve
analizler iist siniflardaki 171 6grenci lizerinden
gergeklestirilmistir.  Elde edilen  veriler,
frekans dagilimi ve/veya yiizde olarak tablolar
halinde sunulmustur.

3. Bulgular
Calismaya katilan  Ogrencilerin = sinif
diizeylerine gore dagilimi incelendiginde,

katilimcilarin %17,2'sinin (35 kisi) 2. sinif,
%27,6's1 (53 kisi) 3. sinif, %20,3"i (39 kisi) 4.
siif ve %22,9'u (44 kisi) ise 5. sinif 6grencisi
oldugu tespit edilmistir. Buna gore ¢alismaya
katilan 6grencilerin sinif diizeylerinin dengeli
bir sekilde dagildigi ve farkli siniflardan
ogrencilerin  arastirmaya dahil edildigi
sOylenebilir. Ancak ¢alismanin bu béliimiinde
parazitoloji dersine 6zel sorular soruldugu i¢in
bu dersi almayan 1. siniflar bu ¢aligmaya dahil
edilmemistir (21 kisi). Veteriner Fakiiltesi
Ogrencilerinin, veteriner hekimlik egitiminde
sosyal medyay1 en sik kullandiklart dersler ve
kullanim oranlar1 Tablo 1’de verilmistir.

Tablo 1. Veteriner hekimlik egitiminde sosyal medyanin en sik kullandigi dersler
Table 1. The most frequent uses of social media in veterinary education

Boliimler Katilimei Sayisi Yiizde (%)
Klinik Bilimleri Dersleri 81 47.4
Klinik Oncesi Bilimleri Dersleri 35 20.5
Temel Bilimleri Dersleri 32 18.7
Zootekni ve Hayvan Besleme Boliim Dersleri 16 9.3
Gida ve Besin Hijyeni Dersleri 7 4.1
Toplam 171 100

Tablo 1 incelendiginde, Veteriner hekimlik
egitimi goren 6grencilerin sosyal medyay1 en
fazla kullandiklar1 derslerde klinik bilimleri
derslerinin ~ (%47.4) o6n plana ¢iktig1
goriilmektedir. Sosyal medya kullaniminin en
yaygin oldugu diger dersler ise sirastyla Klinik
Oncesi Bilimler Dersleri (%20.5), Temel
Bilimler dersleri (%18.7) olup, sosyal
medyanin en az kullanildig1 dersler; Zootekni
ve Hayvan Besleme Boliimii dersleri (%8.33)
ile Gida ve Besin Hijyeni dersleri (%3.65)
olarak tespit edilmistir. Yapilan c¢alismada
veteriner hekimlik egitiminde Ogrencilerin

bilgi eksikligi yasadiklar1 bir konuyla
karsilastiklarinda sergiledikleri davranislar
belirlemeye  yonelik  yanitlar1  analiz
edildiginde,  Ogrencilerin  ¢ogunlugunun
bagvurduklart  kaynaklar arasinda farkli
tercihlerde  bulunduklart  gdzlemlenmistir.
Anket sonuglarina  gdre, katilimcilarin
%40.9u (70 kisi) ders kitabin1 okumayi tercih
etmekte, %27.5’1 (47 kisi) dersin hocalarina
sorarak  aciklama almayr  se¢mektedir.
Internette arastirma yapmay1 tercih edenlerin
orani ise %31.6 (54 kisi) olarak belirlenmistir.
Bu bulgular, 0&grencilerin anlamadiklari
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konularda  farkli  bilgi kaynaklarina
basvurduklarini ve en yaygin olarak ders kitab1
ve interneti kullandiklarini gostermektedir.
Yapilan calisma sonuclarina gore,
katilimcilarin ~ parazitoloji  dersinde  ve

Veteriner klinik uygulamalarinda hastaliklarin
teshis ve tedavisinde sosyal medyanin
kullanim sikligina iliskin veriler Tablo 2’de
verilmistir

Tablo 2. Parazitoloji dersinde ve klinik uygulamalarinda sosyal medya kullanimi siklig1
Table 2. Frequency of social media use in parasitology courses and clinical practice

Parazitoloji Dersinde Sosyal Medya Kullanim Sikhig1 | Klinik Uygulamalarinda Sosyal Medya
Kullamim Sikhgi
Frekans Yiizde Frekans | Yiizde
(n) (%) (n) (%)
Evet, sik sik 36 21.1 Evet sik sik 56 32.8
Evet, bazen 79 46.2 Bazen 69 40.4
Evet, nadiren 47 275 Nadiren 37 21.6
Kullanmiyorum 9 5.2 Kullanmiyorum 9 5.2
Toplam 171 100 Toplam 171 100

Tablo 2’de, parazitoloji dersinde sosyal
medyanin kullanim sikligia iliskin 6grenci
yanitlari incelendiginde, katilimcilarin
%21.1'sinin (n=36) sosyal medyay1 sik sik
kullandiklari, %46.2'sinin  (n=79) sosyal
medyay1 bazen kullandiklar1 goriilmistiir.
Buna karsin katilimcilarin, %27.5'I (n=47)
sosyal medyay1 nadiren kullandigini, %5.2'si
(n=9) ise parazitoloji dersinde sosyal medyay1
kullanmadigin1  belirtmistir.  Bu  veriler
dogrultusunda, katilimcilarin sosyal medya
kullanim aligkanliklarinin farklilik gosterdigi
ve her Ogrencinin kullanim  sikliginin
degiskenlik arz ettigi tespit edilmistir. Tablo
2’te katilimcilarin, veteriner klinik
uygulamalarinda sosyal medya kullanimina
iligkin goriisleri incelendiginde, katilimcilarin
%32.8’sinin  (n=56) sik sik  kullandig
goriilmektedir. Calismada %40.4’lik bir grup

(n=69) bazen kullandigin1  belirtirken,
%21.6’s1 (n=37) nadiren kullandigin1 dile
getirmistir. Katilimceilarin yalnizeca %5.2°si
(n=9) interneti teshis ve tedavi siireclerinde
kullanmadigini ifade etmistir. Ayrica, sosyal
medyanin  veteriner  kliniklerinde  hangi
amagclarla kullanildigina dair sorulan soruda,
katilimcilarin 9%56.8°1 (n=71) gorsellestirilmis
vaka Orneklerine ulasmak igin, %27.2’si
(n=34) hastaliklarin teshis ve tedavi siirecine
iligkin hizli bilgiye ulasmak icin, %16’s1
(n=20) hastaliktan korunma ve kontrol
programlarimt  6grenmek  i¢in  siklikla
kullanildig: belirlenmistir. Calismada
katilimcilara parazitoloji dersi egitiminde ders
icerigiyle ilgili en ¢ok hangi internet kanalim
kullandiklar1 sorulmustur. Elde edilen bulgular
Tablo 3’te sunulmustur.

Tablo 3. Parazitoloji dersi egitiminde kullanilan internet kanallar1
Table 3. Internet channels used in parasitology course education

internet Kanallari Kullanmim Sayisi (n) Yiizde (%)
Google 101 59.1
YouTube 35 20.5
Instagram 19 111
Wikipedia 16 9.3
Toplam 171 100

Tablo 3 incelendiginde katilimcilarin
parazitoloji ders igeriklerinde en fazla
kullanilan kanal Google (%59.1) olup, onu
YouTube’un (%20.5) takip ettigi

goriilmektedir. Instagram’in kullanim orani ise
%11 olup, Wikipedia’nin %9.3’liikk bir tercih
oranina sahip oldugu belirlenmistir. Calismada
Parazitoloji dersi kapsaminda katilimcilarin
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interneti en ¢ok hangi amacla kullandigini sirastyla,  smavlara  hazirlk  amaciyla
ortaya  koymak i¢in sorulan soruya  kullananlar (%25.1) ve ders slaytlarina
katilimcilarin verdikleri cevaplar Tablo 4’te  ulasmak i¢in kullananlar (%22.2) izlemektedir.
verilmistir. Tablo 4 incelendiginde, Bilimsel amagclar icin internet kullananlarin
katilimcilarin - biiyiik  bir kismi interneti, orani  %7.1, oOdev yapmak amaciyla
parazitlere iliskin gorselleri gormek amaciyla kullananlarin ~ oram1  ise  %5.3  olarak
kullandiklar1 (%40.3) gorilmektedir. Bunu  belirlenmistir.
Tablo 4. Parazitoloji dersi egitiminde internetin kullanim amaglari
Table 4. Purposes of using the internet in parasitology course education
Kullanim Amaci Kullanici Sayist Yiizde (%)
Gorseller 69 40.3
Sinava hazirlik 43 25.1
Ders Slaytlari 38 22.2
Bilimsel Amagl 12 7.1
Odev 9 5.3
Toplam 171 100

Aragtirmanin amaci dogrultusunda, belirtmistir  (n=10).  Bununla  birlikte,
katilimcilarin ~ bilgiye erisim siireclerinde cogunlugun sitenin adina ve giivenilirligine

internet ortamindaki kaynaklara yonelik gliven
algilar1 incelenmistir. Aragtirma kapsaminda,
katilimcilarin internet ortamindaki bilgilere
giiven durumlarin1 etkileyen kriterler Tablo
5’te verilmistir. Elde edilen bulgulara gore,
katilimeilarin - %5.9’u  internet ortamindaki
bilgilere = genel olarak  giivendiklerini

dikkat ederek bilgiye giivenmeyi tercih
ettikleri  (%49.1; n=84) goriilmektedir.
Katilimceilarin %29.2°si (n=50), bilginin ders
kitab1 veya slaytlarla uyumlu olup olmadigina
dikkat ettigini, %15.8’lik bir grup (n=27), ise
bilginin kim tarafindan yazildigina 6nem
verdigini belirtmistir.

Tablo 5. Parazitoloji egitiminde internet ortamindaki bilgiye giiven durumlari
Table 5. Trust in information on the internet in parasitology education

(n) (%)
Internetteki bilgilere genel olarak giivenirim 10 59
Sitenin adina ve giivenilirligine bakarim 84 49.1
Ders kitabi veya slayt olup olmadigina bakarim 50 29.2
Bilginin kim tarafindan yazildigina bakarim 27 15.8
Toplam 171 100
4. Tartisma klinik 6ncesi bilimleri dersleri ile temel

Veteriner fakiiltesi 6grencilerinin derslerde
sosyal medya kullanomim1 degerlendiren
caligmalar, sosyal medyanin 6grenme ve bilgi
paylasimi icin etkili bir ara¢ olabilecegini
ortaya koymaktadir (Joshi ve ark., 2018).
Veteriner hekimlik egitimi goren 6grencilerin
sosyal medya kullanim aligkanliklarinin ders
igerikleriyle olan iliskisi degerlendirmek igin
yapilan ¢alismada Veteriner hekimlik egitimi
gbren 6grencilerin, sosyal medya kullaniminda
Ozellikle klinik Dbilimlerle ilgili derslerini
belirgin bir sekilde 6n planda tuttuklari, bunu

bilimler derslerinin izledigi tespit edilmistir.
Bu calisma bulgusuna paralel olarak Slegford
ve ark. (2005) ile McGreevy ve ark. (2007),
yaptiklar1 ¢aligmada klinik bilimlerde sosyal
medya kullanimmin artis gosterdigini ve bu
platformlarin ~ vaka  bazh ogrenmeyi
destekleyen gorsel materyallerin paylagiminda
etkili oldugunu bildirmislerdir. Ozellikle vaka
analizleri ve klinik durumlara yonelik egitici

iceriklerin  sosyal medyada paylasilmasi,
Ogrenciler  arasinda  bilgi  aligverisini
artirmaktadir.  Ozellikle temel  bilimler

derslerinin sosyal medya kullaniminda daha
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geri planda kalmasi ise, bu derslerin teorik
yapisinin agir basmasindan ve teorik bilginin
sosyal medya tizerinden yayilmasinin daha az
etkili olmasiyla aciklanabilir. Bu baglamda
temel bilimlerdeki bilgilerin gorsellestirilmesi
veya popiilerlestiriimesi  sosyal medya
kullanimini artirabilir.

Yapilan calismada, Veteriner hekimlik
egitimi alan Ogrencilerin bilgi eksikligi
yasadiklarinda  sergiledikleri  davranislar,
O0grenme stratejileri ve bilgiye erisim yollari
acisindan farkli 6grenme yaklasimlarin1 ve
kaynak tercihlerini ortaya koymaktadir. Ders
kitabinin %40.9 ile en c¢ok tercih edilen bilgi
kaynagi olmasi, dgrencilerin geleneksel bilgi
kaynaklarina olan glivenini yansitmaktadir. Bu
calisma bulgusuna paralel olarak, Dewhurst ve
ark. (2015) calismalarinda, Veteriner hekimlik
Ogrencilerinin  bilgiye erisimde 0Ozellikle
karmagik veya teknik konularin anlagilmasi
acisindan giivenilir ve detayli agiklamalar
sunan kaynaklar1 tercih ettiklerini
belirtmektedir. Calismada internetin %31,6
oraninda tercih edildigi belirlenmis olup,
genellikle Ogrencilerin bilgiye hizli erisim
ithtiyact duyduklarinda kullandiklarini
gostermektedir. Saadeh ve ark. (2021)
calismasinda, internetin esnekligi ve erigim
kolaylig1 nedeniyle 6grenciler arasinda yaygin
bir bilgi kaynagi oldugu, ancak, cevrimigi
kaynaklarim dogrulugu ve giivenilirliginin
sorgulanmas1 gerektigi vurgulanmistir. Bu
bulgular,  Ogrencilerin  bilgi  eksikligi
durumlarinda  birden  fazla  kaynaga
bagvurduklarim1 ve bu kaynaklar arasinda
secim yaparken gilivenilirlik, erisim kolaylig:
ve kapsamli agiklama gibi kriterleri dikkate
aldiklar1 seklinde yorumlanmustir. Internetin
giderek daha fazla tercih edilmesine ragmen,
ders kitabinin ve dersin hocasina basvurma
oraninin yiiksek olmasi hala geleneksel egitim
materyallerinin onemini korudugunu
gostermektedir. Zira Gledhill ve ark. (2017)
arastirmalarinda, egitmenlerin birebir
iletisimdeki  rehberliklerinin  6grencilerin
konulart daha iyi kavramasinda kritik roliine
sahip olduklarini bildirmislerdir. Bu durum,
ozellikle 6grencilerin glivenilir bir agiklama ve
yonlendirme aradiklar1 durumlarda 6ne ¢iktig1
sOylenebilir.  Parazitoloji dersinde sosyal

medyanin kullanim sikligina iliskin bu veriler,

sosyal medyanin Ogrenme siireglerindeki
yerini belirlemek acisindan Onemli olup
yapilan c¢alismada katilimcilarin  sosyal

medyay1r %21.1'sinin sik sik, %46.2'sinin
bazen, %27.5'inin  nadiren  kullandig
belirlenmistir. Parazitoloji dersinde sosyal
medya kullanimindaki farkliliklar,
ogrencilerin 6grenme stilleri, bilgiye erisim

aligkanliklar1 ~ ve  dersin  yapis1  ile
iligkilendirilebilir. ~ Gorsel ve interaktif
iceriklerin  sosyal medyada sunulmasi,

ogrenciler icin onemli bir avantaj saglarken,
platformlarin ~ dogrulugu ve  akademik
uygunlugu konusunda endigeler, kullanim
sikligin etkileyebilir. Nitekim Gledhill ve ark.
(2017) yaptiklar1 ¢alismada, O0grencilerin bir
kisminin bilgiye erisim icin hala geleneksel
kaynaklar1 (ders kitaplar1 ve hocalar) tercih
ettigini ve interneti yalnmizca ek bir kaynak
olarak gordiiklerini ortaya koymaktadir.
Parazitoloji gibi teknik bilgilerin agirlikl
oldugu bir derste, 6grencilerin ders kitaplarina
ve egitmenlere daha fazla ydnelmeleri, bu
oranlarin temel nedenlerinden biri olabilecegi
sOylenebilir.

Veteriner fakiiltesi 6grencilerinin paraziter
hastaliklarin teshis ve tedavisinde sosyal
medya kullanimi incelendiginde, katilimeilarin
%32.8’sinin interneti sik sik, %40.4’{iniin
bazen, %21.6’smnin  nadiren  kullandigi
belirlenmistir. Bu ¢alisma bulgusuna paralel
olarak Joshi ve ark. (2017), ozellikle klinik
uygulamalar ve teshis siireclerinde internetin
onemli bir ara¢ oldugunu ve Ogrenciler
arasinda popiiler bir bilgi kaynagi haline
geldigini bildirmistir. Ozellikle Veteriner
hekim adaylarmin, hizli bilgiye ihtiyag
duyulan durumlarda interneti sikc¢a tercih
ettikleri tespit edilmistir (McGreevy ve ark.
2007). Buna karsin ¢alismada interneti nadiren
ve/veya hi¢ kullanmayanlarin belli bir oranda
(%26.8) olmasi, dgrencilerin sosyal medyay1
O0grenme stireclerinde secici olarak
kullandiklarin1 gostermektedir. Saadeh ve ark.
(2021), sosyal medyanin, 6zellikle akademik
platformlarda dogru ve gilivenilir bilgi
sunulmas1 durumunda daha yaygin bir sekilde
tercih edildigi vurgulanmistir. Bu ¢aligmada,
sosyal medyanin veteriner klinik
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uygulamalarinda daha c¢ok hangi amagla
kullanildigina dair sorulan soruda,
katilimcilarin %56.8°1 (n=71) gorsellestirilmis
vaka Orneklerine ulasmak icin, %27.2’si
(n=34) hastaliklarin teshis ve tedavi siirecine
iliskin hizli bilgiye ulagsmak i¢in, %16’s1
(n=20) hastaliktan korunma ve kontrol
programlarin1 6grenmek icin kullandiklarimi
bildirmislerdir. Bu ¢alisma bulgusuna paralel
olarak Joshi ve ark (2017) sosyal medyanin,
giincel tedavi yontemleri ve protokollere
ulasmada hiz ve esneklik sundugunu ve bu
nedenle 6grenciler arasinda popiiler bir bilgi

kaynagi  haline  geldigini  bildirmistir.
McGreevy ve ark. (2007) ise calismalarinda
Veteriner hekim adaylarmin, 6zellikle

gorsellestirilmis vaka ornekleri ve tedavi
protokollerine  kolay erisim  saglamasi
bakimindan sosyal medyay1 kullandiklarini
ifade etmislerdir. Ancak burada dikkat
edilmesi gereken husus, teshis ve tedavi
stireclerinde hizli bilgiye ulagim ve hastaliktan

korunma programlarinin  sosyal medya
lizerinden Ggrenilmesi, bu platformlarin
akademik igeriklerin dogrulugunun yani sira
giivenilirlik acisindan da dikkatle
degerlendirilmesi gerektigini ortaya
koymaktadir.

Yapilan calismada katilimcilarin

parazitoloji ders igerikleri i¢in en fazla Google
(%59.1) ve YouTube’u (%20.5) kullandiklar
belirlenmistir. Bu calisma bulgusuna benzer
olarak Joshi ve ark. (2017), Google’in ¢ok
cesitli kaynaklari bir arada sunmasindan dolay1
Ogrenciler icin bir avantaj oldugunu,
McGreevy ve ark. (2007) ile Gledhill ve ark.
(2017) ise YouTube’un gorsellestirilmis
icerikler ve Ogretici  videolar sunarak
Ogrencilerin 6grenme siireclerine katkida
bulundugunu ve bir 6§renme araci olarak daha
cok tercih edildigini bildirmislerdir. Ancak bu
platformda yer alan bilgilerin dogrulugu
konusunda dikkatli olunmasi gerektigi bahsi
gecen literatiirlerde vurgulanmustir.

