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This research was conducted to investigate the effects of basil plant extract (O. basilicum odoratum) on
incubation results and partridge behavior during prenatal and early postnatal periods when used in the
incubation of Chukar partridge eggs (Alectoris chukar). The study utilized 160 eggs obtained from 14-
week-old Chukar partridges. The eggs were divided into groups based on the application of basil extract
during incubation: a control group without spraying (K), a group sprayed with pure water (F0), a group
with 1% extract (F1), and a group with 5% extract (F5). The hatchability rates for the groups (K, FO, F1,
and F5) were determined to be 70.66+1.51%, 75.00=0.01%, 78.33+2.88%, and 81.00£1.00%, respectively.
The highest hatching power was observed in F5 at 98.41£1.12%, while the lowest was in the K group at
93.00+1.00%. No effect was observed on hatching weight. The highest Tona (98.92+0.23) and Pasgar
(9.57+0.08) scores were obtained in the F5 group. Additionally, in the open field test applied to the chicks,
the time spent in the center was calculated as 3.644+0.11% for F1, 3.67+0.11% for FO0, 4.60+0.23% for K,
and 5.7140.14% for F5. The runway score values for the chicks were found to be 1.33+0.57 for K,
2.23+0.27 for FO, 2.66+0.57 for F1, and 3.66+0.57 for F5. In conclusion, the application of 5% basil plant
extract to partridge eggs was found to increase hatchability and hatching power, reduce malformation rates,
and have a positive effect on chick quality. Furthermore, based on the results of open field and runway
behavior tests, the extract showed potential for reducing fear and stress in newly hatched chicks.
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Keklik (Alectoris chukar) Yumurtalarimin inkﬁbasyonunda Piiskiirtme Seklinde
Kullanilan Feslegen Bitki Ekstraktinin (Ocimum basilicum odoratum) Etkisinin

Arastirilmasi

MAKALE BILGISI

0z

Arastirma Makalesi

Gelis
Kabul

:03.10.2024
:03.11.2024

Anahtar Kelimeler:
Kulugka

Feslegen

Keklik
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Bu arastirma, feslegen bitki ekstraktimin (O. basilicum odoratum) Kinali keklik yumurtalarmn
inkiibasyonunda kullaniminin (4Alectoris chukar) prenatal ve yeni ¢ikimi igeren postnatal donemlerde olmak
iizere, kulugka sonuglart ile keklik davranislarina etkisinin aragtirilmasi amaciyla yiiriitiilmiistiir. Calismada
14 haftalik yastaki kekliklerden elde edilen 160 adet yumurta kullanilmistir. Yumurtalar inkiibasyon
sirasinda piiskiirtme seklinde uygulanan feslegen kullanimma gore; piiskiirtme uygulanmayan kontrol (K),
piiskiirtme uygulananlar saf su (F0), %1 ekstrakt (F1) ve % 5 ekstrakt (F5) seklinde olusturulmustur.
Gruplarm (K, FO, F1 ve F5) kulugka randimanlan sirastyla %70,66+1,51, %75,00+0,01, %78,33+2,88 ve
%81,00+1,00 olarak belirlenmistir. Cikim giicii ise en yliksek %98,41 +1,12 ile F5 de, en diisiik
%93,00+1,00 ile K grubundadir. Cikim agirligs iizerine etki gézlenmemistir. F5 grubunda en yiiksek Tona
(98,92+0,23) ve Pasgar (9,57+0,08) skorlan elde edilmistir. Ayrica ¢alismada agik alan testin uygulanan
civcivlerin merkezde gecirdikleri siire degerleri sirastyla F1’de %3,64+0,11, FO’da %3,67+0,11, K’de
%4,60+0,23 ve F5’de %5,7140,14 olarak hesaplanmis, civcivlerin pist skor degerleri ise sirastyla K’de
1,33+0,57, F0’da 2,23+0,27, F1’de 2,66+0,57 ve F5’te ise 3,66+0,57 olarak bulunmustur. Sonug olarak
keklik yumurtalarina %5°lik feslegen bitki ekstrakt: uygulamasimn kulugka randimani ve ¢ikim giiciinii
artirdigl, malformasyon oranini diisiirdiigii, civciv kalitesi iizerinde olumlu bir etkiye sahip oldugu
bulunmustur. Ayrica agik alan ve pist davrams testleri sonuglarina gore yeni ¢ikan civcivlerde korku ve
stresi azaltma potansiyeli goriilmiistiir.
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Giris

Kulugka, kanatlilarin nesillerini devam ettirebilmek igin
gosterdikleri dogal ve fizyolojik bir faaliyettir. Yapay kulucka
isleminde bu gorev gelismis makineler tarafindan
gerceklestirilmektedir. Kanatlilarin evcillestirilmesi siirecinde
ve sonrasinda insanlar, kulugka islemini yapay olarak
stirdiirebilmek i¢in biiyiik ugras vermiglerdir. Bu sayede dogal
kulugkada sekillenen birgok olumsuzlugun oniine gegilerek
¢ok sayida dollii yumurtanin civcive doniigmesi saglanmistir
(Ates ve ark., 2021). Kulucka makinelerinin kullanim, civciv
iiretiminde 6nemli bir artis saglamakta, ancak bu siiregte bazi
sorunlar da ortaya ¢ikmaktadir. Bagka bir deyisle gelismekte
olan embriyolar kulugka islemi sirasinda uygulanan ¢esitli
prosediirlerden olumlu ve olumsuz yonde etkilenmislerdir
(Ergiin ve ark., 2023). Uretimde embriyolar iizerinde olumlu
etki gosteren uygulamalar tegvik edilirken olumsuz etkilere
kars1 gerekli tedbirler alinmaktadir. Ciinkii embriyolarin bu
donemde karsilasacaklart ¢esitli olumsuzluklar, ilerleyen
donemlerde verim digiikliigli, gelisim bozuklugu gibi
problemlerin ve hatta yiiksek 6liim orani gibi durumlarin
ortaya ¢ikmasina neden olabilmektedir.

Kulugka islemi sirasinda embriyolar igin yiliksek ve
diistik sicaklik, nem ve fiziksel travma gibi abiyotik stres
faktorleri baslica stresorlerdir (Delpont ve ark., 2018). Bu
stresOrler embriyolart olumsuz etkiler ve diisik ¢ikim
agirlig, gobek kismimin  kapanmamasi gibi  kalite
diistikliigiine neden olabilir, hatta oliimler gozlenebilir.
Ayrica ileriki donemlerinde biiyiime geriligi, kalp
rahatsizliklar1 ve bagisiklik sistemi bozukluklarina neden
olabilmektedir (Lis ve ark., 2009). Normal sartlarda
embriyolar stres durumundan, rezervlerindeki anti stres
Ozelligine sahip antioksidan yapilar1  kullanarak
kurtulabilirler. Yumurta igerisindeki anti stres rezervler
normal sartlarda yeterlidir. Fakat stres etkeninin siddetinin
ve siiresinin artmasit durumunda ihtiya¢ artar ve bazen
yumurta icindeki rezervler artan ihtiyaci karsilayamaz.
Bunun i¢in inkiibasyon sirasinda embriyolarin bazi
ihtiyaclarinin  digardan karsilanmast gerekebilir. Bu
yontemlerden birisi 6zel olarak hazirlanmig kimyasallar ve
cesitli  bitki  ekstraktlarmin  yumurta  ylizeyine
piiskiirtiilmesidir (Ergiin ve ark., 2023). Feslegen (Ocimum
basilicum) bu amagla kullanilabilecek potansiyele sahip
bitki tiirleri arasinda yer almaktadir.

Lamiaceae familyasinda yer alan ve 1liman iklimlerde
yetisen feslegen (O. basilicum), tek yillik bir bitki tliridiir
(Aldarkazali ve ark., 2019). Bu tiir uzun yillar boyunca
insanlar tarafindan kaygi, ates, enfeksiyon, eklem bacakli
sokmasi, mide agrisi, oksiiriik, bas agris1 ve kabizlik gibi
hastaliklarin  tedavisinde ve ¢esitli dini ritiiellerde
kullanilmigtir (Lee ve ark., 2005; Shahrajabian ve ark.,
2020). Giinlimiizde ilag, gida ve koku gibi birgok sanayi
kolunda yaygin olarak kullanilmaktadir. Feslegen bitkisi
yapisindaki  degerli ucucu yaglar ve terpenler,
fenilproponoidler,  alkoller =~ ve  aldehitleri  gibi
fitokimyasallar nedeniyle antioksidan, antienflamatuvar,
antimikrobiyal, antistres ve bagisiklik sistemini
giiclendirici 6zellik gosterir (Feng ve ark., 2019; Ahmed ve
ark., 2019; Shahrajabian ve ark., 2020). Bu ¢aligmada,
feslegen tiirlerinden birisi olan kokulu feslegen (Ocimum
basilicum odoratum) kullanilmistir. Bu tiirii digerlerinden
ayiran en onemli 6zellik anason kokusuna sahip olmasidir
(Makri ve Kintzios, 2008).

Keklik  (Perdicinae)  siliingiller  (Phasianidae)
familyasinda bildircindan biiyiik bazi kuslara verilen ortak
addir. Pek cok bolgede dogal olarak yetisen Kinali keklik
(Alectoris chukar) keklik tiirleri arasinda en yaygin iiretimi
yapilan tiirdiir. Biitiin dogal yetistirilen kuslarda oldugu
gibi bu tiiriin dogadaki sayisi asinn avlanma, habitat
tahribat1 ve gereksiz pestisit kullanimina bagl olarak son
yillarda azalmistir (Kara ve ark., 2021). Yetiskinleri 325 g
civarinda karkasa ulasabilirler. Etleri beyaz renkte
sindirimi kolay ve diisiik oranda yag ve kolesterol
icermektedir. Ayrica etlerinde basta potasyum olmak tizere
ve kalsiyum, fosfor, magnezyum, demir gibi mineraller
bulunur (Karakaya, 2003). Entansif yetistiricilikte 32
haftalikken yumurtlamaya baslayan keklikler 15,00-31,20
g agirliginda 50 ile 65 adet yumurta verirler (Kiriker ve
ark., 2018). Kulugka siiresi 23-25 giindiir.

Bu calismada, keklik yumurtalarinin inkiibasyon islemi
sirasinda antioksidan, antienflamatuvar, antimikrobiyal,
antistres ve bagisiklik sistemini giiglendirici 6zellikleri
oldugu bilinen O. basilicum odoratum bitki ekstraktinin
kulugka o&zellikleri ve palaz davranislarina etkisinin
arastirilmast amaglanmstir.

Materyal ve Yontem

Calisma Kirsehir Ahi Evran Universitesi, Ziraat
Fakiiltesi, Zootekni Bolimii Hayvan Fizyolojisi ve
Histolojisi laboratuvarinda gergeklestirilmis ve c¢alisma
i¢in yerel etik kurulundan 30.05.2024 tarih ve 10-02 nolu
etik izni alinmustir.

Bitkisel Materyalin Hazirlanmas

Calismada kullanilan feslegen bitkisi Tarsol® ticari isimli
tohumlar kullanilarak  yetistirilmistir. Bitki  6rnekleri
¢iceklenme doneminin baglangicinda toplanmustir. Toplanan
bitki 6rnekleri fiziksel kirlerden uzaklagtirmak igin distile su
ile yikanmig ve sabit tartima ulasincaya kadar golgede
kurutulmustur. Ogiitiicii yardimiyla parcalanan numuneden
10 g erlen igerisine alinip iizerine 200 mL metanol ilave
edilmistir. Daha sonra agzi1 kapali bir sekilde manyetik
kanstiricida 4 saat kanstirnlmustir. Islem sonucunda karisim
stiziilerek icerisindeki alkol evaporatdr yardimiyla 40°C’de
uzaklagtinlmigtir. Elde edilen ekstraktin bir kismindan
caligma igin %1 ve %5 saf su ekstraktlari hazirlanmugtir.
Geriye kalan kismi ise fitokimyasal analizler icin
kullanilmistir. Bu amagla bitki ekstraktinin folin-ciocalteu
metodu kullanilarak gallik aside egsdeger olarak toplam fenolik
madde miktari, aliiminyum nitrat metoduyla da kuersetine
esdeger olarak toplam flavonoid madde miktar tespiti
yapilmistir.  Ayrica  bitki  ekstraktimin  2,2-difenil-1-
pikrilhidrazil (DPPHe) serbest radikal giderme aktivitesi, Cu*
azaltma kapasitesi (CUPRAC) ve Fe**-Fe?" indirgeme giicii
(FRAP) giicii belirlenmistir (Ergiin, 2022).

Yumurtalarin Inkiibasyonu

Calismada 160 adet keklik yumurtas: (19,01£1,15 g)
kullanilmigtir. Yumurtalar Kirsehir’de faaliyet gosteren
Tarim ve Orman Bakanlhigindan ruhsathh ev ve siis
hayvanlari satis yerinden temin edilmistir. Calisma 4 grup
(her grupta 40 adet yumurta) olarak tasarlanmistir. Her
gruba ait 40 yumurta 4 adet ayn1 marka ve model kulugka
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makinasina (Cimuka®) ayri ayn yerlestirildi. Gruplar
arasindaki yumurta dagitimi homojen olacak sekilde
tesadiifi olarak yapilmis ve yumurtalara inkiibasyon
oncesinde  dezenfeksiyon islemi uygulanmamuistir.
Caligmada yumurtalara inkiibasyon isleminin ilk giiniinden
itibaren 3’er giin arayla 5 kez 20’ser mililitre FO’a saf su,
Fl’e %1’lik ve F5’e ise %5’lik bitki ekstrakti piiskiirtme
seklinde uygulanmistir. K’daki yumurtalara higbir
uygulama yapilmamistir. Bitki ekstraktinin yumurtalar
iizerine piiskiirtme isleminde el spreyli kullanilmistir
(Fouad ve ark., 2017; Gatea ve ark., 2023).

Yumurtalarm inkiibasyon isleminde 4 adet aynm marka ve
model kulugka makinast  (Cimuka®)  kullanilmugtir.
Inkiibasyon islemi ilk 21 giin 37,7°C’de ve %60 nemde
stirdiiriilmistiir (Yumurtalar glinde 24 kez 45 derecelik agiyla
dondiirtilmiistiir). Keklik yumurtalar: 21. giinden sonra ¢ikim
sepetlerine (37-37,2°C sicaklik, %70 nispi nem) alinmustir.

Yumurta Ozelliklerinin Belirlenmesi

Yumurta agirlig (g): Yumurta agirliklar: 0,01 g duyarl
hassas terazi yardimiyla belirlenmistir.

Sekil indeksi: Yumurta boyutlar1 dijital kumpas ile
Ol¢iilmiis, asagidaki formiil yardimi ile % sekil indeksleri
hesaplanmustir.

Sekil Indeksi (%)=(Kisa eksen/Uzun eksen) x 100

Ozgiil agirhik: Kulugka isleminden dnce her gruptan 5
adet agirliklart bilinen yumurtalarin hacimleri dereceli
silindir yardimiyla 6l¢iilmiis, asagidaki formiil yardimi ile
yumurtalarin  6zgiil agirliklart hesaplanmistir (Tilki ve
Saat¢i, 2004). Bu yumurtalar 6l¢lim isleminden sonra
kulugka iglemine tabii tutulmamiglardir.

Ozgiil Agirlik (g/em?® y=Agirlik/Hacim

Yumurta agirhk kaybt (%): Onceden agirliklart
0l¢iilmiis normal embriyo gelisimi olan yumurta agirliklart
inkiibasyonun 10. giliniinde tekrar Ol¢iilmiis ve agirhik
kayiplar1 formiil yardimiyla yilizde olarak hesaplanmistir
(Asc1 ve Durmus, 2015).

YAK=[(BA-10. giin agirhg)/BA]x100

YAK: Yumurta agirlik kaybi
BA : Baslangic agirhigi

Kulucka Ozelliklerinin Belirlenmesi

Calismada; gruplarnin dolliiliik oran1 (DO), kulugka
randimani (KR), ¢ikim giicii (CG), erken donem embriyo
oliimleri (EDO), orta dénem embriyo &liimleri (ODO), geg
dénem embriyo dliimleri (GDO), gibi kulucka dzellikleri
makroskobik olarak belirlenmistir ve asagidaki formiiller
yardimiyla hesaplanmistir (Ergiin ve ark., 2023).

DO= (DYS/KYS) x 100

DYS: Déllii yumurta sayisi
KYS: Kuluckaya konulan yumurta sayisi

KR=(KCS / KDS) x 100.

KCS: Kulugkadan g¢ikan canli civciv sayisi
KDS: Kulugkaya konan déllii yumurta sayisi

CG=(KCS / KDS) x100

KCS : Kulugkadan ¢ikan canli civeiv sayisi
KDS: Kulugkaya konan dollii yumurta sayisi

EDO=(ES6/DYS) x100

ES6 : Kulugkanin 0-6 giinleri arasinda 6len embriyo sayist
DYS: Dollii yumurta sayisi

ODO=(ES7/DYS) x 100

ES7 : Kulugkanmn 7-18 giinleri arasinda Slen embriyo sayis
DYS: Délli yumurta sayist

GDO=(ES19 /DYS) x100

ES19: Kulugkanin 19-21 giinleri arasinda 6len embriyo sayisi
DYS: Dolli yumurta sayist

Malformasyon ve Malpozisyon: Kulugka islemi
sonunda civciv ¢ikist olmayan yumurtalar kirilmig
makroskobik olarak incelenmis ve kabuk alti embriyo
oliimlerine bagli malformasyon ve malpozisyon oranlari
belirlenmis ve her grupta isleme tabi tutulan dolli yumurta
dikkate alinarak hesaplanmistir (Tiirker ve ark., 2018).

Civciv Ozeliklerinin Belirlenmesi

Civciv  ¢ikim agwrhigi (g): Gruplara ait ¢ikimi
gerceklesen civcivlerin agirliklart 0,01 duyarli hassas
terazi yardimiyla dl¢iilerek civciv agirliklarn belirlenmistir.

Civciv kalitesi (CK): Calismada yeni dogmus civcivlerin
degerlendirilmesinde kullamlan Apgar Skor’dan uyarlanmis
bir civeiv degerlendirme yontemlerinden Pasgar skor ve diger
bir yontem olan Tona skoru parametreleri kullanilarak
gruplarda ¢ikimi gergeklesen tiim civcivlerin  kaliteleri
belirlenmistir Pasgar skoru 10 puanlik degerlendirme
sistemidir. Bu  sistemde civeivlerin - refleksleri
(aktivite/uyaniklik) ve gobek, bacaklar, gaga goriiniimleri
kullanilir. Gozlemlenen her anormallik i¢in toplam 10
puandan bir puan g¢ikarilir. Tona skoru ise 100 puanlik bir
puanlama sistemidir. Bu sistemde civciv kalite parametresi
olarak aktivite, tily ve goriiniim, geri ¢ekilmis yumurta sarist,
gozler, bacaklar, gobek bolgesi, zar ve kalan yumurta sarisi
kullanilir. Tona skoru degerinin 100°e yakin olmasi iyi civciv
kalitesini gosterir (Boerjan, 2002; Tona ve ark., 2003;
Willemsen ve ark., 2008; Kamanli ve Durmus.2014).

Davranis Analizleri

Davranis analizleri ayn1 gézlemci tarafindan yapilmis
ve analiz sirasinda beyaz onliik giyilmistir. Ayrica analizi
olumsuz etkileyebilecek davranis, dikkat g¢ekici renkli
elbise, farkli koku gibi etkenlere dikkat edilmistir.

Acgik Alan Testi (OFT)

Caligmada kulugkadan ¢ikan civcivlerin (0 giinliik)
acik alana karsi tepkileri 6l¢iilmiistiir. Caligmada Ergiin ve
Taskin (2022)’nin muhabbet kuslar1 i¢in kullandiklart
platform kullamilmistir (Sekil 1). Bu platform 35 cm
yiiksekliginde ve 120 cm c¢apinda yuvarlak yapida ve
merkezden perifere dogru 3 bolge olarak tasarlanmistir. Bu
test her gruptan rastgele segilen 3 civcive uygulanmistir.
Civciv platformun baslangi¢ kismina yerlestirilmis daha
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sonra civcivin 5 dakika boyunca hareketleri kamera
yardimiyla kaydedilmistir. Kayitlar incelenerek civcivin
platform igerisindeki olusturulmus bolmelerde gegirdikleri
stire ve merkeze olan ziyaretleri hesaplanmistir. Bu islem
her grup icin farkli civeivler kullanilarak bes kez
tekrarlanmistir.

Pist Testi

Calismada yumurtadan ¢ikan civcivlerin yem arama ve
yeme ulagma davranislari 6l¢iilmiistiir. Test i¢in kullanilan
platform, Mezrai ve ark. (2022)’nin ¢alismalarinda
kullandiklar1 kus yolu platformunun modifiye edilerek bu
calisma i¢in 6zel olarak ahsaptan tasarlanmis versiyonudur
(Sekil 1). Test platformu bitisik vaziyette 20 cm
yiksekliginde 4 adet koridordan (110x12x20 cm)
olugmaktadir. Ayrica platformunun final kisminda 4 adet
yemlik bulunmaktadir. Her bir koridor 10 cm aralikla 11
sanal bolmeye ayrilmistir. Skor araligi basglangic (0) ile
bitis (11) olarak almmugtir. Kutu igerisinde getirilen
civcivler 30 saniye bekletildikten sonra kutularin kapaklar
acilmig ve 3 dakika beklendikten sonra civcivlerin
ulastiklart mesafe kaydedilmis ve siire sonunda civcivlerin
ulastiklart  bélme numarast civeiv  skoru olarak
degerlendirilmistir. Civcivlerin herhangi birinin yeme
ulagmasi durumu siire sonu olarak kabul edilmistir (Bertin
ve ark.,, 2010). Bu test her gruptan farkli civcivler
kullanilarak 10 tekrar yapilmstir.

Istatistik Analizleri

Calisma verilerinin analizinde SPSS (Version 17.1 for
Windows, SPSS Inc. Chicago, IL) paket programi kullanilmis
ve her grupta 40, toplam 160 yumurta ve civciv sonuglarma
tek yonii varyans analizi (ANOVA) uygulanmustir (n=40
tekerriirlii). Calismada ANOVA’dan 6nce normallik
testlerinden  Kolmogorov-Smirnov ~ Testi uygulanarak
gruplardaki verilerin normal dagilim gosterdigi tespit
edilmistir (Montgomery, 2008). Farkliliklarn 6nemli ¢iktigt
durumlarda, bu farklilgin hangi uygulama ya da
uygulamalardan kaynaklandigimin belirlenebilmesinde ise

¢oklu karsilagtirma  testlerinden olan Duncan testi
kullamlmigtir (Geng ve Soysal, 2018). Ayrica ¢aligmadaki
farkliliklar P<0,05 anlamli kabul edilmistir.

Bulgular ve Tartisma

Calismada yumurtalara uygulanan feslegen bitki
ekstraktinin toplam fenolik madde miktar1 258,57+11,23
mg GAE/g ekstrakt ve toplam flavonoid miktarlan ise
23,33+2,14 mg KE/g ekstrakt olarak belirlenmistir. Ayrica
bitki ekstraktinin yliksek oranda radikal giderme
aktivitesine sahip oldugu, 250-1000 pg/ml konsantrasyon
araliginda Cu?’ indirgeyici antioksidan kapasitesinin ve
Fe*' indirgeme giiciiniin konsantrasyon artisina paralel
olarak artt1g1 belirlenmistir.

Calismada gruplara ait yumurta agirliklar inkiibasyon
stireci baslamadan tespit edilmistir. Gruplara dagitilan
yumurtalarin ortalama agirliklarinin 19,01£1,15 g oldugu
ve istatistik olarak onemli bir fark olmadig belirlenmistir

Yumurta dis kalite 6zelliginin belirlenmesinde
kullanilan yumurta 6zgiil agirlik degerleri gruplar arasinda
benzerlik gostermistir (P>0,05). Bu degerin sirastyla FO’da
0,37+0,01, F1°de 0,38+0,01, F5’de 0,39+0,01ve K’da ise
0,40+0,01 gr/cm? oldugu hesaplanmustir (Cizelge 1).

Caligmada gruplarin yumurta sekil indeksleri hesaplanmig
ve farkliliklar 6nemsiz bulunmustur (P>0,05). Gruplara ait
yumurta sekil indeks degerleri ortalamalar, FO0’da
76,22+2,30, F1’da 75,96+0,47, F5’de 77,89+0,73 ve K’ da
76,60+1,30 olarak goézlemlenmistir (Cizelge 1). Keklik
yumurtalarmm kullamildigi bir ¢alismada yumurta sekil
indeks degeri 74 oldugu bildirilmistir (Alkan ve ark., 2007).
Aygiin ve Olgun (2019) yaptiklart calismada ise keklik
yumurtalarmin  sekil indeks degerlerini 74.00 ile 75,97
arasinda Ol¢iilmistiir. Ayrica Nedomova ve ark. (2009)
yaptiklart ¢aligmada, yumurta sekil indeksi kulugkalik
yumurtalarm kalitesini belirlenmesinde 6nemli bir kriter
oldugunu beyan etse de Bilgic (2022)’c goére Kinali
kekliklerde sekil indeksinin yumurta kalite ve kulugka
ozelliklerini belirgin derecede etkiledigi kesin degildir.

U RN RN N A

Acik alan testi platformu

Pist testi platformu

Sekil 1. Davranis test platformlar:
Figure 1. Behavioural testing platforms

Cizelge 1. Kulugkalik yumurta 6zellikleri
Table 1. Incubation egg characteristics

Gruplar Ozgiil Agirlik (gr/cm?) Sekil indeksi Civciv Cikim Agirligi (gr)
K 0,40+0,01 76,60+1,30 14,33+0,25
FO 0,37+0,05 76,22+2,30 14,42+0,90
F1 0,38+0,01 75,96+0,47 14,21+1,07
F5 0,39+0,01 77,8940,73 14,12+0,23

*: K (Kontrol), FO (Saf su uygulanan grup), F1 (%1 Ekstrakt uygulanan grup), F5 (%5 Ekstrakt uygulanan grup)
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Cizelge 2. Kulugka ozellikleri ve verim tablosu
Table 2. Incubation characteristics and yield table

Gruplar DO (%) CG (%) KR (%)

K 82,46+4,44 93,00+1,00° 70,66+1,51°
FO 82,0344,42 94,46:+0,68 75,0040,01°
Fl 84,6043,23 98, 160,52 78,3342,88"
F5 84,1643,20 98, 41 +1,12° 81,0041,00°

*: Aym harfle gosterilen ortalamalar arasidaki farklar P<0,05 diizeyinde 6nemsizdir; *: K (Kontrol), FO (Saf su uygulanan grup), F1 (%1 Ekstrakt
uygulanan grup), F5 (%5 Ekstrakt uygulanan grup), DO (Délliiliik oran1), CG (Cikim giicii), KR (Kulugka randimani)

Cizelge 3. Malpozisyon ve malformasyon oran taplosu
Table 3. Table of malposition, and malformation rates

Gruplar Malpozisyon (%) Malformasyon (%)
K 1,67+0,11 3,31+0,322
FO 1,58+0,08 3,25+0,21?
F1 1,67+0,28 3,46+0,28*
F5 1,72+0,32 1,82+0,34°

*: Bir siitunda farkli harfle gosterilen ortalamalar arasimdaki farklar P<0,05 diizeyinde 6nemlidir; *: K (Kontrol), FO (Saf su uygulanan grup ), F1 (%1

Ekstrakt uygulanan grup), F5 (%5 Ekstrakt uygulanan grup)

57 K FO Fl BF5
4

3 4

S

2 4

1 4

. B

EDO 1-7. Giin 0ODO 7-14. Giin GDO 14-20. Giin

Sekil 2. Farkli kulugka evrelerinde (gilin) embriyonik 6liim oranlar1

Figure 2. Embryonic mortality rates at different incubation stages (days)
*: EDO (Erken dénem embriyo 6liimii), ODO (Orta dénem embriyo 6liimii), GDO (Geg dénem embriyo 6liimii)
*: K (Kontrol), FO (Saf su uygulanan grup ), F1 (%1 Ekstrakt uygulanan grup), F5 (%5 Ekstrakt uygulanan grup)

Keklik civcivlerinin ¢ikim agirliklart dlgiilmiis ve
gruplar arasinda farkliliklarin olmadig: tespit edilmistir
(P>0,05). Bu degerler FO’da 14,42+0,90 g, Fl’de
14,21+1,07 g, F5’de 14,12+0,23 g, K’da ise 14,33+0,25 g
olarak Olgiilmustiir (Cizelge 1). Benzer bir g¢alismada
Kinali kekliklerde ortalama ¢ikim agirhigr 13,40+0,11 g
oldugu bildirilmistir (Alkan ve ark., 2007). Farkli bir
calismada ise Kinali kekliklerdeki bu deger 14,55+0,10 g
ile 14,68+0,10 g arasinda dl¢iilmiistiir (Cam ve ark., 2024).

Calismada keklik yumurtalarinin  ¢ikim  giicii  ve
kulugka randimani oranlar1 belirlenmistir (Cizelge 2).
Gruplar arasmda c¢ikim giicii farkliliklar  anlamh
bulunmustur (P<0,05). En yiiksek kulugka ¢ikim giicii
degeri  %98,41£1,12 F5°’de, en diisiik degeri ise
%93,00+1,00 olarak K’de tespit edilmistir. Ayrica
calismada kulugka randiman oranlar1 arasindaki farkliliklar
anlamli bulunmus ve kulugka randimani oranlar1 sirasiyla
K’da %70,66+1,51, F0’da %75,00+0,01,
F1’de%78,33+2,88, F5’de ise %81,00+1,00, ve olarak
hesaplanmistir ~ (P<0,05). Feslegen bitki ekstrakti
uygulamasinin gruplar arasindaki farkliliklarin olugmasina
neden oldugu gorilmiistiir. Ekstrakt uygulamasi
gelismekte olan keklik embriyolarin1  olumlu ydnde
etkilemistir. Bu etki sonucunda ¢ikim giicii ve kulugka
randiman1  oranlari  artmistir.  Ordek  yumurtalarin
inkiibasyon islemi sirasinda kullamlan kiraz yapragi

ekstraktinin benzer sekilde kulugka randimanint artirdigi
rapor edilmistir (Ayuningtyas ve ark., 2022). Ayrica
kanatli yumurtalarinin inkiibasyon isleminde %14 propolis
ekstrakti kullaniminin, %4 kimyon kullaniminin, kekik ve
kekik yagr kullaniminin verimini artirdigi bildirilmistir
(Yildirim ve ark., 2003; Copur ve ark., 2010; Bekhet ve
Sayed, 2021).

Gruplara ait farkli donem embriyo o6liim oranlari
arasmdaki farkliliklarin P>0,05 diizeyinde 6nemsiz oldugu
belirlenmistir (Sekil 2). Erken donem 6liim oranlar1 FO’da
%1,77+0,19, F1°de %1,52+0,14, F5’de %1,72+0,32, K’da
%1,91+0,26 olarak ve orta donem Oliim oranlari ise FO’da
%0,53+0,02, F1°de %0,69+0,31, F5’de %0,69+0,31, K’da
%0,56+0,01 olarak belirlenmistir (Sekil 2). Ayrica geg
donem &liim orani en yiiksek F0’da %1,81+0,16 olarak en
diisiik ise F1°de %1,49+0,01 olarak 6l¢iilmiistiir. Bu durum
feslegen bitkisinin farkli donem embriyo 6liim oranlar
degerleri {lizerine etkisinin olmadig seklinde agiklanabilir.
Farkli tiirler tizerinde yapilmigs ¢alismalarda kekik
esansiyel yaginin, Satureja hortensis bitki ekstraktinin ve
karanfil esansiyel yagmin erken, orta ve ge¢ embriyo
oliimleri tlizerine etkisinin oldugu bildirilmistir (Copur ve
ark., 2010; Oliveira ve ark., 2020; Ergiin ve ark., 2023).

Calismada gruplarin kabuk altt embriyo 6liimleri olan
malpozisyon ve malformasyon oranlart tespit edilmistir

(Cizelge 3).
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Cizelge 4. Keklik civcivlerine ait Tona skoru (0-100) ile Pasgar skoru (0-10) tablosu
Table 4. Table of Tona score (0-100) and Pasgar score (0-10) for partridge chicks

Gruplar Tona Skoru Pasgar Skoru
K 97,67+0,77° 9,51+0,01
FO 97,65+0,14° 9,52+0,02
Fl1 98,24+0,21%® 9,52+0,19
F5 98,92+0,23* 9,57+0,08

*: Bir siitunda farkli harfle gosterilen ortalamalar arasimdaki farklar P<0,05 diizeyinde 6nemlidir; *: K (Kontrol), FO (Saf su uygulanan grup ), F1 (%1

Ekstrakt uygulanan grup), F5 (%5 Ekstrakt uygulanan grup)

Cizelge 5. Agik alan test oranlari (%) ve yabanci cisme ulagim sayisi (adet civciv)
Table 5. Open field test rates (%) and number of chicks reaching the foreign object (number of chicks)

Bglgelefde o Yabanci Cisme Ulasan
Gruplar Gegirilen Siire (%) S
= = = Civciv Sayist (Adet)
1.Bolge 2.Bolge 3.Bolge
K 4,60+0,23° 7,38+0,24* 87,3540,75° 2
FO 3,67+0,11¢ 5,52+40,36° 90,59+0,67* 1
F1 3,64+0,11°¢ 6,46+0,11° 89,92+1,77* 2
F5 5,71+0,14* 6,70+0,13° 85,8840,94° 4

*: Bir siitunda farkl harfle gosterilen ortalamalar arasindaki farklar P<0,05 diizeyinde énemlidir; *: K (Kontrol), FO (Saf su uygulanan grup), F1 (%1

Ekstrakt uygulanan grup), F5 (%5 Ekstrakt uygulanan grup)

Calisma gruplan arasindaki malpozisyon oranlari
benzer (P>0,05), fakat malformasyon oranlar1 arasindaki
farkliliklar 6nemli bulunmustur (P<0,05). En diisiik
malformasyon degeri F5 grubunda %1,82+0,34 olarak ve
en yliksek deger ise %3,46+0,28 olarak F1 grubunda tespit

edilmistir (Cizelge 3).
Calismada Tona ve Pasgar skoru kullanilarak ¢ikimi
gergeklesen  biitin -~ keklik  civcivlerinin  kalitesi

belirlenmistir (Cizelge 4). Gruplara arasindaki Tona skoru
deger farkliliklan istatistiki olarak anlamli bulunmustur
(P<0,05). Fakat gruplarin Pasgar skor degerleri benzer
bulunmustur. En yiiksek yliksek Pasgar ve Tona skoru
degeri F5’de 9,57+0,08 ve 98,92+0,23 olarak tespit
edilmistir. Tona skorunun 80 ile 100 arasinda, Pasgar
skorunda ise 8 ile 10 degerleri arasinda olan civcivler
kaliteli olarak kabul edilirler (Willemsen ve ark., 2008;
Boerjan, 2002). Tespit edilen bu deger kaliteli civciv
araliginda yer almaktadir.

Calismada kuluckadan yeni ¢gikmis civcivlerin farkl bir
ortama kars1 tepki ve kesfetme diizeylerini degerlendirmek
icin acgik alan testi uygulanmistir. Civcivlerin davranis
analiz platformunun ii¢ ayr bolgesinde gegirdikleri siireler
hesaplanmistir. Ayrica civeivlerin platformun merkezde
asili yabanct cisme (oyuncak) ulasim sayilart da
belirlenmistir (Cizelge 5). Bu testte civcivlerin platformun
merkezinde (1. Bolge) gecirdikleri siire ¢ok onemlidir.
Cinkii burada gecirdikleri siirenin uzunlugu yiiksek
diizeydeki kesif, diisiik diizeydeki korku ve stresle
iliskilidir (Faure ve ark., 1983). Calismada civcivlerin
merkezde gegirdikleri siire oranlari farklilik gostermistir
(P<0,05). Bu degerler sirasiyla F1’de %3,64+0,11, FO’da
%3,67+011, K’de %4,60+0,23 ve F5°de ise %5,71+0,14
olarak hesaplanmistir. Bu farkliliklarin olusmasinda bitki
ekstrakti uygulamasinin etkisinin oldugu diisiiniilmektedir.
Ayrica merkezde gecirilen en uzun siirenin F5’de tespit
edilmis olmasi %S5°lik bitki ekstrakti uygulamasinin keklik
civcivlerinde korku ve stresi azalttigi, merak ve kesifi
artirdig1 seklinde yorumlanabilir. islem sirasinda yumurta
icerisine niifuz eden feslegen bitki ekstraktindaki
fitokimyasallar embriyogenez sirasinda duygu diizenleyici

beyin bolgelerinin gelisimini olumlu yonde etkilemis; bu
da civcivlerde gozlemlenen diisiik stres yanit1 ve yiiksek
kesif motivasyonu ile karakterize davranislarin ortaya
¢itkmasma katkida bulunmug olabilir. Bu etki
yetistiricilikte basta siirlide davranis bozukluklarinin
azaltilmasi ve verim seviyesinin yiikseltilmesi i¢in ¢ok
onemlidir.

Keklik civeivlerinin yem arama ve yeme ulasma
davraniglar pist testi platformu kullanilarak belirlenmis ve
gruplar  arasindaki  farkliliklarm  6nemli  oldugu
bulunmustur (P<0,05). Civcivlere ait pist skor degerleri
sirastyla K’de  1,33+£0,57, F0’da 2,23+0,27, Fl’de
2,66+0,57 ve F5’te ise 3,66+0,57 olarak hesaplanmistir
(Sekil 3). Bu durum feslegen bitki ekstraktinin Keklik
civeivlerinin stres ve korku gibi istenmeyen tepkilerin
olusmasim engelledigi ve gelismekte olan embriyolarin
duyusal algilama bilincinin gelisimine yardimci oldugu
seklinde aciklanabilir. Ciinkii kanathlarda kulugka
sirasinda uygulanacak pek c¢ok faktor gelismekte olan
civcivlerin duyusal algilama bilincinin gelismesini
etkiledigi bilinmektedir (Sneddon ve ark., 1998; Nielsen ve
ark., 2015).

Son yillarda yapilan birgok ¢alismada kulucka iglemi
sirasinda kullanilan bitkisel ve dogal iiriinlerin kiimes
hayvani iiretimi lizerinde olumlu etkisini oldugu rapor
edilmistir. Papatya, yabani nanesi ve kekik gibi ¢esitli bitki
Oziitlerin dollenmis yumurtalarin kulugka kabiliyeti olumlu
yonde etkiledigi bilinmektedir (Behnamifar ve ark., 2018).
Ayrica kekik, tar¢mn, adagayi, biberiye gibi bitkilerden elde
edilen ugucu yaglarin yumurta igerisine uygulanmasinin
yumurtadan ¢ikan civciv performanslarini iyi ydnde
etkiledigi bildirilmistir (Malheiros ve ark., 2012). Feslegen
cok cesitli kullanim potansiyeline sahip 6nemli bir bitkidir.
Sahip oldugu bu o6zelligi sayesinde feslegen halk sagligi,
bitki ve hayvan saglig1 ve iiretiminde de kullanim olanag1
bulmustur. Bildircin yumurtalar1 {izerinde yapilmis bir
caligmada feslegenin kullanimin yumurtalarin depolanma
omrii iizerine olumlu etkisinin oldugu ve yumurta i¢ kalite
ozelliklerini korumak i¢in kullanilabilecegi bildirilmistir
(de Araujo ve ark., 2023).
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Sekil 3. Pist testi skorlari

Figure 3. Pist test scores
*: Bir siitunda farkli harfle gosterilen ortalamalar arasindaki farklar P<0.05 diizeyinde 6nemlidir
*: K (Kontrol), FO (Saf su uygulanan grup ), F1 (%1 Ekstrakt uygulanan grup), F5 (%5 Ekstrakt uygulanan grup)

Farkli bir ¢alismada ise feslegen bitki ekstraktinin
¢esitli sinek larvalarmin kulugka kabiliyetleri iizerine
etkisinin oldugu rapor edilmistir (Al-Asadi ve Ibrahim.,
2020). Calismada Keklik yumurtalarinin inkiibasyon
islemi sirasinda feslegen bitki ekstraktt uygulamasinin
kulugka randimani, ¢ikim giicii, malformasyon orani,
korku, stres, ilgi, yem arama ve arastirma gibi davraniglar
iizerine olumlu etki gosterdigi sonucuna varilmistir. Ayrica
bitki ekstraktinin kullanimindan kaynakli herhangi bir
istenmeyen sonugla karsilagilmamigtir. Sonug olarak
feslegen bitki ekstraktinin  bu c¢alismada kullanilan
dozlarda keklik yetistiriciliginde kulugka verimini artirici
olarak kullamlabilecegi kanaatine varilmistir.

Beyan

Bu ¢alisma 7. Uluslararasi Anadolu Tarim, Gida, Cevre
ve Biyoloji Kongresi'nde (Kastamonu, TARGID 2024)
sunulmustur.

Kaynaklar

Ahmed, AF., Attia, FA., Liu, Z., Li, C., Wei, J., & Kang, W.
(2019). Antioxidant activity and total phenolic content of
essential oils and extracts of sweet basil (Ocimum basilicum
L.) plants. Food Science and Human Wellness, 8 (3), 299-
305. https://doi.org/10.1016/j.fshw.2019.07.004

Aldarkazali, M., Rihan, HZ., Carne, D., & Fuller, MP. (2019).
The growth and development of sweet basil (Ocimum
basilicum) and bush basil (Ocimum minimum) grown under
three light regimes in a controlled environment. Agronomy, 9
(11), 743. https://doi.org/10.3390/agronomy9110743

Alkan, S., Karabag, K., Balcioglu, MS., & Galig, A. (2007).
Kmali kekliklerde (Alectoris chukar) bazi yumurta
ozelliklerinin ve canli agirliklarin belirlenmesi. Akdeniz
Universitesi Ziraat Fakiiltesi Dergisi, 20 (2), 225-28.

Al-Asadi, KJ., & Ibrahim, BM. (2020). Effect of the use of
mmmersion andinjection methods for egg hatching of broiler
breeders 1n the aquatic extracts of some plant seeds as early
feeding. Plant Archives, 20(1), 2187-2195.

Asci, E, & Durmus, I. (2015). Tavuklarda yumurta sekil
indeksinin kulugka 6zellikleri tizerine etkisi. Turkish Journal
of Agriculture-Food Science and Technology, 3 (7), 583-587.
https://doi.org/10.24925/turjat.v3i17.583-587.457

Ates, C., Cimrin, T., & Alasahan, S. (2021). Farkli agirlik
grubundaki kinal1 keklik (Alectoris chukar) yumurtalarinda
kulugka oOncesi ve sonrasi degerler. Mustafa Kemal
Universitesi Tarim Bilimleri Dergisi, 26 (1), 193-199.
https://doi.org/10.37908/mkutbd.824067

Ayglin, A., & Olgun, O. (2019). Comparison of egg quality, yolk
cholesterol and fatty acid contents of chicken, quail, partridge
and pheasant eggs. Akademik Ziraat Dergisi, 8 (2), 323-28.
https://doi.org/10.29278/azd.591257

Ayuningtyas, G., Martini, R., & Yulianti, W. (2022). The role of
dipping duck hatching eggs with cherry leaf extract as natural
sanitizers on hatching performance and eggshell bacterial
counts. In E3S Web of Conferences (Vol. 348, p. 00023). EDP
Sciences. https://doi.org/10.1051/e3sconf/202234800023

Batkowska, J., Al-Shammari, KIA., Lukasz, W., Nowakowicz-
Debek, B., & Gryzinska, M. (2018). Evaluation of propolis
extract as a disinfectant of Japanese quail (Coturnix coturnix
Jjaponica) hatching eggs. Poult. Sci, 97, 2372-2377.
https://doi.org/10.3382/ps/pey102

Bekhet, GM., & Sayed, AA. (2021). Oregano-oil antagonist
lipopolysaccharide (LPS) induced toxicity in pre-and post-
hatch chick embryo. Journal of Applied Animal Research, 49

(1), 211-220.
https://doi.org/10.1080/09712119.2021.1926258
Behnamifar, A., Rahimi, S., Karimi Torshizi, MA., &

Mohammad Zade, Z. (2018). Effect of chamomile, wild mint
and oregano herbal extracts on quality and quantity of eggs,
hatchability, and some other parameters in laying Japanese
quails. Journal of Medicinal Plants and By-products, 7(2),
173-180. 10.22092/jmpb.2018.118145

Bertin, A., Calandreau, L., Armould, C., Nowak, R., Levy, F.,
Noirot, V., ... & Leterrier, C. (2010). In ovo olfactory
experience influences post-hatch feeding behaviour in young
chickens. Ethology, 116 (11), 1027-
1037.https://doi.org/10.1111/j.1439-0310.2010.01820.x

Bilgi¢, MA. (2022). Kimali Keklik Yumurtalarinda Sekil
Indeksinin  Yumurta Kalite Ozellikleri ile Kulugka
Sonuglarma Etkisi. Doktora tezi, Selguk Universitesi Saglik
Bilimleri Enstitiisii.

Boerjan, M. (2002). Programs for single stage incubation and
chick quality. Avian Poult Biol Rev, 13, 237-238.

Cam, M., Samli, MS., Kaya, ZK., Harman, H., Bilir, A., &
Kiriket, K. (2024). Effect of hen age on egg quality, hatching
performance and chick quality in Chukar Partridges
(Alectoris chukar). Eurasian Journal of Veterinary Sciences,
40 (1), 34-40. 10.15312/EurasianJVetSci.2024.423

Copur, G., Baylan, M., & Canogullari, S. (2010). Egg weight but
not egg shape index, determines the hatchability in Japanase
quail (Coturnix coturnix japonica). Journal of Animal and
Veterinary Advances, 9, 13, 1890-1895.
10.3923/javaa.2010.1890.1895

de Araujo, MV., Oliveira, GDS., McManus, C., Vale, IRR,,
Salgado, CB., Pires, PGDS., ... & dos Santos, VM. (2023).
Preserving the internal quality of quail eggs using a corn
starch-based coating combined with basil essential oil.
Processes, 11(6), 1612.

2755



Ergiin et al. / Turkish Journal of Agriculture - Food Science and Technology, 12(s4): 2749-2757, 2024

Delpont, M., Blondel, V., Robertet, L., Duret, H., Guerin, JL.,
Vaillancourt, JP., & Paul, MC. (2018). Biosecurity practices
on foie gras duck farms, Southwest France. Preventive
Veterinary Medicine, 158, 78-88.
https://doi.org/10.1016/j.prevetmed.2018.07.012

Ergun, D., & Taskin, A. (2022). Comparison of some behavioural
responses in budgerigars (Melopsittacus undulatus) raised in
cages enriched with coloured LED lights. Animals, 12(18),
2454. https://doi.org/10.3390/ani12182454

Ergilin, D., Taskin, A., & Ergiin, F. (2023). Kulugkalik tavuk
yumurtalarina degisik dozlarda uygulanan Satureja hortensis
L. bitki ekstraktinin yumurta kabuk mikrobiyal yiikii ve
kulugka sonuglarina etkisi. 7iirk Tarim ve Doga Bilimleri
Dergisi, 10 (1), 60-67.
https://doi.org/10.30910/turkjans.1193531

Ergiin, F. (2022). Determination of bioactive chemicals and
antioxidant capacity in different plant parts of coriander
(Coriandrum sativum L.). JAPS: Journal of Animal & Plant
Sciences, 32(2), 532-537.
https://doi.org/10.36899/JAPS.2022.2.0451

Faure, J., Jones, R., Bessei, W. (1983). Fear and social motivation
as factors in open-field behaviour of the domestic chick. A
theoretical consideration. Biology of Behaviour, 8, 103-116.

Feng, B., Zhu, Y., Sun, C., Su, Z., Tang, L., Li, C., & Zheng, G.
(2019). Basil polysaccharide inhibits hypoxia-induced
hepatocellular carcinoma metastasis and progression through
suppression of HIF-lo-mediated epithelial-mesenchymal
transition. International  journal — of  biological
macromolecules, 137, 32-44.
https://doi.org/10.1016/j.ijbiomac.2019.06.189

Fouad, W., & Abdel-Hafez, MS. (2017). Effect of spraying
hatching eggs of Japanese quails by live yeast on
physiological changes in the embryonic development,
hatchability and total bacterial count. Egyptian Poultry
Science Journal, 37(4), 1303-1321.

Gatea, SM., Bager, HQ., Altaie, SMS., Aljanabi, TK., Hussain,
MA., & Musa, BAH. (2023). Effect of spraying some plant
extracts on hatching eggs of broiler chickens on the hatching
rate and embryo mortality and the weight of hatched chicken.
Iranian Journal of Ichthyology, 10, 280-285.

Geng, S., Soysal, MI. (2018). Parametric and nonparametric post
hoc tests. Black Sea Journal of Engineering and Science,
1(1), 18-27.

Kara, A., Ozdemir, D., Balkaya, H., Kara, H., Oziidogru, Z.
(2021). Investigation of morphological and histological
structure of red-legged partridge (Alectoris Chukar) spleen.
Atatiirk Universitesi Veteriner Bilimleri Dergisi, 16 (1), 57—
62. https://doi.org/10.17094/ataunivbd. 797864

Karakaya, M. (2003). Prerigor ve Postrigor asamalarinin farkli tiir
etlerindeki pisirme kayiplari, emiilsiyon kapasitesi ve su
tutma kapasitesine etkisi. Arastirma Projesi. Selcuk Univ.
Bilimsel Arastirma Projeleri. Proje No: ZF-99/019.

Kamanl, S., & Durmus, 1. (2014). Civciv kalitesi degerlendirme
yontemleri ve civeiv kalitesinin iyilestirilmesi konusundaki
son yaklasimlar. Tavuk¢uluk Aragtirma Dergisi, 11(1), 40-44.

Kirikel, K., Cam, M., Baser, E., Akbulut, NK., & Bilgic, MA.
(2018). Kinali kekliklerde yumurta agirligmin kulugka
sonuclart iizerine etkisi. Bahri Dagdas Hayvancilik
Arastirma Dergisi, 7, 1-6.

Lee, SJ., Umano, K., Shibamoto, T., & Lee, KG., (2005).
Identification of volatile components in basil (Ocimum
basilicum L.) and thyme leaves (Thymus vulgaris L.) and their
antioxidant properties. Food chemistry, 91(1), 131-137.
https://doi.org/10.1016/j.foodchem.2004.05.056

Lis, MW., Sechman, A. Pawlak, K., Tombarkiewicz
Bniedziotka, JW., & Rzasa, A. (2009). Effects of in ovo
exposure to acetylsalicylic acid and hyperthermia on the
hatchability and thyroid hormone concentrations in
newlyhatched chicks. Bulletin of The Veterinary Institue in
Pulawy, 53, 527-534.

Makri, O., & Kintzios, S. (2008). Ocimum sp.(basil): Botany,
cultivation, pharmaceutical properties, and biotechnology.
Journal of herbs, spices & medicinal plants, 13(3), 123-150.
https://doi.org/10.1300/J044v13n03 10

Malheiros, RD., Ferket, PP., Goncalves, FM. (2012). Oxidative
stress protection of embryos by “In Ovo” supplementation,
XXIV World's Poultry Congress Salvador, Bahia, Brazil, 5-9
August, 1-10.

Mezrai, N., Houdelier, C., Bertin, A., Calandreau, L., Arnould,
C., Darmaillacq, AS., Dickel, L. & Lumineau, S. (2022).
Impact of natural and artificial prenatal stimulation on the
behavioural profile of Japanese quail. J. Exp. Biol., 225,
jeb243175. https://doi.org/10.1242/jeb.243175

Montgomery DC. (2008). Design and analysis of experiments.
John Wiley Sons Publishing, 656, United States.

Nedomova, S., Severa, L., & Buchar, AJ. (2009). Influence of hen
egg shape on eggshell compressive strength. International
Agrophysics, 23(3), 249-56.

Nielsen, BL., Jezierski, T., Bolhuis, JE., Amo, L., Rosell, F.,
Oostindjer, M., ... & Hepper, P. (2015). Olfaction: an
overlooked sensory modality in applied ethology and animal
welfare. Frontiers in Veterinary Science, 2, 69.
https://doi.org/10.3389/fvets.2015.00069

Oliveira, GDS., Dos Santos, VM., Nascimento, ST. &
Rodrigues, JC. (2020). Alternative sanitizers to
paraformaldehyde for incubation of fertile eggs. Poultry
Science, 99(4), 2001-2006.
https://doi.org/10.1016/1.psj.2019.11.043

Shahrajabian, MH., Sun, W., & Cheng, Q. (2020). Chemical
components and pharmacological benefits of Basil (Ocimum
basilicum): A review. [International Journal of Food
Properties, 23(1), 1961-1970.
https://doi.org/10.1080/10942912.2020.1828456

Sneddon, H., Hadden, R., & Hepper, PG. (1998). Chemosensory
learning in the chicken embryo. Physiology & Behavior,
64(2), 133-139. https://doi.org/10.1016/S0031-
9384(98)00038-7

SPSS, (2009). SPSS for Windows: base system user’s guide,
version 17.1. SPSS Inc., Chicago, IL, USA

Tilki, M. & Saatci, M. (2004). Effects of storage time on external
and internal charecteristics in partridge (Alectoris greaca)
eggs. Revue Med. Vet., 155(11), 561-64.

Tiirker, 1., Ibas, T., & Ertiirk, O. (2018). Kulugkahk yumurtalarin
degisik oranlarda propolis ile dezenfekte edilmesinin kulugka
sonuglart ve toplam bakteri sayisi iizerine etkisi. Akademik
Ziraat Dergisi, 7(1), 67-74.

Tona, K., Bamelis, F., De Ketelaere, B., Bruggeman, V., Moraes,
VM., Buyse, J.,
Onagbesan, O., & Decuypere, E. (2003). Effects of egg
storage time on spread of hatch, chick quality, and chick
juvenile growth. Poultry Science, 82(5), 736-741.
https://doi.org/10.1093/ps/82.5.736

Willemsen, H., Everaert, N., Witters, A., De Smit, L., Debonne,
M., Verschuere, F., Garain, P., Berckmans, D., Decuypere,
E., & Bruggeman, V. (2008). Critical assessment of chick
quality measurements as an indicator of posthatch
performance.  Poultry  Sciences, 87, 2358- 2366.
https://doi.org/10.3382/ps.2008-00095

Yildirim, 1., Ozcan, M. & Yetisir, R. (2003). The use of oregano
(Origanum vulgare L) essential oils as alternative hatching
egg disinfectant versus formaldahyde fumigation in quails
(Coturnix coturnix Japonica) egg. Revue Med.Vet, 154 (5),
367-370.

2756



Turkish Journal of Agriculture - Food Science and Technology, 12(s4): 2758-2763, 2024

DOL: https://doi.org/10.24925/turjat.v12is4.2758-2763.7181

Turkish Journal of Agriculture - Food Science and Technology

Available online, ISSN: 2148-127X | www.agrifoodscience.com | Turkish Science and Technology Publishing (TURSTEP)

The Biopotential of Bacterial Bioagents Isolated from Compost in Suppressing
Botrytis cinerea and Sclerotinia sclerotiorum

%
53y

Ozden Salman’

, Raziye Ko¢ak>, Ziileyha Endes Egribas®*

!Deparment of Plant Protection, Faculty of Agriculture, Selcuk University, Konya, Tiirkiye
2Cumra Vocational School, Department of Animal and Plant Production, Selcuk University, Konya, Tiirkiye
3Cumra School of Applied Sciences, Department of Organic Farming Management, Selcuk University, Konya, Tiirkiye

“Corresponding author

ARTICLE INFO

ABSTRACT

Research Article

Received : 06.10.2024
Accepted :26.10.2024

Keywords:
Compost
Botrytis
Sclerotinia
Dual Culture
Bacillus

Recycling plant residues through various processes is essential for addressing waste issues in our
country, because it contributes to the protection of the environment and ecosystems. Composting is
one of the most important recycling methods for plant residues. Composts are not only natural, but
they also enhance soil fertility and exhibit fungitoxic properties on the mycelial and spore
germination of fungi. This study aimed to isolate bacterial bioagents from compost derived from
various agricultural and household organic wastes, and to assess their antagonistic potential against
important plant pathogens Botrytis cinerea and Sclerotinia sclerotiorum under in vitro conditions.
A total of eight bacterial isolates were obtained, identified as belonging to Bacillus spp. Dual culture
tests were used to evaluate the potential of these bacterial candidates to inhibit the mycelial growth
of phytopathogenic fungi. /n vitro trials revealed that six bacterial isolates exhibited varying degrees
of antagonistic effects (23.3%- 63.3%) on the mycelial growth of B. cinerea. Among the tested
bacteria, two isolates were effective against S. sclerotiorum, demonstrating antifungal activity
ranging from 80% to 83.3%. The results indicate that composts provide a favorable environment
for microorganisms with antagonistic potential, suggesting that these cultivation environments
could play a significant role in the biological control of fungal pathogens in agriculture. In
conclusion, this study contributes to the development of sustainable agricultural practices by
ensuring a more efficient utilization of organic waste.
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The increasing global population is contributing to the
rise in environmental pollution issues. Rising living
standards have altered consumption habits, leading to
changes in waste types. A large part of both household and
industrial waste comes from organic material sourced from
plants and animals. Plant waste includes various
unprocessed parts, such as: cut grass, chopped stems,
straw, leaves, branches, stalks, seeds, fruit peels.
Additionally, it includes waste produced during the
processing of plant products.

The recycling of plant (solid) waste helps protect both
the environment and ecosystems, benefits urban ecology,
reduces landfill waste, and prevents resource wastage.

Solid waste management, recycling, and the efficient
use of resources are fundamental aspects of sustainability.
Effective utilization of resources, which is the cornerstone
of sustainability, is achieved through these practices.

Among the methods for ensuring sustainability and
recycling plant waste, composting is considered the most
effective (Akdogan & Giileg, 2007). Composting is the
process by which organic waste in solid waste is converted
into simpler substances, or nutrients necessary for plants,
through biochemical reactions by organisms. The primary
reason composting has gained importance in solid waste
management is that it is not only an environmentally
friendly recycling method but also yields a product that is
beneficial for agricultural purposes (Diaz et al., 2003).
Compost is primarily used as a soil conditioner rather than
a fertilizer. It has a high organic content, ranging from 90-
95%. However, compost generally contains lower
concentrations of macro and micronutrients, including
phosphorus, potassium, and nitrogen, compared to
commercial fertilizers. In terms of its characteristics, it is
similar to peat moss (Knight, 1997). Composting is a
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widely used method for the biological treatment of
municipal and agricultural solid waste. Composting
generally involves several stages: the processing of solid
waste, the biological decomposition of its organic
components, and the preparation and marketing of the final
compost product. Utilizing waste in compost production is
of significant importance both for contributing to the
economy and for preventing environmental pollution
(Tchobanoglous et al., 1993; Peksen & Giinay, 2009).
Compost has commercial value and can be sold under
names as organic fertilizer, soil conditioner, and growing
medium. However, all these benefits can only be achieved
through a controlled and successful composting process.
For successful composting, the nutrient content of the
waste used in the process is crucial. Materials must be
combined in the correct proportions to start the
decomposition and breakdown processes. The two
fundamental elements required are nitrogen (N) and carbon
(C). Materials such as kitchen scraps, egg shells, freshly
cut grass, animal manure, and animal carcasses have high
nitrogen content. In contrast, materials like dried leaves,
branches, straw, sawdust, paper, and cardboard have high
carbon content. In the composting process, materials high
in nitrogen (N) are referred to as "green" materials, while
those high in carbon (C) are referred to as "brown"
materials. Typically, nitrogen-rich materials are green and
include fresh grass, vegetables, and fruits, whereas carbon-
rich materials include straw, shredded branches, and
sawdust. The ideal carbon-to-nitrogen (C/N) ratio for
organic matter in a compost pile is generally considered to
be around 25:1 or 30:1. This means that materials with 25
or 30 units of carbon should be mixed with materials
containing 1 unit of nitrogen to achieve a balanced
compost. Materials high in carbon content, such as straw
and sawdust, are generally dry and lightweight. In contrast,
materials high in nitrogen content, such as animal and
poultry manure, fish scraps, and freshly cut grass, are wet,
heavy, and dense. Manure from ruminants is preferred in
composting because it is rich in microorganisms. Cow
manure is particularly ideal, but manure from sheep, goats,
and horses can also be used. Additionally, it is better to use
manure in composting before it becomes excessively aged
(Anonymous, 2021).

The concept of sustainable agriculture promotes the use
of compost in farming. Compost not only provides
nutrients to plants but also helps renew the organic matter
content, contributing to more sustainable agricultural
ecosystems (Marmo, 2008; Palanivell et al., 2013).
Research conducted worldwide has shown that the use of
compost can reduce dependency on chemical pesticides
and fertilizers in agriculture (Hargreaves et al., 2008; Wang
etal., 2011; Gonzalez-Gonzalez et al., 2024). Pesticides are

commonly used, especially in the management against
fungal-origin diseases. However, the rapid development of
resistance by pathogens to pesticides, along with the threat
to natural balance, has led to the exploration of alternative
methods. One of the increasingly important alternatives
today is biological control, which has been extensively
studied against various plant disease agents and has started
to be used successfully as biopreparations (McDonald &
Linde, 2002; Martin, 2003). In biological control, isolating
microorganisms with antagonistic potential from nature
and studying their effects on pathogen development are
crucial (Soylu et al., 2021). The use of organic materials
(such as animal manure, green manure, compost, and peat)
is recommended in both traditional and biological systems,
particularly for reducing disease rates caused by soil
pathogens and improving soil structure (Gamliel &
Stapleton, 2012; Kefalogianni et al., 2017). The application
of compost alters microbial communities because it is a
source of numerous and diverse beneficial microorganisms
(Dai et al., 2018; Huang et al., 2019; Wang et al., 2020). A
significant diversity of bacterial species has been isolated
from compost to date, including microorganisms known as
Plant Growth-Promoting Rhizobacteria (PGPR), which are
believed to promote plant growth (Blaya et al., 2016).
Additionally, compost bacteria can also act as biocontrol
agents against phytopathogens, and their significant impact
on the prevention of various plant diseases has been
reported (Angelopoulou et al., 2014; Calderon et al., 2014;
Baliah et al., 2016; Kefalogianni et al., 2017; Le et al.,
2018; Ozkaya & Soylu, 2022). Among these pathogens are
Sclerotinia sclerotiorum (deBary), which causes white
mold and can remain viable in soil for years as sclerotia,
and Botrytis cinerea (deBary), known for gray mold, both
of which cause significant economic losses in our country
(Soylu et al., 2020).

In this study, the effects of beneficial bacteria obtained
from compost mixtures produced as the end product of the
aerobic decomposition of organic material on S
sclerotiorum, a pathogen causing root rot, and B. cinerea
(deBary), which causes gray mold, were investigated in
Vitro.

Materials and Methods

Compost Production

Compost produced in 2021 and 2022 at the Selguk
University Cumra School of Applied Sciences experimental
garden was used in the trial. The compost mixture, made from
a combination of domestic and agricultural solid wastes,
including fruit and vegetable peels, used tea leaves, eggshells,
nut shells, freshly cut grass, tree leaves, pruned plant residues,
and straw, is listed in Table 1.

Table 1. The materials used to create the compost from which the bacteria were obtained are as follows:

Compost Materials Amount
Straw 25 kg
Dry, carbon-rich materials include dry leaves, shredded branches, either used alone or in combination 20 kg
Animal manure (Cow manure) 25 kg
Kitchen scraps (fruit and vegetable waste, nut shells, tea grounds) 30 kg
Freshly cut grass (left to sit for 1-2 days after mowing) 35kg
Accelerators (to speed up the composting process), such as urea or any high-nitrogen material 1 kg urea
Enrichers: Egg shells (mineral-rich material) Ap 10%*

* Approximately 10% of the total compost materials
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Table 2. Basic Chemical Properties of the Compost

Parameter Method Result
Water Saturation (%) Saturation 59.4
Salinity (EC) (dS m™) Saturation 2.84
pH Saturation 7.11
CaCoO; (%) Scheiber 25.01
Organic Matter (%) Walkley-Black 1.82
K (mgkg) Olsen 8.10
P (mg kg) A.Asetat-ICP 252.23

Preparation of Compost

A pit measuring 1.5 meters by 2.0 meters was dug in an
unused area. At the bottom of the pit, layers of straw, dry
branches, leaves, and shredded branches were placed.
Manure, freshly cut grass, kitchen scraps, and soil were
layered on top to form the compost pile. Urea was added to
the second layer as an accelerator. The same process was
repeated with four layers, stacking and lightly watering
each layer until the pile reached a height of 1.5 meters. The
pile was then covered with plastic. The pile was turned
every eight days, completing the composting process in
about a year. The basic chemical properties of the compost
after fermentation are listed in Table 2.

Phytopathogenic Fungi

We obtained the fungal pathogens used in this study
from the Mycology Laboratory of Selguk University.
These pathogens were Botrytis cinerea, isolated from
tomatoes, and Sclerotinia sclerotiorum, isolated from
sunflowers. These fungi were cultured on Potato Dextrose
Agar (PDA) and maintained as pure cultures on slant agar
at +4°C during the experiment.

Obtaining Bacterial Isolates from Compost

A compost sample was collected from three locations
within the experimental garden of Selguk University
Cumra School of Applied Sciences, mixed, and used as a
single sample. We isolated bacteria from the compost
samples using the serial dilution plating technique (Aneja,
2003). The sample was serially diluted with sterile distilled
water (serial dilutions ranging from 107! to 107), 200 pl
from each dilution was spread onto Nutrient Agar (NA)
plates. After incubating at 28°C for 48 hours, colonies were
selected from these plates, and pure cultures were obtained
and preserved long-term in 30% glycerol.

Identification of Bacterial Isolates

The identification of bacterial isolates used for
biocontrol was performed using Matrix-Assisted Laser
Desorption/Ionization-Time of Flight Mass Spectrometry
(MALDI-TOF MS), which accurately classified the
bacterial isolates into species (Aktan & Soylu, 2020). The
MALDI-TOF system is a cutting-edge diagnostic
technology. It is based on the principle of comparing
protein profiles obtained directly from bacteria by laser
with those of known isolates in the device’s database.
Samples were sent to the Scientific Industrial and
Technological Application Research Center at Bolu Abant
[zzet Baysal University.

Determination of In Vitro Antagonistic Activities of
Bacteria Isolated from Compost

Bacterial isolates obtained from compost were
evaluated for antifungal activities against Botrytis cinerea
and Sclerotinia sclerotiorum using dual culture method.
The fungal pathogens used in this study were first
inoculated onto Potato Dextrose Agar (PDA) plates
containing Streptomycin sulfate and incubated at 25°C for
4-5 days to obtain fresh cultures. The bacterial isolates used
in the experiment were spread onto Nutrient Agar (NA)
plates and incubated at 25°C for 24 hours before pathogen
inoculation. Dual culture assays were performed on
antibiotic-free PDA plates. A disc of agar with fresh
pathogen culture was placed in the center of a Petri dish
(90 mm diameter), and bacterial isolates were streaked in a
circle with a radius of 1.5 cm around the pathogen (Salman
et al., 2022). The control group was not inoculated with
bacteria. The Petri dishes were incubated at 27°C for a
duration of 5 days. After incubation, the mycelial growth
of the pathogen towards the bacterial isolates (measured in
mm) was recorded, and the percentage of colony growth
inhibition was calculated using the formula: %Inhibition =
(1- (Treatment Growth / Control Growth)) x 100 (Tariq et
al., 2010). In vitro biocontrol tests were conducted with
three replicates for each treatment and repeated at two
different times.

Statistical Analysis

Data were analyzed using one-way ANOVA with SPSS
statistical software (SPSS Inc., version 17.0), and
differences between isolates were compared using Tukey's
test (p<0.05).

Results and Discussion

A total of 8 bacterial isolates were obtained from
compost samples collected from the experimental garden
at Selcuk University, Cumra Applied Sciences School
(Table 1). In dual culture assays, 6 of the isolates showed
antagonistic effects against the fungal pathogens. Among
these isolates, only 3 effectively inhibited the mycelial
growth of Botrytis cinerea and Sclerotinia sclerotiorum,
and these isolates were identified at the species level using
MALDI-TOF MS analysis. According to the analyses, all
the isolates were determined to belong to the genus
Bacillus spp. The SO 1-2/SO 1-7 isolates, which have high
antagonistic activity, were identified at the species level as
Bacillus cereus, while the SO 1-16 isolate was identified as
Bacillus megaterium.
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Subsequently, the in vitro antagonistic potentials of the 8
candidate bacteria were determined. The bacterial isolates
significantly inhibited the growth of phytopathogenic fungi in
dual culture tests. The in vitro antagonistic potentials of the 8
antagonist bacterial isolates were evaluated against the gray
mold pathogen B. cinerea, and it was found that 6 isolates of
Bacillus spp. inhibited mycelial growth by 23.3% to 63.3%.
Among the tested antagonist bacterial isolates, the one that
most effectively suppressed mycelial growth was SO 1-16
(Bacillus megaterium), with up to 63.3% inhibition. This
isolate was followed by SO 1-2 (Bacillus cereus) with a
48.8% inhibition rate and SO 1-7 (Bacillus cereus) with a
47.7% inhibition rate. Other isolates (SO 1-14, SO 1-4, and
SO 1-5) inhibited mycelial growth of B. cinerea by 23.3%,
26.6%, and 31.1%, respectively. Among the 8 tested isolates,
SO 1-1 and SO 1-3 did not inhibit the mycelial growth of the
fungal pathogen (Table 3, Figure 1).

Among the tested antagonist candidates, Bacillus
cereus (SO 1-7) was the most effective in inhibiting the

mycelial growth of the root rot pathogen S. sclerotiorum,
achieving 83.3% inhibition and a mycelial growth of 1.5
mm. This isolate was followed by Bacillus cereus (SO 1-2),
which showed 80% inhibition with a mycelial growth of
1.8 mm. Other antagonist bacteria were unable to inhibit
the mycelial growth of S. sclerotiorum (Table 3, Figure 1).

The increasing interest in compost application in
horticultural practices is a result of the integrated approach
to managing plant diseases (Scharenbroch et al., 2011).
The pH (neutral) and EC (high) values of composts, which
depend on organic and mineral components, are important
not only for plant growth and potential toxicity but also for
the formation of microbial populations necessary to inhibit
fungal pathogens. To prevent phytotoxic reactions,
compost should be diluted with water before application to
plants. However, more research is needed to evaluate the
individual biotic factors of each component in determining
their disease-suppressive effects (Pane et al., 2012).

Table 3. The potential of antagonist bacterial isolates obtained from compost to inhibit the mycelial growth of fungal

pathogens under in vitro conditions®.

B. cinerea S. sclerotiorum
Isolates Genus/Species Names grg/[‘gtcl:le&aél » o inhibition grl(\)/[‘gflfl(lgrln) o4inhibition
SO 1-1 Bacillus spp. 9.00a 0 9.00a 0
SO 1-2 Bacillus cereus 4.6¢ 48.8 1.8b 80
SO 1-3 Bacillus spp. 9.00a 0 9.00a 0
SO 1-4 Bacillus spp. 6.6b 26.6 9.00a 0
SO 1-5 Bacillus spp. 6.2b 31.1 9.00a 0
SO 1-7 Bacillus cereus 4.7¢c 47.7 1.5¢ 83.3
SO 1-14 Bacillus spp. 6.b 23.3 9.00a 0
SO 1-16 Bacillus megaterium 3.3d 63.3 9.00a 0
Control B. cinerealS. sclerotiorum 9.00a 0 9.00a 0

2The bacterial isolates were inoculated onto PDA and marked with a circular zone immediately after pathogen inoculation. The mycelial growth (cm)
of the fungus towards the bacterial zone was measured in the petri dishes containing bacteria. The growth was compared with that in the control petri
dishes, and the inhibition rates (%) were calculated.; ® The experimental data were measured in 2 different petri dishes, and the averages were taken.
The experiment was repeated twice at different times. The similar lowercase letters next to the mean values within the same column indicate that there
is no statistically significant difference between the isolates. (Tukey Test, P<0.05)

Figure 1. The potential of different antagonist bacterial isolates to inhibit mycelial growth of B. cinerea (A) and S.
sclerotiorum (B) in in vitro dual culture tests.
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The continuous use of synthetic pesticides for controlling
air and soil-borne pathogens leads to resistance development
and environmental pollution (Savary et al., 2019; Wang et al.,
2021; Imran et al., 2023). This situation highlights the need
for sustainable alternatives to manage plant diseases,
including methods compatible with organic farming.
Therefore, using compost as a biological control approach is
a potential method to mitigate the damage caused by these
chemicals and can be economically advantageous when
employed. Biological control methods may involve a single
organism or a group of beneficial organisms working together
to suppress a pathogen and control disease (Collinge et al.,
2022). This study has demonstrated that bacterial isolates
derived from the compost produced are highly suppressive.
Our results indicate the high microbial activity of the compost.
Among the isolates with antagonistic properties in dual
culture experiments, three exhibited 47.7%-63.3% inhibition
rates, effectively suppressing the mycelial growth of B.
cinerea. These results are consistent with studies on the in
vitro suppressive effects of compost against various plant
pathogens (Pane et al., 2010; Pane et al., 2012; Kara et al.,
2016; Barghouth et al., 2023; Jiménez et al., 2023). In
contrast, the effects of the isolates on the development of S.
sclerotiorum showed significant variability, with two isolates
proving to be the most effective against the soil-borne fungus,
exhibiting 83.3% and 80% inhibition rates in mycelial growth.
Previous studies have reported the role of such bacterial
isolates in suppressing the development of significant soil-
borne plant pathogens (Soylu et al., 2005; Gupta et al., 2006;
Kumar et al., 2012; Sénmez, 2018). Overall, our data support
the conclusion that microorganisms thriving in the examined
compost play a crucial role in pathogen suppression. It has
been reported that solid compost and organic amendments can
suppress soil-borne pathogens and play a significant role in
stimulating the beneficial microbial components responsible
for disease suppression (Giotis et al., 2009; Zaccardelli et al.,
2011). Additionally, composts have been used as a source for
isolating potential biological control agents. Bacterial isolates
such as B. subtilis, B. licheniformis, and P. chrysogenum from
compost have shown significant antagonistic effects against
plant pathogens (Kone et al., 2010; Suarez-Estrella et al.,
2012). The results obtained in this study suggest that compost
harbors beneficial antagonists that could serve as a resource
against plant pathogens.

The Bacillus species, known for its various antagonistic
properties, are among the most studied in biological
research due to their ability to synthesize antibiotic
substances.These bacteria are noted for their production of
antimicrobial compounds with different molecular
structures, their resistance to pathogen resistance to these
compounds, and their ability to form endospores that allow
survival under harsh environmental conditions. As a result,
they are considered the most suitable microbial species for
biopesticide production (Stein, 2005; Abbas et al., 2019;
Alvindia & Natsuaki, 2009; Kara & Soylu, 2022). In our
study, three bacterial isolates identified as Bacillus were
isolated, and all three isolates were found to be effective in
vitro against B. cinerea and S. sclerotiorum diseases.

Recently, various approaches have been explored to
enhance biocontrol activity, leading to significant
advancements in the formulation and production of
beneficial microorganisms, such as antagonistic bacteria,
and the commercialization of biopesticides. However, to

create a genuine alternative to synthetic chemicals by
increasing biocontrol potential, further research is needed
to discover new microbiomes, clarify their effects on
pathogens, and improve our understanding of the
interactions between pathogens, antagonists, and hosts.
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Due to global warming, there is increasing interest in plant-based foods with low water requirements
and valuable bioactive compounds. This study evaluated the total phenolic content, flavonoid content,
and antioxidant activities of fruit (M) and peel (K) extracts from prickly pear (Opuntia ficus-
barbarica A.Berger). Initially, samples were extracted using methanol. The phenolic contents in
methanol extracts were determined as 835.66+21.12 mg GAE/100 g in K and 760.66+17.61 mg
GAE/100 g in M, while total flavonoid contents were measured as 222.00+4.35 ng QE/g in K and
204.76+0.87 pg QE/g in M. Antioxidant activity was assessed using two methods: free radical
scavenging activity (DPPH) and Cupric ion reducing antioxidant capacity (CUPRAC), with reduction
capacities calculated as 40.93+1.46 pg TE/mL extract for M and 80.1142.03 pg TE/mL extract for
K. The ICso values of fruit and peel extracts were calculated and compared with standard BHT
(Butylated hydroxytoluene), with the peel extract showing the closest value. Results demonstrated
that both fruit and peel of Opuntia ficus-barbarica contain significant amounts of bioactive
compounds and exhibit potent antioxidant activity. This study reveals the potential of this
traditionally used medicinal plant as a health-promoting food component and natural antioxidant
source.
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Iskenderun Bélgesinde Kendiliginden Yetisen Frenk inciri (Opuntia ficus-
barbarica A.Berger) Meyve ve Kabuklarinin Biyoaktif Bilesenlerinin
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Kiiresel 1sinma nedeniyle su gereksiniminin diisiik ve yapisinda degerli bilesenlerin bulundugu
bitkisel gidalara olan ilgi giderek artmaktadir. Bu ¢alismada, frenk inciri (Opuntia ficus-barbarica
A.Berger) meyve (M) ve kabuklarinin (K) toplam fenolik, flavonoid madde miktarlar: ve antioksidan
aktiviteleri degerlendirilmistir. Bu amagla oncelikle numuneler metanol ile ekstrakte edilmistir.
Metanol ekstraktlarinda fenolik miktarlar1 K’da 835,66+21,12 mg GAE/100 g, M’de 760,66+17,61
mg GAE/100 g; toplam flavonoid madde miktarlar1 K’da 222,00+4,35 pg KE/g ve M’de 204,76+0,87
prg KE/g olarak belirlenmistir. Antioksidan aktivite, serbest radikal giderme aktivitesi (DPPH) ve
Bakir (II) indirgeme kapasitesi (CUPRAC) yontemleriyle degerlendirilmis, indirgeme kapasitesi
M’de 40,93+1,46 pg TE/mL ekstrak ve K’da 80,11+2,03 pg TE/mL ekstrak olarak hesaplanmuistir.
Meyve ve kabuk ekstraklarinin ICso degerleri hesaplanmis ve standart BHT (Biitil hidroksi toluen) ile
karsilastirildiginda en yakin degerin K’da oldugu goriilmiistiir. Sonugclar, frenk inciri meyve ve
kabuklarmin énemli miktarda biyoaktif bilesen icerdigini ve yiiksek antioksidan aktiviteye sahip
oldugunu gostermistir. Bu caligsma, geleneksel olarak halk hekimliginde kullanilan frenk incirinin
sagligr tesvik eden bir gida bileseni veya dogal antioksidan kaynagi olarak potansiyelini ortaya
koymaktadir.
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Giris

Niifusun hizli bir sekilde artig1 diinyada gida olarak
kullanilan kaynaklarm kisitli olmasi var olan kaynaklara
alternatif arayisini artirmistir. Bunun sonucunda giinliik
diyete pek ¢ok yeni meyve, sebze ve gida maddesi
eklenmistir. Ulkemizin Ege ve Akdeniz bolgesinde
kendiliginden yetisen frenk inciri bu meyvelerden biridir.
Frenk inciri (Opuntia ficus-barbarica A .Berger) Cactaceae
familyasina ait ¢ok yillik bir kaktiis bitkidir (El-Mostafa ve
ark., 2014). Yetistigi bolgelerde “hint inciri, papaz yemisi,
dikenli incir ve babutsa” gibi yerel isimlerle anilmaktadir
(Dumanoglu ve ark., 2020). Anavatam olan Meksika’da
kullanimi ¢ok eski yillara dayanmaktadir (Uzun ve Sengiil,
1994; Jimenez-Aguilar ve ark., 2014). Kurak ve yar1 kurak
bolgelerde yetisen bu bitkinin meyveleri dikenli, bol
¢ekirdekli ve kendine has bir aromaya sahiptir. Sar1 ¢igek
acar ve meyvelerin renkleri kirmizidan turuncu, sart ve
yesile kadar degismektedir (Toplu ve ark., 2009) (Sekil 1).
Ulkemizde frenk inciri sadece Mersin, Adana, Osmaniye,
Hatay, Antalya ile Giiney Ege sahillerinde dogal olarak
yetismektedir. Agustos ve Eyliil aylarinda olgunlasan
meyveler yaz aylarinda toplanarak yerel pazarlarda
satilmaktadir (Dengiz ve Zengin., 2016).

Sekil 1. Frenk incirinin gigek ve meyve forumlar
Figure 1. Flower and fruit forms of the Prickly Pear

Bu meyveler beslenme agisindan zengin igerikli gida
niteligine sahiptir (Galati ve ark., 2003). Meyveler daha ¢ok
taze olarak tiiketilmektedir. Bunun yaninda meyve suyu, regel,
marmelat gibi iirlinlere doniistiirtilerek de degerlendirilmektedir
(Yilmaz, 2010). Meyveler glikoz, vitaminler, renk pigmentleri,
mineraller (magnezyum, kalsiyum, fosfor) bakimindan zengin,
dogal antioksidanlar (polifenoller, vitamin C ve selenyum),
diyet lifi ve serbest aminoasitler igermektedir (Galati ve ark.,
2003; Hernandez-Urbiola ve ark.,2011; Jana, 2012). Halk
arasinda gobek diismesi, ishal, mide ve bagirsak rahatsizliklar,
damar sertligi, topuk dikeni, bronsit, bademcik iltihabi1 gibi
birgok hastalik i¢in farkl sekillerde kullanilmaktacir (Unalan,
2023). Ayrica bu meyveler geleneksel tip uygulamalarinda
basta kardiyovaskiiler hastaliklar olmak pek ¢ok doku ve organ
hastaliklarinda, diyabet, immun bozukluklar1 ve romatizma gibi
bozukluklarmin tedavisinde de kullaldigr bildirilmistir
(Trombetta ve ark., 2006; Park ve ark., 2013; Tilahun ve
Walegerima, 2018).

Frenk inciri ile yapilan ¢aligmalar sinirli sayida olup
genellikle yerel seleksiyon calismalaridir (Karababa ve
ark., 2004; Duru ve Tiirker, 2005; Titiinci, 2016; Giiven,
2017; Giizel, 2019). Bu calismada Hatay ili iskenderun
ilgesinde dogal olarak yetisen frenk inciri meyve ve
kabuklarinin fenolik ve flavonoid madde miktarlarmin ve
antioksidan aktivitelerinin belirlenmesi ve meyve ve kabuk
kisimlarindaki farkliliklarin degerlendirilmesi
amaglanmistir.

Materyal ve Yontem

Bitki Materyali

Calismada kullanilan meyve 6rnekleri Agustos ayinda
Hatay ili Iskenderun bolgesinde (36°34°03”N 36°12°33”E
120 m) o6zel miilk icerisindeki kendiliginden yetismis
bitkilerden toplanmistir. Toplama isleminde meyvelerin
olgunlasmis (sart ve turuncu renk) olmalarina dikkat
edilmistir. Toplanan meyve soguk su ile yikanarak fiziksel
kirliliklerden ve dikenlerinden arindirtlmistir. Temizlenen
meyveler soyularak kabuk (K) ve meyve (M) (¢ekirdekler
dahil) olmak iizere iki kisma ayrilmigtir. Daha sonra,
ornekler sabit tartima ulagincaya kadar gélgede kurutulmus
ve kullanima kadar +4°C’de buzdolabinda saklanmustir.

Bitki Ekstraktinin Hazirlanmasi

Kurutulmus ornekler ogiitlici yardimiyla toz haline
getirilmis, 10 gr tartilarak tizerlerine 20 kat olacak sekilde
metanol ilave edilmistir. Karisim manyetik karistiric
yardimiyla oda kosullarinda 24 saat kanistirildiktan sonra
stiziilerek ayrilmistir. Geriye kalan ¢okelek iizerine
metanol ilave edilerek bir siire daha karigtirilmus, tekrar
stiziilerek baglangictakilerle birlestirilmistir. Daha sonra
iclerindeki alkol c¢oziicii 45°C’de evaparatdr yardimiyla
uzaklagtinlarak numune ekstraktlar elde edilmistir. Elde
edilen ekstraklardan 1000 ppm konsantrasyonda stok ¢ozelti
hazirlanarak ¢alismalarda kullamlmustir (Ergiin, 2021).

Toplam Fenolik Madde Tayini

Toplam fenolik madde miktar1 Folin-Ciocaltacu
metodu kullanilarak belirlenmistir (Slinkard ve Singleton,
1977). Standart olarak gallik asit kullanilmig ve sonuglar
mg gallik asit esdegeri (mg GAE/100 g) olarak ifade
edilmistir. Prensip olarak 0,1 mL ekstrak alinarak hacim
1,840 mL ye destile su ile tamamlanmis, tizerine 0,01 mL
Folin-Ciocaltaeu reaktifi ilave edilmistir. Oda sicakliginda
3 dk inkiibasyonun ardindan %2’lik Na,COs ¢ozeltisinden
ilave edilmis, 2 saat oda sicakliginda inkiibasyon
sonucunda absorbaslar 760 nm’de kdre (ekstrak yerine saf
su ile hazirlanan ¢6zelti) karsi okunmustur.

Toplam Flavonoid Madde Tayini

Orneklerin toplam flavonoik igerikleri aliiminyum
nitrat metodu kullanilarak belirlenmistir (Moreno ve ark.,
2000). Standart olarak kuarsetin kullanilmistir. Prensip
olarak 0,1 mL alinarak hacim metanol ile 1,92 mL’ye
tamamlanmis, iizerine 0,04 mL KCH3;COO (1 M) ilave
edilmis ve 1 dk sonra 0,04 mL Al(NOs)3 (%10) eklenerek
40 dk inkiibe edilmistir. Daha sonra absorbanslar 415
nm’de Olciilerek sonuglar gram ekstrak basina mg
kuarsetin esdegeri (mg KE/g ekstrakt) olarak ifade
edilmistir.

Serbest Radikal giderme Aktivitesi (DPPH)

Blois (1958) metodu kullanilarak orneklerin DPPH
radikal giderme aktivitesi Ol¢lilmiigtiir. Standart olarak
BHT kullanilmistir. 1000 ppm olarak hazirlanmis stok
¢ozelti kullanilarak farkli konsantrasyonlarda (50, 100, 150
ve 200 uL/mL) ekstrakt ¢ozeltileri hazirlanmistir. Ekstrakt
¢ozeltilerinden 0,5 mL alinip {izerine 0,1 mM DPPH
¢ozeltisinden 2 mL ilave edilerek karanlikta ve oda
sicakliginda 30 dk inkiibe edilmis ve absorbans degisimleri
517 nm’de dl¢iilmiistiir.
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Daha sonra oOrneklerin radikal giderme aktiviteleri
asagidaki formiil yardimiyla hesaplanmustir.

DPPH radikal giderme aktivitesi (%)=[(A¢—A1/A)*100]

Ao, Kontrol reaksiyonunun absorbansi,
A, Test edilen ekstrakt drneginin/ standart ¢ozeltilerin
absorbansi

Bakar (1I) Indirgeme Kapasitesi (CUPRAC)
Orneklerin Cu?" indirgeme kapasitesi Apak ve ark.,
(2004)’e gore yapimistir. Standart olarak Troloks

kullanilmistir.  Farkli  konsantrasyonlarda hazirlanan
ckstrakt ve standart ¢ozeltilerin  Cu?*"  indirgeme
kapasitesini  belirlemek igin yapilan islem sonrasi

orneklerin absorbans degerleri 450 nm’de kore karsi
Ol¢iilmiistiir (Ergiin, 2022).

Istatistik Analizleri

Calismada tiim analizlerde her bir 6rmekten 3 paralel
calisilmistir. Elde edilen verilerin analizinde SPSS 22 V ®
istatistik paket programi kullanilmustir Oncelikle 6rneklere ait
toplam fenolik ve flavonoid madde miktari, antioksidan
kapasite analiz sonug farkliliklar1 tekyonli varyans analizi
(ANOVA) ile belirlenmistir (Geng ve Soysal, 2018).
Farkliliklarin  6nemli olarak belirlendigi durumlarda, bu
farklihigin hangi tiir ya da tiirlerden kaynaklandigimn
belirlenebilmesinde ise ¢oklu karsilagtirma testlerden olan
Duncan testi kullanilmistir (Duggan ve ark., 2017). Calismada
onemlilik diizeyi (P<0,05) seviyesinde belirlenmistir.

Bulgular ve Tartisma

Calismada meyve ve kabuk ekstraktlarin toplam
fenolik madde miktarlart M’de 760,66+17,61 mg
GAE/100g, K’da ise 835,66+£21,12 mg GAE/100g olarak
belirlenmistir (Cizelge 1).

Belviranh (2016) yilinda bes farkl1 lokasyondan topladig:
dikenli incir meyveleri iizerinde yaptig1 ¢alismada lokasyon
farkliliklar fenolik madde miktar iizerine istatiksel olarak
farkliliga neden olmadigi ve lokasyonlardan toplanan
meyvelerin toplam fenolik madde miktarninin sirastyla
Adana’da 824,07, Alanya’da 844,9, Anamur’ da 490,74,
Fethiye’de 932,87 ve Iskenderun’da ise 502,31 mg GAE /100
g oldugu bildirilmistir. Capar ve ark., (2023) yaptiklar
¢aligmada farkli yontemlerle kuruttuklart Opuntia ficus-indica
meyvelerinde fenolik madde miktarlarini 511,06 ile 704,06
mg GAE/100 g kuru agirlik olarak belirlemislerdir. Opuntia
tirleri lizerine yapilmis benzer g¢aligmada meyvelerdeki
toplam fenolik madde miktart 164,6 ila 218,8 mg GAE/100 g
arasinda hesaplanmistir (Fernandez-Lopez ve ark., 2010).
Ayrica Okur ve ark, (2019) yaptiklart c¢aligmada
meyvelerdeki toplam fenolik madde miktar1 363,20+0,02
GAE/100g olarak belirlemistir. Bu ¢alismada bulunan toplam
fenolik degerleri Belviranli (2016) ve Capar ve ark.,
(2023)’nin  bulduklart sonuglara benzerlik gosterirken,
Fernandez-Lopez ve ark., (2010) ve Okur ve ark., (2019)’nin

Cizelge 1. Toplam fenolik ve flavonoid madde miktarlari
Table 1. Total phenolic and flavonoid content

¢aligmalaridaki sonuglardan daha biiyiiktiir. Bu farkliliklarin
olusmasinda cografya, iklim, hasat gibi yetisme farkliliklari,
numunenin kuru ya da taze olmasimnmn etkisinin oldugu
diistiniilmektedir. Ciinkii bitkilerde bulunan fenolik yapilarin
birikimi ve Dbiyosentezi ¢esitli g¢evresel faktorlerden
etkilendigi bilinmektedir (Emami Bistgani ve ark., 2017;
Martin-Lara ve ark., 2018; Sharma ve ark., 2019).