Calismada parazitoloji dersi O6zelinde
katilimcilarin ~ biiytik  bir  kismi  dijital
platformlari, parazitlere ilisgkin gdorselleri

gormek amaciyla (%40.3), sinavlara hazirlik
amaciyla (%25.1) ve ders slaytlarina ulagmak

icin (%22.2) kullandiklart belirlenmistir. Bu
bulgulara paralel olarak Slegford ve ark.
(2005) calismasinda, gorsellestirilmis vaka
orneklerinin 6grencilerin kavrayisini artirmada
etkili oldugu ve internetin bu tiir materyaller
icin sikca tercih edildigi ifade etmistir. Zira
dijital  platformlarm,  o6grencilerin  ders
materyallerine zaman ve mekandan bagimsiz
olarak hizl bilgi erisimi saglamasi1 ve genis bir
kaynak c¢esitliligi ile kisa ve oOzet bilgileri
gorsellestirilmis vaka Ornekler ile sunmasi
nedeniyle Ogrencilerin kavrayisini artirmada
etkili olduklar1 ve internetin bu tiir materyaller
icin sikca tercih edildikleri bildirilmektedir
(Gledhill ve ark., 2017; Slegford ve ark.,
2005).

Yapilan calismada Ogrencilerin yaklasik
%94’nlin  internet ortamindaki  bilgilere
tamamen glivenmek yerine se¢ici davranmay1
tercih ettikleri ve bilgiyi degerlendirmek i¢in
cesitli kriterler kullandiklar1 belirlenmistir.
Calismada Ozellikle sitenin giivenilirligine
dikkat etme oraninin yiiksek olmasi (%50)
ogrencilerin farkindaliginin yiiksek oldugunu

gostermektedir. Calismada ayrica
katilimcilarin =~ bilginin ~ kim  tarafindan
yazildigima O6nem vermesi, kaynaklarin

otoritesine ve uzmanligina giliven duyulan
sitelere bakmalari, dijital medya okuryazarligi
ve bilgi dogrulama becerileri kazandiklari
seklinde yorumlanmustir.

5. Sonuclar

Gilinlimiizde internet ve sosyal medya,
ogrencilerin egitim ve akademik yasamlarinda
giderek daha etkili bir rol oynamaktadir. Bu
calisgmada elde edilen bulgular, sosyal
medyanin dgrenciler i¢in 6grenme siireclerini
destekleyen ve bilgiye erisimi kolaylastiran bir
kaynak olarak dnemli bir yer tuttugunu ortaya
koymaktadir. Ozellikle parazitoloji dersinde
sosyal ~medyanin  kullanom  sikliginin,
ogrencilerin  bireysel tercihlerine, ders
icerigine ve egitim siirecindeki ihtiyaglarina
gore farklilik gosterdigi, ancak genel olarak
dersin egitim siirecinde onemli bir arag¢ haline
geldigi tespit edilmistir. Sosyal medya,
parazitoloji gibi gorsellestirme ve pratik bilgi
gerektiren derslerde Ogrencilerin  dgrenme
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stireclerini destekleyen etkili bir §grenme araci
olarak kullanilmaktadir. Bu baglamda, dijital
kaynaklarin geleneksel egitim yontemleriyle
birlestirilerek etkin bir sekilde kullanilmasi,
Ogrencilerin O0grenme ciktilarinin
gelistirilmesine katk1 saglayabilir. Ozellikle
sosyal medyanin egitsel potansiyelini en iist
diizeye c¢ikarmak igin, 6grencilere giivenilir
bilgi kaynaklarini belirleme ve interneti etkin

kullanma becerileri kazanmalari, sosyal
medyada karsilastiklar: bilgileri elestirel bir
sekilde degerlendirebilmeleri ile

akademisyenlerin, Ogrencileri giivenilir ve
mesleki uygulamalarla uyumlu internet
sitelerine yonlendirmeleri, bilgi kirliligi riskini

azaltarak O0grenme stireglerini
destekleyecektir.  Sonu¢  olarak, sosyal
medyanin egitime entegrasyonu, Ozellikle

gorsel ve pratik bilgi gerektiren derslerde
O0grenme  deneyimini  iyilestirecek  bir
potansiyel tasimaktadir. Sosyal medyanin bu
potansiyelinin etkili bir sekilde kullanilmasi,
hem Ogrencilerin bilgiye erisim siireglerini
hizlandiracak hem de akademik basarilarini
desteklemesi bakimindan Onemlidir. Bu
nedenle, dijital teknolojilerin egitimde daha
verimli bir sekilde kullanilmasma yonelik
dijital medya okuryazarliginin gelistirilmesi
gerekmektedir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yaymna hazir son
halini gordiiklerini/okuduklarim ve
onayladiklarini beyan ederler.

Cikar Catismasi1 Beyani

Tim yazarlar, bu ¢alisma i¢in herhangi bir
¢ikar catismasi olmadigini beyan etmektedir.

Etik Kurul Onay1

Arastirma icin Kirikkale Universitesi
Girisimsel Olmayan  Arastirmalar  Etik
Kurulu’ndan 26.06.2024 tarihinde 2024.06.28
karar ile etik kurul onay1 alinmustir.
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Abstract

Individuals with amputations often rely on prosthetic limbs to maintain daily functionality; however, over time,
the performance of these devices can be compromised by wear, signal degradation, or other technical issues. In
this study, we investigate the enhancement of electromyography (EMG) signals to mitigate changes in signal
characteristics associated with long-term use by amputees. Our approach employs deep neural networks (DNN)
integrated with various optimization algorithms. Data were acquired using an MYO Armband on the right arms of
seven volunteers performing repeated fist clenching until muscle fatigue set in. The acquired data were augmented
using synthetic data generation techniques and subsequently processed with a DNN that incorporated methods
such as Principal Component Analysis (PCA), low variance and high correlation filters, nonlinear convolution
layers, ensemble learning, bagging, batch normalization, and optimization algorithms including Stochastic
Gradient Descent (SGD), Adagrad, RMSprop, Adam, and Particle Swarm Optimization (PSO). The performance
was evaluated using metrics such as accuracy, precision, recall, and F-measure. Without optimization, the
precision was 0.76; however, after extensive testing of various algorithmic combinations and synthetic data
augmentation, the best configuration achieved a precision of approximately 0.98. These findings demonstrate that,
with carefully selected deep learning and optimization strategies, EMG signals can be processed in near real-time,
thereby significantly reducing the impact of mobility limitations.

Keywords: EMG signals, deep neural networks, optimization, data preprocessing
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Ozer and Orman

1. Introduction

Since the 1970s, prosthetic limbs have been
instrumental in restoring mobility for millions
of individuals with limb losses (Fukuda et al.,
1998). Advances in prosthetic technology have
enabled improved functionality and greater
independence for users. Early work, such as
that by Wiener, introduced the concept of
using electromyogram (EMG) signals for real-
time control of prosthetic arms. Today, EMG
signals—owing to their natural correlation
with muscle contraction and relaxation
(Artemiadis et al., 2007; Li-Zhi et al., 2018)—
remain a cornerstone for controlling advanced
prosthetic systems, including the Boston Arm
(MIT) and the Utah Artificial Arm (Moradi et
al., 2008).

In this study, we employ an MYO
Armband, a device that utilizes wireless
gesture and motion control technology, to
capture EMG signals from the right arms of
seven volunteers. Our primary objective is to
maximize the detection of muscle signals
during prolonged use, particularly when signal
characteristics change due to muscle fatigue.
To address these challenges, we propose a
machine learning framework that leverages
deep neural networks (DNN) combined with
advanced preprocessing and optimization
techniques.

The collected dataset is first subjected to
preprocessing steps, including removal of
redundant entries, elimination of low-variance
and highly correlated features, normalization,
and Principal Component Analysis (PCA).
These steps are designed to enhance the quality
of the data and reduce training time while
improving classification accuracy.
Subsequently, the preprocessed data are input
into a DNN that integrates various methods
such as low variance filtering, data
augmentation, nonlinear convolution layers,
ensemble learning, bagging, batch
normalization, and multiple optimization
algorithms including Stochastic Gradient
Descent (SGD), Adagrad, RMSprop, Adam,
and Particle Swarm Optimization (PSO). The
results of this integrated approach are
discussed in the Results and Discussion

section. Overall, our study demonstrates that
with appropriate machine learning and
optimization strategies, EMG signals can be
processed accurately and in near real-time,
thereby significantly mitigating the impact of
signal degradation on prosthetic control.

The interpretation and processing of EMG
signals have evolved significantly over the past
decades. Early studies, such as those by
Hardyck and colleagues and J.G. Kreifeldt
(Kreifeldt, 1971), pioneered the use of surface
EMG for signal amplification and noise
reduction. Initial methods focused on
enhancing the signal-to-noise ratio and
involved techniques like low-pass filtering and
autoregressive-moving  average  models
(Graupe et al., 1975; Nelder et al., 1994).
Subsequent  research  further advanced
prosthetic control systems. For example, D.
Graupe et al. (1975, 1989) and Peter C.
Doerschuk et al. (1983) demonstrated the
feasibility of using EMG signals for the control
of prosthetic limbs by applying digital signal
processing techniques. These studies laid the
groundwork for understanding the role of
EMG in translating muscle activity into control
commands for devices such as the Boston Arm
and the Utah Artificial Arm (Moradi et al.,
2008).

Throughout the 1980s and 1990s,
researchers investigated various methods to
enhance EMG signal processing. Hershler and
Milner (1978) analyzed EMG characteristics
during locomotion, while studies by Saridis et
al. (1982) and Doerschuk et al. (1983) focused
on minimizing the cognitive load required for
prosthetic control. Subsequent work by
Hultman and Sj6holm (1983), Studer et al.
(1984), and Gerber et al. (1984) introduced
more  sophisticated  frameworks  for
guantitative EMG analysis and optimal
filterbank adaptation. Advances continued
with contributions such as Zhou et al. (1986),
who proposed methods for deriving
intramuscular EMG signals from surface
measurements, and Paiss and Inbar (1987),
who utilized autoregressive models for spectral
analysis of EMG data. In the late 1980s and
early 1990s, research by Winter and Yack
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(1987) and Reucher et al. (1987) further
refined EMG modeling by applying spatial
filtering and statistical analysis techniques.The
1990s saw an increased focus on applying
neural network techniques to EMG signal
classification. Early work by Hiraiwa et al.
(1989) and subsequent studies by Park and Lee
(1998) employed neural networks to classify
EMG patterns for prosthetic control. These
approaches were later augmented with fuzzy
systems and wavelet transforms (Zhang et al.,
2002; Vuckovic et al., 2002), enhancing the
robustness of EMG-based interfaces.

More recent studies have concentrated on
real-time  applications and  advanced
optimization methods. Chang et al. (1996) and
Fukuda et al. (1997, 1998) explored EMG
discrimination systems for human-machine
interfaces, while later work by Ouyang (2013)
and Goen (2014) addressed dynamic signal
properties and neuromuscular  disorder
evaluation. Despite the considerable progress,
relatively few studies have integrated
advanced machine learning techniques with a
comprehensive set of optimization algorithms
for EMG signal enhancement.Our work
extends this body of literature by combining
deep neural networks with a suite of
preprocessing and optimization techniques. By
incorporating methods such as PCA, low
variance and high correlation filtering, and
various optimization algorithms (SGD,
Adagrad, RMSprop, Adam, and Particle
Swarm Optimization), our study aims to
improve EMG signal prediction accuracy,
even in scenarios involving significant signal
degradation. This approach not only builds on
prior research but also introduces novel
algorithmic combinations that enhance the
overall performance of prosthetic control
systems.

2. Materials and Methods

In this study, muscle signal measurements
were performed with MYO Armband
produced by Thalmic Labs. MYO Armband is
a wristband with 8 EMG electrodes, a three-
axis accelerometer, a three-axis gyroscope, and

a three-axis magnetic force measurement. The
ARM Cortex M4 processor manages the
armband  operation, while the data
transmission is performed through the BLE
NRF51822 chip, which exchanges data with
the HM-11 BLE module mounted on the
bottom side of the prosthesis driving/control
unit. The MYO armband has 8 separate
electromyography (EMG) sensors, which are
used to read the muscles and figure out what
the limb is doing at that moment. This wrist
strap can also show the orientation of the arm
in 3-dimensional space. The orientation data
from the wristband is transmitted to the
computer via wireless communication
(Bluetooth). After the data is processed with
the software prepared in Python programming
language, it is sent to the computer in real-time
via TCP / IP communication (Erin and Boru,
2018). The EMG data is 200Hz, while the IMU
data is 50Hz. Those speeds are constant and
cannot be changed. And this collection only
works while working with a single armband.
Dataset collected by MYO Armband is
processed and used by Deep Neural Network
with PCA, Low variance Filter, Data
Augmentation, Nonlinear Convolution Layers,
Data Augmentation, Ensembling, Bagging,
Batch  Normalization, SGD, Adagrad,
RMSprop, Adam and Particle Swarm
optimization. The main idea is to classify these
data properly and prepare the prediction
models based on this accurate classification.
Since there are 8 sensors, there are 8 fields in
the data showing as emgl, emg2, emg3, emg4,
emgb, emg6, emg7, and emg8. These fields
can be seen from the sample dataset given in
Figure 2. You can see the device and a little bit
of data distribution from the device in the
picture Figure 1 and the data distribution from
the graphical Figure 7 below. From the sample
row of the dataset, as we can see in Figure 7, 8
different sensors have different values
according to the movement of the arm between
the timestamp of start and the end. These
sensor values have a minimum value of -128
and a maximum value of 127.
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Figure 1. MYO Device (Bernhardt, 2015)

2.1. Used techniques
2.1.1. Principal component analysis

Principal component analysis (PCA) is a
statistical procedure that uses an orthogonal
transformation to transform the observation set
of interrelated variables into values of linearly
unrelated  variables  called principal
components. The number of major
components is less than or equal to the number
of original variables or observations. This
transformation is defined perpendicular to the
previous components such that the first
principal component has the largest possible
variance, and the resulting components all
have the highest possible variance under
constraint. The resulting vectors are a set of
unrelated orthogonal principal components.
PCA is sensitive to the relative scaling of the
original variables. Analysts often use PCA as a
tool for data analysis and building predictive
models. It is often used to visualize genetic
distance and the relationship between
populations. PCA can be done by eigenvalue
decomposition of a data matrix, a data
covariance matrix, or singular value
decomposition after the mean average of the
data matrix for each feature. Results of a PCA
are often discussed in terms of factor scores
and component scores called loading. PCA is
the simplest of true eigenvector-based
multivariate analysis. It is often thought that
their work reveals the internal structure of the
data in a way that best explains the variance in
the data. If a multivariate data set is visualized
as a set of coordinates in a high dimensional

data field, the PCA can present a sub-
dimensional picture of this object, a projection
from the most informative point of view. This
is done by using only the first few basic
components, thus reducing the dimensionality
of the converted data.

2.1.2. Low variance filter

The Low Variance Filter node calculates
each column variance and removes those
columns with variance values below a
specified threshold.

2.1.3. High correlation filter

This technique establishes the specification
of a description step that will potentially
remove variables that have large absolute
correlations with other variables.

2.1.4. Data augmentation

Data augmentation is a useful technique that
is used in almost every cutting-edge machine
learning model in applications such as image
and text classification. Heuristic data
augmentation schemes are often set manually
by human experts with extensive domain
knowledge, resulting in inadequate
augmentation policies. This resulted in new
algorithms to automate the search process of
transformation  functions, new theoretical
knowledge that enhances the understanding of
various enhancement techniques widely used
in practice, and a new framework for
harnessing data enhancement to patch a flawed
model and improve performance on the key
data subpopulation.
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2.1.5. Ensemble learning

Ensemble methods work best when
algorithms are independent of each other. One
way to get different classifiers is to train those
using different algorithms. This increases the
likelihood of making different types of
mistakes, which increases the accuracy of the
group. Ensemble itself is a supervised learning
algorithm because it can be trained and then
used to make predictions. Therefore, the
trained ensemble represents a single
hypothesis. However, this hypothesis is not
necessarily included in the hypothesis space of
the models from which it is constructed. Thus,
it can be shown that ensembles have more
flexibility in the functions they can represent.
Theoretically, this flexibility enables them to
fabricate education data more than a single
model. Still, some ensemble techniques
(especially bagging) tend to mitigate problems
associated with overfitting training data in
practice. Empirically, ensembles tend to show
better results when there is significant
variation between patterns. Therefore, many
community methods try to encourage diversity
among the models they combine. However, it

fO)=3L, fi(x)

the average of fi fori=1, ..., T;
For Classification

f00) = sign(EL,

2.2. Optimization algorithms

In deep learning applications, the absolute
minimum value of the error function must be
found for the learning process to result
healthily. This process is carried out using
optimization methods. Optimization is the
method used to make the difference between
the output value produced by the network and
the actual value, the error to the smallest. One
of the most used methods for optimizing
artificial neural networks is gradient descent.
There are three gradient descent methods
(Mini-Batch Gradient Descent, Stochastic
Gradient Descent, and Batch Gradient
Descent) depending on the size of the data set

has been shown that using a variety of
powerful learning algorithms is more effective
than using techniques that try to simplify
models to encourage diversity.

2.1.6. Bagging (variance improving)

Bagging is a technique that does boot
clustering. One way to reduce the variance of
an estimate is to average multiple guesses. For
example, we can train M different trees on
different subsets of data (randomly selected by
replacement) and compute the ensemble.
Bagging uses boot sampling to obtain subsets
of data to train basic students. It uses the voting
for bagging, classification, and the average for
regression, to gather the outputs of the core
learners.

Given a training set D= {(x1, Y1), - . . (Xn,
yn)}

Sample T sets of elements from D (with
replacement) D1, D2, . . . D1—T quasi replica
training sets.

train a machine on each Di,i= 1, ..., T and
obtain a sequence of T outputs fi(x), . . . fr(x).

The final aggregate classifier can be

For Regression:

)

fi(x) ()

used in a single iteration. Various algorithms
(Rmsprop, Adagrad, Adam, etc.) are based on
the gradient descent method (Kurt, 2018).
While training data, calibrating the learning
coefficient is critical in terms of optimization.
However, it is not possible to fully adjust the
learning coefficient in the model with every
algorithm. Various gradient methods have
been proposed to solve this problem (Li, 2017).

2.2.1. Adagrad

Adagrad makes different updates for each
parameter by wusing t different learning
coefficients for each step. Thus, it eliminates
the need to adjust the learning coefficient
manually. In Adagrad, each parameter has its
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learning speed. The learning coefficient
becomes excessively smaller because of the
growth of the expression in which the learning
coefficient value is divided in the update
process during training (Carkaci, 2018).
Adagrad uses a different learning rate for every
parameter 0i at every time step t; first, it is
being shown that Adagrad's per-parameter
update, which then is vectorized. For brevity,
gt has been used to denote the gradient at time
step t. gy, 1 is then the partial derivative of the
objective function w.r.t. to the parameter 0i at
time step t:

gti= VoJ(6,). 3)

The SGD update for every parameter 0i at
each time step t then becomes:

Or+1,i=6ki—n Q. (4)

In its update rule, Adagrad modifies the
general learning rate n at each time step t for
every parameter 0i based on the past gradients
that have been computed for 0i:

Owe1i=6ki—n / NGrii+e . (5)

GteRdxd here is a diagonal matrix where
each diagonal element i, i is the sum of the
squares of the gradients w.r.t. 01 up to time step
t, while € is a smoothing term that avoids
division by zero (usually on the order of 1e—8).
As G contains the sum of the squares of the
past gradients w.r.t. to all parameters 0 along
its diagonal, it can now be vectorized for the
implementation by performing a matrix-vector
product © between Gt and g

9t+1=9t—l7 / \/Gt"‘EOgt. (6)

2.2.2. Rmsprop

Rmsprop has been developed as a solution
to the problem of over-minimizing the learning
coefficient in the Adagrad algorithm. Instead
of using all the values obtained from the
squares of all past slopes in Adagrad, it
restricts the value amount to a certain frame
size (Kurt,2018; Ruder,2016).