Meyve ve kabuk 6rneklerindeki toplam flavonoid madde
miktart M’de 204,76+0,87 ng KE/g, K’da ise 222,00+4,35 pg
KE/g olarak bulunmustur (Tablo 1). Yeddes ve ark. (2013)
¢aligmalarinda dikenli incir kabuklarindaki flavonoid madde
miktarinin, meyve posasindakinden daha yiiksek oldugunu
belirtmektedirler. Calismada toplam flavonoid miktarinin
kabukta yiiksek ¢ikmast Yeddes ve ark., (2013) sonuglar ile
uyumludur. Turunggiller lizerinde yapilmis birgok ¢alismada
benzer sekilde kabuklardaki flavonoid madde miktarinin
meyvelere gore yiiksek oldugu bildirilmektedir (Guardia ve
ark., 2001; Giizel ve Akpmar, 2017). Farkh calismalarda
dikenli incir meyvelerindeki toplam flavonoid madde miktari
193,7+9,7 ug QE/g (Vasquez. 2017) ve 12,4+18.2 ug QE g!
(Franco-Vésquez ve ark., 2020) olarak verilmektedir. Bu
¢aligmada bulunan degerler arastirmacilarin degerlerinden
yiiksektir. Bu durumun olusmasinda numunelerin toplandigt
agacin, bolgenin, iklimin, bitki ekstraktinin elde edilme
seklinin ve ¢ozicli farkhihigimn etkisinin olabilecegi
diisiiniilmektedir (Pietrzak ve ark., 2017). Sonuglardan
bagimsiz olarak frenk incirinin kabuk kisimlarinda meyve
kisimlarna kiyasla daha fazla fenolik ve flavonoid madde
belirlenmistir. Ayrica her iki kisimda da flavonoid madde
miktarlar1 fenolik madde miktarindan fazladir. Bu sonug
literatiirdeki ¢aligmalarla uyumludur.

Meyve ve kabuk 6rneklerinin farkl konsantrasyondaki
(50, 100, 150, 200 pg/mL) DPPHe serbest radikal giderme
aktivitesi belirlenmis ve standart olarak BHT kullanilmigtir
(Sekil 2). Biitiin konsantrasyonlar da meyve ve kabuk %
inhibisyon degerleri BHT’den diisik bulunmustur.
Orneklerin en yiiksek konsantrasyon olan 200 [Jg/mL’de
radikal giderme aktiviteleri M’de %4,43+0,60, K’da
%5,14+0,27 olarak hesaplanmistir. Opuntia ficus-indica
tiiriinde yapilan bir ¢alismada firinda kurutulmus meyve
ekstraktinda % inhibisyon degeri %13,30 olarak
bildirilmistir (Capar ve ark., 2023)

ICsodegeri, DPPHe radikallerinin %50’sini temizlemek
icin gereken numune veya bilesigin konsantrasyonunu

temsil etmektedir. Calismada meyve ve kabuk
ekstraktlarinin 1Cso degerleri hesaplanmis ve Ornekler
arasinda farkliliklar anlamli  bulunmustur (P<0,05)

(Cizelge 2). BHT ye en yakin deger K’da tespit edilmistir.
ICso degerinin diisiik olmasi antioksidan aktivitenin daha
yiiksek olmasi anlamina gelmektedir. Ekstraklarinin
antioksidan aktivitesi BHT ile karsilastinldiginda, kabuk
ve meyve ekstraklarmin her ikiside BHT den oldukga
diistik aktiviteye sahiptir. Sonuglara gore kabuk
ekstraklarimin antioksidan kapasitesi meyveden daha
yiiksektir.

Gruplar Toplam Fenolik Madde Miktar1 (mg GAE/100g) Toplam Flavonoid Madde Miktart (ug KE/g)
M 760.66+17.61 204.76+0.87
K 835.66+21.12 222.00+4.35

*: M (Frenk inciri meyvesi), K (Frenk inciri meyve kabugu)
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Sekil 2. Numune ekstraklart ve BHT ’nin farkli konsantrasyonlarda DPPH- radikal giderme etkisi (M (Frenk inciri
meyvesi), K (Frenk inciri meyve kabugu), BHT (Biitil Hidroksitoluen)
Figure 2. DPPH* Radical Scavenging Effect of Sample Extracts and BHT at Different Concentrations (M (Prickly Pear
Fruit), K (Prickly Pear Fruit Peel), BHT (Butylated Hydroxytoluene)

Cizelge 2. ICso degerleri
Table 2. ICsy Values

Gruplar 1Cso (ug /ml)
BHT 104,83+1,56¢
M 3427,28+24,39*
K 1972,33+4,50°

*: Ayni harfle gosterilen ortalamalar arasindaki farklar P<0,05 diizeyinde 6nemsizdir; *: M (Frenk inciri meyvesi), K (Frenk inciri meyve kabugu),

BHT (Biitil Hidroksitoluen)

Cizelge 3. Cu?" - Cu" Azaltma Kapasitesi (CUPRAC) degerleri

Table 3. Ci" - Cu" Reduction Capacity (CUPRAC) Values

Gruplar CUPRAK (pg TE/mL)
M 40,93+1,46
K 80,11+£2,03
*: M (Frenk inciri meyvesi), K (Frenk inciri meyve kabugu)
Frenk inciri meyve ve kabugunun Cu?’- Cu” azaltma potansiyeline sahip oldugunu kesin olarak ortaya
kapasitesi (CUPRAC) sirasiyla M’de 40,93+1,46 pg  koymustur. Ozellikle kabuk ekstraktlarmin, meyve
TE/mL ve K’da 80,11+2,03 pg TE/mL olarak kismma kiyasla daha yiiksek biyoaktif bilesen

hesaplanmigtir (Cizelge 3). Benzer ¢aligmalarda dikenli
incir meyvelerinin Cu**- Cu* azaltma kapasitesi degerleri
297,97 mmol TE/100 g DW (Wang ve ark., 2024) ve
1421,82+139 pumol TE/L (Yaribeigi Darvishvand, 2020)
olarak ol¢iilmiistiir. Gouws ve ark. (2017) farkli kurutma
teknikleri kullanilarak dikenli incir meyvesi iizerinde
yaptiklar1 ¢alismada olusturulan gruplann Cu?'- Cu+
azaltma kapasitelerinin 3261+172,9 uM TE ve 27434+272,8
uM TE oldugu bildirilmistir.

Ulkemizde uzun yillardir kendiliginden yetisen ancak
tiketimi son yillarda popiiler hale gelen frenk incir
meyvesi ve bitkisi gida olarak tiiketilmesinin yaninda
sanayide hammadde olarak da kullanilmaktadir. Frenk
inciri; ¢ekirdek, kabuk ve meyve kismi olmak iizere iig
kisimdan olusmaktadir. Meyve agirhigimin  %3-7 si
cekirdekler, %36-48’1 kabuk ve %39-64’u ise meyve
etinden olusmaktadir (Al Juhaimi ve ark., 2020). Kabuk
miktarin yiiksek olmasi ve bu kismin meyve olarak
tiiketilme olanaginin olmamasi kabuklarin
degerlendirilmesinin son derece énemli oldugunu ortaya
koymaktadir.

Sonug¢
Aragtirma sonuglari, frenk incirinin hem meyve hem de

kabuk kisimlarin dikkat ¢ekici diizeyde fenolik ve
flavonoid bilesenleri igerdigini ve giiclii antioksidan

konsantrasyonu ve {istiin indirgeme kapasitesi sergiledigi
belirlenmistir. Bu bulgular 1s1§1inda, meyvenin besin olarak
tiiketiminin gilinliik antioksidan gereksinimini karsilamada
etkili bir kaynak olabilecegi, kabuklarmin ise gida
endiistrisinde  sentetik  antioksidanlara  dogal ve
stirdiiriilebilir bir alternatif sunabilecegi 6ngoriilmektedir.
Calisma, geleneksel tipta kullanilan bu degerli bitkinin
fitokimyasal profilini ve antioksidan kapasitesini bilimsel
verilerle destekleyerek literatiire nemli katki saglamigtir.
Bu sonuglar, frenk incirinin fonksiyonel gida bileseni ve
dogal antioksidan kaynagi olarak  potansiyelini
vurgulamakla birlikte, bu ¢ok ydnlil bitkinin daha genis
kullanim alanlarint kesfetmek igin ileri aragtirmalara
ihtiyag oldugunu gostermektedir.

Tesekkiir
Calismada  kullandigimiz ~ bitki  materyallerinin
teminindeki yardimlarindan dolayr saymn  Nevzat

ERGUN’e tesekkiir ederiz.
Beyan
Bu galisma 7. Uluslararas1 Anadolu Tarim, Gida, Cevre

ve Biyoloji Kongresi'nde (Kastamonu, TARGID 2024)
sunulmustur.
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The study aimed to evaluate the economic viability and profitability of cultivating improved tomato
varieties in Akure North and Ifedore Local Government Areas of Ondo State, Nigeria. Primary data
were collected through a well-structured questionnaire, with a sample size of 150 farmers selected
using snowball sampling through a multi-stage procedure. Data analysis involved descriptive
statistics, farm budgeting techniques, and multiple regression. Findings revealed that 36.7% of
farmers were within their active working age. Most farmers (71.3%) were female, and 73.3% were
married, with an average household size of seven. Around 40.7% of the farmers had higher
education (HND/B.Sc.), and 68.7% were members of farming associations. Economic analysis
indicated a total cost of N208,374.04 and a net income of N601,625.96, yielding a return on
investment (ROI) of 3.89, meaning N2.89 profit for every N1 invested. The study also highlighted
that farm size, farming experience, educational level, and agrochemical applications significantly
influenced tomato production. Challenges identified included unfavorable climate, theft, price
instability, poor seed supply, and inadequate capital. The study recommended government support
in providing subsidies and resources for farm expansion and better extension services to ensure a

steady supply of improved tomato varieties.
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Introduction

Tomato farming remains crucial for food security and
economic stability across many developing regions due to
its nutritional benefits and role in daily food consumption
(Li et al., 2020). However, challenges in productivity and
market stability persist, largely due to reliance on
traditional practices and local seed varieties that are often
low-yielding and susceptible to diseases (Kom et al.,
2022). Globally, malnutrition remains a significant issue.
Approximately 868 million people suffer from
undernourishment, while nearly two billion experience
health issues due to micronutrient deficiencies (Srivastav
et al.,, 2022). In Nigeria, rural communities bear the brunt
of these nutritional deficits, with tomatoes playing a pivotal
role in combating these problems while supporting the
rural economy. Again, approximately 90% of African
farmers still rely on local seed varieties, often of poor
quality, limiting yield and market value (Kom et al., 2022).
Therefore, the introduction of improved tomato varieties
offers a promising solution to increase yields, minimize
post-harvest losses, and stimulate the development of
processing and export industries, thereby contributing to
economic growth (Maruen & Pavel, 2021; Lopez-Sanchez
etal.,, 2021). In response, the adoption of improved tomato

This work is licensed under Creative Commons Attribution 4.0 International License

varieties and advanced agricultural technologies has
gained attention as a pathway to enhance yields and reduce
losses (Gatahi, 2020). Studies from various countries
underline the transformative effects of adopting such
technologies, though adoption rates and impacts vary
significantly based on farm size, socio-economic factors,
and geographic conditions (Afolami, 2001; Donkoh et al.,
2013; Gatahi, 2020; Adams et al., 2021).

Recent research also highlights a strong relationship
between farm size and the adoption of agricultural
innovations, including improved tomato varieties (Gatahi,
2020; Adams et al., 2021). Larger farms often have greater
access to financial resources, making it easier for them to
invest in high-quality seeds, fertilizers, and irrigation
systems (Fan & Rue, 2020). For instance, a study by
Awotide et al. (2016) in Nigeria found that farm size was a
significant predictor of technology adoption among
smallholder farmers, as larger farms typically generate
higher incomes and have greater access to credit. This
dynamic is emphasized in research conducted in Kenya,
where Muthini et al. (2023) observed that larger farms are
more likely to adopt improved tomato varieties due to
better financial resilience and risk tolerance, which smaller
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farms often lack. In contrast, smallholder farmers may face
challenges in adopting improved varieties due to limited
resources and a lack of access to agricultural extension
services (Derera & Gikera, 2020). These constraints hinder
the adoption of high-yielding, disease-resistant varieties,
leaving smaller farms reliant on traditional, low-
productivity varieties. Therefore, interventions that make
technology accessible and affordable to smallholder
farmers are essential for improving productivity at a
broader scale.

Adopting improved tomato varieties has proven to be
economically advantageous across various contexts
(Gatahi, 2020; Adams et al., 2021). A study by Tetteh
Anang et al. (2020) in Ghana demonstrated that the use of
improved seed varieties increased both yield and
profitability, significantly enhancing farmers’ incomes.
The research suggested that improved varieties not only
boost yield per hectare but also lead to better-quality
produce that can command higher prices in the market.
Also, in Ethiopia by Ali et al. (2023), where farmers using
improved tomato seeds saw a notable increase in their net
income due to the enhanced productivity and reduced costs
associated with disease management. Furthermore, studies
show that improved varieties contribute to market stability
by reducing the seasonal volatility that affects tomato
prices (Panno et al., 2021; Ali et al., 2023; Salazar et al.,
2023). Improved varieties often have a longer shelf life,
which extends market availability and reduces post-harvest
losses (Panno et al., 2021). A study in India by Shinde et
al. (2022) showed that with better storage and handling
techniques alongside improved varieties, farmers were able
to reduce wastage and maintain a steady supply to meet
demand even in off-peak seasons.

Despite the benefits, the adoption of improved tomato
varieties is limited by factors such as lack of access to
quality seeds, limited extension services, and financial
constraints (Balana & Oyeyemi, 2022). For instance,
Lopez-Sanchez et al. (2021) identified that the high cost of
improved seeds and the lack of financial support are critical
barriers in Latin American countries. These barriers are
also prevalent in African countries, where inadequate
infrastructure and limited extension services restrict
farmers’ ability to adopt new technologies. Similarly,
Maruen and Pavel (2021) highlight that institutional
support, such as government subsidies for improved seeds
and training programs for farmers, can be pivotal in
overcoming these barriers.

In Nigeria, tomato farming is a significant economic
activity, yet it faces productivity challenges due to the
limited adoption of improved technologies (Akinbola et al.,
2023). Previous studies (Abdulai et al., 2018; Bidzakin et
al., 2020; Akinbola et al., 2023) have emphasized the need
for improved seed varieties and modern farming practices
to address these challenges. The adoption of improved
tomato varieties could increase yields, reduce production
costs, and create opportunities for smallholder farmers to
participate in higher-value markets. Addressing these
barriers through targeted interventions could provide a
sustainable pathway for rural economic development and
improved food security. This study, therefore, seeks to
conduct an economic analysis of the production of
improved tomato varieties in Akure North and Ifedore
Local Government Areas of Ondo State. The specific

objectives include examining the socio-economic
characteristics of tomato farmers, determining the
profitability of improved tomato production, analyzing the
factors affecting production, and identifying the key
constraints faced by farmers.

Materials and Methods

This study was conducted in Akure North and Ifedore
Local Government Areas (LGAs) of Ondo State, Nigeria,
called the “Sunshine State.” Akure North LGA includes
five key groups: Iju, Ita-Ogbolu, Oba-Ile, Igoba, and
Ogbese. These communities are situated between latitudes
five®45” and 7°52°N, and longitudes four°20’ and 6°05’E,
with a populace of approximately 198,000. The vegetation
is predominantly rainforest, characterized by dense bushes
and grasses. Major monetary activities in Akure North
include fishing and the cultivation of food and tree crops,
which include cocoa, rubber, oil palm, and cashews.
Farming and trading are the principal occupations of
residents. Ifedore LGA, one of the 18 LGAs in Ondo State,
has its headquarters in Igbara-Oke and is bounded to the
north and east by Akure South LGA, to the south by Osun
State, and the west via Ekiti State. The place lies inside
longitude 4.89°E and latitude 6.89°N, overlaying
approximately 295 km?. According to the 2006 census,
Ifedore had a population of 176,327. The LGA consists of
essential cities with Igbara-Oke, Ijare, Ilara, Ipogun, Ibule,
Isarun, Erigi, and Obo. Primary data were gathered for this
research with a well-structured questionnaire. A multi-
stage sampling technique was implemented. In the first
stage, Akure North and Ifedore LGAs were purposively
selected because of the awareness of farmers growing
advanced tomato varieties. In the second stage, 5 groups
were randomly selected from every one of the 2 LGAs. In
the third stage, 15 tomato farmers were randomly selected
from every community through the use of a snowball
sampling technique, resulting in a total sample size of one
hundred fifty (150) respondents. Data were analyzed using
descriptive statistics, farm budgeting, and multiple
regression. Descriptive statistics, such as frequency and
percentage, were used to summarize the socio-economic
characteristics of respondents, along with age, gender,
marital popularity, and household size, as well as to pick
out demanding situations faced by farmers. The budgeting
method was used to determine the profitability of improved
tomato production.

Model Specification

Budgeting techniques involved the method of
calculating gross margin, profit, and Return on Investment
(ROI) of improved varieties of tomato production in the
study area. It is expressed as follows:

NR=TR-TC

Where:

NR = Net Revenue or Profit of Improved Varieties of
Tomatoes Enterprise

TR = Total Revenue of Improved varieties of Tomatoes
production

TC = Total Cost on Improved varieties of Tomatoes
production
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Return on Investment (ROI) = TR/TC

TC =Total Variable Cost (TVC)+Total Fixed Cost (TFC)
TR = Output (Q) x Per Unit Price (P)

Gross margin =TR - TC

The multiple regression analysis was used to identify
the factors affecting improved tomato variety production in
the study area. The regression model in implicit form is
given as:

Y= F(X1, Xz, X3, X4,X5 ...... U)

Where Y = Output of Improved varieties of Tomatoes
(Naira)

Xi= Farm Size (ha)

X,= Agro-Chemical (liter)

X3= Farming experience (years)

X4= Labor Cost (Naira)

Xs= Age of farmers (years)

Xe= Level of education (years)

Ur= Error term.

The following functional forms were estimated for the
production function and the one that best satisfies the
theoretical, statistical, and econometric criteria for a
production function was selected as lead equation. The
functional forms that were estimated were: Linear, semi-
log, double log, and exponential.

Explicitly, the models were expressed as follows:

Linear function:
Yi=bo+tb1 X + 02X + b3X3 + bsXys + bsXs + beXe + Ui

Semi-Log:
Yi= bO +b110gX1 + b210gX2 + b310gX3 + b410gX4 + bSlogXS
+ bGIOgXG + Ul

Exponentials:
Log Yi=botb: Xi+byX+b3X3+bsXs+bsXs+bs Xs+Ui

Double log
LOg Yi= bO +b110gX1 + bZIOgXZ + b310gX3 + b410gX4 +
bSlogXS + bGIOgXG + Ui

Results and Discussion

Socio-Economic Characteristics of the Respondents

Gender plays a significant role in agricultural activities,
with both men and women having specific responsibilities in
farm labor. However, women in agriculture often face unique
challenges, such as limited access to quality seeds, agricultural
extension services, and credit, which can affect productivity.
These roles vary by country and ecological zone. Studies in
similar contexts (e.g., Oparinde et al., 2023; Olutumise et al.,
2023) indicate that women may have less decision-making
authority and fewer resources, impacting their ability to adopt
improved farming techniques. The findings show that 28.7%
of the respondents were male, while 71.3% were female. This
suggests that tomato production in the study area is largely
female-dominated, likely because men are more involved in
cash crop farming, which is generally more lucrative. This
aligns with the findings of Ajibade et al. (2021), who noted

that some agricultural activities are more suited to one gender
than the other, with tomato production being more commonly
handled by women. The age distribution of the respondents
indicated that about 36.7% of farmers were between 31 and
40 years old, while 27.3% were aged 51 and above. This
suggests that most farmers are within their productive years,
which is expected to result in higher output. This finding is
consistent with Gbigbi (2021), who reported that most
Nigerian farmers fall within the productive age range. Table 1
reveals that 17.3% of the respondents were single, 73.3% were
married, and 9.3% were widowed. The high proportion of
married women actively engaged in tomato farming supports
Ajibade et al. (2021) findings, which suggest that married
women tend to focus more on their businesses to provide for
their families. The study also showed that 34.7% of
respondents had a household size of 1-5 members, while
55.3% had a household size of 6-10 members. Large
household size may provide a labor advantage, as suggested
by Adams et al. (2021), who found that larger households tend
to achieve higher profits in tomato production, helping them
meet basic family needs. The education level of the
respondents showed that 40.7% had an HND or B.Sc. degree,
while only 4% had no formal education. This indicates a
relatively high level of literacy among farmers, which could
facilitate the adoption of improved farming techniques and a
better understanding of agricultural inputs such as fertilizers
and chemicals. The majority (80.7%) of respondents
cultivated tomatoes on small plots of land, ranging from 1-5
plots (648 square meters per plot). Only 18.7% had farms of
6-10 plots. This suggests that most farmers operate on small
holdings due to limited financial resources, aligning with Fan
& Rue’s (2020) observation that farm size significantly affects
the amount of farm produce. The farming experience of
respondents indicated that 44.7% had been engaged in tomato
farming for 1-5 years, 32.7% for 6-10 years, and 22.7% for
over 11 years. Farmers with less experience are generally
more open to adopting new technologies, which can enhance
productivity and efficiency in tomato farming.

Improved Tomatoes Varieties in the Study Area

Table 2 reveals that 12.7% of the respondents were
involved in the production of cherry, 3.3% in beefsteak,
14.0% in grape, 11.3% in plum, 4.7% in patio, 0.7% in
Campari, and 1.3% in Brandywine tomato. Notably, the
largest group, accounting for 52.0% of respondents,
focused on UTC tomato production. This indicates that
UTC tomatoes are the most popular variety among growers
in the study area. The preference for UTC tomatoes may
stem from their high yield and their extended shelf life, as
they resist decay and souring for prolonged periods after
harvest. Additionally, UTC tomatoes are ideal for making
tomato paste due to their firm, fleshy texture, reddish hue
with yellow stripes, and low water content.

Costs and Returns

The costs associated with producing improved tomato
varieties included both fixed and variable expenses. Fixed
costs comprised spending on tools such as hoes, cutlasses,
knapsacks, wheelbarrows, and land rent. On the other hand,
variable costs covered labor, transportation, herbicides,
fertilizers, and seeds. In the study area, the average income
from improved tomato variety production was estimated at
N625,446.43.
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Table 1. Socio-economic Characteristics of the Respondents

Variable Frequency Percentage Mean
Gender
Male 43 28.7
Female 107 71.3
Marital Status
Single 26 17.3
Married 110 73.3
Widowed 14 9.3
Age
20-30 21 14.0
31-40 55 36.7 39.4
41-50 33 22.0
51-60 41 27.3
Educational Status
No formal 6 4.0
Primary 51 34.0
Secondary 20 13.3
HND/B.SC 61 40.7
Postgraduate 12 8.0
Household Size
1-5 52 34.7
6-10 83 553 6.9
11-15 15 10.0
Experience (years)
1-5 67 44.7
6-10 49 32.7 6.1
11 years and above 34 22.7
Farm Size (plots)
1-5 121 80.7
6-10 28 18.7 L.5
11-15 1 7

Source: Field Survey, 2023

Table 2. Popular Types of Improved Tomatoes Varieties in the Study Area

Tomatoes Frequency Percentage (%)

Cherry Tomatoes 19 12.7

Beefsteak tomatoes 5 33

Grape tomatoes 21 14.0

Plum tomatoes 17 11.3

Patio tomatoes 7 4.7

Campari tomatoes 1 v

Brandywine tomatoes 2 1.3

UTC 78 52.0

Source: field survey 2023

Table 3. Cost Structure and Returns of Improve Tomatoes Varieties Production

Items Average Percentage (%)
Fixed Cost Value in (N)
Land 13,333.33 11.5
Hoe 2,500 0.3
Cutlass 3,857.14 0.3
Knapsack 1,133.33 1.9
Wheelbarrow 2,146.67 2.0
Basket 850 0.3
Total Fixed Cost (TFC) 23,820.47 15.4
Labour
Planting, Harvesting, Weeding 30,125 17.5
Variable Cost
Transportation 75,000 24.5
Herbicides 16,071.43 10.5
Fertilizer 42.857.14 20.1
Seed 20,500 12.0
Total Variable Cost 184,553.57 84.6
Total cost TFC+TVC 208,374.04 100.0
Total Revenue= Qty*price 810,000
Gross Margin=TR-TVC 625,446.43
Net Farm Income NFI=(TR-TC) 601,625.96
Return on investment=TR/TC 3.89
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Table 4. Results Showing the Factors Affecting the Production of Improved Tomato Varieties Production

Variable Coefficient Standard error p-value
Constant 18.259 3.015 .009
farm size 0.391%* 0.015 .000
Agrochemicals 0.341%** 0.092 .005
farming experience 0.500%* 0.242 .040
labor cost -0.500 0.432 239
Age of farmers -0.206 0.406 .647
level of education 0.287%** 0.036 .000
R .949%

R square 0.9
Adjusted R square 0.867

Source: Data analysis, 2023

The total average variable cost amounted to N184,533.57,
while fixed costs totaled N23,820.47, with depreciation
calculated using the straight-line method. This resulted in an
average total cost of N208,374.04 and a net income of
N601,625.96. The return on investment (ROI) of 3.89
indicates that for every N1 invested in tomato production,
there is an additional income of N3.80k. This demonstrates
the profitability of tomato farming in the study area.

Factors that Affect the Production of Improved
Tomato Varieties in the Study Area

Table 4 presents the results of a regression analysis on
factors affecting the production of improved tomato
varieties in the study area. Based on the R-squared value,
F-ratio, and the number and signs of significant variables,
the double-log functional form was chosen as the lead
equation. The model’s constant is statistically significant
with a coefficient of 18.259 and a p-value of 0.009,
indicating the baseline level of production when all other
variables are held constant. Farm size is positively
correlated with tomato production, with a coefficient of
0.391 and a p-value of 0.014, suggesting that larger farm
sizes significantly contribute to higher production.
Similarly, the use of agrochemicals has a strong positive
effect on production, as indicated by a coefficient of 0.341
and a highly significant p-value of 0.005.

Farming experience also shows a positive impact on
production, with a coefficient of 0.500 and a p-value of
0.040, implying that farmers with more years of experience
tend to achieve better yields in tomato production.
However, labor costs and the age of farmers do not
significantly affect production, as reflected by their
respective p-values of 0.239 and 0.647, showing no
meaningful statistical relationship with production. It
means that a unit increase in man-day and age of the
farmers will cause a decrease in the output of tomato
production by 0.50% and 0.21%, respectively. The
probable reason for the insignificant labor variable in
affecting tomato production which may be due to the
predominant use of family labor or cooperative labor-
sharing among farmers, reducing reliance on paid labor.
This finding contrasts with studies in more labor-intensive
crops or commercial farming contexts, where labor costs
are often significant. For example, Akinbola et al. (2023),
Oladoyin et al. (2024) and Olubunmi-Ajayi et al. (2024)
observed labor as a crucial factor in larger, commercial
farms, while studies in similar smallholder settings often
show minimal impact of labor costs on production
outcomes. Educational level, however, plays a crucial role,

with a coefficient of 0.287 and a p-value of 0.000,
indicating that higher educational attainment significantly
boosts tomato production, likely due to better
understanding and adoption of improved farming
techniques. The model’s R-value of 0.949 suggests a very
strong correlation between the independent variables and
tomato production. The R-squared value of 0.949 means
that 94.9% of the variation in tomato production is
explained by the model, and the adjusted R-squared value
of 0.867 confirms the model’s high predictive power even
when adjusted for the number of predictors.

Constraint Militating Improved Tomato Variety
Production in The Study Area

Table 5 presents the various challenges faced by farmers
in the study area, which were identified and ranked based on
their significance. The findings indicate that the most
significant challenge was unfavorable climatic conditions,
followed by issues related to pilfering and theft. This suggests
that a more favorable climate would significantly improve
tomato production in the region. Tomato production in the
area is particularly challenged by environmental factors,
including high humidity and seasonal rainfall fluctuations,
which can promote fungal diseases and complicate pest
management. These climatic conditions can lead to increased
post-harvest losses and variable yields, especially in the
absence of adequate irrigation or pest control resources. Price
instability was ranked third, while the poor availability of
quality tomato seeds emerged as the fourth major constraint.
These results highlight the importance of access to improved
tomato seed varieties, which is critical for boosting crop
yields. As a recommendation, subsidized improved seed
varieties should be made accessible to farmers to enhance
production levels. Inadequate capital, largely due to
difficulties in accessing credit, was identified as the fifth most
pressing issue. Additionally, the lack of market information,
insufficient storage facilities, and the prevalence of pests and
diseases were ranked sixth, seventh, and eighth, respectively.

Conclusion

The study on tomato production in Akure North and
Ifedore Local Government Areas of Ondo State, Nigeria,
has demonstrated that cultivating improved tomato
varieties is a highly profitable enterprise. With a return on
investment (ROI) of 3.89 and a net farm income of
N601,625.96, the economic viability of tomato farming in
the region is evident.
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Table 5. Constraints militating improved varieties of tomatoes production

. Very serious Serious Mild Not at all
S/N Constraint F % T % F % F % Mean Rank
1 Unfavorable climatic condition 57 38,0 53 353 27 18.0 13 8.7 1.97 1
2 Incidence of pilfering and theft 61 40.7 49 320 26 17.3 14 9.3 1.95 2nd
3 Instability of price 62 413 53 353 25 16.7 10 6.7 1.89 3rd
4 Poor supply of tomato seeds 60 40.0 54 36.0 28 18.7 8 53 1.89 3rd
5 Inadequate capital 66 44 52 347 24 16.0 8 53 1.83 5t
6 Inadequate market information 71 473 48 320 21 14.0 10 6.7 1.80 6
7 Storage facility 77 513 44 293 19 12.7 10 6.7 1.75 7t
8 Incidence of pest and disease 77 513 50 333 11 7.3 12 8.0 1.72 gt
Source: Computed from Field survey, 2023.
Key factors contributing to increased tomato generalizability of the findings to broader populations.

production include farm size, use of agrochemicals,
farming experience, and educational level. However, the
study also highlighted significant challenges faced by
farmers, such as unfavorable climatic conditions, price
instability, inadequate capital, and poor access to quality
seeds. Based on the findings, the following
recommendations are proposed to improve tomato
production in the study area:

e The government should provide farmers with access
to affordable loans and grants to expand their farm
sizes, as farm size is a key determinant of output.

e  Efforts should be made by the government to ensure a
steady supply of improved tomato seeds at subsidized
rates, which would help increase productivity and
reduce reliance on low-quality local varieties. The
government can collaborate with private seed
companies and agricultural research institutions to
increase the production of high-quality, disease-
resistant tomato seeds.

e Given that unfavorable climatic conditions were
identified as a major challenge, farmers should be
trained by the extension workers on climate-resilient
agricultural practices to mitigate the effects of climate
variability.

e  Again, strengthening agricultural extension services is
crucial. These services should focus on educating
farmers about the latest agrochemical applications and
improved farming techniques, leveraging the
relatively high educational level among farmers.

e To address the challenges of price instability and post-
harvest losses, investments should be made in market
information systems and storage facilities. Investing in
market information systems and storage facilities offers a
dual benefit: it stabilizes prices and minimizes post-
harvest losses, directly increasing farmers’ incomes and
ensuring a steady food supply, while creating a profitable,
scalable opportunity that aligns with global sustainability
goals and reducing economic risks tied to market
volatility. This would help stabilize prices and extend the
shelf life of tomatoes, reducing wastage and increasing
profitability.

Limitation of the Study

The use of snowball sampling, while practical for
reaching tomato farmers in the study area, may introduce
sampling bias due to reliance on existing networks. This
could limit the diversity of the sample and affect the

Additionally, measurement errors could arise from self-
reported data, especially regarding production costs and
yields, as these rely on farmers’ recall and record-keeping
practices, which may vary.
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In this study, Bacillus subtilis natto was encapsulated in alginate, either coated with or mixed with
xanthan gum as a supplemental component. The encapsulated bacteria were then evaluated for their
survival in simulated gastric fluid (SGF) and simulated intestinal fluid (SIF). The results showed
that B. subtilis natto biomass had a thrombolytic ability compared to the control sample. The
viability of encapsulated B. subtilis natto was improved in which alginate 2.5% (w/v) had a high
encapsulation efficiency, and there was no difference between the samples with or without the
xanthan gum supplement. In the SGF and SIF tests, the viability of B. subtilis in samples
supplemented with xanthan gum was higher than in samples that contained only alginate.
Additionally, there was no significant difference in viability between the samples that mixed
xanthan gum with alginate and those that were coated with it. The results indicated that adding
xanthan gum is necessary to increase alginate's protective effect on B. subtilis natto.
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Introduction

Probiotics are strains of live bacteria introduced
directly into the human body through the oral route (food
in general and functional foods in particular) in a specific
dose to support health (C. Zhang et al., 2021). The
probiotic  microorganisms include  Bifidobacteria,
Lactobacillus  plantarum,  Lactobacillus  paracasei,
Bacillus subtilis natto, etc. Bacillus subtilis natto has
received much attention thanks to its outstanding ability to
produce Natokinase enzyme which can dissolve blood
clots and reduce cardiovascular disease (Wang et al., 2020;
Sumi et al.,, 1987). B. subtilis natto is a bacillus, gram-
positive, arbitrarily aerobic, has moving ability, is spore-
forming, and has been proven to be safe in experimental
studies on animals and humans (Hong et al., 2008; J. Zhang
et al., 2020). In addition, B. subtilis natto is known for its
ability to produce nattokinase, a protease containing 275
amino acids, which has been shown to have potent
fibrinolytic activity (Lampe & English., 2016). However,
although the B. subtilis natto viability in intestinal and
gastric fluid conditions which have pH 7.4 and 2.0
respectively and temperature at 37°C is strong, the
vegetative cells of the strain are susceptible to these
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environments (Hong et al., 2008). In the spore form, B.
subtilis mnatto has the ability to overcome adverse
conditions such as simulated gastrointestinal conditions.
However, the germination rate of these spores in the
gastrointestinal tract is very low only 8% (Hatanaka et al.,
2012). Therefore, protecting B. subtilis cells in a vegetative
form is essential to provide health benefits to the host.
Previous studies showed that encapsulation effectively
protects probiotic bacteria under adverse conditions such
as production process, storage, and simulated
gastrointestinal conditions. Many encapsulation techniques
and different wall materials have been studied, in which
extrusion compression is a simple and low-cost
encapsulation method, and the operating conditions are not
harsh to improve encapsulation performance (Frakolaki et
al., 2021). In addition, alginate is an edible biopolymer
derived primarily from brown seaweed and is a widely
used material in extrusion encapsulation due to its ability
to form gels in the presence of divalent cations. This
property enables the encapsulation of a wvariety of
substances (Raus et al.,, 2021). Alginate is also an
inexpensive and non-toxic biomaterial commonly used in
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extrusion encapsulation (Afzaal et al., 2019). The extrusion
technique with alginate as the primary wall material
significantly improved the viability of probiotic bacteria
under simulated gastrointestinal conditions (Afzaal et al.,
2019). However, due to the porous structure of the alginate
gel network, it facilitates the diffusion of H' ions, causing
cell death and reducing the encapsulation efficiency
(Chavarri et al., 2010; Vaziri et al., 2018). To limit this
issue, additional coatings such as chitosan, pectin, gelatin,
and xanthan gum were included to improve the alginate gel
structure network and enhance the viability of probiotic
bacteria (Chavarri et al., 2010; Khorshidi et al., 2021;
Vaziri et al., 2018). Xanthan gum is a natural material with
safe properties and application in a lot of fields such as
pharmaceutics, cosmetics, and food. Besides, xanthan gum
is unaffected by pH conditions, thermally stable, and
entirely biodegradable (Singhvi et al., 2019). These
properties could be a potential supplement to limit the
porous structure of the alginate gel network. This study
assessed the thrombolytic ability of a bacterial strain by
comparing the biomass and culture fluid to a control.
Additionally, the protective effectiveness of alginate, both
with and without the addition of xanthan gum, was
evaluated for its impact on the viability of B. subtilis in
simulated gastric fluid (SGF) and simulated intestinal fluid
(SIF).

Materials and Methods

Materials

B. subtilis natto strain was obtained from strain
collection of the Faculty of Food Science and Technology,
Ho Chi Minh City University of Industry and Trade. The
strain was cultured in nutrient broth for 20 hours. The
biomass after culture was collected by centrifugation and
continued to wash the biomass with 10 ml of saline water
twice. Then, the biomass was collected and suspended in
saline water. Alginate (Zhanghai et al.) and xanthan gum
(Himedia) Co., Ltd) were sterilized at 121°C for 15
minutes before use.

Test the Ability of Bacteria to Dissolve Thrombosis

The experiments were conducted following a previous
study (Prasad et al., 2006) with some modifications.
Briefly, 200 pl of pig blood (slaughter pig's blood was
stored at 4°C before use) and 400 pl of distilled water were
added into the Eppendorf tubes. The tube was then shaken
and let for 1 hour to allow the blood to clot. After
coagulating blood, the Eppendorf tube was added 100 pl of
fluid culture or biomass of B. subtilis, or saline water was
used as control samples. The Eppendorf tube was
incubated at 37°C, and the fibrinolytic ability was every
two hours of incubation.

Evaluation of the Effect of Carrier on Encapsulation
Performance B. Subtilis Natto

The encapsulated process by extrusion compression
technique was carried out according to Lieu et al. (2019)
with the following main steps: Alginate (2.5% w/v) with or
without xanthan gum 0.5% (w/v) (AX samples) or alginate
(2.5% w/v) (A samples) was mixed with B. subtilis natto.
The mixtures were then put into a piston, dripped into
CaCl; solution through a 0.5 mm needle, and incubated to

solidify completely. The inoculants were then collected,
and the A sample was further incubated in xanthan gum at
0.5% (w/v) (sample AXc) (by shaking machine at 100 rpm)
to form a xanthan gum coating at room temperature. The
encapsulation efficiency was calculated according to the
following formula (Lieu et al., 2019):

Z lOgCFUafter

=X 100%
Z lOgCFUbet’ore

Encapsulation yield (%) =

Effect of Simulated Gastrointestinal Conditions on
the Viability of B. Subtilis Natto Encapsulated

The viability of B. subtilis natto under simulated
digestive fluid conditions was carried out according to Lieu
etal. (2019). The simulated gastric fluid (SGF) (containing
9 g/l NaCl) was adjusted to pH 2 by SM HCI, and the
simulated intestinal fluid (SIF) (containing 9 g/l NaCl + 3
ml/l cow bile) was adjusted to pH 6.5 by SM NaOH.

1 gram of the sample was added to 99 ml of NaCl pH 2
(corrected with SM HCI) and incubated for 2 hours. Then,
1 ml of the SGF solution was transferred to the SIF
condition and incubated for 4 hours. The B. subtilis natto
in free cell form was used as control samples. The viability
of B. subtilis natto was determined by plating on a nutrient
agar medium.

Statistical Analysis

The experimental data were analyzed using one-way
ANOVA in IBM SPSS Statistics 25 software. The mean
was compared by Tukey's test at the 5% probability level
(p <0.05). The experiments were repeated three times, and
the results are represented as mean + standard deviation.

Results and discussion

The Ability of Bacteria to Dissolve Thrombosis

The thrombolytic ability of B. subtilis natto was shown
in Figure 1. The results obtained show that there was a
significant difference in the thrombolytic ability between
the three samples. The post-culture liquid and biomass of
B. subtilis natto showed significantly different hemolysis
compared with the distilled water control (Figure 1).

The thrombolytic ability of B. subtilis natto is one of the
significant properties of this strain (Prasad et al., 2006).
Previous studies have shown that B. subtilis natto cultures can
effectively dissolve thrombosis. Ju et al. (2019) showed B.
subtilis Subsp. natto WTCO16 isolated from the soil had a
thrombolytic ability (Ju et al., 2019). A study by Hong et al.
(2009) indicated that although neither of the reference strains
was haemolytic, all of the isolates exhibited either complete
or incomplete haemolysis. Interestingly, lecithinase activity
was also produced in some isolates, including Natto. The
production of lecithinase activity in some isolates, including
Bacillus subtilis natto, is reported in the reference for their
biochemical profiling. Haemolysis was evaluated by streaking
onto tryptose blood agar containing sheep's blood at 5% and
incubation for 24 h at 37 °C (Hong et al., 2009). Similarly,
Moharam et al. (2019) demonstrated that cultures of the B.
subtilis Egy strain could dissolve thrombosis (Moharam et al.,
2019). Additionally, Pinontoan et al. (2021) confirmed that
Bacillus subtilis G8 has powerful fibrinolytic activity and this
activity has variety thrombolytic enzymes joined (Pinontoan
et al., 2021).
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Figure 1. Dissolve thrombosis test.
The order of samples is as follows: Sample 1 is the culture fluid of
bacteria, sample 2 is distilled water, and sample 3 is the bacterial
biomass solution.
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Figure 2. Effect of the carrier on the encapsulation

efficiency Bacillus subtilis natto.
(A) alginate 2.5% (w/v); (AX) alginate 2.5% (w/v) with xanthan gum
0.5% (w/v); (Axc) alginate 2.5% (w/v) coated by xanthan gum 0.5%
(W/v)

These studies demonstrated that the fluid obtained after
the culture of B. subtilis natto contains the enzyme
nattokinase and has effective thrombolysis. The results
obtained from this study showed that, in addition to the
culture fluid obtained, the biomass of B. subtilis natto also
showed thrombolytic potential (Figure 1). This suggests
that maintaining the viability of B. subtilis natto is
necessary to enable them to exert their beneficial effects on
the host organism.

The Effect of Carrier on Encapsulation Performance
B. Subtilis Natto

The role of wall material in the viability of B. subtilis
natto was presented in Figure 2. The experiment compared
wall materials such as alginate and xanthan gum (mixing
or coating to alginate) for encapsulation efficiency. The
encapsulation efficiency of A, AX, and Axc was 94.85 +
1.92%; 94.22 + 1.55%; and 92.65 + 2.13% respectively.

During fermentation, B. subtilis natto produced
beneficial metabolic compounds (Hong et al., 2008).
However, B. subtilis (natto) can lead to an unique smell,
and an obvious stratification can appear in the fermented
mixed milk stored for a long time (Nie et al., 2017) which
is the cause of consumer pickiness. Therefore,
encapsulation of B. subtilis natto could reduce the
unexpected sensory property. A variety of wall materials
are commonly used in the encapsulation process and
alginate is used due to its safety, low cost, and high
efficiency (Afzaal et al., 2019). Alginate was commonly
used as wall material for extrusion and emulsion
techniques. The emulsion technique helps to produce
particles with a smaller size than the extrusion technique

(My Dong et al., 2020). However, particles obtained by the
extrusion technique are more straightforward, and the
composition does not contain oil, which is a component of
the preparation process by emulsification. Previous studies
showed that alginate wall material had high encapsulation
efficiency. Sohail et al. (2011) demonstrated that the
encapsulation efficiency of L. rhamnosus GG and L.
acidophilus NCFM was higher than 90% with alginate 2%
(w/v) (Sohail et al., 2011). Similarly, the encapsulation
efficiency of Bacillus subtilis SL-13 by alginate 2% (w/v)
was 90.92% (Tu et al., 2015). Despite high encapsulation
efficiency, the alginate structure is easily broken during
drying (Kusuktham et al, 2013). Therefore, the
combination of alginate with wall material has also
received much attention. The combination of alginate with
additional wall material has been reported in previous
studies. The encapsulation efficiency of L. plantarum
NCDC201 and L. casei NCDC297 in alginate-coated
alginate was 72.48% and 63.54%, respectively (Rather et
al., 2017). Singh et al. (2019) showed that the
encapsulation efficiency of Lactobacillus gastricus BTM7
in the mixture of skimmed milk powder and alginate was
over 75% and reached the highest in the ratio of 1:1
mixture of skimmed milk powder and alginate with an
efficiency of 94% (Singh et al., 2019).

Similarly, the encapsulation efficiency of two bacterial
strains, L. plantarum and L. rhamnosu, by alginate,
alginate - Skim milk mixture, and alginate - skim milk
coated with chitosan were higher than 94.54 + 0.03%
(Padhmavathi et al., 2021). In addition, the influence of the
concentration of wall materials on the ability to protect
bacteria has also been studied. The study by Mandal et al.
(2006) showed that the higher the alginate concentration,
the greater the viability of L. casei NCDC298 bacteria
(Mandal et al., 2006). The low concentration of alginate
wall material affected the shape of the shrink particles, and
the convex surface was not smooth after drying
(Kusuktham et al., 2013; Ramos et al., 2018). These effects
can make the particles easily broken or have high
permeability affected probiotic bacteria inside the
particles. The results obtained from this study showed that
alginate 2.5% (w/v) provided a high encapsulation
efficiency, and there was no difference between the
samples (Figure 2). This showed that adding xanthan gum,
either coated or combined, had no significant effect on the
encapsulation efficiency.

Effect of Simulated Gastrointestinal Conditions on
The Viability of B. Subtilis Natto Encapsulated

The viability of B. subtilis natto after two hours of
incubation under SGF and SIF conditions was presented in
Figure 3. Under SGF conditions, in samples containing
free cells, the density of B. subtilis natto decreased rapidly
from 9.21£0.19t0 6.78 £ 0.2 Log CFU/ml. In contrast, for
encapsulated bacteria, the reduction was significantly less
(p < 0.05). Specifically, the B. subtilis viability in A, AX,
and Axc samples was reduced from 9.35 + 0.11 to 7.41 +
0.14 Log CFU/ml; 9.33 £ 0.15 to 7.80 £ 0.13 Log CFU/ml,
and 9.15 £ 0.16 to 7.96 + 0.14 Log CFU/ml, respectively.

The viability of B. subtilis natto in free cell form was
significantly affected by the SIF medium (Figure 3). The
survival rate of B. subtilis was decreased by 4 Log CFU/ml
after incubation in simulated digestive fluid conditions and
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remained at 5. 58 Log CFU/ml. In the case of encapsulated
samples, the viability of encapsulated B. subtilis in A, AX,
and Axc samples was 6.25+ 0.18 Log CFU/ml, 6.91 +0.14
Log CFU/ml, and 6.96 £+ 0.2 Log CFU/ml respectively.
The fibrinolytic activity, health benefits of B. subtilis
natto depend on their enzyme production ability (Ju et al.,
2019; Nie et al., 2017). B. subtilis, in the form of spores,
gave the germination rate in the digestive fluid only 8%
(Hatanaka et al., 2012). In the spore state, all cellular
activity halts, and enzyme production ceases. Therefore, it
is essential to exist as vegetative cells. Previous studies
showed that B. subtilis was sensitive to low pH conditions,
leading to spore formation to protect them from the effects
of simulated digestive fluid. However, the spore counts
after 6 hours of surviving under the above conditions
reached about 74 + 1%, and the re-germination rate of
spores was not high, about 8%, leading to not bringing high
efficiency to the digestive system (Hatanaka et al., 2012).
The encapsulation technique showed a significant
improvement in the viability of the bacteria under SGF
conditions Zhang et al. (2021) showed that the survival rate
of encapsulated B. subtilis 04178 in the alginate-chitosan
mixture was 18.19% more effective than that of the
unencapsulated control under pH 2.5 conditions (Zhang et
al., 2021). Similarly, the protective effect of Lactobacillus
gastricus BTM7 in the mixture of skimmed milk powder
and alginate under the SGF condition was nearly 2 Log
CFU/ml higher than that of free-form bacterial cells (Singh
et al, 2019). A study by Rather et al. (2017) also
demonstrated that the viability of encapsulated L.
plantarum NCDC201 cells was 47.5% higher than that of
free bacteria at pH 2 for 2 hours (Rather et al., 2017).
Besides, the survival rate of encapsulated bacteria was 1.5
to 4 Log CFU/ml higher than free cell bacteria, as reported
by Xiao et al. (2020) and Shu et al. (2018) (Shu et al., 2018;
Xiao et al., 2020). Alginate is a widely used food additive
because of its proven safety and is also used to protect
probiotics from extreme conditions such as SGF, SIF, and
storage at 4°C (Chavarri et al., 2010; Vaziri et al., 2018).
However, the porous gel structure of alginate was affected
by low pH, high permeability, and low stability, reducing
the protective power of this material under low acid
conditions (Chavarri et al., 2010; Vaziri et al., 2018). The
supplement wall material helps to limit the porous structure
of the gel network of alginate, which improves the viability
of probiotic bacteria under low pH conditions.
Padhmavathi et al. (2021) indicated that a mixture of
alginate-skim milk wall material coated with chitosan
significantly improved the viability of probiotic bacteria
(Padhmavathi et al., 2021). Similarly, My et al. (2020)
suggested that the calcium-alginate coated with skim milk
showed higher L. acidophilus viability than the mixture of
calcium-alginate and skim milk or calcium-alginate alone
(My Dong et al., 2020). Xanthan gum is a suitable
complementary material with low pH stability thanks to its
rigid, helical structure and thermal stability (Singhvi et al.,
2019). Thanks to the addition of xanthan gum to the
alginate gel structure, the viability of the probiotics was
significantly enhanced (Khorshidi et al., 2021; Shu et al.,
2018). The present study showed that the viability of
encapsulated B. subtilis in alginate was significantly
improved compared with the control sample (Figure 3).
The B. subtilis viability in samples supplemented with

xanthan gum (AX and Axc samples) was higher than that
of the samples using only alginate (A sample), and there
was no significant difference between containing xanthan
gum mixing or coating (Figure 3).

11

10

©

Log (CFU/mI)

Initial After incubation SGF

Sample

After incubation SIF

@ Control #A - AX =Axc

Figure 3. Effect of SGF and SIF on the viability of

Bacillus subtilis natto.
The letters a, b, and ¢ represent significant differences between samples
(p <0.05)

Besides the SGF condition, the SIF condition also
affects probiotic bacteria. Previous studies showed that the
viability of encapsulated probiotic cells was significantly
higher than that of the free cell samples (Shu et al., 2018;
Singh et al., 2019; Xiao et al., 2020). Rather et al. (2017)
indicated that the viability of L. plantarum NCDC201 and
L. casei NCDC297 in encapsulated form was higher than
in free cell form at about 4 Log CFU/ml and 5 Log
CFU/ml, respectively (Rather et al., 2017).

A study by Padhmavathi et al. (2021) showed that the
mixed alginate-skim milk coated with chitosan remarkably
improved the viability of L. plantarum and L. rhamnosus
in SIF conditions (Padhmavathi et al., 2021). My et al.
(2020) suggested that the interference of skim milk with
the cross-linking of the calcium ions with alginate
degraded the particle structure and decreased the L.
acidophilus viability in simulated digestive fluid compared
to that of the mix of alginate- skim milk (My Dong et al.,
2020). Similarly, Padhmavathi et al. (2021) indicated that
skim milk was used for encapsulation and chitosan coating,
making the microspheres stronger than uncoated ones. In
this study, there was no significant difference in the
protective effect of AX and Axc, showing that in SIF
conditions, the protective effect of the two methods was the
same (Figure 3). These results indicated that the xanthan
gum concentration (0.5% w/v) was suitable for
encapsulation which did not interfere with the alginate
structure.

Conclusion

The results obtained from the study showed that B.
subtilis natto biomass had a thrombolytic ability compared
to the control sample. The survival rate of B. subtilis natto
was significantly affected under SGF and SIF conditions.
The wall material by alginate enhanced the B. subtilis natto
viability, and adding xanthan gum is necessary to increase
the protective effect of B. subtilis natto of alginate.
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The aim of this study was to compare the type traits of primiparous Holstein-Friesian (HF) and Red-
Holstein (RH) cows reared mixed in a private farm in Aydin province, Tiirkiye. In this study, 120
heads composed of HF and RH primiparous cows were used and the effects of breed, calving year
(2023, 2024) and calving age (<26 mo and >26 mo) on type traits were also investigated. Five non-
linear 100 score traits and 18 linear type traits were measured. The effect of breed on chest width
(P<0.01), body condition score (P<0.01), rear legs set angle (P<0.01), hock structure (P<0.05), rear
udder width (P<0.01), udder depth (P<0.01), central ligament (P<0.05), rear udder height (P<0.01),
fore teat length (P<0.05) and mammary acuity (P<0.01) were found statistically significant and the
overall mean scores for these traits were 5.32+0.13, 6.97+0.17, 4.83+0.09, 4.87+0.08, 5.04+0.09,
5.7440.09, 4.73+0.04, 5.37+0.08, 8.35+0.08, 5.38+0.08 and 7.32+0.17, respectively. Also, the
effect of calving year on body depth (P<0.01), udder depth (P<0.05) and rear teat placement
(P<0.05) and the effect of calving age on chest width (P<0.05), rear legs set angle (P<0.05) and rear
teat placement (P<0.05) were found statistically significant. For non-linear 100 scores, the breed
effects on dairy strength (P<0.01), foot & legs (P<0.05), udder (P<0.01) and total score (P<0.01)
were significant and the means were 82.30+0.17, 81.63%0.11, 83.98+0.09 and 83.03%0.07,
respectively. As a result, the significant breed effect found in some type traits showed that HF and
RH genotypes, which differ only in color genes, have been considered and reared as different breeds

since the 1950’s, causing significant differences in some type traits of these two genotypes.

a,a ndihokubwayofrederic2017@gmail.com

Introduction

The priority criteria given to the selection methods by
farmers have been changing within the time. Before, breeding
cattle were selected according to their coat colour, horniness,
body size, etc, and such features were used until the mid
1900’s when they began to focus on productivity criteria
(Kiinzi, 1994). Later on, those old selection practices have
been replaced by a type of selection based on measurable
characteristics of the animal’s body called type traits. Type
traits are then referred to as specific characteristics used to
measure the body conformation of the animal by scoring its
physical appearance, structure and functional abilities. The
type traits are also used in breeding programs for the selection
of healthier and more productive cows, that are able to
withstand a high production. The type traits constitute the
measurable external appearance that are generally transferred
to the offspring and their heritability indexes have already
been calculated. With the existence and using of type traits as
a selection tool, cows are no longer evaluated as good or bad
according to the targeted trait, but most of the body parts are
measured and scored and this method is also used to grade the

‘5‘ https://orcid.org/0000-0003-4491-4464
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bulls according to the traits of their daughters (Boettcher et al.,
1997; Giiler et al., 2020). In dairy cows, the type traits can be
taken as predictors of reproduction (Schneider et al., 2003),
milk production, longevity and culling of the cows
(Zavadilova & Stipkova, 2012), body weight (Veerkamp &
Brotherstone, 1997; Berry et al., 2004), health (Rogers et al.,
1991; Pryce et al., 1998; Juozaitiene et al., 2006) and fertility
(Pryce et al., 1998; Royal et al., 2002; Harris, 2015). The type
traits have also a relationship with profitability, herd life,
udder health, milk components and milk somatic cell count
(Gengler et al., 1997; Rogers et al., 1998).

Historically, the evaluation of cattle based on type traits
was thought for the first time in 1976 and the first linear
traits were implemented in 1979 (Vinson et al., 1982;
Lucas et al., 1984). In 1983, the Holstein Association
began to use the type traits in evaluating cows and the basic
standard for Holstein cows was installed in the year 1997.
In Tiirkiye, a group of 10 classifiers was trained in 1995
and the proper conformation recording was installed in
1999 and the results were published in the year 2000 by the
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Ministry of Agriculture and Forestry (Sahin, 2011). There
are various scoring methods that have been developed
especially for dairy cows. Funk & Hansen (1991) used 1 to
50 scores. The International Conformation Recording
Association (ICAR) developed a linear scoring method
utilizing 1 to 9 scores and this method has been taken as
scoring standard for linear type traits and was utilized in
this study. ICAR also developed a non-linear method using
100 scores that is subjective and the score depends mostly
on the precision of the classifier (ICAR, 2018) and this
method was also used in this study. In type traits scoring,
three composites are taken into consideration such as body,
feet and legs and udder composites. The ideal for dairy
cows is that their body must be strong, with a good stature,
wide rump and enough depth of the body. The legs’
structure must also be suitable and strong enough to
support the entire body and the udder must have a high
capacity to transform and produce more milk. The udder
must also be at a suitable height and depth to avoid being
vulnerable to mastitis. In most of the studies, body
composite traits were not given importance in most of the
studied effects (Wesseldijk, 2004; Ndihokubwayo & Kog,
2024) but feet and legs traits were given a little emphasis
while great importance was given to udder traits, which
directly gained a great use as a selection tool in most
breeding schemes (Wesseldijk, 2004).

The aims of this study were to compare the type traits
of primiparous Red-Holstein (RH) cattle, which have
attracted the attention of Turkish breeders in recent years,
and primiparous Holstein-Friesian (HF) cattle raised
together in a dairy cattle farm, as well as to determine the
effect of some environmental factors on these traits.

Materials and Methods
Classifier, Animal and Farm Materials

In this study, a total of 120 heads composed of mixed
HF (n=58) and RH (n=62) cows reared in a private farm

was used. The farm is located in Cincin village of Kogarli
county, Aydin province of Tiirkiye. All of the animals used
in this study were imported from Hungary in 2023 as
gestant heifers and all were in their first lactation. The cows
were born in 2021 and 2022 in Hungary and started calving
in 2023-2024 in Tiirkiye. The linear and non-linear scoring
was processed after 2 hours from the milking time and only
cows whose lactation period was between 30 and 150 days
were scored. In addition, all the scores were processed by
one expert and author who received a suitable training for
trait recording.

Methods

Linear Type traits

In this study, 18 traits were assessed for linear type
traits such as stature (ST), chest width (CW), body depth
(BD), rump angle (RA), rump width (RW), body condition
score (BCS), rear legs set angle (RLA), rear legs rear view
(RLV), hock structure (HS), foot angle (FA), fore udder
attachment (FUA), rear udder height (RUH), rear udder
width (RUW), central ligament (CL), udder depth (UD),
fore teat length (FTL), rear teat placement (RTP) and
mammary acuity (MA). The traits were scored using 1 to 9
scores as 1-3 for lower scores, 4-6 for intermediate scores and
7-9 for higher scores. According to the targeted trait, the lower
and higher scores may not be preferred for a suitable selection
and there is an ideal score for each trait. The detailed score
limits and ideal scores are presented in Table 1.

Non-linear 100 scoring method

The 100 scoring method was also used to determine the
overall score out of 100 for the dairy cows. This method is
subjective and is based on: dairy strength (DS, 15%), frame
(20%), foot and leg (FL, 25%) and udder (40%) all to form
atotal of 100 scores. ICAR (2018) established the variation
of the scores as follows: 50-74: Fair/Poor/Insufficient, 75-
79: Good, 80-84: Good plus, 85-89: Very good and 90-97:
Excellent.

Table 1. Score limits and ideal scores for the linear type traits (ICAR, 2018)

Traits Abbreviations 3 S(‘:‘(fges 79 Ideal scores
Stature (St) Lower Intermediate Higher 9
Chest width (CW) Narrow Intermediate Wide 9
Body depth (BD) Shallow Intermediate Deep 7
Rump angle (RA) High pins Intermediate Low pins 5
Rump width (RW) Narrow pins Intermediate Wide pins 7
Body condition score (BCS) Thin Intermediate Fat 5-6
Rear legs set angle (RLA) Straight Intermediate Sickled 5
Hock structure (HS) Coarse Intermediate Fine & thin 9
Rear legs rear view (RLV) Toes out Intermediate Bow-legged 8
Foot angle (FA) Low Intermediate Steep 7
Fore udder attachment (FUA) Loose Intermediate Strong 9
Rear udder height (RUH) Low Intermediate High 9
Rear udder width (RUW) Narrow Intermediate Wide 9
Central ligament (CL) Weak Intermediate Strong 7-8
Udder depth (UD) Deep Intermediate High 6
Fore teat length (FTL) Short Intermediate Long 4
Rear teat placement (RTP) Wide Intermediate Close 7
Mammary acuity (MA) Defect Intermediate Perfect 9
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Table 2. Least square means and standard errors of linear type traits scores.

Traits Breed X +Sx Calving YearX+Sx First Calving AgeX+Sx Overall X+Ssx
HF (n=58) RH (n=62) 2023 (n=70) 2024 (n=50) <26 mo (n=53) >26 mo (n=67) n=120
ST NS6.41+£0.18  6.79+0.15 NS6.57+0.14  6.63+0.19  NS6.62+0.16 6.58+0.14 6.66+0.10
CW *%6.05£0.24 4.61+0.20 NS5.14+0.19  5.53+0.25 *%4.99+0.22 5.68+0.18 5.32+0.13
BD NS5.41+£0.16 5.46+0.14 **5.81+0.14  5.05+0.18  NS5.25+0.15 5.61£0.15 5.52+0.09
RA NS6.25+0.30  7.27+0.26 NS6.88+0.14  7.04+0.31 NS6.88+0.27 7.04+0.23 6.97+0.17
RW [ NS4.13+0.13 4.50+0.12 NS4.33£0.11 4.33+£0.14  NS4.24+0.12 4.41+0.11 4.34+0.08
BCS | **4.48+0.15 5.11+£0.13 NS4.96+0.13  4.63+£0.16  NS4.86+0.14 4.73+0.12 4.83+0.09
RLV | **5.1840.14 4.584+0.12 NS4.87+0.11  4.89+0.15 NS4.89+0.13 4.87+0.11 4.87+0.08
RLA | NS6.47+0.18 6.21+0.16 NS6.47+0.15  6.22+0.19 *6.57+0.17 6.12+0.14 6.33+0.10
HS *5.30£0.16  4.81+0.14 NS5.02+0.13  5.09+0.17  NS5.07+0.15 5.04+0.13 5.04+0.09
FA NS4.21+0.10 4.23+0.09 NS4.32+0.08  4.14+0.11 NS4.27+0.09 4.19+0.08 4.24+0.06
FUA | NS4.51+0.14 4.66+0.12 NS4.51+0.12  4.67+0.15 NS4.60+0.13 4.58+0.11 4.58+0.08
RUW | *#6.04+0.16 5.42+0.14 NS5.80+£0.13 5.66+0.17  NS5.62+0.15 5.84+0.12 5.74+0.09
RUH [ **4.86+0.08 4.56+0.07  *4.84+0.06 4.58+0.08  NS4.73+0.07 4.69+0.06 4.73+0.04
CL *¥5.5940.13  5.1740.11 NS5.32+0.11  5.45+0.14  NS5.37+0.12 5.40+0.10 5.37+0.07
UD *8.61+0.14  8.11+0.12 NS8.35+0.12  8.37+0.15 NS8.36+0.13 8.36+0.11 8.35+0.08
RTP | NS5.70+0.29 6.27+0.29  *6.42+0.24 5.55+0.31 *5.61+0.27 6.36+0.23 6.11+0.17
FTL *5.64+0.14  5.18+0.12 NS5.31+0.11  5.51+0.15 NS5.47+0.13 5.34+0.11 5.38+0.08
MA *7.8940.31  6.75+0.26 NS7.23+0.25  7.52+0.32  NS7.43+0.28 7.31+0.24 7.32+0.17

NS: Not significant. **: Significant for P<0.01. *: Significant for P<0.05. ST: stature, CW: chest width, BD: body depth, RA: rump angle, RW: rump width,
BCS: body condition score, RLV: rear legs rear view, RLA: rear legs set angle, HS: hock structure, FA: foot angle, FUA: fore udder attachment, RUH: rear udder
height, RUW: rear udder width, CL: central ligament, UD: udder depth, RTP: rear teat placement, FTL.: fore teat length, MA: mammary acuity.

Statistical analysis
The following statistical model (1) was used to analyze
the data:

Yim=p +ai + b + crteu (1

Where:

Yiju: the observation of the traits; a;: the effect of breed
(i= HF and RH); b;. the effect of calving year (j= 2023,
2024; ci: the effect of first calving age (k= <26 months,
>26 months) and eju: the random error. The GLM
procedure of SAS (SAS, 2010) was used to analyse the data
and the differences between the least-square means of fixed
factor level were considered as statistically significant at
P<0.05 (2-tailed), based on Tukey’s adjustment type I error
rate.

Results and discussion

The least square means (LSM) and the standard errors
(SE) of linear and non-linear scores of the traits are
presented in Tables 2 and 3.

Linear Type Traits

The LSM, SE and the significance of the linear type
traits were summarized in Table 2. It was found that the
breed effects on CW (P<0.01), BCS (P<0.01), RLV
(P<0.01), HS (P<0.05), RUW (P<0.01), UD (P<0.01), CL
(P<0.05), RUH (P<0.01), FTL (P<0.05) and MA (P<0.01)
were found statistically significant and the overall mean
scores for these traits were 5.32+0.13, 4.83+0.09,
4.83+0.09, 4.87+0.08, 5.04+0.09, 5.74+0.09, 4.73+0.04,
5.37+0.08, 8.35+0.08, 5.38+£0.08 and 7.32+0.17,
respectively.

Considering the significant differences of breed scores,
the means for CW scores in HF (6.05+0.24) was bigger
than RH cows (4.61+£0.20) but, both scores were
intermediate even though the HF score was better and

promising, greater than the findings of Duru (2005) who
found 4.59 as mean score in HF. The HF score was also
bigger than 4.98+0.05 found by Cer¢i & Kog (2006) in HF
cows, also bigger than 5.5+0.1 found by Giiler at al. (2018)
in Brown-Swiss and 5.4+0.1 found by Giiler et al. (2020)
in Simmental cows even though the RH score was smaller
than these scores. The HF score was also bigger than 5.00
score found by Erkmen & Kul (2021) in HF, bigger than
5.79 found by Alig¢ (2007) in HF and less than 6.56 found
by Ermetin (2007) in HF, 6.83 by Marinov et al. (2015) in
HF, 7.13 by Akdag (2019) in HF and less than the mean
6.26 found by Ndihokubwayo & Kog (2024) in both HF
and RH dairy cows. As for the BCS, the mean score for HF
was 4.48+0.15 and 5.1140.13 for RH and both scores were
intermediate and the RH score was ideal (5-6) but, the HF
score was also almost ideal, good and may improve later
depending on the nutrition practices.

For the RLV scores in HF (5.18+0.14) and 4.58+0.12
in RH cows, both means are intermediate and almost ideal
(5), but the HF mean was bigger than 4.89 score found by
Duru (2005) in HF cows and both HF and RH means higher
than 4.10 score found by Alig (2007) in HF and smaller
than 6.08 found by Ermetin (2007) in HF cows. Also, the
mean score of the HS (5.30+0.16 in HF and 4.81£0.14 in
RH) were both intermediate and the HF score was higher
than 5.09+0.07 found by Cer¢i & Kog (2006) in HF cows.
As for the RUW, the mean score 6.04+0.16 in HF was
found higher than 5.42+0.14 in RH but both scores were
intermediate and good. Regarding the UD, even though
8.61£0.14 in HF was higher than 8.11+0.12 in RH, both
scores were higher, meaning deep udder and they are
suitable for dairy cows and these scores were found bigger
than all the means found by other researchers about the UD
trait. As for the RUH, the scores 4.86+0.08 in HF and
4.56=0.07 in RH were all intermediate and greater than
3.40 found by Akdag (2019) in HF and less than the means
found by Ali¢ (2007), Marinov et al. (2015), Duru (2005)
and Erkmen (2020).
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Table 3. Least square means and standard errors of non-linear 100 scores.

Factors n DS Frame FL Udder TS100

Breed * NS * * o

HF 58 83.07+0.30 83.05+0.24 81.97+0.19 84.23+0.15 83.32+0.13
RH 62 81.61+0.26 83.1340.21 81.27+0.16 83.71+0.13 82.71+0.11
Calving Year NS NS NS NS NS
2023 70 82.15+0.25 83.05+0.20 81.75+0.16 84.00+0.13 83.02+0.11
2024 50 82.54+0.32 83.13+0.26 81.49+0.20 83.94+0.16 83.00+0.14
First Calving Age NS NS NS NS *

<26 mo 53 82.23+0.27 82.83+0.22 81.59+0.17 83.83+0.14 82.84+0.12
>26 mo 67 82.46+0.24 83.36+0.19 81.65+0.15 84.12+0.12 83.1940.10
Overall 120  82.3040.17 83.1240.14 81.6340.11 83.98+0.09 83.03+0.07

NS: Not significant. **: Significant for P<0.01. *: Significant for P<0.05. DS: dairy strength, FL: feet and legs.

For the CL, 5.5940.13 in HF was found higher than
5.1740.11 in RH and the HF score was a little less than
Duru (2005) who found 5.39 in HF cows. For the FTL,
5.64+0.14 in HF was found higher than 5.18+0.12 in RH
and both scores were intermediate and more than ideal (4).
The RH score was similar to the one calculated by Gokge
(2011) and the HF score was greater than Cer¢i & Kog
(2006), Ermetin (2007), Marinov et al. (2015) and Erkmen
(2020) and less than 6.52 score found by Akdag (2019). As
far as the MA is concerned, 7.89+0.31 of HF was higher
than 6.75+0.26 in RH cows and both scores show a perfect
udder, fact that is suitable for the farmers.

Also, in this study, the effects of calving year on BD
(P<0.01) and RUH (P<0.05) and the first calving age on
CW (P<0.01), RLA (P<0.05) and both effects on RTP
(P<0.05) were found statistically significant. In this study,
the significant effect of first calving age on BD was also
found by Erdem et al. (2017) in their study aimed at
determining the changes in linear type trait scores in
Simmental cows.

Comments about Some Linear Type Traits

In conformation recording, the extreme (very small or
very high) scores are not preferable for most of the traits in
dairy cows (Table 1) and may be the cause of early culling
of cows from the herd, shortening the herd life. There are
also some scores that are ideal when they are higher. For
example, the wider chest means the high capacity of liver
and heart. The extremes for RLA (very straight or very
sickled legs) are not ideal because they limit the walking
capability and can cause the disability of the cow (Sahin,
2011). They can also cause foot and legs lesions (Kumlu,
2000; Cergi & Kog, 2006). Also, when the udder is higher,
it is great for lactating cows for mastitis resistance because
when the udder is deeper, it is closer to the ground and is
susceptible to catch mastitis. The intermediate scores that
are between 4 and 6 are good and the most of the scores
that were calculated in this study were intermediate and
good.

Non-linear 100 Scores

As a second method of conformation recording, the
non-linear 100 scores method was used and the LSM and
their SE were detailed in Table 3. In this study, the effects
of breed on DS (P<0.05), FL (P<0.05), udder (P<0.05) and
the TS (TS100 P<0.01) were found statistically significant
and their overall means were 82.30+0.17, 81.63+0.11,
83.98+0.09 and 83.03+0.07, respectively. Regarding the

breeds (HF and RH), only the effect of breed on frame was
not significant (P>0.05). The breed effect on some udder
traits was also found by Mazza et al. (2016) and
Ndihokubwayo & Kog¢ (2024) and they all advised that
more importance may be put on udder traits during
selection based on type traits. The fact of not finding the
frame difference between the HF and RH cows may be
explained that these two breeds differ only by colour genes,
have been taken as different breeds since the 1950’s and
until now they do not show a remarkable difference in body
traits. Other effects such as the calving year and the first
calving age were not found statistically significant unless
the first calving age on TS100 (P<0.05). Regarding the
breed effect of non-linear 100 scores, all the found scores
were greater than the findings of Duru (2005), Alig (2007),
Ermetin (2007) and Erkmen (2020) and were less than the
findings of Akdag (2019). Generally, all the mean scores
found for the non-linear method were good plus and
suitable for a dairy herd.

Prediction of the Future of the Dairy Cows According
to the Breed Effect

The CW mean score, which is higher in HF (6.05+0.24)
than RH (4.6140.20) cows, will make farmers choose them
than RH cows. As for the BCS, which is a little higher and
ideal in RH (5.1140.13) than HF (4.48+0.15) may change
within the time depending on nutrition practices and other
farm management factors and cannot help in deciding for
the future prediction of dairy cows. The HS is promising
for HF (5.3040.16) than RH (4.81+0.14) for the future but,
based on the current score difference, this should cause the
early culling of RH than HF cows. As for the RUW, RUH
and CL will continue to improve in both breeds as the
udder development increases with increased parities. The
UD scores for both HF (8.61+0.14) and RH (8.11+0.12) are
promising actually and the mastitis incidence in the herd is
reduced but, in the future, the UD score will decrease as the
parity increases and the high intensity of decrease is
generally seen in RH cows than HF. Berry et al. (2022) also
confirmed that some of the type traits may be altered within
the time, reason why some udder traits’ scores may vary
within the time. The FTL and MA for both HF and RH are
quite promising even in the future. As far as the non-linear
100 scores is concerned, all the significant traits (for breed)
were seen to be generally a little higher in HF cows than
RH and the TS100 (83.324+0.13 for HF and 82.71+0.11 for
RH) were both good plus and suitable for farming dairy
COWS.
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Conclusion

This study showed the importance of using type traits
as a tool for classifying dairy cattle. The significant breed
effect found in most of type traits showed that HF and RH
genotypes, which differ only in color genes, have been
considered and reared as different breeds since the 1950’s,
causing significant differences in some type traits of these
two genotypes. The extreme scores of type traits may cause
early culling of the cows, reducing herd life. The animals
used here were in their first lactation, the scores of most of
the traits will change as the parities will increase and it was
given a future prediction of the dairy cows in this herd.
Finally, the two methods used in this study showed
coincidences for the significance of the breed effect on
most of the type traits.
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Yield

The increasing cultivation of corn has led to a growing demand for plant nutrients. The present study
aimed to investigate the effects of applying plant residues and liquid animal manure as fertilizers on
corn plant growth. Therefore, it was aimed to investigate the effects of using plant residues and liquid
animal waste as fertilizer on corn plants. In the research, the characteristics of corn plant such as tassel
emergence time, plant height, first node diameter, stem thickness in the plant, number of leaves in the
plant, total leaves area above with cob leaf, cob length, thousand grain weight, and grain yield were
investigated. It was recorded that the examined characteristics that plant height, upper cob leaf area,
cob length, thousand grain weight, grain yield values of the corn plant showed statistically significant
differences in terms of agricultural plant waste, fertilizer applications, and agricultural plant waste x
fertilizer application interaction. It was determined that the diameter of the first internode according
to the agricultural plant residues, while the days to tassel emergence, stem thickness, and leaf number
were not affected by the applied factors. According to the research results, it was determined that
chickpea straw, which gave the highest results in terms of many features, can be used in corn
cultivation as agricultural plant waste in terms of organic agriculture. When the effects of liquid
animal waste and urea fertilizer on corn cultivation were examined, it was recorded that the 40 kg da-
! dose of nitrogen fertilizer gave higher values than the liquid animal waste doses.
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Tarimsal Atigin ve Azot Dozlarinin Misir Bitkisine Etkilerinin incelenmesi

MAKALE BILGISI
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Anahtar Kelimeler:
Misir

S1vi Hayvan Atig1
Bitki Atig1

Glibre

Verim

Misir tarimindaki artisa paralel olarak bitki besin elementlerine duyulan ihtiyac¢ da yiikselmektedir.
Bu caligmada, bitkisel atiklar ve sivi hayvan giibrelerinin misir bitkisinde giibre olarak
kullanilmasinin bitki gelisimi {izerindeki etkileri incelenmistir. Béliinmiis parseller deneme deseninde
yiiriitiilen calismada, tarimsal bitki atiklar1 olarak nohut, bugday samani ve kontrol grubu ana materyal
olarak kullamlmus, ikinci alt faktdr olarak ise kontrol grubu, sivi hayvan atig1 ve ire dozlar
uygulanarak misir bitkisi tizerindeki etkileri arastirilmistir. Arastirmada misir bitkisinin tepe piiskiilii
cikis siiresi, bitki boyu, ilk bogum c¢api, bitkide sap kalinligi, bitkide yaprak sayisi, kogan ve
yukarisindaki toplam yaprak alam, kogan uzunlugu, bin tane agirligi, ve tane verimi 6zellikleri
incelenmistir. Misir bitkisin incelenen 6zelliklerinden bitki boyu, kogan yukarisi yaprak alani, kogan
uzunlugu, bin tane agirlig1, tane tane verim degerleri, tarimsal bitki atig1, giibre uygulamalari, tarimsal
bitki atii x giibre uygulama interaksiyonunda istatistiki olarak &nemli farkliliklar gosterdigi
kaydedilmistir. Incelenen diger 6zelliklerden ilk bogum gap1 tarimsal bitki atiklarina gére istatistiki
olarak 6nemli farkliliklar gosterdigi, tepe piiskiil ¢cikis siiresi, sap kalinlig, bitkide yaprak sayisinin
ise uygulanan faktorlerden etkilenmedigi belirlenmistir. Arastirma sonucuna gore bir¢ok 6zellikler
bakimindan en yiiksek sonuglart veren nohut samaninin organik tarim agisindan tarimsal bitki atig1
olarak musir yetistiriciliginde kullamlabilirligi tespit edilmistir. S1v1 hayvansal atik ve iire giibresinin
ise musir yetistiriciligi iizerine etkisine bakildiginda, azot giibresinin 40 kg da’! dozunun, sivi
hayvansal atik dozlarina gore daha yiiksek degerler verdigi kaydedilmistir.
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Giris

Insanhik tarihi boyunca siiregelen tarim faaliyetleri,
medeniyetlerin ~ gelisimiyle  birlikte  ¢esitli  tarim
uygulamalarinin ortaya ¢ikmasma ve zamanla degismesine
neden olmustur. Arazi yapilarimn bozulmasi, kiiresel 1sinma,
gida giivenligi gibi sorunlar konvansiyonel tarimin uzun
vadede siirdiiriilebilir olmayacagim gostermistir (Gliessman,
2007). Bu nedenle, iiretim artistyla birlikte kaliteyi 6n planda
tutmayi ve uygun yetistirme tekniklerine firsat veren alternatif
yontemler 6nemlilik arz etmistir. Bu alternatif yontemlerden
bir tanesi ise uygun yetistirme tekniklerinin yam sira insan,
hayvan ve ¢evre saghgim da 6n planda tutan “organik tarim”
yontemidir. Arastirmalar, organik tarim kullaniminm;
biyolojik ¢esitliligi zenginlestirdigini (Hole ve ark., 2005),
toprak verimliligini arttirdigii  (Watson vd, 2002) ve
konvansiyonel tarimin olugturdugu zararli ¢evresel etkileri
azalttigim (Bengtsson, ve ark., 2005; Badgley, 2007)
gostermektedir. Organik tarim sistemlerinde, bitki ve sivi
hayvansal atiklarinin giibre olarak degerlendirilmesi, toprak
verimliligini artirmak ve siirdiiriilebilir bir tarim uygulamasi
gerceklestirmek  i¢in  siklikla tercih  edilen yontemler
arasindadir.

Mistr, ¢ok ¢esitli kullamm alanlarma sahip ¢ok yonlii bir
bitkidir. Misir, insan gidasi, hayvan yemi ve endiistriyel
amaglar i¢gin yetistirilir. Misir, insanlar i¢in 6nemli bir kalori
ve besin kaynagidir. Iyi bir karbonhidrat, lif, vitamin ve
mineral kaynagidir. Misir, ¢iftlik hayvanlar, kiimes
hayvanlant ve diger hayvanlar iyi bir enerji ve protein
kaynagidir (Uskutoglu ve Idikut, 2024). Insan ve hayvan
beslenmesinde kullamldig1 gibi endiistri alaninda da yogun
olarak kullanilan bir sicak iklim tahil bitkisidir. Tarimin
tamamen mekanize olmasi, bitkinin kisa siirede yetismesi,
diger {iriinlere gore daha yiiksek verim vermesinden dolay1
musir bitkisinin tarm tercih edilmektedir. Idikut ve Kara,
(2013) galismalarinda musirin besleyici degerinin yiiksek
oldugunu, tanesinde %50’den fazla oranda nisasta oldugunu
ve boylece iyi bir enerji kaynagi oldugunu belirtmislerdir.
Misir Tiirkiye’de hemen hemen biitiin bolgelerde farkli
kullannm amaglanyla yetistirilmektedir. ~ Yetistiriciligi
sirasinda ¢ok fazla bitki aksamint kisa siirede olusturdugu i¢in
topraktan fazla miktarda besin maddesi kaldirmaktadir. Bu
nedenle bu arastirmada ¢evre dostu iiretim yapilmast igin bitki
ve sivi hayvansal atiklarm kullamilmasiyla misirda tane
veriminin arttirilmasi amaglanmuistir.

Materyal ve Yontem

Aragtirma, Kahramanmaras Merkez il¢e ekolojik
kosullarnda 2019 yilinda Kahramanmaras Siitcii imam
Universitesi Ziraat Fakiiltesi’ne ait Tarla Bitkileri deneme
alaninda gergeklestirilmistir. Calismada “P 0729 adh ikinci
iriin musir ¢esidi kullanilmigtir. Deneme alani boliinmiis
parseller deneme desenine gore ii¢ tekerriirlii kurulmustur.
Ekimden 6nce deneme alam 8-10 cm derinlikte kiiltivator ile
stirtilmiistiir. Ana parseller, bitki atiklarindan bugday saman,
nohut samam ve kontrol olmak {izere ii¢ uygulamadan
olusmustur. Bitki materyali uygulamasinda nohut ve
bugdayin dekarda elde edilen bitki artigi miktart dikkate
alinarak uygulanmigtir. S6z konusu bitki artigi uygulamasinda
dekara 350 kg nohut saman1 ve 650 kg bugday samani serpilip
tirmikla karistirilarak tesviye edilip deneme alani ekime hazir
hale getirilmistir. Misir bitkisi, mibzerle 70x20 cm bitki
sikliginda ekilmistir. Ekim ile beraber damla sulama sistemi
kurularak sulama yapilmstir. Ekimle birlikte dekara 6 kg saf
fosfor giibresi uygulanmustir. Denemenin alt parseller
uygulamalarindan olan kontrol, sivi hayvan giibresi ve iire
dozlar1 uygulama sekli Cizelge 1’de verilmistir.

Alt parsellere uygulanan giibre dozlar1 boliinerek farkl
zamanlarda uygulanmistir. Giibre uygulama iglemi misir
bitkisi 50 cm boya ulasincaya kadar devam etmistir. Her
giibre uygulamasindan sonra damla sulama sistemi ile 6
saat siire ile bitkiler sulanmistir. Deneme toplamda 1’er
hafta arayla 9 kere sulanmigtir. Sulama islemi bitkilerin su
ihtiyact  dikkate alinarak uygulanmis ve kogan
yapraklarinin  kurumasma kadar stirdiirilmistir. Misir
bitkisi el capasi ve traktdr ¢apasi olmak iizere 2 kere
¢apalanmustir. Tarladaki bitki zararlilar1 dikkate alinarak
sap ve kogan kurdu igin insektisit kullanilmistir. Hasat
islemi i¢in tanenin nem miktar1 ve tanenin somaga
baglandigi nokta dikkate alinarak elle yapilmistir.

Denemenin yiiriitiildiigi donemde Kahramanmaras
ilinin iklim verileri Cizelge 2’de verilmistir (Anonim a,
2019). Arastirmada misir bitkisinin yetistirilmesinde ve
gelismesinde onemli etkiye sahip olan iklim ve toprak
0zeliklerinin yan1 sira bitki atiklar da kullamldigi i¢in bitki
atiklarinin ~ kimyasal yapisimn  da  Onemli etkisinin
oldugunu diisliniilerek nohut ve bugday samaninin
kimyasal bilesenlerinin analizleri de yapilmistir. Kimyasal
bilesen analizlerinin sonuglari ise Cizelge 3’de verilmistir.

Cizelge 1. Musir bitkisine farkli dozlardaki sivi hayvansal atik ve azot giibresinin uygulama sekli ve dozlari.
Table 1. Application methods and doses of different doses of liquid animal waste and nitrogen fertilizer to corn plants.

Ana Parsel Uygulamalari Alt Parsel Uygulamalar1
Sivi Sivi Ure Ure
Kontrol Kontrol Hayvansal Hayvansal 1. Doz 2. Doz
(0 kgda™) Atik 1. Doz Atik 2. Doz
0 kgda’! 1000 1t da’! 2000 It da’! 20 kg da’! 40 kg da’!
Sivi Sivi Ure Ure
Bugday Samani Kontrol Hayvansal Hayvansal 1. Doz 2. Doz
(650 kgda™) Atik 1. Doz Atik 2. Doz
0 kgda’! 1000 1t da’! 2000 It da’! 20 kg da’! 40 kg da’!
Sivi Sivi Ure Ure
Nohut Samani Kontrol Hayvansal Hayvansal 1. Doz 2. Doz
(350 kg da™) Atik 1. Doz Atik 2. Doz
0 kg da’! 1000 1t da™! 2000 1t da™! 20 kg da’! 40 kg da’!
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Cizelge 2. Denemenin yiiriitiildiigii 2019 yilinda Kahramanmaras iline ait iklim verileri.
Table 2. Climate data for Kahramanmarag province in 2019 when the experiment was conducted.

Aylar Ortalama Nispi Toplam Ortalama Maksimum Minimum
Nem (%) Yagis (mm) Sicaklik (°C) Sicaklik (°C) Sicaklik (°C)
Temmuz 47,2 0,1 28,4 38,9 18,9
Agustos 47,7 0,1 29,5 43,1 20,7
Eylil 41,2 1,5 26,3 37,9 14,7
Ekim 55,1 36,6 21,3 34,9 11,5
Kasim 56,2 39,1 13,5 25,5 5,0
Toplam - 77,4 - - -
Ortalama 49,48 - 23,8 36,06 14,16
Cizelge 3. Nohut ve bugday samaninin kimyasal bilesenlerinin analizleri.
Table 3. Analysis of chemical components of chickpea and wheat straw.
Analizler Nohut = Bugday Analiz Metodu
Samani  Samani
Toluen-aseton-etanol ¢oziiniirliigii (%) 7,395 5,679 (Anonim, 2007)
Holoseliiloz oran1 (%) 66,742 79,825 Wise’ nin klorit metodu (Wise, 1962)
Seliiloz orani (%) 39,228 52,937  Hoffer metodu (Kiirschner and Hoffer, 1969)
Lignin orani (%) 13,419 27,717 TAPPIT 222 om-88 (Anonim, 1992)
Kiil (%) 8,332 13,944  TAPPIT 211 om-85 (Anonim, 1992)

Cizelge 2’de, denemenin yapildigi 2019 yilina ait
Kahramanmaras ilinin iklim verileri verilmistir. Misirin
yetisme siiresine onemli etkisi olan Temmuz, Agustos ve
Eylill aylarinin nisbi nem bakimindan %50’nin altinda
oldugu ve toplam yagis miktarinin da ¢ok diisiik oldugu,
ortalama sicakligin, maksimum sicakligin ve minimum
sicakligin ise yliksek oldugu goriilmektedir.

Cizelge 3’de goriildiigii gibi kimyasal bilesen analiz
sonucuna gore toluen-aseton-etanol ¢oziliniirliigii nohut
samaninda (%7,395) bugday samanina (%5,679) gore daha
fazladir. Diger kimyasal bilesen analizlerine gore ise
bugday samani nohut samanina oranla daha yiiksek
degerlere sahip olmustur. Bugday samaninda lignin ve
seliiloz oraninin daha yiiksek ¢ikmasi bitki atiklarinin daha
sert olmasimi saglamaktadir. Deneme alanmin topragi,
ozellikle organik madde (%1,41) ve fosfor (5,78 ppm)
agisindan fakir, ancak potasyum (146,1 ppm) bakimindan
zengindir. Toprak yapist kumlu-killi, pH degeri hafif alkali
(7,53), kireg igerigi yiiksek (%4,02) ve tuz icerigi diigiik
(%0,11) olarak belirlenmistir. Toplam azot miktar
(%0,78) ise yiiksek bulunmustur (Anonim b, 2019).

Bitkinin gelisme donemleri izlenerek gozlem ve
olciimler yapilmistir. Tepe piskiilii ¢ikis siiresi (giin), bitki
boyu (cm), ilk bogum ¢ap1 (cm), bitkide sap kalinlig1 (cm),
bitkide yaprak sayisi (adet bitki?), kogan ve yukarisindaki
toplam yaprak alan1 (cm), kogan uzunlugu (cm), bin tane
agirhgr (gr) ve tane verimi (kg da') ozellikleri
incelenmistir. Incelenen ozelliklerin varyans analizi ve
ortalamalarinin  karsilastirilmasi  Jump Istatistik paket
programinda yapilmistir.

Bulgular ve Tartisma

Kahramanmaras kosullarinda yiiriitiilen bu caligmada,
nohut ve bugday saplarmin topraga karistinlmasiyla ekilen
musir bitkisine uygulanan farkli sivi hayvan giibresi ve azot
dozlarinin tepe puskiilii ¢ikis siiresine (giin), bitki boyuna
(cm), ilk bogum ¢apina (cm), etkileri Cizelge 4’de, bitkide sap
kalinligma (cm), bitkide yaprak sayisina (adet bitki™), kogan
ve yukarisindaki toplam yaprak alanmna (cm) etkileri Cizelge

5°de, kogan uzunluguna (cm) bin tane agirligina (g), ve tane
verimine (kg da™) etkileri ise Cizelge 6’da verilmistir.