E[9%]:=0.9E[g?]t—1+0.19%0u1=0i—1 / NE[g2]i+egt (7)

Rmsprop is similar to AdaGrad, and the
difference is that the denominator is also
decayed.

2.2.3. Adam optimization

ADAM, Adaptive Moment Estimation, is a
more widely used method that adds
momentum to the RMSprop method.
Momentum updating is done with the
exponential moving average, and when dealing
with B, it is not necessary to change the
learning rate. Like in RMSprop, here, the
exponential moving average of the gradient
square is taken. At the beginning of the training
process of neural networks, SGD often goes in
the wrong direction, while RMSprop is
heading in the right direction. However,
RMSprop is also affected by a noise like
classical SGD, i.e. jumps around optimum
when it finds a local minimum, leading to
critical consequences. Just as we add
momentum to the SGD, the same improvement

is achieved with ADAM. The ADAM
Algorithm was also generally regarded as quite
robust in choosing hyperparameters (Studer et
al.,1984).

me=f1mt—1+(1—p1)gt (8)
Vi=Povi—I1+(1—f2)g¢ )

This update rule is like the RMSProp. The
difference is that the cumulative history of
gradients is being looked at as well(m_t).
ADAM is required to train some networks
while using language models. SGD or ADAM
with  momentum is generally preferred to
optimize neural networks. However, ADAM's
theory in publications is not well understood,
and it has some drawbacks. In elementary test
problems, the method does not converge. It is
known to give generalization errors. If the
neural network is trained to provide zero loss
in data used for training, it will not lose zero in
other data points it has never seen before. It is
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quite common to get worse generalization
errors, especially when using SGD for image
problems. For example, ADAM or factors in
its structure may include finding the closest
local minimum, i.e. being less noisy. While we
need 3 buffers in ADAM, SGD requires 2
buffers. It is not very important unless we train
a model that is a few gigabytes in size, but in
such a case, it may not fit into memory. Instead
of 1, 2 momentum parameters should be set. In
this method, in addition to using the
exponentially weighted averages (At) of the
squares of past slopes, as is done in Rmsprop,
it also stores the momentum changes (mt) in
the cache. So, it combines Rmsprop and
momentum. The default values are 0.9 for B
It is stated as 0.999 for B2 and 108 for epsilon
(Li, 2017; Carkaci, 2018).

2.2.4. Stochastic gradient descent

SGD is an iterative optimization technique
that uses mini data stacks to generate the
expectation of the gradient rather than the full
gradient using all available data. A large
dataset containing randomly sampled samples
probably contains redundant data. The larger
the batch size, the more likely the surplus
becomes. Some redundancies can be useful for
smoothing noisy gradients, but massive
batches tend to be of much less predictive
value than large batches (Song et al., 2013).
What if we could get the correct average
gradient for much less computation. We can
predict a larger average from a much smaller
average by picking random samples from our

dataset. Stochastic gradient descent (SGD)
takes this idea to the extreme - using only one
instance (batch size 1) for each iteration. Given
enough iterations, SGD works but is too noisy.
Stochastic means that a sample containing
each batch is randomly selected. SGD
performs a parameter update for each training
example labeled x(i) and y(i):

0=0—1-VOJ(0:x();(i)). (10)

In the SGD algorithm, the calculation is
made over a training sample instead of all
training data. In this way, possible memory
deficiency problems are prevented (Kurt,
2018).

2.2.5. Particle swarm optimization

In the search field, particles are presented as
potential solutions, and the fitness function is
proposed as the basic mechanism for driving
particle movements. The PSO, which includes
the following people who are part of a
community, has an idea that is part of a "field
of belief" (search space) shared by neighboring
individuals. Individuals can change this "state
of vision" based on three factors:
environmental knowledge; the individual's
previous state history, and previous situations
of the individual's neighborhood. Considering
the rules of interaction, PSO, individuals in
society adapt their belief schemes to more
successful social networks. The rules of one-
dimensional particle motion are shown in
equations as follows:

Vit l=w * vit+ di *e1* (Pest— Xit) + d2* &2 *(Goest— Xi') (11)

Xit+1:Xit+Vit+1

Where the local best configuration (poest),
global best (goest), new velocities (vit+1), and
positions (Xit+1) where xit and vit are the
current position and velocity. €l and €2 are
chosen randomly in between (0,1). The
tendency of a particle to remain in its current
position is called inertia coefficient denoted by
w, di, and d2 (which can be modified as per
requirement), which are referred to as the

(12)

individual coefficient of acceleration and
global coefficient of acceleration, respectively.

2.3. Deep neural network

The deep neural network algorithms used in
the study are multi-layered versions of
artificial neural networks that are inspired by
the information processing method of the
human brain. Since the single-layer
perceptron, which was first developed and
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evaluated as the most primitive artificial neural
network, is not sufficient in solving nonlinear
problems, a multi-layer perceptron has been
developed (Fernandez et al.,, 2006). Most
machine learning and deep learning algorithms
use the idea of gradient descent. And that is
based on the Newton algorithm that is about
finding the roots of a 2d function. To achieve
that, a point is randomly picked and slide to the
left or right along the x-axis, based on the
positive or negative value of the derivative of
the slope of this function at the chosen point
until the value of the y axis function comes to
zero. The same idea is used in gradient descent,
where we move or descend along a given path
in multidimensional weight space. The cost
function continues to decrease and stops when
the error rate stops decreasing. Newton's
method tends to get stuck at the local minimum
if the derivative of the function at the current
point is zero. Similarly, this risk exists when
gradient descent is used on a non-convex
function. The effect is multidimensional (each
dimension represents a weight variable) and is
amplified in the multilayer environment of
DNN, resulting in a non-optimal weight set. In
standard SGD, the learning rate is used as a
constant multiplier of the gradient to calculate
step size or update weight. This can cause the
update to exceed a potential minimum if the
slope is too steep or delay convergence if the
slope is noisy. Using the concept of
momentum in physics, the momentum
algorithm presents a velocity variable v that is
structured as an exponentially decreasing mean
of the gradient. This helps prevent costly
landings in the wrong direction. In the equation
below, a € [0; 1) is the momentum parameter,
and ¢ is the learning rate. The multi-layer
perceptron contains three layers which is the
input layer, hidden layer(s), and an output
layer. Unlike the single-layer sensor, nonlinear
classification can be made. Depending on the
nature of the problem solved, the number of
hidden layers and the number of neurons in
these layers may change. To create a good
generalization in the modeling process of
architecture, the input data set is divided into
two or three separate parts (Fukuda et al.,
1998; Cichosz, 2015, Matt et al., 2015). In

deep neural network algorithms, the entire data
set is generally divided into two datasets called
training data set and test data set (testing). The
role of the training data set is to calculate the
estimates of the weights in the neural network,
and the role of the test data set is to test the
accuracy of the obtained weight values with
data hidden from the model (Priddy and Keller,
2005; Okut, 2018) works with. In the first stage
of the backpropagation algorithm, variables
are presented to the training network. By
assigning a weight value for each neuron of
each variable, after the values are multiplied by
the weights and summed, it is sent to all
neurons in the next layer by an activation
function in the neurons in the hidden layer by
adding the bias value (Moradi et al., 2008;
Song et al., 2013). These values constitute the
input values for the neurons in the output layer.
After similar operations are performed in the
output layer, an output value is obtained, the
output and the actual value are compared, and
the error value is obtained. In the second stage,
errors obtained from the output layer are
propagated to other layers in a backward
direction. These errors are used to calculate the
slope of the loss function relative to the
weights in the network. Them, to update the
weights for the idea of minimizing the loss
function, optimization methods are used (Okut
et al., 2011; Li, 2017). In this process, the
partial derivative of the error according to the
weights is made by using the chain rule in the
derivative. The incoming information x = [xu,
X2, . . oy XM].

The weights w = [wi, wz, . . ., ww] at the
incoming connections and the bias b for the
neuron, both of which constitute the
parameters of the neuron. An intermediate
processing step within the body of the neuron
is implemented simply as a linear combination
of the incoming data x using the weights w and
bias b. The activation function o( - ) of the
neuron, which  applies a nonlinear
transformation to the intermediate result z, thus
creating the neuron's output information, vy,.
Therefore, the output of the ANN model can be
viewed as

y = o (WX +b).
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Figure 2. Single ANN Model (Giirbiiz, 2020)

Figure 2 shows a representation of an
artificial neuron, pointing out its following
main components. Some highly used
activation functions, namely sigmoid, tangent
hyperbolic, and rectified linear unit, are shown
in Figure 5, which also provides their
definitions. The weights and bias of each
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neuron are parameters to learn to approach
optimal matching between input and output
data samples. Nonlinear activation functions
are particularly important to allow more
complex nonlinear mappings to be represented
by a network of simple neurons.

2 1 0 1 2 3 4
z

®) G (z)=tah (z)

& (z)=max (0,z)

Figure 3. Three of the most commonly used activation functions: (a) sigmoid o(z) = 1 1+e—z, (b) tangent hyperbolic
o(z) = tanh (z), and (c) rectified linear unit (ReLU) o(z) = max (0, z) (Giirbiiz, 2020)

An ANN consists of interconnections of
neurons in a layered structure. The first layer
of neurons takes data samples as input, while
the last layer produces output samples, whether
classification or regression results. There are

one or more hidden layers that progressively
transform the first layer neuron activations into
final output samples. Figure 4 shows an ANN
example with two hidden layers.
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Figure 4. An ANN structure with two hidden layers

As the number of hidden layers increases,
the ANN structure gets deeper and turns into a
DNN. Although ANNs with many hidden
layers are called DNN in the literature, deep
learning and DNN structures are mostly related
to the ability to learn features from raw sensor
data and the models and structures that
facilitate this ability.

1 |

2.4. Proposed work

It is aimed to use optimization algorithms to
the fullest to accurately predict EMG signals
with the proposed deep learning model. In this
section, the processes in the proposed model
will be explained in detail. The pseudocode of
the deep learning framework used in the study
is as shown below in Figure 5:

2 Identify the deep learning framework.
Ensure relevant instrumentation data is generated.
Decide upon the katch, epoch and iteration sizes.

Start the training.

Plot the training accuracy versus iteration values.
Is prescribed accuracy attained?

If yes,
10 { Go for testing

Else
{ Start improvemsnt
Switch method

Use Ensemble:

Default:
Goto Training

Improve upon Data:
Look for co-relation and distinction.

Use other models:

Improve upon Algorithm Tuning:
Decide batch size, learning rate, weights etc.

Save The Neural Network Model

Figure 5. Pseudo-code of the deep learning framework

The parameters that it has been used are
60% training 20% test, 20% validation, 100
epochs, 0.2 learning rate, Sigmoid activation
function, low signal data as the input value,
and to predict the correct signal data as the

output value. Multiple approaches with many
epochs and learning rates have been tried to
find the optimized parameters. The result
obtained from the proposed model is the
calculated mean of those many tries; therefore,
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it can be seen that this result was not for one
time and was calculated mathematically to
show its robustness.

Step 1. To prepare for better results,
preprocessing was done before the model. At

the start, Min-Max feature scaling was applied
because this step is also a requirement for
standardization. So, the data of EMG signals
were normalized with the formula below.

Kscaled = (X — min(x)) / (max(x) — min(x))

X represents a single feature/variable
vector.

Since there are no missing values from the
dataset that we have taken from the MYO
Armband device, no techniques are needed to
fill them.

Step 2. When the feature scaling is over, the
following techniques were applied to enhance
the results further. These techniques are PCA,
low variance filter, high correlation filter, data
augmentation, ensemble learning, and
bagging.

Step 3. In this step, data is divided into
training, testing, and validation. This process is
not random, as the data is handpicked to avoid
the randomness of the results.

Step 4. To see the prediction values from the
Deep Neural Network, a standard model was
applied without any optimization model or
preprocessing techniques. It can be seen the
accuracy result of the current data, with the
correct picking of weights (random at first) and
the number of hidden layers (in our case, it
seems 8) and using the different activation
functions (in our case, sigmoid worked the
best) and the modifying the learning rates and
the weights with the help of backpropagation
algorithm to reach the upper numbers of the
prediction.

Step 5. After the model gives a prediction
result, it is time to use optimization algorithms
and preprocessing techniques to increase the
prediction value of the model further. This is
the step that took most of the time in the
research. First, it started with one optimization
algorithm only, and that is Adam Optimization
because it has been known before that Adam
Optimization works well with  Neural

Networks. After that, many Optimization
algorithms were applied single, and then
combinations of these optimization algorithms
were tested to reach the best result; this step
took 916 tries. And the best-combined result in
the model with the dataset comes from the
combination of Adagrad, RMSProp, Adam
Optimization, Stochastic Gradient Descent,
and PSO with Deep Neural Networks.

3. Findings and Discussion

The Deep Neural Network and all other
techniques were implemented via Python, and
the results are shown in Table 1 and Table 2.
Table 1 shows the results of the Deep Neural
Network, without any of the preprocessing and
optimization methods applied. It can be seen
from Table 1 that the raw data results are not
considered high enough to be useful. Table 2
shows the results of the Deep Neural Network
with PCA, Low variance Filter, Data
Augmentation, Nonlinear Convolution Layers,
Data Augmentation, Ensembling, Bagging,
Batch  Normalization, SGD, Adagrad,
RMSprop, Adam and Particle Swarm
optimization. It can be seen from Table 2 that
with more Synthetic data, and more specified
hidden layers, with the help of preprocessing
optimization methods, results are reached a
point where they could be seen as reasonable.
Future work can test and study more
classification techniques, optimization
methods, and different movements. Also, more
feature extraction methods and other machine
learning algorithms can be chosen to improve
the results, or these methods can be used in a
situation other than EMG signals.
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Table 1. Model results before proposed method (DNN only)

Deep Neural Network

Model Accuracy F Measure Precision Recall
0.74 0.73 0.76 0.71
Deep Neural Network |Standard Deviation| Standard Deviation | Standard Deviation Standard Deviation
0.002 0.005 0.009 0.003
Table 2. Model combination results
Model Accuracy F Measure Precision Recall
0.74 0.73 0.76 0.71

Standard Deviation

Standard Deviation

Standard Deviation

Standard Deviation

0.002

0.005

0.009

0.003

Deep Neural Network
+ Preprocessing

0.77

0.76

0.79

0.74

Standard Deviation

Standard Deviation

Standard Deviation

Standard Deviation

0.004

0.007

0.007

0.005

Deep Neural Network
+ Preprocessing
+ Adam

0.82

0.81

0.84

0.76

Standard Deviation

Standard Deviation

Standard Deviation

Standard Deviation

0.004

0.008

0.007

0.006

Deep Neural Network
+ Preprocessing
+ SGD

0.8

0.79

0.77

0.73

Standard Deviation

Standard Deviation

Standard Deviation

Standard Deviation

0.003

0.007

0.009

0.006

Deep Neural Network
+ Preprocessing
+SGD + PSO

0.84

0.83

0.82

0.78

Standard Deviation

Standard Deviation

Standard Deviation

Standard Deviation

0.004

0.003

0.008

0.005

Deep Neural Network (With
Synthetic Data)
+ Preprocessing
+ SGD + Adam

0.87

0.84

0.86

0.81

Standard Deviation

Standard Deviation

Standard Deviation

Standard Deviation

0.004

0.008

0.004

0.005

Deep Neural Network (With
Synthetic Data)
+ Preprocessing

+ SGD + RMSProp + PSO

0.91

0.9

0.91

0.88

Standard Deviation

Standard Deviation

Standard Deviation

Standard Deviation

0.004

0.007

0.009

0.006
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From Figure 7, you can see the differences
between the normal model and the proposed
model graphically.

Metric based results are accuracy,

Accuracy defines the distance between the
actual value and the measured value (Sammut
and Webb, 2015).

(TP + TN)

Accuracy =

While

True Positive (TP): is where the signal is
strong, and our model correctly predicts a
strong signal

True Negative (TN) is where the signal is
weak, and our model correctly predicts a weak
signal

Precision =
Recall,
Recall =
and F Measure.
F Measure =

It can be seen from Table 1 that with the
dataset of 152,842 rows, our Deep Neural
Network Model has shown 0,74 Accuracy,
0,73 F Measure, 0,76 Precision and 0,71 Recall
results before techniques (with 152,842 rows)

In Table 2, results of some of the
combination that has been made can be seen.
Including parameter tuning, preprocessing
steps, optimization algorithm applications, and
everything that is included in this search took

(TP + TN + FP + FN)

False Positive (FP): is where the signal is
strong, and our model predicts a weak signal

False Negative (FN): is where the signal is
weak, and our model predicts a strong signal

Precision,

Precision defines the distance between the
measured values (Sammut and Webb, 2015).

(TP)
(TP + FP)

(TP)

(TP + FN)

(2+TP)

(2 TP + FP + FN)

a total of 916 tries. With the creation of
synthetic data for further training, the dataset
reached 24,728,319 rows. The best result, with
the combination of the selected Optimization
Algorithms, our model shows 0,93 Accuracy,
0,96 F Measure, 0,98 Precision, and 0,92
Recall. The significant improvement of the
results within the model can be seen in Table
3.

Table 3. Model results after the proposed method (AdaGrad + RMSProp, adam, stochastic gradient descent

+ PSO + DNN)
Model Accuracy F Measure Precision Recall
Deep Neural Network (With 0.93 0.98 0.92

Synthetic Data) + Adam +

tandard Deviatio| Standard Deviation

Standard Deviation | Standard Deviation

Adagrad + RMSProp + SGD
PSO 0.005

0.017

0.009 0.01
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From Figure 6, it can be seen that, between  data, preprocessing and  optimization
the proposed model and the raw results, there  algorithm combinations make a big difference
IS a big difference. It shows that with more in the prediction result of the model.

Calculated Accuracy , F-Measure, Predicion and

Recall

1,00
0% ._,mw““““'uuh"“*»h_
0,50 -
0,85
0,80
0,75 .‘./'\.
0,70
0,65
0,60

Accuracy F Measure Precision Recall

= Before Proposed Method == #= After Proposed Method

Figure 6. Calculated accuracy, f-measure, precision and recall

Columnl ﬂ Column2 H Column3 H Column«lﬂ Column5 ﬂ Columné H Column? ﬂ Columng ﬂ Columnd |

timestamp emgl emgl emg3 emgd emg3 emg emg7 emgd
1570174403084153 -1 -4 -3 -5 0 -3 0 -1
1570174405084153 -1 2 1 5 1 2 0 -2
1570174403090136 -6 -3 -17 -10 -4 0 -2 -2
1570174403090136 3 4 4 2 1 1 0 0
1570174405030136 -2 3 -1 -1 1 2 -2 2
1570174405090136 % 2 Al -4 8 0 2 0
1570174405092131 1 1 -4 -2 8 0 2 0
1570174405092131 -3 -4 -1 -2 -4 3 Al 0
1570174405103177 1 3 -16 -8 -3 1 2 0
1570174405103177 2 ] 13 14 7 1 0 1
1570174405114074 -1 1 -1 2 -2 2 2
1570174405114074 -8 g & ] 1 1 2 3
1570174405118321 -1 2 2 -1 0 1 0 1
1570174405118321 -2 1 -20 -11 2 -4 3 -3
1570174405134082 -1 2 14 4 3 1 1 1
1570174405134082 -2 0 1 2 4 0 0 3
1570174405142098 -1 ] ) 1 5 2 0 1
1570174405142098 -3 7 i 1 0 2 1 0
1570174405157106 -1 0 3 0 1 3 2 3

Figure 7. Sample from the dataset numeric
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Figure 8. Data Distribution of 100 rows from dataset graphical

4. Conclusion

This study demonstrates that integrating
deep neural networks with advanced
preprocessing and optimization techniques
significantly enhances the prediction of
electromyography  (EMG) signals. By
employing methods such as Principal
Component Analysis, low variance and high
correlation filters, data augmentation, and

ensemble  approaches, combined with
optimization algorithms—including Adagrad,
RMSprop, Adam, Stochastic  Gradient

Descent, and Particle Swarm Optimization—
we achieved substantial improvements in
performance metrics. In particular, the
precision of the model improved from 0.76
without optimization to approximately 0.98
after applying the proposed methodology.