Tepe piiskiilii ¢ikis siiresine tarimsal bitki atig1, giibre
ve tarimsal bitki atigi X giibre interaksiyonu
uygulamalarinin etkisinin istatistiksel olarak Onemsiz
oldugu goriilmiistiir. Tepe piiskiilii ¢ikis siiresi 37,00 ile
48,66 giin arasinda degismistir. Tepe piiskiilii ¢ikis siiresi
bakimindan erkencilik nohut samaninin uygulandigi sivi
hayvansal atigin 2. dozunda (37,00 giin), en gec tepe
puskiilii ¢ikis siiresi ise bugday samaninin kontrol (48,66
giin) uygulamasinda goriilmistiir (Cizelge 4.). Daha 6nce
yapilan ¢alismalarda Yilmaz (2024), Bursa ilinde ikinci
iiriin olarak yetistirilen musir bitkisinde ekim siklig1 ve
uygulanan azot giibre dozlarmin tepe piiskiilii ¢ikis siiresi
bakimindan istatistiki olarak 6énemli olmadigini belirterek
bizim bulgularimizi desteklemektedir. Cui ve ark. (2015),
misir gesitlerinde gdlgelemenin etkisi {izerine yaptiklar
arastirmada tepe piskiili ¢ikisinin 6nemsiz oldugunu
belirtmistir. Bazi arastirmalarda ise misira uygulanan
faktorlere gore tepe puskiilii ¢ikis siiresinin istatistiki
olarak onemli oldugu tespit edilmistir (Idikut ve Kara
(2013), Oktem ve Toprak (2013), Rah Khosravani ve ark.
(2017), Tas ve Oktem (2017), Yiirekli ve ark. (2021)).
Aragtirmalardan tepe piiskiilii ¢ikis siiresinin kullanilan
¢eside, ekim zamanina, musir tiirlerine, golgelemeye,
lokasyonlara, sulama kosullarina ve uygulanan giibre
faktorlerine gore degisiklik gosterebildigi anlagilmaktadir.
Yiriitiilen aragtirmada tek ¢esit kullanilmasi, denemenin
yuritildigi Temmuz ve Agustos aylarinda sicakliklarin
yiksek, nemin diisiik olmasi, tepe piskiilii olusumunu
hizlandirarak 6nemli farkliligin olusmasinin ortadan
kalmasina neden oldugu diistiniilmektedir.

Bitki boyunda tarimsal bitki atig1, giibre uygulamalari
ve tarimsal bitki atig1 x giibre interaksiyonu uygulamalari
istatistiki olarak (P<0,01) 6nemli farklilik olusturmustur.
Bugdayin bitki atig1 uygulamasinda misir bitkisinin bitki
boyunun 157,95 cm ile nohut ve kontrol uygulamasindan
daha diisiik oldugu kaydedilmistir. Farkli azot doz ve sivi
hayvan giibre uygulamasinda bitki boylar1 169,12-186,86
cm arasinda degisim gorilmiistiir.
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Cizelge 4. Bitki atiklariin, farkli dozdaki azot ve siv1 hayvan atig1 dozlarinin misir bitkisinin tepe piiskiilii ¢ikis siiresine
(glin), bitki boyuna (cm) ve ilk bogum ¢apina (cm) etkileri.

Table 4. Effects of plant wastes, different doses of nitrogen and liquid animal waste on the tassel emergence time (days),
plant height (cm) and first node diameter (cm) of corn plants.

TBAU/GU | Kontrol Nohut Bugday Giibre Doz Ort.
Tepe piskiilii ¢ikis siiresi (giin)
Kontrol 43,66+3,76 43,00+3,76 48,66+3,76 45,11+1,54
Ure 1. doz 46,33+3,76 42,66+3,76 47,00+3,76 45,33+1,54
Ure 2. doz 44,00+3,76 42,3343,76 47,3343,76 44,55+1,54
SHG 1. doz 43,00+3,76 44,33+3,76 47,66+3,76 45,00+1,54
SHG 2. doz 42,3343,76 37,00+3,76 46,33+3,76 41,88+1,54
Ortalama 43,86+1,14 41,86+1,14 47,40+1,14 44,37
Bitki boyu (cm)
Kontrol 176,46cd+4,44 190,30ab+4,44 153,60e+4,44 169,12¢+1,81
Ure 1. doz 183,46bc+4,44 194,13a+4,44 167,33e+4,44 186,31a+1,81
Ure 2. doz 194,26a+4,44 195,96a+4,44 170,36d+4,44 186,86a+1,81
SHG 1. doz 192,90ab+4,44 184,83bc+4,44 147,80e+4,44 175,17b+1,81
SHG 2. doz 193,53ab+4,44 174,03d+4,44 156,66e+4,44 172,74bc+1,81
Ortalama 187,32a+1,59 187,85a+1,59 157,95b+1,59 178,04
F Degeri TBAU: 119,27**  GU: 9,06*¥*, TBAUXGU: 7,70**
11k bogum cap1 (cm)
Kontrol 2,32+0,11 2,47+0,11 2,87+0,11 2,29+0,05
Ure 1. doz 2,38+0,11 2,47+0,11 2,21+0,11 2,35+0,05
Ure 2. doz 2,45+0,11 2,51+0,11 2,16+0,11 2,27+0,05
SHG 1. doz 2,21+0,11 2,34+0,11 2,03+0,11 2,19+0,05
SHG 2. doz 2,42+0,11 2,25+0,11 2,08+0,11 2,25+0,05
Ortalama 2,36a+0,57 2,41a+0,57 2,11b+0,57 2,29
F Degeri TBAU:7,75*

**: p<0,01, *: p<0,05, SHG: Siv1 hayvan giibresi, TBAU: Tarimsal bitki atik uygulamasi, GU: Giibre uygulamasi

Cizelge 5. Bitki atiklarinin, farkli dozdaki azot ve s1vi hayvan atig1 dozlarmin misir bitkisinin sap kalinligina (cm), yaprak
sayisina (adet bitki") ve kogan ve yukarisindaki toplam yaprak alanina (cm) etkileri.

Table 5. Effects of plant wastes, different doses of nitrogen and liquid animal waste on the stem thickness (cm), number
of leaves (plant™) and total leaf area on the cob and above (cm) of corn plants.

TBAU/GU | Kontrol Nohut Bugday Ortalama
Sap kalinlig1 (cm)
Kontrol 2,00 +0,11 1,97 0,11 1,76 +0,11 1,91 +£0,04
Ure 1. Doz 2,05 +0,11 1,93 +0,11 1,74 £ 0,11 1,91 +£0,04
Ure 2. Doz 1,96 +0,11 2,03 +0,11 1,81 £0,11 1,93 +£0,04
SHG 1. Doz 1,80 0,11 1,91 £0,11 1,43 £0,11 1,81 +£0,04
SHG 2. doz 1,97 0,11 1,79 0,11 1,75 0,11 1,83 +£0,04
Ortalama 1,96 £0,06 1,93 +£0,06 1,76 £0,06 1,88
Bitkide yaprak sayisi (adet bitki™")
Kontrol 11,00 +0,35 11,33 +0,35 11,07 +0,35 11,13 +£0,14
Ure 1. Doz 11,00 +0,35 11,93 +0,35 10,80 £0,35 11,24 +0,14
Ure 2. Doz 11,67 +0,35 11,73 £0,35 11,40 +0,35 11,60 £0,14
SHG 1. Doz 11,27 +0,35 11,13 +0,35 11,13 +0,35 11,17 £0,14
SHG 2. Doz 11,53 +0,35 10,93 +0,35 10,73 +0,35 11,07 £0,14
Ortalama 11,2940,13 11,41 +0,13 11,02 +0,13 11,24
Kogan ve yukarisindaki toplam yaprak alan (¢cm?)
Kontrol 2078,58+161,76 ® 2198,35 £161,76 © 1214, 08 £161,76° 1830,78 + 66,04 °
Ure 1. doz 2065,56 £161,76 © 2274,61 £161,76 © 1548,01 £161,76% 1962,72 + 66,04
Ure 2. doz 2331,51 £161,76 ® 2385, 18 £161,76 2 1483,56 +£161,76% 2066,78 + 66,04 *
SHG 1. doz 2347,04 £161,76 ® 1774, 07 161,76 < 1274,08 +161,76 © 1781,73 + 66,04 ¢
SHG 2. doz 2045,57 £161,76 * 1436,16 £161,76 1332,08 +161,76 © 1604,60 + 66,04 °
Ortalama 2173,67 +84,07° 2003,67 +84,07 * 1370,46 £84,07 ° 1849,27
F Degeri TBAU: 25,35%*, GU: 7,16**, TBAU x GU: 4,33**

**: p<0,01, SHG: S1v1 hayvan giibresi, TBAU: Tarimsal bitki atik uygulamasi, GU: Giibre uygulamasi

En yiiksek bitki boyunun azot doz uygulamalarindan
elde edildigi, kontrol ve hayvan sivi  giibre
uygulamalarindan 6nemli derecede farklilik olusturdugu
kaydedilmistir. Tarimsal bitki atig1 x giibre interaksiyonu
uygulamalarinda musir bitkisinin boyu 147,80 -195,96 cm
arasinda degismistir. En uzun bitki boyu nohut samanina

uygulanan tirenin 2. dozunda, kontrole uygulanan {irenin 2.
dozunda ve nohut samanina uygulanan iirenin 1. dozunda
(swrasiyla 195,96 cm, 19426 cm ve 194,13 cm)
gozlemlenirken, en kisa bitki boyu ise bugday samanina
uygulanan sivi hayvansal atigin 1. dozunda (147,80 cm)
goriilmiistiir (Cizelge 4.).
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Daha once yapilan ¢aligsmalarda Kan (2011), Konya
yoresinde misir yetistiriciliginde organik ve inorganik
giibre dozlarinin bitki boyu bakimindan degiskenlik
gosterdigini 1. yil 189,75-214,15 cm, 2. yil ise 188,50-
223,25 cm arasinda degistigini bildirmistir. Sing ve ark.
(2012), calismalarinda musir bitkisinde azot miktarinin
artmasi ile bitki boyunun arttigimi tespit etmislerdir.
Altunlu ve ark. (2019), mikrobiyal giibre uygulamalarinin
bitki boyunu olumlu etkiledigini belirterek bitki boyunu
150,1-174,0 cm arasinda degistigini  belirtmislerdir.
Cokkizgin ve ark. (2022) Kahramanmaras kosullarinda ii¢
farkli  organik (sigir, solucan, leonardit) giibre
uygulamasinda bitki boyunun 157,87-180,71 c¢cm arasinda
oldugunu kaydetmislerdir. Bapaimu ve ark. (2024),
galigmalarindan farkli dozlardaki (0, 20, 25 ve 30 ton ha™!)
inek giibresi uygulamasinda en yiiksek bitki boyunu 138
cm ile 30 ton ha'! giibre dozunda tespit etmistir. Nohut
samanindaki uygulamalarda, bugday samanina gore
yiksek  olmasmin  nedenin  nohut  samanindaki
¢Oziniirligiin bugday samanina gore yiiksek olmasindan
kaynaklandig diisiiniilmektedir. Cizelge 3’de veriler bu
durumu agiklamaktadir.

Ik bogum g¢apinda tarimsal bitki atig1 uygulamalar
istatistiki olarak (P<0,05) farkliliklar olustururken, giibre
ve tarimsal Dbitki atigi X giibre interaksiyonu
uygulamalarinin istatistiki olarak farkliliklar olusturmadigi
goriilmiistiir. Tarimsal bitki atig1 uygulamasinda en yiiksek
ilk bogum ¢ap1 nohut samani ve kontrol uygulamalarinda
(swrastyla 2,41 cm ve 2,36 cm) gozlemlenirken en diisiik ise
bugday saman (2.11 cm) uygulamasinda tespit edilmistir

(Cizelge 4.). Esfandiary ve ark. (2012), Iran’m yar1 kurak
kosullarinda musir gesitlerinde ilk bogum ¢apinin 19 ile 21
mm arasinda degistigini bildirmislerdir. Misir bitkisinde
ilk bogum ¢apinin kalinliginin topraktan aldig1 besinle ve
kok yayilimiyla ilgili oldugu bildirilmistir (Ngairangbam
ve ark., 2024).

Tarimsal bitki atig1, giibre, tarimsal bitki atig1 x giibre
interaksiyonu uygulamalarinda istatistiki olarak koganin
baglandigi sap kalinligt  bakimindan  farkliliklar
olugturmadig1 kaydedilmistir. Koganin baglandigi sap
kalinligi 1,43 — 2,05 cm arasinda degismistir (Cizelge 5.).
Daha once yapilan ¢alismalarda Grazia ve ark. (2003),
calismalarinda misir bitkisinde azot ve fosfor giibre
interaksiyonunun sap kalinligi bakimindan istatistiki
olarak &nemsiz oldugunu bildirmislerdir. Ozel ve Oktem
(2021), musir bitkisinde vermikompost uygulamasinin sap
kalinligr bakimindan istatistiki olarak 6nemli olmadigin
belirterek misirda sap kalmligini 22,12 ile 24,00 mm
arasinda deger aldigini tespit etmislerdir.

Tarimsal bitki ati1g1, giibre ve tarimsal bitki atig1 x giibre
interaksiyonu uygulamalarinda istatistiki olarak bitkide
yaprak sayisi bakimindan fark goriilmemistir. Bitkide
yaprak sayis1 10,73-11,93 adet bitki"'arasinda degismistir
(Cizelge 5.). Daha 6nce yapilan ¢alismalarda Budakli ve
Carpici (2009), misir bitkisinde farklt azot dozlarmin (0,
10, 20, 30 ve 40 kg da™!) yaprak sayisina etkisini inceledigi
calismasinda en az yaprak sayisimn dekara 0 kg azot
uygulamasinda, en fazla yaprak sayisinin ise dekara 30 ve
40 kg azot uygulamasinda elde etmistir.

Cizelge 6. Bitki atiklarinin, farkli dozdaki azot ve sivi hayvan atig1 dozlarmin musir bitkisinin kogan uzunluguna (cm),
bin tane agirligina (gr) ve tane verimine (kgda™) etkileri.
Table 6. Effects of plant wastes, different doses of nitrogen and liquid animal waste on cob length (cm), thousand grain

weight (gr) and grain yield (kgda!) of corn plants.

TBAU/GU | Kontrol Nohut Bugday Ortalama
Kocgan uzunlugu (cm
Kontrol 13,58 +0,58 ' 16,28 +0,58 ¢ 10,59 £0,58 13,49 £0,24 ©
Ure 1. doz 16,70 +0,58 ¢ 17,38 +0,58 ® 13,42 +0,58 ' 15,83 +0,24°
Ure 2. doz 18,59 +0,58 * 18,98 +0,58 * 14,06 +£0,58 °f 17,21 £0,24 2
SHG 1. doz 15,68 +£0,58 < 15,08 +£0,58 ¢ 11,32 +£0,58 It 14,02 £0,24 ©
SHG 2. doz 14,43 +0,58 <f 13,39 +0,58 ' 12,38 +0,58 & 13,40 £0,24 ©
Ortalama 15,80 +0,16 * 16,22 0,16 * 12,35 £0,16° 14,79
F Degeri TBAU: 183,90**, GU: 49,26**, TBAU x GU: 6,20**
Bin Tane Agirlig: (gr)
Kontrol 231,07 +£6,70 ¢ 246,70 +6,70 <* 229,06 +£6,70 ¢ 235,61 £2,74°¢
Ure 1. doz 245,72 6,70 % 261,19 +6,70 © 240,87 £6,70 °f¢ 249,26 £2,74°
Ure 2. doz 281,76 £6,70 * 289,21 +6,70 259,37 +£6,70 b 276,78 £2,74 *
SHG 1. doz 241,12 £6,70 °& 236,13 +6,70 f 246,00 £6,70 f 241,09 £2,74 ¢
SHG 2. doz 236,22 £6,70 ' 253,32 £6,70 >© 259,68 £6,70 b¢ 249,74 £2,74
Ortalama 247,18 £4,99 © 257,31 +4,99 ° 247,00 £4,99 © 250,50
F Degeri TBAU: 1,40**, GU: 33,47**, TBAU x GU:4,94**
Tane Verimi (kg da!
Kontrol 655,95 £66,77 % 774,17 £66,77 < 590,59 +66,77 © 673,57 £27,26
Ure 1. doz 750,92 £66,77 < 864,68 +66,77 * 681,79 £66,77 % 781,42 £27,26°
Ure 2. doz 1205,12 +66,77 * 991,25 £66,77 ® 756,85 £66,77 < 1068,79 +27,26*
SHG 1. doz 850,83 +66,77 ¢ 749,77 £66,77 < 576,82 +66,77 © 725,81 £27,26 ©
SHG 2. doz 825,31 £66,77 ¢ 606,16 +66,77 © 571,87 £66,77 © 667,78 £27,26 °
Ortalama 857,63 £31,46* 797,21 £31,46 ° 535,58 +31,46 ° 763,47
F Degeri TBAU: 13,31*, GU: 17,69**, TBAU x GU: 6,95**

**: p<0,01, *: p<0,05, SHG: Siv1 hayvan giibresi, TBAU: Tarimsal bitki atik uygulamasi, GU: Giibre uygulamas:
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Oztirk ve  Biiyiikgdz  (2021), bazi  musir
popiilasyonlarinda yaprak sayisimin 7,73 ile 13,38 adet
arasinda degistigini tespit etmislerdir. Maryani ve ark.
(2024), deterjan igeren camasir atiklarindan elde edilen
zeolitin -~ musir  bitkisindeki  etkisini  arastirdiklar
calismalarinda yetistiriciligin 5. ve 10. giinlerinde yaprak
sayisinin arttigin1 fakat 15. giinde besin elementlerinin
almamamasindan 6zellikle basta azot eksikliginden dolay1
yaprak sayisinda azalma oldugunu belirterek misir bitkisi
i¢in ihtiya¢ duyulan besin maddelerinin bitki gelisimi
bakimindan 6nemli oldugunu vurgulamislardir. Bapaimu
ve ark. (2024), ¢alismalarindan farkli dozlardaki (0, 20, 25
ve 30 ton ha') inek giibresi uygulamasinda en yiiksek
yaprak sayisimin 8,56 adet ile 25 ton ha! giibre dozunda
tespit etmistir. Misir bitkisinde yaprak sayisinda genetik
ozelligin etkisi yiiksek olmakla birlikte, ¢cok fazla stres
yaratict faktorlerin yaprak sayisim azaltict etkisini
olabilecegi bildirilmistir (Blancon ve ark., 2024).

Kogan ve yukarisindaki toplam yaprak alam degerleri
tarimsal bitki atig1, giibre dozlari, tarimsal bitki atig1 % giibre
interaksiyon uygulamalar1 bakimindan istatistiki olarak
(P<0,01) onemli farkliliklar goriilmemistir. Kogan ve
yukarisindaki toplam yaprak alan1 2173,67-1274,08 cm?
arasinda degismistir. Tarimsal bitki atig1 uygulamalarinda
kontrol ve nohut samanmin (sirastyla 2173,67, 2003,67 cm?)
bugday samanma (1370,46 cm?) gdre kogan ve
yukarisindaki toplam yaprak alani bakimindan yiiksek
oldugu gozlemlenmistir. Giibre uygulamalarina gore en
yiiksek kogan ve kogan yukarisi yaprak alani 2066,78 cm?
ile iirenin ikinci dozundan elde edildigi, iirenin birinci dozu
hari¢ diger giibre uygulamalarindan o6nemli derecede
farklilik olustugu kaydedilmistir. En diisiik kogan ve
yukarisi yaprak alan1 1604,60 cm? ile hayvan sivi atiginim
ikinci dozundan elde edildigi, hayvan sivi atiginin birinci
dozu hari¢ diger giibre uygulamalarindan 6nemli derecede
farklilik olustugu belirlenmistir. Tarimsal bitki atig1 x giibre
interaksiyonu uygulamalarinda en yiksek kogan ve
yukarisindaki toplam yaprak alam1 nohut samanina
uygulanan iirenin 2. dozunda (2385,18 cm?) gdzlemlenirken,
en diisiik kogan ve yukarisindaki toplam yaprak alan
bugday samani uygulamasinin kontrol, sivi hayvansal atigin
1. ve 2. dozlari (sirastyla 1214,08, 1274,08 ve 1332,08 cm?)
uygulamalarinda tespit edilmistir (Cizelge 5.). Daha dnce
yapilan c¢aligmalarda Thenveettil ve ark. (2024), musir
bitkisine uyguladiklar1 K giibresinin %0,7’den % 1.3’e
¢ikmasi yaprak alaninda artis sagladigim fakat daha fazla
artigin yaprak alammna etki etmedigini, K eksikliginde ise
yaprak alaninin 6nemli bir sekilde azaldigini bildirmislerdir.
Mutmainna (2024), misir bitkisine uygulanan organik giibre,
fosfat ¢oziicii madde ve organik giibre + fosfat ¢oziicii
maddenin yaprak alanina etkisini arastirdig ¢aligmasinda en
yiiksek yaprak alaninin 2000 cm? ile organik giibre + fosfat
¢oziicii maddede en diisiik yaprak alaninim ise 1200 cm? ile
kontrol uygulamasinda goriildiigiinii tespit etmistir.

Kogan uzunlugunda, tarimsal bitki atigi, giibre ve
tarimsal bitki atig1 x giibre interaksiyonu uygulamalarinin
istatistiki olarak (P<0,01) 6nemli farklilik olusturdugu
belirlenmistir. Tarimsal bitki atig1 uygulamalarinda nohut
samani ve kontrol uygulamasinin (sirasiyla 16,22 ve 15,80
cm) bugday samanina (12,35 cm) gore kogan uzunlugu
bakimindan yiiksek oldugu goézlemlenmistir. Giibre
uygulamasinda iire giibresinin 2. dozu en yiiksek kocan
uzunluguna (17,21 cm) sahip oldugu, onu ikinci sirada azot

dozunun birinci dozunun izledigi kendi aralarinda
istatistiksel ~ Onemli  farklibik  olustururken  diger
uygulamalardan da 6nemli derecede farklilik olusturdugu
kaydedilmistir. En diisiik kogan uzunlugu sirasiyla sivi
hayvansal atigin 2. dozu, kontrol ve sivi hayvansal atigin
1. dozunda (13,40, 13,49 ve 14,02 cm) gorilmiistiir.
Tarimsal bitki atig1 x giibre interaksiyonu uygulamalarinda
kocan uzunlugu 10,59-18,98 cm arasinda degistigi
kaydedilmistir. En yiiksek kogan uzunlugu nohut samanina
ve kontrole uygulanan iirenin 2. dozunda (sirasiyla 18,98
ve 18,59 cm) gozlemlenirken, en kisa kogan uzunlugu ise
bugday samanina uygulanan kontrol (10,59 cm)
uygulamasinda tespit edilmistir. (Cizelge 6.). Daha 6nce
yapilan ¢alismalarda Sarikurt ve Bengisu (2020),
calismalarinda Diyarbakir kosullarinda ikinci iiriin misir
¢esitlerinde kocan uzunlugunu 14,50-19,41 cm arasinda,
Yilmaz (2024), Bursa ilinde ikinci iiriin olarak yetistirilen
musir bitkisinde en yiiksek kogan uzunlugunu 30 kg da™!
uygulamasinda 19,2 cm, en diisiik kogan uzunlugunu ise
7,5 kgda™! uygulamasinda 16.1 cm olarak, Bapaimu ve ark.
(2024), farkli dozlardaki (0, 20, 25 ve 30 tonha') inek
giibresi uygulamasinda en yiiksek kogan uzunlugunu 19,56
cm ile 25 ton ha'! giibre dozunda tespit etmistir. Kogan
uzunlugu ¢esidin genetik 6zelligi olmasi yani sira, verimle
iliskili oldugu ve c¢evresel faktorlerden etkilendigi daha
onceki arastiricilarin  bulgularindan da anlagilmaktadir
(Kovacevic ve ark., 2024).

Bin tane agirligi bakimmdan giibre ve tarimsal bitki
atig1 x gilibre interaksiyonu uygulamalarinda istatistiki
olarak (P<0,01) oOnemli bulunmustur. Nohut samam
uygulamasinda misirin bin tane agirlig1 257,31 g ile kontrol
ve bugday samani uygulamasindan oOnemli derecede
farklillk olusturmustur. Kontrol ve bugday samam
uygulamasinda misirin bin tane agirhig ayni grupta yer
alarak nohut saman uygulamasindan daha diisiik degere
sahip oldugu gorilmiistir. Gilibre uygulamasinda iire
giibresinin 2. dozu en yiiksek bin tane agirligina (276,78
gr), kontrol ve siv1 hayvansal atigin 1. dozu ise en az bin
tane agirhigina (sirasiyla 235,61 ve 241,09 gr) sahip
olmustur. Tarmmsal bitki atigt x giibre interaksiyonu
uygulamalarinda bin tane agirhigi 229,06-289,21 gr
arasinda degistigi, en yiiksek bin tane agirligt nohut
samaninda ve kontroldeki azottun 2. dozunda (sirasiyla
289,21 ve 281,76 gr) gozlemlenirken, en az bin tane
agirhigl ise bugday samaninin kontroliinde ve kontrol
uygulamasinda (sirastyla 229,06 ve 231,07 gr) tespit
edilmistir. (Cizelge 6). Daha once yapilan ¢aligmalarda
Esfandiary ve ark. (2012), iran’in yar1 kurak kosullarinda
musir gesitlerinde bin tane agirhigmin 190 ile 224 g, idikut
ve ark. (2020), 17 adet hibrit misir ¢esitlerinde bin tane
agirhiginin 274,0 ile 383,9 g, Idikut ve ark (2021) yerel
patlak misir ¢esitleri bin tane agirliginin 128,79-181,06 g,
Yilmaz (2024), Bursa ilinde ikinci iiriin olarak yetistirilen
musir bitkisinde en yiiksek bin tane agirhgim 30 kg da™!
azot uygulamasinda 271,3 g, en disiik bin tane agirligim
ise 7,5 kg da! azot uygulamasinda 194,3 g olarak tespit
etmistir. Bin tane agirliginin ¢eside, yetistirildigi bolgeye
ve uygulanan faktorlere gore degistigi daha 6nce yapilan
calismalardan anlagilmaktadir. Yiriitiilen ¢alismada da bin
tane aguwhigimn uygulama faktorlerden etkilendigi
goriilmektedir. Bin tane agirligi genotiplerin veriminin
belirlenmesinde direkt etili olan faktorlerden biridir
(Reddy ve ark., 2022).
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Tarimsal bitki atig1 (P<0,05), giibre (P<0,01) ve
tarimsal bitki atigt x giibre interaksiyonu (P<0,01)
uygulamalarinin tane verimi {iizerine etkisi istatistiksel
olarak o6nemli bulunmustur. Tanmsal bitki atig1
uygulamalarinda kontrol ve nohut samani uygulamasinin
(sirastyla 857,63 ve 797,21 kg da') bugday samanina
(535,58 kgda!) gore tane verimi bakimindan yiiksek
oldugu gozlemlenmistir. Gilibre uygulamasinda {ire
giibresinin 2. dozu en yiiksek tane verimini (1068,79 kg da’
1 gergeklestirdigi, sivi hayvansal atigin 2. dozu, kontrol ve
stvi hayvansal atigin 1. dozu en diisiik tane verimine
(sirasiyla 667,78, 673,57 ve 725,81 kgda™!) sahip oldugu
kaydedilmistir. Interaksiyon uygulamasinda tane verimi
571,87-1205,12 kgda™! arasinda degismistir. Tarimsal bitki
atig1 x giibre interaksiyonu uygulamalarinda en yiiksek
tane verimi kontrole uygulanan iirenin 2. dozunda (1205,12
kgda!) gdzlemlenirken, en diisiik tane verimi ise bugday
samanina uygulanan sivi hayvansal atigin 2. dozunda, sivi
hayvansal atigin 1. dozunda ve kontrolde (sirasiyla 571,87,
576,82 ve 590,59 kgda™') goriilmiistiir (Cizelge 6.). Daha
once yapilan caligmalarda Pangaribuan ve ark. (2019),
lamtoro yapraklari, muz horgiicleri ve hindistan cevizi
liflerinden elde edilen bir 6ziit karisimindan elde edilen sivi
organik giibrenin tatli misir iizerinde inorganik giibre ve
25, 50, 75 ve 100 lha! siv1 organik dozlarinin verim
iizerine etkisini inceledikleri arastirmalarinda en yiiksek
verimin 17,81 ton ha' ile 100 lha'! siv1 organik giibre
dozunda oldugunu belirtmislerdir. Alp ve Koca (2020),
Aydin kosullarinda musir ¢esitlerinde yapmis olduklart
aragtirmada tane veriminin 1177,3 ile 1703,4 kg da’
arasinda degistigini bildirmislerdir. Dogan ve ark. (2020),
calismalarinda ikinci iiriin misir yetistiriciliginde 2 farkl
¢eside uygulanan ticari giibre, ¢iftlik giibresi, tavuk giibresi
ve solucan giibresinde en yiiksek tane veriminin ticari
giibrenin uygulandigi Dekalb 5401 ¢esidinde 1219,2 kg da
! olarak tespit etmislerdir. Yilmaz (2024), Bursa ilinde
ikinci Uiriin olarak yetistirilen misir bitkisinde en yiiksek
tane verimini 30 kg da! uygulamasinda 955,2 kgda!, en
diisiik tane verimi ise 7,5 kg da’! uygulamasinda 648,0 kg
da’! olarak tespit etmistir.

Sonuc¢

Iklim kosullari, su ve giibre temini musir bitkisi
yetistiriciligini  belirleyen temel unsurlardir. Misir
tariminda tarimsal atiklarin giibre olarak kullanimi, dogal
¢evrenin korunmasini saglarken, giibre harcamalarini da en
aza indirecektir. Bunedenle ikinci iiriin misir ekim Oncesi,
birinci {irlin olarak yetistirilen bugday ve nohut samamn
topraga karistirilmig, misir bitkisinin ¢ikisindan sonra da
farkli dozlarda hayvanin sivi atifi ve azot giibresi
uygulanmistir. Tarmmsal bitki atig1, glibre uygulamalari,
tarimsal bitki atig1 x giibre uygulama interaksiyonunda
misir bitkisin bitki boyu, kogan yukarisi yaprak alani,
kocan wuzunlugu, bin tane agirhigi, tane verimleri
istatistiksel olarak onemli farkliliklar gostermistir. Bitki
boyunda, ilk bogum c¢apinda, kocan ve yukarisindaki
toplam yaprak alaninda, kogan uzunlugunda ve bin tane
agirliginda nohut samani uygulamasindaki iire giibresinin
2. dozunda (40 kg da!), tane veriminde ise kontrole
uygulanan iire giibresinin 2. dozunda (40 kg da') en
yiiksek degerler elde edilmistir. Yiiriitiilen ¢alismada nohut
samaninin bugday samanina gore daha yliksek pozitif

etkide bulundugu belirlenmistir. Nohut samaninin seliiloz
ve lignin degerlerinin bugday samanina gore daha diisiik
olmasi ve organik tarim agisindan kullanilabilir oldugunu
gostermektedir. Farkli dozlardaki sivi hayvansal atik ve
azot dozlarmin etkisi bakimindan ise {ire giibresinin 2.
dozu (40 kg da!) misir yetistiriciligi bakimindan 6n plana
cikmustir.

Beyan
Bu galisma 7. Uluslararasi Anadolu Tarim, Gida, Cevre

ve Biyoloji Kongresi'nde (Kastamonu, TARGID 2024)
sunulmustur.

Etik Onay Belgesi

Calismamiz i¢in etik onay belgesine ihtiya¢ yoktur.
Yazar Katki Beyam

Yazarlar makaleye esit oranda katki saglamis

olduklarini beyan eder.

Cikar Catigsmasi
Yazarlar gikar ¢atismasi beyan etmemektedir.
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In this study, linear type traits of Simmental (SIM) cattle of Austrian and German origin, raised in a
disease-free private cattle farm with the capacity of 550 heads in Karacabey District of Bursa
Province, were evaluated. The overall average score of linear type traits for body structure, rump
height (RH), rump length (RL), rump angle (RA), rump width (RW), back length (BL), body depth
(BD), chest length (CL), muscularity (M); for udder structure, fore udder attachment (FUA), teat
length (TL), teat tickness (TT), front teat placement (FTP), fore udder length (FUL), rear udder length
(RUL), udder depth (UD), central ligament (CL), rear teat angle (RTA), rear teat attitude (RTA), rear
teat placement (RTP), rear udder height (RUH); for foot-leg structure, hock agularity (HA), hock
development (HD), hoof angle (HFA), hoof height (HH) and ankle angle (AA) were determined as
142.7340.207 cm, 43.66+0.164 cm, 5.13+0.039, 20.02+0.114, 85.15+0.384 cm, 75.31+0.194 cm,
5.76+0.033, 5.41+0.038, 5.23+0.055, 5.47+0.060 cm, 3.49+0.025 cm, 4.01+0.043, 5.44+0.043,
5.1140.041, 3.40+0.059, 4.66+0.066, 4.49+0.045, 4.62+0.048, 4.80+0.057, 5.60+0.049, 4.89+0.041,
4.944+0.050, 4.29+0.033, 4.31+0.32 cm and 5.57+0.035, respectively. As a result, it has been
determined that there are significant differences between the values reported in the literature for the
BD, UD, HA, HH and HFA traits of SIM breed and the averages obtained in this study, and these
differences are thought to result from the SIM genotype originating from Germany and Austria with
increased milk yield and the operating conditions.
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Bursa Ili Karacabey Iicesinde Ozel Bir isletmede Yetistirilen Simmental
(Fleckvieh) Irka Sigirlarin Dis Goriiniis Ozelliklerinin Degerlendirilmesi

MAKALE BILGISI

0z

Arastirma Makalesi

Gelis : 18.10.2024
Kabul  :02.12.2024

Anahtar Kelimeler:
Kombine verimli sigir
Dis goriiniis 6zellikleri
Beden yapis1
Ayak-bacak yapisi
Meme yapisi

Bu ¢alismada Bursa ili Karacabey ilgesinde hastaliklardan ari 550 bas sagmal kapasiteye sahip 6zel bir
isletmede yetistirilen Almanya ve Avusturya orijinli 494 bas Simmental (SIM) ki sigirm dis goriiniis
ozellikleri degerlendirilmistir. Dis gériiniis 6zelliklerinden beden yapisia ait Sagr1 yiiksekligi (SY), Sagr
uzunlugu (SU), Sagn egimi (SE), Sagn genisligi (SG), Omuz-bel uzunlugu (OBU), Beden derinligi (BD),
Gogiis genisligi (GG) ve Kashlik (K), meme yapisina ait On meme baglantist (OMB), On meme bas
uzunlugu (OMBU), On meme bas1 kalinlig1 (OBK), On meme bast yerlesimi (OMBY), Memenin énden
goriiniimii (MOG), Memenin baldirdan gériiniimii (MBG), Meme taban yiiksekligi (MTY), Meme merkez
bagi (MMB), Meme bast yonii (MBY), Arka meme basi pozisyonu (AMBP), Arka meme bast yerlesimi
(AMBY), Arka meme yiiksekligi (AMYU), ayak bacak yapisina ait olarak da Arka bacak agis1 (ABA), Diz
yapisi (DY), Tirnak agis1 (TA), Tirnak taban yiiksekligi (TTY) ve Bilek agis1 (BA¢) 6zelliklerine ait genel
ortalama puanlar sirastyla 142,734+0,207 cm, 43,66+0,164 cm, 5,13+0,039, 20,02+0,114 cm, 85,15+0,384
cm, 75,31+0,194 cm, 5,76+0,033, 5,4140,038, 5,23+0,055, 5,47+0,060 cm, 3,49+0,025 cm, 4,010,043,
5,44+0,043, 5,11+0,041, 3,40+0,059, 4,66+0,066, 4,49+0,045, 4,62+0,048, 4,80+0,057, 5,60+0,049,
4,89+0,041, 4,94+0,050, 4,29+0,033, 4,31+0,32 cm ve 5,57+0,035 olarak belirlenmistir. Sonug olarak, SIM
ki sigirlarin BD, MTY, ABA, TTY ve TA 6zelliklerine ait literatiirde bildirilen degerler ile bu ¢aligmada
elde edile ortalamalar arasinda 6nemli farkhliklar bulundugu belirlenmis, bu farklihklarin siit verimi
yiikseltilmis Almanya ve Avusturya orijinli SIM genotipinden ve isletme kosullarindan kaynaklandig:
diisiiniilmektedir.
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Giris

Siit sigireihiginda isletme karliligr agisindan en etkili
faktorlerin basinda sigirlarin yiiksek verimli ve uzun
omiirli olmasi gelmektedir. Sigirlarin yiiksek verimlerini
uzun siire devam ettirmeleri viicut yapilarinin da buna
olanak saglayacak d6zellikte olmasini zorunlu kilmaktadir.

Damizlik hayvanlarin secilmesinde Ol¢iilebilen verim
kayitlarinin yani sira dig goriiniis 6zellikleri de etkilidir ve
bu ozellikler birgok {iilkede 1slah programlarina dahil
edilmistir. Verim kayitlarinin tutulmadig isletmelerde ise
dis gorlinlis  Ozelliklerine gore damizlik segimi
yapilmaktadir (Sengoér, 1985). Damizlik sigirlarda dig
goriiniis Ozellikleri agisindan ideal tip karsilastirmasina
gidilmistir. Ideal tip belirlenitken bazi 6zelliklerin
tespitinde belirli dl¢iiler kullanilirken bazi 6zelliklerde ise
tecriibbeli ve egitimli uzmanlar tarafindan subjektif
degerlendirmeler yapilmaktadir (Kumlu ve ark., 2004).

Siit sigir1 rklarinin yaninda Simmental, Esmer gibi
kombine verimli sigir irklarinda da dis goriinlise gore
degerlendirmeler yapilmaya baglanmistir. Sigirlarda dis
goriiniise gore siiflandirmada meme yapisi, beden yapisi,
ayak-bacak yapisi, siit tipi formu g¢esitli agirlikla
hesaplanmaktadir (Tapki, 2001). Sigirlarda siit veriminin
arttirtlmast yoniinde yapilacak seleksiyon galigmalarinda
stit verimi ile iliskili olan gesitli 6zelliklerin, 6zellikle de
meme Ozelliklerinin  daha fazla o6nem kazandig:
belirtilmistir (Sen ve Sekerden, 1994).

Sig1r 1slahinda, isletmelerde sigirlarin verim 6zellikleri
ile dig goOriiniisii bir biitiinii olusturur. Bu nedenle
seleksiyonda verim ozelliklerine gore degerlendirilerek
damizliga ayrilan hayvanlarin dig goriiniis 6zelliklerinin de
uygun olmasi gerekmektedir (Sekerden ve Erdem, 1992).

Giinlimiizde iilkemiz ve diinya sigir popiilasyonunda
onemli bir yere sahip olan Simmental (SIM) ki sigirlarda dig
goriiniis Ozellikleri iizerinde de durulmaktadir. SIM ki
sigirlarda siit verim 6zelliklerinin gelistirilmesi amactyla bazi
iilkelerde uygulanan 1slah programlari olumlu sonuglar
vermis ve son yillarda siit sigirciliginda siit verimi
yiikseltilmis Avusturya ve Almanya kokenli SIM (Fleckvieh)
sigirlart ile sadece siit verim 6zellikleri agisindan degil aym
zamanda c¢esitli verim ozellikleri agisindan da Siyah-Alaca
(SA) ile rekabet edecek diizeye sahip olduklarmdan dolayi
yetistiriciler tarafindan tercih edilmektedir.

Siit ve kombine verim yonli sigirlarda meme
ozellikleri  isletme  karliligim1i  Onemli  diizeyde
etkilemektedir. Seleksiyon agisindan meme &zelliklerinin
bilinmesi; siit verimini, siit akis hizini, siit veriminin meme
loblarina dagilimi  hakkinda fikir veren ©6n meme
baglantisi, 6n meme orani/payl, sagima uygunluk
konusunda degerlendirilmesi gibi nedenlerinden dolay1
oldukga dnemlidir. Meme kusuru olarak memenin viicuda
baglanti noktasindaki zayiflik ve diger meme kusurlart
yiiksek verimin ihtiya¢ duydugu yogun aktiviteyi devam
ettiremeyecegi ihtimalinden dolayr sigirlarda ekonomik
omriin kisalmasi, mastitis gibi siit sigirciliginda ekonomik
acidan 6nemli meme hastaliklarina yakalanma risklerinin
artisina neden olacaktir (Tapki, 2001). Tim bu sebepler
g6z oniinde bulunduruldugunda siit veriminin arttirilmasi
yoniinde yapilacak seleksiyon ¢alismalarinda siit verimi ile
iligkili olan ¢esitli  Ozelliklerin, bilhassa meme
ozelliklerinin lizerinde durulmasinin 6nem kazandig: ifade
edilmistir (Sen ve Sekerden, 1994).

Diinya Simmental Fleckvieh Federasyonu (WSFF)
tarafindan SIM 1rki sigirlarda siniflandirmada kullanilmak
lizere beden yapist olarak; Sagr yiksekligi (SY), Sagri
uzunlugu (SU), Sagri egimi (SE), Sagr1 genisligi (SG),
Omuz-bel uzunlugu (OBU), Beden derinligi (BD), G6glis
genisligi (GG) ve Kashlik (K), meme yapist 6zellikleri
olarak; On meme baglantisi (OMB), On meme bas:
uzunlugu (OMBU), On meme bas1 kalinligi (OBK), On
meme bas1 yerlesimi (OMBY), Memenin énden gériiniimii
(MOG), Memenin baldirdan gériiniimii (MBG), Meme
taban yiiksekligi (MTY), Meme merkez bagi (MMB), Arka
meme bag1 yerlesimi (AMBY), Arka meme basi pozisyonu
(AMBP), Arka meme yiiksekligi (AMYU) ve Arka meme
bas1 yonii (MBY), ayak bacak yapisi 6zellikleri olarak da
Arka bacak agis1 (ABA), Diz yapis1 (DY), Tirnak agisi
(TA), Tirnak taban yiiksekligi (TTY) ve Bilek acgis1 (BAg)
degerlendirilmektedir (Anonim 2019).

Siit sigirlarmin ve Kombine verimli sigirlarin dogrusal
(linear) degerlendirilmesi yonteminde her bir 6zellik i¢in
1-9 arasinda puan verilmektedir. Bu puan, ele alinan
ozellik bakimindan hayvanmn iyi ya da koti olduguna
yonelik bir degerlendirme yapmaktan ¢ok o ozellik
bakimindan degerlendirilmesi anlamima gelmektedir
(Anonim, 2002). Buna karsin baz1 6zellikler dogrusal, bazi
ozellikler ise dl¢iilerek degerlendirilmektedir (Cizelge 1).

Bu c¢alismanin amaci, son yillarda yetistiriciler
tarafindan tercih edilen ve tilkemiz kosullarinda tizerinde
ozelliklerine yonelik fazla arastirma yapilmamis olan siit
verimi yiikseltilmis Avusturya ve Almanya kokenli SIM
sigirlarin dis goriiniis 6zelliklerinin belirlenmesidir.

Materyal ve Yontem

Bu arastirma Bursa Ili, Karacabey Ilgesi’nde, Bursa ili
Damizlik Sigir Yetistiricileri Birligi iiyesi olan ve
hastaliktan ari Avusturya ve Almanya orijinli SIM 1rki
sigirlar yetistiren 6zel bir isletmede yiiriitiilmiis ve toplam
494 bas sigir dis goriiniise gore degerlendirilmistir. Bu
isletmede barinakta otomatik suluk, otomatik hidrolik ve
zincirli giibre siyiricilar, kilit sistemli yemlik, yemlik yolu,
serinletici fanlar ve kauguk yataklik mevcuttur. Isletmede
yetistirilen sigirlar verim diizeylerine gore
gruplandirilmakta, ihtiyaclarina uygun miktarda ve sekilde
Toplam Karisim Rasyonu (TMR) sagimdan sonra giinde ii¢
defa verilerek beslenmektedir. Hayvanlardan beklenen
verimin aliabilmesi igin yiiksek protein igerikli keif
yemlerle beraber kaba yem olarak da agirlikli olarak misir
ve bugday silaji kullamlmaktadir. Isletmede sigirlarin
ayaklarinda siit ve dol verim kayitlarinin tutulmasi
amaciyla  sagimhaneye  senkronize  pedometreler
bulunmakta ve siirii takibi i¢in hayati 6neme sahip olan
veriler tutulmaktadir.

Ineklerin dis goriiniislerine gore siniflandiriimasi bu
makalenin  ilk  yazarnn  tarafindan  yapilmustir.
Siniflandirmaci, Tirkiye Damizlik Sigir Yetistiricileri
Merkez Birligi’nin SA ve Esmer irki sigirlarda dig
goriiniise gore siniflandirma kurslarina katilmig, 2021-
2023 yillart arasinda degisik zamanlarda isletmeyi ziyaret
ederek  SIM 1k ineklerin  smiflandirmasin
gerceklestirmistir.
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Cizelge 1. Simmental 1rk1 sigirlarda dis goriiniis 6zelliklerinin puanlanmast
Table 1. Characteristics of linear type traits of Simmental cattle

Dis Goriiniis Yapist Ozellikler En Diisiik:1 En yiiksek:9
Meme merkez bagi (MMB) Cok zayif Cok giiglii
Meme taban yiiksekligi (MTY) Cok algak Cok yiiksek
Arka Meme bas1 yonii (MBY) Disa dogru Ige dogru
Arka meme yiiksekligi (AMYU) Cok algak Cok yiiksek
Arka meme basi pozisyonu (AMBP) Cok acgik Cok bitisik
Arka meme bag1 yerlesimi (AMBY) Cok acgik Cok bitisik
Meme Yapist Memenin baldirdan goriiniimii (MBG) Daha dar Daha genis
Memenin énden goriiniimii (MOG) Daha dar Daha genis
On meme bas1 yerlesimi (OMBY) Lobun disina dogru ~ Lobun igine dogru
On meme baglantis1 (OMB) Cok zayif Cok giiglii
On meme bas1 kalinligi (OBK) 1 cm 7 cm
On meme bas1 uzunlugu (OMBU) 2cm 11 cm
Tirnak agis1 (TA) Dar agili Dik agili
Diz yapis1 (DY) Cok kaba Cok kuru
Ayak/Bacak Yapisi | Bilek agis1 (BAg) Dar ag1l1 Dik agil1
Arka bacak agis1 (ABA) Dizlere ¢ok yakin Paralel
Tirnak taban yiiksekligi TTY 1 cm 5cm
Kasllik (K) Icbiikey Digbiikey
Gogiis genisligi (GG) Cok dar Cok genis
Sagri egimi (SE) Yiikselen Algalan
Sagri yiiksekligi (SY) 120 cm 170 cm
Beden Yapist Sagn uzunlugu (SU) 30 cm 69 cm
Sagr genisligi (SG) 16 cm 31 cm
Omuz-bel uzunlugu (OBU) 70 cm 99 cm
Beden derinligi (BD) 70 cm 99 cm

Dogrusal tanimlamada Diinya Simmental Fleckvieh
Federasyonu (WSFF)’'nun belirledigi o6zellikler ve
standartlar dikkate alinarak 25 6zellikten 17’si 1-9 arasinda
puanlama yapilarak degerlendirilmis, SY, SU, SG, OBU,
BD, OMBU, OBK ve TTY cm biriminden 6l¢ii bastonu,
kumpas/cetvel araciligryla Olgiilmistir (Kumlu, 1999;
Sahin & Ozcan, 2003). Dig goriiniise gore smiflandirma,
hayvanlarin dogumlarim takip eden ilk 30.-150. giinleri
arasinda yapilmus, dis goriiniis 6zellikleri konusunda gesitli
ozellikler agisindan kusurlu ya da meme problemi, topallik
gibi farkli sebeplerden dolay1 saglikli olmayan hayvanlar
siniflandirilmamustir. Siniflandirtlan ozellikler
incelenirken o 6zelligin en ideal seklinden uzakligina bagh
olarak puanlama yapilmis ve sadece incelenen ozellige
odaklanilmistir.

Laktasyon siralar1 bakimindan 5 farkli laktasyon sirasi
dikkate almmis, 5 ve Tlzerindeki laktasyonlar 5’inci
laktasyon grubuna dahil edilmistir. Buzagilama yili olarak
2020, 2021 ve 2022 yil olarak ii¢ yil mevcut olup, 2023
yilinda buzagilayan hayvan sayist az oldugundan bu
yildaki hayvanlar 2022 yilina dahil edilmistir. Buzagilama
mevsimi olarak Mart-Mayis aylar1 birinci (ilkbahar),
Haziran-Agustos aylan ikinci (yaz), Eyliil-Kasim aylar
iiclincli (sonbahar) ve Aralik-Subat aylar1 dordiincii (kis)
mevsim grubu olmak tizere dort mevsim grubu dikkate
almmustir.

Verilerin analizi: Elde edilen verilerin analizinde SAS
9.4 paket programindan yararlanilmis olup, kullanilan
istatistik model asagidaki gibidir:

Yiju = ¢ + BY; +BMj+LNiteju

Yiu= i Buzagilama yilindaki. ;. buzagilama
mevsimindeki, &. laktasyon sirasindaki, /. inege
ait degeri,

1 = populasyonun beklenen ortalamast,

BY; = i. buzagilama yilinin etkisini (i=2020, 2021 ve

2022 yillary),

BM; = j. buzagilama mevsiminin etkisini (j=1
(ilkbahar), 2 (yaz), 3 (sonbahar) ve 4 (kis)
mevsimi),

LN; £. laktasyon sirasinin etkisini (k= 1, 2, 3, 4 ve 5+),
eik; normal dagilim gosteren hata etkisini ifade
etmektedir.

Bulgular ve Tartisma

SIM 1rkt sigirlarin dis goriiniis 6zelliklerinin laktasyon
sirasl, buzagilama mevsimi ve buzagilama yillarina ait
ortalamalart ve ¢oklu karsilagtirma testi sonuglart Cizelge
2, Cizelge 3 ve Cizelge 4’te verilmigtir. Laktasyon sirasi
etkisi beden yapist 6zelliklerinden SY, BD, GG ve K igin
onemliyken (P<0,05), SU, SE, SG ve OBU ozellikleri igin
onemsizdir (P>0,05). Diger taraftan, buzagilama yili etkisi
SE disindaki diger tiim beden yapis1 6zellikleri i¢in 6nemli
(P<0,05) bulunurken, buzagilama mevsimi etkisi tim
beden yapist 6zellikleri i¢in dnemsizdir (P>0,05).
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Cizelge 2. SIM 1rki sigirlarda beden yapisina ait dis goriiniis 6zelliklerinin sabit etkili faktorlere gore en kiigiik kareler
ortalamalari, genel ortalamalari, standart hatalar1 ve ¢oklu karsilastirma testi sonuglari

Table 2. Least square means, general means, standard errors and multiple comparison test results according to fixed
effect factors of body structure in SIM cattle

SY SU SG OBU BD
F n (cm) (cm) SE (cm) (cm) (cm) GG K
XiS? XiS? XiS? XiS? XiS? XiS? XiS? XiS?

LS % OD OD OD OD % o *
1 52 138,95+0,668* 43,69+0,530 5,06+0,127 19,93+0,370 83,45+1,242 72,40+0,623* 5,14+0,105* 5,24+0,123%
2 66  141,82+0,605% 43,97+0,480 5,02+0,115 20,64+0,335 84,47+1,124 73,52+0,567* 5,39+0,095* 5,16+0,1112
3 112 143,54+0,458 44,39+0,364 5,11+0,087 20,21+0,254 86,91+0,852 76,92+0,430° 5,85+0,072> 5,36+0,084%
4 141 142,52+0,438" 43,32+0,348 5,13+0,083 19,89+0,242 85,01+0,814 76,57+0,411° 5,92+0,069* 5,560,080
5+ 123 143,32+0,524" 43,65+0,416 5,32+0,100 20,25+0,290 85,54+0,975 75,78+0,492> 6,05+0,083> 5,73+0,096°
BY * sk OD * sk * * *
2020 |108  140,54+0,063* 44,65+0,500* 5,07+0,119 20,86+0,346* 86,66+1,163* 75,34+0,587% 5,86+0,099* 5,67+0,115°
2021 211 142,16+0,037% 44,57+0,290* 5,080,069 20,47+0,202* 87,31+0,678* 75,44+0,342* 5,70+0,058* 5,28+0,067°
2022 |175 143,40+0,417° 41,19+0,331® 5,23+0,079 19,224+0,231° 80,26+0,775° 73,74+0,391° 5,43+0,066° 5,28+0,073°
BM OD OD OD OD OD OD OD OD
1 65 44,13+0,596  5,22+0,143 20,49+0,415 86,10+1,396 75,59+0,705 5,66+0,118 5,57+0,014 44,13+0,596
2 124 43,55+0,376 5,200,090 19,91+0,262 83,79+0,881 73,09+0,445 5,60+0,075 5,49+0,087 43,55+0,376
3 179  43,46+0,290  5,09+0,070 19,91+0,202 84,79+0,678 75,34+0,343 5,68+0,058 5,36+0,067 43,46+0,290
4 126  44,09+0,337  5,00+£0,081 20,42+0,235 85,63+0,789 74,3340,398 5,74+0,067 5,28+0,078 44,09+0,337
GO 494  43,66+0,164 5,13+0,039 20,02+0,114 85,15+0,384 75,31+0,194 5,76+0,033 5,41+0,038 43,66+0,164

F: Faktor; LS: Laktasyon Sirasi; BY: Buzagilama Y1li; BM: Buzagilama Mevsimi; GO: Genel ortalama; SY: sagr yiiksekligi, SU: sagri uzunlugu, SE:
sagr1 egimi,SG: sagr1 genisligi, OBU: omuz bel uzunlugu, BD: beden derinligi, GG: gégiis genisligi, K:kaslilik, OD: 6nemli degil. *: P<0,05’e gore
onemli, **: P<0,01’e gore 6nemli, a,b,c: ayni1 harfi tastyan gruplar arasindaki fark énemsizdir.

SIM ki sigirlarin beden yapisina ait 6zelliklerden
SY’ye ait genel ortalama 142,7340,207 cm, SU’ya ait
genel ortalama 43,66+0,164 cm, SG’ye ait genel ortalama
20,02+0,114 cm, OBU’ya ait genel ortalama 85,15+0,384
cm, BD’ye ait genel ortalama 75,31+£0,194 cm olarak
Olciilmiis, SE’ye ait genel ortalama 5,13+0,039, GG’ye ait
genel ortalama 5,76+0,033 ve K’ye ait genel ortalama ise
5,41+0,038 olarak belirlenmistir.

Laktasyon siras1 etkisi OMB, OMBU, MOG, MTY,
MMB ve AMYU ozellikleri i¢in 6nemliyken (P<0,05),
OBK, OMBY, MBY, AMBP ve AMBY 6zellikleri icin
onemsizdir (P>0,05). Buzagilama yilinin etkisi meme
ozelliklerinden MOG, MBY, MTY, MMB ve AMYU
ozellikleri i¢in 6nemli (P<0,05), OMB, OMBU, OBK,
OMBY, MBY, AMBP ve AMBY ozellikleri icin
onemsizdir (P>0,05). Buzagilama mevsiminin etkisi ise
OBM, MOG, MBG ve DY oézellikleri icin onemli
(P<0,05), diger ozellikler igin 6nemsizdir (P>0,05). Meme
ozelliklerinden OMB, OMBU, OBK, OMBY, MOG,
MBG, MTY, MMB, MBY, AMBP, AMBY ve AMYU
ozelliklerine ait genel ortalamalar ise sirastyla 5,2340,055,
5,47+0,060 cm, 3,49+0,025 cm, 4,01+0,043, 5,44+0,043,
5,110,041,  3,40+0,059, 4,66+0,066, 4,49+0,045,
4,62+0,048, 4,80+0,057 ve  5,60+0,049  olarak
hesaplanmistir. Dogrusal tanimlama 6zellikleri i¢in meme
yapisina ait ortalama degerler icerisinde en diisiik skor
MTY (3,40+0,059), en yiiksek skor ise 5,60+0,049 ile
AMYU ozelligine aittir.

Ayak/bacak yapist Ozelliklerine bakildiginda ise
laktasyon sirasi etkisi DY ve BAg ozellikleri igin
onemliyken (P<0,05), ABA, TA ve TTY o&zellikleri igin
onemsiz (P>0,05) bulunmustur. Buzagilama yili etkisi
yalmizca DY oOzelligi i¢in  Onemliyken (P<0,05),
buzagilama mevsiminin etkisi tiim ayak/bacak 6zellikleri
icin 6nemsizdir (Cizelge 4). Ayak/bacak 6zelliklerinde en
diisik puan TA i¢in hesaplanmis ve genel ortalamasi
4,29+0,033 bulunmustur. ABA’ya ait genel ortalama

4,89+0,041, DY ’ye ait genel ortalama 4,94+0,050, TTY ’ye
ait genel ortalama 4,31+£0,32 cm iken, BAg’a ait genel
ortalama ise 5,57+0,035 ile en yiiksek ortalama olarak elde
edilmistir.

SIM ki sigirlarda ilk laktasyondaki ineklerin SY
ortalamas1 beklenildigi gibi diger laktasyon siralarindan
daha disik (138,95+0,668 cm) bulunmus, halen
biliylimelerine devam eden SIM sigirlarda SY ortalamasi
ikinci laktasyonda 141,82+0,605 cm olarak hesaplanmustir.
Birinci laktasyon sirasina ait SY ortalamasi ikinci
laktasyon sirasi ile benzerken (P>0,05), diger laktasyon
stralarindan farkli (P<0,05) bulunmustur. ikinci ve sonraki
laktasyon siralart arasindaki farkliliklar ise Onemsizdir
(P>0,05). Buzagilama yili bakimindan en diisiik SY
ortalamasi, isletmenin faaliyete basladigi yil dikkate
almdiginda genel olarak birinci ve ikinci laktasyondaki
hayvanlarin ¢ogunlukta oldugu 2020 yili (140,54+0,063
cm) i¢in elde edilmis olup, bu yil ortalamasi 2021 yil1 ile
benzerken (P>0,05), 2022 yilindan farklidir (P<0,05). Bu
calismada SIM sigirlar i¢in bulunan SY ortalamasi
(142,730,207 cm) Strapakova ve ark. (2021)’nin ayni irk
i¢in bildirdigi ortalamaya (144,3140,07 cm) yakinken, bazi
arastirmalarda (Novotny ve ark., 2017; Zavadilova ve ark.,
2009) bildirilen degerlerden (sirasiyla 139,074,232 cm ve
137,3+4,17 cm) ise daha yiiksek oldugu belirlenmistir.
Genel olarak yurt i¢i ve yurt disinda yapilan ¢aligmalarda
siit sigirlarinda SY’nin 142-150 cm arasinda oldugu (Cergi
& Kog, 2006), bu arastirmadan elde edilen degerin literatiir
bilgileri ile uyumlu oldugu goriilmektedir.

Siit sigirlarinin dis goriiniise gore degerlendirilmesinde
dikkate alinmayan SU  ozelligi, SIM  1wrkinin
degerlendirilmesinde kullanilan 6zelliklerden birisidir. Bu
calismada SIM 1rki sigirlarina ait bulunan ortalama degerin
(43,66+0,164 cm), ayni1 1k tizerine yapilan arastirmalardan
elde edilen sonuglardan (Strapakova ve ark. (2021)’nin
bildirdigi, 53,31+0,05 cm; Novotny ve ark. (2017)’nin
bildirdigi 53,50+2,228 cm; Zavadilova ve ark. (2009)’nin
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bildirdigi 52,7+2,08 cm) diigiik oldugu belirlenmistir.
Sigirlarda uzun sagn istenmektedir. SU’nun ortalama
degerlerden ¢ok daha diisiik olmasi dis goriiniisiinii ve
viicut harmonisini olumsuz etkileyecektir. Ayrica ¢ok kisa
sagrilarda giic dogum yasandig1 da diisiiniiliirse bu 6zellik
iizerine dikkat edilmesi gerekmektedir.

SIM rki sigirlara ait SG ortalamasi bu calismada
20,02+0,114 cm hesaplanmistir. Kumlu ve ark. (2004), SA
irkinda SG’nin 16-20 cm arasinda olmasinin normal kabul
edildigini belirtmis, SG’nin dar olmasmin dogum
zorlugunu artiracagl, fazla genis olmasinin ise ideal tip
gOriiniigiinii bozacagim ifade etmislerdir. Bu aragtirmada
elde edilen ortalamanin genel olarak istenilen degere yakin
oldugu sdylenebilir. SIM 1rki sigirlarin dogumda anatomik
acidan kafataslarinin SA’lara gore bir miktar daha biiyiik
oldugu diisiiniildiigiinde bu ¢alismadan elde edilen sonug,
ilk laktasyondaki inekler dahil, bu isletmedeki hayvanlarda

gilic dogum riskinin ¢ok goriilmeyecegini diigiindiirdiigii
gibi  hayvanlarin  ideal = dis  gorliniisten  de
uzaklagmayacagini gostermektedir.

Siitgti sigirlardan farkli olarak SIM 1rkt sigirlarin dis
goriiniiglerine gore degerlendirilmesinde dikkate alinan ve
sigirlarin sirtinda kalga ¢ikintilarinin birlesme noktasi ile
cidago arasindaki mesafenin Olgiilmesiyle elde edilen
OBU’ya ait genel ortalama 85,15+0,384 cm
hesaplanmigtir. Bu ¢alismada OBU’ya ait elde edilen
ortalama Strapakova ve ark. (2021)’nin buldugu degerden
(83,39+0,07 cm) biraz yiiksek bulunmugtur. OBU’nun kisa
olmasi sigirlarda viicut uzunlugunun da kisa olacagi, ¢ok
uzun olmasi da viicut uzunlugunun ¢ok uzun olmasi
anlamima gelecegi i¢in hem sigirlarda ideal tip
gorlintiisinden  uzaklasilacak hem de  harmoni
bozulacaktir.

Cizelge 3. SIM 1rki sigirlarda meme yapisina ait dig goriiniis 6zelliklerinin sabit etkili faktorlere gore en kiigiik kareler
ortalamalari, genel ortalamalari, standart hatalar1 ve ¢oklu kargilastirma testi sonuglart
Table 3. Least square means, general means, standard errors and multiple comparison test results according to fixed effect

factors of udder structure in SIM cattle

OMB OMBU (cm) OBK (cm) OMBY MOG MBG
F n — — — — — —
X . Sx X+ 5% X +5% X 5% X+ 5% X 5%
LS ok * OD OD *k *k
1 52 6,00+0,179° 5,11+0,150° 3,410,080 3,93+0,139 4,85+0,139° 4,23+0,133°
2 66 5,93+0,162° 5,32+0,136%® 3,53+0,073 4,15+0,126 5,24+0,126® 4,72+0,0121°
3 112 5,01+0,123b¢ 5,52+0,103%® 3,56+0,05 3,83+0,095 5,55+0,095b 5,08+0,091b¢
4 141 5,27+0,117° 5,55+0,098® 3,510,053 4,05+0,091 5,67+0,091¢ 5,36+0,087¢
5+ 123 4,74+0,141¢ 5,69+0,118° 3,52+0,063 3,96+0,109 5,64+0,109b¢ 5,53+0,105¢
BY OD OD OD OD * *
2020 (108 5,47+0,168 5,35+0,141 3,52+0,076 4,07+0,130 5,54+0,130° 5,00+0,125%®
2021 (211 5,21+0,098 5,35+0,082 3,42+0,044 3,93+0,076 5,52+0,076° 5,20+0,073°
2022 (175 5,49+0,112 5,62+0,094 3,57+0,050 3,96+0,087 5,10+0,087° 4,74+0,083°
BM * OD OD OD * *
1 65 5,46+0,201%® 5,67+0,169 3,51+0,090 3,810,116 5,47+0,156® 4,99+0,150%
2 124 5,19+0,1272 5,29+0,107 3,53+0,057 3,91+0,099 5,61+0,099° 5,22+0,095%
3 179 5,64+0,098° 5,42+0,082 3,460,044 4,16+0,076 5,15+0,076° 4,76+0,073°
4 126 5,27+0,1142 5,37+0,095 3,53+0,051 4,05+0,088 5,32+0,088® 5,96+0,085%®
GO [494 5,23+0,055 5,47+0,060 3,4940,025 4,01+0,043 5,44+0,043 5,110,041
MTY MMB MBY AMBP AMBY AMYU
e X+ 5% X +5% X +5% X +5% X 5% X 5%
LS *k * OD OD OD *k
1 52 5,43+0,1912 5,08+0,214° 4,80+0,147 4,95+0,155 5,26+0,184 4,27+0,158°
2 66 3,94+0,173° 5,12+0,1942 4,710,133 4,81+0,140 5,02+0,167 4,91+0,143°
3 112 3,23+0,131°¢ 4,83+0,147° 4,67+0,101 4,54+0,106 4,68+0,126 5,15+0,109°
4 141 3,07+0,125 4,63+0,141% 4,66+0,096 4,60+0,101 4,77+0,121 5,15+0,104°
5+ 123 2,56+0,150¢ 4,25+0,168° 4,720,115 4,56+0,122 4,700,145 5,26+0,124°
BY * ok OD OD OD *
2020 (108 3,56+0,179° 5,16+0,200° 4,77+0,138 4,83+0,145 4,97+0,173 4,93+0,148%
2021 (211 3,63+0,104 4,99+0,117° 4,730,080 4,66+0,084 4,900,100 5,17+0,086°
2022 (175 3,96+0,119° 4,20:+0,134° 4,63+0,092 4,59+0,096 4,78+0,116 4,74+0,099°
BM OD OD OD OD OD OD
1 65 3,60+0,215 4,84+0,241 4,65+0,166 4,61+0,174 4,87+0,207 4,98+0,178
2 124 3,730,136 4,65+0,152 4,74+0,104 4,73+0,110 4,92+0,131 5,010,112
3 179 3,710,105 4,85+0,117 4,75+0,080 4,72+0,084 4,88+0,101 4,93+0,086
4 126 3,56+0,122 4,79+0,136 4,72+0,093 4,72+0,098 4,86+0,117 4,87+0,101
GO |494 3,40+0,059 4,66+0,066 4,490,045 4,62+0,048 4,800,057 5,60+0,049

F: Faktor; LS: Laktasyon Sirasi; BY: Buzagilama Y1li; BM: Buzagilama Mevsimi; GO: Genel ortalama; OMB: 6n meme baglantis;, OMBU: 6n meme
bast uzunlugu, OBK: 6n meme basi kalnhigi, OMBY: 6n meme bast yerlesimi, MOG: memenin 6nden gériiniimii, MBG: memenin baldirdan gériiniimii,
MTY: meme taban yiiksekligi, MMB: meme merkez bagi, MBY: meme bast yonii, AMBP: arka meme basi pozisyonu, AMBY: arka meme bas1
yerlesimi, AMYU: arka meme yiiksekligi, OD: énemli degil, *: P<0,05’e gore 6nemli, **: P<0,01’e gore onemli, a,b,c,d: ayn1 harfi tasiyan gruplar

arasindaki fark onemsizdir
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Cizelge 4. SIM k1 sigirlarda ayak/bacak yapisina ait dig goriinlis 6zelliklerinin sabit etkili faktorlere gore en kiigiik
kareler ortalamalari, genel ortalamalari, standart hatalar1 ve ¢oklu karsilagtirma testi sonuglari
Table 4. Least square means, general means, standard errors and multiple comparison test results according to fixed effect

factors of foot-leg structure in SIM cattle

ABA DY TA TTY (cm) BAg¢
Faktor n
XiSX XiSX XiSX XiSX XiSX

Lak. Sirast oD * oD OD *
1 52 4,60+0,131 5,20+0,1622 4,254+0,107 4,26+0,104 5,25+0,1122
2 66 4,80+0,119 5,09+0,146% 4,394+0,097 4,460,095 5,46+0,101%
3 112 4,89+0,090 4,954+0,1112 4,26+0,074 4,28+0,071 5,49+0,077%
4 141 4,93+0,086 4,77+0,106% 4,324+0,070 4,334+0,069 5,67+0,073°
5+ 123 5,04+0,103 4,54+0,127° 4,20+0,084 4,24+0,082 5,74+0,088°
Buz. Y1l OD * OD OD OD
2020 108 4,79+0,123 4,61+0,1512 4,18+0,100 4,234+0,098 5,45+0,105
2021 211 4,85+0,072 4,96+0,088 4,31+0,059 4,30+0,057 5,51+0,061
2022 175 4,92+0,082 5,18+0,101° 4,38+0,067 4,4140,065 5,60+0,070
Buz. Mev. OD OD OD OD OD
1 65 5,03+0,148 4,640,182 4,244+0,120 4,28+0,117 5,62+0,126
2 124 4,71£0,093 4,924+0,115 4,36+0,076 4,424+0,074 5,58+0,079
3 179 4,81£0,072 5,02+0,088 4,31+0,059 4,3240,057 5,50+0,061
4 126 4,86+0,084 5,07+0,103 4,22+0,068 4,244+0,066 5,39+0,071
Gen. Ort. 494 4,89+0,041 4,94+0,050 4,29+0,033 4,31+0,32 5,57+0,035

ABA: arka bacak agis1, DY: diz yapis1, TA: tirnak agisi, TTY: tirnak taban yiiksekligi, BA¢: bilek agis1, OD: énemli degil, *: P<0,05’e gore 6nemli, **:
P<0,01’e gore onemli, a,b,c: ayni harfi tastyan gruplar arasindaki fark 6nemsizdir

SIM 1rki sigirlar igin bu ¢alismada BD’ye ait ortalama
75,3140,194 cm olarak 6l¢iilmiistiir. BD iizerine laktasyon
sirasl, buzagilama yili etkileri onemli iken (P<0,05),
buzagilama mevsimi etkisi 6nemsizdir (P>0,05). Ilk
laktasyondaki SIM ineklerde beklenildigi gibi BD
ortalamasi (72,4040,623 cm) diger laktasyon siralarina ait
ortalamalardan daha diigilk bulunmus, bu laktasyondaki
deger ikinci laktasyondaki ile benzerken, bu iki laktasyon
sirasina ait degerler diger laktasyonlardakinden farkl
(P<0,05) bulunmustur. Bu calismada elde edilen BD
ortalamasi ¢esitli arastirmalarda (Strapakova ve ark., 2021;
Novotny ve ark., 2017; Zavadilova ve ark., 2009) SIM 1rk1
icin bildirilen degerlerden (sirastyla 82,92+0,08 cm,
79,55+4,021 cm ve 77,2+4,78 cm) daha diisiik bulunup bu
durumun isletmedeki besleme diizeyi ve diive yetistirme
programindan kaynaklandigi diisiiniilmektedir. BD’nin
sigirlarda  kaba yem tiiketim kapasitesini etkiledigi
diisiiniiliirse (Cer¢i & Kog, 2006), bu isletmede SIM
sigirlarin yem tiiketiminin diisiik olacag1 ve dolayistyla siit
ve dol verim ozelliklerinde diisiis meydana gelebilecegi
sOylenebilir.

SE igin genel ortalama skor 5,13+0,04 olarak
hesaplanmis, bu 6zellik lizerine incelenen faktdrlerin etkisi
onemsiz bulunmustur (P>0,05). SE ig¢in hesaplanan
ortalama Strapakova ve ark. (2021)’min buldugu
(5,15+0,02) degerle benzerlik gostermisken, Erdem ve ark.
(2017)’nin buldugu degerden (4,93+0,03) yiiksek, ayni irk
iizerinde yapilan bazi ¢alismalardan (Novotny ve ark.,
2017; Zavadilova ve ark., 2009; Jovanovac & Raguz, 2011;
Strapak ve ark., 2011; Giiler ve ark., 2020) ise (sirastyla
5,46+1,031, 5,7+0,92, 5,27+0,96, 5,34+0,833 ve 6,0+0,1)
diisiik bulunmustur. Bu ¢alismadan elde edilen SE skoru
dol tutmama sorununun yasanmamasi agisindan istenilen
araliktadir.

GG’ye ait genel ortalama 5,76+0,033 olarak
belirlenmistir. Bu deger, ayni irkta bu 6zellik i¢in Strapak
ve ark. (2011)’nin elde ettigi degerle benzerken (sirasiyla
5,77+1,31 ve 5,74+2,316), baz1 arastirmalarda (Erdem ve

ark., 2017; Giiler ve ark., 2020) elde edilen degerlerden
(4,45+0,03 ve 5,4+0,1) ise ylksektir. GG 6zelligi tizerine
laktasyon siras1 (P<0,01) ve buzagilama yili (P<0,05) etkili
iken, bu arasgtirmada elde edilen deger sigirlarda genel
goriiniimii koruma agisindan 6nemli olup kabul edilen
sinirlar arasindadir.

K 6zelligi i¢in bulunan ortalama (5,41+0,038), Strapak
ve ark. (2011)’nin buldugu ortalamadan (5,63+1,169)
diisiik iken bazi aragtirma sonuglarindan (Strapakova ve
ark., 2021; Zavadilova ve ark., 2009; Jovanovac & Raguz,
2011) ise (swrasiyla 5,05+0,02, 5,2+1,07 ve 5,16£1,09)
yiiksek bulunmustur. K i¢in laktasyon sirasi ve buzagilama
yilinin etkileri 6nemli bulunurken (P<0,05), SIM 1rki
sigirlarda K’nin yiiksek olmasi asirt kondisyona isaret
edecegi i¢in siit ve dol verimi diisiikliigiini, ketozis, yagh
inek sendromu, karaciger yaglanmasi gibi sorunlar
yaratabilecegi, asir1 diisik olmasi halinde ise g¢esitli
metabolik hataliklara neden olabilecegi i¢in bu ¢alismadan
elde edilen sonug kabul edilen simirlar dahilindedir. Isletme
kosullarinda her ne kadar siit verimi yiikseltilmis SIM 1rki
hayvanlar olsa da gesitli metabolik hastaliklar endisesiyle
K 6zelligi bakimindan dikkatli olunmali ve hayvanlarin
asirt kondisyonlu ya da yiiksek K skoruna ulagsmalarina izin
verilmemelidir.

OMB ozelligi iizerine laktasyon sirasi (P<0,01) ve
buzagilama mevsiminin (P<0,05) etkisi 6nemli iken
buzagilama yilmin etkisi istatistiki olarak Onemsiz
bulunmustur  (P>0,05). OMB’ye ait bulunan genel
ortalama (5,23+0,055), aym irk iizerinde yapilan gesitli
arastirma sonuglarindan (Strapakova ve ark., 2021; Erdem
ve ark., 2017; Giiler ve ark., 2020) yiiksek (sirasiyla
4,59+0,03, 4,50+0,07 ve 4,2+0,2), Strapak ve ark.
(2011)’nin  buldugu degerden (5,47+1,186) ise disiik
bulunmustur. OMB’nin gii¢lii olmasi ileriki laktasyonlarda
memenin sarkma olasiligim &nemli dlciide azaltmaktadir
(Cerci & Kog, 2006). Bu arastirmada elde edilen genel
ortalama, On meme baglantisimin bir miktar giicli
oldugunu gostermektedir.
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OMBU’ya ait bulunan genel ortalama (5,47+0,060 cm)
Jovanovac & Raguz (2011) ve Giiler ve ark. (2020)’nin
bulduklari degerden (sirasiyla 5,55 + 1,03 ve 6,0+0,2)
diistik, baz1 arastirma sonuglarindan ( Strapakova ve ark.,
2021; Novotny ve ark., 2017; Zavadilova ve ark., 2009;
Strapak ve ark., 2011; Erdem ve ark., 2017) ise (sirastyla
5,03+£0,02, 4,531,079, 5,1£1,05, 5,280,804 ve
5,2440,05) yiiksektir. Ayrica OMBU o6zelligi iizerine
laktasyon siras1 P<0.05 diizeyde etkili iken, buzagilama
yil1 ve buzagilama mevsiminin etkisi dnemsizdir (P>0.05).
OMBU igin 4-6 cm arasindaki deger normal kabul
edildiginde bu ¢alismada bulunun degerin kabul edilebilir
sinirlar i¢inde oldugu goriilmektedir.

Bu c¢alismada OBK 6zelligi iizerine laktasyon sirasi,
buzagilama yili ve buzagilama mevsiminin etkisi dnemsiz
(P>0,05) bulunmus olup, bu ozellik i¢in genel ortalama
3,4940,025 cm olarak hesaplanmistir. Fleckscore’a gore 4-
6 puan aras1 normal kabul edilirken (2 cm - 3 cm arasi) bu
¢alismada bulunan ortalama istenilen araliktan ve ayni irk
iizerine yapilan aragtirmalardan (Strapakova ve ark., 2021;
Novotny ve ark., 2017; Zavadilova ve ark., 2009;
Jovanovac & Raguz, 2011; Strapak ve ark., 2011) biraz
(strastyla 5,23+0,01, 5,21+1,203, 5,2+1,10, 5,37 + 0,96 ve
5,16+0,75 puan) yiiksek bulunmusgtur. Makinali sagimin
kolay olmasi, sagim basliklarinin kolaylikla takilabilmesi,
robotik sagim sistemine sahip olan igletmelerde de sagimin
kolay olabilmesi i¢cin bu &zellik {izerinde durulmali,
eslestirme ya da yapay tohumlamada sperma segilirken
OBK nin iyilestirilmesine uygun tercihte bulunulmalidir.

OBMYye ait genel ortalama (4,01+0,043), Erdem ve
ark. (2017)’nin buldugu degerden (3,87+0,03) yiiksek
bulunurken, bir ¢ok aragtirma (Strapakova ve ark., 2021;
Novotny ve ark., 2017; Zavadilova ve ark.,, 2009;
Jovanovac & Raguz, 2011; Strapdk ve ark., 2011)
sonuglarindan (sirastyla 4,21+0,02, 5,16+1,082, 4,9+0,79,
4,95 £ 0,81 ve 4,41+0,702) diistik bulunmustur ve kabul
edilen simirlar dahilindedir. OBMY iizerine laktasyon
sirasi, buzagilama yili ve buzagilama mevsiminin etkisi
onemsizdir (P>0,05).

MOG’ye ait ortalama 5,44+0,043 olarak hesaplanmus,
bu ozellik iizerine laktasyon sirasi P<0.01 diizeyde,
buzagilama yili ve buzagillama mevsimi de P<0.05
diizeyde etkili bulunmustur. Bu deger yapilan bazi
arastirmalardan (Strapakova ve ark., 2021; Zavadilova ve
ark.,2009; Jovanovac & Raguz, 2011) yiiksek (sirasiyla
5,2740,02, 5,3+1,06 ve 4,58 + 1,31), baz1 arastirmalardan
(Novotny ve ark., 2017; Strapak ve ark., 2011) ise
(sirastyla 5,58+1,281 ve 5,67+1,090) diisiik bulunmustur.
Bu ortalamanin, 6n meme loblarinin genisligi olarak
disiiniildiigiinde ytiksek siit verimi i¢in kabul edilebilir
sinirlar i¢inde oldugu sdylenebilir.

MBG igin bu calismadan elde edilen ortalama
(5,1140,041) Strapakova ve ark. (2021)’min belirttigi
degerle (5,10+0,02) benzerlik gostermis, Jovanovac &
Raguz (2011) ve Giiler ve ark. (2020)’nin bildirdigi
sirastyla 4,60 £ 1,17 ve 4,8+0,8 degerlerinden yiiksek,
buna karsilik Novotny ve ark. (2017) ve Strapak ve ark.
(2011)’min  bildirdigi 5,78 =£1,315 ve 6,14+0,899
degerlerinden diisiik bulunmustur. MOG’ye etkili olan
faktorler bu 6zellik lizerine de etkili bulunmustur. Her iki
ozellik i¢in de laktasyon sirasi arttikga ortalamanin
yiikseldigi ve hesaplanan ortalamalarin kabul edilen
sinirlar i¢inde oldugu gériilmektedir.

MTY i¢in bulunan genel ortalama (3,40+0,059), ayni
irka ait ¢esitli arastirmalarda elde edilen degerlerden
(Strapakova ve ark., 2021; Novotny ve ark.,, 2017;
Zavadilova ve ark., 2009; Strapak ve ark., 2011; Jovanovac
& Raguz, 2011; Erdem ve ark., 2017; Giiler ve ark., 2020)
daha diisiik bulunmustur (sirasiyla 5,64+0,03, 6,08+1,123,
6,4+0,94, 6,44 + 1,26, 6,67+1,013, 4,47+0,07 ve 5,5+0,1).
Bu 6zellik tizerine laktasyon sirasi (P<0,01) ve buzagilama
yilinin etkisi (P<0,05) énemlidir. MTY ’nin diisiik olmasi
istenen kapasiteli meme agisindan disiik siit verimine
neden olabileceginden olumsuz degerlendirilebilir. MTY
degerinin diisiik olmast isletmede ilerleyen laktasyonlarda
mastitis, meme bas1 dezenformasyonlar1 ve meme
baslarinin kopma/yaralanma riskini artirabilir.

MMB’ye ait bu caligmadan elde edilen ortalama
(4,66+0,066), Erdem ve ark. (2017)’nin belirttigi degerle
benzer (4,63+0,07), bazi arastirma sonuglarindan
(Strapakova ve ark., 2021; Jovanovac & Raguz, 2011;
Strapak ve ark., 2011; Giiler ve ark., 2020) diisiik (sirastyla
5,46+0,03, 6,53%1,39, 5,71£1,317 ve 5,940,1), Novotny ve
ark. (2017) ve Zavadilova ve ark. (2009)’nin bildirdigi
degerlerden (sirasiyla 4,47+1,618 ve 3,9+1,58) yiiksek
bulunmustur. Bu 6zellik iizerine laktasyon sirasinin P<0.05
diizeyde, buzagilama yilinin ise P<0.01 diizeyde onemli
oldugu, buzagilama yilinin etkisinin ise 6nemsiz (P>0,05)
oldugu gorilmistir. Sit sigirciliginda  MMB’nin,
MTY’nin yiiksek olmasit igin de giicli olmasi
istenmektedir. Bu nedenle bu ¢alismadan elde edilen sonug
her ne kadar kabul edilebilir sinirlar i¢inde olsa da (4-6),
MTY skorunun da diisiik olmasi gbéz Oniinde
bulunduruldugunda bu iki 6zelligin bir miktar daha
iyilestirilmesi iizerinde durulmalidir.

MBY’ye ait genel ortalama 4,49+0,045 olarak
hesaplanmistir. AMBP i¢in ise bulunan genel ortalama
(4,62+0,048) Novotny ve ark. (2017)’'min bildirdigi
degerden diisiik (4,62+1,316) bulunmakla beraber Strapak
ve ark. (2011)’nin belirttigi degerden (3,87+0,965)
yiiksektir. Bu iki 6zellik i¢in iizerinde durulan faktorlerin
etkisi dnemsizdir (P>0,05).

AMBY’ye ait bulunan genel ortlama (4,80+0,057),
Strapakova ve ark. (2021) ve Giiler ve ark. (2020)’nin
bildirdikleri degerlerden (sirasiyla 5,67+0,02 ve 5,1+0,2)
diisik bulunmakla beraber kabul edilebilir smurlar
i¢indedir. Bu 6zellik {izerine incelenen faktorlerin etkisi
o6nemsizdir (P>0,05).

AMYU’ya ait bu g¢alismadan elde edilen ortalama
(5,60+0,049), bazi arastirmalardan (Strapakova ve ark.,
2021; Giiler ve ark., 2020; Erdem ve ark., 2017) yiiksek
(swrastyla, 5,33+0,03, 4,6+0,2 ve 4,21+0,06) bulunmakla
beraber, bazi arastirma sonuglarindan (Novotny ve ark.,
2017; Zavadilova ve ark., 2009; Jovanovac & Raguz,
2011) ise (swrastyla 6,04+1,264, 6,4+£1,03 ve 6,26+1,67)
diisiik bulunmustur. AMYU’ya laktasyon siras1 (P<0,01)
ve buzagilama y1l1 (P<0,05) etkisi 6nemli iken buzagilama
mevsiminin etkisi dnemsizdir (P>0,05). Siit sigirlarinda
AMYU puanimin yiiksek olmasi istenir ve hayvanlarda
kapasiteli bir meme yapisina sahip oldugunun
gostergelerinden birisidir (Cer¢i & Kog¢ 2006). Bu

arastirmada  bulunan AMYU  degeri isletmedeki
hayvanlarin yiiksek kapasiteli memeye sahip oldugunu
gostermektedir.

TA’ya ait bulunan ortalama (4,29+0,033) ayni 1k
iizerinde yapilan arastirmalardan (Novotny ve ark., 2017
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Zavadilova ve ark., 2009; Strapak ve ark., 2011; Giiler ve
ark., 2020; Erdem ve ark., 2017) disik (swrasiyla
4,72+1,329, 4,9+1,28, 4,81+0,949, 4,60+0,02 ve 5,0+0,2)
bulunmustur. TTY’ye ait bulunan genel ortalama da
(4,31+0,32 cm) ayn1 rk iizerinde yapilan bazi arastirma
(Strapakova ve ark., 2021; Jovanovac & Raguz, 2011;
Strapak ve ark., 2011) sonuglarindan (sirastyla 4,78+0,02,
5,22+1,14 ve 4,71+1,046) diisik bulunmustur. Her iki
ozellik {iizerine incelenen faktorlerin etkisi Onemsizdir
(P>0,05). TTY ve TA degerleri kabul edilen sinirlar i¢inde
olmasina karsin TTY {ist sinira, TA ise alt sinira oldukga
yakindir. TA ve TTY’ne ait bu skorlar agisindan
degerlendirildiginde hayvanlarda topallik ve ayak
hastaliklarina yatkinlikla iligkili oldugu ve dolayisiyla siit
ve dol verimi lizerine olumsuz etkisi oldugu bilindiginden
bu 6zellikler lizerinde dikkatli olunmasi gerekmektedir.

DY ’ye ait bulunan genel ortalama (4,94+0,050), Erdem
ve ark. (2017)’nin bildirdigi degerden (4,80+0,02) yiiksek,
bazi arastirmalarda (Strapakova ve ark., 2021; Novotny ve
ark., 2017; Zavadilova ve ark., 2009; Jovanovac & Raguz,
2011; Strapak ve ark., 2011) elde edilen degerlerden
(sirasiyla 6,03+0,02, 5,78+1,208, 6,3+0,87, 5,95+1,14 ve
6,80+1,142) ise diisiik bulunmustur. Bu 6zellik iizerine
laktasyon sirast ve buzagilama yili P<0.05 diizeyde etkili
olmakla beraber, DY nin yiiksek olmasi dizlerde sislik,
o0dem, hayvanlarda yaglanma ve asir1 kondisyonu
gosterecegi i¢in bu 6zellik i¢in hesaplanan ortalama deger
kabul edilen sinirlar igindedir.

ABA’ya ait genel ortalama (4,89+0,041) kabul
edilebilir smirlarda olmakla beraber aynmi 1k iizerinde
yapilan ¢aligmalarda Erdem ve ark. (2017)’nin bildirdigi
4,90+0,03 degeriyle benzerlik gosterirken, Strapak ve ark.
(2011) ve Giiler ve ark. (2020)’nin sirastyla 5,02+0,983 ve
5,0£0,2 degerlerinden biraz disik, bazi aragtirma
sonuglarindan ise (Novotny ve ark., 2017; Strapakova ve
ark., 2021; Zavadilova ve ark., 2009; Jovanovac & Raguz,
2011) daha diisik (swrasiyla 5,15+0,02, 5,69 +1,114,
5,6+0,93, ve 5,37 £ 0,97) bulunmustur.Uzerinde durulan
faktorlerin  etkisi Onemsizdir (P>0,05). Ayak/bacak
ozelliklerinde bu o&zellik sigirlarda ideal dis goriiniis,
harmoni ve hareketlilik agisindan en Onemli 6zellik
seklinde diisiiniilebilir ve isletme karliligi agisindan da
biiylik 6neme sahiptir.

BAg’a ait genel ortalama (5,57+0,035) yapilan bazi
arastirmalardan (Novotny ve ark., 2017; Strapakova ve ark.,
2021; Zavadilova ve ark.,2009; Jovanovac & Raguz, 2011)
yiksek (sirasiyla  5,16+0,02, 4,85+1,176, 4,7+0,91 ve
5,51£1,10) bulunmustur. BAg iizerine laktasyon sirasinin
etkisi ise 6nemlidir (P<0,05). BAg i¢in bu ¢aligmadan elde
edilen skor kabul edilen simrlarin iist smirma yakindir. Bu
ozelligin yiiksek skora ulagmasi sonucunda igletmelerde siirii
omril ile siit ve dol verim dzelliklerinde diisiis, ayiklama orani
ve topallik gibi oOzelliklerde artis yasanarak isletmenin
karlihgini olumsuz etkileyecektir.

Sonuc¢

Bu c¢alismada dis goriiniis Ozellikleri agisindan
hesaplanan ortalamalar bir ¢ok arastirmada SIM 1rki igin
elde edilen sonuglarla benzerlik gdstermis, BD, MTY,
ABA, TTY ve TA ozellikleri agisindan ise literatiirde
bildirilen degerlerden belirgin farkliliklar bulunmustur.
SIM 1rki sigirlar tilkemizde siit sigirciliginda tercih edilen

diger irklardan canli agirlik bakimindan (yaklasik olarak
50-100 kg) yiiksek olduklarn i¢in ayak ve bacak yapisi
ozellikleri isletmelerde dikkat edilecek 6zellikler agisindan
daha 6n plana ¢ikmaktadir. Isletmedeki hayvanlarin
durumu degerlendirildiginde ayak/bacak problemleri
yasanmaktadir. Bu isletmede hayvanlarin ayak problemleri
yasamasi va dig gorilinilis 6zellikleri a¢isindan ayak/bacak
yapisindaki  olumsuzluklarin  temel nedeni olarak
hayvanlarin beslenmesinde yiiksek protein igerikli kesif
yemlerle birlikte misir silajmin birlikte kullanilmasi, ayrica
sagimhane ve padoklar arasindaki servis yolundaki egimin
%20°den fazla olmasi seklinde ifade edilebilir. Her ne
kadar isletmede tirnak sorunlarim ¢ézme konusunda yil
i¢cinde rutin tirnak bakimi yapilsa da mevcut durumlar g6z
onlinde bulunduruldugunda ayak hastaliklarina karsi
dayanikli hayvanlarin se¢cimine 6zen gosterilmesi yaninda
sperma tercihine de Ozen gOsterilmesinin fayda
saglayacagl  diisiiniilmektedir. ~ Ozellikle — sigirlarin
padoklardan c¢ikip sagimhaneye giderken yokus inip
¢ikmasi, servis yolu yapisinin da dezavantajli olusu
isletmede ayak problemlerini ve ayak problemlerine bagl
ayiklama oranini arttirmaktadir. Diger yandan isletmede
MTY’ye dikkat edilmesi gerekmektedir. Kapasiteli bir
meme i¢in MTY’nin kabul edilir smrlarda olmasi
acisindan eslestirme programinda bu 0&zellik iizerine
iyilestirme dikkate alinmalidir. ABA kabul edilen sinirlar
i¢cinde yer almasina ragmen alt sinirda bulunmasi nedeniyle
dikkat edilmesi gereken ayr1 bir Ozelliktir. Viicut
harmonisinin bozulmasinin yaninda hareketlilik agisindan
diistiniildiigiinde hayvanlarin hareketliligini kisitlayarak
kuru madde tiiketimini de olumsuz etkileyecektir.

Bu calismada Bursa ili Karacabey ilgesinde bulunan bir
isletmede SIM wki sigirlarda dis goriiniis 6zelliklerine ait
ortalamalar hesaplanmustir. Ulkemizde SIM 1rki sigirlarin dis
goriiniis 6zelliklerinin degerlendirilmesi konusunda yeterince
calisma bulunmadigindan bu calismanin literatiire katki
saglamasinin yaninda, son yillarda iireticilerin tercih ettigi ve
iizerinde neredeyse hi¢ c¢alisma yapilmamis siit verimi
yiikseltilmis Avusturya ve Almanya kokenli SIM sigirlarin
iilkemiz kosullarinda dis goriiniis 6zelliklerine yonelik 6nemli
katki yapaca@i diisiiniilmektedir. Ileriki zamanlarda bu
genotip lizerine yapilacak c¢aligmalarda ozellikler arasindaki
korelasyonlarin belirlenmesine ve daha genis veri setleri
kullanmlarak yapilacak c¢aligmalara ihtiyac duyuldugu
belirlenmistir.
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increase these areas.

Open green areas undertake functions that improve and healing people’s living conditions. This
research was conducted to understand the role of open and green areas in urban life and to evaluate
the contributions of these areas to the quality of life. The study was conducted with people living in
Selcuklu district of Konya province. These people visited urban open green areas in Selguklu district
and spent time in those places. The survey method was used in the study. The survey results reveal
that open green areas have significant and positive effects on human health and psychology. The
majority of the participants stated that they visited open green areas with sufficient frequency and
that these areas met both their physical and mental needs. These findings emphasize the positive
effects of open green areas on human health and psychology and support the need to protect and
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Introduction

In modern societies, the first planned urban green
spaces were created in the 19th century by Frederick Law
Olmsted, an American landscape architect, with the
creation of the Boston Park System (Ozdemir, 2009).

Landscape architects plan and design open green areas.
Landscape, defined as “Landscape” in English, “Paysage”
in French, and “Landschaft” in German, has a wide scope
that expresses all natural and cultural, living and non-living
components on earth (Orgin, 1998). Urban landscape, on
the other hand, is a three-dimensional composition formed
by natural and cultural elements that provide interaction
between buildings and spaces that form the basic character
of structured areas (Goulty, 1991; Gemici, 2023).

When designing open green areas, concepts of personal
space, visual perception, sound and color emerge. Personal
space is a small protective sphere or bubble between an
organism and itself and others (Hall, 1966) or it is a
portable property centered on the human body and
surrounded by invisible boundaries (Sommer, 1969).
Arnheim (2015) stated that the more organized a visual
pattern is and the more clearly it differs from its
environment, the greater the chance of easy recognition.
Color identification is an event that takes place with the
five senses (Mahnke, 1996; Meerwein et al, 2007). And

This work is licensed under Creative Commons Attribution 4.0 International License

although cities seem to appeal to the sense of sight, in urban
spaces, sound has an important place in creating the
identity of the space (Tonkiss, 2003; Gemici, 2023).

Open green areas are very important elements in
increasing the quality of life. Human beings are born in
nature and die in nature. During this life process, people
and all living things in the world meet all their physical and
social needs from the environments they live in. These
environments are primarily a home, workplace, school,
public buildings, social facilities and the environment that
includes all of these and connects them to each other, and
a city that includes this environment (Eraslan, 2008). A city
is not just about these environments. However, a city with
parks, gardens, green areas and water resources is truly
lived in. Open green arecas not only beautify the
environment and make life attractive, but also add aesthetic
value to the city. These areas, which meet the active and
passive recreational needs of the people, also play an active
role in physical and mental health. Open green areas help
develop a strong society and contribute to the development
of nature awareness (Yildizci, 1982).

In addition to his biological structure, humans are
living beings with their own cultural, cognitive and
psychological structures. Humans have certain innate
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abilities that are closely related to their genetic structure.
Humans can develop their biological, cultural, cognitive
and psychological structures and characteristics under the
influence of their environment (Ridley, 2000; Lewis,
2005).

As a result of research conducted by those working on
environmental psychology, it is an accepted fact that living
in touch with nature has positive effects on human
psychology (Ozgiiner, 2004).

All kinds of positive or negative factors in the
environment where a person lives will affect the growth,
development, health and performance of a person, as well
as their anatomical, physiological, psychological,
cognitive and social structure. In other words,
environmental conditions will have a primary effect on
whether a person will live a long life happily, healthily and
vigorously in every way (Akin, 2014).

Open green arecas have an important function in
increasing the quality of urban life by balancing and
strengthening the relationship between nature and humans.
The characteristics of open green areas in developed
country cities are one of the determining elements of
quality of life and civilization. For this reason, many
developed countries determine the urban planning and
design process according to the mental, physical and
emotional needs of people that will increase their quality
of life (Giil and Kiigiik, 2001).

Although open green areas in urban areas have many
functions, their health function is undoubtedly one of the
most important functions. The existence, size and balanced
distribution of open green areas are important for
sustainable, healthy environments and a healthy society in
cities. It has been demonstrated by studies conducted by
many different disciplines that open green areas contribute
positively to the health of individuals and to the healthy
environment of the city (Okde, 2022).

Some studies have indicated that the quality of open
green areas in cities has a positive effect on people’s
physical activity. Ball et al. (2001) and Duncan and
Mummery (2005) stated that urban areas with well-
maintained, aesthetic and clean green areas positively
affect individuals’ physical activity levels. Bowler et al.
(2010) stated that urban green areas increase individuals’
sense of health and happiness. De Vries et al. (2013)
revealed the positive relationship between green areas and
individuals’ mental and physical health in their research
(Okde, 2022).

This research was conducted to understand the role of
open green areas in urban life and to evaluate the
contributions of these areas to the quality of life. The
primary objectives of the research are to analyze the
benefits of open green areas in cities by examining their
effects on human life and psychology in terms of health,
ecology and social aspects. In addition, it provides
suggestions for more effective use of open green areas in
urban planning and design processes and thus contributes
to cities becoming more sustainable and livable. Proper
planning, design and management of open green areas can
ensure that future generations live in a healthy and safe
environment. Therefore, the results of the research can play
an important role in decisions to be taken for the
development of cities and the improvement of the quality
of life. The importance of the research emphasizes that

open green areas in urban areas provide important
contributions not only in terms of aesthetics or ecology, but
also in terms of human health, psychology, well-being and
social context. In particular, the psychological benefits of
open green areas become evident by helping individuals
get away from stress, reduce mental fatigue, increase
emotional well-being and improve general mental health.

Materials and Methods

The main material of the research consists of open
green areas located in Selguklu district of Konya province.

In addition to the research area, the following research
materials were also used:

e  Literature documents consisting of various books, e-
books, journals, articles, theses, reports and internet
sites on the subject, including domestic and foreign
studies,

e  Resources related to the research areas obtained from
Selguklu District Governorate, Konya Metropolitan
Municipality,

e  Survey forms applied to people who use open and
green areas, which were originally prepared for the
research. This research was prepared by conducting a
survey with 294 people living in Selguklu district of
Konya province, Turkiye.

The people who participated in the survey were
selected among the people who visit and spend time in
urban open green spaces in Selguklu district. A 5-point
Likert scale was used in the survey (Giingor, 2022).

The method consists of 5 stages. These stages are:
Determining the purpose and scope, conducting a literature
review, preparing and implementing the survey questions,
obtaining and analyzing the research findings, and
developing the conclusion and recommendations.

In the preparation and implementation of the survey
questions, firstly, the survey questions were designed in
line with the objectives of the research. Care was taken to
ensure that the survey questions were understandable and
that the participants could give correct answers. The
surveys were conducted through face-to-face interviews. In
the process of obtaining and analyzing the research
findings, 14 survey questions were prepared using Google
Forms and responses were collected from the participants.

Determination of Sample Size

The number of people the survey will be applied to is
determined by the formula given below. The population
size of the Selcuklu district is 695,771. When this
information is applied to the formula below, the sample
size is 96. In this case, the survey should be applied to at
least 96 people. The number of surveys applied to people
using the open-green areas of Selguklu district is 294
(Newbold, 1995).

- (N-1Dag +p(1-p)

n

n = Sample volume

N = Number of the population
o2px = The variance of the ratio
p = 0.5 tolerance
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Table 1. Reliability Analysis

Reliability Values Margin Variance Population number value Number of
Analysis of Error Change P P Samples

1.65 0.10 0.0608 695771.0000 0.5000 68

90% 1.65 0.05 0.0304 695771.0000 0.5000 270
1.65 0.01 0.0061 695771.0000 0.5000 6.700
1.96 0.10 0.0510 695771.0000 0.5000 96

95% 1.96 0.05 0.0255 695771.0000 0.5000 384
1.96 0.01 0.0051 695771.0000 0.5000 9.473
2.58 0.10 0.0388 695771.0000 0.5000 166

99% 2.58 0.05 0.0194 695771.0000 0.5000 665
2.58 0.01 0.0039 695771.0000 0.5000 16.252

The reliability analysis of the survey scale used in the
study is given in the table below. The reliability of the
survey scale was determined as ‘good’ in the literature
scale. The items that make up the survey were found to be
homogeneous and related to each other. It was also
determined that the test was retractable.

Results

Demographic Characteristics of the Participants in
the Survey

Of the people who participated in the survey, 183
(62.2%) were female and 111 (37.8%) were male. 133
(45.2%) of the participants were in the 18-25 age group, 29
(9.9%) in the 25-34 age group, 41 (13.9%) in the 35-44 age
group, 64 (21.8%) in the 45-54 age group, 22 (7.5%) in the
55-64 age group, and 5 (1.7%) in the 65 and over age
group. 178 (60.5%) of the participants were single and 116
(39.5%) were married. Of the participants, 111 (38%) had
completed university education, 141 (48%) had completed
high school, 26 (9%) had completed secondary school, 11
(4%) had completed primary school and 5 (1%) were only
literate.

Results of the Survey Study

Participants in the survey were asked 14 questions
about the “effects of open green areas on human health and
psychology.” Each question asked in the survey is given
below and the findings obtained from the surveys are
presented.

To the question “I think the frequency of visiting open
green areas is sufficient.” 54 people said “strongly agree”,
106 people said “agree”, 58 people said “undecided”, 62
people said “disagree”, and 14 people said “strongly
disagree”.

To the question “I think the activities I do in open green
areas meet my physical and mental needs.” 113 people said
“strongly agree”, 134 people said “agree”, 28 people said
“undecided”, 13 people said “disagree”, and 6 people said
“strongly disagree”.

In response to the question “I think access to open green
areas is an important factor in urban life.” 194 people said
they strongly agree, 89 people agree, 7 people are
undecided, 1 person disagrees, and 3 people strongly
disagree.

In response to the question “I think open green areas
are an important factor in people coming together and

socializing.” 168 people said they strongly agree, 105
people agree, 13 people are undecided, 6 people disagree
and 2 people strongly disagree.

To the question “The aesthetic appearance of open
green areas is important to me.” 181 people said they
strongly agree, 89 people agree, 12 people are undecided,
9 people disagree, and 2 people strongly disagree.

To the question “I think spending time in open green
areas reduces my stress level.” 187 people said they
strongly agree, 88 people agree, 12 people are undecided,
3 people disagree, and 2 people strongly disagree.

In response to the question “I think open green areas
have a positive effect on my mental health.” 177 people
said they strongly agree, 98 people agree, 12 people are
undecided, 4 people disagree, and 3 people strongly
disagree.

To the question “I think that regular walking in open
green areas improves my physical health.” 165 people said
“strongly agree”, 104 people said “agree”, 13 people said
“undecided”, 8 people said “disagree”, and 2 people said
“strongly disagree”.

In response to the question “I think being surrounded
by nature in open green areas has a positive effect on my
mood.” 176 people said “strongly agree”, 103 people said
“agree”, 6 people said “undecided”’, 4 people said
“disagree” and 3 people said “strongly disagree”.

To the question “I think exercising in open green areas
increases my energy level.” 147 people said they strongly
agree, 100 people agree, 36 people are undecided, 8 people
disagree, and 2 people strongly disagree.

In response to the question “I think open green areas
increase my general quality of life.” 154 people said they
strongly agree, 125 people agree, 7 people are undecided,
5 people disagree and 3 people strongly disagree.

To the question “I think spending time in open green
areas improves my sleep quality.” 124 people said they
strongly agree, 107 people agree, 46 people are undecided,
13 people disagree, and 3 people strongly disagree.

To the question “I think spending time in open green
areas reduces my worries.” 109 people said they strongly
agree, 130 people agree, 35 people are undecided, 13
people disagree, and 6 people strongly disagree.

In response to the question “I think spending time in
open green areas relieves my depression symptoms.” 118
people said “strongly agree”, 139 people said “agree”, 23
people said “undecided”, 11 people said “disagree”, and 3
people said “strongly disagree”.
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Conclusion

Survey results reveal that open green areas have
significant and positive effects on human health and
psychology.

When the participants in the study were asked about the
frequency of visiting open green areas, a large proportion
agreed with this statement, but it was also observed that a
certain percentage did not agree or were undecided. The
participants in the survey also stated that the activities
carried out in these areas largely met the mental and
physical needs of individuals. The participants, who
emphasized that access to open green areas is important,
stated that these areas are also important for people to come
together and socialize. The number of people who argue
that open green areas should look aesthetically beautiful is
quite high. The findings stand out that these areas reduce
stress levels and positively affect mental health. The
majority of the participants in the study agreed that regular
walks in open green areas improve physical health and that
being in touch with nature is good for mental health. Again,
a large portion of the participants in the study stated that
their energy levels increased while exercising in these areas
and that there were positive changes in their sleep and
quality of life. It is seen that the majority of people think
that spending time in open green areas reduces anxiety and
relieves depression symptoms.

These findings emphasize the positive effects of open
green areas on human health and psychology and support
the need to protect and increase these areas. Open green
areas have significant contributions to physical and mental
health, stress management, social interactions and general
quality of life. Therefore, more importance should be given
to planning and design studies carried out in urban open
green areas. Thus, people can use these areas more
frequently. Aesthetic and functional requirements should
be prioritized when designing these areas. These findings
can be supported by different studies by conducting
research on this subject on a larger scale.

Recommendations

Based on the survey results, it is possible to make
suggestions that include more innovative and different
approaches to increase the positive effects of open green
areas on human health and psychology.

The integration of art and culture in open green areas
can enrich visitors’ experiences by adding aesthetic value
to the environment. Sculptures, open-air exhibitions, music
events and various cultural events can increase the
community’s interaction with art and culture by taking
open green areas beyond being just places for rest and
recreation.

The maintenance and safety of open green areas are
critical to their sustainability and the safety of their users.
Regular maintenance programs should be implemented to
keep open green areas clean and safe. Adequate lighting,
security cameras and security personnel should be
provided to ensure the safety of these areas.

Areas for exercise should be created in open green
areas. These areas will have positive effects on both
physical and mental health.

It is important to increase the quality of urban life by
increasing the variety and functionality of open green
areas. Planning and designing different types of open green
areas meets the needs of various user groups and provides
environmental benefits. Creating multi-purpose areas
increases social health and well-being by encouraging
social interactions. Sustainable and accessible green space
designs make it possible to achieve environmental and
human-centered goals.

Open green arcas should be designed to appeal to
different age and interest groups. They should offer a
variety of functions such as sports fields, playgrounds,
walking and running paths, picnic areas and recreation
areas.

Open green areas should be aesthetically appealing and
include natural features, including water features, flower
gardens, natural vegetation, and shaded seating areas.

These recommendations aim to maximize the positive
effects of open green areas on human health and
psychology and to increase the general well-being of
society. The protection and development of open green
areas will contribute to making cities more livable.
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were developed and suggestions were presented to increase environmental awareness in landscape
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Introduction

Environment refers to the biological, physical, social,
economic and cultural environment in which living things
maintain their relationships and interact with each other
throughout their lives (Anonymus, 2024g).

According to Keles et al. (2015), environment, as a
concept, refers to the mutual relations that people establish
with each other, the mutual interactions of people
throughout these relations, and the relations and
interactions of people with animals and plants.

The environment is examined as a living environment
and a nonliving environment, but it is also possible to
examine the environment as a physical environment and a
social environment depending on its quality. The
environment in which living things live and can physically
perceive its existence and quality is called the "physical
environment". The physical environment is also divided
into "natural" and "artificial" environments (Tiras, 2012).
According to Kislalioglu (1989), the natural environment
is defined as all natural entities that humans have no
contribution to their formation, that is, that are not touched
by human hands or changed by humans. Humans, soil,
water, air, plant and animal communities are parts of the
natural environment. All entities such as houses, roads,

This work is licensed under Creative Commons Attribution 4.0 International License

cities that have been built by humans using the natural
environment since the existence of humanity are also
defined as artificial environments (Erol, 2005).

Environmental problems can be defined as the negative
consequences that arise from human intervention in nature
and the use of nature to meet their unlimited needs (Zengin
and Esedov, 2010).

Although the concept of environmental awareness has
many different areas of use, the area where it shows itself
most intensely today is politics. The aim of environmental
awareness, as many scientists emphasize, is environmental
knowledge, attitudes towards the environment and
behaviors beneficial to the environment (Ertan, 2004).

Environmental awareness is a way of thinking that
people need to have in order to both prevent environmental
problems and protect the environment. Environmental
awareness Dbasically requires being aware of the
environment and being able to act in harmony with it
(Nazlioglu, 1991). Environmental awareness means that
the individual gains his/her natural environment as a
society, acquires environmental sensitivity, defends his/her
rights in solving environmental problems and takes
initiatives to show his/her reaction, understands the need to
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use the environment without destroying it, and prioritizes
saving in all consumption habits (Kizilaslan and
Kizilaslan, 2005). Environmental awareness is an
important indicator of human attitudes and behaviors
towards environmental problems and supports living in a
healthy and balanced environment (Colakoglu, 2010).
Individuals with environmental awareness have adopted
the concept of conscious consumption and
environmentally friendly production in order not to harm
the environment, to exhibit environmentally beneficial
behaviors and to solve environmental problems (Cifci and
Sakaci, 2015). This understanding, when put into practice
and transformed into behavior, is accepted as an indicator
of environmental awareness. The most basic way to solve
environmental problems is to provide serious
environmental education to all individuals in society and to
gain environmental awareness. A positive change in
approaches to the environment increases people’s
environmental awareness (Safak and Erkal, 1995).

Landscape Architecture Education in Turkey

Landscape architecture education is a discipline that
began at Harvard University in the 1900s and has now
spread across the world, beyond America, Europe, and
Asia. Therefore, the scope of landscape architecture and its
importance within other disciplines have changed
according to various approaches, events, and changing
perspectives (Giizel and Erdem Kaya, 2020).

In the historical process where landscape architecture
education is rapidly advancing in the world, the beginning
of landscape architecture education in Turkey is accepted
as 1968-Ankara University (Uzun and Kesim, 2008). In
this period when the ecological approach was newly
accepted on a global scale, in our country, it was founded
on the basis of plant knowledge and production education
in the “Forestry and Agriculture” faculties where
agriculture and horticulture were at the forefront. During
this period, the fact that landscape architects were educated
in the agricultural engineering department and that the
approaches of the faculties they were in were different
from the universal approach of the period, rather than the
design scale of landscape architecture education, it was
based on learning natural and cultural systems (Ortagesme
etal., 2014).

In our country, as of 1994, the discipline of architecture
has reached a widespread influence within landscape
architecture, and the educational structure within the
faculties of architecture, fine arts and engineering has
become diverse (Uzun et al., 2019). The inclusion of the
Landscape Architecture program in the Faculty of
Architecture has brought different dimensions to the design
and planning approach in landscape architecture education
by associating the discipline with construction, materials,
and building as well as natural sciences (Giizel and Erdem
Kaya, 2020).

The proliferation of architecture faculties in our
country and the inclusion of landscape architecture
departments within architecture faculties are realized
through the orientation of landscape architecture education
towards diverse, global-scale, interdisciplinary educational
approaches that can respond to the multifaceted needs of
21st century cities (Atanur et al., 2020).

In the history of landscape architecture education in our
country, it has been determined that interdisciplinary
approaches could not be developed around the same
principles within different faculties and that there were
deep disagreements (Kaplan, 2000). However, with the
signing of the Bologna Convention in 2001 (Akinci and
Karagor, 2010) and the establishment of the Council of
Landscape Architects Department Heads in 2009, common
approaches, decisions and studies in landscape architecture
education began to develop (Anonymus, 2024h).

The purpose of this study is to determine the
environmental awareness levels of students studying in
landscape architecture curriculum and to understand the
factors affecting this awareness. Landscape architecture is
a discipline that aims to understand and balance the
interactions between the natural and artificial environment.
In this context, examining the environmental awareness
levels of students is of critical importance in terms of
producing sensitive solutions to environmental problems in
their professional practices.

Materials and Methods

Materials

This research was conducted on 6 faculties that provide
landscape architecture education in our country. There are
6 faculties that provide landscape architecture education in
Turkey. These faculties are: Faculty of Fine Arts, Faculty
of Architecture, Faculty of Architecture and Engineering,
Faculty of Architecture and Design, Faculty of Forestry
and Faculty of Agriculture. In this context, the universities
that will participate in the research were determined as
Kirikkale University Faculty of Fine Arts, Siileyman
Demirel University Faculty of Architecture, Hac1 Bektas
Veli University Faculty of Architecture and Engineering,
Selguk University Faculty of Architecture and Design,
Cankirt Karatekin University Faculty of Forestry and
Ankara University Faculty of Agriculture.

Kirikkale University Faculty of Fine Arts: The
Department of Landscape Architecture, affiliated to the
Kirikkale University Faculty of Fine Arts, was established
on 08.02.2017 after being deemed appropriate to be opened
by the Council of Higher Education (Anonymus, 2024a).

Siileyman Demirel University Faculty of Architecture:
The Department of Landscape Architecture, which started
its undergraduate education in the Faculty of Forestry in
the 2007-2008 academic year, was transferred to the
Faculty of Architecture with its students on 19.06.2014 by
the Council of Higher Education (Anonymus, 2024b).

Hac1 Bektas Veli University Faculty of Architecture
and Engineering: The Faculty of Engineering and
Architecture was established by the Ministry of National
Education on 25.12.2009. The Department of Landscape
Architecture was established in the Faculty of Engineering
and Architecture on 14.04.2010 (Anonymus, 2024c).

Selguk University Faculty of Architecture and Design:
The department started its undergraduate education in the
Faculty of Agriculture in 2011. It has been providing
education in the Faculty of Architecture and Design since
2020 (Anonymus, 2024d).

Cankir1 Karatekin University Faculty of Forestry: The
Faculty of Forestry was established on 24.08.1994 by the
decision of the Council of Ministers as a part of Ankara
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University and started its activities in the 1996-1997
academic year. On 29.05.2007, with the establishment of
Cankir1 Karatekin University, the faculty name and
affiliation were changed and it was connected to Cankirt
Karatekin University (Anonymus, 2024e).

Ankara University Faculty of Agriculture: Landscape
Architecture education in Turkey began as the
“Ornamental Plants Branch” within the Higher Institute of
Agriculture, which was established in 1933. With the
establishment of Ankara University in 1946, the Faculty of
Agriculture within this institution continued its activities
under the name of “Garden Architecture and Afforestation
Department”. As a result of the increasing interest in the
environment and landscape, the Department of Landscape
Architecture was established in 1968 as one of the 10
departments of the Faculty of Agriculture (Anonymus,
2024f).

Methods

This research was conducted with landscape
architecture students studying at 6 different universities
and faculties in Turkey. 303 people participated in the
survey. The surveys were conducted via Google Forms.
The survey included 25 questions and used a 5-point Likert
scale (Glingor, 2022).

Firstly, the universe and sample size were determined
and according to this situation, it was revealed how many
students should be surveyed at least. According to
Anonymus (2024), if a 95% confidence level is desired in
a universe size of 500 people, the sample size should be at
least 222 people. The total number of landscape
architecture students studying in these faculties within the
scope of the research is 682. Therefore, the universe size
was calculated as 682 and the sample size as 303.

The data obtained in the study were analysed using
SPSS 25.0 for Windows (Statistical Package for Social
Sciences) software.

The reliability of the questionnaire scales prepared
according to the predetermined scale type was measured by
Cronbach’s Alpha reliability coefficient. In the study,
Cronbach’s Alpha reliability values higher than 0.80 in
both scales indicate that the questionnaire has an
acceptable, good level of reliability (Baker, 1991;
Cronbach, 1951).

The suitability of continuous variables for normal
distribution was evaluated using the Shapiro-Wilk test. As
a result of the test, it was determined that the data came
from the normal distribution family.

Independent t-test was used for the comparison of
numerical data between two independent groups and One-
way ANOVA test was used for more than two independent
groups.

The relationship between continuous variables was
tested by Pearson correlation analysis. As a result of the
analysis, the degree, magnitude and direction of the
relationships between the variables were evaluated with
Pearson correlation coefficient (r).

While interpreting the results of the analyses, the error
was kept at the level of 0.05 and thus the decisions were
made at 95% confidence level.

Results

The questionnaire consists of three parts. In the 1st part,
demographic questions, in the 2nd part, questions were
asked to measure the level of environmental sensitivity of
students, and in the 3rd part, questions were asked to
measure the contribution of landscape architecture
education given to students in faculties to environmental
sensitivity.

Demographic Characteristics of the Participants in
the Survey

The survey was applied to students studying in 6
different education programs via Google Forms. A total of
303 landscape architecture students participated in the
survey. 69 students from Ankara University, 51 students
from Cankirn Karatekin University, 41 students from Hact
Bektas Veli University, 39 students from Kirikkale
University, 52 students from Sel¢uk University, and 51
students from Siileyman Demirel University participated in
the survey.

Of the students who participated in the survey, 175
(57.8%) were female and 128 (42.2%) were male. 99
(327%) of the participants were in the 18-20 age group, 161
(53.1%) were in the 21-23 age group and 43 (14.2%) were
in the 24 and over age group. Of the participants, 67
(22.1%) were lst grade, 83 (27.4%) were 2nd grade, 98
(32.3%) were 3rd grade and 55 (18.2%) were 4th grade
students.

Results of the Survey Study

The reliability values of the 2nd and 3rd part survey
scales used in the study are as explained below:

Cronbach’s Alpha value for the 2nd part scale was
determined as 0.839. The reliability of the scale was
determined as ‘good’ in the literature scale. The items of
the 2nd part questionnaire were found to be homogeneous
and related to each other (F=43.796, p<0.0001). It was also
found that the test was retractable (F=1.139, p=0.151). For
the 2nd part questionnaire, Hotelling’s T-Squared Test was
performed to determine whether the test design was
appropriate in terms of reliability analysis applications and
according to the test results, it was found that the model
was appropriate (F=26.026, p<0.0001).

For the 3rd part scale, Cronbach’s Alpha value was
found to be 0.815. The reliability of the scale was
determined as ‘good’ in the literature scale. It was
determined that the items of the scale in question were
homogeneous and related to each other and that the test was
summable (F=36.017, p<0.0001; F=2.458, p=0.117). In
terms of the 3rd part scale’s Reliability Analysis
applications, it was also determined by Hotelling’s T-
Squared Test that the test design had an appropriate
structure (F=37.761, p<0.0001).

In line with the results obtained, it was seen that the
scales and their sub-factors fulfil the reliability conditions
accepted in the literature and that their internal consistency
is acceptable independently. The following table
summarises the findings of the Reliability Analysis
described above (Table 1).
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Table 1. Reliability Analysis Findings of Part 2 and 3 Questionnaire Scales

Part 2 and 3 Survey Scales Reliability Analysis Findings

Aver  Standard Cronbach Relationshi .-
Scales age Deviation Alpha Between Itepms Test Collectability
Part 2 Questionnaire 0.839 F=43.796; p<0.0001" F=1.139; p=0.151
Hotelling T? F=26.026; p<0.0001"
Part 3 Questionnaire 0,815 F=36,017;p<0.0001" F=2.458; p=0.117
Hotelling T2 F=37.761; p<0.0001"

*; It represents the findings obtained at 95% confidence level.

Table 2. Correlation Analysis

Average Std. Dev. Part 2 Questionnaire  Part 3 Questionnaire
Part 2 Questionnaire 55.554 7.591 1
Part 3 Questionnaire 44.963 5.811 0.452" 1
Table 3. Students’ Environmental Awareness Scale - Gender Comparison
Students’ Sensitivity to the Environment | Sample Volume (n)  Average  Std. Dev.  t-value  p- value
Gender Female 175 55.605 6.962
Male 128 55484 g401 037 0891

Comparison was made with Independet Sample T-test. *0=0.05

Table 4. Students’ Environmental Awareness Scale - Age and Class Comparison

Students’ Sensitivity to the Sample Volume Averagea  Std.Dev.  F- value p-- . Group
Environment (n) value differences
between 18 and 20 99 54.191 7.869 a
Age between 21 and 23 161 55.341 7.317 7.767 0.001" ab
24 years and older 43 59.488 6.737 bc
1. Class 67 55.432 8.251 ab
2. Class 83 55.686 7.380 . ab
Class | 3 Class 98 54.143 7.266 3141 <0.026 be
4. Class 55 58.018 7.184 a

Multiple comparisons were made with Oneway ANOVA test and pairwise comparisons were made with Tukey test. In group comparisons; there are
statistically significant differences between groups with different letters. *a=0.05

In the 2nd part of the questionnaire, questions were
asked to measure the level of students’ sensitivity towards
the environment, and in the 3rd part, questions were asked
to measure the contribution of landscape architecture
education given to students in faculties to environmental
sensitivity. Correlation analysis was performed to
determine whether there is a significant relationship
between students’ sensitivity towards the environment and
the contribution of landscape architecture education given
to students in faculties to environmental awareness.

In the table, information about the correlation
relationships (correlation coefficient) and the mean =+
standard deviation values of the scales for the 2nd and 3rd
part survey scales applied to the students participating in
the research are reported. The correlation relationship
investigated and the summarised mean values were carried
out over the scores of the 2nd and 3rd part survey sub-
dimensions, and these scores were created based on the
data obtained from the applied questionnaires. * represents
the findings obtained at 95% confidence level.

Table 2 summarises the results of the correlation
analysis of the 2nd and 3rd part survey scales. According
to the table, the results are as follows:

There is a positive correlation with a coefficient of
0.452 between students’ sensitivity towards the
environment and landscape architecture education given to
students in faculties. A one-unit increase in the score of the
landscape architecture education scale given to the students

in faculties provides an increase of 0.452 units in the
students’ environmental sensitivity level score (r=0.452
and p<0.001).

The findings related to the gender comparison of the
environmental sensitivity scale of the students are
explained in Table 3. The results obtained are as follows:

While the environmental awareness scores of female
students were determined as 55.605 £ 6.962, the average
value of male students was determined as 55.484 + 8.401.
The environmental sensitivity of female students was
slightly higher than that of male students. However, this
situation did not create a statistically significant difference
between the groups.

The environmental awareness scores of female and
male students were statistically similar (p=0.891>0.05).

The findings related to the differences between the
environmental awareness scale scores of the students and
their age and faculty classes are given in Table 4. The
results are as mentioned below:

While the environmental awareness scores of the
students aged 18-20 were determined as 54.191 + 7.869,
those of the students aged 21-23 were determined as 55.341
+ 7.317. The average environmental awareness score of
students aged 24 years and older was 59.488 £ 6.737. In
the results obtained, it was determined that the
environmental sensitivity of the students showed
statistically significant differences according to their age
(p=0.001<0.05).
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The differences observed according to age groups are
due to the fact that the environmental awareness scores of
students aged 18-20 are statistically significantly lower
than those of students aged 24 and older. It was determined
that the environmental awareness scores of the students
aged between 21-23 years were similar to those of the
students aged 18-20 years and 24 years and older.

The environmental awareness scores of the Ist grade
students were 55.432 +8.251, 2nd grade students were 55.686
+ 7.380, 3rd grade students were 54.143 + 7.266. The 4th
grade students’ environmental awareness score was observed
as 58.018 + 7.184 on average. In the results obtained, it was
determined that the environmental sensitivity of the students
showed statistically significant differences according to the
classes they were in (p=0.026<0.05).

The differences observed according to the grades of the
students are due to the fact that the environmental
awareness scores of the 4th grade students are statistically
significantly higher than the 3rd grade students. It was
determined that the environmental awareness scores of the
other class students were similar.

Conclusion

The results of the survey show that most of the students
studying in the department of landscape architecture are
sensitive to the environment. It was also concluded that the
landscape architecture education given in faculties
contributes to the environmental awareness of students.

The majority of the students participating in the
research stated that they were sensitive to the environment
and that they grew up in an environmentally sensitive
family. Although the majority of students have sufficient
knowledge on issues such as global warming and climate
change, there are also students who do not have sufficient
knowledge. Students who prefer to buy products with
recycling signs on the packaging and students who throw
the wastes into the appropriate recycling bins so that they
can be recycled constitute the majority. Students who have
previously participated in activities, programmes,
congresses or petitions related to environmental protection,
nature conservation, etc. constitute approximately half of
the students surveyed. The students stated that they aim to
protect the environment while carrying out landscape
planning and landscape design studies and that they do not
want to interfere with the natural landscape while
implementing these planning/design projects. In addition,
students also stated that they received adequate education
on environmental problems, environmental ecology,
environmental awareness and consciousness in their
faculties. The students stated that they would be able to
carry out environmentally sensitive design and planning
studies with the education they received after graduation.

The environmental awareness of the students varied
depending on the demographic characteristics such as
gender, age and grade level. It was determined by statistical
analyses that female students and 4th year students had
higher levels of environmental awareness. In addition,
although landscape architecture departments are located in
different faculties, the environmental awareness of
landscape architecture department students studying at
different universities is statistically similar because their
education curricula are similar.

When the results of the research are analysed, it is
concluded that most of the landscape architecture students
are sensitive about environmental issues. Considering the
students who do not have high environmental sensitivity
and awareness, the following suggestions have been
developed.

Recommendations

In line with the findings of this study, the following
suggestions were made to increase the environmental
awareness of landscape architecture students. Landscape
architecture curriculums should be revised to place greater
emphasis on environmental issues. These revisions should
include adding new courses that include environmental
awareness and sustainability concepts, and updating
existing courses with environmentally focused content.

Educational programs should be designed to help
students understand environmental issues more deeply and
provide practical experiences. In this context, the
integration of various practical applications such as field
studies and projects is important.

Seminars, congresses and events related to the
environment should be organized in order to increase the
environmental awareness of students.

In order to encourage students to learn and apply
environmental awareness and sustainability issues in
depth, they should be supported with environmental
awareness-focused projects. Environmental awareness-
focused projects can contribute to students developing a
sensitive and solution-oriented approach to environmental
problems by providing them with the opportunity to apply
their theoretical knowledge in practice.

Landscape architecture education programs should
encourage interdisciplinary approaches to understanding
and solving the complexities of environmental problems.
This encouragement can enable students from different
disciplines to come together to address environmental
problems and bring together diverse perspectives to
produce more comprehensive solutions.

The developed suggestions can increase the
environmental awareness of landscape architecture
students and enable them to approach environmental
problems in a more sensitive and conscious manner. Thus,
they can develop their career studies after graduation in
line with the principles of environmental sustainability.
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Honeydew is a sugar-rich, sticky substance secreted by many plant-feeding insect species from the
order of Hemiptera and Lepidoptera. Aphids (Hemiptera: Aphididae), on the other hand, feed on
nitrogen-poor, carbohydrate-rich phloem sap and excrete excess carbohydrate as honeydew from
their anus. The aphids, constituting the main material of the study were sampled from the Catalpa
bungei C. A. Mey (Bignoniaceae) tree located in the central campus of Nigde Omer Halisdemir
University and then preparation procedures were carried out for species identification under
laboratory conditions. According to the identification key organized according to the host plant, the
samples were identified as Aphis gossypii Glover. The honeydew of A. gossypii Glover, known as
the cotton aphid, was collected from the host plant and the effects of two different concentrations
of the honeydew (10 and 20 g/L) on fungal growth were determined using both solid and liquid
media. Different Trichoderma strains and Beauveria bassiana were used to examine fungal growth.
Fungal growth in the prepared nutrient media was determined as the amount of biomass (gram).
The honeydew content (phenolic substance, sugar and amino acid amounts) was determined and
supported by FT-IR analyses. The growth of fungal species in the PDA medium, which was
preferred as the control medium, and the medium containing honeydew was compared. It has been
determined that fungal growth is better in the medium containing honeydew, and therefore
honeydew increases fungal growth. With this study, it is predicted that aphid honeydew can support
the growth of both fungal agents used in biological control and plant pathogens.
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Introduction

The honeydew is a sweet watery waste product of the
aphid’s diet of phloem sap, which is rich in sugar but poor
in amino acids (Fischer et al., 2005). It is released by
insects, mainly aphids, leafthoppers, mealybugs,
planthoppers, psyllids, scale insects, treehoppers and
whiteflies. Often overlooked, the honeydew plays an
important mediator role affecting the dynamics between
insects and plants (Dyer et al., 2018; Alvarez Pérez et al.,
2023; Zhang et al., 2023; Fernandez de Bobadilla et al.,
2024). Honeydew constitutes the food source of many
insect groups, especially ants. Aphids (Aphididae), which
feed on phloem sap, have developed mutualistic
relationships with ants thanks to the honeydew they
produce (Dixon, 1998; Ali et al., 2024). While ants meet
their carbohydrate needs with the honeydew produced by
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aphids (Saha et al., 2018), aphids also benefit from this
relationship by reducing predation, parasitism and the risk
of fungal infection (Volkl et al., 1999). The composition
and quantity of honeydew may vary depending on aphid
species, host plant species and phloem quality, and biotic
and abiotic environmental factors (Fischer et al., 2005;
Blanchard et al., 2022). Fischer and Shingleton (2001)
demonstrated that while feeding on Populus tremula L.
(Salicaceac) as compared with Populus alba L.
(Salicaceae), the honeydew of Chaitophorus populialbae
(Boyer de Fonscolombe) and Chaitophorus populeti
(Panzer) contained a higher amount of the trisaccharide
melezitose. In insects, gastrointestinal enzymes convert
plant-derived sucrose into the sugars found in honeydew,
such as melezitose, erlose, raffinose, trehalose, and
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trehalulose (Hendrix et al., 1992; Wiackers, 2000). On the
other hand, some aphid species release more honeydew
than their own body weight on an hourly basis; the process
of producing honeydew is intricate and impacted by many
variables including insect age, size, species, seasonal and
geographical location of the host plant, diurnal shifts, and
climate (Ali et al., 2024). The quantity and quality of
honeydew, as well as the sugar demand of the ants, are
often correlated positively with the intensity of ant-aphid
mutualism (Bonser et al., 1998; Fischer et al., 2001).

Even small changes, which may seem insignificant, in
the content of the honeydew can affect the feeding
behavior of insects in different ways. For instance, aphids
that produce melezitose-rich honeydew, such as
Metopeurum fuscoviride Stroyan and Cinara spp., are
known to attract ants, but aphids that produce minimal
melezitose, such as Macrosiphoniella tanacetaria
(Kaltenbach) and Macrosiphum euphorbiae (Thomas),
have little or no impact on ant behaviour (Hendrix et al.,
1992; Volkl et al., 1999). In addition, although the sugar
and amino acid contents of flower, stem nectars and
honeydew are not very different, repellent plant substances
play an important role in the feeding preferences of ants
(Bliithgen et al., 2004). Moreover, it has been reported that
the honeydew of many insects can have positive effects on
herbivore population dynamics by increasing the fitness of
parasitoids (Evans & England, 1996; Tena et al., 2016). It
also has an effect on the initiation and maintenance of
seeking behavior of hyperparasitoids of aphids (Buitenhuis
et al., 2004). This adds a different dimension to the
ecological importance of honeydew.

The honeydew, which is the carbohydrate source of
ants, is not only a sugary waste product of aphids, but also
has an ecological importance that extends to various living
groups in the ecosystem. For example, aphids like Sitobion
avenae (Fabricius) and Metopolophium  dirhodum
(Walker) are individually impacted by the microbial
influence on honeydew dynamics. When compared to
healthy plants, these aphids significantly reduce the
amount of honeydew excreted by plants infected with the
Barley Yellow Dwarf Virus-BYDV (Ajayi & Dewar,
1982; Ali et al., 2024; Fiebig et al., 2004). The complex
interactions between sap-feeding insects, plants, and
microbial communities that shape honeydew dynamics and
its ecological implications are further highlighted by this
finding. The honeydew, rich in sugar and other
components, also serves as a food source for various
microorganisms and fungi i.g. pathogenic fungi (Tena et
al., 2016). Thus, the microbial communities that develop in
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Figure 1. Honeydew collection from Catalpa bungei planfé

honeydew, in turn, support the larger ecological
environment (Owen & Wiegert, 1976; Leroy et al., 2011;
van Neerbos et al., 2020). It is known that, the fungi
produce volatile organic compounds (VOCs), including
aldehydes, alcohols, benzene derivatives, phenols,
heterocycles, hydrocarbons, ketones, cyclohexanes,
thioesters and thioalcohols (Karsli & Sahin, 2021). The
volatile organic compounds (VOCs) can affect plant
health, insect behaviour, and even attract natural enemies
of the honeydew producers. Exploring honeydew’s
ecological effects reveals that this seemingly unremarkable
material has significant effects on pest management,
nutrient cycling, and biodiversity (Alvarez-Pérez et al.,
2024).

In this study, the effect of honeydew content on fungal
growth was investigated. It was investigated whether aphid
honeydew has an effect on the development and activity of
Bauveria bassiana and some Trichoderma species, which
are fungi that can be applied in agricultural fields.

Materials and Methods

Aphid Material and Honeydew Collection

Aphids forming dense colonies and a large amount of
honeydew were observed on Catalpa bungei C. A. Mey
(Bignoniaceae) plants at the Nigde Omer Halisdemir
University Central Campus, on September 28, 2022. It has
been determined that the wingless individuals of the aphid
population are mostly yellow, some are light green and
dark green, and they prefer the lower parts of the plant’s
leaves.

Firstly, the aphids taken from the host plant were
transferred to eppendorf tubes containing 96% alcohol and
transferred to the laboratory for identification. Preparations
of the samples were made according to the principles
specified by Martin (1983). Then, aphids were identified as
Aphis gossypii Glover according to the identification key
provided by Blackman & Eastop (2024). Aphis gossypii
Glover, known as the cotton aphid, is a cosmopolitan
species (Holman, 2009; Kok & Ozdemir, 2021; Blackman
& Eastop, 2024; Gortir et al., 2024). It can use a variety of
plants as hosts, including cotton, cucurbits, eggplant,
pepper, potato, many ornamental plants, and Catalpa spp.
(Holman, 2009; Blackman & Eastop, 2024). Later on,
nylon material was stretched over the undersides of the
leaves of the plant where honeydew, was detected. The
honeydew was collected twice a week from these nylon to-
glass tubes (Figure 1). After collection, samples were
capped with parafilm and stored at -20°C until analysis.
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Preparation of Medium

Ten (10) grams of dry honeydew samples collected
from the leaves and stems of about four trees, were used
for the experimental studies. Two grams of honeydew were
dissolved with 10 ml of distilled water and filtered to
remove any physical material. The culture medium was
prepared by adding 5.0 ml of honeydew solution to 100 ml
of distilled water and 1.5 grams of agar medium and
sterilized by autoclaving at 121°C for 15 minutes. The pH
of the medium was 7.3 +£0.2 at room temperature before
autoclaving. This solid medium containing honeydew is
called HDA (Honeydew Agar) medium. Honeydew broth
medium was prepared similar to HDA solid medium
without agar. Mineral medium (MM) was prepared as a
negative control for fungal growth in Petri dishes
containing % 0.9 g (w/v) NaCl. In addition to the mineral
medium, Potato Dextrose Agar (Merck 110130 Potato
Dextrose Agar (PDA), 500 gr) used for the growth of
Trichoderma species and Beauveria bassiana was also
prepared as a positive control.

Fungus

Eight fungal strains isolated in a previous study (Project
no: FMT 2022/15-LUTEP supported by Nigde Omer
Halisdemir University) were used in this study. First,
fungal strains were grown on PDA (Potato Dextrose Agar)
medium. Then, fungal disks of 6.0 mm diameter were taken
from one-week cultures and placed in the center of petri
dishes containing HDA medium. All plates were incubated
at 2742°C for 7 days. Test media, negative and positive
control medium were prepared as three parallels, and
averaged the measurements. Abbreviations for fungal
strains used are as follows: Trichoderma koningiopsis
(TK), Trichoderma citrinoviride (TC), Trichoderma
saturnisporum (TS), Trichoderma harzianum (TH),
Trichoderma pleuroticola (TP), Beauveria bassiana (BB),
Trichoderma asperellum isolated from banana plant root
(TA), Trichoderma longibrachiatum isolated from soil
(TL).

Analysis of Sugars and Amino Acids in Aphid
Honeydew

Sugar and organic acid analysis were performed using
AGILENT 6460 Triple Quadrupole System (ESI+Agilent
Jet Stream) and AGILENT 1200 Series HPLC at METU
Central Laboratory, Molecular Biology-Biotechnology
Research and Development Center, Mass Spectroscopy
Laboratory, Ankara, Turkey.

For organic acid analysis; Instrument: Agilent 1260
HPLC system, Column: Metacarb 87H column and
Detector: PDA-210nm, Mobile Phase: 0.008N H2SO4,
Flow Rate: 0.6mL/min.

For Sugar Analysis; Instrument: Agilent 1260 HPLC
system, Column: Hiplex H column and Detector: RID,
Mobile Phase: Water Flow Rate: 0.6mL/min.

Amino acid analysis was performed at TUBITAK-
MAM.

In addition, FT-IR study was (Central Laboratory,
Nigde Omer Halisdemir University) also conducted for
phenolic substance content and other contents. In the FT-

IR study; gallic acid (MERCK) was used as a control in the
investigation of phenolic substance content.

Results and Discussion

The comparison of the growth of fungal isolates on
HDA medium with the growth on mineral medium and
PDA medium used as a negative and positive control is
shown in Figure 2. As shown in Figure 2, all fungal strains
showed very well growth in HDA medium than in the
negative control. In order to confirm the growth of fungal
strains in HDA medium, liquid media containing different
volumes of honeydew were also prepared in three parallels.
When their growth on liquid medium was measured; the
growth rate of each species varied. In addition, it was
shown in Figure 3 that there were differences in mean
biomass production of fungal growth in liquid media
containing 1.0 % and 0.5 % (w/v) of honeydew.

While TK and BB showed similar growth in both ratios,
the growth in TC, TS, TA was better in medium with 0.5%
honeydew. It is estimated that the better growth in these
strains in the medium containing 0.5% honeydew is related
to the phenolic substance content of the honeydew. On the
other hand, it was determined that the TH, TP, TL strains
had better growth in the medium containing 1.0%
honeydew.

In the analysis of the honeydew substance content,
butyric acid and formic acid were found, while trehalose,
sucrose, maltose and raffinose were detected as sugars.
Lactose, a disaccharide, was not detected. It was thought
that all these components provided suitable conditions as a
carbon source for fungal growth in both liquid and solid
media, however, nitrogen content should also be in the
components, so the amino acid content was examined.
However, it could not be detected in the present solution.
The presence of amino acids in the solution is indisputable,
but it is thought that it could not be detected due to the very
low amount in the solvent. In addition, FT-IR study of the
honey was also performed to examine the phenolic content
and the total content (Figure 4).

FT-IR analyses showed that the phenolic content of the
honeydew was higher than that of the gallic acid standard
(Figure 4). It has been determined that some fungal isolates
grow better in a medium with 0.5% honeydew content than
in a medium with 1.0% honeydew content. It is thought that
the reason why fungal growth is lower in 1.0% liquid
medium is due to the toxic effect of the phenolic
compounds in the honeydew. It has been shown in the
literature that high phenolic contents (especially gallic
acid, which is common in plants) have a toxic effect on
some fungi and yeast species (Dix, 1979; Li et al., 2017).
Additionally, the FT-IR spectrum of standard gallic acid
shows distinct peaks around 3300 (C-OH peak), 2900 (C-
H-H peak), 1600 (C=0 peak), 1400 (C=C peak), 1200, and
1000 cm™ and many peaks overlap with the honeydew. It
is noteworthy that the FT-IR spectrum also overlaps with
the extract of Catalpa ovata G. Don (Bignoniaceae) plant
(Yang et al., 2020). Similarly, it is reported by Anjos et al.
(2015) that various sugars have peaks at 3200, 2900, 1600,
1300, 1200 and 1000 cm'!.
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Figure 2. Growth of fungal species
a) fungal growth on MM medium as negative control, b) fungal growth on HDA medium as test media, ¢) mycelial growth and d) hyphal
morphology, e) fungal growth on PDA medium as positive control
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Figure 3. Microbial mean biomass in liquid honeydew media
(From left to right; Trichoderma koningiopsis (TK), Trichoderma citrinoviride (TC), Trichoderma saturnisporum (TS), Trichoderma harzianum
(TH), Trichoderma pleuroticola (TP), Beauveria bassiana (BB), Trichoderma asperellum (TA), Trichoderma longibrachiatum (TL)
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Figure 4. FT-IR analyses (a) Gallic acid, (b) Honeydew

Table 1. Sugar and organic acid content of honeydew (mg/mL.)

Butyric acid Formic acid

Raffinose

Trehalose+Sucrose+Maltose Lactose

Honeydew 0.5 +0.0 6.1+£0.3

62+3

26+3 not detected

Conclusion

The aphid species 4. gossypii Glover, which has a high
population density on the Catalpa bungei C. A. Mey
(Bignoniaceae) plant, produces a large amount of
honeydew. It is seen that the content of the honeydew
produced depends on the host plant and the sugars in the
plant sap can be dominant. In addition, it appears that the
content of the honeydew produced by aphids may
positively or negatively affect the development of various
fungal species. It is thought that the inhibitory effect may
be due to the various phenolic substances contained in the
honeydew, which was found to be consistent with the
literature.

In biological control studies, focus should be placed on
the honeydew produced by insects, in addition to nectar
and honey (resin), which are carbohydrate sources for each
living group in the food chain. In this study, it was
determined that 4. gossypii Glover honeydew had a
positive effect on the development and activity of some
Trichoderma species and B. bassiana fungus species,
which can be applied in agricultural fields. In light of the
research conducted, this study highlights the multifaceted
role of honeydew in shaping the complex dynamics of
insect-plant-microorganism interactions, highlighting its
importance in both pest management and conservation
strategies. Moreover, as one of the first studies on whether

it supports agriculturally beneficial or harmful fungal
developments, it has shown that honeydew should be
focused on.
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This study aims to determine the development process of studies conducted on school gardening, which are
considered innovative practices, and to discuss them in the context of early childhood education and child
development. The study is descriptive and has a scanning model type. A total of 89 academic publications in
the form of articles or reports published in English on school gardening, which were scanned with the keyword
“school gardening” in all indexes in the Web of Science database, were included in the study. The publications
were analyzed and shown with graphics by dividing them into many variables such as the number of
publications by year, the distribution of authors, countries and journals in which the articles were published,
and the frequency of keywords. As a result of the research; it was determined that although there were
occasional decreases in the number of scientific publications, there was a regular increase, the most
publications were made in the journal Horttechnology, the highest h index was written by the author J. E. Cade,
the most researched institutions were universities in the USA, the most preferred micro topic in the Web of
Science database was obesity, the most preferred research area was education research, and the most preferred
sustainable development goals were health and quality of life. In line with the results obtained from the
research; it is recommended that school gardening be reserved for agricultural practices, agricultural practices
that can be carried out in schools be integrated into the education curriculum at all levels, training on school
gardening be provided to all stakeholders, both internal and external, regarding education, planning and
implementation of research and interdisciplinary projects on school gardening, establishing correct
collaborations with different countries in the research to be carried out, and organizing academic activities such
as congresses and workshops with international collaborations to disseminate school gardening.
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Okul Bahgelerinde Yapilan Tarim Uygulamalari (School Gardening) ile Tlgili
Yapilan Calismalarin Incelenmesi
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Anahtar Kelimeler:
Okul Bahgeciligi
Egitim

Cocuk Gelisimi

Erken ¢ocukluk egitimi
Dokiiman Incelemesi

Bu aragtirmada yenilik¢i uygulamalar olarak goriilen okul bahgelerinde tarm uygulamalar ile ilgili yapilan
aragtirmalarm gelisim siirecinin tespit edilmesi ve erken ¢ocukluk egitimi ve ¢ocuk gelisimi baglammda
tartisiimast amaglanmaktadir. Arastirma, betimsel nitelikte olup, tarama modeli tipindedir. Arastumaya Web of
Science veri tabaninda yer alan tiim indekslerde “school gardening” anahtar kelimesi ile taranan okullarda tarmm
uygulamalar1 konusunda Ingilizce dilinde yaymlannis makale veya bildiri seklindeki toplam 89 akademik yaym
dahil edilmigtir. Yaymlar, bilgisayar ortamna aktarilarak yillara gore yaym sayilari, yazarlarmn, iilkelerin ve
makalelerin yaymlandig1 dergilerin dagilin, anahtar kelimelerin sikhig gibi birgok degiskene gore ayrilarak
¢Oziimlenmis, grafiklerle gosterilmistir. Aragtima sonucunda; bilimsel yaymlarin sayisinda zaman zaman
diisiisler olmasma ragmen diizenli olarak artig egiliminde oldugu, en ¢ok Horttechnology isimli dergide yaym
yapildigy, en yiiksek h indeksinin J. E. Cade isimli yazar oldugu, en ¢ok arastuma yapilan kurumun ABD’de
bulunan tiniversiteler oldugu, ¢aligmalarda en fazla tercih edilen Web of Science veri tabanindaki micro konunun
obezite, en fazla tercih edilen arastirma alaninin egitim arastirmalari, en fazla tercih edilen siirdiiriilebilir kalkinma
amaglarmin saglik ve kaliteli yasam oldugu saptannustir. Arastrmadan elde edilen sonuglar dogrultusunda; okul
bahgelerinin belli boliimlerinin tarim uygulamalar i¢in ayrilmasi, tiim kademelerdeki egitim miifredatia
okullarda yapilabilecek tarim uygulamalannm entegre edilmesi, egitim ile ilgili i¢ ve dig olmak {izere tim
paydaslara okul bahgeciligi ile ilgili egitimler verilmesi, okul bahgelerinde tarim uygulamalart ile ilgili arastrma
ve disiplinler arast projelerin planlanmasi ve uygulanmasi, yapilacak aragtmalarda farkli tilkelerle etkili
isbirliklerinin yapilmasi, okullarda tarm uygulamalarmmn yaygmlastirlmast igin kongre, calistay gibi akademik
faaliyetlerin uluslararasi igbirlikleri ile diizenlenmesi dnerilmektedir.
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Giris
Cocuklar ac¢ik havada wvakit gecirmekten c¢ok
hoslanmaktadir. Ag¢ik hava egitimini  kullanarak,

rekreasyonel faaliyetlerin ve dogaya olan farkindalik
eksikliginin zararli etkisi 6nemli dl¢lide azaltilabilir, yagam
kalitesi arttirabilir ve egitimin amaclarina ulagmasi
saglanabilir (Osborne, 2023). Erken yillarda, agik hava
deneyimleri, oyun, problem ¢ozme, deney yapma,
sorgulama, diyaloglar ve isbirligi i¢in (Bento ve Costa,
2018) ve Oozellikle egitimin siirdiiriilebilir hedeflerine
ulasilmasina firsat olusturmaktadir (Kahriman-Pamuk ve
ark., 2019). Bu anlamda egitim, gelecek nesillerin
yasamlarini siirdiirmesi i¢in yapilmasi gerekenleri ele
almada Onemli bir role sahip olup siirdiiriilebilirlik
noktasinda da bireyleri siirdiiriilebilir uygulamalar
hakkinda bilgilendirmeyi, farkindalik yaratmay1 ve gerekli
beceri ve tutumlarin gelistirilmesi igin destek saglamay:
amaglamaktadir. Egitimin siirdiiriilebilir  hedeflerine
ulagilmasi, yetigkinler ve akranlarla destekleyici ve olumlu
iligkiler, uygun ekipman saglanmasi ve ozellikle dogayla
temas yoluyla kolaylasabilmektedir (Bento ve Costa, 2018;
Kahriman-Pamuk ve ark., 2019).

Dogayla temas noktasinda, ¢ocuklarin en sevdigi agik
hava aktiviteleri arasinda olan kogsma, trambolin, bir seyler
insa etme, agaglara tirmanma, dogayir kesfetme ve
yagmurda oynama gibi aktif ve doga temelli aktivitelere
katilmak igin giivenli yesil alanlar gerekmektedir
(Osborne, 2023). Mevcut sosyal baglamda, cocuklar
Covidl9 salgin1 nedeniyle de 2020 yilimin biiylik bir
kisminda evde karantinada kalmig olup disarida, agik
havada, temiz havada olma firsatlanini kagirmis
durumdadir. Birgok aile ve g¢ocuk zaten agik hava
aktivitelerine sinirlt diizeyde yer vermek zorunda kalmastir.
Covid19 salgini ailelere, acik havanin ve temiz havanin
cocuklar i¢in ne kadar degerli oldugunu fark ettirmis
bulunmaktadir (Ozturk ve Ozer, 2022).

Agik hava aktiviteleri ¢ocuklart mutlu, saglikli, enerjik
ve daha az stresli hissettirmesine ragmen, g¢ocuklarin
onemli bir kismi1 okul dis1 agik hava aktivitelerine katilmak
icin glinde bir saatten daha az zaman ayirmaktadir
(Osborne, 2023). Cocuklarin agik hava deneyiminde
birgok faktorle birlikte ebeveyn tutumlarmin da dnemli
etkisi bulunmaktadir (McHugh ve ark., 2023; Ozturk ve
Ozer, 2022). Bu durum da okulda yapilacak agik hava
aktiviteierinin ~ ve  okul  hahgelerinin  O6nemini
gostermektedir.

Okullar, bahgelerini ¢gocuklarin gelisimini biitiinciil bir
sekilde desteklemek ic¢in g¢esitli sekillerde kullanabilir
(Austin, 2022). Okul bahgeleri, 6zellikle evlerinde bahgesi
olmayan cocuklar i¢in uygulamali deneyim saglayabilir
(Hellinger ve ark., 2022). Bu yontemlerden birisi de okul
bahgelerinde tarim uygulamalaridir. Bahgede tarim
yapmak, dogasi geregi ilgi ¢ekicidir ve ¢ocuklarda ilgi
uyandiran, gurur duygusunu yasamayi saglayan bir
etkinliktir (Gardner Burt, 2016). Okullarda bahge egitimi,
acik hava Ogreniminin bir bileseni olarak bir bahg¢enin
egitim miifredatina ve haftalik planlama rutinlerine
biitiinciil olarak siklikla, tutarli ve yogun bir sekilde
entegre edilmesidir (McMillen ve ark., 2019).

Okul bahgelerinde yapilan tarim ¢aligmalarinda, meyve
ve sebzeler okulun bahgesinde, ¢evresinde veya yakininda
yetistirilmekte ve bazen kiiglik 6l¢ekli de olsa temel bir

gida kaynagir olmaktadir (Sottile ve ark., 2016).
Ogretmenler ve okul yéneticileri temel miifredatin
gereklerini  yerine getirmekte zorlanabilirken, okul
bahgeciligi hem temel miifredatta bulunan o6grenmeyi
gerceklestirmekte hem de ¢ocuklarin sosyal ve duygusal
o0grenme yeterliliklerini  kalict  6grenme  ¢iktisi  ile
birlestirme potansiyeline sahip olmaktadir (Lohr ve ark.,
2021). Ayn1 zamanda okullarda tarim uygulamalari hem
cevresel siirdiiriilebilirlik hem de saglikla ilgili olumlu
sonuglar dogurmaktadir (Davis ve ark., 2015). Blair (2009)
cevresel acidan; cocukluk doneminde aktif bahgecilik
yapmanin, agaclarin yetiskinlikte kisisel deger tastyip
tasimadigimmin  en  Onemli  belirleyicisi  oldugunu
vurgulamustir.

Tarnnmin kendisi insanlik tarihi kadar eski olmasina
ragmen yenilikgi uygulamalar arasinda olan okul
bahgeciligi (school gardening), ¢ocuklarin gelisimini doga
yoluyla desteklemeye olan ilginin bir sonucu olarak
egitimde yerini almistir (Lohr ve ark., 2021). Okul
bahgelerinde yapilan tarim uygulamalari, diinya ¢apinda
bircok iilkede ¢evre ve beslenme egitiminin tesvik edilmesi
ile ilgili ¢aligmalarin giderek daha fazla bir pargasi haline
gelmigtir (Sottile ve ark., 2016).

Ulkemizde gocuklarla yapilan agik hava etkinlikleri ile
ilgili disiplinler arasi ¢aligmalar az oldugundan, konu
hakkinda farkli disiplinlerden daha fazla ¢aligmaya yer
vermek onemlidir. Ciinkii ¢ok disiplinli bakis agilari, agik
hava aktivitelerini (Ozturk & Ozer, 2022) ve 6zellikle okul
bahgeciligini anlamaya farkli boyutlar katacaktir. Bu
noktada diinya ¢apinda birgok iilkede arastirmalarin bir
pargast haline gelmeye baglayan okul bahgeciligine (Sottile
ve ark., 2016) iliskin arastirmalarin yonelimi One
¢ikmaktadir.

Okul bahgeciligi ile ilgili yapilan arastirmalarin
dagiliminin belirlenmesinin, konu ile ilgili bilgi edinme ile
altyapi olusturacagi, gelecekte yapilacak arastirmalara yon
verecegi Ongorilmektedir. Okul bahgeciligi ile ilgili
yayinlanan makalelerin, kapsamli ve biitiinciil bir sekilde
ele alinarak konu ile ilgili daha nitelikli ¢alismalarin
yapilmasinin yaninda yayginlagmasini da saglayacak ve bu
sayede literatiirde olusan eksikligi giderebilecektir. Ayrica
gelecekte yapilacak arastirmalara konu olusturacak,
yontem ve Orneklem se¢imi noktasi ile alanda olusacak
olcek gelistirme ile ilgili gereksinimlere fikir vererek
alanyazina katkisi olacagi da diisliniilmektedir. Diinyada
okul bahgeciligi ile ilgili ¢aligmalarin tespit edilerek yillar
icinde degisimlerinin nasil oldugu, ¢alismalarin kimlerle
ve  hangi llkelerde yapildigt  Onem  tasidigi
diisiiniilmektedir. Bu diisiinceden hareketle bu arastirmada
yenilik¢i uygulamalar olarak goriilen okul bahgelerinde
tarim uygulamalar ile ilgili yapilan arastirmalarin gelisim
siirecinin tespit edilmesi ve erken g¢ocukluk egitimi ve
cocuk gelisimi baglaminda tartisilmasi amaglanmaktadir.

Materyal ve Yontem

Bu arastirmada yenilik¢i uygulamalar olarak goriilen
okul bahgelerinde tarim uygulamalar ile ilgili yapilan
aragtirmalarin gelisim siirecinin tespit edilmesi ve erken
cocukluk egitimi ve ¢ocuk gelisimi baglaminda tartisilmasi
amaglanmaktadir. Aragtirmada etik kurul izini ve/veya
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yasal/6zel izin alinmasi gerekmemektedir. Arastirma,
bilimsel yaymlarin dagilimlarint ortaya koydugundan
betimsel nitelikte olup, tarama modeli tipindedir. Betimsel
istatistik, belirli bir gruba ait gozlemlere iliskin sayisal
verilerin dzetlenmesi, diizenlenmesi ve simflandirilmasiyla
ilgilenen istatistik olarak tanimlanmaktadir (Biiytikoztiirk
ve ark., 2014). Arastirmaya Web of Science veri tabaninda
yer alan tiim indekslerde “school gardening” anahtar
kelimesi ile taranan okullarda tarirm uygulamalarn
konusunda Ingilizce dilinde yayinlannis makale veya
bildiri seklindeki toplam 89 akademik yaym dahil
edilmistir. Yaynlar, bilgisayar ortamina aktarilarak yillara
gbre yayin sayilari, yazarlarin, ilkelerin ve makalelerin
yayinlandigt dergilerin dagilimi, anahtar kelimelerin
siklig1 gibi birgok degiskene gore ayrilarak ¢oziimlenmis,
grafiklerle gosterilmistir. Grafikler, verileri anlamli olarak
simiflandirmanmm  yollarindan  biri  olup  siklikla
kullanilmaktadir (Biiytikoztiirk ve ark., 2014).

Bulgular

Bu bdliimde arastirmadan elde edilen yayinlarin yillara
gore dagilimi, sayilarina gore yaymlandigi ilk 10 derginin
dagilimi, sayilarina ve H indeksine gore calismalari
yayinlayan ilk 10 arastirmacinin dagilimi, ¢alismalarin
yapildigt yerlere iliskin yogunluk haritasi, ilk 10 iilkenin
ilgili konuda bilimsel yayin iiretimine gore zamansal

degisimi, en fazla yayin yapilan kurumlarin dagilimi,
caligmalarda en fazla tercih edilen Web of Science micro
konunun dagilimi, aragtirma alani ve siirdiiriilebilir
kalkinma amagclarinin dagilimina iliskin bulgulara yer
verilmisgtir.

Grafik 1 incelendiginde; okullarda tarim uygulamalar1
ile ilgili yaymnlarm sayisinin zaman zaman distsler
olmasina ragmen diizenli olarak artis egiliminde oldugu,
makale sayisimn 2017 yilinda en yiiksek sayiya eristigi,
2024 yilina kadar okullarda tarim uygulamalarn ile ilgili
yayinlanan makale ve bildirinin toplam sayisinin 89 oldugu
belirlenmistir.

Grafik 2’ye gore okullarda tarim uygulamalart ile ilgili
(toplamda 68 dergide) yaymlanan makalelerin en g¢ok
yayinlandig: dergiler incelendiginde; Horttechnology (11),
Bmc Public Health (5), Hortscience (5), Journal of
Nutrition Education and Behavior (4), International
Journal of Environmental Research and Public Health (3),
Acta Horticulturae (2), Childhood Obesity (2), Health
Promotion Practice (2), Journal of Hunger Environmental
Nutrition (2), Journal of the Academy of Nutrition and
Dietetics (2) seklinde dagildig1 goriilmiistiir.

Grafik 3’de sayilarina ve H indeksine gore ¢alismalari
yayinlayan ilk 10  aragtirmaci  goriilmektedir.
Arastirmacilarin yayn sayilarinin birbirine yakin olmasina
ragmen en yiksek h indeksinin J. E. Cade’de oldugu
saptanmuistir.
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Grafik 1. Uretilen bilimsel yaymlarin yillara gére dagilimi (Makale ve Bildiri toplami)
Figure 1. Distribution of published/ produced scientific publications by year (Total of Articles and Proceedings)
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Grafik 2. Yaynlarin sayilarina gore yayinlandigi ilk 10 derginin dagilim1
Figure 2. Distribution of the top 10 journals in which publications were published according to their numbers
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Grafik 3. Sayilarina ve H indeksine gore ¢alismalar1 yayimlayan ilk 10 arastirmaci
Figure 3. Top 10 researchers who published their studies according to their numbers and H index

Grafik 4. Calismalarin yapildig yerlere iliskin yogunluk haritas1
Figure 4. Density map of countries where research is conducted
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Grafik 5.Top 10 countries by number of studies
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Grafik 6. Ik 10 iilkenin ilgili konuda bilimsel yayin iiretimine gore zamansal degisimi
Grafik 6. Temporal change of the top 10 countries according to scientific publication production on the relevant subject

Diinya genelinde ¢alismalarin yapildig1 yerlere iliskin
yogunluk haritasina bakildiginda sirasiyla ABD (41),
Ingiltere (13), Avusturalya (5), Almanya (4), Kanada (3),
Italya (3), Malezya (3), Nepal (3), Hollanda (3), Giiney
Kore (3), Danimarka (2), Cin Halk Cumbhuriyeti (2), Giiney
Afrika (2), Tayvan (2), Belgika (1), Bhutan (1), Brezilya
(1), Yunanistan (1), Endonezya (1), Israil (1), Meksika (1),
Norveg (1), Umman (1), Pakistan (1), Filipinler (1),
Slovenya (1), Isvigre (1), Tayland (1), Tiirkiye (1) , Uganda
(1)’da konu ile ilgili caligmalar yapildig1 goriilmektedir.

Calismalarin sayisina gore ilk 10 iilkeye bakildiginda;
sirastyla ABD (41), ingiltere (13), Avusturalya (5),
Almanya (4), Kanada (3), italya (3), Malezya (3), Nepal
(3), Hollanda (3), Giiney Kore (3) oldugu goriilmektedir.

Grafik 6’da konu ile ilgili en ¢ok ¢alisma yapan ilk 10
iilkenin bilimsel yayn {iretimine gore zamansal degisimi
goriilmektedir. En ¢ok Arastirma yapan ABD’nin 2018 y1li
ile birlikte ¢alisma sayisinda bir azalma, diger iilkeler
acgisindan ise son yillara dogru bir yogunlasma oldugu
sOylenebilir.
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Grafik 7. En fazla yayin yapilan kurumlar (ilk 10 kurum)
Figure 7. Institutions with the most publications (top 10 institutions)
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Grafik 8. Calismalarda en fazla tercih edilen Web of Science micro konu (ilk 10)
Figure 8. Most preferred Web of Science micro topic in research (top 10)
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Grafik 9. Calismalarda en fazla tercih edilen arastirma alani (ilk 10)
Figure 9. The most preferred research area in research (top 10)

En fazla yaym yapilan ilk 10 kurum incelendiginde
tamaminin iniversite oldugu, tamamina yakininin da
ABD’de ve ozellikle Texas Eyaletinde, birinin ise
Ingiltere’de yer aldig1 goriilmektedir.

Grafikte de goriildiigii gibi ¢aligmalarda en fazla tercih
edilen (ilk 10) Web of Science veri tabanindaki micro
konunun  sirastyla, obezite (44), yere olan
baghlik/mekansal baglilik (11), kentsel tarim (7), gida
giivencesizligi (5), fiziksel aktivite (2), 6gretmen egitimi
(2), ekonomi egitimi (2), demans (1), birlesik saglik sistemi
(1) konularinda yogunlastig1 goriilmiistiir.

Caligsmalarda en fazla tercih edilen ilk 10 arastirma
alanma bakildiginda sirasiya egitim arastirmalari (22),
kamu-gevresel is saglign (20), tarim (19), beslenme
diyetetik (16), ¢evre bilimleri-ekoloji (9), sosyal bilimler-
diger konular (6), genel dahiliye (3), saglik bilimleri
hizmetleri (3), gida bilimi teknolojisi (2) ve jeoloji (2)
oldugu  saptanmigtir.  Caligmalarda  tercih  edilen
stirdiiriilebilir kalkinma amaglarinin dagilim incelendiginde
sirastyla 03-saglik ve kaliteli yasam (%60), 02-agliga son
(%13), 11-siirdiiriilebilir sehirler ve topluluklar (%12), 01-
yoksulluga son (%7), O4-nitelikli egitim (%6), 10-
esitsizliklerin azaltilmasi (%]1), 15-karasal yasamin (%]1)
oldugu goriilmektedir.
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Grafik 10. Caligmalarda tercih edilen siirdiiriilebilir kalkinma amaglarinin dagilimi
Figure 10. Distribution of preferred sustainable development goals in research

Tartisma

Giliniimiiz toplumunun yasam tarzi, ¢ocuk gelisimi ve
biiyiime iizerinde biiylik bir etkiye sahiptir. Okulun ve
miifredatin kiiltiirel, duygusal ve ayni zamanda rekabetgi
gelisimde Onemli bir yer tuttugu giinimiizde, serbest
zaman veya eglence, aktiviteler her cocugun giinliik
programinda ikinci sirada yer almaktadir. Bu baglamda,
acik hava aktivitelerine ayrilan zaman Onemli olglide
azalmakta, bu durum hareketsiz bir yasam tarzim
beraberinde getirmekte, dogal ¢evre ile baglantiy1 ve bu
farkindaligin dogru anlasilmasim yok edebilmektedir
Zihin, beden ve ruh arasindaki baglantry1 temsil eden
biitiinsel bir egitim yontemi olan agik hava egitimi,
¢ocuklarin egitimindeki bu mevcut agigm ¢oziimii
olabilmekte (Isopescu ve ark., 2019) ve ¢cocuklara bu dogal
gevreyi diizenli ve anlamli bir sekilde deneyimleme
firsatlarinin ~ saglanmasinin  yollarinin  belirlenmesi
gerekmektedir (Ohly ve ark., 2016). Bu yollardan biri
okullarda yapilan tarim uygulamalaridir.

Yenilikgi  uygulamalar  olarak  goriilen  okul
bahgelerinde tarim uygulamalart ile ilgili yapilan
arastirmalarin gelisim siirecinin tespit edilmesi ve erken
cocukluk egitimi ve g¢ocuk gelisimi baglaminda
tartisilmasinin amaglandigi bu arastirmadan elde edilen
bulgular incelendiginde oncelikle 2024 yilina kadar
okullarda tarim uygulamalar ile ilgili yayinlanan makale
ve bildirinin toplam sayisinin 89 oldugu goriilmiistiir.
Okullarda tarim uygulamalar ile ilgili yayinlarin sayisinin
zaman zaman diigiisler olmasina ragmen diizenli olarak
artis egiliminde oldugu, makale sayisinin 2017 yilinda en
yiksek sayiya eristigi saptanmigtir. Konu ile ilgili en ¢ok
¢alisma yapan ilk 10 iilkenin bilimsel yayn {iretimine gore
zamansal degisimine bakildiginda ise en ¢ok arastirma
yapan ABD’nin 2018 yil ile birlikte ¢alisma sayisinda bir
azalma, diger iilkeler acisindan ise son yillara dogru bir
yogunlasma oldugu sdylenebilir. Kiiresel diizeyde aglikla
miicadelede ve c¢ocuklarin gelisimi agisindan 6nemli
oldugu dne siiriilen bu konuya iligkin yillar bazinda diizenli
bir artisin beklendigi ancak ¢aligmamizdaki bulgular
dogrultusunda; yayinlarin yillara gore diizensiz ve yavag da
olsa arttig1 soOylenebilir. Yillara gore sayilardaki bu

diizensizligin nedenlerinin aragtirilmasi i¢in daha fazla
arastirma yapilasi gerektigi diistiniilmektedir.

Okullarda tarim uygulamalan ile ilgili yayinlanan
makalelerin en ¢ok Horttechnology (11) yayinlandig:
saptanmistir. HortTechnology, 1903 yilinda kurulan
Amerikan Bahge Bilimi Dernegine (ASHS) bagli bir dergi
olup bahge bilimleri alanindaki  dgrencilerinin
yeteneklerini gelistirme, bahge bilimleri uygulamalar igin
iyl uygulamalari Onerme gibi konulardan tiiretilen
makaleleri 1991 yilindan itibaren yayilayan bir dergidir.
Hortscience da Amerikan Bahge Bilimi Dernegine (ASHS)
bagli bir dergi olup bahge bilimleri alaninda 1966 yilindan
itibaren yayin yapan bir dergidir. BMC Public Health ise
Springer Nature’a bagli olup hastalik epidemiyolojisi ve
halk sagliginin tiim ydnlerinin anlagilmasi ile ilgilenen bir
dergidir. Dergi, sagligin sosyal belirleyicileri, saglik ve
hastaligin g¢evresel, davramigsal ve mesleki iliskileri ve
saglik politikalarmin, uygulamalarinin ve miidahalelerinin
toplum tizerindeki etkisi iizerine odaklanmigtir (BMC
Public Health, 2024). Bu konuda yapilan aragtirmalarin
yayinlandigr  dergilerdeki  yayilimina  bakildiginda;
yayinlarin ¢ogunlugunun siirdiiriilebilirlik i¢in ¢ocuk
gelisimi, erken ¢ocukluk egitimi dergilerinden daha ¢ok
bahge bilimleri alaninda oldugu goriilmiistiir. Bunun
yaninda saglik, ¢evre ve beslenme ile ilgili dergilerde de
yayinlar oldugu saptanmigtir. Dolayistyla ¢ocuk gelisimi
alanini bir biitlin olarak etkileme potansiyelinin daha ¢ok
gelistirilmesi gerektigi soylenebilir.

Okullarda tarim uygulamalarini arttirmada  etkili
arastirmacilart belirleyerek ve sonuglara dayanarak teorik
gerceveye katkida bulunulacagi diisiiniilmektedir. Bu
kapsamda sayilarina ve H indeksine gore iiretilen bilimsel
arastirmalart yayinlayan ilk 10 arastirmaci incelenmistir.
Arastirmacilarin yayin sayilarinin birbirine yakin olmasina
ragmen en yiiksek h indeksinin J. E. Cade’de oldugu
saptanmistir. Konu ile ilgili sayilarina ve H indeksine gore
en ¢ok Dbilimsel yaym yapan arastirmacilarin
saptanmasinin, alanda bilimsel iletisimin gelismesine
katkida bulunacag diisiiniilmektedir.
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Diinya genelinde calismalarin ABD (n:41)’de yapildig
goriilmekte, caligmalarin sayisma gore ilk 10 dilkeye
bakildiginda ise ABD (n:41) 6nde oldugu goriilmiistiir. Okul
bahgelerinin sagladigi olumlu sonuglara ragmen, ¢aligmalarin
cogunun Avustralya, Birlesik Krallik ve Amerika'da yer aldig1
icin (Holloway ve ark., 2023; Ohly ve ark, 2016) bu
miidahalelerden elde edilen sonuglarm
genellestirilebilirliginin  yiiksek gelirli {ilkelerle sinirli
olabilecegi (Holloway ve ark., 2023), bulgularin bu yerlerin
oOtesine ne kadar aktarilabilir oldugu belirsiz goriilmektedir
(Ohly ve ark., 2016). Ciinkii gelismekte olan iilkelerin gok
farkli temel saglik ve beslenme ozellikleri ve ihtiyaclart
bulunmaktadir (Ohly ve ark., 2016). Evans ve arkadaslari
(2012) 6zellikle diisiik gelirli azinlik niifusta bulunan ergenler
icin meyve ve sebze tiiketimini hedefleyen bahge temelli
miidahalelerin 6nemini vurgulamis, bu miidahalelerin onlarin
saglik durumlar iizerinde 6nemli, aninda ve/veya uzun vadeli
etkilere sahip olabilecegini ifade etmistir. Chan ve arkadaslart
(2022) da okul bahgeciligi ile ilgili ¢alismalarda bulunan
katilimcilarin cogunlukla ABD ve Avrupa
popiilasyonlarindan ve yalnizca kiigiik bir kismmin Asyali
veya diger lilkelerden oldugunu bulmus, bu nedenle elde
edilen bulgularin genellestirilebilir ve diger popiilasyonlara
aktarilabilir olmayabilecegini 6ne stirmiistir.

En fazla yaym yapilan ilk 10 kuruma bakildiginda
tamaminin iiniversite oldugu, tamamina yakininin da
ABD’de yeraldig1 goriilmektedir. Gida ve ozellikle tarim
alaninda lisans egitimi alacak &grencilerin sayisini ve
kalitesini artirmak i¢in, daha fazla dgrenciyi liniversiteye
gelmeden once tarim alaninda kariyer yapmaya tesvik
etmek bir strateji olarak goriilmektedir. Universite ncesi
daha erken yillarda uygulanacak programlar gelecekteki
lisans Ogrencilerinin sayisini ve hazirligim etkilemede
(National Research Council 2009) daha fazla kisinin tarima
yonelmesini saglamada dnemli bir rol oynayabilir. Bunun
yaninda bireylerin {iiniversite tarima yonelmese bile
tarimsal becerilerin bir yasam tarzi haline gelmesi de
onemlidir. iki bakis agisinda da yine iiniversitelere bir cok
gorev diismektedir. Universitelerin  okullarda tarim
uygulamalarinin yayginlastirilmasi igin konuya daha fazla
yer vermeleri gerekmektedir.

Calismalarda en fazla tercih edilen ilk 10’daki Web of
Science micro konunun obezite oldugu goriilmiistiir.
Okullarda tarim uygulamalari ile ilgili yapilan ¢aligmalarin
obezite alanina yogunlagmasindaki en biiyiik etken obezite
ile miicadelede farkli yontemlerin denenmesine olan
ihtiya¢ olabilir. Okul bahgeciligi bu farkli yontemlerden
biri ve yenilik¢i olani olabilir. Davis ve arkadaslart (2015)
okul bahgeciliginin beslenme {iizerine etkisi ile ilgili
uygulanan programlar inceledigi arastirmalarinda; bu
programlarin ¢ogunlugunun sebze tiiketiminde ve sebze
tercihinde artis sagladigini, meyve ve sebzeleri
hazirlama/pisirme konusunda tutumlarda, tatma isteginde,
tanimlama davraniginda olumlu gelisme olusturdugunu
saptamistir. Rochira ve arkadaslari1 (2020) okul bahgeciligi
projelerinin antropometrik 6l¢iimler ve daha genel olarak
cocuk sagligi iizerinde olumlu bir etkisi oldugunu,
Holloway ve arkadaslari (2023) ise meyve ve sebze
tiikketimi, diyet lifi ve A ve C vitaminlerinin alimini
arttirdigini, viicut kitle indeksinde iyilesme olusturdugunu
ve ¢ocuk refahina katki sagladigini bulmus, konu hakkinda
daha fazla ¢alismaya ihtiya¢ duyuldugu da vurgulamistir
(Rochira ve ark., 2020).

Okul bahgesi tabanli programlar, ¢ocuklarin beslenme
bilgisini arttirmakta, beslenmeye ve ozellikle sebzelere
ilisgkin olumlu tutum gelistirmelerini saglamakta olan
etkisi; programlarin tiiriine, kapsamina, uzunluguna ve
ebeveyn  katithmi  gibi  diger  faktorlere  gore
degisebilmektedir. Gelecekteki okul bahgesi tabanli
programlarinin, ¢ocuklarda saglikli beslenmeyi etkili bir
sekilde tesvik etmek ve ¢ocukluk obezitesini onlemek igin
¢ocuklari, ebeveynleri ve toplumu hedefleyen biitiinciil ve
multidisipliner bir yaklasgim kullanilarak uygulanmasi
onerilmektedir (Chan ve ark., 2022). Ornegin; simf ici
derslere entegre edilmesinin yaninda okul sonrasi bahge
programlarmin olusturulmasi, ¢iftgilerin okullart ziyaret
etmelerinin saglanmasi ya da giftliklere saha gezileri
yapilmasi gibi farkli yontemlerin (Evans ve ark., 2012)
cocuklarin yas ve gelisim 6zelliklerine gore kullanilmasi
gerekmektedir. Okulda ¢ocuklar arasinda meyve ve sebze
tiiketimini daha da tesvik etmek i¢in, okul bahgesi tabanli
programlara yiyecek hizmetinin dahil edilmesi Onerilir.
Bunun iginde; okul bahgesi tabanli programlar aracilig ile
yetistirilen T{rlinleri kullanarak okulda salata ikrami
yapmak veya iriinleri okul kantinindeki yiyecekleri
desteklemek igin kullanarak okulda meyve ve sebzenin
erigilebilirligini ve bulunabilirligini artirmak yer alabilir
(Chan ve ark., 2022).

Calismalarda en fazla tercih edilen arastirma alaninin
egitim arastirmalar1 oldugu goriilmistiir. Bu durum, tarim
uygulamalarinin  okullarda yapilmasinin vurgulanmasi
nedeniyle olabilir. Bunun yaninda diger disiplinlerin de bu
konuyu caligmaya baglamasi olumlu bir durum olarak
goriilmektedir. Ciinkii tarim, farkli durumlar igin farkl
anlamlan ifade edebilmektedir. Bazilari igin, iiretim
tarimiyla, yani giftgilikle sinirhidir. Ciftgilik, tarimin hayati
ve merkezi bir pargas1 olmaya devam ederken, 21. yiizyil
tarimini tanimlayan sey ¢ok daha genis olmakta ve bir dizi
farkli ve sosyal bilim disiplinini kapsamaktadir. Bu farkl
disiplinleri birlestirmek, dogal kaynaklar1 insanliga fayda
saglamak i¢in anlamak ve siirdiiriilebilirlige 6nem vermek
ve sorumlu bir sekilde kullanmak anlamina gelmektedir
(National Research Council, 2009). Bu noktada gelecek
arastirmalar i¢in disiplinlerarasi ¢aligmalarin yapilmasinin
ozellikle c¢ocuk gelisimi alani ile biitiinlestirilmesinin
onemli bir yol haritasi olusturacagi diigiiniilmektedir.
Cocuk gelisimi agisindan okul bahgeciligi popiiler bir okul
temelli miidahale olarak, cocuklarin sagligini, sosyal
gelisimini ve akademik basarisini iyilestirme potansiyeline
sahip olmaktadir (Chan ve ark., 2022).

Dil gelisimi agisindan ise c¢ocuklar okulda tarim
uygulamalart sirasinda soru sorma ve deneyimlerini ifade
etme gibi 6nemli sozli dil becerilerini gostermekte, bu
sayede dil gelisimleri desteklenmektedir (Moffatt, 2016).
Bir okul bahgesinde ¢ocuklar tarim uygulamalari sayesinde
yalnizca bitki yasam dongiisiinii ve ¢evreyi daha kiiresel
bir anlamda nasil destekleyeceklerini 6grenmekle
kalmamakta, aym zamanda yeni yiyecekler ve dogru
beslenme hakkinda da bilgi edinmekte, okul topluluguna
ait olma duygusunu gelistirmektedir (Tangen & Fielding-
Barnsley, 2007). Ayni zamanda yasam becerileri artmakta,
hos duygular iiretmekte, iliskiler gelistirmekte ve bitkilere
arkadas olmakta, yeni bilgi edinmekte, meyve ve
sebzelerin aromasini ve lezzetini deneyimlemekte, saglig
iyilestirmekte ve dogayla baglantiy1 artirmaktadir (Chang
ve ark., 2016).
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Geleneksel sinif tabanli yontemleri kullanmaya gore
fen miifredatlarinin bir pargasi olarak okul bahgeciligi
etkinliklerine katilmak fen bilgisi basarisim1 da
arttirmaktadir (Klemmer, 2002). Bir okul bahgesinin
bakimi, ¢ocuklar i¢in i¢in sorumluluk gelistirmede énemli
bir rol oynamammn yaninda (Hellinger ve ark., 2022),
¢ocuklarin bahgecilik ve tarima yonelik tutumlarn ve
bilimsel siire¢ becerileri iizerinde olumlu bir etkisi
olmaktadir (Ambusaidi ve ark., 2018). Okul bahgesi
tabanli programlar yerel ¢iftciler veya toplum bahgeleriyle
iligkiler veya ortakliklar kurmali veya Ogrencilere ve
ailelerine yerel olarak yetistirilen {irinleri tesvik etmeyi,
boylece meyve ve sebzeye maruz kalmay1 saglamali ve bu
tiir alim1 tesvik etme potansiyelini en iist diizeye ¢ikarmay1
da hedeflemelidir (Chan ve ark., 2022). Resmi olmayan
tarimsal bilgi tarim ile ugrasan aileler gibi ¢ok sayida
kaynaktan edinilebilir ve ancak edinilen bu bilgiler yanlis
bilgiler de olabilir. Resmi egitim yoluyla c¢ocuklarda
tarimsal okuryazarligi gelistirmek kritik 6neme sahiptir.
Bu nedenle tarimsal agidan okuryazar gengler
yetistirmenin yenilik¢i yollarini bulunmalidir (Cosby ve
ark., 2022). Aile ve egitimin diger paydaslarinin da
arastirmalara dahil edilmesi ve farkli disiplinlerle isbirligi
yapilmasimin okul bahgeciliginin basarisint arttiracagi
sOylenebilir.

Siirdiiriilebilir kalkinma, artan ¢evre kirliligi, niifus
artisl, yenilenemeyen dogal kaynaklarin tiikenmesi ve
sosyal esitsizlikler gibi kiiresellesmis diinyanin karst
karsiya oldugu bircok zorluga odaklanmaktadir
(Kahriman-Pamuk ve ark., 2019). Stirdiiriilebilir kalkinma
konusu yasamimizda her zaman yeri olacak bir konu
oldugu icin (Ozerding ve ark., 2022) okul bahgeciligi
alaninda olan verilerden hareket ederek gelecekte
karsilagilabilecek durumlar ve yapilacak arastirmalarin
yonii hakkinda tahminde bulunmay:1 saglayacak, gelecekte
olabilecek durumlar ve yapilabilecek arastirmalar igin
onlemler alinabilmesini ve Oneriler gelistirilebilmesini
saglayacaktir. Bu kapsamda ¢aligmalarda tercih edilen
Siirdiiriilebilir kalkinma amaglarinin dagilimi incelenmis
olup en ¢ok 03-Saglik ve Kaliteli Yasam (%60) oldugu
gOriilmiistiir.

Siirdiiriilebilir kalkinma amaglarinin iginde iigiincii
amag, saglikli yasami garanti altina almak ve her yastan
herkes i¢in refahi arttirmak ile ilgili olup siirdiiriilebilir
kalkinma amaglarimin bir¢ok ¢esidinden etkilenmektedir.
Ornegin, aglik, yoksulluk ve sanitasyon eksikligi olan bir
diinyada Iyi Saglik ve Refaha ulasmayi hayal etmek zor
olabilmekte, sorumlu tiiketim, barig ve adalet ve
stirdiiriilebilir ortamlarin olmadig1 bir diinyada agliktan,
yoksulluktan ve hijyenden uzak bir diinyaya ulasmay1 da
hayal etmek zor olabilmektedir (Weeks ve ark., 2023). Bu
noktada siirdiiriilebilir kalkinmanin gergeklesebilmesi igin
yasami bir biitlin olarak diisiinmek gerekmektedir.
Etrafimizda gerceklesen gevresel olaylarin toplumsal etkisi
ve ekonomik sonuglart da dikkate alinmalidir. Bu da ancak
egitim siireglerine adapte edilmesi ve 6gretimin bu yonde
sekillenmesi ile miimkiindiir (Tosun & Gokge, 2023).