The results indicate that robust EMG signal
processing can be achieved in near real-time,
potentially reducing the impact of signal
degradation on the control of prosthetic
devices. This advancement not only
contributes to the field of prosthetic control but
also opens avenues for further research on real-
life implementations using compact hardware
platforms such as Arduino or Raspberry Pi.
Future work will explore alternative
classification techniques, additional
optimization methods, and further refinements
in feature extraction to enhance model
performance. The promising results of this
study underscore the potential for machine
learning applications to improve the quality of
life for individuals with amputations by
ensuring more reliable and accurate prosthetic
control.
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Ozet

Bu ¢aligsma, motor montaj fabrikasinda igten yanmali motorlarin iretim siirecinde karsilagilan hatalar1 analiz
ederek iyilestirme c¢alismalar1 gerceklestirmektedir. Uretim siirecinde ortaya c¢ikan hatalarin tespiti,
degerlendirilmesi ve minimize edilmesi amaciyla Proses Hata Tiirleri ve Etkileri Analizi (PFMEA) yontemi
kullanilmistir. PFMEA’nin etkinligini artirmak i¢in 6M analizi, Ishikawa diyagrami, kok neden analizi ve
istatistiksel proses kontrol (SPC) gibi kalite yonetim tekniklerinden yararlanilmistir. Ozellikle silindir kapag:
montaj siirecinde meydana gelen supap sarmasi problemi ele alinmig, hatalarin kdk nedenleri belirlenerek 6nleyici
ve diizeltici aksiyonlar uygulanmistir. Yapilan ¢aligmalar sonucunda, kritik hatalar 6nemli 6l¢iide azaltilmais, siire¢
verimliligi artirilmis ve hata kaynakli yillik maliyetlerde diisiis saglanmistir. Calisma, otomotiv sektdriinde kalite
yonetimi ve iiretim siireglerinde stirekli iyilestirme saglamak adina 6nemli katkilar sunmaktadir. PFMEA’nin
sistematik uygulanmasi ile hatalarin O6nceden belirlenmesi, siireglerin daha kontrollii yonetilmesi ve kalite
standartlarinin iyilestirilmesi hedeflenmektedir. Bu kapsamda elde edilen sonuglar, benzer iiretim siireglerinde
kalite yonetim sistemlerinin gelistirilmesine yonelik yol gosterici bir ¢er¢eve sunmaktadir.

Anahtar Kelimeler: Igten yanmali motorlar, motor montaj fabrikasi, iiretim montaj siiregleri

Process Failure Modes and Effects Analysis (PFMEA) and Improvements on Valve
Seizure Issue in Engine Assembly

Abstract

This study analyzes and improves defects encountered in the production processes of internal combustion engines
in an engine assembly plant. Process Failure Modes and Effects Analysis (PFMEA) was utilized to detect, assess,
and minimize these defects. To enhance its effectiveness, 6M analysis, Ishikawa diagrams, root cause analysis, and
statistical process control (SPC) techniques were applied. The research primarily focuses on the valve seizure issue
in the cylinder head assembly process, identifying root causes and implementing preventive and corrective actions.
As a result, critical defects were significantly reduced, process efficiency improved, and annual defect-related
costs decreased. This study provides valuable insights into quality management and continuous improvement in
the automotive industry. The systematic application of PFMEA enables proactive error detection, better process
control, and enhanced quality standards. Findings contribute to developing a structured framework for quality
management in similar manufacturing environments.

Keywords: Internal combustion engines, engine assembly factory, production assembly processes
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1. Giris

Diinya genelinde otomotiv sektdriine
yonelik faaliyet gdsteren 1700'den fazla
montaj tesisi bulunmaktadir (Wang ve Hodges,
2021). Bu isletmelerin, rekabet avantajlarini
siirdiirebilmek  i¢in  {riinlerini  tasarim
asamasindan satis sonrasi hizmetlere kadar
giivence altina almalar1 gerekmektedir. Uriin
giivenilirligini saglamanin en etkili yollarindan
biri ise yiiksek kalite standartlarina ulasmaktir
(Bowles ve Pelaez, 1995). Otomotiv
endiistrisinde faaliyet gOsteren ana {ireticiler,
tiretim stireclerini hizlandirmayi, maliyetleri

dislirmeyi ve driin kalitesini artirmay1
hedeflemektedir. Bu geligsmelerin
saglanabilmesi  i¢in,  belirlenen  kalite

anlayisinin tedarik¢i firmalara da aktarilmasi
biiyiik 6nem tagimaktadir. Uretim siireclerinde
meydana gelen hatalarin hizla tespit edilerek
coziilmesi ve gerekli iyilestirmelerin etkin bir
sekilde uygulanabilmesi i¢in tedarikgiler ile
ana treticiler arasinda gii¢lii bir koordinasyon
gerekmektedir. Bu tir kalite yonetimi
uygulamalarini desteklemek amaciyla
otomotiv sektdriinde APQP (ileri Uriin Kalite
Planlamas1) ve IATF 16949 gibi belirli
standartlar gelistirilmistir (Johnson ve Khan,
2003; Corporation ve ark., 2008). ISO
standartlar1 birgok sektdrde yeterli goriilse de,
otomotiv endiistrisinde bu standartlar yetersiz
kabul edilmektedir. Bu nedenle Ford, GM ve
Chrysler, ISO  kalite  standartlarinin
eksikliklerini gidermek amaciyla 1988 yilinda
harekete gecerek QS-9000 adl bir el kitabini
ABD'de yaymlamistir. Bunu takiben, Alman
Verband der Automobilindustri (VDA) VDA
standardmi, Italyan Associazione Nazionale
Fra Industrie Automobilistiche (ANFIA)
AVSQ'yu ve Fransiz PSA Peugeot-Citroen ile
Renault grubu ise EAQF el kitaplarim
olusturmustur. Biiylik otomotiv iireticilerinin
her birinin farkli kalite standartlar1 belirlemesi,
sektorde uyumsuzluklara yol a¢mistir. Bu
durumu Onlemek amaciyla 1999 yilinda
ISO/TS 16949 standardi gelistirilmis ve
zamanla giincellenerek giiniimiizde IATF
16949:2016 adiyla uygulanmaktadir (Hoyle,
2005). TATF 16949:2016 standardi, otomotiv
parga tedarik¢ilerinin  kalite  siire¢lerini
tyilestirmelerine ve miisteri beklentilerini

kargilamalarina yardimci olmak igin ¢esitli
yontem ve araglarim  kullanimimi tesvik
etmektedir. Bu yontemler arasinda 8D (Sekiz
Disiplin Metodu), Ishikawa (Balik Kilgigi)
Diyagrami, Alt1 Sigma (6c), FMEA (Hata
Tiirleri ve Etkileri Analizi), APQP (ileri Uriin
Kalite Planlamasi) ve PPAP (Uretim Parcasi
Onay Siireci) yer almaktadir. Bu araglarin
kullanim1 sayesinde kalite yonetim siirecleri
daha sistematik ve etkili bir sekilde
yiritilmektedir (Johnson ve Khan, 2003;
Trappey ve Hsiao, 2008). Otomotiv iiretim
stireclerinde ortaya ¢ikan hata tiirleri ve bu
hatalarin ~ giderilmesi,  dogrudan  {iriin
giivenilirligini  ve miisteri memnuniyetini
etkilemektedir. Bu baglamda, Proses Hata
Tiirleri ve Etkileri Analizi (PFMEA), iiretim
stirecinde meydana gelebilecek hata modlarin
belirleyerek, bunlar1 siddet, olasilik ve tespit
edilebilirlik kriterlerine goére degerlendiren
onemli bir analiz yontemidir (VDA, 2019)
Otomotiv  sektoriinde  kalite  yOnetimi
standartlarin1 belirleyen IATF 16949, Hata
Tirleri ve Etkileri Analizi  (FMEA)
uygulamalarin1 kapsamli sekilde ele almay1
zorunlu kilmaktadir. Bu nedenle {iretim
asamalarindaki olast hata kaynaklarinin
onceden belirlenmesi ve alinacak Onleyici
tedbirlerle bu hatalarin en aza indirilmesi
gerekmektedir (Altinisik ve Hugul, 2020).
FMEA, otomotiv sektoriinde ilk kez 1977
yilinda Ford Motor Company tarafindan

kullanilmistir ~ (Gilchrist, 1993). Bununla
birlikte, bu yontem yalnizca otomotiv
endiistrisi  ile smirlh  kalmamig,  farkli

sektorlerde de uygulanmistir. Ornegin, gida
endiistrisinde HACCP (Tehlike Analizi ve
Kritik Kontrol Noktalar) ile entegre edilerek
stire¢ giivenilirligi artirllmistir (Scipioni ve
ark., 2002). Metal sekillendirme sektoriinde
tiretim hatalarinin azaltilmasi igin kullanilmis
(Pantazopoulos ve Tsinopoulos, 2005) tekstil
endiistrisinde kalite kontrol siireglerine entegre
edilerek Onemli iyilestirmeler saglanmigtir
(Pazireh, 2017). Ayrica, Endonezya'da bir
kontrplak fabrikasinda, {irtinlerdeki kusur
nedenlerini belirlemek amaciyla FMEA analizi
uygulanmistir ~ (Dyah  Susanti,  2023).
Geleneksel FMEA yontemlerinde risk oncelik
numarasi (RPN), siddet, olusum ve tespit
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edilebilirlik kriterlerinin carpimiyla
hesaplanmaktadir. Bu kriterlerin her biri 1 ile
10 arasinda bir puan alir ve carpimlar
sonucunda elde edilen RPN degeri, hatalarin
oncelik sirasint  belirlemek i¢in kullanilir
(AIAG, 2008). Ancak bu yodntem bazi
sinirlamalara sahiptir. Ayn1 RPN degerine
sahip farkli hata tiirleri, kritiklik a¢isindan
belirsizlik olusturabilmektedir (Liu ve ark.,
2019). Ornegin, siddeti yiiksek ancak olusum
ve tespit olasilig1 diisiik bir hata, siddeti diisiik
ancak daha sik meydana gelen veya tespiti
kolay olan bir hata ile ayn1 RPN degerine sahip
olabilir. Bu durum, hata tiirleri arasinda dogru
bir onceliklendirme yapilmasini
zorlastirmaktadir. Bu smirlamalarin  6niine
geemek i¢in ATAG ve VDA (Alman Otomotiv
Birligi), 2019 yilinda AIAG & VDA FMEA
standardini yayimlayarak, eylem
onceliklendirmesi temelli yeni bir metodoloji

gelistirmistir. Bu yaklasimda riskler yalnizca
RPN degeri lizerinden degil, 6zellikle siddet
faktortini O6n plana ¢ikaran bir matris
yontemiyle degerlendirilmektedir. Boylece,
yiiksek siddet seviyesine sahip hatalar, olusum
ve tespit puanlarindan bagimsiz olarak daha
oncelikli hale getirilmektedir (VDA, 2019;
Kok ve Yildiz, 2023). Maisano ve
arkadaslarinin (2020) arastirmalarinda ortaya
koydugu gibi, bu yeni metodoloji, FMEA nin
daha etkin  uygulanmasini  saglayarak
kaynaklarin daha verimli kullanilmasina
katkida bulunmaktadir (Maisano ve ark.,
2020). Otomotiv sektoriinde birgok akademik
calismada FMEA ve PFMEA metodu
kullanilarak hata tiirler ve etkileri analizi
caligmalari gerceklestirilmistir.
Gergeklestirilen bu caligmalar1 ve 0Ozetleri
Tablo 1.’de yer almaktadir.

Tablo 1. FMEA ile ilgili atiflar (Johnson ve Khan, 2003; Mikos ve ark., 2011; Shah ve ark., 2013;
Lundgren ve ark., 2015; Pop ve Elod, 2015; Baghbani ve ark., 2019; Ouyang ve ark., 2022; Kok ve
Yildiz, 2023; Yousaf ve ark., 2023; Alkag, 2024; Kornek ve Bert, 2024)

Table 1. References related to FMEA (Johnson and Khan, 2003; Mikos et al., 2011; Shah et al., 2013;
Lundgren et al., 2015; Pop and Elod, 2015; Baghbani et al., 2019; Ouyang et al., 2022; Kok and Yildiz,
2023; Yousaf et al., 2023; Alkag, 2024; Kornek and Bert, 2024)

Yazar Sektor Yontem Amag
Mikos ve ark _ Uretim ve montaj siireclerinde PFMEA araciligiyla bilgi paylagimim ve tekrar
(2011) ' Otomotiv PFMEA kullanimim kolaylagtirmak amaciyla, tanima dayali bir ontoloji kullanilarak bilgi
cikarimi ve geri kazanimi saglayan bir sistem gelistirilmistir.
Siire¢ odakl bir risk degerlendirme metodolojisi gelistirerek, PFMEA'daki Kritik
Shah ve ark. (2013) Otomotiv PEMEA ris}derin_ _simiilasyon _tek{likleriyle nicel anal.i.zler igi_n g’ireqn modelip? eqtegre
edilmesini ve alternatif siire¢ senaryolarmin kiiresel bir risk gostergesi lizerinden
degerlendirilmesini hedeflemislerdir.
Otomotiv endiistrisinde biilyiik reticilere dogrudan tedarik¢i olmak isteyen bir
Pop ve Elod (2015) Otomotiv PFMEA kurulugun, ISO/TS 16949 sertifikasi alarak kalite yonetim sistemini iyilestirmeyi
ve temel kalite araclarini uygulamay1 hedefledigini vurgulamislardir.
Model tabanli bir yaklasim kullanarak siire¢ planlamasi ve kalite giivencesini
Lundgren ve ark. Otomotiv PEMEA entegre etmeyi, veri tutarsizliklarim en aza indirerek miihendislerin giinliik
(2015) caligmalarini desteklemeyi ve uzmanlar arasinda daha verimli bir is birligi
saglamay1 hedeflemislerdir.
Baghbani ve ark. o _ PEMEA ?FM]'EAV ile Genel Ekipma'n'Etkinligi (OE]?) arasn}daki ili§kiyi apa!i} 'ederek,
tomotiv Oncelikli arizalarin etkilerini azaltmaya yonelik Onlemlerin etkinligini OEE
(2019) OEE - - .
artisiyla degerlendirmeyi amaglamiglardir.
Geleneksel FMEA modelindeki eksiklikleri gidermek amaciyla, risk faktorlerinin
Ouyang ve ark. Otomotiv EMEA ikili kombinasyonlarina dayali yenilik¢i bir siniflandirma yontemi 6nererek, bu
(2022) yontemin etkinligini bir otomotiv {ireticisinin buji montaj siirecine yonelik gercek
bir vaka calismasiyla gdstermeyi amaglamiglardir.
Yousaf ve ark _ Otomobillerin_ ‘arka aks mqhafa;alannln tasarim ve ﬁretim asamalarm_da
(2023) ' Otomotiv FMEA karsilasilan kritik hata tiirlerini belirleyerek, FMEA yontemiyle bu hatalarin risk
seviyelerini azaltmay1 ve siireg ile iiriin kalitesini iyilestirmeyi amaglamiglardir
Otomotiv sektoriinde sizdirmazlik elemanlar iireten bir tedarik¢i, kaplama
Kok ve Yildiz Otomotiv FMEA siirecinde FMEA yontemini kullanarak manuel islemleri otomatik hale getirip
(2023) PFMEA riskleri minimize etmeyi ve FMEA degerlendirme yoéntemlerine dair giincel
bilgileri literatiire kazandirmay1 hedeflemistir.
Denizyolu tasimacihiginda sivilasma riski tasiyan yiiklerin, oOzellikle nikel
. FMEA cevherinin, giivenligini artirmak amaciyla, Bulantk Hata Agaci Analizi (FFTA) ve
Alkag (2024) Otomotiv FFTA | Hata Tiirleri ve Etkileri Analizi (FMEA) yéntemleriyle stvilasma kaynakli riskleri
degerlendirmeyi ve ilgili denizcilik standartlarina katki sunmay1 hedeflemistir.
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2. Bulgular ve Tartisma

Bu c¢alismada, bir motor montaj
fabrikasinda subap sarmasina neden olan
tiretim hatalarim1 en aza indirmek amaciyla
PFMEA yontemi uygulanmistir. PFMEA,
montaj siirecinde meydana gelebilecek olasi
hatalar1 sistematik olarak belirleyen, bu
hatalarin nedenlerini analiz eden ve potansiyel
etkilerini degerlendiren etkili bir yaklagimdir.
Bu yontemin temel amaci, siirecteki riskleri
onceliklendirerek iyilestirme ¢alismalarina
yon vermek ve gerekli aksiyonlarin alinmasini
(Stamatis, 2003; Candea ve ark.,, 2014).
PFMEA, yedi asamadan olusan bir siireg
izlemektedir. ilk olarak, planlama ve hazirlik
asamasinda analiz edilecek siirecler belirlenir
ve proje ekibinin gorev dagilimi yapilir.
Sonrasinda, siire¢ ve hata analizleri
gerceklestirilerek hatalarin olasiligr ve siddeti
degerlendirilir. Son asamada ise kritik hatalara
yonelik diizeltici Onlemler alinarak siireg
iyilestirme ¢aligmalar1 uygulanir (Gueorguiev
ve ark.,, 2020; Plinta ve ark.,, 2021). Bu
yontemin etkinligi, analiz edilecek verilerin
dogru belirlenmesine baglidir. Bu dogrultuda,
Istatistiksel Proses Kontrolii (SPC) ydntemi
kullanilarak veri analiz edilirken, k6k neden
analizinin dogrulugunu artirmak i¢in 4M
(Malzeme, Yontem, Makine ve Insan) ve
Ishikawa yontemi uygulanmaktadir. Bu
yaklagimlar, siirecin daha giivenilir ve tutarh
hale gelmesini saglamaktadir (Ishikawa, 1982;
VDA, 2019; Mokhtarzadeh ve ark., 2024).

2.1. Proses hata tiirleri ve etkileri analizi
(PFMEA)

2.1.1. Planlama ve hazirhk

Planlama ve hazirlik asamasi, analizin
kapsaminin netlestirilmesi ve sistematik bir
yaklagimin olusturulmasi acisindan biiyiik
onem tasimaktadir (VDA, 2019). Bu asamada,
PFMEA c¢alismasina dahil edilecek iirin ve
siireclerin  belirlenmesi, analiz siirecinin
amaglarina uygun sekilde yapilandirilmasi
gerekmektedir. Calisma kapsaminda, icten
yanmal1 motorlarin montajina iligkin siiregler
detayli bir sekilde ele alinmis; alt bilesenler,
montaj asamalar1 ve test siirecleri gibi kritik

unsurlar belirlenerek analizde
onceliklendirilmistir.

Planlama agamasinda su hedefler 6n plana
cikmaktadir:

Proje tanimlama: Montaj hattinda kalite ve
giivenilirlik agisindan kritik olan unsurlar ve
motor TUretim siirecleri belirlenmistir. Bu
asama, Ozellikle motor montajindaki hassas
stireclerin ve olasi hata kaynaklarmin 6nceden
tespit edilmesini saglamistir. Ayrica, miisteri
gereksinimleri ve yasal dilizenlemeler goz
oniinde bulundurularak detayli bir analiz
gerceklestirilmistir.

Proje plam gelistirme: 5T Yontemi (Niyet,
Zamanlama, Ekip, Gorev, Araglar) esas
alimarak proje plant olusturulmustur. Motor
montaj fabrikasinda, PFMEA analizinin
tamamlanmas1 gereken zaman dilimleri
belirlenmis ve montaj ile kalite kontrol
stireglerinde goérev alacak ¢apraz fonksiyonlu
ekipler atanmuigtir.