Saglik ve refahin, insanlarin sosyal ve ekonomik
alanlarda ve tiretimde daha iyi gelismesini saglayan diger
hedeflerle baglantisi, okul bahgeciliginin, ¢ocuklarin
saglhigini gelistirme noktasinda, siirdiiriilebilir kalkinma
hedeflerinin gergeklestirilmesi bakimindan 6nemli bir yere
sahip oldugunu gostermektedir. Ohly ve arakdaslar1 (2016)

da okul bahgelerinin 6grenci saglhigr ve refahi iizerinde
nasil bir etki olusturacagina iliskin beklentiler daha
ayrintili olarak ele alindiginda, bahge programlarinin
etkisinin artirilabilirecegini vurgulamistir.

Mary ve arkadaslari (2020) tarimsal egitim, arastirma ve
hizmetler, tarimsal su ve tarim politikasini destekleyen yardim
girislerinin ¢ocuk bodurlugunu azaltmada etkili oldugu
bulmustur. Kahriman-Pamuk ve arkadaslart (2019) ise erken
cocukluk egitiminde siirdiiriilebilirlik i¢in temel egitim
ilkelerini, degerlerini ve uygulamalanm biitiinlestirmenin
gelismekte olan ve gelismis iilkeler i¢in 6nemli oldugun ifade
etmigtir. Makale ile g¢ocuklarin saglikli biiylimeleri ve
gelisimlerinin desteklenmesi i¢in okullarda yapilacak tarim
uygulamalan ile ilgili yapilacak desteklere dikkat ¢ekilerek
temel olusturmasi beklenmektedir.

Oneriler
Yenilikgi  uygulamalar  olarak  gorillen  okul
bahgelerinde tarim uygulamalart ile ilgili yapilan

arastirmalarin gelisim siirecinin tespit edilmesi ve erken
¢ocukluk egitimi ve c¢ocuk gelisimi baglaminda
tartisilmasinin amaglandigr bu arasgtirmadan elde edilen
sonuglar dogrultusunda;

e Okul Dbahgelerinin  belli  boliimlerinin  tarim
uygulamalart i¢in ayrilmasi i¢in ¢alismalar yapilmast,
e Tim kademelerdeki miifredata okullarda

yapilabilecek tarim uygulamalarmin entegre edilmesi,

e Egitim ile ilgili i¢ ve dis olmak iizere tiim paydaslara
okul bahgeciligi ile ilgili egitimler verilmesi,

e Okul bahgelerinde tarim uygulamalar ile ilgili
arastirma ve disiplinler arasi projelerin planlanmasi ve
uygulanmas,

e Yapilacak arastirmalarda farkl
igbirliklerinin yapilmasi,

e Okullarda tarim uygulamalarimin yayginlagtiriimasi
icin kongre, ¢alistay benzeri akademik faaliyetlerin
uluslararasi igbirlikleri ile diizenlenmesi dnerilebilir.

iilkelerle dogru

Beyan

7th International Anatolian Agriculture, Food,
Environment and Biology Congress (2024)'de sozlii bildiri
olarak sunulmustur.
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In this study, effects of sage (Salvia officinalis L.), oregano (Origanum onites L.), rosemary
(Rosmarinus officinalis L.), dill (Anethum graveolens L.), cumin (Cuminum cyminum L.), fennel
(Foeniculum vulgare var. dulce L.) and Turkish pickling herb (Echinophora tenuifolia L. subsp.
sibthorpiana (Guss.)) essential oils applied to plant leaves at different doses on potato growth, tuber
yield and quality were investigated. Essential oils were applied to the upper parts of the plant by
spraying at doses of 300, 600, 900 and 1200 ppm three times at 15-day intervals, starting 15 days
after the completion of emergence. The number of tubers and tuber yield per plant, marketable and
total tuber yield, chlorophyll content, starch content, reducing and total sugar content parameters
were examined. The effects of essential oil applications on tuber yield and quality were found to be
statistically significant, and this effect varied according to application doses. Compared to the
control, essential oil applications increased the marketable tuber yield by approximately 38% (300
ppm rosemary essential oil) and the total tuber yield by up to 28% (600 ppm rosemary essential oil).
However, rosemary and oregano oils caused phytotoxicity and reduced tuber yield when applied in
high doses. Except for sage and oregano, other essential oils positively affected chlorophyll
synthesis. Essential oil applications reduced the accumulation of reducing sugar, which negatively
affects tuber quality, and the lowest reducing sugar contents were detected in tubers to which fennel
and oregano essential oils were applied. In the study, it was understood that tuber yield in potatoes
could be increased significantly with the applications of 300 and 600 ppm rosemary essential oil
and 300 ppm cumin essential oil.
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Potato (Solanum tuberosum L.), originating from South
America and grown in many region of the world, is one of
the most important non-grain food crops globally, with an
approximate global production of 376 million tons among
all agricultural products (Baruah and Mohanty, 2021).
Potato ranks as the third most consumed staple food
globally, coming after rice and wheat (Hussain, 2016).
According to 2022 data in our country, potato production
covered an area of 138.000 hectares with approximately
5.1 million tons produced, and a yield of 3.671 kg/da was
achieved (Anonim, 2022). The rapid increase in potato
demand and rising production costs over the past 25-30
years have driven all potato growers to enhance yield per
unit area and profitability with low input usage.
Agricultural producers encounter significant challenges
from biotic and abiotic stressors exacerbated by climate
change. Factors such as drought, salinity, weeds, pests, and
diseases pose serious threats to potato growth and yield
(Parajuli et al., 2019). In response, pesticides and non-

organic fertilizers have become vital in mitigating their
impacts and boosting yield per unit area (Sharma et al.,
2019). However, this not only imposes a burden on farmers
but also leads to increased environmental pollution in the
long term, including soil degradation and groundwater
contamination (Bijay-Singh and Craswell, 2021). Intensive
research is being conducted on alternative approaches for
long-term and sustainable agricultural production
programs (Zulfigar et al., 2020). A suggested strategy
involves utilizing plant extracts, an innovative, eco-
friendly, and sustainable method that leverages plant
secondary metabolites to improve crop yield and quality
(Mbuyisa et al., 2023).

Secondary metabolites are organic compounds
produced by plants, particularly under stress conditions,
and are integral to their defense mechanisms (Guo et al.,
2024). Essential oils, which are complex blends of these
secondary metabolites, are distinguished by their lipophilic
nature and high volatility (de Sousa et al., 2023). While

2832


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Sanli and Ok / Turkish Journal of Agriculture - Food Science and Technology, 12(s4): 2832-2839, 2024

they act protectively against stress factors in the plants in
which they are synthesized, they also exhibit various
ecological functions for the external environment, such as
serving as attractants, repellents, providing resistance to
certain stress conditions, and stimulating certain chemical
defense signals (Sharifi-Rad et al., 2017). Thanks to these
properties, secondary metabolites act as reducing agents,
hydrogen donors, singlet oxygen scavengers, and metal
chelators (Anjitha et al., 2021). Secondary metabolites also
have free radical scavenging functions, including clearing
superoxide, alkoxyl, peroxyl, and nitric oxide radicals, and
they exhibit insecticidal, antifungal, antibacterial, and
antiviral activities (Parham et al., 2020).

This study aims to evaluate the effects of essential oil
applications from sage (Salvia officinalis L.), oregano
(Origanum onites L.), rosemary (Rosmarinus officinalis
L)), dill (Adnethum graveolens L.), cumin (Cuminum
cyminum L.), fennel (Foeniculum vulgare var. dulce L.),
and Turkish pickling herb (Echinophora tenuifolia L.
subsp. sibthorpiana (Guss.)) on tuber yield and quality in
potatoes.

Material and Methods

Experimental Site

The field experiment was carried out in Isparta, Tiirkiye
(37°50"47" N, 30° 32' 12" E, 1035 m) on loamiy soil with
a pH of 8.2, a total salt content of 0.025%, and a cation
exchange capacity of 38%. It is rich in lime (25.5%), low
in organic matter (1.58%), poor in available phosphorus
(18.2 mg/kg P20s), rich in potassium (188 mg/kg K-0), and
low in total nitrogen content (0.82%). In the research year,
the total rainfall during the vegetation period (April—
September) was 215 mm, which was higher than the long-
term average of 173 mm. The average temperature for
April to September was 20.2°C, close to the long-term
average of 20.6°C. The relative humidity during the
vegetation period, when the studies were conducted, was
also similar to the long-term average, at 54.3% compared
to 50.5%.

Essential oil Extraction

The herbs of sage (S. officinalis L.), oregano (O. onites
L.), rosemary (R. officinalis L.), and Turkish pickling herb
(E. tenuifolia L. subsp. sibthorpiana (Guss.)) and the fruits
of dill (4. graveolens L.), cumin (C. cyminum L.), and
fennel (F. vulgare var. dulce L.) were ground, then the
essential oils were obtained by distilling them for 3 hours
using a Clevenger-type hydro-distillation apparatus and
stored in dark-colored glass storage bottles at +4°C
(Marotti and Piccaglia, 1992). The components of the
essential oils of the species were determined using a
GC/MS (Gas Chromatography/Mass Spectrometry) device
(QP-5050 GC/MS, with a quadrupole detector) at the
Experimental and Observational Research and Application
Center of Suleyman Demirel University (Stein, 1990). The
operating conditions of the device were: Capillary column:
CP-Wax 52 CB (50 m x 0.32 mm, 0.25 pm), Oven
temperature program: increasing by 10°C per minute from
60°C to 220°C, and holding at 220°C for 10 minutes, Total
run time: 60 minutes, Injector temperature: 240°C,
Detector temperature: 250°C, Carrier gas: Helium (20
ml/min).

Table 1. Main components of the essential oils used in the study

S. officinalis L.

Compounds %
1.8-cineole 15.35
a-thujone 19.45
Camphor 37.75
Borneol 4.85
R. officinalis L.
Compounds %
B-pinene 6.85
1.8-cineole 66.45
Camphor 5.85
a-terpineol 6.1
A. graveolens L.
Compounds %
Dihydro carvone 4.35
(S)-(+)-carvon 68.4
D-limonen 21.25
a-phellandren 1.15
C. cyminum L.
Compounds %
y-terpinene 4.75
Cuminal 24.05
2-caren-10-al 51.65
P-mentha-1.4-dien-7-o0l 8.7
O. onites L.
Compounds %
y-terpinene 10.87
Linalool 9.55
Thymol 16.65
Carvacrol 46.55
F. vulgare var. dulce L.
Compounds %
Limonene 1.93
Fenchone 6.22
p -allyl anisol 4.31
Trans-anethole 85.27
E. tenuifolia L. subsp. Sibthorpiana
Compounds %
y-terpinene 1.97
Methyl eugenol 30.41
a-phellandrene 50.63
a-terpinene 11.02
Experimental design

The study was designed according to a factorial
arrangement in a Randomized Block Design with 3
replications. Seed potatoes (cv. Agria) were planted in
plots of 6.6 m in length with a 70 x 30 cm spacing in the
first week of May. Four rows of potatoes were planted in
each plot. Plots where no application was made and those
treated with Tween-80 (0.1%) were evaluated as controls.
No fungicide or insecticide application was made to the
tubers before planting. Before planting, 10 kg/da of
nitrogen, phosphorus, and potassium were applied (15-15-
15 compose fertilizer), along with top dressing 10 kg/da of
pure nitrogen (ammonium nitrate (33% nitrogen)). The
water required by the plants was supplied through a drip
irrigation system, with irrigation applied for 4 hours
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weekly. Immediately after planting (pre-emergence),
selective herbicide (Senkor wp 70, 70 g/da dose, with 70%
metribuzin) was applied to control weeds, and insecticide
with the active ingredient imidacloprid was used for potato
beetle control. Different concentrations (300, 600, 900, and
1200 ppm) of each essential oil were prepared using water,
and Tween-80 (0.1%) was used as an emulsifier to ensure
a homogeneous mixture of the essential oils in water. The
essential oils were applied 3 times throughout the
vegetation period at 4 different doses, taking into account
the timing and frequency of fungicide applications for
potatoes. The first applications were made 15 days after
full emergence, and subsequent applications were made at
15-day intervals from the first application (El-Moughy,
2009). The essential oils were sprayed separately on each
plot using a pulverizator at a standard application rate (40
L/da). Harvesting was done when the skin formation of the
tubers was complete. Leaf chlorophyll content was
measured 1 week after the final application using a Minolta
SPAD-502  chlorophyll meter. Tuber numbers
(number/plant) and tuber yield per plant (g/plant) were
determined by randomly selecting 20 plants of each plot,
and marketable (kg/da) and total tuber yield (kg/da) were
determined by harvesting all the plants in the plot. The
amount of starch (%), reducing sugar (mg/100 g fw) and
total sugar (%) content in a potato was quantified following
the Somogyi—Nelson method (Nelson, 1944) with some
adjustments.

Statistical Analysis

The data obtained from the measurements and analyses
were analyzed using the generalized linear model (GLM)
procedure in the SAS (2009) statistical software, following
the randomized block design. The analysis was performed
using standard analysis of variance (ANOVA), and the
differences between the means were determined using the
LSD test.

Results

Tuber Number and Tuber Yield Per Plant

The effect of essential oil applications on the number of
tubers per plant was statistically significant (Table 2).
While Tween-80 and oregano essential oil applications had
similar effects to the control, all other treatments showed a
significant increase in the number of tubers per plant. The
highest average number of tubers per plant was obtained
from the Turkish pickling herb oil applications, which
resulted in approximately a 20% increase compared to the
control. The average number of tubers per plant increased

up to the 600 ppm dose, but significantly decreased above
900 ppm (Table 3). The highest number of tubers per plant
(8.70 tubers/plant) was obtained from rosemary essential
oil application at the 600 ppm dose, followed by Turkish
pickling herb oil (7.57-7.97 tubers/plant) at 300-900 ppm,
cumin oil (7.80 tubers/plant) at 900 ppm, and rosemary oil
(7.70 tubers/plant) at 300 ppm applications. High doses of
rosemary and oregano oil led to a decrease in the number
of tubers per plant compared to the control.

The effects of essential oils on tuber numbers varied
depending on the application dose. In sage oil applications,
there was no significant difference between doses, whereas
in dill oil, the number of tubers per plant was higher with
applications of 600 ppm and above, in oregano oil, with
applications up to 900 ppm, and in fennel oil, with
applications of 900 ppm and above (Table 3). Essential oil
applications significantly affected the tuber yield (Table 2).
The average tuber yield per plant in the control was 955
g/plant, while in the essential oil applications, it varied
between 851-1235 g/plant. Oregano essential oil
applications caused a decrease in the average tuber yield
compared to the control. The effects of the application
doses on tuber yield were statistically significant. No
significant change occurred with applications up to 900
ppm, but at the 1200 ppm dose, the tuber yield significantly
decreased (Table 3). In the study, the highest tuber yield
was obtained from rosemary oil applications at 300 and
600 ppm doses (1153 g/plant and 1235 g/plant,
respectively), 900 ppm Turkish pickling herb oil (1112
g/plant), and 300 ppm cumin oil (1227 g/plant). These
treatments resulted in a 16-29% increase compared to the
control. The effects of doses on tuber yield were similar for
dill, oregano, and fennel essential oils, while cumin oil at
300 ppm, Turkish pickling herb oil at 900 ppm, rosemary
and sage oils at 600 ppm showed higher yields compared
to other doses (Table 3).

Marketable and total tuber yield

Essential oil applications significantly affected the
marketable tuber yield. With the exception of Tween-80
and oregano essential oil applications, all other treatments
increased the marketable tuber yield compared to the
control (3366 kg/da). Cumin (3884 kg/da), rosemary (3821
kg/da), and Turkish pickling herb (3783 kg/da) essential oil
applications resulted in higher average marketable tuber
yields than the other treatments. The effects of the
application doses on marketable tuber yield were also
significant. The marketable tuber yield increased up to the
600 ppm dose, but significantly decreased at the 1200 ppm
dose (Table 4).

Table 2. Analysis of variance table for the parameters studied in the research

Variation Tuber Tuber Marketable  Total tuber Chlorophyll Starch  Total sugar  Reducing
S.D. . . .

Resources number yield tuber yield yield content content content  sugar content
Block 2 ns ns ns ns ns ns ns ns
Applications (A) 8 ok ok ok ok ok ok ok ok
DOSGS (D) 3 sk sk sk sk ns ns sk sk
A X D 24 sk sk sk sk % sk sk sk
Error 70
General 107
CV (%) 4.07 8.08 3.47 4.20 3.29 4.45 6.49 4.99

ns, non significant, ** significant at 0.01, * significant at 0.05
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Applications Tuber number per plant (number/plant) Tuber yield per plant (g/plant)
300 600 900 1200 Mean 300 600 900 1200 Mean
Sage 7.07g-1  7.23e-h  6.87g-j  7.13e-h 7.08¢c 947e-j  1069b-e  986¢-1 952 dj 989 cd
Rosemary 7.70b-d 8.70a 7.40c-f 5.83n 7.41b 1153ab 1235a 1036b-g 877 hj 1076 ab
TPH 7.57Tb-e  7.73b-d 7.97b 7.37c-f 7.66a 1000c-h  1079b-d  1112a-c 951 dj 1036 a-c
Dill 6.671-1 7.30d-g  6.87gh  6.80g-k 6.91cd 934f;  1036b-g  972d-j 989 c1 983 cd
Oregano 6.80h-k  6.37k-1 6.30lm  5.90mn 6.34¢ 908h-j 905h-j 851j 866 1 883 f
Cumin 7.40c-f  7.43c-f  7.80bc 6.80h-k 7.36b 1227a  1049b-f 1045b-f 1074 be 1099 a
Fennel 6.43j-1 6.50j-1  7.07g-1  7.00g-1 6.75d 998c-h  999c-h  1077b-d  977dj 1013 b-d
Tween-80 6.231n 6.23¢ 892h-j 892ef
Control 6.40kl1 6.40e 955d-j 955de
Mean 6.92b 7.10a 6.99ab 6.61c 1002a 1025a 992a 955b
Lsd int: 0.46 Lsdint: 130
Table 4. Effects of essential oil applications on the marketable and total tuber yield
_ Marketable tuber yield (kg/da) Total tuber yield (kg/da)

Applications 300 600 900 1200 Mean | 300 600 900 1200 Mean
Sage 3499k-m  4073b-d  3727fa1  3455k-o  3688cd | 3945g-j 4397cd  4020f-1  3910g-j) 4068 cd
Rosemary 4663a 4143bc 376911 3008r 3821ab | 4762ab 5035a  4258d-f 3572k-1 4407 a
TPH 37561 3909d-f 4065b-d 3400l-p 3783a-c | 4152d-g 4342c-e 4585bc 3948 g1 4257b
Dill 3463k-n  3803e-h  3663h-j  37251-f 3664d 3895g-j 4347c-e  4093e-h 4088 e-h 4106 ¢
Oregano 3294n-q  3340k-q 3215p-q 316lqr  3253e¢ | 3820h-k  3735j-1  3585k-1 35101 3663 ¢
Cumin 4257ab  3855e-g  3627h-k  3798e-h  3884a 4887a 4395dc  4265d-f 4305de 4463 a
Fennel 35761-k  3825e-h  3985c-e  35901-k  3744b-d | 4112e-g  4157d-g = 4407cd  4085e-h 4190 bc
Tween-80 32520-q 3252e 37481 3748e
Control 3366m-p 3366¢e 3937gj 3937d
Mean 3647b 3730a 3630b 3417c 4140ab 4233a 4100b 3900 ¢

Lsdin:204 Lsdint: 280
TPH: Turkish pickling herb
The highest marketable tuber yield in the study was Chlorophyll Content

obtained from rosemary (4663 kg/da) and cumin (4257
kg/da) oil applications at the 300 ppm dose, with increases
of 38% and 26%, respectively, compared to the control.
Sage oil at 600 ppm, Turkish pickling and fennel oils at
600-900 ppm, and dill oil at 600-1200 ppm resulted in
higher marketable tuber yields than other doses. The
highest marketable tuber yield in rosemary and cumin oil
applications was found at 300 ppm, and as the application
dose increased, the marketable tuber yield significantly
decreased (Table 4).

The average total tuber yield significantly decreased in
plants treated with oregano essential oil and Tween-80,
while there was no significant change in sage oil
treatments. Other essential oil applications significantly
increased the total tuber yield compared to the control
(Table 4). The average total tuber yield increased up to the
600 ppm dose, but applications at higher doses resulted in
a significant decrease in the total tuber yield. The highest
total tuber yield in the study was obtained from rosemary
(5035 kg/da and 4732 kg/da at 600 and 300 ppm,
respectively) and cumin oil (4887 kg/da at 300 ppm), and
these applications increased the total tuber yield by
approximately 21-28% compared to the control (Table 4).
In sage oil applications at 600 ppm, Turkish pickling herb
and fennel oil applications at 600-900 ppm, dill oil at 600
ppm and above, and oregano oil at 900 ppm, the total tuber
yield was higher than other doses. At the 1200 ppm dose
of rosemary and oregano essential oil at doses higher than
900 ppm, the total tuber yield significantly decreased
compared to the control (Table 4).

Essential oil applications affected the chlorophyll
content statistically significantly, while the chlorophyll
content of plants applied with Tween-80, sage and oregano
essential oil was similar to the control, other essential oil
applications significantly increased the leaf chlorophyll
content compared to the control. The highest chlorophyll
contents in the study were obtained from rosemary at 300
and 600 ppm doses, Turkish pickling herb at 600 and 900
ppm doses, dill at 600 ppm doses, cumin at 300-900 ppm
doses and 900 ppm fennel essential oil applications. While
there was no significant difference between the doses in
terms of chlorophyll content in sage, Turkish pickling herb,
dill and cumin oil applications, 300 and 600 ppm doses in
rosemary oil and 900 and 1200 ppm doses in fennel oil
increased the chlorophyll content more than the other doses
(Table 5).

Starch Content

Essential oil applications significantly affected tuber
starch ratio (Table 2), and starch ratio varied between 11.5-
15.4% depending on the applications. While the average
starch content of the tubers were similar to the control in
Tween-80 and oregano essential oil applications, all other
applications caused a significant decrease in starch content.
There was no significant difference in starch content
between the application doses. The highest starch content
were obtained from the control and Tween-80 together
with 600 ppm sage, 900 ppm rosemary, 300 ppm dill, 600
and 1200 ppm oregano and 300 and 900 ppm fennel
essential oil applications.
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Table 5. Effects of essential oil applications on the chlorophyll and starch content

Applications Chlorophyll content (SPAD) Starch content (%)
300 600 900 1200 Mean 300 600 900 1200 Mean

Sage 36.7h 38.8th 38.0ch 37.7th 37.8¢c 12.7j 15.0a-c  13.6f  13.4g-j 13.7d

Rosemary 41.8ab 42.4a 39.9bf 36.6h 40.0a 14.1d-h  13.8f1 15.4a 13.9¢-1 14.3¢

TPH 39.4cg 40.3ae 41.0ac 39.0cg 39.9a 14.2¢c-g  14.1d-h  13.5f5  13.1h4j 13.7d

Dill 38.5dh 40.7ad 39.8bf 39.7bf 39.7ab | 15.2a-c  14.3b-g 13.1h-j 13.4gj 14.0cd

Oregano 39.2cg 39.3cg 38.4ch 36.9gh 38.4bc 14.0e-1 14.5a-f 14.0e-1  15.3ab  14.5ac

Cumin 42.0ab 40.7ad 40.3ae 40.1be 40.8a 14.1d-h  13.014 13.01j  13.9e41 13.5d

Fennel 38.3eh 38.1eh 41.1ac 39.7bf 39.3b 15.0a-d 11.5k 14.5a-f  13.9e-1 13.7d

Tween-80 37.6gh 37.6cd 14.9a-¢ 14.9ab

Control 38.0eh 38.0c 15.2a-c 15.2a

Mean 39.4 40.0 39.8 38.8 144 14.0 14.1 14.1

Lsdint:2.2 Lsdini:1.03
TPH: Turkish pickling herb
Table 6. Effects of essential oil applications on the total and reducing sugar content
_ Total sugar content (%) Reducing sugar content (mg/100 gfw)

Applications ™37 600 900 1200  Mean 300 600 900 1200  Mean
Sage 1.32ab 0.72k;j 1.30b 0.88f-h 1.10a 409de 296lm  417cd 318k-m 360¢
Rosemary 0.96ef  0.90e-g 0.62Im  0.58l-n 0.77d 357f-h 351f1 327h-1  326h-1 340 f
TPH 0.53m-o  0.58l-n 0.72k;j 0.801-j 0.66¢ 3201-m 350f-)  435b-d 364 fg 367 ¢
Dill 1.10c 1.40a 1.36ab 0.480 1.08ab 379¢f 438b-d  490a 292nm  400e¢
Oregano 0.86g-1  0.56m-o 0.67kl 0.26p 0.5% 339g-k 319j-m 336 g-k 290 nm 321g
Cumin 1.08cd 0.99de 0.97ef  0.92e-g 0.99bc 452b 442bc  4l16cd 366 fg 419 ¢
Fennel 0.781j 0.60Im 0.50no 1.28b 0.79d 291nm 298Im 263 n 376 f 307 g
Tween-80 0.96ef 0.96¢ 442bc 442b
Control 1.13¢ 1.13a 489a 489a
Mean 0.96a 0.87ab 0.91a 0.81b 386b 380b 402 a 363 ¢

Lsdin:0.094 Lsdint:31.1

TPH: Turkish pickling herb

The highest starch content was obtained at doses of 300
ppm for dill essential oil, 600 ppm for sage essential oil,
and 900 ppm for rosemary essential oil. In contrast, fennel
essential oil at 300 and 900 ppm, and thyme essential oil at
600 and 1200 ppm showed higher starch content compared
to other doses. (Table 5).

Total and Reducing Sugar Content

The effects of the applications on the total sugar content
of the tuber were found to be statistically significant (Table
2). Except for the sage and dill essential oil, all other
applications significantly reduced the average total sugar
content compared to the control, the lowest average total
sugar contents were obtained from toregano (0.59%) and
Turkish pickling herb essential oil (0.66%) applications.
The average total sugar content was determined to be lower
in the applications made at 1200 ppm dose than in the other
doses. Total sugar content varied between 0.26% and
1.40% depending on the essential oil applications, the
highest total sugar rates were obtained from dill oil made
at 600 and 900 ppm doses (1.40% and 1.36%, respectively)
and sage oil applications made at 300 ppm dose (1.32%).
The oregano essential oil applications made at 1200 ppm
dose had the lowest total sugar content value with 0.26%
(Table 6).

All applications significantly reduced the reducing
sugar content compared to the control (489 mg/100g). The
lowest average reducing sugar contents were obtained from
fennel (307 g/100g) and cumin essential oil (321 mg/100g)
applications in the same statistical group. Application
doses significantly affected the reducing sugar content,
while the average reducing sugar content was found to be
higher in applications made at 900 ppm dose (402

mg/100g), reducing sugar content was significantly
reduced in applications made at 1200 ppm dose (363
mg/100g) (Table 5). When all applications were
considered, the reducing sugar content varied between
263-490 mg/100g, and the lowest reducing sugar content
was determined in 300 and 900 ppm fennel and 1200 ppm
oregano essential oil applications. The effects of essential
oils on reducing sugar content depending on the doses were
found to be statistically significant, with applications at
600 and 1200 ppm in sage, 300 ppm in Turkish pickling
herb oil, and 1200 ppm in dill and cumin oils having lower
reducing sugar content than other doses (Table 6).

Discussion

The use of essential oils as biostimulants is gaining
attention due to the negative impacts of synthetic pesticides
on human health and the environment. Plant extracts can
boost growth and yield by influencing plant physiological
processes positively (Zulfigar et al., 2020). In agriculture,
many compounds are known for their biostimulant effects
on plant growth. Essential oils are a well-defined group of
biostimulants, naturally derived from aromatic plants, and
they exhibit various biological activities in living
organisms (Bakkali et al., 2008). Therefore, this study aims
to assess the growth and yield-enhancing effects of
different essential oils.

Foliar applications of essential oils particularly R.
officinalis, E. tenuifolia and C. cyminum, increased the
number of tubers which is closely associated with factors
such as number of main stems, stolon formation, and
plant’s nutritional status. Tuber formation, stolon length,
the number of tubers per plant, and tuber size are
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characteristics in potatoes with high heritability
(Abeytilakarathna, 2022). Additionally, factors such as
internal  hormone levels, aday-night temperature
fluctuations (Hulscher et al., 2013), photoperiod (Bahram
et al., 2020), drought, and irrigation regime (Aliche et al.,
2020) significantly influence stolon formation and,
consequently, tuber number. Gibberellins (GAs) are
among the most influential growth regulators on stolon
formation, promoting stolon elongation and inhibiting
tuber formation by affecting starch hydrolyase activity or
starch synthesis enzymes (Abeytilakarathna, 2022).
Compounds present in high concentrations in R. officinalis,
C. cyminum and E. tenuifolia essential oils such as 1,8-
cineole, 2-caren-10-al, and a-phellandrene are synthesized
via the MEP pathway, similar to GAs (Zebec et al., 2016).
It is thus believed that these components may either exhibit
hormone-like activity or influence hormone biosynthesis.
The ability of essential oil applications to induce
physiological changes in plants, such as alterations in
phytohormone levels, has also been reported by Souri and
Bakhtiarizade (2019).

Except for sage and oregano, essential oils applications
from the leaves have increased tuber yield, with this
increase being particularly higher in R. officinalis, C.
cyminum and E. ftenuifolia essential oils. In these
applications, the higher number of tubers per plant and
increased tuber yield explain the observed increase in total
tuber yield. On the other hand, high doses of R. officinalis
and O. onites essential oils likely caused phytotoxicity,
leading to a reduction in tuber yield. Indeed, chlorophyll
content in the leaves was also found to be lower in these
applications. The reduction in chlorophyll content and
tuber yield from a 1200 ppm rosemary and oregano
essential oil spray may be due to decreased cell division or
cell enlargement. Ethylene, a hormone involved in stress
signaling, can limit plant growth when it accumulates in
plant tissues (Marschner, 2011). In this study, the high-
dose foliar spray of rosemary and oregano essential oils
likely acted as a stressor or stress signaling molecule. On
the other hand, increased leaf chlorophyll levels resulting
from the foliar application of C. cyminum, A. graveolens,
and E. tenuifolia essential oils may be linked to boosted
gene activity related to photosynthesis, cell metabolism,
and stress response. Furthermore, applying Ascophyllum
nodosum and moringa leaf extract suppresses cysteine
protease activity (Buit et al., 2019), which prevents
chlorophyll breakdown and delays plant aging. It has been
reported that foliar applications of cumin, clove, and dill
essential oils extended the vegetation period in potato
plants; morever, cumin and dill essential oil applications
significantly increased tuber yield, while clove oil decreased
yield (Ok and Sanli, 2021). Moreover, the increase in tuber
yield may have resulted from some components of the
essential oils developing defense mechanisms against stress
factors, while others exhibited hormone-like activity.
Indeed, in addition to their protective roles, such as
antioxidant activity, free radical scavenging, and UV light
absorption, secondary metabolites are known to establish
defense mechanisms against microorganisms in plants
(Kennedy and Wightman, 2011). Beyond their medicinal
and aromatic uses, essential oils have also been reported to
possess antimicrobial and antioxidant properties by many
researchers (Ntalli et al., 2010; Lang and Buchbauer, 2012).

Potato tuber yield is significantly reduced under
challenging environmental conditions like drought, heat,
and high salinity. Essential oils, complex organic
compounds produced via plants' secondary metabolic
pathways, serve crucial roles as signaling molecules in
defending plants against various stresses such as pests,
fungi, bacteria, and viruses (Tiku, 2018). Essential oils are
believed to enhance potato plants' tolerance to
environmental stresses, potentially increasing tuber yield.
Under stress, reactive oxygen species (ROS) production
rises in plants, and these ROS can damage cells and
membranes, accelerating chlorophyll breakdown and
aging. Essential oils, known for their antioxidant
properties, help reduce ROS levels, potentially promoting
growth, maintaining leaf greenness, and supporting
developmental processes in potato plants. For example,
Rguez et al. (2023) found that treating pathogen-infected
tomato plants with Tetraclinis articulata EO boosted the
activity of antioxidant enzymes, total polyphenol content,
and antioxidant activity. Another possible reason for
increased plant growth and tuber yield may be that
essential oils improve nutrient uptake from the soil. Studies
have shown that phenolic compounds can enhance nutrient
absorption (Sanchez-Sanchez et al., 2002). A larger root
surface area increases the rhizosphere area, improving
uptake of nutrients like nitrogen, potassium, and iron
(Marschner, 2011; Rose et al., 2014). In this study, foliar
oil application may have promoted the release of protons,
organic acids, and natural chelators or altered the redox
potential in the lime-rich soil, facilitating nutrient
absorption. Similarly, Soiri and Bakhtiarizade (2019)
reported that rosemary oil foliar sprays increased nitrogen,
iron, and zinc levels in tomato seedling leaves.

On the other hand, potato plants are susceptible to
numerous phytopathogenic fungi throughout the growing
season, which significantly restricts plant growth and yield.
In this study, no synthetic fungicide treatments were
applied against phytopathogens, leading to substantial
development of fungal pathogens (such as powder mildew,
Alternaria, Fusarium, etc.) in the plants. Another reason for
the positive effects of essential oil applications on tuber
yield and quality in potato plants is believed to be their
ability to reduce fungal phytopathogen development. Plant
essential oils are a promising source of antifungal
compounds. Studies on plant pathogenic fungi have shown
that certain essential oils possess antifungal properties that
can inhibit fungal growth (Zaidi and Crow, 2005). This
effectiveness is likely due to their diverse chemical
compositions, the physical structure of their components,
and the functional groups they contain, as well as possible
synergistic interactions among their constituents (Bajpai et
al., 2013). It has been reported that esseantial oils such as
Salvia officinalis, Rosmarinus officinalis, Origanum
onites, Anethum graveolens, Cuminum cyminum, and
Echinophora tenuifolia exhibit antifungal activity against
various phytopathogens, and their appropriate doses can be
used as fungicides (Yilar et al., 2018; Kaur at al., 2021; Ok
and Sanl1 2023; Sanli and Ok, 2023).

In potatoes, tuber quality is closely related to plant
health and nutritional status, and under conditions where
the negative effects of biotic and abiotic stress factors are
reduced, tuber quality is positively impacted. In the
applications of O. onites, E. tenuifolia, R. officinalis and F.
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vugare essential oils, the total sugar content was lower
compared to other treatments. Similarly, all essential oil
applications, especially those with fennel and oregano oils,
resulted in a significant reduction in the reducing sugar
content of the tubers. It is believed that this effect stems
from certain active compounds in these essential oils that
influence sucrose synthesis activity. Glucose produced
through photosynthesis is converted into sucrose or
reducing sugars through the activity of various enzymes, or
it is converted into starch and stored in the tubers. The
sucrose produced to be converted into storage material can,
when needed, or for respiration, be converted back into
reducing sugars. These transformations vary depending on
numerous factors during the plant's physiological
development. In addition to stress factors like temperature
and humidity, the presence of diseases and pests can trigger
the plant’s defense mechanisms, causing it to generate
energy by breaking down stored materials to cope with the
negative conditions. The wide and significant variation in
the total and reducing sugar content of the tubers
depending on the treatments indicates that the applications
are effective against stress factors that emerge during
different stages of plant development. Foliar applications
of essential oils reduced dry matter and starch
accumulation. With these applications, promoting plant
growth led to better development of the above-ground
biomass. In plants with improved growth habitus, tuber
yield increased due to higher photosynthetic activity, while
dry matter and starch accumulation, indicators of quality,
were lower.

Conclusion

Essential oils from medicinal plants are considered
potential next-generation biostimulants and pesticides for
controlling plant pathogens and pests, as well as for
enhancing stress tolerance through various mechanisms,
including the activation of plant defenses. In this study, the
findings indicate that essential oils from R. officinalis, C.
cyminum, and E. teniufolia exhibit significant biostimulant
properties and enhancing potato plant growth and tuber
yields. Foliar applications of R. officinalis at 300 and 600
ppm, and C. cyminum at 300 ppm have been shown to be a
natural alternative for sustainable potato production.
However, in order to reach a more definitive conclusion,
detailed studies are needed to reveal the mode of action of
essential oils and their biostimulant effects.
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Parks and public open green spaces are open spaces for all segments of the society. These places,
which are important recreation areas, enable the elderly to renew themselves, to breathe a little in
the open air, to be alone with nature even in the city. These opportunities provided by parks are
utilised by elderly users. Today, the population of elderly individuals is increasing day by day due
to the slowdown in population growth rate. In this study, it is aimed to determine the park usage
purposes of the elderly and important park features that encourage physical activity and social
interaction. Within the scope of the research, 96 elderly individuals were interviewed with 96
elderly individuals within the scope of face-to-face survey study by going to the park at random
times on weekdays and weekends on a voluntary basis by using the questionnaire form prepared for
revealing the user profile of individuals aged 40 and over in Ihlamur Park in Selguklu District,
determining the preference times of the park, determining the duration and times of park use,
determining the reasons for park preference and selection, and evaluating park user satisfaction and
expectations. The findings show that parks are an important social area for elderly people in the
same age group with their seating areas, walking paths, simple fitness equipment, as they create a
gathering area for elderly people in the same age group, and therefore, parks require careful planning
and implementation in the design, management and use of parks and should contain a large amount
of space for socialization. In line with these findings, it will be possible for elderly people to benefit
more from parks and have a more enjoyable time with landscape designs that provide socialization
opportunities for elderly users. Thus, elderly individuals will be able to develop a sense of belonging
for the park.
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Introduction

The concept of open space is one of the important basic
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Urban parks are public service areas that undertake

elements of urban fabric and is defined as openings or
empty spaces outside architectural structures and transport
areas (Giil et al. 2020).

Public open green spaces: parks and other recreational
areas are considered as basic community resources that
provide an environment for leisure time physical activities,
benefit social and ecological functions, contribute to
psychological well-being and community welfare in terms
of various communities, and can improve quality of life
and health at the same time (Alp and Eksi, 2021).

In other words, it is perceived as areas where there is
no construction for any purpose on the outdoor space and
there is a potential opportunity for any recreational use. For
example, water surfaces, squares with no or very limited
number of vegetation elements and transport areas are
defined as open spaces (Giil et al. 2020).

very important and various functions in the reconstruction
of the disconnected nature-human relationship that
develops due to urbanization within the complex urban
organization. At the same time, they are usually centrally
located in urban settlements and are visually part of the
city. These areas are located in places that people can easily
access in daily use and provide opportunities for individual
or group activities such as walking, jogging, sitting
outdoors, picnicking, playing games, etc. (Aykal et al.
2017).

In the development process of a city, the physical
structure of the city emerges as a result of the
multidirectional relations and interaction of basic
components such as architectural structures, open and
green areas and transport. In particular, green areas in the
urban area and its periphery are a basic component that
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integrates and balances the city as a result of organic
connections with all land uses of the city, and are public
and privately owned physical spaces covered with plants
that provide multifaceted services and contributions to the
ecosystem of the city, form the city identity, and include
active and passive recreational activities. Urban open and
green areas can be divided into three groups as public (city
and neighbourhood parks, national gardens, recreational
areas, sports and playgrounds, etc.), semi-private (schools,
public institutions and organisations gardens, etc.) and
private (residential or collective housing gardens, etc.)
(Tiirker and Giil 2022).

Today, due to the increase in the number of elderly
populations, the policies developed for the elderly are
unfortunately insufficient. Our cities and parks in our cities
cannot serve the elderly individuals sufficiently. (Yilmaz
et al. 2016).

According to many landscape planners, urban open
spaces are defined as areas on which we do not build on
one side and on the other side as areas with any potential
for recreational use. Although open and green areas vary
according to different meanings, types and even functions
for some planners, generally open areas include squares,
intersections, playgrounds, playgrounds and sports areas,
parks, botanical and zoological gardens and entertainment
centers (Ozdamar, 2006).

According to Ozkan (2020), the Latin equivalent of the
word ‘elderly’ is the word ‘geron’. The concept called
gerontology derived from this word and emerged as ‘the
branch of science that studies the elderly’. The term was
first used by Metchnikoff, a Russian biologist, in 1908.
According to the World Health Organization, the term
elderly is defined for individuals over the age of 65.
However, Gerontology states that the aging process
consists of complex processes that cannot be easily said
that this person is old. According to Ozkan (2020), old age
is only a social design, and designs can change according
to the situation and needs (Ozkan, 2020).

Old age is a natural and compulsory age of life such as
childhood and adulthood. It is all of the irreversible
structural and functional changes that occur with the
progression of time at the level of molecules, cells, tissues,
organs and systems of the organism at the level of
molecules, cells, tissues, organs and systems of the
organism, which occur before death in the life process that
begins with the birth of the human being and in which the
person passes from independence to dependence, both
physically and mentally. The World Health Organization
(WHO) defines people aged 65 and over as elderly, and
people aged 85 and over as very old. Gerontologists
classify old age as young old age between 65-74 years of
age, middle old age between 75-84 years of age and
advanced old age (old age) over 85 years of age. Old age
should be evaluated in terms of biological, psychological
and social ageing as well as chronological ageing. While
the basic measure of chronological ageing is the calendar
age of the person, the basic unit of measurement of
biological ageing is the vascular age of the person, i.e.
cardiovascular ageing (Koldas, 2017).

According to UNESCO, a person is old if he/she cannot
get out of his/her comfort zone, constantly complains even
if he/she has to, does not learn new things, is not surprised
and thinks he/she knows most things, does not wonder,

does not explore, lives in the past, in his/her memories and
constantly repeats the old.

Regarding the accessibility of parks, which constitute
an important part of urban green areas, the characteristics
and standards that a barrier-free park should have, the
problems faced by disabled individuals in the city, the
usability of the city by disabled individuals, the
consideration of disabled individuals in park arrangements,
and the accessibility features in urban green areas should
be accurately revealed (Onay et al. 2022).

Hansen (1959) defined accessibility as ‘the potential of
opportunities for interaction’, Dalvi and Martin (1976)
defined accessibility as ‘the ease of access from a particular
location to a land use activity using a particular transport
system’, Burns (1979) defined accessibility as ‘the
freedom of individuals to take part in different activities’
and Ben Akiva and Lerman (1979) defined accessibility as
‘the benefits derived from transport and land use systems’.
Accessibility criteria and components should be
compatible with four basic perspectives in terms of social
and economic evaluation. These can be summarized as
theoreticality, applicability, interpretability/
communicability, and usability in social and economic
calculations (Ciice and Ortagesme, 2020).

Accessible landscapes are areas designed to enable
individuals to use their natural abilities under equal
conditions, to perform all their activities without
assistance, to move comfortably and to enjoy all activities
(Ozkan, 2020).

The accessibility of open-green areas is considered as
the most important factor that enables these areas to be
used more frequently and contributes to the welfare of the
city people (Ciice and Ortagesme, 2020).

Individuals who have been using nature for many
different purposes for a healthy life since ancient times
have used urban parks, which are almost a copy of nature,
for rest and recreation (Gemici 2023a). As a result of the
harmony between nature and man, the need for green areas
has increased in cities with increasing population density
(Gemici 2023b).

Parks and public open green spaces are open spaces for
all segments of the society. These places, which are
important recreation areas, enable the elderly to renew
themselves, to breathe a little in the open air, to be alone
with nature even in the city. These opportunities provided
by parks are utilized by elderly users. Today, the
population of elderly individuals is increasing day by day
due to the slowdown in population growth rate. In this
study, it is aimed to determine the park usage purposes of
the elderly and important park features that encourage
physical activity and social interaction.

Within the scope of the research, 96 elderly individuals
were interviewed with 96 elderly individuals within the
scope of face-to-face survey study by going to the park at
random times on weekdays and weekends on a voluntary
basis by using the questionnaire form prepared for
revealing the user profile of individuals aged 40 and over
in Thlamur Park in Selguklu District, determining the
preference times of the park, determining the duration and
times of park use, determining the reasons for park
preference and selection, and evaluating park wuser
satisfaction and expectations.
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The findings showed that parks are an important social
space for elderly people and therefore require careful
planning and implementation in the design, management
and use of parks. With the landscape designs to be made in
line with the findings, it will be possible for elderly
individuals to benefit more from the parks and have a more
enjoyable time.

Materials and Methods

In order to examine the behaviors and experiences of
elderly individuals in Thlamur Park in Yazir neighbourhood
of Selguklu district of Konya province, documents related
to the park taken from Konya Metropolitan Municipality,
on-site photography and observations were used as
materials, and the method was developed according to
Gilingor (2019). Both quantitative and qualitative research
techniques were used to determine the scope of our
research and to analyze the data obtained. Konya city is in
the Central Anatolia Region of Turkey. In this context, a
questionnaire study was carried out on the time intervals of
elderly people using the park, determination of satisfaction
criteria, reasons for preferring the park, expectations from
the park and types of transportation to the park. Within the
scope of the survey, 96 elderly individuals were
interviewed. The questions in the questionnaire form were
categorized under 5 main headings. These headings are;

e Identification of the user profile
e  Determining the preferred times of the park
e Determination of the duration and time of use of the

park area

e Determination of park preference and selection
reasons

e Evaluation of user satisfaction and expectations in the
park area.

Results

When the socio-demographic characteristics of the
participants are analyzed, 57.3% of the participants are
women and the remaining 42.7% are men. Since the study
was carried out on individuals in the elderly group, all of
the participants were aged 40 and over.

The results of the questionnaire regarding the age
distribution rates of the elderly individuals using the park
are given below.

40-50 Age Range (In our study, according to
UNESCO's new definition of the elderly, we carried out a
decanket study not only with individuals aged 65 years and
over, but also with individuals aged 40 years and over)

e Male individuals: The number of male individuals
using the park in this age range is 15 (36.6%).

e Female individuals: The number of female individuals
using the park in the same age range is 22 (40%).

e 51-60 Age Range:

e Male individuals: The number of male individuals
using the park in this age group is 11 (26.8%).

e Female individuals: The number of female individuals
aged 51-60 using the park is 20 (36.4%).

e 61 and Over:

e Male individuals: The number of male individuals
aged 61 and over using the park is 14 (34.1%).

e Female individuals: The number of female individuals
using the park in the same age group was 13 (23.6%)).

These data reveal the age and gender distribution of
park use in detail. It is observed that the rate of women's
park use is higher than that of men in certain age groups,
especially among the elderly individuals. However, this
ratio changes in favour of men in the group aged 61 and
over. This situation shows that there are differences
between genders in park usage habits as age increases.

Due to both climatic characteristics and social structure,
the hours of use of parks vary during the day. Seasonally, there
may be large differences between the number of elderly
individuals using the parks in some time periods.

The results of the survey on the frequency of use of the
parks by the elderly individuals using the parks are given below.

Individuals who use the park 3-4 times a week:

e Male individuals: The number of male individuals
who use the park 3-4 times a week is 14 (50%).

e Female individuals: The number of female individuals
who use the park with the same frequency is 14 (50%).

e Individuals who use the park every day:

e Male individuals: The number of male individuals
who use the park every day is 10 (40%).

e Female individuals: The number of female individuals
who use the park every day is 15 (60%).

These data reveal the frequency of park use of elderly
individuals on the basis of gender in detail. Although the
ratio of male and female individuals using the park 3-4
times a week is equal (50%), it is observed that the ratio of
women (60%) is higher than men (40%) among individuals
who use the park every day. This shows that female
individuals use the park more regularly and frequently.

The results of the survey regarding the time intervals of
the elderly individuals using the park are shown below.

40-50 Age Range:

e Park use in the morning hours: In this age range, 5
(45.5%) of the individuals use the park in the morning.
e Park use during lunch hours: 6 (30%) of the
individuals in the same age group use the park at noon.

51-60 Age Range:

e Park use in the morning hours: The number of
individuals aged 51-60 using the park in the morning
hours is 0 (0%).

e Park use at noon: 9 (45%) of the individuals in this age
group use the park at noon.

61 and Over:

e  Park use in the morning: 6 (54.5%) of individuals aged
61 and over use the park in the morning.

e Park use at noon: 5 (25%) of the individuals in the
same age group use the park at noon.
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These data reveal the distribution of park use among
different age groups according to different time periods. In
particular, individuals between the ages of 40-50 use the
park mostly in the morning, while individuals between the
ages of 51-60 prefer the park at noon. Individuals aged 61
and over have the highest rate of using the park in the
morning hours. This situation shows that park usage habits
change according to age groups and park usage is more
common in the morning hours.

According to the survey results, the time spent in the
park by the elderly individuals using the park was analysed
in detail. Of the individuals aged 40-50, 27 (28.6%) spend
1-2 hours, 6 (29.4%) 2-3 hours and 25.0% 3-4 hours.
Among individuals aged 51-60, 22 (38.6%) spend 1-2
hours, 6 (35.3%) 2-3 hours and 3 (37.5%) 3-4 hours.
Among individuals aged 61 and over, 20 (1.4%) spend 1-2
hours, 0 (0.0%) 2-3 hours and 0 (0.0%) 3-4 hours.

According to these results, it is seen that individuals
between the ages of 40-50 generally spend 2-3 hours. A
higher rate of 3-4 hours is observed in individuals between
the ages of 51-60. Individuals aged 61 and over are
generally found to spend 1-2 hours in the park.

These findings reveal that the time spent by elderly
individuals in the park may differ according to their age
range. Understanding the park usage habits and
preferences of the elderly is important for parks to provide
better service for the elderly population. In this framework,
park administrations can make arrangements to meet the
needs of elderly people and enable them to use parks more
effectively.

The reasons why elderly people go to parks differ
according to individuals and age groups. Elderly
individuals primarily go to parks to spend time during the
day. These preferences differ in order of importance.
Ihlamur Park is generally preferred by elderly people for
walking and sports (n: 54 %56.2), spending time with their
grandchildren and children (n: 27 %28.1), spending time
with family and friends and having picnics (n: 11 %11.4).
In addition, other factors also play an important role in the
preference of the park. These factors include the location
of the park (1), the reliability of the park (2), the functional
features of the park and the opportunity to rest (3). This
data reveals that the park usage habits of elderly
individuals vary depending on both their individual needs
and environmental factors. Parks are important areas for
both physical activities and social interactions for elderly
individuals, and features such as functionality and
accessibility are determinant in the preference of these
areas. According to the results of the analyses, (25%) of
individuals between the ages of 40-60 disagree that the
park is safe, while 4 (23.5%) agree with this view.
According to the analysis of the studies and survey results
on the neighborhoods where the elderly people who use the
park reside and the means of transportation to the park, 4
(23.5%) of the elderly people who come to the park by
private car reside in Sancak neighborhood and 2 (3%)
reside in Yazir neighborhood. Of the elderly individuals
who use public transport to reach the park, 1 (5.9%) comes
from Sancak Neighborhood and 1 (1.5%) comes from
Yazir Neighborhood. On the other hand, 12 (70.6%) of the
elderly individuals who reach the park on foot come from
Sancak Neighborhood and 64 (95.5%) come from Yazir
Neighborhoods. These findings reveal the park access

preferences of elderly individuals living in different
neighborhoods and the ease of access to parks in different
neighborhoods.

The opinions of the elderly people using the park on the
adequacy of planting were analyzed according to the
survey results. (0,0%) of the individuals between the ages
of 40-60 disagree with the adequacy of planting, while 8
(30,8%) agree with this view. On the other hand, 0 (0,0%)
of the individuals between the ages of 60-70 both disagreed
and agreed with the adequacy of planting. In the light of
these data, it is seen that individuals in the 40-60 age group
have serious criticisms about the planting of the park and
half of this group finds the planting works inadequate.
However, there is no negative opinion about the adequacy
of planting in the 40-60 age group and 30.8% of them have
a positive opinion. In the 60-70 age group, no opinion was
reported according to the survey results. These results
indicate that the park management should review its
planting policies. Especially the dissatisfaction of the 40-
60 age group may negatively affect the frequency and
satisfaction of users in this age range. Therefore, measures
such as diversification of planting activities, aesthetic
arrangements and increasing the number of plants can
increase user satisfaction. On the other hand, the high
satisfaction rate of the 40-60 age group indicates that the
current planting policies for this age group are successful.
The fact that there is no opinion in the 60-70 age group may
indicate that this group is not interested in the issue of
planting or that this group is not sufficiently represented in
the survey.

The park management should take steps to overcome
the dissatisfaction of the 40-60 age group with the
inadequacy of the existing planting (there is not enough
shading because the trees are still small) and maintain
current practices during the replacement of drying plants to
maintain the satisfaction of the 40-60 age group with the
presence of linden trees. The reasons for the silence of the
60-70 age group should be investigated, and the opinions
of this group on the planting works of the park should be
taken to increase the overall satisfaction of the general use
of the park.

The opinions of the elderly people using the park on the
adequacy of the equipment elements in the park were
analysed in detail according to the survey results.
Regarding the adequacy of the reinforcement elements, 4
(36.4%) of the individuals aged 40-60 do not agree with
the adequacy of reinforcement elements, while 3 (17.6%)
agree with this view. On the other hand, there is no
disagreement rate in the 60-70 age group and there is no
opinion on the adequacy of reinforcement elements among
the participants in this age group. In the light of these data,
the rate of participation among individuals aged 40-60 is
17.6% and some of the participants in this age group think
that the reinforcement elements are insufficient. However,
there is no negative opinion about the reinforcement
elements among the participants aged 60-70.

The issues that the elderly people who use the park are
disturbed about the park were analyzed in detail. Among
the elderly men using the park, 15 (31.9%) were disturbed
by car noises and 23 (50%) were disturbed by misuse of
the park. Similarly, 32 (68.1%) of the elderly women were
disturbed by car noises and 23 (50%) were disturbed by
misuse of the park. These results reveal that the causes of
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discomfort encountered by elderly individuals in the park
may differ according to gender. A significant portion of
both male and female elderly individuals are disturbed by
car noises. In addition, misuse of the park is also a source
of disturbance for both male and female -elderly
individuals. These findings point to an important point that
park managements should take into consideration in order
for parks to better meet the needs of the elderly. In order to
keep the noise levels under control in the parks, preventive
planting between the highway and the park and taking the
necessary measures regarding the design and use of the
parks will enable elderly individuals to have a more
enjoyable time in the parks.

Conclusion

It is the duty of each individual and the state to make
the elderly feel that they are still a part of society and to
ensure that they continue their social life instead of
isolating them from society as an object that has completed
its duty and is a burden to society. One way to offer this
social life to elderly individuals is to provide them with the
opportunities that will enable them to use public spaces and
parks within these spaces comfortably.

When the age and gender distribution of park use is
analyzed in the survey results, it is observed that women
are generally more active, but this trend changes in the 61
and over age group. It is revealed that park usage habits
change according to gender as age increases. This change
may reflect the change in the interest and preferences of
older individuals in parks with age. The fact that women
prefer parks more in younger age groups may be because
young women prefer to use parks for social, recreational
and sports activities. However, the reversal of this situation
in the age group of 61 years and over is probably due to the
fact that older men tend to use the parks more frequently
and regularly. In this age group, it may be important to
understand in more detail what the determinants of men's
use of the park are. Perhaps factors such as maintaining
physical activity, meeting up with friends or utilizing their
time in the park in a more beneficial way.

According to the data on the frequency of use of
Thlamur Park, it is seen that the rate of women using the
park 3-4 times a week is equal to that of men, but the rate
of women using the park every day is higher. This shows
that women use the park more regularly and frequently.
While a gender balance is observed among individuals who
use the park 3-4 times a week, the higher proportion of
women among those who visit the park every day may
indicate that women frequently visit the park in their daily
routines. This indicates that women regularly prefer the
park for both physical and social activities.

In the analyses conducted according to the time
intervals of park use, it was found that the preferred time
periods differ among different age groups. In particular, it
was observed that individuals aged 61 and over had the
highest rate of using the park in the morning hours. This
indicates that older individuals prefer to spend time in the
park in the morning hours and prefer to start their day
actively. The decrease in the use of parks at noon is perhaps
due to the fact that elderly individuals prefer to rest at home
during this time. This indicates that parks should be used
more actively in the morning hours for elderly people.

When the distribution of the time spent in the park
according to age groups was analysed, it was determined
that each age group spent different amounts of time in the
park. This reveals that the park usage habits of the elderly
may vary according to age ranges. In particular, it is
observed that individuals aged 61 and overspend shorter
periods of time in the park. This may be related to the
physical capacity of the elderly or the way they utilize the
facilities in the park. These data show that parks should be
made more attractive for the elderly and arrangements
should be made to ensure that the elderly use the parks
more effectively.

In the examination of the reasons for going to the park, it
was seen that elderly individuals primarily prefer parks to
spend time during the day. In addition, it was determined that
environmental factors were also effective in park selection.
This shows that parks are important not only for physical
activities but also for social interactions. Parks are thought to
be an important platform to strengthen the social ties of the
elderly and increase their interaction with society.

Studies on access to parks have revealed the
preferences and convenience of older people living in
different neighborhoods. This shows that the location and
accessibility of parks can affect the use of elderly people.
The fact that parks are accessible and easy to reach for
elderly individuals indicates that they should be made more
attractive for this group.
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This study investigated the effects of Potato Golden Cyst Nematode (Globodera rostochiensis) on
plant development and tuber yield in naturally infested fields with and without nematicides. The
study was arranged in a randomized block design in the Alay district of Nigde province in 2021. In
the study 4 varieties (PAE 13-08-07 clone, Unlenen, Leventbey, Muratbey) developed by Nigde
Potato Research Institute and two controls (Desiree and Bettina) were used. 50% emergence time,
50% flowering time, number of stems per plant, plant height, tuber maturation time, number of large
tubers in total tuber and tuber yield per hectare were examined in potato varieties. No difference
was detected in 50% emergence time, number of stems per plant and 50% flowering time in potato
varieties in the nematicide-applied area and the nematode-infested area. Varieties were affected by
nematicide application at varying rates in terms of plant height and tuber maturation time. The most
significant increase in tuber size and tuber weight was observed as a result of nematicide application

Percent effect
Nematicide

in the field infested with Potato Golden Cyst nematode.
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Introduction

Potato is an industrial plant essential to human nutrition
worldwide. After corn , rice, and wheat, potato is the most
produced plant (Arvas et al., 2018). Potato is a significant
species due to its high nutritional content, suitability for
long-term storage, and high productivity (Dumanoglu &
Geren, 2020). They provide high yields per unit area,
prevent unbalanced nutrition, and meet the raw material
needs in many industrial sectors (Arioglu et al., 2006).

Nigde, Afyonkarahisar, and Konya are important
provinces in potato production in Turkiye. These provinces
constitute almost 35% of the country's output and 32% of
the planting areas. The province with the highest
production is Nigde, with 679653 tons of production on
17630 hectares of land. The average yield of Nigde is 38.55
t/ha (Tuik, 2022). Globodera rostochiensis and Globodera
pallida are the most important pest in many countries
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(Tagem, 2017; Subbotin et al., 2020). Important nematode
species that cause economic damage in potatoe are Golden
Cyst Nematode Globodera rostochiensis (Wollenweber)
and Pale Cyst Nematode Globodera pallida (Tas) Behrens
(Turner, 2013). When PCN are not controlled, yield losses
of up to 80% occur, causing significant economic losses in
the potato industry worldwide (Talavera, 1998; Contina,
2020).

PCN feed on plant roots and disrupt the plant's water
and nutrient uptake. Swelling and clustering occur in plant
roots. At the beginning of the infection, symptoms of
weakening, growth retardation, and wilting begin to appear
in the above-ground parts of the plants. Cyst Nematodes,
which do not cause significant damage to the upper parts
of the plant at the beginning, cause substantial decreases in
yield if potato production continues. PCN larvae in the cyst

2846


http://creativecommons.org/licenses/by-nc/4.0/

Kacar Avci et al. / Turkish Journal of Agriculture - Food Science and Technology, 12(s4): 2846-2852, 2024

maintain their viability for many years (10-30 years) even
if there is no host plant to feed on in the soil (Gartner et al.,
2021). Their eggs can survive for more than twenty years,
so it is difficult to destroy them after they emerge (Gartner
et al., 2021). In Turkiye, the PCN was first detected in a
potato field in the Dértdivan district of Bolu (Enneli &
Oztiirk, 1996). In a study conducted in potato growing
areas in the Aegean Region, it was determined that the
Globodera rostochiensis was prevalent in 17.47% of
potato production areas in Odemis district of Izmir
province and 61.70% (Ulutas, 2010). It was determined
that the G. rostochiensis was prevalent in 35% of the potato
production areas in Bolu province (Imren, 2018). The PCN
(G. rostochiensis) has also been encountered in the
provinces of Nigde, Nevsehir, izmir and Afyon in Turkiye,
and its pathotype was determined as Ro2/3 (Evlice, 2021).

Control of PCN has traditionally been achieved by
integrated pest management strategy inculuding crop
rotation, cultivation of resistant cultivars and application of
nematicides. However, the lack of cultivars with sufficent
resistance to Globedara. pallida and the limitations
associated with long rotations requirement for effective
control of those pest support the reliance on chemical
control tactices for managing it (Trudgill et al., 2003).

The presence of PCN in potato production areas and
above the economic damage limit (Demirbas Pehlivan,
2019) significantly reduces potato yield. It takes many
years for producers to realize that the nematode causes a
decrease in tuber yield. The absence of symptoms specific
to PCN reduces disease awareness among producers (Price
et al., 2021). The effect of increasing global temperatures
due to climate change in the last century on loss of
productivity caused by plant pests, including soil-dwelling
organisms such as PCN, is alarming (Kaczmarek, 2019).
From this perspective, provinces where potato cultivation
is carried out are at risk in terms of reduced yield. Most of
the potato varieties used in the Turkiye are not resistant to
PCN, and information on sustainable farming practices is
limited. With the increasing costs associated with chemical
applications, farmers need to be increasingly efficient in
their use of agrochemical resources. In this context,
growers need information on correct nematicide
application against pathogenic nematodes.

The present study aimed to research the effects of 400
g/l fluopyram nematicide in fields naturally infected with
G. rostochiensis Ro2/3 race in relation to tuber yield and
growth of 6 different potato varieties currently produced in
Nigde province.

Materials and Methods

In the study six potato varieties and clone, including
PAE 13-08-07, Unlenen, Leventbey, Muratbey,
susceptible control Desiree, and resistant control Bettina
were used. The nematode pathotype in the field where the
experiment was carried out was determined to be
Globodera rostochiensis Ro2/3 (Evlice, 2021). The
varieties and their characteristics are given in Table 1.

Before the study, a survey was conducted in the town
of Alay and soil samples were taken from different
locations. Nematode cysts were collected in the samples
under a binocular microscope.

Table 1. Characteristics of varieties used in the study

Variety Maternal X Paternal
Unlenen Provento x Soleia
Leventbey Soleia x Anais
Muratbey Panda x Anais

PAE 13-08-07 Bettina x Galata
Desiree* Urgenta x Depesche
Bettina** Franzi x 795/883

*Susceptible control, **Resistant control (*;**References; ECPD, 2022)

As a result of the evaluation, counts were made in the
soil samples taken from the location where the nematode
population was dense. Nematode cysts were molecularly
and classically identified as Potato Golden Cyst Nematode.
The research was conducted in a field naturally infested
with nematodes in the Alay district of Nigde province, in
accordance with the randomized block design, the
experiment was established in 48 plots, including 6
varieties, 4 replicates, and 2 applications. The study
consisted of 24 plots naturally infested with Potato Golden
Cyst Nematode and 24 plots treated with nematicide. In the
experiment, the plot width was determined as 1.4 m, the
plot length as 8.1 m, and the plot area as 11.34 square
meters. A 3 m gap was left between the plots with and
without nematicide spraying. Nematicide application was
made twice during the production season, just before
planting potatoes and 1 month after planting potatoes.
Routine maintenance, irrigation, and fertilization were
carried out from planting to harvest. 70% Metribuzin was
used for weed control; For potato beetle control, 200g/1
Chlorantraniliprole and 25g/l Deltamethrin were used.
After planting, according to Technical Instruction for
Agricultural Measurement Trials (TTSM, 2001), 50% day
of emergence, number of stems per plant, plant height,
tuber maturation time, number of large tubers in total
tubers, tuber yield per hectare were observed. Potatoes
harvested from each plot were counted and weighed
separately in 3 different sizes (35-55 mm, smaller than 35
mm, larger than 55 mm). In the study, tubers larger than 55
mm?® were recorded as large tubers. The number of large
tubers in total tubers on a plot basis and the % effectiveness
degree between varieties were determined with the Abbot
formula.

E= (NTL/TNT) x 100.

E % effect
NTL : Number of tubers larger than 55 mm?>
TNT : total number of tubers

Yield per hectare and percentage yield loss rates were
calculated for all applications.

Statistical Analysis

Statistical analysis was carried out according to the
randomized block design by applying the MSTAT-C
statistical package program to the data obtained from the
varieties in the plots with and without nematicide
application. Data determined to be significant according to
the variance analysis results were subjected to the Duncan
multiple comparison test. The percentage of effect degree
was calculated depending on the varieties.
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Results and Discussion

50% Plant Emergence (day)

The wvariance analysis results applied to the 50%
emergence day values showed that there were significant
differences (P<0.05) among the varieties (Muratbey and
PAE13-08-07), while the nematicide treatments and
interaction between treatments and variety interaction was
found to be insignificant. Plant 50% plant emergence (day)
of the varieties are given in Table 2.

In the plots where nematicide was applied, the earliest
and latest emergence days were determined in Muratbey
(18.5) and clone PAE-13-08-07 (22.5) respectively. In the
plot where nematicide was not applied, Leventbey
emerged at the earliest (19.0), and Bettina emerged at the
latest (23.0). Researchers have reported that many factors
directly or indirectly affect the emergence times of potato
tubers (Yildirim 2019). These are; soil structure, planting
depth, climatic conditions, genetic structure. Physiological
age also significantly affects the emergence time of potato
tubers. They reported that there may be changes in
emergence times due to the fact that potato tubers are of
different sizes at the time of planting and do not have the
same physiological age (Biilbiil, 2018; Arslan, 2002). In
potato, shoots emerge in approximately 15-30 days
depending on the conditions and root formation begins in
this period (Anonymous, 2024). Since the root density of
the potato is low during the emergence period, nematicide
uptake into the tuber body may not occur. A previous
study, conducted by Kimpinski, et al. (2001) stated that a
small significant negative nematicide effect on plant
emergence 28 days after planting, with an mean emergence
of 83.0 and 80.9% in the check and nematicide-treated
parcels, respectively. The researchers also noted
significant differences in plant emergence and plant vigour
among the cultivars. As expected, early maturing varieties
emerged rapidly than later maturing varieties. On the other
hand, Norshie, et al. (2016) suggested that soil nematicide
(fluensulfone) applications can protect potato plants from
G. pallida infection. However, they reported that
nematicide application did not have a significant effect on
plant growth in one location in their study. Previous studies
on this subject reported that soil application with
nematicides did not always accompany improvements in
potato growth and yield parameters, Evans et al. (2003);
Whitehead et al. 1994). Soil p" and plant nutrition were
reported to be some of the factors suggested to affect potato
responses to nematicide applications. In this study we
conducted the effect of namaticide on the emergence
period did not create any difference.

Number of Shoots Per Plant

There was a significant difference (P <0.01) among the
varieties regarding number of shoots per plant, while no
significant difference was found in the treatment and
variety treatment interaction. Number of shoots per plant
of the varieties are given in Table 3.

Under nematicide treated conditions, the highest and
lowest shoots were found in Bettina (7.87) and Muratbey
(4.45), respectively. Untreated conditions, the lowest main
stem number was found in the Leventbey (4.32), and the
highest value was found in the Bettina (7.47).

Table 2. Plant emergence (day) in potato varieties

Varieties Nematicide Nematicide
Treated Untreated
Unlenen 21.5 ac 20.3 a-d+
Leventbey 19.0 cd 19.0 cd
Muratbey 18.5d 19.8 b-d
PAE 13-08-07 22.5 ab 20.8 a-d
Desiree 21.3 a-d 19.8 b-d
Bettina 20.8 a-d 23.0a
Mean 20.6 20.4

+) According to the Duncan test, means indicated with similar lower-case
letters in the same column are statistically similar within the error limits
of P <0.01 (50% plant emergence, LSD: 2.492, CV:9,06%, F value
variety:3,45; treatment value:0,10)

Table 3. Number of shoots per plant in potato varieties

Varieties Nematicide Nematicide
Treated Untreated
Unlenen 6.47 ab 5.97 b-d+
Leventbey 4.53 c-¢ 4.32¢
Muratbey 4.45 de 4.55 c-e
PAE 13-08-07 6.63 ab 6.80 ab
Desiree 6.05 bc 6.83 ab
Bettina 7.87 a 7.47 ab
Mean 6.00 5.99

+) According to the Duncan test, means indicated with similar lower-case
letters in the same column are statistically similar within the error limits
of P <0.01 (Number of shoots per plant LSD: 1.439, CV:10.01%, F value
variety:36.80; treatment value:0.01)

The number of shoots per plant is affected by the
number of buds per tuber, the damage rate of the shoots
during planting, growth conditions, physiological age of
the tuber, variety, tuber size, and soil conditions during
sowing and emergence (Haverkort et al., 1990).
Pszczolkowski and Sawicka (2017), reported that the shoot
number each plant changed between 3.8 and 7.5,
depending on the varieties. Ulutas 2010, in her study, found
that the number of main stems of potato varieties with
nematicide application generally increased compared to
those without. Significant differences were also found
among varieties with nematicide application. In this study,
although there were significant differences between
varieties in both nematicide and non-nematicide
application conditions, no significant difference was found
between the applications. A study on this subject
conducted by Ulutas, (2010) stated that no difference in the
number of main stems in the potato varicties Agria,
Marabel, Marfona and Gronala in the fields infested with
Golden Cyst Nematode, under nematicide-treated and non-
treated conditions.

Plant Height (cm)

The results of variance analysis showed significant
differences (P <0.01) among cultivar, treatment, and
cultivar x treatment interaction regarding plant height.
Plant heights of the varieties are given in Table 4.

2848



Kacar Avci et al. / Turkish Journal of Agriculture - Food Science and Technology, 12(s4): 2846-2852, 2024

Table 4. Plant height (cm) and % degree of impact in potato varieties

Varieties Treated Nematicide Untreated % effect
Unlenen 88.3a+ 75.25 be 16.91
Leventbey 70.8 cd 65.8 de 7.72
Muratbey 65.8 de 64.0¢ 7.34
PAE 13-08-07 56.3 fg 535¢ 5.14
Desiree 79.3b 61.3 of 29.38
Bettina 65.0 de 63.3¢ 2.76
Mean 70.8 A++ 63.8 B 11.0

+ According to the Duncan test, means indicated with similar lower-case letters in the same column are statistically similar within the error limits of P
<0.01; ++) Means shown with similar uppercase letters in the same row are statistically similar within the error limits of P <0.05 according to the
Duncan test. (Plant height LSD: 5.932,CV:6.10%, F value variety:36.89; treatment value:35.29)

Table 5. Plant maturity time(day) and % effect degree in potato varieties

Varieties Nematicide Treated Untreated % effect
Unlenen 121 ab 113 d+ 7.07
Leventbey 122 ab 115d 6.08
Muratbey 123 a 116 cd 6.03
PAE13-08-07 115d 93¢ 23.65
Desiree 119 be 9 ¢ 26.59
Bettina 124 a 119 be 4.20
Mean 121 A++ 108 B 12.04

+) According to the Duncan test, means indicated with similar lower-case letters in the same column are statistically similar within the error limits of P
<0.01; ++) According to the Duncan test, the means shown with similar uppercase letters in the same row are statistically similar within the error limits
of P <0.05. (Plant maturity LSD:3.22, CV:2.05%, F value variety:78.76; treatment value:352.18)

In terms of plant height, under nematicide-applied
conditions, the shortest height was found in the PAE 13-
08-07 (56.3 cm), Unlenen (88.3 cm), and the most
extended height was found in Unlenen (88.3 ¢cm) under
nematicide applied conditions. The most extended plant
height was found in Bettina (65.0 cm). The most affected
cultivars were Desiree (29.38%), Unlenen (16.91%),
Leventbey (7.72%), Muratbey (7.34%), PAE 13-08-07
(5.14%) and Bettina (2.76%). The average plant height of
all cultivars with and without nematicide applied was
determined as 70.8 and 63.8 cm, respectively, and a
significant difference was found between the treatments
averages. In general, the plant height of potato varieties is
shorter in control plots than in plots where nematicide
application was made. Plant height is an important variety
trait, although it is affected by factors such as day length,
temperature, precipitation, soil moisture, planting density
and fertilization (Tungctiirk et al., 2004). Trudgill, (1987),
conducted on soil infested with PCN under nematicide and
non-nematicide application conditions, he reported that the
damage caused by PCN reduced the efficiency of the
potato root system, leading to chronic deficiency of
nutrients and consequently a decrease in top growth rate.
Olthof (1989) also stated that nematicides (Metham-
sodium, Oxamyl, and 1,3-D + aldicarb) applied reduces
populations of P. penetrans in the roots and rhizosphere
and increased plant vigor and potato yields relative to the
control.

Plant Maturity Time (days)

As aresult of variance analysis, significant differences
(P <0.01) were determined among variety, application, and
variety application interaction in plant maturity time. The
maturity time and the % effect degree of the varieties are
shown in Table 5.

Regarding plant maturity time, in treated condition, PAE
13-08-07 clone had the earliest (115) and this genotype was
significantly differ from the other varieties. In contrast, the
Bettina had the latest (124) plant maturity under nematicide
application, Bettina, Muratbey, Leventbey, Unlenen, and
Desire matured later. However, in maturity time, no statistically
significant difference was found among these varieties (except
PAE 13-08-07). In the area where nematicide was not applied,
PAE 13-08-07 matured the earliest (93) similar to Desiree while
Bettina matured the latest (119). The average number of days to
maturity per plant for all varieties studied under nematicide and
non-nematicide applied conditions were 121 and 108 days,
respectively, and a significant difference was found between the
treatments. Desiree was the most affected with 26.59%, while
the least affected was Bettina, with 4.20%. When the effect on
plant maturity was examined, PAE 13-08-07 was listed as
23.65%, Unlenen 7.07%, Leventbey 6.08% and Muratbey
6.03%. Trudgill (1987), stated that potato plants grown in soil
heavily infested with PCN contained less N, P and K in their
leaf dry matter compared to plants grown in the same soil and
treated with nematicides. In general, the damage caused by the
invasive PCN juveniles reduced the efficiency of the potato root
system, leading to chronic deficiency of one or more nutrients
and a consequent reduction in top growth rate and resulting in
earlier harvest maturity of the plants. Similar results were found
by Kaczmarek et al. (2019) and Ulutas (2010). Our research
findings revealed that nematicide applied to the soil increased
the maturity period of potato varieties.

Number Of Large Tubers (number)

According to the variance analysis results, the ratio of
large tubers to total tubers showed significant differences
among varieties and treatments. The number of large tubers
and the % degree of influence are given in Table 6.
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Table 6. Large tubers and % de

ee of influence in potato varieties

Varieties Nematicide Treated Untreated % effect
Unlenen 51.0b 42.3bct+ 20.7
Leventbey 343 cd 30.5dc 12.3
Muratbey 25.5de 23.8 de 7.36
PAE13-08-07 27.5de 25.0de 10.0
Desiree 25.0de 193¢ 29.9
Bettina 63.8a 62.0a 2.82
Mean 37.8 A++ 33.8B 11.8

+) According to the Duncan test, means indicated with similar lower-case letters in the same column are statistically similar within the error limits of P
<0.01.; ++) Means shown with similar uppercase letters in the same row are statistically similar within the error limits of P <0.05 according to the
Duncan test. (Number of large tubers). (CV:16.66%, F value variety:45.34; treatment value:4.39)

Table 7. Tuber yield(kg) and % degree of impact in potato varieties

Varieties Treated Nematicide Untreated % effect
Unlenen 38.500b 27.630cd+ 39.3
Leventbey 34.380bc 28.550cd 21.8
Muratbey 33.400b-d 31.130b-d 7.9
PAE13-08-07 17.850e 15.130e 18.0
Desiree 26.080d 16.280¢ 60.2
Bettina 59.880a 57.700a 3.8
Mean 35.010A++ 29.400B 19.1

+) According to the Duncan test, means indicated with similar lower case letters in the same column are statistically similar within the error limits of P
<0.01; ++) Means shown with similar upper case letters in the same row are statistically similar within the error limits of P <0.05 according to the

Duncan test.(CV:14.84%, F value variety:75.45; treatment value:16.55)

Nematicide application significantly increased the
number of large tubers in varieties. The proportion of large
tubers in total tubers was highest in Bettina (63.8) and
lowest in Desiree (25.0) under nematicide and non-
nematicide application conditions. Desiree was most
affected by 29.9%, Bettina was least affected by 2.82%.
Unlenen was affected by 20.7%, Leventbey by 12.3%,
PAE 13-08-07 by 10.0%, and Muratbey by 7.4%. Study
indicated that the nematicide treatment significantly
affected the large tuber proportion of the wvarieties.
Reducing or eliminating the adverse effects of nematodes
controlled by nematicide application provided better
development of the varieties. Accordingly, the proportion
of large tubers increased. In a similar study conducted by
Ulutag (2010) in nematode-infested fields, it was
determined that the effects of Golden Cyst Nematode on
tuber size varied according to the wvarieties under
nematicide-treated and non-treated conditions, and the
effects were 24.08%; 3.71%; 1.17% and 0% in Marabel,
Marfona, Granola and Agria varieties, respectively.

Tuber Yield (kg/ha)

The variance analysis results applied to the tuber yields
values showed that there were significant differences
(P<0.05) among the varieties, and nematicide treatments
while the interaction between these two characteristics was
statistically insignificant. Tuber yields of varieties and the
percentage effects of applications on yield are shown in
Table 7.

In the study, the lowest tuber yield in both treatments
was determined in the PAE 13-08-07 (17.850 and 1513
kg/ha), while the highest yield was determined in the
Bettina (59.880 and 57.700 kg/ha). Significantly higher
tuber yields were obtained in varieties grown under
nematicide applied than in unapplied conditions. Among
the studied varieties, except the resistant control variety
Bettina, the highest yield was found in Unlenen (38.500

kg/ha) in the nematicide-applied area and Muratbey
(31.130 kg/ha) in the untreated area. The average tuber
yields of all studied varieties were found to be 35.010 and
29.400 kg/ha, respectively, and a significant difference was
found between the treatments Table 7. Under nematicide-
free conditions, the Desiree suffered the highest yield loss,
60.2%, followed by the Unlenen, 39.3%. The lowest yield
loss was determined in the Bettina with the 3.8%. Except
for Desiree, the lowest yield loss among the examined
varieties was determined in the Muratbey, with a rate of
7.9%. Significant increases were observed in tuber yields
of varieties tested in plots where nematicide was applied.
These findings show that the applied nematicide
suppressed the nematode population in the plots. As a
result, the tuber yield of all varieties examined in the study
increased significantly compared to the plots without
nematicide application. In areas infected with Globodera
species, yield losses reach up to 70%, causing severe
financial losses (Sparkes, 2013). Seenivasan (2017)
observed 33.0% tuber yield loss due to natural populations
of G. rostochiensis and G. pallida in a field study, which
was preventable yield loss caused by natural PCN
populations on potato. The research findings showed that
G. rostochiensis Ro 2/3 race had a significant effect on the
tuber yield of the potato varieties. It has been determined
that as a result of nematicide application, the negative
effects of nematodes controlled with nematicide
application on the varieties decreased and tuber yields
increased. Norshie et al. 2017. reported that nematicides
with different active ingredient retarded root infection and
population development of G. pallida in potato varieties,
and tuber yield increased significantly in nematicide
applications compared to the untreated control. Arntzen &
Wouters (1994) observed significant differences in
resistance in genotypes in plots with and without
nematicides applied in the same field infested with
nematodes.
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Conclusion and Recommendations

As a result of this study conducted in Nigde province to
determine the effects of potato cyst nematode on yield and
plant development of potato varieties. In the experimental
area, it was determined that Potato Golden Cyst nematode
affected tuber yield, large tuber formation, maturation time
and plant height at varying rates. It was determined that
nematicide application was effective in increasing yield in
all varieties. The higher tuber yield increase was detected
in Desiree (60.2%), Unlenen (39.3%) and Leventbey
(21.8%), while the lowest increase was determined in
Bettina (3.8%) and Muratbey (7.9%) varieties. Golden
Cyst Nematode caused the most damage to potato plants in
the form of tuber yield loss and an increase in the small
tuber ratio. It was concluded that although nematicide
application provided significant yield increases especially
in varieties susceptible to nematodes, tuber yield losses
could be reduced under conditions where nematicides were
not applied by using nematode-resistant varieties.
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ABSTRACT

This study was carried out under controlled conditions to determine the effects of chitosan-based
nanoemulsion film coating formulations, formed using different essential oils, on storage quality of
sugar beet roots during storage period. In the study, roots of Conviso Smart (KWS) sugar beet
variety were coated with nanoemulsion film formulations containing thyme (Thymus vulgaris),
clove (Szygium aromaticum), ginger (Zingiber officinale) and tea tree (Melaleuca alternifolia)
essential oils doses of 250, 500 and 1000 ppm immediately after harvest. The roots were stored in
plastic cases under controlled conditions (+ 8-10°C, 85-90% relative humidity) for 90 days. Weight
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compared to the control. Although the polar sugar ratios were higher in film coated roots compared
to the control, alpha-amino nitrogen, glycine betaine, and reducing sugar contents showed
significant decreases. White mold and green mold infections on the roots were significantly
decreased, especially with high dose film coating applications. The highest dry matter ratio, brix
values and firmness were obtained from film coatings containing 1000 ppm cinnamon and thyme
essential oils. While polar sugar ratio was higher in root which film coated compared to the control,
alpha amino nitrogen, glycine betaine and reducing sugar contents showed significant decreases.
White mold and green mold infections developing on root showed significant decreases especially
with film coating applications applied at high doses. The study concluded that coating sugar beet
roots with nanoemulsion film formulations containing essential oils can significantly reduce, weight
and quality losses, as well as fungal disease development, during the storage period.
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Introduction

Sugar beet is one of the most important strategic
products, serving as a raw material to many industrial
sectors. In Tirkiye, approximately 23.5 million tons of
sugar beet and 3.2 million tons of sugar were produced on
about 305 thousand hectares of land in 2023 (Anonim,
2024). Considering the campaign periods and processing
capacities of sugar factories, it is evident that the sugar
beets produced each year must be stored for certain periods
before processing. Sugar beet storage includes all stages
from harvest to processing at the factory, and the difference
between the amount of beets received at the factory
(excluding discarded waste) and amount of processed is
referred to as storage loss. The key factors affecting post-
harvest storage losses of sugar beets include waiting time
at the factory, silo height, climatic conditions, as well as
diseases and pests (English, 2020).

Post-harvest quality parameters of root crops are
significantly affected by the storage method, duration, and
the temperature and humidity of the storage environment.
Due to the limited processing capacity of factories, the
storage periods of harvested beets are extended. Prolonged
storage results in the loss of water, dry matter, and
consequently weight, in the root crops. Additionally,
environmental factors contribute to the proliferation of
fungal and bacterial pathogens in the storage environment,
leading to substantial losses in both the quantity and quality
of the beets to be processed. In root crops stored for
extended periods, the development of fungal pathogens
such as Botrytis cinerea, Phoma betae and Penicillium
vulpinum is exacerbated by the effects of temperature and
humidity. Campbell et al. (2014) reported that fungal and
bacterial infections, caused by fluctuations in temperature
and humidity under open storage conditions, further
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contribute to sucrose losses in root crops. During the
storage, it is crucial to maintain the sucrose levels of sugar
beets and minimize losses caused by microbial infections.
Since the use of chemical fungicides during the storage
phase of sugar beets, which supply raw materials for the
food industry, is not considered feasible from a health
perspective, investigating natural methods to reduce fungal
infections and prevent weight and quality losses during the
storage is an important topic.

Chitosan, derived from the chitin in crustacean shells,
is a natural, edible polymer that is non-toxic and
environmentally friendly (Iber et al., 2022). It is a linear
polysaccharide produced through the deacetylation of
chitin. Chitosan is widely recognized as a versatile
biopolymer, commonly used as an edible coating for fruits
and vegetables due to its excellent film-forming ability,
biocompatibility, and robust mechanical strength (Mesa et
al., 2021). Additionally, chitosan possesses various health-
promoting functional properties, including antifungal,
antibacterial, antitumor, antioxidative, and
hypocholesterolemic activities (Naveed et al., 2019).
Recent studies have focused on enhancing edible
polymeric coatings by incorporating natural additives,
significantly boosting their protective properties (Zhang et
al., 2023). Extensive research has been conducted on
chitosan, particularly in combination with other natural
components such as additional natural polymers,
polyphenolics, nanoemulsions, and essential oils, to
improve its functionality. The incorporation of essential
oils into edible coatings has notably enhanced their
antimicrobial effectiveness. Studies have shown that
essential oils prevent the development of fungal infections
that cause economic damage to crops and exhibit strong
antifungal activity (Macwan et al., 2016; Nazzaro et al.,
2017). It has been reported that by treating sugar beet roots
with essential oils of dill (4nethum graveolens L.), clove
(Szygium aromaticum), and Turkish pickling herb
(Echinophora tenuifolia) after harvest and storing them,
weight losses during storage can be reduced by
approximately 37% compared to the control (Ok et al.,
2022). In related studies, it was found that certain essential
oils applied to plant leaves can influence enzyme activities,
leading to significant effects on photosynthetic activity,
vegetative period, maturation, and disease development
(OKk, 2020). In another study, essential oils applied to sugar
beet leaves affected sucrose synthesis enzyme activities
and reduced the incidence and severity of leaf spot
infections (Kursunatan, 2019).

This study aims to determine the effects of chitosan-
based nanoemulsion film coatings, created using essential
oils of thyme (Thymus vulgaris), clove (Szygium
aromaticum), ginger (Zingiber officinale Rosc.), and tea
tree (Melaleuca alternifolia) applied at the beginning of
storage, on the development of fungal infections, as well as
weight and quality losses in sugar beet roots.

Materials and Methods

Materials

The study was conducted in 2022 at the experimental
fields and cold storage facilities of Isparta University of
Applied Sciences, Faculty of Agriculture. In the study, the
seed material used was the Conviso Smart variety obtained

from KWS Tiirk, while the essential oils of 7. vulgaris, S.
aromaticum, Z. officinale Rosc., and M. alternifolia and
chitosan were used as application materials.

Methods

Sugar beet production

Beet roots required for the storage study were grown in
2022 at the experimental fields of the Faculty of
Agriculture, Isparta University of Applied Sciences. The
sowing was done in the first week of April using a
pneumatic seeder with row spacing of 10x45 cm. Along
with sowing, 40 kg/da of Super Beet fertilizer (N:13-P:18-
K:15-S:10) and 18 kg/da of ammonium sulfate (21% N)
were applied, and during the first hoeing, 20 kg/da of urea
(46% N) was applied, resulting in a total fertilization of 18-
7-6 kg/da N-P-K. Irrigation was carried out using a
sprinkler system when the soil moisture fell below 50% or
when the top 10 cm of soil dried out. After the completion
of plant emergence, the plants were thinned to a row
spacing of 20 cm during the first hoeing. Betanal maxxPro
(47 g/L Desmedipham + 75 g/l Ethofumesate + 27 g/L
Lenacil + 60 g/L. Phenmedipham, Bayer CropScience AG)
herbicide was used when the sugar beets had 2-6 leaves,
and two manual weeding sessions were performed during
the vegetation period for control of weeds. After the 170-
day vegetation period (October 20), the sugar beets were
harvested using a beet fork, and their tops were cut off.
From the harvested beets, those with an average weight of
1250-1500 g, no branching, and free from diseases and
pests were selected for the storage study, and the storage
process began on the same day.

Extraction of essential oil and GC-FID/GC-MS
analysis

In the study, essential oils of Z. officinale Rosc. and M.
alternifolia were purchased, while the essential oils of T.
vulgaris and S. aromaticum were obtained through
Clevenger-type hydro-distillation. Each plant species was
distilled in a boiling flask of the distillation device at 100°C
for 3 hours to obtain the essential oils. The components of
the purchased and hydro-distilled essential oils were
determined using a GC/MS (Gas Chromatography/Mass
Spectrometry) system (QP-5050 GC/MS with a
quadrupole detector) at the SDU Experimental and
Observational Research and Application Center. The
GC/MS conditions were as follows: Capillary column: CP-
Wax 52 CB (50 m x 0.32 mm, 0.25 pum); Oven temperature
program: increased by 10°C per minute from 60°C to
220°C, with a 10-minute hold at 220°C; Total run time: 60
minutes; Injector temperature: 240°C;  Detector
temperature: 250°C; Carrier gas: Helium (20 ml/min). The
major components of the essential oils were identified as
follows: Z. officinale: 28.94% Sesquithujene, 10.42%
Camphene; M. alternifolia: 21.64% o-pinene, 21.09% o-
terpinene; 7. vulgaris: 44.11% Thymol, 23.26% Cymol; S.
aromaticum: 82.4% Eugenol, 8.6% Eugenol acetate.

Application of essential oil film formulations

Chitosan-based nanoemulsion film formulations
containing essential oils were prepared by mixing the
essential oils into a 0.5% chitosan solution. For this
purpose, four different essential oils were prepared at
concentrations of 250, 500, and 1000 ppm using Tween-
80, and then added to a 0.5% chitosan solution. The
mixture was stirred for 1 hour at 25,000 rpm to obtain a
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homogeneous mixture. Thus, chitosan-based
nanoemulsion (oil-in-water (o/w)) film formulations
containing essential oils at different concentrations were
created. Root stalks that underwent no treatment and beet
roots coated only with chitosan were evaluated as controls.
In the storage study, 30 beet roots with an average weight
of 1250-1500 g were stored in plastic crates in a cold
storage (+8-10°C) for 3 months, with 3 replications for
each treatment. Prior to the storage period, the chitosan-
based nanoemulsion film coating formulations prepared
with essential oils were sprayed onto the entire surface of
the roots using 100 ml handheld sprayers. Roots with no
treatment were stored as the control group. Throughout the
storage period, weight loss in the roots was measured at 30-
day intervals. At the end of the storage period, parameters
such as firmness, dry matter content, Brix value, polar
sugars, reducing sugars, alpha-amino nitrogen, and glycine
betaine content were determined, and fungal infections in
the root stalks were monitored.

During the storage period, the beet roots were weighed
every 30 days, and weight loss was expressed as a
percentage relative to the initial weight (AOAC, 1994).
Polar sugar and a-amino nitrogen analyses were performed
according to the ICUMSA (International Commission for
Uniform Methods of Sugar Analysis) methods. The polar
sugar content was determined using a polarimetric method
based on cold digestion (Mc Ginnis, 1982), while the a-
amino nitrogen content was determined using the
bluenumber method (Kubadinow & Wieninger, 1972) by
spectrophotometric analysis. The Brix value of the root
stalks was determined by measuring the refractive index of
the juice after cooling the beet extract at 20°C, without any
further treatment, and expressing it as % dry matter (Kavas
& Leblebici, 2004). Reducing sugar content was
determined following the method of Honda et al. (1980)
and the results were expressed in mg/100 g fresh weight.
The growth of white and green mold on the beet roots were
determined by measuring the infection diameter in
millimeters on 5 randomly selected infected beet roots.

Statistical Analysis

The data obtained from the study were analyzed using
the GLM procedure of the SAS (2009) statistical software
package, applying standard variance analysis technique
(ANOVA). Differences between means were determined
using the LSD test.

Results and Discussion

Weight Loss (%)

The effects of the treatments and storage duration on
the weight loss of sugar beet roots were statistically
significant (P<0.01). In the study, all essential oil film
formulations, except for all doses of Z. officinale (8.06-
8.46%) film formulations, reduced weight loss in the beets
compared to the control (8.91%). The lowest weight loss
was observed with the M. alternifolia 250 ppm (5.67%)
and 500 ppm (5.18%) film formulations. During the
storage process, root weight losses increased significantly
(Table 1). The high water content and metabolic activity of

sugar beet roots lead to weight and quality losses after
harvest. The resulting weight losses vary depending on the
variety, injury status, the physiological maturity of the root,
disease condition, storage temperature, humidity, and
duration (Ada, 2010; Cirit et al.,, 2019). The optimal
storage temperature for beets is between 4-6°C, with
relative humidity between 95-98%. High temperatures and
low humidity conditions increase weight losses. In this
study, some essential oil film coating applications showed
a reducing effect on weight loss compared to the control
group, which had no treatment. The reduced weight loss
observed with the M. alternifolia film formulation is
believed to be due to this treatment’s ability to reduce
infection development in the roots. In related studies, it has
been reported that as the storage period increases in open
storage, weight loss also increases (Kenter & Hoffmann,
2009). Furthermore, it has been found that weight losses
are higher at the beginning of the storage period, with an
average daily weight loss of 2.08% for piles stored for 5-7
days in Turkey (Ada, 2010). Can Cetin (2012) reported that
coating pomegranate seeds (Punica granatum) with a 1%
chitosan solution reduced weight loss. Who’s results also
showed that chitosan coating increased the shelf life of
pomegranate seeds stored at refrigerator temperatures from
15 days to 19 days. Zhang et al. (2012) reported that, in
comparison with the control samples, the chitosan-coated
samples were able to control the respiration process by
forming a barrier on the sample surface, thus preventing
the exchange of O, and CO, between the coated layers of
the sample and the environment, thereby extending the
shelf life.

Firmness (N)

The effect of treatments on beet roots firmness was
statistically significant (P<0.05). At the end of the storage
period, the root firmness was higher in the applications
with M. alternifolia oil at 250 and 500 ppm doses (88.3-
89.0N) and T vulgaris oil film formulations (86.3-88.7 N).
In contrast, the firmness of beets treated with Z. officinale
oil formulations at all doses (74.7-76.6 N) was similar to
the control (73.3 N) (Table 2). Firmness, a response to
physical pressure, is related to the turgor of the beet root,
and to prevent the loss of firmness during storage, water
loss needs to be minimized. However, during the storage
period, sugar beets continuously lose moisture, and the loss
of moisture increases as a result of temperature fluctuations
and the development of infections. Several studies have
reported that in tuber crops, firmness decreases with
sprouting, disease development, and moisture loss, and
losses become more pronounced when storage
temperatures exceed 10-12°C (Nedomova et al., 2016).
Chitosan coating can act as a protective barrier, reduce
oxygen permeability, and consequently delay respiration
and fruit ripening (Yang & Ge 2021; Alpos & Bayogan
2023). The addition of essential oil edible polymers
improves the barrier properties, creating a beneficial
microclimate on the surface of the processed samples. This
reduces moisture loss, respiration rates, and effectively
inhibits the increase in ethylene production in the
processed samples.
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Table 1. Change in weight loss in sugar beets during storage period (%)

Applications 30 day 60 day 90 day Mean
Z. officinale 250 ppm 4.53 8.33 11.3 8.07 %
Z. officinale 500 ppm 4.27 8.17 11.7 8.06 *
Z. officinale 1000 ppm 4.30 8.40 12.7 8.46
S. aromaticum 250 ppm 3.36 7.80 9.43 6.87 &
S. aromaticum 500 ppm 3.93 8.17 10.1 7.40 <
S. aromaticum 1000 ppm 4.13 8.47 10.7 7.76 %
T. vulgaris 250 ppm 3.37 7.27 9.33 6.66 ¢
T. vulgaris 500 ppm 3.13 6.90 9.10 6.38 ™
T. vulgaris 1000 ppm 3.70 7.50 9.93 7.04 9
M. alternifolia 250 ppm 2.73 6.43 7.83 5.67M
M. alternifolia 500 ppm 2.53 5.80 7.20 5.18!
M. alternifolia 1000 ppm 3.23 6.87 8.23 6.11¢
Chitosan 3.67 7.60 10.1 7.13 9
Control 4.93 8.70 13.1 8.912
Mean 3.70¢ 7.60° 10.1*
CV (%) 13.0
Lsdine: 1.50

Table 2. Firmness (N), dry matter ratio (%) and brix (%) changes in sugar beets during the storage period
licati Mean

Applications Firmness (N) Dry matter ratio (%) Brix (%)
Z. officinale 250 ppm 76.6 % 21.8° 26.7 %
Z. officinale 500 ppm 74.7 % 21.9* 27.8%
Z. officinale 1000 ppm 75.3 ¢ 21.3%® 27.8%
S. aromaticum 250 ppm 81.3 20.3 b 27.4%®
S. aromaticum 500 ppm 79.7 ¢ 20.3 b 26.4 %
S. aromaticum 1000 ppm 83.3 % 20.5° 26.9 ®
T. vulgaris 250 ppm 86.3 @ 18.7 ¢ 22,54
T. vulgaris 500 ppm 86.3 @ 18.8 ¢ 23.6 <
T. vulgaris 1000 ppm 88.7¢ 18.6 ¢ 22.64%
M. alternifolia 250 ppm 89.0¢ 18.6 ¢ 223
M. alternifolia 500 ppm 88.3¢ 19.2 < 22,8
M. alternifolia 1000 ppm 83.3 % 18.9¢ 21.6¢
Chitosan 78.3 4 20.3 b 24.4¢
Control 73.3¢ 222 26.1°
Lsd 4.92 1.11 1.43
CV (%) 3.60 4.80 3.43

Dry Matter Content (%)

The changes in beet root dry matter content during
storage were found to be statistically significant (P<0.01)
based on the treatments. At the end of the storage period,
the dry matter content of the beet roots treated with Z
officinale oil film formulations all doses (21.3-21.9%) was
similar to the control (22.2%). In contrast, beet roots
treated with 7. wvulgaris oil (18.6-18.8%) and M.
alternifolia oil (18.6-19.2%) film formulations exhibited
lower dry matter content compared to the control (Table 2).
During storage, the loss of moisture from the beet roots led
to a relative increase in dry matter content. In sugar beets,
the outer layers of the beet root lose water quickly after
harvest, with the loss being most significant in the initial
days and gradually decreasing thereafter (Ada, 2010).
Several studies on this topic have also reported a relative
increase in dry matter content during the storage period
(Demirel & Akinerdem, 2016). It is believed that the
application of ginger essential oil film coatings causes
phytotoxicity in the beet roots, leading to increased
respiration and consequently greater moisture loss and an
increase in dry matter content. Beet roots that were not

coated with chitosan are thought to have lost more moisture
compared to the chitosan-coated ones, resulting in a
proportional increase in dry matter content. Reportedly, the
chitosan coating forms a barrier on the sample surface,
preventing the exchange of O, and CO, between the coated
layers of the sample, thereby controlling respiration-
induced transpiration levels, delaying crop dehydration,
and reducing surface shriveling (Zhang et al., 2012).

Brix (%)

The changes in beet root Brix values during storage
were found to be statistically significant (P<0.01) based on
the treatments. At the end of the storage period, the Brix
value of the beets treated with Z officinale oil (26.7—
27.8%) and S. aromaticum oil (26.4-27.4%) film
formulations was higher than the control (26.1%), while
Brix values of beets treated with 7. vulgaris oil 250 ppm
and 1000 ppm (22.5-22.7%) and M. alternifolia oil (21.6—
22.8%) film formulations were lower than the control
(Table 2). The Brix value indicates the amount of dissolved
solids (mainly sugars) in water, and as the moisture content
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of the beet roots decreases, the Brix value increases.
During storage, the loss of moisture in the beet roots led to
an increase in the Brix values. Similar results were also
observed for the dry matter content of the beet roots.
Babaee et al. (2013) reported that when the moisture
content of beet roots decreased from 72.5% to 70%, the
Brix value increased from 19.10% to 24.90%.
Hirschmiiller and Krocher (1968) also reported that the dry
matter and Brix values increased due to moisture loss in
beet root. In our study, similar results were observed, with
beet roots treated with Z. officinale and S. aromaticum oil
film formulations showing a proportional increase in Brix
values. This is likely due to the increased cell permeability,
which leads to a rise in dry matter content.

Polar Sugar Content (%)

The changes in the polar sugar content of beet roots
during storage were found to be statistically significant
(P<0.01) based on the treatments. The polar sugar content in
beets treated with all doses of Z. officinale (18.9-19.7%) and
S. aromaticum (18.8-19.9%), and T. vulgaris at 250 and 500
ppm (18.6%) increased compared to the control, while the
polar sugar content in the beets treated with M. alternifolia
oil (17.1-17.7%) at all doses and 7. vulgaris at 1000 ppm
(18.0%) were similar to control (17.1%) (Table 3). During
storage, as the beet roots lost moisture, their dry matter
content increased. The sugar content in the beet roots
constitutes a significant portion of the dry matter, so as the
dry matter content increases, the sugar content also increases
proportionally. Therefore, it is expected that treatments that
increase the dry matter content will also increase the polar
sugar content. Indeed, the treatments that resulted in the
highest dry matter content also showed the highest polar
sugar content. Ok et al. (2022) reported that the application
of 1000 ppm S. aromaticum essential oil at the beginnig of
storage in sugar beet beet roots decreased the polar sugar
content by 17.1%. Furthermore, it has been noted that the
activities of enzymes involved in sucrose synthesis, such as
sucrose phosphate synthase and sucrose synthase, generally
increase with essential oil film coatings, with these increases

reaching up to 3-4 times. These essential oils may alter the
polar sugar content by affecting the activities of sucrose
phosphate synthase, sucrose synthase, and invertase
enzymes (Kursunatan, 2019).

a-Amino Nitrogen Content (mg/100g)

Changes in the a-amino nitrogen content of beet roots
during storage were found to be statistically significant
(P<0.01) based on the treatments applied at the beginning
of storage. At the end of the storage period, the lowest o-
amino nitrogen content was observed in the beet roots
treated with M. alternifolia oil 250 ppm (6.70 mg/100g)
and 500 ppm (5.67 mg/100g) film formulations. On the
other hand, the a-amino nitrogen content of beet roots
treated with Z. officinale (9.47-10.6 mg/100g) and S.
aromaticum 250 ppm (9.80 mg/100g) and 500 ppm (9.87
mg/100g) film formulations were similar to control (10.6
mg/100g) (Table 3). In sugar beets, the hydrolysis of
insoluble nitrogen compounds like proteins into amino
acids results in an increase in o-amino nitrogen
concentration (Vukov & Hangyal, 1985). In sugar beets, o-
amino nitrogen interferes with the crystallization of sugar,
thereby reducing refined sugar yield. It is believed that the
increase in the a-amino nitrogen content of beet roots is
related to the proportional increase in dry matter content.
Under unsuitable storage conditions, both direct sugar
losses due to respiration and indirect losses from the
accumulation of non-sugar substances that reduce white
sugar yield have been reported (Van der Poel et al., 1998).
Another factor affecting a-amino nitrogen content is stress
conditions. It has been shown that o-amino nitrogen
content increases under mechanical injuries and
environmental stress conditions after harvest, with a close,
linear relationship between stress and o-amino nitrogen
(Sadeghian et al., 2004). The reduction in a-amino nitrogen
content in beet roots treated with 250 ppm and 500 ppm M.
alternifolia essential oil film coatings might be due to the
higher stress tolerance of these tubers, such as resistance to
storage diseases. Indeed, it has been reported that some
terpenoids increase stress tolerance (Mazid et al., 2011).

Table 3. Changes in polar sugar (%) and a-amino nitrogen content (mg/100g) in sugar beets during the storage period

Applicati Mean
pplications Polar sugar (%) a-amino nitrogen content (mg/100g)

Z. officinale 250 ppm 19.4 % 9.47 %
Z. officinale 500 ppm 18.9 & 10.42
Z. officinale 1000 ppm 19.7¢* 10.6*°
S. aromaticum 250 ppm 19.1% 9.80 %
S. aromaticum 500 ppm 18.8 9.87%
S. aromaticum 1000 ppm 19.92 8.13 ¢
T. vulgaris 250 ppm 18.6 9.10 ¢
T. vulgaris 500 ppm 18.6 7.77 ¢
T. vulgaris 1000 ppm 18.0 %2 7.30 9
M. alternifolia 250 ppm 17.7 ¢ 6.70 °f
M. alternifolia 500 ppm 17.54 5.67F
M. alternifolia 1000 ppm 17.11 7.47 ¢
Chitosan 17.2 ¢ 8.00 <
Control 17.1¢ 10.6?
Lsd 1.46 1.24

CV (%) 473 8.59
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Table 4. Changes in reducing sugar ratio (mg/100g) and glycine betaine (mg/g fw) in sugar beets during storage

Aoplicati Mean
pplications Reducing sugar ratio (mg/100g) Glycine betaine content (mg/g fw)

Z. officinale 250 ppm 0.35M 4.07°
Z. officinale 500 ppm 0.46 5.022
Z. officinale 1000 ppm 0.43 4722
S. aromaticum 250 ppm 0.33 ¢ 3.83 b
S. aromaticum 500 ppm 0.47% 5.25¢%
S. aromaticum 1000 ppm 0.42 2 5.04%
T. vulgaris 250 ppm 0.27 ¢ 3.224¢
T. vulgaris 500 ppm 0.29 ¢ 3.27 ¢
T. vulgaris 1000 ppm 0.26 % 3.00 %
M. alternifolia 250 ppm 0.24° 2.67°¢
M. alternifolia 500 ppm 0.26 % 2.66 ¢
M. alternifolia 1000 ppm 0.25 ¢ 3.224¢
Chitosan 0.31 % 2.76 %
Control 0.48 2 5.15%
Lsd 0,11 0,58

CV% 18.7 9.0

Reducing Sugar Content (mg/100g)

Changes in the reducing sugar content of beet roots
during storage were found to be statistically significant
(P<0.01) based on the treatments applied at the beginning
of storage. In the study, the reducing sugar content was
lower in the beet roots treated with all doses of M.
alternifolia oil (0.24—0.26 mg/100g) and 7. vulgaris (0.26—
0.29 mg/100g) film formulations, as well as those treated
with chitosan (0.31 mg/100g) and S. aromaticum 250 ppm
(0.33 mg/100g) film formulations, compared to the control
(0.48 mg/100g). However, the reducing sugar content of
beet roots treated with Z officinale 500 and 1000 ppm
(0.46-0.43 mg/100g) and S. aromaticum 500 and 1000
ppm (0.47-0.42 mg/100g) film formulations was similar to
the control (Table 4). During the storage period, sucrose is
hydrolyzed into reducing sugars through the action of
invertase, an enzyme involved in respiration, leading to an
increase in reducing sugar content (Zrenner et al., 1996). In
line with this, the high doses of Z. officinale and S.
aromaticum essential oils in our study are thought to have
caused phytotoxicity, increasing the respiration rate and
consequently contributing to the increase in reducing
sugars as sugars were broken down for respiration.
Previous studies have also reported that some essential oils,
such as dill and clove, at high doses, cause phytotoxicity
by increasing respiration rates, leading to the breakdown of
sugars and an increase in reducing sugars (Ok et al., 2022).

Glycine Betaine Content (mg/g fw)

Changes in the glycine betaine content of beet roots
during storage were found to be statistically significant
(P<0.01) based on the treatments applied at the beginning
of storage. In the study, the glycine betaine content was
lower in beet roots treated with all doses of M. alternifolia
oil (2.66-3.22 mg/g fw) and T. vulgaris oil (3.00-3.27
mg/g fw) film formulations, as well as those treated with
chitosan (2.76 mg/g fw), compared to the control (5.15
mg/g fw). However, the glycine betaine content of beet
roots treated with Z. officinale at 500 and 1000 ppm (5.02—
4.72 mg/g fw) and S. aromaticum at 500 and 1000 ppm
(5.25-5.04 mg/g fw) film formulations was similar to the

control (Table 4). The increase in glycine betaine content
in plants treated with essential oils can be attributed to the
ability of these oils to influence certain biochemical
processes, such as promoting the synthesis of phytoalexins
(which are responsible for stress resistance in some plants).
Indeed, the increase in glycine betaine synthesis under
stress conditions suggests that this compound plays an
active role in enhancing stress tolerance. Glycine betaine
functions as a methyl donor in some biochemical synthesis
pathways, thereby increasing tolerance to stress (Pummer
et al., 2000).

White and Green Mold Diameter (cm)

The changes in the rate of green mold formation on the
root crops were statistically significant (P<0.01) depending
on the treatments applied at the beginning of storage. All
film coating treatments reduced the diameter of green mold
infection on the root crops compared to the control group
(9.0%), with the highest antifungal activity observed in the
M. alternifolia oil (3.30-4.03%) film formulations at all
doses, as well as T. vulgaris oil at 500 ppm (3.83%) and
1000 ppm (4.00%) applied to the root crops (Table 5).

The changes in the rate of white mold formation on root
crops were statistically significant (P<0.01) depending on
the treatments applied at the beginning of storage. The
diameter of white mold infection on the root crops was
reduced by all doses of M. alternifolia oil (1.63-2.03%) and
T. vulgaris oil (2.13-2.30%) film formulations, as well as
chitosan (1.87%) treatments, compared to the control
(3.07%). However, all doses of Z. officinale (3.23-3.40%)
film formulations, as well as S. aromaticum oil at 1000
ppm (2.73%) and 500 ppm (2.83%), showed similar or
higher levels of white mold development compared to the
control (Table 5).

Respiration of sugar beets stored in high piles,
especially in the middle sections of the piles, leads to an
increase in temperature. Combined with environmental
factors, this creates a favorable environment for the
development of disease pathogens.
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Table 5. Changes in white mold diameter (cm) and green mold diameter (cm) in sugar beets during storage period

licati Mean
Applications Green mold diameter (cm) White mold diameter (cm)

Z. officinale 250 ppm 6.60° 3.232
Z. officinale 500 ppm 6.17° 3.272
Z. officinale 1000 ppm 6.10° 3.402
S. aromaticum 250 ppm 5.07°¢ 2.73
S. aromaticum 500 ppm 4.20 % 2.83 %
S. aromaticum 1000 ppm 4.10 % 2.40%
T. vulgaris 250 ppm 4.10 % 2.13 ¢
T. vulgaris 500 ppm 3.83 ¢f 2.30 ¢
T. vulgaris 1000 ppm 4.00 ¢ 2.13 ¢
M. alternifolia 250 ppm 4,03 ¢ 1.83 ¢
M. alternifolia 500 ppm 3.30° 1.63F
M. alternifolia 1000 ppm 4.00 ¢ 2.03 ¢f
Chitosan 4,70 < 1.87 ¢
Control 9.0° 3.07®
Lsd 0.78 0.70

CV% 9.44 16.9

It has been reported that pathogens transmitted from the
field cause diseases under unsuitable storage conditions,
with the most common diseases observed in storage being
gray mold (Botrytis cinerea), black rot (Alternaria
radicina), bacterial soft rot (Pectobacterium caratovora),
blue-green mold (Penicillium spp.), white rot (Sclerotinia
sclerotiorum), and soft rot (Rhizopus oryzae) (Tillek &
Dolar, 2011). Chitosan has antimicrobial activity against
bacteria, yeast, and fungi. Chitosan is considered a soluble
chelating agent and activator because of the positive charge
on C-2 of the glucosamine monomer. These characteristics
provide good antimicrobial activity. The destruction of
protein and intercellular components occurs due to the
interaction between the amine groups in the positively
charged chitosan molecule and the negatively charged
microbial cell membrane (Goy et al. 2016). Secondary
metabolites in plants play protective roles, such as
antioxidant activity, scavenging free radicals, and
absorbing UV rays. In addition to these, they also form part
of the plant's defense mechanism against microorganisms
(Kennedy & Wightman, 2011). It has been reported by
Mazaro et al. (2008) that the application of essential oils
and certain plant extracts increases the production of
phytoalexins in plants. In fact, the essential oil film
formulations of M. alternifolia and T. vulgaris used in this
study demonstrated high antifungal activity against gray
mold and green mold infections. Similarly, Cheng and
Shao (2011) in their work, demonstrated the antifungal
activity of M. alternifolia essential oil against Penicillium
species. Total inhibition of mycelial growth of both
Penicillium species was achieved with 2.75% of this
essential oil. In this context, Zhang et al. (2018) reported
the antifungal effect of M. alternifolia essential oil by
inhibiting the growth of P. italicum and P. digitatum. The
results obtained by Yonghua et al. (2017) showed that M.
alternifolia essential oil exhibits antifungal activity against
P. expansum. Can Cetin (2012) found that microbial
spoilage was delayed in pomegranate arils coated with
chitosan.

Conclusion

The study found that by coating sugar beet roots with
essential oil film formulations after harvest and storing
them, weight losses during the storage period could be
reduced by approximately 42% compared with the control.
Essential oil film coating treatments had a significant
impact on the storage quality of the roots, and the contents
of a-amino nitrogen and reducing sugars, which negatively
affect quality, were significantly reduced by some
treatments. High levels of phytotoxicity occurred in roots
treated with the Z. officinale essential oil film formulation.
The M. alternifolia and T. vulgaris essential oil film
formulations significantly reduced the development of
gray mold and green mold infections in the roots. It was
found that treating sugar beet roots before storage,
especially with a 500 ppm M. alternifolia essential oil film
formulation, could significantly reduce both post-harvest
weight and quality losses as well as fungal pathogen
development.
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ABSTRACT

This study was carried out to determine the in-vitro antifungal activities of essential oils obtained
from thyme (Thymus vulgaris L.), Turkish pickling herb (Echinophora tenuifolia subsp.
sibthorpiana), clove (Syzygium aromaticum L.), cinnamon (Cinnamomum zeylanicum Blume),
eucalyptus (Eucalyptus globulus Labill), dill (Anethum graveolens L.), juniper (Juniperus
communis L.), and ginger (Zingiber officinale Rosc.) against Rhizoctonia solani and Fusarium
solani infections. Essential oils were added to autoclaved potato dextrose agar (PDA) medium at 0,
500, 1000 and 2000 ppm doses. Mycelium disks of both fungi with a diameter of 5 mm were
transferred to the center of petri dishes and incubated at 2442 °C for 7 days. The biocontrol
efficiencies of the essential oils were calculated by measuring the mycelial development diameters.
Essential oil applications showed significant antifungal activity against R. solani pathogen and
cinnamon, thyme and clove essential oils at 1000 ppm, and dill essential oil at 2000 ppm doses
completely inhibited mycelial development. The biocontrol efficiencies of juniper (2.4-12.6%),
eucalyptus (2.8-26.6%) and ginger (18.2-37.3%) essential oils against R. solani were found to be
low. While clove and thyme essential oils completely inhibited F. solani mycelial development at
2000 ppm dose, the biocontrol efficiencies of ginger (1.6-3.7%), eucalyptus (1.2-7.4%) and dill
(2.9-9.8%) essential oils were low. It was concluded that especially clove, thyme, cinnamon and
Turkish pickling herb essential oils showed high in-vitro antifungal activity against both
phytopathogens and may have the potential to be used as an alternative to synthetic fungicide active
substances.
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Introduction

The use of pesticides is considered the most effective
method for disease and pest control; however, pesticides
have several disadvantages, such as negative effects on the
environment and human health, toxicity to non-target
organisms, the development of widespread resistance to
various fungal species, and high levels of toxic residues in
the product. In addition to the negative effects of
pesticides, increasing public awareness and growing
demand for safer and healthier agricultural products make
it necessary to develop alternative pest control and plant
protection methods instead of relying on pesticide use. In
today's context, where sustainable farming practices are
gaining prominence, research on alternative compounds or
active ingredients that can be used instead of synthetic
chemicals has gained momentum. One of the most
emphasized topics in this field is the synthesis of secondary
metabolites by certain plants (such as alkaloids, glycosides,
and essential oils). The eco-friendly nature of essential oils

and their components, along with their ability to possess a
wide range of different mechanisms of action in plants,
offers an alternative approach for their use as biostimulants
and antifungal agents. The antifungal activities of many
essential oils and active compounds against certain fungal
pathogens that are problematic for agricultural production
have been demonstrated, particularly through in vitro and
in vivo studies (Sivrikaya et al, 2021). Secondary
metabolites are organic molecules synthesized by plants,
particularly under stress conditions, and they play a crucial
role in plant defense mechanisms (Mazid et al., 2011).
Monoterpenes and sesquiterpenes are known as volatile
compounds in plants and constitute a significant portion of
essential oils. It is well known that many derivatives of
monoterpenes are important tools in plant defense against
phytopathogens (Marei & Abdelgaleil, 2018; Zhang et al.,
2018). It is known that sesquiterpenes create a defense
mechanism in plants against abiotic stress factors by
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scavenging reactive oxygen species (ROS) formed under
stress conditions, and that they act as phytoalexins in direct
defense mechanisms against diseases and pests, either by
functioning like phytoalexins or by stimulating
phytoalexin synthesis (Phillips & Croteau, 1999). Another
group of volatile compounds, phenylpropanoids, generally
possess high antioxidant and antimicrobial activities and
play an important role in resistance to biotic and abiotic
stress factors (Ramaroson et al., 2022). Essential oils,
beyond their medicinal and aromatic uses, offer a "natural”
alternative approach in agricultural fields for defense
against stress factors because of their antimicrobial,
antiviral, antifungal, nematicidal, insecticidal, and
antioxidant activities (Dorman & Deans, 2000; Cavanagh,
2007; Ntalli et al., 2010; Lang & Buchbauer, 2012).

In this study, the antifungal activities of E. fenuifolia
subsp. sibthorpiana, A. graveolens L., C. zeylanicum
Blume, S. aromaticum L., Z. officinale Rosc., T. vulgaris
L., E. globulus Labill, and J. communis L. essential oils
against stem rot (R. solani) and dry rot (F. solani) were
determined under in vitro conditions, the potential of these
essential oils to be used as an alternative to pesticides has
been investigated.

Materials and Methods

Origin of Essential Oil

The essential oils of C. zeylanicum Blume, S.
aromaticum L., Z. officinale Rosc., T. Vulgaris L., E.
globulus Labill and J. communis L. used in this study were
purchased. The essential oils of these species were selected
based on the consideration that they meet the
characteristics specified in their standards (GC-MS
analysis results). For E. tenuifolia subsp. sibthorpiana and
A. graveolens L., the essential oils were obtained by
subjecting the plant parts containing active compounds to
hydrodistillation for 3 hours using a Clevenger-type
distillation apparatus (European Pharmacopoeia, 1980).

GC-FID/GC-MS Analysis

Gas Chromatography/Mass Spectrometry (GC-MS)
analysis of the essential oils (50 uL of the oil was solubilized
in 5 mL of n-hexane and injected into the split mode 1/100)
were performed on Shimadzu 2010 Plus GC-MS equipped
with a Quadrapole (QP-5050) detector. The analysis was
employed under the following conditions: capillary column,
CP-Wax 52 CB (50 m x 0.32 mm, film thickness 0.25 pm);
injector and detector heats, 240 ° C; stove heat program, from
60 ° C (10 min. hold) to 90 ° C rising at 4 °© C/min., and
increasing to 240 ° C (11.5 min. hold) rising at 15 ° C/min.;
flow speed, 1 psi; detector: 70 eV; ionization type, EL; carrier
gas, helium (20 ml/min.); sample injected 1 pl. Identification
of constituents was carried out with the help of retention times
of standard substances by composition of mass spectra with
the data given in the Wiley, Nist, Tutor library (Rostad &
Pereira, 1986; Adams, 2007). The quantitative analysis was
conducted using Gas Chromatography/Flame Ionization
Detector (GC-FID), Shimadzu Model Thermo Ultra Trace,
operating at the same conditions of GC-MS.

Plant pathogens (R. solani, F. solani) were obtained
from stock cultures at Department of Plant Protection, of
Isparta University Applied Sciences. Fungi cultures were
developed at 20 mL potato dextrose agar (PDA) on petri
dish (90 mm) and kept at 22 + 2°C for 7 days and these
fungi were used for the experiment.

Fungi Cultures

In vitro antifungal activity and fungal growth inhibition
of the EOs

Antifungal activity was determined using the agar plate
method (Nwosu & Okafor, 1995). PDA (95 mL, w/v) was
autoclaved and maintained at 40°C. The effect of essential
oils (EOs) at concentrations of 500, 1000, 1500, and 2000
ppm were investigated on growth of the pathogens. The
PDA medium treated with essential oils was prepared by
adding the appropriate amount of essential oils to the
melted medium, followed by the addition of Tween 80
(0.01%) to disperse the essential oils in the medium.

Table 1. Essential oils used in the study and major components

Family Scientific Name Common Name Used Part  Major Components Rate %
Thymol 44.11
. . Cymol 23.26
Lamiaceae T. vulgaris Thyme Herba Linalool 6.20
4-3-Carene 54.93
. P S Methyleugenol 21.61
Apiaceae E. tenuifolia Turkish pickling herb Herba Cymol 916
. Eugenol 90.02
Myrtaceae S. aromaticum Clove Bud rans-Caryophyllene 338
. . Cinnamaldehyde 86.34
Lauraceae C. zeylanicum Cinnamon Bark 5-3-Carene 279
Eucalyptol 68.19
Myrtaceae E. globulus Eucalyptus Leaf o - Pinene 17.70
. . . d-Carvone 57.87
Apiaceae A. graveolens Dill Fruit Limonene 3322
o - Pinene 88.47
Cupressaceae J. communis Juniper Fruit - Myrcene 2.06
Sesquithujene 28.94
. . . . Camphene 10.42
Zingiberaceae Z. officinale Ginger Rhizome B- Sesquiphellandrene 1037
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Table 2. Results of analysis of variance for the inhibit growth of R. solani and F. solani pathogen by essential oils

Sources of variation Degrees of freedom R. solani F. solani
Application 7 850** 1246**
Dose 2 478%* 1326%*
Application * Dose 14 34.5%* 138**
Error 48
Total 71
CV (%) 6.52 7.81

Table 3. Growth inhibition (%) of R. solani infection by essential oils applied at different doses
Growth inhibition (%)
Application Concentrations (ppm) Mean
500 ppm 1000 ppm 2000 ppm

J. communis 2.4 33j 12.61 6.1F
S. aromaticum 55.9d 100.0 a 100.0 a 853 B
A. graveolens 21.7 gh 58.2d 100.0 a 60.0 C
E. tenuifolia 37.4¢ 69.4c 82.0b 63.0C
E. globulus 2.8] 18.2 hi 26.6 fg 158 E
C. zeylanicum 83.2b 100.0 a 100.0 a 94.4 A
T. vulgaris 82.6b 100.0 a 100.0 a 942 A
Z. officinale 18.2 hi 28.0f 373e 27.8D
Mean 38.0C 59.6 B 69.8 A

The mycelium discs (10 mm in diameter) from 7-day-old
fungal cultures were transferred to 60 mm petri dishes.
Following incubation at 28°C for 72 hours, fungal growth was
recorded daily (Onaran & Yilar, 2012). The positive control
plates (without essential oil) were inoculated following the
same procedure. The growth inhibition percentage was
calculated using the formula described by Abd-El-Khair & El-
Gamal Nadia (2011), as outlined below:

Growth inhibition (%) = (C-T)/C x 100

C= the diameter of mycelial growth in control plates
T= the diameter of mycelial growth in treated plate

Experimental Design and Data Analysis

The data obtained from the research were subjected to
analysis of variance (ANOVA) using a completely
randomized design. The significance test for comparing the
differences among the means was performed using the
Least Significant Difference (LSD) test (p < 0.05) with
SAS (2009) statistical software.

Results and Discussion

Antifungal Activity

The differences between essential oil applications,
doses and their interaction effects on growth inhibition of
fungal pathogens were found to be statistically significant
(P<0.01) (Table 2).

The application of essential oils significantly affected
the inhibition rate of R. solani infection. The highest
inhibition rates were obtained from C. zeylanicum essential
0il (94.4%) and T. vulgaris essential oil (94.2%), followed
by S. aromaticum essential oil (85.3%). The lowest activity
against R. solani was observed with J. communis essential
oil (6.1%). As the essential oils doses increased, the
inhibition rate of the infection also significantly increased.
At a dose of 500 ppm, the average inhibition rate was
38.0%, while at 2000 ppm, it increased to 69.8%. The

inhibition rates of the applications varied depending on the
dosages, with C. zeylanicum, T. vulgaris, and c S.
aromaticum essential oils achieving 100% inhibition at a
dose of 1000 ppm, while for other essential oils, the
inhibition rate was higher at a dose of 2000 ppm (Table 3).

Owing to the significant increase in the importance of
fungal diseases, which are difficult to treat, it has become
imperative to find new solutions beyond synthetic
chemical fungicides. Plant essential oils are promising
sources of antifungal compounds. Several studies on plant
pathogenic fungi have demonstrated that some essential
oils possess antifungal properties that inhibit fungal growth
(Zaidi & Crow 2005). Essential oils exhibit antifungal
activity in various ways, including the inhibition of biofilm
formation in fungal pathogens, disruption of the
environmental sensing system, effects on cell development
and morphology, inhibition of fungal mycelial growth,
disruption of the cell membrane/wall, and inhibition of
ergosterol and fumonisin biosynthesis (Nazzaro et al.,
2017). Many researchers have reported that various
essential oils inhibit some fungal pathogens that cause
economic damage in potatoes under in vitro conditions
(Prabuseenivasan et al., 2006; Seema & Devaki, 2010;
Galvao et al., 2012). Studies have shown that Syzygium
aromaticum, Salvia triloba, Thymus vulgaris, Laurus
nobilis, Cuminum cyminum L., Juniperus communis L.,
Eucalyptus  sp., Allium sativum, and Echinophora
tenuifolia species exhibit antifungal activity against
various phytopathogens (Cakar et al., 2021), and their
appropriate doses can be used as fungicides (Boyraz &
Kogak, 2006; Arici et al., 2013; Erdogan et al., 2014;
Sharma et al., 2017; Er, 2018; Sanli and Ok, 2023). Some
researchers have also shown that the essential oils of
cinnamon (Cinnamomum  verum), thyme (Thymus
vulgaris), sage (Salvia fruticosa), peppermint (Mentha
piperita), clove (Syzygium aromaticum), and lemongrass
(Cymbopogon citratus) exhibit strong antifungal activity
against R. solani (Zambonelli et al., 2004; Vaillant et al.,
2009; Amini et al., 2012; Khaledi et al., 2014).
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Table 4. Inhibit growth (%) of F. solani infection by essential oils applied at different doses

Growth inhibition (%)
Application Concentrations (ppm) Mean
500 1000 2000

J. communis 7.8 1j 20.6 g 59.3f 292D
S. aromaticum 63.6¢ 81.7b 100.0 a 81.8 A
A. graveolens 29k 7.8 1j 9.8 hi 6.8F
E. tenuifolia 185¢ 56.2 f 72.0d 489C
E. globulus 1.2k 3.7k 7.41j 41G
C. zeylanicum 1.2k 3.7jk 58.0f 21.0E
T. vulgaris 13.6h 77.4c 100.0 a 63.7B
Z. officinale 1.6k 29k 3.7jk 27G
Mean 13.8C 31.8B 513 A

Essential oil applications significantly affected the
growth inhibition of F. solani. The highest average growth
inhibition was obtained with S. aromaticum essential oil
(81.8%), followed by T. vulgaris oil (63.7%) and E.
tenuifolia oil (48.9%). As the concentration of essential oil
increased, the growth inhibition also significantly
increased. The mean inhibition growth rate, which was
13.8% at 500 ppm, rose to 51.3% at 2000 ppm. The
inhibition of pathogen varied depending on the doses of the
essential oils. For J communis, S. aromaticum, E.
tenuifolia, and T. vulgaris essential oils, the growth
inhibition significantly increased with the application
doses. However, for A. graveolens at 1000 and 2000 ppm,
E. globulus and C. zeylanicum at 500 and 1000 ppm, and
Z. officinale essential oil across the 500, 1000, and 2000
ppm doses, no significant differences were observed
(Table 4).

The antimicrobial activities of essential oils are
attributed to their ability to contain terpenes/terpenoids,
due to their highly lipophilic nature and low molecular
weight, disruption of cell membranes, induction of cell
death, or inhibition of germination and sporulation of
fungal spores (Taweechaisupapong et al., 2012; Nazzaro et
al., 2017). The antifungal mechanisms of essential oils and
their components are explained by the loss of fungal
mitochondrial function, disruption of the cell membrane,
alteration and inhibition of cell wall formation, inhibition
of efflux pumps, and the production of Reactive Oxygen
Species (ROS). In the in-vitro studies, C. zeylanicum, T.
vulgaris, and S. aromaticum essential oils applied at 1000
ppm completely inhibited the growth of R. solani, whereas
E. tenuifolia essential oil showed 82.0% inhibition at a
concentration of 2000 ppm. 7. vulgaris and S. aromaticum
essential oils completely inhibited F. solani development
at a concentration of 2000 ppm, whereas C. zeylanicum and
J. communis essential oils exhibited a moderate inhibitory
effects. Similarly, Sanli and Ok (2023) reported that the
essential oil of E. tenuifolia was effective in inhibiting or
controlling Fusarium oxysporum, Rhizoctonia solani, and
Alternaria alternata.

Conclusion

In vitro applications of essential oils against F. solani
and R. solani infections, which are among the major
diseases of potato plants, have showned varying degrees of
effectiveness. In the current study, 1000 ppm consentration
of S. aromaticum, C. zeylanicum, and T. vulgaris essential

oils, and the 2000 ppm dose of Turkish pickling herb
essential oil, exhibited the highest antifungal activity
against R. solani. For F. solani, S. aromaticum and T.
vulgaris essential oils at a consantration of 2000 ppm were
the most effective, completely inhibiting mycelial growth
in both pathogens. It has been suggested that the main
components of these oils have disease-reducing effects. In
conclusion, it was been determined that to fully understand
the mechanisms of action of essential oils, the main
components of these oils and the most effective
formulations based on these components should be re-
examined.
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Today, the rapid increase in urbanization and the concentration of population density in urban
centers have increased the need for individuals to be in touch with nature. In this context, urban use
areas such as urban parks play an important role in meeting the physical and social needs of
teenagers. Parks are not only spaces that encourage physical activity, but also spaces that increase
social interaction, strengthen community ties and support physical activities. Ihlamur Park in Konya
is an important living space where teenagers show great interest, offering various activities and
social opportunities. However, detailed information on the purposes for which teenagers use the
park and which features of the park encourage this use has not been fully identified. The aim of this
study is to examine the purposes of the use of IThlamur Park by teenagers and to identify the features
of the park that encourage physical activity and social interaction. For the research, 116 teenagers
were surveyed face-to-face on the basis of the law on the protection of personal data and voluntary
participation of park users by visiting the area on random days on weekdays and weekends. The
survey was carried out with the approval of the Ethics Committee of Selguk University, Faculty of
Architecture and Design. By determining the level of use of teenagers, it is the preparation of a
resource that park users can reach. The research also provides a comprehensive evaluation to
understand the park usage habits and motivations of teenagers, and in this context, it has contributed
to the development of recommendations for the design and management of parks. Thus, the
importance of park features that allow teenagers to lead a more active life and increase their social
interactions is emphasized.
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Today, the rapid increase in urbanization and the
concentration of population density in urban centers have
increased the need for individuals to be in touch with
nature. In this context, urban spaces such as urban parks
play an important role in meeting the physical and social
needs of young people. In addition to being spaces that
encourage physical activity, parks are also spaces that
increase social interaction, strengthen community ties, and
support physical activity. Thlamur Park in Konya is an
important living space that attracts a lot of attention from
young people and offers various activities and social
opportunities. However, there is a need for detailed
information about the purposes for which young people use
the park and the features of the park that encourage this
use.

One of the most important components of ensuring the
sustainability of cities is the urban park areas organized
within the city. These areas, which reflect the cultural and
natural characteristics of the city and offer active and
passive recreation opportunities for every individual living
in the city, have effects on the city in terms of protection of
natural life, improvement of air quality, regulation of urban
heat by creating carbon dioxide storage heat islands,
stormwater management, energy saving, employment,
property  value increase, social cohesion and
physical/psychological health gain. Moreover, urban parks
increase the quality of life of the communities in which
they are located. However, to benefit from urban parks in
terms of social, economic and health gains and to

2867


http://creativecommons.org/licenses/by-nc/4.0/

Giingor et al. / Turkish Journal of Agriculture - Food Science and Technology, 12(s4): 2867-2871, 2024

contribute to the quality of life of society, it is necessary to
use urban parks effectively (Cetinkaya et al. 2019).

Since the beginning of human history, human beings,
who have been using nature for various purposes for a
healthy life, have described urban parks, which are a small
copy of nature, as areas where they feel safe to rest, have
fun and engage in various activities (Gemici 2023b). As a
result of the human need for nature, the need for green
areas has emerged in crowded cities. Green areas have
many positive functions related to healthy life (Gemici
2023a).

There are many studies on the relationship between
green areas, which have an important place within the
scope of comfort, landscape and equipment within the
scope of green areas, and health. It is stated that there are
studies showing that green areas have an effect on the
reduction of air pollution and respiratory system diseases,
increase in allergic complaints with tree pollen, less intake
of ultraviolet rays, decrease in heat-related causes of
disease, and decrease in crimes. In the health dimension,
they summarised the results showing the positive effect on
cognition and attention, improvement of mental health,
reduction of psychosocial stress, positive relationship with
the treatment of non-communicable diseases. There are
also research results showing that green areas positively
improve physical activity behaviours such as walking and
cycling (Ozcebe et al. 2022).

In order to protect the physical and mental health of the
society in order to make cities capable of offering a healthy
lifestyle, it is among the most important duties of planners
and designers to create humane and safe spaces with social
interaction, encouraging physical movement, with
common public spaces such as parks, squares and tree-
lined streets. Urban parks have become strategic areas that
contribute to cities in terms of aesthetic, recreational,
psychological, environmental, social and economic
aspects, improving the quality of urban life, strengthening
the image of the city, as public spaces with many purposes
of use. By hosting the ‘modern’ reflections of urban life,
these areas have started to attract attention not only as a
recreational area but also as a public space where
celebrations, demonstrations and sometimes protests are
held. (Siileymanoglu and Atali 2023).

Urban green spaces meet some of the human needs and
affect the health, welfare levels and behaviours of the
residents of nearby cities. Among these behaviours are
people's physical activity attitudes. Research has shown
that urban green spaces are associated with people's
physical activity. On the one hand, urban green spaces
encourage people's physical activity, and on the other hand,
physical activity contributes positively to human health.
For this reason, it is important to determine the factors
affecting people's use of urban green spaces for physical
activity. Studies have found a significant relationship
between urban green spaces with certain characteristics
and the frequency and duration of people's physical
activity. Studies have revealed that urban green areas with
certain characteristics such as walking paths, many trees,
drinking water and shade, exercise equipment, vehicle and
bicycle parking areas, picnic areas, sports areas, lighting
and walking paths and water elements are associated with
physical activity level (Akpinar 2019).

Informing individuals and increasing the level of
environmental awareness or developing environmental
awareness play an important role in preventing environmental
problems. Environmental awareness is defined as using the
environment at a sustainable level without harming it. In
different definitions, it is defined as increasing the sensitivity
of using the natural environment by protecting it, supporting
life in an ecologically balanced environment and changing
behaviours against environmental problems. Determining the
environmental awareness, attitudes and sensitivity values of
individuals in any region will provide a framework for taking
measures to protect the environment and nature (Kahveci and
Yiicel 2023).

According to Colakkadioglu (2021), the amount of
open and green areas in cities in Turkey is insufficient and
below the required standard. The insufficiency of open and
green areas, which should be an important part of urban
life, is the most important threat not only for metropolises
but also for medium and small-sized cities in Turkey.

The aim of this study is to examine the purposes of the
use of Thlamur Park by young people and to identify the
features of the park that encourage physical activity and
social interaction. By determining the level of use by young
people, it is the preparation of a resource that park users
can reach. This study is at a level to meet the expectations
and needs of young park users and to support new studies.

The research will also provide a comprehensive
evaluation to understand the park usage habits and
motivations of young people, and in this context, it will
contribute to the development of recommendations for the
design and management of parks. Thus, the importance of
park features that allow young people to lead a more active
life and increase their social interactions will be emphasized.

Materials and Methods

Ihlamur Park, the main research area of the study, is
located in the Selguklu district of Konya province. The
park is an important living space that attracts the attention
of young people with its large green areas, walking paths,
sports fields and seating areas.

The location and environmental relations of the park,
general characteristics of the park, social characteristics of
the park users such as marital status, gender, age, education
level, occupation, purpose of park use, frequency of use,
days of use, time spent in the park, conditions of park use
such as evaluation of the park in terms of design,
satisfaction and dissatisfaction factors such as reinforcing
elements, green space and planting, cleaning and
maintenance, security, transportation, adequacy of parking
were determined. The compliance of the reinforcing
elements present in the area with the standards was
measured using the Starline Tape Measure 5 Mt 25 Mm
590X and their safety was checked.

According to Yemenici 2019 and Giingér 2019, in order
to obtain reliable results from the survey, it should be applied
to at least 30 people according to the “central limit theorem”.
Even if you exceed this number by tens of people, the result
you will obtain according to the central limit theorem will be
very close (similar). However, in order to increase the
reliability of our study, 116 people were surveyed.
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To examine the use of the park, according to the
Snowball technique, a face-to-face survey was conducted
by going to the research area on random days and hours on
weekdays and weekends, and a face-to-face survey was
conducted with the park users on the basis of the law on the
protection of personal data and voluntariness. Approval
was obtained from the Ethics Committee of Selguk
University, Faculty of Architecture and Design for the
survey.

Discussion

The sample group of the study consisted of young
people aged 16-25 living in Konya city centre and using
Ihlamur Park. The samples were determined by random
sampling method and the collected data were determined
by Chi-Square analysis using SPSS (Statistical Package for
the Social Sciences) program. Frequency distributions,
cross tabulations and statistical analyses were performed
for the survey results. The data obtained from the
questionnaire were evaluated using quantitative and
qualitative analysis techniques. Quantitative data were
analysed as frequencies and percentages and the
relationships between demographic characteristics and
park use were examined. Qualitative data were analyzed by
content analysis method and the relationships between the
expectations and needs of young park users and park
characteristics were tried to be determined.

In a face-to-face interview (Kaklik 2023), with Mr. Nail
KAKLIK Director of Parks and Gardens of Konya
Metropolitan Municipality. During the face-to-face
interview with Nail KAKLIK, the information about
Ihlamur Park located in Konya province, Selguklu district,
Yazir neighborhood is as follows: The park has a total area
01 43.000 m?. Of this area, 25.170 m? consists of grass areas
and 2.530 m? consists of shrub areas. There are 1,220 trees
and 32,389 shrubs in the area.

General uses in the project; football field 3520 =
700m? (artificial turf), basketball court 30x17 = 510 m?
(acrylic flooring), bicycle path 718%2 = 1436 m? (hardened
concrete floor), walking track 654 x 2,4 = 1570 m? (cast
rubber floor 4cm thick). Skateboard track (asphalt floor),
fitness station, gothic tower, playhouse, rope adventure
track, climbing logs, pyramid playground, trampoline,
bird's nest playground, forest play tower, disabled swing,
bird's nest swing, rope swing, spherical playground, rope
seesaw, stainless slide, cable car, climbing wall, human
figured transition wall, young age group activity area,
wooden tunnel. The equipment elements in the park are;
Square and Pool (Pool area: 100 m? Depth 0.5metre),

Wooden Square Pergola (4x4 metres) 11 pieces, Wooden
S Pergola (35 metres long), Wooden Benches (37 pieces),
Wooden Seating Units on the Wall (100 m long),
Amphitheatre (80 people). The materials used in the
flooring of the park are Bougainite Cube Stone (4.523m?),
Bougainite 50 kerbs (5.832 m3).

Evaluation of Survey Results According to Chi-
Square Analysis

(PS. Since our analysis results will exceed the number
of pages allowed in the article, only one example is given
for the chi-square test, and the other hypotheses are written
as text).

Hypothesis 1

Hypothesis 1.1: Most park users are female.

Hypothesis 1.2: Most park users are male.

According to the results of the questionnaire (Table 1)
for Hypothesis 1, when evaluated in the Chi-Square
analysis; it is concluded that most of the female users use
the park once a week.

Hypothesis 2:

Hypothesis 2.1: Individuals aged 0-18 years want to
spend more time in the park.

Hypothesis 2.2: Individuals between the ages of 18-25
have less desire to go to the park.

When Hypothesis 2 is evaluated in Chi- Square analysis
according to the survey results, it is concluded that the
users between the ages of 0-18 use the park several times a
week. Accordingly, Hypothesis 2.1 (Individuals between
the ages of 0-18 want to spend more time in the park) has
been proven to be true.

Hypothesis 3:

Hypothesis 3.1: There is no effect of educational status
on park-going individuals.

Hypothesis 3.2: Individuals who go to the park consist
of people who continue their education.

When Hypothesis 3 is evaluated by Chi- Square
analysis according to the survey results, it is concluded that
university students use the park several times a month.
Accordingly, Hypothesis 3.2 (Individuals who go to the
park consist of people who continue their education) is
proven to be true.

Hypothesis 4:

Hypothesis 4.1: The majority of individuals using the
park are not employed.

Hypothesis 4.2: The majority of individuals using the
park are public employees.

Table 1. How often do you use the park? Crosstabulation and Chi-Square Tests

. How often do you use the park?
Crosstabulation I 3 3 4 5 5 Total
Count 5 6 3 13 16 7 50
Male EC 7.8 6.9 4.7 9.5 15.5 5.6 50,0
Your UP 27.8% 37.5% 27.3% 59.1% 44.4% 53.8%  43,1%
Gender? Count 13 10 8 9 20 6 66
Female | EC 10.2 9.1 6.3 12.5 20.5 7.4 66,0
UP 72.2% 62.5% 72.7% 40.9% 55.6% 46.2%  56,9%
Count 18 16 11 22 36 13 116
Total EC 18,0 16.0 11.0 22.0 36.0 13.0 116.0
UP 100,0% 100.0%  100.0% 100.0% 100.0% 100.0% 100.0%

1: Once a month; 2: Several times a month; 3: Other; 4: Once a week; 5: Several times a week; 6: Every day; EC: Expected Count; UP: % within How

often do you use the park?
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Table 2. How often do you use the park?

How often do you use the park? Male Female

Once a month 5 13

Several times a month 6 10

Other 3 8

Once a week 13 9

Several times a week 16 20

Everyday 7 6
Table 3. Chi-Square Tests for How often do you use the park?

Chi-Square Tests Value df Asymptotic Significance (2-sided)

Pearson Chi-Square 5.984* 5 0.308

Likelihood Ratio 6.092 5 0.297

N of Valid Cases 116

a. 1 cells (8,3%) have expected count less than 5. The minimum expected count is 4,74.

When Hypothesis 4 is evaluated by Chi- Square
analysis according to the results of the survey, it is
concluded that most of the park users who do not work use
the park several times a week. Accordingly, Hypothesis 4.1
(The majority of the individuals who use the park do not
work) is proven to be true.

Hypothesis 5:

Hypothesis 5.1: The park is used once a month by the
users in Yazir neighbourhood.

Hypothesis 5.2: The park is used several times a week
by the users in Yazir neighbourhood.

When Hypothesis 5 is evaluated with Chi- Square
analysis according to the survey results, it is concluded that
the users residing in Yazir neighbourhood use the park
several times a week. Accordingly, Hypothesis 5.2 (The
park is used several times a week by the users in Yazir
neighbourhood) is proven to be true.

Hypothesis 6:

Hypothesis 6.1: The biggest benefit of the park for
social interaction is to make new friends.

Hypothesis 6.2: When we look at the social interaction
in the park, there is no benefit in making new friends.

When Hypothesis 6 is evaluated by Chi- Square analysis
according to the survey results, it is concluded that the park
increases the social interaction between users. This proves the
accuracy of Hypothesis 6.1 (The biggest benefit of the park to
social interaction was to make new friends).

Hypothesis 7:

Hypothesis 7.1: Those who come to the park to spend
time outdoors find the play elements in the park sufficient.

Hypothesis 7.2: Those who come to the park to spend
time outdoors do not find the play elements in the park
sufficient.

When Hypothesis 7 is evaluated by Chi- Square
analysis according to the survey results, it is concluded that
the amount of play elements in the park is considered
sufficient by the users who use the park outdoors. This
proves the accuracy of Hypothesis 7.1 (Those who come to
the park to spend time outdoors find the seating elements
in the park sufficient).

Hypothesis 8:

Hypothesis 8.1: Park users between the ages of 18-25
find the use of new generation fitnees equipment sufficient.

Hypothesis 8.2: Park users between the ages of 18-25
do not find the use of new generation fitnees equipment
sufficient.

When Hypothesis 8 is evaluated by Chi- Square
analysis according to the survey results; it is concluded that
the new generation fitness equipment in the park is
sufficient according to the users between the ages of 0-18.
This proves the accuracy of Hypothesis 8.1 (Park users
between the ages of 18-25 find the use of new generation
fitness equipment sufficient).

Conclusion

While most of the park users are women who use the
park once a week, the group that uses the park every day is
men. It was concluded that most of the users between the
ages of 0-18 use the park several times a week and most
university students use the park several times a month. It
was concluded that most of the users residing in Yazr
neighborhood access the park on foot. In the summer
months, the park is mostly used by individuals who do not
work or are students. Users use the park with their families
and to spend time outdoors. The park is most intensively
used between 13.00- 15.00 hours. The opinion of the users
who use the park is that visiting the park increases social
interaction. Park users found the park lighting sufficient. It
was concluded that the danger of stray animals in the park
poses an average security problem. It is concluded that
shading vegetation in the park is sufficient. It is concluded
that the amount of play elements in the park is sufficient by
the users who use the park outdoors. According to the users
who use the park, the width of the pedestrian paths is
sufficient. Users between the ages of 0-18 stated that the
new generation fitness equipment in the park is sufficient,
and they usually come to the park with their families. It is
concluded that users who come to the park with their
families mostly use pedestrian access. It was determined
that the amount of grass area of the park was sufficient, and
the park was generally found to be beautiful. It is
understood that users between the ages of 0-18 use the park
to spend time outdoors and prefer lunch hours. The survey
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results show that female park users can benefit from the
park sufficiently and park their vehicles more easily around
the park.

Ihlamur Park is preferred by teenagers with its green
areas and sports facilities. The fact that the urban furniture,
especially the lighting, is sufficient has enabled women
users to use the park safely even at night. Located in the
center of many public housing estates, the park is very easy
to reach on foot and public transport is also available.
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As the most important open and green areas of the city, parks, as part of the urban green space system,
make cities attractive and liveable, alleviate the monotony of the environment, give cities an image,
and allow building masses to gain a soft appearance. Urban parks, which ensure the sustainability of
cities and create quality and comfortable living spaces for urban people, affect the users they address
in line with their landscape design features. Both positive and negative aspects of compliance with
design criteria concern not only the urban park but also its users and the city as a whole. Spaces
without any recreational activities, without comfort, without a green texture do not add anything
positive to the city and do not create physical, social and cultural interaction for the people of the
environment in which they are located, and will cause stagnation and restlessness on the psychology
of the city people. In this study, it was planned to first observe, detect and analyse the current status
of 5 urban parks located in the Central District of Nigde Province. The aim of the study is to determine
the compliance of some parks providing services at the urban scale within the borders of Nigde
Province with the landscape design criteria. In this context, it is planned to determine the suitability
of the parks in terms of landscape design according to the determined landscape design criteria and
to make evaluations to analyse the current status of the parks. As a result of the evaluation, solution
proposals will be presented in accordance with the landscape design criteria for the problem of the
current situation.
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Nigde Kent Parklarimin Yeterliliklerinin irdelenmesi
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Anahtar Kelimeler:
Peyzaj Tasarimi
Kentsel Tasarim
Siirdiiriilebilir Tasarim
Kent Parklar1

Nigde

Kentin en 6nemli agik ve yesil alan1 olan parklar, kentsel yesil alan sisteminin bir pargast olmalarina
bagl olarak yasanilan kentleri ¢ekici ve yasanir hale getirir, ¢evrenin monotonlugunu hafifletir,
kentlere imaj kazandirir, yap:r kitlelerinin yumusak bir goriiniim kazanmasina olanak saglarlar.
Kentlerin siirdiiriilebilirligini saglayan, kent insan1 i¢in kaliteli ve konforlu yasam alan1 olusturan kent
parklari, sahip oldugu peyzaj tasarim oOzellikleri dogrultusunda hitap ettigi kullanicilar
etkilemektedir. Tasarim kriterlerine uygunlugun hem olumlu hem olumsuz yo6nleri yalniz kent parkini
degil kullanicis1 ve kentin tiimiinii ilgilendirmektedir. Icerisinde hicbir rekreasyonel aktivitesi
bulunmayan, konforsuz, yesil bir dokusu olmayan mekanlar kente olumlu anlamda bir sey katmadi1
gibi bulundugu ¢evrenin insani i¢in de fiziksel, sosyal ve kiiltiirel anlamda bir etkilesim yaratmadigi
i¢in kent insan1 psikolojisi tizerinde duraganlik ve huzursuzluga neden olacaktir. Bu ¢alismada Nigde
ili Merkez il¢esinde bulunan 5 kent parkinin yerinde gézlem, tespit ve mevcut durumlarinin analiz
edilmesi planlanmistir. Calismamn amaci, Nigde ili simrlar1 igerisinde kent &lgeginde hizmet
saglayan bazi parklarin peyzaj tasarim kriterlerine uygunlugunun tespit edilmesidir. Bu baglamda
belirlenen peyzaj tasarim kriterlerine gore parklarin peyzaj tasarimi agisindan uygunluklar tespit
edilip, parklarm mevcut durumlarimn analiz edilmesine yonelik degerlendirmeler yapilmasi
planlanmaktadir. Degerlendirme sonucunda mevcut durumun sorununa yodnelik peyzaj tasarim
kriterlerine uygun olacak sekilde ¢oziim onerileri sunulacaktir.
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Giris

Kent parki, yapilasmis ve yogun kent dokusu i¢inde
dogayla i¢ ice olmaya olanak saglayan, farkli aktiviteleri
icerisinde barindiran, kent insami igin bitki Ortiisiine
Ozgiirce ve istedigi zaman temas etme firsat1 sunan, farkl
insan gruplarini bir araya getirerek etkilesim alam
olusturan mekanlardir. Kent parklart en 6nemli kentsel
elemanlardir. Kent parklart kent insani igin fiziksel,
kiiltiirel ve sosyal aktivitelere katilma olanag1 vermektedir.
Kent parklarinin peyzaj tasarim kriterlerine uygun olmasi
oncelikle parkin sonra tiim kentin siirdiiriilebilirligini ve
yasam Kkalitesini arttiracaktir. Peyzaj tasarim kriterlerine
gore parkin biiyiikliigii ve buna bagli olarak alan kullanimi
kent niifusuna ve hitap ettigi topluluga gore
sekillenmektedir (Dogan ve Giingor, 2022).

Kentsel parklar ve yesil alanlar, kentsel g¢evredeki
yasam kalitesini iyilestirerek ¢esitli fiziksel, sosyal,
cevresel ve saglik yararlari saglarlar. Kentsel ¢evrenin
onemli bir bileseni olarak, kent parklari c¢ok g¢esitli
rekreasyonel aktiviteler (Page ve ark., 1994; Woolley,
2003) sunar ve kullanicilar igin sessiz dinlenme firsatlari
(Sop Shin ve ark., 2005) saglar. Kent parklari, gesitli
kiiltiirel gruplardan gelen ziyaretgilerin ihtiyaglarina cevap
vermeli (Francis, 2003; Wong ve Domroes, 2005), farkl
kullanict gruplart diisiiniilerek parklar tasarlanmali ve
yonetilmelidir  (Thompson, 2002; Chiesura, 2004;
Rishbeth, 2004). Kentsel parklar {izerine yapilan
arastirmalar (Cosaner, 2009; Bektag, 2010; Akten ve
Ozkartal, 2016; Xu ve ark., 2017; Ayhan ve Atabeyoglu,
2019; Jaszczak ve ark., 2021; Aybey, 2024; Feng ve ark.,
2024) genellikle parklarin algilanan faydalarina ve
kullanici memnuniyetine veya gevresel etkilere iliskin
algilara odaklanmuistir.

Dogal ¢evreyle temas, saglikla ilgili faydalar (Frumkin,
2001; Gobster ve Westphal, 2004; Orsega-Smith ve ark.,
2004; Bedimo-Rung ve ark., 2005; Maller ve ark., 2005;
Pretty ve ark., 2005) ve aktif rekreasyon big¢imleri igin
firsatlar sunar. Peyzajlarin degerlendirilmesi iizerine
yapilan g¢aligmalar, ¢esitli kiiltiirlerden insanlarin dogal

ortamlar1 yapili ortamlara tercih ettigini ve dogal
manzaralarin  degerlendirilmesindeki ~ benzerliklerin
kiiltiirler ~veya daha kiigiik gruplar  arasindaki

farkliliklardan ¢ok daha agir bastigini tutarll bir sekilde
gostermistir. Ancak, kiiltlirel gegmisler insanlarin estetik
algilarim  ve tercihlerini (Todorova ve ark., 2004),
kullanimlar1 ve deneyimleri etkiler.

Tutumlar (algilar, tercihler) ve deneyimler ayr konular
olsa da, aralarinda bir iligski olabilir. Bu nedenle bu
konulara kiiltiirel perspektiften bakmak faydali olacaktir
(Ozgiiner, 2011). Parklar insan yasamma faydalar
saglarlar. Estetik, kiiltiirel, saglik, eglence ve ekonomik
olmak {izere bircok faydalart nedeniyle insanlarin
yasamlari i¢in temel unsurlar olarak kabul edilen bahgeler,
onemli bir role sahiptir ve parklarin veya yesil alanlarin
kurulmasinin temel amaci insanin konforu ve zevkinin yani
sira diger estetik faydalar saglamaktir. Estetik degerlerinin
yaninda, kent parklarimin islevsel olmasi da diisiiniilmesi
gereken bir konudur. Parkin erisilebilir olmasi, déseme,
golgeleme, oyun alanlari, su dgesi, aydinlatma, giivenlik
unsurlart basta olmak {iizere parklarin peyzaj tasarim
kriterleri agisindan uygun olmasi gerekmektedir.

Bu calismada; Nigde ili Merkez ilgesinde bulunan 5
kent parki incelenmistir. Calismanm amaci, Nigde ili
Merkez ilgesinde belirlenen 5 farkli kent parkinin yerinde
gozlem yolu ile mevcut durumun incelenerek,
fotograflanarak ve analiz edilerek degerlendirilmesi
sonucunda da ortaya ¢ikan durumun olumlu ve olumsuz
yonlerinin irdelenerek, kent parklarinda peyzaj tasarim
kriterleri agisindan problem ve eksiklikler igin ¢dzim
oOnerisi gelistirilmesi planlanmaktadir.

Materyal ve Yontem

Calismanin ana materyalini Nigde Ili Merkez Ilgesinde
bulunan 5 park olusturmaktadir. Nigde Ilinde bulunan Kizil
Elma Parki, Ahmet Ceylan Parki, Mevlana Celaleddin-i Rumi
Parki, Sehit Mustafa Sahin Parki ve Eyiip Sultan Parki calisma
kapsam1 yerinde goézlem yolu ile mevcut durumun
incelenerek,  fotograflanarak  ve  analiz  edilerek
degerlendirilmesi seklinde hazirlanacaktir. Parklarin se¢ilme
nedeni, Nigde Ili Merkez Ilgesinde bulunan en biiyiik ve en
yogun kullanima sahip parklar olmasidir. Nigde Belediyesi
Park ve Bahgeler Midiirliigii'nden parklara ait veriler
(biiytikliik, konum bilgisi vb.) elde edilmistir. Parklara ait
verilerin elde edilmesinin ardindan biiyiiklik, kullanim ve
sahip oldugu peyzaj tasarim Ogeleri dikkate alinarak ¢alisma
kapsaminda incelenecek parklara karar verilmistir. Daha
sonra parklarin degerlendirilmeleri amaciyla peyzaj tasarim
kriterleri belirlenmistir.

Peyzaj tasarim kriterleri (Alan kullanimi ve biiytikligi,
ulasilabilirlik, her yag grubundan insana uygunluk, zemin
déseme elemanlari, otopark, oturma birimleri, aydinlatma
elemanlari, ¢op kutulari, bilgi panolari, plastik objeler ve
heykeller, ¢ocuk oyun elemanlari, bitkilendirme, su 6gesi,
giivenlik ve gece kullanimi, 6zel gereksinimli insanlarin
kullanimi, y1l boyu kullanabilirlik ve iklime uygunluk, kent
estetigine katki ve gevre ile uyum) olarak belirlenmistir. Bu
¢aligmalarin ardindan saha ¢alismasi planlanmistir. Burada
mevcut durumlar fotograflanmis ve yerinde gozlemler
yapilmistir. Sonraki agamada segilen parklarin bu kriterlere
hangi 6l¢iide uyumlu oldugu incelenmistir. Son agamada
ise kriterlere uygunluk bakimindan eksik kalan noktalar
i¢in ¢Oziim Onerileri gelistirilmistir.

Bulgular ve Tartisma

Kizilelma Parka

Nigde ili Merkez Ilgesi, Asag1 Kayabast mahallesinde yer
alan Kizilelma Parki kentin en biiyiik parklarindan biridir.
35.550 m*’lik alana sahip olan park Nigde’de bulunanlarin
rekreasyonel faaliyetlerini gegirdigi bir konuma sahiptir.
Biiyiik bir alanda kurulu olan parkin igerisinde kafe, spor
salonu, millet kiraathanesi, genglik merkezi, ¢ocuk oyun
alanlari, kondisyon alanlari, spor sahalar1 gibi rekreasyon
alanlar1 bulunmaktadir (Sekil 1). Yesil alanla birlikte
tasarlanmis park, sosyal aktivite agisindan olduk¢a zengindir.
Alanlar arasindan gegisler uyumlu olacak sekilde planlama
yapilmustir. Park kullanicilarina bir ya da birden fazla
aktiviteyi bir arada yapma firsat1 saglamaktadir. Bir faaliyet
icin parkta bulunan kullanici diger faaliyetlere ugramadan
amacina ulasabilmektedir; bu da parki islevsel bir hale
getirmektedir.
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Sekil . Kizilelma Parki alan kullanimlari
Figure 1. Kizilelma Park land uses

- Sekil 2. Kizilelma Park i¢i ulagim agan
Figure 2: Kizilelma Park transportation networks

Sekil 3. Kizilelma Parki gesitli aktivite alanlari
Figure 3. Kizilelma Park various activity areas

Ulagsilabilirlik

Parkin etrafinin yollarla gevrili olmasi, toplu tagimanin
parkin hemen yaninda olmasi, parka ulasimm rahatlikla
saglamaktadir. Bisiklet, yaya vb. olmak iizere diger
yontemlerle de parka ulagim oldukgca kolaydir. Park igerisinde
bir ana yol bulunmakta, diger yollar bu yolla baglantilidir
(Sekil 2). Ayn1 zamanda otomobil kullanarak parka ulasim
saglayan kullanicilar i¢in de park otoparki bulunmaktadir.

Her yag grubundan insana uygunluk

Kizilelma  parki  birgok  sosyal aktiviteyi
barindirmaktadir. Bu aktiviteler tiim yas grubunda bulunan
insanlara hizmet verecek sekilde planlanmistir. Park,
c¢ocuk oyun parklari, gezinti, spor sahalari, genglik
merkezi, millet kiraathanesi gibi olanaklar saglamaktadir
(Sekil 3). Park, tiim kullanicilarin kullanmasi igin yeterli
oldugu goriilmektedir.

Zemin Déseme Elemanlari

Parkta kilitli tag parke, beton kaliplar ve kauguk gibi birgok
farkli1 doseme malzemesi 6rnekleri kullamlmustir (Sekil 4).

Otopark

Park alami igerisinde 2 adet otopark yer almaktadir. Otopark
icerisinde zemin kaplamasi olarak asfalt kullamlmis ve
araglarin park yerleri ¢izgilerle ayrilmustir. Bir arag igin 245 cm
x 300 cm’lik bir alan ayrilmigtir. Otoparklarda herhangi bir
yonlendirici levha bulunmamaktadir.

Oturma Birimleri

Kizilelma Parki oturma birimleri ahsap malzemeden
yapilmistir. Park igerisinde masalar, oturma birimleri ve
kameriyeler bulunmaktadir (Sekil 5). Oturma birimleri
kullanim alanlarina gore biiyliklik ve sekilsel olarak
degisiklik gostermektedir.

Aydinlatma Elemanlart

Gilivenligin saglanmasi, yer-yon bulunmasi amaciyla
yapilan aydinlatmanin  kullamim  gruplarina  gore
planlandigi  gorilmistiir. Parkta tekli ve ¢oklu
aydmnlatmalar  tercih  edilmisticr (Sekil 6). Baz
aydinlatmalarin bakimsiz oldugu belirlenmistir.

Cop Kutular

Kizilelma park: giris ve ¢ikis noktalarinda biiyiik, i¢
kisimlarda kiigiik boyutlu olarak konumlandirilmis ¢op
kutularinin yani sira ana giriste 1 adet mobil atik getirme
merkezi bulunmaktadir. Kullanilan boélgelere gore ¢op
kutular1 renk agisindan farklilik gostermektedir. (Sekil 7).
Cop kutulariin  birkaginda bakim yoniinden bazi
eksiklikleri bulunmaktadir. Mobil atik getirme merkezi
olmasi da park: diger kent parklarindan ayiran 6zelligidir.

Bilgi Panolari

Parkta genelinde metal ve plastik malzemeden
iiretilmis yapilmasit yasak eylemleri bildiren donati
elemanlar1 kulanilmistir. Parkin girisinde parkla ilgili
herhangi bilgilendirme ve kullanimlara ait herhangi bir
yonlendirme bulunmamaktadir (Sekil 8).

Plastik Obje ve Heykeller

Parkin igerisinde Tiirk devletleri beylerinin biistlerinin
oldugu bir alan bulunmaktadir. Bu alanda heykeller Tiirk
bayraklari ile siislenmis ve desteklenmistir. Parkin vurgu
noktasi olan bu alanda 21 adet biist yer almaktadir. Park
icerisinde ayni zamanda tarihi birgok siitun, heykel,
kabartma resimler bulunmaktadir (Sekil 9). Parka deger
katan heykeller, tarihi dokusu olan siitun ve kabartma
resimlerin korunmasi konusunda herhangi bir &nlem
olmadigi igin, parkta bulunan objelerde kullanicilarin
olusturdugu zararlar meydana gelmistir.
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Sekil 4. Kizilelma Parki zemin doseme elemanlart Sekil 5. Kizilelma Parki oturma birimleri
Figure 4. Kizilelma Park floor covering elements Figure 5. Kizilelma Park seating units

Sekil 6. Kizilelma Parki aydinlatma elemanlan
Figure 6. Kizilelma Park lighting elements
¥ - T el

Sekil 7. Kizilelma Parki ¢op kutulart
Figure 7. Kizilelma Park trash cans
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Sekil 8. Kizilelma Parki bilgi panolart Sekil 9. Kizilelma Parki heykel ve objelr
Figure 8. Kizilelma Park information boards Figure 9. Kizilelma Park sculptures and objects
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Sekil 10. Kizilelma Parki ¢ocuk oyun alant Sekil 11. Kizilelma Parki bitkilendirme
Figure 10. Kizilelma Park children's playground Figure 11. Kizilelma Park planting

Sekil 12. Kizilelma Parki su 6gesi Sekil 13. Kizilelma Parki gece kullanimi
Figure 12. Kizilelma Park water element Figure 13. Kizilelma Park night use

Sekil 14. Ahmet Ceylan Parki alan kullanimlari
Figure 14. Ahmet Ceylan Park land use

il s i -. ; ”
Sekil 16. Ahmet Ceylan Parki aktivite alanlart Sekil 15. Ahmet Ceylan Parki i¢i ulagim aglari
Figure 16. Ahmet Ceylan Park activity areas Figure 15. Ahmet Ceylan Park transportation networks

—
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Cocuk Oyun Elemanlart

Park c¢ocuklara yonelik aktiviteler agisindan oldukca
zengindir. Burada plastik oyun grubu yam sira ahsap
macera oyun alan1 yer almaktadir (Sekil 10). Aym
zamanda ¢ocuk oyun alaninin sinirlayict  eleman
yardimiyla diger alanlardan ayrilmasi giivenlik agisindan
faydali olmustur.

Bitkilendirme

Park icerisinde yesil alan olusturulmasi agisindan tiim
bitki gruplarina yer verilmistir. Tercih edilen bitki tiirlere
ise bolge iklim kosullarina uygundur. Parkta acik — yesil
alan miktarimin fazla olmasi, kullanicilarin alternatif
faaliyetlere yonelmesine izin vermektedir. (Sekil 11).
Parkta ¢ogunlukla ibreli tiirler tercih edilmistir. Kullanim
alanlarina gore bitkiler fonksiyon ve estetik 6zellikleri goz
onilinde bulundurularak konumlandirilmistir. Bunun yani
sira belirli noktalarda agac¢ kokleri yiiziinden sert
zeminlerde bozulmalar meydana gelmistir.

Su ogesi

Kizilelma Parki igerisinde biiylik bir su ylizeyi
bulunmaktadir. Yapay bir selalenin olusturuldugu alandan
akan su parkin ortasinda yapay bir golet olusturmaktadir
(Sekil 12). Parkta bulunan bu su yiizeyi biiyiikligi ve
yapimi itibariyle gosterisli olsa da kent iklimi sebebiyle
¢ogunlukla kullanilamaz durumda kalmaktadir. O yiizden
bu biiyiik alan bos ve kullanilamaz oldugu i¢in bakimsiz ve
kirli hale gelmektedir.

Giivenlik ve Gece Kullanimi

Bitkisel materyal ile perdeleme yaparak ve bolgelere
gore aydinlatma planlayarak parkta giivenlik saglanmaya
calisilmistir. Bu durum mekénin tam algilanmasina firsat
saglamasindan dolayr kullanicilarda  giivenli  hissi
olusturmaktadir. Bunun yaninda parkta ¢ok fazla sayida
aktivite bulunmasi ve bu aktiviteleri aydinlatilmasi
amaciyla  kullanicilara  glivende  olduklar1  hissi
kazandirilmaya calisilmigtir. Ayni zamanda bu alanlar
birbirinden sinirlayici elemanlarla ayrilarak da giiven
olusturulmustur.

Park icerisinde, giris ve ¢ikislarinda giivenlik amagh
herhangi bir personel planlanmamistir. Park igerisinde
bulunan donatt elemanlarinin  bakim onarimlarinin
zamaninda yapilmamasi, kullanicilar agisindan risk tegkil
etmektedir. Ayrica agaclarm sert hava durumlarindan
etkilenerek formunu kaybetmesi ve kok biiylimesi sonucu
sert zeminlerde olusmus tahribatlar da kazalara neden
olabilmektedir. Park islek bir bolgede olmasi, ¢evresinin
sokaklardan ve kent i¢i yollardan olugsmasi nedeniyle gece
de kullamim saglanabilmektedir ($ekil 13). Park genelde
aydinlatma kismen yeterdir. Ancak personel eksikligi,
toplu tagimanin tim giin hizmet sunmamasi parkin gece
kullanimi agisindan eksikliklerindendir.

Ozel Gereksinimli Insanlarin Kullanimi

Parkta yaya yollari, merdiven ve rampalar, otoparklar
ve donat1 elemanlari, oyun alanlari, kondisyon alan1 TS
12576 standartlarina uygun yapilmamistir. Gérme engelli
kullanicilar i¢in kent parkma girislerde ve alan igi yaya
yollarinda kilavuz ¢izgileri bulunmamaktadir. Yaya yollar
genisligi kullamim alanlarima gore farklilasmaktadir. Bu
durum tekerlekli sandalye kullanicilart igin uygun
olmamaktadir. Yine zemin ddseme malzemelerinin
farklihg1 da o6zel gereksinimli insanlar1 etkilemektedir.
Bazi alanlarda kullanilan blok taslar ve dogal taslarin
girintili ¢ikintili yiizeyleri tekerlekli sandalye ve gdérme

engelli kullamicilar agisindan olumsuzdur. Donati
elemanlari, bilgi panolari, otopark gibi bir¢ok yerde 6zel
gereksinimli insanlara yonelik yapilmis veya diisiiniilmiis
bir unsura rastlanmamustir. Ancak ana giriste bir adet
tekerlekli sandalye sarj istasyonu ve oOzel gereksinimli
insanlar i¢in ayrilmis tuvalet kabinleri bulunmaktadir.
Parkin 6zel gereksinimli insanlara uygunlugu sarj alani ve
tuvalet kabini haricinde olan zemin désemeleri, park ici
ulagim aglari, otopark, donati elemanlari, bitkilendirme
gibi birgok kategoride incelenmis ve uygun bulunmamastir.

Y1l Boyu Kullanilabilirlik ve Iklime Uygunluk

Park kullanicilar1 agisindan sicak aylarda gdlge
saglayabilecek yesil 6gelerin ve iist Ortii elemanlarinin
eksik kaldig1 diistiniilmektedir. Fakat parkta yer alan kafe,
kiraathane ve iistii kapali oturma elemanlar sayesinde yil
boyu kullanilabilir hale gelmektedir. Parktaki bitkisel
materyal ve donati elemanlar: iklime uygun secilmis olup

su ylizeyinin iklime uygun tasarlanmadig1
gdzlemlenmistir.
Ahmet Ceylan Parki

Nigde ili Merkez llgesi, Asag1 Kayabagi mahallesinde
yer alan Ahmet Ceylan Parki 7.800 m?’lik alana sahiptir.
Kent parki kullanicilarn igin gesitli rekreasyon faaliyetlerini
barindiran bir alandir. Parkin igerisinde ¢ocuk oyun alani,
kondisyon alani, dinlenme alanlar gibi rekreasyon alanlari
bulunmaktadir (Sekil 14). Alanlar arasinda gegisler
uyumlu olacak sekilde planlama yapilmistir. Ahmet
Ceylan Parki alan kullanimi1 ve biiytkligi, igerisinde
bulundurdugu ¢esitli aktivite alanlarnn ile kent parki
ozelligini tamamlayan unsurlart icerisinde
barindirmaktadir.

Ulagsilabilirlik

Parkin etrafinin yollarla ¢evrili olmasi, toplu tagimanin
parkin hemen yaninda olmasi, parka ulasim rahatlikla
saglanabilmektedir. Bisiklet, yaya vb. olmak {iizere diger
yontemlerle de parka ulasim olduk¢a kolaydir. Park
igerisinde bir ana yol bulunmakta, diger yollar bu yolla
baglantihidir. (Sekil 15).

Her Yas Grubundan Insana Uygunluk

Ahmet Ceylan Parki tiim yas gruplarindan kullanicilara
vakit gecirebilmeleri i¢in imkanlar saglar ancak yeterli
degildir. Cocuklar i¢in oyun parki ve gezinme alanlar
sunarken gengler, orta yaslilar ve yaglilar i¢in, kondisyon
alan1 gibi aktivite olanaklar1 saglamaktadir (Sekil).

Zemin Doseme Elemanlart

Parkta kilitli tas parke, ¢im tas1 ve kauguk gibi farkl
déseme malzemesi kullanilmigtir (Sekil 17).

Otopark

Ahmet Ceylan park: igerisinde otopark i¢in ayrilmis
herhangi bir alan bulunmamaktadir.

Oturma Birimleri

Ahmet Ceylan Parki oturma birimleri ahsap
malzemeden yapilmistir. Park icerisinde masalar, oturma
birimleri ve kameriyeler bulunmaktadir. (Sekil 18).

Aydinlatma Elemanlart

Parkta giivenligi saglanmasi ve tiim zamanlarda
kullanim saglanmasi igin tasarlanan mevcut aydinlatma
¢oklu sekilde bir nokta {lizerindedir. Aydinlatma elemani
kullanim noktasina gore aktivite ve dinlenme alanlarina
yakin konumu itibariyle dogru seg¢ilmis olsa da park igi
aydinlatma elemanlar yetersiz kalmaktadir.
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Sekil 19. Ahmet Ahmet Ceylan Parki ¢6p kutulari Sekil 20. Ahmet Ceylan Parki ¢ocuk oyun alant
Figure 19. Ahmet Ceylan Park trash cans Figure 20. Ahmet Ceylan Park children's playground

Sekil 21. A;hniet éeylan Park1 bitlendirme . Sekil 22. Ahmet Ceylan Parki giivenlik ve gece kullanimi
Figure 21. Ahmet Ceylan Park planting Figure 22. Ahmet Ceylan Park security and night use

Sekil 23. Mevlana Celaleddin-i Rumi Parki alan kullammlari
Figure 23. Meviana Celaleddin-i Rumi Park land uses
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Sekil 25. Mevlana Celaleddin-i Rumi Parki aktivite alanlar Sekil 24. Mevlana Celaleddin-i Rumi Parki i¢i ulagim aglari
Figure 25. Mevlana Celaleddin-i Rumi Park activity areas Figure 24. Mevlana Celaleddin-i Rumi Park transportation

networks
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Cop Kutular

Park igerisinde Dbirkag noktada ¢op kutusu
bulunmaktadir. Parkin igerisinde bulunan biitiin ¢6p
kutular1 aynmi ebatlarda ve renklerdedir (Sekil 19). Cop
kutularinin birkaginda bakim yoniinden bazi eksiklikleri
bulunmaktadir. Ayn1 zamanda ¢op kutularmin yalnizca
oyun grubu ve kondisyon alaninin bulundugu bdlgede
olmast park agisindan ¢op kutularint yetersiz hale
getirmektedir.

Bilgi Panolart

Parkin  herhangi  bir
bulunmamaktadir.

Plastik Obje ve Heykeller

Parkin herhangi bir alaninda plastik obje ve heykel
bulunmamaktadir.

Cocuk Oyun Elemanlar

Parkta aktivite i¢in ayrilmis iki bilyiik alandan biri
¢ocuk oyun elemanlarimin bulundugu kisimdir (Sekil 20).

Bitkilendirme

Park igerisinde yesil alan olusturulmasi agisindan tiim
bitki gruplarina yer verilmistir. Tercih edilen bitki tiirlere
ise bolge iklim kosullarina uygundur. Cogunlukla ibreli
tirlerin ~ hakim  oldugu  parkta, kullanicilarinin
sosyallesmesine ortam saglayan genis ¢im alanlar
bulunmaktadir (Sekil 21). Kullanim alanlarina gore bitkiler
fonksiyon ve estetik 6zellikleri gz 6niinde bulundurularak
konumlandirilmistir. Bunun yani sira belirli noktalarda
aga¢c kokleri yiiziinden sert zeminlerde bozulmalar
meydana gelmistir.

alaninda  bilgi panosu

Su ogesi
Parkin  herhangi  bir alaninda su  dgesi
bulunmamaktadir.

Giivenlik ve Gece Kullanimi

Bitkisel materyal ile perdeleme yaparak ve bolgelere gore
aydinlatma planlayarak parkta giivenlik saglanmaya
caligtlmistir. Ancak aydinlatma sayisi yeterli gelmemektedir.

Park icerisinde, giris ve ¢ikislarinda giivenlik amagh
herhangi bir personel planlanmamistir. Park igerisinde
bulunan donatt elemanlarinin  bakim onarimlarinin
zamaninda yapilmamasi, kullanicilar agisindan risk teskil
etmektedir. Ayrica agaclarm sert hava durumlarindan
etkilenerek formunu kaybetmesi ve kok biiylimesi sonucu
sert zeminlerde olusmus tahribatlar da kazalara neden
olabilmektedir. Park islek bir bolgede olmasi, ¢evresinin
sokaklardan ve kent i¢i yollardan olusmasi, mahallede
bulunan yapilara yakin konumu nedeniyle gece de
kullanim saglanabilmektedir (Sekil 22). Park genelde
aydinlatma yetersizdir. Ancak personel eksikligi, toplu
tasimanin tiim glin hizmet sunmamasi parkin gece
kullanimi agisindan eksikliklerindendir.

Ozel Gereksinimli Insanlarin Kullanimi

Parkta yaya yollari, donatt elemanlari, oyun alanlari,
kondisyon alani TS 12576 standartlarina uygun
yapilmamisgtir. Gérme engelli kullanicilar i¢in kent parkina
giriglerde ve alan i¢i yaya yollarinda kilavuz g¢izgileri
bulunmamaktadir. Yaya yollar1 genisligi kullanim
alanlarma gore farklilagmaktadir. Bu durum tekerlekli
sandalye kullanicilart i¢in uygun olmamaktadir. Yine
zemin ddseme malzemelerinin farkliligin da o6zel
gereksinimli insanlart etkilemektedir. Bazi alanlarda
kullanilan kilit tagt ve ¢im tasmin girintili ¢ikintili
ylizeyleri tekerlekli sandalye ve gorme engelli kullanicilar
agisindan olumsuzdur.

Y1l Boyu Kullanilabilirlik ve Iklime Uygunluk

Park kullanicilar1 agisindan sicak aylarda gdlge
saglayabilecek yesil 6gelerin ve iist Ortii elemanlarinin
eksik kaldigr diistiniilmektedir. Parktaki bitkisel materyal
ve donat1 elemanlar iklime uygun secilmistir.

Mevlina Celaleddin-I Rumi Park:

Nigde ili Merkez Ilgesi, indnii mahallesinde yer alan
Mevlana Celaleddin-i Rumi Parki 7.610 m?’lik alana
sahiptir. Kent parki kullanicilan igin gesitli rekreasyon
faaliyetlerini barindiran bir alandir.

Peyzaj tasarim kriterlerine gore Mevlana Celaleddin-i
Rumi Parki mevcut durumu analiz edildiginde asagidaki
durum ortaya ¢ikmmstir. Parkin igerisinde ¢ocuk oyun alani,
kondisyon alani, dinlenme alanlar1 gibi rekreasyon alanlar
bulunmaktadir (Sekil 23). Parkin alan kullanimi faaliyetlerin
birbiri ile baglantili olacak sekilde planlanmamigtir. Mevlana
Celaleddin-i Rumi Parki alan kullanimi ve biiyiikliigi,
icerisinde bulundurdugu ¢esitli aktivite alanlari ile kent parki
0zelligini tamamlayan unsurlart igerisinde barmdirmaktadir.

Ulagsilabilirlik

Parkin etrafinin yollarla ¢evrili olmasi, toplu tasimanin
parkin hemen yaninda olmasi, parka ulasim rahatlikla
saglanabilmektedir. Bisiklet, yaya vb. olmak iizere diger
yontemlerle de parka ulagim oldukca kolaydir. Park
icerisinde bir ana yol bulunmakta, diger yollar bu yolla
baglantilidir. Aym zamanda otomobil kullanarak parka
ulagim saglayan kullanicilar i¢in de park otoparki
bulunmaktadir (Sekil 24).

Her Yas Grubundan Insana Uygunluk

Mevlana Celaleddin-i Rumi Parki tiim yas grubundan
kullanicilara vakit harcayabilmeleri i¢in firsatlar sunar ancak
yeterli degildir. Cocuklara oyun parki ve gezinme alanlart
sunarken gengler, orta yaslilar ve yaslilar i¢in, kondisyon alani
gibi aktivite olanaklar1 saglamaktadir (Sekil 25).

Zemin Doseme Elemanlart

Parkta kilitli tas parke ve kauguk gibi farkli déseme
malzemesi kullanilmistir (Sekil 26).

Otopark

Mevléana Celaleddin-i Rumi Parki otomobil ile ulagim
saglayan kullanicilar i¢in otopark imkani bulunmaktadir.
Park alam igerisinde 2 adet otopark yer almaktadir.
Otopark igerisinde zemin kaplamasi olarak asfalt
kullanilmigtir  ve araglarin  park yerleri ¢izgilerle
ayrilmistir. Otopark igerisinde giris-¢ikist belirten herhangi
bir yonlendirici levha bulunmamaktadir (Sekil 27).

Oturma Birimleri

Mevlana Celaleddin-i Rumi Parki oturma birimleri
ahsap malzemeden yapilmistir. Park igerisinde masalar,
oturma birimleri ve kameriyeler bulunmaktadir. (Sekil 28).

Aydinlatma Elemanlart

Aydinlatma elemani kullanim noktas1 gore aktivite ve
dinlenme alanlarina yakin konumu itibariyle dogru
secilmis olsa da park i¢i aydinlatma elemanlar1 yetersiz
kalmaktadir (Sekil 29).