Kapsam ve sinirlarin  tanimlanmasi:
PFMEA'nin kapsami1 detayli bir sekilde
belirlenmis ve boylece kaynaklarin en kritik
stireclere yoOnlendirilmesi saglanmistir. Bu
dogrultuda, yiiksek risk iceren bilesenler,
ozellikle emme ve egzoz subaplarini iceren
ilindir kapaklart gibi 6nemli pargalar, oncelikli
analiz alani olarak belirlenmistir.

Planlamada odak alanlari: Motor montaj
fabrikasinda, montaj siirecinde hata olasilig1
yiiksek olan adimlar ile kritik noktalar titizlikle
degerlendirilmistir. Insan kaynakli hatalar ve
malzeme tagima siirecleri detayli bir sekilde
analiz edilerek, PFMEA’nin uygulanmasiyla
potansiyel hatalarin Onlenmesi ve montaj

hattinin verimliliginin artirilmasi
amaclanmistir. Bu siirecte, dnceki projelerden
elde edilen tecriibelerden yararlanilarak

kapsamli bir PFMEA modeli olusturulmus ve
stire¢ iyilestirme ¢aligmalar1 hizlandirilmistir.

Istatistiksel proses kontroliiniin _ (ipk)
uygulanmasi: Planlama asamasinda

[statistiksel Proses Kontrolii’niin entegrasyonu
kritik bir rol oynamaktadir (Zheng ve ark.,
2025). IPK uygulamalari, olas1 hatalarin heniiz
iretim siirecindeyken belirlenmesine olanak
tantyarak, siire¢ icerisinde aninda iyilestirme
yapilmasini saglamaktadir.
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2.1.2. Yapisal analiz

Yapisal analiz, incelenecek siireglerin ve
bilesenlerin sistematik bir sekilde
gorsellestirilmesini i¢eren bir adimdir (VDA,
2019). Motor montaj fabrikasinda, icten
yanmali motorlarin montaj siire¢lerini etkili bir
sekilde analiz edebilmek icin proses akis
diyagrami ve yap1 agaci olusturulmus, boylece
tiim siiregler ve bilesenler ayrintili bir sekilde
tanimlanmistir. 6M (insan, Makine, Cevre,
Malzeme, Yontem, Olgiilebilirlik) faktorleri
belirlenmis ve Ishikawa diyagrami
kullanilarak gorsellestirilmistir. Her montaj
adiminin sistem i¢indeki konumu ve genel
isleyisi degerlendirilerek analiz kapsami
olusturulmustur.

Bu agamanin temel amaci, analiz kapsamini
netlestirerek her bilesenin liretim siirecine olasi
etkilerini belirlemek ve fonksiyon analizine
saglam bir temel olusturmaktir. Sonug olarak,
montaj siirecindeki riskli noktalarin tespit
edilmesi agisindan yapisal analiz, PFMEA
sirecinde kritik bir asama olarak One
cikmaktadir.

2.1.3. Fonksiyon analizi

Fonksiyon analizi asamasinda, siirecin her
adimi icin islevsel gereksinimler tanimlanmis

ve bu gereksinimlerin karsilanip
karsilanmadigr  degerlendirilmistir.  Motor
montaj  fabrikasinda, ozellikle  silindir
kapaklarinin monta;j siireci detayli bir sekilde
analiz edilmistir. Her montaj adiminin
istenilen performans ve kalite sartlarini
saglaylp saglamadigi incelenmis, siireg

detaylandirilarak tanimlanmistir. Bu adim,
kritik  stireglerin  ve hata olusabilecek
noktalarin belirlenmesi agisindan 6nemli bir
rol oynamaktadir. Calisma kapsaminda, motor
montaj siirecinin alt bileseni olan silindir
kapagi montajina odaklanilmstir.

Alt hazirlik (Proses 4.1 - 4.2 - 4.3 - 4.5):
Ana montaj Oncesinde, silindir kapagi alt
hazirlikk alanina tasmmistir. Bu asamada
sirastyla  yatak pullari, supap kegeleri,
supaplar, supap yaylar1 ve iist yataklar kapaga
monte edilmistir. Kiiclik bilesenlerin montaji
tamamlandiktan sonra, presleme islemine
hazir hale getirilmistir.

Pres islemi (Proses 4.6): Alt hazirliklar
tamamlanan silindir kapaklar1 hidrolik pres
alttma alinmistir. Yaylar pres yardimiyla
sikistirllarak tirnak montaji gergeklestirilmis,
ardindan presleme tamamlanarak parcalar
kontrol edilmistir. Son asamada, seri iiretime
hazir hale getirilmis silindir kapaklar1 set
arabalarina yiiklenmistir.

Ana montaj (Proses 12): Set arabasindan
manipiilatér ~ yardimiyla alinan  silindir
kapaklari, birlesim yiizeyleri goézle kontrol
edilerek basingli hava ile temizlenmis, gozle
goriilebilir tozlar bez yardimiyla giderilmistir.
Conta yerlestirildikten sonra, silindir kapagi
motor blogu tizerine monte edilmis ve civatalar
elektronik  cihazlarla  belirlenen  tork
degerlerinde sikilmistir. Pargalarin montajt
tamamlandiktan sonra supap ayar1 yapilmis ve
silindir kapagmna iliskin montaj siireci
sonlandirilmistir.

Her montaj adiminin sonunda, olasi etkiler
dikkate alinarak risk degerlendirmesi yapilmis
ve bu riskleri minimize etmek i¢in Onleyici
aksiyonlar planlanmistir.  Kritik  siirecler
arasinda, sistem iizerinde biiyiik etkiye sahip
hata potansiyeli barindiran adimlar belirlenmis
ve bu adimlara yonelik derinlemesine analizler
gerceklestirilmistir.

2.1.4. Hata analizi

Hata nedenleri sistematik bir sekilde
belirlenmis, her siire¢ adiminda meydana
gelebilecek hata tiirleri, bu hatalarin miisteri
iizerindeki etkileri ve olusumlarina yol agan
kok sebepler detayli olarak analiz edilmistir.
Silindir  kapaklarinin  montaj  siirecinde
karsilagilabilecek hatalar ayrintili sekilde ele
alimustir.

Potansiyel hata tiirleri: Her siire¢ adiminda
olusabilecek  hata  tiirleri  belirlenerek
smiflandirilmistir.  Bu  hatalar;  siirecin
islevselligini tamamen kaybetmesi, islevin
kismen yerine getirilmesi ya da fonksiyonun
bozulmast gibi kategorilere ayrilmstir.
Ornegin, bir motor bileseninin yanlis monte
edilmesi veya montaj sirasinda gerekli
parcanin eksik takilmasi gibi durumlar bu
asamada degerlendirilmistir.

Hata etkileri: Olas1 hata tiirlerinin {iretim
stirecine, sonraki asamalara ve nihai {Uriiniin
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miisteri beklentilerine etkileri analiz edilmistir.
Ornegin, supap montajinda  meydana
gelebilecek bir hatanin motor performansina
ve verimliligine olas1 etkileri incelenmis, bu
etkiler siddet derecelerine gore siralanarak
degerlendirilmistir.

Hata nedenleri: Hata tiirlerinin kok
nedenlerini anlamak icin detayli analizler
yapilmig, hatalar; insan, makine, malzeme,
cevre ve yontem gibi farkli faktorlere gore

siiflandirilmstir. Kok nedenlerin
belirlenmesinde = 6M  analiz ~ yOntemi
kullanilmistir.

Sonu¢ olarak, bu asamada hata tiirleri,
bunlarin olas1 etkileri ve kok nedenleri
tanimlanmistir. Bu adim, montaj siirecinde
karsilagilabilecek hatalarin  Onceden tespit
edilmesine  ve  bu  hatalarin = nasil
Onlenebilecegine yonelik stratejilerin
gelistirilmesine katki saglamaktadir.

2.1.5. Risk analizi

Risk analizi, hata tiirlerinin siddet, olasilik
ve saptanabilirlik acisindan
degerlendirilmesini  kapsayan  kritik  bir
asamadir. Her bir hatanin potansiyel etkileri ve
olusma sikligt analiz edilerek, riskler
onceliklendirilmistir. Motor montaj
fabrikasinda, silindir kapaklarinin montaji
sirasinda meydana gelebilecek kritik hata
tiirleri bu kriterlere gore incelenmis ve siireg

tyilestirmeleri  i¢cin  gerekli  aksiyonlar
belirlenmistir.
Siddet (Severity): Hata turi

gerceklestiginde, siirece ve miisteriye olan
etkileri degerlendirilmistir. Siddet derecesi,
hatanin ciddiyetini belirleyen temel faktordiir.
Ornegin, motor montajinda meydana gelen bir
hata, motorun ¢alismamasina veya performans
kaybina yol agabilecegi icin yiiksek siddet
derecesine sahip olarak smiflandirilmistir.
Siddet puanlamasi, PFMEA el kitabindaki
kriterler dogrultusunda yapilmistir.

Olasilik (Occurrence): Hataya yol acan
durumlarin {retim silirecinde ne siklikla
meydana geldigi bu asamada analiz edilmistir.
Olasilik degeri, hatanin tekrar etme ihtimalini
gosterir. Ornegin, motor bilesenlerinin yanlis
yerlestirilmesi gibi sikca rastlanan hatalar daha
yiiksek bir olasilik puani ile

degerlendirilmistir. ~ Olasilik  puanlamasi,
PFMEA el kitabindaki standartlara gore
belirlenmistir.

Saptanabilirlik  (Detection): Bir hata
olustugunda, bu hatanin montaj siirecinde ne
kadar erken tespit edilebilecegi incelenmistir.
Tespit edilmesi zor olan hatalar, daha biiyiik
risk olusturdugundan daha yiiksek bir risk
derecesi ile degerlendirilmistir. Saptanabilirlik
puan1 da PFMEA el kitabindaki kriterler baz
alinarak belirlenmistir.

Bu ti¢ kriterin birlesimiyle, her hata tiiri
icin Aksiyon Onceligi (AP) hesaplanmustir. Bu
analiz, hangi hatalara Oncelikli olarak
miidahale edilmesi gerektigini belirleyerek
siire¢ 1iyilestirmeleri icin kritik bir temel
olusturmustur.

2.1.6. Optimizasyon

PFMEA’nin Optimizasyon agamasi, siireg
risklerini azaltmaya yonelik aksiyonlarin
belirlenmesi ve bu aksiyonlarin etkinliginin
degerlendirilmesini  amaglamaktadir.  Bu
asamada, silirecte tespit edilen yliksek riskli
hata tiirleri i¢in Onleyici ve diizeltici aksiyonlar
kararlagtirilarak uygulanmigtir. Motor montaj
fabrikasinda, i¢ten yanmali motorlarin montaj
siirecinde ortaya ¢ikabilecek hatalar1 en aza
indirmek i¢in proses degisiklikleri yapilmis ve
kontrol mekanizmalari gelistirilmistir

Aksiyonlarin_belirlenmesi: PFMEA ekibi,
stirecteki hatalar1 azaltmak ve meydana gelme
olasiliklarin1  diistirmek amaciyla cesitli
aksiyonlar belirlemistir. Bu aksiyonlar; proses
degisiklikleri, 6nleyici kontrollerin artirilmasi
ve izlenebilirlik mekanizmalarinin
giiclendirilmesi seklinde kategorize edilmistir.

Sorumluluklarin ve zaman ¢izelgesinin
belirlenmesi:  Uygulanacak  aksiyonlarin
sorumlular1 ve tamamlanma siireleri agik bir
sekilde tanimlanmistir. Aksiyonlar hayata
gecirilirken, ilgili ekip tyeleri tarafindan
diizenli olarak takip edilerek siireclerin stirekli
iyilestirilmesi saglanmistir.

Aksiyonlarin izlenmesi ve
degerlendirilmesi: Uygulanan aksiyonlarin
etkinligi, siire¢ boyunca izlenmis ve analiz
edilmistir. Yapilan iyilestirmelerin, belirlenen
hatalar1 6nleyip 6nleyemedigi degerlendirilmis
ve gerektiginde ek onlemler alinmistir. Sonug
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olarak, siire¢ iyilestirmelerinin {liretim siirecine
olumlu katki sagladig1 tespit edilmis ve bu
kontroller =~ kalict  uygulamalar  haline
getirilmistir.

2.1.7. Sonuclarin dokiimantasyonu

PFMEA siirecinde elde edilen veriler ve
gerceklestirilen analizler ayrintili bir sekilde
dokiimante edilmistir. AIAG & VDA PFMEA
formu, 28 kolonlu  yapisiyla ~ bu
dokiimantasyonun temel aracini olusturur
(VDA, 2019). Siirecin her asamasinda, olasi
hata tiirleri, bu hatalarin siddeti, olasilig1 ve
aksiyon  oOncelikleri  belirlenerek  forma
kaydedilmistir. Sonuglarin dokiimante
edilmesi, siire¢ boyunca elde edilen verilerin
izlenebilirligini saglamak ve gelecekte benzer
calismalar i¢in bir referans noktasi olusturmak
amactyla yapilmistir. Bu kapsamda, form
doldurma, aksiyonlarin  izlenmesi ve
raporlanmast gibi faaliyetler diizenli olarak
kayit altina alinmigtir.

2.2. Uygulama bulgulari

Motor montaj fabrikasinda yiiriitiilen hata
analizi ve iyilestirme ¢alismalarinda PFMEA
yontemi  tercih  edilmistir.  Caligsmalar
kapsaminda, ge¢miste farkli motor tiirlerinde
meydana gelen ve sirkete en fazla zarar verme

asamasinda, son dort yil icerisinde motor
dinamometre testlerinde en sik karsilasilan 20
hata belirlenerek bir liste olusturulmustur.
Ikinci asamada, satis sonrasi hizmetlerde en
yaygin goriilen 20 hata incelenmistir. Son
olarak, miisteri fabrikasi olan Traktér Montaj
Fabrikasi'na sevk Oncesinde tespit edilen en sik
rastlanan 20 hata siralanmistir.

Fabrika, miisteri fabrikasi ve son
kullanicidan elde edilen veriler dogrultusunda
en kritik hata tiirleri tespit edilmigtir. Bu
degerlendirme yalnizca hata sikliklarina gore
degil, ayn1 zamanda neden olabilecekleri
hasarin ciddiyeti ve tekrarlanma olasiligi
cergevesinde  gerceklestirilmistir.  Ancak,
sirketin  gizlilik  politikalar1  nedeniyle
belirlenen hata tiirlerine ve karsilagilma
sikliklarina dair ayrintilar paylasilmamaktadir.
Yapilan analizler sonucunda, en kritik unsurun
silindir kafasi oldugu belirlenmistir. Bu
nedenle, silindir kafa alt montaj ve ana montaj
stireclerinde meydana gelebilecek yag kacagi
arizalarina yonelik kapsamli bir PFMEA
caligmas: yiiriitiilmiistiir

Hata analizi, Istatistiksel Proses Kontrolii
(IPK) araciigiyla elde edilen veriler
dogrultusunda gergeklestirilmis olup, ilgili
stireclerin analiz edilmesi amaciyla proses akis
diyagrami ve yap1 agaci olusturulmustur. Sekil
1’de, stire¢ akis diyagrami gorsellestirilmistir.

[— SILINDIR BLOGU ALT

Al Montaj MONTAI

potansiyeline sahip hatalar  {izerine
odaklanilmistir.  Analiz  siirecinin  ilk
Krank, Eksantrik ZDK VOLAN MUH. SILINDIR KAFAS] TURBO-ENL-ESANIOR
JOKER 6. Proses “i:::;“' 4. Prows
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Sekil 1. Motor montaj fabrikasi seri iiretim hatt1 proses akis diyagrami
Figure 1. Engine assembly plant mass production line process flow diagram
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Tablo 2. Silindir kafa montaj yap1 agaci
Table 2. Cylinder head assembly structure tree

Proses No Proses Adi
4. Proses Silindir kafas1 alt montaj
4.1. Proses Yatak pulu montaji
4.2. Proses Subap kegesi montaji
4.3. Proses Egzoz ve emme subap montaji
4.4. Proses Silindir kafa ¢evirme operasyonu
4.5. Proses Subap yay1 ve iist yatak montaji
4.6. Proses Yay presleme, tirnak montaji
12. Proses Silindir kafas1 ana montaj
12.1. Proses Silindir kafa oturma yiizeyi pim ve conta mont
12.2. Proses Silindir kafas1 montaji
12.3. Proses Silindir kafasi civata ve subap kepi montaji
12.4. Proses Itici mil montajt
12.5. Proses Silindir kafa civatalari ti¢ asamal torklama
12.6. Proses Kiilbiitér mekanikleri montaji

Yukarida yer alan Tablo 2’de yap1 agacin
gosterilmektedir.  Silindir  kapaklar1  yag
kacagima 4. Ve 12. Proseslerde meydana
gelebilecek  hatalarin  sebep  olabilecegi

diisiiniildigli icin bu prosesler 6zelinde 6M
analizi gergeklestirilmistir. 6M elemanlarin
iceren Ishikawa sablonunu Sekil 2’de
gosterilmistir.

''''''

Tl

Sekil 2. 6 M (Ishikawa) balik kil¢ig1 yontemi figiirii
Figure 2. Figure 6 M (Ishikawa) fishbone method

Prosesle alakali gerekli bilgiler toplandiktan
ve bu bilgiler dokiimante edildikten sonra,
yapisal analiz kismina ait PFMEA tablosunun

ikinci adim kismi doldurulmustur. Tablo 3’te
PFMEA formatinda yapisal analiz kismi yer
almaktadir.
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Tablo 3. PFMEA formatinda yapisal analiz
Table 3. Structural analysis in PFMEA format

Yapisal Analiz (ikinci Adim)
1.Proses Parcasi, Sistem, Alt Sistem, Parca, 2. Proses Adim Istasyon No ve 3. Proses I
Bilesen ya da Proses Adi Odak Parca Adi Elemanlari (6m)

Malzeme

Metot

Dért Silindirli igten Yanmali Dizel Motor 75- 4. Istasyon Silindir Kapagi Alt Cevre
110bg Giiglerinde Montaj Makine

Olgme

Insan

Uciincii adim olan Fonksiyonel analiz
kisminda Motor Montaj Hattin1 ‘Fabrika’
olarak, Traktor montaj hattin;; ‘Musteri
Fabrikas1’ olarak ve sevk edilen ve tarlada
kullanilan traktorii de ‘Son Kullanict® olarak
tanimlanmustir. Ikinci adimdaki fonksiyon bu
tic kavram icin de tanimlanmistir. Ardindan

silindir kapagimin montaj yapilis adimlar
tanimlanmistir. Son olarak 6M elemanlarinin
fonksiyonlar1 ~ tanimlanarak  bu  adim
sonuclandirilmistir. Asagida yer alan Tablo
4.te PFMEA formatinda fonksiyonel analiz
kismi1 yer almaktadir.

Tablo 4. Fonksiyonel analiz ii¢lincii adim
Table 4. Functional analysis step three

Fonksiyonel Analiz (Uciincii Adim)

Birinci Proses Parcasinin
Fonksyonu, Sistem, Alt Sistem,
Parca , Bilesen yada Proses
Fonksyonu

Ikinci Odak Parcanin
Fonksiyonu ve Sartlar:

Uciincii Sonraki Alt Seviye
Fonksiyonu ve Sartlar1 Veya
Karakteristigi

Fabrika: Fabrika agisindan, silindir
kapaklarinin motor bloguna sorunsuz
sekilde monte edilmesi ve motorun
hedeflenen giicii tiretirken herhangi
bir performans ve emisyon sorunu
yasanmamast temel hedeftir

Miisteri Fabrikasi: Miisteri
fabrikast i¢in ise traktdre monte
edilen motorun sanzimana sorunsuz
bir sekilde gili¢ aktarimi saglamasi
beklenmektedir

Son Kullamel Son kullanici
perspektifinden degerlendirildiginde
ise traktoriin  tarlada  kullanimi
sirasinda ariza yaganmamasi kritik bir
gerekliliktir.