Cop Kutulan

Park igerisinde birkag noktada ¢Op kutusu
bulunmaktadir. Parkin igerisinde bulunan biitiin ¢6p
kutular1 ayni ebatlarda ve benzer renklerdedir (Sekil 30).
Cop kutularmin  birkaginda bakim yoniinden bazi
eksiklikleri bulunmaktadir. Ayn1 zamanda ¢6p kutularinin
yalnizca kiigiik boyutlarda olmasi park agisindan ¢op
kutularini yetersiz hale getirmektedir.
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Sekil 26. Mevlana Celaleddin-i Rumi Parki zemin déseme
elemanlari
Figure 26. Meviana Celaleddin-i Rumi Park floor covering

elements
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Sekil 29. Mevlana Celaleddin-i Rumi Parki aydinlatma elemanlart
Figure 29. Mevlana Celaleddin-i Rung’ Park lighting elements
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Sekil 30. Mevlana Celaleddin-i Rumi Parki ¢op kutulart
Figure 30. Meviana Celaleddin-i Rumi Park trash cans
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Sekil 31. Mevldna Celaleddin-i Rumi Parki heykel Sekil 28. Mevlana Celaleddin-i Rumi Parki oturma birimleri
Figure 31. Mevlana Celaleddin-i Rumi Park sculpture Figure 28. Mevlana Celaleddin-i Rumi Park seating units

Sekil 32. Mevlana Celaleddin-i Rumi Park1
¢ocuk oyun elemanlari e

Figure 32. Mevidna Celaleddin-i Rumi Park $38E
children's playground i

Sekil 35. Schit Mustafa Sahin Parki alan ~ Sekil 33. Mevlana Celaleddin-i Rumi I"a;ki Sekil 34. Mevlana Celaleddin-i Rumi Parki

kullanimlari bitkilendirme giivenlik ve gece kullanimi
Figure 35. Sehit Mustafa Sahin Park land Figure 33. Meviana Celaleddin-i Rumi ParkFigure 34. Mevlana Celaleddin-i Rumi Park
uses planting security and night use
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Bilgi Panolart

Parkin  herhangi  bir
bulunmamaktadir.

Plastik Obje ve Heykeller

Parkin ana caddeye bakan boliimiinde bulunan Atatiirk
Heykeli parkin vurgu noktasini olusturmustur (Sekil 31).
Parka deger katan heykelin korunmasi konusunda herhangi
bir onlem olmadig igin, kullanicilarin olusturdugu
zararlarin  meydana  gelebilecegi  diistiniilmektedir.
Heykelin parka bakan boliimii bitkisel unsur kullanilarak
sinirlandirlmistir ancak yetersiz koruma ve bakimsizlik
mevceuttur.

Cocuk Oyun Elemanlar

Parkta aktivite i¢in ayrilmis iki biiyiikk alandan biri
¢ocuk oyun elemanlarinin bulundugu kisimdir (Sekil 32).

Bitkilendirme

Park icerisinde yesil alan olusturulmasi agisindan tiim
bitki gruplarina yer verilmistir. Tercih edilen bitki tiirlere
ise bolge iklim kosullarina uygundur.

Cogunlukla ibreli tiirlerin hakim oldugu parkta, diger
kent parklarina gore daha dar ¢im alanlar ayrilmistir (Sekil
33). Kullanim alanlarina gore bitkiler fonksiyon ve estetik
ozellikleri géz oniinde bulundurularak konumlandirilmastir.
Bunun yani sira belirli noktalarda agag kokleri yiiziinden sert
zeminlerde bozulmalar meydana gelmistir. Ayn1 zamanda
bitkiler ve yesil alanlar i¢in bakimsizlik mevcuttur.

alaninda  bilgi  panosu

Su ogesi
Parkin  herhangi  bir alaninda su  dgesi
bulunmamaktadir.

Giivenlik ve Gece Kullanimi

Bitkisel materyal ile perdeleme yaparak ve bolgelere
gore aydinlatma planlayarak parkta giivenlik saglanmaya
calisilmistir. Park icerisinde, giris ve ¢ikislarinda giivenlik
amacli herhangi bir personel planlanmamistir. Park
icerisinde  bulunan donati elemanlarinin  bakim
onarmmlarinin  zamamnda yapilmamasi, kullanicilar
acisindan risk teskil etmektedir. Ayrica agaglarin sert hava
durumlarindan etkilenerek formunu kaybetmesi ve kok
biliylimesi sonucu sert zeminlerde olusmus tahribatlar da
kazalara neden olabilmektedir. Park islek bir bolgede
olmasi, g¢evresinin sokaklardan ve kent i¢i yollardan
olugsmasi, mahallede bulunan yapilara yakin konumu
nedeniyle gece de kullanim saglanabilmektedir (Sekil 34).
Park genelde aydinlatma yetersizdir. Ancak personel
eksikligi, toplu tagimanin tiim giin hizmet sunmamasi
parkin gece kullanimi agisindan eksikliklerindendir.

Ozel Gereksinimli Insanlarin Kullanim:

Parkta yaya yollari, donati elemanlari, oyun alanlari,
kondisyon alam1 TS 12576 standartlarina uygun
yapilmamistir. Gorme engelli kullanicilar i¢in kent parkina
giriglerde ve alan i¢i yaya yollarinda kilavuz cizgileri
bulunmamaktadir. Yaya yollar1 genisligi kullanim
alanlarma gore farklilagmaktadir. Bu durum tekerlekli
sandalye kullanicilart i¢in uygun olmamaktadir. Yine
zemin doseme malzemelerinin farklilign da  o6zel
gereksinimli insanlar1 etkilemektedir.

Parkin tamaminda kullamilan kilit tasmnin girintili
cikintili yiizeyleri tekerlekli sandalye ve gorme engelli
kullanicilar agisindan olumsuzdur.

Y1l Boyu Kullanilabilirlik ve Iklime Uygunluk

Park kullanicilar1 agisindan sicak aylarda golge
saglayabilecek yesil Ogelerin ve iist Ortli elemanlarinin
eksik kaldig diistiniilmektedir. Parktaki bitkisel materyal
ve donat1 elemanlar iklime uygun secilmistir.

Sehit Mustafa Sahin Parki

Nigde ili Merkez ilgesi, Nar mahallesinde yer alan
Sehit Mustafa Sahin Parki 7.000 m*lik alana sahiptir. Kent
parki kullanicilar1 igin ¢esitli rekreasyon faaliyetlerini
barindiran bir alandir. Parkin igerisinde ¢ocuk oyun
alanlar1, kondisyon alanlari, spor sahasi gibi rekreasyon
alanlar1 bulunmaktadir (Sekil 35). Parkin alan kullanimi
faaliyetlerin  birbiri ile baglantili olacak sekilde
planlanmamustir. Sehit Mustafa Sahin Parki alan kullanimi
ve biiyikliigii, icerisinde bulundurdugu ¢esitli aktivite
alanlart ile kent parki 6zelligini tamamlayan unsurlar
igerisinde barmndirmaktadir.

Ulagsilabilirlik

Parkin etrafinin yollarla ¢evrili olmasi, toplu tagimanin
parkin hemen yaninda olmasi, parka ulasim rahatlikla
saglanabilmektedir. Bisiklet, yaya vb. olmak {iizere diger
yontemlerle de parka ulasim olduk¢a kolaydir. Park
igerisinde bir ana yol bulunmakta, diger yollar bu yolla
baglantilidir. Ayn1 zamanda otomobil kullanarak parka
ulagim saglayan kullanicilar ig¢in de park otoparki
bulunmaktadir (Sekil 36).

Her yas grubundan insana uygunluk

Sehit Mustafa Sahin Parki tiim yas grubundan
kullanicilara vakit harcayabilmeleri i¢in firsatlar sunar
ancak yeterli degildir. Cocuklar i¢in oyun parki, futbol
sahasi ve gezinme alanlart sunarken gengler, orta yashlar
ve yasllar i¢in, kondisyon alani, dinlenme alan1 gibi pasif
ve aktif aktivite olanaklan saglamaktadir (Sekil 37).

Parkin kentin biraz daha az sirkiilasyon olan bolgesinde
bulunmast ile park genel ihtiyaca uygun olarak
tasarlanmistir. Bu nedenle parkta her yasa uygun aktif
rekreasyon alanlari ¢esit yoniinden yetersiz kalmaktadir.

Zemin Déseme Elemanlart

Parkta kilitli tas parke tasi ve kauguk gibi farkli doseme
malzemesi kullanilmistir (Sekil 38).

Otopark

Sehit Mustafa Sahin Parki igerisinde otopark igin
ayrilmis herhangi bir alan bulunmamaktadir.

Oturma Birimleri

Sehit Mustafa Sahin Parki oturma birimleri ahsap ve
metal malzemeden yapilmistir. Park icerisinde masalar,
oturma birimleri ve kameriyeler bulunmaktadir. (Sekil 39).
Oturma birimleri kullanim alanlarina itibariyle genel
olarak bir bolgede toplanmistir. Kameriyeler ayni ebat ve
malzemeden olusmaktadir. Banklar ise yalnizca oyun
grubunun oldugu alanda bulunmaktadir.

Aydinlatma Elemanlari

Parkta giivenligi saglanmasi ve tiim zamanlarda
kullanim saglanmasi igin tasarlanan mevcut aydinlatma
coklu sekilde iki farkli noktada bulunmaktadir (Sekil 40).
Aydinlatma eleman kullanim noktasina gore aktivite ve
dinlenme alanlarina yakin konumu itibariyle dogru
secilmis olsa da park i¢i aydinlatma elemanlar1 yetersiz
kalmaktadr.

Cop Kutular

Park igerisinde Dbirkag noktada ¢op kutusu
bulunmaktadir. Parkin igerisinde bulunan biitiin ¢6p
kutular1 aynmi ebatlarda ve farkli renklerdedir (Sekil 41).
Cop kutularmin  birkaginda bakim yoniinden bazi
eksiklikleri bulunmaktadir. Ayn1 zamanda ¢6p kutularinin
yalnizca kiiciik boyutlarda olmasi park agisindan ¢op
kutularini yetersiz hale getirmektedir.
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Sekil 36. Sehit Mustafa Sahin Parki i¢i ulagim aglari Sekil 37. Sehit Mustafa Sahin Park: aktivite alanlari
Figure 36. Sehit Mustafa Sahin Park transportation networks Figure 37. Sehit Mustafa Sahin Park activity areas
within the park

Sekil 40. Sehit Mustafa Sahin Parki aydinlatma elemanlart Sekil 39. Sehit Mustafa Sahin Parki oturma birimleri
Figure 40. Sehit Mustafa Sahin Park lighting elements Figure 39. Sehit Mustafa Sahin Park seating units

o5 VN
Sekil 40. Sehit Mustafa Sahin Parki aydinlatma elemanlart Sekil 41. Sehit Mustafa Sahin Parki ¢6p kutulari
Figure 40. Sehit Mustafa Sahin Park lighting elements Figure 41. Martyr Mustafa Sahin Park trash cans

ST e

Sekil 42. Sehit Mustafa Sahin Parki ¢ocuk oyun elemanlart Sekil 43. Sehit Mustafa Sahin Parki bitkilendirme
Figure 42. Sehit Mustafa Sahin Park children's playground Figure 43. Sehit Mustafa Sahin Park planting
elements

Sekil 44. Sehit Mustafa Sahin Parki giivenlik ve gece kullanim1 Sekil 45. Eyiip Sultan Park: alan kullanimlart
Figure 44. Sehit Mustafa Sahin park security and night use Figure 45. Eytip Sultan Park land uses
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Bilgi Panolart

Parkin  herhangi  bir
bulunmamaktadir.

Plastik Obje ve Heykeller

Parkin herhangi bir alaninda plastik obje ve heykel
bulunmamaktadir.

Cocuk Oyun Elemanlar

Parkta aktivite i¢in ayrilmis ii¢ biiyiik alandan biri
¢ocuk oyun elemanlarinin bulundugu kisimdir (Sekil 42).
Parkta ¢ocuklar i¢in en ¢ok tercih edilen oyun gruplarina
yonelik ekipmanlar bulunmaktadir. Ayn1 zamanda ¢ocuk
oyun alanimin smirlayicr eleman yardimiyla diger
alanlardan ayrilmamis olmasi giivenlik agisindan risk
teskil etmektedir.

Bitkilendirme

Park icerisinde yesil alan olusturulmasi agisindan tiim
bitki gruplarina yer verilmistir. Tercih edilen bitki tiirlere
ise bolge iklim kosullarina uygundur. Cogunlukla ibreli
tiirlerin hakim oldugu parkta, diger kent parklarina gore
daha dar ¢im alanlar ayrilmistir ve bitki sayis1 daha azdir
(Sekil 43). Kullanim alanlarina gore bitkiler fonksiyon ve
estetik  Ozellikleri g6z  oOniinde  bulundurularak
konumlandirtlmistir. Buna karsilik yesil alan icin ayrilmis
alanlarda bitki kullanimi yetersiz kalmaktadir. Ayni
zamanda bitkiler ve yesil alanlar i¢in bakimsizlik
mevcuttur.

alaninda  bilgi panosu

Su ogesi
Parkin  herhangi  bir alaninda su  Ogesi
bulunmamaktadir.

Giivenlik ve Gece Kullanimi

Bitkisel materyal ile perdeleme yaparak ve bolgelere
gore aydinlatma planlayarak parkta giivenlik saglanmaya
calisilmistir. Park icerisinde, giris ve ¢ikislarinda giivenlik
amagh herhangi bir personel planlanmamistir. Park
igerisinde  bulunan  donati  elemanlarmin  bakim
onarimlarinin  zamaminda  yapilmamasi, kullanicilar
acisindan risk teskil etmektedir. Park islek bir bolgede
olmasi, g¢evresinin sokaklardan ve kent i¢i yollardan
olugsmasi, mahallede bulunan yapilara yakin konumu
nedeniyle gece de kullanim saglanabilmektedir (Sekil 44).

Park genelde aydinlatma yetersizdir. Ancak personel
eksikligi, toplu tasimanin tiim giin hizmet sunmamasi
parkin gece kullanimi agisindan eksikliklerindendir.

Ozel Gereksinimli Insanlarin Kullanim

Parkta yaya yollari, donati elemanlari, oyun alanlari,
kondisyon alam1 TS 12576 standartlarina uygun
yapilmamustir. Gorme engelli kullanicilar igin kent parkina
giriglerde ve alan i¢i yaya yollarinda kilavuz c¢izgileri
bulunmamaktadir. Yaya yollar1 genisligi kullanim
alanlarma gore farklilasmaktadir. Bu durum tekerlekli
sandalye kullanicilart i¢in uygun olmamaktadir. Yine
zemin doseme malzemelerinin farklilign da o6zel
gereksinimli insanlan etkilemektedir. Parkin tamaminda
kullanilan kilit taginin girintili ¢ikintili ylizeyleri tekerlekli
sandalye ve gorme engelli kullanicilar agisindan
olumsuzdur.

Y1l Boyu Kullanilabilirlik ve Iklime Uygunluk

Park kullanicilar1 agisindan sicak aylarda golge
saglayabilecek yesil Ogelerin ve iist Ortli elemanlarinin
eksik kaldig: diisiiniilmektedir. Parktaki bitkisel materyal
ve donat1 elemanlar iklime uygun secilmistir.

Eyiip Sultan Park

Nigde ili Merkez Ilgesi, Dere mahallesinde yer alan
Eyiip Sultan Parki 6. 777 m?lik alana sahiptir. Kent parki
kullanicilar i¢in ¢esitli rekreasyon faaliyetlerini barindiran
bir alandir. Parkin igerisinde ¢ocuk oyun alanlari,
kondisyon alanlari, spor sahasi gibi rekreasyon alanlari
bulunmaktadir (Sekil 45). Parkin alan kullamim
faaliyetlerin  birbiri ile baglantili olacak sekilde
planlanmamustir. Sehit Mustafa Sahin Parki alan kullanimi
ve biiylikligi, igerisinde bulundurdugu cesitli aktivite
alanlar1 ile kent parki 6zelligini tamamlayan unsurlar
igerisinde barindirmaktadir.

Ulagsilabilirlik

Parkin etrafinin yollarla ¢evrili olmasi, toplu tagimanin
parkin hemen yaninda olmasi, parka ulasim rahatlikla
saglanabilmektedir. Bisiklet, yaya vb. olmak iizere diger
yontemlerle de parka ulasim olduk¢a kolaydir. Park
igerisinde bir ana yol bulunmakta, diger yollar bu yolla
baglantilidir. Ayn1 zamanda otomobil kullanarak parka
ulasim saglayan kullanicilar i¢in de park otoparki
bulunmaktadir (Sekil 46).

Her yag grubundan insana uygunluk

Eyiip Sultan Parki tiim yas grubundan kullanicilara
vakit harcayabilmeleri i¢in firsatlar sunar ancak yeterli
degildir. Cocuklar i¢in oyun parki, futbol sahasi ve
gezinme alanlar1 sunarken gengler, orta yaslilar ve yaslilar
icin, kondisyon alani, dinlenme alan gibi pasif ve aktif
aktivite olanaklar saglamaktadir (Sekil 47). Parkin kentin
biraz daha az sirkiilasyon olan bolgesinde bulunmasi ile
park genel ihtiyaca uygun olarak tasarlanmigtir. Bu
nedenle parkta her yasa uygun aktif rekreasyon alanlari
¢esit yoniinden yetersiz kalmaktadir.

Zemin Déseme Elemanlart

Parkta kilitli tag parke tasi ve kaucguk gibi farkli doseme
malzemesi kullanilmigtir (Sekil 48).

Otopark

Eyiip Sultan Parki icerisinde otopark icin ayrilmig
herhangi bir alan bulunmamaktadr.

Oturma Birimleri

Sehit Mustafa Sahin Parki oturma birimleri ahsap
malzemeden yapilmistir. Park igerisinde banklar ve
kameriyeler bulunmaktadir. (Sekil 49). Oturma birimleri
kullanim alanlarina itibariyle genel olarak bir bolgede
toplanmistir. Kameriye sayist park icin yetersiz
kalmaktadir. Banklar ise yalnizca aktivite alanlarina yakin
alanlarda bulunmaktadir.

Aydinlatma Elemanlart

Parkta giivenligi saglanmasi ve tiim zamanlarda
kullanim saglanmasi i¢in tasarlanan mevcut aydinlatma
¢oklu sekilde iki farkli noktada bulunmaktadir. (Sekil 50).
Aydinlatma eleman kullanim noktasina gore aktivite ve
dinlenme alanlarina yakin konumu itibariyle dogru
secilmis olsa da park i¢i aydinlatma elemanlar: yetersiz
kalmaktadir.

Cop Kutular

Park igerisinde Dbirkag noktada ¢O6p kutusu
bulunmaktadir. Parkin igerisinde bulunan biitiin ¢6p
kutular1 ayn1 ebatlarda ve benzer renklerdedir (Sekil 51).
Cop kutulariin  birkaginda bakim yoniinden bazi
eksiklikleri bulunmaktadir. Ayni zamanda ¢p kutularinin
yalnizca kiiclik boyutlarda olmas: park agisindan ¢op
kutularini yetersiz hale getirmektedir.
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Sekil 46. Eyiip Sultan Park i¢i ula$1 aglari R
Figure 46. Eyiip Sultan Park transportation networks

Figure 50. Eyiip Sultan Park lighting elements

Bilgi Panolar

Parkin  herhangi  bir
bulunmamaktadir.

Plastik Obje ve Heykeller

Parkin herhangi bir alaninda plastik obje ve heykel
bulunmamaktadir.

Cocuk Oyun Elemanlar

Parkta aktivite i¢in ayrilmig iki biiyiikk alandan biri
¢ocuk oyun elemanlarinin bulundugu kisimdir Cocuk oyun
elemanlarinin bulundugu alanda ayni zamanda kondisyon
ekipmanlari1 da bulunmaktadir (Sekil 52). Parkta ¢ocuklar
igin en ¢ok tercih edilen oyun gruplarima yonelik
ekipmanlar bulunmaktadir. Buna ek olarak cocuklarin
dikkatini ¢ekmek adina oyun grubu farkli tasarimda
kullanilmistir ve diger kent parki orneklerine gore
igerisinde birkag adet farkli oyun ekipmani bulunmaktadir.
Ayni zamanda ¢ocuk oyun alanimin sinirlayici eleman
yardimiyla diger alanlardan ayrilmamis olmasi, kondisyon
alant ile birlikte tasarlanmis olmasi oyun alaninin giivenligi
agisindan risk teskil etmektedir.

Bitkilendirme

Park icerisinde yesil alan olusturulmasi agisindan tiim
bitki gruplarina yer verilmistir. Tercih edilen bitki tiirlere
ise bolge iklim kosullarina uygundur. Cogunlukla ibreli
tiirlerin hakim oldugu parkta, aynm1 zamanda genis ¢im
alanlar bulunmaktadir (Sekil 53). Kullanim alanlarina gore
bitkiler fonksiyon ve estetik Ozellikleri g6z Oniinde
bulundurularak  konumlandirilmistir.  Aym1  zamanda
bitkiler ve yesil alanlar i¢in bakimsizlik mevcuttur. Bitkisel
materyal kullanilarak yapilan NIGDE yazis1 ise parkin
odak noktasini olusturmaktadir. Bu sayede parki diger kent

alaninda  bilgi panosu

: S
Sekil 50. Eytip Sultan Parki aydmlatma elemanlar1 ~ $ekil 51. Eyiip Sultan
Figure 51. Eyiip Sultan Park trash cans

Sekil 47. Eyiip Sultan Parki aktivite alanlart
Figure 47. Eyiip Sultan Park activity areas

« ol

et

Skil 49. Eyiip Sultan Parki oturma birimleri
Figure 49. Eyiip Sultan Park seating units

By

Sekil 52. Eyiip Sultan Parki ¢ocuk oyun elemanlari
Figure 52. Eyiip Sultan Parfa children's playground elements

23 Y 2
Parki ¢6p kutulart

parklarindan ayiran en 6nemli &zelligi bitkisel tasarim
yoniinden olmaktadir.

Su ogesi

Parkin  herhangi  bir
bulunmamaktadir.

Giivenlik ve Gece Kullanmimi

Bitkisel materyal ile perdeleme yaparak ve bolgelere
gore aydinlatma planlayarak parkta giivenlik saglanmaya
calisilmistir. Park igerisinde, giris ve ¢ikislarinda giivenlik
amagli herhangi bir personel planlanmamistir. Park
igerisinde  bulunan  donatt  elemanlarmin  bakim
onarimlarinin  zamaninda  yapilmamasi, kullanicilar
acisindan risk teskil etmektedir. Park islek bir bolgede
olmasi, g¢evresinin sokaklardan ve kent i¢i yollardan
olusmasi, mahallede bulunan yapilara yakin konumu
nedeniyle gece de kullanim saglanabilmektedir (Sekil 54).
Park genelde aydinlatma yetersizdir. Ancak personel
eksikligi, toplu tagimanin tiim giin hizmet sunmamasi
parkm gece kullanimi agisindan eksikliklerindendir.

Ozel Gereksinimli Insanlarin Kullanim

Parkta yaya yollari, donati elemanlari, oyun alanlar,
kondisyon alam TS 12576 standartlarma uygun
yapilmamustir. Gorme engelli kullanicilar i¢in kent parkina
giriglerde ve alan i¢i yaya yollarinda kilavuz cizgileri
bulunmamaktadir. Yaya yollart genisligi kullamm alanlarina
gore farklilasmaktadir. Bu durum tekerlekli sandalye
kullanicilart i¢in uygun olmamaktadir. Yine zemin doseme
malzemelerinin farklihgi da 6zel gereksinimli insanlar
etkilemektedir. Parkin tamaminda kullamlan kilit tasinin
girintili gikintih yiizeyleri tekerlekli sandalye ve gorme engelli
kullanicilar agisindan olumsuzdur.

alaninda  su  dgesi
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endirme
Figure 53. Eyiip Sultan Park planting

Sekil 54. Eyiip Sultan Parki giivenlik ve gece kullanimi
Figure 54. Eyiip Sultan Park security and night use

Y1l Boyu Kullanilabilirlik ve Iklime Uygunluk

Park kullanicilar1 agisindan sicak aylarda gdlge
saglayabilecek yesil 6gelerin ve iist Ortii elemanlarinin
eksik kaldig diistiniilmektedir. Parktaki bitkisel materyal
ve donat1 elemanlar iklime uygun secilmistir

Sonuc¢

Bu calisma kapsaminda, Nigde ili, Merkez ilgesinde
bulunan bes adet parkin, belirlenen peyzaj tasarim kriterlerine
uygunluklart incelenmistir. Parklarin, belirlenen peyzaj
tasarim kriterlerine uygunluklarim1 Cizelge 1°de verilmistir.
Peyzaj tasarim kriterlerine gore incelenen parklarda, alan
kullanmm ve bilyiikliigii agisindan parklar birbirine benzese de
Kizilelma Park: alan kullanimm ve biiyiikliigii agisindan diger
degerlendirilen parklardan ayrilmaktadir. Ahmet Ceylan
Parki, Mevlana Celaleddin-i Rumi Parki, Sehit Mustafa Sahin
Parki ve Eyilip Sultan Parki alan kullanimi ve biiyiikligi
acisindan benzerlik gosterdiginden dolay:r parklarda alan
kullanim1 agisindan ¢ok fazla gesitlilik bulunmamaktadir.
Alan kullamm gesitliligi az olmasi, kullanici meraki ve ilgisini
azaltarak tercih edilme oranim da diisiirmektedir. Incelenen
parklarda sadece gocuk oyun elemanlari, dinlenme alanlar1 ve
kondisyon alanlar1 oldugu belirlenmistir. Mevcut durumda

Ahmet Ceylan Parki, Mevlana Celaleddin-i Rumi Parki, Sehit
Mustafa Sahin Parki ve Eytip Sultan Parki’da herhangi bir su
oOgesine rastlanilmazken Kizilelma Parki i¢erisinde bulunan su
ogelerinde ise herhangi bir faaliyet yapilmamaktadir. Parklara
kazandirilacak farkli faaliyetlerle her yas grubuna hitap
edebilme 6zelligi, dikkat ve ilgi ¢ekici 6zelligi parki daha fazla
kullanicinin  tercih  etmesine katki saglayabilir. Zemin
oyunlari, satrang alanlari, kum havuzlari, labirent alanlari,
sergi ve gosteri alanlari, miize, sanat atolyeleri, genglik ve
kiiltiir merkezleri, paten ve kaykay pistleri gibi c¢esitli
faaliyetler kullanici tercihini arttirabilir. Bunun yam sira kent
parklarindaki alan kullammmlarmm ve faaliyetlerin 6zel
gereksinimli insanlarin diisliniilerek yapilmasi kente, kent
parkina katki saglarken tiim kullanicilara hitap etmesini
saglayacaktir. Incelenen parklardaki oyun elemanlarmin,
kondisyon alanlarinin, spor sahalarinin, zemin ddseme
elemanlarim, yaya ve yiiriiylis yollarinin, otoparklarin vb.
tlim alanlarin tasarmmnin 6zel gereksinimli insanlara uygun
hale getirilmesi park kullanim tercihini arttirabilir. Kent
parklarmm ulagilabilir olmasi da tercih edilme sebepleri
arasindadir. Incelenen parklar ulagilabilirlik acisindan;
parklarmm konumu, ¢evresi ile iligkileri, toplu tagima
araglariyla ulasimm desteklenmesi ve yaya yiiriyls
mesafesinde olmastyla birlikte kullamicr tercihini olumlu
yonde etkiledigi soylenebilir. Ulasilabilirligin yan1 sira
giivenlik ve gece kullanimi da kullanici tercihlerini dogrudan
etkilemektedir. Parkalarin geneline bakildiginda giivenlik igin
ekipman ve personele rastlanilmamasi, gece kullanimda
aydmlatmalarin yetersiz olmasi nedeniyle kullanicilar i¢in
tercih edilme oranimi diisiirmektedir. Parklarda bulunan
giivenlik sorunun ¢oziimii, ¢esitli goriintii ve ses sistemleri
gibi ekipmanlarla, giivenlik nokta ve kuliibeleri ile parkta
devamhi bulunacak personelle olabilir. Parkta bulunan
aydinlatma sayisimn arttirilarak ve kullanim alanlarina uygun
cesitli aydinlatmalar segilerek gece kullanimma uygun hale
getirilebilir.

Donati elemanlarinin birbiri ve ¢evre ile uyumu, kent
iklimine uygun ve yil boyu kullanilabilir olmasi, kent
estetigine  katki  saglarken,  kullanici  tercihini
etkilemektedir. Donat1 elemanlarinda tercih edilen yap1
malzemelerinin kent iklimine uygun olarak tercih edilmesi,
parklarda bulunan dinlenme alanlarinda, {ist Ortil
elemanlarinin ve banklarin sayisinin arttirilmasi, atik ve
¢op kutularimin  sayisimn  arttirilmasiyla  cevrede
olusabilecek Kkirliligin Onlenmesi, bilgi ve panolarin
arttirtlarak park ve gevresi hakkinda kullanicinin bilgisinin
arttirilmasi, plastik obje ve heykellerle parka gelen tiim
kullanicilarin  ilgi  ve dikkatini g¢ekmesi, parkin
kullanimindaki devamlilig: arttirabilir. Kent parklarindaki
bitkisel tasarim parka estetik ve islevsellik anlaminda katk1
saglamakta, kullanici tarafindan parka duyulan ilgi ve
meraki arttirmaktadir.

Bununla birlikte degerlendirilen bes kent parki i¢inde
bitkisel tasarimda estetik, fonksiyon ve islevsellik
yoniinden eksiklik gozlemlenmistir. Parklarda bulunan
bitkisel materyallerin ¢esitli olmamasi, gerekli bakimin
zamaninda ve yeterince yapilmamasi parklarin kullanim
tercihini dogrudan olumsuz etkilemektedir. Parklarda
olusturulacak bitkisel tasarimlarin kent iklimine uygun,
estetik degeri ve islevselligi yiiksek tiirlerin tercihiyle
yapilmasi parki monotonluktan uzak tutarak kullanici
ilgisini gekebilir.

2885



Soydan / Turkish Journal of Agriculture - Food Science and Technology, 12(s4): 2872-2887, 2024

Cizelge 1. Parklarin degerlendirme tablosu
Table 1. Evaluation table of parks

Tasarim Kriterleri
Park 4 6 7 9 12
1 2 3 A~ B 5 C D E F 8 G § 10 11 1 13 14 15
1 + + + O+ - +  + - + - - + - + + - - -
2 + -+ - +  + - + - - - + + - - - -
3 + - 4+ o+ - + - - - + + + - - - -
4 + -+ - + - + - - - + - - - - -
5 + - 4+ - - - + - - - + + -
1 Kizilelma Park1 1 Ulasilabilirlik 9 Plastik Obje
2 Ahmet Ceylan Parki 2 Her yas grubundan insana uygunluk 10 Cocuk O.A
3 Mevlana Celaleddin-i Rumi 3 Zemin Dogeme 11Bitkilendirme
4 Sehit Mustafa Sahin 4 Otopark 12 Su Ogesi
5 Eyiip Sultan Parki 5 Oturma Birimleri 13 Giivenlik
6 Aydinlatma 14 Engellilere Uygunluk
7 Cop Kutulart 15 Yil Boyu Kullamlabilirlik
8 Bilgi Pano iklime Uygunluk
A Var C Var E Var G Var I Var
B Yonlendirme D Bakim F Bakim H Bakim I Bakim
Bakim, Onarim Onarim Onarim Onarim Onarim

Tasarimda kullanilacak bitkilerin bakiminin teknik
eleman ve bilgiyle, zamaninda ve devamli olarak yapilmasi
park kalitesini arttirabilir. Parktaki alan kullanimlarina
uygun bitki tiirli se¢cimi ve hatta bitkisel materyalin de
icinde bulundugu faaliyet alanlar1 park kullanim tercihini
arttirabilir. Golgeleme elemanlarinin bitkisel
materyallerden tercih edilmesi, kent monotonlugundan
sikilan insani kent parkina olan merakini arttirabilir. Yine
sarilict ve tirmanict bitki tiirlerinin kent parklarindaki
donati elemanlari ile birlikte tasarlanmasi dikkat ve ilgiyi
arttirabilir.

Beyan

Bu ¢alisma 7. Uluslararast Anadolu Tarim, Gida, Cevre
ve Biyoloji Kongresi'nde (Kastamonu, TARGID 2024)
sunulmustur.
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Milk is an essential part of daily nutrition, and high-quality, safe production is crucial for healthy
milk consumption. For a quality and safe production, the health and genotypic characteristics of
animals directly affect production. In milk production, health and genotypic characteristics of
animals directly affect production. A quality production is possible under the right animal feeding
programme and hygienic conditions. However, in order to implement a correct feeding programme,
it is necessary to know how the health status of cows and feeding affect milk content. This study aims
to determine udder health and milk composition of animals in the Altintas district of Kiitahya and the
Banaz district of Usak. Milk samples were collected from 77 cows in 3 villages in Altintag and from
49 cows in 2 villages in Banaz. The milk composition was compared based on fat (%), dry matter
(%), density (%), protein (%), lactose (%), salt (%), freezing point (°C), and conductivity (ms/cm),
and mastitis prevalence was assessed with the Californian Mastitis Test (CMT). Findings showed that
most farms had no cases of mastitis, while cows with signs of mastitis were generally from the same
farm. It was determined that among the districts, the cows in Altintag had lower fat content (3.51 %),
but higher dry matter (9.26 %) and protein content (3.33 %). In Banaz, the lactose levels (4.78 %) in
milk were lower, density (28.08 %) was lower, and conductivity (4.95 ms/cm) was higher. Among
the villages, the highest milk quality values were found in the cows raised in Cayirbasi village. It was
observed that this was a result of the high level of awareness of the producers, contracted production
and attention to hygiene conditions.
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Banaz (Usak) ve Altintas (Kiitahya) Tlcelerindeki Inek Siitlerinin Kalite
Ozellikleri ve Meme Saghgi Yoniinden Arastirilmasi
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Gida Kodeksi.

Siit insanlarin giinliik beslenmesinde vazgegilmez bir besin konumundadir, &zellikle saglikli siit
tilketimi i¢in kaliteli ve giivenli iiretim vazgegilmez bir unsurdur. Siit tiretiminde hayvanlarin saglik
ve genotipik Ozellikleri tiretimi dogrudan etkilemektedir. Kaliteli bir {iretim dogru hayvan bakim
programi ve hijyenik kosullara uyulmasiyla miimkiin olabilmektedir. Bu kapsamda caligmada
Kiitahya'nin Altintag ve Usak’in Banaz ilgelerindeki hayvanlarin meme sagligimin ve siit bilesiminin
belirlenmesi amaglanmistir. Altintag’ta 3 kdydeki 77 inekten, Banaz’da 2 koydeki 49 inekten siit
ornekleri toplanmustir. Siitiin bilesimi yag (%), kurumadde (%), yogunluk (%), protein (%), laktoz
(%), tuz (%), donma noktas1 (°C), iletkenlik (ms/cm) yoniinden karsilastirilmis ve mastitis prevalansi
Californian Mastitis Testi (CMT) ile arastirilmistir. Elde edilen verilere gore isletmelerin biiyiik bir
¢ogunlugunda mastitis varligina rastlanmazken, mastitis belirtileri goriilen ineklerin genellikle aym
isletmede yetistirilen inekler oldugu belirlenmistir. Ilceler arasinda Altintas ilgesindeki ineklerin yag
oram daha diisiik (%3,51), kuru madde orani (%9,26) ve protein oraninin da daha yiiksek (%3,33)
oldugu belirlenmistir. Banaz il¢esinde de siitlerde laktoz oranlar1 (%4,78) daha diisiik, yogunluk (%
28,08) daha diistik, iletkenliginin de daha yiiksek (4,95 ms/cm) oldugu tespit edilmistir. Kdyler
arasinda siit kalitesi yoniinden en yiiksek degerlere Cayirbasi kdyiinde yetistirilen inekler oldugu
belirlenmistir. Bunda iireticilerin biling diizeyinin yiiksek olmasinin, sézlesmeli iiretim yapilmasinin
ve hijyen kosullarina dikkat edilmesinin sonucunda oldugu diisiiniilmektedir.
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Giris

Insan gidas1 olarak tiiketilen siitler inek, manda, koyun,
kegi gibi ruminant hayvanlardan elde edilen siitlerdir (Mert
ve ark., 2016). insan yasaminin her evresinde gerekli olan
stit, C vitamini ve demir diginda sahip oldugu makro ve
mikro besin dgeleri sayesinde beden saglig i¢in iyi bir
koruyucudur. Siit ve siit lirlinlerine 6zellikle kalsiyum ve
fosfor basta olmak iizere bazi dGnemli mineraller, protein ve
riboflavin gibi baz1 B grubu vitaminler mevcuttur (Unal ve
Besler, 2008).

Siitlin ~ bilesimi  hayvan tiirlerine gore farklilik
gosterebilmektedir. Siitiin bilesimi ile ilgili en énemli ana
parametreler; asitlik, yogunluk, kuru madde, yag, toplam
protein, kazein, serum proteini, laktoz ve mineral madde
icerigidir (USK, 2020). Insanlar siit ve siit {iriinleri icerisinde
inek siitiinden elde edilen {irtinleri daha ¢ok tiiketmeyi tercih
etmektedir. Nitekim 2023 yilinda diretilen siit ve siit
firiinlerinin yaklagik %90°1 inek siitiinden yapilmustir. Inek
stitliniin kuru madde igerigi ortalama olarak %12,6 olup,
bunun %3,4’1 protein, %3,7’si yag, %4,7’1 laktoz ve %0,7’1
mineral maddeden olustugu belirtilmistir (USK, 2024).

Insan gidasi olarak tiiketilen siit igme siitii olarak
bilinmektedir. Cig siit inek, koyun, ke¢i veya mandanin
sagilmasiyla elde edilen, 40 °C’nin {izerinde 1sitilmamis
veya esdeger etkiye sahip herhangi islem gormemis
kolostrum disindaki meme bezi salgist olarak adlandirilir
(Mert ve ark., 2016; TGK, 2011; TGK 2021). Icme siitiiniin
kalitesini belirleyen en temel unsur ¢ig siitiin kalitesidir.
Cig siit, toplam mikrobiyolojik yiikiiniin ve somatik hiicre
sayisinin (SHS) fazla olmasi nedeniyle dogrudan tiiketimi
¢ok riskli bir tirlindiir. Cig siitiin dogrudan tiiketimi Cig
Siitiin Arz1 Tebligi’ne gore sadece saglik sertifikasina
sahip, Brusellozis ve Tuberkulozis’ten ari siit Ureten
hayvancilik isletmeleri tarafindan gergeklestirilecegi
belirtilmektedir. Cig inek siitii i¢in toplam bakteri sayisinin
her ml’de <100.000’in altinda, somatik hiicre sayist (SHS)
ise her ml’de <400.000’in altinda olmasi gerekir (TGK
2020). Diger haller i¢in tiiketime sunulacak siitiin
pastdrizasyon, ultra yiiksek 1s1 (UHT) veya sterilizasyon
islemlerinden biriyle 1s1l iglem gorerek tiiketiciye sunulan
igme siitii haline getirilmesi gerekir (TGK, 2011).

Siit kalitesini belirleyen baslica faktorler arasinda
mevsim, laktasyon evresi, meme sagligi, tiretim diizeyi,
kullanilan ekipmanlar ve hayvanin yas1 6ne ¢ikmaktadir
(Ozek, 2015). Bunlar igerisinde meme saghg iiretilen
siitlin kalitesinin degerlendirilmesinde kullanilan bir dlgiit
olmakla birlikte, siit fiyatinin belirlenmesinde ve iireticiye
prim saglanmasinda da etkili bir faktdrdiir (Mundan ve
ark., 2015). Ozellikle siit kompozisyonu iizerindeki etkileri
acisindan en fazla incelenen hastalik, meme sagligim
olumsuz etkileyen mastitis olup, bu hastaligin siit yagin
genellikle azalttigi ve yag kompozisyonunu degistirdigi
bildirilmektedir (Ozek, 2015). Mastitisin en dnemli etkeni
mikroorganizmalar olup kimyasal, termal veya mekanik
hasara karsi meme bezinin gosterdigi yangisal reaksiyon
olarak tanimlanir (Celik, 2020). Mastitislerin olusumunda
birgok mikroorganizma rol oynasa da hastaligin genellikle
Staphylococcus ve Streptococcus gibi gram pozitif
bakterilerin sebep oldugu belirtilmektedir (Giirtiirk ve ark.,
1998). Mastitis tiirleri, etiyolojik ajanlara ve klinik
belirtilere gore siniflandirilmaktadir. Klinik mastitis,
belirgin fiziksel semptomlarla karakterize edilirken,

subklinik mastitis belirti gostermemekle birlikte siit
veriminde azalma ve somatik hiicre sayisinda artis ile tespit
edilir (Bradley, 2002).

Siitte bulunan 16kositler ve meme epitel hiicrelerinin genel
adi olan somatik hiicreler, meme sagliginin ortaya
konmasinda ve subklinik mastitislerin tanisinda bir kriter
olarak kullanilabilmektedir (Kasikgt ve ark., 2012). Siit
somatik hiicrelerindeki artis inegin savunma mekanizmasinin
ilk tepkisini gostermekte ve siitte yiiksek sayida somatik hiicre
memenin mikroorganizmalar tarafindan enfeksiyona maruz
kaldigimin bir isareti olarak kabul edilmektedir. Normal bir
siitte SHS genellikle ml’de <200.000’in altinda oldugu
bildirilmektedir. Hatta iyi siirii yonetimi olan isletmelerde
SHS, <100.000 adet/ml’in altinda oldugu bildirilmektedir.
SHS’'nin  ml’de 250.000-300.000’in {izerinde olmasi
genellikle siitlin anormal oldugunun ve memenin bir
enfeksiyona (mastitis) maruz kalarak siit veriminde ve
kalitesinde diismeye sebep oldugunun gostergesi olmaktadir
(Aytekin ve Boztepe, 2014).

Siitte SHS’nin tespitinde indirekt yontem olarak
California Mastitis Testi (CMT), Katalaz Testi, White Side
Test (WST), Wisconsin Mastitis Test (WMT) gibi
yontemler kullanilmaktadir (Aytekin ve Boztepe, 2014).
CMT, siitte mevcut somatik hiicre sayisinin ve inegin her
meme ¢eyreginde subklinik mastitis diizeyini indirekt
olarak belirlenmesinde kullanilan hizli tarama testlerinden
birisidir. Indirgen bir kimyasal kullanilarak siitiin jellesme
durumuna goére puanlanan bir testtir. Jellesmesi orani
arttikga mastitisin - siddeti de dogru orantili olarak
artmaktadir. Hastaligin siddeti gorsel kartlar kullanilarak
derecelendirilir. Buna goére negatif; siipheli; CMT (+)
olanlarda 300.000-500.000; CMT (++) olanlarda 500.000 -
1.000.000; CMT (+++) olanlarda ise 1.000.000’dan daha
fazla SHS bulundugu seklinde derecelendirme yapilir.
Fakat SHS’nin ml’de 250.000-300.000’in tizerinde olmasi,
siitiin anormal oldugunun, memenin bir enfeksiyona
(mastitis) maruz kaldigmnin siit veriminde ve kalitesinde
diismeye sebep oldugunun gostergesi  olmaktadir
(Ayvazoglu Demir ve ark., 2019).

Siit sigirlarinin yast da SHS ve siit kalitesini dogrudan
etkilemektedir. Aytekin ve Boztepe (2014) tarafindan
yapilan ¢aligmada hayvanin laktasyon sayisi arttikca siitte
bulunan somatik hiicre sayisinda artis oldugu bildirilmistir
(Aytekin ve Boztepe, 2014; Cinar ve ark., 2015). Bir
laktasyon donemi igerisinde ilk kez dogum yapan ineklerde
birden fazla dogum yapanlara gore laktasyonun erken
doneminde SHS daha yiiksek olurken laktasyonun geg
doneminde daha az SHS’na sahip olmaktadir (Coulon ve
ark., 1996). Yine hayvanlarin yasinin ilerlemesiyle bir¢ok
hastalikta oldugu gibi subklinik mastitisin de belirgin
olarak arttig1 belirtilmektedir (Rahman ve ark., 2009). Siit
sigirt yetistiriciliginde hayvanin yagi arttikga siit yag icerigi
nispeten sabit kalirken, protein icerigi giderek diisiis
gostermektedir. Siitiin protein igerigi, besinci laktasyonda
%10-15 civarinda diisiis gosterebilmektedir (Ozek, 2015).

Enfeksiyona bagl olarak SHS’ndaki artis siit proteini,
yag ve laktoz konsantrasyonlarinda azalmaya neden
olurken, serum proteinleri ve siitteki enzim aktivitelerinde
artig goriilebilmektedir (Kaya ve ark., 2019). Ayrica,
yiiksek SHS’na sahip siitlerde siitiin pH's1 yiikselir ve
toplam mineral icerigi degisiklik gosterebilir. Bu durum,
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sttiin islenebilirligini ve raf omriinii olumsuz etkiledigi
bildirilmektedir. Ozellikle laktoz seviyesindeki diisiis,
laktik asit bakterilerinin metabolizmasim simirlayarak
fermantasyon driinlerinin  kalitesini de  olumsuz
etkileyebilmektedir (Smith ve Hall, 2020).

Tirkiye’de sanayi, turizm, tarim ve hayvancilik
yatirimlarimin daha hizli ve verimli gergeklestirebilmesi
i¢in ekonomik havza modeli gelistirilmis ve sehirler belli
ekonomik bolgeler altinda gruplandirilmistir. Bu
bolgelerden birisi de igerisinde Usak, Kiitahya,
Afyonkarahisar ve Manisa’nin bulundugu TR33 ekonomik
bolgesidir. Bu bolgedeki illerde 2019 yili verilerine gore
Usak’ta 63.300 siit sigirindan (yerli, melez, kiiltiir 1rki)
235.000 ton siit liretimi gerceklesmistir. Kiitahya’da ise
74.300 siit sigindan  254.000 ton siit  {retimi
gergeklegmistir. Verim bakimindan Tirkiye ortalamasi
3,16 ton/bas iken Usak’ta 3,91, Kiitahya’da ise 3,42
ton/bas’tir (USK, 2020).

Arastirma Usak’in Banaz ve Kiitahya’nin Altintag
ilgelerinde yapilmistir. Banaz, 12.000 siit sigir1 ve 45.000
ton siit iiretimi ile ilgeler igerisinde 3. sirada; Altintas ise
6.000 siit s1girt ve 23.000 ton siit tiretimi ile il¢eler arasinda
5. siradadir (USK, 2020). Bu ilgelerin segilmesinde her iki
ilgede de kiiciik aile igsletmelerinin ¢gogunlukta olmasi, siit
veriminin il ortalamasinin altinda kalmasi ve kalite
parametreleri agisindan herhangi bir ¢alisma yapilmamis
olmasidir.

Calismada Altintag ve Banaz’daki siit sigir
yetistiriciligi yapan kiiglik aile isletmelerdeki siitiin
bilesimi ve kalitesinin belirlenmesi, meme saglig
prevalansi ve meme saghiginin siit kalitesine etkisi, elde
edilen veriler ile dreticilerin bilin¢lendirilmesi ve
yapilacak bagka c¢alismalar igin literatiire yeni bilgiler
kazandirilmasi hedeflenmistir.

Materyal ve Yontem

Aragtirma Banaz ve Altintas ilgelerinde siit sigiri
yetistiriciligi yapan kiiciik aile isletmelerinde yapilmistir.
Aragtirma orneklemini her iki ilgeden rastgele segilen 5
koydeki 18 kiigiik aile isletmesi ile 126 siit sigirindan
olugturmustur. Kiitahya’nin Altintas ilgesi Merkez,
Murathanlar ve Cayirbast koylerinden 77 inek; Usak’in
Banaz ilgesi Kizilcasogiit ve Derbent koylerinden toplam
49 inekten siit numuneleri alinmustir. Isletmelerde benzer
besleme yontemleri uygulanmistir. Numuneler 3. ve 4.
laktasyonunda ve laktasyonun ortasinda olan ineklerden
alinmustir.

Meme Saghginmin Arastirilmasi

Ineklerde subklinik mastitis varh@mn arastiriimasi
amactyla indirekt yontem olan Californian Mastitis Testi
(CMT) kullamlmistir (Fosgate ve ark., 2013). Meme
sagligmm arastirilmasi amaciyla siit 6rnegi alinan ineklere
CMT yapilarak subklinik mastitis prevalansi arastirilmustir.
Bu amagla her memeden ayr siit numunesi almaya yarayan
ozel plastik CMT kabi (Kerbl Test, Almanya) kullanilmustir.
CMT igin her memeden siit 6rnekleri alinmis ve daha sonra
sit ile esit miktarda Onceden hazirlanmis olan CMT
soliisyonu kabin her boliimine eklenmistir. Dairesel
hareketler halinde soliisyon ile siitiin reaksiyona girmesi
saglanmis ve kapta olusan jel kivamina gére CMT sonuglari
yorumlanmugtir (Sekil 1).

Sekil 1. Calismadaki California Mastitis Testinin Asamalar1
Figure 1. Steps of the California Mastitis Test in the Study

Karisim sonucunda siitte rengin pembe-giilkurusu bir
renk tonunda olmast CMT (-) ve mastitis hastaliginin
bulunmadig; karisimin heterojen ve mukusumsu bir hal
almasi durumunda CMT (+) ve mastitis hastaliginin
bulundugu seklinde yorumlanmuistir (Cizelge 1).

Siit Orneklerinin Alinmast ve Analiz Edilmesi

Siit orneklerinin alinmast Atel-San marka (Tiirkiye)
100 ml ornek hacmine sahip steril numune kaplarn
kullanilmigtir. Siit 6rnekleri, hayvanlarin sagim Oncesi
meme temizligi yapilmis ve 6n siit bosaltimini takiben her
meme lobundan toplamda en az 200 ml siit 6rnegi steril
numune kaplarina alinmis ve siit 6rnekleri analiz edilmek
iizere +4°C’de soguk zincir ile laboratuvara ulastirilmistir.
Soguk zincir yolu ile laboratuvara getirilen siit 6rnekleri
Milkotester Master Classic LM2 — P1 (Avrupa) siit analiz
cihazi kullanilarak yag, yagsiz kuru madde (YKM),
yogunluk, protein, laktoz, tuz, katilan su, donma noktast,
numune sicaklig ve iletkenlik dlglimleri yapilmistir.

Elde Edilen Verilerin Degerlendirilmesi

Elde edilen veriler Jamovi istatistik programi
kullanilarak ~ verilere ait tamimlayic1  parametreler
belirlenmis (Agradi ve ark., 2021), 6nemlilik testleri ile siit
kalitesinde ~anlamli  bir farklilk olup olmadig
arastirilmistir (Akdag ve Stimbiiloglu, 2010).

Koylerden alinan siitlerin ortalama yag, kuru madde,
yogunluk, protein, laktoz, tuz, donma noktasi ve iletkenlik
degerleri koyler arasindaki degerler Kruskal-Wallis testine
gore degerlendirilmistir.
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Cizelge 1. Mastitis Testinin Degerlendirilme Tablosu Ornegi
Table 1. Example of the Evaluation Table for the Mastitis Test

Derece| Sonug Sekillenen Reaksiyonun Aciklamasi Reaksiyonun anlami
i Olumsuz LSt eriyigi ile sit homojen olarak kanigirve - 160 150,000 akyuvar/ml %25 PMN
rengi hafif gridir.
. . . Hafif jel6z bir kivam olusmakla birlikte, test
Eseri | Siipheli kﬁreggni cevirme hareketleri sirasinda kaybolur 150.000 - 500.000 akyuvar/ml %30 — 40 PMN
| Siipheli Test kiiregi egildiginde kolay akan siit karistmi ~ 500.000 — 1.500.000 akyuvar/ml %40 — 60
altinda daha yavas akan ince bir kat izlenir PMN
) ol Test kiiregi yatay diizlemde ¢evrildiginde i¢inde 1.500.000 — 5.000.000 akyuvar/ml %60 — 70
umlu e 1
jeloz bir tabaka olusur. PMN
Test kiiregi ¢evrilirken yapiskan kitlenin
3 Akut ortasinda tepecik olusur ve gevirme hareketleri  Cogunlukla 5.000.000 akyuvar/ml fazla %70 —
durdugunda merkezde tepe kalir ya da ¢abuk 80 PMN
yogun bir jel karisimi gekillenir
Siittin pH’s1 7 veya daha fazladir. Yangiya baglh
X Alkali Stit Karigim koyu mor renktedir olarak, kuruya ¢ikarken ve laktasyonun basinda
goriiliir.
Siittin pH’s1 5,2 veya daha asagidir. Bu ender
Y Asidik Stit Karigim sar1 renktedir. olup bakterilerin memede laktozu fermente
etmesi ile olusur.

Cizelge 2. Siit 6rnegi alinan ineklerdeki CMT sonuglar1

Table 2. CMT Results for Cows with Collected Milk Samples

flge Yer Irk Hayvan sayisi CMT (H) CMT () %
Merkez Simental 27 6 21 22,2
Alfinta Murathanlar Simental 16 2 14 12,5
3 Cayirbasi Simental 34 0 34 0,0
Toplam 77 8 66 10,4
Simental 13 1 12 7,7
v Holstayn 4 0 4 0,0
Kizilcasogiit Montofon 2 0 2 0,0
Toplam 19 1 18 5,3
Banaz Simental 24 2 22 8,3
Holstayn 5 0 5 0,0
Derbent Montofon 1 1 0 100,0
Toplam 30 3 27 10,0
Toplam 49 4 45 8,2
Bulgular

Ineklerin CMT sonuglar1 Altintas icin ortalama %10,4,
Banaz i¢in ortalama %38,2 olarak bulunmustur. CMT ne ait
bulgular Cizelge 2’de gosterilmistir.  Kdylerin CMT
ortalamalar1 ise sirasiyla Merkez %22,2, Murathanlar
%12,5, Derbent, %10, Kizilcasogiit %5,3 olurken,
Cayirbagindaki  6rmeklerde CMT sonuglarinin  tamami
negatif bulunmustur.

Caligmada alinan siit 6rneklerinin kalite degerlerini
belirlemek amaciyla yag, YKM, yogunluk, protein, laktoz,
tuz, donma noktas1 ve iletkenlik analizleri yapilmistir.
Buna gore Cayirbasi en diisiik yag orani (%1,81) ve donma
noktast (-0,636 °C); en yiiksek YKM (%10), yogunluk
(%35,5), protein (%3,60) oranina sahip lokasyon olarak
belirlenmistir. Altintags Merkez ise en diisik YKM
(%8,59), yogunluk (%27,7), protein (%3,10), laktoz
(%4,68); en yiiksek donma noktasi (-0,560°C) ve iletkenlik
(4,84 mS/cm) degerine sahip lokasyon olarak
belirlenmistir. Tuz oranlari incelendiginde de Altintas’in
Cayirbast ve Merkez kdyiinde 6nemli 6lgiide daha yiiksek
oldugu tespit edilmistir. Diger yerlesim yerlerindeki alinan
stit orneklerinde ise tuz oranlarinin ise benzer ve aralarinda

onemli bir farklilik olmadig1 belirlenmistir. Olgiilen kalite
parametrelerinin Kruskal Wallis testine gore lokasyonlar
arasinda  anlamli  farkliliklarin ~ 6nemli  oldugunu
goriilmistiir (Cizelge 3 ve Cizelge 4).

Calismada ilgeler arasinda elde edilen siit igerikleri
degerleri arasinda Mann-Whitney U test sonucunda elde
edilen verilere gore siitlerde kalite parametrelerinin
analizleri agisindan Onemli farkliliklar oldugu tespit
edilmistir (Cizelge 5 ve Cizelge 6).

Altintas ve Banaz ilgelerine ait siit numunelerinin
igerikleri incelendiginde Banaz’daki siit oranlarinin yag,
kuru madde ve iletkenlik degerlerinin daha yiiksek oldugu;
Altintas’taki siit igeriklerinin yogunluk protein, laktoz, tuz
degerlerinin daha yiiksek oldugu belirlenmistir (Cizelge 7,
Cizelge 8).

Tartisma
Hayvansal gida sektorii iginde inek siitli, hayati bir

oneme sahiptir. Kaliteli siit iiretiminde, hem bireysel hem
de siirii diizeyinde hayvan sagligin1 korumak ve ekonomik
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verimliligi artirmak icin  meme dokusunun
enfeksiyonlardan korunmasi isletmeler igin oncelikli bir
konu haline gelmistir. Cig siitiin kalitesi, isleme ve
tiiketime uygunlugunu belirlemekle kalmaz, ayni zamanda
bireysel hayvanlarin veya siiriiniin genel saglik durumunu
degerlendirmek agisindan da kritik bir rol oynar (Yalgin ve
Cakmak, 2022). Ayrica hayvanlarin sahip oldugu saghk
durumlarinin yamnda genotipik ozellikleri de verimi
dogrudan etkilemektedir. Nitekim siit yag ve protein

varyasyonunun yaklasik %55°1 genetik yapidan, %45°1 ise
diger faktorlerinden kaynaklanmaktadir. Siit
kompozisyonu, genetik yapi, ¢cevresel faktorler, laktasyon
safhasi, hastaliklar, mevsim, yas, liretim seviyesi gibi
beslenme digindaki faktorlerce de etkilenmektedir (Ozek,
2015). Yapilan ¢alismada elde edilen yag, protein, YKM
degerleri Tiirk Gida Kodeksi Cig Siit ve Isil Islem Gormiis
fgme Siitleri Tebliginde belirtilen asgari degerleri
karsiladig1 belirlenmistir (TGK 2020).

Cizelge 3. Kdylere Gore Alinan Siitlerde Kalite Degerleri (Yag, Kuru madde Yogunluk, Protein).
Table 3. Quality Values of Milk Collected by Villages (Fat, Dry Matter, Density, Protein)

Yerlesim Yag (%) Kuru Madde(%) Yogunluk (%) Protein (%)
Merkez 4,97+0,475 8,59+0,156 27,740,657 3,10+0,058
Murathanlar 4,83+0,593 8,72+0,131 28,340,704 3,12+0,056
Cayirbasi 1,81+0,174 10,0+0,051 35,540,223 3,60+0,025
Kizilcaéren 5,36+0,329 8,63+0,213 29,2+1,810 3,14+0,078
Derbent 5,1140,448 8,860,100 28,6:0,590 3,21+0,038
Cizelge 4. Kdylere Gére Alman Siitlerde Kalite Degerleri (Laktoz, Tuz, Donma Noktas, letkenlik).
Table 4. Quality Values of Milk Collected by Villages (Lactose, Salt, Freezing Point, Conductivity)
Yerlesim Laktoz (%) Tuz (%) DonmaNoktas1(°C) Iletkenlik(mS/cm)
Merkez 4,68+0,085 0,790+0,136 -0,560+0,01 4,81+0,034
Murathanlar 4,75+0,071 0,662+0,014 -0,566+0,010 4,88+0,033
Cayirbasi 5,47+0,028 0,764+0,009 -0,636+0,004 4,92+0,019
Kizilcaéren 4,710,117 0,653+0,018 -0,564+0,014 4,82+0,052
Derbent 4,83+0,055 0,676+0,009 -0,579+0,007 5,04+0,018
Cizelge 5. Siitlerde Kalite Parametrelerinin Analizleri
Table 5. Analysis of Quality Parameters in Milk
Kalite Ozellikleri v df P
Yag (%) 58,8 4 <,001
Kurumadde (%) 69,8 4 <,001
Yogunluk (%) 70,5 4 <,001
Protein (%) 64,4 4 <,001
Laktoz (%) 70,1 4 <,001
Tuz (%) 44,7 4 <,001
Donma Noktasi (°C) 60,6 4 <,001
Iletkenlik (mS/cm) 36,4 4 <,001
(p<0.05)
Cizelge 6. Siitlerde Kalite Parametrelerinin Analizleri
Table 6. Analysis of Quality Parameters in Milk
Faktor Deger P
Yag (%) 1018 <,001
Kurumadde (%) 1223 <,001
Yogunluk 1202 <,001
Protein (%) 1321 0,004
Laktoz (%) 1231 <,001
Tuz (%) 1348 0,003
Donma Noktasi (°C) 1250 0,001
Iletkenlik (mS/cm) 1251 0,001
(p<0,05)

Cizelge 6. Ilgelere gore siit analizi yapilan ilgelerdeki siit kalite degerleri (Yag, Kuru madde Yogunluk, Protein).
Table 6. Milk Quality Values in Districts Where Milk Analysis Was Conducted (Fat, Dry Matter, Density, Protein)

Yerlesim Yag Kuru Madde Yogunluk Protein
Altintag 3,51+0,279 9,26+0,102 31,440,517 3,33+0,0382
Banaz 5,21+0,299 8,77+0,104 28,8+0,791 3,18+0,038

Cizelge 7. Siit analizi yapilan ilgelerdeki siit kalite degerleri (Laktoz, Tuz, Donma Noktasi, Iletkenlik).
Table 7. Milk Quality Values in Districts Where Milk Analysis Was Conducted (Lactose, Salt, Freezing Point, Conductivity)

Yerlesim Laktoz Tuz Donma Noktasi Iletkenlik
Altintas 5,05+0,057 0,757+0,051 -0,596+0,006 4,870,017
Banaz 4,78+0,057 0,667+0,009 -0,573+0,007 4,95+0,028
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[lgeler arasinda Altintas ilgesindeki ineklerin yag orani
daha diistik (%3,51), kuru madde orani (%9,26) ve protein
oranmnin da daha yiiksek (%3,33) oldugu belirlenmistir.
Banaz ilgesinde de siitlerde laktoz oranlar1 (%4,78) daha
diisiik, yogunluk (%28,08) daha diisiik, iletkenliginin de
daha ytiksek (4,95 ms/cm) oldugu tespit edilmistir. Bunu
sebebinin de farkli genetik faktorlerden kaynaklandigi ve
mastitisten dolayt oldugu diisiiniilmektedir. Siitiin protein
orani ile yag ve YKM oranlant arasindaki baglantiy
inceleyen farkli ¢alismalarda negatif korelasyon oldugu
yag oranmnin diiserken protein ve YKM oranlarinin
yiikseldigi, protein ve YKM arasinda gii¢lii bir pozitif
korelasyon oldugu, protein orani artarken YKM miktarinin
da artti1 tespit etmislerdir (Onal ve Ozder, 2007; Ozlem,
2019). Yag, YKM ve protein degerlerinin yapilan benzer
calismalarda elde edilen verilere yakin ve tebligde
belirtilen asgari degerlerden yiiksek oldugu bulunmustur
(Onal ve Ozder, 2007; Kesenkas ve Akbulut, 2010; Tuncer
ve ark., 2017).

Calismada siit numuneleri mastitis  yoniinden
incelenmis ve elde edilen veriler neticesinde Altintas
ilgesindeki siitlerdeki mastitis prevalansinin  Banaz
ilgesinden elde edilen siitlerden daha yiiksek oldugu
goriilmiigtir. Bu sonuglar isletmelerde barmaklarin
yetistiricilik ihtiyaglarina uygun sekilde tasarlanmamasi ve
hijyenik sagim kosullarmin  yetersiz olmasindan
kaynaklanabilecegi seklinde degerlendirilmektedir. Ciftlik
diizeyinde siitlerde mikrobiyal kontaminasyon, mastitis
etkenleri ile meme ve meme baglarinin dig yiizeylerinden
veya sagim ckipmanlarindan bulasan mikroorganizmalar
nedeniyle meydana gelmektedir (Olechnowicz ve
Jaskowski 2012). Hayvanlarin meme saghgiyla ilgili
sorunlar1 ve olasi mastitis varligini isaret ettigini; ayrica ¢ig
siit Uretim siirecinde hijyen ve sanitasyon kurallarinin
yetersiz  uygulanmasinin =~ bu  duruma  katkida
bulunabilecegini gostermektedir.

Cig siit kalitesinin belirlenmesinde fizikokimyasal
ozellikler, SHS ve mikrobiyolojik analizler 6nemli ve sik¢a
tercih edilen parametrelerdir (Diiz ve ark. 2021). Siitte
yiiksek SHS seviyelerinin, laktoz, yag ve kazein
oranlarinda azalmalar gibi fizikokimyasal parametrelerde
degisikliklere neden olabilecegi; bu durumun ise elde
edilen siit ve triliniiniin kalitesinin diigmesine yol agtig1
¢esitli calismalarda ortaya konmustur (Kelly ve ark. 2000;
Olechnowicz ve Jaskowski 2012). Ayrica somatik
hiicrelerle iligkili proteinazlarm, siit proteinlerinin
dagiliminda farkliliklar olusturdugu ve birgok siit
iiriiniiniin kalitesini olumsuz etkileyebildigi; PMN Iokosit
orani yiiksek olan siitlerde ise lipoliz seviyelerinin arttig1
belirtilmektedir (Santos ve ark. 2003; Gargouri ve ark.
2008; Velthuis ve Van Asseldonk 2011). Yapilan
arastirmada Banaz ve Altintas ilgelerindeki siit sigin
isletmelerinde yag ve laktoz oranlarindaki farkliliklarin;
isletmelerdeki  farkli  mastitis prevalansindan da
kaynaklandigi diistiniilmektedir.

Bunlara ilave olarak; siit sigirciligi isletmelerinde yap1
ve yonetim uygulamalarinin siit kalite parametreleri
iizerinde onemli bir etkisi oldugu da dikkate alinmalidir
(Sarialioglu ve Lagin, 2020). Nitekim mastitisin laktoz
sentezini azaltabilecegi ve mineral dengesini bozmasi
nedeniyle kuru madde igerigini diigiirebilecegi boylece siit
kalitesini olumsuz etkiledigi bildirilmektedir (Gonzalez-
Rodriguez & Carmenes, 1995; Sariézkan, 2019).

Bununla birlikte Cayirbast kdylinden alinan st
numunelerinin hi¢birinde mastitis varligina rastlanmamus;
laktoz, YKM ve protein oranlarimin digerlerinden daha
yiiksek oldugu tespit edilmistir. Bu kdydeki {ireticilerin
digerlerinden farkli olarak s6zlesmeli liretim yapmalari ve
hijyenik tretim kurallarina uymalarinin etkili oldugu
diistiniilmektedir. Nitekim hijyenik olmayan kosullarda
yapilan iiretimin siitiin fiziksel, kimyasal ve mikrobiyolojik
kalite parametrelerini dogrudan etkileyen 6nemli bir etken
oldugu, siitte toplam bakteri sayisinin ve SHS’ndaki artisa
bagh olarak laktoz ve protein oranlarinda azalma sebep

oldugu Elmoslemany ve ark. (2009) tarafindan
bildirilmistir.
Sonucg

Calismamizda Altintas’taki 3, Banaz’daki 2 koydeki

toplam 126 inekteki mastitis prevalanst ve siit
kompozisyonlar1 incelenmistir. Cayirbasi kdyiindeki
treticilerde ise herhangi bir mastitis bulgusuna

rastlanilmamis, siit kalitesinde laktoz, YKM, protein,
yogunluk oranlarinin daha yiiksek, donma noktasinin daha
diisiik oldugu belirlenmistir.

Bu ¢alismadan elde edilen verilere gore;

e Siit sigirciligl yapilan yerlerdeki bakim kosullarinin
stit kompozisyonunu dogrudan etkiledigi,

e Etkin hijyen kosullarinin siit kompoziyonuna katki
sagladigi,

e FElde edilen verilerin tarimsal yayim calismalarinda
kullanilmasi gerektigine,

e  Yetistirici egitimlerinde mastitisin dneminin {izerinde
durulmasi gerektigi diisliniilmektedir.

Ulkemizde Usak ve Kiitahya illerinde siit bilesenlerinin
belirlenmesiyle ilgili ¢alismalarin  yetersiz oldugu
goriilmektedir. Bu nedenle farkli isletmelerde farkli
parametreleri iceren daha kapsamli arastirmalara ihtiyag
vardir. Mevcut c¢alisma ise, bu konuda yapilacak
gelecekteki arastirmalara yol gosterici bir kaynak olmasi
beklenmektedir.

Beyan

Bu ¢aligma 7. Uluslararasit Anadolu Tarim, Gida, Cevre
ve Biyoloji Kongresi'nde (Kastamonu, TARGID 2024)
sunulmustur.

Tesekkiir

Bu calisma TUBITAK 2209/A Universite Ogrencileri
Yurt I¢i Arastirma Projeleri Destek Programi kapsaminda
desteklenmistir.

Yapilan ¢alismada Etik Onay gerekmemektedir.

Yazarlar arasinda ¢ikar ¢atismasi yoktur.
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This research was conducted in 2020 to determine the effects of leonardite-derived humic acids
(Humas-15, Liquid Humus and Humico Maximix-K) with different properties, along with reduced
nitrogen fertilization, on tuber yield and quality in potatoes (cv. Van Gogh). In the study, chemical
fertilizer applications were made as basic fertilization (20 N 10 P 10 K), reduced fertilization I (15
N 10 P 10 K) and reduced fertilization II (10 N 10 P 10 K). Humic acids were applied twice with
irrigation water, at the beginning of the flowering period and 15 days later. Humas-15 and Liquid
Humus were applied at 1.0 and 2.0 1t/da doses, and Humico Maximix-K was applied at 400 and 800
g/da doses. A total of seven traits (tuber number per plant, tuber yield per plant, marketable tuber
yield, total tuber yield, dry matter content, reducing sugar content and total sugar content) were
measured. Reducing nitrogen applications with humic acid applications significantly affected all
the traits studied. Humic acid applications combined with reduced nitrogen fertilization increased
the number of tubers per plant by up to 13%, marketable tuber yield by up to 18% and total tuber
yield by up to 16% compared with the control. Total and reducing sugar contents varied between
1.27-1.58% and 159-389 mg/100g fw, respectively depending on the applications. In the study, the
highest tuber yield was obtained from 1.0 and 2.0 L/da Humas-15 and 2.0 L/da Liquid Humus
applications applied together with reducing nitrogen applications which have close values to the

recommended fertilization applications.
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Introduction

Potatoes are among the most widely consumed and
nutrient-rich vegetable crops globally. Cultivated in 164
countries, their tubers serve as a daily staple for almost one
billion people. Alongside their expanding range of uses, the
rising global population is driving a steady increase in
potato demand. One of the most crucial methods for
boosting agricultural productivity is the addition of
essential nutrients to the soil to support plant growth, using
both chemical and organic fertilizers. Inorganic fertilizers
are generally highly effective and fast-acting due to their
quick-release formulations, which provide nutrients to
plants. In our country, the significant lack of organic matter
in soils greatly increases on artificial fertilizers; plants are
often unable to fully benefit from these fertilizers (Ozkan,
2007). Additionally, the long-term use of chemical
fertilizers in agricultural fields has been associated with
negative consequences, including soil salinization, heavy
metal accumulation, nutrient imbalance, disruption of
microbial activity, and nitrate buildup (Das et al., 2023).
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The development of a thriving, profitable, and
sustainable production system largely depends on soil
health. Soil health can be achieved through multi-year crop
rotations and implementation of appropriate agronomic
practices, such as effective nutrient management. The use
of soil enhancers, including those enriched with humic
acids (HA), positively affects the biological balance and
overall health of the soil.

HA functions as a biostimulants, organic substance
recognized for their role in enhancing plant growth and
boosting crop production. Integrating HA into chemical
fertilizers presents a promising strategy to improve both
crop yields and fertilizer efficiency (Liu et al., 2019). HA
act as biostimulants, organic compounds known for
promoting plant growth and increasing crop productivity.
Incorporating HA into chemical fertilizers offers a
promising approach to enhancing both crop yields and the
efficiency of fertilizer use (Liu et al., 2019). The
application of HA-based fertilizers not only enhances soil
physicochemical properties and nutrient uptake by plants

2895


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Sanli et al. / Turkish Journal of Agriculture - Food Science and Technology, 12(s4): 2895-2900, 2024

(Bayat et al., 2021) but also promotes crop growth, yield,
and quality (Akladious & Mohamed, 2018; Zhou et al.,
2019). The use of HA-based fertilizers improves soil
physicochemical properties and enhances nutrient uptake
by plants (Bayat et al., 2021). Additionally, it fosters crop
growth, increases yields, and improves overall crop quality
(Akladious & Mohamed, 2018; Zhou et al., 2019).

Humic substances, which are among the most complex
and biologically active organic compounds found in soil,
play a crucial role in shaping soil properties and
influencing microbial structure and activity, thereby
ensuring an improved nutrient supply to plants (Canellas &
Olivares, 2014). Studies have consistently demonstrated
the effects of HA on the growth of various crops, such as
potato, sugar beet, and corn (Wilczewski et al., 2018;
Marenych et al., 2019). For instance, Sanl et al. (2013)
reported that applying leonardite at rates of 200—600 kg/ha
increased total tuber yield by 6-25% of potato.

The application of organic fertilizers, such as HA,
which benefit both plant health and soil texture, is of great
agronomic importance for enhancing plant yields. In
potatoes, reducing excessive and unregulated chemical
fertilization in favor of using organic fertilizers like HA is
seen as a key approach to protect both environmental and
human health on one hand and to ensure the sustainability
of agriculture on the other. Current study aims to determine
the effects of different HA sources (Humat-15, Liquid
Humus, and Humico Maximix-K) on yield and quality of
potatoes when used alongside reduced nitrogen
fertilization.

Materials and Methods

Experimental Site

The field experiment was conducted in Isparta, Tiirkiye
(37°50'47" N, 30°32' 12" E, 1035 m) during the 2022 crop
season. The soil in the experimental area was classified as
loam, with a pH of 8.2, a total salt content of 0.025%, and
a cation exchange capacity of 38%. It is rich in lime
(25.5%), low in organic matter (1.58%), deficient in
available phosphorus (18.2 mg/kg P2Os), rich in potassium
(188 mg/kg K.O), and low in total nitrogen content
(0.82%). During the research year, the total rainfall during
the vegetation period (April-September) was 195 mm,
exceeding the long-term average of 173 mm. The average
temperature during the same period was 20.8°C, closely
aligned with the long-term average of 20.6°C. The relative
humidity during the vegetation period (54.3%) was also
similar to the long-term average (50.5%).

Experimental Design

The study was established in three replications
according to randomized complete block in a split plot
design, reduced fertilizer applications were applied to the
main plots, while humic acid applications were applied to

the subplots. Seed potatoes (cv Van Gogh) were planted in
plots of 6.6 m in length with a 30 x 70 cm spacing in the
first week of May. Four rows of potatoes were planted in
each plot. Inthe study, a compose fertilizer (15-15-15) was
applied to all plots at a rate of 66 kg/da before planting.
During the earthing-up process, Nitro Power fertilizer
(33% N) was applied at a rate of 33 kg/da for the standard
fertilizer (SF) applications and 16.5 kg/da for the reduced
nitrogen fertilization-I (RNF-I). No top-dressing was
applied in the reduced nitrogen fertilization-II (RNF-II)
treatments. In this way, the amounts of nitrogen,
phosphorus, and potassium per decare for the SF, RNF-I,
and RNF-II applications were 20-10-10, 15-10-10, and 10-
10-10, respectively.

HA (Humas-15, Liquid Humus and Humico Maximix-
K) were applied to plants twice via irrigation water: once
at the beginning of the flowering period (stolon initiation)
and again at the end of flowering (approximately two
weeks after the first application). Humas-15 and Liquid
Humus were applied at doses of 1.5 and 3.0 1/da, while
Humico Maximix-K was applied at 400 and 800 g/da. Plots
without humic acid application were used as controls.
Before planting, tubers were treated with a fungicide
(Emesto® Silver FS 118, containing 100 g/l Penflufen + 18
g/l Prothioconazole at a dose of 20 ml/100 kg of seed) to
protect against seed-borne infections and with an
insecticide (Gaucho FS 600, containing 600 ml/L
Imidacloprid) to protect against the Colorado potato beetle
(Leptinotarsa decemlineata). Water needs of the plants
were met through drip irrigation, with watering conducted
once a week for 4 hours each time. For weed control, a
selective herbicide registered for potatoes (Sencor WP 70,
containing 70% Metribuzin) was applied at a rate of 70
g/da immediately after planting (pre-emergence).
Harvesting was done when the skin formation of the tubers
was complete. Tuber number and yield per plant were
determined by randomly selecting 20 plants of each plot,
and marketable tuber yield and total tuber yield were
determined by harvesting all the plants in the plot. Tuber
sample from each sub-plot was collected to measure the
tuber dry matter, total soluble sugars (TSS), total sugar and
reducing sugar content. Tuber dry matter content was
calculated according to International Potato Centre (2006),
reducing sugar and total sugar content in a potato was
quantified following the Somogyi—Nelson method
(Nelson, 1944) with some adjustments.

Statistical Analysis

The data obtained from the measurements and analyses
were analyzed using the General Linear Model (GLM)
procedure in the SAS (2009) statistical software, following
the Randomized Block Design. The analysis was
performed using standard analysis of variance (ANOVA),
and the differences between the means were determined
using the LSD test.

Table 1. Some Properties of Humic Acids Used in the Study

Content Humas-15 Liquid Humus Humico Maximix-K
Total Organic Matter (%) 10.0 15.0 45.0
Total Humic and Fulvic Acids (%) 15.0 12.0 80.0
Water-Soluble Potassium Oxide (%) 2.0 2.0 8.0
pH 8-10 11-13 8-12
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Table 2. Effects of HA ap

lications on the tuber number, tuber yield per plant, marketable and total tuber yield

HA Applications Reduced Nitrogen Fertilization
RNF-I RNEF-II Mean RNF-I RNF-II Mean
Tuber number per plant (number) Tuber yield per plant (g)
H-15-1.51/da 8.27cd 6.83 ¢ 7.55E 888 de 695 h 790 D
H-15-3.01/da 8.57¢c 7.13 fg 7.85 DE 915 cd 718 h 816 D
LH-15l/da 9.23b 7.37 eg 8.30CD 984 be 751 gh 867D
LH-3.0V/da 9.80 ab 7.57 ef 8.68 BC 1034 ab 796 fg 915 B
HM - 400 g/da 9.77b 7.43 eg 8.60C 1031 ab 803 fg 917 B
HM - 800 g/da 1043 a 7.80 de 9.12AB 1057 a 829 ef 943 B
Control 833 cd 6.93 fg 7.63E 892 de 687h 790 D
SF 9.43b 9.33b 938 A 1090 a 1079 a 1085 A
Mean 9.23 A 7.55 B 986 A 795 B
Marketable tuber yield (kg/da) Total tuber yield (kg/da)

H-15-1.51/da 3068 2551 2809 D 3657 ce 2875 h 3266 DE
H-15-3.01/da 3149 2599 2874 CD 3723 c¢d 2941 gh 3333 DE
LH-15l/da 3376 2800 3088 BC 3958 be 3110 th 3534 CD
LH -3.01/da 3641 2948 3294 B 4200 ab 3277 eg 3738 BC
HM - 400 g/da 3595 2923 3259 B 4233 ab 3305 eg 3769 BC
HM - 800 g/da 3709 2975 3342 B 4382 a 3348 df 3865 B
Control 3028 2605 2816 D 3607 ce 2888 h 3248 E
SF 3596 3651 3623 A 4423 a 4465 a 4444 A
Mean 3395 A 2881 B 4023 A 3276 B

SF: Standard fertilization, H-15: Humas-15, LH: Liquid Humus, HM: Humico Maximix-K, RNF: Reduced nitrogen fertilization

Results

In SF applications, the tuber number per plant, which
was 9.43, significantly decreased to 8.33 with RNF-I
applications and to 6.93 with RNF-II. In RNF-I
applications, the application of HM at a dose of 800 g/da
resulted in a higher tuber number compared to SF.
Applications of 1.51/da and 3.0 1/da LH, as well as 400 g/da
HM, resulted in a tuber number similar to SF. In plants
treated with RNF-II, only the application of 800 g/da HM
showed a tuber number-increasing effect compared to the
control (Table 2). The effects of reduced nitrogen fertilizer
applications on tuber yield per plant was statistically
significant. The tuber yield, which was 1090 g/plant in SF,
decreased to 892 g/plant in RNF-I and to 687 g/plant in
RNF-II. In RNF-I applications, the addition of 3.0 L/da LH
and 400 or 800 g/da HM significantly increased tuber yield
per plant compared to the control (892 g/plant) and resulted
in yields similar to SF. The same applications also
significantly increased tuber yield per plant in RNF-II-
treated plants compared to the control (687 g/plant).
However, the effects of H-15 and 1.5 1/da LH applications
were insignificant (Table 2).

Compared to the recommended SF, the marketable
tuber yield decreased by approximately 16% with RNF-I
applications and by 28% with RNF-II applications. The LH
3.0 1/da applications and HM applications at both doses,
performed alongside RNF-I applications, significantly
increased the marketable tuber yield compared to the
control and were similar to SF. Similarly, the significantly
reduced marketable tuber yield in RNF-II applications
showed a substantial increase with the addition of 3.0 1/da
LH and HM applications at both doses but was still
determined to be lower than SF (Table 2). Compared to SF,
total tuber yield decreased by approximately 23% in RNF-
I applications and by 54% in RNF-II applications. In RNF-

I applications, the addition of 3.0 1/da LH and 400 and 800
g/da HM compensated for the reduced nitrogen, resulting
in tuber yield being equal to SF. However, in RNF-II
applications, 3.0 1/da LH and HM applied at both doses
increased total tuber yield by 16% compared to the control,
but the total tuber yield in these treatments remained 33%
lower than SF (Table 2).

Tuber dry matter content increased with the reduction
in nitrogen fertilization, rising from 22.3% in SF to 22.4%
in RNF-I applications and 23.2% in RNF-II applications.
The effects of HA applications on dry matter content were
found to be statistically significant, and all HA treatments
resulted in a significant increase in dry matter content when
compared to SF. The effects of HA applications on tuber
TSS values were statistically significant, with all HA
treatments led to a substantial increase in tuber TSS
content. The highest TSS were observed with high-dose
applications of each HA source. Compared to SF, RNF
applications increased TSS content, with no significant
differences observed between RNF-I and RNF-II. HA
applications significantly affected tuber reducing sugar
content, with LH applications at a dose of 3.0 1/da yielding
the highest reducing sugar content, followed by the 1.5 1/da
dose of LH. No significant differences in reducing sugar
content were observed between SF and RNF applications.
However, LH applications at both 1.5 and 3.0 I/da doses,
when combined with RNF applications, led to an increase
in reducing sugar content. Tuber total sugar content
significantly increased in RNF applications (1.72% and
1.89%, respectively) compared to SF applications (1.58—
1.61%). The effects of HA applications had a statistically
significant effect on total sugar content, with the highest
total sugar contents observed in LH and HM applications
at both doses.

2897



Sanli et al. / Turkish Journal of Agriculture - Food Science and Technology, 12(s4): 2895-2900, 2024

Table 2. Effects of humic acid applications on the dry matter content, TSS, reducing and total sugar content

HA Applications Reduced Nitrogen Fertilization
RNF-I RNEF-II Mean RNF-I RNEF-II Mean
Dry matter content (%) TSS (%)

H-15-1.51/da 22.53 22.87 22.70 BC 7.33 7.70 7.52C
H-15-3.01/da 22.87 23.41 23.14 AB 7.73 8.27 8.00 AB
LH-15l/da 22.67 23.20 22.94 AC 7.70 7.79 7.75B
LH-3.0V/da 23.10 23.51 2331 A 7.97 8.40 8.19 A
HM - 400 g/da 22.36 22.87 22.62C 7.50 7.73 7.62B
HM - 800 g/da 22.83 23.07 22.95 AC 7.72 7.95 7.84 AC
Control 22.42 23.18 22.80 AC 7.40 7.80 7.60 B
SF 21.23 21.30 21.27D 6.37 6.30 6.33D
Mean 22.50 B 22.92 A 7.47 7.74

Reducing sugar content (mg/100 g fw) Total sugar content (%)
H15-1.51/da 157.3d 176.3 cd 166.7 D 1.74 1.82 1.78 C
H15-3.01/da 177.7 cd 196.3 cd 187.0 CD 1.69 1.88 1.78 C
LH-15l/da 258.0 ab 224.0 be 241.0B 1.77 1.92 1.84 AC
LH-3.0V/da 3073 a 2483 b 2779 A 1.81 2.10 1.95 A
HM - 400 g/da 181.3 cd 184.0 cd 182.7 CD 1.74 2.05 1.90 AB
HM - 800 g/da 217.0b 1953 cd 206.1C 1.84 1.97 1.90 AB
Control 197.0 cd 157.6d 177.3D 1.72 1.89 1.80 BC
SF 191.3 cd 185.0 cd 188.1 CD 1.58 1.61 1.60 D
Mean 210.9 195.9 1.71 B 1.93 A

SF: Standard fertilization, H-15: Humas-15, LH: Liquid Humus, HM: Humico Maximix-K, RNF: Reduced nitrogen fertilization

Discussion

In the study, reducing total nitrogen fertilization to 15
kg/da prevented declines in tuber number and yield in
potatoes with LH and HM applications. However, when no
nitrogen was applied, HA treatments had no impact on
tuber number or yield per plant. The observed increase in
tuber number in response to nitrogen may be linked to
enhanced stolon production via gibberellin biosynthesis in
potatoes (Alemayehu et al., 2015). Nitrogen, as a key
element, plays a vital role in chlorophyll synthesis and
vegetative growth processes. Similarly, Jafari-Jood et al.
(2013) reported significant increases in tuber number with
nitrogen application. The positive effects of HA on potato
plants are likely due to its role in promoting cell elongation
and division, which enhance the growth under optimal
conditions (Mohammad et al., 2014; Menajid et al., 2021).
HA plays a crucial role in stimulating plant growth by
enhancing mineral nutrition, which positively influences
root and leaf development (Zandonadi et al., 2016).
Additionally, humic substances improve crop yield and
quality by boosting soil enzyme activity (Sellamuthu &
Govindaswamy, 2003). These findings align with previous
studies (Al-Dogji et al., 2016; Sanli et al., 2013; Mohsen &
Alvan, 2019), which reported significant increase in
vegetative growth with the HA applications. However, the
effects of HA on tuber number and yield were less
pronounced when combined with 10 kg/da of nitrogen
compared to 15 kg/da. This suggests that HA mainly
enhance plant growth by improving nutrient uptake, but
their efficacy is limited when soil nitrogen levels are
insufficient. Consistent with these findings, Feleafel et al.
(2019) observed no impact of HA on tuber number and
yield under conditions of reduced nitrogen fertilization in
potatoes.

With the reduction in nitrogen fertilization, both
marketable and total tuber yield decreased. Under
conditions where total nitrogen applications were 15 kg/da,
LH and HM applications mitigated the yield reduction and
produced results comparable to 20 kg/da nitrogen
applications. Under conditions with a total of 10 kg/da
nitrogen fertilization, although these applications were not
as effective as standard fertilization, they increased tuber
yield by more than 16% compared to the control. The
stimulatory effects of nitrogen on tuber yield are likely due
to its role in promoting plant growth, which enhances
photosynthesis critical for tuber development. Nitrogen
application supports increased growth, leading to higher
photosynthetic output and improvements in tuber weight,
diameter, and number. As a key element in plant
biochemical and physiological processes, nitrogen fosters
cell proliferation and enlargement, thereby boosting
overall vegetative growth (Leghari et al., 2016). HA further
enhance plant growth by increasing the absorptive surface
areca of roots through structured root morphology
remodeling (Schmidt et al., 2007). They also interact with
root organic acid exudates, affecting root area, primary root
length, and lateral root number (Canellas et al., 2008).
Beyond root development, HA exhibit enzyme- and
hormone-like activities (Piccolo et al., 1992) and can
inhibit soil-borne phytopathogenic fungi, aiding in plant
disease control (Loffredo et al., 2008). Research
consistently highlights the positive impact of HA on potato
growth and tuber yield (Sanli et al., 2013; Col Keskin &
Akinerdem, 2021; Kotodziejczyk, 2021).

With the reduction of nitrogen fertilization, tuber dry
matter ratio and TSS content increased. Similarly, humic
acid applications combined with reduced nitrogen
fertilization increased the dry matter and TSS content of
tubers compared to SF. N is crucial for potato growth;
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however, an excessive supply can delay maturity,
potentially reducing dry matter and starch level (Koch et
al.,, 2019). In addition, excess nitrogen fertilization
redirects dry matter accumulation to other parts of the
plant, leading to excessive stolon and canopy growth. This
delays both leaf maturation and tuber differentiation,
ultimately shortening the tuber bulking period, and
reducing yield and tuber dry matter (Goffart et al., 2008).
Furthermore, some researchers reported that the efficiency
of agronomic nitrogen use decreases linearly with
increasing nitrogen doses (Darwish et al., 2006; Kumar et
al., 2007; Fontes et al., 2010). HA sources are
characterized by their high potassium content. In addition,
the high cation exchange capacity of HA’s enhances the
availability of many nutrients in the soil through a
chelating effect. These nutrients play a vital role in various
physiological activities, such as enzyme activation,
participation in photosynthesis, and increasing the
production of processed carbohydrates, which are stored in
the tubers as dry matter. Moreover, the slow decomposition
of HA in the soil, combined with its high uptake efficiency
and large surface area for metabolic reactions within the
plant, enhances photosynthesis rates. This, in turn,
stimulates dry matter production in the tubers (Qureshi et
al., 2018). Research also highlights the positive effects of
HA on potato quality, with HA applications significantly
improving tuber dry matter content (Ekin, 2019). Alenazi
et al. (2016) demonstrated that the application of humic
acid enhances potato tuber quality by increasing starch
content.

While reduced nitrogen fertilization did not
significantly affect reducing sugar content, it showed a
partial increase in total sugar content. Among HA sources,
only LH applications elevated reducing sugar content, but
all HA treatments resulted in higher total sugar content
compared to SF. Potato tubers contain substantial amounts
of sucrose, glucose, and fructose which influence their
suitability for processing. High levels of reducing sugars
are undesirable for high-temperature processing because
they act as precursors for the Maillard reaction, while
sucrose serves as the main source of reducing sugars
through enzyme-catalyzed hydrolysis (van Eck, 2007).
Furthermore, Locascio et al. (1984) reported that an inverse
relationship exists between nitrogen fertilization rates and
tuber dry matter and starch levels. As nitrogen fertilization
increases, tuber dry matter and starch content tend to
decrease. This supports the "carbon/nitrogen balance"
theory, which suggests that when nitrogen availability
limits plant growth, metabolism shifts towards the
production of carbon-rich compounds like starch and
sugars.

Conclusion

Reducing the use of nitrogen fertilizers and replacing
them with soil humic acid applications enhances both tuber
yield and nutritional quality in potato plants. Specifically,
the combination of reduced nitrogen fertilization (RNF-I:
15N-10P-10K) with 1.5 1/da LH and 400 g/da HM shows
promise as a low-input, safe, and environmentally friendly
agricultural practice for improving potato productivity and
quality.
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This study explores the phytochemical composition and antibacterial properties of aqueous and
methanolic extracts of Anastatica hierochuntica against foodborne pathogens and clinical isolates.
Phytochemical analysis identified key compounds, including alkaloids (7.15 + 0.0365 mg/g),
flavonoids (3.16 + 0.007 mg/g), and tannins (0.18 + 0.0025 mg/g). Food samples yielded
Escherichia coli isolates, Staphylococcus aureus, Staphylococcus epidermidis, Salmonella typhi,
and Serratia marcescens. The antibacterial efficacy was assessed using the agar well diffusion
method against these pathogens and clinical isolates, including Pseudomonas aeruginosa and
Klebsiella pneumoniae. The aqueous extract demonstrated strong antibacterial activity against all
food pathogens, with Staphylococcus aureus, Salmonella typhi, and Serratia marcescens exhibiting
the largest inhibitory zones (34 mm). Among clinical isolates, only Klebsiella pneumoniae and
Pseudomonas aeruginosa showed selective inhibition. Conversely, the methanolic extract was
largely ineffective, displaying activity only against Serratia marcescens (average inhibitory zone
of 11.7 mm). These results underscore the potential of A. hierochuntica aqueous extracts as a natural
antimicrobial agent and suggest further investigation into its bioactive compounds for improving

food safety and addressing multidrug-resistant pathogens.
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Introduction

Foodborne illnesses remain a significant global health
concern, affecting millions of individuals annually and
resulting in substantial economic burdens. The World
Health Organization (WHO) estimates that contaminated
food causes around 600 million cases of illness and
420,000 deaths each year (Pires et al., 2024). Among the
myriad of pathogens responsible for these diseases,
bacteria such as Escherichia coli, Salmonella spp., Listeria
monocytogenes, and  Staphylococcus — aureus  are
particularly notorious for their prevalence and resistance to
conventional antibiotics (Wu-Wu et al., 2023). The rise of
antibiotic-resistant strains further complicates treatment
options, prompting a renewed interest in natural
antimicrobial agents derived from plants (Kiran& Venkata
Mohan, 2021).

Anastatica hierochuntica, commonly known as the
“resurrection plant,” has garnered attention for its
remarkable survival mechanisms in arid environments and
its rich phytochemical composition. Traditionally utilized
in various cultures for its medicinal properties, A.

b &) onikolahanahu@gmail.com https://orcid.org/0000-0003-4141-7358

4@ onikolar@mails.ucas.ac.cn https://orcid.org/0009-0001-7623-1871
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hierochuntica is reported to contain bioactive compounds
such as flavonoids, alkaloids, and tannins, which are
known for their antimicrobial, antioxidant, and anti-
inflammatory activities (Lyubitelev & Studitsky, 2023)
The plant’s unique ability to revive from desiccation has
led researchers to explore its potential in addressing health
issues, particularly in the field of food safety (Amenu,
2014), (Kiran& Venkata Mohan, 2021).

Phytochemical profiling plays a crucial role in
understanding the bioactive constituents of medicinal
plants and their potential therapeutic applications. Methods
such as high-performance liquid chromatography (HPLC)
and gas chromatography-mass spectrometry (GC-MS)
have been employed to identify and quantify these
compounds (Masoko, 2017). Understanding the chemical
composition of A. hierochuntica could provide insights
into its efficacy against foodborne pathogens, particularly
in light of the increasing demand for natural preservatives
and antimicrobial agents in the food industry (Badr &
Quiroz 2024).
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This study aims to investigate the phytochemical
profile and antibacterial efficacy of both aqueous and
methanolic extracts of A. hierochuntica against selected
foodborne pathogens and clinical isolates. By employing
standardized antimicrobial susceptibility testing methods,
including disk diffusion and broth microdilution
techniques, this research seeks to contribute to the growing
body of evidence supporting the use of plant-derived
extracts in food preservation and public health. The
findings could not only enhance the understanding of A.
hierochuntica’s medicinal properties but also pave the way
for its application in developing natural alternatives to
synthetic preservatives, addressing both safety and
resistance concerns in foodborne illnesses.

Given the urgency of combating foodborne pathogens
and the promise of natural products in antimicrobial
therapies, this investigation holds significant implications
for both the scientific community and public health. It is
anticipated that the results will elucidate the relationship
between phytochemical composition and antibacterial
activity, thereby fostering further exploration of A.
hierochuntica as a viable candidate for enhancing food
safety and health outcomes.

Materials and methods

Plant Collection and Phytochemical Analysis

To investigate the therapeutic properties of Anastatica
hierochuntica stem, a sample was obtained from Ashifaul
Haqi Prophetic Medicinal Store, located in the bustling
district of Oja Oba, Ibadan, Oyo State (Latitude 7.37426°
longitude 3.89513°). Following acquisition, the samples
were taken to the laboratory where strict aseptic protocols
were used to prevent contamination. The phytochemical
screening was done to determine the bioactive constituents
of the plant.

Qualitative and Quantitative Phytochemical Analysis
Phytochemical analysis for Flavonoids, Alkaloids,
Glycosids, Phenolics, Saponins, Tannins were carried out
using standard protocol as described by (Bakir et al., 2022)

Isolation and Characterization of Bacteria from Food
Samples

In isolating pathogenic bacteria from food samples, a
comprehensive microbial analysis was employed using the
pour plate technique. This method was applied to isolate
bacterial pathogens from a diverse array of food samples,
including Rice, Salad, Suya, Zobo, and Kunu. The process
began with a serial dilution of each sample, five test tubes
containing 9ml each of distilled water was prepared in five
places for the isolation of microorganisms from the food
samples. The food samples were aseptically crushed and 1
ml of each sample was added to the 9 ml of distilled water,
1 ml from the the 4" dilution from each sample was then
plated was then carefully inoculated onto pre-labeled
sterile  plates. Selective media (Xylose Lysine
Deoxycholate and Mannitol Salt Agar) were used to
facilitate the growth of the pathogenic bacteria. Following
culturing, the plates were incubated in an inverted position
at 37°C for 24 hours, this incubation period resulted in the
growth of mixed bacterial colonies. To obtain pure
cultures, a series of subcultures were done. Each isolated

colony was further cultured to ensure the purity of the
bacterial strains. These isolates were characterized by their
Macroscopically using colony morphology, growth pattern
and microscopically with Gram Staining techniques and
some standard biochemical characteristics which includes
catalase test, citrate test, Indole and Motility test . The pure
bacterial cultures were then preserved on sterile nutrient
agar slants and stored in a refrigerator for future analysis
and study. This methodical approach ensures that the
bacterial isolates remain viable and uncontaminated for
further research and potential applications.

Collection of Clinical Isolates

Pure clinical isolates of both gram-negative and gram-
positive bacteria were obtained from the Medical Microbiology
Laboratory at Federal Medical Centre Idi-Aba, Ogun State.
These isolates were sourced from patients suffering from
wounds, urinary tract, and ear infections. The bacterial isolates
collected include Staphylococcus aureus, Escherichia coli,
Klebsiella pneumoniae and Pseudomonas aeruginosa. These
isolates represent a broad spectrum of pathogenic bacteria,
which are critical in understanding infection patterns and
developing targeted treatment strategies.

Preparation of Aqueous and Methanolic Extracts

To prepare the plant extracts, the plant samples were
reduced into smaller units to facilitate efficient drying.
They were further subjected to a drying process in a hot air
oven set at 50°C for 2 hours to allow for complete dryness
of the wet stem according to the method described by
(Abd-elmegeed et al., 2023). Following the drying process,
the plant materials were pulverized into fine particles using
an electric laboratory blender (LB10XS). The method of
(Abd-elmegeed et al., 2023) with a little modification was
used for the extraction process, three different grams of the
pulverized plant material were weighed in triplicate for
both extracts. For the aqueous extract, 5g of the pulverized
plant material was soaked in 95 ml of distilled water, 10g
in 90 ml of distilled water, and lastly 15g in 85 ml distilled
water for 24hrs before it was heated up in a water bath 60°C
for 5 hours. For the methanolic extract, utilizing methanol as
the solvent, plant extracts were pulverized and soaked for
24hours while shaking in a shaker incubator. the mixtures
were filtered through a Whatman N4 Filter Paper, and then
filtrates obtained were then concentrated under reduced
pressure (at 68°C) in a rotary evaporator to obtain the crude
extract which kept at 4°C until further uses.

Antimicrobial Susceptibility Test

An antimicrobial susceptibility test was conducted
employing the Agar well diffusion method to evaluate the
effectiveness of the extracts against the isolated bacteria.
This testing procedure involved several key steps to ensure
accurate and reliable results. Mueller Hinton agar was
prepared following the manufacturer’s instructions. The
molten agar was aseptically poured into pre-labeled plates
and allowed to solidify, creating a uniform medium for
bacterial growth. Following agar preparation, a sterile
swab stick was used to evenly inoculate the surface of the
agar plates with the bacterial culture. This ensured a
consistent bacterial lawn across the agar surface, essential
for evaluating antimicrobial activity. Wells of
approximately 3-4 mm in diameter were created on the
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agar plates using a sterile cork borer. Using a sterile
syringe, 0.5 ml of different concentrations of aqueous and
methanolic extracts were dispensed in the wells. Each well
contained a distinct concentration of the extract, allowing
for a comparative analysis of antimicrobial efficacy. The
plates were incubated at 37°C for 24 hours to allow for
bacterial growth and the diffusion of antimicrobial agents
from the wells. After the incubation period, the presence of
clear zones around each well was observed. These clear zones
indicated areas where bacterial growth had been inhibited by
the antimicrobial agents in the extracts. The diameter of each
zone of inhibition was measured in millimeters (mm) using a
sterile measuring ruler. This measurement provided
quantitative data on the effectiveness of the different extracts
in inhibiting bacterial growth.

Statistical Analysis

Data obtained were subjected to statistical analysis using
the Statistical Package for Social Sciences (SPSS) version
20.0. Mean values were compared using Analysis of Variance
(ANOVA). Results were presented as Mean+Standard
deviation. A post hoc test was done using the Student-
Newman-Keuls (SNK) to compare mean values between the
treatment groups. A probability value (p-value) less than 0.05
was considered to be statistically significant.

Results

The phytochemical profile of Anastatica hierochuntica
and their mean occurrence is presented in Table 1 and
Figure 1 respectively. The study involved a meticulous
screening of the plant to identify its bioactive compounds,
which included a diverse array of anti-therapeutics.

Table 2 shows the biochemical characterization of
bacteria isolated from herbs including Gram Reaction,
Catalase, Citrate, Indole, and Motility.

Antibacterial Activities of Anastatica hierochuntica
Extracts on Food Pathogens

Table 3 shows the antibacterial activities of the extract
of A. hierochuntica against five pathogenic bacteria
isolated from food samples: Escherichia coli, Salmonella
typhi, Serratia marcescens, Staphylococcus aureus, and
Staphylococcus epidermidis.

The aqueous extract of the plant exhibited broad-
spectrum antibacterial effects on Salmonella typhi,
Serratia  marcescens, Staphylococcus —aureus, and
Staphylococcus  epidermidis  across  all  tested
concentrations. Escherichia coli, however, only showed
susceptibility at a concentration of 10g/90ml, with an
inhibitory zone of 10mm.

Table 1. Phytochemical Analysis of Anastatica hierochuntica

Qualitative Quantitative
(a) (b) (Mean + SEM)
Tannin + + 0.1835 £ 0.0025
Saponin ++ ++ 1.3465 +£0.0175
Flavonoid + + 3.1550 +0.0070
Alkaloids ++ ++ 7.1485 £ 0.0365
Phenol + + 0.3690+£0.0120
Glycoside + + 0.1140 + 0.0020
Phytate ++ ++ 0.7785 £ 0.0935
Steroid + + 0.0905 £+ 0.0055
Anthraquinone ++ ++ 0.9850 £ 0.0030
Anthocyanin + + 0.1055 £ 0.0035
+ present; ++ highly present
10
8 I
6
' I
2
0 T I L T I T I T
1 + 1 1 1
> + ++ + ++ + + ++ + ++ +
+ ++ + ++ + + ++ + + +
Tannin Saponin = Flavonoid Alkaloids  Phenol  Glycoside Phytate Steroid Anthraquinonéntocyanin
Seril

Figure 1. Phytochemical Profile of Anastatica hierochuntica

Table 2. Biochemical characterization of Food Borne Isolate

Organisms Gram staining Shape Catalase Citrate Indole Motility
Escherichia coli _ Rod + _ + Motile
Staphylococcus aureus + Cocci + + _ Non motile
Staphylococcus epidemidis + Cocci + _ _ Non motile
Salmonella typhi _ Rod + + _ Motile
Serratia marcescens B Rod + + B Motile
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Table 3. Zone of inhibition (mm) of A.hierochuntica against Food pathogens

E Escherichia Staphylococcus Staphylococcus Salmonella Serratia
xtracts . ; . .
coli aureus epidemidis typhi marcescens

A (5g/95ml) - 24+ 0.31 13+ 0.10 17+ 0.00 34+ 0.41
A(10g/90ml) 10+ 0.00 15+ 0.50 20+ 0.70 15+ 0.20 32+ 0.60
A(15g/85ml) - 34+ 0.80 24+ 0.70 34+ 0.00 17+ 0.00
M (5g/95ml) - - - - 10+ 0.00
M(10g/90ml) - - - - 15+ 0.00
M(15g/85ml) - - - - 10+ 0.00

No inhibition zone with the use of Methanol at all concentrations for E.coli, S.aureus , S. epidemidis and S. typhi. Significant inhibition changes in
aqueous extracts across all organisms concentrations increased was observed. (p >0.05); A: Aqueous Extract; M: Methanol Extract

40
35
30

B
Plate 1. A: Zones of Inhibition of Aqueous extract of A.hierochuntica stem on, S.aureus, S. epidemidis and S. typhi
B: Serratia marcescens

25
20
I

15 I
10

5 I

0

A(5g/95ml) A(10g/90ml) A(15g/85ml) M(5g/95ml) M(10g/90ml) M(15g/85ml)
mE.coli = Staphaureus ™ Staph epidermidis Salmonella typhi ™ Serratia

Figure 3. Comparative mean of Aqueous and Methanolic extracts of Anastatica hierochuntica on isolated food pathogens.

The methanolic extract demonstrated limited
effectiveness against the tested bacteria, showing notable
activity only against Serratia marcescens. The methanolic
extract produced inhibitory zones of 10mm, 15mm, and
Imm at different concentrations as shown in Figure 3.

Antibacterial activity of Anastatica hierochuntica
Extracts on Clinical Isolates

The effects of aqueous extract of Anastatica
hierochuntica demonstrated selective antibacterial activity
with significant effects against Klebsiella pneumoniae and
Pseudomonas aeruginosa, but not on Staphylococcus
aureus and Escherichia coli, as shown in Table 4.
Methanolic extract of Anastatica hierochuntica did not

exhibit any measurable antibacterial activity against the
tested bacterial isolates.

Discussion

Medicinal plants have a long therapeutic history and are
currently regarded as a promising source of medicine in the
conventional healthcare system (Saleh et al.,2021). The
findings of this study provide compelling evidence for the
phytochemical richness and antibacterial potential of
Anastatica hierochuntica extracts, particularly the aqueous
variant, against various foodborne pathogens and clinical
isolates.
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Table 4. Zone of inhibition (mm) of 4. hierochuntica on selected clinical isolates.

Extracts Klebsiella Staphylococcus Pseudomonas Escherichia
pneumoniae aureus aeruginosa coli
Aqueous(5g/95ml) 34+ 0.40 10+ 0.00 -
Aqueous(10g/90ml) 15+ 0.00 22+ 0.00 -
Aqueous(15g/85ml) 13+ 0.00 15+ 0.00 -
Methanol(5g/95ml) - - -
Methanol(10g/90ml) - - -
Methanol(15g/85ml) - - -

No inhibition zones was observed for all concentrations with Methanolic

concentrations (p >0.05); A: Aqueous Extract; M: Methanol Extract

40
35
30
25

20

A(5g/95ml) A(10g/90ml) A(15g/85ml)

m Klebsiella pneumonia Staph aureus

extract, Aqueous extract of the stem was only able to inhibit a low

M(5g/95ml) M(10g/90ml) M(15g/85ml)

Pseudomonas aeruginosa  ®E.coli

Figure 4. Mean antibacterial susceptibility of Anastatica hierochuntica extracts against selected clinical isolates

The detected phytochemicals, alkaloids, flavonoids,
and tannins are known for their diverse biological
activities, including antimicrobial properties as reported in
the study of (Tavares & Seca, 2018). The quantification of
phytochemicals revealed the presence of alkaloids (7.15 +
0.0365 mg/g), flavonoids (3.16 £ 0.007 mg/g), and tannins
(0.18 £ 0.0025 mg/g) in A. hierochuntica extracts.
Alkaloids are recognized for their ability to disrupt
microbial cell functions and interfere with nucleic acid
synthesis (Sathiyaseelan et al., 2020). Flavonoids possess
strong antioxidant properties and contribute to the
inhibition of bacterial growth by disrupting cell membrane
integrity and function (Pareek et al., 2023) Tannins, though
present in lower concentrations, are also known for their
antimicrobial effects, particularly through protein
precipitation and enzyme inhibition (Sathiyaseelan et al.,
2020). The synergy of these compounds likely contributes
to the robust antibacterial activity observed in the aqueous
extracts. The results indicate that the aqueous extract of 4.
hierochuntica exhibits strong antibacterial activity against
arange of foodborne pathogens, with significant inhibitory
zones measured, particularly against Staphylococcus
aureus, Salmonella typhi, and Serratia marcescens (34
mm). This aligns with the research of (Guo et al., 2017).
highlighting the effectiveness of plant extracts against
these pathogens, which are common culprits in foodborne
illnesses. The broad-spectrum activity against foodborne
pathogens suggests that 4. hierochuntica could serve as a
potential natural preservative in food systems, thereby
enhancing food safety while minimizing reliance on
synthetic additives. In contrast, the methanolic extract in

this study demonstrated limited antibacterial efficacy,
showing activity solely against Serratia marcescens. This
disparity could be attributed to the solubility of certain
phytochemicals; the polar nature of aqueous solvents may
better extract hydrophilic compounds with potent
antibacterial properties, while methanolic extraction may
favor less effective compounds (Quinto et al., 2019). The
findings underscore the importance of solvent choice in
phytochemical extraction for maximizing biological
activity. The selective inhibition observed against clinical
isolates, Klebsiella pneumoniae and Pseudomonas
aeruginosa—suggests potential therapeutic applications in
clinical settings, particularly as these organisms are
increasingly recognized for their multidrug-resistant
characteristics (lhsanullah, 2012). The ability of A.
hierochuntica to inhibit these pathogens raises questions
about the underlying mechanisms, which could involve
disruption of membrane integrity or interference with
metabolic pathways due to the identified phytochemicals.
Furthermore, the findings from this study highlight the
potential of 4. hierochuntica as a candidate for natural
antimicrobial development, especially in an era marked by
rising antibiotic resistance. The increasing prevalence of
multidrug-resistant pathogens necessitates innovative
solutions, and plant-based antimicrobials could play a
crucial role (Bhattacharjee & Islam 2015). Further research
into the isolation and characterization of individual
bioactive compounds within A. hierochuntica could
elucidate specific mechanisms of action and facilitate the
development of effective natural antimicrobials.
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Future studies should focus on expanding the range of
pathogens tested and exploring the potential synergistic
effects of the phytochemicals identified in A.
hierochuntica. Additionally, in vivo studies are warranted
to assess the efficacy and safety of these extracts in real-
world applications, such as food preservation and
therapeutic use.

Conclusion

In conclusion, this study highlights the promising
antibacterial properties of aqueous extracts of Anastatica
hierochuntica, demonstrating significant effectiveness
against a range of foodborne pathogens and clinical
isolates. The presence of key phytochemicals, such as
alkaloids, flavonoids, and tannins, may contribute to the
observed antimicrobial activity, particularly against strains
like Staphylococcus aureus and Salmonella typhi. In
contrast, the methanolic extracts showed limited efficacy,
indicating that the extraction method plays a crucial role in
the bioactivity of the compounds. These findings not only
advocate for the use of A. hierochuntica as a natural
antimicrobial agent but also pave the way for future
research into its bioactive components. Such investigations
could enhance food safety measures and provide
alternative strategies for combating multidrug-resistant
pathogens.
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The aim of this study is to define standard recipes in the production of Gocmen cheese produced in
the central districts of Izmir province. The aim of this study was to define standard recipes for the
production of Gocmen cheese produced in the central districts of Izmir province. For this purpose,
microbiological and sensory properties of the products were evaluated and it was aimed to define the
most suitable standard recipe that appeals to the consumer profile and will be adapted to industrial
production. In the research, sensory analysis and microbiological analyses were carried out as well as
standard recipe study for 4 different products produced by evaluating the recipes collected from
Balkan immigrant individuals. Taste, odour, consistency and general appreciation characteristics of
the products produced as curd, yoghurt, curd-yoghurt and curd-milk were evaluated with hedonic
scale (1-9). For the curd, yoghurt, curd-yoghurt and curd-milk samples, the average of general
appreciation were 7.63, 4.32, 6.63 and 7.84, respectively. Similarly, the Lactobacillus counts are 8.18;
6.11; 6.41 and 7.34 cfu/g, the Lactococci counts are 7,44; 7,51; 7,35 and 7,36 cfu/g and the yeast
counts were 4.41; 5.61; 4.71 and 2.85 cfu/g respectively, E. coli counts of curd, yogurt, curd-yoghurt
and curd-milk were determined as 4.06, 0.00, 3.78 and 3.58 cfu/g, respectively. S. aureus counts in
traditional products produced with curd, yoghurt, curd-yoghurt and curd-milk were detected 2.06,
<10, 3.78 and 2.58 cfu/g, respectively. E. coli was reported as <10 cfu/g in all samples searched.
Gocmen cheese, which is important as a fermented milk product among traditional products, is a
cultural heritage transported from the Balkan lands to Anatolia. It is important that standard recipe
studies focus on local tastes in order to protect the food culture that reflects the societies, to transfer
it to future generations, and to revive gastronomy tourism.

Tiirk Tarim — Gida Bilim ve Teknoloji Dergisi, 12(s4): 2907-2912, 2024

Goécmen Peyniri Uretiminde Regete Standardizasyonu, Mikrobiyolojik Kalite
ve Duyusal Ozelliklerin Degerlendirilmesi

MAKALE BILGISI

0z

Arastirma Makalesi

Gelis
Kabul

:08.10.2024
1 18.11.2024

Anahtar Kelimeler:
Standart regete
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Mikrobiyolojik kalite
Duyusal 6zellik

Bu caligmamn amaci, Izmir ili merkez ilgelerinde iiretilen Gégmen peyniri iiretiminde standart
regetelerin  tanimlanmasidir. Bu amagla {iriinlerin  mikrobiyolojik ve duyusal 6zellikleri
degerlendirilerek tiiketici profiline hitap eden ve endiistriyel iiretime adapte edilecek en uygun
standart regetenin tammlanmasi hedeflenmistir. Arastirmada Balkan gé¢meni bireylerden toplanan
tarifler degerlendirilerek {iretilen 4 farkli iiriin igin standart regete ¢aligmasi yan sira duyusal analiz
ve mikrobiyolojik analizler gergeklestirilmistir. Lor, Yogurt, Lor-yogurt ve Lor-siit seklinde iiretilen
iirtinlerde tat, koku, kivam ve genel begeni ozellikleri hedonik skala (1-9) ile degerlendirilmis ve
genel begeni puani ortalamasi sirast ile 7,63; 4,32; 6,63 ve 7,84 olarak tespit edilmistir. Benzer sekilde
Lor, Yogurt, Lor-yogurt ve Lor-siit ile {iretilen geleneksel {iriinlerde Lactobacillus spp.say1st sirasi ile
8,18; 6,11; 6,41 ve 7,34 kob/g; Laktokok sayis1 sirast ile 7,44; 7,51; 7,35 ve 7,36 kob/g ve maya-kiif
sayist sirasi ile 4,41; 5,61; 4,71 ve 2,85 kob/g olarak tespit edilmistir. Lor, Yogurt, Lor-yogurt ve Lor-
stit ile iiretilen geleneksel iiriinlerde Staphylococcus aureus (S. aureus) sayist sirast ile 2,06; <10; 3,78
ve 2,58 kob/g olarak tespit edilmistir. Escherichia coli (E.coli) aranan tiim dreklerde <10 kob/g
olarak bildirilmistir. Geleneksel {iriinler igerisinde fermente siit iiriinii olarak dnemli olan gé¢men
peyniri Balkan topraklarindan Anadolu’ya tasinan bir kiiltiirel mirastir. Toplumlar1 yansitan yemek
kiiltiiriine sahip ¢ikmak, gelecek nesillere aktarilmasini saglamak, gastronomi turizmini canlandirmak
amaci ile standart recete ¢alismalarinin yerel lezzetler iizerine yogunlagmasi énem arz etmektedir.
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Giris

Bir iriine 6zgl iretim siirecinin tim detaylart ile
tanimlanmasi kaliteli iiretimin temel ihtiyaglarindan
biridir. Receteler mutfak igindeki siireci tanimlayan, as¢iya
yapacag1 yemek konusunda rehberlik eden ve son iiriinde
kalite standardizasyonunu saglayan Onemli iiretim
bilesenleridir (MEB, 2012). Standart recete, bir iiriine ait
iiretimde kullanilan malzeme miktarini, hazirlik ve pisirme
stirecini, kullanilan alet ekipmanlari tantyan ¢ikt1 olarak
maliyeti, porsiyon bilgisini ve besin degerlerini veren bir
tarifedir. Bir iiriin nerede iiretilirse iiretilsin ayn1 lezzet ve
kaliteye sahip olabilmesi i¢in ilk adim standart receteye
sahip olmalidir. Uriinlerin cografi isaret almalarini da
kolaylastirmakta etkili olan standart receteler (Cekal ve
Dogan, 2022), 6zellikle yerel lezzetlerin kayda gecirilmesi
noktasinda kiiltiirel mirasa da sahip ¢ikmaktadir. Yoresel
ve geleneksel birikimlerin sistemli bir sekilde toplanmast,
kayit altina alinmasi, korunmasi ve kusaktan kusaga
yasatilmasi gerekmektedir. Bu nedenledir ki yore halki,
turistler ve isletmeler agisindan standart regetelerin
olusturulmasi hayati degere sahiptir. Standart receteler
ayn1 zamanda tiiketici siirekliligini saglamak i¢in de yararli
bir aragtir (Liagat, Khan & Mohammed, 2009).

Her gegen giin artan iiriin gesitliligi ile birlikte
endiistriyel tiretim ve teknolojik gelismeler yerel {iriinlerin
bir sonraki nesile aktarimi daha zor hale getirmektedir. Ek
olarak yerel Uiriinlere 6zgii standart recetelerin olmayisi ve
tiiketicilerin iirtine hizli erisim talepleri yerel iriinlerin
unutulmaya yiiz tutmasina zemin hazirlamaktadir. Yerel
iiriinlerde standart regeteler olusturulmasi sadece maliyet
kontrolii ve israfi onlemeye katki saglamayacak ayni
zamanda FAO’nun siirdiiriilebilirlik amaglarina da hizmet
edecektir (Anonim, 2024).

Yerel gida ifadesine ait belirgin bir tanim
bulunmamaktadir. Baz1 kaynaklarda yerel gida, sinirlt bir
cografi alanda {iretilen, satilan ve tiiketilen gida anlamina
gelmektedir (Pearson ve ark., 2011; Mirosa ve Lawson,
2012; Bianchi ve Mortimer, 2015). Buna ek olarak,
geleneksel bir sekilde ve belirli duyusal 6zelliklere sahip
belirli bir yerel alanda iiretilen yiyecekler olarak da
tammlanmaktadir (Stolzenbach, Bredie ve Byrne, 2013).
Yerel gidanin iiretildigi yer ile ilgili farkli sayisal veriler de
literatiirde ortaya konmaktadir. Pearson ve ark., (2011) ve
Penney ve Prior (2014) calismalarinda tiiketicilere 30
mil’lik (48,28 km) bir uzakliktan bahsederken, Lang,
Stanton ve Qu (2014) ise bu mesafeyi 400 mil (643,74 km)
olarak ifade etmektedir.

Yerel iriinler hem ekonomik agidan hem de turizm
acisindan biiylik 6neme sahip iken hangi bdlgeye ait ne
kadar yerel iiriin oldugu bilgisi hala netlik kazanmamistir.
Bunun en temel sebeplerinden biri Tiirkiye cografyasinda
gecmisten gilinlimiize birgok medeniyetin var olmasidir.
Ozetle Tiirk mutfak kiiltiiri pek ¢ok medeniyetten
etkilenmis, sahip oldugu cografi ozellikler ile diinya
mutfaklart arasinda yer almistir. Yerel driinler aym
zamanda bolge halki i¢in ekonomik bir unsur olarak
goriilmektedir. Gastronomi turizmine giderek artan ilgi ile
insanlar yeniden seyahat etme motivasyonu kazanmakta ve
o kiiltire yakinlagsmaktadir (Kim & Eves, 2012).

Gogmen peyniri, Tirkiye’de Balkan gd¢menleri
tarafindan {retilerek kahvalti dahil olmak iizere tiim

oglinlerde sevilerek tiiketilen 6nemli bir yerel {iriindiir.
Trakya bolgesinde siitlii biber tursusu olarak taninan {iriin
de benzer sekilde biber, peynir ve siitiin karigiminin laktik
asit fermantasyonu seklinde tanimlanmistir (Coskun ve
Arict, 2005).

Bu ¢alismada, Go¢men peyniri iiretiminde kullanilmak
iizere Balkan gd¢meni 26 bireyle yapilan goriismeler
neticesinde toplanan receteler kendi aralarinda 4 gruba
ayrilmistir. Toplanan regetelere birebir uygun iiretimler
gergeklestirilerek  riinlerin -~ regete  standardizasyon
calismast kapsaminda duyusal ve mikrobiyolojik
ozellikleri incelenmistir. Duyusal analizden elde edilen
bulgular ile mikrobiyolojik analiz sonuglart her regete igin

ayrt  ayrnt  yorumlanarak, Gogmen  peynirinde
standardizasyona yaklagim hedeflenmistir.
Materyal ve Yontem

Materyal

Caligmamizda  dretilen  GOg¢men  peynirlerinin

iiretiminde UHT inek siitii (Pmar Siit, Bornova, izmir)
kullanilmistir. Uretimde kullanilan sit %3,3 yag, %3,0
protein, %4,5 karbonhidrat ve 120 mg kalsiyum
icermektedir. pH degeri 6,5 olarak dlciilmiistiir. Uretimde
kullanilan yesil sivri biberler, yogurt (%5,5 yag; %S5,1
protein ve %7,3 karbonhidrat), tuzsuz lor (%6,5 yag; %18
protein; %3 karbonhidrat) ve sofra tuzu (Billur Tuz, Rafine
Iyotlu sofra tuzu) Izmir/Bornova’da yerel marketlerinden
temin edilmistir.

Yontem

Gogmen peyniri iiretime ait regete standardizasyonu
caligmas1 amactyla Izmir ili merkez ilgelerinde (Balgova,
Bayrakli, Bornova, Buca, Cigli, Gaziemir, Giizelbahge,
Karabaglar, Karsiyaka, Konak, Narlidere) ikamet eden
Balkan gog¢meni 26 birey ile goriismeler saglanmistir.
Standart recete olusturulmasinda Balkan gd¢meni
bireylerle yapilan goriismelerde gdgmen peyniri iiretimine
ait regetelerin toplanmasi ve gruplandirtlmasi saglanmistir.
Toplanan receteler 4 ayr1 gruba ayrilmis ve her regete
cesidi icin ayr1 ayn iretimler gerceklestirilmistir. Lor,
Yogurt, Lor-yogurt ve Lor-siit olmak iizere yapilan iiretim
denemeleri sonucunda standart regete olusturulmus, her
grup son iriinde mikrobiyolojik ve duyusal analizler
gerceklestirilmistir.

Gocmen Peyniri Uretimi

Gogmen peyniri liretiminde regete standardizasyinu
amaciyla {iretilen iriinlere ait receteler 4 ayri sinifa
ayrilmustir.  Sekil 1°de farkhi siniflara ait receteler
verilmistir. Her bir regete igin lretim siireci es zamanli
gerceklestirilmistir. Her bir regete i¢in 190 gram yesil biber
dograndiktan sonra bir kap igerisinde diger ham maddeler
ile homojen sekilde karistirllmis ve ardindan 1 It’lik cam
kavanozlarda agz1 sikica kapatilarak fermantasyona
birakilmistir. Regetelere uygun sekilde gergeklestirilen
iiretim sonrasinda {iriinler fermentasyonun tamamlanmasi
amaciyla 10 giin oda sicakliginda (15-20°C’de)
depolanmistir.
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¢

3y
(Regete 1) (Regete 2)
Lor Yogurt
190 g yesil 190 g yesil
biber biber
750 g lor 750 g yogurt
8.8gtuz 8.8 gtuz
250 ml 1lik su

- -

> O

(Recete 3) Lor- (Recete 4)
Yogurt Lor-Siit
190 g yesil 19 g yesil
biber biber
375glor 750¢g lor
375 g yogurt 8.8gtuz
8.8gtuz 250 ml 1lik siit

Sekil 1. G¢men Peyniri Uretim regeteleri
Figure 1. Gocmen Cheese standart recipes

Sekil 2. Duyusal degerlendirmeye ait gorseller
Figure 2. Sensory evaluation of Gocmen Cheese

Recete Standardizasyonu

Standart recetelendirme ¢alismasinda ABD Tarim,
Gida ve Beslenme Bakanligi, Ulusal Gida Hizmeti
Yonetim Enstitiisii (NFSMI) ve Tiirkiye Cumhuriyeti Milli
Egitim Bakanligi, Yiyecek igecek Hizmetleri (MEB,
2012)’den modifiye edilmis olan yontem kullanilmistir.
NFSMI tarafindan regete standardizasyonu 3 ana agsamada
Ozetlenmistir. Tarifin dogrulanmasi, {irlin degerlendirmesi
ve miktar ayarlanmasi olarak tanimlanan adimlar regete
standardizasyonunda elzemdir (USDA, 2002). MEB, 2012
tarafindan yapilan tanimlamada ise toplanan tariflerin ilk
etapta 10 porsiyonluk deneme iiretimleri yapilir. Deneme
iiretimlerinden verim alinirsa ayni kalitede iiretilen tiriinler
mutfak sefleri, gurmeler, beslenme uzmanlari ve alan
ogretmenleri gibi uzmanlardan olusan kalite kontrol ekibi
tarafindan degerlendirmeye alinir. Onaylanan dlgiiler 2 kati
seklinde denenir ve standartlastirilir.
Bu kapsamda c¢aligmamizda, tanmimlanan adimlara
esdeger standardizasyon adimlari olugturularak NFSMI ve
MEB’den modifiye edilen bir yontem kullanilmistir.
Regete standardizasyon adimlart su sekilde tanimlanmuistir.
e Uriine ait recetelerin toplanmasi, simflandirilmasi
(6zellikle yerel {irtinlerde bir iirliniin {iretimi pek ¢ok
faktorden etkilenerek sekillenir. Bu durum {iriiniin
iiretimine ait bilesen ve proses akisinda degisikliklere
yol agabilmektedir. Farkli bilesen ve siirece ait
recetelerin siniflandirilmasi gerekmektedir)

e 10 porsiyonluk deneme iiretimlerinin yapilmasi

e Alaninda uzman kisilerden olusan panelde {iriinlerin
kodlama ile panelistlere sunulmasi ve puanlanmasi

(Duyusal analiz egitimli panelistler ile/En az 10 kisi)

e Duyusal analizde elde edilen ¢iktilara gore optimum
iiriine ait verilerin degerlendirilerek iiriine ait standart
regetenin tanimlanmasi ve kayit altina alma.

e Calismamizda da, Balkan gd¢meni olan bireylerden
toplanan regeteler 4 ayn gruba ayrilmigtir. 50 g/kisi
porsiyon hesabi ile ortalama her iirinden 1000 g
olacak sekilde 4 ayri iiriin iiretilmistir. Uretilen
gocmen peynirleri duyusal analiz puanlart  ve
mikrobiyolojik sayim sonuglart dikkate alinarak

degerlendirilmis ve standart regete tablosu

olusturulmustur.

Duyusal Analiz

Gogmen  peyniri  Orneklerinin  duyusal agidan
degerlendirilmesinde  Hedonik  skala  kullanilmistir.

Duyusal degerlendirme E.U.Z.F. Siit Teknolojisi dgretim
elemanlari ve izmir Kavram Meslek Yiiksekokulu dgretim
elemanlar1 tarafindan 20 kisi ile gergeklestirilmistir.
Gogmen peyniri ornekleri tadim yapacak olan paneliste 3
haneli rakamsal kodlama ile sunulmus olup Ornekler
arasinda agiz temizliginin saglanmasi amaci ile galeta
cubuklar ve su ikram edilmistir (Sekil 2).

Gogmen peyniri orneklerinin degerlendirilmesinde her
panelist icin Ornekler tadim oOncesinde +4°C’de
depolamadan alinarak oda sicakligina ¢ikarilmigtir.

Panelistlerden kendilerine sunulan gé¢mne peyniri
orneklerini degerlendirme formunda 1-9 arasi puanlama ile
degerlendirmeleri istenmistir (Uysal ve ark., 2004).
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Cizelge 1. Gégmen peyniri mikrobiyolojik analiz sonuglan (log kob/g)
Table 1. Microbiological counts of Gocmen Cheese (log cfu/g)

Lactobacillus spp. 3 trégfézgzsﬁgi/[)p. Maya-Kiif S.aureus E. coli
Regete 1(Lor) 8,18 <+ 0,03° 7,44 £ 0,24° 441 £0,07¢ 2,06 +£0,05¢ <10 £+ 0,05
Regete 2 (Yogurt) 6,11 =+ 0,09°¢ 7,51 + 0,15° 5,61 £0,08° <10 +0,00¢ <10 + 0,00
Regete 3 (Lor_Yogurt) 6,41 =+ 0,20° 7,35 + 0,03° 4,71 £0,13® 3,78 £0,15* <10 +0,15
Recete 4 (Lor Siit) 7,34 + 0,04° 7,36 + 0,02° 2,85 £0,10¢ 2,58 £0,10° <10 + 0,10

a, b, c: Ayni siitunda farkl iissel degerler 6rnekler arasindaki fark: ifade etmekte olup degerler arasindaki fark istatistiksel olarak onemlidir (p<0,05).

Mikrobiyolojik Analizler

Aseptik kosullar altinda 10 g gd¢men peyniri Ornegi
alinarak filtreli stomacher posetlerine tartilmis tizerine 90 ml’lik
%0,1’lik peptonlu su ile homojen hale getirilmistir. Hazirlanan
seri diliisyonlardan uygun seyreltmelerde ekim yapilmustir.

Lactobacillus spp. saymimda MRS Agar (Merck,
Germany) kullamlmistir. Uygun diliisyonlardan paralel
inokiilasyonu gerceklestirilen petri kaplar1 37°C’de 72 saat
anaerobik ortamda inkiibasyona birakilmis ve siire sonunda
gelisen koloniler sayilmistir. MRS Agar petrileri, anaerobik
ortamin saglanmasi anaerobik jarlar (Oxoid, Hampshire, UK)
icerisine yerlestirilen AnaeroGen ajam (Oxoid, Hampshire,
UK) ile saglanmistir (De Man, Rogosa & Sharpe, 1960).

Lactococcus spp. saymmimda M17 Agar (Merck, Germany)
kullanilmig ve 37°C°de 72 saat inkiibasyon sonrasinda sayim
gergeklestirilmistir (Terzaghi ve Sandine, 1975).

Maya ve kiif sayimi i¢in pH’s1 6,8’e ayarlanmis olan
Yeast Extract Chlorampehicol Agar kullanilmistir.
25°C’de 3 giin mayalar i¢in, 5 giin ise kiifler igin
inkiibasyona birakilmig, inkiibasyon sonrasinda sayilan
koloniler toplam maya-kiif kob/g olarak verilmistir
(Gonzales-Fandos ve ark. 2000).

Uretimde gida ve personel hijyeni kontrolii amaci ile
iretilen Gogmen peyniri Orneklerinde Egg Yolk Tellirit
ilaveli Baird-Parker Agar’a yayma yontem ile ekim
yapilmustir. Uygun diliisyonlardan yapilan ekimler sonrasi
petriler 37+1°C’de 48 saat inkubasyona birakilmistir.
Inkubasyon sonunda petride yuvarlak, konveks, dar ve
¢evresinde berrak bir zon bulunan siyah-gri parlak koloniler
S.aureus olarak tespit edilmistir ISO/FDIS, 2021).

E.coli sayim igin selektif besiyeri olan Tryptone Bile
X-glucuronide (TBX) Agar (Oxoid, UK)’da yayma
yontem ile ekim yapilarak 44°C'de 20 saat inkiibasyona
birakilmistir. Inkiibasyon sununda yesil renkli koloniler
sayilarak E.coli olarak degerlendirilmistir (ISO, 2021).

Istatistiksel Analiz

Uretilen  gdgmen  peyniri  Ornekleri  arasinda
mikrobiyolojik ve duyusal acgidan farkin tespit edilmesi
amaci ile tek yonlii varyans analizi (One-way ANOVA)
uygulanmistir. Buamagla SPSS 26.0 versiyonu kullanilmis
ve varyans analizi sonucunda 6nemli olan veriler Duncan
¢oklu karsilagtirma testine gore P<0,05 diizeyinde
degerlendirilmistir.

Bulgular ve Tartisma

Gogmen peyniri  yerel olarak iretilen geleneksel
irlinlerimiz arasinda yerini alan 6nemli bir fermente siit
iiriintidiir. Geleneksel yontemlerle iiretilen gogmen peynirinin
fermentasyon siirecinde ortamda hakim olan flora Laktik asit
bakterileri (LAB) olmasma ragmen kontaminasyon riski de
olduk¢a fazladir. Yerel iirtinlerde iretim ortaminda

sanitasyonu saglamak ve personel hijyeni son iriinde
mikrobiyolojik  kalitenin ~ korunmasimm  saglamaktadir
(Sonmez, 2019; Erdogmus, 2020; Cetin ve Celik, 2021). Bu
amagla tiretilen Gogmen peyniri drneklerinde mikrobiyolojik
analizler yapilarak hem tiriine hakim floranin tespit edilmesi
hem de iiretim ve depolamanin uygun kosullarda yapilip
yapilmadigi incelenmistir. Elde edilen bulgular 1siginda
sanitasyon kosullarinin uygulandigi tretimlere ait veriler
Cizelge 1°de verilmistir.

Peynir iiretiminde {irline ait mikrofloranin taninmasi
kalite parametrelerinin tanimlanmasi agisindan gereklidir.
Peynir, florasi oldukga komplike olmakla birlikte siit
tirlinleri igerisinde mikrobiyal kontaminasyon sebebi ile
bozulmalarin yasandigi en Onemli iriin olarak da
nitelendirilebilir. Ozellikle iiretimde kullanilan ham madde
kalitesi son iiriiniin mikrobiyal kalitesini belirleyici
unsurlarin  basinda gelmektedir. Siit ve siit triinleri
icerisinde dnemli yere sahip olan fermente siit tirlinlerinin
iiretiminde LAB &nemli role sahiptir. Ozellikle peynir
tiretiminde teknolojik 6neme sahip LAB ayni zamanda
tirtiniin kendine 6zgii duyusal 6zelliklerin ortaya ¢ikmasina
da katki saglamaktadir. Bu kapsamda standart regete
calismast i¢in {iretilen Go¢men peyniri Srneklerinde
fermantasyon siirecini yiiriiten LAB sayimina ek olarak
maya kiif, E.coli ve S.aureus sayimlar gerceklestirilmistir.
Gocmen peynirlerinde yapilan mikrobiyolojik ekim
sonuglarinda Lactobacillus spp. 6,11-8,18 log kob/g,
Lactococcus/ Streptococcus spp. 7,35-7,51 log kob/g,
Maya-kiif 2,85-5,61 log kob/g araliginda tespit edilmistir.
Yapilan bir caligmada ambalajli ve ambalajsiz lor
peynirlerinde maya-kiif sayisi sirasiyla 4,14 log kob/g,
1,86 log kob/g olarak bildirilmis ve 6rnekler arasindaki
farkin istatistiksel agidan onemli oldugu vurgulanmistir
(p<0,001). Calismada bildirilen vakum ambalajli lor
peynirlerinde maya-kiif sayisinin daha fazla oldugu
bulgusu dikkat cekici olup, ambalaj hijyeni ve personel
hijyeninin 6nemini vurgular niteliktedir (S6nmez, 2019).

Orneklerde en yiiksek S.aureus Lor-yogurt érneginde
3,78 log kob/g olarak tespit edilmistir. Bunu Lor-siit ve Lor
ornekleri sirasi ile 2,58 log kob/g ve 2,06 log kob/g takip
ederken yogurt ile iretilen Ornekte S.aureus tespit
edilmemistir. Bunun yani sira, hijyen indikatorii olan E.
coli i¢in yapilan ekimlerde tiim &rneklerde E. coli tespit
edilmemis olmasi uygun iretim kosullart ve hijyen
uygulamalarina 6zen gosterildigini isaret etmektedir. Bu
sonu¢ Tiirk Gida Kodeksi Mikrobiyolojik Kriterler
Yonetmeligi Gida Giivenilirligi agisindan uygun olarak
olarak degerlendiriilmistir.

Coskun ve Gok (2012) tarafindan yapilan calismada
stitlii biber tursusu olarak tanimlanan fermente iiriinlerin
ticari olarak iiretilmis ve marketlerde satilan, evde iiretilip
pazarda satilan ve evde Tretilip tiiketilenler ile
karsilastirilmast yapilmistir.
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Cizelge 2. Gogmen peyniri duyusal analiz sonuglari
Table 2. Sensory analysis results of Gocmen cheese

Tat Koku Kivam Genel begeni
Regete 1 (Lor) 7,63+ 0,18° 6,21+ 0,42? 7,58+ 0,20° 7,63+ 0,14°
Regete 2 (Yogurt) 495+ 0,19° 5,84+ 0,52? 3,58+ 0,27° 432+ 0,222
Regete 3 (Lor_Yogurt) 6,89+ 0,09° 7,00+ 0,31° 6,26+ 0,24° 6,63+ 0,25
Recete 4 (Lor _Siit) 7,89+ 0,05° 7,53+ 0,152 7,89+ 0,09° 7,84+ 0,37°

a, b, c: Ayni siitunda farkl iissel degerler 6rnekler arasindaki fark: ifade etmekte olup degerler arasindaki fark istatistiksel olarak onemlidir (p<0,05).

Uriinlerde LAB, Maya-kiif ve Koliform sayis1 sirast ile
2x107-1,2x108; 3,4x10°-4,5x107 ve 1x10%-2x10? kob/
araliginda bildirilmistir. Fermantasyon siirecini yliriiten
LAB agisindan benzer veriler olsa da maya-kif sayisinin
calismamizda elde edilen verilerden daha yiiksek oldugu
goriilmektedir.

Benzer sekilde iiretilen siitlii biber tursusu 6rneklerinde
LAB sayist 3x107-5,6x10® adet/g arahginda bildirilirken
maya-kiif sayis1 8x10*-3x107 adet/g olarak rapor edilmistir
(Coskun ve Arict, 2005). Aym ¢alismada renk ve goriiniim,
tat, yapt ve koku agisindan duyusal ozellikler
degerlendirilmistir. Her bir 6rnek i¢in 5,0 puan {izerinden
yapilan degerlendirmede Orneklerin tamami renk ve
gOriintim, tat, yapt ve koku agisindan 4,0-4,7 puan
araliginda degerlendirilmistir. Calisma sonuglarinda siitlii
biber tursusu olarak tanimladiklar1 {irtiniin duyusal agidan
begenilen bir iiriin oldugu ifade edilmis olup tiretiminde
beyaz peynir yerine lor peyniri de kullanilabilecegi
vurgulanmistir. Nitekim yaptigimiz arastirma veri toplama
siirecinde Izmir ili merkez ilgelerinde toplanan veriler
GoOg¢men peyniri olarak nitelendirilen fermente {iriiniin
¢ogunlukla lor peyniri  kullanilarak  retildigini
gostermektedir. Geleneksel olarak {retilip tiiketilen
iiriinlerde {iretim yonteminin bolgeden bolgeye farkliliklar
gosterdigi  goriilmektedir. Bu durum yerel {irlinlerin
iretiminde kiiltiirel etkinin fazla oldugu ve bolgesel
farkliliklar olabilecegi seklinde yorumlanmustir.

Calismamiz kapsaminda yapilan duyusal
degerlendirmede tat, koku, kivam ve genel begeni
parametreleri 9  puanlik  hedonik  skala ile
degerlendirilmistir. Tat, koku, kivam ve genel begeni
agisindan en begenilen iiriin Regete 4 olarak tanimlanan ve
Lor siit ilave edilerek {iretilen Go¢men peyniri Ornegi
olmustur. Calisma bulgulart daha 6nce yapoilan literatiir
verileri ile karsilagtirildiginda Gogmen peyniri tiretiminde
lor peyniri kullanimimin son friinde tiiketici tercihinin
artmasina katki sagladigi sonucuna varilmaktadir. Lor_siit
ilaveli regetenin begenisinin sadece Lor ilaveli drnekten
nispeten daha fazla olmasinin sebebi ise Lor_siit ilaveli
ornekteki  fermantasyon  siirecinden  kaynaklandigi
diistiniilmiistiir. Lor_siit ilaveli drnekte Lactobacillus spp.
ve Lactococcus / Streptococcus spp. sayimi sonucunda
elde edilen dengenin son iiriinde maya-kiif sayimini da
etkiledigi disiiniilmekte ve son iiriinde duyusal begeniye
katki sagladig seklinde yorumlanmaktadir.

Sonuc¢

Geleneksel yontemlerle harmanlanip {iretilen yerel
iriinler ilkemizin farkli boélgelerinde ¢esitli isimlerle
tammmlanmaktadir. Bolge halki tarafindan kiiltiirel etkiler
ile sekillenen fiiretim yontemleri ve hammaddeler son
iriinde kalite o6zelliklerinin de degisiklik gdstermesine
hatta farkli isimler ile anilmasina sebep olmaktadir. Izmir

ili merkez ilgelerinde iiretim receteleri siniflandirilip
standardize edilen gégmen peyniri igin standart regetenin
tammmlanmast gelecek nesillere aktarilacak mirasin
korunmasim da saglayacaktir. Bu kapsamda geleneksel
iriinlerin standardize edilmis regeteler 1s1ginda cografi
isaretleme sistemine kazandirilmasi gerektigi
diisiiniilmektedir. Duyusal degerlendirmede elde edilen
veriler 1s1¢1nda genel tiiketici begenisi lor igeren standart
recetelere yonelmistir. Tiiketiciden genel begeni alan bu
griinlerin  endiistriyel ~ iiretime  entegre  edilme
calismalarinin faydali olacagi diisiiniilmektedir. Ek olarak
son iiriinde mikrobiyolojik kalite degerlendirildiginde
yerel rlinlerin iiretiminde sanitasyon kosullarina dikkat
Uretim

edilmesi gerektigi ifade edilebilir. sonrasi
ambalajlama ve personel hijyeni ise tiiketiciye ulasan son
iriinde kalitenin onemli temsilcileri olarak
degerlendirilmektedir.

Beyan

Bu ¢alisma 7. Uluslararasi Anadolu Tarim, Gida, Cevre
ve Biyoloji Kongresinde (Kastamonu, TARGID 2024)
sunulmustur.
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Current study intends to find out the carbon footprint of Dokuz Eyliil University's Tinaztepe
Campus and comprehensively assess its environmental impact in the process. The study provides a
detailed analysis of carbon emissions resulting from the campus’s energy consumption,
transportation, water usage, and other sources. Based on these analyses, the total CO, emmission of
the campus has been determined, taking into account the carbon sequestration capacity of the
university's forested area. Calculations performed using the I[IPCC Tier 1 Model estimate that
Tinaztepe Campus's total annual carbon footprint is 2,458.44 tons of CO2. Additionally, the annual
carbon footprint per capita has been calculated as 0.059 tons of carbon footprint. According to the
findings, the largest portion of carbon emissions is from natural gas consumption, while the smallest
is from water consumption. In light of this data, various strategic recommendations have been
developed to reduce the campus’s carbon footprint. These recommendations include measures such
as increasing energy efficiency, adopting more sustainable transportation methods, and reducing
water consumption. The results of this study provide valuable insights for universities to consider
when developing sustainability policies.
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Introduction

The increasing global production and consumption,
along with the rising global temperatures, are among the
most widely discussed environmental issues worldwide.
These problems arise from the rapid increase in the
greenhouse gases in the atmosphere. They create global
environmental  threats like resource  depletion,
desertification biodiversity losses. The main gas that
creates the greenhouse effect is carbon dioxide (CO-) gas
emitted into the atmosphere as a result of human activities
with the use of fossil fuels (oil, coal, natural gas) (Tuckett,
2019). Therefore, research on CO, gas analysis has grown
in recent years, resulting in the development of the 'Carbon
Footprint' concept (Gokgek et al., 2019). Carbon footprint
refers to greenhouse gas emissions resulting from activities
such as energy production, waste management,
transportation and consumption, and it is usually calculated
as carbon dioxide equivalent in tons. Therefore, carbon
footprint is the carbon dioxide equivalent measure of
greenhouse gas emissions caused directly or indirectly by
a product or an action during its life cycle (Wiedmann and
Minx, 2008). The term carbon footprint is synonymous
with “greenhouse gas inventory” (Franchetti and Apul,
2013).

This work is licensed under Creative Commons Attribution 4.0 International License

Greenhouse gases (GHG) are gases that absorb and re-
radiate heat in the atmosphere, thus keeping the
atmosphere warmer than it should be. The main
greenhouse gases in the atmosphere are water vapor,
carbon dioxide (CO,), methane (CHs), nitrous oxide (N»O),
hydrofluoric carbon (HFCs), perfluoric carbon (PFCs),
sulfur hexafluoride (SFs), and nitrogen trifluoride (NF3).
While there were six greenhouse gases until 2013, NF; was
included in the list of greenhouse gases after 2013 in
accordance with the opinions of the Kyoto Protocol
Committee. The duration of each greenhouse gas in the
atmosphere and its effect on global warming are different
from each other (Brander and Davis 2012). Among these
gases, carbon dioxide (CO,) is an end product released as
a result of the metabolization of carbon-containing
nutrients. The atmosphere is homeostatic and contains a
small amount of CO,, approximately 0.03% (Odum and
Barrett, 2016). Based on recent measurements (December
2024) from the Mauna Loa Observatory, which reflect
values close to the global atmospheric average, the
concentration of CO: in the atmosphere has been
determined to be 424.6 ppm (0.042%) (NOAA Global
Monitoring Laboratory, 2024). Despite this, it is also a gas

2913


http://creativecommons.org/licenses/by-nc/4.0/

Kokulu and Ozyiirek/ Turkish Journal of Agriculture - Food Science and Technology, 12(s4): 2913-2919, 2024

that has a great effect on global warming. It is the most
common greenhouse gas released by anthropogenic
effects. The carbon footprint is divided into two categories:
primary and secondary carbon footprints. The primary
carbon footprint (direct carbon footprint) is the direct
measure of CO, emissions resulting from the combustion
of fossil fuels used due to consumption of energy and
transportation (Pandey et al., 2011). The secondary carbon
footprint (indirect carbon footprint) is defined as the
measure of CO, emissions that occur during the entire life
cycle of the products we use, from production to
degradation (Aras and Kalaycioglu, 2020).

Higher education institutions serve as role models in
reducing greenhouse gas emissions by implementing
initiatives like carbon-neutral and green campuses and by
educating communities through academic efforts. Dokuz
Eyliil University operates in 20 different locations across
the province of Izmir, consisting of 18 faculties, 10
institutes, 1 conservatory, 8 vocational schools, a Research
Hospital, and 1 Oral and Dental Health Application and
Research Center, totaling 49 application and research
centers. Tinaztepe Campus is the university's main campus,
located in the Buca district of Izmir, and is the largest
campus with an area of 4.5 million m?>. Many significant
academic units are located on Tinaztepe Campus. Various
faculties such as the Faculty of Science, Faculty of Law,
Faculty of Fine Arts, Faculty of Literature, Faculty of
Maritime, Faculty of Business, Faculty of Engineering,
Faculty of Architecture, Faculty of Tourism, and the State
Conservatory offer a wide range of educational
opportunities. The School of Applied Sciences and the
School of Foreign Languages are also located on this
campus. Additionally, research-oriented units such as the
Institute of Fine Arts, Institute of Social Sciences, Atatiirk
Principles and History of Reforms Institute, and Institute
of Natural Sciences are present on the campus (DEU
Strategy Development Department, 2023). The population

of Tinaztepe Campus is 41,836, including 1,463 personnel
and 40,373 students, for the educational academic year
2022-2023.

Dokuz Eyliil University Tiaztepe Campus stands out
with its vast green areas and forested regions, providing a
peaceful environment for students and academics. The
campus is distinguished by its landscape enriched with
various vegetation and trees, offering green spaces where
individuals can rest and walk between classes. The
approximately 3.5 million m? of forested areas on the
campus host a rich biodiversity, with various flora and
fauna species (Figure 1). (DEU Sustainability Office!,
2024).

In Tinaztepe Campus, as in all other campuses, there
are buildings designed with extensive glass facades to
maximize the use of daylight. Additionally, the widespread
use of LED lighting, motion-sensor lighting products that
detect movement in large common areas, central heating
systems in the campuses, central cooling systems in new
buildings, A+ rated electrical appliances, and the fact that
all 11,400 computers in the University's IT Department
inventory have Energy-Plus certification, are indicators of
energy efficiency. Dokuz Eyliill University launched its
Solar Energy Project in 2021. By 2024, the installation of
panels has been completed, and the electricity generated
from the solar energy system is designed to meet 83% of
the annual energy consumption across all university units.
The Tinaztepe phase of the panels, installed across seven
campuses, has a total capacity of 4840 kWe and includes
installations on rooftops and land. The project was
accepted on May 3, 2023, and energy production has begun
(Figure 2). (DEU Sustainability Office?, 2024). In Tiirkiye,
by the end of 2022, energy-related emissions accounted for
the largest share of total greenhouse gas emissions at
71.8% in CO: equivalent, followed by agriculture with
12.8%, industrial processes and product use with 12.5%,
and the waste sector with 2.9% (TUIK, 2024).

Figure 1. Views of open areas from Tinaztepe Campus

2914



Kokulu and Ozyiirek/ Turkish Journal of Agriculture - Food Science and Technology, 12(s4): 2913-2919, 2024

This highlights the significance of electricity, a
secondary energy source, in contributing to the carbon
footprint. IPCC, GHG Protocol, UNFCCC, ISO 14064
Standard are the guides in determining carbon emission
(Gao et al., 2014). Among them, IPCC (Intergovernmental
Panel on Climate Change) is the United Nations body
responsible for making scientific assessments on climate
change. IPCC examines climate change science and
prepares reports to guide governments and decision
makers.

The current study will, for the first time, calculate and
evaluate the carbon footprint of Tinaztepe Campus, the
largest and central campus of Dokuz Eyliil University,
using the IPCC Tier 1 Methodology based on real and up-
to-date data. This study brings to light a significant
environmental metric for one of izmir's most prominent
campuses, utilizing the Tier 1 approach to deliver an
insightful and methodical analysis of its carbon footprint.

Materials and Methods

This study is confined to the 2023 data collected from
all units within Tinaztepe Campus. The primary carbon
footprint in this study has been calculated using the [IPCC
calculation methodology. The IPCC guidelines outline the
process for collecting, calculating, assessing, and reporting
greenhouse gas inventory data, covering areas such as
energy, industrial processes, solvent and product use,
agriculture, land use, forestry, and waste management. The
IPCC methodology categorizes emission calculation
methods into three different levels, referred to as Tiers
(IPCC, 2006). In this study, the IPCC Tier 1 approach has
been used according to the data of the university campus.

The current study will thoroughly examine the carbon
footprint of energy consumption, transportation, and other
consumption activities at Dokuz Eylil University’s
Timaztepe Campus, starting from the fuel consumption
amounts. The amounts of gasoline and diesel are consumed
by the University vehicles which are 81 in number. In
addition, natural gas, water consumption, and electricity
consumption for 2023 have been obtained from the
university's official records.

According to the IPCC Tier 1 Method, CO: emissions
are calculated incrementally. CO: emissions for each type
of fuel used across the campus are determined separately.
The first step in the calculation starts with the energy
consumption derived from the fuel consumption and net
calorific value (Equation 1). Then, the carbon emission

Figure 2. Views from solar energy panels in Tinaztepe Campus

factors for each fuel type, as outlined in the IPCC
guidelines, are applied to determine the carbon amount of
the fuel. The overall carbon amount is calculated by
applying the carbon emission factor to the energy content
of the fuel consumption identified in the previous step
(Equation 2). In the third stage, the total combustion carbon
emission is calculated by considering the amounts of
carbon that do not oxidize during combustion. The
oxidation percentages (combustion efficiency) of fuels
determined by the IPCC are set at 0.99 for petroleum
products and 0.995 for gaseous fuels. These values are
multiplied by the carbon content identified in the previous
step to calculate how much carbon has been oxidized
(Equation 3). Finally, the net carbon value is converted into
CO: form. The proportion of the molecular weight of CO2
to that of carbon. Here, the CO: emission value resulting
from the combustion of fuel is determined by multiplying
the value found in the previous step by the ratio of the
molecular weight of CO: to the molecular weight of
carbon, which is 44/12 (Equation 4) (IPCC, 2006).

EI=FCx FCCx (1 Gg/ 10° ton) (1
CA= CEFXxEI 2
CE= CAxCCR 3)
CO; Emission (Gg CO») = CE x (44/12) 4

EI :Energy Intake (TJ)

FC : Fuel Consumption(ton)

FCC : Effective Calorific Content (TJ/Gg)
CA : Carbon Amount (ton C)

CEF : Carbon Emission Factor (ton C/TJ)
CE : Carbon Emission (Gg C)

CCR: Carbon Combustion Rate

Table 1 summarizes the net calorific values, emission
factors, and combustion rates of fuels according to the
IPCC.

According to the latest data from the Ministry of
Energy and Natural Resources of the Republic of Tiirkiye,
0.479 tons of COz-equivalent greenhouse gas emissions are
emitted per unit of electricity consumption (Ministry of
Energy and Natural Resources, 2024). This value reflects
the carbon intensity of electricity generation in Tiirkiye,
primarily influenced by the energy mix, including fossil
fuels and renewable energy sources. For emissions
calculations related to water consumption, the emission
factor of 0.177 kg/m*, as indicated in the DEFFRA
guidelines (DEFFRA, 2023), was applied.
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Table 1. IPCC values for carbon footprint calculations (IPCC, 2006)

Fuel type Calorific content (Tj/Gg) Emmission factor (tC /Tj) Carbon oxidation rate
Gasoline 443 18.9 0.99
Diesel 43.0 20.2 0.99
Natural gas 48.0 15.3 0.995

Table 2. 2023- Monthly use of electricity, natural gas and water in Tinaztepe Campus

Months Natural gas consumption (m?) Electricity consumption (kWh) Water consumption (m?)
January 177,620 437,791.02 13,970
February 176,355 364,001 8,270
March 133,572 267,111 10,780
April 65,974 153,598 10,660
May 16,145 126,961.28 10,870
June 5,534 94,906.86 13,760
July 4,555 0.11 12,930
August 3,349 391,47.91 14,490
September 5,609 0.32 13,410
October 6,509 31,395.48 11,700
November 63,043 198,294.21 12,700
December 143,097 299,946.47 12,000
Total 801,362 2,013,154 145,540

Table 3. Annual CO, emissions due to the sources

Energy type Consumption CO, emmissions (tones CO») Ratio (%)
Gasoline 141,89 liter 31.91 0.99
Diesel fuel 179,261 liter 474.78 14.77
Natural gas 801,362 m* 1,717.69 53.44
Electricity 201,315,6 kWh 964.30 30.00
Water 145,540 m? 25.76 0.80
Total 3,214.44 100.00

Results and Discussion

To calculate the university's primary carbon footprint
for the year 2023, data on electricity use, gasoline and
diesel consuption, natural gas utilization, and water
consumption were obtained from the university are
presented in Table 2. The primary sources of greenhouse
gas effects—natural gas, electricity, and water
consumption—have been specified on a monthly basis, and
the contributions of these factors to the carbon footprint
have been evaluated monthly.

According to the official data obtained from the
university, the natural gas consumption for 2023 is 801,362
m?. The density of natural gas was assumed to be 0,8 kg/m?.
Additionally, the electricity consumption for the university
in 2023 is reported to be 7,480,322 kWh. Due to the
implementation of the Solar Energy Project, 5,467,165.36
kWh electricity was generated from solar energy.
Therefore, the electricity purchased from external sources,
contributing to the carbon footprint, is 2,013,154 kWh, and
calculations were performed based on this value. Natural
gas, electricity, and water consumption across the
university were recorded monthly, while data on motor
vehicle fuel consumptions could be found on an annual
basis. The annual carbon footprint calculated based on
these factors, using the IPCC Tier 1 method, is presented
in Table 3. According to this calculation, the total annual
CO: emissions for DEU's Tinaztepe campus amount to
3,214.44 tons. When examining the sources of this
emission, natural gas emerges as the largest contributor at
53.44%, followed by electricity at 30.00%. The reason for
natural gas emissions surpassing those from electricity can
be attributed to the solar energy system, which became

operational in May 2023. When examining the campus's
electricity consumption data, 73% of the total electricity
consumption was provided from renewable energy, and
this reduced the carbon footprint by the same proportion.
The third-largest contributor to CO» emissions on campus
is the diesel fuel used in university vehicles, accounting for
14.77 % of the carbon footprint.

The monthly distribution of CO. emissions generated
by natural gas, electricity, and water consumption data,
which we obtained from the university administration, is
shown in Figure 3. Accordingly, the highest CO. emissions
were observed in January, February, and December, which
are the coldest months in izmir. Looking at the average
temperature data for Izmir, the coldest months are
identified as January, February, and December,
respectively (Figure 4) (Weatherspark, 2023). Heating at
DEU Tinaztepe campuses is provided by central natural
gas radiator systems, explaining the high natural gas usage
during these months. With the arrival of spring, fuel
consumption decreases. Starting from June, Izmir
experiences the hot days typical of the Mediterranean
climate, and central or individual air conditioning units are
used within the campus for cooling purposes. Although this
increases electricity consumption, the activation of solar
energy systems during the same period has significantly
reduced CO: emissions (Figure 3).Irregularities in
electricity transmissions that occurred until the system
began operating consistently after its commissioning in
May impacted the data for July and September. These
irregularities were regulated after October (Table 3).
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Figure 4. Average temperatures of Izmir (WeatherSpark, 2023)

The Tinaztepe Campus of Dokuz Eyliil University is
located on a total area of 450 hectares, of which 350
hectares are classified as forest land. The carbon absorption
capacity of this forest land, acting as carbon sinks, is
assumed to be 2.16 tons of CO: per hectare (Luyssaert et
al., 2008). This indicates that 756 tons of CO: emissions
are absorbed by the forests on the Tinaztepe campus. In this
case, the total CO: emissions generated in 2023 were
calculated to be 2,458.44 tons.

When evaluating carbon dioxide emissions calculated
by universities using different methodologies; in 2019,
Erciyes University, with a population of 56,623, reported
25,747 tons of carbon dioxide emissions, equating to 0.45
tons per capita (Erciyes University, 2019). In 2021,
Ondokuz Mayis University, with an 8800-decare campus,
recorded a per capita carbon footprint of 1.4 tons annually
(Ondokuz Mayiz University, 2021). In 2023, Ozyegin
University reported a per capita carbon footprint of 0.848
tons (Ozyegin University, 2024)

In 2019, Abdullah Giil University calculated its carbon
footprint intensity at 0.86 tons per capita, while Ege
University, another major university in Izmir, reported per

capita CO2 emissions of 0.201 tons annually (Abdullah Giil
University, 2024; Ege University 2024)

In 2019, the carbon emission calculation at the
University of Oulu in Finland, with a campus population of
16,900 students, identified 19,072 tons of carbon dioxide
emissions, corresponding to a per capita carbon footprint
of 1.29 tons. This relatively high value is attributed to the
inclusion of Scope 1, 2, and 3 emissions in the calculation
framework (Kiehle et al., 2022). In 2020, the University of
Bologna reported 16,467 tCO2e in emissions, which was
reduced to 15,753 tCOqe after accounting for offsets and
emissions avoided through the internal generation of
renewable energy. This corresponds to a per capita CO:
emission of 0.173 tons, yearly (Battistini et al., 2020). In
2022, the per capita carbon footprint at Igdir University
was calculated as 0.28 tons, including 4 categories (Tirink
et al., 2023). Besides, n 2020, carbon dioxide emissions at
Binali Yildirim University in Erzincan, calculated using
the IPCC Tier 1 method for comparison. This study
amounted to 1,826.54 tons of CO: for a campus population
of 25,281. This translates to an annual per capita carbon
footprint of 0.072 tons (Kurnug Seyhan and Cer¢i, 2022).
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Conclusion

In this study, the carbon footprint of Dokuz Eyliil
University’s Tmaztepe Campus for the year 2023 was
calculated. Using the IPCC Model Tier 1 approach, the
primary carbon footprint of the university, including
carbon sinks, was determined to be 2,458.44 tons of CO..
Considering the population of 41,836 people on the
Tinaztepe Campus, the per capita carbon footprint is
calculated to be 0.058 tons of C annually. This result
highlights a significant carbon footprint advantage for
DEU Tinaztepe Campus when compared to the intensity
values reported by other universities. The significant
differences can be attributed to the use of the more limited
Tier 1 methodology in the current study. This approach
relies on general emission factors and broader assumptions
rather than detailed, site-specific data, which can lead to
variations when compared to more comprehensive
methodologies such as Tier 2 or Tier 3. Analyzing the
sources of carbon emissions, it was found that the largest
share, 53.44 %, comes from natural gas consumption,
while the smallest share, 0.80%, results from water
consumption.

The current study calculates CO: emissions at the
Tmaztepe Campus of Dokuz Eyliil University using the
Tier 1 methodology. This method, as outlined by the IPCC,
employs generalized emission factors and readily available
data, offering a foundational approach to estimating
emissions. This situation explains the differences in per
capita CO: emission values when compared with other
universities. Comprehensive and reliable data on
biodegradable waste generated by the campus was
unavailable due to limited resources, making it challenging
to accurately calculate emissions from this source. Detailed
studies on waste management have already commenced on
the university campus and will be fully integrated into
emission calculations in future assessments. This inclusion
will ensure a more comprehensive evaluation of the
university's carbon footprint, encompassing emissions
from biodegradable and other waste sources.

Regarding the university's efforts to reduce its carbon
footprint, the initiation of the Solar Energy Plant project, a
renewable energy source, and the greening efforts aimed at
protecting and expanding forest areas are positive
indicators. Since the system was not fully operational for
the entire year in 2023, only the impact of renewable
energy for 6 months was reflected in this value. It is
expected that this value will decrease further in the coming
years.

Dokuz Eylil University also uses natural daylight-
optimizing glass facades, LED lighting, and Energy Star
certified devices to promote energy efficiency. These
measures result in energy savings of more than 75% of total
energy consumption. The university’s firm policies in this
regard continue.

The university’s senior management demonstrates
commitment and support by encouraging the reduction of
its carbon footprint and promoting sustainable resource
use. Educational activities and projects are organized to
raise awareness of environmental issues and climate
change, and the university competes annually in
international rankings to prove its status as a green and
sustainable university, showing increasing success.
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Polyphenols are plant-sourced compounds that exhibit important dietary features on human health.
They have been defined and used either as a food source or as a raw material in the food industry
to enhance functional properties and nutritional quality. They have significant positive bioactivities
as; antioxidant, anti-inflammatory, anti-carcinogenic, cardiovascular health protection, immune
supporter, and also benefits on digestion and brain functioning. The effects and bioactivity ranges
were studied in the literature which has been discussed in the review to emphasize the importance
of these natural compounds to provide insight into health and well-being.
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Polyphenols: Definition, History

Polyphenols are defined as plant-sourced metabolites
which exhibits antioxidant characteristic (Galanakis,
2018). Even though polyphenol does not emphasize a strict
chemical term it refers to a big class of dietary beneficial
chemical groups that include flavonoids, phenolic acids, or
tannins and their derivatives (Williamson, 2017).
Polyphenols are mentioned to be the most abundant
antioxidants in the diet which could be as high as 1 gram
in a day. This level of intake is related to an important
health outcome. Moreover, these plant-sourced chemicals
provide prevention of diseases with those related to
oxidative stress (Scalbert et al., 2005).

In the literature, the initial addressing of polyphenol
chemicals goes back to the 20th century, especially with
the terms like “plant polyphenols” and “vegetable tannins”.
After the mid-1900s paper chromatography was
discovered with various analytical methods to measure
numerous chemicals polyphenol-related research shifted
gears (Cheynier et al., 2015; Quideau et al., 2011). In 1957
“Plant Phenolic Group” was founded Bate-Smith and Tony
Swain who later defined plant polyphenols as “water-
soluble phenolic compounds having molecular weights
between 500 and 3000 (Da) and, besides giving the usual
phenolic reactions, they have special properties such as the
ability to precipitate alkaloids, gelatin and other proteins
from solution” (Bate-Smith, 1962; Cheynier et al., 2015).
This was later updated to the term polyphenol as a
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descriptor and the molecular mass was altered to be up to
4000 Da (Haslam & Cai, 1994). Later with the efforts of
the scientists involved in the field, the polyphenols were
defined as plant secondary metabolites which are produced
by the shikimate-derived phenylpropanoid and/or the
polyketide pathway(s) with at least two phenolic rings and
being devoid of any nitrogen-based functional group in the
basic structure (Quideau et al., 2011).

Classification of Polyphenols

In light of the mostly accepted definition done by
Quideau et. al. (2011), polyphenols are the largest and most
broadly distributed group of secondary metabolites
(Scalbert & Williamson, 2000). This large classification is
mostly the result of the acceptance of the hydroxyl groups
on aromatic rings, phenol rings, phenolic acids, or phenolic
alcohols in the chemical structure to be categorized as
polyphenolic  chemicals (Galanakis, 2018). The
aforementioned mechanism of secondary metabolite
production leads to the formation of phenylpropanoids and
simple phenols by the shikimic acid pathway and
polyketide pathway, respectively (Sanchez-Moreno,
2002). Generally, plant polyphenols are produced with the
shikimic acid pathway while the combination of the
shikimic acid pathway and polyketide pathway leads to the
production of flavonoids (Galanakis, 2018).
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Figure 1. Classes of polyphenols based on various factors (Bravo, 1998; Harborne, 1989; Sanchez-Moreno, 2002)

Therefore, due to the diversity and wide distribution
due to the source of origin, distribution, biological
function, and chemical structures, polyphenols are
categorized. Figure 1 illustrates the main classification
methods based on the categorizes.Even though the
literature involves several factors to classify those
polyphenol groups of chemicals the main classes of
polyphenols are flavonoids, phenolic acids, lignans,
stilbenes, and others (Galanakis, 2018). Flavonoids refer to
a typical chemical structure that involves two benzene
rings with phenolic hydroxyl that are connected by three
central carbon chains to form the C6-C3-C6 series as a
basic chemical skeleton (Chen et al., 2022). The oxidation
level of C3 leads to different structures which are named
accordingly as; flavonoids, flavonols, isoflavones,
anthocyanins, chalcone, nerone, flavane, etc. (Yildiz,
2010). Moreover, flavonoids act as a natural pigment with
loads of physiological duties as well as benefits for human
and animal health. This important class of polyphenols
possesses antioxidant anti-inflammatory, antivirus,
anticancer and antibacterial activity (Chen et al., 2020,
2022; He et al., 2006). Polyphenols exhibit antibacterial
activity by disrupting bacterial membranes, inhibiting
enzymes, and modulating quorum sensing pathways. For
instance, studies have demonstrated that olive oil
polyphenols shows strong antibacterial effect against
Salmonella Typhimurium and S. aureus (Guo et al., 2020).
Another literature source suggests polyphenols to be used
not only as a food additive for antibacterial effect but also
for food packaging systems due to its natural antibacterial
activity (Bae et al., 2022). Phenolic acids are the main plant
phenolic compound group that has one carboxylic acid
group in the chemical structure (Kumar & Goel, 2019).
These compounds have two sub-groups hydroxybenzoic
and hydroxycinnamic acid and all provide very high

antioxidant activity (Clifford, 1999; Tsao & Deng, 2004).
The former sub-group is derived from cinnamic acid and is
found in the form of ferulic, caffeic, p-coumaric, and
sinapic acids whereas the latter hydroxybenzoic acid is
derived from benzoic acid and found in the form of p-
hydroxybenzoic, protocatechuic, vanillic, and syringic
acids (Kumar & Goel, 2019). Lignans on the other hand,
are derived from the shikimic acid biosynthetic pathway
and they contain a basic scaffold of at least two
phenylpropanoid units which are formed monomers of
cinnamic acid, cinnamyl alcohol, propenyl benzene, and
allyl benzene (Ayres & Loike, 1990; Cui et al., 2020;
Teponno et al., 2016). These plant polyphenols exhibit
important features as antitumor, antioxidant, antibacterial,
immunosuppressive, and anti-asthmatic (Cui et al., 2020).
Lastly, stilbenes suppress a smaller portion intake
compared to the rest in the mammal diet. Despite the
smaller intake, they exhibit important physiological effects
such as the anti-carcinogenic effect of resveratrol
(Galanakis, 2018).

Food Sources of Polyphenols

A wide variety of fruits and vegetables, such as berries,
whole-grain cereals, and cacao, as well as beverages, such
as coffee, tea, and wine, have been shown to contain
around 800 distinct types of polyphenols. Phenolic
compounds are not only widespread in plants that are
edible but also in plants that are not edible. These
compounds have been shown to have numerous biological
impacts, one of which is the ability to act as an antioxidant.
The food industry is becoming increasingly interested in
the crude extracts of fruits, herbs, vegetables, grains, and
other plant materials that are rich in phenolic content
(Table 1).
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Table 1. Polyphenols in Foods

Polyphenols Food Sources References
Flavonoids, Catechins | Green, Black Tea, Grapes, Cocoa, Lentils, Berries (Dias et al., 2021)
Flavanones Orange, Grapefruit, Lemon, Tangerine, Olive, Olive Oil (Yang et al., 2022)
Flavanols Green vegetables, Apples, Onions, Berries, Olive oil (Luo et al., 2022)
Anthocyanins Strawberry, Colorful fruits, Black grapes, Wine, Pink olives (Qietal., 2022)

Non-flavonoid polyphenols
Resveratrol Grape skin, Red wine, Nuts (almonds, walnuts, etc.) (Tian & Liu, 2020)
Curcumin Turmeric, Mustard (Jiang et al., 2021)
Coumarin Strawberry, Blueberry, Apricot, Cherry, Cinnamon, Licorice root (Loncar et al., 2020)

Phenolic Acids

Ellagic acid Walnut, Strawberry, Blueberry, Pomegranate, Grape (Lorenzo et al., 2019)
Tannic acid Nettle, Tea, Berry fruits, Olive, Olive oil (Dai et al., 2022)
Gallic acid Tea, Mango, Strawberry, Soy, Olive, Olive oil (Parveen et al., 2019)
Caffeic acid Blueberry, Kiwi, Plum, Cherry, Apple (Maity et al., 2022)

This is due to the fact that these extracts retard the
oxidative destruction of lipids and, as a result, increase the
quality of food as well as its nutritional content (EIl
Gharras, 2009).

Biological Activities and Health Effects of Polyphenols

Nutrition today seeks the attention of many researchers
from diverse fields such as epidemiology, biochemistry,
health sciences, chemistry, psychology, food engineering,
pharmacology, biology, chemistry, etc. As a well-known
fact food is essential for energy yet modern-era human
societies replaced food to be something more than this.
Food is expected to promote energy as well as have a
positive impact on health (functional foods) or also
promote potentially healthier aging and well-being.
Amongst these beneficial expectations, one can advise to
include or increase the intake of polyphenols because of
their popular effects on health. This benefit is a fact but
still, the biochemical interactions, metabolic pathways,
enzyme actions, and cellular regulations are being
investigated to confirm the potential effect of polyphenols
on human health (Williamson, 2017).

The type of polyphenol and free radicals on the other
hand is critically important for the health affect. Despite
the fact that polyphenols having important advantages in
general, free radicals and specific types of it should be
specified. For instance, cardiovascular effect of
polyphenols is usually associated with flavonols. Clinical
studies have shown that cocoa flavanols improve
endothelial function and reduce blood pressure in
hypertensive patients (Schroeter et al., 2006). These
findings support the cardiovascular benefits of
polyphenols.

Polyphenols are micronutrients that are essential for
facilitating biochemical operations in the body. These
plant-based foods may have been used reversibly instead
as plant secondary metabolites, phytochemicals,
phytonutrients, antioxidants, bioactive chemicals, etc.
(Hertog et al., 1995). Polyphenols' bioactivities will be
outlined in this article as their properties of; antioxidant,
anti-inflammatory, anti-carcinogenic, and cardiovascular
health.

Antioxidant Activity

Polyphenols are the secondary metabolites of plants
that are secreted to protect the plant against environmental
stress such as UV light, climate, pests, and insects. Until
the 1990s they were classified as general antioxidants due
to their biological activities in plants and potentially in
humans with the diet (Serafini et al., 1994). So far the
researchers made loads of contributions with the
investigations according to food type, health condition,
age/gender/status-related alterations in-vivo and in vitro.
Polyphenols exhibit free radical scavenging activity
primarily through their hydroxyl groups, which donate
electrons to neutralize reactive oxygen species (ROS). For
example, catechins from green tea have demonstrated high
efficacy in scavenging hydroxyl radicals and superoxide
anions (Rice-Evans et al., 1997). This mechanism plays a
crucial role in preventing oxidative damage to lipids,
proteins, and DNA.

Generally, antioxidant activity is related to the phenolic
chemical structure with the catechol-like moieties and
delocalized unpaired electrons in the structure (Croft,
2016). Dietary polyphenols show reasonable antioxidant
activities either in vitro or in vivo. An in-vitro study
demonstrated that catechins from green tea scavenge
superoxide anions and hydroxyl radicals, protecting lipid
membranes from peroxidation (Rice-Evans et al., 1997).
The literature presents numerous studies in the antioxidant
activities including, scavenging of free radicals, lipid
oxidation, hydroperoxide formation process, etc. Not only
in the plants to protect them against natural stress sources
but also in dietary usage polyphenols' antioxidant character
has an impact on plasma, membrane, transcription factors,
and enzyme activities. Moreover, other beneficial features
such as anti-inflammatory, anti-carcinogenic,
neuroprotective, cardiovascular health, and anti-diabetic
are somehow related to the antioxidant characteristics
either directly or indirectly.

Antioxidant polyphenols are a common food
preservation compound in the industry. They are used for
three main purposes;

e Food additives, as an antioxidant compound, provide
longer shelf life,
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e As a packaging material, designed packaging
materials with supported antioxidant behavior to
provide better protection,

e  Processing aid is used to provide an easier process that
makes it less susceptible to environmental effects.

Some typical examples of literature studies can be
listed as; lipid oxidation blockers in; fish oil (Luther et al.,

2007), in fish (Ramanathan & Das, 1992), meat (Chamorro

et al., 2015), muscle food (Wu et al., 2022); polyphenol

supported packaging (Cheng et al., 2022; Liu et al., 2019;

Roman et al., 2016), processing aids (Aguilar et al., 2008;

Aliakbarian et al., 2008; Ranalli & De Mattia, 1997).

Anti-inflammatory Activity

Inflammation is a biological response to some agents
like pathogens, irritants, or damaged cells which are
associated with diseases and certain health issues like
rheumatoid arthritis, atherosclerosis, asthma, obesity,
diabetes, coronary heart diseases, and aging (de Céssia da
Silveira e Sa et al., 2013; Li et al., 2014). Human biology
tries to suppress the inflammation to “treat” the disorders
to become “healthier” status. Polyphenols show significant
activity in terms of inflammation suppression as an anti-
inflammatory in vivo and in vitro (Yahfoufi et al., 2018).
In a murine model, quercetin reduced inflammation by
downregulating TNF-a and IL-1f expression, showcasing
its potential as a natural anti-inflammatory agent (Xu et al.,
2019).

Literature provides a good insight into polyphenols'
anti-inflammatory effects. Some examples are; olive
polyphenols (Bucciantini et al., 2021), fruit polyphenols
(Joseph et al., 2016), p-coumaric acid (Pragasam et al.,
2013), black seeds (Ghannadi et al., 2005), green tea
(Cavet et al., 2011; Lambert et al., 2010; Tipoe et al.,
2007).

Anti-inflammatory activity is triggered by the
antioxidant capacity. Hence, it will be clear to see these
effects at once in the polyphenols (Kulkarni et al., 2008;
Zhang & Tsao, 2016). Good evidence for such a synergistic
effect is curcumin which has a great advantage for the
bioactivity of polyphenols especially as an anti-
inflammatory and antioxidant (Arshad et al., 2017; Menon
& Sudheer, 2007; Motterlini et al., 2000).

Anti-carcinogenic Activity

Cancer is one of the top death-causing diseases globally
and most of the nutritional and epidemiological research
focuses on the effect of consumed foods on cancer
metabolism. The literature is clear that polyphenols play a
significant role in the prevention of cancer which has been
proven especially in signaling pathways for carcinogenesis
(Keskin, 2023, 2024; Keskin et al., 2023), skin cancer
(Sajadimajd et al., 2020), gastric and stomach cancer
(Vitelli-Storelli et al., 2020), colorectal cancer (Ding et al.,
2020; Yammine et al., 2021), prostate cancer ( Li et al.,
2013), liver cancer (Li et al., 2023; Loa et al., 2009), and
lung cancer (Sadava et al., 2007; Wang et al., 2011).

Some specific polyphenols have been previously listed
by Li et al. (2014) as proanthocyanidins, flavonoids,
resveratrol, tannins, epigallocatechin-3-gallate, gallic acid,
and anthocyanin. These compounds are considered not as
a treatment aid only but also a dietary source to prevent
cancer as well. Another important finding in the literature

is about resveratrol. Resveratrol, a stilbene found in grapes
and red wine, has shown potential in reducing oxidative
stress and modulating inflammatory pathways in clinical
studies. For instance, a trial involving colorectal cancer
patients demonstrated reduced oxidative markers and
improved anti-inflammatory cytokine profiles with daily
supplementation of resveratrol (Patel et al., 2010). Yet, we
have to mention that cancer is still one of the diseases that
are hard to treat, especially with complex mechanisms of
cellular production (e.g. metastases) that are affected by
many factors in the body including genetic factors.
Polyphenols were found to affect the enzyme biology that
could be showing an anti-carcinogenic effect with the
carcinogen bounding capability as well as avoiding
excessive cell damage during the cancer metabolism. The
polyphenols still have to be tested in vivo and in vitro to be
used for therapeutic purposes.

Cardiovascular Health

Polyphenols show a great advantage in cardiovascular
health thanks to their antioxidant activities. In the
literature, this effect was associated with postprandial
hyperlipidemia and oxidative stress which could be
reduced by polyphenols (Li et al., 2014). Polyphenols were
found to have a significant effect on; atherosclerosis,
myocardial infarction, and unstable angina which have
very high case reporting globally yet significantly lower in
the Mediterranean region due to higher intake of
polyphenols (Nadtochiy & Redman, 2011). Moreover,
antioxidant and anti-inflammatory effects help to protect
heart health in the long term.

Polyphenols were also found to reduce blood pressure
which directly reduces the risk factor for the heart and
helps the enlargement of the blood veins (Marunaka et al.,
2017, Medina-Remon et al., 2013). Additionally,
polyphenol-rich diets were found to be associated with the
lowering of low-density lipoprotein (LDL) which is linked
with high blood pressure (Davalos et al., 2006; Hernaez et
al., 2015).

Dietary Intake of Polyphenols

The average consumption of polyphenols through diet
is about 1 g/day, ranging from 800-900 mg/day in Finland
to 800-1100 mg/day in Spain, depending on diet, gender,
and other socioeconomic factors. This intake is 100 times
more than that of vitamin E and -carotenes and 10 times
greater than that of vitamin C. Polyphenols may be the
primary bioactive dietary components involved in redox
homeostasis due to their stronger anti-oxidant effects than
vitamin E (Tresserra-Rimbau et al. 2018; Landete 2013).

Conclusion

As multipurpose plant-derived substances, polyphenols
have shown great promise in enhancing human health due
to their wide range of bioactivities, which include
cardiovascular protection, anti-inflammatory, anti-cancer,
and antioxidant properties. These bioactivities demonstrate
the potential of polyphenols in functional foods and
nutraceutical uses in addition to aiding in the prevention of
disease. Even with a wealth of study, more investigation is
necessary to fully realize the therapeutic effects of
polyphenols due to the intricacy of their metabolism and
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interactions inside the human body. This article offers a
strong basis for furthering research in this area and
emphasizes the vital role that dietary polyphenols play in
promoting a healthy lifestyle. Future research should focus
on expanding our knowledge of the molecular processes
that underlie polyphenols' beneficial impacts on health.
Clarifying their metabolism, bioavailability, and
cooperative relationships with other dietary elements
should receive particular attention. Furthermore,
polyphenols' stability and effectiveness in food and
pharmaceutical applications may be improved by utilizing
developments in biotechnology and nanotechnology. The
key to optimizing polyphenols' public health impact and
making sure that their advantages are available to a wide
range of communities globally will be to develop creative
ways to integrate them into regular diets.
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