Silindir kapaklarina supaplarin
montaj siireci belirli adimlar

icermektedir.  Ilk  olarak,
paletler iizerinde gelen
kapaklar montaj sehpasina

yerlestirilir ve ardindan pul ile
supap kegeleri uygun aparat ve
¢eki¢ yardimiyla monte edilir.
Sonrasinda, emme ve egzo0z
supaplar1 kegelere yerlestirilir
ve Ozel bir aparat kullanilarak
ters cevrilir. Montaj silirecinin
devaminda supap yaylart ve
sapkalart takilir, hidrolik pres
yardimiyla yaylar sikistirilarak
tirnaklar yerine monte edilir.

Parc¢a : Fabrikaya ulasan bilesenler,
kalite kontrol stirecinden
gegcirildikten sonra montaj hatlarma
yonlendirilerek ~ montaj  islemi
gerceklestirilir.

Talimat : Operatorler, kendilerine
saglanan calisma talimatlar1
dogrultusunda  hareket  ederek
islemleri standartlara uygun sekilde
tamamlar.

Ortam: Montaj siirecinin verimli ve
giivenli sekilde yiiriitiilebilmesi i¢in
uygun ¢alisma kosullar: saglanir.

Hidrolik Pres: Yardimi ile yay ezme
ve tirnak takma islemi yapilir

Kece Cakma Aparati: Kegeler,
kege gakma aparati kullanilarak dik
bir konumda yerlestirilir ve bakir
¢ekic yardimiyla sabitlenerek montaj
islemi tamamlanir.

Dordiinci  asama  olan

hata

analizi

yiriitiilmesi nedeniyle, bu siiregte fabrikanin

asamasinda, birinci siitunda odak parganin
fabrika, miisteri fabrikasi ve son kullanici
diizeyinde yol agabilecegi hata etkileri (FE)
degerlendirilmis ve ¢alismanin hangi agsamada
gergeklestirilecegine karar verilmistir.
Calismanin  Motor Montaj Fabrikasinda

karsilagabilecegi olasi sorunlar ele alinmis ve
bu sorunlara yonelik Onleyici tedbirler
belirlenmistir. Fabrikada meydana gelebilecek
arizalarin siddet (S) derecesini belirlemek
amaciyla PFMEA Siddet Derecelendirme
Tablosu incelenmistir. Bu degerlendirme
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kapsaminda, "etkilenen iiretimin %100 iinden
az bir kisminin hurdaya ayrilmasi gerektigi ve
hat hizimin diisiiriilerek ek personel destegiyle
eksikligin giderilmesi™ Kriterine uygun olarak,
siddet seviyesi orta-yiiksek bir deger olan 7
olarak tanimlanmustir. Ucgiincii siitunda odak
parcaya ait hata tirii (FM) olarak "Motor

Tablo 5. Hata analizi dérdiincii adim
Table 5. Error analysis fourth step

yaginin, motor suyu ile karigmasi / Motorun
yag kacirmasi" ifadesi  kaydedilmistir.
Dordiincii siitunda ise 6M unsurlarinin her
birinin neden olabilecegi hata nedenleri (FC)
ayrintili olarak belirlenmis ve
degerlendirilmistir. Tablo 5°te PFMEA
formatinda hata analizi bolimii yer almaktadir.

Hata Analizi (Dordiincii Adim)
Birinci Bir Ust Seviye Eleman ve/veya Son Kullanic1 | Siddet | Ikinci Odak Ugiincii Sonraki Alt Seviye
I¢in Hata Etkileri (FE) (S) Parganin Hata Elemaninin veya Karakteristiginin
FE Tiirii (FM) Hata Nedeni (FC)
Fabrika: Operasyon Operasyon esnasinda hata tespit Parca Kaynakh (Emme ve Egzoz
edilmesi durumunda, silindir kapagi iiretim hattindan Subabi) Olusabilecek Hatalar:
ayrilarak kalite kontrol birimine teslim edilir. Yapilan Takilar pargalardan birinde dlgiisel
inceleme sonucunda, taglama islemi gerektiriyorsa hata olabilir
Talasli Imalat birimine yonlendirilir. Revizyon islemi Par¢a Kaynakli (Subap Yay
tamamlanan kapak, iiretim siirecine geri kazandirilir. Yatag1) Olusabilecek Hatalar:
Ancak, eger revizyon miimkiin degilse, ilgili parca Takilan pargalardan birinde dlgiisel
hurdaya ayrilir. bir hata olabilir
Test asamasinda hata belirlenirse, arizanin tiiriine Depolama Kaynakh Olusabilecek
gore farkli islemler uygulanir. Eger yalnizca yag Hatalar:
kacag tespit edilirse, kapak revize edilerek kullanima Parcalari muhafaza ederken dogru
uygun hale getirilir. Ancak, yagin motor sogutma Silindir sekilde muhafaza edilmemis olabilir
suyu ile karigmast durumunda, motorun su ile temas kapaklarina Metod Kaynakh Olusabilecek
eden tlim bilesenleri sokiilerek temizlenir ve ardindan subaplarin, Hatalar:Operatoriin hatali islem
sifirdan yeniden monte edilir. montajlanmast yapmas1 kaynakli olabilir
Miisteri Fabrikasi: Traktor, motor kaynakli bir Ortam Kaynakh Olusabilecek
ariza nedeniyle islevini yerine getiremez. Bu Hatalar: Kirli veya tozlu bir ortamda
dururpda, motor ve traktor b1rb1.r1nd§n ayr1.11r, motgr parcalarin {izerlerini mikropartikiiller
fabrikaya sevk edilerek ger;k.h. revizyon islemleri yapisarak subap yolluklarim
gerceklestirilir. tikayabilir
Son_ Kullanici: Tarlada meydana gelen bir ariza Pres Kaynakli Olusabilecek
nedemylc_e traktoriini k.l‘lllana.m.az. Bu durumda,.glftgl Hatalar: Subap yaylari preslenirken
SCIVIS! arat ve trgktor gekici }fardlmlyla SCrvise egik basmasi kaynakli tirnaklarin
gotirilir. Gerekli 1ncelemeler1n arfi}ndan fabrika veya presin subaplara zarar vermesi
tarafindan geri ¢agrilabilir. Aparat Kaynakli Olusabilecek
Hatalar: Pullarin tizerine kege
¢akma sirasinda aparattan talag
pargasi firlayip subap sardirabilir
Operator Kaynakh Olusabilecek
Hatalar: Operator beceri eksikligi
nedeni ile hatali operasyon
gerceklestirebilir
Besinci asama olan risk analizi asamasinda, dogrultusunda degerlendirilmis ve

mevcut 6nleme kontrolleri (PC) birinci siituna
kaydedilmistir. Ardindan, tiglincii siituna hata
tiri ve nedenleri i¢in mevcut saptama
kontrolleri eklenmistir. Ilk olarak, Onleme
kontrolleri PFMEA  Olasihk  Tablosu
kullanilarak puanlandirilmigtir. Daha sonra,
saptama kontrolleri PFMEA Saptama Tablosu

puanlanmistir. Son asamada, siddet, olasilik ve
saptama puanlart PFMEA Aksiyon Onceligi
Belirleme (AP) Tablosu c¢ergcevesinde analiz
edilmis ve buna gore Orta, Yiiksek veya Diisiik
oncelik puanlar atanarak nihai degerlendirme
tamamlanmustir.
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Tablo 6. Risk analizi besinci adim
Table 6. Risk analysis fifth step

Risk Analizi (Besinci Adim)
A
A
S 2| &
= ~| @
Mevcut 6nleme kontrolleri (PC) = Mevcut saptama Kontrolleri (DC) e _%
g g |-
° £ &
= 7]
S |
©n | <
. . Fabrikaya sevk edilmeden dnce kalite kontrol
Cilas kalite kontrolii yapimaktadir. 2 personelleri tarafindan kontrol edilmektedir. 610
Pargalar fabrikaya gelirken 6 Operasyon sirasinda montaj operatorii kapagi 6 | v
stre¢lenmis sekilde gelmektedir. cevirerek kapak yiizeyini kontrol etmektedir.
Montaj Operasyon sayfasi adi altinda 3 Otokontrol kartlar1 ile operatérler yaptiklari isleri 1 D
operatore talimatlar verilmektedir. kayit altina almaktadir.
Kapak Ana Montaj1 yapan operatdr goz ile kontrol
- 10 - . 6 |Y
yapiyor ve montaj 6ncesi hava tutmaktadir.
- 10 | Operatér montaj sirasinda gozle kontrol etmektedir. | 6 | Y
Yeni ige baglayan bir operatdr, ilk bes Operatorler, ige baglamalarindan itibaren belirli
is giinii boyunca bir usta ile birlikte periyotlarla performans degerlendirmesine tabi
calisarak operasyonu ¢ift kigi yiiriitiir. 1 tutulur. Iki aylik ve alt1 aylik siireglerde yoneticiler 1 b
Usta, siire¢ boyunca operatore tiim tarafindan yapilan degerlendirmeler, operatoriin
teknik detaylar1 6gretmekle gelisimini takip etmeye ve motivasyonunu yiiksek
sorumludur. tutmaya yonelik bir sistem olarak uygulanmaktadir.

Optimizasyon adiminda, Orta ve Yiiksek
Aksiyon Onceligi (AP) degerine sahip hatalara

yonelik oOnleyici ve saptayict faaliyetler
gelistirilmistir. Bu faaliyetlerin
uygulanmasindan  sorumlu  kisiler  ve

tamamlanma stireleri bildirilmistir. Siirecin
ilerleyisi diizenli olarak izlenmis ve her
tamamlanan faaliyet i¢in kanit niteliginde
gorseller eklenmistir. FMEA calismalar

sonucunda, Siddet, Olasilik ve Saptama
puanlari yeniden degerlendirilerek
giincellenmis, bu  dogrultuda  aksiyon
oncelikler1  tekrar  siralanmistir. ~ Bazi

durumlarda mevcut aksiyonlarin yetersiz
oldugu tespit edilmis ve bu eksiklikleri
gidermek amaciyla ilave tasarim degisiklikleri
talep edilerek siire¢ iyilestirme calismalar
stirdiriilmiistiir.
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sarma problemine
bircok hata nedeni bulunmustur ve bu hata
nedenlerini ve olusturacag: etkileri azaltmak
adma aksiyon alinmistir. AP puant O ve Y
c¢ikan hatalara alinan aksiyonlar ve kanitlar1 bu
boliimde bulunmaktadir.
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Tablo 7. Optimizasyon altinci adim

Table 7. Optimization step six

Optimization (Altinci adim)

FMEA Onleyici faaliyetler

FMEA Saptayici
faaliyetler

Tedarikgiden mevcut kontrol seviyesinin
artirilmasi ve sevkiyat sirasinda olusabilecek
hatalarin 6niine gegebilmek amaciyla daha iyi

bir paketleme yontemi uygulanmasi talep

edilmistir. Bu kapsamda, tedarikgi ziyareti
gergeklestirilmis ve sireg yerinde
incelenmistir.

Tedarikgi pargalara
%100 kontrol
uygulamaktadir hatal
pargalar robotik sistem
sayesinde fark edilerek
ayrilmakta ve sevk
oncesi saptanmaktadir

Tedarikginin, pargalan talasl islem sonrasi
paslanmayi 6nlemek amaciyla koruyucu yag
ile kapladiktan sonra posetledigi tespit
edilmistir. Ancak, isleme dogrulugu saglansa
dahi bu yagh kalintilar, subaplarin sikismasina
neden olabilmektedir. Bu sorunu 6nlemek
adina, yay tutucu pullarin fabrikada
yikandiktan sonra seri Uretim surecine dahil
edilmesi planlanmistir.

Saptayici ek bir 6nleme
ihtiyag duyulmamistir

Fabrikaya gelecek pargalarin, belirlenen
gunluk Uretim adetlerine uygun sekilde
paketlenmesi saglanmis ve bu pargalar,
dogrudan operatorlerin kullanimina sunulacak
sekilde duizenlenmistir.

Saptayici ek bir 6nleme
ihtiya¢ duyulmamistir

Kritik pargalarin montaj 6ncesinde
yikanmasina karar verilmistir. Ayrica, alt
montaj ve montaj suregleri arasinda kirlenme
veya hasar gérme riski bulunan pargalarigin
ek énlemler alinmis, fabrikadaki belirli
noktalara kuslarin konumlanmasini 6nlemek
amaciyla kus kovucu gitler monte edilmistir.

Saptayici ek bir 6nleme
ihtiya¢ duyulmamistir

Hidrolik pres kaynakl bir sorun olabilecegi
degerlendirilmis ve uzun yillardir kullanilan
ekipman yenilenmigtir. Kullanim 6mrunt
tamamlamis olan eski aparat, dncelikle
taslanarak bir sure daha kullanilmis, ancak
presleme cihazinin yenilenmesiyle birlikte
basma aparati da degistirilmistir.

Saptayici ek bir 6nleme
ihtiya¢ duyulmamistir

Yeni bir aksiyon gerekmiyor Risk kritik sinir
altinda

Yeni bir aksiyon
gerekmiyor Risk kritik

sinir altinda

2.3. PFMEA aksiyonlar ve kanitlari

Gergeklestirilen analizler sonucu subap

sebebiyet

verebilecek

o
=
— = a T,
Tamaml| & | 2| = %ﬂ
= X~
Sorumlu kisiler Termin | Durum ama 3 = g 'g
s =] o += :
tarihi >3 E §
3
<
% %k 3% %k H
e ke (Kalite Kontrol 54| ok | Haz2a| 7 |4 |1 | D
Amiri)
K*** K*** K I K |
(Kalite Kontrol |\ 54| ok |Haz2a|7 |1 |4 |D
Amiri)
Q¥ y*xk A**X (| ojistik Bekleme
P, Oca.26 Oca.26| 7 1 8 D
Mudurd) de
Oca.24 Ok Oca.24 | 7 1 3 D
Ara.23 Ok Ara.23 | 7 3 2| D
- - - 7 1 6 D
2.3.1. Par¢ca kaynakh olusan hata

aksiyonlar:

Subap tutucu pullar, koruyucu yag ve izole
paketlemeye ragmen Sekil 3.'de goriildigii gibi
kirlenmektedir. Koruyucu yagin kaldirilmasi
paslanmaya yol acabileceginden alternatif bir
¢Ooziim gerekli goriilmiistiir. Pullardaki kir
veya toz, subap sarma problemine dogrudan
neden olabilmektedir.
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Sekil 3. Subap yaylar kirliligi
Figure 3. Valve spring contamination

Bu sorunu o6nlemek i¢in pargalarin kutu
halinde yikanip ayni giin i¢inde kullanilmasi
kararlastirilmistir. Bu ek PFMEA 6nlemiyle O
degeri 4’ten 1’e, AP degeri ise D seviyesine
diismiistiir.

2.3.2. Depolama kaynakl olusan hata
aksiyonlar:

Depolama kaynakl
fabrikaya kabul

hatalar, pargalarin
edildikten sonra maruz

=

kalabilecegi sorunlar1 kapsar. Kapaktaki subap
sarmasi incelenirken bazi pargalarin toz ve dig
etkenlere kars1 korunmadan, ¢ok adetli sekilde
bekletildigi tespit edilmistir. Ozellikle subap
kecelerinin Sekil 4’de goriildiigi gibi kiiciik
kutularda uzun siire saklandigi ve operator
tarafindan kontrol edilmedigi belirlenmistir.

Sekil 5. Kiigiik parca siiper marketi
Figure 5. Small parts supermarket
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Diisiik kontrol seviyesi nedeniyle Cizelge
3.4’e gore olasilik puanm1 7, saptama puani 8
olarak degerlendirilmis ve aksiyon onceligi
‘Y’ olarak  belirlenerek  risk  analizi
tamamlanmigtir. Riskin Y’ olmasi nedeniyle
parcalarin tedarik¢i tarafindan 1000 adetlik

poset veya kutularda paketlenerek sevk
edilmesine karar verilmistir. Bu Onlem
sonrasinda  Onleyici puan 7’den 1’e
disiiriilmiis, AP puam1 ‘D’ seviyesine
gerilemis ve PFMEA aksiyonu
tamamlanmustir.

2.3.3. Aparat kaynakh olusan hata
aksiyonlari

Calisma ve test asamalarinda sikisma ve
sarma sorunlar1 olusabilmektedir. Silindir
kapak alt montajinda uzun yillardir ayn1 aparat
ve hidrolik pres kullanilmaktadir. Bu
ekipmanlarin dmriinli tamamlamis olabilecegi
distiniilmektedir. Aparat kaynakli hatalari
onlemek i¢in merkezleme pimleri kullanilarak
montaj yapilmaktadir. Ancak pres kaynakli
hatalarin 6nlenmesi neredeyse imkansizdir, bu
nedenle Onleyici aksiyon alinamamistir. Buna
karsin, hatalarin saptanmast daha kolaydir.
Ana montaj sirasinda soguk subap ayar ile
donme kontrolii, dinamometre testlerinde ise
sicak subap ayar1 yapilarak olasi sorunlar tespit
edilmektedir. Mevcut yay basma presi sekil 7
ve sekil 8 de goriilmektedir.

Sekil 8. Silindir kapak subap presi (eski)
Figure 8. Cylinder head valve press (old)
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Hidrolik pres icin Onleme kontrolii
bulunmadigindan olasiliga ‘10’ puan, aparat
kaynakli onleme kontrolii i¢in merkezleme
pimleri nedeniyle ‘4’ puan verilmistir.
Saptayici1  faaliyet yeterli goriildiiglinden
saptama puan1 ‘2’ olarak belirlenmis, aksiyon

onceligi ‘O’ olarak degerlendirilmistir. Bu
nedenle PFMEA kapsaminda yeni 6nleyici ve
saptayici faaliyetler tanimlanmigtir. Sekil 9°da
goriildiigii gibi hidrolik pres ve yay tirnak
montaj aparati revize edilmistir.

Sekil 9. Silindir kapak subap presi (yeni)
Figure 9. Cylinder head valve press (new)

Bu c¢alismalar sonucunda hata olusma
ihtimali ~ sifira  indirgenmistir. ~ Yapilan
tyilestirmeler iiriin gelistirme departmanina
aktarilmis ve kalici ¢oziim talep edilmistir.
PFMEA o6ncesinde ‘10’ ve ‘4’ olan Onleyici
puanlar ‘1’ seviyesine dislriilmiistir. Bu
nedenle ek saptayici aksiyon alinmamis, ‘O’ ve
‘Y’ olan aksiyon Onceligi AP degeri ‘D’ olarak
giincellenmis ve proses kontrol altina
alinmastir.

3. Sonuglar

Bu calismada 2022-2024 yillar1 arasinda
seri iiretim montaj silireclerini yiiriiten bir Tiirk
otomotiv firmasindaki i¢gten yanmali motorlara
ait hata analizleri gerceklestirilmis ve bu
hatalara  yonelik iyilestirme caligsmalari
uygulanmistir. Calisma, Avrupa'nin 6nde
gelen otomotiv Treticileri tarafindan kabul
goren IATF 16949 kalite standardi kapsaminda
ylriitiilmiis olup, montaj siireglerinde en
kapsamli hata analizi yontemlerinden biri olan

PFMEA (metodu kullanilarak  &zellikle
Silindir Kafalarinda meydana gelen Subap
Sarma arizalarina odaklanilmistir.

Gergeklestirilen analizler sonucunda, yiiksek
oncelikli problemlere yonelik aksiyonlar

belirlenmis ve uygulanan ¢éztimlerin etkinligi
gozlemlenerek ¢alisma tamamlanmugtir.
Yapilan analizler, parca kaynakli, depolama
kaynakli ve aparat kaynakli olmak tizere ii¢
temel hata tiirlini ortaya koymustur. Bu
hatalarm yiiksek AP (Aksiyon Onceligi)
puanina sahip olmasmin temel sebepleri,
fabrikada yaratabilecekleri ciddi etkiler ve
mevcut Onleyici-saptayici kontrollerin
yetersizligidir.  Parca  kaynakli  hatalar,
tedarik¢i firma ve fabrikada ek kalite kontrol
Onlemleri alinarak kullanilarak minimize
edilmistir.  Depolama  kaynakli  hatalar,
pargalarin bilinci bir sekilde giinliik {liretim
adetlerince  paketlenmesi ve  kullanim
miktarlarinin diizenlenmesi ile ¢oziilmiistiir.
Aparat kaynakli hatalar ise, kullanilan hidrolik
pres aparatindaki mekanik iyilestirmeler ve
montaj alanindaki  diizenlemeler  ile
¢Oziimlenmistir. Bu aksiyonlar, Tablo 7.'de
detaylandirilmis olup, yiiksek ve orta dncelikli
hatalar icin etkili ¢oziimler saglanmistir.
Yapilan ¢aligsma, fabrikadaki birgok siirecte
yeterli Onleyici kontrollerin bulunmamasinin
hata riskini artirdigimi  gdstermistir. Bu
dogrultuda, hatalar1 en aza indirmek igin
FMEA kapsaminda oOnleyici faaliyetler
uygulanmistir. Ancak, saptayici faaliyetlerin
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yalnizca belirli durumlarda artirildigi tespit
edilmistir. Bunun temel nedenleri; mevcut
saptayic1 kontrollerin yeterli seviyede olmasi,
yeni saptama yontemlerinin yiiksek maliyetli
olmast ve Onleyici aksiyonlarin  hata
¢Oziimiinde daha kritik rol oynamasidir. Sonug
olarak, uygulanan Onleyici dnlemler hatalari
bliyiilk 0Olclide azaltarak siire¢ kalitesini
yiikseltmis ve montaj hatalarini minimum
seviyeye indirmistir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yaymna hazir son
halini gordiiklerini/okuduklarin ve
onayladiklarin1 beyan ederler.

Cikar Catismasi1 Beyani

Tiim yazarlar, bu ¢alisma i¢in herhangi bir
¢ikar catismasi olmadigini beyan etmektedir.
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Ozet

Yenilenemeyen enerji kaynaklarinin tiikenmesi ve gevresel sorunlarin artmasi, biyokiitle bazli yenilenebilir enerji
kaynaklarina olan ilgiyi artirmaktadir. Biyokiitle, hayvansal, bitkisel ve mikrobiyal atiklardan elde edilen, ¢evre
dostu ve siirdiiriilebilir bir enerji kaynagidir. Bu calisma, mercimek sapi biyokiitlesinin piroliz siireclerini
inceleyerek kinetik ve termodinamik 6zelliklerini belirlemeyi amaglamaktadir. Mercimek sapinin termal bozunma
davranisi, farkli 1s1tma hizlarinda (3 °C dkt, 5 °C dk?, 7 °C dkve 10 °C dk) gergeklestirilmis termogravimetrik
analiz (TGA) deneyleri ile degerlendirilmistir. TG ve DTG grafikleri kullanilarak mercimek sapinin piroliz
asamalar1 belirlenmis ve bozunma mekanizmalari analiz edilmistir. Kinetik hesaplamalar, hem model igermeyen
Flynn-Wall-Ozawa (FWO) ve Kissinger-Akahira-Sunose (KAS) yontemleri hem de model bazli Coats-Redfern
yontemi ile gerceklestirilmistir. Yapilan analizler sonucunda, mercimek sap1 i¢in aktivasyon enerjileri belirlenmis
ve reaksiyon mekanizmalari ortaya konmustur. Bu ¢aligma, mercimek sap1 gibi tarimsal atiklarin biyoyakit tiretimi
icin degerlendirilmesine katkida bulunarak, yenilenebilir enerji kaynaklarinin gelistirilmesine ydnelik &nemli
bilimsel veriler sunmaktadir.

Anahtar Kelimeler: Mercimek sap1, piroliz, biyokiitle, kinetik analiz

Investigation of the Kinetic and Thermal Properties of Lentil Stalk Pyrolysis

Abstract

The depletion of non-renewable energy sources and the increasing environmental issues have heightened interest
in biomass-based renewable energy sources. Biomass is an environmentally friendly and sustainable energy source
that can be derived from animals, plants, and microbial waste. This study aims to investigate the pyrolysis
processes of lentil stalk biomass and determine its kinetic and thermodynamic properties. The thermal degradation
behavior of lentil stalk was evaluated using thermogravimetric analysis (TGA) experiments conducted at different
heating rates (3 °C min®, 5 °C min, 7 °C min?, and 10 °C min). The pyrolysis stages of lentil stalk were
identified using TG and DTG graphs, and decomposition mechanisms were analyzed. Kinetic calculations were
performed using both model-free methods, including Flynn-Wall-Ozawa (FWO) and Kissinger-Akahira-Sunose
(KAS), and the model-based Coats-Redfern method. The analysis determined the activation energies for lentil
stalk and identified the reaction mechanisms. This study provides valuable scientific data for the development of
renewable energy sources by contributing to the evaluation of agricultural waste, such as lentil stalk, for biofuel
production.

Keywords: Lentil stalk, pyrolysis, biomass, kinetic analysis
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1. Giris

Fosil yakitlarin yogun kullanimi, hava
kirliligi, kiiresel 1smnma ve sera gazi
emisyonlar1 gibi ciddi ¢evresel sorunlara yol
acgarken, rezervlerin hizla tiikenmesine neden
olmaktadir (Tasar, 2021). Bu durum, biyokiitle
bazli yenilenebilir enerji kaynaklarma olan
ilgiyi artirmistir. Biyokiitle, hayvansal, bitkisel
ve mikrobiyal atiklardan elde edilebilen, diisiik
karbon emisyonuna sahip siirdiiriilebilir bir
enerji kaynagidir (Parenti ve ark., 2024).
Biyokiitle, kiiresel  yenilenebilir  enerji
tiretiminin 6nemli bir boliimiini olusturmakta
ve biyodizel, biyoetanol ve biyogaz gibi
biyoyakitlarin iiretiminde kullanilmaktadir.
Piroliz, gazlagtirma ve hidrotermal sivilagtirma
gibi termokimyasal doniisim  siiregleri,
biyokiitlenin enerji verimliligini artirarak
cevresel etkilerini minimize etmektedir (Giertl
ve ark., 2024). Ancak, bazi1 doniisiim teknikleri
yilksek maliyetleri ve teknik zorluklar
nedeniyle ekonomik acidan  siirliliklar
icerebilmektedir (Shahzad ve ark., 2024).
Piroliz, diisiik sermaye gereksinimi, liriinlerin
depolanabilirligi ve tasinabilirligi  gibi
avantajlariyla fosil yakitlara alternatif bir
yontem olarak 6ne ¢ikmaktadir (Tegin ve ark.,
2020). Bu siirecte elde edilen gaz fazi enerji
kaynagi olarak degerlendirilebilirken,
biyokomiir ise toprak iyilestirme, katalizor ve
katt yakit gibi ¢esitli uygulamalarda
kullanilabilmektedir. Bu o6zellikler, pirolizi
biyokiitle doniistimii i¢in sirdiiriilebilir ve
verimli bir teknoloji haline getirmektedir
(Diaz ve ark., 2024).

Termokimyasal doniistim siireclert,
biyokiitleyi biyoyakitlara dontistiirerek fosil
yakit bagimliligin1 azaltmada kritik bir rol
oynamaktadir. Piroliz, hidrotermal sivilastirma
ve gazlastirma gibi yontemler biyokiitlenin
yapisal  Ozelliklerini  optimize  ederek
sirdiiriilebilir ~ enerji  iretimine  katki
saglamaktadir (Tian ve ark., 2021). Piroliz,
yiiksek sicaklik ve oksijensiz ortamda
biyokiitleyi gaz, biyo-yag ve biyokomiire
dontistiiren etkili bir yontemdir.
Lignoseliilozik biyokiitle, algler ve belediye
atiklar1 gibi hammaddelere uygulanabilen bu
stirec, geleneksel yakmaya kiyasla daha diisiik

Yildiz

NOx ve SOx emisyonlart iireterek ¢evresel
stirdiiriilebilirligi artirmaktadir (Tarragona ve
ark., 2021). Pirolizle elde edilen biyokomiir,
karbon nanolif {iretimi ve enerji depolama
malzemelerinin gelistirilmesinde
degerlendirilmektedir. Lignoseliilozik
biyokiitle; seliiloz, hemiseliilloz ve ligninden
olusmakta olup, kimyasal bilesimi kaynagina
bagl olarak degismektedir. Seliilloz genellikle
biyokiitlenin %40-50'sini, hemiseliiloz %20-
40'm1, lignin ise %10-40'in1 olusturmaktadir
(Yang ve ark., 2019). Selilloz genellikle
biyokiitlenin en  biiyiik  fraksiyonunu
olusturarak %40-50 araliginda degisirken,
hemiseliiloz  %20-40, lignin ise %210-40
oraninda bulunur. Bu bilesenlerin incelenmesi,
biyokiitlenin kimyasal yapisinin anlasilmasi ve
termokimyasal doniisiim siireglerinin optimize
edilmesi agisindan kritik bir rol oynamaktadir
(Mujtaba ve ark., 2023). Termogravimetrik

analiz (TGA), piroliz kinetiginin
incelenmesinde  yaygin  kullanilan  bir
yontemdir. Ancak yavag 1sitma hizlar,

izotermal analizlerde kiitle kaybina neden
olarak kinetik parametrelerin dogrulugunu
etkileyebilir (Sahin ve ark., 2016). Bu nedenle,
izotermal olmayan yoOntemler daha giivenilir
sonuglar sunarak siire¢ optimizasyonuna katki
saglamaktadir ~ (Aboelela ve ark., 2023).
[zotermal olmayan yéntemler, model igeren ve
icermeyen yaklasimlari kapsamakta olup,
Kissinger-Akahira-Sunose (KAS), Ozawa-
Flynn-Wall (OFW) ve Friedman ydntemleri
one ¢ikmaktadir (Gong ve Yang, 2024).
Kinetik analiz, aktivasyon enerjisi (Ea),
frekans faktorii (A) ve reaksiyon derecesi (n)
gibi  parametreleri  belirleyerek  termal
bozunma mekanizmalarinin anlagilmasina
yardimc1  olmaktadir. TGA  verileri,
biyokiitlenin termokimyasal siirecler icin
uygunlugunu degerlendirerek siireg
verimliligini artirmaya yonelik dnemli bilgiler
sunmaktadir (Alvarado Flores ve ark., 2022).

Bu calismada, mercimek sap1
biyokiitlesinin piroliz siiregleri detayli bir
sekilde incelenmis ve bu siireglere iliskin
kinetik parametreler ile termal Ozelliklerin
hesaplanmasi amaclanmustir.
Termogravimetrik analiz yontemi ile farkl
1sitma hizlarinda (3 °C dk?, 5 °C dk?, 7 °C dk
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1ve 10 °C dk?) yapilan deneyler sonucunda,
TG ve DTG grafikleri iizerinden piroliz
davraniglart  analiz  edilmistir.  Kinetik
analizler, es doniisiimlii modele dayanmayan
Flynn-Wall-Ozawa (FWO) ve Kissinger-
Akahira-Sunose (KAS) yontemleri ile modele
dayali Coats-Redfern yontemi kullanilarak
gergeklestirilmis, aktivasyon enerjileri  ve
reaksiyon mekanizmalarina dair 6nemli veriler
elde edilmistir. Bu kapsamli inceleme,
mercimek  sapt  biyokiitlesinin  piroliz
siireclerinin ~ tasarimi,  gelistirilmesi  ve
optimizasyonu i¢in gerekli bilimsel temeli
saglamis, biyokiitle tabanli enerji {iretimi i¢in
stirdiiriilebilir alternatifler sunulmasima katki
saglamstir.

2. Materyal ve Yontem
2.1 Materyal

Biyokiitle kaynagi olarak mercimek sap1
kullanilarak hazirlanmigtir. Mercimek saplart,
Siirt ilindeki tarim faaliyetlerinden temin
edilmistir. Ham maddeler, yiizeylerinde
birikmis toz ve kirlerden arindirilmak {izere
yikanmig ve 80 °C’de kurutulmustur.
Kurutulan ham maddeler, bir 6giitiicii
yardimiyla ince bir sekilde Ogiitiilmiis ve
belirli bir boyut araligi elde etmek i¢in
elenmistir. Deneysel c¢aligmalarda, 325-500
pum arasinda degisen partikiil boyutlar1 tercih
edilmistir. ~ Ogiitiilip  uygun  pargacik
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boyutunda ayrilan mercimek sap1 numuneleri,
daha sonra 105 °C sicaklikta 24 saat boyunca
etivde kurutulmustur. Etlivden ¢ikarilan
numuneler, desikatdrde sogutulduktan sonra
cam numune siselerinde hava ile temasi
kesilecek sekilde saklanmistir. Elementel ve
11l deger analizleri sirastyla LECO CHNS-932
(ABD) ve IKA C5000 (Almanya) cihazlari ile
gerceklestirilmistir.  Mercimek  saplarinin
elementel analiz, 151l deger ve ASTM E1131-
20 ile ASTM D1102-84-2013 standartlarina
uygun yapilan kisa analiz sonuglari, Tablo 1’de
detayl1 olarak sunulmustur.

2.2 Termogravimetrik analiz (TGA)

Termogravimetrik analiz, hammaddelerin
kimyasal ve fiziksel yapilarinda meydana
gelen degisimlerin, sabit bir 1sitma hiziyla
artan sicakligin bir fonksiyonu olarak veya
sabit sicaklik ve/veya sabit kiitle kaybi altinda
zamanin bir fonksiyonu olarak incelendigi bir
termal analiz yontemidir. Mercimek saplarinin
izotermal olmayan termogravimetrik
analizleri, EXSTAR 6000 TG/DTA 6300
cihazi kullanilarak, 3 °C dk*, 5 °C dk?, 7 °C
dkve 10 °C dk™ hizlarinda yapilmstir.

2.3 Kinetik hesaplamalar

Piroliz islemi sirasinda mercimek sap1
biyokiitlesi, ¢ar, ugucu maddeler ve gazlara
dontigmektedir (Esitlik 1) (Gai ve ark., 2013):

Biyokiitle — Gazi alinmis katt + Ugucu madde (1)

[zotermal olmayan kosullarda heterojen kat1 faz kinetik reaksiyonu Esitlik 2°de ifade edilmektedir

(Gao ve ark., 2017):

da

— = k(D)f(a) (2)

dt

Bu baglamda, dal/dt, piroliz reaksiyonunun hizini ifade ederken; f(a), reaksiyonun modeli
(mekanizmasi) ve k (T), sicakliga bagl reaksiyon hiz sabiti olarak tanimlanir. Reaksiyon hiz
sabitinin sicakliga bagli degisimini aciklamak i¢in Arrhenius denklemi (Esitlik 3)
kullanilmaktadir.

k(T) = AeCRD (3)
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Bu ifadede, A Pre-exponansiyel faktor (frekans garpani); Ea, goriiniir aktivasyon enerjisi; R, gaz
sabiti; ve T, mutlak sicaklik (K) olarak tamimlanmaktadir. Eger Esitlik 3, Esitlik 2 'de yerine
konulursa, bu islem sonucunda Esitlik 4 elde edilir.

%~ e @)
dt

Isitma hiz1 B = dT/dt izotermal olmayan kosullar altinda Esitlik 4'te yerine konuldugunda,
diferansiyel yontemlerin temelini olusturan genel Esitlik 5 elde edilir.

= 2eCRf(@ 5)

Doniisiim orani &, termal bozunmaya ugrayan biyokiitlenin oranini temsil eder ve baslangig kiitlesi
(mi), t anindaki kiitlesi (m¢) ve son kiitlesi (my) asagidaki Esitlik 6 ile ifade edilir:

m; —my
a=—"t (6)
mi—mf

Integral yontemler igin Esitlik 6'nimn integralinin uygulanmasiyla elde edilir. Bu siireg, reaksiyon
kinetigi ve mekanizmalarinin incelenmesinde temel bir adim olarak kullanilir (Fong ve ark., 2019).

g(a)—f jexp —— dT— jexp —— dT—AEp(x) (7
f@) B B BR

Esitlik 7’nin ¢Ozlimiinde, c¢esitli yaklasimlar ve sadelestirme yontemleri kullanilmistir. Bu
yontemlerin uygulanmasi sonucunda, mevcut ¢alismada degerlendirilen modelden bagimsiz ve
modele dayali integral kinetik yontemler asagida sunulmaktadir.

2.4. Model icermeyen Kinetik yontemler
2.4.1. Flynn-Wall-Ozawa (FWO) yontemi

Esitlik 7°nin gelistirilmesi sonucunda tiiretilen FWO (Flynn-Wall-Ozawa) yontemine ait Esitlik 8
asagida ifade edilmistir (Luo ve ark., 2020):

Inp = (8)

l

"Rg(a) RT
FWO yontemine gore, 1/T degerine karsihik In f grafigi cizildiginde, elde edilen dogrunun
egiminden aktivasyon enerjisi (Ea) hesaplanabilir.

2.4.2. Kissinger-Akahira-Sunose (KAS) yontemi

Modelden bagimsiz bir baska kinetik analiz yontemi olan KAS (Kissinger-Akahira-Sunose)
yontemi, agagidaki Esitlik 9 ile tanimlanmaktadir (Bach ve Chen, 2017):

B AR E,
iz = ln(Eag(a)) " RT ©

KAS yontemi, 1/T ile In (8/T?) arasindaki grafikte elde edilen dogrusal ¢izginin egimi
kullanilarak aktivasyon enerjisi (Ea) degerinin hesaplanmasini saglar.
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2.5. Model bazh kinetik yontem
2.5.1. Coats-Redfern yontemi

Yildiz

Coats-Redfern yontemi, model tabanli bir integral kinetik analiz yontemidir ve bu yontemde
kullanilan dogrusal denklem asagidaki Esitlik 10 ile ifade edilmektedir (Mehmood ve ark., 2019):

o (59)

Coats-Redfern yontemi kullanilarak, farkli
reaksiyon dereceleri icin tiim 1sitma hizlar1 ve
aktif piroliz bolgelerine ait —1/T grafikleri
olusturulmustur. Bu grafiklerden elde edilen
verilere dayanarak her reaksiyon derecesi igin
dogrusal denklemler tiiretilmis ve R? degerleri
hesaplanmistir. Korelasyon katsayis1 (R?) en
yiiksek olan grafikler, ilgili reaksiyon
derecesini en iyi temsil eden modeller olarak
belirlenmistir. Bu dogrusal denklemlerin

Tablo 1. Ham maddelerin kisa analizleri
Table 1. Brief analysis of raw materials

AR) E,
BE,

RT (10)

egimleri kullanilarak, calisilan biyokiitleler
icin aktivasyon enerjileri (Ea) hesaplanmistir.
3. Bulgular ve Tartisma

3.1. Ham madde karakterizasyonu

Mercimek sapinin nem, ugucu madde ve kiil
analizleri gerceklestirilmis ve sonucglar Tablo
1.’de verilmistir.

Analiz % Mercimek Sapi
Nem 9.0
Ugucu madde 72.5
Kiil miktar 6.0
Sabit karbon miktari 155
Mercimek sapmin nem oraninin biyokiitle enerji  verimliligi acisindan Onemli bir

tirleri arasinda orta seviyede oldugu
goriilmektedir. Ugucu madde orani, biyokiitle
ozellikleri agisindan  degerlendirildiginde
yuksek seviyededir. Sabit karbon miktari,

Tablo 2. Ham maddelerin elemental analizleri
Table 2. Elemental analysis of raw materials

parametre olarak one ¢ikmaktadir. Kiil miktar1
ise yakit olarak degerlendirilmesi durumunda
dikkate alinmasi gereken bir faktordiir.

Element % Mercimek Sapi1
H 5.32

S 0.00024

C 41.33

N 0.606

) 52.72

Tablo 2’de mercimek sapinin elemental
analizi sonucunda, ana bilesenlerin karbon
(%41.33) ve oksijen (%52.72) oldugu
belirlenmistir. Hidrojen icerigi %35.32 olup,
yanma siirecinde enerji verimliligini artiran bir
faktordir. Kiikiirt miktarmin ¢ok diisiik
(%0.00024) olmasi, ¢evresel etkiler agisindan

avantaj saglarken, azot icerigi (%0.606) diisiik
NOx emisyonu anlamina gelmektedir. Bu
sonuclar, mercimek sapinin biyoyakit olarak
kullanim potansiyelini desteklemekte ve
yliksek oksijen icerigi sayesinde iyi bir yanma
verimi sundugunu gostermektedir.
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3.2. Termogravimetrik analiz sonuclari

Mercimek  sapmin  termal  bozunma
analizleri, 3 °C dk*, 5 °C dk?, 7 °C dk* ve 10

Yildiz

°C dk? 1sitma hizlarinda gergeklestirilmis
olup, elde edilen TG ve DTG grafikleri Sekil
1’de sunulmustur.
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Sekil 1. Mercimek sapinin TG ve DTG egrileri
Figure 1. TG and DTG curves of lentil stem

Mercimek sapmin termogravimetrik (TG)
ve diferansiyel termogravimetrik (DTG)
analizleri incelendiginde, biyokiitlenin farklh
sicaklik araliklarinda belirgin kiitle kayiplarina
ugradig1 gézlemlenmistir. 11k kiitle kaybi, 40-
150 °C arasinda gergeklesmekte olup, bu

stirecte biyokiitlede bulunan  nemin
buharlagsmas1 ve diisiik molekiiler agirlikli
ucucu  bilesiklerin = uzaklasmasi1  etkili

olmaktadir. Ikinci kiitle kaybi, 200-380 °C
araliginda meydana gelmekte ve bu bolge
biyokiitlede bulunan hemiseliiloz ve seliillozun
termal bozunmasina karsilik gelmektedir.
Ayn1 zamanda, aktif piroliz siirecinin
gerceklestigi bu sicaklik araliginda, biiyiik

molekiiler  agirlikli  ugucu  bilesiklerin
ayrigsmast  ve  yogun  gaz  salimimi
gozlenmektedir. Ugiincii kiitle kaybi, 400-600
°C arasinda ortaya ¢ikmakta olup, bu asamada
biyokiitlede  bulunan  ligninin  termal
bozunmasi baskin hale gelmektedir. 600
°C’den sonra ise kiitle kaybinin oldukga
yavagladigi ve biyokiitlenin biiyiik o6l¢iide
karbonizasyon siirecine girdigi goriilmektedir.
Mercimek sapmin termal bozunma davranisi
incelendiginde, hemiseliiloz, seliiloz ve lignin
parcalanma bdlgelerinin  belirgin  sicaklik
araliklarinda gergeklestigi ve piroliz siirecinde
farkli oranlarda ugucu madde saliniminin
meydana geldigi belirlenmistir. Mercimek
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sapmin lignin igeriginin bozunma siirecine
etkisinin degiskenlik gosterebilecegi ve aktif
piroliz bolgesinde farklilasan kiitle kaybi
oranlarinin biyokiitlenin yapisal 6zellikleri ile
iligkili oldugu diisiiniilmektedir. Bu bulgular,
mercimek sapinin termal doniigiim siireglerine
yonelik degerlendirmeler i¢in 6nemli veriler

sunmakta  ve biyokiitlelerin piroliz
davraniglarinin anlagilmasina katki
saglamaktadir.
3.3. Kinetik hesaplamalar

Mercimek sapinin izotermal olmayan

kosullarda gerceklestirilen termogravimetrik
analizlerinden elde edilen veriler kullanilarak
yapilmistir.

kinetik ~ hesaplamalar Bu

Yildiz

hesaplamalarda  model  igermeyen  es
dontisimlii yontemler olan FWO, KAS ve
model tabanli Coats-Redfern yontemleri
uygulanmustir.

3.3.1. FWO yontemi

Bu yontemde, belirli doniisiim oranlar1 (o
0.05-0.9) i¢in Esitlik 8 kullanilarak her bir
dontistime karsilik gelen aktivasyon enerjisi
hesaplanmistir. Ayrica, elde edilen veriler
dogrultusunda ortalama aktivasyon enerjisi
belirlenmistir. Aktivasyon enerjisi, In £ ile 1/T
grafiginin egimi kullanilarak hesaplanmis
olup, her doniisiim oranina ait grafikler Sekil
2’de sunulmustur.

—a—0.05
—eo—0.1
——0.2
—v—0.3
0.4
<05
0.6
—e—0.7
—*— 0.8
—e—0.9

4oV

0.0014 0.0016 0.0018 0.0020 0.0022 0.0024 0.0026

T

Sekil 2. Doniisiimlerin FWO grafikleri
Figure 2. FWO charts of conversions

Sekil 2°de verilen 1/T — In g grafiklerinde
her bir donilisim degeri icin elde edilen
dogrusal regresyon esitlikleri, bu esitliklerin

korelasyon katsayilar1 (R?) ve egimlerden
hesaplanan Ea  degerleri Tablo 3’te
sunulmaktadir.

Tablo 3. Mercimek sap1 igin FWO yontemi kullanilarak farkli dontisiim degerleri i¢in elde edilen dogrusal

denklemler, R? degerleri ve aktivasyon enerjileri

Table 3. Linear equations, R? values and activation energies obtained for different conversion values using the

FWO method for lentil stalks

Déniigiim(or) Dogrusal Denklem R? Aktivasyon Enerjisi (kj mol™)
0.05 y=-8410.4x+24.88 0.7259 69.92407
0.1 y=-12078x+27.559 0.9111 100.4165
0.2 y=-15125x+31.085 0.9712 125.7493
0.3 y=-15852x+31.277 0.9859 131.7935
0.4 y=-15675x+30.132 0.9891 130.322
0.5 y=-15701x+29.479 0.9911 130.5381
0.6 y=-8139x+15.481 0.8531 67.66765
0.7 y=-5497.7x+10.277 0.8172 45.70788
0.8 y=-8116.6x+13.515 0.8316 67.48141
0.9 y=-9530x+0.14955 0.8337 79.23242
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Mercimek sapinin farkli doniisiim oranlari
icin aktivasyon enerjilerinin  Flynn-Wall-
Ozawa (FWO) yontemi ile hesaplandigi Tablo
‘da, doniisim orani (o) arttikga aktivasyon
enerjisinin belirli bir noktaya kadar arttigi,
ardindan azalma egilimi gosterdigi
gbzlemlenmektedir. Diisiik doniistim
oranlarinda (0.05-0.2), aktivasyon enerjisinin
69.92 kI molP’den 12575 kI mol'e
yukseldigi goriilmektedir. Bu artig, mercimek
sapinin  igeriginde  bulunan  seliilozun
bozunmasi ile iliskilendirilebilir. Seliillozun
termal bozunma siirecinde glikozidik baglarin
kirilmasiyla aktivasyon enerjisinin  arttigi
bilinmektedir. Doniisim oranmin  0.3-0.5
araliginda aktivasyon enerjisinin en yiiksek
seviyelere ulastigr (131.79-130.53 kJ mol™)
tespit edilmistir. Bu sicaklik araliginda,
biyokiitlenin termal bozunmasinda
hemiseliiloz ve lignin parcalanmasinin etkili
oldugu diistiniilmektedir. Lignin, ¢capraz bagh
aromatik yapiya sahip oldugundan bozunmasi
icin daha yiiksek enerji gerekmektedir. Yiiksek
doniisiim oranlarinda (0.6-0.9), aktivasyon
enerjisinin diistiigii ve 67.66-79.23 kJ mol*
seviyelerine geriledigi goriilmektedir. Bu
diisiis, piroliz siirecinin ilerleyen asamalarinda

daha kararli karbon igeren bilesenlerin
kalmasiyla aciklanabilir. Yiiksek
-9.5 4
-10.0 4
i i <4
g_ 10.5
= 'Y 4
£ o X \\‘
-11.0 4 y
/ 4
| o
SEE BPS SN <
.
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doniisiimlerde biyokiitlenin biiyliik 6l¢iide
bozunmus olmas1 ve kalan materyalin daha az
reaktif olmasi nedeniyle reaksiyon i¢in gerekli
enerji azalabilmektedir. Lif yapisindaki
bilesenlerin ayrisma siirecine bagli olarak,
mercimek sapinin termal bozunma
mekanizmasinin  aktivasyon enerjisi ile
doniisim  oram1  arasindaki  iliskisinin
degiskenlik gosterdigi belirlenmistir. Diisiik
donlisim  oranlarinda  seliilozun  ayrisma
stirecinde baskin oldugu, orta seviyelerde
hemiseliilloz ve ligninin daha etkili rol
oynadigi, yiiksek doniisiimlerde ise bozunma

iirlinlerinin reaktivitesinin azaldig1
gozlemlenmistir. Elde edilen bulgular,
mercimek sapinin termal dontlistim

dinamiklerinin daha iyi anlagilmasina katki
saglamakta ve biyokiitle tabanli enerji iiretim
streclerine  yoOnelik  6nemli  bilgiler
sunmaktadir.

3.3.2. Kas yontemi

Bu yontemde aktivasyon enerjisi (Ea),
Esitlik 9 temel alinarak herhangi bir reaksiyon
modelinin bilinmesine gerek kalmadan, 1/T —
In p  grafiginin  egiminden (—Ed/R)
hesaplanabilir.  Sekil 3, aktif piroliz
basamaklar1 i¢in sabit doniisiim degerlerinde
cizilen 1/T — In (5/T?) grafiklerini sunmaktadir.

—=—0.05 \_
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° —v—0.3 \
0.4 s
] < 05
0.6

—*—0.8
—*-09
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Sekil 3. KAS yontemi igin ¢izilen grafikler
Figure 3. Graphs drawn for the KAS method

Bu grafikten, her bir doniisiim degeri igin
elde edilen dogrusal regresyon esitlikleri, bu
esitliklere ait korelasyon katsayilar1 (R?) ve

egimlerden hesaplanan Ea degerleri Tablo 4’te
verilmistir.
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Tablo 4. Mercimek sap1 igin KAS y6ntemi kullanilarak farkli doniisiim degerleri igin elde edilen dogrusal

denklemler, R? degerleri ve aktivasyon enerjileri

Table 4. Linear equations, R? values and activation energies obtained for different conversion values using the

KAS method for lentil stalks

Déniisiim(or) Dogrusal Denklem R? Aktivasyon Enerjisi (kj mol™?)
0.05 y=-7685.9x+11.094 0.6886 63.90057
0.1 y=-11148x+13.274 0.8974 92.68447
0.2 y=-14097x+16.6 0.9671 117.2025
0.3 y=-14781x+16.711 0.9839 122.8892
04 y=-14573x+15.509 0.9874 121.1599
05 =-14572x+14.806 0.9898 121.1516
0.6 y=-6951.9x+0.7079 0.8084 57.7981
0.7 y=-4211.9x+4.6571 0.7235 35.01774
0.8 y=-6751.6x+1.5377 0.7738 56.1328
0.9 y=-8082.8x+0.2144 0.7824 67.2004

Mercimek sapinin farklt doniisiim oranlar
() igin aktivasyon enerjilerinin Kissinger-
Akahira-Sunose  (KAS)  yontemi  ile
hesaplandig1 Tablo ’da doniigiim oranina bagl
olarak  aktivasyon enerjisinde  belirgin
degisimler oldugu go6zlemlenmistir. Diisiik
donilisim oranlarinda (0.05-0.2), aktivasyon
enerjisinin 63.90 kJ mol*’den 117.20 kJ mol
e yiikseldigi belirlenmistir. Bu arts,
biyokiitlede bulunan selillozun bozunma
stirecine karsilik gelmekte olup, selillozun
termal bozunmasi sirasinda glikozidik baglarin
kirilmasi nedeniyle daha yiiksek enerjiye
ithtiyag duyuldugunu gostermektedir.
Doniisiim  oraninin~ 0.3-0.5  araliginda
aktivasyon enerjisinin en yiiksek seviyelere
ulastign  (122.89-121.15 kJ mol?) tespit
edilmistir. Bu sicaklik araliginda, hemiseliiloz
ve lignin yapilarinin parcalanmasimin etkili
oldugu diisiiniilmektedir. Lignin, daha
karmasik ve capraz bagli bir yapiya sahip
oldugundan, bozunmasi i¢in daha fazla enerji
gerektirmektedir. Yiiksek doniistim
oranlarinda (0.6-0.9) aktivasyon enerjisinin
diistiigii ve 57.79-67.20 kJ mol™* seviyelerine
geriledigi  goriilmektedir.  Bu  diisiis,
biyokiitlenin biiylik dl¢lide bozunmus olmasi
ve kalan materyalin daha az reaktif hale
gelmesiyle agiklanabilir. Yiiksek doniisiim

oranlarinda reaksiyon icin gerekli enerjinin
azalmasi, karbonizasyon siirecine giren
yapinin daha kararlt olmasiyla
iliskilendirilmektedir. Genel olarak, mercimek
sapinin termal bozunma siirecinde aktivasyon
enerjisinin doniisiim oranma bagl olarak
degiskenlik gosterdigi, diisiik doniistimlerde
seliillozun, orta doniisiimlerde hemiseliiloz ve
ligninin etkili oldugu, yiiksek doniisiimlerde
ise bozunma Triinlerinin  reaktivitesinin
azaldig1 belirlenmistir. Bu veriler, mercimek
sapmin termal donilisim  Ozelliklerinin
anlagilmasina katki saglamakta ve biyokiitle
tabanli enerji liretimi siiregleri i¢in Onemli
bilgiler sunmaktadir.

3.3.3. Coats-Redfern yontemi

Mercimek sapinin kinetik analizleri, model
bazli Coats-Redfern yontemi kullanilarak
incelenmistir. Kinetik hesaplamalar
yapilirken, termal bozunma grafiklerinin ikinci
ve uglincu bolgeleri birlikte
degerlendirilmistir. Bu iki bolge her ne kadar
farkli  goriinse de benzer davranislar
sergiledikleri i¢in tek bir bolge olarak kabul
edilerek Kinetik hesaplamalar
gergeklestirilmistir. Mercimek sapi1 i¢in Coats-
Redfern yontemiyle ¢izilen grafikler Sekil 4’te
sunulmustur.
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Sekil 4. Coats-Redfern kinetik grafigi
Figure 4. Coats-Redfern kinetic graph

Tablo 5. Mercimek sapinin Coats-Redfern yontemi ile farkli 1sitma hizlarinda hesaplanan dogrusal denklemler,
R? degerleri, aktivasyon enerjileri ve reaksiyon mertebeleri

Table 5. Linear equations, R? values, activation energies and reaction orders calculated at different heating rates

of lentil stems by the Coats-Redfern method

Isitma hizt Dogrusal Denklem R? Aktivasyon Enerjisi /Ea Reaksiyon
(°C/dk) (kj mol™Y) Mertebesi(n)
3 y=-3239.1x+6.5139 0.8161 26.92988 2
5 y=-2779.9x+7.846 0.9234 23.11209 2
7 y=-4200.9x+4.4856 0.8951 34.92628 2
10 y=-2589.5x+8.4764 0.9102 21.5291 2

Mercimek sapinin farkli 1sitma hizlarinda
Coats-Redfern yontemi kullanilarak
hesaplanan aktivasyon enerjilerinin yer aldigi
Tablo incelendiginde, 1sitma hizina bagh
olarak aktivasyon enerjisinde dalgalanmalar
oldugu gdzlemlenmistir. Isitma hiz1 3 °C dk*
iken aktivasyon enerjisi 26.93 kJ mol™ olarak
hesaplanmis, 5 °C dk* hizinda 23.11 kJ mol*
seviyesine diistiigii belirlenmistir. Ancak, 7 °C
dk! hizinda aktivasyon enerjisinin 34.93 kJ
mol™ seviyesine yiikseldigi, ardindan 10 °C
dk?! hizinda 21.53 kJ mol™? seviyesine tekrar
diistiigii goriilmektedir. Bu durum, mercimek
sapmin termal bozunma mekanizmasinin
isitma  hizina  baglh  olarak  degisiklik
gosterebilecegini ve farkli sicaklik
araliklarinda bilesenlerin ayrisma kinetiginin
degiskenlik gosterdigini  diistindiirmektedir.
Tablodaki R? degerleri 0.8161 ile 0.9234
arasinda degismekte olup, genel olarak yiiksek
degerler gostermektedir. Bu durum, kullanilan
Coats-Redfern yonteminin mercimek sapinin
piroliz kinetik analizinde giivenilir sonuglar
sagladigin1 gostermektedir. Ayrica, reaksiyon

mertebesinin tiim 1sitma hizlar i¢in 2 olarak
hesaplanmasi, mercimek sapinin bozunma

stirecinde  belirli bir reaksiyon kinetigi
izledigini  gostermektedir. Sonug¢ olarak,
mercimek sapinin aktivasyon enerjisinin

1sitma hizina baglh olarak degistigi, 6zellikle
orta 1sitma hizlarinda daha yiiksek aktivasyon
enerjisi gerektirdigi belirlenmistir. Bu durum,
piroliz siirecinin farkli bilesenlerin ayrigma
sicakliklarina duyarlt oldugunu gostermekte
olup,  biyokiitlenin  termal  doniislim
verimliligini optimize etmek i¢in uygun 1sitma
hizlarinin belirlenmesinin 6nemli oldugunu
ortaya koymaktadir.

4. Sonug

Mercimek sap1 biyokiitlesinin  piroliz
davranis1 izotermal olmayan termogravimetrik
analiz yOntemiyle incelenmistir. Yapilan
deneyler sonucunda, piroliz silirecinin ii¢ ana
asamada gerceklestigi  belirlenmistir. 1k
asamada nem ve diisiik molekiiler agirlikli
bilesiklerin uzaklastirildigi, ikinci ve tigiincii
asamalarda ise hemiseliiloz, seliiloz ve ligninin
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termal bozunmaya ugradigi tespit edilmistir.
Aktif piroliz asamalarinda en yiiksek kiitle
kayiplarinin 200-500 °C arasinda gergeklestigi
gozlemlenmis, bozunmanin biiyiik 6l¢tide 600
°C’nin altinda tamamlandigi belirlenmistir.
Mercimek sapinin elementel analiz sonuglari,
biyokiitlenin yiliksek ugucu madde igerigine
sahip oldugunu ve diisiik kiil oran1 nedeniyle
enerji verimliligi agisindan avantaj sundugunu
gostermistir. Bununla birlikte, biyokiitlenin C
ve H igeriginin fosil yakitlara kiyasla daha
disiik oldugu tespit edilmistir. Ancak, bu
0zellik mercimek sapinin biyoyakit iiretimi
icin uygun bir hammadde olabilecegini
gostermektedir.  Kinetik analizler model
icermeyen Flynn-Wall-Ozawa (FWO) ve
Kissinger-Akahira-Sunose (KAS) yontemleri
ile model bazli Coats-Redfern yontemi
kullanilarak gerceklestirilmistir. Elde edilen

aktivasyon  enerjileri, mercimek  sap1
bilesenleri icin literatiirdeki diger
lignoseliilozik biyokiitlelerle uyumlu

araliklarda bulunmustur. Elde edilen bulgular,
mercimek sapinin biyoyakait liretimi i¢in uygun
bir hammadde olabilecegini ve biyokiitle bazli
enerji iiretimine katki saglayabilecek 6nemli
bir kaynak oldugunu gdstermektedir. Ayrica
mercimek  sapt  biyokiitlesinin  piroliz
siireglerinin tasarimi ve optimizasyonu igin
bilimsel bir temel olusturmakta ve
yenilenebilir enerji kaynaklarinin kullanimina
yonelik 6nemli veriler sunmaktadir.
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